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Influence of polycarboxylate superplasticizer on
the chloride binding in cement paste

CHENG Ping, XU Jinxia, FENG Wei, JIANG Linhua, MEI Youjing
( College of Mechanics and Materials, Hohai University, Nanjing 210098 , China)

Abstract: Through the isothermal adsorption of chloride ion, the adsorption kinetics and the adsorption
thermodynamics, the influence of polycarboxylate superplasticizer on the chloride binding in cement paste has been
investigated. Besides, the influencing mechanism was examined by the X-ray powder diffractometer (XRD). It has
been found that the polycarboxylate superplasticizer reduces the chloride binding, and the smaller the water-cement
ratio is, the greater the effect is. Chloride binding onto cement paste with polycarboxylate superplasticizer in a short
time conforms to pseudo-first-order kinetic equation, indicating the physical adsorption of chloride ions. In a long
time, it conforms to pseudo-second-order kinetic equation, indicating the chemical adsorption of chloride ions.
With the increase of content of polycarboxylate superplasticizer, the adsorption rate decreases. The free energy,
enthalpy and entropy of chloride binding are decreased with the increase of polycarboxylate superplasticizer, and
this process is spontaneous and exothermic. The influence of polycarboxylate superplasticizer on the chloride
binding is mainly attributed to the physical adsorption, not chemical combination of chloride ions.

Key words: cement paste; chloride ion; isothermal adsorption; polycarboxylate superplasticizer; kinetics;
thermodynamics
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Fig.1 Equation fitting for the isothermal chloride adsorption (20°C)
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AT i U A5 OR AT LA %1 K[ P Bt Freundlich 77250 Langmuir T &S

Freundlich 45 it 1% Fff 75 72 11 Langmuir SRl Table 1 Binding coefficients of Freundlich equation and

W B 7 R LA HeE R B ¥R T 0. 98 s Langmuir equation for paste specimens with different P
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Fig.3 Pseudo-first-order Kinetic plot in 24 h and pseudo-second-order kinetic plot after 24 h
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Table 2 Pseudo-first-order and pseudo-second-order Kkinetic parameters for

the adsorption of chloride ions with different P

/ W—H 3 )12 W )12
g deew
(mg-g™) g . /(mg-g!) A% k/h' 2 g u/(mgeg!) A% k/(gomg b7 h/(mgeg R P
0 3.599 3.562 .03  0.082 0.995 3.727 3.56 0.022 0.304 0.999
0.5  2.895 2.865 1.04  0.080 0.991 3.104 7.22 0.021 0.203 0.999
1.0 2.265 2.458 8.52  0.070 0.985 2.385 5.30 0.019 0.107 0.998
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Fig.4 Isothermal absorption curves of chloride ions in paste specimens with the different content of
polycarboxylate superplasticizer at different temperatures ( W/C=0.3)
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Table 3 Thermodynamic data of chloride ion adsorption in paste specimens with

the different content of polycarboxylate superplasticizer

AG/(kJ » mol™") AH/ (K] + mol™) AS/(J + mol™ - K™")
T/C
P=0 P=0.5% P=1.0% P=0 P=0.5% P=1.0% P=0 P=0.5% P=1.0%
20 -2.198 ~2. 604 -3.231
40 -1.815 -2.078 -2.835 -5.931 —6. 849 -10.008 ~12. 866 —14.720 -23.052
60 —1. 694 -2.036 -2.303
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Fig. 6 X-ray diffraction patterns for the adsorption of chloride ions
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