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Introduction: Market of titanium

Aerospace Titanium Market by Aircraft

Aerospace Titanium Market by
Application

Type

Growth Rate Growth Rate

Commercial Aircraft Structure

Regional Aircraft

General Aviation

Helicopter

' CAGR: Negative Flat Growing

(2021-26) <0% 0%-3% >3%
* Military Aircraft — - ,

4.5 mld $ i
2016 H 2017 H 2018 H 2019 A 2020 € 2021 F 2022 F 2023 F 2024 F 2025 F 2026 F 2027 F
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Introduction: Low cost titanium alloys

Critical factors contribute to the cost of producing 300 s Brodiicton: o
titanium aIons: 40% 0 extractive to ingot
metallurgy

* High cost of titanium sponge production
* expensive and rare alloying elements
 complex and multi-staged hot working

e difficult machining

® Primary conversion: hot
working of ingot to semi-
finished and finished
goods

® Secondary conversion:
machining

30%

Processing step to total cost of titanium alloys

o "

Raw
material

Processing
and
forming
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Introduction: Low cost titanium alloys — possibility of cost reduction

Development of
cheapest and easy
method of pure
titanium production

e titanium tetrachloride electrolysis
method,

e continuous liquid reduction method,

 flow continuous gas phase smelting
method,

e direct electrolysis reduction of
titanium dioxide,

 use of revert materials,

 compact processes for high efficiency
fabrication based on electron beam
(EB) cold hearth smelting.

Substitution of
expensive alloying
elements

use cheap alloying elements to instead .
of expensive alloying elements without

reducing the performance of the alloy

design low cost titanium alloy which is

not sensitive to impurity elements and
made with revert material .

5-20%

Optimization of hot
working and machining
processes

near net forming technology: low-
cost powder metallurgy technology.
superplastic forming/ diffusion
bonding. casting. laser melting
deposition additive manufacturing
Conception of ,fast technology”

50%

LI :97:\\'IRR Establish the classification standards for low-cost titanium alloys used in different industries
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Introduction: Low cost titanium alloys — example / trend in alloy design strategy

_ Experimental titanium alloys

Ti-1.5Fe-0.490-0.05N
reduce Al

= . Ti-3.5Al-1Fe. Ti-5.5Al-1Fe.
replace Al with O and N ,
/ | m) Ti-3Al-2.1Cr-1.3Fe

replace V with Fe . :
7 Ti-4.5Al-6.9Cr-2.3Mn
replace V with Cr and n _ ,
/ Ti-4.5Al-1V-3Fe. Ti-6Al-1V-3Fe

Interstitial elements
Alpha phase stabilizer
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2. TITANIUM ALLOYS MELTED IN CERAMIC CRUCIBLES
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Titanium and titanium alloys melted in ceramic crucible
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Effect of titanium melting in ceramic crucible

Before After
i i Elements content, mas. %
Crucible materials
o) Rest
1 |ALO, 8.9 Al: 8
2 |MgOo 0.69 Mg: 0.26
3 |zr0,'Y,0, 1.1 Zr:19.1,Y:0.13
4 |ZrO,-Al,0,Y,0, 5.9 Zr: 9.2, Al: 1.66, Y: 0.038
5 |ZrO,-MgO 1.2 Zr: 0.93, Mg: 0.001
6 |ZrO,-TiO, 0.3 Zr: 0.06, Y: 0.001, N: 0.7
7 |ZrO,-MgF, 0.16 Zr: 0.036, Mg: 0.001
8 ZrO,-Foskor 0.3 Zr: 0.004, Y: 0.001, N: 0.7
9 |ZrO,-HfO,-MgO 29.5 Zr: 18.06, Mg: 0.026
10 |ZrO,-HfO,-CeO, Intensive reaction during melting
11 |Y,0.-ZrO, 1.1 Y: 0.013, Zr: 0.3
12 |Ca0 2.0 Ca: 0.005
13 |CaO-TiO, 0.35 Ca: 0.005
Bulk 14 |CaO-CaF, 0.29 Ca: 0.005
crucible| 15 |BN(1) 0.08 N: 0.05
16 |BN(2) 0.27 N: 0.02
17 |BN(3) 1.75 N: 0.05
18 |BN-ZrO, 0.3 N:0.4
19 |Graphite(1) 0.45 C:1,53
20 |Graphite(2) 0.32 C:1.44
21 |Graphite(3) 0.30 C:1.88
22 | Graphite(4) 0.25 C:1.87
23 | Graphite(5) 0.22 C:2.23
24 |lIsostatic graphite(1) 0.92 C:1.84
25 |lIsostatic graphite(2) 0.37 C:1.47
26 |Isostatic graphite(3) 0.29 C:1.7
27 |lIsostatic graphite(4) 0.17 C:1.61
28 |Isostatic graphite(5) 0.39 C: 2.67
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Effect of Ti-6Al-4V melting in a crucible by VIM

Table 1. Chemical composition of alloy Ti-0A1-4V melted 1n a crucible in induction firnaces.

Elemental content. [wt.%49]

Crucible material

O Al W Remainder

1 |Cu{cold cracible) 012 | 611 | 38289 |C: 0026
- X W 023 | 5394 | 3.0 |V 27 20
‘ji' i |Mo 030 598 | 3.27 | Mo: 34 00
E[ 4 |Ta 025 | 608 | 3.77 |Ta: 53.60
E‘ 3 |BIMN-Zri, 033 | 5331 | 3.86 | S 0.76; M: .33
:;;. & |Isostatic graphate (1) 01> | 581 | 3.87 1.4%
- 7 |Isostatic graphate (23 013 | 5392 | 4.10 .71

2 | 51C + 5rAn0; (1) 0.8 3481 | 3.78 63 L 081

Q| 51C + Srdn05 (2) 03| 544 | 3.78 V6 Ao 014

10 | 51C + 5rf005 (3) 022 5390 | 3.2 0.7 Lo 0.03
= | 11 [51C + ZrDs- 240 =0 (1) 080 | 597 | 4.30 (26 Ar: 1.530; Mg: 0.02
S| 12 |[5iC+ Zr0q-240e0 (1) 1.10 S 419 35 A 1.37; Mg: 0.02
E 153 |51C + Zr04-BY 0 (10 060 | 572 | 3.7 16 A 1,192 %Y - Q.015
= | 14 |51C + Zr05-BY,0; () 076 | 5487 | 3.04 353 A 1. 357 - 0.033
g 13 | 51T 4+ Zr0a-20% 205 (173 066 | 580 | 4.02 e L 0.9 Y- 0.042
T 16 |51C + £r05- 207 205 () 086 | 56848 | 4.02 35 A 1,10 Y- 0.051
E 17 | 510 + £ -253C0- 10 205 (1) D77 573 | 4.30 . 10; A 1,37 Y- 0.023
E 18 |51C + Zr0a-253C0-10% 203 () oD | 540 | 2.70 20 Ao 147 Y0028

19 | 510 + Zry-5Ca0-0 53 A105-0.4510, (1) | 070 | 634 | 3,05
20 1510 + Aoy -5Ca0-00 3 A 1050 45100, (2 | 100 | 6.12 | 3.65

D 20 Fro 1. 26 Ca: 0.072
534 Fro 1 .87 Ca: 0.079

aln[alalalalalnlaa]nln]n[n{a]n[ala[ala]aaala]ala]alnla[n[aln[aln
=
-;]

21 |Isostatic graphate + YO0 +BN+BIN{1) | .12 | 6.14 | 3.72 o LAFE S SR R
22 |Isostatic graphite + Y03+ BN +BIN (2) | .13 | 6.07 | 3.63 - M- Q.02
23 |Isostatic graphite + SrAr; {1} 024 | 5.84 | 3.0 [C: 082 A 0.03; 5r= 0.001
24 |Isostatic graphite + STAr {2} 025 5386 | 3.51 B3 A 0.0 5r=0.001
EI- 23 | 510 + 5rfrl; (1) 013 [ 580 [ 380 |C: 0.26; Zr: 0.04; 5r=0.002
= | 26 |51iC + SrZr0; (2) 016 | 570 | 3.63 A A 0.014; Sr=0.002
E 27 1510 + SrZr03+ BN (1) 023 595 | 3.63 (.35 Ao 018 Sr=-0.002; N: Q.53
= | 28 |SiC + SrZr0:+ BN () Q.20 ) 570 [ 207 | C: 039 o 0.04; 5r= 0002 MN: Q.40
E 29 |51C + MzO + BN .70 576 | 3.83 cO A2 Bz 011 IN: 070
=| 30 [5i1C+ Zr0,+ BN 034 | 5795 | 3.65 c 34 A 047 M- 040
E 31 | 510 + Y205+ BIY 025 ) 566 | 3.96 .25 Y- 005 N 0 28
E 32 |51C+ BN+ Y05 020 ) 5798 | 2.89 OG5 - 061 5 GO0y
33 |51C+ Y0+ BN + CaFs (1) 028 605 | 3.61 O 20; IN: 029
34 |51C+ Y0+ BN + CaE> (1) 029 603 | 2.64 42 IN: 0.69
33 |S51C + YO+ BN + Y03 (1) 032 572 | 3.41 0. 27 M- 0.55
36 | 51C + Y0+ BN + T 03 () 023 604 | 2.30 .59 N:- 041
37 |50+ Calky+ Ar0, + BN 017 | 560 | 3.91 cO 2 A 001 Ca: 0.001; N: 0352
32 |50+ Calba+ BN + Y203+ BN {1} 025 | 597 | 3.71 0. 22 M- 0.53
39 | 510+ Cal+ BN + Y0+ BN (2} 022 601 | 2.07 O A0; I9: 058

{1). {2} and (3)—adeguately fir=st, second and third melt 1n c1ucible

Silesian University
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Effect of titanium and titanium alloys melting in ceramic crucible
Ti-6Al-4V

Crucible materials

N

i

Y= 85-95% mas.

T I
4 6
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5
10
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g 1207 ZAY-710*AL0Y.0, 1+ § @ | Y
> 1000 C- Ca0 7 E Cu (cold crucible) 0.12 6.11 3.89 C: 0.002
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S 600 M 5 = SiC+Y,0,+BN+CaF, 0.16 578 3.89 C:0.27
pT-POWIOKE ST, |
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Is it possible to deform?
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Deformation of titanium alloys with higher carbon content

o Strain rate [s” 500
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Silesian University
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3. TITANIUM ALUMINIDES MELTED IN GRAPHITE CRUCIBLES
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Titanium aluminides melted in special graphite crucibles

Ti-45A1-8Nb-0,5(B, C) alloy

Second generations of TiAl based alloys:

Ti-47Al-2W-0.5Si

2. Preparation of crucible Isostically pressed graphite — 2.0 |

Melting 1650°C/3 min.

Risers removed

8 Hot isostatic pressing "3,'1"3 1260°C/170 MPa/4h

Technology. (2019) DOI: 10.1080/02670836.2017.1413036
Szkliniarz W.. Szkliniarz A.: Microstructure and properties of TiAl-based alloys melted in graphite crucible. Metals.

(2021) DOI: 10.3390/met11040669

Silesian UniverSity Szkliniarz W.. Szkliniarz A.: The characteristics of TiAl-based alloys melted in graphite crucibles. Materials Science and

of Technology


https://www.bg.polsl.pl/expertusbin/expertus4.cgi

Titanium aluminides melted in special graphite crucibles

Element

Alloy at. 9t

Ti-45A1-8Nb-0.5(B. C) 4425 7.34 0.34 0.15 935 96 17 .
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Properties of Ti-45Al-8Nb-0.5(B. C) - SUMMARY

800 l l 20 — |
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Properties of Ti-45Al-8Nb-0.5(B. C) - SUMMARY

4.0

-==- without aluminium coating

2,9 ' |
] > Ti-45A1-8Nb-0,5(B, C) -+~ TNB-V2

E —— with aluminium coating /
2,0 . 3.0

NE 15 - o
& - \ E 2.0 <7Nley /
%D 1,0 : e \ \ OE.D . , ,', ‘V'\‘ " / i
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= ] \ o \
< ] = 0.0 frrrrrerrfreeeeeeete T N AMlaasaa Baasssass Missasaans Rasssatans Baassssts
2 0,5 - \ 0 1 20f 30 49 0 6 7P 8 9P 100
SEETE |
0 5 10 15 20 25 | 2.0
No. of cycles. oxidation at temperature 950°C No. of 23-h cycles at 950°C ]

Alloy % |UuTs | vs | EL Creep | Oxidation
resistance | resistance

Ti-45A1-8Nb-0.5(8) C) B

TNB-V2
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Manufacturing of blades (Ti-47AI-2W-0.5Si alloy)

Preparation of ceramic

shell mould Alloy production Melting and casting Final treatment

Hot isostatic pressing Special heat treatment Machining
y T/ T/, Tt and surface treatment

T -
O O : 1

o Lo R

— s -'C-U'

O - 9 o T, I
8 1= K !
L
|

Silesian University

Qf TeChnology Szkliniarz W.. Szkliniarz A.: Fundamentals of manufacturing technologies for aircraft engine parts made of TiAl based alloys.
Archives of Metallurgy and Materials 61 (2016). 1385-1390. DOI: 10.1515/amm-2016-0227.
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4. TITANIUM ALLOYS WITH CARBON
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Carbon in commercial titanium alloys

Max. content of impurities. mas. %
N

Alloy

O
Commerially pure titanium

Ti Grade 1 0.18 0.03 0.015
T1 Grade 2 0.25 0.03 0.015
Ti1 Grade 3 0.35 0.05 0.015
T1 Grade 4 0.40 0.05 0.015
T1-0.2Pd 0.25 0.03 0.015
a and near-a alloys

Ti-5Al-2.5Sn-EL| 0.12 0.07 0.012 Igh alloy purity

Ti1-8Al-1Mo-1V 0.12 0.05 0.015
Ti1-6Al-25n-4Zr-2Mo 0.15 0.05 0.012 ‘

Ti1-6Al-2Nb-1Ta-0.8Mo 0.10 0.02 0.012
_ T1-2.25Al1-11Sn-5Zr-1Mo . 0.17 0.04 0.008 problem with Obtaining high Strength
T1-5.8A1-4Sn-3.5Zr-0.7Nb-0.5M0-0.35Si 0.15 0.03 0.006
a+p alloys
Ti-6Al-4V 0.20 0.05 0.012
Ti-6Al-4V-ELI 0.13 0.05 0.012
Ti1-6Al-6V-25n 0.20 0.04 0.015
Ti1-6Al-25n-4Zr-6Mo 0.15 0.04 0.012
Ti1-5Al-25n-2Zr-4Mo-4 Cr 0.14 0.04 0.012
Ti1-3Al-2.5V 0.12 0.02 0.015
Ti1-4Al-4M0-25n-0.25Si 0.12 0.05 0.012
near-g and B alloys
Ti1-15Mo 0.20 0.05 0.015
T1-13V-11Cr-3Al 0.17 0.05 0.015
T1-10V-2Fe-3Al 0.13 0.05 0.015
T-15Mo0-3Nb-3Al-0.2Si 0.17 0.05 0.015
T1-35V-15Cr 0.08 0.05 0.015
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Titanium and titanium alloys with carbon — production method

Feedstock Melting Casting Ingot Homogenization Hot rolling

\\N Leicomelt 4TP - 11 (300 kW)
| g . ‘ R llij
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Institut Flir Elektroprozesstechnik Bergakademie Freiberg
Leibniz Universitat Hannover
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Effect of carbon on the crystallization process

. ' ‘;“o i "% .
L o L*QB L L-I;:I'iC 9 o B tI'I-OZC S v’%‘f.‘. (, . rj
M — ; / Y > J Nos | " /""f
1600 o Uy e W 4r
> ' {‘%/ ¢! ‘ _A4E TR 2000
= e ; o Ti-0,2C
1400 -~ e =38 ; = . ®-o
. N ¢ ( ;/j \V 0-TiC
4 1200 M ' e
L O o B B+TiC @ o BN
oS I==== :
© -
@ +
QrHd 7
2
3 600 4
+Ti
B 9 ol atTiC 0 o
400 0 A
\ e
TiC 200 " ¢
-_—,
hlflll[ll‘ -‘Q\-
0
0,0 0,2 0,4 0,6 0,8

Under phase equilibrium conditions the processes of microstructure formation follows the sequence:

0.0%C Lo>B—>a

02%C emp Lo>PB+Lo>B+TICHa+Bo>a—>a+TIC

0.5%C wp L>L+TIC>PB+TICo>a—>a+ TIC
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Effect of carbon on the susceptibility of grain growth
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Whether Ti can be solutioned by carbon?
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Age-hardening of Ti-0.2 (0.5)C

875°C/1h/water+550 °C/4h/air

300 300 :
: 3 Ti-0,2C == Ti ]| BAnnealing
- ] - B Solution treatment
= 250 : T I I z , S 250 ] = Solution and Agein ﬁﬁ
w | I T - - - l.l.l.
£ 200 - : ” : o I WA\
= | (7)) ] &&: = e
= ] 7)) I anenanet) nenene
O : © 200 g e e
:c:u 130 I e O e O e e s S O © : %ﬁ ﬁﬁ
O |
© 1 . o e
T 150 {1 S S
: e e
: e e
100 - . SN 5
900°C/1h/water+550°C/8h/air Ti Ti-0,2C Ti-0,5C
300 -
: 23 Ti-0,5C == Ti
> h
= 250 :
ga;‘ .
: _
O )
c 150 i
T )
100 -

@ Silesian University

of Technology




Effect of carbon on the temperature of phase transformation in titanium

o

{— T
{|— Ti-0,2C

o

)

()

o

0 200 400 600 800 1000
Temperature, °C

N S o Qo

: ormatiac Carbon content. mas.%
Alloy .. :
composition | temperas s 0.0 0.2 0.5
T 890 920 945
Ti-5A1-2.55n * =P 1035 1060 -
T1-8Al-1Mo-1V o+(B) 1040 1060 -
Ti-6Al-4V o+f ot+p—P 975 995 1010
T1-15Mo-3Nb-3Al-0.2Si B+(a) 810 825 -
Ti-33Mo B not apply
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Effect of carbon on the lattice parameters

Lattice parameters. nm

0.4672 | 1.5864
0.2952 | 0.4686 | 1.5874 0.4308
0.2964 | 0.4711 | 1.5895 0.4311

Limit of the good deformability of titanium alloys

0,4720 - 1,5900

0,4710 1,5892

0.4700 1.5884
0.4690 '/ 15876

0,4680 1,5868 -

0,4670 + 1,5860 -
00 01 02 03 04 0,5 00 01 02 03 04 0,5 00 01 02 03 04 05

Content of carbon, mas. %

Naka S., Kubin L.P., Perrier C.: The plasticity of titanium at low and medium temperatures. , Philosophical Magazine A”. Vol. 63. 1991. p. 1035.
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Effect of carbon on the mechanical properties of titanium alloys

O with carbon
O without carbon
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1403
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1345 | [ 345

345 | | 345

865

865

1003
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1227
1104

1174
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960 960

1034
954

1051
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853

920 | | 920 |

792

A ‘ S+A
Ti-0,2C
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A S+A
Ti-0,5C

A

S+A

Ti-5Al-2,5Sn-
0,2C

A

S+A

Ti-8Al-1Mo-
1V-0,2C

A S+A
Ti-6Al-4V-0,2C

A S+A
Ti-6Al-4V-0,5C

A S+A
Ti-15Mo-3Nb-
3AIl-0,2Si-0,2C

A S+A
Ti-33Mo-0,2C




Stress, MPa
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Effect of carbon on the mechanical properties of titanium alloys

Ti (A)

Ti-0,2C (A
Ti-0,2C (S
Ti-0,5C (A

)T
+A)
)t

Strain, %

- = Ti-0,5C (S+A)
0 ) 10 15 20

25 30

T

T1-0.2C

T1-0.5C

T1 Grade 1*

T1 Grade 4*

UTS YS
345 245

uts | vs | EL

29.8

51.5

A 579 496 28.6 48.6
STA 643 554 28.3 46.6
A 622 544 27.3 44.8
STA 689 561 25.2 36.9
A 240 170 25.0 35.0
A 550 485 15.0 30.0
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Effect of carbon on the mechanical properties of titanium alloys
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Ti-5Al-2,5Sn- [Ti-8Al-1Mo-1V-Ti-6Al-4V-0,2C|Ti-6Al-4V-0,5C| Ti-15Mo-3Nb- | Ti-33Mo-0,2C
0,2C 0,2C 3Al-0,2Si-0,2C

A IS+A A | S+A| A
Ti-0,2C Ti-0,5C

‘Carbide as ,O0Xygen scavenger ”

 traps oxygen atoms in place of the vacant lattice
point in the carbon sublattice

e Decrease the oxygen content in the matrix
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| Effect of carbon on the impact energy of titanium alloys
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Effect of carbon on the hardness of titanium alloys

500
11 @ with carbon
O without carbon
400 424 4zf
7 391
- 381 375 375 586 10
S : 348 344 | | 354 [ 343 991 345 | 32
T 300 - 305 | | 305 | | 306 1305 1305 1304 | | 304
g 275
@ . 264
k= 200 - 244 e 243
© 1 | | | |
L : 205
11157 | | 157 | | 157 | | 157
100 2 H8 1 P H e e e e e
0 I I I I I I I I
A ‘ S+A A S+A A S+A A S+A A S+A A S+A A S+A A S+A
Ti-0,2C Ti-0,5C Ti-5Al1-2,5Sn-| Ti-8Al-1Mo- [Ti-6Al-4V-0,2CTi-6Al-4V-0,5C| Ti-15Mo-3Nb-| Ti-33Mo0-0,2C
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Effect of carbon on the wear resistance of titanium alloys

0,30

‘ —Ti —Ti-0,2C — Ti-0,5C e R
' 0.252+0.006| [P T
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\ . . f -
: M . -h h
Ra 6 09 ' ' ':.’ 1 'v :
. 'S {'n - . 4
“ . .
. ( : L1 £
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| "" UTPWK Hy-\-".li‘""l AL A RN,
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Friction coefficient

0,15

0,10 .
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Friction path, m |
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Effect of carbon on the creep resistance of titanium alloys

1000 + 1000 +
H O with carbon 1 O with carbon . b d
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Ti-0,2C Ti-0,5C Ti-5Al-2,5Sn- [Ti-8Al-1Mo-1V-{Ti-6Al-4V/-0,2C|Ti-6 Al-4V-0,5C| Ti-15Mo-3Nb- | Ti-33Mo-0,2C Ti-0,2C Ti-0,5C Ti-5Al-2,55n- [Ti-8Al-1Mo-1V-Ti-6Al-4V-0,2C|Ti-6Al-4V-0,5C| Ti-15Mo-3Nb- | Ti-33Mo-0,2C
0,2C 0,2C 3Al-0,2Si-0,2C 0,2C 0,2C 3Al-0,2Si-0,2C

°C

Temperature

Strain

MPa

Creep time to stress. h

0.1 0.6 3.4

Steady state

creep rate, s

Ti (Grade 1) A 170 . . . 225 | 45.8 | 73.4 | 0.000355

| A 0.1 | 0.8 | 13.2 | 405 | 850 | 193.0| 0.000171
Ti-0.2C 400 170

STA 0.1 | 2.9 | 483 | 96.9 | 1754 | - 0.000067

_ A 41 | 182 | 69.5 | 1400 | - : 0.000058
Ti-0.5C 400 170

STA 59 | 27.1 | 97.4 | 2126 | - : 0.000043
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Effect of carbon on the oxidation resistance of titanium alloys

T * decrease of oxygen content in the alloy
matrix caused by the transfer of oxygen
- atoms from the matrix to the vacance
in the carbon sublattice of non-
stoichiometric TiCx carbides.
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Q ] limiting its solubility in the interstitial
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© i carbon atoms
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Effect of carbon on the deformability of titanium alloys

T =3890°C T =RT
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i i O
©
e 80 17 I s 900
v 00 - %
@ _/_O\_ o 600 -
5 40 - —Ti | % —Ti
20 - — Ti-0,2C| » 300 - — Ti-0,2C
- Ti-0,5C : Ti-0,5C
0,0 0,2 0,4 0,6 0,8 1,0 0,0 0,2 0,4 0,6 0,8 1,0
Strain Strain

Ti-0.5C

@ Silesian University
of Technology



Effect of carbon on the properties of titanium alloys - SUMMARY

<0.08%C 0.2%C 0.5%C

Tensile strength

Elongation
Young’s modulus + +

++ +
- - -
+ -+
+ ++
- -
+ +
- -

Cold formability — —_—

Hardenability by heat treatment + +
Microstructure stability + +
Susceptibility to grain growth + ++
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Effect of 0.2% C on the properties of titanium alloys

Effect of 0.2 mas. % C in titanium alloys
Parameter

Tensile strength

Yield strength

Elongation

Young’s modulus

Hardness

Impact energy

Creep resistance

Oxidation resistance

cCorrosion resistance

Hot formability

Cold formability

Wear resistance

Hardenability in heat treatment

Microstructure stability

Susceptibility to grain growth

Transformation temperature
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5 Carbon in titanium alloys — problems or benefits

It depends from:

* group of titanium alloys

* |evel of carbon content

* content of alloing elements (phase composition of alloy)

within the controlled content of up to approx. 0.2 wt.%. carbon in titanium alloys is
not an impurity, but a component that may have many useful functions which are
different for different groups of alloys

The results achieved to date perhaps bring closer the time when some small addition

of carbon to any titanium alloy will become a mandatory standard???
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