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B Aol di-(2-ethylhexyl)-phosphoric acid (D2EHPA)$} carbon nanotubes (CNTs)S- polysulfone (PSell 1179
3IA1A PSHD2EHPA/CNTs HI =5 A|228k3) 0., Alzst B =e] 2]t Sr(11)2] A 5A)S A3 B3I}, Scanning electron
microscopy (SEM), Fourier transform infrared spectrometer (FTIR) %! Thermo gravimetric analysis (TGA) 4= &
sto] PS/D2EHPA/CNTs HIE2] FEE] SAES ZARIITE PSHD2EHPA/CNTs HIEe] 28t SrI)e] A|AE 4
AF 60 min el BEel EREIgon, 5 A ATH= fAF 23 Srdel] & REshs 2o Lehde). g
PSf/D2EHPA/CNTs B]=e]l 2J%t S(Ine] Aol Langmuir 2] 0256 8+ Ho) AAZ-E 4.75 mg/go] At PSH/
D2EHPA/CNTs B| =0 918t S| AlA &8-S 54 D2EHPA THE AMS-3H= 95k CNTsS F718Ho 24 Sr(In)
o] AAZo] 250 A= == AAE BT

Abstract — PS{/D2EHPA/CNTs beads were prepared by immobilizing extractant di-(2-ethylhexyl)- phosphoric acid
(D2EHPA) and adsorbent carbon nanotubes (CNTs) on polysulfone (PSf), and the adsorption characteristics of Sr(II) on
the beads were studied. The morphological characteristics of the prepared PS{/D2EHPA/CNTSs beads were observed by
scanning electron microscopy (SEM), thermo gravimetric analysis (TGA), and Fourier transform infrared spectrometer
(FTIR). The equilibrium time for the removal of Sr(Il) by PSf/D2EHPA/CNTs beads was 60 min. The experimental
kinetic data followed pseudo-second-order model more than pseudo-first-order kinetics model. The maximum removal
capacity of Sr(II) obtained from Langmuir isotherm was 4.75 mg/g. The removal efficiencies of Sr (1I) by PS{/D2EHPA/
CNTs beads were improved 2.5 times by adding the adsorbent CNTs more than by using only the extractant D2EHPA.
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Fig. 1. SEM images of (a) outer shape of PSf/D2EHPA/CNTs bead,
D2EHPA/CNTs (0.6 g) bead.
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Fig. 2. FTIR spectra of (a) PS/CNTs beads, (b) D2ZEHPA, and (c)
PS/D2EHPA/CNTs beads.
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(b) cross-sectional shape of PSf/D2EHPA/CNTs (0.3 g) bead, and (c) PSf/
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Fig. 3. TGA analysis of (a) PSf/CNTs beads, (b) D2EHPA, and (c) PSf/
D2EHPA/CNTs beads.
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Fig. 4. Effect of amounts of CNTs and D2EHPA on removal effi-
ciency (initial concentration=20 mg/L, PSf/D2EHPA/CNTs
beads=5.0 g/0.1 L, pH=5.2, temperature=20 °C).
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A= Sr(Ile] E5F PSHD2EHPA/CNTs H] =0l 23l AlAF 2102
A= QI A 7] pHoll w2 Sr(2] A1 A A ellA 38 pH
WSS AR, o o] 7] pH7L 40)8tell M= B3 pH7F 271
pHS} H|Z2313l o1, 27 pHY} 601 dell A= H3 pH7| 3.8714] 7
28k 222 YERTh o]i= AHd FF 4191 D2EHPAC] 2] &
Sr(I) #1717} D2EHPAS] H' ¢} Sr(Il) Ako]of] o] 2 mglo] Aot
[23], 12 QI8 5ol '] s 27} 571817 wlitof] $-oe] g
pH7} sk A 22 AR QI Rahman 5 [24]0] AASE zeolite
2F0) Sr(Ine] E2HA T A, pH7}F 2~6 0.7 7}l whet S
A (k)7 E S7FeE 5, pH 601l A k7t S7FeHA] kot 7Sk
Ak B kSTt Fujikawa®l Fukui [25]% St(Del k,7F pH
4.5~6°14 0.003~0.2512 S7Fstttar B3kt Fig. 5641 Sr(ll)
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Fig. S. Effect of pH on removal efficiency (initial concentration=20
mg/L, PS{/D2EHPA/CNTs beads=5.0 g/0.1 L, temperature
=20 °C).
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Fig. 6. Effect of contact time on Sr(II) adsorption (PSf/D2EHPA/
CNTs beads=10.0 g/0.2 L, pH=5.2, temperature=20 °C).
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Fig. 7. Plots of (a) pseudo-first-order and (b) pseudo-second-order kinetic for Sr(II) adsorption.

Table 1. Kinetic parameters for Sr(II) adsorption

Pseudo-first-order

Pseudo-second-order

Co me/L k;, I/min q,, mg/g e k,, g/mg-min q,, mg/g r
10 0.049 029 0.805 0.604 0.82 0.999
20 0.038 0.60 0.796 0219 135 0.999
40 0.039 132 0.852 0.085 243 0.999
60 0.040 231 0.935 0.043 3.73 0.999
80 0.056 255 0972 0.044 3.66 0.999
100 0.051 321 0.986 0.029 429 0.998
150 0.037 3.78 0.982 0.016 5.05 0.995
S 0.796~0.9860] 31, A 231 2 of) 7 45k 7 fol] 2= °
0.995~0.99991 345 Kof PSFD2EHPA/CNTs Hl =0l ok seyl (L
A Sk 27k S el 2 Rasigict olefdt Ak Li Bl T e
ONToll 9] P2 o] 20) B3] A} 23k Salel) & ptaioieh= | e °
Ao}, £ AFAHE0] FF4] D2EHPAE PSfol| 117 313k psf/ e o
D2EHPA H| =2 ARE310] Cu()9} Pb(ID] #|A Al A} 23} S5 2 e
2ol 2 R3ksiichs Aah301¢h FAsHITE E 3
(2
3-6. S2A 27
PSFD2EHPA/CNTs H] =of] ©]&F Sr(inye) 83413 A3}H= Langmuir Idlyeotinde
52213} Freundlich 5220 2830 7AE3}% T} 14f e Freundlich
Langmuir 5212 T} o] THEATH31].
Q= k;9,C. 3) ’ 0 2 1 60 80 100 120
1+k,C,
C,, mg/L
Freundlich 52212 Ukt 2] SEAHTH32). Fig. 8. Adsorption isotherms of Sr(I) adsorption (PSf/D2EHPA/
1 CNTs beads=5.0 g/0.1 L, pH=5.2, temperature=20 °C).
q. =k, C." “

Table 20 A o= A2 52 9 A w4 3)7 4

Table 2. Isotherm parameters for Sr(II) adsorption

@l A gato] 5 shefule) ZES Yehl2Lom, Fig. 8ol 23
Avigk 4 (3) A @l 28l Axke 292 vmalel Yerisie,

Langmuir Freundlich
k;, L/mg 4, mg/g r ky- (mg/g)(L/mg)"" n r
0.129 4.75 0.987 1.03 293 0.983
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Polysulfone®]] Di-(2-ethylhexyl)-phosphoric acid®} Carbon Nanotubes

Table 2°1] YFERA 2137} 7+0] PSFD2EHPA/CNTs H] =of| 2%t Sr(I)2]
AAE 2 AT AFH L] oA Langmuir 5223} Fruendlich
T2 & tholl Z 153181 0.1, Langmuir 2] S 2 H-E] o7l o
AAZELE- 4.75 mg/e®] SAtY. Vipin 5[30]°] sodium cobalt hexacyanoferrate
(CoFC)E alginate® 1179 3t W] =of] CNTsE F7}810] A-&-351d
3~10%8 5% Cs()S} Sr(INe] F&go] S7hsickar Eatst Aol uja,
1 Aelx= F+E4] D2EHPA Bhe ARE-$F 79K} CNTsE 37F
Sho 24 Sr(INe] AAZo] oF 2.5 L2 H7|H o7 =4
I HAATH33].

4.4 B

£ AT A= PSTE D2EHPA S} CNTsE 117d 313t PSFD2EHPA/
CNTs | =5 A Z319] oH, A28k 1] =ef) 2] snne] AAEAS
23 W9tk SEM, FTIR 9 TGA ¥4 2 3} 2 5-E] PSf/D2EHPA/
CNTs H] = tjoll CNTs¢h D2EHPA7} 2+ a1 3k o] gl 212 8}l
e 5= Q)3iT). PSD2EHPA/CNTs H]=of] 2J3 Si(11)2] AlAE &4
AIZE 60 min % =4 3ol =3l on], AlA AFA = FA
22} o] 2 Bkal= 2 0 7 vEbth B3k PSID2EHPA/
CNTs B =e]| €]t Sr(INe] AIA A Langmuir 2] 0. 278 -5 &
o AAZ- 4.75 mg/ge1 0™, 354 D2EHPA Wh& AME-ah= 73
SR} CNTsE 7180 24 SiIne] AlAZo] oF 2,58 % A4t
=& AvE el

Nomenclature
C, :equilibrium concentration [mg/L]
C, : initial concentration [mg/L]
k, : pseudo-first-order rate constant [1/min]

k, : pseudo-second-order rate constant [g/mg-h]
kyp : Freundlich isotherm constant [(mg/g)(L/mg)""™]
k; : Langmuir isotherm constant [L/mg]
n : Freundlich isotherm constant related to adsorption intensity
q, :equilibrium adsorption capacity [mg/g]
q,, :maximum adsorption capacity [mg/g]
g, :adsorption capacity at time t [mg/g]
: decision coefficient

t : time [min]
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