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Abstract

In this study, commercially pure titanium and aluminum alloy 5083 in connection rotational speed of 1120
rpm and a feed rate of 50 mm per minute for butt welding by friction stir welding has been successfully
completed. Micro-structure, hardness and tensile test was conducted on the connection. Welding area is a
composite of aluminum and titanium particles that the particles plays an important role in increasing
hardness and tensile strength. Welding area is also has three areas. Vickers hardness is 480 times the area of

msg8789@gmail.com S5 S| Sy ¢ s 0ok 55 ¢



mailto:msg8789@gmail.com
http://iutjournals.iut.ac.ir/jwsti/article-1-75-en.html

[ Downloaded from iutjournals.iut.ac.ir on 2026-01-28 ]

\“\—094:;5..; ‘\\"‘\0 OMU})LGJ. c\b)u cc}} dL.d c;}‘ﬁ‘ ‘5)&.;‘,?: ‘5);&33(»‘,]& Aij'x cO‘)&mﬁju’jéuﬁﬂ 0~

welding means that the hardness in the area of the base metal of titanium and aluminum increased by 16%
and 60% for titanium aluminum intermetallic compounds is created in the area is weld.

Keywords: Aluminum 5083, commercially pure titanium, friction stir welding, microstructure, mechanical

properties.

3 ol S i fead Slasiie G5, o O 5 T5ap
A3 sad anllae o 5Sls 4 el Sl O50n (5SS
i La bl et b pon 4 p gl Ll S 2t o
()Lc\jjiwad oo Al g e S e okl Ol
S S0t e s el WS S5t pl 93 S s S
S 5 Sl b e SRl ) a1 U
L] b e g b s a1 o silis 31 0
oo o Il St b gl (i O 5 o
At T3 LS oy rn w0 ppilis o2 55, 4 5
Dl B s e o 4 S e Sasl jen
o DS 5 o Sl S ol sl SO ol
Sors 3 Sl DV pled G K8 (g Il 5
LI OVl sled 53 CanSa g ol Ol S
bl Kl (69 i ol 0305 (55 g S i
Lol (L85 i 4 sad w0 by e aS Sl 0355 9.39KN
A Gy 8w 5 a3y 0 593 V00 e S
[0] ol o adds 5 2edes
SYOYE e JT LI o Jlat O 5 s
Wsls S8 ez 250 Sl Ojen s a1 psslis
s A Sl e 5n (S e g sla il
Ailate ol s 433 jredke A (55t St e 5 4iD
5 e A Bl sdme sl LY 1 b sse g0 4 e3j0n
L b Sl VY S ool sy plis 3
TR PR g e e A DA R

[Pl sk e oo 4l 5o

MHRJLA\uﬂJ&JAASL;QSQL@JM_Q-}SQ
Sipmp s O0AY ppie JT ST & ()l el gl
LSy i bl o 3 el o5 plonil S1Shans

4ndle —

2 Gl gl s S S Sl O3 S
Bl S o 0 ol sl s 4 &8 cul bl S
S 35d o s S0 s gl sl (S5 Dmen g sl
e mamen ik B! 5 ba S s Ll sz
360 G ol e SlalS b Dl sas )
R (I P PO LU SO FOTN S I
o=l A gLl dlea S1LASL Kl oo izmes 2
T N O Y O Y PP C R o
DTl o a0l gla b sliwiy 358 Gas

ol ST e e OF 3 e S OFAY o IT LT
ST ol el s a3 plSomtal ol Jglome S 3L 8
YL (Sos o caslie 5 b 20 S G Sk
308 2hos lakame 53 Cle fpen 4 5 esls DL 55
<=l§.>=:_w\ e a2 e s QAT P““’“}ﬂ SUT 5 sls
S 5 Gl el o sl 5 bl i
33 o (ol STl 3 pasplSomnal 235150 o San 4S)
O g ddme sk Sles LI o se 5 e e
DY 338 or e (o Sl 1 oS

iy Cmaslie 5 YL o35 plSonial sl OF sla3WT 5 o sl
ssbslas Sy s pl e 03 s ep ot (Sos
ool 3550 (gl 5 olard L2dlsn wlo s Sles 28
sl o oF Jlasl pgsles esbizal (0151 L 0,8 13
S e i 58 3 S 5 e S 4 S x5 O]
Sl oS85 a oo sl L ddaly 5o pgm e 093
Rl 355 e WU Koy gls 25 5 2l sel 05 S,
OIS i 3l b 4 Ll Gl Jlal gla s,


http://iutjournals.iut.ac.ir/jwsti/article-1-75-en.html

[ Downloaded from iutjournals.iut.ac.ir on 2026-01-28 ]

0\ \“\—094:;5..; ‘\\"‘\0 OMU})L@ c\b)u cc}} dL.d c;}‘ﬁ‘ ‘5)&.;‘,?.- djju}c‘,lﬁ Aij'x cO‘)&mﬁju’jéuﬁﬂ

LSl a5 o LS 5 s 1

435 5 eslizw| PHILIPS PW3040 Jue
{41 ASTMESM 3,5l U Gillae 228 05051 olowil (sl
St s ¥ S 3 ekd S5 alul U 4 ges ¥ sl
&}_A)'T > Instrom 4486 Jus o&xws kw5 Y mm/min

5 3 S

o g b Y
Sl g, —\-Y
sl palls s bl 5 ez 4 S ) s
ot il s i b 5 O0AY s JT U

> g g 4.:;'-\:]4

OAY HMY p oo I 5Ly 5 V=AY

SLIT bl 5l edel s 4 psead o 5 Al ¥ S o
I3 S 5 S5 Sy Sen a5 OVAY oyl
)\ L>Sl_>— ﬁjl_.aj xR NG T a:)jT Jfl_.'j) u;jj;'g.”
Sles 5l il b (8Z)esjes il v 5y
(HAZ) &) > U oo il 5 (TMAZ) Sl 50 5
o sbadls Jold esjen ALl le Aledss § asis
3 o5 o Sladls sy ol 4l sdeme kS 5 e 0
Osp—r S8 5 Sl o ) el stz S
IS J:’)‘jjj_ﬂ"wis’“jji: ‘b—\ﬂ‘}:dw‘ é&b\
IS s U Byl s Laails cpl 025 s [+ e
j)\ﬁ\ °L})u:*3;') u”.b): C,Sj:- )\ Q.J:L' JJNJ.«:-' k_i..:.:.v-'j_i
D]l (Saliss sdme 5k oy #5855 0 JLos
et gyl SUlage 5 Slhes 31 Sl 40
j.x;'u“Q.Li 8\}): .::ﬁ& odaline ol a.\.:.iSj 4;'3\_‘" Jg.&
=l s e el en gl leslll 4 4l cpl s Sty Ko
sl 5o Ll badils 5 das 55 (Sl e 5 5l5 4
iU s les S oy IS i YU Cnn B

j.EJ)'\ ol 3,4l uﬁﬂfd&w“’.%ﬁﬁ esbs ‘Q)‘j")"}j‘b"

' X-Ray Diffraction

O' ngj_;.ﬁc,&j_\ﬂj@)ﬁ)jé\\“' ijéc,&j_w
Sl (B S5 p Do 4 aids e

335 o o OCAY s JT LT 5 (5

GRS S Y

AL sl SUT G o cpl )3 eslizal 558 slasU
Gldas 45 ses oS 5 Ly 0eAr Hevy U_:;ﬁﬁ}ﬂ) ol
SlaG,s 5l s S g e e ¥l L (Y )5
b el e e P G20 s VT s L Sladas S
2 LaG,s b sla So 5 o Bl gk 4 s
St A s 3 5 szt ST il J s
LE (6,18 pes

e 7S G 5 o rege Sl sl 5 s JS0
S Gl S e il e Sl Ojea S Ay 3
g e S5 Ol g ol Sl el 6205
S Il @S et s dnT b e coslinal 350 oS
i eyl ool SWT Ll g AT Al g e3linal
U O IS8 e Sl O3 O B
e o Il 2 b Al e K2 b e il Sl eslind
DL Y S 5 0f SSled o 4y S g 4 ol
RGIW PR WA

Ll sl ( Sl O30 (o 4 Jladl plsl 5l ey
b Jglomn 3 3be o3bl g 5 (35 esboms &b syl s
Ao maze ¥ (S5 pd) 5 50 sl e Y S 5
Lwy sglastt S am Ol ez A S
A Sy S 5 Nikon Jue (655 Sy S
3 okt s s o LEO 435 VP e 2o,
RS

SVAN s, L 5,505 oo 3l e S o3Il sl
tla.iaj\ S eslital 4B Ve s Jlesl Ol e
S Sl b s plol 5ad 2 sl dhl & s 5 b e

‘b,,:j§ J::)\;Jhﬂ SAe


http://iutjournals.iut.ac.ir/jwsti/article-1-75-en.html

[ Downloaded from iutjournals.iut.ac.ir on 2026-01-28 ]

\“\—094:;5..; ‘\\"‘\0 bt—\d.\:j)l.e c\b)l.o.:l cc}} ‘JL-I cb‘ﬁ‘ ‘5)&..";‘,:.- d)ju}c‘,lﬁ Aij'x cb‘)&qﬁju’jéuﬁﬂ 0\’

(35 M3 e D6k Il 5l SUT ol oS 5 =) Jsr

Al A\ Cr Cu Fe Mn

Mo Nb Sn Zr Si Ti

/e <+/00 VAR /Y ¥ v/

.

/4 Y| <o | /o e

(535 2053 o ) O0AT HAYYY oy JTSUT pland oS5 =Y sr

Zn \Y% Cr Cu Fe

Mn

Mo | Nb Sn Si Mg | Al

OV | Y 21N VA B i RYALN

AR

Y2 N V2 N RV R VAR N2 B 72K O R

el b S s

PR R
Loy cpadi? gl s e sl s )
03,30 iy e A S Sen s (S5 PSS
Joad Al ol jasiie m a4 S G S0ka Ll ol
YO Al Cose a8 ol lite 40T (glyls S 2ia
PN EAELPY yp FEH S EIPL SN DV ARGV PR W S0
RS IPS W A R PR P YO - LS CIPNUR Y P
S5 e b o T SUT 5 0 plas a0l 64U ol 5o
S8 oS sl el 0L &S Wl 5 V)
VAU 555 [0] ol ilate cpl 53 p s T 5 0 gl
03 35 ge polis Olpe 5§56 2505 SOj ol Jlrle S
=6 @ﬁgﬁbu‘au—wmﬁ}u@&& S O
35 G S by e I ST sl Y S ol ms 5
Gl el Y ALY s ol el ald S ate Joas
Sy s 0dS|y DS Sy pan p i I oS e OF s S

yls

R
VIS 53 el (I o aipad o 5w ) Jol il
Do a3 33,8 s edalin &S ) boles (ol sl 63551
S Al b o 5V e Sl e300 2L s
S S Ll el A8y AL e )l

St JSs s blsan el ol s il

Sl O el sl i SO ol s kb
Dl ek S K i

LSJ&";}%' <:L‘>u\ 6‘;4 ol a:LiL.u‘ dl...aj‘ Cj.la —YJK.;Z

posls Sl gy, —Y-A-Y
Gy Sen b g o IO S s A ol bl
Wl s 03551 sy (s S Sy S 5 (5055
3o &l (o AT 50 G as s Sl S pslal s
Sldes 5l il b pe 10 5 ol 51 e &t
S U Bl sl ol W il o Solase 5
oy e sl as ol el by SOl culia
53 s i 53,8 e e AT s Ol
Sl & o3 s Wlhe 3 o il GBI St
o slie ol (Sealusse 5 e 5 las sl o
Sles 51 o Lilen 350 ple o amS cpl LS s
3 Oliis il low 5 0T ST 5 o plis s SGlSage 5
B VS-SV ) AR SRR TR § CS PR P
Al el syl ol IS A p3 el )l >
) 030 Tl B i S ol 5 el

S sladls Gy 5 asl eSS Ko s jlrs


http://iutjournals.iut.ac.ir/jwsti/article-1-75-en.html

[ Downloaded from iutjournals.iut.ac.ir on 2026-01-28 ]

oy fﬂ—b?m Ava0 DMUJ)LQ c\oju gr}b JL.& gb‘ﬁ‘ djm"’: 6)}u}r"lﬁ 4'.1}":". ‘b‘)@jéﬂud’ﬁﬁ

ol (IS s g s S AU Sy S Sl ol ey 58 (25 (605 Sy S Sl el ey s (LY IS

DAE o e 4 AL e T3 A s 0 T o~

18] 555 o aly b & ol U
sl osls LA A s s SO 5 Bl 4 by s zb
S e LS 5 ¢l 335 o sdaliv S & Slen .ol
) 5 edd pasiie OF 53 p iyl 5 pasls el sl

5,8 o e Gl el LS 5

S 03031 gl gy p YV

S Sl el st 4 S 53 S sk Oles
S gl Sl el 1 S wle Sl K Ve & g
et 35 OS5 e 3 bl bl 4 O W il
Pl Lol oSl rar e 53 p e S pilis (30
el ol (S g B ged 2SS

0Lz Ll raSls Joee 5 228 ilesl Gsei Ve IS 55
2248 Sl et te adged mha () p bspd e el
c,_wh;b'cju;ﬁd,:;ﬂ&@jw;;?uﬂ ol

oo 5 ol 5 ke kol e gen U s eel 3
U s (Seels iz 55 s Jdoas Sl Do 555
03 e 3l DL L Al e il Gl 4 s 03 0n
o=l 03 e S e s Sl 5505 TAY Ll AL
VPl 5 e Il 5 e las b 8 4 e U
5o 50 Oliies Jow 5 e Rl Bl Ll 4Bl 15l £
sy 0L 5,558 Jle Olge a0 [NO-VF] Sl 0ds 3158
3 e 33,5 (o oSl (el bl 0 S
Ladls 3308 &b 3 O 5 e2)f3 i LI olSouil |
o ol e Al s el il Lls (6 S eI
bz 0350m 4l 53 ol 0L Tya g pomes Y] L
A o oS 5SS S 258 o SIS 58 5 p sl
bl 03 (s 33,5 o e I sl 5 L

L0] sl oty 53,5500 Y @
I A b by e (e S o 5l a3

AU s w el plaS S YA e L L e ol >


http://iutjournals.iut.ac.ir/jwsti/article-1-75-en.html

[ Downloaded from iutjournals.iut.ac.ir on 2026-01-28 ]

fﬂ—b?m Ava0 DMUJ)LQ c\AJLm:I gc}) JL.U gb‘ﬁ‘ 6)&.:1"’: 6)jujr".\$ 4'.1}"':". gb‘)&eﬁjééudﬁaﬂ [\ ¢

igg : 03 jad 4l ‘
i 350 -
' 300 - Slles i ik ast
| 250 - s

S8 g

?5 200 - I

150 - Sl o ) e sl

100 -

50 - )

0 I Q)I‘f.‘}‘ﬁhﬂ 4.:"ul | I T I | T T 1

12 3 4 10 11 12

5.6 7 8.
(Mmm) g ¥ 0 3 dhold

oo I 5 sl G 31l U G G 0 5 Aol e s VIS


http://iutjournals.iut.ac.ir/jwsti/article-1-75-en.html

[ Downloaded from iutjournals.iut.ac.ir on 2026-01-28 ]

00 fﬂ—bf'uui.p Ava0 DMUJ)LQ c\AJLm:I gr}b JL.& gb‘ﬁ‘ djm"’: 6)}u}r"lﬁ 4'.1}":". gb‘)&aﬁjééudﬁyﬂ

A A Tis
E»m— o 2 O AII’.E-;
§ 1 M ALTE
N e AZ T
N : r' - ,_\T " f;‘. @ AIO.64 TiO.36
ni LA ‘I \
e Al ‘!A Vv ’Ww"i iy NNt W AbsTiMgs
oSN S e a by @B -AUSS
70 -
JUPPPETTT LTI s+ 1120-50
60 - I ...-
0 e
. 40 ~ ...-" ...
- 30 - o .
2 20 - Y )
E, 10 -
0 .. T T T . 1
0 0.00.‘;01“:n /mm) J‘-"JP-OI 0.015 0.02

€ pd S sasl 4y by S8 = A5l sei -4 IS

S Sosb a2 or (23S Pl 5 e Je SO
Al w Js 5 e e Al s e (LI sl
Sel i aboo 5B G DLS 5l ) Gl sl
255 0 pRES ol lals

oo M ST s (SWaol 3pn S0 AT s -
p_,-.,.,jﬂ S 3 gl palls e pslas 5 H5083-321
Sldes 51 flae b wesjon b ot Jlasl ailats
o 53 5 A3l o ol ) e sl (Slage 5
2y o S Sl n 5 s 5l jthee Gilae il

‘J\_a.:IL’ kf‘ 4.:9-[4 Y L}AL& u:-')} )L}'}Lij'.i) ca.}j('.h :L:}Lﬁ o

R 03 9 ‘U»Li Qb.b r&:ﬁ...o‘ )| jﬂ u’:‘.’.l:’ JL...aJ‘ r&:ﬁ...o‘ 9

Sta b 35,5 g5l e OLS S rs J a S

18] 3L e Jlas!

S S e ¥

L ol allt pplns 4 O AY o g JT alie 8 Jlail -
O oy Lo 5 atds 53 WY e Cs s
oy SBhol Do S Sy L adds 5 e
oS plandl Gl s i LS 4 LS o

Al o = 3l SU s e oS 5 sl -


http://iutjournals.iut.ac.ir/jwsti/article-1-75-en.html

[ Downloaded from iutjournals.iut.ac.ir on 2026-01-28 ]

\“\—094:;5..; AY40 OMU})LGJ. c\b)u cc}} dL.d c;}‘ﬁ‘ ‘5)&.;‘,?: ‘5);&33(»‘,]& Aij'x cO‘)&mﬁju’jéuﬁﬂ o

, Delijaicove, S., "Tool Wear Evaluations In Friction
Stir Processing Of Commercial Titanium Ti-6Al 4V",
Wear Journal, Vol. 302, pp. 1327-1333, 2013.

9- American Society for Testing and Materials (ASTM),
Standard Test Methods for Tension Testing of Metallic
Materials, ASTM International, 2004.

10- Mishra, R. S., Ma, Z. Y., "Friction Stir Welding and
Processing”, Material Science and Engineering, R. 50,
pp-1-78, 2005.

11- Abbasi, M., Karimzadeh, F., Enayati, M. H., "Effects
of Friction Stir Process Parameters on Microstructure
and Mechanical Properties of Aluminum Powder
Metallurgy Parts", Journal of Advanced Materials and
Processing, Vol. 4, No. 1, pp. 38-55, 2016.

11- Zhang, Y., Sato, Y. S., Kokawa, H., Park, S. H. C.,
Hirano, S., "Stir Zone Microstructure of Commercial
Purity Titanium Friction Stir Welded Using PCBN tool",
Materials Science and Engineering A, Vol. 488, pp. 25-
30, 2008.

12- Liu, H. J., Zhou, L., Liu, Q. W., "Microstructural
characteristics and mechanical Properties of Friction stir
Welded joints of Ti-6Al-4V titanium alloy", Materials
and Design , Vol. 31, Issue 3, pp. 1650-1655
,2010.

13- Zhou, L., Liu, H. J., Liu, Q. W., "Effect Of Rotation
Speed On Microstructural And Mechanical Properties Of
Ti-6Al-4V  Friction Stir Welded Joints titanium",
Materials and Design, Vol. 31, pp. 2631-2636, 2010.

14- Kitamura, K., Fujii, H., Iwata, Y., Sun, Y. S,
Morisada, Y., "Flexible Control of the Microstructural
and mechanical Properties of Friction stir Welded of Ti-
6Al-4V joints", Materials and Design, Vol. 46, pp. 348-
354, 2012.

15- Kulekei, M. K., Esmi, U., Er, O., "Experimental
Comparison of Resistance Spot Welding And Friction
Stir Spot Welding Processes For The EN AW 5005
Aluminum Alloy", Materials and Technology, Vol. 45,
pp. 395-399, 2011.

i by pss il Il bl S 4 by e el S S
o I3 SO blsen G p g b 5 pasles a0l 5l

@L;e
1- Berndt, P. R., Neethling, J. H., Lombard, H., James,
M.N., Hattingh, D. H., "Microstructural Characterization
of Precipitates in Al 5083-H321", Materials and Design,
Vol. 335,pp. 229-435, 2005.
2- Lee, W. B,, Lee, C. Y., Chang, W. S., Yeon, Y. M.,
Jung, S. B., "Microstructural Investigation of Friction
Stir Welded Pure Titanium", Materials Letters, vol. 59,
pp- 3315318, 2005.
3- David, A., Feng, Z., "Friction Stir Welding of
Advanced Materials", Materials Science and Engineering
A, vol. 252, pp. 2025, 2004.
4- Uzun, H., Donne, C. D., Argagnotto, A., Ghidini,
Gambaro, T. C., "Friction Stir Welding of Dissimilar Al
6013-T4 To X5CrNil8-10 Stainless Steel", Materials
and Design, Vol. 26, pp. 41-46, 2005.
5- Hua, C. Y., Qua, N, Ming, K. L, "Interface
characteristic of friction stir welding lap joints of Ti/Al
dissimilar alloys", Trans Nonferrous Met Soc, China,
vol. 22, pp. 299-304, 2011.
6- Chen, Y.C., Nakata, K., "Microstructural
Characterization and Mechanical Properties in Friction
Stir Welding of Aluminum and Titanium Dissimilar
Alloys", Materials and Design, Vol. 30, pp. 469-474,
2009.
7- Dressler, U., Biallas, G., Mercado. U. A., "Friction stir
welding of titanium alloy TiAl6V4 to aluminum alloy
AA2024-T3", Materials Science and Engineering A, Vol.
526, pp. 113-117, 2009.
8- fari, A., Batalha, G. F., Prados, E. F., Magnabosco, R.


http://iutjournals.iut.ac.ir/jwsti/article-1-75-en.html
http://www.tcpdf.org

