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ABSTRACT

The energy requirement for liberating valuable minerals from their
associated gangue is determined by the comminution process of the
ores, which is often quite expensive and can be as high as 50% of the
total energy needed in mineral processing plants. Hence, the need for
determination of Zankan Spodumene comminution parameters with
no prior data sheet cannot be overemphasised. Spodumene obtained
from Zankan Village, Nigeria, was subjected to grindability test using
granite and magnetite as reference materials. Sieve analysis was
carried out using laboratory sieve shaker. Homogenized samples
were obtained by Coning-quartering and riffle splitter methods were
processed for chemical compositional analysis using ICP-OES. Lastly,
work index of Zankan spodumene was determined, in line with Bond
modified energy equation. Grindability tests showed that Fsoy for
Spodumene, Granite and Magnetite were 553.82, 357.68 and 418.85
um, while Pgoy, were 257.02, 177.42 and 242.67 um, respectively,
work index was then obtained to be 16.3 kWht and 10.24 kWht
considering Granite and Magnetite as reference materials.
Liberation study shows 75 um sieve size as the liberation size, having
the highest-grade value of lithium content. Experimental parameters
attained from this study will be relevant to the processing of the
Zankan Spodumene as a critical primary source of lithium for next-
generation energy storage systems, particularly for lithium-ion
battery production.
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1. INTRODUCTION

The growing projection of lithium resources
has necessitated the development of an
efficient process route being an cleaner
alternatives and energy storage capabilities
making renewable technologies to cut back
from traditional infrastructure networks, so,
the demand for lithium has been forecasted to
expand significantly over the coming decade as
a critical element in the chemistry of lithium-
ion batteries, then, to recover lithium products
from its host rocks [1], particularly the
comminution process and its parameters.
These parameters over the year still remain the
most considered tools in the design,
assessment and optimisation of comminution
units around the globe [2]. Comminution of
solid materials involves a sequence of crushing
and grinding to reduce the particle size of run-
of-mine to the desired level [3, 4]. It is an
important test in the design of beneficiation
plants [5]. Comminution parameters provide
information about the particle size distribution
required for mineral liberation and the
determination of work index [6-8].

However, these parameters (work index and
liberation size determination) are an energy-
intensive process, which amounts to 30-50% of
the total power consumption in mineral
processing plants [9, 10] while 30-70% of the
overall energy used goes to mining operations
[11]. Reducing the energy consumed, in turn
cutting down the associated cost of grinding
working index in the absence of standardised
machinery, though determination of work index

of materials is done in different ways, which has
been explored by various researchers as
summarised in Table 1, ranges from preparation
of the ore, types, quantity, as well as the feed size
of the ore and many other conditions [12].

The Bond Work Index (BWI) is widely used to
quantify ore grindability and to estimate the
specific energy demand for size reduction. In
lithium processing operations, high BWI values
are directly linked to increased electrical
energy consumption and operating costs,
which are increasingly scrutinised in the
context of sustainable battery-materials
production [13]. The comparative grindability
test was considered by [9, 14-16] for the
determination of the work index of an ore. Also,
determination of Liberation size which has to
do with deportment of mineral of interest
across the particle size determine by chemical
compositional examination [3, 17], for which
Insufficient liberation may lead to poor
flotation selectivity, elevated impurity levels,
and reduced lithium recovery, thereby
compromising downstream processing
efficiency and final product quality [18, 19].
Within this context, the present study
investigates the comminution behavior, Bond
Work Index, and liberation characteristics of
Zankan spodumene ore, with the objective of
assessing their implications for lithium
recovery and suitability for energy-storage
applications. By linking mineral processing
performance with the quality demands of
lithium-ion battery materials, this work will
contribute to the development of more energy-
efficient and resilient lithium supply chains.

Table 1. Different methods for work index determination [12].

Methods Sample Mass Required (Kg) Relative error (%) Remarks
Bond (Standard) 10
Todorovic 2 0.3
Gharehgheshlagh 10 3.5 Size calculation
Host 5 8.4 Applicable to all mills, reference ore required
Ahmadi 5 6.8
Ahmadi (Mod.) 5 3.5 Database required
Berry 1 6.3 Applicable to all mills, reference ore required
JKBBM 4 3.5
Kapur 3 9.5
Kapur (Mod.) 3 3.5 Database required
Carr 3 5.1
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Carr (Mod.) 5 1.7 Applicable when using three cycles
Smith & Lee 2 16.6 Methods not in use
Lewis 2 Low cum. passing for homogenous ores
MiniBond 4 Used for calculating productof any size
Armstrong 3 Test for wet grinding in a rod mill
Aksani 2 Low cum. passing for homogenous ores
Anconda 2 Applicable to all mills, reference ore required

2. EXPERIMENTAL PROCEDURE
2.1 Material preparation and experimental tests

The sample materials used for experimental
work were obtained from Zankan village, Jemaa
LGA of Kaduna state, Nigeria. Ore Samples
collected at five different pits were crushed
using a jaw crusher operated at 415V, 50Hz,
4000w, and 8.1A. The crushed ore samples
were then pulverised using a Ball Mill that was
operated at 220-240V, 50Hz, 370W, and 3.8A.
The ground ore was then homogenised and
sampled using coning- quartering and riffle
splitter methods to achieve a representative
sample for chemical and work index
determination. Granite and Magnetite obtained
from Kaduna and Kogi States, respectively,
were used as reference materials for the
determination of the work index of the
spodumene. The crusher was powered and the
materials were fed slowly into the crusher’s
gape. Then, crushed materials were taken to a
ball milling machine with 12 steel balls of 3.5
cm in diameter, and each ball weighed 222
grams, placed together with the crushed ore.

2.2 Methods
2.2.1 Determination of liberation size

Sieve size analysis was conducted on the
unbiased representative sample and the
distribution weighed and recorded. The highest
sieve size was 250 um and the lowest aperture
was 38 um. The chemical characterisations of
the different sieve apertures were performed
using inductively Coupled Plasma- optical
Emission Spectroscopy (ICP-OES; Shimadzu
model 7000) based on ASTM E1479-14
standard for corresponding deportment of the
element of interest across the sieves.

2.2.2 Determination of Work Index

The process was conducted on a Rotap sieve
shaker; the sample was placed on a nest of sieves
with the coarsest on top and the finest at the
bottom (ASTM C136), and the set of sieves was
vibrated for thirty minutes on the sieve shaker.
Root 2 series (V2) used for the arrangement of
the sieves. Weights were tabulated and recorded
against their sieve and 80% passing (Fso, Pso) was
determined according to the Gate Gaudin-
Schuhman equation, see Equation 1.

The work index of the Zankan spodumene was
determined using the Berry-Bruce method,
which entails milling two mineral samples of the
same weight. Both the test and reference
materials were crushed and pulverised for one
hour. A reference material of known work index,
Granite, with a theoretical work index of 15.13
kWh/ton and magnetite of 15.86 kWh/ton [16,
20, 21] were used. The work index of the test
material (Zankan spodumene) was thereafter
computed using Bond’s energy equation, see
Equation 2 [22].

80% Cummulative passing size =
)2 X size 1 (D

( 80%
% passing size 1

W = W, x (YY) 2

Y )

Where;

Wi = work index of the reference ore;

Wi: = work index of the test ore;

P. =80% passing of the product (reference material);
P. =80% passing of the product (test material);

F. =80% passing of the feed (reference material);

F: =80% passing of the feed (test material).
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3. RESULTS AND DISCUSSION
3.1 Liberation size determination
The lithium contents of various sieve sizes were

determined by ICP-OES, and the results are listed
in Table 2. The prepared sample was sieved with

particle sizes ranging from 250 to 38 pm. [t shows
the results of the assay grade of lithium in the
various sieve sizes of the head sample. The
coarsest sieve size used was 250 um and the
finest was 38 um. The results showed that the 75
um sieve size is the liberation size, having the
highest-grade value of 1.32% lithium content.

Table 2. Chemical analysis result of the head sample at various sieve sizes.

Sieve Size Elemental Composition [Wt. %]

(hm) Li Fe Ca Si Al K Mg Na
250 0.43 1.37 0.55 29.9 9.3 0.52 0.16 1.16
180 0.29 1.22 0.72 31.0 7.9 0.41 0.05 0.76
150 0.49 0.98 0.35 309 8.5 0.93 0.37 0.77
106 1.06 1.43 1.31 333 10.4 0.82 0.26 1.62
75 1.32 1.66 1.92 32.2 9.4 0.61 0.16 0.71
50 1.16 0.65 0.63 32.2 8.4 0.03 0.43 1.14
38 1.00 1.10 0.33 33.7 8.8 0.42 0.04 0.75

3.2 Work index determination

Particle size analyses conducted on the samples of
each pit resulted in the data tabulated in the Table
3 and 4, which show cumulative percent weight
passing for both the feed and product obtained
through crushing and grinding of the test materials.
The work index of each was then determined. In
contrast, samples from the five pits were combined
and the work index was also determined using
magnetite in addition to granite as reference
material, cumulative weight percentage passing of

the particle sizes of the test material (Spodumene)
and reference materials, Granite and Magnetite
(Feed and Product), shown in Table 5. From the
results, the particle size fractions of the test
material and the reference materials show a normal
distribution pattern, indicating that the particle size
fractions of the three materials respond to the
theories of comminution. That is, the energy
consumed in size reduction is proportional to the
area of the new surface produced. The 80% passing
for the “Feeds” and “Products” were obtained
according to Equation 1.

Table 3. Result of sieve size analysis showing the cumulative percent weight passing of the "Feed" of pit I-V.

Cumulative % Weight Passing [Feed]
Particle Size (um)

PITI PIT II PIT III PIT IV PITV
+1000 99.75 99. 65 99.75 99. 45 100.0
-1000+710 92.65 92.20 94.70 91.35 93.75
-710+500 86.25 84.95 88.10 85.50 83.25
-500+355 80.55 79.05 80.60 75.40 75.95
-355+250 63.90 63.75 71.20 65.00 60.80
-250+180 47.05 46.15 50.60 48.95 37.10
-180+125 32.40 30.65 34.90 35.15 23.10
-125+90 14.90 18.35 19.65 23.15 14.30
-90+63 10.30 13.35 15.65 20.00 09.30
-63+45 05.10 04.35 07.65 08.50 05.80
-45 (Pan) 00.00 00.00 00.00 00.00 00.00
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Table 4. Result of sieve size analysis showing the cumulative percent weight passing of the "Product” of pit I-V.

Particle Size (um) Cumulative % Weight Passing [Product]
PITI PIT II PIT III PIT IV PITV
+1000 100.00 99.90 100.00 99.95 100.00
-1000+710 98.25 97.10 98.45 97.80 98.95
-710+500 94.90 95.55 97.60 97.00 95.80
-500+355 92.80 92.40 92.40 92.20 89.20
-355+250 83.90 82.20 84.35 85.70 84.70
-250+180 73.35 72.75 77.40 76.15 69.70
-180+125 64.10 65.25 61.60 51.85 56.65
-125+90 50.55 51.45 38.10 34.95 31.50
-90+63 27.35 33.25 25.70 19.20 19.75
-63+45 15.50 20.00 19.70 15.20 14.70
-45 (Pan) 00.00 00.00 00.00 00.00 00.00

Then, the mathematical expression by Equation 1
was used to determine 80% passing (Fso & Ptso)
values so as to calculate the ore work index (Wiy).

Thus;

Pit I; Figo = 391.8 um, Pigo = 214.1 um
Pit II; Figo = 363.6 um, Pigo = 217.7 um
Pit III; Fgo = 315.6 pm, Pigo = 192.2 um
Pit IV; Figo = 399.6 um, Pgo = 198.7 um
Pit V; Figo = 393.9 um, Pigo = 237.1 um

These parameters were used to obtain the
corresponding work index of each pit, following the
mathematical relations in Equation 2 and Wi of the
pit 1-5 are: 18. 85 kWh/t, 21.91 kWh/t, 21.23
kWh/t, 16.06 kWh/t and 23.1 kWh/t respectively.
However, the differences in the distribution
obtained could be attributed to the mineralogical
setting of each pit, among other factors. Meanwhile,
a combination of the samples from all the pits
(Blend) was experimented with, this time not just
Granite as reference material, but Magnetite as well.
Thus, the results presented in Table 5.

Table 5. Result of sieve size analysis of the "feed" and "product” of reference materials and Blend.

Cumulative % Weight Passing [Feed]
Particle Size (um) Feed (Magn.) ?pr/[oail:; Feed (Gran)) |Product(Gran.) Feed (BL) Product (BL)

+1000 97.45 99.30 98.56 99.00 99.20 99.65
-1000+710 95.55 98.70 98.00 98.90 92.95 98.50
-710+500 80.25 91.25 85.50 97.85 85.25 93.60
-500+355 73.65 88.10 79.70 96.90 78.05 88.50
-355+250 61.70 86.85 69.50 94.90 65.70 78.90
-250+180 38.15 68.90 41.35 80.80 48.55 65.25
-180+125 29.45 58.65 30.40 67.15 35.25 45.40
-125+90 11.10 37.40 16.40 45.10 19.25 33.50
-90+63 10.05 24.80 13.45 26.75 14.25 25.50
-63+45 06.80 18.50 07.50 22.20 08.75 18.65
-45 (Pan) 00.00 00.00 00.00 00.00 00.00 00.00

Thus;

From Equation 1

F=553.82um; P, = 257.02 um; Fc = 357.68 um;
Prc=177.42 pm;Fv= 418.85 um;Pm = 242.67 pm

Using Equation 2

Wie = Wir(l/(177.42)§‘ 1/(357.68);)/<1/(257.02)§‘ 1/(553.82)%)
Wi =1.077 x 15.13

Wi = 16.3kWh/t (with Granite as reference material)
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Also;

Wi = Wir<1/(242.67);‘ 1/(418.85);)/(1/(257.()z)§‘ 1/(553.82);)
Wi =0.646 x 15.86

Wi = 10.24kWh/t (with magnetite as reference material)

Therefore, the amount of energy required to
comminute Spodumene is 16.3 kWh/t and 10.24
kWh/t.

4. CONCLUSION

The Liberation study shows 75 pum sieve size as the
liberation size, having the highest-grade value of
lithium content and this value is a good percentage
as Feed to the Concentrator or extraction unit for
significant upgrade and high lithium products.
While the amount of energy required to
comminute one ton of Zankan Spodumene is on
average, 13.27 kWh/t. Therefore, results of this
study show that the comminution behavior and
Bond Work Index of Zankan spodumene ore
provide essential insight into the crushing and
grinding energy requirements, which represent a
major component of the overall energy demand in
hard-rock lithium processing as well liberation
characteristics identified in this work indicate that
achieving an optimal balance between particle size
reduction and energy consumption is critical for
maximizing flotation efficiency and concentrate
quality in the next face of the research. More so,
adequate liberation improves spodumene-gangue
separation, minimises impurity entrainment, and
supports the production of high-grade
concentrates suitable for downstream thermal
and hydrometallurgical conversion into battery-
grade lithium compounds.
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