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Abstract: Using the first-principle calculation method, the crystal structures of Zr;Znsy, ZrZn,, and ZrFe,
7Zn,, were geometry optimized. The optimized lattice parameters agreed well with the available experiment
results. The formation enthalpies of Zr;Zny,, ZrZn,; and ZrFe;Zn,, at 0 K were calculated to be —16.41,
—6.13 and —12.68 k]J/mol-atom, respectively. Based on the first-principle calculation results and the re-
ported experimental information, the Zn-rich corner of the Zn-Fe-Zr system was thermodynamically as-
sessed with Pandat software. The parameters to describe the ZrFe,Zn,, phase were obtained. The calculat-
ed phase diagrams agreed well with the published experimental results.
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Fig. 1 The published Zn-rich corner of the Zn-Fe-Zr system at 450 C and 600 ‘C [!]
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Fig. 2 Crystal structure of Zr;Znsy, ZrZn;; and ZrFe; Zny,
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Table 1 The calculated lattice parameters, total energy and formation of enthalpies
i El A% H%/0.1 nm HRE/ JEBURE / (k] /mol-atom)
RN S g AH (eV/mol-atom) THEAE SCHRAA
Zn(HCP) a=2.631; ¢=4.937 a=2.666; ¢=4.,949L1%] —1.265 13 — —
Fe(BCO) a=2.8326 a=2.866 4 —8.309 40 — —
B-Zr(HCP) a=3.236;5 ¢=5.165 a=3.232; ¢=5.147L% —8.479 32 — —
ZrsZnsg a=17.854; b=8.574;c=12.767 a=17.855; b=28.596;¢ =12.546/11) —2.255 06 —16.41 —16.08C10]
ZrZny, a=14.117 a=14.10511 —1.642 30 —6.13 —5.57L6-10]
ZrFe; Znzo a=14.909 a=14.9411) —2.322 77 —12.68 -

&)@ A6 A W0 T8 WL R 4 D Rl Ak & 0 Y S e
wHATTREM AEEZ 2, I7E 0K B, & mol J&
T ZrFe, Zny, BYJE BUKS AT 1 N 18 09 A A 5
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AH=F— %Eﬁ — EEFe — gEzn
HE E; Ex Ml Ez, 53 3 3RR ZrFe, Zn,, . HCP-
Zr .BCC-Fe Fl HCP-Zn #A1E 0K I 9 F- i 4R 5
JE IR i 1 SR A AL S W o vT B O VR AR

HE AR S Zrs Zng M ZeZng, (836 845 23 51 R
—16.41kJ/mol-atom #1—6.13k]/mol-atom., 5 X
BROLO M A REAR - R 1, Hrh A GHE N
ZrZno, W UK L SCiik [ 10 1 Hp (9 fE I 0.46k]/mol-
atom, Arroyave Z£N3H5 I A9 LDA 1 GGA-
PWO1 Jif #&, Ho3 55 A ZrZny, W TE B G R & — LB
(0.2kJ/mol-atom LA 1), W\ BAK & ZrZn,, B 7.
WARRAS . ARIEA SCHy I g5 R U I ] PBE i
PRl A5 2T HE S5 R
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Table 2 Thermodynamic parameters of the Zn-rich corner of the Zn-Fe-Zr system
Ty A S Ref.
0L Ky, =420 696.507 ;3 L4y, =+14 782.019—8.976 X T ;2L k7, = —11 266.699+7.394 2X T [2]
Liquid: OLYs,=— 97 5614+49.439X T ;'L Yy, =— 2 670+3.184 X T 2L Y%z, =—1812+2.050XT  [4]
Model (Zn, Fe, Zr), 0L}, = — 63 0184+12.534 X T;'L Koy = 9 638,437 L kay,=—22 215.4 [5]
0L Y9ge, 20 =+25 000 T
HCP-Zn: OL YR, =423 601.620 8 [2]
Model(Zn,Fe,Zr) 1 (VA) 5 OLYCH = —11 25440.007 X T [4]
ZrZnzs : Model (Zr)o.013 15 (Zn) 0,956 52 0G 522 = 40,956 52X GRhr 40,043 48 X GRh» —5 88840.804 X T [4]
ZrsZnse : Model (Zr)o.113 61 (Zn) 0,886 36 0G 45439 = 4-0.886 36 X G 40,113 64 X GYhe» —15 978+5.454 X T [4]
ZrZns-L: Model (Zr)o.25 (Zn)ozs 0G §3 = +0.75 X GR2» 4-0.25 X GYher — 25 9964+7.671 X T [4]
ZrZns-H: Model (Zr)o.25(Zn)o.1s OG G M= 4075 X GRMP +0.25 X GR2» — 22 40844.638 X T [4]
OG fe,zova = 10.072 X G:bec 40,856 X G %P +-980.404 6
¢: Model(Fe, VA) (072 (Zn) o g5 OG YA, znva = 1+0.856 X G 4-81.080 6 [2]
(Zn, VA) o072 OG Fesznizn = F0.072 XG> 40,928 X GRh» —2 722,735 9
OG Ya.znzm = 10.928 X G +763.042 8
5. Model (Fe)uns (FeZn)urs OG Fesrerznizm = +0.238 X Gl 40,762 X Gph» — 2 658.874 3
OG ¥e.znznizn = +0.058 X Gl 40,942 X G v — 2 098.996 2 [2]
(Zn0 050 (200 0237 OL Fortesmizmizn = —6 566.339 4+5.138 1X T
I, . Model (Feo 1o OG FLipeszn = +0.255 X G b 40745 X GRhv — 6 804,928 743.248 2X T
°G Fiznizn = +0.137 X GE:bee 40,863 X Ghe» — 3 507.852 3 [2]
(e Zn)ons (Zndos OL Flpezmzn— —2 448.022 644.313 3X T
OG Fe,FeiFezn= +0.539 X Gl 40,461 X G Yhep
OG BuFeFeszn = +0.385 X G 40,615 X G Yhep
OG Feoznibe,zn= 10.385 X G 40,615 X Gpher —5 883,557 7+3.093 2X T
I, Model ( Fer Zn)orss ¢ Fe. OG BaizniFerzn = +0.231 X Gl 40.769 X G» 44 689.606 6
OG FerFeznizm = +0.308 X G b 40,692 X G Y;her [2]
Zn) o151 (FeaZn) o231 (Zn) g 461 0G Vobesznizn = +0.154 X G2 40,846 X GYher
°G Fe.zniznizn = 10.154 X Gl 40.846 X GY» — 2 661.612 9
OG Vuiznznize = T G%MP +4 830,058 0—6.936 1 X T
OL Fe.zniFeszn,zm = —8 619.073 6+8.727 9X T
ZrFe;Zng : Model (Zr) ¢.043 18 OG ZF2H20 —=0,043 48 X G %P 4-0.086 95 X G e+
A TAE

(Fe)o.086 95 (Zn) 0.869 57

0.869 57X G%h»—12 680+3.6 X T
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Fig. 3 The calculated Zn-rich corner of the Zn-Fe-Zr system

1100
T,~ZrFe,Zn,
1 000}
o 900}
=~ ¥a-FerLiql ]
) 800 1 . T1+Zan3+L1q,
H .
3 700 F T1+F+L1q'
E T|+ZI‘EZD39+Liq.
S 500 T8 I T+Zr,Zn,+Zrin,
400 [T 4+6+T, ZrIng+T,+ZrZn,
300 L A ! . . .
0 2 4 6 8 10 12

Atomic Percent Zr

B4 ZnBEFEFLATUM InFeZr Z L REHHE
Fig. 4 The calculated vertical section of 87% Zn(atomic percent) in
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