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Abstract—Compatibility between sulfonated acetone- 

formalehyde superplasticizer (SAF) and copolymer-based grinding 
aids (GA) were studied by fluidity, Zeta potential, setting time of 
cement pasts, initial slump and slump flow of concrete and 
compressive strength of concrete. ESEM, MIP, and XRD were used to 
investigate the changing of microstructure of interior concrete. The 
results indicated that GA could noticeably enhance the dispersion 
ability of SAF. It was found that better fluidity and slump-keeping 
ability of cement paste were obtained in the case of GA. In addition, 
GA together with SAF had a certain retardation effect on hydration of 
cement paste. With increasing of the GA dosage, the dispersion ability 
and retardation effect of admixture increased. The compressive 
strength of the sample made with SAF and GA after 28 days was 
higher than that of the control sample made only with SAF.  The initial 
slump and slump flow of concrete increased by 10.0% and 22.9%, 
respectively, while 0.09 wt.% GA was used. XRD examination 
indicated that new products were not found in the case of GA. In 
addition, more dense arrangement of hydrates and lower porosity of 
the specimen were observed by ESEM and MIP, which contributed to 
higher compressive strength. 

 
Keywords—Copolymer-Based grinding aids, superplasiticizer, 

compatibility, microstructure, cement, concrete. 

I. INTRODUCTION 
OWADAYS, superplasticizers have been one of the 
important ingredients in concrete technology, in 

improving workability, mechanical strength, and other 
properties of concrete [1]-[3]. Sulfonated naphthalene 
formaldehyde condensate (SNF), sulfonated 
acetone-formaldehyde co-condensate (SAF), and 
polycarboxylated polymers are typical superplasticizers (PCs) 
used commercially in China. It is reported that the dispersion 
mechanism of superplasticizers are: (1) electrostatic repulsive 
forces play a major role in SNF and SAF; (2) steric hindrance is 
critical for PCs [2], [4], [5].  

Because of the high level energy demand of cement 
production, typically 95 to 110 KWh per ton of cement [6], 
grinding aids are extensively used in cement production to 
improve grinding efficiency, hence reduce energy consumption 
unit. In addition, grinding aids, as kinds of surface active 
agents, are adsorbed on cement particles to change particle 
surface, affect the performance of cement paste, and even the 
mechanical strength of produced cement [7]-[9]. Although 
many studies have been conducted to reveal the advantages and 

                                                           
Tailong Zhang is with the School of Materials Science, Southeast University, 

Jiangning District, Nanjing 211189 China. Jiangsu Key Laboratory of 
Construction Materials, Southeast University, Nanjing 211189, China (phone: 
86 025 52090639; fax: 86 025 52090639; e-mail: zhangtailong1976@ 
163.com). 

application of superplasticizers and grinding aids, few studies 
have been done on the influences of grinding aids in cement on 
the performance of superplasticizers. 

At present, the application of aqueous copolymer as grinding 
aids in cement production has attracted great attention. 
Compared with traditional grinding aids, copolymer-based 
grinding aids have more stable quality and higher cost 
performance, which will be summarized in our other studies. In 
this paper, we aimed to introduce one kind of copolymer-based 
grinding aids (GA) which was prepared by radical 
polymerization, and successfully used in cement production. 
Besides, SAF was selected for comparative trial. In order to 
avoid the influences of cement differences on results, GA was 
added together with SAF. Comparing with control sample only 
containing SAF, studies on fluidity of cement paste, Zeta 
potential, setting time, initial slump and slump flow of concrete 
and compressive strength of concrete in the case of SAF and 
GAF were discussed. 

II.  MATERIALS AND METHODS 

A. Materials 
The materials used include PII 42.5 ordinary Portland 

Cement, GA, SAF, and graded II fly ash. Cement is from the 
Tai Ni Cement in Jiang Su province, P.R. China. FA is from the 
Jianbi electric power and complies with Chinese standard GB/T 
1596-2005. SAF and GA are supplied by Sika (China) Ltd. 
Table I lists the compositions and physical properties of cement 
and fly ash. Fig. 1 shows the chemical structure of GA. The 
properties of SAF and GA are given in Table II. 

B.  Fluidity and Setting Time of Cement Pastes 
The test of fluidity of cement paste was conducted according 

to the Chinese national standard GB/T 8077–2000. 300g of 
cement and 105g of tap water plus SAF and GA were used in 
the fluidity test. The sample of cement paste was sealed in a 
container during test intervals of 5, 30, 60, and 90min after 
being mixed with water. The setting time of the cement paste 
was measured according to the Chinese National Standard 
GB/T1346-2011. 

C.  Zeta Potential Test 
The Zeta potential of cement particles was tested during the 

intervals of 3, 30, 60, 90, and 120min. The cement was added 
into an SAF solution with or without GA. The concentrations of 
SAF and GA were 0.65g/L and 0.065g/L, respectively. The 
mass ratio of cement to solution was 1:50. The slurries were 
dispersed for about 30s by an ultrasonic cell disruptor. Some 
clearer paste solution was taken from the topside, and fed into 
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the electrophoretic cell to determine the zeta potential by a Zeta 
potential analyzer (Colloidal Dynamics, USA). 

D. Preparation and Testing of Concrete 
The preparation and testing of concrete were conducted 

according to Chinese national standard GB/T8076-2008. The 
maximum size of the coarse aggregate was 31.5mm, and the 
fineness modulus of the fine aggregate was 2.80. The mix 
proportion of concrete is given in Table III. The specimens of 
concrete were casted and taken out of molds the next day and 
cured in the condition of 20±3°C and 95% of relative humidity 
until the age of 28 days. 

 
TABLE I 

COMPOSITIONS AND PHYSICAL PROPERTIES OF CEMENT AND FLY ASH 

Materials 
Chemical Compositions (%) Specific Surface 

SiO2     Al2O3     Fe2O3     CaO    MgO   SO3 (m2/kg) 
Cement        21.23   5.78     4.12      61.64   2.24   2.06             355 
Fly Ash        44.38    34.50    5.21     3.40    2.85   0.53             345 

 

 
Fig. 1 Chemical structure of GA; a= moles of maleic anhydrate; b= 

moles of APEG; c= moles of ethylene oxide 
 

TABLE II 
PHYSICAL CHARACTERISTICS OF SAF AND GA 

SAF                       GA 

Solid Content(%)                             27.5                       30.0 
Rational Viscosity(mPa.s)               180                        110 
PH Value                                         13.9                        4.5 
MW                                                  21100                     6159 
Na Content(ppm)                            41000                     3750 

 
TABLE III 

EXPERIMENT PROGRAM OF CONCRETE 
Mix      C         FA    Agg.,Fine   Agg.,Coarse  SAF/(C+F)  GA/(C+F) 
No.    kg/m3    kg/m3    kg/m3        kg/m3                %                %
C1       320        40         814            1036             1.30               0 
C2      320        40         814            1036              1.30             0.03 
C3      320        40         814            1036               1.30             0.06 
C4      320        40         814            1036               1.30             0.09 

Water Cement Ratio = 0.5; C = Cement, F = Fly Ash 

III. RESULTS AND DISCUSSION 

A. Influences on Fluidity and Slump-Keeping Ability of 
Cement Paste 

The workability properties of cement pastes containing 
admixtures depend on many parameters. Researchers have 
provided preliminary findings: charge density, side chain 
length, and composition of functional groups have influences 

on rheological properties of cement pastes [10]-[13]. Fig. 2 and 
Table IV show the variation of fluidity of cement pastes versus 
time for SAF and SAF+GA. It is very clear that GA increases 
the fluidity of cement paste markedly compared to control 
sample only containing SAF, by about 18.8% at the initial time. 
With time elapsed, both fluidity of cement pastes incorporating 
SAF and SAF+GA decreased quickly, but the descent rate with 
SAF+GA was slightly slow. It is believed that there is 
cooperative effect between SAF and GA to get better dispersion 
and slump-keeping ability. This may be attributed to the fact 
that SAF was adsorbed on the surface of cement grains and 
characteristics of cement-solution interface changed, due to 
GA’s long side chains and different functional groups which 
cause different dispersion mechanism of admixture. 

 

 
Fig. 2 Variation of minislump flow of cement pastes vs. time 

 
TABLE IV 

EXPERIMENTAL RESULTS OF FLUIDITY AND SETTING TIME OF CEMENT PASTE 

Admixtures 
Fluidity/mm Setting Times /min 

5min 30min  60min 90min Initial      Final 
1.3%SAF+0%GA 240    194     171     142 228        278 

1.3%SAF+0.03%GA 244    202     181     163 232        281 
1.3%SAF+0.06%GA 252    215     196     177 239        290 
1.3%SAF+0.09%GA 268    230     213     198 244        294 
1.3%SAF+0.12%GA 285    250     244     213 255        306 

B. Influences on Zeta Potential of Cement Paste 
Fig. 3 shows the variation of Zeta potential of cement 

particles with time in the case of SAF and SAF+GA. It was 
clear that GA distinctly reduced the Zeta potential of cement 
particles. Zeta potential of cement particle adsorbed by SAF 
was +3.2mv at 3min, and fluctuated in a definitive range of 
+3.2mv to+3.4mv with time elapsed. When GA and SAF 
coexisted, the Zeta potential of cement particle reduced to 
+2.6mv at 3min, and showed downtrend before 90min. During 
the next 30mins, the Zeta potential increased and reached a 
maximum at 120min. 

The probable reason, as illustrated in Fig. 4, was that GA was 
absorbed on colloidal solid surface, increased the thickness of 
slipping layers, and reduced the counter ions concentration 
because of the hindrance of PEO graft chains. 
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compressive strength of concrete made with SAF and GA 
increased. 

TABLE V 
PROPERTIES OF CONCRETE WITH DIFFERENT GAS 

Mix    Initial Slump    Initial Slump Flow Compressive Strength(MPa) 
No.         cm                  cm 3d           7d          28d 
C1          20                   48 16.5       30.7        42.6 

  C2          21                   53.5 18.1       32.1        45.8 
C3          21.5                55 19.2       34.0        47.2 
C4          22                   59 20.8       35.4        49.8 

 

 

Fig. 6 Compressive strength of concrete made with SAF and SAF+GA 
 

 
Fig. 7 XRD patterns of concrete made with SAF and SAF+GA 

 

 
(a) 

 
(b) 

Fig. 8 ESEM images of expansion products of C40 concrete made with 
SAF (a) and SAF+ GA (b) 

 

 
Fig. 9 Pore size cumulative distribution of concrete made with SAF 

and SAF+GA 

IV. CONCLUSIONS 
Because of cooperative effect, addition of GA has significant 

influences on performances of the cement paste and concrete 
containing SAF. The main conclusions are as follows: 

The fluidity and fluid-retaining ability of cement paste 
increase due to GA with special molecular structure. It can be 
concluded that GA provides steric hindrance effect, which 
improves the dispersion ability of admixtures. This can be 
confirmed by Zeta potential values, which is lower because of 
the hindrance of PEO graft chains that reduce the counter ions 
concentration on the colloidal surfaces. 

Longer setting time of cement paste was observed. This is 
attributed to the adsorption of GA on cement grains, which 
retards the hydration of cement. 

The addition of GA increases the compressive strength of 
concrete containing SAF. Meanwhile, the higher initial slump 
and initial slump flow of concrete were obtained. When SAF 
and GA coexist, the microstructures of concrete specimen 
display a more dense structure and lower porosity, whereas no 
new hydrates were obtained. The reasonable explanation is that 
GA and SAF effectively improve the dispersion of fine 
aggregates, which accelerate the hydration of cement clinkers 
and reduce the porosity of concrete. 
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