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Fabrication of A5083/SiC surface composite by friction stir processing and
its characterization
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Friction stir processing (FSP) is a novel process for refinement of microstructure, improvement of
material’s mechanical properties and production of surface layer composites. In this investigation via
friction stir processing, metal matrix composite (MMC) was fabricated on surface of 5083 aluminum sheets
by means of 5 pm SiC particles. First combination of rotational speed and travelling speeds were performed.
Optimum condition was selected due to highest tensile strength. It was seen that sample which fabricated
by 1000rpm and 28mm/min had improvement in tensile strength in comparison to other conditions. After
that the effect of multipass on the optimum sample were investigated. The friction processed surface
composite layer was analyzed through optical and scanning electron microscopical studies. Mechanical
properties of the friction stir processed surface composites were evaluated through microhardness and
universal tensile tests. The results were compared with the properties of the base metal. The surface
composite layer resulted in that change of tool rotational direction between FSP four passes exhibited
better properties in hardness, tensile behavior and wear resistance compared to the behavior of the base
metal. The microhardness and tensile strength of the as-received alloy, and surface composite after that
change of tool rotational direction between four passes specimens were about 85Hv and 285 MPa, 118Hv
and 316 MPa, respectively.
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1. Stir zone (SZ)

2. Thermo Mechanical Effec Zone (TMAZ)

3. Heat Effected Zone (HAZ)

4. Dynamic recovery (DRV)

5. geometric dynamic recrystallization (GDRX)

6. Discontinuous dynamic recrystallization (DDRX)
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1. Energy dispersive spectroscopy (EDS)

o (5518 aiged e gl Sl ()5 05s Sen npai B UKD

R FSP anls )0 af ab eeblys azgio o bl 0 U8 aslia o

oduwy 950 TY & FO 51 baails ojlail . Sleo )05 9 diges (59,
Sy S8 s o e a8 g sl alS a4 Cos oS ol
e @ 0 USE L jog e iged @ bgipe 0 0SS alie o ol
3090 b diges j0 ails ojlasl e ol o ooliin! puedons 0I5 I3
Sial39 b a8 il ol o ,500Ss b s anglie o .l aily tals
oS ool ol amg LB 4S5 5wl e 28 i alls o3l bl slass
@ S alls o3lul (Wb 2 50 Sz Cu i b sl Jler Wi 5o
OBl sl b e 50 i35z Cuz e g &5 Al ez K00 diges
Al o bals cwl ais) jo Ol s me ol cle a5 cul adl
slesS 9 M55 0o Vb F1 50 Lgy samme jokS g9l Jodo 4 alaxdl
Sazme yeks S jsb 4y g syeme e Blazél wnlp e SELol
S askad g o Wls o SBLsl I ol sl )S (IS ok 4 aisd e
8 = A & oslazdl asl sl Guile; lp 1, B 55, Wil e
Saze Held @ b e sleo 5l Lo cpl a5 i ol oole g aladi gleo
daze 5k Ygene QT Lglm')"l,?li 3 M‘-"Bﬂ Sl i (10 T 50>)
sz 3 oAl 65l U sk YL 25 s ) atesnl Gl
Salyz g gl Sbg sazme jsls @3l WS (oo Jood b
oAt aildiye Syzlee g (e Al Shp slajre 0 waz slaails
oS Cool oad ke Alwgey Sligy Sume 55k ln p e iz 09 e
LYl oSz asly SUS Su g oSz il bl g &
S2alS laals ojlal T ants 3 5 wlise G 4 Se K258 52l
cely g Jbslog, ool 4 e FSP gl Jol ool adly po b

olasy i Gl L oed oo adl plizél asl o 5 glaasls LSas

o0 L3 5)9US 9 pgle Ay i

[ ¥

-t
m~m

)



J 93018 5)9Ud 9 polc s yuis

(Y]

-
(o4

Ve 5 3 )8 530al Sy

O HY Gliee 4 aly 518 &y Cod 45w 3 &y (S l5ee 0y FSP
oSe alal, e b als ojlal gumJle alul, b ool azily il
e a5 wbioo GRIB S Ol ails o3lul 2alS L oS g9k W)l
Ol B s ol il 3851 seST j0g gy Aged [0 baasls ojlail asiy)
wzse 3B 4 (53955 sl Ll Koo 9w 51 M) el il
5 o0d a8 Wlowy 15 i 5 L alml S8z 5 00 wiged (s Ji]
A jogy Lol FSP aigad ;o il oo (201 5 (5 (liee azmis jo
3 jeam (V) als ojlail (rals (V) 08 )5 oo (s8uw Gialidl el Jole
4 B S A1) 5 eagll a5 i a5 00iiS o5
S)lS oS sl 0l G (Gl bleadl oy Gog cglite e
4.4 IPNCION UV PO W
oI (S Ol b sl Rl L A ses e plas ¥ IS
Sz e bl Dk aises 4 bgpe (B pesSle g canl atdly
YA 590> g Gl oasy VYA 4 c5ew line a5 sl ol jo 0 15 >
#oels st e of e g sl @Bl Gl 4l 5 4 Cewd aoyo

b b 518 4 cans il ojlasl g0l

120

Ay 4

N~

110 , por o' \
| o @

| ¥

TN g

Gr9) (Ffy ;S

100 / v \

(Parka) 50 5l ol
L

o S

S Lz vl o 5 e il e

— bk

4

il (alasl 4l 2 Jdsy V¥ JS

R JUMCIR R Y

1y oad 5y5l 8 slodisai 5 aly S8 (lp A Cos i 45 A S
Sl g ol AlSi] e ol (oo a5 jslailan ams oo LS
09 siges Job sbojl (g cenl axdly lEl Al 5 4 s oS
b ol 2l b mizman g Sl 03,5 oy halS anly S5 g 0
of) Lo &8ly yo el on)S I faldl il 51 e Cons Job sbsjl e
Walge Jsle oS wlby; ploinl 5 (s pduBlas] lojen uol3dl
Loanl Sl dged & bgye (o285 plSotul 5 ek plSouinl o iy
Pl g ke Lol a7 60k ool by 8 0 A5 Cu e
el andly Rl aly 1 4 Cod JWLI YO 5 ¥ i oiaS
(1) balnl (1) 55 oo o2tS olSoial Ligl3dl sly Jos aws adly 4o
A G Dl alold o Sop ade @ rply gl p5lSe (V) wls ojlasl
Sedly JS8 i sl cnlnle 9d o0 gl ool Spzlee K0Sy
oole alSoial Lialdl el 355 cpl a5 5,8 Jleel 1) oyt (i Wb
Lyyl Sgd so A 3,90

%480 6vn K020

{8 26K

o
()

2500

2000

Al

1500

1000 —

500

el e [
i
=

dly 59 () anmly ST (Al oolazel el 5l G i g8y Sn g £ JSCG
S paie 3IUT s (o) i sz Sz i b asl ez () 4l Sl (@)

aails o3lusl . Silo F Jgam

o ¥ ¥ ¥ Voooab sl Ages

YIAOAY VYAV Ry £ um) &l o3l

e
Y S el Cwsds AD HY ool (5,5 5103l 00 AY eicagl] B (1 Skee
5 O3 Aged )0 Ao o ol 1) ead (5513 gladiged (B jloged



Ve 5 3 )8 530al Sy

A P oogem (S m Caz e boasl ez aiged o alb
el 00,5 oy il 4y 518 4y s

g padi -0
slooliiale;l pyiome ulgts 5l aiils o p3Y 055 allie cnl Sty
olBiily gwiige casliils BT glle 9 SEM oI5l yiile « Sl Lols>

Siled 585 g ol ol Sea Jdoas Lo leg

&l -f

[1] CHEN, S. R. and HWU, y., "An Investigation into Hot Deformation
Resistance of an AA5083 Alloy," China Steel Technical Report, Vol. 25, pp.
60-65, 2012.

[2] Mishra, R. S. Mahoney, M. W. McFadden, S. X. Mara, N. A. and
Mukherjee, A. K., “High Strain Rate Superplasticity in a Friction Stir
Processed 7075 Al alloy,” Scripta Materiala, Vol. 42, pp. 163-168, 2000.

[3] Mishra, R. S. and Mahoney, M. W., “Friction Stir Processing: a New Grain
Refinement Technique to Achieve High Strain Rate Superplasticity in
Commercial Alloys,” Materials Science Forum, Vol. 507, pp. 357-359,
2001.

[4] Mishra, R. S. Ma, Z. Y. and Charit, L., “Friction Stir Processing: a Novel
Technique for Fabrication of Surface Composite,” Materials Science and
Engineering A, Vol. 341, pp. 307-310, 2003.

[5] Abdi, R. Behnagh, M. Besharati Givi, M. K. and Akbari, M., “Mechanical
Properties, Corrosion Resistance, and Microstructural Changes During
Friction Stir Processing of 5083 Aluminum Rolled Plates,” Materials and
Manufacturing Processes, Vol. 27, pp. 636-640, 2012.

[6] Degischer, H. p., “Innovative Light Metals: Metal Matrix Composites and
Foamed Aluminium,” Materials & Design, Vol. 18, pp. 221-226, 1997.

[7] Hooker, J. A. and Doorbar, P. J., “Metal Matrix Composites for
Aecroengines,” Materials Science and Technology, Vol. 16, pp. 725-730,
2000.

[8] Shafiei-Zarghani, A. Kashani-Bozorg, S. F. and Zarei- Hanzaki, A., “Wear
Assessment of AI/AI203 Nano-composite Surface Layer Produced Using
Friction Stir Processing,” Wear, Vol. 270, pp. 403-412, 2011.

[9] Mishra, R. S. Ma, Z.Y. and Charit, I, “Friction Stir welding and
Processing,” Materials Science and Engineering, Vol. 50, pp. 1-78, 2005

[10] Mazaheri, Y. Karimzadeh, F. and Enayati, M. H., “A Novel Technique for
Development of A356/Al203 Surface Nanocomposite by Friction Stir
Processing,” Journal of Materials Processing Technology, Vol. 211, pp.
1614-1619, 2011.

[11] Besharati Givi, M. K. and Barmouz, M., “Fabrication of in Situ Cu/SiC
Composites Using Multi-pass Friction Stir Processing: Evaluation of
Microstructural, Porosity, Mechanical and Electrical Behavior,” Composites
Part A: Applied Science and Manufacturing, Vol. 42, pp. 1445-53, 2011.

[12] Ma, Z. Y. Mishra, R. S. and Mahoney, M. W., “Superplastic Deformation
Behaviour of Friction Stir Processed 7075Al Alloy,” Acta Materiala, Vol.
50, pp. 4419-30, 2002.

[13] Li, Y., “Flow Visualization and Residual Microstructures Associated with
the Friction-stir Welding of 2024 Aluminum to 6061 Aluminum,” Material
Science and Engeneering A, Vol. 271, pp. 213-220, 1999.

[14] Murr, L. E., “Intercalation Vortices and Related Microstructural Features in
the Friction-stir Welding of Dissimilar Metals,” Material Research
Innovations, Vol. 2, pp. 150-163, 1998.

[15] Kwon, Y. J. Shigematsu, 1. and Saito, Y., “Mechanical Properties of Fine-
Grained Aluminum Alloy Produced by Friction Stir Process,” Scripta
Materiala, Vol. 49, pp. 785-9, 2003.

[16] Humphreys, F. J. and Hatherly, M., “Recrystallization and Related
Annealing Phenomena,” Oxford, Elsevier, 2004.

[17] Feng, A. H. and Ma, Z. Y., “Microstructural Evolution of Cast Mg-Al-Zn
During Friction Stir Processing and Subsequent Aging,” Acta Materiala,
Vol. 57, pp. 4248-4260, 2009.

[18] McNelley, T. R. Swaminathan, S. and Su, J. Q., “Recrystallization
Mechanisms During Friction Stir Welding/Processing of Aluminum Alloys,”
Scripta Materiala, VVol. 58, pp. 349-54. 2008.

[19] Humphreys, F. J., “Fine-grained Alloys by Thermomechanical Processing,”
Solid State Material Science, Vol. 5, pp. 15-21, 2001.

[20] auri, R. Yadav, D. and Suhas, G., “Effect of Friction Stir Processing (FSP)
on Microstructure and Properties of AI-TiC in Situ Composite,” Material
Science and Engeneering A, Vol. 528, pp. 4732-9, 2011.

[21] Ma, Z. Y., “Friction Stir Processing Technology: a Review,” Metal Material
Transaction A, Vol. 39, pp. 642-58, 2008.

[22] Mishra, R.S. and Ma, Z. Y., “Friction Stir Welding and Processing,”
Material Science and Engeneering R, Vol. 50, pp. 1-78, 2005.

[23] Shahraki, S. Khorasani, S. Abdi, R. Fotouhi, Y. and Bisadi, H., “Producing
of AAB083/ZrO2 Nanocomposite by Friction Stir Processing (FSP),”
Metallurgical And Materials Transactions B. Vol. 44. pp. 1546-1554, 2013.

(Mpa)

400 + sl e . b a8t

+ &+ =

0| % + .

@
260
100
0
aly s P8 ek Ll S gy e sty o el iz
oad 5513 sladigas 5 s 6 (SlSe olys A S
0,
(o) Q Jsb syl
20

aly 36 Paor adoss ke e bbb
’ O Cge ol

G AT i
oud 5518 sladisad 5 4l 5l anlasls 4 Yo

S5 ez -F
3L O AY watedll G5 (595 » Sudye b FSP an] 3 agsy ol jo
1] oty 15 gl g o plou] padins 9ol 00 o ghS
d,‘s)..;sd._,_'éo)g)so Yooo ‘53‘)90 u.C]wLFSP s_JL.Lo& v
S plSouinl (YL 4y e 483 5 el YA (g9t
5 i Jed ) Sl ol el sl Gl LY
aS ek S g il w56 @ cos anS sl
Aoy WY g YA Cwoy 4 eSS plSminl g gt lhee
28l Gl Al 5l 4 e
&5 g phalS Hud 0,eslST Jlus! dawl sl il b Y
ol cel vgx ol g 05 g Seme Al o )
S e Seebnd dazme HslS g ol S SO s ST 0 v
o3lal a5 (g ypky el Sgmgr oliél a0 oy, lsle

o0 L3 5)9Ud 9 pole Ay s

J

('Y

‘M

Yl


http://www.scientific.net/MSF.357-359.507.pdf
http://www.scientific.net/MSF.357-359.507.pdf
http://www.scientific.net/MSF.357-359.507.pdf
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=VDbjyx4AAAAJ&citation_for_view=VDbjyx4AAAAJ:zYLM7Y9cAGgC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=VDbjyx4AAAAJ&citation_for_view=VDbjyx4AAAAJ:zYLM7Y9cAGgC
http://www.tandfonline.com/doi/abs/10.1080/10426914.2011.593243
http://www.tandfonline.com/doi/abs/10.1080/10426914.2011.593243
http://www.tandfonline.com/doi/abs/10.1080/10426914.2011.593243
http://www.sciencedirect.com/science/journal/02613069
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=HaHHiYwAAAAJ&citation_for_view=HaHHiYwAAAAJ:u5HHmVD_uO8C
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=HaHHiYwAAAAJ&citation_for_view=HaHHiYwAAAAJ:u5HHmVD_uO8C
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=HaHHiYwAAAAJ&citation_for_view=HaHHiYwAAAAJ:u5HHmVD_uO8C

