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nereasingly, surfactants with mualtifunctional performance benefits ave
desired 1o ot only liner the sutlace tension of waterbome formulations.
bt also to rechice foam. Low TILB, nonionic Gemini-type surfactants are
commanly utilized for this reason. As legislalion has required coalings with
increasingly lower volatile organic compounds (VOCs) and, consequeltly.
lonwer coalescent levels, the ability of Gemint surfactanis o reduce the mini
i [ilm formation temperature (MEFI} of emulsion polymers has gar-
nered interest as a means 1o enable formulation of lower VOC coatings. This
article descriles the MFYL teduction imparted by Gemini-type sutfactants for
a wide variery of emulsion polymers. Atomic lorce microscopy (ARM)
showed that films prepared Lising an alkyl ester [AF) sufactant werc gener-
ally stnaether than flms not contaiming the AR surfactanl. While esalling
Tone- ¥ [ormulating, these surfaclaniz were [ound to have minimal etfect
on coating performmnce. Lower 11LB surfactants were found 1o be the most
effective coalescents. A simple model wherely these surlaclionts preferentially
adsarb onto the sutface of the polymer particles is introduced 1o explain
their efficdency.

INTRODUCTION AND BACKGROUND

Az new and maore siringent VOC rules have been adopted or proposed by
the Souch Coast Al Quality Management Disuricl (SCACQMD)Y and (wzone
Lransport Commission (1) [or a wide range of coatings including archi-
tectural and indusirial maintenance {ATM), paint fermualators hiave been
evalualing new methods to weduce Vs and yel maintain the performance
of their coatings. For walerbomne systems. new developments include emul-
sion rexing? with lower MITTs and low-to-no YOO coalescing agens®® that
present the possibility to replace vaditional coalescents such as the widely
used 2,.2,4-trimethyl-1,3-pentanediol moneisobutymate [ITMTPIR).74
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Another new class of coalescing agenty fur low-VOC
coztings is that of coalescing surfactanis, which also of-
[er e potential of replacing (ar least partially) the
commen coalescents. Not only can the coalescing sur-
factanty lower an emulsicn resin's MEFT T, unlile the
standard coalescing solvents, they can also provide a
watarborne systen with the necessary low surtace ten-
sion for better wetdng, flow, and leveling. One group
ol surlactants that has shown the abiliey @ lower MEFT
Is that of the so-called Gemini {"twin®)-tvpe, nonicndc
sifactants.” "' Unlike comventinnal manomenic surfac-
fants that have a single, hydrophobic greup (ofien
relerred Lo s A hydroearhon tail} connected to a hydre-
philic ead {e.2. a lpdroxyl group or 4 pobyethylene
oxide tail), Gemind surfactamts ave two hydeophilic
heads, which are conmected by a molecular segroent or
“spacer;” and two (most commenlyy ot mare hydre-
phobic tails, The twin suractant siacture has been re-
pored 1o prwide efficiency and mulufunctional per-
formance.'™'7 Several Cernini chemisndes incduding
acetvlenic dials {based on 2,4, 7. %1eiramerhyl-3-
decyne 4,7-die] or TMTY) and allyl esters have
shown effectiveness o a viriely of eraulsion resins,

In crder to funher understanding of the Gemini-
type coalescing sufactants, the elficacy of g wide range
ol these surfaciants as coalescing aids o reduce MEFLS
for emnulsion polymers was stucied. The purpose of
thiy article iy to describe the results of that sluey andd o
repotl o the eifect of some of these marerials on
emulsion properties and coating performance. In addi-
tiam, a simple model is proposed 1o describe their coit-
lescing and surface lensiom hehavior,

EXPERIMENTAL

Surfactants

The: Cemini-type surfactants evaluated in this suudy
Included: 3 alkyl esiers [(AFS]; 2 non-ethoxylated
acetylenic diol {TMIN); a series of ethoxylated
aceiylenic diols (F TMTIDs); an alkane dial (AD]; and
an experimental coalescing surfactant (FCS). The gen-
gralized chemical structures are provided in Figere 1,
and (he characlerisics are provided in Telles 1-3. All of
these materials are 100%) active, Tow-viscosity liquids
{eecent TMDTY which is a solid at 23°0) with no sol-
vents. YOCs ag determined by FPA Method 24 were
=109 Tor all surfactants excepU’ WD (w30%) and
B MDD {28%). Refer to Appendix A lor material iden-
tification and suppliers.

All coating formulations were prepared and applied
using standard rechniques, MITT data (AS1M D 2354)
wele obtained using a Minimurm Tilm Tormation
Temperature Bar Model 80U0L-90 {Rhopaoin
Instramentation L) Films were applied by drave-
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Fgure 1—Generalized structures of the coalescing surfactants studied,
R, and R, are alkyl groups that are different for each matecile: Ry s
a hydrophitic greup which cuntaing escer groups; R, 3s a hydropivilic
qgraup; Ry 15 3 bridgirg qroup; anc R ¥ a hydrophilic moiety.
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civwn Lo g wed Bl thickness of 152 pm (6 mils).
Lguilibrium surface tension (EST) measuremnents were
pertormed using the Wilhelmy plate method. Dynamic
surface fension [DST) data werve obtained by the maxi-
mum bubble pressure method using a Bubble Pressure
Tengiormeter BP2 [Lailss TSA).

Glass transition temperatres (1) of clear lilins pre-
pared tom polymer emulsiony were detenmined by dy-
namic mechanical analysis (DMA) aller drying the
films for at Teast seven days at 20-23°C. 'The IXMA data
were oblained wing a Rheometrics Solids Analvzer RSA
II {Eheometric Scientitic) in a wensile dynamic mode
with a thin Alm fisture. The samples were not prrecon-
ditiened with regard W humidity prios to data acquisi-
fiom, but drv nitrogen was used as the atmosphere dur-
ing the measurernents, Thata was acquired at intervals
of 67C; a one-minute husld time was used at cach
MEasUIEMENt temperatire o ensure isothernal equili-
Vrration. The T data reported are the temperatures of
the tangent delta (&) peak maximmm.

The atomic force microscope (AFMY images were ob-
tained nying technigues (tapping mode AEM) as de-
seribed by Bynders el -#

- Tahle 1—Properties of the AL Surfactants
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RESULTS AND DISCUSSION

AF Surfactants: MFFT Reduction and Effect
an Folymer Tg

Since the AL surlactanis are esiery that have Tow
HT.Rs andd similar structures o IMPIE, §Lwas andcl-
pated that the A¥s wonld be effective coalescing agents.
Flgitre 2 shows the MEFI dala oldained by adding the
AF surfactants 1o a variety of emulsion pobyiers, which
included wrethine-acrylic hyvbrid {A), vinyl acetate-
ethvlene copolvmer [B), and Tour acrylies (C-T), As the
daia show, these producs have a significant effect on
the MEFL of the emulsion polymers, At a level of only
204 by welght of total emulsion, the AF malerials wers
Foodd for reduee the MTTTs by 10-1357C o1 the poly-
mer emuisions wilh the Tighest MTTTs, The efficiency
uf the ARs to vedure ML generally followed the trend:
ALDTD = AEN2 = AR,

1o Hustrate {Figure 3) the effect of the AFs on film
formation, films were prepared at 10202 [30°F)/95%
relative humidity (RH) from neat Polymer Lmulsion A
and compared wit those of Polymer Foulsion & con-
taining ARG and ALOZ at 2% by weight on il emul-
sicn. Lhe film prepared from neat Polyimer Codsion A
was severely cracked, while the Glms comaining the AR
surfactants were clear and simooth (no suface delecis).

Table 3-—Properties of the AD, ECS, and

TMOD

Prapetty aD ECS TMDD
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| Table 2—Properties of the E,TMDD Surfactants

Additionally, the surfaces ol films prepared
(rowm Palymer Emulsion A were characierized
by At Formulations were prrepared with and

Eas without AR and coalescing solvent. For the
100 films conlaining AR, a lower amount of co-
=20 alescing solvent was wsed such that the total
17 VOIC was <100 gL, Without AL02, a higher
Miscibila Tewel ol voalescing solvent was used, and the
81,1 total WO was = 150201 The VOO sobents in
Mone these experiments were DPal (dipropylene

glyeol meno-n-butyl ether), Dasdbd {diprepy-
lene glveol dirnethy] ether), and NMT (M-
methvlpyrrolidone). The AEM micrographs in
Figure 4 show that the AE02-containing coat-
ing lim has a much smoother sutface than the films
prepared from the higher YOO lormulations. To deler.
mine whethier this effect was the result of the ALOD sur-
Gaclant forming a secface luver, the ARQ2-containing
film was washed with water tor several minutes. No
significant changes in surface roughness were found.
Therelore, the AFM observations support the notion
that the AFOZ aided tilm tormalion in this sestem, and
these resuls illustrate the benefits of the Al surfaciants
(o improved coalescende,

Since the Al surlaclants significantly Towered the
MITTs of the polymer cinulsions, their eliect on the T,
ul the polvmer filmy was imvestigated, Ideally, plasti-
cizarion of the polymer lilms and & consequent redae-
tiom of the T would not be desired in order o ensure
opmum performance {eg., Block and chemical resist-
ance], Because these materials are essentially non-
fugitive, some T, reduction was expected. 'The resulls
are shown in Figire 5. The addition of the AFs depressed
the Ts of the polymers, but the I depression
{(F-10°C2) was generally smaller than the observed re-
duclion in the MEFLS {10-157C. Furthermeare, within
experimental eiror the AT surfactants were observed (o
b miinnimal effect an the dry times (Tiewe 6) and o
conmtribute no measurable YO8 (Figure 7] ta the emul-
sioms,

In a separale experiment, the effectveness ot the
ALOZ suractant was lested in Polymer Emulsions A
and T The data are shown in Digure 8. As expecied, the
SMEFT showed a lineir decline as the AFQ? level was in-
creased. Linear regression of the data producedd the fil-
livaring equations, whene the AFO2 weight 96 is based
o polymer solids.

For Molymer Lmulsion A:

WFET, *[2 = [-2.2a{ALR02 weight %) + 3L5[*C & (099

Feor Palyner Bmulsion F

MELL “C = | 2.08[AFD2 weight %) + 25.7]°C £ = 0,99

Since the slopes (units of *C/ALD2 weight ) of the
Fines wene similar, the effectiveness of A2 Tor reducing
the MITT of both polyiner emulsions was comparable.
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Figure 2—MFFT data for the AR surfactants in vadous emulsian poly.
mers. Far palymer emulsions B and F, he MEFT values ol 0°C repre-
sent the freezing points of the samples, Refer to Apperdiz A for ma-
terial identificalions.
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In anowher sel of cxperiments, the efficacy of ARN2
was comparad 1o thal of TMPIB in g series of emulsions
(€. L) = nerylics: I1 = siyrene-aaylic K = vinyl-aalic).
As the daw in Fgure 9 show, al a 2% replacement level,
AR appeared aboul as effective as I'MPTR at reducing
the MEFT for these emulsions, The slopes of the tegres-
siom lines [or TMPTR were within the range of - 2.1 o

1.9 {umits of "7 IMPIR weight %, which are essen-
tially the same as those oblained for ALG2 aluwe. Based
on these observations, it can be concluded that AED2
has the same efiiciency ay that ol TMIMR.

AE Surfactants: Performance in an
Architectural Coating

Since the AF surfactants were shown to have similar
ellciencies as T 1M1B, a study was conducted to test
ALDL andd AROZ swifaclanis as partial replacements for
TMPIE in a serni-gloss architeciural coating farmmla-
tion. The main purpose of this work was 1o test the Al
for taeir ability to aid lbow (emperature Jilm formation
(TTTL) and Lo delermine
whether they mpaited any
detrimenta] efects on for-
mulation or dilom perform-
ance. The fumaulation
tested Is provided in
Appendir B, Polymer
Lmulsion (3 {acrvlic] was
the binder resin used in the
evalualion, An experimental
design way performed 1o de-
lermine optimal levels of
TBAPLE sl AR surfaciant.
The results are listed
Table 4 for the best combi-
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Figure 3—Film formadan al 10°C {30°F)/95% RH for Polymer
Emulsian A with and wichout AE surfactants. The films were prepared
by draweoun anto black Leneta charls,
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The data in Jable 4 show that the formulatons con-
laintng the AL surfactants can reduce VOUs by about
25 /L. Good TITT {#4guwre 10 was obtained with AT
at 1.5% and was romparable or better than the higher
VOO TMPIB contel. The TTIT was nod as good with
ALOZ; the: data suggested that 2% ATD2 was required
for adequale LIFF. Gloss was slighily better than the
controls. Thie, presumably, to their surfactant characler,
the ALs significantly improved substrate welling,
Treerestingly, the formulation viscosities were higher
with the ALs, ln separte evaluations on slightly diller-
ent formulations {150 g/ VOU!) containing either
Polymer Iraulsion G or Polymer Emulsion K, it wax
found that substitudion of 295 ALG2 {on hinder resin
solids) for TMPTE did nol detract from perlormanee
propertes sech as T, color floa/acceptance, adbie-
slon, stain resistanceftemoval, saub resisiance, block
resistanee, or theology modifier (HEUR wpe) de-
mand."” Thus, the AT sudactants were shown to pro
vide lower VOO coalings with similar perfiormance rela-
tve to the higher VOC analogs containing TMPIR as
the sole coalescent. LInfomtunately, the formulations
with the AE surfactants showed a signillcant rise in vis-

Fiure +—AFM mic-agraphs ¢! Tilms prepared from Palyrier Emulsion A Flms conlaining the SE02 surfac-
tant were smoother than higner YOO analogs.

High VOC w/NMP Lowe VO w/AED2
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Agure 5—T_ data for the pelymer Sbns conlaining Lhe AL surfatants.
The AE surfactants wese tested at 2% by weight on total emulsion.
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Figure &—D0ry times for palyrier emulsions vanlaining lhe AL suifac-
tants, The AF surfactants were tested al 2% by weeight on total emul-
sien. Dry times were determired according to ASTH D 5345,
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Fiqure F—Volaiile conlenls lor palymer emolsions conlaining the AE
sirfactants. AT 2% by weight an total emulsion, the AF sufactants did
nit contribite to the sverall vnlatile content (including water) of e
cmulsions. Yoatile content was detenmined by the cven method per
EPA Mezhod 24.
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cosity when aged ar 60°C for =2 weeks, and this was
considered Eo be unmceeptatdle from a shedf siability
perspeclive. $ince the pll was observed Lo drop during
vivell aging, it was hyvpothesized that ester hydreolvsis
was responsible fat Teas! panially] for the instabiliy.
Therelooe, the dse of the AL surlaclants Tier MEF] reduc-
ticzn in archirectural coating formulations is not recom-
mended without performing the proper paint stability
Testing.

Alternative Loalescing Surfactants

The above work with the AF sunfactants demon-
strated that the cancepl of coalescing surfacianis was a
viabille approach for tormulating lower WO coatings
with existing resin techiology and yet still maintaining
acleguate perforoanre. However, since the AR surlac
tanis shewed instability in the archileclural coating for-
mulations studicd, other potential coalescing surfac
tamts were evilualed. The MFFIY of palymer emulsions
conlainiog 2% by weighl ol the allernalive coalescing
surfactants were determined. In the one set of expert-
ments, the AT and B, TMDD surfactants were cotn-
pared with the ALD2 surlactanl in lwo acchiteciural
acrvlic emulsions to determine the relative efficiency of
these producty. The ATY and E, TMON surfactanits were
texted] bevause of their relalvely low THLS values, which
were thought 1o favor better coalescence. The results are
provided in Figure 11 As can e seen, the AT malerial
prowided similar resulis compared 1o the ALOZ . The
L 180D was not quite as efficient, but it still signifi-
canthy lowered the MEF]S Qo both emolsions.
Therelore, it was condcluded that ALy and E 1a400
cowkd offer similar pedformance to the ALEs md be-
cause these proaducts do noe contain exter groups, [or-
mulation inslability would probably not be an issue.
Stability testing confirmied that the AD-containing for-
mulation wis stalile

Ine lurther experiments. the MEVL reduciion elli-
ciency of a new experimental coalesdng surfactant
(FCEY was evaluated 10 several emualsions and com
(rired with that ot ALDZ and T TRMDD, The results are
shown in Figoe 12, Tor all of the emulsions tested, the
FCS malerial lowered the MBEL comparably 1o ALGZ.
similar o the AL coalescing surfactant, the TCS should
not impart formulation instalility, and elevated-tem-
peralure slabilily lesting showed the LCS-conlaining
formulation to be stalle. In addition to the (lTT. the
effect of FOS on the equilibrivm surface tension of the
Malymer Liulsion A was evaluated, The data in tigure
13 show that FOS provides lower surface tensions for
all ol the emulsions than does AVO2 and had compara-
ble surface tensions Lo ¥, MDD which, however, does
not Toweer e MELT as elfectively as BCS. So, RS, like
A and F, TMDT, should offer similar MFFL perform-
anee fi Lhe Als wilhiowl the Tonnalation instability is-

JCT Coutirmgs Tech



Fiqure 8—ElTect of AED2 level an MFFT lor Lwe polvmer emulsions {4
and F). The lines designazed “Lincar” qie <eqression fits to the data.
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sue. Additionally, BCS should offer improved wetling
petiormance due to its lower LS

Effact of Surfactant HELB on MEFI-Reduction
Fffectiveness

In ovder o belter understand the pracimelers that af-
lected the MITT-reducing effectiveness of coalescing
surlactans, a sty was conducted 1o determine whal
effect the LILG of the surfactant might hive on coales-
cence To that end, a series of ethoxylated MDD sur-
tactants (B TMTD] with calculaled HTBs over the range
of 3 to 17 wete eviluated in Palvmer Enulsion A&,
which was chosen because of its lacl of stabilizing sur-
tactanis. {Note that for the LY = 3 case, the data poinl
was obtained using the AT sudactany, sinee TMIOTI s 2
solid at room temperatare The AT surfactatil was cho-
senn due L its relative similarity o 0. The TILE
value of 3 was caleulated nsing the weight % of T
drophilic groups divided by 5.) The results are ploued
in tigute 14 ax the change in MEF] {Delta MTTT =
WTTT of Palyier Lonulsion A minus MEFT with surfac-

 Table 4—perfarmance Data for Architectural Coatings Containing AE Surfactants

|Technology Today

Figure 9—Effect of TMPIB meplacement by AEDZ surfactant, Addilion
lavels are given in Y% by weight an polymer sulids (Folymer Emulsians
G-K}l. The legend symbols that include “+ 2% AE02” reproscn® MFFT
data obtained by replacing 2% TMPIB with AED2 at an equivalent to-
tal % of coalescenl, The lines designated "Linear” are reqression fits
to the TMPIE data.
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tanis] versus the HLB of Lhe surfuctant, Figire 14 showes
that the MFFI reduction depends on the surfactant
HLE, The data indicate that the most efficient sarfac-
Loty hive the lonrest LILBs. This nding makes sense
intuitively Trased on apparent solubility parameters.

Model of MFFT Reduction for the AE
Coalescing Surfactants

In order to undersiand the MTTT reduction efficiency
al the AE surfactants, a study was conducted 1o umder-
stand how these surfactants pantitioned leiween the
air-water interface and Lthe polymer particle-waler inter-
face. Ima mianner similar to thal described by
Meraurio™ for coalescing solvents, the partitioning of a
cewilescing surfactant (G8) can be schemarically de
scribed as in Figure 15, Inthe simplest case without a
dispersing surfaclant (i.e. a frec surfactant added to sta-
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Figure 10—Effect of TMPTE replacement by SER surfactant on LTFF. Additien levels are given in

"o by weight on polymer solids Tur Polymer Emulsion G,

% TMRFTR

6% TMPIE

Fiqure 11 -MFFT-reduction effectiveness of AD and E, THMDO surfac-

|
tants cempared to the AE0Z surfactant, The coslescing surfactants

were added 2t 2% [y weight based on tatal emulsion,
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Figure 12—MFFT-reduction effeciveness of BLS cnmpared Lo E, TMDD
anc AFQ2 surlactants. The coalascing surfactants were added a7 2% by
weight based an botal emulsion.
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1.5% AEQT + 5.7% TMPIE

hilize the etnulsion particles), Lhe
CE will partidon belween the poly-
mer parlicle-yater and the mir-wa-
ter interfaces. If the C5 does now
form micelles and has a low solu-
Lilive in water, then the Ballk of the
C5 will partition at those bwo i
terfaces; this assumption implies
thai the 8 has a low HIR, which
we have shown above 1o Hrovide
more etficient MFIT reduction.
Nerionally. preferential adsorpion
of the (285 a1 the polymer parlicle-
watel interlace should afford opl-
mal MTFTT reducdon, since the C5
should soften the surlaces of the
particies and, therehy, improve particle-particle coales-
cence, In the case of preferential adsorplion of the C8

il pobymer particle-water imterface, it would be ex-
pected that the coalescing surfaciant should have less of
an etfect o the surface tension {air-waler interface) of
the emulsion than would he anticipated based an
meAsureenly in pure watar.

[n order e et whether the above bypothesis might
be tme, measurements were made of the DS anad FSTs
ol nieal Polymer Emulsion A and the emulsion coain
ing either 3.1% or 19 by weight of AEDD ur E__TMDILY,
which was chosen because of ity lower Impact on the
MEFL Polymer Fraulsion A wis selected because of by
lack of stabilizing surfactanis, which would complicate
the interpretation of the surface tension resulis. Figures
16 and 17 show that the ALF02 surfactant did not lower
the OST or D51 nearly ax much as expecied from the

Figure 13- Equililrium surface tension recucing eflectiveness of ECS
compared to b TMOD and AEGE surfactants. The coalesting surfac-
zants were added at 2% hy waighl based on total cmylsion. No data
were obiained for B, TMOD in cither Palymer Emulsion L or ¥,
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Fiqure 14&—Effoct of surfaciant HLE on the MFFT-reducing effeciive-
ness, The surfactants were added at 2% by weight based on foaal
emulsion. The regiession line has a slepe nf -0.48 [*C/HLE value), an
intercepl o 13.1°C, and 7 = 0,92,
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Figure 15—5imple medel for paditioning of a C% at low congentration.
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1

dala in pure warer. On the other hand. the F TMDD
surtactanl significantly lowered the EST and DST 1o val-
ues close to that obitained in water This data supports
the notion that the ALOZ surfactant adsorlwd preferen-
tially onto the sutface of the polymer particles. 17 this is
trug, then preferental absorption may panly explain
the MEFI reducing efficiency of the ALD2 malerial,
Another possible explanation for the surface tension re-
sulls 1 rhat the AVG2 disselved in the palymer pami-
cles. Lhis may have occurred w some extend bud, singe
these molecules are surface active, surface adsoarplion
probalbily predominates wpr to the polnl of surface satu-
ration [based onoa tough eslimaie, 2% ALOZ should he
clese 1oy that needed for surtace satwrition of the poly-
mer particles onlyy,

SUMMARY AND CONCLUSIONS

A rumber of Cemini-type surlactants were found o
reduce the MTTT for a wide variewr of emulsion poly-
mers. The surfactants studied nchuded a series of alkyl

www.Ccoalingstech. org
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Figure 16—EST nala for AEDZ and E,TMDD surfactants in Palymer
Emuision & angd pure water, The legons indicales the weight % of sur-
factant added.
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Figure 17—D5T data for ARG and B, TMDD surfaclants in Palymar
Emulsion A& and pure wator, Oata were collected at a rate of six bub-
bles /par sec,
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esters [Alis), a range of ethoxylated TMDD {F, TMDI})
prochucts, an alkane diol (A1), and a new experimental
coalescing surfactant [ FO8) Atomic foice micgoscopy
showed thal s prepared wsing the ALO2 surfectant
were generally srmoother than films not containing the
Al gurfactant. While enabling low-VOO [ocrmolating,
the ALOL and AFO2 sumfacants were lound to have min-
il effect on coaling performance but impreved wet-
ting chacacienstics, The new AL and FCS surfaciants
performed similarly e ARG with regared to pUEL re-
duction. Taower HLE surfactants were tound 1o be the
most ellective codlescents, Preferanal adsorplion of
the ARJ2 onto the surlace of the polvier panticles may
explain the elfeciveness of this surfactant Lo lower the
MTTT,
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Appendix A—List of Raw Moterials and Suppliers

Appendix B—Model Architectural

Raferance Cade Raw Matarial Supplier | \ Form u"uhu“
TROD e U RPPROLE 104, aieiann e Air Producis and Coemicals, Tne. Muoterial " by Weight
L ErviraCem™® ADOL .. __........4ir Prodocts and Cheenicals, 1ne. ) . .
AEOL EMiroGen® AEDT ....ovwc..-Aif Products and Chemicals, Ine. ;ﬂ}”“:ﬂf;‘”“'m'ﬁj;g
1S Envirglem® AEGE A7 Products and Cherceals, 1. .I...ajer """ ...5-9
AED ErrvirGem® AEOD e Air Products and Chemiczals, Irc PIG-|.I'|.'|EI'|E ahveol ... 3'1
b, MO, e SURFYMOLS 4200 e 86 Products ang Chemicals, Lo, Defaamar, oo 0:1
E;,THOD SURFPHOLT 440.., i Products and Chamicals, Inc, TMELR o oo
kg MO, CEURFYNGLS 465, -.Bir Products and Chemicals, Lnr, Thiceenes 1 and 2.... g
9 1 U SURFFNDLY 485, .,00vriiesivas A Produrts and Chemicals, Inc. A 01
TMPLE | vrmiimiiiaie e TEXANDIY Ester Alcabul..... Erstman Chemical Compary | | 7 7 m s )
Poumer Efulsion A HYBRIDUJR® 875 ... LAir Products a-d Chemicals, Inc. L S 100.0

| Fnlymes Fmulsion B....... AIRFLER® EFE11 ... _Adr Praducts and Chuemicas, Lo S

l Folymer Emalsion ©...,,., Rhoplos® SG-10M Ly zhm ard Hams

Folymer Fmalsion 0., Maincotes HG-5é..o. oo
Palymer Emelsien £ Meolryl® XE-L2 ..,
Polymer Emulsion F ... Rhoples® Myltilobe-2000 ..
Polymer Emulsian G RhopaEx® B6-30... ., Rohm and Hass
Pelymer brmulsion Havw, Bhopoes 2700, reeeoee. Bnbhm and Haas
Polymer Ermulsion I ....... Rhaplex® #s00..... woRonm and Haas

Rehm and Haas

Pulyiner Emulsinn 2., Rhoples® AD-347 .. ...Rokm ang Haas
| Palymer Emulsion K....... Res 30720 -oRohm and Haas
Palymer Emulzinr | ..., Rhoples® 36-24,.,.. _..Rohm and Haas
Prlymar Emusion M ... Maincote® FR-71_.. - Rehmm and Haae

| Podemer Colsion N, Maincote®™ HG-54,,,, wfohm and Haas
Prlymay Frulsion Q........Aguamacy 440 ... - Resolution Specialy Materials
Ti0, sluify e TP ™ BFAELL T T
Daluamer e e OPEE-022 e .-Byk-Chemie
Thickenar 1 (1.4%]. LACrysal™ RR-E0ZONPR LRoli and Heas
Thickener 2 {0L,7% )00, Aciyaol? SIT-273 ... Knhm and Haas
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