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Preparation of polycarboxylate super plasticizer with
uniform composition based on reactivity ratio
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Abstract: Based on the reactivity ratio of comonomers of polycarboxylic acid superplasticizer (PCE)
obtained by experiment, the supplemental time and amount of acrylic acid (AA) were determined by
controlling the conversion rate and active monomer addition through theoretical calculation and
experimental test results, so that the monomer composition of AA and macromonomer methyl alyl
polyethylene glycol (MAPEG) remained unchanged in the copolymerization system to ensure the
consistency of the copolymer composition synthesized at different time point. The composition difference
of the copolymers obtained from controlled feeding process (CFP) and traditional feeding processes (TFP)
was compared in order to systematically study the accuracy and reliability of CFP, and the effect of
copolymer composition on its dispersion performance was investigated. The results showed that in the
process of PCE preparation by CFP based on reactivity ratio, AA consumed faster in stage, which addition
inhibited the variation amplitude of AA and MAPEG in the instantaneous composition of copolymer, and
the average acid/ether ratio [n(AA)m(MAPEG)] of PCE prepared by CFP were 2.8, 3.8 and 4.8,
respectively, which were basically consistent with the designed values (3.0, 4.0, 5.0). The PCE prepared by

WS BHE: 2023-06-08; EF HHEA: 2023-08-25; DOI: 10.13550/].jxhg.20230462

ELWA: AT ARm MRS (ZIXIIBGS-2022-01); I T4 SE AR R AEFRIIHNE (202009); FAHATHE (7=
P2 ) (140009011202007 )

EHZ B . WEm (1995—), 4, #iiit:, E-mail. zhaomeilizm@163.com. BEE A: T (1963—), J, #4%, E-mail . wangziming@
bjut.edu.cn,



56 M

MAIEH, 450 kT 38 R ATl A AL 2 10 SRR IR D K 5

- 1383

CFP showed higher average main chain length, carboxyl content and macromonomer content, which
increased the coverage area and adsorption layer thickness of PCE, thus improving the initial fluidity and

fluidity retaining ability when used in cement paste.

Key words. polycarboxylate superplasticizer; reactivity ratio; controlled feeding process; structure
parameters; dispersing properties; construction chemicals
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Table 1 Amount of monomers in conventiona polymerization
processes

FifElg
MAPEG AA TGA APS H,O

AJE [A/E]

30 3.0 240.000 21.600 1.610 2.166  398.064
40 40 240.000 28.800 1.610 2.166 408.864
50 5.0 240.000 36.000 1.610 2.166 419.664
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Fig. 1 Change of copolymer composition and monomer
composition with system conversion rate
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Table 3 Composition of different designed copolymers
corresponding to that of initial feeding monomers

HRIER AlE [A/E]o £l 1% £91%
MAPEG-AA 30 1.200 455 54.5
4.0 1.786 35.9 64.1
5.0 2.373 29.7 70.3

T o MR BRE T AA BIEER M4, %o

212 AAAMmELRAZBLEG T X R

TEAREAL RN, B T R AR R SR 1 A1
25 KRR T B AR 2 ol i — PR PR R 0 O o 1 15
B, AN BAR L BAS 52 m FE SR A 21

B 7E R 10%5% 1b 363 [ 9 3k R P 21 B ok &
B, BVTERE 10%5; Ak 5230 B P9 B AR 2 LR A AN AR
B} 10% Ak AR Ak [a] b T3 AR T AE AT AA B
] I s DR S SR NS 1 B S/ S N NG AN N
[ LR 4L BRI G AA RN 5 1R R Ak
Z IR R WME 4 FiR,

F 4 AA RN AR R AR Z 1 C R
Table 4 Relationship between AA supplemental amount
and conversion rate

AA KM
Cl% A/E=3.0 A/E=4.0 A/E=5.0
mlg n/mol mlg n/mol mlg n/mol
10 0 0 0 0 0 0
20 1426 0.020 1.774 0.025 0 0

30 0.905 0.013 1124 0.016 3.188 0.044
40 0.940 0.013 1166 0.016 1.622 0.023
50 1107 0.015 1391 0.019 1558  0.022
60 1.153 0.016 1429 0.020 1.683 0.023
70 1238 0.017 1517 0.021 1.858  0.026
80 1396 0.019 1720 0.024 2.067  0.029
90 1560 0.022 1917 0.027 2312 0.032
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Fig. 3 System conversion curves with time

5 AA RS A ¢ FR
Table5 Relationship between AA supplementation and time

A/E=3.0 A/E=4.0 A/E=5.0

tmin AA/g t/min AAlg t/min AAlg

4.2 1.426 4.6 1.774 31 3.188
7.2 0.905 7.5 1.124 8.7 1.622
14.6 0.940 11.6 1.166 14.3 1.558
29.6 1.107 16.8 1.391 22.9 1.683
54.0 1.153 27.0 1.429 35.8 1.858
123.7 1.238 60.4 1.517 70.7 2.067

127.7 1.396 80.0 1.720 180.0 2.312
201.5 1.560 157.0 1.917 0 0

& da FilZk 6 AT, — AR T 206 iU PCE
A BRI o F iR (M) i 28024, MAPEG #%
R A 79%, ZaEtEiEE (PDI) o 1.83, XJ&
T RS I MAPEG Fl AA 238 AR R, AA B
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Fig. 4 GPC diagrams of PCE synthesized by different
processes
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Table 6 Molecular characteristics of PCE synthesized by
different processes

RBAETZ My, M, PDI Cwl%
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Fig. 5 Changes in average acid/ether ratio and the
acid/ether ratio in each time period of PCE
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Fig. 6 Fluidity of cement paste containing PCE with
different design copolymer compositions (A/E)
synthesized by different processes
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Table 7 Percentage increase in fluidity of cement paste containing PCE synthesized by controlled feeding process compared
with PCE synthesized by traditional feeding processes

FEH T2 4 PCE MR RS I 3 2 I AL 5 T 248 8 1 735U %

PCEBI®/% A/E T4 /min — WKL T2 /min
0 30 60 90 120 0 30 60 90 120
0.1 3.0 21.84 5.10 5.44 3.28 6.31 2.87 30.43 43.03 38.96 36.75
4.0 11.52 7.10 1.88 9.76 7.64 4.23 27.11 19.98 42.36 55.79
5.0 1713 1217 13.51 19.77 21.37 10.94 32.17 39.42 26.00 56.91
0.2 3.0 7.11 4.20 6.00 2.46 7.07 6.07 6.64 8.45 8.35 11.09
4.0 8.18 8.40 3.38 1.11 371 5.23 9.68 5.15 4.80 6.27
5.0 571 311 5.74 1.16 1.94 3.95 8.38 6.96 2.54 3.75
0.3 3.0 6.61 2.67 3.65 1.81 1.64 5.52 9.43 7.20 6.17 5.80
4.0 10.77 8.62 5.34 4.90 6.00 7.50 9.04 9.16 8.85 9.18
5.0 10.80 2.06 1.62 1.62 2.18 4.14 6.03 7.01 6.79 6.63
# 8 AR TZHlE& K PCE M) R4
Table 8 Average main chain length of PCE synthesized by different processes
RETZ M, CEHEEELL SSHEOCHN TR BAE PHESERKE BT AA SR E8T MAPEG S
—WE T 15348 5.03 2762.04 5.56 33.50 27.94 5.56
WINTZ 15793 454 2727.02 5.79 32.09 26.30 5.79
T 24356 3.77 2671.78 9.12 4353 34.41 9.12
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