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An Approach for a Broad Search of New Compound Using the First Principles Calculation;
AB Type Binary and Quaternary Intermetallic—Alloy

Seiji Miura®, Satoshi Takizawa, Kenji Ohkubo and Tetsuo Mohri
Division of Materials Science and Engineering, Graduate School of Engineering, Hokkaido University, Sapporo 060-8628

In order to search stable intermetallic compounds in a broad composition area in ternary, quaternary and higher-order sys-
tems, it is effective to utilize the calculation of formation enthalpy for screening prior to the experimental study. As the number of
candidates is tremendously large for ternary and quaternary alloys, an augmented—spherical-wave (ASW) method was employed
for fast calculation. To evaluate the accuracy of the calculation, the formation enthalpy of B2, L1, and B19 structures of 99 equi—a-
tomic compounds are estimated, and the most stable structure for each alloy is compared with the literature. It is found that 75%
of the reported structures are predicted by the calculation results, and B19 structure tends to be evaluated less stable than L1,
structure. The formation enthalpy of Heusler-like structure with Co-Fe-Ti~Zr equi—atomic quaternary composition is also esti-
mated and this quaternary compound is unstable comparing with the estimated formation enthalpy of binary B2-CoFe, CoZr,
FeTiand FeZr. An experimental study revealed there is a phase near the composition of the quaternary compound, but the struc-
ture is Laves—C14 Fe,Zr, neither the Heusler type nor bcc—based structure. It is concluded that the combination of ASW calcula-
tion and the experimental study is suitable for a broad search of compounds with relatively symmetric structure.
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Fig. 1 Semi-schematic depiction of the solubility lobes of ter-
nary NizAl phase for various elements redrawn from [1].
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Fig. 2 Semi-schematic depiction of the solubility lobes of L1,
phase for (a) Ni-Al-Co-Ti system redrawn from [3], and (b)
Ni-Si—Co-Ti system redrawn from [5].

PBULEWIRIR D70 OETHiatHIC D < AB Zn R LG OLEMRHT & M7t ReERIL G W~ OIR 861

13 Nv EAERAMEE OB DR % 5 — X AR OF
HCHWBN, SOICEFimaTEICHE D EPE L 72 Md f#,
Bo fEOFIH~N & BB SN TEA0. ZhICH L, BT
B — R ) X KBRIIT R O\ 7 — MR O« O S
DALY 2V —HH %l U CREN O SEEFIIICH W
SNHIEMPY, 7 VI UV EO R T IREE % R o T
TR OYETFRIREBICH N Y, SWIEET
DOFENARE L 75> TE /2. COTFEBITEDOFEETRD
b - AR - REEIC & > TKRELEREZET DD
BH5HD, ERICHTHIEHELTRELT T Ty FORBE
RLF NN ET ] - BB & OBPREEA & FERADOE R
ADBHEIZ /NG APRES OB/ En, WERZIZINS
FEOFEBRI LGB OFHAREN Th Mk & B
na.

RREEMNC I 2 ZEMHDORER I LB T RIS\ RS A oK
HOENDG. BEMEFYHMET A 7/2OITIFIEFITK & 7 unit
cell PHWHN AN, FHRICHELRRFRITE KR b0 & 7%
5. HIRRERF TOILEWHRIL, 5 E T Lk anmtESE
OBEMES, B &R EDL I 1L I LICFTEMEMEIC
D, COXSEEVKETORTORES AT, S5,
COXEDTHRBILBOTLHREOMAGOR R RETHT L
5. PlaMItRE4 A-B-C-DIC & %. AsBs %
CsoDso 7 E B L EDOHBE L FHF O L T ICHFHMARK
(A25B25CasDas) DAL G W M FKROREE HH T 500 E 5 0,
A5Bsg % CsoDsp 72 & & Ll L 7o ZEME ORI 28 N EE T H
5. COLDITHBEON G L A G DR ORISR T
EHRL0MHEL/IcEE, LTDLDITkA

50 x49 x 48 x47
wC4—-—1355;§::Z———230300 (1)
COEDBEHOEET XN TEERMICHEETAZ LIE, av

V' R TIVBTFEL E R WG NIERTEETH D, fhEk
WNaEAOCAREREMED 2 HEIC X S [ virtual
laboratory |, F—X <A =V 7T O & 74 15160
ﬂ%%éhfv%.#ﬁ,ﬁ%%%ﬁ@%%ﬁ%%ﬁ?ém
W OHFAENH > T EWEEE OB IC B Fimat &I
[HARE | OA7 V== T hid T &pn] b(%h
RO LFEEDPMEFTES. BiwtE L ERWTFEOKE
TADNG LV ZZHRBEIC L > THET 50, Tok
D IR RO EDIREICE Tt B e BT 2854512
[AIREZRBR 0 B VKSEE | 208k 9 B UANS, [ LERIKROR
B THREAR Y SEICHBELAT O LW AL ST U — b
RIS D 2 5. ZHIUT & - TEROALEWOLREMEITR
% BRI 7 G A5 b, L&Y OE T RER UK
PECFHUL G WERR 2wl U e D EROFIFNC K E 707 FN
VIE—VREMHS LS. TIT, SHEEEAEEL
20, BLHEUEOERT /2N E—DKES, $hbb
REES e HOFAEDHIMIZH NS T EPRJREN E S i
LPICTAHT ENNETH L. HOBBIIEEHOM TO4
WIV RN E—IC L TRESINSD, TXTOBHEESHICE
L CEFHRAEETD it TTREZROEWEE ] ©8
RIDALSTFU—LREBRICSE KRGS N ELE LD, ZC
TOBRWD [HAMEEEYETHHOBBEOBFHE ] OF



862 H A & B % & 562007)

Wr, $72bb A7 -2 7 THAHT b, BERICIEIX
F5L00, ATV ZNVE—DOKE SIT & SLEEHO
WREME A RO TV ULERD S EE 2 BN S.

AR T, oAb EMOLEN &, ZTNITH T SN
FOR(BEZEE 2 &) R TR T 5 7= DI LB REE &
SEERRONS VA O WTOMREB L L HIN &
L7z, ZD7®, HMHASCBEZRETRETHEET £
FHEEH>TLABTHAD L1y B &=k A4 A5 —HL
GWERREL, BTmitBEFEE L UIETREICS 55
{5 Td % augmented—spherical-wave (ASW) 4 5 L
C, LD LS RE 2T U GHRERSEN 27 o —
F & TR 75 IR ML A B R o IR SR O T REM: % B
LML ELA. 2T, 1:1AB ot Rib&EHO
B2 #1E, Llo#sE, BIOHEOAR TV XL —% 99 D
HRIZOWTRD, CHICHE SN TV SLEH - L EH
LORIGE B L 72, X BIC, KA A5 —TULEDEIE L
o721 1: 1 1EBEOMNILESDOETHmtE & Eah
B, TOXD 7 bEWEAEOEER AT AT L & L.

2. F B /&

[T DBCH A A T DR 7x A5 SR O T 3oL F—2%
%Rl A 72 DI, BEPIBIREIIIC KD BTt E
-7z, FHREICHW DB LIz FEHEEDO—D
T& % augmented—spherical-wave (ASW)E® TH L.
DITETEF OZERB 50 % BOAFRIALE L T B 7z DI Kb
WF DRGSR L D RO FIIBEO R VSR
RN, EEIBIEA B 4 5 ERBI R 7 < T
B OIGTEPEETH L VORI EFL, KO K
&% 5.

AR - MR T RV F —IHIE Moruzzi HIC k- THE LM
NG A= %AV, FEESE 6 BifloE Wt ekz
L&D, AV V-HEREUSOHEEREIEZIRD AN
7220, A EEY R 1=3 OF 5 E TARIEEEEICERD
ANz,

1: 1 OMBUEZfrOffdhigS & LT B2 fith, Ll i,
B9 i O=>%stHxt 4 & L, L1, M & B19 it
L TEHEWNZ | c/albafR-7o %, hEXE(LSHT
I H LIV F =DV R FRIFEREA R L 7. AB{L G OX}

O Atom 1
Atom 2
O Atom 3
& Atom 4

Fig. 3 Atomic arrangement of Heusler structure.
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Os | 63 | B2 B2 B2 B2 (B2) B2 | (B19) | (B19) | (B19) | B19 | (B19)
Co 64 B2 B2 B2 L10 L10 L10 L10 L10 L10 B19 B19
Rh 65 B2 B2 B2 L10 L10 L10 L10 B19 B19 B19 B19
Ir 66 B2 B2 B2 L10 L10 L10 B19 B19 B19 B19 B19
Ni 67 B19 B19 L10 L10 L10 L10 B19 B19 (B19) B19 (B19)
Pt 68 B19 L10 L10 L10 L10 B19 B19 B19 (B19) | (L10)
Pd | 69 | L10 L10 | L10 | L10 | L10 | (B19) | (B19) | (B19) | (B19) | (L10)
b)
AB Zr Hf Ti Ta Nb \% w Mo Cr Re Mn
49 50 51 52 53 54 55 56 57 58 60
Fe 61 B2 B2
Ru 62 B2 B2 B2+ B2+ B2
L10 L10
Os 63 B2 B2 B2 B2
Co 64 B2 B2 B2
Rh 65 B2 B2 B2+ L10+ [ L10 B19 B2
L10 B19
Ir 66 B2 B2 B2+ L10 L10 B19 | B19 B2+
L10 L10
Ni 67 B2+ B2+
B19 B19
Pt 68 B2 B2 B2+ B19 | B19 B19 | L10 L10
B19
Pd 69 B2+ L10 B2+
B19 L10
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(a) The most stable structure determined by the first principles calculation. (b) A part of Pettifor map for binary AB alloys.
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Fig. 9 Results of ASW calculations for Co-Fe-Ti—Zr Heusler—
like compounds with different atomic arrangement.
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Fig. 10 Comparison of the formation enthalpy within CoTi—
CoZr-FeZr-FeTi section of Co-Fe-Ti—Zr quaternary system.
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Fig. 11 Results of microstructure observation of Co-Fe-Ti-Zr quaternary alloys heat-treated at 900°C for 96 h.
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Fig. 12 Composition of a phase observed in Co-Fe-Ti—Zr
quaternary alloys.
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Fig. 13 (a) Results of the X-ray diffractometry of Co-Fe-Ti—

Zr quaternary alloys. (b) XRD pattern of C14-Fe,Zr.
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Fig. 14 Results of ASW calculations for Co-X and Fe-X com-
pounds.
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