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Abstract
The graphene oxide/multi-walled carbon nanotube membrane was successfully prepared by va-
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cuum filtration. The membrane was characterized by scanning electron microscopy and X-ray dif-
fraction analysis. The optimal mass ratio of graphene oxide to multi-walled carbon nanotube and
the separation performance of the membrane for dyes in organic solvents were also studied. The
result shows that when the loading of multi-walled carbon nanotubes is at 15 w%, the membrane’s
separation performance is the best. Its water flux is 2 L/mZhbar. And it also shows 98% rejection
rate for rhodamine B as the representative of the molecular dyes. At the same time, the membrane
has an excellent retention performance of more than 95% for dye molecules in different organic
solutions, and realizes the recovery of organic solvents.
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1. 3]

JEFE S PEROR TR P2 AR WA AT, MHEEZR R . 2RISR ORI 5 BT RE, b
SN, BT LA FRIE S BT e R H BN A 1], ERA TR, A 9KFLIE R — 4 E
BAR S0 7060 FIR R FE RS E MR, X T3 S50 e B DL R AR [2]. AR 5204
(GOYWER—FSL B ) 4 2R, BA R PR JeoRMEREE. 502 S50 LRI e
ZMA[3], ISR THHRE T2 00, HAER K. 5K, F AN N # A A
ANER ) L HIT (4] [5] (6]

FIfE A sp® 2L TRGKAT R 2 BERR 4K B (MWCNTs) B 5 80 A S8 A LA 251, #02 X 4%
GERALR, HAFEAE 2200 2 BERRIIKE AT LB VR e A S iAok v G 46 il i 15 10 HA BRGS0
i, J& T —4ERRH 7] W 2 BERANKE SR A SRIR T B G, — 5 DS R A SRR R R S5,
By 1k AR s b e SRR, 53— 5T T DORTE R R A AR A R AN KEIE, BN R S i R
R, IR R T BRI JI[8].

ASCRH improved J7 i & A AT 8206 2 HGR[O], - 5IE R N2 BERINKE D HIRR &, RS
FE I 7 20T i) #5453 B A A A SR I/ 2 BE R AN KB L . R 43 4 T U (scanning electron micro-
scopy, SEM). X AT (X-ray diffraction, XRD). J5i¥ /721 (Atomic Force Microscope, AFM) % i
FBOPZIE S50 . YEREREAT RAE . FFIR T E M A SBIR 5 2 BER UK E 1R I o & L DL S & st
AHUEA A GeRHR 4r BIVERE . RN SCBL T OBk 0B A HLIE I RIS,k — 20 S A S i i
VEA LA TN EIE B B — s BRI LA o

2. SERMBEFE
2.1. SEHRR

SEIR AR IR R0 s B EEBRGIKE (AT AL, BTRT), B R A (20 Hr A, BHR TR AL 2 A R
Ao I EFRREER . WL AR TR 30%) WRERR . IRIHIR. oK LSRR A
JRHR TR A7 fh AT BR A R (LR N A 4l SCAR Pt HUE DN B LB, A RS, 1B T RESRR

Tk
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BB TR AL 2 A BR A B (LR N A irall) . SZI6 B Sekl N S (MO). 2 FHEH B (RhB). R
ZI(AF). WHEEMB). WIHRL(CR)ZE K B Bl i BHE S A BRA 7 (ZEEE Y N i 4h) .
2.2, HEEIE
BT BRI BRI A5 ORIRERIR . IRBEER I IR NS I N Bk A A SR A S AR AT R A, 1
60°C FHE IR /KB N 10 h BB S8 IS A BIGHETR . REx HukigRE, HEANERRSE,
SN B EON 30% M FAL AR TREAT I EAL, I R AR O R A A N . B
i b S ST B0, BB ETEW, REVUEY . REHEAMIER, O, B TKKIKIETITEY,
BRVEA BIEEIR  NIREY— 8 B NEN A SBIGRIRESE Y 4 he AT RIKRELI N 7
mg/g HIAMAT 05 7 B0
ZEEDRACKE OB & DS BERRKE (B 42: 1020 nm; KJE: 5~15 um) NIEEL, mEHA K
WS IMNIRINER, WRARER, FFE 75 CHMEIR/KIG N 8 h 13RIV T4 ) 2 BEBR AN K B . SRR
X S S T UKIB BRIR, R EEIRG, RN E O, REVEY. BHREEE KR
BUedc, B, VUHERNKEZN 0.4 mg/g 12 BEBRAKE 73 BOK -
GO/MWCNTs J#EEH] % : % MWCNTs 2 Bk iz — 2 il 5 GO Bk G352, RaHES
I eI 2135 MWCNTs B2 50708 5. 104 154 20+ 25 0% GO/MWCNTSs #5555 AL 1K)
GO/MWCNTs U E = N AT, A5 AT iEsLi.
2.3. JTiEsCIg
KA - v IR (UV-vis spectrophotometer) FH T AL He b} 537 75 1 I8 S 56 1 5 76 330 KL AN
BB RIRE, T T4k a8 R, TR 48 TU-1901, China 54 - v W66, e
BHEE R B A SE R E AR R
PeplE R R TS
R=(1-C/C,)x100% (2-1)
Hr, CRHBEBRTIR TR, C, NIRRTk T IR FE
BANSER R R A H:
F=V/(AxtxAP) (2-2)
Hrh, VRBIEKER(L), A NEERERmM?), ¢ NEEREN), AP ~NBEE T (bar).
2.4. HRFRIE
KA 7 BB R AE GO/MWCNTS {5 JIE () 2% T AR TH 00 3%, BT 15 464 ISM-7001F, JEOL,
HL R 5 kve SR X STERATH SR FAE T GO/MWCNTS TS5 [ — 4k 2416, F 50 2R i B 5 1) J2 6] B
ARfk, BTN Ultima IV, Rigaku, Cu #E Ka 38550 . K H 5T 0 0500 R 70 A0 A S8 0 4K Fr A
MRS, SERESEER, R4~ MFP-3D, Asylum Research, AC mode.
3. BR51T1ie
3.1. GO 5 MWCNTs R{ERELL
BATE 25 LB FH8] B(RhB) W ULE > TAEXT GO RITRINESET 7 ¥R, o ABI#RZ, GO MK
JE R ] LU I A B IE R GO A HUR TR SRR, BUE R GO I 2 B H X Yekbi o A B R
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PAE K TR IS IE R . Rk, FEEIEA SRR E M, FATHE GO H R M LR INE )y 4
mg. B, iZBEGT RhB B RN 97%, /KHIBIEZRN 0.22 L/m*hbar, W% 1.

WRIG, EIIEREZ b, S8 A FEAFR K MWCNTs, M AT AZESERfE GO A1 MWCNTSs IRt
w72 1AL AN MWCNTS [ 3k E N2 />, GO/MWCNTSs (% RhB TR AL 13 g,
B RIAR T 97%K& UL . [FBS, £ MWCNTSs Jl =7 508 0~150%3EH N, GO/MWCNTS X 7K 75+
HBEHFFEE MWCNTs FUHINME#TIE . Hrb, JUHZ X MWCNTs ffigkiE R GO [ 150%0, 13
FIME A ERR I I RE ROV, X RhB (A 2N 98%, XK/ TIBIEHE A 2 Lim’hbar. IEAh,
% MWCNTs G &1 E] 20~25 0%, GO/MWCNTSs FEIEN K 20 F S EE R i N, X2 R NBEE
MWCNTs (i EARA, ZAER RS RER N, SEUKS TRSEREEKTE. WEHRE, TRt
& AF R PP RE B GO/MWCNTSs K FH 482 R SR IF S256:

Table 1. Optimal load of GO and MWCNTs
% 1. GO, MWCNTs IR {EhEHE

GO ¥lifik(mg)  RhB HE%(%) 7@%;%’&:}); MW?;;S) Y L)) ﬁ’fﬁﬁf
15 56.1 1.48 5 97.2 0.4
2.9 78 0.93 10 97.8 1.2
36 89.4 0.51 15 08 2
4 97 0.22 20 98.6 1.84
5.1 98.2 0.13 25 98.6 11

3.2. GO 4K AFM FRAE

AT GO 7 HBGEAT T AFM ZRAL, 32 ZLIE RS A it 2 115 i 2 ) SR AL A1 2 1) A 5 1) i1
AR ELAT 3RO FE M R K R T 45 K o A& 1 B, GO 9K B AR TR, St A sk b ek i
) 4 R A R TR 0.75 + 0.15 pm, BN 5.1 + 2.1 nm WA SBIGAK A 12 £ 70 353 T 4

le
(nm)

Figure 1. AFM image of GO nanosheets. (a) High-power AFM image of GO nanosheets; (b) Draw a height plot along the
line marked by (a)

1. GO K HHY AFM Blf&. (a) GO KBS S AFM Blf%; (b) BE(IMFCHEZLTIEER
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3.3. GO/MWCNTs & SEM FR4E

2 BorH T GO/MWCNTs # IRZR M A E D ) B R0E 5. TBUEE GO/MWCNTS i B A 1 B
IR ELER, BT LARE S T B0 DL IEFIRB%E . [FI, MWCNTs A0 8EE T GO 4k ) 2R H
KJZE], BRI R AEE gk fLIE, S DA R AR . Rk, MWCNTs 4N
GO/MWCNTs Bt iEde 2] 7 £ mEHEH .

s b

- 200nm

Figure 2. SEM image of GO nanosheets. (a) SEM image of GO/MWCNTs membrane surface; (b) SEM image of cross sec-
tion of GO/MWCNTs membrane

2. GO #5K 5 # SEM [Elf&. (a) GO/MWCNTSs fE3RE SEM Elf%; (b) GO/MWCNTs FERIHEEE SEM Ef%

3.4. GO/MWCNTs &% XRD 947

3 /& GO/MWCNTs ) XRD 518 Z85d43 B o] LARIIE, I (002) V61K 20 2 9.14° (6 B[
JZIEEEA 0.96 nm), 44K L% 1) )2 ) BE A5 B 0 57 R0 075 43 1tk B o TR, 122/ XRD % P U 5 245 FLE—,
YL MWCNTSs 46 N B R Z AR Z R 450, TSR AR T 45 M 1 o8 B 1

—— GO/MWCNTs

FHX 5

5 10 15 20
20/ (°)
Figure 3. X-ray diffraction characterization of GO/MWCNTs membrane
[ 3. GO/MWCNTs SEIERI X LT RAE

3.5. BULBEFINIERE

CLFREE . Ol SARE. 1T WS H RA LA TR ICH] 2 — 70 BRI AR LA, AL EEAT i sk
K. Ho, AT 7 A RSIEE R, SURMIE 4 FR. DLANLE RIS RO E R B &
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K, FIEERPEE. 28, K. BHEE. E7TEET GO/MWCNTSs K F1ZEER S 5N 17.09, 9.98,
5.9, 3.85, 2.5 L/m’hbar. P340 S5 HNIEFIMEER —E MMM ER, BRIBERL, SHNEFB
TR, 5 HA SRS 18— E[10].

20
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Figure 4. The relationship between the permeation rate of pure solvent through GO/MWCNTSs membrane and its viscosity
4. @RFET GO/MWCNTs SEIRIBIERRSHFFEN X R

3.6. GO/MWCNTs SR BHAT PR 0SS

PATEBEFIEEMO). ZFF B (RhB). FREMLL(AF). W HIEHEMB). WIHRL(CR)E k)41t
ITIEESRIG11]. GRaWE 5 Fos, B EHUERF I GR A L R A R tERE . DU REAE VA VA R
MB, MO, AF =Mjekl, GuklfE FEDE A BA RIFH 8%, GO/MWCNTs #EXT MB, MO, AF
(AR 5 AN 99.1%, 98.5%, 95.8%, XN HEL[ZFEHEE A 10.84, 10.74, 10.21 L/m’hbar, Mtk
TRORIS 325 W A CE St L R DA B . 14) 6 2% Xt R I 91 L ) G e L 0 1 7 B M - PR MIB,
MO, RhB, AF, CR %Rl CEEEBCARERNR AT o JE5%:, MB, MO, RhB, AF, CR M H
KA AN 99.4%, 100%, 99.8%, 97.2%, 97.1%, XN T LEERIEERS AN 3.99, 6.66, 3.68, 5.50,
2.65 L/m*hbar. #4k%:KH GO/MWCNTs # % MB, MO (¥ 5 5 BEVABGIAT 9 85256, MB, MO %% ¥
KRN 97.5%, 97.6%, XIS AEEIBIERFE N 0.85, 1.49 L/m*hbar. #xJi LLIE T BE/E A I
MB, MO 4k}, ##E &8 MB, MO #5508 96.3%, 96.9%, 5 AELBE R 7374 0.735,
0.76 L/m’hbar. [Ht, JSZI0R AL E K Gkl 7B 00 R UT bl BB B 10 HLVE I 52 438
b IR SRR, R S R R PR B o B I

a2o = b 20
T [Mamo AF, 1100 7 [Mwvo RO, AF CRy 4100
e O
& s < E1s o
= 180 <2 £l S
S~ N’
#J = 460 N‘- .TJ 4 60 m‘.‘L
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Figure 5. (a) Rejection of MB, MO and AF in methanol solvent by GO/MWCNTs membrane and permeation of methanol;
(b) Rejection of MB, MO, RhB, AF, CR in ethanol solvent by GO/MWCNTs membrane and permeation of ethanol; (c) Re-

jection of MB, MO in isopropanol solvent by GO/MWCNTs membrane and permeation of isopropanol; (d) Rejection of MB,
MO in n-butyl alcohol solvent by GO/MWCNTSs membrane and permeation of n-butyl alcohol

£] 5. (a) GO/MWCNTs szt FREZA I E MB, MO, AF & BB I R BREERIISIE; (b) GO/MWCNTS SEfsxt Z BRI 2
MB, MO, RhB, AF, CR W8 AR ZEHIi51E ; (c) GO/MWCNTs SEIEXT FAEEA T E MB, MO HEIE U R R AR
Bi%E; (d) GOMWCNTs BERXTIET B2iAaFIE MB, MO MBI B LUK IET B2MiZIE

4. Z5ig

1) MWCNTs 53R GO 1 15 0% il & 153 15 & I JE M Re R, X RhB AR 2N
98%, K7 FHIBEEF N 2 L/m’hbar.

2) GO/MWCNTSs X407 RIS 7 A 5 R R 2 AHOC, FEER, Bi@EE R AL,

3) GO/MWCNTs XS A AL I Gepbik 8] 7 95% &% UL B E %, Bon e my svtae, [
I SCEL A HUAFIRIEI, el T IR fE
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