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Abstract: Fenton processes, in which hydrogen peroxide in the presence of divalent iron ions generates
hydroxyl radicals (‘OH), are widely used for the degradation of organic pollutants (phenols, antibiotics,
dyes). In this review, red mud is analysed as a cheap source of iron ions in Fenton processes. Raw red
mud can be used without additional modifications, but to increase the catalytic efficiency, its modification
is required, which includes chemical reduction, carbothermal treatment or doping with metals. Particular
attention is given to photo-Fenton and electro-Fenton processes, where red mud doped Co, Sn or Ce, or in
combination with reduced graphene oxide and biochar, allow the generation of not only hydroxyl radicals
("OH) but also singlet oxygen ('O,) and superoxide radicals (‘O,"), achieving >99% pollutant removal. At
the same time, the synthesised catalysts showed high stability and reusability. Based on a comparative
analysis of more than 30 studies, it is concluded that red mud represents a cheap source of iron ions for
heterogeneous Fenton processes, with significant potential for industrial application.
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1. INTRODUCTION (Si0,, 5-15%) and titanium (TiO,, 2-5 %), which can
be used for numerous purposes [4].

To prevent the pollution of the ecosystem, and
at the same time valorise the red mud, a circular ap-
proach is needed in which the red mud is not disposed
of, but turned into valuable materials [5,6]. The pos-
sibilities of using red mud are shown in Figure la.
One way is its use as a catalyst carrier or active agent
in advanced oxidation processes (AOP), e.g. in Fen-
ton processes, which is based on the generation of
hydroxyl radicals ("OH) from hydrogen peroxide and

tand, red mud s simif ¢ in the presence of iron ions to decompose organic
cr hand, red mu contam_s signt 'cant amounts of use- pollutants into harmless end products such as carbon
ful compounds, such as iron oxides (Fe,O., 30-60%

: . . 253 0 dioxide and water [7]. Figure 1b shows the reaction
in dry weight), aluminum (ALO,, 10-20%), silicon path for a typical Fenton process.

Red mud, or bauxite residue in some literature,
is industrial waste that is produced during the pro-
cessing of bauxite into aluminium oxide by the Bayer
process [1]. However, around 180 million tons of red
mud are accumulated annually in the world, which
represents a serious environmental risk [2]. The main
problem of its disposal lies in the fact that it has a very
high pH due to the presence of alkali, and the presence
of heavy metals (Cr, Ni, V), which can penetrate to
the surrounding soil and groundwater [3]. On the oth-
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The classical homogeneous Fenton system
(ions Fe*'/H,0,) is often used due to its high affin-
ity for generating hydroxyl radicals “OH which then
serve to degrade contaminants, but the main problem
is that iron remains in the solution after treatment,
which leads to secondary pollution [8]. In contrast,
heterogeneous Fenton processes, in which iron is in
a solid aggregate state, allow the catalyst to be easily
separated and reused after the process is completed.
Also, with their application, it is possible to adjust
the pH (optimally 3-5), temperature (20-60 °C) and
peroxide concentration, which affects the degree of
radical formation [5].
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Figure 1. Red mud applications (a) and Fenton reaction
pathway (b). Figure (a) adapted and modified from [9];
Figure (b) adapted and modified from [10].

Red mud has a favorable physicochemical
composition (due to the presence of iron) for the gen-
eration of hydroxyl radicals and other reactive spe-
cies such as superoxide radical (O,"), hydroperox-
yl radical (HO,’) and singlet oxygen ('O,). It is also
possible to modify it (reduction, acid washing, cal-
cination, doping with other metals, etc.) to improve
its porosity, pore volume and specific surface area,
thereby increasing its efficiency [5].

The main reactions related to the generation
of reactive oxygen species (ROS) are follows [11]:

Fe*+H,0,=Fe*+OH+OH

. . 1
(generation of hydroxyl radicals) 1)
Fe?+H,0,=Fe*+HO,+H"

(regeneration of Fe?* and generation 2)
of hydroperoxyl radical)

Ote =0, o (3)
(generation of superoxide radical)
HO,+0,='0,+#HO +O, @)

(generation of singlet oxygen)

The application of red mud in Fenton process-
es opens perspectives for the degradation of organic
pollutants in water (dyes, pharmaceuticals, pesticides),
while reducing overall operating costs and environmen-
tal impact. The continuation of this paper presents a
brief review of the application of raw and modified red
mud in heterogeneous Fenton systems and the key fac-
tors that determine their application in water treatment.

2. RED MUD IN FENTON PROCESSES
2.1. Application of unmodified red mud

Red mud can be used in Fenton processes
without previous modifications, thanks to the high
content of iron in its composition.

In the work of Albqmi et al., red mud was used
as a catalyst in the Fenton process for the treatment
of wastewater from an olive processing plant, which
is extremely toxic due to the presence of phenolic
compounds [12]. Experiments were conducted at dif-
ferent concentrations of red mud: 0.05, 0.10, 0.5, 1.0,
2.0,4.0,5.0,20 and 30 g/L. Increasing the concentra-
tion of red mud increased in the degradation of phe-
nolic compounds, until stable values were reached at
red mud concentrations higher than 5 g/L. At 0.5 g/L
of red mud, 58.1% of the total organic carbon (TOC)
was removed, while at 5 g/L of red mud, 74.4% of
the TOC was removed. The optimal operating con-
ditions were pH = 3, magnetic stirring speed = 460
rpm, ambient temperature and H,O, at a concentra-
tion of 10 w/v relative to the wastewater. A similar
study was carried out by Domingues et al. [13]. It
was found that the adsorption of the effluent on the
red mud was negligible and that the degradation of
phenolic acids from an olive processing plant was
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due to oxidation by hydroxyl radicals. At a catalyst
concentration of 1 g/L and 100 mg/L hydrogen per-
oxide, 100% degradation of phenolic acids and 25%
mineralisation occurred after 60 minutes of reaction.

Raw red mud can be used for the hydrothermal
degradation of antibiotics (e.g., norfloxacin - NOR)
from pharmaceutical wastewater using H O, to pro-
duce formic acid [14]. When 10 mL of a 40 mg/L solu-
tion was used, the optimal reaction conditions were
0.02 g of red mud activated at 100 °C, 0.2 mL of added
H,0,, areaction time of 0.5 h, and a temperature of 90
°C, resulting in a NOR degradation of 69.26% and a
formic acid yield of 58.36% (selectivity: 87.56%). In a
similar study, acidified red mud was used for the deg-
radation of amoxicillin and the production of formic
acid [15]. Based on various analyses, it was determined
that the degradation of amoxicillin is most influenced
by the interactions between Fe,O, on the surface of the
red mud and H,O, in the solution, while formic acid is
a product of the decarboxylation of amoxicillin. The
optimal conditions, under which the highest yield of
formic acid was achieved, are: reaction temperature
of 90 °C, reaction time of 30 minutes, H,O, concen-
tration of 20 ml/L, addition of acidified red mud of 0.8
g/L, pH = 7 and stirring speed of 500 rpm.

2.2. Application of modified red mud

The modification of red mud is carried out to
improve its surface structure and chemical proper-
ties. The most common techniques are reduction,
acid activation, metal doping or combination with
carbon materials. Some of the modification tech-
niques are shown in Figure 2.
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Figure 2. Red mud modification techniques.
Adapted and modified from [16].

2.2.1. Common physicochemical modification
techniques of red mud

Modification of red mud by reduction is a
process in which oxidised forms of metals in the
mud composition (such as Fe**) are reduced to more
chemically active forms (e.g. Fe*"), thereby improv-
ing its catalytic activity in Fenton processes.

In the work of Chen et al., red mud was modi-
fied by reduction with oxalic acid and l-ascorbic acid
in an acidic solution [17]. The results showed that red
mud treated with 2 g of oxalic acid dehydrate and 2 g
of l-ascorbic acid and red mud treated with 3 g of ox-
alic acid dehydrate and 3 g of l-ascorbic acid showed
removal efficiencies of over 99.1% of phenol with
a concentration of 200 mg/L within 5 minutes. The
excellent catalytic performance of the modified red
mud was attributed to the presence of Fe,O,, Fe O,,
Mn,0O,, Fe,SiO, and FeTiO,. The rate constants for
the two previously tested catalysts, based on a pseu-
do-first-order kinetic model, were 1,000 and 1,073
min!, respectively. In a similar study by Chen et al.,
red mud was first treated with HCI to extract iron.
The dissolved iron was then reduced with ascorbic
acid, and finally the filtrate was precipitated to obtain
the final catalytic form [18]. The results showed that
the catalyst had the highest phenol degradation effi-
ciency (99.3%) after just 5 min, due to the produc-
tion of iron polymetallic oxides on the catalyst and
the formation of mesoscopic particles and microcel-
lular structures. The optimal conditions were: cata-
lyst dosage of 1 g/L, H,O, concentration of 5 mM,
3-6 initial pH, and 100 mg/L initial phenol concen-
tration. The degradation data fit a pseudo-first-order
kinetic model, and the reaction rate constant (k) was
0.865 min'. The possible degradation pathway for
phenol is: phenol — catechol — benzoquinone —
muconic acid — low molecular weight organic acids
— CO, and H,0O.

A heterogeneous catalyst can be synthesized
by direct reduction of iron oxide from red mud to
zero-valent iron at 800 °C using H, as the reducing
agent [19]. Using 2.86 mM H,O, and 1 g/L of cata-
lyst, 95% of acid red G (ARG), whose initial con-
centration is 100 mg/L, was removed after just 10
minutes. The analyses showed that “OH was the main
reactive species responsible for the degradation of
pollutants, and that the catalyst/H,O, system could
also be used for the degradation of antibiotics (sulfa-
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methoxazole, ibuprofen, and primidone). A catalyst
containing zero-valent iron was also synthesized in a
study by Sun et al. [20]. In comparison to the previ-
ous study, here the carbon black red sludge obtained
by pyrolysis of waste tires was subjected to carboth-
ermal reduction. The characterization results indicate
that the iron transformation, i.e. Fe,O, — Fe,O, —
FeO — Fe', is achieved by varying the carbothermal
reduction temperature. The catalyst reduced at 900
°C showed much higher efficiency in the degradation
of methylene blue (MB) than the catalyst reduced at
850 °C and lower temperatures. This indicates that
zero-valent iron nanoparticles obtained at higher
temperatures are more efficient than iron oxides in
heterogeneous Fenton processes. Free radicals (OH
and O, ) and singlet oxygen ('O,) contribute most to
the degradation of MB in the Fenton process.

In addition to iron reduction as a modification
method to obtain a more efficient catalyst, it is possi-
ble to include some other methods, such as acid wash-
ing, calcination, neutralization and precipitation.

Thus, a red mud composite, which was first
modified with reduced graphene oxide (rGO) and
then acid-washed and calcined, can be used for the
degradation of rhodamine B (RhB) [21]. The mod-
ification with rGO led to the inhibition of charge

carrier recombination and the acceleration of Fe*'/
Fe?* cycling during the process. The acid treatment
and calcination reduced the impurities in the catalyst,
which allowed a-Fe,O, to be in greater contact with
H,O,. Due to this treatment, 99.8% degradation of
RhB was achieved within 20 min, and the catalyst
itself showed high stability over a wide pH range.
The reaction pathway of rhodamine B degradation is
shown in Figure 3a.

In a study by Chen et al., a catalyst was syn-
thesized from red mud by a method that included
acid treatment, neutralization, and precipitation [24].
a-Fe,0, and B-Fe O, played a key role in the acti-
vation of peroxide (H,O,), with a phenol removal
efficiency of 96.8% under optimal conditions (0.02
M H,0,, 50 mL of phenol at a concentration of 100
mg/L, 0.05 g of catalyst, and a reaction time of 120
min). The phenol removal efficiency (96.8%) was
not consistent with the chemical oxygen demand
removal efficiency (88.2%), indicating that carbox-
ylic intermediates were formed during the degrada-
tion process. The degradation pathway of phenol is
shown in Figure 4a [25].

In the study by Liu et al.,, a composite of
red mud and Prussian blue was synthesized by the
co-precipitation method in an acidic solution, which
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Figure 3. Reaction path of degradation: (a) rhodamine B and (b) norfloxacin.
Figure (a) adapted and modified from [22]; figure (b) adapted and modified from [23].
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was then used for H,O, activation and norfloxacin
degradation [26]. It was found that 90% norfloxacin
degradation could be achieved at pH = 5 within 60
min in a wide pH range (3—11). Also, the removal
rate of norfloxacin by the composite/H,O, system
was 8.58 times and 2.62 times higher than that of
the red mud/H,O, system and the Prussian blue/H,0O,
system due to the numerous reactive sites. The reac-
tive oxygen species (ROS) included 'O,, ‘OH, O,

with 'O, playing a dominant role. The reaction path-
way of norfloxacin degradation is shown in Figure
3b. In a similar study, a catalyst based on red mud,
Prussian blue and potassium cobalt cyanide was
synthesized by the acid washing-reduction-precip-
itation method for the degradation of ciprofloxacin
(CIP) [27]. The catalyst obtained by treating with 2.4
M HCI and adding 4 mM potassium cobalt cyanide
showed the best dispersibility and regular shape,
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Figure 4. Reaction path of degradation: (a) phenol and (b) ciprofloxacin.
Figure (a) adapted and modified from [25]; figure (b) adapted and modified from [27].
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which then influenced the increase of its catalytic ac-
tivity. The degradation efficiency of the composite/
H,O, system reached 75.79% in 10 minutes, which
was 10.54 times higher than that of the red mud/H,0O,
system. The catalyst was almost not affected by pH,
had resistance to inorganic anions, and in addition,
it could be reused. Superoxide radical ("O,") was the
main ROS attacking CIP, which continuously accu-
mulated in the process of Co(Ill)/Fe(I1l) and Co(I1)/
Fe(Il) cycling. The degradation pathway of cipro-
floxacin is shown in Figure 4b.

2.2.2. Surface modification of red mud via
metal doping

Red mud can be modified by doping with
metals such as Al, Co, Zn, Sn, and Ni, in order to
improve its reactivity in heterogeneous Fenton ad-
vanced oxidation processes.

In the study by He et al., a catalyst based
on Fe O, from red mud and Co-Al layered double
hydroxide was prepared by mechanochemical syn-
thesis, which was then used as a catalyst for a pho-
to-Fenton system for the degradation of gatifloxacin
(GAT) under visible light [28]. After a reaction time
of 120 min, 94.0% of GAT (20 mg/L, 300 ml) could
be removed under the optimal reaction conditions:
catalyst concentration of 0.03 g/L, hydrogen perox-
ide concentration of 90 mmol/L, and initial pH = 6.5.
Co(1V) and Fe(1V) are the active species responsible
for the degradation of GAT in a weakly acidic sys-
tem, while h™ and "OH are the active species for the
degradation of GAT in a strongly acidic system. In a
similar work, the catalytic activity of Fe,0,/Zn-Al
layered double hydroxide in the photo-Fenton reac-
tion was studied [29]. The apparent rate constant of
the composite/H, O, system in the photo-Fenton reac-
tion was about 4 times higher than that of the system
containing only Zn—Al layered double hydroxide and
about 10 times higher than that of the system con-
taining only red mud (which was the main raw ma-
terial). It was found that in addition to the increased
surface area (45.64 m?/g) and increased pore volume
of the composite, the increased oxygen vacancy con-
tent also contributed to the improved catalytic activ-
ity of the composite.

In the work of Li et al., a catalyst was devel-
oped by doping red mud with Sn. The resulting cata-
lyst was then used in a heterogeneous electro-Fenton

system for the removal of antibiotics [30]. The cat-
alyst removed over 90% of nine antibiotics and two
phenolic compounds from water within 90 min. The
addition of Sn led to the formation of internal oxygen
vacancies, which act as electron donors, significant-
ly improving the internal electron transfer between
Sn and Fe, thereby ensuring a sustainable iron cy-
cle. An electrode with red mud particles doped with
CuO prepared by the ultrasound-assisted physical
impregnation method can be used in an electro-Fen-
ton system for the degradation of ciprofloxacin (Fig-
ure 5a) [31]. The synthesized electrode had a devel-
oped mesoporous structure and high specific surface
area, and doping with CuO reduced the electrode
resistance and accelerated electron transfer. The high
electrocatalytic activity of this system is due to the
combined effects of adsorption by the particulate
electrode, direct oxidation from both the anode and
the particulate electrode, and indirect oxidation by
active species generated in the system. Ni-doped red
mud can be used in the Fenton reaction for the deg-
radation of antibiotics in water [32]. Within 15 min,
0.02 g/L sulfamethoxazole (SMX) can be completely
degraded using 0.1 g/L catalyst and 6 mM H,O,. Hy-
droxyl radicals ("(OH) and Ni are the key contributors
to the removal of SMX. This system also efficiently
degraded other antibiotics such as LFX, NFX, CIP
and TC, with the degradation byproducts having low
or no toxicity.

2.2.3. Synthesis of red mud—biochar catalysts
through co-pyrolysis

To obtain catalysts in Fenton processes, pyrol-
ysis of red mud and lignocellulosic biomass is pos-
sible. Due to this approach, the synthesized catalyst
has functional groups that enable the generation of
reactive oxygen species.

In a study by Li et al., a heterogeneous Fen-
ton catalyst with zero-valent iron was synthesized by
pyrolysis (900°C) of red mud and straw (Figure 5b)
[33]. At 2.86 mM H,O,, 100 mg/L acid red G (ARG)
and 1 g/L catalyst, 98% of acid red G was removed
within 10 min. Comparing the reaction rate constants
of this catalyst and that of commercial zero-valent
iron, it was found to be 6.7 times higher for this cata-
lyst. In addition to the degradation of acid red G, this
catalyst also showed good degradation of antibiotics,
such as sulfamethoxazole, ibuprofen and carbamaz-
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epine. The degradation of contaminants was mainly
due to FeO, which was used to generate "OH, and
the catalyst itself showed excellent catalytic perfor-
mance after four months and after being used nine
times. In another work, red mud was ultrasonically
impregnated onto biochar produced by pyrolysis
of rice husk waste for the removal of ciprofloxacin
(CIP) from water [34]. The results showed that at pH
3, catalyst dosage of 1.0 g/L, CIP concentration of 20
mg/L, treatment time of 180 min and temperature of
50 °C, the degradation efficiency was the highest and
was 75.97% for sono-Fenton (SF) and 95.65% for
sono-photo-Fenton (SPF) with in situ generation of
H,0, during the process.

0.1CuO

® CuO
Fe(III) + oH Product ® Fe,05
HzOz ‘OH +CU(H)
Fe(II) + HOZ H02+ Cu(I)
HZOZ
adsorpuon Product
Product
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CO, +H,0
\.
%(t. ?N(
";u ¥
(L‘f sFeeOeSeCeN
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ARG

Figure 5. Contaminant removal mechanism using:
(a) CuO-doped red mud particle electrodes and
(b) red mud pyrolyzed together with biochar.
Figure (a) adapted and modified from [31];
Figure (b) adapted and modified from [33].

In the work of Lin et al., a red mud-based cat-
alyst was synthesized by one-step co-pyrolysis of red

mud and grapefruit peel as a photo-Fenton catalyst
for the activation of H,0O, and the degradation of acid
orange 7 (AO7) [35]. The catalyst exhibited an AO7
removal efficiency of nearly 100% and a mineraliza-
tion efficiency of 87%, which was maintained stable
over five consecutive reuses. The synthesized cata-
lyst provided Fe** for the activation of H O,, while
light irradiation facilitated the Fe*'/Fe*" redox cycle
in the system, thereby producing more reactive ox-
ygen species (ROS, i.e. ‘OH) for the degradation of
AO7. The "OH radical was the dominant ROS un-
der light-free conditions, while in the light-irradiated
system, 'O, was the primary ROS, followed by "OH
and O,". A composite material obtained by pyrolysis
of red mud and coffee grounds can be used for the
photocatalytic Fenton degradation of rhodamine B
(RhB) under simulated visible light conditions [36].
During the pyrolysis process, the coffee residue is
transformed into a biochar with a porous structure,
and the hematite from the red mud is gradually re-
duced to Fe,O, and Fe’. After 30 minutes of reac-
tion, the catalyst showed a degradation efficiency of
94.8% under light conditions, significantly exceed-
ing the 48.8% efficiency observed in the Fenton sys-
tem that took place without light. Hydroxyl radicals
(‘OH) produced by the activation of H O, by Fe*
dominate the degradation of RhB. At the same time,
photogenerated holes directly participate in the deg-
radation of RhB by oxidizing OH™ ions to generate
‘OH radicals, while photogenerated electrons partic-
ipate in the reaction process by promoting the Fe**/
Fe** cycle.

Heterogeneous photo-Fenton catalysts can be
obtained by a single-step co-pyrolysis process using
red mud and pomace from the distillation of alco-
holic beverages [37]. The catalysts showed the best
performance when the pyrolysis temperature was
900°C. For this catalyst, within 10 min, the degra-
dation rates of tetracycline, rhodamine B, methy-
lene blue and acid orange 7 under visible light were
91.6%, 94.5%, 77.2% and 94.2%, respectively. The
primary reactive oxygen species (ROS) responsible
for the degradation were 'O,, followed by h', “OH
and ‘O, In a similar work, a Fenton catalyst was
developed for the degradation of sulfamethoxazole.
Red mud (RM), bagasse pulp and molasses waste-
water were used as raw materials, and the catalyst
was synthesized through acidification and calcina-
tion steps [38]. The optimal conditions for catalyst
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preparation were a mass ratio of bagasse pulp to red
mud of 0.033:1, a particle size of bagasse pulp of
0.10~0.20 mm, a calcination temperature of 773 K
and a calcination time of 2 h. It was found that the
iron in red mud was completely transformed into
a-Fe O, after the acidification and calcination pro-
cess, and the addition of bagasse pulp significantly
improved the specific surface area of the prepared
catalyst. By testing the catalyst for the decomposi-
tion of sulfamethoxazole, it was found that at a cata-
lyst dosage of 2 g/L, an initial pH of 3 and a reaction
time of 90 min, it showed the highest catalytic activ-
ity. The catalyst had significantly higher activity than
red mud, good recyclability and stability during use.
Kinetic studies showed that the degradation process
can be described by a first-order model.

3. CONCLUSION

This review paper highlights the potential of
red mud as a catalyst in advanced oxidation process-
es. Unmodified red mud, due to its iron content, is
useful in heterogeneous Fenton systems, as it effi-
ciently degrades organic pollutants such as phenols,
dyes and antibiotics. Its main problem lies in its low
specific surface area, low porosity and therefore in-
sufficient active Fe*" sites. Therefore, its physico-
chemical modification can be performed, which can
include carbothermal reduction, acid washing, calci-
nation, neutralization and precipitation. Doping with
metals (e.g. with Co, Zn, Sn, Ni, Cu) and co-pyrol-
ysis with biomass can also be used as modification
techniques, as it increases the number of functional
groups that can participate in the formation of reac-
tive oxygen species. The modified catalyst degrades
organic pollutants very rapidly, often achieving
>90% removal within minutes. In future research, it
is necessary to improve scalable processes and better
elucidate the reaction mechanism. This application
of red mud shows that it is a functional material, but
its application as a Fenton catalyst still cannot sig-
nificantly reduce the environmental pollution associ-
ated with its large-scale disposal.
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IHOTEHIINJAJI OPBEHOI' MYJbA Y ®EHTOH ITPOLIECUMA
3A PASI'PAIIHY OPTAHCKHUX ITOJTYTAHATA U3 BO/IE
— KPATKMU ITPEIVIE/]

Caxxerak: OeHTOH TpoliecH, y KOjuMa BOJAOHHUK IEPOKCH]] Yy NMPHUCYCTBY JABOBAJCHTHOT jOHA XKeJbhe3a
reHepuine xuapokcuine paaukaie (‘OH), ce HalmMpoKo KOpHCTe 3a pa3rpaimky OpraHCKHX 3arahusada
(penonu, anrubuoruiy, 6o0je). Y 0BOM HperieHOM pay je aHaJM3UpaH HPBEHH MYJb Kao je(hTHH n3-
BOp joHa kesbe3a y dentoH mporecuma. CHPOBH IPBEHU MYJb C€ MOXKE 0€3 JIOMaTHUX MOIU(UKAIIH]ja
KOPUCTUTH, aji 3a noBehame KaTaluTHuKe ¢(hUKACHOCTH, MOTPEOHA je Hmeropa mMomudukaimja, Koja
00yxBaTa XEMH]CKY PEAYKIIHjY, KapOOoTepMaliHy 00paay WM JOMUpame MeraiuMa. [loceOHO Cy 3Ha-
yajan GoTo-DeHToH U enekTpo-DeHTOH NpolecH, y KojuMma IpBeHu MyJb gomupadn ca Co, Sn wiu Ce,
WA y KOMOMHANINU ca peAyKOBAaHUM TpadeH OKCHAOM U OHOYyTJheM, oMoryhaBajy reHeprcame He caMo
xuapokcuHor pamukana (‘OH) Beh n cunmietnor kuceonnka ('0,) u cynepokcuanux paaukana (‘0,),
noctikyhn > 99 % yknamama 3araljuBada. YjenqHo, CHHTETHCAHN KaTaJIU3aTOPHU Cy MOKA3aJIH BHCOKY
cTabmiHoCT U MoryhHoCT oHOBHE yrorpede. Ha ocHOBY koMmnapariBHe ananu3se Buiie ox 30 cry/uja,
3aKJby4dyje Ce Jia [PBEHH MYJb IIPeJICTaBsba jepTHH U3BOP jOHA XxKeJbe3a 3a xereporeHe MeHTOH mpoiiece,
ca 3HaYajHUM NOTCHIU]aJIOM 338 HHAYCTPHjCKY TIPHUMEHY.

Kibyune pujeun: oprancku nosytantu, @eHTOH ITpoIec, XUAPOKCHUIIHH PAIUKAIIHN, IPBEHH MYJb.
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