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Abstract

The solid-phase extractant PS-D2EHPA/TBP was prepared by immobilizing two extractants D2EHPA and TBP in
polysulfone (PS). The prepared PS-D2EHPA/TBP was characterized by using fourier transform infrared spectrometer (FTIR)
and scanning electron microscopy (SEM). The removal of Cu(ll) from aqueous solution was investigated in batch system. The
experiment data were obeyed the pseudo-second-order kinetic model. Equilibrium data were well fitted by Langmuir model
and the removal capacity of Cu(ll) by solid extractant PS-D2EHPA/TBP obtained from Langmuir model was 3.11 mg/g at 288
K. The removal capacity of Cu(ll) was increased according to increasing pH from 2 to 6, but the removal capacity was
decreased below pH 3 remarkably.
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M2 e ol 4580 el vl 9 423 o
] o] 714 2 E4S U Aoz Aed i)
defmigola] WEERE Hd: Fol S FRES

(Lee Z, 2002).
OB FF% BUS AISH PO FA

O
B9 slo] 2t Helglo il 35 A%l &
B (Kurbatova =, 2007), o] a8 (Dietz =, 2001), &

Ajstelebe AeAle] solikze] ofet %At )

AEZ 2 QSIS 71a 4 Ati(Volesky 5
geAlel Adst sieks 71 = A= °© === (Kocherginsky <, 2002) 2! 52 Chegrouche
1993). 53], Fref= G LA W nldEo] thelf o) 1m0 Ao
5 2009) “5o] AREAL QI et o] -l
Received 6 August, 2014; Revised 2 September, 2014, © The Korean Environmental Sciences Society. All rights reserved.
Accepted 2 September, 2014 @ This is an Open-Access article distributed under the terms of the

"Corresponding author : Min-Gyu Lee, Department of Chemical  Creative Commons Attribution Non-Commercia License (http://
Engineering, Pukyong National University, Busan 608-739, Korea  creativecommons.org/licenses/by-nc/3.0) which permits unrestricted
Phone: +82-51-629-6435 non-commercial use, distribution, and reproduction in any medium,
E-mail: mglee@pknu.ac.kr provided the original work is properly cited.



[ )
oN

T SeR7E st sAjol] Bj2E 7 22 2 e
& FRtE ©Rlo] Jlom, olueio] o=
AA B FHoUAINE 7HA o] BIRaL Zjakgo] ofFTh
= &= 7HAAL )lti(Ma -5, 2011). vl Al
AfEo] E1 AASE7} warks gFgo] Slof wol
AREE T Qlth Ngadel Kazemeini(2012)= =4
trioctyl phosphine oxide(TOPO)E- o|-85}o] Wi o]
= AAsks A5 asigion, Mg AlA sl
0.78 mg/geiat 31tk Kidanie} Imura(2010)= &
A thenoyltrifluoroacetong(TTA)E ©]-g3lo] 8] 9]
25 AASH Aol AlAse] 0.6 mg/golial 5131
o, Perdira 5(2007)2 =A| di-(2-ethylhexyl)
phosphoric acid(D2EHPA) S 0]-8510] of¢d o] A
Asl= Aol AlAs0l 2 mg/geal skyick olek
o] oi-of) ZRof| SRt 0| Ty AIA HATellA o
It FEAEC] AREAL QU e BuiEHS
tfre] 7187} asi, AR 7187 =2
735 o 9 Aol =2 e o A O] HAE = Qlrk=
S 7HRIAL Sl Ao® HarEar QltiKobayashi
5 2009).

FFoll= ALEAEEE ol 85te] FEAIE Aaslst
A agsleto] ggoles AAske A7 Bl &
I glow, FEAE LEAREHo| aslsie] ARgs)
= Brols A B4l ofsiiA et RS A7
AlA F2AY] FES HA 4= S B ol et s
QFel o] B 7]go] FAE ] o 8ol Y&
A FZof| golsixltiWakui 5, 1998). Z12]5to] 2|
L W A IR}E0] oJ5) gelatin(Feklistov 5, 2004),
polyethersulfone(Y adav -5, 2013), polysulfone(Yang
5 2004) -5} 22 TRkt i EAREAS ARSSte] =
SAE A= A7 HAL ik 2 RS
AdiA-{(Kam %, 2014b)olA] polyvinyl chloride(PVC)
£ AREsto] 24 D2EHPAS 117g3tsto] Cu(ll)&
AASH= A5 sk3lem, T3 Yang 5(2004) =2
2] polysulfone(PS)& Al&5to] D2EHPAE 1143SHA|
A Alz3t PSD2EHPA BI=E o] 85to] 59| Cu(ll)
o Po(Il)e IO AAT 4 QothKam 5
20143). R Vahidi -5(2009)2 §vli=%ol &fsl =
&ol 25 AAsHE Aol 54 D2EHPAS @il =
T ARG = 79K} D2EHPA 9| tri-n-butyl phosphate

P - 20 - ol

(TBP)E 713t 7-$-oll S=2AIEe] Al|A|mao]] o]
A gl F AAGES =Tk Barsts)
o, Haghshenas 5(2009)-2 D2EHPAC] TBPS A
7¥sle] ARgske 24 Cd(11), Mn(l1), Cu(ll), Co(ll) L
Ni(11)e] #|# F-&o] D2EHPAE TH5.0 2 AM83h= 7
S-ETE A 4= Qlrtar sRolch

ufaba] & Qtoflaf= 271%] 4] D2EHPAS} TBP
£ PSe|| astsio] 14f =24 PSD2EHPA/TBPE
A|Z5}a1, SEM, FTIR 2 TGAE 0]83}0] #|23} 1A}
FEA19) 54 B4 sIITh Al v F=EA 9
gk Cu(I1) & AlA E4S dohir] Sfete] sl AdS
Fsto] dojxl ARATE AL 1A G54 E AL 2
A &L Alo]| 2185k, Langmuir 5-2410f 28510 4
E319. 0. pH Bislo] k2 JFS HESICH

2. Mz H Y

21. M=

PS= Sigma AldrichAlol|A] £3late] ARga}glom,
ZZA2= D2EHPA(DP-8R, IS Chem. Co)2} tri-
butyl-phosphate (TBP, Junsei, GR)E A[E315ic) &
2= 1-Methyl-2-pyrrolidone(NMP, Samchun, EP)
= AMESILE AdRlo] ARERE T o] 8oL CuSOy
5H,0(Junsel, EP)-2- AJ85}o] 1000 mg/L stock solution

& A3 F o2 S)Hfalo] AFgSIct

2.2, TN FEXQ Mx

4|1 NMP 10 mLoj PS 1.5 g& Y& 5 9F43] 23
7] thgol PS -galo]l D2EHPAS} TBPE 217} 05
mL %) 931 1 hr 52} 255}5ick. PS o} D2EHPA
o TBP7} 315 94 URAE o] g3l Zqool
A Hole 24 hr 52t HSAF o, olF S5
SR k| A|Asto] 1Al =4 PS-D2EHPA/TBP
£ A3} FT-IR spectrometer(Bruker, Vertex
70)& AMgS31o] FT-IR spectrag £-415191. 21, scanning
electron microscopy(SEM, XL20, Philips)S o]-83}
of EWEIS PPk

23 48wy

Cu(ll)e] AlA A2 sjAox X8gsigitt. 500
ml 4FzFEefATof 9% F=9] Cu(ll)-8<4 100 mio



Polysulfoneo]] 324 Di-(2-ethylhexyl)phosphoric acid(D2EHPA) 2} tri-butyl-phosphate( TBP) S 3
Sgske AV SEA0] Azt cu(ll) e AlA B4

JA} 324 PS-D2EHPA/TBPE 5 g ¥-2 t}20f 43
ZE7](Johnsam, Js-Fs-2500)& ARg5o] 120 rpmo|
A aMISFHA APARETHA 0 = AR S AfFsle] i
Ha]7](Eppendorf, Centrifuge 5415¢)= 10,000 rpm
oflA 5EXF A Rt T TS Aol ARESHITh
Cu(l) 9] ‘= YRIE-353=A)(Shimadzu. AA-7000)
= Agslo] HAEIRIC) G9e] pH 0.1 M NaOHe}
0.1 M HCIE AMg3to] 283190, pH meter(Istek,
AFTT724)E ol-g5to] S5t

4 224 PSD2EHPA/TBPS] Cu(ll) AAS:
ai(mg/g)= Tt ol Alkksigick

@

037141 Co= Cu(l1) 2] Z7)5=(mg/L), Ci= AJZFHto]
A Cu(l)®] s=(mglL), Vi= Cu(ll)2] gHe] H)
(mL), 18]35 W= AR83t PS-D2EHPA/TBPS] 9Kg)
olck.

al Xk
=

3. 2t

kd

3.1, DM FEF<C EM 24

Fig. 1> 14} 224 PS-D2EHPA/TBPS] 93T}
AHHS SEM Zegsto] vl Zlolot Fig. 1(a)oflA
Hol= vl Zo] A=3k PS-D2EHPA/TBPY] ej=
Z)7o] ek 3 mmel 3 H|=R FA =Sk Fig. 1(b)+=
PS-D2EHPA/TBP H|=9] AthHS Uehd Zog 2

i
WEGAT TESCAN  SEM WV 5.00 kv

5 DetsE
v [l

(@
Fig. 1. SEM images of (8) PS-D2EHPA/TBP(x70) and the cross section of (b) PS-D2EHPA/TBP(x70) and (c)
[TBP(x130).

(b)

ol 27o] oF 1 mme] F7to] EAYsH. o, i vt
2Rl F01 22 7| gE0] A= 0] 8949 fE0)
UsHA o]Fo] A Q= thad 7 FAH A
o 4= Ak

Fig. 2= D2EHPA, TBP, PS 2 PS-D2EHPA/TBP
O] FT-IR 42315 vepdl Zlolth Fig. 2(a)«= PSe]
FT-IR 24237} ZAxold, Fig. 2(b)= D2EHPAZS]
FT-IR 54272 1,015 cmoj}4] P-O-C stretching”]
7} Qo Ta]al 1,223.45 cmtol|A] P=0O 7]7}
FHaE|QJciCortina 5, 1995). Fig. 2(c)= TBP2
FT-IR 24 Az} 1,015 cm'oj|A] P-O-C stretching”]
T12)31 1,223.45 cmi ol P=0 7)7} =g, o]
+ TBP7} D2EHPAS} -2 R71R1AISK 0| B & Fig.
2(b)o} FArE HAFEE == 2S o = 2A9ith Fig.
2(d)= PSD2EHPA/TBP?] FT-IR EA4Z712 Fig.
2(a)2] PSellA] & 4= ¢l TBP2} D2EHPA ] 287
o] P-O-C stretching7]7} 1,015 cmi*of|A] Z12]31 P=O
717} 1,22345 citold] TakEm 2 PSof| D2EHPAS}
TBP7}F 2 33k o] Sl A& & 4= Uik

Fig. 32 TGA EAA7E UERH 2102 PS, D2EHPA,
TBP Z12]3 PS-D2EHPA/TBPS] 97 23| 71%5S 1
oj&rt. PSe| AL 500~600 TollA] Eall7t Aoyt
t}. D2EHPAS) 342 100l Hafl7} Al2se] 40
0o 23 FAMSIE Kol 9lom, TBP2] ¢
o= 200ColA A2l $bds] Halrl olFoiFrk
PS-D2EHPA/TBP2] 2:41-2- 1009} 450 ‘CALo|of|A] 1
3] 2ol dofufar glom, 100~300 L} 400~450
CollA] FRE-ElR= 7] £4do] 1=|9irt. 100~350 C

WEGAT TESCAN  SEM WVv: .00 k¥

S DesE
v [l

VEGAT TESCAM

el

200 pm

(0
PS-D2EHPA



(@) PS

(b) D2EHPA

R

() TBP

% Transmittance

(d) PS-D2EHPA/TBP

i

4000

3500 3000 2500 2000 1500 1000

Wavenumber, cm™
Fig. 2. FT-IR spectraof (a) PS, (b) D2EHPA, (c) TBP,
and (c) PS-D2EHPA.
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Fig. 4. Effect of contact time and initial concentration on
the remova of Cu(ll) by PS-D2EHPA/TBP (PS-
D2EHPA/TBP = 5 ¢/0.1 L, agitation speed = 120

rpm, temperature = 288 K).
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Table 1. Kinetic data calculated for the removal of Cu(ll) by PS-D2EHPA/TBP

Concentration Pseudo-first-order Pseudo-second-order
(mg/L) Ge(Mg/g) ka(1/min) r G(mg/g) ka(g/mg-min) r
10 0.23 0.0277 0.7687 0.81 0.2652 0.9996
20 0.34 0.0218 0.7057 127 0.1846 0.99%4
30 0.42 0.0195 0.6269 177 0.1159 0.9993
50 0.53 0.0174 0.6511 184 0.0880 0.9981
100 0.36 0.0176 0.5247 193 0.0744 0.9994
200 0.75 0.0345 0.8548 191 0.0490 0.9986
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Fig. 5. Isotherms for the removal of Cu(ll) by PS-D2EHPA/

TBP (PS-D2EHPA/TBP =5 g/0.1 L, agitation speed
=120 rpm, temperature = 288 K).
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Table2. Langmuir and Freundlich isotherm constants for the removal of Cu(ll) by PS-D2EHPA/TBP

Langmuir Freundlich
ke Om r2 ke n I’2
(L/mg) (mg/g) (L/mg)
0.0.0891 3.1104 0.9983 0.6332 3.0175 0.9641
o] ez} Defxin, pH 6olsloll A= Cu(ll)o] Hej= sRIsjnt Alxsh 34 224 PSD2EHPA

ZASIHATE pH 7o)l A= Cu(ll)7F Cu(OH)9] <]
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Fig. 6. Cu(ll) remova capacity in different solution pH

(PS-D2EHPA/TBP = 5 g/0.1 L, agitation speed =

120 rpm, concentration = 10 mg/L, temperature =

288 K).
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