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Manufacturing and investigation of mechanical properties of aluminum matrix
composite materials reinforced with short carbon fibers using powder metallurgy
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In this research, short carbon fibers were used as reinforcement with volume percentages of two, four, six
and eight percent and aluminum powder 5083 in order to make the metal base composite material. A low-
energy mill was used to mix powder raw materials at different milling times. The mixed powders were
sintered by hot press method, with a pressure of 100 MPa, a temperature of 500 degrees centigrade, for one
hour and in an argon gas environment. In order to evaluate the sintered samples, the density and mechanical
tests including hardness test, tensile test and three-point bending test were investigated and finally the
fracture sections of the tensile samples were studied. The results of the tests were extracted along with the
graph of changes, the percentage of stresses and also the microscopic shapes for each of the manufactured
samples. The best results for the composite sample with four volume percent of reinforcement with a
relative density of 98.4% at the optimal mixing time of four hours, tensile strength of 360.28 MPa, bending
strength of 423.77 MPa and Vickers hardness of 101.6 with the failure mechanism of pulling out fibers and
bridges cracking on fibers was obtained.
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6- Hot isostatic pressing (HIP)

7- Cold pressing

8- Cold isostatic pressing (CIP)

9- Explosive Shock Consolidation
10- Direction-controlled properties
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1- Liquid state process
2- Solid state process
3- Gas state

4- In-situ

5- Hot pressing
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Fig. 2 The SEM image of aluminum 5083 powder particles and their
average particle size
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Fig. 1 he aluminum carbide phase in the interface of aluminum and
carbon fibers in the composite [13]
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Materials

Atuminum 5083 Alloy Powder |

AV

Milling Process

Chopped T300 Carben Fibers

Milling at a speed of 60 revolutions per minute for an optimized duration

7

Hot Pressing

Pressing time, temperature, and pressure: one hour, 500 degrees Celsius, and 100 megapascals

N

Sample Cutting

Milling and Cutting of Samples

N2

Density Measurement

Utilization of the Archimedes Method

A4

Microstructure Examination

Microstructure Examination using Optical and SEM Microscopes after Grinding and Polishing

NS

Mechanical Properties Study
Hardness Testing, Uniaxial Tensile Strength, and Flexvral Strength Analysis

N2

Fractography

Fracture Surface Examination using Scanning Electron Microscopy (SEM)

Fig. 4 Research Methodology Stages
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Table 3 Milling Time for Work Piece Samples
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Table 1 The chemical composition of the AI5083 powder used in this
case
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Fig. 3 SEM image of T300 carbon fibers
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Table 2 The properties of T300 carbon fibers utilized in this case

Aol e Gl B S .
MPa _i:S GPa 7 Jsbo um gricm3 @)l gl
3530 230 1.5 7 1.76 T300

S Wiged e lw -3

el 0d 0310 7y gy plowl Wy, g diges SSle J2lpe ASu (0l 5
6551 o Dol 13

0y s koo iy (Jlaw oo ,8 (g0l o oud o jer BLIN asws layl
cSlo sl & aiee) 3T pog ) sl prolio ol o ay s
abadzs (59,0 o yd Sk 5 D Gl 93 ho (cex> ;S L oladigel
Jloal 2al8 Lds 4 65580 05 Sl 5ol w6551 o8 Sl
oaliiul (555l ool @ o (3l byl > BLII 0 ]
Sdsls LPVC i 5l glalaioms 53 (6551 o5 el ol 5105
9 Sedraw pon aralslS S5y o b i Lo 18 4 4y ol
5 5 obsS Sl Jal5 LIS jslare 4 4d3s 5 )90 60 (i3 > Zee s
obos s 5lwaingy jobite au lodiges o b oolax ol aiie; (o35LIT o0

@ aiels g0 Sboy slaosl jo 0,5 Gl ol pals 5 o S olul

BUsdz) Nads gy (6 jge0

 -Hot press

<0)920l8 (5 )9Ud 9 pole Ay puis



<0)940l8 (5 )9Ud 9 pole Ay juis

W 5 03l iule

2992 6579L0 hgy 42 (5255 oligS BLII b ouid a9l (coguiuogl] o) 5 yo Ol (Sl (plg5 (w2 9 LS

65 oS -6-3
0l 1 S ahatio ;o o0l 00, i slddigel (S £oi (asllas jslaie
005 (o2 gy (995 D98y San olins S5 4y

ey g bi-4

ol 4B 3 ) 9590 braigad colo anlp mli Sisu cal
6B Sl 0yl 8 LS oy 1 -1-4

@l 30,50 Gloj 0aisS Cushi Bl aojs Gil¥I L3 Jgaz 4 axgi L
S5 ol ol s o5 ol azily il 590 g (i (o
51 el 00 g Bl s Gl L s o 5o sse LS 5 5550
S sy oat i 55 B oS 33 s 0 &y A5 LSS0 B
Aws jemme Sl ;5 (B ($950 b oo 5 gl Gl sl Wl e
becdle ol 5o GLIT At s olod 6,05,1,8 Lasl, 2 a5 gy swlss LI
3 el sy )5 Sl Gloj ik iged j2 50 Bl s ys il
bl 5l Bolai &je—o 46 JSi sllae BLI 5, 002 10 G505 0
sl s BN AT (63)lse 10 0b (g, Sojludl Loyl Job g doz (509
4 BLI 0,8 Sl gy oomii laz K0S 5l elS &0 4y 5 0nile Bb
sl 003 00515 Jazr 53 @l 5 0308 (5,55 55sg S ST

Fig. 6 Six Percent Volume Reinforcement Sample After Milling
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Table 5 Average Length and Number of Fibers in Each Fiber Category
After Milling

st 3l slatiges o5 5 4 Jguz
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Fig. 5 Dimensions of the small tensile sample according to the ASTM
E8/E8M standard
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Fig. 9 Optical Microscope Image of Al 5083-4% vol C« Sample
Al'5083-4 % VOl Cst (sa5303 5l (5,55 95wy, Sn pguas 9 S

Fig. 10 Optical Microscope Image of Al 5083-6% vol Cs Sample
Al 5083-6 % VOl Ct (saig05 5 (5,95 g5mg, S pguas 10 S

Fig. 11 Optical Microscope Imge of Al 5083-8% vol Cs Sample
Al 5083-8 % VOl Cyt (saig05 5 (5,95 gy, Sn pguas 11 S
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Table 6 Average Particle Size of the Samples
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Fig. 7 Optical Microscope Image of Untreaed Al 5083 Sample
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Fig. 8 Optical Microscope mage of Al 5083-2% vol Cs Sample
Al 5083-2 % VOl Cst (saigei 5l (5,95 9wy Sn yguas 8 S
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Fig. 15 SEM Image of Al 5083-8% vol Csf Sample '
Al 5083-8 % VOl Cst (sai905 SEM 905 15 JSis
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Fig. 16 SEM Image of the Interface Region in Al 5083-4% vol C
Sample
Al 5083-4 % VOl Cyt (sa5505 S yidin Juad 5| SEM 505 16 JSCi
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Table 7 Results of Density Measurements for Hot-Pressed Samples
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Fig. 12 SEM Image of Al 5083-2% vol Cs Sample
Al 5083-2 % VOl Cyt (sa3905 SEM .05 12 S

Fig. 13 SEM Image of Al 5083-4% vol Cs Sample
Al 5083-4 % VOl Cyf (saiges SEM 505 13 JSCis

Fig. 14 SEM Image of Al 5083-6% vol Cs Sample
Al 5083-6 % VOl Cyr saiges SEM g5 14 JSCis
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Fig. 19 SEM Image of Porosities Around Carbon Fibers in Al 5083-8%
vol Cs Sample
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Fig. 20 Hardness of Hot-Pressed Samples
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Fig. 17 Relative Density of Hot-Pressed Samples
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Fig. 18 Percentage of Porosity in Hot-Pressed Samples
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Table 8 Results of Hardness Testing on Hot-Pressed Samples

Al Al Al Al

5083- 5083- 5083- 5083- 50ABI3 Agoes
8% vol 6% vol 4% vol 2% vol
83.6 88.8 101.6 102.5 82.1 (HVN) j)igg (S
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P P Table 9 Results of Tensile Testing on Hot-Pressed Samples
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Fig. 24 Stress-Strain Curve for Hot-Pressed Al 5083-6% vol Cs Sample
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Fig. 25 Stress-Strain Curve for Hot-Pressed Al 5083-8% vol Cs Sample
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Fig. 26 Changes in Yield Stress and Fracture Stress of Hot-Pressed
Samples
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Fig. 21 Stress-Strain Curve for Hot-Pressed Al 5083 Sample
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Fig. 22 Stress-Strain Curve for Hot-Pressed Al 5083-2% vol Cs Sample
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Fig. 23 Stress-Strain Curve for Hot-Pressed Al 5083-4% vol Cs Sample
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B Changes in Percentage Elongation

Fig. 27 Changes in Percentage Elongation of Hot-Pressed Samples
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Fig. 30 Stress-Strain Curve for Hot-Pressed Al 5083-6% vol Cs Sample
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Fig. 31 Stress-Strain Curve for Hot-Pressed Al 5083-8% vol Cs Sample
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Fig. 32 Changes in Bending Stress of Hot-Pressed Samples
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Fig. 33 Changes in Elongation of Hot-Pressed Samples
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Table 10 Results of Flexural Testing on Hot-Pressed Samples
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Fig. 27 Stress-Strain Curve for Hot-Pressed Al 5083 Sample
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Fig. 28 Stress-Strain Curve for Hot-Pressed Al 5083-2% vol Cs Sample
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Fig. 29 Stress-Strain Curve for Hot-Pressed Al 5083-4% vol Cs Sample
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Fig. 38 SEM Image of Fracture Cross-Section of Al 5083-8% vol Cg
Sample
Al 5083- 8%V0l Cst (seigei canSis ghaiio 5 SEM ;505 38 i

b ol paziiin (g, (95 oSy e pglal )3 4 jeblen
g a8l (28l o frand (o) Bos g Ol 0uiiS Zogli 9o yd Sl
00l el 605 Liped CosnSU &y 00iiS ol (g (Siged 50 p i CenSD
Sl Jol (25 bl sbml g (05 SUI jpa> Wl oo ol cnl s
O Gl sl a5 ail a6 g SUI (51> blas] o o LS
4295 Wb o o Lal T Sy & 99b 00 iy St RS g (S
S shol S5 BN L ooy i (5316 areaj o5y olge ;5 a5 il
[14] 55 oo o)1 51 g @St Gilides Sl s & 1) Gd S5
i Sty S El (S BU g de (e 558 Jlail j50 0
5 g0 Gl 1S5 g 0ad oy il oS 5 g5l Gl L g st
S oAS Zagi g o) G 595 Sl Jlail 3525 pue Sy 13 Q2
WSS G e Sl ) o Lales 5 4l Jlassl i Cga o Sl (S
330k Jloel g oS Cosli 5 die; (e 558 JLail 3529 pae Sj50 10 3
5901 Ol edd S (o, b S5 e jome o ges 4 S5 Gloces
1231 (S5 5 ) a5 ygee T LS 51 5 035

Sloast Qi 655 (Pt wei S 4L et Gl bl 5w
S alaiie 3 S5l 55 A 2 Logas s |, S 5 s
b s Voono Lol aigis oo saaltie BLII L oo Cugli S yo (slodiges
Ly Gl 5l ol S o S5 baT ol 5 b
4 sobplen bxul )3 a5 598 o (ea diney 9 SUIN S e Jab Ll b
9 aie) 5l BUIT ot 0088 g ) g5l i sl atiie pglal )
99 Lol Cugli (s8iged o Sl SLI (33 595 ol pen 4 I 5 Sl
oS 3w 5 Sl LI o oy LS g5 i BLI oz ooy
Seeyd ez b aiged 53 5B oe odalin 523 SUI at 00 S g5
LI 5| golaws 5 4l Lial3dl oo oS oy B! ol o0iiS g
69,31 S5 035 b oree &5 WAL I JIE AL jeme  Sges w3
O3Bl L cosiS Cusll pemm doyd id b sdiged jo el ad BLI
A gl wlaid 518 225 e dges Cuz o a5 (Sl sl
025 (g 55 SUI I (o8 slas g 03g SUI (s, 5l S5 005
Seyd At b siged SnSl (25 eSS g5l s (nlasloas
OIS Zypli gex> w0 Yl b (saised 4 S 1) 0alS Lol (pez>
leioo 32 1, S5 56505 Sl 551 Bg5ke ol )y w5 (o0 4z
5 S 035 Il g5l oS Cosli dus s St b (shiged 3j90 )
Sl (goas 0,05l Gblis 2929 oo 4 Lol cslo )] (SS90
el 00l 3T (6 5 ey Hlo Sl 205 S8l ciged ol g0 S

G sl s -5-4

Sl JSo )0 bbaigel Sl alade I dug) (S5 Sl sSig Ko yglas
el 00 ab)ﬂ 38 L34

Fig. 35 SEM Image of Fracture Cross-Section of Al 5083-2% vol Cy
Sample

Al 5083- 2%6V0 Cu saig0i cenSis glais 5l SEM ;55 35 S50

Fig. 36 SEM Image of Fracture Cross-Section of Al 508-4% vol Cg
Sample

Al5083- 4%Vl Cif (saigei canSs ghaia | SEM 3505 36 JSib

)

Fig. 37 E Imae of Fracure Coss-Section of Al 50-% vol Cg
Sample

Al 5083- 6%V0l Ci (54505 anSs alaio 5| SEM 3505 37 JSb

2259405 (5)9US 9 pgle gy



0359408 (5 )9Ud 9 pgle &y juibs

W 5 03l iule

2992 6579L0 hgy 42 (5255 oligS BLII b ouid a9l (coguiuogl] o) 5 yo Ol (Sl (plg5 (w2 9 LS

ool Lawsis AUl (55, 51 S5 05 i g (SS9 m S )55l

Lo -6
[1] Chawla, N. and Chawla, K K., “Metal Matrix Composites,” Springer
Science, 1% Edition, 2006.

[2] Guo, X. and Derby, B., “Solid state fabrication and interfaces of fiber
reinforced metal matrix composites,” Progress in Materials Science,
Vol. 39, p.p. 411-495, 1995.

[3] Kainer, K.U., “Basics of Metal Matrix Composites,” Metal Matrix

Composites, WILEY-VCH Verlag GmbH, 1% Edition, pp.1-54, 2006.

[4] Composite Materials Handbook, Department of Defense United State
of America, Vol. 4, MIL-HDBK-17-3E, 2002.

[5] Nishida, Y., “Fabrication and recycling of aluminum metal matrix
composites,” Metal and Ceramic Matrix Composites, Institute of
Physics Publishing Bristol and Philadelphia, 2" Edition, 2004.

[6] Miracle, D.B., “Metal matrix composites — From science to
technological significance,” Composites Science and Technology,
Vol. 65, p.p. 2526-2540, 2005.

[7] Akhlaghi, F., “Composites,” Booklet of M.Sc., 2005.

[8] German, R.M., “Powder Metallurgy Science”, University of
Minnesota, 2" Edition, pp. 45- 83, 1984.

[9] Lenel, F.V., “Powder Metallurgy: principles and application,” Metal
powder industries federation, 2™ Edition, 1980.

[10] Mortensen, A., SanMarchi, C., Degischer, H.P., “Glossary of terms
specific to Metal Matrix Composites,” MMC-Assess Consortium,
pp. 1-22, AC 20-107A, 2000.

[11] Hort, N., Kainer, K.U., “Powder Metallurgic ally Manufactured
Metal Matrix Composites,” Metal Matrix Composites, WILEY-
VCH Verlag GmbH, 1% Edition, pp.1-54, 2006.

[12] Okura, A., Motoki, K., “Rate of Formation of Intermetallic
Compounds in Aluminum Matrix-Carbon Fiber Composites,”
Composites Science and Technology, Vol. 24, pp. 243-252, 1985.

[13] Tang, Y., Liu, L., Li, W., Shen, B., Hu, W., “Interface characteristics
and mechanical properties of short carbon fibers/Al composites with
different coatings,” Applied Surface Science, Vol. 255, pp. 4393—
4400, 2009.

[14] BhavSingha, B., Balasubramanianb, M., “Processing and properties
of copper-coated carbon fiber reinforced aluminum alloy
composites,” Journal of Materials Processing Technology, Vol. 209,
pp. 2104-2110, 2009.

[15] Jafari, R., “Production and Characterization of Carbon Fiber-
Reinforced Aluminum Alloy Composites,” In Persian, Faculty of
Materials Engineering, Isfahan University of Technology, Master's
Thesis, IRAN, 2014.

[16] Deshpande, M., Gondil, R., Murty, S. N., & Kalal, R. K., “Studies
on 7075 aluminium alloy MMCs with milled carbon fibers as
reinforcements. Transactions of the Indian Institute of Metals”, 71,
pp. 993-1002, 2018.

[17] Kumar, N., Chittappa, H. C., & Vannan, S. E., “Development of
aluminium-nickel coated short carbon fiber metal matrix
composites”, Materials Today: Proceedings, 5(5), pp. 11336-
11345,2018.

[18] Rams, J., Uren, A., Escalera, M.D., Sanchez M., “Electroless nickel
coated short carbon fibres in aluminum matrix composites,”
Composites: Part A, Vol. 38, pp. 566-575, 2007.

[19] Sanchez, M., Rams, J., Urena, A.” Fabrication of aluminum
composites reinforced with carbon fibres by a centrifugal infiltration
process,” Composites: Part A, Vol. 41, pp. 1605-1611, 2010.

[20] Tavousi, M., “Performance of Al203-TiB2/Fe Reinforcements in
Aluminum Matrix Composites,” In Persian, Scientific Research
Journal of Advanced Materials in Engineering,Vol. 36, No. 1, pp.
23-38, 2016.

[21] Rezavi Tousi, S. S., “Modeling the Effect of Alumina Nanoparticle
Distribution on Grain Growth in Nanostructured Composites,” In
Persian, 7" Congress of Iranian Ceramics, 2009.

G5 Az g Gl ge -5

5 Aoy g LIS jslate 1) (6351 o8 slacl—ul Jlgie
oslainl iy Slaiagh ;5 &5 55ln slolal Gl 4 0anS o
D K el oals

GO Cusli b are; 58 jagy culio LS sl 5lisjse ey @
28 b el 90 5l o, cuia B g0l oasS Coaili vy iol38l b 3L
el il celo

b bl L3l o 5l Wil e Ul gouiiS s 5l eslil 3
WS 65l 05 e il

b odd Cugli S o sladiges Blgion o5 on By, 3l esliil L (4
Ao ;0 BLI S5 @595 b odtsS gl ez oo oz U1, SUI
255 ol

Jels & S po (slatiges (gt JISz 018 Cusii aoys SIHIL G
20l5 96.6 4,99.1 31 oaisS s GLII soad o polST blie LS is
el

82.1 5 5,5, P go> duo o 93 b odisS Cagdr 3B iuldl L (6
338 &y duuwy b 0aliS Sl ez 0o ez U g il331102.5 4
e & 00 Cugll doyd il b g ol axsly e wg, Ly a5 101.6
s 00 0,0gl8T 0aisS s BLI LS 25 o 4 oy ez
o s G S g S8yt i 4525l & S iy S
4 008 Co gl ez do)d Sl b (gdiges 40 9 88.8 4y ouliS ol
sy 83.6 sae

b 0l g3 syl L S o sl lad StS 5 7
a0l 5l e g il;91400.47MPacs 214.49MPa | o> a0y o>
GhalS B 4y waliS g LI o o,eglST sblie JS_is o
ealy

oA L o s Gl 22S slasisad Jobo obosl s s @
siels 223 4 8.19 jlae; lwpae JS iy 51 BLI Caslan Judo
ealy

Soyd Gl L ale (iS5 A alis bdigel (i 259
423.77 MPa Li 354.98 MPa ;| coz> a—o)s )Lz b ooisS oo
Coi Sl (o 0,05l Gblie S5 JoJo s o 5l gy 5 Gl
bl jzals 283.67 MPa b oS

@ 0aliS Cugll dmo,d Ll L Gies Cov bediges Sl s (10
041 mm o LIT mm jlaise; Gluwpge JS s 51 BLI csilow Jo
8l als

Cailas o @ 00isS Coaii wo 0 il b ediges cnS i (11
s 35 Ll oS & 5 Sl itin) lpge JS i3 51 LI
2,5 oy

Bl malS o eesd olass g Fes 00iuS Cugldi duo,s ili8l L (12

00y 1 0dS L gl o> duoyd 90 b (diges ;o CanS 55l (13
oz b sdigai 0 ¢ BLI ot o 55 ygm oaS olan 5 Bl s
2 3Ll g5, 51 S5 (505 g (SAES gy 0dS Cugll cez duoyd
5 Bl (55, 51 S5 (505 Jy 00iiS Cugh ez 9o)s B b (sdiged
Sy da b (gaiged 355050 5 Sl oD oy 85 (y55m (505 Sl
5 oanlie GLII (godd 0,0slST (g05,2u8 3hlie 3525 0ditS gl sz



W 5 03l iule

2992 6579L0 hgy 42 (5255 oligS BLII b ouid a9l (coguiuogl] o) 5 yo Ol (Sl (plg5 (w2 9 LS

[22] Mandal, D., Dutta, B.K, Panicrha, C.S., “Effect of copper and
nickel coating on short steel fiber reinforcement on microstructure
and mechanical properties of aluminum matrix composites,”
Materials Science and Engineering, Vol 492, pp. 346-352, 2008.

[23] Mattheus, R. D. and Rawlings, L. F., “Science and Engineering of
Composite Materials,” In Persian, 1% Edition, Translated by
Shokouhfar, A., Haddad Sabzevari, M., Hayerian Ardekani A.,
Ferdowsi University of Mashhad Publications, 2005.

<0940l (5 )9Ud 9 pole Ay s



