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Fig. 1 Synthesis route of the fluorinated polyimide (FPD)

1.3 ZARIEMAERIE

il L AR 2T A3k (FTIRD 34 - Af HKGE W)
FRAL22BF5T T TP-FTIR 76 B IS B 2T AP Y
O BT RN NI RF W S B O SRIIR C TRal 7] N

Bl R o

A PEREINL: G TA 227 Q600 HY
TAHL — 22T O BB EA T AR FE 23T (TGAD
B 3 M 4% h PR A B URE 3~ 5 mg, I3l 2



- 122 - BB 2%

5 # A

55 46 %

100~1 000 °C, FHEH % 20 °C/min, N, 407 i
40 mL/min; 278 i & #43H1 (DSC) , fifi F 55 [5
TA /7] DSC- Q20 RIZ=m 3 AL B 3 mg FE
N, A, P10 °C/min THE BOR W E IR THE
400 C .44 10 min, [ 2= F IR )5 R 10 min, F LA
10 °C/mini 3 FHE F 400 °C, B I 4b 10 IR BE (T,)
BUERS R T I e rh R 5 AR T B A R IR

F1A BRI . A SRR Tl R4 P ED A FR
A CMT6104 FUGRALAR 6 H 7 BRIl 0 AL , 30 AE
RSP 70 mm X 10 mm, H7 853 %A 10 mm/min,

BEREB 5 (035 /3 M (GPO) . i I ZEER B A
PR F] Agilent1260 #Y%E i 12 15 G35 K P HUR
fi#% 5 PIAFEE T 10 mL DMF #3h, #EFE 100 pL,
R 0. 80 mL/min, JEEE 40 °C, ik 30 min,

PR B AE S AT (XRD) - i FH 7 [ 45 £ 5/ ]
D8 Advance I X 54k 2 i 8 A A7 5L, DL Cu #E
Ka FHHRIE (A=0. 154 nm) , FHH# # % K 5°/min,
FHRETE 5°~90°,

SEBBEHERENIL . 100 CEZS M= 8 h 5. ff
FHUF R Ve H ARG BRA F) C101B RIS AR B3
MRR R 55, iBE T 0. 4 MPa. 23 °C 2T ik, it
T 38. 48 cm?,

2 HR 54k

2.1 SIHMEWIRAE

& 2 Sk = FPI.HFBAPP K 6FDA # FTIR
SEiEE A, FPT 2T A B F RS T
5 R R P RRAE DG 76 1 720 e " AB IR BE T
LI R IR IR e PR C = O B fd 4 Pk Sl R AiE
e, 78 1 850 em ' 5 1 780 em ™' A4b H BR T R BT Y
C=Ofpgg PR3 B, 1 350 em " 4b i BT i 346
| C—N # PR sh s 78 1 200 em ' F1 1 170
em AP T C—F BERXFRASTE AR RIS £E 1 220
e Ab BT O Tk BEE B AN X R A 46 A B0 g FE
1020 em™ ' Ah HY BT 5% Tk e %) XoF R 46 4 41 sl 06 L
TE 720 cm ' Ab A TV BE A S AR S 000 T
Bf . 7E 3 450~3 350 em ™ 'AZbAY N—H fif 45 i )i
FOH R B 55, LS 1 650 em ! Ak 5 E K 2 h
—CONH—F#EWEIE 2K - F AT S b 15 T
TR A
2.2 FPIEEREMERE

13\ R 1By P A3 A 45 R KW, FPT-37E500 °C

Ao o i 2 R 0 IR T FPI-1 f1 FPI-2, R B AH
Xof BT Al AR G 1 5 THIRL R 800 °C , =ANKE Sl AR %
FE 40 %6 ~50 Yoyw Bl N » U SR S W 0 A5 o 2R
WRALTE B A7 BB FRERLE R . DSC 453 i m , B B4k
BEARE R (T O KU FPI-3 > FPI-1 > FPI-2,
FPI-3 rf Z ik 5 7™ A= i o 3 A A R i) 17 40+
(4 0 P A A SRR S I 1) o3 - B A A AR 2, AT
BT T MR E M [T, FPT- 3 4 B A ik 1
e FR B RE W e T FPI-2 — e it B0 1 1) Mok iz
i EE NN S 24 RPN AR R
POREBRET . & T, B I & 4544 1)
o LA A5 A X S S R R T T BE B W
PEFTE ARSI,

| FPL3 &N

\
v

FPI-2 { L

6FDA N—H

4000 3500 3000 2500 2000 1500 1000
TREL fom™

Kl 2 =Fh FPI,HFBAPP J& 6FDA (41 4Mti Al
Fig. 2 The infrared spectra of three FPI samples,
HFBAPP and 6FDA

o T N’“‘f“ﬁ”‘

FPI-1

BOLE

HFBAPP

% 1 FPI-1.FPI-2.FPI-3 #§# 3 M4
Table 1 The thermal properties of FPI-1, FPI-2,

and FPI-3
FE i T./C Tsx/C Twx/C  BRERFE/ %
FPI-1 258 145 326 49
FPI-2 230 160 218 38
FPI-3 262 456 528 39
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Fig. 3 The TG curves (a) and DSC curves (b) of FPI-1, FPI-2 and FPI-3
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Fig. 4 The XRD patterns (a) and stress-strain curves (b) of FPI-1, FPI-2 and FPI-3
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Table 3 The mechanical properties and relative molecular weight of FPI-1, FPI-2 and FPI-3

g TR, WRBTRS e e
(g-mol ) (gemol ) FOMRE MPa W% % fuifte/GPa
FPI-1 148 879 326 434 2.19 42,56 4.15 1.11
FPI-2 126 229 248 133 1. 97 34. 96 4. 04 0. 918
FPI-3 146 815 256 775 1. 75 74. 60 8. 86 0. 957
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Fig. 5 Simulation of concentration distribution during the diffusion-adsorption process of CO, and N, in FPI membrane
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Fig. 6 The CO, adsorption kinetic curve (a) and N, adsorption kinetic curve (b) of the FPI membrane
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Simulation and experiment of gas separation performance
of fluorinated polyimide
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Abstract: Fluorinated polyimide films are of great significance for high-efficiency and low-energy carbon
dioxide capture. In this work, an “experimental + simulation” approach was adopted to investigate the
effect of the copolymerization ratio of hexafluorodianhydride (6FDA) and hexafluorodiamine (HFBAPP)
on the properties of the membrane material, and its characterization and related performance were studied.
The results showed that the di-anhydride-excess FPI-3 exhibited good thermal stability (glass transition
temperature up to 262 ‘C), tensile properties, and gas permeability, with a CO, permeation rate of
2. 963 0 Barrer, but showed poor separation performance for the CO, /N, system. The ideally proportioned
FPI-1 demonstrated performance lower than that of FPI-3 but better separation performance for the CO,/
N, system, with a selectivity of 16. 54. The diamine-excess FPI-2 performed lower than FPI-1 in all
aspects. The gas permeation process in the membrane was simulated using MATLAB code, which further
validated the excellent gas permeation performance of FPI-3.

Key words: fluorinated polyimide; gas separation; monomer ratio; molecular simulation; solution-diffusion
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hexamethylene diisocyanate ( HDI), contained abundant tertiary amine functional groups serving as the
primary doping sites for PA. The proposed PUA membrane achieved a maximum proton conductivity of
351.4 mS/cm at 80 °C and 98% relative humidity, and a hydrogen permeability coeffcient of only 1. 86
Barrer. Furthermore, fuel cell membrane electrode assemblies were fabricated by introducing PFSA
protective layers on both sides of the PUA membrane, achieving a power density of 54, 72 mW/cm?’.
Owing to the low monomer cost, facile synthesis route, and mature membrane fabrication process of this
PUA material, this study offers a new design pathway for the industrial scale-up of high-performance,
low-cost proton exchange membranes.

Key words: polyurethane; proton exchange membrane; hydrogen barrier; proton conduction



