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FOREWORD

A two day symposium on "Structural Intermetallics - Perspectives on Science
and Technology" was held at the Defence Metallurgical Research Laboratory,

Hyderabad, India on February 5 and 6, 1994, preceding the Annual General Meeting

of the Materials Research Society of India. The Symposium was organised by the

Metals Group of the Materials Research Society of India and co-sponsored by the

Asian Office of Aerospace Research and Development, US Air Force. C.V.Sundaram,

Chairman, Metals Group of the Materials Research Society of India noted in his

introductory remarks that the progress towards the development of intermetallics to
application has been'exasperatingly' slow. Robert Cahn ofthe University of Cambridge,
UK, in a keynote lecture provided a historical perspective on early research on 'weakly

ordered' alloys and examples of more recent work on 'strongly ordered' compounds.

The symposium featured ten overview talks. Dan Miracle of Air Force Wright

Laboratory addressed both science-based issues and engineering concerns related to

the metallurgy of NiAl. He noted that NiAI could be significantly strengthened to the

levels of several superalloys and, in any case, possessed a variety of attractive
properties such as low density, high thermal conductivity and excellent environmental

resistance. Nevertheless, a reasonable combination oftoughness and high temperature

strength continues to be an elusive goal, and the current approach emphasises design

methodologies which can use low toughness materials with adequate factors of safety.

The alloy system presents large opportunities for research in fabrication (casting
technology), strengthening and deformation behaviour. Vinod Sikka presented the

status ofFe3Al and Ni3AI from an applications engineering perspective with emphasis
on work at the Oak Ridge National Laboratory, USA. He stressed specially the
excellent corrosion and sulphidation resistance of the Fe3AI base alloys and their cost

benefits in relation to stainless steel. High temperature strength levels continue to

be of concern and strong environmental effects on ductility at room temperature have

been identified. It appears unlikely that Ni3Al base alloys will find aeroengine

applications, but their excellent carburisation resistance and high temperature
strength lend them to applications in heat treatment furnaces, automotive vehicles

and in manufacturing. Cost is a key concern in these applications. A summary of the
work on Ti3 AI and Ti2A1Nb base alloys at the Defence Metallurgical Research

Laboratory, with emphasis on the key issues that limit application, was provided by
Ashok Gogia. He described microstructural and compositional effects on primary
creep in some detail emphasising that this area has not received adequate attention



in the literature, although the major contribution to creep strain arises from transient I
behaviour. Other drawbacks relate to oxygen induced dynamic embrittlement over

the range of application temperatures and poor burn resistance, a feature common to

all titanium alloys with the exception of TiAl. Patrick Martin from Rockwell Science I
Centre, USA described the current status on TiAI. Successful engine ground tests at

General Electric of cast Ti-47AI-2Cr-Nb offer a positive outlook for application of an

intermetallic alloy in rotating applications. His talk emphasised issues related to

thermomechanical processing of these alloys as they affect microstructure evolution

and emphasised the need to refine the processing-microstructure-property envelope
in full scale ingot conversion and the development of low cost processing approaches

for potential automotive applications. I
Work on molybdenum disilicide was covered in two presentations : Dallis

Hardwick summarised the physical metallurgy of MoSi 2 and described in some detail

Rockwell Science Centre work on this material, while Sadananda from the Naval
Research Laboratory, USA concentrated on the effect of SiC particulates and whisker

composites with MoSi 2 on creep resistance. While composite microstructure can be

designed to provide creep resistance much superior to superalloys and approaching

ceramic-ceramic systems at temperatures greater than 1000 0C, it was clear that low

temperature toughness must be enhanced, perhaps utilising ductile phase toughening

or laminate design. Two approaches to the stability of intermetallics were described

by Raju from Indira Gandhi Centre for Atomic Research, India, and Ashok Singh from

the Defence Metallurgical Research Laboratory, India. Raju described the variety of

semi-empirical approaches using alloy theory parameters and concluded with his own
work in developing a new structure map parameter which offers advantages over the

Pettifor scheme. Ashok Singh offered a description of a variety of thermodynamic
approaches including CVM to developing ground state structures in ordered hexagonal

systems. Tassaduq Khan of ONERA, France described the nature and substance of i
European Community Schemes such as BRITE-EURAM, COST and CEASI as

related to intermetallic programmes and provided a summary of ONERA work on B2

alloys based on the Ti-Al-Nb system and approaches to TiAI alloy development.

A variety of contributed presentations from various research groups in India

covered work on phase transformations in TiAI, Zr3Al and B2-DO 3 systems, powder

metallurgy and ingot approaches to processing Fe3AI and Al 3Ti alloys, the mechanical

behaviour of alloys of the Ti3AI-Nb system and oxidation resistance of Ti3 Al alloys. A

dominant metallurgical theme that emerged from the symposium was the dichotomy

that exists between high temperature strength and low temperature ductility in the
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intermetallics. Alloying and processing schemes that enhance the one, almost
inevitably do so at the expense of the other.

A hard copy of the material presented in the overview talks is provided in two
volumes. The first covers the aluminides : NiAl, TiAI, Ni3A1, Fe3 Al and TiAl. The
second presents the material on European intermetallic activities, molybdenum
disilicide andits composites, the ground state structures and stability ofintermetallics.

March, 1994 D. Banerjee

Defence Metallurgical Research Laboratory
Hyderabad-500258, India

I tii



PROGRAMME

&00 -945 hnimet, c -The Fauldonable antd Unashic AMl RDVC&hn
Uydvuuly of Cantuldgej U.K

.45 - 0.1S Coffee

10.15-11.00 Unrdtdig n• d Applicatons of MAI VLN/rkn Air Force Wrii
Labortory, USA

11.00-11.4S Technology r•d Appicalons of MN2 -Bsed Materials V. It &b
OkWdlg National Laboratloy, USA

11.45-12.06 Development of Cold Roling Textu in NiJ (B) RARAy Indin
Instilute of Technology, Kanpur, India

12.06 -12.25 Recystallisaion of 3 A lA:Jaen, Inclan Institute of Technology.
Kuyu, Wecia

12.25- 1.1S Lunch

1.15-2.00 Promnise vemus Realty for High Tempemaure Applications of Grma TILI
A Perspective P.LM** Rockwell Science Cente, USA

2.00-2.20 Olfuslonrl Conmposn Invadeant nd CoemerV Phase Trso rman
in TiI Bas Alloys R .Ramnum Shabh Alomnc Researh Centre,
Bonbay, nca

2.20-2.40 Iretece Moclicallon In two plhse (yf-r) Titankn Aluninide by Terny
Addilions and their Delomalon Behaviour .R.kffi National
Metallugical Laboratory, Jamse~ur, India

2.40-2.15 Tee

15 -4.00 The Stabily of Internnetalics Sfqu Indira GaidN Centre or Almc
Research. Kaýftan, Inda

4.00-4.45 Ground State Slntuem of Oderd Alloys SLea JA.:#'#
Banars Hindu Univeriy, Varnsi, India

iv
IV • °S-



100- US5 Euiveenkitm.ami AdMiss - Conhidoins from Fmmr.iei A~An

OtIERA. Franc

to45-1115 Coffee

MIS5-11t.00 CaIrposiles Based on Mlbydenm Sicde: Piogrs and Pmosect AA
A* ~~c Rodcwe Scolnce Cenke, USA

11.0-11.45 ThologyW and Applcaon of FeoAi~bsed mibehia VWC Sib Oak
Fldge National Laborakry, USA

hIAS -.1205 Preperalan and Procss*n of F"A S~ptr m koug no anid PIM
piocesskig SbA* S&*14# IArPv4 £Ssnwi~a~dRAA*
Indian kistitl of Technology Kanp, kids

12.06-12.25 Anfiphse, boundanes fin B2 and DO, Fe-AIX (XuOr Mo) and D03/O1 l-
"TIt kitenmetuls ("W vbat Defenc Metiuwce Rlssemch
Ub ty HdrW kids

12.25-1245 kirpovmro fin Mechaical Pmpef lea o Iron Ahin*Wds Amas htm# r
NaO"d Metslkxgca Laboraor, Januhecva hide

12A45- 100 Lunch

2A.10245 The Metmkugy of TI/ Base aloy AKGcV* Defence MebbjgWca
Research Laboratory, Horubm, Wed

2A45-3.05 Low Cycle Fetigue Behaviour of TI27A1I5Nb PAS%*A7$ A~fp%
CRamiuhanwt ad VYtbh Barnas linde Urivuul, Varmnau, kids

3U05-3U2 H~ig Tewpeutw Oxiddaon od TILM i:X~ij, RRA ML ----- i fe&W
AG~ts Wodn kIatihe od Technology, Kmnpu, Wed

3.25-4.00 Tea

4.00-4.20 Mmombolgkca Featuies of T,2 Based IntemWetl Allys Prepered by
Readio SynlIeSsqsSkt4 £Ihigaiw&WSSavwIWo kids Isit
od Technolog, Kanpu, Indi

MAN-.4 Phase, Taslmtionsk in ZrMA Base Alloys A Teuwg axn~qy&7
P.Vuhcpe*pyBhabha AVo*d Resesrch Curte, Bonbay, kid

v



I lI lIIIz 4 m

f4.



0. WO
I 00

-LT.

nnn~L nOI I 1



elw

I

I
i

z 0 _ I
how

NMI# >
.900

- - =,

_ -

S~I

ocI
-" ~ E.~I"

S~I

DI]



II

U-

Iu
,lj

I

I ÷

*
I
I
I

U.
<

Iu
<I
QI
boo



ebb

PMI
zU

-AL-A& A AL m a



IZ~
eb

Ijý l

NEW

Is ul aI



I
I

*MIAI
_-" .• • _•0 .2-o•

a I,. ~ 0~

_m I- oI

ENO

°'oo,. "• o I'

I'M OR

C4M a I r. >1~

0 ) . U

4)|
... ia U•.-!

x 000' >1Z 0. 0j/'

0 (n
ou < A

u



NiN.

IiN
Fi grI Thbodn aredniyoa 10plwi U t Fi.4oFo WTbq"2

ThIate idsr~edmf i pe fA i ~,adshnaia

ilutaeteIkm v~dfrdlr ~~ w o.PeII ein
beweI*shrsw lospmLTec~mw nkraso 0ee n e

In3a teecnorascdov oindlcodpml

3.



A I

2v v

:,MAI

00

0_o •0

S"• 'I " - I

S,,,

2 E

£ . .o
0.A 0 0& a

•z ". <.8 '
II

4 <, . , ; - , : , j . . ; I •



* 250

I20
2-20 C

600

I ~ 150

50

I545 50 55. 60

* Atomic Percent Ni

I 3.9



M A -7
0-=

AI
.tic 0

rot
-A '

0 + 0 C tuI
-. 0-

4j U- .a

__0 A .

12E 41 A 4 o

4 *4 00



CI
14w))

I 20*A
* CE

emu"g

"0WOW

I -6"w



I
I
I
I

'I *1I' I
I

* I
I

= & I
I
III

I
mmii

(�-uzj�) A UOflPUOD I��I1 3
I
I
I
I



~+ +

. ~ ~ .. ..... _

~iI 100
Li~

-. : w
Oe/%0MMOO 

wq 
J

I IT
*0 0* p . - .- . -0 , -,~

v~13

*0

30/ ,+4A3npo Pj*Oj.



I

m 
I

0 0

0*go I

I

... .. I

< ZRgo



rJ2

LL�Q

H

>*� >-Q��
�- Q���

I .4 0O



I
, I

.. I

2'mm- .- |

SC ,,,

0 I
\ ", "\,I

C.) I,
'Ui

tI



I

, 0
,*

I "a "m. ".

l
I
I

IL 0om

IA



I
I
I
I
I
I
I
I
I
I

I
I
I
I
I
I
I
1
I



a .) -C =E

7 -p

.z a)= U

I4-0 5.2

7- -Z 'd.

z U 
-

ý0
*= .

ZIPQ">Q 
>

0.W

> z" At
>~~

-c;~

LCA.

U a)

CL 0.



00.1
00U

Lt,

I-- -0

I-0

.00' I
'a ii' UnL

A6-aU Oul



In
N~ftwoo



a[010] Edge Dislocation in NiAI

[001]

tU

A0101

[0 T *\\o 11

Coreis cmpat wih n apprentdisociaion

3.22



I UU

oME 0

I AM

I QA



I

a[O 1 1] Dislocation in NiAI I

am f ii -o- [ 1] o] +Ipoi

e a1 O> dn ae nt csipegie11osb,

[0211 I

,[011]U UJ

a(Q11]]. a[O1O +a[OO]II |

Thea<1>diloctins reno coplanaIr n1

Islplgldeiposile I
'+ " I lJ[] U

3.2t4, F I JI

II ] S I u [lIII
,, I . "II,, , ; I

, i' [ I+ I



7' 0

*Ud 00 r~) C

cs0~

ONO 4-0)

I ~ 0Poo
Iv



I
• I

z E
0 ,

0I

S" I,

0 Al

0I

S- q= I

LnU

"CI6
."I <I



mI

II

o -u

AA

* 0

z 0tv



I*O

PhI
9PEI

6MMA I
twaa 1=4I

6mmI
;2ý 0



owI

IL
Ic

Co
IU

IU



00

4,.

cfi,

0 4~

00 4)

to0
'4 *P-4 1

C#12 03 -
+- 0 -1

r- 4
V~ EnV0

.4 ....



I
I
I

i II' -

I 0-

iT I 1' , I. ""

I I I iI Si 0 1• -=
Z " S.

Q uM

0 
% 0

I

I
iebb



ce

bo X

E s =~~ Z '-6

A7 L L

~~C1-
z z9 o

r-0;D,

- ~jj4
t . -

c~Z

Irma

S~ 7-

141



z z

Sto

IC
I>

Iim -1S~ asa



1. I.-
* - to

,1 Ts

~Lo

~4ihm tr~i If

cn z

Z _e

a.. .-j

C)2
- ~0,

III - ..I CIS
I- V+

- -- - - O.< <

_ _
>- .~.



I
I
I
I
I
I zI

LL�I
p

I
'us'I U'

I
I
I
I
I . 6 0 11*11.

U
I
I
I
I



I

.lo.w

CIO

_ I

rn I

c- I
0I

I-V I
0 pow >

mC Aft IN-I



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



____________________________________ 
U
U

1 0 3I.

III I
II I

1 a I
I 0� I

C

00 a

I
I I

I
I S I

p

Ip I
II I

I
I

I
I 3

II

Ip I
0

*iniaiodw.� wnw�xuw epugq eu�qInj I
I
I



CIA

I ._awi;

I U _S

I _1I M -~ :'U.::• • ,

40

I *13.•

Gii ni=,.. -lII



I
I

I

SI ,,

S• .i I

I



*o1

IL

LIJQJ

him



uu iu M unI,

i

4"A I" ..-

Ad .. I
man= M4U

I1

mmI



NIWM±S d33W

I ~k

IF

~~10



-! - \ .imm "'

p II I
\0

9L 0

-I ~ - -

4 £ 4
110

UJI

t c aaoNIN 2 AITI c

lor I

I0"110I

Fig. 3-Arrhcnalus plot o( In i us 1/Tb for' B'-P speci€mens
crept at 137.9 MN/rn2 . Data for [00li axis NIAI sI/.gle crys-' I
tais crept at 48.3 MN/rn2 and polycrystalline NL2ATIT creep

at. (38.9 MN/rn2 , Is Inclded, for om',Pari.. 3
* 5.) . - . . -

. . . . .. - . .. ...,, ,..•• ' ... . I



jt4

(DA u lis 3 iJl



Poo
_. 0 0w

0 0u 0 o

a0_

OP0 4)

0 Z~G

1.0~

>. 4

C.) -

En 0Vo

oo CI

~'0 0~ 0

C.) cd14 a
Cd 0

Q C..)

0- , G02CI

.%.-0 .0 0



I
I
I ________________________

I I,;I
I

Ii CV)

I oE-' g5%

I ZJ
*
*
I
* ThIIi
I
*
I
I
I
I



*C1
* I
I 00

I Lu• )mq |

00

0 E h

0. E CIf I

S.. i - - ur . - an Id l i i : ' -W C .. .. ... . . . .... • •" : . .

0. rn - 3-E

0L



-P .w

()I) nlwedel c

EE

.00.

0D jiewj



aIs
VI s -

I-M
0I,

I~
7r

itl

Iý
I~

r4I1

NI;ýb



A,, tZ

low

75 . ý,Jt

I

1ý -. jý I y -A -#.!I f
I fý., t 

ý4,

S. ýj

4-`v;,.ý A,

46

c J
St"

V

'ALM,

'-w, y.

jtkJAW



* CA

LA 0%

C%4 r-4 r-4 I

j C~p C

*1 IA

I- we

vo CO *C

u-Iu-

u-IjI uCL

LL LL

ID I- -



iti

0
4..

3%.3
* •

z

4.'

IlI
0-L

ji I

50



0 0

0
400.

*0

am

Ul)

'a)



CdU
6U

R ca

C'O)
0 00

CL

0 0 0

US L 0 090 0 C
0 C

cc C

0a w 00 C EW
C0 0 0



I 1n u n0 un

n0mi

I 0.

I -cc'

I 0
I _

-C |u- • I



cnU

Cz 0

0 I

KEo

10f0

R 2
W2~ -

-aoIi



IC
IC

CI4 1

ate
IldIC4 L

I'
I0

Il
Im

(a
I)0 N -<N

Ir
Iml



e
a



*30-

7-1~

Iiif
T lK IRI

I7



'IIK'jrn



-U-

I
I
I

* _

I
I
I
I
*

I
I
I
I
I
I
I
I
I
I
I



gi-q

ý, 3

tdixzx



41

I,4

I V
4'

*iif
bo

i:p r

IX
4I 11k

I ~.&'.ss,< ~~~A{' 7*"v

3L
"aVi



LM

Too

44 11

cm
0. co

Ln0
CIF)

o<

LO

co

7 Pw 
v

0 m

:16
Cý

Ln A

LL



tI
1V

IA
I',C4

ItI

UU
Ii

4I

II



I I F

Tool,

Cf) 
;AA:

L641, C2
Ln

ui

LO 
cm00 sit'

LCM*

CV
L(iLO

C)
LL



I4

LLIo
It



liI

Io
_____

jiI

ISE



I
I
I
I

I

I
I
*

I
I - �A'�-

I
I
I
I



40

C#'

C2 OR
LrI
C*I

PTA
Lf1

...... ... .I



I0

L:.

I - C

T-C

C)u
C)'3CI 0

z o +
NI UI)

co 0
00

I 4-4
a)

CLl

13

L~LLI1 a 0 
-

C Y)

0) 0

Ut L



0ra

C

0

'I

o M

cm'

IQ

._0

rE

&-u

(0

0.0

CU)U
0



0

E

= 0

mI

cm c

eJ 0

C- 0

- CL
0)

:3 00C
Ul)

I ~4.

0CF
0.

* 0 L

0.0
C4u

U ei.

(0~



cmi

00

4-U
0)

(n00
(-o

CLu

0 0

z) N

0



Ic
I0

E

CF4)

0

W 0c

ah

N~0)
:3L

4-J Ct



0

0 3
IXI

jz

co(.

131
CL.

4-'

(n)

0.
0 Cf0

cr



IIN
0-0

"C 
U

4. C'L

.04 0
zo a

I Lu CD

0

0 x

00 OMNa. amolC
0u Er

0. 0

Cuu 0CD
Ln c*4 m

Tom



0

r.,

00

0

CM +

.00

c 04

4) LM
(0

00
0 4.D

t0 4

0 1

0.0

C E M
U)r



-U-

LI
I0

IN
Il

oIL
I0
IE

EI
I0

IL
*/

soI M oC
MIw

aI
Io

I0
I.c
I>
I0

I2



co

CL 00 cca
c w '-D

to0

2. ca 0'

S0) (j

ce x5
0 0 c cE 12 1  c

Eo 00

0o0 c 0 L

o~r a~gi
.0& c rb08

0 ~ c C

0 elm 0



I vL
Iý mU

z
cm

U.-

am.

CL

(U) (I)

I4141

0k 
lf



'I
I

I

I •

I0C
I j4
I

mmmm m m~ m lmlmlmmmm0



IC
I 

S I

I0
I II

wa !II

:E .) . _ cn 4i

fn~E- cCdc o

I* 00II
- mpq~ ~P U wcnW~~ai~ f O 1

En cdmiA~iWOS 6dp0

00~m my acaWUMO

mmq i Sl~4

IU



0 I
i i

I •I

dl
V-4:14

I

I

aI



Ic
Iz
IZ
I0

I z
0

0

I C\Ico
I-- I r

u Cn
- *

z . -44I 50

* IIZ
in

*d § E-- saJS I4 t

~1 H



ORNL-ODW 95-46477R I
MICROALLOYING WITH BORON DRAMATICALLY IMPROVES

THE TENSILE DUCTILITY AND SUPPRESSES BRITTLE I
GRAIN-BOUNDARY FRACTURE IN Ni3AI (24ot.%)• I

I
I

,~II
60

50 IzI
a-oz 30 *

1w
-1 20
w ioj ! 11

o,•10 , ,I

0 0.04 0.08 0W2 0.16 0.20

BORON CONCENTRATION (wt%)
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IORNL-DWG W6-10476

INCREASING Al CONTENT FROM 24 TO 25%
SHARPLY DECREASES TENSILE DUCTILITY AND PROMOTES

GRAIN-BOUNDARY FRACTURE IN Ni3AI ALLOYS
DOPED WITH 0.2% BORON

I!
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Al CONCENTRATION (ot.%)
aid

5.4

IV 1€,5 Lo .Iql'-'7o¶ --..•..



I
I

Compositions of ductile, Ni3Al-based alloys I
Alloy designation (wt %)Element __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

IC-50a IC-218LZrb IC-221Mc I
I

Al 11.3 8.69 7.98
Cr -- 8.08 7.74
B 0.02 0.02 0.008
Zr 0.6 0.20 1.70
Mo -- -- 1.43
Ni 88.08 83.01 81.15

aDirect-castable or near-net-shapable alloy.
bHot workable, potentially processable by

conventional processing techniques.
CCastable alloy. I
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I
FURNACE-LOADING SEQUENCE TO TAKE ADVANTAGE
OF HEAT OF FORMATION OF Ni3A1 DURING THE
MELTING OF NICKEL-ALUMINIDE ALLOYS. SIMILAR
LOADING SEQUENCE, REPLACING NICKEL BY IRON
AND BY TITANIUM, WILL WORK FOR THE MELTING
OF IRON AND TITANIUM ALUMINIDES.

[ill I
U
I

Z0 Zirionium

r- "--0 ChromiumI

S~I

I

VKS013194-683 5.31 n



EFFECT OF HOLDING TIME ON THE CHEMICAL ANALYSIS OF
A NICKEL-ALUMINIDE ALLOY, IC-221M, AIR MELTED

WITH AN ARGON GAS COVER

Weight percent

Element Holding time (min)

I 0 8

Ni 81.2 81.2

Al 7.61 7.59

Cr 7.66 7.63

Mo 1.42 1.43

Zr 1.46 1.47

B 0.009 0.009

Nb 0.02 0.02

I Ti 0.14 0.14

3 C 0.009 0.010

S 0.001 0.001

N 0.006 0.006

0 0.011 0.010

Fe 0.44 0.44

Si 0.04 0.04

VKS013194-679 521I 5.32
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47.75I

_7.50-1
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17.25w.7.00' *Cr u 1.3' .

0 10 20 30 0 10 20 30
T'= tmia) Tm (mia)

0.7 0.05

00.04 0.011

0.6"

-0.03 0.009

0.5 
.00.007

SSilicon *Carbon

0.4 - - j0.01 0.005 i I

0 10 20 30 0 10 20 30
rim (min) Tmc (Min)

0.02 '
0 Nirogen
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VkS4o2.o1q6 -"116

I
_____________________!



I
I

I

I iii
I Eu

I I;
I '�r

I
I IijI ills

I
I iiilitI �8

El
I __________ 'I'
I 4

* I i�i
I IZi�
I
I



I

I
I
I

I 'I
Ii '

o• I

I
U

illI
an!



SIZE OF VARIOUS MICROSTRUCTURAL
FEATURES AS A FUNCTION OF
COOLING RATE FOR NICKEL-
ALUMINIDE ALLOY IC-396M
CONTAINING 0.85 WT % Zr.

I 161

Li0 0.
p 0I S 102

10,0.I 04

0 0O 0I 0 ° 0
I~0o100 1 1 111 1111 n1n1,,11, .l I ,,

0.01. 0.1 1 10 100

I Cooling Rate (K/s)

S0 = Radius of Y' cells (R ' celi)

I0 =Radius of Y' particles (R Y )

S = Secondary dendrite arm spacing (T2)

I 0 = Radius of microporosity (Rmicropme )

IA = Radius of macroporosity (R. w

IVKS013194-688 5.36 ou
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EFFECT OF STRAIN RATE AND TEST
TEMPERATURE ON TENSILE DUCTILITY
OF Ni3A1 ALLOY CONTAINING 0.5 WT
% Hf AND 0.02% B.

ORNL-DWG 05-886OR
240 1 I I

9 Ni3 AI + .O5% Hf +. L02% B
220 - 0 TESTED 950 9C

0- TESTED 1000 "C
A -TESTED 1050 'C

200 0 - TESTED II00 OC -

V- TESTED 1IS0 C
OPEN SYMBOLS- EXTRUDED

ISO - CLOSED SYMBOLSt EXTRUDED -
AND COLD V.RKED

160 INICATES TEST IN PROGRESS
OR DISCONTINUED

140

'120 -

so -

60 -

40

20 A

0 imi 1 il I~t II

10-6 40-5 10-4 10-3 1O-2

STRAIN RATE (s 1 )

VKS013194-693 5.39 oru
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I
HOT-COMPRESSION RESPONSE OF

I SAMPLES TAKEN FROM THE
EXPERIMENTAL (75-MM-DIAM) AND
COMMERCIAL (403-MM-DIAM) INGOTS

* OF Ni3A1 ALLOY CONTAINING
CHROMIUM (IC-218LZr).I

i 00I .CA STI I I I

2 IC 248 L Zr

K 1200 -0ie SAFE o

w FORGINGa:tt 0o UNSAFEG, .'o _U1150 -00 0
00J FU100N

INORMAL TO

w. CASTING DIRECTION CASTING DIRECTIONSEXPERIMENTAL0

IU403 mm INGOT A ,d• A 0 0 *
* 950- OPEN SYMBOLS-----.NO DEFECTS

9ioo n CO I iI

0 10 20 30 40 50 60 70
ioo

3 COMPRESSION ( IR)

I2

900 1__ L - -



(a)

Fig. 12. IC-2I8LZr ingot: (a) as-extruded condinion and (b) cold worked 58% and
annealed at I IlOX)t for I b.
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OAK RIDGE DATA PACKAGE ON
NATIONAL I
LABORATORY Ni3A1- AND NiAl-BASED

ALLOYS DEVELOPED AT ORNL

Compiled by

VINOD K. SIKKA

January 20, 1993

MANAGED BY
MARTIN MARIETTA ENERGY SYSTEMS, INC.

FOR THE UNITED STATES
DEPARTMENT OF ENERGY
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Figure 9. Influence of strain rate on ductility of Fe-24a1AI tested La air
(Scott et al. 1992).
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