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[5 7] ABSTRACT 
Hollow ceramic ?bers are made by intercalating carbon 

' ?bers with a metal chloride and then heating the inter 
calated ?bers in air to oxidize or burn off the carbon, 
leaving metal oxide ?bers having generally the size and 
structure of the carbon ?ber precursors. The ?bers are 
then soaked in boric acid solution, briefly dried and 
heated at a high temperature to make hollow alumina 
?bers. The temperatures at which the boric acid soaked 
?bers are heated can be varied to produce different tube 
morphologies. 

8 Claims, No Drawings 

A statutory invention registration is not a patent. It has 
the defensive attributes of a patent but does not have the 
enforceable attributes of a patent. N 0 article or advertise 
ment or the like may use the term patent, or any term 
suggestive of a patent, when referring to a statutory in 
vention registration. For more speci?c information on the 
rights associated with a statutory invention registration 
see 35 U.S.C. 157. 
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PRODUCTION OF 10 MICRON DIAMETER 
HOLLOW CERAMIC FIBERS 

RIGHTS OF THE GOVERNMENT 

The invention described herein may be manufactured 
and used by or for the Government of the United States 
for all governmental purposes without the payment of 
any royalty. 

CROSS-REFERENCE TO RELATED 
_ APPLICATIONS 

This application relates to two companion applica 
tions titled PROCESS FOR MAKING COATINGS 
ON GRAPHITE USING INTERCALATED SPE 
CIES, application Ser. No. 07/220,135, now US. Statu 
tory Invention Registration H614, and PREPARA 
TION OF METAL OXIDE FIBERS FROM INTER 
CALATED GRAPHITE FIBERS, U.S. application 
Ser. No. 07/217,991, both ?led on the same date as this 
application and hereby incorporated by reference as if 
fully rewritten herein. 

BACKGROUND OF THE INVENTION 

The invention relates generally to a process for mak 
ing hollow ceramic ?bers, and more speci?cally to a 
process for making hollow alumina ?bers from interca 
lated graphite ?bers. 

Processes for making hollow ceramic ?bers are not 
well known in the prior art. Such ?bers will, however, 
by very valuable in such applications as ceramic capil 
laries, wicks in heat pipes, gas diffusion separators, high 
temperature ?lters and battery compartment separators. 
Combining the traditional high heat resistance and high 
modulus of elasticity of ceramic ?bers with a hollow 
con?guration will stimulate those in the art to develop 
a variety of many other new and valuable uses for these 
?bers. 

It is, therefore, a principal object of the present inven 
tion to provide a process for making hollow metal oxide 
?bers. 

It is an advantage of the present invention that the 
process is simple to understand and to perform. 

SUMMARY OF THE INVENTION 

In accordance with the foregoing principles, objects 
and advantages the present invention provides a novel 
process for making hollow metal oxide ?bers. The 
unique discovery of the present invention is that soak 
ing low density alumina ?bers, which may be made 
according to the teachings of the referenced co-pending 
applications, in a boric acid solution, then brie?y drying 
the ?bers and heating at a high temperature yields hol 
low alumina ?bers. 

Accordingly, the invention is directed to a method 
for making a hollow ceramic ?ber, comprising the steps 
of providing a low density alumina ?ber, soaking the 
alumina ?ber in a sintering aide and reheating the ?ber. 
The alumina ?ber may be gamma alumina and the sin 
tering aid may be boric acid. 
The invention is also directed to a method for making 

a hollow ceramic ?ber, comprising the steps of provid 
ing a carbon ?ber, intercalating a metal chloride inside 
the carbon ?ber, heating the intercalated carbon ?ber in 
air to oxidize the carbon and leave a metal oxide ?ber 
having generally the size and structure of the previous 
carbon ?ber, followed by soaking the metal oxide ?ber 
in a sintering aide and reheating the ?ber. Aluminum 
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chloride may be used to make the intercalated carbon 
?ber and boric acid may be used as the sintering aid. 
The invention additionally includes heating the boric 

acid soaked ?ber to a temperature about 1250° C. to 
convert the soaked ?ber to a tube. 
The invention also includes heating the boric acid 

soaked ?ber to a temperature about 800° C. to convert 
the soaked ?ber to a ?attened tube. 
The invention also includes a hollow ceramic ?ber 

and a hollow alumina ?ber made according to‘the dis 
closed methods. 

DETAILED DESCRIPTION 

Aluminum chloride (AlCl3) is ?rst intercalated into 
graphite ?bers by standard techniques well known in 
the art. For example, to intercalate (AlCl3) into tows of 
Union Carbide P-lOO ?ber, the ?bers are heated at 
~300° C. in air to remove any sizing. The ?bers are 
then placed inside a Pyrex tube to which the aluminum 
chloride and chlorine gas (C12) are added. The C1; is 
frozen in the tube and the tube sealed under vacuum. 
The sample is next heated to generate a suf?cient vapor 
pressure of aluminum chloride. After 1-3 days, the tube 
is cooled and opened in a drybox. The added AlCl3 and 
C12 will generally be suf?cient to produce 
C,,+A1Cl4-(n~36) in-between the crystalline layers 
comprising the graphite ?bers. 
The intercalated ?bers are then heated. in air to 800° 

C. Within 1-3 hours, all the graphite burns off leaving a 
light and ?exible oxide ?ber tow. The individual ?bers 
are visibly similar to the original P-100 ?bers, including 
having a layered metal oxide microstructure along the 
previous layer planes. X-ray diffraction shows the ?bers 
to be gamma alumina (‘y-A1203), with no obvious pre 
ferred orientation. The ?ber has a lower than expected 
density, ~0.6 g/cc compared to ~3.9 g/cc for a fully 
dense material. This loss of density, or porosity, is as 
sumed to be due to escaping CO2 and C12 as the graphite 
?ber is oxidized at 800° C. 

Cross-referenced companion application Ser. No. 
07/2l7,99l, Preparation of Metal Oxide Fibers from 
Intercalated Graphite Fibers, describes densifying the 
?bers by heating to achieve a phase change. Another 
means for densifying materials is sintering. Applicants 
have discovered that, surprisingly, using boric acid as a 
sintering aide to densify thus made alumina ?bers results 
in the production of alumina tubes. Soaking the gamma 
A1203 tows in 10-3 M H3BO3 for ~12 hours, briefly 
drying at 150° C. and then heating the tows to 1250‘ C. 
for ~,12 hours converts the gamma ?bers to alpha 
A1203 tubes. The hollow ?bers are ellipsoidal, with 
major and minor axis of 5 and 10 pm respectively. The 
wall thickness is l-2 pm. The tubes appear hollow for 
long distances (>100 pm). Some of the ?bers are 
cracked open far from the points of fracture and some 
have holes in their walls. X-ray diffraction of hollow 
tubes produced by this process indicates only alpha 
A1203, with the same preferred orientation as the 
merely reheated ?bers described in applicant’s cross 
referenced companion application. 
Gamma A1203 ?bers dipped in lO-2 M H3BO3 and 

heated to 1250° C. have the same hollow structure and 
A1203 pattern as those treated with lO-3 M H3BO3. 
Gamma A1203 dipped in 10"2 M H3BO3 and heated to 
800° C. assumes the shape of very ?attened tubes. The 
reasons for the different morphologies with different 
heat treatments are unclear. 
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Those with skill in the art will also see that further 
experimentation with different pressures and tempera 
tures will lead to a variety of other morphologies and 
'structures. 

The disclosed process successfully demonstrates 
making hollow alumina tubes from alumina ?bers. Al 
though the disclosed process is specialized, extension of 
its underlying methodology will ?nd application in 
other areas where specially shaped ?bers and other 
materials are desired. Other low density ?bers, such as 
those taught in the cross-referenced companion applica 
tions, may be similarly densi?ed to produce hollow 
?bers. 

It is understood that other modi?cations to the inven 
tion as described may be made, as might occur to one 
with skill in the ?eld of the invention. Therefore, all 
embodiments contemplated have not been shown in 
complete detail. Other embodiments may be developed 
without departing from the spirit of the invention or 
from the scope of the claims. 
We claim: 
1. A method for making a hollow ceramic ?ber, com 

prising the steps of: 
(a) providing a low density ceramic ?ber; 
(b) soaking the ceramic ?ber in a sintering aide; and, 
(c) heating the ?ber to make a hollow ceramic ?ber. 
2. The method according to claim 1, wherein the 

ceramic ?ber is gamma alumina. 
3. The method according to claim 1, wherein the 

sintering aid is boric acid. 
4. A method for making a hollow metal oxide ?ber, 

comprising the steps of: 
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(a) providing a graphitic carbon ?ber; 
(b) intercalating a metal chloride inside the carbon 

?ber; 
(c) heating the intercalated carbon ?ber to oxidize the 

carbon and leave a low density metal oxide ?ber 
having generally the size and structure of the car~ 
bon ?ber precursor; 

(d) soaking the metal oxide ?ber in a sintering aide; 
and, 

(e) reheating the ?ber to make a hollow metal oxide 
?ber. 

5. A method for making a hollow alumina ?ber, com 
prising the steps of: 

(a) providing a carbon ?ber; 
(b) intercalating aluminum chloride inside the carbon 

?ber; 
(c) heating the intercalated carbon ?ber to oxidize the 

carbon and leave a low density alumina ?ber hav 
ing generally the size and structure of the carbon 
?ber precursor; 

(d) soaking the alumina ?ber in a sintering aide; and 
(e) reheating the ?ber to make a hollow alumina oxide 

?ber. 
6. The method according to claim 5, wherein the 

sintering aid is boric acid. 
7. The method according to claim 6, wherein the 

boric acid soaked ?ber is heated to a temperature about 
1250° C. to convert the soaked ?ber to a tube. 

8. The method according to claim 6, wherein the 
boric acid soaked ?ber is heated to a temperature about 
800° C. to convert the soaked ?ber to a ?attened tube. 
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