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Study on improvement in high-temperature durability

of ceramic fiber products
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ETRIEMELT Iy T 7 AN=THY, EEFICZ ) X b ST 4 b (RS
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W EOMENEL 5 YD, RCF D ERIC I 2 I 2 Wl 9 2 s & LT,
LY B ET 2 HEERREINT VB, I X FOHAE»HFEMALIc
TR > Tz 319,

ARETlX, RCFOIUFEZ MG T 2 FHFLEL LT, v VAV VI TV I FHRT
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FHEza—74 V7L, ILICMBMLEETTS &, vV hofkkRfticks 2D

AMNTAPOERRe, TALIFEPVAIDRIGICEE LT 4 FAERKIC X -



T, RCFA— F&REICHE7E (Hard Shell) 2k Eh s & FHINE. &5
CZDa—=T 4 v ITEEHET L7 VAP NTAPRTALIF, 574 FiE%
NENUFOEEZD D, Y AT A IFHRERSTHLIRCFRE—FEDKIGD
RIOBRWI LD, MIRICBVWTRETH S LEZ NS, HE D D(LFER
CRERT—T 4 v 7TEDFELEIC X o T, RCFR — F&RoliEs il s ns
EERMAE L. BRI, TAIFE DAY NICHEADT VI FRIT R
MU 72AZ Y —ICRCFH— F&ZE L, Z#0%900°C-1400°CTHIEAL 72 & & DI
MR ZHE Lz, 3 500, MMiESEES P XHRET, Eimm s, SR

&0, IEINHIOBEREIC DO W T DORGEEZ 1T - 7=,

2.2 EERITE

2.2.1 FEEICH W72

RCFAR—F & LT, BRASHITM#E D b o % w72, LR 2 £2. 1R 7,
T/, 27V —OFEICH 2 U h Vv (HEREAL SRR S48 o (b 22K
K221, THIFORMEEZR23ICRT. TAIFICO0TIE, AYT VER
4.5 um (AM-21, SUMITOMO CHEMICAL#L), 0.96um (A-162, SHOWA DENKO#L),

0.45 um (AKP-30, SUMITOMO CHEMICAL#tL) D Btk -3 &, A2 T 1%8.8



um, 7 A7 b HA25-30DHARKL T (Serath 10030; ¥ vt A ~T7 v 7)), +

ebbitafEE O R % v 7=,

Table 2.1 Chemical composition of the RCF board

Composition (mass%)

Ignition loss 5
AL O3 1.1
Si0 85.0

Table 2.2 Chemical composition of the silica sol

Silica content 40 mass%
NazO content < 0.5 mass%
pH 8.5-9.5
Mean paricle size 18 nm
Density 1.3 g/cm?
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Table 2.3 Characteristics of the alumina particles

Mean paricle size (um) 0.45 0.96 45 °
(platelets)
AlO3 (mass%) >99.99 99.7 99.7 99.3
Si0; (mass%) 0.0030 0.08 0.02 0.06
Na2O (mass%) 0.0004 0.15 0.26 0.17
FexO3 (mass%) 0.0003 0.02 0.01 0.02
Aspect ratio 25-30

222 YU HYNRAT Y —~DRCFFR— F DEEULEH

F2202 ) A Y NICEBEH CUEDOEREKEZMATHRL, 13% VA Le

L7z, SN2 L AEEO T A I F 2 ENENHRMLTCE VANV AT

V—ZFE L TAIFORMEIR, >V AV NLOERICH L T50wt% & L 7-.

CNOHAEED R Z U — Ik LT, 25 mm X25 mm X 50 mmIZ YT L 72ZRCFAR— F

EBWEIREL, 51 LURgl0s CT—BREREIE. £/, ZRELT, 7

NIFERML TR NI3%S ) AV A EHCTCEBUEZ T3 v T

HHL .
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2.2.3 IRIENIRE O WS B

U AINAT Y —~DEFENH ZIT 5 72RCFR— F D 5 b, ik 7% &L
25 ) =TI EIT 572 b DITOWT, 2%, XHACT (X-ray computed
tomography; inspeXio SMX-225CT, SHIMADZU#L) 1 & o CWiThH O % &5 #i %
T IoIC, K— FORMMEDOWMIEICDWT, EEMETHMEE (SEM;

S-2360N, HITACHIt) 1c X 3 & %175 7-.

2.2.4 ANEMILEIC X 2 BRI O HIE

YU AV NATY —IC K BERELHE 2T 5 TR WRCFAR — F GRILE Y v 7
V) BIY, TAIFEEEFRVC I AV NCRELLEDD, TAIFNTE
GUVAEDO YV AV NVRT ) —IORE LD D, Fr6fEHO Y v I riconT,
900°C, 1000°C, 1100°C, 1200°C, 1300°C, 1400°C D £-ifm /5 C8IRFf] D I EAL I
AT o 72, MBVCIZESIF 2 v, FHREE 135°C/min, SIRFRE] O IIEVILIEE 0 4y
HIZHRGH & L7, T3 v 7rostiEse 2 F2cEElL, Re1)ick

D CHRRINAR 2 R/ H L 7z,
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Lo-L
Lo

$=100-(2=) (2.1)
S BRINHER (%)
Lo INBLEEET D Y v T u~fik

L MBIEE DY v T u~fik

tE, FMETOMEIEI A Z ) —~DiRIE, Yk, MEVLEEZ 21T Tk n
BV TNITKH LT T, —EINBALEE 2 17 o 72 %~ 7 it 3 3 B o inEi

B3 To Tz, BEMICOWTsE OB A Z v 72 (n=5).

225 U AYNICHT BTN FRFIINED R

AR ODRCF A — F DRENIH I X OINELEIC X 2 FRIGIER O JIE %, 4 D
BEOL YA INATY) —2HOTEMLZ. AT V4S5 umDERIRKL T35 X
CRAYT /E88 umDIIRKL F D ENEN%E, ¥ U HVILOEBEICKH L T10wt%,
30wt%, S0wt%, TOWt%IARNIIL 72 A7 ) —%FH L7z, chbDov VAV VR T
Y—%MHWwT, RCFR— FOREWNHEZIT o7, SOy v I riconT
1400°C CRIRFH] D MNEMLIE 2 17>, JIEARTTR O~ % GHHI L CHRRUIDGHESE 2 SR L

72, BEFiconTSHORERAZ B L 72 (0=5).
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2.2.6 XARIEIHTIC X 2 MIEVILER S O i i g o [F] 7E

2220 FNEICHE S, RIEWIEZIT> TWARWRCFAR—F, 7L IF%2&F R0
SO AYNICRELIZZDD, AT ESumDPCIRK 72 & R 7 ) —ICiRE
L7=2bDEHEfF L. 2O DREMFITONT, 224D MNEVILEE D FNEICHE -
T, WZEEtE CRINZERY), 1000°C, 1100°C, 1200°C, 1300°C, 1400°C , 1500°C T8
RERIINZA L 72 b o DT O Y v T2l L 72, 3 v 7L oK % Hl H B

D, 135 N7 KEXREYT (XRD; X Pert MPD, Panalyticaltl:) (it L 7z,

2.2.7 MENLIEREL D RCF K — F O JEfmE 5bx

2220 FMEICHE S, RIEWIEZIT> TWARWRCFR—F, 7L IF%2&E R0
SOAYNICRELIZZDD, AT ESumDBCIRK 72 & R 7 ) —ICiRE
L7bDZHE L, 2o %2224 MEMLIE D FNEIZHE > T1300°C T8I EIINEL
L7 BIRKI 72D A7 ) —I0RE L 72D D2 \» T, 1100°CH X U1400°C
TOEFMIME L 729 v A B ELL 72, 2 b D ¥ v F s 2w CEMERE R ER
(AG-50 kN Xplus, SHIMADZU#E) % FEfi L 7z, 25 mm X 25 mm X 50 mm® [E 5 {4
DEECH > T, 25mmX25 mmdDHIC 7 7 A~y F#EE(0.5 mm/minTH 7] %

A7z SISO BERE Z vz (n=5).
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228 ¥ U AR T Y — AR D B REE

223DRCF & — FIZEUBICH W27 ) —D 5 b, X7 /8.8 umDIK
R T2 &L D02 HERORICH LiAk, B b0 L 720 H105°CT—BETZ
B, BEAREZSEL. 2%ES5mmX 5 mmX 10 mmD E 7 AT L CEBRik
El7., Tol%, MLALZDROMET MZREMICE o/7-b 0L, KFEITH
FRENCE >72b 0 02fEE AR L2, b2 oRERKRICOWT, Kl
IR o 727 R D B IR 3R  (DIL402 Expedis, NETZSCHfL) ZHI5E L 72, S-S
(%5 °C/min& L THEi@mA> 51300°CE THRILZ TV, £ DR1300°C C2HFHE D PRe

i1 7=,

2.3 R LEHE
231 YV AYNRT ) —RIENHEE ORCFF — F Wi o i

T, Y Y YV NAT Y —~DRCFF— FOREUHEEIT - 72D T 2
FRF DIRFEAMERE T 5 729, XHRCT (X-ray computed tomography) 3 X NSEM
X BHERIT o7 AT /88 umD 7 I FHRK F 2 & U Yy x
7V —ICREL, WX 2EBDORCEFR — FIcDWwW T, XHRCTIC X 2 Wi o815

DFGRGF O N EHRZ X211 s, D7), 27 Y —~DORENEZ{T -
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TWARWRCFR—FBXUTAIFRTEZEST RV Y BV NICEE L 7ZRCF

A — F ORISR DRI

(a) Untreated (b) Silicasol only  (c) Slurry containing
RCF board alumina platelets

Fig. 2.1 X-ray tomographs of (a) untreated RCF board, (b) RCF board treated with silica

sol, and (c¢) RCF board treated with the slurry containing alumina platelets after drying.

XHECTTIE, EEOEWETIEEHZ WHBOHE LCEIN, Fv 7
WOBEENERFERE LTELNS., P ) A Y A~DREWIHEZIT > TR
RCFAR — FWid (X2.1 (a)) ¥, &2 I2IFE—IcHEATh DI L, T
IFRTFEETROC DAY NMICRELZDD (X2.1 (b)) 13F— FOREU L
ICIRVEHE A L CTWd, Zd, RIS ) h AR KETICEE)
(migration) L, Z Do OEEREL holzlz® eEZOLNE. T IR

BT EEty ) Ay NVAT Y —ICiRE L 7ZRCFR— F(IX2.1 (¢)) TlE, F—FD
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b, WK T%2&T 27 ) —CULEE L 72RCFF — F OB 2 SEMEIZE
L TRz X2.2107 9. A= FORME L T, XFRCTDR R bRk X
Niza—T 4 VI TEOFEPHER I NI, a—T 4 v I TEOREHEZILKT 5
&, BRKIF-23F — FRENICN L CTHTICEBE L T a2 @i s nk. ¥
7o, a—=T 4 VIO DT HICHMDERD Z LK T 5 &, RCF & HCRRLF 23447
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Fig. 2.2 SEM micrographs of the cross-section of the RCF board treated with the slurry

containing alumina platelets after drying.
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Fig. 2.3 Linear shrinkage of RCF boards treated or untreated with silica sol slurries
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Fig. 2.4 Linear shrinkage of RCF boards after heating at 1400°C for 8 h versus amount

of alumina particles. Two kinds of alumina particles (4.5 pum and platelets) were used.
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Figure 2.5 Changes in the crystalline phases with heat treatment at various temperatures

of the surface of the RCF boards treated or untreated with silica sol slurry.
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Figure 2.6 Compressive strength of the RCF boards treated or untreated with silica sol

slurry after heating.
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£’ it *\ A

Figure 2.7 SEM micrographs of the surface of RCF boards coated with an alumina

platelet slurry, after heating at 1100, 1300 and 1400°C.
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Figure 2.8 Stress-displacement curves of heated RCF boards treated and untreated with

the slurry containing alumina platelets.
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Figure 2.9 Thermal expansion behavior of molded sample consisting of silica sol and
alumina platelets along two directions: parallel and perpendicular to the platelet

direction during heating and maintaining at 1300°C.
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Figure 2.10 Mechanism of shrinkage suppression during heating for the RCF board with

coating layer of alumina platelets.
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3.2 ERUTE
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#t; REFTAT) % F 7=

Table 3.1 Chemical composition of the AES fiber board

Composition (mass%)

Ignition loss 4
Si0; 85.0
MgO 9.8
CaO 34
ALO3 1.1

SrO 0.4
FexO3 0.2
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(a) AES fiber board (b) Treated with A|4SIC4 slurry

5

r———p e

Figure 3.1 X-ray tomographs of AES fiber boards. Untreated (a), treated wih the slurry

containing Al4SiCy particles (b).
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ns.
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Figure 3.2 Linear shrinkage of AES fiber boards, coated and uncoated with Al4SiCs, and

heated at 900-1400°C.
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Figure 3.3 XRD patterns for Al4SiC4 coating layers heated at various temperatures.
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Figure 3.4 Compressive strength of coated and uncoated AES fiber board after heating

at various temperatures.
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Figure 3.5 Stress and displacement curves for coated and uncoated AES fiber boards

after heating at 1200°C.

48



3.3.5 AlSICaa — T 4 v 7T DENER - I

333 fiilicH VT, XRD 7T DFER(X 3.3)2> 5 AlLSICs 2 — T 4 ¥ ZTEDINER

RFICL T A PN T 27201 RZEC T2 ERBI N, ThICDOW
THAET 5728, ALSIC R FAEDL T VA Y NAT Y — RS CIvk L
L7z DIC DWW TERENE 21T o 72, X 3.6 1, BZIRETZ vy, 1300°C %
THILD D HRFFZIT o 7245 RTH 5. 900°C 1k F <k, MEZ Db DD
RSB S L7z, Z D%, 900°C-1200°C DFEIK TIZINIEARL Z 5o T 528, &
NEFL VAV NMCEENIERE S ) AR LTZ VR ANT A M Tk
o lEZOND, X HICHETIE, MEUCHES IR B E iz, K331
BWTLTA ME1300°C A ET#E Iz ZicBEhTwbDT, 2o
L GHRDOKEHETLTLATA PBERLAZC LichHET 3 LHEHIE N3,
AEXY, ALSICsZEB AT Y —Ta—T 4 VI AES 7 7 4 N—FK—F
23 1200°C XV SR TR L 72 (X 32) ©liF, 2—7 14 v 7Tt TK(3.3)

BLUOKCAHDKICHPETL, 574 P BER L7720 TH S eEwmoITons.

49



1.4

- E1300°c W
6 /
0.8 AN /

Expansion / %

y N
P /

0.4 / \\/
)

200 400 600 800 1000 1200 30 60 90 12
Duration / min

Figure 3.6 Thermal expansion behavior of molded sample consisting of silica sol and

Al4SiCy4 particles during heating and holding at 1300°C.
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Figure 3.7 Schematic diagram of heat resistivity improvement for AES fiber board by

Al4SiC4 coating.
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Figure 3.8 SEM images of cross section of coated AES fiber board after heating at

900°C, 1200°C and 1400°C for 8 h.
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Figure 3.9 XRD pattern and SEM image of Al4SiC4 coating layer heated at 1400°C for

0.1hand 1 h.
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Figure 3.10 Partial pressure of gaseous species in the Si-C-O system and condensed

stable phases with pressure of CO(g) at 1427°C.
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Table 4.1 Characteristics of two types of SiC particles

Coarse SiC powder  Fine SiC powder

Purity (SiC mass%) > 96 >92
Surface area (m?g!) 2.0 9.8
[ Dv 10 13.9 0.34
Particle Dv 50
— 22.5 1.2
size (um) (median particle size)
L Dv90 36.0 2.27

*Surface area was determined by BET theory

*Particle size was determined by laser diffraction analysis
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Table 4.2 Characteristics of FeO powder.

FeO 79.2 mass%

Cr203 6.3 mass%
Si0; 5.2 mass%

C 2.3 mass%

ALO; 2.1 mass%
CaO 1.8 mass%

NiO 1.4 mass%

MnO 0.8 mass%

Median particle size 6.0 um

Table 4.3 Characteristics of Na;COs.

Purity (Na>xCO3; mass%) >99.5

Median particle size 380 pm
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(c) With SiC (d) With SiC
(22.5 um) (1.2 pm

(a) Original (b) With silica sol

Figure 4.1 X-ray tomographs of AES fiber boards. Untreated (a), treated wih sole silica

sol (b), treated with slurries containing SiC particles with median diameters of 22.5 um

(c) and 1.2 um (d).
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(a) With SiC (22.5 pm) (b) Coating la

500 um

(c) With SiC (22.5 pm)
Central part of the board

(d) With SiC (1.2 um) (e)Coatin layer

(f) With SiC (1.2 um)
Central part of the board

Figure 4.2 SEM micrograph of cross-sections of AES fiber board treated with slurries

containing SiC particles with median diameters of 22.5 um (a, b, ¢) and 1.2 um (d, e, ).
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Figure 4.3 Change of density of AES fiber boards with and without treatment with

slurries containing 22.5 pm and 1.2-um median diameter SiC particles.
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Figure 4.4 Thermal conductivity of untreated AES fiber board, AES fiber board treated
with silica-sol, and AES fiber board—SiC particle composites for 22.5 pum and 1.2-pm

particle median diameters. Measured at room temperature using dried samples.
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RS DRRGER 2R L7z, —H, AL T V23225 um ® SiC i f-& AES 7 7
A N—FR— F OEEMEORRIGHERIZRAKT 13%ETliciflz b/, 61T,
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Figure 4.5 Linear shrinkage of untreated AES fiber board, AES fiber board treated with
silica sol, and AES fiber board—SiC particle composites for 22.5 um and 1.2-um median

diameter particles after heating at 900—1400°C for 8 h.
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Figure 4.6 XRD patterns of untreated AES fiber board, AES fiber board treated with
sole silica-sol, and AES fiber board—SiC particle composites for 22.5 um or 1.2-um
median diameter particles before and after heating at 900°C, 1000°C, 1100°C, 1200°C,

1300°C, 1400°C for 8 h.
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Figure 4.7 Thermogravimetric analysis of SiC particle powders with median diameters

of 22.5 um and 1.2 um.
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Figure 4.8 Compressive strength of untreated AES fiber board, AES fiber board treated
with sole silica-sol, and AES fiber board—SiC particle composites for 22.5 um and 1.2

um median diameter particles after heating at 900-1400°C for 8 h.
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Figure 4.9 SEM micrographs of untreated AES fiber boards after heating at 1300°C and

1400°C for 8 h.
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Figure 4.10 Corrosion depths of untreated AES fiber board, AES fiber board treated
with silica-sol, and AES fiber board—SiC particle composites for 22.5 pm and 1.2 um

median diameter particles after heating at 900-1400°C for 8 h.
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Figure 4.11 Schematic drawing of the corrosion resistance improvement mechanism for

the AES fiberboard with 1.2-um mean diameter SiC particles.
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