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Research Subject: Superplasticizers can be synthesized in different
ways. The aim of this study is to present a two-step method for the
synthesis of polycarboxylate ether and to investigate the temperature
change in synthesis. In the first stage synthesis, the main chain and in
the second stage synthesis, the side chains are created.

Research Approach: The synthesis of the primary copolymer was
done by mass method and free radical mechanism. FTIR analysis was
performed to identify the functional groups formed according to the
predictions and to reach the desired copolymer. Then the copolymer
viscosity was determined as a parameter determining the progression
of the main chain length and in the second step, polycarboxylate ether
was synthesized by solution using an optimized AA copolymer. First,
FTIR analysis was performed to confirm the structure and HNMR test
was performed to confirm the final synthesis. Then, GPC test was per-
formed to determine the characteristics of the synthesized polycarbox-
ylate ether, including the average molecular weight of the polymer and
the molecular weight distribution curve, and MW and PDI values were
reported. Finally, the slump test was performed to confirm the perfor-
mance.

Main Results: With increasing the temperature of copolymer syn-
thesis, the length of the main chain also increases and the intensity
of this increase is higher at high temperatures, but on the other hand,
temperatures higher than 70 ° C also caused the destruction of the co-
polymer, which was detectable in the form of viscosity reduction and
discoloration of the solution. Therefore, the initial synthesis should be
performed at 70°C for 8 hours. The synthesis of polycarboxylate ether
with equal molar ratios and maintaining the same conditions and only
at different temperatures showed that the best synthesis temperature is
70°C for 6 hours. By increasing the molecular weight of polycarboxylate
ether, by increasing the side chain, a better slump and flow in concrete
was created.

*To whom correspondence should be addressed:
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Fig. -1 Copolymer synthesis mechanism of the main polycarboxylate ether chain [21]
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Table 1 Equipment and characterization methods applied to study the effect of silica on the

Sample First synthesis step conditions

Code

( copolymer synthesis -main chain created )

Reaction Temperature: 50 oc
AA1
halide) = 0.1

Equal mole fraction of acrylic acid and -3Chloro-2-methyl-1-propene (alkyl

Reaction Time : 8 hr
Reaction Temperature: 60 oc

halide) = 0.1

Equal mole fraction of acrylic acid and -3Chloro-2-methyl-1-propene (alkyl

Reaction Time : 8 hr
Reaction Temperature: 70 oc

halide) = 0.1

Equal mole fraction of acrylic acid and -3Chloro-2-methyl-1-propene (alkyl
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Table -2 Copolymer synthesis relative viscosity in different temperature

Sample Coding Relative Viscosity
(Solute discharge time / Solvent
discharge time)
AA1 12.22
AA2 15.76
AA3 19.64
(I.THJ CH3
—H:C - CH H H2C - fih— + H—{CH:—(.‘I-I:—O-]TOH => —H:C- CH-4— H2 - éi: + HCl
I : |
COOH ‘IJHZ (!;00[] CH:
Cl (]J
4
CH:
]
CH:
]
0
T
H

[vy] SRV W SVE SR 5] S vEUwage] IGH U VIt Sl PR L1 R i L)
Fig. -3 Mechanism of synthesized polycarboxylate ether and side chain created [21]

Sample Second synthesis step conditions

Coding ( Synthesized polycarboxylate ether -side chain
created)

PCE1 Reaction Time : 6 hr

Reaction Temperature: 50 oc
Equal mole fraction of AA3 and Polyethylene glycol = 0.1

PCE2 Reaction Time : 6 hr
Reaction Temperature: 60 oc
Equal mole fraction of AA3 and Polyethylene glycol = 0.1

PCE3 Reaction Time : 6 hr
Reaction Temperature: 70 oc
Equal mole fraction of AA3 and Polyethylene glycol = 0.1

(£ 02 bl = 00 Jitw 51 IS 525 () 9o al>po s 10 (S35 (slo diges 05 - ¥ Jgor
Table -3 Sample coding in second synthesis step (Synthesized polycarboxylate ether -side chain created)
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Table -4 Mw and PDI for synthesized polycarboxylate ether in different temperature

Sample Mw PDI
PCE1 28900 2.14
PCE2 29100 2.14
PCE3 30600 1.76
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T Fuz T T L] T 11-’
Molar mass [D]
PCE)Y 4505 GPC Jloges # IS
Fig. 6 GPC of PCE1 sample
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Fig. 7 GPC of PCE2 sample
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Table 5- Slump test results for synthesized polycarboxylate ether

Sample Specify Slump (cm)
% 0 PCE 2
% 0.5 PCE1 2.5
% 0.5 PCE2 2.9
% 0.5 PCE2 4
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