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ABSTRACT

In this research work it has been conducted the performances of PKL electricity for practical utilization in DC
appliances. The parameters like open circuit voltage (V,), Short circuit current (ls), discharge voltage (Vy),
discharge current (lg), power, current density, power density, energy efficiency, columbic efficiency voltage
efficiency have been developed. The parameters have been measured by sophisticated multimeters with different
DC appliances as a load. The variation of open circuit voltage (Vo), Short circuit current (ls), discharge
voltage (Vg), discharge current (lg), power, current density, power density, energy efficiency, columbic
efficiency voltage efficiency with the variation of different day of the weeks have been studied. It is found that
the performances decreased firstly and then increased. Then it can be concluded that the PKL electrochemical
cell has retarding force. The observations have been taken for different weeks. The findings of this article are
that the PKL electrochemical cell is feasible and viable for DC appliances for practical utilizations. It is
possible to produce electricity from PKL electrochemical cell. The produced electricity is DC. So that it is
feasible and viable to run the DC appliances like Solar Photovoltaic system. It can be used instead of solar
photovoltaic electricity. It can be used for a long time with the same PKL extract. The PKL extract should be
filtered for better performance. It was found that the maximum energy efficiency was 38.38% and the minimum
energy efficiency was 25.85%. It was also found that the maximum columbic efficiency was 92.43% and the
minimum columbic efficiency was 62.63%. It was also found that the maximum voltage efficiency was 41.98%
and the minimum voltage efficiency was 41.51%. This work is new and innovative work. This work will be the
guide line for near future to generate electricity production.

Kew words: DC appliances, PKL electricity, PKL Home System, Redox reactions, Spontaneous reactions, Non-
spontaneous reactions, lons

l. Introduction:
The traditional sources of energy like oil, gas and coal are the mineral sources [1]. These are limited source.
Because it will be finished within 2100 centuries. So we need to conduct research on new and renewable energy
sources [2]. The energy source which does not have a limited source and which can be generated again and
again and will never run out is called renewable energy sources. These are solar energy, Bio gas energy, Bio
mass energy, Geo thermal energy, Tidal energy, Hydro power, wave energy and OTEC (Ocean Thermal Energy
Conversion) etc. The solar energy is very popular now a days in Bangladesh [3]. The solar energy is divided in
different ways like solar home system (SHS), solar building integrated system, solar grid connected system and
solar floating system etc. The solar home system (SHS) mainly depends on DC appliances [4-5]. There are some
problems for using solar home system (SHS). It needs storage battery during night time. But the storage battery

12522 www.ijariie.com 1936



Vol-6 Issue-4 2020 IJARIIE-ISSN(O)-2395-4396

does not stay long time. So that after some years it needs to replace by a new storage battery. That is why people
are not happy on storage battery [6-7]. They have to purchase new battery to run the solar home system
smoothly. To keep it in mind we have designed and developed our PKL electric system for DC appliances [8-9].
We studied several parameters for use in DC appliances.Most of the results have been tabulated and graphically
discussed.

1. Objectives:

(i)To disseminate PKL electricity for DC appliances.

(i) To grow interest for PKL electricity among the people.
111 Methodology:
The different Specifications of Electrolyte is given below:
Quantity of PKL = 800g = 0.8kg, Quantity of water = 3200ml = 3.2liter and PKL: Water = 1:4 and the
dimensions of the Zn electrode is length of the Zn electrode = 14.8cm, width of the Zn Electrode = 3.8cm and
the area of the Zn electrode = (14.8x3.8) cm? = 56.24cm?. The dimensions of each Chamber is Length of each
Chamber = 10.0cm, Width of each Chamber = 3.5cm and the area of each Chamber = (10.0x3.5) cm? = 35cm?.

Fig.1(a): DC LED bulb with PKL electricity =~ Fig.1(b): DC table fan PKL with PKL electricity

Fig.1(c): DC energy bulb with PKL electricity

Fig.1 Experimental set up for the DC appliances of PKL electricity
It is shown in Fig. 1(a) that the DC LED bulb with PKL electricity, in Fig.1 (b) about the DC table fan PKL with
PKL electricity and in Fig.1(c) regarding the DC bulb with PKL electricity. Overall Fig.1 shows the
experimental set up for the DC appliances of PKL electricity.

Electrodes: The zinc plate was used as an anode and the copper plate was used as a cathode. There are 6
chambers/compartments in a PKL module, which was made by an insulated battery box[10]. There are one pair
of electrodes (one Zinc plate and one copper plate) are set up in each compartment. Then electrodes of each
compartment are connected in series combination. As a result the voltage of the PKL module increases and the
current of the PKL module remain constant. Then after the DC load is connected between the ends of the PKL
module. If load needs high voltage then more PKL module is connected in series connection to face the demand
of the DC load voltage. The electrolyte prepared by PKL extract has been put in to the each compartment of the
PKL module. After a chemical reaction the voltage is generated in the PKL module which lights the DC
appliances.

Electrolytes: PKL extract mixed with water for getting electrolyte of the PKL electrochemical cell. This PKL
extract has been filtered and then keep it into the each compartment of the PKL electrochemical Cell. When the
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electrodes Zinc and copper are immersed in to the electrolyte then the voltage and current are produced which

lights the DC appliances[11-12].

Battery box: The battery box was made by an insulated material like plastics. Generally, it is available in the

local market.

Connecting wires: The connecting wires are made of copper. It is also available in the market. It can be

purchased from both local and International market. Although it is also available in the local market. It can be

purchased by kg or, feet basis.

Multimeters: The voltage and current have been measured by a calibrated multimeters. It can be purchased

from both local and International market. Although it is also available in the local market.

PKL cultivation: The PKL is called miracle leaf. Because it can grow everywhere. So that it can be harnessed

easily. After collecting the PKL it has been blended by a blender or any other suitable crash machine. Then it is

mixed with water. If the water is DI water then it would better for better performance of electricity generation.
V. Chemical reactions:

The difference between cathode and anode for a PKL electrochemical cell is given below which is shown in

Table-1.

Table-1 Difference between cathode and anode for a PKL electrochemical cell

Copper electrode as a cathode Zinc electrode as an anode
Where gain of electrons Where loss of electrons
Where reduction occurs Where oxidation occurs

It has positive(+)sign It has negative(-)sign
Where + ve ions migrate to copper Where — ve ions migrate to zinc

Generation of Electric potential in a PKL System:

The potential difference between Cu plate and Zn plate of a PKL cell is called electric potential or electromotive

force of a PKL electrochemical cell. Generally, it is denoted by E, . It is measured by the equation, 1= 1J/1C

(since, V=W/Q) ..o viiiiiiiiiiiaanns - ()

Where, V= potential, W= Potential Energy and Q= charge. The pull or driving force on electrons of a PKL

electrochemical cell is also called the electromotive force (e.m.f). The causes of the electro motion in a PKL

electrochemical cell is the electromotive force. The potential at Zn plate may be called the oxidation potential

and the potential at Cu plate may be called the reduction potential[13-14]. The electrode potential cannot be

measured in isolation. The electrode potential of a PKL cell depends upon the chemical properties of the

materials of the electrodes, concentration of the materials, the temperature and pressure[15-16].

Standard State Condition for PKL electrochemical cell:

Concentration of the solution = 1 mol/L, The pressure of gases = 1 atm. and Temperature = 25°C or 298 K.

Standard PKL electrochemical Cell Potentials:

The PKL electrochemical cell potential at standard state conditions can be shown by the following equation:
E%en = E®%eq (cathode) — E®q (anOde) .................... (2),

where, E%, = Cell potential, E%.y (cathode) = Cathode (Cu plate) potential or, reduction potential and E°.q
(anode) = Anode (Zn plate) potential or oxidation potential. The intensive property of the PKL electrochemical
cell can be found according to equation (1), The potential energy per unit of charge is equal to the potential of
the PKL electrochemical cell. For PKL electrochemical cell, E°.4 (cathode) = -0.76 volt and E°red (anode)=
+0.34 volt. Therefore, from equation (2), we have, E°g= +0.34-(-0.76)=1.10 volt[17]. The strongest oxidizers
have the most +ve reduction potential and the strongest reducers have the most —ve oxidation potential. It is
found that the PKL cell potential depends upon the difference of the potential of two electrodes. It is also shown
that the reduction potential of the PKL cell potential does not depend upon the stoichiometric constant.

Summary of the standard electrode potential:

The electric voltage is created of a PKL electrochemical cell for two dissimilar electrode materials. This voltage
has been measured for the potential energy per unit charge from the redox reaction to drive the total reaction
activities. The PKL electrochemical cell has two half cells made by cathode (Cu plate) and anode (Zn plate)
with PKL extract. The important and interesting matter is that the created voltage of the PKL electrochemical
cell is positive because the reaction is spontaneous[18].
Difference between Cathodic and Anodic reactions of a PKL electrochemical Cell:

Table-2 Difference between cathodic and anodic reactions for a PKL electrochemical cell

Cathodic Reactions Anodic Reactions
Cu”"+2e =Cu Cu-2e = Cu™*
Zn“t +2e = 2Zn Zn-2e’ = Zn**
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Fe¥*+e = Fe?* Fe® -e =Fe*"
H* +2e" = 2H=H, 2H-e° = H*

It is shown in Table-2 that the Zn?* is the product ion and the Cu?*, Zn?* and the H* are the reactant ions. In PKL
electrochemical system, the concentration of the reactant ions should be higher than the concentration of the
product ions.

V. Results and Discussion
To study the performance of PKL electrochemical cell some parameters have been studied and tabulated in
Table-3. The different parameters have been collected for the same experimental setup after a week. It is
mentioned that the specifications for Table-3 have been taken after 5 weeks from starting date of the PKL
electrochemical cell.

Table-3: Data Collection for different parameters

Da |Op |Sh | Qua | Tim | Ar | Cha | Disc | Disc | Disc | Po | Curr | Po Ener | Colu | Volt
yof | en ort | ntity | e ea | rgin | hargi | hargi | hargi | we | ent | wer | gy mbi | age
the | circ | Cir | of Dur |, g ng ng ng r Den | Den | Effi | c Effi
diff | uit | cuit | PKL | atio | A | tim | time, | volta | Curre | (m | sity | sity | cien | Effi | cien
ere | Vol | Cur | extra | n (c | e Tq(h) | ge, nt,lg |W | (MA | (m |cy cien | cy
nt tag | rent | ct(kg | (hr) | m | T, Vy4 (mA) |) fem? | Wik | (%) | cy (%)
wee [ e |, lc |) | () V) ) g) (%)
ks Voo | (M

M | A
Da |51 |28 |08 56 | 0.26 121 |14 | 0.05 383 [ 924 | 415
yl- 18 7 2 8 |1 6 3 1
1 4 7
wee 18.
k 00 0.57 | 2.15 58
Da |50 |29 |08 56 | 0.28 120 | 14 | 0.05 33.6 | 80.1 | 41.9
y2- |5 4 2 8 |2 6 7 8
2" 4 5
wee 168 18.
k .5 055 | 212 56
Da |51 |28 |08 56 | 0.34 1.19 | 14 | 0.05 25.8 | 62.6 | 41.2
y3- |6 5 2 7 |1 5 3 8
3" 4 1
wee 336 18.
k 5 051 | 2.13 38
Da |50 |29 |08 56 | 0.25 120 | 14 | 0.05 38.3 | 914 | 419
y4- 15 4 2 8 |2 8 3 8
4" 4 5
wee 504 18.
k .5 056 | 2.12 56
Da |51 |28 |08 56 | 0.28 120 | 14 | 0.05 34.1 | 824 | 41.3
y5- |7 6 2 7 |1 1 2 9
5" 4 9
wee 672 18.
k 5 0.55 2.14 48
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Fig-2 shows that the open circuit voltage V¢ decreases from 5.18 volt (1st week) to 5.05 volt (2nd week)
linearly and then it increases from 5.05 volt (2nd week) to 5.16 volt (3rd week) linearly. Then after it decreases
from 5.16 volt (3rd week) to 5.05 volt (4th week) linearly. Finally, it increases from 5.05 volt (4th week) to 5.17
volt (5th week) linearly. It is concluded from the above analysis that the reading for data collection was taken
after a week. The PKL electrochemical cell regained electric energy and then discharge during data collection. It
is found that the difference between lowest and highest voltage is 0.13 volt for 5 weeks.

Fig-3 shows that the short circuit current Isc increases from 2.87 mA (1st week) to 2.94 mA (2nd week) linearly
and then it decreases from 2.94 mA (2nd week) to 2.85 mA (3rd week) linearly. Then after it increases from
2.85 mA (3rd week) to 2.94 mA (4th week) linearly. Finally, it decreases from 2.94 mA (4th week) to 2.86mA
(5th week) linearly. It is concluded from the above analysis that the reading for data collection was taken after a
week. The PKL electrochemical cell regained electric energy and then discharge during data collection. It is
found that the difference between lowest and highest current is 0.09 mA for 5 weeks.

Fig-4 shows that the load voltage Vd decreases from 2.15 volt (1st week) to 2.12 volt (2nd week) linearly and
then it increases slightly from 2.12 volt (2nd week) to 2.13 volt (3rd week) linearly. Then after it decreases from
2.13 volt (3rd week) to 2.14 volt (4th week) linearly. Finally, it increases from 2.12 volt (4th week) to 2.14 volt
(5th week) linearly. It is concluded from the above analysis that the reading for data collection was taken after a
week. The PKL electrochemical cell regained electric energy and then discharge during data collection. It is
found that the difference between lowest and highest voltage is 0.03 volt for 5 weeks.
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Fig-5 shows that the discharge current Id decreases from 1.21 mA (1st week) to 1.20 mA (2nd week) linearly
and then it decreases from 1.20 mA(2nd week) to 1.19 mA (3rd week) linearly. Then after it increases from 1.19
mA (3rd week) to 1.20 mA (4th week) linearly. Finally, it was steady from 1.20 mA (4th week) to 1.20 mA (5th
week)which was completely linear. It is concluded from the above analysis that the reading for data collection
was taken after a week. The PKL electrochemical cell regained electric energy and then discharge during data
collection. It is found that the difference between lowest and highest current is 0.02 mA for 5 weeks.

Fig-6 shows that the power decreases from 14.87 mW (1% week) to 14.85 (2" week) linearly and then it
increases slightly from 14.85 mW (2" week) to 14.71 mA (3" week) linearly. Then after it decreases from 14.71
mA (3" week) to 14.85 mA (4" week) linearly. Finally, it increases from 14.85 mA (4™ week) to 14.79 mA (5"
week) linearly. It is concluded from the above analysis that the reading for data collection was taken after a
week. The PKL electrochemical cell regained electric power during data collection. It is found that the
difference between lowest and highest voltage is 0.16 mA for 5 weeks.

Fig-7 shows that the current density increases from 0.051 mA/ecm? (1st week) to 0.052 mA/cm? (2nd week)
linearly and then it decreases from 0.051 mA/cm? (2nd week) to 0.051 mA/cm? (3rd week) linearly. 0.052
mA/cm? (4th week) linearly. Finally, it decreases from 0.052 mA/cm? (4th week) to 0.051 mA/cm? (5th week)
linearly. It is concluded from the above analysis that the reading for data collection was taken after a week. The
PKL electrochemical cell regained electric energy and then discharge during data collection. It is found that the
difference between lowest and highest current is 0.001 mA/cm? for 5 weeks.
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Fig-8 shows that the power density decreases from 18.58 mW/kg (1 week) to 18.56 mW/kg (2" week) linearly
and then it decreases slightly from 18.56 mW/kg (2" week) to 18.38 mW/kg (3™ week) linearly. Then after it
increases from 18.38 mW/kg (3™ week) to 18.56 mW/kg (4" week) linearly. Finally, it decreases from 18.56
mW/kg (4" week) to 18.48 mW/kg (5" week) linearly. It is concluded from the above analysis that the reading
for data collection was taken after a week. The PKL electrochemical cell regained electric power during data
collection. It is found that the difference between lowest and highest voltage is 0.20 mW/kg for 5 weeks.

Fig-9 shows that the energy efficiency (%) decreases from 38.36(%) (1% week) to 33.66(%) (2™ week) linearly
and then it decreases slightly from 33.66(%) (2" week) to 25.85(%) (3™ week) linearly. Then after it increases
from 25.85(%) (3 week) to 38.38(%) (4™ week) linearly. Finally, it decreases from 38.38(%) (4™ week) to
34.11(%) (5" week) linearly. It is concluded from the above analysis that the reading for data collection was
taken after a week. The PKL electrochemical cell regained electric power during data collection. It is found that
the difference between lowest and highest voltage is 12.53(%) for 5 weeks.

Fig-10 shows that the columbic efficiency (%) decreases from 92.43(%) (1% week) to 80.17(%) (2™ week)
linearly and then it decreases slightly from 80.17(%) (2™ week) to 62.63(%) (3" week) linearly. Then after it
increases from 62.63 (%) (3" week) to 91.43 (%) (4™ week) linearly. Finally, it decreases from 91.43 (%) (4™
week) to 82.42 (%) (5" week) linearly. It is concluded from the above analysis that the reading for data
collection was taken after a week. The PKL electrochemical cell regained electric power during data collection.
It is found that the difference between lowest and highest voltage is 29.80(%) for 5 weeks.
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Fig-11 shows that the voltage efficiency (%) increases from 41.51(%) (1 week) to 41.98(%) (2™ week) linearly
and then it decreases slightly from 41.98(%) (2" week) to 41.28(%) (3" week) linearly. Then after it increases
from 41.28 (%) (3" week) to 41.98 (%) (4" week) linearly. Finally, it decreases from 41.98 (%) (4" week) to
41.39 (%) (5™week) linearly. It is concluded from the above analysis that the reading for data collection was
taken after a week. The PKL electrochemical cell regained electric power during data collection. It is found that
the difference between lowest and highest voltage is 0.70 (%) for 5 weeks.
VI. Conclusions

The stronger oxidizing agent and the weaker reducing agent make a positive electro potential for PKL
electrochemical system. It is in oxidized form for more negative reduction potential which makes the weaker
oxidizing agent and it is reduced form for the stronger reducing agent. The positive value of Cell potential
indicates the overall reaction is spontaneous. The electricity is produced due to the voltage difference between
two Zn and Cu electrodes for PKL electrochemical cell. This voltage difference is also the difference between
two individuals voltage of Zn and Cu electrodes with respect to the PKL extract electrolyte. The overall voltage
of PKL electrochemical cell can be measured properly but there is no simple way to properly measure the
voltage between electrode-electrolyte till today. The electric voltage of the PKL electrochemical cell depends
upon concentration, temperature and pressure.
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