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1. Introduction

The degree of complexity of bauxite
processing to meet the specifications of
alumina refining and processing is a func-
tion of the physical and chemical charac-
teristics of each ore. Bauxite processing,
which includes washing, is an operation
performed only in Brazil, since in other
bauxite producing countries such as Aus-
tralia and China, the ore is sent directly
from the mine to comminution stages and
then to the refineries. Thus, international
refineries are configured to receive bauxite
with low levels of available alumina, and
also with contaminants and deleterious
elements (Chaves et al., 2007).

The simulation process is based on
the calibration of mathematical models
for unit operations constituting the
process flowchart. This process starts
with detailed planning, minimum mass
calculations, field analyses, and execu-
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Sampling campaigns were conducted at the industrial bauxite wash circuit of
the Juruti Bauxite Mine in Para, Brazil. The beneficiation circuit consisted of crush-
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of the bottlenecks in terms of washability efficiency; that is, removal of the fraction
below 0.037 mm. Typically, the focus of bauxite ore concentration in the Amazon
region is the removal of the 0.037 mm fraction in the concentrate streams via dis-
aggregation and mud washing. Consolidated mass balances indicated consistent
values based on the size of the sample particles and percentage of solids, as well
as the values obtained from the integrated information systems of the plant; this
consistency indicated the stability and representativeness of the process conditions
during the sampling campaigns. The base case of the Juruti plant operation, from
which the performance indices that allowed the quantification of the efficiency of
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tion of sampling campaigns of the input
and output flows of each equipment or
process stage. Furthermore, a sampling
is performed with strict monitoring of
circuit stability, and in general, it is per-
formed incrementally for one- to three-
hour periods. After careful laboratory
treatment of the samples, mass balance
routines are applied. A consistent data
set is the basis for the calibration of
mathematical models of the processing
equipment. Such calibrated and flow-
chart integrated models are used for
simulations aimed at local performance
improvements and enabling the verifica-
tion of global impacts on the industrial
circuit. One of the great advantages of
the simulation is the saving of time and
resources in identifying alternatives for
the improvement of process performance
or even defining new beneficiation routes
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for projects under development.

This article is Part I of a work on
sampling, simulation and optimization.
The sampling process, mass balance and
quantification of the efficiency of the
processes studied in Part T and the model
calibration and carrying out simulations
are the Part II objective. Therefore, this
study aimed to diagnose the performance
of the processes of the Juruti Bauxite
Mine, based on the samples taken at
the industrial plant. The analyses of the
samples and mass balances were the
bases for the diagnosis of the equipment
performance. This diagnosis enabled the
identification of operational bottlenecks
in terms of improving the washability
efficiency, that is, removing the contami-
nants from the product; this contaminant
removal is the main objective of the Juruti
bauxite beneficiation plant.
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2. Bibliographical review

Bauxite beneficiation consists of a
set of unit operations to remove the clay
fraction and silica minerals, which are
considered contaminants. It generally
consists of crushing, grinding, screening,
classifying, filtering, and drying (optional)
stages. Depending on the mineralogical
composition, specifications, and objectives
of the enterprise, the sequences of opera-
tions are defined to reach the production
levels associated with the quality param-
eters required by customers.

The Juruti bauxite beneficiation
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plant consists of two parallel lines 1 and
2. Each line consisted of a coarse circuit
(scrubber and trommel, a second crusher,
and two stages of screens) and a fine
aggregate circuit (four stages of hydrocy-
clones and a belt filter). A material larger
than 0.037 mm is considered a product.
A 0.037 mm thick material in the product
is considered a contaminant. Thus, the
coarse product from Juruti is between
76.2 mm and 1.2 mm in size and con-
sists of the combined oversize of the two
screening stages of each line, whereas, the

fine product has a particle size of between
1.2 mm and 0.037 mm and is made up
of the underflow of secondary fine (hy-
drocyclone of 26 inches) and superfine
hydrocyclone (hydrocyclone of 10 inches)
batteries. The underflow of the secondary
fine battery and the secondary superfine
battery goes through the filtration process
and is then destined for stacking together
with the coarse product. However, the
filtering operation has not been studied
in the present study. Figure 1 presents a
simplified flowchart of the plant.
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Figure 1 - Simplified flowchart of the Juruti bauxite beneficiation plant.

Sampling represents the first
step in the development of mass bal-
ances and calibration of representative
models of the unit operations of a
plant. This step consists of collecting
quantities of material in increments at
different times and a series of opera-
tions to construct an overall sample
that represents the entire population of
interest. An analytical result with sev-
eral decimal digits is futile if the ana-
lyzed sample is biased or insufficiently
representative. The sampling process
becomes even more complicated in
processes with high feed mass flow and
becomes critical with increasing thick-
ness of the particle size distribution
of a given flow. Nappier-Munn et al.
(1999) stressed that important factors,

namely, stability of the process opera-
tion, type of samplers, and processing
of samples, must be managed carefully
in industrial sampling to ensure the
collection of a representative sample.
After evaluating the data, the
mass balance of the entire sample can
be initiated in an attempt to investigate,
in greater detail, the inconsistencies in
the data obtained during taking the
samples in the field and treating them.
In this stage, programs are used to
carry out the mass balance, which seek
to minimize the difference between
the measured values and the estimated
values, according to the deviation at-
tributed to each measurement. The
magnitudes of the deviations must be
related to the difficulty of obtaining
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specific samples, or even to problems
with data measurement systems in the
field. In the present study, JKSimMet
was used. In the specific module for
performing mass balances, the user can
insert up to 30 components in a flow to
then perform mass balances according
to all the information entered. Errors
can be attributed to any particle size or
flow determined experimentally, since
some data extracted from the sample
can be more reliable than others, due
to the difficulty of taking the sample
or even due to a problem without a
measuring system installed in the field.
In the procedure, a flow should be
taken as a reference, that is, consider
a flow with zero error to perform the
mass balance.



3. Method

In order to generate experimental
information to establish the base case,
two sampling campaigns were carried
out at the Juruti bauxite processing
plant, one on each production line. In
the two campaigns, 23 flows from the
plant were sampled, as described: 1
washing plant feed; 2 trommel over-
size; 3 re-crushing screen oversize; 4
re-crushing screen oversize underize;
5 primary screening oversize combined
of two screens decks; 6 secondary
screening oversize combined of two
screens decks; 7 hydrocyclones feed/fine
primary; 8 hydrocyclones underflow/
fine primary; 9 hydrocyclones over-
flow/fine primary; 10 hydrocyclones
feed/fine secondary; 11 hydrocyclones
underflow/fine secondary; 12 hydro-
cyclones overflow/fine secondary; 13
hydrocyclones feed/superfine primary;
14 hydrocyclones underflow/superfine
primary; 15 hydrocyclones overflow/
superfine primary; 16 hydrocyclones
feed/superfine secondary; 17 hydrocy-
clones underflow/superfine secondary;
18 hydrocyclones overflow/superfine
secondary; 19 reject global; 20 reject
from each line; 21 coarse product; 22
fine product; 23 fine product combined
from two lines.

The samples from points 1, 2, 3,
5, 6 and 23 (coarse and fine) were col-
lected in belt conveyors, while samples
7 to 18 (slurry) were taken in the feed,
overflow and underflow pipes, by
means of valves installed in them. The
samples from points 19 and 20 (tailings)
were also obtained manually, that is,
using a manual sampler (mug type), the
samples were taken in the transfer chute
that receives the tailings from the pro-
duction lines. The samples from points
21 and 22 were obtained using linear
samplers operated automatically. The
taking of samples at each selected point
was conducted incrementally, during a

stable period of operation, with feeding
considered typical.

The samples were obtained fol-
lowing the minimum mass criteria
established by Pierry Gy's sampling
theory (1992). The samplers used to
take the samples met the rule of hav-
ing an opening at least three times the
size of the largest particle for material
above 10 mm, and at least 10 mm for
flows with particles smaller than 3 mm.
The coarse flows were sampled on the
belt conveyors, delimiting a sufficiently
large length for removing the material,
in order to guarantee the obtaining
of the minimum representative mass
for each flow. The slurry flows were
taken using mug-type samplers. To
increase the degree of sampling redun-
dancy, during the sampling period, the
values of all instruments installed, in
operation and calibrated in the circuit
were recorded. The physical charac-
teristics of the bauxite fed to the plant
were also recorded during the two
sampling campaigns.

The screens series used in the
treatment of coarse, fine and slurry
samples in order to obtain the samples
particle size distributions represen-
tative of the sampled flows were: i.
Coarse samples: 47, 37,27, 17, 147, 147,
8#, 16#,30%, 704, 100%, 140#, 200%,
270#,400#; ii. Fine and slurry samples:
1) 8%, 16#,30%, 70#, 100%, 140%,
200#, 270#,4004.

Square screens (400mm x 400
mm) were used for the coarse samples
and circular screens (220mm x 50 mm)
for the fines and slurry samples. The
entire screening process was carried
out in the wet, just as performed in the
sampled plant.

The samples were also processed
to determine the percentage of solids
and total chemistry. Each increment
was opened, and all its contents were
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unloaded in trays and dried in green-
houses at 105 °C. The dry mass of
each tray was measured on scales. The
sum of the masses of the trays and the
ore constituted the dry weight of each
increment. The tare of each increment
includes the weight of the plastic bags
and clamps used to store the samples.
After drying, the dough was ground in
roller mills to disaggregate the mate-
rial, allowing adequate quartering for
chemical analysis. The ground material
was homogenized by an elongated pile,
with the objective of gathering the mass
of all the increments of the referred
sample, later quartered in a Jones-type
splitter, respecting the criterion of the
opening of each riffle being greater
than 3 times the size of the largest
particle of the flow. At the end of this
procedure, an aliquot of approximately
80 g was obtained, which was pulver-
ized and then destined for chemical
analysis, to determine the levels of
available alumina (Av-Al,O,), reactive
silica (Re-Si0,), and iron oxide (Fe,O,)
via digestion of bauxite in alkaline me-
dium, atomic absorption spectrometry
and titrimetry, respectively.

From the information obtained in
the sampling campaign, data obtained
from the field sampling and information
from the physical and chemical pro-
cessing of the samples, it was possible
to prepare the mass and metallurgical
balances for the two production lines
of the bauxite beneficiation plant, that
is, line 1 and line 2. The mass balance
and performance analyses for each indi-
vidual equipment were performed with
the help of JKSimMet 6.0.1, a simula-
tor developed by Julius Kruttschnitt
Mineral Research Centre (JKMRC),
University of Queensland, Australia.

The Table 1 shows the models
selected in the JKSimMet software for
each unit operation.

Table 1 - models applied for each unit operation, as presented in the JKSimMet model list.

Unit Operation/Equipament

Model Name (JKSimMet v6.0.1)

Washers Variable Rates - AG Mill (adapted)
Trommels Efficiency Curve - Water & Fines
Re-crushing Crusher (Andersen-Whiten)
Screening Efficiency Curve - Water & Fines
Cyclones Nageswararao Cyclone
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4. Results and discussion
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4.1 Analysis of plant stability during the sampling period

The stability of the plant operation
during the sampling period was evaluated

~

=

S 1000

N

g

=

=l

2 500

8

g

>
0
N A o
28¥9EY

14:24
16:04
17:45

by analyzing the feed flow of the plant
(Figure 2) and the feed flow of the fine

- - -~ Line 1 (/h)

Line

Line 2
\ L [hsd

[y j
|\ XL TTRCT. AREROREINNA | ST

21:07 7=
0:28
2:09
3:50
5:31
7:12
8:52

22:48

Time (h)

——— Line 2 (t/h)

1

circuit (Figure 3 and 4), which receives the
undersize from the coarse circuit.

0:00
1:40
3:21
5:02
6:43
8:24
10:04

20:38
22:19

Figure 2 - Time series of lines 1 and 2 mass flow readings within the 48 h operation.

The data from the integrating
scales installed in the belt conveyors
feeding lines 1 and 2 were used for the
48-hour operating period (from 07:00
a.m. on the day before the sampling
day until 07:00 a.m. on the day after
the sampling day). Figure 2 shows the
graph for the feed mass flow of lines 1
and 2 for this period. At the beginning
of the sampling in line 1, as well as dur-
ing the sampling in line 2, anomalous
readings were recorded; such readings
were considered as outliers and were
excluded from the analysis through the

*++++** Primary Hydrocyclone (26 inches)

evaluation of the data box plot.

From the data presented in Figure
2 and considering the highlighted areas
that refer to the sampling period of
each production line, we obtained the
flow values for line 1 as follows: mean
feed flow of 549 t/h on a wet basis,
standard deviation of 13 t/h, coefficient
of variation of 2.4%, minimum flow
of 522 t/h, and maximum flow of 585
t/h. For line 2, the flow values were
as follows: mean feed flow of 549 t/h,
standard deviation of 12 t/h, coefficient
of variation of 2.2%, minimum flow of

512 t/h, and maximum flow of 582 t/h.
This information validated the stability
of the circuit feeding, which indicated
that the operational flow was constant
during all samplings.

Figures 3 and 4 show the graph
of the slurry volumetric flow from the
four hydrocyclone batteries in lines 1
and 2 during the sampling period. No
significant disturbances were observed
in the volumetric flows, which remained
within the normal operating range for
line 1 hydrocyclone operations of the
plant (Figure 3).
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Figure 3 - Time series readings of slurry feed volumetric flow to line 1 hydrocyclone operation.
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Figure 4 - Time series readings of slurry feed volumetric flow to line 2 hydrocyclone operation.
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Figure 4 shows the feed to line
2 hydrocyclone operation where an
instability in the feed of the superfine
primary battery was observed from

4.2 Model calibration

In calibrating the representative
model of the bauxite beneficiation
operations at the Juruti plant, the
efficiency curve models (Napier-

09:49 to 09:57; this instability also
caused a disturbance in the superfine
secondary hydrocyclone operation.
Different sensors detected the fluctua-

Munn et al. (1999) were used for the
screening operation and Nageswar-
arao (1978 and 1995) for the cyclone
classification operation. Tables 2 and

Monica Katyusca Nunes de Paiva et al.

tion in the circuit from 09:49 to 09:57;
thus, these data were included in the
outlier analysis.

3 show the constants and parameters
obtained for the calibrated model,
considered the base case in the pres-
ent study.

Table 2 - Parameters of the efficiency curve model applied to the screening.

Efficiency Curve Parameters Trommel Primary Screening Re-crushing Screening | Secondary Screening
Efficiency curve - Alpha 13.82 9.72 80.51 6.92
Efficiency curve - Beta 0.00 0.00 23.38 0.00
Water Partition - Fine Product 99.51 97.70 92.34 98.43
D50 corrected - d.;_(mm) 54.45 8.66 1.10 2.09
Beta calculated 1.00 1.00 1.10 1.00
Table 3 - Parameters of the Nageswararao model applied to the five cyclone stages.
Model Parameters Primca)l;)é Fine Seconga:zy Fine PrimaryoSrl;per-ﬁne Secondeug r?euper-ﬁne TertiaryoSrl;per-ﬁne
Ky, (D, - total) 0.00022 0 0.00015 0.00013 0.00013
Ko (capacity) 686.01 412.41 599.03 361.51 361.51
K., (volume partition) 4.61 11.11 2.23 19.87 19.87
K, (water partition) 15.59 26.45 13.84 109.86 109.86
Efficiency Curve - Alpha 0.01 0 1.81 3.74 3.74
Efficiency Curve - Beta 0.84 0.23 0 0 0

To evaluate the calibration qual-
ity, the particle size distributions of the
coarse and fine product obtained from
the sampling process were plotted, to-

gether with the distributions obtained
in the calibrated base case, as shown
in Figure 5. Good adherence of the ex-
perimental and simulated curves can be

observed, indicating that the calibrated
model is representative of the operations
that compose the bauxite beneficiation
process at the Juruti plant.
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Figure 5 - Experimental and simulated particle size distribution of the coarse and fine product for the base case.

4.3 Mass balances

From the information obtained dur-
ing the sampling campaign and from the
physical and chemical processing of the
samples, it was possible to elaborate the
mass balances for the two production lines
of the Juruti bauxite beneficiation plant.
Table 1 shows the details of the results
for line 1 for the washing, screening, and

re-crushing circuits and Table 2 shows
the details of the results for the hydro-
cyclone circuit of line 1. It is important
to note that the mass balance for line
1 and line 2 is presented separately,
as samples were taken on each line
separately, each with its characteristic
feed and its operating parameters. And
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yet, although the rebranding step is the
same for both lines, when receiving ore
with different characteristics, coming
from the oversize of the trommel, its
performance results will also be differ-
ent, as was proven with the sampled and
balanced information presented in the
Tables 4, 5, 6 and 7.

151



Performance analysis of the beneficiation process of bauxite from the Juruti Mine. Industrial sampling and performance evaluation

Table 4 - Mass balances for the washing, re-crushing,
and screening of the base case of line 1 (F is feed, O/S is oversize, U/S is undersize, P is.

Variables Plant Trommel Primary screening Re-crusher Re-crushing screen Secondary screening | Coarse

Feed | F |Ois|us| F |os|us| F P F |o/s |us| F | os | us |product
So'zf/shf;"“’ 453 [453.0 | 28.7 | 4243 (4243 (1104|3139 | 287 | 28.7 | 28.7 | 239 | 4.8 [313.9| 721 |241.8 | 206
So“(dtjr‘iir)‘sny 256 | 256 | 2.56 | 2.56 | 2.56 | 2.56 | 2.56 | 2.56 | 2.56 | 2.56 | 2.56 | 2.56 | 256 | 256 | 256 | 2.56
Wa(tte/rhﬂ)ow 96.2 |453.0| 22 | 451 | 562 | 127 | 550 | 22 | 22 | 351 | 27 | 324 | 646 | 102 | 636 | 255
Pg?;;‘ﬁgge 82.5 | 500 | 92.8 | 485 | 43.0 | 89.7 | 363 | 92.8 | 92.8 | 450 | 89.9 | 129 | 327 | 87.7 | 275 | 89.0
S'“r("ty/r‘fqir)‘-"ity 201 [ 1.44 | 230 | 142 [ 136 | 221 | 1.28 | 2.30 | 2.30 | 1.38 | 2.21 | 1.09 | 1.25 | 215 | 1.20 | 2.19
S'E‘;:Z/ﬂ‘)’w 273 | 630 | 135 | 616 | 728 | 558 | 672 | 13.5 | 13.5 | 463 | 12.0 | 343 | 769 | 383 | 730 106
P,(mm) | 411 | 161 [ 753 [ 11.5 | 11.5 | 31.5 [ 2.26 | 753 | 51.0 | 51.0 | 53.7 | 0.24 | 2.26 | 6.4 [0.571| 29.1

Table 5 - Mass balances for the hydrocyclone operation of the base case of line 1 (F is feed, O/F is overflow, U/F is underflow).

Hydrocyclones - Fine Hydrocyclones - Fine | Hydrocyclones - Superfine | Hydrocyclones - Super-
Variables primary (126") secondary (2" 26") primary (110") fine secondary (2 10") Reject Pr';igﬁct
F U/F | o/F F U/F | O/F F U/F | O/F F U/F | o/F
SO'(E:J)OW 246.6 | 108.0 | 138.6 [ 108.0 | 1031 | 49 | 1435 | 191 | 1244 | 191 15.6 3.5 1279 | 1187
S°"(‘g/if§;5'ty 256 | 2.56 | 256 | 2.56 | 256 | 2.56 | 256 | 256 | 256 | 256 | 2.56 | 2.56 2.56 2.56
Wa(tte/”hqw 1247.7 | 53.2 | 1194 | 2348 | 50 | 1850 1451 | 162 | 1435 | 93.4 | 132 | 80.2 | 1514.9 63
Percentage | 155 | 670 | 104 | 315 | 674 | 26 9.0 54.1 8.0 17.0 | 54.2 4.2 7.8 65.3
of solids
S'U%i‘zg‘sw 111 | 169 | 107 | 124 | 170 | 102 | 106 | 149 | 105 | 112 | 149 | 103 | 105 | 166
S"(J;:Z/ﬂ‘;w 1344 | 954 | 1249 [ 2770| 90 |186.9 | 1507 | 23.7 | 1483 | 1009 | 193 | 81.6 | 1564.9 109
P,, (mm) 056 | 119 |<0.010] 119 | 1.21 | 0.00 | 0.000 | 0.145 | <0.010 | 0.145 | 0.163 | <0.010| <0.010 | 1.115

Tables 6 and 7 present the mass
balance details for line 2 for the washing,

screening, and re-crushing circuits and

for the hydrocyclone circuit, respectively.

Table 6 - Mass balances for the washing, re-crushing and screening of the base case of line 2 (F is feed, O/S is oversize, U/S is undersize, P is.

Thick primai . Secondary screenin
Variables | Plant Trommel screzningry Re-crusher Re-crushing screen intern?; diaries g Coarse
Feed product

F |os|us | F | os | us F |Product | F |O/s| uss F |o/s| us
SO'(ES)OW 462.0 | 462.0 | 39.0 | 423.0| 423 | 148.8|274.1| 39.0 | 39.0 [39.0|323| 6.7 [2741] 6072135 2418
S°"(f/ﬂf§;5'ty 256 | 256 | 2.56 | 2.56 | 2.56 | 2.56 | 2.56 | 2.56 | 2.56 | 2.56|2.56| 2.56 | 2.56 | 2.56 | 2.56 2.56
Wa(tte/rhf)]ow 871 |494.4| 2.7 | 492 | 609 | 20.2 | 588 3 2.7 574 | 41 | 533 | 588 | 12.3 | 576 36.6
Pgrfcs"g‘lfgge 841 | 483 | 93.6 | 46.2 | 41 | 88.0 | 31.8 | 93.6 93.6 |40.5(88.8| 11.1 | 31.8 | 83.1 | 27.0 86.9
S'”r(rty/r‘i";r)‘“y 205 | 142 | 233 | 139 [ 133 216 | 124 | 233 | 233 | 133|218 | 1.07 | 1.24 | 2.03 [ 1.20 2.12
S"(Jgg/ﬂc)’w 268 | 675 | 179 | 657 | 774 | 78.4 | 696 | 18 179 | 726 |16.7 | 559 | 696 | 36.0 | 660 131
P, (mm) | 642 | 32.0 | 86.6 | 22.0 | 22 | 441 | 1.74 | 86.6 | 46.8 |[46.8|501]0.250] 1.74 | 56 |0432| 39.6
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Table 7 - Mass balances for the cyclonic operation of the base case of line 2 (F is feed, O/F is overflow, U/F is underflow).

Hydrocyclones - Fine Hydrocyclones - Fine Hydrocyclones - Superfine | Hydrocyclones - Superfine
Variables primary (1% 26inches) | secondary (2™ 26 inhces) [ primary (1% 10 inches) | secondary (2™ 10 inches) | Reject prlc:)i:i‘Sct
F U/F | O/F F UF | oOfF F U/F | o/F F U/F | O/F
SO'(';E)OW 2202 | 98.4 | 1218 | 98.4 | 959 2.5 1243 | 223 | 1020 | 223 | 189 33 | 1050 114.8
SO"(‘:/if;;S"V 256 | 256 | 2.56 | 256 | 256 | 256 | 256 | 256 | 256 | 2.56 | 2.56 | 2.56 | 2.56 2.56
Wagf/th)'OW 994.0 | 46.0 | 948 | 1749 | 48 127.4 |1272.0| 146 |12573| 83.7 | 13.7 | 70.0 | 13273 61
Percentage | 131 | 681 | 11.4 | 360 | 669 1.9 8.9 60.3 7.5 21.0 | 58.0 45 74 65.2
of solids
S'”r(rty/ﬁir)‘s'ty 112 | 171 | 107 | 128 | 1.69 | 1.01 1.06 | 158 | 105 | 115 [ 155 | 1.03 | 1.05 1.66
S"(J;:{/ﬂ‘)’w 1080 | 84.0 | 996 |213.0| 85 | 128.0 | 13205 233 |[12972| 924 | 211 | 713 |13685| 106
P, (mm) | 0.425 | 0.904 | <0.01 | 0.904 | 0.920 | <0.01 |<0.010 | 011 [<0.010| 011 | 012 | 0.04 [<0.010| 0.813

The balances were consistent,
thereby offering the basis for evaluating
the performance indexes of the plant
and for calibrating the mathematical

4.3 Diagnosis of plant performance

Table 8 presents the selected ef-
ficiency indexes for each screening and
classification step, which were calcu-
lated from the sampling conducted in
lines 1 and 2. The efficiencies were

models of each equipment. These bal-
ances were also used for integrating
the models to configure the industrial
washing and classification circuits, thus

calculated from the sampled and bal-
anced data, in order to constitute the
base case of the study that reflects the
real condition of plant operation. The
fine removal efficiency was considered

forming the base case representative
of the typical operation of the Juruti
plant for the ore processed during the
sampling campaigns.

as the percentage ratio of the fines flow
in the undersize (or overflow) to the fines
flow in the feed of the considered step.
For each step, a specific reference mesh
was defined.

Table 8 - Efficiency indexes for the base cases of lines 1 and 2.

Unit operation Reference mesh (mm) Line 1 efficiency (%) Line 2 efficiency (%)
Trommel 76.2 95.2 94.4
Coarse Screening 8.0 95.7 94.7
Intermediate Screening 1.2 98.1 98.1
Re-crushing Screen 1.2 94.4 93.4
Primary Fine Hydrocyclone (26 inches) 0.037 90.1 93.0
Secondary Fine Hydrocyclone (26 inches) 0.037 323 29.2
Primary Superfine Hydrocyclone (10 inches) 0.037 95.9 95.3
Secondary Superfine Hydrocyclone (10 inches) 0.037 64.3 50.9

Based on the results in Table 8, the
calculated screening efficiencies for the
coarse circuit were considerably high
for both production lines, ranging from
94.4% (line 1) and 93.4% (line 2) for re-
crushing to 98.1% (line 1) and 98.1% (line
2) for secondary screening. The primary
fine and superfine classification stages
exhibited an excellent efficiency at mesh
0.037 mm, with values of 90.1% (line 1)
and 93.0% (line 2) for the primary hy-
drocyclone of 26 inches and 95.9% (line
1) and 95.3% (line 2) for the primary
hydrocyclone of 10 inches. For the second-
ary batteries (26 inches and 10 inches),

the efficiency values were low at 32.3%
(line 1) and 29.2% (line 2) and 64.3%
(line 1) and 50.9% (line 2), respectively;
this result indicated a low performance in
the removal of the passing fraction at the
0.037 mm mesh.

As shown in Table 8, only the sec-
ondary hydrocyclone of 10-inch operation
showed a significant difference between
the efficiencies for lines 1 and 2. A detailed
analysis of the balances showed that the
two lines had almost the same perfor-
mances. It is important to emphasize that
the differences observed may be related to
the operating conditions of the equipment,
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such as the condition of the lifting bars of
the washers with different wear from one
line to another, operating condition of the
screening sprays and the first and second
decks, and re-crushing flow direction to
line 1 only. These factors may have had an
impact at the time of sampling.
Specifically, in evaluating the impact
of the washing machine liners and lifting
bar conditions on the generation of the
0.037 mm passing material, the condition
of the liners (or lifts) of line 2 was better
than that of line 1 during the sampling
campaign (Figure 6). These differences
associated with the combinations of the
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operational conditions of the equipment
and the characteristics of the ore fed to

Figure 6 - Internal liner (or lifts

Performance analysis of the beneficiation process of bauxite from the Juruti Mine. Industrial sampling and performance evaluation

each line during the sampling period
contributed to the differences in perfor-

mance observed between the two plant
production lines.

) of the washer of a) line 1 and b) line 2.

Table 9 presents the analysis of the 0.037 mm passing fractions in the product flows of plant lines 1 and 2.

Table 9 - Analysis of the 0.037 mm mesh passing fraction for line 1 and line 2.

Product Streams Line 1 Line 2
Underflow - Secondary Hydrocyclone (26 inches) 55,6 38,6
Oversize of Coarse Screening 19,1 26,4
Oversize of Intermediate Screening 13,0 15,7
Underflow - Secondary Hydrocyclone (10 inches) 11,4 17,1
Oversize Re-crusging screening 0,9 2,1

As shown in Table 9, the two ma-
jor sources of contaminants (0.037 mm
passing material) in the final product
for both production lines originate
from the underflow of the secondary
hydrocyclone battery (55.6% in line

1 and 38.6% in line 2) and from the
oversize of the coarse screening (19.1%
in line 1 and 26.4% in line 2). This
result demonstrated that the perfor-
mances for the removal of fines are
almost identical. This analysis allows

4.4 Assessment of equipment capacity

Considering the base case of line
1 as the reference, the relationships be-
tween flows and equipment capacities
were evaluated, taking into consideration
the capacities indicated by the equipment
manufacturers. The trommel used 91.6%
of its active area. The re-crusher utilized
62% of its capacity. For the screens, in
terms of layer thickness in the feed, only

5. Conclusions

The main conclusions of this study
are as follows:

o The stipulated strategy and sam-
pling criteria were confirmed to be ad-
equate for the study conducted at the Juruti
plant, thereby providing a consistent basis
for the later stage of mass balances, process
diagnosis, and performance simulations.

® The conducted mass balances indi-
cated consistent values based on the results
of sample granulometry and solid concen-
tration, as well as the values obtained in

the re-crushing screen was within the lim-
its specified by the manufacturer; all the
others extrapolated the maximum thick-
ness limit. However, in terms of percent-
age of area used, all screens were within
the specifications. In particular, the first
deck of the re-crushing screen exhibited a
utilization of only 15.6% of the total use-
ful area, whereas the second deck of the

the data base system of the Juruti plant.

® The base case provided an essential
reference for detailed performance analy-
ses, thereby allowing for quantification of
the efficiency of each process stage, where
high efficiencies of passing portions in
screenings and hydrocyclone operations
were observed; however, the exception
in the latter are the secondary stages of
fines, which represented the ultimate area
for interventions to enhance the quality of
the product.
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the identification of the equipment or
process stages that can considerably
increase the quantity of contaminants
in the product. Consequently, the areas
that have the utmost impact on the
process quality can be alerted.

secondary screen presented a utilization of
84% of the useful area. The percentage of
area used is a significant operating condi-
tion that contributed to the high screening
efficiencies presented in Section 4.3. The
four hydrocyclone batteries in operation
had enough hydrocyclones, including
the backup hydrocyclones, to meet the
required production capacity.

e The evaluation of the balances
enabled the identification of the critical
stages in terms of final product contamina-
tion, thus indicating the need for perfor-
mance improvement of the fine secondary
hydrocyclone operation and primary
screening of coarse particles.

e The base case resulting from the
integration of mathematical models was
a suitable platform for further works on
washing circuit process simulations in the
Juruti plant.
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