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Abstract

Over the past decade, membrane-based gas separation technology has emerged as a
highly investigated solution to address the energy-intensive nature of conventional
separation technologies such as cryogenic distillation and adsorption. However, cracks
on the membrane significantly reduce their separation capabilities. To address this issue,
we fabricated two self-healing copolymer membranes, PBAo.s-co-PNMAo.2 and PBAos-
co-PMAAo2, via casting method. We compared mechanical properties and gas separation
performance recovery capabilities of these membranes to commercially available
PEBAX-1657 membrane. We applied NMR, IR, TGA, and DSC for the structure
characterization. Besides, the mechanical properties could be completely recovered
through hydrogen bonding. As for the recovery of gas separation performance, PBAo.s-
co-PNMAy2 and PBAos-co-PMAAo2 membranes showed gas-resistance capabilities
within 60 seconds of being cut, whereas there was a crack on PEBAX-1657 membrane.
The CO2/N2 selectivity of PBAos-co-PNMAo.2 membrane could recover to 22.92 with
vacuum-assisted treatment, while that of PEBAX-1657 membrane decreased to 0.96
under the same process. Additionally, we applied the constant-pressure method and SEM
to verify the importance of vacuum system. Without the vacuum-assisted treatment, the
CO2/N: selectivity of PBAo.s-co-PNMAo.2 membrane decreased to 1.12, and there was a
wound on the membrane. To investigate the limits of the self-healing capabilities of
PBAos-co-PNMAo.2, we created a cross-wound by making two cuts on membranes. The
results demonstrated the gas permeation properties of PBAo.s-co-PNMAo.2 membrane

were not affected by the double wounds, indicating robust self-healing capabilities.

In addition, we incorporated CAU-10-H as the filler along with PBAo¢.s-co-PNMAo.2
to fabricate the mixed matrix membranes(MMMs). The intention was to leverage the

exceptional gas separation capabilities of CAU-10-H to enhance the separation
V

doi:10.6342/NTU202302353



performance of MMMSs, while also harnessing the remarkable self-healing properties of
PBAos-co-PNMAo.2 to restore the gas separation performance after being cut. However,
the experimental results revealed a challenge with the compatibility between the filler and
polymer, leading the formation of numerous voids within the membranes. These voids
not only compromised the separation performance, but also weakened the mechanical
strength of membranes. Despite this challenge, the MMMs still demonstrated good gas-

resistant capabilities following vacuum-assisted treatment.

Keywords : self-healing copolymer ; membrane gas separations ; CO2/Nz separations ;

hydrogen bond ; metal organic framework ; mixed matrix membrane
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Effect of Dianhydrides Structure on Physical Properties and Permeabilities of Polyimide Films

No Dianhydride Diamine Tq £ d Ve Pco? o
(T1 (-1 (k1 -1 X100 -

c c.
rd
1E | 6FDA —N, cm*»
o o CHy
PO -OEO-

LN CH,

:"' IPDA 295 2.83 5.67 .161 20.4 50.

2E | ODPA D"a 265 3.14 5.55 .146| 2.50 42.0
o SFs )
. c e

1L | 6FDA ~\D‘c€@[/n— BAPF 245 2.72 5.93 .172) 18.9 45.7
3 C
o o CFs
2 o | X
C c

2L | oppa D'\O: 235 2.96 5.77 .165] 3.56 41.0

PSR Ee At 2atuat

im | 6FDA U‘*\& 4,4 -BADS 274 5.50 8.64 42.8
c
2
8
3u | Dspa Uoﬁ 274 1.46 69,

pco2 [cm3(STP).cm/(cm2.s.cmHg))

Bl 1-6 g7 e B A+ AR RS 52 B [44] o
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14 pBRBAT

BRI E R 2 g A3 a4 o ﬁ*‘?@d WMAK LG ¢
FREEHGA AR ET AW b TR A S RA
Fio 2001 £ > White & A £7 & 20 % - Bp 34 HE[45] HL s £
BoE 24k (epoxy) ¥ 4k » ff 44 (Grubb’ s catalyst particles) = i % f
(dicyclopentadiene-filled microcapsules, DCPD) » § 444 % 3| ¢F 4 Bk ¢ ™% & el 4l
(oM E P INDRE R IR EFREF o R EF B S
AiZiRB A+ RIZBTHBERY » & 573 H4[46-49] ~ st &7 %X 7 & ¥£[50-

ARTE SR PR R R AT R S ML SRR MR 0 ks §
Poly(n-butyl acrylate)-co-poly[N-(hydroxymethyl)acrylamide] (PBAx-co-PNMAy) -
Poly(n-butyl acrylate)-co-poly(methacrylic acid) (PBAx-co-PMAAy) » i 88 & + &
#iEp d AR & (free radical polymerization) % %ME,\ Mo em BAEME G A 400
prokentrdt > AP HER K F R REREESOF A FBET A4 B
NMA B4 MAA E 875 B IBWE g BRed > 3~ FHEIR
PEo A2 BenF R ABE A P E R Bado BB AT EESB T o A 22
BT -OH A B § 24857 hPFTRFI (¥ AF8F RF) a4 27

A %4 1 o B 17 202 PBAx-cO-PNMAy % 6] » i 7 it 8 & W 42gr 2 W2

\

24
1

Il o 57 & 1 b # 12 PBAc-co-PNMAy 2 PBAx-co-PMAAy & 3 3 if T & §

o

iy

N2
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HN © uy| ©
| OH |
CH, CH,
H,C ,
? | /O
H-- 0 NH H,C
|
OYNH
B 17 82 e s 2wz B (PBAx-co-PNMAy 5 ) °
2020 # Laysandra % % 5 =xi%5:E R+ &4 p J L F & /* (atom transfer radical

polymerization, ATRP) = # & = 11 PBAx-co-PNMAy > ¥ ¥ ¥ iA5:F: S HEF & > 3
BH AT e £ (F 1.8a)[60] o 8 3t B E A F BT p SR B it
FHRPREH A XL RE MG FETRE - R REBERE R TR
P ARk o F BSR4 D B4R {5 4 PBAos-co-PNMAo2 M & £ 4 5 0.49

MPa~ &+ B% 5 190%2 i A 5 0.68MIm (B 5 b~ 54 X BRH¥Ev A L

A% 0.57MPa~191%-~0.76) > (Sd 325 7 (F4rp i3 42 2ad B & 90% o 15 e
BRACTF R BLFE G U ZROPBESERE > FLFAET LT ET A

W oo © 7 NMA GBI 2 #2352 4 4> jim & Ml B4 e % o

ks SR e L HREAT Y [61] 0 F — B Ff 4T 4% 7 (perovskite) iR %
» PBA06-co-PNMAo4(B] 1.8b) » ¢ ** PBA06-cOo-PNMAo4 & F ik #% » ¥ k4T
ETHBL R KRR FRERATAHRIFLRE LENE > & 7 PBAos-co-PNMAo4 £

4B T @ E A S MR Ak

10
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(a)

o =>=
(e}
N;(Hzc)eon\‘/CI + 0 g +

CuCl, MegTREN
MeOH, 60 °C
Initiator g
+ Soft material’ BA A
* Hydrophobic + Self-crosslinker

behavior

o
Cl
(o 2o ] HN™ "0
)) i

PBA,-co-PNMA,

Elastic & room temperature self-healable Amphiphilic Copolymers

[ j\‘
Methanol

(b)
\)ko/\/\ & \)kr/\ou —

Butyl Acrylate

N-Hydroxymethyl Acrylamide

1) Elimination of
methanol
2) Add toluene solvent

Physical crosslinking
reaction .
~ N-Hydroxymethyl Acrylamide

ww Butyl Acrylate
% Perovskite CsPbBr;

1) Putinto the mold

ELJ@

Poly(Butyl Acrylate)-co-
Poly(N-Hydroxymethyl

Acrylamide)

Perovskite (CsPbBr;)
Cs *Br Pb

Blending in a closed system

B 1-8 PBAx-co-PNMAy 4p B 7= 7 77 % [ °

11
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%2018 & Cao & A ZEAFIWHHEE 1R B - Ap 5 2(PDMS)h
AR RFEUE T ST P ORRERE[62] 0 X RH Y F A AR - &
23Rt PDMS 5 gt > v gk ? SH 5 urea functionalized poly(dimethyl
siloxane)-based elastomers(U-PDMS-Es) o % TE G RE SRR R (A U-
PDMS30K-E 4> @ s %7 £ 5600%) > izt 4B 3 5 3% 5 Fac A0 4o-NH 2%
Jos oo FIUCAAELT A G A RS R p AR o St e B hig R o
e AR 2 3 EIEL (G T AR )T 150 ) 0 2 R B 6 40 °C ek
Y A 20 MhE BEBEBRIEE O SR D F AN TR (R

1-9) -

(a)

After
Healing

Applied
Scratch

1 I Original
[ After Healing

0-
U-PDMS0.9K-E U-PDMS3.0K-E U-PDMS5.0K-E U-PDMS30K-E

Selectivity/u(CO:/N:) Permeability (Barrer) T

Bl 1-9 U-PDMS-Es 4p B # 7 7+ & Bl °

12

d0i:10.6342/NTU202302353



L5 p i34 84]

AR AIT A LA S8 (a)h )12 4R (extrinsic) ¥ (b) & F A
i 42 (intrinsic) °
(a) t &4

PO AR AN IR BB AR RI(R] 1-9a) R p St 2 AR RI(R] 19D )
T AT Ao BOEF IR A o g PR S AR > AR g e K R 2

Wisil# R EF R KA R HFEFTZHR - White A &% - BT
Bt B AR

(@) (b)

K2
@
®
pg’
°

| One-part resin

° °
.o -
. O
. Healing mlcmapsule
°
° . Nea!lng.a‘em o |_~ Resin system
. é& Hardener system
o °

. e o | Hollow fibre
O - 9. @
° °
T g v

° v
bl . ® polymerised healing © E [—
e L Micro-encalsulated
.
| —
° ° o hardener

©9®. o o D

B 110 #6208 g7 Bl @B RS A () F A -
(b) # 2 4 -

O ATABR MR o B BB U A SRR 4 TR D
Bk BB AHF AT F A F AR S EATR | 2 S A ehat g i i

i3 45 27 % (B 1-10) o iz 4t p ¥ 11 & 2L 5 i & (noncovalent) 2 £ 1§ 4&(covalent) 7

oo

13
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e —
Tl L Tl
Damage Healing
» . R
4 ’ o~ .
’ / YWt
~ e
’ ’ \
,+_
Pl | ~H\
’ ’ <=~
s s, »
’ ’ N
’/ ’ \’ff".

Bl 1-11 ~F 334 8407 & RI[63]
bR BT Ao d 4 - PR B AR hpe 42 m-m (-1 stacking)
Chen & A [64]=# &2 Mg 4> N B TRFAVEIE - 277 Mg

polystyrene ¥ 5 1 & % 7% > Fe il et & > & &% & PS80 polyacrylate

W

amide - & 2 3Z4AE Y B4 5 BN EAEPT AR LR @HBEES A

Qg pt > B ARG Bl4o Rl 111 47 -

W O1-12 # HsER R ST W

£ W g ehup e f 27-10 | 48 & i (Diels-Alder reaction) ~ #& fig i & J&(trans-

esterification) ¥ o BEZR A F A B4R T B Se HAL IR B ARG 2 0 AL LW
GEd E B TR PR AR R de B 0 KR E RS F o ip i T

LR R AR 0 S R R T B4R e
14
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BB EE L 50 £ BHT o) BRI PR S B
FOLER SN pda- M 2 MR 2 e W i (R 1-12) o d St &

FRPREFFARBETAL A EER T P BT B P v EF
LA 3 AF X SRR £ AL AR LUER Y CIEX SR L R
Bt b = L EF LA N B ERTE o LG B
AR B B F 2 W1 [65, 66] - ¥4 BL[67, 68] ~ fR 41 £ [69,

70] ~ B RIE[71,72]53F SR8 B F Bk o

}m%%

1D 2D 3D

B O1-13 5@ &BTEEG S REPEEH2 T LHW[T73] -

Borh o 1998 & o Susumu F A BB £ B S B G SR s 4
BEFIIDARES CER SRR ARG b ARG FE LR &

a5 3 SHsEiia MOFs » A 4L 5 soft porous crystals(SPCs) [74] - & 2011 # -

W

Modrow % A i£{7 7 7§ #fiz = 4f ch:2 F (azo-functionality) [75] > & & & = 4 - f& <
kA flgen F 4 gc ¥ g i B F % Zna(2,6-nde)(azo-bipy) (CAU-5) - ¥ 7 5
S AT o % S PDR R STT] 365nm £ Rk AP 0 e MY B BT

hitrans ## 5 cis Bl X2 EBRIZHNIE G T H DG ER ML -

ATy g BT W h 2 S CAU-10-H » v 4 4832+ 2 1,3-benzene
dicarboxylic acid p J 5= o LR * AR ARE R ¢ FAEEF - F ¥

ABE o B 2019 EFT P o Jin F AR * Bl B4 oo =0 2 & 2 (microwave-
15
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assisted secondary growth) = # | & 1 2K e CAU-10-H E%(76] - 7 % %% &
7 0 & 65°C T 5 3% CAU-10-H & %4 90 wt% 2 f5-kiz e & 5 493 gm?h ehid € -
ToR/e EpRanEREF L 148 p b o ZEARMIRE TR FFE FF R B/
foeni dpdd o AL P AMNBER T o B 2021 £5%7 % ¢ > Chiou %
Al @ % 4 K (secondary growth) B # 1 5 % e CAU-10-H % %2]22] -
B R RE A A COr MR RGBT 4 R CO R R RERE

CO2/N2#2 CO2/CHs F32 8 5 & f 5 4240 95+ ¥ 2 % B & 500 Barrer i1 CO2

ek

Rt T s BiEAFHER BB 1 7 CAU-10-H et i % ] 5 324

fgd pd a2 EREY K Ol o

16
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1.6 R & AFER

BAMARS 6B AT EE T E BT EEMN G B2 REIREL
EUBERF - 50 Rebiz- U F S B R F H(MOF, COF, #
3 R LR A B & " (Mixed matrix membrane, MMM) - %
MMMs ¥ >3 HALE L A fe 4oy A4ced A3 AFY - MMMs 23 3 4
F R AL B PR IR R R R A 0 RS R A S s el
oA wflE MMMs iB42Y o 6 TRERHA R S RS A A T R
oo s ZRA(E 1-13) e Fl R AT A2 B -

Polymer matrix

o0

Interfacial voids Pore blockage Rigidified polymer

Non-selective /

: voids :
Agglomeration Aggregation

Sedimentation

B 1-14 WH R & ATEYT & 3 i 3E[77] -

BWAEFAT LR DR TR GERT DS GRS REL

SR DY

—39‘\

WArd+ {He#dIzFEE a2 LBHIHHAG It
R R R E WA T B2 P Y ¢ SREREAR IR AT

3 T fe Rt 4E[78-81] » e o f 2021 £ 5% ¢ - Shi % 4 @ * isophthalic
dihydrazide (IPD)%f ZIF-8 it = % # # % (H 1-14) [80] - IPD &+ 1 24 & tajt i

17
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B & domh iR > 58 ABET 12 ZIF-8 ke & |7, S 4t 4 v U3
A PL P eng ki G4 KA ZIF-8 B g A T2 BFen™ e o« oS58
T SRR A AR B s fr 323 0 R DR A G A T el
Ko e WA G o SR & A F % Ho/CHe 22 Ho/No e #1545 5 2

oA HEE T 46.6 %L 32.7% -

ZIF-8

PI/IPD@ZIF-8 MMM
Bl 1-15IPD & § ZIF-8 sc 4 & 7 7 fe B ATS 38 2§ B A 3toci [80] o

18
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17 Py @asy

BE QAEW A Rkt 5 AMBR > Ra § WL PRk RA A4 A

H-N’

Baodprekelger T’ T Bt AT SR FRE SRR E (T E T
EREEFBIEE S D 344 % A F 4 PBAc-co-PNMAy 22 PBAx-co-PMAA, > # 3
FOUEEEN R A S MR B anF e LAt R o 4 T R EaA gk

LI

AEF R FE GG R BOFAFEN ¢ 7 PBAos-co-PNMAo2 »
PBAos-co-PMAAo2(®] 1-15) - @ 2 PEBAX-1657 #1321 5 44 B8 ‘e (] 1-16) » #-¢ vt
R AHPLABRETEARLIN OBR LS - FHRBIBEPREEIRE
(NMR) # v p B AR A48 2 e bt 5l oh ks ®(FT-IR) ~ tensile test £2 4 & & 47 i%
(TGA)* *t =R F A F HEM WS 2 L LH 5k 17 KRDSC)* »t iRl 5 » +
HHROBEFESLER > H¥TE A TR AT E T B EEES 2R tensile test &
cycling test 3 & & Hoel R4 1 2 AL - ¥ b > NMR ~ TGA £ DSC 2 7 % %
S SR BRI @ R RIR R NA R g

BIRE W BRSSP AR b > & R BRI e A eniB 4R R e gt b ST

Y

G

PlEH A w2 B A PR AT EEE T S A D RBIHRE A S R
AT AR E S BA TR TR PREEG PN ER BRR AT A AR A

B? ¢ ened o 5ot il 7 PEBAX-1657 (04 B -

(a) (b)

N CN CN CN
0"Xp HNTTO oXg O OH
AR

B 1-16 f B4 % A F 2 1H: (a) PBAx-co-PNMA, ~ (b) PBAx-co-PMAA, [82] «
19
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N i
—€C2H4—Oﬁx—C—(—N—C5H1O—C—)7

B 1-17 PEBAX-1657 & » =+ %47 & W[82] -

LL },%Eﬂ

N

F# CAU-10-H 16 5 3 Bl #6822 2 i 4 g A

i

—=\
\\

ATRB-WR S ERF BFRREAT I

3\

AP AE AR E AT EN W

"3

2% CAU-10-H 3 545 > # 3

P2

B CO2/N2 & 3+ ek > B7 4+ 25

\4-\
\%

BRI PBATAT @ EEL G pABRLLS CHE PR A 0

P o A * XRD e IR FE2 Rl 5 5 & % § 338 BRI as

Pl B ER N RRRRRIR E AT RS TR B e

o RHRRIEARR & AR R B RS i o

\\&

3 MR

20
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F2F% REE

21 ¥R

=

¥ % (MeOH) > 99% > Macron -
2. & ¥HiFp# (Absolute ethanol, EtOH) » >99.8% » Merk -
3. ® & %y (Tetrahydrofuran, THF) » 99.9% » TEDIA -

4. 4 # 3+ -k (Deionized water, DIW) » ELGA VEOLIA PURELAB® classic

analytical ultrapure water system °
5. %",\ﬁ.‘f{;ﬁﬁ;ﬂi‘rq‘,’{ﬁ;# # 4 (PEBAX-1657) » Arkema
6. B ¥ = 7 g(Isophthalic acid, 1,3-H2BTC) » 99% > Alfa Aesar °

7. -+ Aok & Frph 4R (aluminum sulfate 18-hydrate, Al2(SO4)3.18H20) » >97% » JR

Baker -

8. = 7 A 7 FE"(N,N-dimethylformamide, DMF) > 99.8% » Macron °

21
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22 BATERHEY

AEET R Y A f 1348 A F M PBAos-co-PNMAo2 [60]% PBAos-co-

PMAA2 50 5 % 58 5 33 Fe3 B 3k 2 -

43 W PBA0s-co-PNMAo2 0% A 5 55> 4 L4 8303 5L ? fig4e »
3558 suihg A F ik o el B 30wt%hE AR Y AR ARTINAET -
T o B HANEG AR o L |7 % (casting)z B N 0 BB A FRIRE FANMEL

FAML(F2-D 57 WA WgFeng A3 F9 FL ¥ ET A7 B3 ASE

HANSREG AP A+ % aBBR A p L EEHREAR AL > 1Y
AR AR B 2 ) e B HF A 2 90°C g

NALEE 20 ) PF o BB RIS 0 BB e ENE AT IR SRR o b d

A

F

SF AT

3

Bld o 7% 237 2 B g 4+ E R BB AR R] 2-2 H1F e

DM

#4130 8 & PBAos-co-PMAAo2 0% A4 5 % § £ % 14.977 5.1 THF 4c »
6.398 soen® A B o RE 0 wt%HE ARk R RFARTHAT -

X HARIES

w:»

it o 17 KT A S R R R g
PBA0.s-co-PNMAo.2 i& %4p e o vt — 7 F BE 3" PBAo0.s-co-PMA A2 e 2 B P Y 5

6] P o

4-¥13 PEBAX-1657 e & & & 5 » 'FT 4 B 9 5. e Dl water &7 21 5 0% HiE
o B D TOWt%ene kAR 0 LB 072 B inE A S 4o~ 17.28 5 ih TOwt% e
Ai-kiaie o Wa N Awt%enF A 30 B 18 2 80°C T win 3hr3ng R fEg A o
DA RO BT B BRI R BE LR AT RRTORFARTH
RI VI BRERAS N AT RRE BT FTENR23) FEL

GEIHAE L0 L3 r 50°C e ghded 24 ) BEARIR A 0 B il B RS R

—a

% e PEBAX-1657 & %% i o

22
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(a) (b)

NTU UMMIab
NTU UMMIab | N1
NTU UMMlab
NTU UMMlab
NTU UMMIab
NTU UMMIab
NTU UMMIab

~ NTU UM
NTU UM

NTU UMMlab
NTU UMMlab N l,‘!MMlab
NTU UMMIlab N
NTU UMMIab
NTU UMMlIab

NTU UMMlab

NTU UMMIab . NTU UMMIgh N
NTU UMMIab  NTU UMM NTU UMMIab  NTU UMI
0.2cm

B 2-1 217 % fF =51 % ot 2 35 A H[82] -

surgery knife

NTU UMMIab NTU UMMIab

NTU UMMIab
NTU UMMilab
NTU UMM
NTU UMP
NTU UV
NTU UM
NTU UMI
NTU UMMI.
NTU UMMIab
NTU UMMIlab NT
NTU UMMlab

Bl 2-3 @& PEBAX-1657 &M * ciusi 4 3¢ F E[82] -

23
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23 CAU-10-H 18 & =

#-3.332 5.1 Al2(SO4)3 o 18H20 £7 0.8306 5.7 1,3-H2BTC 4 » 50 & 2 chlf]
RIUEFLY LA r 24 F A 3 33 ok 6 F 2L ch DMF o #R &3 T Mg b
PR 120 °C T AR DA X o AR Bll PRI R §A 4
RLBEPRI LTI URRBAL S F KRS R F RIS RN F BRI
Ay FRMA ST RS oRER o e BT R mA PR 100 £ 0 RS
GE R TG X R o F BRI T B S 15 1 CAU-10-

24

Hib 48> 5 B acl 105°C ariefagcie—- % o

24
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24 CAU-10-H R & A FH i &

REAFTEEOURFAER A BB RA, B) - A EY FRE 15 40 wiloeh
PBA0.s-co-PNMAo2:% % ° B4 *® 4v » 0.035 5 7 CAU-10-H #4822 0.6 5.0 ® fig »
RrRFARTHNARETL LI P o L r B2 | o DB - BF 0 &

AFEY Se »BE P EREBAESr AFEY 5 R AFEFFHE R LR

G

5% 7% ® PBAos-co-PNMAo2 ik & 5 25 wt%> ¥ ¥ %832 *L £ (filler loading) 5 8 wt%-
R ERREOCRFARINY RT | 1P LEFHEIR & B3 Ak
B o AAT AR ) R B REFAIRREGBEFTARL R HF RS

o AR R FRAIHERT HUEBF AT E R o

P R TR A B HA A RS f BRI

\

Vit fe g ¥ -
R LA 0 H PBAos-co-PNMAo2 kR 5 25 wt% > ¥ 3 L & 5 16 wt% - 4
#iEARS b ibAple o TR R A AR R(ALB) c AFEY B H 1 5 40 wt% 1 PBAos-co-
PNMAo23 %  B# 2 4c » 0.076 5.5 CAU-10-H 45 8827 0.6 507 g o (8 2

ik

25
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2.5 BT R

3R

O LA
P M g K

=

e 7 & 2 E b k¥ (Fourier transform infrared, FT-IR) ' 4

kll

# k¥ k> BRUKER ALPHA T > £ & Z 407 #F » @ 2RI e 3 3 2 F 8
(Attenuated total reflection, ATR) » k2 2% 1 F#HH 120 T2 > f247R 5 4

em’ > 2 £ipl# K 5 400~4000 cm -

-

R EE R K A * Rigaku Smartlab SE 7 X 40 $e5¢ ik (X-ray
diffractometer, XRD)it {7 #-%_ o %k B @ * dv¥e 4 ¥ 5 X k55K (Cu Ko 4 £
—15418A) > £3k R4 TRE LIk & f 5 40KV 2 40mA > 5°20 T 40°20 st
UELI A IR 0.02°20 0 FdeiE A 5 8°min 2~ st & 1°2 S lic B B F

R S e Y Hitachi S4800 #-3 s#F 45 34 7 + Al r R CHR
FERRLEP S o LRI AR T R IR RIS o etk ¢
BT R o HA g TR 25 RPFFF A0 4 0 A Adp BT o 1 10 F R

e id TR 7 HCR AL -

26
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2.6 ERASRELY

B & s R d Shimadzu-EZ-EX % % #rik Bl o 2 R

A

Trapezium X #c88 %& &% o A3k (T 427 > 12 50 mm min” i F 8 0 Fk & o

@ AR T 35 E cycling test G2 N F s KRG N A BE I E AR
¥ -%£t5 (loading-unloading) & %44 4L » W RIHH 4L i T PR T = < £ F MR > iE@
F AR A E E G AR o HArig ¥ cndh B 2 tensiletest 4p oo Fr (FiEAZT o
i W R F L 100% 0 @ P W -EL3 i AT B 02 50 mm min! fid S 0T o 4
%15 PBAog-co-PNMAo. s cycling test » % B chdr @ B4 36 AR ¥ (79 = » 2 A&
T ITRP W -RL3 S REL 3 min FFEWRAE oA 4443 PBAos-co-PMAAo2 ¢

H = 0 loading-unloading Hf iTeh=t ez 4 % > ¢ Bk AR &AL 3,5, 10

7~

min °

27
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EWE - FMAE TR AT MBI A 40°CT BB ER LR

AR HREAKE  4oR] 2-4 #7on o F AJIH ERF RE TR XX FHEERE

<+

o £ % B F #+75 (BM™ Scotch-Weld™ Epoxy Adhesive DP100FR ) #4553 4 27 5 v
I B 3R LR A L o NG sd ff )% Image] #REE A T

ERENE - FRZEEOT R FAR THRE ZRERITNE FHRE(<0.05

‘t
|m

Yo FAALITIE ZHRBE T o A B R M B 25~ P R H(COy,
No)Z lbar HE L METAAFF > @ f MFVRS LRE T T THE a7 R

4 it d & 4 3+ (MKS Instrument, Inc., Baratron® pressure transducer)* 73z 4% o T *f

SR A S ((%))'F1 BT oo N S B e B 5 (P, permeability):

P = Vi (dpl-) 3
P ARTAp; \ dt ®
RE_§ % % #(8.314 m’-Pa-K'mol™) » TE_% ¥if & (K) » AEE "% »ea f(m?) >

Ap; 5 PHRF7 B A P52 T 52 RS L IR Wk B@m) V5 %S m)

M 72 18 iE ¥ & (ideal selectivity) & 5 # i E F R j ol - F I FE T2 L E o
Regulator MFC Pressure Convection oven
Q. e . = e
g gauge  Feed - A
® 1 5
% I Cell I
1
l ‘©‘ Transducer
= Vacuum pum
——(T) § P
- TR
=l g
Valve Gas chromatography
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%Y R TR - FBBRREY > AT R R KM
WP KRR Tk AR B g B 1 o RURGE ok (5 40 °C
T2 4 F RNE - AR

F'E&P\i“éﬁ%é‘f’”?gﬁi ’

1

pa - ;
B g

I F WA RV, m s

}.
PEEFHOE B E E(N,molm?st) Ht8 3 N4
PairVi/RT
N; = A €))
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sample PBAo.s-co-PNMAo.2 PBAos-co-PMAAJ.2
Pristine

maximum stress (MPa) 1.262 0.254
maximum strain (%) 922.923 224.741
modulus of toughness (MJ m™) 297.770 69.458

After healed

maximum stress (MPa) 0.902 0.244
maximum strain (%) 929.781 259.367
modulus of toughness (MJ m™) 250.785 61.564

self-healing efficiency (%) 84.22 88.63
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