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(57) Abstract: Disclosed are a dental titanium alloy and a prepa-
ration method therefor, pertaining to the technical field of titani-
um alloy material design and preparation. The titanium alloy has
high strength and good plasticity, and the preparation process there-
of is simple. The present invention comprises the following chemi-
cal components in percentage by weight: 0.5 wt% to 4.5 wt% of Zr
and 0.05 wt% to 0.4 wt% of O, the balance being Ti. A nano-twin
structure is present in the alloy. A vacuum melting method is em-
ployed to obtain alloy ingots, and the alloy ingots are subjected to
homogenizing annealing for thermoplastic deformation in different
phase regions, so as to obtain a final shape. The titanium alloy of
the present invention has high strength. The tensile strength thereof
can reach up to 955 MPa, and has good plasticity, among which the
clongation after breaking can reach up to 30%. The system alloy
has an alpha single-phase structure and is compatible with an SLA
surface treatment process for dental implants. The alloy does not
contain Al, V, and other biologically toxic elements, and has excel-
lent biocompatibility. The system alloy has fewer added alloying
clements, involves a simple preparation process, has low economic
costs, and has broad application prospects in the field of oral repair.
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RO, RS, SE, SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CI,
CM, GA, GN, GQ, GW, KM, ML, MR, NE, SN, TD, TG).

HRIELANI4. 1789 :

— R NTE (G004, 17 (iv))

A EFRAF

—  BFEEERRERE (RAH21403)) .

G WE: ARIIATF T — A & B &7 vk, BT 5t & MR B B b & BR SUSL i
Bkt 4 LA R R R AT MR, T LR & LB, ARWIEE: DR ERE A L B 7
0.5Wi% ~45wi%, O: 0.05wi% ~04wt%, AEATL o i IAKas Mgl R k3R A
SoHibE, 3950 KR 2R FUMEK AT MBI AR I, AR R SRR R W B2 B B B
FE. U3 A G 1A 955MPa, T L BLAT RAF A0 JERE, Wi (B K B TR 30% ;s %A R A & BT
WAL, 5F MR ISLAR MALTE T 5067, AGAL VEAEWBEI TS, EYHRR: s
SR, Hl&TEME, SURARIE 7O E A RN,
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— GRS A SR I &I

ARG

A TR S AR T S 3 BORGUIE, JUH S — R iR FHER & 6 2
et % 715
BREAR

BRIRA G B R T A AR 2 M« AR AR (R R il ik SO0 B (K 0 2 MR R,
D ANRH 2 AR R RRRE. FEVTRMIIE, RT3 ARG &
509 TA2 [ TC4, 1 TA2 HIHihi i i R A 400 MPa /i, ToiK 52 5 KA s
TC4 A& N BRI, HBEMNRZE, B&A Al V E4EWEEITE, 49
MM B SRABK TR, RAR&REY 2, HAEKK o
5 B AR IR B TR S I TR AR, FEBRIE A s e B ]
OEALRITER], BRI, JH SR AT . BEAh, B o BAHZHE
(¥ Ti-Zr & 45 F P iR SLA i A FER AR A AR A, [ 3 LA R i A4
AR e ge . Dk, 7E PSR AUR, Ti-Zr &8 —F R HTRY T
g

sk, KT Ti-Zr Zo0AEEMERNPIAH M2 . Bernhard S K T —
Fli 49 Roxolid®f Ti-Zr A4 (Zr: 13wt%~17wt%) , HPiHism/Z ik 953MPa

(Bernhard N, Berner S, De Wild M, et al. The binary TiZr alloy-A newly developed
Ti alloy for use in dental implants, Forum Implantologicum, 2009,5: 30-39) {HH: T
RS SRR, MR, H&RAE . Stinemann fEATTH K
2012 4E 5 H 1 H, AJF5 8 US8168012B2 ({25 ML d 2t 7 —Fh Ti-Zr A4
(Zr: 5 wt%~25 wt%, 0:0.1 wt%~0.3 wt%) Ml T2, KI Moo

FAAT G 8 LR, A8 MBTRiR A v 1000 MPa, FH-T-J8 ¥ 54k &
LA, ZIER Ti-Zr A4 BREREABRIRTE, (AEMEZRIFEK. Vicente %5
ML AE Ti-Zr 548 (Ze:5 wi%~15 wt%) TN 0.02 wt%~0.04 wt%RIE IR, KN
TEZRLO T A AR S . AR M A W B AR A, o pTid
Ti-Zr & &I ARARIIE T R K 55 B S B 14 7K~ (Vicente F B, Correa D R N,
Donato T A G, et al, The influence of small quantities of oxygen in the structure,

microstructure, hardness, elasticity modulus and cytocompatibility of Ti-Zr alloys for
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dental applications, Materials, 2014, 7(1): 542-553). JA =P IT 7 AR S =
(Zr: 17wt%~94wt%) 1854 Ti-Zr 134, K Ti-70 wt% Zr £3 G Hui s e,

N 1216.68 MPa, {HAiK:Z{4 7.12 % (Zhou Y K, Jing R, Ma M Z, et al, Tensile
strength of Zr-Ti binary alloy, Chinese Physics Letters, 2013, 30(11): 116201) . t4h,
AR AR T Ti-65 wt% Zr s, MG T ZRAEERBmARCR, Hyihi
JE B = ]I 1135 MPa, {HI E KRN 3 % (Zhou Y K, Liang S X, Jing R, et al,
Microstructure and tensile properties of hot-rolled Zrso-Tiso binary alloy, Materials
Science &Engineering A, 2014, 621: 259-264) . FRMME &S &L, ML
BN T R A, (RIS E B T M . Matayshi ZE0F 70 7 A [A) B S B AL S
Ti-Zr &4 (Zr:2 wi%. 10 wt%) , K Ti-10 wi% Zr & & A BEhihisee, H
877 MPa, {HHKEA 6.2 %, L7517 MEREA A (Matayshi Y, Homma T,
Effect of Zr addition on recrystallization behavior in rolled Ti-Zr alloys, TMS(The
Minerals, Metals& Materials Society) Supplemental Proceedings, 2015, 979-988) .

gi b hrik, HErotseeh Ti-Ze 5 G 8 S B0 AT 5 wid, JFURHA B R
H I8 I fa] 5 5 AT ¥ ) 28 5 At ke v i B ARTIR 2 M 2 T (R i
RUIAE

A GEE T PRI R G e S L 4% U5, PR BR S AL BAT Ry B 1Y
IR, SR A8, m B Prsina eoc ke, fils L2, aifik
B,

NI, EH, AR BRI L BRI %

—AAR R G G, BB N EE A L

Zr: 0.5 wt%~4.5 wt%:;

O: 0.05 wt%~0.4 wt%;

AREN Ti.

LB FT IR BR A <6 P A oK RUBE B 2R A 6

R RHH RS SR s, SR PR

D BRI, R EURH AT 2 RO T, SRAFRT I IR 5 5
BE;
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AR BB RFrA A SR E T E I, EEARY TS
Bk, BESEA AR

AR KB IR T PIR K38 SR K5 IR 6 P SELE AN TR DXEAT $R IR M it
A HI R, AT

PAERTIR PR, DR RTIR B3 SIAR JOM PR EE DY 1000 'C~1100 C,
RGN ) N 6~8 h, W EIT R

A B = T IR AR PR B IR 9 800 °C~1000 °C, A2 K54 85%~90%
BT O

A IRIAT 2 30 s AR R AL | — R AR BRG] 28 705, TR
BAEAEWITNEMBELEEN: Zr(0.5 wt%~4.5 wt%) 0(0.05 wt%~0.4 wt%), Pt
PR B 0I5 955 MPa, JAF atf B Ti-6A1-4V A4 /K T Wi 3 i ]
1530 %, GaH I T GOR BRI, A S e R R 1 R e R4
s, i AR IR G S ERANE N o PHHL, SIARFFHEEH
SLA RMAAE TZMFE: AT ALV EEWEMICER, SWMEERS: A
WINEEWTTERERD, Hil& LRI, §l& L2WER, 285 RARKRIL,
HATR K AR HAR S ZR G PERR S8 il 2 1 IR IR M I 2R, I AR v 2F
PR (A AR T D s 2 U, BAT ) BRI S H 1
B EE e B

B 1 AR R B TR R G2 1 X T2 AT S 11

Bl 2 A K W] Ti-1Zr-0.050 454 SLA ALBE SRR RS A

Bl 3 A K W] Ti-1Zr-0.300 54 SLA ALBE S KR RS A

Bl 4 A K W] Ti-2Zr-0.100 154 SLA ALBE SRR RS A

5 AR B Ti-3Zr-0.250 A 4 tH IR 9K 2 il 2544 5

Kl 6 A K W] Ti-3Zr-0.250 454 SLA ALBE SRR IE S A

B 7 AR B Ti-3Zr-0.300 A & HIEHAR I 5 A K 5

Kl 8 A K W Ti-4Zr-0.250 A 4RI MEAS I J5 4 A 1 5

9 AR B Ti-4Zr-0.250 A & th IR 9K 28 25 44
RSy

5 B TR R AR S A1 A i B AT LA U
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STt 1

B JHSERETHEN: Zr: 1 wt%, O: 0.05wt%, FXEHN Ti;

MR NSO ECLG, K EURHEATAR . W an et DL SR T 2 IR
Wk, ARSI A 5T

AR = B EIRESHREE TR, &R MR E 1000 C, R
B 8h Er A B =, TERBHISIR K,

BRI B RSB K G IIASTE 950 CHMTHIBIZE, BHEA
90%, BfifG R RER, JAFREANM .

Yoo tr: FHEOIFIA LIRSkt B X S AT it o il he, B X S8l
S e A S A K, FIE AN 20°0~80°, HIHEIEE N 10 °/min. X HHERAT
SRS 1 TR, TE A S H o A .

FARHRES: HZRDIRIFTH G S LU RARRE, TR I A
B2, e RFERREE )Y 20 mm, JEEN 1.5 mm, 7E77BERENRIEHL TR AT
SIRPHREE, FHEEE N Imm/min, —4LRFEFATIE 3 . frialie
MEBE I BLAREHRE 0 3% 1 TR, PS50 58 510 MPa, ~F- 3 Ji Il 3% 446MPa,
ST K 2 30%

SLA (WTRbERUHALSE) b3 HZRVIFIM TG4 LV SLA Ab#AFE,
TSR T = 0 U R RR AT M i U, BEEAHARER I E1T SLA A0 2E,
AR BTSRRI AT SRR INE 2 FiR, R
SLA Kb 2 st 8 i) 22 2 ik 2 X = 4R AL 2544
STt 2

B JHSERETHEN: Zr: 1 wt%, O: 0.30 wt%, AXEN Ti;

MR NSO ECLG, K EURHEATAR . W an et DL SR T 2 IR
Wk, ARSI A 5T

AR = B EIRESHEE TR, &R MR E 1100 C, R
I 6h JEfrvd AR, RSB K,

BRI K FIRIB SR KSR A 47 1000 CHHMTHIEMAR I, A EA
88%, MG ARER, REFREIIR,
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POAH > T HAF 20 SR R S i) 1, X S Sl 1 BoR, #iE & 48H a
A ZH o

PR ISR D BRI S 1, 7 HeaRE 7y M R I A gk 1 P
s PP RN 885 MPa, PRI IRGEIE N 730 MPa, ~FRHTEMKERN
12.8%

SLA AbFRHEAE B SR A St 1, AFE iR S an Bl 3 fros, &ifin] LA
JE A SLA Ab 3 MR 1K) 2 g ik 5 = 4 FLIR 2544
STt 3

B JHSERETHEN: Zr: 2 wt%, O: 0.10 wit%, AXEHN Ti;

MR NSO ECLG, K EURHEATAR . W an et DL SR T 2 IR
Wk, ARSI A 5T

AR = B EIRESHREE TR, &R MR E 1000 C, R
I 8h JEfrvd AR, RSB K,

BRI B R SR KGRI ASTE 900 CHMTHIBILTE, BHEA
88%, MG ARER, REFREIIR,

POAH > T HAF 20 SR R S i) 1, X S Sl 1 BoR, #iE & 48H a
A ZH o

PR ISR D BRI S 1, 7 HeaRE 7y M R I A gk 1 P
s SFRIPThREE Sy 601 MPa, ~FRJJERGEEEA 508 MPa, ~FIW SIS
22.8%.

SLA AbFRHEAF B3R A St 1, AFE iR AR S an B 4 fros, &ifin] LA
JE A SLA Ab 3 MR 1K) 2 g ik 5 = 4 FLIR 2544
STt 4

B JHSERETHEN: Zr: 3wt%, 0: 0.25wit%, AEHN Ti;

MR NSO ECLG, K EURHEATAR . W an et DL SR T 2 IR
Wk, ARSI A 5T

AR = B EIRESHREE TR, &R MR E 1000 C, R
I 8 h JEhA A E I, e SR K
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BRI B RSB KGRI ASTE 800 CHMTHIBMLTE, BHEA
86%, MG A RER, REFREIIR.

POAH > T HAF 20 SR R S i) 1, X S Sl 1 BoR, #iE & 48H a
A ZH o

PR ISR D BRI S 1, 7 HeaRE 7y M R I A gk 1 P
s PIPIRL R E y 854MPa, 135 Ji IG5 04 799 MPa, TS 5 K 328 23.1%

TEM L% WEL S RIARORE R i K AEZR VI #ID) F — 3 1.5 mm JZR/NE
$e HH 502 JACKELERE Wt BRI, SRS E/K P AR B HEAT I, JE 2 100 pm 75
AJE s BB KA S B R R o 3 AR A W A e BT R
30 mm IR F, A AUE B TRk A PRAS B A R b, H AR 5%
HIR+35%1E ] BE+60% HEHR A . FEMHER S G, A A5 08 JEM-1200EX
(#0325 5 FRAR CTEMYBEAT LSS, gt o R 428 E 120 kV.e A4 TEM JEZH Q1K 5
Bz, LT W K g

SLA AbFRHEAE B3R A St 1, AFE iR AR S an B 6 fros, &ifin] LA
JE A SLA Ab 3 MR 1K) 2 g ik 5 = 4 FLIR 2544
STt 5

B JHSERETHEN: Zr: 3wt%, 0: 0.30 wit%, AXEHN Ti;

MR NSO ECLG, K EURHEATAR . W an et DL SR T 2 IR
Wk, ARSI A 5T

AR = B EIRESHEE TR, &R MR E 1100 C, R
I 6h JEfrvd AR, RSB K,

BRI B RSB KGRI ASTE 950 CHHMTHIBILE, BHREA
90%, PG R RER, JFIFREATIR.

POAH > T HAF 20 SR R S i) 1, X S Sl 1 BoR, #iE & 48H a
A ZH o

PR ISR D BRI S 1, 7 HeaRE 7y M R I A gk 1 P
A SFRIPTHIREE Y 955 MPa, “FRJJEIRGEEES 893 MPa, ~FIYW S MK SR
10.8%.

SHME: KLUV EEL S A V)N RSN 10 mmx10

N
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mmx 1.5 mm /NMRFE, SRJEMHH XQ-2B BUGE L AL, A 5L 1 4% i 1 B IR B ik
B AT BRI o AR P TR K RD 4K L OB 740 Tb 4% 23 i o 432 i8R 4 10 % A 2k
ATRHEEANAN %, BEERIRGE — . SRJ5E SAMIOEHL LT ok, aFE
SR AR RV, P0G BNRRE SR T AT B R R b, OGS R S KR
YRS FH I8 K RO BEAT I8 W R o A AR SRR AN ZE 1R KR L i) 50
ml AR, BAKEIARIEEA 25:5:70, 7E3RFE B 3-4 WS s, B
H S AL IRT . M XIP-300 2 <G AR B G B (OM)BEAT i 3040 £ . $AB 1E
A S B M 7 Fos, FEHR AR o AR o FHEL L.
STt 6

B JHSEETHEN: Zr: 4 wt%, O: 0.25wit%, AEN Ti;

MR NSO ECLG, K EURHEATAR . W an et DL SR T 2 IR
Wk, ARSI A 5T

AR = B EIRESHREE TR, &R NN E 1050 C, R
B 7hErA R, SRR K,

BRI K FIRIB SR KSR A 47 1000 CHHMTHIEMAR I, A EA
88%, MG ARER, REFREIIR,

YRR S BT AR SR R St 1, X SN B i 1 B, eSS H o
A ZH o

PR ISR D BRI S 1, 7 HeaRE 7y M R I A gk 1 P
s SFRIPThiREE Y 862 MPa, ~FIRJJERGEEEA 723 MPa, ~FIWE KSR
19.7%

SATRECL BRI SRl 5, PRV RS B2 8 frs, T
H R o AHAI SRR o AHEH

TEM WS IR F L] 4, Zmsr4 400 TEM JESWE 9 fis, v LUE 2
SRR P S
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R K] 1~6 Frid ke &5 HARSTRRATIR L 4 /1 A PERERT EL

PrhisnfE | EIRGRE | WS K
s | ARTZIER(CC) YR
(MPa) (MPa) (%)
S 1 950 510 446 30 S
et 2 1000 885 730 12.8 S
STt 3 900 601 508 22.8 S|
St 4 800 854 799 23.1 S
SEt) 5 950 955 893 10.8 S|
STt 6 1000 862 723 19.7 S
Ti-5.1Zr KA 496 429 23.1 US8168012B2
Ti-14.9Zr F 50 655 559 145 US8168012B2
TA2 EN s >400 >275 >25 GB/T 13810-2007
TC4 EN s >925 >870 >10 GB/T 13810-2007

1 rhv e St B T BR A 5 HAR ST TR BR 5 4 (1 73 A R Xt EL A ke ¢
W7 5 KR 5 A GB/T 13810-2007 SRS /KF-(10%) 4 4

St 1 IRRERA 4 5 o EkRUE GB/T 13810-2007 iR TA2 el /124 Mg
FRbRAHEL, PrhismBEdR e 27.5%, JERGEESER 62.2%, Win MR 20%;
St 2 Fridik G 45 S LR US8168012B2 fINik Ti-14.9Zr A &A1 EL, Hiirin
JEHR R 35%, JEIRTRIEHE R 30.5%, WG Y St 3 Frid ke & 55
[ 0] US8168012B2 fiTid Ti-5.1Zr & <AHEL, PrhisnfEid e 21.2%, JE ko
Pewn 18.4%, WG MM Y; Sitd] 4 Fridska & 53 E % F US8168012B2
BTk Ti-14.9Zr G & ARG, PLPimfEde s 30.4%, JiaEiem 42.9%, Wiai
AL 59.3%; hitid] 5 Prik ke & 5 i E R ME GB/T 13810-2007 Prid TC4 &%
BAR IR FRbRAT L, DUR BRI ) 3.2%, B RSEEHE ) 2.6%, WiJE i3
$ia 8%; SLhtif] 6 FridPka <535 L R] US8168012B2 fTid Ti-14.9Zr A 4w AH
bL, PifiomfEiRe 31.6%, JEIRIEESE S 29.3%, Wi MKH5gm 35.9%. Ak
RGBS AN B PEHAT 7 W B2 s, AN TEM BIINALS G 5 S 45 b i
W7 BIAOKEREN, S SRR T BT .
STt 7
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B SHYERESHN: Zr: 0.5 wt%, O: 0.05wt%, &N Ti;
W MR L, K RURNRE SRR SRS DA R R AR AT 2 IR
Wk, ARSI A 5T

AR = B EIRESHREE TR, &R MR E 1000 C, R
B ehErdE=il, TERBHISIR K,

BRI K FIRIB SR KSR A 47 1000 CHHMTHIEMAR I, A EA
85%, MG RER, REFREIIR,
STt 8

BB RS EETHEN: Zr: 45wt%, O: 0.4 wt%, EAN Ti;

MR NSO ECLG, K EURHEATAR . W an et DL SR T 2 IR
Wk, ARSI A 5T

AR = B EIRESHEE TR, &R MR E 1100 C, R
B 8h Er A B =, TERBHISIR K,

BRI K FIRIB SR KSR A 47 1000 CHHMTHIEMAR I, A EA
90%, PG R RER, JFIFREATIR.

LA EFFR AR AR I B LR St 7 20, 22448 e A T AR H R G 3 1 4
ARNGRVE, FEAG B AR I BT HE 1, 3 m] RSO 8 T SodE R i, x4
eI AR 0 LA Ry A o B FR) R 9 T

=t
w
=t
w
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1. AR ARG &, HARIEZE T, BFGLLR EEE 7 L s

Zr: 0.5 wt%-~4.5 wt%:;

O: 0.05 wt%-~0.4 wt%:;

REN Tie
2. MEBCRER 1 TR RI ARG &, HAHIEEE T, FTRERG &4 A 9
KRBE (K2R 25 o
3 RN RHHER A SRR, HAHMEE T, SN DR

AP WIRS I, K OB EAT 2 IR I, A B IR 645
e

AR BB RFrA A SR E T E I, EEARY TS
Bk, BESEA AR

AR KB IR T PIR K38 SR K5 IR 6 P SELE AN TR DXEAT $R IR M it
A HI R, AT
Ay WRAEBCRIEER 3 Bk B E S 077, HURIETE T, BT JERL N
WEAER . LR LA AR
5 MAEBCRIEER 3 Brid R R G S0 4% 053, HURHIEZE T, SBR Tk
(2 SIAGAE KON BGEE Y 1000 'C~1100 °C, f#IEIF AN 6~8 ho
6« MARAURIER 3 B85 Frik i i RHHER G Sl & 5, HAREE T, DR
P v 5007 SO v o
7. HHEBURIEER 3 BT TR LA S i & 053, JUHIEZE T, B =Prik
(B 1 I IR 4 800 °C~1000 °C, AFTE &N 85%~90%
8 MRABAURIEK 3 80 7 Frik IR HER G S0 % 77, HAHMIEE T, BER=
BTk ¥ 2177 2O

10
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A. CLASSIFICATION OF SUBJECT MATTER

C22C 14/00(2006.01)i; C22C 1/02(2006.01)i; C22F 1/18(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

C22C; C22F

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

melting, uniform, annealing, dental, tooth

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

DWPI, CNKI, VEN, CNABS: #5584, 5, &, Z2d0. @5, WEMR A, i, 7F, Ti, alloy, Zr, zirconium, O, oxygen, twin,

C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X JP 56287932 A (SUMITOMO METAL IND. et al.) 22 April 1987 (1987-04-22) 1-2
description, table 1 and embodiment 1

X CN 101724764 A (CENTRAL SOUTH UNIVERSITY) 09 June 2010 (2010-06-09) 3-8
claim 1

Y CN 108677060 A (SOUTHEAST UNIVERSITY) 19 October 2018 (2018-10-19) 1-2
claim 1

Y CN 108977691 A (YANSHAN UNIVERSITY) 11 December 2018 (2018-12-11) 1-2
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