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ABSTRACT

This thesls presents Information on the
effect of various dispersing agents on the dispersion
of cadmium sulfide pigment in alkall refined linseed
oil and an oleo-resinous varnish,

The dispersing agents Iinvestigated were
nitrobenzene, olelc acid, Zinol, Claurin, Nopco-1072,
Nopeco CVT, Vel, Lecivit "F",Nuade, Zinc Xuowetter,and
uwodex Zinc (8%).

The efflclency of the dispersion resultlng
from the addition of each was evaluated by three
methods, TIirst by the percent pigment that could be
added to produce & ground paste of standard consistency,
and the percent pigment that could be added to produce
a paint of standard consistency, Next dlspersion was
evaluaeted by noting the volume of plgment that settled
in a unit time, due both to gravity and centrifugal
force, Lastly the degree of dispersion was observed
under & microscope.

Although no general satisfactory dispersing
agent was found in this investigation, several exist-
ing methods of evaluating dispersion were utilized and

one new meothod was developed.
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The degree to which a pigment ls dispersed
in a paint or enamel greatly affects the properties
of the paint or enamel and the subsequent {llms. The
elfect 18 evident in the consistency and settling
properties of the paint, as well as in the drying,
gloss, and weathering characteristics of the film,

It has been demonstrated by extensive exw
perinentatlon that the optimum dispersion veries from
the ultimate degree down to that of a relatlively large
flocculations Through the use of equipment that has
been avallable for sometime low to medlium dispersions
could be easlly produced, but the production of fine
dispersions has been a generally unsolved problem.
The greatest advances 1in this direction have been the
design of superior grinding equipment and the formul-
ation of vehicles to give a satisfactory dispersion.
However, even with these advancements, many plgment-
vehicle combinations remain as "hard grinders'", diffie-
cult to disperse with any reasonable amount of grind-
ing. As a result chemlcals called dispersing aids
have been added to the paint formulation to decrease

the tendency toward flocculation and the grinding time.



Cadmium colors are non~bleeding, light-
fast pigments that bake well, but have the undesir-
able property of belng very hard to disperse in the
usual paint and varnish vehlcles. As & result,
cedmium paints result in films that chalk quickly
and badly. The purpose of thls investigation is
to study the problem of dispersing cedmium sulfide
plgments in alkali refined linseed c¢il and in an

olec resinous varnish,
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Paint making, belleved to have originated in
Fgypt, 1s one of the oldest sclences on record. Accounts
of excavations state that as far back as 4000 B.C.traces
of color were found preserved in the form of writing and
plctures painted on walls of tombs.

Additional agents In paints were found through
a need to overcome existing deficlencies. Probably the
first substances of thls nature were drlers, such as

metallic salts added to perform the speclal duty of

<

hastening crying of the palnt {ilm, As numerous pigment-

vehicle combinations were cdeveloped, further addition
agents were produced to alleviate specific undesirable
characteristics. These agents, for example, affected
shelf settling, livering, skianing, etc.

For the past decade the use of agents to in-
crease dispersion and decrease grinding time has been of
Iinterest to palnt manufacturers. Articles have been
publlished during this time discussing eifectlve dispers-
ing agents in specific pigment-vehicle combinetions and
some methods for evaluating the efficlency of dlsperslon
due to these agents.

Probebly more &gents have been Investigated

to 8ld in the dispersion of carbon black than any other
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pigment, &nd include such proprietary campounds as zinc
naphthenate, zinc dichlorstearate, "Nuowetter 2 number
1000", snd naphthenated castor oll, (19,18,11)

In 1935 the New York Production Club tested
thirteen dlspersing agents representing eleven classes
of compounds. These were tested on a serles of whilte
and colored plgments In linseed oll and varnish vehilcles.
The compounds were found to be effective on specific
plgments and are listed in order of numerical superior-
1ty zinc naphthenate, Iecivit, Twitchel Dase 265,
ester gum, oleic acid, Emulsiphor "A", sallcylic acid,
and nitrobenzene.(16) The Detroit Production Club
(19,3) made an extensive study of dispersion alds, test-
ing over [ifty agents in various pligment-vehlcle combin=-
ations. After two years of observation and study of
these agents 1t was found the following alded dlspersion
of decreased grinding time in at least several cases:
Nuade, Zlnol, Glaurin, Lead Ollsolate, Zinc Aerosol-0T,
Nopco-2180, Tergitol No.4, Bopco-CVU, Nopco-CVT,Tergltol
No. 7, Talloil No. 1, diethylene glycol dinaphthenate,
Sharples Agent Ho. 2, and Nopco~CNH,.

A number of methods have been devised for

evaluating the effects of dispersing agents on mixed




paints. In general all these methods are relative,
and the evaluation is mede on the comparative effecte
iveness of different agents.

Selden and Selker (18) proposed that if a
number of paint samples were ground to a standard
fineness, the degree of dispersion would be directly
proportional to the grinding time. They ground a
number of paste samples on a pebble mill with differ-
ent agents added to each, They considered thelr grind
to be of standard fineness when 1t gave & specifled
reading on a Sherwin-wWilliams fineness gauge. The time
required for the grind was chosen as an Indication of
effectiveness,

The N¥ew York Production Club (15) in 1934-35
evaluated dispersion in much the same manner, They
mixed, ground, and tested samples with different dlse
persing agents added under constant conditions. The
degree of dispersion was judged by fineness readings
obtained on standard gless plates, and evaluated as
finer, equal to, slightly coarser,or coarser than a
sample with no agent added, The relative effect of
these agents on the brushing, levelling, sagging, fading,
and drying properties of the film, and the consistency

of the palnt was noted.



In the work of dispersing agents undertaken
by the Detroit Production Club (5), several methods of
evaluating dlspersion were used. The major portion of
the work was done on & small laboratory roller mill.
The mill was properly adjusted, and the time required
for a paste with no agent added to pass once through
the mill was noted by means of a stop-watch, Next
pastes with incorporated addition agents were passed
through the mlill without changing the mill setting.
The diffcrences between these grinding times and the
grinding time for the blank were used to give a rela-
tine evaluatlion of dispersion. The Club also used
sedimentation volumes to evaluate efficiency by dis=
persion. Tests were made by placing twn grams of
plgment paste in a test tube, and adding ten grams of
toluene, The mixture was then shaken and left to
stand for twenty-four hours. At the end of this period
measurements were made of the volumes of plgment that
had settled to the bottom of the test tube. The agents
giving less sediment were judged to be the best
dispersion alds,

The Detroit Club 1s also responsible for
studles of disperslon by means of Xeray diffraction
patterns, and by mekling photomicrographs of paste



smears on a mlcroscoplic slide, (5)

The phenomenon of dlsperslion has also been
observed by determining the tintorlisal strength of the
pigment-vehicle combination, It was shown that 1f the
added agent 1s effective as dispersion agent, the
tintorial strength of the paste contalning it is greater
than & similarly ground pure paste. (11)

The followlng outstanding generalizatlions have
been made from the previous work on this subject:

(1) The optimum amount of dispersing agent is from
one to one and one-half percent, based on the weight
of plgment useds, Also it 1s lmmaterial whether the
agent 1s added to the grinding liquid, or whether

the plgment partucles are coated., (15)

(2) Dispersing agents are very speclalized, that is,
an azent may be effective for one pigment-vehilcle
combination while it has no tendency to ald dispersion
with different pigments and in different vehicles.(5)
(3) with an elfective dispersing more pigment can be
added to a paste before producing a standerd conslst-
sncy. (5)

(4) Crinding time is generally, but not necessarily,
decreaged because of better dispersion while 1t 1s
always decreased, up to the loading 1limit, by an

increase in plgment concentration. (5)
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The terms wetting and dlspersing are often
used synonymously in the paint industry although they
are entirely different and distinct phenomens, This
use may lead to the confusion unless there 1s a clear
differentiation between the two terms,

The wetting of a paint pigment by a vehicle
1s the displacing of alr on the surface of the pigment
particle by the vehicle, It 1s strictly a surface
phenomenon, based not only on the reduction of surface
tension of a solution but also upon the reduction of
interfacial tenslon between the solld and the liquid.

Dispersion is the breaking up of the clusters
of pigment particles, and suspending the individual
particles in the vehicle. Then the pigment is irmersed
In the grinding liquid, absorption occurs, formlng &
layer of oriented molecules around each pigment particle.
The energy change, E, that occurs during this absorption
process 1s glven by the formulae E - Sy5 =~ S1p =Spo.

812 1s the interfaclal enecrgy between pigment and
vehlcle before absorption takes place, S the inter-
faclal energy between plilgment and absorbed layer, and
Sgp the interfaclal energy between absorbed layer and
vehicle, As dispersion depends largely upon the proper-

tles of the oll and to only a small extent upon the surface
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properties of the plgment, Sno 18 the predominant
factor. (14)

In dispersion, the contlinuous phase of orient-
ed molecules 1s broken, and two areas of interfaclal
surface Sy, are created. The energy change, work of
dlspersion, may therefore be formulated Eq = 2302+
The flocculation process 1s just the reverse of the
dlspersion process and may be formulated Ep = 28p0.(14)

This Indicates that when the interfacial energy,
Spgs between the adsorbed layer and the oil 1s high, the
work of flocculation is large and positive; that a large
emount of energy ls expended by the system when floccul=-
ation occurs; and that the flocculated state 1s much
more stable than the dispersed state, A high value of
Soo wlll therefore tend to bring about flocculation. On
the other hand, when the interfacial energy S , 1s small,
the work of flocculatlon will llkewlse be small, and the
system wlll tend to be more stable and will remain dis-
persed longer. (14)

An effective agent 1s usually a polar materlal
having a portion which has an attraction for the vehicle

and a portion which has an attraction for the pignent.
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As the dispersing agent orients on the pigment surface,
there should be a metastable bond between the pigment
and agent, while the polar complex, belng attracted by
the vehlcle, should orient itself to present & new or
pseudo surface that 1s simller to the vehicle. This
wlil keep the plgment particles from grouping together
and permlt them to move about In the paint ligquld. An
exsmple of a pigment, agent, vehlcle system 1s zinc
oleate used as a dispersing agent. The plgment particles
are likely to attract the zinc portlon, whlle the polar
oleate radicle is orientated towards the vehicle.(10,3)
Proper grinding 1s necessary for proper dis-
persion., In the process of mixing, a sufficlent quantity
of vehlcle ls mixed with the clusters of pigment particles
to wet them, Next the clusters arec placed on & mlill so
that they wlll be torn apart by the shearing action
developed which exposes new surfaces for further wettling.
Crinding seldom reduces the slze of the pigment particles,
primarily it breaks up the aggregates, The average plg-
ment particle ranges in size from less than 1 to 10-156
microns. As the minlmum clearance that can be cbtalned
on a roller mill 1s 15~25 microns, it can bc scen that
grinding may be obtelned from the reclls alone, but from

a high viscosity paste coating the mill, A roller
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m1ll that 1is Initilally set too close will cause the
oversize, or large agglomerates, to hold back snd not
pass through until last, When they do psss, they push
the rolls sapart, which results In an uneven grind. The
correct procedure is to set the rolls to grind the over-
size, then to reduce the clearance untll all the fines
have been ground. (1)

One phase of the experimental work in this
thesls 18 set up on the phyothesis that the consistency
of & paste or paint decreases with better dispersion.
When a palint is [locculated a number of plgment particles
are held together, forming loosely grouped nasses which
act g & unit., Part of the vehicle is trapped within
these unlts and creates the elfect of a much higher pige-
ment concentration, When these flocs are broken up and
the individual pigment particles dispersed, they can move
freely in the liquld mess resulting In a much lower cone
sistency paste,. This may bo better plctures by comparing
the pigment particles and flocculates to the molecules of
a llquid, Just as lower molecular welght liquids, smaller
molecules, have low viscositles because of less resiste
ance to movement, so does better disperséd raints have
lower consistency. {12) Therefore, il constant pigment-

vehlclie ratlio paint samples are made up with & small
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amount of dispersing agent in each, the semples should
vary in conslstency relative to the degree of dispersion,
The more effective the dispersion aids, the lower will
be the conslstency of the samples and the higher will be
the percent pigment that can be added to a standard
consistency paste, This will hold true for both paste
and palint 1f all the samples are mixed, ground, and
tested for consistency in exactly the same manner,

It frequently happens that a palnt having a
quite heavy structural body before it 1s stirred will
become thinner and more free-{lowing upon agltation.

A palnt showing these tendencles la termed thixotropic.
(7) 1t was endeavored to keep away from thixotropic
palnts 1n this investlgatlon.

The nature and degree of disperslion has an
effeect on the pigment suspension of the peint. It 1s
quite generally known that a well dispersed pigment
wlll settle slowly but to a hard cake, while a floc=-
culated pigment will settle tapidly to a soft cake,
This 1s because of the fact thaf when the pigment is
dlispersed by come agent the original speclfic gravity

of the plgment 1s generally repleced by an apparent
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specific gravity that is much less, which markedly
affects the rate and type of settling. Thus 1if
samples contalning different dispersion ailds, but
constant pigment-vehlicle ratios, are allowed to settle
for a definlte time, the ratio of pigment settled to
paint initlal will be low for effective dispersing ailds
and high for ineffective dlspersing alds. The settling
may be forced, as when centrifuged or natural. However,
with effective agents the pigment will settle to a hard
cake while with ineffective agents the settled cake
will be soft.

Another method of evaluating dispersion 1is
by examination under & microscope at from 400 to 500
magnificatlons. When a pigment dispersion is viewed
under a microscope the pigment particles appear individe
ually, with each particle having a separate movement,
When a flocculation is viewed, the pigment particles
appear in clisters, the size and number of the clusters
depending upon the degree of flocculation,.

The type of substance used as a dlspersing
ald should be a polar materlal preferably of high
molecular welght. Yaterials of low molecular weight

are more readlly adsorbed on the pilgment surface, but
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are not as efficilent in dlispersion. The chain must not
be too long, because the agent would form a solld or semlw
so0lid complex yieldling a rigid paste.

A review was made of the dispersing agents used
by the trade and reported in literature. A selection
of the specific agents to be tested was taken from this
review, and were chosen because they were comnmon, econ-
omical, easlly obtalnable, and represented a large
variety of chemical types.,

The dispersing agents to be Iinvestigated are
nitrobenzene, oleic scid, Zinol, Glaurin, Nopco-CVT,
Vel, Lecivit "F", Nuade, Zinc Nuowetter, lopco-1072,

and Nuodex Zinc (8%).
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RAW ¥ATERIALS

The raw materlals used IiIn this investization
were cadmium yellow plgment, alkall refined linseed oil,
Durez ester gum varnish vehicles, and eleven dispersing
agents. The dispersing agents used were nitrobenzene,
oleic acid, Zinol, Glaurin, Nopco-CV>, Vel, Leclvit "r",
lusde, Zinc Nuowetter, Nopco-1072, and Nuodex Zinc (8%).

The properties of the raw materlals are listed
as follows:

Cadmium Yellow=1475 -« This cadmium sulflde
pignent was manufactured by the Kentucky Color and
Chemical Co. It sells at present for $1.75 per pound,
It is a medlum yellow, pernanently non-bleeding, light-
fast, and alkali-resisting plgment. Cadmium yellow of
this type has a specific gravity of 4.25 and a bulking
value of 35,40 poundé per gallon. The residue on a 325
mesh screen was 0,02 percent, and 1ts oll absorption
was 17.42, (8)

Alkall Kefined Linseed 011 -« This oll was
alkalil refined by Peaslee-Gaulbert Palnt and Varnish Co.
It 1s pale yellow 1n color. Linseed oil of this type
has a specific gravity of 0,931 to 0,935, an index of
refraction of 1,478, an lodine number of 175 to 190,
and a saponification value of 188 to 196. (8)
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Durez Ester Cum Varnish-lo,550 «= This was
a special varnish in that 1t had no drier addede. The
constituents of the varnlish were 25 pounds Dureg
phenolic resin, 75 pounds ester gum, 34 gallons high
bodled linseed, 20 gallons China wood oil, and 40
gallons of mineral spirits, for a 71 gallon yleld.
This varnlsh 1s of light yellow color, and it Incorpo-
rates the property of high gloss, non-yellowling, and
goap and water resistance to the paint {ilm.

The properties of the dispersing acents
are listed as follows:

Nopco-CVT == Thils dlspersing agent, an olelic
amine, Is manufactured by lNatlonal 011 Products Co.
It 1s a brown paste that melts at 37-39°C, 1s soluble
in alcohol and oil, and insoluble in water. It has
a specific gravity of 0,999,

Kopco~1072 =« This dispersing agent 1s also
manufactured by National 011 Products Co. It 1s a
liquid of medium brown color and high viscoslity., Its
melting point is 18-20°C, It 1s soluble in alcohol
and oll, and inscluble 1n water, It has & specific
gravity of 0,87,



Glaurin -~ Manufactured by Glycol Products

Cos, 1s dlethylens glycol mono-laurate. It is a

lght yellow, oily liquld that is slightly soluble

in oll and completely insoluble in water. Its specific
gravity 1s 0,96,

Zinc Nuowetter ~-- Thils dispersing agent 1s
manufactured by MNuedex Products Company., It is a
straw-colored, medlum-viscosity liquid. It has a
apecific gravity of 1,026,

Nuade -~ Nanufactured by Nuodex Products Co.,
ls & resinous type polymer, It 1s & neutral, none-
reactive, dark brown, high viscosity liquid thet bulks
7% pounds to the zallon.

Nuodex Zinc (8%) == This agent 1s also manue
factured by Nuodex Products Co,. It is a low-viscoslty,
light yellow, oily liquid. No physical data could be
found on this agent.

Lecivit "F" -« An organic phosphatlide, is
manufactured by Jungmen and Company. It 18 a liquid
of very hipgh viscosity and dark brown color, No

physical data could be obtalned on this agent,



[
ro

Zinol -- Manufactured by Nuport Industries,
ls a zinc resinate. It is & low-viscosity, light
vellow, oily liquid. No physlcal data could be
obtained on this agent.

Vel == A sulfonated alcohol, is menufactured
by Colgate~Palmolive~Peect Co. It is a neutral hydro-
phylic detergent in the form of soap {lakes.

Hltrobsnzene -~ A widely used organic
chemical, It 1s a light yellow 1liquid, insoluble
In water and soluble in alcohol and ether. Nitrobenzene
has a molecular weight of 122,1, a bolling point of
210.9°C, and a specific gravity of 1,205,

Olelc Acid =« A well known orgenic chemical
wlth a molecular weizght of 282.5. It 18 a colorless
liquid, insoluble in water and soluble in alcohol and
ether, has a bolling polnt of 285°C and & specific
gravity of 0,85,



PROCLDURE

The experimental work in this Investigation
was divided into two phases. The dispersing agents
were {1irst tested with cadmium yellow pigment in
linseed o01l, and secondly tested wlth cadmium yellow

plgment in & varnish vehicle.

LINSEED OIL VEHICLE

The efficiency of the dispersion resulting
from the addition of each agent to linseed oil vehlcle
was evaluated by three methods, Filrst by the percent
plgment that could be added to produce a ground paste
of standard conslstency, and the percent plgment that
could be added to produce & pulint of stendard conslst-
ency. Next dlspersion was evaluated by noting the
volume of plgment that settled in a unit time, due
both to gravity and centrifugsl force, Lastly the
degree of disperslon was observed under a mlcroscope.

The equlipment used in obtalning the percent
plgment that could be added to produce a standard
congslstency paste and a standard consistency palnt,
consisted of the following: a laboratory type, threo=
roll roller mill, a laboratory type triple beam balance,

two glass plates and kllogram welght, stop clock,



Figure 1
Roller-Type Paint M11ll

1 44



Pigure 2
Apparatus for Testing Peste Consistency

a3



Figure 3

Stormer Viscometer
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Stormer viscometer, and beakers and spatula for mixing
the pasté. Tne roller mill Is shown In Filgure 1, the
glass plates, kilogram weight, snd balance in'?igure 2,
and the 3tormer viscometer 1n Figure 3.

The Stormer viacometer zave a very convenient
and standard method for measuring paint consistency,
but could be used to measure conslstencies eg hish as
that of paste, After a review of the exlsting methods
of measuring peste consistenclies a new method was devised,
Thls method conslsts of pressing a known weight of paste
between two glass plates for a deflnite time, and noting
the dlameter of the circle to which the paste spreads,
Wnen the pressure applled Lo the plabtes, the time of
aoplicatlion, and the welght of paste between the plates
are constant, Lthe dlameter of the circle to which the
paste spreads wlill glve a relative measure of the con-
slstency., Ixperlmentation determined that best results
were obtalned when a welght of one kilogram was applied
for thirty seconds to one gram of paste,

The vealidity of this method was proved by
mixing and grindlng separate, constant, pigment-vehlcle
pastes In the same mamnsr. When the consistency of these
pastes was measured, the dlameter of the clrcle to which

the paste spread gave good checks, The rnaterlals used in




Run

l«b
28

2-b

3=

Paste

wt. Pig.

(grams)

40.0
40.0
40.0
40.0
35.0
35.0

Note:

TABLE I TESTS #0R CONSISTENCY CONTROL, A

Testing
Wt. 011 Wt. Paste Wt. Applied
Used
{grams) {grams) {grams)

6.41 1.00 10090
6.41 1.00 1000
6.61 1.00 1000
6,61 1.00 1000
11.60 1.00 1000
11.60 1.00 1000

The flgures for circle dlameters were
obtained by an average of three read-

ings, taken 120 degrees apart.

Time
Applied
(sec.)
30
30
30
30
30

30

Diam. of
Circle
{inches)
0-29/32
0-28/32
1- 0/32
l- 0/32
2-14/32
2- 9/32



{

this test were chrome yellow pigment and raw linseed oil
vehlcle. The results of thls test are shown in Table I,
Further valldity of the procedure was shown by
the following method, A pligment ¢1l paste of definite
pigment concentratlion was mlxed and ground on a roller
mill, The consistency of thils paste was measured by the
method mentloned above,. Next, using the same plyment and
0il, an unknown pligment concentration paste was mixed and
sround In similisr manner, 01l was slowly added to this

sate

£

ntll the consisiency reading was duplicated, The

o]

%3

ercent pigment in this paste checked wilth the origlnal,
Thne results of thils test are shown In Table 17,

Taving proved the valldity of the method for
measuring the consigtency of paste, the efTect of the
azents on the consistency of both the paste and the paint
was tested, ALl tests were ade by mlxing samples to
the same paste and paint consistencles, and noting the
varlations in the percent pigment added to the paste and
paint by the dispersing agents. The procedure for teste
ing the blank, no dispersing agent added, and samples with
various agents udded, was based on nixing, grinding, and
teating in the same wmanner, The procedure for testling

the blank and samples is as follows,



Run

1-b

L=8,

2«b

S=8

3~b

B=C

TABLE IXI TESTS FOR CONSISTENCY CONTROL, B

Pigment Wt. Pig. “Wt. 011 Diam of Cirecle
{grams) {grams) {inches)

Chrome 35.0 2.28 2- 2/32

Yellow

Chrome 35.0 9.12 2. 2/32

Yellow

Zinc 30.0 7.43 2« 5/32

Oxide

Zinec 31.8 8.11 2~ 6/32

Oxide

Zine 30.0 5.91 1-30/32

Oxide

Zinc 35.0 6.84 1-30/32

Oxlide

Zinc 30.0 5.96 1-31/32

Oxide

Note: All tests were made with aclid reflined linseed

01l vehicle. The figures for circle dlameter
were obtained by an average of three readings,

taken 120 degrees apart,

% Pigo
In Paste

79.2
79.3
80.2
797
83.7
83.7

83.5

og



31

Blank -« 0il was acded to a welght amount of
plgment until a heavy paste was obtained. The method
of mixing and the weight of oil was recorded. Thls paste
was then ground on a three-roll roller mill until the
conslstency did not change with succeeding passes, The
number of passes was recorded and the setting of the mill
observed. The conslstency of the paste was measured after
each two passes by the method previously described. The
percent pigment in e pasté of the final conslstency was
recorded.

A weighed portlon of thls paste was then placed
in a contalner adapted to the Stormer viscometer, thinned
wlth oll to a palint conslistency, and the weight of added
0il recorded., The consistency of this palint was measured
on the viscometer, and the percent plgment in the paint
calculated,

Sample: ~-=- For each sample, 1.5 percent of agent,
based on weight of pigment used, was Incorporated in a small
amount of oil, This o0il was added to the same weight of
plgment as used in blank, Additional oll was added until
a paste of grinding consistency was obtained. This paste
was pground on the roller mill at the same settling as for
the blank. Readings of paste conslistency were taken after
each pass and oll added to the paste on the ml1ll if necessary,
When the paste had a consistency equal to that of blank,after
at least the same number of passes, the percent pigment in

the paste was calculated.
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A welghed portion of this paste was thinned with

oil until 1t had a consistency equal to the blank, The
Stormer viscometer was used to determine thls consistency.
The welght of 01l added was recorded and the percent of
plgment in the paint calculated, Several duplicate runs

were made on each sample to verify the results.

The following is an example of how the date was

obtained for the blank and one of the sanmples,

Blank:

Welght of Pigment = 65,00g.
Wt.volumetric flask ¢+ oil = 99,18g. (initial)
" " "o+ " = 82.05g. (finsl)
Total wt.o0il to make paste= s OO e

Paste Conslistency Readings:

Diame= 3.7cm, (mixed ¢ two passes on mill)
= 4,0cm., (3rd pass on mill + oil adged)

= 442cm. (Bth " M 4, " )
= 4.2cm, (6th " n ")
Percent pigment in paste = 65.0 x 100 = 80.0%
60-6 + Ichz
Wt.can # paste = 102,01g,
Wt.'can = 28.41%0
Wt.paste = 75.605s ' 5847ge plguent

' 14,9g. oll

G2.82g. (initial)

Whevolumetrlic {lask ¢ oll =
" " " " = 58.70g. ({1nal)
" oll acdded to paste = 24,10g.
Paint Consistency (read on viscometer):
Time = 3€.0 sec,
= 33,5 " (01l sdded)
- 31.5 " ( n n )
- 31.0 "W ( " 1" )
Percent plgment Iin palnt = 58.7% 100 = 60,1%
QdQ:+EZOI§+Izﬁg

Note: 150 gram welight was used on viscometer.,
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Sample: Dispersing agent -- Zinol

Welgcht Plgment = 70,00g.
1.00g. Zinol added to 7.0g. oll

Wt.volumetric flask 4+ o0ll = 27.41g.
" " " $ agent = 19.97g.
oll - agent added = Teddg.

]

1t

Wtevolunetric flask + oll
" 4] t

1 63447ge (initial)
*

583471ge (final)
107680

L BN ]

" 01l added
Pagste Consistency KReading:
Diam, = S.8cm. (before grinding)
3e0cm,e (after 2 passeg%

3e7cme ( " 4 " 4 0il)
4.2cme (" 6 "4 ol1l)

Huyuu

Percent pigment in paste s 70.0x100 = 85.,2%
. + .
Wt. can + paste 104.55g.
" " 8-45@-
el2ze ' 64.9g. plgment
' 11.2g. 01l

"

nua

paste

Paint Consistency (recad on viscometer):

Time = 35.0 sec,
= 32,5 " (o1l added)
= 31,0 ] ( f 1" )
Percent plgment in paint = 64,9 x 100 = 62,0%

g:tlcg + 28400 + 11.2
The results of all the runs, made ln a similar

manner, are shown in Table I1II,



TABLE III PIGHMINT CONCENTHATION IN PASTE AUl

Run

Ul > 310

oI,

13
14

15
16

17
18

19
20

22

23

Agent

Blank
1"

n
L4
ft

Lecivit "p"
1

"

Witrobenzene
"

"
it

Zinol
111

¢0leic Acid
t

"

Glaerin
¥

Z2inc Kuowetter
u i)

Nopco=CVT
"

% Pig.1ln Paste

2647
86.5
86.8
8643
86.06 Average

85.1
B4.7
85.2

35,0 Av.

85,5
85.6
£5.0

95,4 AV.

05.2
85,0
v: O.I AV.

84,2
83,46
. Av.

81.5
82,8

m Av,

36,3
86.4
€6.35 Av.

02.3
02,8

- .. wor

m A.V'

PAINT

% Pic.in Paint

637
64.7
€5.0
64.7

- m. e -

64,2 Average
62.8

62.1
B 2'4 Av.

65,0
6343
65,4

6\702 AV

62,0
02
6§'I AV,

60.8
60,3
66.5 AV,

60.2
61l.4
é 60 S”, AV,

62.6
€342
6§o 5 AV,

56.0
56,3
56.2 Av.




TABLE III « Continued.

Run

24
25

26
27

on
O

29

50
31
32

Azent

Huade
"
Hopeo-1072
3]

Vel

4]

oy
jys

Nuodex Zn{8%
t

n

% Plg.in Paste

8E€.3

86,2

C8.20 Average
53,

0.5

WQUZO AVQ

£5.1
354D
052 AVe

8543
86,0
56,2

. Av,

AR S T
o Plrein Paint

63.3
63,2
63663 Average

65.2
65,8
6 002 .AVQ

62.3
€2.3
6203 AV-

£De
63,8
GSOZ AV
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The equipment used in testing by sedlmentation
methods the effects of the varlous agents on dispersion
consisted of test tubes, and a high speed centrifuge.

The centrifuge is shown Iin Flgure 4.

Sedimentation tests were made by gravitatlonal
and centrifugal methods, The above samples, after the
conslstency of the paint was determlned, were placed in
test tubes and left to stand., After three months, a volume
ratio of plgment settled to initlal paint present was
recorded. The readings were obtalned by measurling, Iin
constant volume tubes, the height of pigment settled
and helght of inltlal paint. Alsoc the type of cake to
which the plgment settled was noted, The results are
shown in Table IV.

Fach sample was again well mixed to return to
a uniform dlstributlon of plgment and oil. This tlme
they were centrifuged at the same speed for periods often
and forty minutes. At the end of e¢ach period the ration
of plgment settled to palnt Inltlal was recorded. At
the end of the forty minute period, the type of cake to
which the plgment had settled was noted, These cdata

are shown in Table V,



Figure &
High Speed Centrifuge

4LE



TABLE IV <= NORMAL SETTLIKG

Eetic pigment

Agent Settled to Total Type of Cake
Zinol 0e474 Very hard
Nitrobenzene 0,500 Average hard
Hitrobenzene 0,492 "
Lecivit "p? 0.528 "
Leclvit "p" 04535 "

Blank 0.471 "

Blank 0.483 "

Claurin 0.578 n

Zinc Nuowetter 0.508 "

Zinc Nuowetter 0,508 "

Hopeco=CVT 0,579 Yedium hard

Nopco=CVT 0.568 "

Yuade =000 se;aew None,color deeper
toward bottom

Kuade - e e 1"

Hopco=-1072 0.324 3oft

Vel 0,554 Medium hard

Nuodex Zinc (8%) 04565 n

Olelc Acid 0.567 Average hard



TABLE V ==

Agent
Zinc Fuowebbter
Zinc Nuowetter
Lecivit "p®
Lecivit "p®
Vel
Yopco-1072
Nuade
Nuade
KNopco=CVT
Nopco=CVT
Nuodex Zinec(8%)
Nitrobenzene
Nitrobenzene
Blank
Blank
Gleurin
Zinol

Olelic Acid

Note: All centrifuging wes done at same speed.

10 minutes
Ratio

348/447=4508
3ed/4ed=,T781
2.4/4.5=.534
2¢6/448=¢ 537
3¢6/4.5=.578
3e0/4.5=4844

CENTRIFUCE

EFFRCTS IN ©

40 minutes
Ratio
2e2/4eT=4 457
1.9/4ebme 434
2.0/4¢5=.444
2e1/445=,432
2e1/445=,442
240/4.5=0444

-
4

L

Very slicht cake,color deeper

Very slight cske,color deeper

2e6/4e 7= 536
2el/447=,437
328/44T=eB07
442/541=,833
3e9/44.5=4877
4.3/4,9-.887
4e4/5,0-,081
Be4/4.0m0716
4.1/47=e871

2e5/4 ¢6m ¢ 535

2.1/4,7=.447
1.9/447=4404
Re2/445=4478
2e6/54¢1=4 515
Re3/4e5m=4506
2e¢9/449-,598
340/540~,600
2a3/448=4485
ReB/4eT=0 495
240/446=,435

Appearance of

Liquld after

40 minutes

Slightly cloudy
1) i1

Clear

1]

n

Cloudy
toward bottom
toward bottom
Clear

"
31lightly cloudy
Clear

i

Cloudy

"

Clear

"

f

After

centrifuging Nuade samples for a total of 3% hours there was

no apparent change,

ed to centimeters of paint 1lnitial,

Ratlio 1s centimeters of plgment suspend-
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Having reburned the samples to a uniform plgment
distribution of the relative dispersions of each was obe
served by use of a mlcroscope at 425 magnifications. The
specimens were thinned on the slide with the grinding
vehlcle for this obsecrvatlion. The samples were then
centrifuged for periods of seven, ten, fifteen, and twenty
rinutes and the degree of disperslion observed with mlcro=-
scope at the end of ecach period, The purpose of centrie
fuging was to see to what degree, and at what rate, the
flocculates would be thrown out. The degree of dlspersion
was evaluated from one to four, one a good dispersion, four
a bad flocculatlion, and two and three intermediates., These

date are shown in Table VI,




TABLE VI ~~ NICROSCOPIC COMPARISONS IN OIL

Agent

Blank

Blank

Zinc Nuowetter
Zinc Nuowetter
Nuade

Nuade
Nitrobenzene
Nuodex Zinc(8%)
Zinol

Vel

Lecivit "p"
Claurin
Hopco=-CVT
Nopco=1072
Oleic Acld

Hitrobenzene

Shaken Cent,

well
4
4
4
4
3%
3%

7 min.
2
2
3

3
w0

Cent,
10 mine.

Cent.
15 min.

1%
1

g o v
mp B By

Cent.
20 mine.

Note: COne 1s good disperslon, four is bad

flocculations, and two and three are intermedlates.

41
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VARNISH VEHICLE

When ester gum varnish was used as vehicle, the
grinding procedure had to be changed to some degree. It
was found that when grinds were made on the roller mill,
evaporation of the volatile constituents in the varanish
was so0 rapld that paste consistency readings could not
be duplicated, To overcome this, the samples and blank
were ground in jars on & ball mill, As before, the
efficlency of dlspersion was evaluated by the percent
pigment that could be added to a standard conslstency
enamel, by sedlmentation tests, and by examination of the
dispersion under a microscope.

To prove the validity of thls new method of
grinding, samples of exact pigment-varnish ratios were
ground on the ball mill, Condltions such as grindlng
time, slze of Jars for grinding, and weight of balls were
kept constant. The same welght of each ground samuple was
then reduced with varnish to a constant pigment-varnish
ratio, and readings of conslstency compared on the Stormer
viscometer. A very good check of conslstency recadings

were obtalned as shown in Table VII.



TABLE VII TEST OF CONSISTENCY CONTROL IN VARNISH

Run Wt. Pig. Wt. Var. Grind Wt. Var. % Pig.in En. Consisatency
Time Added
(grams) (grams) (Min.) (grams)
l-a 114.2 69.9 550 25.1 49,9 28.5
l-b 114.2 69.9 550 25,1 49,9 2845
2-8a 138.8 67.2 1000 6.9 63.6 41.25
2«b 138.8 072 1000 6.9 63.6 41.74

Note: The plgment used was cadmium yellow, and the vehicle
ester gum varnish. The consistency reading is an
average of several readings, taken on the Stormer

viscometer.



The ball mill used consisted of three 2 inch
cylindrical rolls spaced approximately 2% inches apart.
The center roll was driven by a % horsepower motor at
a speed of spproximately 85 revolutions per minute. The
mill 1s large enough to accompany from ten to twelve Jars
at the same time,

In the procedure for evaluating the percent
plgment that could be added to a standard consistency
enamel, the paint was ground in twelve gless jars, To
eleven jars were added 115,0 grams of cadmium plgment,
43,8 grams of ester gum varnish, 350.3 grams of case
hardened steel balls, and 1.20 grams of a different
dispersing agent. The remalning one was the blank to
which was added 115,0 grams of pigment, 50,0 grams of
varnlsh, 350,3 grams of balls, and no dispersing agent.
All were ground for twelve hours and a half, sufficient
time to obtain a good grind. 4 definite welght of the
sample was then reduced with varnish to a standard
conslstency, measured on & Storm viscometer., The weight
of varnlsh added was recorded and the percent pigment in
enanel calculated, Check runs were run in this manner

on all the dispersing asents and the blank,



The following 1s an example of how the data were
obtained for the blank and several of the samples.
To &1l jars add:

115.0 grams cadmium yellow

50,0 grams ester gum varnish

35043 greams steel balls

3
o
*»

1, No agzent added

2. 1,20 grams Glaurin added

Je 1420 grams Zinol added

All were ground on ball mill for 755 minutes plus three
minutes to mix before reducing.

Testing:

1. Blank

» 198.5z.

& 23.62.
=

T67.92.' 53.9z. plgment
' 16.0g. varnish

Wte can + enamel
" 4]

Wt. enamel

Wte vol.flask + varnish
1] # 1 + 13

Wwt, varnish added

0o

87.62. {initilal)
50,22, ({inal)

O:.ééffu

Testing Conslstency of Inanel (on viscometer)

Time = 35,0 sec.
= 55.25 #

Percent plgument in enamel = 55.9 % 100 = 50.R%

52, 0416,0¢57 4 &

Note: 150g. welsht used on viscometer for all tests.



2. Claurin

Wte can ¢+ enamel = 127.93.

" f -3 2&.7""-
" enasel 2 "T0.8r. 160,18
'SO.lg“,.

Wte vol flask ¢ varnish =
L " 1" + " » 45,30,
varnish added » SB.550

Testing Conslstency of Inasnel (on

Wt

46

plgment
varnish

(initlsl)
(final)

viscometer)

Time = 51,00 sec,
= 45,00 "
- 59000 n
= 37.00 "
= 36.25 "
o 35.00 1
Percent pigment in enamel = 60,1 x 100 = 50,27
69.1+50, 14358,
Se Zinol
Wte. can + enarel = 124,67,
Hn 11 = G.g?.
" enamel = 05.07. ' 66.5g. plgment
' 29.,0gz. varnish
Wte vol, flask + varnlsh a 85,04g. ( initial)
" " H + " = ( final)
" varnish added =
Testing Conslistency of Fnanel (on viscomcter)
Time = 46 sec,
- 42 "
=39 "
= 37 "
=35 "
Percent pigment In enamel = 66,8 x 100 = 47,87
66.0+24443,.4
The results of these and similar tests are shown in
Table VIII.



PABLE VIII - Plgment Concentrastion in Inamel

Run Xo, Arent

1
2

G

9
10

11
12

13
14

15
16

17
18

19
20

21
22

23
24

Blank
1

Glaurin
ki
Zinol
i
Nuede
t
Nuodex 2Zn (8%)
"
Zn Fuowetter
"
Lecivit "F®
1"
Nopco=-1072
1
HopCco=CVT
"
Vel
4]

Olelec acid
"

Nitroteonzene
"

47

Percent Plgment in Znamel

50.2
49,9

(o1 Y

50.2
4343
4@.§

47.8
47.4
17,6

4843
49,0
437

49.2
40.2

48.'
45,5
45-2

49,7
50.1
Zgod

42,8
435.0

40.&

46,7
46,7
4607

49.2
49,6
49,4

45.08
45,4
4005

573

54.0

TSl
Jod

Average

AV,

AV

AV.

AV

Av.

Av,

AV

AV

AV,

AV

AV



The procedure and egqulpment for evaluating the
efficiency of disperslion by sedlimentation tests, and
by examination under a microscope 1n varnlsh vehicle
ls the same as when linseed oll vehicle was used. The
data obtained by sedimentation tests and by examlnation
under a microscope are listed Iin Table IX and Table X

respectively.,



TABLE IX - CENTRIFUCE LIFECTS IN VARNISH

Azent

Zinc Nuowetter
Nuade

Zinol

Blank

N¥uodex Zinc(8%)
Claurin

Oleic Acid
Hopco~-1072
Kopco~CVT

Vel
Nitrobenzene

Lecivit "p®

10 minutes
ratlo

1e5/445=,322
led/446=.294
1.6/5.3~4303
1.5/449=,299
1.6/5,2-,293
1.,4/4/9-.2689
led/4edme310
107/44 74362
1.8/4/7=.372
1e8/5,0%4350
147/4¢8=4355
2.0/5¢4=4,375

40 mlinutes
Ratlo

1e2/445=,287
1.3/4.6=.282
1e5/543=4278
1¢3/449~4268
le4/5,2-.269
1.2/5.0=.240
1.2/444=4273
143/447=4277
1e2/447=e266
1e7/540=43350
145/4.8=,313

1.6/5.4=.297

49

Appearance

Cale
Hard
44
"
"
"

n

Liquid
Cloudy
n
1]
1
44

1t

Average "

114
Hard

1

H

1"

Note: All centrifuging wes done at same speed.

Clear

Cloudy

1

n

iatio

1s centimeters ol pigment suspended to centlimeters of paint

total.
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TAZLE X - Mieroscopic Comparlsons in Varnish

Arent Shaken Cent, Cent. Cent., Cent.,
Well 7 ¥in, 10 kin. 15 ¥in. 20 Lin,
Zinc Fuowetter 4 23 1% 1% 1+
Nuade 4 2 2 1% 1%
Iitrobenzene 3% 2 1% 1+ 1+
Blank 3% 2 1 1+ 1+
Kuodex Zn(8%) 3% 3 2 1% 1¢
Nopco=-CVT 4 3% 2% 2% 1%
Oleic acid 4 3% 3% 2% 1%
Nopco-1072 4 3% 3 2% 1%
Claurin 4 2% 2 1% 13
Vel 3% 2 15 1+ 1+
Zinol 4 3 2 1% 1%
Lecivit "y Sk 2 1% 14 1+

Note: Cne 1ls good dispersion, four is bad floecculation
<o » 2

and two and three are intermediates.



DISCUSSION

OF RESULTS

51
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LINSEED OIL

The tabulated results of the effect of various
dlspersing acents on plgment concentration on sedlment-
ation, and on dispersion as viewed by a microscope
will be dlscussed for linseed oll end varnish vehlcles
respectively,

Cnly one dispersing agent, Nopco=-1l072, increased
the plgment concentration of the paste or paint over
that of the blank, The others decreased the pigment
concentration of the paste and paint to varying degrees,
¥hile the order of effectiveness of the agents was not
definlte comparing the paste test to the palnt test, a
declded trend was obtalined, Keeping 1in mind that the
higher the pigment concentration the more effective the
azent, a comparlson of the efficlency of the asents
compared to the blank was made, This comparison 1s
shown In Flgure 5 for the paste test and Figure 6 for

the palnt test,
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A comparison of the data obtalined from the settling
tests 1s shown Iin Flgure 7. These data were obtalned
from Table IV, As the actual pigment that had settled
was measured, an effective agent will show & lower ratio
of plgmnent settled to totsl paint than the blank shows.
Nuade and MNopco-l072 were in such good susnenslon that
there was no appreclable cake, although the color deepened
toward the bottom of the test tube, Zinol and Xopco-l0O72
also lwmproved disperslon tendenclies over the blank.

Zinol and the blank settled to an extremely hard
cake, indicating that they were not too badly flocculated.
The others, wilth the exception of Nuade, settled to a
relative soft cake, Indicating & higher degree cof floc=-
culatlon,

The data for the centrifugce tests were obtained by
measurling the ie ight of the pigment suspension, not the
helght of the actual plgment that settled, An effective
azent, therefore, will have a hilgh ratlo of pigment sus=-
pended to total paint. A comparlson of the efflciency
of the ggents, evaluated In thls manner 1g shown in
Figure 8, The ten minute centrifuse period was chosen
because these data varled over & wlder range than the
forty minute perilod. For both the ten and forty minute

tests only Nuade showed improvement over the blank,
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This was a marked Improvement In that no appreciable cake
was apparent after three and one-half hours of centrifug-
ing. For Nopeo-CVT, Lecivit "P", and Vel the vehlcle
above the suspenslon was clear, indicatlpg deflnitely poor
ecents. For Iuade, Nopco-1l072, and Nuodex Zine (8%) the
vehiecle above the suspension was cloudy, indicating
relatively better dlspersing agents. The lntermedletes
showed varying degrees of cloudlness,

The results of observing dispersion under & micro-
scope verliflied the results obtalned in preceding tests.
Tuade, Wopco=1072, and Nuodex Zine (8%) showed less
flocculation than the remsining agents, although the
former showed very little Improvement over the blank,.
These facts were also born out by observatlons after
centrifuglng, for these same agents were the first to
show dispersion charactertstics as the floceculates were

thrown out,
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VARNISH VEHICLE

Cnly one dispersing agent, nitrobenzene, lncreased
the pigment concentration of the enauel, the others showing
adverse results with reference to the blanlk, A comparison
of the relative results of the acents, made with the blani,
is shown 1n Figure 9.

The same procedure for evaluating results obtalned
by centrifuging with linseed oil was followed In evaluat~
ing the results of centrifuging with varnish. The results
obtained, however, differenced In that a number of the
arents proved superior to the blank. A comparison of
the relatlve value of the azents, madec with the blank, 1s
shown in Figure 10, Comparison of the cata for the ten
and forty minute centrifuge periods shows that while the
order of elffectlveness of the agents was not definite, &
declded trend was obtsalned. As shown by Table IX, the
type of cake to which the enamel settled and the condltion
of the liquid above the suspension zave no helpful iInform-
ation,

A comparison of the mlcroscopic observation, both
shaken well and after centrifuging, showed relatively

little results, All were flocculated when shaken well,



with nitrobenzene, the blank, Fuodex Zinc (&%), Vel, and
Lecivit "F" showlng slichtly less flocculatlon., These
same agents were Che irst to show dlspersion characterists

as the flocculates were thrown out.
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CONCLUSION
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Observation of the results of evaluating the dlspers-

ing agents by various methods, shown in Figures & through
10, lead to the following concluslions:

(1) In both linseed oll and varnlish vehicles the
method of evaluatling showed that the degree to which an
agent affected pigment dispersion, elther positlively or
nezatively, was comparatively consistent, While the
order of effectiveness of the agents was not definite for
the different methods, a definite trend was obtained,

(2) Test results showed that the dezree to which
an agent alfected dispersion in linseed oil had no cor-
relation with the degree to which an agent affected dis~
persion In the varnish vehicle.

(3) wWith linseed oll vehicle, only the agents Nuade
and Nopco~l072 Increased pigment dispersion, the others
showlng adverse results with reference to the blank.

(4) The azent nitrobenzene, when tested in varnish
vehicle, was the only agent that aided pigment dispersion
for all theé methods of testing. Sedinentation tests and
microscoplc examination in this vehlcle indicated that
several agents alded, or at least had no adverse results

on plgment dispersion.
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It 1s suyested that this investigation is just a
starting polint for lfurther work on the dispersion of
cadmium pigment in palnt and varnish vehicles. Only
eleven dlspersing agents were tested, and the effect
of these on the properties of paint and enamel did not
vary enough for any complete concluslons,

Although no operative dlspersing agent was found,

several exlsting methods of evaluating dispersing agents

were utllized and one new method was developed.
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