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[2] oslinal 350 Cdymy Jamalions s SST 55 5 (S Dlasiie N Jgds

. . . . . Quantity
Physical Properties Quantity measured Geo-environmental properties measured
Clay (%) 76 pH 10.2
Silt (%) 23 Carbonate content (%) 10
LL (%) 321 SSA (m%/g) 416
PL (%) 44 CEC (cmol/kg-soil) 57.23
PI (%) 277 Na* (cmol/kg-soil) 43.8
Gs 2.79 Ca?" (cmol/kg-soil) 9.55
Soil classification CH Mg?" (cmol/kg-soil) 2.46
Color White K* (cmol/kg-soil) 1.42

X Ray results: doot 1228 A

Table 1. Physical and geo-environmental engineering properties of bentonite sample [2]

(O ) 3lan Oloses &S ,2) b e Olowor pliand laseine ¥ J g

Parameters Composition percent Parameters Composition
percent

Tricalcium silicate (C3S) 48.2 Silica oxide (SiO2) 21.54
Dicalcium silicate (C2S) 25.45 Aluminum oxide (Al20O3)  4.95
Tricalcium aluminate (C3A) 6.65 Iron oxide (Fe203) 3.82
Tetra-calcium alumino-Ferrite (C4AF) 11.62 Calcium Oxide (CaO) 63.24

Sulfur trioxide (SO3) 243 Magnesium Oxide (MgO)  1.55

Sodium oxide (Na20O) 0.48 Potassium Oxide (K20) 0.75

Table 2. Chemical characteristics of cement sample of Hegmataneh cement company of Iran.

(OB 5l sl ge 5b QLliy S 15) b ras Nano Si0y plend 5 S Slasein ¥ J e

Physical Quantity Physical Quantity Certificate ~ Quantity Certificate  Quantity

Properties measured Properties measured of analysis  measured of analysis measured

% Purity 99+ Color white SiO2 >99% Na <50 ppm

APS (nm)  20-30 Bulk <0.10 Ti <120 ppm Fe <20 ppm
Density g/cm?

(Sriﬁ?g) 180- 600 Er;; ty 24¢g/em’  Ca <70 ppm

Table 3. Physical and chemical characteristics of nano silicate of Pishgaman of Iranian Nano Material.
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Fig. 3. Cadmium retention by bentonite and its pH
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Fig. 2. Precipitation of cadmium hydroxide at different pH

i hale)T-r-v
Cigi S aomecan; SUSS 85 5, anllle sk o
S ppndlS R SIS 5 Dl Olge
Lohan ol 5 o plnil St O gl s Jalas 2o
Dy Sl s dd o3y LS (V) K8 ) e gl pH lude
ssdp Skt pH LAl o pppels K 5 oV
(el VY spde Sl Gl gy £ged pH 4SSl
PH (o ypesls K 518 oaNT ¥+ cmol/ kg- soil i
L oS ol Jbm s pl ol sl 2alS VAY & 1y g0
Vor cmol/ kg- s0il 35d> 4 o 5003lS VT chale il
S O el odew; Vs 4 (Sl Laes pH Ol 5
G S o e VT cilhaSS sla S5l oas o s
o Dl g Soke 4l s Lo pH e
b pH 2als 5 Jsloee O0d Glenl o 5 50 @
Ox My ool 5o sl Sall o e (0 s
s HY O bl (Y el slsydn 5 alaa
oS slahle 5o dF) IS8 @ a5 bl gads ol
2l V3 55 pH s S O peilis s« S3)
SB bl esgdoe pl 534S 550 Oy Ol 0 bl ol
a3)ls (So 058 wgmn 531, e R S g
2 ASsoda Oy e &S5 SLIE bpH 5o Sole
S5 psedlS DL L OH O el LI 0 il s



Ve LY UM/f}éj&»ﬁU}:

wJJw C",Q.P w.\;@.& A.;':'A-’}:_JJ'F“’-‘M

plonil 5l Ay 01 Stassy 35 Al gt el go Oliman o
S S Lk end ol w bbbl S
S il el el 3o ol bl glaslsal,
TCLP bl b el 3Y 4S &0 opl 4 el (TCLP)
b oodd (ol fes SL) 54 plril ol Sl Sl (g,
S YA 530> pH L Slasl dssl Jgdoes 55 555 YA Soke
Sl aboml Sbee (Col B ileand kil S
iales] plosil 31 day 4 gad 3 0l sl3T Sl Jlaie 3,0
Ol gy &S ol olajlae ol Jalse pl b ol
o538 el VT (gl Sl cpl ol o B S i 55 o d
[3,4,10, 197 <l Y ppm I » EPA 5 x5kl b

S 3 pH il e larm b (s3ladelr T3 5o
s 0l el Olews wlde SLS 5 LSS (e sa
O o5 4 s Vais SiiSls ,8 Ol O sl
oo Sal Oyl 51 OH 0y SLS 5 0dd sl3
ooV (Giludals 5 s 35 o 2S1s Jas pH il 531
SCH Jole 55 5555 alauls 4 Ologw 31 oslizul b K 513
035 walp 5 cwle L b il s C-S-H
kB (oS ous @ pH e b LB
Oroen b bl Nasn OS5 SAS s
Sl $Uazm g BB o pasn mlaes davl sy 35, 00 US|
gt 5 Ak sae odx gbbaasis C-S-H
R S E Y PG R WP S YRR N [ P PR
50) Sl Ss 53 s [20-21] L s S i 5 (o prmes
el s 31,1 (0

4 (Gl Gdomsl glosls 4S) e 5L 035 WLl L
a4 Cuws b pH Oles (3l gladd 5ol
@B LS el bl Al ke 5L 6 5 Ol (551
DSl [22] 51 (Seales Ses 5 ey gla e
Sl ol Jole) iy 2i G e 4 ol (S
Sl isly Gk 5l Sl Sl ds W5 5 (Ol
Jole 5k 51 [17-18] ail Las e o3l b N5
Lo PH psoslS od¥1 S o pde 5 gy 53 ool

IS8 psenslS gy Slell il 4 e s L 23] e

\va

()
13
12,5
12 O__.---g-_-_-- ----0---- 10 Cd (100% CEM)
0O & AT
g e O] ----0---- 10 Cd+ 98% CEM+
o . 880 2% Nano Silica
57
1 & -=--A---- 10 Cd+ 96% CEM+
4% Nano Silica
10.5
28 days ----0---- 10 Cd+ 92% CEM+
8% Nano Silica
10 : .
5 10 15 20 25 30

Binder compositon (%)
(&)

Fig. 4. pH of contaminated bentonite by 10 cmol/kg-soil of
lead nitrate and modified with different cementation materials,
a)7 days curing b)28 days curing

M gy lesl s 5 ksl pH lis 4 a5 L
gﬁ-‘ B e.l.‘..'fyi L;OL&.’; 33, )UQJ.:‘ L(Y) J&.ﬁ f}:.dbts U'Z’<""“
Al 0ld S e e 5 D (Pler SLS S ) Ol
Sl s osl e Ol LRl L oS 3 5d e sdalie azdl
o) sl 038 Iy 2l Wk ged PH o 56 Aoy
Ol ydn (sla STy rleu'\ aslsl 51 AU Kl e ol oas
[17-18] il 0l b 53 CH 2ty G an 5 Ol
PH Jsam S 55 6,84 Ol o ¥ 5 ¥ ) lajlssad Olejan auslie
O o gl oY Ll (k) ISS slawsas adS 53 1V/0 51 585
Sl Jos il e S r..nl)s Iy tx.»:ls O3 gy Olojer 5 eddew
OLE e Sl P sl slae dos b o 56 VA sl (slasipe
Sales (Y 5 )) o IS s sllas pslis LPH slis als a5 (6 sba ool

(TCLP) 55937 29T Lialo3T -F—£
5 et Slles plnil b S I3l w03 )T ol s
Sk =0T e pH (5130 5 Ol oy (s3leel
Sl ol b sss bl DL 51 (ol gy
Jo ol boapdpe S plardm (S5 5 (Jaean S
S Jolss S Ol b s eddr sl Syl el (S
Gl 2505 b el GaOLL dhaxr Sl il Jaee
bl ol 5,8 3 Gl PH a5 s (ol s g5l
Ol b Sl el s ol 53 oS 3500 Jool Oluabs! L
el laalr 5 Lol Sllee 5 35 e o S



gﬁ-‘f“’pﬁ“‘;‘é'\’ﬂ st) u\-?j

.eslanl L; rj.voéls “ o:}ﬂ S 8l é)LwJ.AB 5SS

w538 Sl JolS s 5l Olabl 6l S 7 e (V)
Lix AF Sl 5855 polie 53 ke pH ltie sl p3Y
50) G S 5 AT 5l 58,5 pH Jsa &Bls 53 55
oS 5 el 5 S S Jolo 1 Dbl ol (3
oS ol 3 S Olge 4 (S3ladalr 5 03,8 sy cpsadlS
Sl B 035 gy S0 5 035 g ik
palie s G cpl Glaibesl des 3 ol 63 gai SWS
sl Sl oS S gba G blesl bod O syl
NG

538 Ol piomen 5 el SO Cllas & a4 L
Olar Slados sl 55 YA laisad 55 ol g sl
S 3503 (G S e Ol o (TCLP 2le3l ,2) UYe 51 i
e 3038 sl s (V<) pH jlude (Ll 5 Olacws 055531 L
S S s oS S AeSooda Do w
ol Goke 4 I e LB Ol O gl n
4 5 Lies Aol glosle Dyso 4 psedlS S0y cJae
gl Ble 53 Ol suyle S K8 Lame
a5 b Sope ol 5 Nsdp ugeme O Oeulyds
CnSs 5 Sl Jaee 53 38 413 5 TCLP Jgls
35 55 e edalin cuils daal 0 sl Ol el
JMie S PH oS a5 il edew $U Olie b (plads 5ad
Lol il 53 el i edd sl paeslS
Gide S Goledelr Al &S 5 5 0l (g rie Olueb!
ol ol sl sl IS s VT Sl S sl s
O eass s by ol pll sla bl L mb
23,247 5,5 u_@w

S0 PH 53 L 5l O ) 68 35800 sdalie ()
IS Slssad el omes AS 0 gy 4 gars VIA
3 @5l SLEPH L gllasw 53 b 13 (V)
Jlis g 5 Oleww doss (Rl L il a2 st oo Jad
Dol 5 p5eslS Sodl gy clamee pH 20580 O
Jo 5 o S0 Gl b Sl s e plal ek
SSos 3 S8l L pH Jool oL Laes 3 0T 0
bLl ol Rl gas )3 ek g sl pgaslS ldde o
My Colg 55 5 Olesw Ogmelidos pll 5 Oley ©208
3505 L aS 555 o otalin o3 $b opl oy C-S-H i
DM p easlS Il 035w 3 OF 35 513 5 pH rals
TCLP _ilsl sladiyed ol 56 55 3y pe psasls On
53 edd Wl s Gl S Sl S w4 ol wil rals
O oesle glackle 51 2 s (5 0) e S
23 e J= LB 05l clble eussS giludel/onss
EPA 5 ol &l Sl clile 5l 558 TCLP jilbejl
JB i el (S et Ul S Gl S 4ol sl
cdor C-S-H bl 6l baw s ppeeslS Gl 3l g 5
el 0l pS 5 Goludelr L 0

v by gee 0 (U5 0) b SE 4 ary L
sl VT (g3ladalr (6l ys Olags atgy S 3 o) YA (Slad s
S 03w 1Yl Ve cmol/kg- soil lals b g seslS
Olasw 1Y0 & ag Sllis ke 56 TA D345l L &S
cmol/ kg- 501l 4 03 )1 (Slads yai 53 ol 03 S Iy 2l 58l
5o YA Sladiged adS 5o Oleww 4y Lo)s cpspedls T
3550 sl S B S0k Js (U SE) ol AY0
G339 B ko 56 21530 L o g 50T ppneslS 1tk
Sl Ol wog doys Solg ol sl A1
cmol/ kg- soil g sl> 39, YA sladised Cul 5 (g3lwdsl
SB35 IY0 ol ke 5L oS lads s s (Sal e
warys L.y o K8 cul ey IV Sln A ke
$U s Glado s 4 by e Glalssed 55 055 O
sl o 158 Layls gad 31 (63l ¢ e

JSo 55 el Gl mls 3 &S 450k s g



Ve LY Uw/c‘,éjww‘,:

‘:~J.XA a‘,&J; gﬁnnJiéﬁ Lfédhjj% - g;&lﬁ 41%:&

At laals |5 ) Go b Sl e giledalr gladged 53 Ll LS 5
wd e S i Al 2

ST slackle Loy« 5o ol TCLP kA Js
ek 565 Ol oS 5 L sdd (3lakelr 5 oo 0+ cmol/ kg- soil

+ — Series5

——=—— TCLP (28 days)

A pH (7 days) o pH (28 days)
10000

= 1000

£

£ 100

S

g0

§ 1

S o1

Q

g 0.01

© 0.001 0

001+ . r 5 T o }

3 o Binderscompogjton (9{55/0 cemgntt 4%nano 5,
silica)
(&)

——&—— TCLP (28 days) — . — Series5
A pH (7 days) o pH (28 days)

10000

—_ =)
=) S
S S

S

Cd Concentration (ppm)

0.1
0.01
0.001 . . . - : 20
o s 10 15 20 2530
Binder compositon (98% cement+ 2% nano silica)
(o)

+ — Series5
pH (28 days)

----A---- TCLP (7 days)
A pH (7 days) o

10000

1000

=)
S

o

e

o
=)

Cd Concentration (ppm)

0.001 . . . . :
0 5 10 15 20 25 30
Binder compositon (98% cement+ 2% nano silica)
(@)
— - — Series5
pH (7 days)

—=—— TCLP (28 days)
o pH (28 days) A

10000
1000

100 4

017

0.01 A

Cd Concentration (ppm)

0.001

0 5 10 15 20 25 30
Binder compositon (100% cement)

'V FA

pmedlS oV (5l oy slads yei (TCLP) ;’)ﬂ Ji}“‘j 56T 0 Js
slads,s b add giludels 5 oo Sl s 00 cmol/ kg- soil Ll L
el S0 5 Ologes il

——— TCLP (28 days) — - = Series5

A pH (7 days) o pH (28 days)
10000
— L
g 1000
j=5
S 100 A
=
-2
=4 10
B
8 11
1]
s
O 0.1
ISERY
0.001

0 5 10 15 20 25 30
Binder compositon (92% cement+ 8% nano silica)

Fig. 5. TCLP results of bentonite contaminated with 50
cmol/kg-soil of lead nitrate after solidification/stabilization
with different percentages of cement and nano silica
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Fig. 7. Comparison of XRD results of bentonite and
contaminated bentonite with 50 cmol/kg-soil of cadmium
nitrate
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Fig. 8. Schematic structure of montmorillonite, Left: without
cadmium. Right: contaminated with cadmium
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Fig. 9. XRD results of contaminated bentonite with 10 cmol/kg-soil of cadmium, stabilized/solidified with 30% cement and different

percentages of nano silica, 7 and 28 days of curing.
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Abstract:

In recent years, the use of nano-materials in different engineering and science projects has increased. The study of
the impact of nano-materials in combination with other civil engineering constituents in different geotechnical and
geo-environmental engineering projects is very common. This study is aimed to investigate the mechanism of the
cadmium retention in the process of cement based solidification/stabilization of cadmium contaminated bentonite in
the presence of nano-silica. The mechanism of contaminant retention is investigated with the evaluation of the
cadmium and nano-silica behaviour with change in pH of the environment, adsorption, TCLP results, and evaluation
of XRD experimental achievements. The bentonite sample for this research is taken from Iran-Barit Company. To
establish the availability of silica ions for interaction with cement and bentonite at different pH, a series of solubility
experiments of nano-silica at different pH levels were performed. The results of solubility experiments show that as
the pH increases to the alkaline range, the solubility of nano-silica noticeably increases. This fact proves that at the
high range of pH due to the use of cement, the required pH conditions for solubility of nano-silica will be provided.
Therefore, there will be more possibility for the formation of CSH component. Cadmium nitrate was used to
contaminate the bentonite sample for the experimental part. For this purpose, bentonite samples were mixed with 10,
30, and 50 cmol/kg-soil of cadmium nitrate in the electrolyte soil ratio of 20:1. Then, these samples were shaken for
two hours in every 24 hours. This process was repeated for 96 hours. After this equilibrium step, the soil suspension
was centrifuged. After drying these laboratory contaminated samples, they were solidified/stabilized with different
percentages of cement and nano-silica. The results of this paper indicate that the contaminant adsorption and
retention of cadmium by bentonite is less than that of adsorption for zinc and lead. The achieved results of TCLP
experiments for solidified/stabilized samples with different percentages of cement indicate that the EPA criteria for
TCLP experiment which emphasizes for test performance after 28 days, is not suitable for solidification and
stabilization of cadmium. In fact, a longer period is necessary to achieve equilibrium and stable results. Furthermore,
the results show that due to the low adsorption of cadmium by bentonite and due to the noticeable reduction of pH in
the presence of cadmium ions, the required percentages of cement for solidification/stabilization of cadmium
contaminated bentonite is much more than the required quantity of cement for other heavy metal contaminated
bentonite samples. In addition, the results of XRD experiments show that the pozzolanic interaction process is more
efficient in the presence of nano-silica. Furthermore, based on the results of TCLP experiments, the formation of
CSH in the presence of nano-silica contributes to the contaminant retention by solidification/stabilization of cement
based cadmium contaminated bentonite. Finally, according to the results of this study, in solidified/stabilized
samples by mixtures of cement and nano-silica, it is shown that due to the contribution of silica ions in pozzolanic
interactions, the solidification is the governing phenomenon for the prevention of heavy metal leachate from
solidified/stabilized samples.

Keywords: Cadmium, Bentonite, Cement, Nano Silica, Solidification, pH.
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