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Abstract

In this study an easy, simple and inexpensive method was used for
converting the unselective lon exchange in its hydrogen form (IEH)
to the selective resin by hybridizing procedure.

The ion exchange resin has developed into two types of selective
hybrid resins; a) by loading copper hydroxide on the ion exchange
by using copper nitrate and obtaining IE-Cu resin; b) loading iron
hydroxides on the ion exchange by oxidizing of ferrous with
potassium permanganate in alkaline medium to produced IE-Fe, the
resins were prepared using a batch system.

Many experiments were conducted on the hybrid resins, where the
metals content were estimated by spectrophotometer, and the
content metals loaded on each resin were: 227.6 mg g of copper
and the iron content was 198.3 mg g, the effect of temperature,
density and stability of hybrid resins in different aqueous media
were also conducted.

The results showed that the total capacity of (metal content) of
hybrid resin is effective in chemisorption processes, separation,
preconcentration and determination of some ion such as arsenic,
cyanide and others. The results provide that the resins have a high
degree of stability in various aqueous medium, while the metal
content was not affected at temperature up to 35 °C, while the
density of resins was higher than the density of water and reached
to 1.24 g mL it is suitable for adsorption processes in the batch and
flow system.

Keywords: ion exchange, adsorption, metal content, batch system,
hybrid resins.

2 Copyright © ISTJ b gine okl (3 gia
Al 5 o glall 4 sall dlsall



International Science and Aall y p ghall 0350 A
Technology Journal Volume 32 2l L

AL g  slall &t gl Al April 2023 &2 | STJ%

dadial)

Slilee 8 € (<8 hite Tullly Aiad) lgelsil lashl ot sl
355 83l Leadls removal Sbslal) Al clilee s Sbsadlly (Sl (alassY)
e 2l cupl waly preconcentration  diklgll <Al Gy Qg
S Adle alae) dxw gl dgey Sty o Gind) Gageady cludally Gla]
Adle S S s Jils
Aallas b s Al 3hal) aa) ol sl b (IE) ) Jolall clidan yiiag
Aami 4 ol 8 L o Cliadal) sagane e c¥olua) sda o) W) oyl olie
el damy ENAIY s Liad ud (st clig) lgealasal o) Y
Aadleall Cldee el pealy JAIS ey (53l sl (3 aldll Yool (a8
A b iy 2,0l gl (ya 80€ Andlin a8 5 cilayall aa) ib L [3-1]
A0S A5 2O (pe %93 Aipesi Lo A 5 (980 Aashyy b L) ([4] gl
WY1 O Adle dudlia Gigin S5 3 [S] mser jime s Jalie Hlaziul,
&b asadlll yaie 50 % 89 s APl &8 (A1 Auyy Ay AV dalee oL
Gy e oaladll OIS a3 [6] ALIS AIRY) 45 o) Ll Ling 20)slS (sl 35
Slay) el J< 7] Wil e palasll ggad) Jalaill Jalie aladinls o5 il s<all
S 93 JAIal (0sS Asle Bygem o5 (Sl5 A A 5 (aliand) L S Al
AP

el sl ) b Ll oy et N alaally Sl led Y )yl
e b lgle dlae¥) (Se Y Lad Ll @) o) leala
AR lamihll e glgil gk & &g )My [8] Sl 2Ly preconcentration
2wl o) D) ae gall (ans daand al) CAY) ae dald Ba0ae Cilig
chlgl) Sl i Al cligV) e 3K 5aL1 Ll sl e i)
Jemd (3yb alad) e Crmie Gladl 35 moal 38 (Al Slisd e JA1S O
b ciym Lo ol 2l DA s @ligh) s gl padlaiul gl
dy ) ae L) LS dpendl B uSll (M dag elliy(speciation)

3 Copyright © ISTJ il sine waball (358
Ayl g o shell 40 sal) dlaall




International Science and Aall y p ghall 0350 A
Technology Journal Volume 32 2l L

AL g  slall &t gl Al April 2023 &2 | STJ%

bl f) 3l Baen e IS el As(Ill) DN gy 3 A Siad causSll)
Ce aladll iyl Jeats Lald daph olal agall (0 aal Liag <[9] As(V)
pp b ASHY Q8 (DAL ag S yeaie duaw CEA) Laad ¢ DB Ayl
Ll (sidaty 1385 [10] Cr(lll) DN a9 S (e dpans 81 Cr(VI)  padand)
G 5 Geae G Om G Cligd gon Sy [11] o ) lisal glsh e
dad DA e (Ko ol e Gl oladl) IS L ey [12] (ggume e
Dhials el gk ) lad) ass) Claw) sdgls aansh ) s s
[15-13] @lSally Slis¥) pand S palia) i€ ooty gt

drw gy AAl)y duanadio Cladl) (Cpagd) askd (& Gisally lahall caegn
259 M 2l aans o5 JEall i (e 50S dpndans dalis 5 dille palasd)
Gl [17] Lysin e daanill 23 (g3l dulyn 85 ([16] Polymer ;e Ly e
WAV Alig) e A1 ade aa gy M LS 85le 82leS 2 9236S) 311 (e B3l
dreal @ s (A [19,18] psniashV) wes) e dadl) s 5 (93] Al s
[20] dandl e DN ag SN i) eadd S Jalae e duadl

Lebisaty Gaagdll cllee 4 Lia)l i deiiadll Ciual dpxgdally daxbal) sl
2y Ladll ade Jiead g adidll aSll Calagial 8 s Ll Sse )
JS ([22] L) Gl e @il Juaad &3 (9] Ay (8 Liad) ([21] asaiaslY)
g iy Jendy Ay (aleand) (8 daradie oty poiead Ja) e olly
N AREY

Qligh) Gan pally Jad Giblee & Glami)ll (pagd Glblee e salday) 2
L) Aillas e 85 Sl alaa) el lld 215 [20,9] dakalgl) 58050 <l
ey (Sa ddle 58l sl dals W3S salel o d8la) clashll e
s JS Lot

Osd Gablasll dicgene age ol ol Gang () Auball ol B Caag
& Sy pamadic 70 I S e dale (e abigady IEH Gang el
AdlSe e Aarny Algw Ak Clisl) an Ay sy alasd)

4 Copyright © ISTJ b gine okl (3 gia
A g glall 4 gal) Alaall




International Science and Aall y p ghall 0350 A
Technology Journal Volume 32 2l L

AL g  slall &t gl Al April 2023 &2 | STJ%

) (@ kg dga
Cilazally BigaY)

P olen plaiel & yaally (elall (giae il -

( 320 D spectrophotometer with 10 mm quartz cell )
dbauly < pH value uagjugll () ad s —
(PH meter, HANNA, C 211 Multiparameter lon Specific Mete)

ailuassl) a)gall
oladll g s sl Adle sl Al oda b deddiadd) AdLesS) slsdl)l S
pomlisdl cliniay (T-Baker Lab Chemicals) a<yi o Cu(NO;),
58 e (M) DA pasll aseay) @S ((Fluka) 4558 0 KMNOy
= DPC ((BDH) 4S54 (1 Fe(S04)oNHy 4paliaal) jsaaall ilis < «(BDH)
«(Sigma-Aldrich) <& 0 NaOH agasall 2 0 ((Merck) a<ys
o HNO3 clipall (maag (Merck) a$s o HpSOy oSl yass
-(Merck) a<,s
HAEH A Jakead)
nl) deas lajpcaat 3 ) ZAEY) Gl JalaS aasied) s Jaludl)
Jaaals sl de gandll <Macroporous, Crosslinked Polyacrylate awlul guli
Jsaalls Lanxess (Energizing chemistry ) 4S,i o HY Cpagyngl) Ol

( |EH) s Jald) Cleialsa Tas 1 &)

IEH Ssa¥) Jobsall ciliua g 1 a5 J32a

Crosslinked polyacrylate g

H* ) Jeddl
0.40-1.6 mm aad) anal)
12gLt ddugy
pH 0-14 Lpilal) Jaa g¥) (8 s
1.3eqL? Al daal)
bl 13870 °C Sl 81 a da
(3.p8 J8d ) O

5 Copyright © ISTJ Ak sine qolall (3 s

Al 5 sl A ) Alaal



International Science and Aall y p ghall 0350 A
Technology Journal Volume 32 2l L

AL g  slall &t gl Al April 2023 &2 | STJ%

ol g (o Lasiiundl) (3l
Sy Aalal) adl) e slaeYU dllyg e M IEH os) il (g &
L) Jeals
Bl L AlSE Lty Galadll sy ddle Meae 2aa JS5 J IEH (puagam
IE-Cu
IE-Fe sl Il 2oall cilis) adde Slese 20all JS8 U IEH (ungs @
(IE-Cu ) (ulaill ciligy) dgle Janal) iiyl) jaaaad .1
oo de 100 ade Cava) Jo 400 4ana S 3 IEH (e b 50 —
saaly Aol sad i e Ladad) g ¢ 1.5 mol L7 o385 (elaill s
Adyall Hlha Ay 4 150 rpm dc
0.5 mol L7! Ly Caaal a3 20 C° syl danyd (e Ao Jalall puny —
casigeall 2S00 e
dap 4 ALl Al sad 150 rpm - deje Je g Sha I Lalall Ju —
A5l sa
iandsy [E-CU  Lulaill cligd ade Jasdll i)l Jud o3y Lalill oy —
Adle Giledy e Hhaadl sladl e il 2000
Acle 48 sad ddjall 5y Ay & IE-Cu caes —

(IE-Fe )yal) cilis) dde Jaaall il judani .2
O e de 100 adde Capal Ja 400 diews (S 3 puiag IEH (40 a2 25 —
sl il ae 1.5 mol L7 o3S5 KMNO4 o sadipdl ciliaia
O e 150 rpm de y
hiatll ae 16 1 1 Caisall Sliny€ll (ass o Jo 2 Tadill e Caval —
Aele 2 5adl i Ao 150 rpm dejon i)
Baalg Aol Baal A8jall 3yla Ay dlaldll Sy —

6 Copyright © ISTJ il sine waball (358
Ayl g o shell 40 sal) dlaall



International Science and Aall y p ghall 0350 A
Technology Journal Volume 32 2l L

4500 g o glall A gal) Alalf April 2023 29 I S T -J %

L3S dnpadlil) jemaal) yS e do 100 e gging IS I chual & —
.1.5 mol L!

LIS AL sad Syl sl @a —

cd) ALl AL cljatl) Llee pdindy g2elE Ly M pH e ava 5

bl L) (e o 1000 daclsy Just g IE-Fe zalill miy —

Gila il 4 g o dele 24 sadd A3l Bls dnjn B IE-Fe i —

Baaly Aol Baal Slyag

1AdBliallg i)
dSa o iyl AL el ASheS) lail e desens Cupal
(IE-Fe) 5 (IE-Cu) gyiysuall b dingall clamill ciliaalsay

Aagall el dupead) cilady) -

LAl -

e A5l L) 3 alall -

(s 5 Gelaill KN dad) ) M) (gginall -

Hhall days il —
JsY) Cnngl) (G palaall g Bl e e lajiant &l dusgll sal
) Jaball 3k e @lldy sV Jaball sl S el 8 sl Gl
dolaal e el o) ddee g s AN Alsjal) 3y oY) s all 3
dpcaeally Zpae Wy Alabeiall Ll 3 Sbasl) LS (e 5ol @lls 3sY)
an Sl Jie lis) Gans A o) (Ll Galaadl gl dge lebeny L
Ayl aladialy GUsN) Gany o 8 Lgie 28] (K Liad claye g Ciliusilly
.Preconcentration

7 Copyright © ISTJ il sine waball (358
Ayl g o shell 40 sal) dlaall



Ay p p ghal Aty A

Imtrwaational beimrs mad Taviasiags demraal

sTa

International Science and
Technology Journal
ARl g o glall 48 gal) dlanal)

Volume 32 2
April 2023 i

IE-Cu cagall gl .1

IE-Cu ol %) A Ayl ol gl ol ) s 2.8 J

] JLERY)
Ao 4 daldia 4 pad) &l Laay)
1.2gmL? PR
~0.40-1.6 mm i) aaal)
pH 4.0 — pH 10.0 o <l Lilal) Jalea g¥) 8 )
227.6 mgg? (A dadd) ) (uladl) (5 giaa
6 pd Jsd 31 pad) Ay o il

IE-Fe (agall mulll .2
Dsnaall Bas) plaal lig jian [E-Fe ) abigaty 1EH (pags s cujal
o Cupal ) ahlaadl wle Jeasiall milill miag 3 A8y Jaally duas )

E-Fe

IE-Fe & cusn A Lastil) ol L Lo Juaaial) milill) uags 3 a8 Jgaa
C\_?l.ﬁ.“ JLaay)
(2ana s 0 ) alaia A _padd) i jLaay)
12gmL?! daug)
~0.40-1.6 mm aal) aaall
pH 4.0 — pH 10.0 & < Lpilal) Jalua Y1 (B Sl
198.3mg g* (s Andd) ) (ulad) (5 gina

SJ\‘)A-“K.;JJ)QJ:'U

6 pd, Jsd

il Addlia
pgie BaldU @llyg IE-Fe cliXy [E-Cu gpaaall cplal) M IEH (pags
aally Galail) i) st Gua Baa daadac daliey s paa Lol sl
) J Gy ALl an g (FhaS Jelis lpde Gany e gaS
Llada miag 1. J<ANG ANy jeally adanaly Jeadll Glilee A lgia sl

c|E-Fe (g 4l maag 2. Jally [E-CU Syl cpags 4

8 Copyright © ISTJ Ak sine qolall (3 s

Al 5 sl A ) Alaal



International Science and Aall y p ghall 0350 A
Technology Journal Volume 32 2l

i) g o glall A al) Alanal) April 2023 d:.») I S T -_I %

Sl a
@7 H_ + CU(NO3)2 ﬁﬁ '——_CU2+
60 min.
A OH™
@___CUL+ % @70[](0"')2

IE g uladll Lol )Y Jaguy labade ] JS5

+ s + -
H o+ MO, 156 i H o+ MnO,
éﬂ -
@ H® + MnO, + F& =, —Fe"
24 hr
@——Fe3+ + oH PH2Q @*Fe(DH]E
24 hr

IE e waall bl )Y Jasey alada 2S5

Imtrwaational beimrs mad Taviasiags demraal

gl zublly IE-CU fagall bl lgde Jeaniall Doyl milill cjelal —
) Oslll e IEH (gl b maaly iy va ISy 3l bl [E-Fe
Jyan aaly S ey Lo Liagall clasihll saall Gl ) 30<E )
wle dasa) @Y Golll () a5 (greail) DLEAY) ekl Cus Glis) diens
U< Geladl) s adans Bl Gigaa S5 L IE-CU 5l (gl sy (oalas
4

9 Copyright © ISTJ il sine waball (358
4l 5 o glall 40 al) Aol



Technology Journal

A8 g o gl A0 gal) Alnal April 2023 Ju 1IST.Jd

International Science and Volume 32 i) Ay o gl A0 g ><
Nmtrwmat emsd Sy i T $omraal /

IEH 5.5l el 391 Joball o) a5l 30K

IE-CU ¢l o)) 4085
o Sl S8 bl el Lo IE-Fe Sall dpead) gilill o) o b

Sl ) il I EH ) Syl im0l 5 G5l oy i
SASE (8 mase 8 WS IE-Fe paga)l (Sl

E-Fe el 5SS

10 Copyright © ISTJ A gina auball (5 i
Al 5 o slell 30 5al) Alaall




International Science and Aall y p ghall 0350 A
Technology Journal Volume 32 2l L

AL g  slall &t gl Al April 2023 &2 | STJ%

il Cua o Bas CilS Jasall 4 diiagd 5 1)) JS dalald) A80SY 5 o) —
Gl b lgde slae¥) (Sa dlse Lie Jang 138 sluall Z8ES e €1 A8ESY
OV ey Lgelgily obuall b sall (med Slal Galiaat] ddee b 22
Ll Dl p Al b s Cigeng sl b o il () ingall LSl
Jadll 3gac alai o) batch system  (agall alay Laladna) s A 2l
¢ 1.24 gmL™151.20 g mL™! i< dab<y) il il Eus flow system
Sl Je IE-Fe s [E-Cu (e
: Aalide dule dalug) B bl
s Aege Anelilly dacmeal) o Aibiie Al blug) 3 ngall dsdl cild o)
abaad) HIE elow lple LSl (s (alac) Glle 8 gl ala))all
Adide (PH) mgpue (ol a3 45U Cplas cujal aaly Sl ol JSles
gsi 6 Gano alg i JKG G IE-Cu 5 IE-Fe e IS o il cuyelal il
e Y] i s lgleny La pH 10.0 a8 N pH 4.0 (e i 2ie sl 0
a8 xie ((Adsorption, Removal and Preconcentration) e 8 lgle
Aolee (<1 82024 (pH)
1S gsiaal) —
s Lingall sl o (gatin Al Sl o Shesl) (alae) cildee ¢
b e Ayl auall 5 Gulaill e O I (gginall o S (S8 2
3 e gl ) Sl algall drieaall Al cluhall S awd Wiy |E
Adle A gl (alned) dau jigi saa donla dalue ae e (Gl Gine
gl (B sl (gotine @ISy IE-CU paagll (8 (alail) (sina i o
)5l yugll Gmen ) 55l (alea¥) Adaly auagl A alasialy dllyg [E-Fe
il Baal Gaaalls (sl paess el Gaes
Bas L il i€y adall Qs Slea aladiuly yaally peladll i 5 a1
& vl giinas (227.6 mg 7' ) IE-Cu b alaill (gine OIS G faa
Ondll 0o aba 1.0 JS0 adlung oyt 23 ssinall (198.3 mg g7!' ) IE-Fe

11 Copyright © ISTJ Ak gias okl (3 ia
Ayl g o shell 40 sal) dlaall




International Science and Aall y p ghall 0350 A
Technology Journal Volume 32 2l

i) g o glall A al) Alanal) April 2023 d.4 I S T -_I %

Nt st ] Sy i Tioviamings Smmrmal

varl Shesll (alaa¥) 4 ade alde¥) (Sa s da e ggiaa) 1y
Aakly S bale s ally Lgie dobad) Lals ligY)

L) daad) e Bl B 486
GlliSy 1E-Cu mahll pulaill (gima e Blall dayn 4 5251 il colas cujal
alide Hha byl alasibll Gavaty dldg [E-Fe zubll Je aasll (seina
Clayy il il mdas 6 a8 ISy dugie days (°40 5 °35¢ °30 « °25)
cuaally Galadll (e JS (gima Je 3)hall

(00}

24

@

B 20

G

E 16

£ —re
£ —|C-Fe
E

20 25 30 35 40 45

51 ad) da o

Jﬁ.\;‘\}wbﬂ\djﬁukén'é)\);“:\;)d):ﬁU@aﬁ6dSJ

ssinall e digia 4530 35-25 fm plall cilayy il duaalls s culS bl
O b enaall o) Guladll (ggima (8 a3 () daaad 4 alg il daaalls (530
DY (A elaill (gginal (% 10.3) doady 288 Gias digie 4550 40 B dapo e

IE-Fe zuhll o8 waall (sgad (% 8.4) Loy 2 4 IE-Cu

12 Copyright © ISTJ b gine okl (3 gia
Ayl g o shell 40 sal) dlaall



International Science and Aall y p ghall 0350 A
Technology Journal Volume 32 2l L

AL g  slall &t gl Al April 2023 &2 | STJ%

Clashll Sl sy e S claubl e e hall dag il il o
Jemy o) ) cillec 3 Lo Jandl (e 30 Aanall Bl s 3 ingal

cpabae¥) Ayl gV (an iy

z i)
Gl GliSie dle Jaeal o3 dacly BalS gl Jolae aladind dadpall o3 b o
ol N gl e ganall ity S Cma ) dlisady apaally Geladl (e S
abaa¥) ddauly Lol Gligld) (s Ay abaed) & 4t sl sy
Bale) Clilee adde Giany Gl sh€ Cilingall e BB Kay SIS ¢ SLas)
E) Jie cdll shie (A dhidie CSHy aalen Al Qs s 585
40wl cOlall (e palanll & cilingl) sda Pl (Ko Liadl Wyt g Sildegdll
oS sl )

Gina OIS Can gl Baas CilSy (Gl ggaall LK dedd) Qlas S
O Cn b mndd) 0o pba S alale 227 (e S IE-CU Cangl) b Galail
slae¥) (Ko laadl s3ag congl) e aba U0 ahale 198 (e S) sl (ggins
Cus Bam il AHES)) Chladl s Liad iy alae) e 8 Lgle
Casall allai aladia) dlls 8 g b g lhens Lo olal) BES e e cilS
cganll & @l ol aladia) Al & 51 Batch system
Goada dale g (silly al) el dess sa dlsdll e sl 138 ae L
c S ) gAY lilee A LIS dad) (e 5 A siia

gl

[1] B. Yassine, A. Mourad and K. Hacéne, Anion exchange resin
applied to a separation between nitrate and chloride ions in the
presence of aqueous soluble polyelectrolyte, Desalination 223:
(2008) 238-242.

13 Copyright © ISTJ Ak sine qolall (3 s
Al 5 o glall 4 sall dlsall



International Science and Ryl p glll A0 g
Al st b ek T
Technology Journal VVolume 32 ‘

AL g  slall &t gl Al April 2023 &2 | STJ%

[2] S. Kocaoba and G. Akcin, Removal of chromium (I1l) and
cadmium (I1) from aqueous solutions, Desalination 180: (2005)
151-156.

[3] L. Pidoux, H. shorney-Darby, E. Vaudevire, B. Martijn, P. Jarvis
and I. Carra, Impact of resin loading on ion exchange
equilibrium for removal of organic matter and inorganic ions, J.
Hazard. Mater. 431 :5 (2022) 128530.

[4] S. Okyere and T. Leiviska, Removal of nitrate from
underground mine waters using selective ion exchange resins, j.
environ. Chem. Eng. 6: 10 (2022) 108642.

[5] [M. S. Chauhan, A. K. Rahul, S. Shekhar and S. Kumar,
Removal of heavy metal from wastewater usind ion exchange
with membrane filtration from Swarnamukhi river in Tirupati,
Mater. Today, In Press.

[6] M. Marszatke, E. Knapik, M. Piotrowski and K. Chruszcz-
Lipska, Removal of cadmium from phosphoric acid in the
presence of chloride ions using commercially available anion
exchange resins, j. Ind. Eng. Chem., 118 (2023) 488-498.

[7] Z. Liu, M. Solliec, I. Papineau, K. m. Lompe, M. Mohseni, P. R.
Berube, S. Sauve and B. Barbeau, Elucidating the removal of
organic micropollutants on biological ion exchange resins, Sci.
Total Environ., 808 (2022) 152137.

[8] Dahui C, Chaozhang H, Man H and Bin H. (2009) Separation
and preconcentration of inorganic arsenic species in natural
water samples with 3-(2-aminoethylamino)
propyltrimethoxysilane modified ordered mesoporous silica
micro-column and their determination by inductively coupled
plasma optical emission spectrometry, J. Hazard. Mater. 164:
1146-1151.

[9] N. B. Issa, V. Rajakovic-Ognjanovic, B. Jovanovic and L.
Rajakovic, Determination of inorganic arsenic species in natural
waters-Benefits of separation and preconcentration on ion
exchange and hybrid resin, Anal. Chem. Acta, 673 (2010) 185-
193.

[L0] N. B. lIssa, A, Elmaghrabie, Y. Elhebshi and A. Hamid,
Removal of chromium (V1) from aqueous solution by sorption

14 Copyright © ISTJ b gine okl (3 gia
A g glall 4 gal) Alaall



International Science and Ryl p glll A0 g
Al st b ek T
Technology Journal VVolume 32 ‘

AL g  slall &t gl Al April 2023 &2 | STJ%

on to selective silver resin, Int. J. Appl. Chem. 12 : 5 (2019) 8-
12.

[11] L. F. Gouvea, A. J. Moreira, C. D. Freschi and G. P. Freschi,
Speciation of nitrite, nitrate and p-nitrophenol by photochemical
vapor generation of NO using high-resolution continuum source
molecular absorption spectrometry, J. Food Compost. Anal. 70
(2018) 28-34.

[12] M. Amed, Y. Yin, D. Zhang and J. Liu, Method and recent
advances in speciation analysis of mercury chemical species in
environmental samples: a review, Chem. Speciation
Bioavailability, 28: 1-4 (2016) 51-65

[13] A. Wolowic and Z. Hubicki, Removal of vanadium by ion
exchange resins from model and real solution from spent V205
catalyst, Hydrometallurgy, 211 (2022) 105871.

[14]F. Xie, J. Borowiec and J. Zhang, Synthesis of AgCI
nanoparticles-loaded hydrotalcite as highly efficient adsorbent
for removal of thiocyanate, Chem. Eng. J. 223 (2013) 584-591.

[15] W. Shao, X. Li, Q. Cao, F. Luo, J. Liand Y. Du, adsorption of
arsenate and arsenite anions from aqueous medium by using
metal(111) loaded amberlite resin Hydrometallurgy, 91:1-4
(2008) 138-143.

[16] T.M Suzuki, J. O. Bomani, H. Matsunaga and T. Yokoyama,
Preparation of porous resin loaded with crystalline hydous
zirconium oxide and its application to the removal arsenic,
React. Fumct. Polym.43:1-2 (2000) 165-172.

[17] T. Balaji, T. Yohoyama and H. Matsunaga, Adsorption and
removal of As(V) and As(lll) using Zr-loaded lysine diacetic
acid chelating resin, Chemosphere 59: 8 (2005) 1169-1174.

[18] P. Jeevanandam, k. J. klabunde and S. H. Tetzler, Adsorption
of thiophenes out of hydrocarbons using metal impregnated
nanocrystalline aluminum oxide, Microporous Mesoporous
Mater., 79: 1-3 (2005) 101-110.

[19] W. Shen, X. Yang, Q. Guo, Y. Liu and Y. Song, Adsorption
desulfurization from gasoline by silver loaded in mesoporous
aluminum oxide, Stud. Surf. Sci. Catal., 26: 4 (2008) 225-231.

[20] N Ben Issa, A. Elmaghrabie and E. Boras, Determination of
Cr(lll) and Cr(VI) in water by selective separation and

15 Copyright © ISTJ Ak sine qolall (3 s
Al 5 o glall 4 sall dlsall



International Science and Aall y p ghall 0350 A
Technology Journal Volume 32 28 2 0 o

4500 g o glall A gal) Alalf April 2023 29 I S T -J %

preconcentration on hybrid resin, eng. Tech. J., 7: 4 (2022)
1213-1219.

[21] R. Al-Gaashani, D. Almasri, B. Shomar and V. Kockodan,
Preparation and properties of novel activated carbon doped with
aluminum oxide and silver for water treatment, J. Alloys
Compd., 858 : 25 (2021) 158372.

[22] C. Namasivayam and D. Sangeetha, Kinetic study of
adsorption of thiocyanate onto ZnCl activated carbon from
coir pith an agricultural solid waste, Chemospher, 60 :11
(2005) 1616-1623.

16 Copyright © ISTJ Ak sine qolall (3 s
Al 5 o glall 4 sall dlsall



