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Adsorption of Cesium and Strontium lons in Aqueous Phase Using
Porous Metal Organic Frameworks Connected with Functional Group
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Abstract

In the current study, MIL-101(Cr)-SOsHjucy as metal-organic frameworks (MOFs) was fabricated via a hydrothermal
method. The physicochemical properties of the synthesized material were characterized using XRD, FT-IR, FE-SEM, TEM,
and BET surface area analysis. The XRD diffraction pattern of the prepared MIL-101(Cr)-SOsHjuci) was similar to previously
reported patterns of MIL-101(Cr) type materials, indicating successful synthesis of MIL-101(Cr)-SOsHucy. The FT-IR
spectrum revealed the molecular structure and functional groups of the synthesized MIL-101(Cr)-SO3Hucy. FE-SEM and
TEM images indicated the formation of rectangular parallelopiped structures in the prepared MIL-101(Cr)-SOsHjucy).
Furthermore, the EDS spectrum showed that the synthesized material consisted of the elements of Cr, O, S, and C. The
fabricated MIL-101(Cr)-SO;Hpc; was then employed as an adsorbent for the removal of Sr** and Cs* from aqueous
solutions. The adsorption kinetics and adsorption isotherm models were studied in detail. The maximum adsorption capacities
of MIL-101(Cr)-SOsHjscy for Sr** and Cs* according to pH (3, 5.3~5.8, 10) were 35.05, 43.35, and 79.72 mg/g and 78.58,
74.58, and 169.74 mg/g, respectively. These results demonstrate the potential of the synthesized MOFs, which can be
effectively applied as an adsorbent for the removal of Sr** and Cs" ions from aqueous solutions and other diverse applications.
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olF H7 |2 ARl AFY W A H7 = g
Aol qlo] Al 7Isliof gk WAMY AA| #H)7]E2
sielR 77]°) KE Thiol4 s, 55 YA U
A 2] STHENA A 3l e Feb o 2 WEs)7| ol
E4eafel} Bagiol weh el sl7|2S WA,
o5 ti=F H7|=l thiet a2l A2 Hfdew ik
9] vlsfjdE interfering salts)1} =312] AMAJE 2 <F
Feleg Egteh w04 vlgke] ALy 58 A7)
3= o]t Chita et al., 2017). E3] ¢z} HE o]
A BPYElE oA H)71Ee] - Cs (tye = 30.174)
T8 (ty, = 28.8W) 5o EAPF i 9low, s
e GAE sl WAk oAl a1 ) ks e
= - 83 Yol sltk o] F WM TS
H71E W nEe] s EAFelE Eskal AR
NA| w71 EolA B& HAYAZ|ER o] PTCs E MSr
SAPY 810 dfet el Rel) ol FolAol s, &
£2jol51 AR AR ANk Algstet sick
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9= HMHERLE 2Z(coagulation), ©]-&wFHion
exchange), MA-HA| == (liquid-liquid extraction)
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Z(co-precipitation), AYE=2]H(bioaccumulation)
o] QIti(Choi and Lee, 2019). YHFA 02 FZHo o
A ol0) 7} 8 790l Aot thy ol 5
7 ke 9ol olemano] Ae A ol
o <=3t Al o2 A TH(Todd et al., 2004). -
s0] Ay a7}l WA CsT MSe) ke )
WO ~42 Wit FER, LjAl o v
Afefe] HpbALY i o]0l Slol(Todd et al,
2004), 5K ThE ol W BRI} FaEshe Apef
A o 9 o2 Mejmon Re] Afaks ol )
& Fag AAPITE 589 ] TCs} M$rg FwAHo
2 AAB}] Y3 resorcinol-formaldehyde ©]2n%l 4=
A|(Hassan and Adu-wusu, 2005; Duignan and Nash,
2010)2} crystalline silicotitanate(Celestian et al.,
2008; Chitra et al., 2017)2} & 13 EZS 0] 83t T}
W Al=E0] UM, & AAL, AASE 3 ATE

)
o
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o
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£ oAz oF] AIElofof g Jio] B Aol
=3
A 1PEE FolA w5771 ZAA(MOFs,
metal-organic frameworks), th3-4d vl}¢] Z2]H(PCPs,
porous coordination polymers) ¥ F---57] =44
(COFs, covalent-organic frameworks)= J132%] t}oF
A} Spet Wi R0 olsl 2 AEE Al
B Aol ojak 1 B ZFpT gtkKitagawa
et al., 2004; Feng et al., 2012; Zhou et al., 2012). o]
% UhA ZHEZS] MOFsE W& njgHz, 2 7|3
), ARl FRE, JEal 71 R Bk ofjt
Fl- HE o] A 71K 3L )W (Zhang et al., 2013),
A8y AtollA] MOFs A5 R85t theRh 27100149
ol2ugt Hylo] ¥ o 43¢ Hl Qlti(Dang et
al., 2012; Zhou et al., 2012). FESF, uf-$- o %o &
o] goJgt UIO (University of Oslo) 2 MIL
(material of lavoisier) A|E2] MOFs AA) 7igt} a1,
A o2t 2304 0] et FAM TS HAlskel
CH(Fe'rey et al,, 2005; Cavka et al., 2008). £3
Fe'rey et al.(2005)0] HF& ARE3He] MIL-101(Cr)&
AEA oz R 0% sl AAjol] thet ¥l 5%
=]tk MIL-101(Cr)- tH2 MOFs 22Ajjo]] B3j tf 4
& BEEAE 7y FaE 7L QLS Bk ozt
F7], slebA QP de 7HAAL Sl Aes Haw gl
thBernt et al., 2011; Lee et al., 2013). E3FMIL-101
(Cr) 2A4)¢]] €&EAF7](sulfonic acid groups, -SO;H)2}
e 248712 Eolshs 49, 27 ARl A 2
o] MOFs9] 748 WAsHA] o5t ool gl
4070 #83F 5 Q= Ao elA driZhou ot al,
2014).

ofof] 2 Qiel iz 5] Al QPgHo]T 4171 24
& 2= 9= MOFs 242 MIL-101(Cr)o] &EA]
(SOMH)E Qe kgl 4R1S Blele] 45 ~E
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Ae] 54 BT} g TR Wig 270K 2EEE
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el

i



2.1. MOFs AxH &M

% W o (Sr¥, Cs) T2 918 MOFs 2412
MIL-101(Cr) A9l AA o &EA|(sulfonic acid
groups, -SO;H)E Z-87|2 =213t MIL-101(Cr)-SO;
HuonE 433819tk MIL-101(Cr)-SOsHpney 22412
AL Q1] =gt (hydrothermal method)2: ©]
2515 0 ™(Akiyama et al., 2011), gHdof] B3t Aok
3} o= 9] 5 37142l A4 glo] e Al
t} 50 mL #£=5~°] monosodium 2-sulfoterephthalate
(CsHsNaO5S, Tokyo Chemical Industry, Co., Ltd.,
Japan) 3.35 g3} chromium(VI) oxide (CrO;, Sigma
-Aldrich, USA) 1.25 g, 12]3l hydrochloric acid
(37%, Merck, Germany) 772.5 ulLE Z7}slo] 587
WHAZ] & o] Z3HS 100 mL -85F9] teflon-lined
stainless steel autoclaveol] 4 Ho} QEo| €1
180°CellA] 67T FA2E XdsiSict. G 27t &t
T WSR-S AR Aol WA WAL, ol
=400 mL2} H[ERE 100 mLE o]-8-5}0] 34 A5k
T Af2oflA 5| Axste] 2T o= HdH green
powder (MIL-101(Cr)-SOsHyio) = S 513t}

22, geax 2 24

2 Aol ¥l MIL-101(Cr)-SOsHpucry 42419
AR 25 Telslr] ¢98l XRD (X-ray diffraction,
Rigaku D/Max-2500) 42 Fdis|gom, Sieha-S
TSI Qi RS0 BATE BAS 98 FTIR
(Fourier tranform infrared spectroscopy, PerkinElmer)
e asioct w5 Axfe] Pejael ST AR
2 ER13}7] £J5}o] FE-SEM (Field Emission Scanning
Electron Microscopy, HITACHI S-4300), EDS
(energy dispersive X-ray spectroscopy, HITACHI),
TEM (Transmission Electron Microscopy, HITACHI
HT7700) 242 =3silon], 2] Hiadals =

St Al Y AERE o] 29 2 A7 99

Asl7] Y8l BET-H]| A2 £-4]7](Brunauer-Emmett
-Teller, Micrometrics ASAP 2020)E- o]-85}] A&
=231t} E3t, 344 MIL-101(Cr)-SOsHpcy 2412]
S5 SP U Cs' ole 2 st g Tlete) 9
) XRD, FT-IR, TEM B412 Z-aisla, -1 A7}2 &
27 ) 2 Ao} ] stick

23, AEEE(S™) Y MiE(Cs") 0l2 &

A= MIL-101(Cr)-SOsHncy 2412 S2A|=A
o] 715 ERIsE] fIste] % SE o<l
(Sr*) 2 AIH(Cs") o2of| tigh T2 e 434519
o} e FA AEE A ow asigl o, A
T 3 5252 ARol] ARSE Sr} Cs 80 AE
Aol FF9] golide Sl HIAH 5914 Alof
Sr(NOs),; W CsNO; (Wako Pure Chemical Industries,
Ltd., Japan)& go]&4=0] &06] 1,000 mg/LZE A|Z35}
AL, o] AY 4l 9| YT F=g BAsto] A
S519ick. FAEE Ao e St E Cs ol 20] 2]
SRS 100 mgLE ARsIglon, Segt Are &
71E5EE 5~200 mg/L= HIPAA 43451500t 2124
Sz AEe 50 mL -85F9] conical centrifuge tube
(Falcon, 352070)0]] YA E=2] s 0] 8ol 50 mL
9F T2A 0.01 g& Y2 T 5XI"7|(VS-8480SF,
Vision Scientific Co., Ltd.) U} 25°C, 180 rpm 7]
A FRISIEA] ARE 702 AlRE Al
YFEE AlEE AR E]7)(VS-5500i, Vision Scientific
Co., Ltd.)E ©-85}0 3,500 rpmof|A] S 52t 4 &
SJt 3, Ao Hejelslol 4t EAsg: S
Cs' olee yEE SEAuBeE A
(ICP-MS, ICP-MS 7900, Agilent)= o]-&3}o] H4a5}
SAFf. pH Risjo] whe F2} A4S Tjotel] 913 pH o]
24 271(5.3~5.8)7} 37 0.05M HCl 847} 0.05M
NH,OH -85 Alg5lo] i g0l 27] pHE 3, 10
om zAsl] Heg2 AR AEiion, pH
meter (Orion, model 420A)E o835} 8o19] pHE
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Fig. 1. XRD patterns of synthesized MIL-101(Cr)-SOsHncy;.

714, g= ARE tollA] T2 mg/e), Gy 27
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3. Znt A n¥

3.1, A =24

e MIL-101(Cr)-SOsHpuey 22740 thigt 24
I AN oA sEE ERIsH] 98l X-A 37
(XRD)E Alg510] FATSH ATkE Fig. 10 EhASIT, =
GtollAi=XRD 4] A] 260 &] ‘AHRISIE 5~20° % 510
EMaiqick 1 Ayl dE MIL-101(Cr)-SOsHmey 4
2] XRD wf&l& 260 = 5.10°, 8.40°, 9.00°0) 4 73t
a4 522 ehfglon], ol 21zt 531, 882 1 911
o] AAH 3]&(crystal-plane diffraction)o] ==
Ao F4JE MIL-101(Cr)-SOsHpcyolA 2H87]7H
L=QJEA] ¢ MIL-101(Cr) 2] A A9l 31 w2 4
o[tiMa et al,, 2019). wepy 2 Aol
MIL-101(Cr)-SOsHncy 2417} MIL-101(Cr) A€
A 2R 4SA R S o 5 AT

398 MIL-101(Cr)-SOsHpey &A1 A8k
Sl shake AEEe] BATe BAS It FT-IR 2
Y= Fig. 20 YERfQIcE 1 A3}k 1182 em oA
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Fig. 2. FT-IR spectra of synthesized MIL-101(Cr)-SOsHjxcy.

(symmetric stretching vibration)& &18F 4= Itk =
3k 1084 cm'olA] £EAKsulfonic acid) X|EkQ] HUY
WA 18] 2 25 w537} 2R1E o, 1024 em'o]
A S-09] 735t A& Z%5(stretching vibration) =7},
623 cm'of| 4] C-S €] A% 2% (stretching vibration) T
=7} ERIEE 7] AafEHE wE4|(sulfonic
acid groups, -SO;H)7} 53 MIL-101(Cr)-SOsHucy
7H g o m Bl e S SIeIe 4 Slirk

0.8 im L] thefzt 27 B E 7= A= 22l
o, QIRRe] BYRS i EfAAo)7]= SR A
Sl 77ke- BAE HIE A 2RI 4= %L
o} E3h ] A i ERIsE] $13F EDS 4
AilFig. )2FE TA A =C, Cr, O L S Y42
ojFofA e BRIs e, G Y4 mapping
o[u|x] A7Fig. 5)& FMA = U L= F/d=o]
Uee & Tk A7) B A Ak G e
SeiER Sh, SEWISOME 48712 ke
MOFs 247} 45202 GHE|2keS Mol 2}
olc.

3 MIL-101(Cr)-SOsHncny 22412] H]3EH 2 (specific
surface area, Sger), Al&- F-1)(pore volume), Al 7]
(pore size)o] et £4] 2342 Table 10} Ukl
H|ZHZ-L 1860.6 m¥/g, Al 51 1.089 cm’/g, A&
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Fig. 3. (a) FE-SEM and (b) TEM images of synthesized MIL-101(Cr)-SOs;Hucy;.
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Fig. 4. EDS spectrum of synthesized MIL-101(Cr)-SOsHuci.
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Fig. 5. Elemental mapping images of synthesized MIL-101(Cr)-SO3Hucy.
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Table 1. Specific surface area (Sger), total pore volume, and pore size of synthesized MIL-101(Cr)-SOsHucr

Material Surface Area [m%g] Pore volume [cm’/g] Pore diameter [nm]

MIL-101(Cr)-SOsHgcy 1,860.6 1.089 2.341 (This study)
MIL-101(Cr)-SOsHucy 1,362.0 1.117 - (Ma et al., 2019)

NH,-MIL-101(Fe) 1,237.5 - 18.5 (Lee and Choi, 2018)

MIL-125(Ti) 845 - 20~40 (Guo et al., 2015)
100 100
® Sr
80 - Pseudo-1st-order model 80
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— 604 — 60
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=2 =2
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Fig. 6. Effect of contact time and kinetic models on the adsorption of Sr*" and Cs* ions using synthesized
MIL-101(Cr)-SO3Hncyy (adsorbent = 0.01 g/50 mL).

H71%=2.341 nmZE BAE|l 01, o]=Ma et al.(2019)
o] X113t $H4 MIL-101(Cr)-SOsHmcy 27442] B]EH
] 1,362.0 m¥/g B} 2 ZFS Bk E3E o]y A
(Guo et al.,, 2015; Lee and Choi, 2018)°jjA] Ri1%]

Ao U}, olefet Ak 52 2710 &
7)(-SOsH) ) H'9} S 9 Cs™ o} 7+ ool ﬂ@oﬂ
ol ko] wheA) Z71slelr} Alzto] A|ubA o}
1% gago] M EoElo] F2Eo] =gl B A

MIL A€ MOFs 2421 NH,-MIL-101(Fe) (H]EHZ]

= 1237.5 m¥g, A& 27] = 18.5 nm)&} MIL-125(Ti)

(H]3EHA = 845 m’/g, AlF- 7] = 20~40 nm) o]

B8] 1Tk 2R Al D710} 256 W BIERAS 7
A3 Q= F o2 EAMEIc)

3.2. Azholl 2 Efs ¥ EAAE

3% MIL-101(Cr)-SOsHey 270E o]85}0] A|
Zho]l whE 425 Sr** 9 Cs” o] 0] gt T2l e
283t St @ Cs™ 0]29] 27]% %2 100 mg/L
2 Ak, 2| S 0.2 g/lL= shof F2hks

Alzke] whE St Wl Cs” o] &-0] FRRS APsto]
71 AIE Fig. 60f GERQICE Sr* 9 Cs' o] miE
27] 30 min7HA] F2to| w=A| ST} ol ¢
TFaliA 180 mino] A Fofli= A o] FARFF | e}

o Holn|, F2RES- Z1ede]] w2 proton (H)<] 3fe]
5 2RIk flal F2F X5 gle] pHE Z7sle] 1
2s Fig. 7o) GERRSICE Sr* gaje] A9 27] pH
5.500|4] F2to] Zlsle] wht pH 4.4 ‘%HE Gopglo

b, Cs” 899] 749 2] pH 55014 F2t0] A
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271 30 min Ujol] pH 747} 52 UeRIaL o}l
A3} pH7} SR Bl ATpS 2ol $10] FHEY Al
At} fARE RS Bolrk A7) 52 U pH st 4
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Fig. 7. pH of solution after the adsorption of Sr** and Cs" ions using synthesized MIL-101(Cr)-SO3;Hucy; (adsorbent =

0.01 g/50 mL).

Table 2. Calculated kinetic model parameters of the adsorption of Sr** and Cs" ions using synthesized MIL-101(Cr)-SOsHucr

Pseudo-first-order

Pseudo-second-order

Ton Co Qeep
[mgl]  [mg/e] Gecal a R? Gecal ke R?
[mg/g] [1/min] [mg/g] [g/mg-min]
S 106.87 32.77 7.81 0.0064 0.3215 32.62 0.0139 0.9974
Cs' 109.96 71.02 8.02 0.0083 0.1082 71.36 0.0032 0.9984

s w42 s Akl e S 29
A} 12} &&= 2)(pseudo-first-order kinetic model)3}- -+
A} 22} 5% A)(pseudo-second-order kinetic model)o]]
Z-8(Choi and Lee, 2020)3}>] Hr|sla, 1 2daks
Fig. 63} Table 20] YERNRIT). A-85F-GA} 1 2} £524]
)

4,

dt :kl(qe_Qt) (2)

4714, qe% FEgHOIM 2 S (mg/g), = A

7t tol|A9] BREHmg/g), kS FAF 12} LA
(1/min)®]ch

5k, M8 A 27 S T8 ek

dq

&= hla e’ 3)

SV, ey AL 27 SR g/mg min) ol
BRR&E 3|4 Aa), 314 MIL-101(Cr)-SO3Hpicn )
OJF S 9 Cs™ 0] 2:0] FAH TR’ 0.3215 2
0.10829] Zh& Bl fAF 12} SRLE=AR 0.9974
2099840 g1 121 1427} FAEA T 2 3

£ A0 HEigle SH dlZAleh A9 HlaL
OV A} 13 SIEA10] 29 FHRS A SP
9 Cs” o] 2.9] ek S Aot AP} 2 Aol S 1

Qe A} 22} SEALS 1 Il T ol
o} 1A} 7] SR AT Bk $4 23
Fajof| T HEARN(K)E ST 0l 29] £ 0.0139
g/mg-min, Cs* 0]-22] 7<% 0.0032 g/mg'minC & 1}
B} s o} 2e] Fato] o w=A) aelo] E2ERo]
Sl A= b

3.3. pH Halo ME S2E& 2ot
MIL-101(Cr)-SO3Hucyy 2A0]] )3k Sr** & Cs” o]
29| A T2 545 dokdy] sl s=53
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Fig. 8. Adsorption isotherm model fitting on the adsorption of Sr
with various pH conditions (adsorbent = 0.01 g/50 mL).
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PHE 3, 5.3~5.8, 1002 245}0] 2z} 1S Fake}
ek
Langmuir model> 3318111 gt g2l 412
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A} 7F s Aol EAeHA] oheths 71 slellA] wk
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Qb,C,
= 1+v,C @

714, Q= Z|thg2Hdmg/g), b F2} oll| A
o} A% Langmuir A(L/mg)olth. Co= T2
defolx o] BEEE(mg/L), Ge= HE F2mg/g)=
Ui

Freundlich model-2 249} &M 7
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10| TS
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67|14, Kex= Freundlich A~(L/mg)elH, 1/nS &

By
o
o
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250
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q, [mg/g]
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** and Cs" ions using synthesized MIL-101(Cr)-SO:Hucy

78 el Aol

ZFpH W8 Sr** 9 Cs* o] 20| et 5252 A9 Axt
£ 4 D%} (5)° A-8sle] Fig. 8of Hehfglom,
Langmuirgl— Freundlich S&F5-2 model Z-89f wl=
wtehi]E FH5S Table 30f YERIC) pHoJ wh Sr**
4 Cs' LJ FEES H]JLOH Hid 5 o] i §of
O] 27| pH7} o5 S| S7Fks 28 B3l
o), E5] pH 10014]2] B0 27| Z7HS BRI
T Sk o= && pH 7‘7401]*1 MIL-101(Cr)-
SO;Hjucy 2412 2187191 &ZA47] Y H' 9] df2]2} o]
of w2 Sr*" "l Cs' o] ool ﬂ%"l e} 2HisA o]
FolRlof 7]QIgk A o & wetech

S25-2 modelo] #-g3t AijoA= Langmuir
model®] 7$- pH ¥ Sr** @ Cs* o]& Flof| T3} R
kol Z+zF 0.9711~0.9980, 0.9533~0.99322 LJERG
O, Freundlich model®] 9= ZIZF 0.9260~
0.9432, 0.8659~0.9926 2 UER} Langmuir S22
modelo]| Z+ H3lsl= Zog HrlE|Qich Langmulr
modelo] w2 ZEREHQ)> S 0] 22] e %
7] pH 3, 5.5~5.8, 10 270l 71z} 35.0512 mg/e
(0.400 mmol/g), 43.3504 mg/g (0.495 mmol/g),
79.7199 mg/g (0.910 mmol/g) 2 &, Cs" o]l22] AL
%7] pH 3, 5.3~5.6, 10 Z70]4] 212} 78.5800 mg/g
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Table 3. Isotherm model parameters of the adsorption of Sr*" and Cs' ions using synthesized MIL-101(Cr)-SOsHicy

Langmuir model Freundlich model
Ton H 0
P Q b R? Ke /n R?
[mg/g] [L/mg] [L/mg]
3 35.0512 0.0977 0.9816 15.4097 0.1408 0.9432
St 5.5-5.8 43.3504 0.0650 0.9711 14.9834 0.1757 0.9260
10 79.7199 0.1950 0.9980 34.8880 0.1559 0.9410
3 78.5800 0.0138 0.9684 2.3199 0.6282 0.9926
Cs' 5.3-5.6 74.5772 0.1044 0.9932 18.3931 0.2805 0.8659
10 169.7383 0.0205 0.9533 5.0608 0.6925 0.9126
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(a) Adsorption of Sr** (b) Adsorption of Cs*

Fig. 9. XRD patterns of synthesized MIL-101(Cr)-SO;Hucy after the adsorption of (a) Sr** and (b) Cs" ions.

(0.591 mmol/g), 74.5772 mg/g (0.561 mmol/g),
169.7383 mg/g (1.277 mmol/g) O & AP E]o] pH7} =
242 HhERg o) 2710 HaS B elrk

Park et al.(2013)-2 57| o] FHA|2] ammonium
molybdophosphate(AMP)2} A48 71 A]+= A1 (iron
oxides, 10)Z &53131, 571 XJX|A|2] polyacrilonitrile
(PAN)S Z3lsto] AMP/IO-PAN ERHA1E gHdstal,
ol AEEE W AlE ol Sl A3t At
A] Langmuir B2 o535 2o 52R8Fo] 217+ 0.087
mmol/g, 0.655 mmol/gQls Hisl3ick. ®3F, Choi
and Lee(2019)= ek vJARH= 5] P43t Na-A A1
SlolEE AERE W Alg ol Fol Hgeigion,
Langmuir 2o w2 Z|S2-872 7212} 1.6846
mmol/g3} 1.2055 mmol/g O 2 H Ik A18) oIt

Aol v wsf & uff, 2 A-tolA] e4dE MIL-101(Cr)
-SO3Hmcy £2412] Cs™ o] & Z2Rgak2 Alglo|E A
o 4 S7Kelo] TS 4 Ao BriEigdon,
SP ol2o] BAgae Aeiols Ad 4] 4%
ez Bk

34, B2 = AN 24

3 MIL-101(Cr)-SOsHmcy AA19] 4% s 1
Cs™ o2 52 & B4 B4 AXslo] 2 Hso) ¥
S} oS wlelslar, SAfelA|RA 2] P AR 18Ik
SP" "l Cs" o} F2 A% 3 MIL-101(Cr)-SOsHcry
2ol et 244 244 348 sfds elsh]
$1al X-Al 3847 (XRD)E AMg3to] HAI% A
Y= Fig. 99 vRERfQIcE S & Cs' o] 52 &
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Fig. 10. FT-IR spectra of synthesized MIL-101(Cr)-SOs;Hcy after the adsorption of (a) Sr** and (b) Cs” ions.

(a) Adsorption of Sr**

(b) Adsorption of Cs*

Fig. 11. HR-TEM and elemental mapping images of synthesized MIL-101(Cr)-SO;Hucy after the adsorption of (a) Sr** and

(b) Cs" ions.
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77k B4 FEiE & 9kl Qe A0 FRIE
o, 5 Y4 mapping ©[9|X| 25 E C, Cr,O 4 S
o] A 4 AJEa} 97 S2kE St Cs' 0] &8 3
QIgk 4= ql3ick

4. 2 B

T W o2 AAE 2zt oh5/d MOFs &7j19] 9t
A3k St 9 Cs' oo gk T2 A B3t o
WA AES B Uk

1) 5% 3 ol(Sr™" Y Cs") AlolE 917k MOFs
2AZ MIL-101(Cr)o] £ZA)(-SO:H)E Z47|=
Q13F MIL-101(Cr)-SO:Hpe S 2R os e
T AN IEH A= F 0.2~0.8 im 9] TRekRt
A7) S 7= AEHA) 7Pk AR ER1E]
.om, HTHAL 1860.6 mYg, AlE HIi= 1.089
em’/g, A3 F71%=2.341 nm2 EAE]9lct

2) 34 MIL-101(Cr)-SO:Hpuc S 283+ Sr*™ 4
Cs' o] F2Hiels 7t A3k 27| pH7 28 &
2o Sl AME Helow, Langmuir S22
modelof] & Folel= F2IFYS HSlck Langmuir
modelof] k2 ZhZ2EEHQ%)> S o] 29] A9 =
7] pH 3, 5.5~5.8, 10 Z7ol|A] Z}2} 35.0512 mg/g,
43.3504 mg/g, 79.7199 mg/g 0 &, Cs' 0] 22| AL %
7] pH 3, 5.3~5.6, 10 Z7ol|4] Z}z} 78.5800 mg/g,
74.5772 mg/g, 169.7383 mg/g o2 AES], H L
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