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Influence of HEMC on Properties of Sulphoaluminate Cement Mortar
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Abstract: The effects of hydroxyethyl methyl celluloseC(HEMC) with high and low substitution degrees on
the properties of sulphoaluminate cement mortar under fixed {luidity were studied. Test results show that
water demand and setting time increase significantly while wet density and strength decrease significantly
with the increase of HEMC content. Flexural strength is less influenced than compressive strength by
HEMC content. Compared with the low substitution degree HEMC, high substitution degree HEMC to
some extent leads to lower water demand and wet density together with lower strength and similar setting
time of sulphoaluminate cement mortar. Incorporation of HEMC slows down the acceleration of sound ve-
locity at early stage which is in favor of pot life, and leads to the decrease of final sound velocity. Moreo-
ver, the acoustic wave propagation speed is affected by the content and the degree of substitution of
HEMC. The strength of HEMC modified sulphoaluminate cement mortar has good liner correlation with
both sound velocity and wet density.

Key words: sulphoaluminate cement; hydroxyethyl methyl cellulose; substitution degree; mechanical

strength; ultrasonic method

Wef B3 2019-09-09  &3T H I 2020-02-13

HEemH EHEARBFERSRIIE 51872203 51572196 R E O BEIE GZ1290

B—1EH & # 1980 B mE R A FEF RS A4 E-mail muzishe@ hotmail. com

WIRMEH £ w1975 L ITRRAN FFER¥FEE WA 1. E-mail ruwang@tongji. edu. cn



200 oW M OB ¥ R

824 %

AR KRN ZH EAC AT 40 a UM
b B R R PR (P0IBT L R DA R A
FEat AR R REAR AR HE IR SR R AR B
ZN TR TR AT R TR T TR,
KR S TR KA 4 LK R R T A5 N A% B B B AT Ak 3
SR EE + (GRO) I . (E R FH i B2 o 4R SR A7 e — 2t
) S0, U 40 IR k7K U8 R A K M 22 LT Bl Ok
PRl TS PR) B e R e A, R B —
Ak Ak,

KR I A I oy 7 B AW R 4w H R e
PERE 0 1] BT AT B 7 1 P4 E ik (CE) R e
Mz — B — Mt R R KE . CE 44
14 J@ Z2 W2 1m0 43 o AR i RO 2 28 78 W] 43 o S [] b
25, Horp T AL B B 27 4 R (HPMO) FlFER 2 JE H 3
4 (HEMO) )12 W F #5100 3K stk CE
1) B ik [T 24 78 A [ Bsf o BP0 e I e 4 % ik
PERDS (M i 72 A= 5% . CE X ik 8 £k 7K U8 1 ol
CATZMEANTR, KENITFREREH.CE
REME A Sk B P b b RE O IR P R B
Prompgt s PR 2k a0 FL S AT Rk Ak ik
R AR PR A BRI, A 2 R L CE 76 B 40 R £k
KRS S v N A 58 A5 Al A R ok % BE Y
THBREAE 0.05% ~0.25% 2z [E K HPMC %t 5 45 B2
EhAK PR B KM BERY R, & B HPMC i A £
R AR A 4 (1% SR 300 5 5 L6 JHL 5 300 5 B S e AN G, HL
W 38 R AEG T B KR 2 A W K R IR AR A i 9
B CE AR A 45 R 55 /K V8 7K Ak Bl HA s 2R A 5 1 AR
59, FERGER T H 2 h LUS K1k, Zhang 25020 B
58 T —FhletE HEMC X 8 40 B2 £ 7K e 5 391 /K 1k 19

M, kB HEMC B9 A S 80T 2 Y #enst [a] (1
R LHEZE T K AR 12 ho Py R B B K Ak R R R S
(AFO FER I CAH) 9 IE 1%, K4k 24 h B BRI T
AFt [ fI% B %L 7K 1k B 45 R 45 (AFm) (19 5 46, 9F B
WEEW TIRR P AFt (B, Shi &5 BF 58 T —
Pkt HPMC X 6 #7 2 £k 7K 8 10 3% P 6 (19 52 i
KBz HPMC ZE K T 00 3% (0 % 25 1 a) , 46 0 T
197 B RN 28 1Y) B R) 1) B L AT B TR S R R A BT
5 L B L B A L BRI T RP K 6 ho F 3 d BB R R
JE LR TH 7 dPUE R X A R —
FEE LUl T CE 76 Bi 87 R £ /K U2 0 3% b i 7
SRR KD KPAMES HEE R
27 HIEA B HFSE.

J T IRA B R CE 78 7 87 B2 58 7K e Hh i 15 T
ARSCHEELT 2 P A R0 AR B R R ) HEMC
XL 408 TR 7K e D S 00 A7 0 AE 45 o D 2R B
M2 T T HEMC B B S48 3 b 5 M g
Qi 1 5 ) S 30 2ok R A A 2 T D 3R R
RN AP ORI ALTX: M ALR & BT KL Y: S
PR MEEAT T 20 #T

| I

1.1 E##

KUY H 52. 5 G bR A i 40 R £ /K Jlé (CSAD |, Hifk
LR WA 120 SRR R K U R b ik G 56
FHISO brifEmb. sot: 700 o 26 5 #2305 349 5K ko 1) 5
B 3 AU O 3 i HEMC (g b O 2 45 F 8
O S BACED , 4 5lid 8 H-HEMC F1 L-
HEMC, HBEARMERESHOLEE 3. FEAIK B 2R K.

F1 MEBRHKRUFHK

Table 1 Chemical composition of sulphoaluminate cement w%
Al, O, CaO SO, Si0, Fe, O, K,O MgO Mn, O, Na, O P,O; SrO TiO, 1L
23. 84 44. 20 15. 04 9.82 1. 95 0.26 2. 46 0.02 0.08 0.11 0. 10 0.95 1.17

F2 MEBBRHKRTYWAHARK

Table 2 Mineral composition of sulphoaluminate cement 1w %)

C,A,S C,S CS C,AF C,A. CT CaMg(CO,), MgO Amorphous

35.4 26.4 14.3 4.6 3.1 1.0 1.5 1.9 11.7

#3 HEMC WEFREESE
Table 3  Basic properties of HEMC

Viscosity( Haake,2%) /

Type Total substitution degree
(mPa + s)
H-HEMC 42 500 1.85
L-HEMC 42 700 1. 55
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40 Fy=-74.46+48.36x B
351 R=091

Compressive strength/MPa
[\e]
w

14151617 18 192021222324
Wet density/(g-cm™)

(a) Compressive strength at 1 d

50
y=-74.19+50.41x .

40 + R=0.95

30 -

Compressive strength/MPa

0 1 1 L 1 I 1 I L 1
1415161718 192021222324
Wet density/(g-cm™)

(c) Compressive strength at 28 d

| »=-9.09+7.08x
R’=0.99

Fleuxral strength/MPa
(3] w EN wn N ~ [ee]

1 I 1 I 1 1 L 1 I 1
1415161718 192021222324
Wet density/(g-cm™)

(b) Flexural strength at 1 d

| y=-7.25+6.25x
R’=0.93

Fleuxral strength/MPa
(3] w BN wn (o)} ~ [ee]

1 I 1 I 1 1 L 1 I 1
1415161718 192021222324
Wet density/(g-cm™)

(d) Flexural strength at 28 d

B 7 RSP BT O R

Fig. 7 Relation between compressive strength, flexural strength and wet density of mortars

T B B AH G R B R® AR/ T 0. 91, R BT 3K o
J3E 5 90 5 BT B B R MR AR G TR I A SRR
LT LA S 4 A e A T R e 2 (] R R A AR X
e K.

3 &g

(ODHEMC #i3 #h JK PERE R i B 3% . B i 1
BEI 0. 300, Y M T K B 600 ~ 1400, B
HEMC 42 45 (9 58 i1 o B 25 1k 1) 2 AL 5 2 1 49 i

WEREEMR, BB ERT 0.6 ZaRE & T
2%

(2)HEMC 2 £ % i 5 1R £k 7K U8 b 3% Bt 3 8k i
1) 52 M) . 2 /N T X e ik BE A 52 ) < B HEMC 8
BN B S B 5 R L 0. 9 Vo B R i L-
HEMC 800 3% 10 0 1 3% 5 29 0SB R0 3 i 7% 5 Bt
P o B 45 2 A XS /N, 0. 9 % B I L-HEMC gk
PERD I (P 5 BT 2l aB DI 1 27 %,

(3D HUIR B v Ao B 2R PR B R g/ . 5 H-



55130 2 g, 45 HEMC X 88 B2 5 7K Je 6D 3% 1 g 04 52 i 205

HEMC #H 1t , L-HEMC Mt /K Y 10 ¢ H A i (1% (Y
e 7K R 2 B RS R SR R R T ) R 2 I 5 2
Flr HEMC 15 5 (1) 28 1k 5 33 26 1 BE AE 1k 4 4 (1) 52 i)
AHALL.

(HHEMC W48 ASEZE T 1) 11 75 % A% 3% 180 RE (1)
K, W AR TR PR I A ] i s ] BRAIG T A
ST AR R I N T R A% 4 B, HLHC 7R I A B R
[ B 52 HEMC 5 i FURCEC BE (9 5%

(5) HEMC S0 3 1) 5% J3 5 308 28 5 DA B
PA) A2 4 B 34 LA R A i e M A DG

1] EHE, 552 ket s IR KU LM db s db s Tl K
2 ARAL, 1999:187-215.

WANG Yanmou, SU Muzhen, ZHANG Liang. Sulphoalumi-
nate cement [ M. Beijing: Beijing University of Technology
Press, 1999:187-215. (in Chinese)

(2] L, %, IRBSE . 4R R Eh K U8 i A 7= 5 i 1T (M b
B E AR Tl R AL, 200602,

DIAO Jiangjing, XIN Zhijun, ZHANG Qiuying. Manufactur-
ing and application of sulphoaluminate cement [ M. Beijing:
China Building Materials Press, 2006:2. (in Chinese)

[3] GARTNER E. Industrially interesting approaches to “low-
CO,” cements[J]. Cement and Concrete Research, 2004, 34
(9):1489-1498.

[4] FHH, IREE, K B FR £ K U8 1 43 2 B H 4% b 8] 119
X GI]. A E K Y8, 2007, 22(2) :32-36.

WANG Yanmou, SU Muzhen, ZHANG Liang. Classification
of sulphoaluminate cement and their difference[]J].China Ce-
ment, 2007, 22(2) :32-36 (in Chinese)

(51 #oiBl, B0, S0 M, 55 . 4E 2 B B0 IR R /K U6 BE 45 1 F 5%

L] BERRERL 22412, 2002, 46(2) : 155-160.
YANG Kerui, ZHAGN Caiwen, GUO Yonghui, et. al. Study
on retarding the set of sulphoaluminate cement[J]. Journal of
the Chinese Ceramic Society, 2002, 46 (2):155-160. (in Chi-
nese)

L6 B0, SRR M TR A L 58 R R /K U 47 4T 8 J32 480 45 17 400 ol

Y B HLER )] . K I8, 2017, 44(3) :10-13.
XIAO Zhongming, GUO Junping. Inhibiting effect of admix-
ture on shrinkage of flexural strength of sulphoaluminate ce-
ment and its mechanism[J]. Cement, 2017, 44 (3):10-13. (in
Chinese)

L7 B0, SRR o DRBE A FR 1R +h 7K U8 BT 7 58 J 180 245 ML 2 10 R )
[J]. k8, 2016,43(12):3-5.

XIAO Zhongming, GUO Junping. Discussion on reduction
mechanism of flexural strength of quick hardening sulphoalu-
minate cement[J]. Cement, 2016,43(12) :3-5. (in Chinese)

(8] T, EZME, KA. B4R £h K U8 )5 1915 B2 i i e wF 5 [T
JUER R, 2009,25(4) :8-11.

DING Yi, WANG Aiguo, ZHANG Wei. Research on impro-

ving strength of sulphoaluminate cement at later hydration

L9]

[10]

(11]

(12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

stage[]]. Guangdong Building Materials, 2009, 25 (4):8-11.
(in Chinese)

TR RS 4R v A6 R R K U TR Y R b (U K U, 2003, 30
(9):23-25.

ZHOU Jianqi. Measures to improve the quality of sulphoalu-
minate cement[J].Cement, 2003,30(9):23-25. (in Chinese)
BRUMAUD C, BESSAIES-BEY H, MOHLER C, et al. Cellu-
lose ethers and water retention[J].Cement and Concrete Re-
search,2013,53:176-184.

BRUMAUD C, BAUMANN R, SCHMITZ M, et al. Cellulose
ethers and yield stress of cement pastes[]].Cement and Con-
crete Research,2014,55:14-21.

PATURAL L, MARCHAL P, GOVIN A, et al. Cellulose e-
thers influence on water retention and consistency in cement-
based mortars[]]. Cement and Concrete Research, 2011, 41
(1):46-55.

MARLIERE C, MABROUK E, LAMBLET M, et al. How
water retention in porous media with cellulose ethers works
[J].Cement and Concrete Research, 2012,42:1501-1512.
TREHT, 92 KB, 29T, AR R T B B AT A 5k xR A D K
WAk RE A R [T TR %E £ 5K el i, 2009, 36 (1) :7-9.
ZHANG Jianxin, PENG Jiahui, LT Qing, et al. Influences of
hydroxypropyl methylcellulose ether on the properties of ce-
ment mortar made with ultra-fine sand [J]. China Concrete
and Cement Products, 2009,36(1):7-9. (in Chinese)

PETIT J Y, WIRQUIN E. Evaluation of various cellulose e-
thers performance in ceramic tile adhesive mortars[]J]. Inter-
national Journal of Adhesion and Adhesives, 2013, 40:
202-209.

POURCHEZ J,RUOT B,DEBAYLE J, et al. Some aspects of
cellulose ethers influence on water transport and porous struc-
ture of cement-based materials[J]. Cement and Concrete Re-
search, 2010,40(2) :242-252.

WYRZYKOWSKI M, KIESEWETTER R, KAUFMANN ],
et al. Pore structure of mortars with cellulose ether additions-
Mercury intrusion porosimetry study [J]. Cement and Con-
crete Composites, 2014,53:25-34.

WYRZYKOWSKI M, KIESEWETTER R, MUNCH B, et al.
Pore structure of mortars with cellulose ether additions-Study
of the air-void structure[J]. Cement and Concrete Compos-
ites,2015,62:117-124.

SINGH N K, MISHRA P C, SINGH V K, et al. Effects of
hydroxyethyl cellulose and oxalic acid on the properties of ce-
ment [J]. Cement and Concrete Research, 2003, 33 (9):
1319-1329.

WEYER H J, MULLER I, SCHMITT B, et al. Time-resolved
monitoring of cement hydration: Influence of cellulose ethers
on hydration kinetics[J] . Nuclear Instruments and Methods in
Physics Research Section B:Beam Interactions with Materials
and Atoms, 2005,238(1-4):102-106.

KNAPEN E, VAN GEMERT D. Cement hydration and mi-
crostructure formation in the presence of water-soluble poly-

mers[]].Cement and Concrete Research, 2009,39(1):6-13.



206

#OR M OB %

i 24 %

[22]

[23]

[24]

[2

2

]

w RN, S — OB R R TS Bk ad 3K Y BT A
1. T4 #4,2014,30(11) :98-101.

WU Bin, ZHAO Jingsong, ZHOU Qijia, et al. The develop-
ment of an innovative waterproofing mortar with high imper-
meability[J]. Guangdong Building Materials, 2014, 30 (11):
98-101. (in Chinese)

€, E 7, 16, g R oK TR BT K AR
P [J] . £ R, 2016,35(5):1606-1611.

OU Zhihua, MAO Taiwei, SHEN Yanhua, et al. Influence of
cellulose ethers on hydration heat of different cements and
single mines [J]. Bulletin of the Chinese Ceramic Society,
2016,35(5):1606-1611. (in Chinese)

ZHANG G F,HE R, LU X P, et al. Early hydration of calci-
um sulphoaluminate cement in the presence of hydroxyethyl
methyl cellulose[J]. Journal of Thermal Analysis and Calo-
rimetry, 2018,134(3):1429-1438.

SHI C, ZOU X W, WANG P. Influences of ethylene-vinyl ace-

[26]

[27]

(28]

tate and methylcellulose on the properties of calcium sul-
phoaluminate cement [J]. Construction and Building Materi-

als,2018,193:474-480.

kS, VB 4 3R TE K U &9 3K R A5 AL K
FuEE L], W, 2008, 27(3):32-34.

ZHANG Bin, HE Hongzhu, ZHONG Shiyun. Functions and
mechanism of cellulose ether in modifying cement mortar[]J].
Shanghai Building Materials, 2008,27(3) :32-34. (in Chinese)
K, WOME,E ARREX IR w0l
PERE R BF e [J] . IR #E 12, 2006, 28(10) :35-37.

GUAN Xuemao, LUO Shuqgiong, YANG Lei, et al. Study on
influences of cellulose ether on performances of plaster for a-
erated concrete[J]. Concrete, 2006, 28 (10): 35-37. (in Chi-
nese)

ZHANG L,GLASSER F P. Hydration of calcium sulphoalu-
minate cement at less than 24 h[J]. Advances in Cement Re-

search, 2002,14(4):141-155.



