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Experimental Study on Lime-Optimized Phosphogypsum-Based Solid Waste Backfill
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Abstract: The high content of phosphogypsum gel material has the disadvantages of weak gelling and low strength. Adding lime
can improve the gelling and strength of phosphogypsum-based solid waste gel material. Phosphogypsum. steel slag and blast
furnace slag were used as raw materials of cementitious materials, lime was used as activator, and tailings were used as
aggregate to prepare backfill. The mechanical characteristics, pore characteristics and microstructure of backfill under different
lime content were investigated. The fractal theory was introduced to explore the effect of lime on the pore characteristics of
phosphogypsum-based solid waste cementitious backfill. The results show that a lime content of 2% increases the 7-day and 28-
day strengths of the backfill by 133.33% and 95.83% respectively, which is the best lime content. Excessive lime generates
excessive Ca(OH), crystals, which causes volume expansion and structural damage of the backfill, thereby reducing its
strength. Lime has a significant effect on the small pores in the backfill, especially on the fractal dimension of the pores within
20 =200 nm. The strength of the backfill decreases linearly with porosity, decreases exponentially with pore contents in the
ranges of 20 —100 nm and >200 nm, decreases quadratically with pore content in the range of 100 —200 nm, and increases
exponentially with the fractal dimension.
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Table 1 Chemical composition of raw materials %

R R SiO. CaO Al Os MgO SO; Fe; O3 HAlb

Wi 30.84  42.42 2,54 3.17 10.72  10.31
P 29.46 33.31 19.21  9.75 — 1.68  6.59
WO 8.39 37.36  1.32 — 46.74 — 6.19
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Fig.1 Particle size distribution of tailings

1.2 Rigit

A BT B R R R D, BT e 445 b1t Sy i A
JOE B AR R FLZH A A 5 A L e P T L A A
K. BUASH T E B A B 5 AT T IE Ag i
WL 5K A B RS, R BT, Y
WA FB RN 40 Y00, SR 28 d 38K T 1 MPa,
Mt 40 Y, FEHUA 28 d SREELT 1 MPa, Z54H7
B HC AT AT P B e R AR AR s 0 0 8 A1) 3 AR 0F 5T
LA E N BB ARG 3 3 4,8
R TR A N8 =R N 3 o (A P S D S S X
Bk . R A A KB A 10 26 X i H
PR BE AN TE A S T AT % (KB 10 %0 B, 58
HUARRB =K .28 d SR EEAUN 1.09 MPa) , A Hff
FEWE A KB R BE M OB B R 0.2,
A05 6% 8% ., WITIAPIL A 1+ 4, Fiid Wk B R
70% A EARR L WL 2, AR S BNR . H
e FRC LUK B b ek ] 5 ORE I L PR R I AR
YE B FE A 2 (@50 mm X 100 mm) Hr, 137 8} 3% 5 [ f5
AR, ¥ BRI 48 i ¥ R A A il (430l o Ao,



AN BELF LB REACEE B F A E B ARG R R[] A AR5 A ,2026,46(3). 95

AT A2 A3 AD) K bR i iy R A FR B 48 Gl
BE=>90% il EE20+E2 C) R fT S, 4 il 57 B )
557 KA 28 KA HE AT 4 IR
F2 AL
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AL ARBR % BREEEEBE/ Y R FUEWE/ %
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Fig.2 Strength characteristics of backfill specimens

with different lime contents
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Fig.3 Pore distribution of backfill specimens

with different lime contents
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