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ABSTRACT

Sintering Characteristics of Matrix of High Alumina Refractory

and Its Effect on Bending for Different Material Composition.

Bae Ji—su
Advisor : Prof. Lee Kil—hong Ph. D.
Department of Advanced Materials Engineering

Graduate School of Chosun University

The results test by adjusting various raw materials and composition conditions for the
evaluation of the evaluation of the bending characteristics of Alumina-mullite refractories
are as the follows.

1) We have confirmed that the sintering was carried out relatively well even at the
temperature of 1550C and composition reaction of Mullite was well accomplished when
we used Kaolin and Clay as the raw materials of Matrix but the sintering temperature
must have been over 1650C When we used fine powder of Silica fume.

2) Matrix specimen that has used silica as raw material was poor in sintering at the
temperature less than 1650C and composition reaction of Mullite was also indicated as
low and Mullite composition was not generated at the temperature of 1450C. Silica fume
wite relatively more fine powder showed similar feature but the level of sintering and
mullite was higher.

3) We could confirm through the results of measuring the Bending characteristics of

Alumina-mullite refractories at high temperature by differentiating raw materials and



supplies of the usage of Matrix, that fine powder of Silica used as raw materials and
supplies showed good characteristics of bending at high temperature and we believe this
is because high temperature liquefied materials generated by the impact of impurities
contained in raw materials and supplies are greatly affecting the high temperature

bending.

_Vi_
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Table 2.1 Chemical Composition of Refractory materials
SR =W Tass AR TLEAAZEA
T Si0. cristobarite
2k Ll | Si02 + AlOs tridymite, quartz
s (g4 Si03 + AlOs mullite
APRLE 7 Si0; + AlO3 mullite
T gFu A Al,O3 SiOs mullite, Z &%
=4 |3 ] C graphite
yatg |g3dad SiIC et s}t 4
IsA Cr:03,A1,03MgO FeO |AZulolE 234
Az2e ol EA MgO SiO Az e go]E(d Y AY ol &
A7 [ZEvk2dl Al ok [MgO Cra0s ARutol E(H ] Ly o] ~)
WstE  (mhzdl Aok A MgO S ]
Zruto]EA CaO MgO ¥ g g o] 2~

2—2-1. Silica

A HEEol& silica(SiO) & FTAE 3§ WgEolt) silicars A4
2 34, P, 2R AEEed, O dEAd Aol A (k5 quartz),
TFAFEW 5 quartz sand), TFE2E (il 12 ; diatomaceous earth)o]il @274
(Mono—crystal) &= A &gt Aol 4 OKih ;5 rock crystaDolth. 1%
oA FHAAEEA 7PF FLoAIEE A 4 gfARe] T

AAdA oz AEH= silicadls O FEF W) AE @ A9 (i B
= 2.64~2.65), @ cristobalite(H]% 2.32~2.33), @ tridymite(¥]=

v}



2.27~2.33) ¥ & F7F7F Ak

1) Silica® ¥Ej

silicat= Si¢} O7F 32437 ol2ATdAd S /3t A5t e o3& &
A ApAA F2E 7|EoR dto] FAH k. F Si0.E ey ow g

3, Aol ol AFEAL] BAH f1AstIA Siol Lol AEA L] FH 9
@ WTEE YY) Ak 2Lx ARAY A FAY F D AL BE

APEA ] HA I Fek=tke] whet, Z47] BE silicaT X7t F4 "
Y T 2E e silicas =Wl wet ol 7hA 9] Ao GE e o
Bl 4 Qlvh. Fig. 21904 55352 7=l = vkl 2ol 2D A
olefi= @ Hol&HE7F ¢hvkst =dF o] (sluggish type inversion) 9} @ A
F a=p3 Ho|(a=p type inversion)”7} ST}
Silica?l AA3S ¥ quartz(A9). tridymite, cristobalite?] A 7}
@ol e, 747t o= 12 (high form)Ql @3 A= (low form)
2 BAEI Qth Ao 7 oA"Y AAFHL o —quartzelH|,
o] @ —quartz®E 7}LE3H 573ColAH B —quartzZ} H=d), ©] B —quartze
573C ol8tz W= FA a—quartzZ} "Th 0|9} o] g— g ol o]
(inversion) 3t HX7F wWhepa] Hol % o]sfo A= A& ko] EAfsta
o] &% o]ielA = = Futo] EAsttt. 19| Silicax ©] e@— B quartze]
dol7t dojd wff v & &AW 3} (volume change) 7} dojiba] oju o]
771
Al 7FES AlEElA 870C7F B B —quartze S —tridymite= o] 3}
=H o] dol= £E7F w9 =#A Hdo]% oldtel A= tridymited] <Fo] %
obd ¥ quartz®= EASH "} o]} o] FYPIHE] Aol HFrUt vig =

21 T A Holdt A Holex oldty WL quartz® EHEolrx &



Fig. 2.1. The temperature of silica transformation



I tridymite® A% @A Bk oA 7S o FolsiA 1470T o)/
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¢ =gl B 9wzt Holgta & 4 Qlrk o]9f ol e A B
—tridymitet} B —cristobalitex= o] % 0|32 YT quartzZ} A
oFa1 Z37}e] g— B Aol % o wEbAd o —tridymite T+ @ —cristobalite®

o)ttt

2) W 4

T4 (silica stone) & Ak (KAERE, SiO2) O& Hof Sl A9 At
2 A58 FHolth A2 FEStHoR oY VAR ERYL, Ad SAE
o] ZhAolth. qFAl2 i/l A AATHCRE o —quartzE Ho| 1o

ilica’die] Fwudoz ol&Ha Q=d, oFAely dRAH U EcE
FHd ol wEbA A, AN "W 27 Ao 7hg gy ol &Y
I Qe A, Rl o]l Aol Fa BlwA =E7F Fobd EAM,
T4, Fe—-Sig 9%, AgtuAs] A5 9 YshEs Wo] 2RIt} ork XA o]
A" skl gk As Iz 457 Hoes A9
900~1000Cl A 3F4 (1% calcination) 310 22 & O] YA AA Eafst= A
o] B3V golsta BHES UL Hlwd FdsA He T EAadst
FobA wlg] sha (k) 3 thaol ®aiehs Aol dubA ol
TARES HANFHS AR 3 20859 Ca0E AFAZ H7belA

e

a
Bolth. 24 F URel FHE Fes03 L CaOE MY At w330
3]
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1AL B wEAg, AgAs, S5 dedd 5 AAA
99.99% SiO, o137AA L] =Fd 2] FAYAE ®HE & e, oA
AFaA dsts o At as MEs 952 20
stolA frEle] 52 &t I9a fEo dERE 2AE AR E v A
& 2Abeta e

3) 7 AF(quartz sand)

Akl A ATARSE AETARE Tk ZAFe] Aol 31 Aldst A
TGS ol AA SHste] ARF WD o= Aol ZAF TN F
AL 7 FEE7] A9 s 29ste] dER Ha e SolM AR
(Wi oz A2 Tz A (k) S 24 AR ¥w o]Eo] ¥
AR HE VIR &R S EgEel fhREol shiel okl FEo AA
tholl 3Agdo = Hrh s sFel oste] FAlEo] Az Aok Ao
TARS EA=olv i eioly Arbel e AR A Eo| Slnh. olbt

o 3pekel FspA el AE S} 3 FA e mErt Aot
oy Artel HA® fAM: dwtHo® AR BeEl 7 B
Ak F A oko] wolx FE o] 2t HESH I HAS A HES)
A 2, ol grAke] FAE ANbH O R F YAE ol QlAut
Az 271, A Bk, SR dAEkA 7] wEel dxu £l whebA
S57F oy 2 vdrh
A FoF SRR KW BHYE HES fYdRE, ANELRE, A
EZFEARE Mg, A, FEARE, AnkAlE, JEEg T ol 7HATE

ot o] FelA 71 EAl BANH L, Arh HExAH 5 o4 /A A=
A9 el QAT Aol At AL WH, W fUY 2 FABAL



HIEE G2 Bele] 2ol Ttatelth

2—2—2. Alumina

1) Alumina® A&

aluminat= Aol 101.96°]a1 H]Fo] 3.965°]7, &g Flo] 2080T<I ¥
Aol Farg A dHAAFE 8x10 °(25~1,000C) 0|tk thFE aluminat
bauxitedE& YEE 8to] Bayerd s Fsto] AxHM, & I, st
A, AN, 1B E o THlsk o] imtEA, AvkAl, WSk, Ak
9, SuigA, A 5 FHE s AFH I

aluminat= 2] 74 FEE 7k Zo] delA A=, FASGFE
300C olstz 7tdstd A7) o —AsdFuES =58t
glojt}. ojyte] dZElE ofF st B
7= Aol it y A FrlE T dE A v

alumina 7h&d 7FHg b s Y E] o — AlOs; & corundum-Z2}
I == Me03% (M: metaDAFs= 8] thE4 1 7259 stvol I 2+
Fig. 2.29} #t}. = A= 22U S % (hexagonal close—packed
structure) 2 ABABY o2 wjdsty @9 AA Foll= 7t T 3/MY 63 o=
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1

Fig. 2. 2. Hexagonal close—packed structure of @ — Alumina
2) Alumina®] A|Y
aluminaE A FslE= 985 FEZE bauxite®, WWHA (W), wHES o (&
1) e A FEQ HE so] A #AAl alumina A8 02 ARE-SE

I Q= Fdst FAel bauxited2 AlOs - HoO(diaspore % boehmite) 2F

Al,Os - 3H,O(gibbsite ¥ bayerite) 7} £33t Al,O5 - xH.0&5 FAEOSRE
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st FA e FAHoIM, ETFEA S SiOs, Fes0s, TiOz, CaO, MgO, Cri0s3

ayerjo|tt. oAl
bauxiteE #l4, 25te] autoclave oA Xgt ARSI E F (NaOH)
fA3} 7pdshd FUANTEE (NaAlOy) 07 £ Gof FEZHY, 34 £
3l SiOs, Fes0s, TiOz &< fal¥A &1 HH= Ok red mud) 24

=)
)

thgo] o] ool B2 31Xl gibbsiteZ 7}sto] Aol AAgo] A
otk oA S ofHste] E& Aol Aol AlOH) s F-&59 24571 9
50%2 H0& Tfotal Ao E=E o]Zls AAsY] Sl sJdzolA ahagh
AR E S 7% W] 279 AR Ho] don, FRHE TFdsto]
1200~1300CellA] 34 (calcination) 3ttt ¥ 312°] AlO; + YAE =
w7 BAA7IE THE SR UH(ALOy) o] fojXith

o~

3) Alumina® &34

aluminadl 22 1 A0l 252 FPAT oA UHAo) 4

W, 27 ol Qe Aol dojihy] A9AD = B o5 TEY
of W= EANUAT A Witk AR Az Hi i 3 wE 4T
A FRE QA A/ dirie] LmelstolM, vso] of 1 1
WA BFYF L 2UE BAL AZHD Yok Lot oY ke
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T Flo] opd whE oy 7HA E’“Lﬁﬁ}% ] s 3 Qlek ol# gk
5 FolM AA W3kE Ak 65%7FFS Al03—SiOL A9 WatEo] A
ot lom, 7tz ystEe] Ay v EE Figo 2.3% 2t S
AEA O Z SiO 77k A (gtE), AlOsell 717k FA4d (rhk) o] 2kar
2 g 4= 9lom, HE Si0; 92~93% ©1 e UiES FArE UgkEo)
2} 3k, AlO3 55%°13e A& 1 GFr|vd ygtEolet st}

AlOz 50%°13Q1 A A &Fujubd Wstzoletal s, el Wt

HE, WA E, AFRE HE Fo] Sl1 o5s FHStel HEA ¥Eelgta &

4

o

o] A9 UIEWdsEE HAE, YItdE, 94, 1HE, diaspore, bauxite

So] glon o|AEL 345t chamottett A E YEQ mullite® WS
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Zobd A (rigidity) & WERAH, AHge 252 24 (firing) shd 24
(sintering) ¥& #& &3t}

a9a FZIAES] titEs AHA
Sv 7k B8, Uiz 24 R EAGlux) Ee FEd P (glass
phase) 8] 384% Ho oz 7taA F& dxdd dugty & F 3
¢ T AAE AAEL = dEo|H
a8y HEE Aol A B FshEg wrobd AAUE Zlom, Ak
of Tt 1A &, WA Aol webd 2AFEC] dEHAER FEERA
doE gerxA Aoy wlg theksi

HEFEL kaolinite - dickite - halloysite 59 7} ¢ (kaolinite ; AlO3
- 25105 - 2H0) Al # %, montmorillonite - bentonite - AHIWME Lo En
2 Z1o] E (montmorillonite ; AlxSisO1p - (OH) o - nH.0) Al F= ¥ illite -
sericite - MR 5o Aol E(illite ; K,H30)Al2(Si,AD) 4010 (H20,0H) 2) 7]
s o2l 7HAZE e, s EE FE JHEd A dFEe FEEeE
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kaoline A<, WS, kakst, 3Pt 59 A28 Ev T3kEol s
Al o] A" Folt

kaolin< kaolinite, nacrite, dickite, halloysite 2% TAJo] FHojlom,
=9 kaolin®] 542 7€ EF7F halloysite F&E2 ¥ olqlths Fo]

&

kaolin #AQI Z13} FAME Wil Qe Aol =, FAM kaolin &
A A Qo PR dRbd oz WAl kaoline
T2 2R Az ds &
o 53] W= (refractoriness) 7} =& E=A kL) kaolin  kaolin
chamotte®] Ax§ Y5 = o] Qi
kaoling =<2 7FAAIe] AAWsE W] flste] Alab D4 ( differential
thermal analysis, DTA)S sh'd 600 CH oAM= Sy a7 yehy, 98
0CHZolAE B9 a7F e+ 25 & 71 Sk
600CH2 49 OHYIY FHE o FHA AR AR o7t A=
ARFGEK) 2 Bl 2k Zo® o] WO R kaoling FES AlOs
2S51029] 3}8tal o2 F A= meta—kaolin® = WY,
980C H9 ¥3E meta—kaolin® EFE mullite$} y —aluminaZ} A7)
T W&o 2 olu A= y —aluminat 5% aluminaZ} by SiO.7F &
o7t dF9l spinelolgtal dHA vk THd FTE L 2LolA= o
spinel< $1o] A3, mullite?} cristobalite® 3k},
kaolinite®] 4% d4¥sE B o534 2o
T8k kaolinite™ A7 (LA 8D o] F3flel &Jsto] Aoz A&
K20 - Al:O3 - 6Si0, + 2H20 + CO2 =
Al:O3 - 2Si0y - 2H50 (kaolinite) + 4SiOz + KoCOs3

+

o] & kaoling 7}E3td 500~600C HFZolA AAF-E= W=Esty AS 7}
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dshd AdEo] 1200~1300TCoA 43 mullite (3A1:03 - 2Si03) & A
S},
500~600TC 900°TC
Al:O3 - 2Si05 - 2H20 (kaolinite) —  AlxO3 - 2Si0s(meta—kaolinite)

1000~11007TC 1200~13007TC
— AlgO3 - SiOz(sillimanite) + SiOz — AlOs - 25102 +SiO2(mullite)

6) Mullite

mullitet "% =2 §4 7HR S A zoelth ¥ 2.4%
33 =

Al03=Si02 7A1¢] F A H AE o] A EELeE o] mullite 1LE-
Q| Qtoll ekzhe]l ) ALOsE &€& + vk Wk mullite$} alumina®l &
TE2 1840Cold oz 7tdd wi7bA] A4S FASHA &=

3A1:05—2Si0; 273 Ael AoJA A2 <t FsHAl EABHE F
A3t 313-E9 mullite (3A1:03 - 2Si02) &= Z7]ol+= A Y=l kaoling A
2 A oY, teFe] glassio]l FEER O P E aluminacl HE] €&, 7]

AA Aol AU Teu 1 2% ARE AFgsto] BT glassiol

5

o]

Wi

s

iy
Ol
o
=2
X

S mullites 12YE7E, creep AT oA AlLOsHETE o] AL
SiCell #A stz 7ol THE], AtstEA] 1e&+x AEE FHo] FHa 3
o E=3 1840T9 =2 &84, =2 sts d3kd, AdTFxY 54 T2
kiln furniture®] FAE& Fole Fo3 AxtE ZEg W ok F 9
alumina Algtd e vl SBZAF7E 7] wged dF 2ol A, FHa&0]
%ODE 24017]4 xﬂegi H

&ato] A e e Fshy
7] wite] o E Ay 2AsEE 5 34 mullite:

= 2=
= T
w1l mullites PFE Z]AIFEQD Y, ARJMEE, 12 EREd
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Fig. 2. 4. Phase diagram for the AloO3—SiO2 system
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A

Table 3.1. Raw material for test

o
O T

Table 3.1 %

Ig.
AzA | #4A | ALOs | SiOs | FesOs | TiOs | CaO | MgO | K20 | Nas0O lg
0SS
calcined| daihan |, o 1 g9 6 | 004 004 | 0 006|005 0 | 02| o
alumina | ceramic
kaolin |duckyou| 325 36 49 | 0.31 |0.09/0.07|0.02|0.01 | 0.04 | 14.4
ceramic mesh
silica |duckyou] 500 05 199.2| 002 [0.01[001] 0 0 | 01] 0
ceramic mesh
| 395
clay | kibushi | °% | 351 |45.98| 1.06 |0.83]0.23| 0.21 | 0.41 | 0.13 |15.32
silica | saint= 155 | 13 976 | 03 |0.03]001] 0 0 0 | %0z
fume gobain 1.9
: d daih 1-0.5mm
use aman 1o s _0.om| 99.52 | 0.04 | 0.05 | 0. |0.06|0.05|0.05|0.25
alumina | ceramic
0.2—0mn
fused | daihan |y 5 51 765 19337] 0.03 |0.01]0.01] 0 0 | 01] 0
mullite | ceramic
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matrix A A= Flg &2 mullite®] 348 FE4 vl ol w
2t AlOs 72%, SiOz 28% Aol HE% stfion, dart 743 Sl 24d
(a5 Ignition loss) = Zrsto] wign] &S A st E3ersith

matrix 9852 EFLPHLS WL 109 dFut Ede 98 500g9 &
30wt% e} A (fRIE#M, &7, Sanopco Co. No. 5468)0.6%% YiL 54
H 3kt mullite 2402 E3H¥ matrix slipe A% FFAA JEE
7} dojubx] RS 200X 200X 50mm HEH ] AmESe] Roja Az
Fis AT ds dxz7]dA FEe & AAs dojel AdE e

matrix E3ES dFuy fFEke A sk ths 100mesh A =2 FIA|A H]

3—2. Matrix @A A|H AZF
B Ao A AFE3F matrix 29 3| S-S table 3.29F #t}h 471% 9
silica(SiO)AES 711 A5E dAEE AFES matrix £33 228 3%9)

FES 3T 233 AFZE mold(140x25X5mm) el %3 & 50Mpa
=

e ANAE Ax7)oA] 70CE 1247 A 5te] AAYFo 8-S A
3f

X
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£
dlo
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l
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!
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>
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oX

Aol &
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Table 3.2. The mixture ratio of Matrix
ANEBS=

220 M-K" M-S’ M-C’ M-F"
alumina 38% 72% 38% 72%

kaolin 62% 0 0 0

silica 0 28% 0 0

clay 0 0 62% 0
silica fume 0 0 0 28%

* M—K : matrix—kaolin,

M-S : matrix—silica, M—C : matrix—clay, M-F

3—3. I Bending A|8 9 A|ZF

matrix A1 7 matrixE alumina—mullite

S w & bendings

2= Table 3.37 7L vz &arst oS

4ol E

=
==
alcohol (PVA ; A3

=

T A%

2 AZX7](70C) oA 1241 A%
712X 1650 CE 2417+

ARE Aestsrk

73,
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© matrix—silica fume

2 st=el 48353

Fol g

574 ZolE AYst7] $8Fe] matrix@t alumina, mullite
5 vt el =5 1=A H7heko
ojluf ARg-FF Wl &=
g, P—05A 0.3%)°l™ 20%%E

poly—vinyl

ol &A1 A EFskal

23 (140X 25X 10mm) &% A

AAG v A




Table 3.3. The mixture ratio of testing specimen

for high temperature bending

NEHES
x sty M-K M-S M-C M-F
( Alumina +| (Alumina +| (Alumina + | (Alumina +
Matrix = ot Kaolin) Silica) Clay) Silica fume)
30% 30% 30% 30%
Fused alumina 25% 25% 25% 25%
(1-0.5mm) ° ° ° °
Fused alumina 20% 20% 20% 20%
(0.5-0.2mm) ° ° ° °
Fused alumina o o 0 0
(0.2mmoOl5}) 10% 10% 10% 10%
Fused mullite o o 0 9

M~—-K : matrix—kaolin, M—S : matrix—silica, M—C : matrix—clay, M—F : matrix—silica fume
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FFEA, %) = (W3 — W) / Wy X 100

opdel HelN Ao BE AEIAT B wgHy) A8 AHAe 7
Fol the AAE AHgstolok Hk.

3—4-3. 35493} (Softening under load)

FER I FeelMe] A BEd tate] WaARE FeelA Agat
Zo] ohim E USEst @A As Adstel Aol Al Eehan §% 0
E)SHE SEE SYsE A6, Azt AAFPC] AgHE HaE
e 35S A Witk mebd Wan ¢EZEvozE: 4a5el g
R A A R e P R R e IR R

kA W 3hE (kiln furniture) & AAZ AFE-EH S
DA ke o A3 SR UKL B ¢ 540 Hesin. 1
oA Aslete] stwel AHA FakA HeE dds o= o
ol dojus 2EE dtedsterdy FET 9

4

& 3% Wl Ana o
of shEdst: AMYAN /|AY Yo WHsA AN veht @AY
oIk,

1) 122 Bending &4
UshEo] AFEE & A=
ot 3 ARE ZAs= ot oju EE AAY WIsk=d il

1600C A== 3t}
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alumina—mullite W3lE AJHS] 312 bendings Hluw =437 Y351
Fig. 3.13 o] ALl 500g8 3dtse + AHelA 1600TelA 10hr,

20hr, 30hr $# ¥ height gauge® bendingd =& =43t}

2
2&:
1600C
oS :
500gram Al :140+25%10mm

X XICH2t AHel:100mm

Fig. 3.1. The test method of high temperature bending
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A4 AFEA7 9D u1F
F20 % 23 matrixitd AFAE D72 2AEFSE W &2 5
S5 AA AAUE (bulk density) & S339F k2 Fig. 63 Fig. 7| YEf
BibeA=

Fig. 4.1°4 &4 FHES EW claygs AHES AJEY F50] 1
A 9.7%E 7PE Wol FHske Ae ¢ g o Aen, AdAe® kaolin,
silica fume, silica "] 22 FF0o] A Yehte 7)4\% &

clay, kaolin¥ 55 AFE3F AJHo| 1450TCoA 5o B2 22 O]
B2 A AR ] EAshs A gddel ot Hyjo Aol EvEEE
oA Asd sl ot &Ado] HXHUY] T o Bl

5o wEtM = FFo] Tk AEFES YERAINE silica B, silica
fumeg AMES Al A 1550CTAH2%9 1650T A% AololA] 4
FEC A7 Aelrid= AE = ATk o8k B A E o} silica
fume} silica Wlit& ARESE AHE] A LAl 1550To 4ol A =

©
=
A AP A & 5 9

¥

=
Fig. 4.2°9] 2%of W& bulk density S8#S HWA silica fumed
silica V]S AFEE AlH-2 1650TCoA AdE 7t wol] &2 1 A =

Al el 2 A Bobd A& el = clayy kaoling ARE-SE AlA

7}
=2 A2Z4XS UehE dbde)] 1650TC 204 vlwdhd  silica fumes
A
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shrin kagﬁ{%—.
_-ﬁ- : (8]
Bl L]

{"E:l'
=

0.0

1450°C 1550°C 16500
Sintering Temperature { °C)

M-K : matrix—kaolin, M—S : matrix—silica, M—C : matrix—clay, M—F : matrix—silica fume

Fig. 4.1. The sintering shrinkage with sintering temperature
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2,80
270
260

2,60

Bulk density

240
) |2-3|j.-.

220

210

14500 1550 18507
sintering Temperature('c)

M~-K : matrix—kaolin, M—S : matrix—silica, M—C : matrix—clay, M—F : matrix—silica fume

Fig. 4.2. The sintering bulk density with sintering temperature
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Fig. 4.3. Microstructure of raw material(Alumina + Kaolin Matrix)

with sintering temperature (1450T, 2hr)
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— / -/

Acc¥ Spot Magn = Det WD Exp IT";—U'%H""I
100KV 40 10000k SE B0 TV J &

Fig. 4.4. Microstructure of raw material (Alumina+Kaolin Matrix)

with sintering temperature(1550C, 2hr)
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100KV 40 10000x SE 50 0 TV

AccY  Sp

Fig. 4.5. Microstructure of raw material (alumina+kaolin matrix)

with sintering temperature (1650TC, 2hr)
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Fig. 4.6. Microstructure of raw material (alumina+silica matrix)

with sintering temperature(1450TC, 2hr)
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|

AccV  Spet MZgn Det" WD Exp
10.0kV' 4.0 J0Q00x SE 75 0

Fig. 4.7. Microstructure of raw material (alumina+silica matrix)

with sintering temperature (1550C, 2hr)
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AccV Spot Magn DeL AD Exp
10.0kv 3.0 10000x SE 75 0

Fig. 4.8. Microstructure of raw material (alumina+silica matrix)

with sintering temperature (1650TC, 2hr)
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AccV "Spot Magn  BetawD Exp (1 2m
10.0kv 4.0 10000x" SE. 5.1 0 gV ¥

Fig. 4.9. Microstructure of raw material (alumina+clay matrix)

with sintering temperature (1450TC, 2hr)
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L AccV Spotfl

Fig. 4.10. Microstructure of raw material (alumina+clay matrix)

with sintering temperature (1550TC, 2hr)
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Fig. 4.11. Microstructure of raw material (alumina+clay matrix)

with sintering temperature (1650TC, 2hr)
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L 100KV 40 10000k SENGS 0 N ATV

Fig. 4.12. Microstructure of raw material (alumina+silica fume matrix)

with sintering temperature (1450TC, 2hr)
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Fig. 4.13. Microstructure of raw material (alumina+silica fume matrix)

with sintering temperature (1550C, 2hr)
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Fig. 4.14. Microstructure of raw material (alumina+silica fume matrix)

with sintering temperature (1650TC, 2hr)
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Fig. 4.3 ~ Fig. 4.13% 2x¥H7 243 matrix A|H2 m|AxAS A2
al7] flste] vdHE A G oz AEgE Apxlo]t,

Fig. 4.3 ~ Fig. 4.5+ kaoline AFE3E AJHOZE 1450Co = ZAUH
of W& 7]Fo] Holw, kaolin®ZHE AHHE oz Holx= Aol 2 mEE
o] HAo]l mullited o] vebtk. 1550ColA = mullited 9] Al o] o]
o]Fojxl Zlog Mo, ofA7MAl= W2 V|Fol Ak e & 7 v
1650Te] Aldo M= &do] & o] FojxA At 245 Bt

Fig. 4.6 ~ Fig. 4.8 silicagE AFESH A]H S22 1450Ce|A kaolin A3
o A Hol= FHAFe] mullite®] AL Holx] ¢kgkown, 1550TCA = A&Zo]
At e AP EE & 7 Uk

Fig. 4.9 ~ Fig. 4.11& claygs AF&3F AJH OS2 kaoling ARE-3F AlH 3}
AL Feje] 22 x2S e

Fig. 4.12 ~ Fig. 4.14%& silica fumes A3 AJHSE 14507C, 1500C
ol AAS WPEJoY, e T]wo] AU Edtsta qllew, 165
0CY 2dx4e Y v& AEd gd=2A4 2447 Jejrt ok 523 H 9
JA=o] Bt

AAHoZ wAzAE FFs A7 1450C, 1550TCo = =71 249
2 7]Fo]l Wi APl wol HA o= AHE vERidH

1650C &Aeh Ao w4 A o] 5mP =z Fgstaon, 7%
Fo] wol Yolxl AL & 4 Qoo AFHe JH W #H oAM=
Aldntet Zpol & LrER LT

kaolin®} clayE AFE3F AlHLS 1450Co] matrixolAd 3 EHL 2
mullite}AH=0] WERE O™, 1550Ce = H&EHD & mullited A7 4
3 A8 | 2e B 4 oAtk 1650ToAAME &4 o " 210z Hojy,
el 7] Fo] wo] IEsH RS B 4 Qth

silica "4 silica fumeg AFE3F A|HL 1550C7FA F=3F 2AFY

(A

L

s
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mullite A7} FHEE =] ekgrom 1650 CoA] Audg o=z 7|Fo] Ay, AU
st A& e Ao® Wtk wEkA Fig. 4.2° A4 W% 1A HY

1650Celd 247 a9 e wolt £2dWEs} kaolind clays AHgat AlHu
o ¥ Uehte 20w welth
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Fig. 4.15. XRD pattern of testing specimen(alumina+kaolin matrix)
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Fig. 4.16. XRD pattern of testing specimen(alumina+silica matrix)
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Fig. 4.17. XRD pattern of testing specimen(alumina+clay matrix)
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Fig. 4.18. XRD pattern of testing specimen

(alumina + silica fume matrix)
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Bending(mm
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0.40

020

0,00

10hr 201 30
Test time

M-K : matrix—kaolin, M—S : matrix—silica, M—C : matrix—clay, M—F : matrix—silica fume

Fig. 4.19. The test of high temperature bending with matrix
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7} martix 2Z2AE] 224 Ztolet 7 mullited] T4 A& vl
918t XRDEAS 3 & Fig. 4.15914 Fig. 4.187-4 YebfSIth 1450°C
AAEE oA HH kaolin® clayE AFE3F= Z19] mullitedtAd o] e %o
A Y ZEs Ze® YEhg o, kaoline] HIEH] clayE AREE A0
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A e RS FA T 4 der, 1650T A=A s mullite peak
intensity7} aluminael ®lsto] gws] Fopxl Z& & F QAddH I8l
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o] Aol 1650 TG0 mullite §4J0] &askA o] Fo] X Zs &
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Silica W]&E& AR AlE2 o AlEel Bla]l 112 bendingo] 7+
e yepgleh webd 112 bendingSA s QAR S0

o] AA #gshs Aow uAHUH

_49_



As5F 2

alumina—mullited W3tE2l 112 bending EAS H71st7] Yste] thek

3 QAR 2AZXAS HAAA matrix FAAAHY bending Al AL A 236}
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