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Experimental study on strength and water stability of concentrated solution
sludge solidified with alkali-activated GGBS geopolymer

FENG Deluan, WANG Jie, WANG Yuxin, CHEN Zhicheng, LIANG Shihua

(School of Civil and Transportation Engineering, Guangdong University of Technology, Guangzhou 510006, China)
Abstract: The concentrated solution sludge (CSS) produced by submerged combustion process on leachate has the
characteristic of high soluble salt content. The sulfoaluminate cement (SAC) and alkali-activated GGBS geopolymer are used to
solidify the CSS, respectively. A series of unconfined compressive strength (UCS) tests, water stability tests and microscopic
observation tests are carried out on the solidified samples to investigate the curing effects and curing mechanisms of the SAC
and alkali-activated GGBS geopolymer on the CSS. The results show that the UCS of the solidified sample with the SAC of
40% is 1.95 MPa at 28 d-curing age, and decreases to zero after 28 d-water immersion. The UCS of the solidified sample with
the GGBS of 30% is 14.8 MPa at 28 d-curing age, and remains 3.6 MPa after 28 d-water immersion, which is much higher than
the strength requirement of landfills. The three-dimensional geopolymeric gels and ettringite crystals produced by the GGBS
geopolymerization are capable of effectively encapsulating and cementing the CSS particles, which is the curing mechanism of
the alkali-activated GGBS-solidified CSS.
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Fig. 1 Formation of CSS
UTAER, AR DR I BROROR A 2 T A A
A b ARSI A B 7 R s BOR IR e R A
PUESRE Ry SERE 4G . PR MR AR HE R
P st b, R ITEYE CaO. SiO2 Al ALOs &

(a) CSSHRARMIE

B, HIERBCR B EED. BT,
RSB RL CL 2 B T8 2R AR A AE e AL,
FF UG R4 B ECRT

R SR BCHCR AT A5 FE B AR AT AT 20 [ 4 /A E
A5, (LR AR 5 TR AR, KA
YRR, [FIE, RG0S Ve A HLS S BRI S
ThEARE SRR A B} AR 4 S
VEATHIRAFAE — S A LRI 1P AL Bl IR AT 5 e
MRV EE S B AR BRI R BORER X v mT v
S B B B RCR A E LR TR TSR [FIR S
BRI A0 e T st 5 IR A T 5 e 1Y
IKAEENE T EIRA DT ARR . N, A3 %
AFEZKYE B B Hr 15 8 1K e [ AR A A
RSB RLE R, HEAT — R A AT I BR 470 3 5
IR AR5, 2 HTKJE B B A B 15 B0t [ AL
FETC O PR AT s 3 B2 AN KRS E PR RIS A, 20 0 PPA
IKYEANTHICAN A0 R R B ACRCR, FIR, SRR
BGRB8 e AT T AL L

1 W RAE A
1.1 REMR

(1) #4558 (concentrated solution sludge,
CSS)

IRAGWS P BB T M T 2 IXCRER Y A i 4 I 3
Wy, HEAYBERINZE 1 MK 2 fros, Hr, CSS
) 2 ¥ 3 5 B R Y B AT I 2 1,

R ORGERTREARYIEM R
Table 1 Basic physical properties of CSS
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Fig. 2 Surface morphology, microstructure and gradation curve of CSS



1862 =

+ T B % ik

2024 4E

WG Ve WIH 0 1 43 A 2 143 0 53] FR XA
FTHHSCRT X 2875 e e uE A e, a4 5L 43l
K 3 FfZR 2 Frowe

13,4 1-NaCl

N R N
0 10 20 30 40 50 60 70 80
20/(°)
3 IRAERITIREE YIRS
Fig. 3 Mineral compositions of CSS
M 3 IR 2 mE, RGBSR 5%
(NaCl. KCl1 #1 Na,SO9) & &5, HHREFEAK ]
I, T VS R RORENE R AR FRR SR AR T 5 B A R 1)
P asE 54 o DRI, e s s [ A0 R 7 T Ve (R 7K AR
SE P A L[ /S A ) DG ) . ik, ASCRAIR
YIRS VT [ A PR KRR E e
CSS MESEJE SRR 3 Fin. 1R 3 /LG H,
CSS MHE & @ & BT HEE g M hl bR ER], D
H AU /BR3[BT R 2 R 37 i Y 2
PEER

R 2 RBRTRMTREAMN
Table 2 Elemental compositions of CSS ~ (H.{7: %)
5 Na,O Cl KO SO; MgO CaO SiO; Fe;Os P,Os AlLOs
5 35.0828.1417.0514.14 2.44 2.07 0.40 0.13 0.07 0.48
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Table 3 Heavy metal content of CSS
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Table 4 Elemental compositions of cement and GGBS (#.47: %)
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Fig. 4 Relationship between unconfined compressive strength and

cement content of C-CSS-solidified samples
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Fig. 9 Water stability test results of A-CSSW! samples
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