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PEEPARATION AND PROPERTIES OF Ti-Sn BIO-
COATINGS BY LASER CLADDING ON TITANIUM
SURFACE

ABSTRACT

The biomedical sector frequently employs titanium alloys because
of their minimal elastic modulus, robust resistance to corrosion,
outstanding biocompatibility, significant yield strength, and resistance to
fatigue. Yet, conventional titanium alloys have a greater elasticity
compared to human bones and lack adequate surface wear resistance,
frequently resulting in implant malfunction. This research involved
computing the structural integrity and elastic characteristics of Ti-Sn and
Ti-Sn-Mo alloys through fundamental calculations. Furthermore,
coatings of Ti-Sn and Ti-Sn-Mo alloys were created on unadulterated
titanium surfaces using laser cladding techniques to explore how Sn and
Mo elements affect the microstructure and mechanical characteristics of
these alloys. The primary deductions can be summarized thus:

(1) First-principles calculations were employed to determine the
structural integrity and mechanical characteristics of compounds found
in Ti-Sn alloy and a-Ti, B-Ti. The stability calculation results show that

the elastic constants of all structures meet the stability criteria. With the
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increase of Sn content, the binding energy and formation enthalpy are
increased, indicating that the stability of the compounds is decreased,
and the TisSn compound has the strongest stability. The elastic
properties calculation results show that BTi (58.006GPa) and TizSn
compound (88.81GPa) have low elastic moduli, which indicates that the
addition of appropriate Sn to generate TizSn compound can reduce the
elastic moduli. The mechanical properties calculation results show that
the calculated hardness of BTi and TizSn is small, 1.26GPa and 2.85GPa
respectively, and the hardness of Ti,Sn and a-TigSns is larger, 8.21GPa
and 8.58GPa respectively, indicating that all structures are basically
ductile, and the addition of Sn can improve the hardness of titanium
alloys.

(2) Alloy coatings of Ti-xSn (x=5, 10, 15, 20, 25 wt%) were
fabricated through laser cladding techniques, and their minute structural
details, along with resistance to wear and corrosion, were examined.
XRD and metallographic experiments show that the main diffraction
peak of Ti-Sn alloy is a phase peak, which decreases first and then
increases with the increase of Sn content. The peak values of TizSn and f3
phases show an increasing trend, but the content is small. A new phase
Ti,Sn is found in Ti-25Sn alloy. Microstructure test results show that
with the increase of Sn content, the strip a phase begins to thin and

shorten towards acicular martensite transformation. Hardness and
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friction and wear test results show that with the increase of Sn content,
the hardness shows a trend of rising first and then falling and then rising.
The average friction and wear coefficient is opposite to the change law
of hardness. Among them, Ti-10Sn has the highest hardness (698.28HV)
and the lowest average friction and wear coefficient (0.656). Corrosion
test results show that Ti-10Sn has a low corrosion potential in saline
solution containing 3.5% NaCl, but the impedance curvature is large
after electrification, resulting in passivation film protection alloy.

(3) The stability and mechanical properties of Ti-10Sn-xMo alloy
were calculated using first property principle. The calculation of the
stability of the alloy structure shows that the elastic constants of the
alloy structure meet the stability criterion. With the increase of Mo
content, the binding energy and formation enthalpy are in a downward
trend, indicating that the stability of the system structure is increased,
and the addition of Mo element can improve the stability of the alloy.
The calculation results of the elastic properties show that the elastic
modulus of Ti-10Sn-xMo alloy is in a downward trend with the increase
of Mo element content. The elastic modulus of Ti-10Sn-15Mo is
63.521GPa, indicating that the addition of Mo can better reduce the
elastic modulus. The calculation results of the mechanical properties
show that with the increase of Mo content, the B/G value and the

Poisson's ratio (V) are increased. In addition, the hardness decreases with

Vi



RT3

the increase of Mo content, indicating that the addition of Mo can
improve the toughness of the titanium alloy.

(4) Laser cladding technology was employed to create Ti-10Sn-
XMo alloy coatings (x=5, 10, 15, 20 wt%), followed by assessments of
their microstructure and resistance to wear and corrosion. XRD results
show that with the increase of Mo content, the peak value of B phase of
Ti-10Sn-xMo alloy increases first and then decreases, and the content of
a phase gradually decreases, and the  phase content of Ti-10Sn-15Mo
alloy is the highest. Microstructure test results show that Mo element
can convert more o phase into  phase. Hardness and friction and wear
test results show that with the increase of Mo content, the average
friction and wear coefficient increases first and then decreases, and the
average friction and wear coefficient of Ti-10Sn-5Mo (0.462) is the
lowest. Corrosion test results show that Ti-10Sn-15Mo has the highest
corrosion potential and the strongest corrosion resistance in saline
solution containing 3.5% NaCl, but the corrosion current density is
larger and the corrosion speed is faster after electricity is turned on.

Tang Yong (Machinery)
Supervised by Prof. Da Shu
KEY WORDS: Medical titanium alloy, First principles, Laser cladding,

Microstructure, Friction and wear, Electrochemical corrosion
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TFIAS AT, seag A RN, Ti A Sn oG E AT LUE K Ti-Sn oo & MG
Wy, HHAAEYERZ B Ti 1 Sn 7 ELEm, WFass REW Sn L& M
ININREAE — E FE B 4R v & 4 I DU Tl vk R

LR, Ti-Sn ZuAEREIEERSF SRR EY, JE H AR R
HaMEL RS A B LR R e . SR, RO E & Ti-
Sn ZIGE S IR RARN, 2 AT LG E S % Ti-Sn & S0 % E
TEHAT TR, (BESRHEOCThR T2, Bt DR i 14 78 i B &
LHE. BOLRERARESES . ARG HMRERRER A, Hl&aEnhe
W3 A 4R 2 A B P R
1.5.2Ti-Sn-Mo &€&

Mo £y B AHIARE G E, WML S ERE HLF (R EA B AH, 128m B A
BRI, SR BRI R . A L. BRARAE AR A B S R R
LR TR T AR RS R Ti-Mo & 418, A4 R, BEE Mo & =¥
B A RN, 24 Mo &Ik 30 Wit KA B HIAEAE; Jistaigt Rxm,
) Mo #iEIA 15%F, JEARSEE &L, 1A% T 1307 MPa. Muhammad Lugman
HASHMI 55 AR HL B R I B0 i 46 1 Ti-xMo-3Sn (x=2, 4, 6, JEE/R7)
M, %)EEM), HRLEREN Ti-xMo-3Sn &&ikRF, BEE Mo G g%
SEXINIE RN, BERE RS KR o-ath AHFTHIE S, VAR, BEE Mo &
=N, B AR o B, HEERD, XREAT oo AN Z AT
#. Nthabiseng Abigail Moshokoa &5 A\7E Tk HLSRE IS4 b il 45 1 151 1 (Ti-
10.02wt% Mo. Ti-10.83wt% Mo. Ti-12.89wt% Mo Al Ti-15.05wt% Mo)&r 4=,
I XRD. {94 AR (SEM) AT B AT (EBSD) KL AAH, 45 KB,
SHZR AR AL T (BCC) BARANIERS B I (o)A, IEA2 1 IR IEEBE Mo & &
Y38 I T R /DS, B G 0 S R R S R R S L e R R (K
70.48GPa. E.M. Park £l C.H. Lee 55 AR 47t 2 HL AL i % T (Tis2Snas)1oo-
Moy (x=0. 1. 3F15) &40, HAWFFEY Ti-Sn-Mo &4 i AT B-Ti

(Mo [ A LA AN [ AR 23 BB o3 A1 (R IR 54 o-Ti AT TiaSn AHZ Ak
W& Mo SEHin, B-Ti &3, ¥ B-Ti MAX I B-Ti (Mo) #
FEH o-Ti/TisSn AL U S AR BB A5 R IR R, X B T & S ISR EE AN B
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RT3

i bprid, SRR TZIERISIA T Mo iR e, MU
AR MR, IERER R SRR, IR UETERE. (H2X
AN

THOCIHEER % Ti-Sn-Mo &MWL, mEOLEER &N & e KM
draRtl, G E s R, K, WA BOCIR B BRI S LG SRS

PR Rk HARAPEA B N AV ARG .
1.6 AR R LE T

INEEREWNGN W 7/E g RN VARE I S-S S R ey EPORTmIE AR B Y 3okl
fro SRIMT, A E] B 2 S BRI 51— R 5008 £, WISAE
M EREAE. A, BTG S5 NMRE SRR R R E S, A
BEHEL “N bR PSR, B ECE BRI . DIk, R PR S AR
FHAAE R 22 e HARSEER R R ARG S RA EEE L, JFal it
i =7 7K

1.7 KX EEMRAS

171 RAR

= ARG 4 5 2006 2 R ) S 1t e MG AR B S 0K, DRI AE et
W TUSIN Mo Nb. Zr B Sn SEA3E o &R . RETTERAMULT, MHAFEE
MR GG irdE. o, SnouERAT LS & &M% Di6E, Mo JtE AL
BRAREEMERR . DRtk TEAHFRHIER T Mo Al Sn AENERINICER, FERIHE
— M BT T VAN Ti-Sn —onA 4 & Ti-Sn-Mo = o & a7 17 %1t @i
SIE TR AR TR A S, R TR, FEAEUTA
2%

(1) 85— B Ti-Sn Znae A Ee &M Ti-Sn-Mo =
TCE SIS HIAEENE . I N e, AR T B 4h B0t se i AT Bt
A

(2) RHBOCHEF AR Ti-Sn —juéEe K Ti-Sn-Mo =& a#HiriRz
W%, HAEEEMTTEERIR T A& SN E MR, 2T Sn It
25 Mo TGRSR G B H 2 RE S M AU



RT3

(3) Xt Ti-Sn &4 M Ti-Sn-Mo = Ju& &b AT 7 R H B35 14 RE A FELAL 2
PPERERF T, #2500 Sn RS Mo TR A 42 MR BE 1 K 4t
THHLER .

1.7.2 (R FAR B2k

AV B & 1-2 Fos, ATCAA AWAE, 85— 0 d ST AR  EAT
S PERERE B, JEXTTT SR B S MR E R AN S BT TO . 2E P,
HRAR TR S5 J AT R IE b, SREORALJ ) 38501 T 2 A= 4830 o) 4%t
2, W E &R SR AT MO AT FEBR S B REAI . T A

7 =

b

Btk

HAE (VCA/GGA)

1 | s |
iﬁ ﬁ ﬁ m Eﬁ@ﬁﬂz
e Bl (B % ErEa TRk
i I5il H k :
-



RT3

B 2EF ILWMREIFNRIER A

2.1 SEIu ARl

2.1.1 SKIGMHRLER

AR S — M R TN Ti-Sn —JoAHEREAT By Beih, RIUIMNER & &
Sn JuERI, AR BILEYIRER A AR TT & 5 ) A VR RE AN PR AR L It AR
N T IRZBBAER LG, 7€ Ti-Sn &4 U Sn Jo R,  FF4% 5t = LL il A 5%%1 25%
LR, A R . RIS R Ik 2R A PR Re s R I — 4 Ti-Ssn &
whE, #—L5IN Mo gtz . Mo Jo 3 BV INE 142 18 5T & EL B\ 5%31] 20%i1%
Ly, CEVHBRE . ACh T RIBEER RS AR, A HE T
¥ (AifFE>99.4%, My ARKIEEN 70um~120um). Z5ERE Sn ¥y (4EE>99.6%, F7
KK N 60pum~90um) FIZRERFIEH 3 (99.99 %, M AKIE 60um~80um), FiA
FITOE S 2-1 Fos . By R ik & — 2205, J8id EDS etk 4 R %

K 2-1 BB K SEM TESIE: (a) ZEERR R (b) 28k K (c) ZiHH R

10
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R 2-1 TR RANR SR A L2 e (R HL %)

AR C o] Si Ca Br Al

Ti 0.14 0.27 0.03 0.05 0.06 -

Sn 0.09 0.11 0.01 - - -

Mo 0.05 0.25 0.02 - - -
Ti-Sn 0.13 0.22 - - - 0.02

Ti-Sn-Mo 0.14 0.07 0.04 - - -

WO E S %G, BARIEE A4 SEH & 1 1A S AR AL E o)
ALK 2 R o R B UM R 4% LU A9 C B 50 il 5 78 S AT B BREB AL (K WD R )
XQM-44, K 2-2 FizR)#A7IR G, %% i& 200r/min, EREEI (A 3h, {RIEH K
RG] A T WA (E 7 EACE T SEM3200 ) MLEE8 A kA% It
BATRE A, WK 2-3, 2-4FR, JUESMERINE, BHIRESR R,

-

---------------

2-3Ti-Sn LR &M AK EDS i &0 Ai: (@) Ti-Sn AR A; (b) Ti #: (c) Sn 7

11
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200pm

K 2-4 Ti-Sn-Mo = TiR &K K EDS Je R 731 Kl
(@) Ti-Sn-Mo VB & ¥R (b) Ti #: (c) Sn #: (d) Mo ¥y
WOCIETEHOR B G, TR 2 T2 I 2 O s 78 1 R rh iy WL ) R
2, RME R R R AR R AR S S B A ] 1 45 A 253, Sl
1B R SRR B S A 5P, SR AG G2k 38 i3Ik RE0m
W FURFTRERIHE o AS VR S50 H A B AR AR AE AR 58 T K 22 A K <6 s o o
AT RIGH) 2508 BE TAL Z0EREH, R/ 9 100 mm><100 mm>8 mm . 4fi%k
EIRGR AL LU 2 B EOR, (B AEYIMHEEAEIE R IF, i
U N S E RO [E € FHIRAT Sk, BT S AE GBS ST, T
DRI s A K R T I R [ ARk AN A B, SO O 7
wEHRE S IR . AR IR 2-2 fros, P Wik R Ti4h,
HAH 2% C. Ny O %R,
#* 2-2 205K (TAD KR (R, %)

T Ti C N 0 Si Fe
TA1 &5 0.07 0.02 0.16 0.01 0.20
212 REHIFHE

SCIGITURTT, W SEIG I BEATALPE, H 4 ~FHIBAEE | R AR T T
B, MOMmBLZRER, SIMESRICE, B0y msm =1 .

12
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T 5 56 F30 5 4 M RON 0 2 p gE AT TR AR B, AR S50 SR B 19 T A O B2 Dy
400°C, TR FEA IR L 5 % B IR LA A .

ARSI 64 T RO R BIE Ay, FReM S s hl &, WIRIRE R
AL, 2 BIEREE IS ) Ti-Sn #p oK LA K Ti-Sn-Mo i RFFATHET 0B, PRIEF
KERANE RUF. ALK AR KN 1080nm. JHEEE N 4.0mm K7 RS
Hl (IPGYLS-10000, %[ IPG A EABOGIEN2E Ti #RH AT O E IS
FF 0 S 56 57 FH A 2T A R R (DB-XWI) X A4 HEAT TR . I 0 78 S 06
I, SRR EA 2 (PF2-2LC) &%y, RYSEN G (AN <. #otk
Yo7 S K ) 4% PR AR BB TR B I op, A A R, R G bRE A
18 R

& 2-5 (a) OB & (b) RS () kA
RS 5 SR HURG I LR F E YL B R A BR A 7] A2 7= 1 B K Az D) #IHL
PR (DK7720) % BESR AT AR D) #], DIE1JE K/ 15mm>=15mm>10mm. 444
TR Z R I AT OGN, TR 60Cw~2000Cw HZUALTE B Kb 4K1%
PAFATIT B -
213 TZ5HIEH
SONEOCIEE IR B ENBERARE, Hh TSR EERBOCIIE.
REFEADCHE ARSI 2, BT ER SEOGKE R, HEARREE, W
BEAHIE 7 3 B O D) S A R 8 S 4 B

13
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RT3

K 2-6 H1 K AEBIEIEIPLR (DKT7720)

AR R WG SEBRAE =BG, RN R 2 AT 2250, KR S
JEPE R I e, H Ry 360mm/min, HBERH N 4mm, JE
WS EOC TR KRR BRI TS0, DL Ti-15Sn B A A RL,  EEUANE
FIBOETh: 1000W. 1500W. 2000W. 2500W, MEHA % 5 (& mi i &, H
Bea R 2-7 Fion. HERTE], ThE 1000W I, RA —L/NUIHE, X2
MARRTESIBNSEW, WHREAY, RS, SERARGE, Y% N
2000W A1 2500W IR & R AT, ol KEIFLIFMRE . BE 3 P04 DR Y
FESMEAT THEREATIN, S5 RnE 2-3 Fron. WLLEH, WESAHZEAR,
XKL 2000W B RCRBEF, S5 G ISR G4 R, R&RBOBOE D%
N 2000W .,

# 2-3 Ti-Sn & F LS I hs A

HWotzh=x BERE (HV) VR

1000W 5875 5934 6015 6040 5980 5924 5952 596.0

1500W 563.2 586.8 5775 5674 6084 5814  598.0 583.2

2000w 6085 6472 6265 5980 588.2 6175 6055 613.1

2500W 596.6 598.0 6085 6175 6235 619.0 6055 609.8

14
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K 2-7 Ti-Sn A& AT 22 HCF £ H i (SEM):  (a)1000W, 360mm/min; (b)1500W,
360mm/min; (c) 360mm/min ; (d) 2500W, 360mm/min

Kl 2-8 4 Ti-Sn-Mo = u& &z LR TZH & &&=, MR

KB FRERIT. B Mo JTCEMA A 2623 °Cran T Ti LRI A 1668 °C, {HFE Mo

TLERESERD, FrLlEETh®E 2000w, FHHHEE 360mm/min, #14& H K Ti-

Sn-Mo & 43R T i B AT 5 25K

e ”T:;—‘%l-:f =

%] 2-8 Ti-Sn-Mo & 4:7E BOETh# 2000W, 43385 360mm/min “F ) 26 7 i fit
2.2 LHMRIRIER &
2.2.1 XRD &30

AT WRFRIZ M GWE R, A8 o A A% VI BN (DK T720) % REHEAT

15
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BUREDIRL,  BAE ROy 30 A FEHEAT )R T HI K/ g 15mm><15mm><10mm
e FHAHE

KH BB A, B4R B AR A b, R AR e RO R R
TEREBNI LD AR B AT, 75 LA R RS N B SRR SR AL B AR . mb AR H %L
WRUAE I, HE 1500 H, FEHRIMITE 261 I B XYRBOR, &)a 6 H
REEEHOET RS . R X 75 (EEAGE 5w D8 FOCUS A Xt )& i
RIZDMARGAT 4T, B 2-9 JCERE . N B B s KE RN 40KV,
RRETA 3<10°A, £ 10% 90 N LL 6 Imin [ fld L T
BEATIE . HAIEE IR S PDF FrifE R AT HUXT, SRAGHIIZHZSE 2R 4% .

2-9 i [F 45 57 D8 41| X B L ATHHX

2.2.2 REMHRAH

KPR BT BRI TR IT, XFE IR )55 g
SKASIIRE S ) TIOR3 . K AE B THT 4% S804 T e B 5o, R ey
1), TS B R RIS A I 75 A3 FH 4 A B AL (L S8 A3 YMIP-
)BT E R B G ACR, BMILnE 2-10 (a) Fros, ek Hils
A I B 22 2 A, 55 A8 P 4 P S k0 R B THT 1) 4 H 2EL 25 e
ok, FERE ) Kroll S AHJE TR, F it [a] 4% 76 80s~120s 2 [A]
AR FH E = ECE PR B8 (SEM3200 ) LR T ET SEM A&,
ME BRI AL A, ik 2-10 (b Fis.

16
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K] 2-10 (a) &AHEWNL; (b) I HE T B4E

2.2.3 BIREE

Bl 5 RAEADRLERBERR FE 1) — Bl BB, R AL 7 5 1 e e 1
B S ARERARR TMVS-1 B3 BdEE T (B 2-11 i)
MR FR AR PIEAT IO, SRS 1E AR T IR B3R TP 5 0 R I 7 BEAT R U
WE 9.8N (IKg/f) A TAERMT, kit nEsi 5 frEk 15s, A5 FahllE /%
TN AL KT, @it xt M2k D1, D2 {E R A5 4 ECRERE . AANRE S =
5K, BRASERIS KCFEIE.

2-11 TMVS-1 AU 8 34 IR it

17
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2.2.4 EER R BE T AR
PPN AA B B P 1) B B B o AR AT BE i B v e I AR
RtecMFT-5000 Y i 22 52 S0 EE B B i B ML (A ] 2-12 o) o iR 14T 8 T
T B AR S, R G T AR AT BRI AT BT . N T VAR
IEEEEPERE, FRATRAEARA 4mm ) GCri5 MERVE N EEIERI, THEEA 780HV,
£ 300r/min HEEE Tt 40N 9% 5] Smr A St 2E AT 600s B H S i
W45 2 TH B8 IR T 245 I ) PS8 1 o 1) 3 T 6 R 0 DM = A B 5 MR B 488 o = A 1)
FEIRACIER, W] LSRG S B R BE M B KT A BE B R B . A, B AT
PR AR B85 B2 DA VPG 4 RS2 B 10 B AR RR SRt i FL R R e R AL S5 . —
FBONT B 45 2R BOR BE AR AT 2 R, 55 45 SR ME
mm—

......

......
..............
..............

2-12 RtecMFT-5000 7 & £ B 453 1 B A1

2.2.5 BULFR MM RESTH

AT FALH B R AL AR, (A4S chi760, 1] 2-13 fror)
e ERMBEAT T B E R SR =ZmRiE R, SeEIUENT
TERME, Pt A JuX sadl, WWAH KBRS L. 7EHIRER R FH A ik
il 72 G R RIS ERIERE, RUEREREIE L, TP BRAE TSR T AR I 48 2 i i
E, RE AR . JRrhRie £ 7 BMARK 3.5%NaCl Vi, 3B 4
VOFEIN-1~0.4V, HARGIEEY ImV/s. JBEE I 5 0 g vhoth Ze #4704, IR0t
JEE TR T AT WL

18
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K 2-13 HLAb2ZE TAE G (chi7e0 )
23 F—MHRBHE X

2.3.1 B—MREHERR

Bt R R T R R, R R AR 2 R A BAE R R
BEATUF ST A TR TR AR AR — Se B AR I, ARSI T
THEI (AR SR n] DLZNE . Rk, 58— PR A AR o R B . T SRR
K, THEMEECE BN R E S, R TAEGMEE A R AL, s
SRS 25 ol 35 A R A TR N SR DRORE 380 2 00 RUBE T ) B R AR AR AL
AT CASE BB 3 AR B AR BB — VB v N QRS Ra e k. WL
THEANAR AR )72 R o 3P 7 2 R OO 25 SR B e 14, R RERIARLY
SE AL FIRLIR I e AE AR I 2% 10 R (W v IR B BE ) AR Ak . BRLE, B i 2
— M IR TR R T 2 B DASE — 1R SR O 22 N [ A A AR AT
FIFART, O THE R 1) AU
2.32 BREZRIEIL

7E 20 th4d 60 4R/ 45, P.Hohenberg A1 W.Kohn # ! 7 Hohenberg-Kohn
s FES56] DL Thomas-Fermi #5284 Ay St X — 2 B R 25 55 V7 bR BLVR 1Y) R 34
T T IRSE B . Kohn-Sham J7 FEBLEFE 2 5 B Kohn Rl Sham £ H S A
Jiik, AEZ W R R T i T ECRTTER . TR AT p(n) EX A
TRV N A &, W LLRIA 5 RGFESHRCH SR . Bk, €2
22 BN AL R R ) 1 507 2K

(1) Hohenberg-Kohn & ¥l

Hohenberg il Kohn — A3 H T P # .

19
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SEH—: AN S RGN HERNAS L R B (MAF AR R R, R T B
LT R SRR

EH T WRARRMEE DA p()ZHEF TR, A4 E[p() XN i
fRAes, AR RIFLSREE.

B EEEL T 2R T REMAFES TR, WRESE . JREO & Fh 5
TR . XL 7 58 4 h 85 B B B S L2 BRI E o KL TR T R BE R 2
RGFES BRI T M E B CEEMIEH . 5B—TJ7H, MR¥EE e,
SN RL TR B R O] LA E R 2 R ME, AR T RAIMEESRER .
DR, JE I kTR B, FRATTRT LA R B RS AN R 5 T . SR, E
HERMZE, HEHES p()elit & T(p)(3hH61Z B) A 2 FuE T Hohenberg-
Kohn 5& 2 ] EASEIL o

(2) Kohn-Sham 77 #¢157]

Kohn 1 Sham $2 ! | — M@ i B 7 28, F T X0 7RG B RERIZ B
Ts(p) HIIEFE, ZZ KR T Z EAFEM AR, JFE SR K36z iR
T(p), LABAORPIMAR 5 0% B B BOR ST — 2. B ERREL p() 1 N B R T IR
B, FoninFA(2-1):

pﬂ=§@0f (2-1)

KA, i (NAHAHETHIB RIS .
B A ERERB A, MTERERERZNE (p)TuﬁH T aRKE:
p(r)p

p):%:_[drgo, (N[-V* o ( ﬂdrdr

J‘ rydr+E[p]

\fﬂ
(2-2)
R T S 3
(V2 Vi [o(N)]]o (1) =E (1) (2:3)
H o
Vie[£(r)]=o( Idr‘r(iﬁ4_5E [ﬁ] (2-4)

PLERH (2-1) , (2-3) & (2-4) #8f Kohn Sham FfEkFEis, HE
RetERPEN Exc(p)MBER A (2-3) BRIRFNINEE.. &, RIEZNEE

20



RT3

HOgr T R EREAT A TE, ARSI EE 8. PR, TS S
R HEL 7 B2 R BORRD R GRS A B P, D A R M EL AT S R I8 o 05
R Kohn 5 Sham PY NI FCIE 5 B2 bR B R JE 21— B ELAZAY, AT LA
P E R A R I S5 38 1 P 25 o e

2.3.3 X KEKBEEIZ R

MR TR LA AN, (RN T3 2z s BRI, Kohn-Sham 772 RE 6K
EHEZNBRTIERRGHENABRB TS, HitH775 Hartree-Fock 1)
Ffhe ANid, Kohn-Sham J5 1845 U E RAERGHAIE RIS E LG, N T
b X —BOE TR, FRER IR Vxe[p(r)]] 0 B AR SR DA K H T I
FRATHEAR . DURFIH T — Lo 205 455 FH (9 28 A G (1072 R -

(1) JR I8 L i (LDA)

TEAE TSR A Y ST RTHE T, Kohn-Sham 52 2158 e f SR F A il
2y, T R4 AR ETE (LDA Local Density Approximation) [
DA e 7 G0 A ALLVE R F BT 0 2 B AR B KA I HL 0 AR ELAE R BT
SIS I AT 43 A A B[R] (AL R . X — BRI BEE T, BT REAS I
IR, BT p(r) MAS B AR AT o K HL 2% (8] 48 23 4l /N (R AR R B O
d3r, BEAN/INFLTT P R LA R R AT A — 1E e . (REERED RGVEE N, BEAL
B oA, R AR . an3X(2-5) FTaR LDA ZEHORBRRE B A

E[p]=]p(reclp]dr (2-5)

Horb, BN ERREEN pHIZH ORI RE &

(2> J7 UKREIEU(GGA)

FE) UBRREIEAL (GGA) [T L T I00L, A2 e G I e AN AN 2 FHL 1 2% JBE A6 88
Vp HIVZ 0R, 302 FAT 25 B p(r) 2 iR . dnE(2-6) Ty GGA X He REXRE R A
Faw

Ex[p]=[ (N[ o(r).[Vo(r)[]Jd% (2-6)

bR, BT BRI (GGA) AN T —/N3E i B B2 1t
5 REEEIL L (LDA) ik, GGA J5ikfehs Ersmi it A R 4s i,
HAFES TAR SRS seoh, SEFARREMRORE S, HaERA
AURER. B RNE, ERENZET, LDA REUA RS & 1

21
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24, BRM GGA BORWRER 5 A FEMRHE R L. LAk, X T HAERIE
WRRFAE ARG, e A B TROUL R F B 2 AN ] 200 . RGNk, GGA J5ik
FETHE S RN TAF B RN R, Ak LDA 1 GGA JiiEBER 2] 1Tz
IR o

22
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FI3E T-SnZtAeE—HREMAR

31518

AR AR IRE (Tp) A 882°C+2°C, MBI HEARIR MR o AHEEAE A
I pAH BU. Hur, BHRALAZIE, FIH EEMLEE ) F RN 452 K,
AN S EFERAAR RS ST 7k SRS & 1 MERE R SR R 2
WG ER KSR, BHESW T &8 MA Ry Bk, Bk sk ae ik
B ERT LA SO T, DB BTN £ S G AL A R 5 &

AT R H M F S T IR TR T Ti-Sn &8 B &YW o-Ti.
B-Ti S5 IIHLARPE RERN FL T 45 MIFAE, MR JT BT Ti-Sn & &Rk
Ji, TG SN G S YEREIIREI, S SRR SR A I LA
3.2 HE R EMER

Sn LERETMICER, HHREEMN o A B AT, @il I RN A]
LAY 4 @ B A&, Ti-Sn & &tk S5 H e i S UE BARE, ik
Ab o-Ti A1 B-Ti /2 Ti-Sn & EZYAME, IS Ti-Sn AR AL 4 & 18] 44
EWLL K o-Ti A1 B-Ti BEALHEAT HHE . Ti-Sn &J&8 AL &3 /N A [ 741621,
H P TisSn. TiSn. TisSns Al B-TisSns F /N5, == EFEH A P63/IMMC

(194). P63/MMC (194). P63/MCM (193) Fll P63/MMC (194); o-TisSns
A1 TioSna NIEAT S5y, ZSEBES BN IMMM (71) A1 CMCA (64); o-Ti 1 B-
Ti 53RN T G5 FISL 7 25401830, 2= [ 43 58 PL (L) #l IM-3M (229),
i 3-1 fror .

M v A 1% 2 18] AR LA B A BRI A AT B, Sk BT bR
FE I L (GGA) J7 % 1) Perdew-Burke-Ernzerhof (PBE)JZ bk Hu#l F Sk Hiliik 2
Behe AR CHEOY . T AR T RIKR A 38leV WSFHIMEALILRE R . HT
Monkhorst-Pack J5 32: 1651, TisSn. Ti2Sn. TisSnz+ B-TisSns« o-TigSns Al
TioSns tb AW 50 B BEAT T 555x6. 6x6%x4. 4x4x6. 3>x3x4., 2>3x4
414 1) k AR R 73, o-Ti A0 B-Ti 23 5l 24T 1 10x10>6. 11x<11x11 [ k
MRS . Gid RS, N B L5 M S B AT T AT LA R AL
NTHEESKEYE, XH T Broyden-Fletcher-Goldfarb-Shanno
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(BFGS)J7 ik R AL B I A 45 14 (K T AR AL 100, B e B WS SO 208 107°e v/
JBT, I BEAE AR A TS BUR 717 73/ T 0.03eVI/A.

s o @ E ‘‘‘‘‘‘‘‘‘‘ (b) ‘"'_91'59,'_'% O KNe e o
© © N 8% o 8  ilv-----o-- 2
t\ \\\\ 8 A © ooo W ‘ “ ‘
P oo %_ ----- ‘% 8o % & e ¢
“zzozzzzizdy - 9 0% 0. ‘Q:' o5 ¢©!
............. DRG0 iy i IO 5
§\°o§oc g 1 o éc“ °08“ " ®! ® %:
% ¢ © % 5’00 %" 8 c® o° & . ¢ :
o8 b fos bt e e

-0 O (s flo o ¢ & :

[ RS o e G

_______________

K 3-1 Ti-Sn AN AR 1 & @ R &R a-Tiv B-Ti B8

(@) TisSn; (b) TiSn; (c) TisSnz; (d) B-TieSns; () a-TisSns; (f) TizSns;  (g) a-Ti;  (h) B-Ti
33GER51HE

331 Ti-Sn AR RIEEH . FEEEFTEE

0 E, 158 TisSn. TiSn. TisSns. B-TisSns. o-TisSns. Ti2Snztb &4
A o-Tis B-Ti B &b 2 802 % F A A URT S 30 04 71 T 3R 3-1. A3 3-1
R LLE TR B0 0 A RS AR e ST 1 S G A VR B e H 4
(68,6915 Ry &5 4f, RZEBIA L 2%,

WIS R ME Gk LB & &R e G & . 454
RE T TE R AL S5 45 A FAR T W R B A 3 19 D 1 BRI PR IS JER - MR AL B T
TREER. TR T MRS T A B 5 AERE R SRS, g T MR AR
SEVE . TERUE AFRUEIRAS N BT AR R 1 B R RS BRI e . 4R R
IS & Re ST e — 3 B K g Mk feoe, HEH# (8- . (32
KertFEL

=

24



RT3

% 3-1Ti-Sn RESALEWIA o-Ti A1 B-Ti i ks S H UL S A 1 S ib 45 5

wE Fir i R
a(A) b(A) c(A)
_ 5.919 5.919 4.763 THEAE
TisSn
5.924 - 4.763 [68]
5.906 - 4.743 [69]
5.918 - 4,765 [70,71]
_ 4,755 4,755 5.641 THRAE
Ti,Sn
4,743 - 5.626 [69]
4.650 -- 5.690 [70,71]
_ 8.081 8.081 5.451 THEAE
TisSns
8.066 - 5.431 [68]
8.040 -- 5.454 [66]
_ 9.306 9.306 5.728 THEAE
B-TisSns
9.288 - 5.714 [68]
9.260 -- 5.714 [66]
16.604 9.144 5.734 THEAE
o-TigSns
16.504 9.144 5.725 [68]
16.93 9.144 5.735 [66]
_ 5.995 20.146 7.062 THEAE
Ti2Sn3
5.990 20.069 7.044 [68]
5.960 19.940 7.020 [66]
o-Ti 2.946 2.946 4,640 THRAH
2.942 -- 4.633 [72]
B-Ti 2.822 2.822 2.822 s
1 atom
Echo = _[Etotal - NTi x ETit ] ’
total
1 atom atom
Echo = _[Etotal - NTi X ETlt - NSn X ESrtl :| (3_1)
total
1 i
E; = _[Etotal — Ny x E;rolid} ’
total
1 i n
E = E_[Etotal ~ Ny, x Egyyy = Ng, Essolid} (3-2)

total

/ﬁ\:':':" Echo ﬁzj—iéﬁ/ﬁ\ﬁﬁ, Ef i%/j—?ﬂ%ﬁkiéy Etotal %%éﬁ*@ﬁ‘]éﬁé}ﬁ%%, Ntotal
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FoRBRTE, NnRRRETFH, Neo RRBRETE, grn. gz ZRIGL Tis
Sn R TRIIIRE R, EL, -~ e RORET Tiv Sn AR R EA R TR RE R

M 3-2 fizn, TisSn. TizSn. TisSns. B-TieSns. a-TisSns. Ti2Snstb & 41 Sn
TR G ERLBHIME . B 3-2 ARGV G REAIE S, BT
7N, TisSn. Ti2Sn. TisSna. B-TisSns. a-TieSns TizSna A &A1 o-Tiv B-Ti K
Z5GReRTE S N UE, WA A R e . BEE Sn SR m,
PR 285 BRI J0e 2 (B AR R/, e o T AL B-Ti 8 XHE R R,

TioSns LA MILaxHE i /N . IXEW Sn FEMIN, WL &ML e A FRK
ROR, RIS Sn & EAHF SRR E PEARZAN K, 10 B-TieSns Al a-TieSns 547«

* 3-2Ti-Sn )& AL EVIH Sn &

Sn&&E (at%)

solid

a-Ti/B-Ti 0
TisSn 25
Ti,Sn 33.3
TisSns 375
OL-TieSI’Is/B-TiGSI’Is 455
TizSns 60
05F ™ aTi 9 B-Ti ® TisSn; <« B-TiSn,
[ A TiSm Vv Ti,Sm % a-TiSn, Ti,Sn,
0.0 |
17 A e T B T e a & 1 a :
05 ve % ;
AR
1.0 ! ‘ :
~ [ ! TE Bk l
% -15 :
S F 1 @ 1
- . |
mi“f B Y S S S B N
s5[! |
[ ZEHe * !
-6.0 - E v & :
[ ! PN :
-6.5 = : a :
[ I . 1
_7.0 1 2 1 2 1 . 1 2 1 2 1 2 1
0 10 20 30 40 50 60
Sn & /at%

K 3-2 Ti-Sn & J@ R AR o-Ti Al B-Ti 45 & RETE UG
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3.3.2 Ti-Sn R BB S M BE

AIBHUR S M FRE M, BT EZ mER (DFT) THE T ARHI s i
HWH(Cy), HAGREIAMN 3 MMSIHTER R Ciry Crav Cad™, N5
[t 6 ANBHAL LR %L Crav Ciav Cizv Casw Cass Ces MIEZZAAM 9 AMHAL
PAPEHHL Cii. Ca2v Cass Casn Css. Cess Ciz Cizs Cosl™!, iF5451R
R 3-3 fioR. U7 IERMIZS T dl R I Born 7% A v F 4 4 5l o 2
X (3-4). (3-5) F (3-6) [76-78];

c¢,>0.C,,>0,C,>0,C,>0,C,>0,C, >0,

C,+C,+C,+2(C,+C,+C,)>0,C,+C,,-2C, >0

c,>0C,-C,>0C,>0C,+2C,>0

C,+C,;-2C,>0C,,+C,,-2C,, >0

C,>0,C,-[C,]>0,C,, >0,(C; +C,,)Cpy —2C2 >0

(3-3)
(3-4)
(3-5)

(3-6)

RIEE 3-3 s, FTEERE S S EY I o-Ti A1 B-Ti it B 34 4
B e fa ek, IXEMRETE OGPa N Ta K4S B4 J1#fa et .
% 3-3 Ti-Sn & @ [RAL SR o-Ti A0 B-Ti FO BAL S H 1  %

Cu C2 Css Caa Css Ces Cu2 Cis Cas
o-Ti 169.97 169.97 196.68 43.62 43.62 43.73 82.51 66.50 66.50
B-Ti 11149 11149 11149 42.15 42.15 42.15 98.33 98.33 98.33
TisSn 147.89 147.89 202.10 33.62 33.62 21.07 105.75 60.92 60.92
Ti2Sn 206.17 206.17 247.35 51.02 51.02 54.88 96.41 4441 4441
TisSns 179.74 179.74 203.15 5455 54.55 38.65 102.44 41.00 41.00
B-TisSns 178.05 178.05 192.04 58.55 58.55 49.97 78.11 57.66 57.66
a-TigSns 143.28 161.10 180.00 57.59 55.49 55.63 66.77 48.16 55.44
TiSns 130.31 15496 154.00 40.13 38.88 35.29 47.18 46.88 42.28
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H Vogit-Reuss-Hill THETALE, Al AT 2 o fE . 20 dn R 450
Voigt 1 Reuss Tl A F 4 & (By, Br) MBI YK & (Gv, Gr)itH AR
(3-7)FroRt7l:

C,+2C
BV — BR — 11 3 12
— C, -C, +3C,
5
_ 5C44 (C11 - ClZ)
R =
4C,, +3(Cll —Clz)

1EAZ & R 454 By A1 Br LA K2 Gy F1 Gr i+ 504 2t 2 2 (3-8) (801,

Gy (3-7)

— (Cll +C22 +C33) + 2(C:lZ +ClS +C23)
9 9
_ C11 +C22 +C33 _C12 _C13 _C23 C44 +C55 +C66
G = 15 i 5
. (3-9)
B, =
(Sll+822+833)+ 2(S, +S,3+S,)
15
Gy =
4(Sy; +S, +S55)—4(S, +S13+S55) +3(S4 +Ses + Ss )

INTT ih R AR By Al Br BL K Gy Al Gr T8 A a2 R (3-9) frs 701,

2 (Cll +C, ) +4C, +C,,
9

G, = C,+C,+2C,,—4C,+12C,, +12C,
30

B — (C11 + C12 )Css - 2C123
" C,+C,+2C,-4C,
5C2C44C66
G = >
2| 3B,Cy,Cos +C*(Cyy +Ce) |
C*= (Cll + C12 )C33 - 2C123

(3-9)

FELL_ EA S Cy NSRS, Sy AHRIESRIE (Syfl Cyj & HONIEHERESC
)

R%, ZEMEREIERE MY Hill FE, Bl B=(GBv+Br)/2
G=(Gv+GRr)/2. #—, W RBEE)FIFEM OS> 3 hR (3-
100 F1 (3-11) %5 80,
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9BG

E= 3-10

3B+G ( )
38-2G

_ 3-11

"~ 2(3B+G) (10)

N T TR S AR, RAREERE S5 H B R 2B
H = 2(KZG)O'585 3Kk=2 (3-12)

A, GERAMEIEYIEE, BRI,

WA F B AT D, TisSn. TiSn. TisSnz. B-TigSns. o-TisSns- TizSns 1t &
WA o-Tiv B-Ti FIM IRAE B BE B BY U ASE & DL K Ak ARURE &8 A % i S K A
THIES T % 3-4. MKFR, oTi M B-Ti ML, HBHE BHZERK, i
BV EAGRE I ZEAZ, B-Ti KIBTUIEE Ny 20.630Gpa, o-Ti WETVIEE G N
47.080Gpa, HiH oTi WIHLBTDIAE D BLaR, RN B-Ti I IREKEE E N
58.006Gpa, 1T o-Ti ¥ 123.247Gpa, HJ B-Ti #EHESZ J11B0 T 5 KR AEZ T,
1B B ERE &7 IRB & S L B HE IR S MR B (0~30GPa). b & W) I AR AR A%
. RO R A KA R AR E Sn SRR A E, HA TisSn 1k
GBI Y B & (32.646GPa) Ml IRHi& (88.810GPa) ik, Mt
BIUIRE 1B 55, AN T H A& 5 K AER T TiSn A& W8T U &
(60.805GPa) f#y K& (154.970GPa) #xim, WA HLET V)AL 1 B ok,
X T HAR G A B KRAELTE . ASNHEWRGEREEEHAR, RE
TioSns {1k & W AR BB & (77.324GPa) KIE AR T H Mtk &9, Biw]
TioSns L& VBRI R4 me 1 O F HAbb &9, 454 Ti-Sn ok BRI, 4
Sn & EAE 25% Ty, 274 TisSn b &), HAPEREACT o-Ti, AL
Ea MR, XK Sn uR BN p TR, (HEMAE —EWRE
B HHAIMEFH o ASEAULI P 25 A I THI S 56 PR R & B A W T R I T — e i
WA

R EERIIIAERE,  — MO L A% 25 1) S PEAREAE BS54 3 1 b RO L m
& REF A SKREGR RIS FERAE, & rREE 48 A s, Sk
PR ASSCIE T — R A TR AL AY AR SR & S AT 0, S
A H(3-13) B2
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% B g (3-13)
GR BR

* 3-4Ti-Sn & & ML 5L K o-Ti #1 B-Ti THE 4
AR E(B). BIVIHE(G). MIRIRE(E). B (HV) M [ 2 PR (A)

B G E HV/(GPa) A

o-Ti 107.489  47.080  123.247 5.50 0.113
B-Ti 102719 20630  58.006 1.26 5.475
TisSn 105878  32.646  88.810 2.85 1.027
TizSn 114.444  60.805  154.970 8.21 0.377
TisSns 103199 52407  134.460 7.02 0.478
B-TicSns ~ 103.884  56.675  143.862 8.05 0.069
a-TieSns 91429 54210 135791 8.58 0.093
TizSns 77324 44316 111623 7.16 0.148

KTV Ti-Sn &AL & a-Tiv B-Ti FI& 1 7k, MEHERT R =
4t (3D) ReE R M EANNTTE. B 3-3 8 Ti-Sn & &M o-Tiv B-Ti
(7 IRBE B ) = 4RI . 25 Wl A1 R G = 4ERAABRAA, 25 ) 3 14 K0S
PR M. K 3-3(0)Frs, B-Ti HI& m) etk = 4E KW B ERIATE R oK, G
Sn TR, AEWIHIS A A N B, Hod B-TieSns 46 &4 1 £ 1) 7
Ve = g R R BRI I 3-3() TR, IXRMBTA 45 B-Ti M8 Rk Hk,
B-TieSns A &) & 1r) e i)y, X5 1HEAS BB & m 1 A GR—3
B-Ti W& H FE R 7 (5.475) fk, B-TieSns (L&Y% 1A ¥ (0.069)
/N

MR} A Ji P R G M AE ARG TR R A G A . B E A
BUYIRCE 1 LU AE BIG FIVARA LG v AT DSOS B AR IR, ki
MR BIG I FH1E N 1.75, B BIG{ (>1.75) Fl v (>0.26) KfAHEIE
Wk, & e HRI RIFHLEEVERR, ] 76 1K /7 (Ciz-Caa) 7T HI W 1A R 9014
BUMEPEAT R AL, ARG )R T, AR 2B, % 3-5 FIH T Ti-Sn
G AWM o-Tiv B-Ti Y B/G LUfE. HFALL v FIR[PE K J1(C12-Cas), MFE
3-5 MATLLEH, BT a-TieSns (b &I BIG {H/NT 1.75, HARKIS5HHR K
T 175, Hr o-Tiv B-Ti A TisSn &Y BIG {Him KT HAtL &Y, K
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(a) 160
155
150
145
140
135
130
125
120
(c) e (d)
160
150
140
130
120
110
100
90
80
190
(e) H
180
170
160
150
140
130
120
(8) (h)

150

145
140
135
130
125
120

115

&1 3-3 Ti-Sn 42 Ja [k A WA o-Ti A B-Ti B9 5% L FYERFAE: (a) o-Ti; () B-Ti : (c)TiaSn: (d)
TizSn; () TisSns; (f) B-TisSns; (@) a-TigSns; (h)TiSns

a-TieSns tL AW B AR, TisSn. TizSn. TisSns B-TieSns TizSns 4 &4 Fl

a-Tiv B-Ti ZERIEBINEAT ., H o-Tiv B-Ti M TisSn LA WHIHINE R T Hidts
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WEY. A o-Ti F1 B-Ti L B-TieSns Fl a-TisSns J& T [ — 41 51 i S [7) 45 #4)
5 BIG EZEMBR, RUFRFAEIIVERZH 201 MR v
A BIG EAHEL, o-TieSns (LAVIAA L v /N T 0.26, FEAH 2tk
ME, 5 BIG MEZ R 5. MR E 77 (Cra-Cas) T 5 45 B FTH IME B 2 K
TEN, FTUTA MR T MR, Hd TiSn #1 a-TisSns (& VI
PR JJ7E 10 BAPY, FTPE D0 Sas R T A 2RI AT . BT
TizSn A1 a-TieSns AL &4 B/G A v BALE I FELFAT, B PASEBRH a-TieSns 16
B MR TR E
#* 3-5Ti-Sn &JR HALEYIA o-Ti A1 B-Ti (19 B/IG - AFA (V) FIFT PG K /7 (C12-Cas)

B/G % C12-Cus

a-Ti 2.283 0.309 38.895
B-Ti 4.979 0.406 56.172
TisSn 3.243 0.360 72.125
Ti2Sn 1.882 0.274 45.393
TisSns 1.969 0.283 47.884
B-TieSns 1.833 0.269 19.560
a-TisSns 1.687 0.252 9.178
Ti2Sns 1.750 0.260 7.049

3.3.3 Ti-Sn A RAYHE F4F1%

Joitk— PR S R AR R, AT Ti-Sn S48k A A
o-Tiv B-Ti HIREHF SR, o3t 22 L H4E L, A7 BLHIX B A B2 D4 i
FEAEFEERISCHR T, 0T T AN [R5 0 1R B A 1 0 5 SRS B 2k 11
2% SC 45 ) 0 A HLJH X B 4% oK Fl Wahyu Setyawan 25 A B 50 10 542 1851, %
45 RN 3-4 B, ATULE N, FiA S WIE %53 HoKaE g, xR
FFF A5 46 K 297 TR A, L el o 21 K B 0 b 1 BB 2 R WA K E 4L
b AEE, SRR . o Ti A1 B-Ti ML, o Ti MIBEH 25 0K AR
WHIECREZ, A%, B-Ti AH %, Pl o-Ti K& @t T p-Ti. [FHE,
Ti-Sn & &AW F a-TieSns th AW H 553 JoRBE AL R B %, TiSn 1k
LI E o TR B B D, X R Ti-Sn A&k BT a-TieSns 1k
B R
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(TDOS) #1 Ti SnJEFMAAHEE (PDOS), PLt—PIR NFLfFH At 45
RIS REE . WEFTR, JORRERARI B S HEEG WP AT, X
RHME A SBMER, X5 LRGSR 8. Hd o Ti M1 B-Ti ZFHEH
FEAL, Ti-Sn A4 & 9 1 25 25 2 B B AR AR AL, o FRATTHE &1 40 Oy 6 23 9B A -
10~-6eV MAKREX . -6~0eV HIEKAE X A& T oK BE ) iy X 3. A
AR KB AR v A, X AT T a0, RS DU SRR

(1) FEARREEIX, oTi M B-Ti HAKARSR, M Ti-Sn G&HEYH
DEEFERAT Sn R T sHER THTIE, Sn R T K p $L&E H -1 Ti
JR 1 d I8 F 0 S R I DTk AR D .

(2) FERMLREERX, o Ti M B-Ti AR EFEH Til) d PLiE sk, -
6~-leV JuH A, 2L TiJ 71 d YU s 2, 1E£-1~0eV Ll A H,
H Ti 57/ d BUEA p BB TTER, MEE T o-Ti, B-Ti K p PLIE TR EE K —
e, Ti-Sn b &R T EABIRREX FZh Ti 1) d SUE R 78 Sn i1 p
POEHRTRTTER, Sn BT s BUER T Ti I T p PUE R T RA NS
ik, PTRAEH, TiJR T dPUERM Sn J 1 p LB FE R /ER,
FH Ti-Sn LML, EIKREERL Ti-Sn AE&AEWNEREH2
FERAT TR dPUIE, SnJi X 8% E oA T ie & N-6~-1eV
D, AR, Ti-Sn GEAb &P FH ) Ti Fl Sn 7y 4% ¥ B AEE—A
PHRERR, X BT L 3 5E S 5 T B BB A R S S S AR AE — DM RERR
T E 255 T BT B — A B AR /NI DX, 11 2% oK e A T O e B B3 .

(3) EFHIX, o TiflB-Ti FIAZEFZRA T dHUEM ppid,
d Ul 5 FAEE S Ti-Sn G EA AP RSB EREASTH Ti i d PuEsTEkes

=]

Ho
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——Ti-3s
—Ti-3p
— Ti-3d

1 1 1

(b) [ oo

- < (e} (o]

(A9/5U04)23]2)s3)E)8 JO AJIsud(]

— TDOS

-

——Ti-3s
——Ti-3p

L 1 «

-

« e © -
(A3/5U0.1)23]12)$9)8)S JO AJISud(]

-10

Energy(eV)

Energy(eV)

IIIII - - ———m e et ©
e
=3
el
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) B w) oa © =3 oa ) = =30
(A9/5u0.1323]2)s3e)s Jo Aysua(g
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T 40 T

(e) * — TDOS I (ﬂ [ —— TDOS !
I L

201(0.00,14.92)¢—_! *1(0.00,20.78)w_ !
20t

i |

I [ I

30/\{& , ' “f —— }

— Tiap ' ol —Tid l

- ——Ti-3d ! [ ——Ti-3d !

>
———

Density of states(electrons/eV)
~
=)

Density of states(electrons/eV)
~
S

P
=

Sn-5s : - Sn-5s ]
Sn-5p : 30 [ Sn-5p ;
20 Sn-5d | [ Sn-5d |
r 1
: 20} "
10 1 B 1
I 10 :
M !
0 y pp—— ]
-10 -5 0 5

Energy(eV)

(h) &f

>

—Ti3s

|
|
-~ o= |
P 2 6 -
3 3 [ —mis :
s ——Ti-3p S50 ——mi3p i
g50F ——Ti3d Zao} —Tidd :
40t 2
Z Z 30 I
s30r s 1
% 20l "2 20+
zZiot g1of
570 g 60
=] & ¥ | = Sn-5s |
Sn-Sp , ol Sn-5p .
S50 Sn-5d | 40 B :
40t I I
1 30 1
30t \ :
Sl : 200 i
I I
REel X I MRl B8 " /M
0 T Ll T 0 T T T
-10 5 0 5 -10 5 0 5

Energy(eV) Energy(eV)

P 3-5 Ti-Sn & & (B AL &P AT o-Ti A1 B-Ti B E 50 E%E: (a) o-Ti; (0) p-Ti: (c)

TisSn; (d) TioSn; (e) TisSns; (f) B-Tiesnsz (g) o-TigSns; (h) TiSns
3.4 RENG

W, RGHHTT T Ti-Sn &AL SV o-Ti A1 B-Ti G FRE TE
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J1IEVERE . &R SRR E RESE, 1S HEL SR

(1) Ti-Sn &R ALAEIF o-Ti A B-Ti BIGAE SOk DL T A 45 K ok
R R DR E A, B T e A R R e T

(2) o-Ti P PER R IR & T B-Ti, (H2 B-Ti AR EAT, I Sn
TLERIG, SWEDIYIREE AR W EFE FRERBES, TisSn &M
AR RAK, TiSn EM IR R Sm, 1 TizSn AR i 11
IIINNIE & Sn JC 35 AI AR BB AR & (R BT R AF 772 RE I & e

(3) B AMEH S TS RKE, B-Ti M TisSn (b &EWEAEK
5 S TR e LB R B A, T ALl A S % 1) SRR EE ,  [F0 4% 1)
FIPEREAR,  HOLSPERE R . 5 1) S AR A R 5 v B A3 1 % 1) S B
MEE—3

(4) Ti-Sn &JEELEYM o-Ti A B-Ti #EA E&EM, XA LS
AR G RAE ] o JET BRI, Ti-Sn &R AL SRR X e &
TR EERI TR Sn JE T s HUBEH TS, Mk, EFOKEER, Ti-Sné
SAEVAEEEEZ Ti i d Pulstigm. SEREERMELL, Sn &
TR AN FEE R M AF A R

B
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F4E Ti-Sn Z & erIHER KR

415|178

Ti-Sn & & B& M AR, FIIF Sn TG AIINN RENS 3L a1 A 4 I A 18 A i
BEVE, Sn JGERLTE. BUFHMAEMMENE, BOIRZ FHBP AN R BOLME
NIE SR T R R, A LU AR 2 4% Gl 4 H R B AR AL S, AN SOR A
MR L ZH#% Ti-Sn &4, HRIEHELER LI, BINEsE sn SEHEE
SRR (E K TAE 50 TCA & & sithiis, UL ARTERIRA Ti-Sn ZJo&&1EN
WESS, WHFAR Sn S &XT Ti-Sn &4 T4 1P RE I .
4.2 Ti-Sn & & MMBA LR 571

Kl 4-1 79 Sn & &% Ti-Sn &4 2 o240 XRD Eik. MK 2 ATLLE
H Ti-xSn(x=5. 10. 15. 20. 25, wt%)&&MMAHALEE o Ti A B-Ti #, &
A& E TisSn Al TioSn & @B &9, Hrd TiSn & )& E L G WLE Sn & &
N 25% MG . Ti-Sn WAV EASRIIER, RIFmitm T &4 mMkae.
Ti-Sn A E&F L H o Ti Ak, B-Ti M LLED, 7E 70EH B-Ti AHE,
B Sn & BN, VSRR, 7 Sn &N 10%IN W AR, B-Ti &
/D, XU Sn JuER BN TR, HEH —ERE B-Ti HIIEM.
TisSn &)@ EALGWEE ST RS =E Sn S &M, BN TiSn
SIBRMEYAE Sn FE 25%0 ML, HEEERED, R Ti-Sn ZJuME,
FH B J5 R T A A2 7 I 03 A AN 008 349 5 R B I HE PR 550 2 A 5 i R 5 AR 1

Ti 1 Sn JLbT R BITE R B IR A, I SAH B (OM) R f
TEMEE (SEM) WEFAHTAFE Sn Er&Xt Ti-Sn &40 BMHLIE S
TR LR B o A B . T 4-2 Fooy OM HdR B F, BRI %D, 24 sn
SN 5%~15%HT, AE&MLGUNFR a HNE, BE% Sn S EIRE, 2R oM
THEA A, A%, 24 Sn FEAN 20%~25% HA T — 4R o O A
RE AR A . ARHE Sato S NHURF A4 REY, e8I &8 & 2%~9%M8
i, I AR AR A 740°C~760°C, Ak HAE R D IRIKLE M . 8o &R
St B HEARMEEER, KT Ms IREE. BEES ST RENEN, /£ Ms
BT — @M@, HTRR o HIEERSKR, Hod s R KA.
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. o u-Ti B-Ti
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+ S ° | "7‘
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--'NJ\-—»-«». W Ti-25Sn
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Bl 4-1 Ti-Sn A4 X 52175 A0

[FIEF Sn & &y 20%H1 25%HT, fEASHLTRILT TisSn A1 TiSn #H, 5
ZHI XRD &5 RAHTT . 454 Ti-Sn ZJuHHIEl, TiaSn AH H I J5 R AT RE 2 4 78 I
FAT AT I G G il RO A 5 S 5

Wl 4-3 Fros v SEM & fr, HIE 4-3(@)rTELE H, Sn & & 5%,
B IR 2 gL, Hoh TioRSL 20 4L, A4 Ti-Sn —JoAHIE DL K& S AH 45
Kl 4-3(a), JLfbR CaTi+TisSn) &Y, B Sn SEiin, JhamagUz i
b, RJSAE Ti-25Sn HRIL TiSn A&, Bl 4-4 9k B Ti-5Sn A1 Ti-208n
A0 a tBES, B 4-4(a) S Ti-5Sn &4 SEM RO ZHEZ, 1 4-4(b)A Ti-20Sn
“4 SEM WA, o MHALR R PATHAIMFRE R, BA AR A AHRE
B8], &G AN, Ms RZERC, SEGRR B MHAMATRIEK. ¥4
WA AR B A RO BRI AG B AHIE R UM RE . BRI 1 B AR A N — R
B, BPIR D AR, 7E Ti-20Sn Al Ti-25Sn & 4 1 2 2 BERR IS
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100pm

e,

K] 4-2 Ti-Sn & &M AHZ (OM):

(2) Ti-5Sn: (b) Ti-10Sn: (c) Ti-15Sn: (d) Ti-20Sn: (e) Ti-25Sn

Ti3Sn

%
\ Ti2Sn

100pum
Kl 4-3Ti-Sn —nae oA Z! (SEM):

(2) Ti-5Sn: (b) Ti-10Sn: (c) Ti-15Sn: (d) Ti-20Sn: (e) Ti-25Sn

\ 100pum g 100um

] 4-4 Ti-5Sn # Ti-20Sn &4 o AHESATEE: (a) Ti-5Sn; (b) Ti-20Sn
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4.3 Ti-Sn && BREE S

4-5 9 AF Sn & & T Ti-Sn A& Sk AR 26 1], ] 4-5 AT,
2 Sn RN 5%~20% ), Ti-Sn &< 258 ETHE N ER Y, o Ti-
10Sn A& MM i, N 698.28HV, Sn & &N 25%M, & &Ml SR T A,
XE5EENMMAMHAL R EMIE, HEEFER BT F SR AR o
MHSRFEIME R, BRI VERERE R BRE, BEE Sn &GN, &4
FHir, (H2 Sn &K T 10%Ef, &&RERIL, X5 Ti Ml Sn JRB=AE M4
JBIRLEIE K. 46 XRD Rllgs RAE =Fh i 4R, WKl 4-6
&G P B ARTE FE TS A S, ORI TiaSn AW AR & 4 EE, TiSn
WEVIRFE A SRR, MR T Sn S8N 25% & 408 FF SR T E i JA
K. R Sn uERBEBIR S A S MEEE, SBRLEYX &4 a0k
TR, XS BRI Ti-Sn &4 1.

fE Ti-Sn &, BAHy BCCAHIER REZ (1280 24> , 1 a A FCC
MRS 36 o« XREGH o MEL pHIEXMEA L HEM. Kk, 7
Ti-xSn (x=5, 10, 15, 20, 25 Wt%) &R 5 Je& 4, B B A BE S A 25 22
REIE T e AR E 2 57

800

700

15 20 25
Snﬁ%wt%

4-5 Ti-Sn 706 42 A B2
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T FE (HV)
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41200

Ti,Sn Ti,Sn a-Ti B-Ti

] 4-6 TisSn. TizSn EWAT a-Tiv B-Ti W TH SRS
4.4Ti-Sn & & EEER I REST T

ARET FEEL AL Sn TREE, WL T ROUEE TEHER Ti-Sn &
S ETERE, HEEG R i 2B 7 o, BAREES R BT BLE L

PRI L B4R S 3 e 1890

FE— MR A BRI, BRI AR AR v] 2 o =B B,

(1) YHaPrBE: &), BTSRRI AR, SR, 3
FEE R HORE NN . e R S e, RIEEHTRCTE B UL, i

TR
(2) FesEprBL: PIANRI AR ARG K, BES R B AR se, JFRFFAR

(3) BRI B 24383 — % I (8] B2 AN R Z M (A9 AR A4k
FIE . RO BEAZRRSE) , & FEUERRUCRES A BIER N, £ 5
PR BRI BT R A o 3R =N R W A R PR BRI P o

Gk 4-7 PR, EEC T ARE R BUR B £, EESR I 20 AR Cts T RRE
AP B REBGEE AN E N ES. R 414 T Ti-Sn Zuaen T
PE R RE, BEE Sn SRR, Ti-Sn & G- 2 BER B R 50 2 IS 0ok
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INERR B, FEAE Sn SRR E] 25%0 SR I FRAG . G 1T 1 B
A2 KN E 4-1 Fion, Ti-xSn (x=5, 10, 15, 20, 25 wt%)&4x k) EEHEE 2500 5l
4 0.699. 0.656. 0.708. 0.710. 0.664, L Ti-10Sn &4 EEHE R ¥,
VOB LT o & 45 Ti-10Sn & 4 1R BE 1k BE % T«

K 4-1Ti-Sn —JnH e TFHIREE 25

B4 Wit% Ti-55n Ti-10Sn Ti-15Sn Ti-20Sn Ti-25Sn
T EERE R 0.699 0.656 0.708 0.710 0.664

SR B PR A By B IR R 2 — WU AR, — OO0 I B PR AL 25 7T B
A RL A AR A . &l 4-8 Oy Ti-Sn & el LA R AR xT LL I, &l 4-8
AL, Ti-Sn BERERGE, EEEE ARSI, B, BRIk, BEE Sn &
BN, & eI S K, Sn &Ry 25% M BRI A fR i, AH
Xf EE Ti-10Sn & LR Af

9
(a)
0.7 ;&;;W‘W Wﬂmwn&!«!
)

=
L33
=

1200

338 4

(d)

Lz 234

1000
MK s

L 0.1 -
800 1000 800 600 800

B s B s

1000 1200 1200

4-7 Ti-Sn —Ju &< i BEHE R 500 22 -
(a) Ti-5Sn; (b) Ti-10Sn; (c) Ti-15Sn; (d) Ti-20Sn; (e) Ti-25Sn
Kl 4-9 flosoy Ti-Sn & e RS, IWEReT1g, Rima 8 rA
RN, BEANER — BN R G /£ R . X UWHT Ti-xSn(x=5, 10,
15, 20, 25 wt%)& < MBS R E BB R A HPIRES, Sn 5 &
N 10%IH, BESUR R R STECD, RIEAVAWIL, — SR 5E vk I
FAEERIN; Sn & EN 15~20%If, REBIAUIE, KA RIS RGNS E
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W, A — S BRSNS A . BRI, SR TSR 8 ) R T AR A
SWIR G, RIS, o s 2RI %, P 455 B3R e 2,

710
071 —o— FHEE RN
71 F —m—
i . — {700
0.70 | . 41690
||
4680
0.69 |
ﬁ,‘ 1670 1
a¥
ﬁ 0.68 1660 &
! N 1650
» 4640
0.66 |
J \/ 4630
0.65 L L I 1 1 620
5 10 15 20 25

Sn Ewt%

] 4-8 Ti-Sn 7T 4 ) 75 BE 458 3R M50 15 R E 6F L i 2%
PEJE AN/, SCi R . P (b) A (e) Hh AR T e 8, i B PR AR R e, g
ARARTEAT W] R B ARG L, T B AR N B 22 . IXR B Ti-10Sn Al
Ti-25Sn AR PERLLT, X5 IR B R B RS A— 2

b 4

K 4-9Ti-Sn ot A& ERES (SEM):

(a) Ti-5Sn: (b) Ti-10Sn: (c) Ti-15Sn: (d) Ti-20Sn: (&) Ti-25Sn
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45Ti-Sn &EBUER MRS

B BN AN IR P58 B A o i 2 BB R LU B K (3R b, 16— E
ReFAE R, ORI Sn & B G S il AR T 08 I R A 2 R T
M 7RG SIEEE, FHHERRREAT /4T A 5T
451 Ti-Sn & & B E

Kl 4-10 29 Ti-Sn & 1L JC AL 56140 (T ri AL BB A1 A8k th 26 1], g ik
VRN EEE NRETRY 3.5%NaCl . MR KR a5 Hg5ie, RIJFaAIR i
ARSI KB J5 B T AR e, 154 500 B2 5 Ik BIEA R IR A . XU
LT NaCl R MG, &&RMBERAER, IFRZEIVBRAA RS
e B . A2 G HOJTER A B, RIAE4ETE 3.5%NaCl il A &)
WeFE. Sn EEDY 5%. 10%. 15%0 T E AL AT Sn & &y 20%A
25%IF [, TEHALIRZA T Ti-20Sn A1 Ti-25Sn & 4:7F 3.5%NaCl 5 AN 2 #l i i .
FARTF % 25 A ) R RAS B R R AR SR v (K %5, {2 Sn & &390, Ti-Sn &
SAEBET AR 3.5%NaCl ¥ 1 Al v P 22 38 0

-0.34
—— Ti-5Sn
-0.36| Ti-10Sn
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Ti-20Sn
g K i-25
> 0.40 Ti-25Sn
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4,52 Ti-Sn & &MLz

Kl 4-11 O Ti-Sn &AL K, RIEEPR, E£REAN-03V £, &
PR LA, S SR TR AR R & <, BEABIALR B
RN 0.1V K, JEE XT38 0, Ui B i Rk 2 s i Ay, B
WK, HE&REEEM, EhPoRE&B% 0 TR 2. Eie
HUE BT, Ti-25Sn f it 2 B2 it 2k e, Ti-5Sn ) HL IR B2 i R i fiK. 3% 4-2
HEZR T Ti-Sn A& EMBREE, &BINEMEREES Hiih 2 FiEE
FeAOG, AT RAME ot e FR il 2 g e Al AR BE S, Ti-255n 18
TR S B d R, Ti-5Sn SR ik FRLRL A B de )N, X R W AE AR E PR H A (7] N e H

IRZET Ti-25Sn i JE v B de B, Ti-5Sn 1 83 1t is i B 1 o
£ 4-2 Ti-Sn —I0A 4 AL S i S U Ra B i B E  (Ocorr) i L i 25 i

e deorr/V Veorr/(107 A em2)
Ti-5Sn -0.620 1.598
Ti-10Sn -0.663 2.796
Ti-15Sn -0.653 3.331
Ti-20Sn -0.600 2.876
Ti-25Sn -0.656 4.269
4.5
-5.0
& 55
£
(5]
2 -60f
’ﬁaj -6.5 |
&
2 Ti-5Sn
e Ti-10Sn
& 75t
= _ —— Ti-15Sn
sol Ti-20Sn
Ti-25Sn
-85 F
-0.8 -0.6 -04 -0.2 0.0 0.2 0.4
JEph HL /v

Kl 4-11 Ti-Sn o <ol R AR AL Hh 28
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4.5.3 Ti-Sn & & 3R

H AL 2 B BT (E1S) A — R 1 v b 2 R 0 BT R 10 1 3 3 22 0
AT, I 0 HR LR IE S BT o BIBREL, SRV DRH 1
MEEEHIHAR . |8 4-12 JBIR T Ti-Sn S&MHBUEFE (Nyquist B , Hbis
SPEHTEBUE L BIORAR, ROIR R R I A B T R BRI . T B
Vg, AR EERE . B Sn SRy 1000 BHAT 28 1 h 5 2
BfR, TS o

140000
130000 —— Tf-SS"
120000 | Ti-105n
Ti-15Sn
110000 —1i208n
100000 | Ti-25Sn
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K] 4-12 Ti-Sn — o & &Pt (Nygiust B

4.6 RNEINGE

KO AR 4 Ti-xSn (x=5. 10. 15. 20. 25 wth)&&iRE. i@
MRS T BB BRI A A E IS, BEE T Sn SEXHRER
TREHZA, T B A RO e i, Tt SR AN -

(D) BWOCIBEH &M Ti-Sn GE&HLAPAMU=AT o5 B, &F Ti-

Sn &JEFLEMIER, B Sn SEIN pAHS =S, FoR o MIEHIH
ERIR S [OAREEAS, fukml %, 0N Sn e R EA YL ERIEH . TiaSn b &4
FEBAMER T, 24 Sn &80 25%HF, A4 HBL TiSn HidH .
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(2) B Sn S EEmsgin, FOAEFE S50 ZMETHT nJS T B OSAR i BTt
%, 2 Sn &N 5~10%Hf, 200K o AMHARYE, METE, 2 Sn SEA
10~20%H5f, B AHAH TisSn &M INFEE SAEZRK, 29 Sn S &N 25%H,
HIL TiSnHAl, 385 7 & RIiEE. Ti-10Sn i fE i m,  698.28HV.

(3) PHEBEBRLNE Sn FEBN RS FRE ETHES, RIE1E Sn
ErEN 2590 SR R, X RIIIMAE RN Sn & RAEWIE & & SN B,
S5 PR 4R P A5 AR B A A S e P I LA

(4) @ AL A A B, Sn SR, Ti-Sn & 4 i B R
=, £ 3.5%NaCl A I B vAMEEAEIS N, Sn & &y 20%F1 25%I,  JE il HLAL
R T HMEENES; BEBUT, Ti-25Sn & & KRR RRER; i
4 Ti-10Sn A1 Ti-25Sn & <& IEAR B R T Al &4, TRt A A
It
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$F5E Ti-Sn-Mo =8 & E—MHRIEMAR

N

AIT Ti-xSn A &ML R, Ti-10Sn &4 H 5 ARG ek & 8 1)
WEY, BE T EENNEMERE, Ti-10Sn & & Ms AR, It AZEE
Ti-10Sn fUEEAt LA Mo Jt&, Mo uE N B A E oK, FRAK pAHAIAL AR
FZ, REEZH BAH, JNERHEAYIR “ N BR” RAR . AR R AN [F]
Mo & &1 Ti-10Sn-xMo & & iEAT @ALTHE 1 4544 AUk I B AT FL 7 S5 R RRALE
T Ti-10Sn-xMo & &4k R P RE .
5.2t EBEASEE

Mo Jo &N B MAEE LR, 5 Ti BRRENE, AR ARG,
L Ti-10Sn-xMo & <K FH R 7 5 EE 77 UBE T A (RE ARl EESZAZT7
#, FIEHEN F-43M(216). THERS, ESZABIRANE 5-1 Frs. O B TAT R
% B AE AR S O A AT B, TR AT B EIE L (GGA)
J7 1) Perdew-Burke-Ernzerhof (PBE)Z B8 Bk FH ke i ik =5 #e fE A1 AH < R
41, Fr vH 5 5 AR P L RE Ry 421.8eV, UNSIREEAE 1.0e
SeVIRF LA, # KIEFIRGIZE 0.03 ev/ A, &AM BIRHIZE 0.001 A,
fiFl Monkhorst-Pack J7iE#H 47/ HIHIX K fit &, K SR
666, FHAlif] OTFG ultrasoft i % 34 34741 55
53 Z&R5TTiE
5.3.1Ti-Sn-Mo (A RV RIR S H . HEEREFMAKE

Kl 5-2 N=J05& < Ti-10Sn-xMo Z5ILAL)G, B Mo & & ARk i H 45 4 i
IS AR AR AR . —RIBOUT, TR 5 20 A% G5 AL B Bl ]
Bt phoE 7APRH 3 2E MR, BT AN, BEE Mo S EANWTIE N, Ti-10Sn-
xMo &4 kAL () FERARL (v) Z#E/N, Ti-10Sn-xMo 454 g A5
LA Mo JeERE# Ti JL&K, M Mo HIJE 142 (0.140 nm) /T Ti (0.147
nm) , FECFRARAFUN GRS B o

a
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Q@ g v 1 © Q! | Q)  Ti:70.0%;5n:30.0%
s s 1 L) -- - QO Ti:02.5%;Mo:7.5%
- O Ti:80.0%:Mo:15%
© @ : '{'é} T @ s A QO  Ti77.5%:Mo:22.5%
4 - = - - 1 -4 - - - - 1
s o e o Q)  Ti:70.0%:Mo:30%
1 1 1 1
1 f I 1 f U
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D%e | Niee
l --- S 1 -== S

(@) Ti-10Sn-5Mo; (b) Ti-10Sn-10Mo; (c) Ti-10Sn-15Mo; (d) Ti-10Sn-20Mo
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+ a
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! ! L L 150.0
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Mo G & 75 H/wt%

[ 5-2 Mo JC R AN Ti-Sn-Mo & 4 &l ZHHI 52)
Hier e S W A A I L S USRS 2 AR M B BR e, i RS
JfE Ik A R,
o = —— [ B — Ny X B — N, X B2 — Ny, x B | (5-1)
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1 i " i
E = _[Etotal Ny x Egig = Ngy X Egiig = Ny Eshgl?d] (-2)

50



RT3

Hrr, Eco RRGiGRE, Et RREHE, Eow RS MMLEERER, Nt
FORBIETHL Nu BRI THL Non £n8 8 720, Nwo RoRHE T, B
Exn Ml Epm oL Tiv Sn A1 Mo JER TR AR, EL,« ES, ATEN, 70737
AN EFAEAR R b O D RE

Mo JG % A & W & G 45 & RE AR B AR an &l 5-3 Fros. BT
N, THEAFFIR Ti-10Sn-Mo 455 fe . TR RS HER & TUE, KB Ti-10Sn-Mo &<
£ 0Gpa FERZLEMFER . B Mo & &N, Ti-10Sn-Mo & 44k & fig
MIE G 2 BB, Mo S8HZ, SiMBIRE, XXV Mo THREE
A Sk R .

0
——
+
210 -
z 20}
i
=
30k
40 |
5 10 15 20
Mo H/wt%

N

5-3 Mo JL &AL X Ti-Sn-Mo & 4 At T [
5.3.2 Ti-Sn-Mo &R R 1 M RE
NFIWHLIR S W Fese v, R T2 EZ R (DFT) THE T MRk
W (Cip), Ciav Ciav Cas NSLTTAHBI =AMMSIFAMER L, Wk 5-1 iR,
4 7.7 K RS 2 FHE , Cu+Ci>0. Cua-Ci2>0. Cas>0, Ti-Sn-Mo 1k R4
Gk R HAE, RNE SR I RE M . Cu-Cu & FIWT L7 Sk Fase
PEEES RS, Cu-Cr BUEMK, th&adicE, il 54 als1, FEE

AS
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Mo &=, Cu-Cio HEJ EHE FFEEE, Ed Mo &4 10%H,
Cu-CofEfm K, Z5REXH, Mo =M MEEWIE &S & J12staett.
% 5-1 Ti-Sn-Mo & & £ /I I 5 M 5

e C11(GPa) C12(GPa) C14(GPa) C11-C12(GPa)
Ti-10Sn-5Mo 320.444 144.871 13.066 175.573
Ti-10Sn-10Mo 396.610 160.318 11.376 236.292
Ti-10Sn-15Mo 360.649 192.333 10.246 168.316
Ti-10Sn-20Mo 351.167 200.264 9.993 150.903

260
240 L —>— Ti-Sn-Mo
220
=
g L
‘-ﬁ 200
UI L
L‘)- 180 - ’
160 | \
L >
140 -
120 1 1 1 1
5 10 15 20
MoJt & 7 H/wt%
5-4 C11-C1p B {3

H Vogit-Reuss-Hill tF&TLhE, THE T 6 B A IR &S5 45 R a0k 5-2
N, RBUEERE Mo JCER I INIZHTIR, 1M KB E B PR ERE Mo JuE
[P3Enss 2 R B . BEERE, ATLOWEE] Mo FIFAIEXTER A 4 i A 1)
SR I, R IR R 1 A3, L Ti-10Sn-20Mo & 4219
WIERBER/N, N 52.291GPa, HHELT Ti-10Sn &4 K KFER, T4 Nk
HHE A (0~30GPa), BNy —Fh iR gk 1 B BHE Y R #4 k.
R E B MIBJUIME G A DL RINE & S xR AR TR M RAZ T IKIBE T
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BUPIBCERE Mo SN2 T B, W Mo SR, &eiiii&

JERIRFE T B, & SPUARRARIE e DB VAR WRPIHREA NG &

WA R E . Mo & &R IN- BG4 M 2 FRIE

% 5-2Ti-Sn-Mo &< 4 KA & (E) . AR E(B). IV E(G). M Z (HV)HNI & [7]
s PEH T (A)

ek R E(GPa) B(GPa) G(GPa) HV(GPa) A
Ti-10Sn-5Mo 89.515 206.395 35.049 1.520 8.698
Ti-10Sn-10Mo 75.147 231.749 28.505 0.910 10.580
Ti-10Sn-15Mo 63.521 246.439 27.492 0.793 7.428
Ti-10Sn-20Mo 59.291 264.232 20.990 0.587 3.607

K 5-5 AR Co AR IRIR (BE) B Mo & B2k, K
s PR Ca M IREE (E) #FE Mo SEIGINEFIUES, B i
PEHHL Cas WRER S BUBUR MM IRBCE AR . 7RSI BT HIRB MRS 5 G o)
PEHEL Cag W UAE NI —ANFRifE, 34T Ti-Sn-xMo &< sr Bt iy, AT AL
Caa AFAF—MVIN AL

100
—F 413
Y . Cu
412
= 80 E
& 3
g 3
= ?, 411 J
70
L 410
* ]
60 I \O
L 1 1 1 9
5 10 15 20

MO?D%E?E/W‘:“/Q
K] 5-5 Mo 7 &%} Ti-Sn-Mo & 447 AR & 5 5 5 £ Cas (15200

K 5-6 A Ti-10Sn-xMo & & 17 [IRIR & % ) 54 Mo TR S 28 =
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deRMmE, HEPE, Ti-10Sn-xMo & &I & ) FYERHE R, B Mo Ji&
BN, Ti-10Sn-xMo & 4 1% ) 53 14 S 58 38 K sy a9, o Ti-10Sn-
10Mo F 2% [ra) 7 1tk = 4% 18] i 2 BRAAR S 2 K, Ti-10Sn-20Mo 1 & i) S 1 = 4 &
FRXH R B ERRFE /N, IX B Ti-10Sn-10Mo 4% i) S P& K, Ti-10Sn-20Mo
(% 1) S iR /N o 1) SRR R R, &1 oK, 3R 5-2 FR & 1)
FPER T, ATLAASH Ti-10Sn-10Mo 8 [m) = PR DR 1 f K (14.58), Ti-10Sn-
20Mo [¥145 [l S IR fie /s (3.607), DRI 45 ) S A DAL F A0 A e R 45 1) S
M =R KT 451t — 5
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P 5-6 Mo & &% Ti-Sn-Mo & 4= 55 ) S M R AE 52 -
(a) Ti-10Sn-5Mo; (b) Ti-10Sn-10Mo; (c) Ti-10Sn-15Mo; (d) Ti-10Sn-20Mo
* 5-3 HHT/REEE N Ti-10Sn-xMo A 4:Ff Mo & &4k BIG Lh{E . Fifa
bt (v) RIRPGE ) (Cio-Cas) MZBAGEESS, HISRWTHI, BEE Mo &EMm,
Ti-10Sn-xMo & &1 IKILE (B/G) FIyAM L (v) ERKTFHIGFE, HpE
SRS ETY, XEY Ti-10Sn-xMo & &R EWEH Mo TR
R PITELT, AHARIH RIFIE R,
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#* 5-3 HEEHIM L /) (Cra-Caa) KT, L HEE Mo &= HH IR
ErbES, WG e R RIPMER AL, THESSRY BIG HE. AL (v
PG 4518 — 5.

% 5-3 Ti-Sn-Mo #2111 BIG i« VARALL (v) TG s 77 (C12-Caa)

ek R B/G v C12-C4s(GPa)
Ti-10Sn-5Mo 5.889 0.419 131.805
Ti-10Sn-10Mo 8.130 0.441 148.942
Ti-10Sn-15Mo 8.964 0.446 182.087
Ti-10Sn-20Mo 12.588 0.464 220.271

5.3.3 Ti-Sn-Mo & & I F4Fi%

H Ti-10Sn-xMo & & 4 th i H e g5 M i i 5-7 B, eI AT A, Ti-
10Sn-xMo [ RE i G5 FARMEL, B4 AT 5 I BROK RB AL Clun ] m s € [ L v 7
Fis), Ui Ti-10Sn-xMo A& RA & @M. B Mo S, %l
KBEAL (M Re Ay B4R T, FLRE T VE Bl 43 ) 9-0.472~0.524eV . -0.522~0.437
eV. -0.596~0.362 eV #1-0.646~0.275 eV,
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Ok, Ti-10Sn-20Mo # IREBLR R AIK, &y 59.291GPa. [AI & KIL(E (B/G)
AARAEE (v) EE BT, XEH Ti-10Sn-xMo & &M K E#1MEH Mo 7t
< ) IR

(3) &KWt EL, HE Mo LR, Ti-10Sn-xMo & 4 1) % [F] 7
P SRR K D %, Ti-10Sn-10Mo (4% 18 itk ek, HFF A 451 1K
R %1 AT <1,0,05% 77 A9 &

(4) PoKReg b BreERE Mo & EIGINEWR/N, &k R E MR
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93]
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6.3 Ti-Sn-Mo & & B IMREE 4
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W& G I PR, ZRETERER R

63



g M N e e 2 VAT

K 6-6 Ti-Sn-Mo =t & & BEHES (SEM):

(a) Ti-10Sn-5Mo; (b) Ti-10Sn-10Mo; (c) Ti-10Sn-15Mo; (d) Ti-10Sn-20Mo
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6.5.3 Ti-Sn-Mo & & 327t

BEANE MR T A G178 AR B PR, B 6-9 BTy Ti-Sn-Mo 4411
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FERRCT B B TR SRR AR, AR AR . Mo S
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THE RS, 76 Mo & & 15%0, BHEEHRZ.
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15~20%IF i 5 P A 396 5 ER AR 4, T/ 5 IR Z Il (41400 B AH. itk
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(3) Ti-10Sn-xMo & <& HIfif B2 il g% Ti-Sn &< fiEE, Mo &&= in
A SIS, 7E Mo &N 10%, K, N 661.38GPa,
AT o AHS RN, I ARSI B R SRR R AR EE AR, 2R ok
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A o-ath A S 801

(4) Ti-10Sn-xMo &4:bi74 Mo S s, P35 BB KA 2 T %
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(5) I HAL S R I A I, B Mo & f3E N, Ti-10Sn-xMo &4
(T % fL K BT T R R AK, AE Mo BN 15%, JFBX LA, fE
3.5%NaCl V& i & e e s S HEABOL T, Ti-10Sn-25Mo & < Y JB s 32
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R, Ti-10Sn-5Mo & 4 H 8 s R B 12, FHPTiiZ 4 Ti-10Sn-20Mo & 4 1 [
SICH R AR TIRAT K, HL i S b M B A
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AR RRAE AT OGS Ti-Sn fll Ti-Sn-Mo & 4 R BlAL & & 1R 5 8L,
T IR T — 28R R it pbel, HEEM Ak REOHZ RS &
FRAERLLL, R TR A R IR, (R RS, Ml N E S AN,
BEAMER A 4 A 2R T 4 L 2R ot 25 & H B B AN R 55 R R 22 Ak AR,
B G MR, T IXMERRATEA GG R T 0L EA R 4
EROCAE T ) 4% IR 5 AR AE I — BB BRI, RSO ) 5 A S SR LA
MEE:

(L M B EE AR YR AR, R AR AR i T
B, S B ST ORI B R S L SV A AL

(2) AT A SIS Bk TG, ALk A SRS Mk
%, TWEMMEERLTRESAE ks e, ERgEP LS 8Ek
TEEE, — R AR & ARl S A IR A

70



RT3

B2 3CHR

[1] #kit3y, AR, B R, 5. IR i B S e A g s i O ik ST BIIR [J].
RSB YR, 2020, 40(03):1-8+24.

[2] Foskt, TR, Z5/b 7% S PAS-Na X 4ui K SR B miid ik . 1A 4%
&R ICE KR [J]. B A AR &, 2015,29(04):266-2609.

[3] Wil =T IKPSE AR Ti G T2 Jr e PERe St 5 vt Re bt 72
BEFE[J/OL]. # b T. T.2,2024(04):5-9+15[2024-03-13].

[4] Wr2 B8 SR R v [E A FAF RHI]. B3k, 2021,66(18):2215-2216.

[5] Im G I. Biomaterials in orthopaedics: the past and future with immune
modulation[J]. Biomaterials Research, 2020, 24(1).

[6] Pitchi C S, Priyadarshini A, Sana G, et al. A review on alloy composition and
synthesis of B-Titanium alloys for biomedical applications[J]. Materials today:
proceedings, 2020, 26.

[7] B ok — L, R R &5 AW AR & & Rt R DM A &R S &
4>,2021,49(05):29-34+40.

[8] Baoming H. A=W E= Ik Ao & AR T & B F BE i, T R 0 A T e o3 Hr
[J]. #Hi#k P2k, 2003 (7): 23-28.

[9] £ . SR 782 FE [J]. BUAREE 2 4k, 2008, 1(1): 2-4.

[10] skas, Mibe . 3 E s s G005 Sh R BUIR 5 FE B2 [J]. Ak D s 22k i,
2001, 36(2): 88-90.

[11] skSCi. AP A 4@ AR 7E IR -5 3k f [9]. 45 e 1 57, 2020(01):21-27.

[12] =522 79 AW = < J AR A0 73 288 K B [9]. 70 [ v X, 2019.

[13]de Freitas Quadros F, Kuroda P A B, Zambuzzi W F, et al. Chemical, structural,
microstructural, mechanical, and biological characterization of Ti-25Ta-xNb
system alloys for biomedical applications[J]. Journal of Materials Research and
Technology, 2024, 28: 3699-3706.

[14] Fellah M, Hezil N, Bouchareb N, et al. Effect of milling time on structural,
mechanical and tribological behavior of a newly developed Ti-Ni alloy for

biomedical applications[J]. Materials Today Communications, 2024: 108201.

71



RT3

[15] Niinomi M. Recent research and development in titanium alloys for biomedical
applications and healthcare goods[J]. Science and Technology of Advanced
Materials, 2003, 4(5):445-454.

[16] Bothe R T, Beaton L E, Davenport H A. Reaction of bone to multiple metallic
implants[J]. surg gynecol obstet, 1940.

[17] Leventhal G S. Titanium, a metal for surgery[J]. Journal of Bone & Joint
Surgery-american VVolume, 1951, 33-A(2):473-474.

[18] Kuroda D, Niinomi M, Morinaga M, et al. Design and mechanical properties of
new type titanium alloys for implant materials[J]. MATERIALS SCIENCE AND
ENGINEERING -LAUSANNE- A, 1998.

[9] & 2K B . <V EN &R BRI S "% @ F 5 0] &R,
2021,50(02):11.

[20] H. Kr&ger, P. Venesmaa, J. Jurvelin, et al. Alhava, Bone density at the proximal
femur after total hip arthroplasty[J]. Clin.Orthop.Relat.R.352 (1998) 66—74.

[21] Rack H J, Qazi J I. Titanium alloys for biomedical applications[J]. Materials

Science & Engineering C, 2006, 26(8):1269-1277.

[22] Semlitsch M, Staub F, Weber H. Titanium-aluminium-niobium alloy,
development for biocompatible, high strength surgical implants[J].
Biomedizinische Technik Biomedical Engineering, 1985, 30(12):334-339.

[23] Kim KM, Kim HY, Miyazaki S. Effect of Zr Content on Phase Stability,
Deformation Behavior, and Young's Modulus in Ti-Nb-Zr Alloys. Materials
(Basel). 2020 Jan 19;13(2):476.

[247< 5] H A5, D0 SR, VF X5 55 A R 3 TR Ti3Zr2Sn3Mo25Nb 2R 7“2 AR A
RS2 [J]. 76 48 ,2022,46(09):1190-1198.

[25] Jessica M A, Blair, Mark A, et al. Molecular mechanisms of antibiotic
resistance [J]. Nature reviews. Microbiology, 2015.

[26] 5% . TR I A B I 3R B T i Jie—— L A AR AP R VRS S N A B
R [CI. 55 )\ Joi o ] 8 dd lp-2 £F- 2 18 SC £, 2008:506-508.

[271F K35, 2R, S, 25, S HE X AL Ti-(87)Nb-8Sn-5 & <1
AL 511 R s e [J]. AHRFR AL 3 224, 2020,41(07):49-56.

72



RT3

8] Bt X Xk . i K& M e ke RERQL R E 6 R
J&,2018(15):16+18.

[291%F 70T, AR%RH, Wi, ¥y KA ik & i s AR AT 5 AR & e [J]. B
PR TOR 22224 (B AR ), 2012,40(10):43-50.

[30]5Kk =, 3, X%, 45, 3D {TEER G a /NS FLE M I h PR RE[]]. HE 4
S TR AT, 2020,24(22):3498-3503.

[BilFhaxok, BT, MME, & BOCHEN IR S K& %0 #ot A&,
2008, 29(1):4-6.

[32] X % 3%, FhZR AR .(X F 3 and Fh S AE 2007)[J]. #4in T 1.2, 2007,
36(11):58-61.

[33)43 i, 24600, #0355 WO Stellite-6+VC IR R UG R A2,
JERE 244, 2017, 038(006):73-78.

[34] B4 o Ak e U B s A5 WO K 7 Stellite 6 & xR J2 I B i et 14 REWF 92
[J/OL]. ¥t 2% &::1-6[2024-03-15].

[35]5K [E &, B A%, R 5 0 55 O I 78 U 2 A 2 o AL BT 9T 9E e [0]. ) 3 B R 5 1
JA,2023(12):65-72.

[36] £ 52 IR JiE 5 ST AE WO M 7 AUsk i) ¢ Jee 5 182 ] [ 3] 3& A R, 2023,51.(06): 76-80.

[37] Xue R, Wang D, Yang D, et al. Novel Biocompatible Zr-Based Alloy with Low
Young's Modulus and Magnetic Susceptibility for Biomedical Implants [J].
Materials (Basel), 2020, 13(22)

[38] Kudryshova A, Sheremetyev V, Lukashevich K, et al. Effect of a combined
thermomechanical treatment on the microstructure, texture and superelastic
properties of Ti-18Zr-14Nb alloy for orthopedic implants [J]. Journal of Alloys
and Compounds, 2020, 843(156066)

[39] Tan M H C, Baghi A D, Ghomashchi R, et al. Effect of niobium content on the
microstructure and Young's modulus of Ti-xNb-7Zr alloys for medical implants
[J]. J Mech Behav Biomed Mater, 2019, 99(2019):78-85.

[40] H.C. Hsu, S.C. Wu, Y.S. Hong, W.F. Ho, Mechanical properties and
deformation behavior of as-cast Ti—Sn alloys, J. Alloys Compd. 479 (2009) 390—
394.

73



RT3

[41] M.F. ljaz, D. Laill€ L. H&aud, D.-M. Gordin, P. Castany, T. Gloriant, Design
of a novel superelastic Ti-23Hf-3Mo0-4Sn biomedical alloy combining low
modulus, high strength and large recovery strain, Mater. Lett. 177 (2016) 39-41.

[42] L.C. Tsao, Effect of Sn addition on the corrosion behavior of Ti—7Cu-Sn cast
alloys for biomedical applications, Mater. Sci. Eng. C 46 (2015) 246-252.

[43] 2. VB Ti-Sn iR 7 )= & <6 0 ) 4 S FLBE SV BE T 7T [D]. i E K
*#,2015.

[441 5 k3, X 204, F0 I 36 8k 80 & e B0 5 IRAR T 3 e 1 22 PR e [0]. & s ik
¥ ,2015,40(05):25-28.

[45] Okamoto H. Sn-Ti(Tin-Titanium)[J].Journal of Phase Equilibria and
Diffusion,2010, 31(2):202-203.

[46] T ffi. X-Sn (X=Ti\ Zr. Hf) otk R R 0058 — 1 I B 58 [D].) vh
K2#,2020.

[A7155 55 A8, L ES, R DA BRI B B Ti 2 Ti-Sn-Ag &< HI RO A 451
J&g ot RE[J]. AL BH 5 K 2 ,2014(10):55-57.

[48] £ ML, 2277, X/, 55. Mo Z &0 RKiase Ti-Mo &&HR 5 /7
[rIs2 M [J/OL]. H B . 4: )& 274k :1-21[2022-07-14]

[49] Hashmi M L, Wadood A. Microstructural, mechanical and shape memory
characterizations of Ti-Mo-Sn alloys[J].Transactions of Nonferrous Metals
Society of China, 2020, 30(3):688-700.

[S0]BNAMA BMLRA,BRMA, etal. The effect of molybdenum content on
the microstructural evolution and tensile properties of as-cast Ti-Mo alloys -
ScienceDirect[J]. 2021.

[51] Park E M, Lee C H, Park J M, et al. Heterogeneous duplex structured Ti—-Sn—
Mo alloys with high strength and large plastic deformability[J]. Journal of
Alloys & Compounds, 2013, 574(Complete):546-551.

[52] Wang D Z, Hu Q W, Zeng X Y. Residual Stress and Cracking Behaviors of
Cr13Ni5Si2 Based Composite Coatings Prepared by Laser-Induction Hybrid
Cladding[J].Surface & Coatings Technology, 2015, 274:51-59.

74



RT3

[53] Feng Y, Feng K, Feng Y, et al. Influence of residual stress on the cracking of
the laser-cladded high-hardness coating[J]. Materials Letters, 2023(Oct.15):349.

[64]F &M F iz AR VE 55 BOGIRE T 22800 6 R BUE ZCER A AR 52
[J]. 404 5 0% T.F%,2010,39(02):315-319.

[55] Sutapa Mondal Roy, Bijal R. Mehta, Sarthak Trivedi, et al. Biological activity
of some thiazolyl-thiadiazines as BACE-1 inhibitors for Alzheimer's disease in
the light of density functional theory based quantum descriptors[J]. Journal of
Physical Organic Chemistry, 2022, ISSN 0894-3230.

[56] E.Giiler, S. Ugur, M. Giiler, et al. Exploring the elastic, mechanical and
anisotropic response of Ti-5Al-XSn alloys through DFT calculations[J]. Chinese
Journal of Physics, Volume 77, 2022, Pages 151-160, ISSN 0577-9073.

[57] Kohn W, Sham L. Self-Consistent Equations Including Exchange and
Correlation Effects, DFT[J].1965.

[58] Kohn W, Hhenberg P. Inhomogenous electron gas[J]. 1964.

[59] Sakshi, Vinay Kukreja. Recent trends in mathematical expressions recognition:
An LDA-based analysis[J]. Expert Systems with Applications, Volume 213, Part
B, 2023, 119028, ISSN 0957-4174.

[60] Fehime Hayal Gecit, Suleyman Cabuk. Structure and electronic properties of
LnScO3 compounds: A GGA+U calculation[J]. Computational Materials
Science, Volume 208, 2022, 111350, ISSN 0927-0256.

[61] Xz il Bk &< pAH SR AARI R A AR o AHAR MR B2 I B BF 2 [D].
[E Bt 2 B A K 5, 2021.

[62]%1/847. Ti. Nb. Sn JJH =08 545 M Fa & MEAT 1 45 /) i) BT 75 [D]. 3L T
K2#,2015.

[63] J.P. Perdew, K. Burke, M. Ernzerhof, Phys. Rev. Lett. 77 (1996) 3865-3868.

[64] H.J. Monkhorst, J.D. Pack, Phys. Rev. B 13 (1976) 5188-5192.

[65] B.G. Pfrommer, M. C’ot’e, S.G. Louie, M.L. Cohen, J. Computat. Phys. 131
(1997) 233-240.

[66] O'Brien J W, Dunlap R A, Dahn J R. A m&sbauer effect and X-ray diffraction

investigation of Ti—Sn intermetallic compounds:ll. Nanostructured phases

75



RT3

prepared by ball milling with AI203 and Ti N[J]. Journal of Alloys and
Compounds,2003, 353(s1-2):65-73.

[67] Jianbing Y, Yanjun Z, Mingjun P, et al. Pressure-dependence of mechanical
properties and thermodynamic behavior of hexagonal and orthorhombic Ti3Sn:
A first-principles investigation[J]. Vacuum,2023,207.

[68] I ffi. X-Sn (X=Ti. Zr. Hf) —joik RERIERERI R — 1k SR B 5L [D].) P
K2#,2020.

[69] Vennstrom M, Andersson Y. Crystal structural properties of Ti3SnD[J].Journal
of Alloys and Compounds,2002,330:166-168.

[70] Peng S, Wu M Q, Wang X F, et al. Study of structure stabilities and electronic
characteristics  of  Ti-Sn intermetallic ~ compounds|[J]. Materials
Review,2010(22):73-76.

[71] Zhang J, Pan Y, Zhou Q, et al. A first-principles study of interstitial oxygen on
the strength/ductility of a-Ti: Crystal structures, elastic properties and electronic
structures[J]. Materials Today Communications, 2023, 37: 106952.

[72] Zhang J, Pan Y, Zhou Q, et al. A first-principles study of interstitial oxygen on
the strength/ductility of a-Ti: Crystal structures, elastic properties and electronic
structures[J]. Materials Today Communications, 2023, 37: 106952.

[73] Ji J, Bu H, Duan Y, et al. Electronic, elastic and thermal properties of hexagonal
TM5SI3N investigated by first-principles calculations[J]. Vacuum: Technology
Applications & lon Physics: The International Journal & Abstracting Service for
Vacuum Science & Technology, 2023:214.

[74] X 22, 2 4EP ik 5 8 — MR IR BT S AE IR ] B A& < BB I B S AR E
PEI] AR 2 4 (H S8 1), 2023,41(01):129-134.

[75] Yuan X L, Xue M A, Chen W, et al. Concentration-dependent crystal structure,
elastic constants and electronic structure of Zr x Tilx alloys under high
pressure[J]. Frontiers of Physics, 2014, 9(2):219-225.

[76] Born M. Thermodynamics of Crystals and Melting[J]. The Journal of Chemical
Physics, 1939, 7(8):591-603.

76



RT3

[77] Frederick, Milstein, Rodney, et al. Divergences among the Born and Classical
Stability Criteria for Cubic Crystals under Hydrostatic Loading[J]. Physical
Review Letters, 1979.

[78] Chen K, Tian X, Yu Y, et al. Mechanical, electronic and thermodynamic
properties of hexagonal and orthorhombic U 2 Mo: A first-principle
calculation[J]. Progress in Nuclear Energy, 2017, 99(aug.):110-118.

[79] Lu Y, Jia D, Gao F, et al. First-principles study on the elastic properties of Sr—
Ti—O ceramics[J]. Solid State Communications, 2014, 182(182):43-46.

[80] Cao JJ, Gou X F. Pressure effect on the mechanical, electronic and
thermodynamic properties of Ba2Bi3: First-principle calculations[J]. JOURNAL
OF PHYSICS AND CHEMISTRY OF SOLIDS, 2017.

[81] Ravindran P, Fast L, Kor zhavyi P A, et al. Density functional theory for
calculation of elastic properties of orthorhombic crystals: Application to TiSi
2[J]. Journal of Applied Physics, 1998, 84(9): 4891-4904.

[82] Cao L, Zhang X, Wang F. Structural, elastic, anisotropic, electronic, thermal
properties and tensile strength of AITM2Ti (TM= Ni, Fe, Cu, Co, Au) studied by
first-principles calculations[J]. Chemical Physics Letters, 2023, 830: 140796.

[83] Xu Y, Tian M, Hu C, et al. Structural, electronic, mechanical, and
thermodynamic properties of Cu-Ti intermetallic compounds: First-principles
calculations[J]. Solid State Communications, 2022.

[84] Thompson R P, Clegg W J. Current Opinion in Solid State and Materials
Science[J],2018, 22(3): 100

[85] Setya wan W, Curtarolo S. High-throughput electronic band structure
calculations: challenges and tools[J]. Computational Materials Science, 2010,
49(2):299-312.

[86]Sato T, Hukai S, Huang Y C. The Ms points of binary titanium alloys [J]. J
Aust Inst Met, 1960, 5: 149-153.

[B7]xI7k 4. ANmFHAEEE [M] . dbst a4 Tl it 1981.

[88] % JHEtH, X ZL g, ) 5 S5 A BR800 & < 1) 5 IR T 3 B 1 VR RE[9]. 4 Ja FA AL 3,
2015(5):4.

77



RT3

[89] Qiao H B, Guo Q, Tian A G, et al. A study on friction and wear characteristics
of nanometer AI203/PEEK composites under the dry sliding condition[J].
tribology international, 2007, 40(1): 105-110.

[90] 1RoR, red . FEH S B4 [J]. 4K, 2006, 14(6): 60-61.

[91] C, op't, Hoog, et al. Corrosion of Pure Mg as a Function of Grain Size and
Processing Route[J]. Advanced Engineering Materials, 2008.

[92)4&: i, M m T, RFIH, Z5. Al-Ce — It &R AL &P 5 — M JEHEEAF 72 [J].
RERP I M A 4, 2022,42(01):40-45.

[93] Mohan P, Rajak D K, Pruncu C I, et al. Influence of B-phase stability in
elemental blended Ti-Mo and Ti-Mo-Zr alloys[J]. Micron,2020, 142(17).

[9418 22 O A4 A 2 ) B AR < S MERERT FT[D]. 218 TFE k¥, 2023.

78



RT3

BUEht F B LR RFRILL. FERRESMIE

[1] Gk, BHE, BkF5, IRl LAM, TN, RXE, R, T
M, TR ERHFEEPLHELHF]: CN114457740B, 2023-09-12. (KA
)

[2] XU, BT, ZKE, X, RCE, BE.EAICHEEE Ti-xFe &
G 3 — M SR FR T HL I AT R 2 4k

79


https://www.patenthub.cn/s?ds=cn&q=ap%3A%28%22%E5%AE%89%E5%BE%BD%E5%B7%A5%E7%A8%8B%E5%A4%A7%E5%AD%A6%22%29+AND+inv%3A%22%E7%96%8F%E8%BE%BE%22
https://www.patenthub.cn/s?ds=cn&q=ap%3A%28%22%E5%AE%89%E5%BE%BD%E5%B7%A5%E7%A8%8B%E5%A4%A7%E5%AD%A6%22%29+AND+inv%3A%22%E5%BE%90%E6%96%8C%E7%A7%80%22
https://www.patenthub.cn/s?ds=cn&q=ap%3A%28%22%E5%AE%89%E5%BE%BD%E5%B7%A5%E7%A8%8B%E5%A4%A7%E5%AD%A6%22%29+AND+inv%3A%22%E6%B1%9F%E6%9C%AC%E8%B5%A4%22
https://www.patenthub.cn/s?ds=cn&q=ap%3A%28%22%E5%AE%89%E5%BE%BD%E5%B7%A5%E7%A8%8B%E5%A4%A7%E5%AD%A6%22%29+AND+inv%3A%22%E7%8E%8B%E5%BB%BA%E5%BD%AC%22
https://www.patenthub.cn/s?ds=cn&q=ap%3A%28%22%E5%AE%89%E5%BE%BD%E5%B7%A5%E7%A8%8B%E5%A4%A7%E5%AD%A6%22%29+AND+inv%3A%22%E5%90%B4%E6%96%87%E4%B8%93%22
https://www.patenthub.cn/s?ds=cn&q=ap%3A%28%22%E5%AE%89%E5%BE%BD%E5%B7%A5%E7%A8%8B%E5%A4%A7%E5%AD%A6%22%29+AND+inv%3A%22%E7%8E%8B%E6%98%8E%E8%BE%89%22
https://www.patenthub.cn/s?ds=cn&q=ap%3A%28%22%E5%AE%89%E5%BE%BD%E5%B7%A5%E7%A8%8B%E5%A4%A7%E5%AD%A6%22%29+AND+inv%3A%22%E7%8E%8B%E6%98%8E%E8%BE%89%22
https://www.patenthub.cn/s?ds=cn&q=ap%3A%28%22%E5%AE%89%E5%BE%BD%E5%B7%A5%E7%A8%8B%E5%A4%A7%E5%AD%A6%22%29+AND+inv%3A%22%E7%8E%8B%E4%BC%9F%E5%B3%B0%22

RT3

B

FEOR A = et s AERDbmtid 2 7, Bk SO e B TR 3RAE % TR
s>y by R A S . IR AR B R, HISRE] 1A, A
BRI SCETN, A S LA AR SR . IO K, Bk S 3RAT
SORIE BB AERR

FERYIE], B e BRI S IMgE #d%, iR TR a2
e, T B ABEIE ST, ABCFRIFEIN B IERRE B L1
AEZHIFIR, AR AN, SIHRAte 7 IRNRETTAME, &
AN AP AR, IERR AR Z, RS RS

BeAt, R AE HARI R AT MREER E5E5EE M. ST 5K
FARZIM S KEREATTAIRZIN . A Z TSR BE P bR e A R HE
AR ST AR B BTN KA LR R AR WO BRI FT R
AIRAF RIS BUES 3D T BN T Be it i B R T . AR 405
IR TR BRI R T T T SR S A B

[ A JR U oK R AN = A By, R 22 RN A DO S, ) Jee k1) U AN SR 3
B, WHIMBZAKE . X EELLN A UL S AR S R T A B
IPSZ

e, IR AISCEE FAM R AR =F N EAMAE, EROA R
RSP B, B WA B X = SR ST I

LS
TR R

80






