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Abstract

Zeolite (FZ), prepared from fly ash, was immobilized with polyacrylonitrile (PAN) to fabricate PAN/FZ beads. The

prepared PAN/FZ beads were characterized by scanning electron microscopy, thermogravimetric analysis, and Fourier
transform infrared spectroscopy. The optimum ratio to prepare PAN/FZ beads was 0.3 g of PAN to 0.3 g of FZ. The diameter
of the prepared PAN/FZ beads was about 3 mm. Sr and Cu ion adsorption experiments were conducted with PAN/FZ beads. A
pseudo-second-order model fit the kinetic data for Sr and Cu ion adsorption by PAN/FZ beads well. The equilibrium data
fitted well with the Langmuir isotherm model, and the maximum adsorption capacities were 96.5 mg/g and 74.6 mg/g for the
Sr and Cu ions, respectively. Additionally, the values of thermodynamic parameters such as Gibbs free energy (AG®), enthal py
(AH®) and entropy (AS") were determined. The positive values of AH® revealed the endothermic nature of the adsorption

process and the negative values of AG® wereindicative of the spontaneity of the adsorption process.
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THAtun and Bodur, 2002). & A4 A}E2
THLeeetd., 20150) ol 4] /& Al S| E A
7850l S o] 29| F2Fgo] 156 mg/go =
Fge Hol= 21 Elstsnt. 2ol 3t
oA AYsl= H71E 2l fly ash(B]4AH) =
O|ES FIsto] Ta o] F Al Ak A+
Fo] XY= Itk Kumar et al.(2004)-> BIAHAY
33t zeolite AE ©]-8-5to] Pbs A|ASh= A+
19337, Shailaet d.(2014)-& B4 2 Al 22fo|E

Fdstol Cu™, NI, Mn™ 52 ofe] 7H4] F5H4
252 AAE A7 oF%ich Rehman et
d.(2010)2 Al&THo]E NaA-X& §dsto] ARESr
7850l Sr o]2-9] F2tee] 312.5 mg/ge] Tkl 5kt
o, & AFAES AP AolA Bkl = gt
A&TtolES ol85to] 52 Cu % Zn o]2(Lee,
2011), Co ©]&(Lee and Suh, 2009), & @ Cs °o]&
(Lee et a., 2014) 0] F2HA| Al #3F A4 39S
o, HIAR 2 M3t Al E= o]& o250 o
o =& A= E3ATk

e, A&l B9 e F2t
AREE]7] diizoll ARE- 2 SAHA| O] e 9 37t o
2l DF(Yang et al., 2014)°] Qo] ZZofli= Ale&et
o|EE polysulfone(Lee et a., 2015b), PVA(Lee and
Lee, 2015), SAN(Lee et a., 2015a), 7]EAHWan
Ngah et al., 2013) 52} 72 thefet a2t =4 of a2
efeto] Aok A7} SRE R glo, Ajget
o|EE TEA B0 WY HPolE F52] o]
& Aol lolM EaHolzkn aholrh wa
Faghihian et a.(2013)2 459 S o] 22 A|A3B}I7]
23}o] polyacrylonitrile(PAN) ]| Al &2fo]E AE 11
skl S o] 2 A AsH= A& 35Tk

weba] 2 Aol A= HAR R AlETtol
E AE 118X} 532l PAN<] 1243kt PAN/FZ H]
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=2 §4J5}al, SEM, XRD, FTIR 2 TGA 542
df PAN/FZ BI=9] EA4E& AT E3D
PANIFZ b|=o]] Jgt S o] 29| F2-4HE 31840

o] pHe} o] wisto] T FHEAS TS ST,

2. iz 3 Hiy

21. X2

Polyacrylonitrile(PAN)-2 Sigma-Aldrichoj| A4 41¢]
slo]  ARESIY o, full= Dimethyl sulfoxide
(DMSO, Samchun, EP)E AR8-3131Tt Sr o2 §-42
Sr(NOs)2(Samchun, EP)E Z4=<(Milli-Q Millipore
18.2 Mcm'™ conductivity)of] 453 1,000 mg/L 2] stock
solution= A 23k ARESHIT 84| pH= 01 M
HCl(Samchun, EP)7} 0.1 M NaOH(Samchun, EP)&
Apgstel 2

2.2 A MZ

E Ao ARESE S2Al= Ad-HLee et d.,
2014) 0| A9} o] AetE de(EAR| ol aAfjsh=
HAR S 7177104 DAy sl= vlARIE E4dsh
A&t E(FZ)E o] 833t H4A ol AlO:E #
7ksto] Si/AlQ] B2 1 : 158 2Astw, 7]
NaCOsE 1 : 1.22 Z3}stod 800CAA 1A]7Hs<t
BEAIT & 8ol A ngltelHA &4 W AHE}
Y-S AA A Eeto|EE ARG o, gol24=2
| AlF8tal 105 Co Al 2413 AR & AF o
AHE-5F3I T

PAN/FZ H]=¢] A% DMSO 5.0 mL ]| PAN 0.3
g2 &3AIX] Fof HIARIE 3H/dSE NaA A|l&zfo]
E B 0392 Y1 w3 £ 7t HeE S50
SRkt £3E &9 EE A L mmel AP S
o]-g3ste] FFol o= PAN/FZ BI=E 3H/dst
Fom, o] FFE Ak S Aol A
sFAtE Az ool SR A AlHste A
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H| = 2 g& Y2 3 =3 257 (Johnsam, JS-FS-2500)
£ ARE5He] 180 rpmo2 J.L.H]'O]'Eq/\‘] A A7 7HA
ufch 1 mL o] AlRE A S 0] 29] FEL 9
A3 = A (Shinmadzu. AA-7,000) ARE-5)SiTh
£l pH+= 0.1 M HCIZ} 0.1 M NaOHE- AR5}
243140, pH meter(Istek, AJ7,724)E o]-&35}o]
Z7519le

T Al S eto] B o] Fefs HALEALR] H(SEM

HITACHI, S2700)& ARg3sle] st or,
Fourier transform infrared spectrometer(FTIR. Bruker
Vertex 70) 2 Thermo gravimetric analysis(TGA,
Perkin Elmer, TGA 7)2 PAN/FZ H|=9] EAS &
A3}k,

PANIFZ H=o] ofs) &8 S o]&o] Fake
a(mglg) = The Ao Atalic
G- GV
- % "
o741 gz A1%F tollA] PANIFZ |]=o] o]s] &2+
£ S o] FHHmMYQ), Co} Cr= 27 279}t

AZHolA] B9 o) & o} 22 3FE(molL), Vi 8
of 3I(L), me: ARgRH vl =] Hg)olck
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3.1. PAN/FZ S&iM|el EM

Fig. 12 FZ, PAN 2 PAN/FZ H]=9] FT-IR £4]
23S Ui Zoltk Fig. 1(@oll4] Hzo] FZ&
552.77 cmo]A] S-O-Na® =)=, 996.28 cm o]l A]
Si-O-Al 13, 1,651.72 cm™o|| 4] H-O-H w37} 32k
%|9tHNibou et al., 2010). E3}, Fig. 1(b)oA] BE
o] TEA} PANLE 1,454.37 cm™ 2} 2,939.45 cmi™of| ]
C-H T3, 2,243.47 cm™* oA C= N =37} 3H2b=]9)
tH(Faghihian et al., 2013). 718]3! Fig. 1(c)of YEdH
PAN/FZ H]=¢] 7 $-olli= Fig. 1(b) 2] PANOJA] 2+
%99 1,455.39 cm™ 2} 2,941.11 cm oA C-H 3] 31,
2,243.84 cm'of| 4] C= N 1= o]9]o|% Fig. 1(a)2)]
Fzol| ZAlatdd 55242 cm'of|Ae] Si-O-Na,
1,007.80 cm™oj| A 2] Si-O-Al ¥]3 2 1,646.70 cm™

oA 2 H-O-H 1] =7} P o] a4 PANo|| FZ7}
geA o2 1S5S gl = AUSich
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Fig. 1. FT-IR spectra of (a) FZ, (b) PAN, and (c) PAN/FZ
beads.

Fig. 2= FZ, PAN 2 PAN/FZ H| =] TGA 2315
UERH Zoltt. Fig. 2014 RIzo] FZ9) Heel=
100~2007C 2] &= W 9Jol|A] 4=Elo]l <]t oF 15%2]
A faE BQa1, 382} PANS] 790 310C
ol A oF 20% A7} 45t Ozean et dl., 2010).
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Fig. 2. Thermogram of FZ, PAN and PAN/FZ beads.
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Fig. 3. (8) SEM image of the cross sectional area of PAN/FZ beads (X 60) with different PAN and FZ content: (b) PAN 0.3
gandFZ0.3g, (c) PAN 0.3gand FZ 0.5g, and (d) PAN 0.4 gand FZ 0.3 g (X 20,000).

TS, 2 AtollA dE PAN/FZ HI=9] 9=
100~200C 9] i 9fellA FZoll o7l S=itof] oJgt -
Al 4=2F 310T o4 PANe]| oJgt A ZHa7}
FHOo =N PAN/FZ H|= Yol FZo] 11733} o] Q=
A& ZRlskek

Fig. 32 & Ao 4| §Hd%t PAN/FZ H|=9] SEM
AP UERd Zoltk Fig. 3(@)= & A7olA 34
2t PAN/FZ H]=9] &jgS et 2o g & ¢qtof
A 3Hd% PAN-SZ v == =717} 2F 3 mmel o]
AUk

Fig. 3(b)~Fig. 3(d)= 115x} PANZ} FZ9] 3eke
gesto] I PAN/FZ v =) Ao g vhebdl 21
© g H|E9) YHojl= thaAd o 7e=0] EAsHH,
IEAF | FZ7} FAbE] o] 1 stE o] QIS5
skolah = Q1%ith Fig. 3(b)9} Fig. 3(c)=PAN 1.259g
ol A FZ&] oFg=& 212 0.5 gt 2 g & Fe|sto] A
%38} PAN/FZ H]=9] SEM A2 O 2a) FZ 2] ghego]
0.5 gollA 2 ge & F7teto] wt vl =98] Wi ol= o
W2 ol Aol EVE k= lom, FZ7}F Holyl
of] wek PAN/FZ B]=2] 7]5-9] =717} thas Zasst
gk E3h Fig. 3(b)<} Fig. 3(d)= FZ 2 go.& 3t
TEA PANS] §HRS- k7 1.25 g} 1.75 g 0. = T
slo] A %3k PAN/FZ H]E9] SEM ARzl o & 1152}
PANS| o] 1.75 go& F7gte] 7]3-5°] Bol
Hastlon, B B2 PANO] Al&etolE XS &
A Eo] F2R& W A o= A

Fig. 4= 114 PANZ} FZ 9] gefof| whE Sr o]
O] FAr W3kE vEhd otk Fig. 404 K520l

FZ9] 3hF0] 0.3 g2l 7490l PAN 2] §HeFo] 0.3 gollA]
0590 =& F7[845 Sr o] 29| F2=F2 43.2 mg/g
oA 33.4 mg/g. o2 A3k o7t A= PAN
of ool S7FE5 Fig. 3(d)ofl A Hzol Bl=2)
E7FPANZ Hoiglo] B2 f5o] Ues}A] o) uf
o2 b gl T3 PANS 3Fo] 0.3 g3l 74-9-¢]
FZ2] 342 0.1 go| 4] 0.5 gO.& Z7kA]7]H 0]L-9]
S22 19.5 mg/gof A 48.1 mg/g 0.2 27151914
TFFZ 9] ko] 0.3 g ool F2kFe] Hish =2
A ¢¥Skth. oli= PAN-SZ v = o] FZ 3Fge] 7t
S E Aol SRR 9] Ka] Ulel FZ7E
g ol 2 wotA W FAHA| 1+o] A7} 7t
HA o] TREAU A= Wl 28] 4717

PAN, g
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Fig. 4. Effect of PAN and FZ contents for the adsorption

capacity of Sr ions by PAN/FZ beads (PAN/ FZ

beads = 2.0 ¢g/0.2 L, concentration = 100 mg/L,

temperature = 293 K).
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Fig. 5. Effect of contact time for the adsorption capacities of Sr ions by PAN/FZ (PAN/FZ beads = 2 g/0.2 L, pH 6,

temperature = 293 K).

U202 ARt whebA & Aol 4= PAN 0.3 g,
FZ 0.3 g¢] 27104 3443t PAN-SZ H|=Z 0] 85
o:] O]b‘ A3 Zlﬁﬂo}oﬂq

3.2, Alztoll E S2iE Hat

Fig. 5= 27 =& 100~400 mg/L o & &2|st 7
o] PAN/FZ B3Ho]] 2J3 Sro]2-0] A|7to] uh

Sl wske ekl Zloloh Fig. 5ol A B uie}
7o) Sr 9l Cu o] &2 T 24 hr 742 whEA T2t
o] o] ol z|ekr}k 2} hatshAA oF 72 hrofl 4 B
o =it o= AnbH oz B2k 27] Sl
= PANIFZ B3blof 1]o} gli= 2ol ol 447
Fato] LolupAlgl, Alzo] Bukekes oAt 1
A Aole] BEAAG L EHo] 7AasH] HaL
o]250°] 7|5 W= 2 gt o] A7k AXA =

7] el HAE S £t 2oiAe Ae® oY
THLee et a., 2012). 3tH FHolo 27)5wr}
100~400 mg/L 0.2 Z7}slo] we} SRHw S o]
o] A% 416-71.7 mg/gold, Cu o2 A%
40.4~74.6 mg/gC 2 =713l =], o= =7 =7}
ol wet B2 759l SEA) A% s
Abzglet,

IE’-1

33 ExaERY
A 1R ST mEAS FHEES ohey
BAET) sl A A0 Lehd o2

(¢]

.

ille

dq

d_tt:kl(qe_qt) (l)

A7IA ki FAF 13} &24]9] S (Thr)o]

G 89 FAE(MY/g)= e 27124 t=0
A o} =0, g=ar ¥ mj t=t-Z Z-§51H T}t 2ol &
SRSl

kyt

log(g, —¢,) =log(q,) — 5303 )]

A 22} £ A2 ThE0] P2 R EErh

dq .

df;=k2(qrqt)2 ©)

0:17]/\1 ko= Tr/\]' 2;(]‘ *J—E/u-/] -J—E”'—,—(g/ mg -
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[l I NeN )
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t, hr

@s

AR - ol
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Pseudo-first-order

omp<4OO

In(a,-a,)

0 12 24 36 48 60 72 84 9
t, hr

(b) Cu

Fig. 6. Plots of the pseudo-first-order kinetic model for (a) Srion and (b) Cuion.

ATE Uehd R0 R o]2iE 73t stehulE ghE
& Table 19] A2slgick Table o)A Rizo]
PAN/FZ H]=o] oJ5t St %l Cu o] 2-2] £ A% 2
S FAF 13} S Ao] 283t 9ol ARAS) =
717} 0.8519~0.9841 4 0.9418~0.99640] 11, -F-A} 24}
2= 2of 2851 720+ 0.9986~0.9998 X 0.992
2~09984% HAF 27 A F wrEsiglct.
Faghihian et al.(2013)-2 A|&alo]E AZ PAN9| 1L
Hstato] st ol &g A7ISH - ollw A 27 S
Aol Zslgom, & Aol uliR s
Al&eto| ES o] §30] £:5-2] S 9 Cs o]0 A
she AHLeeetd, 2014)9} Al &ato = AS ILEA
polysulfone (PS)ef] 21455 7-2(Lee et al., 2015h)
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@s

AME A2} S Aol Hgteto] & edTre] Autet
FARHT

3.4. 2k Halo| ME SEY Hat

T2 5eAE Aud ol Ad AmnE
Freundlich & 524131 Langmuir 32} S-24]0]
Hgstol Pralgc.

Langmuir &2} 52412 ofeje} o] Aojgct
(Langmuir, 1918).

_ quLCve
4e

1+K,C ©

o}7]A KL Langmuir AF4(L/mg) 18]1 Qgme

20

® 100 mg/L
O 150 mg/L
v 200 mg/L
A 250 mg/L
W 300 mg/L
—— Pseudo-second-order

1.8 o

1.6 1

1.4 1

1.2 4

g,

1.0 1

0.8 q

0.6 4

0.4 4

0.2 4

0.0

T T T T T T T
0 12 24 36 48 60 72 84 96
t, hr

(b) Cu

Fig. 7. Plots of the pseudo-second-order kinetic model for (a) Srionand (b) Cuion.
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Table 1. Kinetic data calculated for the adsorption of Srions
Co Qeexp Pseudo-first-order Pseudo-second-order
lon
(mg/L) (mg/g) Ge(mg/g) ka (/hr) r’ e (mg/g) k2 (g/mg-hr) r?
100 41.6 30.9 0.1054 0.9841 435 0.0076 0.9993
150 50.7 39.3 0.1028 0.9839 541 0.0045 0.9992
s 200 56.2 38.9 0.0994 0.9780 58.5 0.0062 0.9997
250 62.1 36.5 0.0781 0.8933 64.1 0.0062 0.9998
300 67.8 38.9 0.0708 0.8519 704 0.0047 0.9986
400 71.8 36.6 0.0744 0.9285 730 0.0074 0.9989
100 404 359 0.1168 0.9931 433 0.0054 0.9984
150 57.2 50.8 0.0710 0.9964 62.5 0.0023 0.9922
c 200 64.5 51.5 0.0501 0.9418 69.4 0.0020 0.9928
250 65.6 54.3 0.0613 0.9684 70.9 0.0021 0.9927
300 68.5 585 0.0731 0.9842 74.6 0.0021 0.9928
400 74.6 718 0.1096 0.9934 80.0 0.0025 0.9961
Z o} S2F(mg/g) o]tk 2 gsto] AL v gHE-S- Table 20 e

Fruendlich 5-2-4]-&

¢ = K"

o232} Zel(Freundlich, 1906).

(6)

01714 Ket= Freundlich AH3(L/mg)e] ™, Ung &

RS L Aol

Fig. 82 g9lo] 25 293K, 308 K ¥ 323 K=

ofi ntt

2]t 7ol PAN/FZ v|=of o3t S o] 2-2] &2}
2 AHAIE YR FolH, Langmuir 5-24]9

80 o

60 o

q,, mglg
\

404

4080
w
=]
©
=

323K
Langmuir

3lct. Table 20]A] B2o] Sr 0] 2-9] 79 Langmuir
Aol 28at Ao rf gk 0.9945~0.9957,

Freundlich
9] A¢ Langmuir
0.9945~0.9957, Freundlich
~0.9939° 2 Langmuir

A=Ney|

o1

R=NeS|

o -1

R=NCPN|

[ty |

R=NCN|

[Rnuniy |

] r* 32 0.9852~0.9939, Cu o]-&-
o 243t ol ¥ gk
o] ¥ 7k 0.9852

of @ wEssct

Faghihian et al.(2013)- A 2afo]E AS PANO] i
Azlsto] S o2& A A= Z-$-oll= Langmuir 5

2240 Agsrglon, & AAlEo] vt = et

100 -

G My/g

20 o

Langmuir

[}
20 ;
l’ ——— Freundlich

C,, mg/L

@s

T T T
0 100 200 300 400

———Freundlich

T T T T T
0o 50 100 150 200 250 300

C.. mg/g

(b) Cu

Fig. 8. Isotherm plots for the sorption of (&) Srion and (b) Cu ion onto PAN/FZ beads at different temperatures.
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Table 2. Isotherm parameters for the sorption of Sr and Cu ion onto PAN/FZ beads

Langmuir Freundlich
lon Temperature m K K,
(59 Umg i W) v i
293K 82.6 0.0165 0.9957 19.7568 0.3006 0.9939
S 308K 84.7 0.0179 0.9955 22.9588 0.2803 0.9873
323K 92.6 0.0171 0.9945 19.7667 0.3416 0.9852
293K 74.6 0.1811 0.9968 41.1696 0.1117 0.9591
Cu 308 K 80.6 0.2029 0.9982 49.8840 0.0856 0.9958
323K 82.0 0.3144 0.9991 51.9925 0.0878 0.9239

A&l ES o] gste] 759 S o229 A|Ask=
AAHLee et al., 2014)e} Al&TfolE AE 11EA}L PS
of] 1435t 7 2(Leeet d., 2015b) o) &= Langmuir 5
22]0) Agsgict E3F Table 404 Hzo] 27k
293K, 308 K W 323 K2 Z7|5H~2 G o] 2.9] Zuj]
S2FeRo- 82.6 mg/g~92.6 mg/gl &2, Cu o]-229] )
AR 74,6 mg/g~82.0 mg/go.2 =713t 9]
= Y9 2Tt F7HdE o] 259 #5o] &
SAA =4 Ago] &ihe] o]Fo]x]7] W og A
Zr=ltY adav et al., 2013).

Table 32 Al &eto|ES 1EALE 1A3RE F2)
A= 559 Sr o] 25 A A A7 AT H|Ls
o] el o]t} Table 30j 4] HE0] B Atof A g+
/3% PAN/FZ] o3t S 4 Cu o]29] F2F2 826
4l 74.6 mg/g .2 Faghihian et al.(2013)0] A& A
20| E AE Polyacrylonitrile® 174 3}st 7492 Sr

A 9813 mo/g Hrhs F2AHde] tha Zhou,
chitosan(Wan Ngah et a., 2013), polysulfon(Lee et
al., 2015b), polyvinyl alcohol(Lee and Leg, 2015) 2
styrene acrylonitrile copolymer(Lee et a., 2015a) =

skl A9 Rk S SAHE WA

A71A T Aol 2=(K), R ol7IA ==

(Jmol-K)o]ch.
“12] 31 Gibbs AHfoll L 2I(AG) &= Theah 2k,

Table 3. Comparison of adsorption capacity for various adsorbent

2h|E Q] AT (AH) 2t

HAE 2=th

Adsorbent

g (Mmg/g)

Polymer zeolite Sr Cs Cu References

- zeolite A from fly ash 156.8 94.4 Lecetd., 2014

- zeolite A from fly ash 99.75 Lee, 2011
Polysulfone zeolite A 65 76.4 Leeet al., 2015b

zeolite A from fly ash 46.73 62.5 Kamet a., 2016

Polyvinylal cohol zeolite A 52.08 58.14 Leeand Lee, 2015
Styrene acrylonitrile copolymer zeolite A 66.97 81.97 Leeet d., 2015a
Chitosan zeolite A 25.61-51.32 Wan Ngah et a., 2013
Polyacrylonitrile zeolite A 98.13 Faghihian et d., 2013
Polyacrylonitrile zeolite A from fly ash 82.6 74.6 This study




H ) 258 33 Al&Tte] EE polyacrylonitrile= 114515t PAN/FZ H|=0] Al 21 Sr Sl Cu o] 2 AIAEAY 1621

Table4. Thermodynamic parameters for the adsorption of Sr and Cu ions by PAN/FZ beads

. AG° (k¥mol)
AH° (k¥mol) AS’ (Jmoal - K)
293K 308 K 323K
Sr 3.99 53.46 -11.68 -12.48 -13.28
Cu 14.34 68.76 -5.82 -6.85 -7.89
ANG =ANH —TAS° 8) Langmuir S-2-21o] Z3t5t9] o, Langmuir 524

7} 2ol A gt Langmuir 5 A (7)ol 218
5] IkL 3} UT = =A|5kL 4] (8)o|A] F-3HAG', AH
9 AS'E Table 40f UEFH LT Table 40f 4] H2o]
AH® ZF2 0.75 kJmol, AS’ 712 5.81 Jmol K, AG'=
-0.96 kJmol, -1.04 kJmol, -1.13 kIJmol o] c}. w}
2hA] A7} o] Zhe TIA R A Bo] Bt
0|3, AG7E &g e TAER FAA ) ot
T4 ool Fapo] ApIAel WS hehic,
Faghihian et a.(2013)0] A|&-gfo]E AZ PANO] 1L
Bafstol & o &2 AASHS Aot B ATA o]
MR PR Alg et =S o] gdle] 150 &
o] 2.2] A|Ask: ALee et d., 2014), Hl-&efolE
AZ 3152} PSol| 1143}5F 79 (Lee et d., 2015b)0]]
N 2 A7) Ao} FARAT

4 22

B ATt Aius|E MR Gae
NaA A&efo|E(FZ)E 124 PANC| 1381t
PAN/FZ H|=2 #2513, FT-IRZ TGA AL
53} PANIFZ 8= vjol] Al &efo] 71 138he]9le
2 sHolsheih. g SEM #4427}l 4] PANIFZ ]
S 70| oF 3 mmel FFolu], uj=of LRl
R4 RS 7P 2 9 % 9lgich PANIFZ b
E2 st A5 1R} PANS| §32 03 g,
FZ) 92 03golH S 0] 22 A|A3171] 714 A

3kt 270l 9leh. PANIFZ H|=o] o3t & o].29] &
2 B2 alotiy] gfste] 8184 AES S5
on, Azbol T2 S o 2.0] 51w wiah ANkE fAFL
A AT 20 SEAl] A3 B3t G4 27 &
=40 @ wEsdc Fo §F AgaAn:

flo 1

o= Ak S ol % Cu ol2e] A FHF
96.5 mg/g ! 74.6 mg/go| 2tk S 0]2-9] AH® 7k
3.99 kJmol, AG'= -11.68~-13.28 kJmol |11, Cu
0] &-0] AH® ZH2 14.34 kiimol, AG™ -5.82~-7.89

flo

[e]
gola, Aura o 2 ofuls Bheele o 4 qlgltk
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