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lodide anion is found in some brine and wastewater. lodide recovery
from wastewater is beneficial from economic and environmental as-
pects. Discharge of iodide containing wastewater into surface water
may lead to formation of some iodine containing species in drinking wa-
ter sources. It is a treat for human health. In this study, iodide adsorp-
tion from wastewater )1000mg/1 (using strongly basic anion exchange
resins Amberlite IR400 CI was investigated. Four common two-param-
eter models were used for description of isotherm adsorption data.
Maximum static capacity of resin was obtained from Langmuir iso-
therm equation and it was 466.3mg/g. lodide adsorption in various
pH and presence of co-existing ions including SO42-, NO3- and Cl- was
investigated too. The maximum obtained capacity was related to neu-
tral pH. Kinetics study showed that the uptake of iodide ions was well
described by the pseudo-second-order Kinetics. Dynamic capacities of
resin were investigated with column study. They were 434.2mg/g and
304.6mg/g for iodide adsorption from iodide solution and iodide solu-
tion in presence of co-contaminant ions (SO,*, NO, and CI in concen-
tration of 8mmol/l). The data from breakthrough curve was analyzed
with common breakthrough models including Thomas, Dose-response
and Yun-nelson models. Morphology of resins was investigated with
SEM image and presence of iodide on resin was confirmed by EDS anal-
ysis and Raman spectra. The adsorption capacity of resin in comparison
with the other adsorbents was considerable.
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Table 1: Specification of Amberlite IR400 resin supplied by Rohm Haas.

Properties Comments
Matrix Polystyrene divinylbenzene
copolymer
Functional group Quaternary Ammonium

Physical form

Pale yellow translucent beads

Ionic form as shipped

chloride

Total exchange capacity

>1.4 meq/ml (CI- form)

Shipping weight 0.72 Kg/1
Harmonic mean size 0.6-0.75 mm
Uniformly coefficient <1.6

Screen grading(wet)

16 to 50 mesh (US standard
screens)

Operating temperature

77 °C (Cl form)

pH range

0-14

Iy ] et oas

1

R, = )
1+56C,

adgl el lea Ly clale oy anCol 0as
s u5_Ua.4 |) |a)_:5).:| L)‘ﬁ—’gs" \ > RL > . 6‘)_>
5 b prTsnl Srme i an 7Y <R 9R =)
Iyl ain Cllasl o593
(f) adoles yo a5 (Freundlich) i Juag 3 o, 595!
a4 S el e adole S canl ous 03,!
o> (Heterogeneous) oo >1gS ,—f o (59, 1,
Ciz sl s glacolw Al o 0 S o
slecolw ol a > 20 g 090 o0 Jo—il Jay,
S| Py A L SR W S5 S IR PR R U I v | S

K .C
Qe - kae (\C)

At i ol g 8 b, Sl n g K el
ool iolei VML aS  S5gpm e po jlaie ixen
S99 mghhe Cd L ail SOl S anl 0gd oo

Srdig B 9eSY iz o Tonl lar Gingn
Dubinin-) g s bgol-pings 9 (Temkin) S5
2B isbe;l slacols (g9, ,— (Radushkevich :D-R
L (s ge S 5l gt ol Gl g 0 (o2
W33 s sleslaiwl Uy s o Slsy o JBlas 5L
Dyalocs esliul (Microsoft Excel) célug ,Sole J—uST
Y S oi > (Langmuir) , 5eeSY Ja o o

(Uniform) c =155 o
Dg co A8 5 a0 sgu e Ll sleglw
(Adsorbent) Cals v dign 4 g0 (B ypired

Ol 5o 4SS cul 5558 (Adsorbate) ouis—i i g

Sla= Lo (Monolayer)

gy — .J_S)‘.b G»LM,SJ 63)—3‘ i glcolw (:L.o.'i

L (1) aols o s saSY adsbes bs 2 Ly Lo
RGP PR V- B

b0,..C

Q= 1+bC, )

smg/l e »C, ol cclale [¥-] adolas ol o

cdyb Q! MEIg iy ol 8l Q,
Q_il)o .Q_Mlmg/g wﬁ)_;‘:ﬂ»Lid_iY&_S‘Lgﬁ_ﬁ
Ci2 5l B SV il Glea Lu b Jus
Sace Ly i 9eSSY Joe 4 b ye (g0l (S 9 Sl
03,91 (V) adolas jo a S 093 oo lw R am 500

VO ol - oo (owaian 50,1 b gl sl 4y o (b (oole aolilad



gl ool b Sl 5 oy 9] B3

S CadP &9.‘*5‘

e B0 Qd Seii (o o ate

e 3 PH oo ga Ve mgll sy Jodoe
e sles )0 00 b 8 5l ) S ke O
DSy Jodowe 31 .85 1, 3YO. rpm Sl 190 4
aaBo ¥y ¥Fe AV £ XY N DY e
5Bl 0550 s 5 0d (6, S Aiged el VY 53 g
b g Jolazoa s cepw Volas .o 85 |, 8
(\~)9(°\)¢’>!al_u)¢l_mdhrla>'JL&45(:9.)4_?)&
Lol 4 SIS an Lacols 3 JUT (ol cwloaios

In(Q, -0,)=nQ, -

t 1 1
— =t
Qt Qe kZQe

5 i ol 8 1 Q (mg/g) “¥olsws o0l yo
k) gk (min™) .cul t jle; 0 oi> o 8,bQ,

u t @)
3

2.33

ey adolee Ce o Sl S5 5 4 (g mg T min
IRV JRECEWS £9d 9 Jol a0 a

dingey 36 bl

P DRP (Fw

GAm9m O 50 o) i Sdib (o) 6l
Sy gl (ip g e R 5 (i
A, eday gla il e w S 5l (Breakthrough)
J—3 51 o=y S S Ol o ool ;e s
Jolss oz 4S5 0l 1 gt S-S0 0 00l s
el Gl jo 0,5 oo Judl ) e 5l =] e Y/
6o (9 9 Fa il B s J210 () L5
oz S Sala L Sl 5 ey SOl eolai il U
Ol ez o 1 b 2§l Gy 0 o0ls e
Oy &S Sy LS g (5 sl el sloale; o
Sleser jemax ,5lasas T o, JlS slil gy
D ey i bl U iolesl po s

w31 slrosls 3T

elsl cdls o gimw a8 b (VY) ada)l) sloolawl U
Q,., (The capacity of resin at exhaustion time) |l
Ct 9 mg/l —— 605)9 M—Jﬂlﬁ Co QHLSQ ML?!A
ml/min > 5 o U ccult o) 1o 29,5 chale
él&—k—u‘ QL_A) tex M—w‘g e Sis U—J)) P = m 9
Ivy] il aiss ey Jls

DYALoal asls

e (55,0l peals Gl 50 4 daig b Jae SIS

Joo ol o8 g b a8 3 o o &
SRl gl Cie 65,5l ialS (o Sed 0,555
adolee 0 aS 0w e S adolee slacsl bT
IV el msls s Lo Gyna T g Lajl8 Sl

RT
0, =—1In(4,C,) )

bT
ede Ik 03l lss oo D-R Jos 5l eolaiul Uy
tlond (S d Wl oo 5l (il 3 S e
ol ) adolae ;o Jae oyl ol Sg e L g
Loe g J'mol" sy ] e i By a8 e uloas
ol (A) adolae L a S E| 095 oo (ase e (V) adolas
OP ISR SN - JNPR WS Y B D g P,
ED <A K].mol" 30 | o> ke r:)_,.,lS.o 0d—uS
By se 48,5 ;LA 3 (S5 D )jgo A i
I, s5—8 plbor—d iz E >V7 Klmol” xen
95 o=l e 7 (S Aen el s e s

I¥¥0 55 e 5
Qe = QmaxeiBDgz (?)
&= RTln(1+i) %)
CE
1
E =——— )
v 2B,

oleie oy YT s PH 1 cuw)

Jedoe ol Lo Voo e ool sla syl plas o
prS s Voo ooy Ve mgll clhale a0y
wloa goleyl.cc s I Soa i s ]33l 0,
Soe g 0l plodl YOO rpm Sl je0 L g 3T sl
pl=sl Y L5 ) pH eogame jo Lo jislesl g ol _wl HCI
slaygsl eolawl 5,5 o lojed slmos¥T . 050s
yekaie il (gl m 0l g g w0l e 4 ol sl
Al OQ}AM‘ uT )..) L_Buj.) u_:‘ fpd._...u u.i..o.) %I)Lz:l )‘
Lo yel ool 31 SO o slacdale Lo iolosl ol jo
=B Layg jomas 5L wloads s g dlre Jo—o
o jemax S Gioleyl SO e oed Laiil aulie
W ey e O A B Oleee jeae

oy = (oo (cigen 50,1315 Sl G (sl Ay o (bR (oele aclilad W S



c_ 1
Co 1+(I/ef)a (\f)
b
b=V (50%) = "< 00)
CO
Oy ©lasln (el

iz jlaw s b o Jodoe o bale
Frageaily S L (6 gy gl 5 5l osliil
(GPD titrino YY) Metrohm potentiometer Jo_o
L)?“—'*")""" coolai_ul Sy9—0 UH‘)“"" O 6)_50)‘\.\.5‘
Sl e B9 0, B Ol B e Lo (o5
ol alale o o de Lo Lo Jolore iy Lol
Inductively) ICP-OES _%g, ;| eole_wl Lo asuy
(Coupled Plasma Optical Emission Spectrometry
ICP OP- oolawl 5 50 ol iais (5 S0kl pn
¢—s TIMAL VY- -

ooliiwl Ly iz 5lam g 8 55 (255 ST9d58r9e
39— (Scanning Electron Microscope) SEM ;_Jul ;|
S9y S yyma> pae by jod> a5 o855 o
(Energy Dispersive Spectroscopy) EDS ;U1 ,s o3,
sobate e (gl 5 el Ul 5100 o (s
Horiba XploRA g5 3l o] oS s a5 o oolax .l
33— Plus Microscope

@i p o)

2 dm Jodoe i pyTanl jliges (V) JSi 5
5o Jome jlz cEmnl ssaline J1B 55 59,
JL@&‘ Laosls K9y — D-R 9 u_&a.s ‘Lf‘_"l"\"5)5
Jsoz o Loyl 5l z 5 e sl ol )b a5 o wloods
00— 2 J.\_A )LP UL».A 5o s.,\_w‘owoé)s] (Y)
Ol |y e kel (Sl 5 Gidaig b Lo Joe
Slesead |y iz a s cul (ol L Sly 4 S s
Gl aSbh w88 i o a5 a Y S
\.\_:L:o.a u,..._éls °"\J9—“" u_:.\_‘> u‘)—u@ U’“_")B‘ l_: x_u.\_>
Iy aals ol i Sas adolee , YL RT 4 a9 Lo g
Cdz cd)b Sl e85 b o s le
1 9055Y adolas 5l aS cewl FEL/Y mglg ool Cws an
Dle dws a

Oy 0390 3a 4o adolae oyl 5l eaal s aR,
codhe G aes ol aS o)l |8 S g a0
N 55=SB gl SOl S Jlacie 5l el e ol
g9 3l Qi p3 e a5 e oo LS A/AY 1l ED
W @dz gl a5 0SS A S o]

il ool b Sl 5y (yg] B3

_uc, O

w G
0. == =] (-

WSy 510905 (o)
O 0 D S Cdo 0y Slee ()l 6l
S S ey 3y WSl oo (iliSe Loyl
J—5 elil L « (Breakpoint time) ¢S )l
ool wl L 4 jy > o8 \bb o (Exhaustion time)
dw ol oo Cews an t slie yo CIC, log—03 gy |
(Dose-Response)  ysls 7wl « (Thomas) ulesi Jos
a3 Joged sy sl— (Yoon-Nelson)  yg—li-(yss g
O i damlme gl [VFloizd 8 )18 ool ol 5,50
Maximum dynamic) Q, —j, —Swolus o8l
Cdz> Cepw Sl e g (adsorption capacity
K., (Thomas adsorption rate constant) L, Ll g5
oolaiwl oy Jos jl cwll/(mgmin) s a S
P o JL (5,955 bl s Jio ol i
A0 A Sy adobie g 4 50S0Y Jao 4S5 S 6
AS oo ol l, 2Biale;] slasols g3 4 pgo
Cwloadosls Lisles (VY) adolee ;o (wlogi aJoles

Huﬁwu‘)_u.‘u_uofdh_mw_z}vefu‘)édj
IV flasloass G s 3 5 Lo el b

c 1

ko, QAP
) 1+e U (Qum_chef)

AOY) adolee jo a5 o wdi-ye Joo 3l oolai il
S a5 g i s gl culondosls il
=Ll slaosls an 5L sae 75 ol Jds g el =,
30 el clale Joe ol 5Ls 05w ools L .ol
e Gy g Sl R adoles
J—el5 sl a sy oy bl 5l a3 T g min™

1

1+

C —
c ("
Sloslaiwl as coul (s yzs Joo So s Fuly Jooo
ol gl g o iz 8y sy pebate 4 ]
Ay ey Joao o sle LaJow plw gllaz a ST,>
J=B OF) adoles jo Joo ol dils) o 0 oy S
53 akwd Joe clg b ga o] jo aS el sanlie
Pl aS el o e p V0 plea b L
a8l oo 3Ll el 5l e 4 S cul Sley e lale
1,Q, Ols— o (VO) adolre 3—las Jl 3leslewl Ly g
IVEls, 5 ailxe

PV ok - oo (owiian 63,5 Gl Jidgls (ol iy (ot (g (ol anlilad



gl ool b Sl 5 oy 9] B3

600

Q. (mg/g)

E

~#— Langmuir
Frenndlich
Temkin

—a— D-R

@ Experimental

0 200 400 600 300 1000 1200 1400 1600

C. (ppm)
Oloj e il oo Ve Jslors o )8 Sho Voo oolil 8550 )y 039 TRY e Gl el ol 05 595 2 s iz ool () USC
Lol 099 7 )g‘).g pH 9 celw VY g_:A>
Fig. 1: lodide Adsorption isotherm of Amberlite IR 400 Cl resin. The weight of dry resin, the volume of solution, the
time of reaction and pH of solution were 100mg, 100ml, and 24h and 6 respectively.
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Table 2: Obtained key parameters from common tow-parameter isotherm models for the adsorption of iodide by
Amberlite IR 400 Cl resin.

mmol/l

Model Parameters Iodide solution
Langmuir Q... (mg/g) 466.3
b (1/mg) 0.0423
R, 0.0117
R? 0.9184
Freundlich kf 154.1
n 6.25
R? 0.9679
Temkin A, (1/mg) 2.8775
B 58.5
b, (k] /mol) 42.3
R? 0.9815
D-R Q,., (mg/g) 457.3
B, (mol2.J2) 0.0062
E, (KJ/mol) 8.94
R? 0.8907

*lodide solution oxidized under optimum conditions
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Fig. 2: Adsorption capacity of Amberlite IR400 Cl for iodide adsorption from 1000 mg/l1 iodide solution in various pH

(7-2). The weight of dry resin, the volume of solution, the time of reaction were 100mg, 100ml, and 24h, respectively.
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Fig. 3: The capacity of resin for iodide adsorption from 1000mg/l iodide solution in presence of three co-existing
anions including chlorine, nitrate, and sulfate in three different concentrations of 8 ,4, and 80 mmol/l. The weight of

dry resin, the volume of solution, the time of reaction were 100mg, 100 ml, and 24h, respectively.
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Fig. 4: lodide adsorption capacity of resin in different times. Initial concentration of iodide, the weight of dry resin,
and volume of solution were 1000mg/l, 500 mg, and 500 ml, respectively.

p9d 5 Jol az o ads ce s DY olas 5l ol (sl el L :(Y) Jguz.
Table 3: Extracted parameters from pseudo-first-order kinetics and pseudo-second-order kinetics.

Model Parameter Value
Q, (mg/g) 692.2
The pseudo k,(1/min) 0.9495
First order Kkinetics
R? 0.879
Q, (mg/g) 416.7
Thepseudo k, (g/mg.min) 8.5e-4
second order Kinetics
R? 0.9999
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Fig. 5: The breakthrough curve of iodide adsorption (weight of dry resin 1 g, the iodide concentration of solution
1000 mg/l], and flow rate of solution 2.5 ml/min). a) Without co-existing ions, b) In presence of co-existing anions
including cholerine, nitrate, and sulfate in the same molar concentration of iodide.
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Table 4: Key parameters for three common dynamic models of breakthrough curve for the adsorption of iodine
solution (mass of dry resin, flow rate and initial concentration were 1 g, 2.5 mL/min, 1000 ppm, respectively).

Model Parameter Iodide solution | Iodide and co-existing
ions solution
Thomas k., (I/min.mg) 0.0000894 0.000045
Q, (mg/g) 401.4 288.5
R? 0.9926 0.9940
Yoon-Nelson |k, (1/min) 0.0626 0.0448
T (min) 168.2 115.4
R? 0.9984 0.9948
Dose- a 10.4 4.9
response
b 0.4185 0.2824
Q,(mg/g) 418.5 282.24
R? 0.9989 0.9990
Q, exp. (mg/g) 432.2 304.6
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Fig. 6: SEM images and EDX analysis of resin. a) pre- and b) poste-iodide adsorption.
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Fig. 7: Raman spectra of iodide saturated amberlite IR 400 Cl resin.
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Table 5: Iodide capacity of different adsorbent.

adsorbent Adsorption capacity | Reference
(mg/g)
Cu/Cu0, hybrids 22.86 [32]
Cu0,/ Cu-C 41.2 [32]
Mg-Al LDO/Si02 69.87 [32]
MIL-101(Cr)-SO,Ag 244.2 [32]
Ag,0-SNF 29591 [32]
LDH 52.36 [32]
MR-6-Bi,0, 182.88 [32]
Nanosheets-built flowerlike micro/nanostructured 285 [9]
Bi202.33
im-SCMNPs 14.84 [33]
Ag,0 grafted titanate nanolamina 431.8 [34]
H.M.W resin 638.8 [32]
SiPyR-N4 resin 149 [32]
Lewatit A365 (weak base anion exchange resin 589 [19]
Purolite MTS9850 (weak base anion exchange resin) 761 [19]
Ag-D201(strong anion exchange resin) 312.5 [30]
Cu loaded bispicolylamine chelating resin 305 [31]
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