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Study of Microstructure and Wear Behavior of in-situ AI/AI3Ti Composite Coating on
Commercial Pure Al Produced by Aluminum Cored Wires

A. Ansari A. H. Kokabi H.R. Madaah Hoseini

Abstract

In this study, GTAW process and cored wires were used to coat Al/AI3Ti wear resistant composite on a
commercial pure Al substrate. Wire drawing process was utilized to produce the cored wires from
aluminum strips and a mixture of titanium and aluminum powders. The microstructures and the present
phases were investigated by metallographic, SEM equipped with EDS and XRD analysis. Moreover, the
hardness and wear resistance of the samples were evaluated. A maximum microhardness value of about
300HV was measured which is 13 times higher than the hardness of the substrate material. The results
showed that the coating was composed of Al, Ti aswell as Al3Ti. The presence of Al3Ti led to increasein
the wear resistance of the coating.

Key Words Composite Coating; Wear Resistance; GTAW; Cored Wire.
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Quasi Static Compressive Behavior of Al-Si-SiC-xFe Foam Filled Crash Boxes
M. J. Nayyeri M. J. Khajeh Ali S. M. H. Mirbagheri

Abstract

The effect of iron on the structure and absorbed energy in thin-walled brass tubes filled with Al-S-SC-
xFe foams, produced through powder metallurgy rout, during uniaxial compressive loading was
evaluated. Results showed that by increasing the iron content up to 3 wt.% will increase the sphericity of
the cells, foam density and homogeneity of the structure. However, the formation of Al;Fe,S intermetallic
and micro-shrinkage in the cell walls and edges resulted in a decrease in the magnitude of the absorbed
energy. Moreover, according to experimental data, a model was developed based on the relative density
of the foam along with the geometry of the foam and tube. This model was used to predict the energy
absorption of foam filled tubes.

Key Words Closed Cell Aluminum Foam; Powder Metallurgy; Thin Walled Structure; Energy
Absorption.
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Effect of Synthesis Temperature on Photocatalytic Activity of TiO, Nanoparticles Prepared via
Solvothermal M ethod

E. Khaksar M. Shafiee Afaranil A. Samimi

Abstract

In this research, the effect of synthesis temperature on the phase composition, crystal size, morphology
and photocatalytic activity of titanium dioxide nanoparticles prepared by solvothermal method was
investigated. The results showed that the crystallinity of the particles occurs within the gel-like matrix
and the particles size increases from 4 to 8 nm by increasing the synthesis temperature. All samples
showed suitable photodegradiation up to 94% yield. Nano-particles synthesized at 120°C showed the
highest photocatalytic activity.

K ey Words Synthesis; Solvothermal; TiO, Nanoparticles; Photocatalytic Activity.
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Microstructural Evolution during Friction Stir Welding of Austenitic Stainless Steel AISI 316
to Low Carbon Steel St 37

A H. Khosrovaninezhad ~ M. Shamanian A. Rezaeian M. Atapour

Abstract

The microstructural evolution of dissimilar joining of austenitic stainless steel AIS 316 and low carbon
steel 37 by friction stir welding has been investigated. Friction stir welding was carried out using a
rotational speed of 600 rpm and a linear speed of 50 mnVmin. The microstructure was characterized
using a scanning electron microscope and optical microscopy. Also, possible phase transformations were
determined using X-ray diffraction technique & electron diffraction spectroscopy. The results of phase
investigations showed that no carbides and brittle phases were detected at the joined boundary.
Microstructural investigations showed that the highest decrease in grain size occurred in the stir zone of
the austenitic stainless steel which was attributed to discontinuous dynamic recrystallization caused by
severe deformation imposed at high temperaturesin this region.

Key Words friction stir welding; dissimilar joint; austenitic stainless steel; low carbon steel.

ol sy 41555 753 4 AV E Rl s 0T SLl sated 5 AVATA 6 s e st e
Ol gro o5 ool go pwilige 0 dSCEil5 (Al sl IS (6 medils 1 U st sl 55 (V)

Ol gro ol8ls ool go wdige a5 sliul (V)

Olgaol grs o8y ol ge wdige odSKails Lkl (F)

Olghsl s o821 ol ge pwitige 0235 Laliul (£)



eSS b o ol by Y i

Al

S Dl Jlasl sl gl sl Jasy ol [6]
[7]¢Jﬁ)‘}asmﬁ‘>)fﬁjym)rmﬁ}ﬂ.hb
sl slowl gl m 2y ol 31 e gladle s Ll
j‘)&_JJLﬂJ‘ d\‘)&aﬁjyb [8] Gl 0l oalazul
V""L";" (FSLW) slizl SKewl o Ko I
o)ww)f\)V'iQf&)JY}ﬁbd)bﬁuéjb
O3 K55 3V o A3 oS Wit 4 opl 4
Jsd B ol g0 Sl SYL oY Ol ss &
Sy ol Ll ilas plomnl 4 S5
wlie b Jlasl [5lLSen 5 oUbls [8,9] LT
\_@JT.J.J;JSL}M)J{bsyjéa.{r.l}::a—fwjﬂjl.ﬂ
S sl Gy 1 e = p s T 5L
TEreating) 5 ju oo 53 < S U Oleas oo s
jl_:.ﬂd L;T)j_..p DL .l_l.’élijé L@T sls )‘J.; (Side
(advancing side) 5, iy Coaw 2 ﬁﬁ;ﬂ—wﬁw}ﬂ
5 SOl ol y s 55 OLSan 5 OLS sl an
Yt O Ko oY e wlin b Jlasl sl
S5S LT 53505 s STV 8 0 393
SNgb g ¥l SV 8 s sdoms 5 ld oy S As S
a5 g 4ls o3Il adb>dle LB als Eel StYY
O Ll sl G ol 31 ds gyl 51 [1T]
QJ.J_?(.SJYJAJAISIY’\'\ u:“;“j Op Ky oY

G gy g 3l
AISTN ol 055 K55 oV 58 51 G ol o
A ealanal ol S5 Ol e 4 SIYV 0 S (S Y5
sl 03,51 Ll gl oS 5 (V) dsdr 55 &S

RG]

dedle

5 il 05 5 ga¥ss cpw wlie e YLl
Y Les slas )8 5l (gl 3 (0SS slasY
o S a5 s Ly il
2ol 3 S e @w 5 Glaa L;LAJJJST)
s > 4S aabab 3l L i s ) ol s
G 5 oS oS V5l sl sloles
O35 S5 355 5 easls 5,53 VL glales 55 oS
GV 5l eslinad s [1] L5 e antle sz
ﬁ\‘ij)bsﬁjjsdw\wlw;vs
sl il e pad Jas s LasY 5
“ e 4 D e 05 S5 bV 4
2] asb

CVL il s 0 S35 b 055U
S sl iy gl Sl el L a2
{1,3] (GTAW) 8- 2SS b (52 5 1ile
S8 [4] RSW)  seslin (glaass (6,5 5
LSW) 5 glaats ¢, Ka 5 3] FW) Sl
sy [B] EBW) sl 55 5K e 5 [5]
ool ool lagy OV e cOlas ol s Ll
S sl e il Soy ol 5 SO
el b S

Ol S 48 das o OLiS sl rl?d‘ Slaass
36 s S 3 K o 0 o S5 e
G S e Juab o> Slailaj e (Sappt s LS
I 1 slesl 3 3T ol il 5 0l
s bl s o s ol s cepl oMo a)ls
Jlail ys sl ol s (Sl colies
o by 0l ;55 Cpe il 3 g i
&l Ul il o Ll e 3 lde 506 s>
Slaiss o ol Slides (OISl )
ol 4 E 5y il I Jladl sl

S S FSW) alizl SKhawl o K
Loy as cul bl A (K0 s i ¢l

L gl 188) Jle s TWD (6, g o




v

g s ijj'ﬂ:‘ slige (A i

SISy wgad (28 gl o) AIb e
b= s les s 0Ly e 552 ple 5 ol
S slals 6 e oo 5 il 655
A)\.L" J.’.'\i wlbasl K Cj; JUSJAJJ )‘ oslaial L' Y 55
a3800 U ol s Les op i S (6, S
ol s 5 S sl

LLP-J&}J)J alshe éku ‘)L:P-Lwﬂ) o
Lo 5 SEYV 0 S oS 5V 55 e Il 23 S O 0
s 53 s S &y 5 AISTYNT 2oz ]
0V Ol e 5 cJs 0=V 5 L/ HNO;
Lot gas (g5l o3bel 31w b3 S s s gl st
NIKON- (¢, 5 s S b gulrla s 2L
b BT Gl (moman S ¢l><i! Philips XL30
slasl Lol as 4 SIS Philips — Seron
U’L‘ﬂ eKZwJ )\ ealae! l; JLAS‘ J>u BE] ol J,“&JJ
o— s L Philips - XPERT MPD .| &,
A fl"“." (FemA 5 YKV j5A=+/V0¢ nm)

sl S Sl LGy (K plil 6l

1/0 Gl s e il Ve s e il Vslel L
el I 4 I sy Jlail 5 g5l o3bel e oo
L olsp s, 2SS SWT e Sl Sl A
S Sl as an § L s a8l by s
e hes VYO o U e e Y1 6L gl
Gl 3 3 e e /0 1y VL e 3
ezl SKaol o Ka i 5 e e Y0
iy e s 5 ol Sl eslizad b
Sy o e ke 00 st D e 4l 53
AL el a5 L GBSl 5o A el
Caas 53 STV 5V 45 SV 5V 46 0 Cod YA 5V
U I S WICITS o b U S
Sl sl s 3 45 dase 0L Sliiss
S e Iy VL sles i can alizel
53 0l 3l LSS DO 4 olas gl opl 2l
Sty S 53 YL Sl L 5 L] Joa
ailae 5 cBlis o [10,12,13] 5550 o3l 513
0 L 0551 e (s e 53 S
JE e e a8 e s aids 1A s
Wl el 035l g 4 ged (5 all mla (V)
Ssoks Ssmr phe opd e a8 b0k

(Fis o) b ol Sled S 5) Jod

Fe Si Mn Mo

Ni Cr C

Wb VT Y )

Y ey aea Sty

‘ iy ‘ YA ‘ VA ‘ Y/04 ‘ VWY ‘ YUY

"o | 1 ‘

SS 316

cﬁdjwﬁdﬁch.u\w




eSS b o bl sy Y

YA

600

£ 7.
(=] =
(=] o

w
[=]
(=]

Intensity (counts)

200

100

20 30 40

¥ : Austenitic

a : Ferritic

Y
a
M
50 60 70 8

0
20

ol (5, g &g WSSl anil 3l o SUY IS

Sl il i i T o 53 (2 a0
S5 s a8 s boles (1) S5 A plnil (EDS)
AARIEN PR IPRECRCINWISTE | ) ) PENEPR- IR U
Sl las § 51,5 S ke fead Conly S 2
o 5 S b Jab (B8 53 pole S5E s p
AHUT (b s OlS 5 5 a8 L85 Jlax!
e b 03] A2 plowil (glebais 5 ot Sl
Sledse 5 JS5 8 ool pole w5 (Sl an)
- e odalin s e 0L S rine b (o e 5 )
SV 55 o a5 SETYV 5V 55 Cas 3l S = L oS 55
I e 5 S5 0 S ol S35 Ao s X1
Las o 0L b b o StalS oAl s e s
e Los 55, VU s s Uil S it b 53
Lol ol ealdl 3Ll 3WT ol 35 (6,105 5
Al by s ST Gl 3T obe S e
o A Al 2 s (G5 i Y e
J=2d 05 5l e LS S L 5 Al S
J&:ﬁru‘)ﬁb.wlam&&zdwldﬁiﬁ
ol B S il pl 3 e DS 5 s Al
YU gles 53 5,801 3 w5k Jlasl o s el
2l s alas sl Ny b Oley wus (6l
Al ol bge WasY b alizel Sl (o)1
izt S ol ) w52 s Ol

Cou g mls
Lol pis 5 i

e bS5 s a8 1K Jleasl ey 1 ¢l
(XRD) oSl axdl 5 50T st o 53 531
o Sl sl a5l (V) S5 55 S A plonl
G DS S sl S dleal s (8, VL
53 &S pskiles Ll g ol Jlasl o 5o (g5l
Sl PSSl 5 Al et s sks (V) SO
s sl L ede Sl S il ek gel
okt plobs (oS WS 5 o3 5B G LS S
- B Al e ol 5 s B glasl 4 by e
L o o Les 3, WU s b
3 6,5 36 el e B OS5y
Gl Jl 3 el sl W25 oo by ol
29b VLl ey 3 a4 S s Slidss oS
NERCHENTCS I PN F RPNV P PR P
OLES Il e L3 1y 35 sl 5 Ladg S LSCes
S Slad)lS LSS (pmen [1,3] duas
Jlasl wsle dolr Sl glaaol b 51 & s D%
Col ol SIS 50 Saol Ko 5 sk

[14,15]
ey b Ll fome 553 e sk o
GLBL 0 3 1 neS sdid LSCES S lde ST 4yl
B lelid g 36 S 5 Gl T el




¥q

Sgo g s illie plige (& 4

25y talin (S5 ol 53 S 650k
S (onion 1ing) (s3ky G sy slle ilizel 4l
sl sl Sl 58 53 Ypens
DL Slides 5 3z sde o3 gl
23 Ll K L bl Sy 45 e e
23 Slgas atdls 3 Ll 5 Ly addls o3l
55 gy ol b 6] aul e sy alizel 4l
ANS Gl ey el A oV e
3 b ) S e s [TL17] ol ot
SSE i sladloid 4 By Ay LY
J11,16] Wil s s ,w b s (allotropic)

D 5 S—oal 636 ¢l S (0) Y
23 LSV (S 0SSV b b e ol
e e Ol Ciles (glales

BERBRTS1LIUWRGH WOt RPIN W CEU W3 g asy g
T11,16] Wles S 3,18 Il Joma
sl
o phie 5l oS LS5 L (g (8) IS
U e () JSa ps das e DL ) B
St i) 1 23 5 e ol e (L)
b)) aly DI Sl 8 S das e Ol (bl
Jlail Joee 55 Ko soblusyy 4l 5l (V)
ols s
Vs S y3 (HAZ) &yl > 5l il U (I
(Y eb) SErY
SV 3Y 55 a3 (SZ) —3lizl el (o
(¥ a>L)
VUV 5 e 53 (SZ) ilizl b (.
(¢ 4>L)
55 (TMAZ) S8 po 5 A i ) e ol
(0 a=L) ¥V 5¥ 56 Caas

o =] "
Point2, Point3 Point4

wt.%
Point1 Point2 Point3 Point4
Fe 92.9 83.1 66.3 64.1
Cr 2.4 8.4 16.8 18.5
Ni 2.8 6.8 13.2 13.3
Mo 1.9 1.8 3.5 4.7

SZ ab s Jlasl S e Juad Jsb 3 (glakes 5 ot WSOl andl owi ik SJUTY S




d)mj’. (}'é‘}) ‘_;‘)L"?L.vﬁj Q){;:u”

-
Se "t

2l (g dgad (58 e 51 WS LS L s b IS

1150
1
I 2050
100 1
L]
1 1950
1050 '
: tyFe)
1000 Loz . 1850
1
]
950 ) 175
! Austente
900 1 . ~{ 1850
" camentite
o e .
(%) S5 1o - ¢
25 20 15 10 5 0 % uso 3
1m i i A : :
750
é |y fernte . i 1350 §
1400+ 2600 = 00| NS HAZ 1 ! =
1 I 129
)
4 L [y esol| ! \ i
8 vam 0 € N |
3 ' 3 600 ’ o H
= | -SZ{ :
10004 ! 1800 | !
'
v oMz sso| | ¢ Base metal | b
800 : [ 1400 : Ferrite ! Cementite 950
500 . H .
- : pearite i pearite
Base metal o ! i - | [ H
600 E H 1000 o ! % 850
400 L. 1 . 7%
5 10 15 20 25 20 F o';,o: 04 06 08 1 12 14 16 18 2 22
(Wi%6) 1.5 Sl B Weight percent carbon

IS 3=l e (26 53 a0 Jlssad N IS
;Y)éqbﬁfd)tﬁbﬁjalﬁ:i:J@T'/.\/~ 33
AISI Y\

vh ol
wb 5Bl s euSes S sl V) IS
wany Slls STV SN s aas e 0L |, STV SV e
S9d 5 e S Vi &l o3l o Sle U (F) o 2
b Sl gl ol 53 A3l e (P) 70
ol o SO 4 Sy sladils 5 o, KOs L
SN Qs Sy o (V) S5 s
R ol 53 s e DL b U cnl
Ko by slails 508 Soson &b aue

.M\OMW&JJJ

S oS V4 b e oty S i 5 S-oal (3l pl SLs o IS

Styy

— ol e g6 s sal 5 (V) IS
by soltlagy Ol pis 5 oAl TV s Jié‘pg
el (SOl dul bl Jle ey 5B o
s e OLES 1 AISI T Y 5 (gl alazs
53 ek esls QLS L;ucljfLQ S aph s
53 ol ke Bl slapl Ss (15 0) IS
oy S G Al s Sl J
4 bdbwd Jlail e le 5 LS e
Glp s el SUs 1 s o ) (Dol b o5
Gl slales 3 & Jlos! gladlbwial o
bl sl sdd eyl Wk ol




1A

Sgo g s illie plige (& 4

Db edid adgl o e s Sy S sl
53 b ol (0) IS S= el (3 1 S b
Jds i s a5 L5 A o Sosp gles 5 ne
o 33 3 43 I S 355 S e e I3

Wles S L adsl oy slals

by 58 (05 (Al o sSas S sl A IS
AISIM ol 05 K5 5¥ 58wl 5l bl o

5> HAZ 4l bt lagy s 5l (o580 sy S sl 4 IS5

I e — =T

o

(o3 SN 5 P (Al oS S pslal VIS
Stry ¥, bl sl 4 by s

Rr—B eSS e o s A JS
S5 Y5l Sl S s S S
el b 5 s s olas 15 AISI T el 05
s o3l ke b s gmen wa (A) gl glawils
S sladils pslal ol 53 Ak e e Sn TY
i o> 0y 8 g 53 el odelS (F)

SUMV Y55 o 5 HAZ) iyl S Jilie 4l
S8 S FSW b s ol 51 s 4l

S Al el el (pl b o pd oSS 55
oy o=l bl osd oS s o)l >
Sl S (53355 SLac = LA FSW
et iy A e s 2 HAZ 55 a8 (S5 Jlee
5248 Ak e SOL U S HAZ o0 LUs
IS s 8 sbobas ool e osls OLAS (8) IS
b 53 QLIS HAZ ambosy 5 s sdys ()
- o3l o aslsl s oS WAL e e (ol

..)‘5..0
03 das e QLS HHAZ 1 axb (V) IS5
Sasls WSl e STV L 5B sy s oS el




L;J&j}’-- (}'é‘}) &'JL"?L.«J:'J Q){;:u”

£y

Dt ol ey DS oy S LB
sais 5 el GBI b Olbl g s oS
e i Sl Ly e 4l S Ol <, O
S5 sV 3 FSW wie 3 4 S & poo Sl
das e OLE 1 el sl 58 ] 055

[11,17]

i v . .‘_("
(o38N (o 5 o (B oSy S ppas V) IS

HAZ 2 &l bl 5l

o (TMAZ) il gs 57 ot 1 ilio 4l
P17 oY s Coon
Vgl b s (oL Sl glaU TMAZ 4>U
Ll TV Y5 e s ilizel el 5 TV
DL amb ol Jllag, O1) K8 (8) S
b IS s cana] glaals bls & das e
(S 4l & e TMAZ amb s 5150 2o
(ol by S e a1y (g reS sla S 5 Lales
bl (Sl oLl al pl oo 8 de) 0 i o
o3l ol plondl Sl ol oiils S5 i
S (TEM) (g5 G580 @Sy S )
Loab cpl o3 o gl 5 bbb 51 YL
ol Sl b Shs S aass Ol

5 6o (A oSy Koo gl VoS3

HAZ 1 «>L )Lb'-l..n}uj\ cu.'vjjig.” (u

53 das o QL HHAZ 2 40 (V) S
b, HAZ asba U ol o003 (65K 5
oSl U S Gk s e 8 S
Az 5 Ay s sles (o me 53 Al 5l (0) IS
C,.:.S_MTA_’C,.:Jﬁ sbadls axU ol 55 5,8 o 513
Ly adsl oo b gladly s 4 oS 5 ansly b
sladsls 4 ol (s s P03 e LS e
o=l e b Sl s e b ) Dl
O3 5 csw adsl oo b sladils ( les 63 gue
S s a3 52 0l plowil Sk LS ol
Las¥ g aliel S ol o8 5 5 i3
[11,16,18] Ll S 3,055 1 el ol L3
oo 33 Dyl o 5l Jlte ax-U (G pl 53
Lee 40U G Ol 0 TN il 05 Ky 5¥ 5
slas¥ss 5 a4l ol edalis pe S ls salie
bl Olsme s b o L5 izl 035 S5
LasVsi e s alin 55 o ol o5 il
Sl 4 35 e e oS 1 bl A3
Jbﬁ‘-élidw‘fﬁ%’uj‘cju“%u“sw




LY

Sgo g s illie plige (& 4

b o JSs d sladliud 5 4 by e Ll
Gla S35 w2 e oS L OS5 e S
(1] 258 (Srls 23

(SZ) L] 4l

S ol (Al S (Al e
ol 03 dee 3y E e Cogeme ilizil Sl
[CRNERCIP S AN SV VR I3 P LS JONPRE
VU ol s IS8 ks pl S o s |y oV
D3l el sdme kS e didy w8 Gl | e
sdalile 4Bl sdzme 5 his ) gladls axU 0pl 5o
sl oS (:J-.:J'K.a S s e Ol Slidss 50 e
Lol s 5o gl S esls g5 w0 el ol s
5 poe ) GLaSUT sl YU 0y o i (551
Pl I sdome A5 p e (B slasY 5
Sl J s ol ol sy (Sl sdome 5l
Aile ol Ol a8 - s s as
serme 55 p Sl 050 S5 sl b
ol (B me oIS Ol ey w sl (Sals

[16,20,21] <!

(o38N (o 5 g (B oSy S pguas W IS
¥V V5 G 53 SZ 3 TMAZ anb oy 5,0 5

[11,17,19]
S35 3 TMAZ axb s Ol oS sboles
TMAZ 4>l Coan 51 &S > L3 ls 51 3SZ 4>t
Sy W S 5y e SLLSISZ b e 4
SZ 4l 53 (Seals sdoms A5 ol SG
Al s 5 L3 el gladils b bl
Wl g5 e SZ 4l s 3 el iy 555 sdal e
OLS 1y b ol 53 sdome 55k o 551 51 (sal ps
3 TMAZ >0 550 5l G psas (V) IS5 55 s
GLadsls iyt ) 55 .ol 0l 03,51 SZ 4
Sy odys adgl conal sladilag e s conal )
S5 a8l e Lals e 5o b bl ab ol s
Ay s Sl adlsy e s b plul med e
o ol el 3l Bl mad dy gladils
Glaals iy 5 J3aler 5 lalsg e 5o ba glnb
Sweles sz 55l ol 5l ald
oS Ohr 2l S5 Lol Gl oS ol At U
el ol slgin zonal 05 Ky glasY s dle
[16,20,21]

Soct Mage Berl w0 Voppnie . 1 | s0pm T

a7 oy 3 A

(SIS 5 op (B oSy Son s VY S

YAV oY G 53 TMAZ a-U jlslag s 5l
odalin SWV }y‘)_ﬁ Comw DL TMAZ 4_:?-‘.;

- SV Y b G 534Ul S ple AL




L;J&jj’-- (}'é‘)) &'JL"?LNJ:!J Q){}:u”

£e

[IL16] 5 5 o o 31 el ol 5o (Salys

TNV Yo Coamw s (BZ) —iliié) 4l (o
LYY Can o ilazl b (V) IS
YU gles 5 pas I8 s e e 0L
PR UPSRUR K G NP LN RS TCIRC IOV P P S
I s lal &S gailen 5,8 e o3 Salus
Sy a5 el 05 S5 sl s oS
Ol 3 gl (Seelis e [ A5 Ails (oS
—oal e aUSs3 ad s gel das e &) 4l
S s e L (VIS aT Iy s e 5
GO edS 57 YV Y5 55 STV 5V ol
Ll o311 - Sls bl s Bt (5 K g Sl e
A Al e Sl e Sl /4 @ bl 5
Ol 03 ddme kSl d s res 4 a8 A e
Sl gladls o310 5 ol plowil LelS 5 slas 4
adls (g i GalS SYV oV Caw 4 S
aS Lles S 55158 50 Oes 5 OBl e !
G tii] 05 K53 2V 5 e 3 Lals o310
Sl adls gt Rl (S oS SV e

117

e S 5 o5 (A o sSKas Sen islai V0SS

AN oY g8 Cas 53 SZ 4l bl

SV 5Y o Coomuw 4o (SZ) ELié) 4l (I
SV sY s cow s alizel b (VE) ISS
DL () JSCs 1 S= 8T (536 ol SLs s o OLES
= ol Ag sl NG Gl U el ol oS das
Sblwns @ A bl s s
Ot 3 S b o 35S e ik i
—als Ay 5 Ag bes e sled (o3 sdeme 5 (s
- S sl ol bl e s b sl
Ap led 5 55 5 0L 3 (S aalsl 53 A5l
- A s e RS o b s siledl o
b 03 e OA s e s e e S
Ay s o5l gl BB Ok el 8S r

J“@J}ﬁ‘(%‘JLSJ‘}; (Jl*ﬁ)&ﬂjw\i J_<..2
StYV 5V g5 Coans 53 SZ 4l bl

Ol 5y a s ks oy caU ol 5o

a>U ol s ladils o5l J:.<L:.a AS o S8 il
Los Sl g bl oo falS e Se )
S ol Sl s s e A 5l VL @
Sl ddzms 5k (JSB hS e 00 s
sy ol Ul e LT el ol s atapul

)b&ﬁ@)j—aﬁd&)lﬁﬁ‘sw‘d“&‘)‘;




{0

g s (s ls pokige (& 4

= b Ol s as b gy o L5 0 (S50
Cons 53 ilizel el asb VU slos 3 (5,5 ,1 3
PR RHANCIRNICE IS g b BEXC VIR S INPE
3 b (Salos sazes ks OF s 45 sl ol

Al e VU gles 5 il K8 s Slejen 3L

S oms
L dlasl S ie Joad 5o (6505 Gla s Gib
Lol el o33l Bl (3T jolie 355 aSCul 59 5
o SleS 55 ls LS 5 gl pd £ Soen
LS5 5 )l JSKis pde s il edalin (5518

&l

1. Celik, A., Alsaran, A., "Mechanical and Structural Properties of Similar and Dissimilar Steel Joints",

Materials Characterization, Vol. 43, pp. 311-318, (1999).

N

Interscience, (2005).

w

. Lippold, J.C., Kotecki, D.J., "Welding Metallurgy and Weldability of Stainless Steels", Wiley-

. Arivazhagan, N., Singh, S., Prakash, S., Reddy, G.M., "Investigation on AISI 304 Austenitic Stainless

Steel to AISI 4140 low Alloy Steel Dissimilar Joints by Gas Tungsten Arc, Electron Beam and

Friction Welding", Materials & Design, Vol. 32, pp. 3036-3050, (2011).

N

. Marashi, P., Pouranvari M., Amirabdollahian S., Abedi A., Goodarzi M., "Microstructure and Failure

Behavior of Dissimilar Resistance Spot Welds Between low Carbon Galvanized and Austenitic

Stainless Steels", Materials Science and Engineering A, Vol. 480, pp. 175-180, (2008).

5. Torkamany, M.J., Sabbaghzadeh J., Hamedi M.J.,, "Effect of Laser Welding Mode on the

Microstructure and Mechanical Performance of Dissimilar Laser Spot Welds Between Low Carbon

and Austenitic Stainless Steels", Materials & Design, Vol. 34, pp. 666-672, (2012).

6. Mishra, R.S., Ma Z.Y ., "Friction Stir Welding and Processing", Materials Science and Engineering R,

Vol. 50, pp. 1-78, (2005).

7. Thomas, W.M., Threadgill,P.L., Nicholas E.D., "Feasibility of Friction Stir Welding Steel", Science

and Technology of Welding & Joining, Vol. 4, pp. 365-372, (1999).

o]

. Fazel-Najafabadi, M., Kashani-Bozorg S.F., Zarei-Hanzaki A., "Joining of CP-Ti to 304 stainless steel

using friction stir welding technique", Materials & Design, Vol. 31, pp. 4800-4807, (2010).

9. Fazel-Najafabadi, M., Kashani-Bozorg, S.F., Zarei-Hanzaki A., "Dissimilar lap joining of 304 stainless

steel to CP-Ti employing friction stir welding", Materials & Design, Vol. 32, pp. 1824-1832, (2011).

10. Watanabe, T., Takayama, H., Yanagisawa, A., "Joining of aluminum alloy to steel by friction stir

welding", Journal of Materials Processing Technology, Vol. 178, pp. 342-349, (2006).

11. Jafarzadegan, M., Feng, A.H., Abdollah-zadeh, A., Saeid, T., Shen, J., Assadi, H., "Microstructural

Characterization in Dissimilar Friction Stir Welding Between 304 Stainless Steel and st37 Steel",

Materials Characterization, Vol. 74, pp. 28-41, (2012).

12. Chung, Y.D., Fujii, H., Sun, Y., Tanigawa, H., "Interface Microstructure Evolution of Dissimilar




s b o ol s, O Y sl i

13.

14.

15.

16.

17.

18.

19.

20.

21.

Friction Stir butt Welded F82H Steel and SUS304", Materials Science and Engineering: A, Vol. 528,
pp. 5812-5821, (2011).

Bang, H., Bang, H., Jeon, G., Oh, L., Ro, C., “Gas Tungsten Arc Welding Assisted Hybrid Friction
Stir Welding of Dissimilar Materials Al6061-T6 Aluminum Alloy and STS304 Stainless Steel”,
Materials & Design, Vol. 37, pp. 48-55, (2012).

Kurt, B., “The Interface Morphology of Diffusion Bonded Dissimilar Stainless Steel and Medium
Carbon Steel Couples”, Journal of Materials Processing Technology, Vol. 190, pp. 138-141, (2007).
Hascalik, A., Unal E., Ozdemir, N., “Fatigue Behaviour of AISI 304 steel to AISI 4340 Steel Welded
by Friction Welding”, Journal of Materials Science, Vol. 41, pp. 3233-3239, (2006).

Lienert, T. J., Grimmett, B.B., Warke, R.W., “Friction Stir Welding Studies on Mild Steel”, Welding
Journal, Vol., pp. 1-9, (2003).

Park, S.H.C., Sato, Y.S., Kokawa, H., Okamoto, K., Hirano, S., Inagaki, M., “Microstructural
Characterisation of Stir Zone Containing Residual Ferrite in Friction Stir Welded 304 Austenitic
Stainless Steel”, Science and Technology of Welding and Joining, Vol. 10, pp. 550-556, (2005).

Kou S., "Welding metallurgy", Cambridge Univ Press, (2002).

Park, S.H.C., Sato Y.S., Kokawa H., Okamoto, K., Hirano, S., Inagaki, M., “Rapid Formation of the
Sigma Phase in 304 Stainless Steel During Friction Stir Welding”, Scripta Materialia, Vol. 49, pp.
1175-1180, (2003).

Rollett, A., Humphreys, F.J., Rohrer, G.S., "Recrystallization and Related Annealing Phenomena",
Elsevier Science, (2004).

Saeid, T., Abdollah-zadeh, A., Assadi, H., Malek, Ghaini F., “Effect of Friction Stir Welding Speed
on the Microstructure and Mechanical Properties of a Duplex Stainless Steel”, Materials Science and

Engineering: A, Vol. 496, pp. 262-268, (2008).




1790 (53 0 lost i 5 oy Sl Sgo g s lie pnligo sar

F Ky S )l (Sl peIlEE Y6 b oud 0als idg Ti-BAI-AV Zakwy! (53395 sk ws

(

(T)LSS_L:_.; @\) QLAJT V)Ja...:u ($3 g0en L,)Ls.:.u <‘>L55)“"’“’ 4 g0

Ti-BAI-AV Y mbwe 555y S s b PVYD) Jbo (Sd s s 0 o oM Gl b o JIB6 40 Yol i ] 0
sle ipei 5 (TI-BAIAV) 2ty (ol (slo wsad mbos (S0 5 (Poes Do oclid 03l by S3,550 5 oebos ols 3 g st 4
ol g b o o8 by ) ey U8 iped mhae (S5 5 e i8S 5 L) o (TBA-AVITR) o JIE6 iy L
Iploes 5 S5, gfj/'f@u'/ U pizeas .Sl olisl /1M & o/eooim i/ 5 1VIHV & FEOHV i/ oo o (Ti-6AI-4V)
o 1A pAfem? i dals dpei b aslis s TI-BA-AVITA (cls disei 4o S0, 00t Ol S 45 s S otalio Koo o)y i
Moo oo b (52055 Sl Gl o il o il 33 U (52,55 a0 Conplio aryi G 3o SOy 45 bl oo J20lS +/V pA[cm?
Boly bl o ialS as i 1 5 5 U OF Olses il 0 o ik Sl ey ok 31 sl clile T AL N (sls O ils,
el sl i 4 @DS) (s pmis T 5 CEM) sy s i) 55 Som (Sl o ORRD ) Ol a3 (sl 05051
L p st b ok ools 2ty TI-BAI-AV LT 45 ishs OL lei o3 S ploil s asad polio Ao 3 pnd 5 (S35 550 50 oty o olajl5
bl oo S p ) 5 (Kdgllis sle Cileal 53 3 S preslio 43S o SSG ol 5 (St Caslée 4 4y
(5l s Sos 4 Suslie (PVD) b (Sopb s (550l 5 Ti-6ALV s Jlst Sl slojlg

Corraosion Behavior of Ti-6Al-4V Implant Coated with a Tantalum Nanolayer for M edical
Applications

M. Mahmoodi P. Mahmoodi Hashemi A.Zare Bidoki

Abstract

In this study, Ti-6A1-4V alloy was coated with a 200 nm thick tantalum nanolayer using physical vapor
deposition method with electron beam in order to improve its surface and corrosion properties. The
surface hardness and roughness of the control sample (Ti-6A1-4V) and those with tantalum coating (Ti-
6Al-4V/Ta) were assessed. After coating, the surface hardness and roughness of the samples increased
from 345 HV to 371 HV and from 0.055 pum to 0.107 um, respectively. Moreover, the corrosion test in
Hank's solution revealed that the corrosion current density of Ti-6Al-4V/Ta decreased from 1.9 pA/cn?
vs. 0.7 pA/en? for control sample. Following the corrosion test, the release rate of V, Al and Ti ions was
examined. The results showed that the concentration of the released elements was halved after coating.
Finally, X-ray diffraction (XRD), scanning electron microscopy (SEM), and energy-dispersive X-ray
analysis (EDS) were conducted to determine the phases, microstructures, and percentage of elements in
the samples, respectively. The test results indicated that tantalum-coated Ti-6A1-4V alloy has desirable
corrosion resistance and excellent mechanical properties and can thus be employed in dental and
orthopedic implants.

Key Word Tantalum; Ti-6A1-4V; Electron Beam; Physical Vapor Deposition; Corrosion Resistance;
Biocompatibility; Coating.
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I nvestigation of compressive properties and microstructure of Al-SiO, nanocomposites
produced by ultrasonic and stir casting techniques

A. Salehi A .Babakhani S.M. Zebarjad

Abstract

In this study, it is tried to use an inexpensive and new method for fabrication of aluminum matrix
nanocomposites reinforced with SO, nano-sized ceramic particles. In this method, ultrasonic device was
used for increasing wettability and dispersion of reinforcement nanoparticles within the aluminum melt.
After producing aluminum nanocomosites reinforced with 0.25, 0.5, 0.75 and 1.0 wt. % SO,,
microstructure study of matrix were carried out with an optical microscope and SEM equipped with
energy dispersive spectroscopy (EDS). At the end, compression test were taken on produced
nanocomposites. The results show that adding SO, nanoparticles will improve structure and properties
of the final product by creating nucleation center for intermetallic compounds and also increase
compressive strength of produced nanocomposites than the pure Al alloy.

Key Words Al-SiO, nanocomposite; ultrasonic; SEM; microstructure; compressive strength.

el oy 5 B3 4 AV E G O SLL e 5 AN /Y Fob o3 dlie o (s %
.wjbjée@,.}bﬂfwv\;yM)‘wm)gjv\.@iﬁfmb3%3‘}A&A}25}ﬁ)&(\)
..,\.e.iwJAJJJ.:!AL{:J‘::1‘5AL;~J;@¢)J§)L::‘J‘:ZJ}1M¢M}Q(Y)

e oSN 3lse wkige 03 S slzul (V)



el 5 (LS ol

ool [T L o 6 5wy o (ioucals,
Glos 7S jpba 3l ey sty sl (SO
meS i S e b ol sl b
S aS ceul esly Olas Clllas Sy e J s 5k

a3y JWE 5 w55 elrl (8 S Rl
Pl sl 531 0T a8 a3 o | e iS58
Sl3 3l S bl Ll el Kzl Jse
Lyl 3 03551 Gy Al e RALS sdiS oy i
[12] 0 sl IS s ccsls S50 5

S SOl e el S e 6l
S b S 5 0 S elid SO 650
el 0 3l Sl LS i s Lol aisy
JSe 1l e i SOLSe 035 s oS
S 53 ey ST eSSl ) i Saisi 5
Sl s ol 31AS o eals 13 Ol Sels -
gloel eoline L ediS g 55 Slyd (SX5d 5 s
Tlael oS as Sl e 5 S Jlesl Sl AT
03 S Sl s oS w515 S ol DT
T34 dos o oS ( (S g 5 oy (S s

el ) eslinal b S350 05 S 5l b
Tt 5 035 i3s3 iy Sl 52 S S0 G5
o Slm ol ) ol el o jae
e Slac S 5L A5 5 DL SL C e
Tt oo 4 Do Gl plgel AL (g5l
bl S 5 03,5 550 e S Ol Sl o st
s s, 1y e 25 G 0T 1 s 0 sl
SASG Sl s a1y Lad S0 5e 45 1S e sl
LAE LS o0l 4 el slaml 25 S1.0ES
33 1y S Ll e e sbml blusl (S il
S e i Al B ol S A sl e
Sl (s mo0 mpe 5 P s s
5 blsl Cslas Glacl s slml S5 5 58
T U5 ol ol STAsS o w1 2L
oo Bl S 5 iy (S5 L s e sl

[15-17] .)}«.::Lf Jl}uﬁ‘ 4‘).@ ‘}.}'\) ajé.> Jui\Jﬁ eJJ}ﬂ:J

4o die

52 Glos pnS sl (5 s glac 5 5lS
=l Gl s el andlls 42308 sladla
a8 o g Lall 5l s mbos 5 Lablpa O sz
s gl 5elS S8 4 L [13] el e
o Jode ibe b SO (ol 508
el o 5Vl sl o2 anslin U oS
147 5551 s 015 o |,

2l 5 ekt plSol (I gl Y pens
s iS58 5L Ol (Sl D535 S
(i, Sen o3 ol 3 eslial Lal 353 e eslizud
LS 1y gl ae lacs s slS (g pdlanl
Gl odis 505t sl s 5y opl 5l Aas e
i Sl (gl (Sl e 3 L 5l 4
Sy bl ol 3 [5] 555 eslizal 536 Glaay
u)s/,;u 05553 Ly oS ol 65,5 o, L3I [6]
b Cslie (g I ST @ S o i
WL el s (St e 5 VL sl

33T Al (o) it (SSLS 4
(S Sa (S S LT Sy s b SES
) glaca 55l 5l cotle sl s s
5 iy G bl 4 oS el el sl (g5
Wlae ol 5o 7] dies o3 o Sl YL (655
s eEle s S Ol g S ek
sl sl IS L Y pamme ol Ul (s
ST b CselS 5SS s b s
(S s w e iS CypE il e S
Slaios 03 [8.9] 35 dal s 40w 05 e Sl
22 3 EU G S 05,5 edS s Sy
SHd ol Vb ansSans bl 4 Ol
& e Sl 5 (5w b DU Cans
o Bl ol s ol ol 0T YU
e 53 Sl3 5L O Glacd s 5 O el o JST
[10] 552 e

S ey 5 Al (Sl 5L Sl




N

e s iy sle pwligo (o 4

Olsse 4o« JAA I zin Lol LIS sl Research
5 sl Sausly aid esliad sliS o sl 0
e 53 5w dae Ly s OF 6310 awilone
-a)".\_;‘ QK.Z_M:Q )‘ oslaul \_v 3 50%NH3-50%H20
<L VASCO 3 Jus CORDOUAN &3 (6,8
nm C‘H d)—bL)}gj )f ‘)‘ oalaal L7 cm‘jﬁ ))...:S

(O JK8) @8 8 el oV

ol
P

w

Vet YeoBe Fecde | Be=Fe | $e¥e VecAs | Aecte

(nm) @l o et

et AT D3 5 I e ) S

w10 /Y0 slie Lt 5l S 5L slad sas
A5 ke LlST D30 S5 Aosa ) 5 /Y0
Slos S 53 ST e Il ¢ slaie (sl i
ol =3l gl 5 A O g3 TN °C les L
ST G55 o )3 Y10 ¢ Sal e D350 (Sipd 5
L e S 8L5) Ol 4 S0WE%AL-50wt%Mg
N S N L ISR AP ST e SER et
Ve s U Olie 5 L0 6lsl Clds 4 SiO,
(3 S g S, ST Sl eslinal b g aids s
Ol ad> o ol 55 Clde CEMW)J" 03 o
e 3505 4yl Osks D3 5L 51 6l ie &S sl e
3 o 30 ol 3 Al Bl e (555 L5
SaS asy (a3 V0£) LS e 4 Olile 45|
Sl AT s s o 035 on SIS O
oS5 L s eds Ol sl (Y) JS2 BANRY Jute
L5 58 obdlas | lde 4> 1010 ke YokHz
ST Ol 3 s gU asn 5 Sdips 5 Al b

5 s Dol ool Sl el sl Bl s
352 55 Lol Gy Jl e )3 el sl LS
S 5 e BBl il 555 ke 35 3
sloml oled G STy Gl p | Jsene b Lo
Al e S Al e B3 el | i) dlamd kS
DL 50000 °C s> U ples abie jyba
K/s 5l i 055 55w 50385 05 5 5 Vo vatm
531 D3 e ssbany & A4S syl 1
b el (Saisid 5 g e3,S oSl 3T ol b
Ol o o Do O 8be mlael S1das oo 13l
33 SIS Dl i ediS Gl le S Olge &
[18,19] 5 S eslizul i3ls 5 Sasey 5

-SL AT S G 3 el G 055U
5 o Gl glal S8 L ALSIO) s gl
SLb s et 5 (3 S S )
sy o Sl 4 K oy o Lol gltlag,
C)aelS SU S ol G el Sl s
Gl iy gladw ;s L odd Cu gl e gine )]
anlllas 5 (g Sawn, s A Kk S35
A2l e 0T (5oL ol 5 bl

EASINEYY

oS i yame LM2 (BS1490) 5o JT 5L
=S5 L oler i 0BT s 5 g8
ey osle Ol a4y (V) Jgda 53 ol osls OLS
doys bl 4 el Cpd Lokl oS As Ol

Al n OF Sla S s 5l oo VL
FU Gl b siS ey 58 S ol
(I il age sl 58U (o sin il S el
VL slales 53 abon s Ay S1s 5 (S5
3ol ol = [20] 55 a3 5 da s sl
US S 5 v it S| 13 500

e SUT sl OS5 ) i

Al Pb | Zn | Mg

Mn

Cu | Fe Si

B

olila3l | +/V0 | V/ET | /YT

/N

A AN LAY | s des




el 5 ol u-’//"‘ a®V 4

ay

‘»;,‘;.".w?“

,‘ﬁig

IC:" : 5
.,‘(j/\‘;f:.\‘.” -. ""':’-j;,, t
Wai TR RGN
f\’fﬂ; ; A

\J\i ':

W7 I~

7]
4
¥
2l

> 8 M

DI O TS
Setlass 5l Gos msSs See gl TS
31 5 00 s Sl ey sl e T SUT (L

Al-0.5Wt%Si0; o508 55U (O (sl o jsmelS

LUl as ashs LS [21] = 5 5 sd
a3z oal DLkl 3 S ase T
SR DS 5 S gles 4 3y 2les
el 53 3 e AT WLpd b Tads ol (g5
T SUUNICH IS PO WP INC P AR P
313 OLES [YY] (6 it Cpimes oy SCE5 il
e s3SI a3 55 o ool e 4z 2 oS
a5 o DS 5 SIS les AL 2l
(8 JK2) 555

-
8

Intermetallic phases formation (°C)
o - N -
E 8 8 8 &

02 04 0.6 0.8 1 12 14
Wt Fe

LUl s (o3l o LS 5 1SS glos Il £ IS

IYYT Al G55 doss (Rl L o slT

it 6l edd eslizal Sl T oEas ¥ IS
u‘.,\n BE CJ‘).J}J.U
sobrla oy edalin ke 4 S 5 NH &lsa
SLra ol 3 b L ST 13 S0 a3 8
b g g S Sor Gla o (Jol 5 S U
G S s S 5 Olympus (g5 5— o sS—w s See
<235 ol LEO 1450VP (35kV) o2y, 5y S
g;“')}ﬁ‘ g_);i.w‘jjg.f .Ja._wj; )L'L>-Lw odalin L;‘J"
9 Lr;)'obl?l_w )‘ o= J ol cle LAA.:}&.: ‘d‘:’f)J
RPN VN W\ PRV | 2o P PR R ST e
L 5 ZWICK (Z250) olKaus ¢,Las O ga3l plomil 51
o8 esleal 5550 Y/ mm/min 6 S > o

A5 G gles 3 L 53 0sa51 a5 3 S

oy mls
el osboe ol st )
p—:l:ﬂ;ﬂ SLIT 51 Gl sl bt lass o s
Ll B bl 51 I3 5 0ad 23 Sl ) 5l 28
L Sl se ez 5 (3w 5lS
Gl lomal Sl sl al Lok A 5 glacy s 5lS
AN s 3050 S08 PSS Sor s (s
sl gl 5l aS s boles (¥ JSC2) b S
Sty e odys (1) IS0 53 sl oy
JolS S sbas 3l Cu3alS Al b plonil 51 SUT

g:».w‘ o:JSJmAJ




v

Mo s iyl wligo (5 4t

el o 03l QLZ.: (1)

=k img 4 a;ﬁ;

b

&\)w)\wudpwuu,@wg&ml K
w:l:“")-'l‘ L}")} 14 /0 L_va.L; J..:Sjs CA.L)}:A[S};L):

R o Sl RULSes 5 [25] 5 5S
(st g 1 gL SUT Sl L sl s s
gl 3l esliad L 15 TIC 5 ALO; SIC &3 5t
BLSIA356 oy J1 SLIT s 40 s G536
Sl sl b bl a8 Wsls Olas ol s S
L el ol 5ol by e SUT 55 sleseil 0gsbe
ol g (il ST Olme 4 a8 Ll
et 3o 31 e e T SUT Sl L
o) 53 0l eslitul oo 4 ST D3 B0 5 4 e
e ST s 3 S5l 815 Al (oo
Ales S ol | s LSCE5 (sl 5638 Jee
D o8 e sin sl LT slox) e 5
Colda 5 ple S 558 bl 4 st 350 L
il ey banglie 5o D350 Sl SOl
3 S S 5 Aol s oy T LS 5
e Jos pl 55 e ST (Gl a8 Loz S )
Sl edS 8 O3B Gl bl Ol Dl 8

A dal g (e 33 g se ol ple s s

Sl o, 8 b s () IS e L
=33 TN Bl (Gl 3 eslizal 3550 SUT
ot DS 5 S slas sl 555 wias 53 ol
5L U ot s s
Sbrlw et sl (gl DS 5 o 2 s
13 8 13 s 30 il I 55 3 5UT

4 30 dale TAC

o e 5 A3 3 WYV C gles s U
Aulp Gl S rea b A il Y s
A o3 oh ek b (il 5alS

e 3 AE g3 WY C gles 3 3L
sl ol & s ST O3 50 355 Ly 4/0
.ma.sjr.aa,;;\“ e 4y g LS

w5 T alp e LTS Sl
Sog ol Sloars s w0 3 o gl bl
o=l el cde (0 JSK8) W eys i
PSR S 5 S Al S 5 S e S
~alr sl p 3l who s b in T gla LT
Al bl ol 53 ot e J S Ay 5
CiIE L el sl Esly 53 LI Al Bl
Ot S S ol e S8 s el ks
Gl bbb a8 oal 5 i 5l 36 g5l
SO PO U TIN5 NN SRR ST L
2 e el S5 Olye 4 s e SUT SIS

IYE SYYT L5 o koo W RPN

e ST o S lais 53k o S 5 0 IS
S edeal ey Sl s S I A
~/o+wj_ﬂc,_3,-ﬂtsouw4sn Sialesl
K"“L)D“;"M‘Wu s J......,S” ‘Q‘)J}JL‘JJJM‘)J




wisoblo s 5 )l ol oy

¢

.A112F33Si2 )L‘) dwﬂ ~ be ‘-"QSJ:’ ¥ Jﬁb

Si [ Fe [Al] -

Ve TE | o) | ds A

(S5 S S Sl s ol
SIS e e 5 i 2 Gl
seS HL slaas sod (el 4ST 5 50
0 S o sSeas Son Sl el L edd A 5
A JS8) X3S 13 s 3050

| fum Signal A=SE1 Date :5 Nov 2012
| EHT=2000kV  WD= Smm PhotoNo.= 1464 Time :11:30:05

56 4n5 55 s A8l 3 5 ST, A UK
0l 1 5 AL0.SWI%SIO; Cu selS
i3 A S HL o pd e edys oS ) sbokes
O3 g gl a ST a0 ledi o kS| 5 e o
ool L aS 5 & e adys A 53 ol (glad g
S5 3 a8 sboles s ey 58 56 S5y Lo o
i e i LT Jliie (ol ol o3ls OLES (4)
Sl LIS oo i 3 6 il ok
Ld il B el (Do Sl sl ST el
O3 g glaas g Gl bl (o5LS ol a5 S
aee 5l sl 5 wSa o |y baad g 05 e
L S Y LIS e i o sdlay LS o o kST,
e SKs b5 ges, S ol S e
Al e 35y S A b |y e 5 D350
[27]

slooe (V1) 52 b 2l (it
J«;"‘.J};ﬁuxbw_gf}ﬂé)[_;gﬁé_uu
s Sldo s Ledd Wg 25508 50 glad sal
@u‘(r>djv\—?}l§.~\_wczbbf'u)'lu;_b,'ﬁ

uulﬁwﬂewgﬁyzj@b:ybcjﬁddyb
Sl Aol iyl 3 diS fos wina 53 355 50
JBCal s adsl cdys glaans Osls s b (560
(dlyaea u_li) Ik 5 S (Slo,liw calises
et DS 5 Sl el sy IS ) 35 e pl]
l,j@fﬁ&‘flpwucyidjbéﬁ
Ly Cow 3L S Olse 4 aSh s o3 Rl
)CM\M\).‘}°JJSJA;YL~J)\‘}>‘5)L’\€'E
Y] deS o 5,8 sl VL L;La.s);jLﬂJb'w
Sl 53 EDS T ames (V) S s
35 ol a5l S0 g e SlS 5l calis
el eals QL_.Z.; Y8 .,\.:Jj; gfﬁ’-‘“ﬁﬂ}ﬂ CAJ}:AG})L
La0l 3l S 4l b 35 o0 0dod 45 5 sblen .ol
- ols sk Sl dﬁ:g@jfﬂzﬁ-b
.MJJQLS‘)@L&%})J

1 2 4 7
ul Scale 705 cts Cursor. 0.009 ke (S04 cts) |

Y 3 T
3 ‘ ? 8 il 10

U 12 b i 5 Ko 5 EDS 0T v S
oz (o s s sdor (Al odlizs

EDS JUT 5l edosl cods olie S35 Aoy

Ll sk oa 5l (N sdr s (V) 2

o (V) dad 53 el esls QLS slie pw)y

Slaaiised 53 35 50 § R Glasl 55

ko sl Lol a8 edd atle 5 5elS 50
Al o AlpFesSiy S 5 edias OLAS (518




1o

e s iy sle pwligo (o 4

3 e Ll [2] 8L e Ol 5l s p S
el o gline il glaa ol ) el
Ao /0 L K D350 I L S sbay
2 Ll il o il (g3 5m0 b oSl 55
Aoys Vv 50 /VO) pis sl S 5@ 3L uolis
ol 0l 1aS Lad el r&;@ﬂl (555

Oy als b do=ke™) Olaglsn alaly olal
L b Al GRIBl e E S
4SS s Ol e (F) Jsdar 3 el i enls OLES
5L s Al L el W5 slad sl e S
LS ey il s L0 B eSS
Sy 53 el edalive il s Ay oo b 4 lassl
el A5 slad i (5ld ol 5 e )lS
55 s Sl s o3 sl Odd glad e 5l LAt
B 1) S G le el s 08 ialS
YL (s ladass 5 Sl a5 5 5!
,u S palie 53 AL e (easS e 4 5L
3L e A 0y 8T b S g
S Lol 5l 5 dms e talS 1) aa) s i
Ot Ol =S Ol e Soval LS
L oy polS 5 il 1530 L 3L So
Sl sl SialS e ol oo (A3l e
sy QLS s Slides )5 5o 50 [3] 6 llas [7]
Ol 5, Sn 0 d S 58 50 e Sl L oS
Sl Gl 25l SU Y panme 33 g e
2L el dsmame LS ol Jals Wl s
sl s

okl A 5 law god )8 S, e 2 5l Jeol>
.M)L;c QL:..J b

sl 56 e 53810, 35t Gus gl 4 K
o5 4 5 AL-1.OWt%SiO;

450
200 4
350
E%SW 1 -
@ 250 — Alalloy
o
= o0 1 — 10,25 it 5102
<
150 | — A5 wit 5i02
100 4 — AKO.75 Wi SI02
. — AKLOWi% Si02
o
o 5 ) 25 30

(D 28
P s iselS b p s ST ST (oLt ola e N+ IS0
Al-Si0; gl ;58
Sloras god plad 555 0 0dd oS )y bOLes
SIS i ol an sl ¢ 15 500l S 50
3 3 plSomal [l pl s ) ¢Mjﬂ
ey 5 Sl o Ol 5L s aile el se
ol s SVl s Glkil pde s ol U5
3 s JUSl oS oy 585 50 5 ae; 5ol >~ bl
Pl Se aizman 5 el ST 58 5L s 4

odd g gladsad e 8 5 (g,Lis L, wﬂj\yb-@l:.} Y Jsd

M) o S Olg | (MPa) (lis ool | (YoWE) oS 55 51 | 4 5a5
</YTAY vy . |
UARYAA [ARY +/Y0 Y
/Y EY Loy +/0 Y
/YO £ 0 +/Vo ¢
AREY £y \/e 0




el 5 (LS ol

"

&H‘Jﬂibgﬁ_wbg:)‘).ls MS%&MM
Wil e s a5 S il ol Sl il S
A Sl SI0) Slp3 66 S5 Ve Ledd oy s

cSlOz Qbh‘yb Lﬁ_’)j 1a/0 L_: ol Q,_U,EJ 4;}»..:

& S o
Sheslaul oS sls olis gl v, gl w2 0
Sl sl Jasl 5 SOLSG 053 —
BEERE UMDY JUNES PV S FIPW

S sl L s sl I g i

Sls olid |y als /Y (TN g S S Gleobw (658
Sgh o S8 e sl C}Lﬁ\ o

Slals 5 Sis CSE BRI SN IS IR P
05,5 e (S0l Bolodess udige GBI Sl Glosaised pload oo JLS &0 5 g Lt
s e Al sl sy i 5ol ety ad ) p a1 ST 51 25 0elS i
3 RAE bl iy S 0 Ol el Sel 55 doys /0 L ISl S350 02558
338 e S i el 8 Bl J e plSmtal 2153

BE cSiOz befl_: ;7’-)) YA )‘ J:"'.“":" ﬁJLi‘ BE Al

ol gy o Slpd s S Slasgls Ji

el
. Park, J., Lee, S., Lee, M., Rhee, C., "Dispersion of ultrafine SiC particles in molten Al-12Si alloy",

Trans. Nonferrous Met. Soc.China, Vol. 21, pp. s33-s36, (2011).

. Prater, T., "Friction Stir Welding of Metal Matrix Composites for use in aerospace structures", Acta
Astronautica, Vol. 93, pp. 366-373, (2014).

. El-Kady, O., Fathy, A., "Effect of SiC particle size on the physical and mechanical properties of
extruded Al matrix nanocomposites", Materials & Design, Vol. 54, pp. 348-353, (2014).

. Karimzadeh, F., Rastar, V., Enayati, M.H., "Thermal Stability and Mechanical Properties of Al-Al,O;
Nanocomposite Produced by Mechanical Milling and Hot-Pressing", Proceedings of the International
Conference Nanomaterials: Applications and Properties, Vol. 1, (2012).

. Li, X., Yang, Y., Cheng, X., "Ultrasonic-assisted fabrication of metal matrix nanocomposites", Journal
of Materials Science, Vol. 39, pp. 3211 — 3212, (2004).

. Peng, LM., Zhu, S.J., "Creep of metal matrix composites reinforced by combining nano-sized
dispersoids with micro-sized ceramic particulates or whiskers (review)", Vol. 18, pp. 215-254, (2003).

. Yu, H., "Processing Routes for Aluminum based Nano-Composites", Worcester, M. Sc. Thesis, (2010).

. Saberi, Y., Zebarjad, S.M., Akbari, G.H., "On the role of nano-size SiC on lattice strain and grain size
of Al/SiC nanocomposite", Journal of alloys and compounds, Vol. 484, pp. 637-640, (2009).

. Hashim, J., Looney, L., Hashmi, M.S.J., "Metal matrix composites: production by the stir casting
method", Journal of Materials Processing Technology, Vol. 92-93, pp. 1-7, (1999).

10. Yang, Y., Lan, J., Li, X., "Study on bulk aluminum matrix nano-composite fabricated by ultrasonic




v Spo s Syl pobigo (5 4

dispersion of nano-sized SiC particles in molten aluminum alloy", Materials Science and Engineering
A, Vol. 380, pp. 378-383, (2004).

11. OH, S.Y., Cornie, J.A. and Russell, K. C., "Wetting of Ceramic Particulates with Liquid Aluminum
Alloys: Part II. Study of Wettability", Metallurgical Transactions A, Vol. 20A, pp. 533-541, (1989).
12. Hashim, J., Looney, L., Hashmi, M.S.J., "The wettability of SiC particles by molten aluminium

alloys", Journal of Materials Processing Technology, Vol. 119, pp. 324-328, 2001.

13. Zhou, W. and Xu, Z. M., "Casting of SiC Reinforced Metal Matrix Composites", Journal of Materials
Processing Technology, Vol. 63, pp. 358-363, (1997).

14. Donthamsetty, S. and Rao. D, N., "Investigation on mechanical properties of A356 nanocomposites
fabricated by ultrasonic assisted cavitation", Journal of Mechanical Engineering, Vol. 41, pp. 121-129,
(2010).

15. Sanchez, M.C.T., "Generation of heterogeneous cellular structures by sonication", United Kingdom,
ph. D. Thesis, (2008).

16. Borgonovo, C., "Aluminum Nano-composites for Elevated Temperature Applications", Worcester, M.
Sc. Thesis, (2010).

17. Wang, J., He, Z.S., Wu, J.H., Wan, Z.P., "Effect of Ultrasonic Wave on Melt Foaming Process of
Aluminum Foam", Advanced Materials Research, Vol. 97-101, pp. 227-230, (2010).

18. Suslick, K. S., Didenko, Y., Fang, M., "Acoustic cavitation and its chemical consequences", Phil.
Trans. R. Soc. Lond. A, Vol. 357, pp. 335-353, (1999).

19. Suslick, K. S., "The chemical and physical effects of ultrasound", Scientific American, pp. 80-86,
(1989).

20. Bo, L., Xiaoguang, Y. and Hongjium, H.,"Microstructure and mechanical properties of hypereutectic
Al-Fe alloys prepared by semi-solid formation", china foundry journal, Vol. 8, pp. 424-431, (2011).
21. i, S., Yang, W., Gao, F., Watson, D., Fan, Z., "Effect of iron on the microstructure and mechanical

property of AlI-Mg—Si—-Mn and Al-Mg-Si diecast alloys", Materials Science and Engineering A, Vol.

564, pp. 130-139, (2013).

Y osled (550 dige 4125 Mo see T (LaSWIT s (631 o DS 5 S5 S (6 et o YY
YA Y-V0

ST ool 5 5kl s 3l G g2 (St doms (03 (ool 5 gmems (s Jo Slos Lo e VY
OYAL) EA=Er o led (S wdige dls M'A413

Sl 5 23 Wlem Bl U " (ol s 5 OLAE e (St s LS Al = Y
QOTAT) - AF=1AY A ojled ¢ 26 0dSCiils 4 05 MA380 s JT ST ST ol 5 bl

25. Cicco, Michael P. De., Turng, Lih-Sheng., Li, Xiaochu., Perepezko, John H., "Nucleation Catalysis in
Aluminum Alloy A356 Using Nanoscale Inoculants", Metallurgical and materials transactions A, Vol.

42A, pp. 2323-2330, (2011).




wisoblo s 5 )l ol oy w

Al das o K51 Jol Jltle 5y s " e Aims 5 (R (§ 8 s 253 Ay Ol YT
(S e, Maml b s Sl g a3 g sdoe kS B 4 ed 48 AL-SI9-Fed-Mn2 3UT
FAYY OYAA Af ol

27. Li, X., Yang, Y., Weiss, D., "Ultrasonic Cavitation Based Dispersion of Nanoparticles in Aluminum
Melts for Solidification Processing of Bulk Aluminum Matrix Nanocomposite: Theoretical Study,
Fabrication and Characterization", Transactions American Foundrymens SOCIETY, pp. 249-260,
(2007).

28. Sajjadi, S.A., Ezatpour, H.R., Beygi, H., "Microstructure and mechanical properties of AI-A1203
micro and nanocomposites fabricated by stir casting", Materials Science and Engineering A, Vol. 528,
pp. 8765-8771, (2011).

29. Tsunekawa, Y., Suzuki, H., Genma, Y., "Application of ultrasonic vibration to in situ MMC process
by electromagnetic melt stirring", Materials & Design, Vol. 22, pp. 467-472, (2001).

30. Mazaheri, A., Ostadshabani, M., "Investigation on mechanical properties of nano-Al,Os-reinforced

aluminum matrix composites", composite materials, Vol. 45, pp. 2579-2586, (2011).




1790 53 0 plas aid 5 G JLo Sse g sis o pwlige Gay i

30 BT 98 D3 b ogamoadT dino (S J9mlT gl (b dcsin § ol
* Sl (&3l 3WT Wi T B 3 coliiw! UL AI-ZT ppiuuw

(S0 R
PP e

oS>

oSl sy LARZE it 3 (S5 o D3 5 (GebenST D3 G L okt g 5 sl n o aelS U sy ) 3
23 5 e sl L5 e Y (slalej o o (oo bslote (T i (Silitige 5 b B> o 4 SIS
Sl sz iy Lalie il Sl G ST plovd] 5 ol I oy ol lelae Ol e 3 45 s 35 i N-ZE s
NHY ot AlyOs s AlZl (slajli s by s 5 5 3 oy lelae plonil b lig o S5 Al2O3 s AlaZr

il Al il Sl b5 sl 0l )7 sldisad Sl £ s 5

Sl 0 o ool Sldes (SOl LT ALO3 ALZE (o sime I a3 o5l (SO (SS9

Production and Characterization of an Aluminum Based Nanocomposite Reinforced With Particles
from the Al-Zr System by M eans of M echanical Alloying Process

M. Moshrefifar

Abstract

In this study, an aluminum matrix nanocomposite reinforced with oxide nanoparticles as well as
intermetallic particles in the Al-Zr system was produced and optimized through mechanical milling.
Results revealed that even long milling times of the powder mixture would not lead to the production of
intermetallic phases in the Al-Zr system. This is while Al;Zr and Al,O; phases form during subsequent
heat treatment after milling by the implementation of the relevant reactions between the powder mixture
components. After cold pressing and sintering, the hardness increased to 98 HV due to the presence of
AlsZr and Al,O5 phases. In addition, the wear resistance of the bulk samples decreased significantly.

Key Words Nanocomposite, AlsZr, Al,Osz, Mechanical Alloying, Heat Treatment, Cold pressing, Wear.
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Crystal and Phase Evolution of Sol-Gel Derived Hydr oxyapatite Synthesis with
Various Ca/P Ratios

M. Kalantar M. Mojahedian M. N. Vahidi

Abstract

Hydroxyapatite due to its biocompatibility and chemical and biological affinity with bone tissue is used
for orthopedic implant, dental implant, oral and maxillofacial surgery and as a coating film on metal or
alloy implants. In this study, hydroxyapatite powders were synthesized with three different ratios of Ca/P
= 1.6, Ca/P = 1.5 and Ca/P = 1.67 using sol-gel method and utilizing P,Os and Ca(NOs3),.4H,0 as
starting materials. The X-ray diffraction (XRD) results reveal that the highest peak of hydroxyapatite and
S-TCP, a biphasic bioceramic with high ability of ossification, are found for the hydroxyapatite powder
synthesized with Ca/P=1.6. Microstructural studies at high magnifications reveal a uniform distribution
of hydroxyapatite nanoparticles (10-400 nm) while at low magnifications only clusters of nano-particles
could be detected. The peak intensity of the g TCP phase is increased after applying the sintering heat
treatment for all three ratios of Ca/P. By increasing the Ca/P ratio from 1.5 to 1.6, the grain size of the
sintered samples increased and the morphology of the microstructure became coarser. The
biocompatibility evaluation of the synthesized hydroxyapatite indicate that increasing the ratio of Ca/P
will increase the volume and rate of apatite formation on the surface of the sintered samples.

K ey Words Hydroxyapatite; Sol-gel; Calcination, phase analysis; microstructure; Sintering; Bioactivity.
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The Effect of Second Hot Rolling on the Hot Ductility Behavior of IM1834 Alloy
M.H. Ghavam M. Morakabati S.M. Abbasi H. Badril

Abstract

The hot ductility of IMI834 alloy in two conditions of first hot rolling and second hot rolling has been
studied by conducting tensile tests with a strain rate of 0.1 s and temperature range of 800—1000 °C. In
first hot rolling condition, IMI834 alloy showed little hot ductility in the temperature range 800-900 °C
and ductility loss occurred at 850 °C. In second hot rolling condition, hot ductility increased at all
temperatures and ductility loss is not occurred. Especially at 900 °C, hot ductility increased from 31% in
first hot rolling to 95% in second hot rolling.

Key Words IMI834 Alloy; Hot Ductility; Hot Rolling Hot Tensile Test.
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Experimental Study on the Effect of Gold Thickness and Concentration of the Electrolyte
Solution of Ionic Polymer-Metal Composites (IPM C)

M. Razaghi B. Mirzakhani M. Raufi

Abstract

lonic polymer metal composites have recently been extensively used in various industries. These are a
new generation of smart materials for fabrication of actuators. IPMC is a layered polymer-metal
composite processed using advanced technology. The objective of this project is the production and
processing of polypyrrole-gold-polyvinylidene fluoride (PVDF) composite. The porous PVDF membranes
were first sputtered with gold as a conductive layer. The solution of propylene carbonate, pyrrole and
lithium triflouromethane sulfonamide salt was employed as an electrolyte for electroplating of poly
pyrrole on the gold layer under controlled conditions. The composite layers along with the influence of
temperature, current and time of electroplating, electrolyte concentration and thickness of the gold layer
on the characteristics of the IPMC were investigated using SEM and FTIR techniques. The results
indicated that the thickness of poly pyrrole layer increased with an increase in the thickness of the gold
layer and electroplating duration. Meanwhile, the optimum condition of electroplating was obtained in

the sample containing 0.1 molar of pyrrole and lithium triflouromethane sulfonamide salt temperature of
-25°C.

Key Words Electro active polymers; lonic polymer—metal composite (IPMC); Polyvinylidene fluoride
(PVDF); gold coating; Polypyrrole
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