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1.1. S u mma ry

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 110 0 °C and niobium aluminides as heat 

resistant material at about 1 800°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 

progres ses s 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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fyv • f-* y • 7) 1/ < t'f niEfcS'ft^&E'C, 0 m

f-^y^#^T, y;i/ < f LT@i&#aHk «t *9

ttzmfe<7)&frbi>, 7;v^ A<D£r&ttte%mx&2>.

TiAlNb^TiAlTaii, IVWi? ') -7EE5^S^

& 6 c. d %%<%/&:&(: OV'T <95l5S#14^Si$j$S^14'e

NMASAP:t®<D#%m%#l) (i, X-30mi^##^ L X<r)**y • 7 ;l/ < ± ^ YX$>Z>.

Z6A##, m&t lx<d%£&, mmmvmmm'&znx^z.

-#:£<£ tf-.&finiyn-trx <7)^ hSiHh,

6. r 123.6.1*, ^/Tt.

SECONDARY
FABRICATION

PROCESS
DEVELOPMENT

PRIMARY
FABRICATION

PROCESS
DEVELOPMENT

ALLOY
DEVELOPMENT

COATING
DEVELOPMENT

TITANIUM ALUMINIDES 
DEVELOPMENT PROGRAM

• 19 Gamma alloys • Forging • SPF • Gamma

• 7 Alpha-2 alloys • Extrusion • DB • Alpha-2

• Select 4 alloys • Rolling * Welding • Alpha-2 TMC

• Beta TMC

H3.6. • tj^s. <nw-frttn7y a-f-
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3.1.2.1. ify^? • y • r;i/^ 14

(i)

li. S<tEE(RSR)&-CfpS L tz3f&fr<DmM, Y 7X'7@^%#(PREP)%(: Z (9##L 

fz4J$fr<7)&M, 4##(D##^#(2#ORSR + alpha-2, lliORSR + TiNbfc 

RSR + super alpha-2), ?E<9 XD™(Martin MariettaYo t^)#, 1 EE

(2) ±E&$:HE

b fix v^6.

(2a>

E^(9#^^3 Z K### $r, W 6 V'5 <9#

m3.7.
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(2b) EEM<7)I!3§

EE#^ -^-%#TE#LTEE(7) b 7 /f 7^ & m#(7)^TAn# v ^

& 59EE n — )V "CEE7 %> y 9 EE® i£ ^Lawrence Aviation, RMI, j=> Z [fTi met# 

te&^X^MLfz. ttz, PXlw^ L tz^y 9 t infft Ltz n - )V £)£^ X, HziLEEfcE 

S.T5E E^BattelletC j3 V^TjS £ & o fc. Texas Instruments#^ TIGERR^Y 

n-lr^Ciot, EE^Cf 2 W: 8U#

K Martin Marietta#li , m±<VXD™&± ZM^UZ LX , SS^>^°7 ? EEh EtELM 

E®$:IIl/;. Ztib(DX uy 3.9 h Lt, 36^f >

- 7 ;i/ < f /f r ^EEt 6 mm#

%#$ T frC, 0.050" X 15" X 21"(Dif > V • f ? > - 7 ;l/ < f ^ KE & , Battele#^

^mmmmEE#t: Z9EEfacWfr&&j:9(:&oTV'&. 

Battele#%^f<7)^^L^Em^^cv^T(±mT^^f 6|

m3.8. E M H >£ E E B E £ M ^ nno
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(2c) EEltoX/EESc^

jfy? • f-r/ - n±EE#%nx urn

fib<D-f n-t 7 v (iiSMT# 6. $ ^ - ? -(m#)C

$r# gl3.9.(±y7X'7 ^ Yl%- L%#>'7 -

. 0.4m±OmS^EEtt^S t . Z h # >

V • f-? > . t;1/ < f ^ K^A;^2100°F(1150)#&(7)@7&T%##^^W #T^6 i &

^Iv^cLtv^.

P1ASMA SFHAflO

ijorc

ii wo —

03.9. ^ >7 - f $> - < K(7)m#

(2d) ##

#'/V • f-f > -7)Mt-( KCIi U-if- tf- Agg« 

&. H3.10. c v - V - kf - a ss$ro sa k fij ,6 * $1-. SSAtttittlfc
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H- fbTV' &. R&tfA • 1/- -y- kf - A tix^ Z>.

- 7 7 y • 7 < 7 4 Kii, ®vh~15 psi^l^M^StJSr^t*. #

##(/)%% &tz tbl/Zy j y-*?))/Z>tkn&MA;T^Z> . t

/:##(/)?%# h #A0 6 HX^h . 1U3. li.fcfi/J^ifctf

$ fbTv^3 .

# High welding speed

# Low thermal distortion

• Weld without filler metal

• Weld in any atmoshpere

SHIELDING

03.10. # >7 - f 2 > - 7VI/S ±-r K 1C® L tz U- if->Sg^

*38

*3A

*2

*18

* 1A

i!o 1-2]

03.11. # > 7 - f 2 > - T^S.±< F/J'KM-CDi##
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(2e) n-f-f >7

^tEnTE14^E#^'^ £ik#> bfiX ± & n -

^7^, 7^<t,

TV'S. W##(7) ^)6 rr -t-Y >7 • 7n-bX^(i, i7'/7r>1

#, D-^r>, 77X7^#,

3.13.9 fc, ifyv • ?•* > • 7;i/< :M K£, ^ i800°f<t)^ ?

;v & An IT i800°FC2#M###T^z&t:##f %>b^ dMM£ 12011 *) L

w^SfLTV'&.

COATING APPLICATION PROCESS

SERMALLOY WZJ 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-AI-Si SPUTTER OR DIP

SOL GEL ALUMINA SOL

ALUMINO SILICATE GLASS SOL

BORO SILICATE GLASS SLURRY AND FUSE

CORNING GLASS PROPRIETARY

Al Si B, PVO/CVD

SILICIOE CVD

NOBLE METALS PVD OR ELECTROPLATE

Pt-AI ELECTROPLATE AND CVD

ION IMPLANTATION ION BEAM ENHANCED DEPOSITION OR ION BEAM MIXING

UNCLASSIFIED

®3.12. u-^-f

WEIGHT
GAIN
(mg/cm2)

AIR. 1800" F (2 HRSyflT(2 HRS). 12 CYCLES

GLASS
COATED
GAMMA

UNCOATED 
GAMMA .

TIME (HOURS)

IH3.13. #>7 ■ ■ 7^5t< K^)#7^ ■ 3-t<
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(2f)

Zf > • T)V ^ < ## Ltv^.

3.l4.li*r<vft&ffl&& LX^'Z . Z@#^Zf (±, ffig <d$\3i#141 $

h c 6 t:#jm LT v^6 . HI3.15 Ji-e <v «t •? fco v^t , j:

L Zc 6 (DT*6.

ALLOY

ROOM TEMPERATURE TEST 1500’F TEST

E*
(MSI) %

(KSI)
Ftu

(KSI) %E
RHO
LB/
IN3

KIC E*
(MSI) %

(KSI)
Ftu

(KSI)

1 ALLOY 1.1 (RSR)
Ti-48A1-2.5Nb-0.3Ta-0.158

26 4 108.0 117 0 0.75 0 144 75 270 19.6 99.0

2 ALLOY 12 (RSR)
Ti-48AI—3N&-1 Ta-0.158

25.0 78.3 81 0 0.8 0 146 7 5 20.6 59.4 74 7

3 ALLOY 1.3 (PREP)
Ti-48AI-2.5Nb-0.3Ta-0.158

26.4 79.8 83.5 18 0.144 12 0 22.0, 44.1 603

4 ALLOY 1.4 (PREP)
Ti-48At-2Nb-l Mn-0 158

27.7 57.4 65.8 20 0.146 13.0 233 38.7 49 5

5 ALLOY 1.5 (PREP) 
Ti-48AI-2Ta-0.15B

24 96 87.0 87.9 1.42 0.151 10.0 206 51.6 65 6

6 ALLOY 1 6 (PREP)
Ti-48AI-2 V-2Ta-0.158

26.4 878 88 8 1.1 0.151 9.0 220 47.7 67.5

•SONtC MODULUS

H3.14. *'>V • 9Ljz> ■ t;u$ ^--f h'«t66U14«

ELONGATION REQUIREMENT

UTS requirement

VS REQUIREMENT

• ELONGATION
K.C - 1« KN \IK AT ROOM TEMP

A UTS
O VS

TEMPERATURE <F|

®3.15. tS4*'>7 - f $ > - 7)15. i-<
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3. 1.2.2. 7 )V 7 7 -2 • f- * > • T )V X K

T )V 7 T - 2 • • 7 ^ < f K ti ^ M T o as# & & t),

1350°f, #####Ti5oo°FT#mim <, #m#

(1) ##<7)7 ;V7 7 - 2'^-^>'7^<f/f 

^#7##<7)7;i/7 7-2"'f^>'7;i/<f^

#T*6. C0#gg^(±##(O7^77-2^#j:i9 6,

6C & "?&&. 7;i/77-2''f^>'7;l/<f / K^^<7)##^

(2) —%.MX 7n -b x

36

4 96 A y .

(3) #%%%%

7;l/7T-2«f-^> »7;l/<f^

mmm^f#:2T(d:^^7y4r^7-mm^m76. ##% 

^#7 v4r ^.7

fh2) Z 0 & # L < 6. C O j: 7 7 v4r :% 7 -Eil%(7)^^(im# t:^ L v^/:

At:,

y%#f, vV3>#A0, #^tO(7)14Al-26Nb^A(i4^V^L4.5%<7)#[f^#

f&. tV7'T'>#anT#2%mT(7)#Cfk&&. ^"^<7)^mt±yV37,

jbar v^-f tL ^tlSat-^^', V V n > ^ n /£ 11 ri* i: & (?) 3M b E14 <7) E & ^ to -£ £ ktzbt.

#####&# tiASTM-39 t: $% L 7:A-3ffl fr b #% ZtiX^h . 14Al-26Nb

^#ii*^<7)ESEttS(3 0ksi -inch1/2)^S L it. % 0#(7)^A(7)m##%#ti UtI|B] 

CX, 20ksi-inch1/2fSSr^>o tz.

7 V t:^s tLTV' &. ^ - * MS ZMLfz & & '''Wit u -

7»%&&Odf, C?)##?)'&&(±(2bA,^m%&^$&V'. -^771/7 7#m##U^V
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^ v y'ry h V V 3 i) tzbttf, J£ti'?kttz

0#V'.

IOtmumc Fracivra |
Heat Tem##f*%w*: VwW I Uhw#a«# I Eb»##**##i **#*&*$ IT*w#b*#aa Rvplert Ikf

.. ....................................... (hail IkaiVm.) !55 k«ti1.200*F>

L H/U 26Nb-0.2S.-1l

H3.16. 77;U7t-2 • ?$> TJUTl K<7)«tiB6D14*

Fly VS SEMFIMIUne

1213.17. % -/n°-77;U7

£ SrPratt & Whitney^H^ L Z: 7-yt - 7 ;V 7 7 tMit LTzF Ltz<D

E!3.17T&a.
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03.18. X -a- t;ux

03.19. X -/?- T-2^^<7)@^146[lXZteitS^^!l(30,,-80")

03.20. X -/'f-TXUX 7-2^'±(7)'fk#a9##jaOX#J(28" -28")

03.21. X -M'-T’XUX 7-2AA0) U-lf-iS&ffiJ
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3. 1.2.3. NMASAPl%§k<Ot t £>

ify V - Kfifif* L v^oT##e 6 o

## ^ t- 7 • tifc

TV> a

yo t y y i:Mf a##m^T & a

7 )V 7 7 -2 • f- 7 > • 7 ;l/ < f /f K

rn^muz omi%^#df#-5'T;&a

n-fYV/CJ: 6

r# a

X-yi- • T )V 7 7 -2&±\±£r'ikKX - )^T v -f LtzT%%tf&W:Xlb h
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3.1.3. IH PTE Tit®

IHPTET (Integrated High Performance Turbine Engine Technology) If W (iyfcIS $$C W

tY-Zhh. £ <?) It E tUt , , S¥ , NASA, f LtDARPA(Defence

Advanced Research Projects Agency)#*'#50 L T & .

h t , MtJ/M&JtZHigizt & z t izfflMt 2>. It B T (t, 30, 60, 100%<7)&#£ g 

jtfESPt rs* £> tl h. B3.22. (i > V L £ IHPTET

_

_z IHPTET/ Revolutionary
f materials

^^isk

1 Evolutionary

tE _____--------------FT20 _J
OY materials

----------- FI 10

J79

1950s Today 2000

Current
Engines

Prognosis for 
future Engines

IHPTET
+

80

;:•(.■/ : 
V _, Tirafyum/$WlC''z

Polymers/
r pmc

Aluminium/
. r— Magnesium/ 
f MMC

Titanium
Aluminides/
IMC

Ni, Fe, Nb 
/— Aluminides/

2 40

20

Approximate
ProductionYear

03.22. IHPTETltB
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iHPTETitEos-eo, ##% 

S%mp»T(i,

;i/<f^KK#Ad^-c%Ka. ss^^rr,

g|3.22.f:^$fL6j:^

iz, tLTV^6.

COgfEflli, ^U<7)7\0(^)i>^> • ^ — jj —, Allison, Garrett, General Electric, 

Teledyne CAE, Textron Lycoming, United Technologies Pratt and Whitney and 

WiIlians International^'§1 4- L T V'* & . C. fLig oq^ — ^7 — b

otV'L

3. 1.3.1. IHPTETff® KiSlt&f-* > • 7 ;l% < f /f

El 3.23. (i, -7^ > - 7;i/<f d' L"C#m$fLTv^6#m^^L"C

V' h . Ztl < O 7WC -o f , SpDn b flX & .

■ Nozzle■ Combustor ■ Diffuser 
case /

# Fan frame ■ Compressor

• -alpha-2 Ti3At 
■ - gamma, TiAl

• ■ Turbine rear 
frame

• ■ Blades and

H3.23. 3-5 > • T)\,$. ■f't F®I>v VJS'vCOigffl

$!*t Ti:£:4bii*f#> • 7 )V =.-)- 4 Pox^y^Mon St Ifc «t£ ffl t El 

3.24.C, * coMfPnnn<73«* 03.25. K# LA.
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3-25

##

Ti3Al FIDO • yX;Vy-;l/
rr y y y y y — • y — > y y Em+#moE

Em : Timet
SHjE ! Rockwell

Ti3Al F404 h • v-;v GE

Ti3Al GE29
yy

5:# v yy

v yyEm+mmnE

Em
GE

TtoAl E
T-;vr2-y^0P

y NASA

Ti3Al n y y y y *y — • n —y — Crucible

Ti3Al nyyi/yf - • n — y — Nuclear Metals

TiAl JTD9D y — tfy • yy- k

TiAl E3o:>'y> ^Ey-bfy • yy- k NASA

TiAl n y y y y -y — • □ — y — TRW

TiAl CF6 -ay-tfy • yy- k GE E3.25.a

TiAl T-700 nyyyyf-• y — y GE E3.25.b

TiAl < • 7 y y Howmet 04.1.

TiAl f&E^-tfy • yy- k ®*®&, iSit Dv7 03.25.C

TiAl n — y — Crucible 03.25.d

EI3.24. f $> - y;U5 ±-f K(7)I>v>SBpd t$fE0!



a. b.

IH3.25. f 2 > - T;i/5 KW X > V >SBp° M^15iJ(H13.24#«)
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3.1.4.

(isiiK,

"f* %> . Z1 <7)#f % (i^ 71/ 4r — ^(US ' DOE) (7)Di vis ion of Materials Science 

(DMS)&% v^%M

UT V'&.

C r#(7)#%l:^v^-c$^# ##&$%, i-r #Bm<7)#

ifi-XT7yf^o/:. Ames Laboratory bZ £ V' X i£ ISJI <D MBJMr &&&X § X , 

15mm#, 75mm#(7)±##^^#^T# a^C^otl^.

DMS^ayx^ F^'Si^^liOak Ridge T,

;i/< f/f

A# ^{k A#r AA@#m (iLawrence Berkley Laboratory"CS IH $ tl T & . ##% # 

##&####& b%TV'&.

Dartm outh^C# Olan Bakerli, B2{kA#(7)Hall-PetchM# h ^### & L T V' & .

MIT<7)S. M. Allen liLavesfflr t^*) , M, M £ t - V 1C, Lavesffi <T> nTtl& £^ 

# L TV^6 .

#### Mf 6#%(±Dartmouth±#(7)E. M. Schulson

bZ & 'oXMibbtlX\t'&.

##8<)#%(iCornell±#rS. L. Sass^'^ ‘bX$> b .

AA^A#^ikA#r^^##(7)M?-#%^#%(±Pennsylvania^:#(7)V. Vitek K Z 

o T j3£ & ay )£ 3.-9 • v ^ aU-y 3>^MV'

#b b> ivT v-* & .

A# fM A## #%#&### Pittsburghers. S. Brenner ib r #f% EE "Cab *3 , 

NigAl 1:^3 If 6 %K □ ><7)^#J^ 2 tlTV' 6 .

#;HkAmRfkA#;t:^tt6%##^^m;Hk, %^#iiucLArA. j. Ardeii

bz J: «9 SB $ fix v'&.

Conneticut^Tti, v^f >tO ©IM f iM?P. C. Clapp £^

fLTV^.
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Conneticut^Tli, glj C -> > ? a h a >)fc %% & ffl </' tz W3E<5?it# b HX V' b . ®f5E 

l±J. I. BudnikWjg*-Ci5i*titl, $S#K<DT^5 +4 K l*-D V'TEX AFS !C J: 

ssosw .

#-#B*T-CCOiWfi® Wft$#<7)S99li, » V 7 * > - 7*36(Irvine)TS » <b tlT V'-6 . 

^tLl±jtKKiELV'T--7-e* 1) , St@W%»?£t'L'Ki3C&:bt1.TV>&.

♦gl£'''&JRNHfc-&!fti <0W5£t1?3;® $ *tr v>4. -t<o

mu#t < #*%#!&

K%//TV^. erroyo^x ? Kos.^u,

-eUTSSttir<> ar* a.
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3.1.5. #isM«##e»cj5wa£*SMt£»»FSE

1991^ t; c? L (Gaining New Ground:

Technology Priorities for America's Future'"Cii , 3fcHI ^ ^ 220JL 3c}£

ISSS* jSi?L-C««&WW£Hlf&0 3ift£0¥tTji'ItTV'J. i/rr)**##

l.tz*> T#m *SI ® «Sf »*l* t <r> tz

»KSE»S«»$S« ■ s-ffsnrva.

i69«s-69BSro*-i:-i±, r##f & to

rii&v'.

so. %-^T. -e-oawtsrsutdj* < s l < m« lt

% »V)J tv'o±3ST*4. -E- L.T r*ffl»$#*®8»f-rsEai $•£$»-£>

K l±, g##0##T0##-0 f 0 *&&$#!:& A A If ^ ^ oil), *ao#%

ISM, l®*li»rtS#oSM(i £ %(:%!>%

tix.tv>j. $ % K SSM16 o$£ L

r, r*ss,i4A«L, ztinkm-thJLm.i-a.m.Ltz.

tttk, S.K, -etucnA h 4; t co4«. . . ;:i;gi?itts

«o# < i±, #omg&#o#msr&tf&. . . ##o*#mmo#R#o

*& H fcSfL-CV'4. ^-?££ 0#©f:0rtiFKi&o fta-ft#*5* C 5> ii* t O fc#x. b

ix %>.

fRSSKti, -eoM«ioa«a61:BEI6lii]»$a^».tiTv^. -eo*SM%aB 

i: LTSttlffi&JR • e>iL, -5-01 K&jj «Hk#»Ji*-& t itz v>*. EOIS#

&JSW-fk-6-Wt:

M» t*@f SrfilTCKt.

3.1.5.1. "A-A

ftfc »*tti6Jab* t#x biihnft,

<2) a*o^e j: o ifciKMifrcav'tsM-s-w,

(3) 6

T* i.
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(1) s$s«M%a§K*iR(oaa

Attig&S t -kiktt, t a ro shikar

*& vv t- 7 -?£ at$t hfztb Kli, A## AM a -&AT&# A,TT

A##0*»<*o-c, t? <

»i !«-& L Tv>&. TJVUn' nn^li-f-ffl-or, K$8ro#Sti"i: L T- 

fflS TflJ ffl?m±Cit)TV>Z,. 90#ft#lf I: If, ft** ffl £ il X v> i, 7 A- 5 - 7 A £ & fc 

3 % h Stic i> M&Zlt i> -O kf# ?tl4.

#* kflJfflfl-SWfiSeS tL5-e*% 9 . ^6

<7)i±, i), ttw«n»x£kS69'it##*?>ft*. fftDjr*;H’/y>4

.

(2) HE#|6j

B*#ttffl±SBI±iS14ltoS"e*BKMtit LT S Tv' -6. h’4 V, 75 > 5, 3£BI±

W5E®ffitt'ffcSr**T^4 .

7 5 75 If, *ttftOiT/U(:afitJTJ'5-')A • 'J f 9 A-^tOiStig Bi

hM7ci±, titmi.

$HI±»B14C«#l/2 5 7 7-6-^t 7 >5 - 7 A-g-*(7)gg%K*^ AtLT .

B*i±@-6-*s*r*BKa^*v'riTv>j. ^*iaHt^aru±fc*M«#tioT

5. */rB*l8tt« 55 > • T)\, 5 5-f K**ISMb^a«)MJ6T-«ro|||*!y* Z. B*lt

7 ;l- 5 - 7 A • V 57 A -§-Al: KA-TV^^, iiTB f 7 72 77i> ibHftTV'

h .

B^liS^BWofl’Sf, AM*#-A-##(0##M*l:m »)mATv^ . x#-7 

S=aD|6]lt<7*«*«-6-#fl-'9rfr*K#AL, g » ¥ ® * *, 7>5 -7A*t*m#fi 

01797 MiieBS.'xroSffl'Cil A,TV' 6.

*H4fe*i±, L-c#o,
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3.2.

IQHSK jsv'T l±, 1985# Z O&JSH'ft -&»(#£ f 9 A t

tiT££. |TI±, t iffloii.

WttftiiLt, Ni 3A15: Ti 3 A11± * -C.-^ 5= l± f S tLT V' 6 . -?-cDSfi! iBSt U:*8 

"CM%»5)l/V"C:t3 l) , t TtrNigAKDnJ iKtt l±@-n* t: OMiiVEfiS *L, Ti3Al tiTiAl t

itm Lxm&tfz t^frb -e*s.

iii^tsoaa®s»(±, ?»a, r

)i/5 — ■>a, y'la^tclAOtb-A-#t;ov> rx x ittabot.

BS&BKM4, -#r, * a#U9'e*#««HJISr* *), «*ri±,

sisssKt ?') - yssE^'-e s a t; it * s &, iooo'ca±T#m'?m^#%##T*6.

K*ci9F%-eita:fc**f #'l,vvi5tLoo* i), Mftttse.tLTSTV'S. f tb 6 % ##

toO'J.

iwtiiisotnyit X., -E-^-CSKStLTir^MH-fb-frtKoeti*

UfgLT, |ibv>^n^?A^£LO>4.

it, k*sw o±»-r t>nx^&. t <

tc if y v • 9-? > • r a- 5 1t 77-2#ilttJ in, a X Cf»#

®>oa, -?>jfy, — tx, -> v 3 > 6 s in L ti b off,

-a#tlt, $ ib Ka^iSttSSlSanger Project)(D###lg##(7) Z 9

"IIB &tfffl-1 MM S ftT V' h.
4*, <r-2—Ti3(Al, Si) [D019]fcTi5(Si, Al)3 [D88]t®#ti-^>r:*-g-#7i?, if V 

7'fr/-7)Mt-(KJ;!) LT*StlSftTvt,z, . i

O -6-* l± — * :/ <9 >8 in 1C J: 1), ^ ft, lOOO'C itOt —tf

z ti b o-fa y 3. 9 HiSH^bBlBl'eff&btL-tv'S. *#%#%## tit,

GKSS#%-b>f ±y?Hamburg-HarburgI#*#<0#ffl.||-# • 1##^

SlD L T v> -6 . #1:, 7*jl -bib K;v 7»Max-Planckft9ISF%9r^»*> V • 9-? > • Tib 

5 ft 9 KOffliS* *6TV'6.
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3.2.1. $L%z<Dt t tb

3.2.1.1.

(1)

%7C^A^ LT###M1MU:Ti-48Ald?# #5%

?cA, -?>#>, -^y,

Ibbtltz. Ti-46Al-lCr-0.2Si^J&*t < KtetltzftQ* 7&L, ^^#^'4%^'#

btitz. f X, fr LV>jgH#i; n y y Atli, T1-48A1 hTi-

48Al-2Cr<7)M frb&5&Ltz.

(2) xy ~ ;vr 7 y

#i8cm@Tmrniookgm±(7)#m 

L tz. £ tUi 12 20‘COHlPSSr^n vt -f 6 .

6, <%%##?# u < m

o v -ymii%±f w?, 6.

3.2.1.2. Ti3(Al, Si)hTi5(Si, Al)3 &11 h Hffl&±

Ti

at %

E13.26. Ti-AI-Si*(1 200°C)
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3.3 mute*
M HI IC & It h #11 % {±, Oxford, Chambridge, Imperial CollegetCjS V^T

## 1$ tC S#> b ti X V' h . ik 0 fh L <7) ^ ■'L'fiBirmingham <k Swansea#

Interdisciplinary Research Center (IRC )"C$> h. IR C # '/Sf St) # ^ ( tt IM I<hn — ;l/XD>f

RAE(Royal Aircraft Establishment) Famborough t Harwello X V' £ .

IMIfin - JV 7s D A J* , RAE, IRC#f fl-f LT, i; 7^ 7 r-2f

* y • 7 )V ^ t 4 K <D ## & ## LTV^. IRC 1:^3 (t,

£ *UiSERC#£&fc X fJlAL/c &#T, 15cm#, 150cmM$#

HilRC(c£ vrtin:EBM£ti&. #1## 7o t v v CAnA T, IRCTli 7?

2%TV'&.

/T >^7 b - ;i/- b iRc#^#-f ^ < #&

v^. c##%yo / ? A (tyo t v ^

X tf?®.®# —M. £ & t & # T2b b . TiAl^#^AT It, SiaS#

HiPMu^r&a. LTii, iRcrm#-7

T, V' < o ^#%EfflSpaa oO'4.

^#B#T(±25kg#m#:#mK

Imperial College^ #¥ b - f- • 77 X*7#^ "C *>, f" ^ Rik^# #i##

Sr^i^oTV'S.

IR c t: ^ it 6 # % # # A (t,

ac^iMih#*M#%#^^%)^, t >=f? b 

#T 6 &#&% — #& & %, k2b1Uc/b'&t £ *Ui

6#T, IRC##%1: #v'T #, v&ffi'C t*o X d ftWtitte'?
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>zfy hffitflScmfc/J'S < , «S It C *i$ L o* # L X V> & tz *T * % 0 t «b ft.

8 4 C

Hiiici3(t4«f?£7,a /5A l, Msh<DM&mg)> ®m&< ne

Li 7 tf TieB^B^tcJt^riij^K^tii±4*k^'»v^-e,
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4. iR l5i60 /;!: §

4. 1. "Forecast '92" tifz&M

T9 D -tr X <7)9f %jg& |a]tC o T (i, ASM International df "Advanced

Materials & Processes"! ^ # 1C ^5 T, "Forecast"(# F4IMM) t L TfltSci~ h gfi^d^ISJiSc 

d?* &. V^T, 1991 1992#(7) AM B 1: Z 0

4.1.1. Timet 9 >##

# > *7 • 7 7 > • 7 71/ < f ^ K(i, #^#T870t: $ T(7) • * - fcf > ffl&fnjltfc ^

fL-CV' a. Ti met % (± 16MPa - mm €»##### & ^ , gl&"?^3%(7)# <7^

6 o #>-7 • 7 * > • 7 ;i/ < f K^iaHL/:. fwj#(±f fc, J% 7 - ;!/7

v ^">"7 - -f ^ > '7;i/<f/T K<7)/< y ^%Ld:.

4. 1.2. TiB2#f K «fc 0 7 > • 7 ;W * t 4 K & 3Mb

Howmettttti§5fll&f • 7 7 > • 7 ^ < f /f K<7)#%#m&

F*13§ TV^ . <7) iiXD yn -teX (Martin Marietta)"?* 0 , TiB2#f 1:

> kiei#T*6 a?, 6^#

d^^fLT M4.1.(7)9 t:, ##, <y/f ;i/, #y - ^ - if > -
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15 ~ 25 %69Ti "?* & lit" tf 7° n -b 7 v > #% li Metal working Techno log y(MTI) tt

iot, MTKi^ (7) Z ^

7 fztb (DfiKSttv 7 7fM£ It® L Tv^& .

4.1.3. # M ^ -7 f 7 • 7 ;i/ < f- -< K'n ^

Crucible Compaction Metal sttli • T- X • 7 b '7 •xf *tf — v a 7 (T GA)&

;i/7 7-2 - 7 ^ 7 - 7;i/<f^ K&#$&L"CV'&. ma,

LT v^.

i^%(7)^mTGA#@T(±, m%mm@^>^7b&,

t/& t'hz =fc Z>f5%£ £ |$&f h . 7 7-f J:(D!&liZ

^)6#^7 X;i/i:ZcTAE^)^%%^:#:9^7 bT##f 6. ^:LT#%fL&

Vacuum Induction 
Furnace Chamber

Vacuum ------- ^

Pumps

Atomization 
Tower

All Internal Surfaces 
Polished Stainless 
Steel

Crucible Refractory Free Process 
for Titanium Aluminide Powders

60 lb. Water Cooled Copper Skull 
Induction Melting Crucible
Refractory Free Tundish

Inert Gas Atomization Die 
with Refractory Metal Nozzle

Inert Gas Exhaust

Cyclone
Collector

Powder
Collection
Canister

H4.2. TGA&S

$6, f- 9 y • r;v? t't #m L,

ttSIBS, ISHIPtc <t&-7 • V i'f ■/$*£«$ ztii. fEffl

l±, X;kt) t 2 &WSS? V - yttWES **x •

&T$6 7 .
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4.1.4. B $t= & tt&@K14f f >'7iV3t4 KOfflfS

8r 14 irWt-$.»*> v ■ f9 > ■ 7fr*t4 Fim&V

*. 450%ea«* i 1)(ltV' i. itzify? ■ 1-9 y ■ 7)Vii-'( Y<r>jEH

c#*|ii)'xtoS4Lro7FMl-a-*tt^ ^ U/:.

” , ",° , 5j0 g> » ItiB ijo i®, i:

Superplastic elongation: 383%

H04.4. ■?■*>■ KOBE'S

IH4.5. TiAI*S#F*3(7)#:p ##

4. 1.5. 4: 7 < v L ^MoSi2-WSi2^A

^ V Y T > • '> V y ^ K(MoSi2)£*7 > V y ? X a L

##r*a.

*> o. a %m*-@#m#%&&(9oo-iooor)W±T(±, i

Los Alamos

v y-f> - v r&#Hka#o:W x#-^e*Tg&4bf ac ^ ^
i3 ££ o T V*a . £ (7)##U120 0°C IZ£ v^T oT 15 £ M £ itT

a. ^>yxT>-yVy^n±$^t: ^ o & fLTv^ 6.
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4.2.

t < • ^- 4- > • 7 ^ 5 -t -f KCMtSWiJitS*

Ov> < -3j> 4HT CSt. t tz #$tr a<7t tH-Slt-* tRi: '/n-t xSioft

6 . »6*0»»UH:SU;2?i:, *Sc# < <0**#«©S ixxv> a, # 

SU± yn->'j:7 h <9M%FSSC M#Sv> i><Dt Lfz.

4.2.1.

SS*^*ES*ef%9f-ei±, -/9X7i8PS^ E*^-b*T, E

* 4:7 ;p 5 ^ <1 A «®E-ffc»tf* k LtRitJ *?££ RJfSL *. £«*§*, E*h»s 

3ppm&T<7>®®E*tf >7 • f- 7 > • 7 A'S.+'t K<0 -4 > d" 7 h fcSS"C # & C t &# 

K. U *.

Vertical Feeder
EB gun
(6.6kW-7.0kW)

oChamber
10a-10‘2

(Pa)
Computer

Driver

^Ti
bottomCu Crucible 

(35mm)

Stepping Motor

EB remelting 
initial:Ti-44wt%AI

20 <

• O V

120 240 360 480 600 720 840 960
Tlme(sec)

m? e-A

H4.6. ■ =f-$> • 73U5±4
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icDJ; 9 #•< 'SIKSi

LtfeC t liag*4-&©tt«T*% •? . il*»Wppm@* oMtf 

*) SSCXftl *<*, -etLir ZET 0aE**<O#-S-K v • f-? > • T A- 5 

f-f KdEtoSS, $H$iD5c*<oa*:»ift:ov>rS$66<)>ia«eeZ LTti< £ kri* 

^ ^3 .

4.2.2. *HEB*tt

iic, TA'^t-f K <7)$$ S#* E& 68 #£B

@lZiotv>4. KtiiWiBK isv'T 6 U < R <

tti<ot2 0J;i4#*0EiCll, H5S, fi*. *flW,

*ltBI5rt (>4:z *68 E * l± fc t X ti» Ttt

< , m$!l««#i: LT6S$-e*i), ffBSfoBW^Ki 

-E-cr*ME®Ktiv>r i, ^ K&.

liEB#roSE6T^ ISihL, PHSEBJ SrHS-f £ i fc Tab 4. S6f TK#> v • 

f-? > • T ;i/ < f ^ Ki: opt, t g

fiTV'4. -¥- tv 6> Icov'tiflcSM i.

f &fc>iLT £ tz/1 y ? EB££-ffl U tot, TimetttliT

i a in, Ltv>J.

12 = GAMMA ALUMINIDE 
14 = PARTING COMPOUND 
16 = INSULATION MTL.
18, 20, 22 = BETA 21S PACK

04.5. >■? ■ > ■ TJI'S.i-'f K<7)A‘y 2E&
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Induction 
Heater Coil

Screw Down

Load CellSwivel Joint ,
Roll Drive

Cooling
Water
Inlet

"AISI H-13 Tool Steel Back-Up RollCooling Water Outlet

---Cooling
Water
Inlet __ , Bearing

| Cooling Water Outlet

AISI H-13 Tool Steel - 
Sleeve Retainer Collars

_ \ x'- AISI H-13 Tool Steel Torque
Superalloy Transmission Sleeve 
Sleeve

Induction 
Heater Coil

H4.6. BattelleOn

toihT EB n - ;v S-inBT & £ t T* i>. i <0 t

7 *Heated-roll-rolling (HHR)tt*s"Battelle K <fc o X M % 5 tl X i,. Z tUt Z.&.V -

-eron->*-L'66<7)@SI*9lfc*it L, fl-fll x V - X i « x x v>

t>. £©Effi«TNi«fc'u-e&<, Bti-roini fciiTllr*
I) , a ■ 7 * 4 tl'(Air-foil)tt if <01$ B « SI W &*•&.

4.2.3.

7 >17 7 -2-&^rii(traEB^nXt6C^ oTV'T, ® o°p« 5E $ lit I/' 4. s (.SiSS 

tl, * A 6 a A, T V' & . £ <n J: 7 & Sp°n ro-fts WM If It , X 4 X (0

Sulzer Broth erstt, /|v|I|<7)Texas Instrumen db & . EBJy.5rl-<O^^T?S^3b & V1 It

•) ^ci^tt-ei±, ax hsawtf,

V*£#5c*<T)$Affi%ror»1S7)?#to't5. fc < K**<7)«AIJtf S£-ft£ie£ T^-e, if

•TiMtf K-Cfc <^MEB®Hil^§6 < **4, ft*.

SSltt<o2Li'ify-? - f- f x - rintf Krii, EBESM-e mise k t 0, f 

i £ t bill,. in IX, J±Mf$nffiMMiB t

81 * IE* t IS* L/;WiSfl8?iu:v>J.

$6, GEtOfrllS L*48-2-2(Ti-4 8Al-2Cr-2Nb)#^i?a-fl-#tt»^*7 > XOiil/;!# 

i IT, *fc SiB i: jt«£ HX V'S . L* LEB3raI#»ar** **,
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Texas Instruments-fi li 7 y Xv £, n — }V (2 J: & IS it X £ E&-cnto-lt

T^-RfflSiSit £.*£*$• MSS LTV' 4. C O J}fe(2 i I) o. 003-T > (80 5 #- n > )

@sci?sci$iiS7i?iiTtefcv'btLrv'5.

-fiircTl^. TBcsni±ESo«Sisl/c.

Texas Instruments Process for 
Making Gamma Titanium Aluminide Foil

Continuous
Plasma

Sprayed
Preform

Roll Consolidation 
And Heat Treatment

Cold Rolled Foil 
0.003 in.

NET YIELD 
80%

Source Texas Instruments

H4.6. Texas InstrumentsttcT)™ IVESES

4.2.4. ##|u]±

0ffl«ynyi?

LT*if ib tLTvr 5SS@tti: 6S56SKO v^r, ®fi<7>ttS-f. SiSB 

ttTI±, B@*±0S#Uf^E$(Ott$:*StiJ:UfD->T-C#ib tLTv>6. i /cSMX 

(2 0 v'Tli, jzM<D-* 71 * 1) -1) ■ 7 V 4 4 y 9\z X h @Httt53-ft(2 X *)

ttTC' S.

(l) SBtt-fb

tt£*STl±, 'ft^*^JtKSfiv^=:7C*-&^-rjDX«t«3il4r®JSftLT#Ot4.6%^#

t>4L*£ t ltv> J. C <0@14l6]±<y tJStKM* ®2t8Me£

$*, -e-2t <7)»M-ffc t *&-■ft 4rl±i»4 t t t 12, *cOff*Jt i (IIJ0 C t 7 & i, <r> T*

&. l-fflii i:3ISt$^t2 ti(t6S^-$AeS6 04.7.12S tit.
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*0

1473K
Isothermal

HI4.7. ■ i3>"7 ■ K

INCONEL 600 (1373K)

Nb-base alloy (1623K)
^---Melted 

^ ma/ODS

50 75 100 125 150 175 200
TIME (Hr)

04.8. f ^ - t7 ;u < -r



4.2.5. Ti-Al-X=7Ctt®B toSSK

K«®|gi±**Kl'ltlR4- i>fzb~t. ^nyx^ 

•Cfe taoX tztliS, lie«-4/i*l

K*in t7tYTi-All±i <D l 7 tt H7C tfctlEJW 4> Cl </' tit iti’Tj J.

$4, H7cttSBl<D®*S7)sB» ibtLTti 0, Ti-A 1-XjRt: ovarii Stic TUffS ttrv>

6 . t < K IS t t ft*

looor# SroSfiglfH KtoT E5nyt|B0^ $LZ:.

grid in at. % 
axes in mass %

114.9. a. Ti-AI-Cr%(800°C)
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grid in at. % 
axes in mass %

(AMn) Mil

IU4.9.b. Ti-AI-Mn%(1 000 °C)

grid in at. % 
axes in mass %

H4.9.C. Ti-AI-Mo$(900°C)
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grid in at. % 
axes in mass %

EB4.9.d. Ti-AI-Nb*(1 000°C)

grid in at. % 

axes in mass %

’ 7 ‘ t

04.9.e. Ti-AI-V%(1 000°C)
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5. Mamaemmm

Nik/oyii'Mcovn, -$■&.?> to#

i ? »E ST SB *:*»£.

5.1. :/□->'i? ncytssm -ffiaro

Ml

*ynyx^ hroite, - Mccv'T, trr/?

-e<yiss$Bi±,

• mf & c kWL-COiS

• w%ai

• BfJEBS

• W%#$IJ

• 4-f£*3#"t& £ t, T* S.

iJi^Sikcint, e 7 V > ^ k T > - He J: •) , £*, 8I&#%

«W«&Mmk^*M*W5Etie *:.&£*»* £ fcTafe&.

HT, Hrtte^-itT i tubtz.

5.2. m#m%#0#a

a*, *#:, txmmz^aw-fk-s-eomaffittieas

LTv^E%#io^te7>-^- h $-S#LZe. -?-«rtT, A.^gTg#!:*

trim#t#t. ■efr.ibOElgif <0K£i: SrSli-ktoia 9 T*-5 .

(1) Dr. Michael Dahms 

Institute fur Werkstofforschung 

GK SS-For s chungs zentrum 

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 Engi nee ring 

United States of America

(4) Dr. Dennis M. Dimiduk 

AFWAL 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

- -7filTC KF-to i: Eg £E L liB-AtMOg
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dues tionnaire

(7 y'r- h)

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

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

&#R8L-C < :22V')

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

Severe Environments (Intermetallic Compounds)" in Japan.?

£<D&8tt -cr^ Dtt^)

HI^l: I know aspects of a general nature about the program. The few details which

I have come from discussions with Prof. Yamaguchi.

7n yx^ b (?)— &####% 1: o V'T C T V'6. <7)Mfrcov' Tti,

III nWL&fr b ^ o X .

E#2: /

Bl#3: I knew of its existance and emphasis on TiAl.

yv'Jx.? b </)#%, ** LTTiAHcM*^ i t ££n o T V'& .

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

lecture, and read open reports.

@#5: I heard of it, but do not know much.
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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 ?

($-/d BSHMK J: o X il$ fiX^h <1 t t' <D X n hz # x.

ttfr)

EI^l: I do not know anything about this.

B]#2: /

EI#3: I don't know.

@#4: Very well.

[@#5: Unless too much intervening and bureaucratic, a government agency is, I

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

WAMcrng'f, -e lx d i < MBS nx, 5 fix
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(Ill) 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 ?

(#7 RlMCOF^StD^otT^H^'Stin LTv^t

7. /Mfr^Fig.i

#M]. X 7 b < tz $ v^)

tU^l: As observers from afar, we cannot see the inner working of the program.

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

<%>###&% #, 7Dy'x? V'.

@#2: /

®^3: The mix of different types of organizations seems a good idea.

^ 7 k<D £ o IZMfrtlZ.

El#4: I 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.

7n y x ^ b t #x.&. tz tz £ £*C-o htZ

m#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.

(i) t(om&tfi <

&& LTV'&(0&.

(3) & v\
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(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 ?

0^1: Yes, however, I have not yet seen these proceedings.

0&2: /

0#3: Yes, I’m very much interested in the results of the program.

0^4: Yes. I have received the reports for the last two years.

0^5: Yes, I am interested in. I 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.

% ti, T1A1&

6 C t &WMLX\s' Z><7)T, & &<7)#x_ £ e£ ot^
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(V) The program sets the following goals in the term of 1989-1997;

V x.? h # 1989-1997^#% BSTjaTOB #3##

a. Intermetallic compounds with specific tensile strength (gamma Ti-Al based alloys)

Ti-Al m^All:CV^-C)

• Specific tensile strength at 1,100°C —- 100 MPa or more I 1,100°C"C

100 MPaJ^-k)

• Elongation at room temperature —- 3% or more (#Xf 3%J^Jl)

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

mi;^t/[Nb-Al S^#]i:ov>T)

• Tensile strength at 1,800°C — 75 MPa or more (51^1 D I 1,800°C'C 

75 MPaM±)

• Elongation at room temperature — 3% or more (#IF Hi inn. T 3%J^_h)

(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 LT, lllfr.

@^1: These goals have essentially already been achieved, however, they tell us very

little. The material is too unstable at 1100%]. 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.

£ ti b <D IZk/v t'te tc ti £ iiT V' & v> <> <£>D, tiX^

@^2: No, in monolithic material, creep is diffusion-controlled, which is fast at

noor.

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

temperature ductility are achievable on the same alloy.

R v? B L TjSS

- 5-7 -



0^4: 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.

0#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 95013, 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).

V - 714<7) X 0 t <D

(C o V' X u B <D ^ (C L tz v^.

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

0#1: 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 

160013 will be difficult, with 180013 impossible.

b a v'. $ b ^ z.b & x, i6oor i:#
n#lagAm&#a c t 0, t L-c^igoomi^^m-e^a 9.

0#2: /

0#3: I think the 3% elongation at room temperature is probably unachievable in

such a high temperature compound.

z<dxi j3#a3%m#m±%% <

0#4: Strength requirement may be too high.
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B)#5: Not achievable. The temperature is too high, 1400*0 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.

(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 ? (#,±<08##, Z> > V X 7

tti&mtBMk&tonm&mm&Kb ox,
#%###$ h ^ 6 T L 1 7

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

Ti-Al &'k£]^MLXl±£'>) Xtfr. #

ffilTtfr)

HI^1: No ! There are many potential uses for TiAl at temperatures beginning at 700 

O 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*0 does not reflect 

this either.

S ! TiAl 700 Xfrblfet'O, &\,'X & < <7)oI $£ % & .
$ % cmma co a 9 at,

noort:6 coAZti-

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

deformed during service, but they are subject to cracks.

[@#3: I think the problem of adequate oxidation resistance and hydrogen

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

@^4: Generally the answer is yes. But critical structures, especially in the

aerospace industry, are designed to fracture mechanics criterion (Kjc 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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< X, ##S¥#W(Klc do/dN & f)C & t o*i/vr * £ * t>ixh. @

ttliv'fcif"? ? V 3 >■'-?*£ . ittt»i:ov>T,

0 , iO»fi:oi.>TfffL*ff55?n/7Aia»J£'Si!^5 9 .

Bl#5: 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.

li, tiaSoftHC,

ib&v. V'. 2%ffl#TOot(i, tzkz. tif, 6 LWtt,

u?')

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

mk^#[Nb-Ai#frA]l:# LT# ^ 9 "Cf (±,

HO^l: No - for the same reasons stated above. However, nobody really knows how

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

_b(a)k|W|l:@A"C, g-C&a. L&L, &L&C:(0##d?#:bfLaj:9t:&c:taL

B]#2: /

Bl#3: I cannot see that the Nb-aluminides will have sufficient fracture toughness for

use. Also, NbgAl is not particularly oxidation resistant.

k, Nb3Ai guiceSHbtitc tvrv'air-e&v\

B]#4:---------

a)h*ffi.

(@#5: No. I cannot think of any application of these materials in next 20 years at

least in aerospace applications.

44&20#(OMt:4?& < t $ ti& t b ti%i\
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(VI) The following approaches are being made for achievement of the goals;

a. Preparation of equilibrium phase diagrams for material design.<0 tz #>

b. Melting technology of high purity materials with compositional control (iWMSS

c. Powder metallurgy (#^?o A)

d. Surface treatment for improved resistance to oxidation.

(1) Are the approaches appropriate 

(a) for gamma Ti-Al based alloys ?

(£<£>«!:? £7 7n-f-fi,

HMIr 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.

# # , 6. 0 V'. TiAlKOV'-Cfi

EI#2: a), c), d) okay, b) is too expensive (low oxygen).

a), c), d)#&v'df, b)l±[#m#^f 6 1:li],

@#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.

v'f fL<0 7 7n-f h ah,

TiAi#am#&mmf ac c hr^a.

EI#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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tinttmfcfcv'T>i&tt £ t, g?a&i4£»t*cii£ < m

@#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% A1 is acceptable and readily 

achievable.

c) 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.

b) &$###%&? J: V'. 400~800ppm<%###

r )v ^ - 7 Afifi±o.5%o$u$J'C x <, £ ttk Wlacmi-cs
b.

c) #####:: 7 - b - 

p°p iZ <D b ft M £ ti h ^ $ "C & b .

(b) for Nb-aluminides ?

(Z(DXi £77n-f-fi,

: 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.

ztib <D&± K o V' X , <T> KB### £LTV'4v>. L tzffio Tb)<hc)#
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0#2: /

#0#

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.

@#4:

(a) fc&il

0^5: a) Important.

b), c), d) The comments are similar to those in (a) TiAl

a) SET&S.

b) , c), d) (a)OTiAl t 0 t 3 ^ > h .

- 5-13 -



(VII) When do you think the intermetallics can reliably be applied to structural use

(a) for gamma Ti-Al based alloys ?

0^1: By the end of the 1990's.

1990ft

0#2: Now (turbine blade, engine valves)

f-kf:/ - yi%- r,

0^3: The gamma Ti-Al alloys can probably be used in the near future (next few

years) in down-to-earth applications.

0#-4: None demanding - now (1993). Demanding - 2005 + .

d993). mmmm—2oo5#m%.

0#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. V' < TiAl^#k#mi*H:#M $> <0 t M

2. - kr> I) 1:

TiAl(DMou^#t>fL6 1: (iio^d'&a. ^ > V

(b) for Nb-aluminides ?

0^1: Not before the year 2005.

2005#m#K iiHil L&VV 

0#2: /

#0#
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0#3: I can really foresee the Nb-aluminides being used as structural materials.

0Hr4: None demanding - 1994. Demanding - 2010+ !

1994#. 2oio#mp%.

01§: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. LT #1: j: ^ 1: [20l5#m#
1: .

2. L&L,
t £ik#>&•<£ -eii&v k SE'C&a.
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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 ?

0^1: 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.

c & T&5 9 , :: LTV'& ::M:g#i)&&cTV'

& Z 9 T&&.

0#2: Stability of interfaces for composites.

0#3: /

#0#
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@#4: I assume in this context "structural application" means a demanding

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

VII. I will give you three areas;

(i) Understand micro structure/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.

9 fc t h -I t .

(iii) i/. 7D/M

h.

0^5: 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.

Mf&tP]#. 7"n -t ~J -> > ;/<y$£EtCO v>T < C t t $r$3!o X V'5 . -ttlT i %£, 
TiAim%m& 6 oT«8tt# t ITtiftCMJ i TKIi, t ; if Itl

< mm L.’CiSi/'TiSfrfafcr* J: i
ICBoK*glJTS h.

1.1. tKiEEttk®* C k.

#'/7t7)V7T-2«0t'fX, MM, »*liSSk

1.2.

a. tutor, tvfflK&iKm

1.3. a

O b E16t"4> <> 0:65*-6. ') >i^SKppli, i,'h\'h<n9:

5:4) l/- h TSiS • *ar # & (L & W 5-«-7D-M

5 -4 i:Et Lv^oiiSSiS 4,<y^s.v\ i
tas5t£ 11±, ) $ < yv

-9 ?+>'■/ LX, ttsEkttittWHT-tl&ttKfc 6 f o-^cSnix*«

sct4;tfi4. e?a*6vN±*7 h5MS8S, $ %
K £ 4.-7 • * ■> h • -> A & c. tX$>&. £ it b V) 7 u-t Z.

1.4. SS#TT(7)TiAli7)g#ciSStt. ffiK t>#a# IZ: J: 1 K,

ati'&Mfci: i £««-?- Mi* ti&.
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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.

Mfczo 7 iK t Ptcov>T £ £ £ o TV'* £ l±#T&##T& * . £'<D l 7

£ S w
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(IX) Could you give your advice and comment

on the future development of the program ?

n y > h & Wc/f £ tz^t f.

(@#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.

cov'-c. r f >■ 7 n' z t 4 Kico^t,
l±, i £ Z ti Z 7 .

it, i fr, LtzfriWb friz t Z ZtiZ
7. t^7 <o\t, L r z vfrsf&mmt z £ t
utMtz. ssatv'ioii, t Ltnaws* znx,
M56S«l»s!Ett b tiZ Z t i±i%LX ^Z . *lt + ¥ Kfifio

ftiic, 3 - □ ~J A t±^-f£E M-ft-S-W <OfrKT£.@L & « t Z X$> Z
i . - F0ii w@f?S t -e-

4I2U Lfrfbffb, £ n X 7 * 3 * > b K t± -t U >

T *I kf t -f ti-ZZtitLISL liftfkX
z.

El 1^2: Let the industry develop parts. Let the universities do basic research. It is 

time to split.

iSS#iiM%£$s u, &. t + i&rc&z.

H1^4: See # VIII question. From a managerial point of view, you should ensure

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

# zm^iM,Z t t. ta«l44S)}>?»t4t, *#, Bifflf
%5r, CEit^ # T& & .
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@^5: Not this time.

Than£ you very much for your ftjnof cooperation.
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5.2.

1- tl«t4 t Z.hi?% < , $ t&Bftk-cv^a.

as^ctiv^T, ynyi? ^uii»ts»

•fO^ByxJr HO0g, iSHCOWTiU fc ®

tg,t>tl&. *I*TI1, -5-tL6(7)9F%*$lcESLT5.1.*KS LZzi9$SBK L/;2)$v\ 

jfc^-yKTKEL^MS* o/c. 

a* L *ffl* WmJS% i Tt:E L *(**H).

Hit **

ms**

*K**
NKK

*a#*#

J1IW8IS

ft*^*i*
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5m

(1) Ko^-C, LXSbitZ-CLi ifr.

tm#i: #im*eAT#*LTv^.

B#2: V^6V^6 ae&M < a A#* 6.

0#3: y'/!Ky')A-e*SiiS4Hi-'tv>i. 

m#4:

@#5: KM-C,^$* 9 , IR-S-ifK $ "f ttiS l T v> .$>.

@66: 4 cTlTV'4.

m#7: mm#a^#e-6rMv^Tv^. & o-cv^a.

@68: t < SlotV'4.
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(2) BB±$"C£roliC>7’n y X ? £ C & b tl £ £ i: K O V'T, Z <F> =t n (C# X b ft
i -fir.

0#1: J:v>tli. %fr-DtziLigifrbiimi H6«I!*»7'n
->*I #■ h knmm • Silt k tl&l 7 k l^.

0#2: B Wi: BSi8£^-£-ST*5. -«EK £ <?# O/d ->* x ? 1- rii
itiftoT- ? 0M«r ki k £>&-# < , B*S$-eroftSr*ttif io k£% A,k*? 
S'tS T*S. ESSFFESf l±of ^
ILt, -erofl"ST*S<0 X^y -r V X h £ — ATi'Attf t±(t'52 fc 
Sfrtf&V'fc# x.£.

@#3: S.W /nyi ? Kc(i#in-C#*^o*^, Ifflr-vffliynyiM 
C®f) ±tf StiTV'-B £ £ r, ttrttci3it4W?£^^ >) S < ffittftS Hi. Ifrl

#s=n.y®tiBli)A< ¥<fiSLT»Lvx

Q@4: S4, B *l±Catch-up ^56 SS^Ofctl K * -£ . £ (0##cy o y h K
ciStiitaa^L, #BTt l^l^s^s-vx

ffilitf, SlrH8®KiJi) i: J: ^Sf^^MS^ab-E.. i 
Z;»K, it>i)&k&t>tlt,m&^Z kp$}*)%X btlX Li *>.

m#5: £ k jSIfttljSS/W/flt X?£ < ,
Fm£«t6*. £» Latest aft, MMiifJSSilTSU'.

m#6: 'AVkKXaiD&fetfyFmmKb^X zx^'i, X *> i:ax.J. #)nA#U#4Z:

0#7:

@«8: Sf&rofStt-ffc.
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(3) * 7 n ->* j; ? H± , rSJtaK^JRM'ffc-§-®Kov' tuoo°Ci;£i<> Tit®#

100MPa@.±, # fi K £ v>T 3 %ti. ± <0 ff 0s, £ i U'S» *&jg W-ffc£• ft K o v> X 

1800°CKj3V'T5l$56 575MPaK±, #SK ti V'T 3 % W. ± <9 ff 0s, 6 # 4- f 6

itilltl, i<Dtz»bi', a.@tt<9 9:#, iS S3SE <0 0 ± & if <914SB 0 ± £ 
HU**5<9#«-|S:tf\ b.iS*E$, SfSE«OSI%, R14SB&

####, mm$u# - c.»*#i,

=rig»»*®j«a#»¥<dt%%, d.i#®Hfctt0±<9tzj6<9Sh& 
iSi% 2f<9MfB£fT& 9 J i: SttTV'4-f.

t-toUffFSSKMLT, &.T<oKfflc ti^x. < £3 

V' .

i® ».*(**« ft -&» (N b-Al*) K bl>T, #§lft,tLTV^ieto*anr|Ett4' 

if <9 J: ) KfFffi-j- Jfr,

0»1: TiAl<7)Eii-(kroMg,4(ti3SS • Wtth**Btti:#x.6. *i«Mv'#i)iTr 
roffljt, TiAl -7 b V -7
j' X rott-g-#l±67j#* &. Nb*l±mcWRf a####! (,#.&#?* 9 , 1800
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6.1. "AEROMAT"(Advanced Aerospace Materials/Processes 
Conference) Cjslf 3

L T 6 . ASM

International T ii 1990¥&5te, " AeroMat" t ^f & gJ RS£M & Hflfi $ tl X ^ & . £

7 y 3 >Uoti'4. fK6(D^T1990#^^1992#C^

$ *J£JIT£ ^ *1 If tz .

Aero Mat' 90

HIGH TEMPERATURE INTERMETALLIC S 
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

MoS i2 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 Beryl 1 ides:
T. G. Nieh, J. S. Lee, Lockheed Missiles & Space Co.

Potential Application of Refractory Beryllides in Aerospace Structures:
J. Ryder, K. Lauraitis, T. Mukherj i, 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 
NigAl Composites:

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

Cyclic Deformation Response of Poly Crystalline NigAl 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

Hydrogen Embrittlement of Intermetallics:
N. Stoloff, Rensselaer Polytechnic Institute

Oxidation Behavior of Non-Oxide Ceramics:
E. Courtright, Battelle Northwest Laboratories

Effect on Rapid Solidification and Ion Implantation on the Oxidation 
Behavior on Nb-Ti-Al-Cr-V Alloys:

G. H. Meier, University of Pittsburgh

Session V: Environmental Stability (continued)

Oxidation Limits for NiAl:
J. Doychak, J. Smialek, C. A. Barrett, NASA Lewis Research Center

Oxidation of Advanced Intermetallics for Naval Gas Turbines:
T. A. Kircher, R. Mahapatra, E. W. Lee, Naval Air Development Center

Effect of Dispersed Particles on the Oxidation Behavior of TiNbgA1:
R. A. Perkins, Lockheed Missiles & Space Co.
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Cyclic Oxidation of Aluminide Coated TigA1:
J. L. Smialek, M. A. Gedwill, P. K. Brindley, NASA Lewis Research 
C enter

A New Approach to Control Oxygen Permeation in High Temperature 
Coatings:

E. Courtright, Battelle Northwest Laboratories

TITANIUM ALUMINIDES 
Session I: Applications

Titanium Aluminides: An Overview:
H. A. Lipsitt, Wright State University

U. S. Air Force Applications of Titanium Aluminides:
T. Broderick, AFWAL Materials Lab.

Applications of Titanium Aluminides in Advanced Aircraft Engines:
J. C. Williams, General Electric Co.

Applications of Titanium Aluminides on the National Aerospace Plane:
A. D. Bakalyar, Rockwell International

Production of Alpha-Two and Gamma Titanium Aluminide Mill Products:
P. J. Bania, TIMET Corp.

Session II: Processing

Processing and Properties of Powder Metallurgy Titanium Aluminides:
J. A. Graves, Howmet Corp.

Microstructures and Mechanical Properties of Sheets and Foils of TigAl 
Based Alloys:

S. C. Jha, J. A. Forster, A. K. Pandey, R. G. Delagi, Texas 
Instruments, Inc.

Texture Development in Titanium Aluminides:
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:
C. Bassi, J. A. Peters, Sulzer Brothers Ltd.

Session III: Mechanical Properties

Recent Development of Gamma Titanium Aluminides:
S. C. Huang, General Electric Co.
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An Assessment of the Fatigue and Fracture Capability of Titanium 
Aluminides in Aerospace Applications:

J. M. Larsen, K. A. Williams, S. J. Balsone, M. A. S tu eke, Wright 
Research and Development Center

Fracture Toughness of Alpha-Two Titanium Aluminides:
B. J. Marquardt, General Electric Co.

Creep of Alpha-Two Titanium Aluminides:
A. W. Thompson, Carnegie-Mel 1 on University

Creep Properties of TiAl Alloys Containing Hard Particles:
D. H. Carter, R. M. Aikin, W. S. Gibbs, P. L. Martin, Los Alamos 
National Laboratory

Session IV: Mechanical Properties and Environmental Effects

Heat Treatment of Titanium Aluminide Castings for Property Optimization: 
D. J. Evans, L. S. Steele, I. Weiss, D. Eylon, University of Dayton

Extra Low Oxygen Content of Super Alpha-two:
S. M. Tuominen, Teledyne Wah Chang

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

Hydrogen Effects in Titanium Aluminides:
D. Matejczk, N. E. Paton, C. G. Rhodes, Rockwell International

Corrosion Behavior of Titanium Aluminides:
B. Bavarian, S. Dastmalchi, California State University

Aero Mat'91

TITANIUM ALUMINIDES
Session I: Phase Transformations and Environmental Effects

Update on Binary and Ternary Phase Diagrams:
J. H. Perepezko, University of Wi scons in-Madison, H. A. Lipsitt, 
Wright State University

Microstructure Evolution in Gamma TiAl-Based Alloys:
M. J. Kaufman, University of Florida

The Kinetics of Microstructure Development in Cast Near-Gamma Titanium 
Aluminide Alloys:

P. A. McQuay, Wright Laboratory, S. E. Semiatin, Battelle Memorial 
Institute

- 6-5 -



Phase Relationships in Alpha-2 Alloys:
C. H. Ward, Wright Laboratory, B. J. Marquardt, General Electric 
Aircraft Engines, H. A. Lipsitt, Wright State University

Enviromental Effects in Titanium Aluminide Alloys:
J. A. Hall, Allied-Signal Aerospace Co.

Evaluation of the Environmentally Assisted Cracking of Aluminide 
Intermetallic Compounds:

B. Bavarian, S. Harutouni, California State University, M. 
Zamanzadeh, PSI-Pittsburgh Testing Labs

Session II: Wrought Processing

Superplastic Forming of Titanium Aluminides:
M. W. Mahoney, Rockwell International Science Center

Processing of Titanium Aluminides:
O. Bertea, RMI Titanium Co.

Sheet Metal Processing of Alpha-2 Titanium Aluminides:
T. L. Wardlaw, P. J. Bania, Timet Corp.

Processing and Properties of Hot-Rolled Super Alpha-2 Titanium Aluminide 
Foils:

J. A. Peters, C. Bassi, M. Blank-Bewersdorff, S ulzer-Innotec

Hot Working of Titanium Aluminides - An Overview:
S. L. Semiatin, Battelle, P. McQuay, Wright Laboratory

Thermomechanical Processing of Ternary Alloyed Gamma Titanium- 
Alum ini des:

Y. Mizuhara, N. Masahashi, M. Matsuo, K. Hashimoto, M. Kimura, T. 
Hanamura, H. Fujii, R&D Laboratories, Nippon Steel Corp.

Session III: Casting and Joining

Repair Welding of Cast Ti-48Al-2CR-2Nb:
T. J. Kelly, General Electric Aircraft Engines

Facecoats for Gamma Alloys:
T. J. Kelly, GE Aircraft Engines, L. M. Wheeler, Tiline, Inc.

Creep and High-Temperature Deformation of Cast Two-Phase Gamma TiAl 
Alloys:

R. W. Hayes, Metals Technology, Inc. B. London, Howmet Corp.

Diffusion Joining of Intermetallic Compound, TiAl:
Y. Nakao, K. Shinozaki, M. Hamada, Osaka University
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Joining of Titanium Aluminides:
W. A. Baeslack III, The Ohio State University, D. H. Phillips, GE 
Aircraft Engines, D. Gnanamuthu, Rockwell International Science 
C enter

Session IV: Mechanical Properties and M i c ro s t rue t u re

Structure/Property Relationships in Ductile Gamma Alloys - An Overview:
P. L. Martin, C. G. Rhodes, Rockwell International Science Center

Processing, Microstructure, Mechanical Properties and Oxidation Behavior 
of a Ti-44A1-1 INb Alloy:

R. Mahapatra, E. W. Lee, J. Waldman, Naval Air Development Center,
J. H. Perepezko, University of Wisconsin-Madison

Controlling Fracture Behavior in Gamma Titanium Aluminides:
R. E. Anderson, D. R. Clemens, M. Tojek, Pratt & Whitney

The Effect of Microstructure and Temperature on the LCF Behavior of an 
Alpha-2 Titanium Aluminide Alloy:

K. A. Williams, Wright Laboratory, C. Meyrick, The Ohio State 
University

Effects of Microstructure on the Propagation of Small Fatigue Cracks in 
Ti-24A1-1 INb:

K. S. Ravichandran, J. M. Larsen, Wright Laboratory

Aero Mat'92

HIGH TEMPERATURE ALUMINIDES 
Session I: Titanium Aluminides I

Synthesis of High- Temperature Aluminides via Reactive Hot Compaction:
E. Jenson, L. Lu, R. Abbaschian, University of Florida

Processing of High Temperature Intermetallic Matrix Composites:
N. S. Stoloff, D. E. Alman, K. Shaw, Rensselaer Polytechnic 
Institute, M. Otsuki, Mitsubishi Materials Corp.

Fatigue and Fracture Behavior of Ductile-Phase Toughened Intermetallic- 
Matrix Composites:

K. T. Venkateswara Rao, R. O. Ritchie, University of Califonia

Consolidation Studies on Rapidly Solidified Novel Nb A13 -Based Alloys:
R. V. Raman, S. V. Rele, M. Hebsur, C ER AC ON, Inc.

Session II: Titanium Aluminides II

Phase Transformations in Ti-Al and Ti-Al-Ta Alloys:
M. L. Weaver, M. J. Kaufman, University of Florida
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In-Situ g TiAl Composite Containing Titanium Carbide:
R. Ranger, MARCO Materials

Deformation and Fracture of Fiber-Reinforced Titanium and Titanium 
Aluminide Matrix Composites:

J. M. Yang, S. M. Jeng, University of California

Influence of Phase Distribution on Creep and High Temperature Deformation 
of a Ti 3 A1 Base Alloy :

M. A. Morris, University of Neuchatel

Session III: Titanium Aluminides III

The Influence of Chromium on the Microstructure and Properties of NiAl:
J. D. Cotton, M. J. Kaufman, University of Florida

Ductile Fiber Reinforced NiAl Composites:
H. W. Doty, R. Abbas chi an, University of Florida

Synthesis of Nanocrystalline NiAl by Cryomilling:
M. J. Luton, B. Huang, C.Klein, Exxon Research and Engineering Co.

Predicting the Oxidation-Limited Lifetime and Maximum Use Temperature of 
p NiAl:

J. A. Nesbitt, C. A. Barrett, J. Doychak, E. J. Vinarcik, NASA Lewis 
Research Center

Session IV: Titanium Aluminides IV

Combustion Synthesis of TiAl Intermetallic:
B. Mishra, S. Pritchett, J. J. Moore, Kroll Institute for Extractive 
Metallurgy, Colorado School of Mines

Evaluation of Plasma Transferred Arc Synthesized Titanium Aluminide:
M. Babi, N. Bhandari, Plasmatherm Systems Pvt. Ltd.

A Comparison Analysis of the Dislocation Structure in TiAl under Active 
Loading and Creep:

B. A. Greenberg, Institute of Metal Physics

METAL MATRIX COMPOSITES
Session I: Cast Metal Matrix Composites I

Keynote: A Review of Cast Composites:
J. Cornie, Massachusetts Institute of Technology

Advances in Pressure Infiltration Casting of Metal Matrix Composites:
A. Cook, P. S. Werner, PC AST Equipment Co.

Influence of Silicon Carbide(SiC) Platelets and Aluminum Nitri de(AlN) 
Particulates on the Thermal and Mechanical Properties of 6101 Aluminum:

J. B. Clark, J. V. Foltz, Naval Surface Warfare Center
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Highly Loaded Aluminum Metal Matrix Composite Castings:
D. Halbert, J. Burke, P. Niskanen, Lanxide Corp.

Recent Advances in the Centrifugal Castings of Silicon Carbide/A1 uminum 
Tubes:

S. D. Karmarkar, A. P. Divecha, S. Hoover, J. Kerr, W. F errando, 
Naval Surface Warfare Center

Investment Cast MMC Production Capability:
S. Kennerknecht, Cercast Inc.

Session II: Cast Metal Matrix Composites II

High Strength Alumina Reinforced 7 000 Series Matrix Composites:
D. J. Lloyd, M. Skibo, Alcan International Ltd.

The Microstructure and the Volume Fraction of Particles Incorporated into 
Spray Formed Metal Matrix Composites:

P. P. Maher, University of Oxford

Effect of Reinforcement Size and Distribution on Properties of 
Microballoon/Metal Matrix Composites:

S. P. Rawal, B. R. Lanning, M.S. Misra, Martin Marietta Aerospace

Low Cost MMCs for Electronic Packaging:
M. K. Premkumar, D.I. Yun, R. R. Sawtell, Alcoa Technical Center
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6.2. Ti-rt*±*n<k£*£HT*£tt
6.2.1. yn-bx

T i A 1 on-;u ;l/-v7;!/Ltfr-v 3
HMtM, rWHH (fclft)
^MXSMrSsW/rlR^ VOL. 41, NO. 2 PAGE. 9 1 - 9 7 1992

nmmm, #msx &xm
X### VOL. 40, NO. 9 PAGE. 48-52 1992

MA&tflJffl < 6
(Stir*;)

XMttW VOL. 40, NO. 8 PAGE. 5 4 - 5 7 1992

^fpmu^T i - 4 7 a t. %a 1 w^wamm 
HE#, XS^n (#^); M(Bill) 
umt'fn-fe* VOL. 5, NO. 2 PAGE. 7 4 0 1992

?-i a i
Development of castable TiAl alloy for turbine 
components.
NAKAGAWA Y G, YOKOSH IMA S.MASTUDA K(##)
Mater Sci Eng A VOL. 153, NO. 1/2PAGE. 7 2 2 - 7 2 5 1992

Synthesis, processing and properties of nanophase 
aluminide.
CHANG H, HOEFLER J, ALTSTETTER C, AVERBACK R (Un i v. 111.) 
Mater Sci Eng A VOL. 153, NO. 1/2 PAGE. 676-678 1992

pommoxmm:a*tammkit
Flow Softening and Microstructure Evolution during 
Hot Working of Wrought Near - G a mm a Titanium Aluminides. 
SEMIATIN S L, FREY N (B a t t e 1 1 e); E L - S 0 U D A N I S M(Rockwell); 
BRYANT J D(A1 lied Signal)
Metal 1 Trans A VOL. 23, NO. 6 PAGE. 17191735 1992

i A i^
High hardness TiAl alloys through reaction milling 
and hot compaction.
SUZUKI T, INO T, NAGUMO M CfMc)
Mater Sci Forum VOL. 8 8/9 0 PAGE. 6 3 9 - 6 4 6 1992

Light metals synthesis by mechanical alloying. 
SURYANARAYANA C, FROES F H (U n i v. Idaho)
Mater Sci Forum VOL. 88/90 PAGE. 445-452 1992

ZaMA#^%T i - A 1
High quality powder production of 

reaction ball milling. 
S.KIMURA H
Forum VOL. 8 8/9 0 PAGE. 97-

system by 
KOBAYASHI 
Mater Sci

MA amorphous

1 0 4 1992

TiAl
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(01: ^3 if 6 (7)E=%-% 1: &  ̂t mzmms<7)^#
Effect of thermomechanical treatments on 
solidification inhomogeneity in ingot metallurgy 
gamma titanium aluminides.
BRYANT J D.MAISANO J R,WINTER D T, BARRETT A R H (M a r t in 
Marietta); S EM I AT I N S L(Battelle)
Intermet Matrix Compos PAGE. 5 9 - 6 4 1990

MMmm LtzT i 3 A 1 +Nb
Phase stability in a rapidly solidified.
HSIUNG L M.KUNTZ T A, WAD LEY H N G(Univ. Virginia)
Low Density High Temp Powder Metal 1 Alloy PAGE. 21-34 
1991

t #### <Dm&
BBS, (AX*)
MS VOL. 3 2, NO. 3 PAGE. 1 2 0 1 2 3 1992

m(@E#Taa&BLtT i a i
React ion-sintered hot-pressed TiA 1 .
RAWERS J C.WRZES INSKI W R (B u r e a u of Mines)
J Mater Sci. VOL. 27, NO. 11 PAGE. 2877-2886 1992

?&&&%(Roc)
Rapid omnidirectional compaction (ROC) of titanium 
aluminide prealloyed powders.
PORTER W J,OSBORNE N R.EYLON D (U n i v. Dayton);
CLIFFORD J P(AATD)
Ad v Powder Metall VOL. 1 9 9 0, NO. V o 1 2 PAGE. 243-257 1990 

7 * > 7 )V ^ ~ .
Development of ultrafine microstructures in titanium 
aluminide powder compacts.
APGAR L S, E YLON D(Univ. Dayton)
Ad v Powder Metall VOL. 1 9 9 0, NO. V o 1 2 PAGE. 1 7 3 - 1 8 6 1990

VOL. 6 2, NO. 6 PAGE. 27-31 1992

Nanostructure Processing for Titanium-Based Materials. 
FROES F H, SURYANARAYANA C, CHEN G-H, PREFER A(Univ. Idaho); 
HYDE G R(U. S. Bureau of Mines)
J OM VOL. 44, NO. 5 PAGE. 2 6 - 2 9 1992

j: & T i A 1
ftm*, mmmm, 011, tmmm &xm
BVOL. 120th PAGE. 3 5 1992 

Y2 03 + Z r 02#*##KJ:6T i A 1
xrnmfe, z^z#, mm &xm

jbvol. 120th page. 341992

T i A 1 <7)3-11/ F ? A -V7> 1/bfT-V E £Mt£
/N#*z, z^z#

VOL. 1 2 0 t h PAGE. 33 1992
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KE'WS&Kj: OfmLtT i A
7Km#m,
B^###^B VOL. 5 6, NO. 3 PAGE. 3 4 2 - 3 4 6 1992

i 7 x < m wwm a
Microstructure and mechanical properties of / base 
titanium aluminide produced from extruded elemental 
powders.
DAHMS M, SCHMELZER F,WI LDHAGEN B(GKSS-Forschungszent rum); 
SEEGER J(Technische Univ. Hamburg-Harburg)
Mater Sci Technol VOL. 8, NO. 4 PAGE. 3 5 9 - 3 6 2 1992

Comparative viability of processing routes for 
intermetal lie based materials.
FEEST E A,TWEED J H (H a r we 1 1 Lab.)
Mater Sci Technol VOL. 8, NO. 4 PAGE. 308-316 1992

t i a #3#
3EjilM(m± m; TkJHISr (MX X);

VOL. 1 9 9 2, NO. 2 PAGE. 6 3 3 - 6 3 6 1992

jmssiw, v-AMmzfilm's*4 b**<DWtmmst&4t
Changes in Oxygen Contents of Titanium Aluminides by 
Vacuum Induction, Cold Crucible Induction and 
Electron Beam Melting.
SAKAMOTO K, YOSH I KAWA K, KUS AM I CH I T.ONOYE T (##)
ISIJ Int VOL. 32, NO. 5 PAGE. 616-624 1992

>#~#;i/7n/ >?*<DT i - A 1 ^<7) mg SkS OISE
The process of solid state transformation of Ti-Al 
system during mechanical alloying.
Q I M, ZHU M, L I G B, YANG D Z, KUO K H
Mater Sci Forum VOL. 8 8/9 0 PAGE. 3 5 5 - 3 5 9 1992

/ & T i - A 1, Ti-Si, £J:?7S i
Microstructural refinement & amorphization in Ti-Al, 
Ti-Si and Si-W system by mechanical alloying.
A H N J - H, CHUNG H S (K o r e a Inst. Machinery & Metals, ); WATA 
NABE R, PARK Y H (HUb/:)
Mater Sci Forum VOL. 8 8/9 0 PAGE. 3 4 7 - 3 5 4 1992

% \ # i a i ommtnx##
warn Ttmw, wmm, isia,

vol. 1992, no. 1 page. 6 3 - 6 6 1992

T i A 1 <D&&
A1$$, ±E^, /J^rg|5(E/0

NO. 5 0 PAGE. 1 6 8 - 1 6 9 1992

t i a i
mm, mmz, mm, it

NO. 5 0 PAGE. 1 6 6 - 1 6 7 1992 

Pseudo - HIP (PH I P) CJ:otMU:T i A 1
m&m, amm-, oz*.>,

cMr* VOL. 5, NO. 2 PAGE. 7 5 0 1992
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C a O&cm:&T i A 1 ####%%
e&##m

tiftt?n-tr* VOL. 5, NO. 2 PAGE. 7 4 9 1992

&m,ttvw0, (MM, ffltpjseamm
ttftt?n-bA VOL. 5, NO. 2 PAGE. 7 5 1 1992 

;* #-#;i/7n/ y^&ci^T i A 1 OWE
T i A 1 formation by mechanical alloying.
SURYANARAYANA C, SUNDARES AN R, FROES F H (U n i v. Idaho) 
Mater Sci Eng A VOL. 150, NO. 1PAGE. 117-121 1992

Ti - A 1 ij-lDVruj y y
Mechanical alloying of the Ti-Al system.
BURG I 0 N, GUO W.MAGINI M, PADELLA F,MARTEL L I S (E. N. E. A. ); 
SOLETTA I (U n i v . Sassari)
Struct Appl Mech Alloy PAGE. 175-183 1990 

<Dtz£> COM A^
M A alloys for aerospace applications.
ELLIOTT I C, HACK G A J(Inco)
Struct Appl Mech Alloy PAGE. 15-24 1990

« 2f coM^f
Characterization of the Weld Heat-Affected Zone in an 
Alpha-Two Titanium Aluminide.
BAES LACK W A I I I (0 h i o State Univ. );
PHILLIPS D.SCARR G K (G E Aircraft Engines)
Mater Charact VOL. 28, NO. 1 PAGE. 61-73 1992

bftSHL/cA 1/Nb, T i/A 1
Change in Morphology of Mechanically Alloyed Nb/A 1 
and Ti/A1 Powders and Their Material Properties.
PARK Y H, HASH IMOTO H, WAT AN AB E R CUCtt/c)
J Ad v Sci VOL. 3, NO. 4 PAGE. 223-230 1991

TiAi<o#imE@L(pst)
Recovery and recrystallization of cold-rolled 
polysynthet ical ly twinned (PST) crystals of T i A 1 .
OH M H, INUI H, NAKAMURA A, YAMAGUCH I M(s/C)
Acta Metal 1 Mater VOL. 40, NO. 1PAGE. 167-176 1992

Titanium aluminide foils by elemental powder 
processing.
DAHMS M(GKSS); SCHWANTES S (D o r n i e r Luftfahrt)
Mater Sci Eng A VOL. 151, NO. 1 PAGE. L27-L29 1992

S c h w e i s s e n von T i t a n a 1 u m i n i u m
HORN H
VD I B e r NO. 9 1 7 PAGE. 3 6 9 - 3 7 2 1992
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7;i/7 7 2f?>'
Effect of texture on the cold rolling behavior of an 
alpha-two titanium aluminide.
SUKONNIK I M (Texas Instruments); SEMI ATIN S L (WL);
HAYNES M(Ren s s e 1 ae r Polytechnic)
Scr Metal 1 Mater VOL. 26, NO. 6PAGE. 9 9 3 - 9 9 8 1992

Steady-state creep deformation of investment cast 
near-gamma titanium aluminide.
WHEELER D A, LONDON B, LARSEN D E JR(Howmet)
Scr Metal 1 Mater VOL. 26, NO. 6PAGE. 9 3 9 - 9 4 4 1992

T i A 1 <DC

mtm VOL. 7 8, NO. 4 PAGE. 680-687 1992 

X ^ TfNE2 titz T i - 3 5S196A 1
Influence of heat treatment on microstructure of 
Ti - 3 5 w t. %A 1 prepared by elemental powder 
ANG G - X, DAHMS M(GKSS)
Scr Metal 1 Mater VOL. 26, NO. 5 PAGE. 717-722 1992

# L 2 % & mc-a#
HIGHER, /Nem#, #3#%, 8##%, @#mA, %(#ff (M A)
BVOL. 14 (19 9 1) PAGE. 3 5 - 3 9 1992

BfinmT i a i
FBBSBIL AlMA (##)
R&D/#^mma# vol. a 2, no. 1 page. 68-711992

> 7 ;i/ <

VOL. 25, NO. 1/2 PAGE. 42-46 1991

7 - t i a i a 2 tsoss

##E VOL. 4, NO. 5 PAGE. 1 7 0 3 1991

Resistance Diffusion Bonding of a Titanium Aluminide. 
COX A (E d i s o n Welding); BAESLACK W A I I I (Oh i o State Univ.); 
ZORKO S,ENGLISH C(GE Aircraft)
Diffus Bond 2 PAGE. 1 5 8 - 1 7 0 1991

[3]
mmm-, mmx mzmmwM)

VOL. 5, NO. 3 PAGE. 87-91 1992

[2]
BJtSlfi:,iS2EH(m^A)

VOL. 5, NO. 3 PAGE. 71 - 77 1992

mmuX'sytf'JVJ* VOL. 142nd PAGE. 1 1 - 2 3 1992
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Analytical modeling of the pack LI A F, ANBAJ AGANE R, 
GUNAS EKERA J S (Oh i o Univ. );KERR W(WRDC/MLLN)
Trans North Am Manuf Res Inst SME VOL. 19th PAGE. 29-36 
1991

T i - T a - A 1
Solidification paths of T i - T a - A 1 alloys.
MCCULLOUGH C, VALENC I A J J, LEV I C G (U n i v . California);
MEHRABIAN R(Carnegi e Mellon Univ.);
MALONEY M.HECHT R (P r a t t & Whitney)
Acta Metal 1 Mater VOL. 39, NO. 11 PAGE. 2745-2758 1991

T i - r i c h T i A 1 R EP - H I P^inlLM
(&#*); (3^*:); ilElilSCB^I); (3L^)

VOL. 109th PAGE. 1 7 0 1991

C aO&om:Z6T i A 1 V, C r , Mn<0##

tx VOL. 4, NO. 5 PAGE. 1 7 0 1 1991

i A 1
gcrnrnK mm)

mtyu-VOL. 4, NO. 5 PAGE. 1 7 0 2 1991 

-7 - ^ >7;i/< f/f
Segregation and Homogenization of a Near-Gamma 
Titanium Aluminide.
SEMI AT I N S L (B a t t e 1 1 e);MCQUAY P A(WL)
Metal 1 Trans A VOL. 23, NO. 1PAGE. 149- 161 1992

t i a i izmz Ksae

VOL. 5 5, NO. 11 PAGE. 1 2 5 6 - 1 2 6 2 1991 

T i 3 A 1 +T i A 1 & T EMM#
T EM investigation on the interfacial boundaries in 
as-cast T i 3 A 1 + T i A 1 alloy.
ZHAO L, TANGR I K(Univ. Manitoba)
Acta Metal 1 Mater VOL. 39, NO. 10 PAGE. 2209 -2224 1991

t i - a i

T)VY\dr VOL. 2 2, NO. 3 PAGE. 13 19 1992

cs) mmm hhip^
(JR^C)

VOL. 5, NO. 2 PAGE. 85 -88 1992 

T i A i #2#

xjiim, mviMM, (#*); se^b m%m
VOL. 4 2nd, NO. 1 PAGE. 9 1 - 9 4 1991
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Ti -
Mechanical alloying of the T i - A 1 system.
GUO W.MARTELL I S, BURG I 0 N.MAGINI M, PADELLA F, FARAD I SO E 
(E. N. E. A. -Ca s ac c i a); SOLETTA I (U n i v. Sassari)
J Mater Sci VOL. 2 6, NO. 22 PAGE. 6190-6196 1991

J: i - A 1 7^1/7 7
PARK Y H, LlJF*3J§A, *1*^, (HUb*)

VOL. 38, NO. 7 PAGE. 914-919 1991

Cold Rolled Titanium Aluminide and Titanium Alloy 
F o i Is.
J HA S C, FORSTER J A, P AND E Y A K.DELAGI R G (T e x a s Instrum 
e n t s)
ISIJ Int VOL. 31, NO. 1 0 PAGE. 1267-1271 1991 

&JSBKfr£*»T i A 1 O####
Diffusion Bonding of Intermetal 1 ic Compound TiA 1.
NAKAO Y, SHINOZAKI K, HAMADA M(E^)
ISIJ Int VOL. 31, NO. 10PAGE. 1260-1266 1991

ftmnfcLLk 
Titanium-Aluminides by Hot Isostatic Pressing of Cold 
Extruded Titanium-Aluminium Powder Mixtures.
DAHMS M,WI LDHAGEN B (GKS S); S EEGER J (H a m b u r g - H a r b u r gl*); 
SMARSLY W(Mo t o r en - und Turbinen-Union)
ISIJ Int VOL. 31, NO. 10PAGE. 1093-1099 1991

T i A 1 S£JS t E&&
Phase Reactions and Processing in the Ti-Al based 
Intermetal 1 ics.
PEREPEZKO J H(Un i v. Wisconsin)
ISIJ Int VOL. 31, NO. 1 0 PAGE. 1080-1087 1991

V I M&l: Z & T i A 1
A Study on the Melting and Casting of T iA 1 
Intermetal lie Compound by VIM Process.
PARK P - C, CHO I C - W, HONG C - P (Y o n s e i Univ.)
J Korean Inst Met VOL. 29, NO. 6 PAGE. 562 - 5691991

77X-77-?aam:j:&-7?y<!:T i A
A Study on the Continuous Casting of Titanium and 
TiA 1 Intermetal 1 ic Compound by Plasma Arc Melting 
Process.
PARK P - C, CHO I C - W, H O N G C - P (Y o n s e i Univ.)
J Korean Inst Met VOL. 29, NO. 4 PAGE. 416-4231991

High integrity titanium aluminide compacts.
PORTER W J,OSBORNE N R.EYLON D (U n i v. Dayton)
Met Powder Rep VOL. 46, NO. 1 0 PAGE. 4 8 - 5 5 1991

#S iy^>TiAl < a
6EES(b^c)

V- VOL. 7, NO. 1 0 PAGE. 4 3 - 4 6 1991
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Production, Characteristics, and Commercialization of 
Titanium Aluminides.
FROES F H, SUR YANARAYANA C(Univ. Idaho)
ISIJ Int VOL. 31, NO. 1 0 PAGE. 1235-1248 1991

i - A
Development in Processing Technology of Gamma 
Titanium Aluminides for Potential Application to 
Airframe Structures.
MATSUO M$rB&)
ISIJ Int VOL. 31, NO. 10PAGE. 1212-1222 1991

t i a i
Mechanical Properties of TiAl-type P /M Intermetal 1 ics 
at Elevated Temperatures.
KUS AKA KO*c|WJii)
ISIJ Int VOL. 31, NO. 1 0 PAGE. 1207-1211 1991

t i - a i
Isothermal Forging of T iA 1 -based Intermetal lie 
Compounds.
FUJITSUNA N.OHYAMA H,MIYAMOTO Y, ASH I DA Y (##)
ISIJ Int VOL. 31, NO. 10PAGE. 1147-1153 1991

j: DEltLZcT i V vf^T i A lB*£*y h 7U*
Structure and Mechanical Properties T i A 1 Powder 
Produced by the Plasma Rotating Electrode Process. 
TOKIZANE M, F UK AM I T(l^); INABA T G&SSIS*)
ISIJ Int VOL. 31, NO. 1 0 PAGE. 1 0 8 8 - 1 0 9 2 1991

f- ? v 7 )u $ - >7 a -c <r>HJbti tfU&fg
A study of nitride precipitation sequence in titanium 
aluminide melts.
K AD B,OLIVER B F(Univ. Tennessee)
Microstruct Sci VOL. 1 8 PAGE. 4 3 1 - 4 3 9 1990

KSm^cZ&T i - 4 7. 3 a t%A 1 - 1. 7 a t
Microstructure Study of T i - 47.3at% A 1 - 1.7at%M n Intermetal 1 ic 
Compound Fabricated by Reactive-sintering.
SHIBUE K, KUMAGAI M (##&)
eaceam## vol. 3 2, no. 4 page. 221-2271991

UAl/A13Ti
Synthesis of A 1/A 1 3 T i two-phase alloys by mechanical 
a 1 1 o y i n g.
SRINIVASAN S, CHEN S R, SCHWARZ R B (L o s Alamos National
Lab.)
US DOE Rep LA-UR-91-3051 PAGE. 1 9 p 1991

(T i , Nb) A
/Nt#—, /fvfcMS (K#^C)

VOL. 4, NO. 5 PAGE. 1 6 8 3 1991
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13 t i szt/a 13 t i +c
Crystal structure and phase relationships in as-cast 
and melt spun A 1 3 T i and A 1 3 T i plus copper.
FRAZIER W E (Naval Air Development Center);
BENCI J E (Wayne State Univ.)
Scr Metal 1 Mater VOL. 25, NO. 10 PAGE. 2267-2272 1991

mb/Ai&aNcmR
Shock Densification/Hot Isostatic Pressing of 
Titanium Aluminide.
SHANG S-S,MEYERS M A (U n i v. California)
Metal 1 Trans A VOL. 22, NO. 11 PAGE. 2667-2676 1991

7t4##m#WLf:T i - A 1
m*.)

- VOL. 7, NO. 1 0 PAGE. 3 9 - 4 2 1991

SESS(SMEW)
VOL. 199 1, NO. #$PAGE. 2 3 2 1991

7 -ft)\/7v4 yyiiZX t) fcMLtzT i - A 1
(Sit*

VOL. 19 9 1, NO. PAGE. 4 6 1991

l^t i n i, t i a 1 <o mm
(##a#x mwuE (4#]Z^m); >)

VOL. 30, NO. 6 PAGE. 5 5 4 - 5 5 6 1991

T i A 1
mmm

vol. 1991, no. ^page. 1461991

T i A1
uumn, smm%, nmm%xm

BVOL. 119th PAGE. 25 1991 

SHSMJ: *)'ftbtitzT i A l&mMt&Qa<?)&&&
Some Properties of TiA 1 Intermetal 1 ic Compound 
Obtained by Sintering of SHS Powder.
MI SH IMA A(B^>nf>);SHITE S (&ZSS)
Nippon Tungsten Rev VOL. 24 PAGE. 2 7 - 3 3 1991

(=#£*&)
o- VOL. 7, NO. 1 0 PAGE. 3 5 - 3 8 1991

tow
%W& VOL. 32, NO. 9 PAGE. 9-16 1991

Joining titanium aluminides.
Mater Des VOL. 12, NO. 2 PAGE. 101-102 1991
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Microstructure Control of Titanium Aluminide Powder 
Compacts by Thermochemical Processing.
APGAR L S, E YLON D(Univ. Dayton)
ISIJ Int VOL. 31, NO. SPACE. 915-921 1991

J:

X^'y^V - VOL. 7, NO. 9 PAGE. 3 4 - 3 8 1991

TiAli, lx>y'>K<o^
SE^S(tiE^)
ys'^y^v- VOL. 7, NO. 9 PAGE. 16-21 1991

tit L fit LOTfziy? T i A 1 (OWMiih WiUES 
(NKK)

X*y*rVOL. 7, NO. 9 PAGE. 9-15 1991

t i a i
sHites (^%K)

V- VOL. 7, NO. 9 PAGE. 3 0 * 3 3 1991 

z&T i A i

X^yfV- VOL. 7, NO. 9 PAGE. 2 6 - 2 9 1991 

B&mm-CT i A 1 &

A^y/V- VOL. 7, NO. 9 PAGE. 2 2 - 2 5 1991 

iUflT^^T i A l f-?y •

X^y/V- VOL. 7, NO. 9 PAGE. 2 - 8 1991 

^tyftAL/:N i 3 A IRVT i A 1 <0#3
Hardness of ion - implanted Ni 3 A 1 and T iA 1 .
WAS G S(Kernf orschungsanl age)
J Mater Res VOL. 6, NO. 8PAGE. 1615-1618 1991

#y-7f ?y7;i/<f/f Kfc £ it fry
The decomposition of alpha phase during continuous
cooling and isothermal transformation in gamma 
titanium aluminide.
MCQUAY P A, DIMIDUK D M (WL/ML LM); S EM I AT I N S L(Battelle). 
Scr Metal 1 Mater VOL. 25, NO. 7 PAGE. 1689 - 1694 1991

Effect of deformation conditions on texture formation 
during dynamic recrystallization of the intermetal 1 ic 
compound TiA 1 .
FUKUTOMI H, TAKAG I S.AOKI K,KAMI JO T («); NOBUK I M (&###); 
MECKING H(Techni scheUniv. Hamburg-Harburg)
Scr Metal 1 Mater VOL. 25, NO. 7PAGE. 1681-1684 1991
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6.2.2. ttl • MB.

T i 3 A 1 - Nb -Mo - 1 VS l$#1$
Microstructure and tensile propert ies of a Ti 3 A 1 -Nb -Mo 
- V alloy.
J I A T, WAN G B, ZOU D,MA H, ZHONG Z (C e n t r a 1 Iron and Steel 
Research Inst. , Beijing)
Mater Sci Eng AVOL. 152, NO. 1/2 PAGE. 317-321 1992 

Super A 1 p h a 2 3 «t
The microstructure and mechanical properties of the in 
termetal lie compounds Super Alpha 2.
PROSKE G, LUET J BRING G, ALBRECHT J (Technical Univ.
Hambu rg - Ha rbu rg);HELM D, DAEUBLER M(MTU Munich)
Mater Sci Eng A VOL. 152, NO. 1/2 PAGE. 310-316 1992

T i A 1 ####%*
Homogeneity and mechanical properties of T i A 1 .
YAMAUCH I S, SHIRAI SHI H (0 s a k a Titanium Co.)
Mater Sci Eng AVOL. 152, NO. 1/2 PAGE. 283-287 1992

*#1%); SI)
JN F0006A (0917-0480)
VN VOL. 41, NO. 7 PAGE. 4 7 0 - 4 7 5 1992

Cr#tCr 203 a<om-&#&/<'y?L, 1, 2 0 0KT#@Mbf&::&l:j:&TiAl#<om®ib%(0## 
TANIGUCHI S, SH I BATA T.SAKON S (O s a k a Univ.)

VOL. 4 1, NO. 7 PAGE. 4 5 3 - 4 6 0 1992

7 - t i a i (poa&fbcixif a ? > ?
Interaction of tantalum with reinforcements in y T iA 1 . 
NEWKIRK J,DIXON D(Univ. Missouri - Roll a)
Mater Sci Eng AVOL. 153, NO. 1/2 PAGE. 6 6 2 - 6 6 7 1992

Evaluation of the environmentally assisted cracking 
of aluminide intermetal lie compounds.
BAVARIAN B (California State Univ.); HARUTOUN I S (T r a c e 
Lab. ); Z AM AN ZADEH'M (Pittsburgh Testing Lab.)
Mater Sci Eng A VOL. 153, NO. 1/2 PAGE. 613-618 1992

a 2 (T i 3 A 1 ) JkTfy (T i A 1 ) *9 // t
The initial oxidation of a 2 (T i 3 A 1 ) and y (T i A 1 ) 
titanium aluminide alloys.
SHANABARGER M R(Univ. Cal ifornia-Santa Barbara)
Mater Sci Eng A VOL. 153, NO. 1/2 PAGE. 608 612 1992

A#r#/r#T i A i nvmLMtm*
Cyclic oxidation resistance of an intermeta 1 1 ic 
compound TiA 1 .
SHIMIZU T, I IKUBO T, ISOBE S (D a i d o Steel Co.)
Mater Sci Eng A VOL. 153, NO. 1/2 PAGE. 602-607 1992
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T i - Nb - A 1
Oxidation and mechanical behavior of intermetal 1 ic 
alloys in the T i - N b - A 1 ternary system.
CHEN G.SUN Z, ZHOU X (U n i v. Science and Technology 
B e i j i n g)
Mater Sci Eng A VOL. 153, NO. 1/2 PAGE. 5 9 7 - 6 0 1 1992 

T i A
Effect of silicon and niobium on oxidation resistance 

of T i A 1 intermetal 1 ics.
MAK I K.SHIODA M, SAYASHI MfNissan Motor); SHIMIZU T,
ISOBE S (Da i d o Steel)
Mater Sci Eng A VOL. 153, NO. 1/2 PAGE. 5 9 1 - 5 9 6 1992

7 - t i a i
Oxide properties of a y -T i A 1 : a surface science study 
TAYLOR T N, PAFFETT M T (L o s Alamos National Lab.)
Mater Sci Eng A VOL. 153, NO. 1/2PAGE. 5 8 4 - 5 9 0 1992

Effects of hydrogen in titanium aluminide alloys. 
THOMPSON A W (Carnegie Mellon Univ.)
Mater Sci Eng A VOL. 153, NO. 1/2PAGE. 5 7 8 - 5 8 3 1992

The oxidation behavior of intermetal 1 ic compounds. 
MEIER G H,PETTIT F S (U n i v. Pittsburgh)
Mater Sci Eng A VOL. 153, NO. 1/2PAGE. 5 4 8 - 5 6 0 1992

yfr/7i/t^ K<7)iWMt
A high - toughness y-titanium aluminide.
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ior of /-titanium aluminides.

MI TAG S, TSUYAMA S.MI NAKAWA K(NKK)
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ce and Technology, Beijing)
Microstruct Prop Relatsh Titan Alum Alloys PAGE. 165-1
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2 2 1991

t mm##
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Microstruct Prop Relatsh Titan Alum Alloys PAGE. 91-10
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Relationships between deformation and interfaces in y 
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ng of /-titanium aluminide.
GRUJICIC M(C 1 ems o n Univ.)
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- 6-23 -



T i 3 A &tijtlj&g
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RAV I CHANDR AN K S,LARSEN J M (WL/ML L N)
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JAMES A W, BOWEN P(Univ. Birmingham)
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Cleavage fracture of ordered intermetal 1 ic alloys.
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ITOS&, X)
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Understanding Fracture Toughness in Gamma T i A 1 .
CHAN K S(Southwest Research Inst.)
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Embrittlement and crack growth in high temperature in 
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Lamellar orientation dependent anisotropy of fracture 
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Elevated Temperature Crack Growth in Aircraft Engine 
Materials.
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- 6-26 -



T i - 2 4 A 1 - 1 1
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J Mater Sci VOL. 27, NO. 9 PAGE. 2273-2278 1992

wmamoT i a i n m#-
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Superplastic Behavior of Two-Phase Titanium Aluminide 
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Thin coatings for protecting titanium aluminides in h 
igh-temperature oxidizing environments.
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Environmental effects in titanium aluminide a 1 
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Microstructure evolution during heat treatment of a C 
r-bearing T i 3 A 1 + T i A 1 alloy.
ZHENG Y, ZHAO L, TANGR I K(Univ. Manitoba)
Scr Metal 1 Mater VOL. 26, NO. 2 PAGE. 219-224 1992
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Aspects on mechanical behavior of two gamma Ti-alumin 
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J Mater Sci VOL. 27, NO. 5PAGE. 1175-1178 1992

t i a i 
JI|*Bt;(M:X)

VOL. 30, NO. 11 PAGE. 897-904 1991 

TkS^-V-'yLtrT i 3 A 1
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Developing Hydrogen-Tolerant Microstructures for an a
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Hydrogen induced cracking and microstructure effect i 
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Oxford)
Microstruct Sci VOL. 18 PAGE. 2 0 1 - 2 0 9 1990

13 t i i v&m
The effect of titanium on the mechanical properties o 
f the cubic modifications of A 1 3 Ti intermetal 1 ic comp
0 u n d.
WINNICKA M B, VAR I N R A (Un i v. Waterloo)
Scr Metal 1 Mater VOL. 25, NO. 10PAGE. 2297-2302 1991

Effect of Hydrogen on Behavior of the Intermetal 1 ic T
1 tanium-Aluminides.
ELIEZER D,FORES F H(Univ. Idaho); MANOR E(Univ. Californ 
i a)
SAM PE Q VOL. 2 2, NO. 4 PAGE. 2 9 - 3 5 1991

t i a i z
Effect of microstructure and hydrides on fracture of 
T i A 1 .
CHU W Y,THOMPSON A W(C a r n e g i e Mellon Univ.)
Scr Metal 1 Mater VOL. 25, NO. 9 PAGE. 2133-2138 1991

*r-7$?uy%m<DT i A 1 Rf <0
Mechanical behaviour of T iA 1 submicrocrystal 1 ine inte 
rmetallic compound at elevated temperatures.
IMAYEV R M, IMAYEV V M (I n s t. Metals Superplasticity Pro 
b 1 e m s )
Scr Metal 1 Mater VOL. 25, NO. 9 PAGE. 2041 -2046 1991

Ti - 3 4 A 1 T i - 3 6 A 1 b/774
Uin&r

B^###^######@1 VOL. 4 0th PAGE. 119-121 1991

t i a i
Prediction Method for the Site Occupation of Third El 
ement in T i A 1 Phase.
HASH IMOTO K, DO I H.TSUJ IMOTO T (N a t i o n a 1 Research I n s t); S 
UZUKI T (Tokyo Inst. Technology)
Mater Trans JIM VOL. 32, NO. 7 PAGE. 5 7 4 - 5 7 9 1991

t iZA i ## r <0

VOL. 3 8th PAGE. 2 9 5 - 2 9 8 1991
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4@OT i / A 1
me#, ^ /j^m% (A#a#)
WltSimHifWiSS v 0 L. 3 8th PAGE. 3 3 1 - 3 3 4 1991 

y -m? i - A
Effects of microstructure on the mechanical propertie 
s and fracture of y -base titanium aluminides.
MITAO S, TSUYAMA S.MINAKAWA K(NKK)
Mater Sci Eng A VOL. 143, NO. 1/2 PAGE. 51 -62 1991

t i 3 a i t mmm
Phase transformation and deformation mechanism of T i 3 
A 1 -base alloy.
WANG S C, L I C Z, GAO Y, C AO C X, YAN M G (I n s t . Aeronaut ica 

1 Materials, Beijing)
Chin J Met Sci Techno 1 VOL. 7, NO. 1 PAGE. 9-14 1991 

#3 7C#&moLtT i A 1 OASmfb##
aeisz, Seim
ffi'kVj'ky>*’vA^ VOL. 8 6th PAGE. 2 5 - 3 4 1991

t i a i mik&m (7)
mn#A, «Mgwf
Mt'^^y^MVOL. 8 6th PAGE. 1 - 9 1991

t i a i
-tmnx (Humxs
JTIS&'y > *' v 'y&grn VOL. 86 th PAGE. 5 4 - 5 9 1991 

T i A 1
5es (m&m

SiS&'> > y t a mA VOL. 86 th PAGE. 4 4 - 5 3 1991

t i a i
E^&¥ (m4@A X)

VOL. 8 6th PAGE. 3 5 - 4 3 1991

vb, vi butiaim'kmmm'c'&o&m 
mu## #8^##)

VOL. 86 th PAGE. 1 8 - 2 4 1991 

T i A 1 jt5r»ftaut»ia^3cliHll<?)r,i
itmm &&mt)

ffi'kW'ki' y *' y A ^ VOL. 86 th PAGE. 10-17 1991

mm)
^#VOL. 61, NO. 1 0 PAGE. 3 2 - 3 8 1991

2%m i - a i

8#:##### VOL. 55, NO. 6 PAGE. 690-695 1991 

T i - A 1
Influence of Alloy Composition on Hot Deformation Pro 
pert i e s of Ti-Al Binary Intermetal 1 ics.
NOBUKI M.TSUJ IMOTO T (N a t i o n a 1 Research Inst. Metals) 
ISIJ Int VOL. 31, NO. 8 PAGE. 931 -937 1991
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Microstructure Control of Titanium Aluminide Powder C 
ompacts by Thermochemical Processing.
AP GAR L S.EYLON D(Univ. Dayton)
ISIJ Int VOL. 31, NO. 8 PAGE. 915-921 1991

t i a i

NO. 7 PAGE. 4-5 1991

T i - A i
High Temperature Deformation Behavior of Titanium-Alu 
minide Based Gamma Plus Beta Microduplex Alloy.
MAS AHASH I N, M I ZUHARA Y,MATSUO M, HANAMUR A T, K IMURA M, HAS 
HIMOTO K (Nippon Steel Corp.)
ISIJ Int VOL. 31, NO. 7 PAGE. 728-737 1991

A# mus# T i a i (owm&m.n n Btt- mem#
MexaHHnecKHe cbohctb3 MejiKoaepHHCToroHHTepMerajijiH/ia T 
i A 1 . II. XpynKO-BH3KHH n e p e x o A.
HMAEB P M, K A A B blUJE B O A, C AJ1 HLUE B V A 
Fiz Met Metal loved NO. 3 PAGE. 1 79 - 187 1991

Yielding and work hardening behaviour of titanium a 1 u 
minides at different temperatures.
RAO P P, TANGR I K (U n i v . Manitoba)
Mater Sci Eng A VOL. 13 2 PAGE. 4 9 - 5 9 1991

T i A 1
On the temperature dependence of yield stress in T i A 1 

base alloys.
HUANG S C, HALL E L(GE Corporate Research and Developme 
n t)
Scr Metal 1 Mater VOL. 25, NO. 8 PAGE. 1805- 1809 1991

it#® k *3 * M.nh mmt
Twin toughening in titanium aluminide.
DEVE H E, EVANS A G(Univ. California)
Acta Metal l Mater VOL. 39, NO. 6PAGE. 1171-1176 1991

T i A 1
Characterization of the effect of vanadium additions 
to TiAl base alloys.
HUANG S - C, HAL L E L (G e n e r a 1 Electric Research and Devel 
opment Center)
Acta Metal 1 Mater VOL. 39, NO. 6PAGE. 1053-1060 1991 

MniHT i A 1 ?n#im:-3V'T(7)APF IMLHREMK
A combined A P -FIM/HREM approach to the characterizati 
on of microstructure in a Mn-added TiAl intermetal 1 ic 

compound.
SAGA M, UEMOR I R, TAN I NO M.MOR I KAWA H (N i p p o n Steel)
Surf Sci VOL. 2 4 6, NO. 1/3 PAGE. 2 3 1 - 2 3 7 1991

T i - 2 4 A 1 - 1 1 Nb-&&<%####

v-tz VOL. 4, NO. 2 PAGE. 736 1991
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The decomposition of alpha phase during continuous c o 
oling and isothermal transformation in gamma titanium 

a 1 u m i n i d e.
MC QUAY P A, DIMIDUK D M (WL/ML LM); S EM I AT I N S L(Battelle) 
Scr Metal 1 Mater VOL. 25, NO. 7 PAGE. 1689- 1694 1991

&T i 3 A
Microstructure of Ti 3 A 1 based alloys containing niobi 
u m and silicon.
CHEN D.ES-SOUNI M, BEAVEN P A,WAGNER R(GKSS)
Scr Metal 1 Mater VOL. 25, NO. 6 PAGE. 1 3 6 3 - 1 3 6 8 1991

i a i

H t $ VOL. 68 th, NO. Pt A PAGE. 2 13-215 1991

i 3 a 1 o&im&t&mm

VOL. 8 0th PAGE. 2 5 7 - 2 5 8 1991
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6.2.4. ### •

n * I- 7 y ^ i * X D TMtfy vf ? V 7 A- 5 - •>
Manufacture of XDTM gamma titanium aluminide airfoils 

via investment casting and machining.
COLVIN G.CIANCI M.KLEYN B, VANDERLEEST L(Howmet) 
Microstruct Prop Relatsh Titan Alum Alloys PAGE. 361-3
6 9 1991

ma-ps -sicx
^#1$, (K#±)

Z VOL. 3 9, NO. 4 PAGE. 2 8 7 - 2 9 0 1992

T i - RVT i 3 A 1 -
Deformation and Fracture of Ti- and Ti3Al-Matrix
Composites.
YANG J-M, JENG S M(Univ. California)
JOM VOL. 44, NO. 6 PAGE. 52-57 1992

V a T A#
Metal - and Intermetal 1 ic-Matrix Composites for 
Aerospace Propulsion and Power Systems.
DOYCHAK J (NASA Lewis Research)
JOM VOL. 44, NO. 6 PAGE. 46-51 1992

7 (T i A 1 3)
A Process for the Fabrication of Ceramic Fiber 
Reinforced Titanium Aluminide.
HORSFALL I.CUNDY S J (C r a n f i e 1 d Inst.)
Ceram Eng Sci Proc VOL. 13, NO. 9-10 PAGE. 605-613 1992 

T i A 1 - T i 2 A 1 N#&#e&myn t
Processing of T iA 1 -T i 2 A 1N composites and their 
compress ive properties.
MABUCHI H, TSUDA H, NAKAYAMA Y (ES*); S U K E D A I E (IE lb*)
J Mater Res VOL. 7, NO. 4 PAGE. 894-900 1992

b v y ? 7 ^ 1 & jtf - ? >#&####%
Studies of titanium aluminide composites containing 
metallic fiber/matrix interface layers.
RHODES C G, B AMP TON C C(Rockwel 1); GRAVES J A(Howmet) 
Intermet Matrix Compos PAGE. 3 4 9 - 3 5 4 1990

SCS-6/Ti3Al
Mechanical behavior and failure mechanisms of 
SCS-6/Ti3Al composites.
JENG S M, YANG C J, YANG J-M(Univ. California);
ROSENTHAL D G,GOEBEL J (Materials Technology Lab.) 
Intermet Matrix Compos PAGE. 277-284 1990

t i a i
The high temperature behaviour of T iA 1 containing 
carbide reinforcements.
ROESLER J,VALENCIA J J, LEV I C G,EVANS A G,
MEHRAB I AN R(Univ. California)
Intermet Matrix Compos PAGE. 241-248 1990
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y? m m t ###% t oiSis-cofflsftffl
High Temperature Interactions of Metallic Matrices 
with Ceramic Reinforcements.
J OSH I A, CHOU T C, WADSWORTH J(Lockheed)
AD Rep AD-A-244026 PAGE. 2 0 5 p 1991

7 - T i A 1
Carbide precipitation in 7 - T i A 1 alloys.
CHEN S, BEAVEN P A, WAGNER R(GKSS)
Scr Metal 1 Mater VOL. 26, NO. 8 PAGE. 1205- 1210 1992

9 y 7 )\/ ^ - 7
Thermo -Meehan i ca 1 Fatigue of a Fiber Reinforced 
Titanium Aluminide Composite.
BATES M A (Air Force Inst. Technology)
AD Rep AD-A-241988 PAGE. 1 2 4 p 1991

Interface modification for fiber-reinforced titanium 
aluminide composites.
BOSS D E (Northwestern U n i v. , I L);
YANG J M(Univ. California)
Intermet Matrix Compos PAGE. 4 2 9 - 4 3 6 1990 

SCS - 6/7JI/7 7 - 2
Heat treatments and thermal fatigue of SCS-6/alpha-2 
titanium aluminide composites.
KIM Y - W (M e t c u t - Materials );KLEEK J J(WRDC)
Intermet Matrix Compos PAGE. 315-321 1990

SCS - 6/T i 3 A 1 # ###
The effect of notches on the fatigue life of 
S C S - 6/T i 3 A 1 composite.
BAIN K R, GAME ONE M L (Materials Behavior Research Corp.) 
ZORDAN R D (Allison Gas Turbine Division)
Intermet Matrix Compos PAGE. 271-276 1990

SSt-g-tfXDTMT i A 1 V -7
Constant stress creep of XDTM TiA 1 containing 
nitrogen.
ROBERTSON E,MARTIN P L (L 0 s Alamos National Lab.) 
Intermet Matrix Compos PAGE. 2 3 3 - 2 4 0 1990

X D TMTfr5 -7 Aft*9 V -fcflbttffllSS
Creep behavior and microstructure of XDTM titanium 
aluminide.
FENG C R, SMITH H H, MICHEL D J, CROWE C R (N a v a 1 Research 
Lab.)
Intermet Matrix Compos PAGE. 219-224 1990

Axial alignment of short-fiber titanium aluminide 
composites by directional solidification.
K AMP E S L, SWOPE G H, CHR I STODOULOU L (M a r t in Marietta) 
Intermet Matrix Compos PAGE. 97-103 1990
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S i 3N4j3ZtfS iCbTi 3 A 1
Solid state interfacial reactions of Ti 3 A 1 with S i 3 N 4 
and S i C.
CHOU T C, J OSH I A (Lockheed)
J Mater Res VOL. 7, NO. SPACE. 12531265 1992

i 5 2 A 1 4
An effective method for reducing porosity in the 
titanium aluminide alloy Ti 5 2 A 1 4 8 prepared by 
elemental powder metallurgy.
WANG G - X, DAHMS M(GKSS)
Scr Metal 1 Mater VOL. 26, NO. 9 PAGE. 1469- 1474 1992

- t i a i
Analytical microscopy of a y - T i A 1 composite 
containing a carbide phase.
AYER R (STE M); RAY R (M a r k o Materials); SCANLON J C(Exxon)
Scr Metal 1 Mater VOL. 26, NO. 9PAGE. 1337-1342 1992

ify^r - T i A 1 S i CES^IFM-RS
Interfacial reaction of coated SiC fibers with 
g a mma -TiA 1 .
GOO G K,MEC ARTNE Y M L (U n i v. California);
GRAVES J A(Ro c kwe 1 1)
Scr Metal 1 Mater VOL. 26, NO. 7 PAGE. 1043 1048 1992

y - -f
Investment - cast processing of XD near-y titanium 
a 1 u m i n i d e s.
LARSEN D E (H o wme t); CHR I STODOULOU L, K AMP E S L,
SADLER P (Mart in Marietta)
Mater Sci Eng A VOL. 144, NO. 1/2 PAGE. 45-49 1991

f /f Y<Dtztb<D%(DWjfc&WW
In-situ-grown reinforcements for titanium aluminides. 
VALENCIA J J, LOEF VANDER J P A,MCCULLOUGH C,
LEVI C G(Univ. California);
MEHRAB I AN R(Carnegie-Mel Ion Univ.)
Mater Sci Eng A VOL. 144, NO. 1/2 PAGE. 2 5 - 3 6 1991

7;k5-M Kv h V v ?X TOSH I P
Reactive sintering and reactive hot isostatic 
compaction of aluminide matrix composites.
MISIOLEK W, GERMAN R M(Rensse 1 aer Polytechnic)
Mater Sci Eng A VOL. 144, NO. 1/2 PAGE. 1-10 1991

t i 3 a i + N bc a u- aa
Investigation of Reaction Kinetics and Interfacial 
Phase Formation in Ti 3 A 1+Nb Composites.
WAWNER F E, GUNDEL D B (U n i v. Virginia)
SAM PE Q VOL. 23, NO. 3 PAGE. 13-19 1992

Evaluation of titanium aluminide and carbon carbon 
composite materials for hydrogen gas service.
KANE R D, CHAKACHERY E A(Cortest)
Environ Eff A d v Mater PAGE. 3 5 - 4 6 1991
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compounds and
A# mmt
Hydrogen embrittlement of intermetal 1 ic 
their composites.
STOLOFF N S, SHEA M, CASTAGNA A(Rensse 1 aer Polytechnic) 
Environ Eff A d v Mater PAGE. 3-19 1991

Processing of continuous-ceramic-fiber-reinforced 
intermetal 1 ic composites by pressure casting. 
NOURBAKHSH S,MARGOLIN H (Polytechnic Univ.)
Mater Sci Eng A VOL. 144, NO. 1/2 PAGE. 133-141 1991

3 mmo t i a i 1000-1100
1 0 0 0 to 1 1 0 OK deformation behavior of three 
T i A 1 -based particulate composites.
WH I TTENBERGER J D (NASA Lewi s); RAY R (M a r k o Materialb.) 
Mater Lett VOL. 12, NO. 6 PAGE. 453-458 1992

TiNb/y-TiAi b v 7 9 t mz>

Contrasting role of ductile-phase reinforcements in 
the fracture toughness and fatigue-crack propagation 
behaviour of TiNb/y-TiAl intermetal 1 ic matrix 
compos i tes.
VENKATE SWARA RAO K T,RITCHIE R O (Un i v. California); 
ODETTE G R(Univ. California at Santa Barbara)
Acta Metal 1 Mater VOL. 40, NO. 2 PAGE. 353 -361 1992

T i A 1 3 +Z r 0
Structural analysis of a TiA 1 3 + Zr02 part icu late
composite.
METIN E S, INAL O T(New Mexico Inst. )
Mater Sci Eng AVOL. 148, NO. 1PAGE. 115-122 1991

MA&ZffH I P&HZ&T i A 1 - T i B

VOL. 107, NO. 11 PAGE. 8 3 3 - 8 3 5 1991

mKE'&tcj:* T i 2 A 1 C/T i A 1
Fabrication of T i 2 A 1C/TiA 1 Composites Using Cobust ion 
Reaction Process.
MABUCHI H, H ARAD A K.TSUDA H, NAKAYAMA Y (EW9:)
ISIJ Int VOL. 31, NO. 10PAGE. 1272-1278 1991

Discont inuously Reinforced Intermetal 1 ic Matrix 
Composites.
KUMAR K S (Mart in Marietta)
ISIJ Int VOL. 31, NO. 1 0 PAGE. 1 2 4 9 1 2 5 9 1991

Ti -Al^mmC^t-rbO v^X^L^SiC (CVD) ###%#&##?)#&%
kim j h , nmmc, ####, (.mxx)

NO. 4 9 PAGE. 4 0 4 - 4 0 5 1991
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19 9 o
Metal matrix composites in the 1990s & beyond.
A market overview.
BRYANT R W (Business Communications Co.)
High Perform Compos 1 9 9 0' s PAGE. 4 8 7 - 5 0 0 1991

f d" Kfg
Titanium aluminide foils for metal matrix composites. 
J HA S C, FORSTER J A, PANDE Y A K,
DELAGI R G (T e x a s Instruments)
High Perform Compos 1990’ s PAGE. 1 5 9 - 1 6 9 1991 

AD I N^
Investigation of the thermomechanical response of a 
titanium aluminideXsi 1 icon carbide composite using a 
unified state variable model in ADINA.
SHERWOOD J A,BOYLE M J(Univ. New H amp hire)
Comput Struct VOL. 40, NO. 2 PAGE. 257-269 1991

(Mo S i 2 - S i C) /T i A 1
EWE, I(JIIMI); (E*)

VOL. 199 1 PAGE. 3 2 8 1991
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6.2.5.

zwtz etgM bcc & tt 6
Ground state structures in ordered b. c. c. ternary all 
oys with second-neighbor interactions.
TRAIBER A J S,ALLEN S M (Massachusetts Inst. Technology) 
Acta Metal 1 Mater VOL. 40, NO. 6 PAGE. 1403- 1408 1992

Dislocation structures in deformed y / a titanium alumi 
n i d e s .
DONLON W T,DOWLING W E JR,ALLISON J E (F o r d Motor) 
Microstruct Prop Relatsh Titan Alum A11oysPAGE. 75*88
1991

y yr)i$ - t
Relationships between deformation and interfaces in y 

based titanium aluminides.
SCHWARTZ D S.SOBOYEJO W 0 (M c D o n n e 1 1 Douglas) 
Microstruct Prop Relatsh Titan Alum Alloys PAGE. 65-74
1991

T i - A 1
Phase equilibria in T i - A 1 alloys.
MISHURDA J C, PEREPEZKO J H(Univ. Wisconsin-Madison) 
Microstruct Prop Relatsh Titan Alum Alloys PAGE. 3-30
1991

yf i - A 1 - V
Design of T i - A 1 - V /? phase for transformation tougheni 
ng of y-titanium aluminide.
GRUJICIC M(Clemson Univ.)
Mater Sci Eng A VOL. 154, NO. 1PAGE. 75-78 1992

ijMs.HL i o t i - a i - vit&wic£tt &mmzomm
Dissociation of superdislocations in single crystal L 
1 0 T i - A 1 - V compounds.
LI Z X,WHANG S H (Polytechnic Univ.)
Mater Sci Eng A VOL. 152, NO. 1/2 PAGE. 182 - 188 1992

Z&T i A 1
Studies of vacancies and dislocations in T iA 1 by posi 
tron annihilation.
SHIRAI Y, YAMAGUCH I M (K y o t o Univ.)
Mater Sci Eng A VOL. 152, NO. 1/2 PAGE. 1 7 3 - 1 8 1 1992

T i - 5 3. 4 m o 1 % A 1 ? V - 744: # # & L #
The existence of a threshold stress during creep of a 

T i -53. 4mo 1. % A 1 alloy.
WOLFENST I NE J (U n i v . California,)
Mater Lett VOL. 12, NO. 3 PAGE. 2 0 3 - 2 0 6 1991

T i A i aztfN 13 A i
New concepts of analyzing plastic deformation of TiA 1 

and Ni 3 A 1 intermetal lie compounds.
GREENBERG B A (I n s t. Metal Physics)
Mater Sci Eng A VOL. 153, NO. 1/2 PAGE. 3 5 6 - 3 6 3 1992
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Metastable phases in the design of structural interme 
t a 1 1 i c s .
NASH P, K IM H, CHOO H.ARDY H,HWANG S J (I 1 1 i n o i s Inst. Tec 
hno 1 ogy);NASH A S (Marquette Univ.)
Mater Sci Forum VOL. 8 8/9 0 PAGE. 6 0 3 - 6 1 0 1992

Computer aided alloy design. 
SAUNDERS N, M I 0 D OWN I K A P (U n i v 
Low Density High Temp Powder 
1991

Surrey) 
Metal 1 Alloy PAGE. 3-18

T i - 5 1 a t. %A
An Investigation of the Interatomic 
istics of a T i -Slat. % A 1 Alloy by X 
CADE S C (Naval Postgraduate School) 
AD Rep AD-A-245362 PAGE. 7 1 p 1991

Bonding Character 
Ray diffraction.

i A i izmnLtzn3ytmvwmmwj
±jes£, mmm)

VOL. 5 6, NO. 3 PAGE. 2 3 2 - 2 3 7 1992

anomalies of 
Observat ion

T i A i C8U-&m&mmtiv -?uy?itmtLomm
Dislocation transformation and the 
mat ion characteristics in T i A 1 - I V. 
eked dislocations.
GREENBERG B A, ANTONOVA 0 V, KARKINA L 
AREV M V(Inst. Metal PhysicsSUN)
Acta Metal 1 Mater VOL. 40, NO. 4PAGE. 8 2 3 - 8 3 0 1992

d e f o r 
of bio

E, NOTHIN A B, PONOM

T i A l # t? & W&KB & I I WcW&m&jeaHk
Dislocation transformation and the 
mat ion characteristics in TiA 1 - I I I. 
tion of dislocation structure.
GREENBERG B A,ANTONOVA 0 V,KARKINA L 
AREV M V (I n s t. Metal Physics, SUN)
Acta Metal 1 Mater VOL. 40, NO. 4PAGE. 8 1 5 - 8 2 2 1992

anomalies of defor 
Temperature evolu

E, NOTK I N A B, PONOM

Decomposition of superdislocations via interaction wi 
t h ordinary dislocations in y-titanium aluminides.
LI Z X.KIM J Y,WHANG S H (Polytechnic Univ.)
Scr Metal 1 Mater VOL. 25, NO. 11 PAGE. 2595-2600 1991

T i A 1
iiimm o&ikt)

VOL. 3 0, NO. 1 1 PAGE. 8 9 7 - 9 0 4 1991

7kSf-T-'7L£T i 3 A 1
A novel hydride phase in hydrogen charged T i 3 A 1 . 
SCHWARTZ D S.LEDERICH R J, SASTRY S M L (McDonnell Dougl 
a s); YELON W B,BERLINER R R(Univ. Missouri - Columbia)
Acta Metal 1 Mater VOL. 39, NO. 11 PAGE. 2799-2803 1991
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T i 3 A 1 +T i A 1 aT EM##
T EM investigation on the interfacial boundaries in as 
-cast T i 3 A 1 + T i A 1 alloy.
ZHAO L, TANGR I K (U n i v. Manitoba)
Acta Metal 1 Mater VOL. 39, NO. 10PAGE. 2 2 0 9 - 2 2 2 4 1991

t i a i
Thermophysical properties of TiA 1 intermetal lie compo 
u n d.

(Ujs* x); B^ssKBSrm
The rmophys Prop VOL. 12th PAGE. 263 - 2661991

APE iMi:z&T i A i
Investigation on APBs and 
cations in T i A 1 by APFIM. 
LIU Z G, FROMME YER G, KREUS S 
s c h u n g)
Philos Mag Letters VOL. 64,

dissociation of super dislo 

M(Max - Planck-Inst. Eisenfor 

NO. 3 PAGE. 1 1 7 - 1 2 4 1991

A 1 3 T i
Alloying of A 1 3 T i to Form Cubic Phases.
MIKKOLA D E.NIC J P, ZHANG S,MILLIGAN W W (M i c h i g a n Techn 
ological Univ.)
I S I J Int VOL. 31, NO. 10PAGE. 1076-1079 1991

y - T i A 1 3
Energetic considerations of ternary element substitut 
ion in y-TiAl.
RAJU S,MOHANDAS E, R AGHUNATHAN V S (I n d i r a Gandhi Centre 

for Atomic Research)
J Phys Chem Solids OL. 52, NO. 8 PAGE. 931 -938 1991

i#5#T i A i emmf & t
An automatic polishing procedure to metal lographical 1 
y prepare high temperature T i A 1 base alloys.
BARBUTO A T (G e n e r a 1 Electric Co.)
Microstruct Sci VOL. 1 8 PAGE. 1 2 5 - 1 3 1 1990

S^tiL 1 2S (A 1, C r) 3T i136#

VOL. 8 1st PAGE. 1 5 3 - 1 5 4 1991

13 t i ##mt-a#T i osw
The effect of titanium on the mechanical properties o 
f the cubic modifications of A 1 3 Ti intermeta 1 1 ic comp 
o u n d.
WINNICKA M B.VARIN R A (U n i v. Waterloo)
Scr Metal 1 Mater VOL. 25, NO. 10 PAGE. 2297-2302 1991

T i - A 1 - Nb^C9#:>U5:^BBaZ^BBa^rffifWHi5U^nh-L/'y
Coherent precipitates in the b. c. c. /orthorhombic two- 
phase field of the Ti-Al-Nb system.
BENDERSKY L A, BOETTINGER W J, ROYTBURD A(N I ST)
Acta Metal 1 Mater VOL. 39, NO. 8 PAGE. 19591969 1991
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7 - T i A 1 tCjStf&Nb, V, Mn, tiXV'C h M
Site occupation of N b, V, Mn and C r in y - T i A 1 . 
MOHANDAS E, BEAVEN P A (GKS S Research Centre)
Scr Metal 1 Mater VOL. 25, NO. 9PAGE. 2023-2027 1991

T i A 1
A theory of the positive temperature dependence of yi 
eld stress in T i A 1 .
KAWABATA T, KANA I T.IZUMI 0 (T o h o k u Univ.)
Philos Mag A VOL. 63, NO. 6 PAGE. 1291-1298 1991

A 1 3 T i
Plastic deformation of the intermetal 1 ic A 1 3 T i .
MORRIS D G, LERF R(Univ. Neuchatel)
Philos Mag A VOL. 63, NO. 6PAGE. 1195-1206 1991

T i - 2 4 a t. % A 1 - 1 1 a t. %N it 0 «$£ X U'MM*
Strain localization, slip-band formation and twinning 
associated with deformation of a Te - 2 4 a t. %AL ■ 1 1 a t. %N 

b alloy.
MORRIS M A,MORRIS D G(Univ. Neuchatel)
Philos Mag A VOL. 63, NO. 6PAGE. 1175-1194 1991

t i a i o wmm t #%%%%
Grain boundary structure and mechanical properties of 

the T i A 1 intermetal 1 ic compound.
I MAY E V R M, SAL I SHCHEV G A (I n s t. Metals Superplasticity 

P r o b 1 e m s)
J J Phys 3 VOL. 1, NO. 7PAGE. 1281-1288 1991

t i a i
Prediction Method for the Site Occupation of Third El 
ement in T i A 1 Phase.
HASH IMOTO K, DO I H.TSUJ IMOTO T (N a t i o n a 1 Research I n s t); S 
UZUKI T (T o k y o Inst. Technology)
Mater Trans JIM VOL. 32, NO. 7 PAGE. 5 7 4 - 5 7 9 1991

&x t i t t i a i t&m
Deformation twinning in metals and ordered intermetal 
lics-Ti and Ti - aluminides.
YOO M H, F U C L, LEE J K (0 a k Ridge National Lab.)
J Phys 3 VOL. 1, NO. 6PAGE. 1065-1084 1991

T i 3 A i
Phase transformation and deformation mechanism of Ti3 
A 1 -base alloy.
WANG S C, L I C Z, GAO Y, C AO C X, Y AN M G (I n s t. Aeronaut ica 

1 Materials, Beijing)
Chin J Met Sci Technol VOL. 7, NO. 1 PAGE. 9-14 1991 

T b*<Dm+finZLEffcm
Yielding and work hardening behaviour of titanium a 1 u 
minides at different temperatures.
RAO P P, TANGR I K(Univ. Manitoba)
Mater Sci Eng A VOL. 132 PAGE. 4 9 - 5 9 1991
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On the temperature dependence of yield stress in T iA 1 

base alloys.
HUANG S C, HALL E L(GE Corporate Research and Developme 
n t)
Scr Metal 1 Mater VOL. 2 5, NO. 8 PAGE. 1805- 1809 1991 

D 0 1 &T i 3 A 1 WbbbC>1^WS
Plastic deformation of single crystals of T i 3 A 1 with 
D 0 1 9 structure.
M I NON I SH I Y (T o h o k u Univ.)
Philos Mag A VOL. 63, NO. 5 PAGE. 1085- 1093 1991 

T i A 1
Characterization of the effect of vanadium additions 
to T i A 1 base alloys.
HUANG S - C, HALL E L (G e n e r a 1 Electric Research and Devel 
opment Center)
Acta Metal 1 Mater VOL. 39, NO. 6 PAGE. 1053- 1060 1991 

MniilT i A 1 A P F IMtHREMia^M
A combined AP-FIM/HREM approach to the characterizati 
on of microstructure in a Mn-added T iA 1 intermetal 1 ic 

compound.
SAGA M, UEMOR I R, TAN I NO M.MORIKAWA H (N i p p o n Steel Corp.) 
Surf Sci VOL. 2 4 6, NO. 1/3 PAGE. 231-237 1991

f ^ R tc £ it & ISEM
The decomposition of alpha phase during continuous c o 
oling and isothermal transformation in gamma titanium 

a 1 u m i n i d e.
MCQUAY P A, DIMIDUK D M (WL/ML LM); S EM I AT I N S L (B a t t e 1 1 e M 
emorial Inst.)
Scr Metal 1 Mater VOL. 25, NO. 7PAGE. 1689-1694 1991

t i 3 a i
Microstructure of Ti 3 A 1 based alloys containing niobi 
u m and silicon.
CHEN D,ES - SOUNI M, BEAVEN P A,WAGNER R (GKS S -Research Cen 
t r e)
Scr. Metal 1 Mater VOL. 25, NO. 6 PAGE. 1363 - 1368 1991
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T i 3 A 1 + T i A 1 B9f & T EM%#
T EM investigation on the interfacial boundaries in as 
-cast T i 3 A 1 + T i A 1 alloy.
ZHAO L, TANGR I K(Univ. Manitoba)
Acta Metal 1 Mater VOL. 39, NO. 10 PAGE. 2209-2224 1991

t i a i
Thermophysical properties of T i A 1 intermetal 1 ic compo 
u n d.
tf M, (lllS* X); B8^Ss](BSim
The rmophys Prop VOL. 12 th PAGE. 263 - 2661991

APE IMCZaT i A 1
Investigation on APBs and 
cations in T i A 1 by APFIM. 
LIU Z G.FROMMEYER G, KREUS S 
s c h u n g)
Philos Mag Letters VOL. 64,

dissociation of super dislo 

M(Max - Planck-Inst. Eisenfor 

NO. 3 PAGE. 1 1 7 - 1 2 4 1991

A 1 3 T i ^<7)3Z^bbb*8£$L$Lthtzvb
Alloying of A 1 3 T i to Form Cubic Phases.
MIKKOLA D E.NIC J P, ZHANG S,MILLIGAN W W (M i c h i g a n Techn 
ological Univ.)
ISIJ Int VOL. 31, NO. 10PAGE. 1076-1079 1991

7 - t i a i f c# 3
Energetic considerations of ternary element substitut 
ion in / -TiA 1.
RAJU S,MOHANDAS E, R AGHUNATH AN V S (I n d i r a Gandhi Centre 

for Atomic Research)
J Phys Chem Solids OL. 5 2, NO. 8 PAGE. 9 3 1 - 9 3 8 1991

%&T i A i
An automatic polishing procedure to metal lographical 1 
y prepare high temperature TiA 1 base alloys.
BARBUTO A T (G e n e r a 1 Electric Co.)
Microstruct Sci VOL. 18 PAGE. 125-131 1990

^^L 1 2# (A 1, C r) 3T

vol. gist page. 153-1541991 

H^St^A 1 3 T i T i O##
The effect of titanium on the mechanical properties o 
f the cubic modifications of A 1 3 Ti intermetal 1 ic comp 
o u n d.
WINNICKA M B, VAR I N R A (U n i v. Waterloo)
Scr Metal 1 Mater VOL. 25, NO. 10 PAGE. 2297-2302 1991

T i - A 1 -
Coherent precipitates in the b. c. c. /orthorhombic two- 
phase field of the Ti-Al-Nb system.
BENDERSKY L A, BOETTINGER W J, ROYTBURD A(N I ST)
Acta Metal 1 Mater VOL. 39, NO. 8PAGE. 1959-1969 1991
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7 - T i A 1 catfaNb, V, Mn, Jocfctf'C r F 6#
Site occupation of Nb, V, Mn and C r in y - T i A 1 . 
MOHANDAS E, BEAVEN P A (G K S S Research Centre)
Scr Metal 1 Mater VOL. 25, NO. 9 PAGE. 2023 -2027 1991

t i a i
A theory of the positive temperature dependence of yi 
eld stress in T i A 1 .
KAWABATA T, KAN A I T.IZUMI 0 (T o h o k u Univ.)
Philos Mag A VOL. 63, NO. 6PAGE. 1291-1298 1991

A13 T i
Plastic deformation of the intermetal 1 ic A 1 3 T i.
MORRIS D G, LERF R(Univ. Neuchatel)
Philos Mag A VOL. 63, NO. 6 PAGE. 1 1 9 5 1 2 0 6 1991

Ti-24at.%Al-llat.
Strain localization, slip-band formation and twinning 
associated with deformation of a Te-24at. %AL-llat. %N 

b alloy.
MORRIS M A,MORRIS D G (U n i v. Neuchatel)
Philos Mag A VOL. 63, NO. 6 PAGE. 1175-1194 1991

t i a i mt&m cmmm
Grain boundary structure and mechanical properties of 

the T i A 1 intermetal 1 ic compound.
I MAY E V R M, SAL I SHCHEV G A (I n s t. Metals Superplasticity 
Prob 1 ems)

J J Phys 3 VOL. 1, NO. 7PAGE. 1281-1288 1991 

T i A 1
Prediction Method for the Site Occupation of Third El
ement in T i A 1 Phase.
HASH IMOTO K, DO I H.TSUJ IMOTO T (N a t i o n a 1 Research I n s t); S 
UZUKI T (Tokyo Inst. Technology)
Mater Trans JIM VOL. 32, NO. 7 PAGE. 574-579 1991

&«£imt i t t i a i
Deformation twinning in metals and ordered intermetal 
lics-Ti and Ti - aluminides.
YOO M H, FU C L, L EE J K (0 a k Ridge National Lab.)
J Phys 3 VOL. 1, NO. 6 PAGE. 1065- 1084 1991

t i 3 a i
Phase transformation and deformation mechanism of Ti3 
A 1 -base alloy.
WANG S C, L I C Z, GAO Y, C AO C X, YAN M G (I n s t. Aeronaut ica

1 Materials, Beijing)
Chin J Met Sci Technol VOL. 7, NO. 1 PAGE. 9-14 1991

Yielding and work hardening behaviour of titanium a 1 u 
minides at different temperatures.
RAO P P, TANGR I K (U n i v . Manitoba)
Mater Sci Eng A VOL. 1 32 PAGE. 4 9 - 5 9 1991
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T i A 1
On the temperature dependence of yield stress in T iA 1 

base alloys.
HUANG S C, HALL E L(GE Corporate Research and Developme 
n t)
Scr Metal 1 Mater VOL. 25, NO. 8 PAGE. 1 8 0 5 - 1 8 0 9 1991 

DO 1 &T i 3 A 1 W«§.C>M^S
Plastic deformation of single crystals of T i 3 A 1 with 
D 0 1 9 structure.
MI NON I SH I Y (T o h o k u Univ.)
Philos Mag A VOL. 63, NO. 5 PAGE. 1 0 8 5 1 0 9 3 1991

T i A i ^
Characterization of the effect of vanadium additions 
to T i A 1 base alloys.
HUANG S - C, HALL E L (G e n e r a 1 Electric Research and Devel 
opment Center)
Acta Metal 1 Mater VOL. 39, NO. 6 PAGE. 1 0 5 3 1 0 6 0 1991

MnillDT i A 1 A p F IMhHREMC
A combined A P -FIM/H R EM approach to the characterizat i 
on of microstructure in a Mn ■ added TiA 1 intermetal 1 ic 

compound.
SAGA M, UEMOR I R, TAN I NO M.MORIKAWA H (N i p p o n Steel Corp. ) 
Surf Sci VOL. 246, NO. 1/3 PAGE. 2 3 1 - 2 3 7 1991

The decomposition of alpha phase during continuous c o 
oling and isothermal transformation in gamma titanium 

a 1 u m i n i d e.
MC QUAY P A, DIMIDUK D M (WL/ML LM); S EM I AT I N S L (B a t t e 1 1 e M 
emorial Inst.)
Scr Metal 1 Mater VOL. 25, NO. 7 PAGE. 1 6 8 9 1 6 9 4 1991

Microstructure of Ti 3 A 1 based alloys containing niobi 
u m and silicon.
CHEN D, ES - SOUN I M, BEAVEN P A,WAGNER R (GKS S -Research Cen 
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Scr Metal 1 Mater VOL. 25, NO. 6 PAGE. 1 3 6 3 1 3 6 8 1991
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t i - a 1 or

FC Rep VOL. 10, NO. 7 PAGE. 2 2 2 - 2 2 9 1992 

ESttT ;i/ <
High-Temperature Aluminides and Intermetal lies. 
PARAMESWARAN V R (National Research Council of Canada) 
JOM VOL. 4 4, NO. 6 PAGE. 41-43 1992

k & it * #a#

Bvol. 34th page. 91-941992

page. 3 71 p 1992

(b^mxsis,page. 2 51 p 1992

9@fL^:T i 2 A 1 Nb#0^
Ti2AlNb-based alloys outperform conventional titanium 

aluminides.
A d v Mater Processes VOL. 141, NO. 3 PAGE. 33-35 1992 

XrAM
Development of intermetal 1 ic materials for aerospace 
s y s t e m s .
DIMIDUK D M,MIRACLE D B, WARD C H (W r i g h t Lab.)
Mater Sci Techno 1 VOL. 8, NO. 4 PAGE. 367-375 1992

t < £T i A 1
High temperature intermetal 1 ics-wi th particular 
emphasis on TiA 1 .
YAMAGUCHI M (K y o t o Univ.)
Mater Sci Techno 1 VOL. 8, NO. 4 PAGE, 2 9 9 - 3 0 7 1992 

* 9 2¥<7>®m
FORECAST ’ 92. Developments in Metals.
A d v Mater Processes VOL. 141, NO. 1 PAGE. 17-25 1992

VOL. 62, NO. 4 PAGE. 48-55 1992

VOL. 62, NO. 4 PAGE. 4-5 1992
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T i A 1 2SH55M (F eXit N i) FKo^T
Study on T i A 1 2 - b a s e d ternary (F e orNi) titanium alumi 
n i d e s .
DURLU N, INAL 0 T(New Mexico Inst. Mining Technology)
J Mater Sci VOL. 27, NO. 5PAGE. 1175-1178 1992

T i - A 1
am

7)V h tfr VOL. 2 2, NO. 3 PAGE. 13-19 1992

f P mB ify
Titanium Aluminides! Tough Materials for Tomorrow’ s E 
n g i n e s.
ASHLEY S
Me c h Eng VOL. 113, NO. 12 PAGE. 49-52 1991 

m&7 - v a tm&~7
Ductile aluminium and brittle trialuminides.
COTTRELL A H(Univ. Cambridge)
Mater Sci Technol VOL. 7, NO. 11 PAGE. 981 -9831991 

T i A 1 S&JE mbirtKOffiBBS £ SUS&
Phase Reactions and Processing in the Ti-Al based Int 
ermetal 1 ics.
PEREPEZKO J H(Univ. Wisconsin)
ISIJ Int VOL. 31, NO. 1 0 PAGE. 1080-1087 1991

Production, Characteristics, and Commercialization of 
Titanium Aluminides.

FROES F H, SUR YANARAYANA C(Univ. Idaho)
ISIJ Int VOL. 31, NO. 10PAGE. 1235-1248 1991

Recent Progress on Intermetal 1 ic Alloys for Advanced 
Aerospace Systems.
DIMIDUK D M, MIRACLE D B (W L /M L L M); KIM Y-W(Metcut -Materia 
Is Research );MEND I RATTA M G (Universal Energy Systems) 
ISIJ Int VOL. 31, NO. 1 0 PAGE. 1223-1234 1991

LTam&a-^T i - A
Development in Processing Technology of Gamma Titaniu 
m Aluminides for Potential Application to Airframe St 
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MATSUO M (Nippon Steel Corp.)
ISIJ Int VOL. 31, NO. 1 0 PAGE. 1 2 1 2 1 2 2 2 1991

x)
B^XT'y NO. 2 5 PAGE. 1-7 1990

Overview of research on aerospace metallic structural 
materials.

ROSENSTE IN A H (U. S. Air Force)
Mater Sci Eng A VOL. 143, NO. 1/2 PAGE. 31-41 1991
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Progress in the Understanding of Gamma Titanium alumi 
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KIM Y - W (U n i v. Dayton); D IMI DUK D M (U. S. Air Force Wright 

Lab.)
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#### VOL. 24, NO. 6 PAGE. 55-59 1991 
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The effect of ball milling on onsol idat ion 
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YOSHIZAWA H, S A I TO Y(IHI)
Mater Sci Forum VOL. 8 8/9 0 PAGE. 6 5 5 - 6 6 2 1992

;wc j;mm®
Atomic disorder and phase transitions in 
intermetal 1 ic compounds by high-energy ball 
BARKER H, D I L M(Univ. Amsterdam)
Mater Sci Forum VOL. 8 8/9 0 PAGE. 2 7 - 3 4 1992

b a i 3 v p v ? *
Oxidation of power processed NbA 1 3 matrix c 
KORINKO P S, DUQUETTE D J (Rensselaer Polytech 
Intermet Matrix Compos PAGE. 423-428 1990

SMfcMN b - 2 6 a t %T i - 4 8 a t % A 1
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AIKIN R M J R.MCCUBB IN P E,
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M A#f)E D C t: 6 f
Nano-crystalline consolidation of MA powder 
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MA alloys for aerospace applications. 
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Struct A p p 1 Mech Alloy PAGE. 15-24 1990
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Nanocrystalline alloys prepared by mechanic 
alloying and ball milling.
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Mater Sci Eng A VOL. 13 4 PAGE. 1 3 3 0 1 3 3 3 1991
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mechanical attrition.
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In Situ Ductile Toughening of Nb 2 A 1 by Combustion 
Synthes i s.
BHATTACHARYA A K(Univ. Cincinnati)
J Am Ceram Soc VOL. 75, NO. 6 PAGE. 1678- 1681 1992

(Nb A 1 3)
Reactive processing of niobium aluminide NbA 1 3.
MURRAY J C,GERMAN R M (Rensselaer Polytechnic)
Ad v Powder Metal 1 VOL. 1 9 9 0, NO. V o 1 2 PAGE. 1 4 5 - 1 6 0 1990

A Ceramic Matrix Composite Obtained by Highly 
Exothermic Re action.
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Federal de S a o Carlos); STEVENS R(Univ. Leeds);

DERBY B (U n i v. Oxford); BROOK R J (M a x Planck Inst.)
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Nb A 1 3 14^$
Reactive Synthesis of Nb A 1 3 Matrix Composites.
LU L.KIM Y S, GOKHALE A B, ABBASCH I AN R (Univ. Florida) 
Intermet Matrix Compos PAGE. 79-87 1990

K5^NbAl 3
In situ formation of an alumina interface coating in
react ively synthesized NbA 1 3 -Nb composites.
LU L, GOKHALE A B, ABBASCH I AN R(Univ. Florida)
Mater Sci Eng A VOL. 14 4, NO. 1/2 PAGE. 1 1 - 2 3 1991
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MISIOLEK W, GERMAN R M (Rensselaer Polytechnic)
Mater Sci Eng A VOL. 144, NO. 1/2 PAGE. 1-10 1991
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mechanical properties.
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J Mater Sci Lett VOL. 11, NO. 8PAGE. 475-476 1992

m l mt&vov&fc
Synthesis of exotic compounds with exotic properties.
in cm#, /Mm#, a###, oa*)
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V)v 3 -rmmtr ju < tmmmt-177^^ * A

Microstructural characterization of a zirconia- 
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Acta Metal 1 Mater VOL. 40, NO. 2 PAGE. 285-294 1992
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Microstructure of Nb 2A 1 -NbA 1 3 eutectic alloys 
produced by unidirectional solidification.
KUMAGAI T, HAN AD A S (T o h o k u Univ)
Mater Sci Eng A VOL. 152, NO. 1/2 PAGE. 349-355 1992 

m^miNb 3 A i
Microstructures and mechanical properties of rapidly 
solidified niobium aluminide (NbA 1 3) .
RAY R (M a r k o Materials Inc.); AYER R (STEM Inc.)
J Mater Sci VOL. 27, NO. 6PAGE. 1642-1650 1992

b - a i
Solidification processing of intermetal 1 ic Nb - A 1 
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SMITH P P, OLIVER B F(Univ. Tennessee);
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Scr Metal 1 Mater VOL. 26, NO. 9 PAGE. 1365- 1370 1992
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JN LI 184A (0917-0499) HfJffUtf
VN VOL. 3, NO. 2 PAGE. 3 5 - 4 0 1992
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##mh^#Nb 3 A 1 <7) > ;!/ h X tf > V 'y (C £ It £
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advanced melt spinning technology.
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A New Phase in a Rapidly Solidified and Consolidated 
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Metal 1 Trans A VOL. 22, NO. 9 PAGE. 1901 - 1909 1991

tA15#a&
Evaluation of 
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Nb 3 A 1
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Roll Process.
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IEEE Trans Magn VOL. 2 7, NO. 2 Pt 3 PAGE. 2045-2048 1991
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6.4.1. am##

No. dtiSA # #

1 P ¥2-259043 90 10/19 Technology

DEV Corp

2 P ¥2-504405 90 12/13 K.

l.j.ifvf; m

3 P ¥3-44436 91/02/26 *is\mm Ti-Ai v v

4 P ¥3-104832 91/05/01 General

Electric 7;i/; -C7

5 P ¥3-104833 91/05/01 General

Electric

?oA£7 Jls~C'%g£.£titzr -77 >

6 P ¥2-101133 90/04/12 TiAl-TiaAimm^##

7 P ¥2-101134 90/04/12

8 P ¥3-115549 91/05/16

(lUP. #)

TiAl©EMMS

9 P ¥2-130201 90/05/18 7-

10 P ¥2-163333 90/06/22

11 P ¥2-228435 90/09/11

(MS. *$)

MngsOTiAl&Mm^®i6JR#:i£;58

12 P ¥2-25931 90/10/08 0*

13 P ¥2-258938 90/10/19 mmmm

14 P ¥2-258939 90/10/19 mm, mm mmmm

15 P ¥2-274829 90/11/19 ^m^b^TisAi
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16 P ¥2-277736

17 P ¥2-294458

18 P ¥3-44436
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P ¥3-274249 91/12/05
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6.4.2. Ti-A1&±M fW##

No. M & m #

1 US 4, 891,184 90/01/02 Mikkola D E Low density heat resistant intermetal lie

alloys of the Al3Ti type

2 US 4, 902, 474 90/02/20 General

Electric

Gallium-modified titanium alminium

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 US 4,915, 903 90/04/10 Martin

Marietta Corp

Process for forming composites having an

intermatellic containing matrix

5 US 4, 915, 904 90/04/10 Martin

Marietta Corp

Process for stabilization of titanium

silicide particulates within titaniumu

aluminide containing metal matrix

composites

6 US 4, 946,643 90/08/07 US DOE Dense, finaly grained matarials

7 US 4,950, 043 90/08/21 Mcdonnel1

Douglas Corp

Distortion-free fiber optic sensors

embedded in titanium

8 US 5,098,469 92/03/24 General Motors

Corp

Powder metal process for producing

multiphase Ni-Al-Ti intermetallic alloys

9 US 5, 080,860 92/01/14 General

Electoric Co.

Niobium and chromium contg. titanium

aluminide rendered castable by boron

inoculations

10 US 5, 089,225 92/02/18 General

Electoric Co.

High-niobium titanium aluminide alloys

11 US 5,028,491 91/07/02 General

Electoric Co.

Gamma titanium alminium alloys modefied

by chromium and tantalum and method of

preparation
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12

13

14

15

16

17

18

19

20

21

22

23

General Gamma titanium alminium alloys modelled

Erectoric Co. by chromium and silicon and method of

preparation

MTU Motoren-u Sintered light-weight structural

Turbinen-Union material and method of its manufacture

Texas Instru­ Member of a refractory metal material of

ments Incorp. selected shape and method of making

Technology Low density heat resistanst intermetal lie

Development alloys of the A131i type

Corp.

Nippon Steel Titanium-aluminium intermetal lie cpd. of

Corp improved room temp, ductility

Dai do Titanium and alminium intermetal lie

Tokushuko cpd. composite material

Techn Dev Low density heat resistant intermetal lie

Corp alloys of the A13 Ti type

Westinghouse Method of fabricating titanium-aliminium

Elec Corp shapes

Nippon Steel Titanium-aluminium intermetalliic cpd.

Corp continuous thin sheet

General Titanium,aluminium,alloys contg.

Electric chromium and tantalum

Alousuisse- Hochschmelzende, metal 1ische verbindung

Lonza Ser

Sheet of titanium-alminium intermetal lie

compound and process for producing the

same
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6.4.3. 686.6^* M-ffc-g-te

No. mmtm m & m #

1 US 4, 915, 902 90/04/10 Martin

Marietta Corp

Complex ceramic whisker formation in

metal-ceramic composites

2 US 4, 916, 029 90/04/10 Martin

Marietta Corp

Composites having an intermetal lie

containing matrix

3 US 4, 927, 714 90/05/22 Barson Corp Refractory metal composite coated

article

4 US 4, 927,792 90/05/22 US DOE Molybdenum disilicide matrix composite

5 US 4, 942, 732 90/07/24 Barson Corp Refractory metal composite coated

article

6 US 7, 362,112 91/02/12 US DOE Molybdenum disilicide reinforced with

fine silicon carbide whisker

7 US 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

Marietta Corp

Complex ceramic whisker formation

inmetal-ceramic composites

13 US 4,904, 546 90/02/27 General

Electric Co.

Material system for high temperature jet

engine operation
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US 5, 026, 522 91/06/25 General Nb-Ti-Hf high temperature alloys

Electric Co.

US 5, 028,390 91/07/02 S. L. Adel man Niobium-based superalloy compositions

WO 91/19015 91/12/12 Cabot Corp. Tantalum or niobium base alloys
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