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Abstract: The work produced activated carbon (CACCA) from the lignocellulosic biomass of pineapple 
peel and crown (CCA) by slow pyrolysis in a fixed bed reactor. Activation was carried out by water vapor 
at a temperature of 700 °C for a period of 30 min. The objective was to remove the Congo red textile 
dye from the charcoal obtained. The biomass showed values for density 0.264 g/ mL, moisture 7.03%, 
volatile matter 80.74%, ash 6.33%, fixed carbon 5.9%, carbon 43.43%, hydrogen 1.16%, oxygen 48.19%, 
nitrogen 6.22%. The CACCA yield was 25.24%. CACCA was used in the adsorption process to remove 
the anionic Congo red dye, using a Plackett-Burman (PB) experimental design. The formation of a 
mesoporous structure of the activated charcoal and pHpcz of the CACCA favored the adsorption 
process, which reached up to 94.94% efficiency in the dye removal. 
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1. Introduction 
 
Population growth and globalization contribute to the increase in 
agricultural and industrial waste, which contributes to the 
collapse of natural resources and water pollution. Therefore, the 
scientific community has carried out research to minimize the 
effects of these (Juma et al., 2014). Among The Brazilian 
industries, textiles represent the largest production chain in the 
West, which generates a considerable volume of effluents rich in 
pollutants from the chemical supplies used in the manufacturing 
process (Pedroza et al., 2021; Popa & Visa, 2017). 

Wastewater varies according to its origins. The textile 
industry uses a variety of products, among which dyes are one 
of the components used and when in contact with water are 
harmful to aquatic species (Ahmad et al., 2021; Anjaneyulu et 
al., 2005; Talouizte et al., 2020). 

Dyes are substances that can be classified by their chemical 
structure, use and/or application in textile fiber. In the textile 
industry, it is estimated that 100 m³ of water is used for each 
ton of fabric processed. To address the impacts caused by 
wastewater from the dyeing process to the environment, it is 
necessary to use technologies for the treatment of these 
effluents (Al-tohamy et al., 2022; Bhatnagar et al., 2015; Khenifi 
et al., 2007; Khandegar & Saroha, 2013; Yagub et al., 2014). 

The textile industry uses dyes that sometimes have 
complex chemical structures and the removal of these 
pigments in the aqueous medium can be carried out by 
different processes, such as oxidative, physical and biological 
(Juma et al., 2014; Pedroza et al., 2021; Talouizte et al., 2020). 

Thus, adsorption with activated carbon has been 
considered in the removal of dyes in effluents (Fahmy et al., 
2020; Lua et al., 2006; Lua., 2020). The charcoal activation 
process takes place by physical or chemical means to increase 
the pore surface (Braga et al., 2015). The porous carbonaceous 
structure of coal, the surface area and its mechanical  
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

properties are factors that influence the efficiency of the 
adsorption process (Braga et al., 2015; Paz et al., 2023; Tang et 
al., 2019). To produce lignocellulosic activated carbon, raw 
material is needed in abundance, to be subjected to the 
thermochemical process, in which its physical and chemical 
nature is modified in a controlled environment that generates 
a solid product (Tang et al., 2019). 

Brazil is the third world producer of pineapple and part of 
the crown and bark residues come from the processing 
industry that can be reused through a thermochemical 
treatment (Khenifi et al., 2007; Yin et al., 2019). The National 
Solid Waste Policy (PNRS), Law No. 12305/2010, regulated by 
Decree No. 10936/2022, deals with a set of principles, 
objectives, instruments, guidelines, goals and actions that 
must be taken by government and private entities. The main 
objectives of the policy are the quality of the environment 
through non-generation, reduction, recycling, reuse, among 
other actions, until the proper disposal of tailings (Pedroza et 
al., 2021; Paz et al., 2023). 

Charcoal production from pineapple waste biomass can be 
an alternative to commercial activated carbon. Therefore, the 
aim of this research is to produce pyrolytic activated carbon 
for Congo red dye removal by adsorbing the pollutant using a 
Plackett-Burman (PB) experimental design. 

 
2. Materials and methods 

 
The material used to carry out this work was the lignocellulosic 
biomass of the peel and crown of the pineapple (CCA) in the 
proportion volume/volume of mesh 10, collected in the fairs of 
Palmas - TO, Brazil. Figure 1 presents the methodological 
evolution of the procedures performed in the research. 

The CCA biomass was inserted into the fixed-bed reactor in 
a briquette format with dimensions of 32 mm and length of 25 
cm, with a mass of approximately 20 g.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 1. Methodological evolution of research. 
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To produce coal slow pyrolysis was performed in a stainless-steel 
fixed bed reactor (Figure 2), with a length of 100 cm and an 
external diameter of 10 cm, at a temperature of 500 ºC, heating 
rate of 20 ºC/min., for a period of 60 min. It was then subjected to 
a physical activation process with water vapor at a temperature 
of 700 ºC for 30 min to obtain CACCA activated carbon. The steam 
used during pyrolysis was produced in a vertical autoclave and 
was directed to the reactor through stainless steel piping at a 
temperature of 140 oC. After the pyrolysis reactor cooled, the 
activated carbon was collected directly from the reactor. 

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2. Schematic view of the activated carbon 

production process from CCA biomass in a fixed bed  
reactor with activation in water vapor. 

 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

The procedures used for the production and 
characterization of CCA and activated charcoal of pineapple 
peel and crown (CACCA) are found in Table 1. 

Thermogravimetric analysis of the samples were 
performed using the DSC Q10 - TA instruments, in the 
temperature range from starting point to 900 ºC, with a 
heating ramp of 10 ºC/ min., under a nitrogen atmosphere at 
a flow rate of 50 mL/ min. FTIR analysis obtained the 
chemical compounds in the spectrum region in the range of 
4000 - 400 cm-1 in KBr pellets by Frontier equipment. 

CACCA was used in the adsorption process to remove the 
anionic Congo red dye, using a Plackett-Burman (PB) 
experimental design to investigate the factors employed in 
the process, to obtain the removal efficiency and adsorption 
capacity of the dye (Table 2). In the experimental planning 
adopted in this research, the following responses were 
considered: (a) absorbance of the filtrate, (b) dye removal 
efficiency and (c) adsorption capacity of activated carbon. 
The adsorption tests were carried out on a bench scale. 
Plackett-Burman design is generally used in the process of 
selecting variables or analyzing the effects of factors, in cases 
where there are more than 5 factors involved, considering 
the following recommendations: (a) a minimum number of 4 
tests more than the number of variables to be studied and 
(b) carrying out at least 3 tests in the central point condition. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1. Characteristics of the CCA and its CACCA. 
 

Analytical parameter Analytical method 
Density (g/mL)b Gravimetric test 

Moisture (%) ISO-589-1981 
Volatile matter (%)a ISO-5623-1974 

Ash (%)a ISO-1171-1976 
Fixed carbon (%)a By difference 

Carbon (%)b Elemental analysis 
Hydrogen (%)b Elemental analysis 

Oxygen (%) By difference 
Nitrogen (%)b Elemental analysis 

Determination of the Zero Load Point Volumetric analysis 
Iodine index (mg/ g) NBR 11834:1991 

Surface area and porosities Brunauer–Emmett–Teller (BET/JHS/N2) 
Thermal characterization TGA/DTG 

Functional groups (%) FTIR 
Micrographs Scanning Electron electron microscopy (SEM) 

a Dry basis 
b Dry and ash free basis 
 

Table 2. Experimental design levels used in the adsorption process of Congo red dye. 
 

Coefficients 
 Levels  

(-1) (0) (+1) 
Temperature (°C)  20 25 30 
Congo red concentration (mg/L)  20 40 60 
Adsorption time (min.) 10 20 30 
Activated carbon mass (g)  0.20 0.50 0.80 
Stirring speed (rpm)  71 119 167 
Congo red solution pH  6.0 8.0 10 
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     The domains of the effects studied are in accordance with data 
from the CACCA coal at 700 ºC and in accordance with the 
literature (Paz et al., 2023; Pedroza et al., 2021; Wang et al., 2022). 
     The lack of degrees of freedom of the PB planning influences 
the calculation of the standard error, a factor justified by the high 
reduction in the number of tests and the non-formation of the 
response surface model (Paz et al., 2023; Pedroza et al., 2021). 
 
3. Results and discussion  

 
3.1. Characterization 
The yield of activated carbon produced in the pyrolytic process 
was 25.24%. 

 Table 3 shows a value related to the characterization of the 
residual biomass CCA and CACCA. 

Lignocellulosic residues generally have low density, which 
increases handling, transport and storage costs, thus making 
their use logistics difficult (Nagarajan & Prakash, 2021; Okot et al., 
2019). One of the ways to make the use of biomass viable is to 
increase the density through briquetting, thus reducing the voids 
between the particles (Pedroza et al., 2023; Singh et al., 2020).  

The Immediate Analysis studies evaluate and determine the 
physical composition of the residues, being important for the 
choice of the biomass treatment process. Humidity is one of the 
factors that influence energy demand and burning, which 
makes the heat transfer process difficult (Ahmad et al., 202; 
Pedroza et al., 2023; Talouizte et al., 2020). The number of 
volatile materials in the biomass represents its conversion into 
steam and gas after being subjected to the pyrolytic process 
(Setter et al., 2020). Fixed carbon values are indicative of the 
calorific value of the briquettes and are associated with the 
burning speed (Huang & Lo, 2020; Lubwama et al., 2022; Silva et 
al., 2019). The volatile material and ash contents of the biomass 
from this research were 80.74 and 6.33%, respectively. The ash  
content observed in this research was higher than that reported 
by other researchers when studying coconut fiber (1.98%) and  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

this may be associated with a higher metal content in the 
pineapple peel and crown (Paz et al., 2023). 

The main elemental constituents of the fuel are carbon, 
hydrogen and oxygen, in addition to relatively low levels of 
nitrogen (N) and sulfur (S) (Hu & Gholizadeh, 2019). The  
presence of sulfur was not detected in the biomass sample 
analyzed in this research, which indicates the use of this residue 
to produce biofuels. 

The charcoal produced in the pyrolytic process stores more 
stable carbon, explained by the degradation and elimination of 
volatile materials, cellulose and hemicellulose, with the 
increase in temperature and reduction of the solid product. The 
residence time is also responsible for increasing the fixed 
carbon content because of the release of volatile material (Okot 
et al., 2019; Pedroza et al., 2023). The lower carbon content of 
CACCA may be associated with the breakdown of the aromatic 
structure with increasing temperature. 

The volatile values of the CCA biomass justify the reduction 
in mass and, therefore, in the density of charcoal CACCA. The 
volatile values of the CACCA are lower than those of the CCA, 
due to the degradation of lignin and cellulose, which causes an 
increase in the fixed carbon content.  

For solutions with a pH below pHpcz, the adsorbent surface 
is positively charged and when the pH of the solution is above 
pHpcz, the adsorbent surface is negatively charged, favoring the 
adsorption of cationic and anionic dyes, respectively (Paz et al., 
2023). Therefore, it is possible to observe that the adsorption 
can present better results when the solution is negatively 
charged due to the electrostatic interaction between the 
adsorbate and the adsorbent CACCA. The effect of pH can be 
observed in adsorption as it determines the degree of 
distribution of chemical species. The intensity of this effect may 
be greater or lesser depending on the adsorbent, since the 
charges on the surface of the adsorbent depend on its 
composition and surface characteristics (Ahmad et al., 2021). 
Figure 3 presents the CACCA pHpcz value. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 3. Characteristics of the CCA and CACCA. 
 

Analytical parameter Values 
CCA CACCA 

Gravimetric test (g/mL) Density 0.264 0.107 

Immediate Analysis (%) 

Moisture 7.03 7.88 
Volatile matter 80.74 32.93 

Ash 6.33 26.83 
Fixed carbon 5.9 32.34 

Elementary Analysis (%) 

Carbon  43.43 56.94 
Hydrogen  1.16 1.35 

Oxygen  48.19 39.88 
Nitrogen  6.22 1.83 

Determination of the Zero Load Point  * 8.00 
Iodine index (mg/ g)   * 381.30 

Surface area and porosities 

Specific surface area (m2/ g) * 496.00 
Pore volume  

(cm3/ g) 
* 0.804 

Pore size  
(nm) 

* 2.39 

* Unanalyzed data 
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Figure 3. pHpcz CACCA. 
 
The isoelectric point (pHPCZ) of a molecule is the pH at 

which it is electrically neutral, with the same number of 
positive and negative charges. The total charge of a molecule 
depends on the charges of the functional groups that 
compose it, influenced by their pKa values and the pH of the 
medium. Figure 3 shows that at a pH lower than 8, activated 
carbon will be positively charged. Therefore, for the best 
electrostatic attraction to occur, the dye studied in this 
research must be negatively charged. 

The estimate of microporosity of the pyrolytic charcoal was 
made through a mathematical relationship, mass of iodine 
retained per gram of charcoal. CACCA has an adsorption 
capacity (381.30 mg/g) below the minimum value (600 mg/g) 
determined by NBR 11834:1991. Therefore, the CACCA 
charcoal did not present enough micropores; therefore, it did 
not meet the requirements of the Brazilian standard. Paz et al. 
(2023) report that pyrolysis temperature can interfere with 
charcoal quality. The researchers found different iodine index 
values for activated charcoal obtained from coconut fiber at 
two temperatures 550 oC (390 mg/g) and 700 oC (536 mg/g). 

Elevated temperatures cause an increase in the activated 
carbon surface, by building new pores and increasing the 
opening of existing pores. This phenomenon results in the 
improvement of the adsorption process. CACCA charcoal 
presented pore diameters in the range of 2 – 50 nm, therefore 
it is considered mesoporous (Paz et al., 2023; Zolgharnein et 
al., 2017). 

Figures 4 and 5 show thermogravimetric curves (TG) and 
derivative thermogravimetric (DTB) for CCA and it CACCA. The 
curves were obtained with the application of heating rates of 
10 and 30 ºC/ min. 

 

 
 

Figure 4. Thermogravimetric degradation curve of the CCA. 
 

 
 

Figure 5. Thermogravimetric degradation curve of the CACCA. 
 
Stage I occurred up to a temperature of 150 ºC, with a mass 

loss of 8.39 % corresponding to moisture and some low 
molecular weight volatile compounds. The second stage, also 
known as devolatilization of biomass, occurred between 
temperatures of 150 to 400 ºC, with the elimination of 
hemicellulose and cellulose and presented a mass loss of 
almost 50 %. In stage two, it is possible to observe in the DTG 
the highest peak of biomass degradation at the temperature 
of 325.89 º C. The third stage is in the range of 400 to 750 ºC, 
which is characterized by the decomposition of lignin. From a 
temperature of 750 ºC onwards, an inclination can be seen in 
the curve, which may be characteristic of the breakdown of 
stable compounds and the formation of ash (Pedroza et al., 
2021; Pedroza et al., 2023). 

The CACCA thermogravimetric behavior showed up to 200 
ºC two peaks (37.58 and 137.07 ºC) corresponding to the 
elimination of moisture and in the temperature range from 
200 to 900 ºC, three peaks were detected at temperatures 474, 
671 and 854 ºC, with a total mass loss of 44.14%. At 854.02 ºC  
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it is possible that it is indicative of the breakdown of lignin and 
formation of inorganic compounds. 

FTIR analysis was performed to determine the functional 
groups that absorb radiation at different wavelengths. Figure 
6 informs CCA FTIR spectrum and Figure 7 displays spectrum 
for CACCA in the infrared regions of 4000 – 400 cm-1. 

The broad band in the region of 3415.93 cm-1 is caused by 
strain vibrations from the stretching of the O - H functional 
groups, bonded by hydrogen and water. In the region of 
2920.35 cm-1, an asymmetrical elongation of C - H was 
observed, characteristic of the decomposition of 
lignocellulosic compounds, mainly cellulose. The 1640.60 cm-

1 peak is typical of the elongation of the C = C benzene rings 
present in lignin. The functional groups indicated in the 
regions 1421.72 and 1381.46 cm-1 result from the deformation 
corresponding to the O - CH elongation attributed to alcohols 
(fructose) and from the axial deformation of CH, O - H and C - 
O elongation present in lignin, respectively (Paz et al., 2023; 
Pedroza et al., 2023). 

 
 

 
 
 
 
 
 
 
 
 
 

Figure 6. Infrared spectrum of CCA biomass. 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 7. Infrared spectrum of CACCA biomass. 

 
In the region of 3778.89 and 3700.63 cm-1 they correspond 

to axial vibrations that are a result of the bonds in the aromatic 
and heteroaromatic groups. The 3409.93 cm-1 peak is 
indicative of the presence of the O - H group elongation strain.  
 

The functional groups indicated in the regions 1765.47 and  
1578.39 cm-1 deal with the axial deformation of C = O, referring 
to the carboxylic acid, acetate, ketone, aldehyde groups. While 
at 1417.22 cm-1 it corresponds to the deformation of O - CH and 
at 1053.92 cm-1 it refers to the stretching of C - O characteristic 
of alcohol, ethers, esters, carboxylic acids and anhydrides 
(Biagini et al., 2008; Pedroza et al., 2021; Sengar et al., 2022). 

Figure 8 shows a micro image of CACCA with a porous 
structure in evidence. 

 
 
 
 
 
 
 
 
 

Figure 8. CACCA scanning electron microscopy. 
 

It is possible to see that the CACCA is formed by rough 
particles with irregular porous surfaces with formation of 
cavities. The holes formed on the surface of the CACCA are due 
to the elimination of volatile materials during the pyrolytic 
process and the presence of microcrystals may be associated 
with inorganic substances. The structure of activated carbon is 
influenced by the properties of origin of the biomass, as well as 
the factors used in the pyrolytic process (Calixto et al., 2022; 
Fareez et al., 2018; Sekhon et al., 2021; Zolgharnein et al., 2017). 

The results obtained in the adsorption process of Congo red 
anionic dye are shown in Table 4. These were obtained from the 
factors and levels of experimental design presented in Table 2. 
The removal efficiency of Congo red dye in the adsorption 
process ranged from 51.40% to 94.94%. Throughout the process, 
it is possible to see that the removal capacity of the Congo red dye 
ranged from 0.59 to 8.14 mg/g. The results of the main effects are 
presented in Table 5 for absorbance capacity, Table 6 for removal 
efficiency and Table 7 for adsorption capacity. 

The significant effects on adsorption capacity were the 
concentration of Congo red dye and CACCA activated carbon 
mass (Table 5). 

The factors (operating temperature, Congo red dye 
concentration, adsorption time, activated carbon mass, stirring 
speed and Congo red solution pH) were used in the Congo red 
dye adsorption process in CACCA to obtain the absorbance 
capacity (Table 5), removal efficiency (Table 6) and adsorption 
capacity (Table 7) within the 95% confidence interval. 

The highest dye removal efficiency by activated carbon was 
94.94%, with this experiment being conducted under the 
following conditions: (a) temperature 30 °C, (b) dye 
concentration equal to 60 mg/L, (c) adsorption time of 10 min, 
(d) carbon mass of 0.8 g, (e) stirring speed of 167 rpm and (f) 
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pH of the dye solution equal to 6. The lowest dye removal 
efficiency was approximately 50% when the experiment was 
conducted with the lowest mass of activated carbon (0.2 g) 
and high pH of the dye solution. 

In Table 5, the charcoal mass factor has a negative effect, 
indicating that the increase in the CACCA charcoal mass 
reduces the absorptive capacity for the Congo red dye. 

For the removal efficiency of Congo red dye, no factor 
showed significance, however solutions with pH 6.0 and 8.0 
showed better interaction between adsorbent and adsorbate, 
such influence can be confirmed in the analysis of pHpcz, the 
same occurred in the study conducted by Ponnusamy and 
Subramaniam (2013). The decrease in efficiency with 
increasing adsorption rate may be related to the process of 
adsorbate desorption in the adsorbent. In Table 6, it shows 
that the factors temperature, stirring speed and pH of the 
solution negatively interfere in the adsorption process. 

Regarding the dye removal efficiency, the effect of the coal 
mass was positive (16.35), indicating that for greater dye removal 
a greater amount of adsorbent is required (p-value 0.0149). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The factors adsorbate concentration and adsorbent mass 
were the ones that showed significance in the process of 
adsorption capacity of the Congo red dye (Table 7), this 
influence is inversely proportional. Therefore, when the 
amount of adsorbent increases and the amount of adsorbate 
decreases, the adsorption capacity tends to decrease. 
Temperature has a negative effect on the adsorption process, 
as it is related to the reduction in the removal capacity of 
adsorbate (Ponnusamy & Subramaniam, 2013). 

The stirring speed did not have a significant effect on the 
responses adopted in the experimental design (p-value above 
0.32) and this indicates that the experiments can be performed 
at the lowest stirring speed (71 rpm), representing a lower 
energy expenditure in the adsorption process. No significant 
difference was observed for the adsorption time factor (p-
value above 0.19), indicating that the adsorption experiments 
can be performed in the shortest time (10 min). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 4. Results of experiments used in BP planning - Congo red dye. 
 

 
Order of 

Experiments 

Coefficient Answers 
1  

ºC 
2  

mg/L 
3  

min. 
4  
g 

5  
rpm 

6  
pH 

Absorbance 
capacity (-) 

Removal 
efficiency 

(%) 

Adsorption 
capacity mg/g 

1 30 20 30 0.2 71 6.0 0.13 78.87 2.37 
2 30 60 10 0.8 71 6.0 0.09 94.80 2.13 
3 20 60 30 0.2 167 6.0 0.18 90.48 8.14 
4 30 20 30 0.8 71 10 0.04 91.66 0.69 
5 30 60 10 0.8 167 6.0 0.09 94.94 2.14 
6 30 60 30 0.2 167 10 0.55 72.66 6.54 
7 20 60 30 0.8 71 10 0.13 93.25 2.10 
8 20 20 30 0.8 167 6.0 0.14 78.28 0.59 
9 20 20 10 0.8 167 10 0.04 92.82 0.70 

10 30 20 10 0.2 167 10 0.32 51.40 1.54 
11 20 60 10 0.2 71 10 0.51 74.79 6.73 
12 20 20 10 0.2 71 6.0 0.13 79.45 2.38 
13 25 40 20 0.5 119 8.0 0.08 92.85 2.23 
14 25 40 20 0.5 119 8.0 0.10 91.98 2.21 
15 25 40 20 0.5 119 8.0 0.11 90.96 2.18 

Where the factors are: (1) operating temperature, (2) Congo red dye concentration, (3) adsorption time, (4) activated carbon mass, (5) stirring speed, and 
(6) solution pH Congo red. 
 
 

Table 5. Estimates by point, by interval and hypothesis tests for the effects of absorbance in the process of adsorption of Congo red 
dye from pyrolytic charcoal CACCA, at 95% confidence interval. 

 
Coefficient Effect Standard error t calculated (5) p-value 
Average 0.19 0.03 6.50 0.0003 
Curvature -0.20 0.13 -1.47 0.1846 
Temperature (x₁) 0.02 0.06 0.31 0.7639 
Congo red concentration (x₂) 0.13 0.06 2.09 0.0748 
Adsorption time (x₃) 0.00 0.06 0.00 1.0000 
Charcoal mass (x₄) -0.22 0.06 -3.63 0.0085 
Stirring speed (x₅) 0.05 0.06 0.79 0.4574 
Congo red solution pH (x₆) 0.14 0.06 2.30 0.0547 
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4. Conclusions  
 

According to the experimental ones of this research, the 
following conclusions are presented: 
     The CCA lignocellulosic biomass presented carbon with 
lower stability and high value of volatiles, which may be 
associated with the sugars present in its composition. The 
increase in temperature contributes to the opening of existing 
and new pores, corroborating the classification of mesoporosity 
of the CACCA. Based on the thermogravimetric analysis, the 
temperature range from 200 to 400 ºC showed the highest 
degradation of the compounds (hemicellulose and cellulose). 
CACCA presented pHpcz with basic characteristics which results 
in an adsorption process when adsorbate is negatively charged 
due to electrostatic interaction between them. 
     The FTIR CACCA presented characteristic vibrations 
indicative of aromatic and heteroaromatic groups, elongation 
of the O-H group, carboxylic acid, acetate, ketone, aldehyde 
groups and characteristics of alcohol, ethers, esters, 
carboxylic acids and anhydrides. In the adsorption process, 
the best removal efficiency of Congo red dye was with a low 
amount of adsorbent and with the pH of the solution below 
CACCA pHpcz. In the adsorption process, the efficiency of 
Congo red dye removal showed values of up to 94.94%, 
confirming the values found in the pHpcz and BET analyses, 
therefore, the process is efficient in removing anionic dyes. 
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Table 6. Estimates by point, by interval and hypothesis tests for the effects of removal efficiency in the adsorption process 
 of Congo red dye from pyrolytic charcoal CACCA, at 95% confidence interval. 

 
Coefficient Effect Standard error t calculated (5) p-value 
Average 82.78 2.55 32.46 0.0000 
Curvature 18.29 11.40 1.60 0.1527 
Temperature (x₁) -4.13 5.10 -0.81 0.4451 
Congo red concentration (x₂) 8.07 5.10 1.58 0.1574 
Adsorption time (x₃) 2.83 5.10 0.56 0.5957 
Charcoal mass (x₄) 16.35 5.10 3.21 0.0149 
Stirring speed (x₅) -5.37 5.10 -1.05 0.3271 
Congo red solution pH (x₆) -6.71 5.10 -1.032 0.2297 

 
 

Table 7. Estimates by point, by interval and hypothesis tests for the effects of the adsorption capacity 
 of the Congo red dye, in a 95% confidence interval. 

 

Coefficient Effect Standard error t calculated (5) p-value 
Average 3.00 0.28 10.81 0.0000 
Curvature -1.59 1.24 -1.28 0.2404 
Temperature (x₁) -0.87 0.56 -1.57 0.1604 
Congo red concentration (x₂) 3.25 0.56 5.85 0.0006 
Adsorption time (x₃) 0.80 0.56 1.44 0.1933 
Charcoal mass (x₄) -3.23 0.56 -5.81 0.0007 
Stirring speed (x₅) 0.54 0.56 0.97 0.3629 
Congo red solution pH (x₆) 0.09 0.56 0.16 0.8750 
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