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Abstract: The experimental of silicon vapor corrosion under different corrosion conditions were carried out on dif-
ferent carbon materials (graphite, C/C, rigid carbon fiber felt (RCFF)), which were used as thermal field materials in
silicon crystal growth furnace. The silicification corrosion behavior of the three carbon materials was studied. The re-
sults showed that the three carbon materials are easily corroded by silicon vapor at elevated temperature. The composi-
tion and microstructure of the three carbon materials have great influence on silicification corrosion behavior. Silicon
vapor can infiltrate into interior of the carbon materials by pores and flaws, and then react with substrates to cause
corrosion. After silicification corrosion, many cracks are observed on the surface of the three carbon materials, and the
carbon fibers are severely destroyed in C/C composites and RCFF. Silicification corrosion level is affected by the form
and strength of carbon fibers in C/C composites and RCFF. The corrosion of carbon fiber is necking and cleavage
cracking for carbon fiber woven with high strength in C/C composites, while that is fragmenting and pulverizing for

short carbon fiber with poor strength in RCFF. The corrosion parameters also have significant influence on degree of
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silicification corrosion. With the corrosion temperature increasing or corrosion time extending, the silicification corro-

sion degree for these carbon materials are all increased.

Key words: carbon materials; silicification; corrosion behavior; corrosion parameters
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Table 1 Properties of three carbon materials

Carbon Density Flexural Compressive
materials / (grem™) strength strength
/MPa /MPa
Graphite 1.80 392 _
c/C 1.40 78.3 -
RCFF 0.18 1.5 0.35%

*; Compressive strength is the stress at 5% compression deformation
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Fig. 1 Macro- and micro-morphologies of three carbon materials
(a)-(c) Graphite; (d)-(f) C/C composite; (g)-(i) Rigid carbon fiber felt
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Fig. 2 Macro morphologies of three carbon materials after corrosion

(OATE UG, (L1 L)AT SR 0 T T 4D /DN AT S 0 A2 oy HE 2
RS, B 3(b) 2 v A DX R O 3 K,
PNCERIG R ONEIC TR DR E R SRS
e E AN AN Ak 2 4 i, BIVRR AL R 200 Ak
AV MG, JRTIE R T — 28 1) SiC 41Kk .

SiC YKL M8 il & B R il & T,
WA S C FSi V4 Bl ZE R CO A SiO, fik

AR 2R 1T [ 25 1) B 5 Si B SiO AR s W AE 2R 1T AE %
SiC i, ZJE1E SiC #ht% b Si0 #1 CO KA -[H
J % (Vapor-Solid: VS)! i — 4 Jy i1 A W7 28 K i
SiC AKZk . H T AR P IR S BB D, et
BERTH B Y SiC 9K 2 G, EERAEM
Si 28V A B il s N, e A R : C (s) +
Si(g) — SiC (s).



%7 W

B, A AR IS R R 2 (R T AT A E S

747

(a) —

4000 - =
S 3000
&) ~
z g
Z 2000 - g
]
=

1000 | >

50 60
20/ (%)

20 30 40 70 80

- Light white'
; .o Jegion - -

K3 C/ICBAMEIZRE SiC 49K XRD P LK O 50

Fig. 3 XRD pattern and microstructure of SiC nanowires on the surface of C/C composites
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Fig. 4 Typical morphology characteristics of three carbon materials after silicification corrosion
(a)-(d) Graphite; (e)-(h) C/C composites; (i)-(1) Rigid carbon fiber felt
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Fig. 5 Microstructures of three carbon materials after corrosion at different temperatures
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Fig. 6 Corrosion depth of three carbon materials at different
temperatures

JE5 R 1

Wit o L ST T e, e R A R 28 T S T K
(W& 7 ProR), SEUEZERN, HAE Y HoE
HAAH DR y, SRAEAE R R RL R I 1) S b Ak
FEW R e, A AV BRUE TS A, R TR
IO R, AN T S SR B A T T A s AR B0
(¥ SiC J=, MR T, BRI 1 Sic
JZBUE FERHTIE I o FETC R AR R A R /LR
TSR PRI HKEERRLFL BSURTBR B 1R AR T
U IRCEy v S R O N R SO e P D E 6

Graphite

GlE

RCFF

ENIN) SN RS eSS DI

2F —u— Pure Si

1200 1400 1600 1800 2000 2200 2400
Temperature / K

K7 ANIRBEL RS R R 2 it 2k

Fig. 7 Saturation vapor pressure of silicon with different

evaporation temperatures

Fiber
splitting

B8 ZRBA R 1600°C I b AN 5] I ] R oM T 5
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