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Protocol for data collection and interpretation with the DiscoveryMat software
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Prior to any measurement...

Preparation of the system Reference electrode-RE (Ag-AgCl 3M) / junction tube : checking the correct functioning of the RE (immersion for 1/4h
in tap water (or conductive solution) and monitoring the potential with another RE serving as a control), filling the junction tube (after rinsing)
with the test solution, inserting the RE into the junction tube and blocking it with Teflon tape so that the frit of the RE is 2mm from the frit of the
junction tube, immersing the RE / junction tube assembly in a test tube containing the test solution, holding it in place for 20min. (stabilising the
system). For more information, see the file "Equipment for measuring potentials".

At the time of measurement...

a. Attach the RE / junction tube system to a stand with a clamping nut, rinse the junction tube externally with deionised water and dry the
junction tube glass. Apply absorbent paper to the frit end of the junction tube to absorb any drips.

b. Polishing (locally) the test metal with silicon carbide paper (Struers 4000). The polishing protocol depends on the object under
consideration (whether or not it can be placed under a stream of water). The polished surface should be slightly larger than the diameter
of the junction tube frit, i.e. about 1cm in diameter.

c. Position the RE / junction tube system and the metal so that they are about 5mm distant and check the connections (the COM output of
the multimeter is connected to the RE / junction tube system and the V output to the metal for the Metrix B3282, the red cable with its
brown banana plug connected to the metal and the black cable with its white banana plug connected to the RE / junction tube system
for the Yoctopuce voltmeter). Contact with the metal is made with an alligator clip and the contact point is protected from scratching
with aluminium foil.

d. Apply a drop of solution (20uL) between the junction tube frit and the metal surface with a syringe (rinsed with the test solution before
use).
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1. Data collection

The operator collects the data automatically (Fig. 1) with an interfaced multimeter (Chauvin-Arnoux Metrix range, model M3282 or Yoctopuce
voltmeter) and driven by the "DiscoveryMat" software.

Fig. 1: Automatic data collection with an M3282 multimeter controlled via the laptop by the "DiscoveryMat" software.
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1.1.  Pre-checking the connections between the laptop and the multimeter and switching on the multimeter (Fig. 1)):

Metrix or
Yoctopuce

Reference electrode

Laptop

Junction tube

Syringe

Fig. 1: Connection between multimeter and laptop for automatic data collection.
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1.2.  Starting the Scanner tool of the DiscoveryMat software for data collection (Fig. 2):
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Fig. 2: Data collection control operations.

In the settings window, click on the button & , then on the button @34. The settings
window will appear as above (right) and the Scanner tool is ready for measurement (on the Metrix

B3282 multimeter screen, the flashing symbol appears at the bottom right, see opposite). If
the setting window does not appear as expected, check the connections. If necessary, switch off the
multimeter and switch it on again, and the same with the laptop.
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As for the Yoctopuce voltmeter, it starts up immediately after the connections are made.

1.3.  Once the drop of solution has been inserted between the frit of the junction tube and the metal surface, click on the @Sm
button of the "DiscoveryMat" software settings window.

The corrosion potential versus time plot then appears on the screen in Figure 3.
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Fig. 3: Visualisation of the monitoring of the corrosion potential versus time.

The plot is in the upper part of the window. At the bottom left, the measured potential (mV/relative to the potential of the Ag-AgCl reference
electrode) is shown in blue and the elapsed time (seconds) is shown in black. The plot does not have an ordinate axis. The minimum and maximum
potential values are given in the upper and lower boxes in the centre of the plot. The x-axis is represented by the blue cursor below the plot.
Specify at the bottom right of the window in which format you wish to recover the data (Excel (xls) or other), the name of the file (if no name is
proposed, the software automatically gives the name Sample with the number of the plot as it is carried out), its destination (recording folder),
the nature of the solution considered and the presence (or not) of a stain left by the solution during the measurement (this last piece of
information can be corrected at the end of the measurement). In the Options box, tick the information (nature of the solution, number of points
on the plot, date and time of the measurement, presence or absence of a stain) that you wish to associate with the name of the Sample. The first
measurement is carried out over 5 minutes (300s, i.e. 300 measurement points). As the recorded plot does not have an ordinate axis, write down,
in parallel, the potential values every 30s in order to compare them with the following plots. After 5 minutes, click on the = button.
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1.4. The save plot window appears (note the absence of x- and y-axes) - Fig. 4:
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Fig. 4: Saving of the 1% plot made on 5min.
The plot name appears in the Sample workspace (blue area of the settings window). Note that the plot is saved in the hard disk folder mentioned
above.
1.5. Dismantling the measuring system

After wiping the surface of the metal with an absorbent paper, observe it to detect or not the presence of a stain left by the tested solution and
repeat the previous steps in order to carry out the 2™ plot over 5 minutes. At the end of the measurement, highlight the 2 plots made over 5
minutes and click on the # === button to assess the reproducibility of the plots obtained (Fig. 5).
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Fig. 5: Comparison of two plots to check their reproducibility.

1.6.  Dismantling the measuring system and repeating the previous steps in order to carry out the 3™ plot

If the potential values written down are similar (to within 5-10mV) to the previous ones (which are themselves identical), continue with the

15min plot.

At the end of the measurement, highlight the 3 plots made and click on the # === button to evaluate the reproducibility of the plots. Caution:
this comparison operation is usually done after the plots have been obtained and not when one wishes to compare plots pre-saved on the hard
disk. In the latter case, it is necessary to modify the Excel file of the plots obtained for 5 minutes (or around 5 minutes) in order to format it to
that of the plots for 15 minutes. To do this, change the number of points n to 901 by indicating it in red (Fig. 6a) and copy the value of the
potential at Os (line 3) and paste it under the last measurement made (here at 307s) and then from 307s to 903s (Fig. 6b). Indicate the added
values in red to differentiate them from the previous ones. Do not change the name of the file, however!
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4 A B € D E F G H I J K L M N 4 A B © 2 E H © H I J K
1 301 -92.05
2 Potential (mv) dt(ms) n Solution  Stain 302 -92.02
3 -335.03 1000 901 Henniez 0 303 91.99
4 -334.04 304 -91.96
5 -331.16 305 91.93
6 -320.14 306 -91.9
7 -326.24 307 -91.87
8 _324.36 308 -335.93
9 -321.45 309 -335.93
10 -318.62 310 -335.93
1 -316.74 311 -335.93
12 -313.96 312 -335.93
13 -312.13 313 -335.93
14 -309.48 314 -335.93
15 -307.68 315 -335.93
16 -305.07 316 -335.93
17 -303.37 317 -335.93
18 -300.83 318 -335.93
19 -298.34 319 -335.93
20 -296.71 320 -335.93
21 -294.31 321 -335.93
a/ b/

Fig. 6: modification of the Excel file of a plot obtained in about 5 minutes in order to format it to the file of a plot obtained in 15 minutes.
Specify on the document if a spot is visualised at the end of the 15min. measurement.

If during the 5 minutes of measurement the potential values are different from the previous ones (themselves identical or not), stop the
measurement at 5 minutes, validate the non-reproducibility of the measurements by clicking on the # === button and repeat the measurements
again. If during the 4" plot the potential values are again different but within the range defined by the values of the 3 previous plots, continue
the plot until 15min.

If the potential values are different from the previous plots and outside the range defined by these same plots, a decision can be made to perform
a 5% plot.

1.7.  Selection of the 15-minute plots in the Sample workspace of the settings window from the set of plots obtained in each of the 3
solutions considered for the metal of unknown composition tested using the Ctrl key on the laptop keyboard and transfer to the

Test folder by clicking on the - 2= button (Fig. 7)
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Fig. 7: Selection in the workspace Sample of the 3 plots over 15min. of the unknown metal being tested.

1.8.  The test material

A new window opens. Here again, specify the format in which you wish to save the data, the saving folder, the name of the Test material
associated or not with the date and time of compilation of the plots (Options box) and the 3 characteristics (existence or not of a horizontal shift
between the plots made in the same solution (2 plots 5 min and 1 plot 15 min), fluctuations or not of the potentials and presence or not of a

stain) of the plots in the 3 solutions considered. Use the Compare files for the 3 solutions to help you. Once the data has been filled in, click on
the ¥ button.
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Fig. 8: Recording of the compilation of the three plots of the unknown metal tested, their characteristics and a rough visualisation of all the plots.
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The window shown in figure 9 appears with the name of the Test material in the Test workspace in the settings window and on the right its plots
in the three solutions considered with the box indicating the characteristics of the plots at the bottom right.

Discove: oyMat CedricBilat@he-arc.ch Copyright (c) 2011-2021
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Fig. 9: Visualisation of the three plots of unknown metal tested and their characteristics.

1.9. Important remarks

Start the measurements with neutral solutions (Henniez / Evian water or KNO3) and continue with sodium sesquicarbonate (the reference
electrode may be affected by the pH of the solution, especially for alkaline solutions). Record the pH and conductivity values of the solution
tested (a new solution is prepared daily) and compare them with the values usually obtained:

Solutions pH Conductivity (uS/cm-1)
Henniez / Evian water 7.55+0.25 640 + 90
KNO3 1% (w/v) 6.6+ 0.6 12+0.8x 10°
Sodium sesquicarbonate de 0.44NaHC+0.21Na2Cg/100mL 9.6 £0.25 7.2 £1x103

11
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Before each measurement on a new material, make a preliminary blank with a copper coupon and check that the plot obtained (over 5 minutes)
corresponds to the previous plots obtained by yourself. The plot in NaSesq medium is the most reproducible and that in KNO3 medium the least.

The order of magnitude of the potentials is shown below:

Solutions Starting potentials vs the Ag/AgCl RE Potentials after 5min. versus the Ag/AgCl RE
(0.2V/ENH)
Henniez / Evian water -70a-30 -10 a +10 (with some variations)
KNO3 1% (w/V) -80a-10 +30 a + 50 (avec de nombreux écarts)
Sodium sesquicarbonate (NaSesq) -170a-130 -85 a -75 (avec quelques écarts)
0.44NaHC+0.21Na2Cg/100mL

Change the solution in the junction tube every 3 hours (beyond this time, problems have been observed with pollution of the solution in the
junction tube by that contained in the RE).

Always make the 3, 4 or 5 plots with the same solution and the same material in succession to limit the problems of lack of reproducibility due

to the variation of the operating conditions.

2. Interpretation of the plots obtained

The operator starts from data obtained automatically and processed as above.

" Library
-—-

Selection of the database to identify the Test material. Click in the settings window on the button and download the selected database
from the laptop by clicking on the corresponding folder and selecting the files to be considered (Fig. 10a). The download % window appears (Fig.

10b). When the download is complete, the database files appear in the settings window. Select them all by clicking on =) button (Fig. 10c).
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Fig. 10: Control operations for downloading database files from the laptop to the Library workspace.
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Selection of the Test material (file obtained by automatic data collection (Fig. 11) by clicking on the = 2™ button — Fig. 10a. If
there is more than one Test material, the material to be analysed more specifically is highlighted (Fig. 10b).
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Fig. 11: Control operations for downloading a test material file from the laptop into the Test workspace.

Comparing the plots of the test material with those of the materials in the database by clicking on @< button Fig. 12).
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Fig. 12: Control operation of the comparison of the plots of the unknown metal tested with those of the materials in the selected database.
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2.3.  The graphical interface shows two types of information: the proposal of compositions based on the calculation of distances

between the different plots (click on the ¥ % on the right-hand window of the graphical interface). The smaller the distances

indicated, the more plausible the matching. Thus proposal 1 in the list is the most plausible, the last the least.
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Fig. 13: List of proposed compositions of the unknown metal tested proposed by the "DiscoveryMat" software.
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2.4. The second type of information consists of graphs that allow you to better appreciate the difference in appearance between the

plots of the Test material and those of the materials in the database (click on the - button on the right-hand window of the
software — Fig. 14).

NaSesq (292, 43%)

Fig. 14: Visual comparison of the plots of the unknown material tested with those of each of the materials in the selected database.

There are several options for viewing a selection of plots or all of them. The plots can also be zoomed in (see the "DiscoveryMat software
user manual" file).

In addition to the plots, there are boxes in the bottom right-hand corner for each proposal giving the characteristics mentioned above
(horizontal shift between the plots, fluctuations of potentials in the plots and presence or absence of a stain), which make it possible to
refine the comparison between the Test material and the material considered in the selected database.

2.5. Attheend of this analysis and of the preliminary condition report carried out on the unknown material, the operator is in a position
to make proposals for composition.
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