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Abstract

Introduction: Cadmium is considered a critical heavy metal due to its high mobility in the environment,
which poses serious risks to ecosystem health through its entry into the food chain. Accordingly, it is
necessary to achieve efficient methods for stabilizing this element in contaminated soils. The present study
aimed to synthesize and compare the performance of natural zeolite nanoparticles and microparticles and
biochar in stabilizing cadmium in soil.

Materials and Methods: For this purpose, the incubation experiment was carried out in a completely
randomized factorial design with three replications and a time period of two months. The structural
characteristics of the particles produced through the planetary ball mill were determined using XRD, BET,
SEM and FTIR analyses. The effect of different treatments (including zeolite and biochar in both nano and
micro scales with levels of 1 and 3 wt%) on the cadmium adsorption and changes in its chemical forms was
evaluated.

Results and Discussion: The findings indicated that all modifiers improved the cadmium fixation efficiency
with increasing dosage. Also, particle size had a significant effect on the adsorption capacity; so that the
performance of zeolite nanoparticles and biochar was superior to the micro versions. Among them, the 3%
nanobiochar treatment showed the highest fixation potential with an efficiency of 95.27%. The study of
cadmium chemical species showed that due to the high pH and the poverty of organic matter in the soil, the
abundance of soluble, exchangeable and organic forms was lower and the carbonate form was the dominant
species due to the high presence of calcium carbonate in the soil. Finally, the results confirmed that the use of
modifiers, especially nanobiochar, in addition to reducing the availability of cadmium, leads to an effective
redistribution of the chemical species of this element in the soil.

Conclusion: The finding of this study demonstrates that producing nano-sized zeolite and biochar via ball
milling is an efficient and cost -effective strategy for enhancing cadmium stabilization cadmium in
contaminated soils. FTIR analysis confirmed that mechanical size reduction of biochar does not alert the type
of functional groups present; however, the number of active functional groups increase as particle size
decreases. XRD results showed that mechanical milling reduces the crystallinity of natural zeolite, which
contributes to improved reactivity. Nanozeolite through higher cation exchange capacity and specific surface
area and nano biochar due to the high amount of functional groups, higher cation exchange capacity, and
specific surface area reduces cadmium in the soil compared to micro particulate. Among the modifiers, Nano
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Biochar performed better. Also, each of the treatments had different effects on the distribution of cadmium
chemical forms in the soil. Nano biochar at 3% application level, with the greatest reduction in exchangeable
forms and carbonate and increasing the organic and residual fraction, has a greater effect on the redistribution
of cadmium in the soil and by converting cadmium into inaccessible forms, partially reduces the
concentration of mobile cadmium and reduces its availability. It can be concluded that the use of nano-
biochars of corn produced at 400 °C at higher doses is useful for stabilizing cadmium in calcareous
contaminated soils.
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Table (1) Initial characteristics of the studied soilfl
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e CaCOs Magnesium | Calcium | potassiu : c e conductivit | texture | Clay | Silt | Sand
. nate 1 1 sodium . ity
cadmium % Meq L-L Meq L Meq L m Meq L- matter | capacity y % % %
mg kg q Meg L™ 9 % Cmolc dSm?
kg
clay
0.5 42.38 5 5.3 5.5 3.1 7.4 0.4 14.23 1.8 7.63 loam 313 [ 336 351
Table (2) Some properties of the studied zeolite
SiO2 Al203 Fe203 CaO Na20 K20 MgO TiO2 MnO P20s SOs L.O.I
% % % % % % % % % % % %
68.95 11.14 0.97 4.83 0.95 0.9 0.79 0.201 0.011 0.012 0.068 10.64
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Table (3) XRD of the studied zeolite
Dolomite Quartz Mordonit Orthoclase Anorthite  Montmorillonite Clinoptiolite
% % % % % % %

4 1 8 8 6 5 66

VlSEM“H\I:.I::TkV Wﬂ;; ?:1:Emm AL MIRA3 TESCAN| sEM D: 16.11 mm i MIR.AQ &
oW flaid: 227 0N i i View fleld: 8,30 ym Dot: SE 2pm
SEM MAG: 70.0 kx  Date(m/d/y): 12/16/19 Performance In nanospace
SEM MAG: 25.0 kx  Date(midly): 05/25/19 Performance in nanospace

SEM HV: 15.0 kv WD: 15.80 mm P TR MIRA3 TESCAN|
View fleld: 2.44 pm Det: SE 00 nm
SEM MAG: 85.0 kx _ Date(m/dly): 05/25/19 Performance in nanospace

Figure (1) Electron microscope images: 1: Zeolite with a time of two hours, a speed of 400 rpm
and a ratio of 20 times, 2 and 3: Zeolite with a time of 20 hours, a speed of 400 rpm and a ratio of 20
times

L 2pm EHT = 18,00 kv Shahid Chamran University of AWz siguia-sn1
ZoneMag= 100KX  WD= 27mm Sigwal = SEL Tie 10,0350 Zane Mag= SEOKX D= J6mm
EHT - 180KV Shahid Chamran University of Alvaz Dare 18,50 2019
LEQ 14SSVP.

2 1

Date:10 Mar 2015
Pewtesd Tow 93947
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o X
Zone Mag = 200 KX
EHT = 1900 KV

EHT = 19.00 KV Zone Mag= 200KX Suia-sm Date:l§ May 2019
‘Shahid Chamran University of Abvaz D= 32omm PN Tme:948

4 3

A .
SEM HV: 15.0 kV WD: 16.13 mm

View field: 2.08 ym Det: SE

SEM MAG: 100 kx _ Date(m/dly): 12/16/19

Figure (2) Electron microscope images: 1) Biochar with a weight ratio of pellets to powder of 4.5
times and a speed of 400 rpm for 100 minutes, 2) with a weight ratio of pellets to powder of 10 times, a
speed of 400 rpm and a time of 100 minutes, 3) weight ratio of pellets to powder of biochar of 15 times,

a speed of 400 rpm and a time of 100 minutes, 4) Biochar with a ratio of 20 times, a speed of 400 rpm
and a time of 4 hours, 5) Biochar with a ratio of 20 times, a speed of 400 rpm and a time of 20 hours
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(2019

bl o LSCE5 oty 52087 56 51 Bk canlllan 350 ek S 55 57 ST o 4ol XRD GIUT 1 ol il
S (Kb drys el 4 e g sy SIS 1 S Sltle Ol anT 5 a8 555 e odalie oF) JS @ 4o
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Do 4 e Al 5 e Sloslw SIS SlalaT Sl eslizal b o 5 D3 56 SGG w5 s S 0l Olayl sl
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35 Kb als & ws edalie 4y YY/FF Y 4o ol oSG «Cdoha S (gasas > das ralS Ao s
2 g b Ol Sl T 3 e ol sl IS
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Figure (3) X-ray diffraction pattern of micro zeolite and nano zeolite samples
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Qinetal., 2020) Cul o Aul iy
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.(Song et al., 2019)
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Figure (4) Functional groups of nano-biochar and micro-biochar
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23 bl ol (Song et al., 2019) 5,ls Callas Jiig Slatass mb b ) Jij olyd b pH il sl 2018)
dols b bl sl bl anl s 31 s ele slaes 8§ K8 o b o) o 3l Mo WS e 56 elde
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Table (4) Specific surface area of particles

Pore diameter Total pore volume Specific surface area
[nm] [em® g*] [m?g?]
21.6 0.038 7.2 Micro zeolite
19.9 0.11 23.3 nano zeolite
9.8 0.02 8.8 Micro Biochar
4.6 0.15 132.5 Nano Biochar

Table (5) Some characteristics of zeolite and biochar used

Cation exchange Electrical
capacity conductivity pH
(Cmolc kg) (us m™)
46.3 314 7.81 Micro zeolite
58.2 195 8.03 Nano zeolite
36.7 6.63 8.10 Micro Biochar

63 7.94 8.25 Nano Biochar




\l4|

\F 0 L)l:n-MJL.; LYO\)LA«:’ 4 v\l> (6))}\‘5‘5«19 4.L>w> QSQ‘)) ww

boawslan jo &Sl iz o U,:A:lf Jlalixs ﬂwqﬁu‘meW\ 3,8 & ool sls Olas laassl
23 1 ol Lol odalie o s 3 paeeslS 28I 5 G55 o3 ) 3,08 e 53 4z Sl od dals Lo
Ao 3 ¥ Hles 53 o pwsys paeaslS alS o min oS ysbay ts 8 s Sate ba s A
LOlg oo Iy Lgy cpl s go (20580 1y odd Cdar (650 05 Hldde (O3l Olge 20l 581 ds O3 s s J 550
b 2z gL IS 3 4 e 4558 4 OBl 33 I L s 53 b laelSl sl 23
Zavar Mousavi and Lotfii., ) wl s (2alS O3l o Aol 6151 & ok dr 6 e s Sl S Ul
b ol s ol i sl 2S5 53 biul el JolS plsl pde Mo & e J&s 28 4l (2015
S5, Hldie 2l B L 1y e 5 o Sl o siT 2alS &S (Alvani et al, 2019) o, SKes 5 Jlgle glaasl
.:)I:C_,.?L:lh»c.\}.sﬁo.s;u;vbféfl:‘-tgl.aojzw):cbs

03 pe3l8 s cpsaslS 4 a3 JT STl 4 S5s Ao 3 ¥ s ) ehew o S5 5, 0353 L aS sy olis =w
2 a0l oS Aoy S 0 S o S L YAAD 5 p SUST 0 8 Ja YUFY w Fr 5 4 ST e
S Sysba tdisu s e |y LI ol SI3 eIl zals Lol dals Hlad b awslae 53 LY/PY 5 7V /FY STl ials
05 e YY/FF 50 S S 51 p S ko VFIFY 4 p sl e 28l o o5 5 @ (S5s Lo o ¥ 5 L3 S5t
Y o) b 53 gt o 5 ,Sn 61 a8 Sl b s cpl AL VAR 5 TNF u:ﬁa\fdgwsurﬁ,x;ﬁ
S S Ll f FAS e F ¥ NN 5SS 0 ST w5y ppeeslS LB G55 Lo
2 (.,fdxf Yo/FP 4y ppeslS ChlE Sis doss VL ey o) SU S T YR/FY 5 VY palS 4 e
.\,,Tc_mwMﬁrwp&jdujbjws_bsdﬂgsgt’);s('/.wmaU:Ats),uujpf,x;
Qals e @ S LYV/AD a5 BB 28l eias0lis 5 by o S ST 5 p S oo YAAY 4 1) paasls lile o
.)ﬁ

3 33 p5edlS Lot G 3 Sl 2B O3 plie o das e O (s 4 sk ol b
S Sy 53 ol 4 aen Sl i ebie 33 8 55 S5 b amlie 53 e J 5 Shee (55 S o )
Slos 8 g5 SIS 53 (s JE5 55 VL 03y el 5 G55 Jols b b 33 8 e 5L 0T plend S5
Wl 03,55T oal 315 p5ea3l 0 L6 5 (glacd g (6515 Ol Jlole

Alvani ) o, 5 Slsle .l ods 3515 (godaze Sladlas 53 03 JT lacSl= el S5l sl Sote S 31
@Mf&_a_o}_;cb)leg (CEC) 5558 dsls v b s 4 &g D)3 56 457 wisls OLas (et al, 2019
IS L sl s 5 D3l s andlas 55 digls e 5 oo a5 55V CSlea oS 0 K Silp3
Loys ¥ oled 53 Cul F5 o e S asbe s S pgeslS galS s g iGEse 5 Shes 0T (Jsane
3 JEJ U Sl eslizal &7 W S 5518 (Liuetal, 2020) o, 5 5J (Hu et al,, 2018) ds oualive ol 43 55U
o 51 olE (s Gla et li cpaie ol Con 21T L oS 0355 on SB35 BB pguesls el ol g &

it n 3 e (bl ysbas | eSas 055 5 L ¢ Sal



\7Y
...):&jd&j)ﬁ@jjsﬂ)lfﬁtlob&w}:QT&@W

Table (6) Analysis of variance of the effect of treatment type and application levels on soil available

cadmium
Me_an square of av_alla_ble _ Df SOV
cadmium concentration in soil
32.09** 3 Treatment type
80.68** 2 Application level
9.73* 6 Application level x Treatment
2.35 24 Error
3.1 CV(%)

**Significant difference at the 5% level, *Significant difference at the 1% level

@ control
1
~3

Soil available cadmium concentration (mg kg'')

micro zeolite nano zeolite micro biochar nano biochar

Figure (5) Interaction effects of treatments and application levels on soil available cadmium
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Table (7) Analysis of variance of the effect of type and level of treatments on chemical forms of
cadmium in soil

Amorphous Manganese Soluble and

Residue iron oxide oxide organic carbonate exchangeable df S.0.V
ns ok
54.1° 6.87" 0.617" 297" 2.32 0.248 3 Treatment
type
62.41"  0.367" 00137 326 2288 1.265™ o, Application
rate
Treatment
TS ns TS
17.43" 237" 0.24* 1.04 0.821 0.088 6 type x
Application
rate
0.605 0.137 0.021 0.006 0.849 0.003 24 Error
CcVv
3.20 3.30 3.21 3.57 3.15 3.01 )

" no significant difference, **Significant difference at the 5% level, *Significant difference at the 1% level
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Figure (6) Interaction effects of treatment type and application levels on chemical forms of cadmium in soil
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