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FACTS ABOUT TITANIUM AND ITS ALLOYS (II) —REVIEW—

* Zenichiro Takao and Hidetake Kusamichi

Synopsis: Refer to p. 127, Feb. (1956) (2 & 138
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Fig. 49. Elongation values obtained in a
step-down forging of Ti 150A alloy,
forging was accomplished in one heat
in the alpha plus beta region, furnace
temperature=920°C .
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Table 18 Usual forging temperatures in °C.

e
Alloys ! "Break down ! Heavy die | Small drop
y _ i of ingts ~ ' forgings ! forgings

Commercially super pure (KS-50) 1 856~950 : 750~-900 l 650~800
Unalloyed grade (KS-70, AMS 4921) 900~1000 l 800~-900 . . [ 700~850
-f(a‘,ll,‘i’f‘&"(ﬁiusi{BCe_tfscﬁlolfﬁi_‘ 50A) 950~1050 850~1000 750~-900
Alloys with ‘Al-Content=4% _ - ‘ .
(RC-130B, MST-3A1-5Cr, KS-130A) 1600~1100 900~1000 800~950
Alloys with Al-Content>4% -~ ' o . ~
(A-110A, Ti-155AX, KS-150A, KS-150B, 6Al-4V) | 1050~1150 950~1100 900~1050
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Fig. 52. Cold rolled characteristics of

commercially pure titanium sheet (KS-
70). .
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Fig. 54. Cold drawn characteristics of
© titanium alloy wire (KS-130A)
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Table 19. Corrosion resitance of ‘commercially pure titanium (Rem-Cru)

Etching reagent Concentration (wt%) Tem;()féa)ture C(l)‘glt-gsmn
Acetic acid 5, 25, 50, 75, 99°5 boil A
Acetic anhydride 99 .room temp. A
HNO, 10, 20, 30, 40, 60, 70 100 A, B

4 50 100 A

7 65 boil A

HNO; red fuming _ room temp. A
HNO; white fuming .98 : 4 A
v 95 70 A

HCI 1 70 A

7 1 boil C

% 3, 5 room'temp. - A

v . £ 3,5 70 B

Y 3 5 boil C

4 10 room temp. B

7 - 10 70 , C

7 20, 37 room temp. i C

HCl (200 mg Cu*+/l) 37 room temp. " A
HCI1+HNO; 1:8 room temp. A

7 2:1 v A

7 3:1 7 A

7 4 :1 - A

% 51 v ' B

” 7 1 a : A

7 20: 1 p ; A

H,SO, 5 35 i A

# 10 v i B

# 20~-50 y i C

Y 60~70 7 ! B

# >70 y X C

HQSO.;-*- HNO;; 10 : 90 - l A
H,SO,+HNO; 30:70 ” | A

4 50 : 50 7 | A

4 60 : 40 4 i A

% 70 : 30 ” : B

% 80 : 20 v i B

” 90 : 10 ” i B

” 99: 1 ” ’ B

H;PO, 5. 10, 20, 30 7 A

” 35~85 ” I B

” 5~35 60 | B

e 5 100 i B

” 10 80 j G

Oxalic acid (aerated)- 0°5, 5, '10 35 i A
% 0°5, 1, 5° 10, 25 60 ‘ C.

HF 1 room temp. : C

# (anhydride) 100 % ! B
Hydrogen peroxide 3, 6, 30 room temp. | A
H;S (Saturated water) — 70 ‘; A
Cl; (saturated water) _ room temp. . | - A

Chlorine gas (dry 0°005% water) — 30 : C
# (wet, more than 0°013% water) — 75 A
Tartaric acid 10, 25, 50 100 A
Lactic acid (aerated) 10, 25, 50, 85 100 A
#  (nonaerated) 10, 25, 50, 85, 100 ‘boil : A
K,CrO, 10 ‘boil A

4 36, 5 90 A

Citric acid (aerated) 10, 25, 50 100 A

# (non aerated) 50 boil B
Formic acid (aerated) 10 boil A

# (non aerated) 25, 50, 90 boil C
Tannic acid : 25 100 A
Stearic acid 100 180.. A
Chloro-acetic acid 30 -80 A
Dichloro-acetic Acid 100 “boil A
Trichloro-acetic acid 100 100 c
Sulfur, molten : 100 .240 . ﬁ .

‘Sulfur, water suspended

room temp.
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SO, (saturated water)
V/4

NH,OH (anhydrous 200 psi)
KOH

NaOH
NH,OH
AlCl;

P2

C o
NH,Cl
BaClg
CaClz
Ca (CIO) 2
~CUC]2
V4

FeCly
v

MgC12
MnClz
HGCl,
NiCly'
NaCl}
SnCl3
‘NaS
NaClO (5°6% Cly)
ZnC]z.
Dichloroethylene
“Trichloroethylene
4
“Tetrachloroethylene
“Tetrachloro ethylene
«Carbon tetrachloride
(with 19 water)
Aniline hydroxide
Form aldehyde
‘Chloroform water mixture

25
1, 10, saturate
5, 20
10,” 25, 28,
2, 6
1, 20
40
1~30
10
5
5, 20, 42
5, 20
1, 5, 10, saturate
5, 10
20, saturate
5, 24 -
10
10, 20
10
water mixture
4
”

5

»

5

5, 20

room temp. -
70
40
boil
boil

room temp..
100
60
100
100
100
100
100
100 -
boil
100
boil .
100 -
boil
100 -
100
100
boil
100
boil

room temp.
boil
boil
boil
V/4
boil
boil
boil

. 100

boil
boil

> D>h>.‘>>b>>b>>>ll>>i>b>>>>>>>>>>>O>>>>>>>>

Note: 1,

Solutions were not aerated with air unless otherwise indicated.
2. The designations employed are those used by the corrosion handbook.

A rating of

““A’’ means corrosion of not more than 5mpy. Class B implies rates between 5 and
50mpy. A ‘B’ rating may be satisfactory for non-critical parts where some
corrosion can be tolerated. Class ‘“C” indicates a corrosion rate above 50, mpy.

-Table 20. Corrosion resistance of Kobe Steel Works’ titanium.

Corrosion resistance

Etching reagent Concentration (wt%) Temlggéa)ture i

o | KS-50 | KS-70
"HNQq 5,7, 37, 64, 99 20 o o
” 5, 7 boil e O
z 37, 64 boil A A
HCL 05, 1, 3, 5, 10 20 0 0
v 20 20 A A
“ 30, 35 20 v X
. 0°5, 1 boil e o)
- “ ’ 3: 51 101 20 boil b4 X
35% HC].+HN03 0-5, 3, 5 20 o o
Aqua regia ‘ 20 S S
H,SO, 1, 5,10, 20 20 S S
” 40, 60 20 A e
S 80 20 P X
H,SO, o5, 6 2 X X
7 5, 10 boil % "
8% H»SO0,+HNO, 0*1, 0*5 20 O O
’ 3, 5 20 - e O
H,PO, 10, 30, 50 20 3 3
4 30. boil < X

— 55 —
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Acetic acid 100 20 O - O
v, : 100 boil O ! O
Formic acid 50 ~2C O O
4 50 boil O @)
Lactic acid’ 10 20 O O
4 io boil ! O O
Oxalic acid 10 20 A O
2 ‘ 10 boil ; x X
NaOH 5, 20 20 e} O
CuSO, ‘ 10 20 O O
CuSO, ‘ 10 \ boil O '®)
K Saturate boil @) O
Aly (8045 Suturate boil O O
NaSO0;3 ’ 20 boil O O
NH,C1 10 20 O- O
z ) 10 boil O O
ZnCl; 2°05 20 O O
7 2°05 boil @) @]
CaCl, 10 boil O O
NaCl 20 20 O O
” 20 boil O O
Sea water — 20 O O
7 — boil ©) O
FeCl; 50 20 O O
Cle ) dry* 20 @) O
4 ' . wet 20 O O
Cl, dry* 100 O O
4 wet 100 O O
K,CrO, ® 20 O O
; K:Cr:04 10 20 O O
‘. H,0, 10 20 O O
Monochloro acetic acid Saturate 30 O O
Note: O Corrosion rate < 0°1 gr/m?/h.
A Corrosion rate is between 0*1~1°0 gr/m?/h.
x Corrosion rate > 1°0 gr/m?/h.
*  Contains a little moisture.
< ™ . - T
T oo iy 600 § Eo.o«m fé‘s@f - 480 §
~§‘ .01 — 7 R ST (B) = \\\?‘
& 0.030 NI -] » %0 B S 0.020 20 §
o 00PN TEHOTREORS,, & S o0 // S
= — 8 00004 ]
8 o010 - ' > 20 -8 0.004— ] ® =
0.0012 144 = % .S
S 00010 12,0 -2 5 0.003t— = ‘S
S 00003 7 96 o ‘2 o0.002 21
Y 2:0008 = i3 § 8 e 5
S o002 24 8 8 0.001 - : o =
0% T z3 455 10 20 2 % 1 2 3 445 10 15 20
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Fig. 55. Corrosion resistance to
HC1 (38°C)
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Fig. 56. Corrosion resistance to
HC1 (66°C )
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Fig. 59. Corrosion resistance to
H;SO, (38°C)
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Fig. 60. Corrosion resistance to
H,SO, (65°C)

Fig. 61. . Corrosion resistance to
H,SO, (80°C)
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Fig. 62. Corrosion resistance to
H.SO,4 (93°C)
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Flg 63. Hardness conversion curve
between Vickers and Brinell.
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Fig. 6¢4. Hardness conversion curve
between shore and brinell.
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Fig. 65. Hardness conversion curve
between Shore and Vickers.
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