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PHOSPHATE ROCK PRODUCTION
INCREASE THROUGH THE MILLING
OF THE APATITE FLOTATION
CIRCULATING LOAD

Prof Dr André Carlos Silva,

F.L. Teixeira, B.P. Milanezi, A.H.P. Melo Filho,
.D.A. Araujo, W.F. Borges Junior, E.M.S. Silva

ssssssssssssssssssssss
Modelling and Min sing Research Lab



Brazilian fertilizer supply from 2015 to

2018. Adapted from ANDA, 2018

s Domestic production (%) s Importations (%)  ——Brazilian fertilizer supply (million tons%‘5
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Copebras/CMOC

Goias

Situated in the
alkaline complex
Cataldo I, Goias,
Brazil, the Chapadao
mine has been ran by
Copebras/CMOC
International since
2016
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Phosphate rock processing flowsheet
at Copebras/CMOC in Brazil

LIMS | Apatite flotation

(wet drum) (anionic flotation)

Screening ‘ Secondary grinding WHIMS

(Single inclination screen) | (ball mill operating in closed circuit) | (Carousel)

Crushing Classification

Chemical plant
(hammer crusher) | (Hydrocyclones)

Homogenization piles Desliming
(64 and/or 80 kt) (Hydrocyclones)

Niobium plant

Primary grinding Barite flotation

| | Tailings dam
(reverse apatite)

(bar mil operating in open circuit)

*Nowadays barite concentrate
is sold as a coproduct
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Phosphate rock processing flowsheet

at Copebras/CMOC in Brazil

‘ MP-76 = 170 t/h \ 107
_ pH: 10.
MP-47 = 230 t/h Rougher stage { Depressant: cornstarch 500 g/t

Collector: Lioflot 567 200 g/t
Feed Surfactant: Flotinor 071 100 g/t

Cleaner stage

1
1
1
:
1
| Tailings dam Concentrate
1
1

MP-76 = 59.5 t/h
MP-47 = 80 5t/h

— Concentrate
---- > Tailings

S A
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Do we need a circulating load?

pH: 10.7
Rougher stage Depressant: cornstarch 500 g/t
Collector: Lioflot 567 200 g/t
Surfactant: Flotinor 071 100 g/t

Cleaner stage

Feed

\ 4

1
i Middling
1

Niobium plant Tailings dam Concentrate
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Mineralogical characterization

XRD | EDS

Bruker D8 Discover Oxford Instruments X-MaxN
XRF LOI

Bruker S8 TIGER WDXRF Calcined at 900 °C for 2 hours

l

SEM

JEOL JSM-IT300
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Flotation tests at bench scale

Copebras/CMOC internal procedure PCT.13.001.050 for apatite flotation tests in bench scale

Operational parameter

Feed Wei h:!z-daalnldl I;(]ag[?o XRF Starch (g/t)
° Lioflot 567 (g/t)

Flotinor 071 (g/t)

Conditioning 1 : pH
Depressant 2.5 min and collector 30 s Scil\gteagogneﬁrn:llostiitr:on Impeller speed (rpm)

(50% of collector dosage) Solids (%)

Surfactant Conditioning
Flotation
Conditioning 2 Conditioning (min)
Collector 30 s Depressor
(50% of collector dosage)

Rougher flotation

Flotation time 2 min
Collector — rougher

Collector — scavenger

Flotation (min)

Cleaner flotation Flotation middling

Flotation time 1.25 min Weighted and sent to XRF Rougher

Cleaner
Scavenger

Final concentrate
Weighted and sent to XRF
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Methodology

Experimental design for the middling rougher flotation tests

Fatos | levels
DR 3(208,150,and 74 um)

Collector dosage 3 (160, 200, and 240 g/t)
2 (500 and 700 g/1
dgs
208 150 74 um

500 Qo\&

W
Depressant dosage v

,190 Collector dosage

700 S
g/t N
. D
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Methodology

Experimental design for the middling rougher flotation tests

Solids % during the Collector Depressant
Test e
conditioning (8/t) (g/t)

Middling 1.1 49.4 160 500 L
without milling 1.2 48.8 200 500 E
1.3 49.1 240 500 n
—————————————— EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEERERN
2.1 46.4 160 700
2.2 46.9 200 700
A.tei |l1;";rlg ........'.......................................................
3.1 50.8 160 500 E
d95 | |
3.2 49.6 200 500 E
|
52.4 240 8
—————————————— .............................................................l
4.1 55.1 160 700
4.2 38.9 200 700
A;-tel ll»‘;";rlg .........................i.....................................
5.1 51.1 160 500 E
5.2 49.8 200 500 E
49.1 240 500 o
............................................................'
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Methodology

Average XRF results for the feed of the tests 1 (middling without milling) and the industrial
threshold for the oxides in the final concentrate

Feed : PO, : CaO | Fe,0, | SiO, | ALO, | MgO | BaO . CPR

WETTENE 2285 : 2930 1881 1862 095 083 058 = 128 &

SRCEAE 009 = 009 027 024 002 001 001 : 000 :
Ind. thres. JEEEVAN-ENNE <082 <290 €3 <050 <050 : <132:
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P205 CONTENT (%)
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FE203 CONTENT (%)
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SI02 CONTENT (%)
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MGO CONTENT (%)
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BAO CONTENT (%)
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AL2 O3 CONTENT (%)
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B Cao 48.42 48.22 48.08 48.58 48.19 48.57
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 AlLO; 0.75 0.77 0.80 0.70 0.76 0.74
e MgO 0.34 0.39 0.32 0.28 0.31 0.28
P BaO 0.31 0.34 0.46 0.39 0.42 0.42
= Recovery 89.00 89.85 68.24 58.11 48.01 73.14
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« Samples from Copebras/CMOC mineral
processing plant were collected and
mineralogical characterized.

« The results showed that the main
phase present in the middling sample
was apatite (55.24%), followed by
quartz (23.34%) and hematite
(7.33%).

* This result was double-checked by the
XRF results.
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« Two attractive scenarios were
found.

* The first one, for the non-milled
middling, was obtained for the test
1.1, which produced with grade
concentrate with low levels of

contaminants. No milling
Depressant 500 g/t

Collector 160 g/t

» This test was carried out with the
industrially adopted depressant
dosage (500 g/t), but a
considerably lower collector dosage
(160 g/t instead of 320 g/t).

SSUFG Qcnpg (5= €HFAPEG Qe Lol PV z




Scenario 1: Proposed flowsheet

pH: 10.7
Rougher stage Depressant: cornstarch 500 g/t
Collector: Lioflot 567 200 g/t
Surfactant: Flotinor 071 100 g/t

Cleaner stage

Feed

\ 4

|
|
| =1
|
|

Middling! Depressant 500 g/t
l Collector 160 g/t

Niobium plant Tailings dam Concentrate
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* The second scenario, for the
milled middling, was obtained for
test 4.2.

* Even operatin? with particle size
relatively smaller than the other

tests a high recovery (mass and Middling milled (dys = 74 pm)
metallurgical) and relatively low Depressant 700 g/t
level of contaminants were found. Collector 200 g/t

 In this particular test, a higher
depressant dosage (700 g/t) and
lower collector dosage (200 g/t)
were used.

YFAPEG (e [LalVIPRIVIIR "
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Phosphate rock processing flowsheet

at Copebras/CMOC in Brazil

Collector: Lioflot 567 200 g/t

Surfactant: Flotinor 071 100 g/t

pH: 10.7 —¢
Rougher stage Depressant: cornstarch 500 g/t Cleaner stage
Feed

\ 4

___________________

Middling

Depressant 700 g/t
Collector 200 g/t

Niobium plant Tailings dam Concentrate
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* The tests 5.1 and 5.2 (middling B)
did not reached the industrial
threshold for P,O; content, but
they showed high metallurgical and
mass recoveries and considerably
low P,Os content in the tailings.

P205 CONTENT (%)

* Therefore, this sample is suitable
to an additional cleaner stage,
which could raise the P,O: content
in the concentrate, which will be
made in a future work.
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* The industrial implementation of
a milling stage for the flotation
circulation load and a
subsequent flotation of this
material has the potential to
increase the overall process
efficiency by approximately
5.5%, resulting in a production
increase of 62 kt/year of
phosphate rock concentrate,
with P,O; content similar to the
one currently produced.

SSUFG Qcnpg (5= €HFAPEG Qe Lol PV
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Influence of the impeller speed on

phosphate rock flotation

Prof. Dr.-Ing. André Carlos Silva - ancarsil@ufg.br
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