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YI Jinxiang, FANG Jiacong, YU Wenxia, HUANG Tianhe, ZHENG Zhen, JIANG Hao
(School of Civil and Architectural Engineering, East China University of Technology, Nanchang, Jiangxi 330013, China)

Abstract: For the strength issue of solidified sludges, cement is used as the solidification matrix mate-
rial for the composite agent, and the material comparison strength tests are conducted to optimize the ad-
mixture of the composite agent. The strength tests are carried out on solidified sludges under different
cement and bentonite additions to study the strength characteristics of solidified sludges. The results
show that bentonite can be used as the preferred admixture, and its special ion exchange and agglomera-
tion effect make bentonite composite cement have a better solidification effect on municipal sludges com-
pared to clay and shale. The unconfined compressive strength of the solidified sewage soil generally in-
creases with the increase of the cement and bentonite added. The experiment shows that the combination
of cement and bentonite can effectively solidify municipal sludges and improve the strength characteris-
tics. The strength prediction model for solidified soil based on the experimental data can accurately pre-
dict the unconfined compressive strength of solidified soil.

Key words: sludge solidification; material comparison and selection; bentonite ; stress-strain relation;

unconfined compressive strength.
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Tab. 1 Basic physical indexes of sludge
TR/ % BE/(g-em™) HWHE W% BR/%
327 1.18 1. 60 286.3 30.2
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Tab. 2 Basic physical indexes of clay

Rt 520N KR W R
FRE/(geem”) WKE/ % FKE/ % /% /% T
1. 693 19.7 231 39.2 21.4 2.4
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Tab. 3 Physical properties of siliceous shale
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Tab. 4 Main physical performance indexes of bentonite
liidbigiivg Wk, JRHEsR TRR @K pH
(mL - 15¢7") (g- 100 g™") JE/kPa JE/kPa 580 fH
78 32 38.54 256 8 7.8
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Tab.5 Chemical property indexes of curing material
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Tab. 6 Material comparison selection test protocol
g S BB/ % ORI 9% I Bt/ %

1-1 25 0 0
1-2 0 0 25
1-3 0 25 0
1-4 0 12.5 12.5
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Tab.7 Experimental scheme for solidified sludge

RIS E LR/ % KRS/ %  #H 17/d

2-1 5 5.15.25.35 .45 28
2-2 15 5.15.25.35 .45 28
2-3 25 5.15.25.35 .45 28
2-4 35 5.15.25.35.45 28
2-5 45 5.15.25.35 .45 28
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Fig. 1 Solidified sludge soil sample
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Fig. 2 Failure modes of the sample
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Fig. 3 Comparison and selection of composite materials
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Fig. 4 Mineral structure of montmorillonite
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Fig. 5 Effect of cement content on stress-strain curve of solidified sludge soil
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compressive strength

350F = JKIEEHIME=5%
00l ¢ AUREIIE=15%
s A JRIBHINE=25%
Jézso- v KIBHRIE=35%
* JKIBIRINE=45%

200t /

H /

150+

g

= 100 - -
0 fl L 1 1

i LBANE%
P 7 B 42 B Te il BRATC s 3 B2 B 5 )

Fig. 7 Influence of bentonite content on unconfined

compressive strength
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Fig. 8 Relationship between unconfined compressive strength and material addition response surface
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Tab. 8 Test parameters k and g, under each dosage

i B8 A/ % k 4o R’
5 1.138 1.352 0. 96
15 1.751 21.978 0.92
25 2.843 34. 541 0.94
35 3.973 65. 802 0.83
45 6. 038 79. 688 0. 96

MR 8 HRIE A5 I RIS i il 2
BOLE A OC R B R? BRI = (2) AT L)
FH T 2875 [ Ak Te i BR BT 5 B2 5 B RHES 2 2
e FR . 2 (2) H RN 5R EE 5 ABHR i &t 22 4]
MOCER, WK 8 WA E IS kg, BENZHE 1
VNI 1 0 48 LAAN (] Wt B2 3 K, T W96 S 80 &
qo NG LU IR Z A — i R ARG, Sy 1B
FERGAE - TS N o, X URE TO O FR B0 s 58 52 1Y 52
e, % RIS S SIS o b HTRIA
WA,

k =0.002x; + 0.015x, + 1.037,R* =0.99(3)
qo = 2.004x, — 9.469 ,R* = 0.98 (4)

F S AT DL 2 AT A5G 1 3 73 i i 45 o i
k gy Z IR G FR A5 B BEAK DRSS 0 & F R - 45 m
LS TR AW

q, = (0.002 1x,” + 0.015 03x, + 1.036 97)x, +
2.003 98x, — 9.469 3 (5)
Krfox, AZKJeB NG, x, A BN,

RIS T BOK IR AE M ¥5 U [ Ak £ 1 32570, DL ot
wLOEE B AR 2 A IR SMB T MR
VRIS, o TE N PR B 5 R B8, X [ Ak TS
F 1 TR T S AR DL T 2598

D) 500E B A I AR 8 = AR Sh
BARNE AT BT U, Pk LR i 1 AR AR £ A
BT A T LR RO TR 4T

2) YK PR TR N — i I Bl g T i
BABE I, JFE Ak 75 U6 A8 I M0 B Bt e i 8 5 A M 1
KOCR, IF HAKUE A i bk vsy , 14k 75 0 1Y) 5 B 4
e ATE

INVASCWIGE T 25 Ak IRz 5 & Bk s
FTE TR A 11 dBC Heak B T ST
BOR i 44%

4) FE R G0 B HE ST 0 [ 1R 75 U - 5 R
A AT LA K e i 1 2 A 1 Ak T 805 e £ 98
N BR 40 He 58 B2 A T HERR T

B2k

1] R P BRAR AR, 282N, 45 B DRI X TR P I K 75
JEsRIE ANB EVERE A LM [ T]. 45 £ J1°%, 2013, 34
(2) :337-341.

[2] VIEIRA R F, MORICONI W, PAZIANOTTO R A A. Re-



90 Wodb TR R ol (A R OB 2 R

2023 4F

sidual and Cumulative Effects of Soil Application of Sew-
age Sludge on Corn Productivity[ J]. Environmental Sci-
ence and Pollution Research,2014,21(10) ;6472-6481.

[3] B2k, 51 2, /0 0h. Sl ¥ e B BL [ fh g R B g
SRR T]. 5 1% ,2019,40( 11) 4439-4449.

[4] SUN X, ZHU W, QIAN X, et al. Exploring Cementitious
Additives for Pretreatment of High-early-strength Sewage
Sludge from the Perspective of the Rapid Generation of
Nonevaporable Water [ J ]. Journal of Materials in Civil
Engineering,2014,26(5) :878-885.

[5] SHEREE. ST ¥ U8 [ AL B AR K5 ma PR 2 193 40 BT 5
[D]. UM WL Tl K%, 2013,

[6] KRB, RIETE, XD e, 5. AU P45 IR FEA RS 1
FFAE 5P AL i s 5T [ 1], 4 1 7152, 2012,
33(10) :2979-2984.

[7] XFR ARG RS R & 4 B AR b 5
5 IESIRTTE [ J]. PR T AR, 2014,32(5) :73-76.

[8] %% vk, 5% O 7E. SR AEbant i bib e [E Ak i BT 5 2
B TR 7], R THRA3 2016, 10( 11) :6705-6710.

(9] M, 51 2. Hr AU T 5 U 1k - TR Pk K it
HLEE[J]. &+ J1%,2018,39(S1) :69-78.

[10] Z=358, 88 2, P0Gl S5, JFr s DX A ) I At A 7 1
SRR 7K eI e [T AL R0 ) ) 4 S PERE BT ()] PR
T.7#%,2019,37(3) :146-151.

[11] B2ALAe 28 BRAR IR Eh K e bib [F] 57 3 58 e 8l 7 )

Ak e 4 T Je BB BE UK R e MR IR g (1] A
+ J1%,2022,43(6) : 1453-1468.

[12] rhAe AR E A 5 bk & 2213, B R 1T i g
B R, GB/T 50123—2019, 4 TR 86 J7 ¥ #5 i
[S]. demt. hE Rl H R, 2019.

[13] 275, 5KNE, FEB. 2= (M) L 35K
2 HRRAL,2013.

[14] ¥ 4F, TP, B8R 55, R 1wt K Je Bt bkt
fRIRAR R R 2 Ih M BB [ 7). & S R 24412, 2016, 19
(1):156-161.

[15] A &2, R, 5k &, . T RGN & 1k 15 e i
SR KRB EE RO [ ). KA K B B R, 2022, 42
(4) :39-44.

[16] AR 3k, LARSZIE A% Bids in ) [ Ak FesE 475 U8 i ik
BWESE[ D]. R AL KA, 2007.

[17] RER iR+ -2 R A T4 AT IR Ak %
JHPERE B 2RI D). KA B MOR2E,2018.

[18] ¢ o, 8B 1R, Al 2. oK Ie 1 07 2= R eI 3 TF
S0)]. R T R4 ,2017,39(5) :490-496.

[19] Feins 2% 35 AL U8 ok 0 38 B i S T 5%
[J]. RERRER MR ,2018,37(10) :3193-3196+3205.

[20] 2k, Bhipeal, 2 4, 4. WOEVRIK 1k S A 7 2
PEREIRIEAFFT [ 1], 45 1 712%,2017,38(9) :2589-2596.

(THESE TAH)



