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1. Cation Exchangeable Capacity
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2 . Specific Surface Area
3. Atomic Absorption Spectrometer (AAS)
4 . X-ray Diffraction
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Table 1. The XRF results of cement analysis.
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Physical and Geo- enviromental properties of
natural clayey soil

References for method of

Quantity measured
measurement

pH (1:10; soil: water) 9.80 ASTM, D6276 [26]
Carbonate content (%) 20 Hesse, 1972 [28]
Organic content (%) ~0.0 ASTM, D2974 [26]
Surface area (m?/kg*10~%) 11545 [29]

CEC (cmol/kg-soil) 28.32 [30]

Liquid Limit (%) 41.3 ASTM, D4318 [26]
Plasticity Index (%) 214 ASTM, D4318 [26]
G, 2.6 ASTM, D854, [26]
Unconfined Compression Strength (UCS) (kg/cm?) 0.82 ASTM D2166-06 [26]
Classification CL ASTM, D3282 [26]
X Ray Results: dgg; 1413 A° Starkey et al., 1984
Color Brown

Soil composition

Montmorillonite,
Kaolinite, lllite,
Calcite, Quartz

ASTM, D2216 [26]

Table 2. Geotechnical and geo-environmental characteristics of natural clayey soil.
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Fig. 1. XRD analysis of natural clayey soil.
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Fig. 2. Zinc retention capability of untreated samples and
samples treated with different concentrations of cement (after
14 days of curing).
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Fig. 3. X-ray diffraction analysis of uncontaminated untreated sample, uncontaminated sample treated with 6% cement, and sample
containing 25 cmol/ kg-soil of zinc and treated with 6% cement.
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Fig. 6. The changes in pH of 25 cmol/kg-soil zinc
contaminated samples which were treated with different
percentages of cement at different time intervals.

o 3 Sty s PH Sl is e (V) S

Ol 20530 b g, oS 51 YT Yo cmol/kg-soil
il o deas e 0L | Ol oS 3l 3le Ao 3
0 diS Ol e3le ds s Ol e Rl 53l L ol ) oo
Ll 0 55 Ol O sl des Sla 2S5 65,8 Oloes
Slaisyed 03 Sl S Pl ml ol 2 8 IS e
sl LS Al Olas 11+ 5 7A L sdimSol
s3ls 0355230 5l el YE 3l aa C-S-H jlln 4
sl slaas god 55 Ll il s SLET s ool
L edkd oMol 5 555 (o 3 01291 Yo cmol/Kg-soil
el VY 51 s L Olegor O ol pded sl 3 cOlaes 721

RGO Y 4 C)J"‘:’ on.SCDMp‘ osle ubjj_e\ )\

10

oS 56 euoNT Yo CMOI/KG-SOil 51 zaS slacbale
ol il il sl dly Y s d= STy L PH (55
Jos s Ll e aagad ol o PH il e ) o b
Sal 5 OH™ gt s3T5 Ol Ol s sl 2515

b
VLol s Sl slagpe PH Sl i 15,5 (D0) YKo

Oley b 6y o 5 0o VT Calises (glaclale 5 Olages Aoy

13
12
. /z/ /_-;(—\x
10
. / /\.
8
—_— J_,./-/
7 —
. .\'_/-—-—/'
6
——Clay + 6% CEM + 0 c n =5 Clay + 6% CEM + 5 cmol/kg-soil (Zn)
s —o—Clay + 6% CEM + 10 =< Clay + 6% CEM + 25 cmol/kg-soil (Zn)
—~B—Clay + 6% CEM + 50 c —e—Clay + 6% CEM + 100 cmol/kg-soil (Zn)
—4— Clay + 6% CEM + 250 cmol/kg-soi
4

Time (days)
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Fig. 7. XRD analysis of clayey soil, modified clayey soil with 6 percentages of cement, and zinc contaminated clayey soil after
modification with 6 percentages of cement.
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Fig. 8. The peak intensity variations of C-S-H and pH of zinc
contaminated clayey soil after modification with 6 percentages
of cement.
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Abstract:
Introduction: Solidification and stabilization of heavy metal contaminants is recognized as the technology
to prevent transfer of contaminants to the lower layers of soil and groundwater. A noticeable increase in
distribution of heavy metal contaminants in recent years highlights the importance of effective methods for
engineering disposal of industrial wastes. The most important challenge ahead of this endeavor is perhaps the
determination of right framework and mechanism of action. Precise mechanism of mobility of contaminants
can be grasped by gaining accurate and comprehensive understanding about system behavior and evaluating
it from the nano- and micro-structure perspectives. Nano- and micro-sized clay particles can be used
effectively as adsorbents of many contaminants (e.g. heavy metal ions and organic compounds) in sewage
and wastewater. Moreover, as clay soils have high cation exchange capacity (CEC), they provide appropriate
conditions for cation exchange and create considerable capacity to retain heavy metal contaminants. In spite
of conducting extensive studies on stabilizing contaminants by the use of cement, inadequate attentions have
been paid to microstructure study of interaction process of clay particles, heavy metal ions, and cement,
specifically in cement hydration process in different time intervals. Based on this, the present research aims
to study the interaction process of clay particles, heavy metal contaminants, and cement over time from the
perspective of microstructure. This include the investigation of the effect of presence of heavy metal on
cement hydration process and formation of nano-structure calcium silicate hydrate (C-S-H).
Material and method: In this study, the behavioral tests were conducted on natural clay soil collected from
the Qazvin Plain, Iran. The purpose of this selection was to determine geotechnical-environmental properties
and contaminant adsorption-retention capability of samples of natural clay with average specific surface area
and CEC and the effects of natural clay on the solidification and stabilization process. The majority of
experiments of this study were conducted based on ASTM standards and geotechnical-environmental test
guidelines of McGill University (Canada). Density and pH of clay samples were determined in accordance
with ASTM, D854 and ASTM, D4972 standards. Soil Carbonate content was determined by titration.
Specific surface area (SSA) of the soil was measured using EGME solution. The cation exchange capacity
(CEC) of the soil was determined using 0.1 M barium chloride solution. Meanwhile, different concentrations
of heavy metal contaminant (zinc) and different percentages of Portland cement were added to natural clay.
The interaction process was analyzed experimentally by examining pH changes and evaluating
microstructure study (XRD).
Result and discussion: According to laboratory results obtained in this study, the high specific surface area
of C-S-H nanostructure improves the adsorption characteristics and leads to better filling of pores. It also
improves the retention capability by decreasing the mobility of heavy metal contaminants via encapsulation
of their ions (solidification). The results show that formation of C-S-H nanostructure improves absorption
features due to high specific surface area and decreases mobility of the heavy metal ions through their
encapsulation (solidification). In addition, the presence of the heavy mental contaminant (zinc) reduces
formation of C-S-H nanostructure so that the presence of 25 cmol/kg-soil of heavy metal ion (zinc) decreases
peak intensity of C-S-H nanostructure about 160 CpS.

Keywords: C-S—H Nanostructure, Stabilization, Solidification, pH <XRD.
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