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Abstract : The themal properties, morphology, mechanical properties and gas permeability of the blends
of poly (amic acid) PAA) and poly {o—hydroxyamides) (PHAs) having pendant group was investigated.
The 5% weight loss and major weight loss of the blends occurred in the ranges of 348~407 C and
589~615 T upon a heating process. After a thermcal annealing, the tensile strength and initial modulus
of blends increased 3.7~52.9% and 34.4~70% from the value of pure PAA, respectively. Especially
the tensile strength and modulus of the PAA/MP—PHA=9/1 showed the highest values(97.5 MPa and
2.67 GPa, respectively), which were 53 and 70% higher than those of pure PAA. The fine PHA domains
were found to be uniformly dispersed. The interfacial adhesion between PAA and PHA was identified
to be good. The gas permeabilities of PAA/M—PHA blend increased with M—PHA contents.

Keywords : poly (amic acid), poly (o—hydroxyamide)s, thermal cyclization reaction, blend.

M B

HZ B R 184} 2 Al ol $5 1 glor d5E
7 F59 $50) thekslEa glok ey oiiRe] aRRRe f7)
E2o] wlitel Aol osio] @3l sl EjA o] WA

Ho] gxoll ATE WA ©rk olid oS s flale] 44,
71AR, E9A 434 ol Gl AT 58 WS w7 e
U SElE 12 T2 Aol £Id Y 1A 18t

7 AEE I Qeh XA AR e WA 7] Sl 7t
Z 7leAeFo|l1 R7PAPE o, Wade nisdt 71t ARt &

Aol £33 ABRE F WEBEE: polyimides (Pls) 8} polybenzoxa—

tTo whom correspondence should be addressed.
E—mail: jaechoi@mail.chosun.ac kr

77

zoles(PBOS) & & &

RS Plgi= 975t ARERPIA, 71AIR 24 E ek
g, Aeardad S I 9] whiEel]? 951 ok
oA Ao} AolBe] I L= dgdEho g AR, A7), A
Hot Mz BEYA 59 T oklM Al 54 oA Al
AR Zhe W ekt Teh W Ple pElzd) ea-va
9] g Foz FAE0] Qlo] F2AE Fsle] el ( Ty
7} wom 7hgol AHAY E7Fss.

WEEE FE 123 2k PROs K8k IAlS TRRREA Y9

Pk 7| AR AAe] Hold Ao, FE s, we

e,
S4e A

o]
9] fiber, non—linear optical, photosensitive 4 SoI°™8 o] &
3 9, 95 - gEiole) Fod Agg AME T Yk e
v} o2 HBEE P19} PBOsE B2 T9 52K A ul®
of] thyRe] fufjof] 52 oo} 7FE3] oy WS 7H L 9

M



78 &5 - HA

0 o)e 2RI wjRe] mhe
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Ao PAA(V.=2.13 dl/g, 10 wt% in DMAc solution) = Tyan
T PR ol8sle] B ATl TAsl0) ALg skt Poly
(ethylene glycol) methyl ether MPEG, M4,=350), p—toluene—
sulfonyl chloride, diethyl 2,5—dihydroxyterephthalatet= Aldrich
A} AREE, 2,6—dimethylphenol, potassium t—butox1de dimethyl—
Z—nitroterephthalate 5 ACROSA} A&, 3,3'—dihydroxy—
benzidine2 TCIA} AES AAlglo] ZEHE /\F%S}?\iﬂ-. NN'—
dimethylformamide (DMF) £} NN '—dimethylacetamide (DMAc)
© A58 MgSOE a1 244 38 w7 5 79 =
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Table 1. General Properties of the Polymer Precursors

Polymer precusors i (O AH(J/g)
PAA 2.31 167 426
M-PHA 0.74 328 95
MP—-PHA 1.06 297 180

=23l /\]—‘

“Inherent viscosity was measured at a concentration of 0.1 g/dL in
DMAc or DMAC/LICl at 35 C. *Endothermic peak temperature in DSC
thermograms.

A Z7g8ion, o a9 FT= DMAc £904 0.1 g/dLZ
35ict ERlsEe] 84 E4E AP sl A4 B7)slelA
TAAKE] DSC(DSC 2010)& ©]8319] 5&45E 10 T/min®2
3}o] 30~450 C74x) Ao n, Z2ke 2 A58e 2ALS}
71 A8 TAAS TGA(TGA 2050)2 o)g3lo] Ai 273510
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018319 5 mm/minCE AJHEG 74 EAsle] QWA 7] g
AE, 123 AFE] e Ttk BT RERAE Eac
o] s B HsiA AL Fol Yol & 6] 43 3y
o] oUEHE X3 & vdasle] 4L dude mue gold
sputtering 2|71 ¥ Hitachi S—4700 SEMS o]g3lo] gas)ol).
=5 VA FHAES 98] $18le] gas permeation analy—
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Table 2. Solubility of Polymer Precursors and Blends in Various Solvents
Solvent
Polymer and blends DMAc NMP DMF DMSO TFA CHCl; THF m—Cresol HyS0,
PAA O O O O A X X X O
M-PHA O O O O A X X X O
MP-PHA O O O O A X X X O
PAA/M-PHA=9/1 O O O O A X X X O
PAA/M-PHA=8/2 O O O O A X X X O
PAA/M~PHA=7/3 O O O O A X X X O
PAA/M—-PHA=6/4 O O O O A X X X O
PAA/M-PHA=5/5 O O Q O A X X X O
PAA/MP-PHA=9/1 O O O O A X X X O
PAA/MP-PHA=8/2 O O O O N X X X O
PAA/MP-PHA=7/3 O O O O PaN X X X O
PAA/MP—-PHA=6/4 O O O O A X X X O
PAA/MP-PHA=5/5 O O O O A X X X O

O : soluble, A : partially soluble, X : insoluble. DMAc :

N,N—dimethylacetamide, NMP : N—methyl—2—pyrrolidone, DMF | NN—dimethyl—

formamide, DMSO : dimethylsulfoxide, THF : tetrahydrofuran, TFA : trifluoroacetic acid.

o] Yehiglth PAAS 53 A7AIEY 284EE 0.74~2.319)
& B3, PAAY M—PHA, MP-PHA: T% 2 Z9uley}

A 27 1elg whEE 9o F 47 Pls} PRBOR 2$Eg
o' Q7 w2)3) wheo] AZ= Scheme 1o NG
Table 2] F3 A7 W EA=Ee] SuiEAS A8l L)
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FA) ot g7 e At f8ls S YA Licl
3 2E FE R gl s A9 glon) 98 )
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7] S84 AL FARE] 5% ddueh, 8 WrE W
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3o 713AS FoluAt Fh2 B Aol AMgE 2ASe) &
EGE 2Y FF AFA) AvEZ 599 -$A8 oligo(oxy
ethylene) @19} 8718} dimethylphenoxy 75<] %802 DMAC,
NMP, DMSO, DMF 53} 72 aprotic §-flo]] &4 2+ g2z
Slet. 2—(2,6—dimethylphenoxy) terephthaloyl chloride$} 3,3'—
dihydroxybenzidines $&3td 9& @5 ZeA9] 239 LiCIs%
& F9 F7Iglols SalEN WokeS A =Rl sk
I3} dimethylphenoxy & ZHe Wk 2ke] 353419 MP-
PHAE LiCl QI°|= aprotic §vliol 2 S38l=gl=d] A@HANM
AYEGARE 242 F5EAe] A dimethylphenoxy & 24 &
A 22) En)7E 242 0.5/0.52 E99 5931 oligo(oxy ethyl—
ene) WAES] P02 357} e Aog A7) PAA &
= GA ol FHAET B2 BIYE B F9low, o &
FAZ] 854S oz BE EWT5L aprotic ol 2
ST, FEAL] FARE W73 HHE I5ES T35 A
& AREE o] AR W EES UANTIAY 1AL AR
B3] AR BINA FAES SHA)7] dsixolck®
BRIco| F3 84, Figure 19| PAA/M-PHAS] Ed=E] tf
3 DSC g4 YeplIgich o573 PAASY] %3¢ Faw a7} oF
125 CeXRE 260 T71A, M-PHAS] 3% 301 CelM 345 C
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Figure 1. DSC thermograms of (a) PAA, (b) PAA/M-PHA=
9/1, (c) PAA/M—PHA=8/2, (d) PAA/M—PHA=7/3, (e) PAA/
M—-PHA=6/4, (f) PAA/M—PHA=5/5, and (g M—PHA.
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Figure 2. FT—IR spectra of (a) PAA, (b) PAA/M—PHA=5/5,
and (¢) M—PHA after thermal annealing (KBr).

gt} PAASE MP-PHAS] BRIE AP s} 22 AL 1
21& FQEIYT Rao 528 PMMA ¢} poly (ethylene oxide)
(PEO) & E9I=3 thy FT-IRE ol&3lo] EAL 2ARIQIET),
PEO$} PMMA®] 22} 4458H4-2 okl PMMAS) 71Rd &
4 g9} PEOS AbagiAl Apolel] Ag3h= Asglgor Qs
compatible® F & H gk vl Qlch
2 ATolNE Az 552 SAAE Y8l 28 08319
of23 ZkAdlellA 80 Tl 1417}, 150 CollA 1ARE, T8lx
200 Colx 1717 A8l & AlgAz I3 sigic) Zkzke
Wil FT-IR AFEHS o] 8310 1 B4 =S ALt
Figure 2] ¥42]3t 3 PAA, M—PHA, 18]3 PAA/M—PHA=
5/68] FT-IR 2#Ea}E el PAAS 79 axlg] v
w2t PAAV} PIE ASEAA AIFA Hol= 17807} 1760 cm™
9] ojul= w]9] C=0 M=S7} 1650 cm™'2) CONHE] C=0
9} 2700~3700 cm ™8] NHS} OH WESo| Atk A} zo}
HozA o7 yzjdle] o3 PAAY} 954t Pl A3=]gles ¢
2= IITEO# M—PHAS) 7%, CONHS| C=0 =7} 1660 cm™,
WRES: C=C W=7} 1600 cm™), 2800 cm™!2] CH W=, 721
3000~3600 cm 2] NH9} OH =55 #18ko 24 M—PHA 2]
7850l 3TAIRI 200 T7H] GRS Sl E AE 97 18)g) bk
& Yo7)A] o3l PBOZ AR ogke-S #9138 4= glgich
wAEko 2 PAA/M—-PHA=5/59] EdlTe] BE2 PAAS &
A 312)3} Whgol| 2J8) BolE 17807 1760 cm™ 9] ojw]= 1)
9 C=0 M=EL 818 4 USUT, 1650 cm 19 C=0 W,
2800 cm™'¢] CH ¥, 3000~3600 cm ¢} NH® OH =5
o] ARAIA| ¢k8-E 1o ZA M-PHA7} ofd PAATIO] &
2 pE]ge] o8l dRut PIR 89 S-S 2eldd 5 9glth =
g PAA/MP-PHA Ed=%E 22 434S 1L EI8i)
Table 3]l PAA, M—PHA, MP-PHA 3153} PAAS) 7+ &
FAEY Edise tidt TGA 435S ek I & PAA/
MP-PHA EA=A9 TGA 9=4-& Figure 39 vehigluk
PAAS M-PHA 39 TGA & IHE 2% 8l vAlo] Baut
&= oG], 448 13l v 2571 W PAAY 79 94
2] WAl oJal] 1E]s} whgo) dojt Fo)7] wjRo]] o] uke] o3
A7 & &2 A o] ok 580 Tolld A& shte] Ha) v
ARk BTG5, dXg] rn) £ 47 123} uer s 7

=22, A327 A1z, 20089

1 d [e]
= ZHe

Table 3. TGA Results of Blends

Composition Toe” T&™*  Residue (%)

() (C) at 900 C
PAA/M—PHA=10/0 576 626 51
PAA/M-PHA=9/1 390 604 48
PAA/M-PHA=8/2 366 600 47
PAA/M-PHA=7/3 359 598 46
PAA/M~-PHA=6/4 352 594 42
PAA/M-PHA=5/5 348 589 39
PAA/M-PHA=0/10 344 409 30
PAA/MP-PHA=9/1 407 615 49
PAA/MP-PHA=8/2 383 612 48
PAA/MP—PHA=7/3 365 609 46
PAA/MP-PHA=6/4 359 605 45
PAA/MP-PHA=5/5 350 604 41
PAA/MP-PHA=0/10 347 412 37

*5% weight loss temperature in TGA thermograms. “Maximum weight
loss temperature in DTG thermograms.
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Figure 3. TGA thermograms of PAA, M—PHA, and PAA/MP—
PHA blends.
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Poly (amic acid) ¢} PBO A+#¢] Ba= Az

Z7ts}t A 7AaTE Btk PAAM-PHA=9/1 BA=9] H$
5% F3EARTe] A= 390 TEA €58 PAAGT6 ) o)
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= 7 MP-PHAS] 73$- 37%, A5 A2 749 oligo (oxy
ethylene) WHIEZS 71 M—-PHA® A7} 30%2 713 e zh
= B3rk EA=50] 203 32 EgE EA4glo) PHAS] o)
&S Rt

B A7 AFellA] AF3 vkl o] PHAS) 5919 oligo(oxy
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o158 F2 &l 545 o83l olE TRAIN ik #dF 2
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5/5 BRI= HES AIZ3E F ol E=A o] A8 oligo(oxy

ethylene) AKEES A4S B3l AASIH o5 Bt AEe]
dekgAlo] ddES ERIEH] Hsle] 290 T dXxjg] LB
2, 4, 6, 8, 10717t Tt GA=slsich. Azl Al He] TGA 2#
Z Figure 49 Jehjigich B4z 429 dx)g] Alzte] Z7lake
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Figure 4. TGA thermograms of PAA/M—PHA=5/5 as a func—
tion of annealing time.

(©
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Figure 5. Scanning electron micrographs of (a) PAA(X30000), (b) M—PHA(X30000), (¢) PAA/M—PHA=7/3(x10000), (d
PAA/M—-PHA=7/3(x40000), (e) PAA/M—PHA=5/5 (X 30000), and (f) PAA/MP—PHA=6/4 (x40000).

Polymer (Korea), Vol. 32, No. 1, 2008



82 ¥4

3¢ 601 T, 41.31%, 47X 7% 655 C, 43.91%, 6A17-
665 T, 46.11%, 8X7K 670 C, 48.01%, 10~I7k) 749677 C,
51.07%=2 Z718H& Bl ojR o x Rol A A7k 27l o
& PAA/M—PHA EI=E0] 953t 44 A4 Ad PIs} PBO
2 Q%= AL Fld 5= itk

SHlE9| RERX|. Figure 5(a),(b) = 573 PAASF M—PHA
A9 g B2 SEM AR (a) 8] PAAE Antoz
ThshaL WS e Hojgglon) (b)) M—PHA 22 PAASH
98] AitEo g Ay 585 WS BTt

Figure 5(c)¥= PAA/M—-PHA=7/3%] Zdl©¢] SEM A}zl
(X10000) 22, 23 T2 3Kk YHE50| M—PHA EHiRISo|w
71 9] AAEA BEL PAA EHRIEE M—PHA THQlE0] ]
A FgsHA 2 A g E1E = Itk T A Al
A HAEE 1Y) 918 40000812 Eisle] Figure 5(d) ol G
t} 81%E T2 M-PHA =rIQ1E9 =7)& 0.02~0.04 pmo]™,
PAASE M-PHAS] & Arleld] oludst e o} M-
PHA7Z} o]gd &3] gl A2 E Hol PAASE M—PHA Ajo|9)
A e 22 A7 wdgn)

Figure 5(e)+ PAA/M—PHA=5/59] SEM AlHleg Z2m
3IRF M—PHA®] =159 57])= 0.025~1 pmE PAA/M—
PHA=7/3%1} B £ FHlg B33, M—PHA EuQlSo] wA
W EA407 Hole A FES B 4 gk olg)d 4k M-
PHA 3571l A%k 23842 Aveta Algdrt Figure 51
ofl PAA/MP-PHA=6/42] SEM A}x1& B3tk MP-PHA %o
Q=0 Bl wUsHA #akEY] eg Bo] 9T, ARS A4
s AT MP-PHA &3] Z718e] wle} MP-PHAS] &
Q) 217150] AR M BjE WAL B 4 it

BH=2 A ME. Figure 69 Ixje] & #73 PAAS 7+
2 BT IFEAES YehIlY: 53 PAAY A
A5} 27 BB 27} 63.77 MPa, 1.57 GPasly, 448 M—
PHA ¢} MP-PHA+ oligo(oxy ethylene) 2] 71 A}&:2] A4 5y
Toll Axgt ol Wl brittled] 71417 A2 S48k kit
el ARk oz RS 125 7Rl PHAE PAARTE 9%
2= 9 2] @4E 9 93 o) sriy gelA JutY q2 &
o] PAA$} 3,3'—dihydroxybenzidine™ isophthaloyl chloridell
o3 PR PHAS 71414 42L& vlwair, A2ox] PAAE
°F 84 MPa¥] F$A=E 72U PHAY] 749 137 MPag 714,
27] &AE 92] 74z} 2.96 GPa} 5.94 GPag] & 717 Aoz
Ho}l PHAS] 7|A1E AdZlo] PAARDH HTH= A8 & 4= itk

e PAASHZF A8 BT QAT E B 58 PAA
Kot PAA/MP-PHA=9/154=¢] A% oF 33.74 MPa(53%),
5/5¢] 79 7.10 MPa(11%) &$te™, PAA/M-PHA=9/1 E3
o] AL ¢k 17.01 MPa(27%), 5/57F ¢F 2.37 MPa(3.7%) =&
IFIEE BS) o]#gt olf= M—-PHAY MP-PHA®] A%
Z7} PAAS} fARSIH Zuh) 2%0] Akko] 93k 231 At}
O|Z Qg AT FgE o FHoF olE 7|AH o] ZhE Ro.
7 Azttt x31 5 E=ES daEE MP-PHA Edc9)

=°] M-PHAS] &R ¥ £2 e 2gst), 9/19 A9=
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Figure 6. Mechanical properties of blends. (a) tensile strength,
(b) initial modulus, and (c) elongation.

20.7% PAAMP-PHAS] L=} o &2 gh& Bt o]gjst o]
A= 32 APAIQ MP-PHAC =908 T+ HHE J8% 74
gt dimethylphenoxy HHES] 3 ujiolety AlREL) B
9] QTS PAA/M-PHA=5/5% 62.63 MPaZ® 7} 2
& BRI ol & BEEA|A AFH s} Zo] M-PHA
o FEvlE Q13 TR fEojgn AZHct®

T8 PAASE BT 27) )M ES 478 PAARY} PAA/



Poly (amic acid) ¢} PBO A48 BA= A|lx @ B4 83

MP-PHA E@l=2] 3% ¢k 067~1.1 GPa, PAA/M—-PHA &
L9 734 2k 1.00~0.54 GPa ¥3k1, F Eal=59] 27) 3% 3t
< 9/19) 7% 0.1 GPa, 7/3& 0.02 GPa, 5/59) 79+ 0.13 GPa
= PAA/MP-PHAS®] £/1-7} o 1~6% U] ¥& 3He Bth

T8 PAAS] AFES 10.67%%1, BAT) AEL 5%
15 oligo(oxy ethylene)S Z3sl= PHA S skdo] Zrlak-=
AgEo] 7RIS PAA/M—-PHAY 7 9/1 11.82%% 01}t
5/52} A4 15.81%2 ¢k 3.99% 5718113, PAA/MP~PHAZ2)
739 91914 593%%. 01, 5/55 8.16%2 <k 2.23% AT 27}
33tk &3 PHAS APE 182 4% dimethylphenoxy 2
7Fl= MP-PHA E31=2] A5 M-PHA EA=9] 1481
o} 9/1¢] A% & 5.89%, 7/3& 7.15%, 5/5%= 7.65%=Z <F 5.89
~7.65% AT W HES Bk

oA & v} o] B-A=F PAA/MP-PHA=9/1 ZA°] 71
Fo QIS 7] BT B BYlon, =58 PAAY ZF 24
H BAES) QA EE PAAM-PHA=5/59] A< Agst =
€ BA=E0] o3 PAARTY QU 50] 9 oF 37~52.9%,
27) 9ES 3% oF 34.4~700% Z7¥I9c) o)#dt Axe=
PHAS) Za47” 2E2xoM 398 PAASH PHA Alo]] +
Z3 A, AeAgE B 22 A Ao 7|99 Row A
ZHect o)XY ENTgo] dekge) AA WolRx| ekowA &
< 7IAA 4AE Bole & 9% et |AA AAe 2t
T BT AXH USRS st

U0 JHERE. BANSES] 7AFHE S Y3) o83t
GPA 20012 94 55 8e] o3t SHFA =, v 56 Fae =
sH-9] FHES A4doR RZE ZujmlAA oju s 38
< Al w2} ZR)3le] vl Adelelly 2] F3) transientE &%
sk Ajoltk o) AR 54 AXE IA 3FEeR, A 1L &
7) Fa A2E, gedRl A FHEA SPAAE0R o]FolA gl
0? S SPAaEe teire) uEgy) Adskss S47)s
o]FolA Qo] o 39 Es EA3), Fapalzle) wE Rt
o] JHZE At o] gojEzRE ZAFIEE Axteigict

£ AFolxE PAAM-PHA EA=EY 7ATRH 50 S48}
Stk Table 4004 B3 5231 PAA, M—PHA W BA=E29] O,
CO2, N8l BE 7|AFHE 52 COz0) F3957 A &S ke
Ho|1 Oy, NpO| AR Y& ZHES Holet), o)gjdh ke o5
7\AREALe] &84 AHo) 242 CO7 3.3 A, O= 346 A, N
364 A2 Folztm AzETY 258 M-PHA] 0,714 &
5= 13.304 barrer2H 2578 PAAS) 0.048 barrerhth ok
2708}, CO-9) 729~ <k 52ul], Np2| 9- oF 9694 o] 2 2k BY

%

v o

Table 4. Permeability Coefficients of the PAA/M-PHA

Composition P(COy), PGy, PN,
barrer barrer barrer

PAA 0.402 0.048 0.008
PAA/M—-PHA=8/2 0.375 0.076 0.029
PAA/M~PHA=6/4 0.741 0.187 0.181
PAA/M—-PHA=5/5 1.439 0.235 0.379
M-PHA 21.158 13.304 7.759

Barrer=10"+ cm®*(STP) - cm/(cm? - sec - torr).

o} BE S g BT FHUEE 34 & 5 Q= He
ol AL AKES] BRlo) FEdt] AMF-IZt a9t €4 H1
A5 24 9 E5U BEEY] SR E o] Hol 714
B glo] ZhA%ct® el £4°3 M—PHAS] 7% £uiE4]
& FRNF17] Yl FARE E0R E7)3 AR e oJalo] xhH-
HHE Ao AEES] 97 &S 2T wio)] 714 Fan
7} 2 7 Bl Aoz AzbErt PAA/M-PHAS] BAEE2) N,
7|ATHAE gHe PAA/M—-PHA=8/29] 7% 0.029 barrer, 6/4
9] 7% 0.181 barrer, 5/52) 7% 0.379 barrer2% M—PHAS]
o] TVl mt AXE A AT = A PAA/M-
PHA EA=52) CO; 9 02 7S 94 22 e B
ol FRIEIEY

4 E

Ar}Eol oligo(oxy ethylene) 8} dimethylphenoxy HHEZE
ZHe Y T 35Y IS PAASE 7170 R EHsE
AxSE & AR e vhe ) 2th

e 29 =52 DMAc, DMF, DMSO, DMF 53 22 aprotic
Lol LiClo}h & 929 71gle] A2elA 2 ga=Ilet =3 7t
9 EAEEC) 5% A FHELEEE Ad BVIslA
Y7} 348~407 T, 589~615 TE Rtk

el F EA=S] AT 9 27] E 3 A2 BE EY
& 2AeA 5% PAART PFIEY AY- 3.7~52.9%, Z7)
EAHES A 34.4~70% F718t 3h& B3k B3] PAA/MP-
PHA=9/19] 7% <53 PAART} 33.74 MPa(53%), 1.10 GPA
(70%) <7kl 7P #& s B3l

EU=Ee RERAE #Ed 29 PHA 40%7F\& PHAS
THRIEe] MESA uEAle| vl #dskA & A UKo
|, T Arjolel ojmst ARREglo] T Al £ A HEAEHE B
o] Rk PAA/M-PHA =2 Oy, CO,, N 7|AFEI == M~
PHA®] 3t F7ke}h $7 S7Fsiqich
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