ASTM B381 / ASME SB381 ®
Standard Specification for
Titanium and Titanium Alloy Forgin

This specification covers 39 grades of annealed titanium and titanium alloy forgings as follows:
Grade F-1—Unalloyed titanium,
Grade F-2—Unalloyed titanium,

Grade F-2H—Unalloyed titanium (Grade 2 with 58 ksi minimum UT

Grade F-3—Unalloyed titanium,

Grade F-4—Unalloyed titanium,

Grade F-5—Titanium alloy (6 % aluminum, 4 % vanadium),

Grade F-6—Titanium alloy (5 % aluminum, 2.5 % tin),

Grade F-7—Unalloyed titanium plus 0.12 to 0.25 % palladiyfn,

Grade F-7H—Unalloyed titanium plus 0.12 to 0.25 % palladium 7 With 58 ksi minimum UTS),
Grade F-9—Titanium alloy (3 % aluminum, 2.5 % va
Grade F-11—Unalloyed titanium plus 0.12 to 0.2
Grade F-12—Titanium alloy (0.3 % molybden

Grade F-16—Unalloyed titanium
Grade F-16H—Unalloyedjitani
Grade F-17—Unalloyed titani

alladium (Grade 16 with 58 ksi minimum UTS),
alladium,

Grade F-18—Titanium allg adium) plus 0.04 % to 0.08 % palladium,
Grade F-19—;itanium y (3 indm, 8 % vanadium, 6 % chromium, 4 % zirconium, 4 % molybdenum),
Grade F-20— i inum, 8 % vanadium, 6 % chromium, 4 % zirconium, 4 % molybdenum) plus 0.04 to 0.08 % palladium,

Grade F-21—Tit aluminum, 2.7 % niobium, 15 % molybdenum, 0.25 % silicon),
Grade F-23 itani 0 aluminum, 4 % vanadium, extra low interstitials, ELI),
o aluminum, 4 % vanadium) plus 0.04 to 0.08 % palladium,

Grade F-27—Unalloyed titanium plus 0.08 to 0.14 % ruthenium,
Grade F-28—Titanium alloy (3 % aluminum, 2.5 % vanadium plus 0.08 to 0.14 % ruthenium),



Grade F-29—Titanium alloy (6 % aluminum, 4 % vanadium, extra low interstitial, ELI plus 0.08 to 0.14 % ruthenium),
Grade F-30—Titanium alloy (0.3 % cobalt, 0.05 % palladium),
Grade F-31—Titanium alloy (0.3 % cobalt, 0.05 % palladium),
Grade F-32—Titanium alloy (5 % aluminum, 1 % vanadium, 1 % tin, 1 % zirconium, 0.8 % m

Grade F-34—Titanium alloy (0.4 % nickel, 0.015 % palladium, 0.025 % ruthenium, 0.1
Grade F-35—Titanium alloy (4.5 % aluminum, 2 % molybdenum, 1.6 % vanadium, 0.5
Grade F-36—Titanium alloy (45 % niobium),

Grade F-37—Titanium alloy (1.5 % aluminum), and

Grade F-38—Titanium alloy (4 % aluminum, 2.5 % vanadium, 1.5 % iron).

A. Chemical Composition :-
The grades of titanium and titanium alloy metal covered by this specification shall er q&ements as to chemical composition prescribed in Table 1.
Composition; Wei ercentBCDE
q Other Other
Grade
C, (O] N, H, Fe Al v Pd i Mo Cr Co 7r chb sn si Elements, | Elements,
max. [ max. | max. | max. max. max. max.
each total
F-1 0.08 | 0.18 0.03 -- - - - - - - - - 0.1 0.4
F-2 0.08 | 0.25 0.03 - - - - - - - - - - 0.1 0.4
F-2H 0.08 | 0.25 0.03 - - - - - - - - - 0.1 0.4
F-3 0.08 | 0.35 0.05 -- - -- -- -- -- -- -- -- 0.1 0.4
F-4 0.08 0.4 0.05 - - - - - - - - - - 0.1 0.4
F-5 0.08 0.2 0.05 -- - - -- -- -- -- -- -- -- 0.1 0.4
2.0-
F-6 0.08 0.2 0.03 - - - - - - - - 3.0 - 0.1 0.4
0.12-
F-7 0.08 | 0.25 0.03 025 - - - - - - - - - 0.1 0.4
0.12-
F-7H 0.08 | 0.25 0.03 0.95 - - - - - - - - - 0.1 0.4
F-9 0.08 | 0.15 0.03 - - - - - - - - - - 0.1 0.4




FI11 | 008 | 018 | 003 | 0015 | 02 | — | — |3 - - S T e N P T 0.1 0.4
F-12 | 0.08 | 025 | 0.03 | 0.015 | 0.3 - - - - %‘%’ %_24‘ - - - - - 0.1 0.4
F13 | 008 | 01 |003|0015| 02 | ~ | — | - |21 04 o h : S - 0.1 0.4
F14 | 008 | 015 | 003 | 0015 | 03 | ~ | — [ - |90 04 1) S I 0.1 0.4
F15 | 008 | 025 | 005 | 0015 | 03 | — | — | — |00 0% | - S T 0.1 0.4
F16 | 008 | 025 | 0.03 S N 0.1 0.4

F-16H | 008 | 0.25 | 0.03 S T T . 0.1 0.4
F17 | 008 | 018 | 0.03 S R 0.1 0.4
F18 | 008 | 015 | 0.03 S T T . 0.1 0.4
F19 | 005 | 012 | 0.03 ST B+ S S 0.15 0.4
F20 | 005 | 012 | 0.03 e o I e e A 0.4
F21 | 005 | 017 | 0.03 e B IV B e B 0.4
F23 | 008 | 013 | 0.03 T T 0.1 0.4
F24 | 008 | 02 | 005 R 0.1 0.4
F25 | 008 | 02 | 005 T T 0.1 0.4
F26 | 008 | 025 | 0.03 S S T T . 0.1 0.4

F26H | 0.08 | 025 | 0.03 T T 0.1 0.4
F27 | 008 | 018 | 0.03 S S T T . 0.1 0.4
F28 | 008 | 015 | 0.03 T T 0.1 0.4




F20 008 | 013 | 003 00125 | 025 | o |35 1 |00 0 0.4
0.04- 0.20-
F30 | 008 | 025 | 003|0015| 03 | ~ | — X% | | | 0% - - | - | o1 0.4
F31 | 008 | 035 |005| 0015 | 03 | ~ | — [POF) — | — | | . |9 N - |- 0.1 0.4
15 | 06 06 06- | 0.06-
F32 | 008 | 011 | 003 | 0015 | 025 | po | 9% ) | 000 n Ve YRR 0.4
001- | 002- | 035
F33 [ 008 | 025 | 003|005 | 03 | ~ | — |20 000 103 0% S S 0.4
F-34 | 008 | 035 |005|0015| 03 | ~ | -
020- | 40- | Li-
F35 | 008 | 025 | 005 | 0015 | 02> | £% | 1L
F-36 | 004 | 016 | 003 | 0015 | 003 | ~ | -
F37 | 008 | 025 |003| 0015 | 03 | 5% | -
0.20- 35 | 20-
F38 | 008 | 02 | 0.03 | 0015 | 1218 5> | 49

A At minimum, the analysis of samples from the top and bottom of the inge
B Final product hydrogen shall be reported. Ingot hydrogen need not be e
¢ Single values are maximum. The percentage of titanium is deter;

D Other elements need not be reported unless the conc‘ratio
present in titanium or titanium alloys in small quantities a

are

molybdenum, niobium, zirconium, hafnium, bismuth, rutheni

Table 2°

shall conform to the requirements as to mechanical properties specified in Table 2, as applicable.
ined and tested in accordance with Test Methods ES8.
a strain rate of 0.003 to 0.007 in./in.-min through the specified yield strength.




Grade Ten_sile Strength, Yield_ Strength (0.2 % Offset), Elonga_tion in 4D, Reductipn of
min ksi (MPa) min or Range ksi (MPa) min, % a, min, %
F-1 35 (240) 20 (138) 24

F-2 50 (345) 40 (275)
F-2HB © 58 (400) 40 (275)
F-3 65 (450) 55 (380)
F-4 80 (550) 70 (483)
F-5 130 (895) 120 (828)
F-6 120 (828) 115 (795)
F-7 50 (345) 40 (275)

F-7H® © 58 (400) 40 (275) 20 30
F-9 120 (828) 110 (759 ® 10 25
F-oP 90 (620) 70 (48 15 25
F-11 35 (240) 20(133Y . % 24 30
F-12 70 (483) 50 (34 . 18 25
F-13 40 (275) 70 24 30
F-14 60 (410) 40 (285 20 30
F-15 70 (483) 5 (380 18 25
F-16 50 (345) | 404275) 20 30

F-16H3 C 58 (400) W] 40 (275) 20 30
F-17 35 40mm. INT oMy, 20 (138) 24 30
F-18 Q0@ 20) W WM 170483 15 25

F-18° 90y(620 w70 (483) 12 20
15 (19 110 (759) 15 25

N300 130 to 159 (897 to 1096) 10 20

8) 160 to 185 (1104 to 1276) 5 20

F-205m ‘k‘f 93) 110 (759) 15 25
Fa( L W1351830) 130 to 159 (897 to 1096) 10 20
F-20 1) 165(1138) 160 to 185 (1104 to 1276) 5 20
F215 Ol 115 (793) 110 (759) 15 35
F-21F 140 (966) 130 to 159 (897 to 1096) 10 30




F-21¢ 170 (1172) 160 to 185 (1104 to 1276)
F-23 120 (828) 110 (759)

F-23P 120 (828) 110 (759)
F-24 130 (895) 120 (828)
F-25 130 (895) 120 (828)
F-26 50 (345) 40 (275)

F-26H5 € 58 (400) 40 (275)
F-27 35 (240) 20 (138)
F-28 90 (620) 70 (483)

F-28P 90 (620) 70 (483)
F-29 120 (828) 110 (759)

F-29P 120 (828) 757 6.0/ 15
F-30 50 (345) 20 30
F-31 65 (450) 18 30
F-32 100 (689) 10 25
F-33 50 (345) 20 30
F-34 65 (450) 18 30
F-35 130 (895) 5 20
F-36 65 (450) 10
F-37 20 30
F-38 .130 8 115 (794) 10 25

AThese properties apply to forgings havi
negotiated between the manufacturgran
B Material is identical t(‘e corge
with its corresponding numegic gra
©TheH grades were added i
the 58 ksi minimum U
D Properties for mat
E Properties for materia
F Properties for solution treatedand aged condition-Moderate strength (determined by aging temperature).
G Properties for solution treatediand aged condition-High Strength (determined by aging temperature).

" For product section or wall thickness values <1 .0 in.



' For product section or wall thickness values > 1 .0 in.

C. Non-destructive Tests :-
1. Non-destructive test requirements such as ultrasonic test, X ray, or surface inspection shall be specified he haserRdif required.
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