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Abstract: Attempt were made to apply Taguchi method to find out the best experimental condition to get high specific capacitance
of synthesized carbon material. Taguchi method involves reducing the variation in a process through robust design of experiments.
The overall objective of the method is to produce high product result in minimum steps. From capacitance studies done by cyclic
voltammetry technique for carbon materials obtained from plant precursors like Castor seed (Ricinus communis), Ritha seed
(Sapindus mukorossi) and Jackfruit seed (Artocarpus heterophyllus) shows that highest specific capacitance is obtained with carbon
obtained from Jackfruit seeds. Taguchi optimization methodology predicted that carbonization of Jackfruit seeds at 900°C
temperature for 4 hrs duration and treatment of carbon with 50 % KOH solution gives the carbon of best quality for maximum
capacitance. It is also observed that, first major impactful parameter on the specific capacitance is the nature of the precursor and
second is treatment with KOH; pyrolyzing time and temperature had very little impact.
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I. INTRODUCTION

With the viability of new carbon electrode materials for supercapacitor, now a days, carbon material synthesized from
plant precursors became more popular for its energy application for getting high specific capacitance; but due to large number of
precursors, temperature and treatment conditions, process of development in the field of supercapacitor will be time consuming and
cost affecting. There was need to reduce the number of experiment without compromising the quality of result. Dr. Taguchi of
Nippan Telephones and Telegraph Company, Japan has developed a method based on "orthogonal array" experiments, which gives
much reduced "variance" for the experiment with “optimum setting" of control parameter. Thus the marriage of design of
experiments with optimization of control parameters to obtain the best result is achieved in the Taguchi method." Orthogonal arrays"
(OA) provide a set of well balance (minimum) experiments and Signal to Noise ratios (S/N), which are log-function of desired
output, serve as objective function for optimization, helping data analysis and prediction of optimum results [1-3].

Taguchi method is a scientifically disciplined mechanism for evaluating and implementing improvements in products,
processes, materials, equipment and facilities. These improvements are aim at improving the desired characteristics and
simultaneously reducing the number of defects by studying the key variables controlling the process.and optimizing the procedures
or design to get the best results.

Optimization of quality characteristics using parameter design of the Taguchi method are summarized in various steps by Nian et
al., 1999 [4]. Literature survey indicates that there are many attempts to synthesis of carbon material from plant derived and plant
based precursors [5-8].

In the present research work, the attempt were made to synthesize porous carbon material from selected plant precursor’s
seeds. Different set of experiments were designed using four different parameters like Precursor, Temperature (°C), Time (hour)
and Chemical Treatment to synthesized carbon material. The purpose behind this was to get the carbon material which can give the
best result of higher specific capacitance. Taguchi method was applied to investigate the effect of selected parameters on capacitance
of synthesized carbon materials.

Thus number of variables required to get carbon material which could give the highest capacitance were more than 5-6. In
order to carry out minimum number of experiments to get the optimum condition to get carbon material which could give the highest
capacitance, Taguchi optimization methodology has been found to be most suitable. Under this statistical technique minimum
number of experiments were carried out and got the advantage as if experiments have carried out all possible combinations.+

Il. EXPERIMENTAL

To obtain highly porous carbon materials with the aim of getting high specific capacitance, carbonization experimental
conditions i.e. parameters were selected. The selected variable parameters were precursors, temperature of pyrolysis, duration of
pyrolysis and treatment. To optimize these conditions; Taguchi optimization technique was applied which is based on analysis of
Variance (ANOVA) and Analysis of Mean (ANOM) [9-11].

Selection of three plant precursors like Castor seed (Ricinus communis), Ritha seed (Sapindus mukorossi) and Jackfruit
seed (Artocarpus heterophyllus) were done and decided to use as precursors for the synthesis of carbon material. L9 orthogonal
matrix for these selected plant precursors was prepared [12]. Different parameters and different levels were selected as shown in
Tables 1.
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Table 1. Different parameters and its levels for L9 orthogonal matrix of selected plant precursors (seeds)

Parameter Level 1 Level 2 Level 3

A. Precursor Castor seed Ritha seed | Jackfruit seed
B. Temperature (°C) | 700 800 900

C. Time (hour) 2 3 4

D. Treatment None 50 % HCI | 50 % KOH

For L9 orthogonal array matrix experiments the arrangement of different parameters and levels 1, 2 and 3 are as shown in following
Tables 2.
Table 2. L9 orthogonal matrix table for selected plant precursors (seeds)

Exp. No. | Precursor Temperature (°C) | Time (hrs.) | Treatment
L1 Castor seed 700 2 None

L2 Castor seed 800 3 50 % HCI
L3 Castor seed 900 4 50 % KOH
L4 Ritha seed 700 3 50 % KOH
L5 Ritha seed 800 4 None

L6 Ritha seed 900 2 50 % HCI
L7 Jackfruit seed 700 4 50 % HCI
L8 Jackfruit seed | 800 2 50 % KOH
L9 Jackfruit seed | 900 3 None

The carbon materials from selected plant precursors (seeds) as mentioned in Table 2 were synthesized using carbonization technique
in a single zone furnace [13]. Weighted quantity of plant precursor like (seeds) was taken in quartz boat and kept at centre of single
zone furnace. Carrier gas H, was allowed to flow into the quartz tube with a fixed flow rate (6ml/min) to make oxygen free
atmosphere. After 15 min of flow, furnace was switched on to reach the desired temperature condition. At the end of the desired
time the furnace was switched off and allowed to cool at room temperature. Carbon material formed inside the quartz boat was
collected. Same way carbon materials from all selected plant precursors were prepared as per above orthogonal array of L9
experiments.
Treatment to synthesized carbon materials were given as per above orthogonal array of L9 experiments. To remove the metal
impurities and amorphous nature of carbon from synthesized carbon, it was treated with 50 % HCI. The carbon material was soaked
overnight in 50 % HCI solution and washed with distilled water to neural pH condition [14]. For KOH treatment carbon material
was mixed with 50 % KOH solution and this mixture was kept for overnight in oven at 80°C temperature. Then after cooling it was
filtered and carbon material containing KOH was kept inside the quartz tube of the pyrolysis unit and then heated to 750°C for a
period of 1 hour with constant flow of argon. Then after cooling, this mixture was washed several times with distilled water through
decantation to remove excess of free KOH present on surface of carbon. Finally it was dried in oven [15].

Measurement of capacitance of porous carbon materials synthesized from selected three plant precursors like Castor seed
(Ricinus communis), Ritha seed (Sapindus mukorossi) and Jackfruit seed (Artocarpus heterophyllus) was done by two electrode
method [16-18]. To find out the potential window, CVs with scan rate using 20mV/s were recorded for all porous carbon materials
synthesized from plant precursors. The potential windows were selected in which there were no prominent faradic reaction. Under
the selected potential windows, CVs for different synthesized carbons were run-at the scan rate of 20mV/s. Specific capacitance
based on weight of carbon materials (15 mg / electrode) for each set of experiments were calculated.

I11. RESULTS AND DISCUSSION

Measurement of specific capacitance

As per Taguchi method; experiments were repeated three times. Measurement of specific capacitance for all synthesized carbon
materials were done by cyclic voltammetry technique (Weight of carbon: 15 mg and Scan rate 20 mV/S) and results obtained are
given as E, F and G in the table 3.
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Table 3. Cyclic voltammetry curves and corresponding specific capacitance of carbon materials (Weight: 15 mg and CV
study at scan rate 20 mV/S)

Exp Cyclic_voltammetry curves and corresponding specific capacitance (F/g) of carbon
No | Parameters materials
' E F G
L1 | A: Precursor - Castor seed 0.015 0012 gu2
BTenp(C)-100 | |t il | g
C: Time (Hrs) - 2 ~-0.015 o012 =0.0i2
D: Treatment- None -04 -0.2 0.0 0.2 04 -0.4 -0.2 0.0 0.2 0.4 -0.4 -0.2 0.0 0.2 04
u/v u/v urv
Specific Capacitance = 40.1 Specific Capacitance = 39.56 Specific Capacitance = 40.25
L2 | A: Precursor - Castor seed 0.012 0.012 0.012 -
B: Temp (°C) - 800 < o000 < 0000 gl
C: Time (Hrs) - 3 =-0.006 =-0.008 =000 ke
D: Treatment- 50 % HCI 04 02 00 02 04 -0.4 -0.2 0.0 0.2 0.4 -0.4 -0.2 0.0 0.2 0.4
u/v vV urv
Specific Capacitance = 45.76 | Specific Capacitance = 46.34 Specific Capacitance = 46
L3 | A: Precursor - Castor seed 0.014 0014 8'85471
. 0 . .
B: Tgmp (°C) - 900 < 0000 < 0007 < 2800
C: Time (Hrs) - 4 —-9.007 =-0.007 T 0014
D: Treatment- 50 % KOH T 040200 02 04 | ™ 02 00 02 oa 0.4-0.2 00 02 0.4
A e 8 Re B Y
u/v UV u
Specific Capacitance = 53.5 Specific Capacitance = 51.2 Secific Capacitance = 54.88
L4 A: Precursor - Ritha seed 0.020 ggig ggig
B: Temp (°C) - 700 <5 =gl | ||y
C: Time (Hrs) - 3 Toe% T10.0%0 \ -0.020 ,
D: Treatment- 50 % KOH -0.4-0.2 00 0.2 0.4 0.4 -0.2 8.;)\/0.2 0.4 0.4 -0.2 8.;)\/0.2 0.4
u/v
Specific Capacitance = 63.82 | Specific Capacitance = 65.5 Specific Capacitance = 64.75
L5 | A: Precursor - Ritha seed 0.003 0.003 0.003
B: Temp (°C) - 800 < 000 < Sooa < o000
Sy T D o S o
D: Treatment- None T 0402 00 02 04 0.4 -0.2U(;.3 0.2 04 -0.4 '0-2U°/-3 0.2 04
u/v
Specific Capacitance = 48.9 Specific Capacitance = 48.73 Specific Capacitance = 49.6
L6 | A:Precursor - Ritha seed 0.010 0.010 0,010
: °C) - 0.005 0.005 0.005
B: T_emp (°C) - 900 <000 < 5,000 < 0.000
C: Time (Hrs) - 2 =.0.005 =.0.005 ~-0.005
D: Treatment- 50 % HCI -0.010 0,010 0010 '
2 04 -02 00 02 04 0.4 -02 0.0 02 04 -04 -02 0.0 02 04
u/v urv u/v
Specific Capacitance = 55.6 Specific Capacitance = 56.25 Specific Capacitance = 55.75
L7 | A Precurs(?r - Jackfruit seed 0020 0020 5020
B: Temp (°C) - 700 < 888 Q < < 3500 1 ]
C: Time (Hrs) - 4 =468 020 b =858
D: Treatment- 50 % HCI 04 -02 00 02 04 -04-02 00 02 04 -04 02 00 02 04
u/v urv urv
Specific Capacitance = 94.63 | Specific Capacitance = 94 Specific Capacitance = 93.5
L8 | A:Precursor - Jackfruit seed 0.02 - 0.02 - 0.02 -
B: Temp (°C) - 800 < 5% ::’j < o :i::j < 3%
C: Time (Hrs) - 2 = 001 " o2 , = oot
. e L L R : -0.02 - ]
D: Treatment- 50 % KOH 04 -02 00 02 04 .04 -0.2 00 02 04 04 02 00 02 04
u/v u/v E . U/.v . .
Specific Capacitance = 101.6 | Specific Capacitance = 102.25 | Specific Capacitance = 104
L9 | A:Precursor - Jackfruit seec 0.02 0.02 0.02
B: Temp (°C) - 900 < 9% Q < 3% Q 3
C: Time (Hrs) - 3 -3% 0% T30
D: Treatment- None -04 -0.2 Uol.cz/ 0.2 0.4 -0.4 -0.2 uo/'?/ 0.2 04 -0.4-0.2 0.0 0.2 04
urv
Specific Capacitance = 82 Specific Capacitance = 83.63 Specific Capacitance = 82.25
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Signal to Noise (S/N) ratio calculation

Taguchi optimization technique is discussed in detail by Siddiquee et al [19]; however a brief description is given here.
Basic unit of this methodology is the calculation of ‘signal to noise (S/N)’ ratio. There are three major ways to use this methodology:
(i) ‘smaller the better’ i.e. when the interest is to find the best parameters to get the minimum amount of the desired product, (ii)
‘larger the better’ i.e. when interest is to get the largest amount of the desired production (iii) ‘nominal the better’ i.e. when interest
is to get the exact amount of the desired product. Since there was interest in getting the high specific capacitance of carbon, ‘larger
the better’ technique has been used in the present work and the same is discussed here. Since in this research work maximum
specific capacitance value is expected, the S/N ratio is calculated using the formula given for ‘larger the better’ (Eq. 1).

S/, (dB)=—10Log,,(¥/]3" ¥ i (1)

Where “yi” is the mean response calculated as y =1/n Zyi and n is the number of experiments carried out under similar conditions.
All the results obtained after calculation of S/N ratios by using equation 1 are shown in table 4.

Table 4. S/N ratios in orthogonal array of L9 experiments with measured specific capacitance of carbon material

Exp. | Precursor Temp (°C) | Time (Hrs.)| Treatment Specific Capacitance (F/g) | S/N Ratio
No. | A B C D E F G
L1 Castor seed 700 2 None 40.1 39.56 40.25 32.0447
L2 Castor seed 800 3 50 % HCI 4576 | 46.34 46 33.2611
L3 Castor seed 900 4 50 % KOH 53.5 51.2 54.88 34.7133
L4 Ritha seed 700 3 50 % KOH 63.82 | 65.5 64.75 36.2579
L5 Ritha seed 800 4 None 48.9 48.73 49.6 33.8167
L6 Ritha seed 900 2 50 % HCI 55.6 56.25 55.75 34.9427
L7 Jackfruit seed 700 4 50 % HCI 94.63 | 94 93.5 39.4662
L8 Jackfruit seed 800 2 50 % KOH 101.6 | 102.25 | 104 40.2231
L9 Jackfruit seed 900 3 None 82 83.63 82.25 38.3414
Mean S/N Ratio 35.8963

As discussed in Taguchi optimization technique, arrangement was done for parameters (precursor, temperature, time and treatment)
and corresponding S/N ratios for L9 experiment. This arrangement is as shown in table 5.

Table 5. Arrangement of parameters and corresponding S/N ratios.

Precursor Temperature (°C Time (Hrs.) Treatment
Castor | Ritha |Jackfruit None 50 % | 50 %
Exp. No. | seed | seed |seed 700 800 900 200 | 3.00 4.00 HCI | KOH
SIN S/IN S/IN S/IN S/IN S/IN S/IN S/IN SIN SIN SIN SIN
L1 32.0447 32.0447 32.0447 32.0447
L2 33.2611 33.2611 33.2611 33.2611
L3 34.7133 34.7133 B34.7133 34.7133
L4 36.2579 36.2579 36.2579 36.2579
L5 33.8167 33.8167 33.8167| 33.8167
L6 34.9427 34.9427| 34.9427 34.9427
L7 39.4662 | 39.4662 39.4662 39.4662
L8 40.2231 40.2231 40.2231 40.2231
L9 38.3414 38.3414 38.3414 38.3414
y 100.02 | 105.02 | 118.03 | 107.77 | 107.30 | 108.00 | 107.21 | 107.86 | 108.00 | 104.20 | 107.67 | 111.19
y-y mean| -7.67 | -2.67 | 10.34 0.08 -0.39 | 031 -0.48 | 0.17 0.31 -3.49 | -0.02 | 351

Study of Effect of each parameter
Effect of each parameter level (m;) was determined by using equation 2, in which average value of S/N ratios are calculated
for each parameters using analysis of mean (ANOM). For this calculation, the S/N ratios of each experiment with corresponding

parameter levels are employed.
m-( )24 @

Where, Ni is the number of experiments conducted with the same parameter levels. Two types of values for S/N ratio are calculated;
one is overall mean S/N ratio calculated from the entire experiments viz. from 9 experiment of L9 orthogonal array. The second
value for S/N ratio is calculated by summation of S/N ratio of each parameter. When this summed value of S/N ratio of each
parameter is lower than the mean S/N ratio, then that parameter is to be considered as least effective parameters as compared to
those parameters whose summed value of S/N ratio of each parameter are larger than the mean S/N ratio.

The parameters effects, i.e. the contribution of each experimental parameter to the quality characteristic are calculated by
the analysis of variance (ANOVA) [20]. This is done by summing the squares (SoS) of variance of all levels of a given parameters
which then is normalized with respect to the degrees of freedom (DoF) of the corresponding process parameters (DoF = Number
of parameter levels-1). The relations that are used to determine the sum of the squares and the factor effect are given by:
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Sum of Squares = Zi;{ Ni(mi —< mi >)? (3)
Where m; gives the average of the levels contributions for each parameters levels to S/N ratio, <m;> is the average of m; for a given
parameter and the coefficient and N; represents the number of times the experiment is conducted with the same factor level. In the
L9 for first parameter N; is 3. The factor level of each parameter, is obtained using equation, Ni (mi-<mi>) 2. Sum of squares (SoS)
of variances for all levels for a given parameter are obtained using equation 3. This term is divided by degree of freedom (DoF) of
corresponding process parameter to obtain factor of effects (FOE) of various experimental parameters (equation 4).

Factor of effect (FOE) _ S0S (4)
DoF x ' (SoS/DoF)
Thus, a plot of S/N ratios for each parameter for its each level is plotted verses the each levels of each parameters. That value of
S/N which is greater than the mean values of S/N is considered to be the desired level of each parameter.

Taguchi plot for L9 orthogonal matrix

A plot was made between the S/N ratios for each level of each parameter versus the various parameters (Figure 1.) for
carbon materials synthesized by carbonization of selected plant precursors like Castor seed (Ricinus communis), Ritha seed
(Sapindus mukorossi) and Jackfruit seed (Artocarpus heterophyllus). This plot suggests that the best conditions for getting the
higher specific capacitance are when precursor like Jackfruit seed is carbonized at 900°C temperature for 4 hrs and its carbon formed
is treated with 50% KOH solution.

12 - Jackfruit seed Mean S/M Ratio =107.69
9
e &7
g3
® g
< o | OO B00 300 «q ap =S
W-S Ritha Temperature 20 TUI:I L s = =
-6 cead ime 5
=9 qCastor Treatment
-12 Jseed
P
recuser Parameters

Figure 1. S/N ratio vs. Parameters (considering mean S/N ratio 107.69 = 0; values which are in positive direction are
considered as parameters influencing the carbon materials to get the best result)

Amongst the various parameters influencing the results of the specific capacitance, which of them influences the most can
be calculated from the Taguchi optimization methodology. Calculations for the values of m;, <mi>, mi-<mi>, (mi-<mi>) 2, Ni (mi-
<mi>) 2, SoS, SoS/DoF, FoE were done as per formulae and finally, percentage parameter effect was calculated using equation 5.

Parameter effect % = 100 x FoE (5)

The values of m;, <mi>, mi-<mi>, (mi-<mi>) 2, Ni (mi-<mi>) 2, SoS, SoS/DoF, FoE and percentage impact of each parameter on
specific capacitance is shown in table 6.

Table 6. Effect of control parameters on specific capacitance of carbon materials

Control parameters | Levels m;i(dB) SoS SoS/DoF Parameter
effect (%0)
Precursor Castor seed 33.3397 57.6393 28.8196 87.35
Ritha seed 35.0058
Jack fruit seed 39.3436
Substrate temperature 700°C 35.9229 0.0840 0.042 0.13
800°C 35.767
900°C 35.9992
Pyrolysis time in hours | 2 35.7368 0.1176 0.0588 0.18
3 35.9535
4 35.9988
Treatment to the carbon | None 34.7343 8.1468 4.0734 12.34
50 % HCI 35.89
50 % KOH 37.0648

Taguchi optimization calculations suggest that; capacitance values obtained from these carbons are influenced as 87.35 % on the
type of precursor used, 0.13 % on the temperature used for carbonization, 0.18 % on the carbonization time and 12.34 % on the
treatment to carbon material synthesized from selected plant precursors (seeds).
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IV. CONCLUSION

Specific capacitance studies for carbon materials obtained from selected plant precursors like Castor seed (Ricinus
communis), Ritha seed (Sapindus mukorossi) and Jackfruit seed (Artocarpus heterophyllus) shows that highest specific capacitance
is obtained with carbon obtained from Jackfruit seeds. Application of Taguchi method to investigate the effect of selected parameters
on specific capacitance of synthesized carbon materials predicted that carbonization of Jackfruit seed at 900°C temperature for
4 hrs duration and treatment of carbon with 50 % KOH solution gave the carbon of best quality for maximum capacitance. It is also
observed that, first major impactful parameter on the specific capacitance is the nature of the precursor and second is treatment with
KOH; pyrolyzing time and temperature had very little impact. It also concluded that Taguchi method will be more useful in future
development of low cost supercapacitor.

V. ACKNOWLEDGEMENT
Author acknowledges Birla College of Arts, Science and Commerce, Kalyan, 421304 (M.S.), India for providing research
facility. Financial support by University of Mumbai, Mumbai, India is also gratefully acknowledged.

REFERENCES

[1] Taguchi, G. 1987. System of Experimental Design: Engineering Methods to Optimize Quality and Minimize Costs, Vols. 1 &
2, UNIPUB/Kraus International Publications, White Plains, NY, USA.

[2] J. A Ghanil, I. A Choudhury, H. H Hassan. 2004. Application of Taguchi method in the optimization of end milling parameters,
Journal of Materials Processing Technology, 145(1), 84-92.

[3] B. N. Akhgar, M. Pazouki, M. Ranjbar, A. Hosseinnia, R.Salarian. 2012. Application of Taguchi method for optimization of
synthetic rutile nano powder preparation from ilmenite concentrate, Chemical Engineering Research and Design, 90, 220-228.

[4] Nian, C. Y., Yang, W. H., Tarng, Y.S. 1999. Optimization of turning operations with multiple performance characteristics,
Journal of Materials Processing Technology 95, 90-96.

[5] Sunil Bhardwaj, Sandesh V. Jaybhaye, Madhuri Sharon, D. Sathiyamoorthy, K. Dasgupta, Pravin Jagadale, Arvind Gupta,
Bhushan Patil, Goldie Ozha, Sunil Pandey, T. Soga, Rakesh Afre, Golap Kalita, Maheshwar Sharon. 2008. Carbon
Nanomaterial from Tea leaves as an Anode in Lithium Secondary Batteries, Asian J. Exp. Sci., 22(2), 89-93.

[6] Maheshwar Sharon & Madhuri Sharon. 2006. Carbon Nanomaterials and their Synthesis from Plant-Derived
Precursors, Synthesis and Reactivity in Inorganic, Metal-Organic, and Nano-Metal Chemistry, 36(3), 265-
279, DOI: 10.1080/15533170600596048.

[7] Bibekananda De and Niranjan Karak. 2013. A green and facile approach for the synthesis of water soluble fluorescent carbon
dots from banana juice, RSC Adv., 3, 8286—-8290.

[8] Sundaramurthy Jayaraman, Akshay Jain, Mani Ulaganathan, Eldho Edison, M. P. Srinivasan, Rajasekhar Balasubramanian,
Vanchiappan Aravindan, Srinivasan Madhavi. 2017. Li-ion vs. Na-ion capacitors: A performance evaluation with coconut shell
derived mesoporous carbon and natural plant based hard carbon, Chemical Engineering Journal, 316, 506-513.

[9] Jambulingam Subramani, Saminathan Balamurali. 2012. Analysis of means for analyzing data from orthogonal array
experiments, Elixir Statistics 49, 10045-10047.

[10] D. Lazarevi¢ , M. Madi¢ , P. Jankovi¢ , A. Lazarevié. 2012. Cutting Parameters Optimization for Surface Roughness in Turning
Operation of Polyethylene (PE) Using Taguchi Method, Tribology in Industry, VVol. 34(2), 68-73.

[11] Yang, L.J.; Qi, Y.M.; Dang, X. 2011. Design and optimization of technology and structure parameters for sheet metal drawing
by orthogonal experiment. Adv. Mat. Res., 295, 1714-1717.

[12] Hifsa Pervez, Mohammad S. Mozumder and Abdel-Hamid 1. Mourad. 2016. Optimization of Injection Molding Parameters
for HDPE/Ti0O2 Nanocomposites Fabrication with Multiple Performance Characteristics Using the Taguchi Method and Grey
Relational Analysis, Materials, 9, 710; doi:10.3390/ma9080710.

[13] Late Geetha Vishwanathan, Sanjukta Bhowmik, Madhuri Sharon. 2015. Natural Precursors for Synthesis of Carbon Nano
Materials by Chemical VVapor Deposition Process: A Review, International Journal of Science and Research (1JSR), 7(2), 1475-
1485, DOI: 10.21275/ART2018338.

[14] Shingo Okubo, Takeshi Sekine, Shinzo Suzuki, Yohji Achiba, Kazuhito Tsukagoshi, Yoshinobu, Aoyagi and Hiromichi
Kataura. 2004. Purification of Single Wall Carbon Nanotubes Synthesized from Alcohol by Catalytic Chemical Vapor
Deposition”, Japanese Journal of Applied Physics Vol. 43, No. 3B, DOI:10.1143/JJAP.43.L396.

[15] Bronislaw Buczek. 2016. Preparation of Active Carbon by Additional Activation with Potassium Hydroxide and
Characterization of Their Properties, Advances in Materials Science and Engineering, Article ID 5819208, 4 pages
http://dx.doi.org/10.1155/2016/5819208.

[16] Thomas E. Rufford, Denisa Hulicova-Jurcakova, Zhonghua Zhu, Gao Qing Lu. 2008. Nanoporous carbon electrode from waste
coffee beans for high performance supercapacitors, Electrochemistry Communications, Volume 10 (10), 1594-1597.

[17] Jedsada Sodtipinta, Taweechai Amornsakchai and Pasit Pakawatpanurut. 2017. Nanoporous carbon derived from agro-waste
pineapple leaves for supercapacitor electrode, Adv. Nat. Sci..: Nanosci. Nanotechnol. 8(3), 035017 (9pp),
https://doi.org/10.1088/2043-6254/aa7233.

[18] Jain, A., Tripathi, S.K. 2015. Almond shell-based activated nanoporous carbon electrode for EDLCs. lonics 21, 1391-1398.
https://doi.org/10.1007/s11581-014-1282-1.

[19] Siddiquee, A. N., Khan, Z. A., Mallick, Z. 2010. Grey relational analysis coupled with principal component analysis for
optimisation design of the process parameters in in-feed centreless cylindrical grinding. International Journal of Advanced
Manufacturing Technology 46, 983-992.

[20] A. C. S. Reddy, S. Rajesham, P. R. Reddy, T. P. Kumar, J. Goverdhan. 2015. An experimental study on effect of process

parameters in deep drawing using Taguchi technique, International Journal of Engineering, Science and Technology, 7(1),
21-32.

IJCRT1134477 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | 184


http://www.ijcrt.org/
https://www.sciencedirect.com/science/article/abs/pii/S0924013603008653#!
https://www.sciencedirect.com/science/article/abs/pii/S0924013603008653#!
https://www.sciencedirect.com/science/article/abs/pii/S0924013603008653#!
https://www.sciencedirect.com/journal/journal-of-materials-processing-technology
https://www.sciencedirect.com/journal/journal-of-materials-processing-technology/vol/145/issue/1
https://www.sciencedirect.com/science/article/abs/pii/S0263876211002607#!
https://www.sciencedirect.com/science/article/abs/pii/S0263876211002607#!
https://www.sciencedirect.com/science/article/abs/pii/S0263876211002607#!
https://www.sciencedirect.com/science/article/abs/pii/S0263876211002607#!
https://www.sciencedirect.com/science/article/abs/pii/S0263876211002607#!
https://www.sciencedirect.com/journal/chemical-engineering-research-and-design
https://doi.org/10.1080/15533170600596048
https://www.sciencedirect.com/science/article/abs/pii/S1385894717301195#!
https://www.sciencedirect.com/science/article/abs/pii/S1385894717301195#!
https://www.sciencedirect.com/science/article/abs/pii/S1385894717301195#!
https://www.sciencedirect.com/science/article/abs/pii/S1385894717301195#!
https://www.sciencedirect.com/science/article/abs/pii/S1385894717301195#!
https://www.sciencedirect.com/science/article/abs/pii/S1385894717301195#!
https://www.sciencedirect.com/author/18433790600/vanchiappan-aravindan
https://www.sciencedirect.com/science/article/abs/pii/S1385894717301195#!
https://www.sciencedirect.com/journal/chemical-engineering-journal
https://www.sciencedirect.com/journal/chemical-engineering-journal/vol/316/suppl/C
http://dx.doi.org/10.1155/2016/5819208
https://www.sciencedirect.com/science/article/pii/S1388248108003871#!
https://www.sciencedirect.com/science/article/pii/S1388248108003871#!
https://www.sciencedirect.com/science/article/pii/S1388248108003871#!
https://www.sciencedirect.com/science/article/pii/S1388248108003871#!
https://www.sciencedirect.com/journal/electrochemistry-communications
https://www.sciencedirect.com/journal/electrochemistry-communications/vol/10/issue/10
https://doi.org/10.1088/2043-6254/aa7233

