H12% % 7W b7 I = Y Vol. 12, No. 7
2018 % 7 H Chinese Journal of Environmental Engineering Jul. 2018

TS EA
DOI  10.12030/j.cjee.201712077  HEHIHS  X53  SCEkbRIRAD A
B SR, R, JER R, 5. HUR G Y BB E A R B A5 Y 4 [J]. S8 TRE412,2018,12(7):2056-2065.

LIAO Xiwen, CHEN Jie, FAN Tianfeng, et al. Soil of heavy metal composite pollution by geological polymer stabilization [J]. Chinese
Journal of Environmental Engineering,2018,12(7):2056-2065.

WREREYEAR e EGEE G5 %

[}Z\fﬁ ;‘i 1,2,3’ % ;l:\ 1,2,3’ TR 1,2,3’ ?f@fﬂﬁ 1,2,3, %:_ij[‘_ 1,2,3’ g@.‘ﬁ-g§ 1,2,3%

1. PO pE R2F W IR A 24 B, K 400716
2. F R T AR W IR S5 M B oY S LI A, H K 400716
3. SRR X ARSI EH A E S LI s, 5K 400716

W BaE (1996—), Z, AR, D5 : +3E5 . E-mail: ljinliao@qq.com
*MEMEH, E-mail: sqwei@swu.sdu.cn

 OE SRR EN L, EREERENTH SR RAYREMLLI P, As. CdE A5
e+ 4, WFoE T HARE A ROR A B AL R A R AT A A5 AR U5 Y - R AR 04 £ R AIE
TEAARB RS, N A2Etkfe BF, LB BT 50% iF, AEW L @AM R IREZR (510 MPa), BE RN
60% L RETH L 8 R B ZOR (55 MPa), TSR =70% YIAREW R ZoR, M5 HIEB RN, M HEFELR
M Fe e RO B T AR, 24 58 P, As I Cd B8 4300 600, 80 A1 22 mg-L™" (HJ 350-2007B) i, -+ m1E
20%~50%, bR 3 FhoT 28 vk MR TR AR Y LB R IAE] 60% B, Pb R U B AS g W R AT
BR, MEHEBEHINE 70%, EALET Ph, CdE B E IR, BE 2EBE R 30%, EEGRIIEDPESE
TR MBI, R B RN, £ 3 R I 4 E W S HI 350-2007B A 2558 30 d (R E AL AL B, R R U R T L
FrufE R T 24 ¥k 5 35 E] HJ 350-2007B [ 2 £, Ph i th vk BB HR; 145 2] HJ 350-2007B (1) 3 f5HF, 37 Ph, As f1 Cd
B R AR, LR Ph, As. Cd MBS BIE R, AMNEESBHALEEZUENHERNIESTEE, &
i AR A T PR R AR A &

XHI WERAY; EAEH; o, HIEEE, BIRWE; RESE; BAST
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HEBR AL EU) 80% LA L, e ICRL T MV AL FIRA B R y . FR, Tk, WY
TRALAF AN D> Ab R Bk I M A R T MO e, AR AE R B RIS R B A, 2008 AE LR, 4
CRAEBREERGEER, Kb Pb., As. CAEFERRIIHREZE30 2. WESRGR LIS
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B E KR E SR B, BT T XA Cu?t. Ph* . Cd* . Gt OB 2 BRAUR s
SO UKy IR R 3 L JERL ) S R A, Roe e B K R I E AR, K T Cu®t, Zn®t, PhZ
Cd*. Cr% R Ni?* fEHB BT SR A Wb AL ROR, R I BUR & Y ik 56 Jm A AR B 1 [ AL BOR
[ A0 ML g 7 P ] ) R0 A 2 4% i L R . NIKOLIC 517 8ok K 2 st UGS AL 5, 8 i &
A & T HUR R A, PR ILMERE A P I E AR, 45 R RoR & i MU b s 1) T R A AL
BRAK, DULSRAE LT, Ph (3R H R BEBRAR . X3 8 {8 P Aol k1 ¥ e s 4 ek [ /2 s A 35 4+
g, RUIFEALKR B — E TR A S H] CrS (IR, 7E BNV 8 SR AR T S B A i
(L 2 AL B AR R, R 5 g b At e ] A Ak 388 R ) i R, F 910 A K, P2 2 DAL 22 [ AL R
F, H LA PhsSiOs JE A [ A0 7B A2 s Je e T AR AR . 55 A W FL U0 3R B As 10 8 4k 3 Bk 22 07
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T 51 &2 1 S R g AR, AT S 4L
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ey 2 1) 4 Re R 2 BEoK,  H AT MR WARGE . ASHIF ST DATE R X TV o A B R e A R, il
Pr AR v 04 o) 4% b BT SR S B AL AL B Phy As. Cd E&75 438, B AASE RS A E 4R &
PR R 2 ST TR R, BT B AT AT PR RS R 4R, 9 ER G R g I b B R
)3 42 AN T 925
1 MR5EE
1.1 ##
111 AR A4

B R T 2017 45 3 A SR B HE BT A X 74 g K [ 548 0 A g M 00 ik PR e b 858, oAy
PERGHL X 2 A R B —— AR R, RERJZ 0~20 em I 138, EBRERA LEMERAE, 48
SRIRTJG, BEANIE 2 mm AR UEGT & Ao L3RR AT LR 1, IR S Al S LR 2.
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Table 1 Basic physicochemical properties of soil samples

ERESLEN pH CEC/ (cmol-kg™) HHUE/ (gkg™ TPh/ (mg-kg™) TAs/ (mg-kg™) TCd/ (mg-kg™)

IKREREEUE 8.16 38.38+1.43 12.85+1.28 43.66+3.20 5.63+ 0.55 0.63+0.05

x2 kRS HFLER

Table 2 Test samples and kaolin chemical composition %
EREFLES Si0, AL O3 Fey05 Ca0 MgO Na, 0O K0
RS 3V 61.42 15.45 6.48 0.80 2.72 2.70 1.40
g+ 72.68 10.98 5.70 0.48 0.70 0.31 1.12

L12 ATAER Ph, As, Cd A475 3 L3E w5 &

2 W8 R WE 4 ] - 3R B R B R bR e (HJ 350-2007) , A Ll Ph. As. Cd B &75 4113,
HERKERE N —MKIG S (H] 350-2007B) « HHEEV5 4% (HJ 350-2007B AR #E(E 1) 2 %) BTG 4
(HJ 350-2007B 11 3 f5), L3 3. HUZ 0.25 mm G KT LA, MR ERERINETEHESE, 7o
AL P (NO3)» AsyO3+ CACL TR, MBS FAK A HS G, RFFEKEN20%, E=R T
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TR IR 1A A, AT B 8, &
R3I EAFRIRESEATRE

Table 3 Level setting of compound pollution soil heavy metal mg-kg™!
eI AKT Pb As Cd
RLSES 600 80 22
SNERETS 1200 160 44
EREPS 1800 240 66
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1.2.1 3 R A4 0 ) &

12 Ul s s o9 R A R & R R B ES R E Sis e HIEmM T 2R LT
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Fig. 1  Process of solidifying heavy metal composite contaminated soil by geological polymer
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1.2.4 S A 5 5 ik

3R B AR R R e 2 Bk i vk, B R IR AR R (AR IR Y-IR HE R
H T E-TRIR A BRVED)  (HI/T 299-2007) X A [ 4k 55 & 5 4 & 15 B L 43 Ay 4 L e [ Ab AR 3k 4732 ik
FEME . K& G55 2 K AR F ) Phy Cd K Tessier 5 P IE AL 2R $EEY; As R As B
AESRBOED. g e =& R bR EWCE & T 84%. 1-HUK T Phy Cd SR A K A6 JE i
GG EEVEN E (TAS-900, JbRTAT) s As Wl R Ag-DDC LL ik, %55 E As fa tH R A
0.5 mgkg™, DLWl i, FfREwRE S a3 41T, FATRER AR E <5%.

eI R AW T

E = (Cy - Cs)/Cy x 100% (1

X Co AREN HIBERRTESBEE TIRE: Co vMRERETIERBRTESREE FIKE.

K H Microsoft Excel 2007 347 #5145 &b 3, Origin Pro 8.0 #1724 4 43 14 B, SPSS 17.0 #E4T 2088 73 #7 -
2 FER59H
21 AREBLIMABRESYENESEETLETIEREULRHAR
2.1.1 3R BEAMEA Ph, As, Cd 477 = 13 BRI E 3R MK,

] 4 4 TG 12 2 F T S SR E 2 A T M R, AR R R R R AR —E MRS, —
J% [ R I SR AE 5 MPa A2 47, BESIATRIE SR AE 10 MPa LA VO, 5] IRy [ 4k 44 5 57 2 1 B e 2 4 1k
REMEZE Sz —, R 77500 5 2 PR AE [ 10 vk B R O ATUbR 5] 1 85 4 8 28 7 1 T $ 46 1
A SZIG TS 9 R R R RV RS 38 FE A 56 U5 v (IS0 352) ) (GB/T 17671-1999) Xf Pb. As. Cd B &
T g% g [ A AR AT W 8 o AN TR (45 0 LK H 5 5R S  [EAk 5  T G o R A R R K 4 R
x4 FR.

ME4FTUEE, RBINESERE LY
Hh 5T 5 G A AR B P R FE AR . 28 d ik F

x4 ELARERE
Table4 Compressive strength of solidified body

3435 MPa, T 4 85 e - HE 85 ¢ fi 2 05 - {8 7 R R P,
e s 1 0 R 2 MR 28, B 05 e L 2 . o
REHE I, BRI DU R AR T . 24 30 21.89
LB R 50% B, HAEEA 28 d HLE MR N 40 1639
12,13 MPa, ¥ A 2 [F P00 0 S0P SR » o
M+ 5 B N 60% I, H 28 d HL R 7 & N 7.36 MPa, 70 3.06

ASCRE I 2 [ P S BSR4 IR RN 70% K
H Y 28 d PR 5 LA 3.06 MPa, 35/ B i 2 ] % SE A s S R Bk X T E &8 5 G154
A 3 N T ] A B 5 B B AR R IR, TTRE R T U A E PR T B VR PR AR AR
45 DL R Uit B A S, T R R AT G g S A . R R AR 1 AR X BRI,
BRI, 75 0 LSS E S AR IR LK TIREM R EEA 7, 3 EUE b AR R 5 A AR
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A JE FE AR I PTIR 1 e e A i A M AR EER AR 2 — . B AR A BORLIR,
TR MR SIS, dd R e (R S s R B a1 00) (GB 5085.3-2007) At & i PR
B, DA R ) 5 ] 4 A4 78 FH T 1 0 JE3HRA 8 0A RL I 1) e A e DL KA T —IRis el . B4R Phy As.
Cd EE5 G IERR S E T RE AR Phy Asy Cd 3= H IR MRS R 2 Fros.
BREFRUHEF A E P A1 As R HBIREARGES T 5.0 mg L', 1 Cd IRHIKREAE ST 1.0 mg L,
K28R, REF IR G153 LI E SR IR E AR ER KT, f£F7R5 % 30d B Ph. As.
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Fig.2 Influence of heavy metal content on heavy metal

x5 BEERERR

leaching concentration

Table 5  Stable efficiency of solidified body %
THEBE Pb R R As T 2 Cd R E R
20 99.19 99.79 99.38
30 98.41 98.92 98.04
40 98.96 98.97 98.94
50 96.37 96.41 96.32
60 90.74 87.03 91.62
70 61.57 68.95 59.03
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22 MAEEYENAREEESRSLTIERELHREAR

R AT AU A T AR X b 5 SR A AR AL B X A ]S 7K T (HT 350-2007B) (1)
A/ A R, RHIMIKT 50% I L35 L 56 AT T Mo B 585 A B BT AR @ AR . AR SEBR3p
Birh LR E &R R E R EOR, i, FE T E B AR 30% KM, A fRm g, RS
ge. EEESEG R LBEAOLOIEICR, A Pb. As. Cd IR HIKREE WK 3.

T I Hh 5T 3R A MR AS AT Ge KA Phy Asy Cd

S5 IEFE A, RILIES Ph. As. Cd (1133 o1 TRk
R LB S I K TS, B ) B
SRR B R, X TS Yk py, G R
4 RIKIEN 2000 1800 meke HOBELIAZE R & |
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9 i BRI ks AT 80 mgke 19 As 75 %if\\\\\

Yoot s, EALIAE 30 d 07657 I 6] ) 44 A 31 A
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SO13 m L™, B T U HE 4 T 95 e s e
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Fig. 4  Comparison of morphological distribution of heavy metal

of primitive soil and solidified body
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Fig. 5 Soil XRD patterns of different soil ratios
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Soil of heavy metal composite pollution by geological polymer stabilization
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Abstract Geopolymer obtained from a polluted soil substitute partial metakaolin catalytic synthesis by the alkali
activator was used to stabilize Pb, As and Cd. The stabilization effect and the speciation of heavy metals in the cured
body were studied. The results show that the partial replacement by soil reduces the compressive strength of the cured
body. However, from the mechanical properties, it can meet the strength requirements of building materials (greater
than 10 MPa) when the content of soil is less than 50%, and it can meet the solid waste landfill requirements (greater
than 5 MPa) when the content of soil reaches 60%, while it cannot meet the requirements when the soil content is
higher than 70%. The stabilization effect of heavy metals in soil decreased gradually with the increasing content of
soil. Pb, As and Cd maintained at 600, 80 and 22 mg-kg™!(HJ 350-2007B) respectively, the leaching concentrations
of three elements in the solidified body are lower than the leaching standard when the soil content range from 20%
to 50%, and the leaching concentration of Pb cannot meet the standard requirements when the soil content reaches
60%. Additionally, Pb and Cd leaching concentration exceeded when the soil content higher than 70%. When the
content of fixed soil maintained at 30%, the leaching concentration increased with the increasing heavy metal. When
the concentration of three heavy metals reached HJ 350-2007B, the leaching concentration could meet the standard
requirement, and when it reached 2 times HJ 350-2007B, Pb leaching concentration exceeded, three times of the
B standard, three kinds of Ph, As and Cd are all unable to meetthe leaching standard. The exogenous heavy metal
mainly existed in the high activity forms after it entered the soil. After treated, the activity forms decreased while the

residual state increased.

Key words geopolymer; composite pollution; purple soil; soil remediation; leaching toxicity; stable efficiency;

morphological analysis
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