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INTRODUCTICN

n masi praclical cases, dispersions are complex sys-

temns comtaining maore than one lype of dispersed par-

ticly, and a combination of different swelaclants and
polymers arc used to stabilize the particles. Competitive
adsorptions occur in Lhis complex fluid, with the muore
surtace-active components displacing less swrface-active
onecs provicoasly adsinrbed for kinetic reasons, The corn-
petitive adsorplion of petymer chains, and their displace-
rnent al liquid-solid inlerfaces, has boen reviewed with
Tespect to both theoretical and cxperimental' comsider-
alions. 1t has been observed n the competilive adsorp-
liens of sodium dodecylsulfate (SDS) and ethoxylaled
nonylphenol? (NP-{EQ}.:H} blends® on 170 that
N PEEQ)ETT alone is nol adsorbed significantly on 10y
Tpwenver, the amount of NP~(TO):H adsorbed incteased
Iy more than 30 times in the presence of Tower amaunts of
505, but decreases al higher S135 concentrations. Adsorp-
tion o T#0- is reporled lo be affected by the order of
addition,”in the competitive adsorption of polv{acrylic
acid}and cthyl{hydroxyethyl) cellulose Wends.

The dispersion of pigments is an imporkant factor in
the performance of a coaling. Titanium dioxide, the hid-
Ing pigment in g coating, 15 easily floccudated inaqueous
soluHons bolow it vemelpotric point (TEM). Above the IEP, it
may be (loceulaled by los salinity gradients. To stabilize
such a high energy disperse phase, il is reated with sur-
factant and an nligomeric polyacid dispersant. The ad-
sorption of surfactantand dispersant increases the stabil-
ity of lhe dispersion by increasing the electrnsteric repul-
slon between parlicles.® but in the presence of a
nomadsorbing thickener, the stability of the TiO i often
not stable enough to ensute good applied Hlm ploss,

In FPart ! oof this series,® the imteractions dmedg mode)
hydrophebically madified cthoxylated urethane ([IEUR)
thickeners and a surfaclanl-Leee 123 nm acrylic latex were
studied. Inthose experiments, theee dilferent surfactants
{of the typeused in waterborne latex coatings) were added,
separately, with muodel HELRs to the latex dispersion.
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Sizf. exclusion chromntography in tandent vwith
LIV absorbaice of the surfaciant is nsed fo sepa-
rate and guantifiy the amonnt of nonionic surfac-
tant and model Inadrophobically modified eth-
oxylaled wrethane (HELIR) thickeners adsorbed
on different organic vligomeric polyacid, metal
axite-treated TiOs surfaces. The isoelectric point
mprosed on TiCk by the wetal oxide surface treal-
ment determines the amount of organic dispersant
adsorbed. The size of the arolefin on the maleic
ncid dispersant is also important in the adsorption
of the dispersant. The size of the a-olefin on the
organic acid dispersanf, in turn, defermines the
amonnt of surfuctont gnd HEUR (hickencr
adsorbed. The surfactait, unlike the HELIR thick-
ener, exhibits a dependence on He metal oxide
treatment tn newtral media, independent in seo-
eral aspects of the amownt of orgunic dispersant
adsorbed. The adsorption dependence of HEUR
thickewers and nonionic surfactant on the hydro-
phobe size of the HEUR s discussed.

Adsarplion on the latex’s surface was doetermined prima-
rily by both the relalive hydrophobe vizes of the HEUR
thickener and the nonionic swelactant, and by eir rela-
Hueer comuentrations.

The abjectves of this study include quunt fying the
influence of the metal eedde { A LD, ZrlY, and Si0u) treal-
ment of TiOs on the adsorpion of (he oligomeric polyacid
dispersant when the chemical composilion of alpha-olc-
fin/ maleic acid co-oligomers are changed. These changes
arc \hen quantified for their influemce on the armounts of
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mode]l HEUR assoctative thickeners and novionic surfac-
tant adsorbed under competitive conditions on the pre-
treated 190 Analysis of (he competitive adsorplon be-
tween associative Lhickener and surfactant is complicated
by {heir similarities in stroctores, and bry the fact that fout

‘LCH LH*"'—“]:H—‘CHA\* et Mefmibakzie acid Co-nligmner
3

PR
\ Cl; /m

gl Cl— [I','II (I','II

0 W kel

SryreneMalcic Awkd Co-olijpmer

| Agure —Geneml structures of sherane/maleic |
i ond eeddefindmalaic ocid mode! dispars -
onts. =3 0r 7 refered fo as D4 and 08,

Table 1—Molacular Waights of Alpha-Oledin/Malelc Acid
(S HoMalele Acld) Dispesants by Size Exclusion
Chromatography

Cigprarsant M, Ma P

Cmeq.fM Moo 2!{‘.-0|:| 1.7

CoH-2MACK .. : §190 24

ShyrenaMAcid Qa0 21
= B R T

4O OUN—R-MULF 4+ ] TRKG g d]

RN
'--R—N—L—rJ—Lme—LH*-N R—NCD ==t —=

H H

¥ § 7 i
'O CNR —N-C—O0—(COks— O C-3-R—N-C-0-F
II H H H

Schama | —Svnthesis of mode narow molecU-
fear wenight disfmbouticon hydromhobe- modified
ethoxdated urethone (LniHEUR thickenars.

Table 2—Molacular Welghts of B'-NH-CO-NH-CaH o-CHa-
CeHi={NH-CO-O-{CHaTH 2O 10=C O WH-C :H - CH - G gH =
NH-CO-WH-B HEUR Asscclatlve Thickenss by Size Exclusion
Chramaotography

F’=5-G; R alnlHEURS M, Tk oI

B e CaHie 2,200 34,600 1.4

R'= ZzHzs, wEd, 24,300 ()

[# — CeHie 37200 1.1

[ = CoHas a%700 1.1
¥ = uriHeUs: s raz-urs clver Inbceme 1.

44 Journal af Contings Technology

different components (pigonent, dispersant, surfactant, and
associative thickener) are present in the dispcrse phase
systerns. Step-growth (5-G) TTEURT thickeners, that also
will be studicd, have a hru'ﬁd molecniar wedight distribu-
Lion thal encompasses unreactod polv{o}:}felhvlcnuj [PCIE)
gtarting material¥ The surfactant is very low in molecular
weight; and the one used in this Htud\, CTCCHA—
CH—CCH ) CelH - O~ CHACHA O o H (roferred to as
GO0 in the rest of this ardicle), has a
molecular weight average of 616.96, This average cncom-
passes 11 different components.® Thuy, both surtactands
and Lhickeners conlained a mullilude of molecular weight
COMPMINETES,

Inaprior study, " commerdal HEURs were observed {o
individuaily adsorb on dispersanl pretrealed titamium
dioxide; honwvever, the structures of the commercial HEURs
WETE U k'l'l LR, ﬂ'l'id [ U'I'I'l'l:lt‘t'lt["-"e dd":(}TPtl(]'l'l"i in ﬂ‘uleIICE:
collaining nonjonic surfactants woele not mvestigated,
Through the use of a novel, organic solvenl-hased, size
exclusion LhTr.:-rnatngraplnL {SLC) technique, separation
and quantification of the aysociative thickener and sue-
factanl can be realized.

EXPERIMENTAL

Starting Mcderials

Maleic anhydride (Figure 1y allernaling with different hy-
drocarbom groups are examined as low molecular weight
ceroligomaer dispersants. Vheirmolecular weighh—? are lisled
in Table 1. The w-olefins wore Twxene and decene, The
styrena f maleic acid co-cligomer (with the strong UY cheo-
muphore of the phenyl unit} is examined in (his study to
provide a doubic chock on adsorption data obtained {rom
the weaker carboxylate absorption band. The co-
oligomerized maleic anhydrides were hydrolyzed to ma-
leie acid following 2 previously described prnccdure 1-
I'he surfactant, Cgl TGl aOEO) I T (an ethoxylated
oclylphenol wilh an average of 9-10 oxyethylene unils)
wras obtained from Undon Cafvde, The sy nthesis, charac-
terication, and isolation of the model uniHEURs and step-
urowth HEURs (Schere 1 have been described?®; thear
composilions and characteristios are listed in fibife 2. An
cxcess of dilsocyanate is used In the synthesis of the
narraw molecular weighl and requires numerous extrac-
Homs to remnove this excess and its reaction products. &
ratic of fomr vqu'lv'alr:'nt*-. of diisucyanates to three diol
unils of ca. 200 repeating units produces 5-0G HECRs with
broad molecular weight distribulion of products. Given
the many mechanisms for degradation of HEUR thicken-
B, their molemlar w eight reproducibility within a serics
is good.

Procedures

Aqueous slock salutions of assodabi ve thickener wore
prepared by properly dispersing lhe “fine” powder par-
licles in DD water and rolling the solutions [or 43 hr. The
]:u;a,menf dispersions were prepared at 70% solids, accord-
ing la the following formulation which was represcnta-
live of each pigment dispersion: 700 ¢ titanium dioxide,



10.5 ¢ dispersant {20 wt% aqueous solution), and 24
distilled, deiomized wator,

e dispersant solution and abou! 30 ml of DD water
wore added Lo a metal grinding vessel. The pigment amd
wialer were added slowly with mixing. After the addition
of all components, lhe slurry was dispersed al high speed
for abont five minfes, and the fneness of the orind was
obtained as NS units (7 N is acceptable in the ASTM
1210 test procedure).,

Adsomption Studies

Dispersant adsorptions were studied at 0.3 ¢/100 g
Tk comcentration. The UV absorbance al 204 nm of the
maleic acid group was chosen as the concentration indi-
calor (Fgure 2a} "I he UV band of the carbonyl is broad;
therefore, the amounls of dispersant adsorbed were the
least semsitive data generated in fhis sludy. The SEC tech-
nique cannot be easily vsed to sludy the adsorption of
dispersant. The dispersant containg carbosylale anions
and is not soluble in organic solvents, The dispersants
also veore likely fo adsorh irreversibly®™ an the SEC col-
L,

The SHC technique was nsed to measure the adsorp-
tiom of the nonionic surfactant, CH-—~CHOED 01, on
titanium dinxide stabilized by hydrophobic dispersants.
Surfactant adsarption also was measured by UV spectros-
copy. The SEC technique monitored the peak area at 7.5
minaies clulien time tor CaHp—C HGO(LO T T in the LY
lechnique, the absorbance peak height at 278 nm {aro-
matic group of surfaclanl) was chosen b monitor the
concentration (Figvre 2,

Compelifive Adsorptions

The chromatogzaphy syster consisted of a Waters 514
HFLC pump, a Walers T6 /K injector with a 2 ml loading
loop, a Waters R4 differontial refractometer, a Waters
730 data mndule, a mobile phase of THP1.C grade lelraly-
drofuran, a floww rate of 1.0 ml/ min, a column lem peratirs
of 304, an ingeclion volume of 200 mL, and a Shodex KR-
B0 fupper exclusion limit 5,000 Daltors) sive exclusion
codumn, The refractive index dilference betwoen the refor-
ence and sample cell was used to analyze Lhe adsorp-
tiems, and all analyses were perfurmed tn the high perfor-
mance fiquid chromatography (HPLC) minde o obtain
pealk arcas. Calibration curves were prepared using aque-
ous surfactant and thickener solubions belween 0.1 and
1O wt%.

Adsorplion data at 25°Cwere delermined from dilated
ortginal pigrment dispersions, originally ata consland pig-
ment content of (1.7 volume feaction, with o consland sur-
factant comeentration of 0.8 wt¥, and varying HEUR thick-
emer concenlralions. Equilibria in the competitive adsorp-
tion studics were reached by rolling dispersions with all
components for 24 hr. The pigment dispersions were con-
lrifuged with & Dulont Sorvall (RC-SE) relrigerated
superspead contrifuge at 3°C e 10°C and 10,000 rpm for
3 min. Approximately one gram of he supermatant was
weighed into a 20 ml scinlillation vial. ‘| he supernatanl
was diluled with tetrahydroluran (TTIR) to the concenlra-
tion range of the calibration curves, and the solution was
analyzed with the STC method (g 2¢). The SEC data

Associative Thickener Influences on Weaterborme Coatings; |l

were obtained aller dilution of one gram of supermalant
wilh nine grams of IHF; the UV dala were obtained affer
tive grams of siupernatanl were diluted with five grams of
methanol. All adsor plion studies were done in trplicate;
the dala varience was & 3%.
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The ch mmatﬂgmphy systern comsisted of a Walers 510
TTPLC pump, o ¥Waters L6, K injector with a 2 mi loading
loop, a Waters B401 dilfcrential relraclometor, a Waters
730 data modide, & mobile phase of TIPLC geade Letrahy-
drofuran, a fow rate of 11 ml Smin, a column temperatur:
of 3°C, an injection vidume of 2000, and a Shedex K-
802 (upper cxclusion limil 5,00 Dallons) size exclusion
column. The refraclive index difference belweon the vofer-
ence and sample cell was used to analywe the adsorp-
tivms, and all analyses wore performed in thie 1 HPLE rmode
to obtain peak arcas, Calibralion curves woere preprared
using aqucous surfactant and thickener solulions bebween
0.1 and 1.0 wid.

RESULTS AND DISCUSSION

Structural Influsnce of the Crganic Cligomeric
Acld and Metal OxideTreaimeant on Adsorption

Titaninm dioxide reacts with organic materials by elec-
tron travster Teactions. o protect the binder from this type
of degradation, il is a conunon praclice for the manufac-
turcr lo prelreat TiCh with either AlOhy or 30y, or bioth.
These parameters are examined using model HEUR thick-
eners. [ also s a common practice ke add an organic

dispersant {e.g., an acrylic or methacrylic acid oligomer or

an -olefin fmalcic acid co-oligomer) o the metal oxide-
treated TiCs grind. With 4 greater mumber of unncutralized
acids o h}*dmgen bond o7 acd-hase interact wilh he

Table 3—Choracterslics of Diferond Sudoce-Treated TiD: Figrments?

prigment sweface,! the maleic acid co-oligomer adsorbs
significantly mnee than the oligomeric mmethacrylic acid
digpersant. The co-ihigomer alse possosses lerdropheabic
unils to imteract and “adsorb” the conventional surfac-
tant and associative thickeners on the Ti0 surtace.

Alamimom odde treatment of the TiOw surface is the
mest commeon commerdal trpe, so the adsorplion behav-
i of maleic acid co-oligomers on AlaOh treated TiC: will
be examined first. Three types of maleic avid dispersants
weore vsed. The [CTLROTNC 0 L/ maloic acid | (hereafter
relerred Lo as D8/ MA) dispersant adsorls more than the
smaller p-olefin [CH2CH{C. H:) / maleic acid] (D4 MA)
while the adsorption of the styrene co-oligomer (Table 1) is
vory low from 9.3 pH dispersions {Figire 3), The dispers-
ants vary in the size of the pendant hydrocarbon group
and the molecular weight of the co-oligomers, The P%‘l&ﬂ}"l
group in the early decades of surface chemistry has been
approximaled as 2.5 carbons based onils surface activily.
Using this crilerion, he adsorption behavior of lhe dizs-
petsants on AlOvtreated Tilh ix determined by the
hydrophobe size of the dispersant. This would be comsis-
tent with the prior observation that the e-olefin promuotes
a medium af lower dicleclric conslant 1o the conliguous
acid 51 Thiz, complemnented by the repulsion of twe con-
tiguons aniomic groups in maleic acid salts, facilitates
maintenance of half of fhe carboxylale groups as ukion-
ized acids, even al a dispersion pH of 9.3,

Mulecular weight also is in importamt parameter in the
adsorphion process. The adsorption of the D8 M A might
be considered lower than expecled, due to the signifi-
cantly lower molecular weight of this co-nlignmer relalive
tor the other co-oligomer group in this study. It was alse
observed that the amount of dispersant adsorbed did not
vary over al 1o 1073 NaCl salindty gradicnl.

Imorganie cides {1e, alumimam, silicon, and =irco-
piue) can be deposibed 17 as soparale entilics or as mixed
oxides on TiQh, The oxide layers may be deposiled al
variable density levels by proprietary processes. The ma-
trix of morganicoxide layers depositod is listed in'fable 3.
The indiwidual metal oxide isocleclric poinds (IEF) are: ¥
for Al-Os, 6-7 for Zr0z, and 3-4 [or 5iCk. In sample 1, only
AlQs s deposited at 4.5 wi, In sample 2, Al:Os (3.6
wth] is co-precipitated with S0k (6.5 wi%).

Tir samnple 3, three lavers were deposited in separate
stages with Si0; deposited (at ca_ 6.0 wi%), only, as the
first Tayer, A layor of Al:Oy was then deposited { ca. 2.0
wl%), [ollowed by a third laver of Zr0s (1.25 with), The
excess amounl of 510 deposiled appears 1o lower he
suttace area of sample 3 relative to the other samples
studied. Based on the soelectric points, the surface chem-
istriess I sample 3 appear to be domi-
naled by 5. and ZrQ:, In samples 4

and 5, there are only two inorganic

Isoetece Surfoce Area Dascipian of THD: Flgments oxide treatments, Tn sample 4, the first
Sample # Palnt (IR et {Surace Concentration wit) layer comsists of a mixtare of Zr0 {hd
o - - - wtad and S0 (2wl %), A mixed layer
19 L5 &l T - ) s
15 At Alia - A5 Sl{:lj I | l:;:jj C'f ZI'U: {D"‘l T-‘-’lr.:"rl:l:] ﬂ.l'l.d 4"11].3{_);5 {E iﬂr't‘.{{'-} 15
122 TI6 Ay | 20 ATy | 60850 ¢ TOs applied first in sample 5, The second
']Ij_?l 20 -“-"~2{:'e| [ FéG:—'E-U S I TicIz laver applied to both samples 4 and 5
. 20 AL | D8 ECr DAL | TDs 5y S0 wtly [he lower T0T o
150 10 700 A | TIon is AlLOs (2 wt¥y The lower TET i

fav Sarvze cormnpast on 2finogon o oxioes 1 dascibad acssrsirg to he oodsrof sufaca radgt—ant seatext

sample 4 probahly indicates the sig-
nificant presence of all iree oxides on
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Hgure da—Adsomation of w-oletin/malels cold
co-ciigormer alascnts (D8ALA) on Hitanium
dioxide pigmeants s ifaco reated with mived
TN oxidas, Symboi () sampie 5 &)
sownee & a) sample 4 and 72 eomole 5

the surface of TiOs; whereas, in sample 5, lhe IEP indicates
thal AleOs is the primary surface component. In sample f,
although Zr(k i applicd in an equal armount to ALK {1
wi%], the IEP indicales that the surface is primarily AL,

frmighl be expected that at a pH ol 9.5, the higher TEP
surlaces with remaining hydroxyl graups could more
readily participate in reverse hydrogen bonding or acid-
base interaclion with the maletc acid dispersant, also not
fully ionized, and this would promole gecaler adsorption.
Adsorption of the bwo model disperesants, [Csl {1281/
MA wand CaHs (D4)/MA] from a dispersion medium of
pIT49.3 {Figures 4a and 4b) parallel the substrale [ET val-
ues of the lreated TiO:. | he adsorplion of the CiHy co-
oligomer is again less than the CHi— co-oligumer, but
the deprendence on fthe metal oxide ICF is observed.

Surfactant Adsorpiion on Crganic Dlspersant
and Metal Oxide-Treated TiG:

The adsorplions of Cal Ti-—Cel 1l FOWH. represenla-
tive of the lypical nomiomic surfaclanl added toa pigment
grind (Fignire 53, on the g-olefin/ MA oligomer dispersant
mixed oxide-treated TiO: surfaces generally follow the
dispersamt adsorplion data (Fieres 4a and 4b), This wouald
bir expocted, since the nomionic surfaclant does nol ad-
gorb!®! from alkaline solutions on the ALOs inorganic-
treated Tk,

The amount of surfactant adsorbed was quantified by
lwo lechniques: Shi and UY absorbance of the aromatic
suefactant i the aqueous phase; the adsption shudies
were conducted in media of pl L= 7.3 The UV absorbance
data reflects a slightly greater adsorption (han the SEC
data. Preferenlial adsorption of the lower ethoxylates
would be expected. This would remowve a greater percent-
age of the aromatic vings, lhe detection site in tho LV
analysis, The aromalic ring is net the quantifying param-
cter in the SEC analysis. In this study, the pH of Lhe
aruenus dispersion was raised only lo a 7.5 value, paral-
leling an interior latex coating, When the smaller c-ole-
fin/ M A dispersant i= used, there is a notabhle differonos
from the surfaclant’s adsarption o ALOs-treated Tidk
relalive to the substrabe willhoan exeess of S04 eatimenl,
with ihe small pendanl group (1347 MA), the o-olefin/ WA

i
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=

n .z e ne& WLE |
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Figure 4B—Adsommtion of u—olefindmalalo aoid
SOl Gispersnnts (D4044) an thanium
THoxicle pingmarnis surface-Traafed with mived
Norgonic cwdes. Syl () sompe 5 (%)
somoe & fa) soimnle 4, and (2 sample 3

dispersant adworby significantly less than the 1287 MA
dispersant; there is lillle to attract the nontonic surlaciant
torovem the AlaCh/ TiO- Interface. But there s an exception
wilh pigment 2, comtaiming an ¢xcess of S0k, The smount
of surfactamt absorbed Increases with Sich treatment, The
surtactant adsorplion dala (disoussed later) are close Lo
sample 1, which was treated with only Al

Compaetitive Adsorption of HEUR Thickeners

In these experiments, 15 had been sequentially pre-
treated with Ab() (sample 1) or other mixed morganic
oxides (Tabde 3), then wilh an organic ohigomertc dispers-
ant, D4/ MA or DB/ MA, ata (L3 g dispersant per 100 g of
Tit}: level, and finally with a nonionic surfactant, Tl | —
CaHZO(LOW I L, at (8w, a slgnilicant excess. | hiy so-
guence would be the praclice in preparing a pigmenl
erind for a walerborne coating finmulation. The HEURz
variced in terminal hydrophobe size connecled with the
EO chain by a large ditsocyanale, melhylene bis- 4(3)-
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Hgure S—Adzoogtion (U analvsis) of nanfonis
surfactant Cathe—CaHaO0-(F 0 aH on B0 pre-
frooted with co-oligomeanics dispsrsants andg
matal oxicio, Symbols (Tobie 3 samoe & (3
ol 6, (s sornefe 1 0A) somple 4 ond )
samole 3, Closad gyrnbod DE, open siimiba! O
Closscisymbol precdeobhec DEMA, opansym-
oy proodsorbed D444 disensant,

Val 74, Mo 925, December 2042 43



PR, Tarng et al.

cyclohexy] diisocyanate (HihDI} units, at fhe hO termi-
nal positions. A generalized structure for the model
unil | EL RS, with narmow molemalar wedrht distribulbons,
is provided in Scherte 1. The use of narrow molecular
weighl HEUR (hickeners in the adsorplion study is im-
portant froe they ave the omly type of TTEUR thickener with
s well-defined structure and a high degree of hydropho-
bic modification (=05'%), Broad moleoular weight model
5-G HELEs are also studied,

I'he strensth und residence time in hydrophobic asso-
dativns merease with increasing, terminal hydrophobe
size, and the viscosity increases with increasing torminal
by L‘ht‘]phﬂb@ size, Consistent with those studies, the lﬂ‘rgt—‘T
terminal sizes in this HEUR sevics were more effective in
displacing the formulation suelactant, Sy —CaHE O B 0L
from model polv{methyl me’rlmcrv],a{ej lalex surtaces A%
Comsistent with the need for a hvdm]__rhﬂbu_ inderaction,
loss HEL R s adsorbed on TiO: pretreated with the smaller
M/ D4 than on the MA /DS dispersant (£ iguers fa). TIomw-
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freated TiCy of uniHELR fickener R-HAdD-
(EQse HeMD-R on somple T (Table 3)
prastatiizad by DAMA (opon sprabol) or DES
A4 fofoseat Ssyrmbsol disporsant i the prasence
Oof 8.8 wi% nonlonic surfoctont Cabh—CaHaO-
(EChaH, Symibols: T = Crabie (A2 R=CalHnn

cver, the dramatic adsorption differenoes noted among
differcnl lenmninal hydrophobe sizes in he lafex studies
are niot evident in eliher the narrew mnlecidar weight
(Figure bayur Step-Growth (Figure 80 W TTEURs In the Tilk
adsorption studicy. As expected, there is greater adsorp-
tion with the narrow melecular weighl uniHEURs than

with the 5-G HLURs because of the relative purily of the
former thickener.

The effeci of lhe melal oxide lecalmenl of the TiO), sur-
tface om the ultimale adsorplion of a CizHas—[HizMDI-
(B H M =T Tz umi L TEUR thickener follows the
IEP of the pizment’s surface whon fic organic dispersant
D& w4 s adsorbed on he oxide surface. When Tic)k is
pretreated with D4/MA dispersant, the adsorption of
uniHELRs on pigmemts is very Tow.

Surfactant Displacement

In a prior study, ™ a serics of vory large hydrophobe,
model organic dispersanls {ihe C-:Ha, CraHzs, and CiaHes
ce-ellefin co-olignmers with maleic acid, sodium salt) were
adsorbed onte a ALOs pretreated 190, The individual
tormidation surfactanl, Cudr—CeHyO(EC T H, and bwo
mierded associative thickeners of the wil THUR type®1® were
added separately, and several commeraal TTEURs also
were studicd. The adsorptions of both the formulation
surfactant and the model HEURs were deiermined, inde-
pendently, by an iodine absorbance method (UV analysis}
for L'IX‘I,’&"H'H,"E,"I'I[-‘ units. However, the o E_}T'I'I'pt-‘tlfﬂ. e adsorp-
tion of HEURs in the presence of the nonionic surfactant
could net be measurcd by Lhis POE/iodine UV absor-
hance, due to their close similarity i chemical structuees.

The swfactant, CuH- e HaO{EOwH, concentratiom
used in lhis sludy is LB w1%, well inlo the adsorplion
plateau region, based on the data in Figure 3. The avail-
able adsorption sikes for the surfactant on the pretreated
Tilk should be occupied. Thehyvdrophobes of the HEORs
would be expecled Lo displace the surlactanl, aswas ob-
served in a previous latex study; the Targer the eifective?
terminal hydrop herbe of the TI-EUR# the mwre efficient i

I — —_— -
|
= '
=
™
it I -
i
=
2 L
E ._-..--'-“"““rl
st = ’

I:".
ol E . : |
[ G ] C4 A% 1 12
rmezmiriion ol 11 BTTH T UL (e
| Figure sb—aAdsoption of oifferent tenming J

QO Shain fengih step-growth BELURS (7 -NH-
CO-MNH-CoHia-CHz=CaHin-TNH-C 0 -0-
{OHCHAO iop— Q- IWNH-C o H - CHu- CaH = 2
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CaHa OYERC o roarianic sURas famton Al Tl
{4, solict ine, confolning o vans smal cmounf of
SO S0 TIONE ), dottedine )by incraasing
the concentrafian af CaHu MW CO-NH-CaH-
CHCaH- MH-C 0= O O RO Hal 0, e €20 MH-
Tl - O CeH s NH-C O aH s HE DR s
sociciive thickenser by SEC. Clasad simbo—
pugrment protrected with DEMSA olspersont;
gt syrmbol—pigment pratrectad By D44
clilspmensan?, Sofution oH = 7.5,

woudd be, In reality, when the HpMDI-HEURs were
adsorbed (SEC technigue), the formulation novdonic sur-
factant (LY analysis of the [ree solution concentrations)
did nol desorb significantly from the metal oxide/Til,
surface (Figures 7 and 8) prebeeated with the lar%er D&/
Ma dispersant; hewwever, this is nol observed when the
sraller (34 WA 15 added Lo the metal ovide ! 10, disper-
sion, and Lhe dispersion pTTis 7.5, as it might be with an
Inlerier coating formulation. Very little, if any, surfaclant
is associated with the ALOs prelealed TiO: dispersion;
howover, there is a signilicant amount of assocdsbon in
the presence of HEUR thickeoers when the mekal gxide
ireatment is 510,

CONCLUSIONS

The metal oxide treatment of the TiCy surface inluences
the smount of dispersanl adsorbed. In adsorption from
pH Y3 aquecus media, the amount of adsorption increases
as the isocleciric point of the metal oxide-treated 1900
increases. It would be expected that at a pH of 9.3 the
higher IFT surfaces would more readily parlicipale ina
hydrogen bonding or acid-base interaction with maleic
acid co-oligomer dispersants that have higgh ks, and
this would promote greater adsonption. The size of the co-
oligomer pendant group also influcnces the amound of

Associative Thickener Influences an Waterborne Coatings: Il

maleic acid co-oligomer adsorbed, and I is observed that
adsorption of the C/He— co-oligomer is lower and less
sensilive in its adsorption to different inorganic oxide
teaatments of TiOw than g Cad le— S maleic acid co-oligo-
mer. Within this matrix, when the metal oxide on the 190):
surface is AL, lhe nonionie sudfactant does ot adsorb
sighificanlly on pigments pretreated with the smaller or-
ganic dispersant with pendant CHy— units, The surfac-
tant does adsorb on the smaller dispersant-treated TiCh
when the melal oxide is primarily 510, and the pH of the
aquecus media is decreased to 7.5 Only in lhis latter case
i there evidence that the nonionte sucfactant is displaced
with adsorption of the HEUR thickener. With the larger
pendand CiHir— dispersant om the A LOs-trealed TiOs, the
nemionic sinfactant is not displaced by the adsorling
HEUR thickener,
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