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0,/N, Separation Performance of MIL-101(Cr)/Graphene Oxide

Liu, Yang*’ Xia, Xiaoxiao™” Tan, Yuanyuan“’ Li, Song*“"

(“ State Key Laboratory of Coal Combustion, School of Energy and Power Engineering,
Huazhong University of Science and Technology, Wuhan 430074)
(® China-EU Institute for Clean and Renewable Energy, Huazhong University of Science and Technology, Wuhan 430074)

Abstract The pressure-swing adsorption (PSA) technology is the promising approach for O,/N, separation because of its
low cost and facile manipulation, in which adsorbents dominate the separation performance. In recent years, metal-organic
frameworks (MOFs) have been recognized as the most potential adsorbents in gas adsorption and separation due to their ul-
trahigh surface area. In this work, MIL-101(Cr) with different weight percentages of graphene oxide (5%, 15% and 35%) was
prepared by growing MIL-101(Cr) on pre-synthesized GO materials. The final product was activated under vacuum at
180 C for 12 h. Structure characterization of different MIL-101(Cr)/GO composites revealed that MIL-101(Cr)/GO-15 with
15% GO additive exhibited the highest specific surface area (3486 m?g ') and pore volume (2.39 cm’sg ') compared with
pristine MIL-101(Cr) and the composites with 5% and 35% GO additives. The high surface area and pore volume are benefi-
cial for the O, uptake of MIL-101(Cr)/GO-15. Compared with the O, uptake of MIL-101(Cr)/GO-5 (0.35 mmolsg™") and
MIL-101(Cr)/GO-35 (0.31 mmoleg™"), MIL-101(Cr)/GO-15 exhibited the highest uptake of 0.54 mmoleg™~'. Further pore size
distribution analysis demonstrated that the enhanced O, uptake of MIL-101(Cr)/GO-15 can be ascribed to its increased frac-
tion of mesopores. On the other hand, O,/N, selectivity of different MIL-101(Cr)/GO composites was also calculated accord-
ing to ideal adsorbed solution theory (IAST), from which it was found that MIL-101(Cr)/GO-15 displayed the highest O,/N,
selectivity (1.2) in a binary gas mixture with the volume fraction of O,/N,=1/4. Compared with pristine MIL-101, O,/N,
selectivity of MIL-101(Cr)/GO-15 was increased by 17.65%. Recyclability is one of the most important criteria to evaluate
the gas adsorption performance of adsorbents. Therefore, the recyclability of MIL-101(Cr)/GO-15 was tested by measuring
the O, adsorption and desorption isotherms for three cycles. It was revealed that 80% of O, uptake of MIL-101(Cr)/GO-15
was remained after three adsorption/desorption cycles, implicating the outstanding recyclability of MIL-101(Cr)/GO-15.
Keywords O,/N, separation; metal-organic framework; MIL-101(Cr)/GO; recyclability
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Figure 1 Powder X-ray diffraction spectra (PXRD) of MIL-101(Cr),
GO and MIL-101(Cr)/GO
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Figure 2 Scanning electron microscopy (SEM) image of (a) GO and (b)
MIL-101(Cr), and (c, d) scanning electron microscopy (SEM) image of
MIL-101(Cr)/GO-15 at different scales
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Figure 3 Pore size distribution of MIL-101(Cr) and MIL-101(Cr)/GO
(QSDFT)

£ 1 MIL-101(Cr). GO LA MIL-101(Cr)/GO [ LR H AR, LA
WAL RN FLALEE

Table 1 Surface area, total pore volume, micropore and mesopore vol-
ume of MIL-101(Cr), GO and MIL-101(Cr)/GO

Pore volume/(cm’sg ')

Sample Awdmg ) T Ve
MIL-101(Cr) 3358 2.09 0.98 1.11
MIL-101(Cr)/GO-5 3291 1.99 1.00 0.99
MIL-101(Cr)/GO-15 3486 239 129 110
MIL-101(Cr)/GO-35 3010 2.48 1.60 0.88
GO 43 — — —
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Figure 4 O, adsorption isotherms of MIL-101(Cr), GO and MIL-
101(Cr)/GO at 298 K, 0~100 kPa
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Figure 5 O, and N, adsorption isotherms of MIL-101(Cr)/GO-15 at 298
K, 0~100 kPa
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Table 2 O, and N, adsorption capacities of MIL-101(Cr) and
MIL-101(Cr)/GO

Uptake/( mmoleg ')

Sample

O, N,
MIL-101(Cr) 0.46 0.44
MIL-101(Cr)/GO-5 0.35 0.48
MIL-101(Cr)/GO-15 0.54 0.44
MIL-101(Cr)/GO-35 031 0.42

“ uptakes at 298 K and 100 kPa.
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Figure 6 IAST selectivity of MIL-101(Cr) and MIL-101(Cr)/GO at
0,/N, volume ratio of 1:4
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&, fEH AR R, oIRGBk, IRk
KA BT7K. DMF Fl BB — R (30 mL X 3). #
& KRR NS EEAE T 180 CHME S TIEAm+
12 h, RIR[52)3E4L )5 (1) MIL-101(Cr)/GO. GO #s &4
FA Cr(NO3)3*9H,0 FiE 1] 5% 15% LA K& 35%. HA+H
Kl % 9 MIL-101(Cr)/GO-x, x%fX 3 GO HIA[FE & &.
4.3 PRI

AR X HHRATE BT (PXRD) AT A 28 i 22 i 4h
B A A2 Empyrean B X B 28 AHT8HX. R Cu ka
2%, TAE R A TAE S 59 40 kV #1140 mA, +3
G 20=2°~15°. M EEHH B+ BWEL 7 T (ESEM)
BT A ES tes =% FEIL 22 7] 4E 72 1) Quannta 200 BYHA 5G]
TR, WP IE B 20 kv, B TEDNER
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AR AbHE . 37 A S 4 W T B AUBE 43 A (FSEM) Bt
FHACES e 2% FEL A 5] A2 7 (1) Sirion 200 2437 & 414
. MR I BN 5 kv, B RS e
AT AL B . SRR B 20 AT BT A S o 36 [ R A 38
A AE PR Autosorb 1Q2 BY 4 H B SR A, #E S5
A 50~100 mg, FrAMFRIMKATRIE 120 CRES
TRALEE 24 h. WA SAAN Ny, £E 77 KT AR B/ Bt
G528, K H Brunauer-Emmett-Teller (BET) /7 V4115 L
RIMAN, THHE IR BRI AT SERA 0.05~0.30. %
F t-plot J7iit BMALILER. P IRV [ 4455 FEF ol S P
R(QSDFT) 5 i3 Hr fLA% 7 A

4.4 O, F0 N, Wy pfisLas

FIFH A B B SRR A (35 B RS A A F], Auto-
sorb iQ2)MIE 298 K i} O, Fll N, Wi & 2. k& /)
YN 0~100 kPa. #5Jii &N 50~100 mg, FifFE
MEATIAIAE 120 CH&AF T EZSHUAGEE 24 h.

4.5 fEIMEREMIR %

I A B B SR (SE B BB XA A ], Auto-
sorb 1Q2)FELLI & =Kk 298 K I} O, W i fit &5 35 26, F5ik
O, M B &35 o J 25 FL I B 5 e B o] R4 R — IR O, RO
BRAEER. IRE FVE R 0~100 kPa. £ iEA 50~
100 mg, FEELIERTLE 120 C 444 FE A TALFE 24 h.

Bugt

R B S AT IO AR AR R X
SRR AT A T S B B SR R S
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