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1 Abstract 

A quartz sand is a natural resource that is applied in several industries like paintings, concretes, 

fillers, foundry molds and glass industry. The high quality optical glass is the most demanding, so 

it is necessary to submit the sand through several beneficiation processes. It is common that one 

of those process is froth flotation, altough it is a process that have high impact in the environment 

because uses chemicals in its procedure. 

The main goal of this work is to find a mineral processing method that has no impact in the 

environment, and replace the froth flotation. It is also developed in this work a methodology of 

image analysis based on mineral color. 

One of the processes studied was the wet shaking table. Was made a factorial design of 

experiments intended to evaluate the quartz recovery and quartz content of the concentrate 

product based on image analysis. With that it was possible to maximize both results with a quartz 

recovery of 71,5% and quartz content of 99,89% in the concentrate. The other process consisted 

in using a magnetic Frantz separator giving results for quartz recovery of 99,92% and quartz 

content of 99,88% in the concentrate product. Comparing the concentrate products with the feed, 

we can say that 56,32% of the dark minerals were removed with the wet shaking table. The worst 

run in magnetic separartor removed 77,13% of dark minerals and the best run 97,73%. 
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2 Introduction 

With the increase in demand for all industries to reduce their environmental impact, the sand 

industry is trying to accomplish that impact reduction too. It is common practice to use a froth 

flotation to increase the quartz grade of the sand by removing the iron and aluminium containing 

minerals.  
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The glass industry needs a sand with 99,7% of quartz with no more than 0,013% of iron oxides 

and no more than 0,2% of aluminium oxides to produce high quality optical glass (Platias et 

al.,2014) . 

The froth flotation used to process the sands that can be used to make that type of glass uses 

chemical reagents that have high impact in water quality and other aspects of environment quality. 

The aim of this work is to find a physical mineral processing method that can replace the froth 

flotation with no impact to the environment. With the advance of the work it was also developed 

a method for product characterization based on image analysis by color reducing the costs and 

time for making chemical analysis for every products. 

One of the processes studied was the wet shaking table, where it was made a factorial design of 

experiments that allowed to define optimization criteria for that process using the Sibelco S.A, 

supplied sand that is a product of other prior separation processes like the Humphrey’s Spirals. 

The other process studied was the magnetic separation using the Frantz Isodynamic separator 

using the same sand. It was made only few runs just to evaluate the quality of the products. 

 

3 Case study and Sample analysis 

The sand supplied by Sibelco is a sand that after dredging was processed by several separation 

methods and consists in the low density product of Humphrey’s spirals. 

The mineral composition of the sand was made by EPDM, S.A. and is showed in Table 1. 

Tabela 1 - Mineral composition of the suplied sand by Sibelco. (Source: EPDM) 

Mineral Density Weight (%) Area (%) Area (microns) Particle Nº 

Quartz 2,63 99,64 99,70 137933202,94 2622 

Monazite (Ce) 5,15 <0,01 <0,01 1682,90 11 

Zircão 4,65 <0,01 <0,01 2706,89 16 

Rútilo 4,25 – 5,4 0,01 0,01 9393,99 14 

Ilmenite 4,8 <0,01 <0,01 828,10 3 

Moscovite 2,6 – 2,9 <0,01 <0,01 5511,73 12 

Biotite 2,6 – 3,3 0,01 <0,01 6010,37 22 

Ortoclase 2,6 0,08 0,08 112540,89 14 

Estaurolite 3,69 0,12 0,08 116360,82 6 

Andaluzite 3,15 0,14 0,11 157774,51 18 

 

Sibelco supplied the chemical composition expressed in oxides. (Table 2) 
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And with the image analysis method that was developed was obtained the results in Table 3. 

 

Tabela 2 - Chemical composition of the sand supplied by Sibelco. (Source: Sibelco) 

Oxides % 

SiO2 99,59 

Al2O3 0,243 

Fe2O3 0,025 

TiO2 0,027 

K2O 0,010 

Na2O 0,000 

CaO 0,004 

MgO 0,010 

Loss in fire 0,090 

 

Tabela 3 - Sand composition retrieved using image analysis expressed in dark and white 
minerals. 

Sample 
Dark minerals 

(%) 
White 

minerals (%) 

1 0.17 99.83 

2 0.19 99.81 

3 0.17 99.83 

4 0.18 99.82 

5 0.18 99.82 

6 0.16 99.84 

7 0.15 99.85 

8 0.19 99.81 

9 0.20 99.80 

10 0.23 99.77 

11 0.18 99.82 

12 0.17 99.83 

13 0.17 99.83 

14 0.18 99.82 

15 0.17 99.83 

16 0.17 99.83 

17 0.17 99.83 

Mean 0.18 99.82 

Std Deviation 0.02 0.02 
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Was considered that the white minerals were quartz, ortoclase and muscovite that based on the 

mineral analysis sum 97,79% of white minerals that is very close to 99.82% obtained by image 

analysis. 

The image analysis method consisted in the following steps: 

Image Aquisition – By photographing the products in a container, with the guarantee that the flat 

surface is representative of the sample by mixing the products and flattening the surface. Was 

used a common camera always with the same configurations and fixed in a Polaroid MP-4 Land 

camera base with four sources of light to guarantee that all the samples are captured in the same 

conditions. 

Particle identification by color – Consisting in a threshold operation using imageJ software with 

Yen et al. (1995) threshold method. The operation resulted in a black and white image that can 

be used to count the black and white pixels. 

Methodology – The grade in black particles (our contaminants) were calculed by the mean of 

five pictures from the same product that was re-mixed and flattened after each picture capture. 

The grade was calculated by making a ratio between the number of black pictures and the total 

number of pixels that compose the image. 

 

4  Experimental work 

The experimental work consisted in developing the image analysis method that was previous 

explained, and the processing of the sand in two diferent types of separators. The wet shaking 

table and Frantz magnetic separator. The major objective for both of the processes is to purify 

the sand, improving the grade of quartz in concentrate with the highest recovery possible. 

4.1 Wet shaking table 

Was made one factorial design of experiments where the factos manipulated were the table slope, 

the laundry water flow and the feed particle water flow. Each factor was analysed in three diferent 

levels. The responses for the work were the quartz grade of the concentrate product and the 

recovery of the quartz in that concentrate. With the factorial design was possible to obtain the 

optimal results based on the principle that we want to maximize both of the responses at the same 

time. All the products were analysed with the image method and the grade in quartz and the 

recovery in quartz consists in the grade of white minerals. 

4.2 Frantz magnetic separator 

Four runs with the same parameters were used, with the intention to evaluate the possibility to 

use this method to purify the sand. The parameters of the equipment used were a slope of 25º 

and a tilt of 15º, the current intensity was 2ª and the vibration of the feed keeped constant. The 
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results were evaluated in terms of the grade of quartz in the non magnetic product (our 

concentrate). All the products were analysed with the image method. The grade in quartz and the 

recovery in quartz consists in the grade of white minerals too. 

 

5 Results 

5.1 Wet shaking table 

The results obtained with the design of experiments can be shown in terms of the surface model. 

Was obtained a model for each of the responses. The recovery in quartz model showed that it’s 

the interaction between inclination of the table and the laundry flow water that explains the results. 

The grade in quartz model showed that only the inclination affects the grade in quartz results. 

Both of the models can be summarized as shown with the response surface graphics (Figure 1 

and 2). 

 

Figura 1 - Response surface graphic for quartz recovery in concentrate. 



6 
 

 

Figura 2 - Response surface graphic for quartz grade in concentrate. 

The previous graphics shows that the recovery is maximum for higher levels of table inclination 

and laundry water flow but that configuration decreases the grade in quartz. An optimization that 

maximizes both of the responses was obtained, and was made one run with the factor levels 

suggested by that criteria. The results were valid and are shown in Table 4. 

Tabela 4 - Results for optimal run calculated by maximizing both of the responses. 

Table 

slope 

(Incl) 

Laundry water 

flow (l/min) 

 
Feed water 

flow (l/min) 

Quartz recovery in 

concentrate (%) 

Quartz grade in 

concentrate (%) 

11,7º 3  2 71,54 99,89 

 

 

5.2 Frantz magnetic separator 

The results of the four runs made with Frantz separator are show in table 5. We can verify that 

the recovery is much better than the ones obtained in wet shaking table, but the grade in quartz 

can be worse because the separation occurs by magnetic susceptibility, and the aluminium is 

also present in white minerals that are non magnetic.  
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Tabela 5 - Results obtained in magnetic separartion. 

Run 

Initial 

weight 

(g) 

Grade in black minerals (contaminants) (%) 
Quartz grade 

in  

Quartz 

recovery in 

Magnetic product Non magnétic product  
concentrate 

(%) 

concentrate 

(%) 

m1 26,97 90,72 0,15 99,85 99.91 

m2 75,87 87,79 0,13 99,87 99.94 

m3 42,91 98,99 0,10 99,90 99.92 

m4 39,23 86,27 0,11 99,89 99.90 

Média 99,88 99.92 

Desv. Padrão 0,02 0,02 

 

5.3 Comparing the results 

The results from both processes concentrates are shown in table 6. We can see that was made 

a good improvement in quartz grades. From 99,82% of white particle minerals in the feed 

analysed with image analysis to 99,89% of white particles in wet shaking table, wich shows that 

the dark particles in the feed were 0,18% vs 0,11% in concentrate. When we compare the grades 

with the weight of the products we can calculate the weigth of dark particles in each product. The 

optimal run in wet shaking table had a feed of 386,3 g with 0,18% of dark minerals, 0,7 g of dark 

minerals, the concentrate 276,1 g with 0,11% of dark minerals that gives 0,3 g of dark minerals 

indicating that the rejected have 0,5 g of dark minerals meaning that 56,32% of dark minerals 

were removed with this process. With the same calculation was determined that the worst run 

with magnetic separator removed 77,13% and the best run 97,74% of dark minerals. 

Tabela 6 – Comparison of grades obtained with image analysis from the feed and the 
optimal concentrates from both separation methods. 

Teor (%)  Recuperação (%) 

Inicial 
Mesa 

oscilante 

Separação 

magnética 

 Mesa 

oscilante 

Separação 

magnética 

99,82 99,89 99,88  71,54 99,92 

 

6 Conclusions 

Platias et al. (2014) shows that a quartz sand to produce high quality glass needs to meet the 

requirements of 99,7% of quartz and no more than 0,013% of iron oxides and 0,2% of aluminium 

oxides. Was developed a method to aid the determination of the dark minerals (containing iron) 

in a product. The method showed closer results for the initial sample analysis but was not 

compared to product analysis needing the confirmation in future works.  
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Were studied two mineral separation processes, the wet shaking table and the Frantz magnetic 

separator with the aim of replacing the froth flotation method used in the industry that have high 

impacts in environment. The main goal of this study was to get the most pure quartz sand with 

the methods studied.  

Wet shaking table produced a concentrate with 99,89% of quartz, that meets the requirements 

for high quality sand with a recovery of 71,54%. The optimal run removed more than half of dark 

particles, indicating that more than half of iron contaminants were removed. 

Magnetic separator produced a concentrate with 99,88% of quartz and a recovery of 99,92% of 

sand meeting the requirements because more than half of dark particles were removed indicating 

that the iron contaminants were removed too. 

With the chemical analysis of the products it will be possible to verify if the concentrate products 

meet the requirements, and if they validates the image analysis method, so it is a future work to 

be made. 

Another work that can be made in the future is to re-process and study the reject products from 

the shaking table to verify if they improve the concentrate. The magnetic separator deep study 

with this sand is a promissing work too. 
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