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Influence of leachate soaking on long-term properties of sludge
solidified with soda residue

HE Jun, ZHOU Lirong, ZHANG Lei, FENG Xiaoying

(School of Civil Engineering, Architectural and Environment, Hubei University of Technology,

Wuhan 430068, P. R. China)

Abstract: Sewage sludge was solidified with soda residue (SR), ground granulated blast furnace slag (GGBS),
and quicklime, which was used as a temporary covering material for landfills. The effect of leachate
concentration, soaking time and SR content on the long-term properties of solidified sludge was carried out. The
micro mechanism of long-term performance was investigated. The results indicate that hydration products such
as ettringite and calcium silicate hydrate are generated when the solidified sludge is soaked in the leachate. The
strength of the sample increases with the increase in soaking time, indicating that the solidified sludge has good
durability to the leachate. Nevertheless, a large amount of calcium carbonate and ettringite of different sizes are
generated in the sample with 60% SR content after being soaked for 210 d. Then the structure becomes loose,

cracks appear in the sample, the strength decreases significanty, and its long-term strength reduces to lower
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than the strength requirement for temporary cover. Too much SR content is not good for the long-term strength
of solidified sludge. The strength of solidified sludge decreases as the leachate concentration increases due to the
corrosive effects of leachate. The solidified sludge is structural, and the changes in the yield stress under
leachate soaking are basically similar to the strength. During the long-term leachate soaking, SR-GGBS-

quicklime can stabilize some pollutions such as chromium, copper, lead and arsenic in the sludge and leachate.

Keywords: leachate; soaking; solidified sludge; soda residue; durability
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Table 1 Basic physical properties of sludge
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Table 2 Main chemical composition of sludge, SR and GGBS

- | L2/ % |
Ca0 Fe,0, Sio, MgO MnO PO, ALO, TiO, SO, cl
15 U 5.60 6.70 45.10 4 0.1 16. 40 12.90 0. 90 4.60 0.30
(% 66.46 1.02 8.57 0.28 0.14 4.06 0.22 11.27 6.72
it 38.60 0. 30 33.90 7.5 0.3 1.30 15.30 0.70 2.10
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Table 3 The main constituent in landfill leachate
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Table 4 Test scheme for soaking in leachate with different concentration
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Fig.1 Relationships between unconfined compressive

strength and soaking time with different SR content

2.1.2 BEHBEFRZEREAYH K2HAFE
12 1 B 1) T [E A 5 e T BR Bt o B 5 e i 48 i
MRWIHRER O FR . W LUE 7612 10 PR 52 A0 [ 7Y
TEOLT B 30 d I B 45 B 04 728 Ak X 5 R S e
5 233 30 i A5 A0 = 60,120 d B, 5 JEE Fifi B i
B i 0 3G B R 2 I T () R 210 d B B B
i B 5 1 0 3 0T /)N, 2 R 4 3 I 2 60 %6
B, B A LB & i nAE 280K ( 1 ) 60
d By 45 R, i BE S4. S5 H1S6 Xt I 5 FE 4 Bk
81.2.100.168 kPa( ¥l 2(b) ) ; fE B W (IV ) 2 ifu

210 d LT L BB 58 M 40 %6 19 50 % 1), 38 3 /)
T B, 38 & 60% B 5 BE T & 42,8 kPa( &l 2
(d)) o XFUOLA B X 415 U8 50 B i B A
WSS B B W AFAE 22 ST . 3 A HE 3 RO [ ik
15 R R S6 2298 B VMR B 1 ) e K
SN R Oy | T O S
iNTAN

200

v
3

%3
S

TeOUR LR EE kPa

o

S5
iEs R

(a) 32 30d

200 o!
ou
Dom
— B

%
3

FEMBGUE SR kPa

=)

.
WiksE

(b) &1 60 d

2

7y
3

T MRS P
3 8

=)

(¢) Z1120d

g

I
3

TR LT P
3 8

=)

iES R
(d) & 210d
2 AREZRERETEMRIERES
WEBENXR

Fig.2 Relationships between unconfined

compressive strength and SR content under different

soaking time
T 15 0 I ) AR ) B BT, BE A5 1 U8 v B2 Y

BR80T e B 5 RE B A — 7 Bl (E R A S O
ANV BRI 210 d, LA PR B 2240 ) , R B DB



168 + K5 5% A FROP E L)

% 45 B

XA TS PR A R AR . R 210 d, ) A AR TS Y
F10 5% J3E 55 92 DB WO L B 5 RO R, LU AT BE AR T
B IR ORGP A 1R o LA AT 2 I M IR I o e v 5
6 il PR AR AL 3B DB RO I A AN H AF IR
SR Z R L TR IR E Z R . Bk
IR I I RE T N B — 28 AR (D BT AN A
XRD A It H 3 5800 o8 85 A L B R 4% A AL
B T 7 45 7K 2 0 1A DU AT s B (DL BT 3) , Sz e i
B USRS AR5 U A LR AR AR 2 D O [ A T
e BA Rk

SR

(b) AR WHT 4 XRD [&]
B3 AREFRAFETELTRIRNERNIMUMLTHY XRD E
Fig.3 The appearance of solidified sludge under different

soaking environment and XRD pattern of precipitates

2.2 SWERRMN A

e B BE SAT60 1 e-1g p K R M ML, W
E AR, o] LLE 5K EALTE 261, R
RIFREE T [ ALT5 Ve RE ELA GEA PE AR B e-1g p
il 2 A7 72— A B Sk 9 JE Al A, B0 SA 5 4 e I R 7
K H Butterfield (1 In(1+e)-1g p XU £l A A 32 45 2]
[ Ak 5 V8 1) 25 48 e AN g, i S TR o AT LA

31F

29 !
P B —a—1
T —A— I

v

1 1 1 J
1 10 100 1000 10 000
Ig p/kPa

B4 S4T60H)e-lgp KR BL
Fig. 4 The e-1g p relationship curve of S4T60

Wi 5 5 9 A I 1 06 K, 485 4 T AR R g 2 A B R U
INEY R E (5 (a)) , B, X5 SAIV, 2432 i i ] ol
15.60.240 d B , 45 ¥4 J Ik 2 774351 R 92. 6 .156. 6.,
82. 1 kPa. #5H4 Ji iR 1 1 55 T M BR Ht 1 56 B il 132 760
R T0] 1) A8 f0 A7 72— 78 1 25 5 1, 1T BE 2 78 T B 4t
JE 5 B 3 0 A 453 50 R RS R sz RS A
fE 22 SR o AR TE e b AR B T B AR K
B A, 2w R AR R, B8 7 0 M) BR 4 T g
FHOAFE T Z) g R IR L, 7E K IR i R Y
55 A6 Jef JIR R 77 AT 5 T A I R 2% R T e B4R T
AT 19 23 (8], 3R TG O BR BT R 5 4 R, R AR fE
N7 1% 5 5 AL A I A O, QR IR URE S6 7E K
15 1 B TN B B R o R A 2 BRI . 5 i R N
Wi B 75 42 0 B 00 2 SR SR B R R e BB
T VB A R T I O B 1 38 g B K
(E5(b) . (c))o F34b, FTCM PR BT 5k B 114 A2 16 #1L
HE—8, R LA ARS8 A 25k T IR 1 T b i
N(URZ 3 RO R DI WA N <E

200
<
g 150
R
E 100
=
iz
F 50
&
0 L L
2 a)/d
(a) e S4
200 Os4
r Mss
g 160 mEs6
EIZO
% 80
E= )
¢
IR
(b) 21 15d
200 -
[s4
= 160 - [ss
<
'E; 120
2
E 80
K
& 40

o

(c) B 240d
5 FHMEREANSREREZEANERFBEBEN
ES

Fig. 5 Relationships between structural yield stress

and soaking time, soaking environment and SR content



% 3 4 TTAR 5 5 08 IR Z I 3T ARGE B L T K A R 04 B e 169

2.3 HMERAE

2.3.1 NMR&% &6 W35 T,50 1
M2k, 2 5 R X R i) T 0 (E K BV A . T RLE
SAT30 1 fi g A WL, 1 S4T30V il 26 oy = i
B2, 2 W18 8 W i R 10 L B o0 A 3 2 M A
55 5 24 B 75 5 T AR 9 A a) R TRD R Bl 2 9B U8 TR vk
BEM 3G, T i & ml A7 b 05 B8 3l JL 04 {8 R AR 43 T
BTG 0 140, 255 U 2R 58 43 3l o 25 TR OK Fg
UE W I, AR Y T, 20 43 0 Dy 4. 642 .6, 136 ms,
KALBRE T 23 5910 100,152 ms., 4K T, {5 5 1L

B 25 R A OC, T 5 FLBR 48 R BUIE H, FLXE R (1 1
3 THFRUAT 2 B AL B A B A RN, TR 98 U VAR
JEE 1 A A5 3R o A L B AR R, AL B AR R A R
XFEE SAT30IV A1 SAT60IN 7] L & B, Je & #2431 AR
(B /N T &, BT il 2w 584 B, LB AR AR
I Y6 B T F B T R /N o FER I 30 d I LT Bif
WA B RN, T, M 410 22 % 3 iR AL B
AT N R LB AR R AT s/ KT AT B
9 B 4R R

£S5 NMRiXEHIEET,FRSER
Table 5 Peak T,and integral area for NMR tests

ZH Tomant Tomaxz Tomaxs S S, S; S
S4T301 4.64 100 17 656. 12 479.51 18 135. 630
S4T30V 0.33 6.14 152 2494.95 24 351.21 526. 80 27 372.960
S4T601V 6.14 152 26 411.63 542.90 26 954.534
S5T301V 0.19 5.34 152 2065. 50 22451.70 386.95 24 904. 139
S6T301V 0.12 4.64 114.98 1427.33 22317.21 864. 16 24 608. 693

---A===- S4T301
1600 [—%— S4T301V

B ——o—— S4T60IV
200
i
Pl
S 800
¥
e 400
0
0.01 0.1 1 10 100 1000

T,/ms

(a) ¥ 7 PR35 01N 5] ) 52 1)

2000 120
—— S4T301 80

i 1600 - —4&— S4T30IV

= 1200 —— S4T60IV 40

E‘P

Plind

17 100 1000

0.01 0.1 100 1000

ITZImSIO
(b) Witk 5 1 1952 W)
Ee AREZAME.AMERFHESENT,ME

Fig. 6 T, curves with different soaking time, soaking

environment and SR content

2.3.2 XRD®& K7 RHARFEREHEETEILE
TRy XRD B % . ol DL& B, @4k 75 06 3 24T R R
5 (CaCOy) A B (Si0,) (A E AL (Ca(OH),) 45
#l A (CagAl, (SO,) 5 (OH) 1+ 26 H,O) | 45 £ B
(CaCr, (SO,); (OH),+26H,0) . /K 41 5 A

(Ca,AlLOsCl,» 10H,0) /geminite  (Cu”'2As”' 50,
3H,0) /dundasite (Pb,Al,(CO,),(OH)g 3H,O) A7k 1k
FERRAS (C-S-H) 254 i .

M7 () T LLE 98 08 W i 1 iR SIO,
1 CalOH), W48 55 , i CaCO, W HE o , 32 W15 1k W 2
HLIR BT T & A= 10 e £ 5 Iy Xof 5k 88 A5 AN R 5 i i 2%
TR K IR W R 8 T C-S-H W A0 5if , v B 2 s ol B o i
25 A8 Ji AR I T 58 v v SR BT o A AR A o v
AL SO, 5 Ca(OH), K i P ALO, R A I, 45 #%
BRI H Cr AR AS B A AR AT TP i AT B o

M7 (o) BT LA Y, A [F] 32 36 B ] TS 3 2 58
LB 5 i 6020 URE AR B CaC O, RIS 4 A B
%, S4T210 H SiO, Ml Ca(OH), 52>, 1fif CaCO, f145
LAY L D, R SI0, F Ca(OH), 2 5 K 1k 2
IO A B A PR 5 B C-S-H W ot . 4t 210 d B
UE W R S, [ AR s U8 K 8RB £ /geminate/
dundasite AR 8 .

M 7(c) ] LLE H, & i [E] A 30 d 3§ 2 60
d B, SiO, Fl Ca(OH), I & 25 8 /b, 55 4L A F1 C-S-H
WG 2 RIS W o >3 Y6 ] DA 60
d#ehn % 210 d B, Ca(OH), M £ 458914 il C-S-H A
Frk b . K845 £/ geminate/dundasite XV A4 14 fifi
T Y P[] 4 T 3 4



170 R 73S 4

77
? 1: BRERES
6 > ! 2 ik
6 3 55 [s 0 A e
AL adlz s 4;.9“4
s 5. i,
= KR
B 5, hate/
LLLJ. l, ‘ M i S4Tod01 T: 7MU:§HZ%'5
10 0 7‘0
260/%)
(a) 0 36 B
1 77
5 P IR
4 5 sl 5
6 [34 o 1 S6T2101V
L tlAskii Bal M3
- 1: ?EZ%T
- 2. il
%f | A W ssiov ¥ B
- 4T
5: FEERHIL
I L“ 6: KERE A/
L ‘, l l l M SAT210IV  geminate/
duasite
7: IKALTERR S
10 3‘0 '50 ‘70
20/(%)
(b) AWk i 12
71
5 1 : ! It
4 Aﬁtl ,
s 13 3 S6T2101V
e G e B A
TRERES
ik
IE

S6T60IV 4. fEg 7

= 6: AKEFA/
nate/

gemir
5 = duasite
" h] M M N R

)
70

" 20
(¢) AN [E)E AL ]

E7 REEMEZTEWLSREXRDEiE
Fig. 7 XRD patterns of solidified sludge under

different influence factors

2.3.3 SEMa X & 8 K #B 4 [ 4k V5 e i) SEM
R . AT LLE H, S4T60 1 H A 75 f Hietk Ca(OH),,
BB IR S A A A K A ks 2 T AT FLBR (& 8(a) ) 5
Wi 5 952 T B TRT % 1, R e R RS AL A 2
Ca(OH), 2 T s A 55 P A7 i K A= 1L, 78 0RE 30 2% W
ZE) 2R C-S-H (& 8(b) ), 47 25 £ 2 WUk | 32 75
7 ) FL B ol S0 (i) A EORG &% L A 45 A 1 3 g
TE B U8 WA BT (16 B0, URE SAT210 1V s
AR R 5 35 59 1 5 440 A 0, C-S-H E i A
XFHE A (] 8(e)) s xf L 8(ce) . (d) AT LA & B, FE &
TRV 210 d R E 15 B 40 %6 B0 % 6096 B, ik
B rp OB AR, A5 LA RS RN BBk A
B o

Ca(OH), T
"% N L — D lm’

(a) S4T60L

(d) S6T210IV

(¢) S4T210IV

B8 A[EHNEETELiSik SEME%(5000X)
Fig.8 SEM images of solidified sludge under different
influence factors(5 000X )

ZEA UL B RO 25 5wl DU A [ AT T
rh L R0 El TR ORE B, WK MR 5 TS TR
A 5 A0 BT R A R A 5 K R el A R i R Y
Ko Bl 0 AR]85, B Ak s U rh i S1O, #il
Ca(OH), 722 & A KA, A i C-S-H V85 41 41 il
CaCO,, A % Hs I 78 15 Y JURE (8] FL B, fiff 45 JURE (3] 46
HORGE BB R T URL A] A4 B 45 1, FL B AR
/DN A A5 Ak TS U G RE 2 A MR Y R 5 RE R OR
{52435 30 B 18] 38 0 22 210 d B, B A BB A — 2 R
JE S ORE ] 68 ALY, (H 3 22 A s 2 4R ik A &2
1) SO A it Z s 8L, Ik VE H & akdk e
1 EE A ““;E%%ﬂaﬁﬂ“%%,iﬁﬁﬁa‘wﬁﬂlﬂEl@
KR8 8 A B ik g 5, 4l 45 SN HLC, LB AR
K a2, Wiﬁtfrﬂammmﬁﬂ T30
PR o B A AE B 45 I E R, 32 0 BR 57 6 1
FH B 5 & A e %¢ 5 350 AR 0K (] B 45 M AR 55 L 45
FPEAS 2% o IRl B, Bl R B (] 3 4 T 2 s
YW ko e, [ Ak Ts U8 50 U8 WA AE BVE A A
s

295 Y00 IR 55 AN [ B, 28 18 /K VR 9 1 3R A A
22 BB R L AT /S A LR C-S-H 8 e, 38 78 0k
(] FL B, 1 15 32 RF 25 4 5 2 5 T 9 0B VR Y R 2R
B CaCO, FVES B A7 /85 5% LA 2, O 78 0RE 19 4b
FAm K AT . 5 R BLR IR AN Y, B
B IR 5 S A X AR TS e B R R
e R R, X RRE AR P R, S O R R AL



% 34

FTAR , 3 5 IR R A AT AGE B AL 5 I K 0 Ak 04 3 R 171

B AR 3 2 LB A BR S R R 25 K JiE I R T
R G

B ¥ 5 Ak X [ 4k T 8 5 e 45 A JiE R ISE T Y
S SR I B AT G o IR LN A B (30 I, 3
ol i 45 S R 55 T Y 22 S5 O WD 0 5 B A IR YR I 1)
F3 N (60~120 d) , 7K A B 7 AR 8 HY JE 45 1 7 ) 4
Z R E SRS LA 20K C-S-H, [ k75 8
14 51 I B 42 i B BN 2 R A R B R B
40 %6~50%0 I, 4544 Ji e B g K, 4EL 2 g0 2
R 6000 I, 25 AL it IR 0L 7 s A RS R sl . AE R
WR AT (210 d) , & 2 5 4000 193 RE 5
JE d i, AR 22 W B0 Al R B0 2 SO AR IR 2 1Y
TOLA, HBR ALY B 22 i BR A , 3 15 i 42 B
6000 B AR B R EE R ORI . R, A
KIIPERERE | [ 475 U8 v it 42 1 5 24 e &
HAY G A

3 it

1) AE AN [a] e B2 38 08 Hh I 1R T i, i — 4
W —E A I T A T 08 2 B B A T R b GO
Pt 2 0 EF T 2% 8 o 38 K 5 (HL A 45 2 O 6006 YK
BRI 210 d i RE AR AR AN (] ROST 18 49 A1 A A
B2 BB TR S , = BUA A AR AT AL, 5 ORI 11K
£ 46. 8 kPa, Ik T SFCH 37 i B 7 55 b1 ORE A 9 J3E BEOR
(50 kPa) . B UEMKWIRWIEN T, il 2 il 2
Xt A 75 98 5 B AN

2) 5 UE WO [ A TS e BAT — 5 YR T 18 1k
15 1Y) T JEE B 8 VAR EE A B R A . IR
TE T 28 W K B 1 aURE rh A S B MK AL RE R 55
T 5 08 TR Y 1R v A AR 22 1 4 AL R TR 55
HALB AR B

3) WAL 5 e BA S5k 1, FE 4 Al i A L g B 2
T8 R JRE B T B e/ R 0 R A LA —
Bo B UBHR R i B, 45 4 e IR T B B s 45
(18 38 o 8 K, I 952 9 P ) ) B A0 S S 4 R A
oo SR IR 1 5 5 R B R Y I 1A A AR A AR —
E 28 5, 3k R ROE R 32 IR 6.

4) Bkt A A A A K T I AR S JE R (R
TE VA 92 000 1 3 R e, X 7 908 NS IR P Y
CIRER TR ST/ RE e Y (S

5% 3Lk
[ 1] ohae R 6 b5 R & 2 B3 . 2019 48 58T 4 %

45 i1 4E % [R/OL]. (2020-12-31) [2021-01-20]. http://
www.mohurd.gov.cn/xytj/tjzljsxytjgb/jstjnj/ .

Ministry of Housing and Urban-Rural Development of
the People’ s Republic of China. Statistical Yearbook of
Urban Construction in 2019 [R/OLJ. (2020-12-31)
[2021-01-20]. http:// www. mohurd. gov. cn/xytj/
tjzljsxytjgb/jstjnj/.(in Chinese)

(2] 20, £, Bk, & iB0s e o f b 6 4

JB I A% e P M B B8 RN AT A [T]. BB R, 2021, 42
(6): 2966-2974.
JJANG Y'Y, WANG Y, DUAN W Y, et al. Migration
and environmental effects of heavy metals in the
pyrolysis of municipal sludge [J]. Environmental
Science, 2021, 42(6): 2966-2974. (in Chinese)

[3] VIEIRA R F, MORICONI W, PAZIANOTTO R A
A. Residual and cumulative effects of soil application of
sewage sludge on corn productivity [J]. Environmental
Science and Pollution Research, 2014, 21(10): 6472-
6481.

[4] FAN X H, ZHU W, QIAN Y J, et al. Increasing the
hydraulic conductivity of solidified sewage sludge for use
as temporary landfill cover [J]. Advances in Civil
Engineering, 2019, 2019: 1-10.

(5] &te, FEEIE, & AR 4. [ Ak T5 e i TR M BT A SOl

ZERRHELT]. 5 1%, 2006, 27(5): 740-744.
CAO Y H, YAN S W, ZHAO L J. Engineering
properties and microstructure feature of solidified sludge
[J]. Rock and Soil Mechanics, 2006, 27(5): 740-744. (in
Chinese)

[6] KIM E H, CHO J K, YIM S. Digested sewage sludge
solidification by converter slag for landfill cover [J].
Chemosphere, 2005, 59(3): 387-395.

[7] HERRMANN I, SVENSSON M, ECKE H, et al.
Hydraulic conductivity of fly ash-sewage sludge mixes
for use in landfill cover liners [J]. Water Research,
2009, 43(14): 3541-3547.

(8] BRE, M2, 2 Bl . LLR 3R 36 eI Ky # ok I K 75

Je 1 A 5 [T]. b [ R BB 27, 2014, 34(10): 2624~
2630.
CHEN P, FENG B, ZHAN L T. Solidification of
dewatered sewage sludge using bottom ash of MSWI as
skeleton material [J]. China Environmental Science,
2014, 34(10): 2624-2630. (in Chinese)

[9] ROSLIN A, AZIZ H A, SELAMAT M R, et al. A
mixture of sewage sludge and red gypsum as an
alternative material for temporary landfill cover [J].
Journal of Environmental Management, 2020, 263:
110420.

(101 4ok #8035 /K 4b 30T V5 Je ib B IR A 3 e BT - GB/T



172

AR B xE A F RO E L

% 45 B

(11

[12

[13

(16

]

]

]

[

[

23485—2009 [S]. Jbat: AR AE H A, 2009.
Disposal of sludge from municipal wastewater treatment
plant-Quality of sludge for co-landfiling: GB/T 23485—
2009 [S]. Beijing: Standards Press of China, 2009 (in
Chinese)

KIJELDSEN P, BARLAZ M A, ROOKER A P, et al.
Present and long-term composition of MSW landfill
Il
Environmental Science and Technology, 2002, 32(4):
297-336.

HE J, LI F, LTY, et al. Modified sewage sludge as

leachate: A review Critical Reviews in

temporary landfill cover material [J]. Water Science and
Engineering, 2015, 8(3): 257-262.

CHEN P, ZHAN L T, WILSON W. Experimental
investigation on shear strength and permeability of a
deeply dewatered sewage sludge for use in landfill covers
[J]. Environmental Earth Sciences, 2014, 71(10): 4593-
4602.

ZHANG HY, YANG B, ZHANG G W, et al. Sewage
sludge as barrier material for heavy metals in waste
landfill [J]. Archives of Environmental Protection, 2016,
42(2): 52-58.

XU S C, LUHIJ, LIU J Z, et al. An experimental
study on the microstructure and triaxial shear of
structured clay in contact with landfill leachate [J].
Bulletin of Engineering Geology and the Environment,
2019, 78(6): 4611-4622.

PAE, BN, B R AR AR AR K R I AL T U A AL
WLZ5 K W5 LT I R AR il 5 DR BL 4 2 4, 2018, 26
(6): 1217-1225.

LI L, WANG P, XUE F. Research on microstructure
of solidified sludge using cement under biochemical
[Jl.
Engineering, 2018, 26(6): 1217-1225. (in Chinese)
NGB, BT . 7 20 T0 2OR}HGR0 1] 4k b i AR e R[],
HFU K2R, 2014, 17(6): 1031-1035.

SUNJY, GU X. Engineering properties of the new non-

degradation Journal of Basic Science and

[22]

clinker incorporating soda residue solidified soil [J].
Journal of Building Materials, 2014, 17(6): 1031-1035.
(in Chinese)

HEJ, L1Z X, WANG X Q, et al. Durability of soft soil
treated with soda residue and ground granulated blast
furnace slag in a soaking environment [J]. Journal of
Materials in Civil Engineering, 2020, 32(3): 06019018.
XA, B A, B, 5F . 9 B AL A TS g ks
For PE BRI O 5T 0], AR B R 2= i (B SRR i), 2016,
46(Supl): 94-98.

LIU JJ, ZHA F S, WANG L B, et al. Leaching
properties of lead contaminated soils treated by soda
residue [J]. Journal of Southeast University (Natural
Science Edition), 2016, 46(Sup1): 94-98. (in Chinese)
SR . B0 -1 i [ Ak T B0 U8 R R T A A Y
[D]. &3 AL Tk K 2%, 2020.

LI Z X. Experimental research on engineering properties
of municipal sludge solidified with soda residue and
ground granulated blast furnace slag [D]. Wuhan: Hubei
University of Technology, 2020. (in Chinese)

N TR HURE . JTG 3430—2020 [S]. dbmt: AR
23 AL, 2020.

Test methods of soils for highway engineering: JTG 3430
—2020 [S]. Beijing: China Communications Press,
2020. (in Chinese)

B, AR, MR, & Eis R RS R ETTRE] A
+ TRAEH, 2015, 37(1): 171-176.
LI L, XU F, ZHOU L 1,
characteristics of solidified sewage sludge [J]. Chinese
Journal of Geotechnical Engineering, 2015, 37(1): 171~
176. (in Chinese)

XU J, LIY F, REN C, et al. Damage of saline intact
loess after dry-wet and its interpretation based on SEM
and NMR [J]. Soils and Foundations, 2020, 60(4):
911-928.

et al. Compression

(h#E FE)



