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Abstract

Zeolite (FZ) prepared using coal fly ash from an Ulsan industrial complex was immobilized with polysulfone (PS) to
fabricate PS-FZ beads. The prepared PS-FZ beads were characterized by scanning electron microscopy and Fourier transform
infrared spectroscopy. The optimum ratio for preparing PS-FZ beads was 1 g of PS to 2 g of FZ. The removal efficiencies of
Sr and Cu ions by the PS-FZ beads increased as the solution pH increased and nearly reached a plateau at pH 4. A
pseudo-second-order model morel fit the adsorption kinetics of both ions by the PS-FZ beads better than a pseudo-first-order
model. The Langmuir isotherm model fit the equilibrium data well. The maximum adsorption capacities calculated from the
Langmuir isotherm model were 46.73 mg/g and 62.54 mg/g for the Sr and Cu ions, respectively. Additionally, the values of
thermodynamic parameters such as free energy (AG"), enthalpy (AH") and entropy (AS®) were determined. The results implied
that the prepared PS-FZ beads could be interesting an alternative material for Sr and Cu ion removal.
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ARE-o 2 ols) mjyd 1}-%6‘] Z7)skaL It Bowen et
al., 1979). @A ¥z A ‘j“!i Sh= #Hl= W Srat
> A Al TR, =9,
ey S Q% A %‘2% T UK Gurboga
and Tel, 2005). £3] Eﬁ?j HRALA o] 2 BAEL2 T
E 7£& o] B2l o2 "Hb7)7)F 47]
tjzofl AFAA o Q
st A Alof] oFF S 71X = A o' dHA Qo

T % BE e BAL A B w5l
Syt wo; F2hye 24o]
2| H)Q} FLe ]
o] T <>ﬂ 4% Xﬂﬂ shizdl 4
o2 Agtet i o 2 %3l ¢) S W(Richardson
etal, 2007), Al S eto| 2 H2kg et Aelio]
0575}/7]7:”24 O]—X—]/\']E 5].0:] j_Q_OH Z_,] 0]:0]2
AlAN ZIAQl F2HA|= A4 lth(Panayotova,
2001).

Pavolova et al.(2016)-2 Slovakiaklt A A|-&2}o]
EE o]t 790l Cu¥'o] F2uol 1.48 me/go]3]
T}al 31930 1, Wang et al.(2008)2 tuffE ©]-8-3F 7
Lo Cu’'o] Aol 23.2mg/go|dlrkar SHLE.
Smiciklas et al.(2007)2 A A&} E clinoptilolite
E Sr o] 23} Cs o] 29] A|A AF A Sr o] 29| &
2FF2- 11.64 mg/g, Cs ©]-29] F2eF2 45.12 mg/g
o]tk 3} om, Ma et al.(2011)2 H A Al&e}o]
E montmorillonite 2 Sr ©]-&3} Cs 0]-22] A|A A3
of| A Sr 0].29] FA}eL- 57.04 mg/g, Cs ©]-22] 2}
2F2 13.26 mg/go|ittal 3¢k S1H, Pandey et
al.(2009)2 AMl-& Al&2lo|E NaXZ Cu?] SZHA|
SAFFo] 41.6 mg/ge| ATt 31932 H, Mimura and
Akiba(1993)2 3H4 xﬂéla}o]E PZ o] 83t Cso} Sr
o]0 FAAolA FHf FAFe] 747t 2339
mg/g, 161.22 mg/go]a}al o}MﬁD%, Lee et al.
(2015¢)-& AF9l-g8 3HA] zeolite AR Cs2} Sr 0]-2 A|A
Alo]l Bzkefo] zHzk 218 mg/g, 156 mg/gol2tar 3151
. 0]e} Zro] He Alete|Eof vlsf o Aleeto]
= HAs o] st 7HA o] HIXE R, fly ash

o O

[

Z0 :L_/J\_o]

lmil

o & 371 EE olgte] Aol =S FAstol
ARgBHE A7} Bo] AEE T glov], B ATAE

(Lee et al., 2014) 5% 2AF Ftho]A] HlZ 5= coal

24 - ol

fly ash@ 345t Al 20| EE Sr 9 Cs o2 A A A]
of] Z-2FeFo] 156.8 mg/g L 94.4 mg/g?l A}E L3
q.. j_a]/} z;s:]—/\‘lsl— xﬂ.sz.g]-o]Eﬂq b‘zl—/H‘— 0 O /\5}
Y vlAlgk 2] Fejol7] wiZe FRHAIE LEAt
2= n3sete] AgoHE A7 BE A Sel
of8) =) 7 e

Wan Ngah et al.(2013)2 7| EARS 0|85} A&
o] EE 11435}t chitosan-zeolite E3HA|S A %35}
o] AMESH oo Cu()e] FeFo] 25.61-51.32
mg/go|ttal 3} O, Faghihian et al.(2013)
polyacrylronitrilex} | &aglo]EE 3HA3H E3A v
£ olga 7$0] Cs o] 23} S o] £.9] |7|%o] 7
7} 214.1 mg/g, 98.13 mg/g o| It s}t & o
AT AIE AgElolE AR TEA BH
polysulfone(Lee et al., 2015b), poly vinyl alcohol
(Lee and Lee, 2015), styrene acrylonitrile copolymer
(Lee et al., 2015a)0]| LA 3}t0] H| =S A|=s}e] 4=
9] Sr 1 Cs o] A71o] tfsto] et wi Sl

2 Aol A= &4t sl A EAYSH= fly ash =25
E] &AISE NaA zeolite (FZ)E polysulfone (PS)o.2
38 PS-FZ F2AHAIE A28kl 4+5-29] Sr o] 23}
Cu ol2.9] T2 BAE AT,

2. Mz & Hiy

21. X2

2 Aol ARERE 2l Ay AHLee et al,
2014)0f| A2} Zro] Mgt dej(ZAM] Hol AAfsh=
HAPS] A7 AR 7] o) A BHESH= coal fly ash& 3+
g ARl E(F2)E ARSI, EAEES]
Polysulfone (PS)+= Sigma-Aldrichol| A F£¢]3}o] A}
85139}k N-Metyl pyrrolidone (NMP, EP), strontium
nitrate (Sr(NOs),, EP), copper sulfate (CuSOs, EP),
hydrogen chloride (HCI, EP)1} sodium hydroxide
(NaOH, EP)+= Samchun Co.o)| 4] -3} AE-31
o} Sr o]23} Cu ©o]& 8oML strontium nitrate2}
copper sulfate S Z=(Milli-Q Millipore 18.2 MQ-1
conductivity)o]] o] 1,000 mg/Le] R M(stock
solution)-& A Z35}o] ARSI T



LA Fetol A Hi &5l coal fly ash & §H3E Al &elo|ES ZejgEog 1
£4

“gofsto] A=t 1625

PS-FZ W] =9] Sr ¥ Cu A|A

2.2, PS—FZ &N M=

PS-FZ SZA| A ZHH-2 100 mL H]A o NMP 10
mL, PS 1.0 g& Y& & wHl7|(Misung, MS300)2
WRIA|A k45| LallA]17] THSo] FZ 2.0 g& @ ok
LA17E 59k EEAIIE o] §94E 27 1 mm A1)
£ 0|83l ZRgrof SR "ol the 1A 7F
50t A5 F2A) PS-FZ vES Az A
2 PS-FZ M| Sk Z R4 345] Al Hslo] Ao
A3 A 23 PS-FZ S2FA| €] FT-IR spectra=
FT-IR spectrometer(Bruker, Vertex 70)& ©]-85}¢]
HA519 o, EHEA-L scanning electron micro
-scopy (SEM, Philips, XL20)E o]-835}o] THaslSict

2.3, Mg 4
FAAFS A0 Sastgon, 500 mL 4
Z¥EalA 0] 24 H5(100-400 mg/L)2] 0]

£0 200 mL9} PS-FZ 2 g& W& & Zmxiely)
(Johnsam, JS-FS-2500)& ARE-3}o] 180 rpm o2 Wl
WA QAR 2 | mLe] AR 2125
A1, A2 2] 7| (Eppendorf, centrifuge 5415¢)%
10,000 rpmolA] 5 min E9F YAE ]S} T AFZolS
H2|5t0] YA}E2= 5= A|(Shimadzu. AA-7000)
2 g&ol20 =5 E45130th 842 pH= 0.01
M HCIZ} 0.01 M NaOHE ARESlo] 2A319.0mH,
|Ho] pH= pH meter(Istek, AJ-7724)5 0]-85}o]
243519ty 2% = Shaking Incuvater (Hanbaek,
HB-201SF)& Alg3le] 8989] 25293 K, 308 K,
323 Koz 2A3lo] A58 2alsla).

A|Z23E PS-FZ S2HA ol &J7E Sr 0] 23} Cu ©]2-2]
SRS A ()& ARgste] Alitstaich

G=—y ()

o17)4 gz A1Zk 1ol St o]t Cu o] &o] F2
Hmglg), Cok St o[&3} Cu oo Z7|%5:
(mg/L), Cti= AIZE o)l Sr o] 2k Cu o] 29| 5=
(mg/L), Vi= ole] BulmL), 1237 M A-gg
PS-FZ 240 F7(g)o]ct.

3.7 YT

=

4

3.1. PS-FZ ExHlo| MIx =

Fig. 12 PS9} FZo] ok wWalA|7|wA A|=3t
PS-FZ Z2A|9] Sr o] ¢ tfgt F2lee] ¥ss U
Efll Aotk ToA] S M52 FZ2] 920 g
o3 A3 3t PS] kS 0.75 g, 1.00 g, 1.25
g 1.50g 1.75 g o8 =277 WA 4|23} PS-FZ 5
217 9] Z&FRS UEld Zlolch PS7E0.75 gl ¢
o= PS-FZ Z2A| 9] v =7} P AR v =R B
B FZ7} §-2 5o, PSO| §akS 1 goio & gt
Aoz FZ7F 52 5]A) §Eoteh 12fu PS & gego]
1 gollA 1.75 g 07 Z7Ijte] wheh S22 344
mg/gol| A 23.1 mg/g &2 745tk 31, PSE 1.0

gO =2 UHHA stalA FZO F&20.5¢, 1.0 g, 1.5 g,
2.0 g, 3.0 g0 & Z7}AA A 23t PS-FZ 24| 2] Sr
o 2of thgt FATF FZ 9| ofo| Z71e45 270
= w43 S7FIH7F2.0 g ool d= AL LTt
SAFS Hoth w2 o9 *‘f%ﬂ*ih PS
1.0 g, FZ=2.0 g0 & 3}o] 4| %3}F PS-FZ H|=S A}
B33t

PS, g

40

30 A

20 A

e My/g

10 4
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T T T T T T
0.0 05 10 15 2.0 25 3.0 35
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Fig. 1. Adsorption capacity of strontium ion and copper ion
for different PS and zeolite contents (PS-FZ beads:
2 g/0.2 L, concentration: 100 mg/L, pH: 6,
temperature: 293 K).

3.2. PS-Fzo| EM B4
Fig. 23=FZ, PS, PS-FZ9| FT-IR 24 47+5 Yephd
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Zoltt Fig. 2(a)= FZ9] FT-IR £441}0]H, Fig.
2(b):= PSQ] FT-IR 24 A3}2 2966.66 cm™ H.L9
A] C-H, 1151.18 cm™ oj|A] C-07]7} 2= Qict. Fig.
2(c)= PS-FZ2] FT-IR 24 Z3}2 Fig. 2(b)ojlA] &
4 1% FZo] 2+-87]2] 3443.74 cm’ o] 4] O-H7],
1651.72 cm' oAl C=C ©o|=ZA3L, 996.28cm™ o] 4]
C-07|7} ¥=|qict. weha] o] 25H 54} PSo
FZ7} 2 1173} =]o] Q13- & 4= Sl

3 O T W Y Ve
é _

(c) PS-FZ

4000 3000 2000 1000

Wavenumber, cm™

Fig. 2. FT-IR patterns of (a) FZ, (b) PS, and (c) PS-FZ.

Fig. 3-& 4|23} PS-FZ 0] =9] 9|83} AhHS 3}
251 Alzlolct. Fig. 3(a)oflA] His upel 7o) %
PS-FZ H|Ex= Z1A o] ¢F 3-5 mmo|¢)t}. Fig. 3(b)~

—

(b

Fig. 3(d)= FZe} PSO| ks defsto] Alxgt
PS-FZ H|=9] AehHS SEM &3t Aotk Fig.
3(b)%} Fig. 3(c)oflA L PSO| ofa 1 go=2 44
SHA| BtalA] FZo] ke 2 gollAl 3 go=2 S/
g7-olle A/dH vIEWO FZ dA=ol H @Wol 1174
ohe mEgE WEd 4 Itk T19]Al Fig 3(b)ef
Fig. 3(d)ollA 2 FZ9] g 2 g0 2 A7 st
A PSO] RS 1 gollA 1.5 g o= S7HA1R1 49l
© ALZALPS 2 o] S7ietol| whet W= yiRe] 7|

39| 277} Aol Ak Beck

33. 27| =0 ME SEH

Fig. 4= Sr 4 Cu 0|29 %7]s%=5 100~400
mg/Lo= GeEfgt Aol Azt el whehA]
PS-FZ F2HAo|| oJafl &2F¢ Sr 9 Cu o]22] ofo] ¥
3H= UEhd Zlojoth Fig. 4ofl4] K= vie} o] Sr 9
Cu o] R 27] 24 he7kA|= F2to] wha7| o] o]
Ath7t 245 ks A 4] oF 72 hrof| A B3l =5t
Atk o= 2 27] TACl A= PS-FZ S2HA ] H]
o o= B/dHo] wol gA F2ko] dojubA|Rt, ARt
o] s Fbo] x| whet o] gl 4
ol Hash] Yo AlrEh E3l g0l
271527t ST ol wet FAE S7ksk=T, ol
et 7R et 22AE el sEA A
2)7] wjEoz AbREch Tranter et al.(2002)7}
ammonium molybdophosphateE- polyacrylonitrile 2
TABIA 7] AMP-PAN B|E& CsZ A AAo] BFA|
7o) 48 hro]) o™, Jeon and Lee(2014)7} AI(OH);
£ PSE IS HIER Eao] 25 AAA B

(© (d)

Fig. 3. Digital photograph of (a) a whole PS-SZ bead and SEM images of the cross section of (b) PS(1)-FZ(2) bead, (c)

PS(1)-FZ(3) bead, and (d) PS(1.5)-FZ(2) bead.
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Fig. 4. Effects of operation time on the adsorption of (a) Sr ion and (b) Cu ions with different initial concentration (PS-FZ

beads: 2 g/0.2 L, pH: 6, temperature: 293 K).
AJ7Fo] 72 hr, Lee et al.(2015a)0] Al-&2}0]EE SAN
0% IABA H]ER St o].& 8 Cs o] 20] F2H
A~ ol B Alzke] 72 hro] it

34.
Lagergren X7 4] 0

=
Zheka AR Ao U TRl 2ok

P
tE
g

log(g, —q,) =log g, — @

o7 A, k& AR 1AF S5 Ad4x(1/hn) S VER Y,
= ARE oM 9] SR (mg/g), .= BB TEOlA

100 mg/L
150 mg/L
200 mg/L
250 mg/L
300 mg/L
400 mg/L

ompbaea0O

In(g,-a)

T T T T T
0 12 24 36 48 60 72
t,hr

(a) Sr

o] FAHmg/g)& HERHTE
]_

5
=l
FA2AE UG o] AGALS TRt 2,

=+t 3)

A7|A ko= FAF23F S 4<3(g/mg-hr) ot}

Fig. 49] 32} 43 AnE 4] <2>-<z} 2] (3)°] -85}
o] Fig. 554 Fig 60 Yehfglom, o] 2 RE 2ot o
g ZHES Table 19 ﬁok—}oﬂu} Table 104 &
o] Sr 0114 Cu o] 9] Z2F AY &S GAF 17}
& alo] 283t S0 AAAG) ZHS Sr 0]

100 mg/L
150 mg/L
200 mg/L
250 mg/L
300 mg/L
400 mg/L

omp>q«O0eO

In(q,-a)

0 12 24 36 48 60 72
t,hr
(b) Cu

Fig. 5. Plots of pseudo-first-order kinetic model of (a) Sr ion and (b) Cu ion by PS-FZ beads.
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254

200 mg/L
250 mg/L
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ompaq4a0eO

tiqt

t,hr

(a) Sr

t/q,

25

BUA - ol

2.0

omp>4a0O®

100 mg/L
150 mg/L
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400 mg/L

(b) Cu

Fig. 6. Plots of pseudo-second-order kinetic model of (a) Sr ion and (b) Cu ion by PS-FZ beads.

749 0.8260~0.93760]3L Cu ©]2-2]
s A 22F ST Ao 285k Pl
£0.9872~0.99990] 1L Cu ©]2-9]

0.99900]%15.

* ZFo| Sr 0] £-20] HL

A= 09631~

o

A9= 0.9840~0.99852 % JA} 12} £ HTE=
427 S Ale] B S 4TS ol we
BTk FAEE SEAS ko7t FasHon, st
o7t Cu o] 9] FHHL Z715H AnkE W,
Wu et al.(2001)& B2t &= Alo] 94} 23} &40

st Aol 2ol 313 F2el o) Uojuk

—‘T'— o= =]
o, g2 SE0] ol Q= A HFo| 21l giol

3.5. Z7| pHol ME S H3}

Fig. 7-& Sr 0] 23} Cu 0]-& 8N O] pHE 2~60 7
HSIAR 750l ek W3S Uepd
Zlolth Fig. 7oA HZo] pH 4015}01]@% pH7}F &
ofd4E 289 FolEH EEH:0™ oo FHa}
A EAEHA HE&, o]F H o] &E¢°] Sr o] 23 Cu
o] 28] FAE Walfsly] whitoll S2gol skl

==

| 7} ole5o] 3

Table 1. Kinetic parameter obtained for the adsorption of Sr ion and Cu ion by PS-FZ beads

Pseudo-first-order

Pseudo-second-order

Ton Go k k
(mg/L) ! e 2 2 9e 2
(1/hr) (mg/g) (g/mg- hr) (mg/g)
100 0.8 16.71 0.8840 0.136 27.39 0.9992
150 0.9 17.17 0.8260 0.163 31.90 0.9999
200 0.8 22.92 0.9052 0.110 37.55 0.9990
St 250 0.9 24.35 0.8614 0.111 40.70 0.9991
300 0.8 27.18 0.9376 0.094 42.90 0.9995
400 0.9 32.36 0.9155 0.046 47.79 0.9872
100 0.0692 26.2 0.9695 0.0054 38.8 0.9985
150 0.0767 923 0.9898 0.0020 52.4 0.9959
200 0.0680 53.7 0.9990 0.0014 66.2 0.9943
cu 250 0.0779 58.5 0.9990 0.0014 69.4 0.9911
300 0.0635 55.2 0.9712 0.0010 76.3 0.9840
400 0.0698 52.0 0.9631 0.0015 71.9 0.9932




AT SOl A vl & E= coal fly ash 2 IS Al Tto| ES STEE 22 17g3)s)o] A=

PS-FZ ¥|=2] Sr 9 Cu A|A EA

SLefuh, pH 4 oA pH S718101E FRtake
Halglo] A o] dAgstelet. o2t Auk= Smiciklas
et al.(2007)2 A A &efo|ER Sr 0] & A Adk=
Aol A A oA Gl U 52 5= H o]
2ol Sr o] 23} FAst] wizel F&FFe] gttt
L) 5 RU B o s A 8

40

30

—@— Sr
O Cu

4 5 6 7
pH

.
~ A
w

Fig. 7. The effect of pH on the adsorption of (a) Sr ion and
(b) Cu ion by PS-FZ beads (PS-FA beads: 2 g/0.2 L,
initial concentration: 100 mg/L, temperature: 293 K).
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Bl Qo AF doleE
Freundlich &2} 5-24]3} Langmuir $2} 5-24]
2|-g-5to] HESII

Fruendlich 524 th&3} 2t

80
70
60 -
i B —o%
50 -0 ©
2 P O
=] - O
£ 40 ———"%
> To
o |
30
20
—e— 203K
O 308K
10 7 —¥— 323K
0 . . . . .
0 50 100 150 200 250 300
C,, mg/L
(a) Sr

¢ = K" )

0]7] 4 K= Freundlich AH<¥L/mg)o]m, ¢, = 3
3 S mglg), C.+= B A 2 Fx(mg/L),
2|3 1ne FAES UEdle Aol

©)

7| A K2 Langmuir A<43L/mg), ¢, = o] &
AifHmg/g)olth

Fig. 82 2= 5 293 K, 308 K, 323 K& H3}A|Z]
7490l HE s} B F2R HIE vEhd Zlo]
o, o] AWARE A (4)2} (5)ell A-gsto] 3+ S
o2 Tt E] &5 Table 20f A3}tk Table 20
Al B AR AaAl=E Langmuir 5-24]of 2-8-3t
Aol AAAG?) 2ol Sr 0122 - 0.9974~
0.9988, Cu ©]229] ALl 0.9990~0.99900]w,
Freundlich -5-22]] 2}-8-3} 7-¢-of| &= Sr o]22] 7%
0.9103~0.9819, Cu °]2-2] 7<= 0.9120~0.9640
©8 Langmuir S-4lo] Z yRESIGITE ®gh
Langmuir 5241 0 &2 FE 13t 2o F2FS 2=
293, 308 K 4l 323 KojJA] Sr 0|29 AL 46.73,
51.28 9 56.47 mg/g, Cu ©]-22] 79+ 62.50, 66.70

80

9., mg/g

—&— 293K
(o] 308 K
—w¥— 323K

T T T T T
0 50 100 150 200 250 300
C,, mg/L

(b) Cu

Fig. 8. Adsorption isotherms for the adsorption of (a) Sr ion and (b) Cu ion by by PS-FZ beads at different temperatures

(PS-FZ beads: 2 g/0.2 L, pH: 6, temperature: 293 K).
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Table 2. Langmuir and Freundlich constants for the adsorption of Sr ion and Cu ion by PS-FZ beads

Langmuir Freundlich
Ton Temperature (K) - K K
(rr?g/g) (L/nfg) ¢ (L/n]l;) i ¢
293 46.73 0.0619 0.9974 16.68 0.1844 0.9819
Sr 308 51.28 0.1039 0.9982 39.04 0.0963 0.9711
323 57.47 0.1454 0.9988 39.75 0.1027 0.9103
293 62.50 0.128 0.9990 24.68 0.177 0.9120
Cu 308 66.70 0.148 0.9990 29.04 0.158 0.9640
323 71.40 0.152 0.9990 30.60 0.156 0.9300

2 7140 me/go]lon), L5774 vt 53
2Fo] 271519t A3 AT Lee et al., 2015c)of|A] fly
ash 2 gHAJ 3t zeolite A F&S] 79 Sr 0]2-2] 52
o] 156 mg/g€] A3} ¥ AAFo) M AZ3 PS-FZ 1]
9] 2% 293 K uj Sr 0] 9] &2 46.73 mg/g
H sl BlEg Al2A] FAE 2 AlETelE
O] oF 1/3 A=tk o]2fgt Ail= H|EE AlRAY
PS 1.0 g, FZ+=2.0 g9 vl&2H4] B Al&2tolE
9] ghgo] 2/30]aL H|EE FAA| Al&eto]| ESF
ZFe] oA B o] BEYEtEY] dEC R AlR
o} 2 Ao A fly ashZ 3431 zeolite AS PSo|
BN Aoll Srool 2] FAIF 46.73 mg/go]
8 Al&TtolE AE PSefl ALHSIAX 7-9-of| Sr
o]29] Zzl=Fo| 65 mg/g(Lee et al., 2015b)o]| B] L5}
of thas R& A& A H zeolite A9 == THA7}
QJthal AlmE e} 13y Wan Ngah et al.(2013)0] AF
Y& Al=2te] E AE Chitosano]] AL SHAXT 790l
Cu o] &2] Z&l&Fo] 25.61-51.32 mg/g ¢l A7} vl
shel F2pso] 945t 1LE Skl

3.7. A sli4

doqet4 gl g H(AH)e AIEZT(A
S°)+= Vant Hoff 4]-& o]-&3}o] 18 4= 9t} Vant
Hoff 4] tha-} gtk

ASO— A H°

o714 T= A 2%(K), K& Langmuir A<~ R

L o471 A A4(kJ/mol-K) o]tk
71231 Gibbs AFGo Y A|(AG)= TR} ),

AG =AH —TAS" (7)

Fig. 9= Z}Z}e] 2o A L3|# Langmuir Ay~
K12 2] (6)°] Z-g3to] InK 7} /TS =413 Aijo]
t}. Fig. 9= 7€ sty gtaju|e|Ql AH'S} AS'E
kAL, A () EEE AG'E L8 A7HE Table 39
UERHSATE Table 304 H=o] PS-FZ B|=of oJgt
Sr o] gl Cu o]29] F2Fg7golA AH7F &9 gk
= 7 BE F2 gEgo] FE Hhgolw, AST7} kY
e 7 B R gollul F2kA| o] HH oA FAA =T}

\..\.\

InK_

® sSr
O Cu

T T T T
0.0030 0.0031 0.0032 0.0033 0.0034 0.0035

UT, K*

Fig. 9. Application of Vant Hoff plot for the adsorption of
Sr and Cu ions removal.
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Table 3. Thermodynamic parameters for the adsorption of Sr ion and Cu ion by PS-FZ beads

o . AG” (kJ/mol)
ITon AH' (kJ/mol) AS (J/mol)
293 K 308 K 323K
Sr 12.47 60.90 -4.17 -5.54 -6.90
Cu 4.59 33.23 -5.15 -5.65 -6.15
4. A =2 Hazard. Mater., 120, 135-142.

B AToAE 24 ATl EHel A MAISHE flyash
= Algelel= sl |

%39t} FT-IR, TGA £-41& £5}0] PSOﬂ FZ7} z+
wAstEe] QS BRIE 4 YA O, SEMELS
E3}0] A3 TAA7} GRAATZRE TRE AL
oI5tk A2t F2HA| PS-FZB| =5 ]85}
o] %l Cu o]of Tzt —g&%‘ A 34

3+ A}, Sr W Cu o] & % =

w27 o2z} 2} HLPoHX%/\ﬂ oF 72 hroj| A
BYo] mEslon, SaEEE FAF 22} SR
2 %o} th. pH 40]3toll A= pH7L ol s 5
Fol Frastal o, pH 4 ool A= Ao At
ek J Q) S2M5-2.41%] A lo]| Al = Langmuir
Alof st en, Langmuir 54 0 25E]
Sr 0]£3} Cu o]ggq 2] TR AR2(207C)
of| Al 2z} 46.73 mg/g U 62.5 mg/go|dtt A|Z3FH

PS-FZ B]=9] &J3t Sr o] 2 9l Cu 0] 22] F2+2 AH
7o) S AT AGTE 2] e TAER &

2 yhgo] HARgolul, puAel 22 o 4= 9%

N

=2 mlo

o
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