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Experimental study on solidifying landfilled municipal sludge

using ferrous sulfate and cementitious materials
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(1. Beijing Jingwei Environmental Engineering Co., Ltd., Beijing 100020, P. R. China; 2. School of Civil and
Hydraulic Engineering, Huazhong University of Science and Technology, Wuhan 430074, P. R. China)

Abstract: In order to address the issues of elevated water content and diminished strength of municipal sludge in
the landfills, a synergistic method using ferrous sulfate and cementitious materials (such as lime, fly ash, and
cement) was proposed for the in-situ solidification of landfilled sludge, with its reagent dosage further optimized
by the response surface method (RSM). In this study, the water content and unconfined compressive strength

(UCS) of the solidified sludge after 28 days of curing were selected as evaluation indexes. Initially, a single
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factor test was conducted to explore the roles of ferrous sulfate and cementitious materials in the sludge
solidification process, followed by the analysis of interactions between ferrous sulfate and cementitious materials
using RSM to optimize the material dosages. The results showed that both ferrous sulfate and cementitious
materials could reduce the water content of the solidified sludge, with lime and cement exhibiting more
significant reduction effects; the UCS of the solidified sludge increased with increasing ferrous sulfate and
cement dosages, first increased and then decreased with lime dosage, and remained essentially unchanged with
fly ash dosage; the quadratic polynomial model derived from RSM could accurately predict the water content
and UCS of the solidified sludge, and verification indicated that the relative error between the predicted and
experimental values was less than 20%; under the constraints set in this study, the water content of the
solidified sludge in the recommended solution R7 (ferrous sulfate 8% , lime 6%, fly ash 10% , and cement 11%)
decreased from 360.3% to 131.5%, while the UCS increased from O to 317.0 kPa. The aforementioned results

met the requirements for landfill disposal and mechanical access.

Keywords: landfilled sludge; solidification; synergism; ferrous sulfate; cementitious materials
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Fig.1 SEM micrograph of landfill sludge
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Fig. 2 Effect of FeSO, dosage on water content and UCS
of solidified sludge after 28 days curing
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Fig. 5 Effect of lime dosage on water content and UCS of
solidified sludge after 28 days curing
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Fig.7 Effect of FA dosage on water content and UCS of
solidified sludge after 28 days curing
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Fig. 13 Two-dimensional contour plots of Y
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2.2.2 HAELARA

1% 25 700 e 77 AT B AR AR B, B B AN R 2R
M DRBRIV KB ENAY~10% A KB EN
2%~10% KM IR B8 6% ~10% KRB =N
A%~12% , 4 Fh 2 5] 43 I AE 25 A 45 i X D) oy B M
2) KR H AR R Y, E 100%~150% P BUE ,

UCS HARMA R Y, 7E 50~300 kPa N U ;3) 2 % 24
FI T 5 4 ¥ (B R I 2% 650 JC /i 7 JK 600 JT /Ml |
By HE IR 90 7T /M /K U 450 I /M) T A L 25 )
A Y oo 7E 0~300 T /Wl N HUER: /IME . & 8L Ak
Sy HT G BT A3 7 58 v e B R1~R7 45 7 Fh AS [ (1)
245058, WK 6 iR .

F6 MMEEMRLKAR
Table 6 RSM optimization schemes

i X,/ % X,/ % X/ % X,/ % BNE Y,/ % BNE Y,./kPa KA/ (06 / 1)
R1 4 9 10 7 115.8 67.9 120.5
R2 4 7 10 10 118.7 120.1 122.0
R3 5 6 10 12 120.1 189.2 131.5
R4 6 9 10 7 116.3 109.9 133.5
R5 6 7 10 10 118.0 178.5 135.0
R6 7 8 10 9 116. 4 179.5 143.0
R7 8 6 10 11 119.5 263.8 146.5

27 00 LT AL SRS 2R, th R TR, TR
RI~R7 (& 7K % F UCS I {8 5 12056 {8 422 30, AH
xR 22 FEHITE 2000 LA o RBISCHE LI k%

1 20 00 A AR ] A G TR AR oE FE P 28 d e
[ 4k 15 R B & K R A UCS, 8] H T AE T.00 T R4k
EBilEZ ST4: 5L Wi

R7 MEERALEIESR

Table 7 Verification results of RSM optimization schemes

e TME Y,/ % KB E R,/ % AHX R 22/ % A Y,../kPa B R, /kPa FHX IR 25/ %
R1 115.8 131.8 12.1 67.9 79.4 14.5
R2 118.7 129.9 8.6 120. 1 137.9 12.9
R3 120. 1 131.8 8.9 189.2 173.0 —9.4
R4 116.3 138.5 16.0 109.9 119.0 7.6
R5 118.0 126.2 6.5 178.5 185.7 3.9
R6 116.4 123.2 5.5 179.5 180. 8 0.7
R7 119.5 131.5 9.1 263.8 317.0 16.8

3 &g L b S0 77 47 28 d s [ A 15 P Y 15 K R UCS.

i 3 3 I W 5 B S B R I Ak I ) M RE A R D
AL [ A SEC Y5 ¢ T 12, 3SR FH W 8 T 9 X 12 P ) [
L 2R B AT U0 AL 5 DA E R4S

1) 8 A7 Y 1Y & 7K 25 Bl 24 550 42 1 09 35 n T &
W o Hod B KRR AR S K R B
KB Ry B K L BE A B 2 B AR E R TS U oK
B

2) [EET5 e 19 UCS Fifi 25 770 48 £ 149 38 Jin 52 A5 7]
AL L . BEE FeSO, BRI IN, UCS & i 14
K, BT AR &l 5H ; A A KB s ny B,
UCS el KRG/ , FAE b B lE KRS E
3G N, UCS BARFFIG A a3 (018 IR 32 W7 i 22 ; I
Gb B B35 i FE AR AN S e [E AR 5 e UCS,

3) e 7 Tk ST O TR TG R KR
UCS B 255715 2 A8 b i — R 22 100 X m] 5 | BE A

4) BT 1BE 0 2 o SR me B TR AR A B AR
] 245 39 45 1y 28 35 38 2 B F , OAE 5 K 50 (1 22 17
(AT R 22 /N T 20% . Hd E R RTMBE %
R AR5 e & K R FEARE 131, 500 . UCS 1 K 3|
317. 0 kPa, 1 /& SFTHE Ab R0 S ML E 37 225K
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