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Hydration of Styrene-Acrylic Copolymer Modified Calcium Sulphoaluminate Clinker with
Anhydrite
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(1. Key Laboratory of Advanced Civil Engineering Materials of Ministry of Education, Shanghai 201804, China; 2. School of
Materials Science and Engineering, Tongji University, Shanghai 201804, China)

Abstract: The effect of styrene acrylic (SA) copolymer on the early hydration of calcium sulphoaluminate-anhydrite composite was
investigated by calorimetry, X-ray diffraction, thermogravimetic analysis, scanning electron microscopy, and inductively coupled
plasma-optical emission spectroscopy. The results show that SA can delay the hydration process, reduce the content of ettringite (AFt),
single sulfur calcium sulphoaluminate hydrate (AFm) and AI(OH); (AH;) in the accelerated hydration period, and promote the
reaction of AH; with anhydrite and calcium hydroxide to form AFt as well as the transformation of AFt to AFm in the late hydration
period. Also, SA can rapidly reduce the surface tension of the pore solution, and the surface tension tends to be stable within the
hydration reaction. SA can increase the pH value of the pore solution, increase the concentration of OH™ and affect the concentration
of Ca?*, SO4* and [AI(OH),]” in the composite, and decrease the ion concentration and the precipitation rate of hydration products at
the initial stage of hydration, thus delaying the hydration process and reducing the hydration products.
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Table 3 Technical specification of styrene-acrylic ester copolymer dispersion

Average size/um pH value
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Fig.2 XRD patterns of SA modified composite system at different stages of hydration



+ 358 - CRERR Eh2230)

J Chin Ceram Soc, 2022, 50(2): 354-363

2022 4

N IFHLE BT SA RIS R KA =4
SR, FIFHMEZR(TG/DTG) /M T SA Btk
HEEALEAKIL 1 he 2he 6 h #1124 h BIFEEREE.
HE 3 LU, 7E 50~180 C 28], FEXIRM AFt
SRR R ZE 20 DMK 180~210 CZIH], F %
XFRE AFm 52 #0 fil Rk 245 K 250~330 ‘C 2 [A],
FEXNL AH; ZHOMRK L FKP Ak, SA
SRR RIE 400 CIITAEAE SA RS MRINFHIE

4
100 F— ‘ 1 _
80 g
S g
S 60 1
2 40 &
s 5
20+  AFt 122
—— Control ] _3 =
o 10% SA
1 1 1 1 _4
0 200 400 600 800 1000
7/C
(@1h
4
100 F 1
Tﬁ
80 |- 12 2
X >
= 1 £
S 60 3
2 0 £
S a0t &
Z 13
=
= S
20 - -2 §
3=
0 -
—4
0 200 400 600 800 1000
T/C
(c)6h

g 2324

o SA J&3F T/K1E 1 h A1 2 h R &R H AFt f
AH; %247 il 7E7K40 6 h 1 DTG #iZk, SA
HUPEAR R R AFt 1952 380 R GRS 0 5 R UM &
AH; (132 30 iV 55 T R EEAR &R s 7E 24 h 1) DTG
28 P U & = En A, (H SA SR R IIE
SRS R T RS EA R . BHASFEIKA =40 B %
B sk, ks X (D)~X@2) 7t
HY AFt fl AH; & & .

4
100
TE
80 =
3 S
g =
2 60 %
Q
S g S— 0 g
o 40 - 0 s
= 5
20 -2 §
Y —— Control | 3 =
¥ L eeesees 0,
0 AFt | | . . 10% SA )
0 200 400 600 800 1 000
7/°C
(®2h
4
100 -
\ 13
&
. N 1° ¢
S S
f=) -
2 )
3 g
& &
2 =
= 5
B
0 —— Control { -3 =
D 0 — 10% SA
AFt, I I I 0% —4
0 200 400 600 800 1000
7/C
(d)24h

K3 SA SEE AR R KAAFRBBUN TG/DTG ih£:
Fig. 3 TG/DTG curves of SA modified composite system at different curing ages
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V= R, TR KA R R KA =4 o
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F5 L A7 (3Ca0- A1,05-3CaS0y4-32H,0) 1 1 il [
AT HEER A
3Ca0-A1,05-3CaS0y4-32H,0=6Ca> +2A1(OH),”

+3S04* +40H +26H,0 9)
K, =[Ca®' ]’ -[AI(OH), I’ -[SO; T’ -[OH T*
s (10)
=2.8x10

R AL KA R R RS (3Ca0- A1,05-CaS0y- 12H,0)
(R AR B B T FE AR A 2
3Ca0-A1,0;-CaSOy 12H,0=4Ca* +2Al(OH), +

SO,* +40H +6H,0 (11)
Ky =[Ca™ 1" -[AIOH),F -[SO{ 1 OH T* |,
=3.71x107%
B [ALOH): 1 it S 88 I FEAR A 2
Al(OH);+OH =Al(OH), (13)
Sp:m:&%xlo* (14)
[OH™]

NS LB SA XK R KA HERE AN [F B 1
[PIszie, @it ICP-OES X & A1k R/K 10 min,
30min. 1h. 2h. 4h. 6h. 12h F124 h B ZIHL
W 45(Ca) 4R(AD BR(S) & &EREAT 700, IF
WeHE R (10). AR (14)H 5 T KA B B i
BRER, Wk 5. FN, Bl Ca" Atk 29l
T Ca¥ &K AFt B, AFm I, ST m
Al JTGE (xa, )M S JTLHK(xs, ), WK 6. KIN,
ERSEARZRYE SA Btk R T, KUEAFRB B
O(AH)¥J KT Koo(AH3), 1H SA B2/ T KM
BBt O(AH,), # T AH; BB, X 54k &+ OH
W AR A U 2 R B R R KL 1 h Y
O(AFt)>K,(AFt), HALEWR HE0R S TR & (Ms, >
xs, (AFt), BEBYBELAARR AFt NE; fE/KME 1~2 h,
F1E O(AFt)> Ko(AFt), H Ms (HKT xs, (AFt)H
xs, (AFm)#25 1 Mg, t /N xs, (AFt)AT xs, (AFm),
BB B LA B AFt F1 AFm N 7EKHL 2~6h, R
B O(AF>K(AFt), Q(AFm)>K,(AFm), {H Ms, <
xs, (AFt), Ms, <xs, (AFm), M EEELL AFm )

Hr i 3 s 7E/K1E 6~12 h, Q(AF)>K,(AFt), O(AFm)>
Ko(AFm), H Ms >xs, (AFt), Ms, >xs, (AFm), Uit
BB LA AFt Al AFm A 7EK1L 24 h,
O(AF)<K,(AFt), Q(AFm)>K,(AFm), H Ms, >xs,
(AFm), BEIrEES kA AFt ] AFm #48, th4h, SA
BER/NE SRR T SO, WK Ca’IREE,
T /IN[ALOH),] ¥R FE, 40t FL 3 W B 1 IS AT
H, MM T K4k 1~4 h AFt 1 AFm (1) 3 7K
FERL, HAH B AFt F1 AFm (08 FIR BE AR 5 R 4
PER ZAHIE .
24 JKiLHLEE

SA BB R R B R B R RS A K AL HE AR A
KA B R 2R . T FREREY SA, LK
B IR FEM AR SZ R T T B0, —J2 SA 2
W PR FE K VAT R KA = D3R THT, 1) B -3 s
e SA S EHEALIETT, BRRFLIA R ok
71, SRR PRI KA =T H o B 9 DRk
WANFI B R 2 B o FE KA AR TEEARY B 40 min
P, K4k 10 min B, SA B#K T H &k RILER T
METIRE, BERNT SO, X CS KEYF
FEIS, FLIEWP SO EER [ CS MEfR, W
SA il 7 CS WA fE; E/K4k 30 min, Ca™'.
[AIOH),] FI SO WK ZHIZH T4, 74 XRD I
TG-DTA 455K\ Br s A i/ 21 AFt, SA il
Ca” IR N R AT, SO WK T Mk R A0 22,
I3k T [AIOH), R N[, 7EPud Kb B, 7K
I 1~2 h 1, Ca>* FI[ALOH),] WK 1k, SO,>
WU/, SA $E T Ca™WRIE, b T [AI(OH),]
WE, BAEKAL 2 h AR SO R T AR ek
K%, SA | 7 Y BL SOS WREER TR, ik 1
KA o TEZK ARG A RN N 2~4 h 4,
CaZ' FI[AIOH) MR FEEHI K, SOLZIREWR/N: SA 7
B 7 Ca¥ Al SO H &, Wb T[AIOH),] & &. fE
R AR R 1, Ca® FI[AIOH),] HEEW/N, SO
WHERIK, SA WEHI/D> T FLIEWF Ca® F SO~ K

RS SAUMESHKRKUTEMEEFRER

Table 5 Ion concentration product of SA modified composite system at different stages of hydration

Product ion concentration O

Sample Hydrate product - -
10 min 30 min 1h 2h 4h 6h 12h 24 h
Control AFt 1.6x107% 3.3x107 7.6x107% 3.4x107 1.2x107 1.1x107% 1.1x107% 1.6x107%
AFm 6.6x107% 9.0x107 3.2x1072 8.4x107! 1.2x10728 7.3x10728 4.2x107° 1.2x1072
AH; 13.000 2.885 10.500 11.500 6.596 5.298 2.853 0.863
SA AFt 9.1x1077 5.5x107% 9.1x107%¢ 9.4x107* 3.1x107%¢ 1.1x107% 43x107% 3.0x107%
AFm 1.6x10728 1.5%x107%° 2.1x107%° 7.3x1072* 7.7%x107%* 6.0x107%7 7.4x10728 5.7x107°
AH; 5.353 0.461 0.470 0.442 1.186 0.966 0.276 0.164
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Table 6 Measured ion concentration in pore solution of SA composite system and the theoretical ion concentration required

for the formation hydration products

Ton concentration/(mmol-L™")

Samples Time
Real in solution Theoretical need for AFm Theoretical need for AFt
Ca Al S Al S S Al
Control 10 min 4.83 5.70 100.97 3.62 1.21 241 241
30 min 2.29 2.55 83.34 1.72 0.57 1.14 1.14
1h 0.50 7.65 30.91 0.37 0.12 0.25 0.25
2h 1.91 12.23 0.33 1.43 0.48 0.96 0.96
4h 2.97 20.86 0.03 2.23 0.74 1.49 1.49
6h 2.25 18.56 0.55 1.69 0.56 1.13 1.13
12h 0.81 10.02 0.63 0.61 0.20 0.41 0.41
24 h 0.09 5.36 4.03 0.07 0.02 0.05 0.05
SA 10 min 6.41 4.34 11.72 4.80 1.60 3.20 3.20
30 min 2.10 0.85 9.13 1.58 0.53 1.05 1.05
1h 2.74 3.67 7.56 2.05 0.68 1.37 1.37
2h 3.36 9.30 3.38 2.52 0.84 1.68 1.68
4h 5.17 23.66 0.12 3.88 1.29 2.58 2.58
6h 0.96 18.67 0.14 0.72 0.24 0.48 0.48
12h 0.36 10.32 0.21 0.27 0.09 0.18 0.18
24 h 0.13 6.52 0.18 0.10 0.03 0.07 0.07
Control 10 min Control Th Control 2 h Control 4 h Control 24 h @ ,
09“&9 o0 ® 7 g0 ¢ % o 9° 9 % o
9 0 0 2290 o°00.,9 %020 1o @
eoeo % 009774 009,%, 29 20%:, © Ze” o
@ @ _ o O / -3 L Lo © S S © 4
g& 3 Y o, iy a," o Os0,
&
’!io § s 828888888 ttc*ttto* esovedoee ©%e00d
SA 10 min \ SATh SA2h SA4h e SA24h
& e g e
oo\ o\ o . \o %o o e °o:;°:,?® (A oo
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Fig. 9 Schematic diagram of different stages of hydration
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ZH Ca’"\ SO FI[AIOH),] Ik I ELG, 287K
PR B IR EEAR,  SEm KA = b s =,

S KA RE R KA =1 . TR, SA SIS mK
T KA B B B ik B R 1 KA S 9 - DT
VESFAET, MR T KRR

3 i
1) KR 5 B, SA EERM 1 /KA HRE

MHA12 h PRI . SA SEZHFEME T 3 AN FEE
IKAGTEEAE,  FFk> T KA 12 h 3 BRTR A R
] 7 Z AR IR

2) SA £U/b/k4E 1 h A1 2 h B} AFt. AFm Al
AH; &5, Wbk 2 h I AFt (6 A R ). SA
et T AH; 5 CSHI CH A& AFt, [FIR {2k
AFt [1] AFm 8748, #1157K4k 24 h B 7 2R AFm
SRR,

3) SA = WEREKUAFRF BALE T pH
18, PRACFLIRRIMLR IR /7, HEEKA RS T
KTk R P T HRE .
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