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Observation of Inner Fibers in Metal Matrix Composites by X-ray
Computed Tomography Using Synchrotron Radiation

Yoshihisa TANAKA, Chitoshi MASUDA, Kaisuhisa UsaMi, Tatsumi HIRANO,
Yoshio IMAL, Ichiro SHIOTA, Eiichi FURUBAYASHI and Hiroshi IwASAK1

Synopsis :

Direct observation of the reinforcing fibers was attempted by X-ray Computed Tomography (CT) using
synchrotron radiation in the Photon Factory of the National Laboratory for High Energy Physics (KEK) in
Tsukuba. The energies were selected 21 and 29 keV for aluminium and aluminium alloys matrix composites
and titanium alloy matrix composite on the basis of the X-ray absorption coefficients of the included ele-
ments in composites, respectively. The inner fibers and debonding parts of the interface between fiber and
matrix were clearly found for SiC/Al composite. In the case of SiC/Al and SiC/A6061 aluminium compo-
site the core carbon fibers of 30 um in diameter were also observed. It is considered that the resolution
of X-ray CT scanner used in this study was about 10 ym. The 3-dimensional images were reconstructed
from several cross sectional CT images. It is point out that the 3-dimensional images visually displayed
inner structures are very useful to examine the fracture process of the fibers contained in the metal matrix
composite.

Key words : nondestructive evaluation; X-ray CT; metal matrix composites; debonding; reinforced fibers.
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Table 1. Specimens and observation conditions of
composites used this study.

No. Materials sSig:c(i!r:;rS [f)iila’\ge%;rmo)f Fabrication | Energy
1 | B/6N01 2.4X1.0 so(c): Hot press | 21 keV
2 SiC/Al 1.8X0.4 140(C Hot press |21 keV
3 | SiC/A6061 1.7X1.0 | 140(C)* | Hot press |21 keV
4 | SiC/Ti-6A1-4V| 1.0%X0.9 | 140(C)* | Hot press {29 keV

*(C) : ¢30 um carbon core
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B BETSH. ZOFFEIIEHRH X B CT 2ETIT
bRTWAHHLDLFELTH A, AREETI Si (111),
Si(400) ®E 7 7 ax— & — ) EHUERTHH, WIBHT
12 7~20 keV, HFETid 20~35 keV O T F )V ¥ —HiFH
DH X MABSIS.
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WIZEHBEI LV, ChEEHTAS XBROTINVF—
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BEFERVWIANVEF-HNEI LI LEERLTVAS,
41 FICBIARERICHVZRBICHT S X #1558
BIHTAHIRIFERZ D LI, HHT /7704 —5—
ix Si (400) # AV, FH X BROZ A AMF—ZT N3
3 FRM (23 21 keV, % » 3£ FRM 1213 29 keV & L
2. %BWED S/INILEDHTHDICKEAEIIBNT
10~20 RIOEEFZE LM LT HENIC 5~10 514 o
BafTor., 581 LT 100 pm BIFET 5~10
Wig DI|F E AT - 7.
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B #if A FEEGR D (a) 25 (d) $ TOWR TEE R
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FRM Fc&EMAIE IS LT, v Ci#oAThTni
ZEERT.

— 163 —



502 g% & 8 5 U8 4E (1992) £ 3 F

_J

500 um

(a) Z=0pm (b) Z=82pm (c) Z=164pm (d) Z=246pm
(e) Z=328pm (Z is a virtical distance)

Photo. 1. Monochromatic X-ray CT images for
B/A6NO1 aluminium matrix composite.

(¢ )W Vickers indentation|

SiC

500 pm

(a) Z=0um (b) Z=82um (¢c) Z= 164 ym (d) Z =246 pm
(e) Z=328um (f) Z=410pm (Z s a virtical distance)

Photo. 2. Monochromatic X-ray CT images for
SiC/Al composite.

N
500 pm

(a) Cross sectional micrograph
(b) Monochromatic X-ray CT image

Photo. 3. Cross sectional micrograph  and
monochromatic X-ray CT image for SiC/A6061
composite.
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Table 2. Reference data of X-ray mass absorption coefficient for elements in aluminum alloys or titanium alloy

matrix composites used in this study.

Energy 10 keV i 15 20 30 Densit)& Linear absorption coefficient
Material Mass absorption coefficient {em?/g) r(g/em?) at E=20keV (1/cm)
B 1.38 0.47 0.31 0.24 0.21 2.54 0.79
C 2.45 0.77 0.43 0.31 0.25 2.25 0.97
Al 27.50 8.80 3.42 1.80 1.13 2.70 9.23
Si 34.50 10.60 4.40 2.33 1.46 2.42 10.65
Ti 112.00 38.00 16.40 8.40 5.00 4.50 73.80
\Y 126.00 42.20 18.40 9.50 5.60 5.87 108.01
SiC 24.90 7.65 3.21 1.72 1.10 3.12 10.02
Ti alloy 107.50 36.40 15.50 8.05 4.79 4.50(p Ti) 69.75

B MHE A WIRICB A SEMBIEICXAE B
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S E RS
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LI, HEEHMICLEET S, CDLDICEENTRET
L7z, $§TIRBEETRLALD bk ) SALEIEY

(a) Cross sectional micrograph
(b) Monochromatic X-ray CT images

Cross sectional micrograph and mono-
chromatic X-ray CT image for SiC/Ti-6Al-4V
composite.

Photo. 4.
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ThbHI EITFERL .
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4-1 X BRNEFEH EH#HEMTROER & ORE

FRM & X i ZEME X5 ET L 00T V% Fig. 1
WRT. SFRD< b Y v 2 AHIZ 2 KOsg LD &
INDHMILL B A E£ 25, L0 THEIR
RKEEEES LS eE Rz, S TRBRHES %
fo, WHEDHERE S % 1, MR OBR/NES % 4, &
F%5. #Fo X #HEaE () k(1) Tke 5.
I/ Iy=exp(—put)
ut=(u/p) pt
(w/p)=2 Cilu/p)i

2T Ly, u o, CiidZFhnZFiuE# X S,
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Lo

| G ver

'

= ttiy
Fig. 1. Model for the calculation of the transmit-
ted intensity of X-rays in the composite.
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» Fig. 2 T %. Fig. 2(a) 13 B(C)/Al #EME O
BT, ZWMBOHR TR O R KEL 0.28
mm (0.08 mm D5 3.5 BB EE) & LLBEEM
HOLEIlaid TRLTH A, BMMrELI L2

B(C) /Al
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(b) SiC/ Ti-BAl-4V
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—— Composite |
(SiC, 028mm)

---- Matrix

2
10

Transmitted intensity of X-ray

E=25KeV

[ ] ! ] 1
0 "1 2 3 4 5
Total thickness (mm)

-4
10

(a) For boron fiber reinforced aluminium matrix composite
(b) For the silicon carbide fiber reinforced titanium matrix
composite
Fig. 2. Relationship between transmitted intensity
of X-ray to total specimen thickness of composites.
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Fig. 3. 3-dimensional image construction based on
the monochromatic X-ray CT images.
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Photo. 7 i Photo. 2 ® FRM @ CT WilE{& = 3L 128
L7 3R TH A. Photo. 2 1T 4 F D SiC Hiki
DRIP4 RSB 2SR bz 720, Z Ok
HEVTAE IZ D W T D AR B LT Photo. 7 12787, 5%
DfFir )i id Photo. 6 L FIERTH B, K&K 5 DM OH
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BB EKICBWTHBEL T\ 7m0, 208 iEdi
b 410pum PLLEEF X 5.

Z DM OB BTEREBIER O T e 2 A+ B 7012,
HOMLOWRF L Bi#HEErEL 7V IA54% FRM
(B/A5052) ZfEL7:. 2o X # CT Wikg{g»5 3
KIC1E % W2 L 7260 % Photo. 8 ’RY. KENT/RT IS
TRMEPAEBI R o TWA I LWL TH S, $/-
WO AER LRI LT b, S it FRM OB ¢
TIT Y FMAEHESNBIGEITEV.

PEDZ Ems X# CTICXAWBEELIEIC, W
WD 3 RTTHERETHAH I &, SOICHBIERS T
A5 IZHIWTT X A o7 FRM OPERHERE AT L 0 36/

Photo. 5. 3-dimensional image reconstructed used
the monochromatic X-ray CT images for B/A6NO1
composite shown in Photo. 1.

Photo. 6. Transmitted monochromatic X-ray im-
age for B/A6NO1 composite.

AT e B L EZONA. T IMMEICEINEL
0, BHEEr< M) v 7 R EDOREICB T HHBES LAY
FAETIIE, ZORERNRIC RS Z LWL % -
adt

DEDOKR, £BOSMHESS LTH 10pum L ET,
X MR AH 10% D ER %225 2 HWEFE TR
LEAMEBHRORNMBBLEr R TH L &, S 5IZHE

Photo. 7. 3-dimensional image reconstructed used
the monochromatic X-ray CT image for SiC/Al
composite.

Photo. 8. 3-dimensional image reconstructed by
using the monochromatic X-ray CT image for
B/A5052 composite.
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