J.Z.h_}}r —&.Lﬁdaa
roe Lles (plige
\i'\JL.» Al a_)L».J: sC)J}g;M.:«aJJA

WAL (41gis 49 ) Taazmo U 4 3l sl 389 381 (5 0 41
oé,ﬁ dwlo (W 9 cwoglio lgﬂ'};ls WYY 9 (W ‘slboaigyhl'

T gl ool ihemms g3l TGS sl el ! g8l el

Ul;&wwe);c\ﬁ)&f&d“ﬂjd&ébf‘)yiﬁfLM‘)‘fﬂu‘)Séﬁub\
Q‘j‘x&u«u.,\;@aa)ﬁ‘\ﬁj&;ﬁwv\;@a}&éJb&jﬁ]ﬁf@lﬁ)b\f
Ol s pwkiga o3 S d a5 g wdige 5 o0 o 55l 55 e lokial ¥

mohamadzadeh@bzte.ac.ir

VAT Gy b Ve YA TS s sl

1
5 S s s Jels e slagassl Gl s el s laole S 5 Caslie i gl YT 36 tags cnl 5
S el A;Léjf)\} axdlzo g)y@;;:(_;m,\;iwgsbg\ﬁguml sl ‘LHJS,\:MSI‘_;: ;.;J\;.-)'MJJ,\:S_,J e Q)L:JSW
-aJ..’.lVTwlﬂjt fki))\))hﬂmw].@ww}‘}.;})g SOr 3,50 L;LAAJQYT‘)a}ﬁ U'.'JJ’; C,.&J)\ o Lg.l.usb‘}.b awle ol axlas
Yoo 5 )0 00 (S350e L;LAJ':.:J BERCRTY aJ.".iY“ L oo CL..«\ slad sl (55 v.:j.:.»«.& o Lgl.aﬂl.aj cdwslo e C.,.»}LL:J.; la
L_.J..gl.ldugh.agﬂ\}.);h )'\Ji.:.!}ﬁ.?Slﬁqujj’lﬁl}'LA}'\JJli]a,.a\o\ij\)'6>\>wab@u.@ﬁ%a)ydl§“lijl§
Coslin gl 5b osle 035580 dacile L oold sl Las 0301 (o yas (g5, 0l plowil ites 5 gl tlesl s 4 e s
ol Aoy Vel 28 el asle 4 s O3 Lol (sl s Lok gas oty Sasl 4l Sl s s anll es T anle L5,
o VT Gl sl s cpl 5o . sls OLES 1) 5 Cuslie op iS5 o s o 5 4 Sl g 5 Sl boadd (650 Jas (Sladsas
S S ea g A3 Ar Sl e e Sl S Ol s el @l e e S LSS S e 3 6 O by a8 e
S s i bV 51 e 5 BB s ol bl Ko (ggm 5l 5 0 S ST (3 0t VT 58 Gl sl W5 aul b o

2ls

oS St (53 S e Sl S Sdae Sl it 5 (hlesT sV s T anle 1S ulS” G739

Bl o S osdn 3lse oz Sl aodt VT gl 31 x2S (glaans oo
S e ke el ge J1 s O Oliie 5 i sl g o Jas JCJ)L%ﬂepkcél})aLm,ui‘ﬂ) .
Lol S L ;;;J\ ol Jsol o sle o3 L sl o s G5, s i el el

V4o



Ol K <=y ol

bl Ol e 4 S Jamee b 5L sla S 581 (6 5K

amen b e tals (S50 ssa) Sl A o
Srd 358 5 Cosby Aoy Sl SUS o sase O
soals Wy ooVl dsns Rl L kel sl o
agly @lo¥T Ol 2l 3L 55 glals glacSs s . Llazils
[7] @b 2als glawls oSt Jls Sl

S 85 sl bl e gln &S 6508 slatasy
S e O Sy b g plondl lanile 5 ooy saSL 3
Sl el Sl s Seodes SlS S dsgs Rl
Aoy 5 Sl S josase 0hs oSl s>
Sl a5l 5 (S Sk 258 Skl g Cusb
L1316 8] spi 00 oo ali 5 oS5 Lals (A0

ol sl ool gl s, wslS gl Jsb s
ol ol ol 4B S S w el S, s 5 ooVl
Lol slaansn 5 06T Oy oode ( oblS L 51 b s,
ot b S sla by, [14] dmes Spline S
Siladalr 5 o iy 5 b b ey Yl gl el
s o Gy Kb Sl ol s, s
g S gles 02,5 VU L () Sl SaS a gl
Kb e Sl eV Gl Cage Sl > dhws
L i mle JoSo Olge 4 015 0 b gy cpl 5l Cpizeen
[16 5157 55 eslizal 55

5 etV Gl sl oo slaiss 3 S
Lol cus wdl gl S5 gl bl 3
el (3L S s Sal il Slese Sl ol S35 58l
L So0 358 5 oS = s 2alS sl s a5l oyl
Lo e sacl Syl slosedd Sk 0y
Sl gassdl 5L YeYe Jle s OLes 5 sl [17]
AL s 5 otV Olse SEalS (gl Sl 5 il Ol
Sl Sl sdel oy il s S eslial L5 e slis
Sl s el Sl wsly alS s SaNT ol
Sal 5 Ologw 035381 b Cud 8 oy S 5 S
0 Sal 5 0l ) Oleww oS 5 don Yo 03531 Ll o3 g
3 Vo WYl sl Sl wsly o)l

Gl il Cdd 4 bases Sheer J5 58 14y Jials

SOl 5 S s ool odKEe 5w g b So T ol
Jds 0 I Gbhet VT 5l o Lpd e e sl
5 0l DAL pramen 5 4 e 0 sl
s 1] 88 e 03 S laeteNT o je3 53 215 e
2

St a5 s e N e o YN Jl s Ll
4 31> DL gty cnl gl ot 4l o Sou iy
3 SRS (S et 3 S Lol )5 ge o, gl
asl r&x Do o S el sgdee g Lis Cuglin
Slasl el LYY Jl s uls 5 oS [3] s e
i o3l (S1te s s e £ 53 (S5 G
Glawle Sl S5 55 Sk, o 1y eaVT pl 56 (e
i b oanle LelS gLl oS sy LS s s el o
BBl s Sl Shsl 4l el Eel i
(Slae 5 S aale £33 8 Gl e NS 4 s
031 ale ¢l (CBR) LIS (50b o [4] 55200
Voo dlo s uls 5 nd Ja 5 gLl 2 Bl 3 s Sl
Ao VG is Sadl doyn b olad sei LOT s ey
©asle S5 T a8 sl ol bl =l s s Sialesl 1
Olils [5] was o jials s 4 1, CBR s e
Sl ey Sk, Sl YOA Jl s 0LKes
Gaal L3S wsp 1y Josil Aoy Yo B 4 aniél
AN S o pasn 055 RS ek LS Shagsy ol
Jessl @ es T Glakigod 3w Cusby doss il
SWasl a5l ( S J2 338 003 BLal ooen 5y
) St ol sydeme (g)Las Cuglin 5 ol 2S5 s
[6] sls jzals

ke S Gga aw FoV Jlps OG5 Olrasls
s 3530 1 SP 5 SM CL (slaes, s ,edp Ll
sl els Ciliree ba tolesT Of Ky ool sls Ll 3
b Saddsd 5 o S e S oS5 S
i a el S GaVT L) S S glad yed ©3,
plwil (o3 V1B Y) SVl il (sladoys L ol
eV 5lde (5053 L CL S s o8 sls 0L el sl



Ve JL /Y a)w/r‘gbjwwjb

e Ol o pwdige Bgh — oode Ao

bl Lgi e el ey S s sl Sl 4l
o 3 R D sl 5 e 4wt lasls glas
Sl ol San ol 2o Sla G058l sl sl
55 g el Sl s Sasl asly j2alS L il
aslie gl zel )b Ol i 50 56 sbal s gla s sl 3 5
NGO [PLIWE PRV VIGE] T IR E S PRGER WY

ey S s olser Sl 5 Olapw sl glaans o
Loz g LS el (ST 585 sl bl 25 6l =
Sl bl Sles Glas gl ol 5l eslizal Wl L[22]
A5 s [18 5 22] 5505 Jis & ools James oy
23] el ol J- s etV e 5l Olasne
O RSt S bl 4 e Ol 5 8 A
LoV ol 4 Olesw Cmis YT L 3. [24] 555
ol st a1y ey 6 S s S glasS Ll )
Gl Gy has 3l Cbli- &S bl sl L[25] sl
A slaans 3 01Kk ol L Ol 5 508
las Llaadls op Kl wlas 5l oslinul 4 sl ax
Sl 5 edd eslial xS 55 Lol W5 sl oS
AL Azl (g 0S ame Loy

3 Ul ol Sler analr Sl tlr (g rege S5 (S
Sl ns Rl S el Jalss 51 (S Ol 4 S S
OF s o1 ol 2alS gla sy cn 5t 3151 [26]
O AeSt 83 S Gy ol el Sl S e SIS
[27] 55 eslinad (CO3™) ol S o 05 WS35 sy
(CO) ol S o bt oS5 3l ol ool Sl 5 S
FIRTYCIG S N S WP (0 SV ¢
Gl lafags 3 2l 5 L, S Sasles L
sli bl S geslie 5L, ssg s> SIS opl LUl
Sl S 5o Gl s fass s [300 28]
(FeCO3) ool by 8 ahar 5l K3 6l S sla SIS S
S ASl g3 Ol b a5 (MECO3) s Sl
Sy Skt Cilie lacawls 34 53 50 Lleld g
[31] wWlazs S 51 3 axlllas

5 0L 3 [I8] ai bawdgal L3 ceslin Jaul bl Col oS
S35 ey plae sl o)l sl s,
9 L;ﬁ-"‘i‘f:“s‘} u:"i‘ﬁl C,..GL Y 034 Sl be )‘ _):"‘:*"4
035 1 o slgn ol 3 g o lams S5 5 (IS 0
Glot VT Gl b lspn, obd w J glalas
350 YA S o s s 2 CL ) S Gy ok
5 elil dadmwe (gl Cwslis ckjﬁjjl S 9>~ Q&JJTL}A&
JQT bb‘ﬂ C)b) fL’ QDJS ULJ‘ LY.\O JL\.»: L ub@
31 CL oy St s sl Sasl 4gly Sl Esl
Dy 5sp el 5ol 4,V e 4 L5558 Lo n
[20] w‘ ol c.)_}.ﬂ o) DL d‘bb

g ool anle Col Gl YT Jle Lo 0K 5 e
5 Sal K o sy Oleww 51 s s ol ks
L3S eslitul siS Cos Olse a8 Al o) 58 6yl
S (A gas 6&5 ct}:j}jg‘}ru'cﬁl:;)jﬂjéﬁé‘ﬁ
o glis Sal Ko 550 0l e 0 Al Olows oS 5 L o
sladise oS Jb s csls Ol 1) 5V o S
lea.w BL) LS)‘KUAT 0)35 o)L.JMr o‘JAA @ ..X..lfj.: QL@.:M
@ sas LAl (6 S ml Caaglie Lo s Ve j.\,p)JOL;)jﬂ
LY YA J:’i‘ﬂ\ .L.Lﬁ dl.a.;.w EW-RH V/o L ol s
0Lz ol sl Jos anle €gad 4 ol 1y oo ¥T Ol
vpl.: 6)\.l§ &Aie)ﬁo)k{ﬂj&.ﬁ]&“u):ﬁ dij).e‘ BNE
[217 az sV ol sl 580
s gaspl U aS das e Ol addS Sldlas )
o e Sl el 4T glasSE eslis sl el
Sl ool Ll atly b gsspl s Ses S5
ot 5 sy easlie Sl 5 Al Olese Sl oSl
Sals el bl ctias o Jall 1 es gl St S
ASGV\M-’?”-J:& LSLQL;Q)J,B‘ Jurij gfl;.b Sl d".’.ﬁ‘)
g o lol ex gl Sl ooV ol s Lz

ol Bl Cel 5 esges Sl ey S s glals s



Ol K <=y ol

bl Ol e 4 S Jamee b 5L sla S 581 (6 5K

Dso (mm) 1.8 ASTM D2487
Cu 14 ASTM D2487
Ce 1.11 ASTM D2487
Gs 2.65 ASTM C127
Jamax (KN/m?) 18 ASTM D698
@opt (%) 15 ASTM D4643

Table. 1. Characteristics of the studied sand
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Pollutant Parameter Value
Density@15° 860 kg/m
Gasoil Kinematic 255 c.st
viscosity@37.8° o
Density@15° 820 kg/m
Kerasone Kinematic
1c.st

viscosity@37.8°
Table. 2. Characteristics of the pollutants used

D3> Sl o9 pI-T-T
5y s Sl ble Sdae gla Sagpl s ol s
Olype 4 (S demS 63 dr Sl Jols e Ol S
Klaz S 513 andllas 5540 L3l
o 30 Dby ¥ -1

LeShs Sl b Sl S 3 Slashk onl o
e Sl S Sl ey Ollllas sl sdd A5 S
3 s SLSE el Gl Gl Gy ol b eld WS
wl o e U 32 31 cud et eslind sleds
I a4 Ly e g Clo S oy wsdS gla e

3 pl ol oy mhaw a4 ax 5 L s Ll S (Ssm

s a4l asn YT dl s 0K 5 Sl
Cuslie (g e arls ls ST 55 e bl 5 s
Loodkd cots CH o) glodises oSow S, 5 A5
XS o Oy ol mlis ol plal Cilises 0 S sla SIS
;d»’-l};&“G)'jjjoiobbaj‘x“_}thagﬁ}gaobﬁé
6%ﬁb‘ﬁjab;pwuﬁﬁw)éuy&<&a
[32] el axsls s Sols 35
bels by St slaedk VT 28U tags nl 5o
el 0l andllas (glawle S 5B, 5t ci 5 5538
Gy Jaes U 5850 Sume slpe 5l eslazad LB aalsl 5
S odd A 5 ie Sl S (memen 5 S 85 5 Sy Jels
3l Oy 4 mlos ek ST S AS] g5 ol
S R VTGN P YR A S WP PRt
S ‘_}:ijjlf @ u)ﬂ Slasle St Loy Caglie 5 e

RGSOUH [ V- S Vi Y S W S0°

b w9y 9 015.0—7
axdllao 3590 dwlo Y-

S e 10 L /0 Gas el ke s ol
3,8 )15 addllas 5)5e ot O3le Dslre 3 0B
» 5 ASTM D2487-11 5 lukcl slas S -l o
el (SP) o (guiuailsy asle £ 55 51 cdomis s ul
Gl Ss (V) dodr s 5 o &l Jlsse (V) K3 s

e 0l ) anllan 5 g0 dsle S 50

oslizal 3550 anls (gdudls Hlagal ) IS

40 }
30

Passing Percent (%)
15
(=}

0.01 0.1 1

Grain Size, D (mm)
Fig. 1. Grading of the the sand
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Properties Zeolite Perlite
Particle size (mm) 0.6-1 1-1.2
Specific gravity 2.3 2.2
Chemical composition (%)

Sio; 64 70
ALO; 10.1 14
F6203 1.8 1
CaO 1.8 1
MgO 0.8 1
Na,O 4.9 7.5
K20 23 3.2
SO3 1.2 0.08

Table. 3. Physical and chemical properties of additives
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Additive Vertical Stress
Test code Pollutant (%) (kPa)
Sand - - 50, 100, 200
SG - 50, 100, 200
SG-Mg 20 50, 100, 200
Gasoil
SG-Zeo 20 50, 100, 200
SG-Per 20 50, 100, 200
SK - 50, 100, 200
SK-Mg 20 50, 100, 200
Kerasone
SK-Zeo 20 50, 100, 200
SK-Per 20 50, 100, 200

Table. 4. Direct shear tests program
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Fig. 3. Absorption of pollutants by proposed additives
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Fig 4. SEM image and EDS analysis of tissue Additives used: a,b-perlite,c,d-zeolite, e,f-magnesium carbonate
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Abstract

Petroleum products and their derivatives cause severe soil pollution through transportation, leaks in pipelines
or improper storage. These contaminants may affect the physical or chemical properties of the soil.
Nowadays, due to the increase in construction projects and consequently the need for suitable lands, the
construction of structures on lands with contaminated soils is necessary. To determine the optimal methods
for rehabilitation of contaminated soils, it is necessary to recognize the contaminated soil behavior and
characteristics. There are several methods for stabilization of contaminated soils depending on the type of
soils and their pollution. For selecting the appropriate method and materials, various aspects such as
environmental issues, availability and cost-effectiveness of the method should be considered. In this study,
the effect of oil pollutants on the geomechanical parameters of the sandy soil has been investigated. Also, the
performance of different environmentally friendly materials as adsorbents of pollutants and also their effect
on the contaminated soil behavior was studied. The studied soil is poorly graded sand that has been sampled
from Qazvin district. The petroleum pollutants studied in this study are kerosene and gasoil. Three different
materials incuding zeolite, perlite, and produced magnesite were used as sorbent in this study. In this study,
the carbon dioxide emissions from industry were utilized to produce magnesium carbonate minerals. In the
first step, the percentage of pollutant absorption for studied materials including the sand and sorbents was
investigated. The results showed that the magnesite had the highest capability to adsorb petroleum
contaminants. The percentage of pollutant adsorption in magnesite was about 91% for gasoil and 85% for
kerosene, while in studied sand it was 26% and 21% for gasoil and kerosene, respectively. The other
sorbents including perlite and zeolite also showed high percentages of pollutant adsorption. In order to
investigate the effect of petroleum pollutants in the shear strength of sand, the direct shear tests were
conducted on pure and polluted samples. The soil specimens with dimension of 10x10x3 cm and dry density
of 18.35 kN/m® were prepared by dry air pluviation method. After installing the sample in the device and
before performing the test, the sample was saturated with contaminant. The specimens were sheared under
different vertical stresses of 50, 100 and 200 kPa. The results showed a decrease in shear strength and more
than 10 degrees decrease in internal friction angle of contaminated samples with respect to pure sand. The
direct shear tests were conducted on the contaminated samples, treated by different sorbents. The results
demonstrated an increase in shear strength for samples treated with perlite, but a loss in shear strength for
samples treated with zeolite. The difference in shear strength between the magnesite-treated samples and the
untreated samples was not significant. The study confirmed that perlite, zeolite, and magnesite have a
capability to adsorb petroleum contaminants in soils. Carbon dioxide is one of the most influential factors in
global warming in the coming decades, so the magnesite produced by capturing CO> and its application as a
pollutant absorbent can be an encouraging finding of this study.

Keywords: Contaminated sand, Petroleum contaminants, Direct shear test, Mineral sorbents, Magnesite,
Carbon dioxide capturing.



