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Preparation and Properties of Aromatic Polybenzoxazoles
with high char yields
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R 2oF: A9 WEE polyhydroxyamides(PHA)S A2 £ F5Fo =2 FAIHATE & F37
AES FT-IR, 'H-NMR, DSC, TGA &3 PCFCE o]&38ly E4ES ANk PHA &
FH =9 THAAYEE DMAc &9 o) 35CelA] 0.5-1.1 dL/ge] 7S Jeliich PHA 3&
Ae  ZFAEL N N-dimethylacetamide(DMAc),  N-methyl-2-pyrrolidone(NMP), ~ N,N-
dimethylformamide(DMF) 53 Z& 24 §7] & Lsi=x|w, d2 nz2lg) kg o3
HAPH polybenzoxazoles(PBOs)E &3 A @sich PBO 32 AYd PBO FFAENAME
DSColA 200~246T 8] FE A LE(THE BAT, TGAMIMY AEsexsEs A4 97 &
oA 597~697°C 2] WS HATE PRO FHAEL 51-64%9] ¥& A §58& Bk PCFC
o4 PBOs9] heat release(HR) capacity: 8~65 J/gK9] g2 ESil, total heat release(total HR)
9] Ze 2.4-47 Kl/gg BHYch

ABSTRACT : A series of polyhydroxyamides(PHAS) having ether linkages in the polymer backbone were
prepared via solution polycondensation at low temperature. These polymers were studied by FT-IR, 'H-NMR,
DSC, TGA and PCFC. The PHAs exhibited inherent viscosities in the range of 0.5~1.1 dL/g at 35°C
in DMAc solution. Most of PHAs except PHA 3 were soluble in polar organic solvents such as
N,N-dimethylacetamide(DMAc), N-methyl-2-pyrrolidone(NMP), and N,N-dimethylform-amide(DMF).
Subsequent thermal treatment of PHAs afforded polybenzoxazols(PBOs). However, the PBOs were insoluble
in a variety of solvents. Most of the PBOs except PBO 3 showed glass-transition temperature(T,) in the
range of 200~246"C by DSC and maximum weight loss temperature in the range of 597~697°C in nitrogen
by TGA. PBOs showed high char yields in the range of 51-64%. PCFC results of the PBOs showed
the heat release(HR) capacity, 8~65 J/gK and total heat release(total HR), 2.4~4.7 kl/g.
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Figure 1. FT-IR spectrum of the PHA 4(KBr).

ab

1 g f

# ' 5o
OO~

HO h  OH

1

[

(=]

O

X

T T T T T T
105 100 95 90 85 8.0 5 70 8.5 6.0

Chemical shift{ppm)
Figure 2. 'H-NMR spectrum of the PHA 4(DMSO-dg).
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Table 1. Inherent Viscosity of PHAs

PHAs T
PHA 1 1.10
PHA 2 0.5
PHA 3 —
PHA 4 0.87
PHA 3 0.6

* Inherent viscosity was measured at a concentration of
0.1g/dL. in DMAc at 35T.
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Table 2. Solubility of the PHAs and PBOs
Solvents
Polymer code
DMAc DMF DMSO NMP Pyridine CHCl; THF TFA H,S04
PHA 1 e o o o o) x A x o}
PHA 2 o o o o o) x A x o)
PHA 3 X X x x x x P x X
PHA 4 O O O O O X FaN x e}
PHA 5 @] @] O @] A X A X @]
PBO 1 x X X x x X X X x
PBO 2 x X X X X x % X x
PBO 3 x x X x x x X x X
PBO 4 X X X X X X X X X
PBO 5 X X X X X X X X X
O : soluble, O(L) : soluble with LiCl, A : partially soluble, x : insoluble
DMAc : NN-dimethylacetamide, DMF : N,N-dimethylformamide, DMSO : dimethylsulfoxide,
NMP : N-methyl-2-pyrrolidone, THF : tetrahydrofuran, TFA : trifluoroacetic acid
i 0o 0
A QIO oo O
HO OH
-H20
o o o ‘O
PBO 1 PBO 2 PBO 3 PBO 4 PBO 5
Scheme 3
Figure 3& PHA 49 97 xejg) whg A% ¥ At
9] FT-IR AFEZZA, 183 ¥h8 A ¢ Figure 49 PHA 5] 1x} 2 2%} 4@ & et
A B4 F54T3A 30003500 cmi'(O-H, N-H) WREE, 13 TAGME 230~320C F2oA &
9} 1660 cm’ (c=0)ow A8 Rgey, g3 4 938 B F 3loH, o §¢ FJaxe €4
We Fo Fouasel Ao ASAe ST £ mag B4 o8 yehte 9324 128 ¥
Aich EF, PBOY 54 F49AQ 1721 om’ gol Yotk 23} M AlHRE & F 2
(C=NE Aoz PHAZE €4 13} ¥k Ak o|=4 PHAZE $418] €4 173} W=
¥ PBOE A9 ABHJUkE AL AUE + 3 Q8] PROZ AFHIE RS AT 5 AL
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Figure 3. FT-IR spectra of PHA 4 and PBO 4.

|
Xf\\‘\ ¥ st bicating
4 [
! T
é \\”\
= S Y
AN g
Y ]
e i
7 \ /
= L f 2o heating \v,f’
| —
e T
Tz T
# wo  fg 7 s M0 a8
Temperature( C)

Figure 4. DSC thermograms of PHA 5 at a heating rate
of 10C/min (in Np).
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Table 3. Thermal Properties of the PHAs and PBOs
PHAs PBOs
code T, AH Tiow’ TS™  Residue at T Tios’ TS™ Residue at
() (g (¥) (C)  900C(%) () () () 900C(%)

PHA 1 291 204 502 680 41 PBO 1 235 591 697 51
PHA 2 294 207 509 599 50 PBO 2 200 593 600 59
PHA 3 293 159 376 683 48 PBO 3 - 623 695 56
PHA 4 277 149 529 688 51 PBO 4 246 590 692 58
PHA 5 297 167 531 591 55 PBO 5 240 601 597 64

* Endothermic peak temperature in DSC thermograms.
¢ Maximum loss temperature in DTG thermograms.

® 10% weight loss temperature in TGA thermograms.

¢ Temperature at the middle point of baseline shift on the second DSC heating trace.
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Figure 6. TGA thermograms of PHAs at a heating rate
of 10°C/min.
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Figure 7. Thermal decomposition of PHA 5 in air or
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Table 4. Flammability of the Polymers

Polymers HR Capacity(J/gK)  Total HR(KJ/g)
PBO 1 65 4.7
PBO 2 48 3.7
PBO 3 8 24
PBO 4 61 45
PBO 5 47 3.6
PE* 1558 40.0
PC* 382 19.0
KEVLAR® 292 15.0
PEEK* 163 13.0

*The values of adopted from literature”
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Figure 9. Heat release rate curves for the PBOs.
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