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Abstract: 

Activated caron (AC) is commonly produced with different agro-industrial residues, which 
usually do not present an alternative function. To generate the AC, the main step is the 
activation of the material, which is generally done by chemicals and in some cases using a 
physical step to increase its properties. A principal component analysis determined that the 
corn, grape stalks, and sugar cane have a better production relationship with the countries 
analyzed in a crop investigation with FAOSTAT data. The study collected different 
investigations in which various materials were activated by diverse agents, comparing the 
main characteristics of each one. The phosphoric acid dominated the yield comparison with 
values over the common range, obtaining 70.5% with pecan nutshell and 52.3% with walnut 
shell. The surface area study determined that potassium hydroxide is the best to improve this 
variable as it produced a 2202 m2/g with the sugar cane as raw material, in second place the 
phosphoric acid presented acceptable results. The adsorption capacity determined that the 
potassium hydroxide overcomes the phosphoric acid, even though this last one can generate 
adequate and constant results in this last quality, concluding that these two chemicals 
overcome as the best activators for AC production.  

Keywords: activator agent, adsorption, surface area, principal component analysis. 

 

Resumen: 

El carbón activado (AC) es producido comúnmente con diferentes residuos agroindustriales, 
los cuales no suelen tener una función secundaria. Para generar el AC, el principal paso es la 
activación del material, lo cual se hace generalmente con químicos y en algunos casos con 
pasos físicos para incrementar sus propiedades. EL análisis de componentes principales 
determinó que el maíz, tallos de uva y caña de azúcar tienen mejor relación de producción 
con los países analizados en una investigación con datos de FAOSTAT. El estudio recabó 
investigaciones en las cuales diferentes materiales fueron activados con varios agentes 
activantes, comparando las principales características de cada uno. El ácido fosfórico dominó 
la comparación de rendimiento con valores por encima del rango común, obteniendo 70.5% 
con la cáscara de nuez de pecan y 52.3% con cáscara de nuez. El estudio de área superficial 
determinó que el hidróxido de potasio es mejor para incrementar esta variable, pues produjo 
un 2202 m2/g con la caña de azúcar, seguido por el ácido fosfórico presentando resultados 
aceptables. La capacidad de adsorción determinó que el hidróxido de potasio superó al ácido 
fosfórico, aunque este último genera valores constantes y adecuado en esta característica, 
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concluyendo que estas dos últimas sustancias son los mejores activantes en la producción de 
AC. 

Palabras clave: agente activante, adsorción, área superficial, análisis de componentes 
principales. 

1. Introduction 

Activated Carbon (AC) is a term used to define amorphous carbonaceous materials, with 
properties related to coal or graphite, which also presents a large amount of porosity and an 
important interparticle surface area. The main characteristic of this material is the huge 
internal surface area and the number of small pores, both present in its surface, that allows 
the AC to be used as an adsorbent, retaining molecules that take part in a liquid or gas [1]. 
The initial matter characteristics and properties determine the treatment that needs to be used 
in order to generate the desired AC. Among the main raw materials to obtain AC, stand out 
the by-products of agriculture processes, which means reducing the waste production and 
adding more yield to the general process. Between these raw materials, the commonly studied 
are coconut shell [1], [2], palm saw-dust[3], [4], walnut shells [5], [6], sugar canes [7], [8], 
wood[9], [10], sunflower seeds[11], [12]; all being processed in order to produce several 
types of AC. Additionally, the application of this type of by-products mentioned before as 
raw material, generates the advantage of replacing the mineral carbon in the production 
process of AC, being this one the basic component commonly used before.   
The production of AC starts with the preparation of the raw material, that consists of 
removing all remaining waste, which is important to eliminate any possible organic part of 
the initial material. The following step is the carbonization of the main substance, which is 
done at temperatures below 800 °C. The pyrolysis step helps to eliminate elements like 
oxygen, hydrogen, nitrogen, and sulfur as volatile products. Thus, all materials can be used 
if they are processed into carbonaceous material, although the properties of the final AC 
depend on the nature of the activating agent, as well as the conditions used during the 
activation process [13]. 
In addition to the production process, it is important to determine the agro-industrial waste 
materials that can be generated in bigger proportions, so a Principal Component Analysis 
(PCA) was done in order to establish the relationship between the crop production and the 
countries around the world. This type of analysis helps study a data set that includes a lot of 
information, extracting valuable information from the main data and presenting the results as 
a set of variables called, as its name says, principal components. This analysis also 
determined out the main countries that can develop a granular activated carbon 
(GAC)production process due to their massive production of some materials [44]. 
The objective of this paper is to give a review of the studies using GAC and activating agents 
at maximum adsorption capacity for the final product. Additionally, a relationship between 
the activating agents and yield will be stablish, identifying the relation between the final 
amount of AC generated and the raw material mass. The materials selected for this article 
were determined by the PCA and the main investigations. 
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2. Environmental context 
The United Nations (UN) has set seventeen goals to help achieve sustainable development 
all around the globe and among those there is the need to ensure sustainable consumption 
and production patterns. In order to fulfill this topic, the UN determined that is important to 
generate an efficient use of natural resources and halve the global food waste by 2030, which 
inevitably includes the agricultural production waste that is generated in the world, because 
the world total can achieve a total of 4 billion tons in 2050 [14]. Based on previous statement, 
it is important to consider the role that plays the agroindustry wastes into achieving this goal. 
For example, Mexico is considered an agricultural country as it is one of the main activities 
that take part in the economic development. Among the years, this sector has increased its 
production reaching more than 231,831,259.55 tons in 2019, considering all agricultural 
products, according to SIAP (2020) [15]. However, this generates a big problem inside the 
country, as lot of waste is generated that is not usually treated in the right way or recycled.  
In 2017, according to SEMARNAT, Mexico produced 102,895 tons of waste daily. From 
this number of residues, 83.93% is collected and only 9.63% is recycled, generating an 
important problem that affects not only the environment, but also avoiding the right use of 
all available agricultural waste material [16]. Additionally, the National Atlas of Biomass 
reports an annual residual production of 52,104 tons from agricultural activities, which 
represents an energetic potential of 796.2 TJ [17].  
In table 1, the total production from China, United States, India, Malaysia, Brazil, and 
Mexico are presented some potential agricultural products or by products that can be used to 
generate AC. These countries were selected because agriculture represents an important part 
in their economy scheme, as well as the relevant amount of research they have produced over 
the last years in the generation of AC studies, helping to improve the development of this 
topic in their scientific groups [18]. 

Table 1. Agriculture production per country obtained from FAOSTAT in 2018.  

 Production (tons/year) 
Country Coconut Corn Sugar cane Sunflower seed Walnuts 
China 402,684 257,348,659 108,718,971 2,550,000 1,586,367 
USA - 392,450,840 31,335,984 959,990 613,260 
India 11,706,343 27,820,000 376,900,000 200,000 32,500 

Malaysia 519,153 76,362 29,433 - - 
Brazil 2,346,750 82,288,298 746,828,157 135,872 7,373 

Mexico 1,158,471 27,169,977 56,841,523 9,751 159,535 
World 61,865,423 1,147,621,938 1,907,024,730 51,954,777 3,662,507 

2.1. Advantage of using biomass waste. 
The European Union (EU) has been taking in consideration the potential of biomass over the 
last years, generating different projects in order to use this material to produce a successful 
impact in its various countries. Most of the ideas are related to energy generation like biogas, 
liquid biofuels, heating, and electricity, among others, but proving the potential of all the 
waste that is being produced in the EU. It is reported that between 2010 and 2016, 0.89 
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million tons of biomass were mobilized as the result of this type of projects, including forest 
wood, agricultural residues, municipal waste, and food processing residues [19]. 
 
The use of biomass waste to produce AC is an important topic to investigate due to the many 
advantages it involves as it can be the revalorization of the waste, which means that some 
remnants that are considered waste can be used to produce useful products, generating a 
progress in treating the huge problem of residue. Most of these agricultural by-products can 
be used as raw material to generate AC, but it is important to know the production process 
and how to select it [20]. Another advantage is that synthesized activated carbon are produced 
from a lower cost process, as the precursor or considered raw material is a renewable source. 
Additionally, the combustion of these type of AC does not generate an increase in CO2 
accumulation as it has been previously captured during the growth of the plant [21], [22]. 
These benefits play an important part at the moment of taking agricultural waste as a raw 
material for GAC production.  
 
2.2. Global development of AC 
It is important to point out that the study of AC production from agro-industrial waste has 
been increasing over the years, as it has become a suitable alternative to generate this material 
in order to apply it for wastewater treatment, as well as the many uses mentioned before. 
Using Scopus data base, the figure 1 was generated, where it can be seen a sample of the 
number of documents generated for each year from 2009 to 2019. This graph shows that 
investigations related with AC production from agricultural waste had increased during years 
all around the world, showing an important advance in the development of this topic [23]. 

 
Figure 1. Documents of AC production from agro-industrial waste [23]. 

In table 2 shows the number of documents related to production of activated carbon from 
different agricultural products divided by the main countries, which was generated by 
searching topics about production of activated carbon from agricultural waste. As it can be 
seen, China is the leading country according to Scopus, as it has generated 600 investigation 
documents, while the United States has developed 252, and India 244, just for mention some 
examples. This is important to point out because these countries are also leaders in 
agricultural production, which means they are trying to find a use to the waste this activity 
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generates [18]. At the same time, this table represents the development in production of AC 
by country, showing the importance of doing diverse research as it has an important field and 
different variables to understand its behavior [23]. 

Table 2. AC´s investigations done by country per agricultural product [23]. 
Country Coconut Corn Sugar cane Sunflower seed Walnuts Total 
China 296 167 27 21 89 600 
USA 105 101 17 10 19 252 
India 173 20 36 5 10 244 

Malaysia 114 9 14 - 5 142 
Japan 87 14 - - - 101 
Brazil 41 - 31 4 - 76 

 
Another important topic to take in consideration, is the flow of activated carbon around the 
globe, and one good example is that Mexico has increased the production of AC during the 
past years, since 2003 to 2011 the amount of AC generated raised from 3,108 to 6,581 tons. 
Nevertheless, the importation grew even more in the same period, going from 4,270 to 8,486 
tons each corresponding year. The rising number of imports regarding to exports demonstrate 
the significant part of this product in the market nowadays, and it is important to decrease 
the exportation numbers, leading to generate new alternatives to cover the national demand 
on AC. In Mexico, the companies that dedicate to supply AC are commonly foreigners, but 
there are few national corporations that produce this material, as Appeals Carbones®, 
Carboshell ® and Clarimex ® [24] . 
 
2.3. Use of AC obtained by biomass 
AC is a product often used in the industry due to its properties, adding improvement in the 
processes that it is applied on, between those functions stand out: recovering precious metals, 
catalyst for mercury chloride, as a component in ventilation filters and in electrochemical 
storage for supercapacitors [25]. Nevertheless, one of the main applications of AC is to 
deodorize and discolor fluids, especially water, because of its high crystallization and 
porosity, which can be modified and manipulated during its production [26]–[28]. 
 
Today, the treatment of wastewater has become an important study for science because it 
solves some of the main environmental problems that population is facing: reduce 
contamination in water bodies and producing drinking water for human consumption. The 
use of this type of carbon is already a relevant part of the solution. Boehler et al. (2012) used 
AC to remove micropollutants in a municipal wastewater treatment at Switzerland, obtaining 
an efficiency of 80% while using 10 mg/L and up to 100% for 15 mg/L; adding that the AC 
can be involved in the biology process as an extra step of wastewater treatment, but a dose 
of 30 mg/L is needed in order to achieve the 100% efficiency [29],[25]. But as the 
applications raise, the normal concern with this material is to increase its production. 
 
3. Characteristics of AC 

The main properties of AC change due to the production process, which involves many 
variables that are needed to take in account. Over the last years the importance of AC has 
increased, and the study of its production methodology represents a huge area for research 



 

Manuscrito sometido a la Revista Mexicana de Ingeniería Química                  6 
 

[30]. One good example is the investigation developed by Lua, Lau & Guo (2006), where 
they studied the influence of pyrolysis conditions in the pore generation of activated carbon 
from oil palm shell, variating the temperature, holding time, nitrogen flow and heating rate 
in the pyrolysis step [31]. As well, Sun & Webley (2010) developed an investigation of the 
preparation of activated carbon from corncob using different chemical activators: KOH, 
K2CO3, NaOH, ZnCl2 and H3PO4, reporting the comparison between pore volume, external 
surface, average pore width, among other properties [32]. 

It is important to point out that there are two types of AC: powdered and granular. The main 
difference between this classification is the particle size, where the first type is smaller, with 
the granular activated carbon (GAC) having a greater surface area. Both types can remove 
taste and odor compounds, which is why they are often used in wastewater treatments in 
filtration systems. Powdered Activated Carbon (PAC) is commonly applied for gases while 
GAC is usually for liquids. Nevertheless, a principal factor in choosing each type of AC, is 
that PAC has higher operational cost and cannot be regenerated, meanwhile GAC is more 
economic and can be controlled to manage its adsorption and desorption [33]. 

As mentioned before the superficial area refers to the distance or area of the surface pores 
that develops in the AC. This property allows to determine the carbon activation level, 
because the larger the amount of area, the number of zones where adsorption can happen 
increases in a proportional way, leading to a greater efficiency from the AC while it is 
accomplishing its function in a wastewater treatment process [30]. According to the 
International Union of Pure and Applied Chemistry (IUPAC), the pores of an AC can be 
classified in three main groups according to their dimensions. The first category stands for 
micropores, having a size inferior to 2 nm and being able to contain molecules that generate 
odor and taste. Mesopores are categorized between 2 and 50 nm, followed by macropores, 
which dimensions are greater than 50 nm [34]. All the properties mentioned are defined by 
the AC production process.  
3.1. Activation process 

It is important to point out the several types of activations that can be used to produce AC. 
The first is physical activation, which consists in a heat treatment in a stream of gases, which 
is commonly done by carbonizing the carbonaceous material in an inert atmosphere, usually 
done by nitrogen and at a temperature range from 400 to 800ºC, to generate the charcoal [30]. 
Marsh and Rodríguez-Reinoso (2006) explained that the bonds in the material structure are 
broken and followed by the second step, which is denominated activation and developed at 
temperatures from 600°C to 1000ºC, where gas agents work as extractants of carbon atoms, 
leading to the creation of micropores and the widening of the existing micropores in some 
cases, leading to the generating of meso and macropores [35]. 

On the other hand, the process can be developed by chemical activation, where the 
impregnation step is done by mixing the agent in water and normally done at 85ºC, avoiding 
the evaporation of the mixture, letting the chemical reactant to swell in the interior of the 
material structure. After this, the carbonization of the material is done with a flow of an inert 
gas, followed by a washing process in order to delete any chemical remainders [35].  
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The activating agent can be an acid or basic substance, but it has been pointed out that acid 
solutions generate a better quality in the AC, because this type of agent provides ions in the 
surface, which play an important part on adsorption. Additionally, it is known that some acids 
are known to produce better results in the AC, as phosphoric acid, due to a structure change 
in the raw material, generating a division in the bonds and producing resistance in polymers. 
As well, potassium salts can produce high superficial areas and abundant porosity but require 
a higher amount of water to eliminate the remaining agent in the final product [36]. 
The figure 2 shows the process that is commonly used to form AC from any agricultural 
waste in a laboratory, the activating method is chemical impregnation, which has been 
described before. The figure shows a more complete methodology with some values assigned 
to each variable that can be studied from AC production, like carbonization time or 
temperature, drying periods, heating ramps, among others.  

 

Figure 2. Laboratory process for chemical AC production[36] 

3.2 Characterization 

AC is a complex material that involves a lot of properties, and also, it is a challenge to 
perform a complete characterization, because there are a lot of techniques of adsorption, 
kinetics, surface polarities, energetics, among other tests that provide a full characterization 
[37] . But one of the main properties that are studied is the porosity, which represents the 
dimensions of the pores in the AC surface and is usually done by scanning with microscopes 
and small angle scattering of X-rays, the Scanning Electron Microscopy (SEM) is used as 
qualitative measure while Brunauer-Emmet-Teller (BET) is a quantitative analysis [35]. 

 It is important to mention that not all the AC´s porosity has the same dimensions and can be 
described by open or closed porosity. The first one applies when the adsorption prefers 
smaller size molecules instead of larger size, and the second one when is closed to molecules 
of bigger size than small ones, closed porosity is also defined when it is not accessible to a 
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certain adsorbate [35].Even though the porosity is important, the main test used for 
characterization of activated carbon is adsorption isotherm. Once it is known, the adsorption 
process is possible thanks to Van der Waals forces and chemical bonds, an adsorption 
isotherm is the relation between the mass of an adsorbed solute and the concentration of 
solute once the equilibrium is achieved [38].  

Langmuir and Freundlich´s models are the most common ones used to describe the 
adsorption isotherm observations. The first model (Eq. 1) describes adsorption as single 
layered where the regions on the surface of the adsorbent material are uniform; while 
Freundlich (Eq. 2) defines the process if the adsorption happens in mono layer but not 
uniform nor homogenous. By properly using these models, the main properties of an 
adsorption system can be defined, such as the concentration of the adsorbate in the fluid (𝐶𝑒), 
which determines the equilibrium point, the maximum capacity of adsorption by unit of 
adsorbent (𝑄0) and the amount of solute adsorbed (𝑞𝑒). According to Faust (1983) the 
Freundlich and Langmuir constants, 𝐾𝐹 and 𝐾𝐿, help to determinate the behavior of the 
system, but are different for each material and specific conditions [39].  

𝐶𝑒

𝑞𝑒

=
𝐶𝑒

𝑄0

+
1

𝑄0 ∗ 𝐾𝐿

                 𝐸𝑞. 1  

𝑙𝑜𝑔𝑞𝑒 =
1

𝑛
𝑙𝑜𝑔𝐶𝑒 + 𝑙𝑜𝑔𝐾𝐹                𝐸𝑞. 2 

In table 3 some adsorption isotherms are presented: Freundlich, Langmuir, BET, Dubinin-
Radushkevich and Temkin. Each one is exposed with its original equation, which are mainly 
formed by constants, as presented in the table, and the value corresponding to the maximum 
adsorption capacity. Also, table 3 presents an example of agricultural waste that has been 
used to produce activated carbon and the equation used to generate its characterization.  

Table 3. Adsorption isotherm models 
Isotherm Equation Constants Waste Article 

Freundlich 𝑞𝑒 = 𝐾𝐶𝑒
1/𝑛 𝐾𝐹 

n 
Pecan 
shell 

[40] 

Langmuir 𝑞𝑒 =
𝑞𝑚𝑎𝑥𝐾𝐿𝐶𝑒

1 + 𝐾𝐿𝐶𝑒
 𝐾𝐿 

𝑄0 
Sugarca

ne 
[41] 

BET 𝑄𝑒 =
𝑞𝑚𝑎𝑥𝐾𝑏𝐶𝑒

(𝐶𝑆 − 𝐶𝑒)[1 + (𝐾𝑏 − 1)(𝐶𝑒/𝐶𝑆)]
 

𝑞𝑚𝑎𝑥 
𝐾𝑏 
𝐶𝑆 

Acorn 
shell 

[42] 

Dubinin-
Radushkevich 𝑞𝑚 = 𝑒−𝛽𝜖2

𝑞𝑒 𝑞𝑚, β Coconu
t shell 

[43] 

Temkin 𝑞𝑒 =
𝑅𝑇

𝑏𝑇
𝑙𝑛(𝐴𝑇𝐶𝑒) 𝑏𝑇, 𝐴𝑇 Cocoa 

shell 
[44] 

It is important to point out that each isotherm has main applications according to the system 
or type of adsorption that is present in the AC. For example, Langmuir and Freundlich 
equations are commonly used in chemisorption and physisorption, but the first one is more 
useful for the analysis of a reaction mechanism, while Freundlich is easier to adjust for 
adsorption data. In the other hand, BET isotherm is used for multilayer physisorption as it is 
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useful for area determination, while Temkin isotherm is applied for chemisorption systems 
[38,39,40,41,42]. 
 
4. Principal Component Analysis 
4.1. PCA introduction 
Additionally, a Principal Component Analysis (PCA) was done to study the consumer 
patterns of some countries corresponding to the main agricultural wastes used to produce 
GAC. The PCA extracts valuable information from all the presented data and expresses the 
information as a set of variables that are called principal components, exposing some 
similarity patterns of the variables and the observations by displaying them in points in 
graphics or maps [45]. 

As mentioned before, the PCA analysis assist in reducing the dimension of a data set with a 
large number of entries, generating interrelated variables to make the information easier to 
study and analyze. It is important to point out, that the uncorrelated data is not rejected, but 
it is presented outside of the principal components map or separated from them, so it can be 
understood which is correlated and which not. Besides compressing the size of the data set 
and extracting the most essential information of it, the PCA also simplifies the description of 
the statistics studied and generates an analysis of the structure of the variables or 
observations, helping the user to easily understand all the resulted information [46]. 

In order to achieve the results previously mentioned, the PCA analysis computes the new 
variables called principal components, which are obtained as linear combinations of the 
original variables presented in the data set. The first component is required to have the largest 
variance, so it can extract the largest part of the information, the second must be computed 
under the restriction of being orthogonal to the first component and to have the largest 
possible variance after the first component.[46].  

One example of the use of this type of analysis in the industry, is an experiment developed 
in 2020 at Goias, Brazil, where one company wanted to know which physical and chemical 
attributes of tomatoes were mainly affected by the process of transportation in order to 
generate a higher quality in their product [47]. They analyzed firmness, titratable acidity, 
total soluble solid, pH and mass loss in three different stages of the process: transportation 
on dirt road, after transportation on dirt road and during transportation on paved road. The 
PCA showed a variance of 78.37% within the three principal components and generated the 
conclusion that titratable acidity, soluble solid and mass loss were the most affected 
properties as they had the higher correlations with the most representative principal 
component. 

4.2. PCA process and results 
To develop a PCA analysis related to the GAC, some agricultural crop productions were 
studied among all the countries of the World. The information was consulted in the United 
Nations Food and Agriculture Organization (FAO) database, which represents the tons of 
certain crops produced by country [18]. In this case the strategy was to use a correlation 
among all countries and eliminate those that presented a low interaction. It is important to 
point out that the database shows the information from every nation, including those who had 
a production of 0 tons during 2019, and for a better analysis of the information, the ones that 
presented more than 4 materials with zero production were eliminated from the study. 
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The countries resulted in the correlation for the analysis were: Brazil, China, Egypt, 
Germany, India, Iran, Italy, Japan, Mexico, Portugal, Switzerland, and the United States. The 
crops used for the analysis were almonds with shell, apricots, avocados, corn, grapes, 
mangoes, mangosteens, guavas, peaches and nectarines, sugar cane, sunflower seed, and 
walnuts with shell. It is important to point out that mangoes, mangosteens, guavas, peaches 
and nectarines are a single group. According to some research, all these materials were 
specially selected because they have a high potential to produce GAC and have been studied 
for some years as important raw materials with different activators.  

The PC analysis was done using the software Aspen ProMV®, which initially helps to find 
the number of components that are suitable for the data set that resulted in the crop production 
of studied countries, figure 3. The results showed that using 2 components the analysis could 
provide reliable information where correlations factor (R2) was near 1. The use of 3 
components shows a value way too close to 1, but because of the third component was worth 
less than 0.1, does not implies a meaningful change in the results obtained with only 2 
components. According to the previous, 2 components were selected for this study.  

 

Figure 3. Component summary for PCA Aspen in ProMV®, 

The figure 4 represents a biplot graph, which establishes a comparison between the 
production of crops and countries. As it can be seen, there is a group of crops that stick 
together in the center of the diagram, this means that those crops share characteristics in 
common. Meanwhile those crops groups separated from the country's quadrant are not 
recommended to be used in those countries in comparison to the ones that are still inside the 
circle confidence. It is important to point out that this graph does not imply that those crops 
should be eliminated from the study, it just determines which is better for each country. In 
the other hand, according to the PCA, the principal note in figure 4 is that the corn, grapes, 
and sugar cane were selected as the best crops for the countries studied. 
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Figure 4. Biplot resulted for crops and countries in the PCA. 

Another observation from figure 4 is the proximity between the crops inside the inner circle 
and the points that represent the countries. As showed in the biplot, some points are in the 
interior of the confidence circles and some are outside, this helps to understand which 
countries are more reliable for the study of their crops production for corn, grapes, and sugar 
cane. The countries that rely outside the circle are Brazil, Germany, Switzerland, and Japan 
as those are at the edge of the graph. Nevertheless, China, Italy and the United States 
presented trusted results and good interaction with corn and grapes, while Egypt, Iran and 
Mexico showed better results with the sugar cane production. 

In figure 5, it can be seen a comparison between some of the components that were grouped 
in a separate quadrant, in this case the analysis is between mangoes, mangosteens, guavas, 
and walnuts with shell. These products were selected because of their importance of AC 
production during last years. As it is presented in the diagram, the countries that have a higher 
correlation with the first crop are Egypt, India, and México, while the ones that present a 
better variance with the walnuts are Iran, Switzerland, and Germany. This graph lets us 
understand the relation between some components and variables even when they are not the 
included in the main component groups. 



 

Manuscrito sometido a la Revista Mexicana de Ingeniería Química                  12 
 

 

Figure 5. Country correlation comparison between mangoes, mangosteens, guavas, 
peaches, and nectarines; and walnuts.  

5. Results 

To start the comparison between different activators, it is important to establish the 
conditions used to develop each one of the GACs, in Table 4 some examples of activated 
carbons are exposed. Each example describes the characteristics of the process under which 
the initial materials were affected to obtain the desired product. This is important to point out 
because the use of different chemicals generates a change in the conditions of the process for 
each material.  

For this investigation most of the raw material studied were activated using a chemical 
process, but some of them added an extra step with a physical stage to achieve a better result.  
In table 4 the process conditions are presented of the activated carbons: activation time (tA) 
in hours, activation temperature (TA), pyrolysis temperature (TP), impregnation ratio (R), 
max adsorption (qmax) and total surface (S). 

As it can be seen, the activation time is established between 2 and 4 hours, which is important 
because the strength of the activator can directly affect the time in which the raw material is 
exposed. The activation temperature is normally between 60 and 85°C, but in some cases, it 
can increase due to the strength of the material and considering the pH of the activator.  The 
pyrolysis temperature is commonly suggested to be below 800°C, so the ones presented in 
the consulted material fulfills this topic but does change for every material and activator.  

Finally, the impregnation rate is often established between 1 and 3, but it usually depends on 
the density of the raw material and how it reacts to the previous processes as washing, drying 
and activation. It is important to point out, that some of the materials are considered weak 
because its physical properties change during the activation as result of the contact with 
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strong activator, presented more often in acid chemicals. Now that all the variables from the 
production process have been analyzed, is time to determine which activator generates better 
result to produce AC. 

The most used activator for AC production is phosphoric acid and it represents the most part 
in the data obtain for this investigation, but as it can be seen there are other chemicals that 
can be applied to generate a good adsorbent material. To start the comparison among these 
activators, the first variable to study is the yield, which represents the relation between the 
initial mass of raw material and the final quantity of AC generated at the end of the process. 
This value is usually between 30-50% and is important to take in consideration because a 
lower number will result in a little conversion from waste to product.  

While comparing the activators, the phosphoric acid presents the higher yield among the 
results in table 4 with a maximum value of 70.5% for pecan nutshell, followed by 52.3% and 
48% for walnut shell and black cherry stones, respectively. A different paper presents a yield 
of 50.8% for pecan nutshell, which is still a high number to take in consideration. The first 
value presented for pecan nutshell is important to point out, as it means that only 29.5% of 
raw material is lost during the process of generating the AC, being the 32.4% the lowest value 
shown for phosphoric acid with the mangosteen peel.  

The mangosteen peel AC activated with zinc chloride resulted in the higher value of the rest 
of the chemicals, with a yield of 43.5%, which is better than the phosphoric acid with the 
same material. It is important to point out that this last material had the same conditions with 
both activators, 60ºC and 3 hours during the activation process, but with the difference that 
the ZnCl2 had a ratio of 1 while H3PO4 used 0.5 as relation. This is essential to mention 
because its common that the yield decreases while the activation ratio increases, but as the 
chemicals are different, this means that the mangosteen peel can generate a higher yield with 
the zinc chloride than the phosphoric acid [55]. 

Some of the values that are still considered good are the grape stalks with potassium 
hydroxide with a total of 33.27%, macadamia shells with zinc chloride with 31.9% and again 
the mangosteen peel with potassium hydroxide with 31.4%. The lowest value registered is 
the walnut shell with potassium hydroxide as it presents 11.19%, while the same material 
shows a yield of 52.3% with H3PO4, showing an increase of almost 5 times and seizing more 
than half of the raw material instead of only a tenth of it.  In the yield comparison the 
phosphoric acid results as the best activator having higher values that are far away from the 
other chemicals, excluding the mangosteen peel case where the ZnCl2 showed a better 
outcome.  

The next characteristic is the surface area, being one of the most important variables as the 
AC is mainly known for its adsorption capacity derived from the area available to retain 
pollutant molecules from the liquid or gas looking to clean. The average surface area for 
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activated carbon is settled from 950 to 2000 m2/g, being capable of adsorbing molecular 
weights from 100 to 1000 daltons [48].  

By analyzing the data collected in table 4, the highest AC surface area produced in the 
reviewed articles is the sugar cane activated with potassium hydroxide, as it generated a total 
area of 2202 m2/g, the second and third place is taken by walnut and coconut shell as main 
material, presenting values of 1851.1 and 1703 m2/g, with phosphoric as activator. As it can 
be seen, two out of three of the highest values were generated by using H3PO4 with two 
different materials: walnut and coconut shell  While the lowest data obtained is presented by 
one the same materials, the coconut shell activated with sodium carbonate resulting in a small 
value of 494 m2/g, which is positioned below the minimum values of surface area for 
activated carbon as it is not even close the 950 m2/g proposed by the bibliography [48].  

Comparing the materials with different activators it is a huge difference between phosphoric 
acid and sodium carbonate with the coconut shell, presenting a variance of more than 1200 
m2/g between these chemicals. Using the walnut as raw material resulted in good values for 
surface area, as it obtained its highest with phosphoric acid with 1851.1 m2/g, followed by a 
total of 1689.13 m2/g with potassium hydroxide and 1223 m2/g with zinc chloride, resulting 
in the H3PO4 to be in top again for this material with a representative difference. Meanwhile 
the sugar cane presented values of 1132 and 1415 m2/g with H3PO4, which are considered 
good if contrasted with the 864 m2/g produced with zinc chloride, but still low compared to 
the 2202 m2/g obtained by the same material with KOH. 

The mangosteen peel presented acceptable results with all its activators, in first place the zinc 
chloride showed a total of 1387 m2/g, followed by potassium hydroxide with 1245 m2/g, the 
phosphoric acid in third place with 1052 m2/g and potassium carbonate with 923 m2/g, all 
values stay in the recommended range showed earlier except for the last one, which is below 
the minimum just by little. Finally, the palm shell resulted in the lowest values for surface 
area with a 743.71 m2/g for sodium carbonate, 642 m2/g with H3PO4 and 551.05 m2/g with 
zinc chloride as chemical agent.  

This comparison resulted in the phosphoric acid and potassium hydroxide to be the activators 
that generate the highest surface in 2 materials each but resulting the first one to generate the 
more competitive values among the other resources. It is important to point out that the 
sodium carbonate generated two values below the 950 m2/g, while sodium hydroxide 
managed to obtain a 1524 m2/g with the macadamia nutshell, which is considered 
satisfactory. At the same time, the phosphoric acid generated a high increase in the lowest 
surface area obtained, by coconut shell with sodium carbonate, from 494 m2/g to 1703 m2/g, 
which represents a vote to the H3PO4 as activator to obtain higher surface areas. 

Finally, the last variable to study and compare the chemical activators is the maximum 
adsorption, which is the amount of adsorbate that can be taken per mass of adsorbent, is 
commonly measured in mg/g. It is important to mention that in every investigation or paper 
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the AC is produced to be tested with a certain chemical working as a pollutant, so it is not 
possible to compare every element from the table among each other. In the table 4, the main 
chemicals used to test the AC adsorption property is methylene blue and iodine, while some 
others are sulfuric hydroxide, methane, and chromium. 

The first adsorbate to be analyzed is methylene blue, which is commonly used to determine 
maximum adsorption in AC studies.  In this case, the main activator used is phosphoric acid 
with 5 samples, being the pecan nutshell the highest value for this chemical with 400 mg /g 
and 333 mg/g, followed by the black cherry stones with 321.75 mg/g, being the walnut shell, 
the worst adsorption capacity presented with 169.5 and 140.9 mg/g. Even though H3PO4 is 
the main activator used in the production of AC for this pollutant, the potassium hydroxide 
showed an important increase in this variable as it resulted in 1162.1 mg/g, which means a 
growth of more than 3 times the value of phosphoric acid. An important point to take in 
consideration, is that despite the fact that KOH has a yield of 11.19% with the walnut shell 
as raw material, it has an adsorption capacity of almost ten times than the one produced with 
H3PO4. 

The next material used for adsorption studies is the iodine, which contains more activators 
in the samples analyzed. For this pollutant, the highest values are presented with the 
mangosteen peel as it has four adsorption capacities that overcome the other materials: 1240 
mg/g with zinc chloride, 1100 mg/g with potassium hydroxide, 960 mg/g with phosphoric 
acid and 865 mg/g with potassium carbonate. It is important to mention that there is an 
important difference between the value produced with KOH and H3PO4, as it was the same 
chemical that overcome the acid in the methylene blue test. The next value close to the ones 
presented previously, is the sugar cane activated with phosphoric acid with a total of 746 
mg/g, followed by the macadamia nutshell with zinc chloride for an adsorption of 672.4 
mg/g. 

In the case of adsorption of methane, the AC tested with this pollutant were the sugar cane 
and palm shell. The first one, activated with potassium hydroxide, produced a value of 197.23 
mg/g, which can be taken as low if compared with the previous results generated by this 
chemical, but it is still more than ten times the value showed by palm shell activate with 
phosphoric acid, which offers an adsorption capacity of 19.18 mg/g of CH4.  The last 
chemical compared as an adsorbate, is the sulfuric acid, which was tested in palm shell AC 
with two different activators, but presenting a value close between both agents, showing 
247.33 ppm for sodium carbonate and 241.67 ppm for zinc chloride. As it can be seen, during 
this analysis the results presented that potassium hydroxide is the best activator, among the 
studied, to produce higher adsorption capacity in all materials tested, with phosphoric acid 
not presenting bad results but having a considerate difference with the KOH.
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Table 4. AC results for different materials 

MB: Methylene blue, PH: Phenol, Cd: Cadmium, I2: Iodine, CH4: Methane, H2S: Sulfuric acid, N2: Nitrogen, Cr VI: Hexavalent chromium

Material Activator agent tA (h) TA (ºC) R Yield (%) qmax (mg/g) S (m2/g) Source 
Black cherry stones Phosphoric acid 4 85 1 48 321.75 (MB)  - [36] 

Coconut shell Sodium carbonate 4 160 5% (w/w) - 17.54 (PH) 494 [1] 
Coconut shell Phosphoric acid 1 170 1 48 3.96 (Cr 3+) 1703 [49] 
Grape stalks Potassium hydroxide - - 6 33.27 140.84 (Cd) 834 [50] 

Macadamia nutshell Zinc chloride 4 60 3 31.9 672.4(I2)   [51] 
Macadamia nutshell Sodium hydroxide 2 130 3 30.54 455.33 (TC) 1524 [52] 

Mangosteen peel Phosphoric acid 3 60 0.5 32.4 960 (I2) 1052 [53] 
Mangosteen peel Zinc chloride 3 60 1 43.5 1240 (I2) 1387 [53] 
Mangosteen peel Potassium carbonate 3 60 0.5 22.4 865 (I2) 923 [53] 
Mangosteen peel Potassium hydroxide 3 60 1.5 31.4 1100 (I2) 1245 [53] 

Palm shell Phosphoric acid 2 85 1 - 19.18 (CH4) 642 [54] 
Palm shell Sodium carbonate 2 700 3 19.1 247.33 ppm (H2S) 743.71 [55] 
Palm shell Zinc chloride 2 700 3 15.2 241.67 ppm (H2S) 551.05 [55] 

Pecan nutshell Phosphoric acid 4 85 1.5 50.8 333 (MB)  - [56] 
Pecan nutshell Phosphoric acid 4 85 2 70.5 400 (MB)  - [56] 

Sugar cane Phosphoric acid 2 20 2 - 1200 (N2) 1415 [8] 
Sugar cane Phosphoric acid 1 400 2 46 261(MB) 746 (I2) 1132 [57] 
Sugar cane Potassium hydroxide 3 - 2.8 - 197.23 (CH4) 2202 [58] 
Sugar cane  Zinc chloride 0.5 80 0.75 - 24.68 (PH) 864 [59] 

Walnut shell Phosphoric acid 4 85 1 41.3 140.8 (MB)  - [56] 
Walnut shell Phosphoric acid 4 85 2 52.3 169.5 (MB)  - [56] 
Walnut shell Potassium hydroxide 1 600 1 11.19 740(I2)1162.1(MB) 1689.13 [60] 
Walnut shell Phosphoric acid 4 70 4 - 123.1(COD) 1851.1 [61] 
Walnut shell Zinc chloride 8 80 2.5 - 31 (Cr VI) 1223 [62] 
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6. Conclusions 
In conclusion, the outcome demonstrates that phosphoric acid and potassium hydroxide result 
in the best activators for AC production as they overcame every other chemical in yield, 
surface area and adsorption capacity comparison. 
In relation of the PCA, the study showed important information in order to develop an AC 
production with residues from crops used a raw material, obtaining that corn, grape and sugar 
cane were the best materials as they showed a better relationship with the selected countries 
from the study. Additionally, using the biplot diagram produced from the PCA, it is possible 
to conclude that the sugar cane generated a better relationship with Egypt, Iran and Mexico, 
while the corn and grapes is settled for China, Italy and the United States.  
The results obtained in this study show an important comparison between the main variables 
that determine the quality of AC. Regardless of the reliability of this article, the comparison 
can be improved by developing a production of AC using different materials with various 
activators and applying the same conditions during the process,  compare and generate a well-
founded contrast among the chemicals and evaluate each variable in a deeper approach.  
The results of the yield analysis, showed that the H3PO4 presented values above the maximum 
acceptable (50%), producing a 70.5% with pecan nutshell and 52.3% with walnut shell, 
generating an important reduction in the raw material loss. For the surface area category, the 
KOH had an interesting outcome as it ended up being the best activator, obtaining the highest 
value with 2202 m2/g, overcoming the normal range for a representative amount, even though 
the H3PO4 came after this activator, it showed acceptable result for this variable with most 
of the materials. Finally, for the adsorption capacity, the KOH generated better products in 
general and having a representative advantage over the H3PO4, which obtained constant and 
stable results, providing adequate values for all materials as well.  
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