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find this latest revised edition even more valuable

) than its predecessors,

Your inquiries conceming any of the discussions
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When it is realized that tilanium pigments
used in many products in many different sndust
the difficulty of generally predicting the exact ef
of the pigment sn use, can be readily underst
Moreover within a given industry producing a sin
line of products, manufacturing conditions may
a great deal, Therefore no warranty can be atta
to stems appearing in the HANDBOOK, such as {
formulae, results of paint exposure tests, or result
experimental or testing work which depend upo
particular set of conditions not mnecessarily duplic

by the user of the pigment,

Nevertheless all such data offered possess the in
ent reliability naturally associated with intensive st
and carefully conducted and verified experimental w

But any recommendations or suggestions are n
without guaraniee, imasmuch as the conditions of
are beyond our comirol,

Nothing contained herein shall be construed. o

recommendation to use any product or malerial
conflict with palents covering any material or wus
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PART I M

INTRODUCTORY N
Discovery of Titanium _m,.zrv . °?
\e

REMARKABLE clergyman—William Gregor
—reported in 1791 that some magnetic black o’
sand which he had found in the parish of Menaccan
in Cornwall, England, consisted mainly of iron oxide 4
and a white oxide which had not previously been
described. Gregor also noticed that solutions of this — ¢
new oxide turned milky .on heating. No name was = & M
given to the new oxide nor its element, but later the "
sand was called “Menaccanite” after the parish, : X
A few years later in 1795, M, H. Klaproth .in -
Austria separated a white oxide from solution of the -
mineral now known as rutile. He noticed the similar-
h

d

iness developed -
name “Titanic Earth” given to the new
aproth in honor of the

, finally evolved into the name

ing the reaction which caused the milkiness of titan- ! e b ¢
ium solutions, as a means of separating titanium diox-
ide for pigment purposes apparently occurred to no -
one. This, in spite of much work on the chemistry
of titanium by eminent chemists of the time who
recognized that the separation of titanium was due to
hydrolysis and that hydratéd titanium dioxide or
titanic acid was the product separated. In this period,
Gregor’s “Menaccanite” was superseded by the name
ilmenite after the Ilmen Mountains of Russia where

n two attempts were made to use titanium minerals as
: material for paint. In about 1869, J. W. Ryland
brought a boat load of crude ilmenite' from Norway
to Birmingham, England, Some of ‘this material after
grinding and heating to remove moisture; was milled
into a pamt vehicle. In 1870, John Overton of Lauis-
ﬂ . ville, Kentucky, patented a coating composition con-
1 taining ground rutile mineral in a bituminous cormposi-
tion, But nowhere, apparently, was white titanium

dioxide considered.

deposits of the mineral were found. During this time, w
3 s uime g v
-1

-
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Development of Titanium Pigments

In the latter part of the 19th century interest. ma
titanium was restricted to its use as a ferro alloy in

- steel manufacture, but after production of such an-

alloy was launched in 1907 m:waz..mn turned to Em
possibilities of :sas:.u@ a pigment. A. J. Rossi
who guided the metallurgical aw‘\m_@m\_mﬂnbvmam«&
about 1908 that some impure titanium Ebum_nm which
he had prepared, when mixed with oil gave remark-

. able opacity. At about the same time Jebsen, Farup

and others in Norway working on the utilization. of
the ilmenite deposit at Egersund, Norway, recognized
that titanium dioxide possessed value as & pigment.
In 1912, L. E. Barton joined .wommM in .namnunnr on
the pigment_possibilities of mg__g. Their processes
involved finally the reaction which O‘_‘,nmo.n and Em.?
roth had observed, but obtaining the titanium solution
to be hydrolyzed was a tedious- affair. Ilmenite was

fused e cake (sodium .E.m:mv:m»‘n.v”‘., uEm n&mo
" inane nace, beforea mmEz.E.m of titanium in
sulphuric acid could be obtained This process was
appliea o both ilmenite and ratile. At this time,

over, in Norway, work centered on the reaction
”mﬁﬂ_ﬁﬂﬁ ore &mw&_w with nmm..mnzc.unn@ mc_brczm
acid without going through a .».E:o: process. Rossi
and Barton found that the introduction. om finely
divided calcium sulphate or barium m_m_vrvnm. 58 c.s
titanium - solution facilitated ‘hydrolysis and gave a
composite pigment having as high' opacity as that.of
any pure titanium dioxide which &Q could produce.
For this reason the first titanium -pigments were com-
posites, no gon
In 1916, the Titanium Pigment Company was organ-
mnn% ‘to produce the products developed ev.. Rossiand
Bartori, but due to the war it was not until 1918 that
production could be started. In 1920, National Lead
Company, realizing the great <w_=@bnmﬁ_nmmﬁa pig-
ments as concluded from - research, purchased an
interest in the Titanium Pigment Company, The ..M”q
pigment proved attractive o the paint industry to the
extent that a second plant had to be put into operation
in 1923 at St. Louis, Missouri, to meet the growing

extengive - research. a
demand, and as a result of extensive research
process: for reacting ilmenite directly- with E_EE:_o
acid was developed. Composité pigments were still

dioxide, but wit

of the composit
By 1932, pu

ced in preference to straight ' titanium
hin a few years processes. were- devel=
oped for the production of straight titaniim dioxide
having tinting strength appreciably higher than that
e pigments.

re titanium dioxide had established itself
as a pigment along with the composite titanium pig-
ments and late in that year National Lead Company
acquired the entire stock of Titanium Pigment Com-
pany, Inc. In 1935, an additional pigment plant was

"B P . put into operation at Sayreville, New Jersey. In 1936,

the Titanium P

The 25 M

Element

igment Company was dissolved and

National Lead Company—Titanium Division—became
the manufacturer
PicmENT CORPORATION—was formed as sole sales agent
for TiTANOX pigments.

Titanium Ore for Pigment Manufacture

Although titanium was considered for years a rare

element it is estimated to be ninth in abundance of
the chemical elements making up the earth's crust,

while a new company—TITANIUM

TasLe [

ost Abundant Elements in the
Earth's Crust*

Estimated Weight Percent

Weight Weight

dercent Element pervcent

1 Oxygen ...,. 46.60 I3 Sulfur .,... " 052

© 2 Silicon ..... 27.72 14 Carbon ,..,. 032.
3 Aluminum . 813 15 Chlorine ... .031
4 Iron .....,. . 5.00 16 Rubidium .. 03]
S Calcium ..., 363 17 Fluorine .., 030
6 Sodium ..., 283 18 Strontium .. 030
7 Potassium ., 259 19 Barium .... 025
8 Magnesium ., 209 20 Zirconium ., 02
9 Titanium

e 44 21 Q:.QB.EB 020

p— . 10 Hydrogen ., anadiy

" ToraLor1sr 10, 9917 24 Nickel ..... 008

25 Copper ..... 007

: 11 Phosphorus. 118 ——

i <100 ToraL oF 25..., 99,70

e - rom Mason, an, 3 ciple; istry, e
) N 1 ) ew ouny

- Mi

14 22 Vanadium 015

0, urvey reular 8 ates
of the undances of the Elements in the Earth's C
chae

eisc

ashingt

ﬂ ) rust
her,. Washington, D. C.; 1983, Geological
on 25, D. C,
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There is more titanium than lead, zinc, antimony, tin,
nickel and chromium combined. Only oxygen, silicon,

bec, Canada, hematite and ilmenite are so closely inter-
grown that separate concentrates of each mineral can-

. o

aluminum, iron, calcium, sodium, potassium and mag- ; not be produced. As-a reésult, the winning of titanium
nesium are-more abundant than titanium. Sec Table I. ﬂ values from this ore involves the manufacture of pig O
This abundance of titanium is due to its widespread iron by electric smelting with coke to yield a high ti- b
occurrence in small amounts in practically all .rocks tanium slag (70-75% TiO:). This slag is starting ma- ‘e
and many minerals, but rutile, ilmenite and alteration terial for the production of titanium dioxide pigments, v
products of ilmenite are the only important titanium Pure ilmenite unassociated with iron ore in a rock v
ores, . body has come from Nelson County, Virginia, where »
) : ] the body consists mainly of ilmenite and apatite or 4
So far as titanium pigment production is concerned, rutile and apatite, m
because of relative scarcity and insolubility, rutile does : ’ : . G
not lend. itself readily to conversion to pigment by the In c.mwn: .w:a m:.:n.w sands, ._B.a:_”a occurs along with o
-« sulfate process in spite of the fact that rutile concen- monazite, zircon, m_.:nm and rutile. .A,:a most exterisive vAp
trates niay contain 92-98% TiOs. Hmenite-is often con- of the sand deposits are near Quilon, in the state of i
sidered an.iroii titanate FeTiOs or FeO-TiOsy, but iron Wn_.m_.w (formerly Travancore), India. The beach sand S
is apparently always present in both valences. In the ° macom; near Jacksonville; Florida, afforded the first
usual commercial ores the titanium dioxide (TiOs) ilmenite used in this country for the volume production .
content-may vary from 35-60%, ferrous oxide (FeO) of TitaNox pigments. An ilmenite sand depesit has re-
from 5-40%, and ferric oxide (FexOa) from 5-32%. cently been developed near Lakewood, New Jersey. _
These ranges il composition are explained as resulting Other sand deposits of importance are at Trail Ridge, -
from the effects of weathering—oxidation and rémoval - Florida, in South Africa, Australia, Malaya, Senegal, ?

of some of the iron leaving residués higher in titanitim
dioxide but lower in total iron content than unaltered
ilmenité. The fresh mineral is black, but its alteration
products may be much lighter in color—brown, yellow;
or gray.

In rock formations, ilmenite is generally associated
with iron ore, usually magnetite although onnummc:u“:v.
with hematite, which accounts for the designation
titaniferous iron ore. Thé Maclntyre deposit in New.
York State which is being worked by National Lead
Company as a source of ilmenite for TiTANOX pig- -
ments is titaniferous iron ore also- yielding magnetite.
The ilmenite produced at Maclntyre contains about
45% TiOs, 39% FeO, and 5% FesOs and like other
ilmenites from rock deposits, is-essentially ::ﬁamaumq&
and black in.color. Titaniferous iron ore is being mined
in Canada, and is known to occur it :a_.w... w&.m_.w.
Wyoming, Minnesota and-California. The titaniferous
iron ore of Norway has been the main  source of
ilmenite for titanium pigments manufactured in mmnoco.
along with the more recently worked deposit at
Otamaki, Finland.

In titaniferous iron ore mined near Allard Lake, Que-

and Spain. The ilmenite in sand deposits is usually an

altered product so that the concentrate may contain as

high as 65% TiOa,

It is believed that all ilmenite has come : from

. igneous rocks, and as a result, the beach sands are

accounted for by the breaking up of rocks on weather-
ing. Fragments of the rocks are carried to the beaches
by rainfall. This theory has been applied particularly
to the beach sands of India. Zircon, monazite and.ilme-
nite are.carried along by the rivers arising from flood
waters which are held back by the Arabian Sea-the
rivers spread out into lagoons, thus causing the -sands
to be deposited. Of course, very long periods of tithe
elapsed during this process. The deposition and con-
centration of ilmenite and other heavy minerals ini cér-
tain localities is apparently the result of a number of
forces acting singly or in combination, such as streams,
ocean currents, waves, or wind.

Production of ilmenite concentrates from rock de-
posits involves blasting, crushing and grindinig, followed
by magnetic separation of magnetite, gravity separation
of gangue; and final high intensity’ magnetic separa-
tion, or flotation, of ilmenite,

NLI 121240




centrated ilmenite, A flow sheet on the next page which
may be folded out presents graphically the essential

Production of ilmenite concentrates. from sand de-

S IR

posits usually requires no grinding. A combination of steps in the winning of ilmenite at Tahawus

- gravity, magnétic and electrical -high: tension separa- ! & )
tions is used. The value of this project cannot be stressed too much. )
‘ - It literally saved the paint industry and this is evident o}
when some statistics are considered, Thus, in 1940, some ,,.
222,000 tons of ilmenite were imported into the United :
; o States practically all from India, but.of this year, only v
Maclntyre Development of Nationdl Lead about 21,000 tons were produced domestically. By 1942, N

, total imports of ilmenite for titanium pigment produc-

Company tion had fallen to about 7,000 tons, but when the Adi- W
" o . . . rondack material came into production late in 1942, the (
. In _ﬁm.h Zw,:czu_,“rﬁ@vﬁ»oawmzk%ﬁmma‘m mmra_zw total domestic output was increased to about 77,000 o4
.w:ﬁwnMﬂﬂ%ﬁaﬂﬂﬂ:ﬁﬁwmw_dwg _.,ow.ma nosn n mm tons. By 1943, while imports rose to about 75,000 tons, X

due to 65,000 tons from Canada, there was a pressing
demand for ilmenite to maintain the siipply of titanium
pigments. This was met by domestic production of
about 204,000 tons, mostly from Tahawus, to be boosted
to a total of 278,000 tons in 1944, Further increases in
production of ilmenite at Tahawus keep pace with the
growth in production and use of titanium pigments,

.‘ ..

anorthasitic. rack, - By far the largest

domestic production of ilmenite com
‘ posit. The operationis aré centered:at
I is located on the edge of Sant
other mouritains in the area. 0
are used. The rock is drilled:wi
blast holes, after .which
broken rock is remioved”

MacIntyre Development Not Sole Source of
Titanium Ore for TITANOX Pigments

National Lead Company is not dependent solely
upon its MacIntyre development as a source of titanium
ore for TitaNox pigments. Not only does this company
own and operate mines in Gther places, but it regularly
uses ilmenite from other sources, A policy that stabi-
lizes the present and looks to the future provides long
range planning of reserves in the ground at present and
future mining sites plus proper control of inventories
of ore from several sources at all times,

which eliminates 10 1 {

ilmenite and magnetite. The-pradu
plant is further ground to ~20 mesh
closed circuit with vi g s
on, the whole o 1

Titanium ore reserves of the Company have been
strongly supplemented by discoveries of new deposits
at its properties in-Tahawus and in Norway and by the
purchase ‘of titanium-bearing land in north central !
Florida.
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Process of Titanium Pigment Manufacture

The ilmenite concentrate shipped by rail, or as
ballast by water to lower shipping cost, is first dried
and ground to a fineness. less than 200 mesh, The

ground ore is reacted with concentrated sulphuric acid, -

giving rise. to. an exothermic reaction which can be
made to carry itself along economically, Sulfates of
titanium and iron are formed which arc carefully
brought inte solution with water and dilute sulfuric
acid. ’

Any ferric iron in the solution is reduced to ferrous
usually by the addition of metallic iron in the form of
scrap. In addition, a small proportion of the titanium
is reduced to guard against reoxidatioin of the iron.
The undissolved ore is removed—incidentally. this is
oune of the most vital steps of the process inasmuch
as this-residue must not remain in solution to contami-
nate later the titanium dioxide which is precipitated.

In the manufacture of titanjium dioxide pigments
the solution is carefully nucleated, there being many
patents coveriiig this step. The nuclei may be added

separatély or formed in the solution, after which the -

solution:is boeiled; resulting in ‘its hydrolysis and the

precipitation-of hydrous titanium dioxide. The precipi-

tate is separated by fltration- and is washed during.

continuous filtration to free it from the mother liquor.
The. washed precipitate is calcined in rotary kilns in
order to drive off moisture and to develop opacity.
Prior-to calcination, additives may be employed to
insiire proper development of pigment properties, Here
again, the patent literature is replete with suggestions
for this step. The caléined product is ground under
the .filost carefully- controlled- conditions, employing
the types of grinding  required for the properties of
ease of dispersion to a high degree of dispersion in
the products for which the pigment is intended.  For
some types, roller mills of ‘the Raymond type are
used; also wet milling in closed circuit with hydro
separation and also in combination with fluid pressure
mills of the latest type.

On the next page which may be folded out there is
a flow-chart depicting the éssential steps in the manu-
facture of “pure” titanium dioxide pigments.

Whether anatase or rutile titanium dioxide is to be
produced will depend largely upon two steps in this
process; namely, nucleation where the type of nuclei
will determine, to a large extent, the crystal struc-
ture of the hydrolysate and in calcination where con-
ditions also govern crystal structure. Rutile may also
be produced by employing chloride solutions instead
of sulfate solutions. It must be rentembered that the
name rutile when applied to titanium dioxide pigment
simply indicates crystal structure and does not mean
that the pigment has been derived from the mineral
rutile.

In making composite A._‘;z.o% pigments, the ex-
tender in finely divided form is added to the solution of
titanium prior to hydrolysis, Very finely divided

calcium sulfate (anhydrite) is the extender of the

rutile-calcium pigments and is proportioned for 50%
of the composition of TitaNox-C-50 and 70% of
Titanox-RCHT, Titanox-RCHTX and Tiranox-RC
corresponding to TiO,; contents respectively of about
50% and 30% by weight. ‘

From. the boiling titanium solution, hydrous titani
um dioxide is precipitated, by hydrolysis, upon the ex-
tender. So precipitated, the titanium dioxide 45 tightly
held by the extender, resulting in a true composite
pigment. After washing, the precipitate is calcined,
then milled.

" A flow sheet follows i:mn: shows graphically the

steps in this process.

Other Processes for Manufacturing
Titanium Pigments

Many processes for manufacturing titanium pig-
ments have been described and patented. Some of
these have been studied, used and abandoned by the
industry. Processes that have been abandoned because
of inefficiency and high cost, involved either fusion
of the ore or reaction with fluorides. Other than the
sulfate processes used in the manufacture of TiITANOX
pigments the only other processes that are always
under consideration are those involving the manufac-
ture of titanium tetrachloride and its conversion, eithier

e
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in the liquid or vapor phase, to titanium dioxide, The
sulfate process being highly economically stable has

- been preferred by National Lead Company, Chloride
4 processes are natura Iy receiving intensive study partly
because of the rise of the titanium metal industry which
must utilize under present processes titanium tetra-
chloride for conversion to titanium metal. In manu-
facturing titanium tetrachloride for titanium metal pro-
duction the mineral rutile is the starting point, Use of
this ore (rutile) obtained mainly from beach and dune
_sands of Australia and Florida, in:no way affects the
. supply of ilmenite from which TrtaNox pigments -are
made by the sulfate process. :

It must be remembered that titanium d
! owes its value to-its propertie i
| bination of high refractive index
. size, A particular process for the ma
, pigment may be looked upon as one ro
_ erties. And there are ‘many routes.

! will necessarily produce titanium dioxide
! that from any other.

ioxide pigment
rties, particularly the com- ,
ith optimum particle
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PART I

PROPERTIES OF TITAN

N UNDERSTANDING of
titanium dioxide itself is hel
tion of the worth of TiTANOX pig

Physical and Chemic

In the first place, why was the
foundation of these pigments? Th
is the most stable combination of
Titanium peroxide, TiQs, is highl,
the lower oxides, TiO and TiyOs,
ily. All lower oxides are dark in
in finely divided form is white.

Physical stability of titanium d
its high melting. point of 1830°C
variability when heated to very hi
a result, titanium dioxide pigmer
temperatures encountered in mos
pigmented materials. Although a
tures, the color of titanium dioxid
it usually reverts to white on cool

Chemical stability is indicated
bility. Insoluble in water, dilute
ganic acids, dilute alkalis and |
compound at ordinary temperatur
nium dioxide may be brought into
concentrated sulfuric acid or hydr
with sodium or potassium carbon
fate must often be employed to b
into solution, the melt being dis:
Titanium dioxide is unaffected by
countered in the atmosphere, suct
sulfur oxides, etc.

Titanium dioxide is difficultly ¢
vacuum at- very high temperatures
and consequent -darkening may o
eliminated and brightness restore
Ordinarily very high temperature
fect reaction of TiOs with other ¢
ing ageits.



n

This stability of titanium dioxide is the result of the
strong bond between titanium and oxygen——often ex-
plained by the screening of titanium ions by six oxygen
ions in the crystal structure,

Crystal Structure

Three crystal types or. polymorphs of titanium di-
oxide exist, namely, anatase, brookite and rutile, and in
cach, the titanium ion is surrounded by six oxygen ions.
Anatase and. rutile are tetragonal while brookite is
orthorhombic. Inasmuch as brookite has not been pre-
pared on any significant scale and apparemly oceurs
only in nature, and sparsely, it is not of pnmary in-
terest here.

With the titanium ion at the centre surrounded by

six oxygen ions, the arrangement is an octahedron. In
anatase the octahedra ate packed so that four of the
twelve edges.of edch octahedron dre shared with other
octahedra, wheFeas i riitile two-dre-shared. These ar-
rangements: are illustrated in. Figures 1 and 2 along
ith the-unit-cells and their dimensions.
Whlle anatase has four moleciles per unit cell
- =+ 001A and ¢ = 9.514 * 003A,
rutile ha—s;t,weﬁmolecule,siger wnit-cell with() a.= 4.5929
+ 00054 and ¢ = 29591 * .0003A, and is therefore
less. complex . and more compact,

Typical X:ray diffraction patterns of anatase and
rutile are shown in Figures 3 and 4 respectively. The
intensity of the diffracted ray is plotted against the
diffraction angle. ‘The interplanar spacing in. Ang;tmm
units associated . with each diffracted: ray is marked
adjaceiit to it. X-ray diffraction patterns are a most
positive means of identifying anatase and rutile.

Rutile is-apparently the more stable-form at afl tem-
peratures. As headt is applied to-anatase it transforms
to rutile over the témperature range 700° to 950°C.(2)
whiich is well below the melting point of 1830 = 15°C.
of rutile. '

The difference in crystal structure betweéen anatase
and rutile is often considered the basis for differences
in their phiysical properties. These properues, in gen-
eral, are of the same order of magnitude in the two

(1 Cromer, D. T. and Herrington, K., J. Am. Chem, Soc. 77,
4708 (1955)

(2) Sullivan, W. F. and Cole, S. S, J. Am. Cer. Soc 42,
127-133 (1956)
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types, but the differences can be of practical import-
ance, The more compact structure of rutile, for ex-
ample, is considered to account for its higher refractive K
index. This can be the basis for selection between the ' D
two crystal types in finely divided form for pigment C
purposes.

N

- Refractive Index

Among colorless substances, the average refractive
index of titanium dioxide is the highest known. For
anatase it is 2,52(3) and for rutile 2:76¢4). This prop-
erty accounts for the great light scattering ability of
finely divided titanium dioxide when dispersed in vari-
ous media with consequent high reflectance and opacity.

As refractive index varies with wave length, it is not
surprising that the refractive index of titanium dioxide
. is higher at the shorter wave length or blue region, and
lower at the longer wave length or red region of the ;
visible spectrum as shown in Table I. , '

PEISIS 2 27a7-2 NP S K

-3

_TabLe 1

x&_.u,nme.m Index of Titanium Dioxide
Synthetic Rutile Crystal(4)
”

L
_
P
Wave Length ) "o _ i
Micron (ordinary ray) (extraordinary ray) .
0.4358 2.8499 3.1969 P
0.4861 2.7305 3.0473 P
0.5461 26503 2:9473 »
; 0.5891 26126 2.9004 |
1 0.6563 2.5720 2.8500 P
1.0140 2.4842 2.7418 w
1.5295 2.4461 2.6954 _ ;

other data(6) extend the above range to 8 microns.

Natural Anatase Crystal(5)

- Wave Length e "
Micron (ordinary ray) (extraordinary ray)
0.43583 2.7688 2.6576
0.54607 - 2.5948 2.5161 :
05893 - 2.5612 2.4880 !
0.69075 2.5097 24447 m

(3) Int, Critical Tables, McGraw-Hill, N. Y., 1, 113 (1926) §
(4) Herrington, K., Official Digest 34, 453, p, 1063, Oct. 1962, :

Wn@nmw“uo DeVore, J. R, J. Opt. Soc. Am,, 41, 416-419
(5) Schroeder, A:, Zeit. Krist. 67, 485.542 (1928)

NLI 12 1255




The transparent large single crystal form of rutile
titanium. dioxide, early made by National Lead Com-
pany Titanium Division(68) has provided not only for
reliable determination of refractive index but also of
other optical properties. For example, transmis-
sion(8) expressed as optical density A_,om. !ll«!ml.lilv

transmission
is shown in Figure 5.

High Reflectance and Whiteness

Titanium dioxide while transparent in large single
crystals, is highly reflective in finély divided form, and.
is intensely white because its high reflectance is_uni-
form throughout-the visible spectrum, Yet its whiteness
is not perfect. .

As indicated by transmission of the single crystal,
absorption in the far blue region is also characteristic
of the finely divided material; In this respect rutile is
more ahsorptive. than anatase as may be noted from
Figure 6 showing the reflectance of compresses of finely
divided anatase and rutile measured against fumed
magiiesiom oxide as a standard(7), Anatase is innately
the less yellowish or more blueish white form. As a
result, under strictly comparable conditions, not in-
volving colored -additives, anatase titanium dioxide is
the whitest type of titanium pigment. At longer wave-
lengths(D) and Hm_ﬁﬁ_m_,m,zm into the infrared as shown in
Figure 7 rutile is more highly reflective,

Integrated Solar Reflectance

Based on solar intensities  over the wavelength range
of 93 to 2.5 microns and adjusted to a value of 0.966
for fumed MgQ(7), the integrated solar reflectance of
a compress of finely divided anatase is 0.929 and of a
similar compress of rutile is 0.946. (The spectral en-
ergy -distribution of-sunlight(8) at an air. mass of two,
on which these figyres are based, is shown in Figure
8). Because titanium- dioxide has much higher refrac-
tive index than the binders of coatings.such as paints, its
high solar reflectivity is readily utilized in coatings.

(6) Cronemeyer, D, C., Phys, Rev. 87, 876-86 (1952) :

(6a) Science News Letter; Oct: 18, 19477 A.LLM.E. Mining
Transactions 184, 194 (1949) -

(7) Herrington, K., Unpublished -Data, Res. Labs., National

Lead Company, Titanium Division i
(8) Moon, P., J. Franklin Inst. 230,°583-617 (1940) .
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Figurs 8
SPECTRAL ENERGY DISTRIBUTION OF SUNLIGHT. AT AN AIR MAS$ OF TWO
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This is in contrast to other
fow refractive index that a
ings carrying appreciable p

Emissiv

The emissive power of a
various wavelengths is sho

Tas

Some Mechanical Prope

Density g.cm.-3
Hardness—Mohs’

Knoop Hardness Number
with 500 gram load
* single crystal
1 rutile powder
" 1 anatase powc

Among other mechanical
ticity of TiOs powder pre:
modulii(14b) and bending
rutile crystal; compressibi
crystal have been detern
coefficient calculated (14, 15)
kg.-1.

9) Res, Lab. National Lead C
0) Shomate, C, H., J, Am. C}
1) Schossherger, F. , Z. Krist,
2) Moore, C, H., Trans. A.L]
3) Combes, L. S., Ballard,
i.‘Opt, Soc. Am., 41, 215-2
14) ‘:;g'il)ung, E. and Fuchs

(14a) Bridgman, P. W., Proc

(14b) Vick, G. L. and Hol!and‘
32, 947-9 (1960)

(14¢) Bndgman P. W, Am. J.

(15) Dayal, B., etai., ] Sci.
26-30- (1950-51).

(16) Wachtman, J. B.. and

nical Repon 53- 265 ]ulyl
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- . Some Thermal Properties of Titanium Dioxide
aaaaaa

za_:sw Point
nAIF LG8 15°CaND
At higher Os....... 1870 x15°can . "
Thermal Conductivity
cal.sec.-l-em.E°C-t.

at 44°Crin.e=dir.... .0256(18) L e
- at48°C.in a-dir.... .0204(18) e
ratile powder '
¥ 100°C. to 1200°C.0.015to0:0079119) . ...,

Linear Therm. Expans.
*Ccn
AAXIS vou.ur. .. ¥7.19.X 10-6(5,20)  *-2.88 X 10-6(5, 20)

“r L samncgrestags s L@

Caxis ......in, *9.94 X 10-6(5,20)  %6,64 X 10-6(5,20) .
0 to 1000°C., .19.0-9.1 X 10-6(21, 22) - Ceeeens _ .
-130.to 50°C.... 8.0 X 10828 .., ... “ ’
* Natural single crystals i
1 Powders

Specific Heat, ¢,, (cal. °C.-1g.1)

TiOs powder—crystal structure not specified(24),
where t varies from abayt 37 to 400°C.,, - :
o cp = 0.1512 4 2.45 X 10-4 t-2.22 X 10-7 ¢2
Anatase powder (26), where t varies from 307-to 728°C,,
o cp = 0.1692 4 1.602"X 10-¢ t=1.53 X-10-7 12
Rutile powder(25), where t varies from 304 to 1009°C.,,
cp = 0.1680 + T.2B1 X 104 =784 X 10°8°¢2

Specific Heat at Low Temperatures(10)
fi. K, Rutile Temp. K.,  Angtase
20816 01646 208.16.  0.1653
’ 2409 0.1446 2358 0.1419
160.7 0.1021 . 155.5 0.0990
0.03911
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IN Some Electrical Properties of Titanium Dioxide
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Attainment of Pigmentary Value

mic and
y. bhigh
Jity; bit
Particle

may have ‘no vafie v
size and particle size’ 5t
as to contribute with.high.s
scattering of light and- conse
opacity: -On the basis“of Mie
late(d) that- maximum
light by titanium’ diox
diameter is- about 0.25 Exce toportio
of extreriiely stall particles such as under*(:1 micron
diameter and of relatively. large "such as above Hc
micron diameter must be excluded.: As.a result-a-typi-
cal- median particle” diameter “of titanium - dioxide pig-
ment is 0.2.micron.. . .

From the practical viewpoir :
pigment are of interest inrelat their surface
is not only: subject to modification itsélf but offe
entrance for modifiers which_control pigmentary efiects.
The simplest type. of titanium pigment is-one which
provides high" reflectance, “whiteness ws@.&..&mw,%w_u_a
hiding' power. Such a pigment however may Tack cer-
tain qualities required. for special uses and-therefore
will be modified for these. That is why a number of
types of “titaniumi dioxide pigmenits-have been: ‘made
available to meet different needs. Thus as.an example,
for tinted exterior paints, the ¢ y.'of the-simplest
type of pigment toward chatking and
of the paitit muist be reduced. Such modification may
be secuired through acting upon o through the surface
of the pigment. .

In Part UL the salient qualities of Tiranox pig-
ments are -discuSsed. A comprehensive table of the
properties of .the ‘pigments-is presented as’ well as a
separate data sheet devotéd to each type.

(29) Mie, Gustave, Annalen der Physik, 25, p. 377 (1908)
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PART III

TITANOX
The original Titanium Pigments

HITE pigments which owe their unusual white-

ness and unsurpassed hiding power to titanium
dioxide are either substantially titanium dioxide itself
or titanjum dioxide extended with calcium sulfate,
Unextended titanium dioxide is known as “pure” pig-
ment, whereas extended titanium dioxide is known as
composite pigment.. These classes are distinguished in
TirAnox~—the original line of titanium. pigments—by
the letter following the word Tiranox. Thus, the letter
A as suffix denotes “pure” titanium dioxide, while C
indicates calcium sulfate as extender, So widely has
this brand been accepted that titanium.pigments are
commonly mentioned as falling into-classes A and C.
Increased tinting strength and opacity brought the
rutile crystal structure of titanium dioxide into the
picture with the established anatase crystal structure.
To identify the rutile form, the letter R was added
to the suffix so that rutile titanium dioxidé is identified
TitaNox-RA, whereas anatase titanium dioxide is
called simply Tiranox-A. Similarly, rutile titanium
dioxide-calcium sulfate pigment is called Tiranox-RC.-
Thus, there are two general classes of titanium pig-
ments according to titanium dioxidé content and two

additional classes according to crystal structure of
titanjum dioxide,:

Specific types within the broad classes have been de-
veloped mainly to provide one or more of the following

1. Greater ease of mixing and grinding in coating

or other compositions.

2. Reduction of after-yellowing of vehicles or re-
tention of whiteness. .

3. Increased tinting strength and hiding power.
4, Reduction of chalking in exteriot organic coatings.
19
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TITANOX Pigments

Titaniuvm Dioxide (rutile) -
Tiranox-RA—general utility
Titaxox-RA-10—unmodified

Tiranox-RA-40—rubber and plastic, especially floor
covering grade

Tiranox-RA-45—High gloss enamel grade -
Tiranox-RA-46—Latex flat and paper grade
,w_a>zox-z>‘moxr§=_»m-v=..acmm
Tiranox-RA-51—Higher strength multi-purpose

Tiranox-RA-NC—*Non-chalking” for coatings and
compositions exposed to weathering

Tiranox-PL-—stabilized for use in plastic laminating
paper
Titanium Dioxide (anatase) -
TiraNox-A-MO (and -LO)—general utility ; chalk-

ing type for white house paints; white rubber;

viscose delustering.

TiraNox-A-168 (-MO and -LO)—retards after yel-
lowing; uses similar to above, also white plastic
" compositions; inks :

TiTANOX-AA—“semi-chalking” for white house
paints; acetate rayon delustering

Titanox-A-CG—paper coatiiig grade (€CG)
Tiranox-A-WD—water dispersible; paper filling
Trranox-A-WG—“Welding Grade” for coatings of
arc-welding rods
Titanium~Calcium (rutile TiOs on CaS0y)
30% TiOs

Titanox-RCHT—general utility; flat wall paints,
. etc,, traffic paints

Titanox-RCHTX—enamel grade of RCHT
H:,>zox-wh.l::o:-nrw_rm:m: for tinted coatings ex-
posed to weathering

50% TiOs

Tiranox-C-50~—multi-purpose ; flat wall, semi-gloss,

gloss paints and enamels

20

_5«:.04050.3 5 Mixing and Grinding
Qualities

Progress in Dispersion paralleled Trend to
Rutile

The primary “pure” titanium dioxide pigment is
Tiranox-A. Of substantially anatase crystal structure,
this original titanium dioxide pigment was early im-
proved in ease of mixing and grinding accompanied by
lowered vehicle requirement, or low oil absorption—
hence the suffix LO~—~Tiranox-A-LO. To assure dis-
tinction between the regular pigment and the improved
type, the lettérs MO signifying medium oil absorption
were added to the regular hame so familiarly known as
Titanox-A-MO. As new types of TiTANOX-A were
developed, these also possessed low oil absorption.

With the exception of TiraNox-RA-46, the TiTANOX
rutile “pure” pigments have low oil absorption and low
organic vehicle requirements for mixing and grinding.
The high oil absorption of TiTANOX-RA-46 is a char-
acteristic that accompanies its high hiding in flat latex
paints, but is not a determinant of its ease of incorpora-
tion in latex vehicles. .

A -typical comiparison of the percentage of pigment
by weight in pastes for grinding through a roller miil
illustrates differences among these pigments:

Relative % Pigment
by Weight in Paste
A w o for Grinding
natase “‘pure” pigments

Titanox-A-MO, and A-168 MO. 50-55
TitaNnox-A-LO, and A-168 LO. 62-64
TITANOX-AA ... ciiviiiinin, 60-62
TitANOX-A-CG ,.......ovvein 62-64
Rutile “pure” pigmients

TiTANOX-RA-46 ..............,. 50
Tiranox-RA .. .. ...oee.t. 66
Titanox-RA-50, RA-51, RA-NC,

RA-45 ... i, 68-72

~ Improvement in the dispersibility of the Titanox

c.mm_.:n_:m paces the need for maximum rate. of produe-
:o:.om milled suspensions having-the degree of dis-
persion or fineness of grind desired.

21
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Thus the general utility rutile-calcium (30% TiO

pigment. Trranox-RCHT readily _u«oianm, :N %nqmw
of dispersion usually needed in flat wall paints, exterior
house paints, traffic paints, and many other suspensions,
Further ease of mixing and grinding' of this type of
pigment has been denoted by the suffix X, thus
Tiranox-RCHT-X. This pigment is applicable to sys-
tems requiring the uitimate in pigment dispersibility.
Exceptional ease of mixing and grinding has always
characterized the chalk-resistant rutile-calcium pig-
ment, TitaNox-RC, and is an outstanding feature of
TiraNox-C-50 (50% TiOs, 50% CaSOs)—the excep-
tionally. high va_:,m composite. pigment. These pigments
may be shown to differ from Titanox-RCHT in speed
of wetting and fineness of grind as in the following
comparison ; :

solver, these pigments may be dispersed readily to 7-8
fineness of grind. )

Despite the fact that the rutile pigments are harder
than the anatase types, abrasion traceable to hardness
is minimized by lack of large particles plus rapidity of
mixing and grinding. For the production of whites and
delicate tints “prolonged grinding in steel ball mills is
avoided.

Dispersibility and Consistency

. In the rutile “pure” pigments at high pigment con-
tent of pastes there may be differences in consistency
related to efficacy of dispersion in critical cases. In
finished paint products, there is usually no appreciable

Relative Fineness* difference in consistency among the Titanox ‘“‘pure”

Wetting Time of Grind pigments, except that the higher oil absorption types

Trranox-RCHT ..., 60 5 may produce slighitly higher consistency than the low
Tiranox-RCHT-X, oil absorption types in organic solvent type systems,
RC,C-50 ..ovvininnns,s 40 6% Among the newer rutile "pure” pigments, TITANOX~

* Hegman gauge readings of special test paint f i
ool oy p or comparison

These easy dispersing rutile-calcium pigments have
_dmm béen rea &N&wvﬁ.&&o in chuﬁm:nm of the high
speed mixer~or colloidal mill type that operate on sus-
pensions of relatively low consistency and high volatile
content; as-well-4s in older types of equipment such as
pebble and roller mills, )

RA-46 will give slightly heavier consistency than. the
others;. the difference is more pronounced at higher
total pigment concentration, as in’ pastes and in organic
solvent flat wall paints. A typical relationship in con-
sistency effects of the newer “pure” pigments follows:

Average Consistency
Some organic solvent type coatings

: . . Pigment Stormey Units
Ease of Dispersion of Newer TITANOX rutile TiTANOX-RA-45 ............. ceeraens 85
Pigments TiTANoXx-RA-46 ................ 90
TrraNnox-RA-5) ..o, 88

At comparable copstant pigment concentration, the
riewer Tivanox rutile titanium dioxide pigments in

speed of wetting-on the average fallin about this order :
Relotive
Wetting Time
Trranox-RA-45 ... .............. 18
Trranox-RA-50, -51, -RA-NC.. ... 23-30

In finished organic solvent type paints which do not
contain aqueous bodying agents, there is usually only
slight difference in consistency among the rutile-calcium
pigments. In critical cases, Tiranox-RCHT will pro-
duce heavier consistency and less flow in highly pig-
mented pastes,

TiTANOX-RA-46 ... .............. 45 Paste Paint . . i

Pigment Consistency®) . Congistency® !
. As would be expected frorii differetices in oil absorp- TitaNox-RCHT ......... 40 69 *
tion, other factors being equal, a higher loading~ of Trranox-RCHT-X ....... 30 68 ;
Trranox-RA-45, generally about 8% as compared with Trranox-RC ........... . 28 68 ;
RA-50, -RA-51, and RA-NC and a lower loading of Trranox-C-50 ........... 25 67

RA-46 may be handled in a given dispersing “vehicle
when maximum concentration of pigment in relatively
viscous grinding suspensions is desired. In equiprient
of the high. speed mixer type, such as the Cowles dis-

22

(1) Relative consistency using paste consistometer under parallel
‘conditions. .
) Typical difference in hrushing consistency in Stormer Units,

23
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Dispersion and Consistency in Water

Fase of dispersion in water was early attained in
anatase - titanium dioxide—TiTAN0X-A-W1)  (WD-
water dispersible). With the trend to rutile for use in
aqueous systems, such as atex paints, and the need-for
a high degree of dispersion in such systems, the uewer
rutile pigments-are readily dispersible at high solids in
water with the dispersants universally used.

Qil absorption and consistency in organic solvent
type vehicles are gencrally not indicators of dispersi-
bility and consistency in aqueous systemis. Thus, water
slurries of TiraNox-RA-46 at relatively high colicen-
tration have low viscosity over a range of dispersant
concentration.

! Example of A%swq..l&n?

Viscosity iw Centipoiscs
70% Pigment by Weight in
. Watcr for % dispersant® of
m...m:x_.:u. PN a.a ?a

. Tiranox-RA-45 .. — © 125 290
TiraNnox-RA-46 ... 100 50 100
TitaNox-RA-S1 ... 30 50 125

* Potassium tripolyphosphate

Improved Retention of Whiteness of Coatings

The yellowing with age of white organic finishes was

early found to be lessened by the high tinting strength
of the original Tiranox~A., But in addition to masking
discoloration, modern TitANoX titanium dioxide pig-
ments also retard the color change of many vehicles.

_ This additional whitetiess—retentive effect, largely the

result of treatment with hydrated alumina, was first

applied to anatase titanium dioxide pigment and de- -

noted by the suffix “168," thus TiTANoX-A-168 This
feature. also characterizes the newer. types of rutile
“pure” pigments with the exception of Trranox-RA-10.

Generally, white coatings made with the rutile pig-
ments, although not quite as white, retain whiteness to
a greater degree as.compared with anatase ‘pigments,
The higher brightness generally produced by the ritile
pigments compensates for their slightly lesser white-
ness which can be corrected through the usé of toners,

Using reflection values obtained with the Hunter re-
flectometer, and the colof index* cilcilated therefrom,
following is a typical difference in whiteness and its
retention between anatase and rutile and also TrrANOX-

o Reflected Aniber—% Reflected Blue
* Color Index = - > s

Cola¢ Indzx % Reflected Green
Brightness == % Reflected Green (with green filter)

24

X 100

/ Nox-A- whi stentive types com-
RA and Trranox-A-168 whiteness ?‘8_:2.0 .
pared” with Tiranox-RA-10 and Trranox-A. The
lower the color index, the less yellowish is whiteness.

xample of Whiteness and its Retention
Air Dry Alkyd Enamel

Color of fitm aftcr
ure to

crposuret

Initial Color ‘diffused light

. of film for cight months
" % %o

: Hright-  Color*  Bright- Color*
Pigment ness Index ness —MMMW

TiraNox-A-168 ... 89 3.7 87.6 .
TITANOX-A .. ... 89.0 4.2 86.0 16.0
Titanox-RA ..... 90.0 55 87.5 13.0

Tiranox-RA-10 ... 90.0 59 87.5 .S.c.

In addition to TrtaNox-RA, the following rutile pig-
ments generally inhibit after yellowing—TrTaN0X-RA-
45 -RA-46; -RA-50; -RA-51; -RA-NC.

The TiraNox rutile-calcium pigments have long been
notable for promoting color retention, although in
whiteness effect, TitAnox-RC, the chalk-resistant type
has a slightly yellower tone than -RCHT or -C-50. As
an example, an enamel with Tiranox-RC had color
index of 5.5 as compared with 4.4 for Titanox-RCHT,

Improvement in Hiding Power

Increase in tinting strength and 8_‘8%@:&:@_« in
hiding power and opacity is the result mainly .wm Em
rutile crystal structure mn the composite m:& pure
pigments and increase in the titanium dioxide. content
of the composite as may be noted from the following:

Tinting Strength of TiTANox Pigments
(Reynolds’ constant volume method—
ultramarine bjue—see page 87)

: .m._.:::“_\.

Rutile Titanium Dioxide treng

the TitANox-"RA" E%Ba:a ........ ... 1650-1850
Anatase Titanium Dioxide

the TiTaNox-"A" pigments ........v.. 1200-1250
50% TiOy (rutile)-calcium pigment

Tiranox-C-50 ...... SRy S e 1000
30% TiOa (rutile)-calcium pigments

Titanox-RC: ~-RCHT; -RCHT-X..... 600
Zinc sulfide ........ e esres SN 640
Other White Pigments™ .. ....ccoovvinin 90 - 300

(1 Exciudes extenders such as aluminu agnesiul
ine Ifates, silicates, etc. which a

i carth carbonates, sulf N etc. are :c-m
hiding or non-opacifying in the great majority of pigmente
ystems.
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or equa -_I|_:w ower of some Flat Wall P
. e Piement ber Gallot 6

S : on-volatite “content,
Selected extenders. of course, present with prifme pigment to
raise pve 1o 60:709%

HIDING _th - SQUARE FEET PER POUND (98 % CONTRAST RATIO)
' OVER BLACK AND WHITE

|

JYPICAL RELATIVE
HIDING IN AN
ALKYD VEHICLE

(] as /

30

- 40 50
PERCENT PIGMENT BY VOLUME
OF TOTAL NON-VOLATILE

“v 1 siipyncareriagc ST o
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The decrease-in hiding power of ‘“pure” TiO; pig-
ment as. its concentration by volume is increased is the
result of crowding of its particles and consequent re-
duction of light scattering. The use of extendeérs with
this type of pigment thus reducing its concentration
while maintaining. total pigment volume, reduces the
crowding and increases the hiding power of the TiOs.
Bt generally, the-increase-is not enough to equal the
hiding power per pound-of the TiTaN0X. composite pig-
ments. With “pure” TiOs and added extenders great
care must be exercised in establishing the ratio of
TiOs to total extender and in the combination of ex-
tenders suitable for the total pigment volume concen-
tration. In the TITANOX composite pigments the
titanium dioxide is integral with the‘extender and the
whole is controlled _at manufdcture, and in use, func-
tions largely as a pigmeéatary unit;

Higher Tinting Strength of Newer
TITANOX Rutile Pigmenis

At high total pigment volume concentrations, the
hiding effects of mixtures of “pure” pigment and ex-
tenders, while greatly enced by the extenders.can
also be | by 1y slight differences in the
“pure” . As for use in-flats that do
not dtilize the, Trranox “CY pigments, new grades of
“pure” pigment have-been developed. These generally
have higher “oil absorption::than the type ordinatily
used, such:as Tiranox-RA-50. Such: higher o
sorption is probably- due igher pofe volume
may accommodate the extenders while the pigment also
resists flocculation, The result is pigment dispersity
that contributes  to-greater scattering of light with re-
sultant higher reflectarice and hiding power. Examples
of the new type, are TiITANOX-RA-46 and TitaNox-
RA-51. In a typical latex flat these pigments gave
higher hiding than TiraANox-RA-50 as shown below:
) Hiding Power of Paint

(sq. f8./U. S. gal.)
for 95% contrast ratio
over black and white

Pigment
Tizanox-RA-46 ,.............. 520
Trranox<RA-50 ............... 460
TitAnox-RA-51 ........ e 490

The higher tinting strength of these pigments in a
simitar flat is illustrated by the higher brightness of

their- blue: tint : % Brightness
Blue Latex Flat

TITANOX-RA46 ... ...ovouin.. 411
Ti1rANOX-RA=30 . .coovvnn ot 38.6
TiraNOX-RA-51 ... oooiiiian, 39.4

(At low pigment volume concentrations of titanium
dioxide at which crowding of the particies may not be
involved, the pigment must alse be capable of the dis-
persity that gives sufficient scattering to yield high re-
flectance and ouwn:w or hiding power. Improvement
of TiraNox rutile “pure” pigment for this effect, is
most pronounced in TiTANoX-RA-45,

This pigment cai be dispersed most readily to a high
degree of dispersion in low pigment volume systems
such as high gloss enamels. It exerts higher tinting
strength and gives higher hiding in such products than
does a regular pigment such as TITANOX-RA-50

Comparable White Enamels
Example of Hiding Power
insq. ft./U. S. Gal.
for 98% contrast ratio
over black and white

Pigment 10 % pre 15
Titanox-RA4S ........ . 310
TitaNnox-RA-50 ......... 225 www

Comparable Grey Enamels
Examplc of High Tinting
Strength of
Titanox-RA-45

Pigment . % ﬂ“ﬂ N.nzs
Titanox-RA-45 ..., . .... 43.0
~TiraNox-RA-50 ..., .. . 418

 While it is recognized that hiding power of a white
pigmented coating may depend upon factors peculiar to
~rm.mvmm_mn coating, on the average, the newer TiTANOX
rutile pure” pigments bear the following relationship
in relative hiding power—TitANox-RA-50 as 100.

. Low pve High pve
Trranox-RA-45 ......... 110 90
TitaNox-RA-46 ........, 95 113
TiraNOoX-RA-50 ... ..., 100 100
TiTANOX-RA-S51 .....,... 107 106

In general, the multi-purpose “ " pi
, pure igments

Tiranox-RA-50 and Trranox-RA-51 yield E%rmz&zm
in both fow and highly pigmented goods, with
Tiranox-RA-S1 being superior to Trranox=RA-50 in
this respect.

In addition, TrraNox-RA-51 in hidin

In \ g power and
tnting: strength can equal H~a>z°x-x>&% in many
gloss finishes. And in flats, TrtaNox-RA-51 can pro-
Wﬁm%:% %:mrm,ﬁ :_a_:mmncavm:v_m with color uniform-

ot tints over surfaces of varyin

cleanability. SrYIng’ poroity) wnd
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Higher Tinting Strength for Rubber and Plastic
N Compositions

_In compositions such as-floor-tile stocks in which the
titanium a_cﬁ% concentration . is- very- low; the re-
mainder consisting. of binder, fillers and colors, slight
differences in “pure” titanium dioxide pigment, as in
flat wall paints, may affect brightness and tone of tints,
The titanium dioxide should be capable of béing dis-
.persed in such systems so as to provide-the scattesing
needed for the color effects desired. Trranox-RA-40,
m.ﬁw_oaaa especially  for this purpose, .exerts higher
tinting strerigth than regular rutile “pure” pigment such
. as Trranox-RA, in many floor-tile and similar com-
i positions. As a result, if ‘desired, a lower concentration
- of Tiranox-RA-40 may-replace the regular pigment.
Following is 'an. example of this higher tinting
strength of Titanox-RA-40;

]
1 Aopre Brightness
w..hi\:m QM‘S.«. —wwxm“ mum_.vwm
TiraNoX-RA-40 .......... 3.0 452
TitANOX-RA ... ... ....... 33 447
. TITANOX-RA-40 .......... 33 45.8
,. Tiranox-RA ...... e 33 4.7
i
o
4 Tita zox-w}.ao.ﬁ even lower concentration.may re-
: place anatase titanium dioxide as in the following ‘ex-
ample of a white and grey rubber. tile composition.
| * Such replacement is feasible: also because of the tint
. clarity and clean whiteness produced by Tiranox-
: RA-40.
.M [ Col White N_%?i Tile
. alormaste; (1 t
Approx. % % IS,.QM& h_\w“.a%.ﬁnﬂi

u...»w..,?xm.: 9&: N
of total batch @:..qm? . «d Biue
ness)

Ti0gz Psgment

Titanox-RA-40 4.2 063 694 52.5
Trranox-A
( w:w”v.mov - 60 66.3 69.4 53.2

| Col m:.,sx_.wvm Tile
olormaster Reflectomet,
riorgr e, Qo reected wnth Fitter
: Y . 102 Pigmen
Ti0Q3 Pigment of total batch v‘mmmw_. KRed Blue

: . ) , ness)
{ : %_gzca-."?vko‘ 42 B8O 375 380
) ITANOX-A
( u:&um‘ov 6.0 384 379 387
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Improvement
in
Own:m:a Characteristics

Evolution of Chalk-resistant Pigments

Aloug with” improved veteution of whiteness,
Trranox-A-168 possessed slightly less tendency than
TrraNoX-A to chalk, but in the light of later knowledge
both pigments are chalking types. The need for less
chalking in industrial product finishes was first met by
titanium dioxide treated with titanium phthalate, but
on account of increased cost and poor color in some
finishes as well as slowing up of drying of others, this
type of pigment was abandoned. TirANox-AA, an
antimony oxide-alumina treated pigment first presented

other desirable properties of anatase titanium dioxide
including the whiteness retention feature of TiTANOX-
A-168. In many tinted finishes TiraNoXx-AA- was
equivalent in ability to reduce chalking-fading to a

mony oxide.

Still further increase in resistance to chalking was
secured in TiTANOX-A-NC, the letters “NC" signify-
ing “non-chalking.” In this relatively coarse titanium
dioxide, extremely high chalk-resistance was accompa-
nied by relatively low tinting strength and-low bright
ness. Yet Titanox-A-NC filled a most important
place in many tinted coatings including marine paints,
especially for Navy use during World War II. At the
end of the war this pigment was discontinued and is no
longer manufactured.

Although TitANox-AA was a step forward in re-
sistance to chalking, improvement in this quality was
needed withott sacrificing other qualities.

Accordingly, a further modification of TiTaNoXx-AA,
yielded such a large increase in chalk-resistance as to
warrant a new designation for the improved pigment—
Tiranox~A-24. But this pigment had to give way to

31
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improved resistance to chalking accompanied by all.

combination of 60% TiTtANox-A-168 plus 40% anti-
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rutile which offers not only high resistance to fading-
chalking but also higher opacity. :

Rutile Titanium Dioxide

Rutile titanium dioxide, thus -far, has inherently
greater chalk-resistance, type for type, than anatase
titanium dioxide. Thus, Trtanox-RA-10, the primary
rutile titanium dioxide pigment is not as: free-chalking
as the corresponding anatase type—TiTANOX-A-MO,
Similarly TitaNox-RA reduces chalking as much as
does TrraNoX-AA and’ is distinctly more - chatk:
resistant than its anatase prototype TITANOX-A-168-
LO. Thus, Trranox-RA while primarily intended as
a high hiding rutile titanium dioxide vommomm_zm the
whiteness retention Fm”:«o of TiraNox-A-168"is also
a chalk-resistant pigment in the class of TITANOX-AA,
As a result, the rutile pigment TiTanox-RA has re-
placed the anatase TiraNox-AA generally. An inter-
esting example of this replacement is the Federal
Specification for Titanium Pignients il which semi-
chalking anatase of the type of Tiranox-AA was re-
placed by rutile of the type of Trranox-RA.

High Hiding “Non-Chalking’’ Rulile
Titanivm Dioxide

A great deal of experience, through years of research
and development {followed by periodic manufacture
during the war years, of chalk-resistant rutile pigment
for war purposes laid a firm basis for the production
of high hiding rutile titanium dioxide combining in one
pigment maximum chalk-resistance along with attrac-
tive -color-and ease of mixing and grinding. This pig-
ment is TiTANOX-RA-NC,

Since its introduction, TiTANoXx-RA-NC while main-
taining its maximum resistance to chalking, has beeii
improved in color, tinting m:gw% tint clarity and
its ability to produce sharp gloss in critical mo_ﬁ:__u:c:w

The improved ftinting s th and tint nEJ@ of
TitaNox-RA-NC approach closely those of the multi-

‘purposé Trranox-RA-50and Trtanox-RA-51, so that

where greater chalk-resistance is needed without. sig-
nificant loss in color properties, TitANox-RA-NC may
be specified.

Where highest gloss and minimum pigmentation is

0

‘vantageous replacement for Tiranox-L (lead titanate)

of wamwnam» importance and the durability of the binder
tolerates less than maximum resistance to chalking in
the pigment, TitaN0X-RA-45 may be preferred.

-

Composite pigments

Cr=
-~

IlATNCHsT.er AW -

In 1934, there appeared what was probably the most
chalk-resistant and durable titanium pigmerit ever pro-
duced—Ilead titanate, a compound of lead oxide and
titanium dioxide called Trranox-L. Possessing opacity
comparable to zinc sulfide, TiFfANoX-L found its great-
est use in tinted exterior finishés which did not demand
the concentrated hiding power of “pure” titanium diox- .
ide. Thus the way was open to replace Tiranox-L . '
eventually with a composite pigment having compar-
able qualities and at a lower price. .

KJ

In the meantime, the original titanium-barium pig-
ment, TiTAN0X-B-30 had received the antimony oxide-
alumina modification to be analogous to TitAnoX-AA P 3
and designated TiTaN0Xx-B-30-AA. At the end of 1948, '
these titanium barium pigments were discontinued, in- .
asmuch as in the majority of uses titaniim-calcium §
pigment, TitaNox-RC, or Titanox-RCHT could read- ¢ :
ily replace the barium sulfate extended titanium pig- i !
ment, i

¢
L.

Rutile-calcium pigtnent for durable exterior paints

In 1941, after extensive research and development,
a combination of rutile titanium dioxide and calcium
sulfate, (the oxide having been precipitated upon and
coalesced with calcium sulfate ?:5\9‘:0: was in- "

gravity, high hiding- voim? ease om B_x_:m and grind- !
ing, low cost per pound and high chalk-resistance, .
this pigment—TiTAN0X-RC—is firmly established in b
tinted exterior paints and enamels. It proved an ad-

in house paint tint bases, architectural trim paints and

enamels, floor and deck enamels and combination Ly
interior-exterior tinted paints and enamels. 1
33 ‘
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3 . elative .
. as _ TiO Bulks er Tinting! it Chalkin Applicable to
Rutile Titanium Dioxide (min)  Sp.Gr.  Gal Bh Elemin  avDiption  Remttante Principal Use Pigment Specificationsd

.Tqrzox.?» ............. 97 42 0286 34.99 1700 19 Medium  General utility; interior enamels; plastics...... TT-P-442, Type 11; ASTM D476-48, -11-1; 52MC-19
Tiranox-RA-40 and RA-41 98-97 42 0286 3499 16001650 18 .ev.  Plastics and rubber (RA-40 mainly floor tile).

TirANoX-RAM4S .. 0o, 95 - 41 0293 3415 1850 20 High  High gloss enamels, industrial and architectural.

Trranox-RA-46 and-RA-42 9392 4.1 0293 3415 1675-1700 32 RA-46 flat emulsion paints ; RA-42 paper...... : ,
Tiranox-RA-50 ........., 95 41 .0293 3415 1700 23 High MUulti-pUrPOSE .« vuvvvervenrinn e enaeiae s TT-P-442, Grade B, Type I11; ASTM D476-48, -I1-11.
Tiranox-RA-81 .. ....... ) 41 0293 34.13 1850 26 High Al types of paints; multi-purpose.....,....... TT-P-442 Grade B, Type HI

Trranox-RANC ......... 93 4.1 0293 3415 1700 21 High  All types of exterior coatings and compositions TT-P-442, Grade A, Type 11; ASTM D476-48; 5ZMC-9
xzz?,n,..a..zi Pigment (50% TiOs.(rutile).; 509% CaSO4) ’

TITANOXC-80. oiieean e 490 3.47 0345 28.94 975 20 Medium  Semi-gloss and flat paints; general utility......

Rutile-caliinm Pigment (30% TiOs-(rutile) ; 70% CaS04)

Trranox=RC: ...oovvitens 29.5 3.25 0369 27.07 600 21 . High Exterior tinted paints....... e, ASTM D476-48

Trranox:RCHT .......... 29.5 3.25 0369 27.07 600 23 Medium  Interior paints (flats, semi-gloss, gloss) ; general

) . Y o e ASTM D476-48; 52-MA-521a; MIL-T-15195A
© Tiranox-RCHTX ........ 29.5 3.25 0369 27.07 600 21 Medium  As RCHT but exceptional ezse of dispersion... ASTM D476-48; 52-MA-521a; MIL-T-15195A
v ki.?.«w Titanium Dioxide :
TITAROK-A-MO ., ... S 98 39 0308 3249 1250 25 Low White house paints; general utility ; rubber..... TT-P-442, Type I; ASTM D476-48, Type I
Treanox-A-LO ........... 98 39 0308 32.49 1250 21 Low Interior gloss enamels and lacquers ; rubber..... TT-P-442, Type I; ASTM D476-48, Type I
Trrdnox-ASIG8MO ... ..., 97 38 0316, 3165 *1250 25 Low astics; inks; white house paints............. ASTM D476.48, Typel
CTirawo-ACELO L., 97 38 0316 31.65 1250 21 Low ite interior air dry and baked enamels and
’ . [ ] . lac Tiranox-RA); inks; plastics.. ASTM 1476-48, Type ]

TIANOK-AA . vven\.re vias 96 39 0308 3249 1250 22 Medium  Acetate rayon; white house pajnts............. ASTM D476-48, Type I ZH..H HN HN QO
TirkNex-A-CG .,.......... 97 138 0316 3165 1250 20 ... Coatings for paper; white house paints........ ASTM D476:48 Typel

Trravox=A-WD ..., ..., 3249 1200 ASTM D476-48, Type 1

NTING STRENGTH eynolds constant volume method--0,5 grams std. Tirawox- s 1, (Y !‘...a barytes, 1 part :.:.-_S.L:n blue) ptus 0.51S ml,
refined linseed oil has tinting. strengt h 1250, Although an exact general relationship cannot shown, s generally indicative of relative hiding power.
thod expresied as th, oil per 100 1 rditions.

- ] or Titanium Dioxide dated August ; -425a
In addition to the pigments listed ahove, »__nwm highly mvﬁnmu:n&. prodiicts. are offered: Titanox-PL _.:En

Ti0s pigment for plastic laminating papers;
Trranox-A-WG anatase TiO; for welding rod coatings; non-pigmentary or chemical grade titanium: dioxides N

Tiranax-RA-10 rutile TiOs pigment,
664 : Tiranium Pioment Corroration, 111 Rroadway, New York 6, N. V¥,




{y : : Federal Specification for Titanium Dioxide
o , | . | . 3 TT-P-442, August 10,1961 -
o oo . m«\ e} Superseding TT-T-425a—December 1951 _ "
| . . . . TiTANOX ]
. ! : Applicodle :
! ; . . T m Free Chalkin A-MO
Type II © Semi-cha . .
. treated
. II al
; G .
. i . : !
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INE " TreaNox

Applicable

Military Specilication :
or | =3
Titanium-Calcium Pigment
(rutile) .
MIL-T-15195A
July 9, 1951 °

»2

U. 8. Maritime Commission

e Spec. for Rutile TiOy :
L - 52-MC-19 ——
Mar, 31, 1943

: , . . Spec. for Rutile TiOs f
B Chalk-Resisting
I 52-MC-9

.
........................... RA-NC

- Spec. for Titanium-Calcium Pigment
i (rutile)
-  52MA-32a

.......... viviiivesssiiee.. RCHT, RCHTX
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Types of TITANOX for U. S. Government Paint Specifications

TITANOX ~— RA-45 TITANOX — RA-44 | TITANOX — RA-50

TITANOX ~ RA-NC

TITANOX — RCHT

F-p-2 ; TT-P-18; TT-P-91a; TT-P-98; ‘_.4._\&.44,—\8%» ._.._..ﬁlwor
T-P:24a.; TT-P-00115b; TT-E~506c
TT-P:0087; TI-P 3

TT-E-505a; TT-E-545a;

TT-P-0019a; TT-P-24a; TT-P-25a;
TT-L-26; TT-L-31b; TT-P-0033;
TT-P-3a; TT-L-0050b: TT-P-0055;

TT-P-0026b; TT-P-30b: TT-P-47a;
TT-P-51d; TT-P-56h; TT-P-0085a;
TT-P-103; TT-P-00115b; TT-E-506¢c;
TT-E-508, TT-E-543

Militory

MI1L:P-4812; MIL-P-15149 JAN-E-480; MIL-E-1115a;
MIL-P-4812; MIL-P-6884b;
MIL-L-10287a; MIL-L-11195b;
MIL-P-15123a; MIL-P-15151a;
MIL-E-17136b; MIL-P-17970;
MIL-P-17971c; MIL-P-17972¢;
MIL-P-17973a; MIL-P-17974a; |
MIL-1.-18389; MIL-C-52032;
-1~ a

MIL-L-13815a; JAN-E-480; MIL-L-2638b;
MIL-P-52108 MIL-P-0884h

52E13 (ORD)

| cis-s2p-5b

MAP-48; 52-MC-103; 52-MA-106a;
82-MC-107a; 52-MA-121; 52-MA-152a;

52-MA-154b; 52-MA 135, 52-MA-156;
52-MA-25

MAP-4R; 52-MC-120; 52-MA-210

NLI 121273
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TITANOX-RA-45
Minimum % TiOg...veoveseeierionness 95 ' '
( Additive Al20g principally) ] K
Rutile X w

Crystal Structure of TiOz........oont0s

{
|
!
_, Refractive Index (mean)........... 27 ) ;
Average Particle Size ‘ 5
| Mean Dia., micron...... RPN .. 0.2-03 -
M ‘ Specific @.winw B A TN 4.1 ﬂ
- : Lb. per Solid Gal..........oovvinnene 3415 \
| . 1 Lb. bulks Gal......... e, v 0293 ¢
| B Ly T e .. 1850 &
n; ab Oil Absorption 1b, 0il/100 Ib. pigment... 19-22 w
Relative Resistance to Chalking........ High ' ..
TiraNox-RA-45 is rutile titanium dioxide pigment .
having maximum tinting strength, but otherwise most
closely related in properties to Tiranox-RA-50. In (
most pigmented compositions, with few exceptions such . "
: 5]

as some flat latex paints, TITANOX-RA-45 exerts high-
er tinting strength and higher hiding power than the .
other TitaNox rutile titanium dioxide pigments, High- f
er brightness of cleaner whites, greater clarity of N
brighter tints plus higher gloss are associated with -

Trranox-RA-45,
: Uses

Trranox-RA-45 is particularly suitable for use in
high' gloss industrial product finishes and high gloss
architectural finishes. But with few exceptions, Ti- !
TaNOX-RA-45 is applicable to the many uses of W
Tirtanox-RA and of Tiranox-RA-50 which are dis-
cussed on pages 43 to 46,

Where brightness and opacity of a paint or other
pigmented composition may be at a satisfactory level
i . with ordinary rutile titaniumi dioxide pigrent, a lesser
amount of TiTAN0X-RA-45 will often give the desired \

hiding at resulting lower pigment cost. Outstanding

o
: m = ? exceptions are- highly pigmented flat latex -paints in W
i |
|
|
i

which Titanox-RA-51 or Titanox-RA-46 give higher
hiding.
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.—.—H«rﬂﬂ%ﬁ?&m.‘?—_:‘_m titanium dioxide pigment—
E,S::,_G for use in flat emulsion paints having total
pigment volume—Ti10z plus extenders)

Egﬁuﬂm?&& (rutile titanium dioxide pigment—
primarily for use in paper to achieve higher blue
TAPPI brightriess) § o

Both of these pigments have these average properties ;

Specific Gravity ...........ooal 4l
Lb. per Solid Gal...................... 3415
1 Lb, bulks Gal......c...ovvieevennee.. 0293
Tinting Strength ........... creeeeen.. 1700

Oil Absorption ...veververssnronceres. 32

Particle size distribution determinations of Frranox-
N>.mvm‘,m‘=&omnm an average mean particle diameter of
0.2 micron. “The value-indicated for TitaANoX-RA-46-is
0.2:0.3 micron, Mininium % TiOz is 93 in TITANOX-
RA-46, and 92 in TitaNox-RA-42,

Uses

s\n«m.. Emulsion Paints: Titanox-RA-46 imparts
aﬁs5:5“rw&_“.m‘.h:n\wamrgﬁw of whites-and - tints at

higher total pigment volumes (see pages 28, 29).

Mm,__.,”zox-m,?,am ordinarily is not considered for use in
aImts,

Paper: At higher titanium dioxide content of paper,
Hngzﬂwx‘.wkﬁ-a‘m‘ (as well .as other. TiTanoX rutile
Emﬁaimv has been found in some cases to impart
opacity sufficiently higher than anatase to warrant usc
on an equal or lower cost basis. Under the same
conditions, Trranox-RA-42 yields also blue brightness
noz_wmgv—w»a -anatase. Exceptionally-high brightmess
A@wﬁ‘ minimim) of TiTANoX-RA-42 itself contributes
to high brightness in paper.

Other ‘.EMQE In. high dry hiding organic solvent flat
i.m: pants H@i?@&mﬁr&d\:ﬁ-% be caltéed apon. This
pigment should prove interesting wherever high oil ab-
sorption” and - resultant consistency effects-of rutile ti-
taninm dioxide are desired;

H_,_,>zox.4.z>£m exhibits low abrasiveness and should
prove applicable to inks and other compositions for
which this property is of interest.
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TITANOX-RA

Minimum % TiOs..... e 97
(Additive Al:Os principally
Crystal Structure of TiOs..ooovvvvnnnn Rutile

Refractive Index (mean).........oooers 27
Average Particle Size

Mean Dia., Micron. ..o 0.3-0.4
Specific Gravity ..ooovoverre e 42
Lb. per Solid Gal.....ooovvrneeeneones 34.99
1 Lb. bulks Gal..v.vvvvivnnrianennanes 0286
Tinting Strength ..o 1600

0il Absorption Ib. 0il/100 1b. pigment. .. 19
Relative resistance to Chalking......... Medium

Trranox-RA is rutile titanium dioxide pigment
modified for minimum discoloration and after-yellow-
ing of vehicles of organic coatings especially those
based on synthetic resins.

Uses

Tiranox-RA is widely used in all products requiring
rutile pigment qualities, except high fesistance to fad-
ing-chalking. Newer TrraNox rutile pigments are be-
coming preferable in the uses listed below.

Paints

Interior White and Tinted Enamels—Low pigmen-
tation of enamels to secure high gloss demands high
opacity in a white pigment for high hiding power of
the enamel. TiTANox-RA meets these conditions
ideally, for it also retards after-yellowing. .

I8 hite and Tinted Industrial Enamels, Metal-deco-
rating Enamels, Lacquers—Any white or fight tinted
finish requiring the optimum in film ~qualities, espe-
cially flexibility afforded by low pigmentation and
avoidance of excessive film thickness is best pigmented
with Tiranox-RA (where high resistance to chalking
is not needed). This pigment is particularly adaptable
to baking finishes, The metal-decorating field includ-
ing reflectors for lights is particularly suited to this
pigment which will usually yield the highest reflectance
per pound of any white pigment at a given film thick-
Ness.

43

i
i
1
'
{

NLI 121275




bli

terior White House va'.::pl»._c.wcwr TrraANOX~
NM»MMMM_M_S&& as the sole titanium pigment to boost
the reflectance and hiding of exterior white house
paints, this usage is niot general, for this. pigment is a
semi-chalking type and as a result may not chalk wﬁm-
ciently to insure acceptable removal of dirt mwnan:o:.
Most formulators employ some free chalkirig ana-

 tase—TITANOX-A-MO—along with TITANOX-RA to

regulate chalking of this type of paint,

Plastics p . ]

] itens, brig 5, Oopacifies ani regu-
TrraNox-RA whitens, brightens, opatifi :
lates translucency of all types of ,v_ym:nu.. Mon _:wW;
est whiteness, however, TiTANOX-A-168 is sometimes
preferred, but, of course; Hﬁ>%x‘.m>«.m, more effi-

cient and iz fast replacinig the anatase pigment,

TITANOX-RA-50

and :
TITANOX-RA-51
-RAS0 .RAS1

Minimum % TiOs........... .95 93
Crystal structure of TiOs.....,. Rutile  Rutile
Refractive Index (mean),...,.. 2.7 2.7
Average Particle Size

Mean Dia., Micron.,......... 0.3 0.2-0.3
muanmmnmnﬁ:w..:.......:.,.. 4.1 4.1
Lb. per Solid Gal............... 34.15 34.15
1 Lb. bulks Gal.,....,........... 0293 0293
Tinting Strength .......... .. .. 1725 1850
Oil Absorption 1b. 0il/100 1b,

pigment ,,, .. S, 23 26

‘Relative Resistance to Chalking. High High

TitaNox-RA-50 is high hiding rutile titanjum diox-
ide modified not only for fast wetting and extreme
fineness of grind but also high whiteness and reduction
of after-yellowing of vehicles plus high resistance to
chalking without significant loss of tint-clarity.

TiTANOX-RA-51 s

10% higher tinting ‘strength and hiding power.

Uses

M:ma:a;_. Trranox-RA-51 shows improved per-
formance in all uses of TiTaNoXx-RA-50.

Paints

Latex and Emulsion Flats—TiraNox-RA-50 because
of ease of dispersion and suspension plus color and
hiding properties, is firmly established in these prod-
ucts but TitaNox-RA-51 will yield higher hiding with-
out increasing film porosity, Where highest dry hiding
is desired TrraNox-RA-46 is Ein_‘_.&.

Industrial Product Finishes, white and
TANOX-RA-50 although establisheéd in
these products may be replaced by TiTaNox-RA-S51.
For maximum gloss at lowest pigmentation, Tiranox-
RA-45 may be first choice.

Trade Sales interior-exterior Enamels, white and
light tints—TiTANOX-RA-50 is established in formula-
tions requiring increased chalk-resistance of rutile
titanium dioxide for products intended. for interior and
exterior use; TITANOX-RA-51 i i
and may be preferred.

similar pigment having about

L.
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Metal Decorating Coatings—Inks—Extreme fineness

- of grind accompanied by high opacity accounted for the

application of TiraNox-RA-50 to thin high gloss coat-
ings of this class. TiTANOX-RA-51 will often produce
higly hiding, but where maximum glos§ "t minimum
pigment content is desired, the use of TitaNox-RA-45
is indicated.

Exterior white House Paints—T1Tanox-RA-50 or
TirANox-RA-51 - are not suggested as sole titanium
pigments for white -exterior” house paints inasmuch as
their chalk resistarice is conducive to undesirable dirt
collection: In white honse paints a-proportion -of free
chalking -anatase titanium dioxide, such as Trranox-
A-MO, must be included t6 promote-chalking. :

Tinted Exterior House Paints, Porch and Deck
Enamels, Trim Paints — T1TanNoX-RA-50. replaced
Tiranox-<A-24 in these products.. Generally, TiTANOX-
RC or TiTANoXx-RA-NC are pre able, but -of course,
TitANox-RA-51 may replace. TiraNox-RA-50 for
equal fading-chalking and higher hiding.

Paper _ ,

The ease -of ‘dispersion to a smooth suspension plus
the- high opacity of TiraNox-RA-50 and. TiTanox-
RA-51 adapt: ments to. paper coatings of the
latex-type £especl: D
stocks -carrying -hig
rutile proves sufficiently _superior. to anatase in_opac-

iiim dioxide content at which

ity, although these pigments (Trranox-RA-50 " and
Trranox:RA-51) are suitable, TiraNox-RA-46 may
yield higher opacity and be preferred.

Plastics
The ease of incorporation . of ‘?;zcx-z?.mo and

Trr

f & particles im plastics-especially vinyl sheet-
i wgly recommends their usage in this field,
especially in view of high opacifying power.
Rubber

In white and light tinted rubber compounds tests in-
dicate that Titanox-RA-50 ~and. Trranox-RA-51

while producing high brightness at relatively low load-

ings also promote retention of ‘whiteness and -color on
sunlight exposure.
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the paper is to_be waxed, In.

ST to a high degree of dispersion free

TITANOX-RA-NC
Minimum % TiOs

(Additives AlsOy, SiOy, ZnO) 3
Crystal Structure of TiOy. .., i
Refractive Index (mean)........... . ... e
Refractve Index (meaa).......... . 27

Mean Dia., micron........

Specific Gravity ................ " 9203

Lb. per Solid Gal.................. hy

I Lb. bulks Gal................ " &%
................. 293

H~q>20x.->-zn. ile ti
D NC is rutile titanium dioxi
ot for masinm Fssanes tchaline
tinting strength and hiding power, It is

16:2: . %
pigine ?nnﬂﬂ.v& by Fed, Spec. TT-P-442, A.VWMMH.H

lnl

| Uses
Exterior Tinted Coalings of All Types

wmauruu..oniw? .
tinti _white pigme i .
in ting strength ined i_.:_nr-wwnn.. having maximum

g are the most logi igh resistance to chalk-

ishes, industrial product finishes which will be exposed

ncn.ni. .
fixture nnab»nu.oom“... a.—ﬂﬂ enamels, outdoor furniture and

Exterior Tinted House Paints

.H:sza-w.»Zn.
.. :n:
N.Wn:uﬂ _”.rm. %m.ﬂn&»nm_o.. Rﬁ.ﬁ a combinatiou of ruti

Homom d A,.qmzax-_m ms& extender to .~,=>zoxm_m_n_m
course TroaLTANOX.. 18 usually first choice, Of

; \ =NC i i ;
tanium pigment for white Munm-wmo_mc—m%:nmh& i Jole ti-

must retain clean g ce ints which
ppearance throy ﬂrnﬁ.uan
Plastics & ’

Resistance to 1
by q._?zox.?-.:: ight and weather is often impar
Despite its noﬁnwwno”mo white and light 88-.9”_53:0”

has improved the light nn...Mn tchﬁon... TitANox-RA-NC

erly stabilized vinyl and other stocke L f Prop-
47

loyed in this type of paint

pigment
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TITANOX-PL
Minimum % TiOa. ..o vvveerrseenonens 92

(Principal Additive, Al203) .

. Crystal Structure of TiOz..vovvvvereno Rutile
Refractive Index (mean)....., SN 2.7
Average Particle Size .

Mean Dia, micron.....coovvcierorens 0.3-04
Specific Gravity ..,.... vy 42
Lb. per Solid Gali..vveavriviierennns 34.99
1 Lb. bulks Gak...oovvoecinrineenin 10286
Tinting Strength ... coevvevieeiieiniiee 1575

Tiranox-PL is highly stabilized rutile titanium di-
oxide pigment modified to retard the discoloration of

_ amino resin plastic laminates, This pigment is specially

m,..oazo& for absorbent plastic laminating (PL) papers,
ITANOX-PL. embodies the optimum in .i?ngamm_
brightness and opacity, and the maximum in retarda-
tion of discoloration of amino plastic paper Jaminates
upon exposure to light.

Unes

Plastic Laminating Papers

Tiraxox-PL is superior to all other types of rutile
titanium dioxide pigments (which of course, are su-
perior to anatase types), in retarding the discoloration
of urea or melamine laminates of paper pigmented with
.titanium dioxide. In addition, in these impregnated
papers, Tiranox-PL exerts strong whitening, bright-

ng and opacifying power per pound ‘of pigment,
Tiranox-PL js fully adapted to norimal paper-mak-
ing procedures and can be incotporated through regular.
beater addition, A pigment loading of 20 to 30% of
the beater furnish may be needed to give the relatively
high TiOs content of G.N«ﬂg required in the sheet
while ‘presenting no unusual problems in retention.
Although this will vary with the particular machine
and white water system, 3% of alum on the fiber has
produced good retention while retention can be ad-
justed by the usual means, )

Trranox-PL like other Tiranox TiOg pigments is
chemically stable and may be used in- the presence of
“wet strength” resins and other papermaking chemicals,

TITANOX-RA-10

Minimam % TiOs.......c..venn.. 98.5

Crystal Structure of TiOg......... Rutile

Refractive Index (mean).......... 27 _.J.

Average Particle Size Y

Mean Dia., micron. ............. 0.3-04

Specific Gravity ...............\.. 42 5

Lb. per Solid GaL................. 49 y

1Lb.bulksGal.................... 0286 ﬂ
-~ Tinting Strength ..........c00ns.. 15001550 4

Oil Absorption Ib, 0il/100 Ib. pig.... 22 &

Relative resistance to Chalking. ... . Medium-Low g

TiraANox-RA-10 is rutile titanium dioxide pigment b
mn»mouo:a to TirANox-A regufar, This unmodified ,A
n..e_o ...vEd: pigment while providing' maximum tita- )
nium ..._..oa&a content does not embody the full whiten- .
ing, cdmzna:w. opacifying and color retentive power .
of rutile titanium dioxide for organic systems. ,

Uses : w.

.won_&o TitaNox-RA-10 moﬂ not have ou i
pigmentary qualities its usage is axa.aaac.muwﬂ.:ﬁ m

The uses of TitaN0x-RA-10 depend upon its mininrum -
a.o:.nn» of modifiers, such as E:BFu,.. which ‘are be-
lieved to be harmful to some systems, such as

Porcelain Exnamels for Aluminim—in 850: i
titanium dioxide as white opacifier is part of the B_m i
EMMHM hﬂﬂ:cF TiraNox-RA-10 is preferred ss
yi er gloas in some cases than
i thes & . do the more

49
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TITANOX-RA-40 - (riitile “titanium dioxide pigment
primarily for rubber and plastic compositions that
carty high loadings of fillers or extenders)

TITANOX-RA-41 (rutile titanium dioxide pigment
primarily for rubber and plastic compesitions that
carry little or no filler or extender)

These pigments have the following piopertics in
common: Specific. Gravity 4.2; Lb. per -Solid Gal.
34.99; 1 Lb; bulks0:0286-Galy;. Tinting Strength 1600-

1650; Oil Absorption 18; Average Particle Size 0.2 -

micron.

They differ as follows:

RA40 RA-1
Minimum % TiOz v....... 98 97
Dispersibility in. polymer and
plasticizer systems .,..... Easy Extremely
easy to
exceptionally
high degree

. " . of dispersion
Discolotation Resistance :
mill aging .............. High Highest

(30" @ 350° F.) A
mold .aging ........... .. High Highest

- (60" @-350° F.)

Tinting Strength
“gum” or unloaded stocks. High Highest

high filler loaded - plastics,
vinyl asbestos tiling, other
floor covering compositiors,”
rubber matting, etc.......  High High

. Whiteness and- Tone

(in rubber and plastic sys- :

LEMS) vivirnen i . Approaches® Approaches®
anatase anatase
* In some positions anatase whiteness may be preferred. An

example of whiteness of TiTANOX-RA:40 is given on page 30.
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Some Properties of Rutile-Calcium TITAN

TiraNox -RCHT -]

% TiO; approxXimate ., ..vvvvvvesrerroronssarsoses 30
% CaSO, approximate ........coviiiieriieneians 70
Oil ADSOFPIOiT +vveeaereerennrrsoresrcarsnyoossass 23
Relative paste cONSISLENCY 4.vvvrervertvrvessvosarers 40
Relative paint CONSISLENICY + v vvvvrvrencncsecoaornrnns 69
COlOT v vvrervsivsreaesransososorassasversssaesosne white v

Tinting Strength . ..o viiiviirieaviriarironaces 600

Specific Gravity .v.ooveviviiiveetnnecieririoenosans 325

Lb. per Gallon ..vuvevererenenermsreecnarneneaenes 2707 :
' One ib. bulks Gallon ..c.vvvvviirivnrieveenasonsres 0369 .

Relative Wetting Time .......icvvvrraveriservncss 60

Fineness of Grind ....ccovviiiiiiiiernnrrereonnsnne 5

Relative Resistance to Chalking ...............oo.c. medium  m

Osl  Absorption: S_patula meéthod 1 part ultramarine blue) plus 0.515
expressed as Ib. oil per 100. 1b. ml. refined linseed oil has tinting
pigme_nt—-—determined in relation to  girength 1250. Although an exact
sanierd sy et M) geerl sty oot

! g shown, tinting strength is generally

. . .
s | acid No. 2-2.3. indicative of relative hiding power.
/| Tinting Stremgth: Reynolds con- .
'—"-'-9 tant volume method—0.5 gram Fineness of Grind: Hegman gauge
, (G B Std. Titanox-A plus 125 gm. - readings of special test paint for
10. g ultramarine blue (6 parts barytes, comparison purposes only.

! | ' ' NLI




 TITANOX-RCHT

(30% titanium dioxide [rutile]; 70% calcium -
sulfate [anhydrite])

Minimum % TiOs ...........c.0ui0s 29.5

Crystal Structure of TiOy..,......... Rutile
Specific Gravity .....ccvvvvivnieinn.. 328
Lb, per Solid Gal. ........cvvvvninnns 27.07
1Lb. bulks Gal. ...oveveninarinerrnss 0369
Tinting Strength ......ccvviveiennnns 600

Qil Absorption Ib, 0il/100 1b. pigment.. 23
Relative Resistance to Chalking...... medium

" Titanox-RCHT is a true composite of rutile titani-
um dioxide and. calcium sulfate (anhydrite) resulting
from the precipitation of titanium dioxide upon

. PO
precipitated calcium sulfate, As a result of heat -
- treatment of the composite pigment, maximum physi-

cal and chemical stability are assured. TITANOX-
RCHT presents low specific gravity and the maximum
in tinting strength and hiding power attainable at its
titanium dioxide content.

Uses

For coatings or other pigmented products in which
extender is needed and which do not require the
concentrated opacity of titanium dioxide as the sole
white pigmert, Trranox-RCHT provides effectively
and economically the whiteness, brightness and opacity
desired.

Paints

Interior Architectural Finishes, Flat Wall Paints,
calcicoaters, wall primers, primer-flals, enamel wnder-
coaters—All other desirable properties accompany. high
hiding and clean tints in these products pigmented

with Trranox-RCHT often further extended - for
desirable sheen and body effects.

Semi-gloss—The intermediate pigment volume of

B

this type of product is a natural for TrraNox-RCHT ,,

as sole pigment or extended.

53 NLI 121281
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»n Painters’ Enamels and Gloss Paints—Ease of dis-
persion of Titanox-RCHT assures the degree of
gloss required in these products, )

White - Exterior House Paints—Whiteness, bright-
ness, high hiding power and desirable rate of chalking
may be secured in these prodiicts through Titanox-
RCHT. This pigment is particularly applicable to
white - exterior house paints -highly pigmiented. for .

TITANOX-RCHTX

(30% titanium dioxide [rutile]; 70% calcium
sulfate [anhydrite])

‘ in TiOseeevinevenrenecenes 2.5
maximum hiding power. It must be remembered W_Ea__im_ﬁﬁah wm TiOs.vvvveneenns Rutile
though, that TitANox-RCHT is not a free chalking rystal Structure PRI oo
type of pigment and for atmospheric conditions cone. Specific Gravity .....coveeene e .
. ducive to-objectionable dirt collection a combination Lb, per Solid Gal. ........... e re 2207
- of TiraNox-RCHT - with freer: chalking pigment 1 Lb. bulks Gal. .vvveveeeceneoninnnns 0369
such as H i»zax.?go should be employed. - Tinting Strength ...ooveveevvrriennns 600
" Traffic Paints—For conicriete or bitaminous surfaces, - Oil Absorption Ib. 0il/100 1b. pigment.. 21 ,
i TiraNox-RCHT furnishes.economically, high bright- N & Relative Resistance to Chalking...... medium :
‘ ness, high hiding and promotes daylight visibility as - . W
well as. a.base for beaded paints having maxinium . X. denotes Trranox-RCHT processed for lower oil
night visibility, : absorption and greater ease of amx_ﬂmrwnm m__,im.:m.n.“
P A o oy ) i {f output of high gloss pain
Indsivial  Finishes—Enamel and lacquer under- promote increased rate of output of fugh gloss paint
coaters -especially for application to wood are satis- products from all types of paint mixing and grinding
factorily pigmented with Titanox-RCHT. This pig- equipment.
'y inﬂm‘ w_mo applicable to tinted- m&ur coats—<gloss or Uses
sw_.wbmw. for Felt Base Floor C ~All-of Patats . .
rint Paints for Felt Base Floor Covering—All o Hi, —Wh tr
" hidine i : : igh gloss enamels and lacquers ere extreme
%n Em_a%ﬂmmm.m ded is supplied economically by fineness of grind is desired often to the exclusion of i
ANOXALLEL, extender in the pigmentation, TiTANOX-RCHTX is
ubber preferred. In many cases this pigment has been reported ‘
o to mix and grind twice as fast as TrraNox-RCHT !
‘White and light tinted compounds in which the especially where fine dispersion such as 7 or higher “
loading requires the extender of TiraNox-RCHT. Hegman gauge reading is desired. !
Paper Coatings {
Trranox-RCHT provides brightness and opacity in .”
paper coatings. This pigment replaces TiTAN0ox-B-30 )
economically. M
Plastics - !
. Tinted compounds especially sheeting are economi- !
" cally pigmented with Tiranox-RCHT. m
Coated Fabrics—Ground coats and finish coats for i
all- types. Tiranox-RCHT especially applicable to m
shade cloth. Fo
NLI 121282 -
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TITANOX-RC

(30% titanium dioxide [rutile] ; 70% calcium
sulfate [anhydrite])

Minimum % TiOs..ocovevviinviinnis 295
Crystal Structure of TiOs .vv.vv..... Rutile
Specific Gravity voovivevreesnainnees 3.25
Lb. per Solid Gal. .................. 27.07
TLb bulks Gal. ,....vvvnivninninane 0369
Tinting Strength ....oonevrerqrernras 600
. Oil Absorption Ib. 0il/100 Ib, pigment., 21
Relative Resistance to Chalking....... ‘high

Tiranox-RC is a true composite of rutile titanium
dioxide and calcium sulfate (anhydrite) resulting from
the precipitation of titanium dioxide upon calcium
sulfate. In addition to low specific gravity and the
maximum tinting strength attainable in 4 composite
white pigment at its titanium dioxide content,
Tiranox-RC is highly resistant to chalking in exterior
paints and enamels,

Uses
Paints

Exterior Paints—House paint tint bases properly
. U formulated with TrraNox-RC are free from objection-
= - able chalking-fading. For use under conditions con-
ducive to slow chalking, 2 small proportion of less
chalk-resistant pigment may be used along with
Trranox-RC to promote removal of dirt colléction.

: _ . A note on white house paints—Under some atmo-
' - ~ spheric conditions, TiTANox-RC despite its high re- ,
~ sistance to chalking normally, is used in white ex-
terior house paints. Generally, however, this pigment

is considered too chalk-resistant for this purpose.

v Exterior Porch and Deck Enamels, Trim Paints,
| . . n._» Maintenance Paints, all purpose paints and enamels—
. 0 Any coating which can be whitened, brightened or
~ opacified with an extended pigment and which will be

exposed to the weather is a natural for TrtANox-RC,
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TITANOX-C-50
50% titanium dioxide [rutile]; 50% calcium
) sulfate [anhydrite])
Minimum % TiOg: ceverrensivnrenisn. 490
Crystal Structure of TiOga........ e Rutile
Specific Gravity ..... Cererenvcrasroeers 3.47
Lb. per Solid Gal.....ovvnreiineiriens 28,94
1Lb. Bulks Gal...ocovrrvneeeinnernens 0345
Tinting Strength ..... e eeasansrsveneete 975
0il Absorption Ib. oil/100 Ib. pigment.,. 20
Relative Resistance to Chalking......... medium

Like the other rutile-calcium TiTANOX pigments,

TiraNox-C-50 is a true composite of rutile titanjum .

dioxide and calcium sulfate (anhydrite), But the ratio
of titanium dioxide to calcium sulfate in TrraNox-C-50
is about one to one so that thé pigment is composed-of
about 50% titanium dioxide and 50% calcium sulfate.
The tinting strength and hiding power of - the pigment
are the highest ever attained in a white compasite pig-
ment and to these qualities are added fow oil absorption
and ease of fine dispersion in paint vehicles and other
media,
Uses

Paints and Coalings

Semi-gloss and satiny-white and tinted finishes; Flat
Wall Paints—such as the atkyd type in which lowered
prime pigment volume is needed; Enamel Undercoat-
ers; Tinted Enamels; General Utility Paints.

Trranox-C:50 is excellently suited to all composi-
tions in which the concentrated hiding power of the
“pure” pigment and the high bulk of the 30% pigment
are not required. The lesser volume or bulk plus higher

hiding. of TrraNox-C-50 make it an attractive replace- -

ment for TitaNox-RCHT where prime pigment volume
must be Jowered and hiding maintained or increased:

By virtue of its fine extender and high ratio of hiding
power to bulk, Titanox-C-50 is-a valuable tool for-the
coating formulator, This vnique union of hiding- pig-
ment and extender allows where needed the selection of
additional extender for best results at optimum total
pigment volume,
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TITANOX-A

. (regular) ieo
Mediun
O1} abs
Minimum % TiOs..0cvvveveen.. 980
Crystal Structure of TiOs...... Anatas
Refractive Index (mean)....... 255
Average particle size, mean dia,

MICTON «ovvvvrerercncsessses 03
Specific Gravity ...ooevieiveees 39
Lb. per Solid Gal. ........o...s 3249
1Lb Bulks Gal. .....co0vvne... 0308
Tinting Strength ............... 1250
Oil abs. 1b. 0il/100 tb. pigment.. 24-26
Relative resistance to chalking,.. low

TITANOX-A (regular) is a general pur
titanium dioxide to meet the requiremen
ness, opacity, and chemical inertness of ti
ide without regard to specialized pigment
as reduction of after-yellowing of synthet
reduction of chalking.

Uses
Paints

Exterior White House Paints—TITAN
usually first choice to help reduce dirt coll
promote whiteness through a desirable T
ing. This pigment may supplement the r
pigments or rutile “pure” titanium diox
in order to promote chalking in this typ

TrraNox-A regular on account of ch:
course, not suggested for use as sole titan
in tinted éxterior paints.

Paper

TiraNox-A regular is used in beater
paper except where the mill may prefe
dispersible type Titanox-A-WD on ace
operating: conditions.
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Rubber

Tiranox-A-MO or -A-LO: adaptable to all types of
compounding. The LO type is often preferred to the
MO on account of éasier mixing. '
Rayon and other synthélic fibres

Tiranox-A-MO on account of uniformly fine par-

ticle size is extensively used for the internal deluster-

ing of viscose rayon,

Miscellaneous S .

Welding rod coatings—T1tAN0X-A-MO- is employed
in some cases requiring. titaniim.dioxide having high
sodium silicate abgorption,

TITANOX-A-168

j

M,

OV

Minimum % TiOs.....oc.oovvts 97
Additive for whiteness retention

effect—% ALO, ...... vereesn 08

Crystal Structure of TiO,...... Ar

Refractive Index (mean)....... 2.5
Avefage particle size, mean dia.,
micron ...., N

Specific Gravity ............. . 39

Lb. per Solid Gal, ............. 32

1Lb. Bulks Gal. ............... .03

Tinting Strength . ....c.o.vvv... 12

Oil abs. Ib. 0il/100 Ib, pigment.. 24
Relative resistance to chalking... los

TiTANOX-A-168 is anatase titanium
modified for minimum discoloration a
ing of vehicles of organic coatings
based on synthetic resins. This pigm
rapidly obsolete due to replacement b
TiTANOX-RA, -

Uses

Inasmuch as TrraNox-A-<168 is a ¢
pigment it is applicable to white exter

In other applications of this pigment
enamels,  plastics, inks, leather—any.
ence is the result of conditions whicl
the adjustment of whiteness or color
Nox-RA which is displacing TiraANo>
ally TrraNox-RA because of greater
opacifying power plus color retention



Minimum % TiOscvvvevriiorsvereces 96
As additives, may be present ALOs %.., 0.8-12
SbiOs %.. 08-1.2

Crystal Structure of TiOs,.eoeverrsns Anatase
Refractive Index «.ovcvvnvvrenensasces 2.55
Average particle size, mean dia,, micron 0.3
Specific Gravity «vvvvevecicvoncecoere 3.9

Lb. per Solid Gal. ..covvevviinireanes 3249
1Lb Bulks Gal. ...coccvvvvvvernnnes 0308
Tinting Strength ......ccecvvorsrnsis 1250 .
Oil abs. 1b. 0il/100 Ib, pigment...;.... 2123
Relative resistance to chalking........ ~ medium

TitANOX-AA is “semi-chalking” anatase titanium
dioxide. Representing at its introduction a means -of
attaining high hiding, attractive appearance and im-
proved durability through reduction of chalking-fading
in tinted exterior finishes such as automotive enamels,
this pigment found wide acceptance in these products.
On account of further improvement in chalk-resistance
resulting in other types, however, TITANOX-AA be=
came known as “semi-chalking” in comparison with i
the greater chalking resistance first afforded by
TitANox-A-24 and later by the chalk-resistant rutile
pigments.

.As a TrranNox “first”, TirANOX-AA was the first
titanium dioxide pigment .to combine appreciable re-
sistance to chalking with reduction of after-yellowing
of vehicles. As a result it was used for -interior-
exterior and many multi-purpose finishes, But like
the other anatase pigments TrraNox-AA is being
rapidly. superseded by the rutile pigments—TrTANOX-
RA and Trranox-RA-50 for all paint and coatings
3 applications. .
| , " Uses

i , Because anatase titanium dioxide is softer than the

. !Il'.l..\“ rutile type, TiTANOX-AA is still preferred for the

P internal  delustering of acetate rayon in which this
4 pigment also exerts a stabilizing effect upon dyes.
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......................

Crystal Structure ol Beveresanrrnnes N:Nm
Refractive Index (mean)............... 8

Average Particle Size 03 TITANOX-A-WD
Mean Dia,, micron. ... ooooereteoe gy Minimum % TiOs......coervuenennn. 98
mvmnmmn‘m_.wuzm‘._. e 3249 Crystal Structure of TiOy,........... Anatase -
Mxv;wnm:wm._.m»_» RSO S 0308 Refractive Index (mean)............ 2.55
ﬁ:a.:m w:nzw?. ...................... - 1250 Average Nm_.mn_m Size
Oil absorption 1b, 0il/100ib. pigment.. .. mo Mean Dia., Micron ................ 03
Tiranox-A-CG is ana ium_dioxide pigmer Specific Gravity ........coociei 39
nﬁvnmﬁmlnn&.@% fine d and: ireedo Lb. per mc_—@ Gal. ....... RN 32.49
y 1Lb Bulks Gal. .................c., .0308
Tinting Strength ..................., 1250
Water Absorption ...............0...s Low
fiam dioxide, is T 25% TirANOX-A-WD is anatase titanium dioxide pigment

jum dioxide, is reac
‘to yield smooth, stable

characterized by ease of dispersion and suspension in
-viscosity.

water and water systems (“WD" signifies water
dispersible). In this respect it is usually superior to
types of titanium dioxide pigment primarily intended
for non-aqueous systems, The ease of mixing TiTA-
Nox-A-WD) with water is evidenced by its low water
absorption. For example, on the order of 30 parts
distilled water will' form a paste with 100 parts
TitANOX-A-WD, but on the order of 200 parts dis-
tilled water will be required by 100 parts TiTaNox-

to be waxed, oiled or A-MO,

uch as TIFANOX-

nd opacity. But Uses
ith waxes, resins and
TANOX-A-CG is pre- wnﬁwh Filling and Coating

sction of sur- v
us. production TiTANOX-A-WD is usually the preferred type of
: titanium dioxide for beater addition where the pig-
optical. pr jes are ment is first slurried with water. The easy dispersion

. taniui and low water absorption of the pigment provide

oxide 1 nts: Thus TiraNox-A-CG although pri- slurries which can be handled due to sufficient flow
arily-intended for coatings, should alsé be-ton idered at high pigment content. However, the water dispersi- .
or addition at any suitable stage of the papermaking bility of TrrANoX-A-WD has by no means restricted
the pigmentation of paper with titanium. dioxide to
this type of pigment. TiraNox-A-MO is also. effec-
tively used. )

In paper coatings, TiraNoxX-A-WD is often pre-
ferred on account of ready dispersion to a uniform
sugpension to provide smooth coatings.
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Paints

Trranox-A-WD has been used in water paints of -
the casein type and also in-alkyd-resin emulsion paints, .

but generally in the newer-types of latex and emulsion
paints. TrTaNoX-RA or TrTaNoX-RA-50 is preferred.
_The use of Tiranox-A-WD in organic coatings

generally is not suggested inasmuch as the pigment -

does not disperse as easily as other types for high
gloss enatnels and ‘does not retard the-after-yellowing
of vehicles. . However, “in emergency TITANOX-A-
WD may be used ior white- house -paints
inasmuch as it is a chalking type of pigment and may
be dispersed suitably in"thi§ type of paint.

Other Water mwmmnmgm

Rubber latex, tanner’s leather finishes, textile coat-
ings such as external dullers or delusterants, shoe

" whiféners- and similar products have been pigmented

with TrraNox-A<WD; -but for most of these the
rutile pigments TrraNox-RA and TiraNox-RA-50 are
prefexsed.

TITANOX-A-WG
Minimum 9% TiOg....covivrrnrerenain. 98
Crystal Structure of TiOg.............. Anatase
_Average Particle Size
Mean Dia,, micron........oevverianns 0.6
Specific Gravity vov.vvviiiiiiiieirnann, 39
Ave. Tinting Strength,................ 1100

TrrANox-A-WG was formerly called TiraNox A
ceramic grade, a designation discontinued.

TiraNox-A-WG is titanium dioxide pigmeént having

particle size not as fine as the usual pigment types. As

a result, pigment qualities are not fully developed but
rather physical and chemical properties pertinent to the

use of TiTaNox-A-WG in coatings for steel arc-weld-

ing rods or electrodes. Titanox-A-WG, (Welding
Grade) is made specifically for this use,

Uses
Welding Rod Coatings

For the coatings of steel arc-welding electrodes such
as the E-6010 type TrraNox-A-WG combines uni.
formity of the following propérties: Apparent density
higher than that of pigment grade, low and uniform
sodium silicate absorption and ease of dispersion in
sodium silicate and other binders, high titanium dioxide
content and low content of objectionable impurities
such as sulfur and phosphorus,

The whitening and lightening of the color of a weld-
ing rod coating because of the tinting strength of
TitaNox-A-WG is purely accidental and not related
to the functioning of the coating but only to its appear-
ance.

Compared to Trranox-A-WG, although lacking suf-
ficient tinting strength to lighten visibly the color of
the coating, TiTAN0X-TG the “technical grade” or non-
pigmentary titanium dioxide, presents the highest
titanium dioxide content available plus ease of handling
and freedom from harmful amounts of harmful im-
purities. TiTANOX-TG is the logical titanium dioxide
of high purity for welding rod coatings in which color
appearance is not a factor. N
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TITANOX-TG

Minimum % TiOseevreererenieeees 90
Specific Gravity ...ooevenisrcosreanio 3.9-4.1
Particle Size Range, Microns......... 7-20

TitaNox-TG is free-flowing titanium dioxide of
high purity. TG stands for “téchnical grade” in the
sense of usage for general technical, technological or
chemica! purposes instead of pigment purposes.

The relatively coarse particle size of Trranox-TG
(20 to 40 times larger than. pigment type) mainly
accounts for its free-Rowing nature. While relatively
coarse, the particles or “fine granules” are still fine
enough for TiTanox-TG to be classified as a fine
mesh materiol free from lorge hard aggregates.

Although pigment properties such as tinfing strength
and opacity do not characterize Trranox-TG it is a

highly refined titanium dioxide having maximum titan-

ium dioxide content and controlled purity.

Uses
Porcelain Enamels

Titania Porcelain Enamels — TiraNox-TG is the
form of titanium dioxide especially applicable to
titania porcelain enamels because this suitability was
a prime objective in the development of Trranox-TG.
Enamels made with this titanium dioxide -as the sole
type have highest reflectance and opacity attainable.
Lowered reflectance but greater blue-whiteness are
achieved with TrraNox-TG-400.

Dry Process Enamels for Cast Iron—TrraNox-TG
smelted into the frit batch, is first choice to impart
acid resistance to this type of enamel. ‘

Enamels for Aluminum—Smelted into the frit of
these enamels of the lead borosilicate type Trranox-
TG is first choice to impart acid résistance, In the
type of enamel first developed for application to alumi-
num, white opacification is through additions to the
mill. For this purpose Trranox-RA-10, TirAnNox-
RA-50 and TitANox-RA-NC are employed.

Enamels for Glass Decoraling-=As in eniniels for
aluminum, Trranox-TG is smelted into the. frit to
impart acid and chemical resistance, while the pigment
grades, especially. TitANox-RA, are added to the mill
or paste for whitening, brightening and opacifying.
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Glazes
Extensive ..awa»_.n__ indicates that through smelting

. Titanox-TG into the batch o_uﬁcuqa glazes c¢an be

made which are self-opacified by titania that precipi-
tates on firing. Such glazes have outstanding white-
ness, brightness and opacity without excessive thickness
and are suitable for wall tile and other bodies.

Glass

Trranox-TG added to the glass melt for viscosity,
optical or durability effects assures satisfactory results
because of its _._mr TiOy content and uniform purity.
Trranox-TG is the preferred titanium- dioxide for
m_wmu owing its peculiar color to this.oxide in noa&:—w‘
tion with others such as ceritm oxide.

Ceramic Colors

Tiranox-TG is the best source of TiOs for co-
calcination with other oxides and compounds,

Electrical Porcelain

The ¢onstanty-of composition and physical proper-
ties “siich #s shrinkage qualify Tiranox-TG for titania
as well as titanate @wunﬂmmmgv bodies,
Chemical Compounds

Double fluo &«.T.uunr as sodium -and voBuu_E:
titaniim fluorides used in the alloying ‘of aluminum

are best made -from TitANOX-TG. as- the most reliable
source o.ﬂ:wr_w nosnnnn,m”& .H_Q.

‘ ?mr .9@. content u:m _uaw of &mE_.?:m im-
E:.:.nu is the ideal starting mateérial in processes for
the production ‘of metallic titanium from titanium
dioxide:

Welding Rod Coatings -

High TiOs content, low sulphate and phosphate con-
tent, high purity, low binder absorption;, free-flow, all
recammend TITanox-TG as a most attractive form
of mw»:::c.s dioxide for coatings of steel arc-welding
]
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TITANOX-TG-400
Minimum % TiOs..00vnete e 99.0
Specific Gravity . cvvvnervrreersrios . 3941
Particle Size Range, Microns......... 7-20

TiraNox-TG-400 is TitaNox-TG modified to yield
blue-white titania porcelain enamels, The number

“400” denotes increased relative reflectance in the .

400-500 millimicron or blue range of the visible spec-
trum of white titania porcelain enamels,

In the production of TitaANoX-TG-400 the ideal

" titanium dioxide base—TiITANOX-TG— is carefully

processed  to provide constant bluing éffect. Thus,
Trtanox-TG-400 has its color effect positively con-
trolled during its manufacture.

, Use
Titania Porcelain Enamels

In those frit compositions in which color tone of
the white enamel—whether blue-white or cream-white
-—is determined largely by the type of titanium dioxide
employed, TiTANOX-TG-400 is used to secure blue-
white tone. In such compositions Trranox-TG yields
higher reflectance and opacity along with a less blue
or creamy tone.

Gradations in opacity and color tone may be secured
through mixtures of these two titanium dioxides, Thus
through the simple expedient of varying the ratio
between TrraNox-TG and TitaNox-TG-400 in the
frit batch, exact requiremernts for reflectance and
color tone may be readily met.

TrtaNox-TG-400 like Tiranox-TG is not recom-
mendéd as 2 mill addition for opacity because these
titanium dioxides do not function themsglves as pig-
ments but- act through precipitation or annw:_uv:o:
from the frit on firing the enamel,
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List of Uses of TITANOX Pign

Recognition of the multiple functions c
ments is helpful in accounting for the
of products in which titanium pigments
addition to whitening films or other for
compositions, white pigments are also ca
brighten colors, to opacify—especially a

of reflectance and to regulate translucen

cacy of TrraNox pigments in performing
functions is enhanced by compatibility w
kind of composition—those based o dryin
plastics, rubber, cellulose—to mention
broad adaptability, largely the result of la
cal reactivity, has also stimulated img
formulation of many compositions espe
paint field.

Paints and related products, because th
stitute the largest task in whitening, bri
opacifying are naturally by far the. lar
usage of TiTANoX pigments. Paper, ru
coated fabrics, floor coverings, leather,
and building materials are some of the
fields in which the outstanding qualities
pigments are preferred when a white pigm

In addition, the “pure” titanium dio:
Titanox has been chosen to furnish tifan
pigmentary functions, for example as a
the coating of electric arc-welding electr
to stabilize the arc. The importance -of
application, spurred by the development
porcelain enamel led to the production
“non-pigmentary” titanium  dioxide. T
grade is made exclusively for ceramics a
that require titanium dioxide as chemica
pigment. Some examples, in addition to |
{ain enamels, are glasses and titanium co

The following list of uses of TiTAN
presents first the field of paint and orgar
a group with products listed alphabeticz
ficld of paper and products in alphabetica
remainder of the list is alphabetical
product, .
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‘ : Paints and Organic Finishes Paints and Organic Finishes
. T Y J1 o
Product Arww.uchhw-ﬂwmueh« ) MWJ.wﬂ»O%MM w_ﬂx MMQ..W Y
. o usually first choice) Product wsially first choice) .
_Acid resistant paints..,......... any Fnamels R
Aircraft fnishes .. ... .. ol RA-NC Appliance .......coiiiiions RA-45; others ?
Alkyd resin Enamel exterior exposure .......... RA-NC L
white . s industrial products ......... RA-45; RA-51; [
white ... RA-45; 4 C-50 A ¥
_ | other “RA”; Flat Wall Paints, .. ..ooovveennn RCHT or , o
. A-168-LO : X b
_ White exterior .........., .. RA-NC; RA-50 RCHTX; C-50 4
,WS:Q and tint exterior... ... RA-NC; RA-50 Floor Enamels ......... eeeeeen RC; RA-NC; m
tint exterior ...,..,........ RA-NC; RA-50: ) . RA-45; others - &
‘ RC . Gas resistant paints........:.... any o
>3r:2:_3_ Enamels Highway paiuts nm
Interior ...o.oovii RA-45; other white ..... e RCHT; C-50; 5,
“RA" ; ﬂnmo RA N A-MO -
A-168-LO; tints ...... i RC; RA-NC .
‘ _ RCHTX Household. Enamels ............ RA-NC; RA-45; ¢
exXterior ,..... ... iinnnn,., RA-NC: RC RA-51; RC w.
>:§.m colors , House paint primers............ RC; RA-NC;
oil and water............... RA-45; RA-46; RA-51; A-MO
. A-168; others RCHT . |
Automotive finishes House Paints ‘ ;
white: RA-NC; RA-45 white . oveerieiin ... AorA-168 M _ T
K white and tinted............ RA-NC; RA-45; usuaily plus
. RA-51 some “RA" or
tinted ..................... RA-NC . “C" pigment
Bakitig Enamels A Whiteand tint.............. Mom.o WM.M*.MO.
white ..., ... -45; AN
o ey RA-45; : 1T | RC; RA-NC;
\ other “RA"; RA-51
A-168-L.O ; - .
- white (interior & exterior),. RA-NC; RA-45 _ H_a:w:._.m— Product Finishes
white & tint {exterior) ... .. RA-NC white ... ..o RA-45; RA-50;
fint (extérior) . ........... RA-NC _ . RA-NC
: . (2111 S RA-NC; RA-50
; Concrete & Stucco paints , exterior exposure,
, white ..., 0 A-MO; RCHT; T white & tint. Lo, RA:-NC
i RA Interior-exterior Enamels ....... RA-NC; RA-45;
| W e, RC; RA-NC RA-51
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4444444444444444444
TiTaNOX kg:qa@.:, , : Lo (First iaxr\wxa 5
Prodict usually first choice)

sually first choice
; RA-SL;
RA-NC

Stencil Paints

tints ...................... RA-
nnnnnnn

T A TN~ el AT ST

OOOOOO

........................... RA-45; RA-50;
RA-NC; others

RA-45; others
-NC

! Sevnienns .
. Viny gS hen

p ers exterior .........ein... A
3 : M Rm ; e ,U Wall primers and sealers....... RCHT or b
- RCHTX; C- U
wood viviviiiiiiieies v, R CHT , c 0
house paint ..............., RCHT;RC Water base and emulsion paints., RA-46; also C-50
. nterior wall ........,...... RCHT;C- or RCHT under
" Reflector Eviamels ,............. RA-51;RA-45; - - controfte
{ o A RA-50 b , "
Refrigerator E s . B eXterior .. v..vvvvriinnin., -NC; others

" RA- ) . :

emi-gloss




roduct TiTaNox Applica
¢id resistant ccramic ware..... TG chemical
grade

rtificial Leather .............. RA-45; RA-40; _4.“
C S \ - C-50; RCHTX; L
- ledger, manifold, writing; ete. A-WD; A-CG; others W
RA-46 , Asbestos—cement shingles ....... A-WD;RA: .,.u
. Printing Paper, uncoated 1 ’ Asphalt b RA-50; RCHT M
* - Bihle, book, catalog, coating v P %ow.. wwmﬁl:m vevisessie... RA-40; RA: k
i raw stock, label, offset, etc.., A-WD; A-CG; - “C" pigment ¢
RA-46; C-50 eramics o . m
Printing Papers, coated all types. A-CG; RA-46; enamels, acid resistant ... M_.mﬂman:na_nm_ m
th . .
Label M>w“.ww h enamels, self-opacified ...... M_‘mﬁw%roa_ou_ M
Packaging Stock RAG blue-white ............ TG-400 "
w d d. -46.; oth
! fied ., A-WD; RA .
Glassine ........oiivia - RA-46; oth It add others
G f ." RA-46; otl for aluminu m
Parchm RA-46; oth frit oo e %M_m chemica 1
. . gr .
_. d d ......... RA-46; otl for aluminum
Gift wrap ... ...l - RA-46; others mill add. opacified ...... RA-10; RA-NC:
Plasti d .. RA-46; others others
. v for glass decoration
Paperboards infrit oo TG
patent coated .............. A-WD;otl . : . .
; 1 added fier..... RA;RA-50;
folding boxboard, coated.... A-CG; others mill added opacificr RA-NC; A
Foadboards ,................0. RA-46; A glass ...l ... TG; chemical
......................... .. RA46; A U : grade
bottle ... .ol i v, RA-46; A y - colored .,............... TG; chemicai
. . : ) grade
. Resin Inipregnation . . ) . . : TG : chemical
absorbent ............... .. PL cv:.ni mq»a.an emica
Wallboards - .. ..ecvrveevrrnann A-CG; RA-46; m_mm.s. ,
. C-50; RCHT S ’ or matte or cryst, effects
o ) ) n ; ~ mill added ............. A-MQO; others
Wall Paper F N >.-OO« RA-46; . self-opacified, titania ... TG
- C-50; RCHT Coated textiles
base coats ................. RCHTX; C-50
TR - opcoats ... iiieeaas RA-51; RA-50; ’
T = .U RA-45; others !
Coatings .................. RCHT; others w
4 80 81
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Tstanox Applicable

RA-40; RA;
RA-50; RCHT;
C-50

RA-50; C-50

RA; RA-40; .

RA-50; C-50
RA; RA-40;
A; C-50;
RCHT

A C-50

RA; RA-40;
RA-50; C-50
RCHTX

RA-46; others. -
RA; RA-50;

A-LO; A-CGy |

A-WD

RA; RA-50; A;
RCHT; C-50.
RA; RA-30;
A, C-50

RCHT or .
RCHTX; C-50

rodu
loor coverings
felt base, §
tilin
asphalt base ............,
linoleum ................ RA;RA-40;
plastic ......civiiiiin
rubber ..........l
linoleum (roll) ............ RA; RA-50;
lastic (roll) ...ovoinin.
backing on rugs............ A;RA
Inks and related products........ RA-45; RA-51;
LateX ..vvvirinirnsaevernrnnns
~ Leather . :
- drumming ................. RA;RA-50;A
finishes ..........cc.00venn
Linoleum ,..cvvvvervenrannyeen
Oil cloth .oovevreviiniiennnn.
astics, all types............... RA;RA-40

C-50

vvvvvvvv

Titanox Applicable

to impart acid resistance
infrit ................. TG; chemical
. grade
mill added opacifier..... RA-NC; RA-50;
. RA-10
Rayon, delustering
uternal (viscose) .......... A-MO
nternal (acetate) ,......... AA )
aternal (nylon) ........... A-168LO; A-MO
iternal (other non-cellulosic) A-168; A
external ,.................. A-CG;RA-46;
others )
Roofing granules ............... -RA-NC:
. RA-51; others
Rubber
White .............,...... A-LO; A-MO;
A-168
B vt viin v ean ey RA; RA40;
RA-50; RA-NC;
) RCHTX; C-50
Shade cloth coatings............ RCHTor

RCHTX;RC;
C-50

hiteners ............... RA-46; RA-50;

A-MO; A-WD;
others

extile printing ,............... RA-45; RA-51;

A ; others

elding rod coatings........... A-WG; A-WD;

A ; others

ortland Cement......... A;others
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PART IV

PHYSICAL AND CHEMICAL TESTS

HROUGH strict control of process variables. in
‘H; the manufacture of TITANoX pigments, uniform
products having properties desired by the user are
assured. Many physical and chemical tests conducted on
the finished pigments at the time of manufactire are
actually too exacting in nature to be adopted by the
consumer for control of quality of shipments. ‘Some
of these tests must not only reveal standard quality
" but must be so delicate as to indicate even the slight-
est trend in deviation from standard manufacturing
conditions, Such delicacy, of course, is not often
applicable to the requirements in use of the pigments,
As a general rule, the physical properties of TrraNox
pigments, like other white pigments, of greatest
. interest to the consumer, are:

" Whiteness or Color

Tinting Strength and Hiding Power

Qil Absorption

Coarse Residue or Particles

Dispersibility

Generally taken as standard methods are those of

the A.S.T.M. and Federal Specification TT-P 141b
of latest issue, but slight modifications of these are
generally employed in testing TrraNox pigments,

. <<E..cﬂo§ or Color

While. the “dry color,” that is, reflectance and
whiteness of TrraNox pigments in powder form is of
interest in the manufacture of the pigment and may
be measured quantitatively by careful spectrophoto-
metric and colorimetric methods it is of little value
_in relation to effective whiteness in' a vehicle. This
is, of course, readily understood by recalling that the
whitest dry substance known-—magnesium oxide—is
like all white substances having low refractive index
practically devoid of whitening power when immersed
in drying “oils, resins and other substances having
similar refractive indices. .

Although it is feasible to obtain spectrophotometri- _

e s e 4o AP S ¢ At A Siate 3 oo omm v
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cally: a quantitative result for reflectance or brightness

and hue of TrraNoX pigments in a given vehicle, re-
producibility is' dependent among other factors upon
standard samples of pigmeént and vehicle as controls.

Greatest practical benefit will be derived from a comi-
parison of the color produced by the sample of pigment
under test versus a.standard sample in a small prepa-
ration of the coating in giestion made and tested under
conditions as exactly parallel as possible. For such
comparisons to be of any value, however, it is generally
recognized that the following precautions must be
strictly observed:

1. Other ingredients- riast not be varied in kind or

. proportion in compatiig different samples. of pigment,

2. Mixing and grinding conditions must be strictly
comparable to yield equal dispersion.

3. The compositions such as enamels, lacquers, etc,,
must be prepared at the same time and be of the same
age for comparison of different samples of pigment.

4. Films for color measurement, regardless of the
instrument used, must be sufficiently. thick. so that close
to maximum reflectance is obtained, otherwise the
measurements will reveéal opacity rather than color. Tt
goes without saying that these films must be dried,
whether: air<dried or baked, -inder conditions yielding
comparable results. This holds particularly for labora-
tory baking ovens which must be checked for variation
of baking conditions at different points within the oven,

5. Panels, of course, should be selected as far as
possible to be equal in reflectance, color and surface
texture before coating.

6. Surface texture of flms must not vary due to

faulty application such as resulting from wide viscosity °

variations at spraying. .

7. Compdrison of pigments should not be made at
extremely low or especially extremely high pigment
volume concentration and if so made, the results must

. be interpréted-in the light of these: conditions.

8. In using reflectometers of the tristimulus colori-
meter type, the standard for calibrating the instrument
should have spectral. characteristics similar to those of
the surfaces:-to be measured,

mvan:ovronoam.ln -and. colorimetric. determination

“of color is of great value-to clarify visual observations,
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to provide numerical values for record, and most im-
portant to contribute to attainment of proper standards
and especially tolerances in color.

The following ASTM methods for measurement of
color are used in the evaluation of TrraANox pigments.

ASTM Method

D307-44 Spectral Characteristics and Color of
Objects and Materials

D1495-57T  Color Difference using the Color Eye

D1536-58T Color Difference using the Colormaster
Differential Colorimeter,

D1482-57T Color Difference using the General Elec-
tric Spectrophotometer

D1365-55T  Color Difference using thé Hunter Color
Difference Meter ‘,

D1260-55T  Color Difference using the Hunter Multi-

purpose Reflectometer

By each of the above methods, values for reflectance
or lightness and for tone which is a measure of devia-
tion from perfect whiteness usually expressed as rela-
tive blueness or yellowness, are obtained for a sample
in terms of a standard. In evaluating the deviation of
a sample of pigment from the standard, factors other
than pigment which determine color of the pigmented
film must be understood. Any tolerance applied to the
values or to a single co-efficient must be based upon
the variations inherent in the particular system and not
upon any generalization.

Tinting Strength
Reynolds Constant Volume Method

The routirie. method of determination of tinting
strength of TiTANOX pigments employed in the labora-

) tories of Titanium Pigment Corporation is similar in

principle to" the  ASTM standard method D 332-57T

- for tinting strength of white pigments, except that the

tinting color is restricted to blue and the content by
volume of pigment is always maintained constant.

The tinting strength of the standard samples of
Tiranox have been determined reflectometrically, be-
ing proportional to the amount of blue required to
yield brightness of 20% in the paste consisting of 46%

87
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total pigment by volume, As a result; all matches are
made at about 20% brightness and 46% pigment by
volume.” While-this pigmetit content by velume (or
pigment volume nosna::m‘:\o:\u _u<nv is quite high, the _

concentration of TiOa pigment or its effective pve is
relatively fow, being about 13.6%.

The: amount of blie required o -bring the um_:c_a om

pigment under test to the same g‘ ghtiiess,
hy vistial observation. of the ‘stati

tinting strength, is proportional ‘to :i_:m strength of
the test ‘sample as will be noted from the SE» on
page 90.

Itis mx:dz_mq _Evd:m_; for exact work to-emiploy
standards of the same type of pigment. as the sample
under test, ~Thus Frranox-RA -should be compared
with-a standard sample of this pigment; TiTANOX-A-
MO versus: its standard,: etc. - Differences. in. chroma-
ticity as well as texture Emn_c:m fron different types
of pigment may presetit serious %Enc:w in matching
pastes for brightiiess.

Materials and Apparatus

Tinting Material; “Tinting Strength Bl
ing of one part ultramarine Z:a {(No.

C_:.mam::m and Q_a::nw_ i

milled together until a ::;o_.a
suggested milling’ wncnaas.m. is1 180 grani
and Smc grams Foam. > barytes’ E.PBE& hotoughly

oughly dry, ooiu-:_:n “hifty-five H\ _X‘ inch : a m:zw

14-%4 inch porcelain-balls and milled for cight Hours,

Linseed Oili- Geéneral purpose Tinseed oil No. 35
(Minnesota Linseed Oil Company).

Buirette: Ten ml. capatity. graduated 0:05 ml.

Glass Plate: Smooth; at least 8 inches by 8-inches
for rubbinig up pastes,

Spatulas; Stainless. steel. having flexible. blade 4
inches by. 34 inches for’ rubbinig. The b shatild be
ground to an even smooth edge to aid removal of pastes

I hite cardboard or other impervious smooth panels:
For setting up pastes for comparison. An optional pro-
cedire employs microscope slides.

Bird Film Applicator (Bradley Blade) : .003” thick-
ness  type—Bird Machine Company, East Walpole,
Mass.

Procedure

Standard Pastes: The amount of pigment and blue
required by the standard sample of the same type of
pigment under test are weighed accurately. Thus, if
Trranox-A-MO is being tested and the stamdard sam-
ple ‘has tinting strength 1250, this means 0.5 grams of
the standard sample and 1.25 grams of blue will be
weighed.. After transferring these to the glass plate,
.515 ml. of oil is added from the burette and worked
ifito the pigment by means of the spatula to a uniform
paste, m,;o Hoover muller may be used to replace
hand mixing.)

The sample under test is treated exactly as the stand-
ard, After the pasté has béen made it is compared with
the standard paste by drawing down on the cardboard,
(pastes side by side) by means of the Bradley Blade,
or Eé:::m to the microscope slide by means of the
spatula :m_:w the same pressure ofi each paste. If the
sample is lightér than the standard a new mix is pre-
pared using the same quantity of pigment but addi-
tional blue and at the same time additional oil in order
to maintain constant pigment volume. If darker than
the standard the new mix is made with less blue and
less oil, thus:

1200 tinting strength means 1,20 grams of blue to
0.5 grams pigment.
0.5 grams pigment butks 0.1265 ml,
1.20 grams blue bulks 0.30 ml.
Total volume of pigment and blue = 4265 ml,
At 46% by volume :
0.4265 ml. = 46%..
therefore 0.9272 ml. = 100%.
so that 09272 — 0.4265 = 0,500 ml.
oil to be used

The following table lists the guantities of pigment,

Sl

TUEATY IS~ AT w

-

-3

) from the c_ﬁa. Spatula with: tapered blade about % , P E:m and. il for different finting steengths at constant
Oh inch wide at tip for placing -pastes on-slides. pigment volume and is indispensable to rapid work.
L 88 B 89 : ,
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3 . ‘ *
‘ TitaNox-RC; -RCHT; -RCHT-X . o m
S 1.0 gram of pigment Other Methods of Test for Tinting Strength !
: .\...n..a..‘é o.ﬂsw:« ,i.%«a to Other methods of test generally used &.aam. :.@E ».rm
) . © Strength . Blue wsed preceding usually in four respects (1) variation in pig-
v t ' 60 .......\... 1.12 0.70 ment volume as a resull of constant amounts of oil
o 580 . iernn., 116 0.71 (2) use of a different color—usually black (3) use of
g “o} 600 - ' 1.20 0.73 paste color instead of dry color (4) use .om a:.:_oq in-
m 620 _.NA o.ua stead of spatula, Usually where comparison is being
u ............ . ’ ’ made of the same type of. pigment and vatiation in
ﬁ 640 i 128 0.74 tinting strength is stight, these differences do not affect
S A . the results. Black for tinting strength is sometimes
‘ W owm.wmﬂw”mwﬂw_u: advantageous as it ﬂ.mw readily reveal differences in
: : undertone hidden by blue.
‘ A pior : Grams ml. oil to As in the case of color, it must be remembered that
L inting . T.S. - be : ‘ . . : : :
Strongth Blue used comparison in the coating which is of interest will
: 920 ... vieenn. 0.92 044 reveal more than a rub up in linseed oil,
v 940 ... .v.all,, 0.94 0.44
o 960 ...l 0.96 0.45 Reflectometry in Testing for Tinting Strength
980 ...iihiiiis, 0.98 0.6 Refléctometer determination of brightness (lightness,
4 1000 ...... Ceeees . 1.00 0.45 or reflectaiice as determined for example, using the
A . . green filter of a trichromatic reflectometer) of tinted
! 4 Tiranox-A and -z\.r TiOs Pigments compositions, especially enamels, may be used as a . R
i 0.5 gram pigment measure of tinting strength of titanium pigments. The
i ; For Grams ml. oil to precautions mentioned on page 86 under determination
M . wﬂ:_:xn : T.$. , be of color by similar procedures are even more important
. gth Blue used h N e o
A 1150 ...... e 1.150 0.485 in the comparison of ::::m. m.__..o:m:.. In determining
’ 1200 . 1.200 0.50 “undertone” or “tone of tint” as well as strength
S G AR ’ ’ reflectometrically, it is imperative with tristimulus ;
l ) 1250 ...l 1.250 0515 colorimeters that the standard surface be at the same . !
‘ 1300 ............ 1.300 0.52 reflectance level and have similar chromaticity as the !
w‘ : 1350 .0 viiait : 1.350 0.54 3 o sample surface under test.
! 1400 ..........., 1.400 0.55 i Obviously at equal titanium pigment concertration
; 1450 ............ 1.450 0.56 i and equal amount of added tinting color, the sample of
ST 1500 ............ 1.500 058 titanium pigment under test, has higher tinting strength
“ : 1550 . .v0uunnn. ., 1.550 0.60 if its enamel film has higher brightness than that made
1600 ..ovonnn .. 1.600 0.61 - with the m::amq.a or reference pigment, and vice versa. i
q 1650 ... 1,650 0.62 WIJ& Naturally by using also the red and blue filters of the o
— : . * . , tristimulus reflectometer, or from the spectrophoto- :
1200 ..., L. 1.700 - 064 - metric curves, if a recording spectrophotometer is em- b
, o L T L750 0.65 ployed, undertone or chromaticity of the tint may also «
ﬂun CO1B00 ... ..., 1.800 0.67 he obtained, and comparison made between sample _w
’ . 1850 ............ 1.850 0.69 -under test and the reference or standard pigment.
i 1900 ..........,. 1.900 o7l = In this type of method, the most important considera- *
1950 ... 0ovinin.. 1.950 0.73 | tion is the difference in lightniess or brightniess between - : M
2000 .. -the sample and standard that should be taken as sig- ,
9p . _ ) 2000 90 2.000 075 nificant,” The difference, of course, should be suffi- |
v 91
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" gest that the v of the reference or

“mined by the ASTM method-D

ciently greater than - that attributable to the errors

inherent in the micthod, iti order “to permit practical’
evaluation. of - a ¢ in relation to a standard. In:
- eneral, the ‘precision of this type of method-is about .

1% at the hrightness of most tints.

Although-this type of-method need involve no ‘an,.n '

than a comparison of the brightiiéss of the tints of
sampleand standard; if desired,.a i Tic 1e

be assighed or established {o :
a value-may be calculated for the

pleof pgiment 1
the relative tinting strength of the sample i
0.418

Ra
—— = 1750, ot ——— S
0430 X 1800 50, or R,

where. Ry is reflegtance;or brightness of standard, R:

is reflectance or brightness ol ‘sample and-S-is tirting:

strength of standard. - )
In this type of method, inasmiich ‘as the precautions
mentiotied on page 86 must be ob ; th

: R . ;
direct «w:o.lm%::a relationship is Ru(1—Rs)* Thus,

" LS s the tinting strength value of the standard, or

reference pigrieént, then the tinting strenigth of thie sam=
Ra(1—Ry)?

S..

ple under test is

Re(1=Rs)*

of titanium pigment b€ a_ hiding
expressed:-as. squa
ered superfl

or brightness)
greatest practicdl

of .

Hiding Power

Hiding power is a property of paints or coatings. It
is expressed as the spreading rate—the number of
square feet of surface that-may be hidden by one gallon
of paint. The standard surface usually consists of an
alternate black and white design to provide a contrast
which must be obscured by the coating of paint at com-
plete hiding. White paints containing a single white
pigment owe. their hiding powér, of course, to the pig-
ment. From this-results the concept of hiding power of
white-pigments which may be-expressed-as square feet
of surface per pound of pigment as derived from the
square feet per galloh and the number of pounds of
pigment in a gallon of paint.

Great difficulty, as would be expected, is experienced
by most observers in detecting just when such a black
and white contrast is eliminated by wet or dry paint
and as a result the visual observation of hiding power

" over black and white areas does not lend itself to

quantitative expression, As a result, many methods
which include this condition, have been discontinued in-
cluding ASTM D406-39 for relative dry hiding power
of white pigments in a linseed oil vehicle. However,
when visual detection of the obliteration of a contrast
is mandatory, a background of lesser contrast than
black and white, such as grey and black, can -prove
helpful. An early method of Titanium Pigment Corpo-
ration employs a grey and black background® over
which the paint is brushed for visual observation of re-
duction in contrast.

Current methods are reflectometric, that is, visual
observation is eliminated in favor of measurements of
reflectance of the paint applied over the black and
white background, One of these methods utilizes a re-
lationship between spreading rate and contrast ratio
and thus involves determination of contrast vatio—for
a number of spreading rates. Others utilize équations,
based on the Kubelka-Munk theory, for the calculation
of hiding power.” These methods are particularly valu-
able for comparing-standards and test pigments when
formulated exactly alike

VA E. Jacobsen and C. E. Reynolds, 1. & E. C,, L ,
Voi. 6, 393 (1934), e & C.. Anal. E4
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Visual Brush Out Mgthbd for Dry Hiding
. Power of White Paint

Apparatus

Hiding power charts: Black and gray (25% reflect-
ance) checkerboard background composed of alternate
2" squares of black and gray and having a test area of
1 sq. ft, These charts may be obtained from The Morest
Company, 211 Centre Street, New York,

Balance: Sensitivity 0.1 gm.; capacity 200 gm.
Syringe: 20 ml. capacity. Paint Brush: 1%” wide.

Procedure -

A suitable guantity of paiut is taken up in the syringe.
The brush, thoroughly wetted with-the paint, is weighed
together with the syringe. A quantity of the paint is
applied and brushed as uniformly. as possible over the

1 sq. ft. test area, Addivional quantities of paint are -

applied until the contrast background is just short of
being obliterated. The brush and the syringe are re-
weighed. The loss in weight represents, of course, the
amount of wet paint applied to the chart.

Additional brushouts are made, on fresh charts, using
amounts of paint required for obscuring the contrast as
judged from the first brushout. Usually, a maximum
of three brushouts are sufficient.

After the paint films have dried completely, the charts
are viewed at arm's length in good light and selection
is made of the one on which visual hiding of the con-
trast background exists.

Calculation :
Hiding power in square feet per galfon ==
Weight of paint (in grams) per gallon

Grams of paint applied to 1 sq. ft. test aréa

FExample
6350 grams per gallon _ Hiding power of 635
7 sq, ft. per gallon.

10 grams-applied

%4

Contrast Ratio Method for Dry H
of White Paint

This method is based upon a straigh
ship between logie of 10 x dry contrast
spreading rate of highly reflecting white
range of 70% to almost 100% contra
means of doctor blades, the paint under
at a number of film thicknesses to bl
hiding power charts. Spreading rate is
the weight of wet paint applied, the are
the weight per gallon of the paint,

Contrast ratio is deterniified on the dri

" spreading rate, and logie of 10 x co

plotted against spreading rate, For the
agreed upon, the spreading rate read fro
the hiding power of the paint,

Apparofus

Balance: Beam type, glass enclosed,
01 gm, for weighing charts in horizontal
land and Sons, New Rochelle, New Yor!
such a balance),

Doctor Blades: A series having cleara

- 0.001, 0.0015, 0.002, 0.003, and 0.005 inch

Cgm9

&-——""‘

)

o)

Film Applicators six inches wide have |
cessfully (Bird Machine Company, I
Mass,).

Hiding Power Charts: Black and whi
piece area large enough for measuren
flectometer. Form 03, The Morest Compa

Street, New York, are suitable. White

greater reflectance, black area less than 1
trimmed to a width of eight inches an
fifteen inches retaining the centerpiece
The reverse side for ¥ inch and the en

‘over which the drawdown will pass is cos

lacquer to prevent absorption of paint.

i Holder for Charts: Suitable horizontal
ing charts flat—plate glass supported by
with provision for clamping the chart is

Paper Cutting Board with attached ru
Reflectometer: Gardner multi-purpose

95




over th a
ured and contrast
of paiiit applied, spr

“he chart of proper size (8” x 158”) is weighe
asten ace upward to the }

a ! ice is
top « e chart small amount of the thoroughly
nixed paint is placed across the front of the ‘applicator
which is then drawn across the chart so as to
=:§oﬂ:m_Epro?:EEeroﬁ":nvvv:nio?

chart is immediately trimmed at end so

that the length of the covered arca is nine es an v
the black and white centerpiece remains in the center. ’
ering. fifty-four square inches

€.375 sq. ft.). is-obtained. This section is immediately o
weighed to 01 gram and set aside to dry. The ends of

the-chart are. thoroughly cleaned and wiped dry, then e :
weighed, dnd their weight subtracted from- the weight nf. : =
of the chart (15" x 8") thus giving the weight of :
chart-under the paint, The weight of the paint on the

9” x 6" area may thus be determined by diff . g

Successive films at different thicknesses are pre;
e s are allowed to

ratio is calculated. For each weight
eading rate is calcu

:.1 Wt./gal. of paint x Ama x 375

r
horizontal base, A doctor

cot
spr
r

Spreading Rate =

grams paint applied

Reflectance over black

Contras t Ratio =

Reflectanc

Example of Data
Spreading®

Ratio  3q.

890

957

980

Hon of pai

" ratio agreed upon~—such as 0.93, 0.95 or 0.98-—spread-
ing rate is read from the graph and expresses hidi
ower.

In place o
semilogarithmic paper
tate plotting

Of

ratio as an index of hiding or opacity, is sou
mvnnmm&mvnou&:mq»

Newer Methods of Test for Hiding Power

I reflectometric methods for hiding power, improve-
ment is being sought mainly through increased pre-
cision and simplification, reater p i
_close control of all test conditions and opera-
" tions, Simplification

of film thicknesses or spr

ing contrast ratios in favor of a single film thickness.
‘rom simple test data ing power is calculated by

involve

trast
cading rate, a
ead spreading rate for the contrast ratio of in
course, this method is also useful when contrast

te of a white pair

600 800 1000 1200 100 °
SPREADING RATE - SQUARE FIST PER GALLON -

¢ 200 400

is sought by elimination of a range
eading rates and correspond-




on a determined are

ASTM Method b1738-60T (" @ for Hiding Power
of Nonchromatic Paints

In the ASTM methad, fromm

Vows = 1604170 5 = factor Ax S

{(a +00127551)
coth-1{ _— 1.02040816]% + 0.0127551

b

o Rs —Rw+ W

where 2= % (Rw + )
b= (a*—1)%

-1 1—aRs) __ factor B
and S =T coth~1 ( TR 8) T

or ST = factor B
Re=a—b. _

Calealationis can be greatly simplified by the use of

* tables—“Tabulation of Kubelka:Munk Factors for com-

M ASTM Standst 1; Part 8;:page 856.

@ A E. Jacobgen, Pi B. Mitton; and M. -H. Switzer, “‘Deter-
mination. of the Hiding Powerof - Nonchromitic - Paints”,
Materigls Research and Standards, Vol. 2, No. 12, Dec: 1962

p. 1004,

98

puting Hiding Power” which are available on loan from
ASTM headquarters, 1916 Race Street, Philadelphia 3,
Pa; These tables were computed and made available to
ASTM by the Research Department of National Lead
Company, Titaniwm Division, P. B. Mitton and A. E.
Jacobsen of this départment, to simplify the -computa-
tions further, have devised graphs'® and-a siriple table,
which are available from Titanium Pigment Corpora-
tion.

In our simplification of the ASTM method, the paint
is applied to structural black glass, allowed to dry and
reflectance Ry is. fead. The dried film-of known-area is

" removeéd from the glass and weighedin ofder 16 calcu-

late T, the wet film thickness. The paint is also applied
in sufficient thickness of aniform filni to a suitable sub-
strate to yield when dry, practical maximum reflectance.
This is read and designated R.. These values are used
with-the aforementioned charts and table to obtain hid-

~ ing power in terms of square feet per gallon,

Reflectivity and Scattering Coefficient as
Indicators of Hiding Power

It is often assumed that the Kubelka-Munk scattering
coefficient S, along with reflectivity R., indicate quite
well the opacity characteristics of a paint. .Knowing
Re, Re and T (in mils) as determined by a method
similar to the foregoing, S may be calculated from the
following simple equation*:

R R, -1
loge (—RaRa-1
o8 Az,\wslv

1
Tﬂw =)
As an example, given a white paint having wet film

thickness T of 2.0 mils, Ra 0.857, and Rs 0.919

_ log.34 L4422
ST=""461 " = ~1eo1 = 677

Since T=2,S = 1«%& =339

ST =

Some values of ST corresponding to values of Rs and
R. over the range from Rs 0.70 to 0.91 and R. 0.80
to 0.96 in steps of 0.01 are given in Table C-6, page 163,
Factors for converting S to hiding power are given in

, Table C-7, page 164.

* In the derivation of this equation, reflectance of the black
substrate is 0.

1 P. B. Mitton and A. E. Jacobsen, *“New Graph for Computing

Scattering Coeficient and Hiding Power” Official DIGEST
Vol 35, 464, Sept. 1963, p. 871. .m
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h s ment, or twenty times the oil required to obtain the end
) ﬂ poirit. This figure is usually expressed as pounds of
oil per one hundred pounds of pigment.

D !
: i sorption
_\ , Figurz 11 . Oil Absorp
. . Qil uvmoé:m: is %\%W%ﬁ& cw._. wMum__mm“c%_.oﬁ nmw
' LIADITTE OUIAF OV $5] tially according to methot 1-31 excep
. MODIFIED BROWN OIL BURETTE mn“n :_M oil used is definitely specified, a standard sam-
o&. i ple is run at all times, and a time limit is placed upon
. 9 mixing the oil and pigment. The method is as follows:
. A ~ Y4 DIA. TRROAT
"~ . g BREATNER WOLE /N NECK WITH ial
. @ 1\ ‘sroove 7o maTEH ¥ STOPPER Apparatus and Materials
! ] wmnh‘ . Linseed E.TlOn:aqm_ purpose ::.mama o:. Zo.. 35
Py | _BULB T0-NOLD 125CC. (APPRO, (Minnesota Linseed Qil Company, Minneapolis, Minn,)
. m ‘ _ n\‘ ) oK) Buretie—Modified Brown ‘oil burette as shown at
i 8 WALL left.
s " e - Glass Plate—Smaooth glass plate of convenient size,
— A\AQBQM\“WM\WMQ\Q kg 12" x 12" or larger.,
% = reeriitece e —— e . . ,
- { B Spatula—Fairly stiff stainless steel blade ,Approxi-
. mately 10 cm. long by 16 mm. wide (4" x %").
ey IQQ
o %
j . w m M Procedure
_~_ -4 mm Five grams of the pigment are weighed and trans-
f i -5 2 ferred to the glass plate. The oil is_added from the
i ] <
! ) -6 i burette rapidly at first and then slowly drop by drop
_ ' £ S 7 m D[y thoroughly working and rubbing the mixture of pig-
1L 1 [ ment and oil after each addition of oil. At first a'dry.
L oD TUBE vy ! .
1 |&. S -2 > 2 crumbiy mass is obtained which does not adhere to the
' A g 0 = “N glass but finally an end point is reached after which.
" —— R BWALL H Qax the addition of one drop more of oil will change the
M i 42 Wmm mixture of pigment and oil to a 3—%33@3»% which
- Al [ . - adheres slightly to the glass plate. Considerable pres-
S m Je Sl ” g 5 sure should be used in working up the mixture and the
3 PR g, up
el P vo His 2 5 operation must be completed within 5 minutes,

. M .“Q N 3 The weight of oil is calculated from the volume used
/ 2 7 @R and the specific gravity of the oil (usually 0.93), Oil
! i {8 2 R absorption is the grams of oil per 100 grams of pig-
} S 19 <
| ae

B3

A standard sample of the same type of pigment
should at all times be tested in the same manner. The
results - should be corrected for any variation in the

n Rl standard which is due to variation in temperature and
= humidity. Standard conditions under which the value
of the standard sample should be determined are usually

70° F. and 50% relative humidity.

L 2 N“m..
{ STOP CLOCKS’
“ vgﬁﬁsnwmuwc\oaxsai..
_

\M
i
33
Y ¢
F‘I&'Jﬂl}f‘l!’i

£FQUAL TO 0.25CC.

o . 101 .
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Other Methods of Test for Qil Absorpiion " taken as water absorption. Results may also be ex- -
’ o pressed as percent solids; that is, the percentage of
pigment by weight of the total mass of pigment and

: the Gardoer-Coleman
¢ e water.

~60, .pr h

Water . absorption - tests having greatest practical ' N
value ‘employ - the industrial water and the kind and L)
amownt of dispersant and other additives that are used
with the pigment. Mixing is usually méchanical, rather
than manual. In such tests, the concentration of pig-
ment in the paste or slurry and the consistency and flow
of the slurry, as measured by a suitable-viscometer, are
often.of interest. Tn some cases, for a given aniotiit-of
pigment and water, the amount of dispersant to be
added to effect a given viscosity is détermined and is
called the “dispersant demand.”

(o

. Apparently there is no-such
myvmonvn_.o-.\om.w_,wumwagwm:

. of TiTanox
absorption is
—— . - i i

In compositions that utilize sodium silicate sotution,
W . this liguid is-used-in-a manner similar to oil"in the oil
e @ absorption-test, exceépt that a miorfar and pestle for

- Ad manual mixing, or an edgesriimnér or other type mill
for mechanical mixing may be used.

BT REE7 Y 2 3 Tl P U -

Other liquids, especially plasticizers such as those
used in lacquers.and also intextile coating and plastic {
sheeting  compositions, are employed in a similar
manner,

LR

~ the volume of the voids between. p nts;
it can be an “indicator of critical pigrieit” volume
concentration.

. Method of Test for Coarse Particles . f

The method used in testing TiTaNox pigments for
coarse particles is essentially that described in ASTM
method D 185-45, however, in some cases for greater
accuracy, 100 grams of sample is used :

The method is as follows:

One hundred grams of pigment are weighed and -
placed in the container of a Hamilton Beach Mixer
with 300 ml. of water and agitated for one minute. The
suspension is then poured through an 8” diameter 325
mesh screen (with 40 mesh backing) which has been
thoroughly wetted, The sieve is held under a-tap-de-
—=w) livering a gentle stream of ‘water, Passage of parficles

through the screen’is-aided by-a-1” paint brush; break-
ing up-the lumps of pigment with as httle pressure as
possible,  Attempts. sheuld-tiot he: e th
pigment through the screen. Afte
teria been washed threugh th off -
brush,~the residue remaiiiing on the scFeén 15 trans-
P ferred with: the aid-of 4 Wash'bottle to a small beaker
or'a deep 5” watch glass. The coarse material is al-
lowed to settle, the water is decaited off as far as pos-

- 103
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sible and the remaining residue is dried in an oven for
at least 15 minutes at 110°C. After cooliiig, the tesidue
is then weighed on an analytical balance—the result is
reported to 0.01%,

Coarse Residue in Water Dispersible
Titanium Dioxide TITANOX-A-WD

The pigment is dispersed in water and the suspension
is pouréd throtigh a 325 mesh screén; but a brushis not
used to aid passage of the pigment through the screen.
The method. is as follows:

To 350 ml, of distilled water in a container of a
Hamilton Beach mixer are added 20-grams of piginent
and the mixture is stirred for- exactly 2 minutes:. The
suspension is poitred _onto a 325 mesh’ screen”holding

“¢le or other medium: . The concept of dispersi

Dispersibility, Texture, ““Fineness of Grind"

TiTANOX pigments carry very much less than the
maximum residue on 325 mesh prescribed by all pig-
ment specifications such as ASTM D 476-48 which
prescribes a maximum of 0.2%.

TiTANOX pigments are micron sized ‘products which
like all pigments must in.use be converted from a
powder in air to a powder permeated by the paint vehi-

volved bécaiise clustérs or groups of ultimate particles
of -pigment must be loosened and scattered in the
medium to a degree of dispersion or dispérsity meeting
the requirements of the coating or composition. The
capability of a pigment of being incorporated into a
medium (such-as a paint vehicle or plastic) and of

heirg diffised -therein_to a suitable” degree, is the dis-

the wire cloth sieve of thé screen. just below the surface AITE Lt
- of the distilled water in a suitable container.. By lower- persibility of th ’ :
ing ‘and raising the sieve in the water, the fire particles To measure this quality the degree of dispersion must .
are separated from the coarse. The water in the con- always be the criterion of the test miethod. This may !
cnare tainer is circulated frequently. When no more pigment be determined or indicated and takeén as the résult . of !

. While designed primarily for water dispersible pig- is taken as a measure of a high degree of dispersion, 11
: ment, this type of test is applicable tg athier types of The appearance of pigmented films whether of pastes :
| —-— ‘ TrranoX pigments. Interesting modifications involve or of liquids by reflected light which shows up specks |
I

lll. > texture because the work was insufficient to break up
. . loose aggregates that might readily have been dispersed _
! by mechanical means comparable to plant mixing
MQan equipment )
e W '

W A

has passed through the screen as determ by

ing the lack of turbidity in ‘water drainéd {from. :th
screen, the residue is washed into a beaker ;-

is decanted, the residue dried at 110°C., coéled and

weighed. .
. ms resi

% Residue on 325 mesh = gra mNom due X 100

The resiilt is reported to 0.01%.

d by obse

the use of a constant pressure of water, of course, with
the avoidance of any manual work by mieans of a brush
or other apparatus. However, such tests can yield mis-
leading results inasmuch as. some specialized types. of
pigment may tend to agglomerate in water despite their
fine dispersion. in organic liquids in which they may
be used.

=

the test when the work of dispersion is maintained
constant. On the other hand a predetermined degree of
dispersion -or indication of such may be ¢ ished and
the work of dispersion determined to achieve
In our laboratories both these general types of meth-
ods are employed but for laboratory examination of
pigments, generally the first type is preferred,

In practice, freedom from specks in a pigmented film

is the texture of the film but is often considered the
texture of the pigment: ~There is considerable danger
in always considering such film texture to-be pigment
texture when the method of mixing pigment and vehicle
involves an impractical amount of work., For example,
light mixing of a pigment with a vehicle by means of
a spatula to form a paste may yield a film of rough

In all-methods of this type, all factors have.to be
maintained as constant as possible, so that the only
variable is the pigment under test.

Where a single pigment is being dispersed in-a paint
<£:.n_w.. “fineness of grind” is synonymous with dis-
persibility of the pigment;

105
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“Fineness of Grind" is determined by the Hegman*
or a similar gage -which is a hardened steel block hay-
ing a calibrated tapered groove in which the suspension
is m._cgwa. At some. point along: the-groove. specks are
visible. Thus texture is- obsérved.but is expressed-nu-
merically mnncn&:n to- the numbers m_m_»m the W_‘cmﬁ
corresponding to depth or thickness of the-suspension
The Hegman scale contains graduations from 0.to 8
from coarsest to finest. of texture. The Fedesation of
wg_mm_nm for ﬂm.:; m,nn_ﬁo_omw‘ scale runs from.0-to 10
or the same length and ta
e leng per of the groove as the

\:lzd
iy B
ey @ Cpicknessof  Hegman Fecaration
5 40 0 0
434 3.5 1 1.25
3% 3.0 2 250
7 25 3 375
A 20 4 5.00
1% 15 5 6.25
1% 1.0 6 7.50
5 0.5 7 8.75
0 0 8 10

The design of the gage, the
directions -for- their use.are
of Test for Fineness of Di:
Systems (“fineriess ‘6 " grir
D 1210-54.

. w_mmwumw_mun«?nm by E. W. Fasig, Drugs, Oils and Paints 54
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Methods for Um_mnambwmou of Particle Size
and Particle Size Distribution

Many. technologists .are interested in the sub-sieve

- o microscopic size and size distribution of the particles

of a pigment i suspension (see ASTM F20-51T).
Following are the main procedures that have been
o:_c_ownavmo.‘ the determination of particle size distri-
bution of pigments: -
(1) Microscopic
(2) Sedimentation
(3) Air and liquid classification
(4) Infrared transmission
(5) Spectral transmission
For the determination of average particle size, the
following ‘methods have been employed :

(1) Adsorption (gas and liquid)
(2) Permeability
(3) Dark field microscope

The American Society for Testing and Materials has w

. jssued a tentative recommended practice (ASTM

D 1366-55T) for reporting the results of particle size i
determinations. It suggests numbers that may express
the fineness characteristics of pigments having sub-sieve
particles. Measurements leading to data from which
the suggested calculations are made may be obtained
by the microscopic or the sedimentation method.

Microscopic Methods for Determination of
Particle Size Distribution

The white light microscope, then the ultra violet
microscope and now the electron microscope are em-
ployed, The-procedure for these is essentially similar
to ASTM method E 20-51T s is also the method of
computation of “distribution. The ultra violet micro-
scope was- brought into the pictare hecause-the white
light microscope was lim to particle size above 0.3 t
i vith. the Ti ions. of ultra viofet

Oz ICTOSCOpe
g a mivich widér range is iow being widely-used.

‘But_with_th

and shape of individual particles, but the size-distribu-
tion is-usually tedious to calculate and also exists- only
in the mounting medium. -Apparently, the limitations
of the ordinary microscope have not been quite"so seri-
ous as has been predicted, inasmuch as many of the
older results on TITANOX pigments are being confirmed
hy the newer procedures,

T e g e e e s
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Sedimentation Methods for Determination of

Particle Size Distribiation

Centrifugal s
easily- carried -ott and also

Those “‘methods, based upon. ads
tiquid, or rate of flow of
: mass of pigment,  yield v
s pigment from which an
el -cles can be calculated.

"M QY
1714 »
: i
oo
\ ” R 1. Phys: Chem: 36:°86,.1932, ~
| m.z._, | 3 1. & E.C.,"Anal. 'Ed: 14, m‘._ug. May 1942,
o 108
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Methods Used for Determination of
Average Particle Size

sl i

and Gans in their work with oleic acid. Such methods
have found some application as control methods because
they often can be carried out rapidly. .
Gircater emphasis is usually m_wnna.:bo: particle size
on- than -average. particle size. Obviously .in

e

y-undue-percentage of very coars

v fine particles may be the source of irregu
in product. There follows a typical method for the de-
termination of particle size distribution by centrifugal
sedimentation of Trranox-RA-50 ifi- an acrylic vehicle:

e
e

-
T

5 W I

Centrifugal Sedimentation Method*

Theory: The centrifugal sedimentation method for
particle size analysis is based upon the application of
Stokes' law for obtaining sedimentation-time curves
and upon Odén’s mettiod of tangemiaFintercepts-for-the
determination’ of particle size. distribution from - these i .
curves. Odén’s methiod corrects for the fines which
settle due to their proximity to the bottom of the cup.

. The following equation gives Stokes’ law, modified
for use in sedimentation: , {

LATIWN ST

aJ s

= In (R—5) .
Dn=10Y/—rt > _ 221 _ - ,
l\aa_tés.x; ?
Dm = equivalent spherical diameter of the particle
{microns)
9 = coefficient of viscosity of the suspension medium )
(poise) ' ¢

d, = density of particle (g/cc)
do = density of suspension medium (g/cc)
== time for a particle of size D to settle a distarnce I
of R—S§ (em) '
=distance from center of rotation to-bottom-of-cup.
(cm)
== distance from center of rotation to surface of
suspension (¢m)
R = average distance from center of rotation to sus-
pension {cm)
= angulat velocity in radians per second;
2x x revolutions per minute
60

1. & E. C,, Anal. Ed. 18, 6, 370, 1946,

* See Jacobsen, A, E. and Sullivan, W. F., Ind, Eng. Chem. i
18 360-64 (1946) also
Symposiunm on Particle Size Measurement, Spectal Technical

Publication No. 234, American Society for Testing Materials,
Philadelphia, Pa,, 1958, - :

~
8

v =

)4
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MC
e

(9.20 %358
evaporation, T
tion to the botte
since the susy

atent spherical particles,

Procedure: The  suspeision -
20.0 grams of pigment to 120
sisting ‘of 40% Acryloid=1372
delphia; Pa:)
After hand
tory - three-
sufficient amon i
Cellosolye A: e-to
116 ml. is delivere

sedimentat
showsi i the
time, - Pigime

tanium dioxide. Si
cent sedimented

weight of sediment

% sedimented == X 100

weight of total
-~ weight of total—weight in suspension % 100
- weight of total
_ (Crioy) m::mw_l‘ﬁﬂ.._,._w.mv‘mkcm_ua:mmo: % 100
AP._.EMV initial
S ook
where (Cmoy) = concentration of TiOs in grams per -

liter.

110

‘values of the viscosity and densities.

“A sedimentation-time curve is plotted on graph
paper (about 20 x 20 inches in sizc). Page 113 presents
such a curve of a reduced scale obtained for a sample
of Trranox-RA-50 having a specific gravity of 4.10.
The curve is plotted from the following data:

Centrifuging Time (min) Wt 9% Sedimented

0 0

5 4.7

10 8.1

20 23.0

40 350

60 49.0

92 61.0

164 _ 88.0

232 ’ 92.5

The time tm (min.) it takes for a particle of diameter
D (u) to settle through the distance R-S is calcu- c
_umma.?ci the modified Stokes' law equation by sub- [
stituting the given apparatus constants and known

For the specific. conditions described, using a sample
of Titanox-RA-50, the settling times are given by :

Ix10°x7n x (R—S)
10(d1—ds) ' RDp?

3 x 10" x 0.0148 x (21.3—20.3)
(4.10—0.960) (3.663 x 10)*(20.8) D,

. .06
which reduces to: tm = wluolmwl
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The times corresponding to.a-series of particle diam-
cters ranging from 0.15 to 1.0' micron are shown in the
accompanying table.

: The particle size distribution is obtained by drawing

‘ tangents . to the sedimentation curve at these tities, ta,

b and micasuring the “Y-intercepts, - The ‘intercept value

subtracted from 100-gives the weight percetit- Tess than

D These cumulative distribution values are listed in
the same table.

-D,, Time, t,, 7;?:?{:;:"]:;" 1,':::":73"
() (min.) (10t. %) Dy
; 1.0 5.1 0.0 100.0
0.75 9.0 1.0 99.0
0.5 203 4.0 96.Q
04 317 5.0 95.0
- 0.3 56.3 10.0 90.0
02 126_.7 34.0 660
— O.ISA 225.2 82,0 18,0
]
1
\ l—. .
' |
‘- !
i
piss
i
. |
1 —
M
i RIE
T
,4 .
SC R
| P 112
o {

(SILNNIW) 3NWIL

$22 o

ov2

PERCENT SEDIMENTEC
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- and General-purpose Glass Electrodes (No. 4990-80)

Ten ml of the pigment suspension is a to a
nda 25t tube wi half ml of the indicator.

dded

standard. test. tub th one-ha

el Ten mi; of pigment.suspension is.added to each of two
similar test-tubes without the addition of indicator. Th
suspensions a fed by means of a centrif d
the color of th rnatant liguor in the tube
ing’ the pigmel d indicator is matched t
standards, looking through the supernatant liquor in
the tubes with dicator. In case of retarded 1
t uspension: sheuld be centrifuged

: Specific Resistance of TITANOX-A and RA
type pigments
The specific resistance of a water extract of titan- .
jum dioxide pigment ig considered by some technolo-

Beckman: Model H-2 pH ‘Meter (Mangal 190-E), -
gists to be inversely proportional to-water -soluble salt

Saturated KC1 calomel refere erta e
PN qo70 71y omel reference electrode (sleeve

Freshly distilled water

content of the pigment, It must be remembered that
the extremely low witer solubility of TrTANOX-A
type pigments is difficult to measure and as a result
this electrometric method is called upon. Procedure is
as follows:

Apparatus and Materials

Distilled water: Should have specific resistance of
at least 250,000 ohms,

i Conductivity Bridge and Cell: Model RCIB and -
7. D) cell-type CEL-1A_mannfactured by Industrial Instru-

r W ments, Inc., Jersey City,, New Jersey, has been found
in the 1 satisfactory. ‘

Procedure

Into 2 tared 500 ml, Erlenmeyer flask, 25 grams of
pigment and 225 grams of distilled water are weighed.
The mixtiire is boiled for ten minutes (covering the
) #H Ranpe top of the flask with a stemless funnel), then cooled
- Chlorphenol Red ,........ o . 5268 and loss in weight restored by addition of freshly
Phenol Red vvvviveins e 68 — 8.4 boiled disfilled wates,

“Thymol Blu€ *...oovvivve,.inn... 50—06 (=) n ?«%ES is filtered (usually by vacuum through
The pigment slufry is pre e , . our #42 Whatmian filter Ewﬁdv” The first 10-15
of pigrment. e wm__m Hmﬂmwm.mm\ N_«W%_M %_m\ %W%E:; \D - ml. of sample Slirate are usually discarded.
:m
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About 200 ml, of clear filtrate is transf _
250 ml. graduate cylinder and ¢ tred to 2
| controlied temperatare. F,._w.wa oocled to 18°C, in
Resistance is then determined by nieans ¢ ;e
D& and cell. Soes : °d by means of the bridge -
. Specific resistance i , d re P
sistance divided by the cel] a%_uwm”— fo measured re- P

C—— . S
_, % -

i ; : .
_ S

= =

- =

Chemical Examination of TITANOX
Pigments

The chemical analysis of TriraNox pigments is car-
ried out by methods almost-exactly similar to the tenta-
tive ASTM method D 1394-56T. In the determination
of titanium however a new method for reducing the
titanium with aluminum, developed in our laboratories,
is a step forward in simplicity, convenience and reli-
ability. (See page 121.) ’

Qualitative Method for 02235 Titanivm

About 0.5 gram of the sample is placed in a 250 ml,
beaker after which 20 ml. of concentrated sulfuric
“acid and 10 grams. of ammonium sulfate* are added
and the mixture is boiled five minutes. An insoluble
residue denotes the presence of silica or siliceous mat-
ter.  The solution is cooled then difuted with 100 ml,
of water, heated to boiling, settled, then filtered through
a double Whatman No. 42 paper. The residue on the
filter is washed with hot, 5% sulfuric acid until free
from titanium.

A small portion of the fltrate is tested with 3%
hydrogen peroxide; a cléar, yelfow-orange to brownish-
red color indicates the presence of titanium, (Chromium,
vanadium and molybdenum give blue, brownish-red
and yellow colors respectively with hydrogen peroxide,
and in case any of these are thought te be present they
.may be removed by subjecting the original sample to-a
fusion with a mixture of sodium carbonate and sodium
nitrate (20:3) and leaching the melt with hot water,
After dissolving the residue in sulfuric acid, the color
test for titanium is made in the usual manuer,)

The residue obtained on dilution of the sulfuric acid
digestion of the original sample is tested for lead,
barfum and silica, and also antimony. (If antimony is
present in large amount, it will be found in both the

~ residue and the filtrate.)

“ Note: If titanium analyses are being run often, it is con-
venient to make up a solution of ammonium sulfate in con-
centrated sulfuric “acid.  Ammonium sulfaté crystals, 100
grams, are added to 170 ml. ccncentrated sulfuric acid and
the mixture just brought to fumes by heating. In this ratio
a stock solution may be maintained. Such a prepared solution
does not “bump’ on hoiling when dissolving titanium dioxide.
20 ml, of this solution will dissolve 1 gm. TiOg pigment.
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Mo

inder-of the filtrate from the sulfutic acid
y be tested for the presence of calcium,
i antimony,. etci, by the wusual

iron, to a portion- of -the fitrate; 5 grams of tartaric
acid is added after which the solitio .
ammoniacal, and-hydrogen stlfide added in. excess,
followed hy digestion on a steam-bath for.a while. Neo
precipitate. deriotes the absérice of ickel, -cobalt,

then making the usual color test for iron with.ammon-
ium thiosulfate.

Quaglitative i&moa _m:, identifying
Titanivm Pigments

About 0.5 gram: of the san
treated: with. 20. ml...of concent
10 grams of ammonium sulfate;
dissolved. The

A white precipitate indicates the presence of barium
sulfate “which mmay be confirmed by the flame test for
barium.

To test for cal
a 250 ml. beak

rejected. To ihe
chloride, .02 gram amm
is heated:to boili

Quantitative Analysis of Titanium Pigments

Determination of Titanium
using Jones Reductor

TiO, in titanium pigments is determined by a volu-
metric method involving reduction of titanium and
titration with a ferric salt,

Reagent: Standard ferric ammonium sulfate solu-
tion, of which 1 ml, is equivalent to 0.005 gram of
titanium dioxide,” is standardized by reduction and
titration with 0.1 N potassium permanganate; which
has been standardized against Bureau of Standards
sodium oxalate.

The ferric ammonium sulfite is prepared by dis-
solving 30 grams of the salt in 300 ml., of distilled
water acidified with 10 ml, of sulfuric acid, Potassium
permanganate solution is added, drop by drop, as long
as the pink color disappears. The solution is finally
diluted to one liter. In standardizing, 50 ml, of the
solution are made up to about 100 ml. in 5% sulfuric
acid, reduced in the Jones reductor and titrated against
standard 0.1 N potassium permanganate,

Indicator i A saturated solution of ammonium thio-
cyanate.

Reductor: The Jones reductor consists of a dis-
pensing burette about 22 inches long and 2 inches in
diameter, equipped with a glass stop-cock and a deliv-
ery tube 6 mm, in diameter x 3%4 inches long.

The reductor is charged with a 7 inch column of
20 mesh and 10 mesh amalgamated zinc (500 gms.
each), and on top of this a 5 inch column of broken
amalgamated zinc ( about 500 grams). The delivery
tube is connected to a one-liter flask through a three-
hole rubber stopper. One hole is used as an inlet and

the other as an outlet for carbon- dioxide gas.

The zinc i§ amalgamated by immersing it in-a solu-
tion of mercury bichloride in hydrochloric acid.
Eleven grams of mercuric chloride “are dissolved in
100 ml. of concentrated hydrochloric acid. Two hun-
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- JONES REDUCTOR FOR TITANIUM
< b2 _

YT

! - |
DISPERSING BURETTE
21"t

STICK 2INC
Ax2/2°,2500M,

7 10an0 20 MESH;10008%

s PROM
ﬁ’.ﬁm;‘émh‘ .

wangs || Bl | LR

GLASS WOOL

AMALGAMATION
wooe

000 | L, TREAT 250 GM. ZINC
x>nx~4 WHP WiTH 11GM. ‘HgCla
vanr IN DO c.. OF CONCEN~"

FOR CO, TRATED HCL.
ESCAPE WASH THOROUGHLY:

/L. LASK)

NOE ML@vATION

TETANIUM PIGMENT CORPORATION

120

dred and fifty grams of zinc are covered with distilled

water in a one-liter suction flask and the mercuric
chloride solution is poured in, with slow mixing and
shaking, for about 2 minutes. The solution. is poured
off, the zinc washed thoroughly, first with hot tap
water and fAnally with distilled water,

Procedure using Jones Reductor

The reductor is drained to the top of the fine mesh
zinc and 200 ml. of a boiling solution of sulfuric
acid (5%) are added. The reductor is slowly drained
and then washed at least four times with boiling water,
The reductor is drained to the top of the fine mesh
zinc, and the hot titanium_ solution is washed into it
and allowed to remain from 15 to 20 minutes. The
reductor is kept covered with a watch glass duting
the period of reduction. During the whole period of
reduction a slow stream of carbon dioxide is passed
through the receiving flask. The reductor is- slowly
drained into the receiving flask while carbon dioxide
is passed through the latter, When the solution has
reached the level of the fine mesh zinc a boiling 5%
solution of sulfuric acid is added to the level of the
top of the stick zinc, The reductor is then drained
to the fine mesh zing, then washed in the same manner
as above, with boiling water, four times, The flask
is removed and 7 ml. of the indicator are added and
the solution is titrated rapidly with the standard ferric
ammonium sulfate solution,

ml. ferric ammonium sulfate soln. x factor =
grams TiO,

Reduction by Aluminum

The modified Jones reductor requires considerable
attention not only in preparation of the amalgam but in
care and maintenance of the long column of amal-
gamated zinc, This reductor is particularly incon-
venient if only occasional use arises for it.

Although there is.a simplified method using a liquid
amalgam shaken  with the titanium solution  and

blanketed by carbon dioxide in 3 separatory funnel, the

hazard of handling mercury still exists.
A new method for reducing titanium solutions, devel-
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" oped in our laboratories is described by Rahm in Ana-
lytical Chemistry, 24, No. 11, 1832-3 (Nov., 1952).
This method has proven entirely satisfactory, In
this scheme, aluminiim foil replaces amalgamated zinc. -
Nnﬁ The total apparatus is extremely simple, consisting only
of a flask, stopper delivery tube and beaker as shown
- in. Figure IV.. A solutio

n of sodium bicarbonate in=
onsly replaces the cylinder of

geniou carbon dioxide num,
u ﬁ required by other methods,
S Ficuze 1V

Simple >Ex=..ﬁ=,m for Reduction of
Titanium Solutions
8

, .l.._ ‘\\\N |

’ E
* A ’ [+
v A, Flask (500 ml.) C, Beaker (250 mi.)
. Yub Y - Rod rt to hold
b 8. Deilvery Yulte b om_“_w,_._.:.wu_ ‘o“qnvuhot surface
4 of solution
| -

In_this-method ‘the same réagent—ferric ammonium
sulfate for titanium and the indicator are used ds de-
T scribed on page 119, . - ’

‘ . - The following are required however !

, Hydrochloric Acid (HCL) 12N, reagent grade

. (this” must be present it the titanium mo_czo.:
. ) which is to be reduced in order to prevent passi-
. i vation of the alundinum and stoppage of the re-
duction)

.uu Aluminum metal foil-—any high purity aluminum foil
i ¢ which containg -no- more than 0:03% TiOy and -no
Do interfering ions,

& o Sodium bicarbonate- (NGHEO,) reagent grade—a
o saturated solution is prepared at the time of analysis.
2 122

Reductor—the simple apparatus shown in Figure IV
which consists of —

A — 500 ml. Erlenmeyer flask

B — Delivery tube

C — 250 ml. beaker

D — Pointed glass rod with collar to hold alumi-
“npum foil below surface of aluminum

Procedure
The operation of dissolving the sample is carried
out in the Erlenmeyer flask shown as A in Figure IV,
Details for reducing and titrating are given under
Quantitative Determinations of TiO; in pure TiO,
pigments Rahm’s Method,

ing
sho

Quantitative Determination of TiO, in pure
'TiO, Pigment

0.2-0.25 gram of pigment is transferred to a 250 ml.
heaker; 10 grams of ammoniun sodium sulfate .

eaker; yram tmonium- or
“(C.P)), and 20.ml. concentrated sulfuric acid are ddded ;

the beaker is covered with a watch glass, The contents

are digested to complete solution on a hot plate, al-
lowed to cool and then carefully diluted with water
to about 125 ml} If the sample of pigment should m
prove refractory and offer resistance to solution in the
above quantities of ammonium sulfate and sulfuric i
acid, these are varied until the material dissolves.

Tlhe procedure is then the same as under Determinag- ‘
tion of Titanium using Jones Reductor. (See page 121.)

Rohm's Method—0.200 gram is transferred to the
Erlenmeyer flask; 8 grams of ammonium sulfate and
of concentrated sulfuric acid® are added fol-
y_heating (boiling) until the sample is dis-
The contents are cooled sufficiently to allow
| dilution with 120 ml. water and 20 ml, concen-
hydrochloric acid followed by again boiling,
e Aask is removed from the burner and twvo grams
f aluminum foil is attached to the end of the glass
rod (D, Figure 1V).

1The titanium solution havi of 125-150 ml, should

{ [ ng-volume
contain 10-15% HaSO, n:%:o» more than 0.25 gram TiQ,,
"Inastead of sepsrately added ammonium .suifate and..
trated sulfuric -nE« 20 ml, of thé mixture of -these - de-
scribed in Note on pege 117 msy be used conveniently;

123 | NLI 121316




~ During - cooling;
- sucked:into

- if TrmraNox-RCHT

flask while the othef €nd 6

‘ ¢ e i3 placed
below the level of the ‘sat

bicarbonate

pletely; the solution:
to five minutes, (D - be
must remain immersed in the sodium Dbicarbonate
solution). = : : -

The rediction solution i

dioxide "to. p
phere. After the 5ol
is removed, 2 inl. ‘ar
added and the ‘solu
standard ferric amm n: su tion,
ml. ferric-ammonium sulfate soln. x factor =
grams TiO,
Quemtitative Determination of TiO, in
” Titanium~Calcium Pigment

Titanium Dioxide (TiO,)
Using Jones Reduct

is weighed into a 250 ml..
of ammonium- sulfate and
furic acid* are add
watch: glass: and’ cai
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until the sample is dissolved. The contents are cooled i
sufficiently to allow careful dilution with 120 ml. water

and 20 ml. concentrated hydrochloric acid followed by

again boiling. The flask is: removed- from the burner

and two grams of aluminum foil is-attached to the

end of the glass rod (D, Figure IV, page 122).

The rubber stopper containing the delivery tube as
shown in Figure IV is immediately inserted in the
flask while the other end of the delivery tube is placed
below the level of the saturated sodium bicarbonate
which is in the beaker (C, Figure 1V).

When the aluminum appears to have- dissolved coin-
pletely, the solutions should be boiled gently for three
to five minutes. (During this step the-delivery tube
must remain immersed in the sodium bicarbonate
solution).

The reduced solution is cooled to less than 60°C.
During cooling, the sodium bicarbonate solution is
sucked into the Erlenmeyer flask, releasing carbon di-
oxide to provide the necessary protective atmosphere.
After the solution has cooled, the delivery tube is |
removed, 2 mi, ammonium thiocyanate indicator are :
added and the solution is titrated rapidly with the ;
standard ferric ammonium sulfate solution:

ml. ferric ammonium sulfate soln. x factor = i
grams TiOs
Calcium Oxide (CaO) V

0.5 gram of the pigment is weighed into a.250 ml i
beaker; 3 grams of ammonium chloride are added
followed by sufficient’ water to moisten the mixture;
25 ml. of concentrated hydrochloric acid are then
added and the beaker is covered with a watch glass
and boiled 15 minutes on a hot plate, - 100 ‘ml. of hot
distilled water are added; the solution is.boiled for
five minutes, filtered through double 11 ¢m, No. 42
Whatman- papers, using a small amount  of ~paper
pulp, and washed three times with hot distilled water.
The residue is washed back into the original beaker,

3 grams of ammonium chloride and 25 ml. of hydro-
chloric acid are-added, and the whole is boiled on the
hot plate for 15 minutes. The solution is diluted with

" 100 ml. of water, boiled and filtered through the orig-

inal filter paper, receiving the filtrate in the first
. 125
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filtrate. The precipitate is washed six times with hot
distilled water, The combined filtrate is made slightly
alkaline to litmus. with.- ammonia, boiled five minutes,
and filtered through double 11 ¢m. Whatman No. 42
filter papers. -The précipitate; after washing six times
with hot water, is rejected. The. filtrate is evaporated
to- @ volume of about 400_.ml., after which 25-ml; of

asaturated solution .of ammonium-oxalate are slowly
added to the hot solution from a pipette, 40 ml. of.

amm ydroxide are thien added; the solution is
boiled for five minutes and allowed to stand-in a warm
place over night. e precipitate of calciim oxalate
is filtered and washed with hot water to remove all
of the ammonium -oxalate (usually 10 to 12 washings).
The calcium oxalate ‘precipitate is then washed back
into the beaker ‘with hot water, 15 ml. of1:1 salfuric

acid are added, and the whole is diluted -to abotit 300

ml. The-solation, -heated to about 80°C,, is. titrated
with 0.1 N potassium- permanganate to a pink color.
The flter paper is carefully unfolded and.placed-in
the ‘solution; and the titration is continued,. after
stirring " thoroughly, until a pink color is reached,

Determination of Titanium in a Mixture
of Pigments

Usually titanium may be detected by the following
procedure; ,

0.5-1.0 gram of the sample is weighed and- trans-
ferred to a 250-ml. Pyrex beaker; 10 grams of am-
mionitm of sodium sulfate and 20 ml. of coficentrated
sulfuric acid are ad nd-thoroughly mixed; andthe
contents digested” ent fs-di .
cooling, the solul
ml, - Lead and

no_antimony. is present, the-above method of separa-
tion may ‘b2 used for a guantitative-determination of
TiOs  After dissolving the pigment “mixture and
diluting, .the precipitate is filtered and washed; and the
filtrate is reduced.and titrated as previously described.

Titanium dioxidé in a mixture of white pigments
will always be found in-the luble: residue obtained
by treatment with hydrochloric acid The hydrochloric
acid treatment will remove lead; zinc and antimony,
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if present. The residue may be dissolved in ammonium
or gsodium sulfate and sulfuric acid and. titanium de-
termined by the usual reduction and oxidation titration
method,

Routine Analysis for Titanium Dioxide
in Paper

Detailed methods for the qualitative examination of
paper ash are given in ASTM D 686-59 “Qualitative
Examination of Mineral Filler and Mineral Coating of
Paper” and in TAPPI T 421-m-44 “Qualitative Ex-
amination of Mineral Filler and Mineral Coating of -
Paper,” and in TAPPI Data Sheet No, 47 “Analyses
of Ash from Paper.” The quantitative analysis of
paper containing titanium pigments is given in ASTM
D 921.58, TAPPI T-439-m-60 and T-627-m-58,

Qualitative

" The ash from a 2 gram sample of paper is boiled
in 20 ml. of concentrated sulfuric acid and 10 grams
of ammonium sulfate for at least 3 minutes, Any
insoluble residue is filtered off and the filtrate is tested
with hydrogen peroxide as described on page 118,

Quantitative

Weigh accurately 2 grams of paper and ignite to
constant weight in a crucible, being careful to prevent

_ loss of the ash by air currents.

In our laboratories loss of ash and paper while ash-
ing ore prevented by placing a piece of michrome
gause over the top of the crucible, then heating the
crucible containing the poper to be ashed, with o
Meeker burner.

Reduction-Titration Method using Jomes Reductor:
Transfer ash to a 250 ml. beaker and add 20 to 30
ml. concentrated sulfuric acid and 10 grams of am-
monium sulfate. Cover the beaker with a watch glass
and boil vigorously for at least 3 minutes. After cool-
ing, dilute with distilled water to 125 ml.
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Filter off any residi
acid until_the was
indicated by the
6 additional washings
filtrate: 'to 150 to 200"

i maintaining

Colorimetric Method Involving Measurement of
Transmission or Color: The following method, like the
preceding, utilizes the colored reaction product of ti-
tanium and hydrogen peroxide. It differs in that the
color produced by the sample is measured, such as by
its transmittance at a selected wavelength. The con-
centration of titanium dioxide in the sample is fourid

“from an established relationiship between titanium di-

oxide concentration and transmittance of the titanium
dioxide-hydrogen peroxide solution.

This method is applied to a sample containing 2% or
less TiOs and requires a spéctrophotometer or other
instrument suitable for measuring the transmission of
light by solutions. :

Calibration of the Instriment: The instrument. is
calibrated as follows:

A solution of known titanium dioxide content is pre-
pared by dissolving 0.1 gram of standard titanium di-
axide (National Bureau of Standards standard sample
No. 154 of titanium_ dioxide) in 35 ml of H,SO,
(Sp. Gr, 1.84) and 10 gm. (NH)3SO4 To the result-
ing solution, 90 ml. water is added followed by filtering
through a fine-texture paper* into a 200 ml, volumetric
flask. The contents are cooled, diluted to volume and
mixed. This tifanjium solution thus has a concentration

of 0.5 mg. TiOy per ml. It is diluted to a range of

concentrations as follows: 5,10,15,20,25 and 30 ml. por-
tions are transferred to 100 ml. volumetric flasks and
to each is added 20 ml. HsSO4(1:1), 15 ml. of HyOs
(3 percent), then diluted to volume and mixed. The
transmittance at 420 u of each of these solutions,
utilizing a ¥4 cm. cell is rieasured. The transmittance
is -plotted against the concentration of TiO,; on semi-
log paper, using the linear scale for the concentration
of TiOs. A line is drawn through the plotted points.

Procedure: A sample of paper ash™ is weighed to
the nearest 0.0001 g. into a 250 ml. beaker. 7 to 9 grams
of (NH¢)s80s and 20 ml. concentrated HiSO. are
then added, mixed well and heated on hot plate until
fumes of HaSOq are evolved, The heating is then con-
tinued over a strong flame until solution is complete
(usually not over 5 minutes of boiling), or it is ap-
parent that the residuc is composed of SiOs o siliceous
matter. The solution is cooled and with extreme cau-
tion 50 mli. of water is added™. Any insoluble matter
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rough a fine-texture “paper* and. is
washed with §_mil.-water. The filtrate is transferred
Hm 9_‘. Om muOuAuﬁuv is

is filtered off th PART V—USEFUL TABLES

© to’a 100 mi. voliumetric flask, . TasrLe No. A-l

) . added; the whele .‘&._&‘8@ to volume and mixed. The
. OA ‘ color develops immediately. . Some Units and Conversion Factors
m?. i The :wzm_‘:‘mmuwmoa mm awoﬂmzmﬁwnno‘zm of a .v\h m.:.aen: Acceleration of Gravity. .980.665 cm./séc./sec,
v is. easired. . Erom. the calibration curve, obtained as . 9 inch -
described above, the TiDy content is read as grams of Angstrom Unit .........3937 x 10° inch; .
. e ESpe x 003937 millionths of an inch
Ti0s. From this, the percentage of FiOs. in the sample i
p N is calculated from the weight of the sample used. 1 x 104 micron
, v ) o Barrel (bbl.)
¢ , ‘ (U.S. liquid) .+.......315 gallons o
4 Spectrographic and Photomeiric Methods Centimeter (cm.) ......0.39370 inch !
of Analysis Cubie centimeter (cm’) : )
& (cc) ...0.033814 fluid ounces

Titanium- Pigment Corporation pioneered the appli-
cation of the spectrograph to the chemical analysis of
bl . titanium products, Many years of painstaking fesearch
. resulted in “standards and procedures leading to the
ﬁl 4 L m n é

Degree Fahrenheit (°F.).1.8°C. + 32

Gallon (U.S.) .v.......0.83268 Brit. gal.
231 cubic inches
3,7853 liters

most _.i_v,»._‘@m restles in the analysis of ores, compoeunds Gallon (Imperial)
- d pigment (Brit. Can.) .....120094 U.S. gal.
The redu presence in pigment of harmful Gram () +ecereronranes 0.00220462 1b. (avoir.) ;
amounts=of trace elénients such as chromium, manga- Inch (in.) U.S. ........1000 mils o
nese and copper aiid the efficient -control of -additives 2.540005 cm. |
are some of the benefits gained from early application . . {
v . of spectrographic methods: m_a_m..m Am__v_ (Kg) ooveeees N.NHMWWMN__VCMEMMv m_ .
: The x-ray spectrograph toa was early employed in Micron () +oeverennes 3.937 x 10% inch ' .

) research and-thei as'thebasis for control of the crystal 1 x 104 cm. .
- , ., structure of TITANOX pigments. 001 mm, i
‘m- . Flame photometry was early adepted for the deter- (Eawme Milliliter (ml) .........usually 1 cc.

i * mination and control of thiose substances for which-it is
0.001 micron )

© Millimicron (my) ......10 Angstrom Units ¢
*

.W i beést suited as a means of detection and determination.
. 1 x 107 em.

Ounce, fluid (U.S)......1/128 gal. (U.S.)
(f.0z.) .....29.5729 ml

POISE +\veveenencavnrnas 1.00 gm./cm./sec.

Pound (avoir.) (Ib.) ...453.5924 grams

. * Detail requirements..for filter paper are given in the Specifi-
i cations for Filter Paper for Use in Chemical Analysis (ASTM
. Designation B 1100).

(1 I ‘the sample contai

Pounds per cu. ft. ...,..0.016018 gm./cc. i
Pounds per gallon !

(US.) evrenereninnns 0.119826 gm./cc. o)
b

..................
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TasLe No. A-4 ) . ‘ TanLe No. A-5 .
U. S. Standard Gage for Sheet Iron and Steel \ Approximate Data on Sieves of the Standard
ess—Inches s A —cr— ———" Screen Scale
0. Ox. Av. nds Av g .
N.I°~ ﬂ“. \\ﬂﬂw .......... .m.swm.... %.um..‘ SR Sieve Ov"ﬂuﬂq U...—.*\Ln“n.‘ Me. Mas
E o Goge ch o 9 S No, mm " mm, o, er cm. per snc
000 3 0375 = 240 >%0 . 2% 800 315 18 073 1 26
M 00 0.344 220 375 ) _
, - ey 3 672 265 165 065 12 30 {
S 0 5/16 0313 200 mwm = 3% 566 223 145 057 14 36 &
I 1 ozt & 063 8 4 476 187 127 050 17 42 ¢
. 2 4 0250 160 0.00 - 5 400 57 112 04 2 50
_ ‘ . 0234 15 9.38 : 6 336 .32 102 .40 23 58 A
m 5 0219 140 8.75 > N 7 28 .11 92 036 27 68
_ k 6 0203 13 813 . 8 238 09 84 .03 7.9
— 7 /16 0188 120 7.50 10 2000 079 76 030 35 92
8 0.172 110 6.88 12 168 .066 69 027 108
9 o156 100 mmw 14 141 0557 .61 024 5 125 _
- 10 0.141 > 16 119 0468 54 021 6 147 w
11 1/8 0.125 5.00 18 100 0394 48 0187 7 172 M
12 0.109 o byt 20 .84 0331 42 0165 8 202
13 Py ; 3 25 71 0278 37 0146 9 236
1 0,070 5 281 0 59 0234 33 0129 11 275
_ . 35 50 0197 29 om3 13 323
16116 0063 40 O 40 42 0166 25 0098 15 379
- wm 0.050 2 2.00 _ 45 35 0139 22 0085 18 447 .
- 19 0.044 ﬂww s 50 30 0117 188 0074 20 524
) 20 0.038 4 . 60 25 0098 162 .0064 24 617
- . 21 0.034 2 1.38 70 210083  .140 0055 29 725
i : 2 R 0.031 20 1.25 80 1770070 119 0047 34 855
P 23 0.028 18 T 10 .49 0059 102 0040 40 10l
([ 24 “.wm 1 058 [ 120 5 0049 086 0034 47 120
—_ 25 . | 140 105 0041 074 0029 56 143
2% oy 2 07 | 170 088 0035 063 0025 66 167
27 ” ”%w 10 0.63 . 200 074 0029 053 0021l 79 200
_ a vV 0.014 9 0.56 _ 230 . .062 0025 046 .00 233
i 0 0.013 8 0.50 = 70 053 0021 041 0016 106 270

25 044 0017 036 0014 125 323
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Tasie No. A6 : . TasLe No. A-7 .
Correlation of Viscosity . Mohs’ Scale of Scratch Evaromm -
i I gk Sl .‘ . .
Nnn . Aokes Tubes Cup Hoidt  Cardner. n..ﬂe - = No. po
08 . A 20 1 Tak 2
- 0.6 B 26 e
_ 085 c 34 : e
i 125 E 46 1.83 . von 3
N 140 F 51 2.05 5 Apatite §
¢ . 1.65 G 57 242 6 O:ron_vma m -
1,80 G-H 60 2.64 000 7 - Quartz m.
2.00- H 65 293 8 Topaz 3]
2.25 I 75 3.30 9 Corundum M
2.50 J 85 3.67 > ' 10 Diamond b
‘ 275 K 9% 4.03 ﬂ# O ,,
- www . w.m ”ww Mwm Some Knoop Ew&hm&m Zmnnwwmqi compared with ..
3.40 N 123 5.00 ' ohs’ e ,
3.70 O 127 5.40 i
-, 400 P 131 5.80 : C Meterial Knoor T ke .
4.35 Q 137 6.40 Flnt gIass «vvenerensennsss 20040 . 4555 ?
. 470 R 144 690 Avatit 365,430 P
4.80 MNAT m&.ﬂ V.a . 8 ‘ PALUME . cvveverccanrnenes .
_ 5.00 S « . 154 - 7.30 . Crown glass ....... eeerens 420-470 5.5-5.8 _
« 5.50 T 166 8.10 Moonstone (feldspar) ..... . 490-560 6 ;|
! 6.27 U 920 ) Strontium Titanate ) ) '
8.00 u-v 11.60 0 - (SrTiOs single crystal) .. 595 6-6.5 .
- 854 M 1300 Rutile (TiOs single crystal) ~ 670 6.5-7.0 _A
i 10.70 w 15.70 ) th .
- M 12.90 X . 18.90 . Ame 3 £:1 710-790 7
| 14.40° X+ 21.10 1 TOPAZ +.vvinininiiriacsnss 1250-1650 8
i 17.60 Y 25.80 , Sapphire (corundum) ...... 1600-2200 9
X 2270 Z 33.30 _ Sili 1 N 130-2140 9.1
. 2350 NN+ uw.s 2 m,o,h“. naw“ewam : MS.&S 92
: 2700 1 30.60 oron Carbide ............
o 3400 . 3 n i b Diamond .....ovvvervrvenas 6000-6500 10
s 3620 Z2 53.10 : +Knoop Hardness Number = L/Cp = Kg/mm’
] %% 2 67.90 : or KHN Vis
w o 62.1 4 . . o
*i . e 74 93.00 : where L = Load in kilograms
v 0 9850 5 144.50 ; 1 = Length in'mm. of long diagonal
} 120.00 : 5 h.l.. t ' ~ of indentation pattern
L 1480 Z6 217.10 v el Cp = Constant of instrument (Knoop
| 4“ 200,00 6 v Indentor)
.“ i 136 B 187
1 : . o

NLI 12 H,um 3

= - = = = = —
——— — == ———

_— - - - -
= = = -
- = - — - -







”, .
R A

TanLx . . |
Specific G o B1 Tase No. B-1 (Continsed)
Nﬂ ﬂﬁ:.“uiqmwwogm Pex ﬂb.:oﬂ (U.-8.) ang. Pounds  Gollons v“u.nﬂa- Mw%\:mavu
! 2 - : a.v pes Vogu at 77°F. A Specific nh_..ex: AW.».M.V Specific  Gallon Per
Where 83zi i i 3 e — cif Pound GﬁeSG (U.S.) Pound
* T of wanesounds of one U, s, g = Tie 965 0% | 200 1664 .os01
- i ® Ce Hion i . of . . ! i
m Pounds per Gall, iwu a_wv F 118 982 1018 202 1681 0595
” L N % Shecific Gravity x 8.2 120 998 .oz | 204 les7 0589
] P o Gl : i ) 0.1 085 | 206 17 .
| Cllens pes Pownd = —______ iz olls ows | 2w i 0
’ b Pounds per Gallon 126 1048 0954 w“w “W,MM .MWMM 2
. pecific Gravi ounds 28 1065 0937 . . ) !
Specific Gravity = Lﬂuﬁﬁrﬂ Kw wo.s ‘0024 | 214 1780 0561
| 82 132 1098 910 | 216 1797 0556
i , 1 1.3 1115 0896 218 18.14 .0551
Specific Gravity = — 136 1132 0883 220 1830 .mm.a
- : Gall - Pous 38 1148 0871 222 1847 0541
To express the values in EM..M mMo * Pound x 8,32 1165 0858 224 1864 0536

basis of Imperial gallons Aw&?%_‘%.mmwmww#ga
Multiply Pounds per Gallon. AC.. mv &w _.NoS

] . ‘ ;
| Pound by g3z7

;;&T!weﬁbv,‘_ "4(

1

140 )
81 o4 | 226 1880 0531

Km xwm cﬁaw&m;.&.e&u

_.&

Im

-0

1215 o823 | 230 1914 052
48 1231 0812 | 235 1955 051
1.50 1248  .0801 240 1997 0500

z..__mb ly Ow:oauv (V. S.) per
152 1265 079 | 245 2038 0490

' Pownds  Gajion,

Per . Pow,
Shacife . Gat w.s) . wds  Gallons
| RS e o 0D i e | 20 mm o ;

70 5.824 A7 renty (U8 Pound
JL 5907 1693 X

. 158 1315 0760 | 260 2163 0462
72 5990 1669 90 7488 335

Y60 1331 0751 | 265 2205 0453 :
162 1348 0742 | 270 2246 0445 _n

- . 9 7. ,
S m me 1646 92 NMM m.w 164 1364 0733 | 275 2288  .04% :
- 75 g2 182 9 7738 166 1381 0724 | 280 2330 0429 . ;
A % o e oo gy 168 1398 0715 | 285 2371 0421 «
77 eae 95 7904 rone 170 1414 0707 | 290 2413 0414 ._
£ ‘ 78 gaon -l561 % 7987 172 1431 0698 | 295 2454 0407 ..
oS G Y 1252 . R 300 2496 0400
79 6573 53 97 80720 1239 174 1448  06% : : .
C 80 6656 98 8154 1226 176 1464 0082 | 305 2538 .0394
{ 8l 6730 150z 9 8237 o4 178 1481 0675 | 310 2579 0387
— 0 1484 1 100 g3 180 1498 0667 | 315 2621 0381
_ 83 M.www M6 | 1@ gy _ﬂm 182 1514 0660 | 320 2662 0375
, e 48 1104 ges 184 1531 0653 | 325 2704 0369
Ry B gom S| 1 gm0 18 1548 0646 | 330 2746 0364
Rl 86 7jce Jal4- 1 108 gog 134 188 1564 0639 335 2787 0359
A &7 Nm.w “wmw L0 915 ﬁw 190 1581 0632 | 340 2829 0353
B 2 s | g 92 o fo lew e | 3% i o
i s 196 1631 0613 | 355 2954 0338
v 198 1647 0607 360 2995 0334

]
|
NLI 121325




‘ Taste No. B-1 (Continued) . Tase No. B-2
Pounds  Gallons . Pounds  Gallone
Ber o i e 3 Average Bulking Values
i P Specific  Gallon Per . Y
Nr°~ Nm.uwnm..%v.n mm.m_\:m:v w&«.ﬂ& Q«aﬁ.\”ﬂ. (U.5) Pound n.l.o o

St
N Db £ &
. 30.37 0329 6.4 53.25 0187 . . o o
, www ww.uw 0324 6.5 54.08 0185 , -White Pigments and Extenders A.v,.
T 375 3120 .0320 6.6 54,91 0182 ) K
f 380 362 0316 | 67 5574 0179 bt St Cotlons ’
385 3203 0312 6.8 56.58 0176 . Gallon per Pound b
| Nl 390 3245 0308 69 5741 0174 == > ) Trranox-RA (rutile TiO) ..... 34.99 0286 u
395 3286 0304 70 5824 0171 ' . TrraNox-A (anatase TiOs) ..... 3249 0308 hy
L 40 3328  .0300 71 5907 0169 TiraNox-C-50 (50% TiOs) ..... 2894 0345 G
: ' 41 1l 0203 72 599 0167 TiraNox-RCHT and RC b
: _ 42 3494 0286 73 6074 0164 (30% Ti0s) vvevenvevenisnens 27.07 0369 %
43 3578 0279 | 74 6157 0162 Antimony OXide ....oveeueeenns 477 0210 &
44 3661 0273 75 6240 0160 n‘. : i.& Basic Carbonate White Lead 1
45 3744 0207 76 6323  .01s8 Dutch Boy HT.S. ....ovvvens 56.0 0179
- 46 3827 0261 | 77 6406 0156 - L 57.0 0175 .
47 3910 0255 | 78 6490 0154 Basic Lead Sulfate :v.v..v...... 520 0192 :
48 3994 0250 | 79 6573 0152 Basic Silicate White Lead....... 483 0207 . ¢
49 4077 0245 BO  66.56 0150 White Lead, silica core by
~ . 50 4160 0240 | B1 6739 0148 ‘ Dutch Boy 45X +....vuuvuens 333 0300 _ ?
‘51 4243 0235 82 6822 0146 Leaded Zinc Oxide, 5% ......v.. 46.9 0213 !
52 4326 0231 83 6906  .0145 Leaded Zinc Oxide, 10% ....... 475 0211 :
53 4410 0226 | 84 6989 0143 Leaded Zinc Oxide, 35% ....... 490 0204 -
S4 4493 0222 85 7072  .0141 Leaded Zinc Oxide, 50% ....... 495 0202 |
55 4576 0218 86 7155 0140 Lithopone, regular ............. 358 0279
56 4659  .0214 87 7238 0138 Lithopone, “titanated” .......... 3.1 0285 i
: 57 4742 o211 | 88 12 01y Zinc OXide vevvrrnrinenennnnnn, 470 0213 :
-, 58 48.26 0207 89 74.05 0135 Zinc Sulfide ...cvvvvuiinnninnss, 332 0301 |
gt 50 49.00 0203 90 7488 0133 .. ... U Zirconium Oxide ............... 473 o021 '
- 60 4992 0200 91 7571 0132 - Aluminum hydrate ............. 204 0490
o : . e . 9.2 76.54 0130 Aluminum silicate .............. 216 0462
. 61 5075 0197 93 7738 0129 Barium carbonate .............. 36.0 0277
i . 6.2 51.58 0194 94 78.21 0128 Blanc fixe (barium sulfate) ..., 36.32 0275
63 5242 019 | 95 7904 0126 Barytes (barium sulfate) ....... 37.07 0270
] . n L L Calcium carbonate (whiting) ... 22.49 .0445
b Calcium sificate ................ 241 0415
. ) Calcium sulfate (gypsum) ...... 19.66 0509
i - Calcium sulfate (anhydrite) .... 24.66 0405
M_, Q.»v. (kaolin) .....ovvvunuvinnes 21,66 0462
: .3 i Diatomaceous silica ,,.......... 19.24 .0520
R : pu... .. L Magnesium carbonate .........., 15.08 0663
“ m . = Magnesium silicate (Talc) ...... 23.74 0421
A . P Y = 235 0426
; : , i Silica ..vrerrareirinnnniienens 207 0453
{ ‘ o 142 . e | i ,
) 1 o . h.ﬂ
[ p : . NLI 121326
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Tanee No, 5222 . Tantr Now B-2\ (Contimicd )
. o Fotat
Approxiwate Specitic Gravity and Weight per_ allon Neluds Fitanium Dioxide Water Sturries
of Titanim Dioxide Water Slurries [igment
ut, e

U Ry

h Suatase Titanium Plaxide = Sp:dar, 30 Weight = Awatase Rut
B YA ) Pounds per Gallon 32,49 Digment e i .
) Gatlon per Pound  0.0308 Lbs/Gal NMurry  Lbs/Gal Surry -
] . . 4.2 . w.:._&.é i W:«;.ﬂ ! “N\:_ y “Mx.,. ﬂx\,z.@w \w‘.ﬁvwev -
AT T RIT T 1 vde ‘I.vf«.ﬁ_-.. "~ h v A . : _ A
- ﬁ ] Rytile Titanium Dioxide _.”.:__:7 per Gallon 34.99 m Mw_u “ 2 “ .A_v.u. w.ow 1330 1113 ”_
, - sallon per Pound  0.0286 B . M3 d50 3820 LMo 1L -
/.(L i Gallon per o I L ST S 1136 @
M ey ) ) 36 410 1,368 11.37 4130 1378 1148 (.
i Pigment 70423 1379 149 4200 1392 160 3
o Anatase Rutile IWodd LS L6l 440 1407 1172 N
i T O W N O ST 3
i e L Gioment Shurvy 4 42 Ko 479 1438 1198 .
oo Lbs/Gal o PO spGr Welght C——d i 4o 1y nos 197 148 1212 ’
Shimy Story  Lbs/Gal Shery - Sherry Lbs/Gal 42 309 1434 1212 S5 1471 1226
: 0 0 1.000 R.33 0 1.000 8.33 43 527 1470 1225 S33 0 1487 1239
- 1 0084 LOOR 840 0084 1008 840 400545 1480 1238 551 LS 1253 :
2017 1ote 846 017 1010 840 BoFed 150201252 371 1522 1Z0R
3026 1023 832 020 1023 85 W005RY L9 1200 590 150 1282 y
- 334 103 839 034 L0318 470 000 LS 1276 010 158 1298 ?
5 043 1.03Y 8.60 0.43 1.039 B.00 . . 48 022 LR35 1206 .31 1.576  13.13
o 052 1047 ®72 082 1048 873 042 153 631 1595 1320
7 0.02 1.054 8.78 0.02 1.035 8.79 ] S0 .03 1.3 13.20 0.74 Lolo 13.47
8 071 1003 88 071 1005 887 Moesd el 1332 605 LodS 1362
9 00 L072 803 080 1074 895 320700 1630 1358 708 1658 1380
10 00 1080 0 090 LOR3 902 3729 Leia0 1375 740 1679 1390
i 100 1.890 9.08 1.00 1092 9.10 34 751 Lo70 1302 704 1699 1440
15110 Lo9s 915 110 LT 947 S500775 0 L2 00 7891722 1433
3120 11070 922 120 LIIO 925 S0 700 1713 M7 R14 1741 143
- 14 1300 1112 9.27 131 1120 9.33 . ) 37 8240 1735 1440 RS 1.767 1472
15 141 L1250 w20 142 L1290 94l ﬂnlll.ll(y SNOORdo L7300 A0 Re2 0 178 1480
- 10 150 L13S Y40 1,52 1130 949 - R N 14.84 KO3 LRI6 1513
17 ter 1145 954 1ed Ky 957 o0 002 LR0S IS4 021 [R42 1543
8172 115 962 173 119 000 : ol 0300 18) 1525 030 188 1557
— 9 181 L16d - 070 185 L1y - 974 v 02 OSKOINSS 1530 970 1835 1580
e 00 lue LIZE 979 197 LIk 989 63 URNCLNRL 1507 1009 1023 1002
21 207 L85 9,87 208 1,190 9,92 o4 1007 1TU07 0 1500 1041 1,951 16,20
3200219 11 997 2200 12000 1000 C——% ©° I 10 dold 1073 1981 1650
33002310 12060 1005 2320 1212 1010 ‘ 6 R0 LU6d Tade 1106 2001 1670
—— 24 243 L2170 1004 244 1223 109 - 67 LL12 0 1892 o0 1140 2942 17.02
35 250 1220 1024 257 1235 10.29 651146 2002 1685 1175 2074 17.20
3o 208 1239 1042 270 1247 1030 WOORT 2053 1701 1212 2108 1750
" 27 281 1251 1042 283 1.239 104Y w: 12100 2085 1737 12350 2042 1785
LF K 205 13631052 207 1271 1060 ) 7UOIZSE 218 1765 1280 2R 1815
T Ton 124 1062 310 1284 1070 ﬂ!i ~ 2120 1521703 1329 2214 1843
o0 1 WA 32 (o 1080 W30 20%6 IR 1370 2252 1877
SN D20 1082 338 1300 1091 TN 2223 IRE2 109 2300 1917
30 3E0 13120 1093 353 1322 1ol 07 2230 1862 14420 2305 1024



. TasLe No, B-3 (Continued)
TanLe No. B-3
. Pounds  Solid
Average Bulking Values of Some Color Pigments \,M.w&ﬁ* ?‘mﬂsi
ﬁn . Litharge «....ovvvvviiivnin. . 78.7 0127
Lithol red. .,...........covvv... 13.1 0765
- Callon— per Poun Maroon 1ake +.voiiiiiiin 233 0429
. Alizarine Lake v.ovvvivvvnunn., 137 .0728 M 13.3 0751
; . Benzidine Yellow .............. 11§ 0871 M d 92.8 0107
N L Black iron.oxide v..vveiiiin, . 393 .0254 , g Metallic brow 329 .0304 {
: Bone Black (dropblack) ........ 206 0487 Methyl violet ,................. 18.8 0532
i Cadrium red , . .vivioniine. 430 0233 Mineral black .................. 208 . .0480 {
Cadmium red lithopone ......... 37.0 0271 Molybd. g . 483 0207
a3 Cadmium yellow ............... 374 0267 Ochre «vvivvuerereiininennn. 24.0 0417
& Cadmium yelow lithopone ...... 36.1 0277 Orange m 1 73.5 0136 \
' Carbon hlack +.oviiviveninian, 14.9 0671 Ortl I ge t 12.3 0812
Chrome green, dark ..vooo.0... 275 0364 Para red .ovveviiiiinnienins 12.3 0811
— Chrome green, medium .........," 33.1 0302 Para red (15% on CaCOs)...... 20.2 .0494
Chrome green, light .....vv.u.. 391 0256 Para red, chlorinated .........., 13.0 0770
Chromium oxide ..\ ..oivvv.... 428 0233 Paris green .. 27.0 0371
Chromium oxide, hydrated ...... 284 0353 Peacock bl 20.5 0489
- Chrome orange, dark w..v..v.... 574 0174 Phthalocy bl 12.6 0791
Chrome orange, fight ........... 56,6 0177 Phthalacy g 16.3 0613
Chrome orange, molyhdate ...... 483 0207 Pigment scarl lor index 216.. 158 0633
Chrome yellow, lemon-..o......, 47.8 0209 Prussian bl 15.2 0656
Chrome yellow, medium ........ 491 0204 Red Lead ..........¢ccooven.. ... 73.5 0136
Chrome yellow, primrose . ...... 0215 Rhodamine .................... 19.1 0523
0313 Scarlet lak 1 dex 79 224 0447
0150 Sienna, burnt 306 0326
- 0207 Sic w 274 0365
0770 Toluidine re d e 1.8 0847
- .0150 Tuscan re L 29.3 .0341
0571 Ultram blue 19.5 0513
0370 Umber, burnt .................. 302 0331
o wwww mav ........................ 28.3 0254
0238 1 (50% 312 .0321
0657

cnetian re
‘ictoria blu




Lo

TasLe No. B-4

Average Bulking Values of some Metallic Pigments

Gallong

per

pe .
Galion Pound

umin

standard ..., 0iiiiii.a.., 212

lining vvviiiiiiiiniivennnnnss 20.8
Aluminum paste, -

65% solids vovvveivrinninnnns 122
Copper bronze powd 66.6
Lead, metallic

(90:10 paste) ....ovvennnenn. 36.0
Nickel flake c..vvvvvnnennnn..., 724
Silver flake «\..vvivinnrunnsan, 874
Staiiiless steel past 65.8
Zine dust covviivviniiniiiinann. 582

0471
0481

.0818
0150

0278
.0138
0114
0152
0172

TasLe No. B-§
Bulking Values of some Qils used in Coatings
Pounds Gallo
per per
Gallon oun
Castor +vevernrrnnverneancnrone 7.99 1252
Chinawood (Tung) ........... 7.84 1276
Dehydrated castor .
G-H Viscosity .............. 775 1290
Z-3 ViSCOSItY t.viieiinirinnan 8.00 1250
Fish civviiivernnenens ererrene 7.75 1290 .
blown ..vcvvviiiiiiiininnnn. 8.28 1208
bodied ..\.cvviiiiiiianannn, 815 1226
Linseed
raw and refined 7.75 1290
boiled .....vvvviininininanns 7.80 1282
bodied, G-H ,.............., 7.85 1275
bodied, Q@ ..viviviiiininiin, 790 1266
bodied, Z-2 v.iioviiiiiininn, 8.00 1250
bodied, Z-5 ........iiuiiins 8.05 1242
blown, Z-4 .........ccvvnnnts 8.20 1220
OItCICR, FaW ..vvvvvneenrnrnnns 8.05 1243
Perilla ....ovvvivivvvvnnennnn, 775 1290
Safflower ... ....covvrveerrninen. 7.67 1304
Soybean .......ciiiiiiiiiinin, 7.69 .1301
bodied, E ... ....o.oiiiiin 7.82 1278
bodied, Zto 26 ............. 8.07 1239
Y | 8.15 1226
Tung .. oovviinnrnnnnnnenennns 7.84 1276

NLI 121329
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TasLe No. B-7

Average Bulking Values
Some Driers and Soaps

Gallons Pounds

vw.uﬂa Oﬁﬂaa
Alumidum stearate ............. ,1190 8.40
Bentone 34®* ... ............... .0666 150
Calcium naphthenate, 5% ....... .1205 8.30 ﬂl.l)!l ,U
Cobalt naphthenate, 6% ......... .1250 8.00 ,
Mariganese naphthenate, 6% ..., .1235 8.10
Lead naphthenate, 16% ......... .1190 840
Lead naphthenate, 24% ......... .1042 9.60
Zinc naphthenate, 8% .......... .1235 8.10
Zinc rosinate, 6% .............. 1045 . 9.57
2ing stearate .ovvesvveenenian... 1099 2.10

..mm.uuaam?n.w:n-.n_:nnumnan.&Bn&»w_m?ﬂn&gu_-aﬁo.
nium bentonite .

152 R NLI 121331
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Tasre No. B-8 TasLe No. B-8 (Continued).

Average Bulking Values of Some Solvents

) , Pounds ~ Gallong
0& per © per
_ . Gallon Pound

eral spirits
approx. distn. range, 300-400°F.  6.56 1525

m - ACCLONE 4 .cimrniviviinrrnnnsnes 6.61 A514 Zwbmﬂx. distn. range, u_mo,amoam. 6.77 1477
-Amyl acetate ..ci..vvern.... 725 138 aphtha, aromatic petroleum—
L nAmyl aleohol el oo 1478 approx. dist. range, 190-300°F.  6.66 1501
N Benzene, industrially pure ...... 733 1364 approx, distn. range, 275-375°F, 704 1421
=  n-Butanol \iii.ieriieinnnnnnii.. 676 1478 x. distn, range, 330-430°F. 725 .1380
: n-Butyl acefate ......oovenneeee. 730 1370 NoPhtha, lacquer diluent ........ 615 1626
Rutvl e ces ] . 3, solvent— . (
T Bulente T b e MR Vo distn. range, 260312°F, 716 13%
s Carbon tetrachloride ........... 1333 0750 - distn. range, 300-3%
o Cyclohexanone ............vee.. 787 1270 Hiflash ................... 725 1380
‘ Diacetone alcohol ,............., 7.84 1276 heavy, wire enamel solvent.. 7.75 1291
- Dicthyl carbonate .............. 812 1232 | Naphtha, V. M. & P.— . |
Diethylene glycol monoethyl ether 825 1213 approx. distn. range, 212-320°F. 6.2 -1603
Dioxane Ceiieesinsetraievnsers 857 1167 zw:.oﬂ&- ...................... 875 1143
Dipentene .......vevcireennin, 7.16 .139% N r ethane .................. 9.50 1053
. Ethanol, 95% .................. 680 1471 ENitropropane ..o, 833 L1200
- R etroleum spirits—
Bt S0 e sporox. distn. range, W0AOCF. 656 1528
Ethylene dichloride ............. 1050 0952 _ , approx. distn. range, 350-480°F. 6.7 1477
Ethylene glycol-monobutyl ether..  7.51 1331 : Pine oil P T TT PP 7.80 1283
Ethylene glycol monoethyl ether.. 7.76 1280 Toluene, industrially pure ....... 724 .1381
_Ethylene glycol monoethyl ether T oethylen e 25 0816
wnﬂsnn,u..........m...-‘.......:. 811 1233 \H_u:vn:n»:"u..................... 7.23 .1383
- .mm:_u;as s N:\ ol mo Ogn&muz owm._nﬂ mcm 1243 N%—m:n. 5% viinen. Tessvsnennane 7.21 1388
Ethylene glycol monomethyl ‘ether
- acetate- i, ieissesenie.. 841 1189 n D)
Ethyllactate .....0............. 858 1166 .
Hexahydrophenol ,............. 7.93 1261
- Isophorone .o vivrrvenenven.  7.65 .1306
Isopropanol .... caveiesiesesees  6.58 1520
Isopropyl acetate, 85-88% ....... 7.1 1409 \
Tsopropyl acetate, 95-98% ....... 7.2 139 ="
— Kerosene. ., ’ : 6.62 1510
Methanol ... vvverrvneinnenenn. 6.61 1514
Meth 7.56 1322 .
Methylene -chlorid 11.08 0903
Meth 6.85 1460 .
Methy! 671 1491 9
Methy! isobutyl k 668 1499
154 e | 155
! NLI 121332




TasLE No, B-9 ,

Average Bulking Values of some Plasticizers ‘Resin Content and Weight per Gallon of

ns un Non-volatile Portion of <€.m:mrnm Varying
9@ Pl cler in Oil Length (Assuming Resin at 10 Ib./gal.
. : Foun on and Oils at 7.85 Ib./gal.
moi Berizyl benzoate vievessisnieea, L1062 941 .
. = Blown castor oil, Z ............ 1200 8.33 Solids .
¢ Blown castor oil, Z6 ............ .1166 8.58 ou % Wiiaht
4 Butyl acetyl ricipoleate .., ,,..... A277 7.83 Length Resin Gallon
= Butyl phtlialyl Latyl glycollate,.. .1091 9.16 3 71.8 9.32 )
: Butyl stearate .......u.nuus,.. ., .1396 -7.16 10 56.0 803 m
’ Camphior viviveiivivnnnnes. .. 1200 833 : " ¢
T Diamyl phthalate ............... .1166 8.58 15 459 870 R
s . Dibenzyl” sebacate -, .0, 0usnnn ..., 144 8.74 ’ 20 389 8.57
M) S et MWW W.Mw 25 : 337 8.47
ACAte 4 vuvivenvaniean, ,
TR 112 900 % $98 8.39
R 1Y/ 9.33 40 241 828
A . 1292 7.74 50 203 821
- adipate ......... .1202 7.74 60 175 8.16
phthalate ....... .1214 8.24 70 15.4 8.12
thydrome ictate ......... 1166 8,58 ) : :
imethyl phthalate-.:.......... 1009 9.91 75 14.6 8.10
imethyl sehacate ,..,.......... .1214 8.24 .8 138 8.09
iocty} phthalate Wmm wmw 90 124 8.07
loctyl sebacate \.vi.vuuin...,,, . 7. 100 1.3 .
) diphenyl phthalate cvkeriiaeeees 0939 10.65 125 024 Mmm
e ipropylen oate. ..... .1064 94 * -
collate ... .1016 984 150 7.82 7.98
- 4177 850 175 6.78 7.97
0980 10.20 ‘ 200 5.98 7.95
L s g 250 S48 7.93
- ributyl phosphate ... . 1225 8.16 300 407 7.92
ricresyl phosphate v......,..,.. .1017 9.83 350 3.51 791
Triethyl citrate rvvenviersevii oy 1053 9.50 400 3.09 7.90
- Triphenyl-phosphate ........... . 1009 9.91 o 500 248 7.89
All Oil 0.00 7.90

NLI 121333




Tasue No. C-2
Pounds of Non-volatile Vehicle required for 10
Gallons of Pigment to Obtain Desired % P.V.C,
with Vamnish of Varying Oil Length,

TasLe No. C-2 (Continued)
Pounds of Non-volatile Vehicle required for 10
Gallons of Pigment to Obtain Desired % P.V.C.
with Varnish of Varying Oil Length.
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357.0
3480
343.0
3390
3355
3133
3310
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318.0
3172
3168
3164
3160
3156

3160

= - - - - - - -

-
= — =
- -

I

|
I
I
I
l

v

il
i
“\H\\
I

/

I
i
I

I
\‘\“\“\\\\
I

\

‘W‘H\
b

Il

M

I
i
WH?‘

=——

Il
’
%‘\\

‘\\

|

l

Il

it

Vm

i
Il

\?
il
|
il
W

28
2680
261.0

2570

2540
2515
2500
2484
246.0
2450
2435
2430
2425
2420
2415

2406

239.4
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2385
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Pounds Non-volatile Varnish for %
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2080

203.0
200.0
197.5
196.0
194.3
193.0
191.5
190.0
189.3
189.0
188.7
1882
188.0
187.0
186.3
186.0
1855
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185.0
184.7
1845

1840

184.5
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35
166.7
161.5

1590 -

157.0
155.8
154.7
1538
152.5
1515

1507

150.5
150.3
149.7
149.5
148.7
1483
1480
147.7
147.3
147.0
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146.5
146.8
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PVC,

40
1340
1305
1285
127,0
125.8
1250
1242
1232
1223
1218
121.6
1214
121.0
1208
1202
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119.5
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1190
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1185

- = >
- - — - -
— - - - - =

- - - - - -
= -  — - @ @

— - - — -
= - - - -

il
i

i

)

i
il
HiH
.

W

o

|

.

Pounds Non-

oa
Length

5
10
15

E88u38882888

125
150
175
200
250
300
350
400
500
ALL Ol

=

45
109.00
106.3
104.8
103.5
102.5
102.0
101.3
100.4
9.7
99.2
99.0
988
98.5
98.4
97.8
97.5
97.3
97.1
9.9
96.7
96.6

9.5

96.5

volatile Vamish for %

50
89.3
87.0
85.7
84.7
839
833
828
821
816
812
810
809
80.7
80.5
80.1
79.8
79.7
795
793
792
79.1
790
78.9
790

159

= =

i
\H

-  — =
== -
= - - -

i
H‘umh

il
LA

= -

i
i
i

- -

- - =
= - - - - - - - - -
=

55
730
71.1
70.1
69.2
68.6
68.2
67.8
67.1
66.8
66.4
66.2
66.2
66.0
65.8
65.5
65.3
65.2
65.0
64.9
64.7
64.7
64.6
64.5
64.6

PVC.

40

59.5
58.0
571
56.5
559
55.6
55.3
548
544
54.2

540

54.0
53.8

537

53.4
53.2
53.1
530
52,9
528
528
527
526
52.7
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. . B .
Tante No, C-3 w A TasLe No. C-4
- . Film Thickness in Mils (001 in) ‘4B Paint Hiding Power and Spreading Rate
le ~ and Spreading Rate € g I o et rom o pin i 1 o e o
- Film Sh mnw‘..é Film wﬁnmé Spreading Rate (square feet per gallon)
4 Thies vl | Thikaes Seroailon’  Grame Weicks
i 0.2 8020 46 349 : " Applied of paint
> ﬁ 04 1010 48 334 C——— 1o o 12 13 14 15 16
: 0.0 2070 50 a2 15 302 333 363 393 423 454 484
) ag 2010 52 308 16 284 312 340 369 397 425 454
Ww 10 1604 oo 7 267 293 320 347 34 400 427
i 2 1337 58 277 18 252 277 302 328 353 378 403
B 1.3* 124 | 60 267 C—m I 19 29 23 26 310 4 38 3
14 1146 62 259 20 27 209 272 295 318 340 363
- 15 1069 - 64 ww . 21 216 238 259 281 302 324 346
16 1000 6e 236 . 22 206 27 247 268 289 309 330
- 18 &9l 70 229 e 23 197 27 237 256 276 29% 316
20 802 72 223 . 24 189 208 227 246 265 284 302
22 729° 74 217 ; : 25 181 200 218 236 254 2272 2%
23 700 76 2 : ‘ 26 174 192 209 27 244 262 279
24 gea ~ %01 : 27 168 185 202 208 235 252 269
28 573 82 19% : 28 162 178 19 21 27 243 259
30 535 84 oM 29 156 172 188 203 219 235 250
- 32 S0t 88 WWM 30 151 166 181 197 212 27 242
‘ 34 /S BT 174 o~ 31 M6 161 176 190 205 219 234
- 38 442 94 171 = | 32 142 15 170 184 198 23 27
40 401 96 167 317 151 165 179 192 206 220
- 42 382 98 164 3 133 M7 160 173 187 200 213
44 365 - 100 160 35 130 143 156 168 181 194 207 -
O ?
el
=

NLI 121335




Taee No, C-5
Milliliters (ml.) per square foot to square feet per
) . . Gallon (spreading rate) :
\.. uoﬁ , N e iiteen. iy of oot veaired to bide Sone
Lo . Eﬁ..u_.o foot of area of a hiding power chart or to .f
NU T - ) achieve a specified contrast ratio, The following tabie “
; presents the qa_ﬁ.a:wr.w .c». milliliters wnn square foot ot
; ﬁ to square feet covered by one gallon of paint (spread- w
5 ing rate), ).
.y er ml. . , N
h _ P L ) i A2 b
e " 30 1262 6.0 631 9.0 421 m;.
. S 31 1221 61 620 91 416 ;
Wm 32 183 62 610 92 a4l N
ﬁu_ 33 1147 6.3 601 9.3 407 -
) 34 1113 6.4 591 9.4 403 hl
35 1081 6.5 582 95 398
- 36 1051 66 573 926 394 :
37 1023 6.7 565 9.7 390 L
“ k¥.} 996 6.8 557 9.8 386 : ’ . )
- 39 971 6.9 549 99 382 9
4.0 946 70 541 10.0 379
41 923 71 533 105 360
4.2 901 7.2 526 110 4
43 880 7.3 518 11.5 329
44 860 74 511 12.0 315
45 841 7.5 505 125 303 -
46 823 7.6 498 13.0 291
- 4.7 805 77 492 135 280
48 789 7.8 485 14.0 270
- 49 772 79 479 14.5 261 o z
50 757 ‘8.0 473 15.0 252 ) - |
5.1 742 81 467 155 244 . : |
Ea 52 728 82 462 16.0 237 i
e 53 714 83 456 165 229 |
54 701 84 451 17.0 223 |
55 688 85 445 175 216 |
—_ 5.6 676 86 440 180 210 )
57 664 87 435 18.5 205
R . 58 653 88 430 190 199
M 59 642 89 . 425 19.5 104
4 200 189
q . v . H
, 162 . ) NLI 121336 _,.
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are feet per

e expressed as
i to_ hide one .
i1 er chart or to
following tabie
ey square foot
paint {(spread-

il per  3q. fo. mtlvlalal.a

q. ft.  per gal.
Tante No. C-6

Nm MWM E : VALUES OF ST FOR VALUES OF R ¢nand Rs

92 411 : ) over the range of R . 0.80 to 0.96 and Ry 0.70 to 0.91

2.3 407 Sce Page 99 for explanation

9.4 403
95 398

9.6 304

9.7 3% Ry  Reflectance or Brightness of the White Paint over Black Substrate ,
w.w wmw g0 72 73 74 s a6 77 78 70 &0 &1 82 83 84 8 86 87 88 89 90 91
0.0 379 280 299 321 345 376 414 459 . 518 600 744

0.5 360 274 292 312 333 361 393 432 480 542 0630 790

10 344 2607 284 303 324 349 377 411 452 510 566 660 K26
s 379 203 279 297 313 339 365 395 430 472 524 505 09% 880

20 315 259 274 200 308 330 354 381 434 451 494 350 023 734 914 L]

N.m 103 255 270 285 302 322 345 370 398 433 471 S20 577 660 776 970

: : 251 265 280 297 316 338 36l 387 418 453 4937 546 610 696 820 1036 )

0 291 248 262 277 293 311 331 353 378 407 438 470 521 575 646 734 870 1104

35 280 246 259 273 288 300 325 340 370 305 420 461 502 548 608 680 780 924 1180

10 270 243 256 270 283 302 320 340 362 387 4460 440 485 520 580 642 724 830 980 1280

1.5 261 241 254 267 282 208 316 336 357 3RO 407 438 472 512 557 614 684 772 886 1060 1376

5.0 252 376 401 430 462 499 542 592 652 730 824 950 1142 1475

15 244 371 304 423 454 48 527 574 630 700 780 885 1030 1240 1615
30 237 366 300 417 447 480 518 561 614 674 746 836 953 1114 1354
._.m 229 412 441 473 510 551 598 657 725 805 9.04 1040 1220
v e . 502 542 588 644 706 780  R70 985 1140
..m ww - . 535 579 632 692 762 846 950 1088
10 210 n .w ' Terined reflectivity _Ml_..iu:wo of paint _:J. af such thickness, that furthey increase in thickness

15 208 : . does not change its reflectance.

0 199 1 163
L5 194 -

)0 189.
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I'anre No, C-7

Reflectivity (R ) of White Paint

S (seattering cpelh
w power in

ch S may be o
+of the use ¢
as e

fe Now C-0 (preceding page)d, the ST vabue
# 1o Ra 085 aund R7z 089 15 found to Iy

fe feet per g . i
the factor is 343.5 and hiding power ix 3435 X 2410 or
K28 square feet per gatton,

0,800
0810
(820
0830
0840
0850
860
0870
1,880
(1890

303.3

330,60 i
o < P
REXN]

G.000 175.5 3377

169.3 RRRAQ
0920 103.3 3278
0.930 1SR0 3234
133.0 3103
0950 1484 3158
0.960 144.4 3134

l
I

|

=~
- - - -
= = - - - ==
-_— - - - - > - = -

- - - - -
- - - - > - =

== - = . - - > - = —

= > . - - -

- - - = - - - - = -

- = - - = - - - - - - >

= =

uw\\\ \
J“\\

= - = - - = - - - - - - - -— - -
= - - - - - - - - - -

|

= - -

——

I
|
i
|
|
l

l
l
I
i
l
I
|

‘9
i
i
|
i
I
il
!

I
|
il
|
|
|
I
Il
|
\

i
|
il

|

I
|

I

I

l
il
\‘HH
Il
i
‘HH
)
‘\‘W
il

|
f
|

I

i
I
il
\a‘a’*
w
!

u&
H\H
i
i
|
|
Il

il
I
\
W
%
H‘\H\‘\“\‘\‘\
I
I
il
H\H‘
I
i
I
|

I
|
H\‘w
\
il
|
|

M\HEH
l V:\:‘::\”
W

|
H

Il
I
ll
I
Il
i
l
It

l

Tasrz No. D-1

Average refractive Index of White
Pigments and Extenders

Trranox-RA (rutile TiOs) ...o.vvvvnen. 27
TitaNox-A (anatase TiOw) ......coovvnv. 255
Zirconium OXide .veveereriorarornsseires, 240
Zine SUlAE ivveriennrienenecorsonrieess 237
Antimony OXide vveervereerinnoeriraeiees 200-229
Basic carhonate white lead......o.vvuenv . 1942.09
Basic sulphate white lead................ 193
Tiranox-RCHT (30% rutile TiOy;

70% CaS04) vevevererersivssarreneess 108
Zine OXIUE +.yrveererrancinnsresnonreses
LithOPOne vuivevreeesinrarencsocnreacesss L84
Barytes (barium sulphate)............... 1
Barium carbonate .....ovevriivecinciess 1
Calcium sulphate (anhydrite)............ L
Calcium carbonate «.ovvorvvervronssseses 1
Calcium sulphite .....vvveevernvenrinones 1
Tale vieveerniiirerinniennnnssneeenaraees 157
L0 1 PP 31,1
Silica (quartz) ......o.eoviievenanaanss LSS
Calcium sulphate (gypsum).............. 152
Diatomaceous silicd «.vvvvvvvrvecvveraae. 145

TasLe No. D-2
Refractive Index of Some Qils (25°C.)

. 14771
. 15170
1.4530
1.4800
14720
1.4822
1,4800
1.4895
1.4966
1.4850
1.4874
1.4740
1.4654
1.4813
1.4800

Castor Oil o.vvivinnineiiiiniirinnnnas
Chinawood Oil ............ccvvuennan,
Cocoanut Oil o..iiviinrniniiiiinininnannn,
Com Oil ,.ooivviviiiinnn..,
Cottonseed Oil ... oiiiiieienininennnins
Hemp seed Oile.. oo iiininnninn,
Linseed O, raw.....vvviiiiiinineneninn.s
Linseed Oil, boiled............coiiininines,
Linseed QOil, bodied, .c.vvvvvininiirniennas,
Menhaden Oil o.vvvvnverinnininiinnnnnnnns
Perilla Ol L.iinviiviiiniiniieiiiiivnnenen
Poppyseed Ol ......covviviiirnivinnnnnens
Soya bean Ol v.ovovvniiiiiiiniiiie
Sardine Ol +vvivviriviivivenierieenirnnens
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 Tase No..D-3

TasLe No. D4
Refractive Index of Some Resins i
: Refractive Index of Some Solvents and Thinners
N Y w&n. m,uun. India- Macassar (20°C.)
Bold-Hiroe .......ocooiiiiiinl, 1.543 ACCtONe ..ottt 1.359
- W%vqu.“_.qon ...................... 1.542 Amyl Acetate (85-88%)......cviveininrancnn 1.403
. HPSTHIITOE o oveininiiininiiiiil, 1.540 Amyl Alcohol, normal......c.ovievrserrnnsss 1.399
§ Pale East India, Singapore Benzol, 9% ....... et i 1.495
N L 1.541 Butyl Acetate ..i..oovvviiiiniiiiiians, e 1399
f..A Nubs ..., 1.540 Butyl Alcohol +...iviviivirniiininnineennas 1399
# Chips o v 1.540 Buty] Cellosolve ..,... e aressttect s rranens “ .Aww
e Tt T Butyl Lactate ...,. N 4 .
B m..W»M«Mw%mM‘ India 1538 Butyl Propionate .......vvvivvriirnninnennn. 1.399 : !
& SRR Teeerees . Carbon Tetrachloride ...........cocvuuns.n., 1.460 !
&, Black East India © Cellosolve .. iuuniiiiierierevaniiernnennnnsy 1410 ;
Bold:scraped . .iv.vvinniey .. 1.541 Cellosolve Acetate .. .uvuvvvevrnnnnnriennnnn, 1.403
— Batavia Damir m«o_cwnxmso_ ............................... “Mwm
. ammnu&wa.. ...... el . IPERIETNIC .. iitnnenrinrevannaroarovansens Kk
. tandar : 1.535 : Ethyl Acetate (85-88%). ... 0000 ooevrrrrnn 1.374
- Singapore Damar _ Ethyl Alcohol (95%)................ ERT TP 1.361
. L 1.538 : Ethyl Ether ..ovievivviniinivirnnnnnnennnns . 1351
Kauri Ethyl Lactate <. .uvvvvivernnvrnnerennsennnss 1.411 u
Pale Na:i3. . ivvievnyeenninns i, 1.546 . Isobutyl Alcohol .....oevveeriiivinnrnn.. s L399
Palechips coovuvivienyvnnnnnnn., 1.546 Isopropyl Acetate .........oovvvvien,iniin. ., 1.377
Brown No. 3. vvvvsvivvninnnn o, 1.544 Isopropyl Alcohol o..vvuvvvnnvnniinnsennn.... 1.377
Congo * ' Kerosene ..ovuveveiiiiiininiinnnenennnnnnnn, 1.450
No. I Water white and transparent,, 1,540 Wﬂn.ﬁﬂﬂ»ﬂm%ﬂ.nsa U __nn:» B “w% )
- No. 15 Ord, Ivory Sors. .......... 1.541 Methyl Cellosolve .....vovvveennneenvninn.., 1402
- Some alkyd resins................... 1.512-1.548 Mineral Spirits .....oovvviieeiinrnrennnnnn.. 1.440
. 20°C. : nl.l.r!.l!cu V.M & P. Naphtha,........couvvvinnnnn... 1411
. : e oy o H. F. Naphtha. ..o iviiriinniineenninsinnnn. 1.496.
. Methyl Abietate (Abalyn)...,....... 1.5280~1.5300 Toluol . 1.495
ke Methyl Ditydroabictate {Hercolyn) ., 1.517-1.5200 . Turpentine ....oviiiiiiiniiiinnniinnnnnnn, 1472
U»ﬂ..rv;ﬁm_m ‘nqﬂo—‘ Uﬂvmmnumnu ' uﬁv._o-\ ...................................... 1.497
(Flexalyn) \..ovvveee.on... o 15361-1.5363 .
- Dicthylene Glycol Ester of G Tase No. D-5
Staybelite Resin vvvvvirvn.nn...,.. 15225-1.5230 Average Refractive Index of some
” Ethylene Glycl Diabietate ........... 1.5319-15324 : celul Miscellaneous Materials
o Pentacryihritol Tetrasbieate | Casen =1L 53

(Pentalyns A, G, M, X)«......... 1544-1.545 C=a—D) Starch . 1.53
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PART VI

TITANOX PIGMENTS IN PAINTS

The application of TiTANox pigments to paints is
universal, that is, every type of paint that requires
white pigment can be pigmented with one or more
types of TITANOX pigments, )

In discussing the use of these pigments in paints,
some general principles are presented. While being
of general interest because they have played a part
in bringing the advantages' of titanium pigments to
so many coatings, these principles should be of par-
ticular interest to the inexperienced formulator. )

. The discussion here is according to type of- paint
mainly in two divisions—the broad fields of trade
sales products and of industrial product finishes,
These are classified into more specific types such for
example as interior architectural, exterior architec-

" tural, baking enamels.

TRADE SALES PRODUCTS
Interior Architectural Finishes

- General

HE simplest and most widely acceptable: ¢lassi-
fication of interior architectural finishes is accord-
ing to gloss of the dried film into the three groups, flat,
semi-gloss, and gloss. Frequently the first mentioried
is divided into flat wall paints, wall primers and seal-

ers, combination primer-finish coat and overcalsomine .

paints while the last mentioned group is divided into
the three divisions—gloss paints, painters’ enamels and
enamels, . )

Gloss dependent upon pigment volumie concentra-
tion. Although a number of factors determine gloss,
one was early most easily recognizable, namely the
content of total pigment by volume of the film. Early
recoguition of this factor was afforded by the sim-
plicity of decreasing gloss by increasing  the amount
of pigment-in a paint without changing the amount of
non-volatile vehicle. That this was a relation between
pigment volume and volume of non-volatile vehicle
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= - - - - - - -
- - —

It
|
|

NLI 121340




was readily apparent by noting the lesser weight of a
pigment or extender of low specific gravity which was
required to reduce gloss, in comparison with the
mllw.!.:..ls u greater weight of a pigment of higher specific gravity

used for the same purpcse. Throughout this discus-
sion, the content of pigment by volume of the film is

f I

. Stieg.
gram
(1]

‘I\\
Lo )
tion
F. B

d

latio:

ial Digest, August 1958, for a dia
relating classes of finishes

and pve,

termed “pigment volume concentration” and is ex-

of Formu,
80

pressed as a percentage by volume. Thus for example,
one volume of pigment and four volumes of non-
i volatile vehicle will be expressed as “20% pigment
- volume concentration” and will be abbreviated “20%

PERCENT pve
T .

pve.” Frequently this factor is expressed as the ratio
of pigment volume to non-volatile vehicle volume; or
of non-volatile vehicle volume to pigment volume.
Thus, in the example just cited, these ratios would be,
in order, 0.25and 4.

Almost without exception for a given pigment and a
given vehicle, gloss will vary in. a regular way with
pigment volume concentration, increasing as the pig-
ment yolume concentration is decreased. L

Pigment volume concentration primery deferwinmant 3
of ‘traditional tlassification. Because other factors.also
determine gloss, an exact general relationship. between
pigment volume and gloss of . interior architectural
finishes cannot be given. Nevertheless, in the light of
established practice there are overlapping ranges: of
pigment volume concentration associated with the
classes of interior architectural finishes as depicted in
the accompanying figure. These ranges have influenced

formulation perhaps more than any other single factor.
U For example, in the transition from gloss to flat paint
— by an increase in pigment volume, high consistency

55
[ N N L

e “Fundamentals
erior Architectural® Finishes,”

Offici
50
T

See
t

45

PERCENT pve

40

VOLUME CONCENTRATION (pvc)

resulted so that additional thinner was required for
brushabilivy. In the flat paint the large proportion of
thinner brought on a demand for vehicles having a

INCREASING PERCENT pve

PERCENT pve

structure to seal porous surfaces, as well as a need in
= many cases for suspending and bodying agents. Par-
ticularly with the introduction of the TrraNox pig-

‘ ments which are non-reactive chemjcally with the vehi~

: ‘INTERIOR ‘A‘RCAH!‘TECTURAL“ FINISH‘S ACCORDING TO PIGMENT

cles, proper structure of vehicle could be readily util-
ized without fear of formation of objectionable

. U reaction products,
Furthermore, because of cliange in hiding power (in
‘ . terms of spreading rate) of the pigment with change
. $S010 ONISYIRINI _ in pigment volume concentration, different types of

- 170 171 NLI 121341




e

== -
- -

|
HHHMH
0
H\‘P}}

\

\
\

TrraNox came to be demanded for different types-of
interior architectural finishes. Thus at the -high-pig-
‘meént volume in flat paints, the amount.of extender or
non-hiding. ‘pigment may be increased beyond that
required for flatting effect, whereas at.the Jow pigment
volume in enamels much less extender may. be used.
As a result, unextended titanium cide
TrraNox-RA has come to be demari
enamels having exceptionally high. h
whereas the - extended . titaniim piginen
RCHT .(30% rutile TiOs, -70%. calcium su

tively high percentag

two types is TITANG
“CaSO¢)- for intermed

pound will be. increased. As- the
concentration is decreased, less. exten
erated ‘and-straight titanium dioxide
used in order to ‘maintain exceptional
power, Although stated in. relat
tectural finishes, this principle al
or light colored coating - to which -
are applicable,

No single property of interior finishes iz exclusive
of others.: Despite the traditional acceptance o g

concent

—
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creased. As a result, certain ranges of non-volatile
content of the vehicle have become traditionally asso-
ciated. with the types of interior finishes, of the
" following order:

Non-volatile Volatile thinser
% by weight % by weight
of vehicle of vehicie

25-40 60-75
Semi-gloss .. 30-50 50-70
Gloss™ ...,...s 45-75 25-55

These ranges overlap just as do the ranges of pig=
ment volume concentration. Nevertheless: with the
vehicles ordinarily used, they serve to classify interior
architectural finishes. It should be borne.in.mind that
althotigh the proportion of volatile thinner in the
vehicle may vary according to these ranges between
flat, semi-gloss and gloss paints, its proportion of the
total paint may be quite: similar or_occasionally identi-
cal, Thus, from the following table, non-volatile con-
tent by weight of the vehicle falls in the abové range i
yet each paint contains 45% total volatile. thinner by -
volume. This means that the unidjusted cost of thin- R
ner is the same in each paint,

Flat ..o..ooveee

g T T

-

To 100 GALLONS OF PAINT

Pigment
T o
?:.Jy.nw wm:.i Pounds Gal. »..N.a

Ilat - TuaNox-RCHT ammw
Whiting 1724 33 60

Semi-gloss TitaNox-RCHT m_mw )

v Whiting 129§ 2475 45
Enamel TitaNox-RA 385 11 20

(rloss) _

Vehicle

8% nown-vol. % non-vol, Gal. of total

" Gal. by weight by volume Vol, thinner
67 37.5 32.8 45
7525 46.7 40.2 45
89 56.1 49.4 45

. 173
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‘On the other hand if the volume of :o:éo_»:_n
vehicle in the paint-is maintained constant, the trad

tional range of non-volatile-vehicle:content will not apply

between flat, semi-gloss vsg‘m_o,ﬂ. Instead of the :wcw_

velationship the exact opposite will be found, that: _m.

volatile' thinner will -be increased in- gloss

Puiodibimosn s

Pigment and Vehicle as Detorminanis of
Properties of Interior Architectural Finishes
With pigment volume concentration affording a

differentiation between flat, semi-gloss v:.a. gloss, obvi-
ously manipulation of the pigment portion or of the

decreased in flat’ paints. Thus, from-the: following

i i i ide ¢ ticul erti
table, no ::::n_. is ca::_mu_sn at 60%.pvc. swnnm S@m vehicle portion will provide the particular propertics

desired in’ the paint. Certain properties of the ‘paint
are influenced predoninantly. by the pigment, others by
the vehicle. Those properties mainly dependeént upon
the pigment are:
- Hiding Power
Reflectance
Gloss, sheen or flatness

O

/
w
—1

cm an-enamel. The ..o_n:c:u_:uu mxoén in ~
ing . B_u_a are. :oa 5&:5: uaomcmm 1

35

oS E Sk ot~ T I

Those mainly dependent upon the vehicle are:.
Consistency
Working qualities, such as brushability .
Levelling and flow (running and sagging) ‘
Drying "
Color or chromaticity of whites
Color retention (after-yellowing)
Flexibility
Adhesion and penetration into porous surfaces

A

thin- nozm_ﬁn:nw. ‘irnwnwu the 0. 1) at 40%
nonsvolatile by volume of the paint would be a paste,

l

To 100 GALLONS OF PAINT

Type of Pigment
Interior
Paint o

No. Pounds Gal. foc
1 Flat Trranox-RCHT 1253
Whiting ~ 313

2 Semi-gloss Trranox-RCHT 766
Diat. Silica 85

3 Enaniel Tiranox-RA 350
4 Flat Titanox-RCHT ommw

It must be remembered, of course, that pigment and
vehicle together account for the properties of the wet
paint and the dried film so that no one property de-
pends exclusively upon pigment or vehicle, For exam-
ple, consistency, while determined. by the vehicle at a
constant pigmentation, may be greatly altered by
changing a pigment component, such as the type of
extender, as recognized by experienced formulators.

327 45
10 20

33 60

Whiting 172
5 Semi:gloss Tiranox-RCHT 376 18 45

e . . Whiting 94
6 Enamel H:ﬁzox RA | 192 55 20

Vehicte

- - Gal. Total %
. Non-vol, Gal Vol. Non-vol,
h.n,_. —\qr&?4 H-:..:.uﬂ g!z.nz

40 40 0 ) 100

Flat Wall Paints

Qualities .

Before aaacmm:_n the use of TITANOX pigments in
_4 e -8 p 3 p . flat wall paints, it is well to recall that these paints
. ‘ . must be easily applicable to large surfaces and must

920.0 40 50.0 51 dry reasonably fast to provide lasting decoration char-
67 2 450 37.5 acterized by:

2 60.0 324 1. Pleasing matte or flat (low gloss) finish

22 725 284 High reflection of light
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Prime Pigment

“wrall paints because-it- makes easy the

. High-light veflection-or brightness

3. Whiteness or brilliancy of tints
4. Uniformity of color and sheen.
S. Non-yellowing

6. Cleanability

7. Good repaintability

Components governing Qualities
The components of flat wall paints which must be
balanced to obtain the qualities desired in the paint,
comprise all or several of the following :
Prime or hiding Pigment (and colors)
Extender or non-hiding pigment
Suspending agent
Vehicle or binder (non-volatile)
Drier
Thinner .
Bodying or thickening agent
. Anti-skinning agents and deodorants

NS h LN~

[+~

The proper selection of pigment: and non-volatile
vehicle-and their proper combination account for the
film properties of the paint. Considering ease of
application broadly, this is also related to consistency
or body and also flow of the paint, its brushability
or “rollability’ and condition in the package on: stor-

- age. While these qualities are dependent wpon ‘the

proper combination of components, they are largely
influenced by suspending agents and.- bodying or
thickening agents.

Relationship of Components of
Flat Wall Paints

TitaNox-RCHT has aitained a pre-emines

as the prime pigment for white and light=

all of ‘the qualities desired in ‘these j
specific gravity. of this pigment con
sired. high -pigment volume through-i

fine and stable. extender cium

Lt

brilliancy ‘of - tints-and conteibution 16 non-yellowing

176
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result from its inherent properties of high refractive
index at optimum particle size and chemical stability.

. Its lack of chemical reactivity permits the use of a

wide range of vehicles to secure any type of flat finish
desired. -

Examples of brightening power. and- hiding power
of TitaNox-RCHT are illustrated in Figures I and
IT which while not intended for exact application to
any given case are useful guides. Brightness and hid-
ing, as shown near 6 pounds per gallon of pigment
(the amount generally found at the high pigment
volume of flat wall paints), are illustrative of the
unusuzl effectiveness of this pigment. Exceptionally
high brightness afforded by TrraNox-RCHT enables
the use of small amounts of dark colors such as
black to increase hiding power, An example of the
increase in hiding power of a flat paint as brightness
is decreased through addition of coler is shown in
Figure III,

Composite TITANOX pigments preferred to
"pure” titanium dioxide plus extender

Generally, TrraNox-RA or other “pure” rutile
titanium dioxide blended with extender is not a suit-
able replacement for TirANOX-RCHT, because of
lower hiding at the same cost and usually the need
for at least two types of -extender to secure other
properties attainable with TiraNox-RCHT. In the
following table an interesting comparison of bright-
ness and hiding power of flat wall paints pigmented
with Trranox-RCHT in one case and a blend of
Trranox-RA and extender in the other at equal
costs reveals the superiority of the former,

ParALLEL FraT WALL PalNTs AT EqQuat Cost
Blend o,

. . . Titaxox-RA
. Titanox-RCHT  plus Estender
Brightness % ..... 89.2 85.0
Hiding sq.ft./gal... 330 207

Whether the amount of “pure” titanium dioxide con-
sidered necessary in flat wall paints be low or high,
the composite Trranox (rutile-calcium) piguients are
preferable to the “pure” pigmeénts. Indeed the com-

179 NLI 121345




PERCENT BRIGHTNESS

a

a0

83t

Freure 111

!

INCREASE IN HIDING
OF FLAT WITH DECREASE

IN BRIGHYNESS
(THRU ADDED COLOR)

82
200 ,
RELATIVE HIDING - SQUARK FIST. PER G

20
180

300
ALLON

ZTTANOX-RA -+ ;57 -

posite pigments function at a lower level of pounds
of TiO, per gallon of paint. A striking example of
this is the relationship of the number of pounds of
the composite pigments equivalent to the “pure” pig~
ment to yield similar hiding' power in a particular
series of flat wall paints as shown in Figure 1V, In

- this series, note that per gallon of paint, 4.35 pounds

TrraNox-RCHT (30% TiOs), 315 pounds TITANOX-
C-50 (50% TiOs) and 175 pounds TrraNox-RA
(rutile “pure” TiO,) were equivalent. The role of
Tiranox-C-50 to replace higher concentration of
“pure” pigment is also suggested by this series. Note
that 4 pounds of Trranox-C-50- (50% TiO;) was
equivalent to 3 pounds of the “pure” pigment. Of
course in this series, all factors were comparable=—
constant pve (65%), the same alkyd vehicle, the same

" total non-volatile content of paint (40%) while in

addition to the pounds of TI1TANOX, extenders selected
for best results were added to bring total pvc to 65%.

Ficure IV

Example of Equivalence*
of composite Trranox ( rutile-calcium)
pigments and “pure” pigment
plus extender

Cc-30

b Gel. ot e’ 771

*For illustrative purpose only—not to be applled to sny palat
system- selected st random,
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Expanding this series of pai

i -of paints to a broader range
of total pigment volume concentration yielded QW—M“
less striking relationships shown in Fi igures V and VI

These ..:cm:u?. the _ca.n established fact that the ‘:do.
composite TITANOX pigments .produce more hiding

power and other pigment benefits in relation to their

TiOs content than does the “pure” pigment,
Figuze V

Example Am equivalence* of TitaNox-RCHT
(30% TiOs) and “pure” titanium dioxide
plus extenders

20 5
! T . =
TOK pvt. - ~
¥
28 : 3.:‘3.
\ 60% pve
20 &7 ) A -
74 ?
13
a3 40 43 50

Pounds TTANOX-NCHT por Gollew of Palnt

macnu Vi
Example of equivalence* of T ITANOX-C-5{0
(50% TiOs) and “pure” titanium' dioxide
plus extenders

70% - pve 85K pve  60% pve

»
o

“For. illastrative. purtiones Sulvtol ot st
~paint ‘system sclected a1 randors ¢ 0 D¢ applied fo ‘any
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Extenders .

In flat wall paints, extenders or non-hiding pigments
are usually indispensable to the attainment of proper
sheen or degree of flatness. While. suitable ‘Ratness
may be obtained with Trranox-RCHT or TiTANOX-
C-50 as sole pigment the amount used for dead flatness
may go beyond the traditional range of pigmentation
previously mentioned, and other properties may: be
impaired. Extender usually accounts for 20% to 40%
of the total pigment by weight, the remainder being
Trranox-RCHT, the whole usually in the range of
'55% to 62% pve.

Extenders which possess high ail absorption and
irregularity of particle shape are most effective mn
reducing’ gloss and achi€ving flatness. Roughly in
order these are:

Diatomaceous silica
Fibrous talc (magnesium silicate)
Colloidal silica .

- High oil absorption calcium carbonate
China clay

Natural and precipitated calcium carbonates though
not as high in flatting effect usually constitute the
majority of the extender content since they are readily
dispersible and do not seriously affect consistency and
color.

Balance between Extender, Prime Pigment
and fotal PVC

The selection of the right extender combination at

the right pvc is essential to the attainment of flatness

accompanied by all other desirable paint and flm
properties such as consisténcy; stain' removal, uni-
formity of tint over surfaces of varying porosity and
of course maximum hiding power per dollar of pig~
ment,

Within the range of practical pro|
pigment and extender-for any given.
is-usually a m

; y um- pve--which-should 1o x-
ceeded if all film properties are to be satisfactory: Of
course there is a minimum too, below which fatness:

and its uniformity may be lost, but usually the danger

-
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in flat wall paint formulation is in exceeding the
maximum,

As a general rule, the maximum pve which should

not be exceeded varies indirectly with the ¢il absorp-
tiont or vehicle absorption of the extender or com~
binatien of extenders, Within the usual range of
pigmentation of ‘flat wall paints, high pvc may ¢har-
acterize -pai containifig appreciable -proportions of
low oil absérption extenders such s groiind fimestone
whitings, whereas lower pvc may characterize paints
containing appreciable proportions of high oil absorp-
tion exteniders stich as certain clays and diatomacéous
siliea.

* Undue lowering of pvc, where high oil absorption
and highly flatting extender is needed, is prevented by
combining a low oil absorption extender with the high.

In general, too, pvc becomes eritical when. the
vehicle. is deficient in penetration ‘resistance -and alse
when the proportion of extender is greatly increased

to rediice tinting Strength of the white pigmentation

to provide-dark colors.

Because: the titanium dioxide comtent. of Tizanox
ritile-calcium_ pigments is integral with: the -extendér,
the whole functions largely as o pigmentary. unit.
Similar dilution of "pure” titanium dioxide-byad
extender is generally not feasible -and -the-usual
is a conglomeration of loose. tit: i
cles ‘and extender particles. At th
wall  pain{s - where “appre

especially when - total. pvc:
be maintained constant. On ¢
um dioxide of Tiranox-R(
‘carried iato further di
extender. As a res
the titanium - dioxide is. wig
composite” pigmenits tpon
tender,

Suspending Agents

Aluminum Stearate—Like many polar compounds of
similar_type, aluminum stearate is relatively insoluble
in paint liquids and presents a colloidal dispersion
which prevents “caking” of pigment. in the container,
Aluminum stearate, however, will affect the consistency
of the paint and is used for this purpose particularly
in producing shortness in stipple flats, Usually the
types of aluminum stearate lowest in “free stearic
acid” content are most effective.

Aluminum stearate is .most effective when incor-
porated as solid during grinding of the paint. Caution
should be observed in grinding dispersed gels of alumi-
nume stearate through paint mills as the structure upon
which suspension (maintenance of proper degree of
flocculation of pigment) depends, may be lost, Alumi-

. num stearate also aids the bodying action of aqueous

bodying agents. In addition to aluminum. stearate,
stearated aluminum silicates, metallic soaps and spe-
cially treated extenders also have long been used as
suspending agents.

Moadified Bentonite—Bentone 34—Products resulting
from cation exchange reactions between organic bases:
and bentonite are unique and therefore best identified
by the designation Bentone.* Dimethyldioctadecyl am-

" monium bentonite called Bentone 34 is highly effective .

as a suspending agent. This complex swells and is
dispersed as a gel in organic systems. In flat wall
paint vehicles the continuous gel structure afforded by
Bentone 34 prevents hard settling of - pigment ag-
glomerates. A solid, Bentone 34 is ground into the
paint along with prime pigment and extenders. Mixing
into the finished paint especially under light mixing
conditions is usually not recommended. because Ben~
tone 34 must be well dispersed for- maximuim benefit,

In addition to value as a suspending agent, Benfone
34 is also a bodying agent.

Vehicle

Because of the high pigmentation of flat wall paints
the non-volatile portion of the vehicle must possess
high viscosity and practically a gel structure not only

*Registered trade mark of National Lead Company.

NLI 121348
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for suitable wet paint properties but also for proper
drying and soundness of film.

. As regards the properties of the paint mainly depend-
ent upon the non-volatile vehicle:

Consistency will vary obviously with the viscosity
of the vehicle and particularly where aqueous body-
ing agents.are ¢mployed accordinig to the wetting and
dispersive aclion of vehicle on the pigment. Low. vis-
cosity oils having low acid number (unpolymerized
oits) produce puffy uncontroflable consistency with

- aqueous bodying agents, whereas high acid high vis-
cosity (polymerized) oils do not. However, both
types. of oils are used; often a small proportion of the
uncooked oil being added to obtain a desired effect.

Color of the paint (deviation from whiteness) will
ustaily be affécted to a greatér extent by the type of
resin than any other factor. For example, after-
yeliowing is most pronounced with resins such as
limed rosin. However, any componént having poor
coler and-color retetition’ Will affect the color of the
paint.

Drying of the paint, of course, is speeded up by
faster drying vehicle—varnishes dre usvally faster
drying than all oil types. Naturally, large percentages
of uncooked oils should be avoided where fast drying
is desired.

Hardness depends largely upon resin content. On
account of high pigmentation_ the oil Jength of var-
nishes is usnally kept fairly long—on the order of
100 gallons in length and seldony under 50 gallons 10
100 pounds of resin.

Penetration into porous surfaces although- depend-
ent - upon - the - pigment-vehicle- combination, is most
strongly influenced by the vechicle,. A penetrating
vehicle makes balance betweéen prime pigment-ex-
tenders and pve difficult to-attain. The “flter paper
ring test”® sérves as a simiple indicator of ‘“non-
penctration.”

* The cover of a one half pint friction top can is filled level
with the paint- under test and is evered with a picce of
Whatman No. 2 cr' paper. and. is-allowed 1o stand for 3
hours. The paper is_thea removed,; the excess paint is seraped
off and the width of the transparent oil ring is measured.

186

Drier

l.ead and cobalt driers are generally used with
Tiranox pigmented flat wall paints. In some cases
lead content is provided by the leaded vehicle alone
or in combination with added lcad drier. While cobalt
content s usually on the order of .03% to .06% (Co)
on the non-volatile vehicle, lead is maintained 5 to 10
times as high as cobalt. Manganese is generally
avoided inasmuch as it does not contribute to drying
and harms color,

Bodying Agents

The use of bodying agents in flat wall paints is
largely the result of the need {or consistency of the
“false boady" and also thixotropic type to insure cover-
age  of the surface in the shortest time, or in. other
words casy working properties of the paint to secure
all of its film properties. These bodying agents raise
yield value, but in many cases after flow has started it
can be maintained at relatively low forces. Thixotropy
is' evidenced after the force has been removed; such as
cessation of stirring or brushing when the paint re-
turns to its original state at the proper rate,

This ¢ffect is secured largely through flocculation of
the pigment effected by water from the hodying agent
dispersed in the paint. Water solutions of alkalis, borax
ous, hydrated calcium: linoleate pulp, difute

The use of water solutions; however, is. not widely
practiced now because of difficulty in controlling their
effects in most flat paints. Strong bodying action or

- setting up of floceulated structure results when such
S0 ns are added to many pastes before grinding,
re ssible.  Depending
v the system there s an of m ratio of pigment,
volatile vehicle and thinner at which such solu-
tions should be added, largely dictated by the nature
ml.\ u cm the vehicle solids. Except with highly dispersing

e E liquids, -aqueous sotutions should be added to the com-
plete paint completely processed.

Hydrated miagnesia-treated linsced oil with the high-
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¢ of flat wall paints,
increase i .
tof days depending

T~
°

ine solutions which are added only
as 1%-3%, magnesia-oil may
tion of: the vehicle, Tor faster

g ot

with great certainty,
M There r:_ci.u_ a_ classic formula, the basis for de-
ﬁ. t of many . flat wall paints, illustrating proper
ation of the components of a heavy bodied flat
wall paint
‘ For 100 gallons of Paint
— Tiranox-RCHT ......o.coevviiiaie 690  Pounds
WHIHE e e ven e 172 “
E:E:«c .......... e 1.7 “
Hnom stearate L oioieoaoiaean o . 43 ¢
rosin varnish (100 gal. oil
length, 50 chinawood, 50 linseed) . ...  22.0 Gallons
Hydrated magnesia oil ............... g5 ¢
- Kerosene ....ociivi i, 43 0«
Mineral-spifits ... ooviiinien.., 312 o«
- : - .
Dipentine ...., e e . S n U
- 6% cobalt drier ... .. oo, g2 v
- Pigment-—64.4% Vehicle—35.0% ‘
. PV L 607% Non-volatile vehicle—37.5%
—— V . " 3 3 . U T I f i .0
Modified Bentonite — Bentone 34 as hodying
- agent
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Calcicoat and Primer-Flat Paints

Calcicoater

?,:.nn_wnmuqﬁ::a::c:nﬁéoqxo::a _...:5333\,

of Titanium Pigment Corporation, the flat wall paint

ceilings, became a standard item of the paint industry.
These had to possess almost all of the qualities of a flat
wall paint mentioned on page 175 and, in addition,

surfaces. To secure these propertics, highly
ils neutralized usually by lime and some-

The cfficacy of these p. in coating ceilings is
derived also from  their dispersive action on
Trranox-RCHT which is thoroughly dispersed, Ap-
ntly thorough dispersion of pigment provides a
nented mass which has greater resistance to pene-
tration as a result of the inability of vehicle as such
to Jeave the pigment and enter the voids of the surface.

Caleicoaters are usually of heavy body; fairly long
pastes, permitting reduction with 1 volume mineral
spirits to 2 volumes of paint,

A typical forimula for this type of paint follows

CALCICOATER

[Far 100 gallons of Paint

Treanox-RCHT ... ... .. 675 Pounds
Precipitated Whiting ................ 169 "
Limed linseed oit .................... 64.2 Gallons
0% cobalt drier ... 0 . 017 ¢
15 soap solution .. ... o L. 34 ¢

Pigmient—63.49
PV.C.—02.5%

Vehic _cla.g.,m %
Non-volatile vehicle—32.9%
The timed linseed oil of this formula is of semi-

stency- at non-volatile content of 35% which
o 18 .wrci 1.6% Calcium (Ca) derived from the

NLI 121350
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Primer-Finish Flat Wall Paints

\ ’ To achieve the degree of "non-penetration” and ad-
herence that would have to be present in a single paint
to-act as hoth primer and finish. naturally suggested
the use of vehicles siniilir to the calcicoater type.
Of course, to meet the gencral requirements a harder
¢ film was demanded in comparison with that of ceiling
?H:_:. As a result, cxperiments on the treatment of
highly polymerized varnish with lime and maguiesia led

to limed varnishes. )

A formula typical of a flat wall paint combining

m priming and finishing qualities in one paint follows: '
ke

For 100 gallons of Paint
Trranox-RCHT
Natural Whiting
Litharge

238

....................

Ester gum varnish treated with
hydrated lime (60 gal, linseed)..... 37.2 Gallons

Alkali refined linseed oil.............. 6.4
Heavy mineral thinner ... ...,.......

Pigment—62,2% Vehicle—237.8%
P.V.C.—5879 Non-volatile vehicle—38.3%
i Oillength—84 gal.

_ The ester_gum: varnish in this paint had viscosity
higher than Z-6 at 50% #on-volatile indicating its high

- degree-of polymerization. Thc lime content of the non-

volatile partion was about 3%,

™ The sodium hydroxide solution wasadded to the com-
REE 2..,._8 paint to assure further neutralization of fatty
acids in order to -rel
well as to-impart.th
is -of . brushabie: cons rimers-
flats ol broshing consistency particular atfontion had
“to be paid to the-factors governing package stability.
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Alkyd Flat Wall Paint

The development of alkyd resins having properties
of a flat wall paint vehicle has paralleled the develop-
ment of “odorless” mineral spirits. Such alkyd solu-

tions too are “odorless” as well as being highly poly-

. merized and modified to yield all of the qualities ex-

pected of an alkyd resin plus scaling ability of porous
surfaces as developed in conventional primer-flats,

High dilution or high thinner content may charac-
terize alkyd flats resulting in low solids of the final
vehicle which makes for high total pigment vélume con-

“centration. Because an alkyd resin like any true flat

wall paint liquid presents a continuous film, such high
pvc similar to that of traditional flat wall paints is
entirely feasible.

Since the advent of latex paints, emphasis has been

“directed in laboratory evaluation of flat wall paints

to film qualities peculiar to latex paints. The rubber-
like nature of the binder of latex paints emphasized
cleanability or stain removal, also “color uniformity”
of tints due to lowered penetration of vehicle into
porous surfaces.

The suitably designed alkyd flat vehicle offers a
binder approaching that of an enamel which accounts
for alkyd flats being often designated “flat enamels.”
And with “non-penetrating” qualities also developed
such a -film embodying enamel toughness is, when prop-
crly pigmented, also highly cleanable and uniform in
color over surfaces of varying porosity.

The formulation of flat wall paints with alkyds fol-
lows established principles of flat wall paint formula-
tion. But with emphasis being placed upon cleanability

(scrubbahility, stain removal) and color uniformity .

over surfaces of varying porosity particular attention
must be given to these two factors
1. “Non-penetration” of the vehicle;

2. Balance between prime pigment, extenders (both
as to type and amount) and pigment volume
councentration (pve).

191
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u A guide to the first can be gained from the simple the <nrmn_c.v:& the method of pigment dispersion. in

¢
(L combination) is.in-all-probabilit > per= ;i e
5 centage by volume i the
: voids - between the particles “and " a - the Tape 1

Indication of Critical pve (as derived from spatula
. oil absorption determination?)

ﬁlll.\ll u TITANOX-

:m:nq paper ring fest”—sce page 186. addition. to the factors previously mentioned. But

The: sccond factor as.-discussed -on-page 183-can_be . using. spatula oil absorption as a guide an-insight can
OA (i  alkyd Hats especially. when. pvc: faast ﬁ ..l.ll\.llllu be gained into the variation of critical pve with type .
) he- y 10 counteract ‘the low total solids b and amount of extender. It is helpful to a clearer pic- i
[ vol i in-the lm. - Consistefiey desi Y ture of this relationship to cxpress tlie content of pig- !
Nu - may als fizh pae 65» s istency  desired ment and extenders op a volume basis. (%’ by volume .
. . _ ¥ als -quire higa m<n. iere :S.c..OGm._Q oh a of total pigment). Critical pigment volume concentra- .
, flat paint js " critical: the -maximum total pvc  that : tion as derived from spatula oil absorption of some -
_— should not be. exceeded: (for a g erider o pigment-extender combinations is shown in Table 1 .
. C—— and Table 11. L
&
&
{
o
b
QA
:

Extender C-50 Critical pve
— o To of
LExtender by vol. by vol. combination
Atomite Whiting ...... 50 50 62.5 ,
- Non-fer-al Whiting .... 50 50 64.5 .
Snowflake Whiting .... 50 50 65 B
Duramite Whiting ..... S0 50 67
York Whiting ......... 50 50 68
Wollastonite P-1 ,..... 50 50 63
foritet ... .. ... ..., 50 50 60
- China Clay (ASP-400). 50 50 55
l . China Clay. (ASP-100). 50 50 49,5
> S .{iﬁ-‘r"\ . e
ﬁ. u Diatomaccous sifica
(Celite 281) ......... 50 50 - 43
Diatomaccous’ silica .... 10
- o 50 63
. : Non-fer-al Whiting .... 40
) Diatomaccous silica .... 10
nll,jlllddu . - . 50 - 64
- A York Whiting ......... 40
In Table TI the “pure” pigment TiTANOX-RA is
‘" shown at lower content by volume of the pigment-
UWs extender combination tham are the composite pigments,
oA Higher proportion-of .composite pignient naturally re-
b6 of sults from the need for less extender.
- co ' National  Lead Company-—diatomaceous calcium carbonate.
o ! el -ab pvelor. aily prgnent- 2 Iorn . - P )
4 vehicle systent depends upon the dispérsive power of . “aﬂ_m:ﬂ %M%n.zmﬂhﬁ_.@wam_ﬂ_.“.qd_pwwn_%wo,mW_M_m.u mwemau% ___oww.
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TanLe II

] Critical Pigment Volume Concentration

Nn OP (derived from determination of spatula oil absorption)
o Critical pve-for % TiTANOX-RA by volume
MH\ - v (remainder extender)
\ ~ : . 20 30 40 50
. Whiting A ............ 66 65 64 62.5
B Whiting B ............ 685 695 695 665
: WhitingC ............ 69.5 68 66 64.5
Whiting D ............ 73 72 70 67.5
4 Lorite! ... ............ 60 . 625 63 62
% Diatomacéous silica*
L . plus Whiting C...... 63 64 635 62

Critical pve for % Titanox-RCHT by volume
(remainder extender)
- 40 50 60 - - 70 80

Whiting A . 625 62 61 60 59
Whiting B . 635 63 62 60.5 59
Whiting C . 65.5 64 63 62 60

Whiting D ..,. 69 68 655 64 62

Critical pre for % Titanox-C-50 by volume

- (remainder extender)

- 40 50 80 70 80
Whiting A .... 63.5 62.5 61.5 60 59
Whiting B ...,. 65 64.5 63.5 62 60

...l.. Whiting C .... 66 65 63 62 60
Whitiug D ... 69 67 64.5 62.5 60
Lorite! "....... 59.5 60.2 60.2 60.0 59.5
Diatomaceotus

— silica ", ... .. . 37 43 50 54 57
Diatomaceotis )

M . silica*-plus

s Whiting' B .. 62. 63 62 6l 59
""National l.ead  Company—diatoniaceous calcium carbonate.
. :533%35 silica. held at” 10% of {otal pigmentation by

< volume, TiTanox varied as shown, Whiting remainder.

194

= - ——
- -

— —
—== — ——

. = - -

-

- - - — =

=
= - - - - —— - -

C—— 9

The combination of 50% Titanox-C-50 and 50% ex-
tender By volume of total pigment is comparable to the
pigmentation of high hiding white alkyd flats as cx-
emplified in the following illustrative formula:

W TE ALKYD FLAT WALL PAINT

- For 100 gallons of Paint m

',

Tiranox-C-50 ....oovvin 400 Pounds G

WHItNE vt e, 320 ” w

Bentone 34 ... cvrvnenie i 5 “ L

Alkyd Resin Solution (“hon-penetrat- . W

ing" type for flat wall paints)....... 57 Gallons .

Mineral Spirits ..o i 13 “ ?
Driers and anti-skinning agent........ 09 "

!

3

This formula follows accepted principles of flat wall
paint formulation as do the following designed for
lower hiding and suitability for tint bases.

Example of
ALkyp Frat WaALL PaINT
(Suitable for tint base)

FFor 100 gallons of Paint

Titanox-C-50 .....oooveiiiii. 340 Pounds
Whiting oo 385 “
Aluminum stearate .................. 3s 0~

Special Alkyd (“odorless”)

40% solids ........ e .. 46 Gallons

“(dorless” Mineral Spirits (heavy)... 24 "
Dricrs and anti-skinning agent........ 0.7 "
195 NLI 121353
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Example of

ALKYD FLAT WALL PAINT
For 100 gallons of Paint

TiraNoX-C-50 . vviiennnn e 320  Pounds
Low oit Abs. Whiting................ 310 "
Diatomaceous silica ........ e 50 “
Bemtone 34 v vvii i 3 "
Alkyd Resin Solution........co...oos 48.5 Gallons
Mineral Spirits ......... ¢ RN 23 "
Driers and anti-skinning agent........ 06 “

“Non-penetrating” qualities are readily developed in
alkyd vehicles. As a result, alkyd primer-flats can be
readily formulated, as well as highly pigmented paints
for ceilings, such as the following:

Example of
ALxyp FraT CEILING W HITE

For 100 gallons of Paint

Tiranox-RCHT .......coviviien 425 Pounds
Whiting (14 micron type)............ 225 " ‘
Calcined clay  «vovvveveniinrraneannes 125
Diatomaceous silica ... ...ooiiiiiens 50 «
Bentone 34 ... i 3 “
Soya lecithin ......ovververeiiinnes 4 “
Alkyd Flat Liquid (40% N.V.)y....... 34.5 Gallons
Long oif alkyd (70% N.V.)........... 30 ¢
Mineral Spirits ;...ovnvo it 280
Dricrs and anti-skinning: agent:....... 0.5 ¢
19¢

Water thinned Flat Wall Paints

Interest in water reducible flat wall paints arose
largely from the convenience and cheapness of water
as thinner and its lack of odor. Of course, this type
of paint is an outgrowth ol water paints in which
casein, soya protein or water dispersible gums scrve
as binder. While pigments having lower refractive
index mcet the requirements imposed by ordinary
water paints, particularly as the result of excessively
high content of pigment, TitANoX pigments have been
a part of these water paints for many years. A typi-
cal- casein paint composition may consist of 5%
Titanox-A-WD, 25% talc, 40% barytes, 10% china
clay or hentonite, 10% hydrated lime and 10% casein.

It is not surprising that the earliest types of
water reducible paint were simply emulsions of oils,
varnishes or resins such as alkyds in casein paints,
for this is a logical and simple approach. There .
follows a formula for an oleoresinous emulsifiable flat
wall paint in which casein probably acts as both emulsi-
ficr and protective colloid. Products made according to
this formula as indicated by tests made in the labora-
tories of Titanium Pigment Corporation will meet the
requirements of Federal Specification TT-P-88a:

INTERIOR EMULSION PAINT
For 100 gallons of Paint

TiTANOX-A ......... e 208 Pounds
China clay ......., e e, 490 Y
Dowicide A (preservative) ........... 45 ¢
Sodium hydroxide ............ ... .... 14 ¢
Ester gum-linseed oil solution......... 5.9 Gallons
Blown soya beanoil.................. 84
Lanolin ... oo 0.1 “
Casein ....,.. e 33 ¢
Water i it e 523 ¢
Pineoil ... .. . . i e 04 ¢
24% L.ecad naphthenate,............., 06 ¢
607 Cobalt naphthenate. ............. 02
Pigment—53.6% Vehicle—46.4%
PYC—62.0% Non-volatile vehicle—25.8%
197
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Some Emulsifying Agents

Aromatic condensation products*

Aromatic.monosodium sulphonate

Diglycol lsurate

Dioctyl sodiun sulphosuccinate

Emulfor AG (unknown composition)

Fatty alcohol sulphates*

Higher sulphonated al¢ohol derivatives

Mannide Eo:oc_owwn

Mineral oil sodium sulphonates

Mineral oil sulphonates

Mulsor (unknown composition)

Non-ionic LD (unknown composition)

Octy! alcohol—polyethylenevxide condénsation
product* : :

Polypeptide—fatty acid condensate®

Sodium alky! aryl sulphonates

Sulphonated fatty acid esters
Sulphonated glyceryl aimid

- Sulplionated ethers*
Sulphonated fats
Sulphonated vegetable oils

« Tetra-hydro oxyazine
Triethanolamine

* Suitable for se with Trranox-RCHT and Trranox=C-50.

H>=rm v

Some Protective Colloids

Albumen Hydroxy ethyl cellulose*
Alginates Methyl Cellulose*
Casein Soya Proteins
Dextrin* Starches*
Gelatin® Water soluble gums (Gum
Lecithin Arabic, etc.)*

* Suitable-for use with Trranox-RCHT and Triranox-C50.

198

Through a knowledge of emulsions, water thinned
flat wall paints may be made not only with Trranox
unextended titanium dioxide pigments but also the
rutife-cdlcium pigments TitaNox-RCHT and Titanox-
C-50.

This involves judicious use of emulsifiers and pro-
tective colloids to secure stable pigmented emulsion
systems., Among emulsifying agents and protective
colloids, such as those listed in Tables III and IV,
interesting combinations may be found to yield paints
as exemplified by the following formula:

WATER THINNED FLAT PAINT
Ior 100 gallons of Paint

Titanox-RCHT ......... e . 655 Pounds
Diatomaceous silica ,.............. o 60 "
Dowicide “A"” (preservative)......... 04
Forty gal. length varnish............. 24 Gallons
Sulphonated castor oil (75% nen-vol.) 36 “
Emulsifying agent* .................. 25 ¢
10% sodium Hydroxide solution....... 25
25% starch solution..... ST R 193 ¢
Water ............... e e 197 ¢
24% lead naphthenate ............... . % B
6% cobalt naphthenate............. v 04 -

* Igepal Oﬂ>n.<<n::._n Agent C.

Latex — water thinned flats

Knowledge of the emulsification of earlier vehicles—

oils, varnishes and alkyd resins—is applied directly
by the experienced formulator to aqueous dispersions
of rubber-like polymers—synthetic latices.

199
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Some of the outstanding features of paints properly
formulated with synthetic latices are:

—

Lack of organic solvent odor.
2. Fase of cleaning brushes, rollers and other things
involved in the paint job, simply with water.
3. Ease of application over a. variety of surfaces.
4. Rapid drying.
5. Minimum elapsed tisme between coats,
6. Uniformity of appearance over non-uniform sur-
faces.
7. Ability to bridge or seal openings of porous
surfaces.’ :
8. Stability to reworking of the film.
9, Relatively good cleanability of the fully dricd
fili. )

As with carlier emulsion systems, judicious selec-
tion of ‘emulsifier and protective colloid is essential.
In addition a dispersant-is often required and also a
defoanmer to prevent troublesome foaming during manu-
facture of the paint.” Any latex, regardless of its use,
varics in stability according-to- the natiire-and  content
of clectrolytes in' the water. Therefore cate must be
exercised i maintaining certain pH limits depending
apon the latex.

TrraNoX_ pigments: being cheémically -inactive’ are
completely adaptable to synthetic latex vehicles. How-
ever, ‘whéré the m_.an:é?.@ balance of the water in
which tlie polyimeris dispersed is critical; water dis-
peérsible anatase titanium dioxide- Trranox-AWD is
not used even-if -there - would be7a-desire 1o usé anatase
pigment. Among the it
systems some formirlators. feel that: titanium dioxide as
free as feasible from electrolytes should be-employed
such as TiTANoXx-RA:10. But in general the most
efficient pigments such-as TiITANOX-RA-5] are  com-
pletely compatible with Jatices, in- propeely formulated
paints.

Modern emulsion paint systems, perhaps to a greater
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extent than any other, require a delicate balance among
many factors in order to secure the best performance
from the pigmentation.

Pigmentation is governed by the principles generally
applicable to flat wall paints, except that some com-
ponents may be chosen not only for their usual func-
tions, but also specialized ones. For example, some
extenders such as calcium carbonates and calcium sili-
cates may also be used to control pH.

In the ecarliest latex flat paiuts, pigment volume con-
centration had to be kept low in order for the binder to
yield a continuous film. As a result pvc ranged from
30% to a maximum of about 45%, depending upon
the type of latex and type and amount of extenders.

For whites in which highest hiding was demanded,
unextended titanium  dioxide was preferred for the
low pve. Because of exceptional case of dispersion
and high hiding, TiTANOX-RA-50 was early used in
these paints, and as much as possible of high oil absorp-

~ tion and flatting type of extenders had to be used to

secure flatness, high reflectance and sufficient hiding.
Balance between prime pigment-extender and binder
d be critical and highly flatting extender had to be
ited to a safe maximum.

Butadiene-styrene, the first fatex to be used, would
yield only low puc paints, and frequently casein was
the sole choice as protective colloid that would impart
suitable consistency and flow. A typical carly white
paint was {ormulated with this latex along these hiles
(for 100 gallons of paint) ;

e Titanox-RA-50 ..., e 246 Pounds

China Clay ........,..... . . 84 "

Rutadiene-styrene latex (48% solids). 48 Gallons

Cascin solution ..., B ¥/ “
Water ............. ... veveree. 24 “
Defoamer ... ... ... .. 02 ¢
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Butadiene-styrene plus other emulsions

g first attempts at raising the pveof |
emulsion--paints’ wag ‘the use of thi:
th. earlier c:am‘ﬂ emulsions

that the maximuin pyc that would allow the paint to
retain its cleanability varied” with alkyd content about

as follows:
. Approx.

%o g %o Maximum
Butadienc-styrene Alkyd rve %
100 0 33 .
75 : 25 40
"~ 50 50 45

An - example-of formulation. utilizing an alkyd plus
butadiene-styrene emulsion also employed TiTanox-C-
50 ¢(with suitable additives selected from those listed
on page 198) 1

For 100 gallons of Pasnt

TITANOX=C=50 1\t evrirrinrirerenenss 500 Pounds
Mica ...... A e 45 ‘"
Preservative ooy iiieriniaiiana. 4 “
Butadiene-styrene latex (48% solids).  24.5 Gallon
Long oil alkyd resin. (100% solids)... 115 *

10% sodium hydroxide solution...... 20 ¢
Non-ionic emulsifier ................. 33 ¢
15% starch solution ........... PR 155 “
Watet ............ e ey 166
Defoamer ...ovviiiiiiiiiiiiiinnens 0r
Drers i e 12

Bt will-be noted that in-the above formula, in-order
to make the emulsion compatible with Trranox-C-50;
a non-ionic emulsifier or dispersait s used, while
casein has been eliminated and réplaced by starch.

Increased Stability of latices allows higher
pigment volume c¢oncentration

In earliest buta
to be-restricted
be raised’ as i
emulsions, improved:
mum pve of 45-50% and- higher:

Gve through use- with other
this type allow maxi=

Similarly with other types of latex in general use,
maximum pigment volume concentration permissible
has heen increased due to improvement in fatex stabtl-
ity, so that these latices compare about as follows:

Maximum % pve allowable for relatively
non-porous or cleanable film of Hat

Type of Later Early Current
Butadiene-styrene ........ 33 45-50-+
Polyvinyl acetate ,........... 55 60-65
Acrylic ......... e 45 50-55

With further improvement in stability and other qual-
ities of latices, restriction of pigment volume concen-
tration below the range ordinarily suitable for flat
wall paints, is no longer necessary.

Improvement in -latices plus control of addi-
tives increase compatibility with the
TITANOX “C” pigments

Although the prominent types of latex, early un-
stable, have been improved in stability, the additives
needed in formulation still must be properly selected,
and in any case, the order of addition of ingredients
must be carefully controlled to yield stable paints.

With prime pigment, extenders and latex established,
the dispersant, wetting agent, protective colloid, anti-
foam agent, coalescing agent, frceze-thaw stabilizer,
and fungicide’ or mildewicide, must be selected and
properly proportioned,

The Selection emd Proportioning of Additives
Dispersing Agents (for pigments and colors}

For dispersing the pigments in water, dispersants
often used are: tetrasodium. pyrophosphate, sodium
laphosphate; potassium tripolyphosphate, soya
and various proprietary products such as
Daxad 30 (Dewey and. Almy-Grace Chentical) and
Tamol 731 (Rohm and Haas).

The ‘phosphates mentioned above and other anionic
dispersants should not be used with the Tiranox “C”
pigments, instead-non-ionic-surfactants such as Tamol
731, soya lecithin {water soluble grade), or other equiv-
afent substarices are employed. The anionic dispersants
must be. excluded when' the “C” pigments are used
:nwu:mo this type of dispersant is reactive with calcium
suliate.
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piginent, depending upon the dispersant is required.
Welting and Emulsifying Agents

Wetting agents used to reduce surface and inter-
Ordinar-

facial tension, also rw_u :mm_:a:n dispersion. !
ily 0.5 gallon of wetting agent per 100 gallons of paint
is suitahle.

adicne-styrene latex paints using TiTanox “cr
piginents, a non-ionic emulsifying agent added to- the
pigment sturry (which, of cotirse; should also. have a
non-ionic dispersant) before addition of the latex will -
further prevent coagulation of the latex in case it

carrics an anjonic emulsifier which would react with

©calglum. -

Among non-iohic emulsifiers are:

Advawet #33........Advance Solvents and Chemicals
Tgepal CTA 639.....0ivvvrinnnn, General Dyestuffs
NOHIC 260 .ot venenneecnns ....Sharples Chemicals
o Tergitol NPX ...oomevins Union Carbide Chemical
Tritow X<100 . .ovviniiiirenernenns Rohm and Haas

Larliest polyvinyl acctate latices were usually ﬂwv:-
ized with large amounts of polyvinyl alcohol and: were

beet trent latices by non-reacti

stal ty with Trrawox “C" pig-
met s not_a -problem, The addition. of a non-
ioni agent, however, usually:-tielps to prevent

" crawling of polyvinyl acetate paints applicd to smooth,

non-porous surfaces.

In gerylic latek paints, ncither wetting agents nor
emulsifying agents are required, as tliese systems. gen-
erally are completely stable with: calciumi-base . pig-
mentatiots. .

Piotective Colloids and Thickenérs

I'he protective colloid in any latex paint formula
tion thickens the water phase and reduces scttling and
ration

WHil ceous._colloids  {cas
tein) as listed on page 198, may n
Tiranox C-pigments; -specially
available  (Borden’s “Cascolac”™ an
Tex™) that are compatible with: th

1
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Protective colloids include natural materials such as
gum arabic; cellulosic materials such as methylcetu-
lose, carboxymecthylcellulose (CMC) and hydroxycthyl!
~cellulose ;. substances such-as sodium polyacrylates; and
colloidal clays, such as china clays and Ben-O-Gel
(National Lead Company).

Of these, the most widely used are the cellulosics,
and, as indicated on page 198, the cellulosics (carboxy-
methyl cellulose, methyl cellulose and hydroxyethyl
cellulose) and starch are suitable for use with the
I'iranox “C" pigments,

Anti-foam Agents or ‘‘Defoamers”

ute to crawling.
tributyl phosphate, octy! alco-
s, pine oil and proprictary products such

_5._. polyglycols, 1
as Nopeo JMY (Nopeo Chemical), Foamicide 581B,
Colloid 5818 (Colloids, Inc.).

Coalescing Agents

Substances that promote the flowing together of
globules or particles of resin to form a continuous
binder film with the pigment dispersion, especially at
low temperatures, are regilar additives to fatex flats,
As would be expected: such substances are closely re-
lated to classic plasticizers ol coatings, so it is not
surprising to find these. materials being used: dibutyl
phthalate,. Carbitol acetate, hexylene glyeol, ButyFCel-
lasolve Acetate. On the order of 2 gallons of Carbitol
Acctate per 100 gallons of paint has been found
snitable,

Freeze-thaw Stabilizers

anti-freczes.

. For all practical purposes, these are
Vthylene glycol, propylene glycol, and diethylene glycol

are commonly used. Two to three gallons per 100 gal-

lons are usually suitable.

Fungicides and Mildewicides

1se are used to. prevent bacterial growth in the -
dew growth on coated surfaces. Phenyl -
mercur are commonly used, and of course, all
recautio
1

1
latec

[e3

Itions necessary in the handfing of these and re-
to their presence in the paint must be observec i,
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Latices
Although new- Jatices. and modifications_of existing
enes are constantly being offered, thiree general types
are still dominant:
butadicne-styrene
polyvinyl acetate:
acrylic

Same Butadienc-styrene Latices
Name
Gen-flo 67
Gen-flo 671
Polyco 2426
Dow 300; 762W

Some Polyvinyl Acetate Latices

Supplicr
General Tire & Rubber
General Tire & m:a_,vn_,
Borden Chemical Co.
Dow Chemical Co.

HomoroLymEeR TYPre

Name Supplicr
Flexac FAS Air Reduction Chem,
Ucar WC-130 Usiion Carbide
Polyco 522 Borden C_E.,:_n.m_ Co.
Wallpol 9301 Reichold Chemical

CoproLYMER TYPE

Name Supplicr
CL-202 Celanese Chemical
Flexbond 800 Air Reduction Chermical
Resyn 12K58 National m.S_.n_.‘
Wallhoh9120 Reichold P_Ei_nm_,ﬁo.
Polyco 804 . Borden Chemical Co.
Polytex600 Jones Dabney

Everflex G Dewey and Almy

Some Vinyl-acrylic Latices
Name Supplior

CL-205 Celanese Chemical
Resyn 2243 National ,m::..ﬁ:
Polyco 2151 Borden Cﬁa_nw_ Co.
Flexbond 815 Air Reduction Chem.
Polytex 601 Jones-Dabney

Wallpol 40-124 Reichold Chemical Co.

Some Acrylic Latices
Name ! Supphier
Rhoplex AC-34 Rohm & Haas

> 2719 Borden O:o_:mnu._
Muﬂ’m..nmwww Dow Chermical Co.
2056

Manufacturing Processes and Equipment

Latex flats may be made on any type of grinding
equipment, such as roller mills, pebble mills, and others.
The choice depends upon the viscosity characteristics
and other properties of the suspension.. Paste-like sus-
pensions having siufficient length of body may be ap-
plicable to roller milling, provided of course, other
properties such as abrasiveness are suitable, Similarly
depending upon viscosity - and flow, pebble milling may
be selected. Most formulatioris however, yield con-
sistency most suitable. for the high speed mixer type
of disperser such as the Hockmeyer, Cowles, or Kady.
For these machines, slurry viscosity and other charac-
teristics can be readily adjusted for the attainment of
suitable dispersion.

Generally, the first step in making these paints is
the dispersion of the TiTANOX pigment in the water,
Often there is a tendency to try to disperse too much
pigment in too little water (or at too high pigment
content). It is advisable to operate sufficiently below
maximum pigment content to assure proper dispersion
at an cfficient rate. Qverpigmented slurries are apt to
show dilatancy, or increase in viscosity as agitation
proceeds. This can hinder dispersion and even cause
damage to the equipment.

Importance of Order of Addition
of Ingredients

Once achieved in the mixing and dispersing step, the
degree of dispersion of the pigment must be protected
through the let-down and the final paint. Formation of
clusters or flocculates of pigment must be prevented.
It is"well to remember that at any instant in the proc-
essing of a water emulsion paint, the water phase is
involved in an equilibrium that determines the degree
of dispersion of the binder or globules of resin and es-
pecially of the pigment. This is affected by changes in
viscosity, surface tension, polarity, and other factors
related to miséibility and solubility of the ingredients in
water. Thus, the order-and rate of addition of these in-
gredients is-important and for any given formulation
must be established and maintained.
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Example of an Order of Addition of |
Ingredients of a Latex Flat White

~ The Grinding Slurry or Suspension

To the water, are added in order, reading left to
right, and with suitable agitation during and after cach
addition :

L The mildewicide; part of the anti-foam agent; the

anti-freeze such as cthylenc glycol; the pH stabil-
izer (if needed) ; the corrosion inhibitor.

2. ‘Fhe dispersant or dispersants, such as potassium
tripolyphosphate if Trranox-“RA” type pigment
is involved; or a non-ionic dispersant if TrraNOX-
“C” pigment is to be dispersed. :

3. Tiranox pigment.
4. The extenders.

The completed suspenision will usually run 60-70% by
weight total pigment, and is then suitably ground.

The Let-down of the Ground Slurry
or Suspension

To the ground suspension are added:

S, All er part of the protective colloid or thickener
sotution; the wetting agent; the coalescing agent,

6. The latex emulsion; remainder of the anti-foam
agent; water or thickener to adjust body if needed.

The above, of course, may have to be modified to meet
the requirements of various ingredients of different
formulations, but should serve as a useful guide. It is
advisable to investigate combinations involving new
ingredients for cffects of variation of arder of addition.
Certain procedures must be positively avoided, such as
the addition of dry methyl cellulose to dry pigment
before addition to ‘the water.

With the newer latices, plus selection and control of
ingredients, pigmentation of latex flats is now closely
relited to traditional flat wall paint pigmentation.
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Following is an example of a white butadiene-styrene
formulation. In great contrast to early flats made with
this type of resin, the pigment volume concentration is
61.5%. Only a . minor amount of added cxtender is
needed with Trranox-C-50. Naturally the small addi-
tion includes some highly flatting type:

IFor 100 gallons of Paint

TiTanox-C-30 ... oo 425 Pounds

China Clay «.oveiiiiii s 75 ‘

Diatomaceous silica ............ooiuu 30

Non-ionic dispersant® ................ 6

Water .. s 48 Gallons

Butadiene-styrene latex '
(such as Gen-flo 671).............. 27

Total 3.2::::« agent, thickener,
coalescing agent, defoarer,
anti-frecze, mildewicide ............ 4.6

* Tamol 731 (25%) or equivalent,

In this same latex, a rutile “pure” titanium dioxide
pigimentation, :u::.u:x required more extender. For a
comparable paint, pvc was 52% with pigmentation per
100 gallons of paint as follows:

Rutile “pure” TiOQ2 ................... 225 Pounds
CChina Clay . oor i e 125
Calcium Carbonate ................... 100

Generally, the amount of rutile “pure” TiO2 required
as the sole prime white pigment, follows closely that
of organic solvent flats: ,

Later flat type Pounds TVOy per gallon of paint

White oo i 2.00-2.50+
Light tint base .................. 1.50-2.00
Deep tint base ...................  50-1.50

. To sccure higher hiding in latex flats pigmented

with “pure” TiOz2, special types have been developed
and are usually characterized by higher oil absorption
than regular grades such as Titanox-RA and Tita-
NoX-RA-50. In the TitAnox line, the new pigments
Tiranox-RA-46 and Tiranox-RA-51 usuaily give

209
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An carly bitadiene-styrene type ca ed for ¢ f
half pound rutile TiOa.per gallon of painty-inasmuch-as

" the objective was to-obtaiiv a seal coat which- misst not
- be spread too thin,

BUTADIENE-STYRENE PRIMER-SEALER
For 100 gallons of Paint

TitaNox-RA50 . ... 50 Pound
China-Clay ......c.vvviiviininnn.. - 80 “
MiCa oo e ey 80
Tetrasodium pyrophosphate 1.3 Gall
Butadiene-styrene latex 52 S
Casein SoTution v .....vveesiveesien.ss 34
Pine oi b e e 0.5

Defoamier .. ... vvireiinine i 0.1

Water .. e 48

An example of a current. paint of this type desigred
to. be-applicable:‘to ‘Federal Specification TT-P-650a
for a latex primer-sealer:

 PoLYVINYL ACETATE LATEX PRIMER-SEAUER

For 100 gallons of Paint

. cevrr 100 Pounds
~China Clay i, 150 ‘
Slasstam tripolyphosphate ..., ... ... 1o ¢
Polyvinyl acetate latexi.............. 314 Gallons
26.3 "
30
2.5

- —.. 9

=

— =

righer hiding in latex flats than. Tiranox-RA-50; as
discussed. on page of  this. HanpRooXK,
wn circumstances. dictate that - “pure” TiO;z plus
extende SFITANOX:C” nill.l\.'i = :
i _are applicable
to: fate th- all type ices.. Where :
highes ) ; -46 is <
2 , .
The - high polymers deposited fron
atex ¢ rly -noted to. have gaad. sealin ] o .
. i resul I vere e o .
fymen

than
Tit

tie
_par

Here

In each case extenders

“C" pigments provided the sheen
s that depend upon extension of prime pigment in the
ticular binder and at the total pve involved.

ITANOX [bs,
RCHT 300
rene RCHT 325

adicne-styrene  C-50 425

e C-50 200

Polyvinyl acetate  C-50 100

tint basc :
Polyvinylacetate.  C-50 200
. flat

:::.::c:n.ﬂw_‘a:o C-50 192

flat
(to meet Fed. Spee, TT-P-29a)

Polyvinyl acetate  -(:-50 300
flat
Polyvinylacetate  C-50 238
Primer- Sealer
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are some examples of Tit

tions. In general, these yield equal or higher hiding
comparable -pigmentations. utilizing rutile “pure”

)2 pigments, and at lower cos

n e selected to be added to the

and all other proper-

ANox “C" pigmenta-

l'or 100 gallons of Paint v.

Extenders Ibs. % pre

Barytes 150 65
Whiting 175

Clay 120 61
Colloidal

Si0: 20
Clay 75 615
Diat.

Si0: 30

Whiting 172 55.0
Silica 75
Diat.
Silica 25

Whiting 172 55.0
Clay 75
Silica 75

Diat.

Si0; 25
Whiting 100 54.5
Clay =~ 50
Silica 25
Diat.

Silica 25

Whiting 104 53
Talc 85
Clay 50

Talc 86.5 40

Whiting 18 30
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Importance of Additives or minor Ingredients
of Latex Flats '

While pigmentation-and film-forming solids or binder
determine the main qualities of water emulsion paints,
there are important properties that depend upon the
minor ingredients.

One of these is tintability or the case with which full
depth of tint is sccured with either a specialized or a
universal tube color,

Lack of full depthof tint after addition of color to

a white base is commonly caused by improper kind or

amount of wetting agents in the white paint. This con-
dition may he caused quite inac,lvprtcntly as these agents
can he chosen to insure good performance of the white
paint as such rather than.as a tinted paint. By correct-
i the wetting and ‘dispersing agents in the white
paint, its tintability is improved.

As an example, it was found that some white poly-
vinyl acetate emulsion paints contained from 0.2% to
1.0% or the optimum amounts (on the pigmentation)
of dispersing agents for full stability of the white paints.

Nevertheless, when a universal tube green was added
to these paints, full depth of tint was not developed;
brightness being 63-70% instead of the 45% that was
desired.

By adding a quantity of a nen-ionic dispersant to the
dispersants already employed, the white paints could
readily be tinted to the desired brightness with the
same amount of celor. In addition, this correction did
not alter the color-of the white paint,

Of course, any ingredient that in itself may be haz-
ardous in handling, or in any other way, should bhe
used properly and in proper propertion, such as acids
and alkalis that might be-used in pH adjustment.

Of équal importance is the toxicity of any ingredients
in relation: to their handling, and cespecially to their
concentration -in- the residual film of the paint.

The mildewicides containing mercury’ must be con-
sidered in relation to their poisonous nature and all pre-
cautiots must be taken in all pertinent aspects of their
handHing - and application to the paint.
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Enamel Undercoat

Enamel undercoaters are essentially
must cover a surface properly and :
for an enamel. Flatness in itself is
able since it means microscopic rouj
‘present greater surface for adheren
A satisfactory enamel undercoater
following qualities:

1. Ease of application

High hiding

Smooth leveling without ru
Good sealing—lack of undv
. Ease of sanding

Enamel holdout—alowing f
ment in the enamel or desi
enamels having less than f

oA e N

&

In comparison with flat wall paints
of enamel undercoaters is generall
from 45%-55% pvc; the vehicle g
more varnish or resin, the oil len
vehicle in the range of 20-60 gallor
resulting from too much resin in ole
must be avoided. Extenders are ch
to friability so that sharp sanding w
may be obtained. For this reason,
calcium- carbonate as employed in er
Pigmentation may utilize Trranox
exceptionally high hiding for thin
desired for flexibility.

TrraNox-RCHT or Trranox-C-5(
pigment in white enamel undercoa
volume selected along with vehicle |

‘hardness. But, of course, pigment

be increased to the pont where en
be impaired as a result of film poro
of an enamel undercoater in: which
is the sole pigment, follows:
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For 100 gallons of Paint

Treanox-RCHT .......... Nerrenrean 775 Pounds
Litharge ....ccvvivineernencnennas cir
Aluminum m”ﬂ:ﬁo Coﬂ acid) seveee. 39 %

Nﬁﬂ. wE.a ﬁg_mr (30 gal, _Ba&

Nﬁegv\ﬁwﬁ_n—. eereiirasnreuee vesnes
Vehicle—40%

Non-volatile vehicle—40%
Oil length—45 gal.

E:Q.nﬂ in lime or miagnesia treated varnishes on
account of penetration resistance extended to enamel
undercoaters: There follows .a formula utilizing this
type of vehicle and also exemplifying the principles of
enamel-undercoater formulation: At total pvc of 52%
irregular mruv& friable extender is added, while
high. hiding is attained by the use of TITARox-C-50;
A Timmed varnish of 60 galons oil length constitutes
the vehicle.

EnaMEL Czumnoei.mn
For 100 gallons of Paint

Aluminum stearate civvecvrereciossas
Lime :.3»& ester gum varnish

6% cobalt drier «...vvvvueaanns seenee 08 ¢
* This varnish has <=oo!a< higher :::_ Z-6 (Gardner:Holdt)
at 50% non-volatile and about M vizcosmty at 45% nen-

volatile,

Alkyd resing developed for flat wall uwiﬁ are also
applicable to. enamel undercoaters. In using-dlkyds in
enamel-undercoaters-the first requisite is that the alkyd
or combination of alkyds be suitable in all respects
for this usage. Exceptionally long oil alkyds should
be used in. combination with alkyds of shorter oil

3i4

g

i

I

“4

il
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length to secure hardness needed. Enamel hold-out i is
of special importance. An. example of variation in
enamel hold-out of an undercoater maintained constant
in pigmentation but made from two different alkyds
called simply A and B follows:

60° Glogs of semi-gloss
enamel applied over
Alkyd Solution undercoater

A 31
B 15

The influence of alkyds on enamel hold-out, being
related to penetration, can. be judged by the “filter
paper ring test” as described on page _mm

Although the concept of “critical pvc" as discussed
on page 192 is particularly applicable to enamel under-
coaters, the accepted range of pve for these products
has almost universally been below the critical point
at which enamel hold-out begins to fall off. Excessive
amounts of flatting and irregularly shaped extenders
must be avoided. Lower oil absorption types of ex-
tenders balance the amounts. of the flatting extenders
needed so that pvc is maintained below the critical
value.

The principles of alkyd enamel undercoater formu-
lation are exemplified in the following formula sub-
mitted only for illustrative purposes:

ALxYD ENAMEL CzaﬂS!:B
For 100 gallons of Paint

Treanox-C-50 .....cvvivvinivinnnnns 370  Pounds
Natural Whiting .. ................. 165 “
Tale veevrvvevecncennens P Sl “

Resin modified alkyd (39% solids)®. .
Soya modified alkyd (70% solids)® ... 14 “
Mineral spirits .....000veiiiveiann.n.
Driers and anti-skinning agent ....... 05

' Such as Syrrex 131, Jones-Dabney Co. ) or equivalent
¥ Such as Syntex 40, uc:nu Dabrney Co. .w-o_cmwa ot solutions
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Semi-glogs Finishes

As the name implies, semi-gloss finishes are about
half way between full gloss and. flat- paints. It is
well recognized that being neither gloss nor flat, this

type of paint should be formulated so that conditions ,

during manufacture can be - controlled to avoid ten-
dency either. to-high gloss or flamess. Thus the fol-
lowing conditions are-recognized: .

1. A combination of prime pigment and extender
for the selected vehicle must be so chosen as
not fo present a .very narrow range of pvc at
which the low lustre or semi-gloss can be pro-
duced.

2. The amount of grinding must -usually be kept "
© below that required for highest degree of dis- ,

persion,

3. A highly-flatting type geuerally must not con-

- stitute the entire coatent of extender,
4, Special types of extenders easily dispersed and
conducive to high gloss are usually avoided.
5. A formiilation-which-urider- variation in manu-
facturing conditions. will vary toward too much
joss. is. preferable to-one varving 1 =

s-preferable-to-one-varying toward flat-
ess since the lowering of gloss is a simpler
On account of the intermedis
lus mposite- titani
and Trranox-C-50-are pr 0 St
dioxide-and-extender.- Foufficie iing i3
. - Trranex-RCHT "usually to t th

sclected extender to achieve
Added extenider need not bé

needed, this pigment will always leave room for it}
Vehicles are ‘of “the. varnish. 't
cessed varnish or a blend of resin sc

olution an
drying oils. Their hardiess gher th
flat wall paint vehicles becau
tent so that aw:numnf .may

i

‘H\

ing agents such as water solutions of alkalis, soaps,
etc., and excess quantities of aluminum stearate. In
many cases, however, aluminum stearate must be in-
cluded to aid package stability inasmuch as the non-
volatile content of the vehicle may run below 45%.
Similarly other suspending agents such as Bentone 34
must not be added in excessive amounts that promote

Many of the principles of vehicle formulation for

=, flat wall paints are applicable to semi-gloss paints

which present similar requirements for application and
film properties with, of course, the exception of- gloss.

The trend to satiny sheen in some modern flat wall
paints in which exceptional cleanability. accompanies
high sheen, simply may require a reduction of pigment
volume concentration for conversion to semi-gloss.

In the following formula, gloss is. dependent upon
pvc of the combination of TrraNox-RCHT and pre-
cipitated calcium carbonate extender, The vehicle is a
well bodied combination of dehydrated castor and lin-
seed oils, leaded (viscosity V at 71% non-volatile).
A tung-linseed oil may also be used or straight linseed,
of course, at much higher viscosity. The resin content
mm.m__na.w:& by a dispersion of ester gum in mineral
spirits.

OreowesiNous Sem1-Gross

For 100 gallons of Paint

Aluminum stearate’ (high acid)....... 35
Bodied dehydrated castor-linseed oil

(40:60:50 mineral spirits) ......... 34.4 Gallons
Ester gum cut (60% non-vol.) ....... 109 “

Pigment—56.6% Vehicle—43.4%
PVC—485% Nou-volatile vehicle—45%
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an alkyd type semi-glos
solutions of the soya maoc y m.—:._ a body Snw_-
lator. Trranox-C-50 furnishes high hiding so ».__m: only
a small amount of flatting extender ?E.m:‘nwﬂ,uﬂ siti-
cate) is required to reduce gloss: to the semi-gloss

range.. At 40% pvc of this pigmentation, a flatting

extender of irregular particle m_.,w_z“ is ‘._...ae:_”ng. of
course, to counteract the m:o:.m prgment a_mco._.m_ﬁ ac-
tion of the alkyd. Zinc oxide is employed for improve-
ment of color retention. It must be _,nmzoa_unqaa Eozmw
that alkyds compatible with zinc oxide must be use
when this pigment is included. . 3

It should be borne it mind that highly flatting M:,_.
ceous and abrasive extenders are often best added uﬁ_":
the prime pigment has been m_.o:_:_. .:E.ma extenders
are often added to the final paint under agitation to re-
duce gloss.

ALkyp SEMI-GLOSS

For 100 gallovs of Paint

Tiranox-C-50 ......c...oov0s e 540 Pounds
Zinc oxide' ... .. iiin. s ww ‘
Tale? e s

Glyptal 2466° ... ... ......cooviiiiin 37 Gallons
Glyptal 2464% ... ... 14,5 )
Body Regufator® ............... ... W o
“Thinters and driers........coovvunn.. 27,
Pigment—>50% Vehicle—509% .
mv_/wﬁm_&aﬁ ’ Non-volatile vehicle—45%

1 {ow reactivity zinc oxide.

2 Ashestine X, - others may be used, g_i.nénq.

3 Other equivalent alkyds may be used. )

4 Falkovar VR-10 was used, but equivalent agents are applicable.
In formulations of this type added extender may be

deleted while pvc is raised to about 50%, but care %:“m»

he exercised not to increase pve so maich as to rob the

pigment of binder. Elimination of added -extender and.
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~TirANox-RCHTX

increase of pve may not be feasible where the alkyd
semi-gloss is to be applied over relatively porous sur-
faces. Excessive amounts.of thinner may be required
for proper consistency (thus resulting in decreased
solids and increased penetration). With highly poly-
merized alkyds specially designed not only for finishes
other than full gloss enamels but also to reduce pene-
tration it is usually safer to maintain a relatively low
pve—say 38 to 40—while securing gloss reduction
through minimum of flatting extender. A formulation
illustrating this principle and also providing excep-
tionally high hiding power follows :

ALKYD SEMI-GLOSS
For 100 gallons of Paint
Tiranox-C-50

...................... 390  Pounds
Treanox-RA .., . ... . . .. e 155 “
Diatomaceous silica ...... ... ... . 35 “
Special alkyd solution® ..., . .. . 54 Gallons
Thinners and driers....... .. . " 26 “

PVC about 399,

! Such as Syntex 70, Jones-Dahney Co.

In a formulation of this type, hiding power may be
lowered by replaging  Titanox-C-50 by Tiranox-
xﬁ.:ﬁ by climinating the “pure” oxide, of course,
while maintaining prime pigment volume constant,

For tint base semi-glosses, \?;sz-x@I.ﬁ and of
course, casicst dispersing TiTANOX-RCHTX, exert
higher tinting Streagth than mixtures of rutile *pire”
1102 and cxtenders that require so much extender as
to crowd the TiQ, particles, lower their strength and
degrade tone of tint.

Iﬁ.amma: example of a pigmentation with TitaNOX-
RCHTX: :

ALKYD SEMI-GLoss TINT Basgk

For abont 89.5 gallons of Paint

.................. 400 Pounds
Whiting (5 micron type)............. 75 “
Zinc oxide ... 0T 10 ¢
Aluminum stearate ... .. .. " 25 ¢
Alkyd flat liquid (40% N.Vy......... 36 Gallons
Long oil alkyd (70% NV ... .. 25 “
Total Thinners, driers, anti-skinni g
aent L 10 “

NLI 121365.
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Gloss Finishes

! Gloss Paints and Painters” IZnamels i - acids n 2
».ln Initerior gloss finishes have been classified into gloss h. - T U merized oil itself. Thus i ¢
© paints, painters’ cnamels and cnamels. The first two proportion of high acid unbodicc
- are idered one group. This seemingly nies a high acid Z-5 bodied linseed oil.
L unn division is a result of the difference in
. app nd quality requircments. o i ,
. . . , DLEORESINOUS (GLOSS
X Gloss ts and painters’ enamels are designed for n. ’ : iLoss PAINT
. quick & asy application in orie_coat over varying Far 100 gallons of Paint
ref surfaces, somctimes necessitating heavy coats. X .
N.-... As wared with. full enamcls, pigment volume. is Titanox-RCHTX ......... e 395  Pounds
mo , Eﬂ%.m? vp.% ‘_m.‘z.m,:w:e Kigher and  somewhat thixo- Precipitated Whiting ... o ovvorennn.. 105
! tropic, while levelling and flow are usually less. L.
PN . L . . . ! Natural whiting .............. 1105
The attainment. of hiding power is no problem in 0"!1‘“ .......
—-— igmenting .glass paints and painters’ cnamels with . — . . .
wﬂm4>25x W%ﬁﬁﬁr Heat bodied linseed oil (Visc. Z-5)....  19.9 Gallons
’ . Grinders' 1i i H . .
Gloss and its retention are secured through well ~. § ._:manz oil (acid No. 9-12)... 6.0 ‘
-— known principles which involve: Limed rosin (101t cut).............. 362 ¢
1. Sufficient mixing and grinding. Minera Pspirits oo i -133 ¢
2. High dispersive - action of vehicle especially 6% Cabalt drier..................... 02 ¢
resin. Qils must usually have polymeric struc- N.txu. Lead drier............. “
o, DlsmmEEm o0 0.6
3. Compatibility of vehicle componcents so that a :..w,_:wa_mﬂw low cost gloss paint having desirable work-
aloss reducer will not separate or vehicle lose & and fillm qualities for this type of product.
- lisperstoe act h,__o. precipitated whiting is of the fine particle size
4. Avoidance of coarse cxtenders, also feactive Ew .».:_E., oil mvmﬁ_.c:c: type. Similarly the natural
- pigments that may form soap films. n U Mfmozm_mwn 15 c.a_ A“,_m __..m:a& oil absorption and finest parti-
‘ . bt - ¢ avaitlable n iti :
5. Avoidance of agents which may cause mmdue tender contributes “o:Wn"MhMMwa:w_”:nm__:.wr_m Q%n of €x-
@onn:_uzo: of ..Em_.sm.:r such as aqueous solu- ; as well as to increased consistency ng and sagging
i tiiis for bedying, or appreciable amounts of - B R 4 :
any gloss rteducer such as insoluble soaps, by replacing the high oil absorption precipitat
; whit ith nz B : ! pitated
alut arate for example. ting with natural whiting and increasing the pro-
portion of Tiranox-RCHTX e pro
The con nd flow of gloss paints and paint- ) is 510 g so that the pigmentation
- b : o is 510 pounds Trtanox-RCHTX and 95 pound
....... t the most interesting and difficult 3 hiti P . N _pounds natural
o g : whiting, hiding will be increased, consist
probile snilator. The difficalty arises and flow increased, permitting the sistency reduced
4; . the fa ds of reducing flow especiatly in fied as a E:;E.%.MSEM_ Emmoﬂﬂﬂoacnn__o be classi-
14 i fil : ng : SAgEin y 4 . B etter’ color retention
the filin 1o prevent: ruining and: sagging may 1lso tend - and less flow the 10 pound limed rosin cut may be re-
)

to seduce gloss. .m_anﬁ_ with a ten pound low acid ester gum cut. In
or

Agents which set up a structure in the film to mulations of this type, still higher hiding may natu-

prevent its flow after the brushing force has heen rally be obtairied by using TiTAN0x-C-50 without
9 removed are employed such as soya lecithin and ¢©Xx- added extetider at total pvc of about 40% at about 6
tremely highly polymerized oils such as “body varnish. pounds of pigment per gallon of painters’ cnamel

NLI 121366




Architectural Enamels

The requirements of sharpest gloss at high hiding
especially for the highest. grade of white enamel suit-
able for the most -exacting use on- architectural in-
terjors has generally imposed the condition of low pve.
For this reason, “pure” titanium dioxide is the ac-
cepted type of pigment. Qther familiar requirements—
quick drying, easy brushing,. gloss retention, color,

" color retention, cleanability and repaintability impose

conditions largely met by the vehicle. Of course, the
pigament must be highly dispersible and possess low
oil or vehicle requirement to assure smoothness of film
and resulting high gloss.

Prior 1o the advent of alkyd: resins,-best -color and
color retention was secured through the use of selected
dammar gum dispersed in thinner, but all other prop-
ertics were infcrior to those obtainable with varnishes
specially formulated for these enamels. Such varnishes

utilize resins having svitable durability, color and color -

retention effects (usually avoiding the phenolic types
and limed rosin), and combination of oils providing
good durability,

There follows an oleoresinous enariel having high
hiding as a result of an economical pigmentation with

- Tiranox-C-50.

WHite ArcHITECTURAL ENAMEL (Olco-resinous)
For 100 gallons of Fnamel

Triranox-C-50 ,.........ccoo..... “... 400 Pounds

25 gallon dehydrated castor oil (2)—
linseed oil (1)-—ester gum varnish
having viscosity of G-H (Gardner-
Holdt) at 60% non-volatile........: 74  Gallons

Highly leaded . dehydrated castor oil
having viscosity greater than Z-6
(Gardner-Holdt)) at 65.8% non-

volatile ... v i 0.3
Mineral spirits ..........0.. ..., ... 109
0% Cobalt naphthenate .............. 0.4
249% Lead naphthehate .,............. 0.7
PVC—26%

TITANOX-RA-45 for Maximum Gloss,
Whiteness, Hiding

In alkyd - enamels, ready attainment of sufficient
gloss, hiding, whitcness, color retention and package
m:.:u::z is assured through usc of TiTaNOX-RA,
Titavox-A-168-1.0O, Trirawox-C-50 and TiTaNox-
RCHTX or combinations of these pigments, with al-
kyds recommended for the purpose, usually medium to
long soya modified types. A preference for ‘‘pure”
titanium dioxide exists though, at the low level of

pigment content (2-4 1h. TiO; per gallon) in view of

high hiding at low pigmentation. The chart on page
224 presents an cxample of the difference in hiding in
an alkyd vehicle (60% solids) between rutile titanium
dioxide (Titanox-RA), anatase ‘titanium dioxide
(Titanox-A-168-1.0), Titanox-C-30 and TitAanox-
RCHT.

Because of exceptional ease of dispersion to. a high
degree to yield high gloss and maximum opacity at
low pignient volume concentration, plus high bright-
ness and adaptability to bluer whites, Titanox~-RA-45
is first choice,

The high hiding of TitaNoX-RA-45 is indicated in
the chart en page 225.

When the extra opacity of Titanox-RA-45 is not of
paramount interest, and other qualities dominate, such
as suitability for use indoors plus greater resistance
to the weather, if used outdoors, TitaNox-RA-NC
may be preferred. )

In a white alkyd cnamel which is not blued to tone
whiteness, rare in practice, TitaNox-RA produces a
yellower white than Titanox-A-168-LO (rutile ver-
sus anatase), but generally the rutile pigment reduces
the degree of after-yellowing. The lesser change in
color index (relative yellowness) as determined from
reflection values (Hunter) taken on a number of
white alkyd enamels before and after exposure to dif-
fused light for six months is shown, for example, in
the following table:
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of length of oil modification with soya are generally

[xasprre, oF WHITENESS ETE Tl
) 4 I superior to o leoresinou s varnishes. However, because
or ALKYD ENAMELS - alkyd resins are by nature generally viscous an d .
\ :amumﬁﬂ, to Q g = “ “sticky they not only must be increased in oil content as _
Initiol Pmﬁ.&%wé 4. - far as possible but also with added oils or other agents.
e . - SR The reason for .._:m is to secure improved brushability o
& .,  hrous h reducing: the “pull™ which exists on brushing N
S oy ; v . a straight alkyd. -
X . Vigment Bri dndes  Bricfndex Index n.'wcl.d..”.u To reduce further the after-yellowing of some alkyd h
Frranon-A-168-LO mmw.m 25 83.3 m..m 6.3 m i \ combinations the superior “non-yellowing” dammar m
‘?ﬁ\,zuoxmww} 98 44 895 90 45 R gum may be utilized. But consideration must be given .p
W 2T . B to the type of alkyd, compatibility of the resins, solvent 4
3 Green A properties of the thinners and such properties as film ﬂ
£ With the exception of Tiranox-RA-10, all of the 0&!‘...!!'. U flexibility and” washability. The optimum proportion. of i
.Hm_gzﬂwx, ..w>m pigments _n_ngma the cum.:.._, z_m._n_cim“:m . dammar gum to be added must be determined. Some )
- . m:nwm_ﬁ_”mo_” %Mmm mewwmﬁﬂwmww_ %“MEFMM‘ _ﬁ”m Mzcc_qmﬁ m.,T o -+ formulators consider about 10% of the resin as dam-
cluding -atkyds, : B mar to be about the maximum that may be used with a
After-yellowing is more pronounced with resins : medium oil alkyd, :
- having greater oil modification. Thus, in change of . It must be remembered though, that it is possible to
color index. between short and long soya béan oil . modify alkyd resins during their manufacture to be
modified: alkyds. in whitc enamels, the ?:oé.:.i. aver- entirely suitable for brushing enamels without recourse
age was found in an extended series of tésts: o ! L .
' ) to additives in the enamel. The compatibility of
Soya Ch .:.2: TitaNoX pigments with any type of synthetic resin i
o . Tudex : particularly valvable in utilizing new and improved
aaaaa fication (Increase-yellowing) , . .
N : resins, For example, styrene-alkyd resins appear
- - Short ..., et 25 . present excellent film properties including color re-
: M 9: .......... AR 3.2 tentic 1, in add , pigment dispersive properties
L] Long .o, 6.2 . ™ so that if desired, Tiranox-RCHTX or TITANOX- C-50°
i or extension of the alkyd may may he used at high pigment volume. ) :
m or impro hiteness retention. Ester gum, In the neighborhood of 20% pve, a range of pigment
oty rosiils aud the like ar enolics generally will cause : composition is: 92-98% Titanox “RA” pigment anc i
2-8% zinc oxide, Generally a fine particle size French
¢ it Aienicec sy the amoutit of - —-2 process zine oxide is most effective.
— ess of those needed mm:.. n ¥ B For enamels having less- than full gloss, TITANOX-
) : rastic C-50 at higher pve is admirably suitable to yield botli
" high hiding and pleasing lustre usually ::m:um:mw:o
g with rutile “pure” titanium dioxide and available ex-

tenders at the same cost,

There follows a formula which exemplifies the bal-
ancing of components to secure a combination of high
gloss, high hiding, whiteness and colot reterition com-
9 _ , patible with brushability and sag-resistance
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WHITE ARCHITECTURAL ENAMEL-—ALKYD
['or 100 gallons of Paint

Trranox-RA or Titanox-RA45 |, ..
Zing oxide*

350 -Pounds
el 265 ¢

“Glyptal” 2466 or cquivalent .......... 34.3 Gallons -
“Glyptal” 2464 or cquivalent ..........

263 ¢
“P" bodied soya bean oil............. o«
Mineral spirits «oo.vovevernres o 178 ¢
6% Cobalt maphthenate .............. 04 ¢

24% l.ead naphthenate ............... 03

* Low reactivity zinc oxide.
Pigment--35.8%
PVC—20.0%

Vehicle—64.2%
Non-volatile vehicle-—55.0%

Water Reducible Gloss Paints

The transformation of a water thinned flat paint to
a water thinwed gloss paint is'made in accordance with
" the principles discussed for interior finishes generally,
This' means that pvc is lowered, non-volatile content
of vehicle increased, and gloss reducing extender clim-
inated, .

Latices that have small globule size would scem to
be particularly adaptable to the developmernit of latex
gloss finishes.

Because the Trranox “C” pigments readily produce
pleasing sheen and gloss, thicy hold the greatest prom-
ise for developnrent of latex arclitectural finistes hav-
ing- pleasing ustre: as-contrasted to dull- flatiess,

Titanox-RCHTX or Titanox-C-50 as sole white
pignent aath lafices, yield high sheen and gloss de-
pending upon pigment volume concentration.

Simply” by eliminating the usc of added extenders
(which are superfluous in any gloss finish employing
these “C” pigments), gloss is readily attainable in
latex systems. Of course, the latex vehicle systemy
miust be a stable one. :

Thus, Trranox-RCHTX and Trranox-C-50 should
bring to fatex gloss finishes, the economy and high
quality with which they arc associated in latex flats.
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Construction of a Test Panel
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Newest Construction of Test Panel

Panel Pacts
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HOUSE PAINTS--EXTERIOR

- White

HE outstanding quality demanded of white paints

for the exterior of houses is uniform whiteness,
initinlly and as long’ as repainting can be deferred,
This does not mean this type of paint should not be
durable, for any marked deficiency of the film will
reduce 'uniform whiténess or hasten the need for re-
painting.

Effective whiteness of the paint — its appearance
when observed .on the-house, is of course a result of
the whitening power of the pigment assured through
high .opacity. Recognition of this fact resulted in
ifameédiate interest in titanium pigments for white
house paints as soon as these pigments were Emaa
available to the paint-industry. Retention of effective
whiteness during weathering of the paint depends
upon:

1. Freedom from excessive accumulation of dirt
and other unsightly sobstances such as Smswﬂ.oa
the. filia during the period after complete drying
untit the-effects of weathering set in.

2, ‘Wear of the paint film. through gradual uniform

3. Retention-of whiteness of the pigment-itself as a

ésult 6F ifs resistance fo sunlight, gases in the
atm ere such as hydrogen sulfide and other
agents that'might be encountered.

4. Fiecedom from defects in the film such as checks

and-cracks- conducive to loss of adherence, pro-
tection-and- effective whiteness.

S, m.mw_mgnn to the solvent action of water through
freedom from excess- quantities of substances
appreciably soliible in water.

6. Freedom from “erosion” that is the rapid dis-
appearance of the filmy from the substrate as a
result of heavy chalking, washing, or reaction of

Pigment and Vehicle

Through balanced pigmentation—(1) titanium pig-
ment for whiteness, whiteness retention, hiding and
chalking, (2) white lead for building the film through
reaction with linseed oil and also promotion of adher-
ence, (3) zinc oxide for promotion of initial hardness
and contribution to washing effect and (4) extender
to promote reduction of cracking after long expos-
ure — at pigment volume concentration (pvc) of 28%-
33% in linseed oil, the qualities demanded in these
paints have been achieved. The range of proportions
of the components of the pigmentation has run.about ;

10-20% Titanium dioxide

20-41% White lead

20-30% Zine oxide

15-47% Extender

Prior to World War II, the vehicle of these paints
consisted on the average of 85-%0% linseed oil, the
remainder thinner and drier, Of this oil, often 10%
to 17% was bodied, the remainder raw or refined lin-
seed oil. The familiar oil conservation program during
the war, however, led to higher content of bodied lin-
seed oil as a result of increased content of thinner.
Such vehicles will run equal parts of bodied linseed
(min, Z-2), vaw or refined linseed and mineral spirits
plus drier—the total oil content of the vehicle by
weight running 65%-75%. Increased thinner content
of the paint has resulted in higher pigment volume
concentration, so that instead of the average of 28%-
30% prevalent before the war, values as high as 35%
may be found in titanium-lead-zinc-extender paints,
Soya bean oil is also widely used. In our experience
thus far, durability is maintained while drying is satis-
factory where the total amount of soya bean oil does
not exceed 30% of the total oil content, Other bodied
oils, especially dehydrated castor oil may be used
successfully as the bodied oil portion of the vehicle.
The quality of exterior paints containing the higher

content of thinner as a result of the newer type of
vehicle is generally superior to that associated with
the pre-war vehicle. This’ result is not at all sur-
prising, for in the testing experience of Titanjum Pig-
ment Corporation, bodied oil vehicles have proven
satisfactory. in properly formulated exterior house
paints in a test program spanning more than twenty-
five years,
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Freedom from unsightly ¢ tion of dift 4 de~
pendent -uporr the cnm?r ol n:..zc:m of the paint is
governed by om air-borne: particles-and
the climate where -The-ability-of
the paint film o~ M: depends largely upon
three factors.” In. 4l 1ed m: oil.- vehicle of
white house pail ;

1. Kind and amg itaniam v_ﬂnﬁmﬂ
2. Kind and Edo:a ‘of-lead and zinc pignients
C.ﬁ,nrf.. pignmients),

The chalking
fast  chalking  pig

dioxides: { ]
H~e>zox-> EO
Trranox-A-168

regulating the

gments are “non-chalkdyg”

rutile titanium dioxide TiTANox-RA-NC and rutile-
calcium pigment TrraNox-RC,

As would be expected, generally, a shorter time is
required . for the paint to- chalk sufficiently for dirt
removal or “clean-up” by the use of the chalking
type of pigment, and this is prolonged by the slower
chalking types. However, as the percentage of titanium
dioxide is increased, the time for “clean-up” to take
place is shortened. - As a result, at high titanium

_ dioxide content, a more chalk-resistant type of titanium

dioxide may be used.. A classic example of these
effects is depicted in Figure VII,

Slower chalking rutile pigments
supplemented by chalking anatase

But even at high titanium dioxide or titanium pig-
ment content, the slower or delayed-chalking rutile
pigments may under some. exposure. conditions retard
chalking too much. and interfere with dirt removal,
Extensive weathering tests indicate that the rutile
pigment should be used along with a proportion of
anatase Q.&:c:m pigment for suitable rate of chalking

and “clean-up”. A typical comparison taken from many
weathering tests revealed that a paint - containing
TrraNox-RA at 20% of a typical titanium-lead-zinc-
extender pigmentation did not begin to chalk until
after eight months of exposure during which time the
film was dirty although after three years it had
cleaned up. However, with TitaANox-RA at 10% plus
Titanox-A MO at 10% the film started to chalk
after three months exposure and presented a clean
white film at six months, with excellent appearance
after three years. These exposures were at Sayville,
N. Y. vertical south,

The slower chalking is the rutile. pigment, the larger
the amount of chalking type anatase TitANox-A MO
that should be used with it. Although some formu-
lators prefer to use the slowest . chalking pigments
Titanox-RA-50, H:\,zox,g-Zn or TiraNox-RC
by adding a _w:«a proportion of TitaNox-A-MQO, the
use of the “non-chalking” pigments may not he safe
for paints exposed: in heavily contaminated atmos-

‘pheres. Greater asurance of securing a clean white

paint on weathering lies in combinations of TrraNox-
A MO with Trranox-RCHT or with Tiranox-RA.

243
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. An example of reduction in dirt collection through
Fioure. VIT ! the use of Titanox-A MQ (chalking type anatase
TiO,) plus Trranox-RCHT is shown in Table VII.

ﬁr “ Tasie VII .
. Exposed Vertical South Dirt Collection®

Pigment Months 4 8 12 16 20

50% Titanox-RCHT )| g
50% Leaded Zinc (35%) § VS VS VS VS VS

359% TitaNox-RCHT
‘ " 5% Titanox-A MO VS VS V§ — —

i
PES

o~ ~

10% Extender
50% Leaded Zinc (35%)
* S—Slight
V—Very

~
FSs
I T R 6 7 o SL I

N E—‘

In any case experience from extensive and prolonged
testing indicates certain limits for pairing up each
rutile type of TiTaANoX with TiraNox-A MO to retain
desirable “clean-up”, These limits—presented to serve
only as guides to the optimum ratio between these
pigments—are given in Table VIII,

20

T~ SLOW CHALKING TYPE

TRt CHALKING TY
LY

\f

TasLe VIII

Pairings of TITANOX-A MO and TITANOX
rutile pigments in white house paints

Q\.:.u total ..H..::ovn
titanium psgment
portion, % by weight

TitaNox-RA-NC .................. not more than 25
nxlll.llu TrraNox-A MO ................... not less than75
TrTANOX-RA-50 oo, .vvrvrvnnn i not more than 25
Trranox-A MO ...........c.0eee e not less than 75
TreaNox-RA ....ooovivini ., not more than 50
TrraNox-A MO ...l not less than 50
Trranox-C-50 (50% TiOs) ......... not more than 67
TrraNox-A MO ... ...ovvvuinnnn... not less than33
TrraNox-RCHT (30% TiO,) ....... not more than 87
TitaNox-A MO ................... not less than 13

PERCENT TITANOX-A

!
—]
~——— | —SEMI CHALKING TYPE
T ———— : |

T e s v o

15

e e s e iy

10

A N
N
\

o P o e o & o o
= © 5 - b ) -

| HINOS WOIINIA - SHINOW.
237/ SEM200 SO-NVaTY HOIHM IV WL “
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As an example of a pigmentation guided by Table
VII, consider a white house paint containing 65% v
pigment by weight consisting of 20% titanium -dioxide; .
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0% lead and zine pignients ‘and -30%: extender, - I

tioxide” conterit might Hhe made
% TiraNoX-RA-NC the re- -
O, s0 that the pigment 0

this case the
up of an
mainder b

L

15%. Tiranox=A-MO, 5% Trranox-RA-NC,
50%. lead and: zie pigments, 30% extender.

extender promotes a gradual rafe of ¢
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parallels delay in chalking and increase in dirt collec-
tion. As a result white paints before the advent of
rutile had largely to be formulated with chalking type
anatase pigment,

Pigmentation, of course, was balanced to prevent
early checking and resultant cracking to maintain good
repaintability while titanium pigmentations were much
superior generally to non-titanium pigmentations.

Rutile Pigments Improve Durability

The principle of delayed checking through- increased
titanium content still holds but it is now supplemented
by one of greater importance, namely that rutile type
pigments in balanced formulation retard checking and
cracking to a greater extent than do. anatase’ pig-
ments. Many tests indicate that rutile pigments ac-
tually prevent these failures within the useful life of
the paint and it is felt that TirANox rutile pigments

account for the greatest single improvement in the

durability of house paints.

Some of the earliest comparisons involved simply
the rutile-calcium pigment Tiranox-RCHT as the
rutile pigment. Inasmuch as TitANox-RCHT carrics
its own excellent extender, no additional extender was
added but simply lead and zinc pigments. A classic
example of the prevention of checking and cracking
by this type of pigmentation is shown in Figure VIII
in which the usual combinations of anatase titanium
dioxide-lead-zinc-extender as well as 100% rcactive
pigment are compared with the rutile pigmentation.

,” ’

A Greater Benefit Accompanies “’Clean-up”

Extensive testing over the past ten years indicates
that checking and cracking are still ‘delayed or pre-
vented when anatase chalking pigment is used along
with rutile. This greater benefit accompanies the de-
sirable chalking rate and "clean-up” secured through
anatase-rutile pigment combinations, An. example of
delay in checking as dependent upon the chalking re-
sistance of the pigment and the use of rutile titanium
dioxide is shown in Table I1X for an exposure’period
of three years vertical south at Sayville, N, Y. This
is one example of many that illustrate improved dura-
bility plus appearance through propetly balanced pig-
mentation, which means not only proper ratio of
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Ficure VIII : anatase to rutile but also reactive pigment content too,

These reactive pigments—the other prime pigments
—white lead and zinc oxide aré usually not allowed to

—— t . - ~ b o o i -
ﬁ! .U comprise more than 60% of the total Emd_n:ﬁ:w?
— . In lead free paints, the optimum amount of zinc oxide

t

is about three pounds per gallon of paint or between
30% to 40% of the total pigmentation. Inasmuch as
all paint qualities are related, these proportions are the

ﬂ .Y optimum for securing cleanliness plus durability.
. i)
Hiding Power
Increasing titanium dioxide content of white éx-
) / -
-
%
<
K-
[ 3

e~ -

terior house paints is naturally a result of the desire
for greater effective whiteness secured through high-
nlll..lll.uu er hiding power,

L EHTYIN T - Y i

The transformation of chalking, aé secured through
balanced formulation, into a merit rather than a defect
has also stimulated increase in the titanium pigment

1 B
I

content of these paints. Today it is not unusual for i

C - CONSIDERABLE
(1) CHECKING AND CRACKING

$ = SLIGHT -

V.- VERY
TITANOX RCHT-PbZn

the total pigment portion of the paint to contain 20% "
or more by weight of titanium pigment expressed as B
titanium dioxide. -

The outstanding quality of rutile type pigment—its
higher hiding power than that of anatase—i¢ of course -
evident in white house paints, But the increase in
hiding of the paint accompanying increase in titanium
dioxide content is probably more notable. Figure IX
depicts an example of these increases caused by re-

. placing- extender in the base formula 10% titanium
ﬂ . U dioxide, 40% white lead and 25% magnesium silicate
at 29%. pve. The point (X) in Figure IX locates the

hiding power of the pigmentation :

50% Trranox-RCHT (rutile-calcium, 309% TiOs)
50% Leaded Zinc (35%)

YEARS OF EXPOSURE

at 29% pve. The hiding power of this pigmentation

- | iy ;
— /@e @9  being higher than that of 15% TrraNox-RA (rutile
“pure” TiOy) gives a clue to the higher hiding effi-

/ST
‘ :\_Ev
. : Iy %o, ciency of TitaNox-RCHT (30% TiOs rutile-calcium
M 0 pigment). This high hiding per pound of Trranox-
. RCHT accommodates the addition of chalking type

- anatase pigment without an appreciable sacrifice in
nit e hiding power of the paint. Where highest hiding per

e o .s dollar of pigment is important, the coalesced. compasite
i

s . ~ Trranox pigments should be considered especially as
(0 3TV W © they also provide an excellent extender, But in any : S—

248 249 | yL1 121380

ot




Freuxe IX

-4
) |
L .
F @ 0w F 3 - > b
_ B ow ow F O ,
§ 5% § 3§ | |
g B BB . : .
. [ Bhy " :
( b= w? 8P 4 - ._x
u Y L , :.
= £8P0 g £
a A HEL & o o m ¢
\r m m n..m Mm : / o2 w
K AR N O I R Rs A
£, Bg ik C—/— 2 g
— pM Mww‘w - -l . 5 ?
A ¥ eahn a .0..
T o™ Wm«.._h o ﬂ
- 178 s g | o\ S
£ 40 cne @ o o g 3\ \*
= S&OEECE o 1 3 < g
g g ggd ¢ ot iiob ot z 2\ N4 £
IR B p 2\ \2 z
£3 g i Pioi i 3 AR X
24 38 P e ® : nv,* o 8
R —~ s " v~ o~
- Y 8x® ENCINCEN 10 ﬁl«.. 32 % 2 =
N Smg fYvg 5§ Segg e @ 1“ =
- 3% 7% g4% 8 9% 8¢ 33 % 2
| Eox g W% P < 2 | 25388 E
" g 2 Ens E g ek O.m Xe
- ) b Ms Mkmmﬂm Mn.mom
WM tm,ﬂ B “W.mm.m v ’ Mmmmw s w
e A% E o 45 8s —3 WRRR -
8 ¢ SEESEEEE =3 | §232b /
37 siiagtg : |
: { -
i s mAMmm <% <R . 3
N EIEEEEREE &&= " =
. SERHE R BB R g 8 8 g -] :
o S ERE R OSRER LIKM ONY ¥OVIE H3AO OLLVY =
SRR & 52 %% B - ISV4iNOD AT %986 804 LNIVJ THLVIOA-NON NLT 121381 B
250 | a%:aﬁ:eummmw«:ﬁ;z SNIM AYQ



L U

Tq

E

|

L
Tiyg

-9

anal

A MO is thé sole titanivm pigment, in terms of hiding
power, TiTaNoX-RCHT may replacé TrraNox-A MO
in the ratio of two pounds of the composite pigment
to one of the oxide. The proportions of these pig-
ments mentioned in Table VIII page 245 should be
kept in mind where dirt collection is a factor.

Reduction of Reactive Pigment Content—
“Fume-Proof” Painis
Rutile pigments especially TrraNox-RCHT are par-

, ticularly valuable in achieving high hiding where it

is felt that the proportion of reactive pigment should
be reduced to make room for the extra hiding of
titanium pigment. In reducing white lead content a
lead pigment having low specific gravity such as
"ONCOR” hasic silicate white lead 45X—100 pounds
of which is equivalent to 161 pounds of basic lead
sulfate or 169 pounds basic carbonate white lead—is
usually preferred.

A classic example of the increase in hiding afforded
by higher titavium dioxide content as a result of re-
placement of reactive pigments is depicted in Figure
X. . .

The attainment of exceptionally high hiding plus
increased durability is facilitated in this type of paint
through the use of rutile type pigments, For example,
in a "fume-proof” paint containing only zin¢ oxide as
the reactive pigment, hiding power of 440 square feet
per gallon {(98% contrast ratio of dried film over black
and- white) ‘was obtained with a combination of 2.13

‘ HT plus-2:57 1b. Trranox-A MO per
gallo The

Z it of . anatase: TrraNox-A

wis 377 pounids per gallon of paint.

Extensive exposures have revealed that high titanium
dioxide content- markedly “improves the durability of
“fume-proof” paints. A-striking: example-is: shown in
Table X.

O as the sole. titanium pigment-to yield this hiding

———

= — — e — —
- - - - - - - - - - >
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Tasre X

‘Effect of Titanium Dioxide Content on Durability

“Fume-Proof” Paint

After Five Years Exposure, Vertical South,
Saywville, N, V.

Pigment . Condition of Panel
15% Titanium Dioxide 1\ Evidence of erosion of
35% Zinc Oxide film; checking and cracking
50% Extender Wimmzﬁ

uca\a.n:waza_umoxioZo&m:onmﬂommgon
35% Zinc Oxide checking and cracking
35% Extender

The use of rutile pigment as part of the titanium
dioxide content at its high level in these paints not
only increases hiding power but further delays check-
ing and cracking.

Titanium Pigment as Sole Pigment

The “fume-proof” white paint has been needed

where industrial and other fumes would discolor a
paint containing white lead. The poor durability of
early lead free paints has been overcome through
balanced pigmentation plus the use of bodied oil
vehicles. But the current titanjum-zinc paints still
stain from weathered building hardware,

The objective in making titanium pigment the 100%

white ‘hiding component is a high hiding white house

paint —.wizm lasting whiteness free from discoloration
and staining associated with the reactive pigments plus
good repaintability,

One of the first approaches to this end was to add
titanium or other metallic soaps or compounds to be
strongly adsorbed by the pigment to form a link with
the vehicle. Another, prior to the advent of modern
resins, was to add- short oil varnishes particularly
those compounded with tung oil,

In the soundly traditional linseed oil vehicles of white
house paints it is possible to use titanium pigment
alone. Such paints show extremely heavy dirt collec-
tion which cleans up after which the paint chalks and
erodes leaving bare wood after a few years.

253

NLI 121382

'y~Vz_,*.,_A:;?_4\j—1 !l,', -

N

~ 3




YN -

I 1 B

CONTENT OF SOME WHITE LINSEED OIL PAINTS

INCREASE IN HIDING POWER WITH INCREASE IN TITANOX-A Mo

(i1 3 ¥OV3E) %06 01ivE ISVHINGD
AT 04 NOTIVO W3d 1331 34VNOS

was realized t 1 titanium
w pigments U ts, a
Ve ' w w ¢ a
1 cquivalent th f the reactive
(V¢ N3]
¢ following appre t e forn
strictly titanium pigmented paint proved successful:
Development of a com on of res
other film-forimers which provided
ability, adhesion, hardness and durability.
Pigmentation with the right comb 1
rutile and anatase TITANOX pigmen ex
tender at suitable total pigment volum
(a) Whiteness and high hiding.
(b) Desirable rate of chalking and dirt rem
(c) Freedom from film defects such a: ck
after prolonged weathering
(d) Proper body for application an d for suffi-
cient film thickness to promote lon
and protection,
Inclusion of mildew preventive or developmen
of mildew-resistant vehicle.

y necessity research on’ house paints is a slow
ocess, The transfer to practice of any formula re-
ires that it be thoroughly tested under the many
ditions that type of paint will encounter in

service.
Utilizing the three principles mentioned above, excel-
t results have been obtained on pancl weatheri
ts and on houses by the following combination
1. Vehicle—65% non-volatile consisting of lon
alkyd resin, chlorinated paraffin and linsee
in the proportions respectively 35%, 25% an
40% by weigh

. Pigment—24% Tiranox-A-168, 76% Trra
RCHT at 33% pve or 25% Tita -168, 25%
Triranox-R 50% Extender a Yo pvc.

3. Mildew Preventive—Phenyl mercuric naphthen
ate, phenyl ric oleal
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Exrerion Write LATEX PAINT
. Polyvinyl Acetate Vehicle
For 100 gallons of Paint

TITANOX=A-T68" ... oo 50 Pounds
TITANOX-RA-NEC . viiiiiiviiinin, 200
Magnesium silicate ...l 115

Dispersing Agent. ...........

Vinyl copolymer (55% solids)........ 36 Gallons
Thickener (2% solids) .............. 18

Wetting; antifoam aud mildewicide,
Total oo ieniions I

Anti-freeze ...ovvveviriiasienreienan
Coalescig Agent .. oovvveenncrinn-s

Water «.ovvvervneeriiinnans e 29

TrLusTraTIVE FoRMULA

Exreriorn Wite Larex Pamnr
Acrylic Vehicle

For 100 gallons of Paint
TitANOX- A-168 o e

TiITaNoX-RA-NC ..o, 225
Magnesiuth silicate ................. 210

Acrylic Emulsioh (46% solids).......

Thickener (2% solids) ..o ... ...,

Wetting, anti-fodni and mildewicide,
Total (o i e

Anti-freeze ..o X
Coalescing Agent . ....oviii v,
Waater L vietin s crrri e

Ammonium _éa_‘oﬁgm (28%: solution) 01 ¢

v

-

(

|

0

v

‘ |
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Tint Bases

Characteristics

Brilliant or light tints, at high hiding power of the
paint, account for the use of titanium pigments in
tint base house paints. These effects maturally are
derived from the brightening power and high opacity
of titanium pigments. For a few years, fading due to
chalking accompanied these benefits, but with the in-
troduction of the first chalking resistant TirANox
pigment thirty-one years ago, high hiding tint bascs
were formulated to produce attractive colors initially
and affer weathering.

Of course, tinted house paints must not chalk to
the point where strong white pigment will mask and
thereby 'lighten the color. On the other hand, these
paints must possess some sclf-cleaning stimulated by
-uniformly slow chalking which results in a gradual
lightening of color after prolonged weathering, for
unlike hard enameled surfaces, house paints are not
subjected to cleaning and polishing.

zg.Qw&E:Q Pigment Applicable
The degree of chalking required in tint bases is not

. high enough to allow the use generally of chalking

pigments such as TiTANOX-A-MO; -A-CG: or -A-168.
When formulated according to the principles accepted
mo_‘i__:ocwm_:mAnxnnv:_ﬁ: E:.m:m:w‘:mm:noioiom

B titanium pigment is not necded, since hiding power is

mcreased by added tinting color through absorption)
the “non-chalking” pigments TitaN0x-RC or TItaNOX-
RA-NC produce highly acceptable tint bases.

) .Oo:?»&& to an early pigmentation of white lead,

zinc oxide and extender in common use before titan-
ium pigments were established, an example of reduc-
tion in fading due to chalking of high hiding tint
bases pigmented with TitaNox-RC and TITANOX.RA-
NC is shown in Figure XI. Somewhat better per-

- formance is indicated from this chart for Trranox-

RC in comparison with titanium dioxide plus extender
and this js generally true where fibrous magnesium
silicate or other high oil taking extender is used in
appreciable proportion with TitaNox-RA-NC.
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The calcium sulphate integral with Trranox-RC is
highly adaptable to house paint tint bases because of
low oil demand and uniformity in all properties. By
selecting TiTANOX-RC the amount of extender to be
added is often greatly reduced. In addition, proper
suspension, body and working qualities are readily
attainable. -

Inasmuch as relatively large amounts of extender

are often needed, these should have low oil absorption
or oil demand. Natural caleium carbonate and calcium
sulphate in this class are generally preferred,

- There is some evidence that better tint retention is
secured with zinc oxide as the sole reactive pigment,
the acicular type being preferred. Nevertheless, white
lead is often included to promote durability.

The amount .of reactive pigment, especially zinc
oxide must be high enough to provide initial film hard-
ness to resist collection of dirt and mildew and to
assist clean-up after chalking has started. Between
two and three pounds of zinc oxide per .gallon of
paint is the usual range, but if lower, a mildew pre-
ventive should be included.

Because titanium dioxide highly resistant to chalk-
ing-fading is often used in relatively low proportion
to avoid too much white opacity for darker colors,

total pigment volume concentration c¢an be raised to -

advantage. A house paint tint base represents a
strange balance of forces in that chalking althongh
undesirable - from the standpoint of lightening the
color is needed for clean-up and must be uniform
and slow. The tint base is actually a special case of a
white house paint in which titanium pigment having
high chalking resistance is diluted with extender to
lower its tinting strength. But pvc can run higher in
a tint base because of the higher chalking resistance
and lower proportion of titanium pigment. Higher
pvc is often needed to reduce gloss where a less glossy
colored paint is desired.

It must be remembered that tint bases can be more
durable than comparable white paints partially as a

¢ rtesult of chalking resistant titanium pigments. This

is particularly true of TiraNox-RC, for during miany
years of continuous testing, paints made with it are
remarkably resistant to checking and cracking.
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In general, in the same type of vehicle employed
in white house paints, pigmentations at 33-45% pvc
in tint bases range about as follows :

10-50% Tirawnox-RC
or
5-12% Titanox-RA-NC

0-30% White Lead

" (preferably basic silicate-45X)
20-40% Zinc Oxide (acicular)
10-70% Extender

Tint Bases — Titanium as Sole White Pigment

To make a2 house paint tint base with titahium as

paint’ cortaitis 30
nt-Base con-

and hiding desired—{for deeper tints 0.5:0.75 b, may

he suitable and for light ow.:mmmﬁn‘_ tints' as muich as
2.0 pounds peér gallon of paint,

Latex Tint Base House Paints

the use of titaninm
pigment as:sale whité hiding pigmont.” Chalking type
anatase pigmient is - excluded"while *non-chatking”
Trtanox-RA-NC ‘i ce;, although Trranex-
- RA-51 may alsa bé

ing  factar, it

bascs in our'e Ofrs dcly and

excessive fadi
ance and protection.

‘Also, pigment velime conceritration is maiutained
* fower in Jatex tint base than in latex white, and is
normally 30%:

The formulator should guard against excessively
high pigment volume concentration in latex tint base,
Here is an example of the influence of pigment volume
concentration on the fading (chalking) of a blue cx-
terior emulsion paint :

Months of Exposure

% PVC for start of chalking
30 . 30
55 11

Outstanding performance -has characterized properly
formulated latex tints.

As in regular tint bases, type of extender plays a
part in some cases. With acrylic latex, low oil absorp-
tion type natural whiting apparently contributes to
greater tint retention.

Here are some illustrative formulas for high hiding
latex exterior tint bases.

For 100 gallons of Paint

Polyvinyl Acctate Acrylic

TitaNox-RA-NC ........... Pounds 200 200
Magnesium Silicate .......... “ 80 —
Natural Whiting ............ i — 140
Dispersant’ ... ............. " 1.5 1.5

. Acrylic Emulsion (46% solids) Gallons — 64,5

Vinyl copolymer (55% salids) “ 41 —

Thickener (2% solufion) .... “ 182 128
Wetting Agent* ............ Gallon 1 0.9
Antifoam Agent® ,....... s “ 0.3 0.4
Preservative® (10% mercury) . “ 0.4 04
Anti-freeze ., ... ..., ...... Gallons 3 38
Coalescing Agent® ........... Gallon 1 1
Ammonium Hydroxide (28%) « — 0.1 .
Water o.oooiii Gallons 26 6

_D_.m.ca«mm:n Agent—TPotassium Tripolyphosphate,
2 %r..ora:ﬁ[ze:_oac_ 400 e

ropylene Glycol,
Thaw S —Ethylene Glycol.

? Coalese ng  Agent—Carbitol Acetate—Union Carbide Chern.
Co or equiv,
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. Characteristics

House Paint Prirners

Polymerized: oil
components” of v
their appearance-i
formulated fi
of houses.
paiut prisier

ify been used in -l
essentially” at the

reduced penetr:
suflicient hardy
plasticizing ¢
coats of primiee y
a resin. such.as ¢
Although ori

porous surfaces: such as
ider bloek and particu=

au-the fallowing order is typical of

40% pvc )

Lead ﬁllxll.l.....u-ﬂ..w

'25-40% -Rutile=calcium pigment or equivalent of ti- :
tanium dioxide plus extender

20-40% Extender

Vehicle : (Non-volatile)
55-60% raw

264

Because Tiranox-RC possesses such unusual dura-
bility its use in these primers is becoming more popular
despite the fact that the paint is not a finish coat
exposed to the weather. The reason for this is that
after the top coat starts weathering away, the prime

coat will maintain sound condition as a result of slow.

chalking and delay or prevention of checking and
cracking.

It imust be wnderstood, of cowrse, that primers piy-
mented westh rutile-calcivm pigments Trranox-RCHT,
Trranox-RCHTX, Tiranox-RC or Trtanox-C-50,

©are for use over wood or other won-metallic surfuces

on which corrosion of any metallic substrate is not
involved.

"Non-chalking"” rutile "pure” Titanox-RA-NC may,
of course, be used in place of Trranox-RC to achieve
substantially the same result. But appreciable extender

must be added to the “pure” pigment with the result |

that regulation of body and saspension is not as easy as
with the composite pigment, Where there is no iuter-
est in exceptional durability, Titanox-RCHT may be
used iy place of the “non-chalking” pigments and at
slightly lower cost.

Inasmuch as the.primer must be spread-at an opti-
mum thickness to anchor to the surface and to hold

up the top coat, TITANOX pigment content must uat .

be so lugh as to give so much hiding as to encourage
brushing out or applying the primer in too thin a coat,
Thus, pigmentation is equivalent to about one pound
Titanox-A-MO or 0.8 pound Tiranox-RA-NC or 2.6
Ib. TiraNnOx-RC per gallon of primer.

The vehicles comprise either linseed oil about Z-4

viscosity and acid value of about 6, or oils comprising.

combinations of tung or dehydrated castor with linseed
cooked to yield desirable resistance to penetration, A
proportion of heavy: bodied blown linseed is often in-
cluded to promote easy brushing. Resin may be in-
corporated as a cut (dispersion in mineral spirits) or
a short .oil length varnish. Recently” because of the
decline in varnish making among paint manufacturers,
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For 100 gallons of Paint

q,:..»zox.m.».zh S . 200 Pounds
Magnesium silicage ............,..... 225

Flat alkyd solutic ¢40% N.V.)....... 47 Gallons

© Alkyd solution (60% N.V.) ......... 15

Thinner ....0i...: et i ey, 20
Driers pl ti-sk g Agent 1.5
Mildewicide (mi D 1.3
o ,1&1» iy rial i be packa
i lined ¢

Offered, as other formulas, only as a guide to ex-
perimiental work and without guarantee of results.

-——3) tints requiring only small proportions of titanium

Enamels—Air Dry Exterior

IR drying exterior enamels may be used for many
purposes so that consequently a wide range of
compositions may be presented. It is safe to say,
though, that especially where the primary object is
protection and decoration of an article or structure
which is not subjected to direct physical contact such
as foot traffic, vehicular traffic or impact from a
machine part, insofar as titanium pigments are con-
cerned, the problem involves meeting one or more. of
the following requirements:

(1) Whiweness without excessive chalking.

(2) Lasting color without excessive or non-
uniform fading. )

. The selection of the type of TIiTtaNox to

use is
determined largely by the amount of hiding or bright-
ness required and the pigment volume concentration
as dictated by other requirements. In any event, usu-
ally “non-chatking” Titanox-RA-NU is the most
logical choice,

The fading due to residual chalk on an enamel is,
of course, objectionable and where vehicle is con-
trolled, rules out appreciable amounts of chalking type
titanium pigments for best results. An idea of a true
quantitative difference between “non-chalking” titanium
dioxide and others is depicted in Figure XII. Increase
in reflectance is directly proportional to the degree of

chalking and is the difference between reflectance of
\ the enamel when placed on exposure and after ex-

posure for the length of time required for chalking
to occur.

The type of Trranox will have greater influence
naturally in whites and light tints in which a larger
proportion of white pigment is needed. In-very dark

pigment, use of *“non-chalking” TiTraNox-RC or
Titanox-RA-NC may not be necessary especially if
the enamel need not have maximum durability.

Tiranox-RA-NC need not be restricted o exterior

- cnamels, for this pigment produces high gloss, white-

ness, brightness and tint clarity in enaméls that may
¢ used indoors for ma urposes.  However, if the
maximum in whiteness and tint clarity are needed for

NLI 121389
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wmterior cnamels, and maximum chalking resistance is
not needed, Tiranox-RA-45 or Tiraxox-RA-51 may
he selected, Choice depends also upon other uses of
these pigmicnts, 4
. Generally, vehicle will have a greater influence upon
chalking than will the type of titanium . pigment, al-
though for best results the most chalk-resistant pig-
ment should be used where durability is a factor. An
example of the influence of type of vehicle is pre-
sented in Figure XIII in which increase in reflectance
of grey enamels after exposure is plotted for chalking
and chalk-resistant pigments in a series of tests in-
volving alkyd as one type and oleoresinous vehicles as
another. This chart is not presented to show that
3 . alkyd vehicles are superior to oleoresinous types gen-
= ml.llll.lu erally, but simply to indicate the role of vehicle in
= fading of tinted enamels.

DEGREE OF MAXIMUM

FADING AND.CHALKING
F TITANOX-A REGULAR -,

L .

INCREASE IN REFLECTANCE
EXPOSURE AT 45° 5. TO |

OF GREY ENAMELS AFTER

e
LI 3 7 P T U S

The choice of vehicle is dictated largely by dura-
bility requirements. Of course, the vehicle must have
pigment dispersive power to assure high degree of i
. dispersion where gloss is a main requirement. While ,
alkyds seem to be gererally supérior on straight . )
weathering, oleoresinous varnishes may be selected to
achieve other qualities ' (through pigmentation also)
such as toughness, (resistance to wear when placed on
floors for example), resistance to-alkali and cleaning
compounds, etc.

Ficure XI11

Adthough the Trranox “"RAY pigments are used

ous and fibrous
s and  total

cracking,
Chuice of extender is greatly simplified by using the
already extended Tiranox-RC.
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Spectrophotometric curve of Blue Trim Enamel

-RC 80 % ; Phthalocyanine Blve 20% at 9.4 % P.V.C. in long oll durable alkyd.




1

[ 53 e | ——

© * enamels would o

21 Yo ex-
tend 35
a ate as
exX{cE ;

While.gén a guide

to- white bases

TrraNox-RC 4t 2:31bs: per-gallon. )
Acicular zinc oxide about ‘0.5 1b. per gallon, pve
15-20%.
Vehicles : Long 6il alkyd such as Navy Spec. 52R13
Type 1. -
20-40 gal. oil length varnishes having suitable
durability.

. 5._.>zox-w>-zn‘ or TITANOX*RA-50 at 1-L.5 Ib.

per gallon.

INDUSTRIAL PRODUCT FINISHES

The finish applied at the industrial plant to- the
industrial product must-impart one or all of protection,
identification and decoration. Because these finishes
need one or more ‘properties that ordinary air. drying
vehicles cannot provide, resinous or resin-like materials
are their most important ingredient, Fast dry, hard-
ness, toughness and many special qualities are provided
by synthetic resins.

" TaweXI

Some Resin Proportions
in Vehicles of

Industrial Product Finishes
% Other Renn

Type of Finish Albyd * and Type
Z..qu f . % Alky L/
general . ..o.aiee, 100 ——
................. 75-95  5-25 phenolic
faster dry ......... 80-95  5-20 vinyl
resist. water, etc, .. 10-80 20-90. chlorinated
. rubber
increased durability. 75-95 525 silicone
Baking Enamels
general ..........., 100 —
................. 7595  5-25 phenolic ‘
appliance .......... 50-75 25-50 urea and/or
~ melamine
alkali resist. ....... &-i o CPOXY o
melamine
automotive, etc. ... 65-85 15-35 urea -and/or
melamine
primers, etc. .,..... 70-95  5-30 urea and/or
melamine
hieat resistant ...., . 25-80 20-75 silicone
Lacquers
-general ..., 30-70 30-70 nitrocellulose or

other cellulosic

- By and large, alkyds are a commion. constituent of
the vehicles of most modern industrial product finishes,
Of course, there are also finishes that do not contain
alkyds, And alkyds are supplemented by other resins
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Ficure XV

TITANOX-RA (RUTILE)

REFLECTANCE
-
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TITANOX-A-168 (ANATASE)
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Ficure XV1
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TITANOX-RA (RUTILE).

|

T STANOX-A16840

0

18

S

276

QERIIWOLOTLINN WRINNH) SSINAHOWN 1NMNGd

PERCEINT. PIGMINT n‘;imum OF NON-VOLATILSE - PERCENT pve

™
Uy

A
(V)

REFLECTANCE - PERCENT - HUNTER REFLECTOMETER

Ficure XVII

-«
—~d

-
o

o
o>

b

-
<4

-
~

81

18

/
/
/

X e

]

\ |

PIG 1 BINDER =111 (WT.)

BINDER 65% NON-
OXiD. ALKYD ——
35% MELAMINE

APPLIED YO STYEEL
(NO . PRIMER)
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L g ; .A Lo L ) or high
Vehicle solids: non-drying alkyd 70, widariiie 30 G2 heavier

- -

-* Increase in relative - yellowness —<— (% Amber—% Blue)

-whiite coatings -pigmented

Greater insight into the color &amna:oo between
enamels C and E is revealed in their spectrophoto-
metric curves. given in Figure XVIIL Both of these

deep blue and violet region (below 450 millimicrons
wave length) . . . the characteristic absorption due
to rutile in this end of the spectrum being balanced
toning. Enamel C, a clean white, is much brighter
er in reflectarice than enamel E which through
toning has been reduced in brightness. Higher
hiding power accompanies reduction in
through toning so that maximum hiding per pound
of titanium dioxide can be secured. Some average
figures indicate that each 1% decrease in brightness

. yields about 50 square feet increase in coverage,

c—

. Ficuze XVIII .

Example of Color of Enamels pigmented

with TrrANox-RA plus toners




Baking Enamels

Because such a large volume and variety of metal
fabricated products are finished with baking enamels
needing white pigment TiraANOX pigments are of

major importance to this class of finish. Many factors ’
in the formulation of baking enamels can be related _
- to industrial product finishes genérally, -
, White baking enamels will carry TiTANox-RA or -
other type of TitaNox titanium dioxide at 15-25% 5
( pve. Usually pigment content is expressed in terms of 4
. pignmient to binder by weight and this. is often0:9-1.0 £
pigment to 1.0 binder or about 20-22% pvc. N
ﬁa Properties such as baking speed and temperature, ad- &
23 hesion, mar resistance, hardness, toughness, resistance .ﬂ
ke to water, detergents, chemicals and household con- -
taminants are largely dependent upon vehicle as are N
-— } also consistency, flow and working qualities,
Brinss o “Most of these properties ase resolved through com-
TITANOX-RASL ... ... . ,&u o binations of urea and En_wa..sa resins with alkyds. .
- Trta -Hm>- 45 ’ ’ In gencral as the proportions of amino resins in -
TANOX e 439 admixture with alkyds is increased, film hardness is )
In somie” white: énaniels, ‘at higher pigment volume . T :
concentration; TiTano%-RA=51 hay ﬂmw:_u:w given . FasLe XII .
higher hiding power: Example of Mnﬁ of >m=ﬁmm.xﬂqm w:a_wmo_.ﬁs_:a
: on Hardness o ¢d Ename]
Square Feet per Yo 8§, Gal. of Enamel . Fo
- “ . : % pigment volume meaﬁ.::n:\m: _ - Type caﬂ“.u. Sward Hardness
- 10 5 2 25 n m—s ..%\E ?.sﬁnwu.n“@& Ures  Melamine
TuraNox-RA-51 ... 235 350 430 500 )*! Non-oxidizingy 10 6 10
TivaNox-RA-45 ... 310 375 450 475 o v M 2 % 2%
= ’  ~. BB N T TR SR . | 40 19 29
I some cases, TITaNox~-RA-NC may be used in —— e :
coatings that woid: y call-for Trrano x-RA-45, ﬁ g Oxidizing 10 5 8
- . vypravided the. *wof ; TITANOX ~ (soya oil 2 12 17
RA-NC would it is, modit.) ww i8 7
. vty Wl dura Oxidizing 10 o 14
1 ility ‘would -be Atso, . : .
the question of: vl ay* be nil..l!\. : .U. En:wa_‘mnm.an 2 uw , wm
involved, but-u Gox-RA= FrrANOX- ¥ castor modif.) % : 21 40
RA«NC "are amenable to toning that alSo increases ' pi ¢ to Binder 0.9 to 1.0
hiding. . : mﬂ:ﬂnm.w...wﬁﬁzw«n.%bmo o
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ratio of 09 to
This - table: is
relationship of Sward hirdness to proportion of amino
resin to alkyd:

.H.JO—- g‘#\
of this table

ally can harm.
to retain  thig

Impact Resistance
Q:&-f«.?u.«.&?&iv

Urea ‘Melamine
15. 13
10 6
7 3
2 2
35 34
Oxidizing 20 35 14
(soya) . M 30 31 4
. 40 18 3
Oxidizing 10 35 35
(dehydrated {20 k7 18
castor) 30 30 - 6
40 20 2

U

Color or Whiteness v
In general, alkyds have a stronger influence than

aity other compouent upon. color ana whiteness of many
white baking enamels. Where alkyd is the main con-
stituent without urea or melamine, jnitial whiteness
and whiteness retention are degraded as oil length is
increased. “Zinc oxige when compatible may be used
to supplement TitaNox-RA for reduction of after-
yellowing.

Where whiteness and its retention is a prime requi-
site especially if heat resistance is also involved,
naturally short oil alkyds and especially the non-oxi-
dizing types modified with castor or coconut oils are
selected,

In Table X1V the whiter color secured with non-
oxidizing alkyd is indicated by the lower color index
values,

: Tanie X1V
Example of Effect of Alkyd, Urea and Melamine
on Whiteness of Baked Enamel®

% Hunter Reflectometer
Urea
or %
Type Melamine Brightness
aof (remainder (Green) Color Indes®
Alkyd Alkyd) Urea Mclamine Urea Melanmine
Non- 10 . 91.3 91,8 18 14
oxidizing 20 914 915 1.6 1.1
(coconut) { 30 91.8 91.2 1.6 12
40 922 912 - 1.5 1.3
10 91.2 91.6 52 5.7
Oxidizing { 20- 91.1 9.8 4.7 5.1
(soya) 0 . 919 914 49 62
| 40 919 907 40 54
Oxidizing | 10 91.6 91.2 53 4.5
(dehy- 20 914 910 53 53
drated 30 91.6 90.5 47 47
castor) 40 9.7 906 41 44

! Pigment to' Binder—0.9 to 1.0,
Pigment—TiTaANoX-RA
Amber-Blue .
= X 100—The higher this
Green
figure the more yellowish the tone..

* Relative yellowness
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While atkyd-amine combinations .tend to dominate
white i d acryli

candoas dn indication of
i-color that occiurs on

CoLor aANp-CoLow RETENTION oF
SoME VERICLE Systinms*
Color Index

Normal

Baking- Quverbaked
Schedule . 24 hours
System
Acrylic ....... B R, 0.8 0.9
Silicone resin . cuviuvenin..n t 82 0.3
Acrylic-maleic L cvvvvnie ., 27 . 6.7
CEpoxysurea ... e e 23 6.7
Air dry siticone atkyd........ 44 32.8
Silicone alkyd polymer—....... 47 98
Epoxy-alkydeuréa ........... 4.7 149
Styrenated alkyd ............ 9.8 219
Vinylaciyhc ... oo v, 19 15.4
Oxidizing- alkyd-urea ........ 8.8 244
Epoxy-ester oo viivaiinen.s 5.1 . 249
Epoxy-polyamide- v ooue .. 7.3 29.9
Polyarethane (oil mod.)..... 17. . 39.1
Some- Nitrocellulose . .
lacquer systems ..., ...... —1.6 to 37-44
0.4 -

* See also.''Factors - Influencing the Bebiabior.of Titanium-Pig-
‘ments”in “Industrial  Finishes;”  William  Kamipfer,  Official
.. Digest; April 1960, - ) .
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Gloss

The factors that determine gloss of coatings gen-
crally, are operative in industrial product finishes. A
capacity for fine dispersion must of course characterize
the pigment and this is true of all of the Tiranox
pigments used in these finishes, especially Tiranox-
RA-4S.

But regardless of the inmate case of dispersion of
the pigment, gloss is strongly affected by vehicle. In
general, of course, in these systems the most pigment
dispersive of the vehicle components should comprise
the grinding vehicle,

Gloss is strongly influenced by variation in alkyd-
urca-melamine combinations, With pigmer
constant in all respects gloss can vary significantly as
between type of alkyd whether” oxidizing or non-oxi-
dizing and proportion of urea and melamine resins.

Measuremeént of gloss at 20° picks up differences
not determinable instrumentally say at 60° but dis-
cernible visually. Variation in 20° gloss with some
vehicle: compositions is depicted in Table XV.

TapLe XV

Liffect of Urca and Melamine Resins on Closs
of Non-oxidizing Alkyd Enamel
%

Non-oxidizing % . % %
C Alkyd Urea Mclamine Glos
90 0 10 85
80 0 20 82
70 0 30 78
60 0 40 75
50 0 50 72
90 10 0 80
80 20 0 73
70 30 0 68
60 W 0 65
50 50 8 63

=

— -
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- s  resistant to <Chalking (fading)
idi ower and tinting stren

ur . ccmpmc:icc.
expused to the weather, are best pigmented with
Tiranox-RA-NC, This pigment is not, of course, an
anti-corrosion or corrosion-inhibiting pigment. It does,

1-corrosive pigmeiits an

INDUSTRIAL PRODUCT FINISHES FOR
EXTERIOR EXPOSURE

non-chalk

rutile fitanium dioxide the anatase pigme
03 AW 5 A
T

A-24r o the maximuin rest
available in the Tiranox-A class. The rutile pignient
Tiranox-RA-NC (“non-chalking”) not only is- more
but. also higher in
1 ting strength so important. i
n deg




. o~

P8

- -

amount - of ~pigment:  Trranox-A-24 was of course
discontinuedin- vicw of thie superiority and vatue of -
the rutile pigments.

In some: sy‘ un:., lerMn\e

RA- ‘30 11\(1 pngnunts af C— . J
CPER X

NOX - RA 45 and lm\,
fading- clmlkmg as:ind
XIX which.represen
els (17.5% “of ulncle 3
17.5% pve. i sonie of
ments retard: fadi
chalking pigment "Tira)
to TiTaNOX=RA-NC w
resistance to- fading:
of course, malntaining it
ant in all vehicles:” )

Titanox-RA-NC s

tting . acrylics” wnh TITAND‘(~
own” o gign of fading=chalking,
k-resistant rutile  TiO4's are

ida, tinted: thérmose
RA-NC Hhave
whereas - the 1 k
chalking af ten maiths.

As is wdl rcwgmud pru;,rua m thu‘mr ﬁmshu,

to be expose
in relation: to

Ficure XIX

TITANOCX-RA-30

)

RA-NC

—
L

TITANOX-A-24

A

iy o
ik OF

primary res

SUGHT

ABSENY

20 30 40

WIIKS EXPOSID AT 43° .- FLORIDA
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in-Table XViaw.
Results must]
and are.notto be
preference of one resin aver diother,

_ ‘ TasLe XV1
Example of:

Effect of Binder {vehicle solids)- upon Chalking

Behavior of some

“hamels

Simultancous: éxposures of comparible enamels—
exposiire’ period -terminated after 36 months
Pigment—Tiranox-RA-NC maintaifsd constant—
coated metal panels exposed 45° facing Sotith.
Start Heavy chalking
of chalking obseryed

after exposure after exposure

T'vpe of m..‘i?x for sionths for months

Alkyd—silicone - 13 Beyond 36
—melaniine 5-21 13 to beyond 36
~urea-¢hake ) 10 16
—styrenated: 5 - 10
—tall vil 3-4 10

‘—water'sok 3-4 7-10
Acrylic—unniodified 21 Beyond 36
—polyester 17 Beyond 36
-—emulsion (bake) 13-16 27-36
~vinyi . 13-14 24-25
—epoxy 10 13
—copolymer 7 ’ 12
. L
Epoxy—acrylic 10 13
—gster 3 6
~—urea: . 3-4 4-5
~=polyaniide 2 4
—phenalic 1 1
Polyurethane Systems 1-2 7-9
290
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TRAFFIC PAINTS

In addition to industrial product finishes there are
many types of coatings that contrasted to trade sales
products are not marketed finally through retail out-
lets. Maintenance paints. for industrial plants and
institutions are among these as are also the wide
variety of coatings made according to public and
private specifications to be applied to all sorts. of
structures and articles, Public specifications for paints
occur at all levels of our government—Ilocal, state and
federal. A.list of federal specifications for painfs to
which TiTaANOX pigments are applicable is given in
Part VIL

One of the most interesting types of coating, in the
class of miscellaneous paints, is traffic paint,

White paints for marking roads and highways must
primarily be as visible as possible. Essentially be-
cause titanium pigments possess the power to whiten
lastingly, they are extensively employed in white
traffic paints. )

Generally the qualities needed in white traffic paint
are; '

Suitable applicability.

Fast dry—so that traffic will not be held up:
High visibility through high diffuse reflection.
Durability—not only to keep the paint on the
road, but to maintain its visibility.

e =

For a number of years, short oil varnishes or lac-
quer type binders to insure fast drying were highly
pigmented with combinations of titanium pigments and
flatting extenders such as fibrous talc, diatomaceous
silica, etc,, to secure high diffuse reflectance (flatness)
and to contribute to fast drying. The content of total
pigment by volume of solids of such paints ran about
60% pvc so in. reality they were specialized types of
flat paints usually characterized by lack of flexibility

_ of the film. While many sich paints. were highly

visible their life expectancy was short due to chip-
page from the surface and lack of resistance to the
weather,

Much work has been done and is still in progress
to improve all qualities of white traffic paints. First
indication ‘that pvc should be lowered came from the
successful applicaton of glass beads (for promotion

291
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* Niimerous tests since World War IT indicate that -

bind the vm»%‘ the paint. .
Recent studies reveal that through proper sele nv

face conducive-t
Of course, maxinion
glass beads. . In:for
pve should be™

: 4 to permit enough free binder
to hold the beéads.

Alkyds and Newer Binders Replace
Oleoresinaus Varnishes and Celltlosics

alkyd ‘vehiclés are gene

urability to

extremely ra
and Tacquers
which set 4ip

oration.  But
slow: evapora

© 90% alkyd dried in tweénty-five minutes, In contrast

medium oil length alkyd, significant reduction of dry-
ing time is observed. For example, a paint having
‘vehicle solids composed of 10% chlorinated rubber and
paints containing all alkyd as vehicle solids dried in
from forty-five to ninety minutes, In blending alkyds
and chlorinated rubber, miscibility and choice of
solvent must, of course; bé considered.

Complete replacement of alkyd is being made by
cyclicized copolymers that involve polystyrene, and
such a vehicle dries or sets very rapidly upon evap-
aration. of solvent and thinner. Paints based upon
this type of vehicle and relatively high in pigment
volume will dry faster than combinations of alkyds
and chlorinated rubber,

Of course, in all paints that dry by evaporation,
close attention must be paid to selection of solvents
and thinners for the proper balance dictated by the
application conditions.

TITANOX “C" Pigments Preferred

The rutile-calcium pigment Titanox-RCHT from
the standpoint of effectiveness and ccouomy is'a logical
choice for prime pigment. However, where a freer
chalking type is preferred, anatase titanium dioxide
such as Tiranox-A-MO may be used. As in house
paints a combination of these two pigments may fit
the chalking conditions to be met. But gencrally,
Titanox-RCHT as the sole white hiding pigment
provides lasting visibility plus durability,

As in other white exterior finishes titanium-barium

. pigment was the first titanium pigment to be used in

white traffic paints and for a number of years was
prescribed in many specifications, Numerous exposure

. tests revealed that not”only titanium dioxide plus ex-

tender but also TrtaNox-RCHT could replace titaniun-
barium. pigment.

The coalesced rutile-calcium  pigment TiTaNoxX-
RCHT at the pigment volume concentration of white
traffic paint produces .more hiding power per doHar
of pigment than titanium dioxide plus extender with
the result that the cost of the paint is reduced while
quality is maintained.
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roms

In place of.n
used: in - traffic
cium carbonat

ingly higher b
aid is also ex

Although i
required: in trafh

spersion s not
@ good deal’ of evi-
be to a fineness
indicated by
paints that have
all, such as-to-fi

If even greater-e;
Tiranox-RCHT is¢
chosen. “Also, where ana

Treanox-A-MEF is-desived, TiraAnoX-A-CG may be
called“uposn: ) :
Fase of dispersion also charactérizes other Titanox
i i : d i or trafhc. pamt or

these paints
s, Such
ngs
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WHite TraFric PAINT

Alkyd Vehicle

Tiranox~-RCHT .. .................. 439 Pounds
Natural calcium carbonate ............ 234
Aluminum stearate® ................. 3.3

Alkyd solution' (50% solids)......... 59.0 Gallons
Textile spirits* .................... 12.7

24% lead drier.,......, TN 0.9

6% cobalt drier ..........o..0ii... 0.3
>=:-m5:_:=m agent . ........iiee... 0.1

W HitE TRAFFIC PAINT

Alkyd plus Chlorinated Rubber Vehicle

Tiranox-C-50 ............c.cveune.. 500 Pounds
Natural calcium carbonate ............ 210 "
Thixcin® ., ..o e ]
Atkyd solution! (60% solids) ........ 45 Gallens
Chiorinated Rubber solution (20 cps)* 5 “ o
Toluol ..o i 22 “
Driers, anti-skinning agent and

stabilizer ........... .. i, 1.5

! Medium oil length alkyd cut in V. M. & P. naphtha,
% Distillation range 140°-205° F., Amsco or equiv,

3 Metasap *V” grade or equivalent.

+ Parlon:Hercules Powder Co.--50% solution in toluol.
s Thixcin, Baker Castor Qil Co.

293 NL
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e—3 PART VI
‘ TITANOX
, and
ﬂ U U. S. Govt. Specifications

for
Paints and Titanium Pigments
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*—Mandatory
.

Spec. No.

and Date
TT-P-18
July 2, 1947
TT-P-0019a
May 21, 1958

TT-P-21
June 30, 1941
TT-P-22
Aug. 30, 1943

TT-P-23a
Mar. 22, 1940

'l"l‘-l"~24a
Nov. 22,1955

TT-1-28a -
Jan, 11, 1951
TT-1.-26
FFeh. 24, 1956
TT-P-0026b
Aug, 24, 1961
TT-P-29h
Nov. 8, 1961
TT-1-30b
Sept. 10, 1959
TT-L-31h
Sept. 19, 1961.
TT-P-0033
Nov. 2, 1960

FEDERAL SPECIFICATIONS

In wumerical order

. Type of Paint
Alkyd-emulsion
paste (exterior) ,

Acrylic emulsion
(exterior) .....

Cemlent-water ...

Cold-water powder
plus liguid (ex-
terior) .., ......

Cold water, protein
(interjor) ......
Concrete and Ma-
sonry (exterior)
white ........

Exterior Primer ..

Lacquer; brushing
gloss  ..........

Iire retardant flat
(interior)

Latex base; flat (in-
terior)

Alkyd flat
(interior)

........

Lacquer, gloss ....

Paint, latex (ex-
terior) masonry.

299

TiTaNOX
applicable and
ib,/yal. paint

approximate ()

-A or -RA (2.0)
opaque pigment
-A-MO*

(max. 30%)
plus ~-RA-NC*
(min. 70%)

-A

-A

-A

-A-MO*
(min. 30%)

-RA-NC*
(min, 15%)

-RA-NC (1.18)
-RA-45; -RA-NC
-RCHT

-RA-46; others
-C-50; others

-RA-NC

-RA-NC

NLI



C ae o~ - ,

0 e T

i

Spec. No.
and Dyte

TT-P-34a
Mar. 19, 1958

TT-P-47a
May 25, 1950

TT-1.-00506
Apr. 4, 1961

TT-P-5le
“Mar, CJ 1962

TT-1.-0054a:
Apr..20, 1962

TT-P-00552

May 21, 1958
TT-P-56h
Feb. 23,1954

TT-P-85b
Aug. 23, 1962

TT-P-0087

. Sept. 2371959
superseded in-part
by TT-P-0085a

TT-P:H8a - ~

May 26, 1945
TT-P91a
Apr, 10, 1950
TT-P-95
July 3, 1953
TT-P-9§
May 30,1945
TT- P:0099a

© May 21,1958

TT-P-102a

Juine 21,1962

Type of Paint
Fire retardant

terior) ....
Primer-Flat '

(interior)

Lacquer, enamel
aerosol .. ......

Flat (interior)

Lacquer, spray.
acid resistant

Tc?ﬁ:& acetate
emulsion (exteri-
or) ...,

Wall Brimer
Q:Klol

Paint, reflectorized
. (dirport runway)

Paint, traftic

reflectorized ...

Resin-emulsion

paste (interior).

Rubber-base (for
concréte floors) .

Swimming pool

(ex-

.v.v. -RCHT (6.0)

-RA-NC

. -RCHT (5.5)

... -RA-45; others

opayue pigment

-A (max. 10%
plus -RA-NC
(min. 90%)

.or.. -RCHT (2.3)
-RCHT; -RC;

-RA-NC;
others

A (23)*

-A (21)
-A; -RA;

-RANC (25
white base)

rubber base .... -RA-NC
Stencil Flat ,..... -RA (3.5)
Styrene-butadiene

exterior efils .. -RA-NC*

. (85% min,)

Exterior Oil Paint
- Class A-white .. -A-MO*

Class ‘B-light

tints ..., .., -RA-NC

TT-P-103
Mar. 21, 1951

TT-P-00115b
Apg 20, 1962

TT-P-442

Aug. 10, 1961
and Amend, 1
TT-1-489¢
Feb. 29,1960
TT-E-491
May 7, 1946

TT-E-505a
Nov. 22, 1961

T -E-506¢
" Mar. 26, 1954

TT-E-506d
June 19, 1963

TT:1-508
May 7, 1946

-~ TT-E-50%

Sept. 21, 1960
TT-1E-527a
June 1, 1961

TT-1-529a
Oct. 30, 1959

TT-E-543
Oct. 25, 1949

TT-E-545a
Nov. 30,1959

Type of Paint
Exterior Oit Paint
Fume resistant

white . ....... -

Trafc Paint .

Titamium Dioxide
( pigment)

See page 39 of this
Handbook

Enamel (interior-
exterior)

Enamel
white-..........
tints ...........

Alkyd Ename
odorless .......,

... -RCHT (3.2) or

-RA (1)

cevv.. =RA-NC (27)
-RA-NC (3.3)
-RA-NC (27)

-RA-45; others

Enamel (intérior). -RA (1.8);
-RCHT (14)
knamel (interior). -RANC (2.5)
Semi-gloss
(interior) .,..., -RCHT (5.7)
Enamel, odorless
semi-gloss (inte-
rior) .......... -C-50;others
.m:w:ﬁr fustreless. -RA-NC
Eitamel, semi-gloss :RA-NC (2.3)

Enamel andercoat
(interior)

Enamel, odorless

(interior) ......

301

<e.vv. -RCHT (6.0)

-RA-45; others
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MILITARY SPECIFICATIONS
(JAN and MIL)

......
and Date
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SpeeinNo.

“and Date
MIL-D-5550A
Feb. 28, 1951

MIL-D-5551A
Mar: 1, 1951

MIL-D-5554A"
Jan. 26,1953
MIL-D-5555
Jan, 9, 1950
MIL-E-5556B
Oct. 16, 1961

MIL-E-5558A
Oct. 1, 195F

MIE-L:6805C
May 14, 1959

MIL-P-6884B
Mar. 21, 1960

- MIL-L-7178A

May 24,1956
MIL-E-7729A
July 1,1955
MIL-P-6886

):w. 23,1960
MIL-E-10164
Feb. 24,1950

MIL:-L-10182
Mar:9,1950

| OMIL-E-10242

Apr. 18; 1950

MIL-L-10287A =

Ang, 19,1953

Type of Paint
ILquiv, Spec,

Dope — flat (ace-
tate-butyrate)
White 601  and

AN-1-21
Temporary
ideiitification

Lacquer, aircraft . .
Enamel; aircraft ..

Paintrefectorized

equip. marking .
Enginel:(for can

closures) light
COBEAY e
Lacguer (automo-

tive) ..........

Stericil -Enamel ...
OQMG-152A.
Lacquer- (ammio
identific) ... ..
304

Tiranox
applicable and
1b.7yal. paine

capproximate ()

sometints L. ..., -RA-NC*
AN-D-3
Dope —gloss (ace-
tate-butyrate) .. -RA-NC
AN-D-2
Bope: (nitrate) ... -RA-NC
AN-TT-1-554
Doye;camoufl. (ni-
trate) flat finish. -RA-NC*
AN-D-8
Camoufl. namel . -RA-NC
- AN-E-7
Enamel; wrinkle
finish; baked .... -RA-NC
Eacquer, Camoufl., -RA-NC

... -RAor-RA-50

~-RA-NC*

-RANC*

-RA-NC* (3)

-RA-NC*
-RA-NC

~RA

T_“-,u

" Spee. No.
and Date

MITL-E-100878
I"ub. 18, 1959

MIL-1.-111958B
Mar. 9, 1959

MIEL-PR12742A
Nov. 15, 1956

MIT-P-13340a
June 1, 1962

MIL-1-13815A
Jan. 26. 1960

MIL-E-13983C

Jan, 7, 1960

MIL-E-15090B
June 24, 1952

MIL-P-15123A
Mar, 5, 1952

MIL-P-15128C
bec, 7, 1960

MIL-E-15129C
Dec. 19,1960

MIL-E-15130C
Dec: 7, 1960

MIL-P-15149
May 15, 1950

MIL-P-15150A
May 16, 1951

Type of Paint

Liquiv, Spec.
ish for am-
munition .., .

Lacquer, hot spray
for ammunition .

Primer (enamel) .

Q::.::?in (emul-
sihable) ...,

[aacquer, bluc-gray
331 ..o

Lustreless paints
(gasoline remov-

uEn.v .......... -

Enamel (equip.,
mach,, etc.) light
gray
S2E4 (form. 111)
I-1gloss .......
[-2 semi-glogs ..

I-1gloss .......
11-2 semi-gloss

-1 bake .......,
11{-2 bake semi-
gloss ..., ..

Boot topping
(wooden vessels)

Navy blue (exte-
rior) ...... vees

Navy gray No., 7
(exteriory ...,

Haze gray No. 27
(eéxterior) ..... .

Stencil Paint ... ..

Shop coat for steel
(red) v.ooviven

TiTanox
applicable and
1b./gal. paint

approximate ()

-RA-NC*
-RA; -RA-NC
-RA-NC*
-RA-NC

-RA-45; others

-RA-NC* (2.2)

.. -RCHT#* (4.0)

-RA-NC* (1.8)

.. J-RA-NC* (0.4)

V-RCHT* (3.1)
-RA-NC* (2.2)

{-RA-NC* (0.5)
1-RCHT* (38)

-RA* (0.15)
-RA-NC (0.35)
“RA-NC (0.4)

-RA-NC {0.55)

-A ; others

-RA;
-RA-NC (0.75)
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Specs No,
and Date

MIL-P-15151A
June 27,1951

MIL-C-15159
May 15,1950

MIL-E-15181C
Dec. 19, 1960:

MIL-P-15182A

Feb. 14,1952

MIL-P-15183A
Jan. 24,1952
MIL-T-15195a
July 9, 1951

MIL-E-150358
Mar. 16, 1961

MIL-E-159361
Apr. 24,1961

MIL-P-16188B
June 8, 1961

MIL-P-16502B
Apr. 24, 1961

May NN.,EMW

Type of Paint
Eauiv. Spec.

Shop. coat for steel

, (Freen) v -RA* (0.75)

Canvas ,nommzﬁ
Light gray .o.....

Gray No. 46 (ex-
terfor) Lieeeo e

“Gray No. 11 (ex-
LETIOT) oo vnrv e

Outsidé gray .. ...
No. 11 Vinyl-
alkyd
Formula 122-11

Qutside gray .....
No. 27 Viuyl-
alkyd
Formula 122-27

Gray No. 17 (ex-
terior)
Formula 122-17

Quatside gray- .. ...
No. 46 Vinyl-
alkyd
Formula 122-46

-RA-NC

-RA-NC* (0.8)

-RA-NC* (0.8)

-RA-NC* (0.5)

RCHT
-RA-NC* (0.3)

-RA-NC* (0.3

..... ... -RA-NC* (0.3)

-RA-NC* (0.3)

Eunamel;, semi-gloss -RA-NC

White (exterior) . -RA-NC* (1.75)

) Creant (gloss
enameb) oo

Light gray (gloss
cenamieh) s .

Bnamel; beach-sanid
(semi-gloss)

306

-RA-NC* (1.9)

-RA-NC* (1.5)

SRCHT* (2.05) ;

-RA* (17)

*

Sept. 25, 1952

MIL-E-17139A
Sept. 19, 1952

MIL-E-17140A
Sept. 25, 1952
4

MIL-E-17325A
May 22, 1957

MIE-1-17320A
May 22,1957

MIL-1-17327
(Ships)
Sept. 26, 1952

MIL-12-17328
(Ships)
Oct, 13, 1952

MIL-E-17329
(Ships)
Oct. 6, 1952

Oct. 10,1952

MIL-1-17466A

(Ships)
May 22, 1957

MIL-P-17970C
(Ships)
Sept. 19, 1961

MIL-P-17971C
(Ships)
Sept. 19, 1961

MIL-P-17972C
(Ships)
Sept. 19, 1961

Type N.:. Paint

Medium blue
(gloss enamel) .

Jade Green
(gloss enamel) .

Marine Green
(semi-gloss
enamel) ...
Rose-wood  (semi-
gloss cnamel) .

Clipper Blue (semi-
gloss enamel)

Light gray . (semi-

gloss enamel)

Cloud gray (semi-
gloss enamel)

Light blue (semi-
gloss enamel)

Sea-spray blue
(semi-gloss)

Sun-glow (semi-
gloss enamel)

White fire retard-
ant ..o

- Pastel green fire

retardant - (semi-
gloss) .........

Gray fire retardant
for equipment
{semi-gloss)

307

-RA-NC* (0.8)
-RA-NC* (1.3)
RCHT* (2.20) ;
-RA-NC* (1.6)

-RCHT* (2.05);
-RA-NC* (1.7)

-RCHT* (2.05);
-RA-NC* (1.7)

-RCHT* (2.3);
-RA-NC* (1.65)

-RCHT* (2.3);
-RA-NC* (1.65)

-RCHT* (2.1)
-RA-NC* (1.5)

-RCHT* (23);
~RA-NC* (1.65)

-RCHT* (2.05);
-RA-NC* (1.7)

-RCHT* (4.0)
-RA* (2.05)

-RCHT* (395);
-RA (2.05)

-RCHT* (3.78);
-RA* (205
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Spoés Na.,
and Ddtes

- MIL-P-17973A

(Ships)=

May 22,1952

MIL.-P-17974A
(Ships) —

May 22, 1957

MIL-P-18210

(Ships):
Nov. 8, 1954

MIL-P-18214A
Sept. 27,1960

MIL-L-18389
May 14,1957

MIL-R-18708A
Oct. 11, 1956 -
MIL-L-19538A
July'19, 1960
MIL-E-196038
Sept. 25,1958
MIL-C-22325
Feb. 10, 1960

MIL-P-22808

Feb. 6, 1961

MIL-C-27227
July 2, 1950

MIL-P-27316
Mar. 9, 1960:

MIL-C-52032 -

Feb. 17,1960

MIL-L-52043A
Jan, 27,1961

MIL-P<52108
Amend.
July 8, 1966

Type of Paint
Lquiv. Spec.’
Green-gray fire re-
tardant

........

Yellow=gray fire
retardant

Red, déck. .
(interior)

Dark green, deck
(interior)

Lacquer

.........

Rustarresting coat-
ing, gray, exte-
rior

...........

Lacquer, acrylic uni-
trocel, camoufl..

Enarmel, Baking. ..

Tinting Colors,
~ (int. non-flaming)
pamt ., ..o

Epoxy, hydraulic
fluid resist .....
Polyurethane- coat-
ing ; heat resist. .

Primer coat,
epoxy

Pa v e nen e

Gasoline container -

coating (interior)

Semi-gloss
lacquer

Water emuls. sten-

cit or-oblit. .....

308

TiTanox
applicable and
1b./gal. paint

approximate (¢ )

-RCHT* (2.05)
-RA* (1.7)

-RCHT* (2:05)
-RA* (1.7)

-RA-NC* (0.4)

-RA-NC* (0.45)
-RA* (0.5)

-RA-NC* (1.7)

~RA-NC

» g \)
ﬂ\llll..A e *.-Mandatory
Spec. No.
and Date

52E13 (ORD)
Oct. 29, 1947

A CGS-52P-5b
Jan. 14, 1953

-RA-NC; others

-wOI‘H-X“ C-50
-RA-NC; others
-RA-NC (4.45)
-RA-NC (241)
-RA ; others
-RA ; others

-RA-NC;
RA-46; others

NAVY DEPARTMENT

In numerical order

Titanox
applicable and
. ib./gal, paint
Type of Pant approximate ()
Semi-gloss  (pro-

jectiles, rockets,

ete.) v -RA-NC

COAST GUARD

Exterior vinyl

alkyd types .... -RA-NC (1.74)

309
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MARITIME ADMINISTRATION

*—Mandatory

Spec. No.
and Date

T52IMCY

© Nov.23, 1942

s

52-MC-19
Mar. 31, 1943

MAP-48
April 13, 1954

52-MC-103
May 8, 1946

52-MA-106a

Sept. 25, 1950

52-MC-107a

June 10, 1960 )

52-MC-120
Mar. 27, 1950

52-MA-121
Nov. 1, 1950

52-MA-152a

Sept. 18, 1950

52-MA-154b
May 15, 1952
52-MA-155

Sept. 25, 1950

52-MA-156
May 4, 1960

52-MA-210
Sept. 28, 1950

52-M A-521a
June 13, 1957

In numerical order

Type of Paint

d
¢
)

TiTanox

applicable-an
1b./gal. pain
approximate

Not a paint — Ru- -

tile titanium  di-
oxide, chalk re-

sisting ......... -

Not a paint—Rutile
TiOs: pigment ..

Alkyd flat
(interior) ......

Striping Enamel —
Blue-alkyd .....
Exterior  I<namels
. Semi-gloss  (al-
kyd)- ..... ...

Interior Enamels —
Gloss (alkyd) ..

Interior Paints
(flat) White base

Int.-ext. Enamel —
pea green (alkyd)

Hull paint, light
gray ...........

Deck gray .......

Interior gray
enamel .........

Reserve Fleet gray
(exterior) .....

Wood Primer,
white and tints, .

Not a paint — Ru-
tile - calcium pig-

ment .......,.. -

-RA
-RA-NC (1.85)
-RCHT (2.80)

-RA-NC* (0.77)

-RA-NC* (2.2)
-RA-NC* (2.2)
-RCHT* (5.75)
-W.>,ZQ_ (0.85)
-RA-NC* (0.85)
-RA-NC* (0.75)
-RA-NC* (0.85)
-RA-NC* (0.58)

-RCHT* (3.73)
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BUREAU OF RECLAMATION

Dept. of the Interior
Cotmissioner's Ofhice, Bldg. 53,

Deniver 2, Colorado

TiTaNOX
applicable and
. . 1b./gal. paing
Type of Paint approximate ()
r-compound

for curing
concrete )
Aug. 1, 1960 -RCHT (1.0)

EE VALLEY AUTHORITY
Chief, Materials Branch
Chattanooga, Tennessee
A-79 Ready Mixed: semi-
Jume 15, 1959 gloss floor and in-

terior enamel Tint
Base <RCHTX; others

AG4 Exterior semi-gloss .
June 16, 1943 enamel, tint .... -RC; RA-NC

A as suffix to TiTaNOX
Abundance of titanium
Acid resistance of porcelain enamel,
Trranox for
Acid number of vehicles,
*calicoater

gloss paint ... .. eiiees S L. 222"

Acrylic emulsion paints,
Tiranox for
. formulation
Acrylic plastics, Titanox for
After-yellowing .
alkyds ............... e 2206, 281
anatase vs. rutile 25,275,278
Alkalinity or acidity of pigments,
method
Alkyd resin enamels,
Triranox for
air dry architectural
after-yellowing
baking ......cooiiiiiinn N 279
exterior, air dry e 267-270

" Alkyd resin flat wall paints,

TitaNox for
formulation
pve, critical in
Alkyd resin in house paint, ., ... 255
in traffic paint
Alumina
as additive
Aluminum
reducing agent
porcelain enamels
Amine type resin finishes,
Titanox for
and alkyds
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Page

Analysis, chemical

of titanionupigments
qualitative ...
CQUANLIATIYE o oovv e
Rahm’s.method ... ... 0. Ceneeereanaeee .
of paper for ‘_,,_Ok
Anatase - )
class Of PIEIIEHE wvvernvenvemnnas s 19
~0

......o 37

.......... 117-118

.. 119-126
121
127

crystal structure ........... RN

pigments :.. .
for houSe paint...vo..v oo ,m& S ou ww 242,245

vs. rutile Properties. ... ..ooorrsn e 5 5
Anhydrite (calcium v:_mﬁnv 2.o. mu. 57,59
Antimony oxar EE::F. e .. ., 65

Wi v e e e e

B £

j._..»zoxmon:.:.:.... .....
....222.227

formulation L ..eeeere v eeen e
Architectural fiiishes
T T 10 S rreieeen. .. 169
fat wall Paints ..o oov e L 175
Tiranox-RCHT and j;zax n 50,........ 179

alkyd (oanie i .
woawm:n..ﬁmmi:.:.......:::..:.:.:..:wu
CalCiCOATEr '« v viv v cnn b 189
TS SR i R 187
extenders ...y iie e e e .. 183
R R AR .. 199
MAXITIIALPVC wovv s o cennnserrnrnosies ...183
primer=finish TP TR PRPRRS L 1
suspending ABents ..o, .ooveve e JRRS £

vehicle:  cisnrenviirianeonees ceea.n 185
3 e eieeieee.a197-212

m—cmmvwm:wm....:.‘......... coee0n220
.. 222

ENAMELS iy v s rrveraiarineraeens
enamel undercoatérs .. ... eeeien e ..213
exteriorenamels ... c.ovoieiiiniiinn sl 267
-E:mnE‘EG;.:.,........:.............macmos

T 240

:E.... e ieeieraee e 259
house paint ﬁ«mEnqm,..:..:.::..:.....:..Ni

semi-gloss. - ‘NS

314

ceverrevr e

Artificial leather,
Trranox for ... eee- e 81

SRR, ) . .
ﬂ- Asbestos-cement shingles,
81

TrraNox for o.o.o.ovones
ASTM

methods oo 85, 87, 98, 103, 105, 106, 107, 108, 117
Baking enamels oo ...281

L

n _n Bariumesulfate ..o R ereee s

Basis weight
conversion factors ........ IR K
Beads, glass, in traffic PAINE. .o vare e ..292

Black
RO} |

m!.ll..llu i tinting strength test. oo Ceed i
! and grey charts, coovuvenvorraaeees el 94
. and white charts «ooovaevaverii s 95
Bieeding, in traffic paint. ..o s 292
Blue
in tinting strength tests oo ooveenen veee..... 88
Blycing of white enamels....coooonenes v 278
- Brookite ..oveeeeoies e e . 12
Bulking values C;Ecuv.
and specific gravity. oo ..., .140-142
color pigments ... oo e e reearae 146
driers and SOAPS. v veereerorerrsee oot .. 152
extenders ... R R R 143
e .. 148

metallic plgments. .. cvove oo

= T 2 TR e 1O

plasticizers ... .oooienee AR

FOSIIS v evvvrrcrrmnrsannnne s  eeeeaenreeeee 150

| solvents and thinners. ... veeareee s 154

\ﬂau:ll.u titanium dioxide water SIUFEIES . o v v v v vrrnrvnsss 144

I,! white PIEMIENLS .o ooverrmaareammnnrereerees 143
Butadiene-styreue emulsions,

TITANOX fOF 1 1nvvevnvnrirnsnncmees 7v

e 208

pigmentation of ... i
o~ u C as suffix to TITANOX .. chmvvuvevvener
Calicoater; .

TITANOX fOF 1 vvviaroesonenees e 51
formulation of ... ccaeeiiees
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Calcium base-pigments,

~analysis
TITANOX « 1 iarevnarsvnnnesransanennns vee..51-59
table . i e e 51
preferred-to “pure”. ... .o . oo i 179
Calcium sulfate ..., ovvviivn i 2,9, 51-59
Ceiling paints, TITANOX for ............ S 51
formulation 6F v oot 189, 196
Centigradeto- Fahrenheit, .
table , .o, ... v eressrosannsaenons e 132
ﬁnqm:_:m,m.,. . o :
Trranox-TG for .......veviinno... L7, 72, 81
Tiranox-TGA400 for .........ccoiiiiivien. 73
Chalking - .. v v v e e e e SR, 31
composite PIGMENTs . ... .. .oveerniin. ., el 33
rutile “pure” pigieits............. . .0 32
TiTANOX Pigments .., ...c....cooiiuinn..s 34, 35
of white hause paints. .........oooiiiiiin.., 242
balance between anatase and rutile. .......... 243
of enamels i vvn e i 267
of industrial product finishes. o, ............. 287
Classification -(name)
of Trranox-pigments ...................... 19, 20
Coarse particlés ot residue,
1 A0 1) PN 103
Color :
of PIgMENts ..cviv e ... e 24
methods of testing........., e S 87
standards (liguid)
table ...:... O
Color retention . ............. e e

Composite pigments.
sec calcium base,
also rutile-calcium

Cones, pyrometric(table)....................... 133
Constructic .
Onm:n&.v.ﬁ. (pigment
atkyd B85 oo 194
" indicated by oil absorption. ..., v i .., ... 193, 194
316

Crystal structure ’
for designating pigment. . ... ... . 0. 19
of titanium dioxide. ..., 12
and properties ...... ..., el co12-17
Dammar gum,
in alkyd enamels,......... ... i, 227
Delustering of rayon, ete...... e 62, 65, 83
Determination of :
TiOg in Mpure” pigment. ... ...ooven i, 123
TiO; in titanium-calcium pigment ..., ......... 124
Ca0 in titaninm-calcium pigment.............. 125
TiOz in mixture of pigments ................,. 126
IOz 0 Paper. .ot 127
Colorimetric L..vvneiver i 129
Development of titanium pigments................ 2
Dielectric constant
of titanium dioxide. ... ... ... .ot 17
Discoloration, retarded by
TitaNox pigments ............... ....24, 275, 278
Discovery of titanium . ........ovveerennins e 1
Dispersibility and consistency .......... vevrine. .. 23
I0 WALET .ottt venentrcnaarsinonrennennas 24
Driers,
effects on color ..o ovvii i 226
flat wall paints.........ooiviieinnns oo, 187
Dry color
of pigment .......ooiii i 85
Earth's crust,
abundance of elements in.......... .00 3
Ease of dispersion........ovviiineinennniieenonns 22
Electrical conductivity .
of titanium dioxide. ... ... ... coveeriii il 17
Emulsion paints, ’
TITANOX fOF ©vvvveeeenrinnnnenns, L...42, 45,79
formulation ...........cuiivieireneriaaas 197-212
ACTYIIC i e, ..203
butadiene-styrene .......... .00 ieniriiinn.. 203
CASCIM .y rvsvvvuueevrennnnneoseesnnroeanin, 197
OlEOresinNnoUS v everruernrrnnann nne. 197
polyvinyl acetate ......... o civeiiiiiinin, 203
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Page
Enamels, Tiranox for

....................... L 41-L, 43, 45
architeetural ,...........41-1, 43, 45, 47, 55, 59, 222
automotive ........ eeerenani, .. 41-1, 45, 47, 287
baking ............. ... ceee . 411, 43,45, 281
mterior .. ..., .. 0eee... 4101, 43, 45, 85, 59, 222
interior-exterior .......... S ..45, 47, 57, 222
exterior ......... e .. .. 45, 47,57, 267, 287
et e 71,73
e ve....47,57,272
Enamél JE T . 215
Endpoints .
Of PYTOMELIiC CONLS .o v et ivn e 133
EPoxy resins «ovvereonnr v, PN 284
Extenders,
role in flat wall paints, ... ..., s 183
and. critical pvec. ... ... e e 194
in house paints. ... ... e e e ..0.241, 240
tint bases ......... . .25
“traffic paints . .......... e : .. 292

Exterior paints,

ruttle-eateiumy pigments for, .. ,..........33, 54, 57

titanivm dioxide for........ ... .41-1, 43-47, 61-65
house paints, )
white ... e, vv. .. 240-255
“clean-up” oo s R el 243
durabitity ...... P V4
“fume-proof” ... iiiii .. 252

PRMNEES vovvvveninennnn.n e e 204

enamEls L L e 207

porchand deck.......... e 2270

industrial product enamels........ .. c... ... 287
Federation . & V.P. Clubs, :

fineness of grind scale........ooooiiiiiiinn. 106

£ construction of ... .v.viiiy.......229-239

ckness
reading vate (table)....................160
and reflectance (brightiess) . .........0en.. 277

I

) Paye
Fineness of Grind............ B 22-24

determination of ............. R 105

of rutile-calcitm pigments. .. ... .. .....51-82

scales ...l RPN PN 106

traftic paints ... .. e Lol 295, 291
Flat wall paints,

Trranox for ......, cveee.....53, 85, 59,42, 43,45

formulation of ..., .. i L 176

alkyd oo P 1]
bodying agent ,............. e e 188
calcicoater ... ... ..., .. S ')
critical pve ... e e 194
drier ..., e ... 187, 188
extenders ... e e e ... 183
latex ... e e Lo 199
MAXHNUM PVC ovetveinanenens el 183
primer-finish ....... e e Lo 190
suspending agents ... ... e 185
vehicle ... FR N 185
water thimed ... .......... ... e 197-212
Floor coverings,

Tiranox for ...... e R R 82
Gage

U. S. Std. sheet metal. ... ool 134
Gauge,

Hegman ............... P .. .. 100
Gallon,

U. S to British............. e 131
Glass,

Titanox-TGfor ............ veres ceene... 72, 81
Glass beads, traffic paint........ e, 292
Glazes, .

TitaNox-TGfor ...icovviviviiiunnnn... .72, 81

TitaNnox-A-MO for ......ocoiiviiian. ... 81
Gloss

ARA PVE oot e L1609

factors governing .......... el 220

industrial product finishes...................285
Gloss paints,
Tiranox for ....... Cee v e ... 53, 55,59, 220
Grinding, case of .....vviviiiiiiiiinniani,. 22
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Resistance, specific, det.. . ..
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ow White house pain
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hite house paints.,......

...............
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' ASTM D476-48
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.o.. ASTM D476-48, Type [

ASTM D476-48, Type I

barytes; -1 part ultramarine ‘blue) plus-0:515
cative of-relative hiding power,

ile ‘TiOs pigment for=plastic taminating pap
TiraNox-RA-10 rutile TiOs pigment.

Type III; ASTM D476-48, -11-11.

ype III; ASTM D476-48; 52MC-
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