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o} dge] W= poly(o-hydroxyamide)s(PHAs)7} 3,3" -dihydroxybenzidine¥}  2,2-bis(3-amino-4-hydroxyphenyl)
hexafluoropropane E3+5l= F+ E}FQ]9] bis(o-amino-phenol)s¥} diimide TS 2= o|G7|AHETY] A FE3}
3|4 3=t PHAsS] EAL FT-IR, 'H-NMR, DSC, TGA 5-& o]&3lo] RASIGITE PHAs 14 HAE: 35T
©] DMAc &9o4 2R3 on 0.34~0.75 dL/g?] 7+ 2T o-phenylene ©+9)7} =¢1¥ PHA 13} 6F-PHA 1o
NMP 5 H|FA] &rfoll & &= UAIRL, p-phenylene @917} =¥ PHA 3& LiCl9] d7iollie 23] &3f¥ 4]
AUt 6F-PHAsS: 6F-PHA 32 A|QJst H2olA WA &rfjol 2 &=L, PHAs Hi} o £2 &3=5
Hglth PBOsE shite] HEAHow e B ohE ol AE Gal=A] gtk DSCol 93] £ % PBOsY|
AL E(Tg)= HEA = 30631102 M= ®ich PHA 33} 6FPHA 39 &L 9}l Char 2582
658 T2} 653 C, 62.6%2} 62.1%2 714 =& 5L HYrh

Abstract In this study we attempt to modify the backbone structure and improve processibility of PBO having
high melting and glass transition temperature. A series of aromatic poly(o-hydroxyamide)s(PHAs) were
synthesized by direct polycondensaton of diacides containing diimide unit with two types of bis(o-aminophenol)s
including 3,3" -dihydroxybenzidine and 2,2-bis(3-amino-4-hydroxyphenyl)hexafluoropropane. PHAs were studied
by FT-IR, 'H-NMR, DSC and TGA. PHAs exhibited inherent viscosities in the range of 0.34~0.65 dL/g at 35
€ in DMAc solution. The PHA 1 and 6F-PHA 6, introducing o-phenylene unit in the main chain showed
excellent solubilities in aprotic solvents such as NMP etc. However, the PHA 3, having p-phenylene unit was
not even dissolved perfectly with LiCl salt. 6F-PHAs were readily soluble at room temperature in aprotic
solvents except 6F-PHA 3. But they showed better solubility than that of PHAs. The polybenzoxazoles(PBOs)
were quite insoluble in other solvents except partially soluble in sulfuric acid. PBOs exhibited relatively high
glass transition temperatures(Tg) in the range of 306~311°C by DSC. The maximum weight loss temperature and
char yields of PHA3 and 6F-PHA3 showed the highest values of 658 T and 653 T, 62.6 % and 62.1 %,
respectively.
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[Scheme 1] Synthesis of C-1, C-2 and C-3

2.2.1 1, 2—(phenylenediimide)trimellitic acid
gdc-1)

1+ BF8-7]9]| 1,2-phenylene diamine 1.0 g(0.0093 mol)
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[Table 1] Inherent viscosity and film quality of polymers

PBO precursors  Njuh’ film quality
PHA 1 0.34 Dark brown,slightly brittle
PHA 2 0.75 ”

PHA 3 0.53 Dark brown,highly brittle

6F-PHA 1 0.35 Yellow brown,slightly brittle
6F-PHA 2 0.56 ”
6F-PHA 3 0.46 Yellow brown,highly brittle

a

Inherent viscosity was measured at a concentration of
0.5g/dL in DMAc at 35C.
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[Scheme 3] Cyclization reaction of PBOs
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PHA 1~3 7<$ 574, 649 W 658 CE H 1, 6F-PHA
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A=) 900 T2 char 552 p-phenylene TH¢|7} &=
Q1% PHA 33} 6F-PHA 39] 62.6%2} 62.1%2 714 =&
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T8 AR A4 A 1#% =49 gl 94611 F4
H IEg 249 o
sto] A= 2 ‘Ei*é—% l
o WEd 2 dadS %‘C‘JN 4[18-20].

PHAS] €4 1123} 9hg 2= 5 ¢otEr] 913 PHA
= Aeste] A7) 204 250, 280, 300, 330 CoJlA 1A]
7H A GA g ¥, TGAS} FT-IR & 33l glste) o
I ATEE Fig. 6, Fig. 7 4 Table 40 YeRfAct

Fig. 6 TGA FAoflAl= EAg] &&=7} 250, 280, 300,
330 C F7FEel wE 10 wi% T &4 == A
ol 452 Tol oL, 250 T A= 545 T, 280 O
A= 576 €, 300 ColA= 594 ¢,71E] 330 CoA=
605 CE HYOSZA 10 wt% =5F £4 27 G4
Aro oF 153 € S7HS & & Aok E3F GA
Lwo] WE 900 COJAQ] char EBS Ix7] AL
56% QAT 330 CollA A Foll= 65%E AT F
A 9% F7158S= & o Itk gAY 22 & 60
wi% 5 &4 2= Bt M= dA ] Ho] == 694
T o|ANE, 330 T 884 CE dA g ARl oF 190
CTAE S71eHE B3t} o] PHAS 94 B4 45
o] dAg] Alztel weba AA FYEE Holge A
PHA7} g2 118]3 rigidd}a7 eFg = PBO
2 A== A 4%}@1 2 4= el 2gehd
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[Table 2] Solubility of the polymer precursors and PBOs

Polymer Solvent

code DMAc NMP DMF DMSO CHCl; pyridine THF mecresol HSO,

PHA 1 ] 0 O 0 X A(H) X X 0
PHA 2 OH) O OB 0] X AL X X 0
PHA3 oL oL AL AL X X X X 0
6F-PHA 1 0 0O O 0 X ] A O(H) 0
6F-PHA 2 0 0O O 0 X ] A O(H) 0
6RPHA3 O®H) OM) OH) OH) x OL) x O O
PBO 1 X X X X X X X X A
PBO 2 X X X X X X X X A
PBO 3 X X X X X X X X A
6RPBO 1 X X X X X X X X A
6EPBO 2 X X X X X X X X A
6EPBO 3 X X X X X X X X A

O : soluble, O(L) : soluble with LiCl, O(H):soluble at heating,

A partially soluble, x: insoluble, DMAc : N,N ’ -dimethylacetamide,
NMP : N-methyl-2-pyrrolidone, DMF : N,N " -dimethylformamide,
DMSO : dimethylsulfoxide, THF : tetrahydrofuran

Fig. 76| PHA 29| 7} thA"H @A) 2&of w2 FT-IR
A" ERNE YRS E4e] 9] PHA 129 B4
HiE= 0] 1721~1779 cm o] A] imide C=0 HIZ, 1650 cm’ o]
A] amide C=0, 1598 cm'o||A] aromatic C=C HIE=S-2 3}
st Aml, 2 wA Axe =vt 2715t uet o
2] Mofl= =alo] HYT, 1650 cm™ 2] amide C=0 HIZ
£300 C o] EAE 2EoAE 2bHE] Akl A
< Blgh 4= ek T3 A ] Hofle HolA| oty
PBOS] B4 u]350] 1620, 1550, 1478, 1001 cm™ o4 &
A w7 Z7Fgel wet ehbs AS el skglet
orAl TGA Z3e} FT-IR B4 Aulz e g3z &%
250 ‘ColAollA] FEl= PHAS BEHQ] d2 11e]3} vt
5o] dojutal, 330 Coldolxe s 44 a3t gk
5202 PBORE HgHEch= AS & 5= qUri3,16].

ld

—

[Table 3] Thermal properties of the PHAs and PBOs
In N, Char

Code (F%) (JA/I—§ Te T’ Tomn © Residual®
& 0 © © in wt%
PHA1 327 110 402 574 51.6
PHA2 338 122 452 649 56.4
PHA3 360 36 503 658 62.6
6F-PHA1 320 85 519 570 51.1
6F-PHA2 321 107 531 647 55.8
6F-PHA3 325 16 524 653 62.1
PBO1 311 556 575 57.7
PBO2 308 604 649 61.8
PBO3 - 634 660 68.7
6F-PBO1 308 555 569 54.4
6F-PBO2 306 579 646 61.6
6F-PBO3 - 574 652 67.7

“Endothermic peak temperature in DSC thermograms, *10%
weight loss temperature in TGA thermograms, ‘maximum
weight loss temperature in DTG thermograms

‘Char residual at 900°C in nitrogen
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[Table 4] Thermal properties of PHA 2 as a function of
annealing temperature;

Annealing Tos" Teox®  Tamw ¢ Char Residual’
Temperature( C) (0) (0) (T) in wt%
not annealed 452 694 649 56

250 545 712 647 59
280 576 756 643 63
300 594 860 645 64
330 605 884 645 65

" 10% weight loss temperature in TGA thermograms, ® 60%
weight loss temperature in TGA thermograms ," maximum
weight loss temperature in DTG thermograms, Char
residual at 900 C in nitrogen

SrofA] 1l PHA 28 21 oA gA 2ol ot At
2RE 94 193} W5 AA rigidstal ¢HYE PBO
2 dgkes As Lﬂﬁ}@l, U] PHAsO] thafiA] 7]
2o 59 1= X2 7]FOE PBOsE HEAY o

Heat Flow(W/g)

50 100 150 200 250 300 350 400

Temperature(°C)

[Fig. 3] DSC thermograms of PHAs at a heating rate of
10 C/min.

Heat Flow(W/g)

6F-PBO3

T T T T T T
50 100 150 200 250 300 350 400

Temperature("C)

[Fig. 4] DSC thermograms of PBOs and 6F-PBOs at a
heating rate of 10 C/min.

Fig. 80| PBOs®} 6F-PBOs®] TGA & ZAES H4
oh. g7 1183} 3o o5 PBOsE HeH & Ao F
o A L 569~660 CZA] p-phenylene THE7F =
2l%] PBO 39| 7} =8 & obRAS BT, 900 ¢ o
A19] char $~5-8& E3F PBO 37} 6F-PBO 39| 217+ 68.7%

FF

o 67.7%= 714 o
PHAs 2} 6F-PHAsO||A]
BEEE Hol Uk = ARgell CF; 180 =94
6F-PHAs®} 6F-PBOs 7ok =28 HolAS HHFA|
9k PHAsQ} PBOs HEt} 9k7F O char 712 Hol A&
CF, 1ol ofat 2 Al 7t 212 Aslel o4 271
o 7]¢lE Ro= Aﬂ71—§4q

Fig. 9o 4% 58 AHA=9 A2t 571 SolA
AeHg ol tiet 2ARE Sl FRAlE SollAl PHA 2
PBO 25 AHste] TGAE ©]§3t 4 J4L EY
PHA 29] -9 Aa FollA] oF 590 T7HA= SHdH
S Holm, o] A3 EofiEs E S Edch
7] Sl i FolAet mE7 = 590 TR =
AE FHE EUXRE 600 T o] 43| EafjE o] 650
THE A &3] Ealj=|o] char gho] 0%ol 717193
& = itk PBO 28] 904 = PHA 29} AR o
A BhRIE 2 olgken] A FollAl of 590 07l
]_

e Btk doid FEAEE

wol ZolE @4 SHET g

T

O ok ot &

= uas T
Y E FAE Holrh o]F i3] HifjEE 4 FAS
—‘i‘i‘ixl‘ﬂ, 7] Zof|A ok 600 C o]T FA3] Eal=

Weight(%)

40

100 200 300 400 500 800 T00 800 900

Temperature( ’c )

[Fig. 5] TGA thermograms of PBO precursors at a heating
rate of 10 C/min.
(a) PHA 1, (b) PHA 2, (c) PHA 3, (d) 6F-PHA
1, (&) 6F-PHA 2, (f) 6F-PHA 3.

Ann. Temp., 'C

Weight(%)

—_— 250

—_—— 280

—_— 330

200 400 600 800

Temperature( ’c )

[Fig. 6] TGA thermograms of the PHA 2 at different
annealing temperature for lhr
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ol AN RE Ahvt 7] Faf DACA = T
Ao} dsfell 2 Y= nlAA AN S| F
A el wHAlL SFE= 25 5, PHAS] 79
600 T o] FofA FAT ko) WO 2 Qla| o 4= Al
of char 5=580] 0%l 77k 024 2z ] disfe]
holA AZETR= 600 T o] F-9] A1 FLof A Abrt
UAlE Gl v Fa & 4 AAH19].

Fig. 100]= dA 2] 2=} Agke] w2 A4 are|st
HEZ dolry] 915 6F-PHA 25 Aejsle] #7222
o]g-3te] 280, 300, 320 TollA] 205, 405, 80, 100,
1208, 1505, 2408, 3608, 5608712 A a]ste] d7|
arEfe) whgofl mhE Fd g gk DSCE Fsf At
sto] vrebdl dafolct. A weEje} A= dAE 2=
off wekA Wskgl=dl 320 °c<>ﬂ*1h 12027+ AA 2
2 100% 2|3k7h M=, 300 ColAlL 36057 o
2] F 81%, 280 TolAE 56087F I 2] F 56%7}
e sk AYE g A 5 Ik EAE 2=

rE

_71}:1 l:loﬂ

=

7} 59 92 BAHe) YRR A Telsh
7t 27k A8 o & Ak

Absorbance

1800 1600 1400 1200 1000 800 600

Wave number(cm™)

[Fig. 7] FT-IR spectra of the PHA 2 as a function of
annealing temperature; (a) not annealed, (b) 250
T, (¢) 280 T, (d) 300 C, (¢) 330 C for lhr.

00 4

a0

Weight(%)

Temperature( °c )

[Fig. 8] TGA thermograms of PBOs at a heating rate of
10C/min.
(a) PBO 1, (b) PBO 2, (¢) PBO 3, (d) 6F-PBOI1,
(e) 6F-PBO 2, (f) 6F-PBO 3.

100 4

7=z 0aw)

Weight(%)

100 200 00 400 500 600 700 200 800 1000
Temperature(°c)

[Fig. 9] Thermal decomposition of PHA 2 and PBO 2 in
air and N, atmosphere
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[Fig. 10] Cyclization rate of the 6F-PHA 2 with
temperature and time

6. 2 B

42l p-phenylene T2 AAE diimide TS
7t o]d7|AFEa} 3,3" -dihydroxybenzidineX} 2,2-bis
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M F33 o] 2l Ueio) W U PHASE U5
ek |5 FYAHEL FT-IR ¥ 'HNMR 52 53 &
A Bolatd T, 3T I AdH AR =9zt ATt
o5 2tk 4E PHAs Soll4] o-phenylene T+
AZAE PHA 1> NMP5-2| H|FA] Safjof & &3
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=

e

SolEA] U=
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AT Fol Faro] HiAoR galE w ke g

o= H& 83l=A] of9kr}. PBOs W 6F-PBOs?| Tgi=
Hud =2 306~311TY HeE Hrth PHAs <
6F-PHAs®] o Ea] oxl zkz 574~658 TS
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