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Microstructure and Mechanical Property Evolution of Continuous Alumina Fibers

during Long-term Exposure at Elevated Temperatures
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(R&D Center for Novel Materials, Shanghai Institute of Ceramics, Chinese Academy of Sciences, Shanghai 201800, China)
Abstract: Continuous alumina fibers are widely used in fields including aerospace, national defense, military indus-
try and energy resources, due to their exceptional chemical stability, oxidation resistance, structural stability and
excellent high-temperature mechanical properties, making them promising engineering fibers with significant re-
search value and market prospects. The long-term service temperature of alumina fibers varies depending on their
composition, structure and morphology. In this work, phase composition, microstructure and mechanical property
evolution of two commercial fibers (i.e. Nextel™ 440 and NITIVY ALF™), and one lab-synthesized fiber (i.e.
SLF72) were investigated after long-term treatment at elevated temperatures. Characterization was performed using
different methods. The influence of phase composition and microstructure on mechanical properties was discussed,
and the underlying mechanisms were elucidated. Furthermore, the mechanical properties of the fibers after heat treat-
ment at different temperatures were compared. The results indicate that all three fibers undergo transform to mullite,
accompanied by a general decline in single-filament tensile strength with increasing temperature. The formation and
growth of mullite phase are identified as the primary reasons for the strength degradation after heat treatment. Com-
pared with Nextel™ 440 and NITIVY ALF™, the lab-synthesized fiber SLF72 demonstrates superior mechanical
properties after long-term exposure at elevated temperatures. And the long-term service temperature limits of the
fibers follow the order: SLE72>NITIVY ALF™>Nextel™ 440.
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Table 1 Room temperature properties of the 3 continuous alumina fibers
Tensile Diame-
Fiber Composition/(%, in mass) Crystal structure
strength/GPa ter/pm
Nextel™ 440 70%A1203, 28%Si02, 2%B203 v-Al203 + amorphous SiO: 1.84 10-12
NITIVY ALF™ 72%A1,03, 28%8Si0: v-Al203 + amorphous SiO2 1.78 7.0
SLF72 72%A1,03, 28%8Si0: v-Al203 + amorphous SiO2 1.72 7.6
i, NITIVY ALF™ Z54) 5 43R R A A0 E o W] 2 AR
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Fig. 1 XRD pattern of the 3 fibers after heat treatment at different temperatures for 100 h
(a)Nextel™ 440 fiber, (b))NITIVY ALF™ fiber, (c)SLF72
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Fig.2 SEM images of the fiber Nextel Nextel™ 440 and
NITIVY ALF™

a) untreated Nextel™ 440; b) untreated NITIVY ALF™; ¢) Nextel™ 440
fiber after heat-treated at 1100 °C for 100 h; d) NITIVY ALF™ after heat-
treated at 1100 °C for 100 h; e) Nextel™ 440 after heat-treated at 1200 °C
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for 100 h; ) NITIVY ALF™ after heat-treated at 1200 °C for 100 h. g)
Nextel™ 440 after heat-treated at 1300 °C for 100 h; f) NITIVY ALF™
after heat-treated at 1300 °C for 100 h
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Fig.3 SEM images of SLF72 heat-treated at different tempera-
tures for 100 h
a)untreated, surface; b) untreated, section; c)heat-treated at 1100°C  for 100
h, section; d) heat-treated at 1200°C for 100 h, section; e) heat-treated at
1300 ‘C for 100 h, section; f) heat-treated at 1300 ‘C for 100 h, surface
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Fig. 4 Strength retention rate of Nextel™ 440, NITIVY ALF™

and SLF72 alumina fiber after heat-treated at different tempera-
tures for 100 h
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Fig.5 Weibull plots of three kinds of fibers before and after treatment

(a) Untreated Nextel™ 440 fiber and treated at 1000 °C for 100 h; (b) Untreated NITIVY ALF™ fiber and treated at 1100 °C for 100 h; (c) Untreated SLF72
fiber and treated at 1100 °C for 100 h

K2 ZMENEESABERKFHELIE 100 h WFHA/REH m REFEEE oo
Table 2 Results of the Weibull modulus (i) and the scale parameter (69) for three kinds of fibers untreated and
treated at 1100 °C for 100 h

Weibull modulus ()

Scale parameter (60)/MPa

Fiber untreated/treated at 1100 °C for 100 h untreated/treated at 1100 °C for 100 h
3M Nextel™ 440 3.24/2.97 2365/1665
NITIVY ALF™ 6.95/6.78 1771/1642
SLF72 8.86/7.42 1841/2043
FaETE, FITE 1200 °CHRII Ak, (HIZi B K
3 4 o PR B 5 8 S 3R PR

ZAGHFH T Nextel™ 440, NITIVY ALF™ #l
SLF72 =Fp4F4E4E 700~1300 °C N #ALFE 100 h
(AT 4 B &5 R et AR R R A RE o = R 4F 4E7E
il T T EH p-ALO; M ETE Si0x Ak, H
P B 5 O A5 AL IR A A B VIR G o« 2 Kt
(B A, BEE AR R T, o
B . SR AR 1A BRI K2 5 3500 PR
P EJE R, A4 r Rl A iR PR A Bk
AR A B A 5%, HH, Nextel™ 440 274k
K FHRLE B R A 1000 °C; NITIVY ALF™ £f
o K I A R BE X (A FE 1000~1100 °C;  H il
SLF72 £F4E7E 1100 °CLL T I H AL 57 (1) K B 4

1)

FAi RG], NITIVY ALF™ £ 4E 1
il SLF72 #F 29 BE RS e 5/, B o v (1 T
B AFE . B ZAH SLF72
o, ZEln KR AR, R YR B A
B n, AEL5R R Te ek, FEIL A S ) v iR AR A
PERE.
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