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Abstract

Purpose. This work aims to investigate the performance of photocatalyst made from laterite ore to decolorize organic
waste of methylene blue.

Methods. Laterite ore was processed through leaching in chloride solution, followed by filtration and neutralization using
sodium hydroxide to obtain a precipitate that contains maghemite photocatalyst. The maghemite was characterized to ensure its
capability as a photocatalyst. The decolorization experiment using methylene blue as a representation of organic waste was
conducted in the absence and presence of a photocatalyst in a constant UV light to reveal the mechanism of methylene blue
decolorization. Hydrogen peroxide and pH are controlled to optimize the photocatalytic efficiency.

Findings. A photocatalyst made from laterite contributes to the significant increase in the decolorization degree of me-
thylene blue through the release of hydroxyl radicals, a powerful substance for decomposing organic matter. The optimal de-
composition of methylene blue is achieved by combining the increase of hydrogen peroxide and the reduction of the pH of the
organic waste. The optimum pH for the decolorization of methylene blue through photocatalytic reaction is at pH = 3.

Originality. For the first time, the mechanism of decolorization in the absence and presence of photocatalyst is revealed,
resulting an optimum condition to achieved highest degree of methylene blue decolorization.

Practical implications. The method for synthesizing photocatalysts can be applied to produce alternative products from
laterite ore, especially low-grade laterite ore, a by-product of high-grade nickel ore mining. The optimum conditions revealed
in this research can be applied to synthesize photocatalysts from laterite ore and to remediate organic wastes.
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1. Introduction utilizes non-toxic and chemically stable materials, which are

Dyes, the coloring agents widely used in various chemi-
cal industries, are toxic, carcinogenetic, non-biodegradable,
and high chemical oxygen demand substances [1], [2]. The
resistance of dye molecules to light, temperature, and oxidi-
zing agents makes them accumulate in living organisms,
causing severe diseases and disorders. Thus, the disposal of
wastewater containing dyes from industries harms the envi-
ronment and humans severely. Various techniques, such as
filtration, adsorption, and other chemical and biological treat-
ments, have been used to treat water-containing dyes. Unfor-
tunately, those processes cannot neutralize all organic pollu-
tants [3], [4]. Another method worth applying in the treatment
of water-containing dyes is a treatment involving a photocatal-
ysis reaction. Photocatalysis is an advanced oxidation process
(AQOP) that relies on the in-situ hydroxyl radical production as
a substance that neutralizes waste molecules. This method
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efficient and effective in degrading organic pollutants [5], [6].
Photocatalyst materials were made from various sources,
and most of them are materials from chemical manufacturers.
The photocatalyst made from chemicals becomes unnatural
waste after use, whereas the photocatalyst made from natural
resources will coexist with nature after use. Thus, natural
material-based photocatalyst is preferred for photocatalyst
synthesis. Minerals are among the natural materials that can
be used in photocatalyst synthesis. Minerals are vastly availa-
ble, unique in morphology, mechanically stable, environmen-
tally friendly, and cost-effective natural materials [7]-[9].
Laterite is one of the minerals that has a potential applica-
tion to be used in photocatalyst synthesis. Laterite ore is the
product of intense weathering of silicate rocks influenced by
climate, groundwater pH, and geomorphology [10]. The
common minerals in laterite are goethite (FeOOH), quartz
(Si0;), and magnesium silicate [11]-[13]. Goethite in laterite
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is the matrix mineral associated with other minerals, imply-
ing that laterite ore contains a large amount of iron oxide, a
material that can be used to synthesize photocatalyst [14].

Massive laterite deposits can be found in tropical regions
such as Indonesia, India, Sri Lanka, Australia, and some coun-
tries in the African continent. Many studies have been conduc-
ted on encompassing laterite ore potential as an alternative low-
cost raw material for industry [15]-[17]. Laterite ore was used
to adsorb coloring agent molecules from water-containing dyes
without decomposing the coloring agent molecules [18], [19].
The decomposition of the coloring agents can be conducted
using a photocatalyst material. Due to its high iron oxide con-
tent, the laterite ore can be used as raw material to synthesize a
photocatalyst. The synthesis of photocatalyst material from
laterite is a rare process, and the studies to observe the effect
of process variables on the photocatalytic reaction using a
material made from laterite ore are very minimal.

Therefore, our research aims to synthesize a photocatalyst
material from laterite ore and use this laterite-made photo-
catalyst to decompose coloring agent molecules in dyes, em-
phasizing the effect of process variables in the photocatalytic
reaction. Laterite from Indonesia was prepared using simple
mineral processing technology to produce a photocatalyst
material. The laterite ore was crushed and milled to produce a
laterite powder, which was leached, precipitated, and heated
before being used as a photocatalyst. The laterite was charac-
terized using various analytical techniques. The photocataly-
tic reaction using a photocatalyst made from laterite was
conducted to neutralize methylene blue (Ci2N2(CH3)4NSCI),
a substance often used to represent organic liquid waste. The
observed process variables are pH and hydrogen peroxide,
which are critical for the photocatalytic reaction.

The reactions of photocatalyst synthesis from laterite are
rarely studied, as well as the reaction mechanism of methylene
blue decolorization. Hence, the aim of this work is to study the
reaction mechanism of photocatalyst synthesis and the photo-
catalytic reaction of methylene blue decolorization. The effect
of nitrogen doping, as well as pH and hydrogen peroxide on
the decolorization degree, is also intensively discussed.

2. Methods

2.1. Preparation of laterite based photocatalyst

Dry laterite, obtained from South East Sulawesi, Indonesia,
was ground and milled using a laboratory jaw crusher and ball
mill, resulting in a powder of laterite ore. Hydrogen chloric
acid (HCI, Merck) 16% was used in the leaching stage to dis-
solve iron from laterite ore. A liter HCI solution was used to
dissolve 500 g of laterite ore. The suspension of laterite-HCI
solution was stirred for 2 hours at 60-80°C prior to filtering
and separation. The sodium hydroxide (NaOH, Merck) was
added into the filtrate to obtain iron oxide precipitate. The
precipitate was rinsed, dried at 150°C for 19 hours, and cal-
cined at 500°C for 2 hours. The calcined powder was ground
to 100 mesh size before being utilized as a photocatalyst.

2.2. Characterization of the as-received laterite ore
and the photocatalyst material

Identification of minerals or compounds in the as-received
laterite and photocatalyst materials was conducted using X-ray
diffraction (XRD, Bruker D8 Advance). A Scanning Electron
Microscope (SEM, JEOL JSM IT300) revealed laterite ore and
iron oxide photocatalyst morphology. The bonds in molecules
of laterite and photocatalyst were detected using Fourier
Transfer Infrared (FTIR, Thermo-Scientific Nicolet IS5).
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2.3. Photocatalyst performance test

An 8-watt UV lamp was used as the ultraviolet source to
conduct a photocatalytic reaction to neutralize methylene
blue. The decolorization of methylene blue, which indicates
methylene blue degradation, was used as the photocatalyst
performance parameter of the photocatalyst made from later-
ite. The photocatalyst materials at 0.05 to 0.5 mg were
poured into 100 mL of 20 ppm methylene blue solution.
Before irradiation, the mixture was placed in darkness for
30 minutes to ensure the equilibrium of dye adsorption-
desorption on the photocatalyst surface. As the UV lamp was
turned on, 0.1, 1.0 and 4.0 mL hydrogen peroxide (H2O,,
Merck) were added to the methylene blue solution. The pH
of each of these solutions was adjusted to pH of 3, 5, 7, and
10 by adding either NaOH or HCIL. At a given time intervals,
2 mL of liquid was picked from the solution for methylene
blue concentration measurement. The liquid phase in the sam-
ples was separated from solid particles using centrifuge
equipment. The concentration of methylene blue in the solu-
tion was measured using UV-vis spectroscopy at wavenumber
663 nm. The actual concentration of methylene blue was cal-
culated by comparing the decolorization of standard samples
and that of experimental samples. The following Equation was
used to calculate the decolorization of methylene blue:

Ci - Ct

-100% , (1)

% decolorization =
i
where:
C; — initial concentration of methylene blue;

C: — concentration of methylene blue at a certain time.

3. Results and discussion

3.1. Characterization of Indonesia laterite ore
and the photocatalyst made from laterite

The elemental composition of Indonesia laterite ore and
photocatalyst made from laterite is shown in Table 1, whereas
the minerals or compounds that compose laterite ore are
shown in Figure 1. The table shows that laterite ore consists
of oxygen, magnesium, and silicon as dominant elements.

Table 1. Elemental composition of laterite ore from Indonesia and
photocatalyst made from laterite ore

Element O Fe Mg Si Ni Al Cr Na (I
Weight of
clementinthe s\ ¢ 195 122 123 231 132 039 - -

as-received
laterite ore, %

Weight of

element in

photocatalyst 42.4 214 18.2
prepared from

laterite ore, %

7.63 1.50 5.33 239 533

The XRD pattern of laterite ore presented in Figure 1
shows that laterite ore consists of antigorite (Mg3Si2Os(OH)a,
quartz (Si0,), and goethite (FeEOOH). Our analysis of laterite
ore is consistent with previous research showing that goe-
thite, quartz, and magnesium silicate are the common mine-
rals in laterite ore [11]-[13]. The previous research showed
that goethite can be used to adsorb various organic substan-
ces, and it can also be used as a photocatalyst due to its low
bandgap, which is 2.1 eV [20]-[22].
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Figure 1. XRD pattern of Indonesia laterite ore

However, our preliminary experiment involving goethite
in laterite to decolorize methylene blue as a waste organic
model shows that adsorption of methylene blue occurred
without significant photocatalytic reaction. Laterite contains
a large amount of silicate clay minerals that can adsorb or-
ganics. Unfortunately, after being adsorbed, the adsorbed
methylene blue on the surface of silicate clay sticks to the
goethite surface, resulting in a slowdown in the photocataly-
tic reaction of methylene blue decolorization. Therefore,
goethite must be separated from silicate clay to make it able
to conduct a continuous photocatalytic reaction.

The removal of silicate clay minerals results in goethite
as a photocatalyst material. The elemental composition and
XRD pattern of this photocatalysts are presented in Table 1
and Figure 2, respectively. Silicate clay minerals and silicon
oxide were removed from the as-received laterite, increasing
other metallic elements in the photocatalyst material.
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Figure 2. XRD pattern of Photocatalyst made from Indonesia
laterite ore

The XRD patterns in Figure 2 show that maghemite
(y-Fe203), periclase (MgO), and sodium chloride (NaCl)
were formed after processing laterite ore to become photo-
catalysts. The type of minerals in precipitate depends on the
type of solvent in the leach solution and the reagent to neu-
tralize the solution. For example, the precipitate of sulphate
leach solution neutralized by sodium hydroxide contains
ferrihydrite (Fe*"),05-0.5H,0), goethite (FeOOH), schwert-
mannite (FesOg(OH)s(SO4) - n H2O), and sodium sulphate
(NazS04) [23]. On the other hand, the precipitate of chloride
leach solution, neutralized by hydrogen chloride, contains
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hematite or maghemite (Fe,Os3), periclase (MgO), and sodi-
um chloride [24], [25]. Hence, the composition of minerals
in precipitate synthesized from chloride leach solution is
consistent with previous research.

The following Equations are the possible chemical reac-
tions during the synthesis of photocatalysts:

FeOOH + HCl — FeCl; + Hy0; 2)
2FeCl; + 6NaOH — Fe,O3; + 6NaCl + 3H,0; (€)
Mg3Si,05(OH)4 + 6HCI = 3MgCl, + 2Si0; + 5Hy; 4
MgCl, + 2NaOH = MgO + 2NaCl + H,0. &)

Maghemite consists of iron oxide with a chemical com-
position that resembles hematite ()-Fe,Os) but possesses a
molecular structure like magnetite (Fe3O4). Unlike magnetite,
which contains trivalent and divalent iron ions, maghemite
contains only trivalent ions [26]. The bandgap of maghemite
is relatively low, 2.47 eV, which makes it applicable as a
photocatalyst material [27].

Figures 3 and 4 present the photocatalyst’s morphology
and particle size distribution, respectively. Morphology and
particle size distribution of powder are the essential factors in
heterogeneous reactions, especially in a catalytic reaction.
The surface of photocatalyst particles exhibits high porosity,
a rough texture, and various irregular particle shapes. Some
particle aggregation is observed, likely due to the welding
effect among particles during milling. The particle size ana-
lysis of the photocatalyst powder shows that the particle size is
in the range of 0.25 to 500 um with an average size of 28 pm.
Since the standard average size of catalyst particles is 3.5-
30 um [28], the photocatalyst particles prepared from Indone-
sia laterite ore have the recommended size for a catalyst.

Figure 3. The morphology of photocatalyst prepared from Indo-
nesia laterite
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Figure 4. The Particle size distribution of photocatalyst prepared
from Indonesia laterite
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Figure 5 displays the FTIR spectra of Indonesia laterite
ore and photocatalyst within the 4000-400 cm™ and that of
photocatalyst at low wavenumber range. The stretching vi-
bration peak at 3683 cm™ denotes serpentine antigorite in
nickel laterite, linked to hydroxyl groups with magnesium
[29], [30]. In contrast, the absence of the 3683 cm™! band in
the photocatalyst indicates the decomposition of Mg(OH); to
MgO. The formation of MgO facilitates the adsorption of
H,O and COa, resulting in a broad band at 3400 cm™ asso-
ciated with OH stretching vibrations of adsorbed water mole-
cules. Additionally, a weaker band at 2360 cm™! reflects the
adsorption of gas-phase CO,. A bending vibration of O-H
bonds is evident at 1629 cm™!, likely resulting from surface
hydration [31]-[33]. The peak at 992 cm’! in laterite ore cor-
responds to Si-O-Si bond vibrations, while the peak at 790 cm
! relates to the elongation of AlO, SiO, or MgO bonds [30].

(a)

(b)

2360

3400

4000 3600 3200 2800 2400 2000 1600 1200 800 400
Wave number (cm™)

Figure 5. FTIR spectra of Indonesia laterite ore(a) and photocata-
lyst at wide range wavenumber (b)

In Figure 6, The FTIR analysis of photocatalyst in the
low wavenumber region (800 to 400 cm™) reveals several
distinct peaks in the low wavenumber region (800 to 400 cm™),
attributed to characteristic y-Fe-O vibration bands [34], [35].
Furthermore, a band around 630 cm™' signifies the ma-
ghemite phase of iron oxide (y-Fe>O3) [34], [36].

3.2. Effect of photocatalyst material quantity,
hydrogen peroxide concentrations and pH
on methylene blue decolorization

The effect of photocatalyst quantity, hydrogen peroxide
concentrations, and initial pH on methylene blue decolori-
zation is presented below. Figure 7 shows that an increase
of photocatalyst quantity up to 1.0 g increased the % decol-
orization. This improvement in decolorization efficiency
suggests that higher photocatalyst quantity enhances the
production of hydroxyl radicals and provides more active
sites for adsorption. However, an increase in photocatalyst
quantity of more than 1.0 g resulted in a decrease of %
decolorization. The decrease in % decolorization at the high
quantity of photocatalyst is possibly caused by the agglom-
eration of particles and the ultraviolet light retention at the
high population of particles.

The figure also shows that the highest % decolorization
of methylene blue is 17.81% for 6 hours, which is a low
value of methylene blue decolorization. Hence, an effort is
needed to improve the photocatalytic reaction of methylene
blue decolorization.
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Figure 6. FTIR spectra of photocatalyst at low wavenumber range
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Figure 7. The effect of quantity of photocatalyst on the % decolo-
rization of methylene blue

The addition of hydrogen peroxide can increase the %
decolorization of methylene blue. Hydroxyl radical is a solid
oxidizing species with a reduction potential of 2.8 V, which
can oxidize dyes into H,O, CO,, and mineral acids [37], [38].
Adding hydrogen peroxide (H»>0,) can improve photocatalyt-
ic reaction by rapidly forming hydroxyl radical (*OH) and
superoxide ions, the species that can react and degrade meth-
ylene blue, increasing % decolorization of methylene blue.

Figure 8 shows that the addition and the increase of
hydrogen peroxide can increase the % decolorization of
methylene blue. The figure also shows that the decolorization
of methylene blue occurred in both systems with and without
a photocatalyst. Previous research indicated that hydrogen
peroxide decomposes organic compounds with a photocata-
lyst [39]-[41]. The methylene blue decolorization with the
presence of photocatalyst was contributed by the formation
of hydroxyl radical as the product of hydrogen peroxide
reduction by the electrons from the conduction band of pho-
tocatalyst atoms [42], [43].

On the other hand, the absence of photocatalyst materials
makes it challenging to produce hydroxyl radicals; hence, the
decolorization of methylene blue in the system without a pho-
tocatalyst must occur by a different mechanism. The possible
mechanism for decolorizing methylene blue without a photo-
catalyst is that hydrogen peroxide acts as the reducing agent
for methylene blue through the following reaction Equations:

H,O, — O, +2H" + 2e; (6)
C12N,(CH3)4NSCl1 + H+ 2e — [C12N2(CH3)4sNHS] + CI-. (7)
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Figure 8. The effect of volume of hydrogen peroxide on the %
decolorization of methylene blue

Increased hydrogen peroxide in the methylene blue solu-
tion should lead to rapid decolorization. However, Figure 8
shows that without a photocatalyst, the decolorization degree
of methylene blue reached a slightly different value of
15.37% after adding 1 mL and 16.51 after adding 4 mL hy-
drogen peroxide during 3 hours. Decolorization without a
catalyst degraded methylene blue by 16.51% and increased
to 31.41% in the presence of a photocatalyst. The stability of
hydrogen peroxide from oxidation reaction at low pH in-
creased as the pH in solution decreased [44], [45]. The reac-
tion in Equation (7) shows that hydrogen ions, as the product
of the reaction in Equation (6), are involved in decolorization
of methylene blue and the formation of hydrogen chloride
(HCIl). The formation of hydrogen chloride eventually
decreased the pH of the methylene blue solution, stabilizing
hydrogen peroxide and causing a reaction in Equation (6)
to decline and, in turn, to stop the decolorization reaction
of methylene blue.

The presence of photocatalyst materials in methylene
blue solution allows the formation reaction of hydroxyl radi-
cal ions that decolorize methylene blue. In contrast with the
decolorization mechanism without a photocatalyst that
stopped when the pH of the solution was too low, the deco-
lorization using a catalyst becomes rapid at low pH. Based
on the general photocatalytic mechanism proposed else-
where, the decolorization of methylene blue in the presence
of an iron oxide photocatalyst can be written as follows [42].

Fe;03 +hv — e, +h™; (®)
O, +H"+ ey — HOS; 9)
2HO5 — HO* +HO + O (10)

C12N2(CH3)4NSCl1 + HO® — [C12N2o(CH3)sNHS]" + CI. (11)

Reaction in Equation (9) shows that electrons from the
conduction band of photocatalyst atoms and hydrogen ions
reacted with dissolved oxygens to form hydroperoxyl radical

(HOE) [46]. Hydroperoxyl radical is a crucial intermediate

phase in hydroxyl radical formation that can decolorize
methylene blue. The formation of hydroperoxyl needs the
presence of significant amount of free hydrogen ions. At
neutral or near neutral pH, where free hydrogen ions are rare
or limited, the reaction in Equation (7) resulted in the deco-
lorization of methylene blue at only 31.41-32.53% for
3 hours, shown in Figure 9.
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Figure 9. The effect of pH on the % decolorization of methylene blue

The low value of decolorization was caused by the limita-
tion of hydrogen ions. In contrast, at very low pH, where hy-
drogen ions are available in large amounts, the decolorization
of methylene blue achieved 97.67%. Besides contributed by
the rapid formation of hydroperoxyl radical at low pH, which
in turn becomes hydroxyl radical, the high decolorization at
low pH is also contributed by the reaction between hydrogen
peroxide and the electrons from the conduction band of photo-
catalyst atoms that produce hydroxyl radicals [42], [45].

H,0; + ¢z, — HO® + HO". (12)

Figure 9 shows that methylene blue decolorization at high
pH is 54.57%. Since the reaction in Equation (9) needs a sig-
nificant amount of hydrogen ions, the reaction was unlikely to
continue at high pH. Hence, the rapidity of methylene blue
decolorization at high pH is contributed by the role of hydro-
gen peroxide as a reducing agent (reactions in Equation (6)
and (7)) and the reduction of hydrogen peroxide to produce
hydroxyl radicals (reaction in Equation (12)).

Methylene blue is among the organic pollutants generated
by industries. Other organic pollutants also harm the envi-
ronment. Among them are methylene orange, benzenes,
phenols, waste oil, and dyes. The photocatalyst has potential
applications to remediate these pollutants. However, since
each type of waste has different conditions, further field
experiment is needed before applying this photocatalyst to
handle these wastes. Some waste needs pretreatment before
being treated by a photocatalyst. The remediation plant also
needs to be designed based on the waste condition and the
optimization condition of the photocatalyst.

4. Conclusions

Laterite ore consisting of goethite (FeOOH), quartz
(Si0»), and silicate minerals can be processed to make a
photocatalyst material of maghemite (y-Fe,O3) powder with
an average size of 28 pm and a wavenumber band at around
630 cm™!. The quantity of photocatalyst has the contrast ef-
fect, as an increase of photocatalyst quantity increases areas
for photocatalytic reaction, resulting in the rapid decoloriza-
tion; at the same time, the supersaturated photocatalyst pow-
der reduces the flux of ultraviolet light needed for photocata-
lytic reaction. The decolorization of methylene blue with hy-
drogen peroxide alone depends on the role of hydrogen perox-
ide as a reducing agent that works well at neutral or high pH.

The maximum % decolorization using only hydrogen
peroxide is 16.51%. On the other hand, the decolorization of
methylene blue using hydrogen peroxide and photocatalyst
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material depends on the formation of hydroxyl radicals that
can decompose methylene blue. In the system with a photo-
catalyst, at low pH, hydrogen peroxide undergoes a reduction
reaction with electrons from the conduction band of photocata-
lyst atoms to produce hydroxyl radicals, whereas, at high pH,
hydroxyl radicals play the role of a reducing agent to decom-
pose methylene blue. Using the combination of a photocatalyst
and hydrogen peroxide, the decolorization of methylene blue
at low and high pH is 97.67 and 54.57%, respectively.
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JocaigxeHHs: pisHHX MeXaHi3MiB 3HeO0apBJIeHHS METHUJIEHOBOI0 CHHbOI'0 B CMCTeMi
3 oTOKATATIZATOPOM 3 J1aTepUTHOI pyAu InaoHesii Ta 6e3 HBLOTrO

A. Jlicmiana, I'.I. Baxa6, E.H. [iga, M. Po3ana, M./l. FOniarti, C. Couirix

MeTta. MeTtoro pobOTH € HoCTimKeHHS epeKTHBHOCTI (HOTOKATATITHIHOTO MaTepianty 3 JJaTEPUTHOI PyAH Ta HOTO BUKOPUCTAHHS JUIS PO-
3KJIQIaHHSI MOJIEKYJI OapBHHUKIB 3 0COONMBUM aKIIEHTOM Ha BIUTUB 3MIHHUX Ipolecy B (oTOKaTamiTHIHII peakiii.

MeTtoauxa. JlareputHy pyay nepepoOIsId IUIIXOM BIIYTOBYBaHHS Y XJIOPHAHOMY PO3YMHI 3 MOAANBIION (GiIbTpaliero Ta HEHTpai-
3aIi€l0 i3 BUKOPUCTAHHSAM TiIPOKCHUY HATPIilO JUIsl OTPUMAaHHs 0Cajy, sSIKMi MICTHThH (hoTOKaTamizaTop MareMiT. MareMiT OyB oXapakTepu-
30BaHUM 1t 3a0e3neueHHs! Horo 31aTHOCTI K doTokaranizatopa. ExcriepuMeHT 31 3HE0apBIIeHHS i3 BUKOPUCTAHHSIM METHUIICHOBOTO CHHBO-
ro K IPeJCTAaBHUKA OPraHiYHUX BiJXOJIB MPOBOAMIIH 32 BiJCYTHOCTI Ta HasBHOCTI (hoTOKaTamizaTopa B MOCTiiiHOMY yibTpadioseToBoMy
CBITI, 11100 BUSBUTH MEXaHi3M 3HeOAPBIICHHS METHUIICHOBOTO CHHBOTO. [lepekuc BoaHo i pH KoHTpoOsrOBanucs i onTuMizaiii Gorokara-
TMTAYHOT e()eKTHBHOCTI.

PesyabTaTi. BeTaHopieHo, 1o (HOTOKATaNi3aTOp, BUTOTOBICHHIT 3 JIATEPUTY, CIIPHSE 3HAYHOMY IiJBUICHHIO CTYNEHs 3HeOapBICHHS
METHJICHOBOTO CHHBOT'O 3aBJISIKM BUBIJIBHEHHIO TiJPOKCHIBHUX PaJMKalliB — MOTY)KHOI PEYOBHMHHM JUISl PO3KIAJaHHS OPraHiYHUX PEYOBHH.
BusiBieHO, 110 ONTHMAaIbHE PO3KIIaIaHHSI METHICHOBOTO CHHBOT'O JIOCSTAETHCS IUISIXOM TTO€THAHHS 301JIbIICHHS KITBKOCT] HEPEKHCY BOIHIO
Ta 3HMKeHHs pH opraHiyHEX BigxoaiB. BusnaueHo ontumanbHuil piBeHs pH 11t 3He0apBICHHS METUIICHOBOTO CHHBOTO LIISIXOM (hOTOKaTa-
JITUYHOT peakiii, sskuit craHoBUTH pH = 3.

HaykoBa HoBHM3HA. Briepiiie BUsiBICHO MeXxaHi3M 3HeOapBICHHS 3a BIICYTHOCTI Ta HassBHOCTI (hOoTOKaTanizaropa, BHAaCiIOK YO0 J0Cs-
ra€ThCs ONTHMAaJIbHA YMOBA JUIsl JOCSITHEHHS HAHBHUILOTO CTYMEHs 3HeOapBICHHSI METHICHOBOTO CHHBOTO.

[pakTuuna 3HaYUMicTh. MeTox cuHTE3y (OTOKATANIZATOPIB MOXKE OYTH 3aCTOCOBAHHIA I BUPOOHHIITBA aTFTEPHATHBHUX MPOIYKTIB 3
JIATEPUTHOI Py/H, 0COOIMBO HI3BKOCOPTHOI, SIKa € TOOIYHIM TPOJYKTOM BHIOOYTKY BUCOKOSIKICHOI HikeneBOi pyau. ONTHMAaIbHI yMOBH, BHSIB-
JIeHi B IIbOMY JIOCTi/KEHHI, MOXYTh OyTH 3aCTOCOBaHI JJI1 CHHTE3Y (POTOKaTali3aTopiB 3 JIATEPUTHOI Py Ta I peMe/Iiallii OpraHiYHUX BiIXO/IiB.

Knrouosi cnosa: namepum, macemim, pomoxamanizamop, 3He6apeieHHs
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