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# OE . ASCRA3MA RIS T ZIF-7 15440 A 8B4 (GO) L JRfiA K, Jfi@id PXRD, FTIR, SEM,
TEM F1 N, W BfF-J5t Bt 45 % S Ak A0 8805 /ZIF-7 B 588} (GO/ZIF-7, 85 GZR-n, Hh nf{ REMIEL 1. 11,
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Preparation and performance of graphene oxide/ZIF-7 composites

HE Naipu™?, ZHANG Xuehui' , ZHAO Xuerui', QIAO Yaoyu', LI Wen' , ZHAO Xiaozhu',
GUO Fengchuan', LI Zongxin'

(1. School of Chemistry and Chemical Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China;
2. Research Institute, Lanzhou Jiaotong University, Lanzhou 730070, China)

Abstract: ZIF-7 crystals were in situ grown on graphene oxide (GO) by three synthetic routes, and the resulting
graphene oxide/ZIF-7 composites (GZR-n) were characterized by PXRD, FTIR, SEM, TEM, and N, isothermal
adsorption-desorption. The effects of the synthetic routes on the growth, crystallinity, microscopic morphology and
pore size of ZIF-7 crystals on GO were investigated. ZIF-7 crystals were grown on the surface and sheet of GO by
three synthetic routes. The crystallinity of ZIF-7 crystals on GZR-n was significantly enhanced and some were
wrapped by GO. The shape and size of ZIF-7 crystals growing on GZR-n were modulated by the synthesis routes. In
particular, the ZIF-7 crystals are spherical particle with a diameter of 50 nm in GZR-II. For GZR-I and GZR-IIJ, the
ZIF-7 crystals are regular polyhedron with a size of 200 nm. Additional, their dispersion properties in solvents,
adsorption properties and kinetic simulations for organic dyes were explored. GZR-n show good dispersion in
methanol and chloroform. Compared with ZIF-7 crystals, the adsorption capacities of GZR-I, GZR-II and GZR-III for
methylene blue are increased by 226%, 302% and 278%, respectively. The kinetic simulations indicate that the
adsorption of GZR-II and GZR-III for methylene blue are chemisorption and that of GZR-I is physical adsorption.
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4 J& A Pl HE 22 (Metal organic frameworks,
MOFs) & il i A3 HLAL R 5 4 & 2 7 B A % i i —
TR 8 2 fL AR R, Hm LB . R m AL,
GRS N ey R S R (U o T AN W 2N Y
WA B SARTAAED . fp B 25tk
LSRR T Z MR . A TR R Y R
MM E, EFK, RABBOHREY, fhgz
PR AR K O RN 2R T VAR 2 A A Oy kMY,
4 MOFs 5 Si0," | 4@ 4y oK ok ) i g 43 - 00!
SEEh A LIS ACHT 0 1) R ok 4 i 0 A R

AT ¥ 5% MOFs (09 W2 BE M 58 A0 ) 24 RE, ek
e HAE K2 | ORRE R IR E A7 e )
A1 55075 /MOFs & &M B Z 8 TR X, A%
Wt a5 HAA Y B AR A,
A E, A 880 2 8] 1Y n-n 3k & A F T 5 MOFs
Z A A HEAE R, H458 MOFs 5 47 B0 19 45 4 2,
JF H 2 3 o S AL R A 4K 5 ) A 25 4% (Graphene
oxide, GO), HF E&5Mh&A RERIL, B,
PR AR L S SR K LA BY, AT DUAR 25 5 M43 HICZE K A
HAb R AR, T H GO AT DA kg B ) 22
R, ¥ A 8845 MOFs & & AT LI 5% MOFs
T KR H A AR e M AR T LI B R R
2Rt RE 2 g . Kumar 282 3% H — 54 3 il ol
iiill % T MOF-5 5 GO 1Y 41 >k & & # # (MOF-5@
GO), HT L% P B 4k, MOF-5@GO 44k
A MORHBLT FE KU WP R R A AE B e
RE R R B TR A A . GO RN AT DL AR 2
MOFs 45 & ()36 Y47 4, B0l L& 5 MOFs i &
B, SN HEE RO,
R T g 22

ZIF-7 52 i Zn> FUR IF BRI A 7 2 e i i, i
FHAL S T B Rt S YRk 2
1) i PR RN SRR BVE AR R — R AR A I
1 W B A 2528 i GO KT & BB R S 5
Zo*efr, 1T GeRk o 2R B0 AT S W R RE
WFIE B, ZIF-7 FRTE GO BEE b A7 A K A5 51
T B2 A& ME (Zx@GOG), ZIF-7 Sk 5] A A SR
BT E AR R A R . AR SR A
R ZIF-7 ik 5 GO )2 WA sk & M HE &M
BHERE

AL 3 T b i 4 il A T Ak A B 0 /ZIF-
72 A MK (GO/ZIF-7, 5 N GZR-n, H i nft
KHMMLL T, W, 1), BT ARG 2T
ZIF-7 SR TE GO b TR Ay AR e 2 S B . TSR

LR/ . BE— 2B 5T GZR-n 5+ K
TEAS R BP0 b i o BPERE . BRJm, R T
GZR-n 525 B XA HLYLRE B B PERE , IR
LW B 3l Hy 2

1 XM BRAE
1.1 FE##E

7N OK G R B ((Zn(NO,),-6H,0), 73 Hr 4k),
W H [ 24 458 b 25 R A BRA 5 285 kg (BIM,
Gyirek), WA bR SR AR R A R A W
A8 (46 pm, ZrHT4l), 7R F S RE IR RN A R
ONEI AR WO (AT al), N, N-T 3 O A
(DMF). 2 — 280 (5 ah) R g = — 0 (54T
af), ¥y E R RO
1.2 ZIF-7 BEH$ &

K ) AGE S R ZIF-7 SR EY, 0163 g
T K 1k 1 0.064 g Zn(NOs),-6H,0 43 il 78 43 ¥4 fift
T 10mL F1 4mL DMF % # o, 1R A LR W,
BidE, AR, FEBPE48h, B0 (F
10 000 r-min™"), WCAEVIIE, To/K HF BEPES 3K,
EEBRAR, 50°C 555 T4, R ZIF-7 S,

1.3 |ELAERK (GO) HIHl&

% H ok B9 Hummers J7 324 % GOPY, EL{&
A HE BT . fF 500mL B AR, K oA
69 mL ¥ H,S0,. 1gNaNO;, /-t @A 3g
KA1 12 g KMnO,, VK (3~5°C), #EH1Hi+k 2h,
FHR = 35°C, HEHE2h, WA 120mL ZEM K, F+
% 95°C, HifE 30min, PfJEIA 300 mL ZE 1% 7K
Wi BE o A 30%H,0, i J5 A S () KMnO,, B %
RNARZR P ICAWE . HEBKRZ G, &
L, Z FWEW pH=7, 3 H BaCl, % R I 2 15 Wi
H1JE SO . 50°C E 25 T 4§ 48h, HF BS54
GO ¥y K .

1.4 GO/ZIF-7 E &% #} (GZR-n) HIFl &

MOFs [ #1 $h 25 44 . TOULIE 30 2% 2 3 & W
TR R EORE BN 7 45 Z2 A4S P R i B2, AR Sy
SR FH— R 7k RNy 6 3 92 B ZIF-7 16 GO L1y JFLA
A, WE 1. £ 1HESME GO/ZIF-7 # A
[F & 8 Bif 40 GZR-n., Hoh, GZR-138 i —
B4, GZR-II Fl GZR-III 5 & 38 i 43 46 v &
W, HART Z AM7E T GZR-TT 2 5 GO 4 ik 5
&RETIRE, M GZR-II 55 ¥ GO /Bl 5 7%
IFpR M LR A, #EW 15 2] GZR-n RINE G
R



7758 5 ST BRR/ZIE-T A MR 45 5 v

- 5709 -

\

Route II (Step method)
=l l
HO O "/oﬂ D -
N, Oy Route [ i = A
BHLSS + > » B
Q:N? y o(ﬁ“zoé Eg}?ﬂ 0+ ZnZOne pot method g5 & 29

HO O .
i

R ol
1

Route III (Step method)
Graphene oxide @ ZIF-7
Fl1 SR 3 RGO k& A A 2% (GO)/ZIF-7 5% (GZR-n,
Horb n il sl R A S R Q)
Fig.1 Preparation of graphene oxide (GO)/ZIF-7 composites (GZR-n,
where n is the synthetic route in the preparation process)

by three synthetic routes

®1 GZR-nHIfl&
Table1 Experimental of GZR-n

GZR-n* Zn(NOj3),-6H,0/g BIM/g Route
GZR-1 0.32 0.79 I
GZR-1I 0.80 1.99 11
GZR-III 0.32 0.79 111

Notes: GZR-n" were prepared in N, N-dimethylformamide
(DMF) dispersion of graphene oxide by three routes (The molar
ratio of Zn* to benzimidazole was kept at 4 :25);
BIM—Benzimidazole.

PR 1 Ry — 25 ik 4 GZR-1, 0.10 g GO 43
T 50 mL DMF 1, Hi 7/ 10 min, #KHX 0.79 g
BIM #i1 0.32 g Zn(NO,),-6H,0 43 5l % fi% T 50 mL #l
20 mL DMF 7, FfiJ5 —#& M A GO /- HUl T, %
W WG 1 48 he B0, JFUREEVTTE, JooK R
VR 3K, 50°C H.&5 TR 13 8R4 A oK, W
GZR-1,

PR 11N 3% A L, GO 43 8O AR v n
A4 )@ B R ALEC A ) 4 GZR-11. 0.10g GO 43
B F 50mL DMF ', # 7 10mim. ¥ 0.80g
Zn(NO;),-6H,0 /il A GO 4r#iiii 1, E i+ 5h,
¥ 1.99 g BIM 743 f# T 125 mL DMF 1, it A -
WK R, FEHEFE48h, B, FHFREDH,
ToK HBEPE S 3 U, 50°C H 25 T MRS 2 A8 (o h)
A, B GZR-IL,

BEEE T % A A ik, GO 43 HOR Ak U
A BHUBC A I 43 J& 25 il % GZR-IIL. 0.10 g GO 4%
#F 50 mL DMF ', 7 10 min, ¥ 0.79 g BIM
A GO 4k, =R+ 5h, 0.32gZn(NOy),-
6H,0 7t 4> ¥ f# T 20 mL DMF 1, A I 3R 52 1
R, WP 48h, B0, IFIETIE, oK
HEE VRV 39K, 50°C FL25 T 115 254 (b oK
Bl GZR-III.,

1.5 MiX5RIE

% 1 D/max-2400x %! ¥y A X 5 2k fi7 55 1
(PXRD, RIGAKU, Japan) il i#% &, Jf H Cu
X $F£k, FHE BN 5°-50°, K FH VERTEX 70 %!
2T 4 3% A (Bruker, German) Jll &, ££ &R H
KBr F F i i & o FF IO JE 3R H] JSM-6701F
RUVE 35 % 9t 14 B F W 3BE JEOL, Japan) Wi %%,
I HL S 5KV, A i AOUL 45 74 2R ] TecnaiG2 %Y
Y e 53385 B v 7 W fosE (FEI, USA) WK, fin e
JEh 120kV. % ] % 55 ASAP 2020 % 4 B0 F X
(USA) W52 N, W Bk - 1ot B £t AL, FR 5L 7E 200°C
TS ah)5, 7E-196°C A& A X E J1 p/po=
0~1 11 78 [ P 32F 47 W B A GBS . SR A UV-2102 PC
BUR] L2803 e BE v (L JE R 7] A
i S AR T
1.6 SEUMESIIE

# 5mg GO, ZIF-7. GZR-n /3 /il A 5mL AN
RSB 7 0 e S VK =38 S R = g Y1
1.7 AR B SEI6 K 3h 1 A

FE25°C R, T B A v R B R LS . OFR 3
& AN L2 f1 5K P (pH=7.0), JFAI TR A1 o0k
o T B A H i K I K (665 nm ., 449 nm
1 619 nm) i & H ¥k B . K 30mg HE IR T
50 mL YRR T, AR 1 h BOE & EER (EF
TP N BEAT IR B ), DU RO RE , THER A il R

_(Co-C)V
qr = —WO (1)

Krr: Co 1 C oW H BE 5 1 4] IR Wk 2 I I 3k
(mgmL™); Vi H 5L 3% W AR (mL); W,
LA BRI BT R (8)s g, N N Y W B A
(mg-g™).

[, FEAT T W RN 2l Iy 2 L, o — SO T
IR

In(ge —q;) = Inge — kit (2
T W M 3 J12 7 #E R

t 1 t

i +— 3

q: Qezkz qe ( )

by g R W B SF-i J5 W B (mgeg™); Ky M IE—
el 71 2 W R H B (min™); Ky, AE s T
=W BT 8% 5 40 (g mg " min™),
1.8 &R M B3l

e ) — 2 W B 9 I R KA W, B 30 mg
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FES A 50 mLiZ %W, pH A 7.0, 25°C i35
TR W 12 b, R AR ORI A I E O
FEIF TSR O B . AR T o, 0T I e A i e 5 A
AT o

Langmuir 3R £k .

Co_Ce, | 4
de qm Krgm
Freundlich %13 2% :
1
Ing. = InKg + —1Inc, (5)
n

Horfre oo NV #H)E (mgmL™); g N e KW
A (mgg); Ky 27 W B 70 55 W B ot 22 18] A 245
& 71 Ki W Freundlich # %0, &40 1; 1/nk
Freundlich %5 ifi 28 fin 25 £ MR R2 )%

2 #RE5iTie
2.1 GO. ZIF-7, GZR-n )% &%

K 2°8 GO, ZIF-7. GZR-n & & ¥ i) PXRD
50 4l ZIF-7 SR SR UE ZIF-7 S g & —
H ¥, GZR-n 7 XF N1 260 {7 & H T ZIF-7 1Y
mn I, VA A S MR A ZIF-7 ik, JFH
54l ZIF-7 F AR R AEAT S I AR LG, GZR-n () ¥R 1E
AT S 0 iR B W A0 M0, b BH LA SR EE RS I, e A,
A MR GO B FRIE B 55 17 2, I H 1) 22
B, XJEHT GO TEME S FREE T 1 i B AT iU 80

GZR-1

GZR-1I

GZR-111

ZIF-7

LM rA AN AN ]

Simulated ZIF-7

QILMA_I\_J_J_/\_]\_M\—AM

Intensity

GO
MM
1 I 1
10 20 30

20/(°)
2 GO. ZIF-7 fi{#H GZR-n ) PXRD [Eli%
Fig.2 PXRD patterns of GO, ZIF-7 crystals and GZR-n

2.2 GO. ZIF-7 1 GZR-n L3 4544
5l 3} GO. ZIF-7. GZR-n {8 B 25 3 41 4

E %, £ GZR-n "', 3340cm™ At H ¥ GO H #¢
JE (—OH) iy Fr 4k sh g ™), FRF, 7E 750 cm™ .
1250cm™., 1450cm™, 1650cm™ 4k i ¥ C—H
AN IR . C—C B2 4kshE . C—H M
LR s . C=N MR hIE, 7F 421 em™
P ZIF-7 W Zn—N W B 538 ZIF-7 SR BR1F
W Wi Y HE GZR-n A AR R B, iF— 2D Ui
A1 S0 R A5 L gk T ZIF-7 ik

GZR-111
GZR-II

GZR-1
ZIF-7

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber/cm™
3 GO. ZIF-7 f/HAA GZR-n #) FTIR [&13%
Fig.3 FTIR spectra of GO, ZIF-7 crystals and GZR-n

Transmittance

2.3 ZIF-7fA GZR-n It RERFALED

& 4 S} ZIF-7 1 GZR-n 1) N, W ik - B 25 i 2k
KL Ai B . & 4(a) oY ZIF-7 SRR Ny 1 0% jh -
JIS BFF 4 R 2R R T H3 B R A, X R B ZIF-7 §
LR ] DL Z g AT, TSR LS e R iR T
HMEREY, W 5(b) FiRPY, GZR-I. GZR-II fl GZR-
IIL (1) N U BEE -6 o6 25 il 4k E 2 S O T AU il 42, 45
& SEM 14 (I 5(c)~5(h)), #I LA 4B 7k ZIF-
7 R R GO JZ I B KALZEH . &l 4(b) W
PE— A RAE T X — Ui, ZIF-7 SR pg L kN
BLOMAGAE 0~2nm [H], BPh BLAY A fFLAS MY . GZR-
I. GZR-II fl GZR-II fL #& & % 43 i 4 0~50 nm,
DAL Ay AT AE 50~130 nm, i A D BFL AR
f7E 250 nm 547 .
2.4 ZIF-7, GO #1 GZR-n By 57

&5 GO, ZIF-7. GZR-n [JSEM %, & 5(a)
WoR, GO RIMFJZLM, K 5(b) N ZIF-7 fhik Y
ES, M — WK R, REA RN
50nm. [& 5(c) F1 5(d) /& GZR-1 [ITES, 54l ZIF-
7 AL SRR, GZR-1 Hh ZIF-7 f 4 5 B R 42
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(a) LZ

a2 200
P
. |
. /
£ —e— ZIF-7 %4
2 —a— GZR-1
= —A— GZR-II
2 —v— GZR-III J
5 100 - 8
=] °
5] /.
z el
i .._.S’igiﬂiﬂtﬂt!a'#o—o—o—o—o—o=0'9“
5 A A-AAAALAANA —A—A—A—A—A—A—AN—DL—AN— DAL DLN

0 F;— eaRa0 . _V_V_Y Joooo

0 0.2 0.4 0.6 0.8 1.0

Relative pressure (p/p,)
0.4

(b) 0.04

2 o0 GZR-1I
E o Aaia

27 00

g GZR-IIT

‘; \g/ 001 I v
02 iy GZR-I

o

N 0

=

2 4 6 8
Pore width/nm

dV/dlgw pore volume/(cm?-g ")

o GZR-II,
EEET r 4

0 1 1 1 1
0 50 100 150 200 250 300

Pore width/nm

GZR-III
® GZR-I

V—Pore volume; w—Pore width; STP—Standard temperature
and pressure

Pl 4 ZIF-7 FAKH GZR-n ¥ N, W BUHIRRL (a) FfLR5 10 (b)
Fig.4 N, adsorption-desorption isotherms (a) and pore distribution (b)

of ZIF-7 crystals and GZR-n

2973 100 nm [ 8L /Y 2 T AR, TR I A B

B f““\\'

H ZIF-7 SR HERURIRG 2 . 8] 5(e) F1 5(f) J& GZR-

I IES, Horp ZIF-7 SR 2 30 H 3 — I BRIE 900K
Wik, RIA2Z9 N 50nm. [FAF, ST MY GO
HE4H . B 5(g) 1 5(h) J& GZR-II iYL, ZIF-
7 hn R IR BN Y 2 AR SR, R
100nm, & 65 TEM MEZEH, A B R 2450
AT LR ZIF-7 AR UKL . GZR-1 R GZR-IIL
ZIF-7 f R 2 BN 0 Z AR S50, RiE LN
200 nm, i GZR-II H1 ZIF-7 i 14 B0 42 8 /N 24 K
50 nm,

ZIF-7 7£ GO R M H 7 )2 ] a] SE gt s A 4,
H GO "I SE B XF ZIF-7 S AR B9 A 20 6L 2 o ZIF-7
RTE GO A iy A A K BH S 3 i 1 H g R HL
AR ZIF-7 S AR TE SRR K/
2.5 GZR-n B4y 81

K7 4 ZIF-7. GO. GZR-n 1E AR AEIEF) o
P A3 B o T TR R/ INHE I S A b i < 2R < 51
i< CMTE < WlE < 2/ < K. K 7(f) F
7(g) Wirn, ZIF-7 fyIRTE LR P 58 & i, FEalik
R A DURE o TE AR MR B KA S R o o RO B
i (E 7(e)). GO TE £ FR AR AL 55 /N il 5 57 vp & A=
OB, A6 W EE b oy e i 4f . GZR-n B A5 GO I
ZIF-7 SR 2R G Rk, (AR T R AN S 0 vh R
R AR . X FE R BT GO R A
LA 5 ZIF-7 fivi v (0 28 I T ks R I ) 4 FH 2808
2.6 GZR-n B4 IR Bt 4 BE

Y WIBEGE T GO. ZIE-7 K H GZR-n X I
% (Methylene blue, MB) (|4 8). H 4% (Methyl
orange, MO) FlfL 4 f1 4% (Malachite green, MG)
H MR RE, S5 R KB, GZR-n Xf MB 1) W [} &
Ko HARD MBS i3k 2 s . 4 MB YK By

5 SEM E%: (a)GO; (b)ZIF-7 crystals; ((c), (d)) GZR-I; ((e), () GZR-II; ((g), (h)) GZR-III
Fig.5 SEM images: (a) GO; (b) ZIF-7 crystals; ((c), (d)) GZR-I; ((e), (f)) GZR-IL; ((g), (h)) GZR-IIL
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K6 TEM Fl{%Z: (a)GO; (b)ZIF-7; ((c), (d)) GZR-I; ((e), (f)) GZR-1I; ((g), (h)) GZR-III
Fig.6 TEM images: (a) GO; (b) ZIF-7; ((c), (d)) GZR-L ((e), (f)) GZR-IL; ((g), (h)) GZR-1I

(a) () () (d) () (DY (9 %%ﬂq ’ %ﬁﬁl Eﬁﬁf ) 5 GO J: E@g%ﬁﬁgk
2ir-7 [ = ABTHEIR RS T B, 5 MO B WM
SRR GO A ZIF-7 iR B B 1 FLBR S 45
-I -I &2 GZR-nXTHEEM (MB). HE®E (M0O). FLERAE
(MG) B ERMBE q.
GZR-1 - 2k, - l Table2 Equilibrium adsorption capacity q, of methylene
blue (MB), methyl orange (MO) and malachite green (MG)

onto GZR-n
GZR-1I
ge/(mg-g™)

Adsorption
MB MO MG
GZR-I GO 6.45 9.16 11.29

. X ZIF-7 3.88 5.56 7.01
Fl7 GO. ZIF-7 ffH GZR-n B9t : () 7Bt (b) %5 (o) i GZRI 13.22 11.90 11.47
() LRRLAE; (o) B () LRs (@) K GZR-II 16.34 14.61 15.76
Fig. 7 Solubility and dispersibility of GO, ZIF-7 crystals and GZR-n: GZR-1II 15.34 13.48 11.77
(a) Petroleum ether; (b) Benzene; (c) Chloroform; (d) Ethyl acetate;
(e) Methanol; (f) Acetic acid; (g) Water 18
GZR-1I
0.01 mgmL™" i}, GO, ZIF-7 FhiKF1 GZR-n %t Hifx 16
KW BB 4y ) Ch 6.45. 3.88. 13.22. 16.34 Al 14 L GZR-III
15.34mg-g". GZR-1. GZR-TI fl GZR-ITI A4 T ZIF- oL GZRI
7oA d R B 230 226% . 302% Al Tl
278%. GZR-n Xt MO Hl MG 1 5 W ff 2t 35 45 i Ea
kY N . = 2 A =
TR, X EERET GO EB LT A H M - o0
(—COOH. —OH) i A AL, 5 T Xf B 5 44 ,
b MB % O, ZIE-7 8 e GZR-n 2 T .
N . .- N 2+
14 187 &) 2 W oAy 2 v MIB 114 12 B B2 43R 1 8 A0 14 7
P75 LS A AL 5 (Zn?)P, I H ZIF-7 SR TE GZR- o 2 4 6 8 1'0 1
n A1 T B RL R AV B, B T R FLB Timerh
ﬁ 7T:IJ ﬂ: Xd‘ /J\ 52}’?‘ E/‘J uli l}ﬁ o IEJ Hd‘ E 7;%’}?1% H- )%' & il_k:# gq,—Adsorption capacity at adsorption time ¢
[ LT NES R S E I - W 57 Nl <1, aa e 0 s o2 T K8 GO. ZIF-7 Fl GZR-n %} MB KM HHEH

— BRI T X MB B [ . MO AE SR il i BH B Fig.8 Adsorption of GO, ZIF-7 and GZR-n for MB
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Z 5 I FL R 2 (a3 B . GZR-n W ffE
MG 1Y o B4 J T i W B ot R, R ) T i 2
BOH N T A 500 )2 5 A DL R I K i 2R B 2
¥y, 8t n-n L HE S MG A EAE H & MG 1758 B
B YRS GZR-n 21 Ay S L,
2.7 GO. ZIF-7 Bk F1 GZR-n B W% i ) 71 F 4=
& H Pseudo-first-order #% % 55 Pseudo-second-
order B AUl GO ZIF-7 1A Fl GZR-n 7F MB ¥
FEH 0.01 mgmL™" iR MERE, WK 9 R, B
ESHOLFE 3, HA8dE B, GO I ZIF-7 fh ik
X MB (1) W B 1 #2 5 45 & Pseudo-second-order 5
R, JE T . GO R ) AUE Be Al & ZIF-
7 SR IE PR AR, 5 MB 38 Ik 2 ST I R
AT E . GZR-1 H £54 Pseudo-first-order 5 5 |
J& T PO B, DR O 2 Ao A 3 R MBI
1E GO K1 Nz ZIF-7 AL, J& T4 B0 b o 72
GZR-1I #1 GZR-III ¥ £} 4 Pseudo-second-order 15
AR T AL EW . A 8 h] LLA th GZR-T Xt

MB ) - 75 % [} 2 ik T GZR-11 fil GZR-111, H 5
B 3K T MW B 05 o Bl 2R g Rt — 2 K W GZR-n
XT MB AW A2 #f AR . mom B FCAL B RNSLAR
WA 21 [ 49 D 0 5 g (142

2.8 GO. ZIF-7 &k %1 GZR-n Wi Bt % iR &

&1 10 F13R 4 43 1) hy W BF 45 iR S AR 4L it 4 0 Xt
NS B, 45R 58, GO M ZIF-7 Fh A% MB (¥
W B B4 5 Langmuir W FEAC AL, J& T 50 2 R .
HER G5 MG, L8 T GO K
2 48U BE A S ZIF-7 A B 3 P A a5 X% MB 43
i Ak 2 W Bt . GZR-1. GZR-II Al GZR-III %§ MB [/
W Bt 5545 & Freundlich W% B RS, 25 4 5] 8 W fff
i1 £k F1 3h Sy 2E A ZE L, GZR-T X MB Ay W fff 5
e Z EWEW M, &8 bR ZIF-7 19 4544 L
BRI GO X MB f£7E 2 JZ W BT o

3 it
A SR TR A A K DL 3 TR A R £k 40 ) A

4 3.0
() = GO (®)
3 F e ZIF-7
GZR-1 25 ¢
2 r v GZR-II
1L GZR-111 20 L
For :
S S 15+
R
2 L 1.0
= _ 1
5L I
05 |
—4 L E
75 1 1 1 1 1 1 1 1 1 1
0 2 4 6 8 10 0 2 4 6 8 10 12
Time/h Time/h
K9 GO, ZIF-7 FiAHN GZR-n %t MB WL 04— sl 5454l (a) Fith —203h J1 54554 (b)
Fig.9 Pseudo first-order (a) and pseudo second-order (b) kinetics simulation of MB adsorption capacity of GO, ZIF-7 crystals and GZR-n
%3 GO. ZIF-7 1 GZR-n Xt MB MM zh S
Table 3 Adsorption kinetic parameters of GO, ZIF-7 and GZR-n for MB
Sample GO ZIE-7 GZR-1 GZR-1I GZR-1II
Experimental g,./(mg-g™") 6.45 3.88 13.22 16.34 15.34
Calculated ¢,/(mg-g™") 6.38 3.77 12.99 16.34 16.07
k,/min 0.869 0.745 0.737 0.841 0.707
Pseudo first-order kinetic 12
R 0.960 0.799 0.951 0.848 0.890
ky/(gmg-min™ 0.066 0.085 0.008 0.003 0.003
Pseudo second-order kinetic 22 (gmg )
R 0.994 0.979 0.939 0.905 0.895

Notes: R*—Fitting constant; k;, k,—Adsorption kinetics constant.
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e #4 GO, ZIF-7 F1 GZR-n % MB HiIRHZRESH
16 Table 4 Adsorption isotherm parameters of GO, ZIF-7 and
—=— GO GZR-n for MB
14 - —e—7IF7
—A— GZR-1 Langmuir
12 + —v— GZR-II adsorption Freundlich adsorption isotherm
T:o 0 L —*— Gzr-m Sample isotherm
& R Kg 1/n R
f?. 81 GO 0.9379 1.884 0.5581 0.8673
6 ZIF-7 0.7481 1.2432 0.5238 0.7171
GZR-1 0.9843 1.002 1.1167 0.9983
4 r GZR-1I 0.8566 1.252 1.1127 0.9972
5 L GZR-1II 0.7705 1.1466 1.2329 0.9741
Notes: Kp—Freundlich constant; 1/n—Freundlich isotherm
! ! ! ! ! deviates from linearity.
0 2 4 6 8 10
Lt 2 - p A
«/me Ly i ZIF-7 G FE GO LIRAI A . ZE A . HORIE
3.0 4 | S 24 > U ad M2
o SERALE KNI 0 — S BF5E T A bR
ANTR)E 50 B 23 B B B AT HIL G R Y W B RE
25 Mzh 12647 M
(1) 3 4o 3 b5 Bl i £k 44 7T 52 B ZIP-7 & R AE
m20r GO K1 K FFr 2 18] iy Js A A= 1, HLHE2 ]
& SR, T4 ZIF-7 AR GO .
= LNy
15 b (2) GZR-II 1 ZIF-7 fh R S ELAOKBRR , kAR
50nm, 5 ZIF-7 f K OB 3 — 2 . GZR-1 Al
1o GZR-III H1 ZIF-7 i U 52 BRI f) 22 T AT AR, hE
£ 200 nm. [, 45> MOFs f (4 8 S 1k A1 38 40
0.5 (E

Ing/(mg-g™)

0 0.5 1.0 1.5 2.0 2.5
Inc./(mg L")
c.—Concentration at adsorption equilibrium

10 GO. ZIF-7 fiAF GZR-n % MB MW (a) . Langmuir W
L5 4% (b). Freundlich W Ff451R 4k (c)

Fig. 10 Adsorption of GO, ZIF-7 and GZR-n for MB (a), Langmuir
adsorption isotherm (b) and Freundlich adsorption isotherm (c)

% TR A B (GO)/ZIF-7 E & MR (GZR-n, H
o fUERABKL L. 1. 1), 5% T84

(3) GZR-n TEAS [R1 75 371 v 1) 43 i BE 34 A BT ek
e, Horb, EWEEMES T EA R EE .

(4) GZR-I., GZR-II Fl GZR-IIT % 3. F & % 1% 1%
Bt & ¢ ZIF-7 fb 1K 4 B 82 = T 226%.  302% FI
278%. GZR-1 X7 HY 5L 5 1 W B 495 5 o — 2 R o
sh SRR [E] B 454 Freundlich W iR, J& T
Z )= Y I s GZR-IT RN GZR-IIT %I HY 35 5 1 i
BREAE 5 TR G B 3l g 2 AR, R T A S I
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