1. @, Wise, Exp. Stabion

Report H¥o. R=-5844

indexed

¢, ¥, Theobald, Wilm, F&F } In
W, B, Iawson, Wilm. F&F } Turn
P, B, Cochran, Wilm, F&F % In
D, MoBurney, ¥Wilm., P&F Tuen
B, B, Davis; ¥ilm, P&F

J. ¥, ¥estowr, Wilm, FLP

Jo S, Allen, Wiim, F&F

R. B, Thomas, Newburgh

d. D, Pickens, Flint

Pile: 186%

B, I, du Ponbt de Wemours & Sompany, Ine,

¥, & F,, Research Division
Marshall Laboratory
Research Report

THE EFRRECT OF VARIATIONE IN PIGMENT PACKING
O THE PROPERTIES OF BMUIESION PATNTS

Date Issueds June 24, 1988

Period Covered: Januvary 1956 - June 1958 {Pavt Tlme)
Project Ho.s P=2155 {Formerly P-20702 and P-20301)
Previous Reports: RM=-56-23, R=57=17, R=-67-082

Hotebook Nos,: 6166, 6248, 5249, 6388, 63Bg, 56553,
» 6554, 6767

PREPARED BY_v 1. T
¥.TY. TeDOHETE

APPROVED BY ,3/ ./ ;\.ijm

e s e

W, J. RORWIBROCK

sIVN



THE EFFECT OF VARIATIONS IN PIGMEWNT PACKING

ON THE PROPERTIES COF EMULSION PATNIS

TABLE OF CONTEWTS

InhroduetiOneiccsvcooncooovnsacbbasboanootosso

{B‘b;}eetiveuwﬂ&ﬂﬂo@@&@u@@vﬁ»@&ﬂ35000600000&000@

Sumsery and ConeluslonB.cacccsscsccvocsonsoooe

ﬁ@ﬁi&n ?&k@ﬁnumu%coao«;oao@oxoc@oaaaoanavououo

Aeknowladgement8..cocos0c00sncs0scpassssconcoo

mgﬁas@ignagqaooﬁuoeoonaanovcauooouoooaaaamoa

Paeizd

Indez and Void Volumes for

Ti10y/ Hagnesium Sllicate
Figmentatienaauoeﬂeaa«oannaﬂoeaoooot.\oon

Packing Index of Ti0y/Ga CO4
?1&@@&%&1;3.9113@91:u.cucaooooooaooooonaooano

Bifect of Particle Sizge Distribution on
Various Paint PropertieS..ccvcocscecaco

A,

I,

!

Ease of Brushingicceseccsconcanae
Shrinkage Cracking..ocecscesccocs
Sorub Reslsbant@.ccccscoccceoscsce
Sheen ReductioN..ccccccoccovosco
Elongationoaggoaoeo»o&aoao,nanoc
Permeability to Waterscocvooaseoo
Ero8iON.cocoscsocncsccccacancnocsce
Pirt €0llectloNocccooscccssvscos

Screen Stailning.cvococcscocccoscosoe

}.@iﬁ}.iogm;ﬁhyoo;ooi&auoooaoooooc»ouo.aauoov@ocou

LIST OF TABLES

{SEE ATPACHED PAGE)

Page No,

By s

& W

DUPO030008885



YT SR CBATYY IS
15T OF PABLES

F%@kim@ xm&:@ ﬁ@m@@;aﬁkﬁﬁ@@aweuo@aat)o@aﬂauaﬁn
Packing Index, Void Voluwes, Critlcal
Plgwmend Volume Concentrations fom
%ﬁ‘“gm{fgﬁai‘g&gfzgwgﬁﬂeae;c:«@@{;'woaq@so&esmq:eca@oao
Shrinkege Crasking Rabtinge Showlng that
Sracking 15 Redueed by Inevreaging the
Ea@kin@ 1@@@%@0%&%#&#00() L - - I O R A B - B
Sovub Repistance vg, Packing Inde¥o.ccnocoa
85° Sheen v8. Bablo of W=-80/U-182/H-90,c000

TT® P Flongalion ve. Batio of
W B0 41 82/W-00 & Packing IndeX.ivcsocone

Fuvfase Arge & Calsulated Polyuer Thiekness
V8« m%i@ @“ﬁ@}f’%&“:&ﬁ'ﬁ/@“s‘}ga R R E R PR

30°F Blongabion va. Rabic H=-50/W-188/W-00,.
30°F Blongation wibth Vevious ExtondePS.....

26°% Blongatlon of VTarious Polymers with
'ﬁiﬁ%ﬁ’@&l@i&% Garhonfbecivcescsvsonossnnse

Tnareased 30°F Blongation fron
%”931/‘&@“16/%“3&/@“36@2%0saa»aeaowoauﬁsqwaow

fow Permeabiilty of Lytron 680 with
Ef‘”gﬁfwg‘lls‘gf‘ﬁwgﬁuu«v»&-acconwqoauc;ox-meooo»atzu

% Erosion vs. Ratlo of W=50/W-148/¥-00
&% ﬁ‘a}\g’éivgmg Fm?ﬁ@bqgaausoaﬂwaomhasec@ocu@ce«

Lage Hoo

A0

DUP030008886



(Rl BRFECT OF VARTATIONS IN PIGUBRT PACKING
oV THE PROPERTIES OF BMULSION PAINTS

IHTRODUCTION:

In order €o gredict paint properties from
variations in pigmentation it ie probably wore important
to know the particle size distylbution than 0 know the
chemical composition of the pigwentation,

The effect of peartlele zise distribubion on
paint properties is readily demonstrated by use of the
pigment packing concept which My, D, Bosse has described
in 47 Process” Standard Formulating Practice FP-0l-A
and in "48 Process® Standerd Formulating Practice
FP-0l-R., The advantage of this pigment packing concepd
over Asbeck and Van Loos! eritical pigment wolume
goncentrablon, s that packing indexes can be readily
caleulated fof most combinetions of pigments frowm dabta
which is already avallable in ocur formulating practices.

Thig report will illustrate the effect of
syatemaetic changes in the particle slize distribubtion on
the pazeiting characteristbics of extenders and on verlous
palint properties., The pelint propertles we investigated
were those which we predicted would affect the
performance of emulsion house paints e.g. elongation,
srosion vresistance, sheen, water {scrub) resistance,
dirt colilection, and shrinkage cracking.

Reference has already been made to some of
this work in the following reports: RM-56-23, R=57-17,
and RB-57-62,

URJECTIVE:

The malin objective of the project under which
this work wag done wasg bto Tormulate & duvable emulsion
houge paint,

It was hoped that a better understanding of
the role of pigment packing would zid in eliminating some
of the deficlsncies of these emulsion paints, e.g.
ingufficlent retained elongation, poor coalescence,
excessive permeabllidty and excessive dirt collection at
iow pigment volume concentrabions.
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SUMEARY AT CONGLUBIONSS

The plgwent packing ie gveatly laproved by
mizding nedlum and cosrse particle sizse extenders with
fine parblicle size titaniuw diozide, By calenlatliug
the packipg index Tor verious pigment cowbinabions,
the system with the best packing and lowest interstitial
volume ean be determined,

When higher packing index pigmentations ave
uged in ewmlslion paints. the following advantages are
chpervaed -

bo.y 7
{1} Incressed elongabion, W“% é“i’kw}ﬁé
&/, 8

: P g B sl ) ; " g}e'f%“&fi
{2} Incrensed water {ffi%%Lr%%%éﬁ = p 3

{3} Decreased sheen,

{43 Improved brushing especizlly at high solids,

{a) Deorsased shrinkage cracking,

(6% lower raw weterisl cost due o the poseibility
of increasing the pilgment volume concentPabion and of
ingluding wore exbtender.

However, a highey packing index plgmentation
uposlly resulits in sowe sacrifice in 4ivt collectiocon
uniess the pilpment volume congentration is increased.

falefum cavbonate which i » good extender
for packing with titaniue dioride cauvses socreen stalning

.. and some grades of salclium carbonate incresse bhe eroslion.

aﬁa 'ﬁ
_ It 48 believed that %he increase in elongation aﬁ g B

and sowme of the obther advantages of higber packing indsx ?y G

combinations, ave due to the higher oritiecsl pigmend
wolume concentrationg and to the lower specific surface
arean of sueh pilgmentations.

ACTION PAKEN:

: The ewulsion house paint which was selested for
triel warketing {Release Letber R-16) was based on the
vehicle {Rhoplex 86-33) and the extendsrs (VW-4 and W-88)
‘on which we had the longest dureblliity background in

1056, Since then other theoretically better plgmentabions
have been exposed bub no significant dursbllity advantages
have shown up as yeb.
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Use 18 being made of the better plgment
packlng combinations in experigental latlices guch as
poly_isobubtylene to ralse. the pigment volume concentration,
to decresse dirt eccllestion without sacrifleing elongatlon, ,.Ap

The advanbages of the improved pigment packing M%) v%ﬁ
demonstrated in thiz work were lwportant in the ?
development of cheaper higher @i% ment volume eoncentratio gi
interior paints, e.g. Dripless.. “Flow Kote” and & cheap ‘kgwg o
polyvinyl acetate interior paint., The low costs of these ¥ ~F%
painte guggeaﬁeﬁ simllar work in styrene butadiene paints, yﬁﬁ
&s "a  vesult "Flow Kote®” wus made more serub resistant,
flatter and cheaper {Release Ietter #1705) by increasing
&he packling and the pigment volume concentration with

aicium carbonate. ®

& test method {(TM-250) has been issued by
¥, B, Gallahan for the measurement of packing indexes,
The Physicel Testing Group will socon be eqguipped to wake
meagurenents using this new test method.

ACENOVLEDGEMENTS ¢

The packing index caleuvliations used in this
report are based on Rave Bosse's formulz and nomograph.
The ezperimental work was done expeditiously and carefully
by J. J. Gallagher, The writer wishes to acknowledge
the helpful suggestions and stimulsting discusszions
provided by D. Bosse, D, L., Herndon, M. Greif,

W, J. Hornibrook, W, J. MeConeghey and J., 5. Nikollch,
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Polyvingl acetatz house paints based on
Pivaced B1-900 emulsion cracked less in Beries 13757
when plgwented with extender and TiO,,than when pigmented
with unextended Ti0s. It wes hoped To completely
aliminate cracking...

1. By still further improving pigmentation {(by
finding the optimum plgment velume concentration and the
optimum exbender/Ti0s rablio, and

2. By lmproving the vehicle {wmodifying the polymer
to obtain belter coalescence, water resistance, low
temperabure elongation retentionl,

The latber approsch has been emphasized in
several repearch reports {(B-5T7-L7, R=87-62}.

Thisg report will describe attempts to determine
the effeet of systemetic variations in plgmentation o
vaploug paint pronerties.

The particle gize dligtribution, the shape and
thae armount of exbender can be used to control the number
and the gize of the Interstices or voids which must ba
£illed by polymer in properly formulated paints, If the vmiﬁg
total veid volume is small, the eritical pigment volume
concenbration will be higher. {(The critical pigment ‘.‘A¢W'
yolme concentratlion =

100 % the volume of plgment ‘.
Fhe volume Digment + the voiume oF vhe iﬂﬁ@fﬁ%i:?ﬁ

_ B e gfﬁ
wnen bightly packed. ) | ¥

Pagking index also 1s inversely proportional
0o the vold volume, As defined by L. Bosse the packing
index =

she volum

when the plgment or mixture of pigments is dynamically
nacked, Dynamlically packed ig defined as “"the minimum
-801id particle pasking at which aporecilablée mechanical
interference between pigment particles can be obbained
throughout the mixtgr& when subjected to high shear
vates { > 1000 ssot™)®
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it was reasoned that if the voids, calculated
from the packing index, were minimized by the proper
cholee of extender, a given volume of polymer should be
gble to £111 the volds more completsly aftesr the watep
evaporabed. In emulsion paints the discrete poiyuer
narticles have o coalessce into these voids and on %o
the pigment particles.

Iin the ideal case the polymer should be evenly
distributed over the pigment surfages, It should not ve
wagbed for fliling up voids which can be wove chesply
£11led with plgment particles of She opblimum size
déistribution.

Packing Index and Void Volumes for Ti0y/Msgnesiuw
_8ilieate Piementations, e

Since the packing index for "TiPyre” RB-010

{¥=-50) i3 0.78 (=100} 100 volumea of W-50 when wwdk
12 : .

dypamically packed have 1288 volumes of 1nﬁe@aﬁie@@"@rgwﬂi$§@

voide. Similarly since the packing index of magn@siua§ﬁﬁﬁ
silicate {W-4} is 0.54, {=100) 100 gallons of this sw‘@wvﬁxe
1 L A

extender require 1B% gallong of liguld for dynamle packing.
2311 wixtures of these two pigments can be packed wmove
Gengely because the fine ¥=-50 ecan £11i1l the voids between
the Well partlieleg, and thus “ast as 2 liguid." This
pecking effect has Deen caloulabed., Figure I shows thab
the mixed syﬁt@mgﬁm§G/Wwa3§a@k@ tightest in the range
where W-50/W-8 = 50/850 to 40/60. A hundred volumes of a
50,/50 ratio of W-80/W-4 requires only 75 volumes of liquid
to £111 the vwoids, whereas separately W=50 reguires 1@%,
and W-4 requires 18% gallona, ‘

The compesition range from ¥=50/W-4 = S0/50
to 40/60 is described as Bhe balanced range., When
W50/~ ig greater than B0/850 the system 13 deseribed
as an exeess finer pigment system; when W=50/W-4 i3 less
Cthan BO/60 1t is an excess coarser pigwent sysbem. The
Tofwmulas used for calculabting whether & system ie excess
finer or excessg coarszer are glven on pages 30 and 40 of
Standard Formulabing Practice FP=01-B,

Most white emulsion house paints sre Fformulated

a8 excess finer systenms because mogt of the pignment has
te be Ti@a to obitain sufficient hiding. Nore extender

DUP030008892
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can e added; however, in coloved houge paints and these
generally showed lwmproved regigtance to cracking., Howe
axbender can be used in white paints Af the piguent
volume concentration 18 increaged., Better pigment
packing makes higher pigment voluwe congentration pra@ﬁi@a1§
because it incresses elongabtion (see Figure II and
paragraphsosn Elongationj. More extender csn 8lso be used
in white paints without sacrificing hiding if the golide
are increased, Usually higher sollids decreases stabllity
and etge of brushing., However, bvetter pigment pueked
systeng have improved stablillty and brushing at higher
soilds, A

The best lead for increasing the extender
content wag to luprove the plgment packing so that higher
aolids and higher plgment volume concentrations would be
posgible. Higher plgment volume concentration was also
desireble Lo reduce dirt gollectlion aud to reduce cosb.

An increage in plgment veolume concentration frowm 25 to 358
in 2 Rhoplex AG-33 (RBA/MMA/HAA)} ewulsion house paint
reduces sost by sbout 124 per gallon (when the Tilp and

the solide are kept constant). With these adventages in
mind 1t was declded to svudy the effect of plgment packing
in Rhoplex AC-33 and Celanese CGL-202 {(VAc/DBYM) emulsion
salnte., At the btime these labtexes were the best candidates
for ewmulsion houme painés, ‘

Pecking Index for Ti0p/Ca (03 Pigmentations.

Calenlations based on the packing indexes and
the effective diemeters listed in FP-0l-B indicated that
the packing index could be varied over quite & wide range
if various wixtures were taken of a good packing coarse
extender, e.g8., W90, a good packing medium extender,
e.8., W=142, and & fine titanium dioxide, e.g., W50,

The "constants" for these pigments have changed somewhat
probably due to batch-to-batch variations, ete, The
Tollowing table 1ists the constants rvecorded in the
2,/18/8% and the 10/18/57 editicns of Standard Forwulabing

Practice F?«Gle@F

. gorip] 'hm*¥§§§§£§§flﬂdex,; Effective Dismeter
Gode Desoription _ | 10/18/57 2/15/%5 | 10/16/87 2/18,5: -
€20 "TiPure R-610 0.78 .71 0.3 0.4
| . mLsroens
W=1l2 Atomite 3&&@3 1.33% 1.57 5. 5 | ' ‘
WLOPUNE
W90 Whiting 6&@03 1.4 1. e 10 e
(el mierons
| a%&wb ;o%ﬁi@ Ve Qﬁﬁﬁba
ﬁ‘" VW% R q/r@&",‘:;
'—D 0 . P ﬁfg ‘;i é‘?flfﬁﬂ R RS
eul 18 ﬁ%#w:?w~
o v i
s i) B pan
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we consbants sz of\2/20/858 were uged to

;m

.L
gelouiatbe the f@lﬂﬁ“fﬁ% packing—mERes, vold volumes and
Cfft?~;m igrﬂm@ volume concentrations for variocus
miRbUTes of He50, W-i82, .00,

Volumes of Pigments, Caloculated "Grisieal
Fine/dediom/Coarse Packing Void  Pigment Volume .
WeB0/ W02 W00 :nﬁex . Yolume  Concentration®
i

3 o o 0,71 143% 8%

1 i 0 1.8 83% B

i 2 G 1.8 B6% Gh%
3 3 i) 2.0 50% 67%
1 2 2 2.4 L2g 7%

These caleulabed "ewitieal plgment volume
@@ﬁ@@mﬁﬁ&ﬁiw@@w which 8”& based on packing indexes of the
inﬁividaa? plgments, gﬁvn only a r@&gn approximation of
the trus it;e 4 @igm ¢ volume concenbration,which as
lelined ¢@mgifdl¢y by ALebeck and Vam Loo {Indudbzisl
Toglinesring fhemi@%wy doo AhT0, {2949) wes that lsvel
of plgmensabion at which there are just enough vehicle
8 present in the dry Tilwm o 11l the volds bebween

@ plgment parbicles.

the

mh@ above system of W80/ W=142/ W00 was
selschbed © thisz study becaunge it zave a wide vange of
packing f%@%x@aw

ga

fect of Particle Size Digtribudion on Vaprious
Yelnt FProperties,

&, Fage of Brughing:

The plgmentationsg with tha h.,ag ent pagking
indexes gave painte wilh the best application properiie
The difference’ were wost nobtliceable ab high s0lidse and
at the highest pigment voluwe soncenbrablons, With &

gtralght “i@ plgmentatiocn, ?%m brushlug was very phor,
With inerca Jﬁm zmountea of "good packling® extender the
piip under the brush improved considerably.

DUPQ030008895
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o Shrivkege Cracking:

Fmulsion paints often show mud cracking on
drving or on exposure 1f formulated with too hard &
solymer, with too ilttls plasticlszer, with Too 1ittle
coalescing agent, or i¥ allowed to dry ab Soo low
temperatures. A convanient laboratory test is fto allow
the emulzion palint to dry over a soft, tasky oil paint.
& good formulatlion will not crack during drying.

The ¥Y=50/M-142/4-00 paints based Rhoplex AC-33
and Geloness Gi-202 ab 30, 40 and 50% pigment volume
concentration ghowed progressively less cracking with
inerease in the calsulated packing index. The following
table shows thabt this craaking iz worse &t high plgment
volume concentrations bub can be eliminated even at 40
or 50% pigment volume concentrabion by improving- the
- packing with wediuvg and coarse gradey of calelium

carbonstes ‘ -

SHRINKAGE CRACKING RATINGS
_ {ON USUAL 0-10 SCALE

SHOWING THAT CRAGKING IS REDUCED
8Y INCHEASING THE PACKING LTWUEX

o500,/ W-182 /300

Pine/Mediuns .’ S eE T B

Gospse .~ Figment Volume Concentration Packing Index
PR .- e JHOE 3E....
1/0/C 2 4 10 0,71 (measured)
1/1/¢ L} 8 10 ioﬁ (caleculabed)
1/2/0 | 5 9 o |18 v
1/1/1 7 ¢ 10 2.0
1/2/2 10 10 10 2.4 "
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Photogragh I shows that in the Ruoplex AC=33 g&
paints the cracking was reduced but net ellimimxmbted by f&”@

inecressing the packing index. After thesge phobographs Qﬂ“ ,
were talken the wriber showed that the cracking could bhe ﬁ§§#$
completely eliwinabted from low P.V.G. Rhopilex AG=33 @ 3
paints if caseln (2% by welght on the paint) was added.
The rezson Tor this decrsased shrinkage crsching in
the presence of casein iz not fully understood. It
may be due to bhe lumproved plgment webting or S0 the
improved flow imparted by the caseln.

o
o

7. Scerub Resisbanae:

Bhoplexn 50-33 and Celanege GI-~202 saints had
such good scrub resistance ab PYCE's of 30-40% that it wase
necesssry to go B0-60F PVE before sufficient fallures
were obtalnsd to show differences due to pigmentation,

The following table shows that the Celanese
CL-202 painbs at 50% plgwent volume concentration showed
less fellure [when sorubbed with 1% Ivory Flakes Tor
8,000 strokes aféer drying cvernight) in the plgmentations
wilth the highest packing index. '

EFFEGT OF INCREASING AMOUNTS OF HEDIUYN
AND LARGE PARTICLE SIZE CATOTUM CARBOVNATES OF
SCRUB RESISTANCE OF POLYVIHYI. ACETATE COPDLYMER
ENULSION FAINTS (B0 PVE)

HeB0/ o142 /W00

Pine/Medium/ ‘ Appearance After

Goarse 8000 _Scrubs Packing Index
1/0/0 Conalderable srosion 0.7
1/1/0 Slight ® 1.2
1/2/0 Considerable @ 1.8
1/1/% No erosion 2.0
1/2/2 o 2.4

DUPO30008897
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The axzcellant scrub resistancse and low sheen
of these high pigment volume concentrablion paints,
pigmenbed with good packing exbenders, has been of
ﬁﬁbuﬁ@@ 3 imgﬁr&&new in the development of ﬁrﬁglugﬁ

‘Flow Kote' {see R-57«10, The Development of z Gelled
Thﬁxwtrmyie Intericr Filat Wall Emuislion Paind bv
R. M., Kirkpat ?iGV}J chesper modifications of "Flow Kobe®
fﬂe?eas@ Letter RL-170% High Pigment Volume "Tufeote”),
anﬁ cheap p@lyvimyl acebete. interior paints {Marshall
faborabory Sales Developrent Hewo Report SH-57-11).
Compebitive Products Report R-41 8/17/657 by H. E. Heikel
shows the good balance of properties possessed by bthese
cheaper higher P.V.C. paints.

3. Sheen Beduations

Low sheen is desirsble in both interior and \\-’?
exberior emulsion paints. Although the sheen 4id decreas
with increasing packing index, this wag probably coincie- v
dental. The low sheen is probably due to the rougher

texture of the higher packing index palnte whiech eonbtain vVQ?)
more enarser exbenders,

The following table shows that = 9

5
gﬁ f ﬂy&§fﬁ

1. Rhoplex AG-=33 palnts have lower sheen than
Celanege CL=202, B
™)

2y im@weaaimg the pigmanw volume concenbrabtion
deoreacnks bthe sheen.

3.  Incressing the coarseness of bthe @igm@n@ atiocn
with mowre extender deereasssg the sheen,

EFFEOT OF WEDIUM AND COGRSE
PARTICLE SIZE CRLCIUM CARBONATE
AT VARIOUS PVC'S OW THE B5° SHEEN

Bhoplex AQ-33 “ajnﬁm Ceglenese Ci~202 Palnts

G ; 0.0,
U-50/8-342/8-90 50, #0_ 30 reu%f:« JHelBB =00 5040 30
L0 O 113| 37 {31] { 0 0 50 (AT |31
101 6o J13y 21 By 1 1 0 Ry [g3 A7
12 0 sTs7mam | @ = o R ECR )
13 1 2l 31 aj 1 2 1 3 j10 27
o2 2z taleajall x &8 2 [a2l7lia
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. Zlongabions

Iin smulgion house paints the main deficiency
was and probably stlll is insufficient elongabtion to
withstond the swelling and conbrection of wood or old

raint substrabes, The following table shows that ag the

paoking index of the pigmentation wag lncreased the
giongatlon increased, )
BFFECT OF MEDIUN MWD COARSE PARTICLE
 BIZE CALOIUM CARBONATES ON THE 77°P
ELONOATION® OF KIULSION PAINTS AT 40% P V.G,

JPlamentation Elenzabion®
Hon0 Rl B2 /=00 RaopLex Gelancse Packing

¥ine/Wedium/Conrse  AC-33 CI~202 Index
i 2 0 % 2T% 0.7
1 1 0 35% b2z 1.2
i 2 0§ 138 1453 1.8
i 1 i 1438 107% 2.0
1 2 2 | sisg 205% 2.b

“OE confidence 1imibt = 3 Ab%
#*HRate of elongation on Instron = 208 minute.

&n analysis of variance of the above data
showed that the TiOg/calelium carbonate ratio was
glpnificant with a 99% probabiliby in controlling the
clongabion (page 151, Motebook 624%). Although the
tripiicate meagurements of elongation were gulficient
to show Bhe significence at 99% probabiliby level of

the P10 extender ratic, they d¥d not show a significant

difference betwesn the elonmgation of the Rhoplex AG-33
and the Celanese CL-202 peinte., The graph on Figure g

1llustrates the sbtriking effect of these speelally

salected plgmentations and inslgrnifiecant effect of the

polymer on the 4 eiongation of these paint filws,

The same elongation daba uwhich were plobied
in Figure T o show the effest of packing index have
been plotted in Flgure 1IT o phow bthe «ffect of the
aurface aves of the pigment, I% is appavent that the
inerease in zlongation is voughly proporbtlonal o the
decrezse Iin the pigument area,

DUP030008899 |
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The following table lilustrates how replacing
Ti0, with medium and coavrse extenders,decreasen the
surface avea of the plgments,end ingreases the average
thickness of the polymer srcund the plgment,

FFFEQT OF MEDIOM AND COARSE FXTENDERS
OF THE SGRFACE AREA OF THE PLOMENTATION
AND ON_THE THICKMESS OF THE POLYMER ON THE PIGMENT

Cxiculated Thickness of
Polymer When 60 GCB

Pigmentation Galeulated Are Spread Qver
WSO/ Al H=00 . Burface Area of O 6C8 of Plgment -
Fine/Medlun/Covrse R0 GCH Pigmeny  (CGf. BOE P.¥.C,)

, : ) o | &

1 o ) 2.2 x 10 on® 270 &

i 0 | 1% %o 530

3 2 0 L7997 T 760

3 3 1 AN 780

} 2 2 JHOB ® W 1200

The gurface areap of the pigmentastions were
saleuisted from the specific surface dlamsters obtalned
wom the plgment suppilewrs or from the Raw Material Index,
Wational Paiwnb, Varnish & ILacgueyr Asscce. Harch 1956,

i legs accurate estimsbte could be made from the effective
diameters listed in Foraulating Practice FP=-0I1-8B or from
dats on the particle size disbtribublon of extender plgments
given in & lether from G, €., Fox to J. P, HehAndrews 2/3/58,

= 6

b=

& posegible explansblon for the inoreamed
elongablion which accompanies a decrease in the suriasce ares
of the pigwment i ag follows., In a 40F pilgment volume
goneenbration paint, we have 40 volumes of plgment bound
wibh 60 volumes oFf polymer, If these 40 volumesn of plgrent
gre all fine particle splze W-50, the surface apesa will be .
Pour $imes greater than 80 volumes of W=-%0,/Y-142/4-g0 {= 1/2/2}.
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The greater the aye“ of plgment the thinner the polymer
wugt be &@yaada The thinner @miyﬁaf layara will be
ﬂifiéca}% to sbtain hecause ©f olymey cchesion and
ited cozlescence, The thinner layers will also be
1@3@ ezsily dlgtorbed by strees becsuse of adgorplive
forces. Also the greater the area of the pigwent the
greater wlll be f{he number of Tlaws between g%gmenh
and polymer. These flaws undoubtedliy contbibtite’ o jom
elongation and cracking on exposurs,

' It seews reascnable o assume that polyumer
adsorbed on the surface of 2 pigmnent would not readily

he dl%tsw@ed by a2pplisd stress. Such a pigment system
would show low elengation, If the thickness of the
polymer on %the plgment were increassed the elongation
should be higher, Thies is one of the reasons for the
inerease In elongation which accompanieg the decrease

in PVG for all emulsion palnts in the range of 20=00% PVC,
It alsc wmay be one of the reasong fopr the increased
glongation which cccurs when Ti0x is replaced by larger
particle gize extenders. When eXtenders preplace TiGp

the spescific surface area of the wixed plgment is
decreased. A/ glven volume of polymer can therefore

form & thicker Tilm round each pigwent particle and

the resulsing paint film can then be distorted further.

For merevad durablbllity ws need high
glongation not av 77 ¥, but at low temperatures. AL 3I0°E,
?neplex AC=-33 and Celanese €L~202 paints lose o much of
the e?cugat*on that the effect of increasing the smount
of extender ig not 48 siviking ag &b TT°F. ) o

EFFECT OF MEDIUM AND COARSE PARTIGLE
. BIZE CALCIUM CARBONATES ON THE 30°P
BLONGATION®® OF EMULSION PAINTS AT 40 PVC

Fligmentation % Elongation®
H-b0/W- 102 /v-00 | Hhdpiex AG-33 Celanese Cl-o0a \
1 o 0 0.9 0.% L ﬁle %
i 1 o 2.2 1.0 ;}yw
102 0 3.5 1,0
1 i 1 2.b 0.9
1 2 g 3.0 1.0

295% Confidence Limit o + 0,5%.

##Rate of Elongstion on Iastron = 28 minude,
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Host thermoplastic polymers which are
sufficilently namw%aeky for house painbs. have such low
elongations at 30°F that the diffevences between paint®
with different pigmentations ave often obscured by
experimental errorsg., The data in the foliowing tabie
iilustrate the effeet of extender on the 3I0°F elongation
of Bhoplex A0-33 painte. The dats do not correlate
particularly well with Che pachking indexes of the plgments,

- %_ELONGATION &T 30°F

-

?igment volums

PAINTS ?L&H&ﬁ?.fMWLwH_Vﬁﬁ?&ﬁﬁf@ﬁ%ﬁﬁﬁEﬁS \
{PAINT FILNS AGED 10 NONFHS D, 45 SOUTH) @

5 e

HY Mea Crystalline Calcium

g %&lc Tale Silica Carbonate Wollastonlie

2

§ 258 3.2 | 5.9 4.3 7.0 k.3

i&:ﬁ 356 2.0 2.9 2.5 2.8 2.0

@@K&%K@}aﬁ

3»0&’
R.5
4.9

L]

#40 13{)3,@918%
#i2 t301»888
T & 8 White (B7-808)

Confidence limit Por 95F probebility = 4+ 0.7
Iezst significant difference @ L0
The “"good packing™ csleium carbonate {wwoay
AETEteENtiy gives & higher elongabtion, as shown in the
T 1100 g able, when 1t replaces the poorer packing
gw&xwaaa magnesium silicate/mica) combination whieh is
ged in #44 Aerylic Emulsion House Paint..

kv 7  ELONGATI QMQ”F OF VARTOUS POLYMERS
% X "wg/ PIGUENTED WilH T100/CALOTUM CARBONATE

Kol /=08 W=00 Exposure
“?h@p&ex A€a33\\\\\\-\ 1.9 2.1 1& m@ﬁ%h% in 8=15783
Polyvinylpropionate "““§‘~“‘””:E;3> S=18764
Polyvinylpropionate/ R
L divinyladipate - 1.7 7.2 & " # a
Pirestone's Geraft '
Lcrylic 1.0 10.7 & @ ¥ B=1B57Q
Vinylidene Chloride/| Data 8.3 112 ¢ ¥ B=1RB24
ootyl acpyinte not
avallable |

9% Confidence Limit for 30°F Elongation = + 0.7%.
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“ince the paints in the above tables weve
expoEsd_a higher packing index plgmentation=¥-93/¥W-16/
W3l /-1008 {titanium dioxide BL=597/"Ti-Pure" F¥/barytes/
"gamaco” calcium carbonate = 13/3/7/7) has been tested
1in Rhoplex AC-332 and found to give much higher 30°F
elenﬁaﬁi@nﬁ-than the plgmentation at present heing nsed
in #44 fevylic Emulsion House Paint.

‘ INCREASED ELONDATION AT 30°F
RESULTLNG FROW W=83/¥-16/W-38/U-1004 PIOMATRATION

Flongation After

o Plementation  Initlel Elongstion 7 Months D, 45°
w£§§?§%f§?@§§&yfm;_;uv o I V% B

BeB0/U-16 /i=b /=88 2.1 1.5

This pigmentation ig alsgo being tested in polyiszo-
butyliene emulsion house painta. This vebhicle is especially
sultable for this approach because 1t requires very high
plgment volume concenbrations $o decreasse the tack, The
nigher the PYC the wmore important does the plgment packing
boconme, and the easgier it 18 o formulate balanced
instead of excess Tiner paints,

w, Permenbility to Water:
Ancther reguirement in emulsion hougse paints

for lmproved resistance to ceracking 18 decreased permesbility

te wabter. The lowest permesabiliiy of any emulsion paink

meagured by the writer was shown by s IytronbB0 emulsion

paint pigmented with fine Ti0p/wedium Cag0y/coarse

Ga@ﬁ%g The lupermeablllity way be dus to the dense packing

of the W-5%0/u-142/W-00 and the excelilent coalescence

of Lybron 680, The following table shows that this

paint {Lytron 680 with W=50/W<16/W-142/W=-00 at 35 PVC)

hag suech low permeabiliby to water that 1t approaches

that of #42 Duiside ¥Whibte, the conbtrol solubion paing.

TOW PERMEABLIITY OF LUTHON 680 PAINT
PIGMENTED WITH W-50/W-142/W-90

Pigmentabtion Water Fvaporated from Payne CGup
W=80/H-142/1-00 0.4 graws/dey/mil
W50/ 04,/ W58 0.52 ) 0 #

Gontrol Solubion ‘z
Paint - #42 @utﬁideg
White o Dol w @ 5

DUPO30008803
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_ Replacing bhe shalk resigtant “Ti-Pure R-610
{¥-50) with medium (§~142)and coarse(W-90)caleium
carbongtes increaged the erosion rate of both Celansse
CL=-202 and Rhoplex AC=33 painte at 30, 40 and S04 pigment
volume concentrations. The pereentages of the uvsual

2.5 w1l films which eroded in 18 months Delawsre Soubh
Verticel are ghown in the following tables.,

EFFECT OF MEDIUN AND COARSE

PARTICIE STAE CALCLUM CARBOWATES ON THE
% EHOSIONT UF EHMUeiON HOUSE PRLNIS

Bhopler AQ=33 ' Gelanese CL~202
——naints ' Painiks
PG ‘ fais
BO o 30 | 50 40 %0
W0,/ W 182/%-90 g@ B=B0/U=-182/H-00 ' =
1 0 0 LTHE0.6 (0.8 i O O f.22031.1 1.7
1 1 0 B.6 Bois.sl 1 1 . o k.2 {27 2.2
1 2 o 6.6 8.0 4.4 1 ® 0 3.9 {35.0 2.5
T 1 I 7.2 4.3 (3.9 1 1 I B3 (3.3 2.9
1 2 2 J.2 5.7 a4 1 2 2 g%,z. 7.8 lu.2
8
Gon%@alé
#FU40 oubelde Wnibe 13.1%
#Z&g b I 2 909

% erosion of & 2,5 wil filn in 18 aonths Delsware
South Vertical,
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H, Dirt Collecbions

At constant PVC, Rhoplen £G-33 and Jslagnese Cl-202
peints becane progressively dirtier on exposure &g the patio
of Ti0, to cslcium carbonabte was decressed. This may
be dus Lo the lowsr crilbical PY¥E or o the cosrser texbure
of these painks,

L. Boreen Stelning:

Caleciuvm carbonate increased the copper and iron
soreen staining of these emulsion paints but the stalning
wag not 28 bad a8 calcium carbonate in iinseed oil painbs,

MIMe him
0/19/58
6/2h /58
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FRe0l=f 4T gygggmgﬁ'ﬁéﬁmﬁgﬁﬁ Fovmalating Fractise,
B. Bosse {(11/9/84)

FP-01-8 Y48 Procese” Standerd Formulabing Practice,
0. Bosse (2/18/55 - bables vevibed 10/18/57)

AW-56-23 Accelevabed Cracking of Bmulsion Palinbs.
¥, ¥, Hehowell {13/6/5%6)

BE-5T=37 Durabllidty of Vinyl feebate Copolyner
fmulsion Painks (3/7/57).

RaHT7-62 Durability & FPhysical Froperdles of Asrylie

Fmulsion House Painbe {9/28/57).
Relzese Lebber B-16 Acrylic Boulsion House Paint 380-008,

Felease Lebbew #1705 Bigh Pigwent Volume foncentrabion
“pafoote” Rubber Bese Wall Peaint (5/20/57).

TH-250 Test Method for Packing Index.

H=8T7=12 The Development of & €elled Thizotropie Inberior
Flat Wall Foulsion Paind., B, ¥, Rirkpabeick

(3/32/57).
SE-5T-11 Polyvinyl Acetate Interior Paint,
Fo . Bilkeayy (B790/57). :

#5853 Competibive Fﬁﬁﬁ%@%&Jﬁ%@ﬁﬁ%Q
H, B. Hetkel /38,97,

Haw Material Index, Mutlongl Pulnt Vernish & lacquer
Sssceiation Maweh 1086,

Extender Pignents. Farticle Size Distribution Data.
Iebtber of &, ¢, Fox to &, P, Hobndrews 2/9/%8,
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Coarse

50% P.V.C. 40% P.V.C, 30% p.v.C.

T T - Packing
" % Index

~
it

' ' b __’__:3._-—--3‘0.71
= Ny o =(2/18/55)
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EFFECT OF PACKING INDEX AND PARTICLE SIZE DISTRIBUTION ON
SHRINKAGE CRACKING OF 30, 40 & 50% P.V.C. RHOPLEX AC-33 PAINTS
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