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Abstract: In order to solve the problem of heavy metal pollution at electroplating sites in Ningbo, toxic
characteristic leaching procedure, unconfined compressive strength test, long-term stability test under dynamic
load and scanning electron microscope test of chromium-contaminated soil were carried out by using self-
formulated curing agent. On this basis, the change patterns of the mechanical properties and leaching
characteristics of the cured soil with the maintenance age, curing agent dosing, curing agent ratio and heavy metal
contamination level are analyzed. The results show that the curing rate of chromium-contaminated soil with self-
formulated curing agents is more than 85%, and curing rate increases with the amount of curing agent, decreases
with the concentration of chromium, and increases with the age of maintenance and then decreases. The curing

rate and unconfined compressive strength of the cured soil after 28, 90 d curing compared with those before the
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application of dynamic load show a small decrease, but the influence pattern of each factor remained the same.

The self-formulated curing agents have a good curing effect on chromium. This research may provide theoretical

support for curing and remediation of contaminated electroplating sites based on the analysis of the variation

pattern of each factor variable.

Keywords: heavy metal; chromium; unconfined compressive strength; toxicity leaching test; microscopic

analysis

Bl AT VR, BEHE 2, ML 75, F A A0 o A TR
R R, HE T AR S E B SR, IR AW
K, RERABRE A—H XK, BEHBUEKE
40 fzmiZE AL BT AR K Tl S A O
Pb”, Cu”'\ Ni''", Zn”", CA" % F 4 )8 & T M E 4 J8 T
Fok, A, U ER (KR FERE. IBiE . IB3F
). R MR . IR EL . de el RE A EA
WL, BAREDRZ AlinE 2. S8R, K
JAS ] 2 R Y

X U6 4w HAT BUE AR, B B g A AE Yl
WA, AU AR AR W B A B, B S
WIBETE MR BB, a3 AR kY. E 4T BT
H AR A A 5T il i AR B 4B EH L A k-
Dt UTVE -V AR . B A B A — R ke BB R
YEREAT R %, (49 R R G T 2 5 W) g PR 0 F2 1
W 5P E AR R AR R, 4R TR AL R
TE AR B A, X R ik A . g
BRGNS ESETE Y,
JCH LA 56 70 2 19 16 35 fe K, AT ARG 3, 1
LB 23] 3 o B A e A A & Rt m

Hl, CAMESBIGRBEEHEAR: THREAR
(454 L IR BE B 15, W Bk 24 vk (L 46 FE
PRk EE ), Ak AR Rk (S/S ¥ ) A AR g & ik
(Y eE mitEmes) %, BimoEtbBoR
AR HARBAS | R B2 . 54/ iE R,
DL K Ak B 5 0 [ Ak 1 88 R e A ek T iz s
N4 w15 Y B 1 v, el A %o R AR AR R fh e
A2 H v E PR A L TR 09 # M
Zg[‘)*lo]O

B X 7 U b X LB S YL S M EE 4 s gt AT
g8 A B A7 BC i 0 [ A7) T XI5 g i R

&, % (Toxic Characteristic Leaching Procedure, TCLP) |

T BR AT 1 5 BE 5 . AR E R o A, R A R
W A 750 ] f e A B0 05 22 A 1 | SR RE IR L RO AR E
‘I‘i%o

1 #MREFIE

1.1 A T35 5+ 5 @A il &%
111 A TG54 4 4

R T RE TG b s i r B 3 b - 98 57 05 M A G
T2 AN, WIF 58 61 A 500 %k 95 2 4 09 [ Ak B e 18
H A o O g 2ok v J % A A B B 9 ] — P A eT
FwRME, RHANTHSTE R0 BT R
T80, DX 52 T Y 0 B A €8 R A N R A i
ANT 59+, i EZY 2= Rk 1. 9
DL T 47 R 41 (K, CrO) 1 R 1Y B 2R BB S i 5 1Y
15 e g 2 T M X H B T U 3 M S e R
DL K 4 HE BR800 = b v, B IR
Sl 5x10°, 1x10°, 1.5%10° mg/kg, B (5 F + i & 11
0.5%. 1.0% F1 1.5%, 43514 Cr0.5. Crl.0#1 Crl.5,

x1 R T HERYIE N FIER
Table 1 Physical and mechanical indexes of test soil
FIRETIKR % WiPBR/% YBBR/% YEVEAERC ORI TR AR [l a4k
41.1 44.5 23 21.5 2.76 0.41 0.05

W 3R AR UEAT 12 h ML AL B R i
2 mm G, $5 BT B AR AR 5 A, AT K
KA 35%, Feor e B R PURLE5), Jo i B Bk
TR, FH P S JR A ot T T 5 A 5 1
112 AR R A st

FIC [ 46 57 (CB [ Ak 5 ), H 4 206 475 5 3l Ak PR
KL AR RERREN . R AP0k, AR 21
RAB RN 2 iR .

x2 WISFETELIZITELL
Table 2 Experimental program of solidification of chromium
contaminated soil

[T 520 53 5 HL /%

i

K ZEYS RN i 1 Ak
CBI 60 20 10 5 5
CB2 60 20 15 5 0
CB3 60 15 20 0 5




2022 4F

EFRH, S AL M R R B T g b LR R AR E AT - 185 -

1.1.3 KB &

(1) FEANTHI SR8 7 d )5, kit Bk
FAEF AN T95 G =, PRl U oK 43, s d,
HL R B3, IR AT WLSURL Y 5], TC PR ISR

(2) #% (+ T30 75 ¥k bR 1fE ) (GB/T 50123—2019)
PEATHIRE, R Y] 4% . U0+ DR RE D) AR 80.0 mm,
B 39.0 mm i o ORI I0 RS B 1, 2 L
Wit 3 PAT I . R AR AL PN RE 3 S TR K —
JZ PU-E AR DAE A . B AR i 5 3 7 s o R 4 BR 45
AR 2R IR T, RS R (2043) °C, AH X IR
B =95%,

1.2 #FHR S

A A G R AR R AR TS G T R R
T 50, e 0 A 4y 5T Bl 3 v 0 M R RS
P, HEEH MR E®RTS R ERLE, AextE
B PR 358 16 R 05 e, DAIE R 2 o™,
121 Kk

VR R G RS MR S By EE AT, R
50k 7, 14, 28 do

(1) 4% pH=4.3 . #J& 0.1 mol/L [ FR 44 (NaAC)
W IR R

() ¥R EER eI 1 mm §if

(3)#% 5.7 mL BS R (HAC) il A 500 mL /K H, #R 5
JA 64.3 mol/L 9 & S Ak 4 (NaOH) %5 W, 1A #i B 2
1L;

(4) 310 g i3 +FEFT 200 mL AR 3R IR &5

(5)TEZ R 25 °C T, #F% Y 18 h, %3 30 r/min;

(6)#E 24 h, Wi pHAH . FHE, 2805 IE
=2

(7) 5 e 5 W A 2 (HNO,) R 1k % pH<2, %
ICP I 1M &

122 [EfbsE X

T RE UL H PF A [ 470 [ A S Y Y IR R
e, RSO TE AR B REE, DUGE B UL b ]
AR

Co—C
T
Ko p—— Mk 1 1 2R /%
ci—— TCLP i 55 B Wi 42 W v i) 2 4 J 6 i/
(mgkg s

co—IRIGHT AL - P 9 AR B (mgrkg ) .
1.3 [l KRR e i e

R T RS Y 2 At AR AR A e ORI Y

ALATPE, XK IR e T R . H A R T
SMER 560 I K 22 2R VRl 1R AG PR R . M AR SE R
75 e [ 4k 4 AF B L TR v R 0 AT RE A, R 6 R
FH TAJ-20 ) = %l {05 480 52 38 £ 28R 0t 52 K 1) 20 i 28K
ZeM T A - i B AR A R

b 4 K AR e MR B T 7 58 L3R 3, i i
FEZ: BROCHR [16],

®3 PEHARHTR

Table 3 Dynamic load test scheme

45 FE/KkPa  WEI/d IREE/PC RN e U

1 50 28 H LRSS A HEK 3h = i 58
2 50 90 SRFEN20 kPa(FR5H3 6007%)

T R0 R FH IE 5208, SR SIS CR FH B ) 2 AR 25 AR g8 sl 3R IR
1 Hz; #3015 000 ~ 10 000U IAAE 2 & A IR, BB AR T I, ANEA Hedetk:,
HE IR B3 6001k

2 BRMITIE

2.1 RARTGHEHMER R

T R ARY5 G b i G R R 2 24 B0 A A 1
51, PR K AR 35 Gt £ oK B H 45 23, B4R S B
— iR BT o IR R T IR BRI
Wb 32 15 Y B B b, BEAC R R AR T e b R DL
#* 4.

R4 HUBRABRIECRZE
Table 4 Heavy metal content in naturally polluted soil

b T8 (mgkg )
o % W W 4 # 7
TR L
- 582 92 102 641 0.38 85

K 2 o CB1 4143 B AL, XF RART5 Y + 0047
Ak, I 3597 28, 90 d i TCLP ik 56 45 S % T % 5.

R5 RAKTHELE TCLPIREER
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Fig.1 The curing rate of 28 d CB curing agent changes with the concentration of chromium
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Fig.4 Comparison of the curing rate of chromium contaminated soil before and after long-term dynamic loading
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Fig.5 Unconfined compression strength of chromium contaminated soil before and after long-term dynamic loading
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