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Preparation and Liquid Filtration Performance of Graphene Oxide/Dopamine Modified
Halloysite Composite Film

QIN Aiwen, WANG Hao, HE Gongman, ZHANG Jiayi, ZHU Yue, LI Jun
(College of Materials Engineering, Henan University of Engineering, Zhengzhou 450007, China)

Abstract: Membrane separation technology has attracted extensive attention in the fields of seawater desalination and wastewater
treatment due to its unique advantages, such as low energy consumption, high separation efficiency, and no phase transition. In this
paper, graphene oxide (GO) and dopamine modified halloysite (D-HNTs) composite films were prepared via vacuum filtration with
commercial nylon microporous film as a base film. The optimum ratio of film formation was obtained via examining a pure water
flux, a hydrophilic performance, and a retention performance of composite films. The application of composite film in the field of
liquid filtration was presented. The results show that the interlayer transport channel of composite film becomes greater with
increasing the proportion of D-HNTs in composite film. Among them, at a mass ratio of GO:D-HNTs of 6:4, GO film formation is
complete, the corresponding rejection rate of methylblue is 97.28%, and the pure water flux reaches 123.14 L/(m?>-h) under a
transmembrane pressure of 0.1 MPa. In addition, a pollution experiment was also carried out for 3 cycles with bovine serum albumin
as a pollutant. The water flux recovery rate of composite film can reach >96%, indicating the superior anti-fouling performance.

Keywords: graphene oxide; halloysite; composite film; retention rate; liquid filtration

EACAT SR (GO BAT MR e R A M, B AR PV A K TR 5 0 6 i HLRERS 73 Hi R
FLLRERAIILRER, WADKAESBEFU RSN, K@ T, Go fEKA
FANGRIBEAT IR . Bbsh, B ERREAMTE B RRH A 2 N7 1) AR b
HRBREE, DGEHREBRIEMREE, Xy KPR 2) SRRk R IR,

Wk HH: 2021-12-17, BT A 2022-01-12. Received date: 2021-12-17.  Revised date: 2022-01-12.
FEWIH : WHE R AR SHETE BRI H (212102210633); First author: QIN Aiwen (1986-), male, Lecturer.

I NS T s i PN e SR O T LT[ e A B = E-mail: ginaiwen1111@163.com

(S202111517011X). Correspondent author: LI Jun (1988-), female, Ph.D., Lecturer.
B REL1986—), T, i, . E-mail: polymerlj@163.com

WEEE: & #R01988—), &, L, P,



5055 7

R Sy EMA S/ 2 LR DU i A B TR 1 ) R S A B fE < 1989 -

XN A AR S5 AT R 1 ik, TER
BRAARMEH AN GO/ ELE A, 540 GO
JEAALE, GO/MMN#s+ B A EH/KIE &N 14.75
f&5o MR EGHIEEH] % GO/Ag 4K BURL(NPs)4H
PERR, REI, P EPURRIF RSN 22 nm
i, GO/AgNPs 4438 5 1 7K f A B fe K. Li
S5 & (1 GO A S 1.8 nm, 236K %
GO JEXTSARMNSEMEIR S, (HR AR KA AT
3 . Dong S % i — Rl LA mnid K MR Gl 43
THEF N B B NN- 23 52 3 2,35 F O 0 1R

RANIENE, KA BBHABARR B AR 12 g%
il 4% = RE GO YN e .

BIEAMHNTs, 43138 ALSiOs(OH),.nH,0)
VEN—Fl WIEERR Bl 9, B S ERE,
% vy %) b R TR RN 9 T 0 2 e L LA R 1) WO P12
BEFTPH B 1Az #efie 710, 2 (U2 i UL 2K A4 43
(2R A () E Ay, AE AR IR N IR 5 KA
G Z LE(PDA), 2R MR, 5
F&FFE LR, Ou @t i% %] HNTs f1Z ©
fE g Lt, &Rt BA A E PDA JZ 5 BE 5 B 77
(HNTs@PDA), 53R KIIZWMFIERMEH 5 )5
Xt (K 25 B R I W] LUA $ 75%. Chao SR
HNTs XHgH) ki, KA 2 EREN HNTs #4731
e, RN 2 B COPE S 1R HINTs XA ) 17 4 e
HE R 11.6 mg/g KIEFETH % 168.8 mg/g.

HATH &8 GO M T 2R SEUARE
BRI, M—4E450 1) HNTs, AMUIE B
PERE. P e R, [FIR, FHECIROVKE
B TN ARAR BRI RS SR (1) 25 i858, AH B 4
(RN KL~ T DA AR 1 )2 ) Y5 VR A e T
Ik, ATAEEA HNTs 90KEMEAR T, #ZE2] GO
FEH, BT GO M R REE, M —=gEm 24
PR B TR A i TG o LAk, T HNTs REFAE
F&EM—OH [, 7152 EE R AL IEBFI K
SUEEH, ATIYE HNTs E R T2 PDA JZ,
kA HNTs 5 GO Z [a)AH BAF FH s e Mo alad 5
50 I8 A B AR R A LU, AR TR I s fh e v
73 GO/HNTs H G, FHRH A R X 28 S5 44 |
ai]mE . kM. BB MEGE. PUEHERE S TR
FIFRAE, 3 — PRI 8 A S

1.1 HmblE
FIT MR RE : BRI&A (ZERE 99.5%, &7 40)

W6 T MR AR R A IR A R A =m0y 2
KA, 0.5~5.0 pm) T-ERII T B R RHA IR 2
F]; $hR 2 (O 4l T 5% AL SRR TR A 5
R RHALIERR (A, B2 60 cm, “FHFL4% 0.22 um)
T BT B s =R H SR e
FREETE . To/K CRENE T R T A48 BR AR 23R B
ANF AITEE A GE 98%, a0 Tk
FEOR A HARA R A A .

R AR A o R R R (Tris-HC) 2% i 1)
Feil: FREC 1.211 4 g B =32 IS B R 2
900 mL MZEIEKH, SRIEHE M IBAE 25 “CIMEIR
KitrEAa, H S mol/L [ Eh R & BL % pH {H N 8.5,
KR 2R /N T 1000 mL, HL pH 1H,
AT AR KR 8.5 PRI 2 1 000 mL & &
M, MK ZBZIEEZE, RIAI3R1S Tris-HCI 2K -

Z MM HNTs(D-HNTs): D-HNTs J&7E 3
BRO131E:AM EA . BRI R TR
AIFREL 0.5 g HNTs A1 0.2 g 2R % ELIZ N 100 mL
(1) Tris-HCl Z2phifi, #8730 min JE B E N
25 CIEE/KB#HTHITRE 6 ho WA RETE
8 000 r/min 2 KB LHEZE FIFHAE M. &5
OB UTEYE, BHE R TR R TR
R 24 h 3743 D-HNTs.

GO/D-HNTs & & #1145« LB R fLIE N
JEHEE, K S fhE v % GO/D-HNTs & & idifii.
AAARFEAR: B 2 4> 250 mL FIKERR 4 S B
100 mL Jii # & FE N 10 pg/mL () GO & A D-HNTs
T, TEONFE S RN A 30 mine SR 5 HHEL
5mL GO & 5— & & D-HNTs i TR G,
VR 75 A0 30 min, FERINIE 4> 2 2% R b T HhgE,
PR S TN 40 C B HEFE A 2 h FEEUCH RN
HEAEN . LRTREAHENEAIIANS om, B
O oRTRIE h, JEREAE 1~10 pm 208, RKIKH % GO
5 D-HNTs FIF &3 5008 10:0- 9:1. 8:2. 7:3. 6:4.
5:5 MR AW, HARYESE AT D-HNTs (& &
B HARC N M-0. M-10. M-20. M-30. M-40. M-50.
1.2 RIE

KH Fourier A3 41 76 3% (X (Nicolet 6700, 3%
Thermo Fisher 2 &) )il 24 M AT 5 HNTs 145 #4240
o R T BB (SEM, Quanta250, 3£ [F FEI)
MEEE BTSSR Al CY,
A BN BR A IS A R A

KR T AT aiKE 0. 24
7E 0.15 MPa FU% 10 min, P75 [0 0 0K 25



+ 1990 - CREFR Eh22 4D

J Chin Ceram Soc, 2022, 50(7): 1988-1993

2022 4

IS IS 22 8 5E 7E 0.10 MPa 3% 40 /) i & Ak g =040,
i (D) THE Ak
14

Q=17 )
X O MaliKiEE, L(m*h); V KEDLE, L
A RIETRL, m?; ¢ AIREE, he

B R AR 72 R Al kom BRI R, Ok
HERHR A 1g/L 4 3% 25 A (BSA)E R EL 10mg/L
FREEE . @I S AN 0 EETH(UV-3600, H AR i)
D52 BERHR RS B . 8 Q) T 5
R

R=(1-22)x100% )
Al

e RABEAR; A NBEREE; A #ENR
IR RE o

Fvs 1 R 2R E A 7K KRR () R 58
26 308 7% TR 7N ) A K e, LAl Kl & e
O, RIEH RN A BT 24 1 /L 1) BSA ¥
B, 198 10 min J5, KRS MR, BONEE
TR FEATIEBE 10 min, PG4T 407K S,
B 2K RN 0re MRIEG)IHE £

Q2 0,
fi= 0 x100% 3)

1

2 HERE5R#
2.1 D-HNTs FHARK

B 1 A4 HNTs MUPERT IS 20 aheit. i 1
UL, HNTs 7E 3 700 cm ' 1 3 620 cm ' & 2 /N4H/NR
BEHAFAE N, N ATSE HNTs s 4h. NFR L il

100 HNTs

80

(=)
(=]
T

Transmittance/%
N
=)
T

[3*)
(=]
T

Si—O

O 1 1 1 1 1 1 1
4000 3 600 32002800 2400200016001200 800 400
Wavenumbers/cm™!

K1 HNTs fl D-HNTs {1404
Fig. 1 Fourier-transformed infrared spectra of halloysitenanotubes
(HNTs) and dopamine- modified halloysite nanotubes
(D-HNTSs)

FERENIE . [EI, 7E 1030 cm™ 1 530 cm ' iE H
T Si—O MEEIREN A HiIRENFFAEE, 480 cm ' A
Al—O MIgEIRshE . 42 Eidttt)G, HNTs H
B BiX SR ARV T Ji5 2 A — 50, 0 B 2P S5 I HNT's
SR IR KA, B3 460 cm ' I T —NH,
(125 dhRahE, ZUEXT B 2 B —NH, 4R
g, RPZEREEATE HNTs K.
22 EEBIRTS

HE 2 o] W, Je kRIS A K= AL,
L RSF At s), FLAREEAE 1.4~1.8 pum Z 7],
4l GO VM IR G BT 49 I LR T AU 6, GO
TEIRIE by A s, FIRBe4aE s, HH GO 2
IRHEMBHE . 24K 7:3 ) GO 5 D-HNTs ¥
VERRIEIN,, PR S GO Ab, 38 ET I I gL F)
D-HNTs, [Fff SR AR A F P8 . B TR A
M D-HNTs [FECEIA WM, #AKK T D-HNTs
& EANIGIN, RS ERSEE, W 2d
Fizs. %4 GO 5 D-HNTs [IELEIEE] 5:5 i,
KMSFXHW— LKL, X2EFEA
D-HNTs &l s, HS BRSPS, #m T GO
R EHEERmMOTURAEM. K, B8R0
D-HNTs B ANE| GO W Z 28], (HKHE > E
FIEHMRT, SFECGEERIAEMRAT, Hjl—Lk
BH S5 () FLBR 54
2.3 FEkitE

PR 5, LR T SR K VXA R 1B T
REAILIS ME RERI S & B E T . I 3 AT I,
g GO B KL AN 40.16°, RILHI =T
FKPERE, XEZEHIT GO FHTE M KEME
K& E ERER], W—OH. —COOH %5. 14k,
Fi A E 4 I GO/D-HNTSs 132 /7 35/ T 90°,
T B & W E G R — e K PE . HBE
EH AT D-HNTs BREMHE N, &4 HE
GO/D-HNTs 42 fish f 52 18 W 38 It 3, e A
M-10 [ 57.58°34 2 AF i M-50 [1J 77.05°, i B [E
# D-HNTs M3, 5 R 1 5% K PRk 55 .
XZF N HNTs A5 BAH—EHKME, &2 0%
UM S SR KA BT R T, H A0 SCHER[15] AT 4R 0E
1, B2 OERESERCER AR, 1 GO HIsEK
PEB R T D-HNTs. NI, BE#HE S B+
D-HNTs 7038 0, 7858 2% T o /K 2 A B =i
AR



5055 7

TR S AT SR 2 U ORI A B B 1) % S AL D I e < 1991 -

A-Aw«‘%"ﬁ?ﬁ

(a) Nylon base film

(d) M-40

(d) M-50

K2 JE R GO/D-HNTs &4 SEM i )1
Fig.2 SEM images of nylon base film and graphene oxide (GO)/D-HNTs composite film
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