Australian Journal of Basic and Applied Sciences, 5(11): 1621-1633, 2011
ISSN 1991-8178

Elongation of Leclanche Cell’s Lifespan Through the Adsorptions of So,* and Noz*
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Abstract: The determination of the surface area of manganese dioxide was carried out using
adsorption from solution method and was found to be 1702.69m?/g. The adsorption of SO,* and NO5~
anions on manganese dioxide is to enhance the lifespan of Leclanche cell. The adsorption method by
potentiometric titration was used for different anions at four different concentrations (1M, 0.1M,
0.01M, and 0.001M) of the salt solutions at varied temperatures of 28°C, 30°C and 32°C. The electric
surface charge of the anions at various temperatures and concentrations were also determined. The
result showed that blending of some anions particularly SO4* with manganese dioxide can improve the
lifespan of a cell due to its consistency in higher electric surface charge in all concentrations and
temperatures.
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INTRODUCTION

Battery is an electrochemical device that contains two or more power cells connected electrically so that the
chemical energy is converted into electricity. A battery powers products that require electricity to work. They
are useful because they allow us to transport electricity and use products in locations where there are no
electrical outlets. In a battery, each cell that stores the electrical energy in a chemical state has two electrodes
that react with the chemical and each other to release energy. The battery’s two metal ends are called
“Terminals” and thus constitute positive and negative ends. Leclanche cell is a dry cell made up of a zinc case as
anode (negative pole) and carbon rod a cathode (positive pole). This battery is filled with a mixture of MnO, as
an oxidant or depolarizer to lower the internal resistance of the cell (Anthropon, L.1., 1974).

This work is to optimize the adsorption process of the anions namely SO4* and NO;” on a MnO, in a
Leclanche cell. This is expected to increase the lifespan of the battery, the lifespan of the battery is about 300
seconds on a continuous operation, and this short lifespan increases the rate of replacement of these cells with its
attendant consequences to the environment.

The optimum temperature range of operation is between 20-50°C, outside this temperature range the
performance deteriorates markedly (Aloko, D.F and K.R. Onifade, 2004; Meyer, 1987).

During the potentiometric titration experiment, concentration and temperature were varied while other
factors were kept constant.

Leclanche or dry cell is an example of non-rechargeable primary cell, it is made up of Zinc case as anode,
carbon rod in contact with carbon and MnO, as cathode and the electrolyte is a paste of NH4CI, ZnCI, (acid
electrolyte)., the following reactions occur in the cell (James S. Fritz and George H. Schenk, 1979; Ernest, Y.
and Alvin, S., 1984).

Zinc case (anode) - the bottom of the battery is normally exposed and serve as a negative pole.

Zn(s) Zn*'(aq)+2¢

Carbon rod in contact with Carbon and MnO, (cathode) - serve as positive pole of the battery, the battery is
filled with a mixture MnQO, as an oxidant.

NH4" (aq) + MnO, + e- — > NH; (aq) + MnO (OH) (s)

Paste of NH4Cl, ZnCl, (acid electrolyte) (Kozawa, A. 1981; Nelkon, M. and P. Parker., 1968).

The aim and objectives of the work are: Determining the electric charge of MnQO,, Study the effect of
concentration and temperature on the adsorption of anions, namely SO,* and NO;* on MnO, and Investigate the
difference between adsorption of the different anions at the same MnQO, surface,

Methods:
Adsorption From Solution:
This method is used to determine the surface area of MnO,
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Procedure:

Seven (7) 250ml Erlenmeyer flask were cleaned and dried. With the aid of analytical balance, 1g of
manganese dioxide (MnO,) was weighed into six of the flasks. 100ml of acetic acid of the following
concentrations of 0.15, 0.12, 0.09, 0.06, 0.03 and 0.015M were then added to each of the flasks. Added also to
the seventh flask containing no manganese dioxide was 100ml of 0.03 of the acetic acid as a control.

The flasks were then tight fitted with stopper and each shaken for a period of 30 minutes after which they
were left over night to allow for equilibrium.

To allow for the determination of the concentration of acetic acid after adsorption, all samples were filtered
through fine filter papers with the first 10ml of each filtrate of the different concentration discarded as a
precaution against adsorption of the acid by the filter paper.

Using phenolphthalein as indicator in two (different) 25ml portion of each of the different filtrate, was
titrated against 0.1m sodium hydroxide to the end point.

From the values of the initial and final concentration of the acetic aid in 100ml of solution, the numbers of
moles present before and after adsorption were calculated and numbers of moles N adsorbed were obtained by
difference. The values of C/N versus C were plotted and the best lines through these points were drawn. C is the
equilibrium concentration. The number of moles per gram Nm required to form a monolayer was then calculated
from the slope. On the assumption that adsorption area of acetic acid equals 21 A? the area per gram of
manganese dioxide (MnO,) was calculated.

Potentiometric Titration:
This method is used to determine the electric surface charge of the anions.

Procedure:

100 ml beaker and 50ml burette were cleansed, dried and rinsed with the respective solution to be placed in
them.

To the 100ml beaker, SOml of 1M solution sodium nitrate (NaNO;) was measured with a pipette and
transferred into the beaker. To provide for a continuous stirring, a magnetic bar was placed inside the beaker.
The beaker was then placed on a magnetic stirrer which was connected to a power source (off). A reference
electrode and an indicator electrode and an indicator electrode (combined electrode) connected to a pH meter
were introduced into the solution in the beaker via electrode holder. A nitrogen gas jet regulated by the gauge
from the nitrogen gas cylinder was as well directed into the solution in the beaker such that the gas outlet is
immersed in the solution.

The cleansed burette was filled with 0.1M HNO; solution and clamped on a tripod stand such that the tip
was directly pointed to the solution in the 100ml beaker.

When the arrangement of the equipment was in order, nitrogen gas regulatory was opened to provide a
continuous gas jetting into the solution (bubbling).

To initiate a continuous stirring, the magnetic stirrer was switched on. After a while the reading of the
stabilized pH meter without a titrant (HNO;) was recorded.

Subsequently, 0.5ml of the titrant (HNO;) was added from the burette and the pH recorded after 60 seconds
when the indicator electrode has reached a constant value. The 0.5ml increment and the corresponding pH
readings were recorded for a total of 10 ml additions when no significant change was observed in the pH
reading. At the end, both the magnetic stirrer and the pH meter were switched off and the solution mixture
disposed.

The process was repeated after the pH meter was stabilized with distilled water, but this time around, 2g of
manganese dioxide (MnO,) was added to the NaNOj; and the entire process repeated for various concentrations
(1, 0.1, 0.01, & 0.001M) at three different temperatures of 28, 30, 32°C for with and without MnO,. The
temperature was elevated with the aid of a hot plate magnetic stirrer.

The whole procedure was also repeated using Na,SO, for the various concentrations of 1, 0.1, 0.01 &
0.001M at three different temperatures both for with and without Manganese dioxide (MnQO,).

The volumetric readings of 0.1M HNO; and their corresponding pH readings for all class of titration carried
out were tabulated.

Factorial Experiment Procedure:

The experimental data from the potentiometric titration serve as the input for the factorial experiment. The
factors for the experimental design were first selected and used as the codes for the factorial analysis as shown
in table 1 and 2.

Selection of Factors That Affects The Rate of Adsorption:

The rate of adsorption of the anions (adsorbents) on the MnO, (adsorbant) is affected by; Concentration of
the solutions of the anions, Temperature, Degree of agitation or mixing and Mass of the adsorbant.
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In this experiment the concentration of the solutions of the anions and the temperature of the solutions were
varied whereas the other factors, mass of adsorbant, time of contact and degree of agitation were fixed. The
selected factors viz; concentration and temperature, are represented by X; and X, respectively in Table 2.

Development of Factorial Analysis Tables for the Surface Area Response:

The surface response is developed b factorial method as shown in Tables 1 and 2 below. A 3% quadratic
equation gives 9 run experiments for the factors; Concentration (x;) and temperature (X,). X, is base factor
selected. The sign + represents maximum value, - represents minimum value and O represents average value or
interval of the surface response.

In this experiment, a two-variable, three level factorial designs was used. The factor and the code levels are
shown in Table 1. Following the column of plus (+), labeled X, the next 2 columns (under the headings X; and
X,) define the experimental design in the standard order. Thus for Run 1, all 2 variables were set to vary from
their highest experimental levels. In actual conduct of the experiment, the run order would generally be
randomized.

Table 1: Factors and their coded levels for the anions Independent variables.

Levels of factors Code X, (Conc.) X, (Temperature)

Base level Xo 0 0

Interval or range AXp 0.5005 30

High level +1 1.0 32

Low level -1 0.001 28
AXog=Xmax+Xmin.................. 3.1

2

Table 2: Calculation of Matrix and the surface charge (Y) for 3* Factorial Design.

Run Xo X X, X X2 X2 Y Y

No. A a a a ap ay SO, NOs

1 + + + + + +

2 + 0 + 0 0 +

3 + - + + - +

4 + + 0 + 0 0

5 + 0 0 0 0 0

6 + - 0 + 0 0

7 + + - + - +

8 + 0 - 0 0 +

9 + + - + - +

That is, with two variables coded as X; and X,, a 9-run experiment permits unique solutions for the
coefficients (parameters) of the equations 3.2 below.

A 2-variable, 3 level factorial arrangements provided the framework for designing the experiment.

The 37 arrangement, when applied to only 2 variables, permits uncorrelated, low variance estimates of the 6
coefficients indicated in equation 3.2. The numerical solution of the equation is readily obtained using computer
or desk calculator (Douglas, C.M., 1991; Das, M.N. and Giri, N.C., 1979; Betz, M.N. 1973).

Determination of Model Equation of Adsorption:
Selection of model equation
A second order equation of the form,
Y= f(X], Xz) ............... 32
Y =ap+ax; + 2 X Xo + a5X° + 80X22 F 813X 1Xg eevnerni 33
A 3% quadratic factorial equation is selected
Where ai is the coefficient of regression and X, (X;X5) is the interaction effect.

Results:
Results of the Adsorption from the Solution:

Table 3: Concentration and number of mole adsorbed.

Initial concentration of | Volume of acetic Volume of 0.1M NaOH C N=C-C, C/N

acetic acid C;(M) acid (ml) (ml) (average titre)
0.15 25 44 0.1760 0.026 6.7692
0.12 25 33.5 0.1340 0.014 9.5714
0.09 25 25.65 0.1030 0.013 7.9231
0.06 25 16.3 0.0652 0.0052 12.5385
0.03 25 6.2 0.0248 -0.0052 -4.7692
0.015 25 1.35 0.0054 -0.0096 -0.5625

Results for the potentiometric titration
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32°C for with and without MnO,.

Table 4: 1M Na,SO, with and without MnO, at 28°C, 30°C, and 32°C .

Volume of | Na,SO, at 28°C Na,SO0, at 30°C Na,SO, at 32°C
HNO; With MnO, | Without MnO, | With MnO, | Without MnO, | With MnO, | Without MnO,
PH
0.0 6.85 6.42 7.32 8.32 6.83 6.75
0.5 6.06 3.99 7.02 455 6.02 3.90
1.0 5.73 3.66 6.82 4.08 5.81 3.51
1.5 5.80 3.47 6.65 3.98 5.79 3.30
2.0 5.75 3.33 6.55 3.75 5.66 3.16
2.5 5.59 3.20 6.39 3.52 5.56 3.05
3.0 5.40 3.12 6.28 3.39 5.44 2.97
3.5 5.22 3.04 6.12 3.53 5.36 291
4.0 5.60 2.98 6.07 3.59 5.33 2.85
4.5 5.57 2.92 5.98 3.50 5.19 2.87
5.0 5.46 2.88 5.89 3.44 5.12 2.74
5.5 5.38 2.84 5.78 3.43 5.03 2.69
6.0 5.26 2.80 5.10 3.40 5.02 2.66
6.5 5.16 2.75 5.67 3.37 5.00 2.61
7.0 5.08 2.73 5.58 3.35 4.98 2.58
75 5.02 2.70 5.48 3.32 4.99 2.55
8.0 4.98 2.68 5.44 3.30 4.98 2.52
8.5 4.95 2.64 5.36 3.27 4.98 2.50
9.0 4.90 2.61 5.38 3.25 4.97 247
9.5 4.88 2.59 5.29 3.23 4.97 2.46
10.0 4.86 2.59 5.29 3.21 2.44
10.5 4.85 3.21
Table 5: 0.1M Na,SO, with and without MnO, at 28°C, 30°C, and 32°C.
Volume of Na,S0, at 28°C Na,S0, at 30°C Na,S0, at 32°C
HNO; With MnO, [ Without MnO, | With MnO, | Without MnO, | With MnO, | Without MnO,
PH
0.0 7.67 5.89 8.05 6.45 2.69 5.56
0.5 6.95 327 7.82 3.78 6.96 3.42
1.0 6.40 3.02 7.65 3.43 6.84 3.09
1.5 6.15 2.86 7.48 3.18 6.49 2.87
2.0 5.90 2.71 7.28 3.03 6.14 2.74
2.5 5.89 2.60 7.11 2.93 6.02 2.65
3.0 5.87 2.54 6.98 2.84 5.98 2.56
35 5.79 2.47 6.97 2.76 5.88 2.47
4.0 577 2.41 6.95 2.69 5.87 2.43
45 5.75 2.36 6.94 2.63 5.74 2.36
5.0 572 232 6.90 2.57 5.69 233
5.5 5.67 2.28 6.57 2.54 5.51 2.29
6.0 5.59 2.24 6.55 2.00 5.49 2.25
6.5 5.54 2.20 6.52 2.96 5.48 221
7.0 5.48 2.17 6.48 2.44 5.47 2.17
75 5.46 2.14 6.46 2.79 5.46 2.15
3.0 5.45 2.11 6.45 237 5.45 2.14
8.5 5.44 2.08 6.44 2.34 5.44 2.13
9.0 5.43 2.06 6.42 232 5.43 2.12
9.5 5.42 2.04 6.40 2.29 5.42 2.11
10.0 5.42 2.03 6.40 227 5.42 2.11
10.5 2.00 225
Analyzed Results:

The surface area of Manganese dioxide was determined by adsorption from solution and was found to be
1702.56m?/ g (See Appendix A).

The value of adsorption 0 is calculated using Kokarev formula (Kokarev, G.A., 1988). At a given pH, the
difference in volume (AV) between the two in each of the pH against Volume was used to calculate the
adsorption 0.

Results of Adsorption and Electric Surface Charge for SO/ (Sulphate Ion) from Na,SO, Solution:
The results obtained for 6 and E are presented in Tables 12-23.
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Table 6: 0.01M Na,SO, with and without MnO, at 28°C, 30°C, and 32°C.

Volume of Na,SO, at 28°C Na,S0, at 30°C Na,S0, at 32°C
HNO; With MnO, | Without MnO, [ With MnO, | Without MnO, | With MnO, | Without MnO,
PH
0.0 8.55 6.22 9.15 6.70 8.59 6.33
0.5 8.23 3.03 8.42 3.49 8.32 3.07
1.0 7.44 2.80 8.39 3.70 8.14 2.71
1.5 7.20 2.61 8.36 2.75 7.94 2.48
2.0 7.13 2.50 8.14 2.90 7.20 2.36
2.5 6.66 2.39 7.81 2.65 7.05 226
3.0 6.54 2.34 7.53 2.56 6.86 2.15
3.5 6.45 224 7.29 2.48 6.68 2.09
4.0 6.24 2.17 7.13 2.42 6.53 2.02
4.5 6.05 2.12 7.00 2.36 6.72 1.98
5.0 5.98 2.04 6.85 2.30 6.37 1.92
5.5 5.82 2.03 6.77 225 6.22 1.88
6.0 5.80 1.99 6.73 221 6.12 1.84
6.5 5.74 1.96 6.53 2.16 5.95 1.80
7.0 5.68 1.93 6.34 2.14 5.87 1.76
7.5 5.63 1.90 6.21 2.12 5.78 1.73
8.0 5.65 1.86 6.16 2.10 5.61 1.70
8.5 5.65 1.84 6.08 2.08 5.55 1.67
9.0 1.83 6.08 2.06 5.42 1.65
9.5 1.80 2.04 5.39 1.63
10.0 1.79 2.04 5.38 1.63
Table 7: 0.001M Na,SO, with and without MnO, at 28°C, 30°C, and 32°C.
Volume of Na,SO, at 28°C Na,S0, at 30°C Na,S0, at 32°C
HNO; With MnO, | Without MnO, [ With MnO, | Without MnO, | With MnO, | Without MnO,
PH

0.0 8.62 5.86 9.22 6.33 9.15 5.80
0.5 8.42 2.81 8.98 3.89 8.87 2.74
1.0 8.05 2.55 8.66 3.02 8.44 2.54
15 7.79 2.38 8.42 2.75 8.33 2.38
2.0 7.40 2.25 8.22 2.56 8.17 2.23
2.5 7.26 2.15 8.03 2.41 8.04 2.13
3.0 6.88 2.07 7.72 2.35 7.46 2.05
35 6.70 2.00 7.53 227 7.36 1.97
4.0 6.81 1.91 7.36 2.19 7.19 1.92
4.5 6.55 1.88 7.14 2.12 7.02 1.86
5.0 6.33 1.82 6.94 2.01 6.86 1.80
55 6.20 1.80 6.76 2.03 6.77 1.76
6.0 6.10 1.77 6.58 1.99 6.63 1.73
6.5 6.08 1.73 6.43 1.96 6.52 1.69
7.0 6.00 1.70 6.33 1.92 6.40 1.63
75 5.94 1.66 6.24 1.88 5.84 1.61
8.0 5.90 1.64 6.18 1.86 5.68 1.58
8.5 4.96 1.62 6.08 1.84 5.53 1.58
9.0 491 1.59 6.02 1.81 5.4 1.55
9.5 4.88 1.57 6.0 1.79 5.35 1.53
10.0 4.87 1.57 1.77 5.33 1.50
10.5 1.74 1.45

Discussion of Result:
Determination of Surface Area of MnO;:

The volumetric analysis (titration) between various concentration of acetic acid including a control show a
gradual increase in the titre valve 0.1M NaOH thus reflecting in the increase in the concentration of acetic acid.
A plot of C/N versus C gave a straight line graph and the slope Nm was used to calculate the surface area of
MnO,. The surface area of MnO, was found to be 1702.69m2/g.

Effect of Concentration of Anions on Adsorption (|):

The result showed that the lower the concentration of the anions the higher the adsorption of the anions.
This is a complete deviation from the fact that the higher the concentration of the anions (greater gradient) the
higher the adsorption of the adsorbate. The fact is that the higher the concentration of the anions the less the
kinetic energy of the anions and the chances of being adsorbed with time. However, the lower the concentration
of the anions the higher the chances of being adsorbed as a result of lesser concentration of the anions.

Effect of Concentration and Temperature of Anions on Surface Charge (E):
The lower the concentration of the anions the higher the surface charge posed on the MnO,. Similarly, the
surface charge of different concentration of anions with respect to a selected temperature of 30°C shows that
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SO4: 0.001M>0.01 M>0.IM>1M
NO3: 0.1M>0.001M>0.01M>1M
The surface charge of some concentration of anions at 30°C show that

Form 1M, SO, > NO;y
For 0.1M.SO,* > NO;y
For 0.01M. SO,*> NO5
For 0.001M. SO,*>NO3"

The above comparism shows that the surface charges of SO4* is higher than the anion NOs™ for all the

concentrations.

Table 8: IM NaNO

with and without MnO, at 28°C, 30°C, and 32°C.

Volume of Na,NO; at 28°C Na,NO; at 30°C Na,NO; at 32°C
HNO; With MnO, [ Without MnO, | With MnO, | Without MnO, | With MnO, | Without MnO,
PH
0.0 6.47 6.46 6.72 6.08 6.86 433
0.5 6.02 42 6.52 5.82 6.62 3.01
1.0 5.96 3.55 6.21 2.34 6.24 2.74
1.5 5.84 3.35 6.11 2.06 6.12 2.6
2.0 5.72 3.19 5.99 1.94 5.98 2.45
25 5.62 3.09 5.85 1.81 5.92 237
3.0 5.56 3.02 5.77 1.76 5.89 2.29
3.5 5.49 2.97 5.55 1.70 5.80 222
4.0 5.49 2.92 5.50 1.64 5.63 2.15
45 5.35 2.86 5.42 1.53 5.57 2.12
5.0 5.29 2.82 537 1.48 5.57 2.07
5.5 521 2.78 531 1.45 5.48 2.03
6.0 5.18 2.73 5.22 1.42 5.44 1.90
6.5 5.18 2.69 5.15 1.39 5.33 1.96
7.0 5.16 2.67 5.02 1.38 5.16 1.94
75 5.09 2.64 4.96 1.36 5.30 191
8.0 5.01 2.62 4.88 1.34 5.20 1.88
8.5 4.97 2.59 4.82 1.32 5.00 1.86
9.0 4.90 2.57 4.82 131 4.90 1.83
9.5 4.87 2.55 481 1.29 4.80 1.81
10.0 4.83 2.53 4.80 1.26 4.78 1.80
10.5 4.82 251 4.78 1.24 4.72 1.79
11.0 4.80 2.50 4.77 1.22 4.66 1.77
11.5 478 2.50 475 1.21 4.65 1.74
12.0 4.78 2.50 4.75 1.21 4.65 1.74
Table 9: 0.1M NaNO; with and without MnO, at 28°C, 30°C, and 32°C.
Volume of Na,NO; at 28°C Na,NO; at 30°C Na,NO; at 32°C
HNO; With MnO, | Without MnO, | With MnO, | Without MnO, | With MnO, | Without MnO,
PH

0.0 7.52 6.33 8.23 5.70 7.93 6.36
0.5 6.88 3.05 7.74 3.15 7.50 3.19
1.0 6.72 2.90 7.62 3.05 7.04 2.98
1.5 6.40 2.80 7.44 2.90 6.50 2.72
2 6.29 2.68 7.27 2.80 6.60 2.61
2.5 6.17 2.60 6.21 2.75 6.32 2.49
3 5.98 2.52 6.91 2.70 8.12 2.42
35 5.79 2.48 6.65 2.65 6.09 2.35
4.0 5.55 243 6.47 2.60 5.88 2.36
4.5 5.36 2.39 6.34 2.56 5.79 2.29
5 5.17 2.35 6.20 2.53 5.65 2.18
5.5 5.13 231 6.06 251 5.58 2.08
6 5.10 2.28 6.06 248 5.47 2.00
6.5 5.06 2.26 6.00 245 5.50 1.95
7 4.75 2.24 5.88 2.44 5.45 1.92
75 4.95 2.22 5.85 2.42 5.37 1.90
3 4.78 221 5.86 2.39 527 1.88
8.5 4.98 2.20 5.83 2.38 5.20 1.86
9 491 2.18 5.68 2.36 5.09 1.84
9.5 471 2.15 5.67 224 5.02 1.83
10 4.63 2.13 5.65 233 5.02 1.82
10.5 4.77 2.12 231 1.82
11.0 4.64 2.10 2.30
11.5 4.98 2.09 2.88
12.0 4.45 2.07 2.27
12.5 4.47 2.05 2.26
13.0 4.44 2.05 225
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Table 10: 0.01M NaNO; with and without MnO, at 28°C, 30°C, and 32°C.

Volume of NayNO; at 28°C Na,NO; at 30°C Na,NO; at 32°C
HNO; With MnO, [ Without MnO, | With MnO, [ Without MnO, | With MnO, | Without MnO,
PH
0.0 9.22 5.62 9.00 6.80 9.20 6.44
0.5 8.05 2.68 8.89 3.05 8.76 3.02
1.0 8.44 2.53 8.66 2.76 8.36 2.72
15 8.30 2.39 8.10 2.88 8.42 2.55
2.0 7.95 222 8.30 2.39 8.22 242
25 7.67 2.14 771 2.32 796 2.29
3.0 7.31 2.04 7.65 2.20 7.53 222
3.5 6.92 1.99 721 2.15 7.41 2.15
4.0 6.75 1.95 6.66 2.08 7.14 2.11
45 6.60 1.84 6.45 2.04 6.75 2.07
5.0 6.55 1.79 6.33 1.99 6.55 2.04
5.5 6.33 1.74 6.18 1.96 6.48 2.00
6.0 6.23 1.70 6.06 1.92 6.03 1.97
6.5 6.13 1.62 5.98 1.89 5.87 1.93
7.0 6.05 1.60 5.90 1.85 9.20 1.99
7.5 5.99 1.56 5.87 1.83 8.76 1.87
8.0 5.93 1.54 5.82 1.79 8.36 1.85
8.5 5.88 1.51 5.78 1.77 8.42 1.82
9.0 5.85 1.48 5.75 1.75 8.22 1.88
9.5 5.82 1.46 5.72 1.73 7.96 1.76
10.0 5.82 1.44 5.71 1.69 7.53 1.74
10.5 1.41 1.69 7.41 1.72
11.0 1.39 7.14 1.69
11.5 1.38 6.75 1.69
12.0 135 6.55 1.67
12,5 1.34 6.48 1.66
13.0 132 6.03 1.65
13.5 1.29 5.87
14.0 1.29
Table 11: 0.001M NaNO; with and without MnO, at 28°C, 30°C, and 32°C.
Volume of NayNO; at 28°C Na,NO; at 30°C Na,NO; at 32°C
HNO, With MnO, [ Without MnO, | With MnO, | Without MnO, | With MnO, | Without MnO,
PH
0.0 9.77 6.40 8.67 6.24 9.82 7.04
0.5 9.48 3.20 8.38 3.34 9.53 3.33
1.0 8.99 2.80 8.16 3.02 9.28 2.72
15 8.81 2.56 7.92 2.82 8.93 2.65
2.0 8.53 2.40 7.69 2.76 8.66 2.46
25 8.08 2.30 7.24 2.68 8.58 231
3.0 7.38 222 7.16 2.60 8.45 221
35 6.97 2.15 6.95 2.56 8.31 2.13
4.0 6.69 2.08 6.80 251 8.19 2.08
45 6.56 2.04 6.71 2.46 7.99 2.03
5.0 6.38 1.99 6.62 243 7.73 1.99
5.5 6.22 1.95 6.47 2.39 7.50 1.96
6.0 6.10 1.91 6.38 2.36 7.06 1.92
6.5 5.98 1.88 6.29 2.33 6.88 1.89
7.0 5.90 1.84 6.15 231 6.69 1.86
7.5 5.87 1.82 6.07 2.28 6.54 1.84
8.0 5.81 1.79 5.99 226 6.43 1.82
8.5 5.76 1.77 5.96 224 6.37 1.80
9.0 5.72 1.74 591 223 6.35 1.78
9.5 5.69 1.71 5.88 221 6.34 1.77
10.0 5.65 1.69 5.87 2.19 6.34 1.77
10.5 1.64 4.86 2.18
11.0 1.62 5.29 2.16
11.5 1.61 5.19 2.14
12.0 1.59 5.29 2.13
12.5 1.59 5.29 2.12
Table 12: 1M Na,SO, solution for SO,* (sulphate ion) at 28°C.
pH AV Adsorption capacity (6) X10™ (mol/cm?) Surface Charge (E) x 107 (coulombs/cm?)
4.8 8.6 9.568 18.462
52 3.3 3.64 7.025
5.6 2.3 2.54 4.902
6.0 0.4 0.441 0.852
Average 7.812
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Table 13: 1M Na,SO, solution at 30°C.

pH AV Adsorption capacity (0) x10"? (mol/cm?) Surface Charge (E) x 107 (coulombs/cm?)
54 7.6 8.383 16.18
5.9 4.67 5.151 9.941
6.4 2.2 2.427 4.683
6.8 0.8 0.882 0.170
Average 8.127
Table 14: 1M Na,SO; solution at 32°C.
pH AV Adsorption capacity (8) x10'* (mol/cm?) Surface Charge (E) x 107 (coulombs/cm?)
5.0 5.67 6.254 12.07
5.2 4.7 6.287 12.13
5.6 2.3 2.5.37 4.896
6.0 0.5 0.552 1.064
Average 7.540

Table 15: 0.1M Na,SO, solution at 28°C.

pH AV Adsorption capacity (8) x10"'* (mol/cm?) Surface Charge (E) x 107 (coulombs/cm?)
5.0 6.8 7.500 14.48
5.4 3.9 4.302 8.302
5.6 3.5 3.861 7.451
5.8 2.4 2.647 5.109
Average 8.836
Table 16: 0.1M Na,SOj, solution at 30°C.
pH AV Adsorption capacity (0) x10™"? (mol/cm?) Surface Charge (E) x 10”7 (coulombs/cm?)
6.4 7.0 7.721 14.09
Table 17: 0.1M Na,SOj solution at 32°C.
pH AV Adsorption capacity (0) x 10"? (mol/cm?) Surface Charge (E) x 10”7 (coulombs/cm?)
4.8 9.4 10.37 20.01
52 6.0 6.618 12.77
5.6 4.0 4412 8.515
Average 13.765

Table 18: 0.0IM N

2,50, solution at 28°C.

pH AV Adsorption capacity (0) x 10" (mol/cm?) Surface Charge (E) x 107 (coulombs/cm?)
5.6 7.0 7.721 14.90
5.8 5.5 6.067 11.71
6.0 4.0 4.12 8.515
Average 11.708
Table 19: 0.01M Na,SO, solution at 30°C.
pH AV Adsorption capacity (0) X10™ (mol/cm?) Surface Charge (E) x 107 (coulombs/cm?)
6.0 8.9 9.817 1.895
6.2 7.5 8.273 1.597
6.4 6.8 7.500 1.448
6.6 6.0 6.618 1.277
Average 15.543
Table 20: 0.01M Na,SO, solution at 32°C.
pH AV Adsorption capacity (6) X10™ (mol/cm?) Surface Charge (E) x 107 (coulombs/cm?)
5.4 8.9 9.817 1.895
5.6 7.95 8.769 1.692
6.0 6.4 7.059 1.362
6.2 5.4 5.956 1.150
Average 15.248
Table 21: 0.001M Na,SO, solution at 28°C.
pH AV Adsorption capacity (6) X10? (mol/cm?) Surface Charge (E) x 10”7 (coulombs/cm?)
4.8 9.8 10.81 2.086
52 8.15 8.989 1.735
5.6 6.8 7.500 1.448
5.8 6.0 6.618 1.277
Average 16.365

Table 22: 0.001M Na,SO, solution at 30°C.
pH AV Adsorption capacity (0) X10™? (mol/cm?) Surface Charge (E) x 10”7 (coulombs/cm?)
6.0 8.8 9.706 1.873
6.2 7.5 8.273 1.597
6.3 7.0 7.721 1.490
Average 16.533

1628




Aust. J. Basic & Appl. Sci., 5(11): 1621-1633, 2011

Table 23: 0.001M Na,SO, solution at 32°C.

pH AV Adsorption capacity (0) X10™? (mol/cm?) Surface Charge (E) x 107 (coulombs/cm?)
5.4 9.0 9.922 1.916
5.6 8.2 9.045 1.746
5.8 7.5 8.273 1.597
Average 17.530

Results of Adsorption and Electric Surface Charge for NOj3 (Nitrate lon) From Nano; Solution:

The results obtained for 6 and E are presented in tables 24-33.

Table 24: 1M NaNOj solution at 28°C.

pH AV Adsorption capacity (0) X10™* (mol/cm®) Surface Charge (E) x 107 (coulombs/cm®)
4.8 9.1 10.04 9.686
5.2 5.2 5.736 5.535
5.6 2.2 2.437 2.342
6.0 0.3 0.331 0.319
Average 5.189

Table 25:

1M NaNO; solution at 30°C.

pH AV Adsorption capacity (0) X10™ (mol/cm®) Surface Charge (E) x 107 (coulombs/cm®)
4.8 8.2 9.045 8.728
54 4.4 4.853 4.683
5.8 2.6 2.868 2.767
6.0 2.0 2.206 2.127
Average 4.577

Table 26:

0.1M NaNO; solution at 28°C.

pH AV Adsorption capacity (0) X10™? (mol/cm?) Surface Charge (E) x 10”7 (coulombs/cm?)
5.0 5.2 5.736 5.535
5.4 4.3 4.743 4.577
5.8 3.5 3.861 3.725
6.2 2.4 2.647 2.555
Average 4.098

Table 27:

0.1M NaNO; solution at 30°C.

pH

AV

Adsorption capacity (6) X10™ (mol/cm?)

Surface Charge (E) x 107 (coulombs/cm?)

5.6

9.0

9.922

9.580

Table 28:

0.1M NaNO; solution at 30°C.

pH AV Adsorption capacity (0) X102 (mol/cm?) Surface Charge (E) x 107 (coulombs/cm?)
5.2 8.3 9.155 8.834
5.6 5.0 5.515 5.322
6.0 3.8 4.191 4.045
6.2 2.8 3.088 2.980
Average 5.295
Table 29: 0.01M NaNOj solution at 30°C.
pH AV Adsorption capacity (0) X10™ (mol/cm?) Surface Charge (E) x 107 (coulombs/cm?)
5.8 8.0 8.824 8.515
6.2 5.4 5.956 3.748
6.6 4.0 4.412 4.258
6.8 3.8 4.191 4.045
Average 5.642
Table 30: 0.01M NaNO; solution at 32°C.
pH AV Adsorption capacity (0) X10™ (mol/cm®) Surface Charge (E) x 107 (coulombs/cm®)
5.2 8.8 9.706 9.367
5.6 74 8.162 7.877
6.0 6.0 6.618 6.386
6.4 5.5 6.067 5.854
Average 7.371
Table 31: 0.001M NaNO; solution at 28°C.
pH AV Adsorption capacity (0) X10™? (mol/cm?) Surface Charge (E) x 10”7 (coulombs/cm?)
5.6 9.5 10.48 10.11
6.0 6.4 7.059 6.812
6.4 5.0 5.515 5.322
Average 7.415
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Table 32: 0.001M NaNO; solution at 30°C.

pH AV Adsorption capacity (0) X10™? (mol/cm?) Surface Charge (E) x 107 (coulombs/cm?)
5.8 9.5 10.48 10.11
6.0 7.6 8.383 8.089
6.2 6.5 7.170 6.919
Average 8.373

Table 33: 0.001M NaNO; solution at 32°C.

pH AV Adsorption capacity (0) X10™ (mol/cm?) Surface Charge (E) x 107 (coulombs/cm?)
6.4 8.0 8.824 8.515
6.6 7.5 8.273 7.983
6.8 6.8 7.500 7.238
7.0 6.0 6.618 6.386
Average 7.531
Statistical Results:
The factorial analyzed results are also presented in Tables 34-38.
Table 34: Factorial Result of SO,> (Sulphate ion) as Na,SO,,
Degree of Freedom X X, X Y x107 (Coulombs/m?)
1 + + + 0.745
2 + 0 + 1.254
3 + - + 1.753
4 + + 0 0.813
5 + 0 0 1.233
6 + - 0 1.653
7 + + - 0.781
8 + 0 - 1.209
9 + - - 1.637
Table 35: Factorial Result for NO5 (Nitrate ion) as NaNOs,
Degree of Freedom X, X, X, Y x10” (Coulombs/m?)
1 + + + 0
2 + 0 + 0.377
3 + - + 0.753
4 + + 0 0.458
5 + 0 0 0.648
6 + - 0 0.837
7 + + - 0.519
8 + 0 - 0.630
9 + - - 0.742
Table 36: Calculation of Matrix and the Surface Charge (E) of the Anions E =Y x 10”7 (Coulombs/cm?) for 3 Factorial Design.
Run Xg X] Xz X] 1 X12 Xzz Y Y
No ao a az ar| apn an 30427 NO}
1 + + + + + + 7.540 0
2 + 0 + 0 0 + 12.535 3.766
3 + - + + - + 17.530 7.531
4 + + 0 + 0 0 8.127 4.577
5 + 0 0 0 0 0 12.330 6.475
6 + - 0 + 0 0 16.533 8.373
7 + + - + - + 7.812 5.189
8 + 0 - 0 0 + 12.089 6.302
9 + + - + - + 16.365 7.415

Determination of regression coefficients of the model equation

Table 37: Determination of Significance of data for SO.% .

Obs X, X, Significance of variance =0 Y
1 1 32 7.540
2 0.501 32 12.535
3 0.001 32 17.530
4 1 30 8.127
5 0.501 30 12.330
6 0.001 30 16.533
7 1 28 7.812
8 0.501 28 12.089
9 0.001 28 16.365
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Table 38: Determination of Significance of data for NO; .

Obs X, X, Significance of variance = 1Y
1 1 32 0

2 0.501 32 3.766
3 1 32 7.531
4 1 28 4.577
5 0.501 30 6.475
6 1 30 8.373
7 0.501 28 5.189
8 1 32 6.302
9 0.501 32 7.415

Effect of pH on MnO, :

As the titration proceeds with additional volume of the titrant, a sudden but gradual decrease of the pH
solution with MnO, was observed. The pH value ends towards greater acidity. Generally, the starting pH values
of the titrant in each of the concentration of the anion, is greater with MnQO, than those without MnO,. This is
because the MnO, is alkaline in nature.

The plot of pH against the volume of titrant HNO; showed that those without MnO, fall below those with
MnO,, this is because the addition of MnO, into the titrant results in increase in pH value but this suddenly
decreases as the hydrogen ions of the titrant get adsorbed unto the MnO, thereby decreasing the anion
concentration from the solution making the solution tends towards acidity due to less anions in the solution. At a
stage there will be no further change in the pH values. This is possible because when all the adsorption sites
have been fully covered by the anions, further addition will not yield any change in the pH values of both the
solutions of with and without MnO,.

The Result of Regression Analysis:

In statistical analysis attempt was made to discover and establish relationship between the different
variables such as pH, temperature and concentration involved in the analysis.

To this effect the step served as an attempt to evaluate the determination of surface electric charge of
anions. This was done by checking the type of relationship that exists between the dependent variable (Nitrate
and Sulphate) and concentration of the Anions and Temperature of the anions. This was done through the use of
regression analysis. The computational device is the statistical package (SPSS) software programmelz.

The Result of the Regression Model Equation for SO;":
Ysul =10.8567 — 8.9733x1 + 0.3841 x 2 — 3.4465x12

The F-statistics shows that the equation or model employed is statistically significant with P-value = 0.00. P
-Value < 0.05 is significant interaction.

The result of the regression model equation for NO; :
YNat = -278.7760 — 0.4735x, + 37.2464X, — 17.6362x,
The P-value of 0.8511 is statistically insignificant since it is > 0.05

Conclusion:

The result obtained and its analysis showed that; The surface area of MnO, was found to be 1702.69m2/g
and Manganese dioxide (MnO,) used as a depolarizer in a dry cell can be improved if properly blended with
alkaline anions especially SO,” ion. This is because their presence will increase the surface charges which in
effect result in enhanced voltage output and extension of cells lifespan due to its greater surface charge. The
investigation showed that the use of SO,* ion can be justified because of its consistent increase in its surface
charges at different concentrations and temperature compared with NO;". The adsorption of these anions on the
MnO, as a depolarizer will increase the lifespan of Leclanche cell in the following decreasing order; SO,
(99%) >NO;5 (14%).
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Appendix A
Determination of Surface Area of Mno, By Adsorption from Solution:
i.  Concentration of the given stock of acetic acid
C.= (% Purity x S.G x 1000)/(M.wt x 100) .........cnenvene €))
Where
Cc = concentration of stock acetic acid, % purity = percentage purity of stock acetic acid, S. G = specific
gravity of stock acetic acid, M. wt = molecular weight of acetic acid.
The assays on the stock bottle of acetic acid are: S. G =1.0495, M.wt = 60.05g.
% Purity = 99%
Using (1) above, we have; C, = (99 x 1.0495 x 1000)/( 60.05 x 100) =17.3M

ii. To obtain the volume of stock acid solution required to be made up to 1000ml, in order to have 0.15M
acetic acid solution, the relation

CoVe=CaVq o 2)

Where C. = concentration stock acetic acid (M), V. = volume (ml) of stock acid solution required
dilution, C4 = Desired concentration of needed acetic acid solution, V4= Volume of desired acid solution.

Applying (2); C.V.=Cq Vy

Where;

Cy=173M, V. =7, V4= 100ml

17.3xV,=0.15x1000; V. = (0.15x 1000)/17.3 = 8.67ml

Therefore 8.67ml of the given stock acetic acid is required to be measured and made up to 100ml of
solution to obtain 0.15M acetic acid solution needed. Also, 0.12, 0.9, 0.09, 0.06, 0.03 and 0.015M acetic acid
were obtain by respectively making up 80, 60, 40, 20 and 10ml of 0.15M acetic acid solution up to 100ml with
distilled water.

iii. Calculation of equilibrium concentration of acetic acid after adsorption from solution
The final concentration (equilibrium concentration) of acetic acid is determined from the results of its
titration with 0.1M NaOH.
Considering the stoichiometric expression below;
CH;COOH + NaOH = CH;COONa + H,0
We have that
CAVA/ CBVB = na/ Np e (3)
Where
C,= Final concentration of acetic acid, Vo = Volume of acetic acid used = 25ml, Cg = Concentration of
NaOH = 0.1M, Vg = Average Titre (ml), n, = number of moles of acid = 1, n, = number of moles of base = 1.
From (3) CA VA = CB VB
CA = CB VB/ VA ............................. (4)
By applying (4)
For 0.15M solution of acetic acid: C, = (0.1 x 44)/25 = 0.1760
For 0.12M: C, = (0.1 x 33.5)/25= 0.1340M; For 0.09M: C,= (0.1 x 25.65)/ 25 = 0.103M
For 0.06M: C,=(0.1x16.3)/25 = 0.0652M; For 0.03M C, = (0.1 x 6.2)/25 = 0.0248M
For 0.015M C,= (0.1 x 1.35)/25 = 0.0054M
The initial concentration of acetic was labeled as C,; while the final concentrations was labeled as C.

iv. Calculation of slope from the graph of C/N against C.
Slope = Ay/ Ax = (y2—y)/(x2—x;1) = (8.6 —6)/(0.125—0.09) =2.6/0.035 = 74.286
From the equation plotted i.e. C/N = C/N, + 1/kN,
Slope = 1/Nm N, = 1/slope = 1/74.286 = 0.01346076
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Calculation of specific area, A.

The specific area, A (in m2/g) for adsorption is given by

A=N,Nyox 10

Where Nm = Number of adsorption sites = 0.01356076, No = Avogadro’s number = 6.023 x 1023
0o =Area occupied by an adsorbed molecule on the surface = 21A

Therefore: A =0.01346076 x 6.023 x 10% x 21 x 10%° = 1702.55731m%/g = 1702.56m2/g
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