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Preparation and characterization of PMIA/GO composite

nanofibrous membrane by electrospinning
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Abstract Poly (meta-phenylene isophthalamide)/Graphene oxide composite nanofibrous membranes were
prepared by electrospinning technique. The effects of graphene oxide sheets on the morphology, thermostability and
filtration performance of membranes were investigated. The results indicated that GO sheets were successfully
incorporated in PMIA matrix. When the loading amount of GO was 1. 0wt % , the air filtration efficiency of membrane
was 97.79% and the pressure drop was 85.45Pa, the glass transition temperature was 299. 8°C. The membranes
exhibited better filtration performance and thermostability compared with the pure membrane.

Key words clectrospinning, PMIA/GO ,nanofibrous membrane,air filtration

Oy NS AT R 0 AR E T AR s R E A
BRI A 2R K S PR PMITA TE B 47 45 L R0 25 4
AR B HL A G SRR AT T R B S A

i 2 22 B — P 4% 1] 5L 5 T A 10 o
KB HOR BT YRR T7 . i T L 2 223k
RO LT i I B B A L LR T BUR LB R

SRS R R IZ N TS AR e AR

A Z TR W AT LA i H 25 22 3% 1 o LA K 2T
HENRE o, SR ) o T H I ) 2R e (PMITAD & —
Toft 55 v R B E 0 M, R 73 1 EHE b A A W Y O BR
5 K R R 2 K P T Mg 5 AT AT e E LR Y 0 T
HEG FZE S 454 [8] B £F 2 vh A7 e R 4 1 i) &

EE&TH:ERARBISE (51478452)
YEZ B A BRI (1989-) . 4o A%+, T BEWF 9% w5 TR Ak

PMIA g J5URL SR HT# L 25 22 £ R il %t PMIA 94
SR LT A 5 7 ey L 3 8 I Y PR M 2 (R
PMIA Y75k 45 F BR ] 1 X5 He 25 4 3% T f9 ol ok 4b
B [H I PMITA 2 K 2 2 JI A e il AR o 98 S i
JS7 A 32 2 R

AR A ORI B 3 B PERE A2 B T2 R

B R AT 1982, 3 1A RS 61, AR ST R R & 5 B R (4 R B TR L



< 104 - b T A B R %46 &

O LSRR SRR /Py K= SRR = i
RN = I 7 RN = i e S = W AP AT B
(GO &g, K, GO A B —Farty, &
A ARG 55 K 8 R I Bl 2 T AE LA S PR M RE
GO T EEM T AT REA, BB E M7 WU 48 K
ZRRAE A AT S B e DL S 2R R A
WEZEG. GOERBMMEZH TRSRE Y
B ML AR SR B L BACRR R P A R e AL 9 A . 3
S BRI B GO 912K Fr B 32 = & & AR BE B
PERES .

ARBFFELL GO NI TR, R FH i 25 22 15 &
PMIA/GO & AHKEFHERE ., FEBR T GO MK
st PMIA/GO & A 99K £ 4 By 2 0 L 28 Sk U
PERE B TS 8 TR I 5

1 SKIEES

1.1 AF58F

PMIA R4 . Jl 5 28 FUB 4R B 03 A FR 2
Al GO B R (T8 99 %) L B 505 40 K 4 R R
FeA BRA T oK &AL (LiICD VN, N-—"H 3 2, i
e (DMAC) , 8 43 A1 4l AR i BHe Ak Tk

7 I A R R AL (T Y 98- TN B, | g i 45 52
M & JAT BR A w5 e ) 3k #F (IKA RCT basic
R P AR R ey A BR 2 B b o TG R A
P H LM ERE
1.2 #HBEYLEHE PMIA/GO E A A K T4

FREL— 52 i 1 LiCl Ry A i A 3] — 2 i
() DMAc ¥ %) th (PMIA : DMAc: LiCl Jii & it & b
5244 DI IMARFEI GO FEE R Tk 24h,
FEAE A [R] D2R R 8 75 kb B 90min. fi2 5 il A — %
) PMIA BL2F 4, 80°C Z& 1 N n#k 12h 115 25 22 4%
W LGO By i 5 PMIA A9 20 505 5k 0. 0% .
0.4%.1.0%.2.0%.3. 0% (wt, R & 43 %, F R I
S ldr 4 PGO.PG1.PG2.PG3. PG4 ], # & 24h,
W A

B EREWRIE A 10mL 59 3R 5 88 b CGF 1
BF3k K 30mm, AR 0. 51mm) , 354 1 5 88 Je 78 1%
S, ) W BE R 0. TmL /b, LABE I8 48 K 5
WAt Bt TR 8 e N 30t/ min, 95 22 HL Rl 25KV, 2
WCHE 5 A 20em s 95 22 0 B4R IR EE R (25 1) °C L i
JE R (501D Y. TEAHIRI B F& A T #E4T #9522 4%
il 25 22 15 (8] 24 12h,
1.3 MK

FHBOGIL R ERLE TG (Via Reflex B, 3

RENISHAW 28 w]) %A% i 25 47 00 38, 30
S 785nm; B lem X lem X 0. 012mm #E 5, 2K H
TLWEE 4 Ab HE 60s, SR 3 A B 4 W OBE
(FE-SEM.,JSM-6700F %1, H A< i 7 #% 20 & #1) 76
10kV Z A4 FWEE PMIA/GO &4 99K 25 4 i 1) 3=
B, IR GE B D 4 50 AR 2R e B A
K A 3 3R (TSI8130 Y, 2 [H TSI 2 Al
RAEE L WM, A= R &AM T, R A&
(NaCD A e M XS 4, i 3 R 321/ min, R
P R A P B AL CTGA/DSC 1 &L, Hit + Mett-
ler-Toledo 2 &) ) M 32k #F i B9 482 2 M, PR 8 ~
10mg FE il s 78 AR BB L 50°C L 10°C/
min 3 B T+ 5 E] 800°C . R FH 22 /% H 4 i # Ay
(DSC703 AY, 7 [5] 4 & 5w 23 m)) FAEFE 19 3% 55 1k
BRI B, B Smg A AT PIRE S FER R A
25°CIMM ZE 370°C . R G R HI E 150°C, Bt &
500°C , INFFNA HI B #3128 10°C /min,

2 ZFR5iTR

2.1 HEXIESH

PMIA/GO B & 94 K £F 4 55 14 $7 8 % 3% & 0L
B 1, WETFLLE B GO 1) PMIA/GO & &
DK LRSS I 2 AN FRAEHL 2 04 1350em ' b Y
D WM 1593cm "Ab ) G W, EA F A B D
g 2 Ay 28 v ) I 3 Y GO ) o R A A [
ORI G 1. GO J& A 8 48 2 5w A AL il 15, T8
JPAL g, D VRN G AR B, H D ISR B AR KL G I
R B, i 4l PMIA 94 K 2F 4 5 (PGO)
WA B B DR G 1§, PMIA/GO & & 9K 47
Zff 55 b R B 0 B L B GO 4B 2R iE PMIA 21 4
e,

o
l'/.‘.
3 A
3 RN
BT N T T
L R A
PG2 s N T
PCi te--s AR
oo~~~
1100 1200 1300 1400 1500 1600 1700
BB/ em!

K1 PMIA/GO & & 90K 4 4 i 0 hr 2 6 i &

2.2 FE-SEM 4 #f

GO I A 1. 0% i PMIA/GO B &9k
A FE-SEM I UWLIE 2. INIE W] LLE ), £F 48
R b, o FRAE — S AL A2, R Rl R ok 2 =
Y ST AR IR 25 48 L 3R o £F el 25 7 — i H B —E



5% 2 4 R A L G A TR T R VY R R R e /SR A A R A K T A B R M R T T . 105 -

) L) P 32 1 R e A G 5 R ey R RO R R
AL, A X A G AR R e & B B
GO F ARG, 2F 4 B AR 53 A0 2 58 08/ 5 1 n
s ORI GO W& A B RER 5 PMIA 1 it
A SR L LiCL 5 GO B i 4 IR 5 480 09 A AR
T, SR S I T PMIA 21 2 [0] A 95 25
FR T PMIA 3 F8E0 H iz 3, Jf B LiCl 5 GO
2Z V6] A RE B AR P S 5 T P 7 220 TR R I, B AR
A HBRNMATET A, GO gk B # &
F14) 2 A, 5 T £ 4 AR Y 4 AT

2 GO IIMEH 1. 0% PMIA/GO B & 49K
24 FE-SEM K&

2.3 EAEMNESREIRERENT

PMIA/GO 5 & 98K 25 4 il 1) 3 g 25 R 5 5 g
JEREEIWLPE 3, MERTLE L BEE GO & A1
L PMIA/GO 54 490 K 2F 4 B8 5 18 Ak 2 5 e 3
T U/ (R 285 3, B R G BB AR N 98, 99 %6 5 — Tl
M GO FHE/NT 0. 4 %0, GO (70l 25 4k 542 5
A A, 27 4k B AR /N T 4l PMIA 40k 25 4 5 42, 1L
BRRAS /N S AR 8 g AR T el A T e T
XN /NFIORE () BB s 5 — L S GO & KT
0. 4 YOIt Bl GO B 5 1 B8, 94 K 2F 4 1) B 42 1)
KRR 4r i fLBR A AE K, B GO i &R,
GO b &L B Y B b 3 5 A 90 oK 2T 2 Ji
SERIBRS B R TR B BRAK: Y GO M Esin &
N 0. 4% HE, AR PMIA/GO &4 98 K 41 4 I i =5
AT IR AR AR R IR R R AR 7 GO H iy
1. 0% B . PMIA/GO & A 94K 25 4 I 1) 25 S i 8 4K
N 97.79% . ok Uk K KA 85. 45Pa, HH BT
PERE .

25 R0k U IR T R AN A U8 R ORIG A 1 U8
. L, 5] A& F (QF) X PMIA/GO B &
YA £ 2t BB 25 A R e R AT 25 A VAR YL IR
(D,

_ In(Q—1mp
AP

K. QF NN T 59 K IR, V05 AP

QF X 100 % (1

Fnid JE K%, Pa,
K75 %] PGO.PG1.PG2.PG3.PG4 ¥ & & A
F(QF)4» 514 0.038.0.039.0. 045.0. 039.0. 040,

A, 76 52 bR 5 PG2 B4 5%,

130
o — TR HERE
1201 H «— e [ 100
5-3110- ! og §
%1001 o 3
% 901 . { 96 g
o 80 . i 194 i
701 ¢ 1 192
60 ; : .
PGO PGl PG2 PG3 PG4
B
K 3 PMIA/GO & & WKL 4L 1) iy s R 5

2.4 EAREMRBEESHN

PMIA/GO 5 A 94 K £F 4 5% 1 #4 2k 55l 28 0
Bl 4, WETTLLFE H, PMIA/GO & & 99 K 25 4 ji
Bl IR B T = R 4 AR B B B — B B 7E 50 ~
150°C 7t Bl N A 2k AT RE S PMIA/GO B & 90K &F
A RS B 7K A0 2 K Pl 3805 5 B BOAE 200 ~400°C J2
Rk ST 24 7= A4 HL O F1 GO R 5 100 58 = B
Bt 400~500°C (R IH T PMIA & A K fift (F52
A H, O HCN RV 25 /N 43 F B gl iyt 5 48
U B BefE 500°C LA b, 05 & BT IR I A ik Ak 24 GO
FHAE N 0. 4% B, PMIA/GO & 4 94 K 25 4i I 1
EHR 54 PMIA 99K £ 48 BEAHRL. 24 GO B H =
H1.0% B, PMIA/GO & A 94 K 25 4 B ) #F e
PEJR R4 GO k£ et , PMIA/GO & 4 94
K EF 2 R ) RS MR AR . LR T R R A A A
FErh PMIA &5 i R 58 4 FHE I B85 5 R GO
AR N PMIA/GO &4 40K 41 4k
PR AR ME. Y GO HEE £La. GO H &7
200°C4rfit, H GO B KA BB LB 5 LA, GO
5 PMIA 43I j &0 8 /) [R) Bt R T PMIA 43
TIH] Y S5 3 30 PMIA/GO & G 98K 2F 2 I 11 31
R TR .

100 200 300 400 500 600 700 800
REE/C
Kl 4 PMIA/GO 5 & 99K 25 4 B () $h ok 5 il 2k 14

PMIA/GO & 4 99 K 25 4 5 /9 DSC 3% & W



+ 106 -

b T A B R

546 45

Kl 5, WET LLE i, PMIA/GO & 4 # B0 3 55
R (T ) WA WA GO R i 3 i 22 20
B— AR, TR GO FHE g e, T, B8 6 Ik
NEBEIN Y GO A& 1. 0% B, tbis T, fe/h
299, 8°C LRl GO H &M E— 3, T, 214
a3 A8 AN T4 PMIA (9 T, ¥ 55k Fh ot
ZMENE GO MR ZHE/NTRAEY» i &
A Bt T B BE B L 4 AAE R PMIA 4y F
P ot , 8 T, Wb, T, W/, 2 AWK 4
HEE 1) 22 1) P AF G 18 0 . s st R AR P T GO gk
A TE PMIA K b iy 43 JORR B2, ek T GO 55
PMIA 43 Z B i M B AE H s GO 5 PMIA Z [H] 17
1S A B AR T Y [A) B, 5 B0 PMIA 43+ 8] A
0 U5 ) 4 8 B Bk IR BRI T PMIA 43 ¥ [A] 19 £
EYE, BEE GO JHEE I, GO 98K v 5 & A4 1l
RO EORE B R M EOAE R WSS, TR T, 2 3G
FEE7T

)
K
S

HR/(W-g) ~—

g

K 5 PMIA/GO &4 99K 4F4: 5 DSC % &

3 i

K FH i HL 25 22 1) 7 Tk LBl & T PMIA/GO
HAWKRGUER, LR EH GO WIEA T
KEFAERE T, GO WA BUAS T 40K 27 4 B A2 1) 4
Aii S R TR AN K T 2 Y s 0 DR T R R R
EPE. [, 4 PMIA £F 4 i xt B R R
0. 26pm i NaCl i B 3 8 8% 93.03%, 4
GO WAL 0. 4 Y0 i, 524 9K £F 4 58 11 5 D8 0%
PR E 98.99% . GO WM&l 1. oYX, B4
YK LT 4 11 5 Sk PR R R AR E MR SR AL R T

E-RRBUR/$— S/ 2i30 8
&% ik

C1] SEWTLXVIBELT, 45, 45 . i i 2 B AR TR T /55 T 2 2 b1 ) S
S EL) AR R (AL 53R %), 2016.,30(9) £ 36-42.

[2] LinJ,Tian F,Ding B.et al.Facile synthesis of robust amphi-
phobic nanofibrous membranes[ ]J]. Applied Surface Science,

2013,276:750-755.

[3]

[5]

7]

L9]

[10]

[11]

[12]

[13]

[14]

[15]

TR XIS LL , IR A0, 45 () A D7 R AP e T L 2 T2
(I RE TP K% 4], 2016,35(1) :6-11.
Chen D,Wang R, Tjiu W W, et al. High performance polyim-
ide composite films prepared by homogeneity reinforcement of
electrospun nanofibers[ ] ]. Composites Science and Technolo-
gy-2011.71(13) ;1556-1562.
Zhao F,Wang X,Ding B, et al.Nanoparticle decorated fibrous
silica membranes exhibiting biomimetic superhydrophobicity
and highly flexible properties[ ] ].RSC Advances,2011,1(8):
1482-1488.
Sotto A, Boromand A, Zhang R, et al. Effect of nanoparticle
aggregation at low concentrations of TiO» on the hydrophilici-
ty, morphology, and fouling resistance of PES-TiO; mem-
branes[ J].J Colloid Interface Sci»2011,363(2):540-550.
Maji P K.,Das N K, Bhowmick A K.Preparation and proper-
ties of polyurethane nanocomposites of novel architecture as
advanced barrier materials[ J ]. Polymer, 2010, 51 (5): 1100-
1110.
Zinadini S, Zinatizadeh A A,Rahimi M, et al.Preparation of a
novel antifouling mixed matrix PES membrane by embedding
graphene oxide nanoplates[ ] ].Journal of Membrane Science.
2014,453:292-301.
Huang H D,Ren P G,Chen J,et al. High barrier graphene ox-
ide nanosheet/poly ( vinyl alcohol) nanocomposite films[ ] ].
Journal of Membrane Science,2012,409/410:156-163.
Kudin Konstantin N, Ozbas Bulent,Schniepp Hannes C,et al.
Raman spectra of graphite oxide and functionalized graphene
sheets[ J].Nano Lrtters,2008,8(1) :36-41.
Kiran S Aditya, Thuyavan Y Lukka, Arthanareeswaran G, et
al.Impact of graphene oxide embedded polyethersulfone mem-
branes for the effective treatment of distillery effluent[ ] ].
Chemical Engineering Journal,2016,286:528-537.
Dotti F, Varesano A, Montarsolo A, et al.Electrospun porous
mats for high efficiency filtration [ ]J]. Journal of Industrial
Textiles,2007,37(2) :151-162.
R SE W R VE R OT L O 22 R A% S AR e R R v
()] A2 Tk 5 T2 ,2015,32(3) :59-67.
Viswanathan Gunaranjan, Kane David B, Lipowicz P J. High
efficiency fine particulate filtration using carbon nanotube
coatings[ J].Advanced Materials,2004,16(22) :2045-2049.
Lin J, Ding B, Yang J., et al. Mechanical robust and thermal
tolerant nanofibrous membrane for nanoparticles removal
from aqueous solution [ J ]. Materials Letters, 2012, 69 82-
85.
Wis B #:2016-11-18
R B#:2017-11-21





