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Introduction

Cadmium (Cd) contamination has been a widespread concern in paddy soils because of ent transfer
to the food chain. Biochar amendment is proposed to stabilize Cd in the contaminated soils. e pristine
biochar shows limited functionality towards Cd sorption in practice. Recently, Mg-modifigd bi ave attracted
much attention for their low toxicity. These biochars are coated by MgO or (OH)z precipi ring the pyrolysis
process. Magnesium chloride (MgCl;)-modified biochars have been used widelyg heavy metals from
the aqueous solutions. However, there is little literature about their pe resent study therefore
was conducted to investigate the effects of application of unmodified an i ice husk biochars on the

kinetics and isotherms of Cd sorption in a calyey paddy soil.

Materials and Methods

The unmodified and MgCl,-modified b were from rice husk at 600°C. Some relevant
characteristics of the produced biochars (including ental pzc, pHa1:10, ash content and BET surface
area) were determined. Moreover, the studied soil field (0-20 cm) in the Qaemshahr region
of Mazandaran province. The biochars (< 0.5 mm) were adde il sa‘es at three levels (0, 3, and 5% w/w)

and the amended soils were incubated at 25°C for xperlments of Cd sorption at a
concentration of 375 mg Cd/L af times of 0.25, 0.5, 1, 2 n& nd the isothermal experiments of
Cd sorption at concentrations o 100, 150, 20Q, 300, 3501400, 600°and 800 mg Cd/L were performed. In both
kinetic and isotherm experime M KCI solti as the background electrolyte. Finally, the relevant
kinetic and isotherm modeWIe i the sorptiondata anditheir parameters were calculated.

Results and Discuﬂ)n A

Biochar charactefization ind
0.27 t0 0.48) and pH (from 7.6 . modification also increased the H/C ratio (from 0.032 to 0.071) and the
specific sur m?2/g). As a result, the MgCl,-modified biochar was more hydrophilic and

1428 and 500 cm- its FTIR spectrum. The results revealed that about 74 to 89% of the Cd sorption
by the soils occu i
from 48 hours to 2
Among the kinetic mo
intra-particle diffusion mo
well described the Cd sorpti

Wmeontrast, the unmodified biochar had no considerable effect on the Cd sorption kinetics.

, the Elovich model with lower SEE was the best to fit the Cd sorption kinetic data. The
| was not satisfactory for Cd sorption on the biochars. Freundlich model with lower SEE
isotherms. Application of 3% and 5% MgCl,-modified biochar increased the Freundlich
Kr parameter by 2.4 and 2. es as compared to the control. Moreover, the aforementioned treatments increased the
heterogeneity parameter Freundlich model (n) from 3.48 to 6.08. The Temkin model could not reasonable fit
the sorption data. In contrast, the unmodified biochar did not show any considerable effect on the Cd sorption capacity
of the clayey soil used in this research. This finding means that the unmodified biochar could not improve the sorption
performance of negatively charged soil clay particles.

Conclusions

According to the results obtained, it could be concluded that the Cd sorption behavior of the soil treated with
unmodified rice husk biochar was similar to that of the untreated soil. Whereas, the MgCl,-modification improved
both sorption rate and sorption capacity of the soil for Cd. Application of MgCl,-modified biochar improved the Cd
sorption properties of a clayey soil with high intrinsic sorption ability. Thus, this may be a promising approach in
remediation of Cd-contaminated paddy soils with the aim of reducing Cd mobility and availability. However, there is
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need to do more research to create awareness about the importance of biomass nature as well as pyrolysis temperature,

the ratio of MgCl, to biomass, the mechanism of Cd stabilization and the desorption of Cd from soils treated with
MgCl-modified biochars.
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Figure 3. Kinetics of Cd adsorption on the soils, a) SBO: Control soil (without biochar), SNB3: Soil amended with 3%
unmodified biochar and SNB5: Soil amended with 5% unmodified biochar, b) SBO: Control soil (without biochar), SB3:
Soil amended with 3% modified biochar and SB5: Soil amended with 5% biochar

oSS i Saodts &) Skl S0 U3 2
csloodls & uggll 5 (gloyd009)0 i pgd A ye and (gl Ao and (laJae (Jad JSb (3l Sl Jo b sl el )l
s o3 LY Jgds 55 (01 g | 5 odiipDo ) Jlagms b o o 10l eSS )3 peodls’ iy (Seipw
Jore slbd polio 4 4255 b Jg 0 odmlite pgd a5 yednd Jaa (sl (%) (s oyt B 0 38550 45 o) e
ot b Bl 5y Jse plgieds p3l Jao dF Jod BB polie 5o g guagll Jao ol S8
B o ool p Sul 5l sniipMol Hlogn 5,8 48 ol b guedls Ll Sasiows o9l Joo
SLSE 4 Cons oadz Mol g b oddjlog (bS5 B g0 lacoligySile oS ¢ ;
Syl S amd o 3Lk £ad ge ol wily LEalS 5 LT3l Ao )3 YVIB o VIS iy 0 ig BT Lo g b ok o

Sy iledld (5551 1503 gow il g Gl ) adgl Gl co s g
5 S0 g (Soleymanian et al., 2021) -, Kea 4 bl .(Ku
Sl il s ia jlaogn bug meedls Gl Sitipw pog
el 1, MGCla b o oMo | )l ges b 55 oS @ik

o9)l55 (Deng et al., 2021) sloyd (950 yiso 9 21b; Yin et al., 2021) pg> 45 pods i

A\

led
A S\ '\ s
LS )3 el i St (S8 ‘w WJol 4 po and (S Je (910 gl Y Josa

Table 3. The results of fitting ti‘Ze 0 -order, parabolic diffusion and Elovich models to the
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SBS 0.97 0.29 569  0.68 0.44 5.94 0.40 091 024
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SBO: Control soil (wi

] ar), SNB3: Soil amended with 3% unmodified biochar and SNB5: Soil amended with 5%
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il amended with 3% modified biochar and SB5: Soil amended with 5% biochar

tlasd ol s ) SBA e St sloosls ay Jgl 4 yoad o 4 o pgd 4 yoted Jho ying bams i3l
o ds il (Ho and McKay, 1998) cul Gls ey 00iiSdg00m0 Jole S lgicay

(Hansen and Strawn, wws Jis iy Jgl adye (iiSTy o 5l i o5 canl o s 4 baes s (slaosls

@ Jgl adye and Jae

L5 Gl e 008 dgame N (Sojud s oS sy o 1) 1) Ggd il K Sley Jde ol ¢ pioren 2003)
&S A8 oy pdd ) peedlS Clo St Culgn 35 sloydye,0 iz Jae J(Agbovi and Wilson, 2021)
) obile b e pac (Kolodynska et al., 2012) wib ey 0aisSd9d5t0 Jolge plo BB Silg o o cde

y-Physisorption
VY



RS 3 58 i Al LSy 5 g (e la &Sl cusdly opl 4L (C palie) e 5l yoye jerds g Mo
(Kumar et al., 2012) 13 g0 Clo s yun

S 0 podls Wi sbalovon
Pl ol Selle o Gl (il g 039 Tosllas g9 I USE Laug mredls Gl afgaly (LS s cal 0

(<)
8 8 =
7 7 -
6= 6=
5 54
5 4 S 44
=1 =
3 3
)4 — sBo
—— sB3 24
1 —— SBS 1
0= 04
T T 4
0 10 2 20 20 50 16 20 24 28 32 36 0 44 48
oles A N\ oles
Time (h) ‘ Time (h)

U S1E :SNB3 ¢ )l gn 313) sald S5 :SBO (W (bSE law o5 D15 4y 993 A po dnud Adlre (w3l £ UK

ﬁ‘)‘i‘b :SNB5 9 chW] )lb%.’ 2oy ¥
Vol g 203 0 L S& :SB5 5 sz o]
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Figure 7. Fitting of Elovich equation to the adsorption kinetics data of Cd in the soils, a) SBO: Control soil (without biochar),
SNB3: Soil amended with 3% unmodified biochar and SNB5: Soil amended with 5% unmodified biochar, b) SBO: Control
soil (without biochar), SB3: Soil amended with 3% modified biochar and SB5: Soil amended with 5% modified biochar
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unmodified biochar and SNB5: Soil amended with 5% unmodified biochar, b) SBO: Control soil (without biochar), SB3:
Soil amended with 3% modified biochar and SB5: Soil amended with 5% modified biochar
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Table 5. Parameters of the Langmuir, Temkin, and Freungii i ta of Cd adsorption isotherms

. Ry TNy
o Langmuir Freundlich
Teatment b K. n Kr SEE 2
(mg/g) _ (LmgY (mg/g) (Ug) _ (mglg)
SBO 8.19 0&& 0.70 -0. . 3.57 1.46 0.28 0.96
SB3 9.37 ‘0 3.63 0.85 0.77 0.86 6.28 3.47 0.53 0.95
SB5 0.130 4.54 0.93 0.98 0.88 5.88 4.06 0.55 0.94
SNB3 -0.39 1.27 0.46 0.93 3.54 1.40 0.29 0.97
SNB5 -0.60 1.29 0.94 0.95 3.42 1.32 0.28 0.98

SBO: Control soil (with
unmodified biochar, SB3: S

biochar), SNB3: Soil amended with 3% unmodified biochar and SNB5: Soil amended with 5%
amended with 3% modified biochar and SB5: Soil amended with 5% biochar
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