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Table 1 Properties of commercial alumina ceramic continuous fiberst 1729

Fiber type Brand Manufacturer Mass fraction Diameter/um sTtergigfh /GPa Modulus/GPa 'éegz%’)’
0-Al03 fiber FP Dupont 99.9%AI,03 20 1.50 414 3.92
Almax Sumitomo >99%Al,03 10 1.80 344 3.60
Nextel 610 3M >99%Al,0, 11-13 2.80 370 3.90
CeraFib 99 CeraFib >99%Al,0, 10-12 2.90 370 3.90
A'Z?ii)'ein? Altex Sumitomo 85%Al,03-15%Si0, 15 1.80 210 3.20
Nextel 312 3M 62.5%AI,03-24.5%Si0,-13%B,03 8-12 1.63 150 2.80
Nextel 440 3M 70%A1,03-28%Si0,- 2%B,03 10-12 1.84 190 3.00
Nextel 550 3M 73%Al,03-27%Si0, 10-12 2.00 193 3.03
NITIVY ALF Nitivy 73%Al,03-27%Si0, 7 1.80 190 2.90
i'ﬂ‘FT (E;; Hiltex Semi 60%AI1,03-40%Si0, 7 1.90 180 2.80
'l'l'_'g '?2( Hiltex Semi 72%A1,03-28%Si0, 7 1.80 190 2.90
';'\'tg ?3( Hiltex Semi 80%AI1,03-20%Si0, 10 1.70 200 3.00
NEES Hiltex Semi 70%A1,05-28%Si0,-2%B;0; 10 175 190 3.00
CeraFib 75  CeraFib GmbH 75%Al1,03-25%Si0, 10-12 2.00 225 3.26
com Fﬁ)'szi% fiber  PRD-166 Dupont 80%AI,03-20%Zr0, 20 2.10 366 420
Nextel 650 3M 89%AI,03-10%Zr0,- 1%Y,0; 1 2.50 350 4.10
Nextel 720 3M 85%AI,03-15%Si0, 12-14 1.94 250 3.40
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Fig. 2 TEM and high-resolution TEM images of alumina
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Fig. 3 TEM images for the fracture areas of SIC550 fibers after tensile strength test at 1250 “C (a,c,e), and for SIC550 fiber after

heat-treatment at 1 200 °C for 1 h (b,d,f)4
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Fig. 4 TEM images of alumina continuous fibers
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Fig. 5 SEM images of A,Os-ZrO, continuous fibers®®!
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Fig. 6 High temperature strength retention rate of alumina
continuous fibers!!
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Fig. 7 Grain size of different phases in Nextel 610 and Nextel
720 fibers after exposure to different temperatures for
1 h[64]
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Fig. 8 Creep temperature of commercial alumina ceramics
continuous fibers™!
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Fig. 9 Al,O5 continuous fibers and their products produced by

Shandong University!™
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Progress on Alumina Ceramic Continuous Fibers

JIAO Xiuling, CHEN Dairong
(National Engineering Research Center for Colloidal Materials, Shandong University, Jinan 250100, China)

Extended Abstract

Alumina ceramic continuous fiber is one of the most important materials because of its high strength and modulus, high

temperature resistance, chemical inertness in both oxidizing and reducing atmospheres even at high temperature, resistance to attack

from non-oxide materials, good electrical insulation and low thermal conductivity. The high strength and high-temperature resistance

have allowed the development of metal and ceramic matrix composites with high tensile strength or high-temperature load-bearing

capability. Thus, alumina ceramic continuous fiber is of great importance in aerospace, advanced manufacturing, and other fields.
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The Al,O3 content in alumina ceramic fiber is usually more than 70% (mass fraction), and generally contains a small amount of
other oxides, such as SiO,, B,0s3, Fe,03, ZrO,, and etc. Amorphous SiO,, transition phase alumina, a-Al,O3 and mullite are the
common phases in alumina ceramic fibers, resulting in various phase compositions and microstructures. Chemical composition and
the microstructure have great effects on the fibers’ mechanical performance and temperature resistance. Depending on the chemical
composition and the microstructure, the alumina ceramic fibers show the tensile strength from 1.5 GPa to 3.1 GPa, and a long-term
using temperature varied from 1 000 ‘C to 1 300 C. The careful selection is necessary according to the unique circumstances and
conditions involved in the use and processing of the alumina fibers. Furthermore, the preparation of alumina ceramic fibers with
controlled composition and microstructure is critical.

Main methods for manufacturing alumina ceramic fibers can be classified as slurry process, melt-spinning process,
prepolymerization process and sol-gel spinning process. The melt spinning method was limited in the length of the fibers, thus, it was
not suitable for the preparation of the alumina continuous fibers. While it is difficult to prepare alumina fibers with high strength from
the slurry method. Excellent alumina continuous fibers can be obtained through the pre-polymerization process and sol-gel spinning
process, in which the sol-gel method shows the advantages of adjustable composition, uniform composition at the atomic level,
relative moderate preparation conditions and low cost, becoming the most important preparation method for alumina ceramic
continuous fibers.

In the past decades, a family of alumina fibers have been developed, typically as the commercial 3M Nextel™ alumina ceramic
fibers, which have been used in a variety of areas. However, its export to China is restricted by developed countries because of the
application in military field, such as aerospace. To develop the local production, many researchers of China have devoted to the
preparation of alumina continuous ceramic fibers, mainly by new sol, that is, how to transform from the gel fiber to ceramic fiber.
Fortunately, significant progress has been made recently, so that commercialization of the ceramic fiber comes to be true. This further
promotes the applications of alumina ceramic fibers. However, there is still a certain gap in performance between the local produced
fibers and the fibers abroad. Continued technological innovation is still an important task in the future.

Summary and prospects At present, the development of alumina based ceramic continuous fiber in China is mainly carried out
under the national academic financial support. The main work at current stage mainly focuses on how to produce the fibers which
could meet the basic properties. Most research and development usually rely on model products. Few attention is paid to the research
on relevant scientific mechanism and theory, resulting in lack of theoretical support for new applications and in lack of independent
innovation ability. Since most of the applications of alumina continuous fiber are based on its performance of high temperature
resistance and high strength, it can be predicted that improving the tensile strength and thermal resistance of alumina continuous fiber
is still the main goal in the future. Therefore, it is believed as important work to carry out key basic theoretical research, to clarify the
intrinsic relationship between the composition-structure-processing-performance of alumina ceramic fibers, and to establish a
theoretical model of high-performance alumina ceramic continuous fiber. These investigations can direct the design and preparation of
the fibers, to achieve breakthroughs hopefully in the strength and temperature resistance of alumina ceramic continuous fiber, and to
furtherly promote the application of fiber and the composite in acrospace and the related fields.
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