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Particulate-Reinforced Metal Matrix Composites:

Correlation of Microstructure with Nondestructive Evaluation Signatures

Hyunjo Jeong™

ABSTRACT

In this paper microstructural characterization and nondestructive evaluation (NDE) were
conducted on silicon carbide particulate (SiCp) reinforced aluminum metal matrix composites.
The composites studied included 2124, 6061 and 7091 Al alloys with 0~40 volume percent
of SiCp. Through the scanning electron microscopy, SiCp, intermetallic compounds and porosity
were revealed and quantified. Nondestructive evaluation included ultrasonic velocities and eddy
current signature. While ultrasonic velocities were found to correlate primarily with SiCp loading,
eddy current signature was affected by the presence of SiCp and intermetallic compounds. A
linear superposition model was used to quantify the influence of SiCp and intermetallic compounds
on the overall NDE signatures. The results showed that ultrasonic velocity measurements can
be employed to predict SiCp loading while eddy current data can be used to estimate the volume
fraction of intermetallic compounds. Thus, the multiple NDE techniques can be applied to quality
control during the fabrication of the composite materials.
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cialties, Inc. 2FE FFHIAch A3 Al 7]1A
Ae 2124, 6061 H 7091 TEolw FIE-go] 0
~40% 747 & HH9 SiCpE 2= o
ol E¥ARS FHF wEwlE 4 AlHe o)
10 : 14 391 1] Helel &gt 4%, 2124
EAle T4 A2 223k 60613 7091 &3
A T6 LA stk Z Azl g 7N T,
HlE, SiCp #-98-8, dxjg A, &6 5
o gk ALAgE WEo] Table 1o 2] gl
Eaee] BgA =Zvle Ze]l 30~240 cm, &
3.8~12.7cm, ¥4 0.64~1.27 cmo]th

Table 1. SiCp Reinforced Aluminum Metal Matrix
Composites.
Base Billet  |SiCp Volume[  Heat Extrusion
Alloy | Number |Percent(%)| Treatment | Ratio
2124 | PE—2600 0 T4 201
2124 | PE~2404 25 T4 1.1
2124 | PE—2229 25 T4 1°1
2124 | PE—2488 30 T4 2001
6061 | PE—2045 0 T6 1101
6061 | PE—2047 20 T6 10:1
6061 | PE—2099 25 T6 3911
6061 | PE—2731 30 T6 2001
6061 | PE—2869 40 T6 2001
7091 | PE—2730 0 T6 2001
7091 | PE—2711 10 T6 251
7091 | PE—2712 20 T6 25.1
7091 | PE—2713 30 T6 20.1
7091 | PE—2665 30 T6 1:1
3. 4 ¢
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itk &% dvke dAF 271 2F 0.05 um 4 cerium
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-}S—&Z% M-S AJHe] SEM ARAlE 23} HAE
A sk 71 FARE olE5k
%oéﬁ}aidr. Fig. 13} Fig.2%¥ 27 2124 Al 71A
#=(0% SiCp, PE-2600)% 30% SiCp B72 %
%‘XHE(PE-ZAL%)PJ shewake] AYAd wlAF

2 noizz glek, 7 18lollA] & 42] 23} At}
l?‘—ti}*&% A} i‘r"c}.i ZAg ARAle] AAl=e
sith. 22+ AL 84k A2l (Fig. 22)- SiCpe] Hel S
A shA] HodF=wbg ) 2lel A=} B}kl 2)3)
AF#1(Fig. 1b, Fig.2b)e 523523 7159 4
AE Apdshed 59 °%%‘:% b gl mlA
T3 5484 A7 Table 20 vheb 911‘/}.

e e

ey

(a) Secondary Electron image

Intermetallic

(b) Back-Scatter Electron Image
Fig. 1.

Microstructure of 2124 Al alloy
(0% SiCp, PE—2600).

(a) Secondary Electron Image

(b) Back-Scatter Electron Image

Fig. 2. Microstructure of 2124 Al/SiCp MMCs
(30% SiCp, PE—2488).

SiCps] 3 -&& &4 stel ] ol Az 34}
AZE 24 $AEeI 2 A stgch 24 AL

F48-9A(2124, 6061 2 709D A SiCpel #
A7)le 2~4um, 7 FAulE 2~3%9h
1A Al &8 3] ZE BAdle 5%
ratkEo] WAska ol sich(Table 2). SEM®] EDS
Aol A F47k518HE-2 Al Si, Mn, Fe, Cu, Cr,
Mg, Co, Zn, Tid Zr3} 2 o2 g =
o g PAE] gl 7o 2 vyelylt). Table 2914
& 4= QlEel, 7 Alde Bl 503 EE
FuEge & ol Mol glrh. 53] 6061 Al
Ao 20% SiCp B %@LZH(PE—ZWM =
718182 oF 15.5% B4 thE Ao v]s] u)
Ao Frl 2124 Al AL ﬁ%zﬂﬂw PE
-24049} PE-2229 25 25% 2] SiCp #-&°I1} PE
~22299] F47133HE-& PE—2404 2.0} oF 21} o]

N
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Apolch. olEigt WARE 7091 A¥2] 30% SiCp B}
Als#iql PE—2713%} PE-2665°1 4= ularlA 2
et sich

7152 30% 9 SiCp 27 Bl 7HE B3
Hdck 7139 FoE-8-2 2124, 6061 E 7091 Al
AL 30% SiCp B7F A|Hel A < 1.4~4.2% &
Egreka 9lent, 7091 Al A€ 10% SiCp 27
AA(PE-2711)& <F 0.5% % zx gt 72
kA2 2 SiCpet 714 Al T Alo]el A A sk
Ao FasFgc)

Table 2. Microstructural Features of SiCp Reinfor-
ced Al Metal Matrix Composites.

Volume Percent | Volume Percent
Base | - Billet | of |ntermetallics |  of Porosity
Alloy | Number (%) (%)
2124 | PE—2600 7.4 £1.7 0
2124 | PE—2404 4.4 £2.8 0
2124 | PE—2229 10 *3.9 0
2124 | PE—2488 6.7 +3.7 1.4 £ 1.8
6061 | PE—2045 5.2 +2.2 0
6061 | PE—2047 15.5 =4.8 0
6061 | PE—2099 2.9 +£2.2 0
6061 | PE—2731 1.2 2.1 2.6 £2.3
6061 | PE—2869 3.3 1.2 0
7091 | PE—2730 6.9 +2.6 0
7091 | PE—-2711 6.9 +2.8 0.5 £0.9
7091 | PE—-2712 4.4 2.6 0
7091 | PE—-2713 3.2 1.1 4.2 £2.8
7091 | PE—2665 6.9 £2.8 1.6 X 1.4
4-2. 257 £x

Figure 3o FAMe] 345 V& SiCpd

TR 2 AL EgAEe g8 eligich A
AL EFARNA SiCpy BAL 2899 &
=5 F7RIZIZ Sith ole SiCpY BAASI}
Al 71A] g8} 4 2] dfolch o9, F
A}k F9E5EE SiCp F3E-g0) S} vt
2h, ¥lE ofke] dHolely} A dA A Bzl
AR, AL AYAor Folsta e & 5
Pl
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Fig. 3. Ultrasonic longitudinal wave velocity Vi

versus SiCp volume fraction.
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Figure 4= 3945 V,, 7} Vor & SiCp F-9 289
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UHA e o] FE0EEES 299k slvh
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.4. Ultrasonic shear wave velocity Vg,
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5. mlAlFze} vlgkd] EAdAtele] A

dubAd o g FE7HEEET |3 AEAAF
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A7le Acg ¢3A givol. wEkA HAE 4|
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o vlzly] Hrhe AF9 FARE SHA ofF
3 Jge Frd. FEEPAES] FHLeE T
1 EE4), ¥, 7F
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B} Ao A%kE vAA =Hoh qrME & 2
oA APA ez AA FHEGA RS v T2}
vt o} A Alole] AEDAE o] &3t
o] A4 (SiCp, F5UETHE =& 7139
HARgS AAT § e vlud g
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2124 A/SiCp A 9476.6 5796 -6.6705
B 0 0 —6.6989

C 6389.3 3166 —7.0374

6061 Al/SiCp A 9540.6 5942 —6.6589
B 0 0 —6.6645

C 6420.3 3142 -7.119

7091 AY/SiCp A 9263.8 5785.8 —6.6215
B 0 0 —6.5243

C 6291.6 3093.6 ~7.0588
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