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ABSTRACT

Fracture surfaces of materials contain useful information x;anging from crack path to the
mechanism of fracture. Since limitation of electron transparency requires a sample in the
form of thin foil for TEM observations, it is impossible to extract such information
directly from the fracture surfaces, In this study, the method of surface replication from
the ceramic fracture surface is employed to characterize the process of crack propagation
in ceramic matrix composites using TEM analysis.

The surface replica from the fracture surface in ceramic materials provides detailed
surface morphology and more importantly, loosened particles on the fracture surface are
collected. Electron diffraction and chemical composition analyses of these particles reveal
crack path in the specimen. Furthermore, one can determine the mode of fracture by
observing the fracture surface morphology from the image of replica.

Two examples are given to illustrate the potential of the surface replication technique.
In the first example, apparent toughness increase in B4sC-Al composites at high strain rate
is investigated by surface replication to elucidate the mechanism of fracture at different
strain rates. The polytypes of SiC formed during the sintering of SiC-AIN composite and
their effect on the fracture behavior of SiC-AIN composite are analyzed in the second

example.

Key word : Fractographic analysis, Surface replication, BsC-Al composites, SiC-AIN com-
posites, Fracture modes

— 447 —



448 Korean J. Electron Microscopy Vol. 26, No, 4, 1996

I

A4 H3E ol Aetd A5 A= FAHA
#u]% (SEM : scanning electron microscopy)& ©]
43 sigdae] o] 2 AMSHc. FAAAHRA
(TEM : transmission electron microscopy)® ¢
g Fa5E o843 EFd R ALEA ZA AT
Ay AEq hgez FRdd. dhAEAREA
(reflection electron microscopy)e| Hzlel &&in 7}
Z %9849 (surface replication)-& FA2 7] =
oA o84 (surface replica), 2 A4 (sur-
face decoration method), IE|X F&AF MEA}
oju} o)A #HFal= F%EA (extraction replica)
o] gl (Keller et al., 1987; Whiteson, 1968).
EAEAY L FAAAEC T FFe] Sl At AR
o FHsA AHEHZT AR govt dae] EAE
58 vjag YAELE FEE 4 U FHAARNAEE
o] &3 YRS A EAMz AR EANL B9 v¢ &
3 ARE 4% 4 9dd gded Az A8 RHEA
W g Fw A FFe] 2XA ¢ TEM
EAE B3 049 oldle] 719 = e

dutdez Aty g & HAL 319 AP
g Mo g9z AgsrEds F F9 FHd o4
oA oA ld FHES puEALE. Wy HdEd
Zetad dEoz EAsA Hd sdge] FEHez
A5 oy dAEL 599 (Fig. 1. #x). d=t
A A= sgme] a2 AR 2 RwEA e F55
A F 7] 235 4 5 dE S A A9
W £ Y4 F 7ol A%HE A/ TE 2T
o =3 329 4ASY AAIH FA A A4S
Ed AR oM 749 Al dovke A Ao
HAE o 5 ok EHEAEE o83 EA: B3
g o AFRE e A B a8 saddd #
& A7) 7 A e B =eMe F M
9 BA & 38 afsinat g,

BC-Al E¢Age H¥E¥4AE BCY 713E 44
Ale=2 o 1200°CelN F7lot Aoz FHAAAN
Az (Halverson et al., 1985). B AlE 2&
Kol g Aoz deid ot TAF, ZeeA: o

59 AwdA ubgEo] AHRT Tl HEAe] gL
2 gopx|e] 719t A7 defrdel (Halverson et al.,
1989). AW3¥ B.C-Al EgA 8 Hold 7|44 A
A (670 MPa9] 44 =7}%¢} 9.7 MPa - mY/2¢] 5}3j9]
A& Baltk (Pyzik ef al., 1989). BCY & A=
(9.7 Mohs scale) 9 Ale] $53) 9149 2§ BC-
Al B89 @+ YT (2.6 gr/cm®) gt 7 A% 1
gaze &4 IsAS RS B4 SFAES W
dAES £ A T4 {5 selM FAIL oF
30%9] £715 Bglow WElEAE ¢4 BCY N &
& A= Aoz %7159} (Blumenthal ef al.,
1988). FA 3% slojA #A3 A4 F7he HA o
2 BCY #3717 S A w3
g4 o] 2 B,C-Al FFA 89 FAP4E A7l
9 (Kim ef al., 1989).

SiIC-AIN SR 2 SiCeoll A9 AINS 2AZA)
2 Ariste] 1900~2150°Ce] E=ol|M AL 27} o] Fof
Ao Ak, o2 5 9712 1900°C ols}e L=
A AA s SiCe AL YHFS FEHS
A e BAoz A7t Zlkadd 95/5 mol
% SIiC/AIN 2§ 960 MPa®] A& ZEE Holn
4 MPa - m29] #3QA4g 7M. 2AZA 2 A7l
£ AINS <fst 279 £4917] 282 T2oA SiCH
AR E F3 o8 F79 polytype SiC7t FAdo
(Rafaniello ef al., 1983; Ruh et al., 1982; Zangvil
et al., 1988). AINo] SiC A5 Ao njx|= o3
3 ole} wE A9 WIE ATy iy 4~AH
SIC-AIN 329 sddozie EdsA] A2
Azsgen 23 dAES] TEM ¥4 AxHY
o '

B 27 54 A Az AAdY A7 F
88 9% ¥ £ = FUEAMS TEM #44$
FHAog sl Zlely F 7HA] o2 ML R
w2 BC~AlS s M sdadE AMzd
SiC-AIN Aze E&Aa9 SiC AHelE TEM2Z
M3 A5E A,

dE YUY

£9¢] ESKA} Tetrabor 1500x 2%} B,C H34
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A Az 4R ALY £2E SRl 20
volnE BAMA 7|2 Lo pHE o 308 A3 F 30
27 ¥uksle MIEE=E ojf3le] 5 mm X 20 mm X
50 mme AVZ Ayl A} Azxd F 1
ZH2 oA of2E B2 2000°CellA] 3027 A4F
et 2AAE o 30 volnd dAd 712 AT ¢l
ok 11004 Al 243 B« F-¥42AAT AT
AUt 1074 torrd AF el 1200°CE 7} sl
3087 FAAZI. 44 AlY A A%V 98 F
}&7tA XM 29yHd

SiC-AIN EgA2y AzoE Y8HLZ Tokuya-
maAte] AIN (Grade G, 37Y%E: 1.2 um)3} Lon-
zar}e] B-SiC (Grade UF-15, H¥ X% 0.5um)
7b AHEEgE & ovls) 95/52. SiC/AIN 23 A3
E3H8-vf 9l Isopropyl alcohol/acetoneoA] 72417+ &
oF Wgsigct. Fuo FIEEL 4efe 30%c]%det
Folg FLEFAE 2 TARM AL FA7E A
43l 2150°Ce] -&Xo| A 30 MPag] ¢tEez 3087
FAANZ F Aoz YA F

o)A 2 FFE 9% TEM A89 A& AL oL
B 2o, AR APE AA A E3RE A e
olEE HuZ|Z 300 um FAZ Hdsle] the]olE=
AelA & o] 4% J1AA Ak oF 30 um7A] delEk
o % duid AR 7o 28] AP F o]
W g (Gatan, model 600, Warrendale, PA)2.2
2 dupslodct 6kV o2 T o] & ¥ 18°Y ZEE
g WYL sty

sdme] FAA R AL 22um FAQ] cellulose
acetate film& $A ol Bl MYstd FoiE 33
22 A F shddel ¥3 S Jlele] o 183
FAA, Cellulose acetate filmo] Az F szt
Hezhe FYAZg. ed Eehad A2 10~
20 nm A9 ®ANE FAAZG. A AR of
HEo] AHAA cellulose acetate filmS £3A7)Z
dolol= ghaEAtE 200 mesh T2 2= AW
o Az2¥ @AEA%e TEM#*Ee] Ful7t ghad 4
glojc},

BiC-Al ¥339] Alga2< $18 Philips EM 300
G ¥R Al 100kVe] 7H&5ASG stoA AL4E
sleni, Agrlel sBEH A gr|of A} FAjok

Aol Ao R sdddN 258 YAEY 4L A
=39}, SiIC-AIN =84 ARE 200 kVE 744
Z<et2 2 Philips CM30 F3Az 0|7 & o] 43l &
Astee. SiICe AL £9A4 ¥ AA3E =302
B 242 A AAE T3k polytyped2 ZAAFH
o

2o o B9

AR m= Ao & F4ARE AYTAE 59
W3d Jeg Gws e F98A AR AZ
of FAl7k glovt BC-Al o] F444e] sk A
e BgArdiE T4 Q4T e BN R
7} BARAY mE F4 e Bae] BhsY A
7 dlek old ASelE AT Avee el AHsd
T =g Ae/F4 AdRde) A4 g BN E
= EREA2 250 $Ao Fhsa

BC-Al #3449 shaoz¥e dojnl Eu¥a)
A2 GAlok o] Fig. 2010 @ 49 A UAE
of 229 A% & 4 AUk 329 AAS P e
9 FHE Ravh 329 YAEE AAY 2% ¢
7 Fig. 33 2& WAlol/StAloF 4} W@z Agol
o] #9405}, Fig. 39 YAES $H% 43 2 YAE
& BCZ Hadglen e AES #3448
AlBz,; AlBj, AlB;; 283 ALBC S0 sj4d49
. @ebd F9e 2 BC 2AY WHE Ak Hls
A dosd BC AR F49 #8E S5k A
2z Azdd. WYGEe) G vHTEY AolE X

F= 23¢| Fig. 49} #1405 Fig. 4@@)& 34 3
% 8} (0.05 mm/min® crosshead speed)eli* =}# %
A&e wHMEALE wlag AYE] HAE. Wk
¢ A2 Az wlMzAe) Fig. 4(b)el Re|® Fig.
4(2)8 wZshE AHWE g 0)4d 7)F (void)ol
A4S AL & £ ok o)A $AFL (a2 3
A%z FAHREL) FAF Al T4 wAel vle %
A verde gaka] FA7E g WA s 1ges
sS4tk 4 ¥4 22t Fig. 5019 (1701) A
2 weeld 3d AEe ARG A (m  mat-
£ix)% AR (¢ ¢ twinned)E £F3)} 4=
Y streak-2 #A o] vl ¢ WAOoT EA)
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3 e RoEo, AHEL (011002 - = ol 4
ZAHE AAY 719 Zxl 73°7) Fig, 49 FA o &
olME WA, melA Fig. 49 vjdTx #A2A
HYELE7L F7Htel nie} A 72 4S9 44
ol 9& Y2oA mAF 73S AR HEL
=7} g7 v A g3 B7) A5t sgue) ®
WA ARE FAsIG 2 Fig. 6] vlaEe] gld}
AAHF 274 (Fig. 6(a))oA =" A5 A=
(transgranular fracture)7} dojvta W2 A
Wie Az Fgsid vehvs Axdelete A By
Zo. ¥ d34=2 993" AR (Fig. 6(b))E ¥
me] A=A ¢on YA (intergranular frac-
ture)?] AL Holn F2H YAE Holzx ¢ ¢
o ateA wiAzA g ol A3 nlmeA w37
& 953 2ol #5384 sk AA #F) 9o
Bzt A A HgEE F 9 A HoN
$39] AF] o) viad Fdo] ¥ FAHNA
ARG, AR FLL 5o 71wl MHAF
AAEA 51 3 AR E H2AY of A o=
A 2 (Fig. 6(a)). ol 2& H3ol sy 24
2 1R A A AREE S gt dsfso]
=tz #FE3 ez fe &4 ¢t 74
< a9 YR E AR FEE ue AAsluz @
24 #E 2 Ao 2 H¥EEdAE 7Y A
Bo #Ade] 2 FYo] YA L9 o545
7} w2 oz AR e Fdo] AAsE Alzte) 83
A g, webd @ AAE nd FIES AR F] 2
E3A o mAzA 32 sl A2} g ol
4 s njd FAEAE oA Wl A e 9
£ 7139 e Fig. 4(b)s} 2o} vepdd, Wg4E&x

7t 2 Atele w2A Aol A4S w44 4
A% o 9le 2AYAZ 971 AYsy depd gdg
< AR YL RelAl "ot YA S g2 7L
A% A st wlg] gong Widre &
7ol A Qe gL Hr| 37 HARES a2
iGN ARIAE 53 dAT 2] Holo] 2
A7z dH€d. =3 Fig. 4(b)o] Rel:= AF 7|5
E ¥ HYSEAMY AN S Tldshe A
7} g9,

SIC-AINEg= £A2A wE SiCe Adelst
A Zxgon daudN FEHE SiCAY AL
dsted £#HA W AA3AY (CBED : Convergent
Beam Electron Diffraction)e] AF-¥H4oH(Kim ef
al., 1996). 34 ¥ Aoz Ny AR A9 )
g Fobe] SiCY AAAS File doz o8 Ay
SiC Y4AEE BA%% . Table 12 SiC polytyped
5o AATZ, AAde 283 o249l 24 4 A
g HejEd,

S ogHe 28 SiC JYAEL] WAk Ao
Fig. 7o]v] HAlof Aol A f2 FA|d dA9) $34
3 AxYo] HNHe o). IAEFoz e Aud o
AA A AAHL 0,212 nm32.2. 33R-SiCAHY o]&x]ql
0.226 nm33} & YA}, 2L wgoz Y4Ee 7
HAE EMg 43 343l a, ¢, d& 21R9 SiC poly-
typegd X A} b, e, f= 33R 283 A g 2H-
SiC2 #Helsiglch. 5mol%rt F718 AINS shghel
AR st A" AFZANAM 27)4Hl B-SiC
o8 7 SICHLZ AJAHols degion gde
AA el 21R =v 33RE B Adjsls Aoz
e}

Table 1. Crystal structure and primitive cell volume of polytypes of SiC.

crystal structure lattice constant lattice constant primitive cell

ao (nm) co (nm) volume (nm3)
SiC-2H hexagonal 0.308 0.505 0.041
SiC-3C (B-SiC) cubic 0.436 - 0.021
SiC-4H hexagonal 0.304 1.005 0.080
SiC-6H (a-SiC) hexagonal 0.308 1.512 0.124
SiC-15R rhombohedral 0.295 3.618 0.091
SiC-21R rhombohedral 0.308 5.289 0.145
SiC-33R rhombohedral 0.307 8.29¢ 0.226




Jun HW et al.
7 B
ddne) EREAS 3¢ A 2ee say

A EARE Alsigc dA Ay dabe &
AA R A oz A o] o) Fojct. Az
9 EAA RS S5 3L s o4 IAE
o AxA N ek EA L B3 AHY $Ho2 F
49 A3} A2E 45T & AUokes Aold. =3 nj4
Z29 XA Ane WlisiA Ha g ot Al
Wl A stai7h A dojuhe ok Ao Bk 7hedt
o, AAAY BA o2 BC-AlF SiC-AIN Ay
S ae] sk 3 AE AAS. BLC-Al A
29 A HY4E Frld wet B3yt FeEp L ¢
g9 G4 HAHA dojdE & 4+ A+ SiC-
AIN EgA29] 7ItaZAz B-SiICAe] Aol Yoirt
21Re} 33R¥} 22 A Ae] HAH gl o)A
Tz #3F Az} vxs] B4 saje AR SiC
49 S we} ot Aoz weEd,
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Fig. 2.
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Fig. 4.

Fig. 5.

Fig. 6.
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Fig. 7.
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FIGURE LEGENDS

Schematic illustration of proceddre for surface replication from ceramic fracture surfaces with
secondary cracks and cleavage

Bright-field image of replica sample from fracture surface of BiC-Al composite showing
extracted fragments of ceramic particles and fine details of surface

Pairs of bright- and dark-field images of extracted ceramic particles from fracture surface by
replication

Microstructural features found in BiC phase subjected to different loading rate,

(a) statically loaded sample showing microtwins, and

(b) ballistically fractured sample having internal voids along the twin planes

Selected area diffraction pattern from the microtwinned region of BisC phase and indexing of
matrix and twin spots

Fractographic features found in B«C phase subjected to different loading rate,

(a) statically loaded sample showing cleavage along the twin planes

(b) ballistically fractured sample exhibiting intergranular mode of fracture

Schematics of change in fracture modes in B:«C phase at different loading rate

Images of SiC particles extracted from SiC-AIN composite and typical convergent beam electron

diffraction pattern from the particle for phase identification
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Acetate film
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Extracted particles

Carbon film
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Fig. 3.
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Fig. 4.

Fig. 5.
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