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Sorptive Removal of Radionuclides (Cobalt, Strontium
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Applicability of ammonium molybdophosphate/iron oxides-polyacrylonitrile (AMP/IO-PAN) composites on the
removal of radionuclides in the radioactive wastewater generated from nuclear power plants was investigated. The
composites were characterized using the following analytical techniques: X-ray diffraction (XRD), Fourior trans-
form-infrared (FT-IR) spectroscopy, scanning electron microscopy (SEM), particle size analyzer (PSA), nitrogen
adsorption-desorption and magnetic property measurement system (MPMS). 10wt% of AMP/IO-PAN composite
has a saturation magnetization of 2.038 emu/g. Single-solute sorptions of Co, Sr and Cs onto 10wt% of AMP/
IO-PAN composite were investigated. The maximum sorption capacities (Q° predicted by the Langmuir model on
10wt% of AMP/IO-PAN composite were 0.097, 0.086 and 0.66 mmol/g for Co, Sr and Cs, respectively. The
maximum sorption capacities (Q°) of Cs predicted by Langmuir model on 0, 10, 20 and 30wt% of AMP/IO-PAN
composites were 0.702, 0.655, 0.602 and 0.559 mmol/g, respectively. The maximum sorption capacities (Q°) of
Cs decreased with increasing the iron oxide content in the AMP/IO-PAN composites.
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7] 0] 21 3+A Q] ammonium molybdophosphate(AMP)9} 2}Ad-& 7FA|= AF3}2 (iron oxides, 10)S &38kaL, 7] A A
ol polyacrilonitrﬂe(PAN) < ZA%sle] AMP/IO-PAN B34 & 3HAdst o oz WA H| o U] ARG S Fo] A2 &4
= H71sk et 4 AMP/IO-PAN E-oHA 6] =708 X4 324 (XRD), F8]oll ek 22 Z324 (FT-IR), FA}
AP W (SEM), YE2271(PSA), HIERA Bl 3= 24, 2 S8 (MPMS) w415 53 Bpotstal, U E, 2EEH|, A
Foll theh 32 Ae5 B7Fsk k. 10wt%e] 4Fshd o] 3Ht-¥ AMP/IO-PAN E-¢kA) o] 2Hd &4 A3}, 2.038 emu/g o= 1}
EPgt}. 10wt o] 2Fahd o] $Hi-H AMP/IO-PAN £33 o] Langmuir RE 2 o &3 IWE 2EZH Al$7d 3k A&
Q) 7} 0.097 mmol/g, 0.087 mmol/g, 0.655 mmol/g o2 VEFETH 0, 10, 20, 30wt%2] 2ks}H o] 3H-&4-F AMP/IO-
PAN 34 o] Langmuir R 2 o &3+ Aol gk oS3 (Q%-2 2+t 0.702 mmol/g, 0.655 mmol/g, 0.602 mmol/g,
0.559 mmol/gQ & Wetst o m, 7t Akshd of ¢fo] S71ehrE AMP/IO-PAN E3HA| o] A5 F-2FeFo] 748k it
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1.4 8
20119 39, $FAIHEST A, di) tho]X](Dai-
ichi) YA A AW} o] 2 <laf LAY 22a}n| 2 3 FZo)
© TUHARLZE EASE T, o] AlE AR HFo R o
A ohEFe] WzbrL AyEk ol o, gk, T B o] 2
T A BEERE 2 At A ALY H R B
HE 0 95E 53] Al-13702 2 9Elen, 9B A
+ o|& A a7 9l ket X 2] WhH S #-8-skar il
M A 71E Ul A AlES A Eshr] fIgk 7]
=2e 0 JWA, F5, Eo, F3 o] 2udk o] A&
=o] H1l. o] 213t 7]& Tl A o] 2m o] 714 FE
g 712 AR o, A A& E(zeoilte)[2], A
2] FE}o| Bl o] E(silicotitanate)[3], FALA|o}=H2}o] E

34 (hexacyanoferrate complex)[4], &R FE 2| H = F ¥

r‘l

% 4

o] E (ammonium molybdophosphate) [5-9] & & F7/-2] o]
28k 7F AP A& A 2lstr] flal A=A Qi 7
= 910l A ammonium molybdophosphate(AMP)= Al
ol thall F2s e io] Hold Aoz dhelA s 2
2 AMPE 1 pm o]} e bR A] x| AR H)
71 W AlaS A Hd SR o] 2ulggolu o
2udzg A83 A g ST T T H8AJo] Ho
Z 1990t} o] Sebesta 551 ©]E polyacrilonitrile(PAN)
I} Aghste] AMP-PANOIZFAL W37} F-7]-77] o] 21 hA]

ATt ol €A A E AMP-PANE 3| E2 & 7
RS B3 A 23 oy 2 ol EAlsk=
H71& W AlgS A 2fs7] gk a&2Ql o] 2ughA] §lo]
P Aol o3l S8 = JATHS-71. Tranter 5 [0 27
2188 53] 2AFE INTEC(Idaho Nuclear Technology and
Engineering Center, USA)ol|A WA= YEFS $H-3F
# 9 (sodium bearing waste, SBW)-S 100 BV/hr& = 2|3k
A} 32 g Cs/kg AMP-PAN®] -2 Al o] w855 H S
t}. Todd 5171 EAFE INEEL(Idaho National Engineering
and Environmental Laboratory, USA) E3t #|7|& 84 %
Q1A AMPPANS] 3124 3 W AT WS,
Aol F2H-2 Langmuir 5241 0 2 A Ew | Z-Fo] 54
o &A1& wjj M2 EulAl<=(distribution coefficient, Kg)
7} 714 2A Zh2ak ek FAIH R, 2 M FtelA o Alsg
o] Buj A4 60,000 mL/g o]0 & uf$- A YElyt o
0.25 Me] Hibdgo] EAE Al el AIS7F 7,150 mL/gS
2 A Ak

it

o
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FHE olewPAE TR QAMT} B
WaPsel eads AelAdls A Be/EsT) Ahsa

oF atH, HI=o] Fel3Frt Goldh S THA= ol
WA gk A77F A HAL QY. Sheha [101=
= Ato]=¢] mladElo] E(magenetite) 7] 2A¥ i AR
9] potassium zinc hexacyanoferrateS® IEA &2<Q]
polyacrilonitrile(PAN) o] A33}e] #F$] WA H 7 1E )
Ags Aelshes d75 FsHt. Kaminski 5 [11]
1980\ WA g A 23] ) AR 213 T $HF o] L A
om, @ FE A oA ArbE {1 AvFe] WA Al
o2 o HAHTtaL Bt vl YAt E3F
A Ae] ZefolER| o] E(crystalline silicotitanate) S
ARz ol ZgH(MagAcryl™-CST)8} o] - W] 35 o]
Al AA3E7] 918 A-8-3F3Act. Igarashi 5 (112 2011
B dbAst S Ank(Fukushima) TFo] X (Daiichi) 94 AFxL
2 13l b WA S0 FH E o2 HEEH
o o]& Helstr] ¢I8f shet Al gk WA L Aol A
gAY B o] A|AE Sl A% A S o] &ako] Ak
A A (paramagnetic) ¢l Prussian blueZ o|-g3}o] 318+ A<
T W AlEs AASE ATFE T3S

2 AFeAe A9 Als Ee2l7t 7Fsd AMP-PAN
YAl 71 BAH 0 2 AR E= A YAkl AFshd (iron
oxides)& F7}8F AMP/IO-PAN E3A4 2 gAdst o o]
o thek Eelstetd 545 FA st A AT (FEE,

2EEF, Al tid 712 F2F 71E 542 37kl

Lo & K

]
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2.1 428A%

2.1.1 Chemicals

AbslS sHAJsH7] 9138 NaOH(93%, Duksan Chemical
Co., Korea), FeSO, - 7THO(98%+, Duksan Chemical Co.,
Korea), Fe(NOy); - 9H,0(98%+, Sigma-Aldrich Chemical Co.,
Korea)< 0|83} 31th, Ammonium molybdophosphate(AMP,
(NH:PMo Oy - 3H0, 98%+, Wako Pure Chemical Indus-
tries, Ltd., Japan), dimethyl sulfoxide(DMSO, (CH;)SO,
99%, Duksan Chemical Co., Korea), Tween-80(Riedal-de-
haen, Germany)¥} polyacrylonitrile(PAN, (CJHN),, Sigma-
Aldrich Chemical Co., Korea)< ©]-83}&] AMP/IO-PAN &
A= FAI5FITE. Co(NOy), - 6H0(98+%), St(NO5),(99+%),
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CsNOs(99%)2 Sigma-Aldrich  Chemical Co.(Korea)ol|A],
MES buffer(2-[N-morpholinolethanesulfonic acid hydrate)+
Acros Organics(USA) 9|4 F-4&}e] A8},

2.1.2 AMP/IO-PAN(ammonium molybdo-
phosphate/iron oxides-polyacrylonitrile) &
A 9] A
7] o]leudAel I REF ZeBHEIXAH ol E(am-

monium molybdophosphate, AMP, (NH,);PMo O - 3H,O)
of A& g At S Fejolad 2 vo]Ed(polyacryl-
ronitrile, PAN, (CHN),) 822} A A A o] HA 7] H-F
7] o] & 8kA| 9] AMP/IO-PANS A&}t & Ao 2
25 A3} (Iron oxides, 10)2 =A3$HA] 3}ollA] NaOH &
N U] Fe*o} Fe* o9 3l 23] AzFHAoH, o]
uf Fe*<} Fe¥ o] 29| & H]:=1: 2 Ju}. 100 mLe] 0.25
M Z2HA L A (FeSO, - 7HO) Ol 100 mLe] 0.5 M ZAkA] o]
A (Fe(NOy; - OHO)= 313t o] §9E 25C oA pH
7} 1059 =43 wj7}+] 0.5 M NaOH &g H7}ls|F4
A ZFetAl mRkek ek, AAES 30 FE <t 80T A 7HE
gt & 2R o] | A ok 70T oA 24 ATHERE
Azstolet 121,

AMP/IO-PAN E§A= tho|wdd FAlo] =(dimethyl
sulfoxide, DMSO)E &2 A}&3le] g3t o = g
g8k det. 55 mLe] DMSOI 10 go] AMPS} 4Fsh4, 0.4 g
o] A AAE A2l Tween-80S ¥l 250 rpmol|A] 50C
B FABFEA 1417 wkek i), oluff AMPe] SheEFS
AMPS} PANQ] & Ak 8] 70wtn= 3} Akshd o] st
2o AMP A=F thH] 10, 20, 30wthE 8Fe] AMP/IO-PAN
FAsHATE. o] F 4 g PANS YAl 250 rpmofA] 5 A
& S0CE FAIBHAA wRkslYh S EL oleE
< &3l FAE AL o] & 3l T 9 beadE AT FAE
AMP/IO-PAN beadZ 242 39 A3 & A A 4
THE WAL 60T oA 24413F AZ3FTHS]. ol §Hd
F AMP/IO-PANS 2k3}A o] stekol] whg} 10wt%, 20w,
30wt% AMP/IO-PANS. 2 FE-3} 4T}

o & o

2.2 2344

2.2.1 7]% E4 2¥

£ AFelA] AREE AkshE, AMP, AMP/IO-PAN -3t

A F2E 487 flal X4 3@ EA (x-ray diffrac-
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tometer, XRD, D/Max-2500, Rigaku, Japan)& <33}
o}, AR AFe AYLS 25 mA, 40 kVo]al CuKa radiation¥}
A=1.54 A 9] Z271o|A] 20 = 0.5~50"2] WA A3
o} 2kshE, AMP, AMP/IO-PAN 53] o] EAb+29} 2k
AYE dotB 7] fJaf Frefol Mg 2 oM F3EA (Fourier
transform-infrared spectrophotometer, FT-IR, Spectrum
GX & Autolmage, Perkin-Elmer, USA)-S 83} o™ o]
o, KBr pelletg o]-&3}o] 243} 911 24 9] 4000-400
cm' O 2 resolutiond 4 cm'E 3T FAF AAF vl A
(scanning electron microscopy, SEM, S-4300, HITACHI,
Japan)Z o]-&ste] AMPO| {dAArE FQlEklon, ¢
= F297](particle size analyzer, PSA, N5/LS-13320, Beck-
man Coulter, USA)< -3l Abs}d o] xt=7] 22 E 24
3tttk AMP/IO-PAN E-gha)| o] H] %2 (specific surface
area) 2 7]F % (pore volume and size) ¥4 (Autosorb-iQ
& Quadrasorb SI, Quantachrome, USA) o4 &2kA| o] %
Z& BET(Brunauer-Emmett-Teller) Q2 7]3H 3|9} F

7h2=o] FA-EA 7P 02 S5 3ivk. AMP/IO-PAN 5§
AW e AstE ] gHEs 24571 918 microwave
g olg3le] 2o AU ¥ Feol FPe] FFY
o AAe oz 941 Abshd EPE AMP/IO-PAN &
A 20% NaOH -4 oA} 95T ellA] 30 & &t 7} s}
PAN = 7hesl shoitt. A2ld &5 st
3 Azstel 2ekd AR dolN Y BHL st 9
Z~(HNO;:HCI =1:3) €N o] Y31 microwave(MARS 5, CEM
Co., Matthews, NC, USA)Z A= g]5}itt. o] w] micro-
wave?] powere 1200 W, 422 800 psi, 2=+ 175C=2
AAgste] 71, A&, B2k F 30 Eo 2 A skl o %
% AxeE £ o] Feo] 552 FE AT S} =n}
F53-33 = (ICP-OES, Optima 2100 DV, PerkinElmer, USA)
o2 Ak Atshdat Atshd o] Fd AMP/IO-PAN
Bl A5 Eg 9718 s A9 R (magnet-
ic property measurement system, MPMS, MPMS XL 7.0,
Quantum Design, USA)S AR&-3}o] 300 KollA] #FA] 2] A 7]
(H)Z -30 KOeFH 30 KOe ¥ $7}A] #2413} At

)

e

2.2.2 334 & 4%
AMP/IO-PANS] FHE ~EZE A dg HuF
2ekg Hrlslr] 98| g SRS sk HA

]
73 Bof YL Co(NO,), - 6H,0, Sr(NO;),, CsNOs& ©]-8-3F
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o] 1~20 mM9] T W2 Azt o, F2A Y] 2 2
HES} REEFS 0.5 g e 0.1 g2 3Fltf. F34
32 15 mLe] FYZEH (polypropylene, SPL Co., Korea)
= o]-&3 25T oA 200 rpm O & 24 A|ZF WHFsFT), wHk
& golo 20 & %2} 3000 rpmol| A PAE s sl e
0.2 un A YA FE (Whatman, cellulose nitrate membrane
filter, ¢=25 mm)& ©]-§-3to] e} et F2 A 2] & &5
H o] ILE 2EEF AF v5E FEAGSe=)
W33 = A (ICP-OES, Optima 2100 DV, PerkinElmer, USA)
2 23S Mg B9 S8 At ol FEE 3t
H (standard addition method)-& &-8-3}e] B3 gcH13].

AMP/IO-PAN E-8kA] o] 332 F2 A8 A& Freun-
dlich 223} Langmuir &2 =292 (curve-fitting) 3} 1
o},

Freundlich 242 t}-3-3} o] 1@ Hohs].

q=K,C" )

oy7]4 q (mmol/g)2} C (mmol/L) & &2 HE Ao
A FEA @] gF FEE 4 8] g4 3
Y3 27} Ve, K, [(mmolg)/(mmol/L)Njsh N&
Freundlich “J<=o]th. Ke= oJH E43F 8-d2] 839
ol LAde) FA5E AL, A% N §5 374
oA oA o] Z7]9} Bt YA S ERATE

Langmuir 292 t}5-7} Zris]

QO

kv

= 146C @

o1714] QP (mmol/g) & FHf F2-&-3Fo| b (L/mmol)
= 52 oy R|e} #AE Langmuir AF<=o]T},

3. 2342 3%

2
5

Mo

3.1 &334 5A

S ¥ AMP/IO-PAN B34 o] A4S video micros-
copy (VM, SV35, Suntech, Korea)Z 0|83} 243} o]n]
2= Fig, 1(2)9} 221 1-2 mme] A& 7HAE 73 1)
= Fejo|t}. Fig. 1(b)ollA] &1 4= gl%0], AMP/IO-PAN
2A vj=e] vEe 22X g 7T & AT e

T —T
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Fig. 1. The video microscope (VM) images of (a) x 100, (b) x200
magnification and photographs of AMP/IO-PAN composite in water (c)
without and (d) with the neodymium permanent magnet.
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Fig. 2. XRD patterns of (a) AMP and (b) iron oxides.
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Fig. 3. FT-IR analysis of (a) AMP, (b) iron oxides and (c) 10-30wt%
of AMP/IO-PAN composites.

YRt} Fig, 1(c)9F 1(d)¥= AMP/IO-PAN E-3HA| o] 2}A41-&
0] &3t 244 EAS Yeh Al o2 2 of] olsf 41A] F2
7V 7beEs & 5

A o] E)5tetd 58 dotr ] 918 XAl 3]dR
2(XRD), el ¥ H o) FF&A (FT-IR), AR
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7A(SEM), =t (PSA), Bl B 7|85 24, A4
S84 (MPMS)S 3 &t qict.

AMP®] XRD 4 A= Fig. 2(a)ol] YeERHSH,
AMP2] 9 XRD ¥ 3+ JCPDS (Joint Committee on Pow-
der Diffraction Standards) cards libraryZ %3l peak &2
< 3 A} reference code 00-043-0315 &Z3} A=x]5}%]
o}, AFshE o] XRD 245 F3 g A& Fig. 2(b) ol YER
ATk, XRD 935 A2 23 sk & 24 (mag-
netite, Fe;0)3} &2 (hematite, Fe,0;), %24 (goethite,
FeO(OH))¢] &8¢ Fe] = velsith,

AMP, 28} AMP/IO-PANS] FT-IR £ 4000-400
cmte] WA =831t Fig. 3(a)& AMPY] FT-IR +#
X AIZ 1063 em?, 963 emt, 868 cm! 9|4 ZF P-O, Mo-O
and Mo-O-Mo2] 3 A& F&(symmetric stretching vi-
brations)o] WEFsTE RE 0]
1411 cm'ollA &2l QITHS8]. Fig. 3(b)= Aksld o] FT-IR
B ATZ 2800-3400 cm'e B2} ] 22T ofns)
™ 1500~1650 cm™'-& H,O AFo]¢] Adto|t}, 1000-1100 cm!

L& Fe-OH9|] F% A (vibration interactions)©] ™, 500-900
cm'e Fe-O-Fe Ao 2 YEFHTH12], 3420 cm '3 560 cm'™?
& O-H®} Fe-O= v X = ItH14], 10wt%, 20wt%, 30wt% 2]
AMP/IO-PAN &334 o] FT-IR #4] A3}-Z Fig, 3(c)ol YE}
AT, 1061-1067 em™ 2] JGelA] P-O, 960-963 cm' ol A
Mo=0, 867-870 cm™¢] A Mo-O-Mo¢] % (vibra-
tion)S AP oM, NH o] 3= 9= 1400-1500 cm?
2 ettt 2tshE W Fe-O-Fe 292 500-900 cm'of|A]
et o ™ 1500-1650 cm'S- H,O Afo] o] Asto 2 eyt
T}, 3550-3400 cm™ WY oFe] O-He| Al1&ZI%E (stretching
vibrations) 2] E01'd-2 &2 H,O Alo] o] 423t o]t
Aot} T3k 2242 cm'L PAN 2] Yo EE(R-C=N) I
o|ths8,12,14]. A+s}E o] 3heko] Z7}18ko) whel AMP/IO-PAN
5500 ) 2159) S ATHE llahs peakst 2718Re
Aoz vebuich

AMP/IO-PAN B8] o] A 25 ¢3l F7] Y=}l AMPe}
Ashd YAte] e A4S k). SEM o] A& F-3l
nA A 220 AMPY] YA 7E FlE e, AMPE
500 nm o]a}e] hHAE YR FA ] Ark(Fig. 4). o
£ 2A/I0SNE olgatel MEAe YA 271% #4R
Akrig. 5), AL 350 m ol3he] YA A=) 3)
o it YA A7) 51.38 = AMP Y=}ol| v] &) AF3-3]
A bk
Table 19]] 2F8} o] 10wt% EgHE AMP/IO-PAN E3}

2% (vibration)-&
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Table 1. BET analysis of 10wt% of AMP/IO-PAN composite

Samples Surface area (m?/g) Pore diameter (nm) Pore volume (cm?/g)
10wt% AMP/IO-PAN 18.2 2.14 0.034
AMP-PAN 32.7 314 0.170

Fig. 4. Scanning electron microscope (SEM) analysis of AMP,

3.5 1

3.0 A

25 -

2.0 A

Volume (%)

0.5

0.0 T T T T T T T
0 50 100 150 200 250 300 350 400

Particle Diameter (um)

Fig. 5. Particle size analysis (PSA) of iron oxides.

A2} AMP-PAN 9] H] 3 1 F (specific surface area) & 718 %
(pore volume and size)S H| 25} JtF, AMP-PANS] H| ™
AL 32.69 m¥g, 71F5IE 0.170 cc/g, 71T 7E 31.4
nm= YERETE o] H|E 10wt% AMP/IO-PAN 534 ]

264

=51

XA L 18,22 m¥/g, 7] FHI| = 0.034 cc/g, 71 FA7)=
.14 nm= AMP-PANXET} H| 3 o] 7|7} ZHA] et
.ol wholaR A7)0 AbshE ftet mlAlg AMP §Ak
o7t Eger 71Ear)e 71E v o] iz Qls AMP-
PANIT} H] WA 0] 7Had Ao 2 Bk,

AMP/AIOPAN BEAle ] $4¥ el e
microwaves ©]-83F 52 WA & AF7Fs A, 10wit%
AMP/IO-PAN 53] o} Absba o] ghefke 0.026 g/gol™,
20 wt% AMP/IO-PAN< 0.059 g/g, 30wt% AMP/IO-PAN
0.132 g/g= UERsIT, ol= /g Al Al glgh 2hshd o] 3+
of vl 7F2E kO Z | 10wt% AMP/IO-PAN E3tx&= o %
3 9Fo] 26%, 20wt% AMP/IO-PAN-S 29.5%, 30wt% AMP/
I0-PAN-2 449%2] 213185 sl 2o 2 YEhstt, o=
AMP/IO-PANS| §4] A] AMP, 4F8} | PAN M %-o] ¢
3] At EFEHA XA wiolgtar o AXI,

Fig. 6o 2F8} 283} AMP/IO-PAN E-3HA] o] MPMSe]
AA3E Yepf ek, AkshE o] 2Hd 9] Al71= 50.71 emu/
g2 YESton], AMP/IO-PAN 581 o] Ahsbd bkl
MPMSE] 24 A3}, AkshEo] 10wt E&HEo]F AMP/10-
PAN E-3HAl:= 2,038 emu/g, 20wt%o] -9~ 2.875 emu/g,
30wt%2] 73 7.719 emu/go 8 AtshHE o fhfo] S
F5 AMP/IO-PAN E81A| o] 2pd ] Al7|7} S7Fesl ot
AMP/IO-PAN E9HA| gHd A] FUF o] 24 2lstd o] <&
o Bl = SA UEbstTh o= 3 o] del AEdRol
AMP/IO-PANS] /8 A &3 o] B &8l ofst 2
e} o AZI}, Sheha [10k= BAMY #ld ) AlgS Fela)
7] Y3 A YRR Fes0, Y= A9} potassium zine hexa-
cyanoferrate® &3%13}e] magnetic hexacyanoferrate(IT)
nanocomposites FAsIHo ™ TEA XA A2 PANI
Adstr] He] BakA o] AH4dL 20,18 emu/g o 2 YEFSTE,
o] & A7 Aol WA F=2 Fhol ARt PAN 7] vl
oo Agtrlols Sl e, S o weh EeHA
o] HF A AT Alolrt

2 0w
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Table 2. The single-solute sorption model parameters of Co, Sr and Cs onto 10wt% of AMP/IO-PAN composite

Freundlich K, [(mmol/g)/(mmol/L)N] N(-) R? SSE
Co 0.066 = 0.006 0.171 +£0.038 0.778 0.0025
Sr 0.067 +0.004 0.130 +0.028 0.766 0.0015
Cs 0.482 +0.030 0.138 £ 0.026 0.871 0.0920
Langmuir Q" (mmol/g) b (L/mmol) R? SSE
Co 0.097 +£0.007 5.74 +£3.22 0.704 0.0034
Sr 0.087 £ 0.005 15.5 £8.60 0.702 0.0020
Cs 0.655+0.021 21.5+4.20 0.950 0.0360
60 1.2
(a) Iron oxides qoo000ce S gfi
40 - (] 1.0 4 ] cs'
G Langmuir
S — — —  Freundlich
g 20 1 _ 0.8 -
s o = -
c - =
: ' g .
2 E
o -20 T
<
o
-
01 * 02
coeeoo?® ® e | [y
60 . : : . . e & I e
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g1 (b) AMP/IO-PAN Y
—~ 61 L] Fig. 7. Single-solute sorption isotherm of Co, Sr and Cs onto 10wt%
S’ 4] of AMP/IO-PAN composite. Lines represent Freundlich and Langmuir
g AAAAAAAAAL models.
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Table 3. The sorption model parameters of Cs sorption onto AMP/IO-PAN composites

Freundlich K, [(mmol/g)/(mmol/L)N] N(-) R? SSE
0wt% 0.481 + 0.027 0.176 + 0.025 0.922 0.0654
10wt% 0.482 + 0.030 0.138 £ 0.026 0.871 0.0920
20wt% 0.451 £0.027 0.134+£0.025 0.877 0.0728
3 wt% 0.421+0.023 0.130 +0.023 0.888 0.0549
Langmuir Q" (mmol/g) b (L/mmol) R? SSE
0wt% 0.702 + 0.024 10.5+2.18 0.950 0.0419
10wt% 0.655 +0.021 21.5+4.20 0.950 0.0360
20wt% 0.602 +0.018 26.6 +4.90 0.955 0.0270
30wt% 0.559 +0.013 26.5+3.68 0.973 0.0134
H] 66.6%°] ™, 20wt% AMP/IO-PANL 62.5%, 30wt% AMP/ & AMPE A|A|A|e} Agsle] v|= &) (granular form)=
IO-PAN-S 58.8%%Tth. AMP/IO-PAN B3] W] AMPE] & A zsl= A7) =3 HT). o]= T Ho|L} 7)F o] AMP
FO0H Alge] Ke @ e HANFHFQOe] vl#EBA = 044 7)= wbi o2 AejzbA [16], 2 [17], W%
A& Fig. 991 QU = ok WAV Ao 2 5y Ayt o), 22AF 54 (18] So] 9lon, 7] nfol
A s Ysiad= dubd o 2 Bl A4 (distribution coef- 02 o3l vT=al= 7k Ay o|E [19]12 o] &5ttt

ficient, Kq) 2} A 94|57 (decontamination factor, DF) S #-&
8, 1 A ol& v 2}

C-C. VvV

K= Cf m (3)

¢17]41 C;(mg/L)%} C(mg/L)= F5F 2
N2 sk §2 F 589 Yo U &
Zh2k ViR, V & Sgele] 23] (1), m £
= (g)otH.
=7 Al<F

o
2
2
lo

BN F=rF 1 mMel B¢ F2 F 4kshE ol
Z3HEA] 98- AMP-PAN?| ZHlj Al =} A G757+ 6.9x10°
mL/g, 464, 10wt% AMP/IO-PAN-S 4.9x10° mL/g, 333,
20wt% AMP/IO-PANLS 4 8x10* mL/g, 323, 30wt% AMP/
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