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Alkaline synthesis of fatty acids iso-propyl esters
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Fatty acid alkyl esters are widely used products. Most of them are used as renewable transport fuel named
“biodiesel”. Production of fatty acid iso-propyl esters mainly based on acid process but using of alkaline catalysts
may give good yields also. Alkaline catalysts have some advantageous such as low corrosivity and higher reaction
rate. In current work the effectivity of potassium hydroxide and treated potassium hydroxide solution as catalyst for
transesterification was compared. It was shown that using of KOH solution in iso-propyl alcohol after special
treatment gives almost twice higher yields (95-96 %) from refined sunflower oil triglycerides than over KOH under
the same conditions. Yield of fatty acids iso-propyl esters from wasted frying oil stabilized after 1-1.5 hours of
reaction over both catalysts. Using 1.8 and 2.0 % treated catalyst at 90 °C leads to yield of about 86-88 % at 9:1
alcohol-to-oil ratio. Reaction temperature has significant impact on a yield which decreases with temperature reduce
in the range from 30 to 90 °C. During reaction proceeding the alkali saponification and thus loss the catalytic
activity, which displayed in stopping the yield rising. The lower yield of esters from wasted oil comparing to the
refined oil may be caused by presence of heavy polymerized triglycerides components formed during frying. Such
components cannot be fully converted into monoalkylesters and gives also the oligomerized esters, which is not visible
in standard gas chromatographic analysis of biodiesel. Indirect confirmation of the presence of such compounds in
wasted frying oil sample is the sufficiently larger mass of the cube residue in vacuum distillation. For refined oil
amount of such residue was only 5.4%, while for wasted oil it was three time higher (14.9%). In case of wasted frying
oil as raw stuff, even after full conversion and effective self-separation conventional purification methods (like water
washing or dry washing with adsorbents) may not provide the necessary purity of resulted biodiesel due to the
presence of heavy oligomeric admixtures. In such cases vacuum distillation should be included as necessary final
purification stage.
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Introduction

Fatty acid alkyl esters are widely used products.
Most of them are used as renewable transport fuel
named “biodiesel”. Biodiesel manufacturing is mainly
based on methanol, utilizing as reagent both in the
triglycerides  transesterification and fatty acids
esterification processes. This is due to its lowest price
among the monohydric alcohols, as well as its high
efficiency in this reaction. But methanol using has also
some disadvantageous. First of all, these are high
methanol toxicity and impossibility of “winter
biodiesel” obtaining without using of specific
additives, enhancing methyl esters cold flow
properties. All another aliphatic monohydric alcohols
have much lower toxicity and better low temperature
properties of their fatty acid esters.

Iso-propyl alcohol has good perspectives as
transesterification reagent. First of all, it is widely used
large-scale product of basic organic synthesis, having
relatively low price. It is also known from literature
sources, that fatty acid iso-propyl esters are
characterized by better cold flow properties then
methyl and ethyl esters, obtained from the same raw
materials [1-7].
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Effective transesterification of triglycerides by
iso-propyl alcohol, resulting in high conversion of raw
stuff and high yield of iso-propyl esters, is possible in
case of reaction catalysis by strong mineral acids [2, 3,
8]. Alkaline-catalyzed transesterification by iso-propyl
alcohol is strongly influenced by reaction parameters:
temperature, catalyst concentration, molar ratio of
alcohol-to-oil (Rao) and time of reaction. Because of
this, different authors reported different results even at
the same catalyst — KOH. So, authors [9] did not
obtain iso-propyl esters at 25 °C, 1% of catalyst load,
Rao = 6 after 1 hour of reaction. Carrying out
transesterification at higher temperature (45 °C, 0.5%
KOH, Rao = 6, 0.5 hour) resulted in 43 % yield of iso-
propyl esters, while further increasing the temperature
to 60 °C enhanced the yield to about 80% both at 0.5%
and 1.0% KOH and unchanged another reaction
conditions [10]. Under close reaction conditions
(50 °C, 0.5% KOH, Rao = 6:1, 0.5 hour) another
authors achieved 86% yield of iso-propyl esters [11],
however it was not observed any separation of glycerol
layer. Authors [8] failed in preparing iso-propanol-
based biodiesel via alkaline catalysis over KOH even
under unacceptable harsh reaction conditions (77 °C,
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1.5% KOH, Rao = 70, 48 h) and preferred to carry out
acid-catalyzed process over H,SO.. Low reactivity of
iso-propyl alcohol was attributed to its branched
structure. As generally known, the branched
monohydric alcohols are characterized by far lower
acid strength, than linear once. Namely iso-propanol
has almost two-magnitude weaker acid strength, than
methanol [12]. When catalyzing transesterification
with hydroxides, weaker acidity of the alcohol strongly
suppresses the formation of alkoxide-anion, which acts
as real catalyst in this process. In case of iso-propanol,
its concentration would be very low comparing with
methanol-based process. Another difference from
methanolysis consists in  better miscibility of
triglycerides with iso-propanol, which is favorable for
saponification, resulting in catalyst loss. From our
point of view, the difference in results with KOH as
catalyst is first of all due to the inequality of the
hydroxide reagents used in terms of water content. It is
widely known, that KOH reagents may contain about
15% of water. For example, in work [13] 16%
moisture content was revealed in high-pure KOH.
Higher water content during transesterification both
decrease the alkoxide concentration and increase the
saponification rate. Direct utilization of alkoxides
reagents is able to provide the very high concentration
of iso-propoxide anions in reaction media, which is
necessary for the effective transesterification. Earlier it
was described the using of potassium and sodium iso-
propoxides [7]. The former was the commercially
purchased substance, while the later was obtained by
reaction of iso-propanol with metallic Na, which is
non-option on the large production scale. The fullness
of feed-stock conversion was controlled my measuring
total glycerol content in reaction products after
washing. Best results (0.04% total glycerol content)
were obtained in reflux condition at Rao = 20:1 over
potassium iso-propoxide (1.34% in terms of K, or
1.9% in terms of KOH relative to oil mass) after 8
hours of reaction. Utilization of 1-1.5% Na under the
same conditions provided higher total glycerol content
— 0.18-0.34%. Decreasing the alcohol-to-oil ratio (Rao
= 10 or Rap = 6) provided closer result at 1.25% Na
load, but in case of potassium iso-propoxide
conversion was substantially lower (total glycerol
content 0.64-0.70%). However, no phase separation
was observed under any reaction conditions over both
catalysts.

Regardless of relatively lower vyields of iso-
propyl esters, than in case of acid catalysis, alkaline-
catalyzed route has some advantageous such as low
corrosivity and high reaction rate. So, we decide to
develop the method of preparing the alkaline catalyst,
which will be free from some disadvantageous, having
alkaline metal hydroxides. Also, we used the really
valuable from practical point of view source of

triglycerides such as wasted frying oil, instead of high-
expensive fresh vegetable oils.

Materials and methods

Chemicals

Oil raw stuff included commercial refined
sunflower oil (Ukraine; acid value 0.07 mg KOH/g and
0.03% of water and fatty acids composition: C16:0 —
6.7%, C18:0 — 2.8%, C18:1 — 33.0%, C18:2 — 54.6%,
others — 2.9%) and wasted frying sunflower oil
(Ukraine: 0.86 mg KOH/g and 0.03% of water and
fatty acids composition: C16:0 — 8.8%, C18:0 — 4.1%,
C18:1 — 35.1%, C18:2 — 47.6%, others — 4.4%).
Another chemicals, used in current study, were the
following: analytical grade KOH (China, 83% KOH,;
as catalyst of refined oil transesterification); technical
grade KOH (China, 84% KOH; as catalyst of wasted
oil transesterification); chemical grade iso-propyl
alcohol (Russian Federation); 0.1 N HCI water solution
(prepared from fixanales); indicators bromophenol
blue and phenolphthalein; reagent-grade methyl
palmitate (>97%); reagent-grade n-hexane; synthetic
molecular sieves KA-Y/3A (Russian Federation,
dynamic water vapor capacity — 150 mg/cm®);
technical grade anhydrous calcium chloride.

Experimental

Preparation of catalytic solution

Solution of alkaline catalyst based on KOH and
iso-propyl alcohol (SMC - self-made catalyst) was
prepared by analogous to the method of the
hydroxide/ethanol based alkaline catalyst preparation,
described in patent [14]. Procedure consisted in boiling
of the KOH solution in iso-propanol and selective
dehydration of alcohol water azeotrope, condensed
over the bed of KA-Y/3A molecular sieves in Soxhlet
extractor. Dried iso-propanol was returned into the
alkali  solution. The boiling-condensation-drying
sequence was repeated for several times.

Comparison of hydroxide and prepared alkaline
solution

In these series of experiments KOH, previously
dissolved in dried with molecular sieves iso-propyl
alcohol, was used as catalyst. Also, SMC, obtained as
above mentioned from KOH iso-propanol solution,
was utilized. Investigations were carried out using
refined sunflower oil with specified content of
triglycerides about 99.9%. For each synthesis 2%
KOH load (hereinafter catalyst load expressed relative
to mass of oil) was used. Contents of alkali in reagent
(KOH), measured by titration, was about 83%, catalyst
amount is expressed in terms of 100-% KOH. In each
synthesis 100 g of oil was used. In order to compare
the efficiency of the catalysts, the same load of SMC
in equivalent of reagent KOH was used (1.66 %eq. ko).
Rao ratio was in range of 6-15 mol/mol. Syntheses
were carried out in 500 cm® round-bottom flask,
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equipped with reflux condenser and water trap tube
(filled with CaCly) in reflux conditions (bath
temperature 120-125 °C) for 2 hours. Heating of the
mixture was provided with oil bath, placed on electric
stove.

Influence of catalyst concentration and reaction
temperature

In this series of experiments only SMC alkaline
catalytic solution was used. It was prepared from KOH
and iso-propyl alcohol. Investigations were carried out
utilizing used frying sunflower oil. Marked
concentration of alkaline catalyst was calculated in
equivalent of KOH (%eq. koH). Syntheses were carried
out in 250 cm® two-neck heart-like flask, equipped
with thermometer, reflux condenser and water trap
tube (filled with CaCly), reaction mixture was stirred
by magnetic stirrer. In each synthesis 70 g of oil was
used. Heating of mixture was provided with oil bath,
placed on the magnetic stirrer. Sampling was carried
out each 0.5hour, beginning sample was taken
immediately after immersion of the flask into hot oil
bath.

Enlarged synthesis of fatty acid iso-propyl esters

In this process was used SMC alkaline catalytic
solution and wasted frying oil sample. Synthesis was
carried out under next conditions: 2%.q. KOH to oil,
Rao = 9, reaction time — 2 hours, loading of oil —
250 g, bath temperature — water trap tube (filled with
CaCly) under reflux conditions. Heating of mixture
was provided with oil bath, placed on electric stove.

Analysis

Determination of iso-propyl esters yield

The yield of the iso-propyl esters during and
after syntheses was estimated from the decrease of the
iso-propyl alcohol content in reaction products,
measured by the mass loss of the sample due to
evaporation at room temperature. The sample (5-10 g)
was placed into the open Petri dish and periodically
weighted until the stable mass achievement. All the
mass losses were regarded as evaporated alcohol due
to high boiling temperature of all another reaction
components. Then the theoretically possible mass of
iso-propyl esters, which can be formed from the
alcohol consumed in reaction, was calculated.

In particular case (enlarged synthesis after chose
the reaction parameters), yield of the iso-propyl esters
after finishing synthesis was also calculated from their
known concentrations in reaction products. The latter
was measured by gas chromatographic analysis, using
modified method based on European standard method
of determination of methyl esters in biodiesel
EN14103. When analyzing fatty acid iso-propyl esters
far more affordable methyl palmitate may be used as
internal standard instead of expensive methyl
heptadecanoate. Samples and standard were dissolved
in n-hexane. Analyses were performed on the gas
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chromatograph Agilent 7890A Series, equipped with
split/splitless inlet, flame-ionization detector and
Agilent J&W HP-5 capillary column ((5% phenyl)-
methyl polysiloxane, 30 m length, 0.32 mm internal
diameter, 0.25 um film thickness); high-purity helium
was used as carrier gas. Conditions of analyses were
the following: inlet temperature 250 °C, inlet excess
pressure 82.7 kPa, split ratio 36:1, chromatographic
column oven temperature program 210 °C/27 min —
5 °C/min up to 320 °C, detector temperature 250 °C.
The yield of fatty acid iso-propyl esters was calculated
as the ratio of their total mass in reaction products to
mass, which could be formed when triglycerides fully
convert to esters. After subtraction of free fatty acids,
oil was regarded as pure triglycerides having average
molar mass, calculated from known oil fatty acid
composition.

Estimation of heavy residue in samples of oil

Residue of heavy polymerized compounds in
oils samples, which could not be converted into
compounds, visible in gas chromatographic analyses
was determined by complicated method of successive
treatment of oil samples. It included saponification of
the oil, acid hydrolysis of formed soaps, washing,
drying and vacuum distillation of obtained fatty acids
as described in detail in earlier work [15].

Titration of the reaction products

Alkaline catalyst and soap content in the
reaction products were determined by two-step acid-
base titration method as described in [16]. Alkali was
determined in a first titration step, using HCI 0.1 N
solution as reactant, iso-propanol as solvent and
phenolphthalein as indicator. In a second titration step,
the soap content was determined using the same titrant
and bromophenol blue as indicator.

Results and Discussions

After transesterification of refined sunflower oil
both over KOH and SMC solutions one-phase clear
mixtures of reaction products, showing no tends for
phase separation, were formed. Yield of fatty acids iso-
propyl esters over KOH appeared to be not higher,
than 53% at highest excess of alcohol used (Fig. 1,
yield values, estimated from the alcohol content
decrease, are given). Using of SMC was remarkably
more efficient and resulted in yield of about 92% at
Rao = 6 and about 95-96% at higher excess of iso-
propanol.

For further investigation of transesterification of
wasted oil sample over SMC reagents ratio Rao = 9,
which was the lowest among that providing enough
high fullness of refined oil transformation (see Fig. 1),
was chosen. Yield of iso-propyl esters stabilized after
1-1.5 hours of reaction at 90 °C (Fig. 2, yield values,
estimated from the alcohol content decrease, are
given).
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Fig. 1. Yield of iso-propyl esters in refined sunflower oil transesterification over KOH and SMC
(reflux — 90 °C, 2 h, 2% KOH or 1.66%eq. ko SMC).
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Fig. 2. Changing of iso-propyl esters yield in course of wasted sunflower oil transesterification using different load
(1-2.0,2-1.8, 3 1.6%e¢q kon) of SMC (90 °C, Rao =9).

Using of 1.8 and 2.0%eqkon catalyst load
provided almost the same yield of esters about 86-
88%, while decreasing of the catalyst load to 1.6%q.
kon resulted in reducing the yield by about 15%.

Further attempts to gradually decrease the
reaction temperature under the unchanged other
conditions (SMC load — 2%eq. koH, Rao = 9) in order to
provide more environmental friendly energy-saving
process resulted in regular decreasing of the iso-propyl
esters yield (Fig. 3, yield values, estimated from the
alcohol content decrease, are given). It is interesting to
mentioned, that the temperature impact on the alkaline
iso-propanolysis appeared to be totally different from
that observed in our previous studies for butanolysis
using the similar approaches for the alkaline catalytic
solution preparing [17, 18]. Namely, alkaline-synthesis

of n-butyl esters proceeds very fast even at 15 °C and,
moreover, carrying out reaction without heating
provides the effective phase self-separation. Another
synthesis with larger mass of oil loaded was carried
out under reaction conditions, which was chosen as
most efficient on the base of discussed results (2%eq
kon SMC, reflux, 2 hours, Rao — 9:1). In these cases
iso-propyl esters yield was determined both from the
alcohol losses due to evaporation and from the results
of gas chromatographic analysis.

Both values were enough close — 72 and 74%
respectively. However, these values are some lower,
than achieved in smaller synthesis (see Fig. 2 and
Fig. 3). Probably, this is due to faster saponification
under reflux conditions than during mechanical stirring
at close temperature.
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Fig. 3. Changing of iso-propyl esters yield in course of wasted sunflower oil transesterification over SMC at
different reaction temperatures: 1 — 90, 2 — 70, 3 - 50, 4 — 30 °C (2%eq. koH, Rao = 9).

It should be emphasized, that titration of
reaction mixture after 2 hours of synthesis revealed the
absence of the alkaline catalyst due its full
saponification. Only saponified alkali was determined
via titration with bromophenol blue (concentration of
soaps — more than 10% in whole mixture). This may
explain stopping rising of esters yield at some stable
level before reaching full conversion of the oil or
reaction equilibrium (see Fig. 2 and Fig. 3).

There arise the question concerning the reasons
of the higher catalytic efficiency of SMC comparing
with ordinary KOH, dissolved in iso-propyl alcohol.
The answer is first of all the difference in water
content in the alkaline catalytic solution, and thus in
reaction medium during the process. In homogeneous
alkaline catalysis of transesterification water content is
known to be a critical factor [19-22]. Water leads to
secondary hydrolysis and saponification reactions
which cause a drop in yield and consume part of the
catalyst. Although there are no official specifications,
one can be met information about maximum water
content in the reaction medium about 0.1% for
biodiesel applications [19]. In case of trans-
esterification with branched alcohols, such as iso-
propanol, the water content influence may be even
more critical.

The preparing procedure of SMC consisted in
selective water removal from initial KOH alcohol
solution. The main source of the water was the
potassium hydroxide reagents, containing only 83-84%
of KOH (water was the main admixture). Some water
also where present in the iso-propanol. The removing
of this water leads to the shift of the equilibrium of
alcohol reaction with alkali towards the alkoxide
formation:

ISSN 2707-5796. Kataliz ta naftohimia. 2021, 32

OH

OK
)\+ KOH ‘_:)\Jr H,0
(1)

Also, additional water, formed in reaction (1)
may be removed as process goes on. This may result in
further growth of the alkoxide content. As was already
mentioned, the alkoxide is the real active catalytic
specie in alkaline transesterification. As generally
known, alkoxide-anions play a role of nucleophile
particles attacked the carbonyl groups of glycerides on
each of three successive stages of triglycerides
transesterification [23]. The water impact on the
equilibrium (1) should be far more pronounced, than in
case of methanol with alkali reaction due to difference
in acid strength between branched and linear alcohols.

Thus, it may be assumed, that in case ordinary
KOH solution the alkali was consumed in sapo-
nification reactions before the target transesterification
had time to pass sufficiently. In case of SMC both
higher saponification reaction rate in presence of water
and lower transesterification reaction rate (during to
the lower alkoxide-anions content) may be assumed.
As result, the higher yield of iso-propyl esters may be
achieved before the moment of total loss of alkaline
catalyst due to soaps formation.

As for the lower yield of esters from wasted oil
comparing to the refined oil, this is may be due to
presence of heavy polymerized triglycerides
components formed during frying [24, 25]. Such
components cannot be fully converted into monoalkyl
esters and gives also the oligomerized esters, which is
not visible in standard gas chromatographic analysis of
biodiesel. Indirect confirmation of the presence of such
compounds in wasted frying oil sample, used in
current study, is the sufficiently larger mass of the
cube residue in vacuum distillation of fatty acids,
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obtained from oil samples. In case of refined oil
amount of such residue was only 5.4%, while in case
of wasted oil it was three times higher (14.9%).

Cleaning of reaction products to obtain
biodiesel-grade iso-propyl esters from resulting
mixture will be complicated problem till glycerol self-
separation achieved. However, in case of wasted frying
oil as raw-stuff, even after full conversion and
effective self-separation conventional purification
methods (like water washing or dry washing with
adsorbents) may not provide the necessary purity of
resulted biodiesel due to the presence of heavy
oligomeric admixtures. In such cases vacuum
distillation should be included as necessary final
purification stage.

Conclusions

Obtained results showed that KOH solution in
iso-propy! alcohol after special treatment (SMC) gives
almost twice higher yield of esters from refined
sunflower oil triglycerides than at KOH under same
conditions. Using both 1.8 and 2.0%eq. kon amount of
SMC gives same highest yield (about 86-88%) of iso-
propyl esters from wasted frying oil. Enough high
yields iso-propyl esters yield is achieved only at
maximum reaction temperature (90 °C), which is
possible to maintain in unpressurized conditions. It
was also shown, that stopping of yield rising during
iso-propanolysis is due to full alkali saponification, but
not due to achievement of reaction equilibrium.
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AJKinecTepu )KUPHUX KHUCIIOT € IIUPOKO BUKOPUCTOBYBAaHUMH NMPOAYKTaMHU. BUIBIIICTh 13 HUX 3aCTOCOBYIOTH SIK
BIIHOBJIIOBAaHE ITaJIUBO IS TPAHCIOPTY, SAKE HA3MBAIOTh «Oiomu3eneM». BUPOOHHUIITBO 130MPOMIIOBHX €CTEPIiB
KUPHUX KHUCIOT B OCHOBHOMY 0a3zyeTbcs Ha KHCIOTHOMY IIpOIleci, aje 3 BUKOPHUCTaHHSIM JIY)KHHX KaTalli3aTopiB
TaKOX MOKHAa OTpHUMAaTH Xopoun BuxoAu. JIyHI KaTai3aTopu MaloTh AEsAKi IepeBard, Taki sIK HU3bKa KOpo3iiiHa
aKTHBHICTh Ta BHWINA IIBHAKICTH peakilii. Y maHiii poOOoTi Oyso MOPIBHAHO €(PEKTHBHICTH TIIPOKCHAY Kajilo Ta
JOJATKOBO OOpPOOJIEHOTO PO3YMHY TiAPOKCHAY Kaliio SK KarajizaTopiB mepeectepudikarii. [lokazano, mo po3unn
KOH B i3onpomnizoBoMy CIHPTI Micis crieliaibHOi 00pOOKH CIIpHsie OlEpKaHHIO Maike BABIYi BHIIOTO Buxoay (95-
96%) ectepiB 3 TpuriinepuaiB padiHoBaHoi COHAHUKOBOI o1il, Hix Ha KOH 3a Tux e ymoB. Buxin izonpomninoBux
€CTepiB JKHPHHUX KHUCIOT 3 BiAMparboBaHoi omii micnsa ¢ppurtiopy cradinizyerbes depes3 1-1,5 roannu peaxuii Ha 000X
KaranizaTtopax. 3 BukopucTanHsaMm 1,8 i 2,0% obpobneHoro kxaranizaropa 3a 90°C Oyno oaep:kaHo BHXOIM OIHM3BKO
86-88 % 3a cmiBBiAHOIIEHHA cUPTY 10 oiii 9:1. BcraHoBneHo, O TemmepaTypa peakiii Mae CyTT€BUH BIUIMB Ha
BHXIJ, IKHH CITamae i3 moHmKeHHAM TeMirepaTypH Bix 30 mo 90 °C. BrpomoBxk peaxilii Jyr OMUITIOETHCS i BTpadae
KaTaJTiTHYHY aKTHBHICTb, IO MPOSABISIETBCA Y 3yNUHII 3pOCTaHHS BUX0Ay. Hikuuil Buxin ectepiB 3 BiAmpanboBaHOi
onii TOpiBHAHO 3 padiHOBAHOIO OJIiEI0 MOXe OYTH CHPUYMHEHUI NPUCYTHICTIO BaXKHX MOJIMEPH30BAHHX
KOMITOHEHTIB TPUTIIIEPHIIB, IKi (POPMYIOTBCS BIPOIOBK CMa)KeHHs. Taki KOMITOHEHTH HE MOXYTh OYTH TIOBHICTIO
MEePEeTBOPEHI B MOHOAJKIIECTEPH Ta YTBOPIOIOTH OJIrOMEPU30BaHi ecTepH, AKi He (IKCYIOThCS MPH CTaHIAPTHOMY
razoxpomMaTorpadiuHomy anaiizi OGioguzento. Henpsmum miATBEpIKEHHSM HPUCYTHOCTI TaKHX CIOJYK Yy 3pa3Ky
BimpanboBaHoi omii micis ¢GpuUTIOpy € 3HauyHO Oinbla Maca KyOOBOro 3ajMIIKY, OJEP)KaHOTO NPH BaKyyMHiH
reperontti. J{ns padinoBaHoi omil KUTBKICTE TAKOTO 3aJIMIIKY cTaHOBWia jummie 5,4%, a mia gpurtopHOi BTpHUI
oimpme — 14,9%. YV pasi BUKOpPHUCTaHHS SK CHPOBHHHM (pPUTIOpPHOI OJii HaBiTh 3a TOBHOTO IEPETBOPCHHS Ta
e(eKTUBHOTO CaMOpO3JIIICHHS 3arajJbHONPUIHATI METOAM OYMINEHHS (IPOMHMBaHHS BOJOIO ab0 Cyxe OYMILIEHHS i3
3aCTOCYBaHHSM aJIcCOPOEHTIB) MOXKYTh He 3a0e3Me4nTH HeoOXiTHOT YUCTOTH OTPHUMAHOTO 0ioau3ens 4epe3 HassBHICTh
BKKHMX OJIITOMEPHUX JIOMIMIOK. Y TaKWX BUIIAIKaxX HEOOXiTHOIO KiHIIEBOIO CTAMI€I0 OYMINCHHS Mae OyTH BaKyyMHa
MeperoHKa.

Kniouosi cnosea. 130TIpOIIJIOBUI CIUPT, JYKHUNA Karajgi3aTop, BUKOPUCTaHA OJIisl INHCIA CMaKCHHS,
nepeecrepudikaris
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