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Using Adsorption Isotherm Studies to Determine Crosslinked Polymeric
Adsorbent Performance in Heavy Metals Removal from Water
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Abstract

Polymeric adsorbents are useful tools for removing heavy metals from aqueous solutions. Adsorption models are
efficient tools for accurate prediction and evaluation of the practical adsorption process in real situation. In this
study, the two isotherms of Langmuir and Dubinin-Radushkevich models were employed to investigate the
absorption performance of chitosan, PVA, and chitosan/PVA blend (with a weight ratio of 1:1) in the removal of
Mn (IT) and Ni (II) from aqueous solutions. The PVA adsorbent was crosslinked by both chemical and radiation
methods while the others were crosslinked only chemically due to Chitosan’s lack of resistance to radiation. The
results showed that the Langmuir model fitted the experimental data better than the Dubinin-Radushkevich one
for both metals. The maximum adsorption capacity (qmax) of the Langmuir model showed that the
PVA/Chitosan adsorbent had the best adsorption compared to other adsorbents, with 52.63 mg/g for Ni and
30.30 mg/g for Mn (evidently more Ni was absorbed than Mn). Also, maximum adsorption by the chemically
crosslinked PVA was 38.46 mg/g for Ni and 19.23 mg/g for Mn, which exhibits a higher level than adsorption
by the radiation crosslinked PVA The results indicate that absorption capacity depends on the type of adsorbed
metal, absorbent structure, and the crosslinking method employed.

Keywords: Heavy Metals Adsorption, Crosslinking, Langmuir Isotherm, Dubinin-Radushkevich

Isotherm.
1. Assoc. Prof., Radiation Application Research School, Nuclear Science oy 59) Ol (Slatan 053 5 rsle i oy o I8 eaK iyt ludils -
and Technolgy Research Institute, Tehran (Corresponding Author) nasheikh@aeoi.org.ir (+ Y1) AY+#¥\VS (J yua

(+98 21) 82064176 nasheik@aeoi.org.ir o P . . ) . )
O 5 e oKy » 0 ISIA 95 ¢ st Lo Al i \S =
2. M.Sc. of Chemical Eng., Radiation Applications Resarch School, s 23 s 2 el et s Al S T

Nuclear Science and Technology Research Institute, Tehran U6 (lan

9P Jlu 7 aglodis alsligal Y-


www.SID.ir

il Sl e g ses glassas 23S e VY1 Y]
=l 5L bama 53 T ISl s 55 5 oSl Sl (g oy
VO] 35800 gl b (LIS

/0SS5 (Kb 5 SOl ol ol 55
N3 s 3050 6305 gl ey 03 ead ISl ISU) s
Y S R N PE DU SN ISP P ISR L ST 4
ol s o sl e 51 S Sl i Js )Y
I s 35 (SHls)lse 55 s/ anb (5 ey S5
53 0lLSen 5 (Ssld i 4 0155 oo oz OF 51 8 o w8 S
3 ol g |y ol el 5l i ST L
iz (Jls e 534S 0L 5 Luilale b cslos god (o2
IVY-VE] 58 50 el o 5831l 1 G338 o3l L nnslS

3l laslinal U 58 5 JS 5 s o 8 Ll
el s 13 ol sacs 158 05586 S L s b/ 05 528
3 58K 5 S Qi sl 580 by 5 Shee a3
sLousls g3Ladas 5 oy 25 PH aels 53 o sl sbne
Lo bl Sl —omss 5 eV Jas 93 b 0l les
A g lie S50

b sy 93l5e-Y

Sge—-\-¥
S b s as s VYoo J S5 ('J”Lo’bm‘ Jefachy
SEARERE IV 02 L olisaS 5 Son 2852 Shae 15 9A

VL2 PP PO UPRT VR R P B ROES LN E R
Sooa S sl iao )3 A o sls 4250 LK) sl a) Ll
LS S S ols S e s VY o5l sl
o3 00 J s 5 S 0 S8 5l s 1Sy s 5 S

IERV. U AUt G5 W X1/ S

oS5 5 S i o 05 s ok 4 Y-

JS s (b /0558
5 0l oS ddoe il g ey sl ldd 45 (61
Jsdone e sl m o iud g Rl S0 s (A Jslone
a0 531 /0 J sl s Vs Qb’r"—.spfv O35S
b (6l ah s 5em g B gl 4255 YO Glos s Sl
eV s B s Gy SV IS sk sk
o e o 5 iy g s A (les 5 e O
5553 S L Ll S5 5 saal Csty g paly (o shme
<+ /VY emslal 4 glis o B g5, - 5 =i (V)

v alsligul

dodde —\
23 e S5 e s o sloc b 2581 Lo 0
N D A P R IR S LR
23 oS Ol ol eble w5 L 5 pls] 5l c bl
WOl glee 5o [V ] 558 sl Sl s e wblole,
Jdses IS5 5 o slodame 3 5L (San VT sl w525
S sl 3 S Dl 55550 250 5 Coam
Lol ois al b (ol sladaroa 5 S Sl Gis )
3 rblesin it S it ol 4 sl s sole o
slaosls g enl 53 IV 5 V] cwlons 5518 was glosls
Cenl 5oL VL Gl i b s el 50 asle 2 b
Sheslinal b Laosla ol 0 58] ashos o sy 55 0 (g it
30555 O3Sl asle poddy ¢ 0 533 52 50 JLad gLy S
o=l Qi Dud 5 i S i 1 B slapy s ) s s
56 o g s SBl asle 58 gl ol 4 sl
s s 33 pn JUod gLaplSe sl sile L3l s s
803 L g sl T 3 o ss 53 5 oS ! &
[F] ol ansly

65 ol ssbi S Sl oy 55 S 03 S
S L s ok sy 3 el slons S 055 el
2SSl a8l (S 5500 48 58 L sl
Ored 0 g "L Sz 5 5 w8l ey S Sy
ool Las@u;lo_.@g,uu)\ﬁ;);jo\,:;g;_wxﬁ
|5 el S 5 e 03528 s Shas sz a5 53 358 0
o il o S o al 5SS 500 55,5 53 o 5l
Sl b V] wsd 28T a5l 5B slaos b gnism s
s D58 (6l 01558 51 (55 Dl 2 Jeily 058
A3 sl s G5 T sladaoma 515 5 gex v 03 S
sloi Cnglie 5 SGLSe Lol s 5l el 5 ool Gliilia
S oslial ol s onl 5 5mgs s shizods 13 w55 2 (oolin
o) 53 IA VT St (55 (sl ady L 0T b le
ot 5 (S ol g3 0 ls ddsa IS ety s g w0l
Coad o e st sl i Gl sas LS 55 05 sl
(s oy i Sl L JeSs e sless S 5 5a 5 S
Sl 3l g 3 O35S b b (gl i Sl Slsl

Chitosan

Deacetylation

Acetamide

Artemia

Chitin

Amino and Hydroxyl Groups

N LA W —

IM9F JLu T aglods


www.SID.ir

3 Ol e (6503181 -Y-0-¥

L5 56 sl el sl Gl gl 2501 5 shies
a5 Voo ppm G A ppm aiels 31 asie glo clale b 380
LS5 5 S ISl 05, S BLSI L b shone pH s
L,.kg_.g..\_.:\.71:';(pH=\/)u:.,=,)5¢ or) sy e slade s (e
o o3la [l 510 L S OLSs 055 basd (55 Dlakad
b oad Sl S ety woad gl o5 52.5) s
Ol sbe (V) S L gl o oSt S5 5 55
Lo a5 w0 asls 1,8 5508 gl sl ol 51 5 o 0500
ol el V8 b5l ey o 4o il (55l Jslos TY
o3l Ly Jslona 53 0uiladly (58 (slagy s o slos 5 3> 05l
sl Cble e ule 51, GBC 902 Juo o3l i o&aws 3
S 56T (Cp) U slome

ol ety 5 il 514Q0) i ol <ales s

(C. —Cp)V
_ le (\)
QT);AS
)5 S ke o s 550 5308 e sl B G
ﬁ’v‘ﬁjﬁrﬁukzﬁwjedﬁl’“&w@wwcf
Ay e Sis 3 2 My 2 s s g0 Jsle
-Cw‘pfw;e

52k w53l g o gl Sl S5 a5
i S e e 2

Jde

iz ¢ 53l lalllaa YooY

Gz gloe Sonl slaosle s St G 5 iy ¢
o553 a5l ol )l csoslis 5 s 135 g0 oslic
e 5o Sl Ml ll ol Jus ool aS5Y
Gl anl b (alas Jldy Wil 00 3l il s Ul
3B 3z se 5B 0028 o Bl e 5l pl S 0l 1y
(¥ adal)) aos o oLadh (Jslos) mle 56 5 (3lx) aal>

bq aCf
—_Tmax 7l Y
Qe 1+bC; ()

ol s &S
oSk o ol 56 s olas JU s (58 0 clile g
> @L‘juﬁdéudl’ﬁd}u O &E.L&Cf‘rﬁx
S e i b b i Qe 2 53 Sk

1 .
Langmuir

I49F JLu T aglods

2 G s St kDo« e
el Cowsddy Lej S5 5 IS s 5 ol3nS 5

tloond (a4 00 IS lagdd 4 Y-V

38 g Wb IS s )3 ) Yk i) o Vo v dls e ) s
s Bl T 4 a5 WA Sy s g el s o ¥ s
b/ o5 s JSU s s ol S Sas sl 51
o=l s cell VY Cus 4 L8 d> e Slsael s IS s
sty Jslos sl Lacld oy 5 5l ey w28 S 18 sl
NSY[PY WPOUTE oy WY A OV 5 (D DU JUNGE S W P
33 g 9 B st Sl A Ge 4 o5 sles s s
Lad S g am 3 £ glos s ol

PR P 4end (1S sk 4 -F-Y
salS 3ol b le o 58 o (U Sl
ok (o554 ) e ol s i s g5 o G Bl
I8t sy S s L ol S5 5 Lalls ol 528
Hasu Al IS Ly Gy ol b 5l s o PR

V] s GlSs 55

S G 3l dS s G (o5 03503 1SS shiag,
S ) S iy s at szl [VF] e 5o s
Voo sl o s 038 55 il 51 L St S0 L
Qwﬁﬂ(ﬁ*“ﬁ@)ﬂ)—w-‘w‘ﬁézﬁ*‘ “T}TJ:‘.‘.JGL:A
QJ.&J;Q@LMLS\J{NMQLU}“J'\..Q»:\:)\} 332 ke
o) 3hamm il sslimal al 5 OF sl o S s by (L3
G 405555 e SlS ylonn )50 IS0 s ol ol o5
5 9d e 5 (358 Jsbe 51 nd b Vo0 (ol S glazis
)\J_E\/T’kGy/hrj;éf'gF‘ ;JLS@;ALN)JU:{UM
Slam DIV cd iy Lol e o KGy 55 L (55, 528 5
et iy slas o e T st Gl oL s 20
A St gk 42 03 70 Glas 03 0l 55 e 5 03

Ll 9y 4 0 i Oladlas -0-Y

3 el J shove dugs —\ 0¥

58 5 SV e ppm s st ST slad sk 445 51
o i > Jaie T s 580 IS 5 IS5 IS sl S
ol Jsle 03,8 58, 51 (550 sled sl Koo sl bile
5a] Zewsty 51 510+ ppm 5 Y+ ppm A+ ppm & sony

ullsls g ol Yy


www.SID.ir

S s 0l Jalls Glaosls ¢ o | Qi o YL
il g5 e Waasls ool 0T 3 552 50 ole slaes S Lsa
b IS g i wnl b oLl gl Jels SYslee baw

.L.l‘ BL
O bt (e 4 o (5) Kb UST) U S/ 0SS e
T rlaeh en 42 00 () St (RS oS L
T bt ey o sl 4o n IS Jitas Sy oS L
T six Gen w2 0ab 5] St U Unies Sl oS Lr
25
20
—_
20 15 4
£
S 10 1
5 -
(1] T T T T
(1] 200 400 600 800 1000
(PPM) ol =alale
S o5 a bae i o isnl-) S8
A et ey i g e BN e i oS by
I et ey it g s e e
e il oy 4 i e T ity g S
L il Jom 4 ke g e B Reiry gl
18
16 - .
14 2 -
&= 12 4
Z 10 - .
Z 8
6 - S
4
2 -
L] T T T 1
L} 200 400 G600 800 1000

(PPm) oy = lali

e 5 0 4 by se i 055 - Y K

IS5 3 Gy eSSy o Sl ks OVl s
J‘))A.; J‘ Y sl Ui‘ ol 00 bl ULI.;\ dﬁ-" ))J’ﬁ:ﬁj
Colgt e s balgy ol 5heanT e St 1/Cr il 3 1/qe

A e m et Qi G b e 53,00 50 S
VAL Qﬂ‘r;‘;\?@

Cowsiss Jo Sl ol 5l S us s Y r,?j}l\
Sl 3 IS 4l 0

e — ")

de  9maxbCs  dmax

szl ol sread 4 S LS s 0 5]
> sleadla s rj_?j).l\ 0_1\ Ry @)i_io\)—o.:_:.__gﬁo
DAl @ 3515 2 55 5550 sl Cdo laas) b

qe = qg exp(~be?) (%)

o ys &S

bbbyl s Jsbes JUs s 58 o chale e
s ol 51 &S ghis Ods sl e o Gl5l & i sl51 (655
5 Qs Ll baS e CS > O3l Cas 4 555 ulg
&y hla mhw g Cianle Qiz Glie g by e
JSE 5 ol ol il 4 Ly Sy Vg il
s5hen 03ls Gialed 25

) N RTln(HCL) )

f
Gl 13 g 4§l st s JS2

lnqezlnqs—bs2 *)

Sy i -Y
L 580 5 U I8 sl i glae 55l ¥ 5 ) gl
S5 5 IS s ol s Gl slaosls by
3o 4 555 e sanlie cams e ot IS Lty b/ )38
B 93 sy 5e e laSs IS s b/ 0l5 S (S5

! Polanyi Potential

o 5 S Db Dl (gl eV sl ead s Ly, -V sdr

Oil> gy Mgy
IS ey oy ol IS ey oy ol o3 55 il IS Jeie 5 b/ o3 55 3l
EF A Podedd (ISl aleed oo ond IS aleesd By el IS alend B4 s gl
Y=YV/4Ax+: /-4 Y=Y0/3Ax++/+ Y8 Y=Y\/0Yx++ /- YY Y=VA/YVxe /14 s
Y=FA/AVx++ /1)) Y=YV/YYxte /-0 Y=YA/+Axte/ Y=YY/Y Ao/ ¥Y S

v dlsligal

9P Jlus 7V aglodi


www.SID.ir

o5 S5 D6 (gl eSS 55l ol B =Y Js

Py Aoy
J ey (b 3L J ey (b o3 OlisS 3 JSI e 5 b/ ol 58 3L
S Faonead Gl lesd o aead (IS plesd oo ead (IS plesd B ead (14
b qmax b qmax qmax b qmax
(I/mg) (mg/g) (I/mg) (mg/g) (I/mg) (mg/g) (I/mg) (mg/g)
VAR A1 SVAR VARARR YA/SS VARATA | fo/f0 VARARA ¢ oY/sY
S/eevYyY 4/ o/ YA \q/vY /e VEY YO/ </ f VAR fren

cs OHCCH;CHyCHACHO l PVA

R;
H H / hy
R, o d ¢./
e . Hy \
L] o CH
H=" e g o o
i} ] R"\c"/o‘“‘""-‘ o/
\ /R, | m_m/ ‘\m Re
cu | I

15555 5 JSU et oy i Sl 5 25515 1 Lo —F S
L5 8 J sl 2

s G o wd s sl 5 Jol e (o5 2l s
S dosls 4 2l s sl 5555250 Ol 58 0 & 50
55850 Jiod (€ag) Shae 095N zen sH® yOH®

2H,0—20H" +H"+ &', +H"

)

-~ JJ—‘”) 6%-‘ L‘.‘:-’“ 53 (€ag) U PRV C)ﬁj—?sj\ u—l\
s5hen 23 Sty b H o H Jhus el (S 58 5

€aqt HoH

(A)

b =25 5 0350 Sl oased iz b3 s Sl Gupe

S5hsn 05900 JsSpe 4 Las ol L2ty o IS s s
(-CHOH-CH,-),+H"— (-C- OH-CH,-), +H, Q)

9545 U3 d> e 5 | S sla Lol coles s

IH9F Jlu T aglods

Sl osls oLas ¥ iz s 5 el oty (B 5 Guua) eSSy
Pl (gl didiy i S b e s ol s
AL slaosls ¢ o sad (1Ss IS s L/ 0l S
ey b /0l sS eaS s el cde o & ) ool
o] 5 oS5 5Ly S Sl
Oatare 313 352 s S g (L 0l S el slasls
S 2l v @led Sae s ISl S s b o3
f5= A aS il 5 5 (Ao el ISl 3l 5l g 5V
cBlate 5 O3l Sailsle ps o 1) 0385 (IS s
B ol JSCE s amsn 0lts 3l dir 0l n e o
0ls oLt ol d gud (18 5l am sl Jlisle Jga
S 55V e BV Lyl s iman {10 5] Celin
aal (g 55 5 S e 3 S s Gy ol 5 a5

L awglie o g s

LVl
CH,0H CHOH
o o
2 o } [ v 1
. oH
m m
NH, N
Gt
|
+ CH
]
N
H-C-R-C-H oH
non
0 0 o
0 m
CH,OH
1] L]
on on
) ¥ /
Polinaeool . HCHCHCHCH
Room temperature / b

_I_
OHCCH,CH,CH,CHO

53 IS s b 5 5 o35S Sl S nsty 5 Lot -Y Sl
Sl IS e s

ullslig ol re


www.SID.ir

MOH™ +H,0 <> M(OH), +H™

(\Y)

D Lo 281y el ol o s s & Cuslinn o 4 o]
3L s 5B bos wix do e T Jlise e 5 5,
B slaosm ag 2 S TS Ol o S il s )
YV PP B I PN PR ER S N PPRW W
o) oad i Sl s 5 5 VL s el Cesey (56 oo
oad s JSS s 5l i 58 o S s sl sk
LYY 5V ] a5 Gl 28

2350 b 5 Wil oo oSN el s Dl Clie a3 s
(Y] T sty Ry g 09 S S5

Rl = 1

(')

QT gs &S
Jsls sl Clle Cig o Sdoo 2 ) 5 eSSV 20D
el PP o 2 (518

L i anl B canlie 5 g 5o olKen 5 o gaen
IVFlws 50 0o o5 @osoa Ry el Sl aslazal b

lials i (R« aslio o (0<R< 1)

2 leosls ell s, F s SIS i glr Ry ok
Gy 3V s G g Lacaal il ol olas ¥ Jgux
Sl sacal sy V5l e85 g0 aled Ry e s
wes oo olis | gy ssl85l o sllas i

S5 = Lasob IS U e s (b alisen glo iy
O PSRV VNP P U I CEA WP

IS 56 i b b ity Sas e 0l Y g s
i sl ol i Laosla des s 5800 4 s
LS 5 5 5 Yo e Jlo s oK 5 okl &b plen
SLais s glad 4 0l e eailes goi 35155 YoV Jl s
Sl IS5 032 5] iy 5500 00 G flad ail by e g5k
i 58 5l e S 0 4558 o8 el 00 [TY]
35500 5 S0 Dlidind 53 0l Ol 5 S plad g
Voo Jla 5o Ol b 5 okl Jla sbay sl a3 8515 42 5
o a8 as S il s Sligg o VoY L Ll 5 Sl
LYV] a0l o (238 i Glimmnadly 585 S S plad 2
a0 0o G351 4 Sl ries i S ol
A IS5 0 sl el olaie A5l L e 55 (AH) (5518
YL ol 5 g )5 Jse 2 Js3kS =TV 0 L
08 sLapim i Sy VY]l Jgo U5k
sy 0als LES 5 &) st Wil 5 00
M?* 4 2H,0 < M(OH), + 2H" (OY)
ol ol 55 S
3035 S abasly G YL el ol (505 o gy s ples M
w8l o 351 5 > e 93 (b el
M*™ +H,0 <> MOH" +H*

(\Y)

: Hydration Energy
2 Hydrolysis Reaction

58y IS5 I3l Sl (s eSOV el S S Y s

Ryl alchle Gles
I s (b 3l IS s b 23l O 5S il IS s S/ 058 23 (ppm)
SF R Oh el GlaSd e e edd IS plend hasd el GlaSd leend (R oa 0l (A

< /Y0 < /a5 </4Y0 VANAS Ae
JFA o /AYY < /AYN < /AYA Yoo
< /YAY Vidal Vidal < /2OA O S
</YYY AR </f40 </f4. AR
WiNt4 VARE «/AAA < /AQY Ae
< /ZAA «/YAY </YYa o /YY Yoo _
/SN < /08Y < /0N < /OVYY O .
VARY4 VAR </f\Y ARE ARERR

vo dllsligal IF9F Jlu 7 gl


www.SID.ir

E=1/~/2b (\0)

L @St emss iz ¢ SR B 5qs sl 7 Jgur
Fdo ol cd by, sYLGs ke g e o Lt
JS s b/ ol S il i sm ok n )l a2
o |yl &b b o 5YL g8 Ll nien boad slaCs
O34 S VLG JSS 03 zed s bl Lo g
23 558 0 s S VL Ol s s oS wdls 38
Lol sl ('L“:

3 IS Gl sl Ces iy i e b el b
iz olie b g ol 5o eud 4 slaosly dew e 5
sanlin ¥ sz s Sos sle 3lr (555 DI en i
Sl oas Is S s L/ ol S il Sasde
ol el T ladae 51 I35 ) i gl oslie
i gl g sSEslm etms ¢ Tl s OVslas s
bad esls gLas 0 a3 Lecsls bw s 56 sl
dmlva 5 sl Shoslizal b al b ol i slT (551 ba e

oty

2l s i b oS ol gle Ol Sl olass (555 580 5 S5 il b b it w i -F s

e s Ol e T ;

> Fes il

& (mg/g) ¢

[Yo] \Ye/00 JSs Sl s b A oS

(5] 20 IS 2ot 209008 St gflgenS

[Yv] £Y/14 I oS
FY/N 5 )

[YA] SN fz T o555 5 sual G (3o

ALY £/ JSs LIS/ s I st g S 035 S 5

[¥] /5y s "ol 58 S8 Bl

1] 0Y/00 I % bl Sly3 5 o528

. oY/5Y U o .

[ob sl I % 2wl IS L st ol St JSH ety b/ 05528
A Ni o ‘

[ s3] ‘). y | U L st o) S8 ol 528

[l sne] 7 g IS ot gl ot U8 L

TS \a /Yy 8o = Pt ) 2 S s S

[ 5 ] WY o et o) S8 S

ol ey 4/ ey Frbesd ol s IS s

P 5 IS5 Sl Dl g g S s ¢ sl sad bt Lils, -0 s

Pilx o

A

S s Gk 3 IS s 5 b o3>
EF Ot edd Gl plend (B 4 0ad (laS

O ss il
@wuijjga.\.ﬁdlw @MJ;JQDM6|&,§

IS s 5 S/ O 558 3l

Y=-\++VYx+\/AQA Y=-\Y\0x+Y/0\0

Y=-\YYOX+Y/#FY

Y=V \FEXY/ACY

Y=-\Y0Ox+\/0Y) Y=-\YFAx+Y/ O

Y=\ T5YXHY/YAQ

IS
Y=\ \YEx+Y/$V0 e

Chitosan-Immobilized on Bentonite
Chitosan Biopolymer Derivative
Epichlorohydrin Crosslinked Chitosan-clay Composite

[ N S

Chitosan/cotton Fibers
Chitosan/magnetite

I49F JLu T aglods

ullels g ol Y$


www.SID.ir

e 5 U 3 (gl g sSEs)m tss 0 ) Sl -7 J g

]
S ey b o3 S s b o3l Ol o3l e (Ol 58 3l 5
e
oo sl (olasCud Pk s (gl oo sl (olasCud Pad el glasCus ¢
S5 sl L sl
E qs E qs qs E qs
(J/mol) (mg/g) (J/mol) (mg/g) (J/mol) (mg/g) (J/mol) (mg/g) JSs
YY/Y [ 24% \a/0 \Y/YY \A7AN \RVA% \#/%4
\RVAYS £/A\ Va/\ Y/A+ Va/4 4/AY Y /% \Y/AA 58
Sl anl b s g sSEsl i ss 5 eSSV slo 550 (610 (RY) 50l S5 ol 8 Vidgo
R? lade
S s b @3l S s b @3l oS &3l I s /oS @3 s
SR PRSI pled Eoonead IS plend Pasdead IS (pleend Gl e A
2S5V Fg3]
+/444 +/444 WALYN +/444 U
“/AVY +/AAY +/344 +/348
@SSl g 5]
< /AYA < /YAA < /AYA < /AYY UG
</YEY </YEY < /AYN < /AFY

JoB Y ST mbesT sbapy s i 55,5 (5 Sams
mLﬂgﬁwiésr-“ﬁ@ﬁoﬁwdw%b@i&\eﬁm
Jis 1§ sazme 53 ripad Sl e Jlnd Syl 5aisd Ol
Bl ol mede s ol e by se pdn ki, WSO
8 7 5 e Dl JSS OBl we () S5l oLt
Sl e i S s b/ ol saS Oslr 5 as Ol
O Comd () sl e 51 5mSln s S (5 slap s
Dot sad glees IS s b wanals s sl
SCSE 8L il o 5 4 el G 2l 58 o lend
Sl s )l xS S oL 1 (R) eSSY Jao
3l 3Lt Loy 5lS 51 098 Sl wdr S5 o Ly Y
Ols 0l o adllas ) 5l Jolo ol sl 5 Culgs 552
sl lats ol bw g o5 oy p ol ol S Cils
sl bl wad Qi 5 o5 £ 55 @ als ey

el o 38 Gt s

vy ulsligal

o552l 53 2 sl m (RY) e S5 ol 3 e o
saalin Joux 55 & sboles .ol sad o5l ¥V Jgur 5o i
L /388 L+ /AVY IR aads oY sl sl 5
S SRR Y [ JCH RYL LY SRR Pe
ol JAYY Loy e U /AYA U5+ /YY1 lia
o555l SIm R Ol o)l o an 53 48 S 0l 5500 cnl 2l
9035 S 4 S53 g gm sSasl ot 5 VL Sl 085N
ol A lesl slonsls b (6 2 Cllas 0 5550 o)

s rSaes-f
3 S s Gk 5 0l saS el 142 slaekd Ry cnl 5o
ir 5l s sl o5 5 ol sy 50 4 T S5
W8S 5 s e ol Sl she S 5K 5 IS I3k
G5 bm tn 5 eSOV o a5l 93 51 sbae ol (61
e oS5Y e b Loosls g5 5l aolas 3 osliz

1 . .
Regression Coefficient

IM9F JLu T aglods


www.SID.ir

8‘)& _a

1. Athar, M., and Vohora, S. (1995). Heavy metals and environment, New Age International Publisher, New
Delhi.

2. AKklil, A., Mouflih, M., and Sebti, S. (2004). “Removal of heavy metal ions from water by using calcined
phosphate as a new adsorbent.” Journal of Hazardous Materials, 112, 183-190.

3. Rostamian, R., Najafi, M., and Rafati, A.A. (2011). “Synthesis and characterization of thiol-functionalized
silica nano hollow sphere as a novel adsorbent for removal of poisonous heavy metal ions from water:
Kinetics, isotherms and error analysis.” Chemical Engineering Journal, 171, 1004-1011.

4. Gotoh, K., Matsushima, K., and Kikuchi K.I. (2004). “Adsorption of Cu and Mn on covalently cross-linked
alginate gel beads.” Chemosphere, 55, 57-64.

5. Inbaraj, B.S., Wang, J.S., Lu, J.F., Siao, F.Y., and Chen, B.H. (2009 ). “Adsorption of toxic mercury(Il) by an
extracellular biopolymer poly(y-glutamic acid).” Bioresource Technology, 100, 200-207.

6. Vieira, R., and Volesky, B. (2000). “Biosorption : A solution to pollution. > International Microbiol, 3, 17-24.

7. Ngah, W.S.W., Kamari, A., and Koay, Y.J. (2004). “Equilibrium and kinetics studies of copper (II) on
chitosan and chitosan/PVA beads.” International Journal of Biological Macromolecules, 34, 155-161.

8. Kannamba, B., and Reddy, K.L. (2010). “Apparao BV. removal of Cu(Il) from aqueous solutions using
chemically modified chitosan.” Journal of Hazardous Materials, 175, 939-948.

9. Elwakeel, K.Z. (2010). “Removal of Cr(VI) from alkaline aqueous solutions using chemically modified
magnetic chitosan resins.” Desalination, 250, 105-112.

10. Cao, J., Tan, Y.B., Che, Y.J., and Xin, H.P. (2010). “Novel complex gel beads composed of hydrolyzed
polyacrylamide and chitosan: an effective adsorbent for the removal of heavy metal from aqueous solution.”
Bioresource Technol., 101, 2558-2561.

11. Shawky, H.A. (2009). “Synthesis of ion-imprinting chitosan/PVA crosslinked membrane for selective
removal of Ag(l).” J. Appl. Polym. Sci., 114, 2608-2615.

12. Ezequiel, S.J., Edel, F.S., Alexandra, A.P., Mansur, W.L.V., and Herman, S.M. (2009). “Preparation and
characterization of chitosan/poly(vinyl alcohol) chemically crosslinked blends for biomedical applications.”
Carbohydrate Polymers, 76, 472-481.

13. Joon-Pyo, J., Young-Kyou, J., Young-Chang, N., and Phil-Hyun, K. (2009). “Effects of gamma irradiation
on the thermal and mechanical properties of chitosan/PVA nanofibrousmats.” Journal of Industrial and
Engineering Chemistry; 15, 430-433.

14. Mahendra, K., Bijay, P.T., and Vinod, K.S. (2009). “Crosslinked chitosan/polyvinyl alcohol blend beads for
removal and recovery of Cd(Il) from wastewater.” Journal of Hazardous Materials, 172, 1041-1048.

15. Montserrat, R., Ana, M.S., and Eric, G. (2000). “Palladium sorption on glutaraldehyde-crosslinked chitosan,”
Reactive and Functional Polymers, 45, 155-173.

16.Warren, H.P., and Li-Chen, H. (1979). “Three methods for in situ cross-linking of polyvinyl alcohol films for
application as Ion-conducting membranes in potassium hydroxide electrolyte.” NASA Technical Paper, 1407,
1-15.

17. Sheikh, N., and Kianfar, Sh. (2010). “Preparation of polyvinyl alcohol absorbent films: Comparison of
radiation and chemical crosslinked films.” Journal of Nuclear Science and Technology, 50, 14-20.

18. Venkata, S.M., Vijaya, Y., Subba, A.R., Yuvaraja, G., and Krishnaiah, A. (2011). “Equilibrium, kinetic and
thermodynamic studies on the biosorption of Cu(Il) onto Trametes versicolor biomass.” Desalination, 276,
310-316.

19. Bahrami, S.B., Kordestani, S.S., Mirzadeh, H., and Mansoori, P. (2003). “Poly(vinyl alcohol)- chitosan
blends: Preparation, mechanical and physical properties.” Iranian Polymer Journal, 12, 139-146.

1#9F Jlu 7 alods alsligal YA


www.SID.ir

20. Park, S.Y., Jun, S.T., and Marsh, K.S. (2001). “Physical properties of PVOH/Chitosan blended films cast
from different solvents.” Food Hydrocolloids, 15, 499-502.

21. Ilhan, U., and Fuat, G. (2000). “Adsorption of Some heavy metal ions from aqueous solution by activated
carbon and comparison of percent adsorption results of activated carbon with those of some other
adsorbents.” Turk. J. Chem, 24, 291-297.

22. Igwe, J.C., and Abia, A.A. (2007). “Adsorption isotherm studies of Cd (II), pb(Il) and Zn (II) ions
bioremediation from aqueous solution using unmodified and EDTA-modified maize cob.” Ecletica Quimico,
32,33-42.

23. Burgess, J. (1978). Metal ions in solution, Ellis Horwood,Chichester, England.

24. Hamdaoui, O., and Emmanuel, N. (2007). “Modeling of adsorption isotherms of phenol and chlorophenols
onto granular activated carbon Part 1. two-parameter models and equations allowing determination of
thermodynamic parameters.” Journal of Hazardous Materials, 147, 381-394.

25. Srinivasa, R., Popuri, Y., Vijaya, V. M., and Boddu, K.A. (2009). “Adsorptive removal of copper and nickel
ions from water using chitosan coated PVC beads.” Bioresource Technology, 100, 194-199.

26. Cybelle, M.F., Wan-Chi, T., Shiow-Shyung, L., Maria, L.D., and Meng-Wei, W. (2012). “Copper, nickel and
lead adsorption from aqueous solution using chitosan-immobilized on bentonite in a ternary system.” Sustain.
Environ. Res, 22(6), 345-355.

27. Serkan, K. (2007). “Comparative adsorption studies of heavy metal ions on chitin and chitosan
biopolymers.” M.Sc. Thesis, Izamir University, Turkey.

28. Krishnapriya, K.R., and Kandaswamy, M. (2010). “A new chitosan biopolymer derivative as metal-
complexing agent: synthesis, characterization, and metal(I) ion adsorption studies.” Carbohydrate Research,
345,2013-2022.

29. Tirtom, V.N., Dincer, A., Becerik, S., Aydemir, T., and Celik, A. (2012). “Comparative adsorption of
Ni(IT) and Cd(II) ions on epichlorohydrin crosslinked chitosan-clay composite beads in aqueous solution.”
Chemical Engineering Journal, 197, 379-386.

30. Zhang, G.Y., Qu, R.J., Sun, C.M., Ji, C.N.; Chen, H., and Wang, C.H. (2008). “Adsorption for metal ions of
chitosan coated cotton fiber.” Journal of Applied Polymer Science, 110, 2321-2327.

31. Tran, H.V., Tran, L.D., and Nguyen, T.N. (2010). “Preparation of chitosan/magnetite composite beads and
their application for removal of Pb(II) and Ni(II) from aqueous solution.” Material Science and Engineering
C, 30, 304-310.

ve dlsligdl IM9F Jlu T aglods


www.SID.ir

