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Abstract: The paper presents the results of the influencesleftrolytic hydrogenation on the change of
electrochemical properties of selected stainlesglstand their susceptibility to the formation aflvgnic
hydrogen. It has been shown that the electrolydrdgenation of steel X5CrNil18-10 and X6Cr17 in state of
delivery, not only changes their corrosion resistarbut also contributes to the formation of gaivdrydrogen
cells.
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The penetration of hydrogen into metals or alloyepehds on different factors
including the state of material, the state of sti@sd strain or the environmental conditions
(Fig. 1) [1-7]. Its presence in the structure oftaher alloy causes adverse changes in their
properties, and has very negative influence on macperformance. The degradation of
mechanical properties of metals and alloys under itffluence of hydrogen sorption
revealed both, the change and reduction in streagthplastic properties (elongation and
contraction). Hydrogen contained in metals or aldgcreases their resistance to corrosion
and leads to the strong surface defect. Localrdiffees in the concentration of hydrogen in
metals or their alloys, also contribute to the fation of strong galvanic hydrogen cells
(GOW) [8].

Taking into consideration the fact that differeypds of steel (carbon, stainless steel)
used for building various kinds of machines, carges, heat exchangers or pipelines are
exposed to hydrogen penetration, it is necessagyamine how this penetration affects the
changes in mechanical and chemical properties!| dati, most of the research has been
carried out on carbon steel [9]. The research, rddgg the change of resistance due to
hydrogen destruction of different types of stedl| allow to build a mathematical model
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thanks to which, we will be able to assess, in seoffquantity and quality, steel corrosion
resistance to hydrogen influence.

DECISIVE FACTORS FOR THE PENETRATION
OF HYDROGEN INTO METALS AND THEIR ALLOYS

I
THE KIND OF STATE OF STRESS STATE OF
ENVIRONMENT AND STRAIN MATERIAL

¥ ¥ ¥ L] ¥
[NON-AQUEQUS SOLUTIONS | [AQUEOUS SOLUTIONS| | GAS | [ DEFECTS | [MICROSTRUGTURE| [ MECHANICAL ‘ | STATE ‘
—_— T T

PROPERTIES AREA
A
[suBSTANCES | [ THE CURRENT

H [ CHEMIGAL COMPOSITION  HEAT TREATMENT | —‘:‘ [1:|
DENSITY OF LH‘ SCRATCH| [RESIST

¥ ] L] i] ]
HYDROGEN
! PIPING] [DISLOGATIONS| [TWINS | [~ GRAIN “ NON-METALLIC
[ INHIBITORS || PROMOTERS| ——————— ——— |BOUNDARIES| | INCLUSIONS
[/INHBTORS || FROMITERS) . ——

H PARAMETERS OF DEFECTS

] 1 ¥ ¥ ¥

[ size | [share] REVETRRSAIEMW‘ KIND | | DECOMPOSITION

Fig. 1. Factors conditioning the penetration oftogen throught metals and alloys

Taking the above into consideration, this papesgmés the results of the influence of
electrolytic hydrogenation on the change of elen&chanical properties of stainless steel,
but in particular, on the change in values of galvaells and electrode potential.

Tested materials

Two types of stainless steel in their initial statiéhout heat processing were used for
the test. These two types include: austenic stsrdteel X5CrNi18-10 (1.4301) and ferritic
stainless steel X6Crl7 (1.4016). Their chemical position is shown in Table 1.
Mechanical properties of the steel were presenteith® base of available standardized data
[10].

Table 1
Chemical composition and mechanical propertietietésted steel in the state of delivery
Mechanical
Steel Chemical composition of steel [%)] properties [10]
identification [MPa]
C Mn Si P S Cu Cr Ni Rm Ryo2
X5CrNi18-10 0.04 | 1.05| 0.42 0.057T 0.01 0.3 18.02 865 540-750 0-28D
X6Cr17 0.05 | 0.65| 0.46] 0.03 0.008 0.10 15.67 0{17 450-p0@60-280

Research methodology

The assessment of hydrogen influence on electrochéiproperties of the examined
stainless steel was based both on the measurerhéiné @hange in values of electrode
potential (corrosion (E)) of the tested sampleieefind after hydrogenation and on the
change in values of electromotive force (SEM) ia theated galvanic hydrogen cells. The
measurement of changes in time of E and SEM waslumted without the external
polarization.
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To achieve a high degree of sample hydrogenatieneflectrolytic hydrogenation
process of the tested materials was carried dhieirelectrolyser (Fig. 2), filled up with 0.1n

sulphuric(V1) acid solution with 2 mg/dhof arsenic(lll) oxide (promoter of hydrogen
penetration).

Fig. 2. The system of electrolytic hydrogenation teted materials: 1 - an aqueous solution of
sulphuric(VI) acid with the addition of 2 mg/dnAs;0s, 2 - tested material, 3 - platinum
electrodes, 4 - ammeter and voltmeter

During the 180 minutes electrolysis, through theated measurement system flew
current with the density of 50 mA/émAfter the hydrogen process, samples were plated i
the container located on the station for measudlegtrode potential (Fig. 3a). Proper
measurement sets, consisted of hydrogenated antiydoogenated samples, were created
to assess the ability of tested materials to crgateanic hydrogen cells. The sets of such
samples, after the process of hydrogenation (18Wtes), were placed on the station for

measuring SEM changes of galvanic hydrogen ceits @).
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Fig. 3 Diagram of the station for measuring the ctetele potential of hydrogenated and
non-hydrogenated steel (a): 1 - saturated calonettrede (NEK), 2 - tested sample
(hydrogenated and non-hydrogenated), 3 - 3% aquemuson NaCl, 4 - voltmeter and diagram
of the station for measuring SEM value of createldanic hydrogen cells in tested materials (b):
1 - hydrogen electrode, 2 - non-hydrogen electr8de3% aqueous solution NaCl, 4 - voltmeter
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The E and SEM measurement was taken in 21-23°@atdqieous solution NaCl with
pH = 6.0, used for assessing the influence of sea and water. A half-cell calomel was
used as a comparative electrode with the satusatetion KCI. The tests of the E and SEM
changes of values in tested materials were caoign the multimeter type UT71E. The
results of measurements were registered on a cemputh the use of a measuring
program.

Results of the research and their further elaboration

The analysis of changes of electrode potential eslin tested steels X6Crl7 and
X5CrNi18-10 in time (Figs. 4 and 5) shows that tiyelrogen absorbed by the steel causes
the change of their electrode potential. Due toifleaence of absorbed hydrogen, we can
observe the change in value of the steel electpmdential X6CrNi17 and X5CrNil18-10
from —0.342 V and —0.3799 V to —0.6 V (steel X6Qraid —0.574 V (steel X5CrNi18-10).
The increase of steel potentials, respectively 2% & and 0.19 V, in comparison with the
recorded values in the first seconds of conductedsarements may indicate not only the
defect of their passive layers but also surface suiwburface layers caused by desorbed
hydrogen. The quick increase of the potential vdtueboth steels after hydrogenation
(Figs. 4 and 5) shows that absorbed hydrogen ctnates largely in their surface and
subsurface layers. Above results prove that ste#l austenic structure has got better
resistance to hydrogen than the ferritic one. Fath thested types of steel, after some time
(Figs. 4 and 5), we can observe, at different speddecrease of their electrode potentials
as well as a different level of hydrogen desorption
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Fig. 4. The course of change in potential valueX&rl7 non-hydrogenated and hydrogenated steel in
3% NacCl solution

Occurred changes in values of electrode potentiatested steels with given timis
the process of hydrogen desorption from the subserfayers (Figs. 3 and 4) proves the
existence of reconstruction processes of the datnagssive layers.
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Fig. 5. The course of change in potential valueX®€rNi18-10 non-hydrogenated and hydrogenated
steel in 3% NacCl solution

The different levels of damage of surface and stibse layers in tested types of steel
due to the hydrogen influence, are the result eif tifferent chemical compositions, but in
particular different contents of chrome and nick@lable 1) as well as different
microstructure.

As for the ferritic steel X6Crl7, after 500 secgnd& can observe a significant
stabilization of electrode potential value at tbeel of 0.471 V (Fig. 4). However, the same
process cannot be observed with the austenic X&@iNi18-10 (Fig. 5). The difference in
values of electrode potentials in hydrogenatedistg€BCrNi18-10 and X6Crl7, between
the first measurement point and the point in whighcan observe the stabilization of the
potential, amounts to 25 and 73 mV, respectively.

The potential value of the latter steel, after $kailization process, is higher than the
value recorded during the first seconds of measeiném

The course of change of electromotive forces SEMjatvanic hydrogen cells was
presented in Figure 6. Tests show that the diffarén the amount of absorbed hydrogen by
steel electrodes causes the formation of galvaydedgen cells of a significant value.

In both tested types of steel, in the initial pdraf time {e about 140 seconds), we can
observe the increase of SEM value in created gedviaydrogen cells. In 3% aqueous
solution NaCl, cells made of X6Cr17 steel reachrttaximum value of 350 mV and those
made of X5CrNil18-10 steel reach the level of 417.h¥wer value of the galvanic cells
created from X6Cr17 steel comparing with X5CrNilBdne indicates a bigger penetration
and trapping of hydrogen in the depth of its stitet After about 140 seconds, for both
tested types of steel, the SEM value of galvanidrbgen cells goes down. The SEM
stabilization process of galvanic hydrogen cellated from the samples made of X6Cr17
steel takes place after about 4000 seconds antidagamples made of X5CrNil8-10 steel
after a much longer timee 1200 seconds. The stabilization is observed atlehel of
260 and 220 mV, respectively. It is mainly causgd lifferent susceptibility of both steels
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to absorb hydrogen. The X6Cr17 steel, which hasadetritic structure, indicates a higher
ability to absorb hydrogen than the austenic oneCiXB18-10. This phenomenon is
consistent with the already known susceptibilitydifferent steel microstructures for gas
diffusion. For the steel with a ferritic structutes network diffusion coefficient estimates at
the level of 10’-10°° cnf/s, and for the steel with a austenic structutevier - 10 cn/s.
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Fig. 6. The course of change of SEM values of gatvaydrogen cells created from X5CrNi18-10 and
X6Cr17steel in 3% NaCl solution

The assessment of changes in electrochemical piep@f stainless steels under the
influence of absorbed hydrogen was based on theesabf electrochemical sensitivity
(2)-(3), formed on the basis of the electrode pidésn measured in the 1st and 14000th
second, and the maximum SEM value present in ftialiperiod of cell formation and after
its stabilizationje in 14000" second (Fig. 7):
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where:Eq), Enqp) - the electrode potential value of non-hydrogenated hydrogenated steel
occurred in the first seconB,y14000)- the electrode potential value of non-hydrogenaiedi
hydrogenated steel, measured in the 1408eond, SEMaxy SEMuaaooo) - the SEM value
of galvanic hydrogen cells at the maximum and omzlrin the 14000 second of the
measurement.
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The smaller value of the electromechanical serisitiindicator, the bigger
susceptibility and consequently smaller resistdodgydrogen penetration.

§140 BSEM 200 -
i il Bhseit
1 :-JE =
o b i 150
1-'.t.-t |
035 E
b 1.00
160 ¢
i
‘:""':’I:',' F— 0,50
0a0f
i
aat : {00
WSCINITE-10 X&Cr ARCRIET0 XECr
Fig. 7. The value of electrochemical sensitivitdigators to hydrogen influence on the tested saml

steel

The analysis of value changes of electrochemicakiteity indicators of tested
stainless steels shows (Fig. 7) that hydrogen ecausébstantial changes in their
electrochemical properties. It was also proved X@C€rl7 steel is more susceptible to
hydrogen operation than X5CrNi18-10 one.

Summary

Conducted research showed that the electrolyticrdgghation of stainless steel
X5CrNi18-10 and X6Crl17 changes the values of ebeletrpotentials comparing to the
output levels. The phenomenon of increased eleetqpotentials of tested steels upon
absorption of hydrogen results in a change of tbeirosion resistance. It was proved that
different levels of hydrogen absorption in testexkls may lead to the formation of galvanic
hydrogen cells. On the basis of this study, it ¢@n concluded that constructions or
machines made of stainless steel X6Crl7, which apein environments containing
hydrogen, will be more susceptible to hydrogen dégtion than constructions and
machines made of steel X5CrNi18-10.
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WPLYW WODORU NA WEA SCIWO SCI ELEKTROCHEMICZNE
WYBRANYCH GATUNKOW STALI NIERDZEWNYCH

Samodzielna Katedradynierii Procesowej, Uniwersytet Opolski

Abstrakt: Przedstawiono wyniki bada wptywu elektrolitycznego wodorowania na zmjamviasciwosci
elektrochemicznych wybranych gatunkoéw stali nievadzgch oraz podatrgi ich do tworzenia galwanicznych
ogniw wodorowych. Wykazanage elektrolityczne wodorowanie stali X5CrNi18-10 6&rl7 w stanie dostawy
powoduje zmiaa ich odpornéci korozyjnej, ale take przyczynia si do powstawania galwanicznych ogniw
wodorowych.

Stowa kluczowe:wodorowanie, potencjat korozyjny, galwaniczne @gnivodorowe, stal nierdzewna



