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Production of Tungsten Wire Reinforced Cobalt Base Superalloys by
Vacuum Casting and Their Creep Rupture Properties

Takashi ARAL, Toshiharu KoBAYASHI, Takehiko ITAGAKI,
Kisaburo KOIKE and Nobuo SAKUMA

Synopsis :

For improving endurance temperature of superalloys, an investigation was carried out into mould condi-
tions of vacuum casting procedure and into fabrication conditions of tungsten fibre reinforced cobalt-base
superalloys. '

Creep testing was performed for the test-pieces, which were prepared by the method found to be the
optimum in the above experiment. The tungsten wire was 1 mm in diameter and the matrix alloy was X-45
or its modification with respect to tungsten content. The fibre content was 50%. The strength of the
composites was considerably lower than that expected from the combination of the wire and the matrix when
the tungsten content in the matrix was low. This was due to the partial dissolution of the wire into the
molten alloy during casting.

The effect of the thermal degradation of the wire during fabrication on the strength of the composite de-
creased with the increase in testing period, because the rate of decrease in the wire strength was smaller
for the wire which had once experienced a high temperature as compared with: the wire which had not.
Although nickel-induced recrystallization was not observed, growth of reaction zones as well as formation
and growth of voids proceeded during creep testing. Their effect on the strength of the composite was
possible.
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Table 1 I % OAMY OME %R .

< bY v 2RE LTI Co EMMMBELEDX-45 OW
ehE (1%) MK 2B DM EES
FEE M (Table 2) % Hw7-.
2:2 #E&M (V) -THERARRE) OKI

2 Zx b7y 7 2558 (Photo. 1) OHMIWHEERA L
Xty bL CROMmIICERIT T4 Fitks),
HESRRERFRCIOEREFRL M) v 7 RE
SEGEHFAIL 2 LI X DR 2 ER (AR 6K)
T4, BEBFEG L CELS%EY ) — 3 Photo. 1 IR
L7z, <5 ARG ORELIE, FEROZ ) — T
WiskEBR A 2T A Z LK iTFoT.
2:3 7 V)—7HEHR

BEMET M) v 7 ZHEFM L 1T 1000°C DRR
RCHER L 72, RERA CPATE - % 6 mm, K& 36 mm)
DRI B L OFATE OFEWIE % Photo. 2 IZ/RY. W
MELOMBFEE (LT V, &889) & (IS 2WERD

Table 1. Chemical composition of trace compo-
nents in tungsten wire (ppm).

K Al " Si Fe Mo Cu Ni Cr Ca Mg Na
40 10 20 30 25 2 2 2 10 1 5

Table 2. Chemical composition of matrix alloys
(wt%) .

C Cr Co W Ni B Si Mn

X45-0 0.25 25.5  bal — 10.5 0.01 1 0.5
X45-U 7 ” ” 3 A ” » »
X 45-std ” s 2 7 2 P ” _,,
X45-Y 4 4 7 15.5 7 v ” ”
X45-Z ” ” ” 20.5 » ” y ”

(a) Mould

(b) Cast tree

Photo. 1. A lost wax mould and a cast tree.

0.51 & L7 (Fig. 242 0.36 D& 2R L),
WEBRABH OFTE (B 0.5mm, £ 5mm) 3%

PV — KB X% BMUEE CHEL (Photo. 3),

BRBANOBEMELRICL D 1000°C THRERL 7.

3. XRRBRLEER

3-1 EFEERHOREL

AHFC LB EO R B GORBNE, BEEW
BMEOTNED BV EHROBIK - FE% EIKET
5.

BB OB ErRE WS, 2 2 CHEE
#) (Si BLU Mn) OB Y2 28EEERT Photo. 1
DEFER FH T, BRI EEMELE S - REEH
& Table 2 IZRTE XD, TEhEIZOWTIIHER
OFFFEY P IC Lo THREEE ST TRRE
Th e IHHFI L2, HROKBIRE L OHER
DWTRIGLIGENR, BEOKRE S LEFNITMER L
DEFEABORL CTREDER /. 008 LR

SR I 2 AR OBBIY 13, A OB B AR

FER L DB CRE T S, HERF BT 5 -0l
L7, ;

X-45 64 (LT X45-std L WE3) 2 < bV vy AL
LIERISERI 2 v, $hARE (DT T, &R&9) L8R

(a) Longi dihal (b) Transverse

Photo. 2. Londitudinal and transverse section of
the composite test pieces for creep rupture tests.

Photo. 3. Tungsten single wire creep rupture test
piece.
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FHiEE OIT T, £8Y) oMEGee2Ex 7)) — 7K
BratERE 2 VESLL, B0 BE /MR B X UBARMERIC
XoHELE (Fig 1). fIKORLEL~Y M) v 7 2E
&TE, RBMICELEFETLIUEES H 5D THH
DB ZHED X45-std F AV THOZ MY » 7 A DY
ERFEHT A EIC L.

BIF 236 0E 5 h a8 % OF (2 0#EBF IR
PRiL7:), BEATTEAH, Z L CGRELFENET
X CWHROBET ZABE,o A% ENTRL /.

ML L-WHEE, BT s LIl X ) Z0MENET
T5. EBROBEELGCETOESOENHOHED
ZE L, BIFHEMEAD»S T,/T, 7 1600°C/1200°C &
1550°C/1250°C ® 2 £ B nMAEE (@H) %27V —
THEWTEER B OB S & eed 72,

3:-2 JY—THEFS
1600°C/1200°C (Hik& ~— %) & 1550°C/1250°C
(BlwahoR8L7cvw—2) OMEGETHEIEZ L 2EEM
E2 PY v 2 ZAEEBIUZARWHED 1000°C TO
- (LT o-¢, & W&9) i % Fig. 2 127”7
T,/ T, DiEVE< M) v 7 2E5EB L EEH O F6
WEEL5 2 Tnhvy, —F, <b) v 7 25683 WiE
EEASBAINS 5 L Ha ML, EAMOFEGLIENT 5.
LALLDEBWEEOE VLMY v 7 R, X45-Z O
ERMAGHmE, TOBEEMOFMIKET LTS,
3:2:1 BEEHOWHDHIL
WEMD o-1, R OMEFE, TANRWHEOLO LD
WL BN EV, EAMOE I IEWHOR S ITKE K
B3 b L0Ez003T0E, BIERICWEROESEZEL
L7zt EZE2ONA, £—IE2 6Nh5 00RO SR
KEDWHROBENHTHL. TNEMBITIIEEM
FOWHDGH & % Efll T2 OHFHENTH 5, BINH

O Good bonded
4 Under bonded
O Over bonded

For creep rupture tests

1600

Pouring temperature, Tp ( °C )
3
o]
>

1400 s . L
1150 1200 1300 1400 1500

Preheating temperature of mould, Tm ( °C )

Fig. 1. Determination of the combination of pour-
ing temperature/pre-heating temperature of the
mould for good fabrication.

CHEEECTH S, 2 CHREROHBRRMBEZHTEL,
ZHICAIN T IR 52 - WERBR OB S 28T 5
HEx o7,
HAAERICEEIER L TIZIF Imin TREEY R
L, T, T CEIMT LD S5min BT 4. ZORSER
iR 2 LB OolRELEOFEH TIZIT 1270°C (1
600°C/1200°C DA HFHETE) Tho7. R ok
TEEN/NSVWI EZEETNTEOREIICAIVE
WEA S IR OIRBEEREICHY T AL LT,
1300°C, 5 min $¥5 L {R5E L 7.

Fig. 3 12 ANIREES X U8 1200°C » 5 1500°C ¥

CCORETH 5min BESE L Wi 1000°C TD 7)) —

THMEG R T, 1200°C OBEMIZ Lo THIMENK

CTFRALHT, SHIHMERENEATS L L BIET

EFELCARS, LA L 100h D EDOERMEITIRZDXE
3T AN H B, Hid (Fig. 2) LEEH D o-1,
AR OBER AN & VO EFESEWER VW 2 L T A H
OWHD 7 1) — THEBIRES KB L 2b 0SS (
k). :

Fig. 2 112 X45-Y = MV v 7 X &2 FV72aH (L
T X45-Y/W @ X 5 IZB&$) % 1500°C/1400°C D&
HTRIELEE (QH) oW TRLTWSA, W
DWMES I L-Ztabarb. L LZoRER
WEBDBT I AL LNALRIZDLEOT (Fig. 1),
V, DRI L BHILbMbo T (Fig 2 Hilid
X45-Y/W T V; % 0.36 L A% < LHE OMEH»
ZNETT AL EXHIOF—FTRLTWVS).

3-2-2 27— THERERFOBEEM DH1L

BEMD o-t, OMFHICIERFEM T & ITRERD

70’_ v '\:" l T—T T ] I ;
50— o-- -?g‘f’f’.\pg\og As ,eCeived
~ | | As aﬁ};é‘";‘\w??_q o Tungston wires|
~ —— ald at 13 T _
N e @ 00°c
E 20 ,J ”\Or‘x G |
X Ag [e) -
3 N
i 10} [ I li ))gﬁg___g H
3 [ \\\kaﬁ\'. I ‘ o] %25_$td
: S~ ~ . D 5~
g 5 —_—'*m—\gga\.h‘\o X45-2
» Matrix alloys "o-o—75 OA\\‘. .
l I l ol \\\
: =
[ Tested at 1000°C ] =
2 el I . ! 111 |
100 101 102 108 104

Time to rupture ( h)

Fig. 2. Stress vs. time-to-rupture of the matrix
alloys, tungsten wires and the composites on creep-
ing at 1 000°C.
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Tested at 1000°C

33
o

|

|
|

— ¥ Asrecelved
O Annealed at{1200°C
" 1300

2A—a

3y
o

~
o

Stress ( kgf/ mm2)

a
— O " 1400
A " 1500

30 1 i IIIIII e n 1 n Al L 1 () A L L

Fig. 3. Stress wvs. time-to-rupture of
' the tungsten wires received and

1 10
Time to rupture (h)

Tl 5 hd (Fig 2), SHORBOHRE CTIIE
WhHtER S0/l bbb

(1)Ni FEBEBLBLY 2L 541b

Wik LI LA & CHEARICE Z 5 5kn ) bKd
ML S NHDOPWHO Ni FREMELICL251LTH
D, Ni A&~ Y v 7 2%V EIT2 T Per
rasik 52 B E L T B, X45-Y/W @ 7 ) — T LT
% (1299h ¥ C) DOFATEHERTIOWHHES (Photo. 4)
W2 L, & <12 Ni BREEE S Z o o8kl
ANV, FESIIVLO2HPOWEEHED Ni FiEsH
HHIZOWTHIRAZIT2THB0, KFTHEHLTVS
F—7WHOEHEIC Ni H2 &% L, 1000°C T 1000
h gt 5 & W/Ni @ FRE D 5 WO PEE~ 0 & dh
SR OB ARO SN, TOEHDOEREIL 15%
biELCWw5 (Photo. 5 ® Rx &B).

AEOEETIE, Ni FRERMSEBRFRES 5 Vvid
SEMBEABO TR ICX IR 25 b0 LR 2D
72, ZHET R v 2 AEEOMETVTRS Ni B2
LTiZ10% &4k Co A ETHoldbtEZLDL
no. EFEOEREIZ, Aumap HY OYBE LTI v 27
2454, Mar-M322E # FHHO -8 A& BV THRED
ncTns

(2)EEM MO ZEAL

X45-Y/W O BWrT 8 OB iE o 44 (Photo. 6) 12

o annealed from 1200°C to 1500°C at

1000°C.

a) As cast b) As ruptured after 15h
¢) As ruptured after 1 299 h

Photo. 4. Microstructures of
X45-Y/W composites fabricated
and ruptured at 1000°C after
holding 15 and 1 299 h.

Photo. 5. Microstructure of equi-axed recrystal-
lized layer (Rx) formed at the interface of nickel

plated tungsten wire heated for 1 000 h at 1 000°C.

T, WIEREICAERL 22KEE (Photo. 4a)) 133
B ZBEL, 1299h %23 25DES (20 um) 2%
DTWE, ZOX) ZIEHRICE MY 5 7 24EL

BEMOBE LRI s 25510, BEsoPEpAE

HLEEODES I TR LAMEEHENIEL 0D
NTWBHW, Anvap 59 13 Ni FEEFE RS AL 5
D7D THEEMME D LGRS oMM 7 5 v &
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a: For15h b: For74h
c¢: For39%h d: For1299h

Photo. 6. Microstructures of the
X45-Y/W composites ruptured after
holding for 15, 74, 395 and 1 299 h at
1 000°C.

Fig. 4. Stress vs. secondary creep rates of

X the matrix alloys, tungsten wires and the

~ 101 T T L) T T A T
< | /3, |Tested at 1000°C
R Matrix alloys / ¢ / )
~ 100 3 ,_/u A I vi=0g i
® o/ 27/ =
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-10Y— o/ ", ]
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S /A | A
a

@
» 10-4 /| 1 ot 1 [ L !

2 5 10 20

Stress ( kgf/mm2 )

WEBELTWAS.

T2 b oy 7 ARSI KD B VT L A5 A
SN ZDOTLEEEBER & & & IICRAR LT B EAIDERD 5
n, EEEHEGIFILVYTHASI. A HY kv
FY v 2 ZHEEOHBO—2DEAL v Vi, BHEES
(Mar-M322) » C& (1%) % 0.3% @A T 5 &
N VKR ERIRICEZ 722 L 2H B LB TW
%.

R RBRABEMT L 72488 &4 (Photo. 4¢)) D LE
Rz)/=F Vv Z22 (M) REICH—47 > ¥F— LRI
LBHFAL FEERLTVADHFBRDOLNE., TOKFAF
LEBELTCT M) v 7 2V RIIEBHRIICZ T v 7
BELTWLIObIE, $L-REEBE 2RBICXNT S
X9 B R R A FOFINSEHEATERL T,
UEEE LA L 27) - 7B 8 P, RICE DK

80  composites, and their predicted values
(hatched bands).

£, 2 MU v 7 AHBOWELOZEB XTRETOR
4 FOERL EXRAON, FRENERM OMEICHE
FHZTCOWLAREMEE R L.
3-3ICHE2RIV-TEE

Fig 4 2=} v 7 2B8EBLUVEEAMIIO VT,
oh-2 ko ) —7HE (T o-eg LHET) DOEBIME
(1600°C/1200°C o5& % Ak & #— 7, 1550°C/
1250°C DFE&EBECo>HLv—7) ZRL. KE
ZFE, BWEGOBELFARRICT MY v 7 2D ST
HEELTVWARWVY, HEMIHLTEIEDLNS
(X45-std/W & X45-Y/W OBEDH). /2= Y v
7 ABE O S IS L2 EEM O S O L ) B
RO ONB X IChDT.

3-3-1 EHMEE EERNIC X HETHEE L DL

D. L. McDaneL 52 (3@t MEEEMOEHR 2 ) —
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TEBILIEHERTRNEZOXDOL I IRE L. BHE
M7 ) —TERTHEE, =M v 2 R EHHENFL
OFBEETCELT L ETNE, MEDEHTHEIZZFD
O3 HEEIHIETHENEFNDIETKGET B EE 2
bhb, —F, EEEOZ)— 7B é=K-o" TF
ENBHZLDLEERY OEEMEHIRL T Y — TER
RRC B BRNIEOTAEEOESE LT(1)RKD LS
IR CTE S,

Oc:kl'Vf'écl/"—i— kz(l— Vf).écl/q ............ (1)

COBEGRIE HWEAMOFHEEE % Ko, Fig 4
WZ7ay PLAEMEE ST S, LEALEESDITD
TEWFHERD 7)) — TR OWESTE L2 vD
T, WD e B o5nivs. #2 T B Harris 519 28
1000°C LfETRD - 0-1, & o-e DEREHVCHE
L7,

Fig. 4 I ANWH (EH) LaijlR L 2KEIC LS
1300°C, 5min ESE L 7-WHR (HifH) D o-eyg 2202
WBEL L. COZANBLOBEMWHED 6-éy &, 5
FHEOTNY) v 7 2AEED o-¢q EH5 (1)K K
DI-EEMDRIERS 2 ZNEN 2 KDER & EHES»S
RBENYFELTREZH L RL. HAMOERE
i, SOFEBONY FEOD2R)TEhboTnE, —F,
BAROIN Y FEIET % L 1600°C/1200°C TR L 7=
X45-Y/W D HATIFILH T HmEER L TWV5b,

CDEMRD N Y FCRLEZEEH T TOWH DM
& GEM) Ew Yy s ZAAEOHRE LICX VRO
BEOMETHY, THICEMENA—KT 2LV =k
BEIERE DA O BALIBIZRE < X B WO
TARILEXBEVWIZETHS. L LSEIOERTIE, B
EMHOWKD &, BL O éq OMEIEHTE L 72K ) 12
B DBENEZ SNDHDOT, FEIME L EHEE & Ot
BN S T 0 EERA . Lo CWHORES1L
DA DOFE S B i< b)Y v 7 ZOMICER T 551k
IOV TOEBHLIIRVIETE 2.

EEOD, pRYRVERNE LURE L 2R EROR
SHEERED 1300°C ICHHL T AEEL LT Amvap 59
HEWHORE»BEANET A LI2X) 1220°C TH
DIz EBRTVAS, THEHFED V25042 THHE
5D 0.51 LD/hswvd, LG ROICESE
(1490°C/1050°C) T&E7-mbHThA D

BEENEL TEE, WEBOBILEL R s,
Fig. 4 OEFNY FEEBN Y Fo@ER g+ 2 &,
Ein) CERER) B CRBUBIREIC X 251t d 5 YK
o (B BICREILOEEEILL E>2TnE I L
Bhhb. TOEOITIE 15 kgf/mm? T, BB IC

5 EHTIEH (Fig. 2) BETH 5. T4hb bR
DB X B RIEMATCREL 2020w wn
5.

Z ZC Fig. 2 12 1300°C, 5min THESE L 72 W O
o-1, MM ZBERLT 5 &, WEMOERIZ—HLTWn5E
EHbhb.

3:32 <MY vy AESHBROEE

ThY o I ADEEOIEEMD ey &, FAEFRD
P w7 AD ey OEALICR D BHBECHIGLTWS
(Fig. 4). % L THEAM 0L IR D IFv X45-0/W
MPOBRED X45-Y/W EThR DK ERETERELS T
WAL RN L7z KD I ERIME & FHEE oM i AR
REZZELThH, EREORIELL L bFHEMED /N F
DIFE—F L ThiEh b, & I X45-0/W Oi#
FEHAHFREL, $RBTHLHIET O X45-Z/W O
HEAIIV. IO ORKREERR»SEZNETREL
TBY, HEMIT»rHERLZHAZ IR 2L EBE L
SN,

UTZ20BEBIIOWTHRE TS, SEEOBEAEMOR
FIRFE (Photo. 7) 3 X U813 60 h Hith DBEHTHER] % 7R
L 723 (Photo. 8) 1220\ T, WHLH O H[EL % s
THE, FTNTKHBAL T 10 pm BIE ORISR HWH
KIS & 0 (Photo. 7), /< bV v 2 ANEIC
s aons, ZLCHERLEZY M) v 72 24564
DWIREDZIZEREZBO TILPTV MM TH
5.

X45-U/W  (Photo. 7b) OW#it/~ bV » 7 A5 %
EPMA CTEXESH Lz E 5 (Fig. 5), ISR &
W EWEBESEWETETY 575, XEEHToREE L
BETHERICEBEEEBICAWD #4H (Co,We 2 £
K& L Ni & Cr 2SEHLTW3), iz MgC o
it CcH o7, FLMMOEEMBELELTHD .
Ty 7 RAEEICDHELEWESE T L X45-0/W
FOR MY v 7 ABFELMETHL LHhL, WHOE
T AR BHOIEEFRLTVAE, L LWHER
OREO~ M) vy 221, FOITEI # 70 pm)
PAMZEZ DL ) BREEDHITIAEED SN,
CZCCWBROWERD <} Y v 7 RGO TIIWikEE
%, BHME (v, MC BX U y) Wik (EPMA 0k
TF v — b 2OOWLTRD?2) & 20BEMEHETCO
HEELPORD D EIZIFT27% I2ET A, Thbb
X45-0/W TiE 2D 27% DELRHAWED S BT & &,
UTWBEOLZ V< M) » 7 Z5E81Z BT 2 aEd D
7% X45-Z/W TiZ 6% IZBX VW &Ik B,

WEASET S b2 Lo &) VA T5. 271% OF
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a: X45-O/W b: X45-U/W c¢: X45-std/W d: X45-Y/W e: X45-Z/W
Photo. 7. Microstructures of all kinds of the composites fabricated at 1 600°C/1 200°C.

(@) X45-O/W for 59 h
(b) X45-U/W for 84 h
(c) X45-std/W for 36h
(d) X45-YI/W for 74 h
(e) X45-ZIW for 60 h

Photo. 8. Microstructures of all kinds of the composites (V;=0.51) ruptured at 1 000°C after holding for

around 60 h.

FZHR V,ORVIHBRETHENSA4% L, Th
ST 2REDVKRT»ET B R H % (Fig. 2).

L2 L 2 OWEM OG5 %51tid Vi BPOZHRDO AT
BHBETEZVWEEXREWY, HBHEIAHTH 5
(X45-O/W OB E TS 5 &5 ke MBS &%
LhTwh). Fiz X45-Z/W T, V, 0D H»—F4

HTWiZb b s d X45-Y/W £ 0§5< 2o H i
DWVBTHHRE I,t;:lﬂfﬁ, B W SR o SRR E 5 i &

T v 2 DRENIEFEICEL VDT (Photo. 8e), MOES
Mo RICRE & iiﬂfé‘,’fﬁ_”:#ﬁf&)%@ﬁ’%) L, /-
X45-7Z OEIIRE TH A5, 5kagf/mm? 400 h %@k 2
HREECIIEICHILT S (Fig. 2 8K U Fig. 4). 2o
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Fig. 5. EPMA line
scanning chart of the
transverse section of
the X45-U/W compo-

sites.

HHRBLZEOWEEETHOMEBALESEL o727
HEEZOND (EEMHLBEIMA TR VAR
Ho@ro @MW ICEERTES). LaL
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JONRN RN ,%:E.L DA AL del /NN £ o N,
5o AT VRBAERILTI A ETHEC A AEICLIDE
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1) BBOuRAFT v 7 AENCX YD, BEE 1mm O
Wit (v,=0. 5 & CoED X-45E5EBLUZDHE
ﬁﬁt#%ﬁU—7W%ﬁ%%%@%#é%%®m%*

HokELriT, FAARE/FHUFHRIEE=
1600°C/1200°C £ 0 1550°C/1250°C %3&5%E L 7.

2) 2 Yy 7 AGEOWHE NS e L 2D
U — THEBTR S @EEML, S hicxn L CRAM O
bMETAH. Lo LZzoBEEREAIIL TSNS X
NEBPITKREL, Z08HE L UREEOWHEOELT
CHBHPRLLIEICLD VBRI BROENSEETS S
Ebhrot. Tk IWIBREDEY X45-0 4L,
EICE X45-Z A& 2 VB A SRR 2 B gy
RSN, BRIEMD B ik ULE DD R 22
NENEB LD LHERE L 72,

3) BEEICXDWED 7 ) — SRR RT3
. ZOOEEMOBE LSBT DAY, EER O RKER
TREOHENIVRL 5.

4) )= 7EBERICREIGBONE, < ) v 7 X
HMBOELOEIB XURETORA FOERKE ZD
R ENARLN, BEMOMEICEE T LN %R
L7, L2L Ni iFEEERAHES 4R oERTGEHE T
HoOLNLhDl.

5) GHEID<FY v 7 AMETIEHEWIRES 15.5% O
X45-Y A& b LR ER L.
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