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Abstract: Froth flotation is widely used for concentration of base metal sulphide minerals in complex
ores. One of the major challenges faced by flotation of these ores is selection of the type of flotation
reagents. In this study, the D-optimal experimental design method was applied to determine the optimum
conditions for flotation of copper and molybdenum in the rougher flotation circuit of the Sungun copper
concentrator plant. The investigated parameters included types and dosages of collectors and frothers,
diesel dosage and feed size distribution. The main effects on copper and molybdenum recoveries and
grades were evaluated. Results of optimization showed that the highest possible grade and recovery were
obtained for Z,; as a primary collector (20 g/Mg), R407 as a first promoter collector (20 g/Mg), X231 as a
second promoter collector (7 g/Mg), A65 (15 g/Mg) and Pine oil as frothers (5 g/Mg), 20 g/Mg of diesel
dosage, and dgy of feed size was equal to 80 um. The analysis of variance showed that the primary
promoter collector was the most significant parameter affecting the recovery of Cu, while diesel dosage
and dgy were the most significant parameters influencing the Mo recovery.

Keywords: copper, molybdenum, flotation, chemical reagents, D-optimal, optimization

Introduction

Although it seems that porphyry copper deposits are relatively simple, the geology of
porphyry copper ores is almost complex and varies significantly within the ore body.
Many copper sulphide ore deposits occur with molybdenum, mainly related to pyrite
and silicate gangue minerals. Flotation is one of the most complex mineral processing
operation, which is mainly applied to recover both copper and molybdenum sulphides,
and it is affected by a very large number of variables (Pradyumna et al., 2005).

The efficiency of flotation process is highly dependent on reagent type and dosage
as well as the feed size distribution, which directly influence the product grade and
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recovery. Control of reagent additions is the most important aspect of the flotation
strategy in commercial plants (Bulatovic, 2007). Selection of reagent and flowsheet
used in actual plant practice is usually dictated by the nature and mineralogy of the
ore, type of minerals present, flotation behaviour of gangue minerals, amount and
occurrence of pyrite as well as the presence of clay minerals in the ore. Reagent used
for treatment of porphyry copper and molybdenum ores usually involve lime as a
modifier, xanthate as the primary and secondary collectors, which include
dithiophosphates, mercaptans, thionocarbamates and xanthogen formats, and frothers,
such as methyl isobutyl carbonyl, TEB (alkoxy paraffin and pine oil), Dow Froth 250,
Dow Froth 1012 (glycols), HP700 and HP600 (alcohols in amine oxide) (Bulatovic,
2007).

The choice of secondary collector relies on a relatively large number of factors that
are (a) type of copper minerals (i.e. single copper mineral or varieties), (b)
composition of gangue minerals, (c) presence and type of clay minerals as well as (d)
type of frother used. There is a wide variation in selection of the type of frother, and in
many operating plants mixtures of either two or more frothers are used. The
importance of frothers is enormous. It helps to stabilise bubble formation in the pulp
phase, creating a stable froth to allow selective drainage from the froth of entrained
gangue to increase flotation kinetics (Wills, 2007). Several studies have been carried
out on various reagents in recovery of minerals by flotation (Malysa et al., 1981; Guy
and Jia, 2000; Laskowski et al., 2003; Harvey et al., 2005; Melo, and Laskowski,
2006; Xia and Peng, 2007). The studies clearly show the importance of chemical
factors that are type of collector, frother, and pH on flotation performance. Moreover,
some parameters such as aeration, hold-up and froth height can also affect the flotation
performance.

The experimental design method has been illustrated to be an effective for the
improvement of quality and productivity in research and development (llyas, 2010). It
is a well-accepted technique that has been widely used for product design and process
optimization in worldwide manufacturing and engineering (Kamaruddin et. al., 2004;
Gopalsamy et. al., 2009; Rama and Padmanabhan, 2012; Sapakal and Telsang, 2012).
Recently, the use of experimental design method has extended to include the mineral
processing industry (Abali et al., 2006; Haghi et.al. 2009; llyas et. al., 2010; Vazifeh
et al., 2010). It provides a simplified systematic and efficient methodology for process
optimization. There are several advantages of statistical design of experiments over
classical one variable at a time method, where one variable is varied at time. The
greatest advantage of this method is saving effort in conducting experiments, saving
experimental time, reducing costs and discovering significant factors quickly (Trust
and Nehta, 2014). The number of experiments that need to be done is greatly reduced,
compared to those required by other traditional statistical methods. One of these
statistical techniques is the factorial design test, which is employed to study several
factors and determine their main effects and interactions.
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The main goal of the present work is to use statistical techniques to optimize the
types and dosages of flotation reagents and feed size distribution in the rougher circuit
of the Sungun Copper Concentrator Plant to achieve the maximum Cu and Mo grades
and recoveries. By using this procedure, the main effects of these reagents on flotation
performance will be determined. Different steps of optimization strategy used in this
study are:

a) designing experimental tests and performing them on laboratory scale (using D-
optimal factorial design),

b) performing an analysis of the experimental results by ANOVA to determine the
significant factors influencing the flotation process,

c) finding out optimum conditions for flotation to maximize the grade and
recovery.

Experimental

Sungun copper concentrator plant

The Sungun copper ore body is located in the eastern Azerbaijan province, northwest
of Iran. The total minable ore based on mine design and production scheduling is 400
Tg (400 million tons) with an average Cu grade of 0.62% (Vazifeh et al., 2010).
Figure 1 shows the flotation circuit of the Sungun concentrator plant. The process
consists of grinding circuit with their associated flotation circuits. The grinding circuit
products with dgy about 90 um are transferred to the rougher conditioner tank and then
enter 12 rougher flotation tank cells, which are grouped into 6 banks of 2 cells each.
Lime, collectors of Z;, (isopropyl xanthate sodium) and R407 (a mixture of mercapto
benzothiazole and dithiophosphate) are added to the ball mill feed. The pH level of the
feed with respect to rougher is measured in this conditioner tank and then lime slurry
is added. The AF65 (hydrogen-terminated polypropylene glycol) and AF70 frothers
are added to the conditioner tank. Further reagents (collectors) are added to the
flotation cells of 3, 5 and 9. The collector distribution pattern is 32% for ball mill feed,
32% for the third rougher flotation cell, 20% for the fifth rougher flotation cell and
16% for the ninth rougher flotation cell (Vazifeh et al., 2010)

The final plant tailing consists of the last rougher flotation bank tailing and
scavenger one. The rougher and scavenger concentrates are pumped to hydrocyclone
clusters. Hydrocyclone underflow, after lime addition, reports to the regrind ball mill.
The hydrocyclone overflow (dg about 40 um) is transferred to two cleaner column
cells. The cleaner column concentrate is transferred to the re-cleaning column cell to
produce the final concentrate with a 30% (nominal) copper grade and 84% recovery.
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Fig. 1. The flow sheet of flotation circuit of the Sungun industrial plant

Materials

The cooper ore sample used in this study was taken from the SAG mill feed. The
minerals of ores were defined by means of microscopy (Table 1). Chalcocite,
chalcopyrite, covellite and pyrite were the primary sulfide minerals.

Table 1. Sulfide minerals composition (wt. %) of copper ore

Component Cu,S CuS CuFeS, FeS, MoS, 2ZnS
% 0.262 0.341 0426 6.55 0.023 0.424

The ore sample was ground using jaw and roll crushers as well as ball mill so that
80% of the sample reached less than 120, 100 and 80 pum for the flotation tests. The
chemical analysis of sample is shown in Table 2.

Table 2. Main chemical analysis results of ore sample

Component Cu CuO Fe Mo (%)
% 0.74 0.07 335 0.013

Flotation reagents used is this work were: collectors: Z;; (sodium isopropyl
xanthate), Zs (potassium amyl xanthate), R407 (a mixture of mercaptobenzothiazole
and dithiophosphate), Nascol (a mixture of mercaptobenzothiazole and di-n-butyl
sodium dithiophosphate), Flomin 7240 (mixture of mercaptobenzothiazole and butyl
sodium dithiophosphate), Flomin C4132 (isopropyl-n-ethyl thionocarbamate), X231
(thionocarbamate) and diesel (non-thiol collector); frothers: AF65 (hydrogen-
terminated polypropylene glycol), DF 250 (methyl-terminated polypropylene glycols),
Flomin 742 (polypropylene glycol), AF70, MIBC (methyl isobutyl carbonyl) and pine
oil.
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Flotation procedure

The flotation tests were performed according to the D-optimal factorial design of
experiments. The considered variables in this study are: type of collectors (A, B and
C), type of frothers (D and E), collector and frother dosages (H, J, K, L and M),
dosage of diesel (F) and flotation feed size (G). The levels of variables are given in
Table 3. The main advantage of employing D-optimal design is reduction in the
number of experimental runs, which are required to evaluate multiple variables.
Moreover, it has the ability to identify interactions statistically. It is able to overcome
the shortcomings of the traditional formulation method (Muteki et al., 2007).

Table 3. Experimental parameters and their relative levels

Diesel dgo Reagent Dosage
Collector Frother
g/Mg % g/Mg
A B C D E F G H J K L M
Z;;  R407 0 AB5 AT70 0 80 10 15 0 5 5

Zs Nascol C4132 DF 250 MIBC 10 100 15 20 7 10 10
A7240 X231 Flomin 742 Pine Oil 20 120 20 25 15 15 15

Since the objective of this study was to select the type and dosage of collector and
frother, the region of their dosages used in 150 operating days in the plant were
considered in the experimental design in all tests. Table 4 shows dosages of collectors
and frothers employed in all tests.

Table 4. Ranges of collector and frother dosages used in all tests

Collector (g/Mg) Frother (g/Mg)
Primary (A) First promoter (B) Second promoter (C) D E
10-20 15-25 0-15 5-15 5-15

Laboratory flotation tests were conducted in a Denver mechanical cell using 35%
solids conditioned for 3 min. The pH value was then adjusted to 11.8 using lime
before adding the reagent. The slurry was further conditioned after addition of each
reagent, i.e. 2.5 min for the collector and 1 min for the frother. The agitation speed of
1300 rpm and flotation time of 16 min (which was scaled down from the Sungun plant
rougher flotation time of 33 min) were used for all the experiments. The froth and
tailing were collected, filtered, dried and analysed for copper grade and recovery
calculations. Tap water was employed throughout the experiments.

The collector distribution patterns of 32, 32, 20, 16% as the current distribution in
the plant, corresponding to the ball mill feed, third rougher flotation cell, fifth rougher
flotation cell and ninth rougher flotation cell respectively were examined in the
laboratory tests (Vazifeh et al., 2010). The froth collecting time of 16 min was divided
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into 160 s for simulating the first and second rougher flotation cells, 160 s for
simulating the third and fourth rougher flotation cells, 320 s for simulating the fifth to
eighth rougher flotation cells and 320 s for simulating the ninth to twelfth flotation
cells.

Analysis of variance

An analysis of variance (ANOVA) is a standard statistical tool that can be used to
interpret experimental data. The DX7 software is used to analyse the experimental
data. The analysis of variance is performed to evaluate the significance of the main
effects among the investigated factors. The effect is considered to be significant if its
significance level is greater than 95%, what means that the model with a P-value lower
than 0.05 could be considered. To evaluate the fithess of model, a regression-based
determination coefficient R? should be determined (Haider and Pakshirajan, 2007; Liu
and Wang, 2007). When the values of R? are close to 1, the model offers an
appropriate explanation of the variability of experimental values to the predicted
values (Sayyad et al., 2007). The residuals, as differences between observed and
predicted responses, are examined using the normal probability plots of the residuals.
If the model is adequate, the points on the normal probability plots of the residuals
should form a straight line.

Results and discussions

D-optimal factorial design

The D-optimal factorial is designed for using categorical factors as an alternative to
the general factorial design method. The general factorial design builder may produce
designs with more runs than are willing to run. The D-optimal design will choose an
ideal subset of all possible combinations based on the specified model. The statistical
design of experiments is used when the effects of several factors are to be studied in
order to determine the main effects. When the effect of a factor depends on the level of
another factor, two factors are said to interact. In this study, to design the experiments,
the D-optimal factorial design was employed. In this paper, the main effects were
taken into consideration. As illustrated in Table 5, 29 tests using D-optimal method
were designed. From Table 5, it can be seen that the highest recovery of Cu of 92.03%
with grade of 3.25% in the concentrate occurred in the 11" experiment run (primary
collector = Z6, first promoter collector = R407, frothers = A65 and A70, diesel
dosage = 0 and dgy = 120 um ) and the lowest recovery of copper (80.22%) with grade
of 3.84% was recorded in the 5™ experiment run. For Mo the maximum recovery was
77.06% with grade of 0.057% achieved in the 22" experimental run (primary
collector = Z11, first promoter collector = Nascol, second promoter collector = C4132,
frothers = Flomin 742 and pine oil, diesel dosage = 20 g/Mg and dg, = 80 pum).
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Table 5. Factorial design with results of Cu and Mo recoveries and grades in flotation tests

F. Nakhaei, M. Irannajad, A. Sam, A. Jamalzadeh

Run Collector Frother zs;;; dso Reagent Dosage Recovery Grade
A B c b F G H J K L M Cu Mo Cu Mo
9/Mg um 9/Mg % % % %
1 z11 A7240 X231 D250 Pine Oil 10 120 15 25 7 15 10 8227 60.97 589 0.053
2 z11 R407 Without A65 AT0 0 100 15 15 0 5 5 86.15 537 398 0.044
3 z6 AT7240 X231 AB5 AT0 0 80 15 15 7 10 10 8569 589 3.86 0.050
4 z6 A7240 X231 D250 MIBC 10 80 10 25 15 15 15 8507 68.78 4.11 0.048
5 z11 A7240 X231 Flomin742 A70 10 120 10 25 5 15 80.22 60.42 3.84 0.048
6 z11 Nascol Without AB5 AT0 20 100 20 15 10 10 87.09 58.77 4.64 0.045
7 z11 R407 Without Flomin742 MIBC 10 80 20 15 10 5 86.09 67.73 4.65 0.048
8 26 AT7240 C4132 D250 Pine Gil 20 80 10 20 15 10 85.15 75.03 4.31 0.052
9 z6 R407 X231 Flomin742 MIBC 0 80 20 15 15 5 5 8993 61.63 279 0.045
10 z11 R407 Without AB5 Pine Qil 20 80 15 20 15 88.99 69.77 5.14 0.046
11 z6 R407 Without AB5 A70 0 120 20 20 0 10 15 9203 47.1 325 0.040
12 z6 Nascol X231 AB5 MIBC 20 120 20 20 15 5 10 8941 5812 352 0.044
13 z6 R407 C4132 Flomin742 AT70 10 100 20 15 15 15 10 88.94 67.09 3.7 0.044
14 z6 R407 X231 Flomin742 Pine Qil 20 100 15 15 15 10 5 8863 70.52 356 0.047
15 z6 R407 C4132 AB5 MIBC 10 120 20 20 10 90.94 69.09 3.39 0.043
16 z6 Nascol C4132 Flomin742 MIBC 10 100 10 20 10 15 85.09 70.62 3.26 0.046
17 z11 A7240 Without D250 MIBC 10 100 15 20 0 10 10 8381 60.31 512 0.043
18 z11 Nascol C4132 AB5 Pine Oil 10 80 15 20 15 10 15 87.98 69.19 4.74 0.058
19 z11 Nascol X231 D250 MIBC 0 100 10 15 15 15 8514 5861 4.55 0.050
20 z6 Nascol Without AB5 A70 10 80 10 25 0 5 87.27 6091 2.69 0.041
21 z11 A7240 C4132 AB5 MIBC 20 120 20 15 15 10 5 8295 64.89 507 0.048
22 z11 Nascol C4132 Flomin 742 Pine Oil 20 80 10 25 7 10 10 8357 77.06 45 0.057
23 z6 Nascol Without Flomin 742 Pine Oil 20 120 15 15 0 15 15 84.03 618 424 0.042
24 z6 A7240 Without AB5 MIBC 0 120 10 20 0 15 86.32 44.85 4.75 0.040
25 z6 Nascol X231 D250 Pine Oil 10 100 20 20 7 5 5 9091 69.12 282 0.048
26 z11 R407 Without D250 MIBC 0 80 10 25 0 5 10 85.09 56.73 3.29 0.048
27 z11 R407 X231 D250 AT0 20 80 15 25 15 5 15 86.99 7377 31 0.051
28 z6 R407 C4132 A65 MIBC 0 100 15 20 7 5 15 89.94 61.09 327 0.048
29 z11 Nascol Without D250 A70 0 120 15 25 0 15 5 84.27 5098 4.77 0.042

Cu recovery and grade

According to the analysis of variance (Table 6), the Fisher F—test with a very low
probability values Puyoqe<0.05 indicates that the models for Cu recovery and grade are
highly significant. The recovery and grade models present high determination
coefficients of R? = 0.99. The adjusted determination coefficients (Adj. R = 0.93 and
0.96) are also satisfactory and confirm the significance of the models.
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Table 6. Analysis of variance for Cu recovery and grade

Source F value P-value Prob > F
Model 19.93 0.0018
A 16.80 0.0094
B 20.29 0.0040
cu Variables D 10.15 0.0174
Recovery
H 9.81 0.0186
J 8.44 0.0249
CV = 0.85%; R? = 0.99; Adj. R*= 0.93, C-E-F-G-K-L-M = not significant
Model 31.19 0.0006
A 138.57 < 0.0001
B 16.69 0.0061
Variables D 13.82 0.0092
Cu Grade
E 13.18 0.0102
H 8.90 0.0225
L 46.14 0.0006

CV = 4.2%; R? = 0.99; Adj. R? = 0.96. C-F-G-J-K-L-M = not significant

The normal probability plots of the residuals and the plots of the residuals versus
the predicted response for Cu recovery and grade are shown in Figs. 2 and 3,
respectively. Figure 2 shows that the residuals generally lie on a straight line referred
to the normal distribution of errors. It implies that the proposed models were adequate.
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Fig. 3. Comparison of predicted and experimental results obtained for Cu (left) recovery and (right) grade

The A, B, D, H and J variables indicate a significance effect for Cu recovery. The
order of influencesisB>A>D>H>J. The A, B, D, E, H and L variables indicate a
significant effect on the Cu grade. The order of influencesis A>L>B>D >E > H.
For both grade and recovery, the A, B, D and H are identified as the important factors.
Figure 4 shows the effect of flotation process parameters on Cu recovery and grade. In
general, lower recovery of Cu is obtained when Z,; rather than Zg is used as the
collector. Also, R407 is a better choice than Nascol and A7240. According to Fig. 4,
the primary promoter collector type has the maximum effect on the Cu recovery.
Furthermore, the highest recovery could be achieved with the A65 as the frother. As
shown in Fig. 4, the Cu recovery increased by increasing the primary collector (factor
A) dosage and reached its maximum value at 20 g/Mg. Also the maximum value of Cu
recovery is obtained when 20 g/Mg of the first promoter collector is employed. The
first level of primary collector, third level of first promoter collector, A65 and pine oil
as frothers represent the optimum levels of various turning process parameters to
obtain the maximum Cu grade. The best reagent dosages are found to be 20 g/Mg of
first promoter collector and 15 g/Mg of frother (factor D) to attain the maximum Cu
grade.

Mo recovery and grade

In order to quantify the influence of process parameters on the Mo recovery and grade,
the variance analysis is performed. The analysis of variance for Mo recovery and
grade (ANOVA) is given in Table 7. Based on the results the models are significant. It
is evident that the C, D, F, G, K and M variables are significant at 95% confidence
level in ANOVA of Mo recovery. Also, the A, C, E and G variables are significant at
95% confidence level in ANOVA of Mo grade. The F and G variables significantly
affect the Mo recovery. The order of factors from high to low contribution in Mo
grade is A, G, Eand C.
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The design of experimental analysis assumes that the residuals are normally and
independently distributed with the same variance in either each treatment or factor
level. The deviation from this assumption means that the residuals contain a structure
that is not accounted for the model. The residual plots given in Fig. 5 are used to
check the assumption. Since the residuals lie approximately along a straight line, it is
concluded that the residuals are normally and independently distributed. No particular
trend in residual values against the test numbers indicates any systematic errors in the
performed tests. Systematic errors cause the residual values either increase or
decrease. As it is seen, the obtained model for Mo recovery and grade matches well
with the performed experiments results. The observed Mo recovery and grade and
their predicted values are shown in Fig. 6. The R? values for Mo recovery and grade
are 0.99 and 0.98, respectively.

Table 7. Analysis of variance for Mo recovery and grade

Source F value P-value Prob > F
Model 32.97 0.0005
C 15.94 0.0068
D 6.55 0.0401
Mo Recovery . F 54.62 0.0004
Variables G 22.83 0.0031
K 7.98 0.0278
M 5.32 0.0478
CV =1.92%; R2 = 0.99; Adj. R2 = 0.96, A-B-E-H-J-L = not significant
Model 15.07 0.0034
A 46.60 0.0010
Mo Grade C 5.48 0.0442
Variables E 12.85 0.0107
G 16.35 0.0064

CV = 2.71%; R? = 0.98; Adj. R* = 0.92, B-D-F-H-J-K-L-M = not significant
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Figure 7 shows the role of effective parameters on Mo recovery and grade. The
highest Mo recovery is obtained when C4132 (7 g/Mg) is used as a second promoter
collector as well as the diesel dosage and dg, of feed are equal to 20 g/Mg and 80 pm,
respectively. Also, using either Flomin 742 or DF250 with dosage of 15 g/Mg is better
alternative than A65 in order to obtain high Mo recovery. In general, pine oil is a
better choice than A70 and MIBC in order to make the concentrate with high Mo
grade. The highest grade could be achieved with the dgy equal to 80 um. As the effect
of size (factor G) on recovery and grade is highly negative, the size is kept at the low
level for process optimization.

Process optimization

The considered conditions for responses of optimal conditions and parameters are
given in Table 8. The optimum levels of variables to maximize recovery within the
studied range are obtained using the DX7 software. Table 9 shows the optimum level
of each parameter to achieve the highest Cu and Mo grades and recoveries within the
corresponding ranges. Based on software prediction, a product with Cu and Mo
recoveries equal to 91.70 and 72.33%, respectively, will be obtained. Also, Cu and Mo
grades equal to 5.67 and 0.055% respectively will be obtained. In order to verify the
adequacy of the model prediction, two confirmation experiments were performed with
optimal conditions. The tests results are given in Table 10. The validation tests proved
the optimization results obtained from the D-optimal design experiment.

Table 8. Optimization criteria for different variables and responses

Variables Goal
A-B-C-D-E-F-G-H-J-K-L-M is in range
Cu recovery maximum
Mo recovery maximum
Cu grade 5.5-5.9

Mo grade 550-580
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Fig. 7. Effect of process parameters on Mo recovery and grade
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Table 9. Optimum level of each parameter

Recovery Grade o
F G HJKLM Desirability
A B C D E Cu Mo Cu Mo

g/Mg pm 9/Mg %
Z;; R407 X231 A65 PineOil 20 80 20207 15 5 91.70 72.33 5.67 0.055 0.911

Table 10. Validation tests results with optimal condition

Test Curec (%) Morec (%) Cugrade (%) Mo grade (%)
1 90.65 70.39 5.83 0.053
2 90.42 71.18 5.54 0.054

Conclusions

In this paper, the D-optimal design method was used for modelling and optimizing
grade and recovery of copper and molybdenum in the rougher flotation circuit of the
Sungun copper concentrator plant. The investigated parameters included types and
dosages of collectors and frothers, diesel dosage and feed size distribution. The
following conclusions were drawn from the present study within the levels of process
parameters selected.

1. Based on ANOVA and at 95% confidence level, the first promoter collector type
had maximum effect on the Cu recovery. R407 (20 g/Mg) was a better choice than
Nascol and A7240. Lower recovery of Cu was obtained when Zj; rather than Zs was
used as the collector. Higher grade of Cu was obtained when Zj; rather than Zg was
used as the collector. Also, Pine oil and A65 were better than other frothers to achieve
the product with high copper grade. The best reagent dosages were found to be 20
9/Mg of the first promoter collector and 15 g/Mg of A65 to obtain the maximum Cu
grade.

2. ANOVA of flotation parameters indicated that diesel dosage and dgo had the
most significant effect on the recovery of Mo during flotation. The highest Mo
recovery was obtained when C4132 (7 g/Mg) was used as the promoter collector and
diesel dosage and dg, of feed were equal to 20 g/Mg and 80 pm, respectively. As the
effect of size on recovery was highly negative, the size was kept at low level for
optimizing the experiment. In general, pine oil was a better choice than A70 and
MIBC in order to make the concentrate with high Mo grade. The highest Mo grade
could be achieved with the feed size (dg) equal to 80 um.

3. Results of optimization showed that the highest possible Cu and Mo grades and
recoveries were obtained when Z;; (20 g/Mg) as the primary collector, R407 (20
0/Mg) as a first promoter collector, X231 (7 g/Mg) as the second promoter collector,
A65 (15 g/Mg) and Pine oil (5 g/Mg) as frothers, 20 g/Mg of diesel dosage and dgy of
feed size equal to 80 pm were used.
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