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YHE STRUCTURE OF INTERMETALLIC PHASES

1. DEFINITION: AN INTERMETALLIC COMPOUND IS A PHASE WHICH
CRYSTALLIZES WITH A STRUCTURE DIFFERENT
FROM THOSE OF ETS COMPONENTS.
AB, ABz, AB3, ABg, AB7, AzBg ...
2. ATOMIC BONDING: METALLIC, COVALENT, IONIC, OR
COMBINATIGNS AMONG THESE THREE.

3. THREE GROUPS OF INTERMETALLIC COMPOUNDS:
(A) ELECTROCHEMICAL COMPOUNDS (VALENCE COMPOUNDS)
(B) ELECTRON COMPOUNDS (HUME-ROTHERY PHASES)
(C) SIZE-FACTOR COMPOUNDS.

Clectron
Compounds

Yaience

Fig- 4. Simple represeniation of the three main categories of intermerallic compounds.



ELECTROCHEMICAL COMPOUNDS (VALENCE COMPOUNDS) ' ELECTRON COMPOUNDS (HUME-ROTHERY PHASES)

*THE COMPOUNDS ARE FORMED WHEN ONE ELEMENT IS STRONGLY *A LARGE NUMBER OF COMPOUNDS — ELECTRON COMPOUNDS —
ELECTROPOSITIVE AND THE OTHER IS STRONGLY ELECTRONEGATIVE. CRYSTALLIZES WITH THE SAME CRYSTAL STRUCTURE WHEN
THEY POSSESS THE SAME AVERAGE MUMBER OF VALENCE

ELECTRONS PER ATOM [VALENCE ELECTRON CONCENTRATION

*ALL ATOMS IN THE COMPOUNDS EITHER ACCEPT OR PROVIDE VALENCE
ELECTRONS TO OBTAIN A STABLE OCTET CONFIGURATION, I.E. ALL

(VEC)).
StP ORBITALS ARE COMPLETELY FILLED OR COMPLETELY EMPTY.
»
— ELECTRONS ARE DONATED TO ONE KIND OF ATOMS METALLIC BONDS
BY THE OTHER ONE: [1ONIC INTERACTION
_ ) Table 2
ELECTRONS ARE SHARED BETHWEEN THE ATOMS: e vmence cecrome e e
COVALENT INTERACTION. Element Valence
Transition ¢k with nonfslied d-shells [
Cu, Ag. Au (8-elecirons) ]
. Mg ts-el
EXAMPLES: Me3SBp, MepSt, IRS. In3P2. Zn Co. g (achoctronth :
Sn. 5i, Ge {p-tlectrons) 4
- . Sk {p-chections) 5
IN GENERAL, THE RANGE OF SOLUBILITY IN THEM IS SMALL.
Table
Some representsiives of Hume-Rothery phases.
Structure of intermetattic compounds ~ VEC- 32 YEC-1/13 VEC ~1/4
Bodycentred Complex cubic Close-packed “y-brass™ Close-packed
.-t wert cubic *f-manganese” hexagonal structure ¢ heragonal
. T N struciure structure structure siructure
5t (: = hen. (N=12 - . p[&na CuBe Cu,Si Cu,yGa CuyZn, Culn,
I =bee [Ne B TinH-\ V;_| CuZn AgyAl Cu,Ge CuyCd, CuCd,
ﬂ‘z ®-0Oxe o1 §p2 p3 b pS Cu, Al AujAl AgZn CuyHg, Cuysn
A 08 + deforaed O@ mefve ve vie vie| @ Cu,Ga® CoZn, AgCd CuAl, (.u:ce
L = = tpeud by & s e Cuyln® AgAl CuyGa, Cu\Si
.g o - - ] Cu,5i AgyGa Cuyln, ApZn,
va Mg |a1 a1 43 a6 €5 e a7 an 9y dwfa Js o[PS U (A Cu,Sn Agyin CuySiy AgCd,
mgiO iy IWT ¥T_ wiT VIV vIRT X7 xT 18 W8 e i |- fn 1 |e AgMg AgySn Cuy,Sny Ag,Sn
¥ [oofs [halv [Col™Bfrgltaglt [u [in foa [oe fas [se for jxe AgZn® AgsSb AgsZn, Ay Ay
s [efle |0"|n |0®|-§ing|o%e le |0 |umipt [ jxx I |e Agcd” Auyln . AgsCd, AuZn,
mo Vo v |zr_[Wb |#a | Tc {Bu |#n [Po [ag [ fio [Sn fsb [te |1 }Xe "51’“,, AugSn Agslle, AuCdy
w |e%0 |o®w [» lo |0 J@ e [ lo Je fu,w jx M |e Agyla : Agyln, Au,Sn
G (8 [in [mglte (W [me o5 [1 1ot [as [Hg [itg[e Jo [eo Tar Rn oy , Au,Zn, AugAl,
alm (v ]o®e |m jolo [@ jo le |e JOT|® | ja e Au,Cdy Cu,Sb & Ap,Sb*
[fe |Ra a.: 1.n.n_u INEECREIE Bt ‘ s FeAl :".\‘\:.:I;;"
, (r;m\]] FesZn,
Al
G Tce [P [na [Pm Jsm Jtu Jos |16 [0y [we [€ Jom Jre Ju j o, k N:.,, S‘.”ZB:‘"
e jog|® |e e [m 0jo|o |o|ojo je |O / din e
el Ni Zn,,
Fig, 2. Siructure of the elements. The modifications stable at room lemperature are symhalized at the keft A Ni,Cd,
side of each partition. (Afler Lavrs [1936]} Rh Za,,
PdyZny,
PiyBe,,
PiyZny,
Na,, Phy



J. H. WERNICK

Tasrz 3
Some examples of laves phase intermotaltic compounca,
SIZE-FACTOR COMPOUNDS arctorerspn | wr¥h e
. MgCuy MgZng MgNis
SIZE-FACTOR COMPOUNDS ARE FORMED, IN WHICH ONE ATOM IS MUCH Cuble dntie '
SMALLER THAN THE OTHER (E.6. 20-301). el e E’u‘i';;z“""
o o
“AN IMPORTANT GROUP OF THE COMPOUNDS ARE THE LAVES PHASES 3§m' T
Alng UNiy
WITH ABz COMPOSITIONS. THE DIFFERENCE IN A AND B ATOMS siecen K
BY ABOUT 22.5%. e CoTaTi
ZrCoy
CdCuZn
"LAVES PHASES: MoCuz, MoNiz, MsZNz, AcBez, TiFes,... . Curav
MgNiZn

“INTERSTITIAL PHASES: KYDRIDES, NITRIDES, CARBIDES,
AND BORIDES OF TRANSITION METALS.
:  SMALL NON-METALLIC ATOMS TAKE UP
INTERSTITIAL POSITIONS BETWEEN THE
METALLIC ATOMS.

1] -
My-Cu-At 1 I bd b 4+ 4 4 44
| I
Mg Cy-Zn I +++++ EEA

lig-8g-Za i i Ml [etesee T
G5 I T E——— B :

| I ; '-
My-Ce-in I L L] . .

1
Ng-2n-&1 '_ O A ATOM O B ATOM
o Crdg b ! ‘ Fig. 4. The MgCup structure (ADy).
My-dg-ki | L \‘

133 14 3 .8 20 22

SRS MgCuy - Fype FHO MgNTroe e MgZny Type

Fig. 22. The ranges of homogeneny in terms of eleciron concentration of several ternary magnesivim alions
which pisacss the thice typacal Laves structures (From MassaLsxi 11936} after Laves and Wire [1930)). \




STRUCTURAL FEATURES OF ORDERED INTERMETALLICS

“LONG-RANGE ORDERED CRYSTAL STRUCTURES.
*ANTIPHASE BOUNDARIES (APB) AND DOMAIN STRUCTURES.

*SUPERLATTICE DISLOCATIONS.
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GENERAL MECHANICAL BEHAVIOR OF ORDERED INTERMETALLICS

I. GOOD MIGH-TEMPERATURE PROPERTIES.
(1) 600D CREEP RESISTANCE DUE TO SLOW DIFFUSION IN
ORDERED LATTICES.

(2) GOOD HIGH-TEMPERATURE STRENGTH: INCREASE IN YIELD
STRENGTH WITH INCREASING TEMPERATURE CANOMALOUS
TEMPERATURE DEPENDENCE OF YIELD STRENGTH).

I1. LOW DUCTILITY AND BRITTLE FRACTURE.
* (A) LACK OF SUFFICIENT DEFORMATION MODES.
(B) BRITTLE GRAIN BOUNDARIES.
(C) LOW MOBILITY OF DISLOCATIONS.

(D) HIGH LOCALIZED STRESS CONCENTRATION: PLANAR SLIP.

A4



VACANCIES IN ORDERED LATTICE ARE *TRAPPED"

IN THEIR ORIGINAL SITES ORNL-DWG 82-9862
THE YIELD STRENGTH OF NizAl INCREASES WITH
€0e0 e0e0 8080 ~ TEMPERATURE AND REACHES A MAXIMUM AROUND 830 K
O®f .|O...:O...3
000 €010 0{100 600

Oe0e 0O80CE® OeO0e ' : [ i I |

eCe0 #0000 @080

0ii0@® 0010 s 0O80® s 500 |— —]
2000 @800 eellO
Ce0O® OeCe Qe0oO ) _ NizAl
' XoX Yo . | 400 |— |
!.O 200 0.2%
@cie0 | FLow
ceooe ' | STRESS 300 |— ]
‘ ’ {MPa}
|
o fmu DIFFUSTON 200 |— |
o CREEP RESISTANCE
. TYPE 316
0 SWELLING RESISTANCE ""--f ~STAINLESS STEEL
{100 I— 'M“‘~~__
0 I R

200 400 600 800 4000 1200
TEMPERATURE {K)

® BECAUSE OF THE INCREASE (N YIELD STRENGTH
WITH TEMPERATURE, NiszAl IS MUCH STRONGER
THAN TYPE 316 STAINLESS STEEL AT ELEVATED
TEMPERATURES.
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RECENT DEVELOPMENT IN ORDERED

S
2
LA}
=
=
=
v
=
Y 158773
ORNL-DWG B0 -8994R
TRACE OF
(100)
STACKING _ .
FAULT
CROSS-SLIP ﬁwvnm OF
ANTIPHASE \
BOUNDRY AN
A Y A Y
\ \
_ S | AN u
//
\ \
/ \ .
DISSOCIATED ) e
SCREW / / \
DISLOCATION

Cross-slip of a Superlattic Dislocation from the
(141) Slip Plane Into ({00) (from Kear)
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ORDERED INTERMETALLICS BASED ON ALUMINIDES AND SILICIDES OFFER
POTENTIAL ADVANTAGES FOR HIGH-TEMPERATURE STRUCTURAL USE

* GOOD HIGH-TEMPERATURE STRENGTH

e SLOW KINETIC PROCESSES

® RESISTANCE TO OXIDATION AND CORROSION
* HIGH MELTING POINT

* LOW MATERIAL DENSITY

16

MOST ORDERED INTERMETALLICS EXHIBIT
BRITTLE FRACTURE AND LOW DYCTILITY

THE BRITTLENESS IS PRIMARILY CAUSED BY

~ LACK OF SUFFICIENT DEFORMATION MODES

—~ GRATN BOUNDARY WEAKNESS

— LOW MOBILITY OF SUPERLATTICE DISLOCATIONS
—~ DIFFICULTY IN CROSS SLIP (PLANAR SLIP)

THE BRITTLENESS HAD LIMITED THE USE OF
INTERMETALLICS AS ENGINEERING MATERIALS

4



DESIGN OF DUCTILE ORDERED INTERMETALLIC THROUGH CONTROL ,
1. CHARACTERIZATION OF CLOSE-PACKED ORDERED CRYSTAL
OF ORDERED CRYSTAL STRUCTURE IN AB3 ALLOY SYSTEMS STRUCTURES IN AB; ALLOY SYSTEM

1. STRUCTURAL FEATURES OF AB3 ORDERED PHASES
® IN RECENT YEARS CLOSE-PACKED ORDERED
STRUCTURES WITH AB3 COMPOSITION HAVE
BEEN OBSERVED IN MANY BINARY AND
PSEUDOBINARY ALLOY SYSTEMS.

1. Basic Structure — Close-packed ordered layer

* ALL THESE STRUCTURES ARE BUILT UP FROM
CLOSE-PACKED ORDERED AB3 LAYERS BUT
DIFFER IN STACKING SEQUENCE.

2. Ordered Crystal Structure

* TWO BASIC STRUCTURES OF ORDERED LAYERS. Stacking Sequence - Hexagonality
Simple Hexagonal Ordered abababab. .. (hhhh...) 100%
Structure
Simple Cubic Ordered Structure abcabeabe. ., {ccee. .. ) 0%
Transition Ordered Structure abcbcacab. .. (hchhchhch. .. ) 66.7%

s T b,
AuCuy-type "T-mesh” with TiAls-type "R mesh" with
"triangular ordering" "recannsular ordering”

8 . 19



II1. FACTORS CONTROLLING THE RELATIVE STABILITY OF THE
VARIOUS ORDERED STRUCTURE

AB, A(B.C),

1. ATOMIC SIZE EFFECT (VAN VUCHT's RULE)

e AS RA/RB INCREASES IN AB, ALLOYS, THE STACKING
SEQUENCE CHANGES FROM PURELY CUBIC THROUGH
DIFFERENT ORDERED MIXTURE OF CUBIC TO HEXAGONAL
LAYERS TO PURELY HEXAGONAL

® CLUSTERING OF SMALLER ATOMS IN THE LAYER LOWERS
THE SYMMETRY OF SPACE GROUP FROM CUBIC TO
HEXAGONAL , BUT ADMITS A BETTER PACKING WHEN THE
LARGER A ATOMS OF BOTH ADJOINING LAYERS PROFIT
FROM THE OPEN SPACES.

g
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2. ELECTROM CONCENTRATION EFFECT (PAUL BECK'S RULE)

& ELECTRON CONCENTRATION INFLUENCE ON
STRUCTURE HAS BEEN ATTRIBUTED TO THE
FILLING OF BRILLOVIN ZONES.

o efa IS DEFINED AS NUMBER OF ELECTRONS VN, VCo; VFe,
OUTSIDE THME INERT GAS SHELLS.
STRUCTURE ORDERED ORDERED DISORDERED
- TETRAGONAL HEXAGONAL. bee
ELEMENT efa
—v 5
ORDERED R-TYPE T-TYPE
¥n 7 LAYER
Fe 8 .
Co 9 efa 8.75 B8.00 7.25
M 10

e AS efa DECREASES, THE STACKIMG SEQUENCE
CHANGES FROM PURE HEXAGONAL THROUGH
DIFFERENT ORDERED MIXTURE OF HEXAGONAL
T0 CUBIC tAYERS TO PURELY CUBIC.



FE3V

Y
<7.89 725

(CO, Fe)3V
ccc

ORNL-DWG 82-14388

(303\,
8.00
hechee

33.3

v

843
ABCBCACAB ABCACB ABC

hchhechheh

66.7

8.54
AB
hh

100

(Co,NilgV (Co,Ni)sV

NigV
8.75

e/a
ORDERED

ALLOY
LAYER

SEQUENCE
HEXAGONALITY
(%)

STACKING
CHARACTER

STACKING

&

DRNL-DWG 80-9211R

WE HAVE DEVELOPED DUCTILE LRO ALLOYS
IN THE (Ni, Co, Fel,V ALLOY SYSTEM THROUGH
CONTROL OF ELECTRON DENSITY AND ORDERED STRUCTURE

€4 =875 800 7.25
NiyV I CogV T Fe,V
(Ni, Col,V (Co,Fely | To=850-950°C

ﬂl

(Ni, Co, Felv| Tce 750-850°C

t

(NI, Fe)lyy | To= 650-750°C

HEXAGONAL cuBiC
ORDERED ORDERED
STRUCTURE STRUCTURE

2%
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LRO ALLOYS SHOW UNUSUAL MECHANICAL PROPERTIES-THEIR STRENGTH

INCREASES RATHER THAN DECREASES WITH TEST TEMPERATURE
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LRO ALLOYS SHOW A DISCONTINUOUS CHANGE IN CREEP RATE (€) AROUNI
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POLYCRYSTALLINE NizAl SHOWS POOR DUCTILITY
AND BRITTLE GRAIN-BOUNDARY FRACTURE

® SINGLE CRYSTALS OF NijAl ARE DUCTILE

® POLYCRYSTALLINE NiyAl IS EXTREMELY BRITTLE BECAUSE OF
GRAIN-BOUNDARY WEAKNESS

PR

BRITTLE GRAIN BOUNDARY FRACTURE AT ROOM TEMPERATURE

CENTIMETER
L)

Lo

EXTENSIVE CRACKING ALONG GRAIN BOUNDARIES IN
NigAl CAST INGOT HOT ROLLED AT 1200°C

33




THE GRAIN-BOUNDARY FRACTURE IN Ni3X CAN BE CORRELATED
WITH THE DIFFERENCE IN VALENCY, ELECTRONEGATIVITY

AND ATOM SIZE BETWEEN Ni AND X ATOMS

VALENCY(A) ELECTRONEGATIVITY(8) §fZE(c)
ALLOY  DIFFERENCE DIFFERENCE RATIC  FRACTURE BEHAVIOR(D)
(a2) (PAULING'S) %%%557 UNDOPED  B-DOPED
Ni3Fe 0.2 1.02 D -
Ni3MN 0.9 -0.36 1.01 D -
NisAL 3.0 ~0.30 1.135 B D
Ni3Ga 3.0 -0.10 1.083 B D
N13S51 4.0 ~0.01 1.089 B D
Ni3GE 4.0 +0.10 1.132 B B

(AYTAKASUGL ET AL.
(B)TAUB ET AL.

(CIFARKAS ET AL.

(D)TAUB ET AL-

D~ DUCTILE, B = BRITTLE

34

THE AVERAGE ELETRONEGATIVITY APPEARS TO CONTROL THE BEND DUCTILITY

BEND DUCTILITY

1 0 'rodn 0 m’ga b\a\\a T T J 1
|
|
|
|
t
}
|
|
|
0 | t 1 1 ! 0 \1 e Fy | m
| 1.6 1.7 1.8 1.9 ] 2.0 2.1
AVERAGE ELECTRONEGATIVITY
- % "o oa ! I oad @\_n@aJT_J_._.A 3
e 1 Si
0 b -
= 1
1 |
>
el !
% Ge/ll
o |
| ‘.
i g I i | ] i ! [ 9~ v, ¥
' 3.0 3.2 3.4 3.6 3.8 4.0

OF B-DOPED Ni,X ALLOYS (WHERE X = AL, GA, S1, ANDVOR Ge)

AVERAGE VALENCE

25



ORNL-DWG B85-48477R

MICROALLOYING WITH BORON DRAMATICALLY IMPROVES
THE TENSILE DUCTILITY AND SUPPRESSES BRITTLE “Sﬁﬂﬁniﬁfﬁ??ﬁSIE‘.’"2L:J2LE§:;"
GRAIN-BOUNDARY FRACTURE IN NizAl (24 at. %)

o 400 800 1200 1600 2000
ELECTRON ENERGY (ev)

@ T T T T | 7T 710
a(‘g'* --‘W‘y w’, ; ; UNDOPED Ni+2401.% Al
. "‘ "'\‘
o B o S
! .‘-..o -;1"". ‘."“p.‘ s f d {
'l'lqu:v-.'a - &%’ f,""y‘:: Al
P 3, | SRR . Ni;
éﬁ&.‘ . 55 '?,;, ‘;,_.\,‘;‘. ‘ '- A Ni
P ;. et y v ." '.- S
) . Ns
: N
|
-_— i
£ 10 ' Ni+24%at % Al
g +oosm%a
= (53() N et
- 5
I.‘J [ o
53 :‘.’:
gk ~ NI
o [
W= = (c) SAME AS (5] AFTER
=5 w | |8\C  SPUTTERING 2 min
W~ — . Ar
= BN b L
w
32
oh
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BORON EXHIBITS AN UNIQUE SEGREGATION BEHAVIOR — STRONG
SEGREGATION TO GRAIN BOUNDARIES BUT NOT TO FREE SURFACES

AUGER ANALYS!IS

r)
| 7 q1rT [T T 71 T
(0)FREE SURFACE DURING

T
Sa
HEATING AT 990°C ;
P ——— d "
‘jy "

W r"“*"
afe- NiE]l o " ™

terbivery umits) ic) GRAIN BOUNDARY
FRACTURE SURFACE

- R, sRam . S )
BOULDARY- 5 W ey
]
M
B swrur rick
3 soron mick /B "

it 3 1 $L | T
0 200 400 800 1200 1600 2000
ELECTRON ENERGY {eV)

FREE SURFACE

* N CONTRAST, SULFUR, AN EMBRITTLING ELEMENT, SEGREGATES
MUCH MORE STRONGLY TO FREE SURFACES THAN TO GRAIN
BOUNDARIES.

¢

{a)

(b)

ORNL WS-34383

EFFECTS OF SOLUTE SEGREGATION ON GRAIN-
BOUNDARY COHESIVE ENERGY (¢)

NEWLY CREATED GRAIN BOUNDARY, Yo
FRACTURE SURFACE, '

GRAIN BOUNDARY SEGREGATED WITH SOLUTES

----------------------------------
------

EMBRITTLING ELEMENTS (SUCH AS S)
¢*(J,)=7;(Jr)+7;(\l)—7;m |
STRENGTHENING ELEMENTS (SUCH AS B)
¢*(t)=7;(1}+7;(T)—7;{¢)



ORNL-DWG 84-9285

SURFACE SEGREGATION (I'S) > GRAIN BOUNDARY SEGREGATION (r
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INCREASING Al CONTENT FROM 24 TO 25%
SHARPLY DECREASES TENSILE DUCTILITY AND PROMOTES
GRAIN-BOUNDARY FRACTURE IN NizAl ALLOYS

DOPED WITH 0.2% BORON
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ORNL-DWG 86-7844

THE INTERACTION OF CONSTITUTIONAL VACANCIES WITH
BORON IS THOUGHT TO REDUCE BORON ENRICHMENT AT
GRAIN BOUNDARIES IN NizAl WITH 2 25%Al
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ORNL-DWG 87-7627
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THE ALIOY STOICHIQMETRY EFFECT IS A COMBINATION OF

(1) LOWERING BORON SEGREGATION TO GRAIN BOUNDARIES
AS THE BULK AL LEVEL INCREASES FROM 24 TO
24.5%

(2) INCREASING THE A LEVEL AT GRAIN BOUNDARIES
AS THE BULK AL INCREASES FROM BELOW TO ABOVE
252

(3) TREMENDOUS HARDENING EFFECT OF BORON IN
»25% AL ALLOYS

ORNL-DWG 85-16761R

NICKEL ALUMINIDES SHOW LOWER DUCTILITY

WHEN TESTED IN AIR THAN IN VACUUM
AT TEMPERATURES ABOVE 300°C

8 8 ¢ 8 <

(%) ALIILONG

4

| \
~
S i
\\
\—
7'
H
J’
-
”
| ® Ve J
B yd
o
O —
]
::
_ rii s .
L [
T
g g
_& ]
L
£
L -
Y
T
s
= | | ] |
o o

800 1000

600

TEST TEMPERATURE (°C})



THE EMBRITTLEMENT AT 300-900°C IS DUE TO A
DYNAMIC EFFECT
SAMPLES TESTED IN YACUUM AT ELEVATED TEMPERATURES.

PREOXIDATION DOES NOT EMBRITTLE THE ALUMINIDE

o

ALLOY SAMPLES FRACTURED BRITTELY AT 600 AND 760°C
REMAIN DUCTILE AND SHOW DUCTILE FAILURE WHEN

BEND-TESTED AT ROOM TEMPERATURE.

ALMOST INSTANTANEQUSLY WHEN OXYGEN WAS INTRODUCED

ALLOY SAMPLES LOST ELEVATED-TEMPERATURE BUCTILITY
TO VACUUM SYSTEMS.

THE DUCTILITY DEPENDS STRONGLY ON PARTIAL PRESSURE

OF 02 AT ELEVATED TEMPERATURES.
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EFFECTIVE SOLUTIONS TO THE DYNAMIC

o
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EMBRITTLEMENT PROBLEM
PROTECTIVE Cr OXIDE FILMS THAT SHUT OFF GASEOUS

— REDUCE NORMAL STRESSES ACROSS GRAIN BOUNDARIES.
— CHROMIUM ADDITIONS PROMOTE A RAPID FORMATION OF
OXYGEN FROM GRAIN BOUNDARLES AND BASE METALS.

* ADDITION OF MODERATE AMOUNTS OF Cr (6-10%)

* CONTROL OF GRAIN SHAPE

5t

50



258
8 =z -
g 9 4 d 1 I | I 1 l 1 I I l I I
o b — )
3% -
© T= - ]
reg ) S !
O F o] S '
(] 2 > |
ORNL-DWG 8610829 a m [ g ® q
CHROMIUM ADDITIONS SUBSTANTIALLY IMPROVE ‘é &’ B & ] {
TENSILE DUCTILITY OF Ni-Fe ALUMINIDES « b“: — T g 1
(15.5at.% Fe) AT 600 AND 760°C IN AIR wa o]
T T T T T 6z \T
=0 | H
35} u \
760°C TEST aF [ 4 N o |
30 — g L [ z !
-, oW Im k& !
25— /‘\ - i: — L o \ (=]
- vl >
TENSILE 7 600°C TEST Qo b 8
ELONGATION 20 | 4 — a W a \a
(%) / 2 r ° \=]
- p - I i I L l I R
15 / — - 2 8 o 3 9 w o © <
! g 5 (7w37071) v/MT 'IOINVHO LHOIZM
10 — T 5
_ 5 a
s p—
o I N I

L) 1 2 3 4 S 6 7
Cr CONCENTRATION (at. %)

600 B00 1000 {200 {400 800

200 400

OXIDATION TIME ()



ORNL-DWG B86-7816

ALLOYING WITH 8at.%Cr SUBSTANTIALLY
REDUCES DYNAMIC EMBRITTLEMENT
IN OXIDIZING ENVIRONMENTS
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ORNL-DWG B6-10649

NICKEL ALUMINIDE (IC-264) HAS
SUPERIOR TENSILE PROPERTIES
AT ELEVATED TEMPERATURES
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EFFECT OF COLD WORK (20-22%) ON TENSILE : RECENT DEVELOPMENT OF ORDERED INTERMETALLIC

PROPERTIES OF N1 AL ALLOYS ALLOYS HAS FOCUSED DN
ALUMINIDES AND SILICIDES
STRENGTH (ks1)
ALLOY TEST TEMPERATURE ——————————  DUCTILITY
(aT. T) {c* YIELD TENSILE (%) ALLOY T" (c®) %/N(S:’!lg CRYSTAL STRUCTURE
NijAdo + 13 F RT 21 243 4.0 N AL 1400 7.5 L,
NiAd + 1 HF RT 21 254 2.0 NiAL 1640 5.9 B2
NLA+ 1K 600 166 212 12.0 FeAr 1250/1400 5.6 B
NijAd+ 1 W 760 143 163 8.7 Fe,AL 1540 6.7 0e,
Ti, 1600 4.2 Do,
TiAL 1460 3.9 L,
TtAl, 1350 3.2 00,,
Ni St 1143 7.3 L,
MoS1, 2020 5.0 (il
TigSi, 2130 3.7 - D8g
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THE AB3 MAP

STRUCTURAL MAPS DEVELOPED BY

PROF. DAVE PETTIFOR ?' ¥ 20 % 40 % M“eo n 80 %0 100

LARALIAEN T LOR DAL Aie | T T T ™1 v
“—lA~ BA Eulu HoTb PnCe NoEs Cm NpTh HA TARAVIA—VIE—(8 18 N3 VBB VB VIB(VIBNDFV ]
oS

e PETTIFOR HAS ATTEMPTED TO USE ONE NUMBER, MENDELEEV
NUMBER, TO REPRESENT ALL EFFECTS FROM ATOM S1ZE,
ELECTRONEGATIVITY AND VALENCE ELECTRON

* THE STRING RUNNING THROUGH A MODIFIED PERIODIC
TABLE PUTS ALL THE ELEMENTS IN SEQUENTIAL ORDER,
GIVEN BY THE MENDELEEV NUMBER
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The siring running through this modified periodic table puts all the elements in sequential @ ud, o Rull < Nyl ® NijCe e
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4.

SUMMARY

SIGNIFICANT PROGRESS MAS BEEN MADE [N IMPROVING
THE DUCTILITY AND FRACTURE BEHAVIOR OF ORDERED
INTERMETALLIC ALLOYS.

BORON IS EFFECTIVE IN SUPPRESSING BRITTLE GRAIN-
BOUNDARY FRACTURE AND INCREASING THE DUCTILITY
OF Nr3X ALLOYS (X = A, S1 anp 6A) WITH HYPO-
STOICHIOMETRIC COMPOSITIONS.

DUCTILITY IN Ni3V-Coz¥-Fe3V ALLOYS CAN BE
DRAMATICALLY IMPROVED BY CONTROL OF ELECTRON
CONCENTRATION AND ORDERED CRYSTAL STRUCTURES.

ALUMINIDES HAVE POTENTIAL TO BE DEVELOPED AS NEW
HIGH-TEMPERATURE STRUCTURAL MATERIALS.






