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Abstract

Activated carbons were prepared from an agricultural waste, Peltophorum Pteocarpium seed pods by
using pyrolysis, sulphuric acid, zinc chloride and sodium hydroxide activation methods. These activated
carbons were used as adsorbents for the removal of Victoria pure blue and Azo dye Orange Il dyes from
aqueous solutions. Batch adsorption studies such as effect of contact time, pH and dosage were carried out.
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1 Introduction

Water is one of the important ecosystems for the existence of the biotic species. If we do not save the
water properly it would lead to loss of biodiversity. Textile, industrial and agricultural wastes significantly
pollute the water sources. Many industries such as the textiles, paper, leather, plastics industries are extensive
dye users. The textile industries are the first by quantity and quality of dyes used for the dyeing of various fibre
types. Wastewaters from the textile industries contain in addition of dyes, a large number of other polluting
matters such as toxic organic residuals, acids, base and inorganic matters. Some dyes are carcinogenic and
mutagenic being formerly produced from dangerous chemicals such as benzidine, metals etc. Dyeing industries
is one of the largest water consuming industries. In most situations, the use of combination of different methods
of treatment is necessary in order to remove all the contaminants present in the wastewater.

Adsorption process is the most powerful technique and used for removing organic and inorganic
pollutants from wastewater and it is embodied in carbon adsorption systems and ion exchangers. Activated
carbon is the most common adsorbent for the removal of many organic contaminants. The adsorption process of
activated carbon, however, is prohibitively expensive, which limits its application. Therefore, there is a need to
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produce activated carbon from cheaper and readily available materials. In the past years, several investigations
have been reported the removal of dyes using activated carbons developed from industrial or agricultural
wastes. Also several studies of dye removal were carried out using adsorbents developed from natural materials.

2. Materials and methods

2.1. Preparation of Peltophorum pteocarpium activated carbon using pyrolysis

Peltophorum pteocarpium seed pods collected from local area were washed with distilled water, dried at
105 £5°C and pulverized between 300 to 800um particle sizes. The material was kept in Muffle furnace and
carbonized at 400°C. Then the material was cooled to room temperature and activated using same furnace at
600°C for 20 minutes. After activation process, the carbon was washed with deionized water and dried at
105£5°C in hot air oven. Then the carbon was again sieved between300 to 800um and stored in an airtight
bottle.

2.2. Preparation of Peltophorum pteocarpium activated carbon with H2SO4

The 300 to 800um size Peltophorum pteocarpium seed pods were treated with conc. sulphuric acid in
the weight ratio 1:1 till charring was over and heated in an electric hot- air over at 130-160°C for 8 hrs. The
carbonized material was washed with distilled water to remove the excess acid and dried at 105°C to remove
moisture. Then the carbon is impregnated with a 1% sodium bicarbonate solution for 24 hours to remove any
free acid if present. It was then washed well to remove excess bicarbonate, dried at 105°C and again sieved
between 300 to 800 um particles. Then the carbon was sieved and stored in an air tight bottle.

2.3. Preparation of Peltophorum pteocarpium activated carbon with ZnCl2

The 300 to 800um size Peltophorum pteocarpium seed pods were impregnated with 1% boiling solution
of zinc chloride and soaked for 48hrs.The excess ZnCl; solution was decanted off and air dried. The material
was kept in Muffle furnace and carbonized at 400°C. Then the material was cooled to room temperature and
activated using same furnace at 600°C for 20 minutes. After activation process, the carbon was washed with
deionized water and dried at 105+£5°C in hot air oven. Finally the carbon was again sieved between 300 to
800um and stored in an airtight bottle.

2.4. Preparation of Peltophorum pteocarpium activated carbon with NaOH

The 300 to 800um size Peltophorum pteocarpium seed pods were impregnated with 1% boiling solution
of sodium hydroxide and soaked for 48hrs. The excess NaOH solution was decanted off and air dried. The
material was kept in Muffle furnace and carbonized at 400°C. Then the material was cooled to room
temperature and activated using same furnace at 600°C for 20 minutes. After activation process, the carbon was
washed with deionized water and dried at 105£5°C in hot air oven. Then the carbon was again sieved between
300 to 800um and stored in an airtight bottle.

The pictures of Peltophorum pteocarpium seed pod which was selected for the preparation of different
types activated carbon was shown below in Fig 1.
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Figure.1. Peltophorum pteocarpium seed pod

Physico-chemical characteristics of activated carbons through different methods such as pyrolysis,
sulphuric acid, zinc chloride and sodium hydroxide were studied to analyse particle size (A), pore volume,
half pore width (mode), specific gravity, surface area m?/g, volatile matter %, and Methylene Blue number mg/g
using standard methods.

Two different dyes such as Victoria pure blue and Azo dye orange Il dyes were used to study the dye
removal efficiency of different activated carbons prepared by pyrolysis, sulphuric acid, zinc chloride and
sodium hydroxide methods. Batch adsorption studies were carried out to optimize time interval, pH and carbon
dosage using 0.001% of dye solutions.

3.Results and discussion
3.1 Physico-chemical characteristics

Characteristics of carbon determine their dye degradation capacity from wastewater system. Pore size is
an important factor to determine the quality of activated carton (Swiaztkowski and Goworek 1987; Buczek et
al., 1995; Ahmedna and Rao, 2000; Derylo-Marzewska et al., 2004; Yin et al., 2007; Lim et al., 2010; Yang
and Qiu 2011;). When particle size of the activated carbon is smaller, surface area, pore volume, Methylene
blue number and specific gravity were increased which was reported by Lim et al., (2010) and Saeidi and
Lotfollah, (2015). The characteristics of carbon activated through different selected methods showed that pore
volume, surface area, volatile matter were high in sulphuric acid method prepared activated carbon. Particle
size, half pore width and Methylene blue number were good in pyrolysis method activated carbon. The specific
gravity was high in sodium hydroxide method(Table 1).

Table 1. Characteristics of carbon activated through different selected methods

) Sulphuric ) ) Sodium
Parameters Pyrolysis ] Zinc chloride ] P Value F Value
acid hydroxide
Particle size A 63.33+1.53 92.33+0.58 85.001.00 75.00+1.00 <0.0001 406.40
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Pore volume 0.28+0.0044 0.37+0.0015 0.36+0.0020 0.310.0021 <0.0001 71952
Half  pore  width 8.27+0.05 8.18+0.05 8.23+0.02 8.25+0.02 0.0900" 3.086"
(mode)

Specific gravity 0.84+0.01 0.94+0.02 0.86+0.02 0.97+0.01 <0.0001 46.700
Surface area m2/g 583.17+2.85 684.69+0.67 625.06+0.59 618.81%0.74 <0.0001 2246..30
Volatile matter % 21.47+1.04 25.610.17 23.27+0.69 24.69%0.15 0.0002 24.29
Methylene Blue | 174 00+1.00 92.33+0.58 111.67+0.58 134.00+1.00 <0.0001 5523.80
Number mg/g

3.2 Effect of contact time

The effect of contact time was studied using 100 ml of dye solution using 1 g of selected activated
carbon adsorbent at pH 5.0 for varying periods with 15 min intervals. The results obtained for the removal of

Victoria pure blue and Azo dye Orange Il dyes from aqueous solution using selected activated carbons were
shown in Fig.2 and Fig 3 as shown below.

Figure 2. Percentage removal of Victoria Pure Figure 3. Percentage removal of Azo-Dye
Blue dye (VPB) by activated carbon through Orange Il by activated carbon through
different selected methods at different time different selected methods at different time
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It is evident from the results that the removal of Victoria pure blue dye started to reach equilibrium after 2 hours
for all activated carbons prepared from selected activated methods such as pyrolysis, sulphuric acid, zinc

chloride and sodium hydroxide. Similar trend was observed with azo-dye Orange Il dye removal from the
aqueous solution.

In the case of the removal of Victoria pure blue dye, activated carbon prepared using sulphuric acid
method showed maximum removal of the dye. This may be due to more pore volume created by sulphuric acid
treatment. The activated carbon prepared by zinc chloride method was found to be good for the removal of azo
dye when compared to other activated carbons. The contact time data showed that as the contact time increases,
the rate of adsorption of dye onto the adsorbents increases initially and it becomes almost constant after
optimum periods (Singhet al., 2017; Jamdade and Ubale, 2019).

3.3 Effect of pH

The pH factor plays an important role in the adsorption of dyes from aqueous solutions. The effect of pH
was investigated using 100 ml of dye solution with 1 g of selected activated carbon adsorbent for 2 hours at
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varying pH values from 2 to 10. The results found for the removal of Victoria pure blue and Azo dye Orange 11
dyes from aqueous solution using selected activated carbons were shown in Fig.4 and Fig 5.

Efficiency of dye removal increased with appropriate pH (Desaiet al., 1997; Sharma et al., 2009). In the
present study, the percentage removal of Victoria Pure Blue dye by activated carbons through different selected
methods with different pH showed that activated carbon using sulphuric acid method gave maximum dye
removal. The dye removal was increased from 2 to 5 and the maximum removal was found to be at pH 5. In
higher pH, the dye removal was decreased (Figure 5).

Figure 4. Percentage removal of Victoria Pure Figure 5. Percentage removal of Azo-Dye
Blue dye (VPB) by activated carbon through _ Orange I1 by activated carbon through
different selected methods with different pH 100.00 , different selected methods with different pH
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In the case of the dye removal of by activated carbon through different selected methods with different
pH showed that among all types of activated carbons, zinc chloride method adsorbent showed maximum dye
removal efficiency at pH 3. However, sodium hydroxide method adsorbent was also good at pH 4 for Orange 11
dye removal.

3.4 Effect of adsorbent dosage

The effect of adsorbent dosage was studied using 100 ml of dye solution at pH 5 for Victoria pure blue
dye removal and at pH 3 for Orange Il dye removal. The dosage of adsorbents were varied from 0.1 to 1 g and
were agitated for 2 hours. The results obtained that for the removal of Victoria pure blue and Azo dye Orange 11
dyes from aqueous solution using selected activated carbons were shown in Fig.6 and Fig 7 as shown below.
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Figure 6. Percentage removal of Victoria Figure 7. Percentage removal of Azo-Dye
Pure Blue dye (VPB) by activated carbon Orange Il by activated carbon through
through different selected methods with different selected methods with different
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Dye removal by adjusting the carbon dosage is also one of important factor in determining the dye
removal efficacy. It was again found that activated carbon prepared by sulphuric acid treatment showed good
efficiency with 0.5 g carbon dosage for Victoria pure blue dye removal. On the other hand, zinc chloride
method activated carbon gave good removal efficiency with 0.5 g carbon dosage for azo dye Orange II.
However, at higher concentration of carbon dosage decrease in adsorption which was due greater exchangeable
sites and surface area (Ahmad, 2009; Kumar et al., 2017).

4.Conclusion

Peltophorum pteocarpium seed pods were used to prepare different types of activated carbons using
pyrolysis, sulphuric acid, zinc chloride and sodium hydroxide methods. These activated carbons were used to
study the Victoria pure blue dye and azo dye Orange Il dyes removal from aqueous solutions. Batch adsorbent
studies were carried out to understand the effect of contact time, pH and carbon dosage.

It was found from batch adsorption studies that activated carbon prepared by using sulphuric acid
method showed good efficiency in the removal of Victoria pure blue dye from aqueous solution. On the other

hand, activated carbon prepared by zinc chloride method exhibited good adsorption for azo dye Orange Il from
aqueous solution.

References

[1] Ahmad, R. 2009. Studies on adsorption of crystal violet dye from aqueous solution onto coniferous pinus
bark powder (CPBP), J. Hazard. Mate. 171 767—773.

[2] Ahmedna W. E. M. and Rao, R. M. 2000. Surface Properties of Granular Activated Carbons from
Agricultural. Bioresour. Technol., 71, 103.

[3]Aygin, A. Yenisoy-Karakas, S. and Duman, 1. 2003. Production of Granular Activated Carbon from Fruit

Stones and Nutshells and Evaluation of Their Physical, Chemical and Adsorption Properties. Microporous
Mesoporous Mat., 66, 189.

[4] Azizian, S., Niknam and Rombi, E. J. 2012. Adsorption of Pentafluorophenol onto Powdered, Granular, and
Cloth Activated Carbons. Dispersion Sci. Technol., 33,

[5] Baek, 1.1999. Preparation of semi-activated carbon fibers. Korean J. Chem. Eng., 17, 553 (1999)

JETIR2309639 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | g177


http://www.jetir.org/

© 2023 JETIR September 2023, Volume 10, Issue 9 www.jetir.org(ISSN-2349-5162)

[6] Buczek, B. Swiaztkowski, A.and Goworek, J. 1995. Adsorption from binary liquid mixtures on commercial
activatedcarbons. Carbon, 33, 129.

[7] Deryto-Marczewska, A. Goworek, J. Swiaztkowski, A.and Buczek, B. 2004. Influence of differences in
porous structure within granules of activated carbon on adsorption of aromatics from aqueous solutions.
Carbon, 42, 301.

[8] Desai, M., A. Dogra, S. Vora, P. Bahadur, and R.N. Ram. 1997.Adsorption of Some Acid Dyes from
Aqueous Solutions onto Neutral Alumina, Indian J. Chem.,36A, 938-944.

[9] Economy, J. Li, E. Y. and Murty, 1975. U.S. Patent, 3902220.

[10] Eom, S. Y. Lee, Y. S. and Ryu, S. K. 2010. Properties of differently shaped activated carbon fibers. Korean
J. Chem. Eng., 27, 1592.

[11] Hejazifar M. and Azizian, S. J. 2012. Adsorption of cationic and anionic dyes onto he activated carbon
prepared from grapevine rhytidome. Dispersion Sci. Technol., 33, 846.

[12] Im, J. S. Jang, J. S. and Lee, Y. S. 2009. Synthesis and characterization of mesoporous electrospun carbon
fibers derived from silica template. J. Ind. Eng. Chem., 15, 914 .

[13] Jamdade, P. and Ubale, S. 2019. Removal Of Azo Dye Orange li From Aqueous Solution Using Acid
Activated Cashew Leaf Powder: Equilibrium, Kinetic And Thermodynamic Studies, JETIR. 6(6), 969-974.

[14] Kim, C. Choi, Y. O. Lee, W. J. and Yang, K. S. 2004. Supercapacitor performance of activated ... of
PMDA-ODA poly (amic acid) solutions. Electrochim. Acta, 50, 883.

[15]Kumar, P. S., Sivaprakash, S. and Jayakumar, N. 2017. Removal of Methylene

[16] Blue dye from aqueous solutions Using Lagerstroemia indica seed (LIS) activated carbon, Inter. J. Mat.
Sci., 12 (1), 107-116.

[17] Lim, J. W. Choi, Y. Yoon, H. S. Park, Y. K. Yim, J. H. and Jeon J. K., 2010. Extrusion of honeycomb
monoliths employed with activated carbon-LDPE hybrid materials. J. Ind. Eng. Chem., 16, 51.

[18]Ortego, V. E. Monge, A. J. Amoros, C. D. and Solano, L. A. 2002. Fuel Process. Technol., 77, 445.

[19]Qin, C. Chen, Y.and Gao, J. M. 2014. Manufacture and characterization of activated carbon from marigold
straw (Tagetes erecta L) by HsPOa4 chemical activation. Mater. Lett., 135, 123 .

[20] Saeidi N. and Lotfollah, M. N. 2015. Effects of Powder Activated Carbon Particle Size on Adsorption
Capacity and Mechanical Properties of the Semi Activated Carbon Fiber, Fibers and Polymers, 16(3), 543-549.

[21] Saka, C. J. 2012. BET, TG-DTG, FT-IR, SEM, iodine number analysis and preparation of activated carbon
from acorn shell by chemical activation with ZnCl,, Anal. Appl. Pyrolysis, 95, 21.

[22] Sharma, P., Singh, L. and Dilbaghi, N. 2009. Biodegradation of Orange Il dye byPhanerochaete
chrysosporium in simulated wastewater, Journal of Scientific &Industrial Research, 68, 157-161.

[23] Singh, S., Sidhu G. K. and Sing H. 2017. Removal of methylene blue dye using activated carbon prepared
frbiowaste precursor,Indian Chemical Engineer. 1-12.

[24] Srenscek-Nazzal, J., Kaminska, W., Michalkiewicz, B. and Koren, Z. C. 2013. Production, characterization
and methane storage potential of KOH-activated carbon from sugarcane molasses.Ind. Crop. Prod., 47, 153.

JETIR2309639 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | g178


http://www.jetir.org/
http://www.kiche.or.kr/kjche/issue.php?jourid=6&seq=835368&start=0&number=9&key1=Lee+YS&key2=&key3=&syear=&eyear=&link1=&link2=&link3=&item1=authors&item2=&item3=&vol=&num=&sortby=pubyear&totalcount=26

© 2023 JETIR September 2023, Volume 10, Issue 9 www.jetir.org(ISSN-2349-5162)

[25]Swiaztkowski A. and Goworek, J. 1987. Studies on the adsorption equilibrium in the system benzene-
methanol/deoxidized activecarbon. Carbon, 25, 333.

[26] Yang J. and Qiu, K. 2011. Ind. Eng. Chem. Res., 50, 4057.

[27] Yin, Y. C. Aroua, M. K. and Daud, W. M. A. W. 2007. Review of modification of activated carbon for
enhancing contaminant uptakes from aqueous solutions.Sep. Purif. Technol., 52, 403.

JETIR2309639 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | g179


http://www.jetir.org/

