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A series of dihydroxy poly(p-phenylene benzobisoxazole) (DHPBO) were prepared by introducing binary
hydroxyl groups, that is 2,5-dihydroxyterephthalic acid (DHTA) into poly(p-phenylene benzoxazole)
(PBO) macromolecular chains and then DHPBO fibers were prepared by dry-jet wet-spinning method.
As indicated by Fourier transform infrared spectrum (FTIR), hydroxyl groups were incorporated into
DHPBO polymer chains successfully and intermolecular hydrogen-bonds had been formed. The effects
of hydroxyl groups on the compressive property of PBO fibers were investigated by elastic loop test
method. The test results showed that the compressive strength of DHPBO fibers with 10 mol% DHTA con-
tent were obviously higher than that of PBO fibers.

Crown Copyright © 2009 Published by Elsevier Ltd. All rights reserved.

1. Introduction

Poly (p-phenylene benzobisoxazole) (PBO) fibers are known to
possess the highest tensile modulus and strength among all com-
mercial synthetic polymer fibers. PBO can be used as reinforce-
ment in advanced composites and has a great potential
application in the fields of aerospace, military and general industry
(Bourbigot, Flambard, & Duquesne, 2001; Chae & Kumar, 2006).
However, the use of PBO fibers in structural application has been
highly restricted by their poor compressive performance (Leal,
Deitzel, & Gillespie, 2007). To improve the compressive property
of PBO fiber is of great importance for the application of PBO fiber
in advanced composites.

Several methods have been used to estimate single-fiber com-
pressive strength (Furuyama, Higuchi, & Kubomura, 1993). Differ-
ent from other compressive test methods, elastic loop test use a
single filament without use of matrix. It can measure the compres-
sive properties of fibers, which are free from the influence of ma-
trix. Dobb, Johnson, and Saville (1981) studied the compression
deformation of Kevlar fibers by elastic loop test and proposed a
mechanism describing the mode of deformation based on the ini-
tial formation of kink bands. van der Zwaag and Kampschoer
(1987) studied the formation of kink band in aramid fibers. They
measured the kink band formation in single aramid filaments as
a function of the applied compressive strain. Allen (1983) studied
the bending and compressive behaviors of poly(p-phenylene benz-
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obisthiazole) (PBZT) and poly(p-phenylene terephathalamide)
(PPTA) fibers by elastica loop test. Nonlinear behaviour is a typical
phenomenon not only for high-modulus fibers, but also for new
super-high strength T-800 fibers, as which was showed by Jones
and Johnson (1971). Subsequently, Bazhenov and Kozey (1991)
using loop test method studied the compressive strength of carbon
fibers.

In this work, poly(p-phenylene benzobisoxazole) (DHPBO), a
modified PBO polymer containing double hydroxyl groups in the
main chains, was synthesized by copolymerization from 4,6-diami-
no resorcinol dihydrochloride (DAR) and terephthalic acid (TA),
with certain amount of TA replaced by 2,5-dihydroxyterephthalic
acid (DHTA) in polyphosphoric acid (PPA). The compressive prop-
erty of DHPBO fiber was investigated by elastic loop test.

2. Experiment
2.1. Preparation of DHPBO fibers

Dihydroxy poly(p-phenylene benzobisoxazole) (DHPBO) poly-
mer was synthesized by the polycondensation of DAR, TA, and
DHTA in PPA according to the Wolfe’s method (Wolfe, 1988), as
shown in Fig. 1.

Polymerizations were carried out with polymer concentration
of 13 wt% and final P,O5 concentration of 84 wt%. DHPBO polymers
with DHTA content of 5 mol%, 10 mol%, and 20 mol% (DHPBO-5%,
DHPBO-10%, DHPBO-20%) were prepared. The obtained DHPBO/
PPA dopes were directly spun into fibers via dry-jet wet-spinning
process (Wolfe, 1988; Zhang et al., 2009). Fiber spinning was car-
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Fig. 1. Synthesis of DHPBO from DAR, DHTA and TA.
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Fig. 2. Illustration for single-fiber compressive test using elastic loop method. (a) Apparatus used for the elastic loop test under optical microscope. (b) Schematic of the

apparatus for the elastic loop test.

ried out at 185°C through a 18 holes spinneret (hole size
0.30 mm). An air gap of 30-50 cm was applied above the coagula-
tion bath, which contained 10% PPA/water solutions and was main-
tained at room temperature. Fibers were spun at a speed of 110 m/
min, then completely washed in running water, and dried at 100 °C
in vacuum.

2.2. Characterization

The chemical structure of PBO and DHPBO fibers were charac-
terized by FTIR Spectrum. The compressive strength of fibers was
measured by elastic loop method.

Elastic loop test was illustrated in Fig. 2. A filament loop was
placed in light oil between two glass slides (Furuyama et al.,
1993). The loop was successively deformed by pulling on both ends
of the filament, with its longitudinal and transverse dimensions
being measured by optical microscope (Bazhenov & Kozey, 1991).
Theoretically (Sinclair, 1950), the fiber compressive strength (ay)
can be calculated from

ot = 1.43dE; /L. (1)

where d; is fiber diameter, E; is fiber elastic modulus, L. is the lon-
gitudinal size of the loop at which the longitudinal/transverse size
ratio, L/D, falls below 1.34. The fiber elastic modulus under com-

pression was assumed to be equal to its tensile modulus (Bazhenov
& Kozey, 1991). The test results were averaged after examining
twenty samples.
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Fig. 3. FTIR spectra of PBO and DHPBO-10% fibers.
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Table 1
Compressive strength of PBO and DHPBO fibers.

Fiber Diameter (pum) E? (GPa) L (pum) Compressive strength from loop test (GPa) Tensile strength (GPa)
PBO 65.00 166.0 - 043 523
DHPBO-5% 17.10 171.6 5821.6£10 0.72 5.24
DHPBO-10% 16.80 143.5 4604.6 £ 10 0.75 5.05
DHPBO-20% 18.60 106.2 6718.4+ 10 0.42 4.45

@ Fiber tensile modulus.
b [ is the longitudinal size of the loop at which the longitudinal/transverse size

3. Results and discussion
3.1. FTIR analysis of fibers

Fig. 3 shows the FTIR spectrum of PBO and DHPBO-10% fibers,
with the contribution of H,O having been subtracted. Due to the
similar chemical structures of DHPBO and PBO fibers, these two
FTIR spectrums are very similar to each other. Despite their simi-
larity, as indicated by the arrow, the spectrum of DHPBO fiber
has an extra peak located at 3116 cm™!, which is attributed to
stretching vibrations of O-H groups involved in the hydrogen-
bonding interaction. This indicates the formation of intermolecular
hydrogen-bonds in DHPBO fibers resulted from the introduction of
DHTA. It should be noted that, as suggested by studies on M5 fibers
(So, 2000), the formation of hydrogen-bonds may enhance the
compressive strength of fibers.

3.2. Fiber compressive strength

The results of compressive strength testing are listed in Table 1.
The compressive strength of PBO fiber tested by Fidan and Palazot-
to (1993) using the same method was 0.43 GPa. The compressive
strength of DHPBO-10% fibers was measured to be 0.75 GPa, which
is 62% higher than that of PBO fiber. While for DHPBO-20% fiber,
the compressive strength decreases to the level of PBO fiber. The
formation of intermolecular hydrogen-bonds in DHPBO fibers is
believed to be the main origin of compressive strength improve-
ment. It should be noted that the molecular weight and mechanical
property of DHPBO fiber decreases when the DHTA content is more
than 10 mol%, which will have a negative influence on the com-
pressive strength.

4. Conclusions

By introducing hydroxyl groups into PBO macromolecular
chains, DHPBO fiber with high tensile and compressive strength
was produced. The elastic loop test results indicated the incorpora-
tion of hydroxyl groups was an effective way to improve the com-
pressive strength of PBO fiber, which could be improved around

ratio falls below 1.34.

62% to 0.7 GPa. Similar to the mechanism suggested by studies
on M5 fibers, the formation of intermolecular hydrogen-bonds is
considered to the main origin of the compressive strength
improvement.
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