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Abstract : Using o-methallyl-w-hydroxy poly (ethylene glycol) ( HPEG) as macromonomer, a series of
polycarboxylate-based superplasticizer (PCE) with different acid-to-ether ratios, side chain length and relative
molecular mass were prepared and used as cement grinding aids. The influence of PCE molecular structure on its
grinding efficiency was investigated. The results indicate that the optimal grinding efficiency is provided by a PCE
with a proper acid-to-ether ratio. Short side chain length and low relative molecular mass are preferred. Compared
to the reference, the cement produced with PCE exhibits a decreased water demand for standard consistency, and
the compressive strength decreases at 16 h without any loss at 28 d.
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Fig. 1 General molecular structure of PCE
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Table 1 Characterization of PCE via GPC method

Conversion

Sample M, M, PDI rate/ % ab n
7THPEG3 34870 14610 2.4 96.0 3.0 7
10HPEG3 44 250 17050 2.6 95.0 3.0 10
23HPEG3 36290 15670 2.3 88.2 3.0 23
S0HPEG3 45740 22520 2.0 81.7 3.0 50

23HPEG4.5 58910 24980 2.4 90.0 4.5 23
23HPEG7b 71390 28350 2.5 94.8 7.0 23
23HPEG15 41850 17800 2.4 84.6 15.0 23
23HPEG7a 253000 69300 3.7 92.7 7.0 23
23HPEG7c¢ 24510 10460 2.3 92.5 7.0 23
23HPEGT7d 13990 6550 2.1 90.0 7.0 23
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Table 3 Oxides phase composition of the clinker

w/%

Ca0 Si0,  ALO, Fe,0, MgO KO SO, TiO, P0. BaO NaO S1O  MnO  ZnO 7O,
66.02 21.20 5.68 3. 26 1.43 0.63 0.36 0.34 0.33 0.18 0.12 0. 06 0.05 0.02 0.01
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Fig.2 XRD pattern of the clinker
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Blaine specific surface area of the clinker and
gypsum blend after different grinding periods
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Fig.4 Grinding efficiency of PCE with different side
chain length
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Fig. 5 Grinding efficiency of PCE with different molar
ratio of methacrylic acid to macromonomer
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Table 4 Influence of grinding aids on cement properties

Water demand for standard

Cement type

consistency(by mass)/ %

Setting time/min

Initial Final

Reference 25.0 155 240

Reference + 0.03% TEA 26.5 150 232
Reference + 0.10% 23HPEG7b 24.0 178 268
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Table 5 Influence of grinding aids on the fluidity and compressive strength of mortar

Cement type

Mortar Fluidity/mm

Compressive strength/MPa

16 h 28d

Reference 194 5.2 54.9

Reference + 0.03% TEA 181 5.5 52.2

Reference + 0.10% 23HPEG7b 212 4.7 54.5
Reference + 0.10% 23HPEG7b 220 4.6 56.5
Reference + 0.03% TEA + 0.10% 23HPEG7b 206 5.0 54.6

2.3 PCEfEAKEBIEFIMIERILESH

FE] N A0 2 2 5 1 BB SR ) /R AL L A T 2
5%, EEIR LA 3R

(1) Rehibinder 5 £ H 55 % % ¥ 3 F
Griffith Wr 24 #8951 & A s e W 24 e 535 222 %) e />
N 775 3 A 2 T Y 3R T RE %% U0 O i B B ) 43
W R 7 A e 2 T B 2 L, T e 4 8 ) 3 T BE AT
AT /NS4 307 o JIr 4 1 07 . BRT kb, B s ) o A ek
oy T ok AR RS B T I 55 A R A AR T R
R 5 T 0EAT A7 T3 B8 41 BE FURY B SR A 4

(2)Mardulier JKz 43 55 B 7K U6 K B i A v
K EA Ca—O #EF1 Si—O il & A Wi 24, Jr 7= A 1)
B A7 AE KA A EL A A S AT Y B T A
X TE P G I s, A G UKL AT SR DL K
CRIER MBS AE LG R R IR AR T R AR
oy B ok AR A %) Bl R0 T W B A kL 2R T, AR
TRk 2 B DRy 2 T 2B 7 1 B I P S, DT A AR IR

IropT AR SR T, B i g OR8] LA ROURE S R I A
JoiE I £ 1 WA 1 P, A B T A5 B SR 4 v

(3R FEATE AR 3 738 R A R, Bl s ) T
T V& 2 1) OURE 3% T JE BBRL 73 2% W B B , LA T
T o B A T AT L/ SR 8] LR JORE 55 85 B A
JEC ) 4y R B, AT A 250 B v o 2 SR AR A2 I
T B0y R R A A AR R A S 2 B R e
R R s RS R V2 52 8 o (LA PR X A S 2R
(BT

P LA 3 0 B e mT A B 5 1 B 2 A A B
JEEPERE /Y S5 e 2% AF . PCE A1 A i R BE IS/, AT LATE
IR e URE B oK A 7 2 T 7 A 1 B A SCRY 16 45
RFW,PCE B ERE 5 Hr 7451 B B G 45
BB Bl P SR A F S S AR SR I LR 34T
T A BRI 70 A

(DFE [ — M (0.10%) T , PCE #Y Bl i 4 fiE
B PCE IS T2 Mk FE A9 3 DR 42 e, X 32 B2 R O TR



%1

i A5« SRR R AR WA TR A DAy B 5 6 1 K 2% AR 29

ik LU ey, 43 7K e I S0 ey 28 R B, L W ¥ g
t # 3% (23HPEG3, 23HPEG4.5 #1 23HPEGT7b). Ffi
& R Tk LU A E — 20 1 K, AR /K U JBURL 35 T A W e
JZ R FESE N, AN RE X Ry B AR A Hh 2 — 20 i BTk
BT S OB EERCRE I T R (23HPEG15).

(2) TR LU AR [ I, PCE F0 Bl B 4 A6 Bt 5 AF %5
F B B 0F /0 1 s8R (23HPEGT7a, 23HPEGT7hb
23HPEGT7c f1 23HPEG7d) .PCE MIX} 43 F it 2 /)
A F T PCE 43 £ 248U A 1y 1t W B i B 2%
PR

(3)PCE 43 5 14 4 B2 % I Bly 5 M g O Wl 3
0 (THPEG3,.10HPEG3.23HPEG3 #1 50HPEG3).
FEIKVE I AR T, PCE B M 4% T2 22 38 2o 25 (6] 457 B 28507
et 7K Y& AU 43 1, AL TE By B A R v, 22 [R]Ao7 BEL 28007 %
B RCR T HAEAE N

3 Zig

(1)K PCE 1 2 K Ufe Bh B 551 v] LA 42 w85 7K 8 1
3 B 250% , PCE 19 43 1~ 45 # oxk HC Bl B kg AL A o
Al

(2)50.03% TEAfH L, BR Tk L H 7 5F , PCE AJ
DL A 25 35k 1y B B Sk SR s PCE M B K 32 ok B 3 4 ik
TC 2 3 52 5 9/ PCE [ A X 437 i 5 A A T H B
JEVERE A BT, 24 PCE (9 M, 24 8 14 000 I, FIT 185 ]
17K e bb 2 ARG finE 200 em?/g.

(3) 525 H/KIRH L, R PCE B il (1 7K I8 Hobs
YERR B K Sk /N T 1%, K R B RD ) 3 B0 B 1 K 24
9.3%,16 hyit 58 WD T 9.6 %, 28 d 4T 1 ik i &

Z 5 B ARk

SE LWk

[1] GAOX, YANG Y, DENG H. Utilization of beet molasses as a
grinding aid in blended cements[J]. Construction and Building
Materials, 2011, 25(9):3782-3789.

[ 2] TEOREANU I, GUSLICOV G. Mechanisms and effects of
additives from the dihydroxy-compound class on Portland cement
grinding[ J]. Cement and Concrete Research, 1999, 29(1):9-15.

[ 3] GARTNER E, MYERS D. Influence of tertiary alkanolamines
on Portland cement hydration [J]. Journal of the American
Ceramic Society, 1993, 76(6):1521-1530.

[4] MAGISTRI M, PRESTI A L. Influence of grinding aid[J].
World Cement, 2007, 38(6):39-41.

[5] QUY N N, LAM N T. The effect of triethanolamine and
limestone powder on strength development and formation of
hardened Portland cement structure [C]//JSCE-VIFCE Joint

Seminar on Concrete Engineering. Singapore: ASBL Silicates

[6]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[17]

[19]

Industriels, 2005:107-112.
GARCIA F, BOLYA N L, TROMPETTE J L., et al. On
fragmentation and agglomeration phenomena in an ultrafine wet
grinding process: The role of polyelectrolyte additives [J].
International Journal of Mineral Processing, 2004, 74(Suppl) :
43-54.

ZHU X, HOU H, HUANG X, et al. Enhance hydration
properties of steel slag using grinding aids by mechanochemical
effect [J]. Construction and Building Materials, 2012, 29:
476-481.

MISHRA R K, GEISSBUHLER D, CARMONA H A, et al.
EN route to multi-model scheme for clinker comminution with
chemical grinding aids[J]. Advances in Applied Ceramics, 2015,
114(7) :393-401.

KATSIOTI M, TSAKIRIDIS P E, GIANNATOS P, et al.
Characterization of various cement grinding aids and their impact
on grindability and cement performance [J]. Construction and
Building Materials, 2009, 23(5) :1954-1959.

HIRATA T. Cement dispersant: JP 842,022 (S59-018338)[ P].
1981-07-11.

YOSHIOKA K, SAKAI E, DAIMON M. Role of steric
hindrance in the performance of superplasticizers for concrete[ J].
Journal of the American Ceramic Society, 1997, 80 (10) :
2667-2671.

PLANKJ, LEI L. Future perspectives of PCE technology[ C]//
The 2nd Polycarboxylate
Superplasticizers (PCE 2017). Garching: TUM Publishing
House, 2017:19-62.

PLANK J, SAKAI E, MIAO C W,

admixtures-chemistry, applications and their impact on concrete

International Conference on

et al. Chemical

microstructure and durability[ J]. Cement and Concrete Research,
2015, 78:81-99.

HELLER T, MULLER T, HONERT D. Cement additives
based on PCE[J]. ZKG International, 2011(2) :40-48.
MISHRA R K, HEINZ H, ZIMMERMANN 1J,

Understanding the effectiveness of polycarboxylates as grinding

et al.

aids[ C]//International conference on superplasticizers and other
chemical admixtures. Prague: ACI Special Publication, 2012:
235-249.

ZHANG T, GAO J, HU J. Preparation of polymer-based cement
grinding aid and their performance on grindability[J]. Construction
and Building Materials, 2015, 75:163-168.
SUN Z, YANG H, SHUI L, et al. Preparation of
polycarboxylate-based grinding aid and its influence on cement
properties under laboratory condition [J]. Construction and
Building Materials, 2016, 127:363-368.

MISHRA R K, WEIBEL M, MULLER T, et al
Energy-effective grinding of inorganic solids using organic
additives[ J]. Chimia, 2017, 71:451-460.

YANG H, SUN Z, PLANK J. Investigation on the optimal
chemical structure of methacrylate ester based polycarboxylate

superplasticizers to be used as cement grinding aid under

laboratory conditions: Effect of anionicity, side chain length and



60

#OR

MoB % )

o5 25 %

[21]

[22]

dosage on grinding efficiency, mortar workability and strength
development[J]. Construction and Building Materials, 2019, 224:
1018-1025.

IMIRE, HIER, AR, & RIRIR R WK 5 H ALK
SECERERIBTTELT]. BTARI 4R, 2008, 11(5):585-590.
SUN Zhenping, JIANG Zhengwu, WANG Jiandong, et al.
Study of combined use of polycarboxylate based plasticizer with
other type of plasticizers[ J]. Journal of Building Materials, 2008,
11(5) :585-590. (in Chinese)

REHBINDER P A. About influence of changing surface on
cleavage hardness and other crystal properties[ C]//Proceeding
of the 6th Physic Congress. Moscow : State Publishing House,
1928:29.

GRIFFITH A A. The phenomena of rupture and flow in solids[ J].

(23]

Fisheries Management and Ecology, 1920, 16(2):130-138.
SRRTE . 00 TR PE TR BE L AR ) 5 i LR S I WFSE [ D]
F O AR R 5, 2016,

ZHANG Tailong. Synthesis, mechanism and applied research of
cement concrete polymer[D]. Nanjing: Southeast University,
2016. (in Chinese)

RN, BB, TKIE 2 K U8 Bl R A4 £ AL B — A A
[C1/ /R Ve BRI BIT 58 5 L P8 SCHE . P22 - T T Tl i it
41, 2005:60-62.

ZHU Xianbo, LU Zhongya, ZHANG Zhengfeng. The
mechanism of cement grinding aids - The film hypothesis[ C]//
Proceeding of the Investigation and Application of Cement
Grinding Aids. Xi'an: China Building Materials Press, 2005:
60-62. (in Chinese)



