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Standard Specification for
Titanium and Titanium Alloy Forgings'

This standard is issued under the fixed designation B 381; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (&) indicates an editorial change since the last revision or reapproval.

1. Scope*

1.1 This specification® covers 39 grades of annealed titanium and titanium alloy forgings as follows:

1.1.1 Grade F-1—Unalloyed titanium,

1.1.2 Grade F-2—Unalloyed titanium,

1.1.2.1 Grade F-2H—Unalloyed titanium (Grade 2 with 58 ksi minimum UTS),

1.1.3 Grade F-3—Unalloyed titanium,

1.1.4 Grade F-4—Unalloyed titanium,

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

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

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

1.1.7.1 Grade F-7H—Unalloyed titanium plus 0.12 to 0.25 % palladium (Grade 7 with 58 ksi minimum UTS),
1.1.8 Grade F-9—Titanium alloy (3 % aluminum, 2.5 % vanadium),

1.1.9 Grade F-11—Unalloyed titanium plus 0.12 to 0.25 % palladium,

1.1.10 Grade F-12—Titanium alloy (0.3 % molybdenum, 0.8 % nickel),

1.1.11 Grade F-13—Titanium alloy (0.5 % nickel, 0.05 % ruthenium),

1.1.12 Grade F-14—Titanium alloy (0.5 % nickel, 0.05 % ruthenium),

1.1.13 Grade F-15—Titanium alloy (0.5 % nickel, 0.05 % ruthenium),

1.1.14 Grade F-16—Unalloyed titanium plus 0.04 to 0.08 % palladium,

1.1.14.1 Grade F-16H—Unalloyed titanium plus 0.04 to 0.08 % palladium (Grade 16 with 58 ksi minimum UTS),
1.1.15 Grade F-17—Unalloyed titanium plus 0.04 to 0.08 % palladium,

1.1.16 Grade F-18—Titanium alloy (3 % aluminum, 2.5 % vanadium) plus 0.04 % to 0.08 % palladium,

1.1.17 Grade F-19—Titanium alloy (3 % aluminum, 8 % vanadium, 6 % chromium, 4 % zirconium, 4 % molybdenum),
1.1.18 Grade F-20—Titanium alloy (3 % aluminum, 8 % vanadium, 6 % chromium, 4 % zirconium, 4 % molybdenum) plus

0.04 to 0.08 % palladium,

1.1.19 Grade F-21—Titanium alloy (3 % aluminum, 2.7 % niobium, 15 % molybdenum, 0.25 % silicon),

1.1.20 Grade F-23—Titanium alloy (6 % aluminum, 4 % vanadium, extra low interstitials, ELI),

1.1.21 Grade F-24—Titanium alloy (6 % aluminum, 4 % vanadium) plus 0.04 to 0.08 % palladium,

1.1.22 Grade F-25—Titanium alloy (6 % aluminum, 4 % vanadium) plus 0.3 to 0.8 % nickel and 0.04 to 0.08 % palladium,
1.1.23 Grade F-26—Unalloyed titanium plus 0.08 to 0.14 % ruthenium,

1.1.23.1 Grade F-26H—Unalloyed titanium plus 0.08 to 0.14 % ruthenium (Grade 26 with 58 ksi minimum UTS),

1.1.24 Grade F-27—Unalloyed titanium plus 0.08 to 0.14 % ruthenium,

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

1.1.26 Grade F-29—Titanium alloy (6 % aluminum, 4 % vanadium, extra low interstitial, ELI plus 0.08 to 0.14 % ruthenium),
1.1.27 Grade F-30—Titanium alloy (0.3 % cobalt, 0.05 % palladium),

1.1.28 Grade F-31—Titanium alloy (0.3 % cobalt, 0.05 % palladium),

1.1.29 Grade F-32—Titanium alloy (5 % aluminum, 1 % vanadium, 1 % tin, 1 % zirconium, 0.8 % molybdenum),

1.1.30 Grade F-33—Titanium alloy (0.4 % nickel, 0.015 % palladium, 0.025 % ruthenium, 0.15 % chromium),

1.1.31 Grade F-34—Titanium alloy (0.4 % nickel, 0.015 % palladium, 0.025 % ruthenium, 0.15 % chromium),

1.1.32 Grade F-35—Titanium alloy (4.5 % aluminum, 2 % molybdenum, 1.6 % vanadium, 0.5 % iron, 0.3 % silicon),
1.1.33 Grade F-36—Titanium alloy (45 % niobium),

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

! This specification is under the jurisdiction of ASTM Committee B10 on Reactive and Refractory Metals and Alloys and is the direct responsibility of Subcommittee

B10.01 on Titanium.

Current edition approved Atrg-May 1, 2668:2009. Published Atrgust2668-June 2009. Originally approved in 1961. Last previous edition approved in 2008 as B 381 — 08a.
2 For ASME Boiler and Pressure Vessel Code applications, see related Specification SB-381 in Section II of that Code.

*A Summary of Changes section appears at the end of this standard.
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1.1.35 Grade F-38—Titanium alloy (4 % aluminum, 2.5 % vanadium, 1.5 % iron).

Note 1—H grade material is identical to the corresponding numeric grade (that is, Grade 2H = Grade 2) except for the higher guaranteed minimum
UTS, and may always be certified as meeting the requirements of its corresponding numeric grade. Grades 2H, 7H, 16H, and 26H are intended primarily
for pressure vessel use.

The H grades were added in response to a user association request based on its study of over 5200 commercial Grade 2, 7, 16, and 26 test reports, where
over 99 % met the 58 ksi minimum UTS.

1.2 The values stated in inch-pound units are to be regarded as standard. The values given in parentheses are mathematical
conversions to SI units that are provided for information only and are not considered standard.

2. Referenced Documents

2.1 ASTM Standards:’

B 348 Specification for Titanium and Titanium Alloy Bars and Billets

E 8 Test Methods for Tension Testing of Metallic Materials

E 29 Practice for Using Significant Digits in Test Data to Determine Conformance with Specifications

E 539 Test Method for X-Ray Fluorescence Spectrometric Analysis of 6Al-4V Titanium Alloy

E 1409 Test Method for Determination of Oxygen and Nitrogen in Titanium and Titanium Alloys by the Inert Gas Fusion
Technique

E 1447 Test Method for Determination of Hydrogen in Titanium and Titanium Alloys by Inert Gas Fusion Thermal
Conductivity/Infrared Detection Method

E 1941 Test Method for Determination of Carbon in Refractory and Reactive Metals and Their Alloys

E 2371 Test Method for Analysis of Titanium and Titanium Alloys by Atomic Emission Plasma Spectrometry

E 2626 Guide for Spectrometric Analysis of Reactive and Refractory Metals

3. Terminology

3.1 Definitions of Terms Specific to This Standard:

3.1.1 bar, n—a hot rolled, forged or cold worked semifinished solid section product whose cross sectional area is less than 16
in.2(10 323 mm>).

3.1.2 billet, n—a solid semifinished section, hot rolled or forged from an ingot, with a cross sectional area greater than 16
in.2(10 323 mm?).

3.1.3 forging, n—any product of work on metal formed to a desired shape by impact or pressure in hammers, forging machines,
upsetters presses or related forming equipment.

4. Ordering Information

4.1 Orders for forgings under this specification shall include the following information, as applicable:
4.1.1 Grade number (Section 1),

4.1.2 Tensile properties (Table 1),

4.1.3 Dimensions and tolerances (Section 10),

4.1.4 Sampling, mechanical properties (Section 8),
4.1.5 Methods for chemical analysis (Section 6),

4.1.6 Marking (Section 17),

4.1.7 Packaging (Section 17),

4.1.8 Certification (Section 16),

4.1.9 Disposition of rejected material (Section 14), and
4.1.10 Supplementary requirements (S1).

5. Materials and Manufacture
5.1 Material conforming to the latest revision of Specification B 348 shall be used when producing forgings to this specification.

6. Chemical Composition

6.1 The grades of titanium and titanium alloy metal covered by this specification shall conform to the requirements as to
chemical composition prescribed in Table 2.

6.1.1 The elements listed in Table 2 are intentional alloy additions or elements which are inherent to the manufacturer of
titanium sponge, ingot or mill product.

6.1.1.1 Elements other than those listed in Table 2 are deemed to be capable of occurring in the grades listed in Table 2 by and
only by way of unregulated or unanalyzed scrap additions to the ingot melt. Therefore, product analysis for elements not listed in
Table 2 shall not be required unless specified and shall be considered to be in excess of the intent of this specification.

3 For referenced ASTM standards, visit the ASTM website, www.astm.org, or contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM Standards
volume information, refer to the standard’s Document Summary page on the ASTM website.
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TABLE 1 Tensile Requirements”

Grad Tensile Strength, min Yield Strength (0.2 % Offset), min or Range Elongation in 4D Reduction of Area.
rade t h . ,
ksi (MPa) ksi (MPa) min, % min, %
F-1 35 (240) 20 (138) 24 30
F-2 50 (345) 40 (275) 20 30
F-2HB:C 58 (400) 40 (275) 20 30
F-3 651 (450)t 55 (380) 18 30
F-4 80t (550)t 70 (483) 15 25
F-5 130 (895) 120 (828) 10 25
F-6 120 (828) 115 (795) 10 25
F-7 50 (345) 40 (275) 20 30
F-7HB.C 58 (400) 40 (275) 20 30
F-9 120 (828) 110 (759) 10 25
F-9° 90 (620) 70 (483) 15 25
F-11 35 (240) 20 (138) 24 30
F-12 70 (483) 50 (345) 18 25
F-13 40 (275) 25 (170) 24 30
F-14 60 (410) 40 (275) 20 30
F-15 70 (483) 55 (380) 18 25
F-16 50 (345) 40 (275) 20 30
F-16H5.C 58 (400) 40 (275) 20 30
F-17 35 (240) 20 (138) 24 30
F-18 90 (620) 70 (483) 15 25
F-18° 90 (620) 70 (483) 12 20
F-195 115 (793) 110 (759) 15 25
F-19F 135 (930) 130 to 159 (897) to (1096) 10 20
F-19¢ 165 (1138) 160 to 185 (1104) to (1276) 5 20
F-205 115 (793) 110 (759) 15 25
F-207 135 (930) 130 to 159 (897) to (1096) 10 20
F-20@ 165 (1138) 160 to 185 (1104) to (1276) 5 20
F-21F 115 (793) 110 (759) 15 35
F-21F 140 (966) 130 to 159 (897) to (1096) 10 30
F-21G 170 (1172) 160 to 185 (1104) to (1276) 8 20
F-23 120 (828) 110 (759) 10 25
F-23° 120 (828) 110 (759) 7.5 6.0/ 25
F-24 130 (895) 120 (828) 10 25
F-25 130 (895) 120 (828) 10 25
F-26 50 (345) 40 (275) 20 30
F-26H5.¢ 58 (400) 40 (275) 20 30
F-27 35 (240) 20 (138) 24 30
F-28 90 (620) 70 (483) 15 25
F-28° 90 (620) 70 (483) 12 20
F-29 120 (828) 110 (759) 10 25
F-29° 120 (828) 110 (759) 7.5 6.0/ 15
F-30 50 (345) 40 (275) 20 30
F-31 65 (450) 55 (380) 18 30
F-32 100 (689) 85 (586) 10 25
F-33 50 (345) 40 (275) 20 30
F-34 65 (450) 55 (380) 18 30
F-35 130 (895) 120 (828) 5 20
F-36 65 (450) 60 to 95 (410 to 655) 10
F-37 50 (345) 31 (215) 20 30
F-38 130 (895) 115 (794) 10 25

A These properties apply to forgings having a cross section no greater than 3 in.2(1935 mm 2). Mechanical properties of forgings having greater cross sections shall be
negotiated between the manufacturer and the purchaser.

B Material is identical to the corresponding numeric grade (that is, Grade F-2H = Grade F-2) except for the higher guaranteed minimum UTS, and may be dual certified
with its corresponding numeric grade. Grade F-2H, F-7H, F-16H, and F-26H are intended primarily for pressure vessel use.

€ The H grades were added in response to a user association request based on its study of over 5200 commercial Grade 2, 7, 16, and 26 test reports where over 99 %
met the 58 ksi minimum UTS.

D Properties for material in transformed-beta condition.

E Properties for material in the solution treated condition.

F Properties for solution treated and aged condition-Moderate strength (determined by aging temperature).

G Properties for solution treated and aged condition-High Strength (determined by aging temperature).

H For product section or wall thickness values <1.0 in.

! For product section or wall thickness values =1.0 in.

1 Tensile strength for Grade F-3 and F-4 was corrected editorially.


https://standards.iteh.ai/catalog/standards/sist/7c43e0c1-ee21-458e-a885-25c7e535122c/astm-b381-09

Ay B 381-09

<

-- -- -- -- -- -- - SvSe = 6/'9-G'SG1LoWouspakion
=0 G0°0 020 = 800 -4
e
_ _ _ _ _ - - - - Weeeo
-- -- -- -- -- -- 050 GL00 G00 0v'0 800 ¥4
0 g _— _— _— _— o — — — _— g
= -- 0€0 = GL00 S0°0 G0 800 €4
. - oeoT = = o
4 =0 Lo o - -ulL
_ _ _ _ _ _ _ r = = bz
-- -- -- -- -- -- -- -- -- -- @@ ownipeue)
cooge0e T T T FpEE T T T T wnpsn
=0 €00 G20 = 800 24
= G662 == 0
¥0 10 = = = = - --wnujwnyy
S _ _ _ _ Sfess T T T T T wndiny
% -- -- -- -- -- 0€0 GL00 €00 G20 800 -4
Xewd
- -Xew
yee0 620 To . . - - - - - e - oi|
Xewd
680 620 520 060 060 050  0v0 090  0E0 080 Q€0 020  we#
509 -- -- 569 020 G100 €00 810 800  St60 [
5t6°0 G100 G100 569 SL00 GL00 SO0 GLOO  GLOD  SHO® 66
Xew
GO0  xew
g HeBepAH
Xew
‘uoqied
800 800 800 800 800 800 800 800 800 800 800 e
‘vegsBy

60

B yoes  UOONIS UL  WNIGOIN WNIUODIZ EHOBUOIYONN
‘Xew Xew

SIEME ERSIEETE]

BWO  ByI0

€101 500 500 500 €00 €00 oEoIUsbos
€0°0

WNUBPGAIONHNOING—=  WNIUSUINGHERAPE| B d—HNIPEUBAGHAUILN|YS-KBW 10 'Xew Xew  Xew Jo xew
abuel ‘ueboIpAHRRPONINHZSPUBl ‘UOQIBD+—
Uoljp—= UsbPAXOz—=

JHOWOPRIDG

2'a'0'g U818 d 1Bl %-"uonisodwo)

ysiuswainbay [ediwayy g 37aVL


https://standards.iteh.ai/catalog/standards/sist/7c43e0c1-ee21-458e-a885-25c7e535122c/astm-b381-09

5
Q<
«'>_o'|
o
. :
q
S 5
a 3 :|'-.|
| 3 '
[]
3 =
[0)
[
-

X
= 2 00|
() z o
= i
£ £
S 3 o
= < @
3 £ e
Ql =} [s\)
€ T
o
o E

g (A

©

E

2 Q

2 I

§ R

E

C o

£ .3

€ N

<
1 ok
9|“’<u g
igE I

8| o

°© o [:
5|

; [T}

X< R
o|8|5 |:o_‘:|:|
kel o
T

x|~ .2 \
g3s 8]
Z
GC) .

3. .9 ..
SIclEl S]]
<
o| X . Q| .
88 k8
NEE o
o S

k) I € -
© <] e
= © [}
% < _,|. )
Ol EulZ Z2

0.12-0.25

Zirconium-- -

F-7H

(HE
Al
Al
M
M
iAol
Al
C|;| I
Te)

o o
. =]
g| :|$'S<rl
o
R
] I
Al

. -
|: ol
|

oo} o
O.| ]~
o Q -
8

o

[

ol.
29
i2

Rax—
eaeh

<

Residuals,2£F 0.1

Ay B 381-09

-+

"‘.".’"‘.l

Slo|o
N

0
‘—.|".’<f.|
oln|c

a

-.|c“€.|<r.|
olg|o

2| %
o
s
Sl
L ]
 §o
Yo}
N
0§
' N
-
o
o
. .
 §o
:Igﬂ
o
e}
I 1
o
:Iéﬂ
o
Y ®
! o
LL' o]
4, o|
Qo :
s s|aE ©
©| o
s
b= IE
2 -~
%16 =
el ElfF &

F20F21 23

F-0.17

F-16H -

F-45 -

F-t4 -

[s0]

q|

o

[s0]

S H

[s2] oo}
SR
o o

e ll=1E
SIS
ololo

0
[se) [o]
q|5‘cz|:
olglo

@« 1
< 1

DS
Qe
clo

.08

065
005
0

663

0.25
0.08

-0.4

3

0.08
0.08

F-12
Carbon, max.9
865

i

0:042

0.015

0.02

Iﬁ

0.0

0
15
IS}

0.015

0
15
IS}

6-88Hydrogen,®¢ 0.015

© SIP 0
gl BREET
A o ol 0 <
Y (B
© © (<o}
S S 3
2 =3 : Q d
32253 3 '
sl o ol | |
@ v 3|2
N ﬁ"‘rm.c?'“: B Q >
' S ! $°|E ol 'ggh
ol w
B sﬂ.ﬁ“—co. | . ~—
' S Ad|sld vl |o'| g
33° o1
o]
919 0 ol & 3
([ I DG B I B N I
lolololzl 1 ' lg:l
o
8
O|O| D Q| . B= . 9lo
SIS[SIZ 8| ar: 8 a1 g3
o
2o}
o <
o
0@ ] i M 1l
E T |
S > & [ [ RS
8
nlo [Te} wn w| =
88| 1g 35 a3 053
olo o o ol
3
o|o [s0] w0 5 D
=@gel kel il e il
olo o o o
o 5 O
o oy ES T8
[ v—| d
A
3%%$ﬂ4%r44w§ﬂlw
S FES kg ang g
©
. S .
. 1 -
3l 5§ §
2|5 s 3| 3 £.|i$.‘§| 2|5 s
w = [T <C [T o [T o



https://standards.iteh.ai/catalog/standards/sist/7c43e0c1-ee21-458e-a885-25c7e535122c/astm-b381-09

F20F21 F23

F-0.17

F-16H -

F-15 -

F-t4 -

©
o
: 9
P
<
o

Cobalt

F-16H

9
3
©
@

1 1
<t s
I I: T
N
. ™
%V:I a4l
- N
; (EIE

0.15-0.25

mg 8"? <
¢ 'El:q’vﬁ =
w S| "o {1 P v
6 3 S| °
o) o|v [To)
1?w41=¢71=@
Sl ' ol P olp|al v,
0 alen N~
o
) o
il A .M ' . <P
[ P [ p
vl il olo
[aV) [
o [Te) o
TN |'|:c\| '|:m“.
ol gl T gle
M -
[ [ (EE
) 0 o
8 g aegs
©
@ [se] [se]
LES(T| eS| kg
ol o ole
o
©
[eo] Yo} [sV)
FE=|T =] =g
ol =} ole
o
©
18I ES o 8lg]
‘ol Pl T gle
o
' |
L |
3| N 3
Qo ~ |- g k
= X @ [}
<] *.‘|. =1k '.-| 2l '.'| %
SOz zZzlz N Nldb w

0.4

['9)
o

5.5-6.5

3.5-4.5

Residuals,” & max

each- -

D.E.F

5.5-
6.5

3.5-45

0.12 0.03 0.02 0.30 3.0-4.0 7.5-8.5 0.04-0.08

0.05

F-20

4y E
il
<
?
els
K
[¥]
o]
3
5=
o1k
Qo
(0]
Q [Te}
C| ~—
g|.lso
®© o
Qo
3

™
[
3| .082
© o
Q0
3
EHES=
© o
el
(0]
ol o
c| S
85|88
<2 E ©
aolm
O

Titanium®- -

-
F T8

381 -09

Fo7

F-26H -

F-26

F-25

F-24.5-3.5

g288gs

0
| o
DN—1B S| .
C!o-.u-)o.l
< S

&

J 0
™ 0
ﬂqiwsw
ol®ld olg

(=}

0
gl R N2,
SIREES N
;|1 g o2
IS P

e}
0
g 5‘:I
.

5 S

,

w0

x

®©
: £
3 q o
1S Q. @
- . c
| |- (0]
[0}

o
£ ﬂ S
ZIOULIT T

© €
S 2|
y © clo
+ 2l
: Q 5|lo
o i
0
B < '
SUE & I
o)
2 S
ﬁ@ 03
2 S
i Te} o
0
RI2YvY o1
olola ol e 0
(s
n
=) 0 ™~
m|“.|§g | ©
Slold 2 :
© o 0
[Te}
ﬂwiﬂnw Jﬂ
ol ' o ! =]
©
0 A T ]
o . o
SIHPRE 157
[} o|v =]
| N [ =
o o
©
0 <
o © «© Yo}
#Hiﬂ?n S 9|9
o ol Ne ol
o =
o
, .
. £
x
Sl 3 :
- o P 1o}
0§ 5|85 5[F e g
<t = w > [ —

Palladium- -

e
[ :|O'|
g

M
0
SRR
o
M
.
X
£
2
gle e
=L QO
o $ S|
No o|le 8
wld Oolx =



https://standards.iteh.ai/catalog/standards/sist/7c43e0c1-ee21-458e-a885-25c7e535122c/astm-b381-09

