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How VIONIC powered by INTELLO can be used to study
hydrogen permeation

Application Note AN-EC-028

In  aqueous  solution,  hydrogen  atoms  are

p r o d u c e d  o n  t h e  s a m p l e  s u r f a c e  b y

electrochemical reactions. Hydrogen formation

is encountered in different situations including

electroplat ing,  corrosion,  and  cathodic

protection.  The  hydrogen  atoms  formed  can

permeate  inside  the  sample  material  and

accumulate  in  defective  sites,  causing  cracks,

inducing  corrosion,  and  diminishing  the

mechanical properties of the sample.

It  is  therefore  important  to  measure  the

hydrogen permeation in  samples  by  studying

hydrogen evolution and successive diffusion in

samples.

In this Application Note, hydrogen permeation

experiments  are  conducted  following  the

procedure  described  in  the  ASTM  standard

G148.
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EXPERIMENTAL SETUP

The  experiment  was  carried  out  in  a  H-cell

composed of  two chambers  separated by the

working  electrode  shared  between  the

compartments.

In one side (i.e., the «charging side»), hydrogen is

formed at  the working electrode surface.  The

hydrogen  is  detected  in  the  other  side  (i.e.,

«oxidation side» or «detection side») [1].

The  hydrogen  permeation  experiment  was

conducted  with  two  VIONIC  powered  by

INTELLO  instruments  from  Metrohm  Autolab

(Figure 1).

Figure 1. VIONIC powered by INTELLO.
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RESULTS AND DISCUSSION

Since  both  instruments  shared  the  same

working  electrode,  they  were  set  in  floating

mode  –  working  electrode  grounded.  The

working electrode was not physically connected

to the ground.

One instrument was used to produce hydrogen

on the sample by applying a negative current in

galvanostatic mode. The other instrument was

used  in  potentiostatic  mode  to  oxidize  the

permeated  hydrogen  and  to  measure  the

resulting permeation current.

The working electrode was a 316L stainless steel

foil  of  50  μm  thickness.  The  area  exposed  to

each  side  of  the  H-cell  was  1.8  cm2 .  The

charging side was filled with an acidic solution

composed of 1 mol/L HCl in deionized water,

where 0.25 g/L of disodium hydrogen arsenate

heptahydrate (Na2HAsO4 7H2O) was added to

promote  the  hydrogen  format ion  and

permeation [2]. A Metrohm PT.SHEET was used

as  counter  electrode.  No reference electrode

was used.

The oxidation side was filled with an aqueous

solution of 0.1 mol/L NaOH (alkaline solution). A

Metrohm  Ag/AgCl  3  mol/L  KCl  reference

electrode and a  Metrohm PT.SHEET platinum

electrode were used as reference and counter

electrode,  respectively.  None of  the solutions

were deaerated.

The procedures consisted of the following steps:

The alkaline solution is added to the

oxidation cell, together with the

electrodes.

1.

The procedure to detect hydrogen is

started at the oxidation cell. In

potentiostatic mode, +300 mV vs. OCP

(open circuit potential) is applied. The

recorded current decreases due to the

relaxation of the polarization.

2.

When the oxidation current is stable, the

acidic solution is added to the charging

side of the cell and the charging procedure

is started. In galvanostatic mode, a

negative (reductive) current of -1 mA/cm2

is applied to the working electrode. In this

experiment, a current of -1.8 mA was

applied.

3.

Figure 2 shows the plot of oxidation current vs.

time which is related to the polarization in the

oxidation side.
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CONCLUSIONS

Figure 2. Plot showing oxidation current vs. time.

At the beginning of the recording, the current

decreases due to the relaxation of polarization.

The polarization is induced by applying 300 mV

vs. OCP to the working electrode.

At approximately 2700 s,  a small  bump in the

graph is visible. At that time, the charging side

was filled up with the acidic  solution and the

production of hydrogen started.

The  hydrogen  permeation  started  to  be

detected  at  approximately  2800  s.  Here,  the

current  increased  again  due  to  the  hydrogen

becoming oxidized at the detection side.

In this Application Note, the study of hydrogen

permeation according to ASTM G148 across a

316L stainless steel sample was presented.

This  work  was  possible  with  the  use  of  two

VIONIC powered by INTELLO instruments, both

in floating mode – working electrode grounded.

An  H-cell  was  used  for  this  study  where  the

working  electrode  was  shared  between  two

compartments. One side was used to generate

hydrogen with an acidic solution, and the other

side  was  used  to  detect  hydrogen  with  an

alkaline solution.

The hydrogen permeation was triggered using

disodium  hydrogen  arsenate  heptahydrate,

added in the acidic solution.
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FOR MORE INFORMATION

More information about this Application Note

and the associated INTELLO software procedure

is available from your local Metrohm distributor.

Additional instrument specification information

can be found at:

www.metrohm.com/en/products/electrochemis

try

CONTACT

Metrohm Taiwan Ltd.
開封街二段 46 號 5 樓
108 台北市 info@metrohm.com.tw

CONFIGURATION

VIONIC

VIONIC  是我们的新一代恒电位仪/恒电流仪,由

Autolab 的新 INTELLO 软件提供动力。

相比目前市场上任何单一仪器,VIONIC 提供了全面的

组合规格。

顺从电压:± 50 V-

标准电流 ± 6 A-

EIS 频率:达 10 MHz-

采样间隔:低至 1μs-

VIONIC 的价格中通常还包括大多数其他仪器产生的

额外费用,例如:

电化学阻抗谱 (EIS)-

可选浮动配件-

第二测量电极 (S2)-

模拟扫描-

该电极由铂金薄片嵌入玻璃杆中组成。此电极可作为

相对电极用于多数电化学测量。其表面积约为  1

cm2。
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https://www.metrohm.com/en/products/electrochemistry.html
https://www.metrohm.com/en/products/electrochemistry.html
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Ag/AgCl 

c(KCl) = 3 mol/L 的银/氯化银参比电极作为参比电

解质。

该参比电极适用于水溶液应用,并且由于采用了标准磨

口 14/15 可以方便的进行装配。
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