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ABSTRACT 

The residues of agro-industrial origin can be used for various purposes, including in the 

production of activated carbon. Thus, for the conduction of this research, an Activated 

Carbon (AC) Experiment was prepared with mixtures of grape bagasse (B) and coconut 

fiber (C), with the mass relations of coconut/bagasse of 100/0; 75/25; 50/50; 25/75 and 

0/100. The 50C/50B mixture indicated by the statistic was activated with ZnCl2, under 

flow of 100 ml/min, at 550ºC, for 1 hour. To evaluate its efficiency, 200.00mg of AC 

were used in 200,0ml of the desalinator reject from the municipality of  Riacho das 

Almas, Pernambuco, Brazil, with contact time of 30, 60, 120 and 180 minutes, in a 

statistical design entirely randomized. Data were subjected to statistical analysis, 

generating Box Plot type charts.  The result of the characterization of calcium and 

magnesium revealed the efficiency of activated carbon with 50C/50B dose in adsorption 

when in contact for up to 60 minutes with the reject. 
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1. INTRODUCTION 

Planet Earth is made up of ¾ water and ¼ earth. Of this total, approximately 97.5% 

consists of salt water. Of the remaining 2.5% of freshwater, however, about 68.7% is in 

the form of glaciers, ice caps or mountainous regions [1]. Brazil is a privileged country 

in relation to water availability. Its territory has 13.7% of the world's fresh water. 

However, all this water is not evenly distributed among the regions. Thus, many regions 

of Brazil suffer from the scarcity of potable water for the simplest purposes of daily life, 

such as the northeast region of Brazil that, in addition to lack of availability, are high in 

levels of salinity in the waters [2].  

In the Brazilian Northeast, among the serious problems that permeate the region, water 

scarcity is the main limiting factor for food production. In arid and semi-arid climates, 

agriculture is highly vulnerable, mainly due to the occurrence of small volume rainfall 

with very irregular distribution [3]. 



 

 

Society lives in search of alternatives to minimize the effects of drought, using 

technologies where one of the alternatives is the desalination process. Desalination is a 

rapidly expanding form of saltwater treatment with a promising future. Part of the 

estimated increase is mainly due to the great advance in increasingly effective 

desalination technologies, which allow a marked reduction in the cost of cubic meter of 

treated water. Another reason for the expansion of this technique is the constant need to 

find alternative sources of water due to the increasingly worrying pollution or scarcity 

of fresh water [4].  

The salinization of waters in the Brazilian Northeast has been proving as a worrying 

phenomenon as the low precipitation. After desalination of water, some of the solutes 

that were obtained in the process produce a byproduct, a wastewater called tailings, of 

much higher saline concentration than the original brackish water and of polluting 

power to the soil, fauna and flora. In some places, the waste is up to 60% of the original 

volume and one of the environmental problems encountered in this process is the 

disposal site, as it can cause damage to the environment [5].  

All sectors of the economy (primary, secondary, tertiary) have high solid waste 

production. In Brazil, agricultural activity (primary sector) results in approximately 

23% of gross domestic product (GDP), according to [6]. The country is considered one 

of the largest agricultural producers in the world and the second largest agricultural 

exporter in the world. On the other hand, coupled with this huge high levels of food 

waste and consequently large generation of solid waste accompany production. 

Estimates indicate that approximately 35 to 64% of all annual agricultural production is 

wasted [7]. Therefore, waste and solid waste generation occur at all stages of the 

production chain processes.  

The wine industry generates substantial volumes of solid organic waste, which is either 

underused or discarded. It is estimated that 73 million tons of grapes, mainly grown as 

Vitis vinifera, are produced worldwide [8]. It is one of the most important cultivated 

plants in the world where it is the main source of food and income for the population, 

and partly due to the large number of products obtained from the industrialization of its 

fruits [9].   

Activated carbon is a chemically inactive product usually obtained from high carbon 

substances (precursor material). Used for removing dissolved impurities in the products 

to be treated. The impurities removal mechanism consists of the adsorption and 



 

 

retention process, in which the impurities are attracted by the porosity existing in the 

activated carbon, being an adsorbent most used in the water treatment process, because 

it has a high surface area [10, 11]. Activated carbon production from low-cost 

alternative waste has been an attempt to mitigate environmental impacts and the cost of 

obtaining potable water [12]. 

The main objective of this work was to produce activated carbon from alternative solid 

residues such as coconut fiber and grape bagasse, to be used as adsorbent in the removal 

of calcium and magnesium present in the Pernambuco semi-arid desalination waste.  

2. MATERIALS AND METHODS 

The activated carbon production experiment was conducted at the Analytical 

Chemistry Laboratory, on the 8th floor of Block D, of the Science and Technology 

Center of the Catholic University of Pernambuco, Recife, Pernambuco, Brazil.   

2.1. Materials preparation  

The dried coconut shell (Cocos nucifera L.) residues were collected at the coconut water 

sales premises, discarding those of brown color, because they present greater difficulty 

to be processed.   

Grape bagasse, variety Isabel, was supplied by the owner of Engenho Açude Novo, 

municipality of São Vicente Ferrer, Boqueirão, state of Paraíba, Brazil.  

The coconut and grape samples were air dried and ground in a forage crusher at the 

Pernambuco Agronomic Institute - IPA, Bongi, Recife, Pernambuco, and sieved in 

mesh 14 sieves to obtain a uniform grain size according to [13, 14].  

2.2. Statistical treatment 

The experimental design was a randomized block design with five replications, with the 

ratio coconut - C / bagasse - B (treatments) equal to 100C / 0B; 75C / 25B; 50C / 50B; 

25C / 75B; 0C / 100B. Identifying the appropriate operating ranges for activated carbon 

production, experiments were conducted guided by a complete type 3
2
 factorial design, 

with three replicates and one central point. In the obtained results, statistical models 

were applied to determine the optimal working conditions.   

2.3. Determination of granulometry and chemical composition 

For the immediate analysis of the coal, the treatments were passed in 40 mesh sieves, 

determining the fixed carbon, volatile materials and ash contents according to the 

standards [14, 15], and the calorific value according to the norm [16].  



 

 

2.4. Activated carbon production 

Thus, the 50C / 50B treatment was chosen because it has higher calorific power and low 

ash concentration, which favors the chemical quality of the coal, according to [17]. 

For carbon production, 10 grams of each sample received a 1: 1 ZnCl2 impregnation 

treatment (residue / ZnCl2 mixture), using the mortar and pistil to grind the material, and 

placed in a 105°C oven for 24 hours [18].   

The activated carbon production process involved two main stages, according to [19]: 

carbonization of the raw material and activation, where the free valence bonding of the 

adsorbent molecules to the adsorbate occurs.      

The porcelain crucible samples were then activated using a muffle furnace, model 

LF00613, raising the temperature to 550°C at a rate of 15°C. min
-1

, maintaining the 

temperature for 1 hour under inert gas with a flow rate of 100 ml / min
-1

 N2. After 

removal from the muffle and cooled in a desiccator, the samples of activated charcoal 

produced with 50% HCl solution were washed, successively filtered, until pH 

stabilization near 7. All these procedures were performed with five repetitions of the 

worked sample.   

2.5. Activated carbon application  

To evaluate the efficiency of activated carbon, an experiment was carried out with five 

replicates, with a control and a dose equivalent to 200.0 mg of activated charcoal for 

200.0 ml of desalination reject implanted in the municipality of Riacho das Almas, 

Pernambuco, Brazil, with a contact time of 30, 60, 120 and 180 minutes and a 

completely randomized statistical design, under laboratory conditions, in a total of 25 

experimental units. 

The determinations performed were: calcium and magnesium, by complexation 

titrimetrics. The obtained data were submitted to statistical analysis, generating Box 

Plot graphs using Statistica 10.0 software.   

 

 

 

3. RESULTS AND DISCUSSION  

Comparing the data shown in Fig.1, it was observed that there was a reduction in the 

content of the determined elements (calcium and magnesium). 

Adsorption started within 60 minutes. After this period, a decrease in the reduction is 

noticed. As the surface of the solid reaches saturation, the adsorption rate begins to be 



 

 

controlled by the rate of adsorbate transfer to the active sites located within the 

adsorbent [20]. 

According to the calcium values presented in Fig. 2, it is noticed that in relation to the 

contact time, the adsorptive and desorptive processes show instability. Thus, the 60 

minute contact time may be considered as the most appropriate (-3.24%), from 593.18 

mg / l to 573.94 mg / l. The same instability was also found by [21] in treating saline 

water with bone-activated activated carbon. 

 

 

               Fig.1. Average reduction for calcium and magnesium at different times 

                          of contact between activated carbon and desalination reject 
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Fig. 2. Results obtained for the different contact times of the activated carbon with                  

desalination reject in calcium adsorption 

 

Regarding magnesium, it can be seen in Fig. 3 that there was no reduction in its 

concentration at any of the contact times of activated charcoal with the desalination 

tailings, compared to the control (384.18 mg / l). The activated carbons studied by [22] 

demonstrated that there was no significant reduction of magnesium, corroborating that 

this chemical element is difficult to adsorb, even at different contact times.  

 

      Fig. 3. Results obtained for the different contact times of the activated carbon 

with desalination reject in magnesium adsorption 



 

 

4. CONCLUSION   

According to the studies done, it can be noted that the 50C / 50B treatment (50% 

coconut fiber mixed with 50% grape bagasse) presented satisfactory results in the 

adsorption of the chemical elements, with a contact time of 60 minutes, favoring 

calcium adsorption. There was no significant difference in magnesium content reduction 

at any contact time. Therefore, activated carbon produced from coconut fiber and grape 

bagasse becomes yet another alternative for reuse for waste of agroindustrial origin, 

with added value that was, for the most part, incorrectly disposed of in the environment. 

Thus, the results obtained with the production of activated carbon are promising to 

minimize the level of chemical elements present in saline groundwater, and may even 

make it more suitable for human and agricultural consumption. 

 

 

REFERENCES  

1. UNESCO. National Water Footprint Accounts: The green, blue and grey water 

footprint of production and consumption. 2017. Disponível em: <http:// temp. 

waterfootprint. org/Reports/ Report50-NationalWaterFootprints-Vol1.pdf> Acesso em: 

20 de nov.2019. 

 

2. Silveira APP, Nuvolari A, Degasperi FT, Firdoff W. Water desalination. São Paulo: 

Text Workshop, 2015:188. 

 

3. Gomes Filho AJ, Paiva SC, Takaki GMC, Messias AS. Application of Moringa in the 

removal of salts from the desalinator reject. Current Journal of Applied Science and 

Technology, 2019; 36(1):1-13. 

 

4. Djaman K, Balde AB, Sow A, Muller B, Irmak S, N’Diaye MK, Manneh B, 

Moukoumbi YD, Futakuchi K, Saito K. Evaluation of sixteen reference 

evapotranspiration methods under sahelian conditions in the Senegal River Valley. 

Journal of Hydrology: Regional Studies, 2015; 3:139-159. 

 



 

 

5. Lima SSA, Paiva SC, Figueiredo HT, Takaki GMC, Messias AS. Saline waters 

treatment using activated carbon filled filter. Current Journal of Applied Science and 

Technology, 2019a; 37(5):1-7. 

 

6. CNA. Confederation of Agriculture and Livestock of Brazil. Balance sheet 2016, 

outlook 2017. Disponível em: http://www.canaldoprodutor. com.br/sites /default/ files/ 

01% 20 Balanco2015%20Perspectivas2016_panorama _economico_0.pdf. Acesso em: 

10 nov. 2019. 

 

7. FAO. Food and Agriculture Organization of the United Nations - World Agriculture: 

Towards 2015/2030. London, 1.ed., e-Book, 2017: 444. 

 

8. EMBRAPA. Brazilian Agricultural Research Company. Technical note: a balance 

sheet of world vitiviniculture in 2014. Brasília: Embrapa, 2017. Disponível em: 

<https://www.embrapa.br/busca-de-noticias/-/noticia/4007952/nota-tecnica-um-balanco 

-da-vitivinicultura-mundial-em-2014>. Acesso em: 19 out. 2019. 

 

9. Fernandes KAD. Use of activated coconut endocarp charcoal in water treatment. 

PUCRS Graduate Journal, Porto Alegre, 2017; 3(2):17.   

 

10. Lima SSA, Paiva SC, Figueiredo HT, Takaki GMC, Messias AS. Production of 

activated carbon from agroindustrial residues and application in the treatment of 

desalinator reject. Asian Journal of Environmental & Ecology, 2019b; 9(2):1-8. 

 

11. Rodrigues A, Brenha H. Desalination is an alternative to supply 9 states. Folha de 

São Paulo, São Paulo, 2015:2. 

 

12. Cirqueira MG, Dantas JV, Sena SC, Silva CABC. Phytochemical importance and 

utilization potential of grape residue from wine production. African Journal of 

Biotechnology, 2017;16(5):179-192. 

 

13. ABNT. Brazilian Association of Technical Standards. NBR 6923/81, NBR 5734/83, 

NBR 8112/83. Rio de janeiro: 1981. 

 

http://www.canaldoprodutor/
https://www.taylorfrancis.com/books/9781351536356
https://www.taylorfrancis.com/books/9781351536356


 

 

14. ABNT. Brazilian Association of Technical Standards. NBR 8112/83. Carvão 

vegetal: análise imediata, 1983:6. 

 

15. ASTM. American Society for Testing and Materials. D 1762/64 (Reapproved 1977), 

1964:578. 

 

16. ABNT. Brazilian Association of Technical Standards. NBR 8633/84. Determinação 

do poder calorífico superior, 1984:13. 

 

17. Amodei JB. Evaluation of the carbonization process of Saint Gobain Ltda. Federal 

Rural University of Rio de Janeiro, Institute of Forests. Seropédica, RJ. 2008:44. 

 

18. Ramos PH, Guerreiro MC, Resende EC, Gonçalves M. Production and 

characterization of activated carbon from the black, green, arid defect (PVA) of coffee. 

Nova Chemical Magazine, 2009; 32(5):1139-1143. 

 

19. Zhonghua HU, Srinivasan MP, Yaming NI.  Novel activation process for preparing 

highly microporous and mesoporous activated carbons. Carbon, 2001; 39:877-886.  

 

20. Pouretedal HR, Sadegh N. Effective removal of Amoxicillin, Cephalexin, 

Tetracycline and Penicillin G from aqueous solutions using activated carbon 

nanoparticles prepared from vine wood. Journal of Water Process Engineering, 2014; 1: 

64-3. 

 

21. Costa AB, Lobo EA, Soares J, Kirst A. Groundwater defluoridation using bone 

activated carbon filters. Groundwater Magazine, 2013; 27(3): 60-70.  

 

22. Holtz RD Obtaining vanadium and magnesium catalysts supported by activated 

charcoal for the production of styrene. Master's Thesis, Institute of Chemistry, Federal 

University of Bahia, Salvador, 2008: 111. 


