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Tnsea$19man (Crystals Structure) woan: HCP < 882.5 odAisalsee

I :BCC > 882.5 aaAusalfod

ANUHUUY (Density) 4.51 PU/QNNANITUALIAST
ANABNINAI (Melting Point) 1668 + 10 AT
91A0a (Boiling Point) 3260 DIF BTN

ANuTouSUNIZN 25 0sr AT (Specific Heat) | 0.518 ya/A Tan5u « asAunaiu

AUD NI NN (Specific Gravity) 4.5

A3 (Hardness) HRB 70-74
ANOAAT (Modulus) 102.7 anzaafia
on3182U12%09 (Poissson’s Ratio) 0.41

4 ]
AausLansusUTeANIY (Coefficient of Friction) | 0.8 11 40 U3 / U1N

0.68 11 300 AT / UIN
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d' 1 a 4 9 =
AN 2.2 ﬂTW131“&@]83!%1/\]13"1]@\11?]5\1%151\1Nﬁﬂ [11]

{Slip Planes} Atom
Structure Slip System
N | CN P <Slip Directions> Density of | b . /a
Type Per Unit Cell
Indices | Number Slip Plane
Hcp 6 | 12 74% {0001} 1 1x3=3 22 91% 1
(c/a=1.633) <1120> 3
Bee 2| 8 | 68% | {110} 6 6x2 =12 2 83% | 1243
<111> 2 ~20.87
Fcc 4 | 12 74% {111} 4 4x3 =12 22 91% 1/2\,;'3
<110> 3 220.71
N = Number of Atoms Per Unit Cell
CN = Coordination Number

P = Packing Density

b . /a =Minimal Slip Component

min
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‘IJ‘ﬁ 2.3 LLW‘L!ﬂ”IWMﬁﬁﬂﬂﬂﬂlﬂﬁul‘ﬂmmﬂﬂ -0ONFIU [12]
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d‘ CZR =} 1 J Ao
M1319N 2.3 ﬁum‘mqﬂam’aﬂam“lmmu&mwaﬂuﬂqummﬂu [8]

Alloy Tensile Strength ~ Yield Strength ~ Elongation Reduction Area  Modulus

(MPa) (MPa) (%) (%) (GPa)
a alloys

Pure Ti grade 1 240 170 24 30 102.7

Pure Ti grade 2 345 275 20 30 102.7

Pure Ti grade 3 450 380 18 30 103.4

Pure Ti grade 4 550 485 15 25 104.1

o+ g alloys

Ti-6A1-4V ELI 860-965 795-875 10-15 25-47 101-110

(mill annealed)

Ti-6Al-4V (annealed) 895-930 825-869 6-10 20-25 110-114
Ti-6Al-7Nb 900-1050 880-950 8.1-15 25-45 114
Ti-5A1-2.5Fe 1020 895 15 35 112
Ti-5A1-1.5B 925-1080 820-930 15-17 36-45 110

o+ g alloys

Ti-15Sn-4Nb-2Ta-0.2Pd
(annealed) 860 790 21 64 89
(aged) 1109 1020 10 39 103
Ti-15Zr-4Nb-4Ta-0.2Pd
(annealed) 715 693 28 67 94

(aged) 919 806 18 72 99
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d‘ wva = 1 1 d’ % 1
M1319N 2.3 ﬁum‘mqﬂmlmTam”lmmuaumﬂuﬂqummﬂu [8] (91D)

Alloy Tensile Strength  Yield Strength Elongation = Reduction Area ~ Modulus
(MPa) (MPa) (%) (%) (GPa)

£ alloys

Ti-13Nb-13Zr (aged) 973-1037 836-908 10-16 27-53 79-84

Ti-12Mo-6Zr-2Fe 1060-1100 1000-1060 18-22 64-73 74-85

(annealed)

Ti-15Mo (annealed) 874 544 21 82 78

Ti-15Mo-5Zr-3Al

(solution treated) 852 838 25 48 80
(aged) 1060-1100 1000-1060 18-22 64-73 80
Ti-15Mo-2.8Nb-0.2Si 979-999 945-987 16-18 60 83
(annealed)

Ti-35.3Nb-5.1Ta-7.1Zr 596.7 547.1 19 60 55
Ti-29Nb-13Ta-4.6Zr (aged) 911 864 13.2 - 80

A I ll! =
2.3 gNUANNNNAVDILANY INUINIHBNNTN
msiSulgeautianianaved lnmidisunauuaaslugla 2.10 Tagm llansaild 2
Y
ATLUIUMT IALA NMIMNVANNITHAA (Processing Control) HAZMTANTIANTN (Alloying) NNY
[ YA o a I @ a a =\ o Y = ~
ga'latimsiuraaiuiganouInda maausgraviinai lddunaumaninlasunay
1 a ~ Y A <3 A a <3 .
AnuruLnamslasuladld Hamuanuuiasaiiennnamsazaievoaie  (Solid
. . ¥ & o A < WYy ¥ Aa v
Solution Hardening) Wioumnadaaninmuanuuds ldaremsadwoumanlvinamunzanln
4
o 1 o @ a 3
ankanluduaouNI50ULY (Precipitation Hardening) d1M5UMIAuANnszuIUmsnaaiung
9 A 9y @ 9 3|
Auay InTaasNgamanlsdon MMz aununs 15au ondunseuiums Thermo
4 A 3 <3 =\
mechanical Treatment (WBABINTANITANIIAANIAIUANUUAITASANUNTE NTSUIUAT
o < @ (] < . .. . . .
M lanenaududiodasiagd (Rapid Solidification) HagNILUVIUNIT Mechanical Alloying
[ dy 1 a g [ . ~ 1 ~
M3davuglanmeTare drumsnaailuiaanan  (Composite) Uwagomsilasumilasniy

WUWUY AUUNTI ANUAIUUTIA NMITANTD 113N



alloying
—————
(chemistry)

- density

- precipitation hardening
- solid solution hardening
- ordered structure

- stiffness

- thermal expansion

- corrosion behavior
- oxidation behavior

Y

ANOQAAADAINLNUBNAINIINLNG

@

processing
(microstructure)

S 1w U

09 UATTUNY

hardening

thermo-mech. treatment
stress corrosion cracking
SPF (grain size)

rapid solidification
mechanical alloying
consolidation

HIP (PM, casting)

14

composites
(MMC)

- density

- stiffness

- strength

- wear

- fatigue

- thermal expansion

+ corrosion protection
- oxidation protection

57 2.10 F5msiSul jeantianenaves Tnmidlounew [11]
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A Ti-25A1-10Nb-3V-1Mo #ailsznoudiomld Ti, Al d9u Ti-48A1-2Cr-2Nb fiAwegddgage

A = A .
N aniu Order Intermetallic Y99 a, lag y

Young's Modulus [GPa]
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T T T d T
600
Temperature [°C]

1200

51 2.1 annavesmanldounasInseadundniinasonwegaailogungiinlasunilas
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(Anisotropic) Y94 In59a319wan HCP vouauoavh wazadaidanuogadveslnseadeiimn
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1999 (Strong Textured Structures) NUAMUANAAUNIN cdﬁmzﬁuag UNAN VDT INNTLI A

waraelugilin 2.12
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517 2.12 Inwavesmalasunilaslassadawdniinonwegad ¥oa Ti-6A1-4V [11]
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woaruay lalinn TasunziimstaGesduduuuy  Lamella 3Una1nMSEUAINUST M

= Y . I a = ] . .

daule vaz Iaseaiauy Equiaxed Wurannnszurumsinanan v (Recrystallization
Y ~ = ! @ 2 .
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Fine

Coarse Property Lamellar Equiaxed
0 o] Elastic Modulus o] +/ - (Texturz)
+ - Strength - +
+ - Ductility - +
- + Fracturs Toughness + -
+ - Fatigue Crack Initiation - +
- + Fatigue Crack Propagation + -
- + Creep Strength + -
- Superplasticity - +
- Oxidation behavior + -

510 2.13 dnvuzveslaseaiganmaiiinasoauiianiana [11]

v H Y
T 11 Tnseadreqanaifigiuuuuanaiaiuiiy iiaainmsin - Thermomechanical Treatment

£ g [ A o 9 o [ dy o w .
mtﬂumiﬂiuﬂqmuummﬂﬂaTﬂﬂmﬁﬂmmsau AUNTSUIUNITAIUATURAIAY Solution

Heat Treatment, Deformation, Recrystallization, Aging uazqﬂ‘v’l’w Annealing eAIEANIAY

anfamelundainsz1IuMsed19n3I 199 Aeg17 2.14

%
HANLAAAR i
PRTENY PR ] Kl

i

-
solution anneallng] aging ]
temperature time time
degree of deformation temperature temperature
deformation mode cooling rate

cooling rate

511 2.14 msdFuilgeantianenalaserdenuouves lnmionnau(11]
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2.5 madasulaanla
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e msnamnsnulaa (Martensite Transformation)
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Material Alloy Type Young’s Modulus (GPa)
Ti-6Al-4V (annealed) a+pf 113
Ti-6Al-4V ELI (WQ) a+p 118
Ti-13Nb-13Zr p

wQ 64— 77
WQ + aged 81
AC 83
WQ + 50 -70%CW 44 — 51
Ti-12Mo-6Zr-2Fe p 74 -85
Ti-2ONb-13Ta-4.6Zr B
wQ 63
WQ + aged at 673 K for 3.6 ks 97
WQ +CW 62

WQ: Water quenching after solution treatment

AC: Air cooling after solution treatment

CW: Cold working
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