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Titanium is a metal with‘_“ eight ratio. It has a good corrosion
resistance because of exi i i 0 aluminum; therefore, it is safe to

| — e —
be used as artiﬁcialW rtifigial er, pure titanium may have

insufficient wear resi copper. to. titanium will improve its wear

property. This resea effect ‘ added copper, compaction
pressure, temperature lative density and mechanical
properties of the alloys istance. In addition, effect of
solution treatment to the be studied. Titanium-copper
alloys compositions to i are 2,4, 7, 10, 15wt.% copper. From the study
it was found that addition of"’lcpj]:_er : relative density of sintered materials
especially when c?gper ws'."ir'ft's”j'h&'J o Increase of compaction
pressure, temperal LFe-and-time-of sintering-incr » e felative density. The results

show that a compactﬁ\ press rin%t 1100°C for 4 hours will give

high values of relative ‘densny and hard e . The Ti-2Cu and Ti-10Cu alloys have

highest relanﬂo%ﬁa@ %5% %‘ﬂﬁ-ﬁ@rﬂ %pectwely These alloys

are chosen to Bé solution heat treatgd

Y HEYFP I FIO| ) Fpepas v roos
values @re increased. Maximum hardness of 526 HV is obtained in Ti-10Cu alloy. Wear
test by measuring loss shows that Ti-10Cu alloy sintered at 1100°C for 4 hours has
lowest mass loss of 36.4 mg, which is equivalent to specific wear rate of 1.01x10™

3
m /N-m.
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AN3197 2.1 antinenauaznangglasslanglnmnitannisgns [3]

Property Description or value
Atomic number 22
Atomic weight 4790
Atonuc volume 10.6 WID
Covalent radius 1324
Tonization potential 6.8282V
Thermal neutron absorption cross section 5.6 barns/atom
Crystal structure

Alpha (<882.5°C, or 1620 °F) Close-packed hexagonal

Beta (2882.5°C, or 1620 °F) Body-centered cubic
Color Dark gray
Density 4.51 glen?® (0.163 Ibfin.3)
Melting point 1668 = 10°C (3035°F)
Solidus/liquidus 1725°C(3135°F)

ing point . ‘ 3260 °C (5900 °F)

Specific heat (at 25 °C) o, ‘ 05223k kg - K
Thermal conductivity O 114 Win K
Heat of fusion . \ 114 kJ/kg (estimated)
Heat of vaporization \ /3-‘8% MIkg
Specific gravity . #
Hardness ) 4 HRB

Tensile strength

ﬁi
Young's modulus
Poisson’s rano 74
Coefficient of friction
At 40 m/man (125 ft/'mun;

At 300 m/min (1000 ft/min)

Coefficient of linear thermal e
Electrical conductivity
Electrical resstivaty (at 20 °C)

0.361

B —
240 MPa (35 ksi) min
wn x 106 psi)

copper = 100% IACS)
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HANULL Body-centered cubic va4ina B udn Tasaai1auanuLL Hexagonal closed-
pack AzHAMNNUUULEINI LAz TATIAFINANULIL anisotropy A2UATUANITR LWATY
4' dl' = o o z
auppeana o Wedauiuma B Hf

1. ANNFUNIUNIENIA plastic deformation gandn

2. A creep resistance 4NN

3. A1 ductility ANN31

4. @1 diffusion rate AMndaa B uan

5. ANURANNALATANAN L1l anisotropic

antAn19aNa NNl LasAIWe ' . B uar a+f uBsuieuiuuans

lumngei 2.2 iﬁwmmm@ﬁmﬁmiﬂ

Density

Strength

Ductility

Fracture toughness
Creep strength
Corrosion behavior
Oxidation behavior =2
Weldability
Cold formability
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o alloys Hulane N@Nﬁd ’WW’]SJLL‘lI\‘iLLNLL?\‘iﬂ\iﬂ@uﬂ’Nﬁl’]LLmﬁJﬂ’] thermal stability
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1 © ol (d) 1
9171 2.3 Tnzeai19qs (2) augeURaNAAH 700 °C 1flunan 1 dalua
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uana AN suuTItle 18E939m15997n B-phase field
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field axnnlileTasea¥1e widmanstatten plate 4849 0L 811N191FND18 P-stabilizing 1isa
impurities Azl A lAT9a519uLL basket weave 184 O plates

o alloys difiusinasunain B-phase field azilan tensile strength, ductility uaz

fatigue strength mmmwmmmqim\‘imwﬁdlmmuu equi-axed WENNTLEUAIAY
mu%*ﬁfmﬂ‘?‘]_lﬂﬁ;\im fracture toughness Way creep resistance
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Tavgnantlszinmifantin i dungungige 1Wasand creep behavior 7RG
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dupnianiiaelanznan o uaziArauudussgenaiupuanifvesianznas
o+ nannanuiu degnmnnisldeuedi 500-550 °C
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dounanaesazgiiianunanusiiasainilyyninisiiia stress  corrosion AR
a A w1 a ] v ¥ . dl o .
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be
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1. Heat-treated In«OL+ B phase field
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B BETA ALLOYS

METASTABLE ISTABLE

TEMPERATURE ——

ﬂc ﬁS
% BETA STABILIZER ——»

gﬂﬁ 2.8 Pseudo-binary B—isomorphus phase'diagram LAANIALILUAURY metastable B

wazstable B aadlavznamimmiloy [2]

1
a

Molybdenum Lﬂuﬁﬂﬁmﬁﬂﬂﬂuf{{mmm B lniniun Selavznanaiiniaziod
AN Mo equivalent = 10 iAele MQ»equ.'rvaient mmmﬁﬁmm%’ﬁqﬁ
% Mo equivalent = #:0(% I\/lO T+ 0-67(% ) +0.44(% W) + 0.28(% Nb) + 0.22(%
Ta) + 2.9(% Fe) + 1.6(% Cr)~ 1. O(% AI),
£16) %ujﬁuﬂmiﬂuimmm BTV]W]LW,JN "Wlfi Fe, Cr uaz v

Taveuan ' Lmuﬂummmuumlummmﬂm mwmmmﬂ il soft condition

LL@Z’&’]N’]‘?QL‘WN@Q’]NLL%QLL?Qiﬂ@QHﬂ’]?UQﬁI}&H\E_ _u@ﬂmnuummma‘nmmﬂwum’m

wds(hardening) « 1m1umumqu HANEUENUNNSIEUTHI89516]) P-stabilizing T4
@mm'ﬂgﬂ?mmmn%mmwu hardenability  @9UNAxAB TaneNaNN1aNFAT 14N

TumauLInAa Ti-13¥11Cr-3A1 B9RETNNNENWNIZUAUANT solution treated ANNTILEiL

o 1 1

< % é’ i< 0% dl K o ° 1 AQI dl
FAIBETITIRETI Lmeugﬂ bEl 1y 4 VA AGAINLANNBOINATLIN ﬂﬂiﬂﬂ’]?LWNﬂQ’]NLL‘NLLNW
14

Aaaulsun pastinatsadarutasideadma B taznisannanaesa o Telanmouy

= 1 oI/ dgl dy o E% = d”d 1 [~1 = =®
azidzandzagtagiataiu. i ilgne nanafiniiieiagaudansgueerageda 1300
MPa

dounanaaslanznan B Inmilanuuy metastable  Aldrinlugusiannlaiinng
fulasulneniaifinsis Al zr v3e Sn edudiniafiama o Tuszudieniesin

acl I o v a ~ X o o A a = U o

nasuAanIANFauLazin lifama o Wnau AfalEunusaniRAanas iy
wa B-eutectoid 1w Cr sz liiifansilsziilasainniaifinansilsznay TiCr, via

anslsznevan) uenantudainlinisneuauesan LN udianas



17

]
a

Tavznan B lnmiflaudiAianuuiusegaunuazdl hardenability ARTIAINNION

=

’Lumm?mﬁmqmqm@uﬂmmmammmlumi A1 toughness way fatigue

resistance 717 ﬁﬂumlﬂhm%udwmmmmﬁ‘mmLL?Nme 11U landing gear 284

VAT @m‘uu uazluda AL NAREAY mfmmmmiumﬂmﬂ uin

2.1.3 NITUIUNNTINTN (Sintering) [4]

ﬂ’]ﬁ‘LN’WNuﬂ@”%qiﬂtﬂﬁ\‘i@?%ﬂ'ﬂ\i\ L‘ ?ﬂLL°1I\‘1LLN?I‘NI@F;WI’]GLMLﬂﬂwuﬁ“’ﬁ‘”‘w’m\‘i
ﬂuﬂqﬂLﬁ‘ﬂﬂfﬂ “Interparticle K ﬁ-ﬂLL’& 9 @umﬂwmﬂmmﬂu%Lﬂ@ﬂuLﬂu
bNIU ﬂmﬂﬂlﬂuﬂ’]?m’]NWWI%W?LW'EVW@N@?IH@QNﬂlﬂﬂm@ﬂ‘]_l[ﬂﬂ’]?
LHINUNATU ﬂﬂ.lﬁ’W]Lﬂﬂ“llu e mﬂuuﬂmmmmmmmmﬂmu

71l Seenadamsvasavaage e An1aaAnmLLIsne iR
4 | b

@munu msmmmm%fmﬂumﬂu

“Oversintering” {IUNANIA mig&@@gwq@m O AINUUGUNYHDITUINUER

1
A

mu@ﬂm@mmw@mwnmm%ﬁ m%Lququﬁﬁuﬁﬂﬂdqmnﬁm “Sinter

hardening”

boundary

ﬂﬁ 2.9 @ﬂmwm@ummmmﬂmvmwmﬂmNuﬂmeﬂ’mmmumm@”mmq

U

mmmmﬁuma‘lﬁmﬁuﬁ:mmmémﬂ [4]



18

1%

4 o X ] = o o va R A X oA aal
L‘V‘l'&sﬂ@\‘lLM@"JGINLﬂﬂmuiuﬁ‘zﬂqq\iﬂq‘ﬂmqNuﬂ@:mqiﬂ@mﬁ"]ﬂ’]?LNqNuﬂLWN%UL?ﬂﬂﬂ??NQﬁ

=K dyn . . . . K o pRpm
NITLHNNWNLULWAN “Liquid phase sintering” GﬁﬂmqimﬂﬂﬂqimﬂﬂNQI@MﬁV}N@qﬂM@@NLM@Q

o \ = a =< o § v = ° P a o
[El’mfa’]NQI@‘M;‘?@H%%@‘M%QW@’&Nﬂ']i@\iiﬂwﬂﬁmiﬂﬁzsﬁﬂm’ﬂmv]@ﬂuL‘M@'J[ﬂ'm'm LﬂﬂL'ﬂuw\I@

¥ !
= a =

29982 3UN luszudnenudn asewainiialulsnunayn A lansdudani
duBounmunzanlun sieRusrszud 9oy A MlansNaN e ANINIRNEIRNNA 1R

AN A129A21TY NaaNasaUTaNaLad LINAIRANANTUANNINATRUAAININATUAZTIE

%
=)

A capillary force TataansaunAdniuLananiudedae ez nanindaaun 1ii5aa

9
Y o/

o 2 A X 9y ado @ Xy o o \ iy
V]'ﬂ: FTINVITENINUNLANNUU AR ﬁ‘V]@qﬂﬂ.ﬁ]@ﬂﬂ?guquﬂq?uﬂﬂwaﬁﬂqqmﬁuq LA BT UL

7

1
o a [

dnaugliinauiiasaninasadmaainnanastmun U ungnguin lifsunugngu

L1l

AARY LANITLAAN AR NAE9NA 19 a2 AR U LAReWN beE A ua i1 LN AN Tl As L ag
: o/ é{ v 1 Qs o :// dl a 49( o
1ABsTUINUE AT IosaaE i delunispuaxTI AT BMA TR ATY, A1
o o = o F 3 Mt o o ~ a
nslfanuFeunazinan a1 snnarnninasiiauaiuinenaniaaeioym

o 1 dl dl dl P73 28’ Q4 - L% = dl 1
AINa9 NnsnaznantAaaul Laliaunisdealvignauiianisnlasuul asrunauazgiling
o & 3 ¥ - -
wazn1 liinsuinauaas L 4
_ \ 4 |
al a

TavzuanTnmianiinatuaudestunas i niinianmnd 1000 °C  InaAnmiain

44 4 .
uugiwaseslnmitlanuaygiunaingii2s wid lavznaniidinequnsaaneg 2 uaz
2 | = == e a o Yy @ o
4%  Fuiludaunan hypo-eltectoic ilaWaNlnAgouni 1000 °C whaifiusnasnily

daausnazdl primary OL 1Al aansiuia B azaaasainalaseaineszuing o-Ti uaz Ti,Cu

Tnssa¥regaiiraazdnling hypo-eutectoid I@mmmﬁﬁw@émwmmﬁ 7% WTRAIUNAN
eutectoid  Tassadduaanasianiinifianan wla B asnamaidu ot uaz Ti.Cu vde
TAsaa¥na eutectoid &NVELAILNAN 10 UaY 15% Saifudatinas hyper-eutectoid 1T
neunsfiisdminliiiaa ey ss ey TisOu wanan o sairauumreutectoid S1FuNnNN

X
UL



19
2.2 SMUARLNLNLIUDY

2.2.1 “Mechanical Properties and Microstructures of cast Ti-Cu alloys” [5]
Masafumi Kikuchi®', Yokyu Takada®, Seigo Kiyosue®, Masanobu Yoda®, Magaret
Woldu®, Zhou cai®, Osamu Okuno”, Toru Okabe®: (2003)
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2.2.3 “Wear resistance of experimental Ti—Cu alloys” [9]
C. Ohkubo™, I. Shimura®, T. Aoki’, S. Hanatani’, T. Hosoi’, M. Hattori®, Y. Oda”, T.
Okabe’(2003)
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Identical letters: no statistical difference.

Lo

(Y ¢

i

CPTi Ad-1.0  Ad-2.0 Control

- w
o
S L

i T = v
A i 223 ﬂ??mmﬁ Lﬁmﬂﬁu\nﬂp]
RS _.J
- s
TmﬂﬂﬂﬁLL&’Q%@@%MQWLL%LmLmﬁaLL@VMW@QLLNL%@um"ﬂ@ﬂ’NLﬁu Ti Ayl

AN éfuﬂivawﬁl,l,m?wmmum Tnssaieslanzuaa Inoilonfidnunsiindrandetu
AaLlly vvldmanstatten LL@JN TicCu (Lhae di- 6AI 4V:Cu %uiﬂ‘i\imwﬂmmm%}m (OL-Ti
/Ti,Cu) Bgjmuauii

% At S ete ”ﬂ‘ﬁﬁé ﬂ;]‘ﬁ‘l,ﬁwﬂ?‘u’]m%'ﬂ\‘m@\‘iLLﬂth“ﬁ'ﬂﬂﬂ%ﬁJﬂﬁ;dﬂ’)’m
Faurunisdnusaifiesaininldiin inclusion  Tulnssagmanessuaznisiiu
yeunsataeninl pruudausussianas AuduLaRe wasinlaumianag
aneniAfanauutii [10] nudn B-Ti Geillassadrauny BCC Spnnuwmilzagendn o-
Ti Gefllassa¥rauny HCP azilavugumunisdnusedeandn

dounauaaiiioinlmiinlassaremaness avtaeniusspanugumnunisdn

use nanzlnseaiginanesdazdialasiunisiia plastic deformation duivlans



31

HANNHIATIaFULL 2 g (0 B/ Ti-6AI-4V-Cu) azansnlfuilgaannusiuniunig

= Ddd” val
anusalinaulsan

2.24 “Microstructure and mechanical properties of Cu-3 at.% Ti alloy aged in an
hydrogen atmosphere”[12]
Satoshi Semboshi™, Tomoya Nishida®, Hiroshi Numakura’(2009)
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