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Abstruct

　　　NRIM　is　well　known　in　the　world　as　a　research　institute　which　has　triggered　the　present

active　R＆Dfor　hght　heat－resisting　TiAl－base　alloys　and　which　has　continued　to　be　one．　of

excellent　nuclei　for　progress　of　this　material且eld　up　to　date．　This　overview　describes　how

NRIM　surmounted　for　the且rst　time　two　principal　drawbacks　of　TiAl，　de且ciency　of　room

temperature　ductility　and　dif且culty　of　hot　working　and　how　NRIM　has　brought　out
fascinating　properties　and　multifarious　potentialities　of　TiAl－base　alloys．　The　main　subjects

are　improvement　of　room　temperature　ductility　by　composition　adjustment，　especially

addition　of　manganese；development　of　isothermal　forging　techniques　issued　ffom　study　on

deformation　properties　at　high　temperatures；microstructure　control　by　heat　treatment　and

thermomechanlcal．treatment；superplasticity　occurring　in　TiAl　alloys　with且ne　equiaxed

¢＋γstructure　which　is　obtained　by　elaborate　thermomechanical　treatment；development　of

handy　melting　process　by　means　of　a　high　frequency　vacuum　fumace　using　CaO　crucibles．

KのWα　加陀7肥α11’CCO〃3ρ0研4糊1，乃1’oy　4θ5’9η，　RoO〃παηρε7伽アθ磁Cが助，　Ho∫

　　　　　W・面π＆オ11・卿＆M∫C7・∫’r配α尻rεC傭r・1の8σ∫‘・8α〃ηεηちτ勉酬・〃・8c伽’Cα1’7顔一
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＊Director　of　Materials　Design　Division．　From　April　1，

　　Engineering，　Ibaraki　University．

1993removed　to　Department　of　Materials　Science，　Faculty　of
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P段rt　I　Genem韮Rem勘rks

］【．　　1凱troduction

　　This　overview　describes　a　research　on　TiAl－base

alloys　done　in　National　Research　Institute　for　Metals

（herelnafter　referered　to　as　NR．IM）．｝lere，　TiAl　is　the

intermetallic　compound　which　had　not　regarded　as　a

structural　mater量al　until　about　10　years　ago．　「1「his

research　was　begun　in　1978　and　has　been　still　in

progress　as　an　important　research　prolect　in　NRIM．

At　the　big重nning　of　this　research　nobody　expected　that

the　compound　TiAl　would　have　become　an　important

substance　as　a　light　heat－resisting　material　after　the

decade　except　researchers童n　NRIM．　This　venturous

research　in　NRIM，　however，　has　yielded　a　number　of

important　results　which　open叩possibilities　of　TiAl

as　a　structural　material．　The　results　obtained　at　the

early　stage　of　the　study　gave　a　strong　imPact　on

researchers　who　had　known　limits　of　convertional

metallic　materials．　Thus　a　research　boom　for　TiAl一
　　　　　　　　　　　　　　　　　　　，

base　alloys（hereinafter　abbrev孟ated　to　T童AI　alloys）

occurred　not　o且ly　in　Japan　but　a至so童n　the　whole

world，　and　TIAI　alloys　have　regarded　as　a　new

mater量al　w圭th　wh童ch　human　beings　can　convert　their

dreams　on　technology　into　reality．　At　present，　the

research　on　TiAl　alloys　is　becoming　more　act重ve　year

by　year　and　involving　wider飴1ds　of　science　and

technology．

　　Reports　about　TiAI　a且oys　amount　to　a　half　of　total

papers　for　structuraHntermetallic　compounds　submlt－

ted　at　the　meeting　of　Japan　Institute　of　Metals．　The

reasons　why　the　study　on　TiAi　alloys　is　so　prevalent

are　as　follows．　TiAl　alloys　has　epoch－rnaking　charac－

teristics　as貧1孟ght　heat－resisting　metallic　materia11）．

TiAl　alloys　are　producible　without　any　complicated

equipment　or　processes，　that　is，　in　large　scale　with

bas重cal玉y　co且ventional　equipme凱for　metallic　alloys．

This孟mplies　that　TiAl　alloys　have　potentialities　to　be

used　wide韮y　as　an量ndustrial　material．　TiAI　alloys

afford　a　wide　margin　of　aspiri簸g　research　activities，

because　TIAI　al垂oys　belong　to　a　new　material　of　a

green　field　full　of　new　findi且gs　and　or重ginality，

　　Two　kinds　of　works　done　in　NRIM　are　described　in

details童n　Part　II．　One　is　how　two　ser重ous　drawbacks　of

TiAl，　that　is，　de員cienty　of　room　temperature　ductility

and　dif丘culty　of　hot　working　have　been　remedied．

The　other　is　recent　important丘ndings　which　have

given　further　values　for　TiAl　alloys．　These　are

mlcrostructure　control　by　heat　treatment　and　thermo－

mechanical　treatment，　and　occurrence　of　super－

plasticity．　Other　results　are　dep孟cted　brieHy　in　Chap－

ter　3．

　　In　this　overv重ew，　the　intermetallic　compound　TiAi

of　the　stoichiometric　composition　is　seldom　men－

tioned．　The　reason　is　that　the　materials　used　are

always　so　designed　upon　the　base　of　TiA1－phase　as　to

get　any　merits　in　their　properties，　even　in　Ti－Al　binary

alloys．　The　abbreviated　word“TiAl　alloys”is　used　to

represent“TiAl－base　alloys”．　In　this　paper　the　TiAl

aUoys　are　distinguished　from　the　compound　TiAl．　The

word　of“T孟AI”is　used　when　the　original　nature　of　the

compound　TiAI　is　described．　In　this　paper　the　atomic

percent　is　used　to　represent　alloy　composition．

2．　Backgro靱nd　of　the　Rese3rc藍

2・1　　王【韮storica藍　posit韮on　of　tke　study

　　It　was　1960’s　that　the　first　attention　was　paid　for

properties　of　intermetallic　compounds　and　active

studies　were　made．　The　study　of　intermeta韮lic　com－

pounds　as　structural　mater重al　became　out　of　vogue　in

1970’s，because　any　rneans　to　rectify　brittleness　of

intermetallic　compounds　could　not血nd2）．　At　this

period　a　peculiar　property　in　plasticity　of　intermetallic

compounds　which　is　pro且table　as　high　temperature

materials　has　been　found．　That孟s　reverse　temperature

depen（ience　of　strength，　and　excellent　articles　study－

ing　causes　of　this　abnorrnal　behavior　have　been

pub至ished3－5）．　These　results，　however，　have　been　of

academic　value　unless　the　brittleness　is　not　improved．

Such　the　situation　was　broken　through　by　Aoki　and

Izumi　in　19796）．　They　found　that　boron　addition　of　a

sma｝l　amount　made　grain　boundary　brittleness　of　an

intermetallic　compound　of　Ni3Al　disappear　at　a

stretch．　This　work　has　revived　the　hope　of　researchers

on　structural　intermetallics，　and　has　constituted　an

important　factor　for　resurrecting　active　studies　for

these　mater孟als．

　　On　the　other　hand，　a　comprehensive　study　for

alumin孟des　and　silic孟des，　especially　TiAI　alloys　was
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carried　out　in　the　Air　Force　of　USA　from　strong　needs

for　high　temperature　mater孟als　of　high　performance．

This　semiempirical　study　was　continued　indefatigably

from　1960　to　1986，　and　afforded　us　only　a　Hght　for

structurahntermetallics　of　practical　use　especially　in

1970’s．

　　It　was　reported　ln　1956　by　McAndrew　and　Kessler

that　TiAl　has　promising　properties　as　a　light　heat－

resisting　materia17）．　After　that，　TiAl　alloys　had　been

studied　mainly　for　mi1童tary　use　in　the　USA，　as

mentioned童n　the　above　paragraph．　Especially，　the

research　sponsored　by　the　US　Air　Force　from　late　in

the　1970’s　to　early　in　the　1980’s　was　a　large－scale

project　conducted　in　strict　secrecy8）．　In　this　project

model　turb童ne－engines　were　made　using　TiAl　albys

and　were　tested，　which　did　not　accomplish　satisfactory

results．　Researches　for　TiAl　aHoys　in　the　USA　had

been　interrupted　after　this　project，　until　Kim　and

｝luang　make　the　researches　restart　by　inHuence　of　the

research　in　NRIM．　Durlng　this　blank　period　studies

for　Ti3Al　alloys　have　become　prevalent　in　the　USA．

　　The　research　for　TiAl　alloys　in　NRIM　was　begun

from　1978　and　has　been　continued　without　any

interr叩tion　up　to　date．　Another　contributor　in

around　1980　in　Japan　was　Izumi’s　group　of　Research

Institute　for　Iron，　Steel　and　Other　Metals　of　Tohoku

University．　They　have　found　an　interesting　fact　that

TiAl　s重ngle　crystals　display　positive　temperature

dependence　of　How　stress9）．　However，　the　interest　of

this　group　had　remained　in　the　study　of　the　mechan－

ism　about　this　abnormal　plasticity　in　those　days，

because　they　had　believed　that　the　compound　TiAl　is

too　brittle　to　be　regarded　as　a　cand童date　of　structural

materials．　A負er　the　progress　of　research　for　TiAl

alloys　in　NRIM，　this　group　has　participated　in

development　of　TiAl　alloys．

　　During　the盒rst　half　of　the　period　where　NRIM　was

only　a　main　parしicipant　for　alloy　developement　in

Japan，　NRIM　has　succeeded　to　relieve　the　drawbacks

of　TiAl　alloys．　With　the　progress　of　the　research　in

NRIM　the　possibility　was　increased　that　TiAl　alloys

would　be　used　on　a　large　scale　as　an　in（iustrial

materia豆in　future　technology．　Thus　a　research　boom

for　TiAl　alloys　has　begun　in　Japan　from　about　1984．

This　boom　was　conveyed　to　USA　with　some　time　lag，

and　then　to　Europe　and　China．

　　MRIM　has　continued　to　develop　excellent　charac－

teristics　and　various　processing　techniques　of　TiAl

alloys，　and　the　research　boom　has　grown　prosperous

year　by　year．　As　the　co簸sequence　many　research

facil孟ties　and　organizations　have　participated　in　the

research　of　TiAl　alloys．　At　present　vast　s磁dies　are

being　done　in　of且cial　research　institutes，　universities

and　private　enterprises　from　bas孟。　researches　to

processing　techniques，　and　furthermore　for　apPlying

techniques　for　practical　use．

　　Use　of　light　heaレresisti且g　TiAl　alloys　for　parts　of

automobile　engines　and　aircraft　engines，　or　of　electric

generators　w孟11　heighten　the　performance　ability　of

these　machines　or　equipment．　Pr量vate　enterprises　are

considered　to　make　their　efforts　to　put　to　practical

appHcation　of　TiA重aHoys　in　these倉eids．　Other

app互孟cation　of　TiAl　alloys　is　for　wings　and　fuselage　of

high－speed　aircrafts　and　of　space－vehicles．　For　the

purpose　of　developing　materials　technology　for　the

latter　use，　a　national　research　project　organized　by

the　Agency　of　Industrial　Science　and　Technology，

MITI，　was　started　in　1989．　This　project　named“High

perfOrmanCe　materialS　fOr　SeVere　enVirOnmentS”iS　in

progress　as　the　8－year　plan．

　　Furthermore，　a　new　national　prolect　named“Eva1－

uation　and　analysis　based　on　modeling　for　forecasting

physical　and　chemical　propert孟es”　has　been　begun

from　this　year，　wh孟ch　is　organized　by　Science　and

Technology　Agency　（｝｛ereinafter　abbreviated　to

STA）．　In　this　prolect　evaluation　of　properties　in　TiAl

alloys　are　being　stud孟ed，　reflectiHg　the　fact　that　TiAl

alloys　has　been　becoming　to　the　material　of　practical

use．

2．2　Aim髄職d　progress　of　the　study

　The　research　in　NRIM　was　begun　with　the　author’s

own　view．　Why　were　the　TiAl　alloys　chosen　as　the

target　of　the　research　in　1978　in　NRIM？One　of　the

reasons　is　that　the　author　had　been　interested　in　this

compound　during　his　research　works　on　Ti－alloys

about　10　years　agolo），　and　had　made　some　trials　for

the　TiAl　alloys．　The　other　is　that　Aoki　and　Izumi　have

shown　the　first　example　of　ductilizing　a　brittle

intermetallic　compound　Ni3Al　by　alloying6．　This　work
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has　given　the　prospect　that　selected　ones　among　other

intermetallic　compounds　being　brittle　might　be　ducti1－

ized．　Here，　the　selected　ones　mean　intermetallic

compound　of　metallic　character　as　aluminides　with

simple　crystal　structure．　If　the　ductilization　coulφbe

achieved　in　a　compound，　in　what　compound　would

the　highest　merit　be　obtained　as　a　high　temperature

material？It　has　been　believed　by　the　author　that　the

TiAl　alloy　is　the　top　candidate．

　　The　research　in　NRIM　has　started　from　a　prelimi－

nary　experiment　in　a　current　research．　In　this　experi－

ment　we　have　obtained　an　important　indication　that

Ti－rich　TiAI　alloys　may　grow　as　a　valuable　heat－

resisting　materia111）．　The　research　scale　has　been

enlarged　to　a　speci且ed　research　from　1981，　and　then

to　a　special　research　from　1983　to　1987．　At　the　initial

stage　of　the　special　research　it　has　been　found　that　the

room　temperature　duct孟lity　of　TiAl　alloys　can　be

董mproved　by　Mn　addition12　16）．　At　the　later　stage　of

the　spec孟al　research　fun（iamental　data　which　prove

feasibility　　of　　isotherrnal　　forging　　have　　been

accumlated17）．　In　this　period　our　purpose　was　to　make

TiAl　alloys　grow　up　to　a　level　under　which　we　can　aim

at　an　industrial　materiaL　For　this　target　we　tried　to

bring　out　all　latent　possibilities　of　merits　and　to負nd

any　tech且iques　gett量ng　around　difficulties　on　proces－

sing。

　　During　the　period　of　the　special　research　the

research　boom　for　TiAl　alloys　has　occurred　in　Japan，

and　many　researchers　began　to　study　TiAl　alloys．

Until　those　days　NRIM　was　the　trigger　for　this

materia1．　The　incoming　of　the　boom　implied　that　the

role　of　trigger　had　ended．　NRIM　had　to　change

someone　else．

　　In　order　to　take　a　measure　to　meet　the　situation，　a

research　group　which　studies　mainly　TiAl　al三〇ys　has

been　bullt　up　in　1988　in　NRIM，　by　assembling

specialists　of　various　research且elds．　This　group　has

taken　charge　of　the　des孟gnated　research‘‘Production

and　character　evaluation　of　functional　intermetallic

compound”．　After　that，　this　group　has　been　charged

with　the　two　national　prolects　above　mentioned．

Under　support　of　these　funds　and　collabolation　of　the

experts，　NRIM　has　obtained　a　lot　of　valuable館dings

which　had　not　been　expected　at　the　begimling　stage　of

the　research．

3．List　of　main　results　in　NRIM

　　The　research　project　in　NRIM　on　TiAl　alloys　has

progressed　satisfactorily　including　various　new

findings　up　to　date，　and　has　obtai且ed　numerous

results　which　are　useful　and　well－known　to　the　world．

The　chronicles　of　the　main　results　reported　by　NRIM

are　listed　in　Table　1．

　　The痕rst　item　in　the　table　was　the　most　important

行nding　and　the　starting　Point　for　a　full－scale　study　on

TiAl　aUoys　in　NRIM11），　because　TiAl　alloys　had　been

believed　to　be　too　brittle　for　use　as　a　structural

materiahn　those　days．　The　obtained　data　are　shown

in　Chapter　5．

　　It　has　become　clear　at　the　initial　stage　of　the

research　that　TiAl　alloys　can　be　handled　with　the

same　way　as　usual　metallic　materials．　TiAl　alloys　are

Table　L　Chrono匪ogical　Res腿1ts　for　TiAl－Base　A猟oys　done

　　　　　　　　by　NRIM．

　LFi瞼ding　the　fact　that　T韮A霊of　low　A塵co凪en目s勲ot　so

　　　　　britt藍e　at　room　temperature．（1980）：T髭e　best　com・

　　　　　posit藍on　is　an　al雇oy　wi£h　abouξ48at％Al．

2．Reporti鳳g　feasibi塵ity　fOr　machining。（豆981）

3．Repor垂ing　a　success　in　hot　extrusio臓　wiIh　la匙eral

　　　　　press腿re．　（1982）

4．Repor甑g　on　me脆藍ng　by　vac目皿m　high　freq撹ency

　　　　　f腿rnace　with　CaO　cmcible。（1983）

5．Finding　room・£empera加re　duαi匪ity　of　about　5％　by

　　　　　bend　test　in　Ti48at％Al・1at％Mn　alloy（conIaining

　　　　　T藍3A1）．（1984）

6．Repor重i鳳g　on　actlve　twin　de罫ormatio鹸　at　room－

　　　　　temperature　in£he　above　a匪loy。（1985）

7．君sIablishlng　an　isotkermaHbrg藍ng垂echn藍q腿e。（1986）

8Jmprov韮ng　ox韮dat韮on　property　by　adδidon　of　S韮。（1987）

9．Con伽ming　a　positive　tempera加re　dependence　of

　　　　　fatigue　strength．（1988）

10。F藍nd韮ng藍ne　g罪ai瞼s弱perplas重ic韮ty　and　dynam韮。　super・

　　　　　P匪ast藍。叢ty．（1989）

11．Establishing　thermomechanical　processi鳳g　tec臨niques

　　　　　£or　stmct礎e　control　to　get　fine　equiaxed　TiAl十Ti3A翼

　　　　　a置loys．（1990）

12．Improving　room　temper＆ture　dロcti蓋晦by　directiona藍

　　　　　SOヨi〔灘類cation．　（韮991）

13．Finding段teckn韮q“e　whick　d韮sso匪ves　o難ly　TiAl　p甑ase　in

　　　　　TiA匠alloys　consisd瀬g　oぞTiA翌幸Ti3A嚢。（1991）

14．Throwing　light　on　environmental　ef艶cts　o職room

　　　　　tempera加re　duc詑i震ity　oξTiA監a1藍oys韮n　relation　to

　　　　　ph匿ase　const藍Iu£io】礁●　（1992）
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cut，　polished　and　etched　for　microscopic　observat童on．

Test　specimens　of　TiAl　alloys　are　shaped　by　machin－

ing　and　grinding．　The　second　item　is　mentioned　as　a

representation　of　handling　capability．　Later，　Yama－

moto　has　studied　the　machining　properties　and　cutting

mechanisms　in　detai118）．

　　Although　the　room　temperature　ducti韮ity　attaining

25％was　measured　by　compression　test　in　the且rst

item，　tensile　elongat圭on　of　the　binary　TiAl　alloys　was

not　enough　as　a　metallic　structure　material．　There－

fore，　improvement　of　tensile　ductility　of　TiAl　alloys

was　an　essenstial　requisite重n　those　days．　The　fifth

item　was　the　first　definite　work　in　the　world　that　the

room　temperature　ductility　iなTiAl　alloys　was　im－

proved　by　alloying12）’13）・14）．　The　research　boom　for

TiAl　alloys　have　begun　from　this　work　in　Japan．　The

sixth　item　shows　that　the　ductilization　of　this　aiioy　is

taken　place　by　special　deformation　mechanism15）’16）．

This丹nding　attracted　attention　of　materials　scientists

because　it　leads　to　a　new　concept　of　deformation

mode　design　to　improve　the　poor　ductility　of　interme－

tallic　compounds．　The餓h　and　the　sixth　items　are

described　in　details　in　Chapter　6．　At　present　it　is　not

rare　for　TiAl　alloys　to　have　tensile　elongation　of

several　percent　at　ambient　temperature　as　the　results

of　recent　development．

　　Hot　worki簸g　of　TiAl　had　been　believed　to　be　far

more　dif負cult　than　we　know　it　today．　The　third　item

was　the　first　work　i鍛Japan　which　showed　that　hot

working　of　TiAl　alloys　was　possible19）．　In　this　case　a

rather　special　method　was　used　in　anticipation　o負he

severe　dif且culty．　Later，　isothermal　forging　was　de－

veloped　as　a　more　general　method　as　cited　in　the

seventh　item2G）・21）．　Using　a　slow　deformation　rate　was

inevitable，　because　the信ow　stress　of　TiAl　increases

rap童dly　with　strain　rate，　and　this　reflects　strongly　upon

the　attainable　fracture　strain17）・22－25）．

　　Superplasticity　is　a　very　useful　phenomenon　which

can　be　use（i　for　secondary　forming，　Occurrence　of

superplasticity　has　been　found負rst　in　NRIM　as　c孟ted

in　the　tenth　item．　The　origin　of　the負ne　grain

superplasticity　is　in　slowness　of　diffusion　in　the

intermetallic　compound　TiAl，　and　the　origin　of　the

dynamic　superplasticity　is　in　d童fference　of　deforma－

tion　mechanism　between　high　temperatures　and　bw

temperatures26）．　This　is　a　surprising　Phenomenon

which　could　not　be　expected　at　a玉l　at　the　t孟me　when

the　research　was　begun．　Details　of　the　third，　the

seventh　and　the　tenth　items　are　described　in　Chapter

8．

　　It　is　becoming　clear　that　microstructure　in　TiAl

alloys　cha餓ges　coHsiderably　with　heat－treatment　or

thermomechanical　processing　as　described　in　Chaper

7，and　that　mechan重cal　properties　of　the　alloys　change

remarkably　with　microstructure．　We　can　see　pros－

pects　in　this　technical負eld．　It　may　be　stated　that　the

front　work　of　development　for　the　alloys　is　changing

frOm　COmpOSitiOn　cOntrOl　tO　miCrOStructure　COntrOL

Astrong　endeavor　is　being　made　now　for　the

establ孟shment　of　structure　control　technique　of　TiAl

al正oys　in　NRIM．　A　successful　example　is　the　eleventh

ltem．　We　have　obtained　TiAI　alioys　with　a　special

configuration　and　distribut重on　of　T3Al　by　thermo－

mechan童cal　treatment22）・23）・24）．　This　structure　is　espe一己

cia豆ly　effective　for　obtaining　superplasticity　at　high

temperatures，　and　has　a　benefic霊al　effect　on　ductility

at　room　temperature28）．　Furthermore，　we　are　de－

veloping　various　microstructures29）・30）：structures　with

excellent　creep　resistance，　structures　with　toughness

to　impact，　structures　with　good　ductility　at　room

temperature，　and　so　on．

　　Molten　TiAI　is　not　so　active　as　molten　Ti－alloys，

because　the　titanium　content　in　TiAI　is　only　half　that

of　Ti－alloys．　Util孟zing　this　difference，　melting　using　a

CaO　crucible　has　been　studied　as　g孟ven　in　the　fourth

item31）・32）・33）．　As　a　vacuum　high　frequency　melting

furnace　is　conventional　equipment，　this　fabrication

method　is　very　economical　and　easily　applicable．　It

has　been　concluded　that　inclusion　of　oxygen　of　O．13

wt％孟s　inevitable　with　the　CaO　crucible，　which　is　the

equ孟libr重um　value　of　molten　TiAl　to　CaO．　Although

TiAl　alloys　melted　by　this　method　have　limited

elongation　at　ambient　temperature，　various　studies

have　been　done　to　improve　the　ductility．　They　have

also　been　used　widely　as　a　substitute　of　TiAl　alloys

produced　by　standard　methQd　when　processing　tech－

niques　are　studied　on　a　large　scale，

　　The　thirteen重tem　is　a　useful　technique　for　observ－

ing　in　three　dimensions　Hgures　of　the　const重tuent

phases，　of　inclusions，　and　of　ternary　intermetallic
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compounds　in　TiAl　alloys34）．　In　this　method　the

polished　surface　of　the　specimen　is　deeply　etched

electrolytical】．y　using　methanoi　solution　containing

1％tetramethyl　ammonium　chloride　and　10％acetyle

acetone　in　volume％．　A　current　density　of　OユA

cm－2 C　with　a　stainless　steel　plate　cathod　at　a　distance

of　apProximately　4　cm　from　the　specimen　is　used　for

the　etching，　and　the　etching　time　is　1200　s．

　　The　fourteen　item　is　the負rst　result　showing　that

room　temperature　ductility　of　TiAl　alloys　is　subjected

to　influence　of　atomospheres　on　tension　test35）・36）．

Al匙hough　a　Cr－added　TiAl　alloy　has，　for　example，

elongation　of　4，3％in　vacuum，　it　decreases　to　O。6％in

air，　On　the　other　hand，　a　Mn－added　TiAl　alloy　has

elongation　of　2．4％in　vacuum，　and　it　decreases　hardly

in　air．　At　present，　effects　of　third　elements　and

constitution　phases　on　environmental　brittlenss　are

being　studied　systematicaUy37）．

　　Some　items　are　listed　in　Table　l　besides　mentioned

above，　These　were　fresh　topics　once　in　respective

p（ゴriod，　and　the　following　literatures　have　been

pゆlished：（38）in　the　reference　number　for　oxidation，

（3り）for　fatigue　and（40）for　directiona豆solidi且catioP．

　　Futhermore，　occupation　sites　of　the　third　elements

in　TiAl－phase　have　been　studied　as　basicaHy　impor－

tant　problem　which　determines　properties　of　inter－

metallics．　The　results　have　been　published　in　the

reference　number（41）and（42）．

4．Sc壼ent澁。恥ndamentals

4．1　Characteristics　of　intermet3Hic　compo賑nds

　　In　the　Periodic　Table　the　elements　are　arranged　in

order　of　metallic　elements，　semimetallic　elements，

and　metalloid　elements　from　the　left　side　to　the　right

side。　An　intermetallic　compound　is　de且ned　to　be　a

compound　which　consists　of　a　combination　of　only

plural　metallic　elements．　On　the　other　hand，　a

ceramic　is　de負ned　to　be　a　compound　consisting　of

metaUic　elements　and　metalloid　elements．　Metallur－

gists　want　to　classify　semimetallic　elements　into

metalliC　elementS　in　argUment　On　intermetalliC　COm－

pounds，　while　ceramists　classify　them　into　metalloid

elements　in　their　argument．　Regardless　of　the　clas－

si倉cation，　metalloid　properties　of　the　elements　in－

crease　with　going　to　the　right　in　the　Periodic　Table　in

the　vicinity　of　semimetallic　elements．

　　An　intermetallic　compound　consisting　of　typical

metallic　elements　is　of　metallic　character　which　is

derived　from　existence　of　conduction　electrons．　With

increasing　metalloid　properties　of　the　elements　a

tendency　to　form　covalent　or　ionic　bonding　in

intermetallic　compounds　is　strengthened，　and　with　the

further　increase　intermetallic　compounds　change　to

ceramics　with　no　conduction　electrons．　This　means

that　intermetallic　compounds　are　a　group　of　subst－

ances　located　between　metals　and　ceramics，　and　cover

awide　range　of　properties．　Metallic　bonding　brings

goods　malleability，　while　covalent　bonding　brings

high　strength　at　high　temperatures　which　comes　from

strong　binding　between　the　nearest　atoms．　This

situat童on　is　depicted　in　Fig．1。　From　the　viewpoint　of

compatibility　between　ductility　and　strength，　we　can

choose　an　intermetallic　compound　of　appropriate

metalloid　properties．　Aluminides　are　usualy　chosen　as

objects　of　study　for　structure　materials．　Aluminides

can　be　treated　by　processing　techniques　for　metals

and　are　expected　to　possess　some　merits　of　metalloid．

For　silicides　we　are　no撹ractable　only　by　processing

techniques　for　metals．

　　The　other　factor　that　we　tak：e　into　consideration　for

StrUCtUral　intermetalliCS　iS　Symmetry　Of　CryStal　StrUC－

ture．　For　compounds　whose　crystal　symmetry　is　not

good，　we　can　not　expect　plasticity　from　the　viewpoint

of　deformation　mechanism．　Thus　structural　interme－

tallics　are　restricted　to　a三uminides　with　good　crystal

symmetry．　Such　the　compounds　are　Fe3Al，　FeAI，

metals
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Ni3AI，　Ti3Al　and　TIAL　Among　these，　Ti3Al　and

Fe3Al　soften　at　low　temperatures　because　of　order－

disorder　transformation．　When　the　other　three　kinds

of　compounds　are　compared，　TiAl　has　the　highest

melting　poi熊and　is　the　lightest．　This　is　the　scientific

reason　why　we　chose　TiAl　as　the　best　oりject　of　the

study．

4．2　1ntermeta薮ic　compounds　i獄丁韮一A藍b韮n劉ry　system

　　The　Ti－Al　binary　phase　diagram，　which　is　con－

sidered　to　be　the　most　reliable　at　the　present，　is　shown

in　Fig．24345）．　The　compound　TiAl，　which　is　calledγ

phase，　has　a　wide　solubility　range　in　the　high　Al　side

from　the　sto孟ch童ometric　composition．　The　adjacent

compound　in　the　Ti－rich　s孟de　is　Ti3A1，　which　is　formed

by　or（lering　ofα「ri　an（i　is　called　αをphase．　The

ordering　reaction　from　theαphase　to　theα2　phase

cannot　be　supPressed　on　normal　cooling46）．　In　the

scope　of　this　paper　discrimination　betweenαandα2　is

not　important，　soαandαセare　writtenαto　avoid

complexity　ar孟sing　from　the　trivial　difference　in　the

notation，　though　theαphase　is　ductile　while　theα2

phase　is　brittle．　It　should　be　memorized　that　the

properties　of　the　phase　written　asαin　this　paper　is

entirely　different　between　high　temperatures　and

room　temperature・

　　Strong　temperature　dependence　in　compositions　of

α／α＋γ／γ　phase　boundaries　shou豆d　be　noted・　It　is
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becoming　clear　recently　that　this　dependence　and

similarity　of　the　crystal　structures　in　theαandγ

phases　enable　various　methods　of　heat　treatment　and

thermornechanical　treatment．

　　It　should　be　noted　that　Ti　is　the　transition　element

with　non－hlled　3d　electrons，　and　that　Al　is　the　Hormal

element　with　one　3p　electron．　Al　which　is　contiguous

to　Si　in　the　Periodic　Tab三e　behaves　as　a　metal　or，　Qn

the　contrary，　as　a　non－metal．　The　abllity　of　the　3p

electron　in　Al　to　absorb　other　electrons　makes

covalent4ike　bonding　of　a　p－d　hybrid　in　TiA147），　and

this　bonding　gives　various　benefits　and　drawbaOks　to

TiAl

　　The　crystal　structure　of　TiAI　is　L！o　with　the　axial

ratio　rc切of　1．02，　and　that　of　Ti3Al　is　DOlg．　The

crystal　structures　of　TiAl　and　T孟3Al　are　shown　in　Fig．

3．The　deviations　from　the　stoichiometric　composi－

tions　in　TiAI　and　Ti3Al　are　adjusted　not　by　introduc－

ing　vacancies　but　by　changing　the　kind　of　the　atom　in

the　sublattice48）．　The　axial　ratio　of　Llo　crystal　is

generally　less　than　1．0，　like　in　AuCu　which　is　the

representative　Ho－type　intermetallic　compound．　The

reason　why　the　axial　ratio　of　TiAl　is　larger　than　l．O　is

attributed　to　the　formation　of　the　covalent－1ike

bonding　of　the　p－d　hybrid，　and　this　anisotropy　in　the

crystal　structure　has　a　strong　relat孟onsh孟p　with　the　low

ductility　of　TiAl　at　amb重ent　temperature．　TiAl　has　the

speci倉。　gravity　of　3．7，　the　yield　strength　of　150　MPa

and　the　Young’s　modulus　of　180　GPa　at　1270　K，　the

excellent　oxidation　resistance　up　to　1070　K，　and　the

crystal　structure　of　tolerably　good　symmetry．　These

characteristics　suggest　that　the　compound　TiAl　can

become　an　epoch－making　material．

　　The　drawbacks　of　TiA玉are　the　lack　of　ductility　at

room　temperature　and　dif倉culty　of　hot　working　at

elevated　temperatures．　The　origin　of　the　de血ciency　in

these　properties　is　phenomenologically孟n　planarity　of

slip　which　comes　basically　from　the　fact　that　the　slip　to

theゐdirection　in　Fig，3（c）is　more　dif且cult　than　that　to

theαdirection．　It　was　beheved　around　1975　in　Japan

that　TiAI　is　too　brittle　to　be　regarded　as　a　condidate　of

structural　material．　The　fracture　mode　was　known　to

be　not　of　the　grain　boundary　type　but　of　the　cleavage

type。　The　cleavage　p豆anes　are　not　specified，　i．e．，the

cleavage　occurs　on　various　planes　such　as（100），（GO1），
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（110），（111）and　s・・n49）．

Part　II　P段rt藍cu蓋ars

5．Pre藍imimry　Experiment

　　From　a　viewpoint　that　TiAl　is　very　brittle，　the負rst

research　plan　in　NRIM：has　been　to　design　TiAl　aHoys

as　a　two－phase　material　in　which　TiAl　coexists　with

any　metallic　phase　in　the　equilibrium　state．　In　other

words，　the　aim　of　the　preliminary　study　is　to　get　a

material　like　Ni－base　heat　resisting　alloys　which

consist　of　Ni　terminal　solid　solution　and　the　interme－

tallic　compound　Ni3Al．　After　some　tests　at　room

temperature　for　TiAl　alloys　with　various　additional

elements，　it　has　been　found　that　the　alloys　containing

Ag　are　exclusively　metallic　compared　with　the　other

alloys．　In　the　alloys　containing　Ag，　TiAI　is　equili一

brated　with　the　terminal　solid　solution　of　Ag．　The

obtained　temary　equilibrium　phase　diagram　of　Ti－AI－

Ag　is　shown　in　Fig．450）．

　　Ductilities　of　the　TiA豆a1隻oys　containing　Ag　and　the

binary　TiAl　alloys　have　been　compared　by　a　com－

pression　test　in　the　preliminary　study．　The　authors

have　experienced　a　great　surprise　in　this　experiment・

It　is　a　fact　that　the　binary　TiAl　alloys　are　not　so　brittle

at　room　temperature　as　one’s　conviction　in　those

days．　The　obtained　data　are　shown　in　Table　211）．　This

table　teHs．　us　that　the　ductility　depends　strongly　on

Al－content　in　the　binary　alloys．　It　has　been　concluded

that　the　Al－rich　TiAl　is　brittle，　while　the　Ti－rich　TiAl

is　not　brittle．　It　has　been　supPosed　that　most

researchers　had　studied　the　Al－rich　TiAho　ensure

single　phase　of　TiAl　and　foundτiAl　to　be　brittle．

　　This且nding　has　been　an　important　turning　point　in
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Aこ

the　research　of　TiAl　alloys．　Necessity　for　the　coexist－

ence　of　any　metallic　phases　d孟sappeared，　and　all　we

have　to　do　became　to　drag　out　ductility　from　TiAl

itself　or　the　TiAl－T13Al　mixture．　It　has　been　con－

cluded　to　be　required　that　the　AI　content　inγphase

shQuld　be　the　lowest，　because　the　ductility　at　room

temperature　increases　with　decreasing　Al　content　inγ

phase．　This　princip豆e　agrees　with　a　concept　that　the

p－dhybrid　ln　TiAhs　generated　from　the　Al－atom　and，

therefore，　the　p－d　hybr孟d孟s　weakened　with　lowering

of　Al　content　inγphase．　For　purpose　of　guaranteeing

that　theγphase　contains　the　poorest　Ai　content，

coexiste且ce　ofαphase　is　valid　in　the　binary　alloys．

Also，　dispersion　of　a　small　amount　ofαphase孟s

bene負cial　from　a　viewpoint　of負neness　of　micro－

structure　in　TiAl　alloys，　which　would　play　a　role　in

preventing　the　generation　of　cleavage　cracks　due　to

StreSS　COnCentratiOn51）．

6・Improve㎜ent　of　room　te㎜pera加re　d腿。雌ty　by

a鰻oy韮ng

　　Room　temperature　elongation　of　3％is　requested

as　the　minimum　requirement　for　metallic　structural

materials　by　machine　designers．　Although　the　ductil－

ity　by　compression　is　large　enough　in　Ti－rich　TiAl

alloys　as　shown　in　Table　2，　the　tensile　elongation　in

these　alloys　is　below　1％at　ambient　temperature．

Accordingly，　the　tensile　ductility　of　TiAl　alloys　should
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Table　2．　Results　o£prelimlnary　compression　test　for　Ti－Al

　　　　　　　binary　alloys　at　a　strain　ra亀e　of　1。34×1G『2　s皿正．

（a）Ti－50．0％Al　alloy　as　cast．

Temperature

@　　（K）

Proof　stress

@　（MPs）

Compression

@　strength

@　（MPa）

Strai賑at
?ａｉｌｕｒｅ?

@　（％）

R．T．

T73

V73

X73

384

R77

R62

R53

　i413
@1544

рP216

рW80

　22．G

@21．9

рQ5．9

рT2．4

蔑

マ

ヨ

＼

Q

la）

這

ε

窪

田

＆

8
鴬

冨

4．08

（b）Ti－5G．0％Al　alloy　annealed　at　1573　K　for　72　ks．

Temperature

@　（K）

Proof　stress

@（MPa）

Compression

@strength

@　（MPa）

Strain　at

?ａｉｌｕｒｅ?

@（％）

R．T， 341 ＞1385 ＞25．8

573 292 1432 25．2

773 280 ＞1340 ＞305
973 341 ＞1069 ＞41．7

R．T，＊ 288 1575 26．2

4．06

4．04

一下

3．99

V

M漁

V

Mn

∂

0　　2　　4　　6

　Content　（at溌～）

（b）

4．08

4．06

4．04

4．02

4．00
　　　0

割引v＼

▽

口

Nb

Zr
　、

σ

0

Nb

＊at　a　strain　rate　of　2．68x10－2　s『呈

（c）Ti－50．0％A韮alloy　annealed　at　1573　K　for　3．6　ks．

Temperature
@　　　（K）

Proof　stress

@　（MPs）

Compression

@　strength

@　　（MPs）

Stra量n　at

?ａｉｌｕｒｅ?

@　（％）

R．T．

T73

V73

X73

320

R08

Q65

R09

379

R49

S50

S41

0．4

O．5

Q．2

P．1

be　improved．

　　With　regard　to　the　ductilization　of　brittle　interme－

tallic　compounds，　there　had　been　only　a　precedent

done　in　Japan　at　the　time　when　the　research　in　NRIM

was　begun．　Its　study　showed　that　a　small　addition　of

boron　eliminates　drastically　the　intergranular　brittle－

ness　of　the　compound　Ni3A16）．　Therefore，　a　natural

policy　for　the　improvement　of　ductility　in　TiAl　was

alloying　in　those　days．

6．1Change　of　structure　and　mechanica肇properties

by　劉匪10ying

　　Effects　of　third　elements　added　to　TiAl　alloys　on

the　crystal　structure，　mlcrostructures　and　mechanical

properties　at　room　temperature　were　studied．　Mn，　V，

Nb　and　Zr　were　chosen　as　the　third　elements，　in　which

2　　4　　6　　8　　ユO

Content　（aし宅）

Fig．5　　E至fect　of　third　elernents　on　lattice　parameters，αand　c，　of

　　　　　Llo　structure　ofγphase　ln　alloys　keeplng　atom　ratio　of

　　　　　A〃でTf十Aひat　47．8％，where　T‘or　A’is　the　composition

　　　　　of　each　elernent　茎n　at　％　in　the　alloys．

the　atomic　sizes　of　Mn　and　V　are　smaller　than　of　Ti

and　Al，　while　those　of　Zr　and　Nb　are　larger．

　　Buttons　were　arc－melted　using　a　tungsten　electrode

under　an　argon　atomosphere，　annealed　for！week　at

1270K，　and　then　quenched　into　water．　Examination

was　carried　out　for　these　specimens．　Alloy　composi－

tions　were　chosen　so　thatγsingle　phase　aHoys　and

α＋γtwo－phase　alloys　could　be　obtained　after　anneal－

ing．　The　crystal　structure　of　theγ一phase　were　ex－

amined　by　powder　X－ray　analysis．　Mechanical　prop－

erties　were　measured　by　a　compression　test　and　a

bend　tes匙．　The　compression乞est　was　carried　out　at　a

rate　of　10－3　s－1using　specimens　of　3×3×7．5　mm．　The

bend　test　was　carried　out　by　means　of　3－point　bending

for　the　specimens　of　2．5×5×26　mm．　The　moving

speed　of　the　loading　rod　was　10㎜5　m／s　and　the　span

between　the　supporting　rods　was！6　mm13）．

　　The　lattice　parameters　and　the　axial　ratios　obtained

for　theγ一phase　in　theα＋γtwo－phase　alloys　are　shown

in　Figs．5and　6／4）．　No　direct　relationship　between　the

atomic　sizes　of　the　third　elements　and　the　axial　ratios

is　found．　The　axial　ratio　decreases　with　Zr　or　Mn

content，　but　the　causes　of　the　decreases　are　complete－

ly　different　in　both　the　al藍oys．　In　the　alloys　containing

Zr　the　axial　ratio　is　decreased　by　an　increase　of　theα

value，while　in　the　alloys　containing　Mn　it　is　decreased

by　a　decrease　of　the　c　value．　The　decrease　of　the　c
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value　implies　an　important　meaning　because　it　sug－

gests　that　the　covalent－like　bonding　is　weakened．　In

the　aUoys　containing　V，　the　axial　ratio　remains

constant　because　both　theαand　the　c　value　decrease．

　Figure　7　showsα十・｝4γphase　boundaries　at　1273　K

obtained　for　four寒ind串of　the　alloying　elements．

Although　the　complete　equil量brium　state　cannot　be
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achieved　by　the　present　heat　treatment　in　these　alloys

systems，　the　tendency　is　clear．　The　Mn　atoms　occupy

the　Al－site　of　the　sublattice　the　Zr　or　Nb　atoms
　　　　　　　　　　　　　　　　　　　　　　　，

occupy　the　Ti－site，　and　the　V　atoms　replace　both　sites．

It　is　considered　that　the　decrease　of　AI　content　in　the

箔phase　by　Mn　addition　causes　weakening　the　cova－

lent－like達：）onding，leading　to　the　decrease　of　the　axial

rat10．

　　Aresult　of　the　bending　test　is　shown　in　Fig、8．　A

good　combination　of　ductility　and　strength　is　obtained

for　the　Mn－addedα＋γalloys14），

6．2　Ducti胱y　improvement　by　Mn　addition

　　From　the　results　of　Fig．8，　the　ductility　and

deformation　mechanism　of　the　Mn－added　alloys　were

examined　in　detai115）．　In　order　to　determine　the

optimum　composition　for　good　ductility，　the　alloys

shown　in　Fig．9were　made　and　examined　at　room

temperature　by　the　bend　test．　Here，the　solid　symbols

represent　the　aUoys　which　have　maximum　ductility　in

each　series　of　constant　atomic　ratio　of．41／τZ，　Here，．41

andτごrepresent　the　content　of　each　e豆ement　in　the

alloys．　The　best　ductility　is　obtained　for　the　alloy

indicated　by　the　symbol◎．　This　alloy　whose　composi－

tion　is　Ti－484％AI－1．0％Mn　is　able　to　bend　at　room

temperature　as　shown　in　Fig．10（a）．Elongation　at　the

tensile　surface　of　this　specimen　reaches　about　5％16）．

　　The　microstructure　of　the　polished　tension－side

surface　in　the　specimen　is　shown　in　Fig．！0（b）．　A

plenty　of　straight　lines　are　observed．　These　are

deformation　twins　which　are　not　observed　absolutely

in　A1－rich　TiAI　alloys　and　found　only　in　a　smaH

amount　for　other　Ti－rich　TiAl　aUoys，　A　clear　differ－

ence　in　the　amount　of　deformation　twin　between　the

binary　alloy　and　the　Mn－added　alloy　of　the　same　Al

　　　　、iひ52．5
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content　should　be　noted　to　be　signi血cant15）．　After　all，

the　addition　of　Mn　promotes　the　generation　of

deformation　twins　which　makes　the　deformation

mechanisrn　multifarious．

　　Hardness　changes　of　theγ一phase　with　Mn－content

are　shown　in　Fig．1115）．　Solution　softening　is　observed

on　a　small　addition　of　Mn　in　the　alloys　whose　atomic

ratios　of／i〃σ7＋／10　are　50％and　49％．　The　increase

of　hardness　at　higheτMn　content　in　these　alloys　is

solution　hardening．　The　solution　softening　is　believe（玉

to　be　related　with　the　twin　deformation．　The　absence

of　solution　softening　in　the　off－stoichiometric　base

alloys　seerns　to　be　the　result　of　being　masked　by

hardening　due　to　the　existence　of　αphase　or　the

strong　defect　hardening　of　excess　Al－atoms．

　　Phenomenal　reasoning　with　regard　to“Why　is　twin

deformation　promoted　in　the　γ一phase　containing

Mn？”has　been　searched　by　two　groups．　Hanamuraα

α1．have　found　that　twin　part童al　dislocations　in　the

alloys　containing　Mn　are　more　stable　through　a

pinning　effect　by　Mn　segregation　than　those　in　binary

TiAl　alloys52）・53）．　Hug　and　Veyssiere　have　found　that

stacking　fault　energy　is　h量gh　for　the　alloys　conta孟ning

Mn54），　in　contrast　to　an　anticlpation　of　Hanamura　8’

α1．

　　At　present　there　are　no　systematic　studies　on　the

relation　between　the　occurrence　of　deformation　twin

and　the　kinds　of　the　third　elements　in　TiAl　alloys．

One　supposition　is　that　the　twin　deformation　is

promoted　in　the　order　of　Mn＞Cr＞V　and　the　solubili－

ties　of　the　third　elements　in　TiAI　are　restricted　in　the

same　order．　To　be　noted　is　the　above　order　corres＿

ponds　to　that　of　the　periodic　table．

　　There　is　a　possibility　that　high　temperature　strength

decreases　when　the　compound　is　ductilized。　To　check

up　this　anxiety，　the　compression　test　was　made16）．

Figure　12　shows　that　the　ductilized　alloy　has　good　high

temperature　strength，　displaying　a　strong　Positive

temperature　dependece　of　strength　in　spite　of　being

the　昼ne　grained　polycrystal　alloy．

6．3　Princip墓e　of　ductil墾z飢io賑by　Mn　ad己ition

　　Materials　fracture　when　the　deformation　stress

exceeds　the　fracture　stress．　In　a　case　of　the　compound

TiAl　the　cleavage　strength　should　be　discussed．
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Deformability　and　deformation　twins　in　Ti－48．4％Al－1．0％Mn　alloy．（a）Bending　work　at

room　temperature．（b）Microstructure　of　polished　tension－side　surface　after　the　bending．

13

Generally　speaking，　the　low　ductility　comes　from　a

small　difference　between　yield　strength（冷and　frac－

ture　strength（㌃，　as　illustrated　schematically　in　Fig．13．

Lowering　the　yield　strength　and　heightening　the

fracture　strength　result　in　augmentation　of　the　plastic

deformation　range．　In　the　Ti－48．4％Al－LO％Mn

alloys，　the　occurlence　of　the　twin　deformation　is

considered　to　have　brought　the　lowering　of　the　yield

strength．　On　the　other　hand，　the　fracture　strength　is

considered　to　have　been　heightened　by　an　increase　of

the　metallic　character　as　the　result　of　replacing　Al

atoms　by　Mn　atoms．　The　local　stress　concentration

has　been　released　partly　by　the　nne　dispersion　of

Ti3Al　and　the　occurrence　of　twin　deformation．　This　is
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Figほ3　Basic　conceμfor　lmproving　ductility　of

　　　　　　TiAl　by　alloy量ng．　Room　temperature

　　　　　　ductihty　is　enlarged　by　the　decrease　o£

　　　　　　yiel（墨　strength　　oy　through　　solution

　　　　　　softening　and　aa　increase　o£　fracture

　　　　　　streng勧σ｝through　making　microstruc－

　　　　　　tuτe負ne　and　TiAl　alIoys　mQre　metallic，

　　　　　　So圭ution　sof毛en至ng　through　aαivation　o£

　　　　　　twin　deformation　and　the　increase　of

　　　　　　me業all三。　charac宅er　of　TiAl　are　achieved

　　　　　　by　reρlacing　Al－atoms　of　TiAI　with

　　　　　　Mn－atoms　which　results　in　ap勲roach　of

　　　　　　c／α　in　Llo　structure　£o　unity．　Fine

　　　　　　田icrostructure　is　obta…ned　by　d…spers韮on

　　　　　　of　Ti3Al　and　formation　o墾small　grains．

apicture　the　authors　have　about　why　the　above　alloy

has　a　good　ductility　at　room　temperature．

　　Adense　electron　part　of　the　rope　con丘gurat孟on

connecting　the　Al　atom　a且d　the　Ti　atom　is　supposed

to　be　formed　in　the　TiAl　Iatt孟ce　on　formation　of　the

p－dhybrid，　which　mak：es　the　conduction　electron

density　in　the　rema孟ning　part　thin．　As　the　cohesive

force　of　atoms　in　metals　is　generated　between

conduction　electro旦s　and　positive　ions，　the　metallic

bonding　between　the　ion　and　the　thin　electron　part　is

weak」n　the　opinion　of　the　author，　the　thin　electron

part　is　responsible　for　the　generation　of　cleavage　and

its　propagation　in　TiAl．　The　above－mentioned“an

increase　of　metallic　character”means　that　the　elec－

trons　of　the　thin　electron　part　become　dense．

Weakening　the　p－d　hybrid　results　in“an　increase　of

metallic　character”，　decrease　of　the　axial　ratio　and
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decrease　of　the　unit　volume．　It　should　be　emphasized，

however，　that　the　decrease　of　the　axial　ratio　and　the

unit　volume　are　not　suf丘cient　conditio簸s　for　‘‘an

increase　of　metallic　character”．

7．Micmstmcture　control　by　heat　treatme聡t　and

thermomech捌臓ic紐韮treatment

　　Remark　changes　of　microstructure　and　propertles

by　heat　treatment　can鍛ot　be　expected　in　most　of　the

intermetallic　compounds．　So，　a　strong　interest　had　not

been　evoked　in　the　heat　treatment　or　thermomecha－

nlcal　treatment　of　intermetallic　compounds孟n　the

past．　It　is　comparatively　recent　that　attention　hasbeen

paid　to　the　con丘guration　and　distribution　of　the

constituent　phases　in　TiAl　alloys，　and　to　their　controL

In　this　chapter　the　effects　of　heat　a且d　thermomecha－

n重cal　treatments　for　binary　TIAI　alloys　of　polycrystals

are　described．　The　application　of　these　techniques　to

temary　TIAI　alloys　and　to　describe　various　aspects　of

resu豆ts　conclusively　remains　as　a　coming　topic，　though

remarkable　development　is　be孟ng　ach孟eved　by　active

reSearCheS8）・27）・28）・55－59）．

　　By　studying　the　binary　TiAI　alloys　systematically，

we　have　concluded　that　their　microstructure　can　be

changed　remarkably　by　heat－treatment　and　thermo－

mechanical　tre孕tment・Tw・imp・rtant　fact・rs　are　in

the　background　of　this　strong　ability　for　microstruc－

ture　control．　One　is　that　the　equilibrium　compositions

of　the　two－phase　region　of　theαand　theγphase　in　the

Ti－Al　phase　diagram　change　remarkably　with　temper－

ature．　The　other　is　the　similarity　of　the　crystal

structures　ofαandγphase，　as　shown　in　Figs．3（b）and

（d）．Although　some　tech薮孟ques　for　microstructure

control　have　been　already　exploited　susccessfully，玉t

has　not　been　regarded　even　for　binary　TiAI　alloys　that

all　latent　possibilities　in　this　technical且eld　have　been

developed　fully　until　now．　It　is　supposed　that　there

will　be　some　sophisticated　techniques　remained．

　　An　important　work　for　understanding　Phenomena

e簸countered　o且α→γphase　transformation孟n　binary

TiAl　alloys　has　been　conducted　by　Yamaguchε’α1．，

who　have　established　the　co鍛cept　of　po玉ysynthetically

twined　crystal　and　thrown　light　on　its　formation

mechanism　uslng　unidirectionally　sol量d漁ed　slng玉e

crysta160）．　The　basic　study　on　plasticity　of　blnary　TiAl

alloys　has　been　done　by　using　the　polysynthetically

twinned　crystal　by　Inui　8∫α1．61）and　Umakosh圭ε∫α」．62），

Kikuchi　and　Yamabe　have　stud孟ed　on　precipitation

mechanism　ofγ一phase　fromα←phase　for　binary　TiAI

alloys63）．　Innovative　development　for　thermomecha－

nical　treatment　of　binary　TIAI　alloys　have　been

accomplished　by　Nobuk量θ∫α1。　as　described　later　in

（玉etai玉．

　　In　some　cases　for　the　ternary　T童AI　alloys　theβTi

phase量s　found　in　the　microstmctures　with　theαa昼dγ

phases．　There　are　cases　where　phase　ratios　among　the

α，γ，andβd孟ffer　between　an　annealed　state　an（1　a

forged　state，　and　where　theβphase孟s　not　a　simple

structure　　of　　disordered　　or　　ordered　　bcc64）・65）．

Although　many　dlf丘cult　problems　remain　to　be　solved

for　explanat孟on　of　these　phenomena，　the　existence　of

theβphase量s　further　beneficial　to　improve　the

microstructure　by　means　of　heat－treatmeat．

7．1　As・cast　stmct臓re　of　TiA韮alloys

　　Coinciding　with　Fig．1，　the　pr霊mary　isβin　binary

TiAl　aUoys　contain孟ng＜50％Al．　On　cooling　theβ

phase　fransforms　martensitically　into　theαphase．　In

alloys　of　52％Al　and　54％Al　the　primary　isαand　the

secondary　isγ．1鍛the　alloys　of　50，52　and　54％Al　theα

den（irite　characteristic　of　hcp　structure　developes

clearly34）．　With　decreasing　temperature　theγphase

precipitates　from　the、αdendrite．　The　precipitatedγis

observed　to　be　co獄tinuous　with　the　secondaryγof　the

matrix玉1）．

　　It　should　be　emphasized　in　Flg．3that　the　difference

of　the　crystal　structures　between　theαphase　and　theγ

phase　is　only　stacki鍛g　sequence　of　the　close－packe（1

plane，　except　for　the　arra簸gement　of　the　atom

species．　Thus，（0001）αcoincides　with｛111｝γexcept

for　a　smal豆difference　in　atomic　spacings．　This　mea鍛s

that　the　precipitates　are　formed　in　plate－like　con一

盒guration　alo葺9（0001）αPlane　on　the　precipitatio鍛of

theγphase．　In　fact，　it　is　we1圭known　that　layered

structure　or　lamellar　structure　co貝sist量ng　of　theαand

γphases　is　formed　by　cooling　from　theα負eld．

Examp蓋es　of　the　lamellar　structures　are　shown　in　Fig．

14。The　lamellar　structure　becomes　more　regular　by

annealing　as　shown　in　F歪9．正4（b）．
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懸

7・2　Structure　change　with　he日t　treatment

　　The　as－cast　structure　being　not　in　the　equilibrium

state　can　be　changed　with　heat－treatment，　as　shown　in

Fig．1529）βo）．　Here，　the　cooling　rate　from　the　heating

temperatures　is　3．7　K　s－1．　In　Fig．15（a）the　nucleation

ofγgrains　can　be　observed　in　the　lamellar　structure　of

the　as－cast　alloy．　With　decreasing　heating　tempera－

ture　to　1473　K，　theγgrain　grows　and　the　lamella

becomes　coarse，　as　shown　in　Fig．15（b）．　By　holding

the　specimen　for　Iong　time　at　1473　K　the　lamellar

structure　changes　to　the　equiaxed　grain　structure，

remalnlng　a　small　amount　of　the　coarse　lamellae　near

the　grain　boundaries　as　shown　in　Fig．15（c）．　By

reheating　the　structure　shown　in　Fig．15（c），new　plates

of　theαphase　are　yielded　in　theγmatrix　as　in　Fig．

15（d）．The　plates　have　four　orientations，　so　as　to　form

that　the（0001）αplane　of　hcp　lattice　coincides　with　the

｛111｝γplanes　of　fct　lattice．　The　ductility　at　room

temperature　increases　with　increasing　the　amount　ofγ

phase　in　this　alloy，　and　moreover　the　formation　of　the

αplates　by　reheating　gives　a　beneficial　effect　on　the

ductility．
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Fig．15　Microstructures　of　heat－treated　Ti48．2％Al　alloy．（a）：Annealed　at　1620　K　for　O．9　ks，（b）：

　　　　　　Annealed　at　1620　K　for　O．9　ks　and　then　at　1470　K　for　3．6ks．（c）：Annealed　at　1420　K　for　86．4　ks．

　　　　　　（d）：Annealed　at　1620　K　for　3．6　ks　after　heating　at　1470　K　for　86．4　ks．
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（a）

鰍・二二．
（b）

囎戴．

嚇麟

Fig．16　Structure　change　of　Ti－46．4％Al　alloy　with　compression

　　　　　　deformation　at　a　strain　rate　of　10－3　s一l　at　1470　K．　The

　　　　　　compression　axis　is　up－and－down　direction　in（a）and

　　　　　　（b）．（a）：Intial　stage　of　deformation．（b）：Deformation

　　　　　　up　to　O．9　in　true　strain．（c）：Microstructure　after

　　　　　　compression　deformation　from　three　directions　chang－

　　　　　　ing　by　90。　mutually，　where　the　true　strain　of　1．Ois　given

　　　　　　for　each　direction，

7．3　Structure　change　with　thermomecllanical　treat・

ment

　　The　lamellar　structure　is　stable　at　high　tempera－

tures　in　the　alloys　containing　AI　less　than　46％，　and

the　con且guration　of　the　lamellae　is　not　changed　only

by　heat－treatment．　For　such　alloys　plastic　deformation

曜鋭

感

Fig．17

耀

Backscattered　electron　image　of　Fig．

16（c）．

is　needed　to　decompose　the　lamellar　structure．

　　Figure　16　shows　changes　of　microstructure　with

compression　deformation17）・22）．　By　a　small　amount　of

deformation，　twin－like　deformation　occurs　in　the

lamellae　which　is　parallel　to　the　compression　axis　as

shown　in　Fig．16（a）．　It　can　be　seen　that　recrystaliza－

tion　starts　at　the　twin－like　interface．　With　increasing

the　amount　of　deformation，　the　lamellae　parallel　to

the　compression　axis　decompose　into　the　equiaxed

two－phase　structure　consisting　of　theαand　theγ

grains．　In　the　lamellae　perpendicular　to　the　compres－

sion　axis，　however，　any　decomposition　does　not

occur．　Some　lamellae　being　not　parallel　to　the

compression　axis　rotate　to　the　orientation　being

perpendicular　to　the　compression　axis．　We　cannot

expect　further　decomposition　of　lamellae　by　the

deformation　of　this　direction　in　the　state　of　Fig．16（b），

because　only　the　lamellae　perpendicular　to　the　com－

pression　axis　are　remained．　Therefore，　we　need　to

give　the　compression　from　the　different　direction　in

order　to　change　all　the　lamellae　into　the　equiaxed

grains．　The　microstructure　obtained　by　such　an

experiment　is　shown　in　Fig．16（c）．　Here，　the　com－

pression　deformation　with　the　strain　of　1．O　is　given　in

turn　from　three　directions　which　are　changed　by　90。

mutually．　The　microstructure　shown　in　Fig．16（c）is

very　fine　and　equiaxed　over　the　whole　area．　The

enlarged　image　of　Fig．16（c）is　shown　in　Fig．17，

where　the　white　part　is　theαphase　and　the　dark　part
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Fig．20　Superplasticity　appearing　in　Ti－46．4％A豆alloy　with且ne

　　　　　　equiaxed　grains　ofα＋γtwo　phases．　Specimen　of　gaze

　　　　　　size　2×4×10　mm　before　the　tension　test（a）and　after

　　　　　　the　test　at　a　rate　of　10－4　s　1　at　1200　Kl（b），

Fig．19

the　γphaSe．

　　Microstructure　control　by　a　combination　of　forging

and　annealing，　nam61y，　thermomechanical　treatment

has　been　studied．　The　results　are　shown　in　Fig，18．

Here，　three　step　isothermal　forging　has　been　carried

out　by　compression　with　the　salne　method　as　ex－

plained　ih　Fig．16（¢）．　That　is，　the　forging　directions

are　changed　for　each　step　in　which　strain　of　1．O　is

given　at　a　strain　rate　of　IO－3　s－1．　Bef6re　the　forging

the　billets　are　sohltion　treated　at　1473　K　for　86．4　ks．

The且rst　forging　step　is　carried　out　at　1473　K，　and　the

second　and　the　third　step　at　1273　K．　The　anneal孟ng　is

done　at　1473　K　for　1．8　ks．　Fig．18　shows　that　the

annealing　has　an　effe£t　on　the　decomposition　of　the

retained　lamellar　structure　which　can　not　be　decom－

posed　only　by　the　deformation．　The　effect　of　the

annealing　is　remarkable　for　alloys　in　whlch　the　2nd

step　forging　量s　given．　In　spite　of　the　elaborated

thermomechanical　process，　complete　decomposition

of　the　lamellar　structure　is　difficult　for　alloys　contain－

ing　Al　less　than　47％．

　　Figure　19　shows　the　relation　between　Al　content

and　the　size　of　theα．grains　and　theγgrains　under　the

condition　of　same　thermomechanical　treatment，　i．e．．，

the　3rd　step　forging．and　annealing．　The　finest　micro－

structure　is　obtained　for　the　alloy　containing　46％AL

In　this　alloy　theαand　theγgrains　have　an　equal　size

and　their　distribution　is　uniform．　Such　the　microstruc－

tures　tend　to　remain且ne　even　at．high　temperatures．

Thus，　the　binary　alloy．　containing　Al　close　to　46％and

having　the　controlled　fine　I皿icrostructures　displays

superplasticity　with　the　elongation　of　several　hundred

percent，　as　shown　in　Fig．2025）．

8．1）ejbrmation　at　high　temper紐tures．

8．1　Hot　working

　　The　intermetallic　compound　TiAl　had　been　re一

．garded　as　a　material　for　which　hot　workin．g　is　very

dif且cult．　We　can　verify　this　dif且culty，if　the．　compound

TiAhs　deformed　at　high　temperatures　with　conven－

tional　defomlation　rates　used　for　metals，　TiAl　is　very
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　　　　　　with　lateral．pressure”．　This　method，．　de－

　　　　　　veloped　in　NRIM，　enables　one　to　extrude

　　　　　　hard　materials　of　lilnited　plasticity　like　TiAl
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Examples　of　extruded　stoichiometric　TiAl

compound　with　the　method　shown　in　Fig．21．

Dies　made　of　Si3N4　were　used　and　TiAl

billets　were　heated　at　about　1600　K．

hard　and　brittle　for　working　of　such　the　rate．

Applying　a　heavy　hoad，　TiAl　is　easily　cracked　without

any　deformation．　It　occurs　sometimes　on　hot　working

that　only　working　tools　are　deformed　without　any

shape　change　in　TiAl　itself．

　　One　direction　of　endeavors　to　deform　brittle

materials　such　as　TiAI　is　to　use　a　specially　designed

equipment．　After　many　trials　for　various　methods，．it
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FIow　stress　and　defbrmability　map　fbr　the．　cast　Ti－

52．4％Al　alloy．　Solid　lines　represent　the　now　stress

indicated　by　the　numerical　values（MPa）at亡he　end　of

each　line．　The　numerical　values　attached　to　the　symbols

denote　the　true　strain　gjven　for　the　specimen．　The

specimens　shown　by　O，●were　sound　at　the　given　strain

and　that　by口had　cracks．　Below　the　dotted　line，　the

specimens　can　be　deformed　soundly　greater　than　1．O　by

true　st．raln．

has　been食）und　that‘‘extrusion　with　lateral　pressure”

is　quite　effective　for　obtaining　hot　working　products

of　the　compound　TiAl．　The　equipment　used　for　the

experiment　is　illustrated　in　Fig．2166）and　the　product

obtained　is　shown．in　Fig．2221）．　In　this　equipment　the

heated　intermediate　substance　such　as　pyrophyllite　is

changed　to　fluid　by　being　pressed　with　the　outer　stem

and　gives　lateral　pressure　to　the　billet．　Then　the　bille．t

is　pushed　with　the　inner　stem　for　extrusion．　One　of

the　merits　in　this　equipment　is　that　the　billet　can　be

extruded　with　comparatively　slow　speed，　bec．ause　the

billet　is　kept　warm　during　extrusion　with　the　in－

termediate　substance．　This　is　the　other　reason　why

this　method　is　applicable　for　extrusion　of　TiAI　in

addition　to　the　main　fact．or　of．　lateral　pressure．　On　the

other　hand，　we　can　not　get　TiAl　rods　by　means　of

extrusion　under　hydrostatic　pressure　of　oil，　where　the

billet　is　required　to　be　extruded　with　a　high　speed　in

order　to　prevent　cooling　of　the　billet．

　　Another　direction　of　endeavors　is　to　find　out

working　conditions，　i．e，　the　good　combination　of

temperature　and　strain　rate，　unde．r　which　hot　working

of　TiAl　becomes　feasible．　Isothermal　forging　techni－

que　fbr　TiAl　can　be　shown　to　be　useful　by　the　studies

for　effects　of　deformation　conditiQns　on　deformation
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properties　at　high　temperatures17）・22）・23）・24）・26）．　An

example　of　the　results　obtained　is　shown　in　Fig。23．

This且gure　is　a　working　map　for　co．mpression　de－

formation　of　the　as－cast　Ti－52．4％Al　alloy，　in　which

the　fiow　stress　for　deformation　and　information　for

the　deformation　ability　are　drawn　in　relation　to　the

deformation　conditions．　Two　features　in　deformation

properties　of　TiAl　become　clear　from　this　figure．　One

is　that　the　flow　stress．　is　affected　strongly　by　strain

rates，　that　is，　the　fiow　stress　is　lowered　rapidly　with

decreasing　the．strain　rate．　The　other　is　that　TiAI　has

enough　deformability　when　we　use　low　strain　rates

and　high　temperatures．　The　authors　are　able　to　point

out　that　the　good　deformability　at　the　low　strain　rates

connects　directly　with　the　low　flow　stress　which　does

not　exceed　the　fracture　stress　of　TiAl．　The　high且ow

stress　brings　the　low　deformability　by　exceeding　the

fracture　stress．　The　two　features　in　the　deformation

血ap　indicate　that　isothermal　forging　is　a　valid　method

to　hot　work　TiAl．　This　means　that　TiAl　can　be

deformed　without　serious　dif且culty，　if　we　can且nd

working　tools　being　durable　at　high　temperatures　for

along　time．
　　　　　　　　　　　　　　　　　　　　ノ
　　The　nrst　report　on　the　isothermal　forging　of　TiAI　in

Japan　has　been　submitted　by　Mitaoθ‘α1，67），　which　is

stimulated　by　the　work　in　NRIM．　As　the　working

tools　Mitao　8‘α1，　have　adopted　Nimowal　which　can　be

used　below　1320　K．　Here，　Nimowal　developed　by

Hitachi　Metals，　Ltd　is　a　Ni－base　cast－alloy　containing

12％W，10％Mo，6％Al　and　O．01％Y　in　mass　ratios．
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8．2　　Superplasticity

　　To　investigate　working　maps　over　a　wide　range　of

temperature　an　apparatus　shown　in　Fig．24　has　been

developed　in　NRIM20）・21）．　In　this　apparatus　Sialon　is

adopted　a呂the　working　tools．　The　effe．cts　of　alloy

compositions　and　microstructures　in　TiAl　alloys　on

the　working　maps　have　been　studied　extensively　using

this　apparatus17）・24）．　In　this　study　the　importance　of

microstructure　to　deformation　properties　at　high

temperatures　has　come　out，　and　a　phenomenon　o．f

superplasticity　h㊧s　been　found　first．　Figure　25　is　taken

from　the且rst　report　to　show　the　condition　of

superplasticity　in　TiAl　alloys26）．　The　microstructure　of

the　used　TiAl　alloy　is　shown　in　Fig．25（a），　and　the

Fig．24 Schematic　illustration　of　hot　deformation　appa－

ratUS．

熱；、ξ

　・ぎ

亘♂碑・　　讃．

．．．燕㌦轟　．．．：乱

f

．く心

げ
だ
江
．⊆

理

あ

1〔プ1

1〔プ2．

1σ3

1♂

榊4
’

巾際

k拶・．
　　　　　　　　　　　　．

．ノ．

（a）

500450400350　300　　250

’

’ ’ ’
Flow　Stress．

ノ ’
　．．ceformabirity’

@El＞100％

’

’” ’

’ ’

’ ’ ’

　，　　’’　，　　’

’

’ ’

’　　ク’．ζ ’
．’

f

’．　” EI＞170髭1
’

’

’ ’

’
’

’

”　　　　　ノ　　　，’ r伊
f

200

　150

100

80

50

40

20．MPa

　　1〔∫5

　　　1000　　　1100　　　1200　　　　1300　　　1400　　　1500

　　　　　　　　　　　　　　　　　Tempe「ature，τ1K

　　　　　　　　　　　　　　　　　　　　（b）

Fig．25　0ccurrence　of　superplastic　deformation　in　Ti－495％Al

　　　　　　alloy．（a）．：An　optical　micrograph　of　the　alloy　which　was

　　　　　　obtained　by　isothermal　forging　at　1170　K．（b）＝Hot

　　　　　　workability　m包p　on　tensi且e　deformation　of　the　alloy

　　　　　　having　the．microstructure　of（a）．
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True　stress－stra呈n　curve　obtained　by　repeated　change　of

deforma宅lon　temperature　between　Tl　and　T2．　The
materlal　of　Flg．25（a）and　a　strain　rate　of　3×10－4　s　1

were　used．

workability　map　obtained　is　shown　in　F童g．25（b）．　In

those　days　the　elongation　attai頁ed　as　much　as　200％

was　a　surprise．　The　superp玉asticity　is　attributed　to　the

且neness　of　microstructure，　especially　in　the　part（b）in

Fig．25（a）．　The　part（a）in　the　figure　consists　of　theγ

grains　and　the　part（b）consists　of　a　mixture　of　theα

andγgrains．　As　mentioned　in　the　previous　section，

however，　at　present　we　can　get　the　tensi豆e　elongation

of　several　hundreds　percent　for　the　binary　TiAl　alloys

which　have　the　controlled　microstructures．

　　If　the　temperature　is　changed　during　tensile　de－

formation，　we　can　see　a　new　kind　of　superplasticity．

This　is　shown　in　Fig．26．　This　superplasticity　occurs

even　in　al玉oys　whose　microstructures　are　not　control－

led．　Th童s　is　the　so－called　dynamic　superplastic量ty，

which　comes　from　the　change　of　the　deformation

mechanism　between　a　low　temperature　and　a　high

temperature．　It　is　assumed　that　twinning　deformation

occurs　at　the　low　temperature　and　slip　deformation

occurs　at　the　high　temperature22）．　The　merit　of　this

method孟s　that　superplastic　hot　working　can　be

app藁ied　even　for　as－cast　TiAl　alloys．

P鎚rt　II豆　Co賑。韮uding　Remarks

9．Tomorrow　of　T董A且捌韮loys

　　Vast　endeavors　are　being　made　to　study　various

problems　related　to　TiAl　alloys　i簸the　academic負eld

as　well　as　in　the　technologicalβeld　in　Japan．　As　TiAl

alloys　are　the　new　material　not　yet　to　have　been

cultivated　fully，　we　still　have　a　wide　margin　of

leaming　and　contrivances．　This　makes　TiAl　alloys　an

i且teresting　and　useful　object　of　study　and，　in　fact，　new

research　topics　have　appeared重n　waves．　Those　facts

encourage　us　for　further　development　of　the　TiAl

alloys．　From　the　author’s　point　of　view，　in　all　cases

where　a　new　material　of　practical　use　comes　into

existence，　a　new　research　field　must　be　always

developed．　In　other　words，　there　must　be　a　science

system　of孟ts　own孟n　the　area　of　steel，in　the　area　of　Al

alloys，　and童n　the　area　of　TiAl　alloys！rhe　new　science

system，　wh孟ch　is　a　requisite　for　developing　the　new

material　with　special　features，　is　being　created　in　TiAl

alloys．　The　idea　of　the　author　for　the　next　steps　of

development　in　the　TiAl　alloys　are　the　followi且g．

　　Ade負n童te　theory　which　describes　precisely　the　true

nature　of　TiA！alloys　is　expected　to　be　built　up　from

among　the　following　fundamental　researches．　In　the

倉rst　place，　there　is　a　study　on　nature　of　atornic

bonding　in　TiAl　and　effects　of　third　elements　on　the

bonding．　These　basic　factors　ref董ect　directly　the　axial

ratio（c／α，，　and　occupation　sites　of　third　elements　in

TiAl，　and　deformation　behavior　of　TiAl．　Predictlon

for　occupation　sites　of　third　elernents　in　TiAl　has　also

been　tried　by　semiempirical　methods　or　various　kinds

of　alloy　theories，　and　these　pred圭ctions　are　compared

with　experimental　results　for　the　site　occupation

which　are　obtained　by　x－ray　d孟ffraction　analysis　or　by

血eld　ion　microscopy．　The　occupation　slte重s　important

information，　because　it　is　related　strongly　to　the

crysta董　structure　and　the　deformation　behabior　of

TiA1，　and　constitution　of　ternary　phase　diagrams　of

Ti－Al－X　systems．

　　An　improvement　of　duct圭lity　at　ambient　tempera－

ture　is　expected　to　be　provided　from　further　studies

on　albying　effects，　microstructure　control，　and　en－

vironmental　effects．　On　the　other　hand，　studies　on

plast圭city　of　Ti3Al　and　TiAl，　and　study　on　interface　of

Ti3Al／TiAl　have　poss重bi玉itles　yielding　a　new　idea　for

duct薮ity　improvement．　It　ls　becoming　clear　that

studies　on　crack　initiation　and　propagation　are孟mpor－

tant，　because　cracks　tend　to　propagate　in　a　different

way　from　those　in　typ孟cal　metall量。　alloys・

　1The　selli且g　point　of　TiAl　alloys　is　that　they　are　light

and　heat－res重sting．　Designers　of　apparatus，　however，



22 Tokuzou　TsuJIMoTo

are　looking　for　better　abilities　of　performance　for

TiAl　a董loys．　There　are　many　problems　to　be　solved　for

enlargeme飢。ぞpractical　use．　For　use　at　above　1270　K，

the　oxidation　resistance　and　high　temperature

strength，　especially　creep　strength，　should　be　im－

proved．　For　heightening　the　rel孟ability，　the　impact

properties　a重ambient　and　high　temperatures　and　the

effects　of　environment　on　mechanical　properties

including　fatigue　should　be　elucidated．　For　improve－

ment　of　h孟gh　temperature　strength，　formation　of

microstructure　with且ne　Iamellae　and　dispersion　of

ceramics　in　TiAl　aHoys　are　known　to　be　effective．　For

this　purpose　some　studies　are　in　progress・

　　Various　processing　techniques　for　TiAI　alloys　are

being　developed　now．　The　best　quality　is　provided　by

wrought　TiAI　alloys．　Products　of　near　net　shape　are

obtained　by　powder　metallurgy，　and　products　of

complicate　shape　by　casting．　These　are　conventional

methods　for　shaping．　Combustion　synthesis　is　a

unique　technique　for　synthesis　of　compounds．　Diffu－

sion．synthesis　after　shaping　is　an　interesting　technique

because　shaping　can　be　done　in　a　stage　of　a　mixture　of

metal韮ic　raw　materials．　The　qualities　of　the　products

differ　by　the　processes，　which　is　closely　related　with

the　kind　of　alloying　adequate　for　processing　and　the

degree　of　microstructure　control．

　　TiAl　alloys　are　a．　fronting　mater孟al　whose　practical

use　will　be　realized　within　tomorrow．　One　merit　by

use　of　TiAI　alloys　is　to　heighten　thermal　ef負ciency　of

var量ous　heat　engines．　This　comes　from　being　able　to

raise　the　operating　temperature　an（i　to　lighten　the

moving　parts．　The　other　merit　is　to　decrease　weight　of

eng孟nes　and　bodies．　This　effect　is　larger　for　transport

mach童nes　with　higher　speed，　especially　in　airplanes

and　space　vehicles．　Thus，　use　of　TiAl　alloys　promotes

abilities　of　human　beings．　It　should　be　noted　once

more　that　T重AI　alloys　are　a　new　material　belonging　to

metals，　which　means　that　the　production　in　Iarge　scale

without　any　complex　processing　is　posslble．

10。Ro嚢e　of　NR夏M　in　present　and　near　f“ture

　　The　drawbacks　of　TiAl　alloys　have　been　sur－

mounted，　the　new　methods　to　improve　the　properties

have　been　found，　and　the　various　processing　techni－

ques　have　been　developed．　That　is，　TiAl　alloys　have

changed　from　a　mere　brittle　substance　to　a　structure

material　of　high　performance　impending　in　practical

use．　Such　the　rapid　growth　is　beyond　our　imagination

at　the　starting　of　the　research　in　NRIM．　After　the

research　boom，　vast　energy　has　been　poured　for　R＆

Dof　TiAl　alloys　by　many　research　facilities．　In　such

the　situation，　the　research　of　TiAl　alloys　in　NRIM　is

conducted　mainly　by　the　third　research　group．　This

group　is　put　in　charge　of　three　projects．

　　In　the　national　prolect“High　performance　mate－

rials　for　severe　environments”organized　by　MIT「T，

NRIM　has　been　playing　an　impotant　role　of“Clar－

ifying　the　relation　between　rnicrostructure　and　prop－

erties　of　TiAl　alloys”．The　research　contents　in　NRIM

are　closely　connected　with　R＆Dprogram　of　the

other　organizations　included　in　the　prolect，　that童s，

alloy　design　for　TiAl　al互oys　with　high　strength　at　high

temperatures，　and　developing　hot　rolling　tech員ique　to

sheets　and　secondary　forming　technique　of　sheets　into

structure　components・

　　In　the　national　prolect‘‘Evaluation　and　analysis

base（至　on　1皿odeling　for　forecasting　Physica韮　and

chemical　properties”organized　by　STA，　NRIM　has

been　evaluating　fundamental　characteristics　of　TiAl

alloys　as　an　industrial　rnaterial，　and　has　been　exa而n－

i．n．g　mechanisms　of　fracture．　In　this　study　the　obtained

mechanlcal　properties　are　being　analyzed　from　a

fundamenta韮viewpoint．

　　Another　project　is　the　designated　research　which　is

set　up　by　NRIM　from　its　own　pol重cy．　In　this　project

seeds　for　developing　new　aspects　i薮TiAI　alloys　are

being　stud重ed．　These　seeds　are　engendered　from　the

abundant　experience　for　TiAl　alloys，　i且herent　cha1－

lenging　spirit　of　NR．IM，　an（i　unique　constitut童on　of　the

group　members．

　　Reasonability　for　the　research　course　and　the

research　organ孟zation　of　NRIM　is　proved　by　the　facts

that　plenty　of　latent　possibilities　for　TiAl　alloys　has

been　found　successively　in　NRIM　and　that　the　science

world　has　regarded　NRIM　as　an　excellent　ce鷺ter　for

the　research　of　TiAl　alloys．　The　author　believe　that

the　third　group　wiU　fulfill　a　key　role　for　further

development　of　TiAI　alloys，　with　which　Japan　contri－

butes　toward　progress　in　science　and　technology　of

the　world．
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