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Physical and mechanical properties of solidified sludge regulation with
phosphogypsum-based aggregate
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Abstract: Sludge particles are fine and have a high water content. The strength of solidified sludge is predominantly provided by
cementation strength, with insufficient frictional resistance. Phosphogypsum-based aggregates were synthesized using
phosphogypsum, slag, and quicklime as raw materials. These aggregates were combined with cement for sludge solidification, and
the physical and mechanical properties of the solidified sludge were assessed. Results show that the phosphogypsum-based
aggregates have a water absorption rate of 13.4%, which locally separates free water in the sludge, enhancing cement solidification.
After compaction, the leaching concentrations of soluble phosphorus (P) and fluorine (F) in the phosphogypsum are significantly
reduced compared to the raw phosphogypsum. Both concentrations are below the discharge standards for class III surface water (the
leaching concentration of P is < 0.2 mg/L, the leaching concentration of F is < 1.0 mg/L), meeting environmental protection
requirements. When the phosphogypsum aggregates are <<5 mm, their uniform distribution enhances the skeletal effect, significantly
increasing the strength of solidified sludge by 22.3%, exceeding 1 MPa. This occurs because reactions among phosphogypsum, slag
powder, and lime generate calcium silicate hydrate (C-S-H) gel and acicular ettringite. These products intertwine to form a spatial
network structure, filling the pores inside the phosphogypsum-based aggregates and the transition zone. This immobilizes soluble
phosphorus and fluorine and strengthens the bonding capacity of the aggregate-sludge interface transition zone. The research
conclusions provide a reference for the comprehensive utilization of phosphogypsum and offer a novel approach to sludge
solidification.
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Fig.1 Moisture evaporation of sludge under natural
condition
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Table 1 Main chemical components of testing materials
(unit: %)

B4 SO; CaO SiO, KO FeO; TiO, SrO  CuO  ALO;
PG 4844 3836 844 053 0.63 0.14 034 0.01 —
GGBS 6.63 4047 3085 039 0.73 1.12 049 001 14.69
OPC 431 6280 2126 143 324 035 1.09 0.02 548

(5) ki

WYE (sludge) HXHAILE B BT R X HYHY
VR, SEAKE. AR, WA, SAL
L AN EAA, FEAD PR 5T L 2.

BEAE . SR R ERRER KR TR
HIRLAR oA 2R an il 2 B .
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Table 2 Basic physical properties of sludge
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Fig.2 Particle size distribution of testing materials
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Fig.3 Preparation process of phosphogypsum-based
aggregate
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Fig.4 Dewatering under mechanical compression
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2 mm<d<5 mm (R4, 5 M) 5 mm<d<
10 mm CRFIZ, 185 L) 3 Fikid. BRI EAATR
ALK 3, H, CAXIEA (control group),
FrEMRIRILLBIARTE, R IERL. AR
RHOIRFEAA, FURIEE S. M. L (1A e,
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Table 3 Mass mixing ratios of specimens (unit: g)
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s IKI B R I mm<d< 2mm<d< 5 mm<d<

hrgH

i 2 mm 5 mm 10 mm

S 100 100 20 15 15.0 0.0 0.0
M 100 100 20 15 0.0 15.0 0.0
L 100 100 20 15 0.0 0.0 15.0
S-M-L 100 100 20 15 5.0 5.0 5.0
S-M 100 100 20 15 7.5 7.5 0.0
S-L 100 100 20 15 7.5 0.0 7.5
L-M 100 100 20 15 0.0 7.5 7.5

C 100 100 20 15 AR CRRD
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BEWEE R EZE, 6240 FRE 1K, BEEHLRK
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electron microscope, K SEM) k4. KHHA
SU3500 34t LGN RO B, Ik Ry 15
keV, RIGTFIAHIFH AT REPES, b7 L e R
ALY

3 Wi BREREE A RE

3.1 WRKZE

B E FE AR ORI 4. BEAE R ETRL
WK RAE 12.3%~ 14.2%2 1], “F- B K 2 13.4%,
WK R FREZEN 0.7%, WKFREECNFRE . 7ot
KEMT, BRI | RIBUKERZ, 2552 KFE 3
R DB F AR K

K4 PR EERRIRAKE
Table 4 Water absorption ratio of PG aggregate

MK = /g
T WG R/ WK 2 /% ~FYI K #/%
FIR 2R BIR

No.l1 30.5 33.6 342 343 12.3

No.2 31.6 34.7 35.7 359 13.5

No.3 332 36.2 37.1 37.9 14.3 134
No.4 36.7 40.9 414 41.5 12.8

No.5 39.6 43.8 45.1 452 14.0

No.6 36.3 40.6 41.3 41.3 13.5

BB HE BRI K AT 2R K B, THE TRk
R G ONIR B, InE 5 fos, AR FEBOA
DR IR -

(a) WoKHT

(b) WK S5
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Fig.5 Morphologies of phosphogypsum-based aggregates
before and after water adsorption
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Fig.6 Status of the phosphogypsum-based aggregates
before and after curing

4 —
FRRT

3L W 7797 28d
£
=
i
]
&

1 -

L

S M L
hiZH

K7 BEAEERRFRYIERERE
Fig.7 Strength of phosphogypsum-based aggregates before
and after curing
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Soluble phosphorus and soluble fluorine
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WEESREE, H.ETKA S-M I [E AL e 50 B 5 v,
T kAR (d<<5 mm) BIRIA] DL e+ ik
VER RN, FETH IR SR . (H kLR N KR
kL, R S-M-L B4, [ AT YE 5 B I i
IR, RUICRRRAH R BRSO, Bk SE
I 5 mm SRR RN, X5 MEIRCA L iR
FERARISE R A& . BT S-M BRI & 14
WA K 1 054 kPa, it T 1.0 MPa, SR
CPUFEI S B 4k = T2 B 2 R AR ) (DBJISU/T
188—2022) B3, W TRZE . 22 EFUHEAb B,
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Fig.10 Strength of sludge solidified by cement and
phosphogypsum-based aggregate
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Fig.11 Variation of strength of solidified sludge with
curing time
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Fig.12 Aggregate effect ratio
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HLR TS K AR, 3T 9 o K e [ A A e 1 R
Mo BEABREER A ES . AR BEAE R
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3Ca0 ¢ ALLO3+3CaS0;4 * 2H,0+26H,0 =

3Ca0 * ALOs * 3CaSO4 * 32HO(45HL11)+866 J/g
(4)
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3Ca(OH) (i) +502 J/g (5)
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AR A T A A R

(b) FHELASHTEALER
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Fig.13 SEM images of phosphogypsum-based aggregate
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Fig.14 Skeleton effect of aggregates
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Fig.15 Cross section of specimen (large size aggregate)
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