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Stabilization/solidification of heavy metals contaminated sediment using cement and DTCR as binder materials.
WANG Chuan, YANG Zhao-hui’, ZENG Guang-ming, WANG Li-ke, XU Hai-yin, XIE Hua-ming (Key Laboratory of
Environmental Biology and Pollution Control, Ministry of Education, College of Environmental Science and Engineering,
Hunan University, Changsha 410082, China). China Environmental Science, 2012,32(11): 2060~2066

Abstract: Cement-based solidification/stabilization (S/S) with DTCR (dithiocarbamate) as an additive was used to
solidify and stabilize sediment containing heavy metals. The optimum ratios of cement and DTCR were determined by
testing the compressive strength of the whole solidified body and leaching toxicity of granular solidified body (particle
size<9.5mm). And the effect of S/S was assessed though the leaching toxicity test of granular solidified body and whole
solidified body in the acidic environment (pH 3). The mechanism of S/S was analyzed by X-ray diffraction (XRD) and
envrionmental scanning electron microscope (ESEM). The optimal proportion of cement and DTCR was 50% and 2%
(w/w, dry basis), respectively. Under optimum conditions, the 7d compressive strength of the solidified body was up to
1.03 MPa and leaching concentrations of Cu, Zn, Pb and Cd in granular solidified body were 0.105, 4.65, 0.232, 0.123
mg/L, respectively, which could meet the requirements of the security landfill. The leaching effect in the acidic
environment (pH 3) demonstrated that cement-based S/S added DTCR was better than cement-based S/S only. XRD and
ESEM analysis revealed that Ca(OH),, Hydrate Calcium Silicate (C-S-H) and Ettringite (AFt) as hydration products
would be formed in hydration reaction which wrapped up heavy metals and form a solidified body with certain strength.
Key words: heavy metals; sediment; dithiocarbamate (DTCR); cement; solidification and stabilization; leaching toxicity;
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Table 1 Tests on mix of the cement and DTCR
KB N DTCR # A\ (%)

5 BUE%) DI D2 D3 D4 D5 D6
Cl1 20 0 0.5 1 1.5 2 2.5
C2 30 0 0.5 1 1.5 2 2.5
C3 40 0 0.5 1 1.5 2 2.5
C4 50 0 0.5 1 1.5 2 2.5
C5 60 0 0.5 1 1.5 2 2.5
C6 70 0 0.5 1 1.5 2 2.5
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Table 2 Leaching toxicity of heavy metals from sediment

and relevant standard (mg/L)

BT Cu Zn Pb  Cd

BSRR 2% MPAII2(HI/T300-2007)  0.06 1878 1.23  0.79
PR MY 45 1(pH 3) 9.06 3057 257 3.8
AEEIR I G geR AE® 40 1000 025 0.15
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Fig.1 The relations of cement adding amount and

compressive strength of solidified bodys

20 ‘\‘\-/‘N———A
18F
—e— KB ANEN 50%
—a— KEBANEN 60%
gl L6r —A— KIEBANEN 70%
=)
4L
=14
1
=
=12F
1.0 _.\'\..—-0%.\.
1 1 1 1 1 1
0.0 0.5 1.0 15 2.0 25
DTCR # A\ (%)

K12 DTCR BEhnE 5 A A 5 5% 5
Fig.2 The relations of DTCR adding amount and

compressive strength of solidified bodys

2.3 BURLIE AR £<9.5mm)iR H FE 1
IKVEAE A A A, A5 [ A el i v 2B 7K Ak
S ILKA =Y BE AT B . AT AR
IR YE . AR RS PE R 35k 1 7L DTCR
VER 4R B A7, 7K LA 0 e
AR E LB A s e RS E 4
o T SN A R i 1A AS T 2 i) PR 45 4 1) o
B AU B TR AR AR



11 4 £ JIIEE: DTCR WhIRIZK R [0/ e A0 T 4 8 Vs GL e i 5T 2063
£ 3 HI/T300-2007 TERELIAGIZE<.Smm B ES B R HSM
Table 3 Heavy metals leaching toxicity of granular solidified bodys (particle size<9.5mm) in leachate
of products by HJ/T300-2007
R pH E&(mg/L) B pH E& R(mg/L)
Cu Zn Pb Cd Cu Zn Pb Cd

C1D1 7.31 0.356 12.22 0.654 0.654 C1D4 7.26 0.248 7.58 0.399 0.305
C2D1 7.42 0.306 10.51 0.596 0.495 C2D4 7.38 0.179 7.01 0.381 0.283
C3D1 7.56 0.277 8.61 0.487 0.387 C3D4 7.49 0.132 5.06 0.307 0.239
C4D1 7.73 0.216 7.13 0.432 0.293 C4D4 7.69 0.125 498 0.265 0.185
C5D1 7.91 0.22 6.42 0.357 0.276 C5D4 7.87 0.121 4.67 0.247 0.134
Co6D1 8.24 0.18 5.25 0.302 0.254 C6D4 8.14 0.116 3.98 0.229 0.121
C1D2 7.29 0.278 9.05 0.495 0.378 C1D5 7.35 0.235 7.21 0.356 0.294
C2D2 7.37 0.243 7.52 0.414 0.307 C2D5 7.46 0.158 6.58 0.345 0.241
C3D2 7.61 0.199 5.69 0.398 0.295 C3D5 7.58 0.129 5.14 0.315 0.206
C4D2 7.8 0.187 5.02 0.388 0.271 C4D5 7.89 0.105 4.65 0.232 0.123
C5D2 7.95 0.154 4.65 0.345 0.221 C5D5 7.93 0.097 4.1 0.225 0.105
CceD2 8.2 0.139 3.99 0.312 0.207 C6D5 8.26 0.094 3.65 0.212 0.091
C1D3 7.34 0.265 8.36 0.435 0.331 C1D6 7.33 0.249 6.98 0.321 0.268
C2D3 7.45 0.202 6.98 0.383 0.301 C2D6 7.41 0.225 5.36 0.295 0.236
C3D3 7.61 0.156 5.32 0.325 0.266 C3D6 7.49 0.169 4.77 0.264 0.184
C4D3 7.76 0.143 5.01 0.268 0.23 C4D6 7.71 0.103 4.36 0.229 0.113
C5D3 7.89 0.123 4.95 0.248 0.198 C5D6 7.9 0.087 3.68 0.219 0.098
C6D3 8.16 0.109 3.87 0.231 0.155 C6D6 8.21 0.076 3.25 0.181 0.087
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Table 4 Heavy metals leaching toxicity of granular
solidified bodys (particle size<9.5mm) in acidic
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Fig.3 Superficial leaching rate of heavy metals in the whole solidified bodys using different leaching agents
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Fig.4 XRD spectra of sediment before and after
solidification/stabilization
AJFURYE; B:[E LR C4D1; C:[E LR 5L C4DS
€-Q; O-K; A-Aft; V -C;S; @ ~C-S-H; ©-Ca(OH); ® ~CoS

I3 A W s R g H A ) AT A
HH(QAN R e A7 (K), TR a3 3 il i Si0, Ml

m
NTA 200

K 5

JECVE 16/ AL BT J5 (1 ESEM ] (x1000)

R Eh 5 59 7d J5, [l fL 4k C4D1 Fil C4DS T A7 AL
) SR A 2 2 Si0,.C—S—H. AFt fll Ca(OH),
LR SR S R SEA K CsS Fl C,S, T X e 4y JE
PRI S £ T K 98 R B RE 2 = 45 (3Ca0-Si0,, ] 7R
C5S). HEMR —45(2Ca0-Si0,, fij#x C,8). 401k —
B (3Ca0-ALOs, fi] Fx C3A) Al £k 45 82 DY 45
(4Ca0-ALOs Fe, 05, i Bk C,AF)! 15 H 42 g i I8
TRA IR R AE KA R MY, C3S Rl CoS RS TE K
Ca(OH), FIJGE B /KAHERRES (C—S—H),C5A
U £ ol = B 2R KA B B TR 5 (AR IR RS B A ),
IXUE P I BB A2 B N . KA
i 5 A K S Ve T 4 i, BB A /K e e Sk o
BRI AR RIT R MR BT I 2. 55 41,
4 DTCRAE A s INFAI, [ 4444 C4D5 v g AH AFt
M C—S—H tuli{bik C4D1 D>, AT fg e T
DTCR HA &5 F IR, 65K B4 8
S5 8 3o i o A K B 6 RO R T 7 TR AZ Tk
PR 285 K, 4 BEL L b — 3 43 7K A B o, %o 7K 90 2 [ 1
A 7 M — S R, W] R 2 AR [ A0 A TR R

2.5.2 ESEM WL B S v W AL HT, R
JE V) A ] 14 T 552 TR FEC PR ORE R DR S0 3 )
PR IECHE A B K, 24 FH 7K Y B Ak L R K T
DTCR A [/ A s AL RTe Ja, I VE 2 IR A
JTLZE AL FIVERAR 25 5 ) I 45 43X e S i 7K e 7K Ak
VERITER C—S—H 1 AFt [ [ AR ER.
T K PE KA FH K 2 4 R v Y i e R R
A FL ARSI, T ke e A B A, T A 1 4R
T M AR T iR e 1 ] 4.

(c)

Fig.5 ESEM photograph of sediment before and after solidification/stabilization (x1000)
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