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Abstract: Fluorite is an important industry mineral that is can be coexisted with gangue minerals including 
calcite. However, fluorite and calcite have similar surface proprieties that can avoid their 
separation. Flotation by tannic acid adsorption onto calcite and fluorite is the method commonly 
applied to separate between these two calcium minerals. In this work, the mechanism of tannic 
acid adsorption onto fluorite is determined by experimental adsorption isotherm modelling using 
Langmuir, Freundlich and Sips models. Modelling results indicate that the adsorption process is 
well described by Sips model. On the other hand, the effect of particle size on studied adsorption 
was evaluated. The obtained results show that this parameter has a significant effect on tannic acid 
adsorption.

1 INTRODUCTION 

Fluorite is an important non-renewable mineral and 
an indispensable chemical material which has been 
the subject of several scientific researches in various 
fields, such as renewable energies, new materials 
synthesis, optoelectronics and metallurgy (Garand 
and Mucci, 2004; Zhang and Song, 2003; Zheng et 
al., 2018). Calcium fluoride is primarily used for 
hydrofluoric acid production, the manufacture of 
steel, glasses and ceramics. It is also used in laser 
field, optics and thus electronics (Engelhardt et al., 
2000; Zheng et al., 2018).  

However, this valuable mineral can be found with 
gangue minerals such as calcite (Antti and Forssberg, 
1989; Hiçyìlmaz et al., 1993; Shi et al., 2014). In this 
case, a separation between calcite and fluorite is 
necessary. Flotation using tannic acid as a depressant 
is the most effective technique to separate fluorite and 
calcite minerals (Lin et al., 2011a; Song et al., 2006; 
Zawala et al., 2008). This technique is achieved by 
tannic acid adsorption onto calcite and fluorite. Due 
to the similar physico-chemical proprieties of these 
two calcium minerals, this separation is difficult to 
achieve. So, it is so important to determine and 

understand tannic acid reactivity via calcite and 
fluorite minerals. In our previous work (Tangarfa et 
al., 2019), the mechanism of tannic acid adsorption 
onto calcite was evaluated and it has been shown that 
tannic acid molecules are linked with calcite surface 
atoms by covalent bonds. To our knowledge, tannic 
acid reactivity via fluorite surface has not been 
reported.  

Based on these considerations, the objective of 

this work is to evaluate the particle size effect on 

tannic acid adsorption onto calcite and to determine 

the adsorption process mechanism using isotherm 

studies. 

2 MATERIALS AND METHODS 

2.1 Material preparation 

Pure fluorite sample as an adsorbent was obtained 
from El hammam mine located about 80 km of 
Meknes city in Morocco. X-ray diffraction (XRD) 
analysis (Figure 1) of the mineral confirmed that this 
sample has a purity greater of 99 %. The fluorite 
mineral was crushes, ground and sieved to various 



Figure 1: XRD of fluorite sample. 

fractions to collect -80+40 µm; -160+80 µm and -
315+160 µm for further investigations. 

The pure chemical reagent (greater than 95%) 
supplied from Sigma Aldrich and used an adsorbate 
is tannic acid (C76H52O46). A stock solution of 10 g/L 
was prepared by dissolving 1 g of tannic acid into 100 
mL of distilled water. It was then diluted to obtain 
desired concentrations for further investigations.  

2.2 Adsorption experimental 
methodology 

To evaluate tannic acid adsorption onto fluorite at 
different particle size, 1 g of this mineral (-80+40 µm; 
-160+80 µm and -315+160 µm) was dispersed in 100 
mL of various concentrations of tannic acid (10-110 
mg/L) at solution pH. The fluorite-tannic acid 
mixture was then shaken at 250 tours/minutes and 
room temperature for 20 minutes. Preliminary tests 
showed that 20 minutes were enough to reach 
equilibrium for tannic acid adsorption onto fluorite. 
After this equilibrium, the mixture was decanted, 
filtered and analysed by Ultra Visible 
spectrophotometer at 278 nm to determine the 
equilibrium tannic acid concentration. The adsorption 
capacity was then calculated using the following 
expression: 

 
Q =

(Ci − Ce)

m
∗ V (1) 

where Ci and Ce (mg/L) are the initial and 
equilibrium tannic acid concentrations, respectively, 
V (L) is the solution volume, and m (g) is the 
adsorbent mass. 

 

Figure 2: Non-linear fitting of tannic acid adsorption onto 

fluorite at different values of particle size. (a) -80+40 µm; 

(b) -160+80 µm; (c) -315+160 µm. 

3 ADSORPTION ISOTHERM 

MODELLING: RESULTS AND 

DISCUSSION 

Several adsorption isotherm models have been 
extensively used for adsorption system modelling, 
such as Langmuir, Freundlich, Temkin, Dubinin–
Radushkevich, Sips, etc.   (Dubinin, 1969; Khan et 
al., 1996; Langmuir, 1918, 1917, 1916). To determine 
tannic acid adsorption  mechanism onto fluorite at 
constant temperature, three most commonly isotherm 
models were tested: Langmuir, Freundlich and Sips 
models (Langmuir, 1918, 1917, 1916). Langmuir 
isotherm model allows to describe the formation of an 
homogeneous and a monolayer adsorption with a 
fixed number of defined sites that are energetically 
identical as well as with no lateral interaction between 
adsorbed molecules (Kundu and Gupta, 2006; Pérez-
Marín et al., 2007; Vijayaraghavan et al., 2006). The 
mathematical expression of Langmuir isotherm is 
written by follow:  

 
Q =

QeKLCe

1 + KLCe

 (2) 

 
where Ce (mg/L) is the equilibrium adsorbate 
concentration, Q (mg/g) is the equilibrium adsorbed 
amount per unit of adsorbent mass, Qe (mg/g) is the 
maximum adsorption capacity, and KL (L/g) is the 
Langmuir constant. 
While, Freundlich isotherm model can be applied to 
heterogeneous and multilayer adsorption with a non-
uniform distribution of adsorption heat (Freundlich, 
1907). Its equation is given by:  
 

 



 

Table 1: R2 of tested models at different values of particle size. 

 

 Langmuir Freundlich Sips 

-80+40 µm 0,5368 0,9639 0,9970 

-160+80 µm 0,7864 0,9620 0,9990 

-160+80 µm 0,5815 0,9805 0,9914 

Table 2: Sips Model parameters at different values of particle size. 

 Qe Ks 1/n  

-80+40 µm 9,55774 5,5982E-15 0,08596  

-160+80 µm 7,53363 5,6459E-10 0,15691  

-315+160 µm 6,44958 2,13494E-7 0,25419  
 

 

 
Q = Ce

1
nKF       (3) 

 
where KF [(mg/g)/(mg/L)1/n] and n are Freundlich 
constant indicators of adsorption capacity and 
intensity, respectively. 
Furthermore, Sips isotherm model is a combined 
form of Langmuir and Freundlich isotherm models 
used to predict the adsorption in heterogeneous 
systems (Günay et al., 2007). At low sorbate 
concentrations, it reduces to Freundlich model. 
While, at high sorbate concentrations, it predicts a 
monolayer adsorption characteristics to Langmuir 
model (Pérez-Marín et al., 2007). 
The mathematical expression of Sips model is written 
as follow: 

 

Q = Qe

KsCe

1
n

1 + KsCe

1
n

 (4) 

where n and Ks (L/mg) are the heterogeneity index 
and the adsorption affinity constant, respectively. 

To determine adsorption isotherm model 
parameters, experimental data were fitted to 
Langmuir, Freundlich and Sips models using a non-
linear method. Figure 2 show experimental data and 
their non-linear plots of studied models at different 
values of particle size. While, the statistical analysis 
shows calculated correlation coefficient R2 values of 
each model at different values of particle size as 
presented in Table 1. 
Based on the highest R2 value, it’s so clear from 
obtained plots that Sips model (0,991 to 0.999) was 
statistically significant compared to Langmuir 

(0.536-0.786) and Freundlich (0.962 – 0.980) models 
at all studied particle size. Similar results have been 
reported for tannic acid adsorption on zeolite and 
calcite surfaces (Lin et al., 2011b; Tangarfa et al., 
2019). Table 2 summarize the estimated parameters 
of Sips model.  
 

As seen in Table 2, the adsorption capacity 
decreases with particle size. This could be due to high 
surface area of the adsorbent in this particle size as 
indicated by Barka et al and Police et al (Barka et al., 
2013; Police et al., 2020).  
The parameter (1/n) is lower than 1 at all studied cases 
suggesting that tannic acid adsorption onto fluorite is 
a heterogeneous system. However, this information 
cannot determine if the heterogeneity correspond to 
the adsorbent surface or the adsorbate or a 
combination of both (Do, 1998). 

4 CONCLUSIONS 

The present study investigated the adsorption 
performance of tannic acid onto fluorite under 
different concentration (10-110 mg/L) and various 
particle size range (-80+40 µm; -160+80 µm and -
315+160 µm) in order to evaluate particle size effect 
on studied adsorption process as well as it 
mechanism. The adsorption experiments conducted 
out indicated that a maximum adsorption capacity of 
tannic acid is obtained using -80,+40 µm particle size 
fraction. While adsorption isotherm modelling results 
showed that experimental data were better fitted to 
Sips than to Langmuir and Freundlich models 
suggesting that tannic acid adsorption onto fluorite is 
a heterogeneous system. All these results are 



promising and could be employed to better 
understand the tannic acid reactivity via fluorite 
surface in mineral processing. 
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