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Abstract: The p—hemihydrate gypsum was prepared through the synergistic modification of desulfurized gypsum by
calcination and ball milling. The influence of ball milling modification on its particle size distribution, specific
surface area, and microstructure was analyzed. The modified product was then mixed with fly ash and slag powder to
produce an ultrafine composite admixture (UCA), which was used in concrete preparation. The enhancing effect of
this admixture on the properties of concrete and its underlying mechanism were investigated. The results indicate that
that free and adsorbed water are effectively removed from desulfurized gypsum by drying treatment, with a removal
rate of 12.17%. Calcination above 160 “C achieves a conversion rate to B—hemihydrate gypsum exceeding 88.89%,

and the crystallinity meets the requirements for high-performance admixtures. After ball milling for 200 s and 400 s,
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the average particle size of p—hemihydrate gypsum is reduced from the initial 81.22 pm to 54.14 pm and 50.75 pm,
respectively, while the specific surface area is increased from 951 m’kg to 1 062 m’/kg and 1 185 m’/kg,
respectively. With the extension of ball milling time, the enhancement effect on concrete becomes more pronounced.
Specifically, UCA-200 and UCA—400 (corresponding to UCA ball-milled for 200 s and 400 s, respectively) enhance
the 7-day compressive strength of concrete by 27.78% and 35.93%, and the 28-day compressive strength by 38.33%
and 41.63%, respectively. Simultaneously, the frost resistance and impermeability are significantly improved. The
enhancement mechanism is primarily embodied in two aspects. On one hand, the ultrafine particles act as a physical
filler, optimizing the pore structure. On the other hand, the SO,” released by B—hemihydrate gypsum in the early
stage reacts with C;A in cement to form ettringite, while in the later stage, the pozzolanic activity is stimulated to
promote secondary hydration, resulting in the formation of C—S—H gel. These two processes work synergistically
to enhance the performance of concrete. By controlling the dosage of the ultrafine composite admixture at 10% and

other measures, the risk of volume instability is effectively mitigated. This study provides technical support for the

resource utilization of desulfurized gypsum in green building materials.
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Tab.1 Chemical composition of desulfurization gypsum w/%
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SFEEME, s G E TR EE LA L LR )(0GT 55—
2011) wiFIREE L RLA H, DL 10% 138 s B ARUK
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*2 BRiIBESL kg/m’
Tab.2 Concrete mix proportion kg/m’
gyl k¥ Bas B A K JEUKA
CC-1 380 0 650 1119 171 3.8
CC-2 342 38 650 1119 171 3.8

UCA-0 342 38 650 1119 171 3.8
UCA-200 342 38 650 1119 171 3.8
UCA-400 342 38 650 1119 171 3.8

SO, Ca0 SiO, Fe,0, ALO; P,0; KO HAlh

4837 4152 221 074 056 0.04 0.08 648
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Fig. 1 Drying treatment result of desulfurization gypsum
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Tab.3 Mass change of desulfurized gypsum at different

calcination temperatures
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Koy CEKAE

JE/C Fitk/g Fitk/g [A/min Z& K /% T %
120 1.0023 0.8554 14.66 37.45
140 1.0054 0.8347 16.98 86.71
160 0.9997 0.8253 20 17.45 88.89
180 09992 0.8149 18.44 93.53
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Tab.4 Physical parameters of p-hemihydrate gypsum

under different ball-milling durations

BREE AL R E] s bR A/ (mPekg ) P R4S /um
0 951 81.22
200 1062 54.14
400 1185 50.75
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Fig. 4 Surface morphology of p—hemihydrate gypsum
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Tab.5 Test results of comprehensive performance of concrete
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37 dbi SR 7 dBYTIR
45 A28 APUIRSRIE B 28 dLATIRE 22

7 dCAF AU ]

407 gy % 21

3sp 7 W 128
° 28 ddT AL 119 =
g 307 i N {18 =
W 25 N {17 &
£ 50 | 116 e
i B

= 157 % ] 11
il AN
107 11332
ol |
0 0
UCA-0 UCA-200 UCA-400
BE5 IKEBWE p-F KA EXRRIREBKER T/
EthRER R0
Fig. 5 Influence of
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