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Abstract: Polycarboxylate superplasticizers (PCEs) were synthesized by free radical copolymerization of vinyl
ethylene glycol monovinyl polyethylene glycol ether and acrylic acid in aqueous solution. The effects of reaction
temperature, dropping time and chain transfer agent dosage on the molecular structure and dispersion of PCEs were
investigated. The results show that the reaction temperature and chain transfer agent dosage have a great influence
on the conversion rate of ethylene glycol monovinyl polyethylene glycol ether, the molecular weight and its
distribution of PCEs, resulting in the significant differences in the dispersibility and retention of PCEs in cement paste,
while the effect of dropping time is relatively small.
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Table 1 Chemical composition(by mass) of cement

Unit: %
CaO SiO, ALO, Fe,O, MgO {-CaO SO, Na,O TiO, 1L
62.03 20.98 4.18 3.45 2.27 0.64 2.93 0.35 1.46 1.71
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Fig.1 Gel permeation chromatograms of PCEs under different reaction conditions
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Fig.2 M, of PCEs under different reaction conditions
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Fig.4 Effect mechanism diagrams of temperature on free radical polymerization
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Fig.5 Conversion of double bond of EPEG under different reaction conditions
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Fig.6 PDI of PCEs under different reaction conditions
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2]

AR, A < S A X PCEs 437 5 44 F1 03 180 52 i S L3 137

Initial dispersion % $.%

S
i
o S

Hydration product

PCEs

30 minute dispersion

(a) Low temperature

I8 IR 52Nl BE N A B PCESs X 7K U 3 1A 43 B (4 52 M6 e 7R 2 &

Fig. 8 Comparisondiagrams of influence of synthetic products on dispersibility of cement paste under different reaction temperatures

B A 7K U8 S0RE 2 1T 114 1F FRL A DX ] R by 0 Y
25 (8] 57 BELAE A fefi 75 PCEs £ 7K Y8 3% 4 v (1) 490 4 20 1L
PEAR SR {0 PCEs 43 F# fif Y K o W Bt 25 5 BOR AR v
Ui 5 0 4 B g /b, DT 8 04 2 1 0 AR 45 A
22N BE R RN IR ) T PCEs 43 1 A4 K 45
B, EHE AR R AL A w B AIK, PCEs n] LA 43 %
B E 7K e UKL 2% 18T , DT 2K 4 43 10K U8 JURL 4 A

T B R v OB F AR R], # PCEs 43
s W o RO R 2 TR AT A R A it S 1Y
PCEs f#7E T /KIS AR v, i A5 7K U8 3 A4 1 43 i
PEFETF Y R W R T==30 Ci, 5] ki Rt th, &
O AT AA S EPEG Wy SERIG A —E 2
St 2Y RN RPN AA Z VA & B
PCEs /> ¥ 355 I AA M EPEG 9 43 fi A 4], 7 Bl
PEBE T B AT T BOK SR 3h s/ . 53 00 25
1 (a) 1] 1, W s 8] 78 24~26 min B 4 1% 28 ) &)
Y, HoE R KR EPEG 1 U 7 Ak % 1%
%, 25 T BOK e AR 7 3 32 FRAIK

AR i 5 A 50 RS 4 B Bk 5| Kk R T
B H S KBRS IOV A 5 B R R
0.5% Bf ,EPEG ) BUEE % {5 AL, PCEs 43 F h A7
— R 43 AR 43 BT A ok K, AH K U IR AR B w46 T B
JE 9 250 mm, BB 3X — ¥ 73 PCEs Al LAk #5 53 #0K
Y TURL A/, X H A D84y PCEs B3 767K e
Kk FHEOK KRR R TR 2E YR
R R 2.0% B, PCEs 4> T 19 T 86 K B it 4, e
FE VAT B ek RO A /b DR b W S 38 g R 2 Tl 437 BEL U
N X AR SR 8 S BIOE S o R R R R Y
RS A 1.5% B, 7K U8 24K 1 ) 45 37 o 1 I

(b) Moderate temperature

(c) High temperature

K, 0B PR FE R B 2E b IR R R R =
1.5%.

TN B ) X PCEs M 6 B9 52 M 48 /0, 5078 i Jn st
[i] £ 5% Wi S5z o7 A4 2R v LA 55 5 | R SR I vk L 22
A () AR J (=40 min) B}, 2 B 1A 2 Hf B A R 5] & 5
(1 v B 3 R i R R R R, PCEs 8% Bt 25 44 1/
AR e £ 23 )7 BEAE R8N, 2 SO AR K U8 2
P b b o3 FCHE RN A DR R R AR 22

3 it

() FEA B PCEs I 1k &, PCEs ZE K g H¢
AT (400 1 43 EBOME RN 43 HIODR 4 P 52 6 i R v R R
T P RV 2 B 500 P S 100 5 i A K T 2 98 o B[] 7
S BN 2 RN IR EE R 20 °C L BE 55 RS R H = ok
1.5% i fin st 1] >4 60 min A, 48 A PCEs i 7K Jé 3 44
FUA B8 W) 1 U 2 BE 5 0 4 BIOR R

(2)7E PCEs 45 J i #2 v, 7 e S oz Jik B g
TR Bt % ) FH k8 2 1 I 8 K R A A A B N 1Y
1%, T PCESs (19 40X 43 F I 1 B A, 40 A J
Bl AR 78 . S0 A TR i B ) U] 2 IR B i B B g ) AR
R R EPCEs I A X 43 F 53 4 1 K, 4 A i [

N

15t
=

S E WK

[ 1] Wi, MiRT-, PLANK Johann, 4% . 552 2 2 K 5 7E A Bl
FEFRM TR R TEL T ). AR A4, 2022, 25(1) :54-60.
YANG Haijing, SUN Zhenping, PLANK Johann, et al.
Relationship between structure and performance of using

polycarboxylate-based superplasticizer as cement grinding aid [ J].



138

#OR

MoB % )

27

(2]

Journal of Building Materials, 2022, 25(1) :54-60. (in Chinese)
FLEEWT, GETIN, R ARAE . T AR U R SRR R R K T i 11 5
W[ J]. SRR 2R, 2014, 17(1) 18,

KONG Xiangming, HOU Shanshan, SHI Zhihua. Influences of
functional monomers on performance of polycarboxylate
superplasticizers[ J]. Journal of Building Materials, 2014, 17(1) :
1-8. (in Chinese)

ERZENGIN S, KAYA K, PERCIN O, et al. The properties of
cement systems superplasticized with methacrylic ester-based
polycarboxylates[ J]. Construction and Building Materials, 2018,
166:96-109.

NI, AL, e, 45 . TR TR R IS0/K R 1 28 R0 KL
LT, SR B4R, 2022, 25(3):263-269.

SUN Zhenping, LI Zuyue, PANG Min, et al. Slow-release effect
of polycarboxylate superplasticizers with various functional groups
[J]. Journal of Building Materials, 2022, 25(3) :263-269. (in
Chinese)

PLANKJ, SAKATE, MIAO C, et al. Chemical admixtures—
Chemistry, applications and their impact on concrete
microstructure and durability[ J]. Cement and Concrete Research,
2015, 78:81-99.

WA, w8, BRI, 45 . 980K G0 7R K U 50k 35 1 i R B
FEPERTFOIE LT ] B HA R4, 2005, 8(4):410-416.

QU Jindong, PENG Jiahui, CHEN Mingfeng, et al. Review on
the adsorption characteristics of superplasticizers on the surface of
cement particles[ J]. Journal of Building Materials, 2005, 8(4):
410-416. (in Chinese)

MR . SRR R AR KGR AT 9 02 135 i e ) 6 IR [T ], s A
KA, 2020, 23(1):128-129.

SUN Zhenping. Six urgent problems in the further study on
polycarboxylate based plasticizers [J]. Journal of Building
Materials, 2020, 23(1):128-129. (in Chinese)

LEI L, PLANK J. A concept for a polycarboxylate
superplasticizer possessing enhanced clay tolerance[J]. Cement
and Concrete Research, 2012, 42(10) :1299-1306.

YAMADA K, TAKAHASHI T, HANEHARA S, et al. Effects
of the chemical structure on the properties of polycarboxylate-type

superplasticizer[ J]. Cement and Concrete Research, 2000, 30(2):

[11]

[12]

[13]

[14]

[15]

197-207.

R, Mo, £ R OR L R LR RS T RN RR R
I AL S P N S R S R [T]. RERRER 741, 2019, 47(2)
201-206.

LI Huiqun, YAO Yan, WAGN Ziming. Influence of molecular
mass of isoprenyloxy polyethylene glycol on monomer sequence
in polycarboxylate superplasticizers[J]. Journal of the Chinese
Ceramic Society, 2019, 47(2):201-206. (in Chinese)
CHOMYN C, PLANK J. Impact of different synthesis methods
on the dispersing effectiveness of isoprenol ether-based
zwitterionic and anionic polycarboxylate (PCE) superplasticizers
[J]. Cement and Concrete Research, 2019, 119:113-125.
WAL w2 A2 ML SRR e st A2 Tl iy jigdt, 2011
73-74.

PAN Zuren. Polymer chemistry[ M |. 5th ed. Beijing: Chemical
Industry Press, 2011:73-74. (in Chinese)

SCHMID M, PLANK J. Dispersing performance of different
kinds of polycarboxylate (PCE) superplasticizers in cement
blended with a calcined clay [J]. Construction and Building
Materials, 2020, 258:119576.

MR-, SRR, BIE L, A PRI RS R IR A K R B 5
PR S /E AL [T ] R EE 1, 2019(6) :51-54.

SUN Zhenping, WU Lelin, HU Kuangyi, et al. Research status
and acting mechanism of slump retention type polycarboxylate
plasticizer[ J]. Concrete, 2019(6) :51-54. (in Chinese )

RAN Q P, SOMASUNDARAN P, MIAO C W, et al. Effect
of the length of the side chains of comb-like copolymer dispersants
on dispersion and rheological properties of concentrated cement
suspensions[ J . Journal of Colloid and Interface Science, 2009,
336(2):624-633.

KONG F R, PAN L S, WANG C M, et al. Effects of
polycarboxylate superplasticizers with different molecular
structure on the hydration behavior of cement paste [J].
Construction and Building Materials, 2016, 105:545-553.
SHA SN, WANG M, SHI C J, et al. Influence of the structures
of polycarboxylate superplasticizer on its performance in

cement-based materials—A review[J]. Construction and Building

Materials, 2020, 233:117257.



