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Titanium manufacturing process and Product chain

EtolElE HEH 573

@— (T O (Mg)

- Australia . lluka(AUS) Flord m i
- India | Chloride/ . Kro - .
. | > ITiCl,+2Mg = Ti+2MgCl
- China : Refing Ticl, Process [N g g
i Chloride : Ti0,+2Cl,+C i » Deoxidation
| f 9TiICI4(cr:de)+C02 i * Ingredient
; > : : Refing : TiCl,(crude) i :
limenite Smelting 9Tia4(Pure) | adjustment
- Mozambi - QIT(CAN) - Timet(USA) |
que | Richard Bay - OSAKA(PN) |
- Australia ! (ZAF) - Toho(PN) | + Aerospace
- China Becher/ | 3 A - Avisma(RUS) | + Industrial
*| Benilite | “_Rutile - UKTMP(KAZ) | (heat exchanger,
: - JIMC(UKR) i Pressure vessel,
i - lluka(AUS) | architecture etc.)
"""""""""""""""""""""""""""""""""""""""""" ' « Military
A 4 + Consumer goods
. . * Varnish
@D
. - » Aerospace
T|C|4+029T|02+2C|2 - DuPOnt(USA) - " |ndu5§'ia|
- Cristal(USA) - Military
- Tronox(USA) - Howmet(USA) « Consumer goods

- BIAM(CHN)
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Conventional
smelting

TiCl,+2Mg = Ti+2MgCl,

a>

HDH
PREP
GAP

Continuous
smelting

rF

Kroll Ti

Titanium New Product chain

>

Melting
(VAR,
EBEAM,
PAM)

\ 4
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Machining
process

Machining, Milling,
Cutting, Casting,

P/M
(SFF, HIP, MIM)

Precision
casting

(Near net shape)
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Clamping Injection Cooling Ejection

FAAEYY

MIM(Metal powder Injection Molding) Z 2 M|
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Design & Simulation
()

o

CEWEELEE

[ ElEks

* E|E}= Feed stock=2 0|2
: MH|2 33X HU/SEE
W2 MO|Z2, =0 25t M

- SLEY YL RF B YU SH s

N TR
- MEHO B01/2LES TS (RLT|2)
CRE M s E BN 2

[ ElEls 22588 S8 ]

r .-

Mixing

Fine Powder

A

-

Organic Binder

Debinding

Brown Parts

- 4 ogr ISk
0z
=
1]
>
A
u

Metal or Ceramic Powder + Binder (Wax- base)

" Green Parts
after injection molded

after dewaxed

Sintered part
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Titanium Experiment crucible. 4

Basic Information

Size. Diameter 35mm x Height 60mm
Thickness. 1.5T
Color. Original Titanium Color

Sales Unit. 10pcs/1pack g2mm' 2mm
Side Photo & Size & 3 m
35mn
Eto|EHs HY 7|0f

e P e

60mm

EtO|EtE HH & =7tL

= : :
Good Grip

‘ vl 11T

Pure Titanium l “

2|30l &

EtO|EHE 7|A| &5 EtoEtE HE7| #Hlo|A

EtO|ElE
HHiC| YSTE

X|atg Ego|

10
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Machined
Smart watch case

Surface

Treatment

Near Net Shape Precision
Ti Materials Machining
(PM & MIM) (CNC etc.)
g3 710 BH
\
CHE At 7Hs
7|& 7tE 7|1& tiH| 7153 = 54
> 73 H|E EZoj| E 37 H| & Zx
FALEY W= > 4 HE HT
ga 24 80| > A% x0f [E = MO 7Is Final Products

11
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ElEHE 22 W@ MI HE 1Y (F)YElololx]
MTIG-TNPO1

TITAN-PAD

ElEHE &4 ElEHE SFIWH/ =W

HEY &4 Elets UFILH-1=(E)
E Pure Titanium
L - ¢ Silver White (294)
(S Bx13.5mm
HoE R HEroIz
H E M (F)eElopolx]
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(l EfO|EHs 0| XjQl M2 7= TIG

B2 : "Green Design - Cracle to the Grave’

v ME7L 2t 7|sS Y22 Eo|EHg A3 70| Xt M 1= f5
v EtO|EHg A3 70| nZlst A &% XE3} 7l =
v EtO|EHg 2XHOf CHet +9f Tz at SCHetE St d8E 23

/
|
1
1
1
1
1
1
1
1
1
i

\~—-------——’
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Electrochemical

deoxidation

Deoxidation
using metal/
metal oxide

equilibrium

Calcium-halide
flux

deoxidation

- Tic #50| 2fof =Z3E

T
0l0
=
A}
r

La}

Il

)
o

Metal
o Cale
+< 10 ppmZ Bt 75
(950 °C)

- 2l E Ca MAHE 7ts

O? (in moten salt)
R2* (in flux) +2e =R (on cathode)r
) (in Ti) + R (on cathode) - 02- (in flux) + R%*
Anode reaction:
XOZ- (in flux) + c(s) - COx(g

- 8898 HAUE 30f Ti 831
LB HE EE Mt

)+ 2xe-

=t g=0f ¢
Sofl Zit

Ill|0

R (R=Ca, Y, Er...)

e Ca -3%0 2o
RO, cdEk 5 M= s
XO 1y + R = Rox [R: deoxidant] (~500 ppm 7HX| &4k
o 7I's
. Tigh MZ H WS 28(Ca, YS)2 0188 1S
of Stat
Ca

Metal

0 Ca

CaO (in halide flux, 0.,
O (in1i) + €A (in fiuy = €0 (i fiux)

« ~50 ppm7HX| B4t 7S

gato|s BA0
ols St

Q&TIG
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Deoxidation
by oxyhalide

formation

Hot salt cracking

Solid-state
electrotransport
(SSE)

%S 7S

REEs

ROCI (in moten salt)

xo(in Ti) + (1 'y)/n Rﬁn flux) + y/n Rxn @in flux) — Roxxy (in flux)
[R: deoxidant] [X: Cl, etc.]

- TIESER S EE 0|85o

<0 MG

T NS>

Salt/Oxide mixture

| |
Connectors -
ij €
\J —

o) (in Ti, location I) -0 (in Ti, location IlI)

FOlAM Tiofl 8ol MAsE SR
F210 2 0|5 510

- HACIEFE BHOM Tis

ppm =K 2k 7t

- M2 QI CHE E=E
HA 7t
Az 55 M= Jts

w"n«mﬂmmﬁmcmkt
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= N o o~ °
= Ca, REE S 117t2| 3l H| ALE = EHFZTi MM A ok 2FH T
. o SLel I = = . . = —
: Mg2t 22 X712 &S Atgst : AHM glo] Tint H 22| He
E 2 HF I . H d
2i7|= 7Y 2R : AhM| Al TiZl At @ H T A
Temperature, T/ K
Temperature, 7"/ °C 1100 900 700
450, 820, 90 950 1000 0 LTicl ()
' ' ' ) Suitable region
) 'ﬁgwgg—@gmoj-'—": for vapqrization
-Q ‘_‘I{__,_,.m;_'\_,% . of chlorides
<} S ) —
< "‘--\_f"va " 3 Ti-1000 ppmO <
Q \'\._ e "'-P.—=10-2"__ el
< i _ -2 gMg0 s =3 2
E :::i:;:l:'-i-‘-'-“"":"-\;__ﬁ___,.d_——-r—. Ti-100 ppmO £
I N g
[t e 1Ti-10 ppm0O
é?] 550 F= TN G eq) with THO.018 mass%O
\‘_{‘\\; (pg=10""atm, 1200K) . .
OQ;% CaCl, (5.1)
L 4 L 12 i h L
1100 1200 1300 0.5 1.0 1.5 2.0 25
Temperature, T/ K Reciprocal temperature, 1000 7' /K™
- MgO2] activityE F& - MgCLe} Z2 157|Y 284H A8
- $AE907|01M DI ES 0|83 T S EHAF S Tig M2t ez 84
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= TiH,0 2l

- B2 S

-

= TiO, (O in Ti)2|

23H(TiH,) 0 2ft

3% Mgl ofgt BHM0| E7ts
3% Tio, tiH| =228 > mMgoll 2fgt Eit7ts
LM Al M 2F

Mg-H &8 &4t 7=
@ 700°C )
Mg TiH,0, ==
H |
H |
E E Deoxygenation
: i by Mg
i |
Dissolved O ' E
Absorption i Y MgO
of H, : TiH,0, (z<y)
MgO o
g é Impossible
10, el
[ Mg-H B4t =231 88 33 RA K ]

Yx7ts

Mg/MgCl,E &8¢t

/ T ture, 7'/ °C al
emperature, 7"/ °
P Anode Cathode
850 900 950 1000
-450 ¢ —_— 1
g L[ ==l
E
2 3 ) 7
=~ =~ Ti-1000 ppmO
o 500 Ti scrap
E {7100 ppmO : i : :
- <0 <0
I _
Lomome Ti-10 o] {
o 550 | i e
< .‘Aoo eq. with Ti-0.018 mass' pﬁO
A (0= 10" alm, 1200K) .
F‘%
1100 1200 1300

J

Temperature, 7/ K

MgCl; ()
[ (EHMgO activity H|0{0f] [}E Mg EHAHE B3|
(%) EIO|EHE 2332 Mg Hof| B4t 7| BAE

YUHOE MgE 0|8 TiL| 8
MgCl, 8%
i 2 MgClLo| 2 EHIA 0 2l
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Off-grade EMALE] ELO|EMHE AXH
W

Mat A3
W2,500/kg

10,000/kg

BHH dat = A= (2027 E 0 ¥)

T= HEad | EOfTHE 0 EORE
(Gl A= 2H) (H/Kg) (&/Kg) (ton)
7|& H=L A 2
MAF A3 2,500 3,500 115
20| S A% HIZLA 3
AT 2,500 10,000 70
gz 2,500 60,000 40
AM 2 2,500 200,000 5
st A 115

0000

4000

3000

2000

1000

|
é’ EjolEtE YT
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§2tg o

W60,000/kg
‘ Off-grade
MAF AT EY
LWL AM 23
W200,000/kg
Oll A =
[E9] . WOkg] 5000
Total : 4,100
— 4000
700
— 3000
= 1000
— 2F10 Ui 3Tt — — 2000
— 1000
402 2400 0
JIE)IE IEJ|=

o
az | %%
-

Ferro Titanium

= U
ey W3.500/kg

S

[E49) : ot

Total : 3,812

, 525

20/}

o33 ot 987

115 2300

JEIIE

AJW AR AM EZ AT
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AW 2g 2YW

3
FULTAE

Off-grade

a zuozzy MRS/
st= A PM/MIM) 2B FEIIIE W4,500/kg $0/kg (1)
W4,500/kg TE

¥15,000/ea

BHH dat = A=l (2027 E 6 ¥)

2 deal O 7L T D=7t ol DfEd | EIpIpX| Y H| 3
(Gl =) (&/Kg) (¥/ea) (ea) (TR (HTHR) | (TR 71E)
7|E H=LA 2
S E g M
StE ATX| 4,500 - - i (EAx) A=)
2| MO|EE AXff H|=L|A B
2LoIFRE
SCM3} HO|A 7|= 4,500 15,000 850,000 382.5 12,750 12,367.5 NEILIHX]|
(100 g/ea)
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: HS-Code (2011 ~ 2015)
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_uhEX| 2HE o Ep, B SHEE £ - B X ZOA LA FHTHAE
CEPZ 7HE Al SASHE MA A3 - 2N R BY A3Y
-5 713 A 2Eols ZY Y AME AT 5 - HZF 9F 100 ton2| A3 74 &M
- EHErE St : 99 ~ 99.99 % - E}ELZ St Bk . 40 %0| 35}
- W7 9F 40-70 ton2] HHEE S& AT WA | EISEE S 3|48l 3 HE 2 B
- 23 70| ZFO M2tM 200 ~ 400 $/kgl| 7HH2E =5 - BHEE T AIE =L A4S
| Turning scra‘pi Sheet scrap Tantalum capacitor scrap
. J J
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AlZtoll IHE =M AS

30
~ o/~ A _I?l_- = rpm - 30 min
L 600~700 °C A28 HE 1 _ i ) e 1000 rom - a0 min
o TaH = TaH
H700°c - 3he A - 2 m Tam,,, I m T i
| T | :
600°C - 3 hr m m 215
| " e 1 § 3hr-500°CJL - A n 2
Q = > 10 A
: 5 i \1\ N
2 s
E |s00°C - 3nr ot H o |[E 5
L 0 Lot AL
1 1 10 100 1000
400°C - 3 hr o 8 H 2 hr - 500 °CJ\‘ ﬂ j\ ; 36 —8—1300 rpm - 15 min
[ ] - 25 —&—1300 rpm - 30 Illi.ll
300°C - 3hr k - - o Lhr-500°C I . . —4— 1300 pm - 60 min
20 25 30 35 40 45 50 55 60 65 70 75 80 20 25 30 35 40 45 50 55 60 65 70 75 80 gzo
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Hato mE A3 AEF] [A|ZHHZLO| M2 =40t HE] > 10 A
5 0
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_*_I EH Ta = TaH0932E é,l'ﬁgl. HEl'AcI)-I 01 1 10 100 1000
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- 500°C O| & : =4 Eoll HE B’ || - =23 Al7H0] F7fetof e} [AlZH Y &5 #sto 02 2 AHE]
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0.08

Vecuun I3
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&~ Rk " o \

0.04

777~ 00194
| 0.0375 ‘.
o0 L W%

300 °C 400 °C 500 °C 600 °C

Concentration of Hydrogen (wt %)

Reaction temperature

[2=H20 ME =255, ArE®71/1AZh [z ME =285k, ArE2971/1AZhH
e 2 _I_7|j . °
S4A8 25 U AIZH S0 WaL S4B Z2 25 52 00
S o o1 [ | osam
T4z g ME 2ol Ur Hal glE
st KIS Al ABHE B BRI roscom  séppr
Air Z17|0|A a2t A A, AtE g A o

Xzs 280 ppm 48 ppm

=
N e e mm s _/

31



m»
s S
Gmm
£
Ly
g

:

i:

=&
Tm.m

£

= 8

2

=

3

2

z

=

_ Kir
~ -
oF =0
IH Mo
Ho m
k<l _ oo
g
X 7 K

4 qn rn rn w!
= EE E W
8 © ®© oo

@._,.: o A oA m___
u 55 54
GY - = == 0
_W_ a o o 3
ol gr .- -
G0 T oM oW oW
= X © N~ o °
i + S S 2 F
]
= o ™3
_ o SN
= 50 =l
= mEl e ®
= arm
ax | = <

pal

32



CIPEY = U X|7| |2 L CH{H| 97% O| &

£k

2000°C 5MPa ZI3712A A
_+_7:|'<'5

2% O|E Lk O8] 99% O
TE o EU A8 7ts

P2

sHag| XISH =
. 30 ZEE BH0 1200 AN HEE =
=L BIEE!

@ Tantalum is a rare metal that belongs to the group 5A
elements and exists in a body centered equilibrium phase
(a-Ta) and the metastable tetragonal (8-Ta) phase.

@ High density (16.69 g/cm3), high melting point (2996 °C),
good resistance to oxidation and biocompatibility

@ Applied in aerospace, electronics, biomedical and power
plant

Problems

« Difficult to manufacture the shape

+ Production unit price increases due to material loss caused
by post-processing

Additive Manufacturing — Selective Laser Melting

@ Near-net-shape fabrication
4 Manufacture in pure materials without impurities

ooo
Purpose of this research ! PP
Study on the crystallographic characteristics a
of pure tantalum depending on the SLM a-Ta (BCC)
process parameters Density : 16.637 glem3
a=b=c=3.306 A

o #2/9%8 HEAT

U SESS SESI=EPHE

A HEOZ AR

. Gl HEES YF/2FE HEAT

. BT/2LFE BB SAN ZFY $EO| 270 U
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Nuclear fusion reactor
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B-Ta (Tetragonal)
Density : 16.10 g/em3
a=b=10.194 A, c=5.313 A
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