RE S et New Insight into the Effect of Different Interactions of
Polymers with Various Molecular Structures on the
Surface Covering and Rheology of Cement Particle
Suspension

Available in: http://jips.ippi.ac.ir

Mohammad Reza Rostami-Dorounkola'™, Foroud Abbassi Sourki?,

Iran. J. Polym. Sci. Technol. . . . o
Hossein Bouhendi?, Shokofeh Hakim', Mehrdad Seifali

(Persian),
Vol. 37, No. 1, 47-60
April- May 2024
ISSN: 1016-3255
Online ISSN: 2008-0883
DOI: 10.22063/JIPST.2024.3616.2313

1. Department of Polymerization Engineering, Faculty of Engineering, Iran Polymer and
Petrochemical Institute, P.O. Box: 14975-112, Tehran, Iran
2. Department of Rubber Engineering, Faculty of Processing, Iran Polymer and Petrochemical Institute,
P.O. Box: 14975-112, Tehran, Iran
3. Department of Adhesives and Resins, Faculty of Petrochemical, Iran Polymer and Petrochemical
Institute, P.O. Box: 14975-112, Tehran, Iran

Received: 10 January 2024, accepted: 19 June 2024

ABSTRACT

ypothesis: Water-soluble polymers with different structures are used as additives
Hin cements. The types of functionalities are hydroxy, amine, sulfonate, and
carboxylate ions. Polyethylene glycol branches in different sizes and numbers
are placed inside the main chain. The design of the mentioned macromolecules is
for the synthesis of polymers with different structures and properties. lonic groups
improve the interaction of chains with cement particles and cement dispersion.
Branches can lead to better dispersion of cement through steric hindrance mechanism.
Methods: A redox radical polymerization reaction was performed with different
ratios of acrylamide (AM), 2-acrylamido-2-methylpropanesulfonic acid (AMPS),
and TPEG monomers. The structure of synthesized polymers containing different
functionalities and branches was characterized by FTIR, '"H-NMR and GPC methods.
The interactions between synthesized polymers and cement particles have been
investigated by physical sedimentation, zeta potential, and rheological methods.
Findings: AM/AMPS copolymers and branched terpolymers containing different
functionalities were synthesized and characterized by FTIR, 'H-NMR, and GPC
methods. Investigating the interaction of various polymers on the proper dispersion
copolymer and terpolymer, and settling speed of cement particles was done physically. Also, the type of interaction
between chains and cement particles was investigated by the zeta potential method.

interaction,

acrylamide, . . . . .
i Different types of synthesized polymers with different concentrations showed a
cement slurry, significant effect on the rheological behavior of cement suspension. Polymers with
rheology different functional groups follow different mechanisms of interaction with cement.

The important parameters affecting the viscosity and yield stress of the suspension
include the amounts of sodium sulfonate ions, polyethylene glycol branches, and M|
of the copolymers. The complex viscosity of the cement slurry in the presence of
polymers is pseudoplastic as high as the frequency range of 10 rad/s. The values of
tand showed that at higher frequencies, the storage modulus of suspensions has an
increasing slope, and the response of the system to the applied stress is elastic.
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Table 1. Specifications related to G-type cement.

Component Requirements | Result

Tricalcium silicate, C3S (%) 48-65 60.6
Dicalcium silicate, C2S (%) 15.0 MAX* | 13.61
3.0 MAX 2.0

24.0 MAX 18.3
6.0 MAX 1.95
0.75 MAX 0.62
3.0 MAX 1.54
3.0 MAX 0.93
0.75 MAX 0.45

Tricalcium aluminate, C3A (%)
C4AF +2C3A (%)
Magnesium oxide, MgO (%)
Sodium oxide equivalent (%)
Sulfur trioxide, SO, (%)
Loss on ignition (%)

Insoluble residue (%)

*MAX: Maximum
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Table 2. Synthesis conditions of linear copolymers and branched terpolymers containing AM/AMPS functional monomers.

Batch AMX*10? (mol) AMPSx10? (mol) [M]/[1] Other feed x10- (mol) Solid (%)
1 2.8 9.6 11.4 TGA=0.43 26.1
2 2.8 9.6 12.2 TPEG,,,,,= 0.83 27.9
3 28.1 9.6 17.2 0 29
4 28.1 9.6 34.5 0 27
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Fig. 4. The effect of the structure of various polymers on the
zeta potential of cement suspension (the ratio of water and

polymer to cement is 5 and 0.007 respectively).
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Scheme 3. The effect of the concentration and structure of

copolymer 1 on the surface coverage of cement particles.
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Fig. 3. Sedimentation of cement particles for the cement
suspension sample (from left to right), cement suspension

containing 0.7% by weight of copolymers 1, 2, 3 and 4.
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Fig. 6. The effect of concentration of branched terpolymer 2

on the viscosity of cement suspension.
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Fig. 5. The effect of concentration of copolymer 1 on the

viscosity of cement suspension.
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Fig. 8. The effect of concentration of copolymer 4 on the

viscosity of cement suspension.
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Fig. 7. The effect of concentration of copolymer 3 on the

viscosity of cement suspension.
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Table 3. The effect of the concentration of various synthesized polymers on the yield stress values of cement suspension.

Synthesized
- Polymer 1 Polymer 2 Polymer 3 Polymer 4
polymers
Polymer weight
0 0.4 0.7 10 | 04 | 07|10 | 04 | 07| 10| 04| 07 | 1.0
percent
Yield stress (Pa) 354 15 52 | 73 | 155 | 86 | 86 [21.7| 23 | 05 | 107 | 93 | 116
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Fig. 9. Changes of storage modulus (G') of cement
suspension containing polymers 1 () and 2 (#) and loss factor

(tand) containing polymers 1 () and 2 (#) with frequency.
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Fig. 10. Changes in the complex viscosity of the cement slurry

with respect to frequency in the presence of polymers 1 ()

and 2 (®).
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