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Abstract

Purpose. This research aims to characterize the Langkat quartz mineral, especially its impurities, and to study the effec-
tiveness of fungal-based leaching methods to purify the mineral in order to improve the quartz quality for high-tech indus-
trial applications.

Methods. Quartz was firstly analyzed to identify the mineral and chemical impurities. Quartz purification and beneficiation
was performed by direct bioleaching using live indigenous Aspergillus niger, indirect bioleaching using metabolic lixiviant of
the fungus, and chemical leaching using analytical grade oxalic acid.

Findings. The mineral composition of the Langkat quartz deposit is dominated by quartz mineral (93%) with minor
amounts of orthoclase feldspar (KAISisOs, 5%) and calcite (CaCOs, 2%). The chemical composition comprises 98.1% SiO;
with metal impurities of 0.8% Fe,03, 0.29% Al,O3, 0.03% NiO, 0.028% Cr,03 and 0.063% CuO, indicating that quartz is still
not enough for advanced material production industry. The bioleaching process removes up to 98% of iron (Fe.03) from the
original quartz sample, and completely removes other metals within eight days of the process by direct bioleaching and eight
hours by indirect bioleaching. The content of Fe,O3 and other metals in the treated quartz meets the specifications of high puri-
ty quartz (< 0.05%) for advanced material production industry. Meanwhile, chemical leaching using 0.2 M oxalic acid removes
96.9% of iron and 92.8% of aluminium.

Originality. Comparison of the bioleaching potential of present indigenous Aspergillus niger with some of the previous
studies shows that this strain has a higher ability to remove metal impurities from quartz in a much shorter processing time
(8 hours instead of weeks or months) than most of the previously published microorganisms.

Practical implications. The experimental result of this research provides significant potential for using a fungus-based pu-
rification approach to obtain high-purity quartz to be used in a high-value-added modern commercial product.
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1. Introduction It is concluded that different purification methods deal

Quartz is a pivotal raw material for producing high-purity ~ With different types of impurities based on the mineralogical
quartz, which is an essential substance for many advanced  Study, their quantities and their distribution in the sand. De-
technology industries such as the semiconductor, optical ~ SPIt€ thg fact _that there are various purification te_ch_nlques to
fiber and photovoltaic industries [1]. In contrast, low-grade  réduce impurity amount in quartz, the characteristics of the
quartz sand is only used to make ceramics, glassware, and ~ Mineral are quite essential to obtain acceptable purified
construction materials [2]. For high-tech industry applica- quartz in the market [1], [6], [7]. Therefore, it is highly
tions, the quartz needs to have sufficient chemical purity ~ recommended to develop a purification process based on the
properties, as shown in Table 1. Quartz is a common and characteristics of the impurities in the quartz sand. _
abundant mineral in the Earth's crust, and naturally occurring Langkat Regency, located in North Sumatra Province, In-
low-impurity quartz is a rare and valuable mineral [3]. The ~ donesia (Fig. 1), has huge and important natural quartz re-
minerals impurities in quartz sand are commonly feldspar, ~ SOUrce. Nevertheless, quartz deposits are located in a region
hematite, and goethite, while Al, Fe, Mg, Ca, Li, K, Na, B, Wl_th_ poor mfr_astructure, mined by I(_)cal_mlners using Iow-tec_h
Ti, H, Cr, Mn, and Ni are the main elemental impuri- Mining techniques, and cannot maintain the quality of their
ties [4], [5] Iron and aluminium are the most undesired ele-  Products. The Langkat quartz deposit is an economically inte-
mental impurities in quartz due to their detrimental effect on  "esting raw material, as evidenced by the high silica content

the production of high-tech end products and are difficult to  (98.1%). It can be used directly as a bulk product for the glass or
completely remove. foundry industry with low economic benefit due to its low price.
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Table 1. High grade quartz specification in the global market

Type of quartz SiO2 minimum, M_aximgm element Market size, Prices,
(%) impurities, (%) (m tpa) ($/tonne)
Clear glass grade 99.50 0.50 >70 30
Optical glass grade 99.80 0.20 2 150
Low-grade high purity quartz 99.95 0.05 0.75 300
Medium-grade high purity quartz 99.99 0.10 0.25 500
High-grade high purity quartz 99.997 0.003 <0.10 5000
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Figure 1. Sampling location of quartz in Tambang Lawan village,
Bahorok district, Langkat Regency, North Sumatra
Province. Source: Google map

Therefore, the quartz properties should be improved by
removing undesired metal impurities, especially iron and alu-
minium, to obtain suitable raw material for higher value indus-
tries. Upgrading the technical specification of Langkat quartz
will open up its potential use in high-tech industries and signi-
ficantly increase its production for local and global trade.

Several upgrading methods for purifying quartz by par-
tially removing the iron are available, such as grinding [8],
flotation [9], [10], and heavy-media separation or magnetic
separation [11]. Nevertheless, these methods rarely reduce
iron and other metal impurities to sufficient levels accepted
by the market [7]. Certain effective techniques, including
chlorination roasting [12], [13] high-temperature calcination,
microwave heating [14], [15] ultrasonic treatment [16], [17]
water quenching [18], and acids leaching [2] are expensive
and have a large environmental impact.

The use of weak organic acids as leaching agents in mi-
neral purification poses exciting potential. The most promi-
sing organic acid is oxalic acid due to its ability to reduce
metals and complex formation [19]-[22]. Organic acids dis-
solve iron oxide by attacking H* ions on the mineral solid,
stabilizing them by forming soluble chelates and complexes
in solution. The mining industries generally use chemical-
based oxalic acid, but naturally occurring oxalic acid is
ubiquitous and microbes produce this low molecular weight
organic acid. Oxalic acids can be produced by fermentation
process of filamentous fungi, including soil-borne fungi such
as Aspergillus and Penicillium [23]-[25]. Aspergillus niger is
known as the best organic-acid producer [26], [27]. To obtain
the best fungus, it is necessary to isolate indigenous fungus
with better capabilities to increase the removal of metal
impurities from quartz due to the higher adaptability of the
fungus to the mineral. In addition, the dissolving ability of
each type of fungus can be optimized by adjusting the
environmental conditions (acidity, temperature), nutrient
composition of the substrate, and incubation time [28].

This biotechnological method using fungal metabolites to
remove metal impurities is less complex, cheaper, easy to
purify, and produces less waste. Previous laboratory
experiments verify that bacteria and fungi can leach iron
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from kaolin, felspar, and quartz [29]-[31]. However, no studies
have been reported on fungal-based purification of quartz to
remove iron and other metals from Langkat quartz. The effec-
tiveness of microbiological leaching depends on the miner-
alogical characteristics of the raw material and metal binding
properties [31], [32]. The objective of the present research is to
characterize Langkat quartz, focusing on the development of
bioleaching methods to purify quartz to high grades. This
study also compares the effectiveness of the bioleaching method
with chemical leaching by using pure chemical oxalic acid.

2. Methods

Purification of Langkat quartz began with quartz sample
preparation, isolation of native Aspergillus niger (A. niger)
from the quartz sample, followed by bioleaching and chem-
ical leaching experiments (Fig. 2).

Original quartz sample

Sample preparation

A4

Isolation of naturally
occurring fungi

‘ Sample characterization ’

v

Particle size

v

Chemical ]

v
distribution

) (o)
]

Study sample size
of 208-295 pm

[

Indigenous A. niger

Chemical leaching
(using pure oxalic acid;
8 hours

|

Refined quartz

Bioleaching

Figure 2. Process flow diagram of quartz purification
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Langkat quartz was first characterized by its particle size
distribution, as well as its mineralogical and chemical pro-
perties. The 208-295 nm mineral sample was then used for
bioleaching, and a chemical leaching experiment using oxalic
acid. In order to perform bioleaching experiment, indigenous
fungi were isolated and characterized from Langkat quartz
using potato dextrose agar.

2.1. Mineral sample

The quartz sand sample was taken from quartz deposit in
Langkat, North Sumatra (Fig. 1). The samples were taken
from eight different pits in the mined area to represent the
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actual deposits as accurately as possible. Samples were
mixed and homogenized to prepare a representative sample
for mineralogical, chemical, and biobeneficiation purposes.
The particle size distribution of the bulk sample was deter-
mined by wet vibrating sieving. The sample was then sent for
detailed mineralogical study using X-ray diffraction (XRD).
Chemical composition of the samples was analyzed using X-ray
fluorescence (XRF) of Panalytical Philips spectrometer.

2.2. Isolation of indigenous Aspergillus niger

The filamentous fungi A. niger used in this research was
isolated from a quartz mineral sample. A total of four sand
samples from different sampling points in the Langkat
quartz sand area were taken aseptically, labeled and placed
in sterilized ziplock bags. The collected samples were
stored under normal storage conditions and brought to the
laboratory on the same day for microbiological testing. The
mineral was heated for 15 min at 80°C to eliminate the non-
spore-forming fungal species. To isolate and identify fungal
strains, solid media of potato dextrose agar (PDA) was
used. In order to eliminate bacterial growth, 1% of chlo-
ramphenicol was added to the PDA.

Fungal isolation was performed by spreading the mineral
suspension to the PDA and incubating at 30°C for 5-10 days.
A. niger colonies were identified by their characteristics on
PDA at 30°C; they were woolly, initially white and then
turning black with black conidiospores. Macroscopic charac-
teristics of A. niger, including colony growth, color, texture,
and conidia, were observed after 10 days of inoculation. A
single colony, supposed to be A. niger, was isolated for mor-
phological characterization under a light microscopes [33].
The colonies were then purified on PDA plates. This identi-
fication was finally confirmed by a polymerase chain reac-
tion (PCR) analysis.

2.3. Metal bioleaching by direct and indirect methods

Before the direct bioleaching experiment, 20 g of quartz
samples were added to 500 ml Erlenmeyer flask containing
200 ml of a medium consisting of glucose 40 g/l, KH2PO4
0.5¢g/l, NaNOs;154g/l, MgSOs7H.O, 0.025¢/l, KCI
0.025 g/l and yeast extract 1.6 g/l. The pH of the medium
was adjusted with NaOH 2 M to obtain pH 6.2, buffered with
Tris 1 M, then sterilized for 30 min at 121°C. After cooling at
room temperature, the flasks were inoculated with 2 ml of
spore suspension (5-10° spores/ml), then incubated on a
rotary shaker at 250 rpm at room temperature (23-25°C) for
10 days. The control flask was without the fungus that was
incubated under similar conditions. After bioleaching expe-
riments, the culture liquid was filtrated to separate the solu-
tion from the solid fraction. All experiments were performed
in triplicates and the reported values were the average. The
concentration of oxalic acid and leached metal ions (iron,
aluminium, nickel, chrome and cobalt) in the solution was
measured and determined every day for 8 days; and metal
removal rates were calculated.

An indirect bioleaching experiment was conducted using
metabolite-lixiviant produced by A. niger. To collect oxalic
acid-containing metabolite, A. niger was cultivated in a 11
Erlenmeyer flask containing 500 ml of the previously men-
tioned quartz-free medium. After 8-days, the medium was
filtrated, and the fungi-free supernatant was used as a lea-
ching agent for the quartz purification process. Indirect bi-
oleaching of 20 g quartz samples was performed using
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200 ml of fungus metabolite in a 500 ml stirrer reactor. The
leaching process was carried out at room temperature
(23-25°C) at 250 rpm for 8 hours. Samples were taken at
1-hour intervals to measure the concentration of metal ions in
the solution. All experiments were conducted in triplicates,
reported values were the average.

2.4. Chemical leaching

To compare the effectiveness of the fungal leaching tech-
nique, a chemical leaching testing using pure chemical oxalic
acid was performed in a 500 ml stirrer reactor. A 20 g quartz
sample was added to a reactor with 200 ml of 25.2 g/l
(0.2 M) pure oxalic acid solution, then stirred at 250 rpm for
8 hours at room temperature. A 1 ml of liquid sample was
collected at 1-hour intervals to monitor the extracted metals
during the leaching process. After experimental testing, the
samples were filtrated, and the residue was washed with
reverse osmosis water. The residue and leached solution
were analyzed for metal content.

2.5. Analytical measurement

Metal ion concentrations in solution samples generated
and collected during leaching experiments were determined
using an Inductively Coupled Plasma (ICP) OES Thermo
Fisher ICAP 7000 instrument. The amount of oxalic acid
produced by A. niger was measured by High-Performance
Liquid Chromatography (HPLC) using a Rezex ROA Orga-
nic Acid column (Phenomenex) coupled to a UV detector at
210 nm. The column was eluted with 0.0025 M H,SO, at a
0.5 ml/min flow rate.

3. Results and discussion

3.1. Characterization of the Langkat quartz mineral

The quartz mined from the Langkat deposit was yello-
wish-brown in color because of the presence of iron and
coatings of clay on the quartz sand. The XRD pattern of the
quartz sample (Fig. 3) has revealed that quartz mineral (93%)
is associated with an appreciable amount of orthoclase feld-
spar (K(Al, Fe)Si,Og 5%) and calcite (CaCO3; 2%).
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Figure 3. XRD pattern of Langkat quartz sample: Q —quartz;
O - orthoclase; C — calcite

The quantitative chemical composition of Langkat quartz
samples is presented in Table 2. The quartz sample contained
silicon oxide (SiO2) 98.1%, as well as metal oxide impurities
of Fe;O3 — 0.8% and Al,O3 — 0.29% that present in notable
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quantities as the main impurities. The sample also contained
0.03% of NiO, 0.028% of Cr,0s, and 0.063% of CuO. Iron
oxides were the major component of iron in the sand, while
orthoclase feldspar was the main component of aluminium.

Table 2. Size distribution and chemical composition of quartz sample

Diameter (um) % Metal oxide %
> 495 0.20 SiO2 98.10
295-495 8.56 Fe203 0.80
208-295 55.66 Al20s3 0.29
147-208 31.84 NiO 0.03
104-147 2.67 Cr203 0.028
74-104 1.05 CuO 0.063
<74 0.02 LOI 0.69

The quartz sand particle size distribution is presented in
Table 2. The highest percentage of sand size distribution was
in the range of 295-208 um, therefore this particle size was
used in the experimental leaching process.

3.2. Indigenous Aspergillus niger

The quartz samples from the Langkat pit are characte-
rized by a lot of fungal species, especially A. niger. This fact
indicates that the fungi dominante and represent an active
microbial community in this ecosystem. PCR analyses con-
firmed that the isolated fungus is A. niger strain An-S167.
Colony color, morphology and vegetative hypha characteris-
tics of fungus are depicted in Figures 4 and 5.

Figure 4. A 4-day-old colony of A. niger in Potato Dextrose Agar ()
with the black conidia in the centre of colony which spread
outwards resulted in slightly raised and rough colony (b)
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Figure 5. Microscopic characteristics of Aspergillus niger under
light microscope indicating the radiate phialides, glo-
bose conidia, unbranced and non-septate conidiophore
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White colonies were observed after 4 days, although my-
celia sporulation began in the centre of several colonies
(Fig. 4a). From the 5™ to the 10™ day, sporulation that began
from the colony center, intensified; the colony centre became
black after 10 days (Fig. 4b) due to the colour of conidia.
Sporulating mycelia extended to a white border around the
colony, indicated by a small amount of black mycelia at the
border. The generative hyphae of A. niger have developed a
reproductive structure including conidiophore, phialides,
vesicle and conidia (Fig. 5).

3.3. Removal of metal impurities by bioleaching

In this research, metal ions leached from quartz were
released into the solution, indicating the mineral dissolution
resulting in quartz beneficiation. The main goal of fungal
leaching was to obtain treated quartz with as little metal
content as possible compared to untreated one. In particular,
the targeted grades were maximum Fe;O; and Al,O3
concentrations below 0.05% to produce high-purity quartz for
the high-tech industry. Thus, the process required a minimum
extraction yield or iron and aluminium removal of 94%.

Direct bioleaching results show that 97.9% of Fe,Os; can be
leached from the mineral to achieve an ultimate concentration
0.017% of Fe;Os in the treated quartz (Table 3). In addition,
the bioleaching process removed 100% of aluminium, chrome,
nickel and copper within 8 days of leaching time (Fig. 6a).
Removal of iron and aluminium begins in the first 2 days of
incubation, then increases rapidly from day 3 to day 7, and
finally yields maximum removal after 8 days.

Table 3. Removal of metal impurities from quartz by direct and
indirect bioleaching

Metal Metal concentration, (%) % removal
: Original After
oxide . .
sample bioleaching
Direct bioleaching
Fe203 0.80 0.017 £0.0005  97.9 4+ 0.0007
Al20s3 0.29 nd 100
NiO 0.03 nd 100
Cr203 0.028 nd 100
CuO 0.063 nd 100
Indirect bioleaching
Fe203 0.80 0.015+0.0005  98.1 +0.0007
Al20s3 0.29 nd 100
NiO 0.03 nd 100
Cr203 0.028 nd 100
CuO 0.063 nd 100

nd — not detected

In this direct bioleaching process, fungi started to
produce oxalic acid in the first 2 days of incubation and
yielded a maximum 25.2 g/l (0.2 M) concentration after
7 days of the process using an initial concentration 40 g/l of
glucose in the medium (Fig.6a). Compared to llgar &
Torma [34], who produced 5g/L of oxalic acid in 151
bioreactor for 10 days, this work yielded more than fivefold
increase in oxalic acid production. The current work also had
a relatively better yield than Walaszczyk et al. [27], who
reported that A. niger can produce oxalic acid up to 64.3 g/l,
which is achieved after 10 days of cultivation using initial
125 g/l concentration of sucrose in the medium.

Iron and aluminium ions were leached into the solution
during the 8-day bioleaching process. It was also observed that
the metal leaching rate increased gradually as the concentration
of oxalic acids in the solution increased.
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Figure 6. Production of oxalic acid (g/l) and Fe-Al removal (%) by
direct bioleaching (a) and indirect bioleaching process (b)

The oxalic acid concentration remained stable after 7 days
and the metal leaching rate was also stable. The clear and
strong relationship between the oxalic acid concentration and
the metal leaching rate of Fe and Al suggests that the Fe and Al
leaching reaction is catalyzed by oxalic acid released into the
liquid phase. It is observed that the most leached Fe and Al ions
correspond to the highest production of oxalic acid by fungi.

The A. niger produces oxalic acid and enzymes to degrade
and leach minerals [35]. The fungus destroys the mineral
structure and leaches out elements needed for metabolism and
structural purposes. This is particularly essential for Fe and Al
ions. Moreover, oxo-anions in oxalic acid can capture
impurities bound to the surface of quartz particles because
they are more electronegative than those in quartz.

The following are the reactions of iron with oxalic acid [35]:

Fe,O3 + 6H,C,04 — ZFG(C204)3 + 6H* + 3H,0; (1)
2Fe(C204)3 + BH* + 4H0 — 2FeC,04-2H,0 + 3H,C;04 + 2H0; (2)
Fe,O3 + 3H,C,04 + H,O — 2FeC,04:2H,0 + 2CO2; (3)
Fe3* + [C204]> — [Fe(C204)]"; 4)
[Fe(C204)]" + [C204]* — [Fe(C204)2]; ®)
[Fe(C204)2] + [C204]2' - [Fe(C204)3]3’. (6)

Meanwhile the chemical reaction below is oxalic acid
with aluminium [21]:
2AL0Os + 3H,C04 — 2AI(CLO)s> + 4H,0 + Al(C:04)32H,0 + 6H". (7)

The result of direct bioleaching in the current work is
quite promising; however, it was a time-consuming process.
The indirect bioleaching experiment was intended to reduce
processing time, i.e., reduce the leaching time to a few hours
instead of days. Indirect bioleaching is the bioleaching of
quartz using metabolite-lixiviant generated by A. niger. The
metabolites comprised loose slime and oxalic acids that are
solely responsible for metal leaching. The percentage of iron
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and other metal leaching from quartz by the metabolite alone
in the absence of active spores is presented in Table 3 and
Figure 6b. It has been observed that indirect bioleaching can
remove metals (iron, aluminium, nickel, chrome and copper)
in the same vyields as direct bioleaching, but in a much
shorter time, i.e., entirely within 7 hours only. The
experimental conditions were sufficient to produce high
purity quartz sands with the desired minimum impurity
content value <0.05% for feeding high-tech industry.
Although concentrations of other metals were zero (not
detected) in the treated ore after direct bioleaching, this result
does not meet the standards for more advanced technology
applications. Fibre optic application requires a total metal
content below 30 ppm; meanwhile, the pure silicon
production should be below 1 ppm. Figure 7 presents the
quartz sand color before and after the bioleaching process. It
can be seen that the color has changed significantly from
yellowish brown to whiter due to reduced iron content.

@ (b)

Figure 7. Quartz sand: (a) before bioleaching process; (b) after
bioleaching process

3.4. Removal of metal impurities by chemical leaching

The experiment used pure oxalic acid at the same
concentration as the amount of oxalic acid produced by
A. niger during the fungal leaching process (25.2 g/l). The
results in Table 4 and Figure 8 show that chemical leaching
results in lower metal removal than fungal leaching.

Table 4. Removal of metal impurities from quartz by chemical
leaching for 8 hours

Metal concentration (%)

Me:tal Original After chemical % removal
oxide :
sample leaching
Fe203 0.80 0.025+£0.0005 96.9 + 0.0007
Al203 0.29 0.021 £0.0005 92.8 + 0.0002
NiO 0.03 nd 100
Cr203 0.028 nd 100
CuO 0.063 nd 100
nd — not detected
120
110
. —— [ron removal (%)
F 100
E 90 Aluminium removal (%)
2 s0
g 70
2 60
E 50
E a0
g 30
2 20
10
W
0 1 2 3 4 5 6 7 8 9

Time (hours)

Figure 8. Iron and aluminium removal from quartz by chemical
leaching
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The dynamics of metal removal curve are almost the
same, but give lower maximum removal values — 96.9% and
92.8% for iron and aluminium, respectively (Table 4, Fig. 8).
In the current experiment, 0.025% of Fe O3 and 0.021% of
Al,O3 were still left in the treated quartz. This chemical
process was not capable to remove all non-quartz minerals.
The ability of oxalic acids in chemical leaching is intrinsic
and does not depend on fungus metabolism. This result
suggests that the active metabolism of A. niger positively
enhances quartz purification.

In another experiment conducted on Turkey quartz
sand [36], fungal leaching of Fe,Os by A. niger resulted in
47.70% iron removal from the mineral in 21 days of the
process. The Fe,Os content decreased from 0.315 in the
original sample to 0.164% in the bioleached quartz. It has
been revealed that this fungus strain is not capable of
removing iron impurities from quartz minerals compared to
chemical leaching. The fungal strain of A. niger used in these
experiments was a readily available stock pure culture from
the laboratory and not isolated from the original quartz sand.
The present study confirms that the indigenous fungal strain
had a higher ability to remove iron from quartz and did so
almost three times faster in 8 days. Moreover, indirect
bioleaching using a metabolite lixiviant of indigenous
A. niger can remove 98% of iron from quartz in a much
shorter leaching time of 7-8 hours.

Fungal bioleaching in the current study resulted in more ef-
fective iron removal compared to bacteria. In the experiment
conducted by Suba and Styriakova [31], bioleaching using
heterotrophic bacteria removed 30-50% of the Fe content from
three types of quartz samples with different mineralogical
properties in 83 days of the process. The original quartz
samples comprised 85.8-96.1% of SiO2, 0.26-1.03 of Fe;O3
and 1.71-7.71% of Al,0s. Styriakova et al. [37] also reported
that the metabolic activities of Bacillus cereus could remove
only 17% of iron and 5% of aluminium from quartz after
3 months of bioleaching. The comparison of the bioleaching
ability of indigenous A.niger with some previous studies
shows that this strain has a higher ability to remove metal
impurities than most previously mentioned microorganisms.

4. Conclusions and suggestions

According to XRF analysis, mineral characterization has
revealed that the quartz from Langkat is mainly composed of
98.1% of SiOz, 0.8% of Fe;O3; and 0.29% of AlOs. The
XRD analysis has revealed that orthoclase feldspar and cal-
cite minerals are also identified in the quartz. The large
amount of Fe,O3 contributed to the yellowish-brown quartz
color. After bioleaching, the quartz color became much
whiter due to the reduced iron content.

The current work demonstrates the effective role of in-
digenous fungi in leaching iron and aluminium impurities
from Langkat quartz. When comparing quartz purification by
fungal leaching and chemical leaching, fungal leaching
shows better results. Both direct fungal leaching and indirect
mechanism play a great role in quartz biobeneficiation. The
Fe,O3 content in quartz reduces from 0.81 to 0.018%, and
other metal oxides of Al, Ni, Cu and Cr are removed com-
pletely. Meanwhile, after chemical leaching using 0.2 M
oxalic acid, 0.025% of Fe O3 and 0.021% of Al,Os still re-
mained in the treated quartz. The use of fungi for removing
metal impurities may be a reliable technique for increasing
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the silica content of quartz and its commercial value. The
reported results support the potential of fungal leaching
methods for quartz purification, adequate for the advanced
materials industry.

These bioleaching processes have three advantages:

(a) the low concentrations of oxalic acid generated
and utilized in the bioleaching process pose less of a risk to
the environment;

(b) the relatively short time (7-8 hours) needed to com-
plete the indirect bioleaching process with better results;

(c) the leaching cost can be quite significant since it is car-
ried out at room temperature (25-27°C). All the advantages
mentioned above can facilitate its commercial applications.

By appropriately controlling biological processes and op-
timizing influencing factors such as pulp density, medium
nutrition, biomass concentration and sand particle size, pos-
sibilities to enhance purification of the quartz are definitely
closer to achieving the highest grade of high purity quartz
(Fe203 < 0.003%).
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Bio36arayenns kBapuosoro micky Jlanrkara i3 Bukopucranusam micuesoro rpudka Aspergillus niger

1. Xaunasui, P. Xingepca, C. baunr, P. Hosiapai

Mera. J[ocmipKeHHST XapaKTepHCTHK KBapLIOBOBOTO MiHEpay JIAaHTKar Ta BUBYCHHsS e(EKTHBHOCTI METO/IB BUIIYTOBYBaHHS Ha OCHOBI
IpHUOKIB JUIsl OYMILIEHHS 1 MOAANBIIOTO MOKPAIIEHHS SKOCTI KBapIly y BHCOKOTEXHOJIOTIYHUX MPOMHCIOBHX 3aCTOCYBaHHSX.

MeTtoauka. Ksapry OyB criogaTKy IpoaHaNIi30BaHMI! Ui BU3HAUCHHS MiHEPANbHHX 1 XIMIYHHX JOMIMIOK. OUHIeHHs Ta 30aradeHHs KBa-
PpIly POBOIMIIH NIISIXOM MPSIMOTO Gi0JIOTIYHOTO BHIYTOBYBAaHHS i3 BUKOPHUCTAHHSIM JKHBOTO MiciieBoro rpubka Aspergillus niger, mempsimo-
ro 610JI0TiYHOro BUJIYrOBYBaHHS 13 3aCTOCYBAaHHSAM MeTa0OJIYHOTO BHIIyrOByBaya rpulKa Ta XiMiYHUM BHIIyTOBYBaHHSM IIABJIEBOO KHUCIIO-
TOI0 aHAJIITUYHOTO KJIacy.

PesyabTaTn. BeranosneHo, 10 y MiHepansHOMY CKJIQJIi KBapLIOBOTO POJOBHINA JIAHTKAT MepeBakae KBaplosuit Minepain (93%) 3 He3Ha-
YHOIO KiJIBKICTIO OpTOKIa3oBoro mossoBoro mmmary (KAISisOs, 5%) ta kanbiury (CaCOs, 2%). BusHaueHo, 1110 XiMiYHHIT CKIIaj1 PE/ICTaBIie-
HO 98.1% SiO2 3 nomimkamu merainis 0.8% Fe20s, 0.29% Al203, 0.03% NiO, 0.028% Cr20s i 0.063% CuO, 110 Bka3sye Ha Te, 110 KBapIly BCe
1€ HeTOCTATHRO YIS TIPOMICIIOBOTO BUPOOHHIITBA MEpeIOBUX MaTepialiB. BusBiieHo, o y mporieci 6i010Ti9HOTO BHIIYTOBYBaHHS 3 BUXIIHO-
TO 3pa3ka KBaplly BHIamseTbes 10 98% 3amiza (Fe20s3), a iHII MeTand MOBHICTIO BUAAISIOTHCS MPOTATOM BOCBMH JHIB LIIAXOM MPSIMOTO
010JIOTIYHOTO BIJIYTOBYBAHHS Ta 4Yepe3 BiCIM TOAWMH — HIISXOM HENpsSMOTo Oi0JIOTIYHOrO BHWITyTrOBYBaHHs. Bu3Hadeno, mo Bmict Fe20s3 ta
IHIMMX MeTaniB B 0OpoOieHOMy KBapIi BifmoBimae crerugikanisM ksapiyy Bucokoi umcrotr (< 0.05%) mis mpoMucioBoro BHPOOHHITBA
HepeloBUX MaTepialliB, MiXk TUM, XiMiYHe BUIYTOBYBaHHsI i3 BUKOPUCTaHHIM IiaBiieBoi kucnotu 0.2 M Bunaisie 96.9% 3amiza i 92.8% asmomiHiro.

HayxoBa HoBu3Ha. [I0piBHAHHS MOTEHIIaMy Oi0NOTYHOrO BUIIYTOBYBaHHs iCHYOYOro MiciieBoro rpudka Aspergillus niger 3 meskumu
i3 MOTIepeIHIX TOCIiKEHb MOKa3ye, 10 Lel mTaM Ma€e OibIl BUCOKY 3/1aTHICTh BHIAJIATH JOMIIIKH METaliB 3 KBapily 3a Habarato KOpoT-
it yac 06poOkH (8 roAnH 3aMiCTh THXXHIB 200 MicsALiB), HIXK OUIBLIICTS MIKPOOPraHi3MiB, siKi OyJIM TOCHiIKEH] paHile.

IpakTnyHa 3HaYNMicTh. EXCriepiMeHTaIbHUN pe3ysIbTaT IbOT0 JOCIIKEHHS HaJla€ 3HAUHUN MOTEHIIaN Il BUKOPUCTaHHS MiIXOLy
JI0 OYMIIEHHS HA OCHOBI TPHOKIB JUIl OTPUMAHHS BHCOKOYHCTOTO KBaplly, SIKUH Oyae BUKOPHUCTOBYBATHCS B Cy4acHOMY KOMeEpUiHHOMY
TIPOJYKTi 3 BUCOKOIO JIOJQHOIO BapTiCTIO.

Knrwouosi cnosa: sucoxouucmuii keapy, epubok Aspergillus niger, epubkosuii memabonim, waenesa kucioma, OOMiuiku Memanie
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