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Abstract Microstructural and mechanical characteristics of P/M 6061 Al alloy subjected to equal channel
angular pressing (ECAP) were investigated. The P/M 6061 Al alloy had an initial grain size of approximately
20 um. An equiaxed ultra-fine grained structure with the mean grain size of ~0.5 um was obtained by four
repetitive ECAP at 473 K. The microhardness of P/M 6061 Al alloy was drastically increased from about 40 Hy to
80 Hv by two repetitive ECAP at 373 K. However, the microhardness decreased with increasing ECAP tem-
perature. The tensile strength of as-hot-pressed P/M 6061 Al alloy before ECAP was 95 MPa, whereas it increased
to both 248 MPa after two repetitive ECAP at 373 K and 130 MPa after four repetitive ECAP at 473 K. The tensile
properties of the ECAPed sample were compared with those of commercial cast 6061-0 and 6061-T4 Al alloys.

Keywords : Powder metallurgy, 6061 Al, Equal channel angular pressing, Ultra-fine grain size

LM B

#HZol| submicrometere)dke] ZmiMY =zl z+
t F5ARE 971 $i% W22 A equal channel
angular pressing (ECAP)!S) 7}39o] F2-& wuiy
ek o] 7 FUd dude e o Ade
00" Bz 2L o] Zko® WAL dieS B3l
AlH-& Z#A3le] simple shearoll &]3} #13)L )3}
Eoubdelt sk, &, ©E 5 7189 2471
Ao dwHE aF)E A= Zel, ECAP)
/‘1‘* AlHE 22 S e Y-S Bl W
FAFIER A)HL DA Pagle) oMoz =
[ HEFS /1’ 4 Ut =3h, ECAPE W1
porosityZ} EASIA] U FUF HFS k= Wz
AE Az 5 e FHE 7R A HI27A)
ECAPel| A&t A1 ofz] 3] A48 9le],
& 9 Armco iron®” Al §F 2 gy 812

f.

43

Cu,13'16) Mg %38) Ni,6) ;(1%_/)'\_70].’4,5,17—20) Ti ;@
1 Zn-22%A1 FEFH5el g5t A7 A=)
RIHT Qich. o]Fol M Z2nMF Al 8129 7fake
HZ4 A7 4 R o= BAL) N2 913k A
B A} 9 253 SaA o F8A)g
31 glu},

Al 3HEFIM AlLMg-Sidl 39 thEs A4 &

3 6061 Al 32 Mt 7hwel 923 vjua
A4, 834 o HEHEE FX|A gl Ad 2 A
vl Al 5o p44 FRAEEA dE AME
T Qe ogubdeo g o)gel 6061 Al FF2 F
23 ad 2 A"k e, 6061 Al 22 A)
& ZEA| 2] Fbobag HEShE A A
A4 Gelo] HEE 9 EFPEEL 29 5 gle

), FxAe} ulmslel FAST vl AN 24

'% ﬁ% '/"l\" 9-).‘:]‘.26) 51‘1"_‘5, ot:}'tﬂ. o‘:}%, Szl —g‘«] 7]-
T2 Asue] A glel A Ao} shake



%

44

Asted FolFdA Y F3AHo=ZA FF5 A8
et el2lgt FFA BN J1E b P4l =
AEE 7] st X EEe) shel ECAPS:
Hgths AL o) 7137} 9len, 3028 do)g
& 4 Stk wEbA, B QFoME AH 6061 Al
TEE Bdolgel o8] Az F o8] AN
ECAPZFEE 3o, ZH2fe] 2ol dofAl 28]

oz D A)AA B4 24, vl - ARSI
2. AIE by

PFUAZZ) 30umelske) A8 6061 Al T
(Al-1.01wt%Mg-1.07wt%Si-0.35wt%Cu-0.25wt%Fe-
0.05wt% Mn-0.12wt%Cr) 2%& air atomizationt
o2 Azg F - £ 3000 pme] TEIP|R
20 ming<} 3B AE3 ABE 100 MPa9)
GHLR TI3KAM RS sgT. Qe
$32mmX80mm Z7]9 A|EZHE 10 mmX80
mm 37|18} F AEF 7hEsle] ECAPFRS AlB
2 3}, ECAPZFE-E 713252 373~573K ™
AellM wlte] 7p, 2+ ZPanich 282 3]H o)
% Route A%} 180° 3HA|A = A3H= Route
CEA F3igich D 2 Aglex] AM43t ECAPo]
8 ool & W) ECAPLEA] ¢ 19 ke &
THFT] FoAEF WAEE F Ado] o] F:=
2 @2} Ad ol A eMe) T8 3= Ao

Al

°

He Y8 47 o0, 20°7} HRF A2 ek

ECAP7E $9] 7= 3= vickers microhardness
tester®  vickers diamond pyramidal indenterZ A}
Sl 5089 B}FOR 15sec B9 yyslglon]
225 #2357 9ste] AlHAR 2R Mg
g e 105y At Hagkd FHsisld.
AL Alelx] Aol 10 mme] AlHE o]gsle] 27]
HLT 1.00X103s512 Aheoa Alay sl
ECAP7}E3t AJHe] ZHoygkell 4213 wH(X 3
g A(Y)2] nplEAE AARNEFAR AR A (field
emission scanning electron microscope, FE-SEM,
JSM6330F, JEOL, JapanyS- o]-§3}e] TAslgiony
34 218 7] 7 (transmission electron microscope,
TEM, JEOL 2010, Japan) o= YL o]L3}
et

=1]
=

3. MEZEs 2 03

3.1. OlMI=F

ECAP7}-3-70] H7H3%3 PM 6061 Al 39)
plAEA st EDS ¥4 A3 23 1o vehige.
dzbAdEs PM 6061 Al §H39] AXE =7ie= of
20 ume]3l, EDS¥AM R YAlels 34 sics A
ZtEl= YAt e ek, aeht, gukges =
Z 6061 Al Fgell* Belx= Mg,Sie} AlFeSi 52

SIS B AP el e, F1Ee) Fa
cps
60 | St T
ki
40 0 !
| |
| !
: (
20 v Al
: i
1 [ it l[
G
0 T T T T
1 2 3 4 5
Energy (keV)
)]

Fig. 1. (a) Microstructure of as-hot-pressed 6061 Al alloy before ECAP and (b) EDS analysis of particle indicated in the (a)

as A,
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Fig. 2. Microstructural change of P/M 6061 Al alloy by two repetitive ECAP using route A at 373 K (a, b) and 573 K (c, d);
(a) and (c) coming from X-plane, (c) and (d) coming from Y-plane.
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Fig. 3. Microstructural change of P/M 6061 Al alloy by four repetitive ECAP at 473 K using route A (a, b) and C (c,d); (a)
and (c) coming from X-plane, (c) and (d) coming from Y-plane.

Fig. 4. TEM micrographs of P/M 6061 Al alloy developed by two repetitive ECAP using route A at 373 K (a) and 573 K (b).
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Fig. 5. TEM micrographs of P/M 6061 Al alloy developed by four repetitive ECAP at 473 K using route A (a) and C (b).
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Fig. 6. Effect of ECAP temperature (a) and ECAP route
(b) on microhardness of P/M 6061 Al alloy after (a) two
repetitive ECAP using Route A, (b) four repetitive ECAP
at 473 K.

uE Axzlel= AL gigich
a3 78 AR QAAEe] ZAI}EA PM 6061

Vol. 9. No. 1. 2002



48 2

0l 2 repetitive ECAP
(Route A) d
200 |
£ o P
i 5
3 %
g .l g
=2 Elongation o
so |
o -
As-received 373K S73K
ECAP Temperature, T/K
(a)
4 repetitive ECAP
250 (473 K)
{3
200 -
® *
420 -
% 150 | é
3 S
[
5 ool &
410
50 -
. o

Route A Route
ECAP Route
(b)
Fig. 7. Effect of ECAP temperature (a) and ECAP route
(b) on tensile strength and elongation of P/M 6061 Al alloy
after (a) two repetitive ECAP using Route A and (b) four
repetitive ECAP at 473 K.

As-raceived

Al 59| QA7IEe} dAde| WX ECAPPVE &
=9l A2 ks Jehich d7HdEs PM 6061
Al 339 AAPEL o 95MPaol1, 373 KollA]
F o ®HME- ECAPZ}E 39 oF 248 MPaZ =7
7K. e, 7her) SI3KE S7hgl
uel QATEE dolx A7AE A 89 v|S4s)
32, vhgel] dAlE2 Fol8ie olejdt Aal= a¥
3ol Hedal u 2R B4R FAsiglen], Aol B
I AzxpPLDelw 2 dx)gc) gh, 473 KellA
v W HbE- ECAP7LEEE 7S, AdAdEE oF
130 MPa =93 0}, QA& 25%2. vl$ ¥3ich
HIb) 2 E 1 FR) A AA2RE P98
PM 6061 Al §5¢] A7 =e}t 488 ECAP7}
Foll osle] /1S &4 4= 9l olg) o] A4l
9] 2 Fagle] dARES} FUl8l= A& ECAP
7Fesk Al $FelM £5 BuE s o3 sl
ECAP7l 23t 7= Z71= 74371l =]

Journal of Korean Powder Metallurgy Institute

Al %

Table 1. Comparison of tensile properties between
commercial and present 6061 Al alloys

Tensile Strength  Elongation
(MPa) (%)
2 ECAPed P/M 6061
(373K, Route A) 248 10
4 ECAPed P/M 6061
2
(473K. Route A) 130 >
Cast 6061-O 123 25
Cast 6061-T4 235 22
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