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Table 1 Four element parameters of Nb, Ta, Tiand Zr

Element ri/nm VEC E/GPa v B/GPa G/GPa
Nb 0.1429 5 105 0.4 170 38
Ta 0.1430 5 186 0.3 200 69
Ti 0.1418 4 116 0.3 110 44
Zr 0.1551 4 68 0.3 75.4 33

TR Z 0 /T 6.6%BH ) & brvfe; LK Wang % T
JE T BENLHES 1) 2 & a0k R 45 H AR TE BT
WA JHTAT R A NT 117502, 5 diix 4 Fh
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bee B AH [l ¥ A4 45 44 o DRI Ik AT SR R AL ot A 3 AL
(VCA)H & H NbTaTizr &4 41 bee @RS Fi Ay,

VEC =) c,VEC, &9

i=1

Ho, o R TmR MR H, VEC KR TmR I H
FHL nBRTLRME TR, r RRTRNTFYE
TR, BRI R N BN E TR, R uER
KIET 42
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AW FAE AT AR TH R, 25 58 2 B A% 8 B
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Table 2 Values of VEC, é and 4 of NbTaTiZr series alloys

Nb,TaTiZr NbTa,TiZr NbTaTixZr NbTaTiZry
" VEC ol% A VEC ol% A VEC ol% A VEC ol% A
1.0 4.5 3.8342 1.112544 4.5 3.8342 1.112544 45 3.8342 1.112544 4.5 3.8342 1.112544
1.2 452381 3.758 1.112578 452381 3.758 1.112578 4.47619 3.8214 1.112624 447619 3.9765 1.112394

1.4 4545455 3.686 1.11261 4.545455 3.686
1.6 4.565217 3.6179 1.112638
1.8 4.583333 3.5532 1.112665

2.0 4.6 3.4918 1.112689 4.6

1.11261
4.565217 3.6179 1.112638
4.583333 3.5532 1.112665
3.4918 1.112689

4.454545 3.8033 1.112698 4.454545 40802 1.112259

4.434783 3.7813 1.112765 4.434783 4.1552 1.112135
4.416667 3.7564 1.112827 4.416667 4.2088 1.112023

4.4 3.7293 1.112883 4.4 4.2459 1.111919




511

Fbr 545 NbTaTizZr 22 A& Sl BHEAYIAT R 21 BE R 28— P SR BB

i ¢ Schréedinger , JE B N B ¢ H K

(norm-conserving) ; ZeiEUCSICHE IR, T T3 b
A N 1100 eV, W B 3 4% K 2 B A E O X
Monkhorst-Pack W% 1) k 54 15x15x15; H &K%
)y B R E /N T 5.0x10° eV/atom, {F RN ET L
1 73/hT 0.01 eVIA, K /1246 /T 0.02 GPa, LA
KR T i KA /N T 5107 nm. & — 2 B E sk
FAF R BE R /N T 5.0107 eV/atom, f5 K IEAC Kk %
BN 500, HTAHEMEEEGER, KH%EREGE
AL DL D B BORAS AT SE RS, ACHIE 7R FH BRIA
{1 Pulay JE &4,

UL ESHEE XM, HHEAESA bee 4iMM
NbTaTiZrMo )i & 4 VCA B, 15t 1) &ks S 50N
0.333 55 nm, 5 SCHR[35]45 i ¥ 5258 (A 0.325.0.333 nm
M—8. B, AREFFRATERN SR E LA,

3 #ER5ITi8

3.1 LEMIMERR

NIV E FERI RN, 2% R B RE 15 0 N AR 1
g e BT BRI % B 5 AR IR 2 230 22 48
K, SEHSEMEERZEPE, FEEREENKE &
IEE 0 BARA AN,  C koA s S BHE A (1) 32 2
JERIEI, Bk, ALBExr NbTaTizr 2L A6 &k
ITHEEEMEESHNITTE. Z2H068N%ETHE
AR

p=—2i(Ni'3V|i) (5)
N, a
X, N2 i MoRMETEH, MEE i FiooRm
HIXR 78, Na=6.022x10%%, JyfiffR{nfi % # 4, a
R DR R AT AR A JE A5 1 A A

1 45 7 NbTaTizZr RZH Tt G & fh it H HA
FREEREE Nb. Ta. Tiv Zr S EMZL. MWE 1a ]
LB, BE%E Nb. Ta. Ti3 Mo & S EMZHHE N,
A 4 1 A BULE IB TR /N, T Ze R i S 1 A 4
(1 A% HOE K, KR T Zr B IX 4 FocE B R
Kiiz. MWE 1b il EH Nby Tiv Zr 3 MRS &
(R ET I, AT LLFRAE NbTaTizr & 4% E, 1 Ta
LR GRMIGMAERZEENEEE L. XE2RA
Ta JCHR% w7 HAR 3 Fiock. Bk, EmnbEmieR
JLE M E ] LAE 15 22 41 00 & 4 10 Sl A% 5 H0 s 1 m
RN MG &8 ] DS 2 A& 0% R .

TELL NbTaTizr JyEail 4 % =0 B m i & 4
MR, AT DA IMR T Ti. Zr t RS &, Wb m
ZIE Ta LR M & & FE B RINNnH S RS % E

* 3951 -
£ 3.444} b a
HC —O0—Ta
o ——Ti
Y 3.430 ——Zr
S 3416}
[%2]
5
O 3.4021
[«5)
2
£ 3.388}
_I 1 1 1 1 1 1
10 12 14 16 18 20
10.0+

©
3,
T

Density/g €m™
[{e)
o

e
Ul

o
=]
T

10 12 14 16 18 20
Content of the Element

1 Nb. Ta. Tiv Zr &8 XF 5% HOR % B ¥ 52
Fig.1 Influence of Nb, Ta, Ti, Zr contents on lattice constant (a)

and density (b)
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Table 3 Elastic constants (Ci1, Ci12, Cs4) and the square shear constant (C1:—Ci2) of NbTaTiZr series alloys

X Nb,TaTiZr < NbTa,TiZr
Cll ClZ C44 Cll_CIZ Cll ClZ C44 Cll_CIZ
1.0 161.02690 111.37476 26.14414 49.65214 1.0 161.02690 111.37476 26.14414 49.65214
1.2 167.63317 110.18833 24.71821 57.44484 1.2 167.34857 110.31440 25.08519 57.03417
1.4 173.06390 109.50771 23.36852 63.55619 1.4 172.61729 109.72245 24.12383 62.89484
1.6 176.85486 109.57679 21.99929 67.27807 1.6 176.44057 109.80755 23.19493 66.63302
1.8 178.90967 110.36605 20.49269 68.54362 1.8 178.72638 110.58721 22.17436 68.13917
2.0 179.66067 111.70776 18.82255 67.95291 2.0 179.66643 111.84879 21.01198 67.81764

« NbTaTixZr « NbTaTiZry
Cll ClZ C44 Cll_CIZ Cll ClZ C44 Cll_CIZ
1.0 161.02690 111.37476 26.14414 49.65214 1.0 161.02690 111.37476 26.14414 49.65214
1.2 153.98621 113.51907 27.21726 40.46714 1.2 155.31655 111.50695 27.26048 43.80960
1.4 147.99321 115.14745 27.90376 32.84576 1.4 150.31052 111.41510 28.08157 38.89542
1.6 143.11112 116.30460 28.50290 26.80652 1.6 145.90624 111.18745 28.68424 34.71879
1.8 139.40617 117.03079 29.19943 22.37538 1.8 141.99305 110.85117 29.10479 31.14188
2.0 136.80286 117.36855 30.07786 19.43431 2.0 138.53298 110.44807 29.42021 28.08491
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Fig.2 Influence of Nb, Ta, Ti, Zr contents on Cauchy pressure

(C12—Caa) for the alloys
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H EAMKZE 54 GPa, #HIEEE &M #MAARE (30 GPa £
F)E AR T ARG 4. [ PSRN DL A Al B A B e I
R e, HAERT N RIS, eAh, Li St

LA KA R Si ek, Wit stk oA
37 GPa IIHT A p sk & &Y,

R B PE A B 1) B R N WA REAE AT DG e FL )
HOR AW AR AR TN, B ke kR
il & AL G FE e A AL, TR R A SR 2
BEATHE IR . & @M —BOR R R RS & 5 BT ) B 1)
ELAR BIG RIVAHA b (v) SRt B I o e e A B9 ) 48 1
(fIELME BIG #K T 1.75, & @A R e,
Fa b (1< v<<O.5)HU{E R KX, 2 WAk Bhir 22 i 0] e sz 4
BETARR, MR e S O, bR A 0 A B
Nb. Ta. Ti. Zr 4 Fioe & K& &0 50 & 4 BIG. 11
Fa Lt vk 2 1 4 iR o

Kl 4 )64 BIG AR L vBfbia s — 5., BEFE
Tiv Zr TESTEMMN, BIG Ay vEI LT
# MBEE Nb. Ta mESEMIE M, B/G ALY
SIS TR G BT, H 2 ANEL R ) B ME AT B
IR —3. NbTaTiZr £Z 4t BIG HIHEZ K
TR G P s S 1.75, BRI, %4 T
B a0 SR IR Sk R AR VMR AR T, R DAV A Y B
ST G AR KA. NbTay,TiZr v 0.4, SR
AR ZER S TERE LK (UHMWPE)

NS 0.46 (kA ELAR S, BAR Ti ATLAR %
[ e & a B, 28 T 15 30 5 ks e (VB R
SR BV DL 1) NbTaTizr 22 A e AW & &4k
BEERSRES] Ti S &

3.3 ZFmEEM

WA RILE AT FH I 2 A 2R 0 1 7 A 5 e v % 1) S
YR BN, ML RS S A R TR
DINEeRcy - LY =Wk v S N P s S DR ) e 3
Fm e, BAT— e SR .

FHRE % 170 57 4k 28 B0 i 4% 3505 1 2R 4 AV B9
PRAFE B % 1) S 1tk R B ABL BUYIBE B & 10 2k R %
A® F1%:T-(100). (010). (001) 3 /M) TH (r) B 47) 1 &%
S R E AL Ag AP, BURCR P ER A — 1 R FE T
A TR SR R R (sy) kTR E & R AR
511'312'544/2[60]= 2 $11-812-544/2=0 Bf, E J9 % ] [ % 5
2 $11-812-544/2>0 W}, E 7E[111]77 [ £ K 1] 7E [100] /5 [
B/ 2 811-810-54412<0 I, E £E[111]77 [ &% /N 1T £E[100]
JilAEK. NbTaTizr RZ 4104 4 150k 5 1 R 50
B 5 FToR, H ST i ZR AR AU R % [ 44 < AP=0.

ME 5 AT PLEH, SE4HI0 NbTaTizr & 4% &
MR BRI KT LA E, B R & R, 8
A% 100 Sk 2R %0 AV R BY D) AR B 4 I S 1 R B AC Bt
FIL R RN RS K, & m R A Ao
As R 1A & AN [7] & T BY DA & 1) 4% [ S v, AR S
m RS RR M, Ai=A=As, BEE RS EIIN I, Y
B 5% ) S v R AW B 1 (R BTG O, HRBBY
PR T & T S 1 3 5 . 26400 NbTaTizZr 541 E
Foe K AR I /N B 4 531 HE BPE [141] 7 [0 RT[200] 7 17
B Tiv Zr SR, IFEA BB K R R K
fERR/MER) J5 s HBEE Nby Ta & &N, f#
73 NbTaTizZr R4 4 E MR AE S R RAE T Hik.



* 3954 - Mty B RS TR %5 50 &
10 12 14 1.6 18 20
. - 20}
1.60 —0—Nb
1.20f —o—Ta <18
) ——Ti Reld
% 080r "7, G
0.40 % I
0.00 - 1.6 ——Nb
: + + t t t + a —0—Ta
0.15F ' ! ' ' D :
—o— Nb c ——Ti
010} —©Ta Sl4r oz
o ——Ti f
oo e 12}
0.00 ; - - - -

S Nb

«250F —o—Ta
Ir 200p —&=Ti
< 150} ——Zr

Al
o -
(S =]
o o

Y
o | ——Ti
+0.015 o

11

o
o
o
o

10 12 14 16 18 20

Content of the Element

KI5 Nb. Ta. Ti. Zr & &x & 68 w20 m
Fig.5 Influence of Nb, Ta, Ti, Zr contents on anisotropy parameters

for the alloys
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Fig.6 Influence of Nb, Ta, Ti, Zr contents on the hardness (H)
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First-Principle-Based Computational Studies of Mechanical Properties of NbTaTiZr
Multi-Component Alloys as Orthopedic Implant Materials

Chen Huaihao®?, Deng Linhong®, Wang Lizhe®, Wu Changjun®, Pan Zhigang*
(1. Changzhou University, Changzhou 213164, China)
(2. Shazhou Professional Institute of Technology, Zhangjiagang 215600, China)
(3. Jiangsu Urban and Rural Construction College, Changzhou 213147, China)
(4. College of Materials Science and Engineering, Nanjing Tech University, Nanjing 211816, China)

Abstract: In this study, we used a virtual crystal approximation (VCA) method based on the first-principle density functional theory and
the generalized gradient approximation (GGA) form to establish a body centered cubic structure model of NbTaTiZr alloys. In order to
provide a theoretic basis for optimizing the NbTaTiZr alloy according to the requirement of orthopedic implant materials, we computed
the structural and mechanical properties of the model alloys including elasticity, anisotropy, hardness and wear resistance, and
investigated the influence of the components on these properties. The results show that Nb and Ta can improve the ductility and bond
properties of the alloys. The increase of Ti element content is conducive to the reduction of Young’s modulus and shear modulus of the
multi-component alloy, which significantly improves the plasticity of the alloy. However, in order to match the alloys to the natural bone
in terms of Poisson’s ratio, the content of Ti should be strictly controlled. The influence of Ta, Nb, Zr and Ti on the anisotropy of the alloy
increases successively. The Poisson’s ratio of NbTay4TiZr alloy is comparable to that of the ultrahigh molecular weight polyethylene
(UHMWPE) used for artificial hip joint and the microhardness is most close to that of human cortical bone.

Key words: multicomponent alloy; orthopedic implant; mechanical property; first-principles
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