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VISUAL BASIC APPLICATION FOR CALCULATION OF
THE SUPERFICIAL TENSION OF SOLUTIONS IN THE
CuSO4 — H2S04 — H20 SYSTEM

Florentina NICULESCU?, Bogdan FLOREA?*, Mihai BUZATUS, Gabriel
Valeriu GHICA*, Mircea-lonut PETRESCU?®, Gheorghe IACOB?®, Emanuel
NICULESCU’, Dragos Florin MARCUS8, Constantin Domenic STANCEL?

The aim of this paper is to study the effect of bone glue on the superficial
tension in CuSO4 — H,SO4 — H20O system. Aqueous solutions of sulfuric acid and
cupric sulfate are usually found in cooper hydrometallurgical processes (leaching,
solvent extraction, electro-refining). In the electro-deposition of cooper, it is
frequently used different organic additives such as thiourea - SC(NH.), or bone
glue. The same experimental conditions as that used in industry were applied: acidic
solution composed of 40 g/l Cu?*, 175, 200, 225 g/l H,SO4, 60°C temperature and
the bone glue concentration was between 0-3 g/l. The experiments were performed
on a device consisting of stalagmometer, humidity sensor, programmable logic
controller (SIMATIC S7-300), commanded by a software (written in VB 6.0) capable
of calculating the surface tension of the system against the concentration of bone
glue (for 3 concentrations of H,SO4).
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1. Introduction

The surface tension of solutions has a considerable influence on the
transfer of mass and energy across interfaces. It is a basic thermodynamic
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property that plays an important role in a multitude of processes. Accurate
determination of surface tension for various liquid mixtures is important to gain
insight into interfacial processes [1, 2, 3, 4, 5]. The study of superficial tension for
different liquid systems is of interest in increasingly varied areas. A new direction
of research for the study of superficial tension is represented by the field of high
entropy alloys or multi-component mixtures [6, 7, 8, 9, 10, 11].

Aqueous solutions of sulfuric acid and copper sulfate are usually used in
the cooper hydrometallurgical processes such as leaching, solvent extraction,
electrolysis and electro-refining [12, 13]. Copper sulfate in distilled water
solutions has been investigated for crystallization, super-saturation, solid-liquid
equilibrium, and properties [14, 15]. Also, copper electro-deposition plays an
important role in the electronic industry, particularly for printed circuit
manufacture and for circuit interconnection. The presence of additives in the
aqueous solutions produces:

- a better leveling effect at the electrodeposits surface by promoting the
formation of smooth and compact deposit on cathode to reduce the loss during
production;

- influence the electro-deposition rate at protrusions and recesses;

- affect the diffusion of reactants from the bulk of the solution towards the
reaction front [16, 17, 18].

The superficial tension explains many phenomena characteristic of the
liquid state such as: droplet formation in liquid leakage through a small opening,
foam formation, adhesion of liquids, capillarity, etc. To measure superficial fluid
tension, static and dynamic methods are used, as the apparent surface is immobile
or moving. The most common organic agents used as surfactants in electrolytic
extraction and refining processes are bone glue and thiourea. In the scientific
literature are found studies which indicate the usage of different organic additives
for the electro-deposition of copper such as polyethylene glycol and chloride ions
[19], polyvinylpyrrolidone [20], nicotinic acid, benzotriazole, sulfonic acids [21]
thiourea [22] and bone glue [23].

Bone glue is a substance composed mainly of natural proteins (a mixture
of amino acids). It reduces the surface tension and, as a result, it concentrates into
the superficial layer from the electrolyte - cathode interface and reduces the
growth rate of germination crystals, which allows the obtaining of fine and
homogeneous structures. Even if organic additions also have a negative role in the
fact that adsorbed organic molecules form non-conductive films that lead to the
easy growth of energy consumption, the beneficial role of the cathode deposit
structure and purity compensates for energy losses [24, 25, 26, 27].

In this paper the effect of the concentration of bone glue on superficial
tension of CuSO4-H2S0s-H20 solutions was studied using an experimental system
adapted with a programmable logic controller (PLC) as well as a Visual Basic
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application designed specifically for this equipment and used for retrieval and
interpretation of all the data obtained.

The program used was developed by the research team using the Visual
Basic 6.0 programming language from Microsoft, which is a free programming
language.

Visual Basic uses modern programming techniques [28, 29, 30, 31, 32] as
Object-Oriented Programming (OOP) and Event-Driven Programming (EDP). A
simple Visual Basic program involves three steps:

- Creating the interface (creation of objects);

- Establishing the objects properties;

- Writing the code.

The major benefits for working with the Visual Basic program (and
generally when working with any high-level programming language that supports
database work) can be:

- Implementation of error handling;

- Creating cycles for scrolling sets of tables;

- The ability to call Windows API functions;

- Programming the various objects of a database;

- The use of constants and variables;

- Designing and troubleshooting complex processes;

- Writing reusable function libraries.

2. Materials and methods

Drop volume method (Stalagmometer method)

In the experiments, the drops of fluid flow slowly from the tube in a
vertical direction. The drops hanging on the bottom of the tube start to fall when
the volume of the drop reaches a maximum value that is dependent on the
characteristics of the solution. At this moment, the weight of the drops is in
equilibrium state with the surface tension.

The flow of a liquid through a narrow hole is not continuous but
intermittent by drops. The number of drops (N) in which a given volume of liquid
is fractionated depends on its superficial tension. At the moment of dropping, its
weight (G) is equal to superficial force (F). As a result the superficial force across
the contour will be:

F=2rroc 1)

Where: - r is the radius of the flow orifice,

- o coefficient of surface tension (dyn/cm?),

If V1 is the volume of a drop, then its weight is:
G=mg=Vipg ()
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If n is the number of droplets in which the volume V of the liquid is split
between two benchmarks, and then the volume V1 of a drop is given by the ratio:
B _ V-p-g
V, =—and o= ————
" Z-mw-r-m (3)
Determining the number of drops for a liquid with the known values of the
superficial tension coefficient oo and the density pg, in a volume of liquid equal to
the one studied, we obtain:
_ Vpog
Oy =
2, 4)

It results, as for some substance,

g =0y 2
Pom (5)

Alternatively, since the surface tension is proportional to the weight of the
drop, the fluid of interest may be compared to a reference fluid of known surface
tension. We will consider the value of superficial tension for distilled water oo =
78.23 dyne/cm® and the value of density for distilled water po = 1g/cm®. The
average number of droplets - no = 990 - measured for a volume of distilled water
equal to the volume of the measuring solution.

If the surface tension of distilled water is known which are 78.23
dyne/cm3, we can calculate the surface tension of the specific fluid from the
equation. The more drops we weigh, the more precisely we can calculate the
surface tension from the equation. The stalagmometer must be kept clean for
meaningful readings.

The stalagmometric method was improved by S. V. Chichkanov and
colleagues [33], who measured the weight of a fixed number of drops rather than
counting the drops. This method for determining the surface tension may be more
precise than the original method, especially for fluids whose surface is highly
active. The experimental equipment shown in Figure 1 is composed of:

- Traube stalagmometer fixed on a stand;

- Programmable Logic Controller (PLC) from Siemens;

- Sensor for humidity;

- Software for the calculation of superficial tension (Visual Basic).
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Fig. 1. Experimental equipment

Due to the use of the PLC that can perform record-breaking cycles at the
milliseconds level, the experimental equipment allows for the elimination of
possible reading errors compared to other methods. At the same time, the software
created for this installation allows real-time recording and visualization of the
values obtained for each experiment by recording the number of droplets as soon
as the humidity sensor detects their presence on its surface and stopping the count
immediately that their presence is no longer detected.

When an experiment is run, the recorded values are stored in a database
with which later interpretations of experimental data can be made. The created
program allows the calculation of the superficial tension for each experiment and
making graphs.

The PLC used is a Siemens product, the SIMATIC S7-300 model, CPU
314 with MPI, 16DI/16DO, 4Al/1A0, 2 X 40 PIN, integrated 24V DC power
supply, 24 Kbytes working memory. The S7-300 series is a line of micro-
programmable logic controllers (Micro PLCs) that can control a variety of
automation applications. Compact design, low cost, and a powerful instruction set
make the S7-300 a perfect solution for controlling small applications. The wide
variety of S7-300 models and the Windows-based programming tool give
solutions for many automation problems [34, 35].

This program is designed to run on PCs that do not require special
configurations. An Aspire E1-571G laptop with Intel Core 13-2348 processor
(2.3GHz), RAM - 4GB was used in the tests. The humidity sensor used in the
installation was designed by the research team. The electrolytic solutions were
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prepared using the following analytical grade reagents: H.SO4 (175, 200, 225 g/l);
CuSO4 x 5H>0 (40, 45, 50 g/l copper); bone glue (0.00; 0.50; 1.00; 1.50; 2.00;
2.50; 3.00). The mass of CuSO4 was 159. The experiments were made at the
temperature of 60°C. The values were chosen due to the industrial use of these
parameters for the electrolytic refining process of copper.

3. Experimental results and discussion

After the experimental research performed in the Laboratory of hydro/
electrometallurgical processes and operations from the Department of
Engineering and Management of Metallic Materials Elaboration were obtained
the following results, presented in Tables 1 and 2. Using the Visual Basic program
the graphs presented in the paper based on the experimental results were made.

Table 1.
Experimental results on the number of droplets and their average in the CuSOu-
H2S04-H20 system

Cu, 40g/1 Cu, 40g/1 Cu, 40g/1
Sulfuric acid, 1759/ | Sulfuric acid, 200g/I Sulfuric acid, 225¢/I
Exp. Bone Density Density Density
no. glue 3 1.1646 3 1.3309 3 1.4973
g/lcm g/lcm g/lcm
N ni N n N n3
1456 1292 1171
1 0.00 1459 1459.33 1289 1290.66 1169 1169
1463 1291 1167
1714 1570 1253
2 0.50 1723 1716.33 1568 1569.66 1250 1251.33
1712 1571 1251
2097 1863 1490
3 1.00 2099 2094.33 1871 1867.66 1496 1514.66
2087 1869 1558
2598 2310 1616
4 1.50 2601 2601.33 2314 2311.66 1622 1619
2605 2311 1619
2902 2589 1897
5 2.00 2900 2900.33 2603 2597.66 1899 1897
2899 2601 1895
3352 2608 2069
6 2.50 3359 3354 2611 2608.66 2071 2069
3351 2607 2067
3820 3011 2231
7 3.00 3816 3818.33 3008 3008.33 2228 2231
3819 3006 2235
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Table 2.
Experimental results on the surface tension of solutions in the CuSOs-H2S04-H20 sysatgri
Exp. no. ot o2 o3

dyne/cm dyne/cm dyne/cm
1. 61.80602 | 79.86194 | 99.19798
2. 52.55132 | 65.66689 | 92.67110
3. 43.06649 | 55.18926 | 76.55971
4. 34.67283 | 44.58910 | 71.62596
5. 31.09835 | 39.7989 61.12938
6. 26.89194 | 39.51257 | 56.04757
7. 23.62171 | 34.26320 | 51.97002
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Fig. 2. The variation of superficial tension depending on the concentration of bone glue
at 40 g /1 Cu, different concentrations of H,SO4 and a temperature of 60°C
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40 g /I Cu, different concentrations of H,SO4 and a temperature of 60°C
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4. Conclusions

Through this experimental equipment adapted to digital software, we were
able to record and view in real time the experimental values obtained by recording
the drops as soon as the humidity sensor detected their presence. With the same
software, all experimental data was stored in a database that allows for various
thermodynamic analyzes and interpretations.

Also, due to the program, the values of superficial tensions were
calculated automatically for each experiment, and the superficial tension
variations of the solutions from the CuSO4-H2S04-H20 system were graphically
plotted depending on the concentration of glue in the 0 - 3 g/l range.

Experimental researches on the influence of bone glue concentration at
different concentrations of Cu and H2SO4 shows the following:

The superficial tension decreases exponentially with increasing the

concentration of bone glue to a value of about 3 g/l when the bone glue

concentration no longer influences the superficial tension;

The superficial tension of the solutions from the CuSOs-H2SOs-H.0O

system decreases as the concentration of H>SO4 decreases;

The superficial tension of the solutions increases with the concentration of

Cu in the CuSO4-H2S04-H,0 system.

REFERENCES

[1]. T.E. Daubert, R.P. Danner, Physical and Thermodynamic Properties of Pure Chemicals,
Hemisphere Publishing Co., New York, 1989.

[2]. B.E. Poling, J.M. Prauznitz, J.P. O’Connell, The Properties of Gases and Liquids, 5th ed.,
McGraw-Hill, New York, 2001.

[3]. A.L. Horvath, Handbook of Aqueous Electrolyte Solutions. Physical Properties, Estimation
and Correlation Methods, Ellis Horwood Limited, New York, 1985.

[4]. F.J. Zeleznik, Thermodynamic properties of the aqueous sulfuric acid system to 350 K. J.
Phys. Chem. Ref. Data. vol. 20, 1991, pp. 1157-1200.

[5]. P.V.N. Nair, K.G. Vohra, “Growth of aqueous sulfuric acid droplets as a function of relative
humidity”, J. Aerosol Sci., vol. 6, 1975, pp. 265-271.

[6]. V.V. V'yukhin, O.A. Chikova and V.S. Tsepelev, “Surface Tension of Liquid High-Entropy
Equiatomic Alloys of a Cu-Sn-Bi-In-Pb System”, Russ. J. Phys. Chem., vol. 91, 2017, pp.
613-616, https://doi.org/10.1134/S003602441704032X.

[7]1. R. Stefanoiu, V. Geanta, I. Voiculescu, 1. Csaki and N. Ghiban, “Researches regarding the
influence of chemical composition on the properties of AlxCrFeCoNi alloys”, REV. CHIM.
(Bucharest), vol. 65, no. 7, 2014, pp. 819-821.

[8]. C. Wang, X. Wang, F. Liu, Z. Jiang and X. Lin, “Surface concentration or surface excess,
which one dominates the surface tension of multicomponent mixtures?”’, Colloid and
Polymer Science, 2017, pp. 1-5, https://doi.org/10.1007/s00396-017-4233-3.

[9]. I. Csaki, C.A. Manea, R. Trusca, S.N. Karlsdottir, R. Stefanoiu and V. Geanta,
“Microstructural study of the corrosion effect on AICrFeNiMn multicomponent Alloy
tested in geothermal environment”, NACE - International Corrosion Conference Series vol.



260 F. Niculescu, B. Florea, M. Buzatu, V. Ghica, M. Petrescu, G. lacob, E. Niculescu, D. Marcu, C. Stincel

4, 2017, pp. 2931-2940, Corrosion Conference and Expo 2017; New Orleans; United States;
26 March 2017 through 30 March 2017; Code 128795.

[10]. A. Buzdianu, P. Motoiu, I. Csaki, G. Popescu, K. Ragnarstottir, S. Gudlaugsson, D.
Gudmundsson and A. Arnbjornsson, “Experiments on life cycle extensions of geothermal
turbines by multi composite technology”, Geothermics, vol. 57, September 2015, pp. 1-7.

[11]. Y. Zhang, T.T. Zuo, W.B. Liao and P.K. Liaw, “Processing amd Properties of High-Entropy
Alloys and Micro-and Nano-Wires”, ECS Trans., vol. 41, no. 30, 2012, pp. 49-60, doi:
10.1149/1.3697745.

[12]. D. Price, W. Davenport, “Densities, electrical conductivities and viscosities of CuSO4/
H>SO,4 solutions in the range of modern electrorefining and electrowinning electrolytes”,
Metallurgical Transactions, B, vol. 11, no. 1, 1980, pp. 159-163.

[13]. H. Richardson, Handbook of Copper Compounds and Applications, CRC Press, 1997.

[14]. D. Milligan, H. Moyer, “Crystallization in the copper sulphate - sulphuric acid - water
system”, Engineering and Mining Journal, vol. 176, no. 10, 1975, pp. 85-89.

[15]. J. Hotlos, M. Jaskuta, “Densities and viscosities of CuSO4-H2S04-H2”, Hydrometallurgy,
vol. 21, no. 1, 1988, pp. 1-7.

[16]. T.P. Moffat, J.E. Bonevich, W. Huber, A. Stanishevsky, D.R. Kelly, G.R. Stafford and D.
Josell, “Superconformal Electrodeposition of Copper in 500-90 nm Features”, J.
Electrochem. Soc., vol. 147, no. 12, 2000, pp. 4524-4535.

[17]. A.C. West, S. Mayer and J. Reid, “A Superfilling Model that Predicts Bump Formation”,
Electrochem. Solid-State Lett., vol. 4, no. 7, 2001, pp. C50-C53.

[18]. M.A. Pasquale, D.P. Barkey and A.J. Arvia, “Influence of Additives on the Growth Velocity
and Morphology of Branching Copper Electrodeposits , J. Electrochem. Soc., vol. 152, no.
3, 2005, pp. C149-C157.

[19]. M.A. Pasquale, L.M. Gassa, A.J. Arvia, “Copper electrodeposition from an acidic plating
bath containing accelerating and inhibiting organic additives”, Electrochimica Acta, vol. 53,
2008, pp. 5891-5904.

[20]. U. Emekli, A.C. West, “Effect of additives and pulse plating on copper nucleation onto Ru”,
Electrochimica Acta, vol 54, no. 4, 2009, pp. 1177-1183.

[21]. A.L. Portela, G.l. Lacconi and M.L. Teijelo, “Nicotinic acid as brightener agent in copper
electrodeposition”, J. Electroanal. Chem., vol. 495, no. 2, 2001, pp. 169-172.

[22]. G. Fabricius, K. Kontturi and G. Sundholm, “Influence of thiourea and thiourea ageing on
the electrodeposition of copper from acid sulfate solutions studied by the ring-disc
technique”, J. Appl. Electrochem., vol. 26, no. 11, 1996, pp. 1179-1183.

[23]. V.K. Blechta, Z.Z. Wang and D.W. Krueger, “Glue analysis and behavior in Copper
Electrolytes”, Metallurgical Transactions B, vol. 24B, 1992, pp. 277-287.

[24]. A. Filzwieser, I. Filzwieser and S. Konetschnik, “New Technology for Electrorefining of
Copper”. JOM. vol. 64, no. 11, 2012, pp. 1290-1295.

[25]. T.A. Muhlare, D.R. Groot, “The effect of electrolyte additives on cathode surface quality
during copper electrorefining”, Journal of The Southern African Institute of Mining and
Metallurgy, vol. 111, 2011, pp. 371-378.

[26]. A.K. Biswas, W.G. Davenport, “Extractive metallurgy of copper”, British Library, third
edition, 1999, pp. 264-287.

[27]. M.S. Moats, J.B. Hiskey and D.W. Collins, “The effect of copper, acid, and temperature on
the diffusion coefficient of cupric ions in simulated electrorefining electrolytes”,
Hydrometallurgy, vol. 56, 2000, pp. 255-268.

[28]. *** PSC - Visual Basic 6.0 third party components for modern standards (a review), Planet
Source Code, 2014.

[29]. J. Martin, "Visual Basic 6 Renewed to Run on Windows 8", INFOQ, 2014.

[30]. R. Grigonis, "Where Is the Successor to Visual Basic?", INFOQ, 2014.



Visual basic application for calculation of the superficial tension of solutions in the (...) 261

[31]. *** Loop Structures (Visual Basic) - Microsoft.com Visual Basic Programming Guide, 2017.

[32]. G. Mack, "History of Visual Basic", George Mack, 3rd edition, 2002.

[33]. S.V. Chichkanov, V.E. Proskurina, V.A. Myagchenkov, “Estimation of Micelloformation
Critical Concentration for lonogenic and Non-lonogenic Surfactants on the Data of
modified Stalagmometric Method”, Butlerov Communications, vol. 3, no. 9, 2002, pp. 33—
35.

[34]. *** Siemens - Simatic S7-300 Module date, Manual, 06/2017, AS5E00105505-AJ
https://cache.industry.siemens.com/d|/files/629/8859629/att 55794/v1/s7300_module_data
_manual_en-US_en-US.pdf.

[35]. *** Siemens - S7-300 Programmable Controller Installation and Hardware, EWA 4NEB 710
6078-02a, Edition 2, http://manuali.eltex.biz/Manuali_Siemens/S73bhb_e.pdf.



