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The influence of desulfurized gypsum content on the properties
of ternary solid-waste-based supersulfated cement

REN Caifu™?, WANG Dongmin®*, WANG Jixiang®, YU Feng"®, SONG Qiulei"*
(1. Suzhou Concrete and Cement Products Research Institute Co., L.td, Suzhou 215004, Jiangsu, P. R. China;
2. China University of Mining and Technology (Beijing), Beijing 100083, P. R. China; 3. Jiangsu High Durability
Concrete Engineering Technology Research Center, Suzhou 215004, Jiangsu, P. R. China)

Abstract: Ternary solid waste-based supersulfated cement (SSC) was prepared by steel slag, slag, and
desulfurized gypsum composites. This study explored the influence mechanism of desulfurized gypsum dosages
(5%, 10%, 15%, and 20%) on the properties of SSC, including setting time, compressive strength, f{lexural
strength, paste pH value, hydration heat, phase composition, and microstructure. The results indicated that

both the standard consistency and initial setting time of SSC paste decreased as the desulfurized gypsum
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increased. The loss of paste fluidity over time was most pronounced when the desulfurized gypsum reached 20
wt% . Additionally, the initial yield stress of the paste continuously increased with the gypsum. Although the
substitution of steel slag by desulfurized gypsum led to the reduction of pH, it accelerated the hydration by
advancing the emergence of the main heat release peak and enhancing the cumulative heat release. The optimal
desulfurized gypsum dosage was determined to be 15 wt% . In this case, the 90-day compressive strength and
the flexural strength of SSC mortar exceeded 40 MPa and 9 MPa, respectively. Moreover, SSC with 15%
desulfurized gypsum incorporation exhibited the lowest porosity and proportion of harmful pores. When the
dosage was lower than the optimal level, the formation of hydration products (AFt and CSH) in SSC was
reduced, and the porosity increased. Conversely, as the dosage exceeded the optimal amount, the excessive

gypsum could not be fully consumed during the reaction, leading to the enlarged porosity, increased proportion

of harmful pores, and the degradation of the mechanical strength of the hardened SSC paste.

Keywords: supersulfated cement; desulfurization gypsum; steel slag; slag
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Table 1 Chemical composition of raw materials

%

JEL bt

SS 40.29 13.86 6.49 22.43 9.47 0.93 1.35 0.10 5.08
S 45.69 23.39 15.43 0.59 9.97 1.54 0.02 0.10 5.38
DG 42.97 2.30 2.24 1.39 2.05 47.44 0.04 0.21 1.40

CaO  SiO, ALO; Fe,0, MgO SO, P,0, Cl Hit
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Table 2 Formulations of SSC
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i 5 SS S DG
DG 5 45 50 5
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DG 15 35 50 15
DG 20 30 50 20
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of SCC with different DG contents
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Table 3 Fitting results of rheological curves of SSC

A H/
P WA LR 7, /Pa R?
7 pm =4 0 (Pa-s)

DG5 H-B y=0.2544+0.001 327 0.254 4 0.0013 0.998 1
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DG15 H-B y=0.922 3-+0.091 02 °* 0.922 3 0.091 0 0.997 7
DG 20 H-B y=1.1612+0.522 92"%% 1,161 2 0.5229 0.9927

B 5 BRSO A UG, BB ) AR IR
41.44 58.70.53.39.46. 25 h, fii & i i 17 7 15 B4
BN AR . AR 5% 15 I K Ak il R H PR
die F (H S I #R U B /)N L A 0,000 31 W /g
S BRI {7 A B 4 BN B 2006 B SRR, 1A #)
0.001 W /g, Hjilt 0 0 1 s 2 U0 BH 0T iy 2% 1A 7K Ak
R AR B, M, SSC IR AR Y R
w5 B4 B B E H (B 3(b)) R IKh 95. 78,
115.64.124.30.126. 54 J/g, 3 B JB W A % ) 48 fin
A TP R K Ak RN HERE SRR A
A 10% BRI ETHEE R B, Ko B R



% XX #

A, F AL FH 2 =0 B BB KM 0 5

PR T 19.86 1/ g, WK IRE R 20. 7%, (EREEM
A&, 15% 1 20% Wi fi A B i T SSC Y S ik 4
AR T, 3X 7] BE 2 R LA A0 B X SSC Y I 1]
i HE 1R FH 238 TR,

T2 B 5N A S A i R 4 AR v T Oy 3 (A
3()F(d)) X FH B B (3 d 17 d) , bt ok BE B
BB A BB RN EEE M., 3daf,5% B
IRBEZH 3 d AL 8.7 MPa, 15% # & i ik 7
14.4 MPa, 2%/ 5.7 MPa, 7 dit,15% a4
PU R 58 JE Sk 20. 4 MPa, %Ik F 20% 8 & 19 21. 1
MPa, %X 5 K fb #4550 25 A AF & o (05 0958

0.0015

B
8888

0.0012 |+ 46.25h

0.0010 W/g
L

il wig
s g =

5339h oo
!/ 1970.00086 W/g

0.0009 |+

W os
BFi8)

/W/g

‘ 58.70h
[ LX’OAoooss Wig

ES

%S 0.0006 fr

0.0003

/7 41441
" 0.00031 W/g

B R SR i e

0.0000 o
B 1] /h
(a) SR

1
24 48 72 96 120 144 168

106 5
R pa 10
o - i3
EpaG.s & =
[Mpc20 = . =
L8 P % N
& = == =
= &= Nl =Nl 2
1 6 = SNE g
§ NEl| Al A=
5 | N= =
Bar ~ = =
: = | =
0 = §':: =
3 7 28 60 90
%391 /d

(c) HLoromJE

(28~90 d) &1 J& B AS [a] () BE A« W i A0 8
it 15% B, SSC /Y J5 38 B2 FF IR BRI . 1520 Bt ik
BE L R R R AL S LB 3 K Ak i AT RS 1
K, H 60 d4i R B A F) 41. 3 MPa, i & T 20%
9 29. 5 MPa, 2 & 11. 8 MPa, [d] i %5 28 d #2 7}
T 11.5 MPa, 90 d 3 FE {6y 43.7 MPa, 90 d #
15% i &% 41 85 SSC W FL 4 5k BE i T 20% B &
SSC i 1 MPa, Jy2ftk el £, B A 7 17
FE B, B AL Y AR A1 8 S A SSC a1k
% 5

— D63 126.54
120 -DG.10 = 3430
------ DG_15 -7 1564
- DG20
) 95.78
= g0
=
&=
Bk
40
% 214 418 7|z 9I6 1zlo 1z|14 168
i} 8] /h
(b) SRR
50 =
DG 5 - <
Y DG 10 = £=
40 E5pG.is =
[MIp20 " =
1%? =
al N =
E 20 § ; —
10 F /\ =
A -
. A NE
28 60 90

3 /d
(d) U5 B

3 AEAEBETSSCHRMMATMNEREE
Fig. 3 Heat release and mechanical strength of SCC with different DG contents
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