5524 % H 5 W)
2009 4§ 9 J

T HL B R o R

Journal of Inorganic Materials

Vol. 24, No.5
Sep. , 2009

LEHS . 1000-324X(2009)05-1073-04

DOI: 10.3724/SP. J. 1077.2009. 09156

Deposition of Pyrolytic Carbon using Ethanol as Precursor
in Chemical Vapor Infiltration

ZHANG Shou-Yang, YAN Xia-Feng, LI He-Jun, LI Wei, GUO Ling-Jun

( Carbon-carbon Composites Research Center, Key Laboratory of Ulirahigh Temperature Composites, Northwestern Polytechnical

University, Xi’an 710072, China)

Abstract: Using ethanol as the precursor of pyrolytic carbon, chemical vapor infiltration of a carbon fiber felt with an initial

bulk density of 0.47g/cm’ was performed at the temperature of 1125°C and the pressure of 20kPa, resulting\in a bulk density

of 1.67g/cm’ after densification of 114h. Extinction angles from 19.5° to 20. 5° for various regions.in the-densified sample are

determined, which correspond to a high-textured carbon, leading to flexure strength of 137MPa.  Analysis of 2D texture distri-

bution suggests that ethanol is a promising carbon source to synthesize carbon-carbon composites with homogeneously high-tex-

tured pyrolytic carbon.
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Chemical vapor infiltration ( CVI) of pyrolytic car-
bon has been widely used for fabricating carbon-carbon
composites. The precursors for the pyrolytic carbon in
CVI process are mainly hydrocarbons, such as methane,
propylene and cyclohexane, etc''?’.  Other non-
hydrocarbon precursors have not received proper atten-
tion. Being an environmentally friendly derivative of hy-
drocarbon , ethanol has been extensively used in the field
of pyrolysis and combustion as an alternative of fossil-
based fuels™’

to produce carbon nanotubes via thermal pyrolysis

. In addition, ethanol/has also been used
(5]
Thus, it is worth to try ethanol as the precursor of pyro-

lytic carbon in the CVI of carbon-carbon composites:

1 Experimental

A disk carbon fiber felt with initial bulk density of
0.47g/ e¢m’ and fiber volume fraction of 27. 3% were
used as preform. The disk felt was in the dimension of
67mm in diameter and 10mm in thickness. The deposi-
tion of pyrolytic carbon from ethanol was carried out
using an isothermal forced-flow CVI reactor. The
schematic of the reactor was shown in Fig. 1. During the
infiltration processing, ethanol was evaporated, diluted
and carried by N, gas with flow rate of 1.4L/min. The

deposition was operated at 1125°C under reduced pres-

sure of 20kPa. “After densification for 114h, composite
disks| with, ‘bulk density of 1. 67g/cm’ were obtained.
Then the “disks were cut to several small specimens for
various characterization-and tests. High temperature heat
treatment ( HTT ) was performed at 2500°C for 1h to
graphitize the deposited pyrolytic carbon. The crystal lat-
tice parameters’ were determined using a X-ray diffrac-
tometer (PANalytical X’ Pert Pro) with CuKa radiation.
The lattice spacing ( dyy, ) of the graphitized pyrolytic
cartbon were tested and calculated by Bragg’s law
to identify the texture of the pyrolytic carbon accurately.
The graphitization degree (g) of the heat-treated pyrolyt-
ic carbon was calculated using equation “g (%) =
0. 3440 - d,y,

0. 3440 -0. 3354 )

Polarized-light microscopy (PLM) was employed to

100% "o,

study the texture of the deposited pyrolytic carbon inside
the carbon-carbon composites. The flexural strength of
the composites was evaluated by three-point bending test
using a universal testing machine (Instron 1195, Eng-
land). The loading span in the bending test was 40mm
in width, and the sample size was 55mm X 10mm X
4mm. After testing, scanning electron microscope
(SEM, JSM-6700F) was used to observe the morphology

of the fractured surface.
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Fig. 1 Schematic diagram of the infiltration reactor
A, B, C, D was marked for the region analyzed with PLM

Gas inlet

2 Results and discussion

Figure 2 shows the increase of the density ‘of car-

boncarbon composites with the infiltration time.. The

|'. v

density of carbon-carbon composites increases from
0.47g/cm’ to 1. 67g/cm’ within 114h. After the pyro-
lytic carbon deposits inside the pores, there is less space
left for the subsequent deposition, and the mass transport
of ethanol vapor to the center part of the sample becomes
more difficult which also lead to the decease of the den-
sification rate. Thus, the densification rate declines

gradually with the increase of the deposition time.
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Fig.2 Increase of ‘density of carbon-carbon composites with the

infiltration time

Fig.3 Polarized-light micrographs in the different regions of carbon-carbon composite disk

(a), (b), (c¢) and (d) correspond to A, B, C, and D regions in Fig. 1, respectively
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The textures of the deposited pyrolytic carbon can
be identified by PLM, as shown in Fig. 3. The four mi-
crographs correspond to the pyrolytic carbon deposited at
different positions in Fig. 1. It is clear that fibers at all
regions are surrounded by concentric pyrolytic carbon ex-
hibiting irregular extinction crosses and strong optical re-
flectance under polarized light. The extinction angle
(A,) in the texture structures can be measured as
(20.5°+0.5°), (20°+0.5°), (19.5° £0.5°) and
(20.5° £0.5°) at different positions, corresponding to
the high textured pyrolytic carbon'”’. As is well known,
due to the complexity of mass transport and chemical re-
actions inside the carbon fiber preforms during the depo-
sition, the texture of pyrolytic carbon in carbon-carbon
composites are normally the mixture of high texture, me-
dium texture and low texture structure'®'. Tt is difficult
to form homogeneous high-textured pyrolytic carbon in
CVI of carbon-carbon composites. Therefore, it is really
interesting that the pyrolytic carbon matrices deposited
from ethanol are all high textured inside the carbon-car-
bon composites, which is an obvious advantage for their
mechanical and frictional properties'®’.

The X-ray diffraction patterns of the deposited-and
the HTT specimens are shown in Fig.4. The Ilattice
spacing d,,, for the pyrolytic carbon deposited in center
of the sample is calculated to be 0.3452nm. After high
temperature heat-treatment, this specimen‘ exhibits -a
graphite-like dy, of 0. 3362nm; corresponding. to 'the
typical value of the high-textured pyrolytic carbon.  The
eraphitization degree (g ) of the HTT pyrolytic ‘carbon
calculated is 90.7% ", indicating good graphitization
character of the déposited- pyrolytic carbon.

Carbon fiber felts’lay out a nearly homogeneous

three-dimensional structure and thus are ideally suitable

for investigating CVI processesm.

But its fiber volume
fraction of 27. 3% 1is too low to offer satisfied flexural
strength. However, with ethanol precursor, the obtained
carbon-carbon composite specimens still have a high
flexural strength of 137MPa in the three-point bending
test, which benefits from the structure of high-textured
pyrolytic carbon in the composites. Figure 5 gives the
SEM morphology of the fracture surface after bending
test. Figure 5 (a) indicates that carbon fibers are sur-
rounded by layered pyrolytic carbon matrix. The en-
larged micro-graph in Fig. 5 (b) demonstrates that the
carbon matrix consists of thick and regular graphite-like
layers without apparent cracks, which is also a key fea-

ture of the high-textured pyrolytic carbon ')

3 Conclusion

High-textured pyrolytic carbon matrix was sucessful-
ly fabricated by using ethanol as precursor. For industri-

al application of carbon-carbon composites, high-
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Fig.4 XRD patterns diffraction of the deposited and the HTT

specimens

Fig.5 SEM morphologies of the fracture surface after bending test

(a) Low magnification; (b) High magnification
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textured carbon matrices are normally favourable for the
consideration of friction coefficient, anti-ablation and
mechanical properties. Consequently, this modification
in CVI process shows good potential to improve the per-

formance of carbon-carbon composites.
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