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Abstract: In this research, the adsorption capacity of diatomaceous earth in the removal of the crystal 
violet dye (CV) in aqueous solution was evaluated. The experimental methodology began with the 
determination of the texture properties by adsorption-desorption isotherms with N2 a 77 K, the 
identification of functional groups by Fourier transform infrared spectrophotometry (FTIR), 
morphology by scanning electron microscopy (SEM) and, the pH of the isoelectric point by the point of 
zero charge (PZC). A categorical multifactorial design was developed with factors such as the initial 
concentration of the dye, the temperature and the initial pH of the solution. The maximum adsorption 
capacity was of 96.1 mg/g up 30ºC and pH 8, satisfactorily fitting the experimental data to the Langmuir 
isotherm model, suggesting a monolayer adsorption mechanism on a homogeneous surface. In 
conclusion, diatomaceous earth can be considered as an efficient adsorbent in the removal of CV in 
aqueous solution. 
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1. Introduction 
 

Environmental problems associated with the textile industry 
are generally related with the contamination by the discharge 
of colored wastewater into water bodies. The presence of 
synthetic colorants significantly affects the well-being of the 
aquatic ecosystems since it significantly reduces the 
concentration of dissolved oxygen, they interact with light 
and, consequently, decreases the photosynthetic activity of 
many species (Khraisheh et al., 2005; Semião et al., 2020; 
Sheshdeh et al., 2014). In addition, the adverse effects of some 
of these dyes on human health have been reported due to 
their carcinogenic and mutagenic properties (Elsagh et al., 
2017; Kittappa et al., 2020). But not only the effect of their 
discharges affects when they are discharged into bodies of 
water, but also the damages are observed when the colored 
effluents are deposited in the soil, deteriorating their 
quality as well as their fertility, accumulating pollutants 
with harmful effects for the  living beings (Patel et al., 2020). 
Consequently, it is necessary to remove the colorants from 
the industrial effluents before they enter as final disposition 
to the water bodies.   

Various technologies, including adsorption, flocculation, 
membrane separation, chemical oxidation, and 
photocatalytic degradation, among others, have been used to 
treat colored wastewater (Bilińska et al., 2019; Chen et al., 
2020; Xia et al., 2020); among which adsorption is considered 
to be economically efficient and very favorable (Awasthi & 
Datta, 2019; Naushad et al., 2019), mainly for industrial 
treatments in fixed bed columns (Alardhi et al., 2020; Charola 
et al., 2018). For the elimination of colorants in solution 
different types of adsorbent materials have been studied, with 
good adsorption properties, which include the activated 
carbon (Castellar-Ortega et al., 2020; Daoud et al., 2019; Patra 
et al., 2020), carbon nanotubes (Dutta et al., 2018; Elsagh et al., 
2017; Saxena et al., 2020);  biomass (Cheruiyot et al., 2019; da 
Silva & Pietrobelli, 2019; Jia et al., 2017), clays (Bentahar et al., 
2019; Jawad & Abdulhameed, 2020; Thirumoorthy & Krishna, 
2020), chitosan (da Silva et al., 2020; Lipatova et al., 2018; 
Muedas-Taipe et al., 2020), bentonite (Khalilzadeh Shirazi et 
al., 2020; Saeed et al., 2020; Santos et al., 2020), zeolites 
(Abdelrahman, 2018; Humelnicu et al., 2017; Rashid et al., 
2020) and diatomites (Mohamed et al., 2019; Sriram et al., 
2020; Xia et al., 2020) among others.  

Activated carbon is perhaps the most widely used in the 
removal of dyes, but its high cost directed the attention of 
research towards the study of cheap, effective, readily 
available and low cost materials; especially those natural solid 
materials with abundant reserves and easy access (Yan et al., 
2018; Zhang et al., 2013). In this sense, diatomaceous earth or 
diatomite has been shown to be an alternative adsorbent to 
remove ions and colorants from wastewater (Caliskan et al., 

2011; Sheshdeh et al., 2014; Xia et al., 2020), thanks to its 
porous structure and large pore size distribution (Liu et al., 
2019; Mu et al., 2018). It consists mainly of amorphous silica 
(SiO2.nH2O) (Šljivić et al., 2009), formed by remains of fossilized 
micro skeletons of diatoms, microscopic unicellular marine 
organisms related with the algae.  

The objective of this research was to evaluate the 
adsorption capacity of diatomaceous earth from Chivata 
(Boyaca-Colombia), as an adsorbent material in the removal 
of crystal violet dye. The effect of temperature, pH and initial 
concentration was studied, keeping the adsorbent dose 
constant and the stirring. The experimental data were fitted to 
different models of adsorption isotherms. 

 
2. Methodology 
 
2.1. Source of diatomaceous earth 
Diatomaceous earth samples come from the mine El Pino 
(5º34’15” north latitude and 73º18’48” west longitude) of the 
municipality of Chivata, located at the central eastern region of 
the department of Boyaca – Colombia (Figure 1). The economy 
of the region is developed mainly in areas of commerce, 
manufacturing, agriculture and the construction sector with 
percentages of the 18.9%, 11.56%, 10.12% and 10.13% 
respectively; it should be noted that the mining and quarrying 
sector was accounted for a 8.11% (DNP, 2018). According the 
UPME (Unidad de Planeación Minero-Energética) in its report 
of 2019, this region exploits some materials such as ceramic, 
ferruginous and miscellaneous clays, and minerals such as coal 
(UPME, 2019). 
 
2.2. Diatomaceous earth washing 
Prior to washing the diatomaceous earth, a visual separation 
was made of those parts that presented a coloration different 
from their natural appearance, then it was crushed in a mortar 
(Figure 2) and passed through a sieve No. 50 (300 μm). 

The sieved sample was washed with hot distilled water to 
remove fine material and other impurities. Finally, it was dried 
by 12 h to 105°C and reserved in a desiccator for later use 
(Šljivić et al., 2009).  
 
2.3. Characterization of diatomaceous earth 
The inorganic functional groups of diatomaceous earth before 
and after the removal of the crystal violet dye were analyzed by 
Fourier transform infrared spectrophotometry (FTIR), in the 
range between 4000 and 400 cm-1 by KBr pellet method on a 
spectrometer mark Nicolet iS 10 Thermo Fisher Scientific. The 
texture properties were determined from the adsorption-
desorption isotherm of N2 at 77 K in a sortometer Micromeritics 
Gemini 2375. The morphology was evaluated by scanning 
electron microscopy (SEM) in a Vega3 Tescan SBU equipment. 
Lastly, the point of zero charge (PZC) was determined adding 
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50 cm3 of deionized water to 0.5 g of diatomaceous earth, 
adjusting the initial pH between 3 and 10 units, with dilute 
solutions of sodium hydroxide (NaOH) and hydrochloric acid 
(HCl). After 48 hours the final pH of the samples was measured.  
 

 
 

Figure 1. Map of Colombia. Diatomaceous earth deposit area, 
municipality of Chivata (Boyaca-Colombia). 

 

 
 

Figure 2. Diatomaceous earth: (a) initial sample 
and (b) crushed in mortar. 

 
2.4. Adsorption study 
Crystal violet is an organic, synthetic and alkaline dye with a 
molecular formula C25H30N3Cl with molar molecular mass of 407.99 
g/mol (Figure 3). For the construction of the calibration curve of the 
dye, 5 solutions were prepared between 1 and 5 mg/dm3 y the 
absorbance at 583 nm obtained by previous scanning was 
determined for each one, in a UV-Vis spectrophotometer mark 
Shimadzu UV-1800. To establish the calibration curve, 4 
replications were performed for a total of 20 tests. 

For the batch study, a "stock" solution of 1000 mg/dm3 of 
the crystal violet colorant, was prepared dissolving the 
required amount in distilled water. From this solution, 
dilutions were prepared at concentrations of 300 and 1000 
mg/dm3, adjusting the pH between 5 and 8 units with HCl and 
NaOH diluted.  
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Figure 3. Molecular structure of crystal violet dye. 
 
To 200 mg of diatomaceous earth were added 20 cm3 of 

each of the dilutions, then they were placed on a horizontal 
shaker at 120 rpm per 2 hours (estimated time to reach the 
equilibrium condition), in a thermostated bath. The 
temperatures selected for this work were 30, 35 and 40°C. 
Finally, the samples were filtered, an aliquot was taken, and 
the concentration was determined to 583 nm, in a 
spectrophotometer UV-Vis mark Shimadzu UV-1800.  

The removal percentage and the adsorption capacity (𝑞𝑞) of 
the diatomite were calculated from the Eqs. 1 and 2 
respectively. 

 
% 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 = 𝐶𝐶𝑜𝑜−𝐶𝐶𝑒𝑒

𝐶𝐶𝑜𝑜
 𝑥𝑥 100                                                                   (1) 

 
𝑞𝑞 = (𝐶𝐶𝑜𝑜−𝐶𝐶𝑒𝑒)𝑉𝑉

𝑚𝑚
                                                                                               (2) 

 
Where 𝐶𝐶𝑜𝑜 y 𝐶𝐶𝑒𝑒 represent the initial and equilibrium 

concentration of the crystal violet dye respectively in mg/dm3, 
𝑉𝑉 is the volume of the solution used in dm3 and 𝑅𝑅 is the mass 
of diatomaceous earth used in g. 

In this research a categorical multifactorial design was 
developed, with factors such as the effect of the initial 
concentration of the dye (300, 400, 500, 600, 800 and 1000 
mg/dm3), the temperature (30, 35 and 40ºC) and the initial pH 
(5, 6, 7 and 8), and as a dependent variable the removal 
capacity of diatomaceous earth and the removal percentage of 
the crystal violet dye. 4 repetitions were carried out for a total 
of 288 tests.  
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3. Results 
 
3.1. Characterization 
The Figure 4 shows SEM micrograph of diatomaceous earth 
after washing. It is observed that most of the frustules have 
cylindrical geometry with different dimensions and well-
developed porous structure clearly visible on their surface.  

 

 
 

Figure 4. SEM micrograph of diatomaceous earth. 
 
The Figure 5 shows the IR spectrum of diatomaceous earth. 

Different characteristic bands of the SiO2 are observed that 
appear systematically in this type of materials and are mainly due 
to vibrations of the silicon-oxygen bond. The absorption band at 
frequencies between 1100 and 1000 cm-1 corresponds to the 
asymmetric stretching vibration modes of the bond Si-O-Si 
(siloxane groups) (Khraisheh et al., 2005); the bands to 912 and 
791 cm-1 are due to Si-OH stretching of silanol groups and, the 
bending modes of Si-O-Si and O-Si-O to at 536 and 468 cm-1 
bonds, respectively (Sheshdeh et al., 2014). The bands in 3696 and 
3620 cm-1 are due to free silanol groups on the surface (Caliskan 
et al., 2011; Khraisheh et al., 2005). Regarding the stretching 
vibrations of the hydroxyl groups, a broad band with low intensity 
at high frequency is observed close to 3400 cm-1, which 
corresponds to the vibrational mode of the   O-H bond of 
molecular water absorbed with hydrogen bonds; to 1652 cm-1 due 
to the angular deformations of the water (H-O-H) and the band 
around of 990 cm-1 assigned to the vibrations of Si-OH bonds.  

In the Figure 5 also shown is the IR spectrum of 
diatomaceous earth after the dye adsorption process. The 
changes are not significant, but if it is observed that the two bands 
between the 3690 and 3620 cm-1 they become less intense and 
softer, which suggests tension of N-H bonds resulting from the 
interaction between the amino groups of the dye with the silanol 
groups of the diatomite. Close to the 1590 cm-1 a new band is 
observed possibly due to bending of the N-H bond.  

 
 

Figure 5. IR spectra of diatomaceous earth before and 
after adsorption of the crystal violet dye. 

 
The point of zero charge (PZC) allows to determine the pH, 

at which the surface of the adsorbent material is neutral. This 
implies that those adsorbents with pH values higher than the 
PZC have a surface with a predominance of negative charges, 
while, at pH lower than the PZC will have a surface with a 
predominance of positive charges (Semião et al., 2020). In the 
Figure 6 the curve that results from graphing the pH of the 
solutions after 48 h and the initial pH line is observed, the 
intercept between the two shows that the point of zero charge 
for diatomaceous earth corresponds to pH 5. This result 
suggests that hydroxyl groups on the surface of diatomite 
(verified from the FTIR study) can gain or lose a proton by 
changing the pH.  

This result suggests that hydroxyl groups on the surface of 
diatomite (verified from the FTIR study) can gain or lose a 
proton by changing the pH. 

 

 
 

Figure 6. Point of zero charge of diatomaceous earth. 
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At pH values less than 5, the surface of the diatomite gains a 
proton and becomes positively charged according to the 
following scheme. 

 
OH
Si

OO
H

HH
OH2

+

Si
OO

H
HH+ H

+

 
 

To pH equal to 5, both positive and negative charges are 
equal, but at pH above 5, the surface loses protons and 
becomes negatively charged as shown below. 
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Si
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H
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The adsorption-desorption isotherms with N2 a 77 K of 
diatomaceous earth is shown in Figure 7. According IUPAC 
classification corresponds to a Type IV (a) isotherm (Cychosz & 
Thommes, 2018), with closed hysteresis ring Type H3, which 
indicates the presence of mesopores. The specific area was 
calculated applying the Brunauer, Emmett and Teller method 
(BET) using the adsorption data in the range of relative 
pressures between 0.05 and 0.15; the pore size distribution 
was determined by the method of Barret, Joyner and Halenda 
(BJH) and the total pore volume was estimated from the 
amount of nitrogen adsorbed at the relative pressure of 0.99. 
The results are shown in Table 1. 

The surface area of diatomaceous earth evaluated in this 
investigation is low (39.0 m2/g), compared with other adsorbent 
materials used in dye removal. Its external area of 35.6 m2/g very 
close to surface area, confirms that its pore structure is primarily 
mesoporous, as indicated by average pore size (5.83 nm). Under 
these circumstances, the role played by the surface chemistry of 
diatomaceous earth is significant and perhaps more relevant 
than the textural properties. 
 

Table 1. Textural properties of diatomaceous earth. 
 

Property Value 
Superficial area BET (m2/g) 39.0 

External area BET (m2/g) 35.6 
Pore volume BJH (cm3/g) 0.10 

Average pore size BJH (nm) 5.83 
 
3.2. Adsorption of crystal violet dye 
3.2.1. Effect of initial pH 
The Figure 8 shows the effect of initial pH on the adsorption 
capacity of diatomaceous earth at an initial concentration of 
1000 mg/dm3 at all temperatures evaluated. It is observed that  
 
 
 

as the pH increases the capacity increases, until reaching the  
highest experimental value of 94.5 mg/g at pH 8 and 30°C. For 
this same pH at temperatures of 35 and 40°C there is a slight 
decrease in the adsorption capacity of diatomaceous earth 
due to desorption processes at the surface. 
 

 
 

Figure 7. Adsorption-desorption isotherm with N2 at 77 K  
of the diatomaceous earth. 

 

 
 

Figure 8. Effect of pH on the removal capacity at 
initial concentration of 1000 mg/dm3. 

 
The point of zero charge showed that from pH 5 the surface 

of diatomaceous earth becomes negatively charged, which 
favors electrostatic attraction with the positively charged 
colorant, however, the presence of H+ ions at pH values below 
7, which compete for active adsorption sites, decreases the 
capacity of diatomaceous earth. 
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3.2.2. Effect of initial concentration 
In the Figure 9 the effect of the initial concentration of the 
crystal violet dye is shown in the range of 300 to 1000 mg/dm3 
on the percentage of removal and the adsorption capacity of 
diatomaceous earth at 30°C at the evaluated pH values.  

From the Figure 9a it is observed that the removal 
percentage decreases with the increase of the initial 
concentration. The above behavior is due to the greater 
availability of active adsorption sites in diatomaceous earth at 
low concentrations, therefore, all or a large part of the 
molecules of the crystal violet dye can be removed from the 
solution, reaching percentages close to 100% for all evaluated 
pH. As the initial concentration increases, more molecules of 
the dye compete for the available active sites and even after 
reaching equilibrium, molecules remain in the solution, 
reducing the percentage up to 87% to pH 5. Regarding the 
adsorption capacity, Figure 9b shows that it increases as the 
initial concentration increases. This is due to the fact that the 
driving force of adsorption processes is the difference in 
concentration of the dye present in the adsorbent and in 
solution; a low concentration gradient causes slow transport 
due to a decrease in the diffusion coefficient or mass transfer 
coefficient; while increasing the initial concentration causes 
a faster transport and, consequently, increases the 
adsorption capacity.  
 
3.2.3. Effect of temperature 
The Figure 10 shows the effect of temperature on the 
adsorption capacity of diatomaceous earth at the initial 
concentration of 1000 mg/dm3 at all evaluated pH. From the 
figure it can be seen that at pH 5, the variation in the 
adsorption capacity of diatomaceous earth is very low, so that 
it can be considered constant as the temperature varies; there 
is only a slight decrease when increasing the pH to 7 and 8. 
This little noticeable behavior is due to the fact that as the 
temperature increases, the diffusion speed of the dye 
molecules in the internal pores of the adsorbent increases so 
much (Sheshdeh et al., 2014), as the vibrational energy of the 
adsorbed molecules. Consequently, they desorb from the 
surface, decreasing the capacity of diatomaceous earth. 
 
3.2.4. Adsorption isotherms 
The Adsorption isotherms are used mainly to analyze the 
nature of the interaction between adsorbent and adsorbate 
and their relationship at equilibrium. In this research, the 
experimental results were adjusted to two models of 
adsorption isotherms: Langmuir and Freundlich. Langmuir's 
isotherm model assumes that adsorption occurs at identical 
active sites on the adsorbent surface, restricting itself to 
monolayer coverage; that is, once the dye molecule occupies 
a place on the surface of the diatomaceous earth, no further 
adsorption can occur at this same site and there is no 

interaction between the adsorbed molecules (Castellar-
Ortega et al., 2020; Vithalkar & Jugade, 2020). Equation 3 
represents the linear form of the model. 
 

 
(a) 

 

 
(b) 

 
Figure 9. Effect of the initial concentration on a) the percentage 

of removal and b) the removal capacity of diatomaceous 
earth at 30°C. 

 
𝐶𝐶𝑒𝑒
𝑞𝑞𝑒𝑒

= 𝐶𝐶𝑒𝑒
𝑞𝑞𝑚𝑚𝑚𝑚𝑚𝑚

+ 1
𝐾𝐾𝐿𝐿𝑞𝑞𝑚𝑚𝑚𝑚𝑚𝑚

                                                                                     (3) 

 
Where 𝐶𝐶𝑒𝑒 is the equilibrium concentration of the crystal 

violet dye in mg/dm3, 𝑞𝑞𝑒𝑒 is the equilibrium adsorption capacity 
in mg/g, 𝑞𝑞𝑚𝑚𝑚𝑚𝑚𝑚 is the maximum adsorption capacity in mg /g 
and  𝐾𝐾𝐿𝐿 is the Langmuir constant in dm3/mg.  The values of 𝐾𝐾𝐿𝐿 
and 𝑞𝑞𝑚𝑚𝑚𝑚𝑚𝑚  were calculated from the slope and the intercept 
when graphing  𝐶𝐶𝑒𝑒/𝑞𝑞𝑒𝑒 versus 𝐶𝐶𝑒𝑒. Freundlich isotherm model 
assumes that the heat of adsorption is not constant, because 
it varies exponentially with the extent of the covered surface, a 
condition closer to reality than assumed by Langmuir. This 
assumption implies that the surface of the adsorbent is 
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heterogeneous and that the adsorption sites have different 
affinities (Semião et al., 2020). The equation 4 represents the 
linear form of the model. 

 

ln 𝑞𝑞𝑒𝑒 = 1
𝑛𝑛

ln𝐶𝐶𝑒𝑒 + ln𝐾𝐾𝐹𝐹                                                                                      (4) 
 

 
 

Figure 10. Effect of temperature on the adsorption capacity 
of diatomaceous earth at the initial concentration of 1000 mg/L. 

 
Where 𝐾𝐾𝐹𝐹 is Freundlich constant and 𝑛𝑛 is a constant related 

to the affinity between the adsorbent and the solute. Table 2 
shows the values of the constants of both models. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

For all the process conditions evaluated in this study, the 
experimental data fit the Langmuir isotherm model very well, 
with a correlation factor between 0.97 and 0.99. Therefore, it 
can be inferred that the adsorption process occurred on a 
homogeneous surface with monolayer formation. The 
maximum adsorption capacity of diatomaceous earth was of 
96.1 mg/g to pH 8 and 30°C (Table 2), slightly higher than the 
experimental value of 94.5 mg/g. The values of  𝑛𝑛 obtained 
from the Freundlich model are greater than 1, which indicates 
that the adsorption is favorable for all the conditions studied. 

The characterization of the diatomaceous earth and the 
results of the adsorption isotherms indicate that the 
removal may be due in the first place, to the electrostatic 
attractive force between the surface of the negatively 
charged adsorbent at pH above 5 and, the positively 
charged violet crystal dye and, secondly, the presence of 
silanol groups that extend on the surface of the silica, which 
allow hydrogen bonds to be established with the nitrogen 
atoms of the violet crystal. A diagram of these interactions 
is shown in Figure 11.  

It is important to note that diatomaceous earth, under the 
conditions studied in this research, shows a greater 
adsorption capacity than other traditional and alternative 
adsorbents (Table 3), which allows it to be included within the 
materials with potential for practical applications in the 
treatment of colored wastewater. 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

70

80

90

100

25 30 35 40

q 
(m

g/
g)

Temperature (°C)

pH 8
pH 7
pH 6
pH 5

Table 2. Langmuir and Freundlich isotherms constants. 
 

 
 

Temperature 
(°C) 

pH  

Langmuir isotherm  Freundlich isotherm 

𝑞𝑞𝑚𝑚𝑚𝑚𝑚𝑚  (mg/g) 
𝐾𝐾𝐿𝐿 

(dm3/mg) 𝑅𝑅2 𝐾𝐾𝐹𝐹  𝑛𝑛 𝑅𝑅2 

 
 
 

30 

5 87.7 0.20 0.99  39.9 6.4 0.99 

6 90.1 0.17 0.99  35.1 5.3 0.95 

7 95.2 0.32 0.97  38.6 4.9 0.94 

8 96.1 0.30 0.99  42.3 5.2 0.97 
 
 
 

35 

5 89.3 0.23 0.99  44.8 8.2 0.91 

6 90.1 0.18 0.99  43.0 6.4 0.87 

7 94.3 0.42 0.98  35.1 4.2 0.99 

8 93.4 0.33 0.99  49.6 8.2 0.92 
 
 
 

40 

5 87.7 0.24 0.99  39.4 6.2 0.91 

6 91.7 0.20 0.99  37.4 5.4 0.96 

7 94.3 0.45 0.99  36.5 4.4 0.99 

8 93.4 0.37 0.99  47.5 6.9 0.93 
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Figure 11. Diagram of the possible adsorption mechanism  
between diatomaceous earth and crystal violet. Adapted from 

Sriram et al., 2020. 
 

Table 3. Comparison of the maximum removal capacity of 
diatomaceous earth in this investigation with other 

 adsorbent materials. 
 

Adsorbent Maximum 
adsorption 

capacity 
(mg/g) 

Ref. 

Activated carbon 85.84 (Senthilkumaar 
et al., 2006) 

Chitosan hidrogel 
beads 

76.9 (Pal et al., 2013) 

Silver 
nanoparticles 
immobilized on the 
activated carbon 

87.2 (AbdEl-Salam et 
al., 2017) 

Biopolymers 
composites with 
peanut hull 

100.6 (Tahir et al., 
2017) 

Activated carbon 50.1 (Yakout et al., 
2019) 

Chitosan-coated 
bentonite 

169.5 (Vithalkar & 
Jugade, 2020) 

This work 96.1  
 
3.3. Statistical analysis 
For the statistical analysis a categorical multifactorial design 
was developed, which was based on an analysis of variance of 
factors such as the initial concentration of the dye, 
temperature and the initial pH of the solutions and, as a 
dependent variable, the removal percentage of the crystal 

violet dye. Several tests were performed to determine which 
factors had a statistically significant effect on the percentage 
of removal. 

The Table 4 shows the ANOVA analysis, where the variability 
of the removal percentage (response variable) is decomposed 
into contributions due to the different study factors. The Type 
III sum of squares (by default) was selected, where the 
contribution of each factor is measured by eliminating the 
effects of the other factors. The P-values test the statistical 
significance of each of the factors. Since 4 P-values are less 
than 0.05, these factors have a statistically significant effect on 
removal with 95.0% of confidence level. According to the 
above, the initial pH and concentration factors have a 
significant effect at the different levels, as are their 
interactions. From this analysis and using the multiple range 
test, the estimated differences of the means were analyzed. 
The method used to discriminate between means is Fisher's 
least significant difference (LSD) procedure; with this method 
there is a risk of 5.0% at saying that each pair of means is 
significantly different, when the real difference is equal to 0. 
 
4.Conclusions 

 
In this research, diatomaceous earth from the municipality of 
Chivata (Boyaca-Colombia) was used to remove the crystal 
violet dye in solution. Its physicochemical characterization 
shows the presence of cylindrical frustules with development 
of porosity, but low surface area, with mainly silanol and silane 
groups on their surface. From the statistical analysis it is 
observed that the effect of pH and the initial concentration of 
the dye on the adsorption capacity and removal percentage of 
diatomaceous earth is greater than the effect of temperature, 
which is not significant. The percentage of removal of the 
violet crystal by diatomaceous earth increases as the 
concentration of the treated solution decreases and the 
removal capacity of the diatomaceous earth increases as the 
concentration and initial pH of the treated solution increase. 
The experimental results show a good fit to the Langmuir 
isotherm model with correlation factors close to 0.99, which 
indicates a homogeneous surface with mainly monolayer 
coverage. The maximum adsorption capacity of the crystal 
violet dye was of 96.1 mg/g at pH 8 and 30°C, which makes it 
an attractive adsorbent material for the removal of colorants 
in wastewater, considering that it was used without any type 
of modification. 
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