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The aim of this article is to investigate the effect of Equal Channel Angular Pressing (ECAP) intermediate on
the mechanical and microstructure properties of pure copper. For this purpose, three molds with internal
angles of 65, 75 and 90 degree were designed and made and copper samples were examined for all these
molds during 4 passes of extrusion. The results of the investigation of copper microstructure showed that by

increasing the number of extrusion passes, the structure of copper in all molds was changed from micrometer
Equal Channel Angular Pressing to nanometer. The greatest reduction in the microstructure of the copper metal was related to the mold with a
Intermediate Canal 65 degree internal channel angle and the lowest was 90 °. The hardness changes of the workpiece showed that
Copper significant increase compared to the neat sample due to the more applied force and shear strain by the mold
Mechanical Properties body. After the fourth pass extrusion measured hardness at 90, 75 and 65 degrees, where 141, 138 and 131
Microstructure HB, respectively. The results of the tensile test showed that by decreasing the angle of the mold channel from
90, 75 and 65 degrees, the ultimate tensile strength of the final extruded parts increased by 23, 29 and 31
percent, respectively, relative to the raw material. The fatigue life of the ECAPed sample in the mold with an
angle of 65 degrees had a 1700% improvement. ECAPed parts with a 90- and 75-degree angle improved
lifetime by 1400 and 1500% times, respectively.
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Jloargly alaiio v (glaJUIST L o9 5T B Sislots 1 Sl

Slye & Olgise e S5y 2o ploml Sliidsd a0
5 o B OLS, Olidt gy & i a5 05 o,lal (egte
OLen g 1ogS98 ozl anld ol e o Qi Seele
Sald e 50 e 3B ol S iz (s 4 [15]
Jol b 40 4 Woww, 4 opl 4 Lyl Loxsls y ECAP
“? 6)‘5.4 L.j 6&@‘0 ))A L: I 0L om 6LQJLMMJ)5
el (63,5 gy o o [16] Sen 5 118 0ig
9,500 whie 3l e 318 LSl ojlasl s Jdo a4 aS wis S
Olakad 5l ooy ECAP ce Slalad  Sos plSoxinl gl 4y
woor & [1T] oUSen 5 55 0580 i Sl Joons
ECAP a1 3l awm e 308 s plSouial 4 L3,
JrsS= i S jee Cov a5 50,5 oMl Ll ooy
JysS-i6 S S 5l iy ECAP 5l day pe Dlalad
anld 0 Sl Sl ey p a0 [18] ) SKen § 5V ol
8 5l o o 38 > Sldee b Ll auzsls o ECAP
o3lil b guo daxkad 0Jei a4y 3890 00l 3 JuiS s ECAP by
40 w0 JSuLKs 510 a5 wus o gl 250 Stelo g,
cd 3 el [19] il )Sen g IS bawg a5 oo o
o U1 oo jo o SYeb Sl sl as ol etk
Rgh 40 g oo guo ECAP Slalad plSoxinl yioljdl

33

dodio -1

S (ECAP) ' oassly alatie o (slaJUlS b (555,25 g,
b 85 el Pt Kbl IS8 s slaiis) et )
29y ol [24] ogiise sl tegil s wiz (slaejlail L ]
e 1970 ams o (lSen 5 JBo by b (i
sl yiegl do iz slaails o3lail b golge ] b aS S
80k hp 1 Jleel 5wl 2 gy ool [5-3] w8
pl oole o 5y Jlews lagan wils oboyl oo Sail e
e 00 adsl ool o el D2y 4y (Lhp S Logdis
ol sdise ol 5o lmlrgel 8z (28, Vb o )l
A wed oo JS5 1) SasS sl b slaails) e o olneel
oz oasly bogleals e a ol has bocale 0
Ll 51[6] wyglcn 0925 @ 1) 30y slaals 51 placs,
diw 5L8 Sy S0 el el il B Gl o S
ghie mhw 4551 90 el oo 0uly gy 4 B oK,
o g 00 Jloel (bp (A5 (Gygee Sed 4 B LIS
Gimke Sl gdiee (e Jpame (Sl ol g
A 3550 G184 oy B 01 LS5 CollE by, ol ol
Jeb ;0,5 ashad slal asle ol Jdo a4 cublB (pl 5 il
L8] el a3

ol 00 o0ls s 1 S o o] sl a5 sl opl jo
P asly 5% b oS LSy ablie L laJUS 51 I
Sogo 4 anld pl o P agly il sald S S5l oo
B agl; [9] w5 bl 135° 1 60° oy wilgs o Jglocia
3,65 0 e 40 08y sadhaie obml cle 4 90° I S
sl ol 6lad 9,0 4 gl 5 (295 5 83959 JUS
51 [12-10] 0,05 o 5158 oolitnl 0y50 jiaS (e &S >
9 IS5 @ gl 4 ol (oo anlp Gl el jo Fige sl il
A g et o SBhasl B g ied gt maw sla
50 Slolyd wlagss [13] Sgad o,lil Paygly g Liod iz
powiregl] GSLIT 5 o aloz I calizes SI38 ECAP ais;
So Sl colaa s 4 e 38 [14] il a3 el
S AN Sl Sl 3 3,8 oty a5
5 oolinul ooliiul  syganpd 5 By oVlail o Kisx
ol g calize mlio (98l5g, COpin 4 agl 05 s
3o A let dee 4 5l (Sl Sl a0l

! Equal Channel Angular Pressing
? Sever Plastic Deformation (SPD)

1 o)ladis 6 055 1398 i)l 9 (230 9,8 wlpal 3udss 9 il wlie



OB 9 (528U LS Joxo

e FSHle oled (590 2 1S dagl) ghaiie @B SLOJLLS b OJg piansT 3dalyd )3 oy JUIS y3l 1) w22

a3 S 0 sl ol o eolitwl 0,90 aviw g JB s
ol o]y ioles

125 125
u 9 . 8
™ T i D
0 «
.
i
)
74 (o) 65.25
(i
125
9.8
- i
M B |
= ot 10
a o
P
@ 80.25

Fig. 2 Schematic view of ECAP die with (a) 65, (b) 75 and (c) 90
degree channel
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Fig. 7 SEM image from microstructure of ECAPed copper after 4™ pass
extrusion in 90° internal die channel
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Fig. 6 Optical microscope image from copper workpiece at (a) cross
section and (b) longitudinal section view
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Fig. 10 Hardness change results of copper workpiece after 4™ pass at
different die channel angle
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Fig. 8 SEM image from microstructure of ECAPed copper after 4™ pass
extrusion in (a) 65° and (b) 75° internal die channel
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Fig. 11 (a) tensile test sample and (b) results of tensile test in die with
90 degree internal channel
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