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The First-principle Study on the Structure and Mechanical Properties of
PtZr Intermetallics under High Pressure
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Abstract: The lattice parameters, volume, elastic constants, bulk modulus, shear modulus and electronic
structure of PtZr intermetallics under high pressure were studied by first-principle approach. With increase
of the pressure, the lattice parameters and volume of PtZr were linearly decreased. By the calculation of
elastic modulus it was indicated that the bulk modulus was increased with the pressure increase. However,
the shear modulus reached the biggest values at the pressure of 40 GPa and tended to stable with
continuously increase of pressure. The variation of shear strength is derived from the strongly
hybridization between Pt(5d) states and Zr(4d) state forming the Pt(d)-Zr(d) metallic bonds.
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Fig.1 The calculated lattice parameters, volume and density of PtZr alloy at different of pressures

[(a) lattice parameter vs pressure; (b) volume vs pressure; (c) density vs pressure]
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Fig.2 The calculated elastic constants Cy, bulk modulus B and shear modulus G of PtZr alloy at different pressure

[(a) elastic constants C11, Cip and Cus; (b) bulk modulus; (c) shear modulus]

N T IAJG B8R 0T PZe &4 15 1 RE

HISIR, +H5 T 7E 0. 40 F1 80 GPa 3 FAS[E & J11E

R Ptzr G158 eI T a, SR E 3
B (B A L 2 Ak ) R 2608 9 K T ) o

Energy/eV Energy/eV

4.50 (@) 0GPa os | 45 (0)40GPa wos | 4OF (©)80GPa f DOS
- 3.0f : 30f
15} : 15 ;
0.0 . L i h f . 0.0 L i n i
Z we | B 2r Zr4d) | % 2r Zr4d)
g 2 /\/\_A/\L g /V\,’//\/\/\,\*
A A : 2 :
- 0l ) i h 0l h i .
> 4 10 -5 0 N 10 15 4 F -10 - 0 5 10 15
~~~~~~~~~~~ P(6s) H : e PU(GS) 3t : oo PU(Gs)
Pt(5d) o : PGS ok : Pt(5d)
, 1 1f
15 20 075, 0 15 2 O 10 15 20

Energy/eV

B3 0. 40 7180 GPa JE/1F PtZr A& BB FEEN M EKATEE
Fig.3 Total density of states(TDOS) and partial density of states(PDOS) at different pressures (0, 40, 80 GPa)

M3 FOREL, AE ORI L Y 32 e 0 2

sell Zr (9 4d, Pt i 5d BAAFRIY 6s HLTHUIE LA



~
i
>

34 %

HLFDTlke 76 0 GPa i, FUIE(EAF K LA T
f1-4.23 eV, 7EFKMIT-2.48~0.88 eV ATER—
NG, BEE IR, AR I HEE R
B3 AN, BAR, TEIX— XK Pt (1) 5d HLFHUE
FZr 1) 4d HLFHEUE A RL B R 3 AN/, TR,
BEH ARt hn, Pt Al Zr JR 722 18] AR HAT
i, TR PU(Sd)~Zr(4d) ML & &R, thak, fE
POKI LA N AR5, A5 LE 2 KT LA B B kg
(0.94 eV b)Y FIIRIRIE(3.54 eV) I TE ISR, IXFE
B 745 0 GPa R Pt 5 Zr Z IR Sttt &, 1
JE IR HS58 Pt 55 Zr T2 (A1 H A FLAE
FFF 3G BT UIRIE . 2K AR 0 GPa T [FIEAE
N1.93 eV, £ 40 GPa 1 80 GPa &M /35N
1.77 eV #1 1.60 eV, XEREME LR, 4
RETRE,

3 4

AR SO L iz e B 8 — PR SR BRI T T
PtZr &AL R LN S SPEER AR . BT
KL, PtZr &S SRR 5711
FEINTGAR A, A BE R 2 SR AE SRR R T
BRI, #AER K C A C B 77 B NN 24
PEMER, {H Cop IR RZEBIE . AR EE K
TN L ARG R, Bz & B U2
W T 3 KT BoRkoss . (H2, BYPIRLEAEY)
AT BL(0~40 GPa i B ) Bl 35 s 7738 0 i £ 1 1
K, 271k F) 40 GPa I, BY Y & ik 3 5 KAE (40
GPa), ULJEREHE 577 KT 4R RS E . YR PtZr
BRI R RE R, AT
M. HE— B M T AR, XA ST ORI AR
WEFRYET Pt 19 5d LT HUEM Zr 1 4d 750
T8 _E A AR A s A A R

S 3CHR -

[1] Douhlas A, Neethling J H, Santamarta R, et al.
Unexpected ordering behaviour of Pt;Al intermetallic
precipitates[J]. Journal of Alloys and Componds, 2007,
432: 96-102.

[2] Volkl R, Wenderoth M, Preussner J, et al. Development

of a precipitation strengthened Pt-base superalloy[J].

Materials Science and Engineering A, 2009, 510/511:

328-331.

[3]

[4]

[5]

[6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

Zhao H L, Qiu F, Jin S B, et al. High work-hardening
effect of the pure NiAl intermetallic compound fabricated
by the combustion synthesis and hot pressing technique[J].
Materials Letters, 2011, 17/18: 2604-2606.

Song B, Dong SH J, Coddet P, et al. Fabrication and
microstructure characterization of selective laser melted
FeAl
Technology, 2012, 206: 4704-4709.

intermetallic parts[J]. Surface and Coatings
Solmaz R, Kardas G. Electrochemical deposition and
characterization of NiFe coatings as electrocatalytic
materials for alkaline water electrolysis[J]. Electro-
chimica Acta, 2009, 54: 3726-3734.

Stalick J K, Waterstrat R M. The zirconium-platinum
phase diagram[J]. Journal of Alloys and Compounds,
2007, 430: 123-131.

Worle M, Krumeich F, Chatterji T, et al. On the structure
and twinning of PtAl[J]. and
Compounds, 2008, 455: 130-136.

Ma Y M, Oganov A R, Xie Y. High pressure structures of

Journal of Alloys

lithium, potassium, and rubidium predicted by an ab initio
evolutionary algorithm[J]. Physical Review B, 2008, 78:
014102.

Gao G Y, Oganov A R, Bergara A, et al. Superconducting
high pressure phase of germane[J]. Physical Review
Letters, 2008, 101: 107002.

Wodniecki P, Wodniecka B, Kulinska A, et al
Temperature behavior of ZrPt compound studied by PAC
with '8'Ta and '""'Cd probes[J]. Journal of Alloys and
Compounds, 2005, 399: 52-66.

Ceperley D M. Ground state of the electron gas by a
stochastic method[J]. Physical Review Letter, 1980, 45:
566-569.

Perdew J P, Zunger A. Self-interaction correction to
density functional approximations for many electron
systems[J]. Physical Review B, 1981, 23: 5048-5079.
Scudino S, Liu G, Prashanth K G, et al. Mechanical
properties of Al-based metal matrix composites reinforced
with Zr-based glassy particles produced by powder
metallurgy[J]. Acta Materialia, 2009, 57: 2029-2039.
Beckstein O, Klepeis J E, Hart G L W. First-principles
elastic constants and electronic structure of Pt,Si and

PtSi[J]. Physical Review B, 2001, 63: 134112.



