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Abstract: The adsorption of cetylpyridinium chloride(CPC) onto a ceramic glaze mixture composed of limestone, feldspar, quartz,
kaolin, and antibacterial agent was studied. Both adsorption isothermals and the average particle zeta potential were investigated in
order to understand the suspension stability as a function of pH, ionic strength, and surfactant concentration. The results show that
under the optimal conditions such as pH value of 7 or 9, 0.01 mol/L of ionic strength and around critical micelle concentration(CMC)
of surfactant, antibacterial ceramic glaze acquires fine dispersion stability. The adsorption of CPC on ceramic glaze particles is in
accordance with Langmuir model in 0.01mol/L. at pH=7 and pH=9. The adsorption of small amounts of cationic CPC onto the
primarily negatively charged surfaces of the particles in the pH range of 7-9 produces strong attraction and flocculation due to
hydrophobic interactions. High concentration of surfactant under 0.01 mol/L of salt provides high zeta potential, which produces a

high stability.
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1 Introduction

The adsorption of soluble surfactants to the
solid/aqueous solution interface is a major factor in many
processes including ceramics processing, waste water
treatment, mineral flotation, dispersion stabilization and
soil remediation[1,2]. Most of the solids involved in
these processes have heterogeneous surfaces (including
coexisting polar and nonpolar sites), and their interfacial
properties depend on the history of their exposure to
various species. The adsorption of surfactant onto the
surface of these solids may be the result of several
contributing forces, including bonding,
Coulombic interactions, ion exchange, hydrogen bonding,
hydrophobic interactions, and van der Waals interactions
[3].

The major components of the antibacterial ceramic
glaze are limestone(CaCOj), feldspar(Al,052S10,-2H,0)
quartz(S10,), kaolin(KNaO-Al,05:6S10,) and
antibacterial agent (nano-Ti0O,). The dispersion stability
of the glaze mixture is important to control the various
stages of the glazing process and maintain antibacterial
activity[4]. The addition of a surfactant as a deflocculant

covalent

can be used to stabilize a ceramic glaze suspension by
keeping the particles well dispersed. In many industrial
glazing processes the pH and ionic strength of the
ceramic glaze suspensions are not controlled.

In previous studies, the effect of pH, ionic strength,
and surfactant concentration on the adsorption of
surfactants has only been studied on the single mineral
ceramic glaze components, such as quart[5—7], feldspar
[8], kaolin[9,10], and limestone[l1]. In this study, the
cationic surfactant cetylpyridinium chloride is adsorbed
on the surface of the antibacterial ceramic glaze mixture.
Adsorption isotherms, zeta potential measurements, and
assessment of dispersion stability are used to illuminate
the adsorption behaviour at various pH values, ionic
strengths, and surfactant concentrations. The influence of
the adsorbed surfactant on the stability of the ceramic
glaze dispersion is then discussed. According to the
interaction between surfactant and surface of particles,
mechanism of the adsorption behaviour of CPC on the
surface of the glaze is also analyzed.

2 Experimental

2.1 Materials
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Ceramic glaze was supplied by Taixin Ceramics Co
Ltd(Hunan). The average particle size of ceramic glaze
was 10-30 um. Antibacterial agent (nano-TiO,) was
supplied by Degussa Co Ltd(Germany). The BET surface

area was measured to be (50+15) m*/g by N, adsorption.

The average particle size of the antibacterial agent was
50 nm. The final composition of the mixture glaze and
the 1isoelectric point (IEP) of each component are
presented in Table 1. The cationic surfactant cetyl-
pyridinium chloride (=99%), NaCl, HCl, and NaOH
were AR grade. Water was ultrapure water (R=15).

Table 1 Composition and isoelectric point of antibacterial

ceramic glaze

. Mass Isoelectric
Material Component fraction/% point
KNaO-Al,O5 3
680, 28 5-7[12]
) CaCO;, 22 8.2[13]
Ceramic glaze ALO;2Si0, . e
2H,0 14
SiO, 19 2.0[14]
Antibacterial agent TiO, 5 5-6[15]

2.2 Methods

Adsorption 1sotherms were measured at 30 C
using the depletion method. To prepare the antibacterial
ceramic glaze suspension, 0.20 g ceramic glaze and
0.01 g antibacterial agent were added to a 20 mL solution
strength and pH
polycarbonate centrifuge tube. This suspension was
sonicated for 5 min. The pH was adjusted if necessary
using 0.01 or 0.1 mol/L HCl or NaOH. The mixtures
were then vibrated for 24 h. The final pH was close to
the initial pH, so no further adjustment was necessary
after this equilibration. The solutions were centrifuged at
6 000 r/min for 20 min until a constant surfactant

with desired 1onic mnside a

solution concentration was attained. The clear
supernatant was removed for determination of the
equilibrium  surfactant concentration by UV-Vis

spectrophotometry (U2010, Hitachi, Japan). The UV
absorption of the cetylpyridinium ion in the supernatant
was measured at 245 nm. A standard calibration series of
known supernatant concentrations (at the necessary pH
and NaCl concentration) were prepared for each
experiment to permit the supernatant concentration to be
determined. The calibration curve of CPC is shown in
Fig.1. The amount of surfactant adsorbed was calculated
with following equation:

F:I'(C—Ceq)W

w

(M

where [/"is the amount of surfactant adsorbed; C,q and
C are equilibrium concentration and initial concentration

of surfactant respectively; " is volume of the glaze; w is
mass of the glaze; and W is the relative molecular mass
of the surfactant.
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Fig.1 Calibration curve of CPC

An assessment of the stability of the antibacterial
ceramic glaze dispersions was made by using the same
adsorption samples and UV-Vis
spectrophotometer. After equilibration, the dispersions
were allowed to stand without disturbance for 2 h before
measurement of the transmission of 500 nm light through

1sotherm

the sample. The degree of dispersion of the ceramic
particles was evaluated by the absorbance of the incident
light by the top portion (clear region within 1 cm from
the top of the sample in polycarbonate tube) of each
aqueous suspension. A high absorbance indicated
stability, whereas a low value indicated a flocculated or
settled state.

Dispersion stability of antibacterial ceramic glaze
depends on the zeta potential of the particles. The higher
the potential with the same polarity, the more important
the electrostatic repulsion between particles. On the other
hand, when closing to the isoelectric point (£=0), the
particles tend to flocculate, as illustrated in Fig.2. Zeta
potential measurements were performed using Coulter
Delsa Zeta (America).

3 Results and discussion

3.1 Adsorption isotherms

The adsorption isotherms for the cationic surfactant,
CPC, on the antibacterial ceramic glaze particles as a
function of ionic strength at pH values of 7 and 9 are
shown in Fig.3. The adsorbed amount of CPC is low and
increases slightly from 0.001 mmol/LL to 0.1 mmol/L.
CPC. When the concentration of CPC is between 0.1
mmol/L and 1 mmol/L, the adsorbed amount of CPC
increases dramatically and the isotherms reach a plateau
with the adsorbed amount at a concentration that
corresponds to the surfactant CMC[16] (the critical
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micelle concentration) in the presence of added salt. The
arrows designate the CMC of CPC in 0.1, 0.01, 0.001
mol/L. NaCl from left to right, respectively. The
isotherms exhibit similar trends at values of pH 7 and 9.
The maximum adsorbed amount of CPC increases
slightly from pH=7-9. This attributes principally to the
calcium carbonate (limestone) component, which is
negatively charged at pH value of 9 but positively
charged at pH value of 7 (see Table 1). As the pH is
increased, the number of negative sites on the surface of
kaolin particles also increases. Therefore there is an
increase in the adsorption of the CPC on kaolin at high

4
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Instable dispersion

Agglomeration-flocculation

Fig.2 Stability of suspension versus zeta potential
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Fig.3 Adsorption isotherms of CPC on ceramic glaze: (a) pH=7;
(b) pH-9

pH value. For quartz, feldspar and titanium oxide, the
negative charge is similar at pH values of 7 and 9, so the
adsorbed amount on these components will be similar in
both cases.

The adsorbed added
electrolyte at pH=7 and pH=9 under fixed surfactant
concentration. Added electrolyte changes the initial
adsorption to low equilibrium surfactant concentration.

amount Increases with

3.2 Dispersion stability of antibacterial ceramic glaze

with adsorbed surfactant

The dispersion stability of the antibacterial ceramic
glaze in the presence of CPC as function of ionic
strength at pH values of 7 and 9 are shown in Fig.4.
Similar stability behaviour is observed at both pH values.
The stability decreases with increasing electrolyte. In the
presence of the low concentrations of CPC, flocculation
occurs rapidly. The suspensions are completely stabilized
and no flocculation occurs in the presence of the
maximum adsorbed amount of CPC in 0.01 m/L NaCl. It
is interesting that at high ionic strength (0.1 m/L NacCl)
and low ionic strength (0.001 m/L NaCl) the dispersion
stability slightly increases, yet is still poor at the
maximum adsorption of CPC. Therefore the dispersion
in 0.1 m/L. NaCl could not be made stable by the addition
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Fig.4 Stability of settled ceramic glaze suspensions adsorbed
by CPC after 2 h: (a) pH=7; (b) pH=9



CHAI Li-yuan, et al/Trans. Nonferrous Met. Soc. China 16(2006) 1429

of CPC, although the adsorbed amount of CPC is greater
than that of lower salt concentrations.

Fig.5 shows the absorbance of the antibacterial
ceramic glaze suspension as a function of the time at
different ionic strengths at pH=7. At pH=9 the results are
similar. At low concentrations of initially added without
CPC (0.1 mmol/L), the absorbance of the suspension
decreases more rapidly than that without CPC.
Compared with the absence of CPC, the suspensions are
even less stable when a small amount of CPC is added.
At high concentrations of initially added CPC
(1 mmol/L), there is no change on the absorbance of the
antibacterial ceramic glaze. Therefore the dispersions are
more stable than the case of the absence of CPC.

Fig.6 gives the SEM images of surface morphology
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Fig.5 Time dependence of stability with different amounts of
CPC under pH=7 and 0.01 mol/L. NaCl

28k U8 T iSnm 1ASER L
- ™,

N c
Fig.6 SEM images of ceramic glaze sediment: (a) Without CPC;
(b) With CPC

of ceramic glaze. In Fig.6(a) the size of the particles is
much larger than that in Fig.6(b). It can be seen from
Fig.6(b) that the bright spots are well dispersed in
antibacterial ceramic glaze.

3.3 Zeta potential of antibacterial ceramic glaze with

adsorbed surfactant

Fig.7 shows that the zeta potential of aqueous
suspensions of the antibacterial ceramic glaze is affected
by adsorbed CPC with 0.01 mol/. NaCl. The zeta
potential of the ceramic glaze particles under pH values
of 7 and 9 without any surfactant is negative. The zeta
potential shows a steep increase from negative to
positive with the increase of CPC and reaches a plateau
in the vicinity of the maximum adsorbed amount of CPC.
The zeta potential respects for CPC absorption with the
dispersion stability of the antibacterial ceramic glaze.
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Fig.7 Zeta potential of ceramic glaze as function of added CPC

concentration at pH=7 and pH=9

The ceramic glaze is more negatively charged under
pH=9 than pH=7. It requires a greater adsorbed amount
of CPC to reverse the sign of the charge from negative to
positive. The positively charged cationic surfactant ions
are more easily adsorbed to the negatively charged
particles under pH=9. The calcium carbonate and kaolin
in some edge sites are positively charged under pH=7,
which makes CPC uneasy to be adsorbed. The main
factor controlling the maximum zeta potential by CPC is
the ionic strength.

4 Conclusions

1) Addition of low concentrations of CPC leads to
charge suspension
flocculated due to hydrophobic attraction of adsorbed
surfactant. At higher dosages, the ceramic particles
become hydrophilic again once a bilayered surfactant
coating forms.

2) For salt concentrations less than or equal to 0.01

neutralization. The becomes
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mol/L, high zeta potential is achieved and stable
suspensions
double-layer repulsion.

3) When the salt concentration is 0.1 mol/L, both
adsorption amount and zeta potential value are large. But
the stability of antibacterial ceramic glaze suspension is
poor. This suggests that the steric repulsion due to
adsorbed CPC is insufficient to overcome the van der

result from the substantial electrical

Waals attraction.

4) The dispersion stability of the ceramic glaze in
the presence of CPC has no evident changes at both pH
values of 7 and 9. For CPC, the main factor controlling
the maximum zeta potential is seen to be the ionic
strength.
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