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W KR Bt Hummers 34 & 24 & 245 (GO) Ffid id KA BHE R ) 438 R AL & 24 (RGO), #) Bl RGO
R K W B 2K = (PMIA) / BRI K = W BLA: (PSA) £ 4 M /T34 AR 2t 18 it 4236 o F 2 4%
(SEM). & & & FL R fo kARl LR Kk & (TG) I F e e BAE ) F A xT £ A 3T T o ArmlaX, &R
A0, iit SEM £ L, RGO 5 PMIA F= PSA #9482 B 4F, RGO 4k 6132 £ & 45 F Ak P B s A4k 454, % RGO
JRE S H A 2% B, PMIA /PSA /RGO A4 it 64K 4w [ 2% 10" Q - cm, 485k PMIA /PSA £ 4 TH T 10
ARFH, AEBIEFES 10° O, FTHT 8 MFR, X5 TR0 ER e E R, @ik TG MK A%, RGO A T4
B A A By IR E A A AB M % RGO & 5404 0.5% B, PMIA /PSA /RGO A4~ I 84 354 3% J 34 3|
116.34 MPa, }t PMIA /PSA JE 4% & T 33.72%, B ZAh K 53X 3] 137%; L U ATHE 3 7. 70% ; & RGO 484938
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Preparation‘and Properties of PMIA /PSA /RGO Composite Membranes with
High Temperature Resistant and Antistatic
Zhang Wei, Hu Zuming, Yu Junrong, Wang Yan, Zhu Jing
(State Key Laboratory for Modification of Chemical Fibers and Polymer Materials, College of Material Science and Engineering,
Donghua University, Shanghai 201620, China)

Abstract : Graphene oxide (GO) was prepared by modified Hummers method and reduced graphene oxide (RGO) was pre-
pared by hydrazine hydrate reduction method. The antistatic properties of poly(m-phenylene isophthalamide (PMIA) / polyphenyl-
sulfone terephthalamide (PSA) composite membranes were modified by RGO. The composite membranes were characterized by
SEM, surface and volume resistivity, TG, dielectric constant, dielectric loss and mechanical properties. The results show that RGO
has good compatibility with PMIA and PSA by SEM, and RGO was embedded in the polymer body to form sea cucumber-like struc-
ture. When the RGO mass fraction is 2%, the volume resistivity is 10’ € - cm, which is reduced by 10 orders of magnitude, and the
surface resistivity is 10° €, which is reduced by 8 orders of magnitude, compared with pure PMIA /PSA composite membrane,
meeting the requirements of antistatic membranes. TG test show that RGO is beneficial to improve the thermal decomposition tem-
perature and thermal stability of the composite membranes. When the mass fraction of RGO is 0.5%, the tensile strength reaches
116.34 MPa, which is 33.72% higher than the unmodified one, and the elongation at break reaches 137%, which is 70% higher than
the pure PMIA /PSA membrane. With the increase of RGO content, the dielectric constant of the membrane increases, the dielectric
loss is small, and the insulating properties of the membranes are lowered.

Keywords : poly(m-phenylene isophthalamide) ; polyphenylsulfone terephthalamide ; thermal stability ; antistatic ; graphene

EETH : B liERC G E9H (16160731302)

BIRAEE B B, AR S, 2N S - T AR IR L2 e M G EHTSY. E-mail : hzm@dhu.edu.cn

WYr#s B B : 2019-09-12

SR AE, IR, TR%E, 45 | it iR PTHr e PMIA /PSA /RGO B A THIEAYHI 4 SR [0 TSR, 2019,47(11) : 13-18,24.
Zhang Wei, Hu Zuming, Yu Junrong, et al. Preparation and properties of PMIA /PSA /RGO composite membranes with high temperature
resistant and antistatic[J]. Engineering Plastics Application,2019,47(11) : 13-18,24.


杨超


14 TSR

2019 4F 5 47 4,55 11

5[] 25— F R IR) K i (PMIA) BB B
IS 2R BE AR RE VA IR BE BTz N
AL LR V42T H 3l TR 40U 5 SRR A —
BEME (PSA) 23R E L HA H 3 HR =AU B S8 ™=
v AR P T AR 4, 5 PMIA B R Z A RIZ
b ;s {H B ETXT PMIA F1 PSA BB B BR1EE
Gt 1 £ 2 ATl 23 B L SRR SR A TR Y
il & S b2 b B SRR B, PMIA il
PSA X Wi 5 A VI REAS AR I Mo ifE A 7 ELAD, P RIS
FEHEREML 51 PMIA /PSA & 4 i B AT
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WA B HEA sl & e 5 BAHR, S AT
VTR R E TR R I R AL, AU R
JER T oo BB g L E T M
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IS, S M BR 70 R 4 45 Pl 1 i R, AN
AN 3 L 0 0 4 %o A 428 I e ) SR PR T L
R TE TR A A AN AR B 1 T, 2 e
B G EZEAL, I H RSN M= A i &
Xof 25 PR L P oT 4 RS ERAER RIAL T
TS A5 S8 IR PR IR S 5 10 D e LA

1M PMIA Fll PSA R R 19 46 2 1 fig B = 3L
A T AR SR i, R A LR ) P U e RN
FEL % SRR A5 S BT LA AT B PMIA / PSA
02 5 VARG 2R THT AR SR 1 e P P A AT 9N DL AR
e iy 1) O R X PMIA / PSA & 4 R HEA T
PU el PERE R PE , i T PMIA / PSA 52 45 T JIE Y 42
SRR A RS L A R A TR A IR AR

B0 ORI iRk (R — R i
BURMETETE 22 ()R Bk V) BR 55 2 i Ak T S
PEE AT A AR S T4 B 5%, AR AR RO 4
1o MELLSEEE Tl AR A 7= TR A & AR S i P
MR A B0 B P S s 2R e R Ab
BFBRIR IR AR W = 24 PRASIN RN 24 ) 1 356 45 5 T
HLA )N AT, 8 2 N B 2 AR 4T
FrHEMERE RO

BEXT DL LS O, 28 R O A AR A SR
(RGO) X} PMIA /PSA &4 T RS HEA 740 it FL 14 BB
P, i 3 3 % 5135 B L B (TEM) MR 37 & S 1
HL T 2 e (SEM) I #0R T (TG) K 2% i FL B
RAATH LB A B H B 2 PERE ST PMIA /
PSA /RGO & & #1743 Hr . )i &I RGO Xf
PMIA / PSA & A i B A HT i e PERICR KA, il 4%

L AT e R R VRS B T B e S
1 ZWES
1.1 E&R#

PMIA J i : PMIA J5t it 53 50Ch 15.6% , AT 43
TN 1.4 x 10°, W54 (V195 ) el A B w5

PSA J W : PSA Jii 11t 71 %4l 15.5%, A% 43+
[t 1.2 x 10°, RIS L e A PR F 5

N, N- —H 3L ZBEiE (DMAC) - 43Hr4ki , i i Al
H AA 5y FiilRoK , i ue AR A BR A A 5

AEK: 416 pm (325 H ), 4l A 99.95%, i
P TR () B RAFE]

WRHRIR : 43 HT 4k, Bt 43 40h 95.0% ~ 98.0%,
R =T IR F

WRSTR : o B 2li, i i 434 = 85.0%, [E 25 4E 4]
PR B 75

o il R L 43 A 4l o i 3 B = 99.5%, [T
U b2 B w5

i A A al, i 8 = 30.0%, [E 254k
A BR A

ERIR - 4y 4l B 55k 36.0% ~ 38.0%, [E 24k
2R A BR A

K A3 AT AL, BT S EL 25% ~ 28%, I ifg i I
AR A BR A

IKA Wk B al, i 4340 = 85.0%, [E 25 4E 4]
A R A A
1.2 FZENEREEL

A I VERS : SK3310HP A, | ifERM S H A Y
A BRAE

B E.OHL: TG16-WS 1Y, ] By il 5256
AT RA PR A

PR T 1AL : FD-1A-50 %, 4t 57 [ Hese X
A BRA T

AR RIS KI-KTTM AU, ZZERMa k6l
V& ZEN TP

JEAL : CH-1-S T, FigAZENAS)

TEM : JEM-2100F &, H 7R H 37237

SEM : SU8010 %!, H A H 3728wl 5

TG /3 Hri%: TG209 F1 Iris %!, % [% Netzsch 2%
Al

B h S (Raman) i Y : InVia Reflex Y,
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Fa B AT HL BH BT i % Concept 40 %, i [F
Novocontrol A& ;

o 446 5 H BELIN Y . ZC90G Y, il — X
FBRAF

LT EE 7 7 REIR G . C44.104 1Y | SEHE
Tk RS (hE ) AHRAF,
1.3 Feuhl&

(1) b A B0 (GO) Hyil 4 o

GO il 35 Bl Hummers 3z 4 7 HLAA ] 4 30
AT KA 3 g A8k AY 1000 mL = kel
A 5 C 7K v 26 B, B 18 i A 40 mL ¥R il R
F1 360 mL i R X A1 ARk R AT IR Ak, BR AL At a] Sy
30 min ; #2450 VAR R T 18 g miHi R
B [RIERRHE S 7 A 2R 1 TR AR A P il 7 5°C LAY 5 B
P EIR T2 50°CHF I 12 h 5 W45 S
REWEEE A 400 mL £ 8 Tk, #5hR E
[ 7E 95 ~ 100 °C ; 14k i I ik ST S B %8 S A
ARk A w0 B0 B (A AR 200 109% Hdh
MR FREAT IR E VU, 2w YA 2t
FEEFEAIR L IE WA B Rk, Rl AT AR
FHRDIARS VR4 24 hG#5 e

(2) RGO Ay il %5

4 200 mg GO %5 fi# T 100nmL Y 2 & 77K
JR#ERT 30 min 53 EIRRE IERZTAE (1 GO KR,
TR N K ZW pH (A5 7 ~ 8 5 Bt [ s Pk
WA 0.32 mL KA ® 8 Bk R THE =
95°C i 6 h 5 FJE Ik Z MBS Tk E &
IR, B R T 24 h S92 .

(3) PMIA /PSA / RGO & 4 Ml iyl 45 ©

¥ — 5 I RGO & it T DMAC Hi I 75 — %E
B ], 45 282 E 1 SR W n] — DB R i A —
FEH PMIA /PSA (JliH I 8 / 2) 3K, 7£ 50°C T L
PR $E— BT ] J5 A RGO YA , Ak Ze4i % 24 h
Jei BL7S i R 5 OGS K R AR B s A L,
JEEER &I 400 wm ISR IS K BB AR A 100°C
ST ERAE P 48 h, B H AR HI B =0, e ik
A 60°C K IR IR % 4 HHoK Pk 12 h, BUH T
il £ RGO Jii & 43 %% 4 %1 7 0%,0.5%, 1%, 1.5%,
2% ,3%,4% ) PMIA /PSA /RGO & A i,
1.4 A5 A4

TEM UK« K B S A0 7K V5 S0 T 09I i A
T, ULEHE S B SRR IR

Raman 3 : 5 B i 3 1850380 2 B v i 1 2k

A EJE BT OGS B 532 nm, T R BE R
10%, #3947 H 4 500 ~2000 nm.

XRD M : 545 3 [ 5° ~ 60°, $1 4 L
0.02° /s, >R K, HHEBIE.

SEM M« R v IR 5Y Bl — i R/ INE PSR
e, 1k i P FH T 2R AT , U8 2 e By B T O
o

2 THT PR BH 5 AR H BH R 3K 42 1 GB /
T 1410-2006 ik, 1205 By HL 2R 100V, it il
JEFRFEERTE] 1 min,

J12FPEREINAR . F2 R GB /T 1040.1-2006 iz,
W R 5 B 10 mm FE I U R 2%, S R
5 mm /min,

TG Mk AR MR B A, IMEN
10 mL / min; FHEEER A 10°C / min, i@k 150 ~
800°C.+

AL E RO PRI - R FH SE A8 Ha BT
TSGR, R IE R 10% ~ 10° Hz, H iR
2 HRES5THE
2.1 "TEM 547

GO H1 RGO i TEM MR- nE 1 fras.

@ ®)
a—GO ; b—RGO
1 GO 1 RGO [ TEM [ F

LA LLE H, GO 7E BT Hh s T i B, %
B GO MR AR # #, GO By H )2 K/NITE L E N
K~1 pmZ[E), Bl 752 GO By INFEAY )
DL e 256 R BE S8 GO FK A /e L/ /4%, 1M
RGO Wil T E A B ReHI R KD, Z SR Z I H T
AR T VE A & kA= AR, T DL RGO FE7E K
A, BRI BN R, FZ B EE,
2.2 Raman 2#7

GO i1 RGO /Y Raman Y%K anl& 2 firs.

H & 2 Af LA i, GO 7E 1346 cm™ (D % ) 4b
A 1587 cm™ (G U ) Ab B H 5 A4~ 58 B O LR
B R AR 0, LA B 6 T sp® 24 Ak ik i T B
R B A sp® Ak Rk E T M. 5 GO ML,
RGO 11 D I§H. G W&, . D 165 G i fif g o i
FEAE RN 15/ 16 P\ 0.918 38/ %] 1.06, % W] RGO 7Eik
Ji 2 I R s AT B 22 e e R R 1A
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PR ST S, G 43.88° A2k At S R JEE B /)N, X
AN HIMRFE RGO A4 (002) /4 It 1 (100) /i It , 1
(001) i I A UEE 58 AT 2% , HH It n] LAUERH GO #A 4%
WJE B Jf ik 52 515808 RGO RSy B 22
2.4 TG 5#7

GO RGO By TG M £k an &l 4 i /~. &l 4
AT, GO 1Y fe K43 il Tt B 7E 190 °C 4247, 900 °C Hif
GO [T 4%k 24.9% ; |ii 900°CH} RGO (¥
AR RN 57.2%, Uil K G AR S, GO
TR 1) 5 o i o AU BB BR 2, RGO AR
PEAXT T GO A R i 4 o
2.5 SEM ¥

PMIA/PSA /RGO % & i i it B fif SEM i/
At 5 fis.
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Lo PRI 3 RGO Jii #4344 53 il 0%,0.5%, 2%
i PMIA /PSA /RGO & & H# 1) SEM R J713i 1]
TR S4E K. PMIA / PSA 55 45 THi B 1 1K 1T T
AR R KRG/ NFLI HL s TR S5 R R 1450, 31X
ATAERE T PMIA Fi PSA FARTEIRFIE & i i,
WA e 0 I B i 0 B AR AR Te) 350 3 TR
INEEI S T 25K . 24 RGO & 4080k 0.5% i,
PMIA /PSA /RGO T2t H b B T4 2 90 K 9
() 1S T B 5T 1o AR A FLIR 544 b o HOiOR f5
R, X RNAUR ) INFL G SR S G B RPIR,
N iZJE RGO 8 AL TE & 43 F M4 b, TRV 45
1F AR IR LR SR S5 5 124 RGO ot & 41 8k
2% Hf, ELJC PMIA / PSA J# B o 14 25 3l 25 4, 7T g
JEH T RGO £AMR, 22 HES1F— R
2.6 ARAR FAE Ak B W FLA AT

PMIA /PSA /RGO % £ 1 J5 iy 14 FH e BH 3 1
e e PR M 2R A 6 iR

& 6a A1, B RGO & Ay, PMIA /
PSA /RGO 4 £ 4 I 4 B ri BHL S it =22 o 15
24 RGO & i B A, 3 5 ) (A B i BH AR AL A
W1 5 24 RGO & ARSI, S HUl B2 P AL,
PRFH L B R, 2% RGO Ji i /0 50k 21 2% 1
W PR EL B 107 Q - om, IK B2 A T RHT
i P45 2] A R, A T R N RGO RiFAY 107 Q) -
cm FFET 10 NEUE Y 0 RGO & i 4k 2L K
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.

H & 6b A1, fE%E RGO & =GN, PMIA /
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N RGO B TR T 8 A% 4, 1 12 Pt i i M RE 1Y
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AP L PR BB R A B RICR
2.7 HMERESHT
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JEEE B 2 (A1 FE AR W I A B2 AL, 0 PMIA / PSA /
RGO & A TG #h£k . fy — AR £k A
HOBORIA AR FE 22 L 45 1 RGO Jii i 73040 0%
~2% ARG T 26, A RGO A # T4 = PMIA /
PSA /RGO & 4 i I iy #1436 )% 7 PMIA /
PSA /RGO B AN TG #h& & 7 fin.
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87.00 MPa, B2 3 67%, Wi STy dRe /)N BE
RGO & f A 3G N, 52 G vl B Ay oz A i B2 S 14 K s
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T PMIA /PSA & £ 3 i i 58 J3 5 4 RGO Jit 7 47
R 0.5% B}, B B i, 5 2] 116.34 MPa, [
PMIA/PSA & & I HE = T 33.72%, Wi 24 A< 3
% KA 137%, ekt PETT£E & 1T 70%, & W] RGO £
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5 85 AT, DR 24 (e R 1G> RGO it i 43 5
1% K}, RGO /PMIA / PSA &4 T I () Fir A 5 B 35
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2.9 w5 AT
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K, A IR AR R R TR LR/ NRVE R, AR T
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3 #it
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DL H A2 GO, 3 Raman , XRD, TG IR ERT
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JE A TE S S5 40 A BT AR [H), RGO #4040 7E 75 43 1 ik
b R R R SRR IR R TS IREEH ; TG il
KFE A, H A RGO & & A 1S N, $4 0 fff L BE 14 K
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LB A FLH AR, A BN, 48 20 M T B s RGO
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