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FACTS ABOUT TITANIUM

AND ITS ALLOYS (I)—A Review.

Photo. 1. Sponge titanium - Zenichiro Takao and Hidetake Kusamichi

Synopsis:

Characterized in light weight, strength, and excellent heat and corrosion-resistance, metallic
titanium is coming into the limelight as a structural material. The properties of the element
may be summarised as being intermediate between those of aluminum and stainless steel.

Although titanium alloys containing aluminum, manganese, chromium and molybdenum as.
alloying elements are still on the way to development at present, products of excellent

. quality are being produced ‘out of industrially pure titanium. ‘ B

Production of metallic titanium in Japan in 1954 was 610 tons, only next to the United
States of America. Production plan for 1956 is aimed at 5,000 tons.

Since titanium ore is iron sand abundantly produced on the sea-coast of the North-eastern
region and other parts of Japan, she will not become short of the resources in the future.

A brief description of refining and processing techniques of metallic titanium is as follows:
"Researches in the refining process of iron sand to extract pig iron from iron sand had been
made by Dr. Iwase and mahy other laboratory men in Japan. It was before 1942 when
the electric furnace reﬁning‘process was developed to yield 609 TiO; slag and pig iron on
an industrial basis. , :

Therefore, slight improvements over the conventional know-how was all that was necessary’
to complete production technique for TiOs, a material to be used in the industrial method of
metallic titanium known production as the Kroll Process, which had been established by Dr..
Kroll and Mr. F. S. Wartman. ,

The technique to chlorinate TiO: to produce titanium tetrachloride, then to reduce it with.
magnesium to produce sponge titanium was accomplished in 1952 with Dr. Kroll’s close
supervision. Further, the technique of melting was completed with Mr. Gilbert’s direct assis-
tance. The subsequent processing techniques as forging, rolling, drawing and extrusion, are
on the way to completion by the utilization of technignes and equipments for processing.
special steel and aluminum. . . '

As pointed out in the main text, however, part of these techniques needs basic improve-
ments. In order to find a method to substitute the Kroll Process, researches have been made.
cn the fusion electrolysis method, the refining method of lower chloride, and the sodium
reduction method, each of which is already developed to a stage of yielding a material as
good in quality as one obtained by the Kroll Process. But, since these productions have not

_ reached an industrial scale yet, they are not discussed in the main text excepting several
special examples. -

Discussions contained in the main text are as summarized below. Introduction about
various characteristics of titanium as a structural material will ensue in the next issue.

I. Flow sheet for titanium production in Japan.

1I. Mineral deposits yielding titanium.
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ITI. Iron elimination from ilmenite and beach sand..

IV. Chlorination of titanium slag.
- V. Reduction of the Kroll process.

VI. Separation of magnesium chloride from sponge. - Vacuum method.
VII. Separation of magnesium chloride from sponge. - Agueous method.

VIII.

Metallurgical chemistry for titanium production and the sodium reduction process.

1X. Cost of production of the Kroll Process in Japan.
X. Melting of commercially pure titanium and titanium alloys.
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Table 1. Chemical compositions of Iron sands
in Jaran. .
| _ .- ! Chemical
‘ s itions
- . . . Producing compost ,
Grade | Designation district | - .'%“—‘“
! | TiOz; = Fe
| I
Sanin .~ Masa . Tottori . | . ‘
st Magnetic sandl pref. 346 | 67761
i o i
Kuji Satetsu Iwate .. .
2nd Magnetic Sand; pref. 110 15 : 59 15‘
- i .. - T T -
- Samishiro Sate- s
3rd tsu. Nonmagne- Ao;g?rl “32‘92 43*,6
}tic sand,dressed pret. i

Ti 8RS s LT TiO: 30% LlE THa L &
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EETAEHT 5 B, EHIOFIREUNE—BICHEIT X

o TiOs % 35% Ll g a28R3HEELINTNS.

E/)NE-IT X 5 & BAESORGERSIE Table 20
WD CIERMEORgERIcE TN T 5 TiOs 1d 34722%
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Table 2. Chemical composi{iOns of deposits
and dressed sand in Noushi, Aomori

Pref.
I Chemical compositions
Ti02 Fe
Deposits 16°54 | 57707
Strong magnetic sand 4‘ 11°20 6212
Weak magnetic sand 23498 | 55*12
Non magnetic sand 34°22 44°58
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Table 3. Standard free-energy for formation of
titanium chloride when reducing agent
is used.
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" Table 4. Standard free energies J4F for the

. reduction reaction of titanium oxide
with several reducing agents.

L AF
Reaction Kcal/mol at 800°C
TiO,+2Ca=2CaO+Ti - —78
TiO,+2Mg=2MgO+Ti —54
TiO,+2Ba=2Ba0+-Ti —45

Table 4 75 TiOs »&JE Ca F DRI HEITAITHE
S5 5 &, 800°C LIF TRt TiHTx 3 & & IXEEET
&HBHD3, %Bﬁx@%\ﬁﬁﬁj@%‘lﬁ* & Ti a‘:t@jﬁ#;:;o
THERE I N TS,

Ti ($BL SR THDTE 0, Ny HRBATSEZ

COEEEENTS L RO TBETEES E I NS, 2T Ti

WETE, ChbOF 207 DLEE & EEREDE
B Ti EHSET 5 C LI3EE XM T ETHE. ,

Ti & Oz N C, CO: 35X HoO (KER) £
(AP T <« DIRE TR 124EE%» Table 5 T
2 O e .

(1) Ti(s)+0:(g) =TiO:(s)

(2) 2Ti(s)+COs(g) =TiO:(s)+TiC(s)

(3) Ti(s)+1/2Ny(g) =TiN(s)

(4) 3Ti(s)+2CO(g) =TiOx(s)+2TiC(s)

(5) Ti(s)+2H:0(g) =TiOy(s)4-2H:(g)

(6) Ti(s)+2C0:(g) =TiO:2(s)+2C0O(g) -

(7) Ti(s)+C(s) =TiC(s)

Table 5. Equilibrium constant of
titanium regctions.

| 25°C [200°C 1200°C 600°C (800°C

(1) —log Poy . 1557 95°5 | 64°8 | 483 | 380
(2) —log Pgoe _ {128°7 { 78°2 | 52°8 | 39°1.| 30"9
(3) —log Py; 110776 652 |43°7 | 32°1 | 24°8
(@) —log Poo | 94'7"' 572 | 3709 | 27°3 | 22°1

. &) o 1378 | 2374 , 161 | 12°2 | 9°8
- HQO/HZ i P N .. - ~ .
(6) —log Pcosloo) 32°8 | 2171 | 15%0 | 11°8 | 9°8
(7) +Hlogk | 413 2674 |'18°8 | 14°5 | 12°2

" Table'5 OEE » T z;t, () TiN 35X ¢ TiC
. 11-800°C" g?@éh&%i**m*@’%f%@%‘% cers
CEETH DT, ﬁ‘)ﬁp@ﬁﬁ%iﬁ H5uH & Ti G;t‘.iﬁ%’EUD
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5 41 4

B 8 %

TRZEFMT TRIE LIS 2 BEAE (10" %mmHg) R2EED O,
No, CO BIFCO, =& 3{LA L TEESEMERLS
B2 tEs. (2) kB L of CO: &S T3k <@L,
Hey X8 CO 2FH4&T 55, TOREIE 800°C,
10-8mmHg OTIZE BT T 3 AT 5. FE0TH
®E Ti ORGUTO T Th 5 B1(L, (bt L ¥

FAtB 2 EERSE E A & iM@TKﬂJ’CJ)% Ed e
I DFERIC & DTG I NI IEMEREED Ti ich
EH AR XUC EIFTARRBICH 5 T & 3sfie 33
BTSN & HERIETH B.

KT TiCly DFIEFIC DOV TEEET B L Litd 5.
7w~ A¥ETid TiCl, »&E Mg THEIGT 52, &0
AL LTiE Mg Ofiic Ca, Na, Al 25038 H220nT
Bho BN EEALNS. INDDORISIZT T3
HISThHEWOERITIES E AF /N5, iﬁ{b%)
E}ﬁ;ﬁ_@ﬁﬂamx)b# % Table 6 WWRLTn.

Table 6. Standard free energies A4F for the

reduction reactions ‘of titanium oxide with
several reducing agents.

AF Kca] / mol
Reaction I .
750°C IOOO°C
TiCly42Ca= 2CaCly;+Ti —170 | —162
TiCly+4Na=4NaCl4Ti —166 | —146
TiCl4+2/3Al, =2/3A1,Clg+ Ti — 40 —

BAE 27 = — A DISA & LT Na Sotsdsog
2. Na ¥ Mg X b%fETH Y, FIZEOEDS
WA Table 6 {WiRLTIc Mg kb Na oFps@ng:
FRBILTIZ 32TV BDTHE5, I W IFEEN:
V. BELKRDE D Bx &I~ X R s D R D
TWADTZOERIZSEIhH» 5 Izt

Kroll {145 TiCly » Mg TEILT 3 HEFERT
% HIANC, Hunter Kid TiCly 24 v ~fT Na &G
BHERDNTHEZELI. FRE-~ Y X &b Tny
55 DT d 5%, BERZBID EBERPED, Ho
Hunter 25157 Ti 2B8BIIEBEN S HDOIZOT, T
DOHEGEL DA DB ENLH DI, R 7w — i
DS v T - v AT A B EEESEED Na B0 %
FFATHT LRI DOTHARBELS L EWEALNEDT
HlEBINBYI. BETE/b2EED0dH 5442
SEE® Electro Chem. Corp. 35N Impe-
rial Chemical Industries D 2'@;'6 SEEHIT —BIPRER

Tdh BH3, %@ENC;OT TiCly % Na #|ILL, 8

RO Ti 2IHL, C BB 2 O T

BT

TEEDTHB5 L. T TIHELEDEARY : FHE
AR NG ] VRSP

Na i 98°C TEEHL TiCly &35 300°C fﬁr‘
T5. COEx&ERING NaCl 1 -800°C  THRIK
BEizs 5. F72 Na ix 880°C TER L AMbH, B
AR TERITE S 21Fh X 5 s ¢hid, KR ERH
2T 80°C LI &5 5. MgCle MEfsIE 720°C
T Mg ORIE 1100°C ThHaBhhH, v —aA¥ETIE

380°C OB EHENSFIN T ADIITHSE. RE2TH

3 Na BEIHETIRIED T BISICEERE 2 SE L

BN IBEROEBRY H 5.

FARO Na TERITLT AT 27 =~ s B
KISEERER 975°C Th 255, EREEHEIT
95°C ILF ¥/ LIE/LB. MNDFHEICE %3, Na
BITOE B RREHFEED R £ OB RATH 5 C
DRI R T X WV b I T,
WTETET 5 &, 800°C LI FTHET2%. Bl At
BTz % _EicElEy KC1-NaCl OiRE&H 2 L /21T
U2 5 VO TERME . _

Na 2 AIHE xR v oh b Na 2B HEILS
¥ L.C.I SERE LT, 2 DHEIE —40°C DOtk NH,
TRTERDZEMR L, Na 7713 2R N,
ERLEIFETH 2. COBAOREIL LAE=
B2 DT, AWM NHy & TiCl, &0 X3
BRI BTN END CEETHE.

Nat:Mg@ﬁA@m“hm4%ﬁﬁT%c&éT%
THhb. LOHE Na iz MgCl, 2522iTEINT 5 C
L obAED, RUDIE Na 0aT TiCl, 05
RIichs#E#, Na 528l TIORIBIIE X,
DT Mg I LD TETH B bND T &L 5.
800°C LI F CRIS 21 5 & ¢ UL JERMREED NaCl
ST X 128812 MgCly 5T & T Z e NaCl i3iam s
N5CEEY, RBITIFEF 480°C DEE TS
BT CWBETHS. L 800°C LIFTORETENT
BT DL LRTINNDE, COHER, 178D
BHICY U F OBMHE L2 DTV VS HR S 5
B E 2. BHED AR VY - 5 X VOMETIE, Na,
Mg ODIffEZIZFAA K FEMIN.  BEAIOMBEEN
Ti OfICEET 20X Ti OMKBNE L DEFELT
PHEDIETHSH. & 4o, Na BrEoitkizk
WWCHf§ T3 5. .

IX. ZARY S« F 2 OEERBAE EEED
HFHERL Liug, 7= -1k Ti ARt %) OR
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€1) The plant without Mg cell

EFig. 7. Tentative.data for 100t per
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Production
of

Titaniom- tetra chiloride

Titanium -
etz chloride

Titanivm chloride
and
Vacuum
Salt
Separation

HMagnesium
chiloride

EE T 2 vy o RE NI
Table 7. Basic unit costs for 100t per month titanium plant, yen per ton of
finished sponge. -
The Plant without Mg cell
80% TiO. slag ! 31,600Yenx 4t =126,400Y en 15°7%
Graphite ! 20,000 X It = 20, 000 2°5
Tar or pitch ; 15, 000 X 1t = 15,000 1°8
Chlorine : 29, 500 X675t =191,750 239
Magnesium : 305, 000 X 1°35t =411,750 51°3
AMagnesium chloride i A\ 10, 000 X4*5t - = 45,000 A5*6
Argon ' 1, 500 X 15m3 = 22,500 28
Can - : 40, 000 50 -
Oil and grease etc. 20, 000 2'5
Basic raw materials, total ! 802, 460 100%,| 40°3%
Power X 2°5 X 35,000kwh = 87,500 . 44
Labor | 25,000 ~ xéman month =150, 000 7°6
Depreciation J 12,000, 000 X 12month X 5year =200, 000 10°0
Interest i 6,000,000 10%/12month = 50, 000 2°5
Total ($ 1°628 per pound) 1,289, 900 64°8
Service etc. 700, 000 352
Total ($ 2°512 per pound) 1,989,900 100%
* The plant with Mg cell:
809 TiO. slag 31,600Yen x4t =126,400Y en 28%,
Graphite 20, 000 X 1t = 20,000 44
Tar or pitch 15, 000 X1t = 15,000 3°3
Chlorine 29, 500 X4t =118, 000 26
Magnesium 305, 000 X0, 35t =106, 750 234
AMagnesium' Chloride ' a
Argon . 1, 500 X 15m3 = 22,500 49
Can 25, 00 55
Qil and grease etc.- 20, 000z~ 4°4 )
Basic raw materials total . 453,650 100 24°29%
Power 25X 60,000kwh =150, 000 8°0
Labor . 25,000 7man month ,=175,000 9°4
Depreciation 15,000, 000/ 12month X Syear = 250,000 13*3
Interest 7,500,000 X 109%/12month = 62, 500 34
Total ($ 1°378 per pound) 1,091, 150 583
Service etc. 781, 660 ) 41°7
Total $ 2°365 per pound) 1,872,810 . "100%,
80% Ti0y Slag | Chlorine | tagresivm Power 80% 710, Stag | Chlorine | Magresium Power
.t 65¢ | 035+ | 60000 awn
s 65 135 ¢ | 35,000 kwi X T T ' i T

Magnesivn (hloride

]

Sponge  Titanivm |

EAR

(2) The plant with Mg cell

_month titanium plant
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Photo 2. Skinning of titanium’ ingot
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Sight glass

Rubber glove for welding

Power source for weiding

Pressed briquette

Consumahble Electrode

Electrode driven apparatus
- Power source for melting

Connection to vacuum pump-

Electric terminatl

Sight glass
Titanium ingot

Water cooled copper crucible:

Cooling water outlet

DEOEEEEOOEEHOE 6 OO

Cooling water inlet

|

=

The Ist consumable electrode:
melting furnace.

Fig. 8.

oSSy
-l

Water

@ Water cooled copper electrode
[©)] Titanium electrode

[©)] Titanium ingot

@ Sight glass

® ‘Water cooled copper crucible
(F) Flowmeter for cooling water
(T) Thermometer for coolmg water
(A) Ammeter

(V) Voltmeter

><1 Valve

V.P. Vacuum pump

Ar. Argon supply

Fig. 9. The 2nd consumable electrode
melting furnace.
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Photo. 3. Al the titanium ingots are carefully
inspected by Sperry’s ultrasonic reflecto-
scope. Only the ingots that passed the in-
spection are transferred to work shops for
forging, rolling or drawing operation.
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Input and output energies for arc

Table 8.
melting of titanium, % for three size
furnacess®
Furnace capacity " 1/2kg | S0kg E /2-'t
Usetul fo
Sniellltingenergy T 4°1% | 13° 6% 28°5%
E 1 b li ‘
oatar oY cocling E 86°0% | 81°1% | 67°7%
Bactey loss by Coling | s, | i | i
Total input energy" 110070% 100*396]100'Oe6
fﬁo’lﬁ.&ﬁ;&f&% 7~ JCD%«}‘E'LM»ELWL R
%EP-Eﬁ%ﬁébf@ﬂﬁﬁ%ﬁ%@,&M&ﬁ%

U VERHBE SRR A A b N BV, T — ZHAE40~45V

TAEHRESEE TS Ti OBREEREE LT ® LB
SR LB LT A, IWEIRI L A AEIEREIN

TW 503 Cﬂﬂimﬁ.‘]& jL"ffiﬁ bfﬁﬁb‘é

Photo. 4. National Research Corporation’s
vacuum fusion gas analysis apparatus ena-
bles us to carry out the difficult analysis
of oxygen and hydrogen in titanium with
high -efficiency and precision.
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