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ABSTRACT

In this research we are introducing a new cell cosgrl of electrodes of Graphite —Mg and electrobyft¢1Cl-
KMnQ, . Along this topic we are trying to discuss théedf of concentration changes of the electrolytel an
temperature of cell as well as surface area eftéaach one of the electrodes. To estimate thailnesk duration
of the cell all of the reactions have been kindtjcanalyzed. After making some changes in thecsire of the cell
and differing the electrode type and replacing sonetals like Cu and Zn instead of Mg, the prodyseders have
been compared. From the experimental observatiodstiaeoretical analyses, it is found out that usitiger metals
instead of Mg decreases the produced power. Firhifykind of cell is compared with fuel cell.

Keywords: Graphite- Mg cell, Fuel cell, HCI electrolyte.

INTRODUCTION

The recent advances in carbonaceous and alterreaiivées, in medium and high-voltage cathodes aridjuid

and polymer electrolytes discussed earlierMarious forms of graphite are most common as thedaractive
material in today’s cells. Natural graphite (NG)llwbe favored over the synthetics for use in baterfor

transportation applications because of lower csi[Be Mg electrode used in this cell is Mg ribkiarthe shape of
spring (twisted). Here we can consider the reaatiodg oxidation with HCl(aq) as the main reaction

HCl(aq)+Mg(s)— MgCly(s)+1/2H(g)

On the other side, the natural Graphite electrddgspthe role of lon exchanger and KMn@ecreases on the
surface. Therefore, KMnQs the main reactant and we shouldn’t considas ithe catalyzer, since no reaction occur
on the negative pole without KMnO

MATERIALS AND METHODS

Effect of Graphite electrode Surface Changes: The electrochemical behaviour of a graphite eteld already is
investigated[3] and the properties of natural Biazigraphite have been investigated in differegltsctoo[4]. In
this experiment we analyzed the changes of produckdge and current and finally the produced powgfehe cell
by changing the surface of Graphite electrode vgasl in the electrolyte.

Other parameters related to the system and itswnling are fixed. The temperature of the laboyei®®25 C. In
this case, the surface area of Mg electrode andatig concentration are kept fixed at 4800 1amd 0.6 M,
respectively. Also the electrolyte solution consathgr of KMnQ per 100 cr It has been found out that the way
power and produced current of the cell change &ctyx opposite of produced voltage change. It meays
increasing the surface area of Graphite electrbdeptoduced current raises, but the amount of mediwoltage
decreases. Although, the final amount of power thécobtained by multiplying voltage and amperaggreases.
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When we increase the surface area of Graphiteretistthe voltage decreases and amperage incieasegmy that
the sensitivity of the cell to the changes of stefarea can not be so great. If we increase theraigg the power is
weakened by voltage reduction and as a reasommtb®f power enhancement is decreased.
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Figure 1. produced current changes vs. Graphite sfiace

1o B B bO b

Voltage(V)

qqqqqqpmmmfm
ISEY-Ron B RV P d ST A S
1 1

(Y ST ST ST

0 1000 2000 3000 4000

Surface of Graphite(mm?)

Figure 2. produced voltage changes vs. surface
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Figure 3. produced power changes vs. Graphite surfa

Thermal Treatments: The thermal activation of graphite felt was inugsted by Sun and Skyllas-Kazadé$ at a
range of temperatures and treatment times so ashance the electrochemical performance of thigmatfor use

in the similar cells. But in this work we have arsgd the whole syster8ince the increase in the temperature of the
cell enhances the reaction rate in the cell antherother hand, lon exchange rate on the Graphiface increases,
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it is expected that temperature increament wilkgahe produced power of the cell. According to pieeformed
experiment in the cell with concentration of 0.3clhtaining 2 gr of Mn@per 100 cmin the temperature of 95
and the results are shown in figures 1-3. Becatiseathermic reactions in the cell, the inner terapdre is always
higher than surrounding. Therefore we have stahiedpower measurements in emperatures higher Heanell’s
surrounding. This change in temperature of thelmgining from 2%C to the boiling point of the electrolyte (&3
is made by a heater.
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Figure 4. produced current vs.electrolyte tempratue Figure 5. produced voltage vs.etagdyte temp.
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Figure 6. produced current vs.electrolyte tempratue

As we expected increasing the temperature raigegdiver of the cell. Although the increase in tak 'emperature
raises the produced power, it decreases the lifeeotell because the reaction rate of the Mg eldetenhances.
So, depending on the conditions the optimum tentpereof the cell should be adapted. To obtain tpémum
value, it is better to consider the kinetic studiéghe reactions and thermal treatments on theep@aw the same
time. Also we should consider another factor i #%amination and that is the cost of consumedggrierheat the
cell. If we have to heat the cell depending onausiconditions, we suggest to isolate the wallhef ¢ell before
heating. This will be greatly helpful since, asyoesly mentioned because of exothermic reactitvestemperature
of the system is always higher than its surroundifigermal treatments are noticeable in figures 4-6.

Effect of changing Mg Electrode Surface: experiments which have been done with the surfaeasaof 200,
280,360, and 720 nfmof mg electrode in contact with electrolyte padutt an important issue. If other factors are
kept constant, the sensitivity of the cell to tHemges of the mg surface area will be so slight ithaan be
neglected. For example, when the surface of grapéiectrode is 2190 nfrand the concentration of the electrolyte
solution is 0.6 M containing 2 gr KMn@er 100 cmin the temperature of Z& the produced power of the cell for
all of four surfaces mentioned above remain fix@6% W, 2.96V, 0.22 A).
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Also examination of KMnQ@effect on the cell shows that the cell has a wlight sensitivity to the amount of this
material. Although, litte amounts of KMnQabout 0.05 gr per 100 érof electrolyte, is essential for the reactions
in the cell, its increase doesn’t have any effectie produced power. On the other hand, experahebservations
show that this material will settle at the bottohite electrolyte and cause the gradual reductfarelb power in the
long duration of time if its concentration is mahan 2 gr per 100 cin

Examination of Electrolyte Concentration: Our examinations show that the increase in the exunation of HCI
will increases the produced power of the cell.He tesults shown in figure 7, the surface area gfeléctrode and
Graphite electrode have been kept fixed at 46F amm 2000 mrf) respectively. Results in the temperature 25
has been drown.
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Figure 7. produced current,voltage and power of theell vs.electrolyte concentration

Replacement of another Positive Electrode :In one experiment, Zn with the surface of 20.8 @nd in other
experiment, Cu with the same surface were usedddstf Mg electrode. In the fixed concentratio® @f M of the
electrolyte containing 2 gr Mn@n 100 cni of the electrolyte, the following results have bebtained and shown.

Table 1. exprimental data from the replacing Mg wih other metals

Type of electrode metal| Voltage(V)| Current(A)| PowefW)
Mg 24 0.17 0.408
Zn 1.7 0.05 0.085
Cu 0.26 0.011 0.003

It is obvious that if we relinquish the economigalssues, using Mg as the
production, is the best choice.

electrode, because gbavger

Kinetic examination of Mg-Acid Reaction in the cell: The kinetics of Li-ion intercalation/alloying intGusSns

electrode was determined by potentiostatic intdemittitration technique (PITT) and electrochemicapedance
spectroscopy (EIS) method earlier[6]. In this irtigegtion the produced power of the cell will fall down owbe

time and by oxidation of Mg electrode. Thereforeamaining the rate of decomposition of Mg to meagheelife of

the cell seems useful. In this experimental sttioky,effect of HCI concentration changes have beatyaed. Since
the duration of the reaction and the decompositibthe whole Mg is long, we have measured the iz of the
Mg-Acid reaction. From another point of view thisadyzing helps us to estimate the rate of formatibtine H.

We have shown the data coming from experimenteénféowing table (table 2). Hydrogen will be resea during
the decomposition of Mg. Considering the fact tHgtirogen can’t be found single in the nature, tté#f can be
used as the source of the Hydrogen.

Table 2. reaction rate of Mg in variety electrolyteconcentration

Moles of Mg in electrode | Electrolyte concentratiod{!) | Half time of reaction(min) | Decomposition rate ofMg(molee/min)
0.004 0.36 40 0.00005
0.004 0.6 22 0.00009
0.004 0.96 9 0.00022
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RESULTS AND DISCUSSION

This cell can be compared with Fuel cell from thewpoint of power production. It should be saidttlii@ of the

cell is shorter than the fuel cells, but it is eagymake. Some kinds of Fuel cells like MethanotlFeell need a
chemical reactor to provide Hydrogen needed byRiel cell. This will increase the equipment andtsad the

Fuel cell. Maybe we will be able to use the GraphitMg cell instead of this reactor. In this caseaddition to

supply of Hydrogen for the Fuel cell, produced wdtem the Fuel cell can be used as the solvergl@dtrolyte

solution. The big advantage of replacement of ¢kis instead of reactor is this cell’s ability imggucing power in
addition to Hydrogen production. Therefore if thidl is set parallel to the Fuel cell it is expecthat the power of
overall system increases greatly (figure 8). Howettes work has its own difficulties which shoub& studied.
Studies to increase the produced Hydrogen fromctike are important. Because the Fuel cell needszate

Hydrogen, we can’t consider the produced Hydrodethis cell as its only source. Although using efies of these
cells could be practical the economical studiesikhbe done.
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Figure 8. Fuel cell and graphite —Mg cell set iparallel

An important result that obtained from these experits is the short life of Graphite —

Mg cells. On the other hand, helpful factors torése the life of the cell will decrease the cellvpr production.
So an optimum life time of the cell should be a@dptOf course another solution to this problem Wwisieems more
reasonable is to store the produced power in aririglal capacitor and useing it if it is necessarlis cell in an

experimental scale has been set on the car withleatrical engine. The power needed to run thisrengy the

single cell has been analyzed. It was observedcratvhich weighs 0.3 Kg runs with the speed of @&ter per
second. Noticing that the amount of Mg electrods ha effect on amount of produced power, theorgrefting

tiny cells can be promoted. It is better to make ¢bll with the internal surface covered with Giiggho increase
the surface of lon exchanges and raise the prodooeer. The spherical shape offers the best voliamagea ratio
[7] and we can use this shape to have small cells.

CONCLUSION

Graphite —Mg cell with electrolyte of HCI -KMnO4aw introduced and Effective experimental factorghencell
were analyzed. According to the experimental resulith changing graphite surface area, cell tetnpeatype of
electrode and concentration of electrolyte, thalpoed power could be changed. However, changirfgciarea of
Mg electord does not have a significant effect oodpced power and the change of power can be riedlec
According to different operating conditions and mamical restrictions, arbitrary power can be pratldVith
changing effective factors found in experiment.haligh, the mimimum amount of KMnO4 is necessary for
beginning of reactions, extra concentration ofdés not change the produced power. This cell pesiagdrogen
as a co-product. Although, life time of this calléss than fuel cell, it can be found as a sooftsdrogen.
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