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This article presents the data collected during experimental
solubility tests in University of Bergamo lab and the devel-
oped code to estimate the principal parameters for hydro-
gen uptake. The experimental approach proposed involves in
two-step process: the first phase consists of electrochemi-
cal charging to saturate the metallic sample via cathodic po-
larization at potentials lower than the equilibrium potential
for hydrogen evolution, followed by a second phase of dis-
charging under anodic polarization at potentials higher than
the equilibrium potential. During the discharging phase, the
time-dependent anodic current is influenced by the flux of
diffusible hydrogen exiting the sample. This flux is governed
by the initial concentration of diffusible hydrogen in the ma-
terial, the diffusion coefficient, and the time elapsed between
the end of the charging step and the beginning of the dis-
charging phase. Via a data-driven optimisation it is possible
to obtain the characteristic parameter of hydrogen diffusion
in the material (apparent diffusion coefficient, hydrogen up-
take and waiting time) using the MATLAB code. The data per-
mit to elaborate the cylindrical geometry, however it is pos-
sible to modify the target curve via a simulation on a spe-
cific geometry (not included in the data) and use the same
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method to elaborate the experimental data of a specific ge-
ometry.

© 2025 The Author(s). Published by Elsevier Inc.
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Specifications Table

Subject
Specific subject area

Type of data

Data collection

Data source location

Data accessibility

Related research article

Engineering & Materials science

Modelling diffusion hydrogen on tri-dimensional fluxes, investigation of
principal parameters about hydrogen in metals after electrochemical charging.
Estimation of hydrogen diffusion coefficient, uptake and waiting time (between
end of electrochemical charging and start of discharging).

.mat (MATLAB code)

.txt (target curve for specific cylindrical geometry)

Xxlsx (experimental data and pre-processed data)

The data of target curve are collected via COMSOL simulations reordering all
simulation curves obtained by [1] . The experimental curves are obtained
detecting the electrochemical discharging circulating current. Via the MATLAB
code it is possible elaborated the experimental data as described in [1]

Data collected and elaborated in Laboratories of University of Bergamo

via Galvani, 2, 24,044 Dalmine (Bg), Lombardy, Italy

Repository name: Data in Brief: Experimental Data Supporting Solubility
Model

Data identification number: 10.17632/c239nmw6dp.1

Direct URL to data: data.mendelay.com

Gritti, Luca; Coffetti, Denny; Cabrini, Marina; Pastore, Tommaso (2025), “Data
in Brief: Experimental Data Supporting Solubility Model”, Mendeley Data, V1,
doi: 10.17632/c239nmw6dp.1

G. Luca, C. Denny, Marina Cabrini, Tommaso Pastore, A novel approach for
estimating hydrogen uptake and diffusion coefficient, Int ] Hydrogen Energy
(n.d.).

1. Value of the Data

» The experimental data can be used to verify the code, represents the experimental results of
electrochemical discharging curve of hydrogen and average residual concentration.

+ The target curve data can be used to estimate the diffusion coefficients and solubility of
hydrogen for the specific cylindrical specimens in electrochemical solubility tests.

« The MATLAB code elaborates the preprocess concentration discharging curve via data driven
optimization for estimate diffusion coefficient, hydrogen uptake and waiting time between
electrochemical charge/discharge.

« By estimating another target curve for a specific geometry, it is possible to use this MATLAB
code to extrapolate the diffusion coefficient, solubility and waiting time between electro-

chemical charge/discharge.

2. Background

Thank this data it is possible elaborate directly the experimental data detected via method
explained in the paper “A novel approach for estimating hydrogen uptake and diffusion coeffi-
cient” [1]. The data driven optimisation code can be employed to estimate the initial hydrogen
concentration Cy, the diffusion coefficient D, and the time interval t; between the end of the
charging phase and the start of the initial discharging phase based on experimental electro-
chemical discharging curves as explained in [1]. The experimental data should be normalized as


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.17632/c239nmw6dp.1
https://doi.org/10.17632/c239nmw6dp.1

L. Gritti, D. Coffetti and M. Cabrini et al./Data in Brief 62 (2025) 111891 3

GHyFit Folder

/4

Pre-processed data

= 1o
% Discharge C -1V (.txt) ererer LQ-.

Exporting Columns in .txt format ——

time| average residual hydrogen concentration

Discharge C-1.5V (txt)  Target_Curve (.txt)

Discharge C -1.8V (.txt) Simulations

@ DHyFit_code (.m)

DHyFit_code (.m)

Fig. 1. Scheme of procedure and location of data.

described in [1] by assigning the appropriate values to Cy, D, and ty. The normalized experimen-
tal data can be adjusted to align with the reference target curve by modifying the normaliza-
tion parameters Cy, D, and ty. Optimization is employed to minimize the relative error function,
which is computed as the difference between the two curves. The procedure was implemented
using MATLAB code. The experimental curves and MATLAB procedure is accessible on Mendeley
Data [2]. The iterative process utilizes the fminsearch function, a nonlinear optimization solver
based on the Nelder-Mead simplex algorithm. This method involves a simplex of n + 1 points,
ordered by the decreasing value of the objective function. The worst point is discarded and re-
placed by a new point according to specific criteria.

3. Data Description

The data are available in the Mendeley Data “Data in Brief of Solubility Model”. The data is
arranged in the following folders, in Fig. 1 it is shown a flow chart of procedure:

1) Discharging Hy tests (.xIsx)
This is the excel file with experimental data collected by solubility tests. In the file there are
experimental data (time and current) for different charging cathodic polarizations (-1, —1.5,
—1.8 V vs SCE). Are reported the pre-elaboration curves: from curve of current measured it
is estimated the residual average concentrations as describe in [1].
2) HyFit Folder
o HyFit_code (.m)
This is the MATLAB code to elaborate the data. In this part there is data driven optimiza-
tion. The code is commented line by line.
o Importfile (.m)
It is a function to import the data in format .txt in the code
o Preprocessed data (.txt)
This is the data to import in the MATLAB code for elaboration. Each file is composed of
two columns, acquisition time and residual average concentration (estimated by excel file)
o Target_Curve (.txt)
This file contains the target curve elaborated by COMSOL simulations described in the
article [1]
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4. Experimental Design, Materials and Methods

B EXPERIMENTAL DATA, CURVES AND PRE-PROCESSED DATA

The experimental data was acquired following the procedure described in the work [1]. The
tests was performed on cylindrical specimens, with a diameter of 13 mm and a height of 45 mm.
The experiments are conduct with the experimental apparatus in Fig. 2. Initially, after sample as-
sembly and nitrogen flushing, the test cell was filled with the carbonate-bicarbonate deaerated
solution. The specimens were then polarised at +0.306 V versus SCE to obtain the passivation
curve. The passivation potential was assumed to be equal to that recommended by the 1ISO17081
standard for the detection side of the Devanathan-Stachurski cell operating in the 0.1 M sodium
hydroxide solution expressed versus SCE. This potential was also applied to the tests conducted
in the carbonate-bicarbonate solution at pH 10. Hydrogen charging was conducted through po-
tentiostatic cathodic polarisation in the range of —1 to —1.8 V versus SCE for 15 h, which was
sufficient time for the specimens to achieve a homogeneous hydrogen concentration at a typi-
cal value of diffusivity reported for low-carbon steel [3,4] and compared with other techniques
like the step potential method and cyclic voltammetry methods [5,6]. During this step, part
of the hydrogen produced on the surface was absorbed into the specimen. At the end of the
charging phase, polarisation was immediately inverted to apply the anodic polarisation again at
+0.306 V versus SCE for 15 h to measure the discharging current curve. The discharging an-
odic current represents the passivity current enhanced by the current due to the oxidation of
hydrogen egressing from the metal.

To generate the pre-processed data, it was necessary following this protocol. It was esti-
mated the net current due to hydrogen oxidation I,q;, the experimental value of the discharging
current was depurated by subtracting the passivation current curve measured during the early
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phase (1)

Iadj =I- Ipass [A] (1)

where [ is current measured during discharging step, while Ipgss is current measured during pas-
sivation. The integral sum of this curve, over testing time, allows to estimate charge exchanged
Qqqj- It was possible to evaluate the charge evolution over time Quq;(t;) as follow in (2)

end
Quaj = /0 lagj dt [C]

end Ia i(t; Ia i(t; (-t
Qadj(ti)ZZQadj(ti_1)+( aj (8) + d](2+1)) (& —tip1) o
t=0

Therefore, the diffusible hydrogen concentration egress from the sample can be calculate as
follow

Qqqj (t;) - AWY

Cegress, adj(ti) = — - -10° [ppm] (3)

samp
with AWy is the atomic weight of hydrogen, F is Faraday’s constant and msgmp is the mass of
sample in grams. To estimate the average residual diffusible hydrogen concentration that remain
into the sample Gy 4q;(t;), considering a certain initial concentration at the end of charging, the
following evaluation is necessary

Cres, adj (ti) = Cegress, adj (t = end) - Cegress, adj (ti) [ppm] (4)

where Cogress qqj(t = end) is the maximum final value of egress concentration and Cegress. qqj (£i)
is the egress concentration over time. The relative time t and the average residual diffusible
hydrogen concentration Cegress qqj are pre-processed data must be uploaded in the data-driven
optimisation MATLABE code.

B TARGET CURVE

The tri-dimensional diffusion of hydrogen from the sample during electrochemical discharge
was simulated through the FEM model using COMSOL Multiphysics in cylindrical coordinates.
The specific cylinder geometry of the sample adopted in this work was considered. The diffu-
sion process in the metal is described by Fick’s second law (5), where C e t are the hydrogen
concentration and time, respectively.

% _DV2C=0
(§ = constant (5)

D = constant |~
Cs = Oonsurfaces]B.C.

The model includes the initial conditions (I.C.) of homogeneous hydrogen concentration Cj
and constant diffusion coefficient D. During discharging, the boundary condition (B.C.) on the
metal-solution surface imposes the concentration Cs to be equal to zero. The simulations con-
ducted varying diffusion coefficients D and initial concentrations Cj.

The flux of hydrogen leaving all sample surfaces is then obtained using Fick’s first law (6),
given the concentration gradient normal to the external sample surface.

(p:g'ress = -D-VC (6)

The mole of egress hydrogen (ngg.,(t)) was obtained through the integration of the flux
over time. Thus, to obtain the average residual concentration (C,) that remains in the sample
at a certain time, considering an initial concentration C§ at the end of charging, the following
evaluation is necessary (7):
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* - nzgress(t =00) — nZgTess (€) | mol
Ges) = 2 Volume m3 (7)
t=0

About the simulation to discretise the geometry, the axisymmetric property of the problem
was exploited. As a result, a mesh was generated over a single rectangular section, with one
side aligned along the cylinder’s axis. The mesh was automatically generated using a quadrilat-
eral mesh generator, which primarily creates quadrilateral elements. However, in regions of the
geometry where it deems necessary, the generator may also introduce triangular elements. In
this specific case, the computational plane consisted of 1647 quadrilateral elements. The simu-
lation solved a total of 2009 degrees of freedom, with an integration time step of 60,000 s. It
is important to note that the flux was applied over all surfaces. The simulation parameters can
be modified depending on the intended application. The values presented here were used to
analyse this specific geometry.

To obtain the target curve shown in the data, the results of simulated tests, time t* and
residual diffusion hydrogen concentration simulated Cj,(t) must be normalised as describe in
[1] introducing the normalised time T and normalised concentration C*(t) using Egs. (8) and

(9).

~3
I

(8)

2

Gos(t)  _ Gis(D)
Ges(6=0) — G 9

Ce(t) =

The diffusion coefficient D and initial hydrogen concentration Cjj are that imposed during the
simulation, T and €*(t) formed the target curve (that it is independent by D and C¢ as described

in [1]).
B DATA-DRIVEN OPTIMISATION MATLAB CODE

The code to elaborate the pre-processed data and target curve to obtain the better D, Cy and
to by experimental data, is as follows:

%% 88&8&&EEBLEEEELEELELEELELEELEEEELELEELEERELEERELIEEELEEREEZIRIELIRREES %%

%% Hyfit %%
% SCRIPT TO ESTIMATE %
% INITIAL CONCENTRATION, DIFFUSION COEFFICENT and TIME %
% WITH AMODEL CURVE %
% -by Luca Gritti- %
% 18-06-2024 %

%% &8&8&&&E&EIZEZELEZEEEEEELEZEZEELEZEEEZEELEZEZEEEILEZEEREZEZEERIIERE %%

%% INFO: the script used 'fminsearch' to optimise the parmaeters D and Co
%% Explanation of the code:
1) Data
Fix the time to start the test (t@), radious of sample and error stopped
IMPORT MATRIX DataIN
Import and display experimental data.
CURVE MODEL
Import automatically data od model curve.
4)SCRIPT

4.1)Estimation of initial parametrers

Estimate automatically initial parameters D and CO to first iteration.
4.2) (A) Mnimisation of ERRtotnorm
Use 'fminsearch' to find optimal D and CO values that minimize ERRtotnorm with to.

2

~

3

32 3% 32 3% 3% 3% 3% 3% 3% 3¢ ¥
-
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% 4.3) (B) Mnimisation of ERRtotnorm

% Use 'fminsearch' to find optimal t@ that minimize ERRtotnorm with D and C@ previously
optimise.

% 4.2) (C) Mnimisation of ERRtotnorm

% Use 'fminsearch' to find optimal D and C@ values to second time that minimize ERRtotnorm

with t@ optimised.

5) Graphical representation of results with optimized parameters and
displays results with optimized parameters
6) Function to calculate ERRtotnorm implemented in 'fminsearch

BN

% This approach allows to optimize the parameters D, C0 and t@ in order to minimize
% ERRtotnorm, changing the tolerance as needed by optimset.

B == == == e e e e e %%
clc

clear all

close all

%% Data

t0 = 0.1; % s <--Waiting time between Charge and Dscharge

R = 0.0065; % m <--Radious of sample (or caracteristic length)

ERRstopped=0.4; %[] <-- The parameter is estimated by comparing the normalized model curves.
% Corresponds to the maximum normalized time that ensures
% complete overlap of the model curves.

%% IMPORT MATRIX DataIN
%Change the address of the %addpath’ function by updating it with the one
%where the ‘DataInBrief_Hydrogen_discharging’ folder was added

%Find the current script folder (automatically)
fullScriptPath = mfilename('fullpath');

mainFolder = fileparts(fullScriptPath);
addpath(genpath(mainFolder)); %add the path to general folder

[filename, path] = uigetfile('*.*', 'Selecte the experimental data file to import');
% if you do not want to click on the file to select, you can add the

% following instructions and cooment with % the previous line

% filename="name:of:file_to_import.txt';

address=string(strcat(mainFolder, '\Preprocessed data\',filename));%create a string to import data

DataIN = importfile(address, [4, Inf]);
%DataIN=[relative time (s)| Residual concetration (ppm)]
%Don't change the name of 'Dataln'; Update the address of 'importfile' function

%% CURVE MODEL: import target curve

ModelNorm=importdata ('Target_curve.txt');
Tmodel = ModelNorm.data(:,1);
Cmodel = ModelNorm.data(:,2);

%% SCRIPT
%% Estimation of initial parametrers C@ and D
CO_init =DataIN(1,2)+t0*1.5; % ppm

s=find(DataIN(:,2)<DataIN(1,2)/3,1, 'first'); %row where the first measured concentration becomes a
third
D_init=((DataIN(s,1)*t@)*(R"2))/((DataIN(s,1)+t0)*10710);%m2/s

%% (A) Minimisation of ERRtotnorm on D and C@

options = optimset('TolFun', 1le-12, 'TolX', 1le-6, 'MaxFunEvals',1500); % Imposta la tolleranza
params_init = [D_init, C@_init];

params_opt = fminsearch(@(params) calculate_ERRtotnorm(params, DataIN, Tmodel, Cmodel, t@, R,
ERRstopped), params_init, options);

D_opt = params_opt(1);
CO_opt = params_opt(2);

%% (B) Minimisation of ERRtotnorm on t@ and usind D_opt and CO_opt

optionsB = optimset('TolFun', le-10, 'TolX', 1le-6, 'MaxFunEvals',1500); % Update the tolerance
params_init_time = [t@];

params_optB = fminsearch(@(params) calculate_ERRtotnormTIME(params, DataIN, Tmodel, Cmodel,D_opt,
Co_opt, R, ERRstopped), params_init_time, optionsB);
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t@_opt = params_optB(1);

%% (C) Minimisation of ERRtotnorm on D and C@ with te_opt

options = optimset('TolFun', 1le-12, 'TolX', le-6, 'MaxFunEvals',1500); % Update the tolerance
params_init2 = [D_opt, CO_opt];

params_opt2 = fminsearch(@(params) calculate_ERRtotnorm(params, DataIN, Tmodel, Cmodel, t@_opt, R,
ERRstopped), params_init2, options);

D_opt2 = params_opt2(1);
CO_opt2 = params_opt2(2);

disp(['Name: ', filename]);

fprintf('t0 optimised: %.6e\n', t0_opt);
fprintf('D optimised: %.6e\n', D_opt2);
fprintf('CO optimised: %.6f\n', CO_opt2);

%% Graphical representation of results with optimized parameters
Data=[DataIN(:,1)+t@_opt, DataIN(:,2)];

Tnorm_opt = (Data(:,1) * D_opt2) / (R*2);
line_stop=find (Tnorm_opt<ERRstopped,1, 'last');
Cinterp_norm_opt = interpl(Tmodel, Cmodel, Tnorm_opt);

figure

subplot (1,2,1)

plot(Tmodel, Cmodel, '-.m','linewidth',1.5, 'DisplayName', 'Normalise Model')

hold on

plot(Tnorm_opt, Cinterp_norm_opt, '.k', 'DisplayName', 'Optimized interpolation normalized')
hold on

plot([Tnorm_opt(1),Tnorm_opt(find (Tnorm_opt<ERRstopped,1, 'last')) 1,
[Cinterp_norm_opt(1),Cinterp_norm_opt(find (Tnorm_opt<ERRstopped,1, ‘'last')) ],

‘g+', 'linewidth',1, '"MarkerSize',15, 'DisplayName’, 'stopped to calculate error')

xlabel('Normalised Time $\hat{T}=\frac{D \cdot t}{radius~2}$ [-]', 'Interpreter’,'Latex")
ylabel('Normalised Concetration $\hat{C}=\frac{C}{C0}$ [-]1", 'Interpreter’', 'Latex")

legend show

hold off

subplot(1,2,2)

plot(Data(:,1), Data(:,2), 'xb','MarkerSize',5, 'DisplayName', 'Experimental Data')

hold on

plot( Tnorm_opt(1:line_stop)*(R*2)/D_opt2, Cinterp_norm_opt(1:line_stop)*C@_opt2 ,'-r', 'linewidth’,2,
‘DisplayName’, 'Fitting interpolant curve')

hold on

plot( [Tnorm_opt(1)*(R"2)/D_opt2, Tnorm_opt(find (Tnorm_opt<ERRstopped,1, 'last'))*(R*2)/D_opt2 ],
[Cinterp_norm_opt(1)*C0_opt2, Cinterp_norm_opt(find (Tnorm_opt<ERRstopped,1, 'last'))*CO_opt2 ]

,'g+", 'linewidth',1, '‘MarkerSize',15, 'DisplayName’, 'stopped to calculate error')

hold on

plot( @, C@_opt2 ,'p', 'MarkerSize',10, 'MarkerEdgeColor','r', 'MarkerFaceColor','r"', ‘DisplayName', 'CO
estimated"')

hold on

plot( [©, Tnorm_opt(1)*(R"2)/D_opt2 ], [CO_opt2,Cinterp_norm_opt(1)*CO_opt2 ] , '--r','linewidth’,1,
‘DisplayName’, 'lost in waiting time')

xlabel('Time [s]', 'Interpreter’,'Latex")
ylabel('Concetration [ppm]', 'Interpreter’,'Latex')
legend show

format short

text( Data(end,1)-@.3*Data(end,1), 2/3*CO_opt2, 'Results of

Fitting', 'FontSize',10, 'FontWeight', 'bold")

text (Data(end,1)-@.3*Data(end,1), 2/3*CO_opt2-0.1*2/3*CO_opt2,
strcat('t_o_p_t=',num2str(round(t@_opt,2)),' s'), FontSize',9)

text (Data(end,1)-@.3*Data(end,1), 2/3*CO_opt2-0.2%2/3*CO_opt2, strcat('D_o_p_t=',num2str(D_opt2),"
m~2/s'), 'FontSize',9)

text (Data(end,1)-@.3*Data(end,1), 2/3*CO_opt2-0.3%*2/3*CO_opt2,
strcat('Co_o_p_t="',num2str(round(C0_opt2,2)),"' ppm'), 'FontSize',9)

hold off
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%% Function to calculate ERRtotnorm

function err = calculate_ERRtotnorm(params, DataIN, Tmodel, Cmodel, t®@, raggio,ERRstopped)
D = params(1);
Co = params(2);

Data = [DataIN(:,1) + t@, DataIN(:,2)]; % Time spostato |C depurata della passivita

Tnorm = (Data(:,1) * D) / (raggio”2);

Cinterp_norm = interpl(Tmodel, Cmodel, Tnorm);

error_calc_line=find (Tnorm<ERRstopped,1, 'last');

ERRnorm = abs( (Data(l:error_calc_line,2)/C@) - Cinterp_norm(1l:error_calc_line)) ./
Cinterp_norm(1l:error_calc_line);

err = sum(ERRnorm);
end

function err_time = calculate_ERRtotnormTIME(params, DataIN, Tmodel, Cmodel,D, CO, raggio, ERRstopped)
t0 = params(1);

DataNew = [DataIN(:,1) + t@, DataIN(:,2)]; % Time spostato |C depurata della passivita
Tnorm = (DataNew(:,1) * D) / (raggio”2);
Cinterp_norm = interpl(Tmodel, Cmodel, Tnorm);
error_calc_line=find (Tnorm<ERRstopped,1, 'last');
ERRnorm = abs( (DataNew(1:error_calc_line,2)/C@) - Cinterp_norm(1l:error_calc_line)) ./
Cinterp_norm(1:error_calc_line);
err_time = sum(ERRnorm);
end
%% &&8&&AUZEEELZEZEREZEEEEEZEEEZEIEEEIULRREREREREZEEEZEZAEREZEIRIEIRIREER’& %%
%% 88888&EEEEEEEEEREEREEREEREEIEREEREEREERERRELRELEEREEREEREEIBEIBEIERREE %%

Limitations

In the realisation of the experimental apparatus, it is necessary to ensure a homogeneous
distribution of the current field on the specimen during the electrochemical charging and dis-
charging phases in order to guarantee the axial-symmetry and homogeneity conditions imposed
in the model assumptions.

There are no particular limitations with regard to the theoretical data of the simulations.
In order to obtain a good target curve, it is necessary to create adequate discretisation of the
geometry to be simulated so as to have low residuals at the end of the simulation
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