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Degradation in Fracture Strength of Si,N,-Based Ceramics by
Corrosion in Molten Alkali Salts
by
Tsugio SATO*, Yoshimasa Koike*, Tadashi ENpo* and Masahiko SHIMADA**

Si;N,-based ceramics such as hot isostatically pressed Si;N,, hot pressed Si;N,, and hot pressed
sialons containing 0, 30, 60 and 100 % of ¢« phase were corroded by K,S0O, and K,CO, melts at 1150~
1300°C and 925~ 1150°C, respectively. The surface reaction-controlled shrinking core model adequ-
ately described the relationship between the weight loss of the specimen and the time for the corro-
sion reactions in both K,S0O, and K,CQ, melts. The corrosion rate in K,CQ, melts decreased with in-
creasing the content of Al and Y ions in the specimens. The fracture strength of the specimens cor-
roded by K,S0Q, and K,CQ, melts degraded to 2/3-2/5 of the original values before lossing 2 % of its
weight, and then became almost constant up to 30 % of weight loss.

Key words : Si;N,, Sialon, Corrosion, K,SO, melt, K,CO, melt, Strength degradation, Time
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Table 1.
the sample used.

Crystalline phase and chemical composition of

Chemical compositions (at. %)
Sample Phase
Si N Y Al O
HIP-Si:N, B8 42.9 57.1 0 0 0
HP-Si:N, B 41.2 54.8 0.86 0.76 2.44
SiAION-0 B 38.5 52.4 0.86 3.51 4.77
SiAION-30 at+pf | 41.2 56.4 0.34 1.58 0.51
SiAION-60 at+p | 37.6 55.0 1.06 4.77 1.59
SiAION-100 a+pB | 34.2 53.5 1.74 ‘ 7.94 2.65

@ : a-Si;N, phase, 8 : #-Si;N, phase
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Fig. 1. Time dependence of weight loss for
SiAlON-60 specimens in K,;SO, and K,CO,
melts at various temperatures.
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Fig. 2. Piots of corrosion data of SiAION - 60
in K,S0, and K,CO, melts according to shrink-
ing core model with surface chemical reaction

control kinetics.
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> SiAlON-0> SiAION-60> SiAION-100 DNET & -
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Table II. Frequency factors, A, and apparent activation
energies, AE, for the oxidation of various Si;N,
-based ceramics in K,SO, and K,CO,; melts.

. | K,SQ, corrosion K.CO; corrosion @ﬁ:;ﬁ:lf: I y) SigN4 ) KzCOa P 6@1[:%@&}1‘375;
e A AE A AE WSS Do Epbhs, 2 ALO, % Y0, O
{mm/hr) | (kJ/mol) | (mm/hr) | (kJ/mol) N e e e e .
‘ . o K.CO; IERIE DB EEIBD TEW 2D E b
HIP-Si:N, 1.01X10% 447 3.27X10° o e o
HP-SiN, 7.66X10° | 424 | 375X10" | 320 5. —J, K.SO BB TOMEE L (Al+Y)
SiAION-0 1.54X10" 548 1.25% 10° 257 GHEE2at. % TTCREAREOHMIMNE &L HIZEAL,
SIAION-30 24610 | 380 | 8.00X10° ) 250 D% 6at. % FTHIZLAL—ET, 97at. % L
SiAION-60 1.60%10 493 3.32X10% 344 ) . R . o
SiAION-100 4.21X10% 608 2.85X10° 275 ECHUBMLCE Y, BEEE HIP-SLN,

Si,N, BLUW A 780 DAY 5 RETO
EWAL T 2 V¥ — 13 K,SO, ¥Rt ¢ 380-608 kJ
/mol, K,CO; #RiEH T 157-344 kJ/mol TH 1),
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Fig. 3. Relationship between the corrosion rate
constants and the content of aluminium and
yttrium ions for SiN, -based
in K,SO, and K,CO, melts.
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Fig. 4. Infrared spectra of HIP-Si;N, corroded
in K,S0, and K,CO; melts.
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Fig. 5. Relationship between the bending strength
and the weight loss for Si;N,-based ceramics
corroded in K,SQ, melts.
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Fig. 6. Relationship between the bending strength
and the weight loss for Si;N,-based ceramics
corroded in K,CO, melts.

" K.COs ERIIE T A L 722 C OB o th i3 1
BEEEA2 % 1ET 5T TORISOMY BRI k%)
DIED 2/3-2/5 T THALL, FhLItE 30 % O FEHR
ITEHIT—ETHo72. INSOKERIZERR 2%
DROB RIS OMMERE I BV TR OBRR S 2E
SHRBEABDO2-6FEORESTTIHASR, £
NLUBRBIZ-ETHLIEE2RELTVAS. K,SO,
BLUKCO, BRUEMERD SEN, Ht T3 v 7 2
DEEF EHEZFAXGNC L Yk 72455 % Table I
VR

C=Ki/rmok (5)

Table M. Fracture strength, ¢;,, and fracture tough-

ness, K¢, of the original samples and the critical

flaw length, C, in original samples and corroded

samples in K,SO, melts at 1150°C and K,CO,
melts at 925°C.

C (um)
o K i
Sample (Mf’ba) (MPa";n‘“) Befox.-e After corrosion (um)
- | eorrosion {4 1 50, | in K,CO,
HIP-Si:N, 753 3.98 8.67 48.0 24.4
HP-Si:N, 870 5.29 11.8 44.0 19.2
SiAION-0 935 3.60 4.72 16.5 9.76
SiAION-30 717 4.31 11.5 30.5 21.9
SiAION-60 702 5.01 16.2 47.5 25.5
SiAION-100 552 4.94 25.5 44.0 53.5

(42)

Uncorroded

Fig. 7. Scanning electron micrographs of the cross
sections of SiAlON -60 corroded in K,SO,
melts at 1150°C for 1 and 3 hr.

CIT K SR OBEEAMTH ), BARGIZEL
”TTEL&V‘&1 'L‘Lf‘ 1150C0)KSO,,(*“3‘Ii"E¥j

O SEMER % Flg 7 ~T’9“ BRI DREDORN
ERELY y POEEIERIN. BEBOE SI1X
PUGK 1 B L O3B TIZE A P, %"J 40
wm ThHY, Table Ml |IREN-FEREXBUEX LI
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Table IV. The time prediction of rupture for various
Si;N,-based ceramics of 50 mm X 50 mm X50 mm
in K,SO, melts at 1100, 1150 and 1200°C and
K,CO, melts at 1000, 1050 and 1100°C

In K,SO. In K,CO,
Sample

1100°C | 1150°C | 1200°C | 1000°C | 1050°C | 1100°C
HIP-Si;N, 273hr| 69hri 19hr 4 hr 2hr 1hr
HP-Si:N, 729 198 58 245 78 27
SiAION-0 1991 369 76 170 68 29
SiAION-30 616 191 64 144 59 26
SiAION-60 1765 387 94 272 80 25
SiAION-100 2127 328 57 407 152 61

ALO, BL U Y,0; DFEIMICE N LEES NS Z LITHE
=4, SIAION-60 % SiAION-100 %% K.SO, B
LUK, CO, BRERE &I L CRICER &%
RS EAFHEENS, 7B Table IV OFtE TR
HHSOBEREREZZELTELT, FliIoVT
X ESITREPLETH 5.

4 A

REBRER L VRO LD RiwmITEINT.

(1) Si;N, #+t5 3527 2D K,S0, B I K,CO;
AREIZ B AR IRUSEET VICBI AR
b eEEOEERICECEA L, RENTOEHE
Lz F— i3 FNnF N 380-608 kJ/mol $ & UF 157
-344 kJ/mol TH 5.

(2) SN, et T3 v 7 20 K,COs EREREAH
FEIZEUER D Al B X OTY £ F VB OBV
BT 5.

FRITE 1A

(3) SiN, #7397 20D K,50, B & U K,COs
AREEA T, ABORERE SESRVEE 2 %
PUF o @Iz BT 2/3-2/5 2B L,
FOHBIIT—-ETH5D.
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