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This study aims to synthesize and investigate the effect of hydrochar modified with zero-
valence zinc nanoparticles and stabilized with sodium citrate (HC@nZVZ@SC) on removing
cadmium from an aqueous solution under the influence of factors affecting the removal. For
this purpose, the effective factors on removal include adsorbent dose, contact time, initial
concentration, and pH using the response surface method (RSM) based on the central cube
design (CCD) to optimize the removal of cadmium (Cd) ions by HC@nzZVZ@SC from
aqueous solutions. Also, SEM-EDX, FTIR, and XRD methods were used to check the
successful loading of zero-valent zinc nanoparticles on hydrochar. SEM-EDX, FTIR, and
XRD results showed that zero valence zinc nanoparticles were successfully loaded on
hydrochar. The low P value (<0.0001) and high R2 (0.98) showed that the prediction of
cadmium removal from aqueous solution by the adsorbent was done well and with high
accuracy by the CCD model. The results showed that the optimal removal of cadmium was
achieved at pH = 7, the initial concentration was 75 mg/L, the contact time was 60 minutes,
and the adsorbent dose was 1.5 g/L, which was 91.35%. In general, the results of this study
showed that hydrochar modified with zero-valent zinc nanoparticles and stabilized with
sodium citrate can be used as an inexpensive and high-efficiency adsorbent in removing heavy
metals from wastewater. Also, the central cube design should be used as an efficient and low-
cost method in modeling and optimizing the removal of pollutants from aqueous solution.
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EXTENDED ABSTRACT

Introduction

Heavy metal pollution, including cadmium (Cd) pollution, is a global environmental problem due to its
non-biodegradability and high accumulation ability. Adsorption is considered one of the most important and
effective wastewater and control technologies because it provides an economical and efficient way to remove
pollutants from wastewater. Among the common adsorbents, hydrochar (HC) has been considered a promising
adsorbent for the removal of heavy metals from terrestrial ecosystems and water resources due to its
advantages, such as cost-effectiveness and environmental compatibility. However, due to surface
characteristics, heterogeneous nature, and low porous structures, the application of pristine hydrochar is
limited. Deposition of metal nanoparticles on porous substrates such as hydrochar by increasing the number
of adsorption sites and specific surface area, reaction mechanism, and thermal stability improves their
properties and, at the same time, increases their resistance against oxidation. However, due to nanometals'
surface energy and high activity, they tend to oxidize and accumulate quickly during loading, causing them to
be unevenly dispersed on the surfaces of the substrates and thus lose their reactivity. Therefore, it is necessary
to use a stabilizer to disperse and stabilize nanometals before modifying porous surfaces with metal
nanoparticles. Therefore, this study aims to load nanoparticles of zero-valent zinc (nZVZ) on hydrochar
obtained from pistachio pulp and stabilize the nanoparticles with sodium citrate (SC) to be used as an efficient
adsorbent for the removal of cadmium from an aqueous solution.

Methods and Materials

Pistachio pomace as biomass for biochar production was obtained from a pistachio processing terminal
in Anar City, Kerman province. To prepare HC@nZVZ@SC nanocomposite, 1.1468 g of ZnCl, was added to
940 ml of deionized water. Then 110 ml of sodium citrate solution (1 g per 100 ml) was added to it (the sodium
citrate concentration in the system is 0.1 percent). After stirring for 30 min, 550 mg of hydrochar was added
to the suspension. Then, dropwise, 50 ml of NaBH. was added to deposit the nZVZ particles stabilized by
sodium citrate on the hydrochar. After 23 hours of aging, it was smooth and dry. Several methods, including
XRD, SEM, EDX, and FTIR, were used to check the characteristics of the prepared adsorbent. The cadmium
adsorption experiments were carried out by hydrochar adsorbent modified with nZVZ and sodium citrate
prepared in batch mode. The effect of effective parameters on the absorption process included the initial
concentration of cadmium (concentrations of 25, 50, 75, 100, and 125 mg L), contact time (20, 40, 60, 80,
and 100 min), pH (3,5, 7, 9, and 11), and adsorbent amount (0.5, 1, 1.5, 2, and 2.5 g L?). The response surface
method (RSM) based on the central cube design (CCD) was designed to optimize the removal of cadmium
(Cd) ions by HC@nzVZ@SC from aqueous solutions.

Results and Discussion

SEM-EDX, FTIR, and XRD results showed that zero valence zinc nanoparticles were successfully loaded
on hydrochar. According to the results obtained after adding HC@nZVZ@SC, the percentage of cadmium
removal from the aqueous solution was 73-92%. The variance (ANOVA) results were analyzed to evaluate
the significance of the main parameters and their interaction effects through P and F values. P values smaller
than 0.05 and high F values indicate the significance of the proposed model. To achieve the maximum removal
of cadmium from the aqueous solution by HC@nzZVZ@SC, the parameters effective in the removal were
optimized. The obtained results showed that the maximum removal of cadmium was obtained at a pH of 7, a
contact time of 60 minutes, an adsorbent dose of 1.5, and an initial concentration of 75 mg L.

Conclusion

In this study, pistachio hydrochar was modified with zero-valent zinc nanoparticles and stabilized with
sodium citrate. The adsorbent obtained was used to remove cadmium from an aqueous solution under the
influence of pH, concentration, contact time, and adsorbent dose. The cadmium removal process was optimized
using the response surface method and Design Expert software. The results showed that zinc nanoparticles
(nZVvZ) were successfully loaded on hydrochar. According to the values of P, F, and R?, it can be concluded
that the quadratic model was suitable for analyzing the data on cadmium removal by modified hydrochar. Also,
according to the obtained results, the optimal conditions for cadmium removal by HC@nZVZ@SC were pH
7, adsorbent dose 1.5 g L™, contact time 60 minutes, and concentration 75 g L.
Authors Contributions

Abolfazl Khademi-Jolgenejad: Carried out the experiment and analyzed the data. Wrote the manuscript.

Discussed the results and contributed to the final manuscript. Majid Fekri: Conceived of the presented idea.
Supervised the project (supervisor). Edited and reviewed the manuscript. Contributed to the final version of



485 nvestigating the efficiency of hydrochar nanocomposite ...

the manuscript. And discussed the results and contributed to the final manuscript. Majid Hejazi-Mehrizi:
Helped advise and review the project. (advisor). All authors have read and agreed to the published version of
the manuscript. All authors contributed equally to the conceptualization of the article and writing of the original
and subsequent drafts.

Data Availability Statement
Data available on request from the authors.

Ethical considerations
The study was approved by the Ethics Committee of the University of Shahid Bahonar University of
Kerman. The authors avoided data fabrication, falsification, plagiarism, and misconduct.

Conflict of interest
The authors declare no conflict of interest.



YAFY—YEYY b

Homepage: http://ijswr.ut.ac.ir

Y o o (AF 0,99 ¢yl 1 SB g 0T Wliuins alono

Gl a3l 03l U (ol Jglowo 51 wpodl8 B 53 jlavg o S jouelS 93U (1) (o)

T e S5l a7 )58 e | lals 02l Juailly]

Abolfazlkhademi@agr.uk.ac.ir :asbll, .l ¢ ylo,S cyimly dupds olKuisly ¢ 65,9liS 008l « S wdige 9 pole 095 ¢ Jofumo oMk g .Y
mfekri@uk.ac.ir :asbbly .yl pl ¢ lo S cpinls dupds oSy ¢ 6jygliS” 0uSuisly «SB-  wdigo g pole 09,5 .Y
mhejazi@uK.ac.ir :asblly .yl sl ¢ ylo,S il daps oKy ¢ 65y9lisS 0uSiiily « S iz g pole 09,5 .Y

ol

» 4

o ol

s Sl b o g (b yao (59 0)59L b 0ad Mol ylogyad 13l )y g it adlllae cpl I Bun
Jelss okt s .l Gl 1 50 (slaysiSTe ybicow T Jslowe 5 weedls’ i )3 (HC@NZVZ@SC)
bl 1 (RSM) desly ebaus g, 3l oslisol by PH g agl clalé polos o eodls o Lol bl 5y 530
592 039L b o g Mol jlog)an bwgs (CA) maedls” (g0 Bl (il 12 (CCD) (655 o S g )b
0,996 3390 (SISl )y sl imen A5 (Db ol slaglore l pats Sy b S g ()b Sho
58w See (SEM) il g5 555 il (Pl lagisy ko ) 2 BB he )
s as oolatwl (XRD) Sl 95y (xiww ek 5 (FTIR) 50,8 gole griweils (EDX) (uivg)y Jg,iSJl
5 IS5k kg 59y 2 Caldse b (1l Hao (59 0)39L & b Lis XRD 4 FTIR SEM EDX
@ o bawgs (o] Jalore 5l maedls Bl i 1> (L5 (+/AA) YL RZ g o/ 0 I 2aS P-value jluée
PH=Y 3 008 dingy Bl a8 ol L ol b plodl (63530 oo 25k Jio bawgy YL o b g (095
/YD oS sol Camdas i) )3 )5 VD OBl Jlado g aidy £ Loles oy i )3 p)5 e VO algl clale
Lg Cuds 9 LSMB)JQ )n.«o $9) b).)yl.x l; o4 C)’Lol )Bs)m a8 ol UL’N aslllas u;l C;Lu L;L{)}lod; D9 Loy
03y )8 s Ol 31 S @l3ls Gls YL LS L g cuod o)) Ol S lgieds Wilgh oo madus Ol yiw
loat, V1 o (gloaiane g (53l ao 5 aizsmnS 9 Lol B9y o lsiear (535 50 axSo )b iz 29

g oalaiwl di J9l>u 5l

g5y Alie 1o £o5

AR VAVATRTS- PRV W TN b}
VYN 16,5550 &6
AR VARYAR PR T
VEF Gt £, W1 g ,U

(gMlS sleojly
©)d93l

s Gl i
o Jsloxe

ok o

https://doi.org/10.22059/ijswr.2024.378040.669732 FAY=0+\ (¥) 0F «y/p/ S 5 o ol dlzee e gusly gdaws 3|

Ol o&usly Ol il duwge 1l

DOI: https://doi.org/10.22059/ijswr.2024.378040.669732



mailto:Abolfazlkhademi@agr.uk.ac.ir
mailto:mfekri@uk.ac.ir
mailto:mhejazi@uk.ac.ir
https://doi.org/10.22059/ijswr.2024.378040.669732
https://doi.org/10.22059/ijswr.2024.378040.669732
https://creativecommons.org/licenses/by-nc/4.0/

EAY L dds 0 5lag i Cujenels iU ) owy g 1], 02 g Sl5ARs 006 (ig3s — sole)

-

4AodR0
e Sy o S Y (S8 U155 5 5 35 sy ey (Ol pedls’ (S5 o 1 (st s 5ol
Owced g (Lietal,, 2021) w8 0aps 1) o jlasme oM 155 o &S Canl cow jluws wuedlS (Li €t al., 2019) ol Sls
(Henriques et al., 2019)4:5 ( Bgye (8 pinw g 55 Abe) sl Calisee (slapll j> Calisee (slaglows 590 el

i 38 ) s 23 iy 5 55 el 55, Sm <10 Jain ) cublig g sl epuedls Skt Sl 425
Ol ko I eaedlS g0 s oyl b (Algethami et al., 2023; Karunanayake et al., 2018) ol 03,8 pund Siwelisl Iy
ool Bl 0yl g olie (Globr (G JOLS (plend Cgw) (e dbal il (slag)sld )9Sl Bl g0 (5)905
$9k8 (p g0 5 (p Seke b ybg) ple b duslds )3 i (Khulbe & Matsuura, 2018; Luo et al., 2017) Sloads oalaiwl o
(Lietal., 2019) xib o Oluo 5l mos VT Bls (cly 2ol,l8 g, (oolaidl Jlai 5l g 395 o A Ol dsbuas 9 J S,

4 oo dax I bl Jdoa Tlrgynm (Jlb 008 g lage (Il bl clsmiial )36 gl Al @l ol e
Lolyon (o) (glapiumusST 5l oS Sljls Bl (gl 008 loaal O G lsieds cun bazee b (392 55l 5 (052 4850
(HTC") Jloyg,hn silocp,S Goyb 5l a5 cul jlogn o5 )logyin (Zhang et al., 2022) cuol 48,5 )5 dv g5 390 (ol wlio
ol B glaled (JISllEo Y=V o elaylis o Lo yigyiud (b y,S (H. Chenetal., 2021) 39 o jiiuw s yo 0355 uns
lole (gloog,S (sl jlag,uun (Sharma et al., 2020) 596 0 plol (cslw +/0-YY) ol (¢ B0k slaloj o (VO+— Y0-°C)
eoau YT dles jl dmosn YT Cils )3 Jlogyiud a5 Canl osds 3,155 (Liuetal., 2021) cowl JowS g )sun g JawS'90)S W5le Sloly
sl Sig des 5l LY> 4 wgrg opl b (Ismadji etal., 2016; Meili et al., 2019) 1)y Jle o)l wyly Saxe g J cunle &5
(Al-Swadi et al., 2023; Inyang et al., LS o dgae ) )G jlag)ium 3 5 (08 oo sla)lidle 5 (Seal Cunle ¢ daw
Sgubg el e g il ()35 dladenST b pauly wilo (500 dlgo b jlag i cuS 5 &S cunl o 4155 .2010; Yao et al., 2013)

(Inyang et al., 2010; M. Zhang 3445 o )| bawgs broau VT Gls cud o ialidl yiomen g jlogyd  olbowd 9 (Sojud sl Sho
.etal., 2013)
(Cai, Zhao, et cusl 03,5 > 343 4 Cn jlamo gl dioj 0 1) (guad Sliiss do g (55999l bl (sladnd )

SU ol b 518 5 e )3 ol Bias 45 s jiogilh A=)+ ¢ claojlusl b (golse <356 al., 2019; Kabir et al., 2018)
(Chen w5530 )8 sadlglglh 5 Jb 008 <3S ey GBS (36 ool S35 5 (588 ST o o b 55)
9 YL xaw lacdled e Cls gla K6 555 059 pdaw o & 36 i <l)340 et al., 2019; Li et al., 2018)
S sloosn VT g (i Sl3ls o5 ge wilisee (slaosi VT &y s gyt Called Sl b plo b dslie 3 Jle (SlSe polos
Bl (gl 936 g ST waSlal (il lgeds cudbge b (3ls il )dgil o oplpls .(Teow & Mohammad, 2019) )l
(Jiang et al., cuol o oolizl 039l S Mol 5 ol (sla Jglo 51 Suze slaosu¥T plo g JI slaoss VT ¢ Kiw l5ls gl
g w5l Jda o3 wldgb (Jb ol L .2018; Lu et al., 2017; Siddiqui et al., 2019; Zou et al., 2016)
oyl ;1 .(Rodriguez-Narvaez et al., 2019) Ltitwd goos dxiwe Syp slowlie ) cams (olul 9 YU (gpdy STy
(Tanetal., 2015) 34, 0 ;0 5| > b Wb oo LialS g BB joba Wl (o pl STy

S anST oy S loged olog sl S5 aST lsicas 5o ol i g5y b Ygans (3 Sl sl pons (ialS” (ol
9y » <38 gl Gaw, (Chenetal., 2018; Oh et al., 2017; Sui et al., 2018; Tang et al., 2021) Kb Colos Jld ()8 ¢ yuurdouo
2 939500 ol slo St d9e ol Sl (5l 5 GESTy pudlSo g g g ol slalSe sl (I3l L Jodsee (gl i
gl s gy o yan I o3kl K03 (g jl.(Fang etal., 2015) aad o il gmolinns] plp )3 1y byl Cunglio Jbs e
& gy oploplplu.(Limetal., 2018; Vunain et al., 2016) s 0 (5346 il oo (g5l Jled pué 5 guiiianss (o 38l cly
(Yangetal., 2019) &S o o> 551, Sldgl 5 s dlge (sblse aSl wad o iul3al ]y Slydeil (g )lub Lo

39850 el IS Jsbo 53 @y oo 5 b (ST iled «l3B50 (VL b g (rlaw (6l a3 g2y cal b

1. WHO
2.HC
3. Hydrothermal carbonization



(‘:\Msﬁ - ‘:D.LG) A EXE3 bb%b)‘ Y b)w o7 2,93 ‘G‘).ﬂ S 9 ui UW £AA

(Stefaniuk et al., 2016; wiady Cuwd 5l 1y 393 (¢l STy does 13 ¢ Bgd 0aiSTy b yiun polaw (59, lgenl joboas layl &
Couli g SASTy gl saiSews Sl gl @lydgl b Jodsdis golaw pMol 51 L8 cunl p3Y ¢ oplply Zhao et al., 2016)
oS 9,8 Ale bl ladss > Sglaie 0uiiS wSleS” Jolos g olewd (slaossS s (Wang et al., 20218) 54 odliiwl ol gl
(Cirtiuet sl J5,ST L (Zhou et al., 2020) (SC) wodws <l yiw «(Wan et al., 2019; Zhang et al., 2019) (CMC) Jolw o
o g 2HE 52938 G g 4555 B ows et (SC) pai &l yiaw sl 05 03l (He et al., 2016) (EDTA) al., 2011)
(Zhou et al., 2022) ol 59,500 55 g (uSleS” oled Lo y)lS

25 sl g b (giludigg g 350 g sl & Canl (3L 5 (ile] slasby, S (oS 5 (RSM) Gsly oo g,
o 55328 ¢ sows ;3 RSM (Jain et al., 2011) d4u5 oo odliiw] oduory CMolsi jauas 1> Al Calisee (gl yiolyl (cond Cuon
Ly ol o Jre a5 sy o 1y Sl oyl o & RSM 1 ol b opuSiw ol s i ; ool sl o odli] O dpiuas g wlids
3 ol audia gig Gua b ol eusd Gadad aigo gla el )b 39l cowts (lp Gislejl dlaw JBlas 51 esliznl b oyo5 (slaosls L
89y <l (6)135,L cadlas oyl 5l B oyl b (Asfaram et al., 2016; Varala et al., 2016) i ploul o5 a5 b 5 eSS ol
D S Glgieds B cawl (SC) o Ol yiaaw dleawg 4 39l Coni g diaay e 1 Juols jlag )i (69 30 (NZVZ) 8\l a0
g o3l ol Jgloxo 5| waedls s (gl el S

Ligsy g 9lge
gl 39 dd
0395y j A A (lo)S il 53 U1 Gl joud )3 ity (6918 JUie s S5l Jlegyden And sl 035 i) plgisds diuy A

sous o Voo SISl g 05 s g St (g9l 55 (g 005 dins Jlafie Ol b dpe iz Jolxe (slacSs Bl jglaiedy it
.(Kong et al., 2017; Ramola et al., 2020) 4.5 osl>

gyl and

ogpmeds 423 Voo (glod b M5 )3 atio Ol 12 o 00 olye 4y 00d Gl sty i p5 0 il Jlagyaen agg pslate 4,
b 4 shade O b dls yo pais dels (5w g 03D jeue Blo 1S 511, oMS 31 31 dlge lbgivee b 03> ylys el ¥ toay
39 9 yl>g,0m 45 5w (Fang etal., 2015) () JS5) s Sid yograadio 45 Vo slod b g Jiie 9] 4 g g JolS
A5 5ol ol el Sy oyte e ¥ S5 bl

ﬁ;

Hydrothermal
= N
. ~—
200°C, 4h ==
Biomass Autoclave

Hydrochar

Jeayd and Jolye ) UKW
H@NZVZ@SC s joselS 95l dngs
(Wang (v-¥)) o5 3 Sils o (Lyu etal., 2016) (V+15) o) )SKan g 5 (55, 5| HC@NZVZ@SC o j500lS' 9L angs (6l
1Y e Syt Joloe i oo VN o s g 48Li] 035905 Ol il ue AF+ & ZNCla p,5 VVFSA 05 o2l et al., 20214)
5 0 8L gpacling & NaBHs 2l Lo 8+ 5 logyied o8 o 00+ g 5 131 o 4 (2o Voo 53 5 ) o
St 5 Blo wogw) jolate a4 Colpiul Sl TV I Gy &S Cgw) Jlgider Go) mete Clyipw bawgi 0l Coti NZVZ )3

¥ JSa)

1. Response surface methodology



A L dds )0 lag i Cujanels iU ) owy a1, 02 g S15ARs 00 (ig3s — sole)

= L)
A — S
ZnCl, Solution SC Solution ZnCly+SC Solution

NaBH,

¢

- 5

Hydrochar H+ ZnCly+ SC Suspension Filtered H@nZVZ@SC Nanocomposite
H@nZVZ@SC Cu jamlS ol anpd Jolso .Y IS

o A (S Sl (sb Sy
&1 EDX 9 SEM 3l .05 o3l BET. SEM, EDX, FTIR alas jl jSsy cpis 5l o0 augs cladls slo Shs oy s

Slasign b Jole (slaog )3 adllas 0 osliinl badigel (g pais (plrond oS 5 b 9 ook JKB 9 L3 Lo rdaw (SGol5)90 (o)
b plul FTIR 08w 1 oolaiw! b diges  olousds

il Jglomo 3 mradls e (S (S3g 2 ilise Gl 5T (ouw
o ik b p b mhaw () Sl ol Hlhe g9y 2 axe lajete S lojen U () jolate 4 cadlla pl
@ laodls JIUT coles 1 g b Sy lade dayiolesl dlas pnd (¢l .05 odliul Design - Expert V1531 o5 dlowy 40 (535 50
A ol Design — Expert V138l o5 5l ool cuwd

3l 5 s csloyially 5 5 48 gl cllo )3 015 g5 HONZVZ@SC 3l Ay 4 pedls i (sl ialos]
(4883 Voo g Ae Fr e ) ol o s g pyS ke YO 5 Ve VO e YO clacbald) auadls agl clale Jols Cls
mg L ggls pole Jolomo b jiolojl plowl (ly ad gy (5 0 p)5 VIO oY VD ) o/0) O3> Hlade g pH (V) 52 Y & &F)
» ods clagiolosl el cand 4 ple Jolore 5| aastie pdlie 13,5 b,y b Coglite (slacdale g b aus paedlS lyis 5l Voo
oS clale g oad (gyglaen oylac s po ya jl aa . (Singh et al., 2021) Wi plosl (o) due B (sl L Souts y5le (slaaly)
285 ol nly b gy 3] il b (Bl gy Lyl s 103,8 81,5 l ly rbarci olStod |

31 ool b ol 8L Jaloe )5 oy (Jols clale g adsl clale cglas jl edls dluwg 4 oads Gls muedlS (glayg jlado
(Zhanetal., 2016) 35,5 o duwles (V) dlro jl ookl b oy ods o yd 4 (V) dolee

qe:M (\ 2.‘0.)])
m
oty = 5 (v ik,

w2 Vo) 10 5 (o s Jolore )0 43 5550 0uedlS ol g adgl slacdale iy 4 Ce 9Co Volro pl jo oS
Col )5 oy O3> 2 M g 32 ooy puals (59l Joloxe

1. Batch



(uawhs}l - ‘:D.LG) V€4 & bb%b)‘ ¥ b)w o7 2,93 ‘G‘).ﬂ SB 9 ui oludsy €9

HC@nZVZ@SC §nZVZ s 539

XRD Ul

FYIVAS XA +5° XFFIVES clnald (¥ S3) €)5 513 byl 3590 XRD ilstigdy 555 32,k | HC@NZVZ@SC 4nZVZ L
(Kumar et al., 35 o0 03> Cuus (g9y <ly396 43 JICPDS number 00-004-0784 L sllao YV/Y® o V+/SA° V[V AF/VF°
Cuidgo b )b 0o g9y Olydgil a0 oyl 45 2018; Mohan & Renjanadevi, 2016; Shunmuga Sundaram et al., 2020)
wdly ptals ol glacly b jlag)hn (59) 2 0) 36 (HE)L Sl e (YUS) L Billae e 2505 ()81 Jlag)ben (59

nzvz
— — HC@nZVZ@SC

Intensity (a.u.)

| L
____U_,JL | b

T T T T T
40 50 60 70 80
20 degree

HC@nZVZ@SC) w1 yims § 595 8,593 s 0l 230! Jlarg e o (n2v2) b shuo (59 0,3956 xrd (59501 ¥ JSS

FTIR ;U
OH S 3ls)) & YPFA Cm? glacSey (F JS3) 0 plosl FTIR 50U HC@NZVZ@SC els (slaog,S o)y pshaiods
(Lee & coul C-H i ol saiasylis Yav-cm™ &, . (Liang et al., 2017; Wang et al., 2021a) 1 o3> cons
S [(Chen et al., 2020) wus odly olwis! C=C auiS byl 4 Y0AD cm™ K, .Shin, 2021; Reddy et al., 2021)
Cawl C-O (slaog,S sdimd Lis WYV cm? S, (Faghihzadeh et al., 2016) s,y jolas] C=0 i K40 4 VYR- CME
Sslogylgyim ¢ shame LS5 jeas .(Linetal, 2017) 5yl olassl C-O Lais 4 VoYY ecm? &, .(Van et al., 2021)
AV em? lacSy ¥ S b gllas (YU et Al 2020) 395 0 doli C-H saimd 55 @liles,l bwg £14 €M sdga5xe 5
,135,L 5l ax o5 (Lupacet al., 2018; Rathod et al., 2017; Rauf et al., 2021) x> olas!Zn 4 FVF cm? g vsACcm?
R g )hd g9y 2 Cubgo L ik i (59, 0,59 ol sty mlis 4y a2 i bl LtalS ] ol Jlag)a g

2920 825
i 1989 ‘ 414

HC@nzZVZ@SC | | 1585 077 188

< 3448 ‘
] ? 'y i
5 I L
g | ! 3
g nzvz | | ?
— WMWW\M\/\

T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

(HC@nZVZ@SC) o Ol yinw 9 (595 053550 b 0uwd Mol jla g 0w 5 (nzvz) Jud b5 Jhuo (69, 2,5 FTIR 3JUT.£ UG



£2) L die )0 ke gy Cyjenels gl (o) o 1], e g Bl5als o3l (ig3s — sole)

SEM-EDX 3JbT

t5 b (0JS5) 45 plol HO@NZVZ@SC §NZVZ (spais S5 5 s Siglhrse orpt sl SEMEDX oo 5 55
Taw 4 lgeab yobdy g 4Bl g5 (59)5 IS ©jgot NZVZ (5 pi3 HC@NZVZ@SC gaws 3900 pasuie (VD) JS5 4,
zdaw ¢ (Luna-Martinez et al., 2011) b o zoss s Jlb jluws 95U ojli) )3 (g9, a5 o] j .cowl odpm Hlog)dun
g Cawl 48l 39000 SC s jl s NZVZ S8y cubld oS cunl oy (Yang & Jiang, 2014) cul oo Jb lyld jlogyn
ol mredlS Gl sl T Slojog adaw 45 395 0 S5 jlarg)dd o (55 2 gL (5148 )5 oSyt slajlis Lo I gob5 lade
(Gupta et al., 2020; Zhang et Lol Cawdds Slalllas »lw ;> olise zols .(Noshirvani et al., 2017; Wang et al., 2021b) .S .-
A (IS5l ooy 59y p Cuidae b 8L o (g9 0,090 45T A8 o ol puisren EDX ol al., 2023; Zhu et al., 2019)
35 Ciyllas FTIR 9 XRD SEM golis | a5

2nla

ZnKa

SEM HV: 20.0 kv wo:gosmm |10
Tam

View field: 6.32 ym Det: SE " B — S Sv— keV
SEM MAG: 30.0 kx  Date(midly): 12/09/23

>
SEM HV: 20.0 kV WD: 9.20 mm

View field: 29.2 ym Det: SE = : r Freperr et .

SEM MAG: 6.50 kx _ Date(m/dly): 12/09/23 9485

b o (b) (HC@NZVZ@SC) oy daw <) pounr 9 (89, 8,3950 b oud o] ylagyuud da) (nzvz) Jud b oo (g9, 8,393L SEM ygliai .0 JSUS
(d) (HC@nZVZ@SC) pydawr i 9 (59 85930 b 20d Meo! jla gy o(e) b, b o (g9, 2,5950 EDX

CKa fe Znka
: A eV

& g slons j wpedls i
(RSM) gwly slaws (g 3 83lw! L HC@NZVZ@SC dlwg & oaodl8 Bl (55l 0
Phb J4e dluwy 4,138,585 Jalge g5 9 a2 | ey HC@NZVZ@SC dlowy 4 (2 Jslono j1 opodls’ Bl (0
98 5l o ool oy = b illhs Col o odygl NV Jgda 3 awedlS Bls I fols =l (CCD) 5850 Syo
D9 VY=Y I Joloxo 5l awedlS” Gl suo > HC@NZVZ@SC

5P olde 3ok 5l o] (aiSemy gl g ol sla el (95 o tme (23] (sl (ANOVA) Luily)ly Jiloss ls ¥ S
275 @lo polsl p Cunl (ooloiitiy Jio (39 I gime ouimd Ui LS F 5 +/00 I 5Se g8 P jdlie (85 )13 (wyp 390 F
Gy olee ) 5l Ss oS P-value 4 Y¥/A0 yly F-value dalllas 3)50 03l dlusgdy muodlS CBls jlude o (53ly Jdo 51 il )l
peodlS Gl 40T )8 ki g (oilodnd jglaieds ol y5ilp Jde a5 s Ui HC@NZVZ@SC dhawgy uedlS i olos Jde
ol HC@NZVZ@SC (sly /AN (R?) s oy e piomod .l I sze HC@NZVZ@SC alowgds o] Jglo )
0l L L R? g 0l sdaline R? polae ¢yl 0gMe .l 0y25 polie dw i glp Jod b Cds gyl Jio &5 s 0



(dwks}l - ‘:D.LG) A EXE3 bb%b)‘ Y b)w o7 2,93 ‘G‘).ﬂ S 9 ui uli.ﬁad £4Y

S o (Sl 00d Sy g 0.k odblie pdlae po (Jod B S g Miwd 500 4 K05

HC@NZVZ@SC dluwg & paodlS B (gl (535 30 &8 po (W9 Gilko uwd wloxil b yiulosl b gl Y Jgus

Levels
Factors Unit Code a Low Center (0) High .
) (+y)
paodls clals mg L* Xy Yo o+ ) Voo YO
ool olo min X, Y. ¥. I A- Voo
pH - X3 Y o Y q N
ol ylado gL? X <o \ A Y yio
Run Cd* removal %
Xy X, Xs Xq HC-nZVZ-SC
) Yoo A q ) ASIY
\ - ¥ o Y NV
e - ¥ a \ Aslov
¥ Voo ¥ o Y va
0 o+ A Q Y ANIAS
5 Y0 Iz % Vo AB/YY
% o+ A 0 Y AD
A Voo Ae q Y A¥/5Y
i A 7 s /o q.
e Yo 5 \ /0 AY
A N e \ Vo A
WY Yo Iz % .5 M/YS
WY "\ A q \ Q)
¥ Voo ¥ q ) A
10 7 I % Vo ay
\$ Voo A 0 Y va
A\ Voo A~ o \ NN
A o- ¥ o \ AY/o¥
4 vo Iz % N ASISA
Y. ) I % /o 9. /¥y
13 ) 5o V) A AS
vy ) 5o % A .
- va . v V/o /¥
¥ ) Y. % \/ M
Yo Vo Yoo % Vo MY
\i2 - ¥ Q Y ANE
YY Yoo ¥ ) ) AN
YA Yo 5. ¥ Vo vy
A& - A ) ) q.




AV L dds j0 5lag ud Cujenels iU ) owy g i), 02 g Sl5ARs 00 (ig3s — sole)

HC@NZVZESC dlawgty paedlS i (511 3L ABIS a3 423 Jio Tyt oilly U1 s Y Jger

HC-nZVZ-SC
Sou'r ce of P-value DF
variation
A <ofeeny \
B <ofeeny \
C <ofeeey \
D <ofeeny \
AB <ofeeey \
AC <./-¥0) \
AD <o \
BC <ofeeey \
BD <ofoes) )
cD <+/+\AY 3
A2 <ofeve \
B? <./.¥ )
C? <efeen) \
D2 <ofee¥e \
Model <efeee \
Sum of square VFEINE
Mean square Y&/o¥
F-value V¥/R0
Lack of Fit < [O¥Y¥
R? < [ANSY
Adjusted R? -[avys
Predicted R? <[A¥YY
Std. Dev. +[FAAY
CV.% NAtats
Adeq Precision YV/o¥

Sly @eedls Sl plasily g onis ()50 lassly > Jitee Glajpste Gu (225 dal, S @B 4 ey L
:de] Cawdds HC@NZVZ@SC
Ry = 4-/¥5 — -/200 A + +/¥a0 B + Y/AY C — +/¥\\ D — \/¥¥Yd AB + -/AY AC — V/\¥Va BC — -/av¥ BD + -/a5
CD — V/-VYd AZ - ¥/Y\Y C2- .+ [v.A D2
Ak O3l e g PH ¢ wlod Jloj quuodls clale 5D g € B A ] oS
HC@NZVZ@SC alwwgds mmodlS Bl o iliseo Jolge 51
ooled o g peedlS adgl clale Jlitie 551
los loj i3l b auedlS clale (VU zokaw ,3 sl o 03> i ($2) UK )3 Loled o) 9 awedlS adgl clale blize 3]
slaoled loj 53 g il Bl o yd waedlS clale (i8I b ol sla wlod (yloj 50 puiomen .l yilS qpedls Bls Lol
@b JB b ola e STy (olaml 13 oS ol s ol 4 Yl ol sl gals Gls woyd auedls clale (il38) L YL
Gl ol aSil Jdday (loj (il 381 b oy Lol sl dlj s wo )3 9 Culld D939 muedlS slaygr Jladl gl O3l (g9
Lol (Igbal et al., 2021) sl cawsas (VYY) o) Kon 5 JLSl bawgs  oline gulis il ials Gle do s 15ad sl guodls” Lawgs

weodlS (gly D900 wled Zolaw ial38l Ldoay Yleisl a8 5,8 Ly ]38l CBls woyd wled loj il b clale ol olaw )
.(Saffari, 2018) ¢!



(‘:\Ms}l - u.oj&) V€4 & bb%b)‘ ¥ b)w o7 2,93 “’,‘).3“ S 9 ui ol £4¢€

PH g psodls adgl clale Joliso ,51

@ Cuol (Sen cpl 8l JialS Jolowe pH ials b gu 054 peedlS” Bls olosly .(Hammo et al., 2021) cuol g slacodls
o e cla K (ly colsy el Jolo ol PH ¢ puiomen 258 oo bl e )b (gl Ol daw  Jele (laog,S g olj]
@ Ol plo > (ol gl ol b GLPH > ol Bl plasily 4 oo &5 39500 (9040 Glapig 9 meedlS slagys:
oy pH il38l b (Deng et al., 2017; Ji et al., 2022; Shan et al., 2020; Wu et al., 2022; H. Zhang et al., 2020) Sol Cawd
ol o o i cul) Gl a lgie ) SYLPH polie )3 S @il Bl il a8l Sl gpedls Bl
Sy e )b ol el SYLPH polie SilS'928 9 JouS'gyden sloog)S abjogian Jdsa ()b 5l 1 Cons (59 9
LSy (Cai, Xu, et al., 2019)54i oo 3l pdaw g peodlS (y Siliuolg Sl axdly ialS” 4y yocie aecs j3 g O o
b eedl8 slagygn Ll (gl (o o 236 -OH (slagygs o 1 e 3929 o> @ Conl (S Vb sPH > Bl ol duore
(Yanetal., 2020) .ib SYLPH ;5 cuse )b

OBl jlake 5 paedl adgl CE Jlite S

s | lagits 0du VT Gls 21381 a5 lonl 5l asl ol o3ys] @il e g meedlS adyl clale Llite 31 (5.C) JS& 5
{(Rahaman et al., 2021) 5,15 o wis w513 p (closes ).ul.’ s oAl e ] camlie LAl Jld Jlasl sla Joro
Opomed Bl S s ¢ iol8l ol GBls e w0l Hlade i35l b euedls caliste (slacdale )3 aS amd o oL W ylages
oatudie Gl G )l dm G 5 8L RN ) Bls e edlS clale Rl b o3l il sla)lade )
(5l S bl e s 31 s & 45 31 g5nogs Ceadly () b ol |y i oloat]y 3,80 > G ol Bl nls
Olge «odls Hlade il b Cls cud )b als muse 0 (S0 (gow I .(Zubair et al., 2008) Cuwl s paly8 (¢ i Jlas]
355 ol Ol 5V g 3 LIS nl 5 2l (350 ogind 53 lole (SlaogS e S5 ( Slinls S sl iiSom s
.(Hammo et al., 2021)

orled oloj 9 PH Jlike i1

Bl o yd pH Lil58l b calisee sla wlas loj 50 waad oo ylis muedls” Bls sleily w1y wled yloj 9 pH blate (1 (£.d) JSb
ORIl izt pH > izmen g Fwgale Sl clagle; > Slyess cpl & <8l GialS oS ke (g Gl Tl )
55 Slalllas j3 55 (VWAA) ) Ken g dlasel gy zusly YL slapH (o jials pl g cdl (ials guedlS Bls oy wled oyl
Sl el At 3l g 265 )56 3l plgie ar (T apuST (publite S35 l slagloxe Sl s 5 e St I3l B 4
YO OC slod o Clo lossly oy VL i o0l L ol yolwly a5 80015 )18 wyp 3y90 Cla a5l 5 1 pH 5 (uled yloj
SIS o (S 38 ol St alalas ] aalllas )50 518 63y a5 ol s 4y oo Gl PH = # g o sl PH =0 5 4ids V- lo;
Cila laie g ke oloj lise 51

il b Ol e (oYL zglaw )3 sl oad o3y lis (Fie) S5 40 peedlS Gls OOl e g wled loj Jolie <yl
o oles floj 1 peedlS Bls iSlis #Bly 13 g (WSepy Ol e ol Zokew 3 gl JialS gedlS Bl Lol ol
56 (W) ghlen 5 (el (g 53 281 Gl Q3 Jlade oyt 3 b lawles Gloj ) 9 @3 ke (3 a8 > VL
@83 VO CubdS 3l g g oy Vel i Jol 4B Y 10 aS 650k gy YU Hlws ol sy adol (sl o 4o ST A eald L
&S caly dals Wgy ods cud Lol ioljel Gds cud b colo; cisdS L oplplo w0)5 Cls g s Jpaxe jl paredls duo > 50

Slo ol Cls cud )b adds Ve cibdS

Gl o 9 PH Jlise 1

ol 4 sl San 8l ialidl GOl YL (glaylais 3 Cbis losl (pH=YVY) Y pH o Lol el tmls Gl o 238l



£0 . dis )0 ke gy Cyjenels gl () oy 1], e g Bl5als o3l (ig3s — sole)

S8 oolatul )50 jiaS” Gl Hlude b duglie > SYL Gl ke 5 a5 job dp Ol pwyied )3 il laplSe &S A5l
cel cal (Ko O3l Jlde ialial copl g oegde b als GOl Hlade il b Gls cud )b casl (e (oplply )5 o
(1997) Anirudhan 4 Raji ladss » b Gials ols J&s Jdba d9n90 Glo sl Se ol j3 g dgu Ol xesd
A5 03l s s 2 ol cuiiSe @l dgil 5l edliwl b ST (ola ol 5l wuedlS” Ll aisej 45 (2003) Anirudhan 4 Krishnan
S0 HY (sloisy (o e 9 005 C (slaysy @85 o g ol Candy Cuto 3l s )L ¥ 5 ¥ 03900 (sl (slapH o &8
5 OT 2 ogMe b OOl bawg Cds pdlie el coge g db) Coldy LAl g9y p b Cls (gl Cd sla e g lasee
($loog,5 Loy Sl gl > (ol bl b 4 5 e IS S ol oSS o ol 3 35V 5 5 lapH
by i (5 CuiiSe o g Mol 0,066 Jb linl £ 51 5YL glapH > sl il 8l 159, Cd*™2 gla el s cudyls  Lele
O3l LCA b Ty g 5 00 sy s O (5551 (izpad 9 0n (st ol S PH Sl 81 b (g 9 005 (25 (4 )

2355 (g0 > by poredls’ Ll EalS el g amd o JSt5 1, CA(OH)” Jo JB (LS gy (slade goomo 9 1S o0 o)

L7

77
L7 ';{ s
llll""l','::'
L7

>,
5%
II',“l""‘"t

77

Z SR
LI AL RTR
7908, """0“"

Ol lade (¢) g pH 5 Cd* (mg L) Cdile (b) «(min) ()35 o osboj dmg L) Cd* ke (a) 131 (oS 7 31 (650 fowly gl 10903 . IS0
PH (gL O3 Jlado (f) g L) O3l Jlado g (min) ;2508 yboj (€) (min) 25 o o ¢ pH (d) (mg L) Ca** il 4 (g L)

Joe (g jlwvdre

O pecmslio dag] 3B o0 o ol (slatage Laulpd (s Gonly GaSLE haniiy Ja st 5 Jia (silotigg (513,18 0 ot
Je 3l eolazwl b yl58le 5 Jae cpl j3 )y (S 8l drwgd Jdo €85 & lowiiuns (duiiiny (o) €35 x> 3 el Aalgd Cawd 4 gwoly
@ Oy Sl polate (ren 4 amd oo W)l 1) jlle 0l gt Sagl g dinge bulpd I e jed (gse Slslre (B
i ol Cadey ol 05 ploul Bl (5 Phe cla il b (ojlwaigs HC@NZVZ@SC by (o) Joloxo 5l awedls” Bls Sl
el Candds g 53 2,5 e VO gl clale 5 i 5 p)S VD OBl lade caids £e wled ploj PHIY ;5 quedlS Gl piSTus sl
Dy i ke 93 cpl bliie 15U (samdw Jlges 3l odd awddi Zalaw b Hblie bals pl as” ol i)l58 F-

S 5
5 aedlS Bl (gl oel Cawnddy LBls b ol s Sl b g Mol 8 )b Jho (g9, 0,336 b dtan Hlogyin adlllas ol 5



(dw.és).l— u.oj&) V€4 & bb%b)‘ ¥ b)w o7 2,93 ‘&b.:‘ S 9 ui oludss 247

Gl 005 Mool Jlogyhd bawgs prodlS Bls glaodly Juoo (glyy pgd dyd Jio &5 8 S 4 e 0 R? gF P joolise &y ds gy
Vo Ol e ¥ plppH > HC@NZVZ@SC dliwgds muodlS il (gl aigy bl ool oy golis 4 dogi b cpiomen 299

ey i) 0 p,S VO clale g aady £ wled floj id o p S
3,105 392 9 (Mg (o @l 2l digS "

&b
gl hwg ol Jsbre jl i lils sl s silolis o5 adllas (VYAA) audyo  SLil5 o3y & dll 29y s Bl Lo oM ool

ot i 035l — laduol xio oSl — (g )glid g lains epgle <yl5e (S uing) (b b osd oxiligy pplans]  wnboline

odlésiw] l) sz LSLQJ}l’“’ )I P}.\AJK Gl (\\Nc\\) )Af‘ LS‘LC ‘Ls.)lJLﬁ 9 doa| ‘LS)B)"‘B uL\>)9 f‘_;lﬁ).ko qu?iuS HEVE W) cw.lmﬁ)) “_SJ.Q‘A ‘Lfo‘)'éf‘
AARER AR (\“);’ 059 . lro duz‘.o (ko 03 C)’L@‘ CuiRe u‘)ﬁyb )‘

AYE=NY (V)0 093 o ieo plio  wiligo ds i . (gdndd sl Slwpdaw Cuj 5 Siw 5 S S ]

REFERENCES

Algethami, J. S., Alhamami, M. A. M., Algadami, A. A., Melhi, S., & Seliem, A. F. (2023). Adsorptive
performance of a new magnetic hydrochar nanocomposite for highly efficient removal of cadmium ions
from water: Mechanism, modeling, and reusability studies. Environmental Technology & Innovation,
(32), 103404.

Al-Swadi, H. A., Al-Farraj, A. S., Al-Wabel, M. I., Ahmad, M., Ahmad, J., Mousa, M. A., Rafique, M. |., &
Usama, M. (2023). Kaolinite-composited biochar and hydrochar as low-cost adsorbents for the removal
of cadmium, copper, lead, and zinc from aqueous solutions. Sustainability, 15(22), 15978.

Asfaram, A., Ghaedi, M., Ghezelbash, G. R., Dil, E. A., Tyagi, I., Agarwal, S., & Gupta, V. K. (2016).
Biosorption of malachite green by novel biosorbent Yarrowia lipolytica isf7: application of response
surface methodology. Journal of Molecular Liquids, (214), 249-258.

Bahrami, M., Broumandnesb, S., Kashkouli, H.A., Farkhian Firouzi, A. and Babaei, A. A. (2011). Removal of
cadmium from aqueous solutions using modified magnetite nanoparticles. Period 6(3). 221-232.
(inPersian)

Bahrami, Mehdi; Borumandnasab, Saeed; Kashkouli, Haider Ali; Farkhian Firouzi, Ahmed and Babaei, Ali
Akbar (2011). Removal of cadmium from aqueous solutions using modified magnetite nanoparticles.
Journal of Mineral Resources Engineering. Period 6(3). 221-232. (In Persian).

Cai, C., Xu, J., Deng, N., Dong, X., Tang, H., Liang, Y., Jain, M., Garg, V. K., Kadirvelu, K., Sillanpa, M.,
Baltrenaite, J. K. E., Xu, X., Cao, X., Zhao, L., Zhao, J. J., Shen, X. J., Domene, X., Alcafiz, J. M., Liao,
X., ... Chang, J. J. (2019). Comparison of biochars derived from different types of feedstock and their
potential for heavy metal removal in multiple-metal solutions. Scientific Reports, 9(1), 1-12.
https://doi.org/10.1038/s41598-019-46234-4

Cai, C., Zhao, M., Yu, Z., Rong, H., & Zhang, C. (2019). Utilization of nanomaterials for in-situ remediation
of heavy metal (loid) contaminated sediments: A review. Science of the Total Environment, (662), 205—
217.

Chen, D., Wang, X., Wang, X., Feng, K., Su, J., & Dong, J. (2020). The mechanism of cadmium sorption by
sulphur-modified wheat straw biochar and its application cadmium-contaminated soil. Science of the
Total Environment, (714), 136550. https://doi.org/10.1016/j.scitotenv.2020.136550

Chen, H., Xu, J., Lin, H., Zhao, X., Shang, J., & Liu, Z. (2021). Arsenic removal via a novel hydrochar from
livestock waste co-activated with thiourea and y-Fe203 nanoparticles. Journal of Hazardous Materials,
(419)(June), 126457. https://doi.org/10.1016/j.jhazmat.2021.126457

Chen, Y., Liang, W., Li, Y., Wu, Y., Chen, Y., Xiao, W., Zhao, L., Zhang, J., & Li, H. (2019). Modification,
application and reaction mechanisms of nano-sized iron sulfide particles for pollutant removal from soil
and water: A review. Chemical Engineering Journal, (362), 144-159.


https://doi.org/10.1038/s41598-019-46234-4
https://doi.org/10.1016/j.scitotenv.2020.136550
https://doi.org/10.1016/j.jhazmat.2021.126457

£AY L dds )0 5lag ud Cujenels iU ) owy s 1], 02 g Sl5ARs 00 (ig3s — sole)

Chen, Z., Wei, D., Li, Q., Wang, X., Yu, S., Liu, L., Liu, B., Xie, S., Wang, J., & Chen, D. (2018). Macroscopic
and microscopic investigation of Cr (V1) immobilization by nanoscaled zero-valent iron supported zeolite
MCM-41 via batch, visual, XPS and EXAFS techniques. Journal of Cleaner Production, (181), 745-752.

Cirtiu, C. M., Raychoudhury, T., Ghoshal, S., & Moores, A. (2011). Systematic comparison of the size, surface
characteristics and colloidal stability of zero valent iron nanoparticles pre-and post-grafted with common
polymers. Colloids and Surfaces A: Physicochemical and Engineering Aspects, 390(1-3), 95-104.

Deng, J., Liu, Y., Liu, S., Zeng, G., Tan, X., Huang, B., Tang, X., Wang, S., Hua, Q., & Yan, Z. (2017).
Competitive adsorption of Pb(ll), Cd(Il) and Cu(ll) onto chitosan-pyromellitic dianhydride modified
biochar. Journal of Colloid and Interface Science, (506), 355-364.
https://doi.org/10.1016/J.JC1S.2017.07.069

Etamed, Gholamreza; Bagheri, Ruholah and Moradi Zaniani, Marzieh (2008). Experimental study of
separation of heavy metal ions from aqueous solution by magnetic iron oxide nanoparticles coated with
poly(vinyl alcohol). Ministry of Science, Research and Technology - Isfahan University of Technology -
Faculty of Chemical Engineering. Master's thesis. (inPersian) https://elmnet.ir/doc/10526626-85121

Faghihzadeh, F., Anaya, N. M., Schifman, L. A., & Oyanedel-Craver, V. (2016). Fourier transform infrared
spectroscopy to assess molecular-level changes in microorganisms exposed to nanoparticles.
Nanotechnology for Environmental Engineering, (1), 1-16.

Fang, J., Gao, B., Chen, J., & Zimmerman, A. R. (2015). Hydrochars derived from plant biomass under various
conditions: Characterization and potential applications and impacts. Chemical Engineering Journal,
(267), 253-259. https://doi.org/10.1016/j.cej.2015.01.026

Fang, J., Gao, B., Chen, J., & Zimmerman, A. R. (2015). Hydrochars derived from plant biomass under various
conditions: Characterization and potential applications and impacts. Chemical Engineering Journal,
(267), 253-259. https://doi.org/10.1016/j.cej.2015.01.026

Gupta, S., Sireesha, S., Sreedhar, 1., Patel, C. M., & Anitha, K. L. (2020). Latest trends in heavy metal removal
from wastewater by biochar based sorbents. Journal of Water Process Engineering, (38)(May), 101561.
https://doi.org/10.1016/j.jwpe.2020.101561

Hammo, M. M., Akar, T., Sayin, F., Celik, S., & Akar, S. T. (2021). Efficacy of green waste-derived biochar
for lead removal from aqueous systems: Characterization, equilibrium, Kinetic and application. Journal
of Environmental Management, (289)(January), 112490. https://doi.org/10.1016/j.jenvman.2021.112490

He, D., Ma, X., Jones, A. M., Ho, L., & Waite, T. D. (2016). Mechanistic and kinetic insights into the ligand-
promoted depassivation of bimetallic zero-valent iron nanoparticles. Environmental Science: Nano, 3(4),
737-744.

Henriques, B., Coppola, F., Monteiro, R., Pinto, J., Viana, T., Pretti, C., Soares, A., Freitas, R., & Pereira, E.
(2019). Toxicological assessment of anthropogenic Gadolinium in seawater: Biochemical effects in
mussels Mytilus galloprovincialis. Science of the Total Environment, (664), 626—634.

Inyang, M., Gao, B., Pullammanappallil, P., Ding, W., & Zimmerman, A. R. (2010). Biochar from
anaerobically digested sugarcane bagasse. Bioresource Technology, 101(22), 8868-8872.

Igbal, J., Shah, N. S., Sayed, M., Niazi, N. K., Imran, M., Khan, J. A., Khan, Z. U. H., Hussien, A. G. S,
Polychronopoulou, K., & Howari, F. (2021). Nano-zerovalent manganese/biochar composite for the
adsorptive and oxidative removal of Congo-red dye from aqueous solutions. Journal of Hazardous
Materials, (403)(May 2020), 123854. https://doi.org/10.1016/j.jhazmat.2020.123854

Ismadji, S., Tong, D. S., Soetaredjo, F. E., Ayucitra, A., Yu, W. H., & Zhou, C. H. (2016). Bentonite hydrochar
composite for removal of ammonium from Koi fish tank. Applied Clay Science, (119), 146-154.

Jain, M., Garg, V. K., & Kadirvelu, K. (2011). Investigation of Cr (V) adsorption onto chemically treated
Helianthus annuus: optimization using response surface methodology. Bioresource Technology, 102(2),
600-605.

Ji, Y., Zheng, N., An, Q., Sun, S., Wang, S., Li, X., Li, P., Hua, X., Dong, D., Zhao, C., Li, Z., & Zhang, W.
(2022). The effect of carbonization temperature on the capacity and mechanisms of Cd(I1)-Pb(Il) mix-
ions adsorption by wood ear mushroom sticks derived biochar. Ecotoxicology and Environmental Safety,
(239)(January), 113646. https://doi.org/10.1016/j.ecoenv.2022.113646

Jiang, D., Zeng, G., Huang, D., Chen, M., Zhang, C., Huang, C., & Wan, J. (2018). Remediation of
contaminated soils by enhanced nanoscale zero valent iron. Environmental Research, (163), 217-227.

Kabir, E., Kumar, V., Kim, K.-H., Yip, A. C. K., & Sohn, J. R. (2018). Environmental impacts of
nanomaterials. Journal of Environmental Management, (225), 261-271.

Karunanayake, A. G., Todd, O. A., Crowley, M., Ricchetti, L., Pittman Jr, C. U., Anderson, R., Mohan, D., &


https://doi.org/10.1016/J.JCIS.2017.07.069
https://elmnet.ir/doc/10526626-85121
https://doi.org/10.1016/j.cej.2015.01.026
https://doi.org/10.1016/j.cej.2015.01.026
https://doi.org/10.1016/j.jwpe.2020.101561
https://doi.org/10.1016/j.jenvman.2021.112490
https://doi.org/10.1016/j.jhazmat.2020.123854
https://doi.org/10.1016/j.ecoenv.2022.113646

(u.u.&s).’— u.oj&) V€4 & bb%b)‘ ¥ b)Loa.:' o7 2,93 ‘&b.:‘ S 9 ui oludss  £4A

Milsna, T. (2018). Lead and cadmium remediation using magnetized and nonmagnetized biochar from
Douglas fir. Chemical Engineering Journal, (331), 480-491.

Khulbe, K. C., & Matsuura, T. (2018). Removal of heavy metals and pollutants by membrane adsorption
techniques. Applied Water Science, (8), 1-30.

Kong, X., Liu, Y., Pi, J., Li, W,, Liao, Q. J.,, & Shang, J. (2017). Low-cost magnetic herbal biochar:
characterization and application for antibiotic removal. Environmental Science and Pollution Research,
24(7), 6679-6687. https://doi.org/10.1007/s11356-017-8376-z

Krishnan KA, Anirudhan TS. (2003). Removal of cad - mium (Il) from aqueos solutions by steam-activated
sulphurised carbon prepared from sugar — cane ba - gasse pith: kinetics and equilibrium studies. Water
Research.;29(2):147-56.

Kumar, S., Sahare, P. D., & Kumar, S. (2018). Optimization of the CVD parameters for ZnO nanorods growth:
Its photoluminescence and field emission properties. Materials Research Bulletin, (105), 237-245.
https://doi.org/https://doi.org/10.1016/j.materresbull.2018.05.002

Lee, H. S., & Shin, H. S. (2021). Competitive adsorption of heavy metals onto modified biochars: Comparison
of biochar properties and modification methods. Journal of Environmental Management, (299)(August),
113651. https://doi.org/10.1016/j.jenvman.2021.113651

Li, B., Guo, J., Lv, K., & Fan, J. (2019). Adsorption of methylene blue and Cd (Il) onto maleylated modified
hydrochar from water. Environmental Pollution, (254), 113014.

Li, D., Cui, H., Cheng, Y., Xue, L., Wang, B., He, H., Hua, Y., Chu, Q., Feng, Y., & Yang, L. (2021). Chemical
aging of hydrochar improves the Cd2+ adsorption capacity from aqueous solution. Environmental
Pollution, (287), 117562.

Li, R., Wang, J. J., Gaston, L. A., Zhou, B, Li, M., Xiao, R., Wang, Q., Zhang, Z., Huang, H., & Liang, W.
(2018). An overview of carbothermal synthesis of metal-biochar composites for the removal of oxyanion
contaminants from aqueous solution. Carbon, (129), 674-687.

Liang, J., Li, X., Yu, Z., Zeng, G., Luo, Y., Jiang, L., Yang, Z., Qian, Y., & Wu, H. (2017). Amorphous MnO2
Modified Biochar Derived from Aerobically Composted Swine Manure for Adsorption of Pb(ll) and
Cd(n. ACS Sustainable Chemistry and Engineering, 5(6), 5049-5058.
https://doi.org/10.1021/acssuschemeng.7b00434

Lim, J. Y., Mubarak, N. M., Abdullah, E. C., Nizamuddin, S., Khalid, M., & Inamuddin. (2018). Recent trends
in the synthesis of graphene and graphene oxide based nanomaterials for removal of heavy metals — A
review. Journal of Industrial and Engineering Chemistry, (66), 29-44,
https://doi.org/10.1016/j.jiec.2018.05.028

Lin, Q., Wang, K., Gao, M., Bai, Y., Chen, L., & Ma, H. (2017). Effectively removal of cationic and anionic
dyes by pH-sensitive amphoteric adsorbent derived from agricultural waste-wheat straw. Journal of the
Taiwan Institute of Chemical Engineers, (76), 65—72. https://doi.org/10.1016/j.jtice.2017.04.010

Liu, Z., Wang, Z., Chen, H., Cai, T., & Liu, Z. (2021). Hydrochar and pyrochar for sorption of pollutants in
wastewater and exhaust gas: A critical review. Environmental Pollution, (268), 115910.

Lu, H., Dong, H., Fan, W., Zuo, J., & Li, X. (2017). Aging and behavior of functional TiO2 nanoparticles in
aqueous environment. Journal of Hazardous Materials, (325), 113-119.

Luna-Martinez, J. F., Hernandez-Uresti, D. B., Reyes-Melo, M. E., Guerrero-Salazar, C. A., Gonzéalez-
Gonzélez, V. A., & Sepllveda-Guzman, S. (2011). Synthesis and optical characterization of ZnS—sodium
carboxymethyl cellulose nanocomposite films. Carbohydrate Polymers, 84(1), 566-570.
https://doi.org/https://doi.org/10.1016/j.carbpol.2010.12.021

Luo, X.-P., Fu, S.-Y., Du, Y.-M,, Guo, J.-Z., & Li, B. (2017). Adsorption of methylene blue and malachite
green from aqueous solution by sulfonic acid group modified MIL-101. Microporous and Mesoporous
Materials, (237), 268-274.

Lupa, L., Cocheci, L., Pode, R., & Hulka, I. (2018). Phenol adsorption using Aliquat 336 functionalized Zn-
Al layered double hydroxide. Separation and Purification Technology, (196), 82-95.
https://doi.org/10.1016/j.seppur.2017.10.003

Lyu, H., Gong, Y., Tang, J., Huang, Y., & Wang, Q. (2016). Immobilization of heavy metals in electroplating
sludge by biochar and iron sulfide. Environmental Science and Pollution Research, (23), 14472-14488.

Lyu, H., Gong, Y., Tang, J., Huang, Y., & Wang, Q. (2016). Immobilization of heavy metals in electroplating
sludge by biochar and iron sulfide. Environmental Science and Pollution Research, (23), 14472-14488.

Mazaheri, H., Ghaedi, M., Hajati, S., Dashtian, K., & Purkait, M. K. (2015). Simultaneous removal of
methylene blue and Pb 2+ ions using ruthenium nanoparticle-loaded activated carbon: response surface
methodology. RSC Advances, 5(101), 83427-83435.


https://doi.org/10.1007/s11356-017-8376-z
https://doi.org/https:/doi.org/10.1016/j.materresbull.2018.05.002
https://doi.org/10.1016/j.jenvman.2021.113651
https://doi.org/10.1021/acssuschemeng.7b00434
https://doi.org/10.1016/j.jiec.2018.05.028
https://doi.org/10.1016/j.jtice.2017.04.010
https://doi.org/https:/doi.org/10.1016/j.carbpol.2010.12.021
https://doi.org/10.1016/j.seppur.2017.10.003

A0 L dds 0 5lag i Cujenels iU ) owy s 1], 02 g Sl5ARs 02 (ig3s — sole)

Meili, L., Lins, P. V, Zanta, C., Soletti, J. ., Ribeiro, L. M. O., Dornelas, C. B., Silva, T. L., & Vieira, M. G.
A. (2019). MgAI-LDH/Biochar composites for methylene blue removal by adsorption. Applied Clay
Science, (168), 11-20.

Mohan, A. C., & Renjanadevi, B. (2016). Preparation of Zinc Oxide Nanoparticles and its Characterization
Using Scanning Electron Microscopy (SEM) and X-Ray Diffraction(XRD). Procedia Technology, (24),
761-766. https://doi.org/https://doi.org/10.1016/j.protcy.2016.05.078

Noshirvani, N., Ghanbarzadeh, B., Mokarram, R. R., Hashemi, M., & Coma, V. (2017). Preparation and
characterization of active emulsified films based on chitosan-carboxymethyl cellulose containing zinc
oxide nano particles. International Journal of Biological Macromolecules, (99), 530-538.
https://doi.org/https://doi.org/10.1016/j.ijbiomac.2017.03.007

Oh, S.-Y., Seo, Y.-D., Ryu, K.-S., Park, D.-J., & Lee, S.-H. (2017). Redox and catalytic properties of biochar-
coated zero-valent iron for the removal of nitro explosives and halogenated phenols. Environmental
Science: Processes & Impacts, 19(5), 711-719.

Pourbahadini Zarandi, M., Khoshdast, H., Derezareshki, A. and VVahidah Shojaei, V. (2018). Effective removal
of cadmium from aqueous environments with a composite of light coal ash and rhamnolipid biosurfactant.
Journal of Mineral Resources Engineering. Fifth period, number (3), pages 107 to 126. (inPersian)

Pourbahadini Zarandi, Mehla; Khoshdast, Hamid; Derezareshki, Ismail and VVahidah Shojaei, Vahidah (2018).
Effective removal of cadmium from aquatic environments with a composite of light coal ash and
rhamnolipid biosurfactant. Journal of Mineral Resources Engineering. Period 5(3). 107-126. (In Persian).

Rahaman, M. H., Islam, M. A., Islam, M. M., Rahman, M. A., & Alam, S. M. N. (2021). Biodegradable
composite adsorbent of modified cellulose and chitosan to remove heavy metal ions from aqueous
solution. Current Research in Green and Sustainable Chemistry, (4), 100119.
https://doi.org/10.1016/J.CRGSC.2021.100119

Raji C, Anirudhan TS. (1997). Chromium (V1) adsorption by sawdust carbon: kinetics and equilibrium. Indian
Journal of Chemical Technology.;4(5):228-36.

Ramola, S., Belwal, T., Li, C. J.,, Wang, Y. Y., Lu, H. H,, Yang, S. M., & Zhou, C. H. (2020). Improved lead
removal from aqueous solution using novel porous bentonite - and calcite-biochar composite. Science of
the Total Environment, (709), 136171. https://doi.org/10.1016/j.scitotenv.2019.136171

Rathod, V., Anupama, A. V., Kumar, R. V., Jali, V. M., & Sahoo, B. (2017). Correlated vibrations of the
tetrahedral and octahedral complexes and splitting of the absorption bands in FTIR spectra of Li-Zn
ferrites. Vibrational Spectroscopy, (92), 267—272. https://doi.org/10.1016/j.vibspec.2017.08.008

Rauf, N., llyas, S., Heryanto, H., Rahmat, R., Fahri, A. N., Rahmi, M. H., & Tahir, D. (2021). The Correlation
between Structural and Optical Properties of Zinc Hydroxide Nanoparticle in Supports Photocatalytic
Performance. Optical Materials, (112) (December 2020), 110780.
https://doi.org/10.1016/j.0ptmat.2020.110780

Reddy, N. R., Bharagav, U., Shankar, M. V., Reddy, P. M., Reddy, K. R., Shetti, N. P., Alonso-Marroquin, F.,
Kumari, M. M., Aminabhavi, T. M., & Joo, S. W. (2021). Photocatalytic hydrogen production by ternary
heterojunction composites of silver nanoparticles doped FCNT-TiO2. Journal of Environmental
Management, (286) (December 2020), 112130. https://doi.org/10.1016/j.jenvman.2021.112130

Rodriguez-Narvaez, O. M., Peralta-Hernandez, J. M., Goonetilleke, A., & Bandala, E. R. (2019). Biochar-
supported nanomaterials for environmental applications. Journal of Industrial and Engineering
Chemistry, (78), 21-33.

Saffari, M. (2018). Response surface methodological approach for optimizing the removal of cadmium from
aqueous solutions using pistachio residues biochar supported / non-supported by nanoscalezero-valent
iron. (41), 167-181.

Shan, R., Shi, Y., Gu, J., Wang, Y., & Yuan, H. (2020). Single and competitive adsorption affinity of heavy
metals toward peanut shell-derived biochar and its mechanisms in aqueous systems. Chinese Journal of
Chemical Engineering, 28(5), 1375-1383. https://doi.org/10.1016/j.cjche.2020.02.012

Sharma, H. B., Sarmah, A. K., & Dubey, B. (2020). Hydrothermal carbonization of renewable waste biomass
for solid biofuel production: A discussion on process mechanism, the influence of process parameters,
environmental performance and fuel properties of hydrochar. Renewable and Sustainable Energy
Reviews, (123), 109761.

Shunmuga Sundaram, P., Sangeetha, T., Rajakarthihan, S., Vijayalaksmi, R., Elangovan, A., & Arivazhagan,
G. (2020). XRD structural studies on cobalt doped zinc oxide nanoparticles synthesized by
coprecipitation method: Williamson-Hall and size-strain plot approaches. Physica B: Condensed Matter,
(595), 412342. https://doi.org/https://doi.org/10.1016/j.physb.2020.412342


https://doi.org/https:/doi.org/10.1016/j.protcy.2016.05.078
https://doi.org/https:/doi.org/10.1016/j.ijbiomac.2017.03.007
https://doi.org/10.1016/J.CRGSC.2021.100119
https://doi.org/10.1016/j.scitotenv.2019.136171
https://doi.org/10.1016/j.vibspec.2017.08.008
https://doi.org/10.1016/j.optmat.2020.110780
https://doi.org/10.1016/j.jenvman.2021.112130
https://doi.org/10.1016/j.cjche.2020.02.012
https://doi.org/https:/doi.org/10.1016/j.physb.2020.412342

(oio3s — o) VE+ € slocuigurdy) o o,lows 0 5,93 ¢yl S g f Colilios 0+

Siddiqui, S. I., Naushad, M., & Chaudhry, S. A. (2019). Promising prospects of nanomaterials for arsenic water
remediation: A comprehensive review. Process Safety and Environmental Protection, (126), 60-97.
Singh, E., Kumar, A., Mishra, R., You, S., Singh, L., Kumar, S., & Kumar, R. (2021). Pyrolysis of waste
biomass and plastics for production of biochar and its use for removal of heavy metals from aqueous

solution. Bioresource Technology, (320) (October 2020). https://doi.org/10.1016/j.biortech.2020.124278

Stefaniuk, M., Oleszczuk, P., & Ok, Y. S. (2016). Review on nano zerovalent iron (nZV1): From synthesis to
environmental applications. Chemical Engineering Journal, (287), 618-632.
https://doi.org/10.1016/J.CEJ.2015.11.046

Sui, X., Huang, X., Wu, Y., Ren, R., Pu, H., Chang, J., Zhou, G., Mao, S., & Chen, J. (2018). Organometallic
precursor-derived SnO2/Sn-reduced graphene oxide sandwiched nanocomposite anode with superior
lithium storage capacity. ACS Applied Materials & Interfaces, 10(31), 26170-26177.

Sun, S., Yang, J., Li, Y., Wang, K., & Li, X. (2014). Optimizing adsorption of Pb (Il) by modified litchi
pericarp using the response surface methodology. Ecotoxicology and Environmental Safety, (108), 29—
35.

Tan, X., Liu, Y., Zeng, G., Wang, X., Hu, X, Gu, Y., & Yang, Z. (2015). Application of biochar for the
removal of  pollutants from  aqueous  solutions.  Chemosphere,  (125),  70-85.
https://doi.org/10.1016/j.chemosphere.2014.12.058

Tang, H., Wang, J., Zhang, S., Pang, H., Wang, X., Chen, Z., Li, M., Song, G., Qiu, M., & Yu, S. (2021).
Recent advances in nanoscale zero-valent iron-based materials: Characteristics, environmental
remediation and challenges. Journal of Cleaner Production, (319), 128641.

Teow, Y. H., & Mohammad, A. W. (2019). New generation nanomaterials for water desalination: A review.
Desalination, (451), 2-17.

Van, H. T., Vinh, N. D., Duong, T. M. H., Nguyen, T. B. H., Nguyen, T. T., Tran, T. N. H., Hoang, T. K,,
Tran, T. P., Nguyen, L. H.,, & Chu, M. N. (2021). Enhancement of exchangeable Cd and Pb
immobilization in contaminated soil using Mg/Al LDH-zeolite as an effective adsorbent. RSC Advances,
11(28), 17007-17019.

Varala, S., Dharanija, B., Satyavathi, B., Rao, V. V. B., & Parthasarathy, R. (2016). New biosorbent based on
deoiled karanja seed cake in biosorption studies of Zr (IVV): Optimization using Box—Behnken method in
response surface methodology with desirability approach. Chemical Engineering Journal, (302), 786—
800.

Vunain, E., Mishra, A. K., & Mamba, B. B. (2016). Dendrimers, mesoporous silicas and chitosan-based
nanosorbents for the removal of heavy-metal ions: A review. International Journal of Biological
Macromolecules, (86), 570-586. https://doi.org/10.1016/j.ijbiomac.2016.02.005

Wan, Z., Cho, D.-W., Tsang, D. C. W., Li, M., Sun, T., & Verpoort, F. (2019). Concurrent adsorption and
micro-electrolysis of Cr (V1) by nanoscale zerovalent iron/biochar/Ca-alginate composite. Environmental
Pollution, (247), 410-420.

Wang, M., Hu, S., Wang, Q., Liang, Y., Liu, C., Xu, H., & Ye, Q. (2021a). Enhanced nitrogen and phosphorus
adsorption performance and stabilization by novel panda manure biochar modified by CMC stabilized
nZVZ composite in aqueous solution: Mechanisms and application potential. Journal of Cleaner
Production, (291)(xxxx). https://doi.org/10.1016/j.jclepro.2020.125221

Wang, M., Hu, S., Wang, Q., Liang, Y., Liu, C., Xu, H., & Ye, Q. (2021b). Enhanced nitrogen and phosphorus
adsorption performance and stabilization by novel panda manure biochar modified by CMC stabilized
nZVZ composite in aqueous solution: Mechanisms and application potential. Journal of Cleaner
Production, (291)(xxxx), 125221. https://doi.org/10.1016/j.jclepro.2020.125221

Wang, M., Hu, S., Wang, Q., Liang, Y., Liu, C., Xu, H., & Ye, Q. (2021). Enhanced nitrogen and phosphorus
adsorption performance and stabilization by novel panda manure biochar modified by CMC stabilized
nZVZ composite in aqueous solution: Mechanisms and application potential. Journal of Cleaner
Production, (291)(xxxx). https://doi.org/10.1016/j.jclepro.2020.125221

Wu, J., Wang, T., Shi, N., Min, F., & Pan, W. P. (2022). Hierarchically porous biochar templated by in situ
formed ZnO for rapid Pb2+ and Cd2+ adsorption in wastewater: Experiment and molecular dynamics
study. Environmental Pollution, (302), 119107. https://doi.org/10.1016/j.envpol.2022.119107

Yan, L., Liu, Y., Zhang, Y., Liu, S., Wang, C., Chen, W., Liu, C., Chen, Z., & Zhang, Y. (2020). ZnCI2
modified biochar derived from aerobic granular sludge for developed microporosity and enhanced
adsorption to tetracycline. Bioresource Technology, (297), 122381.

Yang, G.-X., & Jiang, H. (2014). Amino modification of biochar for enhanced adsorption of copper ions from


https://doi.org/10.1016/j.biortech.2020.124278
https://doi.org/10.1016/J.CEJ.2015.11.046
https://doi.org/10.1016/j.chemosphere.2014.12.058
https://doi.org/10.1016/j.ijbiomac.2016.02.005
https://doi.org/10.1016/j.jclepro.2020.125221
https://doi.org/10.1016/j.jclepro.2020.125221
https://doi.org/10.1016/j.jclepro.2020.125221
https://doi.org/10.1016/j.envpol.2022.119107

-2 IR TS »® )les).&k ;4.159.»15 53[.' ‘a.}“)ls iy :C},)&oﬁ 9 b‘).vdile ‘:obl& (‘:w.bgf - ‘_@J&)

synthetic wastewater. Water Research, 48, 396-405.
https://doi.org/https://doi.org/10.1016/j.watres.2013.09.050

Yang, J., Hou, B., Wang, J., Tian, B., Bi, J., Wang, N., Li, X., & Huang, X. (2019). Nanomaterials for the
removal of heavy metals from wastewater. Nanomaterials, 9(3). https://doi.org/10.3390/nan09030424

Yao, Y., Gao, B., Chen, J., Zhang, M., Inyang, M., Li, Y., Alva, A., & Yang, L. (2013). Engineered carbon
(biochar) prepared by direct pyrolysis of Mg-accumulated tomato tissues: characterization and phosphate
removal potential. Bioresource Technology, 138, 8-13.

Yu, F., Wang, Y., Xie, Y., Zhang, W., Zhang, J., Meng, X., Xiao, J., & Yang, N. (2020). A microtubular direct
carbon solid oxide fuel cell operated on the biochar derived from pepper straw. Energy Technology, 8(3),
1901077.

Zhan, T., Zhang, Y., Yang, Q., Deng, H., Xu, J., & Hou, W. (2016). Ultrathin layered double hydroxide
nanosheets prepared from a water-in-ionic liquid surfactant-free microemulsion for phosphate removal
from aquatic systems. Chemical Engineering Journal, 302, 459-465.
https://doi.org/10.1016/j.cej.2016.05.073

Zhang, H., Xu, F., Xue, J., Chen, S., Wang, J., & Yang, Y. (2020). Enhanced removal of heavy metal ions
from aqueous solution using manganese dioxide-loaded biochar: Behavior and mechanism. Scientific
Reports, 10(1), 1-13. https://doi.org/10.1038/s41598-020-63000-z

Zhang, M., Gao, B., Yao, Y., & Inyang, M. (2013). Phosphate removal ability of biochar/MgAI-LDH ultra-
fine composites prepared by liquid-phase deposition. Chemosphere, 92(8), 1042-1047.

Zhang, S., Lyu, H., Tang, J., Song, B., Zhen, M., & Liu, X. (2019). A novel biochar supported CMC stabilized
nano zero-valent iron composite for hexavalent chromium removal from water. Chemosphere, (217),
686-694.

Zhang, Y., Qu, J., Yuan, Y., Song, H., Liu, Y., Wang, S., Tao, Y., Zhao, Y., & Li, Z. (2022). Simultaneous
scavenging of Cd (I1) and Pb (11) from water by sulfide-modified magnetic pinecone-derived hydrochar.
Journal of Cleaner Production, (341), 130758.

Zhang, Y., Zhang, W., Zhang, H., & He, D. (2023). Nano-Zero-Valent Zinc-Modified Municipal Sludge
Biochar for Phosphorus Removal. Molecules, 28(7). https://doi.org/10.3390/molecules28073231

Zhao, X., Liu, W., Cai, Z., Han, B., Qian, T., & Zhao, D. (2016). An overview of preparation and applications
of stabilized zero-valent iron nanoparticles for soil and groundwater remediation. Water Research, (100),
245-266.

Zhou, H., Ye, M., Zhao, Y., Baig, S. A., Huang, N., & Ma, M. (2022). Sodium citrate and biochar synergistic
improvement of nanoscale zero-valent iron composite for the removal of chromium (VI) in aqueous
solutions. Journal of Environmental Sciences (China), (115), 227-239.
https://doi.org/10.1016/j.jes.2021.05.044

Zhou, H., Zhao, Y., Xiang, J., Huang, N., Ali Baig, S., & Hu, D. (2020). Facile improvement of nanoscale
zero-valent iron activity with exceptional stability for reduction of Cr (VI). Journal of Environmental
Engineering, 146(3), 4020006.

Zhu, Y., Xu, F., Liu, Q., Chen, M., Liu, X., Wang, Y., Sun, Y., & Zhang, L. (2019). Nanomaterials and plants:
Positive effects, toxicity and the remediation of metal and metalloid pollution in soil. Science of the Total
Environment, (662), 414-421. https://doi.org/10.1016/j.scitotenv.2019.01.234

Zou, Y., Wang, X., Khan, A., Wang, P., Liu, Y., Alsaedi, A., Hayat, T., & Wang, X. (2016). Environmental
remediation and application of nanoscale zero-valent iron and its composites for the removal of heavy
metal ions: a review. Environmental Science & Technology, 50(14), 7290-7304.

Zubair, A., Bhatti, H. N., Hanif, M. A., & Shafqat, F. (2008). Kinetic and equilibrium modeling for Cr(l11) and
Cr(VI) removal from aqueous solutions by Citrus reticulata waste biomass. Water, Air, and Soil Pollution,
191(1-4), 305-318. https://doi.org/10.1007/s11270-008-9626-y


https://doi.org/https:/doi.org/10.1016/j.watres.2013.09.050
https://doi.org/10.3390/nano9030424
https://doi.org/10.1016/j.cej.2016.05.073
https://doi.org/10.1038/s41598-020-63000-z
https://doi.org/10.3390/molecules28073231
https://doi.org/10.1016/j.jes.2021.05.044
https://doi.org/10.1016/j.scitotenv.2019.01.234
https://doi.org/10.1007/s11270-008-9626-y

