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Stainless steel for high-pressure hydrogen
“"HYDREXEL™” will make innovation to the
hydrogen-based society.

To supply energy to fuel cell vehicles (FCV), which use hydrogen as the next-generation clean energy,
hydrogen stations are being established in the world.
NIPPON STEEL has developed “HYDREXEL™", unique stainless steel with excellent hydrogen

embrittlement resistance and higher strength for use in high pressure hydrogen environment.

Its features of high strength and welding application availability can be applied most of parts and pipes.

HYDREXEL™, the most suitable material for high-pressure hydrogen environments,

makes hydrogen-based society and contributes to zero emission of CO2.

Notice: While every effort has been made to ensure the accuracy of the information contained within this publication, the use of the
information is at the reader’s risk and no warranty is implied or expressed by NIPPON STEEL CORPORATION with respect to the use of the
information contained herein. The information in this publication is subject to change or modification without notice. Please contact the
NIPPON STEEL CORPORATION office for the latest information.

Please refrain from unauthorized reproduction or copying of the contents of this publication.

The names of our products and services shown in this publication are trademarks or registered trademarks of NIPPON STEEL
CORPORATION, affiliated companies, or third parties granting rights to NIPPON STEEL CORPORATION or affiliated companies. Other
product or service names shown may be trademarks or registered trademarks of their respective owners.

NIPPON STEEL has utilized its advanced technology to produce high-functionality stainless steel in
order to supply high-pressure hydrogen to fuel cell vehicles (FCV).

The color logo uses the beautiful colors of stainless steel (silver gray),

a sign of hydrogen and confidence (blue) and thought to the environment

at the top right of the “X" (turquoise green).

The colored logo gives the feel of solidity, with shading to show light coming from the left top.
The "HYD" of Hydrogen, “RE" of Revolution, followed by “X" indicate the potential of

the coming hydrogen-based society,and the turquoise green suggests the environmental benefits.

BHYDREXEL™ uses different brand names for the domestic trademark (HRX19®)
and overseas trademark.
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Hydrogen embrittlement resistance

HYDREXEL™ has excellent hydrogen embrittlement resistance even
under high pressurized hydrogen gas at lower temperature by
optimization of chemical compositions.

@ Highest hydrogen embrittlement resistance in austenitic stainless steels

@ Ni equivalent(*)=32.0%

@ Long term usage under high pressurized hydrogen gas environment

@ Free from hydrogen gas leakage and safety improvement of equipment
*Ni equivalent (%) = Ni+0.65Cr+0.98Mo+1.05Mn+0.35Si+12.6C

Hydrogen
embrittlémentdresistance

Conventional steel

HYDREXEL™

1mm

No hydrogen embrittlement Hydrogen embrittlement

High-strength

HYDREXEL™ can achieve about 1.5 times higher strength than Type 316 HYDREXEL™ can prevent the leakage of hydrogen gas

(L) . Application of HYDREXEL™ to substitute for Type 316(L) will from fitting portion by applying welding fabrication even

contribute to increase flow rate of hydrogen gas and decrease filling high pressurized hydrogen gas environment.

duration of hydrogen gas by decreasing wall thickness of pipe and @ Similar strength and hydrogen embrittlement resistance of weld

expanding inner diameter of pipe. to base material.

In addition, it is possible to decrease fabrication cost due to reduce total @ Efimination of mechanical fitting by application of welding

material weight.

@ TSZ800MPa

@ About 1.5 times higher strength than Type 316(L)

@ Decrease of fabrication cost by weight reduction and filling hydrogen gas
with higher flow rate

Weldablity

fabrication.
@ Reduction of fabrication cost and maintenance cost
@ safety for leakage of hydrogen gas

Conventional steel New material

Type 316(L) HYDREXEL™

New Specialty Material for High-pressure Hydrogen Environments .

/.7 Chemical Composition

HYDREXEL™ has the optimized chemical composition within the range of XM-19 in ASME/ASTM standards
(22%Cr-13%Ni-5%Mn-2%Mo-Nb, V) to improve strength and hydrogen embrittlement resistance.

Chemical Composition (mass %)

Component Range | C | Si | Mn | P | S

HYDREXEL™ 0.005 | 0.20 | 4.30 = == 120 | 215 | 150 | 0.15 | 0.15 | 0.25
(Ni equivalent: 32.0~39.1%) -0.060 | -1.00 | -6.00 | 0.030 | 0.001 | -13.5 | -23.5 | -3.00 | -0.30 | -0.30 | -0.40

-
(‘/ Hydrogen embrittlement resistance

Hydrogen embrittlement resistance is described by Ni equivalent. HYDREXEL™ has excellent hydrogen embrittlement
resistance compared with conventional austenitic stainless steels such as Type 316(L) by higher Ni equivalent than 32.09%.

) HYDREXEL™
Ductile T~ 71 Niequivalent 32.0%-39.1%

100 Type 31 6(|_) 1 1
fracAture (Ni=12%)

80

Type 316

60 (Ni=10%)

Type 304

40 (Ni=10%)

alloy 17-4PH(S17400)
(Martensitic microstructure)

20

Relative elongation:Elongation in Hz
/Elongation in air (%)

Brittle 0
fracture 20 40 60 80 100

Ni equivalent(%) = Ni+0.65Cr+0.98Mo+1.05Mn+0.35Si+12.6C
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New Specialty Material for High-pressure Hydrogen Environments .

(1) Comparison of mechanical properties (2) Tensile strength (TS) (3) Toughness
d 350
ngh Strength Yield Tensile El - Reduction 1000 0 O $9.53%12.2 .
strength strength on(gog/a) on of area ® ¢14.3%t4.1 300 |
il i) : ) 5 70 7HYDREXELW'O. [ % 0 ®
S 250 -
s (TSZ800MPa) < 3 P ] !
Pipe 2430 =800 235 - g %o _\ 3 200 - ¢ '
o ©
- , 5 o0 B -19(TSZ690MPa) “ 5 ’ .
F fill fh S 700 TPXM-19(TS |
o faster. illing duration of hydrogen gas 5 B e [l B \ g 150 [
with higher flow rate Rod(Z¢100) 2430 =800 =35 =55 2 £
. . . . 2 600 > 100 -
Q
.Reduc':tlon of mate'rlal weight a'nd saving K 316(TSZ520MPa) 5
material cost by thinner wall thickness 500 O 50 -
. Rod(>¢100) =380 =690 =35 =55
of pipe
400 1 1 1 1 1 1 0 1 1 1 1 | |
-50 0 50 100 150 200 250 -150 -100 -50 0 50 100 150 200
Temperature (C) Temperature (C)
(1) Susceptibility to hydrogen embrittlement (2) Fatigue strength (3) Fatigue crack growth rate
(Slow Strain Rate Test)
800 102
100 .64—(70MP8) 3 <«—(85MPa) o 200 [ 1@ Solid : H2 ;'f @® HYDREXEL™ rS s‘
e 1 Open: Air or Ar 3l @ type 316L (Ni equivalent = 27.1%) *
@ 80 (90MPa) (85MPa) 600 E 100
2 o -
% (70MPa) % 500 A %
g 60 8 h& A A i
. S 5400 3 104 -
@Excellent hydrogen embrittlement u @ 3
. . . 3 . (100MPa) 1S O— 5
resistance even under high pressurized o 40 g 300 Ry
hydrogen gas at lower temperature 2 - C A Rotatory bending fatigue test (R=1) S o5l
@Reliability for long term operation s 20 . HYDRSE)QELN’ ivalent = 28.9% 8 © Axial force fatigue test (R=-1) 3 f=
y 9 P o < type (Ni equivalent = 28.9%) 100 O External pressure fatigue test (R=0) '% R_—10H12 Open : Air
0 1 1 1 1 1 | o | 1 1 1 L * 106 ' I I
-80 -40 0 40 80 120 160 100 100 108 106 10 108 10 100
Temperature (C) Number of cycles to failure (Nf) Stress intensity factor range (MPa m®5)
(1) Resistance to weld cracking (2) Welded joint strength (3) Susceptibility to hydrogen embrittlement for
(longitudinal varestraint test) HYDREXEL™ weldment (Slow Strain Rate Test)
1 1.2 900 120 A
We I d a b | Ity Welding condition by GTAW*: 200A x 12V x 2.5 mm/s — Shielding gas | Ar+2%N2 ™~
. . S . (85MPa) (85MPa)
. " | Applied strain: 2% L a0 Backing gas Ar + a (85MPa) @
£ 10 | | Specimen size: 12T x 50W x 300L (mm) = Pre heat/PWHT | N/ A © 100 o
£ ‘ = & L—pompa) ¢,
N *Gas Tungsten arc welding b 3
% 08 S, 800 & 80 T (70MPa)
- s (70MPa)
c
‘ € o6 - %’ 750 é 60 " (100MPa)
@Dramatic decrease of number of g 2 S
e o < 3
mechanical fittings 3 o4 g 700 g 40 - TS e
@Not required additional wall thickness S 7 2 : iy .
P hini T oo, 2 e R ol @ . HYDREXEL™ weld joint(Auto GTAW (1G ER309Mo welding filler)
'I°r machining S‘:ewd - e 2 « A HYDREXEL™ weld joint(Auto GTAW (1G ER309LMo welding filer)
mprovement ot productivity =
— . 0 T 600 0 ‘ ‘ ‘ ‘ ‘
=Fabrication cost saving HYDREXEL™ High Ni equivalent type 316L Auto GTAW Auto GTAW Auto GTAW -100 0 100 200 300 400
.Rellablity for no |eakage of hydrogen gas (5G no filler) (1G ER309Mo welding filler) (1G ER309LMo welding filler) Temperature ()

. . Groove shape : | Groove shape : U Groove shape : U
=Maintenance cost saving

06



New Specialty Material for High-pressure Hydrogen Environments

™

N’
w Manufacturing Process of HYDREXEL™

“ NIPPON STEEL CORPORATION

T
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- : » ||u . =
Forging ® 180 or more Forging Heat treatment ¢30to 0180

Expansion Extrusion R ineaurian:

:=? * —
— Cold pilgering — =, ) ) ) )
) 0 Straightening Eddy-current inspection
= gl_l

Cold drawing m U Cold-finish
D) e o e | seamless steel pipe

I

Pipe cutting Visual and dimensional inspection

“ NIPPON STEEL Stainless Steel Pipe Co., Ltd. (Shonan Works)

Drawing direction

= S—
=i — ﬁﬁ——m—

Cold drawing Degreasing Heat treatment Straightening Eddy-current inspection

Cold-finish
seamless steel pipe

Pipe cutting m Visual and dimensional inspection
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/‘/ Feasible Manufacturing Range of HYDREXEL™

New Specialty Material for High-pressure Hydrogen Environments

NIPPON STEEL CORPORATION

M Cold-finished seamless steel pipe

NIPPON STEEL Stainless Steel Pipe Co., Ltd.

B Cold-finished seamless steel pipe

Outer

Wall thickness (mm)

Outer

Siomotar | diammeter Wall thickness (mm) domater
(A) | (B) | (mm) 1.21.6 2 2632 4 45 7 81910 11 12 1314 15 17 20 25 30 35 (mm)
6.0 6.0

8.0 8.0

6 % | 105 10.5
10| % 17.3 17.3
15| % 21.7 21.7
20 %, 27.2 27.2
25 1 34.0 34.0
: 381 Standard dimensions 38.1

32 1, | 427 427
40 1/, 486 48.6
50 2 60.5 60.5
65 24, 763 76.3
82.6 82.6

80 3 89.1 89.1
90 3% 101.6 101.6
100 4 | 1143 114.3
120.0 120.0

130.0 130.0

125 5 | 139.8 139.8
150.0 Please consult with us 150.0

150 6 | 165.2 165.2
170.0 170.0

190.7 190.7

200 8 | 2163 216.3
250 10 | 267.4 267.4
300 12 3185 | 3185
350 14 | 355.6 355.6
400 16 | 406.4 406.4
(A (B)  (mm) 1.21.6 2 2632 4 45 7 8 910 111213 14 15 17 20 25 30 35 (mm)
el | T Wall thickness (mm) £

Remarks: Please contact us for details about dimensions not shown on these charts.

M Stainless steel rod

Outer diameter and length: upon request

*Results obtained for provision of rods with outer diameter 25 mm to 200 mm.

diameter diameter
(mm) 0.10.2/0.4 0.6 0.8 1.0 1.2 1.4 1.6 182022 2.4 2628 3.03.23.4 36384042 4446485052 5456 (mm)
1.0 1.0
2.0 2.0
3.0 3.0
4.0 4.0
5.0 5.0
6.0 6.0
7.0 7.0
8.0 8.0
9.0 9.0
10.0 10.0
11.0 11.0
12.0 12.0
13.0 13.0
14.0 14.0
15.0 15.0
16.0 16.0
17.0 17.0
18.0 Standard dimensions | Please E2
19.0 consult 19.0
20.0 with us 20.0
21.0 21.0
22.0 22.0
23.0 23.0
24.0 24.0
25.0 25.0
26.0 26.0
27.0 27.0
28.0 28.0
29.0 29.0
30.0 30.0
31.0 31.0
32.0 32.0
33.0 33.0
34.0 34.0
(mm) 0.10.2/0.4 0.6 0.8 10 1.2 141618202224 2628 3.0 3.2 3.4 363840424446 4850525456 (mm)
dig)#wteetrer Wall thickness (mm) dica)#]teetrer

Remarks: The strength of steel pipes with an outer diameter of 34 mm or more and round bars with an outer diameter that exceed
100 mm requires separate consultation in accordance with ASME Sec. [I-Part D SA-312 TPXM-19 and SA-479 XM-19 (1998).
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