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Performance and influence mechanism of Cd-contaminated soil
solidified by rice husk ash-cement
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Abstract: In order to realize resource utilization of contaminated soil and rice husk ash, and solve the problem of high emission
of cement-solidified materials, the rice husk ash (RHA)-cement is used as the solidified agent to treat heavy metal cadmium
(Cd)-contaminated soil. The unconfined compressive strength (UCS), toxicity leaching, XRD and SEM tests are carried out on
the solidified Cd-contaminated soil with different curing ages, curing agent types and Cd contents. The UCS, leaching
concentration, failure modes, micro-morphology and mineral composition are used to analyze the macro-micro characteristics.
The micro-mechanism of the RHA-cement solidified Cd-contaminated soil is revealed. The results demonstrate that the RHA
can accelerate the hydration process of cement and improve the UCS of solidified soil, while adding 5%~10% RHA at low
cement content has better effect. The strength of solidified soil increases first and then decreases with the increase of Cd content,
and there is a critical value of 100~400 mg/kg. When the RHA is added into the soil, the brittle failure characteristics of the soil
are weakened. The soil cracks and irregular failure surfaces increase under Cd pollution. The leaching concentration of solidified
soil decreases with the increase of age, and reaches the standard limit when the Cd content is 100 mg/kg. The leaching concentration
of solidified soil after partial replacement by the RHA cement is similar. The RHA-cement mainly uses hydration calcium
aluminosilicate polymer gel (C-A-S-H) and ettringite (AFt) to support soil pores, and continuously agglomerates and cements to form a
spatial network structure, and finally to form the skeleton structure and to adsorb Cd**.
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BAMHE RS BRYR R BTSRRI, 2Bk B
A wEIER, O 098 R BIHE 78 KT A 80 B & 1
FHet m FR R 1, 2= A S BT T AN [ He A7) R e K
TRAFE TR - AR SRR, B R KRB &
N 10%~15%. BEE TG RKIEARHE S L8 & R 7
W) Z 058, BN SR KR A AR HE 1
LSRR . CBRy P AP SR B )k
REL1ODL K ff W 5 i U155 5 T J KA o . TR Fe
Fo IR [E b AL P R 4 JB V5 et 7T, Yin SR R
PAREFEIRAE R 7K Ve il B [ AL SR AL B A 5 G Ak, 45 5
KPS EEETEERIE, B 25000 mgkg B, 7
FeIR—IKPe B A Tk R 54K e Bk &AL, B
FIFBEAR AR P B 3R M . Oluwatuyi ZEU4EF5E T
FIR-FE TR B R B 255 e 4+ R M R, F 7T 3R
B H VR R R R IR FEAE VAR ERR(E 5 mg/L LA
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Fig. 2 Grain-size distribution curve of soil
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Table 1 Basic physical property indexes of soil in tests

RIREIKES % IR/ % WP/ % TR BRT%E (gem?)  WIREKE% e
21.8 24.8 50.9 26.1 1.812 18.44 CH
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Table 2 Compositions and relative percentages of oxides in cement and rice husk ash MR %
FE i Ca0 Si0> Fe20;3 ALO3 MgO K20 SOs Na20 TiO,  Hp* PRE
7K 59.27 23.15 3.23 6.13 2.24 0.87 3.91 0.32 0.26 0.6 0.02
LETW/ 0.76 90.57 0.97 0.15 0.2 2.67  0.83 0.01 — — 3.84

s H4*H MnO. SrO. ZnO. PbO. Y20. NiO. ZrO» Z 2400,
=3I RWHE
Table 3 Test schemes

AN HE& RS E/ (mgkg!) KB E% TEFE KB B /% FrP IR
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—2007), FRECKIAE/NF 9.5 mm f[E 4L+ 50 g, #% 20 -
1 (mL/g) ¥ [E Eof B REAR 455 (pH=2.64) BT 2 L
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(3) HRiHERIAE (SEM)
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Fig. 3 Distribution of unconfined compressive strength of

solidified soil under uncontaminated conditions
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Fig. 4 Effects of Cd content on unconfined compressive strength

of solidified soil
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Fig. 5 Unconfined compressive strengths of control group
2.2 TURERRAS SR
N3 TR 76 K=K e [ A RS e IR TR 2
o, IEW B M A AR, E TR Bt o
FEIRES 5 I ICALARE (3 ASPAT IR AR TS AH

C5RO C5RS C5R10 C5R15 C5R20
(a) RFEEAFBE T EALBIRES (M0)

MO

M0.01  M0.04 Mo.1 Mo.2
(b) NEEEET B LBIAIES (C5R20)

6 EMLIRISRTMIIRRASTTEL

Fig. 6 Comparison of failure modes of solidified Cd-contaminated

soil
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Fig. 7 Effects of curing agent type on leaching concentration
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Fig. 8 Effects of Cd content on leaching concentration
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