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AUTOROTIVE
AUTO REFIISH
- CHROME
BASSTONES  SUBSTITUTES YELLOY
(P'Eilfl jjotngchfrf If/b) B (N I L)
LIGHT " (1,0)
ANTHR e/
YEiLoQPYRI?XDIN 5-7X
(1.4)

MEDIUM

" MOLY ORANGE
Rep SHADE

IRLT/vELL to/TiOz 5-7X

FL%VANTHQONE/Y zLL 10/

INT HARY RED

5-7X
(4,5)
RYLENE RED/
PEORkNGE RK 10,0X
YLENE RED/MON
PEQED ' e 5.0X
MoN RED Y/T10, 5,0X
7

i

FARM IMPLEMENT
CONSTRUCTION EQUIPMENT

SUBSTITUTES

E}wBQE—D/ .
-565-1 0.9X
TOLUIDINE RED 3.0X
FSRK ‘ 6.0X

CONFIDEN |

YT-208-D
HANSA YELLOW G

YT-808-D/YT-820-D

DIARYLIDE YELLOW

'

YT-820-D/RT-427-D

DNA
BENZIDINE ORANGE

RT-695-D/RT-565-T

NAPTHANIL RED/REL
Rep 2B
TOLUIDINE RED
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LIGHT

MEDIUM
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RED SHADE
1.0 pHR

INT HARV RED

30/10 BLEND- -+

*( IMM uBs

PLASTICS

-~

\\\\\\\\

COMFHIENTIN
|
up_To 400° F, ABOVE 40Q° F,

FLEX PVC LDPE RIGID PVC, HDVE, PP, PS, ABS

CHﬁOﬁ&
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0.6 G
DAIRYLIDE H 10 6 2.,0X CONDENSATION AZO 1
ISOINDOLINONE 2GLT 5.0% NICKEL AZO 1
(2.7) (1
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RT-618-D/Hr 1.2% RT-618-D/conp Azo 36 C
PERYLENE/HR 1, 5X PERYLENE/HR ]
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PYRAZOLONE RED 5.9X
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BOOKS, NEWSPAPERS.,

HANSA;igg/YT-717;D/r10§
/YT-714-DT10,

LEAD CHROMATE SUBSTITUTES
CASSTONES SUBSTITUTES
PRIMROSE
1
| Vit
LIGHT -
MEDIUM

MOLY ORANGE

ILNKS

MAGAZINES

CHROME
XEELQH
2.0)
2.6%
2.2
1.6X
(NIW)
(6.0)

(NIL)
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PACKAGING

FLEX PKG, BAGS, LABELS, |
|
SUBSTITUTES '

HANS A lOG/YT—7l7-D/T102
HANSA lOG/YT—808—D/T102

V1-717-D/YT-729-D/Ti0,
YT-808-D/YT-820-D/T10)

RISt P,

DNA/oreG RED*/TIOz
YT-729-D/orc RED
YT-808-0/RT-695-D

*IncLupes: RT-427-D, RT-618-D, RT-531-D, LAKE RED C, CITATION RED

(Y LBs



PIGMENTS COLORS RESEARCH ORIENTATION MANUAL-

This is Book No. 39
Assigned to:

H. Valdsaar

Please keep your Manual up-to—date by inserting unew sheets and destroying
old sheets as directed.

If the assignment of this Manual is changed, please notify R and D Division,
Pigments, Newark, New Jersey .
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SECOND IN A SERIES

Progress in Pigments
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Some great idezgé
were born in this house

Oliver Evans, one of our country’s most brilliant and prolific

inventors, lived here in the late 18th century. He was first in

America with the high-pressure steam-engine and the steam road vehicle
(forerunner of the automobile). He even built a steam-powered dredge
that ran on both land und water. Always the scholar, he named it
“Orukter Amphibolos” (Greek for ““Amphibious Digger').

A Danish immigrant named Henrik Johannes Krebs built a large
chemical planc around this house, which he used for otfices, in the late
1800's. Krebs was a single-minded genius who believed that brain power,

. generously applied, could do most anything. Appropriately, 2 nearby
school bears his name.

In 1929, this site became part of the Du Pont Pigments Department,
and pigment colors have been produced here ever since. Our
phthalocyanine capacity is now over 5% million pounds 2 vear and
our quinacridone capacity is over 2 million pounds. We have ambitious
expansion plans for both of these much-needed products.

The house is now used by some of the research people charged with
filling Du Pont’s traditional and highly successful role in developing
new pigments. That's challenging work, but the old place is used
to challenging work.

Oh ves, you'll find this house in Newport, Delaware. Come see it when
vou're in the neighborhood. Some great ideas ure still being born here.

PIGMENTS

LPH 0072324

DUP11
CONFIDENTIAL 0049428



Z

NG
as(h

slalel
AR
AS

i

[ ]

. H
’d)\a

y

HH
alsl
[\

Tru ey
* .

nm—— {a\\\\l\' WYY
T | A
AT 4_

 ——

AR

=

aP-F LPH 0072325
—— \

;&:& !S!“Z‘ ﬁéiﬁ;\ LT SR Y |

DUP110049429
CONFIDENTIAL



PIGMENT COLORS RESEARCH AND DEVELOPMENT ORIENTATION MANUAL - 2ND EDITION

The Pigment Colors Research and Development Orientation ifanual is designed to
assist in the technical and administrative orientation of newly employed or
transferred technical personnel. The manual i3 primarily an introduction to pigment
technology and is not intended to be comprehensive.

This second edition represents t..e first couplete revisioo since the manual was
originally issued in 1963. lNew material will be added from time to time as the need
arises., Suggestions for additioms or changes are solicited. New or revised pages
as 1asued should be inserted in the proper places and the replaced sheets destroyed.

The nmaterial contained in this manual includes some proprietary information
and c¢circulation, therefore, 1s restricted ''FOR DUPONT USE ONLY''. It should be
circulated outside of the Pigments Department only with the permission of the
lianager, Colors Research and Development. The person to whom one of the numbered
coples i3 distributed will be responsgible for 1ts maintenance and safekeeping.

The Pigment Colors Research and Development Orientation Manual represents the
combined efforts of Colors Reasearch and Development personnel at Newark, Newport,
and the Experimental Station, with assistance from Manufacturing and Marketing
perscnnel. Materials have been drawn from the Sales Training Manual and other
Harketing publications.

Newark, Wew Jersey

July 1975

Reviged by B, H. Perkins - 1975

Lpy 0072326
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PIGHMENTS - DEFINITION

A pigment can be defined as a particulate solid which 1s insoluble, or
substantially s0, in the vehicle or medium in which it 1is incorporated,
principally for the purpose of imparting color and/or opaeity. Other functional
purposes, however, may be served. It imparts color by the selective absorpticn of
visible light, and affects the apacity of the medium in which it 1s dispersed by
its contribution to light scattering and by absorption. At the same time, it
usually alters the rheological or flow properties of the pigmented System as well
as its durabilicy.

A pigment 1s distinguished from a dye principally on the basis of the method
of application rather than on its chemical constitution or composition. A dye is
applied to a fabric genmerally in a goluble form and then fixed by being rendered
insoluble. Coloration with a dye can also be effected directly by solution, as for
example, in a plastic or ink system. Pigmentation, on the other hand, is
accorplished by dispersing the finely divided, insoluble solid directly into the
vehicle without prior solubilization. An example where the same chemical
composition serves either as a dye or as a pigment is the yellow coloring matter,
flavanthrone. When used as a dye, it is first reduced (leuco) form in which form
it 1s applied in sclution to the fabric. It is then fixed to the fabrie by an
oxidation process whereby the insoluble flavanthrone is regenerated. As a pigment,
flavanthrone, as a particulate, insoluble solid, is dispersed directly into a
vehicle such as a paint or plastic.

Revised by B. H. Perkins - 1975

LPH 0072332
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PIGMENTS HISTORY

Prior to the discovery of mauve by Perkin in 1856, color was obtained from
such natural sources as madder, indigo, cochineal, and logwood. The development
of synthetic coloring matters followed rapidly thereafter with the discovery of
fuchsine 1in 1858, and subsequently, the discovery of other triphenylmethane dyes
Such as alkali blue (1862), methyl violet (1865), and malachite green (1872). This
group gave, for the first time, a variety of brilliant colors of synthetic origin,
and lakes of these dyes were used as the first synthetic organic pigments.

The initial synthetic developments were concermed principally with dyestuffs for
the textile industry, and the period up to the early 1900's saw the discovery and
development of many dyes derived from coal tar intermediates. Rapid advances in
color chemistry were initiated by the discovery of diazo compounds in 1858 and of
azo derivatives in 1870. The obvicus color potential of thils class of compounds
and the ease of preparation led to development of the azo colors which today
represent the largest volume of organic pilgments. Azo dyes for pigment use first
came into prominence with the discovery of the lithol reds in 1899.

Hany of the dyeas synthesized during this period possessed pigment properties or
could be laked in a variety of ways to give pigment colors. Many of the early
pigment manufacturers in the United States produced lakes from dyestuffs and
production consisted mostly of peacock blue, Persian orange, yellow lakes, and
scarlets. Such synthetic products gradually replaced the natural products because
of their superior characteristics including uniformity, brilllance of shade, and
resigtance to light and other chemical and physical agents.

The years up to 1915 saw the appearance of many patents relating to organic
plgments although there was a considerable lag in the commerclal development of
these pruducts. This has been attributed to a variety of factors including the
unavailability of suitable intermediates and the lack of process ''know-how'' and
of product demand. Uhile the development and use of textile dyestuffs showed
considerable progress, pilgment colors received relatively little atteation and
early pigment manufacture was regarded more as an art than a sclence.

The {ocreased interest and demand for color after World War I provided a
stimulus for pigment development and application, and many old pigments came into
volume usage and remain so to this day. Among the first pigments produced in the
United States subsequent to World War I were phloxine red and peacock blue. 7The
first synthetic azos included toluildine red, lake red C, para red, Hansa yellow,
and lithol red. The blockade imposed by World War I provided the impetus for
domestic manufacture inasmuch as the naphthol and amine intermediates required for
plgment manufacture were imported mostly from Cermany.

LPH 0072333
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The discovery inm 1913 of the brilliant lakes of complex heteropoly acids of
phosphorus, wolybdenum, and tungsten with basic dyes such as rhodamine, victoria
blue, and methyl violet gave products with fastpess syperior to the tannin-tartar
emetic precipitations of these dyes. These products, however, were still
deficient in their resistance to solvents and alkall and were not sufficiently
durabla for outdoor use.

The subsequent period up to the discovery of the phthalocyanines was
characterized by the commercial development and improvement of the pigment types
already known but no notable discovery of novel chromophores or pigment types.
This period up to 1933 saw the commercial development of permanent red 2B lakes,
the rosinated lithol reds, chlornated para toner, pigment green B, and toluidine
maroon.

The biggest single advance in pigment technology up to this point was the
discovery of the phthalocyanines in Great Britain in 1927. 1Its commercial
introduction in 1935 set new standards of axcellence in the pigment consuming
industries. These blue and green pigments are characterized by excellent
lightfastness, color intensity, bleed, and chemical resistance.

Major plgment advance in the last two decades include the commercial
development in 1958 of the quinacridone pigments which offer superior pigmentary
properties, approximating those of the phthalocyanines, in the gold, orange,
scarlet, margom, red, magenta, and violet color regions, the Afflair® nacreocus
pilgments and the silica-coated lead chromate pigments.

Revised by E. E. Jaffe - 1975
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2. In the early years of the current plant, day men worked 10 hour and night
men, l4 hours per day. Rates of pay were:

15 cents per hour for color makers, 20 cents per hour for leaders, and
$13 per week for foremen.

If a man worked 31 days without an absence, he received ome extra day's pay.
3. During slow periods, the plant manufactured perfumed soap.
4. Color mixes were made in the open on steel plates with shovels.

3. Two chemists, a working director and a bench chemist were acquired im 1923,
and the group was then known as the Chemical Division.

6. The Passaic Street plant was discontinued in 1924.
7. Lithopone manufacture was discontinued at Wewark in 1938.

8. During World War II, from 1943 to 1945, a silica gel plant was buillt and
operated at the Newark site,

9. During the period 1946 -~ 1949, a continuous unit for the manufacture of
chrome and zinc yellows was coastructed and a modern unit for azo colors installed.

10. The current Newark Research Laboratory was built in 1954.
Some amusing highlights of the early days.

1. Since there was no shower facilities, a large vat was used for
taking a bath.

2. The press rocm floor was made of large planks. This section of Newark is
glightly below sea level and only several miles from the waterfront; chus, when
unusually high tides occurred, some of the loose planking would float away.

3. In 1923, offices were on the first floor and laboratories on the second of
an old brick building (No. 23 Bullding) which was formerly used as a stable and
wagon house.

The assignment inm 1923 of two chemists to colors was primarily for the purpose
of putting the color operations on a more gcientific basis. Although the basizs
chemistry appeared to be quite aimple, duplicatica of tinctorial and other pigment
properties was poor. In the early days, the manufacture of pigment colors was
nore of an art than a science. Although the early studies contributed appreciably
to product and process improvement, the task was a formidable one owlag to the
nany products and proceeses, both organic and inorganic, which required attention.
At one time in this period, the standard color line cowprised more than 400 items.

DUP110049441
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HISTORY OF THZ NEWARK PLANT

The dewark Flant of the DuPont Coumpany is the outgrowth of a pigments business
started in 1873 in a plant on the banks of the Passaic River in ilewark, New Jersey
and known a3 Hoare Barnett and Company. The plant was built for the manufacture
of Criffich Patent White (Lithopone), a new white pigment discovered in Europe.
The product was put on the market in 1880 as a non-poisonous substitute for white
lead. Owing to the well-entrenched position of white lead and the dliscovery
that the new pigment was subject to changes in color under certain conditdoms, 1t
met with only limited success. After three or four years, manufacture was
discontinued and the plant converted to color manufacture , wndergoing successive
changes in name to ''Estats of James P. Barmett'' in 1886 and ''Cawley Clark and
Co., shortly afterwards. At this time, relatively few organic coloring matters of
any kind were manufactured anywhere and these were confined to a few
triphinylretkane dyes, a few azos, aud to lLakes of natural colorfug matters such as
cochineal, logwood, quercitron, and hypernic. It is of interest that as recently
as the late 1920's, DuPont manufactured lakes of some of these natural dyes.

Cawley, Clark and Company's rapidly expanding business soon necessitated
~nlargement of the plant. At the same tize (about 1832) arrangements were wade for
manufacture of an improved lithopone. Continued growth of the colors business
prompted further expansion in 1898. Since there was insufficieant space at the
Passaic River site, the new plant was built on the present site, ia 1898. Colors,
sadium chromate, and sodium dichromate were manufactured initially. Prussiate of
Potash was also manufactured later but this cperation was discontinued after a
short period. Facilities for manufacture of an irproved lithopone replaced the
Prussiate of Potash unit. The entire plant, including the lithopone unit which had
jJustc started operations was destroyed by fire. A colors manufacturing unit was
Gurriedly installed in a building at Clay Street adjoining the old Passaic Street
plant and rebuilding of the Vanderpool Street plant was also started immediately.
On completion of the rebuilding, yellows, reds, lichopone, and bichromate were
zade at the Vanderpool Street plant »nd bluec, greens, and also lithopone were made
at the Passaic Street unit. Operation continued under Cawley, Clark and Company
and the Harrisom Brothers and Company, paint and chemical manufacturers of
Philadelphia, who had an interest in Cawley, Clark and Company.

'n 1916, Harrison Brothers was acquired outright by DuPont, including tae
fatarest in Cawley, Clark and Cozpany. In subsequent years, the plant was “nown
as the CGrasgelli Plant (1928), Kreba Pigmeunt azd Color Corporation (1331),

Krabs Pignenc Department (1335), and finally the Pigments Department of E. I.
Du Pcanr Deillerours and Co., the present name.

The following are interesting historical highlighes:
1. Sulfuric acid manufacture was added to the Vanderpool Street plant in 1914

and continued until 193I1.

LPY 0072336
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With the development of Duco lacquer by DuPont, and the demand by General
Motors for a durable marcon for use in this system, DuPont, in 1924, embarked omn
its first pioneering work in pigments.

The successful accowplishment, in 1926, was probably the first piloneering
regearch done in this country on organic pigments and provided the impetus which
has made DuPont a leader in the pigments manufacturing industry. Furthermore, the
increasing interast in color after World War I provided further stimulus to
plgment research. One can say, therefore, that DuPont entered this business on
the ground flocor. Such pigments as para reds, toluldine red, Lake Red C, Persian
Orange, Peacock Blue, lithol reds, phloxines, and eosines, Lithol Rubine, basic
dye pigments and toluidine yellows, all relatively old, came into volume usage.
The volume of the old inorganic standdbys, chrome yellows, chrome greems, and irom
blues, likewise, iIncreased greatly. Although most af these are still important
volume items in the pigments industry, many lack the high quality properties such
as lightfastness, bleed, heat resistance, dispersibility, etec., to meet the
stringent demacds of wodern applications. For example, pigment dyes such as
para and toluidine reds lack fastness to solvents and show migration in some
compositions; lake colors such as lithols and Lithol Rubine, are sensitive to
alkalis and soap; many azo pigmencts fail to perform satisfactorily at the
elevated temperatures employed in modern finishing, printing, and extrusion
operations; and only few organic pigments are sufficiently lightfast to withstand
the conditions of outdoor exposure. Many other properties guch as color intensity,
workiag properties, etc., are lmportant factors in utility and no one pigment meets
all of these requirements.

Pigments research during recent years has resulted in substantial advances not
only in the development of new pigments but in the improvement of existing cnes.
Although the phthalocyanines and quinacridones provide a high quality line in a
large portion of the vigible spectrum including blues, greens, reds, and violets,
an lmportant gap remains, principally in the yellow region.

Ravigad by B. H. Parkins - 1975
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HISTORY OF THE NEWPORT FLANT

The history of the Krebs Company, by which name the Newport Pigments Plant
was known before it became a DuPont plant, is actually the story of the founder.

When Henry J. Krebs came to Newport in 1901 in search of a plant site, he found
a suitable location adjacent to the Christina River. The aite was ideal in that it
had excelleat water and rail facilities, good natural underground water supplies,
and the village of Newport was known to have a good and reliable source of labor
supply.

lenry J. Krebs was born in Denmark in 1847. He cazme to this country at the
age of 32 and worked with “and for various cowpanie$ and was credited with various
lnventiouns including a milk-cream separator. He was also in the sugar beet
industry and the anhydrous ammonia business, neither of which was particularly
successful. de then becace interested in paint pigment manufacturing and in 1900
decided to enter the lithopone chemical business. When he filrst set sight at
Nevport, there was a small lithopone plant in cperation at the 3site now occupied
by Building A~67. There were also two other homes at thig plant site, one which
was torn dowvn in 1938 and the other (Building A-60)} which still stands today, and
which dates back to early colonial days. It was in Suilding A-60 that Oliver Evans,
an early American inventor born in 1755, discovered the possibilities of steam as
a ootive power for land vehicles in 1773, and where he developed the idea of the
Orukter Amphiboles, the original motor car which he built in 1804. This building
i3 located on the left side of the Gatehouse as you enter the plant. This home,
with some slight office modifications, still standa as originally constructed and
hougses the maln Newport plant research offices. (See the following article by
Pigments Advertising).

In the late summer of 1901, after the summer wheat crop had been harvested,
Mr. Krebs, at the age of 54 and with $37,000 cash on hand, broka ground for a new
lithopone industry here at Newport. The funds for this plant were his own plus that
of a close frined, The plant producticn was scaled at 10,000 pounds of lithopone
per day. Of necessity, some of the equipment purchased was second-hand. Some of
the foundations for the boilers and engines were uncovered in a recent gewer
project excavation. The original factory site covered some seven acres and, in
1902, the first production effort was made. Considerable difficulty was
encountered and, after one year's operation, the balance sheet showed a net loss of
$1,000. The major start-up operating difficulties were overcome in time, and at
the end of the next year a dividend was declared. Plant records show that, in 1904,
there wvere approximately 27 wage roll men employed in the operation.

During the ensuing years, tha plant struggled with problems in a competitive
market and the gale of lithopone in a lead and oil market created considerable
sales resistance. The founder was well aware of the need for uniformity in quality,
strength, hiding power, and other necessary pigment qualifications and set about
developing a research organization. Chemists were not easlly attracted to this
area and lewport, being a little known village and Krebs an unknown Company,
this became a problem. By 1906, however, there were eight chemists employed.
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The product continued to improve and 3ales grew. In 1916, the Krabs Company
developed its first major plant expansion amounting to some one-half million
dollars. At this time, Buildings A-17, 19, 20, 21, 23, 24, and 30 were built, which
consisted of the filtering, drying, storage, and power~house operations. OCne
hundred and sixty two wage roll personnel were now employed.

In 1926, the lithopone production rate was 75 tons per day. At this time,
ur. Krebs, the principal stockhelder, and a close friend split their holdings,
giving parcels of stock to their families and a few close business associates.
There were now 23 stockholders. Plant cxpansions were financed with monies on hand
without the need to borrow funds.

It was in 1929 when the DuPont Company decided to expand into other peace—time
chemical industries that the Krebs Cowpany was purchased. The records show that
there were then approximately 200 wage roll and 50 salary personmnel employed at
Newport.

Shortly after DuPont purchased the Irebs plant, a research bullding (A-47) was
established in 1932. Demands for a better pigment were being made and it was
during the early 1930's that titanium plgments were developed. In 1935, the Edge
tioor plant began production of ''Ti~Cal’' pigments. During the next 15 years, a
product transition occurred in which the titanium pigments were favored and
lithopone, because of 1its inferlor characteristics, became less popular with the
trade, and ita manufacture waa finally discontinued in 1953.

Meanwhile, Pigments management, being aware of the limited future of the
lithopone business, set about searching for other products. Research had been
making considerable progress in the color pigment business, so that with the limited
capacity of the Newark, New Jersey plant, the Newport plant was chosen as the
site for the manufacture of the blue and green phthalocyanine pigments. A
phthalocyanine plant was constructed in 1948, and expanded with a highly automated
process in 1972.

Subsequent to 1948, DuPont developed the quinacridone pigments, a range of red
colors which have high quality properties as do the phthalocyanines, and a
quinacridone plant was started up in 1958, and expanded ino kind in 1968.

Over the years, several other products were processed at Newport at some stage
of their development including titanium metal sponge, titanium organics, high purity
silicon, and fibrous potassium titanate. The plant for awhila carried oo a
finishing operation for certain grades of white pigments made in slurry form at
Edge Moar, discontinuing this in 1971. The Newport plant began the manufacture of
Afflair® flake pigments in 1962,
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The Photo Products Department is a tenant at the Newport plant, manufacturing

chromium dioxdide and magnetic tape at this location.

A substantial part of the R and D Semi-Works area 13 presently in use by the

R and D TiCl, Process Task Force for selective chlorination of ilmenite are
and chloride process by~product treatment studles.

Reviaged by O. E. Ringwald - 1975

CONFIDENTIAL

April 1975
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TEBE U. S. COLORED PIGHENTS BUSINESS
DU PONT SALES
1974 as
1973 1974 7% of 1973
Inorganics $25.5M $34.5 1357
Jlonastral® Blue and Green 13.5 19.7 146
Monastral® Red 16.8 18.5 110
Other Organics 9.0 12.7 141
Total 364, 8MM $85.4M1 1327
DOMESTIC DU PONT DOMESTIC DU PONT SHARE
YEAR CONSUMPTION® SALES AND TRANSFERS OF MARKET
1973 '$351. 1M $54. 2M 15.4%
1974 441.5 4.4 16.9

#Estimates of consumption exclude iron oxides and black pigments.

Estimated domestic consumption i3 broken down by pigment type as shown below:

1973 1974
T10; Hica Flake 3 4.4 $ S.6MM
Molybdate Orange 16.6 23.5
Chrome Yellow and Orange 35.2 50.6
Chrone Green and Chrome Oxides 7.5 8.6
Z2inc Yellow 5.9 11.6
Iron Blue 8.4 9.5
Cadmiums 31.2 35.6
Qa 13.5 18.5
CPC 53.4 70.0
Other Organics 175.0 208.0
Total Domestic Consumption $3s1. 3441, 5MM

Du Pont's domestic market share for each of the pigment types in which we coumpete
i3 estimated below. The Other Organics group does include certain chemical types
(such as lithols and diarylides) that we do not wake.
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Afflair®
Molybdate Orange
Chrome Yellow
Ziac Yellow

QA

CPC Green

CPC Blue

Other Organics

Total Du Pont

Domestic Production
Imports

Qu Pont Export

Net Domestic Consumption
Du Pont Domestic Sales
Du Pont Share llacrket %
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Du Pont Domestic Market Share

(Based on Dollars)

1973 1974

99% 977
34
37
20
26

34
23

0

29

37

20

22

76 79
29

22

5.

17%

G
39

INORGANICS

CHROIE YELLOW

HOLYZDATE ORANGE

Domestic Productian
Imports

Du Pont Export

Net Domestic Consumpeion
Du Pont Domestic Sales
Du Pont Share larket %

CONFIDENTIAL

(M Ibs)
1972 1973 Percent
Actual Actual 73/72
67,500 80,100 118.7
15,000 9,000 60.92
500 1,100 220.0
82,000 83,000 1C7.3
13,900 14,200 102.1
17.0 16.1
(f Lbs)
1972 1973 Percent
Actual Actual 73/72
24,800 27,500 108.38
1,300 1,100 84.6
950 1,000 105.3
25,150 27,500 109.7
9,500 9,700 101.0
38.2 35.1
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CPC BLUE AND GREEN

1974 DOMESTIC CPC FINISHING CAPACITIES

CAPACITY - LBS M PRIMARY

BETA ALPHA CRUDE

BLUE BLUE GREEN TOTAL PURCEASER
Du Pont (Forecast) 1.2 1.5 1.5 4,2%
Sun 1.9 .6 .5 3.0 X
American Cyanamtd .9 oh .3 1.9
Chemetron . 1.0 A .2 1.6
tiilton-Davis Wb .2 .0 .6 x
Levey .6 .1 .0 .7 X
Hzarmon .1 .3 .1 .5
Ridgeway (S and V) b .0 .0 b x
Imperial .1 .2 .0 .3
Blackman-Uhler .25 .0 .0 .25 x
Pope Chemical .25 .0 .0 .25 x
Kohnstamm .1 .1 .0 <2 X
BASF .1 .0 .1 .2
Cal Ink .0 N .15 .15 b3
Crown-Metro .15 .0 .0 .15 x
Apollo .1 .0 .0 .1 x
Inmont —1 =0 -0 -1 x
Total 7.7 3.8 3.1 14.6

*Ingtalled capacity 1is 5.6MM 1bs.

The beta blue market 18 growing at 107 annually, resulting from the increasing
use of process printing where beta CPC is one of the three primary colors. Alpha
blue and green are each growing at 47 annually. Our market shares are strongest in
alpha blue (30%) and in green (482), and the industries where these CPC types are
mainly used (finishes and plastics) are those in which Du Pont has particular
strengths. We have only a 20X share of the beta market, which primarily goes to the
ink industry, but we cannot consider expansions in this area until the economics
of our process are improved. Below is the industry breakdown for each of the CPC
types.
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1974 CPC UARKET (LBS M)
TU PONT
ALPEA BETA MARKET
GREEN BLUE BLUE TOTAL SHARE
Finishes 1.9 2.6 1.1 5.5 367%
Ink 1.3 1.7 4,7 7.7 217%
Plastics Wb .6 A 1.4 397
Cther -3 3 .2 .8 407%
Total 3.9 sS.2 6.4 15.4 307 -

American Cyanamid and Du Pont are, by far, in the best position to expand. The
other major competitors, Sun and Chemetron, rely heavily on purchased crude and
face either financial, labor or antiquated investment problems.

There is a large portion of the beta market that is met via CPC in the flushed
form, which we do not make. We are working on a very easy dispersing dry product
which could be used as un alternative to flushes by the ink maker with attractive
economics to both Du Pont and the ink indusrry.

QUINACRIDONE
CURRENT MARKET POSITION

MARKET SHARE (1974) ESTIMATED
1374 DEMAND LARGEST 1979 DEMAND
AREA (M LBS CONTENT DU PONT CCMPETITOR (M LBS CONTENT)
North America 1,500 75% 107 (Harmon) 1650
Far East 425 657 207 (Tekkosha) 925
Europe/South
America 500 25% 65%(Hoechst) 1125

The key element in our growth projectiona is the rate and extent of
quirnacridone used in foreign automotive stylings. Extensive domestic marketing
and technical programs in support of our automotive business have paild major
dividends. Similar programs will be used to expand our foreign automotive
gatyling penetration.

OTHER ORGANICS

Our other organics business, which includes Dalamar® yellows, ''Watchung''
reds, Rhodamines, Green-Gold, etc., was alightly over $9¥M in 1973.

Assuming no intermediate or manufacturing equipment limirations, we project
other organic pigment sales to grow four—to-five tires the 1973 sales level of
$9MM/ year by 1933.
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OQUTLOOK

We view our major long-term competition to be foreign-based pigment
manufacturers such as American Hoechst, BASF, and Ciba=-Geigy. This is based on
their integrated operations which include the manufacture of pigment intermediates,
pigments and pigment consuming products such as ink,paints and plastics. To

varying extents,they have made a major commitment in plgment research and follow a
world market growth concept.

From Marketing
Edited by B. H. Perkins -~ 1975
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PIGMENT PROPERTIES - GENERAL

The physical and chemical characteristies that control and define the
performance of a commercial pigment in a vehicle system include its chemical
composition, chemical and physical stability, solubility, particle size and shape,
degree of dispersion or aggregation, crystal geometry including polymorphaic
crystalline form, refractive index, specific gravity, absorption in the visible,
ultraviolet and infrared regions of the spectrum, extinction ccefflcieats, surface
area, surface character, and the presence of fmpuritiea, extenders or surface
wodifying agents. These propertles or cilrcumdtances are ultimately reflected in
the pigmentary qualities which are used to a greater or lesser degree as the
basis for pigment product selection by the trade.

although a pigment type has isherent chemical and physical characteristics, the
pigment is almwost invariably used in a vehicle system so that its ultimate
performance in use derives from a pigment-vehicle interaction, physical or
chemical, in a specific vehicle system.

The following are the most important pigment properties which, in
conjunction with hue, are considered by the pigment using trade as the basis for
pilgment selection:

1. Strength

The strength or tinting value of a colored pigment is a cajor factor in
determining its utility. The inherent strength of a pigment is controlled by its
light absorbing properties which are related to its molecular and crystalline
gzructure. The inherent strength of a pigment is seldom obtained in practical
application but i3 compromised by considerations of particle aize and exposed
surface area as they are controlled by the degree of dispersion, aggregationm,
flocculation, etc. Pigment strength {n a vehicle system is also determined by the
optical character of the other constituents in the pigmented system insofar as
they absorb or scatter light. To achieve the maximum practical strength, and to
develop its full tinctorial properties, a dry pigment usually requires dispersiomn
in a vehicle by applying work, usually by attrition, to break up the dry plgcent
aggregates and to obtain maximum wetting by thea wvehicle.

As 3 point of interest, the phthalocyanine pigments manufactured today
have ccnsiderably greater strength than those first marketed, owing to more
sophisticated methods for particle size control and techniques for obtaining
caximum dispersion. Further, some chromophores have greater inherent strength
than others. For example, the disazo pigment, benzidine yellow, is about twicae as
strong as the monoazo toluidine yellow.
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2. Color Im:ensity or Saturation

The color intensity (or saturation or Munsell Chroma) of a colored pigment
1s a measure of its departure from a gray of the same hue and may be thought of as
color concentration. (c.f. Section 2).

Generally, a pigment whose molecular structure reveals two or more chromophores
1s © v 1ikely to be less intense In color than one containing a single chromophore.
A pigment color which reflects visible light over a relatively wide band of wave-
lengths or in several wavelength bands will probably be less intense than a
similarly hued color which reflects over a narrow wavelength band or in a single
band. The intensity of a blend of pigments is significantly altered by the
selective absorption of the different pigments in the blends, and this
significantly controls the intensity of the color seen by the eve.

3. Fastness

The fastness of a colored pigment refers to its inherent ability to with-
stand the chemical and physical factors to which 1t 1s or will be exposed both
during and subsequent to its incorporation into the pigmented system and in its
end-use application. Fastness refers to the behavior of a pigment in terms of
retaining 1its inirial color value, either alonme or in combination in a pigmented
system, on exposure to light, weather, heat, solvents, or chemicals. Ideally, a
pigment should be chemically inert but few synthetic organic pigments show such
perfection, although it may be approached by one such as carbon black.

The fastness requirements for pigments have become increasingly stringent
due to the proliferation of pigment vehicles fostered by the introduction and use
of a wide variety of synthetic media including resins, plastics, fibers, lacquers,
enamels, printing ink vehiecles, elastomers, molding resins, etc. The use of
plasticizers, curing agents, more potent 3olvencs, higher operating and curing
temperatures has made many pigments previcusly acceptable in the older oleoresinous
systems unugable in the newer systems.

Inasmuch as one of the major pigment uses 13 for the manufacture of paints
both for decorative and protective purposes, plgment durability is of prime
importance. The term durability implies the ability to withstand the combined
chemical and physical agencies inherent in ''weather'', including light, temperature,
water, gases, industrial effluents, etc. Ultimately, the total pigmented system
must meet the requirements of durability inasmuch as each component playa a role
and mAy interact with the others. The pigment, for example, pay be responsible
for the deterioration of the film, or the vehicle can contribute to the
deterioration of the pigment. A given pigment may perform as a lightfast pigment
in one system and fall conslderably in another, so that a pigment generally
described as excellent in lightfastness may not come up to expectatlons in 3scwme
systems.
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The quantitative expression of the lightfastness of a pigrent 1is difficulc due
to the variable lightfastness performance under different conditions including the
chemical nature of the vehicle, the presence of other pigments and extenders,
variable conditions of exposure, and the concentration at which the pigment is
exposed. There are no coumonly accepted numerical standards for lightfastness, nor
standard conditions for carrying out such tests, so that each manufacturer reports
fastness in his own way. Representations of lightfastness from manufacturer for
this reason oay at tices be only qualitatively consistent.

Ancther increasingly important aspvect of fastness 1s that of heat stability
which may be affected either by the chemical or physical factors incident to the
use of tenmperatures such as may be applied during the process of incorporating the
plgment into the vehicle as in the manufacture of vinyl sheet, 1in the high
temperature extrusion of plastics, or in the high temperature baking of automotive
and industrial finishes. High temperature conditions, on the other hand, can also
be encountered under use conditions of the pigmented article. A pigment color
may be inherently unstable to heat due to its chemical decomposition, or unstable
as a consequence of chemical interaction with the vehicle or other components of
the pigmented system under the influence of heat.

Heat or color instabllity also result from melting, sublimation, change in
crystal form, or from the variable solubllity of the pigment in a vehicle as a
funcrion of temperature insofar as the dissolved color shade differs tinctorially
from that of the particulate, dispersed solid color. The hue of a colored plastic
would then vary with the plastics extrusion temperature, under these circumstances.

Fastness also includes pigment resistance to bleed which i3 dependent on the
inherent solubility of the pigment in the vehicles, plasticizers and solvents to
which it is exposed. Bleed may occur in the course of pigment incorporatiocn, or
in the application of the plgmented system as when applying a coating, or in the
end~use of the pigmented system. Pigment gsolubility may be apparent ia the case of
plgment transfer or migration from one plgrmented surface to another as when
colored vinyl sheets are pressed together, or when a paint film is applied ovar
another of a different color.

The solvent, plasticizer, and vehicle types to which pigments may be exposed
include alcohols, aromatic and aliphatic hydrocarbons including paraffin wax, ketones,
ether alcohols, acids such as oleic, soap formulations, nitrocellulose and
acrylic lacquers, linseed oil and a host of syuthetic resins.

Chemical fastness refess to the resistance of the pi mment in the pigmeated
vehicle principally to sucn agents as acid or alkalil or co air contaminants such as
hydrogen sulfide. The cleansing of a pigmented coating with soap, detergent, oOT
bleaching agents would require such resistance. Specialized uses as, for example,
paint for swimming pools would require resistanca to alkalinae hypochlorite.

LPH 0072348

DUP110049457
CONFIDENTIAL



SCLCTIOW 6
Page 4

4. Dispersibility

The dispersibility of a pigment is measured by the effort required to
develop irs full tinctorial potential in a vehicle system. The prazctical,
commercial utility of a pigumeant color, including the economics of its use, 1is
profoundly affected by its particle size, crystallinity, wettability, agglomeration,
aggregation, potential to flocculate, surface properties and general compatibilicy,
all of which materially affect dispersibility. The dispersibllity of a given
plgment, however, will vary from vehicle to wehicle insofar as wetting,
flocculation, etc. are dependent on the interaction of pigment and vehicle. Other
attributes of the pigment such as aggregation, etc. may, Lf sufficiently severe,
make a pigment impractical to use in any system unless sufficient physical work 1is
done to break up the aggregates. Aggregates arise from the very strong forces of
attraction between the discrete plgment particles, most often greater as the
particle size decreases. Aggregation can also possibly arise from a physical
bridging between particles due to solvent action and crystallization which way
occur during the drying of a pigment coler during its canufacture.

Dispersibility is ultimately important to the pigment user in attaining
naximum surface area, and homogeneity of the pigmented system. These assure his
getting maximum economic value per unit weight of pigment and improved properties
in some applications such as gloss and transparency in certain systems.

The term ''texture'' 1is often used to designate ease of dispersion, a pigrent
of hard texture requiring greater and coustlier effort on the part of the user to
achieve an acceptable level of dispersica. t!lany techniques are currently eoployed
by pigment manufacturers to provide nigments of good texture, as well as
compatibility in most vehicle systems. These methods Iinclude the use of specilal
extenders and surface active agents, among others. Unfortunately, the attalpmeut
of one useful property in a pigment may compromise another. the achievement of
transparency in an automotive paint, for example, 1s accomplished primarily by the
rexoval or reduction in size of larger particles which gecarrer light appreclably.
Very snall particles, however, give rise to greater aggregation with resulting
texture and dispersion problems, so that a compromise in properties may be
necessary.

5. Working Properties

Working properties refer broadly and generally te those characteristiecs of a
plgment which facilitate i{ts incorporation, handling, or use in a given sy:tem.
These characteristics inclide compatibility, oil absorption, ccutribution :o
rheology, ease of grinding, wettability, gloss, bromzing, hiding powver,
flocculation, ctc. These consliderations account in many instances for the
proliferation of different plgment standards, developed from a singla chemical
type. Thae working propaerties 4r aggregate size, crystallinity, flocculation,
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surface modification and characteristics, as they affact wetting and dispersion
in the vehicle, ete.), and by sultable formulation by the pigment user.

From a practical point of view, a pigment need be no more durable than that of
the vehicle or film in which it will be used so that careful pigment selection
with due consideration to economics must be exercised. Likewlse, a pigment need be
no more durable or possess other properties than are dewanded by the use for which
it is Iintended. Durability is a minor consideration in the printing of a comic
book in contrast with the needs of an automotive finish., The demands made of a
pigment, therefore, depend on the varied needs of the system to be pigmented and
the requirements of the end-use application. A potential pigment user must rely
on his own pre-use testing, or obtain technical advice and assistance from the
pigment manufacturer.

Favised by B. E. Perkins -~ 1975
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INTERACTIONS OF COLORED PICGMENTS WITH LIGHT

I. INTRODUCTION

The pigments manufactured at the Newark and Newport plants are used principally
to impart color to dispersion medla. The color they contributa i3 a consequence
of the interacrion of pigment with light. The interactions which may lead to color,

and which will be discussed briefly here, are absorptilon, scattering, reflection,
interference and emission.

II. LIGHT ABSORPTION

All molecules absorb electromagnetic gadiation. Theose which absorb in the
visible region of the spectrum (4000~7000A) appear colored.

Absorption of light by a molecule is assoclated with a shift of an electrom
from a ground state level to a higher one. Subject to specific selection rules
(Ref. 1) which are based on symmetry and spin oultiplicity requirements, only those
frequencies can be absorbed that coincide in energy content with the emergy
difference between electron levels of the molecule.

The energy increase on absorption of light is given by

5
AE(kcal/mole) = hr = 2.860x10
(R

where h {3 Planck’s constant (6.62x10727 erg sec), r 1s frequency (sec™l) and X\ 1s
wavelength (A). The dependence of AE upon wavelength and upon frequency is
sumparized in Table I. It should be noted that, in general, the use of wave-
number t (cm"l) = 1/A(cm), rather than wavelength, 1s often preferable since the
relationship between energy and wavenumber is linear, whereas a non-linear
relationship holds between energy and wavelength.
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If all the wvisible light falling on a substance such as a pigment 1is absorbed,
it appears black or grey if light 1is absorbed wuniformly but incompletely. If, on
the other hand, only specific frequencies are absorbed, color is imparted. The
color of the absorbed light, its wavelength and the resulting complementary visible
color of the absorbing substance are summarized in Table II (Ref. 2). Thus, for
example, light which {3 composed of wavelengths between 5950-605C0A appears orange.
If a pigment gbsorbs all the wavelengths in the visible spectrum except those in
the 3350-6050A range which it reflects, it will appear as orgnge. I1f, on the other
hard, it absorbs only the orcnge wavelengths (i.e. 5950-6050A4), then the pigment
will be green-blue, the complementary color of orange. Conversely, the complexent
of blue is orange. When a pigment absorbs over a wide range of wavelengths or in
many parts of the visible spectrum, it will appear as a mixture of colors
complementary to those abgorbed, and censequently dull.
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TABLE IT
Color cf Absorbed Light A(A) Visible Color of Substance
Violet 4000-4350 Yellow-Green
Blue 4350-4800 Yellow
Green-Blue 4800-4900 Orange
Blue-Green 4900-5000 Red
Green 5000-5600 Purple
Yellow-Green 56Q00-5800 Violet
Yellow 5800~-5950 Blue
Orange 5950-6050 Green-Blue
Red 6050-7000 Blue~=Green

The color of a pigment crystal may alsc vary markedly with crystal directiom.
Pigments are generally anisotropilc and color differences corresponding to as much
as 20 WBS (where 1 NBS unit may be considered significant) have been reported for
different directions. The slow ray (greater refractive index) has a more intense
absorption at a longer wavelength than the fast ray. Thus, markedly different
colors may occur with change in angle of view with oriented pigments, as may be the
case with pigments in a stretched or brushed film or an extruded fiber or film.
Crystal habit color effects, which have been noted with some of our pigments, are
related to this dichroism.

In the case of para red, such anisotropy has been explained on the basis of
dichroism of individual wolecules and their orientation in the crystal (Ref. 3).
The molecule 1is planar and the m orbitals are in the plane of the molecule. A
markedly greater absorption can be expected when the molecular plane and the plane
of light polarization are parallel, as compared to absorption when these planes are
perpendicular (Ref. 2). \Light in a pilgmented system tends to become polarized
since every refraction or reflection is accompanied by a polarization effect.

Pronounced differences in color of pilgment crystals have also been noted with
change in crystal thickness (same crystallographic direction). This is primarily
an absorption effect.

I1I. QUALITATIVE AND SEMIQUANTITATIVE INTERPRETATIONS OF LIGHT ABSORPTION

A. Drganlc Compoundis

Near the end of th.: nineteenth century. it was r:cognized that color is
asgoclated with the presence of multiple bonds in organic compounds. The apacaific
sroups responsible for the color were subsequently termed ''chromophores’', from the
Greek ''chromo'' meaning color and ''phoros'' meaning bearer. The unsaturated,
conjugated double bonds present in the chromophore contribute to the selective
absorption of light in the visible portion of the spectrum, thereby giving rise to
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color. Sowe of the more commen chromophores found in colored organic materials are
as follows:

0]

- N =0 nitroso - N"_- nitro
0
N N
/C = 0 carbonyl /€ = § thiocarbonyl
- ¥ = J- azo - N = 1§ - azoxy
+
G
H
| “ -
- C = N - azomethine C = C  ethenyl
/s ~

Chemical groups which play an auxiliary function in intensifying or modifying
the ceclor are termed ''auxochromes'' from the Greek ''auxo’'' meaning increase.
The greater the extent or degree of conjugation 1in the molecule, the deeper the
color, whereby the dominant absorption band in the visible portion of the spectrum
is shifted to louger wavelengths. This latter shift is referred to as bathochromic
in contrast with a hypsochromic effect where the dominant absorptica band is
shifted to shorter wavelengths. The incorporation of chemical groups which
effectively participate in the resonating system play a significant and enhancing
role in color development. Some typical auxochrome groups are as follows:

Cit,

- (ij dlalkylamino
CH,
H
-N alkylamino
CH,
H
/
-N amino
N\
H
-Q0H hydroxy
-CCH, methoxy LPH 0072354
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Qualirative molecular orbital theory provides a simple interpretation of the
above generalizatioans (Ref. 1,4,3). From this point of view, the electronic emergy

levels of a molecule may be represented as follows, where * refers to excited
states. Tne

s* (antibonding)
T#* (antibonding)

AR n (nonbouding)
T {bonding)
- {bonding)

absorntion of light by a conjugated systen involves an excitation of an electron
from the highest occupied (T ) molecular orbital to the lowest unoccupiled (%)
molecular orbital of the molecule. As conjugation increases, both the highest
occupled  I1) molecular orbital and the lowest unoccupied (7T*) mclecular orbital
approach the nonbonded N ) level. The 7m-T* energy separation decreases. Longer
wavelangth radiation may be absorbed.

Electronegative substituents on a conjugated system, as well as more electro-
aegative atoms (e.g. N va. C) in the conjugated chaln 1itself have the effect of
lowering all energy levels in a molecule. The effect of such substitutions on the
absorption spectrum of the molecule is small, however, since the net T-T* enarzy
geparaticn 18 essentially unaffected.

The w-m* separation of a conjugated system may be substantlally reduced, howaver,
by the introduction of electropositive donor substituents (auxochromes). In
effect, such substituents introduce a new occupied wolecular orbital, which,
according to simple Huckel thecry, would be near the nonbonding (n) energzy level.

Thus, a new, smaller T-T* energy Separation has been generated. The
absorption spectrum i3 shifted to longer wavelengths. Obviousaly, the magnitude of
this shift will be greater when electronegative substituents are also present
gince they lower the w* level of the system as mentioned above, further decreasing
the effective m-m* energy separation.

While the above discussion 13 certainly an oversimplification, we have
described the fundamental concepta of light absorption and, basically, how organic
pigments produce color. Other discussions of this subject in terms of resonance
(valence bond) and free-electron theory may be found in references 1, 2, 6-8.

It should be noted that within the company (Orchem), a computer program is
available for the calculation of zha electronic spectra of conjugated molecules
using the semi-empirical Pariser-Parr~Pople (PPP) sgelf-consistent fileld molecular
orbical (SCP-MO) method. The user should keep in mind the fact that in addition to
chemical composition, the frequencies of the radiation which may be absorbed by a
plgment may also be influenced by external forces such as crystal structure
(polymorphisn, crystal strain), temperature, and dispersion medium.
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B. Inorganic Cowmpounds

As in the case of organic compounds, an absorption band in the UV, visible
or near IR for an inorganic compound is due to a transition of an electron from a
lover to a higher energy state. The approach used with the inorgeznic compounds
ordinarily differs, however, from that used with the organic ones. 7Two types of
spectra are of predominant interest with inorganic pigments; charge transfer
spectra and d - d spectra. Color due to elactron transfer between two different
valence states of the same metal is important in particular cases. An interesting
review of the causes of colors of inorganic pigments is given by Feitknecht (Ref. 9).

~. Charge Transfer Spectra

In the ideal case of an ionic inorganic compound, the absorption
dpectrum is simply that of the ions. For metal ions with a filled s~-, p-, or d-
shell, the first excited level 1is very higzh so light absorption occurs only in the
ultraviolet. The energy to excite or split off an electron i3 much less for the
negatively charged non-metallic ions. Thus, the absorption spectrum of alkali
halides in the ultraviolet ig attributed to the halide ions, and the adsorbed
energy {s used to tramsfer an electron from the halide ion to the metal ion. Such
a spectrum is called a '‘'charge transfer spectrum'’.

In the case of halldes and chalcogenides of Group B and transition metal ions,
the charge transfer spectrum may be shifted into the visible and the overall
spectrum may consist of the spectrum of the metal ion and the charge transfer
spectrum of the anion. The colors of permanganate and chromate ilons are due to
charge transfer from a ligand to a metal ion. The absorption coler of the
pigment red lead is also due to charge transfer. The shift of the charge transfer
spectrum produced by metal ions has been correlated with polarizability of the
negative ion and the polarizing effect of the positive ions, in the case of a
series of halides. The sequence of absorption bands of transition metal complexes
containing halide ions agree with the redox potentials and the bands shift to
longer wavelength as the oxidizing power of the metal loa increases. The
relationship does not hold for the oxides. In these cases (oxides), the crystal
structure 1is believed to influence the charge transfer to upset the aforementioned
relationship. The pronounced effect of structure is evident in the marked color
differences between polywmorphs (e.g., red and yellow PbO).

2. d~d Transition Spectrum

The five d orbitals have preferred directions in space, the dzy, dxz,
and dyz orbitals being direcred along the bisectors of the angles between the axes,
the dx? -y? orbital being directed along the x and y axes and the dz? orbital having
its maximum charge density along the z axia. The three classes of orbitals behave
differently when they are ia the fleld of ligands which leads to a splitting of the
energy levels which might exist in the absence of a ligand. The kiad of splitting
depends on the number of d electrons and the symmetry of the fleld, and ig treated
by crystal field theory. As a result of light absorption, a d electron is shifted
from the lowest level to a higher one of these split d levels. These lead to the
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bands on the long wavelength end of the spectrum. Mora energy i3 required for a
transiticn to an excited state and the corresponding absorption bands lie at
shorter wavelengths.

3. Compounds with Metal Ion in Two Valence States

Some compounds which contain a metal in two valency states are strongly
colored (e.g., iron blue). The abaorption band in the visible in the case of iron
blue KFeKe(Cl), i3 believed due to a charge transfer between (Fell{(Cll)¢)*” and
FelIl* fong. This type of transfer of an electron from the ion of lower valency to
an lon of the same metal in a higher valence state is believed to be responsible
for the color of such compounds which have a metal ion in two oxidation states.

4. Color Due to Trapped Groups

Colored molecules or radicals trapped in a solid may also confer
strong color. The color of ultramarine blue {s believed to be dus to sulfur
trapped in cavities in the alumino silicate lattice. This source of color is of
interest only ian such special cases.

IV. SCATTIERING

Scattering, as the term 18 used here, 18 the result of reflection, refractioum,
and diffraction. The contribution of each to scattering and the influence of
scattering will be reviewed here.

A. Reflection and Refraction

Pigment particle size, down to a diameter approximataly aqual to the
wavelength of light, has little effect on light reflection. However, the aumber of
particles for a given weight of pilgment increases with decreasing size, and hence
the total scatter by reflection increases with decreasing size in tha range of
Fresnel reflection (particles large vs. A). In this region, intensity of reflected
light varies with the difference in refractive index between pigment and mediunm,
the angle of incidence, and polarization of incident light.

For colored materials, refractive index may vary markedly with wavelength
(maximum index on long wavalength side of absorption maximum) so there may ba a
markad variation of reflection and refraction with wavelength. Maximum scattering,
for a given size in this (Fresnel) region, i3 thus usually obtained at the wavelength
of maxioum refractive index. It 13 worthy of oote that the refractive index, and
henca reflection-refraction scattering, is different for different crystal faces
for the usual aniasotropic pigmenr crystals.
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B. Diffraction

We now turn to the effect of diffraction on light scattering. An optimum
particle size for scattering occurs at a particle size in the range of about 1/2 to
1 wavelength. 1In this size range, scattering is considerably more Ircportant than
in the ''Frasnel'' region discussed previcusly, or in the ''Rayleigh'’ region, to
be covered later. Diffraction Is the major ccatributor to scattering in this size
reglon. Light waves tend to bend as they pass the adge of an object in their
path; tihis results in the phenomenon called diffraction. Small particles can bend
considerably more light than actually falls on them, because of the diffraction
effect at the edges. The diffraction effect reaches a maxinum for particle sizes
In the range 1/2 to 1 wavelength. It should be noted that no one size of cclored
pipguent gives maximum scattering for all waveleagths, since refractive index
varies with wavelenpth and scattering increases with the reifractive index
difference between a pigment and the surrounding medium. Alsc, the particle size
for maximum scattering is influenced by pigrment concentraticn.

C. ''Rayleigh'' Scattering

Scattering falls off markedly as the particle size becomes very small
relative to wavelength. In this reglon of very small particle size, Rayleigh's
law applies and scattering is inversely proportional to the 4th power of the
wavelength and, for a given weight or volume concentration of pigment, directly
proportional to the third power of particle diameter, and also varies with the
refractive index of the dispersion medium and the pigment/dispersion medium
refractive index ratio. :The apparent sixth power relationship between scattering
and particle diameter, indicated by a cormon form of the Rayleigh equation, apolles
only 1f the aurber of particles 13 constant as the size is changed (i.e. welght
and voluze concentrations change), )Hence, very small particles do not hide well by
scattering but may hide by absorption.

D. Scattering, diding, and Transparency

The foregoing considerations indicate that scattering can be minimized by
using particles very much smaller or much larger than the wavelength of light.
Control of particle size 1s thus the key to tramsparemcy, with very small
particles yielding the greatest transparency.

I is worthy of note that a relatively small proportion of particles in the
size range for optimum diffraction scattering can have a marked effect in
decreasing transparency. Alsa, since different wavelengths are usually scattered
differently, the color of the scattered light varies with particle size
distribution. This can affect tinctorial properties very significantly.
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E. Color Calculationg Based on Scattering and Absorption

The Kubelka and Munk treatment of color (Ref. 10) in terms of scattering and
absorption forms the basis for many systems (e.g., Pigments - Chestnut Run) for
color calculations and matching. Kubelka and Munk characterized the optical
propertles of a particle dispersed in a medium by two constants,K , an absorption
coefficient, and S, a scattering coefficient. For colored matarials, one needs to
know these constants as a function of wavelength. The now well known Kubelka-Munk
equation is:

X =1 -fa?
S 2R

where R» i3 reflectance of a film of sufficient thickness to give maximum
reflectance, and K and S are as just indicated. Application of this equation to
calculation of the color of pigment mixtures 1s based on Duncan's finding (Ref. 11)
that in pigment mixtures the scattering and absorption coefficients of the mixture
are additive functions of the scattering and absorption coefficients of the
components. Thus,for a mixture of a parts of pigment A and b parts of pigment 3,

- aK, + bKB = (]1-Rm)3

aSA + bS5y 2 Rwm
In principle, the reflectivity, and hence the color, of a pigmented film can be
calculated by this methaod. For colored materials, the calculations must be
carried out for wavelengths covering the visible spectrum. This method works out
reasonably well in many cases and forms the basis for widely used methods of
instrumental color matching.

.9
5

V. LIGET INTERFERENCE

Color may result from interference phenomena, aas in the case of our Afflair®
plgments wherein interference occurs as one of the optical effects consequent on a
Ti0a2 coating on mica. The color 1s controlled by varying the thickness of the
coating to shift the interference band.

VI. OTHER PIGMINT/LIGHT INTERACTIOWS

Fluorescence and phosphorescence are two other possible regults of interactiom
of light with colored gigmen:s. Fluorescence occurs when the excited molecule
recums rtapldly (< 10"®sec.) to the ground state with emission of light. The
fluorescent light {s of lower energy than the exciting light since soce of the
energy 1s dissipated in other ways (cf., however, anti-Stokes fluorescence).
Fluorescence is much influenced by the medium surrounding the pigment molecules and
few stable pigments exhibit appreciable fluorescence when not in solution. (The
go-called fluorescent pigments are mostly dyes in an organic polymer.)
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Delayed emission of light following excitation 13 called phosphorescence. Few
commercial colored pigments exhibit phosphorescence. The Pigments Department does
not, at present, manufacture any colored pigments which owe their utility to
phosphorescence or fluorescence,

Interaction of light with pigments to produce photochemical reactions will not
be covered hera.

VII. FLAKE PIGUENTS

A. Nacreous Pigments

A pearlescent effect 1s produced by pigments of particle size much
larger than the wavelength of lipght,so orilented that the reflected light is not
diffuse. Simultaneous perception of parallel reflections from particles at
various depths in the medium results In a nacreous lustar (Ref. 12). A large
diffarence in refractive index between the medium and the pigment 13 required for
optiounm effect. Composite platelets of gseveral layers, one layer having an index
of refraction higher than the medium, and the other lower, produce greatest
degree of reflection (Ref. 12).

3. Metallic Pipments

Metals contain electrons which have much greater mobility than 1s the case
with the electrons of the usual pigments which are non-metals (dielectrics).
(Some dielectrics with a high degree of electron delocalization can also produce
metallic reflection i(bronzing). The greater electron mobility in metals results
in much greater light reflectance relative to non-metals. lMetallic colors result
from selective reflection at the surface, the reflection being highest at wave-
lengths where absorption 13 also highest, in contrast to nonmetallic colors where
the observed colors represent wavelengths which are not strongly absorbed.
Merallic plgments are usually flaky with the larger dimensions much greater than
the wavelength of light.

VII. MULTIPLE PIGMENT/LIGHT INTERACTIONS

An interesting discussion of effects of scattering and absorption con coler
and the effects of particle size is given in Reference 12.
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EXCITED STATES

LOCALIZED ON GROUP HAVING HETEROATOM POSSESSING
NON BONDING ELECTRONS. REACTIONS DOMINATED BY
HETERCATOM GROUP AND BY UNFILLED N-ORBITAL

ExaMPLE: >:: O >::,\;/
)

USUALLY DELOCALIZED OQVER CONJUGATED SYSTEM. MosT
COMPQUNDS HAVING EXTENDED CONJUGATION, WITH OR

*
WITHOUT HETEROATOM WILL HAVE LOWEST 1,1 STATE.
SPIN MULTIPLICITY

*
USUALLY SHORT ‘LIFITIME, cSPECIALLY M,T SYSTEMS -
NEED FAST REACTION TO COMPETE WITH DEACTIVATIGN.

LoNG LIFETIME - MOST REACTIONS OCCUR FROM THIS STATE.
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UNIMOLECULAR - COMPETE DIRECTLY WITH PHOTOPHYSICAL
PROCESSES. IYPE OF REACTION AND PROBABILITY
OF OCCURRENCE DEPENDENT ON STRUCTURE OF
MOLECULE

ExamMPLES: [NTRAMOLECULAR HYDROGEN ABSTRACTION,
BOND CLEAVAGE, [SOMERIZATION,

PHOTO EXTRUSION, PHOTO ADDITION

BiMOLECULAR - DePENDING OM EFFICIENCY OF REACTION - THESE
CAN BE VERY FAST, LIMITED ONLY BY DIFFUSION,

7O VERY SLOW PRQCESSES.

ExAMPLES: PHOTOREDUCTION, PHOTO OXIDATION,

PHOTO ADDITION, DIMERIZATIGN,
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SOLID STATE LIGHTFASTHESS

¢ AUTOMOTIVE GRADE PIGMENTS MEED HIGH STABILITY - QUAMTUM
YIELDS Vv 107, To acyieve THIS STABILITY:

- PIGMENTS CANNOT POSSESS OBVIQUS PHOTOREACTIVE

CENTERS

- CRYSTAL STRUCTURE MUST INCLUDE STRONG INTERACTION
TO ALLOW FAST DEACTIVATION

o PHOTOREACTION OCCURS BETWEEN PIGMENT AND VEHICLE COMPOMENTS -
USUALLY AT DEFECT SITES OM SURFACE
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STABILIZATION OF PIGMENTS

o DEACTIVATION OF EXCITED STATES

- ENERGY TRAPS

- VIBRATIONAL DEACTIVATION

- ELECTRON TRANSFER

o SURFACE QUENCHERS
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PROBLEMS

o LIGHT STABILITY OFTEN VEHICLE RELATED - MINOR

ADDITIVES MAY INTRODUCE NEW PHOTOCHEMICAL REACTIONS

¢ [EFFECTS OF OUTDOOR ENVIRONMENT - MANY PIGMENTS
PERFORM WELL IN ACCELERATED TESTS, BUT FAIL RAPIDLY

QUTDOORS .
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COLOR TERMINOLOGY AND MEASUREMENT

T. COLOR TERMINWOLOGY

Color requires three and only three parameters for its cooplete descripcion.
These are:

Hue - Color (red,yellow,green, etc.)

Lightness - Degree of lightness or darkness, also referred to as
depth, value, or luminous reflectance.

Color Intensity - Departure from a gray of the same hue, also
referred to as chroma, saturation, or puricy.

Hue relates to particular wavelengths present in the radiation, lightness to the
amount of radlation, and inteosity to the purity of the radiation. Such additiomal
factors as gloss, which relates to the amount of specular reflectance, ''flip-flop'',
vhich relates to the change in color with viewing angle, and sparkle, which
relates to the metallic effect, are not, strictly apeaking, color parameters.

A number of terms have come into common usage for specifying the three color
attributes. Some, such as the Mumsell system, are based on a subjective visual
analysis and some duch as the CIE (Commission International d'Eclairage), are based
on spectrophotometric data. The following table illustrares some of this

terminclogy.
Pigments
Department Yunsell C.IL.2.
qu{ﬂyu' Hue Hue Donlpmant Wavelength
U'{’Jp Lightness Value Luminous reflectance
+l Color Intensity Chroma Excitation purity

IT. SUBJECTIVE COLOR COMPARISONS

The color business relies heavily on aubjective visual color compariscns. In
our work, hue 18 usually limited to red, yellow, greem, and blue. This sequence is
considered as following around in a circle with red following blue to complete the
circle. Hue differences are designated by indicacing a deviation of hue in the
directicn of the adjacent colcr. For example, a green of slightly different hue
from that of a reference green would be designared as either yellower or bluer than
the reference green. A red would be designated as either yellower or bluer than
the reference red. Th= lightness parameter is designated as either lighter or
darker than a reference color and the color intensity parameter 13 designated as
either more intense or duller than the reference color.
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The quantitative aspect of gubjectively expressing color difference began at
Newark as simply a rather poorly defined verbal description. The terms in common
usage were vvs (very, very slight), vs (very slight), and s (slight). Later, a
more precise numerical system was introduced and both systems are in current use.
The following table relates the two systems.

Verbal Numerical

Equal Q
3aAakE . 224; ApbL =¥ VS 1-2

vs 3-5

3 6-11

Full 12-17

v Full 17-100%

*¥A designation of 100 represents an extreme mismatch.

The term vvs 1s considered to be a ''barely perceptable'' difference. The
tern 3 1s roughly 3 times the term vvs and 1s usually an acceptable commercial match.
The verbal svstem is used when reporting tinctorial informaticn to our customers.
It has the advantage of being more descriptive than the numerical system. The
aumerical system finds use in estimating blending ratios to adjust tinctorial
properties to match a standard. On occasion, numerical readings of over 100 are
attempted but since the greater the color difference, the poorer the precision
of the numerical estimate, such readings will have extremely poor precision aad
hence are of doubtful value.

Both the verbal and the numerical designations apply to the three color
attributes previously described. There Ls another pigment property thar relates
to color but 13 not strictly one of the thrze color attributes. This is colorx
strength. This {3 measured by mixing the colored pilgment with a white pigment in
some dispersing medium, usually a varnish ink. This is called an extension, OT
tint. If equal amounts of the colored pigment and the referenze pigment are mlxed
with the white pigment and {f visual inspecticns of the resulting tints give the
appearance that the colored pigment tint contains more colored pigment than the
reference tint, the colored pigment is said to be stronger. An adjustment in the
relative weight of colored pigment i3 made until the color strength appears equal.
The color strength 1s then deaignated as the relative weight of colored pigment
required to match the reference, with the reference seat ac 100. For example,
i1f it requires the relative waight of 115 to macch the relative weight of 100 for
the reference, the pigment strength 1s 115 which means that it is weaker than the
reference by 157. If the strengths are close, frequently no adjustment is made
and the streagths are estimated directly without adjustment. This 1s a gomewhat
dangerous practice 1f hue and color intensity are inportant because changing the
ratio of colored pigment to white can change boch hue and color intenaity, and the
change need not be the same for the two pigmentcs being compared.
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IIT. INSTRUMENTAL COLOR MEASUREMENT

A. The Spectrophotometer

The spectrophotometer is the basic instrument for making color
measurements. White light consists of light of many different wavelengths ranging
from 400 to 700 nanometers (violet to red). When, this light strikes a surface, a
porticn of it is absorbed and the rewmainder is reflected. A spectrophotometer
meagures the ratio of reflected (or transmitted) light to incident light as a
function of wavelength. A colored surface obtains its characteristic color by
reflecting some of these wavelengths more than othersa. A plot of percent
reflectance versus wavelength 18 callad a spectrophotometric reflectance curve as

illustrated.
GREEN PIGMENT
60
3 0 -
[=1
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e
Q
3 20
ot
[
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w0

400 500 600 700
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Without any calculation, a gpectrophotometric curve will usually reveal certain
characteristics about the color of the reflecting surface. The peak of maximum
reflectance indicates the approximate hue »r dominant wavelength. The overall
height of the curve indicates whether the color is light or dark, and the sharpness
of slope of the peak is an indication of the color intensity or purity.

A spectrophotometric curve, along with the specifications of a standard
viewing light can be used to calculate the three basic color parameters in the
C.I.E. color system. It is possible to equip Jome spectrophotome=ars with a
cozputer to automatically make these calculations. For purposes of visualizing
the three color parametars, they are imagined to wmake up a three dimensional grid.
This i3 called a color space. The hue 13 given in cylindrical coordipates and
cozprises the hue circle. Color intensity is measured radially from the center of
the circle, and lightness i3 measured vertically from the plane of the hue circle.
Over the years many color spaces have been proposed, all employing the sama basic
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C.I.E. grid system. All such modifications from the C.IL.E. cclor gpace have the
one objective of creating a color space such that an incremental distance in some
spot in the color space will have the same subjective color difference in any other
spot in the color space. This objective has never been realized and hence the
search goes on. In any event, color spaces, far superior to the C.I.E. system
have been developed and two such colorsgpaces in current favor are the so called

U* V¥ W¥ color space and the L a b color space.

B. The Color Difference Meter

Since the eye integrates the radiation it receives,praducing a single color
sensation that we describe in terms of thrce parameters, it 13 possible to design
an instrument that will do the same thing. This 1s accowmplished with the use of a
specified light source, specified color filters, and a specified light sensing
device. When properly combined, three numbers are obtained that can be related to
any color designating system. Such an instrument is particularly useful in getrting
a measure of color difference between two colors that differ by a small amount.

The abiliry of such instruments to detect small color differences exceeds that of
current Spectrophotometers and for many colors it compares favorably with the human
eye. Unfortunately these instrucents are on the defensive when dealing wich dark

) or intenge colors but instrumental research is active in this field and it 1s to be
expected that this limitation will scon be removed. One such instrument is the
DU COLOR designed by the DuPont Engineering Department and manufactured by the Neotec
corparation. In addition to giving three numbers that may be uged to calculate
to any color space, the instrument will also read L, a, and b and will directly
glve color differencea in L a b color space.

Two such instruments are avallable at Newark. One is in the Color Cortrol Lab.
and the other 1is in the Physics Lab. A plant project is under way to use the
DU COLOR as a substitute for making visual color comparisons.

kaninaL A - Jﬁ¢0 ‘ thﬂs /“'L(UL (>A’} Ll{&L
" Pt o L,@,A}AW wndlin diffresnd
IJiM‘
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I - GENERAL PRINCIPLES OF COLCR MEASUREMENT

A. Three parameters are requirasd to designate a color. In the

Pigments Department these are as follows:

1. Light - Dark

Relates to amount of radiation.

2. Intense - Dull

Relates to purity of radiation.

3. Hue
Relates to particular wavelengths present in the
radiation,
B. The eye integrates the radlation it receives producing a single
hue sensation, and this may correspond to a wavelength that is
not actually present in tgg radiation.

. . C. Grassmann’s Laws are the baslis of all colorimetric measurement.

These laws state that color sensation can be added, subtractad,
multiplied and divided without regard for their spectral com-

position,

II - COLCR MEASURING SYSTEMS

A. A color measuring system called the CIE {older terminology ICI)
system is the most fundamental system in use today. It makes
use of three parameters called "Tristimulus Values™, X, Y, Z.
After conversion to "Trichromatic Coefficlents", x, y, the data
are referred to a "Chromaticity Diagram". Color is usually

designated as:

2. Lightnass relates to °Light - Dark™)

1. Dominant wavelength §relates to Hue)
3. Excitation Purity relates to "Intense-Dull")

B. The Munsell system is a classification of surface colors aimed
at spacing the colors in subjectively estimated equal steps.

The color is designated as:
Hue

Chroma ZIntense - Dull)
Value Light - Dark)
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C. To achieve a uniform color scale, the C.I.E. chromaticity
diagram has heen transformed to many other coordinate
systems,

1. Judd’'s"Uniform Chromaticity Scale" (U.C.S.) is one of
the earlier systems. :

2. A more receni, improved, and widely used system is the
Adams coordinate system which has the advantage of
simplifying comparison with the idunsell system.

I1I - COLOW MEASURING INSTRUMENTS

A. A spectrophotometer measures the ratio of reflected (or trans-
mitted) light to incident light as a function of wave'ength.
This constitutes a "Reflectance (or transmittance) curve.

Knowing tne reflectance curve and the light quality
(Illuminance A, B, C, et<.) incident upon the sample, is
all that is necessary to calculata a ccmplete designation
of the color. =8

B. A Color Difference Meter uses appropriate color primarles
to directly determine three parameters that relate simply
to the difference in tristimulus values between surfaces
of nearly the same color.

1. When these differences are expressed in terms of a
uniform color system, a "color difference" (& E)
can be assigned.

2. Unfortunately, there is no completely satisfactory
uniform color system so for any given application
it becomes necessary to iLnvestigate several systems
or use a eystem that experience has shown to be

satisfactory.

IV - NUMERICAL DESIGNATION QOF COLQR DIFFERENCE

A commonly used color difference unit is the NBS (National
Bureau of Standards)Unit. One of these units is about equal to
the maximum color difference tolerable in rather critical
commercial color matching. '

One NBS unit is approximately equal to: )
0.1 Munsel! Value step.

1.5 Munsell Caroma steps. L Ttmos CRyorety = 7T
2.9 Munsell Hue staps (Chroma/l).

4‘ P Thr ke

R. HANKE
MPH 5/12/959
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PARTICL SIZE AWD PIGIENT PRCPERTILS

Pigment techaologists must concern themselves not only with the cheuical
properties of pigments but also with their physical properties. A physical
property of paramount inportance and which influences wmost all pigment properties
15 particle size. In the size range of 30um, texture effects are noted. As little
as J.17 of the pigment particles in the 30pm size range can produce a visual
blemisn in a hign gloss paint film.

Rheological properties of pigmented systewms are also affecred by pigment
particle size. As the particle size decreases, therza is an attendant increase in
specific surface, and such rheological properties as thixotropy and an increase in
viscosity with time (reactivity) are accentuated. another racher anomalous
cbscrvation is that 1if the pigment exists initially as extremely small primary
rarticles, these "'cement'’' together to form large, hard aggregates; hLence,
plzments that start out with a very small ultimate particle size may, for this
very reason, finfish with aggregate partfclzs that are too large. Z2igment technology
i3 concerned with optaininz some desired particle size, neitner too large nor too
small. In most cases, the difficulty lies not in getting the particles large
enough but in getting them small enough and keeping them small. TFactors tending
to prevent the particles from staying scall are flocculation, agglomeration,
aggregation, and crystal growth,

All factors tending to change the effective particle size of the plgment will
change the tinctorial properties. That particle size will have a marked effect
on the coloring avility of a colored pigment can be readily appreciated ia a
cuslitative sense by imagining a strong blue plgment, with a partizla size as larqe
s J.1 rm dispersed in a white pipment. Such a mixture will aot look blue. Al
best, it will make the white pigment appear speckled. The strong blue cclor,
inherent in the pigment, will not manifest itself until the particle is decreased
to a size well below O.lmm. The 3ize range of interest from the point of view of
color properties is about l.5um to 0.02um. The wavelength range of the visible
portion of the spectrum is Q.7um to J.4um; hence, it is apparent tihat the
inportant pigment gize range extends well bevond the visible wavelength range.

Ynen light encounters a pigment particle, two things can happen. The light
can be absorbed and it can be scattered. This discussion will dwell briefly with
the thoctetical aspects of the interaction of gmall particles with electromapnetic
radiation and its application to plgment technology. Fluorescence and
phosphorescence Wwill be ignored but such plienomena can be accommodated by an
extension of the general theory.

The general theory was first given expression some 70 years ago by Gustav iiia.
He took Laxwell's electromagnetic radfation equations and derived equations

describing the action of spheres <f all slzes and colors on such radlation. It is
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assumed that a photon incident upon a particle i3 subject to ona or the other of
tvo faces. It 1s either annihilated by absorption or scattered without change of
frequency. The scattering efficiency is a measure of how effectively the
particles scatter radiation and the absorption efficiency is a measure of how
effectivaly the particles absorb radiation. These efficiencles are expressed as
ratios of the effective cross section 2rea to the geometric cross section. For
spheres, it 1s obvious that the geometric cross secrion is ™ a % where a is the
radius of thne particle. One might ordinarily think that the upper limit for
Scattering efficiency would be unity because the effective scattering cross section
could never exceed the geometric cross section. This is nct true and, for small
particles, the effective cross section is larger than the geometric cross sectian,
which means it 1is possible to have efflciencies greater than unity.

Two Intrinsic properties of plgoents will influence the scattering and
absorption efficiencles. These are the refractive index and the absorption index.
In addition to these parameters, the wavalength of the radiation, the refractive
index of the surrounding medium, and the particle size will influence the
scattering and absorption efficiencies. It should also be pointed out that the
values of the refractive index and the absorption findex of colored pigments change
considerably with wavelength. This behavior i{s to be contrasted with the
behavior of colorless pigments (white) where the absorption index i3 essentially
zero and the refractive index does not change very much with wavelength.

The need for including an absorption index whea dealing with colored pigments
makes the efficliency calculations considerably more complicated thanr when the
absorption 13 zero. This complication arises from the fact that the refractive
index terms {n all the equations must now be replaced by a complex number that
takes the form n-nki) where n is the refractive index as usually defined and k
is the absorption index. The development of high speed computers has maede such
calculations reasonabie and it 13 now possible to theoratically examine how
scattering and absorption will change with pigment particle size. All that is
necessary is thar the refractive index and absorption index be known as a functicn
of wavelength. These parameters have been measured for some of our pigments using
an ellipsometer. Such an instrument ceasures the characteristics of elliptically
polarized light reflected from a smooth pigment pellet. These measurements, When
made at different wavelengths, emnable a calculation of both the refractive index
and absorption index as a function of wavelength.

tthen scattering and absorption efficiency calculaticns are made, it is
observed that as particle size decreases, scattering increases to a maximum and
then decreases. The intensity of the scattered light will alse vary with the
wavelenpgth; hence a variaticn in the selective lignt scattering brought about by a
variation in particle size will alter the hue. In a masatone color, the light
scattered by the pilgment particles 18 the sole cause of ''lightn2ss of massteone'
Particle 3size will have a very large effect on this property. It takes only a
relatively small percentage of the plgment in the size range of maximum light
scattering to markedly affect the ''lightness of nasstone'’.
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It has already been menticned that the light absorption efficieancy will also
change to a considerable extant with changa in narticle size. A plot of
absorccion efficiency ws. particle size in the wavelength regilon of paximum light
absorption showvs that when the particle size gets very small tapprox. 2.20u m), a
furtier decrease in size does not contrisute much additicnal absorption. In fact,
i1f the refractive ind2x 1s quite <¢iffercnt from that of the surrounding nedium,
lizht absorption will also go through a maxinmum, although at a size smaller than
that for cwaximum scattering. Tnls particle size is so small that it ic difficult
to actually expericentally observe a decrcase in lirht absorption with decrease in
particle size; so that for all practical purpases, it is permissitle to consider
that a decraase in particle size will mean an increase in light absorption.
Realize, however, that in the small particle size range, very little additional
ligat absorption is realizad by further decreaslinp the particle size. For larger
sizes, novever, a decrease in particle size will cause a considerable increasa in
absorption efficiency and hence in pigrent strength.

From the foregoing, it bYecowes 2vident that because of light scattcring and
lishe absorption, particle size 15 a very important paraceter in influencing tha
tinctorial proparties of colored pigments. The theoretical treacrent leading to
thase conclusions imposes certain conditions that are not realized in an actual
plzment dispersion. These are worth noting. Ifle theory assumes that all particles
ara far enouzh apart so that light scattered from one particle s not rescattared
by arother. e theory assumes that all particles are Lsotropic spheres.

Pigment particles are neither isotroplc nor spherical. These limicatlioms will,
£ some extent, destroy the quantitative siznificance of calculations made using
ide thzory put it is stilll possible to Jdraw conclusions that are c¢f practical
value in pigment research.

The wost serious limitatilon in the application of !de cheory 1s the
assurption of ''no particle interactien’’ that was previously rmentionad. ost
pizmented systz2ms are so populated that consifderable interaction cccurs. &
coopletely satisfactory treatment of this oroblen has not been accomplished. A
widely used =zethod i3 one developed L Yusellia-tirdk. This theory assumes
perfectly diffused illumination of and rcflection from the pigmented sample surface.
This i3 never realized but, in spite of this limitaticn, the agreecent betweon
theory and experiment has been sufficlencly good to render thils theory very
uscful in predicting tne color and hiding power of pigmant mixtures in any systen.

The basic forwula is,

,Z(c-( < PR
CyS1 + €38, + ===CaSn = § = 2R= = D=1 5 . /7;44. " e .

CiKy + Ca&y + —-=-Cnlln % Q-0m)2 8 P 'Y/‘-‘ J 7’”-‘-“"‘%

v rwariied 4{/:,744‘/0«7

Cn = Concantration of a partic.ilar pigment Jdesignated by the subscript. aCie ot
5a = The Kubelka-iyr & 1light scittaring coefficient fcr the | igTent . Z.

designated by the subscript. This is consider2d a constan:t for a given < *C¢
pigment in a particular system. 7ijg'.Ll;€

IR o
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“n = The Kubelka-liunk light absorption coefficient for the pigment designated
by the subscript. This is considered a constant for a given pigment iz a
particular vehicle system.

Re = The diffuse reflectance from the surface of the pigmented system where the
system 1s thick enmough so that increasing the thickness will not cause a
change In reflectance. In practice, the measured reflectance 1s corrected
in a somewhat arbitrary manner to account for the surface reflectance
due to the refractive index change that occurs at the Iinterface.

S = The Rubelka-Munk scattering coefficient for the completely pigmented
systen.

K = The Xubelka-tlunk absorption coefficlient for the completely pigmented
system.

An inspection of the equation shows that ''S'' 1s simply the sum of the
individual S's for each pigment, welghted by the concentration of that pigment 1in
the completely pigmented system. The sarme holds true for ‘'K''. The ratio S/XK
is the so-called, Kubelkz-ilunk function ''@'’, and in some publications its
reciprocal 1s designated as "'8"'. The numerical value for the individual
coefficlents are determined from reflectance measurements of simple pigment
mixture of known concentration in the particular vehicle system. These
coefficlents are themselves functions of the wavelength; hence, it is necessary
to calculate them from reflectance measurements at suitable wavelength intervals.
This is the basic corcputational scheme that is used ia cocputers designed
particularly to calculate the proper amount of each pigrment required to match a
preselected color. Such a calculation usually does not glva a perfect match
because of errors inherent in the theory but with very few iteraticns, an
acceprable match 1s obtailned; hence, this mecthod, evean thaugh based on ilmperfect
theory, 1s finding practical application {n color control for many pigment-using
{ndustries.

Pevised by A. R. Banke - 1975
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PARTICLE SIZE REDUCTICN METHODS

Most methods for the manufacture of the phthalocyanine {(CPC) or quinacridone
(QA) pigments and many other organic pigments or dyes,yield a zrude product
directly frow the synthesis whose ultimate particle size is far too large for
plgment applications. Numerocus sire reduction processes are available. 1In
general all of these, we now believe, consist of the initial reduction in the
ultimate particle size of the pigment to a size below that capable of practical use,
with subsequent growth and crystal perfection (by partial solubility) to the
desired particle size, followad by an Isolation procedure which avoids the
agglomeration of these particles.

ACID PASTING

Acid Pasting 18 one of tha earliest processes for recrystallization and
purification of organic materials and has been practicized for many years in the
industry. The pigment i3 dissolved, usually in concentrated sulfuric acid, and the
solution of the pigment-acid salt is drowned into water, thereby reprecipitating the
pigment by hydrolysis, in small particle size, usually with some purification
resulting. The mere rapld the regeneration (dilution), the smaller the ultimate
particle size of the product. To achileve a product having good working properties,
it 1s usually necessary to ''develop’’ the poorly crystalline, very small particle
3ize products in the diluted sulfuric acid by heating, or by adding a solvent for
this purpose. This art 1is still of interast to the trade and 1a the subject of
recent patent literature. Hxamples are tabulated below;

Ciba Geigy - Canadian 904276 - July 1972

Sun Chemical U.S. 3,713,857 -~ 1973 - Covers the acld pasting of organic

plgments of improved heat stability and dispersibility >y acid
pasting in the presence of alpha naphthylene sulfonic acid or 1its
salta.

Am. Cyanamid - U.S. 3,697,464 - July 1972 - claims production of B-phase QA by

drowning a H3SO./aryl sulfornic acid solution,

BASE PASTING
Since acid pasting 1is simply a recrystallization process, some attention has
been given to processes in which the pigment a dyestuff {3 solubilized by strong

alkali and subsequently drowned and recovered. Studies have been conducted
along these lines oo QA pigments.

TWO STAGE DROWNING

The acid pasting process can, in some cases, be combined with the isolation of
the pigment from its synthesis medium, as in the acid flushing process. The CPC
synthesized in kerosene can be dissolved into 98% H350. (sulfuric acid), the acid
solution decanted from the kerosene, and the H,S0. golution then added to water. To
achieve a small particle size, the regeneration is carried out under high
turbulence conditions in two stages in a gpecially designed tube, the process being
known as HI drowning.
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Both acld pasting and acld drowning require some 10 parts per part of pigment
with subsequent waste dispecsal problems.

ACTD SWELLING (Permutold Swelling)

The crude pigment is agitated in sulfuric acid of a concentration not quite
sufficient to dissolve the pigment. Under rhese conditions, CPC is converted to
exceedingly fine crystals of its sulfate salt. When the acid suspension of this
salt is drowned into water, hydrolysis occurs and the CPC is regenerated in
pigrentary sfze. BI11ll West's patents U.5. 3,326,918 and 3,362,957 are of interest
in this conneczion.

PRE-MILLING (Dry Milling)

The acid swelling process can be markedly improved by dry milling or pre-milling
the crude CPC. This process consists of grinding the crude CPC using ''Cylpebs''
(short steel rods) to a small particle-sized, but highly aggregated, product. These
aggregates can be broken down by acid swelling, probably through the growth of the
very small particle size CPC which forms the aggregates. Premilled crudes are quite
old in the phthalocyanine art. Dupont has geveral patents on the subject!

Cooper - U.S. 2,357,400 - premill-solvent mill

Minnich - U.S. 3,017,414 1962 - Premill-aquecus mill
u.S. 3,051,720 1962 - Premill~acid swell

Wheeler - U.S. 3,051,718 1962 ~ Premill than acid swell

Brawm - U.S. 3,267,116 1966 - Premill acid swell EC1

vherein the size reduced premilled crudes are superior to“as 13’ crudes in sub-
sequent operation.Dupont's patent British 1,087,004 is very illusctrative of the art.

VISCOUS SALT MILLING

B-phase CPC is ugually made in this country by a process known as viscous galt
milling. This operation requires high shear input equipement for which we have never
been equippad. (WP mixers or Banbury mixers, Baker Perkins Mixers).

Large numbers of patents exist in this area involving viscous salt milling to
elither a or 8-phase utilizing:

1) Inorganic salts such as NaCl or WaiSO. and a phase converting solvent if
g-phase CPC was desired. American Cyanamid pioneered in this area with two
patents, U.S. 2,416,304 and U.S. 2,486,359 which dominated the B-phase CPC field for
years. The economics of these jatents seems highly uncertain by today's standards
aince they involved starting with acid pasted a-phase CPC and conversion to 3 by
milling with NaCl/Xylene or Decalin mixtures followed by extraction.

This process type 18 still operated by many of our competitors and customers.
The current variation seems to be dominated by U.S. 2,982,666 (Cal Ink-Tenneco)
which grinds B crude at very high temperature and shear in presence of polyols

(glycols, etc.)
LPH 0072384

DUP110049497
CONFIDENTIAL



SECTION 10
Page 3

VISCOUS ACID MILLING

A variation of viscous salt milling involves the grinding of CPC with H,S0. and
an aromatic solvent:

U.s. 2,930,796 GAF 1960 - Grinds CPC green crude/conc. H;50./xylene followed by
drowning in water to recover pigment.

U.S. 3,080,375 GAF - is of similar type applied to CPC Blue or Greem crudes and
aromatic sulfonic acids.

This approach appears to be of lmportance to GAF since they patented these and
similar approaches in Canada, Germany, and Great Britain.

American Cyanamid also has patents in this area.

SOLVENT BREACHING

This i3 an alternate means of deagglomeration of pre-milled crude in which an
organic solvent for the pigment (o-dichloro-benzene, carbon tetrachloride, or
Perclene) 13 used to separate the agglomerates by a crystal growth mechanism. The
solvent 13 usually used as an aqueous emulsion and 18 subsequently removed by
steam distillation before excessive growth of the particles occur. The degree of
enulgification of the solvent appears to control the effectiveness of the process.
An alternate means for obtaining a small particle size crude for solvent breaching
is used in Green G (GG) processing where the crude is produced as an AlCl, complex,
size-reduced by hydrolysais, and then developed by solvent breaching. Numerous
comperitive patents exist in this area - see U.S. 3,041,192 GAF 1962, German
1,125,576 Badische Aniline.

SOLVENT MILLING

Solvent milling utilizes simultanecus size reduction and gsolvent breaching and
developr.2nt and can be accomplished on a crude, but much more effectively oun a
pre-milled crude. In the latter case, the achievement of pigmentary particles,
probably via solvent breaching, is much more rapid than the primary size reduction

from a crude.
SALT MILLING

This process 13 conducted in a ball mill using salts such as Na;S04,AL;(S0.)s°
14.5H;0, NaCl, etc. and gives initially an extremely fine particle size pigment in a
highly amorphous form. The s:1lt (about 80-85Z% of the charge) 1s then rewmoved by
aqeuous extraction (usually d. lute acid to remove any iron 'rom the grinding
oedium) permitting the pigment to develop into a practical particle 3gize and
crystallinicy. Under normal conditions, this procedure will give the least stable
crystal modification with CPC.
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This 1s also a very old art In the pigment and dye industry. Some of the
pertinent patent references include the following;

U. S. 2,402,167 - Dupont
U. S. 3,119,835 - GAF - CPC NaCl mill+ liquid - 8
U. S. 3,137,704 - Bayer CPC NaCl mill + Organic liquids- a

DISPERSION MILLING

If a phase-directing solvent is added to the salt willing (Perclene, etc.), it
is usually possible to produce a wmore sctable crystal modification. Dispersion
milling has also bpeen used successfully with many of the quinacridone and B CF-CPC,
v.s. 2,556,728, U.S. 2,556,730 Dupont, U.S. 3,030,370 (Alz(SO4)415H20-JJ)

HF MILLTIG

HF milling is a salt grinding (borax, etc.) in a highly viscous, usually
aqueous medium using a Cowles type disc mill. The salt is rewmoved by separating the
highly dispersed aqueocus pigment dispersion from the undissolved borax. It 1s
particularly of interest where phase tranaformation problems are not encountered.
Dupont's process 18 covered in U.S. 2,816,114, etc. A recent competitive patent
is shown in U.S. 3,176,295 - 1965.

Suitable dispersion agents to assist in the size reduction and dispersion are
also incorporated in the process. We use Blancol (sodium salt sulfonated
naphthylene - formaldehyde complex) in this operation. This material is
subsequently inactivated by an acid extraction and dipherylguanidine treatment.

The isolated presscakes are redispersed via homogenization in the presence of
large percentages (l10-25% of pigment toner weight basis) of nonionic or anienic type

surfactanta.

Renex 20 (polyethoxylated mixed fatty and resin acids).
Dax~d 11 (sodium salt alkyl naphthylene sulfonic acid.

Reviged - JJ - 2/76
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PARTICLE SIZE REDUCTIOU lETHOLS

liost methods for the manufacture of the phthalocyanine (CPC) or quinacridone (Q&)
plgments yleld a crude product directly from the synthesis whose ultioate particle
size is far too large for pigment applications. lumerous size reduction processes
are gvailable, In general, all of these, we now believe, consist of the initial
reduction in the ultinmate particle size of the pigment to a size below that capable
of practical use, with subsequent growth and crystal perfection by partial
selubility, to the desired particle size, followed by an isolation procedure which
avoids the agglomeration of these particles.

ACID PASTLIG . :
T o(:/é*"m '/"C/"C /l/k/)(zn—ayym—‘é&\ [’4r}/‘/‘"‘“¢"7 /r’“’){M/

The pigment 13 dissolved, vsually in concentrated sulfuric acid, and the
solution of the pigment-acld salt is drowned intoc water, thereby reprecipitating the
plgment by hydrolysis, in small particle size, usually with scume purification
resulting. The more rapid the regeneration (dilution;, the cmaller the ultimate
particle size of the product. To achieve a product having good working properties,
it is usunllyuecessary to °'devalop’® the poorly crystalline, very small particle
size products in the diluted sulfuric acid by heating or by adding a solveat
for this purpose.

The acid pasting process can, in some case3, ba combined with the isolation of
tae plgrment from its synthesils medium, as in the acid flushing process. The
CPC synthesized in kerosene can be flushed into 98% H330. (3ulfuric acid), the acid
salution decanted froc the kerosene, and the M350, solution then added to water. To
achieve a small particle size, the regereration 1is carried out under high
turbulence conditions in a specilally desigued tube, the process being known as Tl

drowning. /w//éww U/"“‘/t’ My $U /‘o‘_/w‘t’vazl /%Z(

ACID SWELLIUG (Permutoid Swelling) ov7T°

Tae crude pigment is agitated in sulfuric acid of a concentration not quite
sufficient to dissolve the pigmant. Under these conditions, CPC 1is converted to
axceedingly fine crystals of its sulfate salz. VUhen the acid suspensicn of this

salt 13 drowned into water, hydrolysis occurs and che CPC is regenerated in méAé
pigmentary size. MZ// ,14 “«,,//Lw»c’ .m./ t%, WL/C/W - //

ooa’/ .
PRE-UTILLIIG \Dgg‘xiillin et /ﬁ - ?

The acid swelling process can be markedly improved by dry milling or pre-milling
the cruda CPC. This process consists of grinding the crude CPC using ''Cylpebs''
(short steel rods) to a swall particle-sized, but highly aggregated, product. These
aggregates can be broken down by acid swelling, probably through the growth of che
vary small particle gize CPC which forms the aggregates. Zﬁf

. ¢0422y, [;C(Y‘¢y6£inA{)‘nﬂ —rrte
: " ?Z“(1V'{24 7/£224 *iﬁ2£
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This is an altzrnate means of deaggloweration of prz-milled crude in which an
orpanic solvent for the pigment (o-dichloro-benzene, carbon tetrachlcride, or
Perclene, is used to separate the agglomerates by a crystal growth mechaniswm. This
solvent 1s usually used as an aqueous emulsion and 1s subsequently removed by
stzan distillation before excessive growth of the particles occur. The degree of
enulsification of the solvent appears to control the effectiveness of the process.
An alternate weans for obtainiag a small particle size crude for solvent breaching
is usaed In Green G iCG) processinpg where the crude 1s produced as an AlCl,; complex,
size-reduced by hydrolysis, and then developed by solvent breaching.

' SOLVENT 1ILLIGG

Solvent milling utilizes simultaneous size reduction and solvent breaching
development and can be accomplished on a crude, but ouch more effectively on a
pre-nlliled crude. In the latter case, the rate of size reduction, probabdbly via
solvent breaching, is much more rapid than the primary size reducticn from a crude.

SALT MILLING &7&“} cj«wy«“/z/]s% Ao tetLss

This process 1s conducted in a ball nill using salts such as Haz50., Al2(SO4)a"
14.50,5C, HacCl, etc. and gives initially an extremely fine particle size pigment in a
highly amorphous form. The galt {(about 80-85% of the charge) iz then removed by
aquecus extraction usually dilute acld to remove any iron from the grinding
medium) permitting the pigment to develop into a practical particle size and
crystallinity. Under normal conditions, this procedure will give the least stablea

Cryscal modificat 03 ,(_,u.;/ cx M\Abwtl,—/ Aokl 7/"?/( et

(7. 1/
DIsPERSTON (TLLING

If a phase—d(yecting solvent 13 added to the salt milling \Perclene, etc.), it Aé; 4»{{
is usually possible to produce a more gtable esystal modification. Dispersion }‘*
milling hag alsa 2efn uged sucggssfully with all the quinacridones o ) /4u~{;4‘,.

‘é‘ reemr § V@ im///v/ﬂ/éi—nuwd/ , 2

HF UILLING

YF rilling is a aalt grinding (borax, etc.) in a highly viscous, usually
aqueous medium using a Cowles type disc mill. The salt {s removed by separating
the highly dispersed aqueous pigmenc dispersion from the undissolved borax.
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FARTICLE SIZE DETERMINATION

GENZRAL COIMMENTS

This will gutline the wmethods used by Colors R and D for the determination of
pigment particle size. OUnly those pethods whose merits have been established by our
actual experience and for which equiprent 13 available here will be discussed.
Other methods are mentioned briefly. Exclusion of a method does not necessarily
Dean that it {s unsatisfactory or unsuited to our use but may indicate that we have
had no experience with it.

DEFINITIONS

Definition of gize and size discribution i3 critical to size distribution
determinations and answers obtained can vary greatly with change in definitioms,
for che usual non-spherical particles. It is ordinarily necessary as a practical
matter to define the size as a single parameter even though the particles (e.g.,
platelet or needle-shaped) are far from equidimensional. An attempt 18 made to
select the parameter most relevant to the problem in question. Most frequently,
the diameter of the ''equivalent sphere'' 1is used, but tha projected area, maxizum
chord, etc., may »e the preferred parameter in sooe instances. Distribution can be
defined in terms of either the number or weight of particles within a given size
range. The definitions to be used should be clearly understood before a size analysis
i3 undertaken (References 1 and 5).

Generally, uvnere an effective average diameter is reported by the lNewark
laboratory, it is the mean volume-surface diameter, when calculated from specific
surface data; and, in thz2 case of microscoplc results, either a length average
diameter or a particle size range (Referance 5).

ASTM suggests (ASTI D-1366~G5 (Vol 20)) that in reporting particle size
characteristics of pigment, report (a) particle s3ize parameter (e.g. specific
surface) (b) coarseness (size below which 29.5% falls, and (c¢) distribution 45/ 7{ it
parameter - show distribution curve on 3 phase log probability paper. ttwe + H;?/

SELECTION OF ¥ETHOD /45041 / j

Selection of the method to be used for the size analysis 18 based principally on
the purpose for which the information 1s to be used, the equipment availlable, and
the ease and speed with which the measurements can be carried out. In the gections
which follow, we dafine the various types of particles, discuss briefly the methods
whicin have been used by Colors R and D, the size range covered, and indicate the
facilities available for thelr use.

Refercnces 18 and 5 contain good reviews of methods of particle size wmetheds.
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TYPES OF PARTICLES

L. Primary Particles

Single crystals or crystals composed of crystallites.

2. Agglomerates

& reclatively loose arrangement of primary particles or aggregates. Unlike
flocculates, agplomerates do not spontaneously reform in fluld systems. Surface
area is substantially the sum of surfaces of individual particles.

3. Aggregates

A tightly bound arrangement of primary particles attached at their
surfaces. Surface area less than the sum of the arcas of the primary particles.

4. Flocculates
A very lcose arrangecent of primary particles, agglomerates, aor
aggregates which can be disintegrated by the influence of a 3mall shearing force

but which tends to reform in fluids once the diasruptive force 13 removed.

PARTICLE SIZE XETHODS USED BY PIGMENT COLORS R AND D

1. Gas Adsorption (0.005 to ca. 5um)

The classical BET method has been supplanted in our labs by the related
‘'Sorptometer'' procedure which is faster and wuch easier to carry out. (The
''Sorptozeter'' instrumeat is manufactured by Perkin-Elmer). In the BET method, the
nucrber of molecules of gas (usually nitrogen) to give a monolayer 1s calculated frca
an adsorption isotherm. Area per gram of pigment (il.e., specific surface) 1s then
calculated using area per molecule of adsorbed gas. Thz ''Sorptometer'' method
involves adsorbing gas (oltrogen at liquid nitrogen temperature), desorbing the gas
by heating, estimating the amount desorbed by reference to krnown quantities, and
determining surface area using a reference curve based om amounts desorbed from
sarzples of known area (from BET). The ''Sorptometer'' method is one of the
principal surface area methcds used in our colored pigments research (References 1
and 5). (Arrangements can be made tc have DET measurements carried out for us at
Central Research and Development Department laboratories, Experimental Station.)

2. Centrifupal Sedimentation (0.1 to 2.0um)

A variety of centrifugal sedimentation procedures have teen used
successfully to obtain relative aize distributions of pigment s-mples. The
sloplest, and the most extensively used method, involves centrifuging a sacple in
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an crdinary laboratory beaker-type centrifuge for a fixed pericd of time, and then
separately collacting, drying, and weighing the sedimented pigment and that in the
{decanted) supernatant liquid. By varyiag the speed of rotation, a size
distribution curve may be obtained. Particle sizes are calculated assuming Stokes'
Law holds, which law 1is valid only for very low concentrations, independent
wnon-flocculated) smooth spnerical particles in viscous flow, without disturbing
electrical effects. The simple method is very useful for lead chromate pisments;
difficulty is encountered with the less demnse and smaller organic pigments.
Accurate quantitative results are not generally obtained because of departures from
Stokes' Law requirements. Flocculation i3 a frequent problam.

A steam~driven continuous flow Sharples supercentrifuge is used for size-
fraztionation of organic pigments. Results are qualitarive only (Referemnces 1, 3,
13).

A Joyce-Loebl disc centrifuge 1s useful for tha nigmentary size range. (Ref 18).

The equipwent {3 not available within the Pigments Dept., but arrangements can
usually be made to use that elsewhere In the company (e.g. J. Lab.).

Centrigual sedimentatinon results are greatly influenced by pigment dispersicn
and special precautions are required to measure primary particles.

3. Gravity Sedimentatiom (1.0-30um)

This method has been extensively used in its sirplest modification as a
qualitative indication of particle size, to differencilate between samples and to
geparate coarser fractions. It has been little used hera for quantitative
determinarions. In general, a pigment slurry 13 allowed to settle in a graduated
cylinder or test tube and the quantity of sediment noted after various settling
periods. Samples are drawn from a fixed position in the settling vessel after
various settling ticmes {References 14, 13). Jndreasen Pipettes are available at
the Newark laborztory and Central Research and Development offers particle sizs
deterrinations by Andreasen Pipette.

Results are greatly influenced by state of dispersion (flocculation, etc.) in the
slurry and special precautions are required to obtain a measure of primary
particle size (Raferences 1 and 5). Particle size calculatiocns are based on
Stokes' Law, which 13 ordinarily nmot strictly applicable (References L, and 18).

4. X-Ray Line Broadening (0.001 to lum)

The mean dimeneion , D, of the crystallites composing a pcwder is related
to the pure x-ray diffraction broadening, 8, by the equation:

D-K/\
B COS 8
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whore K i3 a constant (approx. equals 1) related both to crystallite shape and the
way B and D are defined. B8 1is the pure breadth, fres of all broadening due to the
experimental method and 13 usually defined as the angular width at half-wmaximum
iatensity. It should be distinguished from the experimentally observed breadth B
(frequently erronecusly called ''f 1/2''), which is the quantity ordinarily used in
Dufont Pigment Colors Research as an empirical index of crystallite size

B 15 rarely determined). Values of B, oatained by simply measuring the width,

Jin arbitrary units) ac half-waximum intensity, of a suitably selected single x-ray
diffraction peak, have proved to be very useful indices of relative crystallite size.
The B values increase witnh Jecreasing size in the plgmentary size range. X-ray
diffractometer records of powder samples are used. It should be noted that the
line width 1s a measure of che crystallite (coherent domain) size which 1is not
alvays the same as the particle size since a single particle may contain many
cry.tallites. Despite these problems, the simplicity, ease, rapidlity and
sipnificance of line breadth measurements have made them a principal particle size
tool in our research .Reference 12).

5. Light Microscopy (0.2 to ca. 70uw)

Light microscopy is usually the preferred method for initial examimation
of plgment dispercions such as inks and paints. It is especially useful for the
detection of oversize particles, estimating degree of dispersiom, etc. For
ordinary light microscopy, particles must be larger than about 0.5u, vhich 1s
generally the case with the usual paints and inks, even wvhen primary particles are
much smaller. tiounting techniques are very ioportant; Juxtaposed mounts are
desirable in making comparisons since the overall impression is much influenced by
: specimen thickness. Equipment for aptical photomicroscopy (Polaroid) is
! available at Newark. This is a valuable, widely used method. Various alds to
counting are provided (References L and 4). Rapid elactronic metheds isec
Quanti=er! are now avallable within the company.

A special technique, ''Millipored ticroscopy Mounts'', has been develaped at the
wewport laboratory for preparation of mounts for use in determimation of particle
size distribucion of flake plgments such as Afflair®, mica and aluminum by the
Quantimet® instrument. Briefly, this involves preparation of an aqueous digspersion
of known concentration of the plgment (using asurfactant ro aid dispersion),
addition of an aliquot of the dispersion to a dilute godium carboxymethyl cellulose
soluticn {Ja Cdic), filcracion of the resultant mixture on a Millipore® filter,
attaching the filcer to a microscope slide (with dilute laClk), drying the mount,
and counting the sapple with the Quantimet® instrument (Vol. 1).

ASTM \E-20-62T (Vol 30)) suggeats couanting at least 250 particles in each of
three filelds or cethod B indicating a frequency per 1000 particles.

6. CLClectron Microscopy '.001 to 1lQum)

Electron microscopy 13 required for observation of primary particles of most
pigments which are below the resolving power of the light microscope. This
techniqua 13 vary useful and extensively used. Procedures are available for
egtimacing hardness of particle clusters, determining particle shapa, detecting
surface coatings, etc. Film sectioning equipment is also available. This 1is one
of the wost valuable and widely used particle size methods for colored pigments
research Raferences 15, la, 17).

LPH 0072392
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7. Particle Size Analysis by Electronic Analyzers

Varicus instruments to aid in determination of particle size distribution are
ou the market.(Vickers shearing eye-plece, the Zeilss TG2Z-~3 seml-automatic device and
the Zeiss(llicrovidiomat), Leltz (classimat), Vickers (quantimet), and Millipore
(nlic) electronic image analyzers). A particle size analysis service, using a
''"Guantimet’' inage analysis computer, provided by Orchem has been used for particle
size analysis of Afflair® pigments. The ’''Quantimet'' can be used to count and size
particles either directly with a microscopa or indirectly from photographs. The
system of interest 13 scanned with a TV camera, and the image from the camera is
€onverted into about 500,000 useable picture points in an incernal computer. A
particle 1s detected when the optical denaity of the picture polats lying ipside the
inage of the particle are sufficlently different from the background. For good
analysis, each particle to be counted should not touch a neighboring particle and
each particle must be sufficiently distinct in optical density from itg surroundings
to be distinguished by the instrument. Particles that touch are counted as a
single feature. For small particles a minimum of about 1000 particles wust be

counted.¥or a reliable distribution more is desirable. The ingtrument yields
directly:

(1) The total area 3canned
\2) The total area of particles
(3) The maximum horizontal chord of each particle

From these data various size distribution can be generated by the computer,
(a) oot assuming spheres and (b) assuming spheres. The data can be summarized as
size discribution plots, tables or both. (Ref. 1l).

3. Particle Size Index (0.10 to 0.5um)

A "'particle size index’', defined by

100 x Absorbance at wavelenpth of mininmum absorption
Absorbance at wavelength of maximum absorption

daveloped at thae Newark laboratories has proved to be an extremely useful mecsure
of relative particle slzes of colored pigment dispersions and has been used

extensively. Tha method 13 applicable to even the smallest particles(References
6 and 7).

3. Light Scattering (0.0l to 10um)

Intenaity of scatterad light varies with direction and depends upon
wavelength, particle size shape, and refractive index. Procedures and equipment
have been extersively developed and the method 18 widely used for polymers and the
i1ike. Tha method has not been axtensively used for colored pigments because of
equipment, experimental, and theoretical problema. Procedures have been developed
in this laboratory for measurement of relative light scattering of samples based
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on difference in transmission in the ''near'’ and "far" positions in the GE or
Beckman DK-2 spectrophotometers. From these results, a qualitative relative
size relationship can be inferred (Referemces 1,3,9).

10. X-Ray Scattering (0.002 to J.lum)

A-rays are scattered by particles in the size range from about 0.002 to
J.1lum. The scattering is at a maximum at angles only a few degrees from the
forward direction of the radiation. A procedure has developed at Newark for use of
the lorelco apparatus for x-ray scattering measurements. The method gilves results
which correlate with those of specific surface determinations and electrom
microscopy but this has not been used extensively because of the much greater
convenience and general utility of x-ray line broadening rrocedures (References 10
and 11).

11. Sievicg (+ l0um)

Sieves are extensively usged for determining the particle sizes of dry
powders. The ultimate particle size of mosr colored pigments (exceptilon:
Afflaird) Ls far below the size range covered by sieves, so, in general, one 1is
limited to measurements of aggregate or agglomerare sizes. Such size data are of
considerable significance for pigment dispersion, as in nitrocellulose inks and
plastics. Sets of sieves covering the size range above about 25um are availzble
at Newark as are varlous shaking devices (Rotap, etc.). A 3'' Sum sieve is-also--
avallable here. Air jet sieves are available at the Zngineering Test Center.
Procedures and precautions are given in ASTM standards (Reference 2 and 3).

12. Elutriation 1-100um)

Air elutriation has been used occasicnally at Hewark to size fractionate
plgment powders. A homemade apparatus of the ''Roller Analyzer'' type is used.
Primary particles are not ordinmarily separated but, rather, various particle
clusters. Fractlonated pigments are useful {n studies of pignent dispersion
(e.g., nitrocellulose inks), aegregation, etc. The equipment has not been kept
intact but must be assembled for each study. At iewport equipment for size
fractionation of mica 1s available.

OTHER METLODS

A comprehensive gummary of particle size methods is given in References 1 and
18 and critical discussions of some methods are givea in Referemce 5. A chart
issued by Stanford Research Institute also provides a conclse summary of methods
and their range of applicability. (Copies of the copyrighted chart are in the
Physics Lab.). Among the more important methods which have not been used
appreciably at dewark are the following:

1. Harkins and Jura vlethod 0.905 to ca. Sum)

The sample is equilibrated with the saturated vapor of a liquid which wets
1. Solid adsorbs a film whose outer surface has the same total surface energy as
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the liquid itself. The heat developed on immersing thz sample, with adsorbed film,
in the liquid is a measure of the area of adsorbed film. The method is little used
for routine measurements because of experimental problems (References 1 and 5).

2. Other Adsorption ifethods

Adsorption of dyes, surface active materials, etc., from solution can be
used for determining surface area. Calibration with standards is essential. The
method has been little used im our colored pigments research (References 1, 5, and
13).

3. Permeability to Fluld Flow (0.5 to 50um)

Specific surface data are calculated assuming certain relationships between
rate of fluid flow, pressure head, viscosity, porosity of the powder bed, demsity,
and specific gurface of the powder. Either liquids or gases are used as flulds.

The methods give use2ful comparisons between different samples of materials of the
same type but anomalous results may be obtained Lf samples differ in size
distzibution. The Fisher Sub-Sieve Analyzer operates on this primnciple (Reference 1).
This zethod has been used in the Newark laboratories to a limited extent, but the
equipcent 1s not now available. There is a Fisher Sub-Sieve Analyzer in the
Engineering Department. '

4., Absorption of Radiation

Except for the ''particle size index'', particle size methods based on
absorption of radiation have been little invegtipated at llewark. Other methods,
published in the literature (Reference 1) are based on the relationship between
light absorption and projected particle area. Penetrating radiacion such as x-rays
or atomic particles may be used in place of lighz. For a truly random dlspersion
of particles on a microscope slide, surface area, determined optically in the
light microscope, 1s theoretically four times the mean projected area.

5. Coulter Counter (0.5 to 300um)

A suspensiou of particles in an electrolyte flows through a small aperture
having an imnmersed electrode on either side. As a particle passes through the
aperture, it changes the resistance between the electrodes, producing a voltage
pulse proporticnal to the particle volume. The White Pigment Group has a counter
which they used on Ti0; suspensions. No work, to cur knowledge, has been dcne in
DuPont on colored plgmeants. The very small size of ultimate particles of most
colored pigments poses difficulties (orifice plugging, etc.), as does the
necessity for the use of an electrolyte as a dispersion medium (Reference 1).
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Newark, MNew Jersey
January 16, 1976

T0 ALL TECHMICAL PERSOHNEL
NEVORK - NEWEORT

SPECIFIC SURFACE VALUES OF COLORED PIGMENTS

The avallable specific surface values for our colored pigments are given on the
attached sheets. The list includes both active and inactive codes and cbsolete
standards as well as current ones, The values were calculated from nitrogen
adsorption data as determined with use of the Perkin-Elmer "Sorptcmeter." Pigments
were degassed before nitrogen adsorption by storing the sorptometer tubas, contain-
irg the pigment, In an oven at 1009C for two hours at atmospheric pressure.
Sirnilicantly different results can be expected in many cases wl*h marked change in
degassing ccnditions. Most results can be repeated within 5% under tha conditicns

sed. "KROLOR" results are markedly affected by any free gilica present. Severe
aggregation can lead to low specific surface values.

‘e have appenced to the 1list some specific surface values from the litarature
which are of posaible interest. -

The mean volume-surface diameter, d,, (assuming spheres), can be calculated
frcm the equation:

43 (in ‘‘.reters). 6
pilgment density X surface area in square metera per Zgram

We have calculated dq values for some of the more important plgmentz. It is to be
empnagized that no single measure of particle size meets all needs. The specific
gurrace values, and the particle si:ze, ds, calculated therefrom, are [requently
uged. Ncne of the pigments listed has spherical particles, so the d, valuzs do not
represent the true particle size. The d, values are generally useful, however, as
relative measures of particle sizes of 3amples of the same pigment type.
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Specific Surface Values -2- January 16, 1976
Discussions of pigment particle size and the precautions to be takem in use of

data such as those listed here are given in gtandard tests, such asg Fisher,

"Colloidal Dispersiocns," John Wiley and Sons, Inec., tlew York, 1950, Chapter IT,

and Herdan, "Small Particle Statistics," 2nd Edition, Academic Press, New York,
1960.

Flectron mlerographs of most of the pigments are available at Newark. These
Provide a useful supplement to the particle slze data tabulated here,

Additional coples are available on request.

<> s

B. H. PERKINS
R & D DIVISION

BYP :umm
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I. MNEWARK LAB DATA

SURFACE AREAS OF STANDARD PIGMENTS
CETERMTUED BY NITHOGEN ADSOPPTION

CONFIDENTIAL

SPECIFIC
SHRFACE
CCDE STAUDARD MALE f< d
M/E 8 an
RT--201-D SL 61579 "MONASTBAL" Violet R 60.0 0.067
TS 80907 " " " 64.0 0.063
RT-202-D L QC0Q7 llagenta 77.0 -
T-203-D L 0C002 "I CHASTRAL" Magenta 68.0 0.054
RT-209-D PS 98808 "HOILSTRAL" HMaroon 49.0 0.081
RT-232-D SD 31550 Tcluidine Red 13.1 0.32
RT-386-D SD 201 Toluidine Red Med. 8.6 0.49
TS 87507 Toluidine Red Med. 9.C 0.53
RT-396-D  SD 89732 Red Toner 15.3 -
RP-410-C SD 604 Mineral Violet 3.4 0.64
SD 89964  Mineral Violet 2.3 0.95
RT-427-D  SD 48474  Parachlor Red 6.5 0.60
SD QC.L72  Parachlor Red 3.0 0.43
RT-428-D PSS 00866  "Vatchung" Red 58.0 0.057
RT-443-D SD 95124  Duol Carmine 74.0 0.053 <=—
RT-455-D PS 82569 "latchuni"Red B 57.0 0.064
RT-500-D SD 43461 Arylide !'arocn 24.8 0.17
SD 42035 Arylide ilaroon 25.6 0.16
RT-525-D PS 00465 Bon fled Dx 33.0 0.11
PS 85445 Bon Red Dx 40.0 0.096
RT-931-D PS Q2463 Ilaphthanil Rod L% 20.0 0.21
PS 91892  HMephthanil Red Lt 35.0 0.12
RT-523-D TS 85852 Bon !faroon Lt 20.0 0.16
iT-539-D SD 94929  laphthanil Red Dk 0.0 Q.066
AT-565-D  SD 396066 Bon Red Lt 27.0 0.12
RT-566-D SD 86141  Arylide ilaroon 32.3 0.13
RT-588-D SD 85605 Arvlide Marocon 52.8 -
]T-993-D SD 00907 Pyrazolone 43.0 0.093
RT-603-0  SD 35342  iiarcon Gold 95.3 0.036
RT-618-D PS aglel "Watchung" Red Y 32.0 0.094
PS 92123 "Ylatchung" Red Y 45.0 0.067
RT-662-D PS 90829 "atchung" Red 64.0 0.049
RT-665-D SD 767 }aroon Gold 94.8 0.036
RI-079-D  PS 84045  BON Red DK %%'Q L7
RT-628-D A-172 "watchung" Red . .055
PS 925G6 "Watchung" Red 74.0 0.052
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Newark Lab Data -2-
Specific
Surface
CODE STANDARD  HALZ 12 /g d3 , m
4
RT-709-D SD 94533 "Watchung'" Rubine 47.0 0.070
RT-710-D 3D 00167 “Vlatchung" Maroon 44.C 0.088
RT-733-D 8D 00136  ".onastral" Violet R 62.0 0.063
RT-742-D PSS Q0117 "lionastral" Red 3 62.0 0.064
Lot 43064 ‘'lionastral" Red B 67.2 0.059
RT-759-D PS 35430 "tlonastral" Red Y 31.0 0.14
TS 93111 "Monastral® Red Y 23.0 0.18
PS 97846 "Monastral" Red Y 25.0 0.14
RT-761-D  SD 00699  "Watchung" Red 9.5 0.059**
PS 91029 "Watchung" Red £8.0 0.061
RT-787-D PS 29135 '"lonastral" Scarlet 60.0 0.063
RT-790-D PS 92154  "Monastral” Red B 50.0 0.085
PS 97845 "fonastral” Red B 50.0 0.085
RT-791-D SD cQle2 "Monaagtrel'" Violet R 41.2 0.10
PS 97187 "Monastral'" Vioclet R 50.0 0.033
RT-792-D  SL 84979 "lfonastral" iQaroon 62.0 0.067
RT-795-D PS 97189 "fonastral” Violet R 7.0 0.082
RT-796-D PS 82148 "lonastral" Red B 50.0 0.080
PS 82148  "Monastral Red 3 43.0 0.093
PS 99143 "Mionastral” Red B 52.0 0.077
RT-305-D L 12887 "tlonastral® Magzenta 71.0 -
RT-319-D T3S 90647 "Monastral™ Violet R 43.0 0.055
RT-837-D PSS 98665 "atchung"Red B 70.0 0.05%
RT-841-D TS 87985 “atchung" Red 318.0 0.083
L 49834  ™Jatchung" Sed Y 45.0 0.073
RT-846-D PS 82588  "atchung" Red 75.8° -
RT-849-D PS 90158 "lLlonastral" Marcon B 27.0 0.15
RT-267-C L 85198 "Watchung"” Ped B £Q.5 -
RT-879-D SL 44319  "Monastral" Red A 23.0 0.19
RT-880-D PS 85733 "Watchung" Red B £4.0 0.055
PS 91997 "Watchung" Red B 64.0 0.055
RI-887-D P35 3138L  "Uatchurg" Red B 76.Q 0.051
RT-899-D PS 92376 "Monastral® Violet 52.0 0.079
RI-220-D SL 59160 "Monastral" Maroon 53.0 0.076

CONFIDENTIAL
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Newark Lab Data -3-
Specific
Surface
CODE STANDARD  NAME MR/g dz \.m_
BT-172-D SD 48428 CPC Blue Toner 33.0 -
Br-242-D PS 83992 Blue Lake 36.0 0.11
Bp-258-D PS 00677 Blue Lake 48.0 0.069
BL-282-D PS 98063 "Monastral" Blue BF 57.0 0.070
BT-233-D SD 83044 Dianisidine Blue 57.0 -
BT-284-D 3D A-160 "Monastral" Blue B 62.8 0.060
L-98090-1 "Mcnastral” Blue B 66.0 0.057

BT-297-D SD 90497 "lonastral" Blue G 64.3 0.059

98150 "Monastral" Blue G 72.0 0.053
BT-3C4-D SD 00704  CPC Blue Toner 74.2 0.050
BP-366-D PS 98149 "Namapo" Blue BF 60.0 0.062
BT-383-0C SD 97732 ‘'"lMonastral' Blue G 64.0 0.059

SD 97732 "Honastral Blue G 56.0 0.067
BT-391-D 8D 00556 "Monastral™ Blue R 67.6 0.056

PS 00120 "Monastral"™ Blue R 67.6 0.056
BT-413-D 98143 "Monastral" Blue BF 53.0 0.Q72
BT-417-D PS 00052 "Monastral" Blue GF 58.0 0.065
BT-425-D 98076 "Monastral" Blue BF 64.0 2.C60
BT-426-D PS Q0146 "Monastral'" Blue GF 56.0 0.074
BT-427-D IS 84165 "Monastral" Blue RF 65.0 0.060
BT-440-D 98453 "Monastral" Blue G 54.0 0.069
BT-44%-D 97419 "Monastral" Blue B 67.0 0.055
8T-450-D 93064 "Monastral” Blue B 65.0 0.058
BT-457-D Lot 34850 "Monastral" Blue RX 64.0 -
GT-486~D  SD 48421  "Monastral" Greer G3 4.6 -
GT-674-D 8D Q0121  "Monastral' Green B 47.7 0.062
CT-751-D PS 89040 "Monastral' Green G 60.0 0.048
GTL-805-2 PS 86509 "Monastral" Creen Y 03.0 0.035
W -38-D SD 48448 Chrcme Orange Dk Q.5
YE-421-D PS 83027 Molybdate Orange 8.4 0.13

PS 83027 Molybdate Orange 8.7 0.12
Y-433-D  PS 99782  Chrome Yellow Lt 8.0 -
Y-434-D 83387 Chrome Yellow Lt 12.0 0.088

CONFIDENTIAL
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Specific
Surface

CODE STANDARD — HAME 12/ dr g
IT-445-D 5D Q0137 Teluidine Yellow 34.0 - 30.0 Q.12
1T-459-D 8D 00092 Diarylide Yellow 38.) 0.11
T-469-D TS5 99984  Liedlum Yellow 9.1 0.12

PS5 89191L  Medium Yellow 13.0
T-488-D PS 98899  Primrose Yellow 15.0 0.073
¥-493-D 3D 86721  Shading Yellow 7.7 Q.14
1-339-D PS 99104  Zinc Yellow 4.1 0.42
YT-553-D PS 82439 Diarylide Yellowy 59.0 0.0¢8
YT-562-D SD 48403  Green Cold 48,2 0.075

PS 00051 Green Gold 61.0 0.059
TE-637-D 82739  olybdate Orangs 12.0 - 10.0 0.090
YE-698-D P5 86582 llolybdate Orange 16.0 0.Cé5
IT-714-D PS5 87683  Green Gold 61.0 0.062
IT-717-D PS 22767 "Dalamar" Tellow 28.1 0.15

PS 98538  "Dalamar" Yellow 23.0
YE-721-D P3 83C62 Ilolybdate Red 10.0 0.10

PS 83C62 Molybdate Red 15.0 0.07
YT-729-D SD 00167  Toluldine Yellow R 28.0 0.15
YE-735-D TS 87425 Molybdate Orange 10.0 0.10
YT-748-D PS 35295 "Monastral" Gold 71.0 -
YT-756-D PS 85172  "Monastral" Orange 57.0 0.066
T-758-D PS 12839 Primrose Yellow 12.0 0.077
YE-758-D PSS 98878 FPrimrose Yellow 11.0
¥T-785-D PS 89482 Dlarylide Yellow 60.0 0.071
YT-792-D SL 00067  "Monastral" Gold 89.0 0.044
YT-800-D SL 95938  "Monastral" Orange 42.0 .09
{T-805-D L 12887 "Monastral"” Green Y 71.0 -
YT-807-D SL 97619 "Jonastral” Orange 32.0 .12
YT-208-D PS 67870  “Dalamar' Yellow 10.0 0.42
IT-809-D PS 97658  Green Cold 75.0 0.71
YT-812-D PS 98860 Deep Gold 85.0 0.044
YT-815-D SL CJ277  Deep Gold 90.0 0.040
YT-820-D SL 99217  "Dalamar" Yellow 6.0 0.71
YT-821-D SL 99277  "Dalamar" Yellow 6.0 0.70
1E-765-D PS 83420 lMolybdate Orange 9.0 0.11

CONFIDENTIAL
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Specific

Surface
CODE STANDARD  NAME M/
£Y-781-D PS 92779  "KROLOR" Yellow Lt 38, 0x%

SL 86728  "KROLOR" Yellow Lt 31.0%*

KO-7¢6-D  SL 52197 "KROLOR" Orange R 23.0x#
KI-787-D SL 52569  "KROLOR" Yellow Medium 18.0%%
KY-788-D  SL 90964 "KROLOR" Yellow Light 4. Q%%
K0-789-D SL 90787 "KHOLOR" Orange Y 13, 0%+
KY-790-D FES 93244  "KROLCR" Primrose 19.0%%
K7-795-D SL 92400 "KROLOR" Ycllow Medium 15,0%%
1-433-D PS 99722 Chrome Yellow Light 8.0

* low value fcr specific surface apparently owlng to severe aggregation.
Electron micrographs indicate primary partlcles conslderably smaller
than d3 value shown.

¥% 'KROLOR" speciflc surface values strongly influenced by any free silica

present.

o Reported previcusly, through error, as 16.7

++ RT-742-D Lot 43064 BET Method(CRXD)

Perticle size of KY~781-D similar to that of Y-434-D

66.Q0, 68.3

10/10/68
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Ii. SPECIFIC SURFACE DATA FROM LITERATURE

A. V. T. Crowl J.0.C.C.A, 46 171 {March, 1963)

CONFIDENTIAL

Pioment Mﬁ/gram)
Titanium Dioxide Rutile 8 - 10
Anatage 9 - 10
Lithopone 2 - 4
Zinc Oxide 2 - 50
Sliver Seal 1.5
Acicular 2
VWhite Seal 4
Green Seal 5
Colloidal L4
Precipitated Calcium Carbenate 30
Barytes 5-8
Blanc Fixe 3 - 10
Silicas 5 - 200
Iron oxides 3 - 50
Indian Red 3
Turkey Red %
Red oxides 7 - 40
Black Iren Oxlde 19
Yellow oxldes 15 - 20
Umbers 100 - 130
Chromium oxide 4 =5
Lead chromate 3-10
Brunswick Green 13 - 26
Prussian Blue 7 - 1C0O
Ultraparine 3 - 20
Carbon Blacks 100 - 600
Phthalocyanine Blue 18 - 50
Arylamide Yellow 34 - 170
Benzldine Yellow 16 - 80
Toluidine Red 13 - 20
Organic Toners 20 - 60
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II. C. Farbe Und Lack 80 1044-1049 (lNov., 1974)

Specifle surface values for approximatezly 400 European pigments are

glven in this Farbe U Lack tabulation which also 1lists values for specific
gravity, oil absorptiocn, pH, covering power, lightfastness, chemlcal stability
and thermal stabllity

DH? :mmm
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B. Beresford, Carr and Lembard {Ciba-Gelgy) CONF(DENT{AL

J.0.C.C.A., 48, 301-3C7 (March, 1965)

Pigment Specific Surface

Pinitraniline C.I., Pigment Crange 5 Irgallite Red 2G1 9,2

Tetrazo Yellow (Benzidine Yellow AAA)
C.I. Pigment Yellow 12 Irgallte Tellow BO 42

Tetrazo Yellow (Benzidine Yellow OT)
C.I. Pigment Yellow 14 " " BR 53.2

Tetrazo Yellow (Benzidine Yellow OA)
C.I. Pigment Yellow 17 " " 26F 48.3

Tetrazo Yellow (Benzidine Yellow QA)
C. 1. Pigment Yellow 17 " " 2CP  91.5

Arvylamide Te-low 1CG (Hansa Yellow 10G)
C. I, Pilgment Yellow 3 Irgalite Yellow VG 7.5

Alpha CPC " " Blue 15 Fast Brillient
Blue BCS 62.9
Beta CPC " " Blue 15 " " " GLS 51.1
Naphthol Ned - Permanert Carmine
C.I. Pigment Red 5 Carmine FB 48.0
Naphthol Red - Arylide Red Lt.
C.I. Plgment Red 2 Red FBS -~ - 30.0
Arylamide Yellow 6 - Hinaa Yellow G
C.I. Pigment Yellow 1 Yellow G 14.8
do do Yellowr GTN 75.6
Arylanide Yellow 5G - Hansa Yellow 13G
C.I.Pigment Yellcw 4 Yellow 5CGG 21.0
do do Yellow 5GL 18.6
Tetrazo Yellow - Benzidine Permanent Tellow HR
C.I.Pigrent Yellow 83 Fast Yellow BAR 43.1
Tetrazo Yellow - Benzidine Yellow MX
C.I.Pigment Yellow 13 Yellow 3AW 56.2
Pyrazolone Red " " Red 38 Fagt Red PY 37.5
Calcium Lithol " " Red 49 Red RLD 53.0
Titanium Dloxide Anatage 9.0 - 9.9
" " Rutile 9.4 - 10.6
Zinc Oxide Direct Process(Zincoll Silver Seal) .
" " Metal Conversicn Type 2.4

Lithopere (Normal multipurpese)

/
Blanc Fixe (B S5 1795 Crade)

J\UEW
i

VOIS I ]
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SECTION 12
Page 1

PIGIELUT DISPERSION

ilost piements marketed in the dry form contain aggregates or agglomerates that
dare pany tioes the ultipate particle size in diameter. Tihese aggregafes may be
created by compaction during handling, cementing by some action of the soluble salts
present when losing moisture (i.e. during drying), coalescence from fusion during
calcining, or other causes. If a pigment 1a simply stirred into a vehicle, the
forces applied may not be great enough to break the aggregates, and the resulrant
pigmented vehicle will be deficient in tinting, strength, tinctorial quality,
hiding, suspension characteristics and gloss, among others. Most pigments are
manufactured with an ultimate particle size designed to yleld optimum hiding or
transparency, tinting strength, and tinctorial quality; comsequently, these basic
properties will not be utilized to best advantage if aggregates remain in a
dispersion.

The process of breaking up aggregates or the softer clumps called agglomerates
on some sort of nill i3 often called ''grinding'', although discrete primary
particles or crystals are seldom really ground in the sense of fracturing such
solid particles.

The process of dispersing pigments in a liquid can be divided into three
phases as follows:

1. 1Injtilal vetting as indicated by mix—in time. It 13 vistually impogsible
to disperse a material in a liquid that will not wet the surface of the material,
e,2., aluminum stearate in water. IHowever, most commercial pigments are fairly
well wet by the vehicles used and differ appreciably only in their rates of wetting.

2. Breaking of appregates and agplomerates as indicated by gloss, fineness, and
tinting streagth. The various types of pigmenta differ considerably im the
toughness of the aggregates and apgglomerates that they contain. The lumps in any
one plgment are said to break up in a stepwilse fashion as the shearing or impact
dtress on the particles increases. Because of the variocus combinations of weak
and strong fractions in pigments, one pigment may yield superior fineness to
another at low shearing stress but be inferior to 1t at higher shearing stress.

For this reason, ratings at several different levels of shearing gstress are
required for a comprehensive evaluation of ease of dispersion.

3. Flocculation as indicated by hiding, suspension, consistency, shear-
atrength unifornity (partial-set rub-up of tints), and fineness under the
dicroscope. The extent to which pigment particles group into soft cluxps, or fioes,
afte- grinding is primarily a function of the nature of pigment surface and tha
polarity of the vehicle. The particular mill used or the fineness of grind
obtained does not seem to have any marked effect. Flocculation can be a potent

LPH 0072408
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factor during milling becausz of its effect on the milling consistency, and hence
on the fineness obtained, but flocculation is classified here as one phase of

(4

dispersion because a pigment is truly

poorly dispersed'' when it is not sub-

divided to its ultimate size whether the lumps that are present consist of hard

aggregates or soft flocculates. Since these
aduite different effects, a clear distinction
Flocculation may have undesirable effects on
effects ou the suspenslon and sag reslstance

two types of poor dispersion have
should be made between them.

hiding and gloss, but desirable

in a paint composition. With pigment

colors, flocculation i3 more pronounced with organic colors, particularly more with
the phthalocyanines than with the inorganic colors.

The classification described above is useful because experience shows that ome
pigment may differ from another in one or more of these steps of the dispersion
process. however the three phases are not always taken iInto consideration by
pigment users; consequently, a pigment 1s frequently described simply as ''poor
in dispersion properties'' regardless of the specific phase in which it is actually
deficient.

The
size to

moat direct way of determining whether aggregates have been reduced in

a desirable level 1s to measure the size of the particles in the finished
product. This may be done with a f[ineness gage, a microscope, or one of several
devices developed for fine particle size measurement. Fineness may be run om
colors to indicate their texture, but degree of dispersion is most frequently
deterzined by the tinting strength of the milled color.

Uith pigment colors, all properties do not develop simultaneously; hence
reliance on a fineness gage alone could be misleading. The following chart shows
a generalized order of property development:

Property Controlling Agsregates Size*
Texture Large

Closs Large - lioderate

lliding Power Moderate - Small

Tinting Strength Moderate - Small

Hue Hoderate - Small

Inteasity Small

Transparency Small

*Large: Greater than 15 microns; small: Less than 0.3 microns

It i3 obvious from the abave that a good texture reading might not indicate
whether the optimum in other properties hasg been obtained. The most significant
proparty in terms of enduse requirements should be used as the criterion to measure

degree of disperaion. ’

LPH 0072409
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Some affects like low zloss and low tinting strength can exist at good
fineness levels if sufficient flocculation is present. Probably the most common
way of measuring relative flocculaticn in a series of paints is by noting the
differences in the amounts and types of settling on shelf aging. Other methods,
such as microscopic examination, can be used. With tints, rubbing the film
lightly when it 1is partially set is common practice. A darkening indicates
probable deflocculation of the color, while a lightening indicates probable
deflocculation of the white pigment. No change would indicate that both pigments
were probably well deflocculated before rubbing, but there 1s a possibility that
both pignents way have been equally deflocculated by the rubbing. Flocculates
seldon show as particles on a fineness gage because they are broken up by the
shearing action of the scraper.

''A flocculation index'', calculated from spectrophotometric reflectance
curves of sprayed, poured, and rubbed films of tints provides a quantitative
measure of the effects and their characterization. .A.R.Hanke - KN-50-15,9/20/50)

For a description of dispersicn equipument see ''Pigments Progress Report
do. 27''" VUhite Pigments (PIR File 160-1) Revision.

Ravised by G. R. Aldridge - 1975
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SHECLOGY

Rheology i3 the science or study of flow. The terms flow, viscosity, and
consistency pertain to the resistance of a material to deformation when a force
13 applied. Rheological information on a palat or on a coating is of value 1insofar
as 1t can be translated into some property of practical significance such as
reflov, brushability, sprayability, leveling, sagging, suspensien, gloss, or
transparency. Often it 1s easier to obtain these properties directly than to make
the required rheoloplcal measurements, inasmuch as the translation of rheological
data into practical properties 1s not too well understcod.

TYPES OF CONSISTENCY

1. lewtonian

If, as indicated below, a force 1is applied to a thia layer of liquid a
certain distance above a stationary layer of the same liquid causing the first layer

Force———3/ Area .. L) veloctty

t
Distance i

|

1

/ €
Area /

to move with a certain veloeity, this velocity 1a a functlou of the resistance ¢f tho
1iquid to deformation and is defined ag follcws:

F  dynes dynes
n (Viscosity) = Shearing Stress = A = cm? = cma = dyne (Sec)
Rate of Shear vV cm/sec 1l cm?
D cm  sec

A material is sald to have a viscosity of one ''poise'' when unit force per
unic area at unit distance produces unit velocity.

To demonstrate the flow properties of a material, the factors involved are
cften plotted as follows:

LPH 0072411
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Papge 2

Fate of
Shaar

Shearing Stress

The curve shown 1is for a Newtonian liquid, that 13 cne whose rate of shear {or flow)
ts dircctly proportional to the shearing streas applied, giving a straight line.
Often rate of shear and shearing stress arec not plotted in absolute terms but in
some propertional factors such as rpm and torque. The plot for a so-called
Newrtonian 1liquid remains straight for only a limited ranze of rate of shear ucder
wost conditions. If the velccity becomes too high, laminar flow, the smooth
sliding of one layer over ancthar, ceases and turbulence occurs. In turbulent
flow, tha direct proporticnality of rate of shear and shearing stress no longer
exists. The slope of the curve, expressed as the tangent of the angle 9, is the
viscosity as defined by the above equation.

ilany materials, especially those ccnsisting of only a liquld phase or even
colloidal solutions like many paint velhicles, are lewtonlan in character.
Frequently, curves in the literature show a falling off in viscosity at higher
shear rates for various liguids. ilore precisa experiments indicate that this 13
often merely a lowering of the viascosity caused by heat build up in the material at
the higher rate of shear.

2. Plastic

tmen liquid 1s pligmented, flow curves are likely to look something like the
following:
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The flow curves tend to be 3traight only after a certain minimum shearing
stress 1s reached. This nminimum 1is called the ''yield valué'’' and is usually
obtained by extrapolating the straight portion of the curve to the shearing stress
axis. The slope of the straight portion of the curve as measured by the tangeat
of the angle shown above, 1s called the ''plastic viscosity''. The yield vaiue i3
presumably the result of the attraction of the pigment particles for each other, and
apparently a certain, relatively constant, force is required to hold the
particles apart as long as the materlal is flowing. To that force ovar and above
the yield value, the material acts like a true, or Newtonlan fluid.

The difference between plastic and llewtonian flow nay be demonstrated by the
flow of mustard and honey through a funmel. Uader atmospheric pressure, tae
zustard will not flow because of its yield value, but the honey will flow slowly
through the funnel because it 13 a viscous butf Newtonian fluid with no yieid value.
If more pressura is applied to the surface of the liquids by means of increased g3as
pressure, the mustard will flow faster than the honey, because once the force is
great enough to exceed the yleld value, the mustard will flow and i% has a lower
"'plastic viscosity'' than tke ''true viscosity'' of the honey.

3. Pseudoplastic

A material 1s usually claisified as '‘'pseudoplastic'' when the slcpe of
the flow curve varies continuously in somewhaet the following nanner!:
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Such a curve shows that the material becomes thinner as the rate of stirring
increases. It i3 difficult to assign a single numerical value to the consistercy
of such a material, but sometimes the relatively straight portion of the curve is
extrapolated to the shearing 3tress axis and the slope of this line is used as in
materials with '’‘plastic'' viscosity. In this type of material, probably soce
sort of alignment of solid particles or wolecules increases as flaw 1s increased
causing a reduction in internal friction, which 13 equivalent to a reduction in
viscosity.

4. Thixotropic

When agitation reduces the consistency of a material, and this reduction
13 maintained for an apprecisble time after the agitaticn ceases, the material i3
called "'thizotropic'' and gilves flow curves something like the follcwing:

Decreasing
RPN ‘
/

A

Rate
of

Shear

A
. Iacreasing
‘ RPM
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These ''hysteresis loops'’ are gsometimes rum to indicate the degree of thixo-
tropy present, but the results are quite dependent on the instrument and times ... -
involved and cannot be expressed in any fundamental units. Actually a
"'pseudoplastic'’ material can be considered a '"thixotropic'' material with a
recovery time so fast that 1ts body has been regained before another measuremeat
can be taken at a lower rate of shear; consequently the '’up and down'' curves
coincide.

Agaln this effect can be demonstrated by the £low of mustard through a funnel.
If stirred, the mustard will flow at atmospheric pressure because it becomes
thinner and loses its yileld value for sows time after stirring.

5. Dilatant

A material that increases in consistency as the rate of stirring is
increased 13 known as '‘dilatant'’ and has a flow curve somewhat as follows:

Rate
af

Shear ///”

Shearing Stress

»

o information 1s available at the woment of ''up’’ and ''dowun'' curves on this
type of material. The two curves would probably practically coincide, but visual
observations indicate a matter of seconds for Aome materials to thin down after
agitation has ceased.

This type of body L3 generally, if not always, the result of a well
deflocculated solid dispersed at high concentration in a rather thin liquid.
Dilatant effects can be obtalned with sand and water aad may be obsarved in the wet
sand at the seashore. The theory 1s that the pigment packing arrangement changes
with pressure from what 13 sometimes called ''maximum packing'' to ''cubical
packing''. The latter type makes the material wore rigid and more resistant to
deformation, but has considerably more woid volume than the type of packing when
the material is not under stress., When the void volume i{s at 1ts minimum there is
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enough liquid to £11l the voids and the mass 1is fluld. Vhen the void volume {3 at
1ts maximum there is not enough liquid pregent to f1ll all the voids and the mass
becomes dry on the surface and very high 4n consistency because of the relatively
dry pigment present. If there is sufficient liquid present to fill the voids at
both their minimum and maximum value, there will be little or no dilatancy.

GEWERAL

There are an almost infinite variety of flow curves. Even one material has
more than one curve because of variations with temperature, the length of time of
undisturbed rest preceding the determination, and other factors. Classification
of materials into certain types, such as those mentioned here, is sometizes
convenient but it can be misleading at times because it 18 a slight over-
sigplification. 1lMost so-called dilatant materials, for example, are also thizo-
tropic, in the senge that they show a definite thinning out action when first
agitated after a period of rest.

INSTRUMENTS

Several types of instruments are in uge at Newark for measuring paint
viscosity. These include the '‘cup'' types (Ford, Zahn, Parlin) waich measure the
time for a given volume of paint to flow through an orifice {n the bottom of the

cup, or the time when a break in the stream flowing from the cup 13 observad.

The Brookfield viscometer is electrically driven, wilth four speeds and four or
mere spindles, and with a spring scale to indicate torque on the rotating member.
Regults are repcrted as poise values at the various speeds available. At least
theoretically, this value 18 a rating that is often termed ''apparent viscasity'',
that is, the poise value that a Newtonian liquid would have for the sace
instrument readings.

The Krebs llodified Stormer Viscometer eoplouyes-a paint can and a rotating
paddle driven by the torque produced by weights on a string. The results are
usually expressed in Krebs' Units which are determined from a chart supplied with
the instrument.

iore detaliled information on these and other viscometers can be obtained from
the Sales Technical Manual, Section 19.

Edited by 3. H. Perkins - 1975
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PEOTOCHEMICAL STABILITY AND HYDROGEN BONDING

One of the basic requirements for a high quality pigment is photochemical
stability or lightfastness when dispersed in a vehicle. Despite the obvious
importance of photostability, it is probably the least understood of pigment
properties and consequently the most difficult to predict or build into a
potential pigment. Even the great surge of activity in the field of photochemistry
over the last decade and a half has failed to lncrease our knowledge of pigment
photochemlstry appreciably. This is due primarily te the emphasis put on gas
pnase and solution studies with solid state photochemistry getting only sparse
attention.

The approach currently used to understand pigment photochemistry has been simpliy
the extrapolation of basic concepts generated in solution phasa studies to the solid
state. Thils approach has suffered, however, for two reasons:

1. It negleczs the significant effect of molecular intezaction on
deactlvation processes in the solid state, and

2. It does not take into account the likely possibility that normally even
ainor and paorly understood photochemical pathways become important in the solid
state.

The photostability of a molecule i3 governed by a coumpetition between the rates
of chemical reaction from the excitad state and deactivation back to the ground
state. To achleve the high degree of stability exhibited by pigrments such as
quinacridone (quantum yield for decomposition ~1077) {1/ the total rate for chemical
reaction must be six to seven orders of magnitude slover than the deactivation
processes. This spread in rates can be achlewved by limiting the number of reactive
centers in the molecule, by increasing the rate of excited state deactivation or
both. llost pigments that show a high degree of phctostabllity in the solid state
have combined a relatively unreactive chromophore (as judged by solution sStudies)
with a very efficient solid state deactivation step. Quinacridome (I) is a good

example.
4 6 o 8
3 9
SIS 1T
1 0 13 H 11

I

Fron a photochemistry standpoint Q\ i3 quite stable in DMF, haviig a quantum yield
for decomposition of ~10~s, This rieans that the QA molecula kae a 99.977 efficien:y
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of returning to the ground state before a photochemical reaction occurs. UNHearly
357 of this deactivation occurs via fluorescence. In the solid state, however,
quinacridone exhibits no fluorescence at all and decowmposes only slowly (’p~10-7.
These cobservations suggest the advent of gome new radiationless deactivation
process peculiar to the QA solid state. The nature of this new deactivation process
has been well defined through detailled X-ray crystal structure determinations and
empirical observation of substituent effects and involves effective intermolecular
hydrogen bonding batween pyridone groups in adjacent molecules. In fact the QA
crystal is couposed of networks of thess hydrogen bonded molecules with each
quinacridone bonded to four diffaerent neighbors. It has been shown that effective
intermolecular hydrogen bonding and, consequently, photochemical stabilicy,
requires the absence of any sterically interfering groups in the immediate
vicinity of the bouding atoms. Thus, 2,9-disubstituted quinacridones are
invariably more photochemically stable than the correcnonding 4,11-disubstituted
counterparts. *ithin the 4,11-disubstituted series, photochemical stability goes
down and solubility goes up as the steric bulk of the substituents goes up. Even
4,11-difluoroquinacridone is considerably less photochemically stable than

4,11-disubstituted Photoehemical
Quinacridones Stability Solubility

Diflouro

Dichloro

Dimethyl

Dibromo
Bistrifluoromethyl

quinacridone. The fluorine atoms appear to affect interwolecular hydrogen bonding
as shown by solubility, and also the color, showlng a hypsochromic shift relative
to quinacridone. Of the two effects, the former appears to be of paramount
importance as far as photostability 1s concermed. &,l1l-Dichloroquinacridone, which
is about the same color as the 4,11-difluoro compound, is inferior in phato-
stability, presumably because of lesa effective intermolecular bouding due to the
greater steric requirements of the chlorine substituents.

The effect of the 2,9 substituents seems to be mainly electronic. Electron
donating substituents seem to have a alight beneficial effect ou lightfastness while
withdrawing substituents have a slight adverse effect. o dcubt the strength of tn2
hydrogen bond is iovolwved.

The ability of a hydrogen bond to aid in the deactivation of excited states has
been well eatablished. Movement of the hydrogen between the two bonding centers
very likely catalyzes crossing of the molecule from the excited state potential
surface to an upper vibrational Jevel of the ground state. Facile vibrational
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deactivation completes the molecules electronic decay. Complete hydrogen transfer
does not have to take place to catalyze this deactivation process. In fact, with
intermolacular bonding, hydrogen transfer could lead to photoreaction. However in
some intramolecularly bonded wolecules, hydrogen transfer does take place to form
a tautomeric molecule which undergoes facile thermal reversal and thus a net
deactivation. Thus an ortho hydroxy substituent on benzophenone stabilizes that

System towards photoreduction, presumably via photoevolization fcllowed by thermal
reversalli/,

A sipilar stabilization nas been preposed for the effect of an orthohydroxy group
in 2-phenyl pyrimidine (s),

BO hv /\ - (
E.
A

The importance of intramolecular hydrogen bonding in the photochemical stability
of some pignments has been demonstrated by the substantially greater photostability
of amides derived from l-amino-anthraquinone relative to those derived from

2-aminoanthraquinone. Only the former are capable, and infrared spectra confimm
the presence, of intramolecular hydrogen boading.
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The fact that {atramolecular hydrogen bonding increases the rate of excited
state deactivation and thus increases photostability 1s beyond question. The
effect is observed in some of the Hansa yellows. Thus, in solucion, II {s more
stable than III and both are wuch more stable than IV. Quantunm yields for

“AH\\
N
PPN
9 S,
2] q 4 :
NN

NN A

d ~N
0 —0 /Ngf
070
11
111 1v

decomposition of II in solution are om the order of 10™*, very similar to QA.
owever, on golng to the solid state, no dramatic increase in stability is
observed with LI, presumably because no strong interaction exists between the

oolecules in the crystal.

It is the strong interactions between molecules in the solid scate, such as
hydrogan bonding in QA, capable of effectively catalyzing radationless decay of
excited states that will lead to the type of photochemical stability required of a
high quality pilgment. UHeedless to say, at this point our knowledge of solid state
chemistry is not broad enough to be able to build this type of interaction into a

plgment crystal.

Revised by P. A. Wriede - 1975
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SURFACE ACTIVE AGENTS I PIGHENT TECHNCLOGY

Most pigments manufactured today contain auxiliary organic or inorganic
components which are not pigmentary in character. These components are an essential
part of the pigment composition and they markedly affect the tinctorial properties
in the end-use systems as a result of the alteration of the surface character-
istics of the pigment.

These components may have been added for one or more of the following reasons:

1. During processing to control dispersion, 1i.e., surfactants uged to make
dispersed pastes.

2. During processing to aid in the control of particle size, shape, and
disctribution, 1.e., surfactants are used in coupling of azos, in dispersion
nilling, or acid-drowning operations, and the subsequent pigment
extraction procedures.

3. During processing to reduce chemical reactlvity of the colored pigment in
end-use systems, l.e., petroleum sulfonates in chrome yellows.

4. During processing to control dispersibility, flocculation, and rheoclogy in
end-use systems, i.e., sodium citrate, sodium phosphates in chrome yellows,
and molybdate oranges for manufacture of aqueous dispersions.

5. During process, to control particle adhesion which may occur during drying
operaticnsg, i.e., calcium Staybelite treatment of many organic pigments.

The organic vehicle systems being used in the paint, ink, rubber, and plastics
industries vary in chemical composition and rheology. It requires a considerable
effort to make a minimum number of pizments from a single chemical type which will
be readily dispersible by conventional mixing and grinding equipment into these
diverse gystems.

Utilization of surface active agents frequently makes it possible to adapt a
. primary colorant particle to a new industrial use, i.e., a new vehicle system,
without making it necessary to develop a new colorant. These agents drastically
alter properties such as particle size, ease of dispersion, and rheology <which have
marked effects on the tinctorial properties and durability of a pigmented system.

It is quite obvious that the surface of the particle 18 the primary interface
concerned in this dispersion operation. This incerface 1a affected firast by the
pliysical chemlstry of the pigrentary particlae and secondly ty the chemiatry of the
contacting substances.
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The dispersiou of a pigmentary seclid into a liquid medium Involves a change
in Interface from
solid - solid (pigmentary particles in contact)
solid - air (adsoroed air film)
solid = water (adsorbed water film)
to sclid - liquid {organic system)

thus involving the spreading of the organic liquid over the solid surface with the
resultact displacement of adsorbed gages or wetting of the solid surface. Caplllary
effects to assist in geparating solid~solld interfaces are also important.

The mathematics of these situations are well understood and can be referrad to
in the attached list of references 1,2,3,4,3).

Surface active agents, substances which alter the conditions prevailing at
the interfaces, have been obtained from natural products by extraction or
modificacion, from prehistoric times. Examples of these are soaps, water-proofing
agents such as greases and tallows, and dispersants such as glue, egg white, and
natural gums.

In the last 50 years, an enormoud industrial expansion to manufacture
synthetic surfactantcs has been accouplished, along with a corresponding growth in
the 'mderstanding of the physical chemistry of these agents in aqueous and, to a
much lecser extent, in non-aqueous gsystems. This lack of basic theory in the
non-aqueous slituations frequently makes surfactant choice an art rather than a
science. (See Referances 5-13).

1. Water-Soluble Surfactants

Most of the interest in surface chemistry has centerasd about the behavior
of surfactants in aqueous systems. Thousands of compounds have been synthesized
for use in wetting, foaming, anti-foarm'ng,emulsification, demulsificaticnm,
detergency, corrosion inhibition, flutation, and numerous other applications
involving the use of water. These water-soluble surfactants are generally
classificd according to four typec-

a. Aniondc surfactants lonize in solution, with the long chain carrying a
negative charge.

L. Cationic surfactants ionize in solution, with the long chain bearing
a posicive charge.

c. DNonioniec surfactants do not ionize in solution.
d. Awphoteric or ampholytic gsurfactants ionize in solution wich the loung

chain lon carrying either a positive or negative charge, depending upon
the pll of the solutiom.

LPH 0072423
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Each of these types finds application in our pigment technology dependent
upon:

a. The pigrcent type being treatec, i.e., CPC, QA, chrome yellow.

5. The vehicle or end-use system, i.e., alliyd paint, acrylie enarmel,
aquaous flexographic ink, etc.

Cholce of a suitable surfactant for a given application is largely an art, but
consideraticns which are likely to favor adsorpticn on the pigment surface due to
chemical similarity, structural similarity or chemlcal or electrical fixation,
coupled with knowledge of the vehicle system, its solids, soclvents, and etc.,
frequently lead to striking results.

The effects achieved are often markedly affected by small differences in
surfactant structure (see Reference 12).

A tynical problem involving surfactant chemistry might be the improvement of a
CPC dispersed paste (Referemce 13). Here the end-use involves a dispersion of the
plgrent into an aquecus ecmulsion of vehicle solids, Ti0a, viscosity controcller
(Methocel), atc. The surfactant of cholce in such a situation must be hydrophilic
and preferably nonionic so as to minimize sensitivity to electrolytes or charged
particles in the paint 3ysatems.

Another example of a problem solved by suiltable choice of surfactant may be sgeen
by studying Reference l4. Here th2 color characteristics of a chrome yellow in a
printing ink system (Vaposet) were markedly affected by slight changes in the
chemlistry of the yellow pigment and a change in surfactant from an anionic to a
nonionic type.

The use of surfactants in size reduction studies of CPC pigments 1s illustrated
in Refereunce 15.

2. Hydrophilic Surfactant Groups

Anionics such as ionized - sulfonates
-~ sulfonated naphthylene-formaldehyde
- phosphates
- carboxyl
- dioctylsulfosuccinate
- citrate
- stearate

forz the basis of many anionic surfactants. Products of this type, l.e., Daxad,
Blancol, Polyfon, etc. (see Reference 6) are used as aids in the size-reducticn of
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CPC crudes with water, and a water Insoluble salt such as borax, in our HF-milling
operatilons.

3. Hydrophobic groups such as

| Clis Armour ''Arquads''
d - CH, . +
74 N
Alkyl -~ C CHg tlational Aluminate
LR ) "
\\\q /,// NalQuat
PN
Ck, CH,
I |
Clia Cli,
I !
0] ] O%J
[?lkyl - nHij + Armour ''Armeen'' Salt

l:Alkyl -y -<:_>]+

lauryl pyridinium
form the basis of many cationic apgents.
Excoples of the use of such producta are involved in our dispersion milling

operations on phthalocyanine or quinacridone pigments. Typical noniondcs
frequently encountered include:

LpH 0072425

DUP110049542

CONFIDENTIAL



SECTION 15
Page 5

CiaHay (0-CHa-CEj3) -0l Polytergent J500 iathieson
(CH;-CH;-O)X~OH

Alkyl-H Ethomeen-Armour

(CH:-CH,-O)XH

Alkyl phenoxy poly (ethyleneoxy) ethanol Igepal (Antara)

As previously mentioned, these products are of use where a lesser sensitivity to
electrolytes 1s essential.
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PIGHENT PURIFICATIQL (RESEARCH)

liany pigment properties including intensity, bleed characteristics, chemical and
photochemical stability can be significantly affected by the presence of impurities.
In the course of research work, thercfore, it is useful and sometimes essential to
prepare analytically pure plements, for purposes other than chemicai
characterigation.

The method of purification which can be applied to a given pigment will
devend on 1its properties, Including 1ts solubillity in varicus solvents. The
solubility of cemmercial organic pigments in organic solvents variles over a wide
range. L[ven among plgments which ara used in automotive finishes and which are,
therefore, cousidered to be essentially non-bleeding or insaluble in the vehicle,
the differences in solubility are quite substantial. For example, quinacridone
dissolves to the extent of 84 ng/liter in boiling a-chlcronaphthalene (264°C.)
while anthrapyrimidine yellow shows a solubility of 120 g/liter at 250°C. in the
same solvent. Thus, if a pigment is sufficiently soluble in such solvents as
a-chloronaphthalene, nitrobenzene, dimethylformamide and others, purification can be
accomplished by conventional recrystallization either with or without charcoal.

High quality pigments, by definition, are either insoluble or very sparingly
soluble in organic solvents, and consequently do not lend themselves to
purification by conveational recrystallization techniques. Hany pigments, howvever,
are bases with respect to concentrated sulfurlc acid by virtue of scme hetercatoms
which are part of thelr chromophores. Such pigments, including copper
phthalocyanine and quinacridone, are soluble in concentrated sulfuric acid.
Provided the pigment is chemically stable in cold concentrate sulfuric acid, this
80lubility can be a decided asset and is the basis of a purification merhod called
‘‘acid recrystallization''. This purification method involves the selective
precipitation of the pigment sulfate or hydrosulfate from a sulfuric acid solution
of the pigment. Most, but not necessarily 3ll, impurities possess sulfates of
greater solublility. Controlled addition of water to a cold solution of the pigzent
in sulfuric acid causes the pigment sulfate to precipitate at a given acid
ccncentration while keeping most of the impurities in solution. The sulfate 1s
separated by filtration and subsequently washed with sulfuric acid of about 5%
lower concentration than the acid concentration at which the precipitation
occurred. The washed gulfate 13 hydrolyzed with ice and water, and acmonium
hydroxide 1if necessary. The liberated pigment is filtered and washed acid or base
free. If necessary, the procedure can be repeated. This 1s an effective and very
useful wethod of pigment purification.

Another purification method which can be applied to highly insoluble pigments
13 sublimation under vacuum. Although in some cases an effective method, it i3 not
as convenient as the ''acid cryecallization'' procedure, perticularly when
purifying large (20-50 g.) quactities of pigment.

Reviewed by H. Matcrick - 1875
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Certain pigments, particularly chalates such as Green-Gold (see Section 22) are
nearly completely 1lnsoluble in organic solvents and are also unstable in cold
concentrated sulfuric acid. The purification of such plgments, Lf roquired, can be
accomplished either by sublimation or, if thermally unstable, by repeated
extraction with boiling solvents.

It Ls apparent from the above discussion that the selection of a purification
method depends mot oanly on the solubility but also on the chemical structure of the
pigment.

Reviewed by H. llatrick - 1975
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X-RAY DIFFRACTIOW

i INTRODUCTION

' Z-ray diffraction is an indispensable tool of pigments research. Its useful-
ness resides in the fact that the interatomic distances in most all crystalline
naterials are of the order of magnitude of the wavelength of x~rays. This enables
the ordered arrangement of atoms In a crystal to act as a three dimensional
grating for the diffraction of x~-rays. Since most all solids possess some degree
of intermal crder (even so—-called amorphous materials), x~ray diffraction can
yield lnformation about the internal structure of all of our pigments.

Here, at Newark, a Philips Flectronlcs x-ray diffractometer is available. Thia
includes copper and cobalt x~ray tubes with appropriate filtera to achieve nearly
monochromatic x-radiation. For those applications where a more nearly monochromatic
8ource is required, properly cut crystals of sodium chioride and fluorite are
available. By means of scintillation detectors and recorders, x-ray diffraction
charts are automatically obtained plotting diffraction angle (20) vs. x-ray
intensity. 1In addition to this, we have a Debye~Scherrer camera that gives a photo-
graphic strip record of diffraction angle. X-ray intensity is simply estimated by
eye. Both of these methods use the powder diffraction technique where a small amount
of pigment powdar, with random orlentation of the individual crystallites, i3 exposed
to the monochromatic x~ray beam. We also have a Buerger Precession Camera which
glves a photographic record of the diffraction angles from single crystals. This
enables a determination of the dimensions and symmetry of the unit cell of the

crystal and in some cases can lead to a fairly detailed determination of the crystal

stTructure.
SPECIFIC APPLICATIONS

1. Folymorphism

Most all of aur pigments, both organic and inorgamic, exhibit polymorphism.
This is the ability of a solid material to exist {n mora than one orderly
arrangement of the units making up the internal structure of the solid. In the
casa of inorganic plgments, such as chrome yellow, the unit is the atom or fon.
In the case of organic pigments, the unit {3 the molecule. Changes in intermal
arrangement, l.e., polymorpbism, should not be confused with changes in cryatal
habit. Crystal habit deals wicth the external appearance of the crystal. To be
sure, the habit is influenced by the internal arrangement of the structural units
but, in nany cases, the same polymorph can be made to exhibit different crystal

habits.

X-ray diffraction serves to distinguish between the different crystal
phasea by virtue of the fact that each polymorph has 2 characteristic set of
diffraction peaks that serves as a ''finger-print'' for the particular polyworph.

Hixtures of polymorphs can also be recogaized and, Co sox2 axtent, the relative

) ) ,tqaxbudﬂ‘fhn
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: peak heights serve as a means for estimating the relative amounts of each phase.
"?? The lower limit for such an estimate 13 in the order of magnitude of 5% but, in
: some cased, somewhat less than this can be detected.

Crystal hablt can also be assessed by z-ray diffraction. If the crystal shape
is that of a needle or plate, an xray diffraction mount will have more of the
crystals lying in the plane of the mount than would be expected from a purely
randon orientation. Such preferred orientation will emphasize certain
diffraction peaks resulting imn a change in relative intensity as compared to that
obtained using a different mounting technique.

2. Solid Solution

Figment technology has many examples of solid solutions. When two
materials have an internal order that is not too different, substitutional solid
solution can form. For such a solid solution, a well-ordered lattice resulta but
the lattice points are occupled in a random manner by the units of each of the
components in the solid solution. Even as an individual compound can exhibic
polymorphism, so can a sclld solution. For example, lead chromate can crystallize
in an orthorhombic or monocclinic phase,and lead sulfate can enter either lattice
as a solid solution. Solid sclutions are not confined to binary systems. In
theory, any number of components can enter into solid solutiocns provided that
their crystal lattices are cocpatible. For example, '’lionastral'’ Orange,
YTI-756-D, 1ia believed to be a quaternary solid solution of QA, QAQ, 4,11-CLiQA,
and 4,11-C1.QAQ. Solid solutions have limits of solubility even as do liquid
solutions. Situations exdst where component A can dissolve up to scme limic
in component B while maintaining the internal crystal configuration of B, but
very little, 1f any, component B will dissolve in coumponent A. An example of this
is the solid solution of PbCrOa. in tetragonal PbifcO.. It 1is possible to get up
to around 30 mole percent of PbCrO. into the tetragonal PbiloO4 lattice whereas
a solution of Pblo0, in either monoclinic or orthorhombic PbCrO4 has not been
egtablished. Supersaturated solid solutions can also exist. Such soluticns can be
made to break down into a two phase system in which one phase represents a solid
solution containing less solute and the other phnase is the solute phase in its
stable crystal configuration.

X-ray diffraction 1s £deally suited for the study of solid solutions. Any
change 1in the lattice parameters brought about by the solid solution will cause
a shift in the positions of the diffraction peaks. The shift will be more pro-
nounced in the large 28 region than in the small 28 reglon but the general
appearance of the diffraction record of the solid solution will be very like that
of the pure component Whose lattice i3 being modified. The extent of the shift
in the diffraction peaks 1s a wmeasure of the amount of solute in the solid
solution but the shift is ncc necessarily proportional to this amount. Further—
mre, the inclusion of the :olute in the lattice of the solvent will not
necessarily cause a proportionate change Iin the dimensions of the unit cell. This
means that sowe diffraction peaks will change their position more than others and,
in some cases, the direction of the change may be reversed. It should also be
pointed out that, in some cases, a so0lid solution can be formed with lattice
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parameters so nearly like thmt of the 3olvent, that it is difficult to observe
any change in the posgsition of the diffraction peaks. X~ray diffraction can still

e be useful in these cases by observing the disappearance of solute diffraction
peaks under conditions where they would be obgerved if there were no solid
solution. Such an observation plus the observation that the suspected solid
solution has pigment properties other than those of the simple mixture is usually
sufficient to establish the existence of a solid solution.

3. Degrea of Crystalliniry

3ecause x-ray diffraction results from an {nternal order, it follows that
x-ray diffraction will be useful in studying variarions in this internal order.
The term ''degree of crystallinity’' encompasses two different factors. One 1s the
deviation of the actual intemal order from the ideally perfect order, and the other
is the crystallite size. The internal arrangement of the units making up the
crystal can be considered as varying from a perfect arrangement to no arrangement
at all (aoorphous). When the coherent domain,which can be considered as being the
distance one can move through the crystal before reaching a lattice defect,is of
the order of magnitude of approximately O.2im or smaller, the x~ray diffraction
record will be influenced by a broadening of the diffraction peaks. This
broadening is usually determined by wmeasuring the peak width at the position of
hal f-maximum intensity. ‘hen this width is corrected for line broadening
introduced by instrumental effaects, it 1s called 8 1/2. When the coherent domain
13 related to the crystallite size rather than to internal deviations in the
lattice structure, tha B 1/2 relates to the average crystallite diameter, ''D''
by the formula,

D= _KA
0 1/2 cos 8

D = Degree of Crystallinity expressed as a crystal diameter.

A = Havelength of the monochromatic x-radiation

K = Constant approximately equal to unity and relates both to the crystallite
shape and to the way 8 1/2 and D are defined

It should be recognized, however, that both internal crystal defects and
crystal size affect x-ray diffraction line broadening and the term ''degree
of crystallinity'' is maant to encompass both. In those cases where ''degree
of crystallinity'' is dus primarily to crystallite size, good correlation between
crystallite size and line broadening will result. If, on the other hand, crystal
defects are the major cause of line broadening, correlation between crystallita
gize and line broadening will not be good. For all applications of x-ray
diffraction line hroadening to colored pigments research, this limitation should
be borne in mind and line broadening should be considered to have only an
elmpirical relationship to crvstallite size. Fortunately, this has oot limited
its usefulness and many examples exist where degree of crystallinity has related
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to crystallite size.

This correlation can be carried a step further i1f the crystallite size 13 the
pigment particle size. When thils condition obtains, x-ray line broadening can be
related to particle size. Such a relationship will be reliable, however, only for
fairly large crystalline, non-aggregated pigments. Pigments in the very small
crystallite size range with a tendency to form hard aggregates will have their
particle size determined by the size of the aggregates and not by the crystal size.

LUTERPRETATION OF X-RAY 20WVDER DIFFRACTONMETER RECORDS

1. Pertinent Features of a Diffractometer Racord

a. Relative peak heights
b. Peak widths
c. Peak position (289)

2. Factora Affecting Relative Peak Heieht

a. Crystallite Size and Shape

If size 13 less than about 0.2um for any of the crystallite dimensions,
the diffraction peaks tend to broaden as aize becomes gmaller.

b. Crystal Strain and/or Distortion

Any deviation from a regular ordered structure will result in
diffraction peak broadening.

c. Prefarred Orientation of Crystals in the Mount

Flat or needle-like crystals will tend to lie in such fashion as to
favor certain interplanar spacings over others resulting in changes in relative
intensity. liounting technique becomes extremely importaant for such cases.

d. Number of Crystals in X-ray Beam

1f sample 1s small or crystallites are large, insufficient
crystallites will be properly oriented for each of the diffracting sets of planes
resulting in a non-statistical distribution of diffractad beam intensities.
e. Temperature

e The higher the temperature, the broader the diffraction peaks. This
effect becomes most noticeable at the melting point where the peaks disappear
completely.
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f. Chemical vature of the Material

4

Materials made of large atomic-numbered elements diffract most strongly.

g. Primary and Secondary Extincticn

At the diffractiou angle, the incident beam intcosity is decreased as
it passes through the crystal by an amount greater than the normal absorption, in
order to supply diffracted beam intensity. The magnitude of this effz2ct 1s maximum
for large perfect crystals.

h. Instrumental

1. Time constant, rate of scan, and amplification factor, all affect
relative peak height. Then properly controlled, the variatioa will be well under
5%. A weak peak must amount to at least 57 of full scale intensity for good
quantitative work.

11. The non-linear Geiger tube response can introduca errors of 20%
or more at counting rates exceeding 800 counts per second 1f linear response i3
assuned. This error is minimized by using a set of standards. Our present

' ' detector is a scintillation counter that is linear up to an extremely high number
of counts hence this limitation 18 no longer a fmctor.

1. Fercentage of Compounents
Peak intensity can be used to determine percentage composition.
Under ideal conditions, it 13 possible to obtaln an accuracy of about 537 of the
anount pregent for quantities in excess of 37%.

The organic solids with which we commonly work, such as the QA's and CPC's,
are far from ideal. The lower limit of detectability of one crystal phase in the
presence of another is between 5 and 10%. Uorking curves derived from synthetic
nixtures should be used. These mixtures should be as nearly like the unknown with
regard to the nature of the cyystallite as is possible. Uniformity in sample
mounting and instrument operation should be maintained. The crystallite size
should be less than 5 um. This last requirement is met by most all of our
organic pigments. A possible exception is crystal unstable CPC that has been
allowed to convert to the B-phase through solvent action.

FACTORS AFFECTING 28

1. Solid Solution
Tae lattice parameters of the crystal will change slightly causing the 29

anglz to change slightly. Generally speaking, any change In lattice parameters will
change 28.
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2. Foreipn Components

Two compoonents having peaks close together can sometimes yield one
unresolved peak with a slightly different 20 value. A possibla example of this is
the position of the peak at arocund 0.4° 28 for mixtures of a and ¥ QA.

3+ Instrument ilisalignment

The instrumental 28 value 13 set by reference with a standard material.
Slight differences will be observed hetween different instruments Lif proper
alignoent 13 not saintained.

4. Instrument Operation

Changing the rate of scan and tiwe constant can allow the racorder to lag
behind the scan by a varying amount.

5. Variation in X-ray Beam Absorption

The exact point in the sample mount vhere the diffracted beams emanate
with maximum intensity depends on the characteristic absorption of the sample and
on the sample thickness. A variation of the position of this point with respect
to the axis of rotaction of the detector causes a slight variation in 28.

6. Incorrect Sample llounting

This i9 probably the most important factor of all and is related to item
5 above. If tco much sample 1s placed in tha holder or too little, the axis of
rotacion of the detector will not be properly located in the sample. Such improper
mounting can easily cause differences of 0.2° 28.
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COMPARING X-RAY PEAKS FROM NEWARK DIFFRACTOMETER

Finding Ratio of Pegk Intensities from Two Different Scans

The counts per minute for a peak are related to chart parameters by:

- multiplier _ ..
CPH = (height baseline)x (range x attenvator ) (H~B) (RM/A)

The height and baseline are measured from the chart, the other parameters are
found in the chart heading, which 1s ''pulse cutaff voltage/range x

nultiplier
attenuator /time counstant''. To find the ratio of the height of peak A on one

chart to the helght of peak B on a second chart with different range values, use
the formula:

peak A _ (Hpa = Bp) (RaMa/Ap)

peak B (Hg - Bp) (Rpllg/Bg)
This assumes that the x~ray generator kilovolts and milliamps are get at the same
values for both runs and that the saumples are similar in character and thickness
for both runs. The x-ray operator uses standard values cf kilovolts and
millfamps for each run and packs all samples in a standard way; so these

assumptions are generally good. There are other conditions wmore couplex to
define that are also held constant from run to rum.

R.D.Nelson 5/13/77
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LLECTROHN 1ICROSCOPY

INTRODUCTION

Since all pigments are composed of '’'particles’' which vary in size down to
€ 0.1 micron diameter, the only way most of them can be obgerved directly 1s in an
electron microscope. Clusters of primary particles or crystallites in the form of
aggregates or agplomerates can also be observed in an optical microscope if they
are greater than ca. 0.5 microns.

Electron microscopy has been a valuable tool in plgment research at HNewark
since ca. 1947 and considerable experience in sample preparation and interpretation
has been gained. Considerable information can be obtained from electron
micrographs regarding the particle size, shape, or habit, and dispersion of
plgments, using as litrle as a few milligrams of sample.

PRINCIPLE

The electron microscope produces images by processes which are basically the
same ag those of the light microscope. An electron beam 1s used fanstead of light,
and magnetic or electrostatic flalds take the place of glass lenses. The final
image 13 observed on a screen coated with a phosphor which emita light under
electron impact. A permanent record may be obtained on a photographic plate
exposed to the alectron beam. Enlargements can be made photographically.

cQUIPMENT AT NEWARK

The electron microscope currently at the Newark Laboratory is the JEOL
JEM 100B(Japan Electrom Optics Laboratory Co, Ltd). This microscope is capable
of ca. 20A° resolution and nagnifications up to ca. 1,000,0000X. Facilities for
selecred area electron diffraction are built into the electron microscope. The
instrument 18 algo provided with a goniometer stage and an accessory for scanning
electron microscopy.

Twvo vacuum avaporators, an SC-3 (Kinney Division, N.Y. Air Brake Co.) (ca. 1938)
and a JEOL JEE-AC are used for:! (1, preparing carbon films for use as substrates
for electron microscopy specimens, (2) shadowing with heavy metals, and (3)
evaporation of certain pigments onto glass slides, etc., e.g.,CPG, QA's, etc.

A wall-equipped darkroom 1s used for developing electron microscope plates and

for making enlarged prints. The most common enlargements are on 8 in. X 10 in.
paper. GZal:orreuents up to 11 {n. X 14 fn. c~n bc nade for specil:l purposcs, ctc.
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A Porter-3lum Microtome and a Dupont Diamond Knife is available for cutting
sections down to <0.1 micron thick, of paint films, plastics, etc. for observing
dispersion in actual films.

TECHNIQUES AND APPLICATIONS

Since the electron microscope operates under vacuum (ca. 10°* Torr) and the
sample 1is exposed to a somewhat ''hot’' beam, the sample preparation is very
critical and rescrictive. 1lNormally, pigment samples are dispersed in some medium
and applied to an electron-transparent film supported on a metal grid (usually
200 mesh). Among the techniques used at dewark, the following are the most widely
used.

Transnission Electron Microscopy

1. Dry pigment is mixed with a solution of nitrocellulose in isopropyl
acetate using a spatula on a suede~finished glass plate. With particles well
below 0.5 microns diameter, the best dispersion is obtained by rubbing vigorously
with the spatula after most of the solvent has evaporated. The residue is rein-
corporated into additiounal solvent and then rubbed again with the spatuba one or
more times. If the particles are capable of beling fractured, the samples should
not be rubbed vigorously, since this is a severe technique. The final dispersicn 1s
elther sprayed or dropped on to a carbon film (on a grid), washed with solvent,
and then examined in the mlcroscope. Exposures are made on plates at suitable
magni fications, usually of selected flelds which are as representative as posaible.
Prints are made of the plates. This procedure is capable of giving the best
possible dlspersion of particles from a dry pigment sample.

2. The dry pigment {8 mixed with '‘Petronate’’, a sodium petroleum sulfonate,
in a spall mortar with a pestle, and the mixture diluted with toluene and sprayed
or dropped on a carbon film. The Petronate is washed out with toluene before
viewlng the nicroscopa.

3. llasstone rubout inks are thinned with toluene or other innocuous solvent,
sprayed or dropped on a carbon film, washed with the solvent, and viewed in the
cicroscope. This technijue shows the degree of dispersion in the ink.

4. Paints and fluid ioks can be thinned with suitable solvents, sprayed om
carbon film, washed free of vehicle, and viewed in the microscope. This also
shows the degree of dispersion obtained. Electron micrographs of paint samples
repregent the state of pigment dispersion as it leaves the spray gun.

: 5. Replicas of surfaces such as paint films, etc. can be made by coating with
something like polyvinyl alcohol (PVA) aqueous solution. After drying, the film
1s stripped, ghadowed with a heavy metal, coated with carbon, the PVA dissolved
away, and the carbon replica viewed in the microscope.
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6. Particles on a carbon film can be ''shadow-coated'' by evaporating a
heavy metal, such as Pt/Pd alloy, at an angle in the vacuum evaporator so as to
leave, in effect, a ''shadow’’ on the side of the particle opposite the source.
From the length of the shadow and the angle, the height of the particle can be
R calculated.

7. To obtain a three dimensional view of particles, aggregates, etc., it is
- possible to make clectren micrographs 5° or 10° either side of normal viewing and
= then to abserve a pair of enlarged prints through a steréo viewer.

8. GSectlons of paint films, plastics, etc., less than 1 micron thick can be
cut on the microtome to determine pigment dispersion, etc.

5. Pigment particle size discribution can be determined from electron
micrographs by ceasuring and counting several hundred particles and plotting
frequency vs. size.

19. To cbserve coatings such as in Krolor® pigments, magnifications >100,000X
are desirable.

SCANWING ELECTRON MICROSCOPY

The EM~ASID high resolutlon scanning device 13 used in conjunction with the
elactron nfcroscope. The specimen {ordinarily coated in a wacuun evaporizer with
a metal to render it electrically conducting) i3 placed in the objective lens
wagnetic £icld and scanned with an eclectron beam nuch as in television, the
scanning image Reing displayed on a CRT. A high resolutlion secoodary image of
better than 100A and a transmission image of better tham JOA are obtained.

' 'PITFALLS'' Il ELECTRON MICROSCOPY

Because of the nature of the electron microscope and the techniques used in
sarple preparation, certaln artifacts occur occasionally, as follows:

1. Because of an occasional ''hot'' beam, certain organic pigments, such as
CPC or QA, can sublime in the microscope usually leaving a residue and ''feathery''
condensed particles.

2. Certala Inorganic pigments, e.g., containing lead carbonate, can deccmpose
and leave a skeleton-type residue.

3. Since toluene and other solvents are used in several techniques, crystal

erowth and/or phase conversions of certain pigments, e.g., a-phase chlorine-free
CPC, are possible during sample preparations.
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4. Although the operator tries to photograph representative flalds of
each mount, thils is impossible when there are many particles much greater than
1 micron diameter. 1In such cases, it may be desirable to prepare photomicrographs
at 100 to 530 diameters. In cases where pigment disgpersion is of interest, a
prelininary study with the optical microscope {8 recommended.

Revised by B. H. Perkins - 1975
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EVALUATION OF EXPERIMENTAL PIGMENTS

Pigments are used for a varlety of purposes, principally to
impart color, hiding, decorative effects, reinforcement or
corrosion inhibition. The initial step in a plgment evaluation
13 to decide whether usage as a colorant, in other types of
application, or in both colorant and non-colorant applications,
i3 of interest. In general, our interests are primarily in
color, daecorative effects, and properties related to colorant
usage but other types of uses must be considered as, for example,
flla-fortification and metal-protection. This discussion, which
covers evaluations only within the Research and Development Division,
enphasizes applications basically dependent upon color and decorative
2ifects and does not include tests for other pigmentary applications,
{e.3., metal-protective paints, flakes or non-pigmentary uses which,
however, should always be considered. (e.g.,
Blochemicals Department agricultural and insect acreening tests).

A preliminary scraeening evaluation gshould be made by the chemist
before submitting & sample to the Evaluation Group for end-use tests.
Much time and money can be saved by the chemist's critical examination
at this stage.

PRELIMINARY EXAMINATIOW (BY THE CHEHIST)

> L. Rubout

In genaral, a rubout (TP-7001-10) or a flushout comparison
with the nearest coumercial pigment 18 tha recommended initial test.
Great care should be taken that the test material is of pigmentary size
and that it 13 properly dispersed., Dispersion problems resulting from
aggregation or drying can generally be avoided by flushing the pigment
or by dispersing freeze-drted material. A quick light micrascopic ex-
amination of the rubout ink will show the measure of disperaion 1insofar
as large particles are concerned; grit visible to the unailded eye
is an obvious warning. If atill {n doubt, get an electron micrograph
of the iok. Mounts should be made of the masstone, skindown and draw-
down over hiding power paper (black areas and white areas). Tiat and
masstons Fadeometer exhibits should also be made.

2., General
Wote oil absorption, dispersibility (gric), wetting behavior,
rheology, (heavy, thixotropic, etc.) , reactivity (gelation, etc.),

Einish, bronziness, soak-through on the paper, aay color which migrates
into the paper at the edge of the rubout and genaral appearaunce.
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e 3. lMasgstone

The masstone shows the color obtained with the pigment by
itself (i.e., no extender pigment present) im a film thick enough to
glve complete hiding. A highly transparent pigment will show complete
hiding ouly in a very thick film. (Note if your exhibit hides.)
Examine the exhibit both before and alter drying. Expensive organic
pigments are not much used alone as masstones.

4. Skindown

The skindown gives soume indication as to how the pigment
will appear when used alone 1in a printing ink and 18 obtained by
drawing down the masstone to a very thin film with a blade. Examine
the exhibit both before and after drying. WNote color, hiding, gloss,
bronziness, grit, flocculation, changes on drying, etc. Intense color,
good hiding, freedom from bronze (bronze can usually be corrected) ,
low oil absorption, high 'finish' and high gloss are generally con-
sidered desirable in pigments for most inks. For foil inks, trans-
parency 1a generally desirable.

5. Drawdown on Hiding Power Paper and on Clear Plaatic

Transparency is important as it influences the metallic
paint properties, 'two-tone' effects and related characteristics.
It can vary greatly depending on particle size insofar as the latter
affects light gcattering. The desire for transparency conflicts in
some cases with the need for high hiding power so as to minimize the
cost of a paint film which 'covers'. Hidiog can generally be obtained
by the addition of other pigments (e.g., aluminum flake) but an opaque
plgment cannot effectively be made transparent by blending with other
plgments.

6. Strenpth

As noted previously, special attention should be given to
complete dispersion and the presence of undispersed particles. In
case of doubt, absorptivity measurements should be made. Pigment
strength is important as it influencas cost, color and pigment loading
in the vehicle. Generally, high strength s deasired in pigments for
tints, metallics, and printing inks. It permits the use of the
ainimum amount of pigment for a given color (cost) and facilitates
the attainment of color without excessive pigment loading which may give
rise to poor working properties. However, poor streagth, as measured
by rubout, 1s not necessarily a fatal defect, nor 1s outstanding
strength of significance fur all useas. For examplae, the weaker, redder
type of molybdate orange i3 preferred to the stronger, yellower one
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for many applicatfon. RT-739-D, a relatively weak quinacridone,
—_— is extensively used because of compensating virtuas, although
’ gstronger quinacridones are available.

Polymorphiasm in the case of arganic compounds is not a critical
factor with respect to Llnherent pigment strength inasmuch as light
absorption 1s deternined primarily by the properties of the molacule
rather thanm by their arrangement in the crystal.

7. Lightfastness

lfasastone and tints should be exposed in the PadeOnmeter.
It L3 desirable to examine the exposures at 26 hour intervals uantil
a 'break' (color change) occurs. Note whether the color fades, darkens
or changes hue.

At the present time, completely reliable accelerated tegts are not
available. Poor lightfastneas behavior im the FadeOmeter test has
generally been predictive of poor performance on outdoor exposurae, but
good results by the FadeOmeter teat do not necesgarily mean good
behavior ocutdocora. A table of convergion of PadeOmeter results to
outdoor exposure has been published by the Tachnical Services group.

The FadeOmeter results are only a qualitative guide, and
experimental pigments which gshow slightly inferior lightfastnegss re-
lative to controls by this test should not be summarily discarded. The
importance of purity, particle size, and the dispersion medium should
be considered. A more durable vehicle, larger pigment particle size,
or the usgse of certain additives may inprove the lightfastness but are
not likely to overcome very poor lightfastness.

Accelerated test by WeatherOmeter (on paint films, not on rubouts)
are also useful indicators of lightfastnesgs, but are not ordinarily
carried out as part of the chemist's preliminary evaluation. The
WeatherOmeter test should not be used for gloas retention studies.
Chalking, film deterioration, etc. influence WeatherOmeter results.
WeatherOmeter results do not always correlate with outdoor exposure
results and in the case of experimental pigments must be evaluated
with great care. Different pigmented systems in the WeatherOmeter show
different degrees of correlation with outdoor exposure results so that
unless the correlation 18 known for a specific system the validity of
WeatherOmeter reagulta is subject to question.
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As a general guide, pigments which do not actually show poor
behavior by these accelerated tests are usually placed on outdaor
exposure 1f other test results are favorable.

8. Absorptivity (extinction coefficieant)

Light absorption measurements on a solution of an organic
pigment in Ll-chloronaphthalene, dimethylformamide and similar solvents
glve a useful measure of the inherent pigment strength, even though the
measurement 1in solution does not apply atrictly for the solid. A
very low absorptivity at X max (use the values for known pigments as a
reference) may be taken as an indication of poor inherent tinting
strength as a pigmenct,

9. Solubility

A quick test for solubility in l-chloronaphthalene and in
dimethylformamide can usually give an indication of the bleed pro-
perties. Appreclable bleed 1s a serious handicap, especially for
au tomotive type pigments. Note, however, that bleading pigments
('Green-Gold', toluidine, red lake C) are used in some applications.
A table of pigment solubilities {3 available in the Physica Lab data
book. Low solubllity and good thermal stabillity suggest a putential
application in high temperature plastics ayatenms.

10. Toxicity

Consideration should always be given to the possible toxic
properties of any experimental products. Du Pont's Haskell Laboratory
can agsist in assessing toxicity.

COWNCLUSIONSFROM THE CUBMIST'S PRELIMIMARY EVALUATION

The results of the preliminary evaluatlon should be analyzed
carefully before undertaking further work. Beyond thie point,
evaluation expenses may mount rapidly because of the cost of outdoor
exposures, atc. The following, in addition to obvious instability of
the pigment, @tc., would appear to warrant terminating the evaluation.

Serious blaad in solvents commonly used in paints and inks.

Very poor lightfastness by accelerated tests. (But make
certain it's not an inpurity which 1is responsible for the
change.)

Very poor strength, for a pigment which 18 to »e used principally
for 1its color.

Inferiority to avaiiable commercial pigments of equal or lower
cogt which will meet the need in question., Liaison with
arketing can prove useful in this respect.
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TEST BY PICMENT EVALUATION GROUP (NEWARK)

Evaluation of a pilgment, even for use ouly as a colorant, involves
the consideration of many properties other than color, namaly,
chemical composition, chemical stabilicy, mechanical strength of the
particles or aggregates, and collodilal properties, etc. These
characteristics influence two major aspects of pigment technology;
durability (resistance to light, heat, weather, solventa, cnemicala),
and working properties. The term 'working properties' refers to the
influence that the pigment has on the flutdity or comsistency of the
vehicle. The surface area of a pigment, the shape of the particle,
and the various forces acting between the plgment particle and between
the pigment and vehicle at these surfaces are the principal determinants
of the work propertiea. The properties of a pigment cannot be deduced
from its gross chemical composition alone. Some properties are quite
closely related to composition and others are determined by physical
characteristics, such asas

crystal geometry and phase

. particle size

amount and type of inpurities
presence of special modifying agents
+ type and amount of surface coatings.

NS
« . .

The principal end-usa evaluations conducted by the Evaluation
Laboratory councern (1) paints, (2) inks, and (3) plastics.

1. Paint

Dispersion of the pigment by sand milling 1is the preferred
zethod in indusetry. Where this 1o not possible, two-roll chipping is
used. These dispersion methods can be carrtded out in the Evaluation
Laboratory but because of convenience, the initifal test in most paint
systems 18 usually a ball-mill grind in an automotive type paint
vehicle. This teat requires relatively small amounts of pigment and
allows generally adeaquate avaluation of color, gloss, overstripe bleed,
chenical r2gistance, heat ra2stiatance, worlilang properties, shelf-storage
properties (settling and reaczivicy) and lighctfastness and durability
by both accelerated weathering uait and outdoor exposure. (Sand
mill and two-roll chip dispercions are also prepared where the need 18

ind{cated.) Tha chofce of paint system dopends on the pigment chemical
type and also the characteristics as determined {n the preliminary
avaluation. The more durable colors are used in extearior paints, part-

{icularly in automotive finishes.
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SERVICE WOKK

PHYSICAL LABORATORY

tluch of the worlk of the Wewark Pigments Research Group involves particle size,
shape, crystal phase, surface area, optical characteristics, and related properties.
Instruments for the determination of pertiment physical parameters are maintained
in the Physics Laboratory. Measurements will be carried out by the Physics
Laboratory staff upon request or, in general, the chemist concerned may make
arrangements to do the work, with assistance of the Physics Laboratory staff as
needed. (For safety reasona, operation of x-ray equipment is restricted to
personnel specifically authorized by the Laboratory Director.) The Physics Lab
staff will also assist in planning. Arrangements can ordinarily be made with
Central Research and Developmeat or other Company groups for measurements or use of
equipment not avallable at Newark.

Equipment 1s currantly avallable in the Physics Lab for the following
neasurements:

L. X-Ray Diffraction

This technique is axtensively used for the determination of crystal phase,
identification and characterization of polyoorphs, estimations of relative
crystallite (coherent domain) gize from x-ray line broadening (''8 1/2'")
measurements, and also to identify unknovm materials. A brief mesc oo the
interpretation of x-ray diffractometer recorda 1s attached.

a. [quippent

Horelco (Philips) wide angle x-ray diffractometer. Two goniometers
and recorders. Scintillation detectors. (Gelger tubes also available.) Powder
camera for photographic recording. Welsgenberg and Precession cameras for
atructure determination. ASTH x-ray file (books and IBM cards).

b. Principal Applications in Pigments Research

For the interpretation of x-ray diffractometer records, gee
geparate section on "'X-ray Diffraction'’.

1. Determination of phase composition of pigment sacples.
Relative peak intensities (heights) vs. known mixtures and
''valley parazeters'' are the principally used indices of the phase ccmposition of

mixtures.

11. Identification and characterization of plgmenz polymorphs.
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iii. Particle size. Relative crystallite (coherent domain) sizes in swmall
particle region t(ca. .lumlby x-ray diffraction line broadening. Relative particle
size from low angle x-ray scattering. Valley parameter may be uscd where there 1s
no suitable single peak but a doublet 13 available.

iv. Identification of unknowns. Position and relative intensities of
diffraction peaks.

v. Crystal habir. Relative intensities of different peaks in a pattern
provides a useful index of crystal habit. Anisotropic particles tend to show
preferential orientation which 1is reflected in peak intensities 1in some cases. A
special sample holder is available to permit packing a sample in more than one way
for the observation af orientation effects.

2. Surface Area

Surface area by nitrogen absorption is cne of the most useful single
measures of particle size.

a. Equipment

A Perkin-Elmer 212B Sorptozeter with printing iategrator. In this

inscrucent, nitrogen gas mixed with a nonadsorbable carrier gas (helium) {s passed
over a veighed sample of degassed pigment at liquid nitrngen temperature. The
quantity of nitrogen adsorbed is determined by warming the sample and determining
the amount of adsorbed nitrogen released. The area under an automatically plotted
! desorption curve .integrated by the printing integrator) is proportional to the
o quantity of nitrogen evolved. This 13 convertad into pigment surface area,gram

\specific surface), by reference to a ''desorption’' curve with a known amount of

nitrogen and comparison with a calibrarion curve cobtained with samples of knowm

specific surfaces.

b. Applications

Although a ugeful quantitative measure of particle size of colored
pigments, the results are influenced by the method of degassing, and also by the
surface treatments on the pigwent. Tightly bound aggregates such as are formed,
for exaople, by the drying of RI-349-D, are not peuetrated by nitrogen moleculas,
30, in such cases, the surface area of the aggregates is obtained. Some samples,
e.g., mica,may gtve difficulty. The method does not, by itself, provide a
measure of parcticle-size distribution.

The regulcs agree with those of the classical BET method which was used with
the sacples for the calibration curve. A comblnation of surface areas and x-ray
line-broadening results can be especially useful in some cases as indicating
agzrecation, etc.

LPH 0072448

CONFIDENTIAL DUP110049570



CONFIDENTIAL

SLCTION 20
Page 3

3. Electron .dcroscopy

a. Equipment

A JZOL (Japan Electron Optics Laboratory, Ltd.) Model 100B electron
microscope with scannigg attachment. Variable KV, Qperating veltage (20,40,60,80,
100 KV), «resolution 2A. Equipped for selected area electron diffractiin.ﬁas a
high resclutlon universal gonlometer which permits tilting the sample - 30° and
rotating it 360°, This i3 useful for structural determination and 3-dimensional
work. [Cquipment for shadowing mounts with metal (length of shadow gives measure
of size). Dticrotome with diamond and glass knives for sectioning palnt films,etc.

b. Applications

Manifold applications to Pigments Research. Observation of size,
shape, depree of dispersiom, etc. in favorable cages. Surface ccatings on pigment
particles may be observed in some instances. Comparison of mounts at oinimum and
maxioum vork very helpful in some cases to evaluate aggregation, flocculation,
etc. Particle size distributlon can be obtailned but requires many fields and che
counting of a large number of particles. The greater depth of fleld of the
clestron milcroscope offers a considerable advantage. Results are influenced by tha
metuaod of prepariog mounts and the general necessity for dilution of the pigmented
systems. Selectlion of a representative field 1s critical to avoid misleading
results (microscopist does this). Care must be taken to avoid being misled by
electron microscopy vhich deemphasizes large particles cutside the usual
microscope range.

4. Light Microscopy

a. Equiprment
Bausch and Lomb ''Dypnotic'' (binocular eyepiece) research model.
Clrcular stage. Polarizers, fllters, llluminators, counting chacbers, etc.
Polaroid i?=3 set up for photomicrography in either black and white or color.

b. Applications

Light microscopy is generally the first choice in the lnltial
investigation of pigmenc dispersion in paints, ink and the like, for the study
of particle size in dry pigment powders and in all those instances which involve
particles or objects in the size range easily covered by the light microscope.
With pigment dispersions (ink, paints, etc.) it 1s well to note any large particles
by light microscopy before proceeding to electron microscopy.

viany other pogsible applications of light microscopy to pigment research

(e.g., crystalleography, optical characteristics of crystals, etc.) are described
in standard reference works on nlcroscopy.
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‘i?* The case aond uimplicit& of photomicrography with Polaroid film favor its use in
conjunction with the light microscope.

5. UV and Visible Spectrophotometry

a. Equipment

A Beckman DK-2 Ratio~Recording Spectrophotometer covers the range from
about 200 oo to approximately 2500cm . Deuterium and tungsten lamp sources.
Reflectance and transmittance measurements. Quartz and glass cells and other
accessories.

A Becxman DU spectrophotometer (non-recording) is located in the Research
Analytical Lab.

A Cary liodel 14 recording spectrophotometer with reflectance attachment 13
located in No. 2 lab, No. 23 building.

b. Appolications

Color measurements. Analytical ‘absorption spectrophotometry) etc. Of
syecial interest are particle size index measurements (KN-51-43, 52-2), light
scattering measurements (differences between transmittance redults between ''near'’
and '’far'’ positlons of sampleland instrumental evaluation of pigment flocculation
and flooding phenomena.

P

0. Colorimetry

A lico-Tec DuColor Colorimeter, with remote head accessory and ''selected''
electronics for greater sensitivity,is availabla. As described in section on,
''Color tieasurements'', the Instrument gives direct color readings in the L,a,b
system and readout of color differences.

7. Infrared Spectrophotometry

a. Equipment
Perkin-Elmer Models 21 and 137 (''Infracord'') infrared

gpectrophotometers. Various accessories including ATR (attenuated total
reflection) equipment.
b. Applicaticus
In addition to the usual applications, it i3 especlally valuadle in

pigment identification; detection, identification, and characterization of pigment
pelyuworphs; and detection of impurities in pilgments.
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3. Emission Spectrowetry

a. Equipment

DuPont emisslon spectrometer. Sensitivity an order of magnituce
greater thaan that of commercial instruments (1963). Sample (liquid, solid, or
gas) irradiated by 2537A° Hg line (other ''Pen-light’' scurce can be obtalned)
and emission spectrum is automatically recorded.

b. Applications

Photochemistry. Knowledge of emfssion spectra of great assistaqce
in study of pigment fading, etc.

%. HNuclear Magnetlc Resonance Spectroscopy

One of the most significant new tools for organic chemists, IR
spectroscopy is finding many uses in pigrents research. Although generally
liaited to dissolvad species, the ready availability of deuterated solvents such as
diz=thyl sulfoxide, trifluorcacetic acid and sulfuric acld extends 1ts application
to most orpanic plgments.

a. Equipment

At Uewark 1s a Parkin-Elmer H-12B 60 illlz IR equipped for proton
resonance and decoupling. Higher resolution and multi-nuclear instruments are
accessible at the Experimental Station.

b. Applicarion

Tdentification of unknown pipgments. Qualitative and quantitative
analysis of pigment intermediates.

10. [Freeze Drying
a. Equipeent

Virtis freeze dryer with accessories.

b. Application

Study of pigment aggregation on drying, preparaticn of easily
dispersible samples for speclal uges (IR spectra, etc).

11. iliscellaneous

Vacuum equipment (purps, gauges, e8rtc.).
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e EVALUATION LABORATORY

The Lvaluation Laboratory examines experimental products to determine their
utility in pigmwent end-use applications. Paints, inks, plastics, paper, floor
coverings are among the end-use applications studied. Durability tests for
plzoents is anaother responsibility of this group.

a. Lquipment

Varlous devices for preparation of pigment dispersion: ball mills, 2-roll
mill for plastic, rubber, linoleum, and chip dispersions, a 3-roll ink mill,
shaker nills, sand mills, Hochmeyer ''Discperser'' mill, ''let down'' equipment
for use with chip dispersions, a heated platen press for press polishing plastic
chips (polyethylene, polystyrene, etc.), spray booths, paint spraying equipment,
and ovens for preparing palnted panels, gauges for assessing degree of nigrent
dispersion in paints and ink, 3rookfileld, Ford, and Zahn Cup viscometers for
measuring rheology of paints and inks, Gardner, idunter, and DuPont (F and F)
glossmeters, lunter Multipurpose Reflectometer (and colorimeter), equipment for
reasuring pigmeat bleed, equipment for testing (controlled sanding and heating)
raflow properties of paints, two Atlas WeatherOmeters and three FaieCrerer for
accelerated exposure tasting, raw materials {(solvents, pigments, vehicles, driers,
etc.) for the preparation ¢f paints and enamels.

P

. Applicaticus

The largest single area of pigment evaluation at Newark i3 in automotive
finishes, both lacquers and enamels. Plastics, industrial finishes, and
nitrocellulose inks are other areas of extensive evaluation.

Procedures used in the evaluation of pilgments arae described in ''TF''
cethons, coples of which are aveilable in the Evaluation Laboratory and in the
Research Cffice.

Descriptions of the principal areas of plgrment application and discussions of
the effects of pigment properties on their commercial uctility appear in outline
elsewhere in this nanual, and in considersble detail in the ''Sales Technical
lianual''.

ANALYTICAL LADORAIORY

The Research Analytical Laboratory carries out analyses to assist Pigments
Reszarch. all types of analytical work are done, but an attempt 1s made to avoild
any routine analysis (e.g., chromate in 4-8 solution) which 13 handled by the
Plant Analytical Lab. 1In addition to eleumental analyses, including determination
of C, i, d, ard Laloren, other wark Llrncludes identificaticon of unknowns,
determination of pigment purity, Ldentification of surfactants, development of
methods, and consulting. The staff provides liaison with other Cowmpany analytical
groups and cotmercial analytical laboratories whose services are sometimes usad.
ilass spectrometry, EPR, emission spectrographic analyses, and the iike, are carried
out for us by Central Research and Developmeunt or by Pigments - Experizental Station.
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= a. Instruments

In addition to the usual chemical analytical equipment, the equipment
includes the following:

Coleman Automatic Nitrogen Analyzer

Colepan Carbon and Hydrogen Analyzaer

Hewlett-Packard (F and 4 Model 810) gas
chromatograph with programmad temperature
controller and integrating recorder.
Accessories include a solidas injector.

b. Applications

The Analytical Staff assists in planning analyses to aid R end D, {pn
addition to carrying out actual analyses.

Ravised by EEP - 1975
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RESEARCH EQUIPMENT AND FACILITIES AT THE EXPERIMENTAL STATION

_
The ''Index to DuPont Analytical and Physical Test Equipment'' (latest
edition: July 1974) is the most complete listing of {instruments and apparatus in
use throughout DuPont. Coples are iun the hands of analytical supervisors and can
be ordered from !Miss liary Lou Mancuse, Information Systems Department,
Extension $-4004.

The following describes easily accessible equipment and servicea at the
Pigments and the Central Research and Development (CRDD) Departments. Requests
for service work in other departments should be best made through analytical
supervisors or the technical man involved.

Pigments Department T. D. McKinley, L. J. Hatienzo)

Inorganic wet analyais

Atomic absorption for small inorganic quantities

Optical microscopy

Electron microscopy

Electron microprobe - elemental surface and bulk analysis of solids
for elements >B

Emission spectroscopy - semi-quantitative analysis for elements

Spectrofluorimetry ~ fluorescence exitation and emlssion spectra

Infrared aspectroscopy - including ATR technique for surfaces

UV/visible spectroscopy - including reflectance of solids

Differential Thermal Analysis (DTA)

Thermogravimetric Analysis (TCGA)

BET surface area

Porosimetry

X-ray diffraction - powder camera and diffractometer

X-ray fluorescence ~ qualitative and quantitative for elemenca >Al

CRDD Spectroscopy Division (W. E. Mocha)

Optical Spectroscopy

Infrared (4000-200 cm'l) - including AIR, micro techniques, polarized
IR, digitized data cutput

Far infrared (400-10 cm~})

Raman (Ee~Ne and Ar lasers)

UvV/visible (+ 186 nm) - including reflectance

Jptical Rotation

Fluorescenca - aexcitation and emlssion (200-800um)

Phosphorescaenca

nR -1, 13, 19F 31P, 11, etc.

‘Homonuc ear and heteronuclear 3pin decoupling

Fourler transform for g LBC. 31p
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Relaxation measurements for l", 13C

C-1024 Time Averaging Computer for signal enhancement

MR spectral analysis - including computer simulation, double
resonance, nmultiple frequencies, etc.

Quantitative analysis - isomers ratiosa, conceatrations of some
functional groups, mixtures

Broadline MR of Solids

Gag Chromatography

Gel Permeation Chromatography

Molecular gize discribution and molecular welghts
Preparative for IR, UV, NMR

llass Spectrometry

Available with coupled GC and computer data acquisition
Time-of-flight
Special tachniques - chemical ionizaticn

field desorption

field ionization

metastable ions

low voltage ionization

appearance potentials

X-ray Diffractioun

CRDD Physieal and Analytical Division (E. C. Dunlop)

X-ray photoelectrun spectroscopy (ESCA)
Ion 3scatter spectroscopy
Electrochenistry - elementsl analysis, structure determination, pulse
and differential pulse modes
Zone refining
Crystallization
Diseillation
Physical properties - density, specific gravity, refractive index
(liquids, solutions, films) conductivity, dipole
moment, dielectric constant, ASTM tests; flash
point, ete., surface tension, vapor pressure vs.
tewperature
Holecular weight daterminations - ebulliomcopic, cryoscopic, vapor
pressure.osmometric techniques
DTA/TGA
Differential scanning calorimetry - apecific heats (solids), purity
analysis, gpecial trangition
tamperatures
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Microscopy - optical, electron, scanning electron
I Particle size ~ sleve, Andreasen pipet, light scactering
BLT surface area
Sorptometer pore voluge
ticrochemical analysis - C, H, U, O
Analysis by spectroscopic methods ~ atomic absorption, arc and spark
excitation {(emission) X-ray
fluorescence
Activation analysis
Inorganic elemental analysis
Liquid chromatography - analytical, preparative
Organic analysis - functional group determinaticnsa: carbonyl, hydroxyl,
carboxyl, amine, ester, unsaturation, hydrazine,
hydroxylamine, mercaptan, peroxide,oxirane, oxygen,
isocyanate; amino acid anslysis, determination of
water, pK; and pK,, solubility in specific solvents

CRDD Computer Division (R. A. Abrahamson)

A variety of scientific capabilities avatlable on time-sharing basis via
teletype~telephone, also for outside locatioms.

CRDD Special Services Lab (H. D. Carlscn)

Electron and light irradiation

Resonant transformers delivering 2 liv electron beam at 1 ma current.

High current radtlation unit wich 300 kv, 175 ma electrom beam over a
large area 149''x10'') for surface treatment or reactloms in films
and coatings (lower penetration); ’

High intensity light radiation source ~ Linde plasma arc with UV, IR and
vigible radiation

Unit operations and scale-up

Molding Lab

Comprassion and injection molding for thermoplascics
Processing of thermosetting resins

Film caating

l-inch extruder (lab size)

Rubber mills 2’''x6'' and 6''x12'’

Banbury mixer for 100g batches

Ball mills, tumblers, bottle rollara

CRDD PresjureRegearch Lab (Paul H. lehne)

Autoclave reactions at 3-5000 atm
Tetrahedral anvils for extrems preasures

Prepared by P. A. Wriede - 1975
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PIGMENT CLASSIFICATION - GENERAL

4

The prime white pigment industry 18 characterized by relatively few chemical
types, chiefly, titanium dioxide, zinc oxide, white lead, zinc sulfide and antimony
oxide. 1In marked contrast, the pigment color industry deals with hundreds of
chemical types. Accordingly, systematic classification can be of considerable value
in reviewing the field in its entirety.

Clagsification of hue is that used by the Technical Division of the National
Paint and Coatings Assoclation in the RAW MATERIALS INDEX. More helpful
classifications, from a technical viewpoint, are those based on chemical structure.
Pigments may be classified grossly as inorganic or organic and the following table
shows a modification of such a classificatlon publicized by Mattiello (Volume II)
witn some variations and additions.

CLASSIFICATION OF PIGMENT COLORS

1. Inorganic

a. Chromates

1. Chrome yellows
2. Chrome oranges
3. Molybdate oranges
4. Zinc chromates

.

Ferrocyanides

1{ixed chromate ~ farrocyanides
Sulfide and selenides

Oxides

Phosphates and silicates
Coated micas

Coated chromates

Metal flakes

HER M0 0T

2. Organic

a. Basic and acid dye types
b. Azos

1. Pigment dye types
2. tiletallized types
Mltroso

Phthalocyanines
Anthraquinones and vats
. Quinacridones

Mmoo RO
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Except for the earth colors, naéc all of the pigment colors of commerce are
synthetic.

The generalized properties which, with exceptions, characterize the organic
plgments as compared to the inorganic are as follows:

1. Solubility - Inorganic pigments are generally insoluble (nom-bleeding) in
organic solvents. lMany organic pigments show slight
solubility in these solvents.

Cost - Organic plgments are gemerally more expensive than the inorganic.

3. Tinctorial strength - The generally higher strength of the organic
plgments tends to offset their higher cost.

Hiding power ~ Inorganic pigments are usually opaque in contrast with the
more transparent organies.

3. Specific gravity - The inorganics generally exhibit higher specific gravity
than the organics.

6. Feat resistance -~ The incorganics are generally more heat-resistant than the
organics.

7. Color intensity (liunsell Chroma; - The organics usually exhibit greater
color intensity.

vt
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e 7 7 INORGANIC PIGMENTS

CHROLIATE COLORS

LEAD CEROMATES

Lead chromate pigments fall into three distinct groups:

=~ Chrome yellows - lead chromate precipitated alone or with lead sulfate.

-~ Chrome oranges - basic lead chromates.

- tiolybdate oranges — lead chromate coprecipitated vwith lead molybdate and lead
sulfate.

In the manufacture of these products, water solutions of the rTeactants are
mixed in large, agitated tanks where the color is ''struck''; 1.e., precipitated
under carefully controlled conditioms of temperature, pH, and agitation. The
resulting crystalline precipitate is filtered, washed, dried, pulverized, and
packed. Although historically a batch process, chrone yellows are now made at
Newark by a continuous process 1in which a ''strike'' tank and a series of small
overflow vessels replace the large reaction tamk, centrifuges are substituted for the
high labor, high cost filter presses, eand drying is carried out in a continuous,
automatic feed, belt drier.

Variations in color and properties are obtained through comtrol of crystal
structure, particle size, chemical composition, and the use of surface treating
agents. As a general rule, the larger the particle size, the redder and weaker the

product. Uniformity of particle size 1a desirable for maximum color brilliance
{intensity).

1. Chrome Yellows

a. iedium yellow is the reddest and strongest of the chrome yellows; 1t
consists essentlally of monoclinic lead chromate (PbCr0.) made by the reactlon of
lead and chromate ions.

b. Light yellow 13 also a monoclinic lead chromate but is lighter, greener,
and weaker than the ''medium’' shade as a result of being coprecipitated with
20 to 40% of lead sulfate PbSO.) to form a solid solutionm.

c. lletastable yellowsn - These are yellows of about the same chemical
copposition as the ' 'medium’' and ''light'' yellows but which are stabilized in
- the rhombic crystal form and/or in a very small particle size range to produce a
o greenish-yellow hue. Immediately after precipitation, the rhombic particles
begin to grow in size and change to the more stable monoclinic form. The arresting
of either or both of these transformations is usually accomplished in one of
three ways, the procedure being assoclated with the following pigment names:
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- Primrose yellow - coating the crystals with alumina or
titania hydrate.

- Phosphated or lemon yellow -~ iptroducing an irregularicy
into the crystal structure, such as the
hexagonal-shaped lead phosphate crystal.

- Shading yellouv for greems - treatment with inorganic salts
(antimony or tian) to obtain small par-
ticle size of good lightfastness.

2, Chrome Oranges

Chrome oranges are basic lead chromates of tetragonal crystal
structure. The basicity of the product countrols the shade of the
orange, e.g., extra light, medium, extra dark. Very light shades have
the approximate composition PbC.2PbCr0, (74% PbCr0,), whereas very dark
shades approach 2Pb0O,PbCr0, (42Z PbCr0.) 1in composition. The darker

N P/ .
oranges are blue and weak in tint, dK—’jh, ¥ 42jﬁ;~c #77¢)
7{_//\,.14 il et

. M P
3 olybdate Oranges and Reds iﬁﬁﬂ[’ﬁ—/}

f-“ Molybdate lead chromates {(molybdate oranges) are lead chro-
fz“’// mate/lead molybdate compositions with monoclinic crystal structure,
e different from that of either lead chromate or lead molybdate. The

l&lc- erystal structure characteristic of molybdate orange 1is most strongly

.'7ﬁﬁ/' evident at 90 molX lead chromate/1l0 molZX lead molybdate, where maxinum
1 7/ redness is attained, but is also detectable in compositions containing
et 1F as little as 60-75% lead chromate. Commercial pigments also contain

-ﬂx%/’ﬁ; lead sulfate in addition to lead chromate and lead molybdate. The
BWH& /& nmolybdate oranges are much stronger and brilliant than the chrome
- / - oranges.

Kgds

;:{aﬂ¢“a. By virture of their sumilarity in composition, lead chromate
Do A calors have the following properties in common:

ﬂm;‘"‘;le‘ - High specific gravity (tendency to settle)

Pt et - Low oil absorption

e T P - Soft texture (danger of over-grinding chrome and

molybdate oranges)

4;4“// 7 - Poor sgcap and alkall resistance (except dark chrome
oranges which are already basic)

- Sulfide darkening

- Moderately good resistance to acids except at low pH
(chrome oranges inferior to the others)

- Non-bleeding

- Good bake registance.
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There are also some significant differemces in properties among
these pigments; namely,

~ Color - Aside from hue differences, which are apparent
from the pigment name, the chrome oranges are
less intense than the chrome yellows and molybdate
oranges.

- Gloss and gloss retention - The chrome oranges, particular-
ly the darker shades, are decidedly inferior 1in
this respect.

- Tinting strength - Strength increases appreciably as the
chrome yellow shade changes from ''Primrose'' to
'"Light'' to ''Hedium'', The lighter shade chrome
oranges have about the same strength ag the
''"Medium'' yellow, and strength decreases as the
shade becomes darker. The molybdate oranges are
much stronger than either the chrome yellows or
oranges; their streugth decreases with increasing
redness.

= Opacity - This property varies in the same manner as tint-
ing strength for these piligments, e.e., opacity
increases with tinting strength., The molybdate
oranges are much more opague than either the
chrome yellows or oranges, although their opacity
decreases with increasing redness.

) - Lightfastness - All of these pigments darken oo exposure}
however, the chrome yellows, particularly the
metagtable varieties, e.g., ''Primrose'’' and
''"Lemon'’', are generally inferior to the chrome
and molybdate oranges in this respect. "'"Pre-
reduced'’ medium chrome yellow is adequate in
lightfastness for some automative finishes use.

The inferior lightfastness of the chrome yellows and the low
gloss of the chrome oranges restrict their outdoor use principally to
applications where these properties are of secondary importance, such
as in finishes for rail cars, trucks, fleet cars, road markings, sign-
boards, implements, tanks, and bridges. Red-shade molybdate oranges,
on the other hand, are fiuding widespread use in automotive and 4in-
dustrial finishes in blends with organic reds to make bright, low-cost,
non-bleeding reds of fair to good durability- These blends have already
displaced many cadmium and toluidine red formulations. Similarly,
blenda of yellow-shade molybdate orange with chrome yellow compete
with chrome orange formulations on the basis of improved cost and
gloss properties with little sacrifice in lightfastnesasa.
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The shade of molybdate orange used in these blends 1is important
for two reasons:

- Color clash normally 1is minimized by using the orange
closest in hue to the pigment with which 41t is to be
blended.

- The closer the vrange 18 4n color to the pigment with
which 1t 18 to be blended, the more of it that can be
used in a formulation to obtain a color match. This can
result in reduced formulation costs (provided the orange
18 lower in cost per unit volume) and/or improved per-
formance. The tinting strength and opacity of the orange
must also be considered in such blends. The lower the
orange is 4in tinting strength, the greater the amount used
in a given blend. On the other hand, weakness in molyb-

i date orange 18 generally accompanied by low opacity; hence,

a compromise in properties 1is sometimes required.

A lack of good soap and alkali resistance 18 the major weakness
of these molybdate blends; however, these deficiencies are minimized
in some vehicles. Because they contain lead, nome of the lead
chromate pigments can be used 1n non-toxic finishes, e.g., toy ananels,

e Low cost, opacity, and brightness of color are major factors con-
tributing to the large use of chrome yellows and molybdate oranges in
printing inks. Low reactivity and good flow are of particular impor-
tance here; 1ink pigments are frequently designed with emphasis on
thegse propertcties. The chrome yellows and molybdate oranges also find
use in the paper, rubber, and plastics industries.

4. ''Rrolor'’ Colors

In 1967, some modified chrome yellow and molybdate orange
| pigments, the ''Rrolor'' colors, were introduced to the trade. Thase
pigments have superior heat and chemical resistance. In many cases,
the heat resistance 18 sufficiently good to permit them to replace

cadmium colors at a considerable reduction ia cost. (See under
''Krolor'' Pigments.)
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e ZINC AND STRONTIUM CHROMATES

Two types of zinc chromate yellow are made:

- Zinc yellow, a zinc potasaium chromate, having the
empirical formula 4Zn0.4Cr0s.K,0.3H,0.

- Basic zinc chromate the approximate
composition of which can be exprezassed as 4.52Zn0.Cr0O,s.4H;0.

1. Zinc yellow is greenish-yellow, low in chroma and tinting
streagth, and semi-transparent. It is non-bleeding in organic solvents
and resins, slightly soluble in water, moderately easy grinding, and
reslstant to acids; however, it has poor resistance to alkali and soap.
Athough it 18 only fair in masstone and tint lightfastness, this per-
formance i8 masked to a considerable degree when blended with blues
and greens. In fact, this is about the only use where 1ts color and
low strength can be used to particular advantage. Surprisingly at-
tractive, low cost, lightfast lipght grees can be made in blends with
phthalocyanine or chromium oxide pigments.

Zinc yellow 1s a corrosion-inhibitive pigment arcd finds major use
in metal protective primers. Properties of zinc yellow which make it
useful here are:

- Availability of soluble chromate 1ons for passivation of
the metal,

~ M1ld alkalinity, capable of neutralizing acid-corroding
agents, such as might be formed in the oxidation of dryiag
olls.

- Low specific gravicy (3.4), leading to improved working
and packaging characteriatics.

- Compatibility with fast drying, snythetic resins; e.g.,
abgence of gignificant reactivity.

2, Basic zinc chromate differs from zinc yellow in two important
properties:

- It is virtually insoluble {in water.
en = It is lower in strength aad guch duller in color

(practically a brown).
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v:: The major use of this pignment is in a ''wash primer’ which is
essentially a solution of polyvinyl-butyral resin, alchol, and
phosporic acid. The primer offers good adhesion, toughness, and
abrasion resistance on a variety of metal surfaces.

3. Strontium chromate is used as a rust~inhibitive pigment, bein:
more stable than zinc chromate in some paint vehicles. A growing use
i8 in electrodeposated primers, for which zinc yellow 18 not aatiafac-
tory. It also finds some use in vinyl plastic formulations. (Zinc
causes polymer degradation.)

IRON FERROCYANIDES (IRON BLUE)

Iron blues are complex ferric ferrocyanides containing an alkali
metal or ammonia Fe(NH,) Fe(CN)s. They can be classified as:

1. Milori - easiest to disperse, least reactive and reddest in
masstone.

2. Chinese - jet and intense in masstone, greenest {n tiat; other
Properties generally intermediate to Milori and Prussian.

3. Prussian ~ jet in masstone, reddest in tint, hardest to dis-
perse, most reactive; commonly referred to as toning blue.

Iron blues are characterized by the following properties:

- Good lightfastness in magsstones and deep tints, slight
bronzing, fade in light tints.

- Vary sensitive to alkali, resistant to acids.
- Non-bleeding

- Yoderate tc hard texture.

- Tendency to absorb moisture.

- Very dark 1a mnasstone, fairly transparent.

SULFIDE AND SELENIDE PIGMENTS

The following are included under this classification:
Cadmium sulfide

L.
2. Cadmium sulfoselenide
3. Cadmium - mercury sulfides
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Cadmium sulfides and sulfoselenides are available as both pure
pigments and as pigments extended with barium sulfate. Extended pro-

ducts are more widely used than pure pigments and are commonly called
cadmium lithopones.

Cadmium sulfides vary in hue from a light primrose yellow to light
orange shade. In the light shade (primrose and lemon), small amounts

of zinc gulfide are present along with the cadmium sulfides. 1In orang:
and redder shade yellows, some selenium is used.

The basic reaction for preparing cadmium yellow lithopone 1s3:

CdS0, + BaS—> CdS + BaS0.

The cadmium sulfate and barium sulfide are coprecipitated to give
cadmium sulfide and barium sulfate. This material 1ls filtered,
calcined in an inert atmosphere, quenched, wet ground, dried, and
pulverized.

In making cadmium red lithopone, metallic selenium 1s dissolved
in the barium sulfide liquor prior to precipitation or is mechanically
mixed with the precipitate prior to calcination. The larger the
quantity of gselenium used, the deeper the shade obtaimed.

Pure cadmium colors are made by reacting cadmium sulfate or
chloride with an alkali metal sulfide or hydrogen sulfide and follow-
ing the same procedure as given above. Again, in the case of the reds
or maroons, metallic selenium 1as either dilssolved in the alkall metal
sulfide prior to precipitation or is mechanically mixed with the pre-
cipitate prior to calcination.

The cadmium colors have the following properties:

Advantages Diasadvantages

Lightfast (fair to excellent) 1 Low strength
Non~bleeding 2. Someuhat difficult to grind
. Heat stable 3. Low color intensity in tints
4
5

WL
- - 4

Resistant to alkalies Decomposed by dilute acids
Susceptible to overgrinding

P These pigments find their broadest application in paints, plascics
and rubber systemc. In automotire paints, cadmium reds and maroons
show a tendency Lo water-apot and have poor gloss retention. In vinyl
gystems, care muct be taken to eliminate lead from the formulations to
prevent the formation of black lead sulfide.
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Historically, there has been a supply problem with cadmium reds
and maroons because of their dependence on the availabiliry of
selenium. It was because of this supply situatiom that Imperial de-
veloped the so-called Mercadium pigments. These products vary in
shade from an orange to a fairly deep maroom. They are considered to
be solid solutions of cadmium and mercury sulfides. Although origil-
nally reported to be fully equal to the cadmium reds, the Mercadiums
have been shown to have poorer lightfastness and poorer reslstance to
water apotting than the cadmiums.

In vinyl, Mercadiums are more intense 1in full shade and offer
better money value than the cadmiums.

OXIDE PIGMENTS

The following synthetic hydrous oxides and oxides are used as
plgments. In the iron oxide category, many natural products (umbers,
siennas) not discussed here, are available.

Yellow hydrated iron oxide
Brown hydrated iron oxide

Red 1iron oxide

Venetian red

Precipitated black iron oxide
Chromium oxide

Hydrated chromium oxide (Guignet's Greeaen)
Red lead

Orange mineral

Cuprous oxide

Mercuric oxide

HOVENOOWLMEWNKH

~

—~

Yellow Hydrated Iron Oxides

These pigments vary in hue from a light lemon yellow shade tc
8 deep orange. Many differant Processes are used in preparing these
plgments although all processes are based on the principle of pre-
cipitating hydrated iron oxide from a ferrous salt by meana of an
alkali, with subsequent oxidation.

The yellow iron oxidesn (Fei 05.H;0) are low in cost, have excellent
opacity, excellent lightfastness, and are not affected by weak acids
or alkalies. They do not Possz88 the strength nor color intensity
associated with the chrome yellows or chrome oranges,
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The yellow iron oxides are used in paints where high baking tem-
peratures are not encountered; however, they have relatively low
initial gloas and poor gloss retention on exposure,

Some use is made of the yellow iron oxides in the plastics and
floor covering industries. Again, because they are hydrated products,

excessive temperatures limit their usage.

2. Brown Hydrated Iromn Oxides

These products are made by precipitating the hydrated oxide
from an iron salt solution and partially oxidizing.

The Pilgments Department has manufactured two praducts which may be
classed as brown hydrated iron oxide. The first of these, Auric Brown,
F-4-P, now obsolete, was a ''special'' 80l1ld principally to the F and
F Department. This was a presscake which was flushed by the customer

to give a relatively transparent red shade brown which can be metal-
lized.

Auric Brown, F-113-D, 18 sold as a dry pigment. Some comparable
competitives include Midaa Gold (available only as a dispersion) and
Refined Gold (available as a dispersion and a mix-in pocwder).
Generally, Auric Brown is considered to be a paint pigment, although
gome use has been made in vinyl floor coverivng. Ordinarily, F-113-D

i3 not recommended for vinyl applicaticns because of the degradative
effect of ironm on the polymer.

3. Red Iron Oxide

The red {ironm oxides are made by calcining copperas
{F<304.7H2Q), precipitated hydrated ferric oxide or precipitated black
iron oxide. They vary in hue trom light red to dark red and are used
in paiats, plastic, and rubber. They have high opacity but are rela-
tively low in chroma and tinting strength. They are much more stable
to heat than yellow iroan uxides and,hence, have wider applications in
pitastic systems.

In paints, they have low initial gloss and poor gloss retention,
They chalk to a considerable extent on exposure.
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4. Venetian Reds

The Venetian Reds are usually calcium sulfate base iron oxide
pigments. They are manufactured by calcining a mixture of iron sulfate
and hydrated calcium oxide which reaults in the eimultaneous formaticn
of red iron oxide and anhydrous calcium sulfate. These pigments vary
from light to dark and are used principally in barm paints.

5. Precipitated Black Iron Oxide

Pure black iron oxide is a precipitated ferro-ferric oxide
(Fe,04). It 1is used primarily im metal protective paints. It pro-
duces tough, non-porous, elastic films of excellent durability. It
can be used in combination with zinc chromate or red lead in long-
life paints suited for the protection of steel sctructures and equip-
nent.

6. Chromium Oxide

Chromium oxide is manufactured by roasting potassium or sodium bichromate
in a kiln with a reducing agent or in a reducins atmosphere. By amalysis, this
product 13 97 to 99.52 Cr,0,.

Chromium oxide is available in only a very limited shade range, has low chroma
and low tinting atrength. It is, however, wery lightfast and heat-stabla and
resists both acids and alkaliesn.

Although its color tends to limit its use, chromium oxide is used in paints
wvhere ultipate durability and not color is the controlling factor. It alsc is
used 1in some printing ink applicatious where lightfastness and alkali resistance
are of prime importance.

Rather wide usage 1s made of Cr30, in rubber because of heat stability (it
stands any type of cure), lightfastness, and the fact that it does not cause
rubber to embrittle. These pigments are also used in plastic systems where high
processing temperatures are encountered.

7. Hydrated Chromium Oxide (Guignet's Green)

This pigment 1is made by calcining a bichromate compound with boric acild
and hydrolyzing the fused maes while it 1s being washed. The reactlons may be
vritten as follows:

2la,Cry0, + 321,B0,™ 2Cr;(Bu0y) s +2Na,B,Qy + 48H,0 + 303
Crz \BuOy); + 20“20 —_-) CIQO\Oli)u + 12!]3503
This pigment 13 more intense than chromium oxide and 1s almost as fast to light.
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B Being a hydrated product, it is not as heat-stable as the chromium oxide. It 1is
alkali resistant but it 1a several times more expensive than the chromium oxide.
Use is limited to certain transparesnt lacquers.

8. Red Lead
Red lead is trilead tetroxide (Pbs0.). Commercial products contain

some litharge \PbO). Comron grades of red 'ead have from 85 to 98X Pb,04.

Red lead is manufactured by heating litharge (Fb0) in a reverberatory furnace
in an oxidizirg atmosphere. The heating time controls the degree of conversion
of Pb0O to Pbs0,.

Use of red lead is confined mainly to protective priming paints. The color
itself is not light stable and on exposure will go to a white or a pink.

The remaining oxides- orange mineral, cuprous oxide, and mercuric oxide - are
of only limited interest. Orange mineral has the same composition as red lead
(Pb30,) but has a higher Pb,0, content tabove 957). Cuprous oxide 13 used in
antifouling marine paints for both steel and wood. It is also used as a
fungicide and in some ceramic applications. Mercuric oxide finds very limited use
in marine paints and then usually in combination with cuprous oxide.

PHOSPHATE AND SILICATE PIGMENTS

1. FPhosphate Pigments
The best known of the phosphate pigments 1s Mineral Violet, which is
also known as manganese violet, Permanent Violet or Nurmberg Viclet. It 1is a
manganese ammonium phosphate having the following formula:
(NHo) 2MnC3(P30;) 4
It 18 used as a toning agent in paint and gome plastic gystems. It 1s
- relativaly hard to disperse, very weak, relatively transparent and Sensitive to

alkalics. ''lonastral'' Violet has displace this pigment to a marked extent.

Ancther phosphate type pigment manufactured and scld by the Pigments
Dapartoent is Film Fortifier, A-133-D, which i3 an iron pyrophosphate. This
material is essentially colorless and in baked alkyd systems shows definite film
fortification. One major disadvantage of A-133-D is that it retards dryicg in

- air-dried systems and 1ls not recommended, therefore, for such applicarions.

2. Silicate Pigments

The only pigment type in the silicate group is ultramarine blue which
i{s manufactured by calcining mixtures of china, clay, silicate, soda ash, sodium
sulfata, sulfur, and a reducing agent, such as wood, charcoal pitch, or rosin in
fire clay crucibles or wmuffles Iin the absence of air. The color is believed to
be dues to sulfur trapped 1o cavities of the alumino-silicate lattice.
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The composition of ultramarine blue pigments 18 as follows:

Percent
S10, 37-50
Al 20y 23-29
Na,0 19-23
S 10-14
Balance 1-2

The ultramarine blues have very high color intemsity and vary from a greenish-
blue (low silicate} to a reddish-blue (high silicate} not mateched with any other
pigment or pignent comvination. They have low opacity and tinting strength, and
are sensitivc to aclds. These products show varying degree of lightfastness,
depending upon the system in which they are used. In paint, they generally show
a distinct fade at low concentrations. In vinyl systems, however, the ultramarine
blues at low concentrations sometipes outperform the phthalocyanines. Because of
their heat atability, they are also used in such plastics as polystyrene, poly-
ethylene, polyesters, and phenolics.

AFFALTRG FLAKE PIGMENTS

Afflair® 1is the trade name applied to a type of colored, nacrcous flake
pigoment . The AfflairO pigments are chemical and heat-resistant, non~bleeding,
non-migrating, noncrocking, and have excellent lightfastnesg. The pigments also
disperse readily in most systems, usually by simple mix-in techniques. The
products are presently offered as a gparkling off-white powder exhibiting
proncunced color effects which are produced by light interference rather than by
the conventional color absorption.

The Afflair® pigments are composed of non-opaque platelets upon both Surfaces

of which 1s coated a thin, adherent, translucent layer of a metal oxide

{titanium dioxlde). Variation in the thickness of this metal oxide coating changes
the optical thickness, thereby changing the interference color ranging from silver
through gold, red, blue to green. This interference color can also be supplemented
with an absorption color. For example, the deposition of chromium or iron with the
titania produces a deep gold pigment. Currently, therz are five colors of

Afflair® pigments being produced: Pearl, Gold, Deep Gold, Green and Blue.

The individual particles of Afflair® are flat platelets with irregularly shaped
peripheries. Thickness of the platelets is in the range of 0.1 to 3 microns, while
the flat surface 18 5 to 40 microns. The most suitable flake substrate i3 water

ground muscovite mica having a specific surface in the range of 2 to 7 square
meters per grac.

The titania coating is applied by adding an acidic Bolution of titania to a

water slurry of mica flakes and boiling this mixture to hydrolyze the titania on
the mica surface. The final product i{s €filtered, washed, and calcined in air at
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950°C. to develop the necessary high refractive index (2.5) and the light stabiliry
of anhydrous titania. The calciped flakes are then air-classifisd into the

desired size fraction. The final products find application in cosmetics, paint,
plastics,and ink systems.

AFFLAIRO MANUFPACTURE

Afflair® manufacture consists of five unit operations including hydrolysis,
filtration, calcination, air classification and blending.

The process 1s a batch operation for the hydrolysis and filtration steps,

continucus for the calcination and air classification steps, and batch for the
product blending step.

All facilities are at Newport, except for the calcination step which is at the
Edge Moor plant.

1. Hydrolysis

The equipment used in the hydrolysis step consists of a titanium sulfate
concentrate (obtained from Glidden/Durkee or HL Industries sulfate T10, process),
sclution storage tank, a mix tank, head or measuring tank, and the hydrolysis tank.
All tanks have been designed to handle sulfuric acid, and are equipped with
heating coils (except the mix tank) and agltators. Centrifugal pumps are used to
transfer solutions from one tank to another.

HBydrolysis i3 generally carried out by adding mica to water in the hydrolysis
tank and bringing the vessel to a prescribed temperature. Only water-ground mica
has been used in Afflalir® manufacture.

A measured volume of titanium concentrate 1s pumped to the head tank and
brought to a specified temperature. The atrike 1is made by adding the concentrate

to the agitated mica slurry and immediately hcating the golution to the boil at a
fixed rate.

The hydrolyeils slurry is held for thrae hours and then quenched to 60°C by the
rapid addition of cold water.

2. Filcration

Two wood presses fed by one of the transfer centrifugal pumps via plastic
(acld proof) pipe, and a facility to charge 55-gal. drums with water-washed
presscake comprise the filtration Zacilities.

The cool hydrolysis slurry 1is transferred to the two presses in approximately
three hours. UWo filtration problems are encountered, and the filled presses are
washed with cold water to a prescribed level of conductivity in the filcrace.
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o The presses are air blown to reduce the moisture content. The discharged
presscake ranges from 55 to 65% solids when properly pressed and air blown.

The presscake is charged to 55-gal. drums and shipped to Edge Hoor for
calcination. If improper pressing and air blowing occur, free water is noted in
the drum at Edge lloor and affects that operation .

3. Calcination

The calcination equipment consists of a presscake feed station, the kiln

and a hot kiln discharpge station. The auxiliary equipment includes a stack
recycle system (to minimize losses and avoid air pollution).

Presscake 1is fed to the kiln at the rate of 140 1lbs/15 min. interval. The
kilo temperature is adjusted by inspection of product samples against standard.
The normal calcination temperature is 950°C.

4. Adr Classification

The classification equipment consigts of a feed hopper tec the mikro-

pulverizer, a ''hurricane'' air classifier, an air cyclone and finally a Pulse-aire
bag fi{lter unit.

Three principal products are obtained. The ''21l3'', the coarse product from
the ''Hurricane''; the ''l11s'', the eoarse product from the air cyclone; and the
'T31s'', the dust from the air filter wnit. The ''21s'' are normally recycled
through the mikropulverizer and the cthree fractions are then called ''263'’,
'"168'", and ''36s'', respectively.

All of the above fractlons are drumped out in fiber drums (approximately 10T 1lhz.
net; and identified.

5. Dlending

The bLlending facility consists of a Patterson double cone blender with
loading and unloading facillities aud a drumout atacion with scales.

Lots are blended by dividing the various numbered classified drums into groups
up to 2400 lbs. The couposition 13 predetermined by laboratory testing using a
plant standard for each grade.

The lots produced are identified by date, Afflair® type, lot number and parc
number (first, gecond, third blend}.
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: Pregsent commercial grades of Afflair® are:
NF-103 Gold NF-144 Coating Gold
. 104 Pearl 145 Green
A 108 Pearl 146 Autopearl
: 109 Pearl 148 Autogold
134 Pearl 149 Blue
135 Satin 152 Flash
137 Pearl 154 Pearl
13§ Pearl 155 Satin
139 Gold 157 Ultraluster Deep Gold
140 Deep Gold 158 Ultra Hi-Luster Satin
142 Glimmer
143 Coating Pearl
Grades formerly made and/or not commercial at present includa:
N 1. NF-135-D, Deep Gold
2. WF-106-D, Large Flake
3. W7Z-113-D, Automotive Gold
4., NF-123-D, Satin
5. NF-128-D, Dark Gold Autowmotive
- 6. NF-129-D, Silver Automotive
4 7. WF-132-D, Gold Automotive
: 8. NF-133-D, Deep Gold (lleavy Metal-Free)
9. NF-156-D, Glimmer

wC 7,4 Zz‘j + .54,

70T 56,7 <4Y Tam 7 R ekl Ty,
A8y
B & e S/~ SRS
&, {/50 ﬁ,_) S 6}//[ A7
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KROLOR® PIGIENTIS

Krolox® is the trade name applied to a group of lead chromate pigments that
have been ccated with an inert skin which imparts greater chemical resistance,
heat stabiliry, and lightfastness to the lead chromate. Specifically, the
coating i3 primarily silica, applied by adding to a water slurry of the pigment, a
dilute solution of sodium silicate and sulfuric acid. The addition 18 carried out
over a prolonged period of time at elevated temperatures (S0°C) and under alkaline
conditions. To develop the best pigment properties, the starting pigment must be
wvell dispersed. This 1is achieved by passing the slurry through a homngenizer.

However, at prasent it appears that 20% silica is needed for multi-purpose
Krolor® codes (plastics and automotive finishes) with the exception of K0-786-D
which contains 16% silica. Listed below are the current Krolor® codes and
pertinent information concerning manufacture.

Base* Krolor® Code Color SAA % Silica End Use

Y-434-D KY-781-D Light Yellow - 20 Plastics

(YC-3) )

Y-434-D KY-788-D Light Yellow 107 Casx 13 Plastics, alkyd

(YC-3) finishes

Y-469-D KY-795-D Medium Yellow 17 Emery- 20 Automotive finishes

(¥C-2) Igepal

Y-469-D KY-787-D lledium Yellow 107 CaSx 20 Alkyd finishes

(YC-2) plastics

YE-338~D KO~777-D Red~shade - 5 Plastics
Molybdate Orange

YE-698-D KO-786-D Red-shade - 16 Plastics, automotive
Molybdate and alkyd finishesn
Orange

YE-421-D KO-789-D Yellow-shade 1% Emery- 20 Plastics, automotive

{YC-1) tiolybdate Igepal and alkyd finishes
Orange

Rad #¥No surfactant on base - given YC code No.

The first two codes developed (KY-781-D and KO-777-D) were strictly plastics
codes. Extension of the line to all colors including primrose is now complete
and Krolor® is used in alkyd and autorotive finishes as well as plastics. It
affords better chemical resistance than the base and gloss levels are very close
to those of the base at the same P/3. KO-786-D, KO-789-D, and KY-795~D are the
primary automotive codes and are ''humidity resistant''.

LPH 0072475

DUP110049599
CONFIDENTIAL



CONFIDENTIAL

N SECTION 22A
' Page 10

The above mentioned Krolor® codes are used in high temperature plastics
(polystyrene, polyethylene, etc.) where they undergo considerably less darkening
than the conventional chrome yellow and molybdate orange pigments when processed
over the temperature range 400-600°F. All products achieve excellent heat
Stability even when subjected to abrasive action while in a dry state such as may
be experienced during long, dry bleading cycles.

RROLCR® LANUFACTURE

Krolor€ manufacture involves several batch operations including the dispersion
of an aqueous slurry of the substrate (chrome yellow or molybdate orange),
deposition of a silica coating, filtration, drying, pulverization and blending, if
needad. All of the facilities are located at the Newark Plant.

1. Dispersion

Dispersion of the starting pigment, prior to silica cocating, is
accomplished by homogenization. In each case, the starting pigment is slurried
ir water and a small amount of sodium silicate added to aid dispersion. The
slurry is then pumped through a Manton-Gaulin homogenizer, first at a 2000 psi
pressure drop and then a 5000 psi pressure drop into the sctrike var.

=, 2. Coating

After heating the homogenized slurry to 95°C., the silica coating is
deposited by simultaneously adding (two metering pumps with a single motor are
used) dilute sodium silicate solution and dilute H2SOs solution over a four hour
period. Following the silica addition, there is a pH adjustment and, for some
products, a surfactant treatrent.

3. Fileration, Washing, and Drying

Following coating, the slurry 1is pumped into a plate and frame filter
press and then washed to 2000 or mors ohms. The presscake is loaded onto dryer
pans and dried (roughly 16 hrs.) in a forced ailr dryer at 220°F.

4. Pulvarization

Afrer drying, the products are mikropulverized at high spead (3555 rpm)
using standard hammer mills. 1In each case, the product is packed out in 50 1b.
bags.

gy
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ORGANIC PIGMENTS

The large, diverse group of orpanic pigments may be c¢lassified into two large
classes, namely, the azo and non-azo pigments. Representative plgment types in

each of these classes, with appropriate subdivisions, are described. It is not
intended that the listing be complete.

AZO ORGANIC PIGMENTS

The azo compounds have contributed more products to the pigment industry than
any other chemical type, due in large part to the diversity of the chemical raw
materials which can be utilized, the sirplicity and flexibility of manufacture,
and low cost. These considerations permit the preparation of products of varied
type and color, with a variety of chemical and physical properties which extend their
use into practically all areas of pigment application.

Azos are formed by the successive chemical processes of diazotization and
coupling. A primary aromatic amine, usually referred to as the first component,
18 dissolved or suspended in a dilute mineral acid and sodium nitrite is added
whereby the nitrous acid formed reacts .diazotization) with the amine to give the
diazonium salt. The reaction 18 usually run at low temperatures. The coupling
is effected by reacting a sclution or suspension of the second corponent directly
with the diazonium salt without isolating the latter. Second components include
such chemical types as f-naphthol, arylides (arylamides) of 3-hydroxy-2Z-naphthoic
acid (also referred to as bhet=-hvdroxynaphthoic acid or BON), arylides of
acetoacetic acid, and pyrazolone derivatives. The specific conditions of
temperature, ph, rates of addition, presence of auxiliary agents, and even

agitation, can appreciably cffect the tinctorial and other pigmentary properties
of the product.

The series of reactions to form an azo compound can be represented as followus
using aniline as the first component and 2-naphthol as the second component.

LPH 0072477
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|
+ -
WHa NH,;Cl
\
+ ECl-—-—-—-——7
aniline hydrochloride
NalO, + Ec1———————> HONO +  NaCl
nitrous acid
- + -
NHSCL _Hacl

+ HONO —————) + 2H,0

benzene diazonium chloride

| il g g = n oc
O RO-C G g
2 i
.. ' N ==

-naphthol
azo compound

Controversy still surrounds the structure of the azo coupling product shown
above. Recent evidence supports the keto hydrazone structure, particularly in the
30lid state. Azo pigoments contailn one (monvaze) or two (disazo) chromophore groups
and are suhdivided for convenience into two types, viz., ordinary pigments and the
precipitated azo pigments. The former include those products which are insoluble in
the aqueous reaction medium directly on formation, and hence require noc metal or
other means to effect preclpitation. The precipitated azo pigments include thoge
products which contain salt forming groups, principally sulfonic acid or carboxylic
2cid, which are precipitated by being rendered insoluble by the use of metal salts.
The salts most commonly used include those of calcium, barium, strontium, and
zanganese.
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04 The generalized properties which characterize each of these two types of azo
- plgoents are as follows:
Pigment es Precipitated Azos
1. Sowe solubility in organic 1. Good to excellent bleed
3 solvents and vehicles. Poor rtesigtance.
) bleed rasistance.
2. Good acid and alkall 2. Poor acid and alkali resistance.
resistance.
3. Good lipghtfastness in deeper 3, Pair to very pood lightfastness
shades. Poor tint lightfastness. in deeper shades. Poor tint

lightfastness.

Included {n the category of pigment dyes are such products as toluidine red,
the para reds, arylide reds and maroons, and the Hansa and benzidime yellows.

Ancng the precipitated pigments are lithol red, lithol maroon, lithol rubipe, lake
red C, pigment acarlet, and azo bordeaux.

REPRESENTATIVE AZO PIGMENTS BY COLOR GROUPS

1. Azo Yellows

Reference to azo yellows i3 a misnomer since recent evidence supports
hydrazone rather than azo structures for these pigments. Bowever, the designation
"'azo'' for pigments of this and similar types is associated with a long tradition
and will be continued {in this manual.

a. Toluidine Yellows*

Two important yellow pigments are the Toluidine yellows and the
benzidine yellows, the former being monoazo pigments and the latter disazos. The
—following is a repregentative Toluidine yellow.

CHa
*Frequently referred to as ''Hansa'' Yellows
LPH 0072479
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The Toluidine yellows have been prepared in red to green ghades and some of

the nore commercially important are formed by the couplings shown below, in the
order of increasing greenness:

Toluidine Yellow

R 2,5-dichloroaniline J-methyl-l-phenyl-5-
pyrazolone
GR 4-chloro-2-nitroaniline acetoacet-mxylidide
G 2-nitro-p-toluidine acetoacetanilide
3G 4-chloro-2-nitroanilire acetoacetanillde
5G 2-nitroaniline acetoacetanilide
106 4-chloro-2-nitroaniline o=-chloroacetoacetanilide

The Toluidine yellouws are bright pigments with high tinting strength, which show
good lightfastness in dark shades (masstome) but poor tint lightfastness.
Toluidine Yellow G is particularly lightfast in masstone. They are relatively
transparent (semi-opaque) and, therefore, find little use vhere opacity.or high
hiding power is required. Although they bleed in vost paint solvents, they show
good chemical resistance to alkali and acid. The Toluidines are relatively
sensitive to heat and show high oil abgsorption. The tinctorial strength of the
Toluidine Yellows is less than that of the benzidine yellows but greater than the
inorganic chrome yellows. The latter, however, exhibit greater hiding power. The
Toluidine yellows find extensive use in emulsion paints, paper coating compositions,
lincleum and in toy enamels where non-toxic, lead-free pigments must be used.

b. Dalamar® Azo Yellows

The coupling product derived from diazotized 2-amino-5-nitrcaniscle and
acetoacet-o-anisidide 18 a greenish shade yellow of relatively poor tinc light-
fastness but high extinction coefficient, being almost twice the strength of
ordinary monocazo pigments of equal particle size.
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On deliberate growing of very swmall particle size pigment to an average
particle size (calc. from specific surface) of about 0.4un, a redder, substantlally
weaker but more opaque yellow pigment is obtained which shous excellent outdoor
durability in aquecus emulsion paints and alkyd trim systema. Like most monoazo
pigments it shows relatively poor bleed resistance.

2:

A still redder shade yellow which is a considerably weaker pigment at cowparable
particle size 1s an isomer of the following structure.

OCH,

WO

OCH,

This pigment also finds application in aqueous enulsion paints.
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C. Benzidine Yellows

The formula for a typical benzidine yellow is as follows:

Cl
Cl = C - CH

CHy - C = 0O 0 ? CEs

| H B -

f = 4 - W B-N= T

C = 0 0= f

| 0

- W oo u H-N CH,
CHy Cl,

Benzidine Yellow GR

The same chemistry 1s involved as with the Toluldine yellows except that the
first cowponent amine, benzidine or a benzidine derivative, has two awmino groups,
each of which is diazotized to give the diazonium salt grouping, the resulting
compound being referred to as a tetrazonium salt. The latter then couples with two
molecules of the sacoud component to give the disazo benzidine yellow.

Some typilcal benzidine yellow couplings are as follows:

1st Compounent 2nd Comporent®
3,3'~dichlorobenzidine acetoacetanilide
3,3'-dichlorobenzidine acetoacet-mrxylidide
3,3'=dichlorobenzidine acetoacet-o~toluidide
3,3'-dichlorobenzidine acetoacet~o~anisidide

‘Two moles used

Other first component amines which are eoployed in benzidine yellow
manufacture include dlanisidine and toluidine.

Generally, the bright benzidine yellows offer greater tinctorial strength than
do the Toluidine yellows, in addition to superior bleed and heat resistance. They
exhibit minimum bleeé in alcohol, water, and paraffin wax., They are generally
inferior in lightfastneas to the Toluidine yellows though they show good light-
fastness in dark shades, but poor tint lightfastness. They exiilbit good chemical
and bake resistance, but also low hiding and high oLl absorption, when the pigments
are optimized for strength by virtue of amall particle size.

D. HNickel Azo Yellow (''Green-Gold'')

This greenish-yellow, chelata2d nickel azo pigment of relatively recent

LPH 0072482
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development i3 superior in permanence to any other azo yellow pigment, cffering

excellent lightfastness in masstone idark shades), tint and metallic formulations,
together with good bake resistance. This pigment shows lightfastneas in tints up
to the phthalocyanine pigment standards. The product is the nickel chelate of the

azo dye derived from the coupling of diaszotized p-chloroaniline aud 2,4~dihydroxy-
quinoline.

Cl

Nickel Azo Yellow

The nickel in this compound forms coordinate bonds with the azo nitrogens of two
ligand molecules. Although good in chemical resistance, it 1is eubject to
dematallization under highly acid or alkaline conditions resulting in cclor drife,
poorer lightfastneas, and solvent-bleced. The pigrent shows excellent transparency,

which together with its superior durability has reaulted in ita wide acceptance by
the automotive finishes industry.

2. Azo Oranges

a. Azo Orange

CE
? el
)
CEi,-C\ ‘_fc
i
|
. v k&
hi
02
0CH,
Azo Orange LPH 0072483
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Azo orange (Orange 3G) i1s an intense, high strength color of good lightfast-—
nea® in dark shades and good chemical resistance. When prepared in small particle

siza, 1t 1s low in hiding power and shows poor tint lightfastness. The pigment
shows poor bleed-resistance, and 138 sensitive to heat.

b. Dinitrundline Orange

NO, HO

O

Dinitraniline Orange

Dinitraniline orange is prepared by coupling diazotized 2,4-dinitroaniline
with B-naphthol. It 1s a bright, high strength pigment, superior in the latter
respect to the inorganic molybdate orange which it approximates in masstone shade.
It 1s low in hiding and shows good lightfastness in dark shades but poor tint

lizhcfastness. Although good in chemical resistance, it has poor dleed resistance
and only fair bake regiscance.

¢c. Benzidine Oranrse

Benzidine orange is a disazo pigment prepared by coupling tetrazotized
3,3"~dichlorobenzidine with two woles of l-phenyl-3-methyl-5-pyrazolone.

(o

c1
CHy =~ C = C = N~ N N-N=C-C- CH
[ H R ool
N C=0 o=c N
\/ N/
3 N

Benzidine Orange
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When prepared in small particle size, it is a bright, intemse color of high
atrength with good lightfastness in dark shades but poor tint lightfastness. It
has good bake and chemical resistance, but is low in hiding, and shows only fair
bleed resistance.

d. Benzimidazolone Orange HL

Azo pigments of much improved »leed resistance and lightfastness
properties are derived from acetoacetarvlides, which are in tumm synthesized
from 5-aminobenzimidazolone. - Qvacge HL {8 an orange of the following structure:

3. Azo Reds and Maroons

a. Toluidine Reds
Toluidine red prepared from diazotized 2-nitro-4-methyl aniline coupled
to B—naphthol 1is one of the wost popular red pilgments for industrial enamels. This
high color intensity azo pigment shovs axcallent masstcne (dark shades) lightfastness
but poor tint lightfastness. It exhibits good bake and chemical resistance and
good hiding power, but shows poor bleed resistance in many solvents. It produces
enamels of excellent film durabilicy. Toluldine reds of several different shades

LPH 0072485
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&l are available. Although widely used, toluidine red is being displaced by other,
more bleed-froe reds.
NO: 1O,
CB, N -
b. Para Red Toluidine Red
_/J Para Red 1s a low cost, bright red offering gcod hiding and chemical
o resistance. Lightfastness, especially in tintg, is poor, as 1is the bleed and bake
‘ resistance. The para reds are darker and bluer than the toluildine reds, and are
. less lightfast. They are made by coupling diazotized 4-nitroaniline with P-naphthol.
s
N HO
-4
NO, N = N
1wo types of para red are in use, the lighter and yellower para Y, and the darker
and bluer para B. The latter is obtained by substituting a portion of the
3-naphthol with an accessory agent. The prior usage of the para reds is in
industrial finishes, but their overall use {s limited by their poor bLleed
resistance.
!

c. Chloripated Tara Reds

There are two different chemical types of chlorinated para red, one
prepared by the coupling of diazotized 2-chloro-4-nitroaniline with B-naphthol and
the second which uses the 4-chloro-l-nitroaniline as the first cowmponent and which
i3 shown below.

LPH 00724856
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Cl— N =

Parachlor Red

The chlorinated para reds are bright, very light yellowlsh reds, alwost orange,
plgments. The parachlor red 13 significantly superior in both tint and masstone
lightfastneas to the 2-chloro-4-nitroaniline product, being excellent in dark to
medium shades and good in light shades. It is more transparent than the 2-chloro
isomer which shows good hiding. These properties vary as a function of particle
size. Both isomers exhibit poor bleed and bake resistance. Parachlor red has good
cherical resistance and 1is probably one of the most lightfast azo pigments.

d. Lithol Reds

The lithol reds (Lithol Red R) are among the more important of the
precipitated azo pigment dyes. They comprise a family of the metal salts (sodium,
barium, calcium, strontium) of the coupling product from diazotized Tobias acid
(2-naphthylanine~l-sulfonic acid) and B-naphthol. Bright reds of increasingly
darker shades are obtained by using the metals in the order shown above, the barium
and calciun being the most popular. The barium pigment 1is shown below.

— —

SO, H

The lithol reds are used widely where brightness, hiding power, bleed
resistance, and low cost are of primary importance. They are generally poor in
lightfastness and are not satisfactory for outdoor use. As typical precipitacted
azo dyes, they show poor chemical resistance. Bake resistance 1s also poor.

LPH 0072487
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gt The lithol reds are the most economical of the organic red and maroon pilgments
. and find wide application where good durability is not required.

e. BON Reds and Maroons

The BON red and maroons derive their name from the use of beta-
hydroxynaphthoic acid (BON) as the second component in the coupling of the various
diazotized amines containing salt forming groups. Insolubilization is obtained by

the use of such metal ions as calcium, barium, or manganese to give pigments varying
from a toluidine red shade to a dark maroon.

i. Lithol Rubine is the calcium salt of diazotized 4-aminotoluene~3-
sulfonic acid coupled to beta-hydroxynaphthoic acid. It is a dark red and 1s usually
resinated to enhance the brilliance and depth of color. Lithol rubine shows good
bleed and bake resistance but poor alkali and soap resistance. Although 1t has
relatively poor lightfastness, it produces in blends with molybdate orange a wide
range of bright shades suitable for interior industrial enamels. As a self-color,
it is used where a high degree of exterior durability is not required.

8
HO CJ0

O

i1. Permanent Red 2B

The calcium, strontium or barium precipitated salts of the coupling
product froo diazotized 2-chloro~4~aminotoluene-5-sulfonic acid with beta-hydroxy-
naphthoic acid are bright pigments which exhibit excellent bleed and bake
resistance, but which are poor in chemical resistance and in lightfastness.

The manganese salt (manganese BON red) has significantly better masstone
lightfastness and 13 used in automotive and other high quality industrial enamels
where durability is a prime consideration. It exhibits good bleed resistance but
only fair bake resistance. Poor lightfastness and chemical resistance 1is obtained

in tints. The manranese BUN reds can be blended with rclybdate orznge to give a
wide hue range of intense, durable reds.
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114, Yellow BOM Maroon

The manganese salt of the coupling product from diazotized
4-chloroanthranilic acid with beta-hydroxynaphthoic acid gives a lightfast yellow-
shade maroon with superior solvent-bleed-resistance suitable for automotive use or
other outdocz finishes. It shows a tendency to change color on baking.

- -

iv. Lithol Red 2G 13 prepared from the coupling of diazordized
2-chloro-5-aninotoluene-4-sul fonic acid with beta-hydroxynaphtheic acid as the
second component.

LPH 0072489
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Cl,

It is a color of considerable brightness, and is used principally in blending
with the inorganic molybdate orange to produce durable red pigments. In this
application, it shows fair lightfastness, although tint liphtfastness generally is
poor. Solvent-bleed-resistance 1s good but chemical resistance, as would be

expected of a precipitated azo dye, 18 poor. The lithol red 2G shows only fair bake
resistance even in molybdate orange blends.

f. Pyrazolone Red

The pyrazolone reds are disazo pigments which offer hipgh color brilliance,
excellent masstone lightfastness, high transparency aad good bleed, bake, and
chemical resistance. They are relatively high in cost, and have poor lightfastness
in tint and metallic formulations. A major use is in bicycle and motorcycle

finishes.
Ccl Cl
H,C,OOC\ /QOOC,H5
C-C=1l~-N N-l=¢C-C
o B 2 [
N C=20 0=C N
\/ \/
N N

g. Arylide and Alkali-Resistant Red and Maroon

These monoazo pigments which cover a wide range of colors from light reds
to dark waroons are charactarized by excellent chemical resistance and good bake

LpH 0072490
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neu resistance. They exhibit low hi:ding, poor lightfastness especially in tints, and
poor bleed resistance. Properties of individual pigments depend on the nature and

position of substituents both in the starting amine and amide as well as on
particle size of the pigment.

I
N0z g <! - m@
CI@N - »‘ CHa0

Arylide Maroon

A relatively new maroon product (Newport Maroon) which shows very good masstone
outdoor durability is based on the copper salt of the coupling product from
diazotized 4-nitroanthranilic acid with Naphthanil RL as the second component.

col I .
HO - §H s
@ ) ) cu”
O
— Newport taroon .42

\

It has been used in automotive wetallic enamels becamse of its high transparency,
excellent bleed and heat resistance, and very good gloss retention on ocutdoor
exposure.
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h. Condensation Azo Reds

Disazo pigments which are not derived from coupling tetrazotized diamines
with second components but are obtained by the route outlined below for the
preparation of Cromophthal Red BR, are referred to as condensation azo pigments.

‘/\/ a
@)
ey
N
2 N
1 OH
OH  sOCl,
- Q0L 00 ==
C1 COOH COoR

o
Qor, - O —

H
NHa
c1
Q. .
]

. )

P{ e
OH c1 ()
@ - —C

& g H
o (6]
RED BR

A typical condensation azo pigment such as Red BR shows excellent bleed
resistance, cousiderable strength and good outdoor durability, particularly in
plastic systems,

A series of condensation azo pigments are known both in the red and yellow
color range. A typical yellow pigment of similar properties 1s Cromophthal Yellow

3c.
LPH 0072492
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CHs

Yellow 3G
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NON-AZO ORGANIC PIGMENTS

2oy ’ PIGMENT LAKES

In addition to the use of the term ''lake'' to describe a dry toner pigment
extended or reduced with a solid diluent, the term is also used in a more
restricted sense to describe an organic pigmentc which is prepared by the
precipitation of a water-soluble dye on an adsorptive surface, usually an Inorganic
compound such as alumina hydrate. There ia uncertainty in gome instances as to
whether the soluble dye 13 precipitated on the surface of the inorganicz compound
to give a ''dyed inorganic pigment'' or whether it is merely precipitated in its
presence, the substrate serving no function in the insolubilization. A ''lake''’
can also be formed by the precipitation of an insoluble salt from an acid or
basic dyestuff. Lakes from acid dyes are usually precipitated using the soluble
salts of the alkaline earth metals such as barium or calcium, whereas the basic
dyes are ''laked'' by precipitation with the soluble salts of organic acids such as
tannic, or with an inorganic acid auch as phosphotungstic. Hordant dyes such as
alizarin are ''laked’'' by precipitation with tha soluble salts of metals such as
aiuminum.

1. Acid Dye Pigment Lakes

Acid dye pigments are based on sulfonic acid derivatives of the basic dyes.
The most common adsorbing gubatrate is aluminum hydrate, by which they are
rendered insoluble. i

The acid dye pigment lakes are used principally 1in ink and papar applications
and generally show the following properties:

1. High strength, intansity

2. Poor light stability

3. Comparatively poor textura

4. Tendency to react with vehiclas
5. Poor bleed rasistanca

Typical dyes which can be rendered adequataly insoluble with alumina hydrate
to give a pigment are given below:
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Azo Bordeaux
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COoB HO
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Y S0,8
Pigment Scarlet

S0sH

Orange 2
HO0, -E"N‘C C - COOH
C N
Y
o/
Tartrazine S
SO0sH

The lakes are generally prapared by adding a solution of the dissolved dye to
a suspeuasion of alumina hydrate, followed by precipitation with a metal salc
solution such as barium chloride. -

o Peacock blue 18 the principal blue lake for printing ink use where light-
fastness and bleed resistan.e are unimportant.
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e 2. 3asic Dye Pigments

Basic dyes are characterized chemically by the presence of free or
substituted amino groups in the molecule. A basic dye pigment 1is the
precipitated product of the reaction between a basic dye and complex inorganic
heteropoly acids to give the ''permanent'' type of basic dye pigment on the one
hand, and with precipitants such as tannic acid, tartar emetic, clay, and fatty
acid or rosin soapas to give the non-permanent or fugitive type, on the other.

The basic dyes generally are characterized by brilliance of shade, high
tinctorial strength and a relatively low level of lightfastness. The latter is
caterially ioproved by precipitation with complex phosphorous-metal acids to give
pigments of interest primarily for printing inks. Acids such as phosphotungstic
(PTA), phosphomolybdic (PMA), and phosphotungstomolybdic (PTMA) are used as
precipitants whereby nuch of the inherent brilliance and strength of the basic dye
is retained while lmparting insolubility and good lightfastness. Generally, the
PTA pigments are superior in lightfastness to the PMA's, although the latter show
greater strength.

The basic dye pigment lakes are used principally in ink, paper, paint, and
plastics applications and generally show the following properties:
1. High strength, intemsity, transpareancy.
2. High cost.
3. Cowparatively poor light stability, except Rhodamine Y and B, which are
. good 1in masstone but poor in tiat.
4. Tendency to bleed in water and solvents.
5. Alkali-sensitivicy.
0. Subject to reduction in certain vehicles such as nitrocellulose.
7. Comparatively poor texture.

Representative basic dyes used in the pigment industry arxe given below:

CHEMICAL CLASS DYE FORMULA

Ketoninine Auramine O (CHs) 3 (CHs)a

o NH. HC1
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CHEMICAL CLASS DYE . FORMULA ‘\\

oy ———

Triarylomethane talachite Green —-——-...} (/’ N(CHs)
Brilliant Green
Rhoduline Blue 6G
(Setoglaucine) ¢

) tlechyl Violet B
. Victoria Blue B

Victoria Pure L
Blue BO
Crystal Violet
L\\‘ @ (CBa) 2 ‘-//
(o]
Xanthene Rhodamine 6G CaHsN v - NECall,
I \ CH!
: " HsC c _
COOC, iy C1

g

(EHI S R
Thiazine Thioflavine T N ;
G N(CHs)a

4

‘Q

|
.
|

\\‘— CHs —/J

a. Alizarine Red B or madder lake 13 a coordination complex of alizarin
with alumina and calcium plus a sulfonated castor oil and a phosphate. It i3 a
bright, deep, bluish-red of fair lightfastness.

3. Alizarine Lakes

H
OH

(:::) Al Ca Laka
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b. Helio Fast Rubine 4BL, a sulfonated quinizarin derivative, finds use in the
1 shading of pigments for organic coatings. It is a bright, transparent color with
’ good bleed and chemical resistance but with poor tint lightfastness and bake
rosistance at high temperatures. The lake is formed by the weaction of the dye
with alumina hydrate, probably giving rise to chelate formatliou. The base
material has the following structure:

Lelio Fast Rubine 4BL

LPH 0072499
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. PETHALOCYANWINES
-

The introduction of the phthalocyanine pigments in 1935 set new standards of
excellence in the pigment-consuming industries. They come close to the ideal
plgoment, being distinguished by their excellent lightfastness, brilliance, bleed
and cheulcal resistance, extreme stability to heat, and exceptionally high tinting

strength. The phthalocyanine pigments are restricted to the blue and green
regions of the spectrum.

Phthalocyanine pigments are prepared as metal complexes (usually copper) or as
metal-free varletics. The metal-free blue 1s much greener, and the petal-free
graen i3 much yellower than their copper-complexed counterparts; the copper
phthalocyanines are significantly more lightfast than the metal-free counterparts.

Complexing of the phthalocyanine with metals other than copper (e.g., nickel,
iron, aluminum, etc.) also influences the hue, color intensity, and strength of

the pigment. The copper complex appeara to offer an optimum combination of these
properties.

The structure of copper phthalocyanine blue (CPC blue) is showm below:

— ! N
Q\\:i? \\Ejii::ﬁ Mol. We. = 576.082

The outctanding fastness and chemical stability of this pigment i1s attributed
to the symmetry of the molecule, the aromatic character of the macro ring systenm
and the ability of the copper atom to promote electrons into the 4p orbitals.

LPH 0072500
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e The blue pimgnet was shown to exist in two major crystal modifications: the
alpha phase, a red-shade blue, and the beta phase, a green-shade blue, the more
stable of the two. An unstabilized alpha crystal cam be converted to the beta
form simply by heating to about 400°F or by exposure to an aromatic solvent.
Furthermore, the unstabilized alpha phase blue is subject to crystal growth in
golvants {(particularly aromatic solvents). Swmall size beta can also grow in
solvents.

One method of stabilizing the alpha phase blue to crystal growth is by
replacing one or less than one (statistically) of the nuclear hydrogens with
chlorine whereby some change in hue 1s obtained.

Yore complate chlorination (i.e., fourteen to sixteen atoms per molecule)
results ir the conventional polychloro copper phthalocyanine green pigment.
Other halogens (e.g., bromine) can be partially substituted to obtain ouch yellower
copper polybromo-chloro-phthalocyanine greens. The degree of bromlnaticn of some
commercial types varies from four to twelve bromine atoms, the shade becoming
yellower with increasing bromine content. The products show performance
characteristics similar to those of the polychlore green except for lower tinting
strength.

Licensed by Imperial Chemical Induseries Ltd., DuPont piloneared the commercial
davelopment of the phthalocyanine pigments in this country. Permission for DuPont
to use the nama ''lionastral'' {in the U.S.A. only) was included in the license
agreement.

The name ''Monastral'' is the trademark of a lightfast pigment, not
necessarily based on phthaloeyanine. For its export markets, however, DuPont uses
the name ''Cinquasia'’ for 1its quinacridone line of lightfast pigments.

The specific phthalocyantue pigment types manufactured at Newport are as
follows: (1) chlorine~free CPC in two crystal phase forms, viz., alpha-phase
(red-shade blue) and beta-phase (green-shade blue), \2) a so-called, semi-chlor
with an average chlorine content \ring-subsatituted) of about four perceat by
welght, and \3) a modified semi-chlor containing ring-substituted sulfonic acid
groups to the extent of about 0.4 welght percent as sulfur.

CPC i3 synthesized from phthalic anhydride, urea, and a source of copper lomns
in the presence of ammonium molybdate catalyst and a diluent such as kerosens.

Oy =

LPH 0072501

0

+ 12 NH~C~0Ha  {(NHa) 2MoO., 4
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‘'tlonastral'' Greeu 1s polychloro CPC wherein almost corplete (approx.
et 14.5-15.5 Cl) substitution of chlorine has been realized on the sixteen available
ring positions.

' 'Monastral'' Creen Y {3 a polybromo-polychloro CPC which is a very yellow
shade of green as compared to polychloro CPC.

Some of the basic pipments described above receive various finishing treatments
at Newark to achieve their full pigmentary potential and to improve their utility
in the various end-use systeums.

The phthalacyanines must be ''tailor-made’' to meet the various end-use
applications and this accounts for the proliferation of chemical types and pigment
codes.

PETHALOCYANIUE NOMEINCLATURE KEY
(as used in the Pigments Dept.)

First 2 or 3 letters - the first letter indicates whether a blue (B) or a greem (G).

New

Blua BR - Chlorine-free a CPC.

Blue DB - Semichloro CPC

Blue BG - Chlorine-free 8 CPC

Blue B3F- Semichloro, partially sulfonated CPC
CPC AF - Antiflocculant

Green G - PolychloroCPC from sulfur dichloride halogenation
Green GE- PolychloroCPC fronm eutactic halogenation
Green GY- PolybromochloroCrC from eutectic halogenation

Third letter* - indicates size reduction method, or crude, except for the N
designation.

U - crude

S - solvent-milled

X - solvent-breached

A = acid-swelled

D -~ disperaion-milled

Z - pre-nilled crude

i{ - crystal-phase unstable
HF- non~floecculating

* 4th letter in the case of BBF

LPH 0072502
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BASIC PHTHALOCYANINE PROCESSES

1. Basic Product: CPC Blue B (BBS)
Description: A crystal-stable alpha-phase CPC

A crystal-stable alpha-phase CPC containing about 4% chlorine and
particle-~size-reduced by solvent milling or HT drowning.

Process (Solvent Milling)

Phthalic anhydride, water and caustic soda are reacted to form disodium
phthalata. Chlorine is sparged in to give the 4-chloro derivative, mineral acid
is added to give the sodium hydrogen 4-chlorophtholate (4-CPA) which is ealted out
with sodium chloride, and filtered to remove much of the water. The 4-CPA
presscake 1s then reacted in kerosene at 200°C along with phthalic anhydride, urea,
copper chloride and ammonium molybdate catalyst. After synthesis, 982 sulfuric
acid i3 added to the reaction mass to form CPC sulfate which settlea quickly and
allows the removal of most of the kerosene by decantation. The CPC sulfate is
hydrolyzed to CPC in the desired alpha-phase by adding water and caustic soda.
Filtraticn and tray drying complete the 1solation of the CEC crude from the
kercsene. The dry crude is premilled and acetone milled and thea acetora 18 then
removed by distillation. The pigment receives a dilute sulfuric acid extraction,
filtrarion and press wash before being converted to the finished products.

Pracess (HT Drowning)

Pigment 1s syntheslzed exactly as described above using keroseme as a
diluent. The Blue B pigment in the kerosene slurry is ''acid flushed'' into
concentrated sulfuric acid containing 0.4% stearic acid (bssed on weight of
pigment) for foam control and ease of kerosene separation. The sulfuric acid
solution of CPC 18 HT drowned in two stages, first im a ''bullet'' mixer to about
75% sulfuric acid concentration and then in a second stage mixer to about 35Z
concentration. For manufacture of plgment for paint applicacions the material 1s
developed by heating with Perclene 1in the presence of the catlonic surfactant
Arquad 16-50 (cetyl trimethylammonium chloride). Subsequently an anionic
surfactant Emcol P-10-59 (isopropyl amine salt of p—dodecyl benzenesulfonic acid)
is added to flocculate the pigment. After filtration and washing the pigment is
converted to a finished product.

2. Basic Product: CPC Blue BX (BBX)

Description:

A crystal-stable alpha-phasa CPC containing about 4% chlorine and
particle-size reduced by solvent breaching.

Process:

Same as for Blue B, except that the acetone milling step is replaced by
solvapnt breaching.

LPH 0072503
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3. Basic Product: CPC Blue BBF (BEF)

Description:

A crystal-stable alpha-phase CPC containing about 4 chlorine and
flocculation resistant due to the presence of sulfonic acid groups to the extent of
about 0.47% sulfur. The crude i3 particle-size reduced by solvent milling. The
shade 1s similar to that of Blue B but somewhat greener.

Process:

Phthalic anhydride, water, and caustic soda are reacted to form disodium
phthalate. Chlorine i3 sparged in to give the 4-chloro derivatlive, miceral acid is
added to give the sodium hydrogen 4-chlorophthalate (4-CPA) which is salted out
with sodium chloride and filtared to remove much of the water. The 4-CPA press-
care 18 reacted in kerosene at 200°C. together with 4-sulfophthalic acid, phthalic
anhydride, urea, copper chloride and ammonium molybdate catalyst. After synthesis,
93% sulfuric acid 1s added to the reaction mass to form CPC sulfate which settles
quickly and allows the removal of most of the kerosene by decantation. The CPC
sulfate 1s hydrolyzed to CPC in the desired alpha-phase by adding water and caustic
soda. Flltration and tray drying complete the isolation of the CPC crude from the
kerogene. The dry crude is pre-milled and acetone-milled, and the acetone is
then removed by distillation. The pigment receives a dilute sulfuric acid
extraction, filtration and press wash before being converted to the finished
products.

4. Basic Product: CPC Blue BGS (BGS)

Description:

A beta-phase, chlorine-free, green-shade CPC simllar to Blue BGD but less
intense. The crude 1s particle-size reduced by solvent milling. Blue BGS is
beta-phase stable.

Process:

Phthalic anhydride, urea, copper chloride and ammonium molybdate catalyst
are reacted in kerosene wmedium at 200°C. The crude CPC is isolated by
emulsification of the kerosene, filtratiou, and tray drying. (See chlorine-free
crude for detaills). The dry crude {3 size-reduced by premilling followed by
acetone milling. The acetone is removed by distillation and tha pigment then
receives a dilute sulfuric acid extraction, filtration and press wash, before

N being converted to the finished products.

LPH 0072504
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e 5. Basic Product: CPC Blue R {(BR)

~n

Description:

An alpha~phase, chlorine-free CPC. This product 43 the nost red-shade blue
CPC in our product line. Blue R 1s sold in both crystal stable (BRHF) and umstable
\BRN) forms, Crystal stability in BRNF is obtained by the use of CPC-AF. Particle
size reduction is accomplished by premilling or HT drowning.

Process: (Premilling)

Phthalic anhydride, urza, copper chloride and ammonium molybdate catalyst
are reacted ino kerosene medium at 200°C. The crude CPC i3 1solated by
enulsification of the kerosene, filtration, and tray drying. Thae dry crude is
size-reduced by premilling (dry ball milling) and acid swelling. The pigment
is extracted, filtered, and washed before beilng converted to the finished products.

6. Basic Product: CPC Blue BGD ‘BGD)

Degcription:

A beta-phase, chlorine-free CPC, this product 1s the most green-shade blue
CPC in our product line. Blue BGCD 1s crystal stable. The crude is particle-size
reduced by dispersion milling.

Process:

Phthalic anhydride, urea, copper chloride and ammonium molybdate catalyst
are reacted in kerosene medium at 200°C. The crude CPC is isolated by
emulsification of the kerosene, filtration, and tray drying. The starting crude
made in this way is the same as that used for BGS. The dry crude 13 size-reduced
by milling in a ball mill in a substantially dry mixture(dispersion ailled)with
alum, a surface active agent and a small amount of ''Perclene'' (a beta-phase
directing solvent) and i{ron rods (Cylpebs). The alum is removed from the pigment
by acid extraction and filtration and the (PC is converted to the finished
products.

7. Basiec Product: CPC Green G (G)

Degcription:

A yellow-shade green polychlaoro CPC containing about 482 chlorine in the
molecula. Green G {a erystal stable.

Process:

Phthalic anhydride, urea, copper chloride and ammonium molybdate catalyst

LPH 0072505
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are reacted in kernsene at 200°C. The blue crude is isolated from the kerosene by

fﬁ? filtration and tray drying. The dry blue crude 1s chlorinated by reacting with
sulfur dichloeride under pregsure in the prasence of aluminum chloride. The

sulfur chloride is removed in a rotating dryer and the green crude is water-

extracted and filtered. The presscake 1s repulped in water and treated with sodium

Staybelite® (hydrogenased rosin) and QBCB (o-dichlorobenzene). The ODCE is removed

by steam distillation and the pigment {g filtered and washed before converting to

the finished products.

8. Basic Product: CPC Green GE (GE)

Description:

A yellow-shade green polychloro CPC containing about 48~497 chlorine.
Green GE 13 crystal stable.

Process:

CPC Blue crude (kerosene free) 1s chlorinated in a esutectic melt of
aluminum chloride, sodium chloride, cuprous chloride and ferrie chloride at
165-170°C. The end-point of the chlorination is determined by titrating the
filtrate of 2 melt sample hydrolyzed in dilute sulfuric acid, with a potassium
permanganate solution. After completion of chlorination, the reaction mixture is
drowned into an emulsion of ODCB, dilute sulfurie acid and Emcol P-10-59
(Lsopropyl amine salt of p-dodecyl benzene sulfonic acid). The resulting crude
pigmeat 1s breached by reslurrying io dilute aqueous alksli, additdiecnal ODCB and
Emcol P-10-59, followed by heating to reflux (~120°C). The ODCB is distilled out
and the pigment filtered and washed before conversion to finished product.

3. Basic Product: C(PC Green Y {GY)

Description:

A very yellow-shade CPC which containas abour 12.0-13,5 atoms of bromine and
about 1-2.5 atoms of chlorine, Crystal astable.

Process:

CPC Blue crude (kerosene-free) 1s halogenated at 145°C in a eutectic melt
of aluminum chloride, sodiuwm chloride, and cuprous chloride with bromine and
chlorine. The halogenation end-point is determined by running a ''spectral test'’,
ia which a hydrolyzed and isolated dry asample is dissclved in concentrated
gulfuric acid and the wavelength of maximum absorption measured. The melt i3
drowned in water and the crida pigment isolated in presscake form. The pigment
is breached by reslurrying the prasscake in diluta aqueous alkali with ODCB and
sodium Staybelite® and heating to 150°C under pressure for ona hour. The pressure
i3 released, the ODCB distilled out and the pigment filtered and washed before
conversion to finished produect.

LPH 0072506
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PHTHALOCYANIWE PIGHMENT PROPERTIES

The phthalocyanines possess the following combination of pilgment properties:

Excellent lightfastness in tint (bronze in deep colors)
Excellent bleed resistance

High tinting strength

High tinctorial purity

. Iiigh resistance to acids and alkalies

. Hgh chemical inertness.

hoo N [~}

-

Idphefaseness

Copper phthalocyanine plgments exhibit excellent lightfastness in
conventional surface coatings wherein the pigmented surface is simultaneocusly
exposed to light and air. In laminated constructions where the inner laminate
i9 pigmented (i.e., air is excluded), phthalocyanine green may exhibit severe
color change on exposure to light. It 1s suggested that the phthalocyanine green
is sensitive to photoreduction, but, when exposed to air, is reoxidized to its
original color.

As stated earlier, the metal-free phthalocyanines and most of the metal
complexes other than copper are inferior in lightfastness to the copper
phthalocyanines.

2. Bleed Resistance

Copper phthalocyanines are non-bleeding in water and organic resins and
solvents normally encountered in pigmented compositions (i.e., paint, inks,
plastics, etc.).

Some copper phthalccyanine blue products bleed in solwvents as a tesult of the
chemical modifications made to obtain flocculation resistance and/or crystal
stability. Inasmuch as the ultimate particle size of thesa migments is in the
range of 0.05 ym, the passage of such particles through a filter should not be
interpreted as solubility (bleed).

3. Tinting Strength

The tinting strength of urmodified copper phthalocyanine toners 1is
relatively high. The degree of apparent atrength one realizes, however, depends
upon disparsion as well as the crystal and dispersion scability (i.a.,flocculation
resigtance) of the pigment.

Unmodified chlorine-frea alpha-phase CPC blue is the strongest blus tomer. It
13 alightly stronger than the semi-chlor pigment and stronger than the bata-phase
blua and the matal-frea blua. In many solvent systems, however, the full
potential atrength of tha unmodifiad alpha pigment is not realized because of

LPH 0072507
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cerystal growth and/or severe flocculation. Accordingly, although inherently
weaker and, in some cases, higher in price, the crystal stable and flocculation
resistant pipments provide higher appareant strength i{n such uses.

4. Tinctorial Furity

Phthaleocyanine pigments are said to be dichroic. That is, in the aggregate,
they reflect highly in the red region of the spectrum and transmit highly 4n the
green region. The amount of gcattering of incident light, however, is dependent
upcn particle size. The hiding power increases as the particle size decreases to
about the wavelength of the light being considered. If dispersed to their ultimate
particle size (0.04 to 0.06 um), the phthalocyanines would appear transparent.
Normally, however, we cannot disperse these dry pigments to their ultimate particle
size nor can we obtaln a mono-dispersed system. In a practical dispersion, we
obtain particles ranging in size from near ultimate to those approaching forty
microns in diameter. The larger particles (l.e., those greater than 0.3 ym) will
gcatter proportionately wozre red light than will those which are swaller. The
relatively greener light transmitted by the smaller particles, howvever, 18
gcattered by the Ti0, in the tint. The combination of green and red 1light entering
the eye appears brown (dull, i.e., low in saturation or intensity). The apparent
intensity or tinctorial purity of the phthalocyanines, therefore, 13 greatly
dependent upon the particle size distribution obtained in a dispersion. They
will appear dull when poorly dispersed and intense when well dispersed. This is
also important in the formulation of metallized finishes. Incidentally, it makes
little difference Lf the large particles are aggregates, flocculates cf large
crystals, all will produce dullness.

Another factor is that phthalocyanine greens (more so than blues) are capable
of being chemically reduced. Accordingly, one occasionally finds that steel ball
milling some greens in high acid wvehiclas results in very dull blue tines. On the
other hand, blues are more susceptible to chemical destruction by stromg oxidizing
agents resulting in the loss of strength and tinctorial purity.

Semi-chloro alpha blus 13 more crystal stable but less intense in color than
chlorine-free alpha blus.

5. Registance to Acids and Alkalies

With the exception of their solubility in concentrated acids, the
phthalocyanine toners are highly rasistant to acids and alkalies. The
regiatance of modified phthalocyanines (such as '‘'Ramapo'’ and calcium carbonate
lakes) 13, of course, governed by the natura of the modifier. Resinated pigmentas,
for example, are very reactive with sowme acids.

6. Chemical Inartness

Except in unusual compositions, tha ummodified phthalocyanines are
considered highly inert. Copper phthalacysnines do not accelerate tha oxidation
of rubber nor do they react chemically with conventional vehicles and solvents.
The blua, however, can be destroyed by strong oxidizing agents (e.g., peroxides
and strong bleaches).

LPH 0072508
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A The blue can also be reduced and caused to fade in wet storage in some
metallized (aluminum flake) baked alkyd systems. The green can be reduced by both
photoreduction and chemical attack. For example, phthalocyanine green discolors
badly in laminated construction based on phenol-formaldehyde resins.

The chemical inertness of modified phthalocyanines (i.e., substituted
phthalocyanines, resinated aud extended lakes) 1s, of course, influenced by the
modifying material.

7. Heat Stability

Although they have their limitations, the phthalocyanines are among the most
heat gstable of all organic colorants. The wost heat stable blue 13 the beta-phase
toner treated with about 15% CPC-AF (BT~465-D). The unsubstituted alpha-phase blue
coenverts to the greemer beta-phase at high temperatures (400°F. or higher). The
heat resistance of resinated products is lowered by the resinate present.
Similarly, the green toners are more heat stable than the resinated (''Ramapo’'')
toners. The apparent heat stability of the phthalocyanine (or any pigment) may,
of course, be influenced by reaction of the pigment with the binder at elevated
temperatures or by the presence or absence of alr. Accordingly, the heat stability
of a pigment may appear quite different in different syatems.

8. Durability

The phthalocyanines are usually used in medium to light tints. In this
service, their resistance to chemical fade (as opposed to chalk fade) is
considered excellent. The phthalocyanines, however, show a pronounced
tendency to bronze in deep tints and deep wetallics. The blue pigments develop a
very red bronze while the greens develop a reddish to golden yellow bronze. At
these depths, therefore, the apparent color retention appears rather poor. The
beta-phase blues tend to bronze slightly leas than the alpha types.

In light tints, chalk fading (T10; chalk) of green tints {s significantly
guperior to blue tints at equivalent depths.

In all other respects (checking, blistering, gloss retention, etc.), the
phthalocyanines axhibit excellent durability characteristics within the framework
of good formulation and vehicle saelection.

9. Vigcosity Stability

A Unmodified phthalocyanines are generally conaidered as non-reactive
' pigments. That is, they do not form soapa or promote polymerization of vehicles.

Nevertheless, phthalocyanine dispersions in fluid organic vehicles are
characterized by a high order of thixotropy, particularly in aromatic systems.
This is probably related to their very small particle size aggravated by the
flocculating tendency of the unmodified forms. The degree of thixotropy and
yield valuae obtained in any particular vehicle system may vary greatly with the
particular pigment used.

LPH 0072509
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10. Dispersibility

There are two major parameters of dispersion quality for high atrength
orpanic pigments such as the phthalocyanines; these are. tinting strength and
transparency. As the dispersion of the pigment (i.e., particle size reduction) is
improved, the tinting strength increases until ultimate strength 18 reached. At
the same time, the transparency decreases (i.a., opacity increases) until the
particle size reaches the range of 0.4 to 0.5 microms after which transparency
increases. Accordingly, a grind fineness fully adequate for tinting purposes is
far from adequate for applications requiring transparency (e.g., metallic
finishes, foil coatings, and transparent plastics).

SOME ABBREVIATIONS USED IN PHTHALOCYANINE TECHNOLOGY

AF acid-flushing (alsc used to desgnate anti~flocculant eg. CPC-AF)
AP acld-pasting

AS acid-swelling {also called ''permutoid swelling'')

CF chlorine~free

CPA chlorphthalic acid
CPC copper phthalocyenine

DM dispersion-millea

HT high turbulence

EF emulsion filtratiom

FR flocculation-resistanc

K milling with high-speed revolving disc (Hochberg Finishing)
KF Kerosena flotation

LC low copper (in the synthesis) chlorine-free crude
MC mono-chlor

MF metal-free

NF non—-flocculating

PA phthalie anhydride

PC phthalocyanine

PN phthalonitrile

sC geni-chlor

oM solvent-milled

SPA sulfo-phthalic acid

Revised by EEJ - 1975

LPH 0072510.'

DUP110049634
CONFIDENTIAL



CONFIDENTIAL

SECTION 22E
Page 1

o . QUINACRIDOWES

A major development in the pigment industry in the last two decades has been the
commercial introduction of the quinacridone \QA) family of pilgments which affer
gsenerally outstanding fastness properties in the gold, orange, maroon, scarlet,
red, magenta, and violet color ranges. Because of their excellent pigmentary
properties, they supplement the phthalocyanine blues ard greens in extending the
comrercial availability of high-grade pigments for applications where a high degree
of liphtfastness is required. They resemble the phthalocyanines in theilr structural
symmetry, and aromatic character. Similarly, they resemble the phthalocyanines in
their excellent pigment properties. The presence of vinologous amide groups in
the structure suggeat a resemblance to vat dyes such as Indanthrone.

Although discovered in 1935, they were first commercialized by DuPont in 1958
with the release of a yellow-shade red, a blue-shade red, and a vioclet. All three
products are of the sama molecular structure, viz., a linear unsubstituted
quinacridone, and differ either in crystalline form (polymorphism) or in particle

Linear Quinacridene

gize. The two red pigments are in the gamma crystalline form and differ in
particle siza, the blue (Red B) shade being smaller than the yellow shade (Red Y),
whereas the violet (Violet R) pigment is in beta crystalline form. The red, alpha
crystalline form of quinacridone, not commercialized by DuPont at this time, ig the
least stable phase of the three polymorphic formas.

The outstanding stahility and insolubility of the quinacridone pigments ara
attributed to the high degree of intermolecular hydrogen bonding between tha
carbonyl \-C=0) and imino (-NH) groups in the crystal lattice.

o The basic synthetic routa for quinacridone manufacture at Newport is given
below:
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ROOC Ha 4 ROO Ha 1
CH2COOR HaOR < :
| a - Aniline; O | ‘

2 ) it
Acid

CH2COOR Catalyst ~u COOR
‘ H, COOR H Ha
(DES or DMS) (SSE) (DAT) Pyrolysis

Quinacridone (DQA)

Two moles of diethyl(DES) or dimethyl succinata (DMS) react in alcochol in the
presence of sodium methylate (NaOlMe) and Dowtherm, (DT) which serves as a diluent,
to give gsodium succinyl succinate (NasSSE) as a solid suspension. The Na;SSE is
acidiffed with acetic acid (45%) gilving suceinyl succinic ester (SSE) which
dissolves in the Dowtherm layer, and the formed sodium acetate dissolves in the
aquecus layer. The lower aqueous layer i3 more dense due to the dissolved salts.
The SSE-Dowtherm solution is washed with aqueous salt (NaCl) solution to remove by~
products. The SSE yleld 18 about 30%. The SSE-Dowtherm solution i3 filtered to
remove insoluble impurities, and transferred to another vessel where it 1is reacted
with an excess of aniline at 110°C in the presenca of trifluoroacetic acid (TFA)
catalyst. The product dialkyl 2,5-dianiline-3,6-dihydrotarephthalate (DAT) which
i3 formed in about 977 yleld, remains in Dowtherm soluticn provided the temperature
is gufficiently high. Water formed during the condensation, excess aniline, and the
TFA are distilled out. The aniline and TFA are recycled. The DAT solution is
transferred from the reactor to a hold tank and added at a controlled rate
(8 hrs.) to boiling Dowtherm to form the insoluble 6,13-dihydroquinacridone (DQA)
in about 96% yileld and by-product alcohol. The long time devoted to the pyrolysis
is designed to minimize the concentration of DAT in order to favor the monomolecular
reactions leading to DQA, and minimize undesirable bimolecular reactions. The

- averall yield of DQA from DES 1is about 75X.

The DQA is transferred to a hold tank for cooling and subsequent filltration
on nylon cloth in a NHutsche filter. Dowtherm and Dowtherm—soluble by-praducts are
removed by applying nitrogen pressure. The residual Dowtherm and by-products in
the Nutsche filter cake are washed out using dry methancl. A methanol slurry of
DQA 1s transferred to a DQA hold tank.
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) A peasured amount of DQA/wethauncl slurry is tranaferred to an oxidation tank.

- The slurry is made up to an exact oethanol, sodium hydroxide, water, '‘Sitol''

: {sodium m~nitrobenzenesulfonate) to DQA ratio for oxidation to quinacridome (QA).
The crystal phase of the QA (violet beta or red gamma) is determined by the ratio
of the ingredients used which determines which polymorph of DQA1s caused to undergo
oxidaticn. The QA is filtered, washed, and dried. The oxidation yield is
egsentially quantitative. The filtration presscake 13 spray-dried to give the crude
red or violet. The methanol from the oxidation 1s recovered by distillation
(with 10-207 water) for reuse in oxidation.

To make 4,1l-dichloroquinacridone, o~chloraniline is used instead of aniline
1o the above proceas. p-Toluldine 1s used in place of aniline to make 2,9-
dimethylquinacridone, and p-chlorcaniline for the manufacture of 2,3-dichlore-
quinacridone.

One quinacridone product, Red Y, a crude, relatively large particle size
gamma-phase material, is sold as an opaque ted pigment.

The other quinacridone products are particle-~size reduced either by HF milling,
dispersion milling, or BT drowning (for description of these techniques, see
section on Particle-Size Reduction Methods). Solid solution formation can be
accomplished either by co-dispersion-willing or co-HI-drowning the component
quinacridones.

1. Flocculation Besistance

The intermolecular hydrogen bonding in QA which 18 responsible for 1its
relacive insclubility and durability 13 a falrly polar reglon of the crystal. On
the other hand, the large faces of the crystal are fairly non-pelar and, therefore,
tend to cause flocculation and create rheological problems. In 2,9-diMeQA the
polarity of the large faces of the crystal are further reduced causing an increase
in flocculation,while 2,9-diclQA which is more polar due to the clorine atoms,shows
puch ioproved rheological properties. The improvement is a function of the
paint aystem in which the pigment is used. In thermosetting acrylic enamel the
rheology of 2,9~dichlQA 1s good; thia ias not however, the case in the more polar
solvent system used in thermoplastic acrylic lacquer. Ia order to enhance the
surfaca polarity of 2,9-dichlQA and that of many solid solutions, the pigments have
been treated with quinacridone-2,9-disul foniec or quinacridone-2-moncsulfonic acid.
Due to similarity of structure, various QA's show an affinity for the treating
agents. To fix the treating agents on the surface they are precipitated as their
aluminum salta (ACD, aluminum quinacridone disulfonate or AQH, aluminum quinacridone

monosul fonate) .

w Pigments treated in this manner show very good rheological and reflow
properties in acrylic lacquer systems.

For less polar media such as alkyd paint systems, ap excellent surface
treatment i3 QA~AF of the following structure:
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QA-AF

b |

This surface treating agent 1s not sufficiently polar to be effective in thermo-
plastic lacquer but functions effectively In alkyd systems.

2. Crystal Stabilicy

Although QA 1s a very insoluble pigment, che solubility being only B84mg/L
in boiling 2-chloronaphthalene, nevertheless QA will undergo Ostwald ripening or
crystal growth when exposed to solvents for long periods of time under shearing
conditions. The degree of crystal growth i3 a function of the solvent, more polar
solvents, such as those encountered in acrylic lacquers, being more affective than
those employed 1in alkyd systems.

This type of crystal growth {s not particularly consequential in tints, but in
metallics it leads to serious loss of two-teune character. To avoid this growth
phenomenon the gurface treatments with AQD, and particularly AQM, are very
effective. Once these molecules are fixed on the growing surfaces of a crystal,
further orderly growth i3 effectively inhibited.

Crystal instability {s also a problem in high temperature plastics in which
solubility is sufficiently high to cause crystal growth or phase conversicn,
where applicable. QA's treated with QA~AF show definite improvement in heat
stability in certain plastic systems., However, for plastics 3such as polystyrene,
ABS, and particularly nylom, processed at temperatures as high as 600°F, the QA's
have to be much more insoluble. 2,9-D1C1QA magenta is sufficiently insoluble to be
a real contender for some high tamperature plastic systems. The least soluble of
all QA's 13 the red 2,9-dicarboxyQA which has not yet been commercialized.

The desirabla pigmentary characteristicas of the unsubstituted quimacridones are
also shown by some substituted quinacridones and many binary and termary solid
solution pigments currently on the market. QA, many substituted QA's, DQA, and
quinacridonequinone (QAQ) form a series of solid solutiops. While the x-ray
diffraction pattern, color and durability of a mixture of, for example, 4,11-
D1C1QA and QA i3 predictable, a solid solution of these two compouents shows both
a non-additive diffraction pattern and an unpredictable color effect, and greatly
improved durability. A variety of solid solutions and solid compounds have been
prepared, including a maroon solid solution of QA and QAQ im which the minor
corponent, the quinone, i3 the solvent and QA {s the asolute. Similarly,gold and
deep gold solid solutions which are available commercially consist of QAQ, QA and
DQA.
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The wajor componment in the latter two pigments, QAQ, is prepared by the
oxddation of QA or DQA with sodium dichromate in aqueous acid medium.

U —————

QAQ

The solid solutions are prepared by co-dispersion milling the components
followed by dilute acid extraction. During the latrer operation crystal growth and
golid solution formetion occurs. Alternately, sclid solutions are prepared by
dissolving the cowmponents in concentrated sulfuric acid followed by HUT drowning
and subsequent particle size developmwent under the influence of dilute acid and
heat. '

The following golid solutiona have been introduced to the trada!

60% QA + 40% 2,9~diMeQA Maroon B
807 QA + 20Z 2,9~diMaQA Trans Red 3
80% QA + 207% 4,11-d1iClQA Trans Red Y
60 QA + 40X 4,11-d1C1QA Scarlet
447 QA + 307 4,11-diC1QA+16Y

QAQ+10X DQA Orange
237 QA + 677 QAQ+10% DQA Gold
4.57QA + 85.5IQAQ+107DQA Deep Gold

Tha wide hue range of the quinacridone pigments is finding extensive use in
automotive finishes where the excellent durability, including gloss reteation, can
Justify the relatively bigh coat. The violat quinacridome 1s finding extensive
uge for toning white pigments and in blends with the inorganic molybdate orange to
formulate high quality, bright, durable, and relatively low cost reds.

Uses of the quinacridones closaly parallel those of the phthalocyanines. The
relatively few applications for which they are not recommendad, includs atrong,
oxidizing atmospheres (chemical decomposition)}, and highly alkaline compositions
(concrate, cement).
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ABBREVIATIONS USED I QUINACRIDONE TECHNOLOGY

DES
Diis
1ialtle
DT
Na;S3SE
SSE

DAT

TFA
PTSA
DQA
l§a.DQA

Sitol

QA
1,9-He;QA
2,9-Cl.QA
4,11-C12QA
QAQ

QAAF

AQM
DM
ET

Hr

Bavised by ERJ - 1975

Diethyl succinate

Dimethyl succinate

Sodium Methylate

Dowtherm

Sodium salt, succinyl succinic ester
Succinyl succinic ester

Dialkyl 2,5-dianilino=-3,6~dihydrotere—
phthalate

Trifluoroacetic acid
p-Toluenesulfonic acid
6,13-Dihydroquinacridcne

Sodium salt, 6 13-dihydroquinacridone

Sodium salt, m~anitrobenzene sulfonic acid
(sodium mnitrobenzena sulfonate)

Quinacridone
2,9~-Dimethylquinacridone
2,9-Dichloroquinacridone
4,11-Dichloroquinacridone
Quinacridonequinone

Quinacridone antiflocculating agent
2-( o-carboxyphenylcarboxamidomethyl)QA
Aluminum quinacridone disulfonate
Aluminum quinacridone monosulfcnate
Dispersion milling

High turbulence

Milling with high spead revolving disc
(Hochberg finishing)
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The following is a summary of the N-code gystem used for QA Pigments:

O Use of a four digit number -
1st digit - 7 indicates QA
2nd digit - indicates Newport process
o 3rd & 4th digits - type of pigment.

© 2nd digit designation -
0 - Crude (Wet)
1 - Digpersion milled (wet)
Dispersion milled, Newport laked (wet)

Disperasion milled crude (dry) - Newport internal code
Spray dried

HT drowned (wet)

Thin f1im dried semifinished

N3P wnmHwn
R

Premilled Breached (wet)

© 3rd and 4th digits designation
These digits are used to gspecify QA types such as:

00 - Gamma
— _ 01 - Beta
09 - Maroon

_ _ 10 - Scarlet, etc.
Within types these digits allow for further specifics:

46 - Magenta (AQM) treated
_ 47 - Magenta
| "'__ 49 - Magenta (AQD) treated, etec.

and thirdly these digi* allcw for special N-codesa being mssigned
for selected quality code:

02 - Gamma for RT-790-D
~ 04 - Gamma for RT-796-D
~ 03 - Beta for RT-795-D
~ 05 - Beta for RT-791-D

This summary should give you a working knowledge of the QA N-code system.
Recently several new codes wera assigned to conform to thla system:

N-7045-A became N-7545-A
N-7000~-A became N-7500-A
N-7001-A became N-7501-A
N-7057-A becama N-7557-A

The "5" in the 2nd digit denotee that the material is spray drled not wet
ag the "0" denoted. B

When any new N-codes are asssigned they will conform to this system.
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DIOXAZIKE

1. Dioxazine Violet

Carbazole dioxazine violet, a_-blue-shade violet derived from amino N-ethyl
carbazole shows exceptional strength and brilliance, together with excellent heat
and bleed-resigtance, although some solvent-bleed keeps it from meeting maximum
requirements. ILightfastness is acceptable even in light tints. Carbazole
dioxazine violet is particularly suitabla for shading the phthalocyanine blues to

Carbazole Dioxazine Violet

redder shades, and for the toning of whites where a high degree of permancence is
required.

Revised by EBEJ - 1975
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TETRACHLOROISOINDOLINOUES

e

These pigments {''Irgazins’'’) introduced by Gelgy are condensation products
of primary diamines with two molecules of 3,3,4,5,6,7-bexachloroisoindolin~l-one,
and have the general fornula

Ccl

where R 13 ore of several aromatic groups. The latter determine the shade of the
plgment and its fastness properties to a major degree, so that a rather wide
gpectrum of colors ara obtainad including yellows, oranges, and reds, by the
appropriate variation in the diamine used.

Claims are nnde for relative insolubilicy in most organic solvents, excellent
fastness to migration in plastics, and to excallent fastness to light and
weathering, particularly in light tints. Ounly a few mecbers of this class, however,
may meet all these general standards, particularly in regard to lightfastness.

Revised by EEJ ~ 1975
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VAT DYE PIGIENTS

The term ‘'vat dye'' generally refers to a group of insoluble dyes which can

e undergo reduction to a water-soluble form and subsequent oxidation whereby the

” ''vat dye'' 1s regenerated without loss of color. They are applied to textile
fibers by first being solubilized to the ''leuco’’ form by a chemical reduction
process, in which form the dye has an affinity for the cellulosic fiber. The
!'vat dye'' color is then regenerated on the fiber by an oxidation procesa< In
most cases, the colored organic compound contains two or more carbonyl { _CC=0)
groups which are susceptible to reduction with sodium hydrosulfite in an alkaline
medium to give the ''leuco'' form -,

C
/ \\DNa.

For adaptation to pigment use, tha vat dyes generally require both chemical
and physical modification to develop pigmentary strength and brilliance of color.
The vat dyes cannot be defined in terms of color or properties iuasmuch as they
exigt in a wide range of hues, and exhibit pigmentary properties ranging from fair
to excellent. Generally, however, they are relarively high in price.

1. Thioindigo Pigments

The thioindigo vat dye pigments cover a broad hue range from a yellow
; gshade of red to violet, and although tinctorially bright, vary considerably in
lishtfastness, bleed resistance, and heat stability. All are symmetrical and
contain ehlorine, or clorine and methyl grcups in the molecule.

CH ﬁ a
N = Qj
)

¢ CHs

6,6"'-dichloro-4,4" -dimethylthioindigo

8 Ccl
y @QZQ@
1 A

7,7'-dichlaorochioindigo
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CH, A P Gils

CH, 0 CHa

4,4 ,7,7"~tetranethyl-5,5"'~-dichlorothioindigo

a9 B,
Red Violat Y @\g/c ;...~—~*© O

| i '

CHs 0 cl

Bordeaux

4,4’ -dichloro-7,7'dimethylthioindigo
Cl 0 1

0 ClL

4,4',7,7" -tetrachlevothioindigo

O) CH)
c1 ' ]
Red Violet RH ©/(> L “
T \\\‘ u Cl
0

CONFIDENTIAL

CHy

5,5'-dichloro=-7,7' -dimechylthicindigo
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The bordeaux, a dark maroon, 1s the most lightfast of the thioindigos, even
in light tintsg, and shuws excellent resistance to bleed. The red viclet Y, also a
maroon, shows good lightfastness, and in this respeat exceeds the pink, red,

P magenta, and red-violet RE which show only moderate lightfastness and bleed-
resistance. The more lighcfast thioindigo plgmeats are used in automotive
finishes.

. 2. Perinone Pigments

The perinone pigments are benzimidazo derivatiges of naphthalene-1,4,5,8-
tetracarboxylic acid. These pigrents are formed by condensing aromatic o-diamines
with the acld or acid anhydride to give what is usually a mixture of the cis- and
trans- isomers. Separation of the isomers involves treatment with ethanolic
potassium hydroxide in which only the cis isomer is soluble.

e

Perinone Orange
trans-isomer

— —C

7 N

Perinoge Red
cis-isomer

Perincne Orange (Crange GR) exhibits good bleed, bake and chemical resistance,
and desirable transparency, but moderate color brightness in metallized
automotive paints. Although lightfastness 1s good in dark shades, it is poor in

i tine. Perinone orange 13 used for shading automotive finishes.

The use of perinone red 1s limiced by its relatively high solvent bleed.
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,é; 3. Perylene Pigments

The perylene pigments are di-imides of perylene-3,449,10-tetracarboxylic
acid and although not as bright as the thioindigo pigments, they are generally
gtronger, and more resistant to chemicals, heat, and solvent bleed.

2 The perylene scarlet and vermilion are high in tinting strength and show
woderate ar high color brightness. Lightfastness in dark shades is good, although
the vermilion shows moderate lightfastness in tint. Resistance to bleed, bakae, and
chemicals 18 excellent. The scarlet and vermilion find use in plastics applications.

0

, CH, g i CH,
. If —

‘ O (O )

| OrHOY—

) CH, 5 CHs
_ Perylene Scarlet

CaHs 0C;H,

Perylene Vermilion
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The perylene red, maroon, and bordeaux show excellent lightfastness in contrast
with the scarlet and vermilion and also excellent bake resistance, and resistance
to reducing agents.

Perylene Bordeaux

The more lightfast perylenes find use in automotive finishes and in high
grade industrial ccatlings.
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4. Anthraquinone Pigments

Representative anthraquinone pigments which have gained wide acceptance are
described belaow.

a. Indanthrone Blue

Indanthrone blue is redder in hue although less intense than the
phthalocyanine blue pigments and shows good resistance to bleed, bake, and chemicals.
It exhibits excellent durability, even in light tints, in virtually all
applications. 1In this respect, it i3 essentially equivalent to copper phthalo-
cyanine blue, although 1t bronzes to a lesser degree in full shades in automotive
paint systems, and poses no flocculation problems.

Indanthrone Blue

Indanthrone exists in four polymorphic forms of which only ona, the alpha
modification, finds use as a pigment. The other forms are not suitable, either
in stability or tinctorially.

The partially chlorinated indanthrone blues also find use as pigments.
Although greemer in hue than tha unchlorinataed, they do not show equivalent

stability in baka resistance.
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Although somewhat stronger than the phthalocyanine blues, indanthrone blue 1is
approximately three to four times wmore costly and finds application in automotive
and other high quality finishes where redder shade blues are required or where
better bronzing characteriscics in full shade aras desired.

b. Isodibenzanthrone Violet

The lightfastness and durability characterisctics of dichloro~-
isodibenzanthrone, alsc referred to as dichloroisoviolanthrona, are somewhat
comparable to those of the copper phthalocyanine pigments. It is a brilliant, blue-
shade violet of high tinting strength, and with excellent chemical resistance. It
13 somewnat gengitive to solvent-bleed and this has limited {ts use in some

‘applications. It has found some use for toning high quality dlue and gray

enamels and for developing durable, bright autowotive finishes.

Isodibenzanthrone Violet
Isoviolanthrone
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¢. Anthanthrone Orange

el '
Dibromoanthanthrone (Orange RK) offers good lightfastness at all tint

levels and in metallic finishes. It has good bake and chemical resistance, but it
i3 somewhat sensitive to solvent bleed. Its usage 13 limited by 1ts relatively
high cost and moderate color intensity.

Br

O
O O

Br

Dibromoanthanthrone Orange

d. Flavanthrone Yellow

Flavanthrone yellow is a red-shade yellow of moderate brightness which
shows good lightfastness in tint and metallic use and good resistance to bleed,
bake, and chermicals. It is relatively high in cost.

ecl
N O

Flavanthrona Yellow
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o] e. Anthrapyrimidine Yellow

Anthrapyrimidine Yellow is a transparent, green-shade yellow with
excellent lightfastness in tint and metalllc finishes and good resistauce to bleed,
bake, and chemicals. It is relatively high in cost, and shows relatively low
color, strength, and intensity in automotive metallic finishes.

Anthrapyrimidine Yellow
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JISCELLANEOUS PIGMENTS

1. Pigment Green B

Pigment Creen 3, a complex iron salt of l-nitroso-2-naphthol, is a strong,
low cost olive-green, stronger than the inorganic chrome greens, which shows high
hiding together with good alkali, bake, and bleed resistance. It is low in coler
brightness and exhibits poor tint lightfastness. It 1s used in emulsion paints,
rubber, and paper coatings.

2. Alkall Blue (also called Reflex Blue)

Alkalil blue is the monosulfonic acid derivative of phenylated rosaniline.
Because of its high tinctorial strength, good werking properties, and low cost, it
i3 used principally for the ''toning'' of carbon black for printing inks. Alkali
blue i3 moderately fast to light and 1s characterized by a high degree of intense

bronze /''reflex''’).
. _ @C/©' “@
SO0
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EXTENDER PIGMENTS

The colorless extender pigments used in pigment manufacture are lacorporated
B principally to improve the working and end-use properties of the pigment, and to
o facilitiate standardization with respect to stremngth. These results are accomplished
by the role of the extender pigmenc in preventing aggregation during manufacture,
and in modifying the surface properties of the pigment. The latter affects
wettability by the vehicle, texture, ease of dispersion, gloss, hiding power,
rheology, and the overall pigment performance.

The extender pigments used are generally low {n refractivity and low in’
opacity in contrast with the high opacity, high refractivity pigments used as
whites such as the white leads, zinc oxides, titanium oxides, lithopones, and
antimony oxides. Commonly used extender pigments for organic pigments include
barium sulfate (blanc fixe, barytes), alumina hydrate, china clay, calcium
carbonate, calcium sulfate, and the metal resinates such as calcium or barium
resinates. Hickel carbonate 1is used to a considerable extent with the
quinacridones. The index of refraction of the extender pigments are in the
approximate range 1.48 - 1.66 in contrast with the white pigments above which
range from 1.84 - 2.76.

- Although technically not an extender pigrent in the sense of those described
above, aluminum metal flake 13 used extensively to achlieve decorative effects in
automotive finishes. Ganerally, but not necessarily, it 13 used together with the
more transparent colored pigments in automotive paint formulations to give the
metallized finlshes currently prominent in automotive styling.

Reviged by EEJ - 1975
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PIGMENT CODES

{IARRETED TYPES

Colors of any particular chemical type are frecuently marketed in a number
of physical forms, namely,

Examples
1. Full strength colora 3T-2384-D
2. Pesinated colors 3P-173-D
3. Extended colors or lakes BL-220-D
4. Press cakes 5T-255-P
5. Aqueous dispersions BU-372~-F
6. Flushed colors -

Full strength organic colors are known as ''toners.''

Resinated colors are organic toners to which metallic resinates have been
added to improve certain properties, chiefly texture. In some cases (lithol
reds), metallic resinates can be added without losing strength ('’'Duol’' effect).

Extended colors are those in which a larpe fraction (usually 50% to 30Z) is
an organic base such as alumina hydrate, blanc fixe, whiting, clay, etc. Very
few extended inorganic colors are marketed at the present time. Moat of the
extended colors are organic and, in this case, are frequently termed ''lakes.'’
Classically, the term''laking'' involved chemical interaction or sorption of dyes
on inorganic substrates. Today the trade refers to most extended organic colors
as ''lakea'' regardless of whether the substrate is present in physical admixture
or in chemical combination. Terminology 13 not always consistent. Thus, the
phospuotungstic acid precipications of basic dyes are called PTA ''tomers''; when
physically extended with alumina hydrate, etc., they are called ''lakes.'’

''Laking’' or the extending of a color may be carried out for a variety of
reasonst

l. To convert a soluble dye to a pigment.
2. To improve properties such as disperaion and flocculation resistance.
3. To reduce price per pound.

Preas cakes are 3imply the '’'cakes'' of water wet pigument as they come from
the filter presses. They are used in the manufacture of flushed colors, aqueocus
dispersions, and certain gpecial dry dispersions.

Agueous digpersi~ns are goooth, fluid dispersions of pigments in vater
prepared from press cakes by the addition of suitable surface active agents
{surfactants). Anti-gettling agents and mold inhibitors are frequently added.
The aquecus dispersions are gold on a cormodity basis at a standardized strength.
Press cakes are sold on a dry content basis with standardized dry strength.
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Flushed colors are colors that have been transferved from the water-wet state
’“? (press cake} to a vehicle, without first going through the pigment drying operationm,

5 to form a dispersion of the pigment in that vehicle. Flushed colors usually carry
a2 premium and accordingly are attractive only vhen a user is aot equipped to do
his own grinding or, because of small volume usage, contamination problems,
dusting, etc., he prefers to buy the color already dispersed. Some very hard
colors like alkali blue are sold almost exclusively in flushed form. In making
flusned colors, the drying and dry grinding steps ordinarily used in the manufac-
ture of pigments are eliminated. The economies resulting are usually offset by
the extra inventory costs in carrying a variety of vehicles in stock, etc., and
the cost of roller milling flusied colocs to eliminate grit particles.

COLOR CODE DESIGIIATIONS

The Active Code List records the official names and codes of Du Pont colors.
The ccde number consists of prefix letter or letters, a serial number, and a
suffix letter or letters.

1. First Prefix Letters - Dfsignate the color.

- Blues, violets, purples
- Greens

- Reds, maroons

Yellows, oranges

- Brownsg, tans

> m o< oW o W
1

- Jeutral or colorless products, e.g., grays and
transparent extenders.

NF - Jacreous flakes
K - KROLOR® pigments

2. Second Prefix Letter - These are designations to further characteriza
the type of product.

0 - Used with "'X'' to designata KROLOR® Orange, e.g., KO-786-D
Y - Used with "'K'' to designate KROLOR® Yellow, e.g., KY-787-D
Ei- Used with ''Y'' to designate Molybdats Orange, e.g., YE-637-D

T - Used with all organic pirments (toners) with 90-1007% color
content. Color content comprises the baasic coloring material
plus normal miisture and excludes all treating agents, substrata,
etc., e.g., GI[-754-D,

P - Used with all organic pignents containing 50-89% color coutent?,
e.g., GP-755-D.

! Some years ajo, the letters ® and ' were used as amcond Jr-~fix letters.to

indicate lake colors. This pnractice 18 no longer followed; however, 3ome codes
atill exipt {(M2-325-D, RII~417-D, etc.) that vere codad on this basis.
? For historical reasons, thera are certain pigments now coded with ''P'' such as

BP-253-D and GP-511-D, etc., that should carry the ''L'' designation.
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L - Used with all organic pigments contalning 497% or less color,
89
e.g., GL-7G1l-D.

W ~ Used for aqueous dispersions sold and standardized on a commodiry
basis, e.r., GN-749-P,

V - Used for aqueous dispersious for the viscose industry,
e.g., RV=741-P.

No second prefix letter 1s used with some codes: chrome yellous
F-113~D
A-133-D

3. Serial Mumber -~ Separate serial numbers are applied to each individual
color group, e.g., blues, greens, yellows, etc.

4. Suffix Letters- Are used to designate the physical state of the finished
product.

D - Dry powder pigment

P - Pulp or aqueous dispersion

R - Used as a gecond suffix letter indicates standardization for
rubber, e.g., RT-GE3-DR.

5. Process Letters

These letters are used to designate the procesa used for. producing
the pigment. ‘Then uased as a prefix latter, they classify the process as
''Experimental.'' (/hen used as a suffix letter they designate a ''Standard'’
process. With established codes, it i3 important to know precisely the process
letter applying to the particular formula or material referred to.

For example, AYL-6983-D is an experimental molybdate orange made
on the ''A'' process. BYE-698-D is a similar experimental product nade on the''B'"
procesa. Should the BYE-698-D product be reduced to commercial practice, it
would be sold as YE-698-D. Internally, the records would show YE-298-D (B) to
indicate that the ''B'' process was used.

6. Standards

PS (follewed by a number; 13 a product standard representing pigment
approved by both Marketing and Manufacturing.

) TS (followed by a number) is a temporary gtandard which way be fairly
. representative of what 1is being made but may have undesirable qualities which It

is hoped to correct.

SL (followed by a number) 18 a shipping lot, usually a single lot,which
has not been eatablished as representative of the material the Plant can make and
has not necessarily been approved by Production or Marketing. Thia designation is
used for experimental material which has been mede in limited quantity or for
emergency use when the standard has unexpectedly been exhausted.

Revised by B.H.Perkins, QOct. 1975
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IDEUTIFICATION OF PIGMLCNT COLORS

The identification of a pigment 1is usually undertaken for the purposes of
characterizing an experimental or a competitive pigment, In scme cases only after
the pigment {s first isoclated from a colored composition.

leliable and well established wet chemical metheds for the systematic
analysis of pigments are available. These procedures usually are long and tedious
and have been replaced by more rapid instrunmental methods which provide results
that are reagonably accurate but not absolute. Knowing only the chemical
composition of a pigment 1s not always sufficient for many identification problems
inasmuch as the pigment may be polymorphic, i.e., it may have two or more crystal
structures that vay differ greatly in color and in other properties,

The identification of a competitive pigment is usually based on information
vhich is supplied with the sawple (trade narme, manufacturer, uses, selling price,
properties, etc.), information which {s available from standard references, plus
spectrophotometric examination, and appropriate spot tests.

The following reference books are especially useful in developing supplemen-
tary information:

Colour Index

' This five volume work 1s the joint effort of the British '’Society of

g Dyers and Colorists'' and ''The American Association of Textiie Chemists and
Colorists.'' Volumes 1, 2 and 3 list colorants classified according to their
usage. Volume 4 lists colorants according to their chemical constitution, and
gives lists of intermediate compounds and of formulas.. Volume 5 glves code
letters for colorant manufacturers, an index of generic names with coloraants
listed under each, and an index of coummercial names of colorants.

Competirive Index

This index lists varnish drier rubout ratings of our best counteroffer-
ings versus competitive pigments. The pigments offered by each major competitor
are listed by trade neme, code, chemical type (when known), degree of match, and
comments versus our nearest standard. This condensed summary 1s based on several
thousand comparisons in our files. It is brought up to date as nev competitive
evaluations are made go that it {s a current and useful reference.

Raw tlaterial Index

Pigments Section - published by the llational Paint and Codtings
Asgociation, Inc. This iodex lists pigments according to zolor and chemfcal type
and provides crade names, codes, manufacturers, specific gravity, particle size,

atc.
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Competitive Price Schedules

These individual manufacturer’s lists identify the pigment by code,
chenical type, including selling price, and, in some instances, list end-uses and
outstanding properties.

CHEI{ICAL SPOT TESTIVG

"'Spot tests'' are widely used because they are simple, rapid, and require
small pigment samples. To run the test, a very small amount of the unknown pigment
is added to concentrated sulfuric acid in a depression on a white porcelain spot
plate. A portion of this solution is diluted first trith water, and then with
concentrated ammonium hydroxide until alkaline. Finally, a separate portion of
the sample is spotted with alcoholie potassium hydroxide. Characteriscic inter-
actions and color changes result. These are compared to the reactions of known
standards treated similarly. Additional information may be obtained by observing
the sulfuric acid ''spot'' under ultraviolet light since some pigments fluoresce
{e.g., quinacridones and basic dyes). Frequently, a pigment can be positively
identified by spot testing. In most cases, it can be determined whether the
unknown is an individual chemical or a nixture, and establish the types of pigment
present.

Principal objections to spot testing are that it 1s qualitative, ccnsiderable
experience 1s needed, a file of reference standards {s necessary, it is difficult
to discriminate between closely related piements, 1t does not distinguish between
polymorphs, and mixtures of pigments may be difficult to handle. FPurthermore,
with a '"sample'’ such as a paint panel, the paint vehicle and the primer may
interfere with the test.

PHYSICAL LIETEODS OF IDENTIFICATION

Reflectance Spectrophotometry

Reflectance spectra in the visible portion of the spectrum provide a
convenient means for determining the chemical type of a colored pigment. The
analysis is non-destructive and may be applied to pigment dispersions such as a
painot film, an ink, or a pigmented plastic. A satisfactory identification can
frequently be made by a visual examinaticn of the spectrophotometric curve of an
unknown and the curves of standard pigmenta. Tor complex systems, a properly
programmed conputer may be used.

Although reflectance spectrophotometry can be used to differentiate between
a green and a blue phthalocyacine pigment, there nay not be significant differences
between the curves of two phthalocyanine blueg. :

Infrared Spectrophctometry

This is probably the most extensively used instrumental method for the
identification of pigment colors, and 1s based on the fact that every chemical
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compound has a characcteristlc infrared absorption curve. The pigment is identified
e by a comparison of its L.R. with reference spectra of known colorants. The method
o’ is rapid, applicable to pigment mixtures, permits identification of both gpecific

compounds and polymorphic forms, and works well with most organic pigments. It
requires the separation of the pigment from the vehicle in which it is dispersed.
Difficulty may be encountered in the i{dentification of pigments pregent in small
proporticns. An additionmal problem {8 that carbon black and some inorganic oxides
and sulfides do not aive infrared spectra with mmch identifying detail.

Zlemental Analysis

v letallic elements of sisnificant interest in pigment color identifica-
tion are readily detected by x-ray fluorescence spectrography. The x-ray
procedure is rapid, reliable, non-destructive, and does not require 1solation of
the pigment from the dispersion medium. Zmission spectrography 1is also convenient
and extensively used. Equipment for these analyses 1s located at the Experimental
Lab, The results of elemental analysis will indicate the presence of any inorgaaic
Pigments which may have escaped detection in spot testing and infrared examinatioun.

X-ray Diffractometry

K-ray diffraction may be used toc identify both a specific compound and
also its crystallographic modifications. The methad is applicable to both organic
and inorganic compounds and is of particular value in the identificacion of
inorganic extender pigments. The method is rapid and non-destructive but has the
following disadvantagess the weak diffraction patterns characteristic of pigments
of low crystallinity may be obscured, some substances nay escape detection because
of overlapping peaks, and components preseat in small amounts may go unnoticed.

UV and Visible Absorption Spectrophotometry

Identification of a pigment by the ultravialet or visible absorption
spectrun of the pigment solution has been used widelys A very gmall quantity is
sufficient for identification. The method does not distinguish between polymorphs.

MR
tluclear magnetic resonance spectroscopy 18 of great value in determina-
tion of the structure of new pigments. It3 judiclous use has played a critical
role and greatly expedited identification in otherwlgse very difficult cases.

llags Spectrometry

This i3 a very valuable tool in pigment identificacion. 1Most pigments
are too non-volatile for the usual techniques but wodified procedures have yielded
much valuable informatiom, such as the chlorine distribution in ''semi-chlor''

CPC. This work is done for us, on a gservice basis, by the Central Research and
Development Laboratory, since the neccssary instrumentation 1s not available uichin
the Pipgments Department.

Reviged by B.H.Perkins ,andi:0/J.C.Xlein 1975
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PIGICT USES
= ' GELEDAL

Pilgments are consurmed in a variety of applicatiocns to obtain decorative or
functional effects, or both. In an automotive finish, for example, the pigment
provides not only color but contributes significantly to the exposure durability
of the paint film itgself. Cther functional effects achieved by pizments include
anti-corrosion, hiding, primer action, and high visibility such as is obctained
with daylight fluorescent pigments. The latter are becoming more prominent
because of their functional and decorative properties. They are esseatially rigid
solutions of fluorescent dyes in suitable synthetic resins, which have teen
reduced to pigmentary particle size. They are used in various printing processes,
1n textiles, plastics, and safety markinps for vehicles and aircrafe.

The more important and established uses for pigment products include the
coloration of the following materials and composltiouns:

Surface coating compositions for interior, exterior, trade and automotive
applications, including oleoresinous (oll) paints, water emulsion paints,
vater borne enamels and lacquers. Also, leather and artificial leather
finishes, distempers and lime colors.

Printing inks for rotogravure, lithographic and flexographic systems,
including inks for metal plate (food, oil cans, etc.), and foil print-
ing, wallpaper, food wrappers, and packaging materials. Also, taextile
printing inks for clothing, awnings, book cloth, etc.

Paper coloration by coating or beater dyeing, rubber, carbon paper, shoe
polish, roofing granules, concrete and cement, ceramics, fertilizer,
seeds, cosmetics, laundry bluing, soaps and detergents, asphalt, mold-
ing powder, symnthetic resins, and wax compositioms.

Coloration of textile fibers by mass pigmentation including aylonm,
viscose, and cellulose acetate, etc.

Plastics including polyvinyl culcride sheet and plastisol top coatings,
polyethylene, polypropylene, polystyrene, acrylonitrile-butadiene-
styrene, atc.

Artists' materials including oils, crayons, chalk, colored pencils,
modeling clay, etc.
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ifAJOR PIGIENT END-USE SYSTEIS

PALT

Yore than eight hundred million gallons of paint, worth over two billicm
dollars at the wholesale level, are sold annually in this country. ‘tlore than half
of all the vwhite pigments made, and half of the nigment colors, are sold to the

paint industry.

The composition of a paint is outline below:

Pigment

Paint

Vehicle £

CONFIDENTIAL

Hiding
..Decorative-.g—"""'

Prine wee=—"7 Hodifying T =--= Coloring

Plow Control
Extender«—cf"—”-cloas Control
T~ Lover Cost

Rt e lacurel
Plasticizer Synthetic
Drier {(Catalyst)

Additive

Binder

Solvent
Latent solvent
Diluent {non-sclvenct)

Thinner
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DEFINITIOS

1. Paint

A mixture of pigment with a suitable vehicle, which forma a solid adherent
covering or £ilm when spread on a surface in a thin coat.

2. Pigment

A finely-divided 3o0lid material which, when dispersed in paint, imparts a
desirable property such as color, opacity, consistency, or mold control.

3. Prime Pipments

"Thite and colored pigments which are used in painta primarily for their
decorative effect and thelr ability to hide a surface. They operate by the scat-
tering and absorption of light. Some pipgments also protect the substrate as, for
example, red lead and zinc chromate on iron and steel.

Other pigments have special functional effects, e.g., (a) antimony oxide
used in fire retardant paints, (b) cuprous oxide and mercuric oxide for anti-
fouling effects in boat bottom paints {cuprous oxide also controls mold), and
(¢) zinc oxide which gives greater film hardness, decreases erosion, and inhibits
mold growth.

4. Modifving Pigments

For mold control, UV absorption, and film hardening, etc.

5. Extender Picments

Transparent and colorlcas pigments or extenders which secve the following
purposest

Increase body or consistency.

Reduce gloss to a gsemi-gloss or flat level.
Lower cost.

Control flooding and floating of prime pigments.
Control settling.

Provide ''tooth'' for succeeding coats.

Ioprove ease of sanding of primers.

Qe RN TR

The most coomonly used extenders ares

. ‘'hiting (calcium carbonate)

Talc (hydrous magnesium silicate)

Calcium sulfate in titanium'calcium pigment
. Clay {(hydrous aluminunm silicate)

D oe
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_ e. Silica, amorphous and diatomaceous
'fﬁ £. Mica (hydrous potassium aluminum gilicata)
g. Barytes (natural ground barium sulfate)
h. Blanc fixe (precipitated barium sulfate)
6. Vehicle

The vehicle (liquid that carries the pigment is usually composed of two
partss
The binder or non-volatile portion, and
The thinner or volatile portion.

Vehicles that are 100% non-volatile are also nossible as, for example, "balled"
lingeed oil.
7. Binder

The non-volatile portion of the vehicle. This group consists of oils
(linseed, soya, tung, castor, etc.), natural resins (rosin, shellac, etc.),
synthetic resina (phenclic, maleic, alkyds, polyester, acrylic, styrene-butadiene,
epoxy, etc.), plasticizers (dioctyl phthalate, tricresyl phosphate, etc.), driers
(metal naphthenates), and other additives.

8. Plasticizers

Plasticizers make a film more plastic or flexible. Many oils and resins
form sufficiently flexible f£ilums without the need for extra plasticizers.

9. Driers

Driers are required to promote the polymerization, and speed the drying of,
oils and alkyds. They are usually added to the paint as the metal naphthenates,
although other soluble compounds such as the linoleates, octoates, and tallates
are also uased.

10. Thinner

Thinners may be solvents for the binder or merely dilute or disperse it. It
1s a volatile liquid, which reduces the consistaency of the paint to a useful level.

11. Diluent

A non~solvent which the vehicle will tolerate, at least up to a certain
point, without ''kicking out'' the binder.

12. Latent Solvent

Although ethyl and butyl alcohols will not dissolve nitrocellulose by them—
selves, they enhance the solvent power of the true solvents.
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e 13. Emulsion Paint

Water-thinable paints. The types of latex emulaions used most extensively
in the coatings industry are styrene/butadiene, polyvinyl acetate and acrylic.

ORGANIC FINISHES TERMINOLOGY

1. Alkyd

A term which characterizes generally a wide range of synthetic resins.
An alkyd i3 a condensation product involving a polybasic organic acid such as
phthalic or maleic acid and a polyhydric alcohol such am glycerine and glycols,
ugually with the addition of a wodifying and plasticizing agent auch as linseed,
soya, or tung oil. Examples include Syntex 26, Syntex 62 *Syntex 3145, Aroplaz
2502, etc. Melamine formaldehyde resins are added to alkyds to improve curing
gpeed, wrinkling resigtance, and hardness without interfering with adhesion and
durability.

2, Lacquers

A& solution of polymer in a suitable solvent to which plasticizers and
resins may or may not have been added. There are many kinds of lacquers, viz.,
nitrocellulose, cellulose acetate, methyl cellulose, acrylic, among others.
Lacquers contain a relatively high amount of solvent and dry primarily by
evaporation.

3. 30J Type Alkyd

Baking vehicle counsisting of noa-drying oil alkyd blemded with 15% or
more of melamine resin is referred to also as ''Super Alkyd'' or as the F and F
product, ''Dulux 100.'' The 30J formulation used by Newark R & D comsists of
Syntex 31453/Cymel 248-8, 70/30 on the vehicle solids basis.

4., 32J Acrylic Enamel

Thermosetting acrylic vehicles crosslinked with melamine are i{mportant
exterior finishes because of their combination of appearance, hardness, chemical
resistance, and durability characteristica. 32J- 13 geldcm uged anymore in
R&D evaluations.

Coumercially used automotive thermosetting acrylic vehiclea are
e proprietary products although similar materiala are avallable from suppliers such
as Rohm and Haas, Unilon Carbide, and Archer-Daniels-Midland (ADM).

The formulation used by Newark 1s Aroset 777 (ADM), an alkyd modified
hydroxyl-type thermosetting acrylic polymer crosslinked with Cymel 243-3, a
melamine formaldehyde. Aroset 777/Cymel 243-3, 70/30 on the vehicle solidas basis.

* Aroplaz 1082 M-53 has replaced Syntex 62.
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5. TAE-%
~en
This terminoclogy i3 used by Newark Research and Development for a
thermosetting acrylic enamel consisting of an unmodified hydroxyl type thermoset-
ting acrylic polymer crogslinked with a melamine formaldehyde.

Newark's current formulation is: D-4221-A,/D-4214M, 70/30 on the
vehicle solids basis. These are Chrysler vehicles obtained through Chestnut Run.
Ford's thermosetting acrylic enamel 18 based on the resins A-8599/A-35106:70/30
on vehicle solids, These vehicles are obtained from Ford.

Note: Thermosetting acrylic enamela combine the attractive propertiles
of thermoplastic acrylic lacquer (durability, chemical resistance,
good aging and weathering properties, color retention) with
increased hardness, stain resistance, washability.

6. Thermoplastic Acrylic Lacquers - ''Reflow’' Lacquers

Currently used by General Motors for automotive finishes. They consist
of acrylic co-polymers with cellulose acetate butyrate and plasticizers. These
finishes can be ‘‘reflowed,’’ f.e., an {tem can be spot repaired and simply
rebaked to obtain good glogs without repainting.

The system usced by Newark and Cheatout Run is designated 926 - 927
lacquer and -~ 13 representative of the type supplied by F and F to General
Motors.

Note: CAB chipping 15 necessary to obtain maximm transparency aad/or
intensity with gome pigments. Sand milling is less costly and
preferred whenever adequate color properties can be developed.

A more detailed gemaeral discussion on paints including a bibliography
appears in Section 15 of the Sales Training Manual. Other specific types of
paints and finishes 1including trade sales finishes, emulsion paints, industrial
and automotive finishes, trim enamels, metal protective finishes, etc., are
descrited elsewhere in the Sales Manual.

Edited by B.H.Perkins, 1975
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PLASTICS
o1 Eiaolbo
- Plastics have developed rapidly into a large and diverse industry. Although
vinyl, polystyrene and the polyolefins are still the major resins of the industry,
others are finding increasing use because of particular propertieg and advantages
which they offer. Each of these systems 1s characterized by a set of formulating,
processing and end-use conditions which determines to a large degree the pigment
properties required.

PLASTIC SYSTEMS

Plastics are synthetic materials which are solid in the normal finished
state, but which have sufficient fluldity at scue stage of maoufacture to permit
their forming under heat and/or pressure. In addition to molded and extruded
forzs, plastics can be made into film, sheeting, filaments, coatings, and foams.
They are also used as an integral part of many paints, elastomers and adhesives,
and as a laminant or impregnant for other materials.

Plastics are clasaified as either thermoplastic or thermosetting.
Thermoplastics become soft and £luid when heated sufficiently, and harden again
when cooled, whereas thermosetting materials become permanent in shape when first
cured and cannot be re-formed by further heat or pressure. Chemically, both
types are highly polymerized materials, the thermoplastic being primarily a linear
polymer with little, if any, cross-lioking, and the thermoset being a product that
cross-links upon curing.

Thermoplastic Thermosetting
Vinyls Phenolics
Polystyrene - Amino plaatics
Polyethylene Polyesters
Polypropylena Epoxien
Polyamide Silicones
Fluarocarbons . Alkyds
Acrylics

ABS (acrylonitrile-butadiene-styrene)

Acatal

Cellulosica
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e PISMENT PROPERTIES OF IMPORTANCE

Plgments selected for use in any system must satisfy processing as well as
end-use requirements. In plastics, the processing requirements can be particularly
rigorous and may severely limit the number of pigments avallable for such use.
Pigment properties of importance in each categury are as follows:

Processing End-Use Application

Eeat stability Color, strength, cost

Dispersibility Lightfastness

Chemical resistance Crocking and migration

(reactivity) Chemical resistance

Effect on rheology Heat stability
Electrical conductivity
Toxicity

End-use properties such as color, strength, cost, lightfastness, and crocking
might appear ta be inherent qualities of a pigment/resin aystem and independent of
the processing conditious. However, digpersiocn can have a marked effect on the
color and strength (hence, cost) obtained., Poor dispersion can also degrade the
physical proparties and lead to early failure on outdoor exposure as a result of
inadequate protection of the resin. A pigment or any other ingredient having
borderline heat stability can adversely affect color, lightfastness, and resist-
ance to crocking.

Heat stability is perhaps the wost i{mportant single property to be considered
in the selection of pigments for the coloring of a plastic. Thermoplastics are
generally processed at temperatures ranging from 300 to 700°F., and products made
from them may be used at temperatures of 200°F. and higher. The period of time
that the pigmented plastic 1s held at these temperatures can te critical. Thermo-
setting resins are geunerally processed at moderate temperatures but may be used
continuously at high temperatures. ''Hot spots'' in the processing equipment and
processing delays which extend the tima which the material is held in the moltea
condition are common sources of difficulty. The heat stability of a pigment is
likely to vary from one resin system to another because of differences in the
chemistry of the respective systems and the conditiona of processing. Heat in~
atability arises from inherent pigment instability, pigment interaction with the
plastic, or pigment solubility in che plastic.

The chemical resigtance required in ultimate application usually differs
significantly from that required for proceasing. The olls, solvents, and chemicals
etc., with which a fintshed product might come in coutact can be predicted with
fair reliability and the pigments then selected on that basia. However, a large
variety of plasticizers, stabilizers, anti-oxidants, catalysts, lubricants, etc.,
might be encountered during procegsing, the presence of which might be either
unknown or undisclosed. Furthermore, the resins themselves can become stromgly
active chemically under the processing or curing conditions.

A mora extensive description of plastics and their pigmentation including pro-
cesaing equipment and a bibliography will be found in Sections 29 and 30 of the
Sales Training Manual.
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- PRINTING INKS

The modern trend in printing, particularly in the packaging and advertising
field, is toward the use of more color, thereby creating a demand for brighter
and stronger pigment colors for the manufacture of printing inks. Im addition to
intensaity and strength, demand continues for greater durability, i.e., better light
stability, greater resistance to chemicals and heat, and greater resistance to
bleed in water, edible fats and greases, solveats, oils, etc. These needs come as
a result of the development and use of new vehicles, new applications, particularly
for the food packaging field, expanded use of printing in metal decorating, the
use of heat-set inks, and the general overall increase in printing production from
the various printing processes. In addition to these demands invelving the end-
ugse characteriatics of the printed material, thece are the needs of the ink maker.
His demands generally are for colors that are softer in texture and wore readily
wet with vehicles so that they may be more easily ground and dispersed.

A printing ink 18 essentially a dispersion of pigments in a vehicle with
other materials added to impart specific properties. The vehicles used canm bde
aqueous or non-aqueocus and they include a great variety of materials. An ink must
possess rheological properties suitable for the specific type of printing press
used and svitable to the material being printed. The ink must print sharply and
meet the drying time requirementa of the printer.

Printing inks are classified basically into three types:
1. Typographic or letterpress inks
2. Planographic or lithographic inks
3. Intaglio or gravure inks.

Typographic printing 18 done from a ralsed surface, lithographic printing
from a plane surface, and gravure printing from a recessed surface.

Detailed descriptions of the variocus printing processes and of printing inks
are given in Section 28 of the Sales Training Manual.
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480.20 430.00} 12

265.50 175.00 ] 24
39.75 85.00 | 60
30.00 20.00 | S8

14430 115.00} 36

£88.20 350.00
293.50 200.00
648.00 486.00
23800 188.00 (1
228.50 153.00

$83.00 410.0¢} 18
317.50 228.00% 38

408.00 288.00

497.50  350.00{ 20

236.40 165.00

8.00 8.00| 82

75.50 54.00

120.50 72.00
70.00 42.00
80.00 45.0¢

Source: Modarn Plastics and industry estimates.

F=inciudes nonduSIIng COIOMT, DASIE G18DITRIONMA, lauid Systame, etQ.
O—AB0 cOlorant/ip. of resin vanes lrom 0.3 (o aver 3%. Aversge 1a aboul 1 25%.

©-—Mone ar neqligitle.

G—Accounts for roughly 73% ot 10181 colorants im plaslice
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offering from this supplier is Permanent
Red TG-01. a vat red ated for good
weatherability and heat stability 10 550°
F. Price tag of $3.95/1b. makes it a good
replacement for more-cxpensive high-
performance reds for PP fibers and ps
molding compounds.

New dyes include American Color &
Chemical’s recentiy broadened Ama-
plast line, consisting of 100% oil soluble
azoics and anthraquinones. They're
claimed to exhibit good thermal and
light stability, to be easily dispersed,
and (o yicid good transparent and
opaque shades in siyrenics, acrylics. ny-
lons, PC, polysulfone, thermoplastuc
polyester, and other resins.

Also new, from Dayglo, are three
fluorescent vellow dyes priced in the
$10.50 1o $13.50/1b. range. These colons
are said to be compatuble wuth styre-
nated materials and to offer cost savings
over sironger and more expensive dyes.

To date, post-process dyeing of plas-
tics parts has been a specialry of a few
custom shops. like Colorite Industrial
Dyers of New York, but a new three-
step process offered under license by
Hooker Chemical (Niagara Falls. N.Y)
may change this situation. The three
steps: 1) surface sensitizing of the plas-
tic with solvent, 2) insertion of a reac-
tive chemical inta the surface, and 3) re-
action of the chemical with a dye.
Claimed ta offer significant economies
in coloning PE. PR PS, ABS, PVC. nylons,
and vanious other plasticy, test parts re-
portedly bave been abraded on a Tabor
unit 10 a depth of 1 mil without expos-
ing the natural matrix.

Pricing: a mixed bag

Compared with this ime last year, igor-
ganic colorant prices are relatively
stable. Lists remain unchanged since
June "74 (see Sept. 1974 mp1, p. 53) with
three exceptions: the cost of chrome
yellows and AR type blues has declined
3¢ and 10¢ (0 63¢ and S1/1b, respec-
tively, while that of TiOs: advanced
313¢/1b. 0 431/;¢/1b. early in August
This last could mean an increase in con-
centrate pricaing in late '75 or early 76,
For organics, the situation is differ-
ent, with pigment prices up actoss the
board, but not as drastically as last year.
Two exceptions are dianusidine orange
and DNA orange, down 25¢ and 30¢ 10
34.75 and $3.45/1b, respectively. In-
aeases on Bon reds, diarylide vellows,
lithol rubines, 2B reds, phthalos, and
others range from 7 10 313%.-A. 5. W.
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PIGMENT STANDARDIZATION

Plgment product standardization, a vital and necessary factcr in the pigment
industry, takes into consideration the endugse application for which the pigment
is intended. Because of the complexity of the product, pigments can be standard-
ized only in terms of performance, cclor, durability, and working properties, and,
often, only for the specific application or vehicle system for which the pigment
i8 intended. A given pigment type way be dispersible in one system but poorly
80 in another and exhibit different durability and even color from one system to
another. It i3 for such reasons that a given pigment chemical type will often
appear on the market in a variaty of forms, each designed to suit a spacific
vehicle system or condition of use.

Because of the lnadequacy of existing techniques, the required functional
propertiea of a pigment cannot always be described adequately in terms of the
basfc chemical structure and physical properties. Standardization of product is
most aeffectively and economically achieved to a major degree by careful control
of the manufacturing process insofar as economics permit in a competitive industry.
A partial listing of the pigmentary and working properties which may require
standardization by tha pigment manufacturer in addition to huae is as follows:

l. Tipctorial or tinting strength.
2. Dry finenasa.
K 3. Texture (grit, eage of dispersion, rate of atrength development).
S 4. Specific gravity, dry bulk.
- 5. 011 absorptionm.
- 6. Solveat bleed.
7. Dusting characteristics.
8. Dry appearanca.
9. Wetting characteristics.
10. Hiding pover (opacity or transparency).
11. Rheological behavior in different vehicles.
12. Thixotropy.
13. Storage stabilliry.
l4. Crystal growth or change in solvents.
15. Combustibility.
16. Moisture and volatile matter.
17. Hygroscopic tendencies.
18. Water-soluble salts.
19. Lightfastness.
20. Gloss {n paint.
21. Flocculation in paint.

LPH 0072547
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The 1list for pigment standardizatios can be expanded for a variety of
application aystems to meet the spacific needs of these systems. Workabla
plgment product standards which specify properties in terms of acceptable ranges
or limits and permisaible deviations are established by the pigment manufacturer
ouly insofar as they can be practically achieved in large scale manufacture and
are acceptable to the pigment user. The problem is complicated by the fact that
the phyaical differences corresponding to the desired tolerances are not always
easy to defina nor, as in the case of durability and working properties, are they
always subject to quick or accurate measurement.

;

For discusaion of the variocua types of standarda (PS, TS, SL) see Section 23
Page 4.

Revised by B.H.Peridns 1975
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A PROCESS SCALE-UP

Scale-up of a process furnishes data and experience that will aid in the
difficult transition from tha research laboratory to a commercial plant. This
scale~up 18 accomplished in a pilot plant or semi-works.

As opposed to a full scalae production plant, the pilot plant'a primary
objectives are to obtain experimentally both operating and equipment data for a mew
process, produce a new product in experimental quantities for study or for trade
saapling, or to do any combination of these functioms on any product or process

s whether new or already in existence.

The neceasity for process scale-up in a pilot unit arisea for the following
reasons. First, the chemical data available cannot always predict with accuracy
the affect on a chemlcal process vhen the process batch size 13 increased manifold.
The pilot unit which is intermediate in size between the laboratory and the
production plant gerves to test the theories and data obtained in tha laboratory,
It is almost impossible to dasign a large complex plant from laboratory data alone.

'JW Second, there 1a the need to produce larger amounts of the final product under

NSt counditions more likely to approximate thoss that will be eacountered in the large
scala plant so that 1its properties and uses may bhe critically examined. Thixd,
many industrial processes produce considerabls quantities of wastes so that dis-
posal problems nust be examined. The rssearch chemist's apparatus ia not always
large encugh to discover amsll amounts of such undesirable by-products. Problems
not apparent on a small scale will often reveal themselves under the counditions of
scale-up.

It is important to try a new process in a model of the propoged plant before
committing largs sums of money on a production unit, It has been quoted many
times, ''Makea your mistakas on a small scale and your profits on a large one.''

The Newark Semi-Works facilities include experimental units for teating
processes in selected aequipment. The individual pleces of equipment are available
for the development and improvement of processes and procedures. A brief descrip—
tion of the various pleces of equipuent now located at the unit process facilities
follows. Mora detailed descriptions of the individual units available at Newark
and at Newport appear in Sectiom 28.

1. Renctors

Thase vessels, either glass-lined or of atalnless ateel, are used to
carxy out chemical reactions in liquid media, either organic or aqueous.

2. Vats

These vessels are used for the atoraga and processing (preparation of
solutions, aquecus extractions, atc.) of soclids in aqueous media.

LPH 0072549
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3. Filcer Press
This equipment 13 used for the separation of solids from aqueocus slur-
ries and i8 effected by passing the liquid through a porous medium (filter cloth,
etc.). The solids are retained on the surface of the filter medium in the form of

a cake.

4. Shriver Thickener

This equipment operates on tha principles of thickening and filtaring.
The slurry is drawn through a filtration medium whereby it is dewatered to a large
degree and then back to the storage vat. The golid material in all cases 1is
discharged as a thick sludge rather than as a filter cake. If salt removal is
desired, the water removed through the fllter medium 1s replaced by water in the
etoragae vat and the slurry recirculated.

5. Presgsure Nutsche

Similar to the ceramic nutsche except that it is enclosed and operates
by application of a gas pressure (genaerally nitrogen) above the filter medium.
Application 1s limited to slurries which will oot corrode stainless stael.

6. Super-Centrifuge (Now in Physics Lab, #28 Bldg.)

A centrifuge {8 designed to subject material, held in it or being
passed through 1t, to a centrifugal force. The Sharples ''super-centrifuge'' is
capable of obtaining speeds up toc 50,000 rpm and {a used to maka liquid-solid or
11quid-1liquid separations. The particle size of the fraction separated depends on
the speed (rpm) and flow through the equipment.

7. Ball Mill

These mills have a c¢ylindrical shell and rotate on a horizontal axis.
They are used to reduce the particle size of solid materials. The mills are
charged with a grinding medium such us ateal balls, porcelain balls, or steel rods.
The mill accomplishes size reduction by impact, shear, and attrition during the
rotation of the mill., The mill may he operated dry or wet.

8. Colloid M11l
The mill accomplishes size reduction (dispersion) by gravity feed of the
slurry through a narrow opening between two surfaces that move at high speed with

respect ta each other. The smallest opening is in the order of 0.001 in. The
whirling currents set up within the mfll subject the product to both hydraulic

shear and impact.

LPH 0072550
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Ty 9. Homogenizer

The homogenizer 18 used to put incompatible or immiacible components into
a stabilized suspension in a liquid medium. It fumections by passing the product
under pressure between close but relatively fixed surfaces. The high velocity,
hydraulic shear, pressure release, and impact render the dispersed phase intu a
very fine state of subdivision of the order of one micron in dismeter.

10. Tray Dryers

One type of batch circulation dryer, in which heated air circulates over
the wet material until the latter reaches tha required moisture coantent. The
granular material, pastes, or slurries to he dried are placed in trays which are
supported by stationery or movable racka in thae dryer.

11. YVacuum Dryer

A type of shelf dryer consisting of a vacuum—tight chamber with heated
shelves. Volatile material is removed by applying vacuum to the material being
processed. The vacuum dryer 13 useful either for removing highly volatile material
at low temperatures or for removing high boiling material at elevated temperatures
but below the boiling point of the volatile materiaul being removed.

12. Abbe-Lanart Mixer

This equipment is used to process slurries too thick to stir, but capable
of flow. A high-speed centrifugal impeller at the bottom of the vessel circulates
the charge. 1t ia used for breaking down press cakes with minimm dilution,
making additions to thick slurries, and incorporating solids into thick slurries.

13. Baker-Perking Mixar

This equipment uses relatively slowly rotating, intermeshing horizontal
blades to agitatae very thick slurrias ar taffy-like masses. Eeating or cooling can
be achieved by circulating the appropriate heat-tranafer liquid through the jacket
surrounding the mixer.

14. Mikropulverizer

This 1s a hammer mill used for the grinding of dry materials. The grinding
action results from impact and actrition between lumps or particlea of the material
being ground and the grinding elements.

s

15. Plash Diatillacion Unit

This unit is used for the continucus removal of a volatile solveat from
an asqueous slurry, by allowing the superheated slurry (steam) to flash in a cycloze.
This removes the volatile portion which is condensed, whila tha atripped slurry

exits through another outlet.
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= 16. Parr Hydrogenatiou Apparatus

This equipment can be used for hydrogenation up to 60 psi and 100°C.
Hydrogenation 18 carried out In glass bottles of about 400 ml. maximum capacity.

17. Carius Furnace

A furnace for heating sealed glass tubes under autogenous pressure.
Maximum temperature approximately 300°C.

18. Autoclaves

Saveral autoclaves are available for heating materials under preasure
and with agitation. Maximum pressure 1s 5000 psi; maximum temperature is 650°F.

Bevised by ROM and BHP in 1975
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SEMI-WORKS FACILITIES
NEWARK SEMI-WOBRKS

1. General

The Newark Semi-Works facilities are located in Buildings #14, #116,
#117, and #118. These facilities waere established to provide experimental units
for operating in appropriate equipment. The individual pieces of equipment are
available for atudies by all R & D personnel and asscciated groups eagaged in tha
development and improvement of products, processes, procedures, and equipment.

ArTtangement can be made to use these facilities through the R & D
Supervisor of the New Inorgeanic, Services and Physical Chemistry Group og for
conventional uses of the type done routinely, arrangements may be made with the
R & D Group Supervisor in immediate charge of the area, For control purposes, a
written request far the authorization of studies in these facilities 18 required.

2. Facilities

The Semi-Works aquipment and location are as follows:

Reactors and Tanks

Vac No. Location Type Size Description or Use

) Jacketedd for Dowtherm,
) Steam or
) Water.

Jackated for steam heat.
L ] ir [ ) L

L, 135 14 Bldg. Glass lined 100 gal.
: :‘ 110 Tt " Tty 100 +
‘ ‘ 111 " Stainless stsel 100 '
29 T re e 100 L
106 ' ' " 370 '
9 ' Tile lined 152 v Sparger steam extract.
11 v Carbon Brick Lin 283 '' " ' '
97 e Stainless steel 107 '' Cooling water supply
96 " ' v 54 ' Portable, On dolly.

Filtration Equipwent

Type Location §ize and Use

Bronze Filter Preass 14 Bldg. 16 frames at 0.135 cu.ft./frame
e Total capscity 2.16 cu.ft.
) For nautral or slightly acid filtration
- and washing.

LPH 0072553
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- Type Location Size and Use
FRP Filrer Press 14 Bldg. 12 frames at 0.180 cu.ft./frame

Total capacity 2.16 cu.ft.
For neutral,slightly alkalinae, and
strongly acid filtrations and washing.

Shriver Thickener Press " 12 plates. Used for washing or thickening
slurries.
Stainless Steel Nutsche v 100 gal. capacity. For pressure filtering

and washing of hot solvent mixtures.
Teflonr cloth.

Ball Mills - All mills located in 14 Bldg.

Size Type Uses

' v
58 gal. Steel Charged with 1000 1lba. of L' x 5/8"" cylpebs and 100 pounds
20 penny pails for dispersion or dry milling. Mill 1ia
jacketed for teating or cooling.

58 gal. Steel  Charged with 951 lba. of ''Wheelabrator'®' 1/8'" Steel shoc.
Thias charge is used for solvent milling. Mill is jacketed for
heating or cooling.

toter The dispersion mill has a Beeves drive to vary rotation apeeds from
approximately 18 to 98 RPM... Normal spesd i{s 40 RPM. The golvent nill
has a fixed speed of 39 RPM. .

Dryers
Nane Location Capacity Use
Gordon~-Davis 40 Stainless Steel pans For drying water wet
(Law Velocity) 14 Bldg. 30"' X 30'' X 1-1/2" press cake.
Vacuum Dryer 15 Stainless Steel pans Por drying solvent wet
{Stokes) 14 Bldg. 30" % 30" X 1-1/2'" cake.

Pulverizer
Size Type Conditions

57 '"Mikropul'' hammer mill Regular (Low) speed normally uses 1/8''

round perforated screem. High apeed
normally uses 0.066'' round perforated
screen.

Other size acreens are gvailablas.

LPH 0072554
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f;; Homogenizar
g Type

Manton-Gaulin 15M B8TBA SMD 15 gallon par hour rated capacity.
0 to 7,500 PSI operating range.

s

Colloid Mill

Typs
Manton-Gaulin Type 2F, rates vary according to disc opening.
Hydroclone
Iype
Baur Broas. Cantri-Cleaner with 3/4'' inlet and outlet.
Mixer
Iype
Abbe~lenart, Capacity 22 gallons, Stainless steel coustruction.

The following pleces of equipment axa available for high pressura reactions in
our Na. 118 Praessura Research Building.

Parr Bydrogenaticn Apparatus

Por hydrogenations up to 60 pai and 100°C. BHydrogenation 1is carried ocut in
glass bottles of about 400 ml. naximum capacity. These operations are set up and
carried out by laboratory persomnnel.

Carius Furnsce

A furnace is available for heating sealed glass tubes for autogenous pressure.
Maxigum temperature is approximately 300°C. This operation is also carried out by
laboratory persounnel. Attention is tequired only to load tubes and assura tempera-
ture stability.

' 'Magnedrive’’ Autoclave

A stainless steel autoclave, turbine agitated, maximum usable capacity of
1/2 liter, is avallabls for heating matarifsals under pressure. Maximum pressure
of 5000 pst and maximum temperature of 343°C. are the operating limits. This
equipment can be set up and run by eirher Laboratory or Semi-Works perscaonel.
Operation usually raquires coutinuocus operator atteancion.

LPH 0072555
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Magnedash Autoclave

A monel autoclave, dasher agitated, i{s available for heating materials under
pressura. Maximum pressure of 5,000 psi and maximm temperature of 343°C. are the
operating limitas. Maxioum ugable volume is 150 wl. Operation by either Laboratory
or Semi-Works usually requires conatant operator attentiou.

LpH 0072556
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PROCESS_ENGINEERING (MANUFACTURING DIVISION)

The Research and Development Division maintains close liaison with Process
Engineering at Newark and its counterpart at Newport. The principal functions of
Process Eogineering, a division of Product Control, Manufacturing Division, are as
follows:

1. Monitor and Control Quality and Yield of All Production

¢ Issue making/processing instructions for each batch or campaign.
° Develop and apply proceas variables.

o Determine proceas goal ylelds.

> Improve ''OK Straight'' performance.

o Assist Operations on processing problems.

o Provide code to coda cleaning requirements for all operating
equipnment for use in setting up production schedules.

s Provide the plant with safe, reproducible processes.

o Provide finiashed product blending guidas for use by the
Color Testing Laboratory in standardizing production.

o Act aa a clearing house for all operating equipment changes.

Participate in operating quality investigatioas.

o Agaiat the Color Testing Laboratory in standardizing
production.

o Spot chack operating areas for adherence to spacifications.

2. Control Quality of Raw Matrerials

o Develop raw material specificationa in conjunction with
suppliera.

1 Develaop altarnate and/or more economical sources of raw
macerial supply.

o Pvaluatea raw material pre-shipment samples.

- LPH 0072557
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[ 3. Develop and/or Assist in Plant Development of New Products
and Proceuses

° Develop new or improved products as requested by Marketing.

o Maintain close liafgon with R + D activities and assist in
bringing new processes into the plant.

° Assist in development of scope of work for new projects.

4. Reduce Costs Primarily through Technical Studies

o Participate in plant cost reduction program.
o Reduce process ingredient, utility, and labor cost.
o Develop mcst aconomical process batch atze.

5. Miscellapecus

o Develop customer finished product apecification in
conjunction with Markecing and Area Supervisor-Color Control.

o Select components and guide formulation of representative
finished product replenishment or replacement 9tandards.

o Train operating supervision on qualitry control activities and
on pigment technology.

Revised by D.C.Gero 1973
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BAW MATERIAL ''N’' CODES

The ''N'' code syatem was designed to facilitate the uge, storage, and
accounting of approximately one thousand raw materials used on the Newark plant.
The system was devised to eliminate the need for the operator or technician to
know the chemical identification of the material being used, and thus minimize the
possibility of confusion resulting from the misinterpretation of complicated
chemical names. This ''N'' number system also fits {n well with the concept of a
stepwise formula and the IBM accounting system now in use on this plant.

'"'N'' numbera are assigned in numerical sequence disregarding composition
or use of the material. The number is stencilled on each package and, in general,
is put on by the supplier. A periodic review of the ''N’' pumber assignments
point out numbers of materials that are no longer required om the plant. When
materials are obsoleted, the ''N'' number is returned to the available pool for
reassignment. A complete ''N'' code file, including apecifications for the
material, is maintained in the '’vault'' (2nd floor, ¥¥23 Building). Information
on Newark N-codes can be obtained from Mary Magyar, Ext. 249. Newport N-code
information (as of 4/1/75) is included in Tables [, II, and III.

In addition to the number, the ''N'' code at Newark includes an
alphabetical suffix (N-3-A, N-16-B, N-27-D, etc,) designed to classify the raw
materials into safety categories by type of hazard involved and the precautions
necessary in their handling. The categories are as follows:

- Minimum Hazard

- Internal Poison

- External Poison

~- Corrosive Material

E - Flammable or Explosive Materlal

A more complete discussion of this safety classificacion system and the

c O w o p

personal protective equipment required for handling materials in different
categories may be found in Appendix A of the ''Newark Safety Code. '’

Reviged by J.F.Maurer
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—

Germa

Beta

Maroon
Scarlet
Pink

Marcon B
Magenta
Trans. Red
Trana. Red B

CODE

7402
7403
7409
7410
7455
7423
7447
7458
7427

7031
T044
g8

100

Revised by J.F.Maurer
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NEWPORT QA CCDES

TYPE

Gamma

Beta

Beta

Maraoan
Scarlet
Maroon B
Marcon + AQD
Pink

Gamma Lake
Trans. Red
Maroon B (AQM)
Trans. Red B

QAAF

HTG Untr.

HIG + H:LCO3
Violet (ERQ)
Violet (Plas.)
Magenta (AQD)
HTG

Qrenge

Deep Gold
Orange + AQD
Violet (30-J)
Violet

7031
7638
7161
7042
7643
7049
TL37
7150
7152
7250
7056
7059
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TABLE IT
NEWPORT CPC CODES
Blue Green
Type Code Description Type Code Description
BB Crude GB II Crude
IC Crude GG II Crude
BBF Crude GE III Crude
BRX II 8500 Breached Blue B GBU II 8000 GB Crude
BRX III 8530 HTD GGX 1T 8100/
8101 Breached GG

BBS II 8510 Solv.Mi1l.Blue B GEX III 8133/ -
BB III 8540 BID 8104
BB III 8521 HTD GYX III 8201 Brominated Green
BBFS II 8551 Solv.Milled BBF Breach
BBFS II 8552 Solv.Milled BBF +

"Elvacite” GGU II GT-801-D Dry GG Crude
BRF III 8550 HID GGU II GT-827-P Pregs cake GG crude
BGS II 8600 Solv.Milled IC GYU III GI-824~-FP Press cake GI crude
BRA IXI 8302 Acid Swelled ILC CEU III GT1-826-P Press cake GE crude
BRA IIL 8810 HTD
AFA IT 8900 Camplex (Swelled) GGX III  GT-822-P Breached GG
BBU IT 8520 BB Crude
IC I BT-443-D IC Crude
BGD II 8700 )
BGD I1I 8710 ) Dispersicn
BGD II 8730 ) milled,
BGD ITI BT-436-P) extracted
BGD II  BT-437-P)
AFA II  BT-474-P Camplex Swelled
BB III BT-481-P  HID
BRA III  DBT-401-P HID
BGD III  BT-282-P H1 Solids
BRA III  BT-483-P Hi Solids
BGS III  BT-485-P Hi Solids
BB III BT-486-P Hi Solids

Revised by J.F.Maurer

LPH 0072561

DUP110049692



CONFIDENTIAIL

CONFIDENTIAL

SECTION 30
Page 4

TABLE ITL
' 'AFFLAIR'' CODES

Lot Series Code Hame Semi Fin. Code
1000 NF-103-D Gold 9926-02-080
2000 NF-104-D Pearl 081
4000 NF-108-D ' 984

NF-109=-D "
7000 NF-134-D Improved Pearl 038
8000 NP-135-D Satin Pearl 089
9000 NF-137-D Inproved Pearl 091
14000 NF-138~D Ultra Luster Pearl 092
10000 NF-139-D Gold 093
11000 NF-140-D Deep Gold 094
Noue NF-141-D High Luster Pearl Base 095
12000 NF-142-D Glimmer (Pearl) Q96
13000 NF-143-D Tax. (Pearl) 097
18000 NP-145-D Green 099
15000 NF-146-D Autopearl 100
NF-147-D High Luster Gold (Ultra Luster Gold) 101
16000 NF-148~D Bumidicy Resistant Gold 102
17000 NF-149-D Blue 103
NF-150-D Blue
NF-151-D Green 105
19000 NF-1352-D Flash
NP-153-D (No Std.) Obsolete
3500 NP-154~D Pearl
6000 NF-155-D New Satin
NP-156-D Glimmer (Ultra High Luster)’
5000 NF-157-D Deep Gold
12500 NF-158-D Ti-100- M
1500 NF=-144~D Deep Gold + 30X Mica
5500 NFP-109-D NF-108 + 1% Ulecra Marine Mixture

Prepared by J.F.Maurer
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GENECRAL INFORMATION

ABSENCES

The ermloyee should notify his immediate superior as early as possible on the
first day of the absence. Ingsofar as the absence can be anticipated, notice should
be given ia advance.

If an employee becomes 111l while at work, his immedlats supervisor should be
notified. .

PAYMENT OF SALARIES (EXEMPT PEPSOWMIELY

1. lewark

Salaries are paid by check on the 15th and last working day of each month
excent in December when the second check of the month is delivered before Christmas.
If the 15th falls on a Saturday, Sunday, or holiday, the pay date 18 moved forward
to Friday, or to rthe day before the holiday. If the last working day of the month
falls on the last Friday of the month, the pay date is moved forward to Thursday.

In all cases, checks are usually avallable for delivery after 3:90 P. M. on the
day preceding the pay date.

2. lewport

Salaries are paid by cneck on the last working day ofithe month. If the
last day falls on a Friday, the pay date i3 Thursday.

In all cases, checks are usually available for delivery after 3:00 P. 1. on the
day preceding the pay date.

Arrangements can be made for the automatic devosit of an employee's salary
check in a bank designated by the employee. Salarled employees are encouraged to use
this ser.ice.

VACATIONS

The vacation plan is as follows:

Years of Continuous Service Weekg of Vacation
1 tobs 2
5 to 10 3
10 to 20 4
20 to 35 5
35 or more 6

LPH 0072583
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Afrer 13 yrears of service, the vacation plan provides for carrying weeks of
vacatlon forward to succeeding years as follows:

Years of Coutinuous Weeks Carried Forward Maximuym Weeks
Service for Any Year Carried Forward
15 ro 20 1 1
20 to 25 2 2
25 to 135 2 3
35 or more 2 4

A new Exempt salary employee placed on the roll between January lat and June
30th itaclusive) of the current calendar year is eligible for one week's vacation
with pay during the current calendar year.

A new salary employee who 18 placed on the roll on ur after July 1 of the
current calendar year is not eligible for a vacation during the current calendar
year. .

Salary euwployees with less than one year's service, who were on the roll on
December 3lat of the preceding year are eligible for two weeks vacation with pay
during the current calendar year.

Both the wishes of the employee and the efflcient operation of the laboratory
are considered i{n scheduling vacations.

ACCIDENTS AT WORK

An injured employee must report to the Plant Hospital for treatment no matter
how slight the injury may be. Supervision should be informed of the accident as soon
asg possible.

HOLIDAYS
The Pesearch and Development Division cbserves the followlng ten holildays:

New Year's Day
Floating Holiday

Cood Friday

Memorial Day
Independence Day

Labor Day

Thanksgiving Day

Day After Thanksgiving
Day before Christmas
Christmas

w2

LPH 0072584
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When a holiday falls on Saturday, it is observed on the preceding Friday. When
the holiday falls on a Sunday, it 13 observed on the following Monday. When
December 24th falls on a Sunday, the following Tuesday 1s observed as the holiday.
Vhen Christmas falls on Saturday and is observed on Friday, the December 24th
holiday will be observed on the preceding Thuraday.

Revised by BHP - 1975
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CC W. S. Struve
Plant Mgr/Asst P1t Mgr-Newark
Plant Manager - Newport
Production Supv of Area
Product Supt., Proc. Eng
Area Supervisors (Involved)
R and D Supervisors - Newark
Technical Superintendent-Newport
Other Involved
File
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DISPOSITION OF TEST MATERIAL AND CODE DESIGNATION

SAFETY ASPECTS

CLOSING REPORT RESPONSIBILITY

APPROVALS

CHEMIST/ENGINEER PROCESS ENGINEERING
PRODUCTION-AREA SUPERVISOR PRODUCT CONTROL
PRODGCTION SUPERVISOR ENVIRONMENTAL CONTROL

R AND D SUPERVISOR
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FORMAL PROCEDURE

NEWARK EXPERIMENTAL PLANT TRIALS

A written procedure (see attachment) 1s being established to formalize
exrerimental plant trials by either Manufacturing or R and D. Essentfal to the
procedure {8 a review of the test methad by all affected agencies and approval by
R and D and Manufacturing. Whean instituted, the system should better inform
people involved in the test, improve both test scheduling and coverage, and
provide better documentation of methods and results.

This procedure should be used when a new process oxr product is tested in the
plant or when a major change is made in an existing process. Manufacturing,
Procesa BEngineering, and R and D should determine at the outaet of the proposed
change 1f the formal written procedure i3 needed.

The attachment details the format. To initiate such a document, contact

Process Engineering and they will provide a number for each experimental plant
run. Note also that a closing report will be required.

1/6/77 -A. P. Smith

LPH Q072588
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CO-OPERATIVE PROGRAMS

e OU PONT PIGMENTS DEPARTMENT

- "LUCITE" SOLUTION LACQUER
- WATERBORNE ENAMEL

e HARMON

- "LUCITE" SOLUTION LACQUER
- WATERBCRNE ENAMEL

e CIBA-GEIGY
- "LUCITE" SOLUTION LACQUER
e BASF

- "LUCITE" SOLUTION LACQUER (926/927

e HOECHST (PENDING)

- "LUCITE" SOLUTION LACQUER
- WATERBORNE ENAMEL

(926/927
(358/359

(867/868
(358/359

(9267927

(925/927
(358,359

LINES)
LINES)

LINES)
LINES)

LINES)

LINES)

LINES)
LINES)
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SAFETY

The primary principle of safety in our laboratories, as in the entire DuPont
Company, 1s that all personal injuries are avoidable.

Safety in laboratory and pilot plant work is based on the premise that each
individual technical man must be the major factor in his own safety and that of
his fellow workers.

Our responsibility for safety follows the line organization. Each iadividual
up to and iIncluding the Laboratory Director 1is personally responsible for freedom
from injuries of ones self and all subordinates. Safety respounsibility cannot be
delegated.

Colors R and D aces in concert with the primary ageney (usually the
Manufacturing Division) at each location. The head of the laboratory is a
permanent memver of the Central Safety Committee, the policy making group. Other
members of the technical staff serve on various sub~committees, especlally where
their technical competence can make substantial contributions.

Laboratory safety programs are the joint responsibility of the Research and
Development and Producticn laboratories.

A three-man Laboratory Safety Policy Committee consista of two Research
Supervisors and a Production Area Supervisor. They investigate, evaluate and
implement action to see that safety in the laboratory is a dynamic, moving program.
New regulations, operating procedures, equipment and supplies are reviewed by this
Committee whenever a question of safety ig involved. Feedback to this committee is
aupplied from the following regular safety activities.

Research Supervisors' Meeting

Eald monthly at which time tha state of laboratory safety performance is
critically examined. ilatters requiring changes in rules or procedures are usually
teferred co the Policy Committee.

Honthly Inspection

A three-man team of technical personnel conducts a detailed inspection. A
primary toplc is usually featured and any unsafe conditions and procedures are noted.

Group Safety lleeting

Each functicnal group conducts a bi-weekly meeting devoted to safery. Each
member of the group has an opportunity to conduct a meeting.

Each individual must take personal responsibility to familiarize himself with
the manual: ''SAFETY IN LABORATORY AND SEMI-'JORKS ACTIVITIES'' as well as the
general plant safety rules, and the apecific rules applying to any area in which he
may have to operate.

LPH 0072590
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SECURITY

Through 1its program of research and development, DuPont accumulates a vast
amount of valuable technical information. Although patent protection i3 obtained
wherever possible, it is well recognized that a great deal of technical ''know-how''
cannot be covered in this way. It {s Iin this area that the Company recognizes its
responsibility to provide proper safeguards and 1ts reliance on all personnel to
regard all Company information as confidential.

Company respousibility 1s to provide proper facilities for safeguarding
recorded material and to promulgate rules to govern personnel coaduct i{n the
handling and discussion of Cowmpany information. Some pracautions are:

1. Lock doors when offices are left unoccupied, particularly at lunch time.

2. Guard againat unauthorized persons penetrating Company offices.

3. Do not accommodate investigators - government or others - without
Management clearance.

4. Do not leave confidential papers vhere they may be seen by unauthorilzed
persons.

5. Put away papers in desks and files at night. Use locks where appropriate.
6. Shred or tear up all papers before putting them in wastebaskets.
7. Arrange for destruction by burning or shredding of very confidential papers.

8. Adhere to the procedures outlined in the booklet entitled ''Guide for
Safeguarding DuPont Company Documents and Information'', particularly those
with reference to transmissicn and marking documents with the standard
legends:

a. DuPont Confidential - Special Control
b. Perscnal and Confidential
c. Por DuPont Use Only

9. Do not discuss confidential matters in elevators or other public places, or
in businesa or social gatherings where unauthorized persons may obtain
confidential information.

17. Be careful when using telephones where one may be overheard, such as on
multi-party residence phones.

11. Be careful in using communicacions, such as telegrams and teletypes to which
peracns other than the addressee have access.

LPH 0072591
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12. Report to liznagement any incidents which appear to involve risks with
respect to g2iafeguarding Company information.

Contacts with vendors should be made through local Plant Buyers. They are
kept informed by the Energy and Materials Department in Wilmington of special

conditions applying to any particular supplier.
Contacts with outsiders should be discussed with your supervisor. In oral or
written presentation, care should be exercised to avoid disclesing end-use,

gpecific process or equipment details of significance.

Revised by BHP - 1375
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RESEARCH ‘AND DEVELOPMENT NOTEROCKS

SUGGESTED RULL3 FOR RECORDING EXPERIMENTAL DATA

1. All experimental data should be recorded in ink in bound notebocks provided
for the purpose. All such notebooks should have consecutively numbered pages.

2. It should be the aim to record a complete experiment, including all tests, on
consecutive pages., ‘there sufficient space has not been allowed, suitable cross rr
references to the continuation of the record should always be made. This {s in
contrast to the diary type notebook favored in many laboratories, but is believed to
be more adaptable for our type of work.

3. Each completed experiment should show the following information:
a. The date on which started.

_ b. The nanes of all those concerned inm planning and carrying out the
expeximent and their relation to the work.

¢. The reasoa for the experiment.
d. Complete details of the work done.

e. A record of all tests made including references to the testing mechods
used.

f. <Conclusions drawn from the results are to be recorded in the handwriting
of that person whose conclusions tney were; ordinarily, also the one who planned
the work.

g. Sigonature of the person drawing the conclusions and the date signed.

h. A point often overlooked is t-=2 prope: reference to any previous
discussion in which the work may have been suggested by another party, such as a
director or supervisor of research, or a co-worker.

4. WNo erasures are to occur in the record. Zorractions or changes should be
made by cancellation, leaving the origical entry legible. Where it may be desired
to correct errors in fact or conclusion discovered after the record i3 cowmplete, or
to add information not originally available, this should be done by means of a
dated and signed unote without cancellation of the original.

5. Each completed experiment should be read, signed, and dated by a witness who
i3 one who understnads the purpose of the experiment and the result obtained, and
who i3 not likely to be an inventor, or co-inventor, of any process or product
described therein.

LPH 0072593
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6. 1If it is desired that the witness be able to tustify te a reduction to
practice of a new idea, he must do either of the following:

a. UObserve the complete experiment including tests and be able to testify
of his own knowledge as to all details, including the identity of starting materials
and the measure of success] or (probably preferable)

b. Actually reproduce the experiment following the instructions of the
ianventcr.

The extremes represented in this Section 6 are probably justified only in
exceptioual cases but constitute the only practical methods of conc¢lusive proof of
a successful experiment.

7. The bound notebook 13 to be preserved imtact. In no case should any page
or part of a page be removed. If {t is desilred to atrtach loose sheets recording
original data, they may be of value only if they are 3igned, dated, and witnessed.

8. It is obvious that the elapsed time between the beginning of an expericment
and its final conclusion should be kept to the ninimum.

Edited by BEP - 1375
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PREPARATION OF A PATENT PROPOSAL

In the drafting of any patent application, the primary responsibility for
iritiation of patent actlvity lles with the research supervisor. The supervisor
will normelly assign a chemiat to collect the available information and

Incorporate this information into a patent proposal which is forwarded to the
Legal Department.

The attorney or patent agent will review the patent proposal and prerpare
a patent application. Normally additional consultation with the chemist and
supervisor is required to ingsure that the full scope of protection to which we
are entitled 1s obtained.

The following outline pcints out the essential parts of a patent proposal
together with certain auxiliary information which the attorney requires in
determining Inventorship. It should be followed closely in organizing the
information end preparing the patent proposal.

Perhaps, this outline may also help in recognizing invention and this is
an added reason why it should be familiar to each member of the gtaff and con-
8idered carefully in ccnnection with all your problems.

OTTLINE OF PATENT PROPCSAL

Sumery of the Invention.

State of the Art.

Advantages over the Existing Techmology.
Examples ( Experimental).

Utility and Characterization.

Claima.

Invention Record.

Non-Du Pont Dlgclosures or Uge.

QNP

THE PATENT PROPOSAL

1. Summary of the Invention

A statement as to what 13 new is basic to any patent proposal
gubmitted. It must be conslstent with the results of the experimental examples
and deseribe the important features which are critical to operability of the
inventlon.

A good way to arrive at this statement, for instance, 1s to
formulate the broadest statement which will avoid the prior art and then modify

1t as needed tc make it copform tao the known facta. This is often an effective
way of polnting out gaps in cur knowledge.

Reviged by G.A.Hapka, Legal Dept.
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2. OState of the Art

This sectlon 1s primarily to educate the attormey or patent
agent in the art and should be a complete statement or deseription of the Xnown
prior art. For the purposes of the patent proposal, it should include the
followling:

a. A search of the prior published art such as
patents, technical journals, and the like,
with a listing of pertinent references and
some discussion of each together with a
record of what art has been searched.

b. A statement of the problems and deficlencies
of the art as known.

c. Unpublished information, if any, in our can
reports, in complaints from the trade, and
the like, which often heip 1in cutlining the
problem.

3. Advantages over Exigting Technology

Discugs the reagsons why the dlscovery 1s valuable in comparison
to known technology. 1Is 1t a new way to achleve something that has been done
before, do you observe improved results, have you discovered a new compound, do
you project cost bemefits?

4. Experimental Examples

Exampleg of the invention should include several detailed, workable
recipes for carrying out the Iinvention. Such examples should enable a' reader to
repeat the procedure and get tha same result. Where suitable, a control test
showing results obtained without benefit of the invention. This test should
parallel the invention recipe but 1s carried out without ewploying the critical
features of the invention.

In general, all examplea should refer to and identlify experliments
actually carried out from which samples are available for apecisl *ests which
might be necessary to support statements made in the disclosure or in subsequent
arguments before the Patent Offilce. ,/,,

In addition to the detailed examples, the disclosures should
include statements as to medificatlion and equivalents wherever possible. This
is the place to bring out the effects and the limita of varismbles such as
temperature, concentration, pH, tlmes of reactions, impurities, alternative .
materials, etc.

Revised by G.A.Hapka, Legal Dept. LPH 0072595
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5. Product Utillty and Characterization

The patent application should clearly state the field of use for
the lnventicn. The specific applications if not discussed relative to the

advantage of the invention should be clearly atated in this section.

If the invention 1s a new product, a description in terma of
intringic properties should be lncluded. For a pigment these could be particle
shape, size digtribution, chemical composition, structure, new iype of coating
or an effective new combination of such characteristics. In-use properties such
a8 improved hiding power, tinting strength, or lightfastness are also useful in
characterizing the invemtion.

6. Claims

The drafting of the claims 1ia not our respongibility. Nevertheless,
we can agsistvery much by pointing out what should be claimed. The summary of
the invention may be the basis for the broadest claim, but we should polint out
preferred specles. We can claim a number of geparate gpecies providing there 1s
a generic claim which covers all of them.

In process claims, we should peoint out the broadest range of
conditicns as well ag a preferred range. In some cases, it may be desirable to
claim a specific set of conditions.

Cur role w#ith respect to clalms is to point out the scope of the
inventicn am well as the most important aspects. It 1s the attorney who
expresses these in approved legal phraseoclogy.

7. Invention Record

Provide reference to all notebook pagesa, reporta, and any other
written description that relates to the patent proposal. The references should
ldentify the author of the document, the notebook by number and page, the
record and a summary of the contents of the pege. (FPhotocoples can be supplied
in place of the summary.) It 1s also helpful to the legal staff to be advised
of others within Du Pont whose work may relate to the invention.

Inventorship is determined by the legal staff after the invention
has teen clearly defined. Thig determination ia primarily made on the basia of

documented {nformation. Please note, if the patent propossl 1a the first written
record of the invention, it should be witnessed and dated.

Reviced by G.A.Hapka, Legal Dep:. LPH 0072597
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8. Disclosures or Use

The Legal Department should be advised of any disclosures to non-
Du Pcnt personnel or commercial use of the invention either within Du Pont or
by third parties. Information relating to customer sampling, actual sale, or
the like ls important in consldering patentabllity. Present operations and
future plans for commercialization are important information and our operations
can affect our ability to obtaln both U.S. and foreign patent rights.

It 13 recognized that the informstion requested above msy not
always be available. When the proposal is prepared, however, gaps in our know-
ledge should be recognized and pointed out. If the above ocutline isg kept in mind
while the experimental work 13 underway, the gapas should be found less often.

Revised by G.A.Hapka, Legal Dept.
LPH 0072598
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RESEARCH AMD DEVELOPMENT FILES

A now simplified techknical filing system to facilivate information retrieval is
being instituted at Uewark (1973). Filing is to be by the following classifications:

TECIINICAL FILZ
AZOS
COMPETITIVES
CONSTRUCTION PROJECTS
COSTS AID FORECASTS
CPC
Capacity
Processing
ENVIRONMENTAL {Waste Treatment, OSHA)
ENERGY PRCBLEMS
IHTORGANICS
Capacity
Processing
Afflair®
Lead Chromates, Krolor®
Zinc Chromates and Strontium Chromate
Other Inorganics
INSTRUNENTAL, ANALYTICAL AND PHYSICAL
MISCELLANEQUS PIGMENTS
PLANT ASSISTANCE
Continuous Unit
Intermediates, Semi-Finished
Lead Uitrace
Batch laking
Pressing
Drying
Grinding
Packing
QUIITACRIDONE
Capacicty
Synthesis and Processing
Sclid Solutions
GENERAL CORRESPCINDENCE
Color Code List
Customer Correspondence and Trips
Literature
tianuals
lleetings (Agendas and Notices, Minutes)
Qutside (Non-Customer) Contacts and - c::'; @
Correspondence '
Policies and Procedures
Price Announcements
Safety and hLealth
Work Requests
Routine Summaries (ilo. Reports, Newsletters)
(XOR's and XOP's are filed in loosaleaf)

The filing classification i{s to be designated by the orfginator, for material
originating at Newark. Filing classification for Newark incoming mail 1s to be

spacified by the addressaee.

CONFIDENTIAL DUP110049731
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An Author file of outjoing correspondence 1s mainta.ned, in addicion to the
subject file.

Incoming file is by subject.

Administrarive files (budgets, forecasts, cogts, etc.) are malntalned separately
fron the Technical files. The secretary to the Laboratory Director should be
consulted on retrieval of material from these files.

Seldom used files on non-technical subjects (union correspondence, clothing
reports, etc) which are duplicated in the Newark plant (Non R and D) files, are no
longer kept by R and D.

A numerical file is maintained of R and D reports on specific subjects (KN
reports). Reports are given a numerical ''Kl'' designation, for example, KN-75-52.
The first two digits indicate the year the report was issued, and the second group
of digits is the saquence aumber assigned to reports. The separate subject index of
reports has been discontinued at Hewark. A Central Report Index 1is maintained by
the Information Systems Department in Uilmington, where KN reports are also filed.

Yewport R and D files are kept by the secretary to the Technical Superintendant.
R and D reports are kept in the Newport Library. A new filing system for Newport
i3 under development by an R and D Commitctee.

by BIP 1975

LPH 0072600
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INFORIATION RETRILEVAL

1. Du Pont Company

The Information Systems Denartment has developed a DuPont Information
wetwork to implement technical information transfer programs. This department, the
central Du Pont source, provides a wide varlety of information services and also
operates the Technical Library,Wilmington.

They issue a ''Guide to Information Sources'®' which 13 updated regularly and
furnishes a point of contact for each department in the company that issues reports
on technical investipations.

The Ceatral Report Index (CRI) of the Information Systems Department contains
records of nearly 150,000 report3. The reports are indexed in depth. CRI will also
searcnt, on request, published literature.

A Central Patent Index (CPI} also provides access to patent literature in the
nmany fields of Iinterest to DuPont. CPI will search, on request, U. 5. Patents,
foreign patents, andsor the non-patent scientific literature. Pigments Departzent
requests for these services are coordinarted by R. J. Bruehlman, Hewport.

Other compilations are now available or are in process. Amoung these are the
'"Analytical and Test !lethod Index'', the ''Index to Du Pont Analytical and
Physical Test Equipment'', the ~'Directory of Company Information Sources and
Personnel'', a ''Library of Frogrammed Instruction Courses'', and a wide variety of
others. Coantacts should be made through local library personnel who are kept
informed of company-wide activities in this field.

2. Pioments Department - Colors

a. Finished products are identified by a code number consisting of a three
digit serial number with prefix and suffix letters denmoting the color and physical
form. (A detailed description is furnished in another section). All processes,
costs, production records, sales statistics, etc. originate with coded products.

The approximately 130 finished products are combined, oo the basis of chemical
or process similarities into twenty {20) Calor Cost Groups. Ultimately, these are
categorized as the following color products types.

Krolor®

Afflair

Other Inorganics
"'tonastral'' Quinacridone
''tMonastral'' - CPC

Other Organic

b. Physical assets at all DuPonc locaticns are the responsibility of the
local engineering group. railed Informacion on facilities and equipoment can be
obtained through them.

LPH 0072601
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3. Colors Rescarch and Development

Data accumulated in pursuit of research and development goals must be
recorded in a manner that permits accessibility at any subsequent time.

The following media are used to record experimental work:

a. otebooks

b. ilonthly Summary Reports (covers work of a research group)
c. Progress and Final (KN) Reports on specific subjects

d. Correspondence Files

e. Exposure Seriles

The kay to information retrieval 1s the formal (KN) report. These reports
are to be prepared following the ''Guideline for a Uniform NDuPont Technical Report''
which was developed by an Interdepartmental Committee. Coples of the guide are in
R and D offices or may be obtained from Central Report Index, Wllmington. The
reports are filed numerically at Newark, and,indexed in depth, by the Central Report
Inde:x, Wilmington, where the informatlion 1s computerized for retrieval.

Correspondence is also filed by the system described under '""R and D File
Systems'' (Section F, this book).

Obtaining a Kl report on a specific study would provide the following
information:

a. Period Covered

This 1s helpful in limiting search of correspondence and other files.

b. Author and Supervisor Approving the Report

This can lead to the proper lonthly Summary Report which oftimes contains
additicnal data.

c. wotebook References

These contain the chemist's record of his experimental work.

Record of development f{nformation such as Pilot Unit and Plant batch numbers,
end-use tests, patent status and 3o forth. These reports and card index files are
maintained in the Research and Development Library at Newark and Newport and at
CRI, Wilmington.

Studies not covered by a KN report may he referred to in lonthly Summary
Reports of the appropriate group or In correspondence. Recrieval of information
fron the correspondence files 1s more fully covered in the description of the file
clasasification system.

LPH 0072602
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Completed and inactive notebooks are kept in the Newark Library and in the
office of the Secretary to the Technical Superintendent at ewport.

Revised by BHP 1975
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RESEARCH AND DEVELOPMENT COST AND AC QUNTING

The cost of performing reaearch and development activitles includes:
Direct costs, such as:

Compensation and other employment costs of Research and Development
personnel for time spent on the specific project.

Cost of materials used directly on the specific project.

All other direct costs Incurred for the specific project, including work
done by outside organizations.

Other expenses (assigned or allocated, as appropriate) such as:

Cowpensation and other employment costs of supervisory, clerical, or other
personmnel of the technical unit for time devoted to Research and
Development work.

Technical management, including Wilmington Office technical management.

Expense of operating and maintaining facilities used in Research and
Development.

Proportionatae share of expense of operating and maintaining general plant
facilities necessary to supplement Research and Development facilicies.

To properly accumulate costs, a system of gignificant numbers has been set up.
This delineates the type of activity, the product line or area of investigationm,
the agency performing the work and the location.

A list of Pigments Department Research and Development expense accounting codes
is issued periodically by the Accounting Section, Wilmington. Requests for new
.endas or information on existing codes may be obtained from H. E. Clendaniel,
extension 6878, Wilmington. The following examples will illustrate the
slgnificance of the digits.

LPH 0072604
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Work on Quinacridones performed at Wewark
Pesearch and Development Division {(Agency doilng work)
Colors (Product Line)

Responsibility code. Work Authorized by - . 7 means
Newark (Indicates redponsibility; for whom work {s done).

Ioprovement of Establishe< Business (I.E.B.)

Quinacridones

Source - where work is done, in this case, Newark. If work
done by e.g. Engineering Dept., code may be 12 instead of 7.
Change in second group of digits (to 400) indicates CPC
instead of QA

Work on Phthalocyanines at Newport

Regsearch and Levelopment Division

Colors

Responsibility code - work authorized by - B8 means WNewport
I. E. B.

Quinacridones

Source. Where work 13 dona; 1in this instance, Hewport.

These 2 digits are oot ordinarily used by the chemist:or
engineer.

It is essential that cost accumulation be accurate and this necessitates the
proper use of cost cades.

The following illustrate typical cost coding for requests for goods aand
services initiated by technical personnel.

Purchase Requisition
Repair Order

NEVARK NEWPORT

4607-04-999 4607-XX-XXX*
4604-04-999° 4604~-XX-XXX"
4605-04-999 4606 -¥XX-XXX

¥XX-X¥X To be filled in by appropriate Hewport R and D expense code. For example,

supplies charged to QA:

CONFIDENTIAL
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NEWARK NEWPORT
Stores Ticket 4607-04-999 4607-XX-XXX
Montihly Salary Distribution 4601-71-200%* 4601-XX-X3X
Uperating Labor 4603-71-200%* 4603~XX-XXX
Service by Outside Vendor 4034-71~300%% 4634-XX-XXX

*¥%200 means that the work 1s charpged to Inorganics; For Quinacridones, for exarple,
370 would be used in place of 200, the remainder of the charge code remaining the
same. .jote that a final ''07'' code (Newark Plant) is not used here.

All of the above six e¢odes (e.g. 4607-04~999, etc.) are for internal use at
Newark or Newport only. The third and fourth digits are inserted to denote the
type of expense and are used only on the plant site. These numbers are not used
when supplying cost codes to other DuPont locations.

For all non-technical work or for technical work by groups other than Central
Research and Development Department, Engineering Department, and Pigments
Technical Service, the proper designation 1is:

For Newark, 8209 (General Ledger Number)
4671-300

(Note that 8209 is on a gseparate line.)

For Newport, 8211-
: 4681-300

8209 and 8211 have universal meaning throughout the Company:
82 1s Pigments Department
09 is Newark Plant, 11 1is Newport Plant

The 4671-300 is wmeaningful only to Pigments Department personnel; therefore,
the General Ledger number is essential.

For Technical work done for us (elther Newark or Newport) by outside groups with
which we maintain a budget, Central Research and Development Department,
Engineering Department, Pigments Technical Service, Chestnut Rw , the proper
code, in the case of gquinacridone, {is

8253
4671-300(Newark)
4681-300(Newport)

Revised by BHPerkins - 1975
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COMPUTER USE

A teletype terminal of the ''RAPIDATA'' Time Sharing Computer System is
located in the Physics Lab, First Floor No. 23 Buildinpg at Newark. Communication
betweon the user and computer is maintained through a teletype unit by use of
Levboard or paper punch tape. Four distinct languages may be employed for
programaing this syster: BASIC Language, ALGOL, COBOL, and FORTRAN. A library of
programs cocmmonly used in mathematics, business and technical work is supplied by

RAPIDATA and may be used simply by calling thelr respective codes from cowmputer
storage.

The Kewport R and D Laboratory has access to two terminals cornected, on a
time-sharing basis, to the PDP-10 computer at the Experimental Station. A teletype
offers 10 cps; the other terminal is a 1020 unit which provides either 10 cps or
32 cps and also has a wide carriage with a width of 130 characters.

Hanuals and assistance are available for those who would like to leamrn

BASIC Lenguage and FORTRAN. FORTPAN may also be learmed through the use of
I.B.M. manuals and ''Computer Programming for Chemists'' by K. Uibery.

LPH 0072607
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1/9/76

1/23/76

2/6/76

2/20/76

3/5/76

=%/19/76

Lj2/76

u/23/76

TENTATIVE SCHEDULE FOR GROUP STUDY SESSIONS

- 1976

Location

ﬁ:-”th
(A-207 Cenfr. Rm.)

Chodnut Run
(Lg. Confr. Rm.)

Exptl. Sta.
(2nd ¥1. Confr. Rm,)

Nevmnort

Choestnut Run

Newrort

Chestnut Run

Exptl. Sta.

_Time _
9:00 AM

9:00 AM

1:00 PM

9:00 AM

9:00 AM

1:00 M

9:00 AM

9:00 AM

L:00 M

Redbook
Leader Sectiocns
ARH 7, 8 9
BHP 6, 11
GT/1HH 17, 18
JJ 10, 15
HM 12, 13, 16
PAW h
RCB/RDN 7, 22A
JFH 22, 22A
Mlctg . 19, 20,
) 21, 26

Top:
Light Scatter
Measurement &
Particle Size
Propecrties.

General Plgme:
Particle Size

X-ray Diffrac
Microscopy.

Particle Size
Methods, Surf:
Agents.

Pigment Purif
persion & Rhe

Photochemical
Lightfastness
Durability.

Light Absorpt
and Inorganic

Pigment Class
Inorganics, K

Evaluation of
Pigments, Ser
Facilities E1l
Pigment Stand
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Date
1776

5/21/76

6/L/76

9/3/76 .

9/17/76

10/1/76

10/15/76
10/29/76
11/5/76

11/19/76

12/3/76

l.ocation

Newport

Chestnut Run

Newport

Frptl. Sta.

Ch~atnut Run

Fuptl, Sta,

N-wport
Chestnut Run
Exptl. Sta.
Newport

Clientnut Run

Time

3.00 AM

9:00

9:00

1:00

9:00

1:00

9:00
9:00
1:00
9:00

9:00

AM

PM

AM

AM

AM

Leader

PHG/WEM

EAS

EEJ

RJG

Mktg.

WHS

JMM

Inf,Serv. Div,

Legal
WHS /WEM

WSS

Redbook

S *ctions

2D

22B & C

22E

22F-H

25

27, 28

Topi
Phthalocyvanin

Azo Pigments
Lakes,

Quinacridones
Dioxazines, 1
Vat Dyes and
Pigments.

Pigment End U
Competitive P

Proccss Scale
Semiworks Fac

Process Engin
DuPent Inform
Patent Propes
Manufacturing

The Colors Pi



