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Shrinkage of Belite-Calcium Sulphoaluminate Cement

FEI Lin, QIAN Panyue, YAO Wu

(Key Laboratory of Advanced Civil Engineering Materials of Ministry of Education, Tongji University, Shanghai 201804, China)

Abstract: Belite-calcium sulphoaluminate-ferrite(BCSAF) cement was prepared mainly {rom clay, bauxite
and calcium carbonate. The mineral composition, water requirement of normal consistency and setting time
of BCSAF clinker were measured. Autogenous and drying shrinkage of BCSAF and reference cement paste
and mortar were gauged. The effect of fly ash on the shrinkage of BCSAF cement paste was analyzed. In-
ternal porous structure at early age of two kinds of cement was studied through low-field nuclear magnetic
resonance technique. The results show that autogenous shrinkage of BCSAF cement paste is larger than
that of reference cement paste, but drying shrinkage is smaller due to different hydration products and in-
ternal porous structure. Addition of fly ash can effectively lower down autogenous and drying shrinkage of
BCSAF cement paste. Fly ash can decrease autogenous shrinkage and drying shrinkage of BCSAF cement
paste effectively. Drying shrinkage at 60 d of BCSAF cement mortar is better than that of reference cement
mortar.

Key words: belite-calcium sulphoaluminate-ferrite(BCSAF)cement; autogenous shrinkage; drying shrink-

age; low-field nuclear magnetic resonance technique

RERRER 7K VR A Sy — Fh L RE AL o 1 IEC BE A1 K, E TE AR 22 55 8 7K U I AF 58 o DL R Ry — it 413 TRk
2R ) R T AT B A EREAS R AT (BCSAF) K U8 A H AR R & i & B2 L b8 sl K. &)
BE TR T FE I DS 1) R H R R, K TR A A R R K IR IR R s AR R B O TR K e
A CO, e 1) 80068 ok 52 3 G 1, JF R AR B IR ST UYL HAT, 5T BCSAF JK IR A9 BF 78 T 43
B FE 9 39 T K TR % S B 55 9 B B e T2 A R TR P I AR B R 4 v K U Y BT R 5

R H 91 :2019-11-275 837 H #]:2019-12-22

HETH T E PR A R S5 H (12230708700)

F—AEF T ARA994—) B LB TH A M5 R L. E-mail : 18362902661@163. com

WIIEE Bk B A966—), T3 VLIMEVE A [ UF K #8  E F 0 1. E-mail : yaowuk@tongji. edu. cn



AR 45 < DL RR B R TR 85 7K D¢ Y Wi 4 1 RE 461

LB R T IOKIRAR R E I RGE. RE W T
PG HEUE WoN IR EE 1+ 80 % iy S 48 #B 2 A 3 2
S, AR B 2L 4 SR B 0 B s TR IR 4 R
HEAR SR R, #F 55 BCSAF /K T8 A ik
A PEREXT F iz K Ve R HE Tl R B AT B L.

H mi A W i AR 093 7 1k S A AR R AR
)0 R T £ 7 A A R T2 e AR A T
IRIEH HL LR AR R 25 R R 3~5 %, EEFEFE 2K
FRN 5 38 5 R FH HE K 7, LA % 38 A5 TG 72 A 31 58
GBI DT 3t AR K A Bl G R g A i
A 5 2 0 4 SR AR T 92 SR .

AR5 3 T B Ak A 7K P8 B il e AR
CTH B — BT G T4 & BCSAF KR . AL %K
e 1 A o B RE L R 45 1N TA) A L A 4 B R ME. AR
ASTM C 1698—09¢ Standard test method for au-

togenous strain of cement paste and mortar) )& £ %

2 0 AR I A A 1 R T BUAS B 98 BCSAF

KU ) B W e AT R W PR RE L I AR B GB/T
294172012 7K Je b 3¢ R B £+ 2 ko4 T 24 v ik
57 ), BF9E BCSAF K Jle 0 3% (1 T 48 Wi 4
fi. A B o R A 3 2 1 B2 R 43 Bt BCSAF 7K g 5 1]
AKAR R e S AL AR 40 A A e AR 38 R oK
(X5 W 2 B E AT L3, 43 B BCSATF 7K Jfe 5 2k ik
e W 4 P BE 19 22 7 Mk SOy IR X BCSATF JK e Ui 4
PR 1Y 52 .

1 R

1.1 FE#H#

il 25 7K e 2 RE BT ) OB A B L
CaCO; . Fe, Oy . o7k CaSO, F# g . H 45 61 1+ Fn
B £ RARMORL  HL A R o b 2l Ak 2 r A k)
A FH T 25 BB 40 5 76 pm (200 FD 7 L. R X
PR CTEAL (XRE) 43 B 25 L 48 A 4 AU
B Al 2 4, 45 R L2 1.

x1 Fi oLt HERNLZAR

Table 1 Chemical compositions of clay, bauxite and fly ash w/ %
Material Al O, Si0, Fe, O, MgO K.,O CaO Na, O TiO, P,0O; SO,
Clay 16. 40 65. 10 6.09 2.03 2.91 1.29 1. 01 0.99 0.22
Bauxite 58. 60 24. 40 0. 95 0.19 1.42 0.53 2.93 0. 20
Fly ash 34. 90 51. 30 5.11 0.59 1.19 3. 68 0. 86 0.95 0. 20 1.22
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Fig.1 XRD pattern of BCSAF cement
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Fig. 3 Equipment for measuring drying shrinkage

of cement mortar
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Table 2 Water requirement of normal consistency and
setting time of cement

Water requirement Setting time/min

Cement of normal consistency
(by mass) /% Initial Final
BCSAF 25.1 14 38
Reference 25.8 159 214
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Table 3  Design of shrinkage experiment of reference and
BCSAF cement paste

Mix proportion/g

Sample my /my
Cement Water Fly ash
RC-0.3 450.0 135.0 0 0. 30
RC-0. 35 450. 0 157.5 0 0. 35
BCSAF-0. 3 450.0 135.0 0 0. 30
BCSAF-0. 35 440. 0 154.0 0 0. 35
BCSAF-0. 3-FA20%  352.0 132.0 88.0 0. 30
BCSAF-0. 35-FA20 % 350.0 153.3 88.0 0. 35
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Fig.5 Autogenous shrinkage curves of reference and BCSAF cement paste

FI W 46 2 5 K U8 A BHTE R 54N R R A
IRy A8 e £ F R BT 2% B A 22 00 A B /N B 42
A 5T K Ak R Z A A s 0 e A I 4 Y AR TR
AEEL KR A T, B4l b K b i A
RASAE R AN FOIR ZS . 6 41 B0 4 (i 4k K U 1 2
B R J7 00 7 AU AR . 2% 4 Sk i K U v 2K FD BC-
SAF /K drdiy 7 d A Wi A8, i & 4 nl UL 5
HE KR 2K AN BCSAF 7K I8 i % (1) K I L /. F

SNy SN i e =0 o R L N L
K & BT L PR B R X B RE B . L B R
% B4 AL X0 3 2 5 B0 A8 M R KR T 45 1
. BCSAF JK ¥ 19 1 W4 e A fE K e k. X e i T
BCSAF 7K Y 3¢ 1A 19 7K 16 7 W) A (7] 2 o 7K O K
1 3 4% Bl B 4 T 00 . BCSAT /K 8 v 3K 1 FL B 5 /DN
EEEEYE T A E R RSB AC DN s it D) I
A AT LARE AR BCSAF /K iR fie £ 29 2304 1) B UL 4.



464 & ;M

B i o4 %

R TR A T EB 2> BCSAF /K e, il 15 7K
Ye KA 7= Wy u /b, 9B AL 25 4 19 B 0 3% s Oy — T
AT 5 493 B I R334k 0% PE AR A 399 AT LR 94 62 R
SIS QA N A 1 U Tl IO R W S N

T BCSAF JK e i H I 45 .

R4 BEEKIRERI BCSAF KiREEM 7d B KNS
Table 4 Autogenous shrinkage of reference and BCSAF
cement pastes at 7 d

Sample 7 d autogenous shrinkage/(pm » m™")
RC-0. 3 261. 96
RC-0. 35 131. 98
BCSAF-0. 3 738.71
BCSAF-0. 35 665. 20
BCSAF-0. 3-FA20% 762.01
BCSAF-0. 35-FA20% 510. 30
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Fig. 6 Drying shrinkage curves of reference and BCSAF cement paste
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Table 5 60 d drying shrinkage and 67 d shrinkage of reference
and BCSAF cement paste

60 d drying shrinkage/ 67 d shrinkage/

Sumple (pm = m™) (pm = m™)
RC-0. 3 2712.29 2974. 24
RC-0. 35 3257.92 3389.91
BCSATF-0. 3 1907. 38 2 646.08
BCSAF-0. 35 2 249. 35 2 914. 55
BCSAF-0. 3-FA20% 1 665. 90 2427.91
BCSAF-0. 35-FA20 % 1551. 49 2061.79
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