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FACTS ABOUT TITANIUM AND ITS ALLOYS (II)

—REVIEW—
Zemchwo Takao and Hidetake Kusamichi

Synopsis: .

Titanium ore is iron sand abundantly produced on . the sea-coast
of Japan, and refining process of iron sand to sponge titanium and
consolidation process of titanium are being successfully carried out
on the industrial scale in Japan A brief description of them was
published in the previous issue:

In this paper, described are the processing of tltanlum and tita-

Photo. 1. ‘Shown is a 1000 ., nium alloys both in Japan and the United States of Amerlca, met-
pound titanium ingot, pro-
duced by Kobe. Steel. allographlcal properties of titanium and various charaéterlstms of

them as a structural material.
Discussions contained in the main text are as summarized below
XI Physical properties of titanium. :
XII Chemical composmons of unalloyed and alloyed txtamums and their ~
mechanical properties.
XII1 Metallographical properties of titanium.
(1) Phase diagrams - E
(2) Comparison with Fe-C alloy and martehsitic transformation
(3) Structures’of titanium alloys and their characterlsncs o
4) Heat treatment of titanium alloys . R
" a. Heat treatment of 2Al~2Fe—t1tan1um alloy R A T
b. Heat treatment of 5V-titanium alloy ’ v
c . Discussion on the “heat treatment of titanium, alloys
and on a new titauium alon—6A1—4V—titanium'alloy
XIV Processing of titanium and -titanium alloys”

€)) Forgmg of t:tamum and titanium allos;'s
(2) . Rolling
(3) ‘Extrusion
(4) Tubing and wire drawing
(5) Machining :
XV Weldability, corrosion resistance, descahng and conversion curves
for hardness and strength

XVI Conclusions (XIV XV and.XVI is to be printed in the next 1ssue)
B 41 g8 5 899 EJ: h-2-34)

oL .

~31X AISI 302
TN 2 <E TBOBERSEME & OWmEHHE . ) R - ‘
R EEEL T MRCSEREE TN 2 copmg, - b THYRUF I RSOMFERE
(1) BELSTH AL L (2) 885°C TRERMEELZS(LT £/ 3 =1

AT & (3) HEEBGHED/N VO TRE [ FEE D@ S

_ MESEAT & VREERESE . B b MEDE > 4
CRr & (4) BMEEEELUNS { % 1B 4

\ ok ﬁ"&‘ﬁ 2w ﬂz@ﬁﬁka@A&”ﬁﬁ&
/J\gL‘C’&-®4Jﬁ—GU.)E)-_ Table ¢ T=— FEMiF 4 . &ﬁﬁ%&%ﬁﬁ P
vy, TETZU AEETS-ST-6, w72V afhé AZ ok ﬁi*ﬁ:n&@ﬁ :?%ﬁ@ﬁ)“rﬁ?%:fﬂ

_45_



128 : g ¢ W WaE ®H2E

Table 9. Comparison of physical properties of titanium and other structural materials.

cal/gr/°C (room temp.)

Propert Commerciaﬂy Al alloy ! Mg alloy . Stainless steel
perty pure titanium 75-ST-6 AZ-31X ; AISI 302
Melting range °C 1725 (Ti) 476~638 ; 565~632 - . 1400~1420
- . (T1) |
Crystal structure type H.C.P. below 885+5°C F.C.C. H.C.P. F.C.C.
B.C.C. above 885+5°C : {
: ! { I 3°2033
Lattice constant KX unit 3276 and 4°6833 40413 (Al) and j —
- : i 5:1998 (Mg) |
Lo
Density gr/cm? ; 4+5-" 2+80 1 1°78 l 793
Atomic. number 2 13 (Al 12 (Mg) | - 26 (Fe)
Atomic weight : 47+90 26°97 (Al 24°32 (Mg); 5584 (Fe)
. | .
Tensile modulus of . . e o
elasticity (X102 kg /mm?) 1085 72°8 455t | 195
Torsional modulus of R . ) o
elast1c1ty (>< 102 kg mm?) 4575 266 16°8 87°5
P01sson s ratio © 034 0-33 0°35 1 03
Electrical resistivity s . . 7 .
(20°C) ‘micro ohm-¢m 55 575 . 973 , 72
Electrical conductivity S - . . ._ .
% of copper : 3+1 30°0 18°5 2435
] he'fmal conductivity Nemag . . - .
cal/cm?/sec/°C/cm 0°036 0°29 A 0-23 0+039
Thermal expansion A —6 e - e —6 . -
cm/cm /°C (20~100°C) 9*0X 23°6x 106 26°0x%10 17°3x 1078
Specific heat 0°13 0°23 025 0+12
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Table 10. Comparison of chemical compos

ition and mechanical properties of Iodide

titanium and commercially pure titanium.

Chemical composition %
Material‘designat_ipn andv grade o c o ‘ ST 0, N i,
. min. max.| max.| max. | max.| ihax. | max.
Iodide titanium, purest 99+97 | 0°02 | 0°01 } 0°005 ! 0.01 | 0°003| 0-+001
_ KS-50, commercially super pure 99°5 1 0%03 | 0715 | 0°10 : 0°10 | 003 | 0-001
KS-70, commercially pure, high ductility 99+4 0-08 0°30 ! 0°10 0°20 f 0°03 l 0+001
i Mechanical properties .
Designation ! : : T
| U.Ts. Y.S. | iElong. R.A. | BHN
lodide-Ti 26 min. F 15 min. ! 50 min. } ! 90 Vickers max.
KS-50 35~49 | 25~45 | 30~45 | 40~-70 i 110~145
KS-70 49~70 | 40~65 i 20~-35 é 40~60 146~200
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Fig. 11. Relation between flight speedﬂaltitude
and surface temperature of airplane, and
application limits of aluminium, titanium
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and stainless steel (Spencer L. Shaw)

Temperature F
3ﬁ 392 752 Vi/74

X
7
Y

&
NG

=t~
~

Jtrmyth-h’e/ght ratio Wmmatfec.
-~
N
/

)

(S

0 400 a0
Temperature °C

Fig. 12. Strength-weight ratio vs.
temperature for KS-50 KS-70, KS-130A
KS-150B, 75ST-Al and 303 stainless steel.

72- HEEIBME—EEIEMIRUTHED . 42 044103
400°C % TOREEAME & U TR BN B % 5
LT 5. .

KSR 4 - OBRGEEICS LT RETROY

—~- 47

FEVBBAT 2 EREOTEBETREEN L L BV OT
TERAMT & VRFRIZ—IRIT 0°29% HTFe#HEsh T
5. Fig. 14 i 0°04%, 0°20% %5 178 07909 D
REEUF S CORBECEIZ v eV ¥ -l 251
1. BIEEHRIE AND & 0°05% LIERFERGANT
EAMF £ RO IHDSTRD 51 5552 DL,
Wid e s W E—~E2HLIRAFERITESOTND EEA
BB, - -
2) BEBERBIUESRE €BF 4 oFhOBER JoEss
EF 2 COPEREICKR IS EER 54 B EED

2

30
220 4 L VHN] & ng'e:%
200 2] 8 ) A o 2 gE\
*'/xa' aNA g@
N ] /5
>0 | ™N PR
| . /A
. 1404 80 o \CQM/H _‘__5:5 .
208 59 LTS 0 &
S09%g -] il
oo g |
® * e b
s 890 —r—r oAl |
L ] -~
Yy Hoks
o & 2 - : . g
N gy I~ - : 30 D
Sy e N B e PR
¢ 01 02 4304 05 46 47 48 a9 40
© T arbon content pet -
Fig. 13. Effect of carbon on the tensile

‘properties, hardness and impact value
of kroll process titanium.



130 & & W

é‘g‘” amlasm
. gtmi—l— 0a%% - _|. ..
4 N xm »
£ " // i 1
E " A
s a—mL_? 50 0 #0500 B
' ' Tenperature " °C

Fig. 14. Effect of carbon on the imbact
value of Kroll process titanium' at various
temperatures.

Peflizk a1 T.M.C.A. OWZERERE %R & Fig. 15
DI TH B M 7 « v 0 — AEE, RERBE
BENHTOTH HHFE— RN BRI SRk
R—EOBEDHEDOTHE. F2 LEETIIIHRELSE
SEEEELEM S HIED 1B 5N 52 b IR BERELT)
AU TKMOBZBEIIETE T 3. SRIWHP0-02%
F o CoHICETIN TN A TEAMT  ~ OFENEIT
ERIIMARI ZFEPFEOTL B INE SR
BAEREE X h/NTH 2. THRMF 2 i3I rhEsRIc
BRINATWRENK IV, o TBRRAETENE
PEESEFEEINATVS. o o

30 .
L.
260—— ]
3 % 2 /
%m: //iznk‘jﬁézz
© v /%2/ »
‘§mi;;/ ﬁ%ﬁﬁ?((
S @ 2
8w 1L .

'ml//

60'0«\ a04 008 @12 016 0% 0H

‘ Weight Pt Oxygen ,

Fig. 15. Correlation of oxygen and nitrogen
content of titanium -with Vickers hardness
(T.M.C.A.) BT ‘

3) 7k F THEMAEMEF 2 OAFESERR 300
P-p-m.(0°03wWt%) Ll E& /25T ERFRA LD, B
D BERR S PUEESIAE LT 10p.p.m. EBIASEL I

R & EB L T 3 TIRMEE RS I3 TAREFED
WEIEELIES 30TH5. R v VE—{BRREA
3N WS T A 0. R L Jaffee et al OFREIC X
#us Fig. 16 1GRTML 30ppm. HEDF & L RE
UL EZEHSETT 20Tk 30p.p.m. HTFOF
s UWERIND D SENILN. F72T OFEITHUKL
By DOFEFEEAMT 1T O THEBREIX R 5 D Tl 22 BB )5
NETH BO. '

00—

\ .
W
N

o
“Sw - S|
g 4 Did not fracture

-::J 80 ; g ﬂp:‘m. Hyd,:agen

s s 83 » v n

§70 034 w oo

A R . »

R 60r R

N « /65 » "

§.50 =

Y /

S 40 A

-

§,,

Q

S

3

&N

20
I T° ,
10
L P— =9

[ -
20 0 S 0 S W0 150

Temperature °C . o
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properties of high pure titanium.

Specimens cooled through hidride-precipi-
tation range at about 15° to 20°C per min
(R.I. Jaffee et al) '
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Fig. 17. Influence of aluminium content
on the properties of binary Ti-Al alloys
prepared from Iodide titanium.

(R.1. Jaffee et al)
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Table 11." Binary alloys investigated by R RLN WA 150
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~H ; ¢ I N : j ‘ Fig. 18. Influence of manganese content on
VAR s VA "/ - ‘ the ‘properties of binary Ti-Mn alloys,
Cu .Bé ( B )1 éi/s v ) Cr . Mn' Fe ~ prepared from Iodide—ti-tamiv.im:
‘./ '\/ J | — = = — . 7 (R. 1. Jaffee et al).
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Table 12. Chemical c0mposxt10n, mechamcal propert1es and heat treating propertles
of unalloyed and alloyed titaniums.
N { . - - Nominal U.T.S. | Y.S. . Elohg.‘ Brinell Micro-

Designation | Produc‘er |- composition 'kg/mm? {kg/mm? |© 9 ,hardhess | structure

Iodide Ti -_ 99°99;, Ti 26—34 14—17 55 50
KS-50 ' Kobe steel 9959, Tr rr_lin. 35—49 . 25—45 30—45 110—145% -
KS-70 - Kobe steel 99+49, Ti min. 45—70 40—65 20—35 146—200 | . £t 1 .
A-55 Rem-Cru 4 N 45°5 385 20 : Cafter slow
A-70 Rem-Cru v 56 - 49 15 - T Jling
Ti-75A TMCA ” 52°7—70 | '42—63 | 20—25 | 190—240 cooling
Ti-100A TMCA . 99°3% Ti min. 70—84 56—77" 15—20 250—280 | -
A-110AT Rem-Cru 5A1-2*5 Sn 91 77 18
KS-130B Kobe Steel 5A1-1Cu 91—105 | 75min.  10—25 {250—350 | - ' .
Ti-140A TMCA 2Cr2Fe-2Mo | 91—105 180°5—94°5 12—15 | 310—350 | &7T!
Ti-150A TMCA 2O LOFe I 9s 1155 8a ¢ i12min. 311—364 | Alter slow

) 5'5A1—1'25Cr— ) L o . | cooling, and
Ti-155 . TMCA 1*5Fe-1-5Mo | 105min.| 98min. : 4 - | @wRet. g
KS-130A Kobe Steel 2Al-2Fe | 91—105 75min. @ 10—25 , 250—350 after
KS-150A Kobe Steel 5A1-2Cr-1Mo | 105—130 | 90min.. 10—20° ' 200-—400 :
KS-150B Kobe Steel 5Al1-2Cr-1Fe | 105—130.| 90min. 10—20 ,300—4100 quenching
C-130AM Rem-Cru 4Al-4Mn 98 9 N !
RS-110 Republic Steel |~ 2Fe-4Cr | 84—108'5 77-—87°5 1220 Ry
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RS-110BX | Republic Steel | 1°5A1-3Fe l

RS-130 Republic Steel | 4Al-4Mn  The sameas C-130 AM.

RS-140X Republic Steel {5Al-2°7Cr-1.3Fe } i
MST-3A1-5Cr | Mallory Sharon 3Al1-5Cr 108°5 101°'S 13°5 i
MST-4A1-4Mn | Mallory Sharon 4A1-4Mn The sameas C-130 PAM. ;
MST-6A1-4V | Mallory Sharon|  6Al-4V 105—140 | 91-126 | 9—13 | TSy |

Ti-150B TMCA 4.5Cr-4'SFe- | 108'%— los-5min.  8—12 | 300—3s0| . **P

C-110M Rem-Cru 8Mn 84 77 10| after slow

RS-120 Republic Steel 71\én | 91—119 | 84—112., 10—20 28—40 -| cooling, and

- 3Mn-1Cr-1Fe- ;
MST-3Mn  \Mallory Sharon| JVR71ETFe™ 1 150(2) | (RO | Ret. g after
MST-8Mn |Mallory Sharon 8Mn The sameas C-110M. quenching
, ] 1 1 Stable g
. . ] .. ; . ! after slow
30-Mo allf)y. On trial 30 Mo : P ! | cooling or
e e | ’ quenching
C OBEOEEEALIZE 0° 1% THER/S 3 SPEDT Table 13. Classiﬁca'tion of alloying elements.
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: o interstitial | SUPSttU- |4 o otitial | Substitu-

BRERLIE 4 B C & A5T B 754>, 885°C LIFOBEED b tional tional

BEA T 2Hf%IE equiaxed grain structure (Fig. 19) c . H, é§ I(?g l\C/Ilr;

TERER L VEOERED b BEA N 1CiBld acicular | Ni W

type of structure (F“ig. 20) TH5. 0, ‘ (Pb?) | P ] C\‘,b Mo Ta

N2 Sn Zr
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(a) @I AlLSn,0;, N, C, B, (Fig. 21)
(b) SE#FF Cu,Fe, Mn, Ni, Ho, Ag, W, Co, Cr, Si
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(Type a. limited solubility in 8, limited
but higher sobubility in .)
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Table 14.

" Crystallography. of pure-
titanium and iron.
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18. Structure of binary ‘elloys of tita-

' nium -at room temperature (weight % of
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