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values of P¢O¥ grade and apatite recovery of CCD





a P¢O¥ grade of 34.

P¢O¥ grade

250 ppm sodium silicate dispersant, achieved a P¢O¥ grade of 2



de P¢O¥ de 34,

de P¢O¥ exigido e à recuperação mínima de apatita. No entanto,

de P¢O¥ de 







upgrading P¢O¥ content in tailings from a phosphorus production plant using direct froth 

flotation. By optimizing pulp density, pH, and flotation time, they increased the P¢O¥ grade 

ch a P¢O¥ grade of at least 30% with over 60% apatite 

require a minimum P¢O¥ grade of 24% and at least 40% 





illustrate, global consumption of P¢O¥ reached 44106 kt in 2022, while Brazil consumption 





The general chemical formula of apatite is M¡ (XO¤)¦Z¢, where M represents alkaline 

are distinguished by their dominant anions (F{, Cl{, or OH{, respectively). Additionally, cations 

such as calcium (Ca²z), manganese (Mn²z), sodium (Naz), and strontium (Sr²z), as well as anions 

such as phosphate (PO¤³{), sulfate (SO¤²{), and carbonate (CO£²{), can be substituted within the 

15% P¢O¥) and high carbonate content in these 



particles, generally smaller than 37 μm to 10 μm,



20 μm, conditioning at 35% solid concentration achieving 32% of P
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ĀāĀýý = Āā.Āÿ.(1 2 ĀĂ)                                                                                                                             (1)

āā = ( dĂĀ )2 (32 + 4ýă0.7215 )                                                                                                            (2)





Attachment probability increases significantly with particle size below 20 μm, which is 



ĀāĀýý = Āā.Āÿ                                                                                                                                                                                              (3)







PAVLOVIĆ; BRANDÃO, 

PAVLOVIĆ; BRANDÃO, 

concentration of Hz and OH{ ions in the pulp, 











holdup, and bubble diameter. Within the column’s stability limits, increasing the air flow rate 

gas velocity, defined as the ratio of air flow rate to the column’s 

of fresh water toward the column’s base. The most accurate value of bias can be calculated as 
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through entrainment but reduce selectivity and concentrate grade (e.g., P¢O¥) due to











column’s concentration circuit



The particle size distribution of the sample was analyzed using the equipment’s 

using Rigaky model Miniflex II with radiation source of CuKα (30 kV 

analysed ranged was of 5 ≤ θ ≤ 80º with 0.05º of pace. The data was collected each 
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ý[%] = �āýÿā,ā��ýÿā,�  . 100                                                                                                                      (3.1)
ýÿā,� ýÿā,ā



The CaO/P¢O¥ ratio 

ÿÿÿ ąÿÿĂăĀ2ÿ5 ąÿÿĂă  > 1.356                                                                                                                         (3.2)

þý�ă2�3 = Ā2ÿ5ąÿÿĂăĂă2ÿ3ąÿÿĂă                                                                                                                    (3.3)
þý���2 = Ā2ÿ5ąÿÿĂăþ�ÿ2ąÿÿĂă                                                                                                                          (3.4)



ýĀĄ�ÿă = Ā2ÿ5 ąÿÿĂă30 + 2. (ýāÿā�āă ÿăāĀ�ăÿþ60 )                                                                      (3.5)
ýĀþýý�ÿĄ�ÿă = Ā2ÿ5 ąÿÿĂă24 + 2. (ýāÿā�āă ÿăāĀ�ăÿþ40 )                                                              (3.6)









 

ý1 = ÿĀ��ăāāĀÿ ĂĀĀÿąă 2 40050             (3.7)
ý2 = ĀăāÿăĀĀÿÿā ĂĀĀÿąă 2 400100        (3.8)
ý4 = āÿ 2  10.80.75                                        (3.9)
ý5 = þĀ��Ă āĀÿāăÿāÿÿā�Āÿ 2 5010       (3.10)

þÿ Ăÿ

Ăÿ = {  
  0 �Ą þÿ f þÿþ�ÿ( þÿ 2 þÿþ�ÿþÿþÿ� 2 þÿþ�ÿ)� �Ą þÿþ�ÿ f þÿ f þÿþÿ�1 �Ą þÿ g þÿþÿ� }  

                                                                  (3.11)
þÿþ�ÿ þÿ þÿþÿ�

Ăÿþÿ.



Ā = (Ă1, Ă2, & , Ăÿ)1 ÿ⁄                                                                                                                     (3.12)









two key response variables: P¢O¥ grade and apatite 

x¡

x¢



accurate assessment of the dispersant’s influence while isolating the effects of

x¡ x¢



 

ý1 = ÿĀ��ăāāĀÿ ĂĀĀÿąă 2 5020             (3.13)
ý2 = ĀăāÿăĀĀÿÿā ĂĀĀÿąă 2 700200      (3.14)



Equations 3.11 and 3.12. This method converts each predicted response (yₙ) into an individual 

desirability index (dₙ) normalized on a scale from 0 to 1,



� = 11 + (Ă50Ă )ā                                                                                                                                       (1)







cal insights into the ore’s flotation behavior, 



Moreover, the CaO/P¢O¥ ratio in sample A3 remained practically constant, 

��ÿĀ�ÿ�



compared to Agem A3, particularly in Fe¢O£ removal, as it achieved higher selectivity ratio 

values at lower depressant dosages and maintained better SiO¢ removal across all tes



P¢O¥ grade rose to 

P¢O¥ grade by effectively suppressing gangue mineral flotation but may also lead to a significant 

��ÿĀ�ÿ�



Moreover, it achieved a lower CaO/P¢O¥ ratio, which signifies 



demonstrated high reproducibility, yielding standard deviations of 0.075 (P¢O¥ grade) and 0.160 

exhibited CaO/P¢O¥ ratios ranging from 1.38 to 1.45,



reduction in P¢O¥ grade (SANTOS, 2005; 

��ÿĀ�ÿ�





þą = 34.687 + ý Āą + ý þąý ý2 = 0.914



Āą =  [20.22600.6800.825 ] þą = [20.369 00 0.018 0.120 020.314 20.2280.120 20.314  0 20.228 0 20.28020.280  0 ] ý =  [ý5ý1ý2ý4]
þ� = 86.559 + ý Ā� + ý þ�ý ý2 = 0.930

Ā� =  [ 1.7191.53820.58020.899] þ� = [22.097 0  0 1.312 0.503          0    20.356       00.503 20.356  0 0 20.789 20.35620.356 20.653] ý =  [
ý5ý1ý2ý4]
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conditioning, which resulted in reduced silica activation and increased P¢O¥ recovery.  While 

they found P¢O¥ grade was relatively unaffected by increasi

dissolved Ca²z and Mg²z, minimizing quartz activation and reagent losses.  Their experiments 

collector concentration and decreased Ca²z activity. Although P¢O¥ grade exhibited less 







concentration during conditioning (x¥), collector dosage (x¡), depressant dosage (x¢), and 

(x¤), using coded values associated with the maximization of P¢O¥ grade and apatite recovery.

average selectivity ratios (SR Fe¢O£ and SR SiO¢).





high apatite recovery, the P¢O¥ grade remained similar to that of the feed ore (12.88%)
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statistically significant effects on P¢O¥ grade and apatite recovery, determined at a 

P¢O¥ grade and R² = 0.995 for apatite recovery) ind

its compliant CaO/P¢O¥ ratio and superior selectivity ratios for both Fe¢O£ and SiO¢ 



tation, which require a minimum of 24% P¢O¥ grade, 

an apatite recovery of 40%, and a CaO/ P¢O¥ ratio 

grade, an apatite recovery of 41.68% and a CaO/P¢O¥ ratio of 1.40.

with the target CaO/P¢O¥ ratio 
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P¢O¥ 



. (2005) observed that both P¢O¥ grade and apatite recovery initially improved with 



��ÿĀ�ÿ�

significantly affected the P¢O¥ grade, apatite recovery, or CaO/P¢O¥ ratio. Therefore, the stirring 

a P¢O¥ grade above 24%, apatite recovery exceeding 40%, and a CaO/P¢O¥ ratio 

andard deviations of 0.267 (P¢O¥ grade) 

improvements in both P¢O¥ grade and apatite recovery. The consistent CaO/P¢O¥ ratio 

gainst SiO¢ (



P¢O¥ grade (25.48%), the most favorable overall performance was observed in Test 63, which 

achieved a P¢O¥ grade of 24%, an apatite recovery of 45.87%, and an I

��ÿĀ�ÿ�

values of P¢O¥ grade and apatite recovery, which were 

both P¢O¥ grade and apatite recovery).

values of P¢O¥ grade and apatite recovery of CCD



). For P¢O¥ grade, the interaction between the collector and depressant 

increase in P¢O¥ grade and apatite recovery (MOLIFIE 

(P¢O¥ grade) and 0.440 (apatite recovery), corresponding to coefficients of variation of 0.005 

analysis. While all tests yielded a CaO/ P¢O¥ ratio approximating the target value of 1.356 



P¢O¥ grade of 24% and at least 40% apatite recovery proved more challenging; Tests 70

these criteria. Figure 4.7 illustrates the apatite recovery and P¢O¥ grade results from the CCD 

��ÿĀ�ÿ�



However, the highest P¢O¥ grade (29.86%) was achieved in Test 68, corresponding to the lowest 

tailing’s

þą = 25.322 + ý Āą + ý þąý ý2 = 0.994
Āą =  [23.4480 ] þą = [ 0 20.16220.162 20.466] ý =  [ý1ý2]



þ� = 42.785 + ý Ā� + ý þ�ý ý2 = 0.982
Ā� = [10.9390 ]  þ� = [22.380 00 0] ý = [ý1ý2] 

The results indicate that increasing collector dosage leads to a decrease in P¢O¥ grade, 

At low dosages, the observed enhancement in apatite hydrophobicity, leading to a higher P¢O¥ 

. The region of highest P¢O¥ grade were observed with collector dosage below 22 



¢O¥ 

on flotation performance, with a more pronounced effect on apatite recovery than on P¢O¥ 

2005; PAVLOVIĆ; BRANDÃO, 2003).

compromise, achieving the minimum industrial requirements of 24% P¢O¥ grade and 40% 



SiO(OH)£{, adsorbs onto mineral surfaces, generating 



targeted simultaneous maximization of both apatite recovery and P¢O¥ grade while maintaining 

surfaces for key operational parameters: collector dosage (x¡) and depressant dosage (x¢), 

P¢O¥ grade 



os (SR Fe¢O£ and SR SiO¢).





difficulties, as none of the tested conditions simultaneously achieved the required P¢O¥ grade 

with a P¢O¥ grade of 2

requirements. Notably, increasing collector dosage improved recovery but reduced the P¢O¥ 
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reagents’ adsorption on low
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