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1 Goal of WP4




1. Goal of WP4
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Evaluate various tubing and casing materials for completion in depleted fields
for hydrogen underground storage.

High pressure H, can yield to hydrogen embrittlement of steels.
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Experimental program
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2. Experimental program @@ nystories
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Investigated steel grades: Methods: Test conditions:
Qualification material . Full Steel Characterization . Pressure:
e  Autoclave Testing Test gas A [bar] B [bar] C [bar] D [bar]
Carbon steels i *  Hydrogen Analysis H, 120 120 120 120
. K55 . Permeation Testing o 0 1s 0 15
120 Pre-corroded Ribple Load Test ?
. - . ipple Load Tests
& notched PP HoS 0 0 1 1
 J55 welded grade

* K55 welded grade *  Temperature:

*  (Cast steel 20MnV5 room temperature and 120°C

*  Carbon steel P110 * Immersed in the dry gas phase or in the

electrolyte:

1 or 200 g/I NaCl
CRAs g/

. Stainless steel 13% Cr

. Stainless steel 316L

*  Duplex 2205

* Incoloy 625 '.6
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3 Methodology




3. Methodology Autoclave Testing €@ hystories

tensile specimen: 90%
of Yield Strength




3. Methodology Permeation Testing
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Schematic representation of the double cell according = 10 , sun End
. =

to Devanathan and Stachurski [1,2] = 5 -
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counter S — elektrode 0 1000 2 900 3000 4000
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0 : D, .=—-
— L | = /I " 6-tLag
charging cell oxidation cell D,¢f effective diffusion coefficient
tag time to 63% of the plateau value
L Membrane thickness
[1] W. Siegl, Hydrogen trapping in heat treated and deformed Armco iron, NACE International (2019) '. 9
[2] M. A. V. Devanathan, Z. Stachurski, The adsorption and diffusion of electrolytic hydrogen in palladium, Proceedings of the Royal Society of London. Series A. Mathematical and Physical Sciences 270 (1962) 90-102

[3] ONORM EN 1SO 17081-2014-10-01 EN ISO 17081, Elektrochemisches Verfahren zur Messung der Wasserstoffpermeation und zur Bestimmung von Wasserstoffaufnahme und -transport in Metallen, 2014
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4. Hydrogen uptake and layer formation
at welded J55 ‘@ny

120 bar H, 120 bar H, + 15 bar CO, 120 bar H, + 15 bar CO,
+ 1 bar H,S
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4. Results on Stainless Steel - 316L

4.5

H content [ppm]

1 ]immersion in gas
1] immersion in electrolyte + gas

B C

EHT =20.00 kV WD = 8.0 mm Signal A= NTS BSD |Probe= 1.0nA m |
Date :25 May 2022 K. Auinger Mag= 300 X File Name = 316L_V12_Pos-1_006.if =

200 g/l NaCl

Conditions: A: 120 bar H,

RT B: 120 bar H, + 15 bar CO,
200 g/l NaCl, 1 rpm C: 120 bar H, + 1 bar H,S
without electrolyte D: 120 bar H, + 15 bar CO, + 1 bar H,S

( hystorie
xlydrogen Storage in European Subsurface

Gas D,

200 g/l NaCl,
1rpm,

RT.




4, Results on Carbon Steel - P110
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Conditions:
RT

200 g/I NaCl, 1 rpm
without electrolyte
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Gas D,

200 g/l NaCl,
=~ 1rpm,
RT.

EHT = 20.00 kV WD= 9.5mm Signal A=NTS BSD |Probe= 1.0 nA m |
Date :25 May 2022 K. Auinger Mag= 300X File Name = P110_Pos-1_004.tif

A: 120 bar H,

B: 120 bar H, + 15 bar CO,

C:120 bar H, + 1 bar H,S

D: 120 bar H, + 15 bar CO, + 1 bar H,S '.3



4. Results on Duplex Steel 2205 €@ hystories
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200 g/I' NaCl, 1 rpm C: 120 bar H, + 1 bar H,S

without electrolyte D: 120 bar H, + 15 bar CO, + 1 bar H,S
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Application with
. e DeDt_h of cracking Material H2S based on &pgrl,ll‘fﬁ,g:.ljﬁeﬁt
Material H-uptake / localized e ISO 15156 .
5 . S u mm ary blank value corrosion attack* ' 20MnV5 no damage Not specified well applicable
20MnV5 2.71/0.11 £5um no welded J55 no damage
Ided 155 Acceptahble {or
welde re- H,S application ;
welded J55 2.95 / 0.65 <5um no corrode no damage 25 appics well applicable
welded 135 re- 3.32 / 0.65 <5pum no welded isl":' with | damage temperatures
£ corrodae : : - e notc
=] =]
o : Qo
welded J55 with c K55 no damage
5 notch . £S5 pm no g Acceptable for well applicable
s o K55 pre- no damage H,S application when localized
v K55 2.33/0.22 S M n - corroded or all corrosion is not an
o < ) temperatures issue
] K55 pre- 3.64/0.22 <5 5. | K55 with notch
g~ . . £5um no
; corroded g E’ Acceptable for
£ K55 notched - 30 wn , a welded K55 nodamage | H saggm;::ﬂo" if | well applicable
0 - o]
m } .
] < £ -
= welded K55 2.69 /0.49 £5um no £ L80 deecfa'r?‘?g'émd Acceptable for
£ H:S application
L80 1.03 / 0.21 68 pum no L8O pre- or all
corroded tem_ﬁeﬁatﬁres_
L80 pre- ' E i . provided that it
corropded 3.55/0.21 ol : L80 with notch is type 1
- ; Acceptable for applicable at RT
L80 notched 35 um no P110 deefi:amgagl‘lezed Hz.ls a _Ip_licaggar(l: When no HoS is
only if T* > 80° resent
P110 1.65/0.23 55 pm no hed L P
qulfl:lt‘;rigl failure in H; Not applicable not applicable
quenched yes, in gas A
material 0.86 /0.20 fracture and gas D 13%Cr no damage pﬁggipiﬂekg,a well applicable
> 13%Cr 7.02/0.52 <5 um no _:C? 316L supplier 1 no damage well applicable
5 = Azl
TUE 316L supplier 1 2,04 /1.94 no attack no gg 316L supplier2 | no damage pHiz well applicable
=14 =
@ wnC f . v .
.gag 316L supplier2 | 4.53/3.20 no attack no £5| Duplex220s | falurein(th+ | Acceptablell | notapplicable
@ 3]
Lo : c Acceptable for
E Duplex 2205 7.02/4.72 fracture yes,ingas D £ Alloy 625 no damage H,S ao?‘::ﬁfmn well applicable
'_ Alloy 625 6.86 /0.78 no attack no temperatures

**failure

**not applicable
in hydrogen
environment

**no damage

**well applicable
in hydrogen
environment

* low...£ 5 pm/mt

* high...2 30 pm/mt



5. Conclusions @@ hystories

- Steels K55, welded J55, 20MnV5 & welded K55 are applicable for hydrogen storage

-> Steel L80 is applicable with limits of H,S

Conditions:

* L8O

e 120°C

e 200 g/l NaCl,
* 1lrpm

* GasD

-> Steel P110 is applicable with strong limits of H,S

ﬁrm EHT = 15.00 kv WD = 11.5mm 300 X O Binder  Date JOM;yzD:’zle_
I Probe =

—-> Stainless steels 13%Cr, 316L & Alloy 625 are well applicable for hydrogen storage

- Duplex 2205 steel is not applicable for hydrogen storage
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