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Abstract : Thermal, mechanical properties and temperature dependent fourier transform infrared
(FTIR) spectroscopic behaviors of blends from an amorphous polybenzimidazole. poly[ 2,2'(m-pheny-
lene)-5.5"-bibenzimidazole] (PBI), and an amorphous polyetherimide, poly[2.2'-bis (3.4-dicarboxy-
phenoxy) phenyl propane-2-phenylene bisimide J(PEI) have been investigated. A single composition
dependent T, disappears at high temperature, which implies two phase regime. Thermal properties
of the blends showed higher weight retention and residue compared to those of PEI homopolymer.
Frequency shifts of up to 55cm’! in the N-H stretching band of PBI and of up to 7em™ in the carbonvl
stretching band of PEI at room temperature indicating specific intermolecular interactions involved
in this blend system have ostensively been altered due to annealing at higher temperature. Thermally
induced phase separation obtained using FTIR is in good agreement with the previous DSC results.
Mechanical properties obtained using Instron at room temperature showed high stiffness, vield stress
and modulus for the blends, which suggest specific intermolecular interactions between the constitue-

nts.
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Table 1. Chemical Structures of PBI and PEI Ultem

1000 Chemical Name/Source : Common Name (T,)

Structure

a) Poly(2,2'- (m-phenylene)-5,5"-bibenzimidazole)
(Celanese Corporation : PBI (T,=4207)

N N
SN N”
H H

b) Poly(2,2’-bis(3,4-dicarboxyphenoxy)phenylpro-
pane-2-phenylene bisimide)
(General Electric Company : Ultem 1000 (T,=220
T)

0 CH 0
% '3 ,@[“N-@—
100 @ O
0 CH3

90330) A 7Y%+ PBI+= 7#A%A|Z] 3 Aldrich#
(v]=)9] N,N-dimethylacetamide (DMAc ; bp=
165~ 166C) o] @ o] high pressure vessel(Parr Ins-
trument Co., m]a)ujoll A 2307, 40psie] ¢33}
oA 3087 7tdEte 1 SN AHEA of 2.5
wt% &) PBI ® 777} dd o|& R4S 3%
9] PBI &8¢ wt=ch, PEI Ultem 10002 7€
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Table 2. Some Properties of PBI and PEI
1) PEI : M,=12,000, M,=30,000

: Thermal expansion coefficient(at 20C)

1 3.1X10%/C

.+ Repreci-
Sample As recoelv-ed“ pitated" o. of ACcp
T (C) T.(0) scans  (J/g'C)
PEI 224 222~3 1 0.2~0.24
225 225 2

“ pellet form

? dissolved in DMAC, precipitated into MeOH and wa-
shed with HO.

2) PBI : M,=10,500, M. =80,000

Sample T (CY I:C:nzdf g /i-cé) Comments
PBI 406~7 1 0.39 1) as received powder
418 2 0.24 (endotherm peak)
420 3 0.20 2: AC, decreases
420 4 0.16  0.39-0.16 J/gC
PBI 403 1 0.7 1 dissolved in DMAc
film 410 2 0.8 72> AC, varies from
412 3 0.8 0.08~0.14 J/gC
415 4 0.1
417 5 0.11
419 6 0.12
420 7 0.14

‘T, &3 : heating rate 20C/min under N, purge.

“No. of thermal scans : heated from 50 to 450C, an-
nealed for 5min at 450C quenched to 50C and res-
canned to 450C.
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Fig. 3. Schematic phase diagram and T,’s of blends (a)

schematic phase boundary in this blend system.
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ds : (A) pure PBI, (B) 80/20, (C)70/30. (D) 50/50,(E)
30/70, (F) 20/80, (G) 10/90, (H) pure PEL
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Fig. 6. Temperature dependent FTIR spectroscopic
behavior of PBI : (a) heating cycle, (b) cooling cycle.
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450C (B through G, respectively).
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Fig. 8. Phase separation temperatures obtained from
frequency shifts of PBI/PEI 40/60 wt% blends.
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Fig. 9. Miscibility-immiscibility phase boundary (solid

line) obtained for FTIR study : open circle : one
phase regime, solid circle : two phase regime, dotted
line ; phase separation temperature from DSC study

(ref 10).

Table 3. Absorption Band Assignments for PBI and
PEI Ultem 1000

Frequency
Material (cm!) Tentative Assignments®
(emy*
PBI 3624 W v (-H) hydroxyl
3620 M v (N-H) intrachain hydrogen-
bonded
3148 SH v (NH) interchain hydrogen-
bonded
3063 M v(C-H) aromatic
1612 M v(C=N) in benzene ring,
v (C=C) in benzimidazole
ring or N-H deformation
1535 M & (N-H)
1444 VS v (C-C) in benzene ring
1287 S v (C-N) and & (N-H)
1230 W v(C-N) + 8 (N-H)
8208 t(C-H) aromatic
730 M t(N-H)
64

Ultem 1780 M v (C=0) in-phase

1000 1726 VS v(C=0) out-of phase
1617 W v (C=C) in benzene ring
1601 M v (C=C) in benzene ring
1496 M 8 (CH,) aliphatic
1443 W v (C-C) in benzene ring,

v (C-N)

1359 S v (CH3) aliphatic, v (C-N)
1276 S v(C-N)
1238 S v (C-0-C) in aromatic ether
1020 W B (C-H) aromatic
850 W T (C-H) aromatic

° Relative intensity based on sample at room tem-
perature W=weak ; M =strong ;: VS=very strong :
SH =shoulder

?y=stretching : d=bending : p=in plane bending : t

=out of plane bending

Mechanical Properties of Homopolymers and

Blends
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& ductile property’} B H o 24 ol% % homo-
”“ﬂf°ﬂ A FEge

oldE AT & Ue < wEstA g, B
A Al ductility & J.ﬂ IQ} PEI A}o]o] #%57)
of 9|t Eapit FEztge) o3 Aoy g £
ek,
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