Journal of Korean Powder Metallurgy Institute
Vol. 7, No. 2, 2000

Ale061/BH MEEo| OlM=A3 7|AN =Y

&R - ZEHY - o[y - MY
SddsE TN 3434

Microstructures and Mechanical Properties of
Al 6061/Gr Composites

Hong-Moule Kim, The-Kyung Kim, Bong-Sang Lee and Byong-Sun Chun
Department of Metallurgical Engineering, Chungnam National University
Taejon, 305-764, South Korea
(Received January 18, 2000)

Abstract A process has been successfully used to manufacture 6061/Graphite composite material and the
Graphite particles are distributed uniformly within the Al alloy matrix. The 6061 powders was mixed with natural
Graphite particles in a ball milling. blender and cold compacted specimens were extruded into rods 15 mm in
diameter at 450°C. The results showed that tensile properties of the composites with Graphite content have been
reduced. The emergence of fine microstructures appeared to be related to the Graphite volume. Heat-treated com-
posites were found to possess good mechanical properties as compared with those of non heated composites. A
model was used that the tensile strength of the composites would be estimated from the theoretical calculdtion and

experimental data.
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Fig. 1. Scanning electron micrographs of compacted powders and X-ray dot mapping (a) SEM image, (b) aluminum, and (c)
carbon.

Fig. 2. Optical micrographs of Al 6061/Graphite composites (a) Al 6061 (b) Al 6061/3 vol. % Gr (c) Al 6061/7 vol. %Gr (d) Al
6061/11 vol.%Gr (e) Al 6061/15 vol.%Gr (I) Al 6061/19 vol. %Gr composites,
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Fig. 3. Optical micrographs of (s) longitudinal section of Al
6061/19 vol.%Gr composite and (b) coarse Graphite within
its composite.
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Flig. 4. Schematic diagram of change of graphite shape dur-
ing compaction and extrusion; (a) Graphite-coated Al
powders by ball milling, (b} packed spherical powders, (c)
plastically deformed and compacted powders, and (d)
extruded composites with fine and homogeneous Graphite
distribution.
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Fig. 5. Micro-Vickers hardness of Al 6061/3 vol. % Gr com-
posites.




Al6061/4d Bl ae] vzl 7|44 8y 75

SIM BedFan gl HAoR Jehd AL TedA

e g Aolm Aoz Jepd AL uldMe A
Holo}, gAY A2 wldAE el F9E 3
7151 @42 71AE 81 Hvelgl.em &<i2] kel
Z718rE 9442 A4S 19%E A7RIE
el 48 HvE Webigic} 22} dAl=]dt A8
AXZke 71Ae)M 99 HvE JYepigl2 3%E ¥~
HL W= 112HE 7 349 ko)
7904 71A18) FJ =3t visiglen o w2 &
AL WIS A AYPH LR il PaF
2 FA§kEke) FV1ER oF 10HH A= F
A3kt AlEe] AddEE %A 99.4, 19%°]

= 98,18 Rolv] Faiho] F01ESS YR
2 Zradlged o7 7)AWe] U=} F
7ishaA Z]Ajele] A Al 2 71Fe B
7} diEel Aoz Alryc). 2% 62 4 $39] 4
AAg AAE Jelligd. 4oz A% wdA
Aol FIFAM FH9] Pipo| TR QAT
2 AYgAez kA 45 sied 7)AA R
AE 170MPeE BgA% dA=lE % Fle
240 MPz&- Jehiligicl. &71¢] 3%E H7HEg 9
AZhe w|gAe|Ale] 130 MPa2. ZA8kA|%t @xe
£ 3 A8 280MPaE FVRRKIT 1 ol FE:
A% QA ghel 32 o 3%l A
Moz e Aduxel 7|A)e] Aol ALC;s
e AAE) FUsA REEHG7] wiEel QA

0
1 --8-- 6061/Gr :
3004 - -~g—-8061/Gr+T6]
1 /7 |
250 A
gl b \\I
[a 2004 .-"‘--.
27 e, \
2wd | g .
> ] et
~e...
100 e
504
- 9 ; 7' " 18 . 19%
Amounts of Graphite (Vol%)

Fig. 6. Variations of tensile strength of Al 6061/3 vol. % Gr
composites.
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Fig. 7. Comparison of experimental and calculated results,
tensile strength behavior with volume fraction of Graphite.
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Fig. 8. Scanning electron micrograph of the tensile firac-
ture surface of Al 6661/7Gr composites.

T 94 7Fe) ) AREYEE B Ao A}
29 23 82 6061719 vol.%Gr B3=)=5e] o]
AAGF AL FAHAREE SEMS R #
A Foz Fde] FACHIEZ EA))o] By
AN w32 gdahl $alEe] qleg ¢
T e FQYAT S0 YA g
S5, 71X AARoR 9B dyvae] AF
& Heln Fde] T gl AL FdFH 7
Z)Ajel2] Aol sz} wA] LSl Yoz =
4% Aoz AlaFEd ox FdYAe 71A)e) 4
$o] 4 XFE vehlie 2= A3 Fd
A= 2 FHel 71FE YAEe Zler Aled
o} YAMPele] 7]R)9) AAHF diFel] Al
ol ATH 9, vAE TS AP AA
Eolv} M3 Fold AAse sale Fdiake)




Al6061/E<d B4 widzAls 7|45 By 77

A8 AgelA WY} W Fode) Bl
271l meh ekl AoHE AL vz Fa
3 71xe) Ams) WA F7kp) el Ao
Az,

4.d 8

£ A7 Al 606130 9L Yozl Pkl

g wAEAsS 714 S4E A8 ogs 2
<= AEE 99+

1. Al 606147 Fde) BUdiys gragyge
2 F YAEEE Al vlAEA ol FeiF
F4Y9=E &1 90 umeilM 3 vol %Rl 2~4 um
Az =271§ vehiAg 19 vol%eddE 10 ume)
=271 Beon &A% F71g ulet EEl
Zde] Y= F7)E.

2. ZIAAES AEgke] 81 HvllA Fd2] F7)o)
we} 3289 TeX=]el o8] 7)) =gk 99 Hv
oM 3vol%] XM Il Ad 112 HvE 371814
S} el oS AR s

3. QAREE FAUEe] F71b we) A
2 7k} vl g3’ A8 3 vol %ol 7127
=gk} F7)s5cr AYge s isigd. uld
Aeg} AWE Aare Zoje] ulaEshy skl
7vol. %0 Bl M Agleb dRFAAR Sagsg
o] A& Z71E 45 AAXeIAM Hohl= Hoz 4
S7PssAIRt GAER Ao A Re 28
A Jepsict.

4. A9AS FAG A3 FAUAG 7Rl
Aol siste] WAhsle] TAdFoNe] G AHS:
7} QAgke] s}

10.
11.
12,
13,
14.
15.
16.
17.

18.

‘19,
20.

21.

aoEms

. P K. Rohatgi, Y. Liu and T. L. Barr; Metallugical

Transactions A, 22A (1991) 1435.

B. N. Pramila Bai, E. S. Dwarakadasa and S. K. Biswas:

Wear, 76 (1982) 211.

. P. K. Rohatgi, N. Murali, H. R. Shetty and R. Chand-

rashekhar: Materials Science and Engineering, 26 (1976)

115,

B. S. Majumdar, A, H. egneswaran and P. K. Rohatgi:

Materials Science and Engineering 68 (1984) 85.

. P. K. Robatgi, Y. Liu, M.Yin and T. L. Barr: Materials
Science and Engineering, A123 (1990) 213.

. 8. K. Biswas and B. N. Pramila Bai: Wear 68 (1981) 347.

. Junji Sugishita and Shonshin Fujiyoshi: Wear 77 (1982}
181.

. S. Das and S. V. Prasad: Wear 133 (1989) 173.

. A. K. Jha, 8. V. Prasad and G. S. Upadhyaya: Powder

Metallurgy 32 (1989) 309,

Y. B. Liu, S. C. Lim, S.Ray and P. K. Rohatgi: Wear 159

(1992) 201.

B. K. Prasad, T. K. Dan, P. K. Rohatgi: ] of Materials

Science Letters 6 (1987) 1076.

P. K. Rohatgi and B. C. Pai: Wear 59 (1980) 323.

Deo Nath: Wear 60 (1980) 61.

B. P. Krishnan, N. Raman, K. Narayanaswamy and P.

K. Rohatgi: Wear 60 (1980) 205.

B. P. Krishnan, N. Raman, K. Narayanaswamy and P.

K. Rohatgi: Tribology international 16 (1983) 23,

Y. Liu, D. Nath, H. F. Lopez, P. K. Rohatgi: PMI 2 .

(1990) 22, :

P. K. Rohatgi, M. K. Surappa: Matrials Science and

Engineering, 62 (1984) 159.

B. 8. Majumdar, A. H. Yegnéswa.ran and P. K. Rohatgi:

Materials Science and Engineering, 68 (1984) 85.

D. S. Dugdale: J. Mech, Phys. Solids, 8 (1960) 100,
B.A.Bilby, A. H, Cotirell and K. H. Swinden: Proc. R.

Soc. London, Ser, A, 279 (1964) 1.

Jangg. G., Kutner. £, Korb. G.: Powder Met. Int,, 9

(1977) 24.

Vol. 7, No. 2, 2000




