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Abstract:

A study had been made for the mechanical properties after the lubricated hot extrusion of the
produced samples of the high strength Aluminum alloys powders represented by the powder of the
Aluminum alloy (A7075) produced by Spinning Water Atomization Process (SWAP) which is one of
the most important methods used to produce the powders with very fine granules sizes and high purity
compared with other powder producing methods.

The properties of tensile strength, micro-hardness, and yield stress of the samples produced by the
powders metallurgy, had been studied and compared the results with samples of the same alloy
produced by the classic casting method,

It had been observed that the powders samples have excellent and outstanding tensile strength,

hardness, and yield stress, which were (457 Mpa, 140 Hv, 352 MPa) consecutively, compared with the
samples produced by casting. Also, it had been observed that the microstructure of the extruded
powders at temperature ( 350 C°) contain metallic phases in homogeneous shapes inside the very fine
granules, while the same metallic phases accumulated in non-organized and along the granular borders
of the relatively big granules for the classic casting samples.
Also, it had been observed that values of the mechanical properties of the powders samples reduced
when the extrusion temperature increase, while the casting samples deviate from that in some
properties . On the other hand, the results show that the elongation of the powders samples are a little
less than the similar results obtained from the casting samples and at all extrusion temperatures.

Introduction  4d.addl
Bilien Salsd (re 4aShia Lol s elldy ¢ dacliva alpaS muly (530 asial¥) Baaliue il p23%5
@bl Jrasill Alal) Ll 5l LeS .+ dusylal cyalal 2l Liaglies dniiiall LeuliS dliaia
GHRIL Astial) dbiball a4l ddle LSl alyds psuiald) Guali dlibin jaaw 5 el
5reals Ll )l Shea) (e daally hludly Lilindl) LSl JSLa delivn 8 padies I ¢ Aalal)
eJSal) cillee ey Al kIl datiall o gial) Bl LS Galsdll s "Lagas . L3l



Journal of Babylon University/Engineering Sciences/ No.(4)/ Vol.(21): 2013

L ¢ Ganluaal) Lnglline i caandid ¢ oDlel 3kl pladinly aee alsd e Jyanll digeal (I
[T.cock,1994, Liu,2007] .80 ljes (g 4 ]

s Al (e SO (a Galls g dymtectilly RS L n Galioall Linsllisa e
Jyaall QIS 2adiuls Goannall QS dbidial) 4l dlsjally (3gamnall Lgiy dtiaially 280531 dlsjal
2l Ay Abiially o3 Loy e Jpamall Jle Jatin Cind (il dls o dly G oy e
[Mikell, 1996]
Powders Preparation Galual) diygs -1
G gl e Jgamall dghal) sy Lgagan 230n3 DA (a enlsal) Ligs Al 0 (s
Al 53l e aaleeall Gilall el Aulee slpaly
Aluminum Powder assial¥) (@ s 1-1-2

e (Strandglass  Fiber) iSyi e gaalls (99.999) 55ty asial¥) Gyanss alasiad a3

ol 13 &80 Jaball (& asial) (Bomne aa i)l (Bomasa z3al Llaiy dilidall Lunal) aganll o
o SV agaall @l cluall Juail (sieving) Ayl ddee cupal Gl .y 36y ana sladi
(B-S 350) diuslsall cren (35N D) anall (o2l aily gl Alujal) Slea Hasils (45um)
rolial Joaall & miage LSy - [Kirk,1982]

i

Gaabual) LianglsiSly datiall (A7075) el Gsbaassl) Sl (1) a) Jsoa

Si Fe Cu Mn Mg Cr Zn Ti Al
0.35 0.64 1.60 0.28 2.48 0.23 6.00 0.19 Bal.
Zinc Powder iyl Ggauwa 2-1-2

asaall (re (il (52015 (99.999) 5slany ddadd) Glowd] o Semal) il (Byasse aladinl &
shyal Layad dalide Ly agas lbae o Jseanll (sieving) dlal) dulee clld 2ey cujal L Laal)
(1) 45 Jsaall b dacasall ol Cung psiiall) (Bomnne 38 pe Lalil) ddec
Powders Evaluation Gaabual) andi 2-2
¢ eeaall Ly @Al ana) e Aaad) galsd Gan DA (e Aatiall Ggalesall a3
P VIS (el Sl st ¢ Ao il Apadacd) Aalsally A8ESH ¢ (33l (<
Gaalual) 3H8A caaal) aajsill 1-2-2
Volume Distribution of Powders particles
aladiuliy dalad) DY A$58 8 dadacd) dalaally Gaaluall Gasl aaall aysill Glaa o3
Bganadd anall aygill (el a5 ) Law) ¢ (Laseranalsett  22) g5 (Granometer) jlga
sy Shead) dse e Gatling (0161160 M) G s Shandl Gl e o) - ssal¥)
Adide Llgs Tagun Jalesall Ll algy las Ldalgl) 5ol culd )50l Aad ( Gsmase IS ) z 35l
gladll 8ok ety Aghl) ek die i anall e el ) GEEA ) Y L@ aaa o slaeY
oald Geaie s 3l AadY squall 5ady Lugly daned 2y L (330a1) 028 A€ e Cilaslas Ciidual)
Al Gl po aShally canall Lgasisis G paa Tasgie bl o dany Ciguls Sleas dasiye



2013 : (21) aall / (4) 23ad) / dpuadigll o glall / iy dndly Ana

el Gl 8 ansiid) o gial) Bsnnad aSIlly anal) pisill (1) AN maa gy« AL daataud)
Shilly canall aigill selad (2) o8y JSEH W (30 M) o B sS5 HBA agan) puen o 4
clad (30 g m) e J8l sSs BEA apaa o 4 sedag G gand

Fixed percentage volumes (undersize) :
20.00 ¥ < 1.33 microns
40.00 X < 7.53 microns
60.00 ¥ < 14.60 microns
80.00 % < 21.98 microns
100.00 % < 28.14 microns

Frequency Distribution

% FRITSCH PARTICLE SIZER

3 iSRS ; EEEEIRNNN 1] S ]
T 2 5 1 2 5 18 28 58 108 20 50 1088
nicrens

Integ.Freq.Distrib.

Fined percentage volumes (undersize) :

20.00 % < 0.58 micrans
40.00 4 < 1.17 microns
&L£0.00 4 < 11.22 micrans
80.00 % < 14.89 microns
100.00 % < 25.79 micrans

Fraequency Distribution

FRITSCH PARTICLE S1ZER

~

E B § & §
T TS R RTINS

Integ.Freg.Distrib.

eAiiuud\éL‘ﬂ\Léjauumdgsast)ﬂ\J gﬂq“aj‘Cﬁ<ifﬂ\(2) ?5) I8

Apparent Density 4 alal) 486y 2-2-2

s 52a O35 Lol Gty aaliall Linglgi€s 3 dagall ualsall (e dpjallall Z8ESH 3oas 2o
Ay @iy a5l Bsanse (re JSI Apallall AESH Cilua a3 (L) cilad) il sl Byasall (e
i Dla density cUp e (25 CMY) psbas ana (63 sles 8 giall (S DA Sl ziall
bam slegll (liey O addll DA o el i 5 g g8 a5 slesll O o ) cslegll (368 e
—: [kirk,1982, singere,1963] 45y Akall alasiuly 4jalall 8ESN awaiig slegll (s



Journal of Babylon University/Engineering Sciences/ No.(4)/ Vol.(21): 2013

wf —we
pa: VC .................... (1)

O
.(g/cm3) ) 5 Bymaeall djallal) 28N = pa
{(9) ) 5l Gsmenall slan gag slesll (35 = Wi
(9) £ a5 slegll (s = we

.(Cm3) (C:UA“ }i ‘_BM\) cl.c}l\ = \V/e

Tap Density wad 4dig 3-2-2

Tap g5 oyl A0S alid Slga ladialy Gl 8 daadicall Gaalaall a)l) 435S (bl S
Jasll 4355 3k ge (ASTM B527) Gl dlshal aladiul el ¢ly 23 Gua (i€ (53 count
plaainly (el ZBES Qs o5 Cpag paaall Glas ladas 2 . Goamall dlall Ailae Lead 205 Conlia o8y
—: [kirk,1982, singere,1963] i) d8dkal)

N TS
.(g/cm3) o)l LS = pt
(9) zisall A<= M

(em?) Gl ddee sas s i el ana = VI

Mixture Preparation gl dgs 3-2

plsiul Cslhadl mial e Juanll a)yals deatieadl Gaalid) Glialse 205 25 0 ax
:A0Y) Jaball g Lol 5 Ganlall Lingl g3 A
Mixing Dl 1-3-2
AU yealial) (e diial) Locilly agiall mhe dilee Cujal Galeall Lulaie g o Jpeanll
¢ (willy-wab=T5) ¢ (gine IS aladials Glall 3l ddee cpal 3 « (AT075) assal¥) Auud
Gones 0 (0.5%) s d8la) & o) 2 ¢ 200 peM Aoy Gdicle Baddy axS 5 dan
4l 5pe ) ddee Caal ¢ gdall Aihey Ay 52 Llaall Glswd] (e el ( Zinc stearate)
238 (e elgil) aayg ¢ [Hung,1985] dads (45) sady ( 30r.p.m ) dejun jon purea IS alasiuly
duy eyl A8USy , Agdal) ZEKY , djallall Z8ESH | (goluesll Sl Jilat ciliagad cupal ¢ Al
ddee cual By ¢ GaSl Adee ohaY Dals il el ualiall Gay agll ailas e S
gl Gleliall acadidl agaall & ASuull (Golaasl Sl (asd



2013 : (21) aall / (4) 23ad) / dpuadigll o glall / iy dndly Ana

Compacting oasl) s ja 2-3 -2

G I Arslie saalesall Lia gl iS5 4y (G30x60MM) slaly elyumds & 3lai 7 5} (53]
bl bl Cupal gl dulae JIaS) aasg Jadll Al Sl ariaiy aaacal & (ool
. (65.0 RHC) 50la aif e Jgeanll (il Gl ¢liaf 28l
olee cupal dlld aay A8l slal) 3a3s adandl clel) o Jpeanll Flatl didee Cujal Glld aay
(180 < 160 « 140 < 120 < 100 « 90 ) & Aibiie Jagaim alasilsg Abjall Blya dnpd 2ic uS
Ao 3 (SHP-200-450) g5 g ym po€a (e Tl caadis a5 o am - JISl LS
5aal Uabuss Jaical) ol o3 el ddee alat) dasg ganbosall gmhes Al gt sde a3g ¢ 1500KN
. z3saill Z1Al Ji 40l (15)

Ly DA 10 (Green density) olyaall BUSH Qlaa 5 Y] (el Laiia aad (sl
o3 ) z3lail [Singere, 1963] 4 ykaill A3ES slag) ey elyiadll dualusall ISy . Gal) 30 7 35ail) ale
—:35Y) el aladials lgws

Mc
pg :W .................... (5)
JNUII=TN
celpadll BB = p
(9) LeS) 22 7 3salll ABS = Mc
.(cm3) CJ}A.\H pa = Vg
. x 100
pth=P1Pn X220 (6)
X1p|+X2 pm
U=
lall Akl 466l = pth
casaialD Akl Z8UY = p,
-l Al 8K = p
- i3lly agunal) (Bonadd dugiall Aujgll sl = X, X,
£
=11—"2 %100 i, 7
0, ( " J )

POl G
.(%) c«).«'aij\ daalewdll = pg
.(g/cm3) shuadll 8N = p
.(g/cmS) zolall 4,k 486N = pth

bia 5l i Sy L Sl daria B30 ae z3laill & o) padll dalusally alys A8GSY 008 )
z3la o Jsamall Mally QI 8 #3saill jia Gigan Janst (160 Mpa) e ST ) sl
Ll < dadiiuual) & Slaill



Journal of Babylon University/Engineering Sciences/ No.(4)/ Vol.(21): 2013

Sintering anlil) dlsje 4-3-2

e (e kel 2l (1600 , 550 , 500 ) C° 4jha clays DU sie anhil) Al cujal
LS Glagad chal ax ¢ (A28 120) 2ub a)5 600C° sie aulill Cagyl caadiel Eua ¢ gaalisdl)
daalase Jalg A0S 28K Al Aol amy Ayl o3 2ie alil) of e 2SI A5G Lulesally A1)
AAinn Qo o3 (g oSl ¥ Ble 53] 2 b platiul aulil) ddee cujal ¢ Zilll ke
Nl il il

O (diffusion pump) il daiae s Ol Jindi 5 ualidd) SV il e Jgemall deng
Bha A0 (A Jgeasll (sl (2C°/min) Luws s (pdd Jaaasy (Rotary Vacuum Pump) ¢ o
(1107 Jlsher gojial) Jane cofi 3 Glld any .z el o9 aialy )l salal) U3y lldg (300C°)
vie i) 23 (dugllaall il B)ya days (A Jgeasl cpad (15C°/min) ) cpddl) Jaxa &d )5 toor
Jraa sadall elyadl syl dlee @lld aay cial aglhadll 2alil) ey () Jsasll cpal daall 22a
Al Bha dags ) dseasl) gl (10C°/min)

Experimental Tests before Extrusion t R JB Aupidal) clagadl) 4-2
Bulk Density & Porosity duilgill dialually 4uli<l) 430l 1-4-2

= Al sy GO e laa i an 23l Bl o glil) 5y a & aaal
osdady) Ak slaie) a3 3) gz dlaill Ailedl) dnelsally A8ESN lass 23 ¢ (600 , 550 , 500 ) C°
Jtbea ()b b delu G 5aaly 100C° 8 daal lgiuias o5 o a3kl g @llyg ¢ B bl
gs ae 0.001 48y (83 ulas e pladinls saulal) z3laill (lygl 2uaa3 a39 (Heraeus Oven) g g5
Bsaia z3laill iSiig el (5) saal e sla 8 zilaill et a3 laaay . (WA) (il 2305 (Mettler)
z3lall an Al larey ((Wh) (pisll 380y slall 8 degiage ag (53] Ba 3Ll Cijes slall B ag Badl
4y lal) Laalosally ALY ASESH Ciluea a3y (WC) (O3sdl Aaly cusys af (ilad dadaly Consag bl (e
—:4Y) [Singer,1963] @kl alasiuly

wa
Bulk density = X Dy e 8
We—wb P (8)
Apparent solid density = = wa X Oy eevenrnnneaaaaeeaies %)
wa—wb

Apparent porosity :(1— bulk density ] X

apparentsolid density

True porosity = 1—%’ x100 (11)
true density

Aaldl Y e bl dualiaialg Alaally dsgiba) aladll ana Clus (Ko WS




2013 : (21) aall / (4) 23ad) / dpuadigll o glall / iy dndly Ana

water absorption % = _we—wa x100 ... (14)

wa

10) Cus

(9) 100 C° xie delus Chuai aal Cantailly anhil) 2ey = 3aill (135 = Wa
(9) slall (B Blang Jize 2ulill 2ay =350l 39 = Wh
(9) Lilad dnkaly dnsns elall (o dnlia) 2aug ail) 2m 2 35ail) (35 = WC
(9/cm?) Lasdll s)a A0 e LAY Sl LS = p
(cm3) Alial) olsall pan = V)
(cm3) Aagiball aludll pan = v
Preparation Pattern for Extrusion Gl Gaad zildl dlgs 5-2
S o i e gl GhEaY)y clagdl Gans shal cilliy @ G AR (=
P VIS, aabiall Lnglline Ay Lealtt) 5 (gAT £ 3lais ASkud) Ayl daia (7075) pssialV)
Geablaal) L glline A5 7 Mail) diags 1-5-2
Preparation Pattern by Powder metallurgy
sy 23l e a8 ddee ST gl il apanty 2 lilly Gaa€ll idee (e sLgiY) 2y
Laaliall Cagplally aulil) dilee il 25 (160 Mpa) Causliall Laxcall alasialy . (230 x 60mm)
Aol 23l (o Jsanll sadall o 2B Sl oo dii ehal a5l L] Ll
2l (and Slga aladnal B Aee Gl aay cupal L aadied) G QB 2D (225 x 50mm)
(5 x s™! ) il Jaxasy (RTC = 1310A) g5 (Universal tensile testing Machine) axlall
el 23l o Jyamall Tas Ay deyusss (450 , 400 , 350C°) dpha cilayy &35 2ie 107
Olaa) (S Gilie B allgy 28l pasd ciliue aual (815 x100mm)
Preparation Pattern by Casting ALl 48y yhay 7z 3adl) Aingsi 2-5-2
el Blsu) e lgle Jgeandl &3 53)5ise Lol ASuu (ga (B 25 X 50mMM)  slals 3l dia
i e Jpmanlly cagylall i die g8y sl (B.S 1474 [ 7075) sold shaft dealsall caag
c okl JS clue B adlgs 23l asd Glie e Jgeasl] Ziga (2 15 x 100mm) sl
Tests after extrusion process ) dales any cliaY )y clagadl) 6-2
Tensile Test 2l yasd-1-6-2
IS e DI Blisg CAL) (Bl dilae ey 2 Gand el il Ailn) 3l Rl
Juddll Llee ¢lja] 2 ¢ [vernon,2005] ASLudl zilaiy Gaaluadl Lag g€ #ila o JS0g ¢ Laal
Lg & LS [ASTM (E8M-98)] diualsall Camg 2]l (and Slea a1 daginall 2 3lall Sl
g5 el ANl enall daanaly a3l les) s gead Sl gesdl Al e
- (SEM-JSM-6500F:-Jeol)



Journal of Babylon University/Engineering Sciences/ No.(4)/ Vol.(21): 2013

Vicker's Hardness Test (Jud) sdlall JLadl-3-6-2

ol didee Caal o aa ¢ BBl and ehaY Anlall sl b syiana) z 3kl (e BaliuY)
cunl . sl e (1200,1000,500,320) zivia amss Gy pladinls dalye oyl ey z3laill (b))
sl ule Jia Osnre g Gl (e Gald goi Ghire )l Gajd dhadls daall ddee dlld any
paiicls Aol Aayall & W (173 Mp) Geld cbe Gsane (V) Alapd) 8 padial (ilage
Jyanl g Joal) ddee iyl ((0.25 M 1) ousls Oosnne
daalall 8 L Sl 5Dl and eha) S kel s (el e JA Jia phas e
AShd) bty Gaabioadl Laslei€s =3lai e JSTy dpha cilagy OB die A3l 7 3laill Lun gl il
53 (100g) « (0.981N) sjlate Jan Jasdess (go bl Y1 sl (ge 52Uy 588 Aoyl aladialy
& (136°) dgly oule mebs (2 (Leitz Minil Load 2) gg dug Silall s3lall (asd lea alasind
U Yl lead) aogiall lua 5 J& 28y a5 66 (15) saal Al o Unlise Joa) 512
[Bill Dixon,2008 ] : 45Y1 48Mall aladiul sdlall 4 lasg

r
H, = 1.8544 X ——

dgp?

: L'j ITEN
(MPa) ;<é s3a : H,
(N) Llewd) Juall = P
(mm) V) il el Jasiall 2day
Results and Discussion A&Blial)g = -4

Lo (e S5 el (gamLusall L pglline iligined g Sl 50all ¢ i) (DA (e Jans)
b ol Alee clyal die Caad cpesill IS o gl 80kl Aad el s+ ASLad) clB i Aueailly
el (515 (MQSi) shll Case s clliy . (3) by JSEN 3 sedss LSy« (350 °C ) s iy
Aull Lplanl) ASLuddl 7 3lady (aalasall z3ladl Adlds 4))a cilayy 2ie (X-ray Diffraction) (asd
- (8) A, Jall (B.S 1474 [ 7075)4uball

35 o sgesdll bl 525 (400-300°C) s syadl ilays e 3 iy aalsiy S
s O e 3 Jualall Glaiill L ¢ phall clays e gaall 13s b (gamil) 250 diliag 5550l
(AL @) elall Jsladll 8 Gas3s (MGZN,, Al Cu) dseall sk o)) Gassr 585 (450-400°) 55)5a)
+(8) by Sl & mimse LSy 3l Ha dapa 8015 as

go—adll algals (Tensile  strength) &l d5lia paad algay Al alll agdall )
LSy dpalanl) AShuadd) 7 3lad pe A3jlhe Gaalesall L yslline = 30lad 4 "as dllle (155 ( Yield stress )
(5 4) Al e

Ao 5Ly g ke Anall 02ag (350 °C) Gl lha Ay die (leand (yemil) 21 daglia s
(X-ray Diffraction )_asi oyelay (52l (Mg,Si) anall shall Cusssig (3) L daiagall 5230l

el G ¢ 3l B)ha daag ((Elongation ) dddadll g dal) masd (6) &8y IS L
Chal)l clags apes diey ¢ ALl 23l (re dally 81 (55 G lasall 3l ALY o) JSE (e



2013 : (21) aall / (4) 23ad) / dpuadigll o glall / iy dndly Ana

pan O ey ¢ (78) JSA 8 Al Bald) gl 28l Gand Ll o) alae 85 A3jlkas
Glaall aas o s ¢ dae bl lual) Jals pliie I8 Liseall JlshY) Gausmg Tan yia 36
(9) & J<al Wl . ((7b) UKl b i gal) ASkaud) 3ail 2 and Aisal o) plaie b LIS S

L) Adee any 7z 3laill Aupgaall Al mangd

—

—u == Powder
== Casting

()
W
@
c
o
=
1]
)
s
]
-
2
S

95

85

75

320 340 360 380 400 420 440 460

Extrusion Temp. {C°)

Al z3lad g (Gabual) z3ad (e SISY 5800 500 (351 51 ad) A G ABVal) (3) B, JSi

=—4—Powder

== Casting

Tensile Strength ( a/MPa)

360 380 400 420 440 460

Extrusion Temp. (C°)

Aol z3lad g (Balbucal) g dad cpa SIST 2l Ailia g (5500 5 ) jadl Aa 3 G A8Vl (4) AB JS



Journal of Babylon University/Engineering Sciences/ No.(4)/ Vol.(21): 2013

—— Powder
—8— Casting

Yield Stress, oy/ MPa

400

Extrusion Temperature

Gaalual) 7 3lad (e ST £ guadld) slgal g @l 5 ) ad) Ay o o ABMR) (5) Ad) JSi
Aol g ilaig

—&— Powder
—— Casting

Elongation, €/ %

400

Extrusion Temperature

Gaabusal) 7z 3ad ¢a ST ALY 9 (351 51 jad) Ay Cp A8 (6) Ad) US4
Asluddl CALAJJ



2013 : (21) aall / (4) 23ad) / dpuadigll o glall / iy dndly Ana

A B isal (SEM ) geaall (9SS pganal) aladiiady CAlud) () dny ) adallal 355 (7)) pd) 84

(..\ Navidar killat (R Cactina hillat « fw S8 (350 ) °C a5 3 ) A a%‘)': L (A7075)

O MgZn, 7 O MgZn,
. AlzCu | . AlgCu
A MgSi A MgsSi
-Nw-—-..rwv' ~ | RT O .
~ 300" ¢o o
435 T S 105
z 2 £ B3O
2 373, Cnd 5§ B5 C
£ [0 Co iy (s
_4.5&.%'-‘ : 50 C
A75. G A [ 4
00 0 D O
LR NS ST SR SR S N LT S s
Diffraction Angle, 26 Diffraction Angle, 2
(a) P;)WdE;I' (b) Casting

Asludl) g ilad g (Gralesal) @ iladl 4dliAa 4y ) 2 cila 3 2ie (X —ray Diffraction ) gasd (8) a8, Jsi
(7075) posial¥) A Apatal

10pm

e

L) Al 450,085 ASLundd) B gisal (SEM) glasall (9 5 sgaall aladiad ) g (9)ad JS&
350C° aie Gakul) (i) any Gaalual) L gllia 4oy daile Apual) (pali il gina g 3 ) gicsal)




Journal of Babylon University/Engineering Sciences/ No.(4)/ Vol.(21): 2013

References

T. cock (1994)"Aluminum Powder Metallurgy”. TALAT. European Aluminum
Association , Skanaluminium , OSLO .

Liu-Hoachiuetal . (2007) comparison between oxide - reduced and water -atomized
copper powders used in making sintered wicks of heat pipe, china particuology,
volumes, Issue 3 ,pp.220-224 .

Mikell P.Groover (1996)"Fundamentals of Modern Manufacturing”, Johan Wiley &
Inc,PP.475-487.

Kirk Othmer , (1982)" Encyclopedia of chemical technology " , Powder coatings to
recycling . Vol. 19 , 3" edition , John Wiely & Sons .

F. Singer, and S.S.Singer, , (1963) “industrial ceramics” Chapan & Hall Ltd., London,
PP.339-346.

Kirk Othmer, (1982), “Encyclopedia of chemical Technology”, 3" edition Vol. 4,
Johnwiley & Sons. PP.579.

Hung — Kukoh and John — Keunlee , (1985) " A study of the extrusion of sintered
porous metal ", J. of Mech. Working tech. 11, PP 53 - 69 .

" Vernon John , (2006) ." Testing of Materials ", Macaillan education Ltd.

Bill Dixon, (2008)" Extrusion of Zxxx and 7xxx Alloys", QED extrusion development
Inc. Presented at extrusion Technology ,in Chicago (U.S. A)



