Oct. 2022

FLAX, 4 T 2542 HBIBT 2
- 174 - Modern Chemical Industry 2022 F 10 8

MIL-101/ 1 == & W Bt 35 B9 # & % 3
7= % B M gE BfF 3%

B N FLERFE,EEK, BT, IR
(ABRBEIRFEFEEMARRIIZHXANBREL LR T,
BAFEHAKFHRELLRT, LE KK 030024)

FEE BT TN R BIR (COC) R HALL BIR (GOH) PIFh I AERR KL, B MIL-101 FW R PERE . W2 A bRl EAT
XRD N, WZBERft FTIR SEM %R AE K4S S HEREMIE, 45 %01, GOC GOH A nvl IEcs MIL-101 ) b £ mi Al
FLAE PR AR A ek [0 6 X K RIS, P MIL=101-GOH, o R BT di o (AR R fi 4k, AT3K 1 336. 09 mg/g, AR 5%
PEF B IRREE AT S 1 2 A M G sh J1 5 TR S WA B A bR L AW R A A | 00 R i T AP B A AR
A T RHR T MIL- 101 PR BE AR A 7 , 4R TR B 45 s in et BT AR O

KRR MIL— 101 ; 47 3805 ; W 285 W il 4 s 2

FESES X511 XRKFRERD ;A

DOI.; 10.16606/j.cnki.issn0253-4320.2022.52.035

/]

X EHS:0253-4320(2022) S2-0174-09

Preparation of MIL-101/graphene adsorbents and study on
their adsorption performance for benzene
PAN Ting-ting, LIU Fang, WANG Bin-yu, WANG Jian-cheng, BAO Wei-ren, HU Jiang-liang "
(Key Laboratory of Coal Science and Technology of the Ministry of Education, State Key Laboratory
of Clean and Efficient Coal Utilization, Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: The adsorption properties of MIL-101 are improved by adding two different functional carbon materials,
such as graphene carboxylate ( GOC) and graphene hydroxylate ( GOH ). The prepared composite materials are
characterized by XRD, N, adsorption-desorption, FT-IR, SEM, and their static and dynamic adsorption properties are
tested.It is shown from results that the addition of GOC or GOH increases the specific surface area and pore volume of
MIL-101, which improves its adsorption capacity to benzene and inhibits its adsorption capacity to water. MIL-101-GOH10
exhibits the highest adsorption capacity to benzene ,as high as 1 336.09 mg-g™".It is found that the pseudo-second order
kinetics can better reflect the adsorption process of the composites to benzene through fitting the test results under low
pressure , indicating that the adsorption principle mainly bases on chemical adsorption.The combination of graphene can

greatly improve the capture ability of MIL-101 to low concentration benzene, and the degree of improvement is closely

related to the addition amount of graphene.
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WES SRR FB MR, K S MIL-101
FUA TR AR BAE AT, S5 KA MIL-101 X 2R/
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13 h ik, VI £ R 70 mL/min AT N, J57
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(BET) Al Langmuir /7723154 L R 1ETAL, #9E Density -
Functional=Theory ( DFT ) #i& 118 FLAZ 4310 .
1.4.2 BE4#HR X HE4T58

*H Rigaku Mini Flex 600 RIS AR X G2 Ai 5t
ACCXRD) W A it A AR S5 44, Cu B8 K, 2R (A =
0. 154 056 nm) , FH#iAK 0. 02°, 5 E 5(°) /min,
TAERE R 40 KV, TAEHE TN 15 mA
1.4.3 #REHH

K HH STA 449F3 X RE AT IR (TG) 20 HT, 4%
MreE i B e v . IR SR Ar A5, SR T
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1200} 4 2 i . .
= 1000 PPN }Q.Q-" BET Langmuir BAL L
Il B = “-:::: 231z 2
& 800 ez“"“""" 53 31 MIL-101 2543.3  2577.2 1.52 1.18
g 600r MIL-101-GOC, 3186.0  2819.1 1.76 1.34
400} #
§ 200} | MIL-101-GOC,,  3098.7  2651.9 1.58 1.22
0-0‘.'0 T o MIL-101-GOC,s  3211.5  2716.1 1.71 1.25
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A—MIL=101-GOC MIL-101-GOH,,  2740.9  3179.7 1.68 1.24
15
(a) MIL-101-GOC, N, W /i [t 5 R £ MIL-101-GOH;5  2793.2 3192.2 1. 67 1.25
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KMEREA] R A 5 s, s R, 2 A
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INRHERBU R KIEXS & 8RR A; 2H
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AR T REIR S A R A AR PN IR 7
RETRS, A9 R 1583 F 1 402 em™, Z1H N
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K5 ®HA W FTIR 3 A

2.6 MIL-101 R E S S RIE0ERA 0% g8

T VPAR AT LA AL o W R PR RE  7E 25°C
ZAE R X RE R IEA TS K B BALE 20 S I BRRII , 25
RANE 6 Fin, B 6(a) 6(h) AW B % 2K W b 45
T, Bk T BRI TR T A Iz o £ 4K
Tt B R T2 U B AR A IR o R B
FLUZREE . P 6 () .6(d) Sy W BRF 5 i) 7K iz B 45 T 4k
VISR TR S5 AU B s oK e v
SEE DR oK RN AE S A N B S oK
S AP gk 2 FR , SLE S MIL-101 (A4
FIZ > 1 165. 14 mg/g, i GOC BT T
MIL-101 XF AR A it , 24 GOC B 4 te ok
1:400 I, 805 fff 54 1 220. 10 mg/g, & MIL-101
PR T 5%, GOH MU N2 /& 7 MIL-101 % 2%
A B, 4 LA N 7 L AT 20400 B XA IR
T B 2 T A A PR KA, 1 336,09 mg/g,
5 MIL-101 MR B T 15%, MIL-101 7E 25°C B
TS B 7K P 1 0 U B 1 480. 07 mg/g, 24 GOC
I o5 LR 21400 B, 25RO AR 7K 1R RT 0 6
H1256.16 mg/g, TR A, 5 MIL-101 A0
FEAR T 15% . 4 GOH ¥R INE 5 16> 1:400 B, HoK
AR FIIR B 5 1 289. 69 mg/g, 5 MIL-101 Akt
FEART 13%, aR&5 53R, AW kR mi A 5 5L
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PRFR B e — 2 72 B2 b RE A% 12 vy 24 14 1 R R
i el Ed AR B UE BRI A LR R D, PR A SR
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1400F _—
P ole Lo
B
& 1000 b PR— / /L
£ I
= 800}
|
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@ 400f

2001 ' ‘ | | |

00 02 04 0.6 0.8 1.0
HIXSEETI (p/p,)

1—MIL~101;2—MIL-101-GOH, ; 3—MIL-101-GOH,, ;
4—MIL-101-GOH
(b) MIL-101-GOH,, %W it 45 1 2%

e

200f g% =
0.0 0.2 0.4 0.6 0.8 1.0
HIXTESI (p/p,)

1—MIL-101;2—MIL-101-GOC; ; 3—MIL-101-GOC,, ;

4—MIL-101-GOC
(¢) MIL-101-GOC, 7KW k4535 £k

04 06 08 10
AXEII(p/p,)

|—MIL-101;2—MIL-101-GOH, ;3—MIL-101-GOH , ;

00 02

4—MIL-101-GOH
(d) MIL-101-GOH, 7K W [t 25 3 2%

H 6 25°C TR M7 e B 4 8 4
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R2 p/p,=0.9 BFORFHFIHIZE 7k IR B 2

. SRR, KRR

" (mg-g™") (mg-g™")
MIL-101 1165. 14 1480. 07
MIL-101-GOC5 1220. 10 1451.39
MIL-101-GOC,, 1051. 18 1256. 16
MIL-101-GOC, 1213. 00 1319.79
MIL-101-GOHg 1141. 96 1289. 69
MIL-101-GOH,, 1336. 09 1370. 68
MIL-101-GOH; 1301. 16 1315. 50

2.7 MIL-101 R EEG# BRI EFR&ER
wa
R TWRIEARAE MIL-101 K H 5 A Ak i
AT, R4 T EER A R BRI R R R i T
23 T DN S AR X 4 1) R B, DT R ek
7 3 AR A R AR B A P00, LA ] T R %
AR ZR I BT oA 0 3 AR
(1) Langmuir %57 26571
Langmuir W fS5RZ S 2 FEET LT 4 MR
V& THS3 12 W 5 J T 5 2 W R 5 [ e 3 T
5] 5 W B ST 43 5 Ta) B A B AR T AT L 22
(1)
Q = Q.[bp/(1+bp)] (1)
. Q Ik, mg/g; 0, KW, mg/g;p
NI, Pash Langmuir 'M,%L'ﬁ,l)a_] o
(2) Toth A I £L LY
Toth F 7S Langmuir #E8IAR Y J5 1Y 28 506 7 1%,
Xof R R 46 I 2 AE AR R R R S R A KR OE,
n=(2) .
Q = Q,bp/[1+ (bp)" 1" (2)
Horbrob o Toth H4C, Pa" s n Sy 5 RIS 25 2] HEAH
KIS, 2 n=1 Bf, Toth B A AT AL 4 Langmuir
B,
(3) Langmuir—Freundlich %5 £k 7Y
4 Freundlich Jy F2F8 25| A Langmuir B D)
rng Langmuir ﬁ%%?ﬁﬁ%%%ﬁﬁ?@fﬂ@%ﬁﬂﬁ ,}J\
M43 %] Langmuir—Freundlich 77 %2, 1 (3) .
Q = (Q,Kp") /(1 +Kp"™) (3)
AHF.K K Langmuir — Freundlich A éﬁég{ﬁ\#ﬁ,
Pa™"sp WEIIE ST, Pasn 52— MR 1
SYRITE BT ZSHL, QSRR BT R 2 AR A, n 1,
B 7 #24 Langmuir 7772,
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WAE A 7~9,3 3~5) X B Y
TR B H 28 2R A Langmuir BV A 15 2L A &R
B K0 0. 88, 2K H Toth AAUHLE15 2 A9 R BUR K
S 0.97, IES:] Langmuir—Freundlich FE AL A A5 3
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[y
g 8
=

T

B B/ (mg - g7Y)
N
8
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. : : :\ k .
2
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& 7 Langmuir A A LA i % ( SE% WAt %)
£ 3 WRMFA Langmuir 2 &S5

55 42 18T 2

B it/ (mg - g71)

200
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