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AUTOLAB M204, % 1= /3 18 A 7] 5 #FH 2 #74: SDT
650, SE [E REEA T 3 AN L3 e T UV2550,
H A B w8 5L AR 46 21 46 % 1% A (FT-IR):
TENSOR27, 1 [5 71 & v a i AL 88 A 7] s X AT 5
1 XRD-6100, H A B A 7] s 3 R B T R
5% :SU8000, H A< Hitachi.
1.2 FI&FE
1.2.1 2% M 4 BR AR 69 H) & - R B K #GiE ) %
NiFe,O,. FK HU 5.3172 g FeCl, - 6H,O A1 2.6305 g
NiSO, - 6H,0 ¥ T 30.0 mL 2 B 17K , i J1 #i #F 10
min. K& 3.2472 g NaOH (1) 30.0 mL /K A
FIRBEER IG5 . 7E 180 °CAK#A
S 10 ho FH 2B F/K AT K LBESVE3 I, AT
%24 h, EI13 3 NiFe,0..
1.2.2  ZIF-8 89 %) &« 5K H W I I W DT UE V2 ) £ ZIF-

Sk, TE=IR, K& 0.7384 g Zn(NOs), - 6H,0 f)
50.0 mL H BV 2202 NN B 5 0.8129 g 2-HI 4k
WKL) 50.0 mL FEEEIE VR b, ol 2444 1 h, i B SOV
24 ho HIEESRGR 300G 8T8 14 h, B A ZIF-8.
1.2.3  GA 694 & FI F 02k 4k 238 R 07 721 4 A
SRR . B 160 mgL-HUIA MLERYE T 4.0 mL A
A B A8 AL A 8545 (1 mg/mL, 2 mg/mL, 3 mg/mL,
4 mg/mL 1 5 mg/mL) 73 B, IIA 11.0 mL 2 551
K J5 B 4 5, E 95 °C N 60 min 75 31 47 58445
IR, 2588 T /KT I 3 U G TS 19 3 GA.
1.2.4 GA/NiFe,0,/ZIF-8 £ & A 8 A 69 %) 4 K 1L
SO0 R A E A RBR Y . A SR 4 Ho o
N 10.0 mg B 1 Bk TR AR AN A [ Ji B ) ZIF-8, LA i)
& AT A R A SRR . AR ZIF-8 [
NE K7Wt 4 N GA/NiFe,0./ZIF-8-x , Hoh x A3
ZIF-8 [ )5 & (43 %) 4 8.0 mg, 12.0 mg, 16.0 mg Al
20.0 mg) , A5 fHid R H 4y G-N-Z-X (G-N-Z-
08,G-N-Z-12,G-N-Z-16 f1 G-N-Z-20) , i I, Tab.1.
FREL 160 mg L-HU3p I BR Al — & & 1) NiFe,0, 75 T 16
mL 1 mg/mL FF7 2380 o0 B0 ol B 23950 6% Bk
A IR ZIF-8 %51 3.5 mL H BN VR A 1AW, TR B4R
i S JE BT 95 °CHi e v 1 h 18 B HORK &R . 2
B K Pe Bk G A R T B AT 15 GA/NiFe,0y/
ZIF-8 &R -
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Tab. 1 Preparation of composites with different mass ratios

No. Sample code Sample name m(ZIF-8) /mg
1 GA GA 0
2 G-N GA/NiFe,O, 0
3 G-N-Z-08 GA/NiFe,0.,/ZIF-8-08 8.0
4 G-N-Z-12 GA/NiFe,0./ZIF-8-12 12.0
5 G-N-Z-16 GA/NiFe,0./ZIF-8-16 16.0
6 G-N-Z-20 GA/NiFe,0./ZIF-8-20 20.0
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AR S5 8 TR B A R RESEAT 20 AT

132 s EKy BRSNS IENOEE . IEC
Bt R AR AR IR B S R SR WA R LR
A AE IR fE . 4 10.0 mL A3 HLIE I E
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Fig. 1 FT-IR spectra of ZIF-8, GO, GA, NiFe,O, and GA/NiFe,O./ZIF-8 aerogels
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2.1.1 409k ki 547 : Fig.1 43 %N ZIF-8, GO, GA,
NiFe,O, fil GA/NiFe,0./ZIF-8 [f] FT-IR &, M Fig.1 A]
PLR BIL, ZIF-8 £ T 2500~3500 e Ab 48 45 415 5 43
A J& F —NH—, —CH,—fl—OH & fE 4] ; 1582 cm’'
Aab () Vg A F KRR BA b N—H (1) 25 il A 8 9 3 51
(1) 5 1M 1350~1500 cm™ J& T-RKPEIA IR BN X ; 53 48, fL

T 421 em 4 (1) IR WSO U TR Zn-N IR AF 5 4R Bl DG
761719 em' 4G SRIE T GO _EFRFE R L ) C=0
YR BNE  (EH7E GA iz s B ES , YL &0t fh 2
W JE S5, A S8 0 & EUE B AR 4 ik 5, 15
FIA AR A B . NiFe,0.%F N 560 e W U1 Ay
Fe—O % It 21 4b W Ui 0% o M Fig.1 Ft 7= 1) GA/
NiFe,0./ZIF-8 & & &1 B, I 09 1582 cm”!
Ak & N—H FFIE W , TEAR I 421 em™ 5 Zn—N i1 4
PRENVE ; 75 1719 em Kb 1) C=0 {H 4 4 3l Ve H TR 21 %%
4 2 1755 em' [ RFAE U 5 9 H 7E 560 cm™' b A
Fe—O Wbl . DA B4 #rit B T GA/NiFe,O./ZIF-
8 A BRI I il 4
2.1.2 X & & 47 4 #7 : Fig.2 #2 ZIF-8, GO, GA,
NiFe,0: fll GA/NiFe,O./ZIF-8 [f] XRD /& . M Fig.2 th
A LL& B, ZIF-8 7E 26=7.4°,10.3°, 12.9°F11 18.0° kb4
T 5 e, 5 E V9% ) 4% 1) ZIF-8 i AE T S W for B —
;. GOTE260=10.7°,17.1°,42.8°45 HL L ({7 i,
1M GA RAREE T 17.5° AT 50, i B GO i it
Ji, RN S e T GA SEEI B 4L il D 2 A 580 A
He B M E . M NiFe,O, H 7] A1, 7E 20=31.4°,36.1°,
44.2°,57.5°,63.1° 40 B A7 B S I AT 5 U, aX LEAYT I 0
5§ NiFe,O, #7 #f XRD & (JCPDS No.10-0325 [ 5 1
KA BIRFIEAT S 06— 35

GA/NiFe,0,/ZIF- 8 7F 20=31.4°, 36.1° , 44.2°,
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(220),(311),(400), (511)F1(440) & TH — — X Bz, ¢ H.
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Fig. 2 XRD spectra of ZIF-8, GO, GA, NiFe,O, and GA/NiFe,O./ZIF-8 aerogels
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Fig. 3 TGA curves of ZIF-8, GA, NiFe,O, and GA/NiFe,O./ZIF-8 aerogels
Tab. 2 Physical property of ZIF-8, GA, NiFe,O, and GA/NiFe,O./ZIF-8 aerogels
Samples BET /(m*-g") Pore volume/ (cm®- g™) Average pore size /nm Density/ (mg-cm™)
ZIF-8 1138.53 0.92 19.77
GA 1.89 0.01 23.97 5.87
NiFe,O. 109.08 0.23 7.35
GA/NiFe,0./ZIF-8 9.89 0.02 23.39 6.66

K, FRAE VSR EESE K . 45 R B, GA/NiFe,0./ZIF-8
B R ) A A SR 0 L ZIF-8 F NiFe,O, 45 1iE
fiT it , 33— 25 UL ] T GA/NiFe,0./ZIF-8 & & < it
TR P T ) 4% o
2.1.3 AR M AR 54T Fig.3 /& ZIF-8, GA, NiFe,0,
F1 GA/NiFe,04/ZIF-8 (1) #4 K & 73 #r &«  HH Fig.3 1]
H1, ZIF-8 1% T 500 °CIN 2K B 27 4.6% , X A Ag 2 HH T
BB 4515 11 7K 20 B R 5 2405 BE N 500 °CH s E
900 °CH} , H: 5k B3R 210 55.4% , KR FE 1) 25 B ] fig

FE KR ZIF-8 WA ML 4 I i BEAE i B 1 2R 7 At i
ZnO", GA TE 150 °CHY 45 B EE 2 Ik Ok 5, 1l fg
e H T GARME S A REER&HE/RA.
NiFe, O, 7 N #2 b %A ot 514 0, 1 HLS 5 &40
KHH17.1%E 4 , U NiFe,O, [ Fa e v,
48 1k . GA/NiFe,0./ZIF-8 7£ 150 °C %) 36.8% 1] 2%
HE GA D AR JF & 2 Be [ i 51 ik, 78
630 °C/e A tHIWEE 2 RO HE, R L 20 18.3% A A Al 1
ZIF-8 {153 ff . IF LB ZIF-8 i I K, B &R
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Fig. 4 N, adsorption-desorption isotherm of (a) ZIF-8, (b) GA, (¢) NiFe,O, and (d) GA/NiFe.O./ZIF-8 aerogels
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2.1.4 bk @ AR5 A7 ZIF-8, GA, NiFe,0, 1 GA/
NiFe,O,/ZIF-8 (1) Lt 3R [ #1134 A A~ 3 L 4% G
Tab.2 Az~ . HHRA A, GA FI LR RN 1.89 mY/g,
145 4% J5 [1) GA/NiFe,0./ZIF-8 I 5 9.89 m%/g, 4%,
% 2% J& i) GA/NiFe,0./ZIF-8 1 K T 4.23 1% , 5 # T
T K R B B8 5 T FLARFR RSP B FLAR SR A AR, X
A g2 /b & ZIF-8 F1 NiFe,0, & & 7F GA i fLiE I, X}
HALBEFRF SR AN B3 . XS R0,
ZIF-8 F1 NiFe,0, 7F & 1§ GA/NiFe,0./ZIF-8 < it Ji ]
AR REEREZENEM. I, GA, GA/
NiFe,O. 1 GA/NiFe,0./ZIF-8 % & i ¥k Jy 5.87 mg/
cm’, 6.01 mg/cm’ A1 6.66 mg/cm®. Fig.4 F1 Fig.5 73 5
N ZIF-8, GA, NiFe,0, fl GA/NiFe,0./ZIF-8 ] N, I
B - i B S5 T 2 A FLAR 20 AT ] . HH Fig.4 W] %1, ZIF-8
BA A T RS IR LR, fEMRE N R R AL
W 14, GA , NiFe,O. Fll GA/NiFe,0./ZIF-8 15y i 7
[TV B S5 28 , NiFe,O. i A S AL (1) HL W s A7 0, B
B FLUIEEBEE. M Fig.5 KIkiA2 4045 B AT &0, ZIF-8
I FLAR AR Z97E 1.9 nm A1 12 nm &b, Ui B ZIF-8 BA
TFLATAFL 2 PP 4544 s GA FIUEAEAE 15.9 nm, N AFL

B NiFe,O, [ W {5 Z1 75 4 nm, J& T A~ fLA KL, 1M
GA/NiFe,O./ZIF-8 I FLA% 53 A 5 5 » He A FLAI AL
HKVg T ZIF-8 Fl NiFe,O., K AL BEAE HH A 54 7 )=
BT

BT EE K GA 1 GA/NiFe,0./ZIF-8 X,
EEI MUY 3 U Fig.4 BT 7w , 1] I GA F1 GA/NiFe0./
ZIF-8 SR MR O E R E L I HRER
LS B %, W GA Il GA/NiFe,0./Z1F-8 <kt Ik
B R AR AR X EORE P AR SR R A B
J&Z (12.9 mg/em®"™, 0] A1 GA/NiFe,0,/ZIF-8 & &/ it
Jie LA TN
2.1.5 13 4H 5 H7:Fig.6 52 GA, NiFe,0,, ZIF-8 Al
GA/NiFe;0./ZIF-8 [ A4 FL 85 Bl . M\ Fig.6(a) H1 1]
H1, GA S 5 ILRE 3 ) — 4k IR s M Fig.6(b) n] LA
R, NiFe,0, 9 28 BROR BURL , 1 33 B 42 49 4 30
nm; M Fig.6(c) F] LUK I, ZIF-8 2 HLH P H AN
10~30 nm [ ZEERAR , o A R0 48 P58 A HL AR HE 300 DY T
GER X 5 N % . Fig.6(d~i) N GA/NiFe,0./
ZIF-8 [ 4 s BT ], A o] DUREIL, A 2B 0 fLiE b
Bt & K & R S EROIR ks, B3R 42 55 ZIF-8
NiFe, O, kL AH AL , 1t B ZIF-8 A1 NiFe,O., kL 5, 1 11

500 nm

Fig. 6 FESEM images of (a) GA, (b) NiFe,O,, (¢) ZIF-8 and (d~i,G-N-Z-08) GA/NiFe,O./ZIF-8 aerogel
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Fig. 7 Adsorption capacity of different aerogels to oil phase of organic solvent
(a): n-hexane; (b): ethanol; (¢): oleic acid; (d): peanut oil; (¢): vacuum pump oil

#1E GA/NiFe,0.,/ZIF-8 < #t /X F. M Fig.6(g~i) ] LA
R, BERBRAASGH Y R EMZ LS
¥y, % 2 2 18] 18] B& 300~2000 nm, )2 JZ & 01 B )
GA/NiFe,0./ZIF-8 T 5t K % 5 (6.66 mg/em®) Fll L K
T 1 (9.89 m¥/g) LL AR, RN B — e Lz, 5
XRD HIEE S AR 53 B 285 AR L

22 EHKSBERHNA

2.2.1 RMAE A 547 :Fig.7 W HJE/R T GA,G-N,
G-N-Z-08,G-N-Z-12,G-N-Z-16 i1 G-N-Z-20 %J 1IE &
Wt~ LT < HT TR A6 A2 Vi AR 3 2 A el ) T P 2
SRS Tzﬂ‘]B’Jﬂ& Bt BE 022 B & 2 1 12.5~46.6
&, Ho, B &SRR e 128 B B R E R
20.0~46.6 % . H Fig.7 Al %1, GA/NiFe,O./ZIF-8 [0
B BE 7735 K T GA S5t Al GA/NiFe,0, B & < it
JB, 3% A BT Al S A SRR e e SR R A A
S0 HERU™ B AR AR W . ZIF-8 WS DB
A T A SR B B A, X L SR A g b e AR
TARK g2, 5200 B e 0 KR EE 82 . F3 4t
5545 G (R WP AR AR BLEE, G0 TRORAS R SR T
MR R BRI 4%, GA/NiFe,0./ZIF-8 H A 5 =31
W Bt B8 77 . T AEAS [F] B A ) GA/NiFe,0/ZIF-8 H
G-N-Z-08 )W it 58 77 85 K, Ui B ZIF-8 B FLA A L
TR A B A — e W B B T ABAE BRI

— € & ZIF-8 J& , WA T GA &R I 45 04, BRAIK
TAREE LB, Sl R A R

%f Lt Fig.7(a~e) 7] #4 , GA/NiFe,O/ZIF-8 H &<,
156 B 30723 F i I W P BB B K I Bl K A
46.56 g/g, 1X 0] 5 A WL I R FE A O, i HE 4 i
SEAR, O, BN /N R AR 5 T AE W B R FL
T8 F P EE R P FE b K . %8 T GA/NiFe,0./ZIF-8
HA MR E . R e K, L R B =L
W B B8 7 A R, A B AE T By R K Ak FE R A 3
I T A AU B BT R N H
222 #HFWR BN N T HE— DHE#H GA/
NiFe,O./ZIF-8 [¥13H 7K 73 5 e 77, I H G-N-Z-08 Skl
K AR R IR B 77 24 0.0650 g 1) G-N-Z-
08 125 mL 7K | J2 1E L% (30 ¥ 75 FH L 4L (A 1) 1
CUGE) AN, A HLIAFIAE 9.19 s #5242, K15 T
4l K (Fig.8(a)). 734k, % 0.0803 g ] G-N-Z-08
RNIK TR WL (30 350 75 FF 40 T G e i) — &
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Fig. 8 Adsorption of (a) n-hexane above water and (b) methylene chloride under water by G-N-Z-08 aerogel
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Fig. 9 Adsorption cycle capacity of GA/NiFe,O./ZIF-8 aerogels for
n-hexane
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Preparation of Magnetic ZIF-8/Graphene Aerogel for Oil-Water Separation

Zhangxu Chen ", FanLi Meng "**, Lidan Zhang **, Danchen Zhu "**, Minglian Fu'*’, Yulu Wu"**
(1. College of Environmental and Biological Engineering, Putian University, Putian 351100, China;
2. Fujian Provincial Key Laboratory of Ecology-Toxicological Effects & Control for Emerging
Contaminants, Putian 351100, China; 3. Key Laboratory of Ecological Environment and
Information Atlas Fujian Provincial University, Putian 351100, China)

ABSTRACT: To solve the problems of address oil spillage and organic pollutant, a series of magnetic ZIF-8/
graphene aerogels (GA/NiFe,O,/ZIF- 8) with different composite ratios were prepared by chemical reduction
method. The composite aerogels were obtained by using NiFe,O, as magnetic carrier, graphene (GO) as aerogel
framework, and ZIF-8 as metal-organic material. The adsorptions of GA/NiFe,O./ZIF-8 for ethanol, n- hexane,
oleic acid, peanut oil and vacuum pump oil were investigated. The results show that the composite aerogels have
high adsorption capacity (up to 20.0~46.6 times of their own mass). Compared with the control group, the
adsorption capacities of composite aerogels for five types of organic solvents and oil are greater than that of pure
graphene aerogel (GA) and magnetic graphene aerogel (GA/NiFe;0.). The cycle regeneration experiments of the
obtained aerogels with different composite ratios were further carried out with n-hexane as target contaminant.
After five cycles, the decreases of adsorption amount are not obvious, and the decreases are 1%~6%. Moreover,
the efficient adsorption stability of GA/NiFe,O4/ZIF-8 at —60~140 °C was investigated by using vacuum pump oil
as target contaminant. The excellent properties of GA/NiFe,O,/ZIF-8 are expected to provide reference for oil-
water separation.

Keywords: graphene; NiFe,O.; ZIF-8; composite aerogel; oil-water separation; organic solvent; adsorption



