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Fig. 1. A model for the main bonding between PAM and
exchangeable cations of smectite [13].
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Measured Reference for
Experiment . method of
quantity
measurement
PH (1:30; 108 ASTM, D 6276 [16]
soil:water)
Carbonate % 10 Hesse, 1972 [17]
CEC 68 Handershot &
(cmol/kg-soil) Duquette, 1986 [18]
Mineral type | Montmorillonite,
in soil quartz, calcite Yong etal, 1992[7]
Soil
classification CH ASTM, D 3282 [19]

Table 1. Some of the characteristics of bentonite.

Ll ST s S S52s 51 52 Y Jger

Required time Anion
pH of for solubility in uantity Visual
solution 25 degrees q (%) apparent
water ’
Leass than 60 White
6 minutes 20-25 granular
powder

Table 2. Some of the properties of polyacrylamide.
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Fig. 3. pH variations of polymer treated bentonite samples at

different concentrations of heavy metals.
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Fig. 2. Heavy metal retention in polymer cured bentonite

samples after exposure to lead nitrate.
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Fig4. Heavy metal retention of contaminated bentonite after
treating with polymer.
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Fig. 5. Buffering capacity of PAM, bentonite, and PAM

treated bentonite samples.
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carbonated in Amiri research [23].

e e

b el (53555 whale e3gdome JS 53 il b ST A ek PH
luss Ghls gown ) 5 ol 488 Chso e
3 S S8 @ Gl Al (52555 Sl w3 s 55 (6 S
53 0t &) gl eyl 035 Sy S T (g5l S SIS
b iy S 1Y sl d 5 5 Sl 55 pH e (G S
soky 4503 pH 31 YY Ol b,m &+ cmol Hkg cLls
e 4 G 8 Wl pH cale pl 5y 5 ol e i
el bl Gremen el 035 31 ey 4503 pH I S
Cod #15 PH ke oS Sy U5 e () S35 ek &1
pH 31 Y+ cmol H/kg s5d> cbale U ls S sy ¥ (gl
Sldde AYe emol H/Kg 3l i slaclale 55 5o i euds
S S U S r nl s ol 035 pacy 500 51 S O pH
S b ol sl ClJSE s Dl S s Gl B e g
Gl Sl ey 5 Sl 03 i jedy 4 Cnd S 55 S 3L
Wil g Jaoms PH o8 53 Caplie 5 Sl S 5 Ses
Sl S sl S B sad b amlie 53 ek S 3L b
e Ol 3 () JSS w5 bl ol 03
Gtz 5 il Sy il o b el b STk el oS 3500 6,8
ST s sl S 56 5 Sl sV (S b


http://dx.doi.org/10.22034/22.5.203
https://mcej.modares.ac.ir/article-16-61065-en.html

[ Downloaded from mcej.modares.ac.ir on 2025-07-18 ]

[ DOI: 10.22034/22.5.203 ]

VFe) JL /0 UM/(}J}%Q}:

G Sl (I s ey A5 el s Sl g0
5oV iy (eSS Sl s (s 31 5 Ko 518 0T

Az o QLS dl sy b anslie 5o (S3ludised o> g,

u.éju).b wﬁ)\}}uﬂwﬁ.ﬂ}ﬁbai& o3ls J«S)Ju'
Sl TAY el Ol 4 (gt dged boawlie 5 el

o s e S B eV (IS s (6

il ol glamlesl 5 Calisen (gladi gl 53 oo i VT 2GS s (pw alie VK

200

180

160

120

100

80

60

Pb Retention (cmol/kg-soil)

40

20

B Bentonite+200 cmol/kg-soil Pb

B Bentonite+3%PAM+200 cmol/kg-soil Pb

& Bentonite+200 cmol/kg-soil Pb+3%PAM

B0.03 g PAM+200 cmol/kg-soil Pb

O Sand+3%PAM+200 cmol/kg-soil Pb

NN
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Abstract:

In recent years the use of nano materials in engineering projects has significantly increased. In fact, the impact of nano
materials as a component in composite materials is one of the new horizons in engineering science. On the other hand,
existence of heavy metal contaminated soils is one of the common problems in geo-environmental projects all
around the world. In the process of retention of heavy metals by clayey soils, the pH of soil solution plays a
significant role. In fact, an increase in pH of soil pore fluid causes a noticeable increase in contaminant retention. On
the other hand, the use of additives in soil can increase the contaminant retention as well. In comparison with other
additives such as cement, polymers do not require a long curing conditions. In addition, they have a positive impact
on permeability of compacted soil, in which their presence decrease the soil permeability. In spite of several
researches on the interaction process of clay minerals and polymer, there are very limited researches on the
interaction process of polymer-clay minerals-heavy metal contaminant. Therefore, the main objective of this paper is
to investigate the role of polyacrylamide polymer in retention of heavy metals in bentonite.

To achieve the above mentioned objective, at the first step, the buffering capacity of polymer treated bentonite
samples were measured. In this series of experiments, different concentrations of nitric acid from 0.002 to 0.02 molar
were prepared. Then, 4 grams of bentonite and bentonite treated with different concentrations of polymer were
poured in centrifuged tubes. Then, 40 cc of nitric acid were added to each centrifuge tube. After equilibrium period,
the pH of soil suspension was measured and reported. In the second step of this research, two different series of
experiments were performed. In the first series of experiments of this research, bentonite treated by polymer were
exposed to different concentrations of heavy metal contaminants. In the second series of experiments, contaminated
bentonite samples were treated by different percentages of polymer. The contaminant retention of these samples was
investigated by performance of sets of batch equilibrium experiments. The achieved results indicate that the polymer
treated bentonite sample (with 3% polymer), after exposure to 200 cmol/kg-soil has shown 19% increase in
contaminant retention in comparison to bentonite sample. However, the addition of 3% polymer to contaminated
bentonite with 200 cmol/kg-soil lead nitrate has shown 72% increase in contaminant retention in comparison to
contaminant retention of bentonite sample. Based on the achieved experimental results it is concluded that there are
three phases in heavy metal contaminants in interaction process of bentonite-polymer-heavy metal. These phases
include retention by double-layer of clay, the contaminant retention in micro pores of clay minerals which are
solidified by polymer, and the contaminate retention capability of polymer. According to the achieved results, the
solidification effect of polymer has more contribution to the contaminant retention than the polymer buffering
capacity. This proves that post-solidification of contaminated bentonite is a practical method for efficient prevention
of contaminant transport in clayey soils.

Keywords: Bentonite, Heavy metal contaminant, Polymer, Buffering capacity, Solidification.
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