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« Flopner~Phithalooyanine in
p Y Sase™; bhas wads it
yabion estimetes with sowewhat
o casuel inspscbtion of elestron
wlorographs, This ‘ ‘ _ meswles of parbicle size counts
from slsotron wicroppraphe of ouws EU-ROY-D 8D 90497 and a typisal
gsemplis of Coleofs Daba phass OFC solsd $-33825, Cyan Blus 55-3500, Loy
R-2924-1.09 . ,
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fn any work designed to obisin a partlcls gize distribubion,
it becoumes necessary Lo attempt to define vhat i3 wesant by a pavriicle.
For a grost many poundered substansss a congideration of the particle
sizs o0Ff The plgwent conglsting of eoarse lumps or cakes down to the
yory fine sitb~micioscopie Lfrsctlon of the weterial, shows that there
is somws particle which reguives conzidoredly wore snspegy Lo preducs
3t size thsn the other larger parbicles, This particle isg usually
termed the Mulbiwabe® particle, although it shovld be recognized that
the definition of ulbivate pavbicle is nct & rigid one and an excessive
change in the wagnituds of the fovrce ol sukdivision can finally causs
a fracture of a sorcalled Yultiwale™ porticle ond a new "uliiwmabe"
particle mugt be delinsd, v

Bete phesn SIC of pipgmsubery quality is wmanulactured in such

Fagshicn thet the pmell vltiwete paprilels fg o oryebal fraguent. That

this iz so, i evideni Trom the mes
ulereographs definitely shwow the o
ultiwate porticle ig thaewefore defll
existe in the Tlgishod pigmont., In spealing of »artlcle gizes and papr~
tiele size disteibution, ig this crystal fragasnt that is meant and
not some aggregate of crypkald feagwsnts capabls of being broken down
to the individuel cryasbal Iragmanis,.

1T, SUIIARY AND CONCLUSIONS

turing mocess, and the slechron
iiins natwre of the pigment, The
2cd as Phis cryobel fregusnt as it

1. Both Caleo'’s product and our product havs over 909 of
thely ultlwate varticles of a2 size less than-c.éwiavawage
Glaveber.

2. There is en cccasional particle greater than 0.8 average
diameter but it amounts to only O.47 for our prdduct znd
0.4 for Caleol's product. '

P2

5. An exomination of fhe wactangulsr histograms definitely
shows the sinllarity in partlcle sizs distribution
between the vUwe products, with our produst containing
somewheds wors lovge pevbicles than Calcols pigment.,

4 Two average particle dianmcters dorived from the distri~
bution data snd the average dlapeter talculated From @
specific aurface wessuvrsusnt Forther 1llustrete the
gimilarity of the twe plgusnis. The diesmeters in wmicrons
ars given belows

_ Calcots Cyan
BT=-207~D Rlue {(C-53926)

dy 0,067 0,066
a 0.100 0,083

3 . 3 .
d (Spoﬂlﬂ?f«) 0@061 A 00062
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Hote:~ The ave, dla. nomenclabure is fairly well standard~

e ized thvoughout ths literatuve, (vef.) but to avoid
gubligulity, ey sversgs parbicle size diameter should
alvays bs delfingd,

dy . F gz id

1) Lo

< nde

n = nuber of particles in a size
ClaEg.
4 = ave, Alametsr of sach size olass.

I1I, EXPERIMERTAL TECHIIOUES

Te obtaln the particle sizs dlstributicva of thess orystal
frapmenbs 1t iv nocssaary to digperse them to the dogres vhere size
measuremsnts can be wads on individual Tragwenbs, usiny the elsctron
wieroscops O geb the necessery mapniflicetion., Because of the smallness
of the particles in gusgiion, bo get adequabs digpersion 1ls a very dif-«
fieult procedure in vwhich is smbodied the technigus of trial and eyror.

It should bhevefors be understood that ony written nrocedurs
is not to be considared as yilslding uwneguivocslly sulteble electron
micpopraphs, bubt, wost usualily, vepocabted atiewpts wust be wmade in which
nodlficatlone ape employed ns o the pigwent particle populatlion, the

thickness of the filwu supvorting the pigment disporsion, the length of
time the sawmple is rubdbed, how havrd it is mibdbed, how long the sample

&
“t

is allowed to stand in counbact with the dlspersing wediwg, sbtc, IBxper-
ionee coupled to & cerbaln awmount of Juck will Tinally yield &
digpewsion from which 1t 1s possible o make particle sige counts on
particlos vhlch apesar o be, fo¢ the most part, single particles, It
must be msgalizged, howsver, that abt lJeast soms of these particles are
probably eggregates and that s perticle size count will give a distpi~
bubion with avewvepes sowevhat lapger thaw Those glven 1f it were
possible Lo strictly weaswwre single crystal Irvagucnis,

A, Procedure for Prepaving Blsctren llcromraphs

, A swall amount of the dry pignend (4 10 wg) iz mixed with
about fwo dvops of BY-5&~TV%{epprox. 207 nit¥ocelluloss). This is
rubbed on & Cevarrafriogss sueds finish plate uszing & small paletie
nife. The rubbing dlme is usuvally B winubes., Thinner is added from
time to Hime to maintalm & vworkable fhough hsavy ink. A portion of
the vesulbing Ink 1s thinped with diiubed nltrocelluloass prepared by
diluting the KV+36-TV with T-3601 in & wratic of 1 to 20, Such a 41~
lubion gives approx. & 17 nitrocellulose solution. This diluted ink
1s thoroughly mixed in with the palette knife. .

©Whhe gownosition of KV-36~7V 18 ags follows:-
1/4 goe, nitrocellulose =~  14,9%
y (707 sSolids)
1/2 ssc, nltrocelluloss - 14,9
, * (70% Solids 9%
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“The cowpositlon of T-3480% is as followsi«

Butyl Acebate 37.0%
Tolaol 586,03
Byl Acebate 12,5%
Butyl Alcohol 12 .0%

Ethyl Alcohol (231) 35.5%

# Cavavra rlass is a structurel glass mamufactuved
by Pilttsburgh Plate Glass Co. It cowes in a gloss
and a susde finicgh. 7The sveds finish furnishes en
fdedl suvrefaoce for Iintiwmately wmixing pigment and
rohicle with a pelette Iknirfe.

Oue drop of thiz dispersion is placed on & clesn microscops
siide, The odge of smobther slide 1 used Yo swear the drop over the
surfoce cf the slide, The fLlim so Lforued dries simost lumediately and
is floated on to water in o erystallizing dish by carefully Inserbting
one edge of the slide into the waber. The Lilwm willl separate from the
siide as the slide is further luworsed wabil 1t finally floats free.

It is well to score the filw before {loating it on to the watey so that
several igolated Tilm sectbiong will bs floating on the water, A con~
venlont scoring tool iz a dlagecting nsedle,

: Since the edgs of the giide used o spread oub the drop is
not perfectly straignd bub conbains wery small vidgss, the f1lm ssctions
axre not of ualform thimess and with experisncs a wegion of the reguired
thinness cen be seolected and picksd up on a 200 wesh screen 1/8% diae
In order Lo accomplish this, ths 200 wesh screen, supperted on a little
bregs plabtform eguippad vwith 2 swall bhandle, is taken below the supface
of the water under the sgelected noriion of the fiim. The sereen is
then raised so that 1t supports the selocted film section. This follows
the filwm wounting technigre also applicable to preparing mounts for
electron diffroction and is descpibsd in greabtss detall on pe 8 of
Kij~48~76, The scyleen containing the film is removed frow the suppord
and gllowad to dry for a few minubes. Tt is then twransferred to the
elsctron microscope holder. Tweozers awe uged to Pacilitate this
transfer. I the iwmege oun Lthe flursscent soresn has poor presolubion,
it 1s probegble that the Iilm is too thick and another wount wusi be
wade celecting & thinner portion, TP the filwm bresks even with & low
intensity beam gvywrent, the film ig too thin and a thicker portion must
be selested. If corsiderable apgregatlion is evident, inadequate dis~
persion is indicated, and another ink umst be prepared. Iore attention
ghould be glven to the pubbing stage of the bechnigus, particularly
after the Cinal addition of dilubs XV-36-~T¥. Also, in particulerly
stubborn cases, aging the ink for soveral days hag been known to improve
the dispsrsion. I the field is too thickly populated for easy viewing
or too sparse to obtain s typical vopresentation, the whole mounting
procedure must be wepeslied, adjusting the guantity of piguent used.

In actual practice, several mounts are always wmade employing
the variations wenbtlionsd above until a2 pleture, or group of pnletures,
is obtained which show adequate dispersion for the purpose intended.
If a particle size count 1s to be made, 1%t is particularly important
to have as highly a wesolved image as is consistent with the practical

+
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range of the micwoscope. The dsprcee of disversion wust also be
gufficiant o allow the counting of enough sinpls varbicles, avoiding
the counting of apgrexates as sinfle rarticles.

B. freeedwre for Tartlcle Size Counting

The electron microscops vields a photographic negative 2 x 2Y
and with a wapnification of aporox. 6,000 X, The scitual wagnification
calibration will be describsd in snothey section, This negative 1s
optically rrojected cn a seoreen making the wvrojected mapnification
50,000 X. Only the center porilon of the negative is consldered for
counting in order to winiuize the distortlon introduced by optical
eheyratione. Ths vrojeciion size used o Tthis work was 20 x 20 ome
The sereen is crogs-vuled Lo form rectangles to conveniently divide
the counting field ivto smaller ssctlonms, A convenient degree of sub-
division is eipht zocblons of & x 10 em sach, Actuslly the size sectlon
wost conveniernt will vary with the vpopulation density of the particls
and any dagres of subdiviaion wwy be vsed.

Inspection oi the particle esizes will suggest a suibadble size
inberval., For this worl, the size inbervals chosen were 7 0,404
0,40 o 0.30u , 0.80u1 5o 0.204 , 0.20x 0 0,18 , 0.10u to 0,08
and <:090§ﬂ4 = The precisicn of waasubvewont was azsuued o be around
0.0LuA »

To aubomaticalily obiain on avepvngs dimension for parbticles’
that awe non~gpherical in shaps, lincar wmsasurouwents wsre made always
in the same directlon, This assvamss randow orleatation and is an ac-
cepbed bechnique racorded in the literature {(rslf.)s The direction
chgisn i3 iwmaterial, For this sork, measureuwents were wmade horlzon-
tall Fe

Gare should be excrcised in avoiding the counting of sgprogebes
as single particles. Theirg is no pood prule to follow o completely
avold tnis and uadoubitedly sowe ap~veratss will be counted as single
particlss,. An sccented rule to Tollcw is to not count a particle unless
one crnn gec at least haif of its veriuwster.

In cebval practice the particles are wsasuvsd with a pair of
Gividers, starting wlth the levpest size w»ange Tirsts For thig work
very few perticles exceded 0,804« hencs the Tirst two classes could be
counsved and totaled wore o leéss simultsnecusly. The next olass, 0.8
to 0,104 i3 counbted by setiing the dividers at 0,14 and counbing a
particles O.1u and over vwhich have not besen counted in the previous
range. Ths‘ﬁﬁvidsrs ars then sebt at 0,05¢ and all particles 0.05u
and over which have not boea counted in the previous rangs are counbted
and at the sawe tlme all particles under 0.0Bu are also counted. This
technigus is; of courss, applied to each of the subdividing rectangles.
To avoid counting the same partlicle twice at the boundary line between
adjacent wectangles, the particles touching only the left and upper
sides sre counted with each rectangle. This follows the accepted
practice of blood cell counting. The sums for each rectangle are
totaled to glve the number of particles in each size class. Lo
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C. Frogedurs for lapniflcatlionm Galibration

Two indepsndent methods were used So obtain an absolubts weasure
of the magnification. One method wos to cagst a nitroecelliulose replica
of a grating designed for thils purpose and marketed by Paird Assoclates,
This 1s a ruled grating with 15,000 lines to the inech making the dis-
tance between line centers 1.7 micromns + 15 spsrt, The veplica is
prepared by spreading a solution of nit¥ocelliulose in amyl acetate over
the grating and then floating it off on to wabter, This film ls then
picked up on & mounting seresn in the convenbtional wmammer, The esctual
distance apart of the linss on the photographic nagative weasured with
a om, rule and expressed in wmlerons divided by 1.7 microns gives the
magnificatlon factor Por the elsciron wmicroscope. Cere uust be exer=
cised in wmaintaining the same conditione with repards to instrumefit
maenification for both the grating picture and the pigment pilctures.

Of varticulay lmportance ig the wmaintaining of a constant position of
the "polsw-piece" in the electron microscops. Tven a slight change in
its position can marksdly change the memification factors

In spite of the sseming simplicity of this wmethod, the wmounting
of a nitrocgllulose film replica of the grating without introducing
some distortion is practically lwpossible. A certain amount of shrinkage
and distortion of the film upon drying is also a recognized source of
error. Dscause of thils, another independent wmethod was also used to
sstabligh the wmagnification factowrs This other wethod appsars quite
involved bul actvally it is felt ©o be mors veliable than the grating
method, The primary standarcd instead of being a grating 1s « light
wlcroscopic stage micromebter with lines 0,01 mm apart. A light photo~
micropraph of this stage micrometed is taken at a wagnification of
approx. 700 Xo For this work, a 44 X objsctive with a 20 X Hyperplane
ocular, and 18.2 cm tvbe length was useds The negativo was a 4 x 5§
inch Fastmen 40 plate. The magnification factor for the light micro-
acope ls thus obtainsd by simply dividing the line distance on the
photographic plate by the line distance of the lineg on the stage
micrometere A lisght wmicrogreph, at this mapnification, is then taken
of a hole in an electron wicroscope specluen screen, This hole is
produced by enlavging one of the holss in a 200 mesh scrsen with a
needle. Inspeckion of such & hole usvally reveals enough rough edges
and burrs to serve as measuring polints for cslibration purposes. A
convenient measuring point Is chosen large enough to moasure on the
4 x 5 light wmicrograph negative but not go largs that it will exceed
the size of the fleld in the electron microscope when used at low powers
The true size of this distance is obboeined by dividing the measurement
on the negative by this 1lrsht mlcroscope mapnification factor. For
the salke of illustration, call this distance "A"., A low-power magni~-
fication electron micrograph nepative of this distance is now obtainsd
and the wmagnification factor of the slectron microscope at low power
is calculated by dividing the weasured distance on the negative by "A",
Inspection of this electron micrograph nepative will reveal sufficient
small structure large enough to wmake s measurement on the electron
micrograph nepative but small enough to lie within the field at high
wapnification, The true size of this smaller distance 1s obtained by
dividing the distance as measured on the negative by the magnification
factor of the electron microscope at low magnificetion, Call this dis«
tance "BY, A photographlc negative is now obtained of this region of.
the hole in the speciumen screen and the magnification factor for the
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glectron microscope at hipgh mapnification is obtainad bg dividing the
digtance as measured on the nepabive by the distance "B, This is in
the nsirhbarhood of 6,000 X but must be redetermined by remeasurement
of the image of "B ezch tiwme the pole~plece of the microscope ls
movede

In sctual practice it is advisable Vo meke wmore than one
weasurenment in each size range and average the resulting wmagnification
factors. The overall precision of the wagnifiéation factor of the ’
electron microscope is better than §%, A typical comparison of the
low power magnificsztion factor using the two methods ocutlined gbove is
660 for the grating and 667 for the sbtape wmicromoter,

In projecting the photographic negative of a pigment dispersion
under hiph magnification, the distance of the projector frou the viewing
soreen is so chogen that the projected magnification is 50,000 X, Tt
is at this vagnification that the particle size count is wade, A cen~
timeter rule with half willimeter divisions i1s used to make the particle
size measuvromsnts, Ths precision of the weasurement is not Tixed by
the degres of subdivision ol the ruls, bubt is fixed by the unceriainty
involved in deflning the edge of the particls, I one assumes a pre-
cisdon of + 0.5 mm, an O.,lu pavticio con be measured with a precision
of 107, This weans that The mepnification factor contains less error
than the Pinal particils size weasurcuent. A {aly sstimate of the over-
all precision in particle size measurcwent is therafore 123,

D. Data for BT-297-D and Jalco's Cyan Blug

Four slectron wmicrographs with dispersions suitable for
couwating were obtained of BT~297+D and are lllusirated in Figures 1,
2, 3, and 4, The actusl particls size count is shown in Table I,

Two slectron wicrogrsphs with dlspersions suitable for counting
were obtaimed of Calco's Cyan Blue and are illustrated in Figures 5§
and 6. The particle gize count is showmn in Teble IIX.

Plgures 7 and 8 are rectangular histcgraws of BT~297-D and ,
Caleots Cyam Blue respectively plotting particle fregquency against size
class using the grand totals shom in Teble I and II. Tsble III shows
the pertinent gtatistical data which well illustrete the similarity
between our ssmple and Calco's sample, Specific surface measurements
wers wade on the two sawmples at the Experimenial Statlon using the
nitrogen adsorption technigque. These data ave also given in Table III.
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STAPISTICAL SUIRIARY

_ Caloo's
BI-297-D  Cyen Blue
Tobtal Ho. of parbticles counbed 2,510 1,418
Perticles no greater than 0.1 micron “ ‘ A
ave., dim 092.4% 97.1%
Partlcles in the range 0,% wicron to 0.8
uleron ave. dla. 7.2% 2.8%
Particies greaber than 0.2 wmicroms ave. dia, 0.4% 0.1%
Avs, particle dia. "di1" {microms) 0,087 . 0,068
Ave, particle dis. "dz” '{'w“cwo:‘m} 0,100 0,065'
Ave, partlicls dlm. oalc, frouw '«'puclfic _
gurPacs (micronsg) 0,081 0.062
The averape Gilamebersy dy oud dp were calculated from %:he data
in Tebles I and II using ths fa »»»» owing lopmul LR
& = na
Lhe = i TR
T o=mE
dy = .:g‘;"wpdi.

n = nuvwber of varticles in & sizs class,
¢ = ave, dlsmsier of sach gize class,

The nomenclature followed is thet generslly found in the 11tex'atuve
{ref,)s, The average diswster &% is eslled "lesn diameter®. The
average diameter “dp® is called "Fean volure~gurface dismeter™. This

"dz" diameter 1s the same type of sversge as that obtained d.’z.ractly
fron & specific gsurface uessurement,

In Teble IXI, %he s.vez*a%e dameters calculated i‘z’om specii’ic
surface meagurements were caleculsted from the formulaz= -
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& sp. supfe = 68 .
B ST X 8D Cravity

¥

8p. stwl, = Dismster sxpressed as microns
Bp. Gravity = 1,84
8p. Swwf. expressed as sg. wasbers per gram

ITL. DISCUSSION

Thers 1ls a delinité siwllapily hedwsen the two pigments with
Colecots product conbalning o somewhalt lawger psrcenbapge of small
particles than oup pisuent. As 2xpscboed, ths two averages dy and dz
are not in agreemsnt, The a3 averaze favors the smaller particles,
hence its valus will be lower than %he dg aversgs. The 4z average is
of the typs caleulsted frow specific surlace data but the agreement o
between 43 and that caleulated {rcom specific suvrface is not particularly
good. It is felt that the bigpest singls fsetor responsible for the
lack of agrsewsnt ig the exbtreme difficulty of avoliding the counting
off looss apgrogatss es gingle particles. The nitrogen woleculs does
not have this difficulty and hence indicates & smaller average diameter.
The vescolving power iiwnil of the microgeops is also & factor which
will tend to plve & weaswrowent lovpmer than the true sizes Ths closer
the pertiocle diswebsr s to the vesolving power of the instrument,
the groater will be the srwor, The vesolving power of the microscops
18 probably sround 0,0lii. This ig s11ll a Tive~fold factor below
the 0.054 pavticle sizeé vhich is probably close smough 0 have sows
eiffoot bub not as great sn elfect os the counting of aggregates as
singls ultimabe pawbiclads

IV, FUTURE_PROGRAU

It is planmed bo obvainm parbticle size distribution data onm
other pigments as tiwe permibs.

V. RUFZRENCES

£

Ee. K. Fisher "Colloidsl Dispersions®™, John Wiley & Sons Inc.
New York 1980.

The experimental work is rccorded in XB-1l37-76 & T7.-
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Figure 1. BT-297-D, SD-90497, Plate 1471
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Figwhe 2, BT-207-D, SD-90497 Plate 1291

35,000 X

DUP050068613




-'12_-

Figure 3, BT-297-D, SD-90497 Plate 1457

36,000 X
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Figure 4, BT-297-D, SD-90497  Plate 1458
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Figure 5., Calco's Cyan Blue, C-53926. Plate 1468

85,000 X

DUP050068616




- 15 -

Figure 6. Calco's Cyan Blue, C-53926 Plate 1487 ‘

35,000 X
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FIG. 8 CALCO'S CYaN BLUE G~55926
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