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Physical and geo- Nano References for
environmental Bentonite BLB montmorillonite method of
properties (SLB) measurement
pH (1:10 ; soil : water) 9.9 10.4 9.30 ASTM, D4972 [27]
Carbonate content (%) 8405 30405 0405 Hesse, 1972 [29]
Surface area (m"/gr) 41605 269+0.5 522+0.5 [30]
CEC (cmol/kg-soil) Na® 48.8 25 7 49 61 Handersh(i;gceDuquette,

Ca™ 14.55 16.40 6.68 .

Mg " 1.46 1.13 138

K* 0.42 0.42 0.41

Total 65.23 43.65 58.09
G, 279 271 585 ASTM, D?gz;]Method A
Organic content (%) 0 0 0 ASTM, D2974 [27]
Permeability (m/sec) 3.7*10™ 5.2*10-* 4.4*10™"2 [27]
Swelling (%) 220 70 280 [27]
Color white Cloudy Off White [27]
Classification CH CL CH ASTM, D3282 [27]

Mineral composition Montmorillonite,

In decreasing abundance Calcite, Quartz

Calcite, Quartz

Montmorillonite ASTM, D2216 [27]

Montmorillonite

Table 1. Geo-environmental characteristics of bentonite samples, nano montmorillonite (SLB) and tailings of nano-clay production
process (BLB)
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Ifig. 1-b. XRD analysis of the nano montmorillonite (SLB),
resulting from the first stage of the fractionation process.
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Fig. 1-a. The process of fractionation of bentonite clay sample,
the first stage.
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Fig. 2-b. XRD analysis of the residual sample, the second stage of

the fractionation process.
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Fig. 3-b. XRD analysis of the BLB clay sample (residual tailings

of nano-clay in fractionation process).
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Fig. 2-a. The process of fractionation of bentonite clay sample,
the second stage.
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Fig. 3-a. The process of fractionation of bentonite clay sample,

the third stage.
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Fig. 4. XRD pattern of bentonite clay soil.
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Fig. 5-a. Peak intensity of the montmorillonite mineral and other
bentonite constituents in the XRD analysis of bentonite clay
sample, nano montmorillonite (SLB), and BLB
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Fig. 5-b. XRD pattern of residual of fractionation
process (BLB).
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_ _Sample Bentonite BLB Nano montmorillonite (SLB)
Mineral composi
Montmorillonite 63 28 98.4
Quartz 28 34 1
Calcite 8 31 0.2
Feldspar and Mica 1 7 0.4

Table 2. Quantification of the minerals in the three bentonite sample, tailings of nano-clay production process (BLB), and nano
montmorillonite, based on the XRD analysis by the use of X-Powder software.
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Fig. 6. SEM photograph of the
bentonite clay sample (10000
magnifications).


https://en.wikipedia.org/wiki/Mica

Sl demes 5 G5l Loy

ST 55 Weis 55 sl W anl b Slals Sl eslid

A 5 G Dl b el (LAl g ol S
CkB s asd WSl (V) Jsdr ogate sl YO
a5 g ey 4 geS 4 Sl | (S
Sl S TA el i 53 o s e YYY 1530
2 e sk VT (S Sl Ol alS Sl andlgs
S sl o gty sad & Cad (SLB) sl s senise st
G okl Olsn LV 570 2alS & glai S o .S
Yoo 5\ v+ cmol/kg-s0il slacbale ,3 5 4 e oY

(‘\ J.‘<.J:) bj":'d‘ sdalis C,’:.-j’l...’mw

0 St B 5 e S 50 NT (IS Ol A S
BLB) syl b Sl iy 5 (SLB) sy 5 g0 s 50 530 (i g2

180
160 -
140
120 -
100
80 -
60 -
40
20 -

0

—¥— Bentonite =—#—SLB —O—BLB‘

Cu Retention (cmol/kg-soil

0 50 100 150 200 250 300
Equilibrium Cu Concentration (cmol/kg-soil)

Fig. 9. The Cu? retention of bentonite clay sample, the nano
montmorillonite (SLB), and the residual of fractionation
process (BLB sample).

gty Agad b amlis 53 BLB 4sad 55 K03 (5

PR TYO g o pats v oS s e e Sl o
ealin 55 sl ol S b AT Sl el aly
e @ Sl ST s Gl S OV) e 35
ot VT (eSS B Ol 5 o o oz B8 Juale 55
Clle 53 a8 gla S 4l el (bl o w1 S
s VT clale o VL s 5 AYA ilssl Ve cmol/kg-soil
L S Sl TEA Gl Gy e S0 S
—Sb GRS, Al s eSS Jelge 51 s (S

el Sl b PH 3 ediabel ks (ST
o e VT ) g oS s e OLES 42208 la i
Sl Chl b sl spd e S pH ials o

24

Llp b bl DR sy esn ol
S @S S skl Al a s bl
ool S B 80ka Al ag baiss 31 (SEM) iy
sdalive LB (V) S5 55 S o) Hged bl
Obd e Col sl Sl ghls Sty sy 4 sed (ol
Sk ez SIS (Gladds) slaaY s K Lde
Dyad 33 K3 Gaw locl sdalie LG o W
(oA IRl L) S8 GLB) il e et
3yt odsd oS Re Sy Sl e e SIS L
W) IS wlal (Sl S 5 5018 SB 5o s pds)
5ol s S8 s LIBIL (BLB) Ll wluls ik o
L GlaaS Sl g Ty st se SIS Ol RS 5 55158
SE el bl Kos 5 ald (Sl el 3 Sly S K
L okl B - 50 4 Cish ) sei 5o
5 ooBl M delE e s Ol Clls WS
O 03 oy e Sl 5 ol S g LB sas
ol VT (I Al b s sl Sl edd e ge Slals
bug ol Sy e plal o3pd eslital (S 5
o ol e (1607) 0l Kiasn S s ool
Sl S 5 (CEC) Liyils sl b b (SSA) o puass
sl S s K 5tV (IS s ol
A s e Sl s Sl ) W ST Ll Gl
ol @ D 5 5B sl VT e Ol 5 258 48 S
L5 sl p Sluls oS spd e sdalin pd ) &g
oV (65106 Ol cn St s> (BLB) (5L
250 (e Sl BLB wises Jole ol 50
Voo emol/kg-soil ke ;5 1y o opSaes 35 0T /A
s S el sl L JSKE) das e OLES s
Skl sl Ga (Do eld il
oS 6 e VT L0V 30> (6,1 b s (SLB)
s o OLi s 51 Ve cmol/kg-soil cLle s 1y s
Cl L Sl e W S bl e
ChlE s e S Gl VT Y s (6 IS
Gl 4 S 513 Gged 53 cpl Ole 5 Ner cmol/kg-soil

IXe 5l G ssa= BLB Wy ys cids 3 (4 K2)



\Y‘\-\Jb/-\e)w/r.hwa_)jé

oot Ol e pwdige gk — ode dlae

S SLaPH 3 S Ol 035 W ol Jele ol o
Cilee gLl oS, Lie 5l anl o SialS pH 55 .ol
sl ol 3 Sl S ol Ll 5 S g5k 4l e anuls
b oS D3l (S8 i 28 el il oyl S

(i 55 iy g PH Ol s (V)) S s
(BLB) aul p Sluls s 5 (SLB) Co sl yoi 4o il
5313 QL& e (S 53 0 VT Gl glaclale Llis s
(,._S slaclle ;3 osd e edalin a5 &8 Olea .ol ol
53 el i K el 53 ) S gy 4 ged PH el Y]
4 403 3IBLB a3 pH £+ L5 Yo cmol/kg-soil . _Lle
Yorcmol/kg-soil —lale L5 ol ool 5 odd i Sl gt
CMOI/Kg- Cbake 53 3 13 55 s 5 e S 3 ANl
0/A 534> pH g Le 4 L Yorcmol/kg-soil I Y+ +soil
53 3 BLB «Ssad Ol pH Ol gl s o 5 A 0/F I
a3 g gn odalin Sl sh el e U S g S gl
38 0 NT gy Aol 3 PH=0/A 3 a8 Jls 35 s & jle
L s on OLL 0 sty @m0 3 35250 Dl S L S0
&l 2 VT (G MgSS s sl Jals 5 e ol
PH (5508 glalm wdor s H 0 (s3laslil ) 3
33 sl aS BLB 450 3 .ol s ld Z3l 5Ly Laes
53 ol S S gy Al b 0L el Sl S Y
oK 55 0aNT V00 5 Y+ vemol/kg-soil s> lacble
RGIU o

pH yorcmol/kg-soil . Lle ;3 4S5 coul db>Ma L5
sedd Suap KA a4 gl BB e 4 4 ged 4 ya
a i sad o PH VT Clle 18I L A e e
Coishpsatisa sl o Lol oo S Joe asils jlide S
V"S slac ble ;s aS Jb s el by 3136 45 (SLB)
cble (a5l L Ll cmd PH Oliae o 268 ghls stV
53 PH as 55 SLB) s 5 goi go 5L PH ol N
Ve vemol/kg-soil e ble s .cul sds Sos s Laal el
PH 5 (SLB) s sl s 54 536 4 3od PH s 002,V
VT Bl I L s el il SuS b 55 45
0 @305 PH 31 ELB) S5k ) 5o 0 51U 6 gai PH

Lol o iy oS Sl e 4y 5 S s

25

395 S PH ess Blis 53 (6 min Cansliae ziy (CligSD)
[32] dims e OLES

S s 300 S SLBLB) w3

10 —+=—Bentonitt ~——k=SLB =—#=BLB -——Blank

0 20 40 60 30 100 120 140 160 180 200 220
Equilibrium HNO3 Concentration (cmol/kg-soil)

Fig. 10. The buffering capacity of the bentonite, SLB
and BLB samples.
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Abstract:

Soils contaminated with heavy metals are among the common environmental geotectonic problems all
around the globe. Clay is considered as one of the best protective layers for environment to absorb
contaminants. Considerable SSA, very low permeability and the noticeable cation exchange capacity of clays
have been favorable factors to use these materials in geo-environmental projects vastly. Clay minerals can
react with the materials existing in the leachate because of the layered structure and negative charge. In
addition, their large specific surface area contributes to adsorption of heavy metal contaminants which pass
through the soil. Each part of the mineral materials constituting the clay, carbonate, organic materials,
oxides, amorphous materials or remained phases can play a role in the process of heavy metal retention.
Carbonates play a special role in the process of clay-heavy metal interaction. The effect of the soil structure
in heavy metal retention has been studied by many researches. From geo-environmental point of view
montmorillonite is one of the clay minerals which is widely being used in many environmental geotechnique
projects. Among the clay minerals, montmorillonite has the highest buffering capacity. In the absence of
clayey soils, compacted sand enhanced bentonite is attracting greater attention as suitable material for
contaminant barrier systems. The efficiency of these insulated barriers depends largely on their hydraulic and
mechanical behavior. In landfills, the main function of the liner is to minimize the movement of water out of
the waste disposal facility. Generally, an engineering landfill should satisfy three performance criteria if it is
to perform satisfactorily as a barrier material. It should have low hydraulic conductivity (typically less than
1x10°° m/s), should have sufficient strength in order to be stable during construction and operation, and it
should not be susceptible to excessive shrinkage cracking due to water content changes that usually occur
during the lifetime of the landfill. On the other hand, provision of the proper platform for landfills has been a
concern of geotechnique and environmental geotechnique researchers in the past three decades. Based on the
above points, one of the objectives of this research is to introduce a material with suitable environmental
geotechnique properties, minimum permeability, and maximum contaminant absorption potential. The
process of producing nanoclay particles from bentonite clay with a top-down approach involves omission of
some materials in the form of tailings. In this study, the bentonite clay sample was divided into the following
two main parts through physical and chemical processes: nano-montmorillonite (SLB) and tailing fraction
(BLB). In this research, through a series of geotechnical and geo-environmental experiments the interaction
of nano-montmorillonite (SLB sample), tailing fraction (BLB sample), and bentonite clay samples with
heavy metal contaminants was studied and analyzed experimentally. It shall be mentioned that the process of
separating bentonite clay sample components was analyzed through microstructural X-ray diffraction (XRD)
and specific surface area (SSA) experiments as well as scanning electron microscope (SEM) imaging. The
tests conducted in the study were mostly on the basis of ASTM standard and the geo-environmental tests
manual issued by Geotechnical Research Centre of McGill University. The soil carbonate percentage was
defined by titration method. The specific surface area (SSA) was determined using the ethylene glycol-
monoethyl ether (EGME) method. Results of the present research suggest that the tailing sample (BLB) of
bentonite after the fractionation of nano-montmorillonite from bentonite sample retains approximately 80%
of copper ions as a heavy metal contaminant at a concentration of 100 cmol/kg-soil. In addition, permeability
of the BLB sample and its swelling are approximately 5.2 x 10™° m/sec and 70%, respectively.

Keywords: Heavy Metal, NanoClay, Landfill, Permeability, XRD, SEM.
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