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Abstract The alloying effects on the electronic structures of Zinc are investigated using the relativistic DV-
Xamolecular orbital method in order to obtain useful information for alloy design. A new parameter which is
the d obital energy level(Md) and the bonder order(Bo) of alloying elements in Zinc was introduced and used
for prediction of the mechanical properties. The Md correlated with the atomic radius and the electronegativity
of elements. The Bo is a measure of the strength of the covalent bond between M and X atoms. First-principles
calculations of electronic structures were performed with a series of models composed of a MZn18 cluster and
the electronic states were calculated by the discrete variational- Xamethod by using the program code SCAT.
The central Zinc atom(M) in the cluster was replaced by various alloying elements. In this study energy level
structures of pure Zinc and alloyed Zinc were calculated. From calculated results of energy level structures in
MZn18 cluster, We found Md and Bo values for various elements of Zn. In this work, Md and Bo values
correlated to the tensile strength for the Zn. These results will give some guide to design of zinc based alloys
for high temperature applications and it is possible the excellent alloys design.

Key words Zinc alloy, Dv-Xo method, Md, Bo, the prediction of the mechanical properties.

.M B

AFE Weh 2o] o7 ANE =Ho| wet A

s AR T stow shie) gl =

77) gia) 7H«l Aok} BEAES &

A2710) s
wge oha

2 AR

o4 AFE

()

utl
ied

ofp
ok
rr
ok
> 1%

-_—La‘/} ﬂ-ﬂic’ﬂ
o] o Fo] &7+
A AR AFe =

TCorresponding author
E-Mail : kangcy@pusan.ac.kr (C. - Y. Kang)

250

Aste Aol Agol ARE 4 Jorn HAxPFeALT
< B3] Adegoid A& AgEA rFssite A
of $HE FFEAE o= Wiol =AU & 4
T 2 3 5 2AAEEOV-XoHE olgstd
aAA O o] -3k} U}E} 3 Density Functional Theory

(DFT)<] o}L]— 1 DV-Xa¥2 Ellis®} Adachiol] 23] 7H
uly Bl = géoi 7288 A datas] &
o] 4= o]ﬁﬁ_:i' wHEA W29 e ke Hl
e A1da] Arbgdoltt Dv-XaH-2 Full potentialE
AMEEE R, HE2n)oux] F2oA e °ﬂL1X1 9 ALk
o] Jgsla B A 5 Wile F
ok 54 Zesns) AR g A
ool AES £ Sl 4 st 220y
2o Y9} A FaAAYUE BE F
, AAATRe] AAGHE o 5 %
. E3 DV t”owl:‘ ]
% ] 5 don, 359 2]
e A= bt

=7 Eo} 71AVE, ZEa

AL o o :
I A= ) < | (I A [



DV-Xa EAFIERE o183 Zn alloyd] 7141 44 &= 251

I19s ddez 2 AME sttt of
o st F4& IS A5 AUASHE DV-Xa
Mo Asg stdch 2Elx 7 ArkEEe d eng

SAUIA] 98 (Mdyek Z3) A4 43
& daagn. A4 44e A58 43 44 oy
el QARES TN B ARt

o
.qw
o
P
i
ml

2 dFedre w3 d3 APEEA Dv-XaZ A =
(dlscreate variational-Xa@ molecular orbital method)&
°] 8% DV-SCAT =S AHE-3te] 2t AxEe] A
£ AE8ATY Dv-XoBAAERE EAAES] H5d

AeRte] dA ] W SEe] AF¥EE
o2 ¥Ask= LCAO(linear combination of atomic
orbital)§ & ©] &}

= ZcikXi 0y

o714 x,‘.: AAES] EqF, AT o & 71AE
Fo] Az FHqEe] Arloln FEofof & 7:"—1:0]
o 3}E ] ¥ F<4 ¥ o) el (Hartree - Fock * Slater)H
sl oy g Azslith.) 7+ 9] A 3@34 o]
2L Y&y 98] BalA] Aorgk YEEA L o
£330, EAAE k] FRHTE L2 W

Q; = SijZfRCiRCjR )

2 Fod, Q,j% BAAE @ & e AEFTe F
A9 sl AALEE ¥HT F UL, overlap
population®| 2} FEtt. YA} Ad] &3l= YAHE 4,
B &3l YAHAIE joll thsl A overlap population
9] &8 3 Zo|] bond overlap population®] =5, A-
BY] FHAFAE Asrle A=t "ok £ 420 3
oA Qe jeoll thet HA &

Q; = ZQ; 3)

2 %XJH'J]E 9] orbital population®.® FEZ3 X
o #ulE MR AZE & vk oW Azl &t
Az gy Qe e 73l 2 gl £¢ /K&
Ax7E Aol AR S} FEHAFAe] AHE net
charge®}yl F-2H, o] 248 A& EAOF gt} o

o} o] HxApdEe] SAEL ofgA = HHY A

o
*

o], £x}e] A S olEl3t7] e {83 Aol
Ao doj BEAAE shtshls Z2Eo] A U

# 5o 7‘]‘: o] #xte] dHEg ¢7l Hal Fa3 Aol
Fig. 1 -& Dv-XoEoll &3t zn3tge) AAPIEIAIN &
BFEE L]'E]"'Hi'i‘:}. Zn& P 63/mme 57+l &= 2

AL AU Y3, AANTFE a=2.665, ¢=4.947°]
o, SAE T i B @R z=2)F AYL Ut A
Az, Wyckoff, ¥zke] #E ®7]%= Table 1] YeRA
k. DV-Xooll gt 71& 472, clusterd] 74 4
TE FHEE & A8 o 75 R AT ?ﬂ*“l
7He] Forkg VRS ¥ O Ade AARE ¢ 5 3
9 ZnS HCP AR TFZRE 2te 948 ME4 °Jz})—‘;——
FACE A 12 AR oA AB3ZHEAE LB sk Al

2Fet7] 98l M-Znl8 cluster modelE A E 333 D3h
o AAE o]g3led AASIATE Fig. 2 © M-Znl8

cluster model& VFERQITH 3t Alake] glojx AR
229 yEEl AASIYET. Znd AoEEYAE J__,_g

el elM Li, Be 5 ¢t 2% 22 ¢
79 sAlzs pA=ge 98] SHLART dﬂlEﬂlﬂlﬂ 2
& FHATL B 3dAEE wAe) 2R 2os 2HY

et 7 Aeag-g shedl A7 wAle 4Rt
ALY 4oz gloh gEiM MEe] HL 2
"}, o)Al H|F] 45, 4pAEE T ¢ B HAY A

— {20 s181 N8 2 | Zn |01 A B2
AULHUZAE 614

{%Vz Vb = 6%,

T

[ ov-xa wo 212t 20 2raE He |

2cle Hole X a4

S HA MEQ A(H), Si)
H, znuh(}s 21)(%()

s Eal (F-50=0
AZUWUX ¢ ,EXAT H= cH8

olf-Consistan

Fiold SCF2 BHS 3 &b

NSHOIE, SREBNGE
SCFol 28 ¢S

Fig. 1. Schematic flow chart of Dv-Xo. method.

Fig. 2. A cluster model,M-Zn18,used in the calculation.

Table 1. A Zn in the crystal system data.

Crystal Wyckoff
Atom System letter Y z
Zn Hexagonal 2c 0.3333  0.6667 0.25
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Fig. 3. Energy level structures of pure Zn and alloyed Zn with
transition metals.

Table 2. Comparison of the Binding Energy for HCP Zn.
Zn=18> 28% 2P° 38° 3P 3d" 487

Exp Calc

Spectral line Energy(eV) Energy(eV)

Is .

2s 1195.7 1126.3

2p 1021.8 995.1

3s 139.6 120.3

3p 88.65 783

3d 10 72
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Fig. 4. Energy level structures of alloyed Zn with non-
transition metals.
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Table 3. List of Md and Bo values for various elements of Zn.

Element Md(eV) Bo
3d Ti 0.66551 23775
\% 2.60611 2.1023
Cr 1.81535 1.8463
Mn 1.24934 1.9573
Fe 030514 1.9828
Co 2.82689 1.9327
Ni 1.03917 1.7883
Cu 4.03151 1.6315
Zn 0.22490 1.6329
4d Y 1.79644 2.6508
Zr 0.95116 3.0411
Nb 0.85054 2.984
Mo 1.14613 2.1959
Ag 0.64864 1.9479
cd 0.47841 1.9402
In 0.64034 1.9368
Sn 1.68321 1.8347
Sb 1.72953 1.653
5d La 1.87073 2.6348
Ce 1.23548 2.7548
Pr 1.06876 2.8935
Nd 1.10491 2.8388
Other Li 410412 0.5453
(S.P) Be 1.60259 1.2366
Na 2.65805 1.6658
Mg 1.91708 2.2047
Al 7.20837 2308
Si 6.5085 2.1876
K 2.86345 0.8578
Ca 1.81827 1.4058
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Fig. 5. Correlation to the tensile strength with for the Zn
diecasting alloys.
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Table 4. Chemical composition (mol%) of Zn diecasting alloys.

=N
OO
X
N
O-
o
Ho

Zn Al Cu Mg Li Cr Ti Ce v Si AR

1 95.83  2.93 0.67 0.03 0.01 0 0.02 0.4 0 0.09 259
2 95.11 3.53 0.78 0.05 0 0.13 0.23 0.19 0 0 268
3 93.74 336 2.86 0 0.01 0 0.02 0 0 0.02 323
4 9575 236 1.81 0.06 0 0 0.01 0 0 0.01 287
5 96.84  3.09 0 0.03 . 0.2 0.02 0 0 0 0 299
6 9421  2.88 2.59 0.04 0 0 0.01 0.28 0 0 305
7 9205  3.63 3.61 0 0 0.54 0.05 0.13 0 0 318
8 9681  0.64 2.48 0.03 0.01 0 0.03 0 0 0 242
9 96.38 1.1 247 0 0 0.03 0.02 0 0 0 253
10 9376 313 2.9 0 0 0.08 0.13 0 0 0 304
11 9389 331 2.58 0 0 0 0 0.19 0 0.02 291
12 9903 095 0 0 0.02 0 0 0 0 0 199
13 9632 305 0.26 0 0 0 0.03 0.34 0 0 286
14 9438 3.1 2.5 0 0.01 0.01 0 0 0 0 339
15 9685  0.68 23 0 0 0 0.04 0.12 0 0.01 225
16 9639 221 1.27 0 0.01 0 0.12 0 0 0 285
17 9466  2.82 2.48 0.03 0.01 0 0 0 0 0 321
18 9851 076 0.3 0 0.01 0 0.04 0.37 0 0 231
19 9839  0.99 0 0 0 0.1 0.13 0.37 0.01 0.02 219
20 9413 2.79 241 0.04 0.01 0.14 0.12 0.34 0 0.02 320
21 9873 092 0 0.02 0.01 0.1 021 0 0 0 229
2 9651 0.7 2.44 0.02 0.01 0.02 0 0.29 0 0.03 247
23 9847 105 0 0.05 0 0.1 0 0.33 0.01 0 204
24 9879 086 031 0.03 0 0 0 0 0 0 221
25 9656 1.0 225 0.04 0 0 0 0.08 0 0.05 225
26 9716  2.83 0 0 0 0.01 0 0 0 0 258
27 9230 328 3.93 0 0 0.28 0 0.19 0 0.01 323
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