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Evaluating the Effect of Yittria Addition on the Mullite-Zirconia
Composites Manufactured by Slip Casting Method

M. Rahmani*, K. Janghorban and S. Otroj
Department of Materials Engineering, Shiraz University, Shiraz, Iran.

Abstract: : In this study, the effect of different amounts of Y,O; on the properties of mullite-zirconia composites was
investigated. For this purpose, these composites were fabricated by reaction-sintering of alumina and zircon as raw materials.
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Besides, the slip casting method was used for forming these composites, and sintering process was carried out at 1600 °C. Then,
the physical and mechanical properties, phase composition and the microstructure of these composites were investigated. The
results showed that yittria addition up to 0.5 wt.% has no effect on the properties of these composites. Besides, addition of more
than 0.5 wt.% vyittria formed solid solution with zirconia grains and led to stabilization of tetragonal zirconia phase and
increasing of its amount. Hence, yittria addition increases the hardness and bending strength of composite by stabilizing
tetragonal zirconia phase and then, decreasing the micro-crack formation during zirconia phase transformation. As results show,
addition of 0.75 wt.% yittria leads to a considerable increase in the bending strength.

Keywords: Composite, Mullite-zirconia, Reaction-sintering, Slip casting, Yittria.

Oliiows | (Gl 5 5 58 0 0 03 e g3l 55 5l Lo T
39d 53 (St sles ot el 3 S Sl s )
San gl Sl ge 3 il 51 s Ll ol VPV0 °C
s (Jlail STyl b ogs das a4 e gles o
b aedd g0 VYoo PC s o e LSS 5 S 5
535 o JS\5o0 °Clogs
ﬁgﬁﬁjjumﬁéusﬁg.&&;ﬁﬁi&g
s JS 81,5 50 5 LS 58 5 sladb, S Ve °C
5 o il e oS dans e S i | SS i
St oS 350 00 a3 uo SS J Ganm S et )3
56 L ol ey 5568 £ 5 ! X il al ]
e Ve gaia) 3 BUI sles 3 JUS1S LS 2
Lo 5l g0 ol (S 5 oSl 2l s
=238 Bl 45 Sl 0l d el 35 g s
LU ol 53 s Sas JU ST 56 el w0 Ll 5 e
O3 o3l b 1y cilitee sla S35l i gob Ol
o=l SOS olsat s e Bl S S S
oaseia [V =N T lesls S5 s 3590 iy 0alS 6 5
e Sy a3l oS L sladenST oS ool 0
Al a5 5alS g 5 pl s ESTINCRE [ SEERE
TS asle sdsS Slunl jubie 5 e SaS i
Sy oS 5 3 (TIO) Tk «(MgO) "L 5 (CaO)
e il lap 5L 5 gy el il e 4l
Sl el et Jml 50 sbm L Lse [10] 353
Sy oy on Y s 5 U3 S (S350 e
eds ol 55 (Cra00) ps S ST Sy 5 S 53 pilie

.CAﬁN'

WWAY Sler o) Syled Tl ¢ odkign 3 48 iy 34

dndie —\
s o3b S Sl (Sl e sl 5l oY 5
el sladle 5 V] 55 e eslizal xio el o 55
SlaSul v 5 eV Cuanl L LU 5o (ol oYl
Sl oS ooy Sl Oliios 3 (ol b 5 Y50
shils Vs [V] ol Sl jos Crin 3 03l ol o]
(oS w2l S Cals 5 Sl bl gy dile ol
e clid o sl (SaosF s 4 Cuslas
Csl oS ol S 58 S Iss il 5 5a 3 Ogsle and
3ol Gl el osle G Ol 4 SV e B ol
SV ool e Ll Y 57555 ol Las )8
bl e ety 5 (S ol OF Gl K
3353 [0] el (Sl o glac 5508 |55 K2
LV ol o 6l p ol Sba 2D ) sans
)8 Ok 05y 4 D 5 Glamto Glaslis o4
35 Oln ml 51 S Sl ol oLl L T 5 LSS 5
B b ) el e 5 b e S
s S eSS loss s Db L eV glacyjsals
asioa LSS 15 mesdlee [V 58] cl sdd Jols o
e R e S
sla gy [A s Al aal acily Sl o slaainy OS5
5345 ol 0k Il i35S ol cotla ol 5 SUS
LS s 5 EaVse bylsen b 8 4 U150 Ol (]
A1y b S S s 5 Ll Sy i
35 L3 liand SLa b5 5 L35S 5 5 e e T
3SR bt LSl b B Sy, Ll s [V e]


www.sid.ir

LS pim ¥ Cujaels colo 6l Bas gl slss pbard oS 5 ) o

(Wt. %) 4.5 S R Lo 51
Zro, s¥ _
SO, \i2 o/
Alz0, - 44/%
Na0 - AT
Fe,05 o/y o/oY
TiO, 0 _
e sh sl s Sh s ol -Y Jsir
o 3 30 Ja e S 55 4
(%) (Hm) @riCm®) °C)
49/44 v /oY YEFO

ool iles ol LU ol s ol e s
J‘)j_a\9°°OCLQLAJJJAJ*ZJS_’?;L‘L;LAC,.«:)'};A\S

RGP S

Ges g, 5 0l =Y
oalainl 39 4.:.‘3‘ :‘y -\-Y

OS5 s Jeld G ol 3 ealinal 550 ad sl 5l ga
Jgamee) a5 S V/EY 3 031000 Lo 20 L (ZrSIOy)
e L (AO3) La T 5 (0Ll Ve 5 S o8
"y IS b g ) ey S OFFF 3 651U
sl &, (V) ol 55 0T ol o & 55 (ail b
NG
S i dpaa) bpan gLl b Shs 5 ol
Sl mal i Sl (Y) s s (0SSl ' s S
S e U Ste g 0T uslie bl 1 e

A Ll sl slpe LS S a Gl Ao

o

S0 S b 5l S s i s g el Ll
Serlass g5 S b DYV ] o s gladd
WLl ol ol aend 03 e Jalse o Sl a5 5lS
oty S 31 Olabl (gl 355 o g
5Tl e 3 O 5 wlszs b gl (o5
30 3ol (SIS (ol s 5l Olgabl a5
eslital a5 50alS ¢35 ol ol (sl o 5 S,
lin gla g, abex Sl pless g Samn, i, 50 0
L3 s e an (spels slaain el 6l
5 5 sas eslial S S sLaa3last U S5 S5l 0lss e
o st sl A 53 KI5 e 5 5l (Sl shos
G, s Sheslanal cpl sl DAY AT 5 S
= ede WIS e (38 bl DS 5l s
72 SR U R 53 L 2553l gy O oS,
Gt ol 53 Bk andls L5 5S¢ 5l ol
i S s 3 S b bl oS 5 5l eslinl
LS m o Vge S pels ol el 6l o ST
2 LRl 02558 B0 e & e ol 3,515 s

s mselS gladd g5 ol gla Shs 5 ol

\YAY’ )L@.g A S)La..:: ‘Y'Y' JL.» cL;.»/Ju.@.A e w% J‘j‘


www.sid.ir

g slasle sy sl s pl s s la) s g Sa,
el o Ol Can sl skiST, a5l Ol ol
Lol sy il Voo e 0los b s esls ois 514 S
Sl Ol poles Ll Gk Sl essbeolss Ogel el
o/VE) I 5w o kS|, S3s58 olin s (ool e
M)J90)%lez@g1¢f«$}(w&g})>&j}wﬁ
s ol S s s (O 555 Ao s YO 5 ol 55
3403 u;b?-r.b o OVl y3 el ui)lj-f polde b okel Csdy
Slwdls) Lwss Sl w a5 b s G b 5 A 5 1Y-4]
Wl Ol gy 3wy B del Ao s el 5ol il
e3Y 5Ll Sl bl s Sen S5 0 LI L il
O Sl b B Sl Sless el 5Ly 50 d Sl 50S
.:jd}jﬁﬁj) Q))g.m.ij &]}‘L)M‘) M\jx JG):
SLwOls) sldie S 5 bl Sls 0358l b cilize by
5 oilasl b 51 OT 385 e s & A oals 2l 33l 50
Q_MJ.(_.iL;lﬁ.g;éjfo)_,ﬁogl.é};)roijdﬁfa)'lxl
S5 il g 4 s gad 20 S0 sl (S LIB
L oS St s b 500 O a5 3l ey 4 L eslizud
Yok a 5100 Colos b Sl 53 VYV e °C gles

o2l 2ol sl sy, Y=Y

Pl baas o (o SCid ol (e Sl

S Sl ey L Ol 5 o 5 S
ASTM-C373-8 5,l5ll sl _bs, G s jiss
Sl A (s Se3la il ASTM- C326-09
5 ASTM-C1161-02 5 |kl G_b , ., L& o
ASTM-C1327-08 3,1.6lcl b 55 Lyl i
L il Laadpad 5w ies oSl a5

055 JSis s o Lol cds s (glaladl an (5,148 5L

\Yay )LG_.: A SJL&u-:J JY Jl—hﬁ’ ‘w.)\ﬁéﬁ DL ‘\-\-9)—«;:-_’_ 5'_}‘

Lbd.s‘,a.; ol ui})}g.,:.s;—\'—\'

OF/0 4 YOIO S35 S 4 S 5 5 Liws T 10l

Sl Sl e 5 by (75 208 sl )
5 P ras adsl sl b ol bl (I3 5 A
s L gl e LT 3 e S
b o3Il 4 a5 Lot eslizal oles JT slad JS
@ ar s b OBl s a5 se ols0) Bae adslslpe s
5 melin 2Ll (5l 6 AE asitie sdd pladl Sliins
ol 5550 adgl lpe 2 b VU slos o a sy JlS
Lgs ol Ll bug cell Y Sl 4y Srags opl s
Koy s STy il g e 3 (03100 4 b
ol el 31 ey oless O3 o3Il Law sz [VA]
VY g aS as g, Seilisl T S oK g
Gk 3l O3 geslusl IS s ba sl Cowsas s Ses
3 35 Glw 0kiST ) 5Lalls, Olsee S35 2 050 o
B R N e Rt B S R LA P RES
Mt 5o Ghasi ol plomil b o Wl s)liS e 1 s S
e A sl Ol (3Lallss e 5 Sl 5 gl 3150
Sless T ALOL 5y Sl 038 S S U
3] a5 ag il & O ol s Gl
£ om) Sl 30l Sialesl o b 5l slwedst,
Ol s Ll s ke o el s il s
B 03,8 Ol 3l m) alacliss 00 100 ol bl
0S| ) slaaly, il gladiw s b (gld 08 Sl
P I APV A S PSP I AR
Shslame Olsmean 5 Ol Ailen Slogs 54055
e dal iy el 5Ll Aoy | Lo >
Aol 4 ol o b sl Sladlss Aoy b glacle s
ol gt 5t 5l e a8 A anle sl
iy malin sl 4y OF s G s 0L3) $5350555
Voo sy Olas b aless cadsl (Sla s & 4 55 L il

Sl el Ll 5 5l pllal a5 ) ey sy 53 430

oy


www.sid.ir

312

311 4

12 (g/em?)

3.09 -

Sl

3.08 -

- Al O e
—— L Jal8% 3a

3.07 -

3.06

- 12.4
L 12.2

118
118
114
- 112

L JALS v 3 (%)

 10.8

: ‘ F 10.6

0.25 0.5

0.75 1

(Wt.%) Y, 05 Ol

L sS 5 ca¥ pe a5 gpelS s s 5 SR 5 Ll Doyl 1) UK

il sl OT b lize 5 Jonlss g 1alS sl 55
Jols Sl el S 00 8 e Sy elS S
ol Rt ol by e o 1S3l sllas w0 Vet 5 05
3 Sl 0155 ek S ) ) e St
Fis Eel Ve 4 Ll 05530 a8 sl ol 55158
s e hals et 5o 5 oaly sles 5o gl U
sl e 56 sbrl cnlply DA 2580 S 2l
| Joilts o3 ks glo B s 3 s i pland
o JUS s b s s, bl as e Jials
S il Al o Y0 L ol an SilS i
S o3y skl s Jods 5 S 5 S sl OF e
o33 [VF81 055 0 S 2alS e 56 i
e ol 35558 JUST 5 50 s Cel Wl e b sl
S Kl oy ol 45 US55 o Joils syl 5 e
S U o 20 e 00 e s b
S SRl e e il e JUSS1S 56 s b
33,5
S Sl ey AL Ol Sl () IS5

J}J:@ sdalin .l ol 4;\)‘ lij::’.\ O_:bjjﬁ\ Q‘ﬁ.a [~

oy

Sl VEXT/OXT/0) 31kl sbel b S5 olakad sl
ol 65 5SS sl Ll g 5l (CaSe
Gl VY47 00 3 eslial (oaSe 2o s FxFxTo)
S s esll) TS s i oK 31 636 o
s - e3lizul (D8 Advance Jus ol ST S5
3l S s Gl s 2 5 5 e B oLull (o
Slaas e O S oslinal X-pert Highscore)\p\h;
A e S e e San ) SS
PSS Sl eslinal b bt b sy e mr e
=L Leica Cambridge J,\_A)ML;:_QJ 9,
A el (0SS

Eouw ') 61;'3 -y

S ol bl Dasl Y
s 5 M Ol o boal i 31V SE 5

sl 0l &1L S 5 a0 o5l Gay s
Mo B Ll 03531 L a8 sy o i el @ e 55

M}‘M}}éﬂﬁ‘gw«s}md)jM)>°/OLljﬁ

U1 b sl 358 i 2l OF IS s 03 5 6

\T"\\‘ )L@.f L\ S)LA.A:J ‘Y'Y' JL» ‘L;'NJ“'@'A e w% J‘)A


www.sid.ir

3

N

J

W

3 31 g !

—
]

(%)

0 0.25 0.5 0.75 1 1.25
(wi%) Y202 O 5

LS pim oY ge Saianls oy 5l AL Ol bRl 035380 F1-Y U

1wt.% Y, 0 m
2 m

0.75wt.% Y,0, |2Z
z r4 z

q 0.5Wt.% Y, 0
J
0.25Wt.% Y,0,,

owt.% Y203
t zs  zs c

T T T T T T T T T
10 eli} Ell 40 50 B0 70 80 90 100

4391 (2Theta)

(m: mullite, Z: m-ZrO,, t: t-ZrO,, C: Corundum, ZS: Zircon)

36 LT bl 0sy0 S -Y-F S Sl ey AL Ol Ll R0 A s e

Ll il alie 035580 U 4 by e il Sy s BlE e ol ul &S cnl el )5
Sl () s 55 bsS iV ge CuiseelS (g5b Lo St a5 LAl L gla s el o laadls Ous
sl 0 S NG R T S g ]

o ) ey 8 S e pasie 536 L il ol = sl U WS e Wk D e 5B eSS
Sl S 55 s Ve clasl cosle ol 550 glss s S A e OLis (Y) IS C’L‘J Al adls el
Sie e Al sy LS S elad s SlS s deoy3 /0 5l iy il 53 LA Ol e A1)
3SR Mcr\ibﬁ Sl oo o adsl slge 5l oS Al ST a5 3 enl S

\YaYy )L@_': A S)Lo.,.i: JY JLM/ ‘wJJ..g.o BL) 4.\.9).;.:.1 )"}A 0¥


www.sid.ir

1 wt.b (120)

0.75wt.%

3 0.5wt.%

J

W

(210)

T
25.50 %

T
26.50 7

439\ (2Theta)

CoVee (YVo) g (\Ye) Olmip b LSy sl o Lol Oags8 51-F 5
2390 39 A BNt = sealr el ogP p

@;J;bé}dﬂ@@\{&wlﬂsbqrﬁj&
YSRGS S PR
Lo b e PS5 Eo S5 SG Bs
G S5 S adae 3 ehy 4 S5 Skl s (SHp ais
Sd Gy o aSd glaslis s s pl bl e 35 s
S S8 w0 Sl aS el 1, JUS1 s S o5
e 45 S S e 5l Sl Al aiS i il
) A 3 8l e GBI S e 4 JUSS1 56 ot
OF st 45 555 g0 sloml 133 53 ez bLudl L
ol slml s il s bl s gilis 5 S sl
Lol aty S 5 0S5 S5 sy ehis a0l gla
3 S ey S Gl 5 e S 4 e
SiA e Sl LS 5 Db (56 Ol ok ) s
D3 s e aSl S Gl a2 5 S S
Sl S 55 S nla! s a0 SCalS 50 LS 25
S Ole el jltle 5o Sl glas 5 Gl ol
T RIS YW e N ) PO S PSSP B
O ey el Wl 6500 58 U ST
Eel Il p 5l JLS 55w 53 5 30,5 S 5 S

i ol D0V o] 55 e jin 5 ke Ll

00

S b 4 Lles S5 eS8 STy s 5 edile SL S
gard s Gl L adsl gosls Ol oy oslinal 5,50 S 5
Db JSET S 25 5 e 42D 3 5 S 0 w2 @
2ppme sl s 31 800 (S Ol 4 laa T U ek e
S sb 4 e ¥ LIS el STy 5y eslind
5o S s JUSS1 5 56w WU sles 53 a5 I3 oS 5
°C sles o SedlS 550 4 JUS1E (36 Lds DS 2, L L
5335 e sl 8 8l o B e 1331 Lol sen V) e
oS Ll 5 s SdS 5 5B Gl s BT gles
SlasS 5SS gisn SL S 5 b Glbl e 13l s
EPS PSS
e S, Ol L sl sl slaS 5 S
e 5 ol S oSl L cdes 1 O (550 Wl e
o LT Wl e il o selS cnss Ko
Ssl Lnl Shs deops o0 VL alie 0233 (S &
S0 e JialS sse s 5 JUSTS 56 lade il
Sel L5 e Ll il ple s e SES 550 LS 25
o Ol e ol ol Vs 31 S sS 05 oo o
el S 5yl )l LS 5 3 s 53 Ll Sl
B g (o ol (S 355 e JUSTE 56 ol

Gk Ll e 8 el Sl s JUSTE LSS 2

\T"\\‘ )L@.f L\ S)LA.A:J ‘Y'Y' JL» ‘L;'NJ“'@'A e w% J‘)A


www.sid.ir

e ol bl 058 1y

3 st ool Olsee 5 Ll 02550 5 (0) S 5o
el o ds LSS -V ge o plS e

D355 8 353 paseia sdd Sl b 4 g

S 23,8 e a5l g5 onl (e R sl L
S8 S 4 Ol e el ol V3 0 S e
Lol 055590 L s (536 oS 5 00 JUS18 S 25
Sy ks el ol 55 36 el gl s 4 550 0L
53 5 iy SelS gise 5L a4 il (S5 A e 5B
L s b il e Ll S e SR
Jols i 5l S5 ol el Gilas Ll 03553
LS il S 555 e 4l e S S s 4w,
L s ol e e 53l 53 5 el
P U W R WL | N I PO [ WP RPEA
L ol 1550 ol Ll e il Sy pelS
e Jodsis Oy a3 5 mbe 5B LSS 4 Ol e
Sl e S IS5 5L e e
D JSES O 5 D s oK s SS 55
SIbl 53 oS 55 Sen bl Esl e a3l
Pl S1alS OF (samats oS 353 0 LisS 5 Sl
by JUSSm 50 e U cplpl ol (SO
ol a5 6 S e sy s 5L LS 5L )
s 035580 (el @ a5 LS e SaS plSoeza
st =B RS S e L al (G55 e o/VO
S eal b el g ol (Sl oSl (51

Slan, 2 bRl OayBl S -¥-F

SN @S S bl (V) 5 (F) sla g s
Vel sS s CmspelS Sltlu s @ by o)
2w S 55 3 e Bl e Ll S35l O
ol o &l Cilin

J—:'L’”“@Lﬁjé)l}b}i) S gy 5 L

\Yay )L@_.: A S)Lw..:: JY JLw ‘ww DL ‘\-'-9):»*-’“ 5‘_}‘

830 - 12

820 E::#u— |- 11.8
810 - = 118
% 800 v 114 g
3 790 [ 11.2 1
4780 ST
1: 770 - - 10.8
760 106
750 - - 104

0 0.25 0.5 0.75 1
(Wt.%) Y05 ol

‘jﬁw‘s‘f’;@ic&z&ﬂﬁgﬁl o;,p\;l_ng_;

LS pim oY Caamls

S 3t ol Ll nbia palie 035331 4 33,5
33,5 g5l 58l S
D P g B P PR [ & R UNCG PP C S e
340 Cﬁy}o (Y\")j(\\"’)c)wq.}oﬁj& éu&ﬁ
el S () IS s 0 s & 3.8 513 s
el

@lralr (R S 25 0 paie w4 ax g
°/0)U_E.AJ.> C,_i‘))_}a k)—‘é‘ Ql;;d_..au.byf ‘_;thgﬁ
oys o/0 Jlaie sy Al e GLET L 2l S5 Ao
3 L el Jslowe LS5 55 (3l ST Sausl nl S5
Y3 0 MSosb s Ve 5 LS 5 ol
J})}JJ‘)J‘\S\;«M" f’a}bo/\°$bf‘f&ﬁiw6bb
S fed LA 0g Kl Wl e cY e sl
Lol Jglomn |05 Eol g 55 5 0 2ol o/00F
2 Ve as bl el Llg o il C)i"”;
» el s eel O st O C )y cgr
S S8 bl a5l Ll g5 e oS e ksl
sl 35S eS8 dee ST U Gl 5 elis S
DY) el

of


www.sid.ir

Archiveof SID

. : . R —Cu¥ ge CujgmlS 4 b Sl p gl -F ISS
—e¥ e CuaelS @ b sS4 JSS I ol R

Ll F3958 O LisS 35
LAl s ey o/Y0 Jols L3sS 5 2 A (G353 Ok S 25

; —Ca¥e CaglS @ b sl ppal -V JSS

~Ca¥ge uiaelS 4 b g Sl p gl Vo ISS
bl (558 b2 o/YO Jold LisS 5 Ll (P29 Dok B sS 25

Ll Sl et 5508 g5 onl sltlay, (F) JSo 50
S i LS 5 s (Jlail) ey 56 Ol 0 V5
WSosban ol sdd LSET e 5 el okSTy sladils
ole ol a3l 4 sk e ol el sde s ol
0dd 5 b s ASN o S Son sl 53 5 K
5 g i S (6 5VL ol s (558 5 s
S oo sladils S gt S 05l e 30 e
gasis B oy 4 g aeSl S, LY aie
SV oS s ol eland ag e IS,k 4 [NY-A] cl

—CaV g CagelS 4 by e Sy, gl A S
LAl 53 s o/¥0 Jols 1S 5

ov WA Sl o) bl T Jl (pwdign 3 a1y 310

www.SID.ir


www.sid.ir

i Ll 50 5SS slaeslll 5 ey
by 5 e 3 ) (1) IS8 (536 Jlowt s
a5 L emes il el S JUSS1E LSS 0 50
slbadils 5o dsb ol glade (bl sy sla s 2 @
sdalie L nl (55 deo s o/0 sl LS 5 oV e

Db

§ S 4omts ¥
3ol Ll 038l ) sy p e s b

et g LS p Ve glacy5lS gla Shs

S5 e,y a3 ISE hay 5 S|y G o i

o2l Sas = LRl G Aess /0 Sl 568 05 =)
OF 5t ol Lol )06 (236 ey 550008 655 ol
s s CujgalS g5 nl ol by U

el Ll Sl eslinad 8 43 jasiie mls 4 a5 L =Y
oalS o 55 5 LS S8 LS 5 Sl
g S aelS S 5 s SdS Sse LS 5

el Eel uolg o JU ST oS 55 50 sl =Y
QQ:..:JS);)A )lﬁ)}&)\ L;.LL o Jt?Li‘ ‘51.&6}3}&
.J)J§

=S¥ D3 A 5 Ve b el J gl LSS Y
B J_}J& sdalie L;.)}Jﬁl U'«" &)} Loy o /0 )\.l.ia BE
A STl 5l 55 s o0 Sl s 4 4

S g

\Yay )LG_.: A S)L&u.:l JY Jl—hﬁ’ ‘L;w-)uéﬁ DL ‘\-'-9)*:'-:-_" 5'_}‘

o e S 3 e gt s S e s D 4 mha
33,5 on sl ke B 5 G55 05 me osk
LS (r O 5 g osal e Lo 15 L
03,5 3545 La JT glae e ST 5 Sl3 1515 4 s
SL RS 5 35,8 e 555 3 L I DYl s
Lo o)1 clale a8 28y das o O gel S yine T
S Ve L8 e p Ll e d G sel 5B s
Ol pslas o [VFYe] S o S5 4_3\39.-4_3&}),1
oo i) S Sl oy slas S el
ods SV ey 5L D s 50 (S 5 S
sbul Gl 55 Se (i oLl a5 54k Oles .5l o
o JLs81m sl sS s 5l i ) 30 el
Jole cl ool OF 51 20 e (21530 5 SlS i
23 Sl glas 5 Blsdl el Bl e (Sb
bl e K i bl s s kel
08 5 G el SO €L<.>=:.ml oS Cel L8
o3 el i a Sl s xSl Sy S sl S
eV G selS Slle g, (1V8) B A) e JSo
w5l ey Lrl il glado s Jold LS 25
el 0 03ls Ol s
O LA L aS 555 0 0 dys puglal 4 a5 L
Aiy e AU s dys o/0 Lldis UL ol
COV [P W TS WP O P S GV VI
Oy #5558 ol 5 fe polie ol LS 5 55 L
St edalioe il 53 50 gl
}Qﬁﬂ@bobbéﬁmfdbajsﬁbjum
s byl S s e Gl a5 b s LS
el 5L sl i uls 4 ey 5SS
3 Oy 4 O ;,w;\m@u;u ol osd o
Jols glawigel 5o 5d o JSa3 S5 Doy sl
L oosline (S5t 5L LS 5 o3 Ll

S5 084S Npd om odes 5 3 sLsS s old

OA


www.sid.ir

Archiveof SID

—C‘.A_Y_’.a Q}x‘fqbﬁfjwbﬁjﬁw—\f JS.:-

bl 59 Ao oVD Jold LS 15

— Y a5 alS 4 b e Sl sy g geas -V IS
LAl s s o1 Jolt i 5

¥ CuapelS @ b sl el V0SS —o¥ e CagpelS @ b s ln, e Y SS
LAl 559 o | Jolt S 1) LAl 55 s +/0 Jolt LS 15

o N ﬁ. . %

i

—a¥pe CuaplS @ b p Sl g VPSS —ea¥ e S gelS @ by Sl g VY JSS
Ll Pis e ) Jold LisS )5 bl 35 Mo o/VO Jold LisS 53
Oq \V‘W )L@.g c\ ;)Lm.«.: J"Y" JL.N LL;«!.L.@A DL wf:..x J‘jﬂ

www.SID.ir


www.sid.ir

1. Ibarra Castro, M.N., Almanza Robles, JM., Cortes
Herngndez, D.A., Escobedo Bocardo, J.C., and
Torres, J., “Development of Mullite/Zirconia
Composites from a Mixture of Aluminum Dross and
Zircon”, Ceramics International, Vol. 35,
pp. 921-924, 2009.

2. Schneider, H., Schreuer, J, and Hildmann, B.,
“Structure and Properties of Mullite-A Review”,
Journal of the European Ceramic Society, Vol. 28,
pp. 329-344, 2008.

3. Bouchetou, M.L., lidefonse, J.P., Poirier, J., and
Daniellou, P., “Mullite Grown from Fired
Andalusite Grains: the Role of Impurities and of the
High Temperature Liquid Phases on the Kinetics of
Mullitization and Conseguences on Thermal Shocks
Resistance’”, Ceramic International, Vol. 31,
pp. 999-1005, 2005.

4, Suriyanarayanan, N., Kannan nithin, V.K., and
Bernardo, E., “Mullite Glass Cermics Production
from Coal Ssh and Alumina by High Temperature
Plasms,” Journal of Non-Oxide Glasses, Vol. 1,
pp. 247-260, 20009.

5. Wang, X., Tian Xuegang, J., Yan Shan, Y., Liu, Z.,
and Vi, Y., “Effect of Microstructure on the Fracture
Behavior of Micro-Nano ZTA Composite”,
Materials Chemistry and Physics, Vol. 112,
pp. 213-221, 2008.

6. Kanka, B., and Schneider, H., “Aluminosilicate
Fiber/Mullite Matrix Composites with Favorable
High-Temperature Properties’, Journal of the
European Ceramic Society, Vol. 20, pp. 619-623,
1981.

7. Sarkar, D., Adak, S., Chu, M.C., Cho, SJ., and
Mitra, N.K., “Influence of ZrO, on the Thermo-
Mechanical Response of Nano-ZTA”, Ceramics
International, Vol. 33, pp. 255-261, 2007.

8. Rendtorff, N., Garrido, L., and Aglietti, E., “Mullite—
Zirconia—Zircon Composites.  Properties and
Thermal Shock Resistance”, Ceramics
International, vol. 35, pp. 779-786, 2009.

\Yyqy )L@.'! Al S)Lw.i: JY JLM/ ‘L;V:Ju.éﬁ DL w%—i 5‘}‘

MUojl‘g

1. composites 11. amorphous 21. fast mill

2. Mullite-Zirconia 12. Calcium oxide 22. LPSA

3. reaction sintering. 13. Magnesium oxide 23. flow ability

4. Alumina 14. Titanium oxide 24. Dolapix PC 67
5. Zircon 15. Chrome oxide 25. XRD

6. Yttrium oxide 16. agglomerations 26. Bruker Axs

7. tetragonal. 17. Kreutzonit 27. Vickers

8. toughness 18. Penchiny 28. SEM

9. Silica 19. Goodfellow 29. Corundum

10. monoclinic 20. stoichiometric

e

9. Aksel, C., “The Influence of Zircon on the
Mechanical Properties and Thermal Shock Behavior
of Slip-Cast Alumina-Mullite Refractories’,
Materials Letters, Vol. 57, pp. 992-997, 2002.

10. Awaad, M., Zawrah, M.F., and Khalil, N.M., “In situ
Formation of Zirconia-Alumina— Spinel-Mullite
Ceramic Composites’, Ceramics International,
Vol. 34, pp. 429-434, 2008.

11.Hadar, M K., “Effect of Magnesia Additions on the
Properties of Zirconia—Mullite Composites Derived
from Sillimanite Beach Sand”, Ceramics
International, Vol. 29, pp. 573-581, 2003.

12.Maitra, S, Pd, S., Nath, S., Pandey, A., and Lodha,
R., “Role of MgO and Cr,O3; Additives on the
Properties of Zirconia-Mullite Composites’,
Ceramics International, Vol. 34, pp. 819-826, 2002.

13. Ebadzadeh, T., and Ghasemi, E., “Effect of TiO,
Addition on the Stability of t-ZrO, in Mullite-ZrO,
Composites Prepared from Various Starting
Materials’, Ceramics International, Vol. 28,
pp. 447-450, 2002.

14.Haddar, M.K.,, Pa, T.K., and Banerjee, G,
“Preparation and Properties of Y,0; Containing
ZirconiasMullite  Composites Derived  from
Sillimanite Beach sand”, Ceramics International,
Vol, 28, pp. 3513-3520, 2002.

15.Garrido, L.B., Aglietti, E.F., “Reaction-Sintered
Mullite-Zirconia  Composites by  Colloidal
Processing of Alumina-zircon-CeO, Mixtures’,
Materials Science and Engineering, Vol. 369,
pp. 250-257, 2004.

16.Gadassi, C., Biasni, V. and Guicciardi, S,
“Correlation Between Casting Parameters and
Mechanical  Properties of an  Al,0s-ZrO,
Composite”, Journal of the European Ceramic
Society, Vol. 12, pp. 441-448, 1993.

17.Garrido, L.B., and Aglietti, E.F., “Pressure Filtration
and Slip Casting of Mixed Alumina-Zircon
Suspensions’, Journal of the European Ceramic
Society, Vol. 21, pp. 2259-2266, 2001.

So


www.sid.ir

18.Rahmani, M., Jangorban, K., Otroj, S., “Relation 19. Chandran, R.G., Chandrashekar, B.K., Ganguly, C.,

Between Particles Size of Raw Materials and Patil, K.C., *“Sintering and Microstructural
Properties of Mullite-ZrO, Composites Prepared by Investigations on Combustion Processed Mullite”,
Reaction-Sintering”, Ceramics-Silikaty, Vol. 56, Journal of the European Ceramic Society, Vol. 16,
pp. 215-221, 2012. pp. 843-849, 1996.

29 \T"\\‘ )L@.f A EJLA.A:J ‘Y'Y' JL» ‘L;'NJ“'@'A e w% J‘)A


www.sid.ir

