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Abstract. According to the literature preparation process, sulfonated acetone - formaldehyde 
polycondensate (SAF) was prepared with different mole ratio of formaldehyde (F) and acetone (A). 
Its structure was characterized by IR and TGA. SAF was applied in the Shenhua coal-water slurry 
(CWS). And the slurryability and stability of the CWS were tested using the viscometer. Wetting 
performance of SAF dispersant on the surface of coal was studied via video contact angle. The SAF, 
synthesized with the mole ratio of formaldehyde and acetone at 2.2, performances best in Shenhua 
coal-water slurry. The SAF is a promising dispersants for Shenhua coal after it was optimized. 
Under 65 wt% of the coal concentration and 0.45 wt% of the dosage of dispersant, the viscosity of 
CWS is 476 m Pa • s at the shear rate of 100s-1, the 7 days separating water ratio is 4.63 v/v%, and 
wetting properties of SAF is better than water on the coal surface.  

Introduction 

The dispersant of coal-water slurry is the key to prepare high quality CWS. Now days, 
naphthalene additive is mainly coal-water slurry additives on the China's market. Its price rapid 
rises with increasing of the price of crude oil as raw material [1]. Other additives such as humic 
acids, lignosulfonate of additives are cheap, but they are less effective. However, efficient additives 
such as the polyolefin and polycarboxylate are high prices [2-4]. It is significant to develop a new 
high cost performance additives. Sulfonated acetone - formaldehyde polycondensate (SAF) has a 
wide range of sources of raw materials and it is affordable and less toxic [5-7]. There has also been 
a lot of good reported about it as a coal water slurry additive, but it has not been explained clearly 
the SAF in which degree of polymerization of the polymer (or molecular weight) performance best 
[8,9]. This paper attempts to prepare a series of sulfonated acetone-formaldehyde polycondensate 
for Shenhua coal-water slurry (SAF), by controlling the process conditions. Then the application 
properties of SAF were evaluated and the process conditions of SAF were optimized. 

Experimental Seation 

Materials and instruments. Acetone, anhydrous sodium sulfite and sodium hydroxide are 
chemically pure; 37% formaldehyde and 98% concentrated sulfuric acid. 

VECTOR-22 fourier transform infrared spectroscopy (Bruker Co., Germany) by the KBr tablet, 
thermal stability analysis via Q500 thermogravimetric analyzer (TA Co., American), Easydrop 
video wetting angle meter (Kruss company, Germany), NXS-4C CWS viscometer (CWS 
Engineering Research Center of Chengdu instrument Factory), XM-4 type of planet grinding 
machine (Guangdong Foshan Keli ceramics Co.) 

Synthesis of sulphonated acetone - formaldehyde condensation. Anhydrous sodium sulfite 
and water were added to the flask, and they were heated and stirring about 40 ℃. Then acetone was 
                                                        
∗ Corresponding author. Tel.: +86-029-86168934. E-mail address：zjfeng123123@163.com (J.F. Zhu) 

 
 

0610

2nd International Conference on Electronic & Mechanical Engineering and Information Technology (EMEIT-2012)

Published by Atlantis Press, Paris, France. 
© the authors



 

added into the flask until they were completely dissolved. The reaction solution was sulfonated at 
55 ℃ for 40-60min. At the end of sulfonation, formaldehyde was slowly dropped into the solution. 
At the same time of feeding, the solution was slow warmed. The temperature of the reaction 
mixture was elevated to 85-90 ℃ for 3-4 hours. Then, the polycondensate mixture was cooled and 
adjusted pH to 7. The polycondensate synthesized were precipitated by ethanol and dried in the 
oven. 

Preparation and characterization of coal-water slurries. A Shenhua coal that had been 
pulverized by a dry ball mill was used in this study. The Shenhua coal is not bonding and has low 
degree of metamorphism. CWS were prepared from coal particles in water using a mechanical 
mixer for 10 min. The coal solids concentration was fixed at 60~72wt%.The dosage of dispersant 
was 0.3~0.5wt% of dry coal (30 wt% dispersant at the basis of the dry coal). 

Results and discussions 

Dispersant performance and stability in the ratio of different materials. As a good 
performance dispersant, it should have the appropriate molecular weight and molecular weight 
distribution. It should also have the proper viscosity. During the experiment, under the fixed feeding 
method, amount of sodium sulfite, reaction temperature and time, a series of polycondensate 
products were synthesized through changing the mole ratio of formaldehyde and acetone. The 
results are shown in Tab. 1. 

Tab. 1 Reactant ratio on the dispersion properties. 

Molar ratio of 

n(F):n(A) 
Viscosity /mPa·s Mobility 

Separating water 

rates after 7 days % 
Hard precipitation 

1.8：1 

2.0：1 

2.2：1 

2.4：1 

2.6：1 

2.8：1 

553 

589 

476 

483 

566 

694 

poor 

good 

perfect 

good 

ordinary 

ordinary 

5.40 

4.92 

4.63 

4.91 

4.96 

5.16 

a little 

a little 

no 

no 

no 

a little 
Note: n(F):n(A) is mole ratio of formaldehyde and acetone 

It can be seen from Tab. 1, when the amount of other reactants and reaction conditions were 
fixed, with the increase of the amount of formaldehyde, the viscosity of CWS and separating water 
ratio obtained reduce at the first then increase. The mobility and hard precipitation first rise and 
then reduce. In total, the of optimized ratio n (F):n (A) is 2.2:1. So the SAF dispersant via optimized 
ratio of 2.2:1 was used in the latter discussion. 

Infrared analysis of SAF. As was shown in Fig. 1, the polycondensate product has hydroxyl 
stretching vibration at 3440.69cm-1, the C-H stretching vibration on fat family of molecular chains 
at 2926.52cm-1, the carbonyl absorption peak at 1602.64cm-1, S-O stretching vibration at 
1178.60cm-1 and 1044.29cm-1. It shows the polycondensate product synthesized is an aliphatic 
high-molecular polymer containing hydrophilic functional groups of sulfonic acid, hydroxyl and 
carbonyl. It is structured as follows: 

(CH3)2C(SO3
-)-O-[CH2CH2COCH2CH2O]n-C(SO3

-)C(CH3)2       

Thermal gravimetric analysis. From Fig. 2, 5% SAF decomposition is at temperature of 116℃, 
and 10% SAF decomposition is at 158 ℃, then rapid decomposition temperature is at 320 ℃. It can 
express the SAF is high temperature resistance, good thermal stability and suitable to use in high 
temperature environment.               

Optimum of dispersant concentration and CWS concentration. When the concentration of 
coal-water slurry was constant, just the amount of dispersant changing, the viscosity of CWS with 
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different concentration dispersant was tested. As depicted in Fig. 3. The optimum dispersant 
concentration is 0.45 wt% on the basis of dry coal. In the case of constant concentration dispersant, 
the concentration of CWS was changed from 63-72 wt%. From Fig. 4, the viscosity of CWS sharply 
rises with increasing of the concentration of CWS. It reveals the most appropriate concentration of 
CWS is 65 wt%. 
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                  Fig. 1 FTIR spectrogram of SAF                         Fig. 2 TGA of SAF 
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 Fig. 3 Effect of dosage of dispersant on the viscosity of CWS       Fig. 4 Effect of coal concentration on the viscosity of CWS 
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     Fig. 5 Zeta potentials of CWS with different dosage            Fig. 6 Wetting angles of dispersants with different 
                       of dispersant.                                     ratio of reactants on coal. 

Zeta potential. The relationship between Zeta potential and stability of the system shown in Fig. 
5. The stability of CWS with Zeta potential of ± 30 to ± 40 is general, and the stability of CWS with 
zeta potential of ± 40 to ± 60 is good. As expressed in Fig. 6, all potential showed a negative charge, 
it indicated that the dispersed particles were negative. Furthermore, the absolute value of Zeta 
potential gradually increased with the dispersion concentration increases. It illustrated the CWS 
became stabilized after it was added dispersant. Meanwhile, the sites of action of dispersants and 
coal surface increase and formed a more stable diffuse double layer at the interface. The potential 
difference between the continuous phase and the fluid stable layer adhering on the dispersed 
particles increases, the system increasingly at steady state afterwards. 

Dispersants on the coal surface wettability. The dispersant for CWS is also a surfactant, and its 
dispersion mainly depends on the affinity dispersant and coal. In the other word, if the dispersant 
can freely spread out on the coal surface. The wetting angle is a measure of the spreading extent.  
The smaller wetting angle is the better dispersion is. On the contrary, the poorer dispersion is. From 
Fig.6, when the mole ratio of formaldehyde and acetone is 2.2:1, contact angle of the smallest is up 
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to 38.5 °. The SAF dispersant synthesized under this condition performance best. It accords with the 
result of contact angle. 

Summary 

The SAF synthesized under the mole ratio of formaldehyde and acetone at 2.2. The SAF 
performances best in Shenhua coal-water slurry. Under 65 wt% of the coal concentration and 0.45 
wt% of the dosage of dispersant, the viscosity of CWS is 476 m Pa • s at the shear rate of 100s-1, the 
7 days separating water ratio is 4.63 v/v%. The SAF is a promising dispersants for Shenhua coal 
after it was optimized. 
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