
Vol.:(0123456789)1 3

Mining, Metallurgy & Exploration 
https://doi.org/10.1007/s42461-022-00578-0

The Evaluation of Starch‑Based Flocculant on the Thickener Operation 
in the Molybdenum Processing Plant and Competency of Molybdenite 
Flotation

Ataallah Bahrami1  · Abolfazl Danesh2 · Fatemeh Kazemi3 · Yousef Ghorbani4 · Morteza Abdollahi5

Received: 20 July 2020 / Accepted: 27 February 2022 
© Society for Mining, Metallurgy & Exploration Inc. 2022

Abstract
The type and dosage of flocculants used in the middle thickener of the copper-molybdenum plant, in addition to adjust-
ing the quality of recycled process water, is very effective on the floatability of molybdenite. In this study, the effect of 
starch-based flocculant (wheat starch) was investigated on the efficiency of middle thickener and molybdenite flotation, in 
the molybdenum processing plant. First, sampling from overflow and underflow of the middle thickener in Mo processing 
circuit (in industrial scale), in the presence and absence of starch, were collected. The polished sections of samples from the 
overflow and underflow of the thickener were studied in order to determine the effect of starch on particles settling with dif-
ferent shapes. Microscopic studies show that molybdenite plate-like coarse particles are transferred to the thickener overflow 
(process water) in the presence of starch flocculant, whereas molybdenite fine particles present in the underflow are often 
needle-shaped. In addition, in terms of grade distribution, the grade of molybdenum in the thickener overflow is higher than 
that of copper and iron. Then, after sedimentation tests (in laboratory scale) with different concentrations of flocculant, flota-
tion tests were performed on test samples. According to the results from laboratory studies, increasing the dosage of starch 
from 0 to 1000 g/t increased the recovery of molybdenite flotation and reduced the access of copper minerals to molybdenite 
concentrate. In this case, molybdenum recovery (in lab tests) is increased by about 5% compared to the case of not using 
starch. While the increase in the recovery of molybdenum by adding starch to the middle thickener in the industrial scale 
is about 10%. In higher dosages of starch (2000 g/t), the trend is reversed (in the lab and industrial scale) and molybdenum 
recovery decreased sharply due to the decrease in contact angle and depression, whereas the amount of copper transferred 
to the molybdenum concentrate increased.
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1  Introduction

Almost half of the world’s molybdenum reserves are in the 
form of molybdenum-copper porphyry ores. Due to the dif-
ferences between the surface properties of molybdenite and 

copper sulfides, molybdenum (even at low levels and about 
0.01%) can be obtained from these ores as copper by-prod-
ucts [1]. Processing of Cu–Mo ores includes two steps: a 
bulk flotation where molybdenite is recovered together with 
Cu sulfides, and a subsequent selective flotation step where 
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molybdenite is separated from depressed copper sulfides [2]. 
During these processes, different chemicals and polymers 
are used in any stage to separate molybdenite from copper 
minerals. One of these reagents that use in Cu-Mo process-
ing circuit is a flocculant. Flocculants are used in thickeners 
to increase the rate of settling.

Thickeners are commonly used in mineral processing 
circuits for the purpose of dewatering and regulating the 
amount of chemical reagents (for preparing feed of subse-
quent processes). Due to the extensive time required for the 
settling of fine particles as well as their surface charge, floc-
culants are used in thickeners to increase the settling rate and 
improve the process water quality [3]. The main function 
of flocculants in industrial plants is to produce large and 
durable flocs. In general, polymers used as flocculants pro-
duce aggregates of fine particles by the bridging mechanism. 
Bridges are created by the adsorption of portions of the floc-
culant macromolecules onto the surface of more than one 
particle [2]. Despite the advantages of using flocculants for 
sedimentation in thickeners, the use of flocculants in copper-
molybdenum processing circuit will affect the recovery of 
molybdenite flotation in the following two ways:

– Recycled process water containing flocculants and fine 
mineral particles with flocculation potential and affecting 
the process efficiency; and

– Underflow containing long-chain flocs, which contain 
minerals particles clinging together.

These flocs break easily into the canal under strong shear 
conditions and become smaller chains. However, these bro-
ken and residual flocculant chains can affect flotation prop-
erties by adsorption on the surface of molybdenite. A study 
by Lopez-Valdivieso et al. (2006) directly measuring the 
contact angle dictated that the hydrophobic properties of 

the hydrophobe solids decrease in water containing soluble 
polymers and lose their floatability. The contact angle for 
molybdenite at pH = 6 is about 61° and decreases dramati-
cally with increasing pH; the depressants (such as polymers 
or ions present in the flotation cell) also have a pH-like effect 
on the molybdenite contact angle [4]. Studies have shown 
that organic polymers, such as dextrin, even at 1 mg/L dos-
age have a significant reducing effect on the molybdenite 
floatability [5]. The effect of industrial flocculants, including 
polyacrylamide on molybdenite flotation, has also been stud-
ied. The results clearly indicate that molybdenite depresses 
during flotation due to the effect of polyacrylamide [6]. Poly-
ethylene oxide flocculants have a greater depressing effect 
on molybdenite flotation than polyacrylamide [6–9]. Organic 
polymers have been used in the flocculation process of thick-
eners of hematite and coal processing plants and their float-
ability have been studied [10–13]. However, less attention 
has been paid to the effect of this polysaccharide on the 
flotation of sulfide ores, including molybdenite.

In recent years, organic flocculants into usual flocculants 
(e.g., polyacrylamide) have received much attention due to 
their abundant resources, biodegradable nature, and rela-
tively low price. Natural polysaccharides such as dextrin, 
guar gum, and starch are among these polymers, which 
are adsorbed on the surfaces of minerals by bonding with 
hydroxylated-metal species [5]. Starch and its derivatives are 
high molecular weight polymers used in various applications 
as depressants and flocculants in the processing of various 
minerals including oxidized and sulfide minerals [7–9, 12]. 
Starch  (C6H10O5) is a complex composition of water-insolu-
ble carbohydrates that comprises both a linear and branched 
polymer (Fig. 1). The two main polysaccharide compounds 

Fig. 1  Chemical structure of 
starch
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present in the starch structure are amylopectin and amylose; 
the starch is a gelatinous assembly or has a globule form in 
water. Starches in the aqueous medium (under alkali con-
ditions and temperature rise) will form a gelatinous state. 
Thus, by adsorption of fine particles in the environment, 
flocculation occurs with a bridging mechanism and flocs 
are formed and settle due to the agglomerate size, density, 
and shape [10].

1.1  Cu‑Mo Sulfide Processing Circuit

In copper-molybdenum sulfide processing plants, the Cu-Mo 
concentrate (final product of Cu processing plant) is intro-
duced into primary thickener(s) to increase the solid content 
and modify the amount of chemical reagents of the pulp used 
in copper flotation. The underflow of the primary thickener 
is the feed of the molybdenum plant [2]. Overflow of the 
primary thickener is also returned to the primary thickener 
if the solid content is high, otherwise, it will be recovered 
as process water. At the molybdenum processing plant, the 
underflow of the primary thickener is introduced to the mid-
dle thickener, after passing the rougher, primary and second-
ary cleaner stages in the flotation process. The underflow 
of the middle thickener (with a solid percentage of 50–55 
wt%) is fed to the primary ball mill and the overflow of the 
middle thickener is used as process water. The mill product 
is transferred again to the third cleaner stage in the flota-
tion process after the reduction of the solid content. After 
five more stages of cleaning, it is transferred as the (molyb-
denum) final concentrate (molybdenum plant) to the final 
dewatering thickener in the molybdenum plant. The overflow 
of this thickener is recycled as process water (and is used to 
reduce solid percentages of the feed conditioning tank). The 
underflow, dewatered by a pressure filter, is presented as the 
final molybdenum concentrate with 9% moisture. Tailings 
of the molybdenum plant are the final copper concentrate, 
which enters the final copper thickener. The underflow of the 
thickener that solids content is 70% by weight is introduced 
into a pressure filter, and finally, the product with 9% mois-
ture content is sent to the smelter.

Considering molybdenum processing circuit and the 
use of thickener at different stages for pulp concentration 
and process water use in this plant, the effect of flocculant 
in process water and the solid percentage of underflow 
should be investigated. Therefore, in this study, the effect 
of starch-based flocculant (wheat starch) on the efficiency 
of middle thickener and recovery of molybdenite flotation 
is investigated.

2  Materials and Methods

2.1  Middle Thickener of Molybdenum Plant 
of Sungun Copper‑Molybdenum Complex

Sungun Copper Mine and Complex is located northeast of 
Iran with geographical coordinates of 46° 43′ east and 38° 
42′ north. Sungun ore deposit is of copper-molybdenum 
porphyry type, containing more than one billion tons of 
sulfide ore with a copper grade of 0.76% and molybdenum 
with a grade of (approximately) 0.01%. Sulfide minerals in 
the deposit include pyrite, molybdenite, galena, sphalerite, 
marcasite, pyrrhotite, and copper sulfides (chalcopyrite, 
bornite, chalcocite, and covellite).

Since flotation is the most common method for the pro-
cessing of copper sulfide minerals, this method is the main 
approach in the Sungun copper processing complex. The 
feed input to the copper plant, after being ground by the 
semi-autogenous mill (SAG), is transferred to hydrocy-
clone and then to flotation cells. The rougher part of the 
circuit consists of 12 cells (130  m3 per cell) of RCS130 
type and 2 rows containing 5 mechanical cells. The solid 
weight percent of the feed pulp to rougher cells is 34% and 
the pH of the feed pulp in the cell is 11. Sodium isopro-
pyl xanthate (SIPX) ((CH3)2CHOCS2Na) and Flomin7240 
(sodium di sec butyl dithiophosphate + sodium mercapto-
benzothiazole) are used as collectors and A70 (MIBC) 
and A65 (polypropylene glycol) are used as frothers [14]. 
The concentrate of the copper processing plant in the form 
of copper-molybdenum concentrate is transferred to the 
molybdenum processing plant for molybdenite separation. 
The processing circuit of the molybdenum plant is shown 
in Fig. 2. The flotation circuit of the plant consists of a 
single-row 8-cell rougher flotation stage, 2.8  m3 mechani-
cal type (each cell), and 8 stages of cleaner (mechanical 
cell type similar to the rougher). It should be noted that 
the number of cells in the different stages of the cleaner 
is different (e.g., the number of cells in the first stage of 
cleaner is 7, while the cleaner stage number 8 has only one 
cell) (Fig. 3) [15]. In the flotation processes, 400 g/t gas 
oil (rougher stage) was used as a collector and 25 kg/t of 
sodium sulfide was used to depress copper (15 kg/t in the 
rougher stage and 10 kg/t in cleaner stages).

As shown in Fig. 3, the 12-m diameter thickener (with 
free settling mechanism) of the molybdenum process-
ing plant in the Sungun copper-molybdenum complex is 
located after the second cleaner stage and before the open-
circuit ball mill. Table 1 shows the feed and underflow 
characteristics of the middle thickener molybdenum pro-
cessing plant. The feed pulp to this thickener with 10.55 
wt% solid, after settling the underflow of approximately 
42 wt% solids and the overflow with 0.083 wt% solids 
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(The dry tonnage of the overflow and its specific gravity 
are negligible on an industrial scale). Due to the location 
of the middle thickener in the overall process flowsheet, 

the use of any flocculants and other chemicals can affect 
the recovery and grade of molybdenum in the plant. The 
overflow of the middle thickener is considered to be more 
than 20.52% (in some cases up to 30%) of molybdenum 
content in terms of the grade of molybdenum. It should 
be noted that despite the high molybdenum grade in the 
overflow, the volume and tonnage of the particles are very 
low (Solid weight percentage of overflow is about 0.08%). 
However, the molybdenum content in the underflow of 
this thickener is 15.20%. The middle thickener overflow 
has been used as the wash water in the process, which due 
to the presence of fine particles has caused the choking 
problem in the water pipes.

2.2  Methodology

Due to the hydrophobicity property of molybdenite [2] as 
well as the small size of particles (d90 = 51.13 μm), the rate 
of particle settling is low in the middle thickener that causes 
operational difficulty in the settlement process. Therefore, 
in this study, we investigated the effect of using starch 
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Fig. 2  Schematic flowsheet of the molybdenum processing plant in the Sungun copper-molybdenum complex

Fig. 3  Middle thickener of molybdenum processing plant in the Sun-
gun copper-molybdenum processing complex

Table 1  Feed and underflow 
characteristic of middle 
thickener of molybdenum 
plant (in the Sungun copper-
molybdenum complex)

Solid tonnage 
(ton/day)

Density of solid 
(g/cm3)

Mo grade (%) Solid wt% d90 (μm)

Feed 21.00 4.35 16.30 10.55 51.13
Underflow 20.90 4.35 15.20 42.00 43.83
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flocculant on particle settling in the middle thickener as well 
as molybdenite flotation performance and overflow char-
acteristics of this thickener. It should be noted that wheat 
starch was selected for sedimentation tests due to its natural 
flocculation properties. Wheat starch is not ionized in the 
solution, but it forms colloidal particles in the pulp, which 
can accumulate on the surface of minerals [2]. For sedimen-
tation tests using starch flocculant, a sample of the second 
cleaner stage as the middle thickener feed was taken by using 
a sampling spoon. The weight of the sample was 155.3 g, 
pulp solid content was 10.55 wt%, Mo contact is 16.30% 
(This value could vary based on operating conditions as well 
as the feed characteristics of the plant), and pulp and solid 
densities were 1.12 and 4.4 g/cm3, respectively. It is worth 
mentioning that, three samples with 40-min time steps were 
taken.

2.2.1  Sedimentation Tests (Laboratory and Industrial Scale)

In order to investigate the flocculation effect of starch, 
sedimentation tests in laboratory scale were carried out in 
a graduated cylinder with a volume of 1 l. Sedimentation 
tests are performed for different concentrations of 0, 100, 
500, 1000, 2000, and 4000 g/t of starch; these values are 
selected based on experience gained on an industrial scale. 
Flocculants were added to the graduated cylinder after the 
preparation of pulp at 14 wt%. The mud line height was 
then read at different times for each flocculant concentration 
and the mud line height diagram versus time was plotted. It 
should be noted that, the conditions in all tests performed 
were the same.

In order to study the effect of starch concentration on the 
particle settling rate in the middle thickener, an industrial-
scale test was conducted. Five hundred kilograms of starch 
(concentration about 23 kg/t or 23,000 g/t) was added to the 
middle thickener feed (cleaner concentrate box 2) during a 
working shift, at the molybdenum processing plant. Then the 
solid percentage of thickener discharge and the overflow was 
measured in several shifts. Grade analyses were also per-
formed for underflow and overflow to determine the chemi-
cal composition. Also, microscopic studying of polished 
sections prepared from overflow and underflow samples 
has assessed the effect of this flocculant on particle settling.

2.2.2  Flotation Tests (Laboratory Scale)

Flotation tests (in laboratory scale) were performed on pulp 
samples containing different concentrations of starch (0, 
500, 1000, and 2000 g/t). In each test, flotation was per-
formed after adding the desired concentration of flocculant 
to the pulp and after settling time passed. In each flotation 
test, 2 drops of gas oil were used as a collector and 15 kg/t 
of sodium sulfide (equivalent to 40 ccs) was used to depress 

copper. The density of the prepared pulp was 1.17 g/cm3 and 
its solid weight percentage was 20. After pulp conditioning 
for 5 min in the flotation cell, concentration was performed 
for 6 min. Concentrate and tailing were then analyzed to 
determine the amount of molybdenum by the atomic adsorp-
tion method and copper content by chemical method (XRF). 
Finally, the recovery of each of these elements is calculated 
using Eq. 1, where f, c, and t are the percentages of the ele-
ment in the feed, concentrate, and tailing, respectively.

3  Results and Discussions

3.1  Effect of Starch Flocculant on Particle Settling 
Rate in the Laboratory and Industrial Scale

The results of solid particle sedimentation under condi-
tions using different amounts of starch are shown in Fig. 4. 
According to the figure, the height of the mud line decreased 
as the amount of starch increased by volume. In other words, 
at high concentration of flocculant (2000 and 4000 g/t), 
after 50 min, it is observed that the slope of mud line height 
decreases or that is, the rate of pulp settling without starch 
(approx. 0.5 ml/min) is more than pulp containing 4000 g 
of starch. However, since in the thickeners, the rapid parti-
cle sedimentation is the main target, when using starch at a 
concentration of 4000 g/t, in the initial 12 min, the particles 
settle at 37.87 ml/min. The settling rate is more than 3 times 
faster in this case, in comparison to the flocculant-less test.

Clearly, with increasing concentration of flocculant, the 
particle settling rate in thickener increases. The accuracy 
of this statement is also shown in Fig. 5. In performing 
industrial-scale sedimentation testing, the main targets are 
included the fast particle settlement, and checking the qual-
ity of the underflow and overflow of the thickener, as well as 
assessing molybdenite particles wasted in the thickener over-
flow. For this purpose, 500 kg of starch has been added to 
the middle thickener feed (in industrial scale). Evaluation of 
the data on the solid percentage of overflow and underflow 
pulp of the middle thickener at industrial scale, before and 
after starch injection, indicates the proper efficiency of this 
flocculant in the settling of Cu/Mo particles. Figure 5 shows 
the solid percentages of feed, overflow, and underflow pulp 
from flotation cells and transferred to the middle thickener 
(overflow pulp from flotation cells collected on the factory 
floor and transferred to the middle thickener). According 
to the figure, the solid percentage of overflow after adding 
starch decreased from 0.083 to 0.013 wt%. The study of 
molybdenum content showed that before adding starch to 

(1)R =
c(f − t)

f (c − t)
× 100
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the middle thickener, molybdenum content was 20.52 wt% 
for overflow and 15.20 wt% for underflow. This means a 
significant portion of the molybdenite particles are recov-
ered to the overflow and recycled to the thickener through 
the overflow stream and in some cases are returned to the 
rougher flotation stage.

According to the circuit in Fig. 2, the underflow of the 
thickener is the feed of the primary ball mill. Thus, for starch 
injection, the solid percentage of the underflow should 
also be considered. According to Fig. 5, adding 500 kg 
of starch (experimentally) to the feed of the middle thick-
ener resulted in the production of pulp with 41 wt% at the 
underflow. Given that the solid percentage of pulp suitable 
for the primary ball mill feed is 50 wt%, it is necessary to 

re-concentrate the underflow pulp or use more dosages of the 
flocculant. For example, according to Fig. 4, by increasing 
the amount of starch to 1000 g/t, the height of the mud line 
was reduced, resulting in an increase in the solid percentage 
of pulp.

3.2  Process Mineralogy Molybdenite Settling 
in Middle Thickener (Industrial Scale)

The feed, overflow, and underflow of the middle thickener in 
the molybdenum processing plant were sampled after using 
500 kg of starch flocculant. In order to investigate the size 
and shape distribution of copper-molybdenite particles trans-
ferred to the overflow and underflow of the thickener, they 

Fig. 4  Mud line height-time 
curves, for different concentra-
tions of starch (lab scale)
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were subjected to size distribution analysis. Also, polished 
sections of the specimens were prepared and microscopic 
studies were performed. In Fig. 6, the graphs of the size 
distribution of the second cleaner concentrate (middle thick-
ener feed) and underflow of thickener are shown. According 
to the figure, the underflow of the thickener has a finer size 
distribution than the feed, so that d90 of underflow and feed 
of the thickener are 43.83 µm and 51.135 µm, respectively. 
According to the graphs shown in Fig. 6, in fine size frac-
tions, feed and underflow of thickener have almost the same 
particle distribution. While in the size fractions of (7–15) 

µm and (15–28) µm, thickener underflow has a finer particle 
size distribution than feed. In particles larger than 30 µm, 
this trend can be seen with less difference.

Microscopic studies were carried out using a polariz-
ing optical microscope, equipped with a digital imaging 
camera. For each case, five polished sections have been 
studied. These studies of minerals in overflow and under-
flow of thickener after adding starch indicated that larger 
particles were introduced to the overflow of thickener. 
Microscopic images of these sections are shown in Fig. 7. 
Copper and molybdenum content in the overflow sample 

Fig. 6  Size distribution of feed 
and underflow of the middle 
thickener determined using laser 
particle size analyzer
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of thickener is 10 and 30 wt%, respectively. The particles 
transferred to the overflow of thickener are almost uni-
form in size. Studies of the flocculant property of starch 
have shown that this polymer has a better efficiency in 
bonding the fine particles to each other [16]. Therefore, 
the access of coarse and plate-like molybdenite particles 
to the overflow can be attributed to the starch’s inabil-
ity to make bridges (due to surface charge variations of 
molybdenite particles in the plate state relative to fine 
particles). There are many more plausible explanations 
for this type of behavior. These plate-shaped  MoS2 par-
ticles may be buoyant because they have bubbles (more 
specifically nano-bubbles) nucleated on the surface that 
persist after the prior flotation stages. There may also be 
less efficient inter-particle collisions that lead to floccula-
tion with plate-shaped  MoS2 due to hydrodynamic effects. 
High aspect ratio particles may also settle more slowly in 
concentrated conditions, leading them to overflow. It is 
also possible that diesel preferentially interacts with the 
flat hydrophobic face of plate-shaped  MoS2 and reduces its 
interactions with starch. The polished section image also 

shows the fine particle access to the underflow. In contrast 
to molybdenum, in the underflow, the copper content is 
about twice as much in the thickener overflow. Minerals 
in the underflow of the middle thickener were included 
molybdenite (39.55%), chalcopyrite (37.43% with 34% lib-
erated particle and 3.43% interlocked with gangue), and 
pyrite (13.26%), covellite (1.77%), and bornite (0.65%).

The chemical analysis of the underflow and overflow of 
the thickener for the elements of molybdenum, iron, and 
total copper is given in Table 2. Due to the high grades of 
molybdenum and copper in the thickener overflow, it can 
be said that starch has a better performance in flocculating 
minerals containing both Cu and Fe than Mo. According 
to previous research done by Han et al., starch binds more 
strongly with Fe in the surface of minerals. The reason 
for this phenomenon is the formation of Fe–O/-OH bonds 
between starch OH groups with Fe [17]. Generally, dur-
ing the flocculation process between the surface of the 
minerals and the polymer, complex interactions occur, 
usually in several steps. First, creating electrostatic forces 
at the mineral and polymer surface. Second, hydrophobic 
interactions between the nonpolar portions of the polymer 
chain and the hydrophobic regions of the mineral surface 
occurred. Then, the interaction between the hydroxyl poly-
mer groups with the metal hydrated sites on the mineral 
surface, and finally chemical bonding between the organic 
groups (such as carboxylate or sulfonate) and metal cations 
on the mineral surface done [18, 19].

Having 20% of molybdenum grade in thickener over-
flow and comparing with the feed and underflow grades 
indicates that a significant fraction of molybdenite mineral 
is transferred to the overflow of thickener. The intrinsic 
floatability of molybdenite is due to its textural properties 
such as flatness, particle size, longitudinal elongation ratio, 
and smooth surfaces. Flat and stretched particles result in 
poor bonding of the particle to the polymer, thereby reduc-
ing their settling ability. Hence, molybdenite sedimenta-
tion behavior is the result of a combination of intrinsic 
flotation properties and particle morphology (shape and 
size). Molybdenite particles with higher aspect ratios (the 
ratio of the main axis to the smaller axis) have a greater 
chance of reaching the overflow of thickener.

Fig. 7  Distribution of minerals in (A) overflow and (B) underflow 
of thickener (Mo, molybdenite; Cv, covellite; Cpy, chalcopyrite; Py, 
pyrite; Cc, chalcocite)

Table 2  Chemical analysis of overflow and underflow samples of 
middle thickener in molybdenum plant (XRF to determine Cu and 
AAS to measure Fe and Mo)

Element Mo Fe Cu

Feed 16.30 17.50 17.03
Underflow 15.20 17.57 18.02
Overflow 20.52 9.75 5.00
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3.3  Effect of Starch on Grade and Recovery 
of Molybdenum During the Flotation Process 
(Lab Scale)

As mentioned in previous sections, the major limitation of 
using starch for middle thickener in the molybdenum pro-
cessing plant is its impact on the recovery of molybdenum 
flotation. Starch forms colloidal particles in the pulp, which 
can accumulate on the surface of minerals and prevent flota-
tion of minerals by a similar function to the coatings. These 
substances depress minerals and do not act selectively [11]. 
Recovery values of molybdenum flotation in the presence 
of different dosages of starch are shown in Fig. 8A. Results 
showed that molybdenum recovery increases slightly with 
increasing starch content to 1000 g/t, but decreases by 12% 
with increasing starch content to 2000 g/t. It is generally 
believed that organic polymers such as starch form a hydro-
philic layer on the surface of minerals, preventing them 
from contacting and adsorbing the collector (gasoline used 
as molybdenite collector aid), with increasing the concen-
tration of starch the thickness of this layer increases [17, 
20]. Comparing these results with Fig. 4, it can be said that 
although 1000 g/t of starch is an optimal value for recovery 
of molybdenum flotation, this value does not have a signifi-
cant effect on flocculation in the thickener. This means the 
higher amounts of starch had a better effect on flocculation 
(in terms of settling time and concentration). In a similar 
study by Castro and Laskowski (2015), about the effect of 
dextrin (which has a similar chemical structure and com-
position to starch), it is also observed that with increasing 
dosages of dextrin at different pH values, the molybdenite 
contact angle with the air bubble decreases, which ultimately 
reduces the recovery of molybdenum.

Figure 8B shows the molybdenum grade versus dosages 
of the starch graph, with the highest molybdenum content 
being obtained at 1000 g/t of starch and the grade reduces 
in less and more starch dosages. In addition to flocculant 
concentration, the polymer-type is another factor influencing 

the flocculation process. Typically, organic flocculants with 
longer chains are more efficient during the flocculation pro-
cess. However, when they are exposed to the shear stress 
of flotation cells, they break into smaller fragments. As the 
flocculant breaks down into smaller chains, it is depressing 
effect increases, especially in the case of fine particles [2]. 
Therefore, it can be stated that the use of lower molecular 
weight polymers in the dewatering process is not necessarily 
beneficial for molybdenite flotation.

3.4  Effect of Starch on the Flotation of Copper 
Minerals to Molybdenum Concentrate (Lab 
Scale)

In order to investigate the effect of starch on copper access to 
molybdenum concentrate, the amount of copper content on 
molybdenum concentrate and tailings (Cu concentrate) were 
analyzed. The corresponding grade and recovery parameters 
were calculated. Copper minerals access to molybdenum 
concentrate during the flotation process, in addition to reduc-
ing grade and recovering molybdenum, lead to the loss of 
copper minerals. It should be noted that, by the standards 
available in the commercial metal markets, the amount of 
copper in the molybdenum concentrate should be less than 1 
wt% and the molybdenum content should be above 50 wt%. 
Deviation from these values will reduce the price per ton of 
molybdenum concentrate (or conventionally so-called fines) 
based on the amount of copper present in the concentrate. 
Figure 9 shows the grade diagrams of floated copper miner-
als to molybdenum concentrate in the presence of different 
amounts of starch. The use of 500 g/t starch (compared to 
other conditions) resulted in the flotation of more particles of 
copper-containing minerals into molybdenum concentrate, 
while 2000 g/t of starch leads to the highest grade of copper 
in molybdenum concentrate. The resulting graph also shows 
that 1000 g/t of starch was the most suitable result. In this 
case, the copper content of the molybdenum concentrate is 
lower than in other cases.

Fig. 8  Diagram of (A) recovery 
and (B) grade versus starch dos-
age in molybdenum flotation
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In general, the study of changes in copper grade in molyb-
denum concentrate by changing the amount of starch from 
zero to 2000 g/t shows the best results in the case of using 
1000 g/t of starch flocculant. In this case, the recovery of 
copper to molybdenum concentrate is in the lowest possible 
amount compared to other cases. This is also confirmed in 
the recoveries obtained for molybdenum because according 
to Fig. 8, the highest grade and recovery for molybdenum 
at a concentration of 1000 g/t of starch have been obtained. 
According to the study done by Han et al. (2019), starch 
(and generally all chemicals used in flotation) is adsorbed in 
the interface of the mineral and the solution and affects the 
surface electrical properties of the mineral. Measurement of 
zeta potential of chalcopyrite mineral surface at different pH 
values in the presence of starch has shown that this polymer 
has little effect on chalcopyrite surface potential and hence 
its flotation properties. However, the effect of starch on other 
sulfide minerals is significant and their zeta potential has 
decreased significantly with increasing starch concentration.

3.5  Effect of Starch on the Floatability of Mo‑ 
and Cu‑Bearing Minerals in the Industry‑Scale 
Flotation

The changes in the grade of Mo and Cu in molybdenum con-
centrate, before and after adding starch to the middle thick-
ener (on an industrial scale), are presented in Fig. 10, for 6 
working shifts (each shift is equivalent to 8 h). The grade of 
Mo in molybdenum concentrate is 48.70% in the absence of 
starch flocculant. As can be seen by adding starch to the mid-
dle thickener, the molybdenum grade in the final concentrate 
is increased and during different shifts, the grade fluctuates 
in the range of 2%. The grade of Cu in the final molybde-
num concentrate in the non-starch state is 5.22%. By adding 
starch to the middle thickener, the grade of Cu element in the 
final concentrate has been significantly reduced.

The changes in the recovery of Mo and Cu in the final 
concentrate of molybdenum, before and after adding starch 
to the middle thickener (on an industrial scale), are presented 

Fig. 9  Diagram of (A) recovery 
and (B) grade of copper versus 
starch dosage in molybdenum 
flotation
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of Mo and Cu in molybdenum 
concentrate before and after 
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in Fig. 11, for 6 working shifts. According to the calculated 
recovery for Mo and Cu, recovery of Mo has been increased 
by adding starch, while the recovery of Cu to molybdenum 
concentrate is reduced. Increasing the recovery of molybde-
num has been tangible. So, in some operational shifts, the 
amount of molybdenum recovery has increased by about 
10%. By adding starch to the middle thickener, the recov-
ery of copper to the molybdenum concentrate has been 
decreased about 1.5%.

4  Conclusion

Thickeners are used in various parts of the molybdenum 
processing circuit to dewater and increase the percentage 
of solid pulp. Due to the necessity of using flocculants at 
thickeners, the floatability of molybdenite (molybdenite is 
a natural hydrophobic mineral) is greatly affected by floc-
culants. According to the results of this study (in lab scale), 
high amounts of starch-based flocculant (wheat starch) 
(about 4000 g/t) are needed to increase the efficiency of the 
middle thickener. In this case, the maximum settling veloc-
ity is obtained and after 12 min, more than 50 wt% of the 
particles has settled. The use of this volume of starch results 
in the depression of molybdenite particles during the flo-
tation process and a sharp drop in recovery. Because the 
flocculants are exposed to the shear field of the cell and 
broke into smaller fragments, their depressing properties 
increase. On the other hand, with the increasing concentra-
tion of these polymers and due to their chains being broken 
(during the flotation process), their depressing properties 
will be increased.

The use of 500 kg of starch on an industrial scale has 
resulted in the d90 of the underflow of the thickener reach-
ing 43.837 µm, while this value of the feed was 51.135 µm. 
Microscopic studies also show that large-sized and 

flat-shaped molybdenum particles are transferred to over-
flow, due to the inability of the particles to bind to the poly-
mer. Generally, the optimum amount of starch in molybde-
num flocculation is 1000 g/t, which in addition to a 5 wt% 
increase in molybdenum recovery, resulted in a 10 wt% 
decrease in the amount of floated copper minerals to molyb-
denum concentrate (copper was depressed). Therefore, it is 
recommended to consider the use of 1000 g/t starch at the 
industrial scale for middle thickeners of molybdenum pro-
cessing plants. It is also recommended to use other similar 
technologies such as hydrocyclones or dewatering cones to 
increase efficiency instead of thickener.
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