2017,36(4): 686-693 xR ol FOE R OF 2% IR 2017 4E 4 A

Journal of Agro-Environment Science

WO, WmAR, BEEA . TS LK K 0 IR R TR AR B ALBTARAEL]. Al PR R4, 2017, 36(4) : 686-693.
HAN Chao, SHEN Xiang—dong, XUE Hui-jun, et al. Curing effect and pore characteristics of cadmium contaminated soil under the action of cement—fly ash—

lime[J]. Journal of Agro—Environment Science, 2017, 36(4): 686-693.

mio Rk T HEKE-IRKR-ARLEERAT
B4k 300 3R K FLBRFE

# M, WEAC, EEE, B, T4m, 20 2 K
(N KK S F AR B TR R, FEFIER 010018)

 E TR E R (SIS)TEE 4 & 15 Ye I b Ak BT TR EORFIDETY PSR SR ( CA> ) B A A5 3+, Ml IE A i i i
BAMIR E KUE KR AR R T AR, S RS 430 359 7,28 160,90 d, 3 4o I 5 TN BB He it B bk B2 H o 6 R Wk
AN A AL RS FE LA, DA R4S ok B2 | BB R LU AN SR dr i 0 I o 302 SR I < B B AR B i A= 4P i g
B, TGN BRI R0 B (2 ik, SR R AT, T RRAE s AK VXS JO M FR BT 5 B S 2 iR, KRB K — 11 4B
9 8%—6%—-6% B KB SR BN F 5 28 d Ak 1 HALAR FEAG T 0.01~1 pum, Z5F4 5% 510 wm DL FLER LGRS 0, S 5808 5
REAIR, IR s M B AR 2 , AN T Ak A L 7

SKEEIR) TS Y s AR A I 5 1A s TN R BT He i BE 5 bk FLIRE

hESHES . XS53  XEEREE:A EHS:1672-2043(2017)04-0686-08  doi:10.11654/jaes.2016-1552

Curing effect and pore characteristics of cadmium contaminated soil under the action of cement—fly ash—lime
HAN Chao, SHEN Xiang—dong", XUE Hui—jun, FAN Hao—lun, WANG Ren—yuan, LIU Qian, LIU Zheng

(Water Conservancy and Civil Engineering College, Inner Mongolia Agricultural University, Huhhot 010018, China )

Abstract: The Stabilization and Solidification(S/S) method is one of the common methods currently applied in treatment of heavy metal con—
taminated sites. Application of S/S will not only improve the strength of the contaminated soil but also stabilize and solidify the heavy metal
ions in the soil so that the same can be reused as fillings for shallow roadbed or foundation. Based on S/S-related technology and research,
we added cadmium nitrate( Cd**) into the soil to simulate the contaminated soil, and then, according to the design of the orthogonal test, the
soil was mixed with curing agent composed of cement, fly ash, lime, each in different amounts, and then put under compaction molding for 7
d, 28 d, 60 d, 90 d. By studying the unconfined compressive strength, concentration of trickle—leaching heavy metals and the range and pro—
portion of post—curing pore sizes, this paper explores how different cadmium ion concentration, mixing amount/ratio of curing agent and cur—
ing age affect the soil tested. The test results showed that with the increase of curing agent dosage and curing age, unconfined strength of the
soil was significantly enhanced while heavy metal leaching rate were decreasing to a more stable state; the most influential factor on curing
strength is cement content; best curing strength can be achieved with the mixing ratio of 8% (cement ), 6% (fly ash ), 6% (lime ); in the case

of 28 d solidification, the pore sizes were mainly in the range of 0.01~1 wm, indicating compact soil structure; higher proportion of pores
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over 10 pm in diameter will result in lower strength and higher concentration of trickle—leaching heavy metals, both of which are not con—

ducive to using curing—hydration products for filling purposes.

Keywords: cadmium pollution; cement / fly ash / lime; curing; unconfined compressive strength; leaching; porosity

Bt T ol A b A Jig, BREE TS e ln)dil H o
JREL OUHOE RIEERE SR P R R Y
i e [ B0 58 1) B 4 E AR R AR L
BB, H R S AL AR B F) 7.0% , 7\l G
H4 JE bR R R Y T EAE R R
AT ECE R AR AR B TT R DA R A B BN A Ak
S SN AN R e A A SR R DR G E R i N
— RGPS AN BT IA) R, U HE Tl A X rp s vk
JEE G R mAL BN Y B R R IR R
b, BOR— T W R L AH Tk B
23 Bl PN FAE T3 rh g — 2B YR
AT K AR B X N IS A A i R A
B Y07

WA SR i B TR 5 R R PR BE V5 e, e o 1358
S5 2 H A SR RIS 2Rk 25 R L DA ey
FE TR LA G G A A 5T AR U R R . IR B
XF T E AR TS Gl T B S R E AR EE R
E/EA4E (Solidification/Stabilization, S/S) AL2EWKEE 4
PR BMES SR PR A S5, Hodhizs ATk
Ve 55 TCAILAE Gk b B 43 R ¥ e - S8 0 i AR
DA AT A,

FEXF K VRS K A AR ) TR 1 20
FCT KB TAE . Dermatas A1 Meng™ 45351 T B0 K
A PIRA X E A R 15 g B RUR , 251K,
AR K5, B4 a5 e i th A BT
REA, Hom AR R . by A S il ad K Pe
b, B4R A R KR, YK B — e i,
Wi i S pH ECRBUN, KRR E =
ARV, 587 g pis th s A, 9 Hoazs FH KU A
el A4 558 B2 2 R AR 3K, (7K R [l A 7 G - mT Y
VERESUM hiz B AR S o AL S5 A5 5 e 1 1)
FLBRRFAE XS AR BE IR S A S . (HOGTIK
e MR ANAT BOAE AR AT 22 5 AR % 45 75 4
TR [ AR AN 38 B B BIFE , SOAS Sl — FR81 =
WIRIR RS, WA R4 G K U8 Ry B IR R0 45 [ 4k
B o A AR R BE TR TE AT AT, I Aok HLAOW
FLBR AR g — 28 S A FNPPAN T 2 Rl JCHL I 4k
R RCR o

1 ##FAEE

L1 R34

R Y LAk B S IR R TR
Fkit, /T RIE B AT 5HE 0.02 mg-ke™, 1
R YEHE R R T R WA 1o e
KLU 1, PRk b L3 2.

®1 THEEABHS
Table 1 The main components of soil

M4 ALO;  SiO,

Ca0 Na,0O MgO Fe0; KO C

% 13 60 10 2 3 5 3 3
100| N RN 1,75
op . O RIS o s
gof " HIEAM >} 1135
70F & 1115

IS | P i
=3 60F oS oL 10.95 &
& so0f I 1075 f&
E 40t i u 4055 x5
Bk | [ 1 | S
30F ikt [ 10.35
20k - e e L 10.15
| S | A SR by
(0] S PRI 0,05
1 10 100 1000
RiAE/um

31 W T T ]

Figure 1 Distribution of soil particle size distribution
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Table 3 The main components of cement
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Table 4 The main components of fly ash
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Table 5 The main components of lime
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Table 6 Four—factor three—level orthogonal test table
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Figure 2 Unconfined compressive strength of different ages
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Table 7 Variance analysis of unconfined compressive strength at different ages

& H/d P SS f MS F aliSF-Jy AN DUk % M
7 A 8.989 2 4.494 26.637 8.651 42,50 o
B 0.294 2 0.147 0.870 -0.044 -0.22
C 5.397 2 2.698 15.992 5.059 24.85 o
D 3.989 2 1.994 11.821 3.651 17.94 o
W 3.037 18 0.169 3.037 14.92
SN 21.705 26 9.503 20.355
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Figure 4 Map of nuclear magnetic resonance T, inversion and pore size distribution of 9 samples in four levels of three factors

ARXT A - F LB BEA 720 HT , M A R 1) it 7
I J LB N, XA (DA T— RINE e K T,
P BBl A N B 1 AL O FLAR AN 25 AL
(EViRiEqlB

11 S DOYGT
LT, PVt 12 (1)

S FLBR R T (R L T
WAL , B 1T LA s RG99 O
IR T, AL, 243 (DRSE 3 I 1
TG LAZME. I, A2
Srftp B R T B - sV AL B

[ESTLN A =
H— AR T, 5142 r R A CHirp
BRIRFLER F=3):

1 _.p
Tz_Fsr (3)

BE— b BRI R) T AEX R (R L Ll T R
TR EUARL B R LA 43 A He 3], s A il vl LA PR A% S
P& T BTG TEAE il FLBR A3 A A LAZ .

H 4 58T, JUA IE SR R T Gt 7 sk 1) 3%
S Ry B oA, U AL AR o AT LA &) AR,
Bty 4 1) 8] £ B0 A 7E 0.2~1000 ms 22 [a], FIELE 0.7~
30 ms Z 0], HAss 1 AL TE 0.017~13.925



692

RAIMERF 2R EIRIE T g

*® 8 BAEXHFLIALL
Table 8 Sample 9 sample void ratio

- FLBEE 53 /% SRS
12
<0.01 wm 0.01~0.1 wm 0.1~1 wm 1~10 um >10 pm MPa

1 0.430 31.462 66.769 1.208 0.132  2.947
2 1.376 36.862 60.828 0.783 0.153  2.813
3 4312 40.361 54.504 0.789 0.036  4.063
4 0.214 37.357 61.290 1.077 0.062  3.659
5 2222 39.402 57.718 0.638 0.023  4.819
6 5.424 36.692 57.223 0.642 0.020 4.698
7 0.422 37.011 61.209 1.333 0.027 5.146
8 8.582 39.389 51.016 0.961 0.053  4.711
9 4.927 38.560 56.007 0.442 0.063  3.921
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