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Effect of Milling Intensity of TiO,-Al Powder Mixture on Microwave Synthesis of
TiAl/Al,O3 Composite

P. Radmehr A.R. Zakeri S. Alamolhoda

Abstract

In this research, TiAl/Al,O; composite was synthesized from mechanically activated TiO,-Al powder mixtures using
microwave heating. The powder mixtures were heated in a microwave oven after milling and pressing into cylindrical
tablets. The effect of mechanical activation intensity was evaluated on the ignition time and the resultant reaction
products. XRD and SEM analysis were used for evaluation of the synthesized samples. Moreover, the volume percent
of the formed phases was calculated from XRD patterns using Maud software. The results confirmed that the
composites mainly consist of TiAl and dispersed Al,O; particles. The dominant phase is Al,Os; with 65-75 vol.% and
the amount of TiAl phase varies from 18 to 30 vol.%. The results revealed that with increasing the intensity of
activation, the ignition time first decreased and then increased. At optimum condition with an ignition time of 27 s,
the composite structure is more uniform and less porous and it consists of 23.2% TiAl and 69.6% Al,Os.

K ey wor ds Titanium Aluminide/Alumina Composite, Combustion Synthesis, Mechanical Activation,
Microwave Heating.
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Numerical and Experimental Evaluation of Stray Grains Formation
During Single Crystal Growth

M. Ghanbari S. G. Shabestari M. R. Aboutalebi

Abstract

Stray grain formation during single crystal growth with growth rates of 3, 5 and 7 mnvVmin has been
assessed. The results revealed that increasing the growth rate resulted in the decrement of thermal
gradient in the solidification front and caused stray grain formation in the solidification front of the
columnar grain growth. Experimental and numerical results showed that a well-oriented <001> single
crystal structure is obtained at a growth rate of 3 mmymin in Ni-based superalloy. Stray grain formation
occurred at growth rates greater than 3 mmymin, as a result of high growth rate and low thermal
gradient.

Key words Single Crystal Growth, Stray Grains Formation, Thermal Gradient, Growth Rate, Numerical
Simulation.
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Influence of Cooling Rate and Copper Content on the Microstructure of Zn—27% Al Alloy
under End-chill Casting

R. Arabi Jeshvaghani ~ H. Pirnajmeddin =~ H. Ghahvechian =~ H.R. Shahverdi

Abstract

In this research, the effect of cooling rate and copper content on the microstructure of Zn—-27%Al alloy
was investigated using chilled casting in a sand mould. Microstructural examination showed that with
decreasing cooling rate, dendrite arm spacing and the percentage of interdendritic phases increased.
Moreover, addition of copper up to 1 wt. % did not lead to significant change in microstructure, while
addition of 2, and 4 wt% copper led to the formation of e&-CuZn4 phase in the interdendritic regions. In
addition, with decreasing cooling rate, the morphology of & precipitates varied from semi-plate-like to
spherical.

K ey wor ds End-Chill Casting, ZA27 Alloy, Microstructure, Cooling rate.
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Influence of Cold Rolling on Austenite Formation in Plain L ow-Carbon
Steel Annealed in Intercritical Region

M.S. Mohsenzadeh M. Mazinani

Abstract

Snce intercritical annealing is the main processing stage for the production of dual-phase steels (DPS),
studies on the formation of austenite are of great importance. In this research, the effects of the cold
rolling and intercritical annealing temperature on the formation of austenite in plain low carbon steel
have been investigated. For this purpose, the steel sheets were cold rolled for different amounts of
reductions and annealed at different intercritical temperatures followed by quenching into an ice brine
solution. In order to investigate the microstructural evolution as well as the effect of controlling
parameters on the nucleation and growth processes of austenite (martensite at room temperature)
formation, the samples were quenched at various time intervals during intercritical annealing and their
microstructures were analyzed using optical and scanning electron microscopes. The results showed that
cold rolling and other processes occurring during the formation of austenite significantly influences the
initial microstructure and the nucleation and growth of austenite phase. In un-deformed and 50% cold
rolled specimens, austenite formed from the pre-existing pearlite colonies. However, in the 70 cold rolled
specimens, cementite spheroidization within the deformed pearlite colonies caused austenite to be formed
from a microstructure consisting of cementite particles embedded in a matrix of ferrite. In this situation,
nucleation and growth of austenite phase took place mainly on the grain boundaries of ferrite matrix.
Furthermore, it was found that the temperature of intercritical annealing treatment has a strong effect on
the kinetics of austenite formation.

K ey words Dual-Phase Steel, Austenite Formation, Cold Rolling, Intercritical Annealing, Microstructure

Evolution.

el ey 4 55 B3 4 QAN Y6 53 OF Ll A AFV0/A 56 55 allie o 2™

e g 333 o8I ¢ punlign 3ASCED @l ge 5 (55 e 05 S S5 mils (V)

Email: Mazinani@ferdowsi.um.ac.ir .dgie w555 oails (pwdige 30802505 wlge 5 (55 90ke 05,8 GLtils 1 st des 5 (V)
DOI: 10.22067/ma.v28i2.38157



eSS Y 3 Coil S 3 350 O Il

YA

iy 5. Sl 3B ol &S sl sl osls
s LN e 5 AeylS DS 35y Dok (B
NP R W VI GG | e BT A PP
BRI JU O Sl glmasls Ao ya o]
OLLSes 5 Sl [NY] 353 0 el o 5 (slaes s
SlasVy 5 - b slaitle s b D]
=58 A3 V0 5 S Sidewms /=Y L
g;.:;x_J)l_éJﬁﬁ_iJ):l)aml_l;-fu‘jf;ﬂ
Lles S edalin
S JoS Pl by s ] e A5 )
sdeas 5y bas aS oo b s cw] daal as Y

Sydop J S Cnal 53 S 55 Al s
IS Camal 3 58 3585 dwsn a5 ol sl Y

e

S 25 S g b sV gl i
Sdzee 5l e SIS plil haas el slate o
e S 0 gl St OAS (g5 S 5 oo b
LSS 05930 aS s plans] bl IS
) g8 Sldmes Ol Al e BLET oz
5 Sl sl b b 8 5 5 dlsses oyl
IFE] 53 o i 35 S 5

358 Ol ,:IU s 3 (8o 9dme Dladllas O ST
SISl Slihee I b 3 ol LS5 sl s
5 Kb [FAYNE] el s el (Sl a0l
RN PN ) o IO
@ bl 2 Ll S s OF (59585 5 o]
S b sdoe ekl aS sl sl Jasiin (Olidsd oyl
J=5 &S Gl St 02 (g5 8 5wl SO s
Sl glaails B35 s e & ol S35 )
63,5 o 3 3 1l Szl daas e S |
el sdome 55l s B Gails §ie 53 s e S
o D3 S35 o O1 Sl oy 55 5 o0 SIS
= S Al sdeme 55k o B Rie; 000 25 s
IS ss oS Sl ol 35158l s 03l a5
3 ool g b Aol 5 4 e 3
a3V Al Sl gy i oS ol el [VE]

PURYY

O pae S1alS O Ao 53 5 50355 055 A g3
6Lbss glas¥sh 5l s xS alitl 4 e St e
Gk S ol odd g5les 35 mbeo 53 (DPS)
sV wld 4 228 ol SVL ol 5 e
YU ol LT oS las¥ b b anslis 5o (55050
Glasis U oYy olalsd a5 0lal (HSLA)
03,5 wal 31 SS5L gy Sl eslinal b Sedomy
o dey Jold gollas s b g3lss slas¥s o
W ol o 3B e Ao s Y B Ve 5 b
S ol (Vb e glalasiia ol
el g pdyllanil 5 (2 )8 VL & eld @

L Lls
35 a0 Vgame ixiio Shgsan 53055 slasV g
Les) (Slmibee LS U () 1 s oo A5 0 5
551 I8 Aal 3 b Y ponn o5 ok 3, 355 Y55 (2
alsl 53 Y55 sy 03,5 5 (¥ il ol o 038
bl LSO Sl 4 B pls 5,50 Aol 3
St 3liss SV gt L1l 5 S
S s aalllas dbasV b g5l 28 Loy e
Sy i3S 5l e ol Olles opl s o]
Coiw] Clnsy o> 3 Sl 4 S | 3w
GlodissS e (R Gl pmObe (slas 53 e LSCES
o 3 5 $36ss Y58l llag, B nS s
5L S | el dal g of SOl ol >
seS 5 ebb Lu,i e IS5 oy 35k
ol B85 0580 il e ] 5B (55058550
2oy man el e glajl ey
AlS ey 5 [V T el Bl 5 5550 S
S dAN ] el —e b 5 [YVAT g5 S
del b gla e S ol an § 5
aalllas ol 5B LSS 5 58 Sl eeole 5L
T e SV SGIUION iy Wk-
Glaes s S ie foad (o slaes s 055 ol
g e Cafaws D3 5 5 2y B gladls Lo

’rq'z‘_;J;JM‘/,;iAJWJLA

e s iy slle wige L



¥4

JL:'/ Loseo =03/ et sl Ciacs

53 Laa sl B Jlpaibe SO wids Vo b
S o o 5 Sad Ol e 3 e
Ls o s sltlagy oS Ly ) p Gl Ll
AU et 5 paete sl 3w 3555 Ol
Curl 3L A, 5 Sl o cidie Jalse
ol e (UL los 5o 2y 35 5b)
SlacSuy S L ods (LS Ob gladisas (555
Serlans o 3 el hass S s o
SHleslsm b A ) 3= S 5o adi sl
o3ls [fled (V) S5 53 dlads 5ed 51 andlas 5 50 dau
L obrbvsn sla s plasl sl = ol 02
3 s B ol il ekl gl (6555 Sy S
A sim (S i 5 ool Jol e ol
2 e Sl bl S p SV Lels ol
) deosn ¥ Il o 5 s aie o 2l oo Ve
S (S e Ve 5o S e 2
Olsme a) ol m 3 252 5 Sl b sl . Las
Syl =l (st amrln [V0] aor o 4 Jls
P [ U GRS PN V- S IR - WIS B PPT
Sl Oy dilodalin BB OLE e Sl s slibie
Il dydoms 5,8 51,5 30 o oy b slas e
Glaasls 5,0 ool plim 035 HKET 5 esdle
B L pad cnl 2 0531 S o st 5 15 2 b
G S s yan (ot sy sl e 2 )
S dosn Y Il Jadoen b ptags 505
SIS I3 e 5l el b A5 SIS e s
At il ety s 5l s Ve Bl 6l

FEStEY 6J<.’.-’ Sladul b g3 w5, 5 <‘[>,r_'>| alew g
SOl Jle S Jsb s wowand WSS
63l Ol Wl 5 oo kil o BT Sl Ol
;oTu)j@;a\ﬁsﬁj%I&gxp%
b SOLSs olss 5 ale sltla ) @ o
3w 355 Ol U Aadllas (EL IS g3l
GSol aldes Jsb o el 5L SCis
A s o NP ol sl 5 Sl ol
WY

Lo 5 4l 5 355 Olgen Ll (Gt ol 5
2ol S Ly Gl 80
SNys olg a5 Sleile 80l Jsb
el 0l axdlae

Selasl o g, g 3l se
lard S 5 45 SH52 1 S0 S SV candlas ol s
L s st ool o 03,51 (1) Jsdr 55 0
(V55 Gy ol oby L8 e e 87 Celis
Yoo oley ctean sl Kol a5 AY0 gles 3 Izl
St52 sV 48 5 o b adils s3laul a5 adds
5SSl S 3 s S VoY B
SSelasl dis s YU 5 VE (S Y s o
4 o sl 3w 5,8 ¢L>,=}l)> I PVIVRPIN SO TRIN W
5 NS el 63V 55 Bo 5l me koo Voo XY slal
W by o acSBle b 55 oK Rt
Ve 50 Olpeay kB3 53 5 4 ey 5 b
Sl e e YoxYe slalay Sladad 6us 5,56 Ao s
a3 VA 5 Vi glales 5 9 LUl ol o digad o
B Y a5 gdome 3 calises a0l Clleas :\J,f,::}b

$35Aesd e 2 S2 VB plend S5 ) Jsdr

B Fe C Si Mn P S Cr Ni
wi% olileu3ls AR VAR \/\o JOAA | o/eY0 | e/
s Mo Al Cu Co Ti Nb \% W
wit% v/ A LVAS 2 SN IRV O BV N VR B VAR B VAR /*YA

Mo 5 sy ke pwlige 4

’r‘l‘z“;)ijto«ﬁ‘/,;ié_}%db



eSS 3V 3 Cot] K 3 350 O Il

ND
Y Fm//%//@%/
D
|

(s a:j)ﬁudab)axisﬂ EEPHRT- ) FURTE VI B :)ydaj.aj\ LS‘“)‘)C)J’ VU

03 4Bl s ol o B gladly @b S
o o ) 53 (6 JS08) Whealie LG Skl
Ao az o L aolasl sueee s badls 5l ds s Ve
ol i Hlrs Sy lres s (ST A4S sl
d))ﬁ&;:mwéuuy 44.:.}[?‘\' QLG})JASJ})J
MLoJAQM&)AMC)ﬁQ&x&Lﬁ@Jﬁ
|,)°J"":Jj“"b‘)j‘.b‘y)'é&‘[\-\]é)b@ﬁékjbb
:\JK:.:QLN am Ay Gles Ut il S oo
L;l_AA_t}.M LS)L:;-L“'J'.'.) L;th;.«-vy C’”Lb .JU.\GJ‘J )bﬁ
o313 QLI (G ol s il glabes 3l el GQJS
PURCEIGIN Y-S P\ PR SRTGINCEINY R WU | I W I UGN
35 S LY Oud 65,5 ccpl 058l LS o

o beld o a0 V56 ks Al S b
[-\]C,_w‘a.x_&d::)‘]jﬂa@u);&)}\d;ﬂu;
slaa¥ (55358 5 sl ey ol g8 Lo
C’—‘”\°J‘—‘;’dl—:ﬁ:j—‘*‘>)j—’fl—>”‘llﬁ“ﬂjbc‘?:mﬁ
sdas )y bin Catiaw sl 0dd (5 5 St
budjﬁ.zﬁjdjﬁwﬁduvj\bjb&,ﬂjg
Ao o g e S slaen s s e lagY
e gl 0al 3 8 (sl Ol anked axkes A

Jolm ol sl osls 5 a0l iy (e 5 ol
M«M.L)ﬁﬁgijﬁ ) pods LSl 5 o0
0500 Lo gl 5 J slalr il (6550 slacs

Con g ml
SISO dsb 3 Hlun ) b aeS K, ) g
s Peobs

Vg ladisad 5)50 5o ol Sla ) 5 S
VEs las 53 50l 3,40 Lo yd Ve Ol sueds a5 SE52
T b s dileds (5,800 ;ljf.gjl.w a3
Dby 5 Lgy gy o slaieny 3 55 g0 03
(3L glas 5o e smle) a3 LS5
Slas sl 5o Bt Sllas Jb 5o badd yal
Slp s Lol Sl 5 LS 3 5 g e paPeie

s sl gkl
sl sy 5 o o 5 dl-Y) IS
o=l s deas e QLIS 1y SV s su s 5,50 5 4l
St K85 s Lot 5 cu b dajlstlag,
35 o o dalin &S & S0les Ll LB Ss S
S son a8 Al e Do B 50 bl (e
03 et edalile ol Sl Gasts BB S,
B et W PR N G BT
oty s ool g skt |6 IS
P 3 gyt s Slly 3 bl ¢S
3 e S8 Sl ol sl LB (O -Y)
T S NP IV PRI L TR
a5 Ll ol esls OLAS (F) J&; 33 ‘:\J{:L'L»
J=B e i 0ds e ol 3 4l
Y W RPRCII N WA W R ce W VR IY PU> P, (W)

)‘J._n:w‘a@wtijtjﬁﬂg;ﬁfebw

’rq'z‘_;J;JM‘/,;iAJWJLA

e s iy slle wige L



A

u"Lf/ dazes —o3/j s sl Ciacs

M).‘.V' L)N)b}bﬂ))‘d)}; ;*,\g.\.:};.:»ﬁ)‘.aj ng.JJ

Sled 3 Kl a3 Vv (gles 3 0l (500 50l 5,5

(3o 5k ¢ 535 pdle) 4 LY

5 o 3355 e 4l IS5 k) g5 sloals
35 Sl s Ol sy oo — 2y B S il Juad
(Gl ASS (e S L O (558 Anl B m
ol 3 3,55 LAk sl 5 sl b opl sualie Jlaas|
i) b)) el (b S LgLACJJ 35 Sl 3L 3
Catow LaasY 00 (655 @l (B Ol (a5t
PRSI By K-y Wy W LI
ole S Jsb s Al e g St 3 sl
GlaaY VU (hle S glag 5 5o bl kgl o)

L] le o B o anlas ankad &) gty e

e.\.iéijg.JUje.\.ﬁJ)}} M)JV' L)N)L}L.«Ji) i‘)g.l

Ao s Ve C‘};j) 4ids ) Sleds o Klo oy Ve gl s
2 (88 ey Son gl (Al (adomn 555
s S Gy S

o dlle i oV 5 Sltla s 5l (o5 s Son gl ¥ IS
3258 N8 5l sy s S CSs Sn a5 (D)
laos s 5 amas o 56 Jold () A3 Vo Ol pens o
(e p F ooy P) o,

Mg o 55, s bige 4‘:")““:"

!7“17‘jsijw‘/,;.ﬁ.ﬁ_;%‘ju



...w;/,_f;y}éj; g;:.;:w/—ulr(..b"ﬁ D Dy 4 J/j,aﬁf“

A

D s 5310l hyls Ll s ol s sV kel
JSs sla a5y ol L)iéu.f&::.ﬂ\ sl 5
o 55l) Sl i 45 358 e i (0 =T
S b gladsls § e 53 edes jsba (B sles s
03 A5 ped oSy S pslal ulad y Aleds LSCES
Al 5 sl aS S OlyS e adds ¥ b
oLl 5,5 o
0345 Wiles S jasiie oo Oldaline .l oslidl

I I FS I TS C |

S35 S ke Jead s caal (S ]
3RS o Gl o b gladils e 5 Wl St
b S 4SS e Ay Gl S e s
o3lzis BLsl cunl 55wl Lol 55 &8 Cotta
58 ISl caalsl 55 [Y] 5 8 e s 53 1y ol
ool i Ay bl (u b R 0500 St
ol b S el s &l e sl o
33 oo D3 JalS ISl ok plonsl Sl
IA] acl o Blasl ez W5 51 e Ol
b 53 0ddis 2,5 N B S ol lasy o
03,5 yetlise @il yax)s) & [Epivgee el S
oS 0l 53 o (65,5 e I3 oS il
R e W P ST RCICE ICIN JUp | CE
o) Cuple e 0503 Sotew DL gl
J=slS sl il ods (55158 55 (VL sles s
Sl ol @y 3 B B e 53 (e 3
L S 0003 Slood s cad o pl 53 5 Al
Ol g5 e copl 2l [ AL g sdalive b0 ]
03 Catamws 3 358 bl g s aS CuS
s glaslS s =08 S culedd Cel Jltla g,
= Ol s i sl L)iéu.fm\ slasl loslul
Sl pli 0o D3l 5l F o s ol
sl U (o 5 i JSs) ol sdaliie 6
TP o Sy el 8ol Olles
52 480l d4ids A) 5 Obey ClldS L enl ol
oalS s O3 sy s e sdalin (V) SKS
S cdys il Jold s a5 golrlag 5wl

= Ol s Y Olej o sV Ll sl

(e sl il e 5 Al B eSS
JSC) das e 0L ) sy 3 el skl
e gls YooY s> s Gt 3 83101 (0
NG N A ISP IS W PR - VI VI W] PR
oy il eo sl Ladl i gsliss 5 catia
(=0) JSd s i ey 4 oo psle 56 Jlaxs|

Al ol Lasie

)

ev\.iLg)Lfg.JU)ev\.iJ)jJ Lo s Ve LJM)L;-LWJ:») OJg.JZ

LS sba Lufu) 4ids ¥ et o) Kmla a5 VEr gles o
2325 (S5 Gy Son 5l (Al (ol sdome 505
e o a2 s Y S S

(3ol S6M (Cgtian 36 :C) dias o OLAS

b wids Yo U g lsols ol il b
S et by 5 (BB glos L3 o 55 k) ol
el Sty Ol ol 3 o= 3 . dileds

!T"I'Zu:i)lwﬁéf,:‘ia;w‘,/u

Mg o 55, s bige “‘:’/“:-’



Ly

u"L:'/ oo —03)j e 3l Ciars

Sl 2 DL sbs 53w 3,5 Ol ST
SIS sz 53 355 Ol B o) 5 slatany
Jold asgas 05 8 55 Vg kel » Sl
3oV 500 Ol ea o dd s v 5550 A sl
Sldes coos ol Kol a3 VAL 5 Vi slales
A S 13 Slmike 50

sy50 doys 00 Bged Sl (il -A) IS
Vi les j3 (LSOl aids Y/0 51 g 1y odd s
Sl sl ol s e OLES ;\Jig.:_}l.w 4y
Sadls s o sdalie SOl ol ) 5 5 o b
Slaes s 5 dlasl susme j ks JolS ) gbay oo
S-S Aledile JU bl ) 5o S Osl S
U edy sbe eog 5o Cotian gbo &Y J5mr 045
i3> /0 sladley Sle )y sl odaline LB (s>
S 5l ol bl O e
Rl s Co b aey Jold (5B 5s DY (Gl ma0la
B Sl arsb(cA K8 el ol
laes s (BUI glas 3 35l Comal 025
S S ot Ol ibe e B S Oak =
oAt 3w 3558 Aoy 00 Kiged 53 Lo yisle plpr oS
5 S asled s LSl ]y slaes g e 5o
Sy IS s s b alie oS ssba LT m g
GBSO slasesgdome 3wl ol i s 0w 8
25 Sy glmes s Joe 3 Sl (Gl 0l
L5 dS e S0l o b m s S 2l b
5SS s e LS e ) B s
38 b el s psba oyl plr w8
ol oley e Al L el o slaes g 1S5S
ma el SIS ool 5B e Gl emObe (L8
gos Jdam SlE e ol s e SR S
b ol 4o b Dol

Sladisos bl gy Slapms 51 Jol il
534S das o0 DL A3 Vi Oljpeay edd 3 0 S
slaas¥ 0d (65,5 (Sl 800 Jb
3doms 5l L Olajas ool p slaes 5 s e

) 0 J.:g..l.}'

(&)
sl 5l sy S S Sy S gl seas TS
Vi glos 3 edd (L 50l 5,5 o sa Ve (63¥ 58 & gl
M) ilies olaiS 55 95 53 @ids Y/0 Slkeas 5l Kl ax o

(el 56

A= Vi s jo el (S OU 5ol 5,40 Ao ya Ve (Y b

Wids A St 3l Sl

Mg o 55, s bige 4‘:",”*:-’

!Y"IL‘;:JJLQJ%:,LAJW‘JLN



‘ﬂ;ﬂf}yjﬁj.) C«:&w/’%&"/d}ﬂ)‘)}uwﬂ&

22

Sl i Sltla s Sl o5 G Son sla p pead 4 IS
los 5542350 Oloy Silke (gl 0dd 5w )8 s 3 V63V 8

>|J.<::JL.~ a5 Vi

S35 aomt Ol on ol sy il a4y a5 L
23 Sledss ki Lol s 355 doys Sl aS
ol 3y oo JSi5 Of 5l il S gkl
Ol s 5 |y Sl Ay 5 S3aler bgou 5 ol
ol 350 3V g8 Sl s .l esls s (ool
(BU glos L3 up9,le) Sl o) 00 Olseey
Wl 03,8 5 5 Goalr Sy Glaes s Joee o
o yn Vo Olpeay ol 5,5 3Y 5 jltle s 5o Ll
Lol ol Eel Cuttaw glaay 0ud 55 8
35 Cata D3 Jald ol sy 5l il
38l (DI pl s sl LSS a5l sl
b slaadls e 3 edes oba ol Al
el 485 S 0 i

(Johnson-Mehl-Avrami-Kolmogrov) Ji—-
o il W55 St g3led e 52 IMAK
o3ls (yslae sl s 4 S8 @ LeasSS (g5t
Ny s cwaal LWSCE5 5ledd 318 a0 sl
VO 500 Olise als ol 3 355 5 05 5,5 CKI0
dw\;ig(a)\(.[\V]uwijlSqmjb
oS 3 3558 Sl Wigad p3 il B S Ly,
ol il o mal Sl e 5Y el SlS
S old 1S Ctal 6 ez S (e
Bd o Aol adaily Sleslaiad L LsSS (g5l

a3 Vi glas psculan S oy oo
G5 T s 3 S O 53,8 L 1 Sl
O 5 433 Y70 5l (0 JSK2) il sl oSS
sdalive ¢ 3l Kl a3 VEr slos 3 6,500 O 5
= O les s ) o piole ol S 553 0
o (@ JS8) aoledd s Skl s
Ay s il S b Gladils e 3 sdes sba
|y adasd ool s ¥ Hltl sy Ol s il S
D153 e Sotad 56 B 55 501 L ol
Oles S ol 8 Lo 8 b 5o (ol
Ol 5 il s 555l 5L e (g LSl
SIS el w3l B el e S
JL s o b laalilag e Sl St S S

ol o Jlidl ey 55,k

()

)
Sl i Sltla s Sl o5 G Son sla sl A IS

b lagley ke (gl 0l 5w S s y3 00 (63Y 58

a= o Vi glas 53 aass § (o aaads Y/0 (Wl (g b

s Kol

!Y“I'lg;ijl«.j‘/,:‘:»j%‘]u

Mg o 55, s e L



£0

JL:'/ Loseo =03/ s sl Ciacs

Sl 3 Olyme (S 0 5,555 o 55 VO & 5ad (5
Sl 3,13 15 Ol s s edd 5550 Lo y3 0 & gal
il S S 53 0l sdalie Ly, o
S35 Gl G Aol bl a5 Cdls a5 L
e Pl a5 Lol WS 5 G54l el
los 53 Cmy e Sl ol 5L 3 (S 5
SLil o S5l o (s s ol 38l (ol
R BT JTRCEEI I LRt APNE
A s S e G0l S5 DAl sl
Ll ;568 Al 03 Skl Gl ssledl
SoLS O (sles 3 el 5w 35 5 Lo )3 VO (G40 gas
5l s Jold @l cladS 5l e Sl Ol
Ay hld s a5 Soten D3
s St D3 51 Wil G300l gl g el
=%l omlply Lol ﬁlfé o yb sl e 5o
Sl sl 5338 o Do bl cnl s o]
Jold aS odd 5 5,55 o )3 00 s el s, e
oS S B i sy glres s Sl s

03 S S S b Joad clita 4Bl ddme

il 38l e 5 SO (S glaes s
S 53 il (3l ol p 0533l g dal
Lol 0o 55,8 e Do 5 o b slaals
m et s S glaes 5 e 3 ed LSCES
il s 5l o, S (Sl s [E] A4S
e Ssl) Sy s A s s e Al
s glacilos (0T 0353 Cotionn 36 31 1 S Lol
S o3 e3) Al ool A, B aS S8 1 ool
534S el Jlm s ) S al 15 b slaails
53 Lgs ol el 3w 390 Lo )3 VO (G4 gl
B 5 S e Skl S sladls e
Ao 53 g0 gd el om0 4 Al

Sy el i wged ol o wfdﬁi.,:wﬁ

f=1-exp(-0.693(t/tso)") o)

tcoMJ@WTJUWﬂnguT)JAS
Sl 5.l IMAK 01551 5 s 00 Ol e

yd oo Ol ) Dose sy Jolo oo
tso=(ts0)o €xp(Q/RT) ™)

JLad (65 -1Q el Hliie (ts)o catasly ol o

= ) LT @é:.JJ.S_.’:J Slr S ol
s ol g cwla3lE Sl CUBR 5 (psls
Laol j3lie oS dites oo |6 Q 5 (ts0)o 1 Jole
Wdios s b a3l s GLkil (6 b sy
Sl = 3lbedbe 5l Jool mld 55l 0 jasls
Sl Al el enls GLES (V) Jf\.‘ 55> IMAK Ja.
Olie ol d s w3550 5 colld 3y Jltle 4w
J—ol s e e Sl SR s 3 VO 5 00
b Oley (o3 gdme 53 o 2 C,L.J 3 JIMAK Jus
sla ae .ol sdal Cowsay 4B Nes BTy g8
b 53 (o 2550 SV 53 (S8 pas dw Sl e
J&_.,..? Sl Ji e ) o e:)ﬂ )
S L, W5 63V (58 50 4w o 53 Sl
AL Olos Sl L Cmal JU ez oS 3505
Olan ol 4l 2yl 55 o sl a8 Ol s
S5 e g o alaSle (1) JS5 s S 48
3 3555 Ao p3 VO Ul 53 oS (ool 5y ol
RCOUV B UL WP O WV TP VICIUU IO [ -
e any bype lajls el Ganlis Ll 055
ORI 0 S e 35580 Ao 3 00 5 el 3548 sla
3555 SaSgad e (SIEOL Oley ghila oS 55l
sdalive sy 005 65V ] ez S oS
SR 5 b0 polie s ] JSES £ 555 el

tso ‘(Y) J)J\J BE 1YS 4 L):“')|J§ ﬁbuﬂ J»L.c\ » .J)‘J

Mo 5 sy ke pwlige 4

’r‘l‘z“;)ijto«ﬁ‘/,;ié_}%db



J;/.SJ}{}J_/J ‘;:.;:,d/_ué_i.ig"ﬁ ;ﬁ)Jf'J/J;,aJ:JE

¢

0.28
0.24
0.20

0.16

Austenite Volume Fraction
o
[
N

0.00

| 0%CR

—— 0% CR-Model
A 50%CR

—— 50% CR-Model
® 75%CR

——75% CR-Model

0 50 100 150 200 250 300 350 400 450 500 550 600

I sothermal Holding Time (s)

S ol o Ll 5 o b sdkasolis bli) sl Ll ax 3 Ve gles 5 6,18 b J)b)szJSM.,M Ve K

(cl g3l e

IMAK Jue sla el )l Y J g

Sl n tso () (ts0)o (5) Q (kJ/mol)

i 3 g /Yo £4v4 VXY VVo8/0
o 3,4 Aoy O AT AYOTY Yx) oo Vyot
o 3,5 Ao 3 VO oYY YYooy VAx) e VYo

S s 2 eSS DY s ool S5
Ao ss il il S disls 0L sdal sy il b S
sl bl 5o Gledws dd Esbio s, 8
Sy il Ay Sl b 25 e SV b
S HLS rl_>,d| Jdsa as e x5 (ol Ol paen
23 Cotams Slaa¥ OUl (655 5y b sdos ol
RS s pladnl el S nd 2
355 0V il s il e Bl el WSS
slas s cusb) Sl (Ao ys 00 Olsas 4 ol
WKa S A Gialer o Glees s Jee 5o (SU

u-«\—«ﬁ)b\/' Q‘J_:Ad_s o b)j;' JY)_‘B )L':?.-Lwﬁ) DL LZ\

Sl U s Eol St g 0ud (55 S

R A 5 St 3 ol gl
S e b > el Wl ol 535 S
S b glaadls 5 55 Wl ot LS 5 2y 8
S 5,8 U Gl S e 55,5 Sl
=l a0l 3 48 Cumer D3 o 50 5

AA.A_?}JQ.JJ_:QI.:); Iy 35 ealias ol Rt

53 ol 5B LSS S 5 Ol O35 2l
|y ol )55 & pa dy Cend 0l 3555 Ao 53 00 &yl
Slaes st 53 St glaaY O 555 @ Ol5
03 303 Cd sl 3555 A3 0 Lges ) S
Sl el (655 ot b 5y Ao pazee (il
sy hls Conal 4 Jsane S 5l el
[¢]

Yy by s p bes b s sl
VAvlas j3 5 v LS i n Ve 500 L slads gas
Lol Clea Sl uile g 800 s Kl as s
Lo e ol 31 Jool gl gl L il oo
VEr Glas s badgad (S OL Sl sdal Cosay ol
b ol Les 48 508 0 Lasie ol Silu ax s
el a2l gzl WSS s 53 sl

& S 4om
le_objd_;.b\ S J)j_'s ulj_:ajzjsl_? cé:.bd O’i\)J
o lasy BanS Wy Sleeile 8L

’r‘l‘z“;)ijto«ﬁ‘/,;ié_}%db

Mo 5 50y le pwlige 4



1A%

JL:'J" Loseo =03/ s sl Ciacs

sl pals o, Ol ds s b g e gl
S rle S8 Cdns plir Jold S oS bl
A S o (Glpuile gles s ozl

a3 sl BB G 58 Sl sl
sleass LSi Stmw il S e
SLadde IMAK s, s o5 4 il
et S A et g3ledde el bl
e e e P S
ol b sl LS S e (sl
ols L5_}\j.>u. Ole 8

Sl e sltlas s s ot D3 elS Il oS |
3555 3V 55 Gladi gad 53 bl e B el LSS
5 s b3 el Skl gy doys Ve Oljea sl
Al ol s sV Sl e s e
(ol b 3 u:_squx_.ﬂl 5B B s 551l lyls
3 sy bl Gy aS CiS Ol s
5 B leas Eel jl g s St
33 bl i Somital sl sleslul 1 (16l 5
J goioian Sl ol (ISl Sliles dabsl |

ey

Speich G.R., Demarest V.A., Miller R.L., "Formation of Austenite During Intercritical Annealing of
Dual-Phase Steels", Metallurgical Transactions A, Vol. 12A, pp. 1419-1428, (1981).

Garcia C.I., Deardo A.J., "Formation of austenite in 1.5 pct Mn steels"”, Metallurgical Transactions A,
Vol. 12A, pp. 521-530, (1981).

Yang D.Z., Brown E.L., Matlock D .K., Krauss G., "Ferrite Recrystallization and Austenite Formation
in Cold-Rolled Intercritically Annealed Steel”, Metallurgical Transactions A, Vol. 16A, pp. 1385-
1392, (1985).

Huang J., Poole W.J., Militzer M., "Austenite Formation during Intercritical Annealing",
Metallurgical and Materials Transactions A, Vol. 35A, pp. 3363-3375, (2004).

San Martin D., de Cock T., Garcia-Junceda A., Caballero F.G., Capdevilla C., Garcia de Andrés C.,
"In situ study of austenite formation by dilatometry in a low carbon microalloyed steel”", Materials
Science and Technology, Vol. 58, pp. 926-929, (2008).

Azizi-Alizamini H., Militzer M., Poole W.J., "Austenite Formation in Plain Low-Carbon Steels",
Metallurgical and Materials Transactions A, Vol. 42A, pp. 1544-1557, (2011).

Judd R.R., Paxton H.W., "Kinetics of Austenite Formation from a Spheroidized Ferrite-Carbide
Aggregate”, Transactions of the metallurgical society of AIME, Vol. 242, pp. 206-214, (1968).
Molinder G., "A Quantitative Study of the Formation of Austenite and the Solution of Cementite at
Different Austenitizing Temperatures for a 1.27% Carbon Steel"”, Acta Metallurgica, Vol. 4, pp. 565-
571, (1956).

YiJ.J., Kim L.S., Choi, H.S., "Austenitization during Intercritical Annealing of an Fe-C-Si-Mn Dual-
Phase Steel", Metallurgical Transactions A, Vol. 16A, pp. 1237-1245, (1985).

10. Mohant, R.R., Girina O.A., Fonstein N.M., "Effect of Heating Rate on the Austenite Formation in

e 5 iy slle wige 4

’rq'z‘_;J;JM‘/,;iAJWJLA



eSS 3V 3 Cot] K 3 350 O Il A

11.

12.

13.

14.

15.

16.

Low-Carbon High-Strength Steels Annealed in the Intercritical Region”, Metallurgical and Materials
Transactions A, Vol. 42A, pp. 3680-3690, (2011).

Navara E., Bengtsson B., Easterling K.E., "Austenite formation in manganese-partitioning dual-phase
steel”, Materials Science and Technology, Vol. 2, pp. 1196-1201, (1986).

Savran V.I., Van Leeuwen Y., Hanlon D.N., Kwakernaak C., Sloof W.G., Sietsma ],
"Microstructural Features of Austenite Formation in C35 and C45 alloys”, Metallurgical and
Materials Transactions A, Vol. 38A, pp. 946-955, (2007).

Tokizane M., Matsumura N., Tsuzaki K., Maki T., Tamura I., "Recrystallization and Formation of
Austenite in Deformed Lath Martensitic Structure of Low Carbon Steels”, Metallurgical
Transactions A, Vol. 13A, pp. 1379-13838, (1982).

Beswick J., "Effect of Prior Cold Work on the Martensite Transformation in SAE 52100",
Metallurgical Transactions A, Vol. 1A, pp. 299-306, (1984).

Mazinani M., "Deformation and Fracture Behavior of a Low Carbon Dual Phase Steel”, Ph.D. Thesis,
The University of British Columbia, (2006).

Rudnizki J., Bottger B., Prahl U., Bleck W., "Phase-Field Modeling of Austenite Formation from a
Ferrite plus Pearlite Microstructure during Annealing of Cold-Rolled Dual-Phase Steel",
Metallurgical and Materials Transactions A, Vol. 42A, pp. 2516-2525, (2011).

b8 b 0L MOT O Sl (giled e 5 o ole 5B osline (g5 sh, e b g3ss SV 52 5" o Sleye 0 sl WY

OY40) dgdie w3 b oKl ()|

’rq'z‘_;J;JM‘/,;iAJWJLA "‘/}‘JJJJ‘}/L:“,(“"“'@‘%/"‘L



19T 33 §lat ipis 5 Cony Sl so s sipsllin eukige 4o
¥ 26 T 50 bowy¥T Bis  Jhews S N9y (o 28 4dllae

)

i - M (AP .
= oL CJAL..; o8 A Obs gomes alos
° -

bt Sl 3l 0l T e (Sl I moimn b 5 5 VST 5 Sl S (loot Y sl 3 e Jolse il ) o
= BagAly(OH)1s BaAlOs (sla,lxles b oyl o I G T ob 4 P Sl JT oS o S ploes el VST 5 el s
5 b T SCaalS 3 g CBLE o o ki3S s3] Sl 5 (NBGPOs) nyober ol 5 (CBGAIZ(OH)12) el livo o] BaAI04
5 s Sl il aslizad 5 Sl S G [ AT Slockily b BaA(OH)16 bl b sl Sl T 1 slizad el S ks iy S
o3 Kol il e300 Sl STV sl OLL ptzeod eyl il oo L [y Oloily oy i VST Gl s /0T/) Olonti]y L Saf

Al o b S VST ST/ fale i CoonS

et i VT VIS eoly S b aol b (Suwls” (slaelg

Experimental Study of Pollutant Removal Chemical Techniquesin the Bayer Process

M. Mahmoodian A. Ghaemi S. Shahhosseini

Abstract

In this work, carbonate and oxalate creating factors were determined in the Bayer process. In the
chemical removal of carbonate and sodium oxalate soluble in sodium aluminate liquor, barium aluminate
with structures of Ba,Al,Os, Ba,Al,(OH);s and BaAl,O,, calcium aluminate (CazAl,(OH);,), sodium
phosphate (NasPO,) and lime were separately used. Investigation of temperature, concentration of
caustic soda, Al,O3 and sodium carbonate revealed that using barium aluminate with the structure of
Ba,Al4(OH)¢ with the removal efficiency of carbonate equal to 80.2% and sodium phosphate (NasPO,4)
and lime with the removal efficiency equal to 66.9% in oxalate removal, have maximum efficiency. The
results also showed that lime and bauxite lead to 66.9 and 99.9% of carbonate and oxalate pollutions in
Bayer process liquor, respectively.

K ey words Bayer Process, Carbonate, Oxalate, Pollutant, Chemical Technique.
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Microstructural and Compositional Evolution of Ni-Cu Solid Solution versus M echanical
Alloying Speed during Surface M echanical Coating (SMC)

I. Farahbakhsh A. Zakeri

Abstract

Recently, surface coating process by mechanical alloying method was considered as a new and
fundamental method. The method in this paper was introduced as "surface mechanical coating (SMC)".
In this research, effect of speed milling parameters on mechanical surface coating process in the range of
200 to 500 rpm for both 20 and 60 hour milling time was considered. Snce the milling speed leads to
increased energy and higher chamber temperature, then microstructural and compositional changes in
the powder and coating are inevitable. X-ray diffraction, electron probe micro analyzer and scanning
electron microscope were used to study the structure and composition properties. It should be mentioned
that in this research copper powder and nickel ball were used as initial materials. The results showed
that the completed formation of Cu-Ni solid solution was acquired after 20 hours of milling at 400 rpm
and 60 hours of milling at 300 rpm. It was found that the thickest coating layer of about 220 um was
obtained after 60 hours of milling at 400 rpm. The solid solution formation mechanism during SMC
process was extracted according to microscopic examination.

Key Words Surface Mechanical Coating (SMC), Speed of Mechanical Alloying, Cu-Ni Solid Solution,
Ni Ball, Mechanical Diffusion.
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The Effect of Intermetallic Compounds on the Strength of Dissimilar Friction

Stir Spot Welded Al/Steel Joints
E. Fereiduni M. Movahedi A. H. Kokabi

Abstract

The aim of the present study is to investigate the effect of Al-Fe intermetallic compounds on the strength
of friction stir spot welded (FSSW) joints. The tool rotational speed and dwell time were the studied
process parameters. The microstructure of the joint interface was characterized using optical and
scanning electron microscopes. Tensile-shear testing results showed that the strength of the welds
improved with the enhancement of dwell time for all of the applied rotational speeds. Furthermore, for a
given dwell time, higher rotational speeds led to stronger joints. Microstructural observations revealed
that the strength of the welds increased with the growth of the intermetallic layer thickness up to 5 um.

Key Words AI-5083, St-12, Friction Stir Spot Welding, Intermetallic Compounds, Tensile-Shear
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Finite Element Simulation of Temperature Distribution and Residual Stressesin
New Thermal Barrier Coating L axZr,07/8Y SZ

N. Nayebpashaece H. Vafaeenezhad S. H. Seyedein, M. Aboutalebi, S. M.Hadavi, H. Sarpoolaky

Abstract An attempt was made to investigate the thermal and residual stress distribution in a novel three
layer (LaxZr,0;/ 8YSZ/ NiCrAlY) during a real-like heating regime. The technique of reduction of solving
time like mass scaling leads to a considerable reduction in running time while satisfying and not violating
accuracy and converging criteria and constrains. Smulation results indicated that, most of damaging
and harmful distortion and residual stress concentrate on ceramic top coats and this lead less harm and
life time reduction in substrate.

K ey words Thermal barrier coating, Residual stresses, Finite element simulation, Thermal shock.
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Study of Microstructure and Mechanical Properties of Transient Liquid
Phase bonded of Al / Al,O3
M. Yarahmadi M. Shamanian H. R. Salimijazi

Abstract

Todays, aluminum matrix composites are widely used in many industrial applications due to their
superior properties such as high strength to weight ratio. However, joining problems of these composite
materials is a challenge which limits their applications. Consternation of alumina particles, micro-cracks
and porosity were found in the joint areas that were filled from a-Al solid phase and fine Cudl,
precipitated particles. The filled areas increased as the joint temperature increase. It is due to a higher
amount of the molten material produced during joining. Moreover, the amount of CuAl, precipitated
particles reduced as the joining temperature increased, resulting in reduction of the hardness of the a-Al
solid phase in the joint area. The shear strength of the bonded joints was also evaluated using a tension
test system. The maximum shear strength (82% of the base metal shear strength) was achieved at the
bonding temperature of 590°C and process duration of 30 minutes. Analysis of the fractured surfaces
showed plastic deformation, shear dimples and partially ductile failure. Some alumina particles were
observed on the fractured surface. At low joining temperatures, the joint strength improved by increasing
bonding time, whiles at high joining temperatures, the joint strength decreased due to reduction of CuAl,
particles in the a-Al solid phase.

Key Words Aluminum Matrix Composite, Transient Liquid Phase, Interlayer, Alumina Particles,

Isothermal Solidification.
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A Comparative study of the Effect of Adding Iron and Zirconium Oxide Nanoparticleson
Microstructure and Properties of MgO-CaO Refractories

S. Ghasemi-Kahrizsangi A. Nemati H. Gheisari Dehsheikh,

Abstract

The use of magnesia-doloma refractories is restricted due to their poor hydration resistance in variety
industrial applications. In this investigation the effect of nano-Fe,O; and nano-ZrO, addition on the
microstructure and hydration resistance of magnesia-doloma refractories was investigated. SEM and
XRD analysis were used to investigate the microstructure and phases. Results show that the using nano-
Fe,0O3 causes the formation of low melting phases such as C,F, C;A and CAF surrounding CaO, MgO
grains and grain boundaries at the working temperature which increased the hydration resistance,
density, and decreased the porosity. Using nano-ZrO, led to the formation of CaZrO; phase in solid state
at the working temperature which increased the hydration resistance. The results also show that the
samples containing nano-ZrO, have high hydration resistance compared to samples with nano-Fe,;Os.
The MCzsF4Z, sample, showed the highest hydration resistance than all nano-Fe,O; samples and samples
which contained 2, 4 and 6 wt. % nano-ZrO..

Key Words Magnesia-Doloma Refractory, Hydration, Nano-ZrO,, Nano-Fe,O; .
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significant amount of alumina particles and
intermetallic compounds within the joint zone as
indicated by Fig. 3.
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Figure 3 X-ray diffraction analysis of bonded fractured
surface made at 590°C for 30 min
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Figure 4 Effects of bonding time and temperature on joint
shear strength

Fig. 4 shows that the shear strength increases with
the holding time because of an increased
homogenous bonding zone and higher interfacial
bonding strength between the base material and
bonding zone. An increase in bonding time to 30
min leads to the formation of a metallurgical bond
by isothermal solidification. The results indicate a
high concentration of intermetallic compounds such
as CuAl, and AL,O; at the fractured surface as
indicated by Fig. 4. The increase in strength was
attributed to the presence of micro-sized Al,Os
particles and reduced amount of brittle copper
aluminide phases within the joint region.

To determine the cause of failure the fractured
surfaces were examined using SEM. It was found for
a bonding temperature of 570 °C, partially ductile and
shear dimples were seen with many alumina particles
visible on the surface and a ductile-brittle mixed mode
of failure. Fig. 6 shows the hardness profile as a
function of distance from the joint center in samples
bonded at 570 °C and 590 °C for 20 min.

The hardness changes uniformly, is scattered
around the joint region and does not follow a pattern.
The microstructure of the bonded interface shows
porosity, micro-cracks and the precipitation of hard

intermetallic compounds. When the bonding
temperature was increased the average hardness
value was observed to increase and the hardness
value was highest in the joint center and decreased
with increasing distance from the edge of the
bonding zone into the base metal. The fluctuation in
hardness value within the joint zone was attributed
to the random distribution of ceramic particles
within the soft aluminum matrix.

Figure5 SEM images of joint fractured surfaces bonded at a)
570 °C; b) 590 °C
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Figure 6 Temper atur e effects on joint micro-har dness acr oss
thejoint

4- Conclusions

The nanostructure of the base metal was very
effective to achieve the short time isothermal
solidification in TLP bonding. It was found that
raising the bonding temperature up to 590 °C
benefits both the composition uniformity and
interface bonding, resulting in strong joints and
improved strength up to 123 MPa equal to 82% of
the base metal average strengths. The results
indicate that alumina reinforcements microparticles
increase the joint strength and shorten the bonding
time required to achieve a good joint strength.
Analysis of the fractured surfaces showed plastic
deformation, shear dimples and partially ductile
failure with many alumina particles visible on the
fractured surface. At low bonding temperature (570
°C), joint strength increases directly by holding time,
whilst at high temperatures (610 °C), it has a

decrease due to reduction of CuAl, particles in the a-
Al solid phase.
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Study of Microstructure and M echanical
Propertiesof Transient Liquid Phase
bonded Al / Al,O3

M. Yarahmadi' M. Shamanian® H. R. Salimijazi’

1- Introduction

Transient liquid phase (TLP) bonding is a relatively
new bonding process that joins materials using an
interlayer. When heating the interlayer, it will melt
and the interlayer elements diffuse into the substrate
materials, causing an isothermal solidification. The
result of this process is a diffusion bond which has a
higher melting point than the bonding temperature.
A continuous thin layer of liquid may be formed at
the joint interface through eutectic or peritectic
reaction between the interlayer and the base metal.
This reaction has the advantage of being able to
remove the surface oxides. The liquid film wets the
contact zone on the metallic substrates and solidifies
isothermally, followed by the homogenization of the
joint region. Hence, reinforced particles are
incorporated into the bond region either by a
particle-reinforced insert layer or melting back the
substrate metal as a result of the eutectic reaction
between the interlayer with the aluminum alloy. The
composition of the interlayer can significantly affect
the quality of the joints produced. Heating rate,
interlayer composition and thickness have been
reported as the most important parameters to reduce
melt-back during TLP bonding in previous
researches. These parameters also determine the
width of the liquid phase, removal of surface oxide
film, and particulate redistribution in the bonded
region.

2- Experimental Procedure

Commercially pure aluminum sheets of 150x150x1
mm were used as base metal and Al,O; powder with
grain size of 20 pm was used as reinforcing
component. Thereby, an Al-1100 alloy with grain
size of 92 nm was produced by accumulative roll
bonding (ARB) containing 5 wt-% of alumina
(ALLO3) particles. Fig. 1 illustrates the homogenous
dispersion of Al,O; particles within the composite
microstructure.

1"‘Corresponding Author, Ms. C Student, Department of
Materials  Engineering, Isfahan  University  of
Technology, Isfahan.
Email: m.yarahmadi@ma.iut.ac.ir.
? Professor, Department of Materials Engineering, Isfahan
University of Technology, Isfahan.
Associate  Professor, Department of Materials
Engineering, Isfahan University of Technology, Isfahan.
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3- Results and Discussion

The effects of Tg on the microstructure of the joint
areas are shown in Fig. 2 with the bonding
temperatures ranging from 570 to 590 °C.

Figure 1 Microstructure of Al 1100/5 wt-% Al,O3 alloy

The microstructure of the bonding zone illustrated in
Fig. 2a and 2b indicates that it contains homogenous
particles by a sufficient inter-diffusion between the
copper as an interlayer and aluminum
nanostructured as a base metal. The bonding time of
20 min was not sufficient to complete the isothermal
solidification of the melt. Increasing the duration
time to 30 min was sufficient to complete the
isothermal solidification. The final microstructure
consisted of soft a-Al phase and micro particle of
alumina, due to the absence of the brittle eutectic in
the joint zone. An isothermal solidification was
obtained for over 20 min at bonding temperature of
590 °C shown in Fig. 2¢ and 2d. Further increase in
bonding temperature to 590 °C resulted in the
elimination of micro-cracks and porosity of the
interface and widening of the segregated zone as
shown in Fig. 2.

Figure 2 Optical micrographs of joint microstructure
at bonding temperature of a) 570°C for 20 min;
b) 570°C for 30 min; c) 590°C for 20 min;
d) 590°C for 30 min

X-ray diffraction analysis of the polished cross-
section of a bonded interface made at 590 °C gives a
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and subsequently, combined in one graph and is
compared. Fig. 4 indicates both energies with
respect to each other.

Temperature

Heating Service Cooling
Ts
T
Time
Figure 3 Thermal cycle regime applied to the top ceramic
coating

]
a
o

Internal energy -

(nor) AZsaug

Kinetic energy

0 5 10 15 20 25 30
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Figure 4 Evaluation of kinetic and internal energy

Comparing the process internal and kinetic
energy, it is obvious that in all steps of forming,
internal energy is quite higher than kinetic energy
where kinetic energy takes up a small fraction of
total consumed energy. Therefore, it can be
concluded that the performed analysis can be taken
into account as a quasi-static type and a mass scaling
method to reduce the solving time without any
problematic error. Furthermore, the kinetic graph
reaches its maximum at the middle stage of the
process where this indicates that the consumed
energy at these times was used for accelerating the
process.

E:

I

(a) (b)
Figure5 a) Temperaturedistribution b) Heat flux in
TBC

As can be seen in Fig. 5a, concentration of heat
is located in the upper section of the coating system
where this means that all lower parts, especialy the
substrate, are shielded from thermal damages which
is in agreement with the results achieved by similar
studies. In this matter, utilizing this coating, heat
transfer is limited to the heat resistive ceramic parts
and the bond coat and the substrate experience lower
temperatures and because of this, higher working

temperatures can be experienced especiadly in
aerospace turbine applications.

Having protected the substrate from thermal load
and keeping it at relatively lower temperatures lead
to superior fatigue life and also lower protection
cost. Fig. 5b shows the heat flux dissipation in the
thermal barrier coating. Just like the temperature
distribution, the co-existences of the double ceramic
layer keep thermal load and thermal energy on itself
and as a consequence, thermal equilibrium of upper
hot parts with hot outside air is achieved in a shorter
time period.

Fig. 6 shows the stress distribution and
distortion in the TBC system. Because of higher
value of thermal expansion in the bond coat with
respect to the ceramic layer, compressive strength
is induced in peak regions and tensile strength in
valley and a slow transition is seen while
approaching from peak to valley. More similarities
in thermal expansion of FGM layers lead to better
adhesion between layers and less stress
concentration in interfaces which are weak regions
of the coating. This may cause delay of crack
initiation and fatigue crack growth rate in the
interface.

(@) (b)
Figure 6 a) stressdistribution and b) distortion in TBC
system

4. Conclusion
The temperature and stress distribution in a novel
three-layer (La2Zr207/8Y SZ/NiCrAlY) TBC during
a heating regime was studied. Results revealed that
most of the damaging and harmful thermal load and
residual stresses concentrate on the ceramic top
coats and this lead to less harm and enhanced life
improvement in the substrate. FGM strategy reduced
the stress values in the coating to half of itsvaluein
conventional coating. Less difference in thermal
expansion improves the adhesive bonding between
different ceramic/ceramic  and  ceramic/metal
interfaces and also decreases the risk for crack
initiation and propagation. Mass scaling method
reduces the running time while satisfying
convergence and accuracy criteria and the approval
of using such method was tested by comparing
internal and kinetic energy during the process.
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Finite Element Simulation of
Temperature Distribution and Residual
Stressesin New Thermal Barrier
Coating LaxZr,07/8YSZ
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1- Introduction

In aerospace industry, achieving higher efficiency
for aircraft engines operating at high temperatures
has always been an important case to focus. Thermal
barrier coatings (TBCs) are extensively used as
insulation materials protecting the underlying
metallic structure of a gas turbine blade.

The typical TBC is composed of double layers
including the bond coat and top coat. The bond coat
is MCrAlY (where M = Ni and/or Co). The top coat
is often composed of yttria stabilized zirconia
(YSZ). The major disadvantages of YSZ are the
limited operational temperature of 1473K for long-
term application due to phase transformation,
sintering induced volume shrinkages and changes in
the elastic modulus.

To overcome these drawbacks, the search for
new materials has been intensified in recent years
and since then, zirconate-based TBCs are expected
to be the candidate materials for the future
application in aircraft, turbine and other high
temperature components due to their low thermal
conductivity, high stability and high resistance to
sintering at high temperature. La2Zr207 (LZ) is one
of the candidate materials.

Functionally graded materials (FGMs) have been
attracting a great deal of attention as thermal barrier
coatings (TBCs) for aerospace structures working
under super high temperatures and thermal
gradients. In this study, an attempt was made to
investigate the therma and residual stress
distribution in a novel three-layer
(LaeZr207/8Y SZ/NiCrAlY) TBC during a real-like
heating regime which includes heating, service time
and final cooling.
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2- Experimental

Finite element numerical method was used in this
study to investigate residual stress in the double
layer ceramic layer (DCL) thermal barrier coating
shown in Fig. 1. The selected functionally graded
TBC system used in this research possess the
following layers with thickness of 100 mm for each:
an Inconel 738 substrate, a NiCoCrAlY bond-coat
(BC), 50% BC + 50% YSZ, Yttria Stabilized
Zirconia (Y SZ) top-coat as first ceramic layer, 50%
YSZ + 50% LZ and Lanthanum zirconate (LZ) as
second ceramic layer (Fig. 2).

Coating
Sutsirate

Substrate

&l

Figure 1 TBC calculation domain

Second TC

First TG

Figure 2 Modern double layer ceramic layer

The thermal cycle on the top-coat surface
consists of three stages which are shown in Fig. 3,
i.e. the heating stage from 25 to 1400 °C in 300 s,
followed by a service at 1300 °C and finaly, a
cooling stage from 1300 to 25 °C in 300 s. On the
opposite side, convective transfer by the surrounding
air is utilized with a coefficient of convection equal
to18 W/m? K.

3- Results and Discussion

For solving a quasi-static problem, the values of
internal and kinetic energy should be compared. In
this regard, the fraction of kinetic energy to
internal energy should stay approximately less than
5 to 10 percent throughout the process. History
output for internal and kinetic energy was plotted
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1100 rpm- 15 s was observed before and after etching.
Referring to Fig. 4, intermetalic layers are also
observed on the separation location of the Al part
from the steel side. This reveals that fracture of
specimens during tensile testing has occurred mainly
from the interface of the hook and the Al sheet where
continuous intermetallic layers were formed.

S Intermetallic >

Jayer Thickness = 5 pm

(a)

Figure 3 SEM micrographs presenting the intermetallic layers
at thejoint interface of specimenswith the welding conditions
of: (a) 900 rpm- 5s; (b) 1100 rpm- 15s

[—
200 pm

Figure 4 Optical micrographsindicating cross-section of the
fractured Al part at thejoint interface: (a) before; (b) after
etching

(d} Intermetallic layer

[ —] Fracture location

In addition to the intermetallic layers, very fine
and dispersed intermetallic particles were observed in
the Al part of welds (Figs. 3(b) and 4(a)). In fact, as
the tool pin penetrates into the lower sheet, it passes
the interfface of Al and steel which contains
intermetallic layers. The tool pin breaks the
intermetallic layers and disperses them in the
surrounding Al which results in the formation of a
composite structure. Microstructural observation of
this region revealed that it contained very fine and
equiaxed grains which are the characteristic of the
stirred zone. The dynamic recrystallization caused by
pin stirring and friction heating during the welding
process is considered as the reason for the formation
of this zone.

The failure load results are presented in Fig. 5as a
function of welding parameters. The welds with the
dwell time of 5 s had the lowest failure loads.
Enhancement of dwell time from 5 to 10 and then to
15 sresulted in continuous increasing of failure load.
Furthermore, for a given dwell time, higher rotational
speeds were associated with higher failure loads.

Increase in the failure load with enhancement of
the rotational speed and dwell time may be attributed
to the generation of higher heat input which provides

better interdiffusion of Al and Fe atoms at the joint
interface to form the intermetalic layers with greater
thicknesses. These intermetallic layers act as strong
metallurgical bonds and increase the joint strength.

9

s | == 800 rpm

== 900 rpm

1100 rpm -

Failure load, kKN
n

4 6 8 10 12 14 16
Dwell time, second

Figure5 Failureload resultsasa function of welding
parameters

As shown in Fig. 2, the fracture of welds occurred
mainly from the continuous intermetallic layers at the
joint interface while a portion of the fracture was
related to the Al adjacent to the hooks. The observed
fracture feature may be described asfollows:

(i) The continuous intermetallic layers adjacent to the
hook are susceptible to crack initiation and
propagation due to their brittleness.

(i) Strengthening of Al directly adjacent to the hook
due to the grain refinement as well as the formation
of composite structure prevents the fracture to be
occurred totally from the Al part of welds.

Referring to the failure load results as well as the
microstructural observations of the joint interface,
increasing of the intermetallic layer thickness up to 5
pum in the present work improved the joint strength.

4- Conclusions

In the present study, the effect of tool rotational speed

and dwell time on the structure-mechanical properties

relationship of dissimilar friction stir spot welded

Al/stedl joints was explored. The main findings could

be summarized as the following:

(2) For all of the applied rotational speeds, the joint
failure load increased with the enhancement of
dwell time.

(2) Higher rotational speeds showed higher failure
loads at similar dwell times.

(3) The thickness of intermetallic layers formed at the
joint interface was in the range of 2-5 um.

(4) Increasing of the intermetallic layer thickness
improved the joints failure load.

(5) The fracture of specimens occurred mainly from
the intermetallic layers at the joint interface while
a portion of that was from the Al part of welds
adjacent to the hook.
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Effect of Intermetallic Compoundson
the Strength of Dissimilar Friction Stir
Spot Welded Al/Steel Joints
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1- Introduction

Aluminum (Al) to steel joints are attractive from
application point of view since they provide
simultaneous use of both materials in a hybrid part.
While the steel part provides the required strength,
the presence of Al decreases the final weight and
improves the corrosion resistance of these structures.

Due to different physical, chemica and
mechanical properties of Al and steel alloys,
application of fusion welding processes such as
resistance spot welding (RSW) encounter some
problems during welding.

Friction stir spot welding (FSSW) process is a
solid-state welding process which is able to solve
some problems of RSW such as the preferential
melting of Al as well as the formation of thick and
brittle intermetallic phases at the joint interface.

FSSW has various parameters including tool
geometry, tool rotational speed, tool penetration rate,
dwell time and tool penetration depth. In the present
study, the effect of two main parameters of
rotational speed and dwell time on the formation of
intermetallic compounds and consequently the
strength of the welds has been studied.

2- Experimental

The materials used in the present study are Al-5083
aluminum and annealed St-12 steel sheets with the
thickness of 3 and 1 mm, respectively. The Al-5083
alloy sheet was placed on the St-12 alloy sheet with an
overlapped area of 35x35 mm? and the welds were
located at the center of the overlapped area. The
shoulder diameter, pin diameter and pin length of the
tool were 20, 5 and 3.2 mm, respectively. Rotational
speeds of 800, 900 and 1100 rpm were applied with
the dwell times of 5, 10 and 15 sto weld the samples.
Tensile test was carried out using an Instron tensile
testing machine with a crosshead speed of 5 mm min.
In the tensile-shear testing procedure, fixtures were
used to reduce the eccentricity of the loading path.

The interfacial microstructure, formation of
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intermetallic compounds at the joint interface and the
fracture locations were studied using stereo, optical
and scanning €electron  microscopy  (SEM).
Accordingly, the relationship between the joint
interface microstructure and the joint strength was
studied.

3- Resultsand Discussion

Fig. 1 presents a typical cross-section of the weld. As
can be seen, the tool penetration in the lower steel
sheet resulted in the material flow from the steel sheet
towards the Al at the periphery of the exit-hole which
paved the way for the formation of macroscopic
mechanical locks called “hooks’.

Exit-hole

hf'-ul:
Al-5083
Al-5083

| oo | si-12_[ETEl

Figure 1 Macroscopic view of the FSSW jointsin association
with the enlarged micrographs of the hooks

A representative cross-section of the steel part of
the welds after tensile testing fracture is displayed in
Fig. 2. This figure shows that the welds experienced
fracture from the hook periphery.

(a) : 100 pm (b)

10 pm

Figure 2 (a) SEM micrograph of thefracture location on the
stedl side; (b) enlarged SEM micrograph of the fracturelocation
indicating continuousinter metallic layers at thefracture
location

As indicated in Fig. 2(b), continuous intermetallic
layers exist at the hook periphery. The formed
intermetallic layers had different thicknesses
depending on the applied welding parameters (Fig. 3).

In addition to the continuous intermetallic layers,
some welds showed fracture from the Al part directly
adjacent to the hook. Accordingly, microstructural
observation of the Al part of welds adjacent to the
hooks seems necessary. For this purpose, the fractured
Al part of the specimen with the welding condition of
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Figure 2 Optical images of the cross-section of the Ni ball for 10
h sampleof group 1

Fig. 2 is related to the cross-section of coated ball
which is prepared by optical microscope. According
to this picture, the whole surface was coated with
relatively uniform thickness.

EPMA analysis was used to study the distribution of

elements of nickel and copper in the powder particles

and the coating on the balls. According to the results
of thisanalysis, the following issues are concluded:

1. By increasing milling speed, the concentration of
nickel in the crystal structure of copper was
enhanced.

2. Inamost all cases, coarse particles of nickel were
observed within the powder which indicates the
isolation of nickel layers from ball's surface in
different milling conditions.

3. Nickel concentration was grester in 400 rpm
samples of group 2 and 500 rpm samples of
group 1 than copper concentration. So that, Nickel
concentration was shifted in powder particles from
15% in 200 rpm sample to 70% in 500 rpm sample
of group 1 and from 15% in 200 rpm sample to
70% in 400 rpm sample of group 2.

4- Conclusions

1. Based on results obtained from XRD analysis of
powder samples, the formation of solid solution
was complete for 400 rpm sample in group 1 and
300 rpm sample in group 2.

2. According to the reduction of particle size from
200 rpm sample to 300 rpm in group 1 and from
raw sample to 200 rpm in group 2, it is concluded
that failure phenomenon of particles was dominant
in SMC process of nickel-copper system, from the
beginning to middle stages of the process.

3. Increasing milling energy leads to improvement of
uniformity of particle morphology, coating
surface, as well as, enhancement of the coating
thickness and its uniformity in terms of the
distribution of elements. Increasing the milling
time has the same impact at lower speeds.

4. Interms of appearance, the smoothest surface was
found in the 500 rpm sample in group 1 and the
thickness coating to the 400 rpm sample in group
2 (about 220 pm).
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1- Introduction

In most industries, failure of engineering materials
imposes various problems and financial expenditures.
Improvement of the structure, surface properties, and
production of new aloys may play a significant role
in solving this crucial issue. Materids with
nanostructures, these days, have attracted many
researchers attention due to improvement of the
quality and enhancement of the physical and chemical
properties such as strength, hardness, resistance
against corrosion and oxidation at high temperatures
and pressures, electrical conductivity, etc. Thus, if
these materials are created with nanocrystalline
structure on the surface, surface properties will be
improved.  There are severa ways to create
nanocrystal surfaces like: severe plastic deformation,
electrica  deposition, chemical and mechanical
alloying methods. Recently, surface coating through
mechanical aloying process, as an attractive way, is
taken into consideration for manufacturing a
nanostructured homogeneous alloy in the solid state at
room temperature. During this process, consecutive
encounters of high speed balls with the powder and
sample surface leads to cold welding, breaking, and
recurrent welding of powder particles to each other
and to the surface. In other words, the impact force of
the balls in a high-energy milling creates a coating
with nanocrystalline structure.

2- Methodology

Mechanical aloying in a high-energy planetary ball-
mill with a single chamber was carried out in a
chamber of hardened steel with a capacity of 125 ml.
15 nickel balls with 95/99% purity and a diameter of 9
mm and copper powder with greater than 99/99%
purity and particle size of about 200 micrometers
were used as charging materials. Nickel powder was
not used in this study. While milling, nickel particles
were separated from the surface of the nickel balls
due to failure phenomenon and entered the copper
powder which eventually led to the formation of the
Ni-Cu solid solution. In this paper, in order to
maintain a balance between cold welding and fracture,
aswell as preventing the agglomeration of the powder
particles, one weight percentage of stearic acid was
added to raw powders, as a process controller.
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3- Results and Discussion

Fig. 1 shows X-ray diffraction patterns for group 1
and 2 samples in quick scan mode (angles of 30 to
100 degrees) and slow scan (5/41 to 5/45 degree
angles). In samples at a speed of 200 rpm a small
amount of nickel was isolated from the surface of the
balls and entered the powder. In samples at a speed of
300 rpm, the nickel peak in the XRD patterns
increased which was because of the increased applied
energy to the ball and consequently isolation of larger
amount of nickel layers from bal’'s surface. The
formation of Ni-Cu partiadl solid solution was
witnessed for both samples of 200 rpm and 300 rpm.
In sample at a speed of 300 rpm, main peak intensity
was dropped and widened which indicates the
decrease in gran size or partially amorphous
structure. Reduction of the grain size, itsdlf, is a
favorable factor for enhanced diffusion of nickel
atoms in crystal structure of copper. For samples of
400 and 500 rpm, the main peak was shifted toward
greater angles that indicates dissolving of larger
amounts of nickel atoms in the copper network, and
eventually, formation and completion of Ni-Cu solid
solution. The x-ray diffraction pattern for samples of
group 2 are presented in Fig. 2 (c, d). It is observed
that formation of Ni-Cu full solid solution is possible
at 300 rpm speed.

(al Cu
Ni
Partial Dissolution NI Cu
Perfect Dissolution NiCu @

car

Intensity {a.u)
]
3

415 42 415 43 413 -“ M5 a5 455

Cu &
(b) oy
Partial Dissslution NiCu @
Perfect Dissolution NiCu @

Intensity (a.u)

415 a2 s 43 435 - 445 45 455
28 Degree

Figure 1 X-ray diffraction patternsof the remaining powder in
the milling chamber in terms of milling speed at two modes of
fast and slow scan b. for group 1 samplesd. for group 2 samples
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Table 2 Chemical analyses of the solution before and after
using limewith various CaO,¢ content

Ca0.L% Na,Oc NayO; NayOy
g
Initial solution 7212 63.5 1.38
86 69.57 735 3.93
75.9 67.8 735 5.7
63.4 66.55 735 6.95
CaCO; (0) 66.06 735 7.44

To study the effect of temperature on the removal
efficiency of carbonate, calcium aluminate was
separately used to remove 25 g of carbonate (in
terms of N&,O) at various temperature (20, 70 and 90
°C).

The results indicate that the sodium phosphate—
lime method has higher efficiency than the calcium
auminate method. In addition, better removal
efficiency of carbonate was obtained from the
experiment with the output solution of stages of wet
grinding and aumina hydrate precipitation and
filtration. Investigation of alumina concentration in
both methods shows that in addition to removing
carbonate, the sodium phosphate-ime method |leads
to removal of aumina and the rate of aumina
removal increases in proportion to the aumina
concentration in the initial solution. However, using
calcium aluminate causes to release alumina and
increase its concentration in the solution phase.

These results also imply even though the reaction
of purifying carbonate has higher efficiency, lower
amounts of Al,Oz; are removed from the sodium
aluminate solution. The results indicate that the
concentration of Na2Oc in the initial solution is aso
effective on removing of carbonate solution and the
efficiency of the operation declines by increasing its
content. According to the reaction formula of
carbonate removing, that is associated with
producing sodium hydroxide, the presence of the
caustic soda in the solution phase can be an
interruptive factor in performing this operation.

To study the effect of additives on the removal
efficiency of carbonate and oxaate, sodium
phosphate-lime, calcium aluminate and barium
aluminate were used with different structures. Based
on the stoichiometry of the reaction, these additives
were added to the spent liquor for removing 5.5 g of
sodium carbonate (in terms of Na,O).

The reactions show that, the carbonate removing
process is associated with caustic soda recovering.
The relation of the reaction for removing oxalate
was similar to the reaction of carbonate except that
instead of carbonate; there were oxaate ions
(C043).

The results indicate that barium aluminate with
the structure of BaAl (OH),s has the highest
efficiency compared to other additives in removing

carbonate. The use of sodium phosphate - lime and
barium aluminate with the structure of Ba,Al,Os has
agood yield in the operation. Barium aluminate with
the structure of BaAl,O, and calcium aluminate have
the lowest removal efficiency of carbonate. In terms
of oxalate removal, the highest and lowest efficiency
have been related to phosphate and lime and calcium
aluminate, respectively. The results also show that
aluminain the liquid phase is reduced only by using
sodium phosphate-lime, while its value is increased
in other methods.

4- Conclusions

In this study, severa methods were applied to
remove carbonates and oxalate from Bayer process.
Results show 66.9% of carbonate pollutant and
99.9% of oxalate are coming from lime and bauxite,
respectively. To remove impurities from the sodium
aluminate solution, several chemica methods were
applied using additives of sodium phosphate-lime,
calcium aluminate and barium aluminate. In addition
to carbonate and oxalate removal, these methods led
to recovery of soda from these materials which is a
major advantage for this method because it does not
require an additional stage for causticization. The
results showed that using barium aluminate with the
structure of BaAly(OH),s with the removal
efficiency of carbonate equal to 80.2 % and oxalate
removing by the heating method with the separation
of 72.2% have the highest efficiency compared to
other methods. Results also indicate increasing of
temperature enhanced the removal efficiency.
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1. Introduction

In the Bayer process, bauxite is mixed with lime and
concentrated caustic soda solution a  high
temperature to dissolve aumina in caustic liquor.
The produced sodium aluminate solution is sent to
the precipitation stage. The bauxite is the main
source of organics in the Bayer process. In addition
to organic compounds, there are inorganic materials
such as sodium carbonate and sulfate. Carbonate and
oxalate pollutants enter into the Bayer process
through bauxite, lime and sodium hydroxide solution
and cause a number of problems in the alumina
production cycle. Therefore, development of new
techniques for removing these impurities from Bayer
liquor is of great interest to the alumina refining
industry. Several methods have been presented to
remove carbonate and oxalate pollutions. Selecting
an appropriate method depends on various
parameters including operational and economic
conditions. The method of chemical elimination by
the use of additive compounds to remove carbonate
and oxalate impurities from the Bayer process
solution has more efficiency and flexibility due to
the conditions governing the aumina refining
process. The aim of this work was to indicate the
role of different materials in formation of carbonate
and oxalate and increase the removal efficiency of
the pollutants for the Bayer process using chemicals.
The removing method has been applied using
phosphate-lime, calcium auminate with the
structure of CagAl,(OH)1, and barium aluminate
with the structures of BaAl,O,, BaAl,Os and
BayAl4(OH)46. In addition, experimental data were
obtained from Iran Alumina Company under
different operational conditions. The experiments
were carried out on sodium aluminate solution in
different units of this company. We tried to find a
workable, effortless, versatile and accessible method
with minimal adverse side effects and good
efficiency in accordance with the terms governing
the Bayer process.
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2-Experimental

For investigating the bauxite's effect on the
carbonate and oxalate concentration in the Bayer
processs liquor, 736 ml of sodium hydroxide
solution was separately mixed with 271.8 g of two
Jajarm bauxite samples at 70 °C for 1 hour. Lime is
another raw material in the Bayer process which can
react with sodium hydroxide solution. This reaction
can increase the carbonate content in the Bayer
process. In this study 32.2 g of lime with different
amounts of CaOact was mixed with 740 ml of
sodium hydroxide solution at 70 °C for 1 hour.
Investigating the effect of temperature on removing
carbonate from sodium aluminate liquor was carried
out by mixing 51 g of calcium auminate with
sodium carbonate solution at various temperatures
for 1 hour.

Each operationa unit in Jajarm Alumina
Complex has especia conditions in terms of
temperature, pressure and concentrations of the
compounds in sodium aluminate solution. In order to
study the removal efficiency of the carbonate, the
Bayer process solutions with certain chemical and
physical conditions were separately mixed with
1455, 11.6 and 11.2 g of sodium phosphate-lime
and calcium aluminate, respectively.

The effect of sodium phosphate-lime and
calcium aluminate with structure of CagAly(OH);,
and barium aluminate with structures of Ba,Al,Os,
BayAl4(OH);s and BaAl,O, was investigated to
remove the carbonate and oxalate. These substances
were individually added to the spent liquor at 75 °C.

3-Resultsand Discussion

The XRD diffraction pattern of bauxite shows that
there is calcite ore in the Jgarm's bauxite. The
results of the bauxite effect on concentration of
carbonate and oxalate in Bayer process liquor are
shown in Table 1. These results indicate an increase
in Al,O3;, Na,O,, SIO, and oxalate and adecreasein
NaO. and NaO;. The reaction of bauxite's organic
materials with sodium hydroxide solution can
produce oxalate in the Bayer process.

Table 1 Chemical analyses of the solution before and
after using bauxite

Na,Oc Al,O3 Na,O, Na,O, SO, oxalate

g I3

Initial

oo 7212 00 735 155 00 0.0
San'e 63.9 319 6703 313 232 021
Sa'gp'e 6295 375 6695 40 219 026

Investigation of the effect of the CaOact content in
the lime shows that the amount of carbonate in the
Bayer process decreases with increasing in lime
activity (Table 2).
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Figure 2 SEM micrographs of the microstructure of
70% cold rolled specimen after intercritical annealing at
740 °C for 3.5 min (M represents martensite phase)

Figure 3 Optical micrographs of the microstructure of
50% cold rolled specimen after intercritical annealing at
740 °C for: a) 2.5 min, b) 4 min

0.20+

m 0%CR
—— 0% CR-Model
0.08+4 A 50%CR
— 50% CR-Model
0.04+ ® 75%CR
——75% CR-Madel

Austenite Volume Fraction
o
K

0 50 100 150 200 250 300 350 400 450 500 550 600
I sothermal Holding Time ()

Figure 4 Thekinetics of austenite formation during
intercritical annealing at 740 °C

4- Conclusions

The results showed that cold rolling and other
processes occurring during the formation of
austenite  significantly  influence the initia
microstructure and the nucleation and growth of
austenite phase. In undeformed and 50% cold rolled
specimens, austenite formed from the pre-existing
pearlite colonies. However, in the 70% cold rolled
specimens, cementite spheroidization within the
deformed pearlite colonies caused austenite to form
from a microstructure consisting of cementite
particles embedded in a matrix of ferrite. In this
situation, nucleation and growth of austenite phase
took place mainly on the grain boundaries of ferrite
matrix. Furthermore, it was found that the
temperature of intercritical annealing treatment has a
strong effect on the kinetics of austenite formation.
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Influence of Cold Rolling on Austenite
Formation in Plain L ow-Carbon Steel
Annealed in Intercritical Region

M.S. Mohsenzadeh? M. Mazinani?*

1- Introduction

Due to crashworthiness performances and their good
balance between strength and formability, dual-
phase steels (DPS) are widely used in the
automotive industry. DPS are characterized by hard
martensite islands embedded in a softer ferrite
matrix; and their microstructural features are mainly
determined by the condition of austenite forms at the
intercritical temperature. Therefore, a fundamental
understanding of austenite formation is necessary for
controlling and optimizing DPS microstructures.

A lot of studies have been conducted on the
formation of austenite in the intercritical region for
both hot-rolled and cold-rolled steels. The effect of
intercritical annealing parameters such as heating
rate, intercritical annealing temperature, and holding
time were taken into account. Since the level of cold
rolling has a main influence on the kinetics of
austenite formation as well as its nucleation and
growth, in the present work, the effect of the level of
cold rolling as well as intercritical annealing
temperature on the evolution of austenite condition
and final microstructure has been studied.

2- Experimental

A sheet of a medium carbon stee 4.6 mm in
thickness was used in this study as the starting
material. The chemical composition of this steel is
given in Table 1. Samples with the size of 80x15
mm were cut from the sheet and were then cold
rolled by 50% and 70% reduction in thickness using
a laboratory rolling mill with the roll diameter of 57
cm and the peripheral speed of 40 revolutions/min.
The cold rolled samples were intercritically annealed
at 740 °C and 780 °C for 30 sto 10 min followed by
guenching into an ice brine solution. In order to
investigate the microstructural evolution as well as
the effect of controlling parameters on the nucleation
and growth processes of austenite (martensite at
room temperature) formation, the samples were
gquenched a various time intervals during
intercritical annealing; and after being etched with
3% Nital solution as well as 10% sodium meta-
bisulfite aqueous solution, the microstructure of the
steel samples was examined using the scanning
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electron microscope (SEM) (type Leo 1450VP). The
ferrite grain size and the size of martensite islands
and cementite particles as well as the volume
fractions of martensite and cementite phases were
measured using Clemex image analysis software.

Table 1 Chemical composition of the steel in weight per cent

Fe C Mn Si P S Cr Ni

Bal. | 0165 | 1.15 | 0.411 | 0.018 | 0.01 | 0.035 | 0.066

3- Results and Discussion

Microstructural observations for 70% cold rolled
specimen indicate that recrystallization of deformed
ferrite grains completed prior to austenite formation.
Spheroidization of cementite lamellae inside pearlite
colonies can aso be observed in the microstructure
(Fig. 1). Fig. 1 and Fig. 2 represent that austenite
(martensite at room temperature) nucleates mainly at
cementite aggregates located along ferrite grain
boundaries and its growth continues until complete
consumption of the aggregates.

For the case of 50% cold rolled specimen,
recrystallization of ferrite grains is completed prior
to austenite formation. According to Fig. 3a, it can
be said that cementite lamellae inside pearlite
colonies were partialy spheroidized prior to
austenitization. Austenite nucleates mainly at ferrite-
pearlite interfaces and then sweeps pearlite colonies
(Fig. 3a).

The model predictions for austenite formation at
740°C for the three kinds of specimens have a
reasonable agreement with the experimental results
(Fig. 4). As can be seen in Fig. 4, austenite forms at
higher rate in 75% cold rolled specimen than in
unrolled and 50% cold rolled specimen. The
observed trend can be attributed to the change of
microstructure as aresult of cold rolling.

Figure 1 SEM micrograph of the microstructure of 70%
cold rolled specimen after intercritical annealing at 740
°C for 2min (M and C represent martensite and
cementite phases, respectively)
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that the equiaxed structure prevails in Zn-27%Al
cast at cooling rates less than 1K/s. Moreover, as
cooling rate decreases, with an increase in the
distance from the chill, the porosity, DAS and
interdendritic phase percentage of the alloy
increased.

Fig. 3 indicates the mean values of dendrite arm
spacing as a function of distance from the chill. The
primary and secondary DAS has decreased with
increasing distance from the chill and decreasing
cooling rate,.
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Figure 3 Mean value of dendrite arm spacing as a function of
distance from the chill: (a) primary arms; (b) secondary arms

Fig. 4 illustrates the microstructure of Zn-27%Al
alloys with different copper content at 20 mm from
the chill. According to the Al-Zn phase diagram,
solidification of Zn-27%Al alloy begins with
precipitation of the Al-rich o phase with a dendritic
structure at 493 °C (area marked with A in Fig. 4a).
With decreasing the melt temperature the peritectic
reaction (L—a+P) occurs and due to the rapid
solidification condition only a thin layer of the P
phase forms at the edges of the a phase. The residual
liquid becomes enriched with =zinc, and the
solidification is frequently completed by a divorced
eutectic reaction, L—p+n. The eutectic B phase
attaches to the peritectic B phase, and 1 phase
distributes in the form of interdendritic layers. The f
phase (area marked with B in Fig. 4a) is unstable
and decomposes into o and m at the eutectoid
temperature.

The microstructure of the ternary Zn-27Al-1Cu
alloy in Fig. 4b illustrate that the addition of copper
up to 1 wt% made no obvious change in the

structure. It is reported that addition of copper in low
concentration (<1 wt %) distributes almost
uniformly in a macro- and microscopic scale,
presenting complete solubility in the matrix. In
contrast, addition of copper greater than 1 wt% led
to the formation of a new phase in the interdendritic
areas. The composition of area marked with F in Fig.
4c confirms the formation of copper-rich phase in
the interdendritic regions. Copper has low solubility
in zinc. Therefore, when the copper content exceeds
1 wt%, the surplus copper becomes concentrated in
the eutectic liquid during the final stage of
solidification and as a result a metastable copper-rich
€ phase rejects from the liquid in the form of discrete
irregular particles.

Figure4 Microstructure of Zn-27% Al alloys with different
copper content at 20 mm from the chill: (a) O; (b) 1; (c) 2; (d)
4%wt Cu

Fig. 5 shows the effects of cooling rate and Cu
content on the percentage of constituents at different
positions from the chill. It is clear that with
increasing distance from the chill and decreasing
DAS the interdendritic phases increase.
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Figure 5 Effects of cooling rate amd Cu content on the phase
percentageat different positions from the chill

4- Conclusions

End-chill casting established different cooling rates
at various distances from the chill and created
different microstructures along the cast. With an
increase in the distance from the chill, the porosity,
DAS and interdendritic phase percentage of the alloy
increased.
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Influence of Cooling Rate and Copper
Content on the Microstructur e of
Zn-27%Al Alloy under End-chill Casting
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1- Introduction

Zinc-based alloys have been widely used as
tribological components for various machines
because of their lower density, lower energy
requirement for shaping and superior wear
properties. However, the mechanical properties of
the binary Zn-Al alloys are not suitable for most
engineering applications. Studies show that the
addition of alloying elements such as Si, Ni, Mg and
Cu leads to improved mechanical properties.
Addition of 1-3% Cu to the eutectoid Zn-Al alloys
improves their mechanical properties, creep
resistance and corrosion behavior. Microstructural
feature is another effective factor which affects
mechanical properties. Cooling rate is proved to be
the most effective parameter for controlling the
microstructure of the as-cast alloys. It is known that
with increasing cooling rate, dendrite arm spacing
(DAS) decreases and as a result leads to better
mechanical properties. Furthermore, changing the
cooling rate may change the percentage of porosity,
as well as both the types and the amounts of phases
present. Various investigations have been performed
by using a number of casting techniques to induce a
wide range of microstructural features; however, in
most of the studies only one of the parameters
(cooling rate, alloying elements, etc.), which can
affect the properties of an alloy was considered.
Therefore, the aim of this work is to study the effects
of cooling rate and Cu content on the microstructure.
The influence of cooling rate on size, morphology
and percentage of Cu-rich phase is also evaluated.

2- Experimental procedure

In the present work, Zn-27%Al alloys containing
different copper content were produced from pure
zine (99.99 wt%), pure commercial aluminum (99.9
wt%) and an Al-Cu master alloy. The alloys were
melted in a resistance furnace and degassed with
zinc chloride and poured into the end-chill sand
mold in the form of cylindrical castings. The
schematic illustration of the end-chill apparatus used
in this work is shown in Fig.l. The chemical
compositions of the produced alloys determined by
atomic absorption spectroscopy are listed in Table 1.
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Figurel Schematicillustration of the end-chill apparatus used
in thiswork

Table 1 Chemical compositions of produced alloys

Elements (wt%)
Alloys Zn Mg Fe Cu Al

Zn-27Al Bal.  0.01 0.1 - 25.5
Zn-27Al-1Cu  Bal. 0.02 0.1 1.1 26.2
Zn-27A1-2Cu  Bal. 0.01 0.1 22 26.9
Zn-27A1-4Cu_ Bal.  0.01 0.1 4.2 27.6

To study the microstructural features, selected
surfaces were polished and etched. Etching solution
was composed of 5g CrO; and 0.5g Na,SO, in
100ml H,O. The microstructure was examined by
optical microscope and scanning electron
microscope equipped with energy dispersive
spectroscopy. The phase identification was also
conducted by means of X-ray diffraction analysis.
Phase percentage and dendrite arm spacing (DAS)
was calculated by Aquinto Image Analyzer.

3- Resultsand discussion
Fig. 2 shows the microstructure of Zn-27A1-2Cu
alloy at different positions from the chill.

;_“ 100 um ‘ i 100 pm

Figure 2 Microstructure of Zn-27Al-2Cu alloy at: (a) 20; (b)
50; (c) 90; (d) 110 mm from the chill

It can clearly be seen from the images that the
cast has solidified in an equiaxed grain structure at
all positions with respect to the chill. It is reported
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Figure 2 Variation of thermal gradient and G.R parameter vs
distance from the chill plate for various growth rates

As seen in Fig. 2, the therma gradient is
decreased by increasing the growth rate and
increment of the distance from the chill plate. Based
on the calculations done in this study, the value of
the fg in Hunt's equation is plotted as a function of
growth rate for different thermal gradientsin Fig. 3
which determines the conditions suitable for the
formation of stray grains.
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Figure 3 Variation of fy with growth rate for variousthermal
gradients

To prevent the formation of eguiaxed grains, f,
should be less than 0.01. For example, with the
growth rate of 3 mm/min, the therma gradient
should be greater than 20 to 30 °C/cm for GTD-111
superalloy. The results of microstructural simulation
using CAFE module are shown in Fig. 4. As seen
here, in the conditions described above, the single
grain is formed while for the sample with improper
growth conditions, stray grains will form.

3 mm/min

5 mm/min

Figure4 Grain structure of the samplesfor two different
growth rateswith thermal gradient of 30 °C/cm

4- Conclusions

To prevent the formation of stray grains in the
directional solidification and single crystal growth of
GTD-111 in the thermal gradient of 20 to 30 °C the
growth rate should be less than 3 mm/min. There is
good agreement between the experimental and
simulation results in this study.



Journal of Metallurgical and Materials Engineering, Vol.28, No.1, 2017.

Numerical and Experimental
Evaluation of Stray Grain Formation
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1- Introduction

Single crystal blades are an important component in
high power gas turbine engines. The production of
single crystal blades improves high temperature
rupture and creep resistance. This improvement is
due to the elimination of high-angle grain
boundaries and the formation of <001> crysta
orientation. To produce a single crystal during
directional solidification, a unidirectional thermal
gradient is formed in the solid/liquid interface and
then the interface is moved at a constant rate.
Preferentially oriented grains are established in
competitive growth. In materials with a cubic crystal
structure, the <001> direction is known as the
preferred crystal orientation.

To produce the single crystal structure, a
directional solidification front should move in a
thermal gradient. Therefore, grains with preferred
<001> direction remain in the competitive growth
mechanism. In the first stage, a preferred texture is
produced during directional solidification and then a
single grain is selected using a crystal selector. One
of the most usual defects in the single crystal growth
is stray grain formation which causes mechanical
degradation in superaloys. The as-solidified
structure of the cast alloys is a function of thermal
gradient and growth rate during directiona
solidification. These parameters are affected by the
furnace temperature, the moving speed of the sample
during directional solidification process and the
cooling rate of the sample. Columnar to equiaxed
transition (CET) occurs as a result of the aloying
system, casting size, heat transfer coefficient and
nucleation conditions. Hunt developed a model to
describe the conditions associated with the CET
phenomena. Also, Wang and Beckerman devel oped
a model to predict the position of the stray grain in
the sample. According to Hunt’'s criterion new
grains in the solidification front form in the
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undercooled zone. Hunt's criterion is described as
Equation 1.

= ﬂA_g E%_ 3y3
o= Mg R (B AT (1)

According to this equation, the formation of
equiaxed grains depends on the thermal gradient in
the melt and the growth rate of the solidification
front. So, to prevent the formation of equiaxed
grains, thermal gradient and growth rate should be
controlled.

2- Experimental

The goal of this study is to predict the conditions of
the stray grain formation using cellular automaton
finite element (CAFE) method. Procast simulation
software and CAFE module were used in this study.
The following energy equation is used in this
software to predict the temperature in the domain:

paa—:' —V(kVT)+Q @

Back-diffuson model was used for the
solidification calculations. Radiation mechanism is
the main heat transfer method during the process in
the vacuum condition. Triangle surface mesh and
tetrahedral volume mesh were used for the
caculations. The parameters associated with the
simulation process were determined using
experimental techniques. Bridgman technique was
used for the experimental procedure. The
temperature of the hot zone was set to 1600°C. The
kinetic parameters associated with the dendritic
growth were set according to Kurz-Giovanolla-
Trivedi (KGT) model which is described in Equation
3.

v =0,AT? + 0, AT® 3)

GTD-111 Ni-based superalloy was used for the
experiments in this study.

3- Results and discussions

The volume fraction of the solidified portion of the
samples in the Bridgman process is shown in the
simulation results at growth rates of 3, 5 and 7
mm/min in Fig.1. The variation of thermal gradient
and G.R is plotted as a function of the distance from
the chill plate for different growth rates as shown in
Fig. 2.
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Figure 1 Variation of theignition time of the samples with the
relative activation intensity number

Mechanical activation would increase the

interfaces between the starting materials. This would
facilitate nucleation of the combustion products.
However, there is an optimum amount of activation
that would result in the minimum ignition time.
Higher intensities of mechanical activation would
cause partial reaction between starting materials
during the mechanical activation itself. The presence
of products at the interfaces would be a barrier for
direct contact of starting materials. The consequence
is higher ignition times for these samples.
Fig. 2 shows the results of XRD anaysis of the
samples. It is seen that the combustion products in
al the samples consist of titanium aluminide and
alumina phases. In addition to these phases, presence
of TiC and Al,Ti,C, phases are observed that could
be due to the presence of stearic acid as PCA in the
milling process. Fig. 3 shows a representative SEM
micrograph of the synthesized composites. The
bright matrix is the intermetallic phase and the dark
dispersed particles are Al,Os particles.

4- Conclusions

In this research, TiAl/Al,O; composites were
synthesized using microwave heating from
mechanically activated TiO,-Al powder mixtures.
The results confirmed that the obtained composites
mainly consist of TiAl and dispersed Al,O; particles.
The results also revealed that with increasing the
intensity of activation, the ignition time is first
decreased and then increased. At the optimum
ignition time of 27 s, the composite structure was
more uniform and less porous which consisted of
23.2% TiAl and 69.6% Al,Os.
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The Effect of Milling of TiO-Al
Powder Mixtureon Microwave Synthesis
of TiAl/Al,O3 Composite
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1- Introduction

Titanium auminide intermetallic compounds are
good candidates for application in aerospace
industries due to their high strength to weight ratio,
high melting point and high oxidation resistance.
Their creep resistance could also be improved by
addition of Al,Oz particles. In-situ formation of
these particles provides smaller particles with amore
uniform distribution which results in higher strength
and higher fatigue and creep resistance. One of the
methods of in situ formation of composites is
through chemical reactions for reinforcement
formation. The reduction reaction of TiO, with Al
could be used for in situ synthesis of TiAl/Al,O3
composite. Mechanical activation of the powder
mixture would also provide a composite with a more
uniform microstructure and smaller reinforcement
particles. It was reported that without mechanical
activation the reaction temperature would be higher
than 1100 °C while after activation of the powder
mixture, the reaction temperature would be reduced
to 550 °C. The required activation energy would also
be reduced from 208 to 33 kJ/mol after mechanical
activation. The research results show that for
formation of the composite, the powder mixture
needs to be heat treated at 550 °C under vacuum
atmosphere. By microwave heating the products
would be obtained at smaller time durations than
conventional heating routes. It was observed that
silicon carbide and graphite are good microwave
absorbers. These materials can provide temperatures
of 500-1100 °C in a few seconds. Therefore the
reaction would occur easily. In this research,
TiAl/Al,O3 composite was prepared from Al and
TiO, powder mixture by mechanical activation and
microwave heating. The effect of activation intensity
on combustion time and phase constituents was
studied.

2- Experimental
Al and TiO, powders were mixed according to the
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following reaction with 10 wt% of additional Al.
3TiO, + 7Al = 3TiAl + 2A1,0; Q
The powder mixture was mechanically activated
in a planetary ball mill with stainless steel cup and
balls (15 mm diameter). The milled powders (1 g)
were pressed by 30 kN force to tablets with 12.4 mm
diameter and 3.4 mm height. The pressed samples
were placed on an alumina block and covered by
graphite powder in a household microwave oven
(GE 2370G, Samsung) and were heated for 5
minutes using 850 W of power.
The milling intensity was assumed to be
proportional to a dimensionless number defined by
the following equation:

I = m,(9)

m

xt¢ (min) x @ (min™) @)
p

where / is the activation intensity number, my/n,
is the ball to powder weight ratio, ¢ is the milling
time and w is the angular velocity of the sun disc of
the mill. Table 1 shows the mechanical activation
conditions for all the experimental runs.

Table 1 Milling conditions employed to induce
different levels of mechanical activation to the samples

Sample  (mylmy) X t X @ Ix10* I*
Al 15%x200x240 72 1
A2 20x250%240 120 1.66
A3 20x200x360 144 2
A4 15%x300x360 162 2.25
A5 15%x250x480 180 2.5
A6 25x300x240 180 2.5
A7 25x250x360 225 3.125
A8 25x200x480 240 3.33
A9 25x300x480 288 4

* Jo corresponds to the smallest intensity number related to
sample A1l

Phase identification of the synthesized powders
was performed by Philips X'pert Pro X-ray
diffractometer (XRD) wusing Cu-K, radiation.
Scanning electron microscopy (SEM) TESCAN
VEGAII was used to study the microstructure of the
synthesized samples.

3- Resultsand Discussion

The results showed that even the highest intensity of
mechanical activation (Sample A9) would not result
in the formation of TiAl/Al,O; composite and the
samples needed thermal activation. The results also
revealed that the sample without mechanical
activation ignited after 140 seconds but the aimed
phases (TiAl/Al,O; composite) were not detected.
Fig. 1 shows changes in ignition time of the samples
with activation intensity number. The results show
that activation would decrease the energy barrier of
the reaction occurrence which accelerates reaction
progress.
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