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Effect of Cellulose Ethers with Hydroxyethyl Group on Early
Hydration of CSA Cement

WANG Ru"*, LIUKe"*, WAN Qin'?, LIlJian"?, ZHANG Zhenlei"*"

(1. Key Laboratory of Advanced Civil Engineering Materials of Ministry of Education, Tongji University, Shanghai
201804, China; 2. School of Materials Science and Engineering, Tongji University, Shanghai 201804, China)

Abstract: The effects of hydroxyethyl cellulose (HEC) and hydroxyethyl methyl cellulose with high and low
substitution degree (H-HEMC, L-HEMC) on the early hydration process and hydration products of calcium
sulphoaluminate (CSA) cement were studied. The results show that different dosages of L.-HEMC can promote the
hydration of CSA cement from 45.0 min to 10.0 hours. All the three kinds of cellulose ethers firstly delay the hydration
of CSA cement during the dissolution and transformation stage, and then promote the hydration of CSA cement from
2.0 hours to 10.0 hours. The introduction of methyl group enhances the hydration promotion effect of cellulose ether
on CSA cement, and the promoting effect of L-HEMC is the strongest. There are significant differences in the effect
of different substituent groups and substitution degree on the production of hydration products produced within 12.0
hours. The promotion effect of HEMC on hydration products is stronger than that of HEC. The amount of ettringite
and aluminium hydroxide generated in L-HEMC modified cement paste are the most at hydration for 2.0 hours and
4.0 hours.
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ARk (CE) R EA oK AR/ miwk )iz v T b
F S . CSA K Ye KA S 5 2% 15 T AR T, in ik
MR Z W Bt AT KA S 52 58 m3) B 55 4 il B
1) 8 7Y Zhang 25 & B R 20 FE WO AF 4k R
(HEMC) A #E & CSA /K P K4k 15 S0, IF (i 7k 1k
A T W S MR AE & 3L HEMC /9 WK £ H
5200 K U 0 A LKk A L R LT A HEMC #
CSA ZK & 2% I 1) 55 W BFFAS 2 A2 i 7K I8 7K b s 34t
2 HEMC X} CSA 7K Y 7K Ak 1) 52 i bF 5% 285 L 15 AR 48
— ] S I FH K U oRE 4 0 4% S B 3. Wan 250
9% & B HEMC B R K PR TR & G 4 =
(HEC) , B BURE HEMC Btk CSA /K U 3 7 FL 7
14 8h 1 66 B R, eI oK ) /N L A gl A I T
FE W BNE T HEMC 2Pk CSA 7K Y b 3% 5100 38 it
FEAR ML, & BUR TR B E HEMC /Y 52 M 7776 25 5

SR, B AT 2E T A R O 3 2 O B i) CE X
CSA JK e 517K Ak 52 M (4 X5F FLAFE 58 18 AS 3849 . AR SC
WF9E T AT 5 5 B 3R RTBUR B /Y 75 52 2 FE 47 4
R X CSA KR BRI, FE S T 12h
PN 52 £ B 2 4 Rk Rt CSA 7K U 14 7K Ak B R
I AT T HOK AR

1 iR

1.1 EHR

JK VB R 42.5 G ARAE CSA KR, W) 2 ¥ It a) 43
B8 28 .50 min, Ho Ak 2 4R 4 A (2 43 B
SCHE KB R KO GRS 38 R 0 S BT L)
UL 1. VT CE AL 46 6 B2 AR 1 3 Fh &5 J8 £ BL et 4
Rk R LI R (HEC) R BUC B #2236 F L 2
4t R (H-HEMC) AR HBCACEE 2 & B W 48 4 R
(L-HEMC) , % B 23 514 32.37.36 Pa-s, B EE 23 5
H2.5.1.9. 1.6 FEFIK A LB FIK.

F1 CSAKREBHAFERINT PEK

Table 1 Chemical composition and mineral composition of CSA cement

w/ %
CaO SO, AlLO, SiO, Fe,O, MgO TiO, K,O Na,O SrO
Chemical composition
50. 30 17. 30 12. 50 8.92 1.77 2.02 0.76 0.60 0.06 0.10
C,AS C,S C,AF CT CA; Gypsum  Dolomite Anhydrite Amorphous
Mineral composition
28.35 17.91 3.96 2.62 1.53 1.48 6.38 9.60 19. 37

1.2 B&tt

[ 5E KK oM 0.54, L-HEMC 98 (Ch &
2Lk U8R R ) w,=0%.0.1%.0.2%.0.3% .
0.4%.0.5% ,HEC 1 H-HEMC B3 &4 8 0.5%. 3¢
. L-HEMC-0.1 5 w,=0.1% # L-HEMC #
CSA KR, HAl 24k ; CSA 4l CSA /KR s HEC Btk
CSA K .L-HEMC g CSA /K 8 . H-HEMC g
CSA K% N HCSA LHCSA HHCSA.

1.3 KEH*

KA A 3 SR N S T A R T A, R
600 mW 56 BPRFHAL AR 7E (20 2) °C AHXNEE RH=
(6045)% FHRE 6.0~8.0 h, F i & Holr CSA KR |
CE K FEFIK , LA 600 r/min i 2 i s #4461 min Ji5
SF BPFR A (10.0£0.1) g 3R AR A2, 4 2 3l
AR T O I e T, K AR R 20 °CL B
B 1 minic 5% 1R EE , XA 12.0 h.

(TG AR 1SO 9597—2008(Cement—
Test methods—Determination of setting time and
soundness) il £ 15 21 K Yo 3 AR Kg R 4 1 7K U8 H A4
A 20 mm X 20 mm X 20 mm B T, A T 4R35 10

WG, B T(2042) ‘C.RH=(60=+5) % F I, 43 BIAE
B 1=2.0.4.0.12.0 hi B iR . B ERiSFER 2 (=
1 mm) J5 K e v s/ N PR e R B 22 7 d
B 1 d TEHe 1k S, DA AR AR A SO 58 4k JFAE
40 CFHET ZAEE FRI(75+2) mghESA I,
Y RS EEA A Y, P20 °C/min (9 L 3%
FERE N 30 “CHFLZE 1 000 “C.CSA KK AL P iy
PO B R HEAE 50~550 °C, 18 i 181250 Bl N R
18 Jo e 51 2K 2R T IS B AR 2= 25 B K B & i B 4L
(AFOTE 50~180 “C3Z #4532 25 20 145 fh K L 8 11K
(AH,)7E 230~300 ‘C3Z #53fift Kk & 3445 oK, i 4l
TG MR R KA =P i &

2 #£R5iF18

2.1 KULHBESW
2.1.1 CEB i XF K AL E A2 (1) 5

Kl 1k A A 428 L-HEMC gt CSA 7K e % 1k
(9 7Kk Al el 28 L &1 AT L 4l CSA K IR 3 1
(w0, =0%) B KA R 28 LA 44N il P | Hook 1k
E A AT A 43 R 5 R B BE(0~15.0 min) % 1k By B
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Fig.1 Hydration heat release curves of L-HEMC modified CSA cement pastes with different w,,

(15.0~45.0 min) . Jill 3 B Bt (45.0 ~54.0 min) | J8 &
BBt (54.0 min ~2.0 h) .3l &7 B B2 (2.0~4.0 h) |
FEhn 3 B B (4.0~5.0 h) (FEIE B B2 (5.0~10.0 h) Fi
FasE B Be(10.0 h~) X 8B Bt . K AL T 15.0 min 4,
IRV Wy TR 35 fidt | 76 % B B S 15.0~45.0 min P 1
RS 1.2 7K Akl B 43 5510 % 17 S AR AH AF T A= A
T G ) B AR K AR AR TR 85 (AFm) 1 5% 16 K 4k
54.0 min BF /55 3 0 E 0 D) FE 1 400 43 Kk s 5 9
BB, AF S AH, 9 A B 5 DL 355 050, H e i
o BRI HEAFEE 2.0 hi 3 & P B B s K Ak AT
#]4.0 h i, KA U A I# 30T, CLALS Pt i i of
A R K AR =, HoAE KA 5.0 h H BEER 4 7K Ak ik
R | IS R OHE ARGE T K 29 10.0 h R KAk #a T
Fase o,

L-HEMC $ X% CS A 7K I8 7K A7 fif Fn i Ak B Bt
B4 5 24 L-HEMC B s 3 lKi, L-HEMC 2otk
CSATK VIR 2 7K AT W 1 1 B BsF [i) s B2 iy, G
ARG S5 TR AR I (1 I 48 1 T2 CS A ZK R SR A B
#L-HEMC &1 0, L-HEMC gtk CSA K3
A 11 oI AR 4 3 W AT, O I T 8 CSA TR e 2R 14
L-HEMC-0.1 By 7K Ak e i 42 it e i 5 40 CSA
KU I AR TR AE L2 34 7K Ak il R 06 43 53 42 wip &
42.0 min 1 2.3 h, HAH b F 46 CSA KK AR Y 33.5.
9.0 mW /g, G 73 514 = 5 36.9.10.5 mW /g,
KR 0.1% B8 L-HEMC W Hhnsg 7 L-HEMC
et CSA TK Ve A I B BL /Y KAk 5 1 L-HEMC 8 #22
0.2%~0.5% A, L-HEMC BePE CSA 7K I8 A4 i vk
Wy B — o — , BIVERS 4 ORI B A O 5 50 3G
A I, a9 B 2 7 i B BN T B, L-HEMC X
CSA KUK AL 2 PR i 25

M 1A 0L L-HEMC & & e #F T CSA KR

£ 45.0 min~10.0 h iy 7K f . 7F 45.0 min~5.0 h, &
0.1% L-HEMC %t CSA 7K /K AL At 24 45 /08, 1T 24
L-HEMC & #:4 K %) 0.2 % ~0.5% B, HEZ i H1 ¢ i
HER X E CE X RERR R 7K U8 7K Ak 55 i 26 LR AR
ANTE] L SCHR18-20 WS R , 4 F N & A R it R R 11
CE 2 PRI W2 8 AH HAE FH T W2 BT 7K e Jkz K K Ak 7
Wy R, DA AE 2% ik 1R 4k /K U 14 A 109 7K Ak, HL R B A
R 5 S 2% b B 4 H SCik [ 21-22 98 & B, CE 78
AF 2 11 i W B BE 7 55 78 /K Ak ik R 45 (C-S-H) %
Ji& . Ca(OH), MK 16 55 R 55 2 1w i W B 6 1, 18] i
HEMC 7£ CSA 7K I fohr L i Wit B 6 7 .55 T HAE Ak
i £ 7K U8 URE 1 A W B B Y Ik Ak, CE 4 F LRI R
Ji R LA SR 2 [ 2 U0 25 7K Sy W R K Bl s 7K e
P rhn] 28 R OK I AEALEIRAS , HE T s i K Je K Ak . BR
CE 114 55 W B FH R0 W2 A AR T34 25 it 7K Ak s ] SEE 4 T
IS, — 7 B[R] S B K S B REOT 5 Rk Ak K
Je ORL i — 20 g, H CE (45| SAE AT g KAk ™
Yy Ak A K s Y i T BB 2 UK 4K 45.0 min J5
L-HEMC {23 CSA K I KAk i JE A .

2.1.2  CE HUAQHE B HRUAR 2 Xof 7K Ak 2 A2 1) 52 i)

3 CE 2tk CSA 7K Ué H AR g 7K b s 4 it 2 W
K2(EKHh CERBREHNOSY). HE 2T, 5
L-HEMC #f It ,HEC .H-HEMC it CSA 7K I8 % 1k
(18 7K Ak T B 3 i e 24 R B T 4 AR AR AR 5 3
Flt CE B35t CSA 7K e 7K Ak 1) %5 fige Fn %z Ak B Bt EL A 4iE
ZEAEH, Horp HEC A H-HEMC %E 2% /5 FH 57 5, #fE 3R
T KA By B 9 B HEC \H-HEMC (38 A8y
W IHE S5 T 55 3 /KA I I, 8 35 BT T 4 7K Akl
e, BB T 5 4 KA e (Y W p 181 2(b) Af
W 7E7K 4K 2.0~10.0 h N, 3l CE 2tk CSA 7K 18
A 1 K Al I i 35 R F 4l CSA K IR 2K 44, R BH X 3
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Fig.2 Hydration heat release curves of three kinds of CE modified CSA cement pastes
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Fig.3 TG-DTG curves of L-HEMC modified CSA cement pastes with different w;
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Fig.5 TG-DTG curves of three kinds of CE modified CSA cement pastes
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