Published in: Progress in Organic Coatings (200@).. 40, iss. 1-4, pp. 21-29
Status: Postprint (Author’s version)

Effectiveness of block copolymersas stabilizersfor aqueoustitanium
dioxide dispersions of a high solid content

Serge Creutz, Robert Jérébme
Center for Education and Research on Macromole sf@ERM), University of Liege, Sart-Tilman B6, @Q@ege, Belgium

Abstract

Copolymers of 2-(dimethylamino)ethyl methacrylddMAEMA) and sodium methacrylate (MANa) have been
synthesized and tested as dispersants for the asjgéspersion of titanium dioxide (80 wt.% solidihe
molecular composition of the block copolymers hagfiect on the dispersion stability. Triblock chpoers
consisting of PMANa outer blocks are unable toiitabthe dispersion. Triblock copolymers of thegese
structure form poorly stable dispersions due tieatt partial particle bridging. In the case of #tdocky
distribution of the DMAEMA and MANa comonomers imetchains, the stabilization capability is lost. A
decrease in the anchoring strength of the diblbelssa deleterious effect on the dispersion stgbHinally, the
surface coverage depends on the availability & é@polymer chains (unimers) coexisting with mieglIThese
trends have been confirmed in a fully formulatethpeontaining Cu-phthalocyanine pigment.
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1. Introduction

The production of a large-range of commerciallyilade products, such as coal [1], ore [2], pa[Bis printing
inks [4], ceramics [5,6], pesticides, pharmaceUfic8] requires the use of well-defined and veab&t solid
dispersions. For obvious economical reasons, hotitl dispersions are by far preferred, althoughendifficult
to be prepared and stabilized. The dispersionlgtalthat ultimately controls the quality of thm&l product, is
commonly imparted by appropriate dispersants, whitbally build up either a steric or an electrostaarrier
against flocculation [9,10]. Aqueous dispersionkijolr, due to very strong environmental incentiaes,
nowadays growing fast, need more efficient dispessaince the stabilization mechanisms that opénatvater
are sensitive to external parameters, such as Wwatdness, pH, ionic strength and temperature.

Our research center has reported on the synthasipraperties of poly(4-vinylpyridine-sodium methacrylate)
dispersants [11], which combine advantageousletbetrostatic stabilization of low molecular weigbric
surfactants, such as sodium dodecyl sulfate, amdtric stabilization of nonionic surfactants i3 Indeed,
these block copolymers that contain a polyelecteotpmponent impart very high stability to dispensi
through a mechanism, known as electrosteric staltidin [9]. It has been shown that latexes stadilizy
polyelectrolyte-containing block copolymers areinigdly less sensitive to ionic strength [15] tHaw
molecular weight ionic surfactants and that dispets based on the aforementioned poly(4vMANa)
copolymers outperform poly(4VB-EO) ones (where EO stands for ethylene oxide).[11]

Our study of poly(4VA>-MANa) copolymers has shown that (1) the molecatanposition of the block
copolymers has an effect on the amount of copolyreguired for imparting a good stability to thersjurather
than on the stability itself, (2) when the two stures of triblock copolymers are compared, trikoconsisting
of PMANa outer blocks have a stabilizing efficierezymparable to the diblock copolymers, whereasetierse
structure is much less efficient, (3) in the casa non-blocky distribution of 4VP and MANa in thepolymer
chains, the stabilization effect is lost and (4)earease in the anchoring strength of the diblbelssa deleterious
effect on the dispersion stability. The purpos¢haf study is to know whether these guidelineshman
considered as general or not. Thus, a series oklzlopolymers consisting of an anchoring poly(2-
(dimethylamino)ethyl methacrylate) block and a #izihg poly(Na methacrylate) one have been synteak
while changing the molecular architecture (AB ddis, ABA and BAB triblocks), and molecular weigmca
composition in the case of diblocks (Table 1). pet@d block has also been synthesized by anionic
polymerization, and a random copolymer of thesedammonomers has been prepared by radical polyntieriza
The former copolymer consists of two main PMANa 8RMAEMA blocks connected to each other through a
transient block of regularly changing compositiongontrast to the latter, which is composed of MaA&hd 2-
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(dimethylamino)ethyl methacrylate (DMAEMA) unitsndomly distributed all along the chains. Actuatit-
butyl methacrylate was used as precursor for thenithacrylate unit, because of well-controlled afio
polymerization and easy hydrolysis into acid, whikkhen neutralized with sodium hydroxide. For sh&e of
comparison, the ethyl spacer between the amin@sat®i functionalities in DMAEMA has been substitlby a
propyl spacer. The molecular characteristics oftedse block copolymers are listed in Table 1.

Finally, the information collected from the rhealcay study of TiQ dispersions stabilized by PDMAEMA-

containing copolymers will be confirmed in fullyrfaulated paints based on a blue organic pigment
(Heliogenblue L7101 F) [16].

Table 1. Characteristics of the copolymers used

Code Before hydrolysis M onomer Mn NMR Mw/Mn CMC
unit (total)®>  composition (mg/1)
(averagen') (wt.%)
PMANa 64 6900 1.07 -
Da3an DMAEMA- b-tBMA 23-49 10600 34-66 1.1 120
Dag DMAEMA- b-tBMA 12-26 5600 34-66 1.1 100
Dis DMAEMA- b-tBMA 16-101 16800 15-85 1.2 120
Dys DMAEMA- b-tBMA 15-20 5300 45-55 1.1 15
Tin tBMA-b-DMAEMA- b-tBMA 25-23-25 10700 34-66 1.1 115
Tout DMAEMA- b-tBMA-b-DMAEMA  11-49-11 10600 34-66 1.1 150
Rd DMAEMA/tBMA (radical) 17000  35-65 1.7 340
Tp DMAEMA/tBMA (tapered) 7400 36-64 1.1 75
Pss DMAPMA-b-tBMA 15-30 6900 38-62 1.1 26

3 Equal to Mn(SEC) of the first sequence dividethieyweight percentage of it (NMR analysisfqual to Mn(SEC).

2. Experimental
2.1. Copolymers synthesis

The block and tapered copolymers were synthesigeibhg anionic polymerization afert-butyl methacrylate
(tBMA) with DMAEMA [17]. The random copolymers wes/nthesized by radical polymerization under
starved conditions [11]. The main molecular chamastics of the copolymers used in this study mted in
Table 1. Finally, the poly(tBMA) block was transfieed into polyacid by acid hydrolysis.

2.2. Dispersions preparation

Titanium dioxide, RCL 535 from SCM Chemicals, wddte rutile type. It was precoated with alumina an
characterized by a surface area of f&yrand a density of 4.2 g/énifo 50 ml of an aqueous solution of
copolymer (in demineralized water at pH 9), 20 gtanium dioxide were added and ground with adliger
disk at a speed rate of 3700 rpm for 15 min (voldraetion of TiGQ = 0.48). The copolymer content was
changed and referred to as the weight ratio wisheet to titanium dioxide (e.g. 1 g dispersant2f@d g TiQ is
reported as 0.5%).

2.3. Rheological measurements

Dispersion rheology was measured with a Rheoteguipped with a Couette geometry at 25°C. The sasnpl
were pre-sheared in the Couette cell at 05#8520 min. An incremental shear rate sweep (ffof# to 1312
s* and then back to 0.54swas carried out in order to monitor thes.y curves. Data reported at each shear
rate were steady-state values for the upwards swgrbhe dispersion was then maintained under shieb312
s* for 1 min. During the downwards sweep, data weoerded after 5 s of stabilization at the studieehs rate.
The Bingham model was used (Eq. (1)).

T =15+ np¥ )

wherer is the shear stress measured at the sheiy .ratee apparent yield value, and the plastic viscosity,
were extrapolated from the linear part of thes. y curve being, respectively, the origin and the slope
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2.4. Paints

Copolymer of about 7.5 g in the acid form was siilzdd in 60 g water. The pH was fixed between 8 arby
the addition of 7 g of 2-dimethylaminoethanol. Aféeldition of 0.5 g antifoam agent and 25 g Helidgee
L7101F, the mill base was ground together withriir glass beads with an Eiger Mini Motormill for 1 h
The mill base was left standing overnight beforarabterization.

The mass tone was prepared by mixing 16 g Helidgentill base with 96 g Neocryl XK62 and 4 g
butylglycol. It was characterized after overnigbirgy. The aged mass tone was added to a white ipaan®0/10
titanium dioxide/colored pigment (wt.%) ratio, amomogenized under stirring. Full characterizatiaswarried
out on the paint aged overnight.

Transmissions were measured with a home-built pepéztrometer equipped with a daylight source @eto
lamp HLX 64625). All paints (mass tone and whitdugtion) were applied on translucent foil using e
control coater 101 (RK-Print-Coat Instr.) with a lbhS= 0.8 mm, which affords a wet film thickness of 150
175 um, followed by drying at room temperature (28Gloss was measured at an angle of 20° withcaomi
TRI glossmeter (Byk Gardner). Color was charactgiwith the Ultra Scan from Hunter Lab (ACMP-PC2
software).

3. Results and discussion

In this study, the copolymer concentration range 40 g/1) is far above the critical micelle cemication
(CMC, at least 14 times). As it was previously Hiigited [11], micelles basically act as more osletable
reservoirs of unimers, which are the actual adsbdpecies.

In a preliminary study [18], the measurement ofoapion isotherms was unsuccessful. Indeed, theptzim
recovery of the titanium dioxide particles requirhtrifugation at such a high speed (>15 000 ribiar)
micelles of the non-adsorbed copolymer were aldarented, thus preventing any reliable charactéamaln
accordance with many research groups [1,5,12-127]9heology has been chosen as the most apptepria
technique for the characterization of high solisbéirsions. Rheology is indeed a very efficient fobktudying
the stability of dispersions and the dispersanteatration required for the full surface coveragthe solid
particles [1,5,21], i.e. the "pigment demand" [Bhe shear rate dependence of the steady-statesthess of
TiO, dispersions has been measured in order to leawrt #ie effect of the molecular structure of théypwric
dispersants and the criteria for their design. Foam rheological characteristics of the dispersibave been
considered: (i) the viscosity at low shear rat&4G"), (i) the apparent yield valueyf (see Eq. (1)), (iii) the
hysteresis area and (iv) the plastic viscosjty (Eq. (1)).

The shear viscosity of dispersions of solid pagdk basically influenced by the particle volumaefion [13].
When this volume fraction is close to the maximuackpng, a dramatic increase in viscosity occurgddeling
on the type of lattice, the maximum packing for mdisperse spherical particles lies between ca. &%20.74
[28]. In this study, the Ti@volume fraction has been chosen in this critiegion, so that a small change in the
dispersion state may have a dramatic effect oshiear viscosity. In this respect, the effectivaunmé fraction
must be considered rather than the theoretica[2h&9], since polymer adsorption onto the partsieface
results in an increase of the effective particleim® and thus of the viscosity compared to the sdispersion
of bare particles. Moreover, in the absence ofatisgnt, flocculation may occur, which results gharp
increase in the effective volume fraction and i fimal viscosity. Compared to a stable disperdimeculation
is at the origin of high yield, higher viscositylatv shear rate and large hysteresis [1,5,11-137]9indeed, a
higher initial stress (yield value) is required &isrupting the flocs in the case of severe floattah. Under
shear, the flocs dissociate, which leads to a sthap in viscosity (shear-thinning). As long as goshear is
maintained, flocculation remains limited or maydrevented from occurring, which accounts for anangnt
hysteresis.

For being efficient dispersants, block copolymetstibe strongly anchored onto the pigment surfaicee
TiO, used in this study is coated with alumina, ameresexpected to adsorb onto alumina by hydrogedibgn
with the surface hydroxyl groups and by Lewis dgédbe interactions with aluminum, as well. Theseikawgid-
base interactions should be the major contributtiathe amine anchoring onto alumina-coated,T8D,31].
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3.1. Homopolymer

Since the sodium polymethacrylate (PMANa) blockhaf polymeric dispersants is known for dispersing
properties [2,3,5,6], this polyelectrolyte has bégsily tested [11] and compared to the referedibdock (Dsgh)
(Figs. 1-4). Upon increasing the concentrationdfNa, the shear viscosity of the Ti@ispersion dramatically
decreases and goes through a minimum. Actuallyadserption of increasing amounts of polyelectmlyt
prevents more efficiently flocs from being formeutil the pigment surface is saturated. This mimmin
viscosity is commonly designated as the "pigmemaled”. The addition of dispersant excess (0.7 wteglts
in flocculation. As discussed by Napper [9], thidymer excess may contribute to the depletion efblymer
layer in the boundary region between two partieled be responsible for the so-called depletiorcfitation
[32,33]. This phenomenon does not, however, octianathe polymer anchoring onto the pigment surface
strong enough [11].

Fig. 1. Plot of the viscosity at 0.54'ss. the dispersant/pigment wt/wt.%) PMANa; @) D3, (#) Daat, 7D1s.
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Fig. 2. Plot of the yield value vs. the dispersant/pignvetint.%: () PMANa; @) Dayy; (#) Dagr, 7D1s.
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It must be mentioned that the dispersion contaifigvt.% PMANa, partly flocculates and breaks domwthe
Couette cell at intermediate shear rates (>2)3Ehis explains why only the low shear rate vistyosas been
measured and not the complete rheological behavior.

Weak polyacids, such as poly(methacrylic acid),rerefully neutralized. Their degree of neutraliaat o,
actually depends on the pH and concentration, dsAtgH 9, a is of the order of 0.9 [34,35]. PMANa may
thus be considered as a copolymer of methacryittad sodium methacrylate. The former groups nmehar
onto solid particles by hydrogen bonding and thietanes by electrostatic interactions with anasitely
charged surface. At pH 9, the alumina surfacedsecto neutrality [5,12], so that anchoring shaqaricharily
occur by hydrogen bonding [2]. The polyelectroligenore likely adsorbed with a loop-train conforioat in
such a way that loops of PMANa protrude into thikIselution and provide the solid particles with an
electrosteric stabilization. In the extreme sitoiativhere only one chain end of the polyelectrolytaild be
anchored to the solid surface, the thickness optbeective barrier (length of the stretched chewsuld be ca.
16 nm (0.25 nm per monomer [36]). This thicknessuthbe smaller by a factor of at least two or ¢higs result
of the ca. 10% anchoring units and the loop-trainfearmation. This situation may explain the limitidpersion
efficiency of polyelectrolytes, which cannot prevvéacculation from occurring even when the padisurface
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is completely covered.
Fig. 3. Plot of the hysteresis area vs. the dispersantigigt wt/wt.%: ¢) PMANa; @) Dz4; (¢) Dag, 7 Dis.
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Fig. 4. Plot of the plastic viscosity vs. the dispergaigthent wt/wt.%: €) PMANa; @) Dasy; (¢) Daar, 7D1s.
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In the case of the diblock copolymeg,R a rapid drop in viscosity is followed by a sulbgia@ increase upon
increasing concentration (Fig. 1). Compared to PMAtie minimum in viscosity is much lower, whichlig
signature of a better stabilization [1,3,5,21].gltmproved stabilization is confirmed by a stroaduction in
hysteresis (Fig. 3).

The apparent yield stress, which is a measure@afigth and number of flocs [33], is reduced butauohpletely
suppressed by the diblock/ (Fig. 2). Although some residual flocculation ha¥e considered, most of the
apparent yield stress more likely results fromltmg-range electrosteric repulsion of the stalitiziayers
[20,23,27,29,37]. Indeed, interaction and overlathe electrical double layer of particles causebviscous
effects, which tend to increase the effective exetlivolume and thus the rheological parametertabfes
dispersions.

The diblock Q44 would anchor onto the alumina-coated titanium @iexhrough the PDMAEMA block, which
can interact with alumina through hydrogen bonding Lewis acid-base interactions as was showreicaise
of poly(4-vinylpyridine) [11]. The PMANa block isxpected to protrude in the aqueous bulk. Assuntieg t
complete stretching of the polyMANa chains andregth of 0.25 nm [36] for the monomer unit, a layer
thickness of ca. 12nm may be calculated, whichushiarger than the ca. 5 nm thickness, which isls
recommended in order to overcome the Van der Watilsction [9,21].

An increase in viscosity, less marked than withygdANa, is observed at higher diblock concentratibhe
guestion is to know whether a depletion flocculati@curs or not. The excess of dispersant compartae
minimum (ca. 0.26 wt.%) is ca. 0.6wt.% (24g/l), 280-fold the CMC. At this concentration, micelfesmed
by the dispersant excess might have a meaningkdtedn the water viscosity, and account for thease in
viscosity with concentration of the diblock. Thema@r less pronounced increase in the rheologeameters
could also result from the formation of a micelatwork in the bulk. The plastic viscosity tendstwroborate
this hypothesis (Fig. 4). At high shear rates,fthes are broken down into smaller units, which ldcely very
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similar for all the dispersions. Then, the viscpsitcontrolled by the hydrodynamic interactiofgttresult from
the applied shear. So, the plastic viscosity oelyeshds on the viscosity of the liquid phase anthereffective
volume fraction of the solid particles [1,33,38]ialhwould be constant in this case. Thereforejribeease in
the dispersion viscosity at higher diblock concatitins would basically reflect a more viscous disjps phase
rather than a depletion flocculation. In orderdapport this hypothesis, 2, has been replaced by, which
has the same composition, but a molecular weightaed by half. This reduction in molecular weight
expectedly results in a lower plastic viscosityg(F). The reduction of the thickening of the blolkthe micelles
is also reflected mainly in the hysteresis andaggarent yield stress (Figs. 2 and 3), which teriddrease to a
lesser extent upon increasing the copolymer coratton. It is, therefore, unlikely that the increas the
rheological parameters at higher copolymer coneéintrs is due to flocculation. Indeed, in this ¢ase
substitution of By, with twice a thinner protective polyelectrolyteedl, for Dy should result in higher
hysteresis and apparent yield stress in contraghéd is actually observed.

3.2. Influence of the copolymer composition

Diblocks with different DMAEMA contents, i.e. 1543&nd 45 wt.%, have been studied. The best coist@qt
wt.% of DMAEMA, since the best stability is thensaved (Figs. 1-4). Lower DMAEMA content results in
higher viscosity, whereas larger content leadsdpeasions too viscous for being measured. Pre\studies run
in non-selective solvents [21,39-42] have also lghibed the effect of the diblock composition ol Burface
coverage and the dispersion stability, but notrasndtically as in the present study.

Table 2: Rate of exchange between the micelles and the ugif#8]

Code CMC (mg/l) kal0%(s-%)

D34H 120 2.43+0.17
D45 15 1.48 +0.01
T 115 0.50 +0.11
Tou 150 1.28 + 0.03
P38 26 1.35+0.10

In a selective solvent (water) for the polyelecttelblock, the copolymer forms micelles, which nieyviewed
as more or less stable reservoirs of unimers.dmptlsence of the pigment, the unimers are notionly
equilibrium with micelles but also with species aidied onto the pigment surface (Scheme 1). Thexgadr
constant content, the capability of diblock copatymto stabilize Ti@dispersions will depend on the relative
position of these two equilibria.

Scheme 1.

S .
e =~

Free chain ‘J_,—"

(unimer})
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Pigment

D45 is unable to impart stability to the pigmergp#rsion. This observation is consistent with g \@wv CMC
combined with a slow rate of exchange for the ungntetween the micelle&{;., see Table 2) [43]. The length
of the polyelectrolyte block which is comparablghat of Dy, (an efficient stabilizer) has nothing to do witke th
disappointing behavior of D45. The rheological pdies of Qs (Figs. 1-4) show that this diblock is less
efficient than PMANa in stabilizing the dispersidondeed, a shorter anchoring block results in akeea
anchoring. In addition, Qiu et al. [44] have theiwadly predicted that diblock copolymers with l@rgsoluble
blocks preferentially form self-assemblies withigher curvature because of the excluded volumeant®n of
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the soluble segments. So they will tend to remaimicelles rather than to be adsorbed onto solitighes of
larger size (i.e. of smaller curvature). The bestggmances are exhibited by D34 independenthyef t
molecular weight (5600 or 10600) at constant cortipos(34 wt.% polyDMAEMA) and CMC. This situatias
in contrast to the behavior of the poly(4-vinylmrieb-Na methacrylate) diblocks that proved to be good
dispersants in a large range of composition (198% 4VP). Merely the amount of diblock requiredréach
ca., the same minimum in viscosity was increased factor of 2 when the 4VP content was increasdtd
mentioned limits [11]. A better anchoring of poly@\¢ompared to polyDMAEMA onto the pigment surface
might explain the more complex behavior of the aifils under consideration in this study.

3.3. Influence of the molecular architecture

No stable dispersion is observed in the presentieegioly(MANab-DMAEMA- b-MANa) copolymer,T;,. The
CMC, which is comparable to D34H (Table 1) andttfiekness of the electrosteric barrier (PMANa blo€lca.
the same length as;p are not good reasons for this failure. However,gkchange rate between micelles and
unimers is about five times slower compared tgDr'able 2). The unstability of the dispersion cotlldrefore
be partly related to the slow release of the urém€his observation is in contrast with the effiig of the
poly(MANa-b-4VP-b-MANa) copolymer to impart stability to disperseiD} particles. This efficiency was
comparable to the poly(MANB-4VP) diblock counterpart [11]. The stronger anahgistrength of 4VP
compared to DMAEMA seems accordingly to be confidme

Fig. 5. Plot of the viscosity at 0.54 gs. the dispersant/pigment (wt/wt.%%) PMANa; @) Daar; (#) Tou (A)
Rd; @) Tp.
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In the case of the reverse structure for the tekblmopolymer, T, the TiG dispersion is less stable and more
dispersant is required compared toFigs. 5-8). It must be noted that the stabilityh® TiO, dispersion is
lost when maintained for a few minutes under higges. Adsorption on the pigment surface can ocithere
through one of the two outer PDMAEMA blocks or thgh each of them simultaneously. In the latter cmse
PMANa central block has to bend, which resultsriradditional entropic penalty that has to be corsptsd by
the adsorption enthalpy. If only one PDMAEMA bldskadsorbed, the second one will have to protrottethe
bulk solution and to adsorb possibly onto a sequgthent particle, so leading to flocculation [4B].view of
the poor stabilization of the pigment dispersionhy, part of the copolymer chains might be adsorbedhore
than one pigment particle. Since the poly(48*RtANa-b-4VP) copolymer proved to be good dispersant, the
two outer blocks were more likely adsorbed ontosthime pigment particle so avoiding the particldding.
This observation is again in favor of the strongechoring of 4VP, which allows to compensate thedbey of
the PMANa block. The poorer anchoring of DMAEMAaiso reflected by the detrimental effect of highah
rates on the dispersion stability. Indeed, as teduhe bending of part of the PMANa block, dedmnp of one
of the two adsorbed PDMAEMA blocks occurs undehhsbear and leads to shear induced flocculatioighwh
is not observed in the case of poly 4VP outer ldock
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Fig. 6. Plot of the yield value vs. the dispersant/pign{emtwt.%): (@) PMANa; @) Dsa; (¢) Tous (A) Tp.
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Fig. 7. Plot of the hysteresis area vs. the dispersagtfgint (wt/wt.%): ¢) PMANa; @) Dzap; (¢) Tous (A) Tp.
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Fig. 8. Plot of the plastic viscosity vs. the dispergaigthent (wt/wt.%): ¢ PMANa; @) D4, (¢) Tou (A) Tp.
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3.4. Influence of the copolymer blockiness

A random copolymer (Rd) has been synthesized higabdolymerization of the comonomers mixture. In
contrast to all the other copolymers studied, whbeseaminated moieties were essentially neutraHa®, about
50% of the randomly distributed DMAEMA co-units aepected to be protonateuk( close to 9) [46], which
prevents their interaction with the pigment surfadereover, the random distribution of the comonasne
increases the acidity of the methacrylic acid ynifsich are more extensively neutralized and tegs bvailable
for adsorption. As expected, the dispersion statisiso poor that only the viscosity at low shesie could be
measured (Fig. 5). Once again, random copolyméléf and MANa was as efficient as PMANa in providing
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the dispersion with stability. The superiority 8f@ containing random copolymer over the DMAEMA
counterpart has to be found in the non-protonaticthe 4VP units at pH 9 and a higher anchoringrggth.

In order to confirm that some blockiness is ded&ahs previously highlighted by the 4VP/MANa copuokrs
[11], DMAEMA and tBMA have been mixed together ahén anionically copolymerized. According to the
reactivity ratiosyigua = 0.04 = 0.07 anthyaems = 1.3 £ 0.4 [17], the hydrolyzed copolymer may lmmed as a
tapered copolymer consisting of two main PMANa BEXMAEMA blocks connected to each other through a
transient block of a regularly changing compositiGompared to B, the minimum in the rheological
properties is shifted toward higher concentrati@as,one and half times higher (Figs. 5-8). Exéepthe
hysteresis, which tends to be higher for Tp, thegecopolymers provide the Tidispersion with a comparable
stability.

3.5. Influence of the anchoring block

The previous study showed that 2VP isomer wasfasesft anchoring unit as 4VP [11]. Very surprisinghe
position of the nitrogen atom did not influencersfigantly the adsorption of polyvinylpyridine-caihing
copolymers. In order to evaluate further the impde slight modification of the structure of thechoring unit
on the dispersion stability of diblocks, DMAEMA weeplaced by 3-(dimethylamino)propylmethacrylatbisT
substitution led to the complete loss of stabitifghe dispersions in possible relation to a musier CMC
(Table 1) and slower exchange rate of the unineablé 2). As a result, less unimers would be maddable
for adsorption. Moreover, the anchoring strengtixisected to be low compared to DMAEMA. Indeed,
DMAEMA tends to form a "chelate" with Al on the pigent surface (Scheme 2) in contrast to DMAPMA,
which does not [47]. The structure of the DMAEMAItLiB also at the origin of a lowgK,, i.e. 8.4 vs. 8.9 for
DMAPMA. Therefore, theK, of poly(DMAPMA) is expected to be ca. 0.5 unit hgghihan theK, of
PDMAEMA (i.e. 8), so leading to the more extendeotpnation of the DMAPMA block at the expense sf it
anchoring capacity.

Scheme 2.

If the ethyl spacer between the amine and the estézty of DMAEMA is substituted by an isopropylen
instead of the aforementioned propyl spacer, stdis{gersions are again observed as it will be tegor
elsewhere.

3.6. Paints
The requirement for blockiness that was concludenhfthe study of the model titanium dioxide disparhas
been further evaluated in a fully formulated p&iased on Helio-genblue L7101 F (Cu-phthalocyanigempnt)

[16]. These paints have been compared to a stateeedrt reference, made available by Akzo Nobes (Bable
3).

Table 3: Characteristics of the copolymers used in the aint

Code Before hydrolysis Mn (total) NMR composition (wt.%) Mw/Mn
DMAD DMAEMA- b-tBMA 11000 36-64 1.05
TMAD DMAEMA/tBMA (tapered) 10500 36-64 1.05
RMAD DMAEMA/tBMA (radical) 10000 34-66 1.9

3 Equal to Mn(SEC) of first sequence divided bywkight percentage of it (NMR analysisEqual to Mn(SEC).

While substituting alumina-coated titanium dioxlaeanother type of pigment, the chance of sucamss f
stable dispersion by PDMAEMA-containing copolymesii depend on the occurrence of specific intei@usi
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between the anchoring block and the pigment surfache case of a Cu-phthalocyanine pigment, stabl
dispersions are expected to be formed, since thdAHEMA anchoring block can strongly interact witheth
pigment surface by complexation of the copper cat@mong the edges of the crystalline structuré. [48

In agreement with the results reported for titandioxide, the random copolymer (RMAD) cannot pravitie
dispersion with stability during the milling proseso that no color characteristic was measurecbmtrast, the
pure diblock copolymer (DMAD) is at the origin aflor characteristics as good as the reference fiation
(Table 4). The tapered diblock (TMAD) gives alseelent properties, although slightly inferior twose ones
shown in the presence of the pure diblock.

Table 4: Characteristics of the mill base, mass tone andeut@duction
Mill base, transmission (%) Masstone, gloss White reduction

dL dC ab Gloss
Reference 29 80 0 0 71
DMAD 32 76 0.7-04 68
TMAD 31 82 21 -1.0 68

RMAD No stable dispersion

These observations confirm the trends reportedigpersions of titanium dioxide. Therefore, thesads
should not be specific for a pigment as long amstinteractions between the anchoring block aagpthment
occur. It should be mentioned that these copolympeygide the dispersions with very low viscositigpat one-
fiftieth compared to the reference. Further improeat could occur at higher pigment loading, asltesu
increased dispersion shear viscosity and accondofgbetter transfer of the mechanical energy &oabgregated
pigment particles.

4. Conclusion

Block copolymers containing a stabilizing polyetetfte block and an anchoring polyaminated bloakyp-
MAEMA and poly4VP) have been observed to be efficdispersants for high solid dispersions. As ttesl
their amphiphilic structure, they are anchored dghwpigment surface as strongly as the adsorptitimalpy of
the hydrophobic block is high. They can accordirgbbilize a polyelectrolyte brush, which is adyah
electrosteric barrier against flocculation.

As far as the copolymer architecture, i.e. diblesktriblock copolymers, is concerned, a tribloopalymer
containing an inner PDMAEMA block cannot stabildispersions, in contrast to the 4VP equivalentsThi
observation suggests the stronger anchoring of¥keunits. As a rule, diblock copolymers are asiees
efficient as-if not superior to-the triblock equieats, in which the outer blocks are the stabitidiocks.
Although triblock copolymers with anchoring outéodks can stabilize dispersions, they should beedarded,
since the bridging of pigment particles can ocousame extent, which will depend on the anchortngngth.
Moreover, the simultaneous adsorption of the twiioblocks on the same particle has to resultérbénding
of the inner stabilizing block, so that the thicka®f the stabilizing layer is decreased and thpedsion
stability, as well.

This study has confirmed that the blockiness ofcttonomer distribution in binary copolymers hateaisive
effect on the dispersant efficiency. Since moshefcommercially available copolymers have no punced
blockiness, the "controlled” radical polymerizatismow raising optimistic prospects for the sysibef new
(blocky) polymeric dispersants of an attractivetqoerformance balance.
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