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Numerous research works have been carried out in resent years to
investigate mechanical alloying and combustion synthesis processes
for the synthesis of advanced materials. In this work, Al,O;3-TiN
composite were produced using mechanical alloying and
combustion synthesis method. TiO, and Al powders were used as
raw materials to prepare Al,Os-TiN composite. Powders were
milled under nitrogen atmosphere (5 at pressure). Combustion were
performed in the tube furnace under nitrogen atmosphere. The
results of mechanical alloying indicated a two step mechanism.
Titatium oxide were reduced to Ti at the first step followed by
reaction with nirogen to produce TiN. When Al/TiO, molar ratio in
the starting powder was 1.2 or 1.3, TiN was produced after 20 hrs
of milling, as observed in the XRD results. The results of
combustion synthesis experiments indicated that aluminum and
titanium oxide powders were combusted at 900 °C and titanium
nitride was formed.

& Corresponding author: mehran godarzi, m.godarzi_metallmaster @ yahoo.com


www.SID.ir

Journal of Materials Science, Vol.2, No.3, 2010, 26-39 WAL Ol p g oyleds s> Jle sl rls 4 i

§ € JOURNAL OF
0 MATERIALS
N SCIENCE
Islamic Azad University /_

Najafabad Branch

Journal Home Page: WWW.jmatpro.ir

$

Iron & Steel Society of Iran

Sl w5 S 53T by 4 ALOS-TIN 25508 559 A5

¥ . Y VoL €
&:MGL;‘GWGL;‘* 6))5}5;)‘}@.6

O 2l Olgiol bicizs a1y obicizs dsly ool 3T olKails ol go owdige 212315 =

Ol Olgiol Olghol grs oSl walge wdige 0USiSls =Y

o hS>

. e

dle Sl

Fom 5 SIS 3L ST T3 51 etz won 53 (53b5 Sl ol (sl s
ALOs Cy 5528 (Gosd (53 ol 4B 5 oy g a3 iy sl pe s sl B
el LSt slasagy 3 S a5 (Bl e 5 (SO s3le3UT 25 0 TIN
0 LLib Ly 0, head] 3ol bl A eslind sl sl e Ol e a4 p gl
B S g 035 el S Sl oy 8 3 58 Bl A plnil i
i pasls eS| g AT S Al e sl s sl Ol SIS (sl 1 ol
GHS1s 035,55 L A el T b saalsl 53 5 358 n sl o g T als
WBL VY VY e sl AeST o p a1 e e oS s s e ol
5o OLLXRD il 53 o5l b 2 Sy (oS bl sl Yo 5l ey
T B T e e = WCH Y Py PN pEC g TS
A 5 e dd G e ol Kl a3 A glos 3 paia 5 0 gl eS| slao g

el ol LSS 5l

VAT s 1Bl 5 b

s dls Ol
SRS Py
Sl

Sl LUl
Sl

boe - p gl oy 2

m.godarzi_metallmaster @yahoo.com (5,55 Ol ¢ 1ol K l30dgs o


www.SID.ir

M. Godarzi et al., Journal of Materials Science, Vol .2, No .3, 2010, 26-39 28

Ol bl ] ool b el a3 o)
528 o 5 ol alaie Slasiie (SO
L8] 540s ‘_S:...._; ol

3 e ST 51 (S (SHS) e e B
S e A A3l 452y sl el gl 3508
el e a8 tl)_;l Sl s asls gm0
s Lo e dadeSt dadd g oy 25 el
A5 s oml e Al e ez Sl 5 5lS
e Ol 5l ol (S oS S s i e
545 5 Sl e JLlsl ddledl ol A e
a0 S Fe 35l SSE e Ghle o
GleiSly o oile 5 canls 51 0T s & e
23 STy il b sy cnl 5o g o eslizad 3l S
Ay sk LG sl S cadsl slpn 5l oS Il
S35 Bl o & ol g Jool gl S 0
W 5 aS el 3 1) sleee saaY (sl oY 0 Jled
oLasl L S o Iy JUinl 55 blE Lo 28T
Sy A gl dpame el IS L3 S5
Al e 5w ablse gls 3l sma aul s [V eV
4o T3 03y S350 S 5 O3 a3l 3l A5 Lo oS
OLSel Vb o ot b (Y prams S 0Ly 53 29
025l s DSl 5 Ol s 03,5 (ST 2 5 52
D=1 Il s sl

Sl s s ol sla 2815 plil 5l a5l
5 Gl Bl s (b5 AT B)
o1 s e ealinad a5 5lS 31 ok sl
O B e SoipelS A bl s Gl
o el e S LU 5 Sl s
TiOy 5 Al 3l eslecul Bua bl 5 53 355 e

4adis —\
ol b ol g 5l (S (Sl ey o S
23 S L0 Sas 4 S, oS el pwkige
Ceeslie J s s dacy 5508 ) S e g Gt-«é
3 skl (ol o YU gles 5o mlst il s Jle
s ge Sladad 3ok o bl gla i 5 YL gles
Al e opdlae s (LS b s s
il (Sl ey slacs s pelS 5 S s
laa iy 5 O3 L Cosl A3l oo Sl (Ko i
SLpaplS Slagd e e Rl o e
Slirlam U5 e (Sl s gl S
DU Gile pl o pslae sl Vb gl gla, 550
IFV] 55 o)kl Loglsn 5 Lo S U sla al5) (L5
3 S, 3 Wl S e i elS (S DI s
Fow 5 SO LU sl i, & Ly ad
ST dsl e s Sl (sl (S
3o alml gl el A s 5 ) B S SO
Slasl oS 5 gl Ak s ool gy G5 O sen
Sl ol slse 31 sl e slasl 5 sl
s a3 e S 33T sl S5
sosd b oole S 3 &Sl s slge 05
A Gl i el 5 S5 LB (s S
=SS sl )l Sl SO g5LUT
s el U slaasls sowl 56 56 2l 5
bl sl ¢ Jls S das 5 s 5 sbasl LSS
OLSal e (sloags 15 (s 03,5 wlanells oy yal
5ol Sz LT 05 S3UT 48 (s pobe (g3l
ool oml sl s sl gl AS1 rb_;;l Ol

e)l.,\_:‘ @)}3 J,:Jm o uk:.,j LSL‘!’);}! L5'-’~L€" J)&u‘

YA

WYWAQ Ol o oylads s> Ju ;:l}arlsﬂ\if‘:.}


www.SID.ir

M. Godarzi et al., Journal of Materials Science, Vol .2, No .3, 2010, 26-39 29

Seron  (SEM) g, 5l oSy S
123 3 plonsl AIS-2100 Je technology

Cou b Y

ol s ot s 3 b gad BB il
sesls LSt glasng byl ) gl b
2 g5l 1Sl ppia JT Jn G L p s T
] G el Yo sV slgley 3 VY 5 /Y
XRD (58U L3 S bl sl 0 JLi3 L 05520
sl ealy QLA YUY Gl s o 5 4 b pad oyl
seia (Y pame 53 3 e slal Slaba el
Wbl Colu Yo 5l ey p sl b 25 oS A
i (TiaNs 5 TIN) fole piled 4y 23 ol ok
30l S meg oy Ly S Sl glls 5 5
3 el ST glasl sl AL e s s
o) Sl el Sl el Vv g 53 g )]

ot 3 el el JalS s phar STy oS A3l e s

50l 1S5 o g J ST (S bl el Ve
ity Sl (el Vo) VL 0l s Sl

Ao oy i 0l s oS5 5 ST
IS5 sl 3 25 Sl Oloy Bl 238 s
ik e ela Ve sl b 20

ALOs- s 5alS 55 0 35S XRD b 4 4 55
e 23 ol 4 Ol e 1 S Sl o 5 TN

.)}A.;

PRI PCVINET AP SR MRS IN Jrp

sl 03 4 vjljb-l s

Lesbosl 5 3l g0 Y
AnSTslays g (Guos cpl s eslatal 5550 adsl 3l e
VG sl b () S 5 pame Il 5 il
rendl Slp s Sea Yoo 5 sunils 5 Ao s A
oS V5 s el kSTl e SU Y
Sl Foe slaced w5 bl o (0 S Gl
Lyl 5 g ooy bl bl 500 CujeelS WS g
O ged A g SOlenl 5 ag V sl b il
22 A3 S G 5 e Y Y ol Gb 5 s
Jioe sl Sl 31 (oS bl (sl 3150 plas
L O35t el | Sl 5 435 5 595 \0r L FP2
03 5 Blpel e Sl Al eslinad 44/48 o Gl
2 29/44 ol L 05y, il | o gl 658
aa il e gS1 s Lo L gad (530 LT s ol
3Ly .o 8 & s X'Pert-MPD Js s S
Yo Jlesl 0L > 5 SIS T o&aws s eslinal 55
T S5 Sl andl 5l leilasl adS 55 g el L
Sl A oslizal o5 2 S3T1/0840 o 50 b L CuKa
esleul X°Pert HighScore ;3 e sl slubs

Y4

WYWAQ Ol o oylads s> Ju ;:l}arlsﬂ\if‘:.}


www.SID.ir

M. Godarzi et al., Journal of Materials Science, Vol .2, No .3, 2010, 26-39 30

o 5 (slasl s Sl Ll 5 - Jpur
Table 1. Milling conditions and produced Phases

production Other N, . . Ball/Powder Mill
Phases characteristic pressure . Al/TiO, Ratio ratio time Sample
(atm) (hr)
TiO,
A _ 5 1.3 20 10 1
23
TiO,
Al C/TiO, Molar
Al,O5 Ratio=0.22 > 1.3 20 10 2
A1203
TigN; . _ 5 1.3 20 20 3
TiN
A1203
TigN; . _ 5 1.2 20 20 4
TiN
70 1
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Fig. 1. XRD patterns of sample number 1 (10 hrs milling)
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Fig. 2. XRD patterns of sample number 3 (20 hrs milling)
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Fig. 3. XRD patterns of sample number 4 (20 hrs milling)
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Fig. 4. SEM Micrographs of samples No.1 and 3 after milling at different times: a) raw sample aluminium
powder, b) raw sample titanium oxide powder, ¢) sample No.1 to 10 hr of milling and d) sample No.3 to 20 hr
of milling
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Fig. 5. XRD patterns of sample number 2 (10 hrs milling)
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Fig. 6. SEM micrograph of sample number 2 after at 10 hr milling
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Table 2. Mixture conditions

Mixture Al/TiO, Molar Ball/Powder  mixture
. . . sample
atmosphere Ratio ratio time
N2 1.3 20 10 min 5
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Table 3. Combustion synthesis conditions

Remain o e
. s furnace Remain time
production Phases combustion time temperature . sample
atmosphere . in furnace
in furnace

T;?z No combustion N2 700(%) 10 min 5A

TiO,
A1203 . 0 :
TisN,.. 7 min N2 900("c) 10 min 5B

TiN
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Fig. 7. XRD patterns of sample number 5B (combusted in 900 °C temperature)
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Fig. 8. SEM micrographs of sample number 5B at different magnification (combusted in 900 °C temperature: a)
8000 x, b) 20000 x and c¢) 60000 x
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