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Abstract

Titanium has been commercially produced since 1946 and used for
various applications, especially for aerospace and chemical industries.
Titanium 1s an abundant metal, and fourth place after Aluminum, Iron and
Magnesium. Titanium metal is obtained from titanium dioxide using Kroll
process which 1s reduction process from titanium tetra-chloride with
magnesium and the only process now used in the world for titanium
reduction.

Titanium mill product is produced by using iron & steel mill from
titanium ingots which are made from titanium sponge and scrap usually by
vacuum arc remelting process(VAR). Now electron beam melting(EB) ‘and
plasma arc melting(PAM) are also used for titanium melting. Properties of
titanium material and various kind of titanium material are also written in

this paper.
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Table 1 Titanium properties with other metals

fMFay FLAVESR &M ATULASE | TILEE &
(TP340) | (Ti-6AI-4V)| (SPCC) (SUS304) (A5052P)
| AR (C) 1,668 1,540~ 1,650 1,530 1,400~ 1,427| 476~ 638
2] | BE (g/cm?) 4.51 4.43 7.90 7.90 2.80
| BB AR R B (107°/K) 8.4 8.8 12.0 17.0 23.0
" BiZEE (w/m-K) 17.0 75 63.0 16.0 121.0
t B (J/kgK) 519 585 460 502 962
| ERIEEE (%xCu) 3.1 1.0 18.0 2.4 30.0
® | BRLER (4 Q m) 0.550 1.702 0.097 0.720 0.058
245 & (Gpa) 106.3 113.2 205.8 199.9 71.5
fit 7 (N/mm?) 277 909 179 206 101
# | Bl #®E (N/mm?) 393 999 315 588 212
| U (%) 39 18 48 59 24
=1 | BE & (Hv) 140 310 126 174 60
| L E (BIRBRE/EE) 87.1 225.5 40.1 74.4 75.7
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=5, TRV, FEEOMBHZ W TEBRB L ZW AT, 1 MR

BRRA R L P 5 &, F X UOBEMITALIZEL FEEAENK 0.06%., 2 FEA 0.1%. 3 FEAN 0.2%, 4 FEN

BTHBOT, FH Y LV BB RAMFRRETH  03%TH5,

L@ EOEENSINE SN D O THEREZET HF 2 UHPEHT o FE72 1 O BARKERE T 5 O T, TR

2 LIEVED S8R 0 PEEIE. A R AR Tk D, a
3. FAVUMHOES FIME N TTETHY |, EAMMBIC LV EEZT D 2

LB NN, ERFRETENAFRCICZRLDOTIE
FEUMBHIKMLC 2/ E DY . TR OITHT & v FERICESHRICR 2 bH Y, TORETFNRD 2
LFHEETHD, RIUT X MECHREm-=<oh T A7 & el LT &,

Table 2 Commercially Pure Titanium and Titanium

Alloy
LRI (%) A
E 4 . _— T 1. Tal% p— BRRES | 029 | 1R U -
W) | (W) | (%0
JIS H 4600 15& TP270H(TP270C) |003={008=(001321020=|0.15=f BEE/ZEL | 270~410 | 165= | 27= |REINLi4HERATF
(ASTM Gr 148%)
JSH4600 25 | TP340H(TP340C) |0.03=]008=(001321025=(0202f BEEAZEL | 340~510 | 215= | 28= |(RFMTFEAE
. (ASTM Gr 2tH)
JIS H 4600 31& TP480H(TP480C) |0.05=(008=(0013=0.30=(0.30=] KX/ | 480~620 | 345= | 18= |HB&EDFLALH
(ASTM Gr 348
JIS H 4600 478 TP550 H(TP550C)  |0.052>] 008=(001321050=(0.40=| AL | 550~750 | 485= | 15= |GEha&fEfiFmf
(ASTM Gr 4482
JSH 4600 1248 | TP 340 Pd H (TP 340 Pd C) 003={ 008={0.01320.25=| 0202 7L | 340~510 | 215= | 23= |TISFIERMTHESS
e (ASTM Gr 7482)
it Ti-5A-2 58n (5-25) Ti-5A-2 5% BEEGEL| 828= | 795= | 10= |{EEEME AR
(ASTM Gr 6482)
JIS H 4600 605 TAP 6400 H Ti-6A-4V BEEFEL| 895 | 8%B= | 10= |REMLTFL AR
v pad (ASTM Gr 5489 (6-4)
JSH 46006178 | TAP 3250 H (TAP 3250 C) Ti-3A-2 5V BEEEL| 620 485< | 15= |/ARENTHE
(ASTM Gr 98 (Hlf Alloy)
P JIS H 4600 80F& | TAPS0OOH (TAP 8000 C) Ti-22V-4A FRIMEABE 640~000 | 8502 | 10= |ARENITHER. BREIER
o Ti-15V-303Sn-3A (15-3) Ti-15V-3Cr-3Sn-3Al %WI:&&I# 745~945 | 690~835 | 12= |:AREINTHER. EERLIER
ECEOERAR (JIS 4600 )
TP270H | Titaniun Plate (5REE&STRR) Hot rolled
TP270C | Titaniun Plate (5RRE&ESTBR)  Cold rolled
TP340PdH| Titaniun Plate (5ERE&STBR) Pdifhn Hot rolled
TAP 6400 H| Titaniun Al loy Plate (BIEES) Hot rolled
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Table 3 Potential Estimated Reserves of Titanium
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Ore and Production (B4 - Fhv)
F45 UHRERHE FHUNREER
AVrH4 b WF Tio0, AW b Wl Ti0,
Ti0, 5 Tio sy | BSE Tio 5 Tio | BFE
x E 59,000 29, 500 1, 800 1,710 31,210 300 150 0 0 150

il 130,000,  65,000{ 32,000[ 30,400

it

95, 400 1,100 550] 220 209 759

hrE 36,000, 18,000 0 0f 18,000 950 475 0 0 475
AR 38,000( 19,000] 7,700 7,315 26,315 250 125 15 14 139
/)L z—|( 40,000 20,000 0 0f 20,000 350 175 0 0 175

|7 63,000{ 31,5001 8,300 1,885

39, 385 950 475 105 100 575

7054F| 13,0000 6,500 2,500 2 375

8,875 250 125 56 53 178

T Dt 84,000, 42,000f 17,000{ 16, 150

58, 150 390 195 4 4 199

& &t 463,000{ 231,500] 69,300 65,835

297,335 4,540 2,270 400 380 2,650
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Fig. 1 Titanium Sponge production Kroll Process
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2008 D AR T F X AEFEREINTHI 22 77 5 T h T
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Table 4 Titanium sponge Capacity and Production
in 2008
Country Capacity (ton) | Production(ton)
Japan 46,400 40,900
USA 35,100 17,300
CIS 72,000 68,300
China 71,000 49,600
World 224,500 176,100
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Table 5 Titanium Shipment in Japan
20004 | 20014F | 20024F | 20034 | 20044F | 20054F | 20064F | 20074E | 20084F (200941
BA-EK 483 805 886 601 806 891 584 | 1,020 431 1,500
ez BfE- PHE 1641 | 2043 2199 2006| 2910 3323| 3509| 4038| 4605| 3200
B BE-TR 113 72 43 166 36 2 98 263 680 | 1,500
ReeE 1279 | 1,325| 1,135 1257 1733 2011| 1475 1,767| 1,289| 3,600
Bl 7| BES-RR—Y 1287 | 1,352| 1335 1,045 971| 1088 1,130 1,099 921 | 3,000
fiZoA 254 554 447 491 409 603 592 500 397 200
N B 5062 | 6,151| 6045| 5566| 6865| 7942| 7.388| 8687 8323| 13,000
SEE 473 499 571 767| 1,008 138 1503| 1408| 1,285 700
| s TRLE— 2 154 194 149 145 280 193 231 13| 1,700
] RIGELE 0 0 0 0 0 0 0 0 0 800
F| ER-EUES 18 17 30 33 37 47 62 51 52 [ 1,000
it 472 487 416 297 428 435 431 607 391 800
N A 987 1,157 1211 1246| 1708 2144| 2,189| 2297| 1,841| 5,000
E A it 6049 | 7,308| 7256| 6812| 8573| 10086 9577 10984 10,164 | 18,000
o A 5897 | 7,127| 7225| 7026| 8814 8061| 7,740| 8103| 9,563 | 12,000
(&) 49.4% | 494% | 40.9% | 508% | 507% | 44.4% | 447% | 42.9% | 485% | 400%
w & &t 11,946 | 14435| 14481| 13,838 | 17,387| 18147 17,317 19087 19,727 | 30,000
1 199 TOFEE
AARTIE, KRFX=0 LT )0 o—R L HERT # R R~ T,

ZUAD 2 FETAR T HUEEFELTED, 2003
FETIX 18,923 R THo7=A%, 2008 4 TiE 40,946
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EEHMICIIAARD AR PFZ UBMER EN TV S,
(2) F% VR DL

W - #e7n & F & VBB O AL, 2008 4 TSR T
#5678 T hrTho7=h3, 2008 4ETIETA 12 77 b &
THIIN L7, AEENT, KED 27%., =T A 24%,
HED 22%, HAMN 17%. BRINS 10%TH 5,
AARDT & VRMAMIE, ST % 208 90%LL ECTH D,
2007 FEDAPER: 19,087 b U B TARBNC 2D & B IE
WA 41%, 58 KL OVAEE Y 45%. H - i - faidh e &
ZOMM 14%TH Y | JEEITHE LT ORI R LN,
TAUE, BREA OB AR TS L 7T 2 o R b
Vo TREEHAR S R EN TR Y . 2oMiT 7 )
NN TH D,
B FxLroMk

T 5 RO T IR A AT 45% M ZE T
HrE T K 55%MbF - B e K fRFEEN T TH B,
MK CIIBHERIZIZE FH B 3 2 V0 A3, HARTIE 10%
AR Céd D, Table 52 AARIZIIT 5T & M O H
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F & R O T 45~50%TH H, HADRKK
O, HEN - B s HICEN R OEMR, T L— ML
Rudifb¥ 77 v Ml TRIRDHK 60%I272
Do Athix. BB, WEBIRAE, BREEREEE, ERe L
BHmEAERT D ENEELL D,

8. #

FHUPNTENHERSND L2 Tod 60 4F
DMZT, SFETTF X UMBIBEA S TE 208,
MZEFHESB 2L LOF X UMENEMTH - THLT 4
UMEICR LS IR LR VWHBNIZEAETh o7, L
N, F4 ORISR TECTAFHICEZLEETT
HY, FHUMBOREXEEN AR SIZENOT, 4
FTORRAME TR, boE < O— AR
INDHRETH D, THITIE, FigkiemfliZzf o A 2
— VR . WO TH EZ THHHETE D Z LN
WEToH D, 20 HALICHEEORE L LIRS BE L
BB, TAI =L, AT ULVRE, TTAT 4 v 7T
fe 21 I AMEE L CHE—HIfF CX D DIET 4
MECTH D, Zhe AL R EBTL00RF X il
LHEDLEMTHD EBEZTND,
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