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Abdract: A viscosity-reducing polycarboxylate superplasticizer VR-PCE-TR with a narrow molecular distribution was
synthesized from thermally initiated reversible addition-fragmentation chain transfer (RAFT) polymerization of
polyoxyethylene polyoxypropylene isopentenol ether (IPEPPG), 2-methyl-2-butylsulfanyl-thiocarbonylsulfanyl-propionic
acid and maleic anhydride in a continuous tubular reactor, and characterized by 'HNMR, FTIR and GPC.
VR-PCE-TR was then evaluated for its influence on the working performance and rheological properties of
concrete, and for performance comparison with viscosity-reducing polycarboxylic acid superplasticizers prepared
by conventional aqueous free radical polymerization in tank reactor. The results showed that, when the mass
fraction of polycarboxylate superplasticizer solution was 10%, VR-PCE-TR exhibited the lowest surface tension
(30.65 mN/m). When the superplasticizer mass fraction was 0.8%, VR-PCE-TR displayed a higher adsorption
capacity for cement particles (2.803 mg/g). When the dosage (based on the mass of cement, the same below) of
superplasticizer was 0.13%, the cement slurry with VR-PCE-TR showed better dispersion and dispersion
retention performance, while when the dosage of superplasticizer was 0.4%, the cement slurry with VR-PCE-TR
showed a lower yield stress (1.3 Pa) and lower plastic viscosity (0.26 Pa-s). The continuous tubular reactor
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avoided the material deoxygenation step and could maintain the polymerization control and polymerization

reaction rate, therefore, the prepared VR-PCE-TR had a narrower relative molecular mass distribution

(polydispersity index was 1.19), and thus had better viscosity reduction effect and application performance.

Key words. polycarboxylate superplasticizers; relative molecular mass distribution; viscosity-reducing;

continuous tubular reactor; thermally initiated RAFT polymerization; building chemicals
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Fig. 1 Schematic diagram of continuous tubular reactor
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Fig. 2 Schematic diagram of synthesis of viscosity reducing agent by thermally initiated RAFT polymerization in continuous

tubular reactor
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Fig. 5 GPC spectra of 4 kinds of water reducing agents (A,
B,C,D)
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Fig. 10 Adsorption of 4 kinds of water reducing agents (A,
B, C, D) on cement particles
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Fig. 12 Effects of 4 kinds of water reducing agents (A, B,
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Table 4 Concrete formulation

Wkl K ®W W4 PCE BIEH K

BINE/(kg/m®) 520 826 894 2.6  0.052 165

£S5 4 FEUKH (A, B, C. D) X H#&IEREE TS
PERY S
Table 5 Influence of PCE on the flow ability of SCC
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D 3.7 6.1 35 720 495 632

e Tso FniREE P RIEIRE] 500 mm [T,

FEPRA S, FEAEEK ) D A 5 A R A A
XF 43 Jo f o3 AT AR B REAR 7 A R AR, BeE By
BECR A RO AR B s, BRIk, HoA AR
ETIK ST (30.65 mN/m) (& 9), B 5 iy fff 4
(2.803 mg/g) (& 10), LRG0 4 SO 43 B PR
Ferkne (B 11), DT RE6S SE TR A 1 B R AR (A
12), RIS iR sE + 0 FHPERE
29 EHEME| K RAFT BEMBHF

B 13 JB/R T ARSI i 228 U b e A | &
RAFT RG G WA 411 531 1Y [ R B0/ R0 B
AR, R TR FHER AL T A RS, bR 2R
EAHTIT

(1) FEEAE XA R 51 & 52 $0™ H: 1 —
oy B i BRI ARE SR R TP IR A, 51—
MBI KRS, LT ABCERAMELTT RAFT B
AR,

RO
BARH | o o o
o=
//FL\\ AR
BIEHNH g o o
@ Y
//rl\\ D EIEIR ’
7 ® T /—(P T
BER |9 Q2
T . g "
3ttieg FEAELI 2R HELER LR

K13 L A PG R RAFT R T

Fig. 13 Flow diagram of thermally initiated RAFT polymerization in continuous tubular reactor
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