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1.1. Summary

This document surveys the state-of-the art of the study of
intermetallics for structural use in connection with the research and
development program of "High-performance Materials for Severe
Environments (Intermetallic Compounds)"” in Japan commissioned
by the New Energy and Industrial Technology Development
Organization. In the program, the goals are set for development of
gamma titanium aluminides as high specific-strength materials for
application at about 1100C and niobium aluminides as heat

resistant material at about 1800°C.

In the first part, the current activities and R & D programs of
intermetallic compounds in the USA and Europe are reviewed.
Fundamental characteristics of intermetallics are extensively

studied in these countries.

In the second part, some noticeable topics of recent
progressess in the intermetallic research and development are
described. These results include melting of high-purity gamma
titanium aluminides, cold rolling and superplastic forming of

gamma titanium aluminides, and high-niobium ODSTi-Al alloys.

In the third part, opinions and comments on the program
"High-performance Materials for Severe Environments
(Intermetallic Compounds)" are invited from the foreign and
domestic researchers who are active in the study of intermetallics
but not participating in the program. Valuable advice can be found
on evaluation and approaches of the goals of the program, current
state of the materials maturation, and possible applications of

intermetallic compounds.

Recent literature and patents are listed on the processes and
properties of high-performance materials for severe environments

(intermetallic compounds).
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3.1.2. NMASAP £ 3Ti-AIRE RELAMBERRE

PTRERT 2HBERIE, NMASAPKEL BV TR IY VY-V T ADFH Y - TIIF
A FHBISV— 7 DERTSH ADhananjay D. Bhat H FAIAACHELEAHEIC S £ oY
bOTHA.

K3.2.iIZ/RL7ZZNMASAPD EE M OP T, MERROEFTICHET AT 2k &
HLZbDN TS Th 5.

NASP Structural/Material
Develop Program Organization

Executive Steering Group

Joint Management Team

McDonnell Douglas

Rockwell

“Government Advisor
Government Advisor .—— Pratt & Whitney
Government Advisor .- Rocketdyne

K

I | _ ] ! i

General Dynamics

Titanium Matrix Titanium Refractory High Strength/ High
Composites Aluminides Composites i Creep Titanium & Conductivity
o | 2  Aluminides & Composites
McDonnell eneral o 3
Douglas Rockwell Dynamics 4 Pratt & Whitney & Rocketdyne

3.5 NMASAPOD#H#
COMBDOPT, F5Y - TNVIFAFHEOHEBHDO T ¥ — K E2EDOWright

Research and Development Center®William Kerr 2% ¥, Rockwell International ¥4

MEREZLETL, D. D. Bhatt B+ D5V — T % %iEST 5 .
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3.1.2.1. FHY - TVNIFALFOHR

BEME L LT, 1200°F(650C )25 1500°F(8L1SCTYDHBEHIC BT, BHEOEHAT ¥
VHABELHBAMICAREL, BEESRERAEL. LFoTI L) 2RERTHEL:
WHE - BENEEEEI - EMRISIROONATVEIRECH S, o= - F52 -7
NI FA FRFEERFRBE TI500°F(815T), ERM R TI800°F(980C)TH AT %
BEMELEBEENRZOT, CORRCHEIZNELL TRHEHN R LT 5TV,

Hy= - F57 - THVIFAFREGEENFEFT, 22)BVRHRESEL o4, ¥
MIMOREEL D, LKMo THENIUORRIRVOFZB LR S.

FEUVEEPT, THVIZY AERINEERD, T L TEBEMILLD b RKX 2EILER
BYPHEENE, $-BEOELILY, TVIZYADELILRANTHS. =ZLRK
TiAINbR TiAlTald, R 2B COFRMEB LITH s Y — T RFEE L L TIHEBRIL®
250, TAODEERSDVWTOMER, SRTOESRE LSRN OF & E1&
5. MBHECLOVHEORBEIPRENRD, TORPUDOATFT vy TELTEE
WD s.

i

ol
i

NMASAPHE OB ARRBREN X, X-30RIMEELTOF Y - TVIFA FTHS,
COMBIC XA, BEN, BEL LToxed, EENROERAIMPREATVS.
B ICHE) BREFDN-DIC, SAVF IR OEFRET7 70 —-FiLE ), RAESEMERK
DRE, —RKBLIUZRNML7 Ot ADRAR LRH#IL, L7 1 v 7RICBEFKOR
2 EDOLEHEMATY S, TH36.Z, TDOELILT 70 —-F 2/RT.

TITANIUM ALUMINIDES

DEVELOPMENT PROGRAM
I
I | | l
PRIMARY SECONDARY
ALLOY FABRICATION FABRICATION COATING
DEVELOPMENT PROCESS PROCESS DEVELOPMENT
DEVELOPMENT DEVELOPMENT
¢ 19 Gamma alloys e Forging o SPF o Gamma
¢ 7 Alpha-2 alloys e Extrusion e DB s Alpha-2
¢ Select 4 alloys ¢ Rolling ¢ Welding ¢ Alpha-2 TMC
e Beta TMC

[X3.6.
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3.1.2.1. Hv<-F%v - THIFAFORBHRE
(1) BEHEEMHORE

BREEOMBEY - BENICREEF < F8 7 - TAUIFAFFEFEERL. 205
., BWEBEERSRBTHERLA3ERGONEK, 77 A HEEMPREP)EIC INERL
ARG OB K, EEOMBEM QEDORSR+alpha-2, FHIC1EHORSR+TIiNDb &
RSR+super alpha-2), 7#® XD™ (Martin Marietta” 0 £ X) 4, 188 OEk HA %%
M, BXUBBOHFAFEM 2B LEE.
(2) EELZBRE

Hy - FE5Y - TVIFL FONBET7TOLABBHET, UTRRET LI, BHE
ZERVPBLATWVAS.
(2a) $BERM
BADEEBIURERN - DHF = - F 52 - THIFAFEEME, WAL DR
BELEABEETHERBELZ. FEMOFIL, BRESEM ICUXRT, 22 VHEFEST
5. H3.7.3FHFRXEEMOF < - F5Y - TLVIFA FE, BEOBESXHBLY A
TNV r—FRCHERELLERTH L, BEFREIFNEET R, ZOoMOHTH
mEIIRETHo 2.

[3.7. #MACRARL -SHEMDERRE
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(2b) EEZFORE

FEERA — D —BHTFETLTEED I A TNV EED 2. BEDOF THE LNy 2
YEHMEET -V CEET 5%y FEMEHE ¥ Lawrence Aviation, RMI, 8 X U Timettt
KCBWTEBLA., $/4, FemELALNy 2B L - VERY T, HREEE
WG TORMBEEYBattelleill BV TH T %o 72, Texas Instrumentsttid TIGERRR 7
DERARLLo>T, EEFREDOFTHNy 7MBATLHFELHCTHRRE Lz, 25IC5E
(CMartin  Mariettaitiz, A OXD™ME&2HR LT, BEO Y 7 EEL BOER
EEZERELL. Chono7/udxs P CRABHOToL A&+ RELT, 364 ¥
FRBOF Y= - F 52 - TVIFAFEREETHEVIRKEELERTHLT, HEH
HEREALTVE,

BAET T, 0.050" X 15" X 27"DH ¥< - F8>¥ - 7VI +4 FHK#%, Batteleff &
FFORBLAGOEREEEC IVEETA LA TEL LI EoTWS, {(EBZO
Battelelf AT OB R L EEBEIX 2T RETHMNT 51

X3.8. HUUEREEEE 1R
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(2c) BEMWMT /L #8ES

Hr=- - Fsy - THIFAFIEEUENT L HBEAIPTEBNEETHS. L LE
OLMIHALBIRORACEY, 444 MSEEER LT L TEE 20, £
o7ty PV 7 REZBRTE2. IA-BRKOEHBERIH /NI A— 5 —mfE)IK
MICTARBELEELEERELAFLZHRBL, FYyET - RBEXLEYMBW LI LT 535K
YHELABLENSHS. M3.9. 375X - AT V— LI v - F5 2 - TNVIFAFE
EOmEREKERLRT. 040 LomEAEBERRBEEEINTVE., EHILH Y
T FIY-TNIFAFALE2100°F(IISOBEORBRTCHEES TR THL Z L
bRWELTwA.

-1 ) SEEERER,

_QAML_A.IL‘.!__

PLASMA SPRAVED W

STRESS, P&
STRESS. WP

Q
{
it

strasmare, s’

3.9. Arv-Fa2L -TLIFALFOmME

(2d) H#
BMEEOBEEKORT, ¥ o< - F5Y - ThIFA FRBLV-—F Y- 288 I R
bEIWTH L, 310KV —F -V —LABBEORREAELRYT. BELTIRAR
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FLURVTHEBEIATYS, RBFR - L-F-VY-L20BKOEZEBLFME LTS,
HABTLHF Y < FF5 Y - TNIFAFE, B(~15 psi)FRBRBISNERT. &
BMOEE2ED, ZREPERTLILZDETI AT AINVERAVIRIIEA TS, £
MEBEOFMBAREBMBOHRELIARDL A TWE, M3 11 /AREBAE TOBRIYH R
EhTwsa,

LASER SHIELDING

e High welding speed
e Low thermal distortion
e Weld without filler metal

e Weld in any atmoshpere

GAS SPECIMAN
DIFFUSER

H3.10. H>r<w FALL - TFHLIFAFRICHEL LY -—FEE

H3.11. A< F4&> -7+ MK DBIE
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(2e) I—F4 V7

BLOMERL 7ROV T, BETEECHEAFTERELODOLATWS, £hba—
FATYIRMBIIE, FIR, TMIF, TVIFREY, F0MKHLEHAMEBEEE IR
TWwWa, TEEOSL I —F 1 V7 - 7Ok AT, T7 75y ¥, VTPV, {bERE
%, WENEE, D-F >, ATV -H#H, BRAvX, 7I3AEH, AFEARY
PEFORL, M3 N2.EHARBYROI-FT A V7 AELYTI LD DTHE. T2
3R TEIR, v - Fy5 v TNVIFAF%E, EiRD 51800°FOE THY 1 2
VEMAZTISOFIN2BHRER CTERCHEANTLILEVIBEL 120H) ELAHERT
Y, TIARBFRI A I NVTORIEBECERDTHEI L IRENT WS,

COATING APPLICATION PROCESS

SERMALLOY W SPRAY AND FUSE OR SLURRY AND FUSE (HEAT TREAT)

PACK/CVD Al VACUUM PACK, CHEMICAL VAPOR DEPOSITION (CVD)

Ti CrAlY PLASMA SPRAY OR PHYSICAL VAPOR DEPOSITION (PVD)

Sn-Al-Si SPUTTER OR OIP

SOL GEL ALUMINA SoL

ALUMINO SILICATE GLASS soL

BORO SILICATE GLASS SLURRY AND FUSE

CORNING GLASS PROPRIETARY

A1 Si By PVD/CVD

SILICIDE cvo

NOBLE METALS PVO OR ELECTROPLATE

Pt-Al ELECTROPLATE AND CVD

ION IMPLANTATION ION BEAM ENHANCED DEPOSITION OR ION BEAM MIXING
UNCLASSIFIED

M3.12. A—-F4 L7 HEOBRRENR
AIR, 1800° F (2 HRS)/RT(2 HRS), 12 CYCLES
2
GLASS
COATED
ir GAMMA
WEIGHT t
GAIN 0 S
(mgiem?d)
BN o
UNCOATED
GAMMA . .
2 | 1 .
0 20 0

10
TIME (HOURS)

®3.13. H>v - F42L - FPALIFAFDHAZFR-0-F1 27
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(21)

BEr %R

Hrv= - F5y - TVIFA FORBHUEEIMTHALBRA CRE (KFLTW S,

HYy=REEDA2 ) —= VBT, BALEGETREL 250 Tk wit,
FORERIVELEBENATSVARBRELTVWEW, &

WTEBBRHEEO RBE £RL 7.
3.1 32 ORFBIERLTVE, “HBEOF VT EEIC2VTR, HMEDSIRFHL#®

3R e

WEMHICEWEZAICHELTWS, M3.15.3F0L I 2E& 20T, RBREEIC X

LEEERLERLLEODOTHS.

43.14.

X3.15.

ROOM TEMPERATURE TEST 1500°F TEST
. ] Fc RHO .| Fey
ALLOY Sl ry | Fu e |le | ke | E |y | Fu
( ) (KSl) (KSH) N (MS1) (KSH) (KSt)
1 ALLOY 1.1 (RSR) 264 (1080 |1170 | 0.75| 0144 75 270 196 (990
Ti—48Al-2.5N0~0.3Ta—0.158
2 ALLOY 1.2 (RSR) 25.0 783 | 810 | 08 0.146] 75 20.6 59.4 | 747
Ti—48A3No-1Ta-0.158
3 ALLOY 1.3 (PREP) 26.4 79.8 | 835 1.8 0.144 120 220, 441 |8603
Ti~48AK-2.5Nb—0.3Ta-0.158
4 ALLOY 1.4 (PREP) 27.7 574 | 658 20 0.146 {13.0 233 38.7 {495
Ti~48A-2ND-1Mn-0.158
5 ALLOY 1.5 (PREP) 2496 | 870 | 879 1.42] 0.151 1100 206 516 1656
Ti—48A-2Ta-0.158
6 ALLOY 1.6 (PREP) 26.4 8781 888 | 11 0151 9.0 220 477 |675
Ti-48A1-2.V-2Ta-0.158

“SONIC MODULUS

Ho=-

Furr - TIIFA FBEHOMYR

e -
@cccessressassesassasnasaontaneet
-
- !LoncAmunewaeusm\
UTS REQUIREMENT
- e Areeoscccacoralibtlolllel \ .....................
£ C
g [~ Orervevceccsec T T T
g -\..,»N'
3 B VS MEQUIREMENT
- @ ELONGATION —
Ky C =16 Koh VIN. AT AOOM TEMP
- Avts
ovs s
-
R N TN DS W (R NN DUUEY SN (VU TR SN B S

PLASTIC ELONGATION %)

TEMPERATURE (F)

FELA LT - F22 - PLIFARFOBBART — 2
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3.1.2.2. 7TWV77—=2-F%>2-TFNVIFAF

TNVNI P =2 FFY - THINIFTAFITHBHRETO#EML L, WEAMKET
1350°F, |MAMRBTISOCFTHATNRLE X LN S, REZEHIZL VAS L, WERE
BirZLwv.

(1) BEOTNT7T—2-F52 - THIFAFEE

G TBEOTN T 7—=2 - FF5 Y - TAIF A FEEFARLA TS, £ TIHE
MTHs., COREHWRIBRFEOTNV 77 —28€ L0 b, BURHBEEUYLI>E4ELH
BT AIETHE., TVIT7—=2 - FFV - TIIFAL FEEOMEBL T LABRIC,
DF0XH i, REGESDPBEL LTV B,

2) —XkmMI 7ot A

ETOAERBEMELEL, HERBELL., BRIAAGSIBFOREEHET, RILE
27, TROoOERIIOVWT, BBROUHELFMLL. REOREELMHEALT, 36
AV FIE, 964 Y FEOMPEENETHS.

(3) BMHMEE

TVT7=2-F5V - ThIFAFEERTHBEORLE LK CHMEIALZ. 4&1
BUBEGITISE@N AR ALEEAF2TREET VX255 -MBLET 5. S8
HBOSEHEHLAZANOER L HEPHER, EBT7 VX275 —HB 045 S (BLHE
BHIDIFLABIFTH A, COLHIRLERTVF 27 —HBOEEIERICZL W
DI, BEAIPLEIERNAS R

ETORBHER L3 16,2872, KBREEI SRS, RESHE, BitE, sV -
T, BETHE. 203 VRN, BEAMNDOI4A1-26NbEE 1345V LA 5SRO T EE
T5. EVTTFUVEMTIEBUTOMTLEL L, F&0BEEY Y Iy, E)VTTVR
MTWFROEMTHH, YVI VERNZIFBRROBELEROMAAGDLEE b 26T,
HBRTORBRERIAKREIMEME RT.

WE W AR IZASTM-39 IR L2 A3l THBR 20 BRI EN Twb . 14A1-26Nb
EERBRBEOBBYHMEGOksi-inch /2R L7z, 2 0MOE & O HEE %ML 2T
U, 20ksivinch!/2E TH » 7=,

V- THREREIRICRSIATNE, R—SHLBLBE L -HEIESRVHS U -
THELOF, CORBOEGERIBLALEREREZ., —FTN7 7EBMLEMHI Y
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—THRESBEN, EYTFVEV)IVOEMIBEELLEL L LT H, FRTLEL
PR yEW,

i oSt ! iDynommc. Frocivrs | Strons
Allwy |Dm¢? Heat ‘Tuwomm:'nulum»no}ilnunuuwu‘vhm--; Ruptwre (hr
Iwt % iintin T Tramment  1°F} ot Demal | 1% 0 Db DeseVin) 155 keif).200°F)
[To 14 41.26N8 207 1 iRoom 1793 828 45 [EN} 30 Rl
NRMperatNe |
800 P - 948 14
11.200 | o n 22
11,350 | - 618 26
1,500 1175 484 83
2 ‘Room 761 1066 s - 16 29
M temoerature ‘
! 800 sar 1C8 -
i "1.200 149 7S -
+ 18 AL 26N TMo o 1 iRoom E!OSB 108.3 3 132 21 2
nemorstwe
800 , 818 1086 6
1.200 | e a2 s
11356 . 46 776 -
'1.500 283 555 60
2 IRoom - 594 - - 19 106
Nemperdture
800 -t 558 -
i1.200 - - -
114 AL26M0-0.2S 07 1 Room 96.8 1088 4 1 22 2%
temperature
80¢ 75.8 1109 17
11,200 6$.7 1062 | 1S
i1.250 358 69 3
11,508 1.2 s28 96
2 Roem 669 713 - - 16 2]
tempersiwe
1800 457 84D -
11.200 562 702
T 14 AL 26N0-0.25: 1Mo | 0.171 T IRoom 1073 1218 2 4 23 4
fAempersture H
- 800 869 1157 [
11.200 797 1014 - !
11.350 - - -
1.500 244 554 [
2 Room - 855 0 - 7 {:3}
ftamperaiwe
800 XA -
h.200 665 67 -

3.16. PNTp-2-FH2>-FPILIF+1FOBRHMER

Fiy VS TEMPENATUNE Fio V8 TEMPERATUNE MODULE ¥S, TEMPERATUNE
we ™
»
[ LY
- »
[y »
-
LT Y
3 "
i H s
ia < g
. 2 S
- - - -
" Cremma s
% P numaaf % --.\.:.::T...
CLLUTI R t L] i
- f;: LY ‘ Temmar o
nanm :f » }
LY J
. v N ‘ v .
e eee e et M e 1ees  tres  rew . 00 rove 1ree
15wrtAatuet vy )

Hurt harumg 1)

H3.17. XA —/IS—TIL7 7-284 08BN E

DR %Pratt & Whitney BB LAA—N—TLV 7 7268 LTRLAED

P, M3.17TH 5. P obb2rsL&)ic, ERBEBEHLHETA—1N—TNV 7 7 —-28&
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BEEOBEBELD. LIz oT, MIERBEREA-N—TFTNT7 2887174 RICHED
b, LABALA=—N—=T V77 28 EETLWVWEMELEIETAHICE, FHITIICHEY
LBEOMEBEVLEL T, H3.18 A —N—TIV7 7 288080 BEHEKEEY T,

200 SUE  YRAMSYS AMHEALING SUMMARY

a o
© @
© ©
- -

128.2
1228

1633

100 {[7

o

o

~
. 2

STRENGTH (KSI)
N

0
0
)

AS RCV  1400°FIAC 1400°F/FC 1760°F/AC 1760°F/FC 1850°F/IAC 1850°F/IFC

HEAT TREATMENT

B3.17. A== NT 7282 0HBNBEH

(4) ZXRmMISa+R

A= —TF N T 7280 " kML70t ACIEELEESALNT WS, HE,
BEOTLALTHVWTA-NA-T V77 28€2*HENIH/EMITE5(H3.18). &6
CEEEMI MBS (SPF/DBYE T, ERO=ZHR P A3 78RNV (307 80") % 1E
BWTEBH(M3.19.). FLBEEMIT HBESCO VT, LRI L) HRERE,
BRHICEAZBEOELHEMCOBIIL TV 5(H3.20.). T oDOHEM OV —F — &
OEMOFAREI N T B (H3.21.).
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H3.18. X —/S—TFIL7 7-28¢ O HIA

M3.19. X —NN—TFTIL7 728 0BBMNIT /HEESH(30"-80")

[3.20. Z—/NN—=TFNT 7-28& DILFEMWHABIMIH (28" -28")

H3.21. X—IN—T I T 72820 L — ¥ —5ZEH
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3.1.2.3. NMASAPHRE VT L ®
HROMERBR, ROLHCFTLDLNS.
Hv= - F5 v -FTVIFAF
Hr=< - F&y TUIFAFIFILVTEELD D
T —% - R—AFEKFENT
s— BV AZXTDOTO Ly Iy IBNEINT
NG VADENTRBUDEERILEEHA IR TR WY, FEL2E5E&ERoH-
T B |
Ty v VISR TAIEBILETH D
TVT 72 -F 5y TWVWIFAF
BUBIIIVBHNEERFFETES
I-FA YT EYVHERERSFRMETE D
BEMNT S EAEB XUBBEHF I LE S AL
AREOBBMEMT /BB ESMIT&2
A== s TNT 7288REBAT— VT v 7 LEBRILETD 2
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3.1.3. IHPTETEtH

IHPTET (Integrated High Performance Turbine Engine Technology) &f B i3k & BLHF
NEBL, BROZVY VOBERIWAIEMEFARET L 72D EDLOATVE T I
s b THhEH., COFEICIE, BE, BFE, 2%, NASA, £ L TDARPA(Defence
Advanced Research Projects Agency) &L T3,

COERE I, RERFFIFESRBETAIFA A - EVEEMAEDOIZL AL T RTEAEE
NTwvs, BEAEERORN L, 4EERCTHECRDLILETHE, ThEEVRR
A, #N/EERETHCTHILICHET 5. BTE T, 30, 60, 100%DK#H% B
BIBEECTEOOLND., 322 3BEOZ VI VEEMB LS HBOREL 2IHPTET
AEEDEETRLADDOTHS.

' /M
IHPTET pRevolutionary

‘ materials
Risk

Evolutionary
F120 2—)‘( materials

Thrust/weight

F110

179

1950s Today 2000

Current Prognosis for
Engines future Engines

Polymers/
[~ pPMC

IHPTET /

/ Aluminium/

Magnesium/
/r- MMC

3

100

Titanium
Aluminides/
IMC

80 f

60
Ni, Fe, Nb
Aluminides/
MC

Material use, WT %

cMC

Refractory

Approximate
ProductionYear

X3.22. IHPTET&EtE&
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IHPTETE B DF —BBE T, ML - FHS0-5 —0RBIEETH Y, HEK
EFRBLEEL2V. EFRETR, HHERSROLA, EEEBESHERFSY - 7
VIFAFCERAFETONSE., BERBET, ) HEBEOWAEAMBOEL T I v 7 A2 RE
BEMELEMBLSERICLL), EVATLAOHTICE LS, M3.22.2RENB LI
W, MARRETEFNZERSTRDOL LTV S,

COEE I, KEOXDODIT VY - A—H—, Allison, Garrett, General Electric,
Teledyne CAE, Textron Lycoming, United Technologies Pratt and Whitney and
Willians International B 5 L TW5a, THhOOMBICHHEBERHL A -2 —F b
oTWh,
3.1.3.1. IHPTETHE BT AF5 > - TVIF AL FORSB

K3.23.1&, F4 Y - TVNIFAFPL VI VEMELTEREN TV AERELRL T

WhH, TRHLOWLORIR2O2VWT, HAMITOTERBIED S Twa,

@ Fan frame B Compressor B Combustor M Diffuser B Nozzle
case case / /

. Vo
® - alpha-2 TizAl @ B Blades and ® B Turbine rear
- gamma, TiAl blisk frame

3.23. F22 - TIIFLARODILY LRADER

BEITTCUEBILbLRAEFIY Y - THVIFAPFOZI VI UVANOHEHRBORKRE %K
3.24.17, BIUELL 0FEEM O % K3.25. IR L 7.
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- St -

AE S #Bdh Bk BAR A — A — BnLH
Ti3Al | F100 T7Y =S Sy - | I L+ LS HESE  Timet

AavryLyH— -7 JEEE -+ #4hn T BL3% © Rockwell
Ti3Al | F404 TS —=Ab =N BT +BEs GE

Fx—VXEIV VT v TR+ RN T
TisAl | GE29 PREERIR K25 YEHGE GE

XHIVT R
TBAl |3y vy ;@uﬁj;/%ﬁ' NASA
TisAl | /MBI —¥ arFlyH— . a—%— BEREE Crucible
TizAl avILyt—-a—45— BREE Nuclear Metals
TiAl | JTD9D F—¥v . - FL—F HEGE
TiAl | g3y oy BEY—¥Y - FL—F NASA
TiAl avIly¥—.a—%— BEREE TRW
TiAl | CFé6 —gy—¥y .- 7L—F WEHE GE $3.25.a
TiAl | T-700 aArvIryHd—-F—2 FRESHE GE X3.25.b
TiAl SHAN TV BERIEEXD) Howmet X4.1.
TiAl BES—-EY - TL—F mAGEE, BE vy B3.25.c
TiAl u—%— Crucible X3.25.d

X3.24. F42°>

s TPILIFAFROITL T BRI ES




&7 Crucible Research

lelads A Dusion of Crueple Maotensis Comomans
gt

C. d.

H3.25. F4L - - TPLIFAFOILY L BEAEF(H3.2488)
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3.14. IXNF-—BIILOEMRRRE

DromimeEas @lic, =2 VF-E0mET 2B MY O N2 %H
REBPHFLETS. COFREZANVF -4 US-DOE)DDivision of Materials Science
(ODMS)2 L BEFREE 0D, HREE SHEBONE > > EBRMAE OBIL VHH 2 H 3 —
LTw5,

COROHARCBVWTHERLFEALLAXZOLERIHMIBRS L, FOREEOK
VYHBEE—~AFy T THol. Ames Laboratory KBWTHE RO RUERKN SEL TEX T,
1SmmfE, 75SmmEDO KREZSFIFRBETEL LI RoTWVAE,

DMS 78 Y x 7 OB FLIE0ak Ridge BVHIRFT T, BRtEBRTGETHEL D7
VIt FOMAEIFEDL LTV 5,

SEBRIL &YW D &4 (dLawrence Berkley Laboratory TR SR TWA . #HHMH%
HOEBRHRHES AL TBIEbhTW:,

EH, ZANF-ELrOLRKENOFAHESLBIIED S LT 3,

Dartmouth’ K% ®DJlan BakeriZ, B2{bL& ¥ DHall-PetchBAfk E WEBBEL R L T 2.

MIT®S. M. AlleniZLavesf#iD §<b, W&, EREZ 7 —< T, Lavestl D WY 2§
FLTW5S,

R L RN RICBIT ST RDICET 5B EDartmouth K% DE. M. Schulson
KEoT#EDLA TS,

BENAOBBEN, EBMPEIZComellKE DS, L. SassAFHLTH 5.

FEXERBILEYORANR ORT W % A5 iEPennsylvaniaKF OV, Vitek &
o TBIbh, BAOMBIIOWTaAYEa—% - YIalb—YaryiHwEHES E
HoONTWn A,

&R HEL &Y OB % BT X PiusburghKE DS, S. Brennerb DARETH 1,
NiAlEB T2 XY ORALZEOEMHFLE LT 5.

RAMLERBHILEWIB T RHFFEARAL, LM, HERBIUCLADA. J. Ardell
KEDH#HESIATWVS.

Conneticut KE TIX, VTV H A4 M OBAELEREROEEGHET VAP, C. Clappt ¥

GICEBRBS LTV S,
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Conneticut KF T, Blicy oo ro RS AVl EDL ATV S, A
3. I. Budnik D ETBI L2 bh, BBLEEBEOTNVNI 54 FITDWw TEXAFSIZ X 288t
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BHOOBBMMIMIPRETEL LFREZRL TS,
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1473K
Isothermal.

H4.7. -7 -Hovw- - F4> - -FILIFqFK

5 : i | i 1 { T T
_ o~-1NCONEL 600 (1373K)
B :
2’3 i /O Nb-base alloy (1623K) ]
= o) /’—\'Mel’(ed
Sol /5’ MA/ODS
a3 8%ﬁx
= 1k @’// .
0 3 | i | IS | [ 1
0 25 50 75 100 125 150 175 200
TIME (Hr)

H4.8. S=FT -H>v - FR2L-TILIFARFOBILEE
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4.2.5. Ti-Al-XZTLIRER OEK
BEHGEMARZSFEABANM OO CRBRIELANFEHREZL LY. AT 0TV s |
THERRRBROERVPEELHABREL 2oTvad, bz, fifn=*+7% KE
KHRMLZYTi-AIRZ DL ) ZZ L REBROFPRRAWEFT LN TE S,

B, ZXREROEREPED bR TB Y, Ti-ALLXRIEODWTHBECHfTFEATY
5, EFNHLOHRTEBEORBINESELLRAEFELRIIDVT, EREEELEEZ LMD
1000 CHHEDEIRMHICL o TZLRBREL RL .

grid in at. %
Al axes in mass %

AlTi \ .
\

./ —r—
Ti oCr,Ti Cr

AlTigt (QTi) +aCr,Ti

K4.9.a. Ti-Al-Cr&(800°C)
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‘ grid in at. %,
Al axes in mass %

0Tl ) N\ T nAl,, )

Tigl R O e
TiAl+ (pT) )

X4.9b. Ti-Al-Mn#%(10007C)

grid in at. %
Al axes in mass %

M4.9.c. Ti-Al-Mo%(9007C)
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grid in at. %
L_Al axes in mass X

[4.9.d. Ti-Al-Nb3%(1000C)

grid in at. %
axes in mass %

M4.9.e. Ti-Al-VFR(10007TC)
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5. BIEMEENER
[BHREUELCEMH(EERLEYORRE] 7uVxs/tko0nT, $BOHE
WEBEOZZDI, ERMILEYOF AR CEDLLIEANOHEEZE I, UTO
SDLREFETERERD -,
5.1. [BRREEXEMHERBEEMORARE] 70V 7 CHTIER - FED
BE
A7uY s rOFE, HECHTSZERNADOER - FMi2nwT, 7Y YT
RECEYAELATL.
*OREHERBA,

-EFERETAI LN LTOER
- BFREE
- BFSEE R
< B Ak
CASBPRETAIE, ThB.
CHhOLOEHKRDWT, kTYYFETYr— M LD, ¥, K%, BYHE
BEOSEMILEYWHETAEZLERLERKDLILTHD.
BT, AESRLENLERCSGTTE LD .

5.2. ENHARENOER
HIE, K%, AUMEF, CEMEFCHFBLTIERZCEERILEYORRER ICKE
LTWAMBEIOLICT Y — bi2REMNLAL. FORT, FHROSEPLERETRRICE
tHEE2HBL. ZRhOOAEZEEORELLFTBRIROBENTH S,
(1) Dr. Michael Dahms
Institute fur Werkstofforschung

GKSS-Forschungszentrum

Germany
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(2) Dr. Young-Won Kim
UES Inc.

United States of America

(3) Professor Ian Baker
Dartmouth College

Thayer School of Engineering

United States of America

(4) Dr. Dennis M. Dimiduk
AF WAL Materials Laboratory
AF WAL /MLIM

United States of America

(5) Professor Francis H. Froes
Institute of Materials and Advanced Processes
College of Mines, University of Idaho

United States of America

RR=VUTEEMX EASE L RL 2. 2BEAECBVT, A—FFTIA-AYOE
ReBTTHo4, FOFFTILEOEAEZOFEST L IMEL Twiw,
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Questionnaire
(7> —=1)

Please refer the enclosed booklet for the details of the program "High-performance

Materials for Severe Environments (Intermetallic Compounds)” in Japan.

(B REREEMNHOFARIEREMMALEW]] 70V 22 P ORBFLZOVWTH, AHO
MEFESRLTCRESY)

(I) How much do you know about the program of "High-performance Materials for

Severe Environments (Intermetallic Compounds)” in Japan.?

(HEiB7 5 R REGLEEMROREIEBRILEW] 070V 7 PiZOoWT,
EFORETITCIHLTT D)

% 1: I know aspects of a general nature about the program. The few details which

I have come from discussions with Prof. Yamaguchi.

TVl P O— BB HEOBRICOVTIRA>TwAE., EF0OHEMICOVTE,
WOKE»SHVWTH->TW5.

m&2:

I ] %

B1%:3: 1 knew of its existance and emphasis on TiAl.

FuV s bOFE, TLITAICEAZ BV TVRAZ L kMo TV 5,

[%4: Fairly familiar since I have interacted with RIMCOF(JISEDAI), presented a

lecture, and read open reports.

PR YBLH->TVE., XERBESLBEBREL-TBY, HES L2 EeHFDY, 7
OV FOREELHATVS,

[B1%&5: 1 heard of it, but do not know much.

MW TIIWwaEH, £ Aok,
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(II) The Agency of Industrial Science and Technology (AIST), a branch of The Ministry
of International Trade and Industry (MITI), organizes the program and commissions
The New Energy and Industrial Technology Development Organization (NEDO) to
coordinate the program. NEDO further commissions The R & D Institute of Metals
and Composites for Future Industries (RIMCOF) for execution of the program. How

do you think that the governmental agency promotes the project ?

E7uTdzs b, BB THELINTVEZLIZOWVT, EDXIHITEZ
T3

B%1: 1 do not know anything about this.

CORIOWTHE, 235 2w,

m&2:
& o %
% 3: 1don't know.
5 kv,
H%4: Very well.
RER.
|l % s: Unless too much intervening and bureaucratic, a government agency is, I

think, is desirable provided it is well coordinated and constantly informed.

£ THET, ERPICAET, FLTIICABERT, FHERIEZTRHEEART
whid, BAFBRESES TS L IRET LVWEELS,
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(III) Three national laboratories and six private companies take part in the program. The
private companies are limited to the member of RIMCOF. Kyoto University and
Tohoku University cooperate in basic research (Please refer Fig. 1 of the booklet).
Do you have any comment on the organization of the program ?

E 7T bitk, Eo0EIHEERIMCOFREDADDEENEML TwE
T MBICEBARE LREREKRESY, EREHRCBVWTH N LTWE TR O M FFig.1
). COEI AUV 27 FOHBBEIIOVWTOREREBHFL LT W)

mE1: As observers from afar, we cannot see the inner working of the program.

From what we see, the program appears to be well organized.

NEOEBEEZE»L R, 7OV 2 tORKOEBRARRZEBYLALZ Y, LALAZD
¥hvd, 79227 PRI FTLHBENR TR EIIRRZS.

mE2:
EOE

[%3: The mix of different types of organizations seems a good idea.
WBENLELR YA TOBRBELMAEGDLELORBEVEZNL ) ILEDLLS.

M%4: 1 think the program is organized very well. My only comment here is that
close coordination of the various organizations, especially the universities, is vital to

a successful program.

TRVl PIKEBLHEBENTVWREEZL, EIZT—2 B Far Y T3
&, BAoBE, EICRFBLOFBELZBEEFHBERICATRTDH 5.

[l%5: (1) The relations between national labs and R&D labs (industry) are unclear,

(2) How about universities ? Do they communicate with, and support, R&D

institues.
(3) The roles of Tokyo and Osaka university are not clear.
(1) BYHEFRLEXOHERL DBERFLIOIL W,

2) AKZOBRENILI> 2oTni0h. KEBLEOHERLIEL, FHX
BEeLTWVWBHDR,

3) BREBRROERE OO L,



(IV) The organizations participating in the program report the results of their research
and development in the annual meeting. The Proceedings of the meeting are
published with abstracts in English. Are you interested in disclosure of the results

of research and development of the program ?

E 7OV PCEMT 2BBEEIEBEERAROY VRV ILTHREERET S, 0T
VEI T ACBIAHER, EXOTTAMI S P EMFLT, BEELLTHAFEAT
W3, COL)LHRBABERRERERICEKRTED D T 35)

E#&1: Yes, however, I have not yet seen these proceedings.
BEFHE., LIALEREZ2OL) 2EEELBC L Lidk v,

mE2:
EEE

[]%3: Yes, I'm very much interested in the results of the program.
7uV s PORRICIRERERID S,

1% 4: Yes. I have received the reports for the last two years.
BRFH5, BRE_EORHEELZTN-oT WD,

B%5: Yes, I am interested in. 1 would like to express my opinions from time to
time because I am eager to see anybody (or any country) succeed in use of TiAl or

other intermetallics.

BkL boTwa, Rid, #ThHhhF A ELo0ETHN, TiIAlZ XOL BRSO
EHAAICEDTAC L E2UELTVAEDOT, WOLFDEZYHLABARZZWVWER - TW
5.
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(V) The program sets the following goals in the term of 1989-1997;
E7a0Tx27 Fi31989-1997EDHHMTUTOERER 2 ED TV 5)
a. Intermetallic compounds with specific tensile strength (gamma Ti-Al based alloys)
(BHAEESEHRILEWy Ti-Al 21OV T)

» Specific tensile strength at 1,100°C --- 100 MPa or more (IlL54EE © 1,100°CT
100 MPall |)

» Elongation at room temperature --- 3% or more (f#Uf . ER T 3%Ll1L)

b. Intermetallic compounds with high melting point (Nb-aluminides)

(B ESSEBILEWIND-Al EEE£1HI2NVT)

« Tensile strength at 1,800°C --- 75 MPa or more (5|3E D & : 1,800°CT
75 MPall |b)

+ Elongation at room temperature --- 3% or more (f#{f . ZEiRT 3%L L)

(1) Judging from the intrinsic properties of the materials, are the goals achievable

(a) for gamma Ti-Al based alloys ? If not achievable, why ?
(y Ti-Al EZE€OEFORHBELLHAMLT, COBRIERTRERTL & ) ».
R EZONBGEE, TOEBAELRLTLILZIN)

B]%1: These goals have essentially already been achieved, however, they tell us very
little. The material is too unstable at 1100°C. Further, these goals seem arbitrary
since they do not reflect the need for a specific balance of properties and design criteria
for a specific application.

CHLEDBER, BrALXrACRERTVWRVWION, BIEEAMHCIRERL S AT
5. L2ALAEMBIZII0CKBVT, BOTARETHE. SLEZChb0HER, &
EDHBLCHLTERNETAMERE LRFARBELEONS VA2 L L LEE2SHITAR
TWZRVWOT, HVENTD 5,

[f1%2: No, in monolithic material, creep is diffusion-controlled, which is fast at
1100TC.
&, BEOMBTE, 7)) - 7REBEETH Y, 1100CTERRRICETT 2.

M2 3: It is not clear that the goals of good high temperature strength and usable low

temperature ductility are achievable on the same alloy.

FLEEICBNT, RIFCHBRELEATRZERERL W) BESFHL L TEK
ieZDD, Ao, TRV,
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[l % 4. I think so. You may even want to raise the elongation requirement --
recognizing however that presently fracture toughness and ductility move in opposite

directions with microstructural modification.
JWER), BV o LBUTDEREFEDZVEVIFEL DL LEE LD,

[Z%5: Yes, they are achievable. In fact, the specified properties have been already
achieved. However, the goals are too narrow, unbalanced and irrlevant. Elongation
should be balanced with other properties such as toughness and creep resistnace.
Gamma TiAl cannot be used at temperatures above 950°C, meaning the temperature
goal should be lowered. If you are interested in setting goals, we can discuss during

my visit to JIMIS-7 (July) or during the 3rd SAMPE (December).

ERTREE25. Z2B, BEORERDVTRECEREALTW S, L2ALIDH
BEKV IR, XFVAPFERTBLT, HEITHATHE., HFIConTiE, FHR
W2 —7H0L) 2HOBELEOBEBTERLETAEZLE W, Fr=-F5 -
TVIFAFIZISOCUETRELZVOT, BEOHEBERTITIRETHS. HER
FBIOWTEHHOBRICER L2\,

(b) for Nb-aluminides ? If not achievable, why ?

Nb-AIZREEOEAFOHUL LKW LT, COERITERTRERTL &5 5. AL
ExONBHE, FOBRMERLTLZEN)

21 Both property goals appear unrealistic. There is an insufficient technical
basis to suggest that 3% elongation could ever be achieved in such materials.
Further, the melting point of this material suggests that attaining useful strengths at
1600C will be difficult, with 1800C impossible.

MEE:DICHEHAENLEDbDNRSE, CDX) REMTIROWUFTEBICERKTE LS
EERBRT L ICEAERBO BRI Z V., ELLXIOMBOBESLS AT, 1600CIZB
WTHFHIIHZ2RELBALIZLIEETHY), TLTRISOCTRIARNETHAD.

m%2:.
wEE

[4%3: 1 think the 3% elongation at room temperature is probably unachievable in

such a high temperature compound.

DI GRBEAEEYT, BEREBIZIGOMTEIBRLIERTELWVEEZ S,
B%4: Strength requirement may be too high.

BECHTIERIRAES.

- 58 -



[%5: Not achievable. The temperature is too high, 1400°C may be the maximum
for use. The room temperature ductility, 3%, will never be achieved. It is

appropriate to set a ductility at an elevated temperature.

EREATE. BESRICLIEY. VOOTHREFEHEBELEA)., SREXDI%ITHR
LTEHTEZWTH A, BV HrBULBECBTIES* HELED LD NEY
Tdh5b.

(2) Are the goals consistent with potential applications such as airframe structure and
engine parts ? Is ductility the adequate criterion for structural application of
intermetallics ? GlEoHERZ, BEET2FH - iEZBABREKP TV HEHD LD
ZHRLEALTVWE TS, SA¢EHILEYORERABRICL o T, EHEIR 4L
FHFMEELZE5TL LI D)

(a) for gamma Ti-Al alloys ? If no, why ?

(BHAESBEILEWy Ti-Al EEEIXHLTEE)TTH. TOBE I,
WTT )

[H4%1: No! There are many potential uses for TiAl at temperatures beginning at 700
C and above. Further, ductility is not an accurate indicator of the ability of the
material to serve in these applications, while the strength at 1100°C does not reflect

this either.

A TiAl 21X, 700CH 0%, #hULOBEICBWIELOTELZHRESH 5.
EHLREREZIDII)ZBERARE~NOBHTEMELHNBEICRITRETE 2., £/,
1HOOCKBITLIREDIOHAIFEREN TV W,

[ %2: Ductility is not adequate, fracture toughness is. Structures are not plasically

deformed during service, but they are subject to cracks.

EMAFEG TR, BEPEIRAETH L. BEPiR, EAPTCEREREZRITZ0
TR%2L, 2997 FT5DTHAE.

B2 3: I think the problem of adequate oxidation resistance and hydrogen

embrittlement may limit the usefulness for airframe structure and engine parts.

ZOEED, T EFZOWMBMALE L AERBILOMES, HERBEREL Y VYV H
FANOEREOHM L ZELbDEELD.

o] %4 Generally the answer is yes. But critical structures, especially in the

aerospace industry, are designed to fracture mechanics criterion (K. or do/dN etc) not

ductility. Ductility is a "cushion.” We need to re-think design criteria for brittle

materials -- perhaps a parallel program in this area is needed.
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—HBBLE-TRZATHD. Lo LBol2EEYw, L CFHMEERTIE, Bt

FERTIRZ T, BRIEMREEK R do/dN )b ETwTEIrbhd, &
Bidwnbid" sy avths, BESRCOWT, R BHELZRLABTLESND
D, COGBLOVWTEITLEHR T S0 EDDBLBEEDS ).
[%&S5: Settin goal is not simple. It should be application specific. = We can talk
about when we meet. As described, the ductility goal should be combined with other
properties. Ductility alone is meaningless. 2% elongation at room temperature can
be useful if toughness, strength and creep resistance are adequate, for example.

HERERIHETE2y., ERGAREREL CEDRELL 2. ZORIC20VT
W, FHRETHIFELAVZY, fIKdEo7i ), EREMMotELEAGDLEDS
il bhwvw, EUROATRIERE RV, 20T THoTH, 2 zid, b LTH,
RE, W) - THESEETHAINIETER 5.

(b) for Nb-aluminides ? If no, why ?

(RRAESRE BILEWIN-AIESGENITHLTRE ) TTH». BOBHEITIX, kK
T )

B]#1: No - for the same reasons stated above. However, nobody really knows how

these materials may be used, if they ever be used.

F@tELHEHT, BTH5. LLL, bLEZOMEMfEibRALI oL
Tob, FOLIRXHRHINETHAI)IPREBIZEIHEL LIS 2V,

m%2: /
[0 %

[E]%&3: [ cannot see that the Nb-aluminides will have sufficient fracture toughness for

use. Also, NbjAl is not particularly oxidation resistant.

=AT-TNIFTAFFERECRABZTOBERRELEBT 22 b b kEwv. &5
(2, NbgAl *RFBICIH BRI ICEA TV ERTIEZ V.

EE4: ———

a) kL 3tid,

[%5: No. I cannot think of any application of these materials in next 20 years at

least in aerospace applications.

CDOMED, SBREOHMIPLLIMEFHARCERERL LI FEZ LRV,
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(VI) The following approaches are being made for achievement of the goals;
(LRREEZEROLDIC, ROIIET7 7O —-FF2EhTwET)
a. Preparation of equilibrium phase diagrams for material design. (3 B & Et D72 D D F
AR AR B )
b. Melting technology of high purity materials with compositional control (7 ¥ %
B DB REA)
c. Powder metallurgy (J KB &)

d.  Surface treatment for improved resistance to oxidation. (i BR{L P 1 o i AL 3 )

(1)  Are the approaches appropriate

(a) for gamma Ti-Al based alloys ?
(COEHI BT 7u—Fi%, BHAESBRILEWICOVWTHYTT )

[ 1: Generally, the approaches are appropriate. Phase diagram data is vital for
materials design, but should be centralized and shared. The need for melting
technology is less clear; most conventional melting practice is adequate for TiAl, but
we do not yet know what advanced practices may offer. Powder may be unnecessary.

Oxidation/corrosion control is essential, and coating or surface treatments often help.

ERMICE, T —-FRRZ2UTHD. REHEIHBEEFCATRTH 55, H.L%
BE, BHELATITRETH 5. BREFOLEHRIEZVBEETE V., TIALIKDOWTIF
ELOERDFEIEZLD., LEALEALRFLOHEINRTRL 2RO OLEV. BXK
BERLELZVTHA). BIL - BEOWHBARIATRTHY, a—714 Y /R EHLE
PRI DOTHA.

B%&2: a), c), d) okay. b)is too expensive (low oxygen).
a), ¢), HIFBWVA, DIRMERELTHICR], BAF»»N T&5.

E]%3: All of the approaches are sound. One problem I can see is that using a

powder route the oxygen levels in the TiAl may be difficult to control.

WTFRDT7 70— FbFYTHE., — 2K LOLLBMEER, BRV-FPEHWVWSE,
TIAIDBEE L AET L LFRETHAIZETH .
[ %4: Again generally "yes.” But I would add a comment to each program to define

the relationship of microstructure to mechanical properties - to include other measures

of "forgiveness” beyond room temperature ductility.

Mechanical alloying is a synthesis technique worthy of inclusion. It allows control of

microstructure and constitutional effects beyond rapid solidification.
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COBEL—REICRELL VAL, LAL, —0TAYEME AL, FAE
ROFE T B\ THLER L RO E ORI BRI T 5 L, SREMS TR
KHBREORELZERTAIETH D, AHZHN - 70442 FREFEICED 5AfiMHE
NHLREETHS. BREBEELVL, HELHKTOHMASTE S,

[%5: a) Construction of phase diagrams is important, but it is adequate to use

existing phase diagrams.

b) Improvement of current techniques should be adequate. Oxygen contents
between 400 and 800 ppm are acceptable and are currently achievable quite
‘easily. The compositional control £0.5% Al is acceptable and readily

achievable.

¢) Powder metallurgy is important but should be used for complicated NNS

(near-net-shape) components and non-rotating components, only.

d) Surface treatments are very important to improve oxidation resistance, and
are more powerful when the materials intrinsic resistance is enhanced by alloy

modification.
a) REBMOERIEETHS. LLLBEAFOREHTHNEY 5.

b) HEREHMOERBRT LIV, 400~800ppmDEEEBIIMELR L, HERHICE
HilfkTds., TVIZYABRBT05%20HBAT I, THIBSHICEHETEX
5.

) BEEBECRIEETDHAH, HREEBRO=T7 - Ay b+ - ¥z A4 TEHHRHEDOE
BHCOABBHINRLERETH A,

d EELBEIHRBAEMLZEAETLILTEOTEETHS. ChZAERINTH
FEAORBILEARDOONRTVWAIESIIENTD 5.

(b) for Nb-aluminides ?
(ZDEHIBT77a-Fik, ARASERILEHCOVTHEY TT 2)

[B]#1: The limit of conventional melt practice have not been defined for these alloys,
so b) and c) may be unnecessary. These alloys will very likely require advanced
processing, other than melting. Phase diagrams are essential as always. Surface

treatments will be required, but research here may be premature at the present time.

CNRLEDEETO>VT, REOBBREOBREIBEL TV ARV, Lo ThE)
ALETHE. ThLODEETRARUNOEATL FESLETHAS, KREBITEIC
RURTHAH., ZHLBEIVLETHA)F, BEBTONEIBENETHA ).
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mE2:
4 0] &

[ %3: All of the approaches are again sound but unless the base materials has

reasonable oxidation resistance to rely on a coating for oxidation resistance is risky.

ZOBPEIH, T RTO7 70 -FRERZYTHE., LIrL, N—XAOEMIFIHELDOm
BIAELEZ o TwhiThiE, WBRIAEECHEAZ LIIGERTH 5.

] & 4:
(a) & 3t
[ % 5: a) Important.
b), ¢), d) The comments are similar to those in (a) TiAl
a) EETH 5.

b), ¢), d (@DTiAlL[E LI X b,
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(VII) When do you think the intermetallics can reliably be applied to structural use
(e, SREMLEWIEEHELL - T, MEARCHEHATELZLEX T T2
(a) for gamma Ti-Al based alloys ?
(RULMESRERILaMOBEOEHRY)
E%1: By the end of the 1990's.
1990 DM b ) LITHEH.
[%2: Now (turbine blade, engine valves)
§—¥v TL—F, 0¥V NATHRECHEEBRT.

[H%3: The gamma Ti-Al alloys can probably be used in the near future (next few

years) in down-to-earth applications.

Hr=< F5Y - TVIFAL FRBLIAEVRREGERE)N, "HIZREDOVWA"H
BRCHEHENDZTHAS ).

[Bl%&4: None demanding - now (1993). Demanding - 2005+.
BETLZVWHE—RE (1993). @FHE—20054F L.

m%5: 1. It is expected that some automobile engine components will see TiAl used

within 5 years.

2. In aircraft turbine engines, it will take 10 years before any TiAl
components are used in spite of increasing efforts and interest. This is quite

natural for any new materials to be used in engines.

1. WSO POHBELY Y VyER[IC, TIAIFXBEDHICFERE IR b0 L
V=R (-

2. MZEBOY -y - VI VTHE, BHEEKOEIT VNP LT,
TIAIOEFEAFELR B CFI0ELPSE. THELCAZELUYHETY, v
VIEBRBEERALTY RO ETH B,

(b) for Nb-aluminides ?
(RARERMILE DRG0 EHRL)
[%1: Not before the year 2005.
200SEDIRTICIXEH L v,
m&2:
&
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[%3: 1 can really foresee the Nb-aluminides being used as structural materials.
AT TNIFTA FPEENBL L THERHSIRLILETRTES.

[[]%4: None demanding - 1994. Demanding - 2010+ !
BEE TR CHE—19944, BE R HE—20104 LLEE.

E%5: 1. As stated earlier, I may say "not before 2015" if I am forced to. If

economy is involved, these aluminides will never be used in turbine engines.

2. R & D of these aluminides is, however, important in the sense that we
should not stop studying unknown materials.

1. EILTvEARhELO2vEThE, KO o/2& i [2015FLAa0
Wiz w] .

2. L2L, 2OEIRTVIFA FOMRARBE, RAOMBLRET S
LEEDERETELZVEV)IERIEBNWT, EETH 5.
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(VIII) What do you think of the present stage of research and development of the
intermetallics for structural application ? What is the most important subject of

basic research for breakthrough in practical application of the intermetallics ?

BEASERILAYOHEOMAERBRILAZER L EZ NI 2. €8 HALEY
DERMANDEBEOE 2RI EELEBHAREIZCTT»)

% 1: This subject has been treated many times by several internationally
represented groups over the last two years. Short replies are not easy to make, and
all replies should be application specific. @ Advances in structural materials are nearly
always tied to processing and rarely occur as breakthroughs. We have far too much
emphasis on ductility and an inadequate view of end uses for these materials. Phase
diagrams are essential, yet relatively unknown; so is data on transformation kinetics.
Processing usually requires difficult capital investments. Single-crystal research is
required to really know the fundamentals. Materials design could continue to benefit
from coupling with the solid mechanics analysis community, but these groups seem to

take pride in being separate entities.

COMBRIREZERIC, W{(2PDEENEARZFTI/IN-TIL o TR HLES
NT&, HVWEZE2TAEIORER TS, ELRETODEZRIHARYHELZIDT
B hiE b, BEMBOESRZ, BEAEEI, 7Oy YU FERETO VTS
H, TV—2AN—E LTRIAZLETWMTHD. Thb5oMBItonT, &4 EIED
CHAERICEALBIABAE, THRZEXARLZAHIIBV TV S, REBRIZEARKIC
VIETH B, REPBYVRHNOBIFFEo>TVE., EROEEHDODF— Y LFABETH
5, 7ay VUSSR BEESEORSEEE L LS. BERYE VRN, EANE
HREOBBOIHDIIRDLND., MHERFEIEASRNZOBITHEE L OFEHETH T L L
THEHBTHAIN, TRLOMEZB NV TEHRILTVWEIEECEIEZL oTW
5E)THA.

[%2: Stability of interfaces for composites.
BWEMFEOREN.

o3 /
I [ &
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Mm% 4: I assume in this context “structural application” means a demanding

application (K. , ductility important). So we have a long way to go/see question

VII. 1 will give you three areas;
(i) Understand microstructure/crystal structure - mechanical property relationship.

(ii) Methodology to design with "brittle" materials - so that you have predictable

behavior.

(iii) Study of innovative synthesis techniques such as mechanical alloying and

vapor processing.

CCT, BERAMBLVYIOR, HRPERZERT LIABLZAROMBLERT S
EREBT B, FHT5E, VIORMICR o TEZ A2 o2 Ihr LVWHETSH 5.
SOo0HEAFHALI L EEBELTEE W,

(i) MEBrHELBELBRYEELOMBEMBETLI L.

(i) BUMBOBERIFOFEREOOIL. ZLTIHBOEH 2 FHTE S &
LT HI L.
(ii) AH=ZAN-TOL4 VTRBEED L) LEFH LR BETELHRT
AZt.
F]%5: Gamma TiAl:
Our understanding of TiAl in fundamental area is advanced. @We know a lot about
physical metallurgy, microstructural control and evolution, and general sense of
processing methods. Nevertheless, there are a number of area, both essential and

critical, we have to understand in detail before TiAl is to be used, with confidence,

in structural applications. These can be grouped into four areas as described below;

1-1. Alloy-specific microstructures and their relationships with various mechanical
properties. The size, morphology, and distribution of gamma and alpha-2 phases
affect mechanical properties at room temperature and elevated temperatures. The

quantitative relationships are not established for each alloy composition.

1-2. Relationships between specific microstructures and room temperature/elevated
temperatures deformation/fracture behavior and processes.  Understanding of these
relationships is the foundation of the development of the.designed ("engineered")
microstructures that can be alleviate the tensile-toughness inverse relations

improving balanced properties.

1-3. Process development for mill products and end products. Structural
components can be stationary or rotating. The stationary or low-load-bearing

rotating components can be processed by a variety of different routes (although the
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mechanical alloying method is strongly recommended not to use). The rotating
components are best processed by either casting or better yet ingot wrought
processing. The most important issue in this process is how to economically and
successfully break down large-scaled alloy ingots into mill products (plates, rods,
and sheets) with compositionally and microstructurally uniform properties. The
next step is to form the end products with near-net-shaping by either isothermal or
hot die-forging and/or superplastic forming. There are several aspects that can be

important subject of basic research in these processes.

1-4. Long term stability of TiAl in hostile environments. As was already
mentioned, this important program can be attached by both alloy modification

/development and surface treatments.
o= - F¥%Y - TVIFAF

HEAWLZ LI ATOTIAIOBEBIZEATV S, BHE, COMBOWEEL 4SS, Ak
EERLHM, 70ty Y IFOBMEROVWTEL DI L E2H>TWAE, #RTL LB,
TIAIDPHEREZ b o THEME L LTEALEEL I TIE, KEMNR2 LI AZLTE
KO THELIBHALTBVTBLRAE 202 WHERSRILDE. Z2RiTRD L
KD ICKBITE 3.

L1, FEEHELT, MEEBRLEs ORBIBE L OBBERL LT R L.
Av=e7 V77 200% A4 X, B, SHERRE GROBBHEE I EEL RIZ
T. EEEHMBCH LT, REZO LI ZHERFERH IO o TR,

1.2, HMBEPEHELT, TREZRLBROEELCHIESRE, S5 7ukrtnl
REBHTEI L, ChOLOBEBOBEMNF D W2 -oT, EMRLHYE L OB 2HE
MEFOEEOLNT YV ADENT ML G T H5EMEBOHE B 5 Wik 8I BB
BEBIRRA.

1.3, ITENAELZRNMIOO0 e AREKOMRE. BEMHBMmE L TEEEN LD
NDEEMET L0055, B2 wELZBEBHEORT ) VI/HHER, WA AVLDR
ANV— P THEE - WMBETEA(LPLAIZAN - T4 VT EEBTELZ V),
e IEHE, 2HRFILVORGELBENTOFETHET 20 R, &
DT7OELATRDIDEELZI LR, RBEOGEHFEREM LT 2ICEBEHIZ) ISV
— 2 LT, MREEBHEE K2 BEE2b PR L0 —RKIMTT%H
MICTAIETHD, ROBRKIZ, HEDL VWIS y P AEBE, SO CBEMEE
KEB2T7 29 b V2 A TMITHRABEKHLTTEIETHD. ThbDOTTER
TERNICHAETIEELZREIV (20 d 5.

1.4, BEZRETTOTIAIORHOREE. IO BB LI, COEELR
BRIESICIUEF L TRALNBLEBEESI T THREND.
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Nb-aluminides:

Everything we have been doing for these aluminides is all basic. Since no

breakthrough is foreseeable, I cannot think of any subject that is more important
than others.

=F 7 TFNVIFAF

BECOTAIFARFIZOWTBIRhoTWAI L IR TEBRNTHL., FDLES

BTV —=—0 AN —%FRTAHIEFTELRVOT, MY ETTEELZZAREEE
EEWOPRN,

&l&
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(IX) Could you give your advice and comment

on the future development of the program ?
AFBOSBEORBICOVTHERIA Y P20 ZEvnEBnE T,

[%1: Intermetallics world-wide -- TiAl will enjoy five-to-eight years of purposal
engineering development. The end of this period will establish real uses for the
alloys or a clear view of why it failed. Failure implies that industry will loose heart
in intermetallics and the field will diminish. Success implies that intermetallics are
legitimate and other sustained development efforts will be possible. Europe will be a
major player in the field of intermetallics for the next five years, just as the U.S. and
Japan have been for the last ten years. The advanced intermetallics, such as Nb
aluminides, will see a rebirth as refractory metal research and alloy development. But
remember, however, serendipity has not been factored into these comments, and it is

sometimes dangerous to try to predict the future.

HRYLZEBHILSYHEOBRXIIODVWT., F¥ 2 - TILVIF A FizonT,
SBRBFEHE, BEWERNOEMABARLERTELZLS). CoHMoKbI IR
2L, AEOFERILPHLTZ2 D, MEARIEBLZ2EHLOLIITERES
S, BBt v ok, EXERIFERMIEAPDCEE L TIOFEIHBET AL &
YEHRT S, BB 0l, EEMLEWIHE L L TORKERD b T,
MREBEHIAIHETIONLIEE2EKRLTVS, XELHATBETEREI) Tho
ek, -0y NESBARERNTEERHELAY O T TCERLFBELLTH A
Y. =2AT TN IFAFOLIREGHNEEBEHAELEGYIRMBAEEOHE LS
EHRBLLTCBATSETHS). LEPLESEDL, O axv bty
FAETF A IZERICARLARTYT, RRE2FHLEIIETECERILELIERART
H 5.

i)

M4%2: Let the industry develop parts. Let the universities do basic research. It is

time to split.
EXFRIHARBEZHEHIL, REIERTRL TS, 7HETIRTH 5.
m&3:.
O &

[%4: See # VIII question. From a managerial point of view, you should ensure

close interaction between universities, government (national) laboratories and industry.

# VINIORMICH T ARE*»RE22EE. BREMLRYUBIOTEE, K%, BV
ZH, EXEROMOFBELRBEEBRTHIIIRBTIRETH 3.
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[@45: Not this time.

SETI A P EEZ N,

Thank you very much for your Kind cooperation.

THhHh L) TETE LA
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5.2. ENMEENER

BHABENTERMALEHOMAERIEFERIBI b TS, BXAEGRERE%ES LR EDEEZRR
DHEBIZRICDIZE., ZOHANAD [BHREMLEMGEREBLLAY)] Tud s
FEEHTAHEIANEL, TEEBITREBEBRBBTLA TS,

EEZCBNT, [BRERBEULEEMEERLLEGY)] 70V =22 OMESH THE
HOMRED, 2070V POBE, EHBICOoOVTHEL ZPRFERPHULANTVE 0
LRbhD, AFETH, TALOHEEECHHL TS1LERLAFATEB T Lz,
RR—=TJVPUTREL-HELEBI o7,

HmBELL-ZHFOMBL Y TS L2UEARR).

[ ElAN: 2
HIEKEF
KR KF
NKK

NGEZ S
NGy ' T %
EREER
EREB I
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H
(1) TREATHREELEENE] 20T, YOREBEDLTBEONETL &S 2.
HEl: FHHEESXTHEEL TN,
B&2: WHWLWAHLEFELEHIBEFD 5.
B3 YUEITATHRERELMVTVS,
Bl%&4: L{HoTw3.
BES: KWICEHLHFEH), BERCIXRLETHREL TV S,
&6 WMESTHELT, EHRALAKRZ Lo TR TV,
%7 BEHRAEZB/ESTHOTVS., BRHEHLZEDFOHREL o T3,
mES: L{HoTwna.
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ERIFIETIOBOTOT 27 MBI hbhBEIEIZOVT, FOLI3KEZLN
S I

Bl SWEEB). BMTELL o U PLEKRI LVWERL L. fHOERNY IO
Vs e OEE - BRLEND L) ICHESDL L L,

&2 REMODLHNEBERENFTLETHS. KOO Tuvz 7 bTIE
HHAOT— OB LILOFHL, BRABE TCOAFETHhiTboLEBbLALR
HRETHL. BYFRFE2TLAEVOMMPETHL. S0k 277 i
BLT, 2ZO0BTERYDARVYY VA M- AT ZATHIECLIFAZ &EHFT
ENITRVEERS.

%3 BWw., 70727 M REBMTEL o7, TOF—<AFERITO 2 b
YD FIFORTwaZ T, HREBIIAHENRY S E®RILERE. Ll
EREHEOFBELE L, BoN-MBRELBELAELTEHR LW,

m&4: HAE, HEECatch-up 2O L BERANOERICHZ., COoBPHTITulos VK
KEEFTHILERVL, ABETHRELZFEGIEADO2H L. LA LEEDL £,
Pizid, ETHOREVCL2EEFOMBE DL, AT VIR EEN TS
72HIZ, TOYVELEBEDLDRAMEAVI EFYIHBETLERATLE).

mES: REMANVTHEEZ2BI LI ZLRERSD 5. HRERIIEIBZT T,
MELORR, KB LZHEREEN, FEFEZEE2MARLTHRL V.

mE6: RUMATOOUBEAEEICLZ>TETVAIIICRZA., SN 3L S
LPZVTHAH, SEOMBEEL )V INVOEROFELD 5.

mME7: VA2 2L THEATRVERE).
m%8: WFZEOFEMEL. WERR.



(3 &x7uvzs iz, BHHBESEHRLLADICOWVTII00CEB Y CLLEE
100MPall bk, BBICBWT3IRD LMY, BIUEREESBERIEEHICIOVT
1800°CICBWVWCHIERMETISMPalll, FBCBVW T3 LMY, 24575
CEREBEEL, F07010, aEHo%E, BRREBEEomMEREOMER L%
Har:b0MFike, b.AME, SHECHETRLERBETORRE, Sl
G, BREHE SR HER2ELYBEALL-GERKFORR, . BEKRE,
B EXRFB TR RNBAEFRZEOBR, dBEHENLO - K TR
BEHEZEOBRBEL2ITLII IR TVWE T,

CZWRKRENATO0V s POETHBCHELT, UDTOoOEMIEBEZ &

vy,

14 BHROBANOHRLANVNDPLAT, REBMESBEBIELEWGYTIANB LT
BHAEBEEIMLEY(Nb-AIR)ICOWT, BT TWi2EEOER TEMEY
ED XS ICEMT B .

M&1: TIAIOEHACOMERIZERE - L AEBELEZS. KEODEVRETT
ORE, 10 CTRILOLEZLICHEZARBLIEDADE S D, TiAlT MY v
IADEEMIENIFED L. NbREMICHIT 2EZMPZZO0EETHY, 1800
CTCOHEBRBEERIIPRETCEILRVWES ).

B2 COX3hTUTs hTrBRECLR, MR- HMEED CRE LS C
LThh. MEFRTHNE, BHRERERECEREM TR SN,

m%&3: TIAIE )Yy 7 TRERETHA). NbARTERBEFER A=AV - TOa A A
VIRBWOTR. LELNRTHEBMAAHIZLVWZEE2ER TR 2L 2V,

B&4: FREMBRBILZV. ELRENVRTRERATHREZZA., COLIREGETREN
HBICTELREBTL RV,

%S HAEGETEERTEREIAIAALEY, BRMELSREE ZFBICERKT S
s, 3%DMUTOBRIIFRTRZ Y. BINBEBEESSFHERE CEIRT, BuH
BTOEMESID EiFS5hTwaEEIE.

BlE6: HWBALEROAEESILLSHBIETRBHREIIBECTRE. FXETAAMTOR
WEFTIVvIZALDLFVEERDHEES).

&7 COMEIEBEEFAESEEICRE V. TIAITIZ1100CIZRBR ETd ML
BRETHL. BERXREORBEDLIL 2V,

E&8: ATEE. TiIAl T a 2HFAEKRE. I L 25B1L23EE 5. NbR L hH b Mo-
SiNERLTWA,
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U EREBEELLFOHEBIRZITH.

mME1: BHNEAROBREND->T, BUHRTOLANEL R,
mE2: 4 &3\

O3 HEMET, 208 2 HBRBENFERTE2VWES ).

BE4: NbRTIRA YTy b - b= b TH-RMBEEH LEY. €BBLAY DM
RELCERSPLELZDOESL) 2. BHARLERMCH T CTOEE, HEAIRTH 5.

BES: A &3\,
mEe: AEMEBUMEBLEORFELEDPL2ZEXHLEATHILILE.
mE7: 4 k3tE.
&S 4 L3k,

N BECYLT, LLoBB7 7Tu—Fi3 &Y ».
[%1: BHOERBATITOERAICIEIVAVSEHE, TL77-2LLEE@TALDOLD A,
M2 BEREOBVEITLISD2E LW,

HE3: WEELT7OEATR/K->TVE. FUEEHLFEEBEICL LIS T, ZRYWHE -
BEOBEE LY RO ICENL TBLEYFH 5.

b4 RERKIMAKHBOEETH), HERMERH~OBRFTE TS, NDRT
B, 770 —F E LTHME__HORBRI S L. ZTRC L 2EBEHRIL, $£-4
KEBV 7 MERBD2EFHS. HMEHFEL TR TLHADICY, FEZXTEOFKE
ETE2EOT, BHECBI2EK - HEROMBRPVLETH 5.

BES: THMBOREBPLSLKLY. BREELA YTy MEE OB ELHIPAH.

mE6: FEEMM~NDOILH, SOHCHEBKHEOCEERPHEERD L VT AHER
BBEEOMNBREEP LI-HAEEZELL LRV,

mE7: FWIRTREFEZTRCTLIEEBOBRRERBORIE R EORES &, #HE

RETI, ANAOBDY LVIELLL, LD b WENY L HRESER S
nas.

mEs: HEUWROoHAM. BRMEEDLKRRER.
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= —REBEMBLLTOERERILLGWHRICBIEIRKOBH I 22D,

HE&1: €BMEOEEL LTEZLNBEIDEFITLVIDORUITLETHA).
EAEBXRGEHERPETOMEBREETH»A, MUOBEOHME EHEIED L2
hEND DD, ‘

M2 AEEAH S EHY—Me KRB/, F0HETRIHRES.

M%3: EEE. FMETL2-00F -V FLE, FFA Y EMHBEFALEHETHIH L
5EXF AT L.

m&4: RFFEBRIZH 72 o Treference state 2 MFT LU ENZ L SN B,

BES: BEREECOVWTE2RE, BE, aX, RBEHLOLE, HFERT-5.
BT TRELE, B, UH, WEREMLCOME.

m&6: FREALE, WERIILME, BEHE.
7. #®E. KSogarihro-—iv, ¥,
&S RELBERXEFFHEOLEBIERLOAR.
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(4) F7/aP2 7 VEHEBMHBOEHBITHBLLT, AR-ZXAT7L - VBTV
VUoMHE, FTRAV-—EVBER, BMEOE—BEMSEITLATVET., 20 L)
ZHRZRZLO2VWT, DTOEMIIBEZ LS,

4 K70z 079y PELTHEEALIHBIIEHTRED.

Bl WRLEEZLDS, FALORFICRISDT-IORREFYI I VESL Y
VI LAERMAIFROONE) . ML L TRBEFREY A 2 VEF OAR
PLETHS.

B&2: LR,

BE3: H—HKEelT, KRIKEHEEOLT, 2R Twa. Baft - BRI KL
EHEUEOEREZEICBAPHLL TRV,

mE4: HEOME, HEMEL L TOREOHLENERTH L.
DES: ELLTEboLHAELHAREERS.

B%&6: FIVYEELBEEOBBLHOLZ LD, WBRILHA» 5850 CHAEE, HuMR,
HWEODYIIRFLERY A7 VEFBEBREEFBEHTESZ%),

Bl&7: AHY.
B8 T CICEERL 2V,

g ChoLDBEHRBRIH LTEEOMERMEEII&W TS 3 .
M1 4 &3tE.

mZ&2: 4 &3\,
ME&3: \ByEr8ETHBEEN.

m&4: 4 & 3Li\.

BI&S5: A &3tH.

m&6: 4 &3kl

&7 —BHZEHEZXESTELZ, REL-HRCEATAHE BB L D LN
PE.

B%8: EMAEG 2 FMRE D,

- 5-28 -



N EKT7uTzr PEROFAHE, Bh - TO R A0FERAA-TVIRESL TW

5%,

[ % 1:
o] % 2:
[ &3:
] & 4:
| &5:
[ &6:
o] % 7:
[ %8:

4 &b,

BEMEICE, BREOMEFLTHET .
= 3

4 & 3.

A &3,

A &3,

BREZEHAREEZTVS.

=37

T RUEUBESEHMAEWI IVERERMAEEMAALEHICOVT, EEMA T
DEERHEXR V.

B kES-C¥. BELLTHERESLEEL) THEPL, TL—F R LHE
ZABPbHEN N,

EE2: VV%—, AX-VHGPLOLE LT AL, BENICEDL2L 2V,

b3 BAEMICIEXSz 2wV,

mE4: 4 LA

mEs: HRMOFS2EL LR N7V EZECBBEHTR. TEH.

M6 EHBEOLEBERS .

mE7: REAR. 774253y 2ALOHES.

mES: #|I— IV FZE., RELEEN, BRERLBY A I VEROT -5 FLE.
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(5) A7uvyzsricBnT, EEFALICHMAREIHEL R NT VA2 H > THEAT
ENTVITH», EOLIBEBRNAEIFILELELZLNRDLTL LI P,

B%1: FMETEAMYOXLEBEOEENZHEHLHR LY. SHECRFMoOHE
PREN L TER LW,

EE2: HBRELHHOBBOEENERPLEDIHIICEAT VL. BEWE L TOF
BREATRLZEBBREFEL2EZ2 TB AL 2O, S5 IHETOHERB
L sy TEA L.

%3 BECAREHAME» OEBRER(T Y HFTEIHERV. YHEPLPBEPHEER
ZonTid, FMAELRBEIROONL. WERKOERE LT, Bt
g, HEHBPEEtoRERELHLTHI L.

m%4: ER7UV2Z Ve LTERTAOTHNIE, BEEONRE-bLL OEEL
LD ENRVWOTIR V.

B &sS: SEMFMAEORERLL 77— — bPOER. & KB HEERE ONME L
T—9. BRORBZHHIITE L LV,

H&6: BMILLBEBTEGARESAIOEMI). RoNDLERFE, Spo
NDEDHE. SBHM/IeWoAEHEEMOEMR & FIH.

mM&7: HAOHEOHRFTICKBTELF— %, HEEHEYEDOEFE(Weidbul).
M%&8: WVWAWABLRHMEISIN-—T1H 5.

(6) A7V FOHARBESHCOVTEDL I TEDLRIT T 2.
L REAMPLL-F-HOBRIRRI NG LAV,
BE2: AGELE 70927 VBRACRIAGCLOEHEOMBLEL 5.
M3 HHEFEOHER.
M%4: HREEORTF VY y VL%,

B%S: A—A—ta-—-¥F-—DBEHAL. IUINBIZEIZL, BROELZHDZ VLI IZ.
FEENET COMERRSLE.

mEe: HERAREFCOBEFE THRYHLHEE b2, HAUHOKK K % HH
ERIRIZOLRBEMREL XS5V EA T aVIHREANTH L VOTIEE 20D,

mME&7: RECIA2T7oLA, 8, HBEOAA-—TVIRYUTH /-,

mE8: EEFO—HIL.
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(7) X270V PEHZLEFE2RTL, PHFMAIBI 2D BT Eil%ko
TWET. %07V 27 FOEDHIEETEZIZBREFEEZBRLILEZEZS V.,

ME1: EBRGHETCORBMEZEITRVOTRZ VA,

B2 BEMEEFROEAFHETDHHLRLL. RERERFETHH, ZOHR
RFIETALBTIE, HERFEOMEIr REEINLIRETHS ).

B%3: EFHREEEE.

M%&4: BWCEILAMHERHOEZFOEBILAIKRERNOERK. BEOBE LK
BREGHOTFMEXERFORYE, BIUVREGREOHEBLIFEOLI LR L.

mE&s: KBBIEEDT—5 OHMR.

Bl%6: MERRETIR, BEBERNLOZOCRIEBILPHEDEOMNEILARTH
5, EMHEHRAL L TEANTEOEAYA P EFRILBEED L 3K ARES
ok ErE, SERLAYWOREHEMIIOLMFHT L. FEiETIX, RERYE
ODEBILEWHETE. MEITLVL—THF0B0EETRTVEY, hog#e 2ok
w9,

ME7: A—=2N— TV 77—20%I. HENNTVRADE ).

mE8: MEOESE.
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6. HBHREMELEMH (EERILEMBEEOTEDHARRERN Y X b

RED [BRHREURECEM(ERBRBALEY ] CTHTAHMERRLRTEROY R ML
DTEHTZ., COVAMNCEZEEHOBHRITEETR 5,

5 [BHREMCEMN R ERHELEEY)] OREBECHBITA2FHEMAZAMB LEM
KRk EBR&#EL LT, KEASM International D £ % "AeroMat"#5h 5. T D
KBULEERLERN T AHARREFEREIRLIB TH ), TORFEEETSZ I L
[BRRERCEMBEERLEAYAR] 7uV= /0D FICbkwitgEL 22
EIAFBEVEEZLRS.

ZEHOEBERY AL, HENZENER LYY —OFRI A TLJ0IS LW BRERL /-
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6.1. "AEROMAT"(Advanced Aerospace Materials/Processes
Conference)ll b 13 2BRIEEHMORRRER

(BHERERCEMB(EGEHILAY)] OXERRHEO D3 EFHEMEME L
LTOHBETH A, COLI)RAERHWFEMEMNBOMEMECEL T, ASM
International TI319904E L3k, "AeroMat" t BT AEEBELBIHEE LTS, &
DEBTE, FHEOMBLBUETO L AORRBEEFNFEEATVE. 2O
OPREMERED Ly YarvehoTWad, ZRALOHFTII0E L 519924 R
BN - BEBRItEWICBMETIHREODEB LU TRICE T 7.

Aero Mat'90

HIGH TEMPERATURE INTERMETALLICS
Session I: Process and Composite Development

Powder Processing of High Temperature Intermetallics:
N. Stoloff, Rensselaer Polytechnic Institute

Solidification of Intermetallics:
R. Mehrabian, University of California

Stability of Reinforcement Materials in Refractory Aluminides:
T. G. Nieh, J. §S. Lee, Lockheed Missiles & Space Co.

Characterization of Refractory Metal-Based Intermetallics and Composites:
R. Mahaptra, E. W. Lee, T. A. Kircher, Naval Air Development Center

Coatings for Stress Accommodation in Fiber Reinforced Intermetallic
Composites:
R. C. Krutenat, Avco Specialty Materials

Session II: Mechanical Behavior

Refractory Silicides and Silicide Matrix Materials:
P. J. Meschter, McDonnell Douglas Research Laboratories

MoSiy Composites:
D. H. Carter, P. Martin, Los Alamos National Laboratories

Approaches and Potential for Toughening of Intermetallics:
T. Evans, University of California

Properties of Refractory Beryllides:
T. G. Nieh, J. §. Lee, Lockheed Missiles & Space Co.

Potential Application of Refractory Beryllides in Aerospace Structures:
J. Ryder, K. Lauraitis, T. Mukherji, Lockheed Aeronautical Systems
Co.
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Session III: Mechanical Behavior (continued)

Niobium/Niobium Silicide In-Situ Composites:
D. Dimiduk, M. Mendiratta, Wright Research and Development Center

Creep of Intermetallics:
R. Hecht, M. Maloney, D. Shah, Pratt & Whitney Aircraft

An Overview of Nickel and Iron Aluminide Technology:
V. K. Sikka, J. R. Weir, Jr., Oak Ridge National Laboratories

High Temperature Interfacial Stability and Mechanical Behavior of IC-221
Ni3Al Composites:

P. C. Brennan, W, H. Kao, J. M. Yang, The Aerospace Corp.

Cyclic Deformation Response of Poly Crystalline NijzAl as a Function of

Temperature, Composition, and Strain Rate:
G. Webb, S. D. Antolovich, Georgia Institute of Technology
Session IV: Environmental Stability

Environmental Stability of Intermetallic Compounds:
G. H. Meier, University of Pittsburgh

Silicides as Refractory Materials for Advanced Gas Turbines:
N. Bornstein, United Technologies Research Center
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Production of Alpha-Two and Gamma Titanium Aluminide Mill Products:
P. J. Bania, TIMET Corp.
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D. B. Knorr, Rensselaer Polytechnic Institute

Superplastic Forming and Diffusion Bonding of Titanium Aluminides:
C. C. Bamptom, Rockwell International Science Center

Microstrcture and Properties of Titanium Aluminide Foils:
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S. M. Tuominen, Teledyne Wah Chang

Environmental Effects on Titanium Aluminides:
J. A. Hall, Allied Signal Corp.

Hydrogen Effects in Titanium Aluminides:
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Advances in Pressure Infiltration Casting of Metal Matrix Composites:
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Lamellar orientation dependent anisotropy of fracture
toughness in y-base titanium aluminide.

MITAO S,ISAWA T, TSUYAMA S (NKK)

Scr Metall Mater VOL. 26, NO. 9 PAGE. 1405-14101992

BRAGHET i Al OERICRIZTT « 2HO%E
BREE, D RS, B8R KREXK )
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MERLY DR TORREBIREH

Elevated Temperature Crack Growth in Aircraft Engine
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Supera2FFUy7INIFARRE Yy ZvHNTINIFA FOBEBEEBIORENT

Analyses of the Superplastic Behavior in Super «2 Tit
anium Aluminide and y° Nickel Aluminide.

YANG H S,JIN P, MUKHERJEE A K@Univ. California)

Mater Trans JIM VOL. 33, NO. 1 PAGE. 38 -441992
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Effects of hydrogen on the hydride transformation 1in
Ti-24A1-11Nb alloys.

ROZENAK P,DANGUR M@Ben-Gurion Univ.)

J] Mater Sci VOL. 27, NO. 9 PAGE. 2273-22781992

SRR OT i A |l EREILAOBMEE 11 Ef - BHES

Mechanical behaviour of fine grained TiAl intermetall
ic compound—II. Ductile-brittle transition.

IMAYEV R M,KAIBYSHEV O A,SALISHCHEV G A(Inst. Metals S
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Acta Metall Mater VOL. 40, NO. 3 PAGE. 589 -595 1992

BMIGERNOT i A | EBRLEHORRNEE 1 B84

Mechanical behaviour of fine grained TiAl intermetall
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IMAYEV R MKAIBYSHEV O A,SALISHCHEV G A(Inst. Metals S
uperplasticity)

Acta Metall Mater VOL. 40, NO. 3 PAGE. 581 -5871992

FE LTI A FEEICBITHKEOBHRE

Hydrogen solubility in a titanium aluminide alloy.
CHU W-Y, THOMPSON A W WILLIAMS J C(Carnegie Mellon Uni
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Acta Metall Mater VOL. 40, NO. 3 PAGE. 455 -462 1992

FI-TNVI=UaE&E, Ti13A1, TiAl, TiAl3oxERoH

Surface reactivity of titanium-aluminum alloys: Ti3 A
I, TiAl, and TiAlS3.

MENCER D E JR,HESS T R,MEBRAHTU T,COCKE D L,NAUGLE D G
(Texas A&M Univ.)

J Vac Sci Technol A VOL. 9, NO. 3 Pt 2PAGE. 1610-1615 1991

ZHRF I VT NVE A FOBEEER

Superplastic Behavior of Two-Phase Titanium Aluminide
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CHENG S C,SHERBY O D(Stanford Univ. ,WOLFENSTINE J@Wniv.
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Metall Trans A VOL. 23, NO. 5 PAGE. 1509-151 31992

Ti-AlRSBHELERDZ ) — TRHBEOHRE
BNk Gidek I
FHERBIGEMAEHESR VOL. 1990 PAGE. 71 -751992

TiAlE€RELEYR « 2HOBKEEL

Oxygen scavenging effect of the «2 phase in the TiAl
intermetallic compound.

UEMORI R,HANAMURA T,MORIKAWA HNippon Steel)

Scr Metall Mater VOL. 26, NO. 6 PAGE. 969 -974 1992

KBEBLIOAS ) — VR TDFF Y - TN =y A2REILEHOIEHEASIN

Stress corrosion cracking of titanium aluminide alloy
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ZHANG Y,WANG Y-B,CHU W-Y,HSTAO C-M(Univ. Science and Te
chnology, Beijing), THOMPSON A W(Carnegie Mellon Univ.)
Scr Metall Mater VOL. 26, NO, 6 PAGE. 925 -928 1992
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Initiation and slow stable growth of brittle cracks 1
n TiAl.

GAO K-W,WANG Y-B,CHU W-Y,HSTIAO C-M@Univ. Sci. and Tech.,
Beijing)y, THOMPSON A W Carnegie Mellon Univ.)

Scr Metall Mater VOL. 26, NO. 5 PAGE. 813 -81 71992

Ti2A 1 NDSEMLEWOMMEEE) ZFITTHMIEEDOCE

The effect of microstructures on mechanical behaviors
of Ti2AINb intermetallic compounds.

LIMING WMEI YMHarbin Inst. Technology, Harbin); DUNXU Z,

DONG Z,QIGONG C(Central Iron and Steel Research Inst.,
Beijing)

Scr Metall Mater VOL. 26, NO. 5 PAGE. 781 -7851992

FEY-TNIZYAGEOEFSEBERICRIZTIDAOLOHR

Effect of stress ratio on fatigue crack growth in a t
itanium aluminide alloy.
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Int J Fract VOL. 52, NO. 3 PAGE. R51-R541991

FIVTVIFAFREETI -24A1 -1 1NbORHTEBBICRIZTARENRR

Hydrogen Effects on Brittle Fracture of the Titanium
Aluminide Alloy Ti-24A1-11Nb.

CHU W-Y, THOMPSON A W Carnegie Mellon Univ.)

Metall Trans A VOL. 23, NO. 4 PAGE. 1299-13121992

BRBMEHREDTOTIVIF 5 v O AME

Thin coatings for protecting titanium aluminides in h
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WIEDEMANN K E, TAYLOR P J((Analytical Services and Mater
ials;CLARK R K, WALLACE T ANASA Langley Research Cente
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Environ Eff Adv Mater PAGE. 107-121 1991

BRAEEBECLATAI AL FORE

Corrosion of aluminides by molten nitrate salt.
TORTORELLI P F,BISHOP P S(QOak Ridge National Lab.)
Environ Eff Adv Mater PAGE. 91-105 1991

IBIRIL L 727 V= BT V3T & V2B B REOBBRERTARE W

Hydrogen solubility and hydride formation in a therma
lly charged gamma-based titanium aluminide.

BOODEY J B®Naval Air Development Center),GAO M,WEI R P
(Lehigh Univ.)

Environ Eff Adv Mater PAGE. 57 -65 1991

FEVTNIFA FEEORREOXE

Environmental effects in titanium aluminide alloys.
THOMPSON A W(Carnegie Mellon Univ.)

Environ Eff Adv Mater PAGE. 21 -331991

CrEgATi3A1+TiAlAESORBRMEROKMEELL

Microstructure evolution during heat treatment of a C
r-bearing Ti3A1+TiAl alloy.

ZHENG Y,ZHAO L, TANGRI K@@Univ. Manitoba)

Scr Metall Mater VOL. 26, NO. 2 PAGE. 219 -2241992
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An initial study of the superplastic behaviour of a T
1i3A]l-based alloy.

STRANGWOOD MHIPPSLEY C A(AEA Technology)y,GINGELL A,WAL
LACH E R@WUniv. Cambridge)

J] Mater Sci Lett VOL. 11, NO. 6 PAGE. 317 -3201992

ZoDH =T i - TV =y AREBMLAY OMAEE)

Aspects on mechanical! behavior of two gamma Ti-alumin
ide base intermetallics.

NAZMY M,STAUBLI MABB Power Generation); ANTON D@@United
Technologies Res.)

Scr Metall Mater VOL. 26, NO. 1 PAGE. 105-1081992

MEORRICBITAZ2ER LB SERRLEWOTMMFMIC BT 5 REMAEOER S
Bk GRIeR I
HASEZS#EME VOL. 109th PAGE. 1181991

TiAl2E=TXR (FeliZNi) F2r 73+ A FizonT

Study on TiAl2-based ternary (Fe orNi) titanium alumi
nides.

DURLU N,INAL O T®New Mexico Inst. Mining and Technolog
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J Mater Sci VOL. 27, NO. 5PAGE. 1175-11781992

TiAlEBEEROBENEL
JIMHE GRIEK)
BASR¥2%% VOL. 30, NO. 11 PAGE. 897-9041991

KEFr—JLTi 3ALEBITAHLwAZLDHA

A novel hydride phase in hydrogen charged Ti3Al.
SCHWARTZ D S,LEDERICH R J,SASTRY S M LMcDonnell Dougl
as), YELON W B,BERLINER R R@Univ. Missouri-Columbia)
Acta Metall Mater VOL. 39, NO. 11 PAGE. 2799-28031991

T i A | €EBMLEYORREEEG OMBETTE
ATH &, FHE (ERERTIE  RKBH
AAESRFXEEME VOL. 109th PAGE. 1711991

MEORERICBIIZEHLBEE Ti3A|SRBMLEWD S ) — TEREE L THRASLL
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EMOEETE (Hf, Ta, W, Re) 8ATi A lEGEOHBTE
BARRE, EARIGH, (SHHHD
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«a 2FF VTN FA FEESOKEFEER 7 olBRRE

Developing Hydrogen-Tolerant Microstructures for an a
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CHAN K S(Southwest Research Inst.)
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Oxide properties of a gamma titanium aluminide: A sur
face science study.

TAYLOR T N,PAFFETT M T(Los Alamos National Lab.)

US DOE Rep LA-UR91-2679 PAGE. 19 p 1991

Ti-31~39mas s%AlAESOEREIFTERRRT ORI X 2HEBIEONE

Improvement in Oxidation Resistance of the Ti-31 ~ 39
mass%Al Alloys by Heat Treatment under a Low Partial
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SUZUKI T,GOTO M, YOSHIHARA M TANAKA R(Yokohama National
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Mater Trans JIM VOL. 32, NO. 11 PAGE. 1017-10231991

TiAlSBHILEHOERERARICEIT LML IR
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AA&B¥4% VOL. 55, NO. 10 PAGE. 1045-10531991

FUREBBLEMT i 3 A | OB
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AAx&E¥&s& VOL. 55, NO. 9 PAGE. 1023-10301991

Ti3AI+TiAISHEESCBILIRMERICHTATEMEE

TEM investigation on the interfacial boundaries in as
-cast Ti3A1+TiAl alloy.

ZHAO L, TANGRI K@Wniv. Manitoba)

Acta Metall Mater VOL. 39, NO., 10PAGE. 2209-222 41991

FEVTNIZTABEDS ) —TERBREY o« 2HOSH LB 2ROFEOXE

Creep and high temperature deformation of titanium al
uminide alloys: influence of «2 phase distribution an
d B2 phase decomposition.

MORRIS M A@Univ. Neuchatel)

Mater Sci Eng A VOL. 148, NO. 1 PAGE. 33-431991

BRICBITZEREMLEWMT I AIRUTTI ALC r OBiEENY

Fracture Toughness of Intermetallic Compounds TiAl an
d Ti (Al, Cr) at Elevated Temperatures.

GNANAMOORTHY R,MUTOH Y®Nagaoka Univ.)
BAMBESHE I PRERRERCE VOL. 1991 -BPAGE. 330-3321991

Ti3Al -Nb&E&FTOHAMLERE

On the ordering transformations in Ti3 Al-Nb alloy.

LI D,ZHOU J,CHANG X,GUAN S(Inst. Metal Research, Academ
ia Sinica)

Jinshu Xuebao VOL. 26, NO. 6 PAGE. A443-A448199

TiAlEBRELEWOEY A 7 VIESTRBERTE

Low-cycle Fatigue Properties of TiAl Intermetallic Co
mpounds.

INCIBAZ, TRk, 75 B8 (&4 i)

$&8 VOL. 78, NO. 1 PAGE. 134-1401992

EH7VI=oAEEE=TL It

Ductile aluminium and brittle trialuminides.
COTTRELL A H@UWniv. Cambridge)

Mater Sci Technol VOL. 7, NO. 11 PAGE. 981 -9831991
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Thermophysical properties of TiAl intermetallic compo
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FRE, BF—BR (UFX I); BPFEE (HHEME)

Thermophys Prop VOL. 12th PAGE. 263 -266 1991

ZHF Y Y- TV =g AMEEY ORI E O

Microstructural characteristics of two-phase titanium
aluminides.

FENG C R, MICHEL D J,CROWE C RNaval Research Lab., Was

hington)

Mater Sci Eng A VOL. 145, NO. 2PAGE. 257 -264 1991

FEV-TNIFAL FOFRRECRRZTEEEAREORE

Effect of Chlorine Content on Tensile Properties of T
itanium Aluminide.

OGISHI H,MAKIMURA M,ONO H,MINAKATA S(Kawasaki Heavy In
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ISIJ Int VOL. 31, NO. 10PAGE. 1168-1171 1991

TiAlERMILEYOBRE LBRILEE
AL W, SARAA, BEE (KFARHKH)
BXAMM VOL. 62, NO. 4 PAGE. 252 -26 01991

TiAlGEOBBRHBECRIZTRERVEBROEE

Effect of Carbon and Nitrogen on Mechanical Propertie
s of TiAl Alloys.

KAWABATA T,TADANO M,I1ZUMI O(Tohoku Univ.)

ISIJ Int VOL. 31, NO. 10PAGE. 1161-11671991

< VHVERT I Al BEASOBRIIBIT HELER

Deformation Behaviour of TiAl Base Alloy Containing M
anganese at Elevated Temperatures.

HASHIMOTO K,NOBUKI M, TSUJIMOTO T(National Research Ins
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a2+ BFI=TATINVIFA FEEDIY—TF

Creep of e2+4+p Titanium Aluminide Alloys.
THOMPSON A W,POLLOCK T M Carnegie Mellon Univ.)
ISIJ Int VOL. 31, NO. 10PAGE. 1139-11461991

TIiVvFRTIAIHEEOTIiAL/TIi3AIBRESEHPLLDT I AlHOER L BEEEE)
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YAMAGUCHI MEyoto Univ.)

ISIJ] Iant VOL. 31, NO. 10PAGE. 1127-11331991

Cro|mctnBBLAT I Al AEOBMMSGE EHS

Microstructure and Ductility of TiAl Alloys Modified
by Cr Addition.
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Hydrogen induced cracking and microstructure effect i
n titanium aluminide.

CHU W-Y, THOMPSON A W Carnegie Mellon Univ.)

High Perform Compos 1990’ s PAGE. 143-1571991

TiAl+MnéE&oEHELEY

Compressive deformation behavior of TiAl+An alloys.
KAD B,OLIVER B F@Univ. Tenessee)

Microstruct Sci VOL. 18 PAGE. 211-219199

TiAl+Mn&ETORRICHE L kS

Twinning related fractures in TiAl+Mn alloys.
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VHBEEA] 3T i @RRAYOBMBMKEICRIZTT i 0%
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f the cubic modifications of AIl3Ti intermetallic comp
ound.

WINNICKA M B, VARIN R A(@Univ. Waterloo)

Scr Metall Mater VOL. 25, NO. 10PAGE. 2297-2302 1991

FEY-TNIZT AEBBMLEY I T 2 KEORE

Effect of Hydrogen on Behavior of the Intermetallic T
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SAMPE Q VOL. 22, NO. 4 PAGE. 29 - 351991

TiA | OBEICS X IZTRHMEE L AELYOXE

Effect of microstructure and hydrides on fracture of
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CHU W Y, THOMPSON A W Carnegie Mellon Univ.)

Scr Metall Mater VOL. 25, NO. 9 PAGE. 2133-21381991

7370 NEDT i Al ERRILAYORIRIC BT 5 RN EE)

Mechanical behaviour of TiAl submicrocrystalline inte
rmetallic compound at elevated temperatures.
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Ti-34A1¢Ti-36A1DENRRLETISIITIST 4
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T i /A | €BREICAWHROBERS T OBERT

BHEX, EED (&HEHD
BAMARABEE VOL. 38th PAGE. 295 -298 1991

- 6-32 -



4BOT i /A | RERHRLEWHEOLARL
BRI, BiREk, EIFHE, R (&4 50
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MITAO S, TSUYAMA S, MINAKAWA K(NKK)
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Phase transformation and deformation mechanism of Ti3
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NOBUKI M, TSUJIMOTO T(National Research Inst. Metals)
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Microstructure Control of Titanium Aluminide Powder C
ompacts by Thermochemical Processing.

APGAR L S,EYLON D@Wniv. Dayton)

ISIJ Int VOL. 31, NO. 8 PAGE. 915-921 1991

T i A | REBRMLEW OBERMEIFTE
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Ti-AlSBRLAEYE, + SHMESASSEOBREEEY

High Temperature Deformation Behavior of Titanium-Alu
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BHREENOSREMLEWT i A | OMWEKER 11 Ktk - EHES
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MMAEB P M,KAMBBHIWEB O A,CAJHWIIEB T A

Fiz Met Metalloved NO. 3PAGE. 179-1871991

FEUTNIFA FOBELORETORBRK L MTHELER

Yielding and work hardening behaviour of titanium alu
minides at different temperatures.

RAO P P, TANGRI K@@Univ. Manitoba)

Mater Sci Eng A VOL. 132 PAGE. 49 -591991

T i Al ZE&&ORRKICH OREKREHE

On the temperature dependence of yield stress in TiAl
base alloys.

HUANG S C,HALL E L(GGE Corporate Research and Developme
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Scr Metall Mater VOL. 25, NO. 8 PAGE. 1805-18091991

F& TN =g MEERITBIT A NETMHL

Twin toughening in titanium aluminide.

DEVE H E,EVANS A GWUniv. California)

Acta Metall Mater VOL. 39, NO. 6 PAGE. 1171-1176 1991

TiAlEZEGENDNFT T ABINEROBAT

Characterization of the effect of vanadium additions
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HUANG S-C,HALL E L(General Electric Research and Devel
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Acta Metall Mater VOL. 39, NO. 6 PAGE. 1053-106 0 1991

Mo@Ti Al EBRACAHOI 7 0BEICOWTHOAPFIMEHREMIZL 205

A combined AP-FIM/HREM approach to the characterizati
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SAGA M,UEMORI R, TANINO M,MORIKAWA H(Nippon Steel)

Surf Sci VOL. 246, NO. 1.3 PAGE. 231-2371991

Ti-24A1-11Nbaeomlny

FIRAHE, MERER (BBHERK I, S ERERK KER)
HMEE otz VOL. 4, NO. 2 PAGE. 736 1991
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The decomposition of alpha phase during continuous co

oling and isothermal transformation in gamma titanium
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MCQUAY P A,DIMIDUK D MWL/MLLM); SEMIATIN S L@Battelle)

Scr Metall Mater VOL. 25, NO. 7PAGE. 1689 -1694 1991

ZATEFVEREAETAT i 3A | EASOMMIEE

Microstructure of Ti3Al based alloys containing niobi
um and silicon.

CHEN D,ES-SOUNI M BEAVEN P A,WAGNER R(GKSS)

Scr Metall Mater VOL. 25, NO. 6 PAGE. 1363-1368 1991

SERMEEWT | A | OBEDH
B —3E (BT
HABMERBERSEHELHERLE VOL. 68th, NO. Pt APAGE. 213-2151991
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DAy 2 ABEEBNMTICEAXDTMA VYF ¥ 7= AMUERORE

Manufacture of XDTM gamma titanium aluminide airfoils
via investment casting and machining.

COLVIN G,CIANCI MKLEYN B,VANDERLEEST L(Howme t)

Microstruct Prop Relatsh Titan Alum Alloys PAGE. 361-3
69 1991

MA - PS (77 XA<hESEKE) #iC & 2 ERHRERM K OBIR
ARHE, DRAE— BHRK)
BEBLUTHEEE VOL. 39, NO. 4 PAGE. 287 -2901992
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Deformation and Fracture of Ti- and Ti3Al-Matrix
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YANG J-M,JENG S M@Univ. California)

JOM VOL. 44, NO. 6 PAGE. 52 -571992

HZEFHEERUTHNREV AT LR OERR S EBRILEHERESHE

Metal- and Intermetallic-Matrix Composites for
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DOYCHAK J(NASA Lewis Research)

JOM VOL. 44, NO. 6 PAGE. 46 -511992

IV BB TIRILLEF I T ANI = akA (TiALl3) OBESOER
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HORSFALL I,CUNDY S J(Cranfield Inst.)

Ceram Eng Sci Proc VOL. 13, NO. 9—10 PAGE. 605-61 31992

TiAl-Ti2A]lNEAHORETS TR L EDOERFFE

Processing of TiAl-Ti2AIN composites and their
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MABUCHI H,TSUDA H,NAKAYAMA Y @&KFK); SUKEDAI E (flX)
J] Mater Res VOL. 7, NO. 4 PAGE. 894 -900 1992

EBHME /< ) v s ARBBEELT VI =9 2MbF & VY EEME O
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RHODES C G,BAMPTON C C(Rockwell);GRAVES J AHowmet)
Intermet Matrix Compos PAGE. 349 -3541990

SCS -6/T i 3A1EEMHOBMNES - HBEORE

Mechanical behavior and failure mechanisms of
SCS-6/Ti3A1 composites.

JENG S M,YANG C J,YANG J-M@@Univ. California)
ROSENTHAL D G,GOEBEL JMaterials Technology Lab.)
Intermet Matrix Compos PAGE. 277 -2841990

FALHEIEWEEZECT i A | OBRED

The high temperature behaviour of TiAl containing
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Intermet Matrix Compos PAGE. 241 -2481990
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High Temperature Interactions of Metallic Matrices
with Ceramic Reinforcements.

JOSHI A,CHOU T C,WADSWORTH J(Lockheed)

AD Rep AD-A244026 PAGE. 205 p 1991

y - TiAl&&hORmATT
Carbide precipitation in y-TiAl alloys.
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BARBUTO A T(General Electric Co.)

Microstruct Sci VOL. 18PAGE. 125-1311990

YhHE&HLI28 (Al, Cr) 3TiASDERERLENM
HHEHER, EHEE LK)
BEBFSRSHEFEME VOL. 81st PAGE. 153-154 1991

MARHEA L 3T i SREILAHOBMMEEICRIZTT | OFE

The effect of titanium on the mechanical properties o
f the cubic modifications of AI3Ti intermetallic comp
ound.

WINNICKA M B,VARIN R A@Univ. Waterloo)

Scr Metall Mater VOL. 25, NO. 10 PAGE. 22987-23021991
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HIRFEZTNIFAFIBTLERBEPOT IV T 7 M DHHE & FRER

The decomposition of alpha phase during continuous co

oling and isothermal transformation in gamma titanium
aluminide.

MCQUAY P A,DIMIDUK D MWL /MLLM); SEMIATIN S L@Battelle M
emorial Inst.)

Scr Metall Mater VOL. 25, NO. 7PAGE. 1689 -1694 1991

ZFTETVELRSETAT I 3A | ZE5EOHMEE

Microstructure of Ti3Al based alloys containing niobi
um and silicon.

CHEN D,ES-SOUNI M BEAVEN P A WAGNER R(GKSS-Research Cen
tre)

Scr Metall Mater VOL. 25, NO. 6 PAGE. 1363-136 81991
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TiAlSEHILEY
FERERIH)
HERTE VOL. 37, NO. EFF5 PAGE. 109-1101992

BEASEMILAWORE Ti-AlREHLELT
TRAMEAL (S EHE)
FC Rep VOL. 10, NO. 7PAGE. 222-2291992

W7 VIR UERMILEY

High-Temperature Aluminides and Intermetallics.
PARAMESWARAN V RNational Research Council of Canada)
JOM VOL. 44, NO. 6 PAGE. 41-431992

T HBBI BT 2 HEH
F T~ (BB )
HA#SMBHFRSHEASHEEEE VOL. 34th PAGE. 91 -94 1992

At BB EEMEHERASE, SRHtSYINEnALHREST FHIEE T%
(BRI THE, RIERERE - SEMEFZRRREE) PAGE. 371 p 1992

Bt s#EEHARRLIER, SRRILEENSIMALZREE FHIFEE LB
(AWM TRE, AUAER - BEMAHAERRES PAGE. 251 p 1992

PERDFHIVTNIZILAEGELINENTI 2AINDEDEE

Ti2AINb-based alloys outperform conventional titanium
aluminides.

Adv Mater Processes VOL. 141, NO. 3 PAGE. 33-351992

MEFEHVAT AHSBRE LEYHEORE

Development of intermetallic materials for aerospace
systems.

DIMIDUK D M,MIRACLE D B,WARD C HWright Lab.)

Mater Sci Technol!l VOL. 8, NO. 4 PAGE. 367 -3751992

RIRAERMEEW L<WKTIALCHEEBWT

High temperature intermetallics-with particular
emphasis on TiAl.

YAMAGUCHI MEyoto Univ.)

Mater Sci Technol VOL. 8, NO. 4 PAGE. 299 -3071992

' 92HE0BRE €BOBR
FORECAST ' 92. Developments in Metals.
Adv Mater Processes VOL. 141, NO. 1 PAGE. 17-251992

ERMLEWBRAME OBIZRBA
BEB KERER - HaMEHERRE)
€B VOL. 62, NO. 4 PAGE. 48 -551992

HERER B A OmZEh

AR (& BT
€& VOL. 62, NO. 4 PAGE. 4 - 51992
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Study on TiAl2-based ternary (Fe orNi) titanium alumi
nides.

DURLU N,INAL O TNew Mexico Inst. Mining Technology)

J] Mater Sci VOL. 27, NO. 5PAGE. 1175-11781992

Ti-AlRERAESHOREOBRK
BALAA (ERBEER TR 55
7WVRFET VOL. 22, NO. 3 PAGE. 13-191992

FEUTFTINIFAY BHOIVIYORDOMB %R

Titanium Aluminides:. Tough Materials for Tomorrow s E
ngines.
ASHLEY §

Mech Eng VOL. 113, NO. 12PAGE. 49-521991

EMTNI =L bEE=ZT VIt

Ductile aluminium and brittle trialuminides.
COTTRELL A H@Univ. Cambridge)

Mater Sci Technol VOL. 7, NO. 11 PAGE. 981 -983 1991

TiA|EEBRRILEWOMKIT L BLEE

Phase Reactions and Processing in the Ti-A]l based Int
ermetallics.

PEREPEZKO J H@Wniv. Wisconsin)

ISTJ Int VOL. 31, NO. 10PAGE. 1080-10871991

FELZTATIVI T FOME, HE, RUHME

Production, Characteristics, and Commercialization of
Titanium Aluminides.

FROES F H,SURYANARAYANA CWniv. Idaho)

ISIJ Int VOL. 31, NO. 10PAGE. 1235-12481991

FILVWITUOAR-ZAV AT LALEERILSYORTDOEES

Recent Progress on Intermetallic Alloys for Advanced
Aerospace Systems.

DIMIDUK D M,MIRACLE D BWL/MLLM;KIM Y-WMetcut-Materia
ls ResearchyMENDIRATTA M G(Universal Energy Systems)
ISIJ Int VOL. 31, NO. 10PAGE. 1223-12341991

RATHARIRER L LTHRERT V=T i - A L 1LAoEESKER

Development in Processing Technology of Gamma Titaniu
m Aluminides for Potential Application to Airframe St
ructures,

MATSUO M©Nippon Steel Corp.)

ISIJ] Int VOL. 31, NO. 10PAGE. 1212-12221991

ERMILEY L 4 KBR
SAPRERTA D)
BEAF YLV AHE#H NO. 25 PAGE. 1-71990

MEFrHAERBEMRONR T IBE

Overview of research on aerospace metallic structural
materials.

ROSENSTEIN A H@W. S. Air Force)

Mater Sci Eng A VOL. 143, NO. 1./2PAGE. 31-411991
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HBARPK R LK)
A¥#HFEHM VOL. 2, NO. 3 PAGE. 52 - 54 1991

=7V =y a{bF 5 Y OBRBOEL

Progress in the Understanding of Gamma Titanium alumi
nides.

KIM Y-W@Univ., Dayton),DIMIDUK D M(U. S. Air Force Wright
Lab.)

JOM VOL. 43, NO. 8 PAGE. 40 -47 1991

EREMLE YO BHNR
HEREE RIEAVERE - HAMEHERRES)
WWIE® VOL. 24, NO. 6 PAGE. 55 - 59 1991

ELCEHTEBRRTIAL FV - TAIFA FEREILEHOERAA~ORE
RRFRR (A KB EH©)
Ny vFYy— VOL. 7, NO. 9 PAGE. 2 - 81991

BEH#SEM LM B ORRECET 54F%

EAGE, W5, ZIE, SRE—, WOsAT, PREX, HEAME, SREX, 1THM (EM D
HESRIT RBAR IR R A#RER VOL. 12 PAGE. 1-171991
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NbA |l 3OEFHECRIZTE-NVI) YOS
The effect of ball milling on onsolidation properties
of NbA3.

YOSHIZAWA H,SAITO Y(IHI)

Mater Sci Forum VOL. 8890 PAGE. 655-6621992

BLANVF—R—- NI NI L 2EBEILEAHOBETARRAES B L CHER

Atomic disorder and phase transitions 1in
intermetallic compounds by high-energy ball mil!ling.
BAKKER H,DI L M@Univ. Amsterdam)

Mater Sci Forum VOL. 88/90PAGE. 27 -341992

BERESTHELAZNDA]l 3N v 7 XEEHEORIL

Oxidation of power processed NbAI3 matrix composites.
KORINKO P S,DUQUETTE D J(Rensselaer Polytechnic)
Intermet Matrix Compos PAGE. 423 -4281990

HYBEBMND -26at%Ti-48at%AlEEHE

Particle-reinforced Nb-26at%Ti-48at%Al composites.
AIKIN R M JR,MCCUBBIN P E,

CHRISTODOULOU LMartin Marietta)

Intermet Matrix Compos PAGE. 307-3131990

MABDOEDCIZE B )/ &RDEF

Nano-crystalline consolidation of MA powders by EDC.
KIM D K,OKAZAKI K@Univ. Kentucky)

Mater Sci Forum VOL. 8890 PAGE. 553 -560 1992

RETHDHOZOOMAEE

MA alloys for aerospace applications.
ELLIOTT I C,HACK G A J(Inco Alloys)
Struct Appl Mech Alloy PAGE. 15-241990

AAmAhnTaAf rZICEDERLEZAL/NDb, Ti/AIBEOEBEILLHE

Change in Morphology of Mechanically Alloyed Nb Al
and Ti /A1l Powders and Their Material Properties.
PARK Y H,HASHIMOTO H,WATANABE R(Tohoku Univ.)

J Adv Sci VOL. 3, NO. 4 PAGE. 223-230199

ABZHNTOAL Y TBIER—VINZEYVEREL-F/ EREEE
Nanocrystalline alloys prepared by mechanical
alloying and ball milling.

OEHRING M BORMANN R(GGKSS-Research Center)
Mater Sci Eng A VOL. 134 PAGE. 1330-13331991

BB L 2B BLEYIC BT 2 RFOARHANL

Atomic disorder in intermetallic ompounds by
mechanical attrition.

DI L M,LOEFF P I,BAKKER H®Natuurkunding Lab.)
Mater Sci Eng A VOL. 134PAGE. 1323-13251991
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In Situ Ductile Toughening of Nb2Al by Combustion
Synthesis.

BHATTACHARYA A X@@Univ. Cincinnati)

J] Am Ceram Soc VOL. 75, NO. 6 PAGE. 1678 -1681 1992

ZATTNI=T Al (NbAL3) ORISLE

Reactive processing of niobium aluminide NbAI3.
MURRAY J C,GERMAN R MRensselaer Polytechnic)

Adv Powder Metall VOL. 1990, NO. Vol 2 PAGE. 145-1601990

BREIMIENIESREII v s M) v 2 AOBEEHE

A Ceramic Matrix Composite Obtained by Highly
Exothermic Re action.

BOTTA W ] F,PANDOLFELLI V C,RODRIGUES J A, TOMASI R(@Wniwv.
Federal de Sao Carlos)y, STEVENS R@Univ. Leeds)

DERBY B@Univ. Oxford);BROOK R JM™Max Planck Inst.)

J] Eur Ceram Soc VOL. 9, NO. 1 PAGE. 67 -731992

NbA |l 3EEEMEORKISHEARK

Reactive Synthesis of NbAI!3 Matrix Composites.

LU L,KIM Y S,GOKHALE A B,ABBASCHIAN R (Univ. Florida)
Intermet Matrix Compos PAGE. 79 -871990

FIGAHENDA L 3 - NbBEREMBIIBIZTNVIFREI—T 1 Y ITBOEDRHEHK

In situ formation of an alumina interface coating 1in
reactively synthesized NbAI3-Nb composites.

LU L,GOKHALE A B,ABBASCHIAN R@Wniv. Florida)

Mater Sci Eng A VOL. 144, NO. 12 PAGE. 11-231991

TWIFA R M)y s AEEMBORIEREB L URIGHI P

Reactive sintering and reactive hot isostatic
compaction of aluminide matrix composites.
MISIOLEK W,GERMAN R M(Rensselaer Polytechnic)
Mater Sci Eng A VOL. 144, NO. 12 PAGE. 1-101991

ZFTTNVIFA FORBEEE L £ OMMNHE

Combustion synthesis of niobium aluminide and its
mechanical properties.

BHATTACHARYA A K,HO C T,SEKHAR J A@Wniv. Cincinnati)
] Mater Sci Lett VOL. 11, NO. 8 PAGE. 475 -4761992

HFLOWBESPF SN EHERMLEWOAEK

Synthesis of exotic compounds with exotic properties
INOIEW, NeBE, FIEFE, AHEE, BEEA, €T X

HEMNZRERMFEFEHEE VOL. 14 (1991) PAGE. 35-391992

TN TEBALT VI FERERIE- 4 TT VI =y AMESHEAME O I o v SN
Microstructural characterization of a zirconia-
toughened alumina fiber reinforced niobium aluminide
composite.

NOURBAKHSH S,SAHIN O,RHEE W H, MARGOLIN H((Polytechnic
Univ.)

Acta Metall Mater VOL. 40, NO. 2 PAGE. 285 -2941992
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Microstructure of NbB2A]-NbA1l3 eutectic alloys
produced by unidirectional solidification.
KUMAGAI T,HANADA S(Tohoku Univ)

Mater Sci Eng A VOL. 152, NO. 1/2PAGE. 349 -3551992

AN EEND 3 A | ORGEH - BmRKTEE

Microstructures and mechanical properties of rapidly
solidified niobium aluminide (NbAI13).

RAY RMarko Materials Inc.)AYER R(STEM Inc.)

J Mater Sci VOL. 27, NO. 6 PAGE. 1642 -1650 1992

ERMRILEWND - A | &0&EEFEE

Solidification processing of intermetallic Nb-Al
alloys.

SMITH P P,OLIVER B F@Univ. Tennessee)

NOEBE R D(NASA Lewis Research)

Scr Metall Mater VOL. 26, NO. 9 PAGE. 1365-13701992

CEBREPLEITMAVHE 2BBERHE
FREH EETTYTN)

IN L1184A (0917-0499) A FIH FH

VN VOL. 3, NO. 2 PAGE. 35-401992
Cl (A)(2) JA) IPN) (B8, 1, 221)

SRBREMLEMND 3A 1 DAL FAE VY K CBIT 2 HERKE AR OS5

Concerning the dissociation of grown-1n dislocations
in melt spun ribbons of the intermetallic compound
Nb3Al.

AINDOW M,SHYUE J,FRASER H L(Ohio State Univ. ), GASPAR T
A(Ribbon Technology Corp.)

Philos Mag Letters VOL. 64, NO. 2 PAGE. 59 -65 1991

HEAN DAY BRI L 5ABCL=F 7T VI +4 FE®

Dispersion strengthened niobium aluminide alloys via
advanced melt spinning technology.

RAY RMarko Materials Inc.)

Met Powder Rep VOL. 46, NO. 10 PAGE. 24 -2 81991

SERERUEFILLI-NDAL13-1%TiB2&8&CBITAHHM

A New Phase in a Rapidly Solidified and Consolidated
NbAI3-1 Pct TiB2 Alloy.

AYER R(STEM, Inc., CTyRAY RMarko Materials)

Metall Trans A VOL. 22, NO. 9 PAGE. 1901-1909 1991

WE

iR EN~OILHO /2O DA 1 51E:E % b Ot k& B ML&Y O FHE

Evaluation of refractory intermetallics with A1l5
structure for high temperature structural
applications.

SHAH D M((Pratt & Whitney) ANTON D L(United Technologies)
Mater Sci Eng A VOL. 153, NO. 12 PAGE. 402 -4009 1992
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High temperature strength of niobium aluminide
intermetallics.

BARTH E P, TIEN J K@Uniyv. Texas) UEJO S,KAMBARA S®Nippon
Mining)

Mater Sci Eng A VOL. 153, NO. 1.2 PAGE. 398-401 1992

Nb3AlDERER
FILEEZS, TEEEER, NERIK GRIEK  S416f)
HAESB¥HEME VOL. 109th PAGE. 1691991

U2 ETLREHASBRRILEHOBBKNHE I RIZTTHAROEE

Effects of Composition on the Mechanical Properties
0of Tough, High-temperature Intermetallic Compounds.
FLEISCHER R L(Alloy Properties Lab.)

ISIJ Int VOL. 31, NO. 10PAGE. 1186-11911991

NIiFNMEORHKEE: LTHDA |l SNbOMEEN

Phase stability of AI3Nb as a function of nickel
additions.

INOUE H R P,KITAMURA MWAYMAN C M CHEN H@Univ. Illinois)
Philos Mag Letters VOL. 63, NO. 6 PAGE. 345 -3531991

&R ORI X 5 E51L

Ductile phase toughening of brittle intermetallics.
ANTON D L@United Technologies); SHAH D MPratt & Whitney)
Intermet Matrix Compos PAGE. 45-521990

HERILESRERHLEWOMR

Development of oxidation resistant high temperature
intermetallics.

GRABKE H J,BRUMM M,STEINHORST M®Max-Planck-Inst.)
Mater Sci Technol VOL. 8 NO. 4 PAGE. 339-3441992

BIRE

V) -u—-LTRICEAND 3A | BZEAORR

Development of Nb3Al Superconductor Using the Jelly
Roll Process.

YAMADA Y,OHMATSU K,OKU G,NAGATA M ANDO T, TAKAHASHI Y,
NISHI M((Sumitomo Electric)

Sumitomo Electr Tech Rev NO. 33 PAGE. 83 -901992

Va2 —ao—NVEND 3 A | BEEROBER

Development of Nb3Al Superconductor by Jelly-roll
Process.

LI, KA —1, REIF), KHEZ, ZEeR, SRR, A EE ELAERTE)

FRKES NO. 139 PAGE. 93-1001991

S B TFHEMEEICLAND 3 A | S T BEENOMEEOFM

Microstructural characterization of Nb3Al ultrafine
multifilamentary superconducting wire by analytical
electron microscopy.

WADAYAMA Y,SUZUKI T,AIHARA K, TADA N@Hitachi) KAMATA K,
SAKAI SHitachi Cable; INOUE KMNational Research Inst.
Metals)

App! Phys Lett VOL. 59, NO. 4 PAGE. 473 -4751991
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F LB, AREX, IR E, /NEEME, AT R (@M ), LM GRAEREMHT)
RARZERMBMAFTBTEMHARKRFREKE VOL. 1990 PAGE. 157-1591991

2 —-0—NiEND S A | BEBEMEOBER
I #E—, Ka—t, AHEZ, BHE EKERTY)
HIREEBMEMATBEEMEHRRFZERRE VOL, 1990 PAGE. 155-156 1991

NbFa—7HICLhBELAND3A I ZELBEESK

Nb tube processed Nb3Al multifilamentary
superconductors.

TAKEUCHI T,KOSUGE M, IIJIMA Y,HASEGAWA A,KIYOSHI T,
INOUE K(National Research Inst. Metals)

IEEE Trans Magn VOL. 27, NO. 2 Pt 3 PAGE. 2045-20481991

B

B RHMEMHABHREERE, EEMLEMPERHNRTREE FHIEE T4
(AR THE REREE - HAMEEMEARR) PAGE. 371 p1992

IR AR

Materials for elevated-temperature applications.
TIEN J K, VIGNOUL G E,KOPP M WWniv. Texas)

Mater Sci Eng A VOL. 143, NO. 1./2PAGE. 43-491991

HMEFHAEBBEMBROMEICHTIESL

Overview of research on aerospace metallic
structural materials

ROSENSTEIN A H(@U. S. Air Force Office of Scientific
Research)

Mater Sci Eng A VOL. 143, NO. 12 PAGE. 31-411991

BE&EMRLeY LT KERMILEY
SRR ERIK)
BH#H#EH VOL. 2, NO. 3 PAGE. 52 - 541991

SR AEEEME OMGHE
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€B VOL. 61, NO. 10 PAGE. 39 - 451991
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&€& VOL. 61, NO. 10 PAGE. 32-381991

ERMILENOMARREBIR
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L.J xfy-F, fth
3 1P 3-44436 91/02/26 | REIFFBRAR Ti-Al X7 ) v 7THAMERORT ) 7
4P J£3-104832 91/05/01 | General JOLEyARTHRESNIZy —F 57—
Electric TN LEEEIUCEOREHE
5| P 3£3-104833 91/05/01 | General JOLEY VINTERESNIZy —F 5
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6.4.2. Ti-AlREREMILE&EY—/EEH
No. BHES NEBRRT)  RERERS = %
11US 4,891, 184 90/01/02 | Mikkola D E Low density heat resistant intermetallic
alloys of the AlsTi type
21US 4,902,474 90/02/20 | General Gallium-modified titanium alminium
Electric alloys and method of preparation
3| US 4,909, 842 90/03/20 | US DOE Grained composite materials prepared by
combustion synthesis under mechanical
pressure
4 1 US 4,915,903 90/04/10 | Martin Process for forming composites having an
Marietta Corp | intermatellic containing matrix
5 US 4,915, 904 90/04/10 | Martin Process for stabilization of titanium
Marietta Corp |silicide particulates within titaniumu
aluminide containing metal matrix
composites
6 [ US 4, 946, 643 90/08/07 | US DOE Dense, finaly grained matarials
71 US 4,950,043 90/08/21 | Mcdonnell Distortion-free fiber optic sensors
Douglas Corp embedded in titanium
8 { US 5,008, 469 92/03/24 { General Motors | Powder metal process for producing
Corp multiphase Ni-Al-Ti intermetallic alloys
9| US 5,080, 860 92/01/14 | General Niobium and chromium contg. titanium
Electoric Co. |aluminide rendered castable by boron
inoculations
10 { US 5,089,225 |92/02/18 | General High-niobium titanium aluminide alloys
Electoric Co.
11 1 US 5,028, 491 91/07/02 | General Gamma titanium alminium ailoys modefied
Electoric €o. | by chromium and tantalum and method of
preparation
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21

22

23

US 5, 045, 406

US 5,073, 458

US 5, 015, 533

US 5, 006, 054

EP 0 348 734

EP 0 365 174

EP 0 375 374

EP 0 376 730

EP 0 389 821

EP 0 406 638

EP 0 451 093

EP 0 469 234

91/09/03

91/12/17

91/05/14

91/04/09

90/01/10

90/04/25

90/06/27

90/07/04

90/10/03

91/01/09

91 10/09

91 12/11

General

Erectoric Co.

MTU Motoren-u

Turbinen-Union

Texas Instru-

ments Incorp.

Technology
Development

Corp.

Nippon Steel
Corp

Daido
Tokushuko

Techn Dev

Corp

Westinghouse

Elec Corp

Nippon Steel
Corp

General

Electric

Alousuisse-

Lonza Ser

FrEASEE

Gamma titanium alminium alloys modefied
by chromium and silicon and method of

preparation

Sintered light-weight structural

material and method of its manufacture

Member of a refractory metal material of

selected shape and method of making

Low density heat resistanst intermetallic

alloys of the Algti type

Titanium-aluminiom intermetallic cpd. of

improved room temp. ductility

Titanium and alminium intermetallic

cpd. composite material

Low density heat resistant intermetallic
alloys of the Al3 Ti type

Method of fabricating titanium-aliminium

shapes

Titanium-aluminium intermetalliic cpd.

continuous thin sheet

Titanium, aluminium, alloys contg.

chromium and tantalum

Hochschmelzende, metallische verbindung

Sheet of titanium-alminium intermetallic
compound and process for producing the

same
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6.4.3. RMALEMRILEY
No. | &S NERRT HHFAERY 7R %
1{US 4,915,902 | 90/04/10 | Martin Complex ceramic whisker formation in
Marietta Corp |metal-ceramic composites
2| US 4,916,029 | 90/04/10 | Martin Composites having an intermetallic
Marietta Corp | containing matrix
3| US 4,927,714 | 80/05/22 | Barson Corp Refractory metal composite coated
article
4 | US 4,927,792 | 90/05/22 | US DOE Molybdenum disilicide matrix composite
51 US 4,942,732 | 90/07/24 | Barson Corp Refractory metal composite coated
article
61US 7,362,112 | 91/02/12 | US DOE Molybdenum disilicide reinforced with
fine silicon carbide whisker
7 1US 5,000,896 | 91/03/19 | US DOE Molybdenum disilicide maitrix composite
8 | US 5,000,913 | 91/03/19 | G. E. Hafnium containing high temperature
Nb-Al alloy
9 | EP 0 304 176 | 89/02/22 | Barson Corp Refractory metal composite coated
article
10 [ EP 0 372 309 | 90/06/13 | G. E. Hafnium containing high temperature
alloy
11 | EP 0 374 507 | 90/06/27 | G. E. Niobium base high temperature alloy
12 | WO 89/07661 | 89/08/24 | Martin Complex ceramic whisker formation
Marietta Corp | inmetal-ceramic composites
13 | US 4,904, 546 | 90/02/27 | General Material system for high temperature jet

Electric Co.

engine operation
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15

16

US 5, 026, 522

US 5, 028, 390

W0 91/19015

91/06/25

91/07/02

91/12/12

General

Electric Co

S. L. Adelman

Cabot Corp

Nb-Ti-Hf high temperature alloys

Niobium-based superalloy compositions

Tantalum or niobium base ailoys
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ERMILEWIIFERENTH 5.

2) COBOFHEMCOVTHAFUELERCEEOTHINIE, BENEREEE
L2ETRENDERETH B,

(3) BERAESERILAWOMEFMREL LT, EXL+RATAILERMTH 5.
T3V IEDORE - EHEOBERIAHETHS.

4) BR7aV=z7 bl T, HEFMORBIOBIFPE/RIRL TVE., BNE,
FmE, BRAATOFT -/ BRHETEHILEHFET LY. BHEERLETL
ERBELIESD T, FEOYWHEK - BBRHNMELREHICT -5 - x—21LL
TERILICHZERETH D,
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