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Abstract: A series of wholly aromatic polyhyroxyamide (PHA) copolymers were prepared by direct polycondensation
reaction of isophthalic acid and diacids containing bulky units with 3,3'-dihydroxybenzidine. The inherent viscosities of the
PHAs measured at 35°C in DMAc solution were in the range of 0.31-0.56 dL/g. The solubility study revealed that the PHAs
were readily soluble in aprotic solvents such as, dimethylacetamide (DMAc), dimethyl sulfoxide (DMSO), and N-methyl-
2-pyrrolidone (NMP) at room temperature and in less polar solvent such as pyridine. However, the polybenzoxazole (PBO)
copoymers were quite insoluble in all organic solvents except partially soluble in concentrated sulfuric acid and partially
soluble in NMP containing LiCl. The PBO copolymers showed maximum weight loss temperature in the range of 593-632
C and high char yields in the range of 65.0-71.2% at 900C in a nitrogen atmosphere.
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Figure 1. FT-IR spectrum of JPHA-2 (KBr).
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Table 1. Inherent Viscosity and Film Quality of PHA Copolymers

MNinh

Polymer (dL/g) Film Quality
JPHA-1 0.43 Dark Brown, Slightly Brittle
JPHA-2 0.53 Dark Brown, Flexible
JPHA-3 0.56 Dark Brown, Flexible
JPHA-4 0.31 Dark Brown, Brittle
JPHA-5 0.47 Dark Brown, Flexible
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Table 2. Solubility of the Copolymers

Polymer Solvent®
code DMAc NMP DMF DMSO Pyridine THF TFA H,SO,
[PHA-1 o(L) o(L) o(L) o(L) A x A o)
JPHA-1 ) o) o) @) ¢) A(LH) A(LH) )
PHA JPHA-2 ) o) o) @) ¢) A(LH) A(LH) o
JPHA-3 ) o) o) @) @) A(LH) A(LH) )
JPHA-4 o) o) o) o o A(LH) A(LH) o)
JPHA-5 O 0 ¢ o ) A(LH) A(LH) ©
IPBO-1 X X X X X X X A
JPBO-1 X A(LH) x x x x x A
PBO JPBO-2 x A(LH) X X x x x A
JPBO-3 X A(LH) X X X x X A
JPBO-4 x A(LH) x x X X x A
JPBO-5 x A(LH) x x X X % A

O :soluble, A : partially soluble, x
LiCl (on heating)

: insoluble, O (L) : soluble with LiCl, O(L,H) : soluble with LiCl(on heating), A(L,H) : partially soluble with

DMACc : N,N-dimethylacetamide, NMP : N-methyl-2-pyrrolidone, DMF : N,N-dimethylformamide, DMSO : dimethylsulfoxide, THF : tetrahydrofuran,

TFA : trifluoroacetic acid
solubility was tested with 10 mg sample in 1 mL solvent
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Figure 3. DSC thermograms of PHA copolymers at a heating rate
of 10°C/min (in Ny).
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Figure 4. DSC thermograms of PBO copolymers at a heating rate
of 10°C/min (in Ny).
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Figure 5. FT-IR spectra of JPHA-2 (KBr): (a) annealed at 400°C
for 2 min; (b) not annealed.
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Table 3. Thermal Properties of the Copolymers

Weight (%)

50

200 400 600 800
Temperature(°C)

Figure 6. TGA thermograms of PHA copolymers at a heating rate
of 10°C/min (in Ny).

2 By, ol FYA Y T& F quinoxaline T2} gl
A2 AR FHgoHoke) Ak BEoE YZEct of
A ol2zkat AA go) Hol FUAE AATAAA A
AHA £ go) BL 7|e B4 EOR A2 3%
ASe) TGA Qie| A el wrl Zo| AR F vlws
P4 24 Welo] TAE §3k B, thek 1502000
HEE §A5t7} 2 AR B S Bt ol et o
HABEL Figure 39 DSC & TA| AFTE A|shet.
IPHA-1 A 23 A7) FEAZo] G927} o] A
= B 400C o4 HE5HA GhebAIT B e B
o] 933 QA E Feh o) & BAL BTt ol hgE o
THL FEA ] G AT WY DAL 9lek. Table 3o
PHA ZZTAIS0) gt 10% R LES BT}, o] FEL
7} FA 0] g3 27| RALES HolRt Ao m FAS
o 97 4AL AT B Fag olgolth s
PHA] 10% Ea| &5 o] mAurhe 2AEd ewot 3]
7] thiel 8 oJu| S X gch. thef 525-580C HE F
FASO) 22 SR} AElEE olnf DTG & T4E 5
A4 L dolE7t HrjEasEeEely Fus) THeA
RAEAe] Hrjel L= oJulgith. PHA FEUAEY A

PHA PBO
code T, AH Tiond Ty Residue at code T, Tionl Ty’ Residue at
(°C) J/g) (°C) (°C) 900°C (%) (°C) (°C) (°C) 900°C (%)
JPHA-1 289 147 342 621 57.1 JPBO-1 - 630 626 68.7
JPHA-2 284 117 522 588 56.4 JPBO-2 - 603 613 67.5
JPHA-3 277 173 386 569 59.9 JPBO-3 - 612 608 67.9
JPHA-4 304 84 533 590 57.5 JPBO-4 - 606 593 712
JPHA-5 285 181 334 637 57.0 JPBO-5 - 622 632 65.0

“Endothermic peak temperature of DSC thermograms.
°10% weight loss temperature in TGA thermograms.
‘Maximum weight loss temperature of DTG thermograms.
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Figure 7. TGA thermograms of PBO copolymers at a heating rate
of 10°C/min (in Ny).
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Figure 8. XRD patterns of PHA copolymers.
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Figure 9. XRD patterns of PBO copolymers.
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