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Characteristics of Nickel-Contaminated Soil Solidified
by Limestone Calcined Coal Gangue Cement

HOU Shiwei' ,ZHANG Fei' ,CHEN Xin' ,ZHANG Hao' ,DING Zhaoyang’

(1. School of Civil Engineering, Shenyang Jianzhu University , Shenyang, China, 110168 ;2. Engineering Material
Testing Center, Shenyang Jianzhu University , Shenyang , China, 110168 )

Abstract; The solidification performance of a new type of low-carbon limestone calcined coal
gangue cement in heavy metal contaminated soil is studied to explore its potential use in solidifying
contaminated soil. The solidification characteristics of limestone calcined coal gangue cement on
heavy metal nickel contaminated soil are determined by the unconfined compressive strength,
electrical resistivity ,and scanning electron microscope tests. The unconfined compressive strength
increases with the increase of the curing age,and decreases with the increase of the mass ratio of
nickel ion pollution in the soil;the resistivity decreases with the increase of the curing age, and
increases with the increase of the nickel ion mass ratio ;insoluble flocs and needle-like crystals are
the main products of cement hydration. The addition of limestone calcined coal gangue cement
improves the strength performance of heavy metal nickel contaminated soil and improves the
microstructure of cement soil.

s H#A:2020 - 10 - 12
B4 WA . F5H S AR5 H (2018 YFD1100404) 511 T4 T H ( LIKZ0564 ,LNQN201906)
EE R A5 (1982—) , &, BIHUZ , EEMN S H AR 15 G 00 &4k A B 7 T 5%



4 4

PSS AT R AT MERT A0 K PR A BT e AR MERT 5 619

Key words: low-carbon; heavy metals; immobilization; unconfined compressive strength;

resistivity ; scanning electron microscope

8 4 SR Y 3 B PR R A
TR SRR TR A K HEL
A ) Ra s/ Ak N H LA R
ERVEPESR ST, B 832 B T 5 Y 3 4
s R A AR 0 K Bl 5l
TR TS AEASD LM, fme
J& 5 Y WA e 2 B R A T R BT 5
BEREAG , ANT] TS e 2 70 e 38 % @ Ak s
Yo+ B 5 BEAFAE AN TR R R, kA B g 4l
M5 RIEF YA FEE g Cu® M Ba’* i5 4L
+ 4, B UK IR A R L [ AR Y R A
#97% LA b, T BT B A B Y
BH FI T ok 3t K 8 250 0 5% 52, 80%
BRI 450 R A LR s AT IR
BERNAT A R, T ) 95 B i R R
48 XY AT g A B R AL
RO Bk AED X 5 i R £k UK R Ak E
S5 Y 1 TRERRPEUEA T 9T, & B TC
B 470 e ik 85 1T P, BEL 23 357 Bl 5 i 07 948 K T 3
i, V. A. Reddy %"~ KL 30% HB e 5
1 15% AR 45% W E kR iR K e,
=ICA KAIBRERE K Ue (LC3 ) X 5 4 Jd Y
BTG YL A A AR ROR AR
TCMBR e 1 58 i 2 i 7 T AR [ Py 385 o g 334
M, Y. C. Gu " i LC3 Bk & H 4
JaE PR R T, R B LA R R PR R A K A
YAz AT B4R LC3 B 4 R I BE .
L. Vegas %' % BLIB 09 % 1L B AF 4
20% I 23 BA i 2l 36 35 50 A R 3k /K e S AR
F12E R, BRAST i & B, il S
FEIERF A AR LC3 KR E A 1R & B
B AR A K P K A R i AR S
R b K AR &+ ML, 26 B BB R 4,
H AT, B PN A0 e A R A A8 B BT A 7K e [
TR 4@ O A e s i, EEE TR
85 X6 A7 IR AT HE o IR AT A K R ] Ak T 4 B R

55 b mty i e BH AR OSSR 25 D5 T Y
[ AL PERE R ITIF T

1 X %

1.1 iXIE#

B OB = e -, pH K 7. 83, fi
bt 6 T A AR50 Sk A A BT A
TR, K e Ak R /K Je BVRL T Ak A
TRATHE A K A7 B 4% 50:30:15:5 By & e
PEAT B, o BT A R R TR Tl A
850 C FEbe)R L 200 H A b il i, 156
T 4 )8 15 %21 h Ni(NO, ), -6H,0,
1.2 AEHERRES

AR NIt SRR TR BT 0
5 000 mg/kg .10 000 mg/kg .20 000 mg/kg; f1
AT B AT AT K T 4B f e 5% (10% |
15% 20% el e it Bl FH 25 8 7oK #% IR
(KU B A Bt LR ) (JGI/T 233—
2011) AH OB A2 , 12 F K 9 /& 2 70. 7 mm x
70.7 mm x70.7 mm 37 J7 K, & KRk K
38% o K4l L I C i G F) R BRI VR I A 9
BT H A P13 ST 4B b e 0 -+ R KA 4
BeBERTAOKIRIR G P, — IR A3 &=
(125 B TR I FE R A e B ST R Herf
RS EIRE, #E 48 hJ5 , KP4 7
JBARE e F 348 A (20 £1) TR HIFE
17 d.14 d 28 d .60 d,

TR 52 [ £ = 1% TG B B e o B |
BHR OS5 H) (SEM ) Zeh5tE . M BRAT R
s K B W K R O 0.03 ~
0.15 kN/s,, FBH AR50 1 F A%k, A BH %
AT R B 1 000 Hz, 75 [# 4k - 14 Ha, B
R p, SEM KI5 {fi ] S4800 14 rL i i% 4%,
WK Sem N S mm x5 mm x 3 mm A5 fief
Wit , Bt T 52517 SEM i



620 WHERKESMARBFR)

%38 %

2 ER 5T

2.1 ZEMRAERERE

2,11 JKUEIB N TO M FRAT s 56 L F) 52 )
TR 5 B S i LU A R 57

PRI 2R, DO PR e 55 58 B A1 K 41

e ivt SUVEY Qx5 ity v ke 3/ 11 &3 I W N

AR T I AN R SRR IR A R Y

4000
3500 —®—7d
< 3000 F
I~
# 2500
ol
B 2000 -
2 1500
=
R 1000)
500 |

05 10 1s 20
KRB &%
(a)0

3000

—a—74d
2500 —e—14d
——284d
| —v—60d

FEA PR IE SR B /kPa
s o s
8 8 8

500 F

5 10 15 20
KB %
(c)10 000 mg/kg

I8 4 = TC M FRHT 1 56 B2 4 BE A7 A B e
WK P i R R — 2, fERl—
BB IR LR Al A 0 FR4T e 55 B
Wi K PSS I INTIE R, £ B AL EAT
ARVRHRE R S A2 AR, Az IR 7 A 1
T A AR SR B AR RO AT, A
IR SR SRR E 4 R B W e e A A
Az pteh AL s R 4 s

4000 -
—=—7d
—e—14d
< | —&—28d
£ 3000 04
it
e
H 2000
B8
E
=
1R 1000 |
1
0 , , ,
5 10 15 20
KRB E%
(b)5 000 mg/kg
3000
—=—7d
2500+ —e—14d
&
§ 2000
Eﬁi
H 1500
&
= 1000
R
500
0 , , ,
5 10 15 20
KRB RI%
(d)20 000 mg/kg

Bl JCOFRR SR S K e B i L &

Fig.1 Relationship between the unconfined compressive strength and cement content
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Fig. 2 Relationship between unconfined compressive strength and curing age
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Fig. 4 Relationship between the average resistivity and the amount of cement
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