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Thermal Fatigue and High-Temperature Deformation Behavior
of Cu-W Artificial Lamellar Composite

Tatsuya MORIKAWA™, Takashi OHTSUYAMA™*, Hiroaki MURAKAMI***
Hideharu NAKASHIMA™****, Shoji GOTO***** and Hideo YOSHINAGA™****

In order to investigate the thermal fatigue charactaristic and high temperature deformation behavior of Cu-
W artificial lamellar composite, three patterns of thermal cycles which have different ranges of temperature and
holding time at maximum temperature were used and the compression tests were carried out at 773K ~ 973K

under strain-rates from 5X107% ™ to 2X 10741

terfacial sliding between Cu and W layers were observed during the thermal cycles.

Plastic deformation of Cu layer of the composite and the in-

The result of the com-

pression test suggests that the mechanical property of the composite depends on the atomic structure of the in-

terface between the layers.
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Fig. 1 Specimen of a lamellar composite as fabri-
cated.
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Fig. 2 Schematic figures of specimens for compress-
ion test.  The arrows indicate the rolling
direction of the tungsten foil.
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Table 1  Three patterns of thermal cycle. T [_ ] o)
A B C D E F compression { j L
~Jdi !
Cycle 1| 473 | 10.0 | 1073 | 600 6.7 | 1230 __V
Cycle 2 773 | 10.0 | 1073 | 600 | 20.0 735 :
Fig. 3 Schematic illustration of the apparatus used
Cycle 3| 473 | 10.0 | 1073 0 5.0 | 690 for observing the deformation behavior of the

A : Minimum Temp. (K) D : Holding Time (sec)
B : Heating Rate (K/sec) E : Cooling Rate (K/sec)
C : Maximum Temp. (K) F : Total Time per Cycle (secz

24 MERR

SRR OB I ERRBRIC X o TR~NA. EM
SERIC 1Y — K UL Y — EHF2 BUE S B (WS
BUERTE) 2B Lb0x WY, EEEMmAER
13 773~973K DIREHH, 5X107°~2X 107! O F)
MOoTHRBEHECT, EWEEMZ U — 7RERE 773
~1073K DB, 11.3~54.4MPa OB T
fTorz. HEERVTRS 1.3X107Pa L FTOEZET
THT» 72, RBHF O Fig. 3 OBBERICRL 7=
FUTATFUVBOY AL Ty — 2 EEERHENBL T,
BB T - /2. BE, EHARTRERLHET
EEBHICHBN ORESSHMICET T 505, RN T
E#HTABECREERO/NS Ry 0L 5 o (BiF2E
S, FUSHRSEIC X o TR L-2tER) 28
WHIERIDREPORERT % 10K LLTFC#Hz
Heacai Fi, REPOIREIE Pt-13%Rd
B 7 BB AR L CEBIEL 2. 850,
Fig. 3 OMBEOHF 2 £ 75 — TR 2R (BEY
3mm) »5H, BEF+ IN—DFFAERBELT, R
BAELORMICEEICOT I W EEOB %, EK
EMELYHWCEOBBET LI LICLVERFOR

composite.

MRS ) OBF %R~/

R OIS S, EHROBIIZEMRGE & R
OLrEETHERIFET R0, 0, ¥y I72A7 0 £BO
WEO—MAMEENDL., D0, ERICES TS
BIsH, ¥V 7 AT v EFNFNRIBTH -7,

3. ERBRCER

3.1 BEHHER

Fig. 4 13, Table 1 iZR L7244 7L 3 %4425
R IHRORBR IO EERETFHEME (H L8ET
B S-510 &) BEETH 5. MEREROMEICL
N, EoPVWEBEAMHOHESEMER L, REICTFT
IZRUBEL RF P25, £, WEO—EBLD
75y s (REHE) PELTWE I LHFDPL.
Fig. 5 38y A 7 Vi 5 2 - B & BRI TFAT %
HENDOEBOMU L DEBERT. HUOER, ¥
A7 VEFEIIEEML TWBY, ZOHZFIEY
AN EEZIBEPEDBREL, DVTHA IV
3, Y1427V 2DMEICKE % o7z, Table 1 &ttt
THEREEFKEVIZE, BRTORBERIE,
BEMUBRENZ L0 b A,
BUEIREROR L DM R S, £oREAHRE
ThbHEE I, MARTEHOBICRERS A ET



— 308 —

Cu-W NTHEE B A OBIETT & iR E A8

Fig. 4 Elongation of Cu layer observed on an edge of
the composite after thermal cycled 442 times
by cycle 3.
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Fig. 5 Elongation of Cu layer as a function of the
number of thermal cycles.
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Fig. 8  Strain-stress curves of the Cu-W lamellar composite deformed at 773K~973K.
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sliding calculated from the amount of deformation.
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Fig. 11 Steady-state stress as a function of strain
rate in compression test and minimum strain
rate as a function of stress in créep test.

Broken line shows the ideal amount of interfacial

Specimen {(a) at 873K.
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Fig. 12 Temperature dependence of strain rate.

DU X - TEES.

n

=) oo (-]

I IC, A L ISTARAE L 2 Vg R, n i)
TBBCABAM TI26.4, fisHT4.8, R IZAMEL,
T xS, Q iETE L= A L F—TARELH T
1 172kJ/mol, #ifiC 208k]/mol THALH. Fifid <
AL S E &I uﬁﬁ“ﬂ@”%ﬁ%@fm*é
N7 DA L L CHlfg - A e BRI 00 AR
%%ﬁ@fﬁéﬁ@ﬁ?#bg,yyﬁx%ymu@
PEF L Cwink ) ThHs (Fig. 9 BH).

3.3 FREAFMEOHEE

Fig. 13 (2, FRifEAE O SAH 0 8 w1 M4 &
RY. B o EE L, 4 e Aﬁﬁﬁ%ﬁL
(JIT-100 BIH AEFHRE) 2 HWT VT A 4 2l
Wu;ofﬁot.ﬁgr&mtt@fﬁm&uﬂﬂ
BA%E 578 JEM-2000EX (H A% 7-#0%) <Tdh 5.
AT F O WER I ER L ORI T &
K LOBEOBMNICY > 727 PSS, HHic
Cu-W FENCHEE MO BRI R W2 5. £/,
AR BT OFENT IS &0 o BIEI R R RA 2w

7ol DT,

Fig. 13 Microstructure of Cu layer near Cu-W
boundary observed by TEM.
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