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Abstract: Flotation kinetic models can be applied to describe the flotation process and to predict
mineral recoveries. However, the size composition of the target minerals in the feed ore fluctuates
considerably, resulting in insufficient accuracy with flotation kinetic models. There have been many
studies that focus on the investigation of flotation kinetics with different particle sizes, while the
optimization methods for flotation kinetic models based on particle size effects have not been
reported. In this paper, flotation tests, optical microscope observations, and particle size analysis were
used to identify the reasons for the decrease in accuracy of the flotation kinetic model due to changes
in the composition of molybdenite particle size. Additionally, an optimization method for the flotation
kinetic model was developed based on the particle size effect. The test results show that the accuracy
of the flotation kinetic model for fixed particle size minerals is very high, but the predicted results for
flotation recoveries of different particle size mineral mixtures have large deviations. The poor
accuracy might be due to the autogenous carrier effect caused by the particle size composition
fluctuating considerably. The optimization method for the flotation kinetic model is based on the
particle size effect. The model can accurately describe the flotation process of molybdenite with
different size compositions of molybdenite and predict the flotation recovery of molybdenite.
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1. Introduction

Mineral resources have been exploited in large quantities, especially those readily available minerals
that have gradually reduced. In addition, the mineral particle size composition is becoming finer, and
the properties are becoming more complex, which brings severe challenges to the mineral processing
industry (Zhang et al., 2013). Flotation is the most widely used and effective beneficiation method for
separating fine refractory minerals (Ni et al,, 2016). However, flotation is a complex physical and
chemical process influenced by many factors, including the properties of the ore itself, flotation
equipment parameters, and reagents (Xu et al., 2012; Polat et al., 2003; Feng et al., 2022; Jovica et al.,
2018; Zhang et al., 2019). The flotation kinetics is an essential aspect of the study of the flotation
process. The flotation kinetics model can describe the flotation process, which relates different process
parameters such as particles and pulp with a flotation rate constant. Therefore, establishing a flotation
kinetic model is essential in optimizing process parameters, improving flotation flow, automating
beneficiation production, and predicting the flotation index (Gharai et al., 2016). Particle size has a
crucial effect on the flotation rate and is one of the most critical parameters in the flotation process
(Cheng et al., 2013; Rahman et al., 2012; Huang et al., 2018).

Many scholars have researched the influence of particle size on flotation kinetics. Luo et al. studied
the flotation kinetics of coal slime with different particle sizes to investigate the influence of coal slime
particle size on its flotation kinetic (Luo et al., 2015). Abkhoshk et al. researched the effects of density
and particle size on the flotation rate constant (k) (Abkhoshk et al.,, 2010). They predicted the
production results of the modified continuous flotation kinetic model. Luo et al. proposed the optimal
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flotation kinetics model suitable for different particle sizes of slime by analyzing the flotation rates of
narrow and different particle-size mineral mixtures of coal (Luo et al., 2015). On this basis, Yang et al.
used Excel software to establish the mathematical model of the flotation yield, ash content, and
flotation time of the refined coal of each particle grade. Combined with the particle size composition,
the different particle size mineral mixtures flotation mathematical model was derived, which had high
reliability and could accurately predict the technical flotation indicators (Yang et al., 2020). However,
the size composition of the target minerals in the feed ore fluctuates considerably, resulting in
insufficient accuracy with flotation kinetic models. This is a unified problem after research by many
scholars. But the flotation mathematical model of different particle size compositions has yet to be
reported.

To address this problem, this paper investigates the effect of the particle size composition of
molybdenite on its flotation kinetic model and identifies the reasons for the decrease in accuracy of the
flotation kinetic model due to changes in the particle size composition of molybdenite. And develops
an optimization method for the flotation kinetic model based on the particle size effect, establishing a
flotation kinetic model for molybdenite that is not affected by the particle size effect. The model can
accurately describe the flotation process of molybdenite with different size compositions and predict
the flotation recovery of molybdenite. Moreover, this work could provide a theoretical basis for the
development of flotation kinetic models for complex and variable conditions.

2. Materials and methods

2.1. Materials

The molybdenite (primary concentrate) was obtained from Jinduicheng Molybdenum Group Co., Ltd
located in Shaanxi Province, China. By the provisions of the national standard, the test ore samples
were wet screened by 148pm, 75um, 45pm, and 38pm standard screens, respectively. Representative
flotation feed samples of various sizes were prepared by the conical quartering method and stored in
sealed plastic bags to avoid oxidation. The screening test results are shown in Table 1.

Table 1. Flotation feed screening analysis

Particle range (pm) Individual yield (%) Cumulative yield (%) Grade of Mo (%) The distribution rate of Mo (%)

+148 10.56 10.56 5.56 4.62
-148+75 10.98 21. 54 10.63 9.17
-75+45 13.94 35.48 2248 2453
-45+38 9.08 44.56 38.42 27.35
-38 55.44 100 7.90 34.33
Total 100 12.76 100

As shown in Table 1, the yield of coarse particles (+75pm), medium particles (-75+38pm), and fine
particles (-38pm) were 21.54%, 23.02%, and 55.44%, respectively. The fine particles in the flotation feed
are the dominant particle size, and their separation is the key to the whole flotation process. Generally,
the floatability of medium particle size is better than coarse and fine particles; however, it can be seen
from Table 1 that the total yield of coarse and fine particles is 76.98%, which leads to the difficulty of
molybdenite recovery. From the Mo grade, the coarse, medium, and fine particles are 13.79%, 51.88%,
and 34.33%, respectively. More than half of Mo is distributed in the medium fraction, which is
conducive to flotation recovery.

2.2. Flotation experiments

Flotation experiments were performed with a flotation cell (XFD 0.5L) at a rotating speed of
2000r/ min. The flotation temperature is 25°C (room temperature). During the flotation process, 80.0g
molybdenite was mixed with 0.5L of deionized (DI) water in the flotation cell for 2min. The duration
of the flotation process was 4min. Eight flotation concentrate products (RC1, RC2, RC3, RC4, RC5,
RC6, RC7, and RC8) were collected after 0.5min, 1.0min, 1.5min, 2.0min, 2.5min, 3min, 3.5min and
4min, respectively. Finally, the concentrates and tailings were collected, filtered, dried, and weighed
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after flotation, respectively. The results of the grade are used to calculate the flotation recovery. Each
flotation experiment was repeated at least thrice times, and the mean values was recorded. The
flotation flowsheet is presented in Fig. 1.
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Fig. 1. Flow diagram of flotation experiments

2.3. Flotation kinetics model

HSC Chemistry software contains modules for mineral processing and particle calculation, integrated
with a wide range of mineral databases. The flotation kinetics of the flotation rate law of molybdenite
of each size fraction and different particle-size mineral mixtures was studied. Table 2 shows the four
flotation kinetic models fitted by HSC Chemistry analysis software for the cumulative recoveries
collected in the flotation test.

Table 2. Flotation equations in HSC sim model fit

Model Lab equation (batch) Constraints
One-component R= (1 - exp(—kt))
Two-component R =mp (1 —exp (—kpt)) + ms (1 — exp (—kst) mg+mg=1
kp = kg
Three-component R =my (1 —exp (kgt))+m; (1 —exp (—ks;t)+my mp+mg+my=1
+ Oy ke = ks
Rectangular Ro, b
Distribution k= (T)Z(l —exp (—kit) Rp <1
=1
ki = max kis1 =kia+kq bo

b

The k corresponds to the first-order rate constant (min?), and ¢ represents the flotation time (min)
in the One-component model expression. In the two-component model expression, mg- maximum
recovery of fast flotation minerals (%), ms- maximum recovery rate of slow floating mineral (%), kp-
flotation rate constant of fast-floating minerals (min?), k- flotation rate constant of slow-floating
minerals (min?). In the three-component model expression, my-maximum recovery rate of non-
floating minerals (%). The flotation rate constant of non-floating minerals is 0. In the rectangular
distribution model expression, R.- maximum recovery (%), kpyq,- Maximum flotation rate constant
(min?).
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2.4. Optical microscopy analysis

2.0g of molybdenite was mixed with 40mL DI water in a beaker was stirred in a constant temperature
mechanical equipment magnetically for 3min. Subsequently, remove 2mL pulp with a syringe and
transfer to a beaker diluted five times with DI water. After stirring, the diluted solution was dropped
on a glass slide for optical microscope observation.

2.5. Particle size measurements

The particle size distribution of the sample was measured by Mastersizer 2000 laser particle size
analyzer. The sample is prepared similarly to the flotation test. Then, filtered and dried for the particle
size measurement. During the measurements, lightly stir the sample to keep the particles suspended
in the slurry. Subsequently, 1ml of pulp was extracted from the suspension for the measure. Repeat
each measurement at least three times.

3. Results and discussion
3.1. Flotation test of molybdenite with different sizes and different particle size mineral mixtures

The cumulative recovery as a function of the flotation time for different sizes and different particle-
size mineral mixtures is presented in Fig. 2.
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Fig. 2. Effect of particle size on the cumulative recovery

As is evident from Fig. 2 that the cumulative flotation recovery of molybdenite of each particle size
will increase with the flotation time. However, under the same test conditions, the floatability of
molybdenite with different particle sizes has light differences. Medium-sized molybdenite has good
floatability, while the floatability of coarse molybdenite is reduced. The flotation rate of coarse
particles is slow due to their large mass, high desorption probability, and slightly poor hydrophobicity
of the intergrowth. The flotation rate of fine particles is faster than coarse particles because of their
small mass and volume, high adhesion probability with bubbles, and small desorption probability.
The cumulative recovery rate of -148+75pm is close to the medium particle size, which may be that the
molybdenite in the body of the coarser particles aggregate is in the form of scales, felts, and irregular
aggregates (Yuan et al., 2010); therefore, realizing the dissociation of molybdenite scales and gangue is
easier under this particle size. The high dissociation of monomers led to a significant increase in grade,
and the fine particles entrainment led to a higher yield, which ultimately led to -38pm having a higher
cumulative recovery (Liu et al., 2008). The cumulative flotation recovery of the different particle size
mineral mixtures is higher than the other particle fractions before 2min, while the growth is slow and
stable in the last 2min. This phenomenon is because the coarse and some fine particle concentrates
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slowly emerge. Some fine particle concentrates have large specific surface areas and significant
content of fine mud, so they can only emerge after a long time of mineralization.

3.2. Flotation kinetics of molybdenite with classification and component velocity

Molybdenite with different sizes and different particle size mineral mixtures were used to study the
effect of grain size on flotation kinetics. Kinetic tests of molybdenite with different particle sizes were
carried out by HSC Chemistry analysis software. The correlation coefficient (R?) is one of the criteria
used to judge the accuracy of flotation kinetic models, which is widely used in evaluating and
comparing with flotation models. The larger the value of R?, the better the model’s fit. The larger the
value of the flotation rate constant (k), the faster the flotation rate.

Fig. 3 shows the fitting results of the four kinetic models and the test data. According to the fitting
between the four kinetic models and the experimental data in Fig. 3, the fitting effect of model 1
(R?=0.915) with +148pm was the worst, and Model 4 (R?=0.988) was better than model 1. Model 2 and
model 3 had the best fitting effect (R2=0.991). The kinetic parameters of Model 3 include the maximum
recovery rate of non-floating minerals, which can more accurately reflect the flotation behavior of
practice minerals. Therefore, it can best describe the influence of particle size (+148pum) on flotation
kinetics. For the particle size of -148+75pm, the fitting effect of model 2 is as good as model 3, and the
R? value is the largest (0.999). Model 1 had the worst effect (R?=0.962). Model 4 (R?=0.997) was better
than model 1.
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Fig. 3. The kinetic models fitted to test data of flotation
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For -75+45pm particle size, the R?value for model 2 and model 3 that fitted the flotation results
was 0.999, which is the best. The second is model 4 (R?=0.997), and the worst effect is model 1
(R2=0.962). For -45+38um particle size, the R?value for model 2 and model 3 that fitted the flotation
results was 0.999, which is the best. The second is model 4 (R?=0.995), and the worst effect is model 1
(R?=0.963). For -38pm particle size, the R? value for model 2 and model 3 that fitted the flotation
results was 0.999. It is relatively consistent with the actual flotation test results, which can accurately
predict the maximum recovery rate of actual flotation to a large extent. The second is model 4
(R2=0.992), and the worst effect is model 1 (R2=0.911). For the different particle size mineral mixtures,
the R? value for models 2, 3, and 4 that fitted the flotation results was 1.000, with a particular reference
value. The relevant results are consistent with the actual flotation test results and can accurately
predict the maximum recovery rate of actual flotation to a large extent. The worst effect was model 1
(R2=0.755).

To compare the flotation kinetic models of molybdenite of each particle size and different particle
size mineral mixtures, deeply explore the influence of particle size on flotation kinetics, and
systematically analyze the fitting parameters of the four kinetic models, as indicated in Table 3. The
kinetic parameter of model 1 is the flotation rate constant (k). Model 2 includes fast-floating
components and slow-floating components. The kinetic parameters are fast floating mineral rate
constant (kr) and slow floating mineral rate constant (k;), and the maximum recovery rate of fast-
floating minerals (my) and slow-floating minerals (mg). Model 3 divides each mineral into fast, slow,
and non-floating components. The kinetic parameters are more than model 2 in terms of maximum
recovery of non-floating minerals (my). This mathematical model is flexible. The kinetic parameters of
model 4 include the maximum recovery (R;,f) and the maximum flotation velocity constant (kyqy)-

Table 3. Fitting parameters of flotation kinetic model

Number Parameter 1 2 3 4 5 6
s
Size +148  -148+475 -75+45  -45+38 -38 Different particle-size
distribution/p mineral mixtures
m
Model 1 k (min~1) 0279 0.716 0.947 0.993  1.081 0.994
mg (%) 64.3 775 594 45.8 62.0 80.2
Model 2 ms (%) 357 25 40.6 542 380 19.8
kg (min™1)  0.62 1.87 2.312 3.60 4.274 3.653
ks (min~1)  0.00 0.069 0.464 0.604  0.437 0.072
mg (%) 64.3 772 59.6 45.8 59.6 80.0
ms (%) 194 13.8 404 54.2 38.6 14.2
Model 3 my (%) 16.2 9.0 0.00 0.00 1.8 5.8
kr (min~t)  0.62 1.873 2.303 3597  4.569 3.677
ks (min~1)  0.00 0.133 0.463 0.605  0.508 0.113
Model 4 Ring (%) 75.60 86.79 99.044 100 94.84 85.902
kyay (min™? 1.01 3.71 2.740 2796  4.076 8.072

The fitting results of the kinetic model and flotation data in Fig. 3 show that the fitting effect of
each particle fraction and the different particle size mineral mixtures model 3 is the best. It can be seen
from model 3 that the maximum recovery rate of fast-floating minerals of all particle sizes and
different particle-size mineral mixtures are dominant. Therefore, the kinetic parameters of model 3 are
mainly analyzed, including the maximum recovery rate of fast-floating minerals (my), the maximum
recovery rate of non-floating minerals (my), and the rate constant of fast-floating minerals (kz). The
particle size distribution significantly affects the cumulative recovery of molybdenite. The m; in each
particle size fraction and different particle size mineral mixtures are arranged from large to small as
follows: different particle size mineral mixtures (80.0%), -148+75pm (77.2%), +148pm (64.3%), -38pm
(59.6%), -75+45um (59.6%), -45+38pum (45.8%). In addition, the maximum recovery rate of non-floating
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minerals (my) for +148pm size particles, -148+75um and -38pm are 16.2%, 9% and 1.8% respectively.
The maximum recovery rate of actual flotation can be accurately predicted to a large extent. At the
same time, it is different from the change of the flotation rate constant.

The change in the k value reflects the influence of particle size distribution on the variation law of
the molybdenite flotation rate. The kr of each particle size fraction and different particle size mineral
mixtures from large to small is as follows: -38pm (4.569min?), the different particle size mineral
mixtures (3.677min"), -45+38um (3.597min), -75+45pm (2.303min?), -148+75pm (1.873min), +148pm
(0.62min ). The particle size of +148pm is large, and the desorption probability is high. Therefore, the
flotation rate constant is low (Huang et al., 2013). It is not easy to reach the flotation balance and needs
a longer mineralization time to achieve. However, the flotation constant of -148+75um fast-floating
minerals is relatively large, which is easier to reach the flotation equilibrium. With the decrease in
particle size, the flotation constants of fast-floating minerals of -75+45pm and -45+38pm gradually
increase.

Moreover, the difference between the flotation velocity coefficients of these two particle sizes is
slight, and their change rules of them are similar. The main reason is that the particle size of this part
is moderate, which is conducive to the adhesion of particles, and the probability of falling off is small
(Luo et al., 2015). The flotation constant of different particle size mineral mixtures of fast-floating
minerals is higher than that of the above four particle stages, which may be due to the collision and
carrying between coarse particles and fine particles in the flotation process, which will play a key role
in promoting the flotation of fine particles. The flotation constant of fast-floating minerals for -38pm is
higher, which is inconsistent with the flotation rate of fine particles in general. The reason may be that
the -38pm has a good monomer dissociation degree, or the foam adhered to some particles on the
surface of the flotation tank, which quickly surfaced and reached flotation equilibrium at the
beginning of flotation; therefore, the flotation rate is relatively high in a short time.

3.3. Mathematical model of molybdenite with classification and fractional velocity

3.3.1. Establishment of the mathematical model for molybdenite with classification and fractional
velocity

The existing flotation kinetics model cannot predict the flotation process of complex particle size
composition by the method in the form of summation for multiple particle sizes. We fit the flotation
data and derive its polynomial equation to solve this problem. The equation can be used to describe
the flotation process of complex particle size composition in the form of summation of different
particle size compositions; at the same time, the optimized polynomial-fitted flotation kinetics
equation is suitable for the prediction of flotation indexes of molybdenum ore with various particle
size compositions.

Excel deduces the flotation rate equation of each particle size. That is, the trend line is added to the
curve of each particle size. The prediction type of trend line is polynomial, the number of items is set
as 3, and the formula and the fair value of fitting precision value R?are displayed. The multivariate
nonlinear models of cumulative recovery (y) and flotation time (t) of each particle size are established
as follows:

y=A;t3+B;t2+C;t+D;
Through calculation and fitting of flotation rate test data of each particle size, the correlation
coefficient of the flotation mathematical model of each particle size is indicated in Table 4.

Table 4. Relevant parameters of flotation mathematical model of each particle size

Particle size (um ) Aq B, C D R?
+148 1.451 -14.653 51.511 -7.463 0.998
-148 +75 1.863 -17.091 52.293 28.014 0.995
-75 +45 1.094 -11.862 45.190 32.015 0.996
-45+38 0.855 -9.701 39.730 36.550 0.987

-38 0.397 -5.369 25.118 52.534 0.997
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Table 4 shows that the fitting R2of the derived mathematical model for flotation of each particle
fraction is close to I, with a high degree of fitting, indicating that the model has high accuracy.
Combined with Table 1, the particle size coefficients of each particle size fraction are determined to be
0.11, 0.11, 0.14, 0.09, and 0.55, respectively. Multiplying them by the derivation model of the
corresponding particle size, we can get the multivariate nonlinear model of the cumulative recovery
(v) and flotation time (t) of different particle size mineral mixtures molybdenite as follows:

y = 0.813t> — 8.978t% + 35.136t + 38.925

The predicted results of the derived different particle size mineral mixtures model are compared
with the laboratory's actual different particle size mineral mixtures flotation rate test results to verify
the reliability of the derived mathematical model of different particle size mineral mixtures flotation,
as demonstrated in Fig. 4. It can be seen from Fig. 4 that the coincidence degree of the two curves is
poor. Its internal mechanism needs to be further explored.
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Fig. 4. Derivation of different particle size mineral mixtures model and results of actual different particle size
mineral mixtures flotation rate test

3.3.2. Inherent reasons for differences in mathematical models of molybdenite with classification
and fractional velocity

Optical microscope analysis is widely used to determine mineral particles' dispersion and
agglomeration performance in the pulp (Li et al, 2017; Liu et al.,, 2014). Therefore, the pure
molybdenite mineral is used as the research object to study the performance of the pulp under
different conditions. The results are presented in Fig. 5.

As is evident from Fig. 5 (a) those fine particles -38pum exist in the pulp in a dispersed state. As
shown in Fig. 5 (b), -148+75um coarse particles also exist in the pulp in a dispersed state. However, it
can be seen from Fig. 5 (c) and (d) that when -148+75 and-38pm exist simultaneously, the fine particles
will agglomerate on the surface of the coarse particles, consistent with the flotation result. The fine
particles adhere to the coarse particles carrier, bearing the burden of fine particles floating up,
improving the flotation effect of fine particles, and reflecting the self-carrier impact of molybdenite
flotation.

The change in particle size can also reflect the dispersion and agglomeration behavior of ore
sample particles in the pulp. Therefore, the particle size of molybdenite under different conditions is
analyzed, and the results are shown in Fig. 6.

Under the vigorous agitation of the flotation cell, the collision probability between fine particles
and coarse particles is far greater than the agglomeration rate between fine particles, which can make
fine particles adhere to coarse particles (Zhang et al., 2017; Bu et al., 2017; Wang et al., 2020; Li et al.,
2017; Xu et al., 2013). When the coarse and fine particles exist simultaneously, the fine particles will
agglomerate on the surface of the coarse particles, as shown in Fig.7 (c) and (d), thus improving the



9 Physicochem. Probl. Miner. Process., 59(2), 2023, 163004

flotation effect of the fine particles. However, under the action of a turbulent shear field, the fine
aggregates attached to the coarse grains will desorb and become intermediates due to shearing and
grinding (Qiu et al., 1994). As shown in Fig. 6, a large number of intermediate particles between
+38um and coarse particles were generated after the coarse-grained carrier was added.

Fig. 5. Optical microscope observation of molybdenite particles (a:-38pm; b: -148+75um; ¢, d: -148+75pm and -
38um)

Deduction model of different particle size mineral mixtures
100 F Actual different particle size mineral mixtures mode

Passing(%)
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Particle size(um)

Fig. 6. Cumulative particle size distribution under different conditions (model-derived different particle size
mineral mixtures and laboratory actual different particle size mineral mixtures)

3.3.3. Revision of flotation mathematical model based on carrier effect

Correction coefficient refers to the coefficient added to the calculation formula to make it reflect the
actual performance as much as possible when there is a deviation between ideal and reality, reality,
and investigation in data calculation and formula expression, generally expressed by a. This paper
uses four ore blending schemes to determine the correction coefficient, improve the reliability of the
different particle size mineral mixtures flotation mathematical model, and make it possible to predict

the flotation results. The proportion of -38pm is 55% unchanged, and the ratio of other particles is
45%, respectively.
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Excel can derive the flotation rate equation of each scheme from the results of the flotation test of
ore blending in the laboratory. That is, the trend line is added to the curves of each scheme. The
correlation coefficients of each ore blending scheme were obtained through the calculation and fitting
of the flotation rate test data of each ore blending scheme's actual flotation mathematical models, as
indicated in Table 5.

Table 5. Relevant parameters of the actual flotation mathematical model of each ore blending scheme

Scheme  Particle size (um) Aq B, Cy D R2
Scheme 1 +148 with -38 1.325 -11.527 34.329 29.954 0.990
Scheme 2 -148+75 with -38 1.411 -12.589 37.244 51.773 0.997
Scheme 3 -75+45 with -38 1.653 -14.091 38.807 57.749 0.983
Scheme 4 -45+38 with -38 2.015 -17.114 47.676 51.213 0.976

As can be seen from Table 5, the fitting R? of the actual flotation mathematical model of each ore
blending scheme is close to 1, with a high suitable degree, indicating high accuracy. Table 6 shows the
derived model multiplied by the particle size coefficient of 0.45 and 0.55 to obtain the flotation
mathematical model of ore blending.

Table 6. The mathematical flotation models result derived from ore blending schemes.

Scheme Particle size (pm) Proportion Multivariate nonlinear model
Scheme 1 +148 with -38 +148um (45%). -38pm (55%) y = 0.871t% — 9.546t% + 36.994t +25.535
Scheme?2  -148+75with-38  -148+75um (45%). -38um (55%) y = 1.057t3 — 10.644t2 +

37.346t +41.500
Scheme 3 -75+45 with -38 -75+45um (45%)+ -38pm (55%) y = 0.711t3 — 8.291t? + 34.150t +43.300
Scheme 4 -45+38 with -38 -45+38um (45%). -38pm (55%)  y = 0.603t% — 7.318t% + 31.693t +45.341

Fig. 7 compares the actual ore blending model and the derived ore blending model. Combined
with Tables 5 and 6, it can be seen that there are differences in the coefficients between the actual ore
blending model and the derived model, and the coincidence of the recovery rate is poor. Therefore,
the actual ore blending model and the derived model coefficient were systematically analyzed to
determine the correction coefficient.

3.3.4. Optimization of fractional flotation mathematical model for molybdenite

The coefficient ratio between the actual ore blending model and the derived model reflects the carrier
effect of coarse particles on fine particles. Table 7 shows the analysis results of various coefficients of
the actual ore blending model and the derived ore blending model.

Table 7. Analysis results of coefficients of the actual ore blending model and the derived ore blending model

Particle size (pm) Ay By G Dy
+148 with -38 1.520 1.212 0.927 1.173
-148+75 with -38 1.335 1.182 0.997 1.247
-75+45 with -38 2.324 1.699 1.136 1.333
-45+38 with -38 3.340 2.388 1.504 1.129

The coefficients of coarse particles are 0.244, 0.244, 0.312, and 0.2, respectively, which can be
multiplied by the coefficient ratio of the corresponding coarse particles to obtain their correction
coefficients. Therefore, the correction coefficients of coarse particles are 2.09 (4), 1.58 (a3), 1.12 (a3),
and 1.23 (0Qy), respectively. Therefore, the different particle size mineral mixtures flotation
mathematical model optimized based on the carrier effect is y=1.699t> — 14.195t* +
39.533t +47.974. The reliability of the optimized different particle size mineral mixtures flotation
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mathematical model is verified by comparing it with the actual different particle size mineral

mixtures flotation test results in the laboratory (Fig. 8).
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Fig. 7. Comparison between the actual ore blending model and derived ore blending model
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Fig. 8. Comparison between the mathematical model of different particle size mineral mixtures optimized

flotation and the actual flotation test results in the laboratory

Fig. 8 illustrates that the carrier effect correction of different particle size mineral
mixtures flotation mathematic model may improve the reliability of the prediction, but the correction
with the gap being big before 1.0min. Therefore, the different particle size mineral mixtures were
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further modified, adding correction model derivation and laboratory actual average curve, to
determine the error coefficient correction (Fig. 9). As indicated in Fig. 9, the difference between the
laboratory practice and the mean curve is within the error range (2.5%), and the difference between
the model derivation and the mean curve is also within the error range (2.5%). Therefore, after error
correction, the correction coefficients of coarse particles are 1.64 (0t1), 1.25 (a3), 0.89 (a3), and 1.39
(0ty), respectively.

Therefore, the different particle size mineral mixtures flotation mathematical model corrected by
two steps is y = 1.333t> — 11.222t* + 31.271t +54.105. The change in particle size will generally affect
the flotation of different particle-size mineral mixtures. Then the influence of the evolution of each
coarse particle on the different particle size mineral mixtures flotation has been studied in depth (Fig.
10), to determine whether to optimize the granularity.
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Fig. 10. Influence of each coarse particle composition on different particle size mineral mixtures flotation

As can be seen from Fig. 10, when the size +148um increases by 6% (24.4% to 30.4%), the size of the
rest decreases by 2%. When +148pm grain size increased by 12% (24.4% to 36.4%), the remaining grain
size decreased by 4%. When +148um grain size decreased by 6% (24.4% to 18.4%), the remaining grain
size increased by 2%. When the size of +148pum decreases by 12% (24.4% to 12.4%), the size increases
by 4%. From Fig. 10, the size composition changes, and the movement amplitude is small. That is, it
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has little impact on the flotation of different particle-size mineral mixtures, and there is no need to
optimize the size.

As demonstrated in Fig. 11, the prediction reliability of the two-step optimized different particle
size mineral mixtures flotation mathematical model is greatly improved, which can accurately predict
the flotation process index at any time in the flotation process.
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Fig. 11. Comparison between the optimized mathematical model of different particle-size mineral mixtures and
the actual flotation test results in the laboratory

4. Conclusion

This paper mainly investigates the effect of the particle size composition of molybdenite on its
flotation kinetic model. Optical microscope observations and particle size analysis were used to
identify the reasons for the decrease in accuracy of the flotation kinetic model due to changes in the
composition of molybdenite particle size. The optimization method of the flotation kinetic model
based on the particle size effect was innovatively proposed, which was not affected by the particle size
effect. This work could also provide a theoretical basis for the development of flotation kinetic models
for complex and variable conditions. The major conclusions can be drawn from the consequences as
follows:

(1) The flotation rate increases first and then decreases with the flotation size increasing. The
flotation rate of different particle-size mineral mixtures is better than others. The accuracy of the
flotation mathematical model for different sizes is high. In contrast, the accuracy of the flotation
mathematical model for the different particle size mineral mixtures is low.

(2) The autogenous carrier of the molybdenite was confirmed by optical microscope observations
and particle size analysis. That is the reason for the decrease in the accuracy of the flotation kinetic
model.

(3) The optimized different particle size mineral mixtures flotation mathematical model: y =
2.70t% — 18.78t? + 44t +50.13, the reliability of its prediction is greatly improved. Additionally, it can
accurately predict the flotation process index at any time in the flotation process.
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