CERAMICS

B INTERNATIONAL

ELSEVIER Ceramics International 30 (2004) 2215-2221

www.elsevier.com/locate/ceramint

Influence of the acid—basic character of oxide surfaces
in dispersants effectiveness

Ricardo H.R. Castrg Bruno B.S. Murad, Douglas Goas

Department of Metallurgical and Materials Engineering, Escola Politécnica, Universidade de Sao Paulo,
Avenida Prof. Mello Moraes, 2463-05508-900 SAo Paulo, SP, Brazil

Received 25 November 2003; received in revised form 28 November 2003; accepted 30 December 2003
Available online 20 April 2004

Abstract

Physical-chemical surface character has been described as a determinant factor in adsorbing polyelectrolytes onto oxide surfaces. Since
basically composed by hydroxyl groups, the acidity or basicity induced by the bulk lattice in such groups seems to be of great relevance in the
adsorption process. The influence of such properties in the adsorption of polyacrylic acid derivated polymers pata3xH®; surfaces
is, therefore, studied in this paper. Polyacrylate acid molecules are observed to hardly adsorb ontg twef8o®©but strongly adsorb, as
reported previously, onto the alumina surface. This behavior is explained based on the pronounced difference in relation to the acidity of both
surfaces and, in this sphere of thought, a basic polymer (Chitosan; CS) is discussed as a functional dispersant for powders with acid surface
character, such as Sa(Zeta potential measurements showed that this polymer raises thepBtedtial to+30 mV without pH variations.
© 2004 Elsevier Ltd and Techna S.r.l. All rights reserved.
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1. Introduction nature and impurities should play an important role in the
adsorption of polyelectrolytes and, therefore, in their effec-
One of the most challenging problems in the study of tiveness as dispersants. The chemical nature includes the
colloidal systems is obtaining the desired stability and rhe- electron density of the surface chemical groups (essentially
ologic properties of a suspension. One usually makes usehydroxyls for oxides) as well as the relative quantity of such
of dispersing agents to achieve these properties that are ofyroups. Therefore, a modification of the surface, such as
prime consideration in colloidal processing and are com- changes in the number of hydroxyl groups and the presence
monly regarded as the most important parameters to produceof adsorbed surfactants, changes the isoelectric point (IEP),
high-quality, high-performance, and reliable ceramic prod- the surface charging behavior and, therefore, its macroscopic
ucts[1]. The selection of an appropriate dispersant to opti- properties, as the adsorption isotherms of disper48m$
mize such properties is essentially dependent upon solvent The electron density related to the acidity of the surface
characteristics, conformation process, and especially uponchemical groups is not frequently treated as a determinant
physical-chemical characteristics of the ceramic powder andfactor in the effectiveness of dispersants. However, similarly
surface[2]. to the acidity of organic compounds that play fundamental
Despite the focus of many studies, the influence of the roles in common reactions, special attention should be paid
surface properties in the dispersant effectiveness is notto it. The acidity of powders depends on its composition and
completely clarified, but one knows that surface chemical on its crystalline structure. In fact, the surface of a powder
is a mixture of many hydroxyl groups with different equilib-
rium constants. However, in dealing with macro-properties,
a mean value is usually successfully applied and is actually
the measured one in titration experiments.
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The acidity of chemical surface groups can be indirectly Table 1 _ o
studied by observing the zeta potentiglpf the powder in ~ The added dispersants and their main features

suspension. Such potential represents the electrical potenName Concentration (wt.%) Mw Counter-ion pH
Flal evaIuaFed in the shearing pI.an .When a particle is mov- D-3005 35 2400 NE" 79
ing under influence of an electric fie[8—8]. The value of D-3007 45 5000 N 3.2
such potential can, therefore, be used as a reference of the-3021 40 2500 N+ 7.2

surface charging behavior and reaction with the surrounding g cc- Rohm and Haas.

components of the medium, including solvent molecules,

polyelectrolytes in solution, and potential determining ions, o i o )
indicating a relative acidity of the surface and helping to Main information of the acrylic dispersants are shown in
understand the physical-chemical behavior. Table 1 ) )

The target of this work is to relate this relative acidity to ~_ SNC aqueous suspension (2 vol.%) was prepared with no
the effectiveness of dispersants in different oxides. The dis- diSpersant to evaluate the pH influence on the zeta potential
persants based on polymers derived from acrylic acids areMeasurements. From the initial value4), the pH of the
the most common when dealing with aqueous suspensionsSUSPension was raised to 13 by adding a 2N KOH (Nuclear,
of ceramic oxides. These dispersants are expected to bindrazil) solution. Acid titration was carried out by adding a
the surface possibly through hydrogen bonds, electrostaticZN HNOs (Nuclear) solution. The same method was applied
attraction, and/or covalent bonds, and increase the repulsivé® an aqueous 5vol.% alumina suspension, with initial pH
potential between the particlgd]. The effectiveness of ~ €qual 9. _
ammonium polyacrylate in dispersing concentrated alumina SN aqueous suspensions (2vol.%) were prepared to
suspensions has been extensively projdgd11] however, study the mﬂugnce qf gach polyacrylate dispersant on t'he
the addition of these polymers during electrophoretic de- Surface potential variation. The polymer concentration in
position (EPD) of Sn@ suspensions decreases the rate of the suspension was system_amcally increased by adding a 1:5
deposition[12]. Moreover, an increase in the viscosity and 2dueous solution of each dispersant. _

a decrease in the zeta potential are observed when high- T0 evaluate the activity of CS as a dispersant in £nO
dispersant concentrations are added. These results sugge$HSPensions, the zeta potential of 1vol.% suspension was
that this dispersant is not suitable for this particular system. Méasured during the addition of a 1 g/l solution of CS, acetic

SnQ, or Al,Oz are not soluble in either basic or acid 2acid 0.1M (Nuclear). _ _
media, but their IEP fundamentally differ, being acid for  The electrokinetics sonic amplitude (ESA) method, which
SnG; (IEP = 4) and basic for A0z (IEP = 9) [13,14] is able to determine the zeta_potentlal of ceramic suspension
Suggesting that the dispersant effectiveness is, in such case2nd the electrophoretic mobility of these systems, was used
determined by the adsorbing of the polyelectrolytes on the t0 Study the previously described experiments. This tech-
surface, we carefully study the charging behavior of the Nique is based on the electroacoustlc_eff_ect induced by the
aqueous suspensions of both powders to clarify the dif- @Pplication of a high-frequency electric field between two
ferences in the surface of the powders that influence the €lectrodes within the ceramic suspension. The field-induced
polyelectrolytes adsorption. Influenced by the results and fprce deforms the electrostgtic charge distribution of the par-
proposed relations, the adsorption and dispersing effectticle and' an alternate relative movement between the parti-
of Chitosan (CS) is discussed. This polysaccharide is aCl€ and its double layer appears. This movement generates
derivative of chitin, which occurs in animals, particularly in & Mechanical wave with the same frequency of the applied
crustaceanfl5]. Chitosan is produced by alkaline deacety- field and the equipment detects this sigftal6].

lation of chitin and is poly-(1— 4)-2-amino-2-deoxys- The amplitude of the sound wave generated is a function
glucopyranose], showing a lower dissociation constant than ©f the charges dislocated by each particle, the particle con-
that of polyacrylate molecules. centration and the applied field. The signal is detected by a

piezoelectric sensor which releases an electric amplitude in

proportion to the collected input. The equipment was a ESA
2 Materials and methods MATEC 8000, which can simultaneously record the tem-

perature, ionic conductivity, pH, and zeta potential of the

Tin dioxide (99.9%, Minasolo, Brazil, surface area suspension.
7nP/g) and alumina (ALCOA A1000SG, Brazil, surface
area= 10 ?/g) powders were used as received. The solvent
was deionized water. The analyzed dispersants were: Du-3. Results
ramax D-3005 (ammonium polyelectrolyte salt), Duramax
D-3007 (ammonium salt based on an acrylic copolymer), For a better comprehension of the interaction between
Duramax D-3021 (ammonium polyelectrolyte salt), all pro- the surface of Sn@and AbO3 with polyelectrolytes, we
vided by Rohm and Haas; and Chitosan with molar mass initially studied the behavior of both surfaces in aqueous
150,000 g/mol, provided by Fluka (99%, Switzerland). The suspensions and the influence of the pH in the surface
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50 Another reasonable explanation for this behavior arises
40} from the dissolution of the oxides. Several oxides are
of Py ’ f\lngz usually described as “insoluble” whereas, in fact, they are
S 20} - °°°°c>ooooo 2 soluble but dissolve very slowly. As a semiconducting ox-
§ T ‘o °°ooo ide, SnQ should follow the dissolution process: charge
g i O%%% transfer to surface; ion formation ($nand G-); Srf+
2 10} ~ o0, s transfer to solution; H transfer to -, and OH™ (or H,0)
a0k \...._,"._ °°°°ooomg° transfer to solutio{10]. This process obviously changes
S sl e B s the surface charge density and may be promoted at alkaline
ol *oeraces’ pH, generating the inflection in the Sp@tration graph.
50 \ \ \ \ \ \ Alumina should work similarly, showing more than one
0 2 4 6 8 10 12 14 plane on the surface and/or little solubility during titration
pH but, despite such complicating parameter involving both sur-

faces, the acid character of Sp@nd the basic character of
Al,0O, are by far the preponderant factor when dealing with
adsorption reactions and, for simplicity and without lost of
generality, just one surface will be treated in the discussion
of the observed adsorption behaviors below.

Fig. 1. Zeta potential variation of Sp(Q2vol.%) and ApO3 (5Vvol.%)
suspensions as a function of pH.

charging and chemistry. Iifrig. 1, the titration of both
SnQ and ALOs aqueous suspensions shows the isoelectric
points of the Sn@ and AbO3 suspensions near 3.5 and 8,
respectively, being close to those described in the literature 31 Polyacrylates and SnO;
[14]. These values suggest a basic character for the alumina

surface and an acid character for the tin oxide surface in
relation to the water. Similar acid/basic character is readily
observed when the powders are directly dropped in water.
For Sn@, the pH falls to values around 4, while for alumina
it raises up to about 9. Such behaviors can be summarize
by the familiar surface charging equations as follows:

Fig. 2 shows the influence of each polyacrylate disper-
sant on the zeta potential and on the pH of a Ss@spen-
sion. The zeta potential of the Sp@articles decreases with
increasing concentration of all the dispersants studied. The
dmaximum potential obtained was abou23 mV with the

D-3021 dispersant.

Note that both D-3005 and D-3021 molecules were kept
M—-OH+OH" < M-0" +H20 1) in alkaline suspensions (in relation to the polymer ioniza-
M — OH+H' < M — OHy* @) tipn pK.a), therefore., the dissociation of their acryIaFe groups

gives rise to negative charges. Therefore, a possible but er-
However, an interesting point may be noted in both titration roneous explanation for the high-potentials obtained may
curves, showing the surfaces to work a little more compli- come from the polymers adsorption. When the polymer is
cated and the above equations not to describe the reactionadsorbed on the oxide surface the negative charges may con-
completely. There are two maximum zeta potential values tribute to increase the zeta potential and the stability of the
(in modulus) in each plot ifrig. 1 Note that higher po- suspension. However, both D-3005 and D-3021 led to a very
tential values (in modulus) are observed at pH opposite to sensible change in the suspension pH, which reaches a final
the IEP of the respective oxide, i.e. for the SNQCEP = value of about 7.5. On the other hand, the D-3007 dispersant
3.5), the maximum potential obtained was89 mV at pH does not alter the pH of the suspension, which is maintained
11.5, and for alumina (pjidp = 8), the maximum value was  around 3.5.
+34mV at pH 2.4. These results confirm the tendency of Since the acrylic polyacids-derived dispersants, such as
the basic character oxide surface to highly interact with H  D-3005 and D-3021, must remain ionized to be soluble in
ions, and of the acid oxide surface to highly interact with aqueous solutions, D-3005 and D-3021 solutions have pH
OH~ ions. Actually, the basic side of the titration graph of 7.2, and D-3007 solution pH 3.Zdble 1. Therefore, the
the alumina suspension shows an inflection point at aboutpH variations detected in the experiments are due to the pH
pH 8. This behavior could be explained proposing the exis- difference between each dispersant solution and the initial
tence of one simple kind of interaction between the surface system. Since the initial pH of the Sp@uspension is equal
and the OH ions of the surrounding€Eq. (2)). In the acid to 4, the pH values after the addition of D-3005 and D-3021
titration, however, one more inflection is observed. Simi- are expected to increase; on the other hand, lower pH values
larly, the titration of the Sn@suspension shows two inflec- are expected after the addition of D-3007. As it can be seen
tion points at pH 9 and 3.5. These additional inflections, that in Fig. 1, these pH variations highly influence the surface
could not be explained by the equations above, may arisecharges.
from the presence of two or more different surfaces, e.g. for  Fig. 3 shows the variation of as a function of the pH
SnG, (110) and (1 01) planes may be present in the surface,of the suspension with increasing dispersant concentration.
and therefore two different ion adsorption constants would The figure demonstrates that the potential variation with the
appeat17]. addition of D-3007 is not accompanied by a pH variation as
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Fig. 2. Zeta potential and pH of a SpGuspension (2 vol.%) as a function
of dispersant concentration (per gram of ShdDispersants: (A) D-3005;

(B) D-3007; and (C) D-3021.
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Fig. 3. Zeta potential as a function of the pH for Sn€uspensions with
increasing dispersant (D-3005, D-3007, and D-3021) concentration (per
gram of SnQ) and titrated with HN@ and KOH.

the increase in the suspension viscosity. Since this additive
does not adsorb on the Sp@urface, the long polymeric
chains is responsible for making the system more viscous.
Hence, the mass deposition rate would decrease, as proposed
by the described model.

No significant changes in the pH are observed in the
D-3007 experiments and the surface potential increased sig-
nificantly. However, the values of potential obtained in this
experiments were underl9 mV and a relative unstable sus-
pension still results. This may indicate that there is certainly
the adsorption of the polymer, but this adsorption must be
decreased by the surface intrinsic charge. That is ,J&D
ticles are negative in aqueous suspensions with the addition
of no additives. This charge may repel the negative charged
polymer and avoid, or minimize, adsorption.

3.2. Polyacrylates and AloO3

Fig. 4shows the pH and zeta potential variation 0f®4
suspensions during the addition of the polyacrylate disper-
sant solutions. Since there are no considerable pH variations,
and the zeta potential reaches values higher thaé mV,
D-3005 and D-3021 seems to be the responsible for the ef-
fective stabilization of the system. D-3007, however, clearly
changes the pH of the suspension towards acid values. In
addition, the{ values are considerably smaller than the
achieved by D-3005 and D-302Fi¢. 4).

it is observed for the others dispersants. The variation of the Fig. 5 shows the variations of the zeta potential as a
zeta potential with D-3005 and D-3021 approaches that with function of the pH with increasing dispersant concentration.

the addition of KOH and HNg But the most important

It is clear that the addition of the D-3005 and D-3021 does

remark inFig. 3is that, for D-3005 and D-3021, the zeta not change the pH of the suspension, however, D-3007
potential reaches its maximum value when the pH is equal does, changing, therefore, the surface potential. Neverthe-
to the final pH of each dispersant solution. This means that less, this fact is not a sufficient argument to ignore D-3007
the ¢ variation may be directly related to the pH variations adsorption. That is, since the potential variation does not
rather than to the polymer adsorption.

This behavior explains the phenomenon observed duringcharging is present, the dispersant seems to adsorb onto

EPD of SnQ with ammonium polyacrylate-based disper-

follow the observed behavior iRig. 1, where only the pH

the alumina surface and change the double layer structure,

santq12]. The decrease in the deposited mass occurs due tancreasing negative electric charges. However, the decrease
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in the pH forces the zeta potential to be smaller than the
values obtained with D-3005 and D-3021.

4. Discussion
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Fig. 5. Zeta potential as a function of the pH for,®g suspensions with
increasing dispersant (D-3005, D-3007, and D-3021) concentration (per
gram of AbOs).

Fig. 1, there is a great affinity between the Sn€urface
and OH groups. On the other hand, theo®l; surface par-
ticularly interacts with H groups due to basic characteris-
tics. The addition of a polymer solution with basic pH to
a SnQ suspension may, therefore, generate a competition
for adsorption between the OHgroups and the polymers.
The OH™ interactions are certainly stronger since these ions
are potential determining ions. Hence, this interaction would
occur more easily than the hydrogen bonds formation be-
tween the oxide surface and the polymeric chains. In addi-
tion, the negative charges generated by the dissociation of
adsorbed hydroxyl groups will prevent the polymer adsorp-
tion by electrostatic repulsion.

In the case of the alumina suspensions, the initial pH is
higher than that of the dispersant solutions. Therefore, the
polymeric molecules can adsorb to the surface by hydrogen
bonds since there is no competition for adsorption with hy-
droxyl surrounding ions.

When an acrylic dispersant solution, such as D-3007, is
added to the alumina suspension, there is a competition for
adsorption between Hions and negatively charged poly-
mers since the pH of the dispersant solution is lower than
the one initially dispersed. Since the proton (determining
potential ion) preferentially adsorbs to the surface, the zeta
potential decreases and its maximum value is considerably
lower than the ones reached with the addition of the other
dispersants.

The presence of hydroxyl groups onto the surface of oxide
powders is actually a determining factor for the adsorption
of dispersants. However, the experiments showed that the
same dispersant is effective or not depending on the oxide.
This is related to the acid—basic character of the surface,
which is determined by the oxide metal, e.g. Al or Sn. This

The addition of the D-3005 and D-3021 solutions to the character, associated with the molecule acidity, will deter-
SnQ suspensions seems to modify the zeta potential by in- mine the adsorption and effectiveness of the dispersants; i.e.
creasing its pH. In the case of the alumina, this effect may when basic dispersant solutions are introduced in acid ox-
be associated with the adsorption of polymeric chains to the ide suspensions, the competition with hydroxyl groups will

alumina surface by hydrogen bonf§. As mentioned in

avoid the polymer adsorption and vice versa. It is obvious
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40 10 a potential determining ion, its adsorption occurs instead of
e Zeta Potential 19 the polymer adsorption. The negative electrostatic charges
s 30F ° pH et L 1 generated on the surface by OFadsorption prevent the
E ol ._...--"' negatively charged polymer adsorption from occurring by
s o 17 electrostatic repulsion. Therefore, the zeta potential fluctua-
E 10} ..-" 16 tions are attributed only to pH variations. This phenomenon
g o s PH is also observed in the results collected from the interactions
g o o between the alumina suspension and the D-3007 dispersant.
™ 10 oo, 14 In this case, there is a competition for adsorption between
27000090000000000000000000000000000000000  f 3 the polymer chains and the surrounding ins.
oolt L L L L L 2 The main two questions that must be asked when choos-
000 025 050 075 100 125 150 ing a dispersant for a specific oxide are, therefore: at which
C, (mg/g) pH is the polymer charged (itsk) and is there any active
Fig. 6. Zeta potential variation of Sp@1 vol.%) as a function of Chitosan binding site Oll1t0 its structure at this pH? When the pow-
concentration (per gram of SROCL). der has a basic character the polymer must present charges

at basic pH and vice versa. This avoids potential determin-

ing ion competition. If we restrict the binding problem to
that changing the pH of the dispersant solution to a value the formation of hydrogen bonds, the polymer must have
equal to the suspension one does not solve the problemnon-dissociated hydroxyl groups on its structure. Moreover,
since at different pH, the molecules could not be charged, it js preferable for the dispersant to have opposite charges
and even if it is soluble in such condition, there would be no g the surface.
electrostatic stabilization. Note that the explanation given  These conditional points, when applied to Srdispen-
above is not true only for Sn and Al oxides. It depends sjons, are satisfied by the polysaccharide Chitosan. This
mostly on the acidity of the powder, which can be deter- polymer shows positive charges at pH near 4 and hydroxyl

mined by its IEP. groups ready to form hydrogen bonds. As expected, the zeta
According to the results observed above, we may expectpotential of a Sn@ suspension reaches30 mV in increas-
that a polymer, whose solution pH is close to the $80s- ing CS concentration.

pension, would preferentially absorb onto the surface since

no potential determining ion excess would be present. More-

over, the polymer must have a molecular structure capableAcknowledgements

of forming hydrogen bonds with the surface and with chem-
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