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Synthesis of Al,O; — ZrO; nanocomposite By Mechanical Activated
Self-propagating High-temperature Synthesis with thermal
explosion mode

S. Asgharpour', M. Vaezi*' and S.A. Tayebifard'
! Material and Energy Research Center (MERC), Karaj, Iran.

Abstract  In this study nanocomposite of Al;0;-Zr0; was produced by Mechanicaly Activated Self propagating
High-temperature Synthesis (MASHS) using aluminium powder and industerial zirconia as inexpensive starting
materials. To find the specifications of the products X-ray diffraction (XRD) and scanning electron
microscopy( SEM) were used. The initial mixture with the ratio of Stoichiometry was milled for 1,3,6 and 9 hours.
After lhour of milling,sampels were capable of Synthesising in furnace at oxygen atmosphere. By Measuring the
grains of synthesised phases showed that average size of the grains of product were 25 nm. By increasing milling
time to 3 hours, the peaks of tetragonal zirconia in synthesised sampel were intensified more. By continuing the
milling to 6 hours the phase of cubic zirconia was observed in synthesised sampels. and by 9 hours milling before
synthesis ,phase changes and change in the composition in milling product was observed.

Keyword: nanocomposite, alumina, zirconia, Mechanical activated Self propagating High-temperature Synthesis,
milling.
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5. Mechanically alloyed Self-sustaining Reaction
(MSR)

o L (P e

e e A
el gildlad Sllee g3 sl 2l slasls J5=
ATkl Ll el & 4 F (5500 (S pas 3
& ls Ol (1 IS2) XRD 3UT ks a4 S XRD
o sl =l 56 o=t .QJEL:H.I Skl 70 s 2
S S L s ol i 1S gL pla
oo bl a8 e edalis Al 4 ZrD; L o by
wil G als LT cele 4 guse (1 IK2)
G Al Gl ped b g U el S LS S
Sl ol & L oS Gl e ol ALD,
(B g slel 3 ALOs 4 by e SlaSs
e Al O g St 28Ty 3 el o151 gle S lade
SIS IS TN VAP s o NEPPR PR
el 03 5 1 ezl JU G815 5 o SIS e

b @l ol bt s (5l By cpkia
XRD LT 31 skl ey sbaiSly wide 51 sz
;t'-:»" Oy I —Gpally 2 s 3ems
Lzn la byl ales 3 [4] T A

Gy ) ealizad b g 8] sl £ e 3l A
S 3 Zr0; 4 Al 3L glasls o5lLl [V +] Rietveld

1. Scherrer

2. Williamson-Hall

3. Warren Averbach

4, Rietveld Refinement Method




dﬁﬁhj;;lﬁ;;l_,««ia-.q \ran .‘_.'ll.i-‘j..'f t_:lq.-.‘-'-.."n.luhl-—fp

| i
O —T-Zrlk
oy = AL

3
6-tHoar, millng u u 1J'-U wlm

Intensity (a.0.)

O4 4

%-Honrs millmg

Positian {3 Theta] (Copper (Cuj)
S5 13 O gl 05 LS 3 slasige el & 5 P stadla ke 4y Sl 5 0t Sl (sbaza gy bgbie JIXRD i A JS8
(pamas1 O 5l IV S5 518,050 WSl e

Rietveld ;) ssbioel b (g 1l sl 7 Dlaj 5o 488 55 5 il o100 o yie aclona ¥ J gt

{ e b} la o310 Ja yae (L s 5 ssle
hiy N o Al
\F afeny s
(AG sy =~1%4+ VA KV/mol) Sokiys a5 J gl Y-
Blad 31 Sl g p Sl e i plosl o3 Coj gty 0581 L pgafll o 251,
Slaasls kS o dol ool slales s o Salisge s 3,5 o
SOl gle galows glx Y dade p Salusie s
i YOIV G AT o5 ke s ks wisg] 241420, - ALO; () Wskan )
g0 Slp OAVK) oy ke 51 2y 6 eas AH' ., = —v#vary KJ/mol

s Olge e D] ol Sl s gla sty
L Salsr Soppmar 45 gl O ol 81 (550 pils g

.;}.:- ;:.E't I.I.'IT lefnl;—nl U:JIJ}

o A dmsa O STy e T i
I.;'.'b &G"riu. _;IJ\-i-l r_fi.)h _}l k| L lljh,)s Jll':"‘"“'-' 1_":".”5".’
ke b 28Ty gl Sl e 5 Dl

ALOs Zr0, 4 . el e 7 glmesls ¥yt

bl Je Sl b e 3l LS5 el £ Le3 o3 gdoms e
Cp(J/mol K) AH (KJ/mol) (peslS)

VeFie4 (WA s TXT) = (YA s xT™ ) —VEVONY rra—taa  ALO:

FA/64+ (W/BTXY e xT) =(VF/ 0 Fx) « %T ) ~YAr /A VEVA —Y4A Zr0,

VEEA Y=Y VA




f'l"— 'l-\"'i.'l Jl..‘.....lj LT ;_;L-b—u'- n.l Jh._-

s sbas il g sl e alos

(¥ J52) XRD T o = iy by 348 e ge
P gladb; e s wdl =l sladys

Al o ALOZEO: CujgalS s gL 8 el

3 g e ;"JJ""".' -] L“.n.i ﬁh}.‘l_ﬂw
Gl 5451, oo lae 3 21 a5 a0
) Ao Soppeay VO C les 53 035] phadl 4

— T-Eron
* ° '3 o &
s Flenl s A B a %9 A—_szo
& Hoors milllag a =]
¥r— oo
—
= ! O — AbOs
o
S
z 0
: 3-Hours milling al o g A D
E : * &g # a4 og a
= '
L
&
a | =0 ©
2 b s
I-Hour milling | # Al a®a ﬂfau“"-’ A
ﬂr:rr"*ﬁﬂ‘"h\'\""-“lhlv‘-l"lb"; n;\-' I“‘HII'. i § Ii""-' ,_II"I--'I'l-""F1 ..I Py iy AN . :“'-.-""--IJI "'-a'H"r'l.ar A
P oy 40 50 0 1"0
Position [2Theta] (Copper)

O3St it 33 VB4 € (glas b 3l 58T, 0kt iy o8l sl £y T ) gl pad 5 XKRD e ¥ Jss

ot O 5 o stisfs W 1,5 58050 WSlS e ki3 D)

S ATOC sy B P21Me lab ey S LSS g
P42inme _ lab oy 5 L JU 815 50 a Les OF 53 5 ol
3l Sl YYWYC (gles b JU 815 56 P N
ipd gdal b Fm3m glai oy S e 56 OF
Sl Ol 55 b V] el Sl B VY
ek Gl Kl U ki ol ST A s LS
Al s 5 LSS gl oL s o fees
sl e g5 s DMl 4 1 GBI gles o
b i Pk Al el by e LS 5 il
wdae (555 3 maS (o) a5 g (1) JUSS 5 50
oS ps b3 Dad 35 by Sl (Ym) SlS g 50
e [VO-VR] aal . P i s 4 bl
A Sy JUSs 5 sl PP IS K g
Sh En b S Sl 4 ks S 5558 T nm

bds S8 e 4 JUS S Yenm 3 Al w4 b 63l

Sl 3 o AT e (5 D ks T
Gl LAl bolae o L olajag o8 lazl
S P PR Y PR C S L W PR Y
S mem aida ¥ Olej ke C 2S4S A2 aalls
SEE LR R - S AT R JEori T <L
Langl (glajli (Ll Cooln V (Ghpai 32 353 0
S ps sl SMae s SelSpe LS )
oley mll Lo s ml pase 5 JUS1 S
Al S LSS ol el 7o gL
£ Olay ke 2 ocend sdalle LBY 12 545 lales
S as o bl Gy oas LT el
SSa) Sq ods Gk gy ol A s
L Sy 6 ol e ol il fals SIS i g
S 3l g b B pj a8 Ol 4800 Ulg
S 5 JUSE WSS Ul asle




ach ol glaigabid g abpe s

WY Sleeas o agled ) e = FA

g b3 e e gl G LWL S LS s
S G S ke b o o G
e L R
Sy 51 bl (Jen S ails L g el
Gl S e il | L S T e L
Silomds dhold g osls S2M IS0 0 Jle, 552
ot 5 s K Gy LS e s O] )
o e Sap bl s Sl bl Lo anta
By ke S sl g KS e Gdee Sy aal)
Sy e a gl Ayl oS 0t 0 B8 n 4 Ks
Rietveld 2y, 3 oslinad L VY] 5l 0 all o S
S S S ey e m s Lale s el [0 ]

el 5k 859 g

Sl S sads g8 ) s edte [F] a3 s
33dm) agbie Al 058l L eyl O peaddns]
WL ) e gles JVY] (AATK 5 -1 #VDY Klmol™”
Sl s b4 LS Sl LS a5 2 e
Gopwi DS 3gne g S alaul Gl g 3gdop eaSe
ety & jlha bid cwd Ks oL
3p5 45 3p0 o a0 lal 4y e Ln T Sl gy 3B
Bhed b S fped A g o 2o S LS l:“'"
23 gromen el sdile GlLL eSS 55 e
Sl 45 255 o edalia (Ll Oy SIHILY S
R E RO PRRPUR A BRCI R s [ PRYR POL 9
04 Jlad o gr & L3L 0 82 B 5 25 badls
plal pily o3 a8 e (Al S350 AE0 sy
3oty Sl il Sl o s Sl Sldes

Pyl e MASHS 3ol e s o JlGHF J g

Sl calu # sl cally
Ts AR
! —
¥ V1/0
Y F

ST el ) i
e AlLO;

e C-Zr0-

e T-Zr(y

. m=Zrih

Back _,.r__’Ld: SL AS_J"EL-.AJ J...lj‘.fq ol L:-;-Ijl's:'l
M5 agls 2amy 3 g3 342 e sdalls Scattered
D oo wge ezl 6 550y i
RPPSL PR VS - P S T ey | PR W E PR
VYOV KImol™ sds) ppca i 0 0 pdi 3]
58 55 D3 g ek i il e VY]
A e 3 g o (el B phy b i

Ol g Ll S oy DAl s e ] ey g S

€ o3ph e ndalle ¥ Jade glaesls 4 a g L
ALO-Zr0s jlarle bl o fpelf sdd o (glaa sl
T
O350 4 Lol |55) SEM el T S0
0380 da b peai Dlak o npai 5 (SE) 4t
PAS e (SUgad el e ((BSE) =25,

..J..n:‘_,am.ﬂl_“_glﬂ:wic.ﬁhf'_jlﬂ

1. Secondary Electron
2. Backscattered Electron



FA - WY Oleea i o alat Y s

it gheggoald gl e e

el ) e Ll sl
Gl g byl a LY 4D ag 4 S
332 s pladl SHS aui b

Ujer Sl ¥4 51 o0 Sy Al L
SIS 4 SelSyp S p) sl
Wl S0

SUS e sl L gLl el £ L
S e dalle LAk pai 33 | oaSe g SIS i g
sl T8 Rietveld Sy, L Ladils o3l Jaw g2

AL LS

i 4 |y Ko 50 5 Lua gl 4 1wy 38
PG TR % N BT R W) PN PR VRLI [ e
As SEM ;i poai ¥ JS5 02 i § EDX (g paie 30U
T 5 gl CoSS ade maw i Back Scattered
s 33 3y ags (B oy iy (A) Bl 5 EDX
il (BSE) SEM
A gty Bl S aas e 0L LT o)
BlE 5o 3 el pan S ) e Sl Al sl

Syt ks oa bp g S 5 s el e 0

1.‘3;.!*-":':-'-"‘7
= Bl sl gl CujaalS Guim al 00 N
At e MASHS S5, LGS 4

BSE Lalo) SE i) o2 pais o 5| ALDGZI0 sl U 2oy gl SEM y ol ¥ j s




ah o glagg sld 5 ol s

IFAY Slia Y ojled ) s — O

100 Em

L

.5
1 Hka
e
Aol
s bl
1 o
1 la
| O¥a
& Al Ao
iy ! T v ' T
0 : 12

150

[

Ha
Al A
o
Al Ale b

(BSE) SEM i yuai 53 335 30 4,5 (B 3 1305 (A bl 5 EDX U1y & g ol aluie ;i Back Scattered Js SEM o0 F 52
EE o o . 4 F ol & B

10.

Directionally Solidified Eutectics”", J Am.
Ceram. Soc, 83 [11](2000) 2745,
Mukasyan, A. S. and Dinka, P., "Nowvel

Approaches o Solution—Combustion
Synthesis of Nanomaterials”, International
Journal of Self-PropagatingHigh-

Temperature Symhesis. 16(1) (2007) 23,
McCauley, JW. and Puszynski, 1A,
"Historical Perspective and Contribution of
US Researchers into the Field of Self-
Propagating  High-Temperature  Synthesis
{SHS)/Combustion Synthesis (C8)",
International Jowrnal of Self-Propagating
High-Temperature Synthesis, 17(1) (2008) 58.
Klug, H. P. and Alexander, L.E., "X-ray
diffraction procedures for rﬂpoi}rm'stalline and
amorphous materials”. 2™ ed., (1974) New
York, Wiley.

Rietveld, HM.,"A profile refinement method
for nuclear and magnetic structures”, Journal
of Applied Crystallography. (1969) 65,

alg
Auverkari, P., "mechanical and physical
properties of engineering Alumina ceramics”,
VTT manufacturing Technology, Technical
research center of finland, espoo, (1996).
http:/fwww.vscht.cz/sil keramika/Ceramic_Te
chnology/SM-Lect-8-A.pdf.
Lugscheider, E.. Bobzin, K., Etzkomn, A.,
Syrakas, G.and Siry, C.W., Adv.Eng. Mater. 4

(2002) 919.
Yang, X.C. and Richemann, aW,
"characterization of ALO-Zry

nanocomposit powders prepared by laser
ablation”, Scripta Materialia. 45 (2001) 435,

Yang, X.C. . Richemann, a.W., Dubiel, b.M,
and Hofmeister, a.H., "Nanoscaled ceramic

powders produced by laser ablation”,
Materials Science and Engineering B93
(2002) 299.

Jose', A. Pardo, Rosa 1. Merino, Vi'ctor M.
Orera, and Jose' 1. Pen"a, "Piezospeciroscopic
Study of Residual Stresses in AlLO—ZrO;



BY = I8 alas X uglat Y Al

wd ey (slag gl 5 3l g aloes

11.

12.

13.

14,

I5.

16.

17.

Mossino, P, "Some aspects in self-
propagating  high-temperature  synthesis",
Ceramics International. 30 (2004) 311.
Suryanarayana, C., "Mechanical Alloying and
Milling", Progress in Materials Science. 46
(2001) 1-184.

Yi, H. Cand Moore, 1. J., "Review Self-
Propagating High Temperature (Combustion)
Synthesis (SHS) of Compacted Materials”,
Jowrnal of Materials Science. 25 (1990) 1159.
Deb, A. K., Chatterjee, P. And Sen Gupta,
SP., "Synthesis and  microstructural
characterization of a-Al,O—t-ZrO-.composite
powders prepared by combustion technique”,
Materials Science and Engineering. A 459
(2007) 124.

Pitcher, M. W., S5V.U. Navrotsky, A.
Woodfield, B. F. , Ggoates. J. B. and Tissue,
B. M., "Energy Crossovers in Nanocrystalline
Zirconia", Jowrnal of American Ceramic
Society. 88(1) (2005) 160,

Wang, ILW. "Critical Size of the Phase
Transition from Cubic to Tetragonal in Pure
Zirconia Nanoparticles", American Chemical
Society. 3 (2003) 875,

Gaskell, DE., "Introduction to
Thermodynamics of Materials". 3" ed
(1995),




	1
	2
	3
	4
	5
	6
	7
	8
	9

