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Modeling and optimization of nickel (II) ion removal from aqueous solutions
using sodium carboxymethyl cellulose hydrogel crosslinked with ferric chloride
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ABSTRACT

Mahboub Saffari Background: Recent years have witnessed a growing interest in utilizing biocompatible and
Department of Environment, renewable polymers as efficient adsorbents for removing heavy metals from aqueous
Institute of Science and High solutionsz. This study investigates the efficacy of carboxymethyl cellulose (CMC) hydrogel
Tef:hnology and Envu'(.)mne.ntal crosslinked with ferric chloride as a low-cost and effective adsorbent for nickel (Ni) removal
Sciences, Graduate University of .
Advanced Technology, Kerman from aueons solutions. . . .
Iran : : Materials and Methods: In this research, CMC hydrogel was synthesized through a chemical
crosslinking process with ferric chloride. The structural properties of the hydrogel were
evaluated using Fourier Transform Infrared Spectroscopy (FTIR) and Scanning Electron
Microscopy (SEM). Optimal conditions for Ni removal were determined using Response
Surface Methodology (Box-Behnken design) by examining the influence of key variables,
including initial Ni concentration, pH, adsorbent dosage, and contact time.
Results: FTIR and SEM analyses revealed that the carboxyl and hydroxyl functional groups
AVEVIEEAC SRR BE TS S @ present in the hydrogel structure, along with its unique morphology, facilitate Ni adsorption
H. Modeling and optimization of from aqueous solutions through potential mechanisms such as chelation, electrostatic
nickel (1) ion removal from interactions, and the formation of coordination bonds. The highest Ni removal efficiency
aqueous solutions using sodium (87.88%) was achieved under conditions with an initial concentration of 80 ppm, pH of 7.5,
carboxymethyl cellulose hydrogel adsorbent dosage of 1.5 g/L, and contact time of 30 minutes. The study of vatiable effects
crosslinked with ferric chloride. demonstrated that increasing pH enhances Ni removal, while adsorbent dosage and contact
Journal of Environmental Health time exhibit a lesser impact on removal efficiency. Additionally, results indicated that the
Enginering.:171-90. reduced second-otjder statistical model (Bo.x-Behnken) effectively describes the experimental
data, and the predicted values align well with observed values.
Conclusion: The findings of this study highlight the high efficiency of CMC hydrogel as an
effective polymeric adsorbent for removing Ni ions from moderately polluted aqueous
solutions. Furthermore, the results clearly indicate that Ni removal by this adsorbent is
significantly influenced by the initial Ni concentration and solution pH. However, the effects
of contact time and adsorbent dosage were not significant in the subsequent stages of the
process. For future studies, it is recommended to modify the CMC structure through advanced
crosslinking methods and combine it with minerals to increase specific surface area, surface
charge, and ultimately enhance performance and adsorption capacity.

Email:
mahboobsaffari@gmail.com

[ Downloaded from jehe.abzums.ac.ir on 2025-06-07 ]

Keywords: Heavy metals, Adsorption, Response Surface Methodology, Biocompatible
Polymers, Optimization

Copyright © 2025 The Authors.

Published by Alborz University of Medical Sciences

This work is licensed under a Creative Commons Attribution-Noncommercial 4.0 International License. (https://creativecommons.org/licenses/by-
nc/4.0/).Non-commercial uses of the work are permitted,provided the original work is properly cited.

[ DOI: 10.61186/jehe.12.2.171 ]


http://dx.doi.org/10.61186/jehe.12.2.171
https://jehe.abzums.ac.ir/article-1-1083-fa.html

Journal
py Al VA GV Gilads AP Y licus) ¥ o lachi A Y 690 cdosas Cacdilags ceudigo dlas

Abarz Universily of Wediral Seienees

e J3sen Lo g5 b slad gloe 51 (D) JSG 0 Bl (3l 5 $3lwd e
S B LA Ledd (e Jlail ol Jite oS 52 S

&Y /N/VE 1 pada &b )T JEL VA FIEICIFPRY &

Tk e e L g5l ge (ke DLl ]

Ol Ol S ca i 655k 5 tmis oSS EDlaned olKEi5 ( ard owlige 5 gond oA ey wikige o5 S
Q\ﬂ\‘ohds‘dﬂ)ﬁf__L;‘)JL'J:JWJL:“.{TQMA@‘J¢W€)R}@&65JS}£}€)#=K¢M}}! ECA.«.!_)'.E:NAJ;Y
O\ﬂ\cd\lg.?;&)a&h}jicésjfjdadduﬁﬁejﬁr

o.&._u_&__;

L5 Sl Olsear s 5 85wy Sl ok Sl eslial el sadln s 130 5 4 Solbe i gms
I35 LIS (hass cnl 53 sl 038 i 395 415 3L e el e 31 S 3l Gl ol ST EREE FE R
S5 B0l il S Dl o5 S bt ot L (CMO) 5 a5 5 s [N
235 SE s sl S 1 USRI SR e
P S AL pled e Il T Ga b SICMC Jissden sy ol o3 il o, g 5lsa
3N oSy Koo 5 (FTIR) 50 5 0l amwihs Slaslinad b 55500 onl ol sla S5 A o
) mahboobsaffari@gmail.com
Je) gy o g5 51 (S0 b IS0 Bl (sl g Jl 2 023 8015 L5l a5 SEMD s,
A s el Ol 5 3l a3 PH USS adsl clle ol oS sls e 8l e 5 (S S
B N e S STy S WD SR PR S el el Alavi EA, Saffari M, Modiri S, Yari
SE PR e T Eop i T R PR e PR PPV I CR R C R R PP FOYRTRIPIRO. - IViodeling and optimization of
Olen 7Y S oo o (Gl 558 Slal s S5 5 (Sl 2801 Sl S 00 52 40 5oeliIS SQTEZLS;)U :;‘;fgg?ﬁ from aqueous
B IPNENSTY SRS ESPIRFARRTE o BRPAT o) oo IRPIRUR A R O P I P VAN OISR SRS G boxymethyl cellulose hydrogel

s o IS5 Gl 3 g ol PH 5l 3l oS 313 025 s piza 3 SYRESCR TS IR SIIWIR]  CrOsslinked with ferric chloride.
Journal of Environmental Health

bl Jue oS 5l OLES @L:J (o 1S G Ol (6 5eS L5U bl Ole 5 O3l 353 &S J- s Enginering.:171-90.

e Gty olie 5 038 oo 53 ) (ARSLST slaesls e sbay (S0 (-S1) 4l kS s )
Syl s el sddedalie islis L

5 S e o3 SOl CMC U3, VL LIS 5 0Lt Sl aalllas ol 16,8 4z
Sl S LS o Ol mdly sbas ol (e (il e SaITL T lad s 51 IS0 0 g i
S I e 3l 515 J s PH 5 IS5 Wl clile Lolse 50 cos cuda ol ol by 1SS
35 go gty wodul Sladllan (gl i3 g5 1, 55 1 (3L Comal 3wl 3 (say ol e s 3br 53 5 Ol
ssbied Sdee slee b Ol S 5 5ol ol e Jlail wb iy sl ts, Go b 5l CMC bl o8
28 3 o e e b I s Slas s Culg 02 5 e L ey e 515

Gl w5l a3 Sl oy il e Bs5 (b Sl (S polis (g ddS sla o3l

[ Downloaded from jehe.abzums.ac.ir on 2025-06-07 ]

[ DOI: 10.61186/jehe.12.2.171]

V4G AYY Srlades AFF Gliss Y o lad VY 0 g0 cdanns Cudilagy punige alae


http://dx.doi.org/10.61186/jehe.12.2.171
https://jehe.abzums.ac.ir/article-1-1083-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-06-07 ]

[ DOI: 10.61186/jehe.12.2.171]

S8 o Lossis it e Sl Sl foio eSS ot S5 s ota8 b 55 o sla shae 51 I) JS g s (55 Ludtings 5 (s LenJuo

Sl T e SRB  oilr oy e
Clr b Gl Kl s S e Wl (S
S b ol 5 has o JT ST a1 3 ol s s
gl 5 eslinad el sladle s S 4y Yy
B8 a5 pelS SU e 0p S alar Sl a3l
Sl gl (il sl s 5 g5l gl e
il Gl e s B Sea O K ol
s S 5 5 VL s Jnl L P
Ll ke sdes Ll Ol e a4 dadlr Sl S
womeS  ploilr Jlse Olime oy ol
Olsiets (6 ok LS 5 aile Waly8 5 b S0

s e Sl
Wad3sd o5 (Lo s3] lajlilo g a5 o5 ol
Mo sl cpl ol Bl I 6 St sba
Sl 5 o 3 oS (63 pa e o S
5 Sl (S5 b il GL'”’ 33 Lls
YL Ulg Lles S 1y L;\asj:mf sl )8 (g3,slis
ol ol sl T slad S5 b Jolas o Lad5 s
Cilises Blaw > ol LD glay S Olgsa oS
ssm ol e dle Nisd ke pwio s e
badiods ol &S s gy hele Glaes S
503, wal 3 1 Laedi VT L odmy (sladipy 025 OISl
adoar sbadiyT 3 s Lol Las 3 18 e b S s ol
S a5 ssden ol TS o SLLs S Laoa VT s
5l (Ol T sk Ol snS ale 63050 51 Y yane
(Sl FE s 3 4 g e M5 Lol Sl
S pdididas 5 sdome ealital CB oy e 6
oAl sadle e Tl s e S AB sl
Gl 3 W ey opl 5,008 (6 2 les 1S Sla iy
YT as S s ol lad gl I K 5L
S Sl b b ek Sl Ygems il ol
Sy ol hle Glaes S Ll 8 Lsi 0 ale

Gk 3l ey Sl a3 sboy cds

Ao ddo

5 bl s Sty glacs iy ol slaans s
o st ol VT SLasl (15l 4 e ccilises =be
GO el 0l a5 mlie 3 (S 5l
PR COVCH 1 PR VU PPV P /YJM.U aS uﬂ slaoas VI
Sy G332 pl 5o sl 5 VL oL s
e S ol s e 0l Dl L
NN Ve S PR § TP CHRCH [ EDL SRR
S8 Gl et ol e 0 Dls g 50 SlaSL )3
53 I e 3 31 OIS 4 e Ll e
sk gl 5 2o 5 20k e a1 Shes
SIS ol R DI Fee S S JSS 1088
B oSS Dol o Ll e glanil Gk
s s5h My 5 S T e sladll;
Ol s S el Sl el 2 o5 e G ame
Ahe WS G 2ime > e Vsb (35S
olws laayy abexr 31 0y Cilise glagian 53 e 5e
Ble ol TS sl a0l gl 5 oy (eS¢ 318
G slams 53 |6 2llE LA L gles @y,
25k o OLLes T3on B

2550 i Sl (ol Gapten hal ¢l p
(S gl Jold baes oS Wl S 15 )y
Cd s pss pl Ol o i o) s ol
Brondy e 5 MK wle iy, Ol b
a0V slad S0 T3 ol 53 358 g0 sl
e T 53 o S e sl 3 5 0 e L3l S
(Alaokly glas i Ogman Sl eld ol ]
Ol (Slaly SN gla oS en 5 555,00 Slakisn
LTS e S O3l a5 0l VT (slad U5
Slaos S ol sladsme o3 O3l S0 bk
S 5 S el JenS st il OT Jli ke
Lo b Ly 6ol B n w0 06 (Jooddl e 5 Sland

Jolss TS e ol 1 W0l 5 ol e 5 es s (550

VFor Glicss ) ¥ o yladi A Yo 90 cdaans cudifuge ceudigo ddas @ VVY


http://dx.doi.org/10.61186/jehe.12.2.171
https://jehe.abzums.ac.ir/article-1-1083-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-06-07 ]

[ DOI: 10.61186/jehe.12.2.171]

OolSans s sle ol acas]

Sl S L ladsss Ll e sl Ol L st sl
Yo glales ol s esle cpldas K35 i (sl
SN G Y o PH es i s ol Jletle 5 ool pslie
5 G Sk sl (pl pesdle dile e (SL
S Olpen ey ol
Skl s Gl ol aus s e (B Bl L

“f Sl Sl Glsle Olge 4 (s S ndia o

Sl o Pl el

2 Sl G ol o) sl e als Lol
Gl s e oS s 4 sl gladle s CMC
Tl S 13 Ol e 5 e S, 5 s sl s
S e ol @ddS Sl glaanl il T
Gl o Olgiear Llg o 5 Sl JuS 5 S laey S

B -5 LY EU WL ERpp JU WSt

5 Seelinss sbly Kl el
0 3pmsn S sl b Sl Sl sla S on

JoS o I Jlowe 511 0T 5 esls (2iSTy J o
Joe 5 G5l ks & (CMO) S fzo oS 52 S
sy atle ol s Ol gl 5las O s
el S 085,000 Gladsls 5l aS ot Sl L oyl
Jaze a4 B4 g5 S8 ok b 5l e
Slaes S s5ms sle L CMC ol woslis 555 e
ol Jexle 3 (<CH2COOH) e nS 50 S sl
Fob 53 3 m 5 JemSaoden Glaes 5 F b &S o
S B 4 oy ol O K0 o e Sl
gl 03 0 4 jame (S5 ol s sl
S yaes 5 (o ld (il gl (S5 e 5l aliss
Gl ol sba ks onl sl s S 8

R=Hor CHZCOENa

o DS of carboxymethyl g

i. Sodium nyumxm - /m/
il. Sodium monochloroacetate

Cellulose

Carboxymethyl cellulose

"CMC pland jlsle 5 o - S

ble S Olgsa (FE¥) 2o ban ool 05 a5
wL.A LS\“-‘J,.Jf cwjg.&« 9 )@)Lﬂﬁ»«.&) okasJlzsl
L7552 e geis CMC lad5ssies g Gl 2
Jlasl ¢l Fe*r selas! ol O g8t (Jb-
oS O ‘}J:«».A )jb‘b QL'JUQA L CMC ‘-;.ﬁf
slcuissls o p Claes mly 5 Sl
oAl et DU 5L ed Sl S s e oS 5 S
J.,Su.c d«:)’b)b U’J}‘ LS\ ﬂl} ax)lze v\J‘b.})—?;jM
.LJ“‘JJ DL ‘:J;'.’.} Q)ﬂ@ \) ‘;ﬁf“ eM)JLAJ\ L}AL& L)'l‘

LS 2Ll s o e ) Baes IS 2l
Cov Gles v;l Glad e 3 Last VT Sl 3 Shae
Dimen 5 M gled 5 (Spd sl Shs U
chle 5 ooVl 5 Cilr w eled Oloy ddases gles

IVE @ AYeY Gl (Y o ladi ) Yoy 90 cdanas Cudilags cudigo dlae

g sl Ldisds ek el o
Otdmer oUls oS dies o g3 (6 acy slae i
aes ol Mls 1 O ol slie Ll s NERTSPS
o Ll Lpd e st g ol ladsloe s ol
s b bt 2 SVl s S
Sl Bl Jslul e sk sl
bapads 4l Jisodes Glaghd ol s sskien
Db e e o) K s, DLl sl
s (SIS oSl 5 (5ol SRl o e AT
SOl ol Wba s b B LIl e Sl S
Il 2l 53 2y Saslie 5 SOl oL e sllas
oy sl s bl 75T e al 3 O s
TAPT Fe? MCa?t NZn?t des 3 0 £

sslae! CMC u".ﬁ'«' 6@&)}).&.& J-:-<-3—' 6‘;3 J"J‘f@


http://dx.doi.org/10.61186/jehe.12.2.171
https://jehe.abzums.ac.ir/article-1-1083-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-06-07 ]

[ DOI: 10.61186/jehe.12.2.171]

S8 o Lossis it e Sl Sl foio eSS ot S5 s ota8 b 55 o sla shae 51 I) JS g s (55 Ludtings 5 (s LenJuo

iy 9 Slge

Ol BGS 329 9 CMC JJs 340 jiim
Sl S CMC il gl (G ol 52
Jee S 508 e Sl 2 S VYO (GBS L e
J ki Of 2 e Ver 55 (Sigma-Aldrich) L.
ol sba (SOl 0pen S eslinad bl b cpl A
Jol S5 e 255 el iE Y S b
Al S a3 ) gl 4 SO S eslinal U e
2l cell ¥ ol 4 5 A o33l (FeCl3.6H20)
S a8l b pladerle B 45 S ()15 J sl
0l 1o Jglowe 51 bt b O 3l 58 LSC25 YL
GBI glos 53 5 Lk esls pizes Jlade OF L L e
25,8 eslel IS Gl gla a3l gl b s St
Soekdag Dok G Shs wor sk w
FTIR:) 5o 3 055l 4y Jods mimnih ST
oSy, S 5 (TENSOR 11 from Bruker
FE-SEM: TESCAN) Jilawe 525 ius, s,
Slrcsr o b ) s el (MIRA3
rhe 3P Sl o 5 lele glaes S olulis
L 4 S 5w @allas 3550 O3l

PR ENP U LN AN L L R-RCNYTS | LN
CMC

ol s sl 5 S5 Gl (sl iaas ol 3
Los asml s, 4 CMC 5,50 5 ool L
Response surface ) 'C'“li ck.w oo 3l S e
oS St bl 2k 5 (methodology: RSM
2 A3 sl i 03 el (Box—Behnken design)
s (Jes PH S adsl clale ol o il 2
Sl s yslite ol gl Ly ulas Oles 5 O3l
D A e S e VY s A P glackle b IS
VO 50 X0 sla pH s (NI(NO3)2.6H20 s
HCI s NaOH ¥ /) sladploes Jave g5 o o la)

el dasls Jelse nl B s 3l L3 el
el 3L anza s Ol Do s sdame sla bl
@by o glaansa 5 ba bl sl 2alS i
Ll s,y olwand 5 o gl 8L, Sla i, Sl eslinl
s aEss 3 S s e ol s e Olee
seam ol s bl S S &S e &b e
S s e Sl i o als, L 5 (g5ledde 6l
b o3 et i orl s SSa als ks
% g Tl 3l (gl T b (g3l s Lo les
oS Ol Ky 4 s Sl Lo banlp 5 bt
o 216 Gy 1y e (gl ize G b S s
S S S ) sba

oot VT Sl a5 03,208 Sl plosil 55 L
bug R pole Ol 4 bas e
LS L s Sl S CMC e 50) CMC J3 500
Gl 3yse 5 SMbl 5 Sl sdeee Sl (3
alles 5l Gs s ey nl b S e
LIS L ez dles CMC J3a,a oS ) ol
ol el ol ladden 5l G Gl s B
w3l e PH dhax 5l Cilises gla ize 50 candllae
gl Groo Sheslial b IS sl clals 5 ules Ol
rl pede 238 5 Gbiol suge 5 e el
by Il Jl! GlapilSe s laien
W ye 3 0gsle suwcid LT 51 CMC Jjs,0
ol A ol coddplosl pliapd S8l Ll ol
Gl LS S L S0 B e oS
L Alge (amh sldinde bug S ol
S e Of gl eyl ileaig 5 3 e
Ll Glle eSS g5k el YT

VP ¥ Glicus ) ¥ o jladi A Yo u cdaans Cudifuge ceudige ddas @ VYO


http://dx.doi.org/10.61186/jehe.12.2.171
https://jehe.abzums.ac.ir/article-1-1083-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-06-07 ]

[ DOI: 10.61186/jehe.12.2.171]

OolSans s sle ol acas]

ol e Dl D e 2 b il Gla bl
Oljes 5 cmlas Ol oJslee PH (S5 a5l clale Jals
(ol 5 o y2e VL) os S5 Cilimiee mlans 4 53 3>
Jue Sl eslizal L 5Ls 5550 sla_zalesl slws s ol
S i aslee N=2K(K-1)HC a5 S oSL
) s puize sl K iobosl gladsgas slaws NOOT s
sl (55 50 4o 0) (§55 10 Sla i 2y C 5 (e
O SUdde bl o GiolesT YA sl (Gadss ol s
Csls e pa Slp ol e Jh) s S el
Sl S 355 e i Jde K (USKS Gd Oletily)
Tl s Sl e a2 b Jelse Jili 5 Lol
;A{JA&.SQ)M@@QCEMUL”JJAAJL«.M:J»

G I WA

@ /0) CMC Jjs a5l alises 3lie s . ags (
b ol sl s 0 () e SV/0 )
FooN0 Sode 4 lab e 5 wslsl bad gl 4 lisle ]
02 (0 by 5 o s 42053 YO (Slos 55 4235 Y0 5
5 Saeimla 5l e A esls OB adds L s VO
oK 1 eslizal b bad shome 3 IS e 0 gl 23
A3 (¢ Seslul (Varian SpectrAA-10) o) Cde

s S anbe i3 e elal 5 IS0 Gl Ao s

C;— G
=C—>< 100

i

s (a0 S k) U5

m m m
Y =5+ Z.BiXi + Zﬁiixiz + z BijXiXj + €
=1 =1

aaxsl

Ls),J}S)}.o ) L}.ol.r.' LSLQQ})T deLl_w

CMC JJ9s340 Fhow
75 51 3 CMC €50 FTIR e il ¥ S
wdal Sy ol bl s e DL 1y IS5 Gl
5oL XIYeem 4l s 68 5 e Kb s
Stz 5 (FOH) JSoods bl slaos S i
© CMC 5o Jool sla S5s 5l aS els 55550
))6}3%&&)}&4&@ d;b))%]&)w
oy S iS Slala,l sdiasolis VFYrem! st
JeS 5 S Gy S 3 gy Sl oS ol S S lale

IS RPL F SR W AN LIS PR PP PN

WE@ YT Gl (Y o ladi N Yoy 90 cdaaas Cudilags udigo dlae

j=it1

‘5‘JJ o d’?‘&f:’ﬁ' )‘J.Z.A d\j.«.‘«du Y 54.].3(&0 k)'l‘ L 45
Wl O g S5 10 Ol i 40 PO B Dol b ey
e o Bil Xi e 51t 1 5 0l 5o 4 B
i Ol P X jine gl 53 s Sl 2
sdalin éUﬂ:— d‘)&MSJXJ le LSUAJ:&IA JJL&ZAJJ
&L&)L:.&d )l wJ\.JJJ:J)‘JJ ‘5ud.xd U3 L;’li))‘ (5‘}" ol
it e et (R e s Oz
Adjusted ) sazdslazs ns <o 5 (Predicted R?)
(Precision adequacy) «is cols bl 5 (R?
Lc.ub CEJJ Slasls gas 5 Oga S5 SVslas S eslil
slp (v o) Design-Expert il 3 5l esliza

s bl s e SO Gl Lal S e S


http://dx.doi.org/10.61186/jehe.12.2.171
https://jehe.abzums.ac.ir/article-1-1083-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-06-07 ]

[ DOI: 10.61186/jehe.12.2.171]

S8 o Lossis it e Sl Sl foio eSS ot S5 s ota8 b 55 o sla shae 51 I) JS g s (55 Ludtings 5 (s LenJuo

Cm-> A0—\ YO'Cm-l 63 gd>we 4 G..,aj ua.k;— 03 gl>ese

C- sladis U 530 shur sl 3 g 5 sdasplis o Vo0
Sl s sba S 5l &S Ml 0l 3 C-0-C ;0

Lavroem’ 5 Ve a5 s edd edalie slasy
(CH2) hzs 5 JeS 50 S slaes S Slilel @ s
Gogo oyl ekl Sy op) Npds b
(eomad L Liua CMC =L s JeS 0 S slaey S

1060 cm!
1335 cm’!
1400 cm!

1620 cm™!

3420 cm!
Transmittance [%]

400 900 1400 1900

2400 2900 3400 3900

Wavenumber cm!

IS5 Sl 1351 S S S b et e JLail CMC U3, 505 O33be omios ik Y IS

%JQ'JJL}ATJ}P.—).JJS&J‘&UQF):‘)JK)&T

lp O3y el by (gedmslli e
ey o 28 ks JS85 5 Sl S
5 Jse Sl b el 56 slals 5 ek
ﬁ\p\@g,cwirﬁt;l,é\owww@“wtwu

2y e DS Sl ol s b

1o - - s 2
— =t 0 e g

Sl Gl ;25 phas) Sl QK S nslas
L olseal b 5 oo (ol F IS0 55 o
Ol ol gty b osdd Mol CMC wsas sl
Wi BU Oleal 3 ol s
Gl ,nis m ghman Sd S8 5 KSS 1S
5 b mman ol ol Gla0 g 5 CMC (6 aky
OS2 S polie g (EDX) SV 5,0 51

M spectrum 16
Wt% o
B C 5 18
30 0 171 O
b cl 7. 1
Fe 54 25
? 20—
&
10-] g [e]
{5 s
A4 R
0 2 4 6 8 keV

Lga.u‘;.bfdw‘CMC dj-’)*ﬁ‘“gf&l,};}.}(ﬁj)“ j‘ﬁ‘ﬁw@jd‘@ﬁd.&j) JJJ&I%}&}J@#;L&—Y’JSJ

SR

U5 Gl dogs il gl e 30 U
sl 7k el 5 1 CMC Jsssa Ly
S Olppe 45 33 0L b Aas e OLES (S S

) . )é N le_“ “-.. )'I )‘;T_I.Q l :“- Jh
CMC U500

VFor Glicss ) ¥ o yladi A Yo 90 cdaans cudifuge ceudigo ddas @ \VY


http://dx.doi.org/10.61186/jehe.12.2.171
https://jehe.abzums.ac.ir/article-1-1083-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-06-07 ]

[ DOI: 10.61186/jehe.12.2.171]

OLEan g (gale Slolead) wacui)

Oles 5 2 53 0 8 V/0 3l ylaie v/ pH cA+ppm Lokl s IS5 Gl Ol meS 3L o it
3,8 sl (aids ¥o) wlie wles Y Ol cad Y0 Jsles pH O Yeppm 4Jyl el

b s Jols wids Y s Ol s 2 s p S

CMC il gz 55 ilisen gla, 56 51 Sle IS5 S palie - Jpal

\ O Ar

AY/YA AY/4 v \
AV/A INVAY g \ 2/5 \Q Y
VY/Y Vi/$ 10 \ 0 VY. v
A/50 AFINO 'O \ 7/5 A \
AO/YA AF/0¥ \ 0/5 N A 0
FVIY FAAY v \ 2/5 VY §
A+ /OA VA/VA \ | 2/5 A %
AD/Y AY/SV v 1/5 N \Q A
VA/N ¥ VA/¥O v 0/5 2/5 A q
AY/$A INAAR 0 1/5 N A \e
AD/\A AO/NO 10 1/5 o A 1
AY/YA AY/$ s v | 0 A \Y
AY/YA AN v | 0 A v
VY/VY VE/E v 1/5 o VY \¥
Va/+A VA/AO v 1/5 2/5 As \0
arAts VY/AY \) | 0 VY \$
VAXS VV/$ \0 \ 2/5 As WV
AV/AY AV/$¥ Y \ 7/5 \E A
A/ O g% 10 | o \C 14
v/ ¥ VevY v 0/5 N VY Y.
A AS/$0 'O 0/5 N Ar Y\
V&/Yq VE/YY Y | 7/5 VY Yy

WA @ AFeY gl (Y o ladi ) Yoy 90 cdanas Cudilags oudigo dlae


http://dx.doi.org/10.61186/jehe.12.2.171
https://jehe.abzums.ac.ir/article-1-1083-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-06-07 ]

[ DOI: 10.61186/jehe.12.2.171]

S K L st s e Jlea] S el fuo enS 308 poites S5 potst b 55 o] slaslae SII) SSii G g s (5 leatings 5 (55 Len e

AS/¥Q ASIAS \N \ 0 \C \id
AV/Y AV/¥0 \ ) 7/5 A Y¥
AY/YA A/¥O ¥ \ 0 A \
AV/AA AAYA v 1/5 7/5 Ar \i2
AY/YA AYV/YO ¥ \ 0 A \%
AO/YO AR v 0/5 7/5 A YA
AD/O AY/4
FV/V FA/AY
AVIAA A/YA
M/YF INVALY
el ramen Sl Bl LS e g LB b 4 Jiooder g Ldd 563 Ol il ¥ IS
s OFeem™) oS, S Glaes S bys sy 6 ye) das e 0L |, IS5 ds i b3l CMC
Orasem™) 3oub S5 e w (OYYOCMT) e U s e hailen () oyled JiladT 3l e ol 4
Lo (m HSes o dasOli ld Sl ised o 55 a b by oud osie sl

e djj).,\c}s L;.ALQ dha)ﬁ)&gzj 9 (\?Y'Cm-l) L}:.u}:; a}ﬁ L(Y'\CY'Cm-l) L}.:WS)JV\?A
ng.nu.l? )‘www)b (\~9~Cm'l)C-O-C Juﬁ

=
L
Q
=
o]
=
£
7
=
£
2=
400 900 1400 1900 2400 2900 3400 3900
Wavenumber cm’!
IS Gl aul b5 e S A JS L eds b e Jlasl CMIC U, 503 095l v ib -F JS2
p-Value ﬁbu.a c@lb U"JL"‘J‘ BERE L ol b CMC d_}:‘:’"‘;) u"".’l'.’.)b 45 )‘ oel Cnds ﬁsu.a At JJJ\?-
AL p-value oslis o 5 o/ve0) 5l 5ol Jde loesls ol esls A5l (aly Jlals £33 4x )3 Ja)

V¥ ¥ Glicue y ¥ o lach A Yoy 90 Joune Cadifugs oruaigs ddae L


http://dx.doi.org/10.61186/jehe.12.2.171
https://jehe.abzums.ac.ir/article-1-1083-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-06-07 ]

[ DOI: 10.61186/jehe.12.2.171]

OLEan g g ple Slolead) aeui)

53 dde (VL @8 a3 5 (V Jade) el s i
3osden 5 oslinad Lol bl bl s oty
03 F 3 VL slie pmman (Y Jader) AL CMC
o30S (Adeq Precision) «is culis il
wdd Al e 53 el 5 e JUSe e

J..Ll;da 3 4o g0 Jds o 5 35 QSB-

i 5 edd 531 dde aul 5 OLES el oy Jke
sl S0 Cou IS5 G alie 5l 335 o

3yl ks
Adj R? (/) R? (gla el )l s b 5 YU sl
Jde 53l 5l as (+/4+) Pred R-Squared ; (+/40)
Gty S5 Gl laesls r 4l 2alS pss ax s

s ldodalie ﬁbuﬁ O 6}5 (-;“WM AJ;AJQ\..I.;} c.).;.‘a.,\.AT

;bf‘ ‘;i ‘_5‘-Q le."u PL sz «_9..\;-]4 (433\.1 u.f'..bls c;: a5 Jde) el d‘zj‘ﬁ Je gf's‘é.J‘J QJ';.J—Y J}b
CMC Jj5,0 o3> 3l

Model AVE/FY

Lack of Fit V£V VY

£4/0¥ OY/+0 < v/vawy Significant

\/¥ \V/YY JESYA not significant

RZ%: +/av0; Adj R2: +/40%; Pred R%: +/4+v; Adeq Precision: Y#/04

&fﬁd\MMJJWScQ‘AMCMC Jj))..k:.m

el ey gy g

Ni Removal (%)

oyl 3ol o ¢ S B Sl el s s 8 551

= 76.34 + (0.16 X Initial Concentration) — (3.03 X Adsorbent Dose)

+ (0.70 x pH) + (0.043 x Contact Time)

+ (0.036 X Initial Concentration X Adsorbent Dose)

+ (7.40 X 1073 x Initial Concentration X pH)

+ (0.51 x pH X Adsorbent Dose)

— (0.19 x Contact Time X Adsorbent Dose)

—(0.01 X pH X Contact Time) — (2.4 x 10~3 X Initial Concentration?)
+ (2.34 x Adsorbent Dose?) + (4.21 x 1073 x Contact Time?)

25 ,CMC Gl i s IS0 Gl il
adsl e 531 aS sl LS eal oyl LS e
ol O Gl Olsae 2alS i plad Soypo 4 IS
Sy as S G g, PH 531G Jlis ps ol
ke Oles s ol a3 Lt el anl il e

sl ebﬁ‘}.ﬁ-UJg.«Jg_é:b- O‘J'.:A

VAL @ AYeY gl oY o ladi ) Yoy 90 cdaaas Cudilags udigo dlae

Sbocew K Gl Aoy sldales slis
53 CMC S Spam 55 s 3550 slayssts
o eals OLES (a.x..zwda.,. Jiy Gl Ao ) ) Jse
Sl el i 5 AT ol (Soxp ol
S Gl Ol i 3 el ey Je (VL 2535

Jelss S S 5 503 0 IS ail e o laee 3


http://dx.doi.org/10.61186/jehe.12.2.171
https://jehe.abzums.ac.ir/article-1-1083-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-06-07 ]

[ DOI: 10.61186/jehe.12.2.171]

b i L st s e JlacsS) sl fio oS 5 S potes S pts 55 o sl e 51 IL) S g0 i 53 eatings 5 55 oo

Design-Expert® Software

Perturbation

89 —|
Removal (%)
® Removal (%)
Actual Factors 83.75 —|
A: Initial concentration = 80.00 __
B: Does = 1.00 o<
C: pH =5.00 ‘_(;
D: Contact time = 30.00 2 785
£
[
x
73.25
68 —|

T
-1.000

T T T T
-0.500 0.000 0.500 1.000

Deviation from Reference Point (Coded Units)
S B ..\.1,\5\40..\..‘»‘;.9,9 Jlast CMC O3> g s JS._JJ.:\:-J,M‘_;UJ‘,:SU Sl oS 5 Sl 408 -0 JS..:-

s 4l Sae a8 3508 G Ol 6J~Q~SJ.~>U
Sla0 s Sdome by ity b b slacalo 043 ¢ LA
ol 5o wlis pub 4 adl Ol e Sl S
FB R e D3l gl (LI el S el
GBI el s e IS B s e s
S slabg d Gl s 53 e oyl sl
ol Y s gaoley 5y Jl= nl bl
4 Ll e aS 513 Bl Ol p (S b Odls s

Al ol odr ol 4 O, b Sl ey s

Removal (%)

ST
R e
s
.

120.00
10000

80.00

B: CMC does o7

60.00
050 4000 A: Initial concentration

Removal (%)

by S0 Gl il Julpe bline 562 IS
Slds &S Aas o OLE S s e 0l |, CMC
O bl i IS adsl clale 5 pH ganS
(olse bl Sl ey = cpl by G
Olay S ot 513 gl a3 oa OLE | (5 ol sla S
ol g 534S Sl O 5 Sl O3l 53 5 e
2 st JB R e e eled Oles Rl il
ol JUdl (goduasOlis ol ol 35 o IS5 G
bl IS8 slad g by O3l Jleé slacs s

S
b

SRR
oS eI

835 =
78
725
e
= :::‘_:‘:‘::.:s;{:::::}‘s‘:‘?s‘a“-‘si%‘ims-
7.50 = ‘

/
_T100.00

_—"80.00

60.00
250 “4000 A: Initial concentration

C:.pH 375

VFr Glicss ) ¥ o yladi A Yo g cdaans Cudifuge ceudige ddas € VAN


http://dx.doi.org/10.61186/jehe.12.2.171
https://jehe.abzums.ac.ir/article-1-1083-fa.html

2025-06-07 ]

S.ac.Ir on

[ Downloaded from jehe.abzum

10.61186/jehe.12.2.171 ]

[ DOI

(%)

Removal

Removal (%)

e
S
8
S

OLEan g g ple Slolead) aeui)

85300)
et ie et el
R

1.50

T e S B S S >
L

5.00 1.25

1.00

pH 375
250 70.50 B: CMC does

i
O

250
o8
0
0%
S
5000
oS
G0

Q)
0

<300

50588

T

0
S

&
Q)
S8
5
oo
6
L0
%

%

03
0
3
X
X
0%

55
50
et
S
o
9050
5
X0
X
)
e
Sl
55
{0
#é‘
\‘Q
%

&
9050
456
o
S
o
5%
S5
S
X%
:‘t

O
<5
o

o
e
0
0
QSRS
o
20

o

2

%

05

o]

5

o

0

Gt

o

(L
X0
o
%
is%
0
)
s
&
2

7.50

15.00 7 2.50 C: pH
S IS L ens b Jlasl CMC Cila ) g 53 K6 OBl Cilises sla, 556 filie Ol 31 gy ¥ 1o gad —F S

e a8 Lyl as gazme o e 0 U8 ol g
JQ_}Y J_}Je-)zd_yidab}ﬁsju_é;\};)\}:awjj\ﬂ{@
@J&Umb Olge 4 g Jm“\f}: O’l‘ RS IR WA I

Lol b sty il 5 Aol slahlesT plonil (5l ol

‘>J.‘.§)\J§ ool S48 Ju\).?‘;o

ey
ST
CS2CSES,
e et
RIS
RS R e
LI I ST
852 T T s
ST Ss
e
TS S
e S

&
i
£
:,0

L
2

XX
e
XX
%

i

)

X
£

.‘9
L

e
i
8
ot

i

5
o
L
00k
)
i
0
iy
X
o

"
S5

83.8

X
o
(R
&
:‘Q
iy

%X
o
i

%
o
o
L
X
o
W
R
R

e
:‘ 0

W
iy

5
!

i

o

,o:
K
S
S

N

oo
S
b

o
o
o
¥
00
2

0

o

ok
iy
&
et
A%
!
i
XX
0
i
“’:t:
(5
s
5
2
W
o
&
W
2

%
ik
5
x
" 5
05
et
4
LA
B

I
A
!
2
5
R

&
¢
5
0
%

3

)
&
iy
%!
5
7

"‘:’:ﬂ'
!

&
:‘:0
2
e
™

O

A

2

X
%
%
R

o

%
&
e
&
L
2
%

L

0

L

"

s
%

1.50

L
et e
s
‘:.:o,o’o’:‘o‘ 1.25

gt
R e

s

1.00

15.00 7 0.50 B: CMC does

J3o 5ol ding
Sl Sl sty Bl e sy ol ol a
S, 3l eslinl LCMC J55 0 bau s S0 Gd
el 4 glaws gl ol e gode (ilbag
Oljpe G5 S1o (OF 3 oS A i o IS oy sllae w0
sdd A Sl s ol Gus Olge 4 I S0
3 ol e (UG Ayl chle pH) i gla i
Lo S 518 pasein laessd=e 55 (Luled 0L

Lyl 5 4 gamme Y0 (g0 (giludg sla sy 5l eslaxal

VAY @ AYeY licus ) oY o lad A Yoy 90 chasas Cudilags ceusige dlaa


http://dx.doi.org/10.61186/jehe.12.2.171
https://jehe.abzums.ac.ir/article-1-1083-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-06-07 ]

[ DOI: 10.61186/jehe.12.2.171]

S K L st s e Jlea] S el fuo enS 308 poites S5 potst b 55 o] slaslae SII) SSii G g s (5 leatings 5 (55 Len e

CMC il g 55 JS5 Bl fusly i s Jiiws (5l s gy 3l ¥ Sy

\ AAVY ARVARI

AR ¥a/v4 \

Ll ol am ST sl o3y doo s A/ Lal i ol o
S S g Lol yls sl Jie bass 5 ol o i Sl
(e sl 2 3 IS5 oo Olon L8l i) gl IS
Stk Vs 4 el S sl ) s e AuL
oy 3 bl ARGl glalas dex

AL e s ol el sbaggsluesln b 3l

B

40.00 120.00

Initial concentration = 49.79

I

2.50 7.50

pH=7.31

68.9333 88.38

Removal (%) = 88.7239

PH 2 5 8 e FANVA IS0 sl lals 557 AVY
YN olad Oles 5 2 8 V/FO il Ol e VT
ol ot e Bl s b bl (ssleane
JS5 G Dl 48 5l 0Ly Aol s A ol

I

0.50 1.50

Does = 1.45

L

15.00 45.00

Contact time = 39.11

Desirability = 1.000

CMC il sz 53 IS5 Gl gSTum 51 dsl o oy (5l e o g0 Ll g -V S

Sladism JSi5 L Wigs 0 CMC o 5 e
Lo gloy Dbl O Glad S b S5se
Db S SS il mha (655 L0 s opl S
Slaed ¥ Gl 5 Sl s oYL LUl CMC (s
USG5 ol sl of glad s 51 S (538
Jbtle a8 Oasle il Sl eslaad L (Y4VA)
o5 SLaails 5leas W5 CMC o o3 Jule glaoy S

oy
shls CMC a8 55 0L 50 3 0ol zeiwcids b
(oS 32 S oS sk ile (5 S50 63 Shoe glaoy S
oS5 S Sy S ol C-O ks 5 s
SolAp a0 B e b sy Ll s« (COO-)
IS b e L L3l S0 b s S el
JeSosden slaes S (G bl el iz

V¥ ¥ Glicue y ¥ o lach A Yoy 90 Joune Cadifugs oruaigs ddae ¢ AT


http://dx.doi.org/10.61186/jehe.12.2.171
https://jehe.abzums.ac.ir/article-1-1083-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-06-07 ]

[ DOI: 10.61186/jehe.12.2.171]

OolSans s sle ol acas]

Jiaodes &S ol Ol IS8 Gl slie pwy zb
S sboy ol Gl VL sy CMC
3 e Jels 4 O dul B gl ol lad e
ol e O3l e 5 S 4l clale PH akes
sy lyld s Ol Sl a8 sl 0L zb
a3 e FH APPM 4l Ll 5 (V/O pH)

WS ode anl 5l e e 3 Oole el =k
sp CMC Ussam 5o olle Ol s sdasolis
b et Sy abulr s LSy ous ials
Shils slass S IS5 88 08 e ol e slacnd e
CMC el 55 ssrse JouS 0 S 5 S ool

Ll oo oltle Ol pas ol ol o0 S J':;sraﬁ
3 0S5 0le ol Sl iS1s 5y 5l gl Ol yea
iy Sledllae W58 a3 S La3 53 CMC Jled (glass S
Sale slaos S 055 1l Jds 4 CMC s Wlosls oL
(oS sodn 5 IS 5 S slaes 5 alex Sl g
ol Mol g o 005 WS 5 GV Ul
Jols oS 55 5 a3l OF bt bl 4 Boes <l
el N5l slag g Sl L 05nST 055 2a slag!
03,5 ool Bl 5 S oo oo (e 5L Olsie @ Lagl
Sola 55 Gl sy JSE5 4 53 o slals Sl
AL e Aol B 3 oS dzes 5L glao g Lo
CMC s 50 DS 55 loos 5 77 5 e
Gob ) e G s s Sl s Glos s A
sl e g5 a0y b Sl Sl gla S on
Gk S b Ks g Sl s S o s |
Sl e il e Sl B S
Slaes S (bl Db s sk s gl Slas
5 st sl IS Gk Sl feeS o
G SlaS Gdman gl sbml s Sl
ol 2L s ol sl Kl e gl 555
CMC 5 ey pamis gla pUl 5 cpl TS SGS (s
ahorr 3 Cilies sl )08 (sl el gl 55 a0 1, 0

VAY @ AYer gl (Y o ladi ) Yoy 90 cdanas Cudilags oudigo dlae

o Sl S ol Ol s s ey p | SYL
4 by o 4 VYACIT 5180 laz e Job o
JoeS 525 5 (COO0-) o o355 oS 505 slaos S &
o S 5 ol (COO-Na) e S S o
Ul s s 28 CMC s ok o3 oS s S
Redle AS oo Ll 58 el e Gl ek 00
4 AT -0 em T el s 58 ol G
U s wrniemT! s s Sl ek
LYfoem? s Jds Sy (CH2) he slass S
Maghn o3y Cond ((OH) oS iam 658 228
Ll L TTOA) O 5 ol G glaaily

ol e axdlas ol 3 edel s
D538 45 ols OLE w5 o 5 s Sen olalllas
o35 eoa5 | OF Jltle CMC U5 a0 4 ol slao
ol el 5 oST e (G d 4SS G ol sl
T PP PR WY ool e (e bl
S Sl ol b s g esls LI
oy it el sl 3 s ) S Al S
5 Jioshe ol Il Il Cel al glaos
5o g a8 iasn s ol el Of (g plboll
5 oAl CMC U6 s ol (Y19) oS
(CMC/MOF) Ji-s35 s l/CMC s 50lS
ST R ST AR T P PES IS P R PHN REE
s CMC s S 515 0L SEM bt 23 5 13
bl e s S L Slseal 5 p5 sl oL
D 3 e 53 5 oled ml Ll 4 e Ll
SISEM. sl blis s 35 0 S (5318 sl
5 o e e CMCO/MOF &0l
oo Gk sy LS5 s aS ol 0L | sedatel
ol 2 JeSade 5 S e S ile laes S o
s les ot ag a5 ol el Ly pelS


http://dx.doi.org/10.61186/jehe.12.2.171
https://jehe.abzums.ac.ir/article-1-1083-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-06-07 ]

[ DOI: 10.61186/jehe.12.2.171]

S8 o Lossis it e Sl Sl foio eSS ot S5 s ota8 b 55 o sla shae 51 I) JS g s (55 Ludtings 5 (s LenJuo

Ll p b eoalad o 58 5 (S0des LAk gy sl
Slaadllas 53 (YOA) Oes 5 Sgp oS o Sl
OBl 5 CMC y50elS Gl s S o 4
sreo sl 5l il g glaea VT Gl s
Cob b Ll Sl nl 4 3l L s s
G 4 ol Cilises g gl ¥T Ll gl VL
SLa0s Sl o5 MB olie (D3l Sl S 8 Sl S
w238 5 (S s VAN) s (o S oo YAPN) e
s 5 T as Gl T glad sl (p S ke AN)
e G e Slacilr (Y1) 01l 5 skte S0
ool gl Sl S 5l eslizad U 1, CMC/ol 25
oy Gl 3 1y ol Gl s Shee 5 L3S e
b ARl Lals s e s eeslS (50
Cod,b gl s slailr plas sl Gl C’L" L3 gl
Lals 0L 3 Sl lailr ple 4 Cod 6 SVL
0SS ke VN0 L dnls S sk
S Sl PO 00 810 S e AY/0 5 Cd 0y
S8 Gl bodlr pl fewily @il 55 > Sas
Tl on st S D50 00 T o kst
s A 50 sl (gosks (Y19) OLs 5 Jeils
(LALLS L ais I ol 3) e Sl s CMC
53 Cr(VI) Gl 55 YU LS a8 K58 b oms |
Lol Sodll Gl Ol S0 ol OLES ag ol i
Ml s w ¥ Ll pH 5 LY SLas s /VAAD
R g s 5 (YY) OLes 5  Sllue
SIS On Bl gl D3l Ol Dok w8
Oseelpos b S dam s sl ol sl sl
Olgea FeCls 3l eslizal L Js,m o2lS! les
Ol e «Jglome PH ale el ge 30 0 ags saiSs)
Wile bl b sl 5 A ) oled Ol 5 3Lr
BB S anlis i S s oV (el 51
Sl Ol chle (313l L Gl dw s oS sl olis

J..ol? &L:.Ua .b.;}v.ﬁ).) e C}La,\ib U'.’.J""":":"} Jul_lw

(S ol gl 5 S 5 el Sl
Pl e s @B Gl bl g
e Sl e S b bl SO 5 Gl
Lol sbosdas S8 (Seluose s
S5 e S s 4 (CMOC) ke Jas oS 52 S
ol B2 2 edmols (0> AG) S o
S a0 b Jlad 4 e s cnl Pl ) b
o515 4 CMC Ul lale slass S L L &)l 52 61
5Pl B e ¢ oS 5ok 5 SMnS 0 S (glaoy S
O el 555 Sy sl L5 4 Bl 2alS 5
Sl ale gy S nl 5 (IS w5le) 3k slal s
Sy as bl onl oesdle Sl e YL LS
RS S e RETICN PL ST (TS SV PR LS
Og Olbe &S Cosl Sannln,; 3555 Gl gy VL (555
F3o 3 8das (5oLl s sd e slml CMC 5 S5
o gbkow 5l IS ko Gi- s |, CMC

S L e e e
Gk todr b bl (0 ol arg G
S g el Zeb Il 5 8 SamliasdS
Sl 2k 5 ead CMC s s se Jle laos S
Ll e M SR L USS sbos
5 USS sladg G LS il il Sl pe 3
OIS (YLl dal 5 35y (6 S b ol b
SrShaS il 1SS bl s hla)
23 Lo ool 3dze 0AE lT xS LCMC

Bl S ool das e Sal ) il e Ll 2
Sde Vb sl 5ot o Jases a4y Lo VT 25 5L
Gl ol anllos 53 oS o el |y apbal Al 3
el o i W Sy ool danly 4 5 IS 0
Sle @V Ll IS 0 s Al SO Ol
Sles S 5 2l g8 P sl b OsebdS
5 odr 5 guds 25 CMC s s e oML 5 S

U Sk slaes S cpumman S o Wl O cos

VFer Glicus ) ¥ o ladi A Yo u cdaans Cudiluge ceudige ddas € VAD


http://dx.doi.org/10.61186/jehe.12.2.171
https://jehe.abzums.ac.ir/article-1-1083-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-06-07 ]

[ DOI: 10.61186/jehe.12.2.171]

OolSans s sle ol acas]

Gladas 5l aslS 5 IS K D155 Olojon i

el
PH (S adsl bl asle Cilises gla uine &30
s s IS0 Gl 0T 5 5s wles Oley 5 3l s
Gl Ol n ¢ S5 adsl ke 2l 31 L oS sl LS ol
S b pldl 4 odas sbas oS bl o alS oLl sba
(Bl 03 38 ap g GOy o b, 5
e e COURUEN i (O FHIPURSERVE o) AP
Glaos S OAE G55, 55 Sk & Sl (S Ly,
ik ki CMC ksl 55 feSooda 5 oS5 S
5 oy Ole bl sl anils JalS & &S
lass S coml PH 55 .V o SGs Gl slaey S
Rl Ngdh o gy OAd w4 S sod 5 S g S
SH G0 s Ol Slialy Sl andls sbwl 4 s il
YL chle ooman .:;dea ol glacsle 5 IS
S s b sl Jslo 53 H3O L HY glas s,
sl 4 G5l Glads e Sl g 0S5 B,
ey, S PH bl Loas e oS Sl
s ookd fus ((COO) eSS 4 JeuSs S
Dha g el gy s Wl e 8 JeS sodes slacs S
w3l i el e glasl opl MOl s i
e gl s e (55U sl g e Sl Sl
2SS Jalse 5l (S5 23l s P e ks
8 das e DL S 5 ol (S Sl Bl ]
Obely Ll o ume J= G CMC il - 5hane 201530
5 ol slasle sl Sl s o 1, K5 G
Clile 5 PH b aglis 5 ans il 31 il Jlb e
AT il Sl T35 5 SE S I plos 1
0 & 35 S e sba O3l sl 5 eled 0L
Dl g Vo B ke 4 il 353 45 Ll i s
Yozl 5 bl S5 Gl g gome 50 ulas 0L
R e L B N A

VAP @ AYeY (L (Y o ladi ) Yoy 90 cdanas Cudilags cudigo dlae

S s ol SEM slas candllas ol 53 558 o
T s o S50 58050 2 o 5 B G oG 5

Tl IS oy Gl
po3 aros Jbe A5l 5 bl aes Ol Lol s
Log IS0 Gl 0blly pw e gl aBl ials
Gl sl s i 53 Jde YL s 51 oLy CMC
p-value ,slis .coils Cilises gla e 50 cou IS0
S Ll 0L YL Ad) R? 5 R? slis fpimean 5 0l
S S B sl iyt Sl el b Jobe
5ok sdalie Slaesls (o o5 St 5 Sl 0l
5 oo slSUl sl 3l sy edd e
alllas > ol IS0 Gl 0T 5 Chs 5 55 Je 23
s PH (o3l U (YA oL 5 S8
oslial U ol J o 51 S5 0 Bl 03308 o
ol s 35 aalllae 3,50 i WL Sl
5 b e iy Sl eslinad b IS Gl el 4
Central Composite Face- _i;, « bl ~I b
g Bl a8 sl OLE s Ad oL Centered
O adsl clale b ol Jlows 51 S0 Gl iSTas (gl
eSSk V00 3l s Jald e 1 s 0 S ks
el 4233 3 553 V00 D330n s e 5 V/OY pH =) s
@33 edias 0L (RZ 1 /AVAY) as oy VU lkis
o T e 1S 5 S i 53 Jde VL
Ll 5 ile Jaw g o plndl a3 53Ty
Gl gl b ST L e bl 5l (Y4)9)
oslital ol (glad shos | o3l 5 IS5 slal g Olajes
ArPH g Ll o 50 8ok Ol adlls ol s s
5 azds PITA Wl 0L ‘p.f VNE Ol e /AP
10 5 00/0) 5w el 5 IS glal e sl ke
WO cpl SULAVY STLASID b 5 a2 p e S e
O3l (YL fenily sasOlis baasly ol s bl

Sl Ll Ol S Olpear L ST ek


http://dx.doi.org/10.61186/jehe.12.2.171
https://jehe.abzums.ac.ir/article-1-1083-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-06-07 ]

[ DOI: 10.61186/jehe.12.2.171]

S8 o Lossis it e Sl Sl foio eSS ot S5 s ota8 b 55 o sla shae 51 I) JS g s (55 Ludtings 5 (s LenJuo

clle pH a5l )l pdir avg ol & CMC
o3lizal L syl S pled Oloj 5 Bl 540 UG
OF g3 &S Wl cows & ol b (giluang Jiss
Cn A 5 oday (V) Jlie iSha a0 T3 IS S pllae
el et sl cul el Jol- IS0 Sl Ol
ol i palie L (O] Lo ys F/A) a8 L]
8 5 ilwag Jbe (YL s sasOLis (Jbe Lo 8
Sl adlle 55 (YOVA) golow sl as, SIS 4 by,
Gl gy Tl 5 el Sl Som S T b
Sess ol s oS el ol glad gl I esls
(st BB a6 bl Jue ppl a8 sl oL
S e o3l Ol S gl 1 Slhes Ll
53 dae VL L sl S O @ S cgllas slis
oslatal el v canllan -l Ll R Dy
5ol wiar slady T (laang 53 S WSL s

TS o aST o3l5 glaoasNT i

oot w2l (G aady ol Sl eslind G gladle s
2 oS G e VT alS Gl dad s
adllas 5s ool anl 328 Co e w0 ol glad g
I3 3l el lad shoes 5l IS5 Gl glaeny 51
3l Ulgea S S Leas Sl s CMC
sl adlas ool s ds esliad S50 5 S8l
3NS5 S sle glaoy S 03 Lls s CMC
G oL S GV Gl Ol S e
P U PR PO &
e Sl 88 Sk S (Sl Sl
oo 3 S el g il bl gl LS5
Cel pH il a8 sl olid Cilises o uaie ol S
P 5 (e e L RIS s IS ol 2 e
Ol 5 23l ol (poman 5 o HY lad s <5
sl chle S - s il gasdee St el

S EMC Jioie b IS0 Slder Oletl, Sl 4
S b slachle js il sy (6 e sl
oo rd 53 s CMC ol Loy |6 Gd> Ol
05 e YL sl C}a“ e dbs cole (ool slass Oa e
o gbacsle 4 ol 4 IS el el sl
Cose Sioosb a cde w5 L fuas
@ Ol Ol  JSS adsl clals alpl b Ll Y5 S s
Qs 4 Ll 8l ol b e RS e sb
SSae (S chle 2l L O e sl alie
Ko 5 g Flal Loy 4 3l b glacs b
S gl s S Sl 1y K5 Ll slao s il
2oesdhe (V de o Cadpdome 0 O3lr Ol 2 b
Lol S IS slaos YL glachle sl
Dol S s S Slann 5 e 00 S
o lacsle 04 3 pde 5 O3l Jlad plan 1alS
o UG Sl VL slaclale 53 s 53 00
Ol 53 s JB LRl Ko 5 asly hals s
S 35 015l Sl coman mmld 1358 ool sdalie i
LB 36 IS gl Jslme b il oled Ol s
5 Lol sl S bl Gl Ol 0 g 5
ol AL aS e HUaD) (e Cdr sl sl &
Cao IS 0w sl Jlms L 3l el O
o Ol al3l amed 03 5 Ser s Gl s
Obey oo Sl ey 45 505 BLAS o 8 i Lal 333 pal 3
Oles st Sl 5 dow)y Jolas 4 dr T3 (a6 S
U Gl ol s » s MG 5L el
O3l Jl glacyle &S el O 51 Sl el opl il
4 Al (Gagdoms e bk 5 el il Ce
Ol paseie Ol Sl 38 31 e S Ols
B T I LI YV AR

2y g 29 sor 5 G
Al plaes o ol 0L ke gileag 2B

Jiasdes Ly (s VYA SS Gl Oletly

VFor Glicus ) ¥ o yladi A Yo 9 cdaans cudiluge ceudigo ddas @ VAV


http://dx.doi.org/10.61186/jehe.12.2.171
https://jehe.abzums.ac.ir/article-1-1083-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-06-07 ]

[ DOI: 10.61186/jehe.12.2.171]

OolSans s sle ol acas]

g [V RLIVI VAN
eSS M ol b colem b sl g
.g,_ﬂ\w;rb,;,lgu)sot_dl iy (555l 5 xs
s bgan bl L o8l ol sl lie o8 a5
L ol 5 S a5 JlS ol (g yme 5 Jbo glacalas

Sls

O] Uba Mo

SN Dl plad & Wdgate e OB s
e 5 ale slas bl ule s alax 5l Rass
el ki Zoley aalllas ol il b

VU Sdauygs oS line

(St b (Soler g 1 g5 LSl ol b -
ok e

Ssbe Ll 2 laosls (g5 o -

Gske Sl el tla bl ol ! -

Sk bl el :@L-.; oyl Jdou -

VNP NN VTP S PSSP g W WP
sk

ke bl el tdlas ol asend 4 -

b olio e llie oG Sl s 5 6 S50 -

Sob e (S e

VAA @ AYeY gl (Y o ladi ) Yoy 90 cdanas Cudilags cudigo dlae

oo s eslizal als OLES 0T Gl e sSrs (5,80 IS
@b Bl fals pgs ar s dbles b maly <l
Silotngr 3,5 b 1 e lald 55 Joe et
FANVA S adsl chale s oS sl 0lE Slles Ll 2
A e S VF0 il Olpe VY PHL 23 0 S L
MVY & S Gl Sleily wids YAV ulas Ol
PN o P B PO R K VP U 7= W W
S8 mssa Sk l mls S L bt ol
SIS oy Sis s CMC J5ue VL
3 sy BB el 5 s e 0l 1y o sladases
Sl oo ST Jasescan s las )8 (gl osle o]
0 s slgdy edsloat glaasl @ g L
S 505 CMC el (ilaang Gis » 51 Sladlas
s Gk o Ll e oleang ol s g R
Lo plbed Slol sy Kl S Oen
S Byt b eop s ST e sl
Gizms (S 5 Sl LIS Sl st 4 o g

.JJJ§
ol i Lo

Ju;)‘ L;wu)ts 092 Mbukiti )l ‘-;:&u Jo.dk?- dud

6)_9\.1.'9 9 s M C))’\?.a;d &5l O g0
S OB s dewsip s EL s Ol S i

J»».“:Lq.o@ JQZJ o\ii.'ol.h U‘i‘ 6[.&@»;“[»?-

N s OB s 5 G b Sl edle u.;)wa;;@


http://dx.doi.org/10.61186/jehe.12.2.171
https://jehe.abzums.ac.ir/article-1-1083-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-06-07 ]

[ DOI: 10.61186/jehe.12.2.171]

S K L oid i ye JlaT S sl fiio i 30 S pactis S35 ots v 55 o] (slaslao S1T) S5 g i (5Lt 5 55 leuJuto

References

10.

11.

12.

13.

14.

15.

16.

17.

Sodhi KK, Mishra LC, Singh CK, et al. Perspective on
the heavy metal pollution and recent remediation
strategies. Curr Res Microbiol Sci. 2022; 3: 100166.
Genchi G, Carocci A, Lauria G, et al. Nickel: Human
health and environmental toxicology. Int J Environ
Res Public Health. 2020; 17(3): 679.

Satyam S, Patra S. Innovations and challenges in
adsorption-based ~ wastewater  remediation: A
comprehensive review. Heliyon. 2024; 10: €29573.
Godiya CB, Liang M, Sayed SM, et al. Novel
alginate/polyethyleneimine hydrogel adsorbent for
cascaded removal and utilization of Cu?>" and Pb**
ions. J Environ Manage. 2019; 232: 829-841.

Ismail UM, Vohra MS, Onaizi SA. Adsorptive
removal of heavy metals from aqueous solutions:
Progress of adsorbents development and their
effectiveness. Environ Res. 2024; 118562.

Hossain MS, Hossain MM, Khatun MK, et al.
Hydrogel-based superadsorbents for efficient removal
of heavy metals in industrial wastewater treatment and
environmental  conservation. Environ  Functional
Mater. 2024; 2(2): 142-158.

Mittal H, Ray SS, Okamoto M. Recent progress on the
design and applications of polysaccharide-based graft
copolymer hydrogels as adsorbents for wastewater
purification. Macromol Mater Eng. 2016; 301(5):
496-522.

Kanikireddy V, Varaprasad K, Jayaramudu T, et al.
Carboxymethyl  cellulose-based  materials  for
infection control and wound healing: A review. Int J
Biol Macromol. 2020; 164: 963-975.

Rahman MS, Hasan MS, Nitai AS, et al. Recent
developments of carboxymethyl cellulose. Polymers.
2021; 13(8): 1345.

Kurt BZ, Uckaya F, Durmus Z. Chitosan and
carboxymethyl cellulose based magnetic
nanocomposites for application of peroxidase
purification. Int J Biol Macromol. 2017; 96: 149-160.
Yang S, Fu S, Liu H, et al. Hydrogel beads based on
carboxymethyl cellulose for removal heavy metal
ions. J Appl Polym Sci. 2011; 119(2): 1204-1210.
Hiroki A, Tran HT, Nagasawa N, et al. Metal
adsorption of carboxymethyl cellulose/carboxymethyl
chitosan blend hydrogels prepared by Gamma
irradiation. Radiat Phys Chem. 2009;78(12): 1076~
1080.

Zhang Y, Liu Y, Wang X, et al. Porous graphene
oxide/carboxymethyl cellulose monoliths, with high
metal ion adsorption. Carbohydr Polym. 2014; 101:
392-400.

Salama A, Shukry N, El-Sakhawy M. Carboxymethyl
cellulose-g-poly (2-(dimethylamino) ethyl
methacrylate) hydrogel as adsorbent for dye
removal. Int J Biol Macromol. 2015; 73: 72-75.

Wei W, Kim S, Song MH, et al. Carboxymethyl
cellulose fiber as a fast binding and biodegradable
adsorbent of heavy metals. J Taiwan Inst Chem Eng.
2015; 57: 104-110.

Shui T, Feng S, Chen G, et al. Synthesis of sodium
carboxymethyl cellulose using bleached crude
cellulose fractionated from cornstalk. Biomass
Bioenergy. 2017; 105: 51-58.

Lakshmi DS, Trivedi N, Reddy CRK. Synthesis and
characterization of seaweed cellulose derived

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

carboxymethyl cellulose. Carbohydr Polym. 2017;
157: 1604-1610.

Chen G, Tang W, Wang X, et al. Applications of
hydrogels with special physical properties in
biomedicine. Polymers. 2019; 11(9): 1420.

Buhus G, Popa M, Desbrieres J. Hydrogels based on
carboxymethylcellulose and gelatin for inclusion and
release of chloramphenicol. J Bioact Compat Polym.
2009; 24(6): 525-545.

Tavera-Quiroz MJ, Diaz JJ F, Pinoti A.
Characterization of methylcellulose based hydrogels
by using citric acid as a crosslinking agent. Int J Appl
Eng Res. 2018; 13(17): 13302-13307.

Uyanga KA, Iamphaojeen Y, Daoud WA. Effect of
zinc ion concentration on crosslinking of
carboxymethyl cellulose sodium-fumaric acid
composite hydrogel. Polymer. 2021; 225: 123788.
Tuan Mohamood NFAZ, Abdul Halim AH, Zainuddin
N. Carboxymethyl cellulose hydrogel from biomass
waste of oil palm empty fruit bunch using calcium
chloride as crosslinking agent. Polymers. 2021;
13(23): 4056.

Ouyang K, Zhuang J, Chen C, et al. Gradient diffusion
anisotropic carboxymethyl cellulose hydrogels for
strain sensors. Biomacromolecules. 2021; 22(12):
5033-5041.

Liu J, Zhang C, Zhang L, et al. Preparation and
properties of carboxymethyl cellulose
hydrogels. Ferroelectrics. 2019; 547(1): 37-43.
Riyajan SA, Nuim J. Interaction of green polymer
blend of modified sodium alginate and
carboxylmethyl cellulose encapsulation of turmeric
extract. Int J Polym Sci. 2013; 2013(1): 364253.
Bulut E, Sanli O. Novel ionically crosslinked
acrylamide-grafted poly (vinyl alcohol)/sodium
alginate/sodium  carboxymethyl cellulose pH-
sensitive microspheres for delivery of Alzheimer's
drug donepezil hydrochloride: Preparation and
optimization of release conditions. Artif Cells
Nanomed Biotechnol. 2016; 44(2): 431-442.

Saffari M, Moazallahi M. Comparative evaluation of
nickel ions removal from aqueous solutions using
hydrochar and biochar of cypress cones. Int J Global
Warming. 2022; 27(3): 247-270.

Hidayat S, Ardiaksa P, Riveli N, et al. Synthesis and
characterization of carboxymethyl cellulose (CMC)
from salak-fruit seeds as anode binder for lithium-ion
battery. J Phys Conf Ser. 2018; 1080(1): 012017.

Fan L, Peng M, Zhou X, et al. Modification of
carboxymethyl cellulose grafted with collagen peptide
and its antioxidant activity. Carbohydr Polym. 2014;
112: 32-38.

Jin HX, Xu HP, Wang N, et al. Fabrication of
carboxymethylcellulose/metal-organic ~ framework
beads for removal of Pb (II) from aqueous
solution. Materials. 2019; 12(6): 942.

Grzadka E, Matusiak J, Bastrzyk A, et al. CMC as a
stabiliser of metal oxide suspensions. Cellulose. 2020;
27(4): 2225-2236.

Nadagouda MN, Varma RS. Synthesis of thermally
stable carboxymethyl cellulose/metal biodegradable
nanocomposites for potential biological
applications. Biomacromolecules. 2007; 8(9): 2762-
2767.

Wang LY, Wang MJ. Removal of heavy metal ions by
poly (vinyl alcohol) and carboxymethyl cellulose
composite hydrogels prepared by a freeze—thaw

V¥ ¥ Glicue ) ¥ o lach A Yoy 90 doune Cadifug oruaigs ddae ® M4


http://dx.doi.org/10.61186/jehe.12.2.171
https://jehe.abzums.ac.ir/article-1-1083-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-06-07 ]

[ DOI: 10.61186/jehe.12.2.171]

34.

35.

36.

37.

38.

VA @ AYeY Gl (Y o ladi ) Yoy 90 cdanas Cudilugs oudigo dlae

O&aa g (g ole Sl 4acui)

method. ACS Sustainable Chem Eng. 2016; 4(5):
2830-2837.

Zong P, Cao D, Cheng Y, et al. Carboxymethyl
cellulose supported magnetic graphene oxide
composites by plasma induced technique and their
highly efficient removal of uranium ions. Cellulose.
2019; 26: 4039-4060.

Basivi PK, Pasupuleti VR, Hamieh T. Surface
thermodynamic properties of sodium carboxymethyl
cellulose by inverse gas chromatography. Chem Eng J
Adv. 2022; 9: 100207.

Hong HJ, Lim JS, Hwang JY, et al
Carboxymethlyated cellulose nanofibrils (CMCNFs)
embedded in polyurethane foam as a modular
adsorbent of heavy metal ions. Carbohydr Polym.
2018; 195: 136-142.

Manzoor K, Ahmad M, Ahmad S, et al. Removal of
Pb (i) and Cd (ii) from wastewater using arginine
cross-linked chitosan—carboxymethyl cellulose beads
as green adsorbent. RSC Adv. 2019; 9(14): 7890-
7902.

Gasemloo S, Khosravi M, Sohrabi MR, et al
Response surface methodology (RSM) modeling to
improve removal of Cr (VI) ions from tannery
wastewater using sulfated carboxymethyl cellulose
nanofilter. J Clean Prod. 2019; 208: 736-742.

39.

40.

41.

42.

Abdolmaleki AY, Eisazadeh H, Taghipour Z, et al.
Effect of various agents on removal of Nickel from
aqueous solution using polypyrrole as an adsorbent. J
Eng Sci Technol. 2012; 7: 540-551.

Garg UK, Kaur MP, Garg VK, et al. Removal of
nickel (II) from aqueous solution by adsorption on
agricultural waste biomass using a response surface
methodological approach. Bioresour Technol. 2008;
99(5): 1325-1331.

Abedpour M, Kamyab Moghadas B. Investigation of
removing ionic metals of Ni (II) and Cd (II) from
aqueous  solution by a  polyacryl amid
adsorbent. Iranian Chem Eng J. 2019; 18(103): 6-19.

Saffari M. Optimization of cadmium removal from
aqueous solutions using walnut-shell residues biochar
supported/unsupported by nanoscale zero-valent iron
through response surface methodology.J] Chem
Health Risks. 2018; 8(1).


http://dx.doi.org/10.61186/jehe.12.2.171
https://jehe.abzums.ac.ir/article-1-1083-fa.html
http://www.tcpdf.org

