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Titan of the world
Gift for human welfare B

DOSCO TITANIUM

CHARACTERISTICS

COST EFFECTIVENESS

MAIN APPLICATION 1

MAIN APPLICATION 2

MAIN APPLICATION 3

important materials in 21st century. Especially, its superior y MANUFACTURING PROCESS

specific strength and corrosion resistance have been ) HOT ROLLED/COLD ROLLED SHEETS & COILS
expanding its usage from aircraft to shipbuilding, power : PLATES

plants, medical equipment, and other industrial fields. : TITANIUM SHEET FOR HEAT EXCHANGER
TECHNICAL DATA

Discovered in 1790 and put in industrial usage in 1950,
titanium has very short history compared to other
materials. However, it is becoming one of the most

POSCQ, as a total material provider, has entered titanium

industry with world-leading technologies and experience AT A TURES
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accumulated in its steelmaking operations, and delivers
better products to our customers with high stability. - ElEfE2 £4
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Besides its superior quality in weight, strength and

corrosion resistance, titanium is a non-toxic,
environment-friendly metal.

As a global leading steel company, POSCO is
creating another success story in titanium industry.
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Light Weight

Specific gravity about 60% of steel

L | 60% &2 HIS

Characteristics . ' High Specifc Strength

Strength similar to steel

A
Utz 470 Y

Corrosion Resistance
Excellent corrosion resistance against seawater

S0l CHBH Ol LA

Low Thermal Expansion
Thermal expansion similar to glass or concrete

92|, 232|290} AfE SHAT

Non Magnetic

Never becomes magnetized
HIXHS

High Formability
Formability similar to 304 stainless steel

304AH|QI2|A AST} B[Ot 20| Y

Non Toxic
Low leaching out of metallic ions and low incidence of ionic allergy

H2 27 A0 HE /NS A Y27 | LYE
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OSCO TITANIUM 04_05



In many applications, titanium offers opportunities for
reducing operating costs.

* Better fuel economy through weight savings in engines and other mobile equipment
* Improved energy conservation by efficient heat transfer

* Resistance to aggressive materials such as crude oil with high level of hydrogen sulfide
* Reduction in environmental cost caused by corrosion leakage
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Also, titanium provides cost reduction in maintenance and

downtime by its superior corrosion resistance especially for plants
and equipment designed for a long service life.

Welded titanium tube supplied for power plant surface condenser
use, has been sold with a 40 year performance guarantee and
many of the earlier installations of welded tube have now outlived
their original guarantee period.
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Power / Chemical / Desalination Plant Ocean Plant / Shipbuilding

Plate Heat Exchanger

Seawater Desalination Plant Ocean Plant Plate Heat Exchanger

Due to its superior quality, Titanium is used
in many fields of industry - nuclear/thermal
power plant, petro/chemical plant, ship

building, ocean plant etc.

102 SIRj/SRILAA, M3t SUE,
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Main Application 2

In addition to its wide usage in aerospace and military industry,
titanium is also seeing increasing use in construction field.

E[EfE2 R3S, ZALHZO0M| HEHLt ALZ2 2, 22 S50 M= F7I6td USUICH,

Aerospace / Military Construction

F-15k Guggenheim Bilbao, Spain

Space Shuttle SPFC Building, Korea National Grand Theatre, China
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Main Application 3

Moreover, titanium is appropriate for the
products for sports, leisure, medical equipment,
accessories, and the range of applications in
industry is being expanded.
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Sports / Leisure

Titanium Cookware

Medical Equipment / accessories

Golf Driver

e

e

Automobile Muffler
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Dental Plate & Spring

Accessories
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Glasses
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Combining our world-best manufacturing technology in steel &
stainless steel, POSCO is now producing titanium products of the
best quality. In addition, POSCO will complete the vertical
integration to slab production by 2014, and this will provide our
customers with more reliable supply of titanium products.
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Reheating
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Hot rolling
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Heavy plate rolling
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Annealing

Cold rolling
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Shot Blasting
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Cut to length
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Slitting
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Titanium Products

Standard Grades
ASTM B265 Grl, Gr.2
ASME SB265 Grl, Gr.2
JISH 4600 Classl, Class2
COLD ROLLED SIZE (%) HOT ROLLED SIZE (&%)
Thickness (mm) Thickness (mm)
04t R g S g S - 3t~
| |
| |
I | .
, Gr1 , Gr2 HR Sheet & coil
| |
| |
2t4- b e o == 4 64tT
¥ ¥ ¥ ¥ ¥
750 100 1219 Width (mm) 750 1219 Width (mm)
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Titanium Products

.

Plates

Plates are mainly used for tube sheet and pressure vessel.
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Available Sizes

PLATES SIZE (=

Thickness(mm)

8t

12t

30t

70t~

)

Acceptable Standards
Standard Grades
ASTM B265 Grl,Gr2
ASME SB265 Grl, Gr2
JISH 4600 Classl, Class2

---» To be developed

1200

3500 Width(mm)

Major Strain (%)

Titanium Sheet for
HEAT EXCHANGER

&(PHE) 27+3d ElEHs B

Y

Mechanical properties 7= 4

Ultra-thin titanium plate for Excellent press formability (CP-Grade 1 VA)
High ductility (EI > 45%), high formability (Erichsen value > 11mm)

A 4340| 24828 ElERE T (CP-Grade 1VA)
THM(EL D 45%), 27t5(Erichsen value > 11mm)

High Formabiity =i 7454

High Formabiity (Forming Limit Diagram) High Erichsem-value 3-D Scanning (PHE)
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Technical Data

Titanium Standard

Chemical Composition & Mechanical Properties according to ASTM Standards

DESIGNATION GRADE1 GRADE2  GRADE3 GRADE4 GRADES  GRADE7  GRADET
COMPOSITION(%MAX) atatde
Oxygen (O) 018 0.25 0.35 040 0.20 0.25 018
Nitrogen (N) 0.03 0.03 0.05 0.05 0.05 0.03 0.03
Hydrogen (H) 0.015 0.015 0.015 0.015 0.015 0.015 0.015
Carbon (C) 0.08 0.08 0.08 0.08 0.08 0.08 0.08
Iron (Fe) 0.20 0.30 0.30 0.50 040 0.30 0.20
Aluminium (AI) - - - - 55~6.75 - -
Vanadium (V) - - - - 3.5~45 - -
Palladium (pd) - - - - - 012-0.25  012-0.25
Residual each (total) 010(04)  010(04)  010(04)  010(04)  010(04) 01004 01004
MECHANICAL PROPERTIES 7 [A|& M4&
Tensile Strength MPa min. 240 345 450 550 895 345 240
QIRZE (ksi) (35) (50) (65) (80) (130) (50) (35)
Yield Strength MPa 170-310 275-450 380~550  483~655 830 275~450 170~310
S22 (ksi) (25-45) (40765) (55~80) (70~95) (120) (40~65) (25-45)
Elongation % min.(SAE) 24 20 18 15 10 20 24
Hardness HV typical (ZAx) 100~150 160-~200 180~220 200~280  310~350 160~200 100-150
« N is a very exceptional strength ) =
improvement but drop the elongation < s
o Improvment strength or elongation € N 2
=z S -
is controlled by O 3 220 ° 220
« Improve strength & Drop elongation g 200 ;E -150
-N>O>C>Fe ¢ E
£ 180 E 100 fie
o NS O Et2I3t 24 Bh R1A0ILY £ \ T fe
oIIE Bf ST 2 0 s
« 2% 4, QI8 512 52 TR 02 ao| & \\ -
sio= afE &¥ o2 y
= _ 120 50 \O %
o B SN Y HMZ 512 - N>O>CoFe P N ol
100 100

0 01 02

Composition (weight per cont)

03 04 05

0.6

0 005 010 015 020 0.25

weight per cont

Technical Data

Physical Properties

Comparison of Physical Properties with those of other Metals

ltem Atomic Atomic Density Melting Linear Specific Thermal Specific  Electrical Young's  Poisson's
no. wt. (g/cc) point  thermal heat conduc- electrical conductivity modulus ratio
() expansion  (J/g-°C) tivity (wQ-cm) toCu(%)  (GPa)
coefficient cofficient
/°0) (W/m:K)
Titanium 22 4790 45 1,668 84x106 053 170 55 31 16 0.34
Iron 26 5585 79 1530  12x10% 044 76.2 9.7 18 200 0.3
1Sf'f;?nless 1400
- - 79 ~ 17x10-6 0.50 16.2 72 24 195 03
steel 1420
(SUS304) '
Aluminum 13 2697 27 660 23x10¢ 090 210 27 64 68 033
Aluminum 476
alloy - - 28 ~ 23x10¢ 096 120 58 30 717 033
(7075) 638
Magnesium 12 2432 17 650 25x106 1.03 159 43 40 44 035
Magnesium 605
alloy - - 18 ~ 26x106 10 96 9.3 19 45 0.35
(AZ-31B) 630
Nickel 28 5869 89 1453 15x106 046 60.7 95 18 207 0.31
Nickel allo 1300
y o 88 8.8 ~ 14x10-6 043 218 48 36 170 0.29
(monel)
1,350
HastelloyC - - 89 1305 M3x106 043 7 130 13 205 -
Copper 29 6357 89 1,083  17x106 0.39 385 17 100 110 0.34

Notes : 18-8 stainless steel : Cr(18%)-Ni(8%)-Fe(R)
Monel: Ni (70%)-Cu (30%) Hastelloy C : 54Ni-17Mo-15Cr-5Fe-4W
AZ-31B: Al (3%)-Zn (1%)-Mn (0.2%) - Mg(R)
7075 : Tempered and quenched ultra-super duraluminum [Cu (1.6%)-Mg (2.5%)-Cr (0.3%)-Zn (5.6%)-Al (R)]
Crystal structure @ Titanium (=885°C) : close-packed hexagonal lattice a=2.9504 A ¢/a=1587
8 Titanium (=885°C) : body-centered cubic lattice a=3.3065 A
Latent heat of fusion : 14.5 cal/g Permeability : 1.0001
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Technical Data

Corrosion Resistance
Comparison of corrosion resistance between titanium and other metallic materials

Classification ~ Corrosion medium Concentration (%)  Temperature (°C) | Titanium = SUS304 SUS316  Hastelloy C

1 25 A B A A / A4
. Boiling D D D C
Hydrochloric acid 5 B D D D
, S S Titanium Welding Feat
| 1 I S itanium Welding Features
Inorganic Sulfuric acid Boiling D D C B
acids 10 25 B B B A
Boiling D D D B
10 25 A A A A
Nitric acid Boiling A " " 8
25 A A A B
65 Boiling A B B D
o 10 Boiling A A A A
Acetic acid 60 Boiling A B B A - TR :
S 0 5 A ¢ B y « Weldability of CP titanium is good in general
. Ossal d P . . 0. . . . .
Or%amc ssdicad 30 Boiling D D D A o Impurities (O,N) during titanium welding cause changes in the mechanical properties
acids S 10 25 B B B B . - .
Formic acid 25 60 D C B B = Blocking atmosphere or shielding gas required (Ar Gas)
L 10 Boilin A B B B
Lactic acid o Boiling A D D B o 2E[EI0| B7MS ABtHOZ ZALICY
Sodium hydroxide 2 Boe A A A A « Eleks 8 59 S22(0N) 2 7175 S4wsio] 24210 BLICH © U7 |IE = 2371A U2 (Ar M)
Alkali ) 5 Boiling A A A A
Potassium carbonate 20 Boiling A A A A
T 25 25 A B* B B Properties of titanium materials and welds
Boiling A B B B
Amminium chloride 40 25 A B B A . . . - .
Inorganic Boiling A c* B* A Impurity content (wt%) by bulk chemical analysis ~ CP-Ti filler rod CP-Ti plate
‘ . . 20 Boiling A D D D
chlorides Zinc chloride 50 Boiling A D D D Oxygen 0189 0189
. ' 25 A A A" A
Magnesium chloride 42 Boiling A A A A Nitrogen 0011 0.007
. 25 A D D C
o eliaget 30 Boiling A D D D Carbon 0.029 0021
q 25 A A A A
ooellim SUphEis 20 Boiling A A A A Bend strength, MPa (ksi) N/A 109 (16)
: ) 25 A A A A
Inorganic Sodium sulfide 10 Boiling A B B A Source: Struers e-Journal of Materialography, 3/2004
salts Sodium chlorite 155 %g ﬁ E E E
; 25 A A A A
Sodium carbonate 30 Boiling A A A A
Methy! alcohol 95 25 A A A A . : : 5
Organic Carbon tetrachloride 100 Boiling A B B B Gas Tungsten Arc Welding(GTAW) : Generally used /1% ol 222
compounds Phenol Saturate 25 A A A B * Gas Metal Arc Welding(GMAW) : Occur the spatter a lot Anjef 2hAf pre
Formaldehyde 37 Boiling A A A B ) . . )
Chiorine Dry 25 D A A A * Plasma Arc Welding(PAW) : Available till 10 mm by 1 pass welding : 10mm7x| 1pass £57ts
H;m|d gg 2 E BD 2 * Electron Beam Welding(EBW) : Welding aircraft parts and submarine apply siZ 22 2 &4H 274 &2
o ry
Gas Hydrogen sulfide Humid 25 A B A B * Laser Beam Welding(LBW)
Ammonium 100 %% ﬁ ﬁ ﬁ ﬁ * Friction Stir Welding(FSW)
Seawater - 1%50 2* 'Q* 'Q* '2* * Resistance Welding(RW)
Others
80 A A A A
Naptha ) 180 A A A A
A :{0125mm / year B:0.125-0.5mm/year C:0.5-1.25mm/year D:)1.25mm / year *Local corrosion such as pitting and crevice corrosion resistance
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Titanium Welding Features

GTAW(TIG)

o Currently most common process for titanium welding
« Easy welding: Easy control due to low density and high surface tension
« Shielding gas: Ar is mainly used

¢ Improvement for TIG productivity
- Hot Wire TIG: Increase speed for weld filler to improve multi-layer welding productivity
- Activated-TIG (A-TIG): applying specific flux for achieve deeper penetration Before
Welding on the surface
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- Activated-TIG(A-TIG): 8T T HH0|| E45t 2HAS TH510 O 242 8Y 24

Suggested welding paraneters for automatic TIG and MIG welding titanium (1/16" = 1.6mm)

Example welding parameters (Imm=0.04inch)

\/
1.6mm | ] [
L X

0-2mm

1.6mm@ electrode, 1.6mmf filler, 100-165A,
8-15V, 50-150mm/min. 1 pass

4.5mn1 N(
> <
1.5-3mm

2.4mm electrode, 2.4mm@ filler, 150-250A,
11-15V, 150-200mm/min, 2-3 passes

v
13mr2 ’j g
1.5-3mm

3.2mm@ electrode. 3.2mm@ filler, 175-275A,
11-15V, 150-200mm/min, 5-6 passes

TIG (GEA) without filler TIG (GTA) with filler MIG (GMA)
Gauge, in 0.030 0.060 0.090 0.060 0.090 0125 0125 0.250 0.500 0625
Electrode diameter,in  1/16 1/16 1/16~3/32 1/16 1/16-3/32  3/32-1/8 1/16 /16 1/16 1/16
Filler wire diameter,in - - - 116 1/16 1/16 - - - -
Wire feed rate, ipm - - - 22 22 20 200-225  300-320 375-400 400-425
Voltage, V 10 10 12 10 12 12 20 30 40 45
Amps, A 25-30 90-100 190-200 120-130 200-210 220-230 250-260  300-320 340-360 350-370
Nozzle ID, in 3/4 3/4 3/4 3/4 3/4 3/4 3/4- 3/4-1 3/4- 3/4-
Torch shield, cth 15Ar 15Ar 20Ar 15Ar 20Ar 20Ar 50Ar+ 50Ar+ S50Ar+ 50Ar+
15He 15He 15He 15He
Trailing shield, cfh 20Ar 30Ar 50Ar 40Ar 50Ar 50Ar 50Ar 50Ar 60Ar 60Ar
Backing gas, cfh AAr 4Ar SAr SAr 6Ar 6Ar 30Ar 50Ar 60Ar 60Ar
Travel speed, ipm 10 10 10 12 12 10 15 15 15 15
Power supply DCEN DCEN DCEN DCEN DCEN DCEN DCEP DCEP DCEP DCEP

Source: welding titanium, TWI1999

CP Titanium GTAW

» Material : CP Ti Grl, 6.35mmt

o Filler wire: CP Ti Gr, 4.8phi

* Welding Process : GTAW-DCSP method

* Shielding Gas : Ar

» Weld improvement: V-type, 60 2 bevel angle, four-pass fill

Microstructure for welding part

» Coloring Structure : After Etching, various colors appear
depending on Ti Oxidation of grain

* Bending strength of welded part reduced from 109MPa to
73.3MPa after welding

o Ol Ti 2|2 M0 w2t 04247 FX| AHO[ LtERe

o 2T Zeldes S 109MPa0IM EE= 73.3MPaz Ha

Typical tensile properties of TIG weldments

Alloy Tensile Strength (MPa)  Proof Stress (MPa)  Elongation (%)
Parent Weld Parent ~ Weld Parent Weld
Grade 2 460 510 325 380 26 18
Ti-6A1-4V 1000 1020 900 880 14 8
Ti-3A1-25V 705 745 670 625 15 12

Fig. weld center before Etching
(after bending test and the microhardness test)

Fig. welding part after Etching
(Ar used)

Fig. weld Center microstructure
(Arrow is beta phase)

—
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Global Network

.......... Posco Center SN
POS-AC POSTEEL POSDATA
POSRI POSCO Power ()POSMATE

b adquarters
POSREC POSCON

POSMEC

Gwangyang Works SeungKwang
P0S-M POSCO Terminal

International Subsidiaries

01. POSCO China Holding Corp. Beijing, China
86-10-5166-6677 86-10-8440-0321

02. Zhangjiagang Pohang Staninless Steel Co.,
Ltd.(ZPSS) Zhangjiagang, China
86-512-5856-9211 86-512-5855-3680

03. Qingdao Pohang Stainless Steel Co., Ltd.
(QPSS) Qingdao, China
86-532-8683-7020 86-532-8683-7011

04.Dalian POSCO-CFM Coated Steel Co., Ltd.
(PCCS) Dalian, China
86-411-8751-5003 86-411-8751-4710

05.POSCO(Guangdong) Coated Steel Co., Ltd.

(POS-GCS) Guangdong, China
86-757-2665-7705 86-757-2665-7760

06.POSCO(Suzhou) Automotive Processing
Center Co., Ltd. Suzhou, China
86-512-5760-5952 86-512-5760-5950

POST!

Pohang Works

ECH Venture Capital Corp.

POSCO Maxico

POSCO E&C

07. POSCO-Foshan Steel Processing Center
Co.,Ltd. Foshan, China
86-133-2283-8326 86-757-8387-1384

08.BX STEEL POSCO Cold Rolled Sheet Co,, Ltd.

Benxi, China
84-414-782-3705 86-414-782-2002

09. Guangzhou Jindo Container Manufacturing
Co., Ltd. Guangzhou, China
86-20-3877-1900 86-20-3877-1905

10. Guangdong Xingpu Steel Center Co., Ltd.
86-133-0283-1851 86-7572-666-1109

11. POS-Tianjin Coil Service Center Co., Ltd.
Tianjin, China
86-133-8805-5271 86-22-2532-3015

12. Wuhan Excellent Steel Center Co., Ltd.
Wuhan, China

POSCO America

13. POSK Steel (Pinghu) Processing Center Co.,
Ltd. Pinghu, China
86-137-5733-5591 86-573-528-1330

14. Zhongyue POSCO (Qinhuangdao) Tinplate
Industrial Co., Ltd. Qinhuangdao, China
86-335-535-1888 86-335-535-1993

15. POSCO-Samsung Suzhou Processing Center
Co., Ltd. Suzhou, China

16. POSCO Asia Company Ltd. Hong Kong
852-2827-8787 852-2827-5005

17. POSCO Investment Co., Ltd. Hong Kong
852-2802-7188 852-2845-7737

18. POSCO-Vietnam Co., Ltd. Vietham
84-8-824-6847 84-8-824-6856

H0Praoue |

Poschrome PTY,

19. POSVINA Co., Ltd. Vietnam
84-8-731-3097 84-8-731-3619

20. VSC-POSCO Steel Corporation Vietnam
84-95-3344-700 84-31-385-0123

21. Myanmar POSCO Steel Co., Ltd. Myanmar
95-1-638-304 95-1-365-418

22. POSCO(Thailand) Co., Ltd. Thailand
66-38-65-0463 66-38-45-4207

23. The Siam United Steel Co., Ltd Rayong, Thailand
66-3868-7290 66-3868-5133

24. POS-India Steel Processing Centre Pvt. Ltd
Pune, India
91-20-5602-7012 91-2114-308-146

25. POSS Delhi Steel Processing Centre Pvt. Ltd.
Delhi, India
91-11-2467-3686 91-11-246-3688

POS-India Steel |

B @D POS-Hyundai Steel

POSCO China BX STEEL
POS-Tianjin Coil Dalian POSCO Zhongyue POSCO

POSK Steel

POSCO-India -
Myanmar POSCO .

POSCO(Thailand) R

@ The Siam United St
Bl ©rosviNA Co,, Lia. TR

i @vsc-Posco Steel

POSMMIT Steel
Kuala Lumpur :

26. POS-Hyundai Steel Manufacturing India
Private Limited. Chennai, India.
91-44-2715-6457 91-4111-256-458

27. POSCO-India Pvt. Ltd. Buba, India
91-674-230-3690 91-674-230-0058

28.POSCO Japan Co., Ltd. Tokyo, Japan
81-3-3546-0924 81-3-3546-6519

29. POSMMIT Steel Centre Sdn., Bhd. Malaysia
60-3-6092-5200 60-3-6092-0382

30. PT. POSMI Steel Indonesia Indonesia
62-21-8998-1157 62-2-898-0775

31. POSCO Australia Pty. Ltd.
62-21-8998-1157 62-21-898-0775

32. Nickel Mining Company New Caledonia
687-28-0488 687-28-1567

POSCO-Vietnam S

EED)PT. POSMI Steel [

jl WPOSCO Investment
Guangdong Xingpu

Nickel Mining

33. POSCO Poland Steel Processing
Center Poland
48-71-733-7262 48-71-733-7257

34. Poschrome PTY, Ltd. South Africa
27-11-245-1081 27-11-905-1281

35. POSCO Maxico S.A. de. CV. Mexico
52-833-217-5903 52-833-217-5904

36. Companhia Coreano-Brasileira de
Pelotizac(KOBRASCO)Brazil
55-27-3333-4864 55-27-3333-4762

37. POSCO Canada Ltd.Canada
1-604-688-91741-604-669+5805

38. POSCO America Corporation NJ, U.S.
1-201-585-3065 1-201-585-6001
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