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Abstract: Polymer blends were prepared by solution blending poly(amic acid) (PAA) and poly(o-hydroxy amide) (PHA)
having imide groups in the main chain. The polymers and their blends were characterized by using FTIR, FT NMR, DSC,
TGA, SEM, XRD, UTM, and LOI. The solubility study revealed that the blends were readily soluble in aprotic solvents
such as DMF, DMAc, DMSO, and NMP. The maximum weight loss of the blends occurred in the range of 578-645 °C,
and the maximum weight loss temperature increased with increasing the PHA content. The PBO/PI blends showed rel-
atively high char yields (i.e. 56-69 wt%). The LOI values of the blends were in the range of 24.5-28.1% and increased
with increasing the PHA content. The initial modulus and tensile strength of the blends increased by 57 to 121% and by
67 to 107%, respectively, compared to the values of PAA. Especially the initial modulus and tensile strength of the PHA/
PAA=2/8(wt/wt) showed the highest values of 4.87 GPa and 108 MPa, respectively. The PHA domains of 0.03-0.1 um
in their size were more or less uniformly dispersed. The interfacial adhesion between PAA and PHA was found to be

good.
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Scheme 1. Synthetic route of PHA.
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Figure 1. FTIR spectrum of pure PHA (KBr).
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Figure 2. 'H NMR spectrum of pure PHA (DMSO-d,).
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Scheme 2. Chemical structures of polymers and blend composition.
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ATt FT NMR Ho8 ol A trimellitoyl®] 4 ¥ A=
8.12-8.57 ppm, 1,3 benzene®| 44 T A= 7.7-8.16 ppm,
dihydroxybiphenylene®] 42~ ¥ 3+= 7.14-7.77 ppm, -OH-,
NH-¢] 93+ 9.64-10.08 ppmol|A] 1801, 7 v]=10] &
ZH] 52 o] 7 & YA
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Table 1. Inherent Viscosity and Film Quality of Pure PHA,
PAA and PHA/PAA Blends

Blends T Film quality
Pure PHA 1.12 Dark brown, Little brittle
8/2 1.25 Brown, Little brittle
6/4 1.42 Brown, Flexible
4/6 1.62 Brown, Flexible
2/8 1.68 Pale yellow, Flexible
Pure PAA 1.85 Pale yellow, Flexible

‘Inherent viscosity was measured at a concentration of 0.5 g/dL in
DMACc at 35 °C.

Table 2. Solubility of Polymers
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Solvent
Polymer code
DMAc NMP DMF DMSO Pyridine m-cresol TFA H,SO,
Pure PHA O O O O A(H) A(H) X O
Pure PAA O O O O A A A O
Pure PBO X X X X X X X A
Pure PI X X X X X X X A

O: Soluble. A: Partially soluble. A(H): Partially soluble on heating. X: Insoluble. DMAc: N,N-dimethylacetamide. NMP: N-methyl-2-pyrrolidone.
DMF: N,N-dimethylformamide. DMSO: Dimethylsulfoxide. THF: Tetrahydrofuran. TFA: Trifluoroacetic acid.
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Figure 3. DSC thermograms of pure PHA, PAA and PHA/PAA
blends (in N,): (a) pure PAA; (b) 2/8; (c) 4/6; (d) 6/4; (e) 8/2; (f)
pure PHA.

A7} wl§- oFslA HolARt F Jle] §E FIAES HA F
A=), ol FIAELS F O THAES] S8 F3A9A 143
3} 284 °C2] Aol EAEIATE. & A PHA/PAA=2/891A
822 PHA o] S7kshaA PAAY] &< da2Ew thef
145914 161 °C HeollA HslE BN, PHA 32 &% &
Al 2556014 275 °C HelelA ®skE BTt o= mhx] ALt
2 BAEA A F8A As7he] BEZ Q) 9ol A=
A9 FAE fEjrlo] 2y 8§e%r} o A7}
A 732 P BT ol e P 55 PAAY
283 =7 <3 PHAS| 178]|3 &xHT} 141°CH &
2 olff 52 €4 13l HHol Y8R HE YA 9k
FABAR FEEG, €4 2es) vheel mE F vas
o] Aol tsis L5 A7E Al ] gzl vl
7F GITh” weba] o] R disiAE 5 A7 H 28
sttt Figure 32 12} 7FAFAEE, 75 mebi = &€
A2 ste] fEjdle] 227 7HA ds
3 23 A7A|So] ¢4H3s] g3} vhgo] HYEAS g9l
3171 S8l 23k 71d=4do] I F a3t} Figure 49 23} 7}
GILHES B 390 °C7HA] AR ES 13} 7HES & F
A7 TR A 23 71 FAES AT Table 39 3%7]
3l nfe} 7ho] 42923k PBOE 334 °C, <5573F PI= 390 °Col)
Al Z4zE frElde] 225 BT PHA/PAA=2/8 2732 7
F 3499} 377 °CollA] frElde] =5 B3, PHA/PAA=4/
6 239 739 347, 379 °C, PHA/PAA=6/4 ZA12] 733 347,
366 °C, PHA/PAA=8/2 /39| 73 348 °ColA] falxlo]
255 Hth Mg vk} o] EA=E2 PHA/PAA=8/2
238 AQstarl 7t TFAE sld== 209 felxle] &
T2 wo] FUth 543 PBOY] fEjHo] L= A oF
15°C AR § 2 252 o533, w3t PIo| A9+

¢

¢

<]

221 © TC
T= )\}]\1’ a-

Zan, #3748 A43, 20133

rok
3

o
e
E)
]

3
5 —
5 v
T
- '
| e ol
""\_ﬂ______ - 000 O ¥ ‘4’_ b
Vv a

150 200 250 300 350

Temperature(°C)

Figure 4. DSC thermograms of pure PBO, PI and PBO/PI blends
(in Ny): (a) pure PL; (b) 2/8; (c) 4/6; (d) 6/4; (e) 8/2; (f) pure PBO.
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Figure 5. TGA thermograms of PHA/PAA blends at a heating rate
of 10 °C/min (in N,): (a) pure PAA; (b) 2/8; (c) 4/6; (d) 6/4; (e) 8/
2; (f) pure PHA.
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Table 3. Thermal Properties of PHA/PAA and PBO/PI Blends
PHA/PAA Blends PBO/PI Blends
Polvmer T, Tme Residue Polvmer T Tsoi? Tyme Residue
Y °C) °C) at 900 °C (%) Y (°C) (\O)] §©) at 900 °C (%)
Pure PHA 284 645 63 Pure PBO 334 525 647 69
8/2 147 256 633 57 8/2 348 551 635 67
6/4 161 256 619 56 6/4 347 366 552 621 63
4/6 146 265 612 52 4/6 347 379 565 616 61
2/8 145 275 591 49 2/8 349 377 571 607 58
Pure PAA 143 578 43 Pure PI 390 549 585 56

“Endothermic peak temperature of DSC thermograms. ?5% weight loss temperature in TGA thermograms. “Maximum weight loss temperature of

DTG thermograms. “Glass transition temperature.
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Figure 6. TGA thermograms of PHA/PAA=4/6 blends as a function
of annealing temperature: (a) not annealed; (b) annealed at 150 °C
for 30 min; (c) annealed at 250 °C for 30min; (d) annealed at 350 °C
for 30 min.
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Figure 7. IR-spectra of PHA/PAA=4/6 blends as a function of
annealing temperature: (a) not annealed; (b) annealed at 150 °C for
30 min; (c) annealed at 250 °C for 30 min; (d) annealed at 350 °C
for 30 min.
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Figure 8. TGA thermograms of PBO/PI blends at a heating rate of
10 °C/min (in N,): (a) pure PI; (b) 2/8; (c) 4/6; (d) 6/4; (e) 8/2; (f)
pure PBO.
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FACEY olejgt Axp= B AT Aok Akt Hl -
Al L= A (char T58)°] LA E] HA
2 HIEE dSsied T893 QAR A=, 53] char
7t 98 AR SFENE O Aot E5 Adse g
&S sl A7 WiolA FAEE 7?@*& e 9
29 fES Ay 2 55 mgA s 9ES o
2H AFe] WE B 3 S-S AT ujeba] AT
AES chard] A4 w7hS3 72 28]l AT Foll &
Aol B, IRANFE] char T5ES = EH 2 I
& %ﬂﬂ} el ZaE]E FARSl B shal Tk
3t FFY AHIES FYske T o9 7H B 52 A
Lol E ghep

STHA 2 M= dEEe] dAEA A= LOL A7
£ ARste, LOIE S48tk LOIRE aiEat Al 87 23t
=3 VA E2EAE BRe -é f‘& AL EFE UlellA
9] Ha AR %E Wele o=, LoV F45 3 5
‘do] ks SRt ﬁ%oﬂﬁ?% LOI =2 ol 2]
2 HE 73193, Table 40 2 A2 B

r01

LOI(%) = [0,/(0,+ N5)] x 100
=3 PAAY] 95 24.5%=, <573 PHAE 28.1%=
Ro] =43t PHA7} 3.6% B =& LOI 3+& By} &gt

o]59] Bt ZAEE dAe ule} o) PHAPJ gigo] 5
7¥stell wet 254004 264%E ZA] wet G EXdo) &
71eHe B o della] HefE LOI wES A
AAAHRE FalA B2 Aol

o] gtk Z7}e} s SAtE= 5]

So] Bl WHI WAL 9L AAT 5 UYL E
3 Aant QA B L B 39 52 Bol TF
PR AR cha & FHsle] Ao o} Te
Tl 542 Rtk 2 Aol ALSE PHAS] 9w 7
27 B4 F char 4 $E2 1o] PAANTHT Ee
el B4E Zhe 20 AZEITHI ol tie] A

Table 4. LOI Values of Pure PHA, PAA and PHA/PAA Blends

Blend films LOI
Pure PHA 28.1
82 26.4

6/4 259

4/6 25.7

2/8 25.4
Pure PAA 24.5
PEO? 15.0
PP’ 17.0
PS¢ 18.0
PC? 27.0
PPO“ 28.0

“The values adopted from literature.

=% EER ]?ro} 7l PEOY} PPS} 722 I EARAEEL
O = Table 40| 1B vle} Zro] ufj-g- v+
°]—quﬂ =5 5‘5& LOI = zx%
9 AA7F SAFo R wg- 2R

T A AFEL] WA ijMqW
= W 2 FOE WolEAR| AL . &% PL o5
PBO % PBO/PI Edl= HEE A= LOI AlFS &
Aol e, dAg] #gollA dEo] w5 brittlesto] F-=
2] 7] wjizel] YA =27 H e FHE 25olor 34
I UE LOI At Table 4o 2 7o) Uyt

AP g
A 552 Lol %x% Hlmﬁ HAT
A * SHUE9| J|AIH ME. Table 5 ﬁ&ﬂl
d= 259 27| BEHS, 34T 2 AAES B

%27 BEYS PES HH 548 PAASY) PHA°] 4 7t
7} 229} 3.89 GPaZ Xof <=8+ PHA7} PAA thH] <F 77%
o =& 38 Bon, T A=) 49 58 PAASH
PHA7} 717} 5291 94 MPaZ 1.¢lo] wet PHAZ} PAA thH]
oF 81% A= U =& e BT o[AH &%k PHAS] &

Eej2sh QAL 5 PAARTE Eﬂ wo Ao o 7z
°l 71%4- 5 ¥ FRAEL B BYE FYomEn
BHRE T 11 QA—E A, 3] PHAS] 070: Z3H] 29
AR ou = 7}%] o] PAARTH U ¥ 7]A1H
}‘JQ%7]’]7 D anal SO =23 PAAS &

A2lste] =gk PIZ %j%/x]?] e 71AA HRS AN}
A=, =gk PAAA 27] REH2AE 296 GPa, QAN

T8 PI] 27) BE# 29 7=} 742t
3.01 GPa9} 185 MPaZ 578t PI9] %7] BE]29} QA7)
7} ZF2F 0.05 GPa, 101 MPa 27188 & 5= AUSloh o)A
d 3 A7A e (PAA)NA =73t PIZ ZAZEHEA] 7]
AR AT} G4 dHo] oAl AL ovE 2FH 4
ZFet AElRare]e] A4 wiolth EEEe] 7] BEY
25 B PHA/PAA=2/8 /39| 7% 4.87 GPaZ THA ¥
e 245 T FAUws iﬁb A =73k PAA 25 H]
WA OF 121% F5e19SS & 5 9lom, PHA/PAA=4/6
%418 347 GPa, 18] 1L PHA/PAA =8/2 /& 3.58 GPa
2 PHA/PAA=2/8 24 ©|% 8t PHA ZE7k(3.89 GPa)
o =& 7S & 5 AATh A T ERe dE

Table S. Initial Modulus, Tensile Strength, and Elongation of
Pure PHA, PAA and PHA/PAA Blend Films

Initial modulus  Tensile strength  Elongation

Blend films (GPa) (MPa) (%)

Pure PHA 3.89 94 7
8/2 3.58 91 9
6/4 3.56 87 13
4/6 347 87 15
2/8 4.87 108 18

Pure PAA 2.20 52 29
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o] =S A E W PHA/PAA=2/89] 797} 108 MPaZ
o 7] REHE P o] B T M 2 Hs R
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R, HEAC AFE-S 58 PAA7} 29%, =3k PHAZ}
%2 dl’d3} 7o) & o fAg 5575 PAAZE ©F 300%
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o =S 1ol £53% PHA 3ol 2838t 34 2
e 245 Folx 7P $2 71714 84S B3l PHA/
PAA=2/8 /o] - SH|28H|, 27| BEEAE 4.87 GPa
2 PHA o5 S8 kel Hlwste] ofF 25% A& 1 o
PAAS] Zkoll vlawaiA] oF 121% FAEJLL, 1A E 3k
108 MPaZ PAA Ftoll Blws|A] oF 107% FE-S HATH
olgfst Axp= QoA AF3E upe} o] o= IF-S 2=
PHAS] 724, F SEAEZ] 724 fAMISZ Qlgh A
|40l 3k 7S nigo g Bd= 2AE 5 PHAS B
FEINE AS F U= A9 7ol PHA/PAA=2/8 /32
2 AZEY o] EdEUe] FEAIELe] BEEXE Y
At IAE 71 Aoz Azhert. 13y GAgste]
=% PI, PBO % PIPBO 1= IFE9] 7|AA dd2
LOI AlEAH, GA2] Zolx] ZEol vl brittlesto] 2=
2] x| 7] wjitol] A1 AZto] ofH Y] FAT 4 QAT
S| ¥ SH=o REEX|. A ¥ BAEEe BE
2AE BFal7] QA AR ARIES BT Figure
90l Bl ARIES <=3 PHASH PAA B! EH= Z5E¢]
iAo gk AAEr g ARIEZ ARWA SHAL T
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Figure 9. SEM photographs of (a) pure PHA; (b) pure PAA; (c) 6/
4 blend films; (d) 2/8 blend films.
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Figure 10. SEM photographs of 8/2 blend films (a, b); tensile frac-

tured surface of 2/8 blend films (c); 4/6 blend films (d).
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A AAHE RERA] BMoREE 49T & olel, PHA/
PAA=2/8 Z/Jo] HojE EH= o # 63, J¥ PHAS] ¥
g3} PHA, PAA 7 JEARe] 9k 37 3 9 v
2 & kol ofsiA ZIRIE Ao w wrhE ) e
Figure 110 350 °CollA] 30827+ A 2]€ <53 P, PBO
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Q1 FHS Hof 303, FA= 578 PAASL FARBIAIRE B
o o AAHZ] EHE Be] FA o]E0] oA " IA
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2 s} jEgel oal g sHl= e P2 AW
A1 w9 brittles| X1 EE0] AAHA UjollA] B4L3HA T
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Figure 11. SEM photographs of blend films: (a) pure PBO:; (b) pure
PL (c) 2/8; (d) 8/2.

dour 71A1A Adel= JFS RS 2 gEA Adrk
SIS} 7+ PHA/PAA ERE FEE9] A o5
I f8liM Xeray 314 S AATH(Figure 12). & &
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Figure 12. XRD patterns of PHA/PAA blend films: (a) pure PAA;
(b) 2/8; (c) 4/6; (d) 6/4; (e) 8/2; (f) pure PHA.
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Figure 13. XRD patterns of PBO/PI blend films: (a) pure PI; (b) 2/
8: (c) 4/6; (d) 6/4; (e) 8/2; (f) pure PBO.
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