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Micro-nano technology and latest progress of
biomedical titanium alloy
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Abstract: The research status of the main methods, characteristic, interaction of microstructure and mechanical
properties and their application of micro-nanometer processing technology for biomedical ultrafine grain titanium
materials were described. The latest progress in micro-nanometer processing for independent development of a new near

S TLM (TiZrSnMoNb) biomedical titanium alloy was focused on. And the future trend on research and development of

biomedical titanium alloy was proposed.
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Table 1 Process method and characteristic of micron-nanominiaturization of Ti alloy materials
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Table 2 Process method and characteristic of surface micron-nanominiaturization of Ti alloy materials
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Fig. 1 Process chart of ECAP and TEM microstructure analysis: (a) Process chart of ECAP; (b) TEM image before deforation;
(c) TEM image after deformation
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Fig.2 Some typical samples and devices of CP Ti after ECAP
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Fig.4 Photo and mechanical properties of TLM alloy foils made by improved ARB method: (a) Photo; (b) XRD pattern; (c) Curve

of stress vs strain
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Table 3 Comparison of mechanical properties of TLM alloy after different heat treatment

B A JERE/mm  R,/MPa As/% E/GPa AT SRALHLE
Plate 1 585 42 49 Solution treated -
TLM Plate 1 1020 14 77 Solution treated and aging R HUFI4I &

Foil 0.06 1 050 33 35 ARB 4% K i




s1012

hEA SR R

2010 4 10 H

FNAL AL, TSR ILIX S L A AT £ 25 R B
TIOWLIN g e SRS AT % T35k, AR AL
TEB AR LU i A SR P, N 955 2 R
JEERG N AL AR AN ity 2 < s A L)~ P RE K B e AR AL AT
PO IEVEAR T LR th AN e ] 22 ML AR TR — EA T 5 A
R HET, FEASN 2 ol ARG S 40 b )
Bl ER e S N T A MRS, AT KRR A £
B, piltn: ARl T2, R T OB AR
gt ALUEAHLEIRE . SR Hrkat, LY
B JIEETERERT RS

P2 FER B AR EE AL AN IR ARG T 25K, 620
HAWRIAED S 1Mk, it Branemark $2
HE S FE LR, A7 AU s T B R AR A 2
GG G AW B AR RS R X K
TSR MBI AL, i B ARG AR
JEBH TR IR 1) WA E s ASUMTERER
PG B A RE P AT DR AR 7, T R SR A R
UESEINEINE A 37 IR KA SR iR 4T SN E ]
FrERe. SEIRIMThREL, e NAREZH 2B S AR
PRI 2) BERSANIR] i DT SO N, K
T3 FERPERERE (KN i AR an i . 2 FLAE.
C IR A S TN IVARE s % NI IWL G RF - Ee el b T (eid /S
MERE S BTG 3) TTREBTr 25 380 i 10
Wi, RSP E SRR T LA
PEREFEI, PP IR G AR SRS PEfT EL .

REFERENCES

[1] LATYSH V, KRALLICS G Y, ALEXANDROV I, FODER A.
Application of bulk nanostructured materials in medicine [J].
Current Applied Physics, 2006, 6: 262—266

[2] SEGAL V M. Deformation mode and plastic flow in ultra fine
grained metals [J]. Materials Science and Engineering A, 2005,
406:295-216

[3] ORLOV D, TODAKA Y, UMEMOTO M, TSUJI N. Role of
strain reversal in grain refinement by severe plastic deformation
[J]. Materials Science and Engineering A, 2009, 499: 427-433

[4] VALIEV R Z, ISLAMGALIEV R K, ALEXANDROV I V. Bulk
nanostructured materials from severe plastic deformation [J].

Progress in Material Science, 2000, 45(2): 103—189.

[3]

(6]

(7]

(8]

]

[10]

(1]

[12]

[13]

[14]

Ruslan Z. Valiev, Yuri Estrin, Zenji Horita. Producing bulk
ultrafine-grained materials by severe plastic deformation [J].
Journal of the Minerals, Metals and Materials Society, 2006,
58(4): 33-39.

VALIEV R Z. Nanostructuring of metals by severe plastic
deformation for advanced properties [J]. Nature Mater, 2004, 3:
511-516.

LATYSH V, KRALLICS G Y, ALEXANDROV I. Application
of bulk nanostructured materials in medicine [J]. Current
Applied Physics, 2006(6): 262—266.

BV, MTEsE. e TVAERERR EACP il % J5vk: PIE.
CN200810017288.8[P]. 2008—07—16.

ZHAO Xi-cheng, YANG Xi-rong. A method of ECAP on
commercially ~ pure
CB200810017288.8 [P]. 2008—07-16.

SAITO Y, UTSUNOMIYA H, TSUJI N, SAKAI T. Novel

titanium  with  high  strength:

ultra-high straining process for bulk materials-development of
the accumulative roll-bonding (ARB) process [J].
Materialia, 1999, 47(2): 579—-583.

SAITO Y, TSUJIN, UTSUNOMIYA H, SAKAI T, HONG R G.

Acta

Ultra-fine grained bulk aluminum produced by accumulative
roll-bonding (ARB) process [J]. Scripta Mater, 1998, 39(9):
1221-1227

Daisuke Terada, Seiya Inoue, et al. Microstructure and
mechanical properties of commercial purity titanium severely
deformed by ARB process [J]. J Mater. Sci, 2007, 42:
1673—1681.

YONG Han Yong, ZHANG Hua-ye. Deformation-induced
ambient temperature o to S phase transition and
nanocrystallization in (a+f) tatanium alloy [J]. J Mater Res,
2009, 11(24): 30-36

THRVE, 1 HE, PR, HAE p REENERA 4 TLM K
L. HEUGTERET]. FE 48, 2006(2): 226-230.
YU Zhen-tao, ZHOU Lian, LUO Li-juan. Process,
microstructure, properties of newly developed S-type biomedical
titanium TLM alloy [J]. Rare Metals, 2006(2): 226—230.
BRANEMARK P I, BREINE U, ADELL R. Intro-osseous
anchorage of dental prostheses, I: Experimental studies [J].
Journal of Plastic and Reconstructive Surgery and Hand Surgery,
1969(3): 81—100.

(438 XIEFR)



