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Abstract

This study examines the influence of grinding fineness on concentrate grade, product yield, and copper, molybdenum, and gold
recovery during flotation beneficiation of copper-molybdenum ore from the Kalmakyr deposit. Five grinding conditions were
compared, corresponding to 57%, 60%, 65%, 70%, and 80% by mass passing 0.074 mm. The evaluation was based on the
reported assays, yields, and recoveries of flotation products under the investigated flowsheet. Increasing the proportion of
material passing 0.074 mm from 57% to 70% raised copper recovery from 83.79% to 88.73%. At 70% passing 0.074 mm, the
combined concentrate yield was 7.76%, with grades of 3.82% Cu, 0.039% Mo, and 5.02 g/t Au; corresponding recoveries were
88.73% Cu, 82.61% Mo, and 77.80% Au. At 80% passing 0.074 mm, copper, molybdenum, and gold recoveries increased further
to 89.01%, 83.14%, and 79.67%, respectively, while the combined concentrate yield was 7.72%. Thus, the finer grinding
condition delivered the highest reported recoveries, whereas the 70% condition provided a slightly coarser alternative with
recoveries close to those obtained at 80%. Without grinding-energy or operating-cost measurements, an economic optimum
cannot be demonstrated from these data alone. The manuscript also discusses staged addition of spindle oil, regrinding, and the
possible inclusion of centrifugal gravity concentration. These process modifications are distinguished from the grinding-fineness
comparison and should not be interpreted as verified improvements without matched experimental controls. The findings provide
an experimental basis for comparing practical grinding targets for the investigated ore and identify the additional measurements
required before final process optimization.
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1. Introduction

Copper-molybdenum sulfide ores are typically ground be-
fore flotation, and liberation, particle-size distribution, pulp
chemistry, and reagent conditions influence metal recovery [1,
4, 5]. Grinding that is too coarse can limit liberation, while
unnecessary fine grinding may increase energy demand [1, 2,
8]. Process-mineralogical investigations indicate that flotation
of molybdenite depends on its association with copper sulfides
and the process environment [3, 5, 6]. Recent studies address
selective Cu-Mo flotation through depressants [10-12], oxida-
tion-based separation [13, 14], and the composition of circu-
lating water during grinding and flotation [15]. These studies
illuminate mechanisms governing Cu-Mo separation, but their
reagent systems and ore contexts differ from the grinding-
fineness comparison reported here. The specific question ad-
dressed in this work is how the fraction passing 0.074 mm af-
fects the combined-concentrate grade, yield, and Cu, Mo, and
Au recoveries for Kalmakyr ore under the reported flotation
flowsheet. [7, 9, 15] Five fineness levels were compared; the
results were interpreted without assuming that the greatest re-
covery necessarily yields the lowest overall processing cost.

2. Materials and Methods

Terminology is standardized throughout this manuscript as
follows: grinding fineness refers to the mass percentage of
ground ore passing 0.074 mm; concentrate grade denotes the
content of a specific metal in the concentrate; concentrate
yield denotes the concentrate mass relative to the feed; metal
recovery denotes the percentage of a metal in the feed report-
ing to a specified product; combined concentrate denotes the
aggregate of the separately collected flotation-stage concen-
trates; and mass balance denotes the accounting of feed and
product masses and contained metals. Regrinding refers spe-
cifically to subsequent grinding of a flotation product. Slime
generation during finer grinding is a potential process effect
but was not directly measured in this study; it is not used to
explain the product-yield balance.

The test material was copper-molybdenum ore from the
Kalmakyr deposit. Five ground-feed conditions were evalu-
ated, with 57%, 60%, 65%, 70%, and 80% by mass passing
0.074 mm. The products were processed according to the flo-
tation arrangement in Figure 1, which identifies successive
flotation stages and nominal stage durations. The combined
concentrate yield, Y (%), denotes 100 times the mass of com-
bined concentrate divided by the feed mass. Metal recovery,
R (%), was evaluated from product mass yield and the corre-
sponding metal assays relative to the feed metal assay: R =Y
x<Gc / Gf, where Ge and Gf are concentrate and feed grades
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in consistent units. Table 1 reports the product yields, grades,
and recoveries as supplied in the study data. The available
manuscript does not document feed sample mass, grinding
equipment and duration, pulp solids concentration, flotation
cell specifications, complete reagent dosages, pulp pH, inde-
pendent replicate count, or uncertainty estimates; these param-
eters must be provided from the laboratory records for full re-
producibility. The staged spindle-oil and gravity-concentra-
tion proposals are discussed separately from the five-condi-
tion grinding series; the reported material does not establish a
matched-control experimental comparison for these proposed
modifications.

Material-balance interpretation: flotation-stage concen-
trates in Table 1 are intermediate component streams that are
included in the reported combined concentrate. Only the final
combined concentrate and flotation tailings are summed to as-
sess overall yield. The mass recovery balance is therefore not
obtained by summing every row of Table 1. In Tables 2 and 3,
the corrected values provided by the authors are used. Where
feed, concentrate, and tailings assays differ slightly on recon-
struction, the distinction reflects the numerical precision
shown; direct verification against laboratory records is recom-
mended. The reported values do not provide all raw masses,
flotation conditions, or replicate statistics, and these cannot be
reconstructed reliably from the summary tables.

3. Results and Discussion

3.1. Effect of Grinding Fineness on Flotation
Performance

To assess the effect of grinding fineness on flotation perfor-
mance, the proportion of material passing 0.074 mm was var-
ied at five levels: 57%, 60%, 65%, 70%, and 80% by mass.
The experimental flotation flowsheet is shown in Figure 1.

Raising the fraction passing 0.074 mm from 57% to 70%
increased copper recovery from 83.79% to 88.73%. At 80%
passing 0.074 mm, copper recovery increased further to
89.01%; the corresponding differences between 70% and 80%
were 0.28 percentage points for Cu, 0.53 for Mo, and 1.87 for
Au.

At 70% passing 0.074 mm, the combined concentrate con-
tained 3.82% Cu, 0.039% Mo, and 5.02 g/t Au, with respective
recoveries of 88.73%, 82.61%, and 77.80% and a yield of
7.76%. This setting is a candidate for limiting additional
grinding because recoveries were close to those observed at
80%; however, no grinding-energy or cost data are reported to
justify designating 70% as an established economic optimum.
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Figure 1. Principal flowsheet for flotation beneficiation of the ore samples.

The highest reported Cu, Mo, and Au recoveries occurred at 80% passing 0.074 mm (89.01%, 83.14%, and 79.67%). Selection
between 70% and 80% therefore requires an explicit technical or economic criterion, including measured energy demand, oper-
ating cost, or a product specification. See Table 1.

Table 1. Results of selecting the optimal grinding fineness for flotation.

Grade,% Recovery,%
Grinding fineness Product Yield,%
Au, g/t Cu Mo Au Cu Mo
Rougher flotation concentrate [ 0.88 17.06 18.56  0.085 3128  52.68  22.01
Rougher flotation concentrate 11 4.45 2.9 1.40 0.029 2690 20.03 37.84
Rougher flotation concentrate 111 1.60 2.38 1.32 0.027 7.93 6.80 12.70
57% -0,074 MM Scavenger flotation concentrate 1.00 2.9 1.33 0.014 6.05 4.28 3.97
Combined flotation concentrate 7.93 437 3.28 0.033 7217 8379  76.51
Flotation tailings 92.07 0.15 0.075  0.0009 27.83 1621 2349
Feed ore 100.00 0.48 0.32 0.0034 100.0  100.0  100.0
Rougher flotation concentrate [ 1.23 17.09 1627  0.104 4230  62.55  32.09
Rougher flotation concentrate II 4.90 243 1.10 0.025 2399 16.81 3031
Rougher flotation concentrate 111 1.25 2.20 1.11 0,033 5.54 4,32 10.42
60% -0,074 Mmm
Scavenger flotation concentrate 0.70 1.74 0.91 0.014 2.45 2.00 2.45
Combined flotation concentrate 8.08 4.57 3.39 0.037 7428  85.67  75.28
Flotation tailings 91.92 0.14 0.05 0.001 2572 1433 2472
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Grade,% Recovery,%
Grinding fineness Product Yield,%
Au, g/t Cu Mo Au Cu Mo
Feed ore 100.00 0.497 0.335  0.004 100.0  100.0  100.0
Rougher flotation concentrate [ 1.19 18.41 1839  0.118 4329 6455 3591
Rougher flotation concentrate I1 4.65 2.52 1.15 0.022 23.20 15.71 25.72
Rougher flotation concentrate I1I 1.55 2.34 1.24 0.031 7.17 5.66 12.47
65% -0,074 Mm Scavenger flotation concentrate 0.65 2.22 1.08 0.017 2.85 2.07 2.78
Combined flotation concentrate 8.04 4.81 3.71 0.037 76.50 8798  76.28
Flotation tailings 91.96 0.13 0.04 0.001 2350 12.02  23.12
Feed ore 100.00 0.506 0.339  0.0039 100.0  100.0  100.0
Rougher flotation concentrate [ 1.31 16.76 1776 0.128 43.82  69.65  45.27
Rougher flotation concentrate 11 4.75 2.89 0.94 0.022 27.43 13.31 28.14
Rougher flotation concentrate 111 1.10 1.93 1.24 0.024 4.24 4.08 7.11
70% -0,074 MM Scavenger flotation concentrate 0.60 1.93 0.95 0.013 2.31 1.70 2.10
Combined flotation concentrate 7.76 5.02 3.82 0.039 77.80  88.73  81.79
Flotation tailings 92.24 0.12 0.04 0.0007 2220 11.27 17.39
Feed ore 100.00 0.501 0.334  0.0037 100.0  100.0  100.0
Rougher flotation concentrate [ 1.33 17.19 17.9 0.139 4544  70.66  47.52
Rougher flotation concentrate 11 4.79 2.90 0.89 0.022 27.57 12.67 2744
Rougher flotation concentrate 111 1.00 2.16 1.33 0.022 4.29 3.95 5.73
80% -0,074 mMm Scavenger flotation concentrate 0.60 1.99 0.97 0.016 2.37 1.73 2.45
Combined flotation concentrate 7.72 5.19 3.89 0.042 79.67  89.01 83.14
Flotation tailings 92.28 0.11 0.04 0.0007 2033 1099  16.86
Feed ore 100.00 0.503 0.337  0.00388 100.0  100.0  100.0

Table 1 presents the yields and metal recoveries of individ-
ual flotation-stage concentrates together with their aggregate,
the combined flotation concentrate. The individual stage con-
centrates are component products already included in the com-
bined concentrate and must not be counted again when calcu-
lating the overall mass balance. The overall product-yield bal-
ance was therefore assessed using only the combined flotation
concentrate and final flotation tailings. For grinding fineness
levels of 57%, 60%, 65%, 70%, and 80% passing 0.074 mm,
the reported concentrate and tailings yields total 100.00% in
each case. In particular, at 80% passing 0.074 mm, the com-
bined concentrate yield is 7.72% and the final tailings yield is
92.28%, giving a total of 100.00%. The approximately 7-9
percentage-point apparent excess arises only if the intermedi-
ate concentrates are added again to the already aggregated
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concentrate. These product-yield balances should be distin-
guished from metal-recovery balances, which require separate
verification using product assays and feed composition. The
reported results do not provide evidence that slime generation
caused losses in the measured products.

A staged spindle-oil dosage totaling 20 g/t (10 g/t during
initial grinding and 10 g/t during concentrate regrinding) is
proposed for further evaluation. The original manuscript also
mentions 7.5 g/t as a reference dosage, but does not provide a
complete controlled test series establishing the incremental
impact of this change. Accordingly, the suggested scheme is a
process hypothesis rather than a demonstrated causal im-
provement.
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Figure 2. One-stage flotation flowsheet for copper ore beneficiation.

Figure 2 and the revised Table 2 present the reported single-
stage flotation configuration and its Cu-Mo combined concen-
trate. The table has been replaced with the author-supplied re-
vised dataset. Concentrate and tailings yields sum to 100%,

and reported Au, Cu, and Mo recoveries each sum to 100%.
These data describe the reported operating scheme, but do not
by themselves isolate the effect of staged reagent addition
without a matched controlled comparison.

Table 2. Results of the revised one-stage flotation scheme (author-supplied corrected material balance).

Grade
Product Yield (%)
Feed ore 100.00 0.33
Combined Cu-Mo concentrate 1.69 15.87
Final tailings 98.31 0.063

Mass-balance verification (revised Table 2): product yields
total 1.69% + 98.31% = 100.00%; Au, Cu, and Mo recoveries
total 100.00% for each metal. The values are reproduced from
the corrected table provided by the authors; primary analytical
records should remain available for verification.

Using reported product yields and grades, approximate re-
constructed feed assays are Cu 0.3302%, Mo 0.00370%, and
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Recovery,%
0.0037 0.5 100.00 100.00 100.00
0.1507 18.4 81.27 68.85 62.19
0.00117 0.192 18.73 31.15 37.81

Au 0.4997 glt; these agree with the listed feed assays within
displayed precision.

The reported metallurgy is therefore arithmetically con-
sistent at the shown precision; a causal attribution to a partic-
ular reagent strategy still requires comparative experiments.
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Figure 3. Tivo-stage flotation flowsheet for copper ore.

Table 3. Results of the revised two-stage flotation scheme (author-supplied corrected material balance).

Product Yield (%) Cu (%) Mo (%) Au (g/t) Cu recovery (%) Mo recovery (%) Au recovery (%)
Feed ore 100.00 0.33 0.0037 0.5 100 100 100

Concentrate 5.0 5.28 0.0562 4.5 80 76 45

Tailings 95.0 0.070 0.00094 0.289 20 24 55

Mass-balance verification (revised Table 3): product yields
total 5.0% + 95.0% = 100.0%, and reported Cu, Mo, and Au
recoveries each total 100%. Product-grade-weighted feed as-
says are approximately 0.3305% Cu, 0.003703% Mo, and
0.49955 g/t Au, consistent with the rounded feed values.

For the reported two-stage configuration, the revised Table
3 gives a concentrate yield of 5.0% and a final-tailings yield
of 95.0%, with 80% Cu, 76% Mo, and 45% Au recovery to
concentrate. The revised Table 2 represents a different re-
ported configuration (1.69% concentrate yield, with 81.27%
Cu, 68.85% Mo, and 62.19% Au recoveries), so the earlier
statement that copper recovery necessarily rose from 75.3% to
80.0% is no longer supported by these two revised tables. An
experiment-matched comparison is necessary before inferring
improvements from regrinding or reagent staging.

3.2. Gravity-flotation Approach and Mineral
Associations

A centrifugal gravity-concentration step is proposed as a
possible means of recovering liberated gold prior to flotation.
The present manuscript does not provide a fully specified
comparative gravity-test dataset, equipment operating param-
eters, or recovery balance sufficient to quantify an improve-
ment attributable to this addition. It is therefore identified as a
proposed process option requiring experimental validation.

Mineralogical association analysis showed that the major
portion of gold occurs in association with chalcopyrite and py-
rite, accounting for 26.73% and 23.08%, respectively. A fur-
ther 10.2% of the precious metal was associated with rock-
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forming minerals. The relatively small amount of gold associ-
ated with other minerals indicates that their contribution to the
overall distribution is limited.

4. Conclusions

The grinding tests demonstrated that the proportion of the
—0.074 mm fraction is a key parameter controlling flotation
performance of the investigated Kalmakyr copper-molyb-
denum ore.

At 70% passing 0.074 mm, the reported combined concen-
trate yield was 7.76%, with grades of 3.82% Cu, 0.039% Mo,
and 5.02 g/t Au, and recoveries of 88.73% Cu, 82.61% Mo,
and 77.80% Au. The data support 70% as a candidate compro-
mise fineness, not a demonstrated universal optimum, because
recoveries at 80% were higher.

The 80% passing 0.074 mm condition produced the highest
reported metal recoveries, although the increases relative to
70% were relatively small (Cu +0.28, Mo +0.53, and Au +1.87
percentage points). The 70% condition may represent a prac-
tical alternative if the reduction in grinding demand is demon-
strated to justify the recovery trade-off. Since grinding energy
and cost were not measured in the reported dataset, an overall
optimum cannot yet be established.

Staged spindle-oil addition, regrinding, and gravity concen-
tration are proposed technological options; their benefits re-
quire controlled comparative trials and reconciled product bal-
ances before quantitative performance claims can be made.

Further work should report grinding energy, reagent and flo-
tation conditions, experimental repeatability, and complete Cu-
Mo-Au mass balances to confirm the preferred operating point.
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