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WASTE UTILIZATION IN KOREAN CEMENT PLANTS

Geun-Seong LEE (geunslee@gmail.com)

Zebo A. BABAKHANOVA (zebo.babakhanova@gmail.com)
Mastura Kh. ARIPOV A (aripoval 957@yandex.ru)

Tashkent Institute of Chemical Technology, Tashkent, Uzbekistan

The kiln process in cement plant has the advantage of completely and Ue]ﬁectively destroying and burning all organic sub-
stances due to high temperature andplong residence time, oxygen atmosphere and excellent mixing effect, alkaline conditions of raw
materials, and incorporation of trace metals into clinker, amfplays a role as a pollutant emission barrier during waste utilization.
Waste utilization tec;:nology is now proven and successful in cement plants. The waste utilization in Korean cement plants are greatly
expanding in the view of energy and material recoveries, and economics as well as environmental preservation. R!;search on waste
utilization in the Korean cement process, which began in 1992, has now been over 30 years and it has been completely commercial-
ized in all cement plants. During the year 2022, 30% of argillaceous-siliceous materials were being replaced through waste utiliza-
tion as alternative raw materials, and wastes such as waste tires, waste plastic, etc., utilized as a%ernative fuel and replaced coal
used as main fuel by 36%. Also, waste utilization with effectively continuous and reliable availability in cement plants is needed to
effective waste management including the preparation procedure for stable and homogeneous supplies, which wiﬁfurthermore con-
tribute the overall carbon reduction in the country. Uzbekistan cement factories also need to actively review and to apply waste utili-
zation, and accordingly, the Uzbekistan government should contribute that it actively establish a related support system to develop
waste utilization technology in cement plants.

Keywords: cement plant, waste utilization, alternative materials and fuel

YTUWIM3BALUSA OTXOJA0B HA KOPEUCKNUX IEMEHTHBIX 3ABOJAX

T'eyn-Ceone JIH (geunslee@gmail.com)

3e00 A. BABAXAHOBA (zebo.babakhanova@gmail.com)

Macmypa X. APUIIOBA (aripoval957@yandex.ru)

Tawkenmckuil xumuxo-mexnonozuueckuit uncmumym, Tawkenm, Y3oekucman

Tpeumywecmso neuu Ha yemeHmHoM 3a600e 3aKIIOUACMC 8 NOTHOM U IPPHEKMUSHOM PASPYUWIEHUU U CHCULAHUU BCeX OP2AHUYe-
CKUX gewecms 01a200aps 8bICOKOU memnepamype u OIUMENbHOMY 6peMeHU Npedbl8aHus, KUCIOPOOHOU ammocghepe U npesocx0OHOMY
apekmy cmeuusanus, WerouHbIM YCIO08UAM Colpbsl U 8KIIOUEHUIO CIe008 MeMALI08 6 KIUHKeD, d MAaKdice uzpaem poib 6apbepa Oisl 6bi-
6pOCO8 3a2pPAHAIOWUX BeUecms nﬁu ymunusayuu omxo008. Texnonoeus ymunusayuu omxo008 6 Hacmoswee epems anpoouposaHa u
YCHewHa Ha YyeMeHmHbIX 3a600ax. HMcnonvsosanue omxo006 Ha KOPEUCKUX YeMEHMHbIX 3a600aX 3HAUUMETbHO PACUUPAEMCI ¢ MOYKU 3pe-
HUsl BOCCMAHOBNIEHUsA SHEP2UU U MAMEPUATIOs, A MAK*Ce IKOHOMUKU, A MAKHCE OXPAHbL OKPYIHCAIOWell cpeobi. ;Icme 08aHUSL NO UCNONL30-
8aHUI0 0MX0008 6 npouzsoocmee yemenma 6 Kopee, nauasuiuecs ¢ 1992 200y, nposoosmcs yoce bonee 30 nem u noIHOCMbIO KOMMePYUa-
JU3UPOBAHbL HA BCEX YeMeHmHbIX 3a600ax. B meuenue 2022 200a 30% nunucmo-kpeMHUCmulX Mamepuanos oblio 3aMeHeHo 3a cyuem uc-
NONL306AHUS OMX0008 8 KAUecmse AlbMepHAMUSHOZ0 CbIPbsl, A MAKUe OMX00bl, KAK UCNONIb306AHHbLE WUHBL, OMX00bl NAACMUKA U M. O.,
UCNONbL306ANUCY 8 KAYeCHEe ANbMEPHAMUGHO20 MONUEA U HA 36% 3aMeHUNU Y2Olb, UCNONb3YeMblil 8 Kayecmee 0cHogHo2o monauea. Kpo-
Me mo2o, 05 APHekmusHo20 ynpasneHiis Omxo0amu, 6KI0YASL NPOYeOypy NOO2OMOBKU CMAOUTILHBIX U 0OHOPOOHBIX NOCMABOK, YMO, KPOMe
moeo, 6yoem cnocob6cmeosams 06Wemy CoOKpAujeHuIo 6blOPOcos yzﬂepoé); 6 cmpane, HeobX00UMO dppexmusnoe, HenpepvleHoe u Hage:»c-
HOe UCNOIb3068aHUe OMX0008 HA YeMeHMHbIX 3as00ax. Llemenmubim 3a600am Y3bexucmana maxsce HeoOX0OUMO aKMUBHO nepecmampu-
6amb U NPUMEHAMb MeMmoobl YMUIU3AYUL OMX0008, U, COOMEEMCMBEHHO, NPABUMETbCME0 Y30eKucmana 00IXHCHO CROCOOCME08amy ax-
gmeﬁo,wy CO30aHUI0 COOMBEMCMBYIOWell CUCTEMbl NOOOEPHCKU OISt pa3pabomKy MexHOI02Ul YMUIU3AYUU 0MX0008 HA YEeMEHMHbIX 3a60-

ax.

KuroueBsble ciioBa: HCMCHTHHﬁ 3aBOJi, YTHIIH3AIMA OTXO/10B, aJIbTEPHATHBHBIC MaTEpHallbl U TOIIIIHBO
KOREYA TSEMENT ZAVODLARIDA CHIQINDILARNI UTILIZATSIYA QILISH

Geun-Seong LEE (geunslee@gmail.com)

Zebo A. BABAXANOVA (zebo.babakhanova@gmail.com)

Mastura X. ARIPOVA (aripoval957@yandex.ru)

Toshkent kimyo-texnologiya instituti, Toshkent, O ‘zbekiston

Tsement zavodidagi pechning afzalligi shundaki, yugori harorat va uzoq vaqt qolish muddati, kislorod atmosferasi va mukammal

aralashtirish effekti, xom ashp oning ishqoriy sharoitlari va iz metallarning tarlgibi a kirishi tufayli barcha organik moddalarni to'liq va
samarali yo'q qilish va yoqish. klinker, shuningdek, chigindilarni qayta ishlashda ifloslantiruvchi moddalar emissiyasi uchun to'siq bo'lib
xizmat qi;:zdi. Chiqind[ém[ qayta ishlash texnologiyasi endi tsement zavodlarida sinovdan o'tkazildi va muvaffaqiyatli bo'ldi. Koreya se-
ment zavodlarida chigindilardan foydalanish energiya va materiallarni qayta tiklash, igtisodiyot va atrof-muhitni muhofaza qilish nuqtai
nazaridan sezilarli darajada kengaymoqda. Koreyada 1992 yilda boshl);ngan sement ishéb chigarishda chigindilardan foydalanish
bo ‘vicha tadgiqotlar 30 yildan ortiq vaqt davomida olib borilib, barcha sement zavodlarida to ‘liq tijoratlashtirildi. 2022 yil davomida loy-
kremniyli materiallarning 30 foizi muqo%ll xom ashyo s[t"ﬁztida chigindilardan foydalanish bilan almashtirildi va ishlatilgan shinalar, chigin-
di plastmassa va boshqalar muqobil yoqilg'i sifatida ishlatilgan va asosiy yoqilg'i sifatida ishlatiladigan ko'mirning 36 foizi almashtirilgan.
Bundan tashqari, chigindilarni samaraZ' boshqarish uchun, shu jumladan bargaror va yagona ta'minotni tayyorlash tartibi, bu esa mamla-
katda uglerod chigindilarini umumiy kamaytirishga yordam beradi, sement zavodlarida chigindilardan samarali, uzluksiz va ishonchli
fovdalanish zarur. O ‘zbekistondagi sement zavodlari ham chigindilarni boshgarish amaliyotini faol qayta ko ‘rib chiqishlari va joriy etishla-
ri kerak va shunga muvofiq O ‘zbekiston hukumati sement zavodlarida chigindilarni boshqarish texnologiyalarini rivojlantirish uchun
tegishli qo ‘llab-quvvatlash tizimini yaratishga faol ko ‘maklashishi kerak..

Kalit so'zlar: tsement zavodi, chiqgindilarni utilizatsiya qilish, muqobil materiallar va yoqilg'i

DOI: 10.34920/cce202411

Introduction meal in the raw mill. The raw meal enters the ce-

Cement production is a very material and  ment kiln system where the thermal processes
energy-intensive process. Cement production is  (drying, preheating, burning and cooling) and
similar all over the world. After the natural raw  chemical reactions (calcination, clinkerization)
materials such as limestone, silica sand, clay, and  take place to produce the intermediate product,
iron ore, are mined, they undergo various steps of  clinker. Finally the clinker is ground together with
mechanical treatment such as crushing, grinding,  gypsum and other constituents to produce a fine
and homogenization to produce the so-called raw  and homogeneous powder of the so-called Portland
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cement. Figgure 1 illustrates the schematic cement
manufacturing process starting with the mining of
the raw materials in the quarry via the clinker
burning process in the cement kiln until the fin-
ished product, cement, leaving the plant, as bag or
bulk, by truck, tank lorry, train and ship.

kiln is increased up to 1450 °C, the clinkerization
process takes place as lime, silica, alumina, and
iron react together and combine to form clinker,
where the chemical components in raw materials
such as CaO, SiO,, Al,O; and Fe,O; change to the

Raw Materials Raw Meals
Filter I Cyclone
»: preheate

=iy

Clinker e
Storage &
homogenization  Clinker
Grinding Storage
Cnn.lrer
silo

Cement mill

Loading

mineralogical components, 3CaO-SiO, (alite,
CsS), 2Ca0-SiO,  (belite,  C,S),
3Ca0-ALO; (aluminate, C3;A) and

4Ca0-Al,0,-Fe,05 (ferrite, C4,AF). The
thermal energy required for raw material
drying, calcination and sintering reac-
tions has traditionally been provided by
fossil fuels such as oil, natural gas, coal
and petroleum coke.

Currently, the innovative issues of most
interest to the global cement industry are
as (i) increased energy efficiency, (ii)
increased NOx efficiency, (iii) increased
substitution of clinker by mineral addi-
tives, (iv) increased waste utilization,
and (v) reduced CO, emission. Among
the various issues above, the increase in
waste utilization in cement plants will be

r,

Rotary kiln

Solid
- Gas

Figure 1. Schematic cement manufacturing process.

Producing one ton of clinker requires on
average 1.5~1.6 tons of raw materials. Most of the
weight loss occurs from the calcination, the reac-
tion of calcium carbonate (CaCO;) to lime (CaO),
which takes place once the raw meal is heated up
to 800 ~ 900 °C. As the temperature in the rotary

discussed.

Special features in cement plants

The temperatures, and the residence times
of gas and solids materials which normally remain
in the rotary kiln, precalciner and preheater are
shown in Figures 2 and 3. The material tempera-
ture in cement kiln can be higher than 1,450°C and

o = the residence time in the kiln itself can
o ] 7L be more than 30 min. The gas temper-
& e { Gas Temperature // ature can be even higher than 2000 °C,
g = . oo the residence time of gas in high tem-
| > 7 s \ perature zone which no less the 1300
§ P =;/’( \ °C is more than 10 seconds. Therefore,
E o A\ A\ because of the fundamentally high
F 400 ;/ &‘M temperature of long residence time in
- = —— S | cement kilns, all organic compounds,
= . even the most resistant chlorinated
quipment Fiter |Raw mill Gas duct| Preheatet Precaiciner  Rotary kiln Cooler
Gas retenton tme ca1bs | ca2s ca0s cai0s cals ca 10s ca is hydrocarbons are Completely and effi-
Material retention ime |60s-30min 30s-30mn caSls | cass | ca30min ca. 30min ciently destroyed. Even the most sta-
Figure 2. Gas and material temperature in kiln process. ble organic Compound Capn()t Sl'.erIVC
at temperatures exceeding slightly
more than 800 °C [1].

Characteristics Temperﬂture and time Combustlble tOXlC Compounds found
el lercetine o in some hazardous waste, such as hal-
: > 2~6 sec at > 800°C ogenated organic substances, need to

at precalciner
. Precalciner be destroyed through proper tempera-
Temperature > 850°C: material * Gas: > 850°C ture and residence time. Hazardous
at precalciner | >1,000°C: gas and other wastes fed through the main
Residence time | > 12~15 sec at > 1,200°C burner 1m the rotary kiln, where condi-
at main burner = > 5~6 sec at 1,800°C tions will always be favorable, de-
= . S Kiln compose under oxidizing conditions
me;;zrg;:; e odarcrfa ;:a * Flame: 1,800-2,000°C | at a flame temperature of >1800 °C
’ 2 sl S [2]. Cement processes are basically

Figure 3. Temperatures and residence time during pyroprocessing.

oxygen rich atmosphere and good
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mixing conditions, assuring good combustion and
avoiding the generation of carbon monoxide (CO)
and other deleterious compounds. The thermally
consistent conditions in a kiln guarantee the com-
plete destruction, and simultaneously complete
combustion with higher efficiency of the organic
components in the waste. Basic raw materials in
cement processes are alkaline components. Waste
materials in the kiln are in contact with a large
flow of alkaline (basic) materials that neutralized
potential acid off-gases from combustion. There-
fore, the components of sulfur and chloride gases
released during the waste utilization are easily
absorbed by the raw meal [3].

Furthermore, cement plants have intrinsical-
ly played a role as emission barriers from the
point of view in the environmental aspect, in
which barriers prevent toxic substances from be-
ing emitted or becoming harmful to the environ-
ment (Fig. 4) by the function such as: (i) High
incineration temperature: In the sintering zone
flame temperatures of some 2000 °C are required
for the clinkerization, where even very stable or-
ganic compounds (e.g. PCB) are completely de-
stroyed. (ii) Intensive contact with the raw meal:
Intensive contact of gas and raw meal is required
for heat transfer. Preheater system acts as
‘scrubbing station’ in series, working at different
temperatures (900~300°C). This produces gas
purification through absorption of toxic com-
pounds while contact occurs in counter-current
pattern. Also, raw grinding mill is particularly
effective for absorption due to the newly generat-
ed active surface of raw meals during grinding.
Acid gases (e.g. HCI, SO,) and also most of the
heavy metals are captured in preheaters and raw
mills. The key is the contact of gas with fine sus-
pended particles. (iii) Low temperature: Conden-
sation or absorption on surface active raw meal
reduces the concentrations of toxic elements ac-
cording to the physical/chemical equilibrium.
This effect strongly depends on the gas tempera-

ture. The lower stack temperature the lower will
be the equibrium concentrations of the vapors of
toxic compounds. It is therefore possible to keep
emission levels low, while the gases are passing
the raw mill. (iv) Efficient dedusting equipment:
The higher absortion capacity of the kiln system
avoids emissions. An efficient dedusting equip-
ment prevents enriched dust from getting into the
atmosphere. (v) Incoporation of trace elements in
clinker: Any inorganic mineral residues from
combustion - including most heavy metals - are
trapped in the complex matrix of the clinker and
cement. These trace elements are immobilized and
fixed practically insoluble form in the clinker min-
eral components which is not leachable in cement
mortar or concrete [3].

Therefore, a cement kiln is a proven technol-
ogy for recycling by beneficial reuse for
liquid and hazardous wastes. The use of wastes as
raw materials and fuels in the cement plants has
numerous benefits such as: (i) Maximization of
the recovery of energy from wastes in a safe and
effective way. All the energy is used directly in the
kiln for clinker production; (ii) Conservation of
natural resources by reducing raw materials; (iii)
Economics to be cost competitive nationally as
well as internationally by reduced cost of raw ma-
terials & fuels; (iv) Contribution towards a lower-
ing of emission such as greenhouse gases by re-
placing the use of fossil fuels with wastes that
would otherwise have to be incinerated with corre-
sponding emissions and final residues.

Wastes for cement plants

“Waste” means materials, that are not
products or by-products, for which they have no
further use for the purpose of production, transfor-
mation or consumption. The waste utilization in
cement plants reduces the use of non-renewable
raw materials and fossil fuels as alternative raw
materials and alternative fuels as well as the envi-
ronmental impacts associated with CO, emission.
The waste utilization in cement plants maximizes

the recovery of energy from waste.
All the energy is used directly in the
kiln for clinker production, so that
various types of waste can be used

B&

=)

to replace traditional fuels.
The range of wastes is extremely
wide. Materials like waste oil, waste

| Filter plastics, waste tires and sewage

= sludge are widely used as alternative

, reheating fuels for the cement industry. Also

Clinker %g)% Flame system || Raw mill h fl h fl:y h ’

| _l wastes such as ly ashes from the

T - TS ™ 3 — TEoo— |power plants and incinerators, waste
. Incorportion . hig . Intensive contac . Low . icien .

in clinker temp. with raw meal temp. dedusting foundry Sand’ slags, chemical gyp-

sum from desulfurization units, etc.

Figure 4. Emission barriers in cement Kilns.

can be used as alternative raw mate-
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rials in cement plants. Table 1 shows the group
classification of alternative raw materials and fuels
widely used in cement plants.

It is reported that four basic principles for

Table 1
Group classification of alternative raw

Source Waste material
! * Coating residue * Foundry sand
Sont e | o Contaminated soil * Recycling sludge
CaCo, * Industrial lime * Lime sludge
Raw Fe.0 * Roasted pyrites * Mechanical sludge
materials 2 * Red sludge
Si-Al-Ca-Fe | * Fly ashes * Crushed sand
Sutfue . G\,rpsulm from gas desulfurization
* Chemical gypsum
; * Waste tires * \Waste plastics
Solid : :
* Papers * Organic materials
Fuels Liquid * Waste paints * Waste solvents
a * Oil waste * Waste grease

Gas * Pyrolysis gas + Landfill gas

the use of alternative fuels in cement production
are as [4]: () The chemical quality of the fuel has
to meet regularly standards to ensure environmen-
tal protection. (ii) The calorific quantity of the fuel
must be stable enough to allow a controlled supply
of energy to the kiln to produce homogeneous
clinker. (iii) The physical form of the fuel has to
permit easy handling for transportation and con-
trolled flow into the kiln. (iv) The fuels must not
introduce any chemical compounds into the clink-
er that might be deleterious to the stability of the
production process or the performance of the prod-
uct.

Wastes occur in different forms and quali-
ties, so wastes present a large variety in terms of
physical and chemical properties, which means
that preparation of an appropriate waste as alterna-
tive raw materials and fuels, in accordance with
requirements of cement plants, is a complex pro-
cess, requiring control by both a waste supplier
and a customer (cement plant). All materials (in
the form of alternative fuels) introduced into a ce-
ment production should ideally resemble the ho-
mogeneity, particle size distribution, heat and wa-
ter content, as normal fossil fuels used in cement
manufacturing. Therefore, alternative fuels should
be prepared as homogeneously physical and chem-
ical properties into cement kilns by prohibition of
foreign bodies and substances, so that pretreat-
ment and pre-processing are often necessary for
heterogeneous alternative fuels.

The transformation of waste to alternative
raw materials and fuels requires certain standards.
Some types of waste cannot be used directly as
raw materials and/or fuels, but must undergo a

preparation process. Preparation plants for waste
utilization usually store incoming materials and
contain screening, size reduction, homogenizing
and mixing processes. Screening is to separate
foreign and oversized material, and size reduction
is to fit the fuel to the foreseen firing point (e.g.
preheater, main burner), as well as to allow a prop-
er dosing and to ensure a good combustion, and
finally homogenizing and mixing is to feed to the
kiln process a fuel of constant quality.

The supply from waste collection to the
cement plant probably requires the preparation
procedures as: (i) waste collection = (ii) transport
— (iii) pre-processing — (iv) transport — (v) ce-
ment plant. This step produces a waste product
with defined characteristics that complies with the
technical specifications of cement production and
guarantees that environmental standards are met.
In particular, preparation of the alternative fuel of
specific physical and chemical properties often
requires mixing of several types of waste, depend-
ing on the type of waste and the method of fuel
preparation. The experience of countries associat-
ed in CEMBUREAU (European Association of
Cement Producers) shows that alternative fuels in
a clinker burning process must be characterized as
Table 2 [1], in which PCBs and PCTs are poly-
chlorinated biphenyls and polychlorinated ter-
phenyls, respectively.

Table 3 shows the background history for

Table 2
Characterization of alternative fuel

Parameters Values
Average thermal value > 3,000 kcal/kg
Humidity <30%
Chloride (Cl) <0.3%
Heavy metals < 2,500 ppm

PCBs + PCTs <50 ppm

Hg <10ppm

Cd + Tl + Hg <100 ppm

waste utilization in Korean cement plants. In
1992, with supporting of the government research
fund from the Ministry of Environment, a R&D
project on the feasibility of waste tires as alterna-
tive fuel in cement plants began and its application
had reviewed. In 1996, waste sludge from a zinc
smelting plant, began to be used as an alternative
material for the substitution of iron ore, and in
1997, cutting coarse-grained waste plastics were
tried to be used as alternative fuel. In 2000, the
scope of alternative fuel was expanded to include
waste vinyl, waste plastic, and waste oil, and well

6
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Background history for waste utilization

Table 3 lumped wastes can be fed at the other
feed points such as kiln inlet end. lump
-sized waste is fed into the kiln inlet,

Environment

¢ 1997: Trial of waste plastics as alternative fuel.

¢ 1992: Beginning of a review on the fuel utilization of waste tires
in cement plants under research funding from the Ministry of

¢ 1994: Trial of a pilot plant of shredded waste tires into kiln inlet.
* 1996: Application of industrial wastes as cement raw materials.

* 2000: Application of waste vinyl, plastics, oil as alternative fuel.
* 2002: Established waste tires’ collection and supply system.
¢ 2003: Operation of waste tire injection as alternative fuel.

and fine-sized or liquid wastes is sup-
plied to the main burner along with
the existing fuel.

Fig. 6 shows graphically schematic
view between conventional and inte-
grated approach for CO, emission be-
tween incineration of waste and ce-
ment kiln, in which co-processing of
waste in cement kiln outperforms in-
cineration. In the conventional ap-
proach, CO, is separately generated

applied in cement plants. In 2002, a waste tire
collection and supply system began to be operat-
ed under the support of the government's Ministry
of Environment, and as a stable supply of waste
tires was achieved, their use as alternative fuel
began to be stably applied in cement plants in
2003. Until now, the waste utilization is expand-
ing and successively well operating in Korean
cement plants.

Different feed points that can be used to
feed the alternative fuels into the cement produc-
tion process are given as: the main burner at the
kiln outlet end, the kiln inlet end, riser duct and
the precalciner as shown in Fig. 5. Appropriate
feed points amongst the above will have to be
selected for the environmentally sound co-
processing of the alternative fuel. Injection or
feeding of alternative fuels through the main
burner at the kiln outlet end is the only way in
which the flue gases from the fuels pass the high-
est temperature zone of the kiln and are complete-
ly decomposed in the primary burning zone at
temperatures up to 2,000°C. Generally, alternative
fuel such as the plastics injected into the precal-
ciner or riser duct may need to be shredded or cut
to less than 50mm size for coarse materials. The

from the waste incineration process
and the cement process. In the integrated approach
in the case of co-processing with waste materials,
the using of alternative fuel can substitute the tra-
ditional fossil fuels with the results for natural
source saving, and in addition to CO, emissions
reduction benefits, co-processing of waste reduces
the amount of CO, emission of incineration.

Table 4 shows the annual waste utiliza-

Conventional Approach Integrated Approach
Waste Fossil Fuels Wt FF?JS::;
(Coal, 0il, Gas) (Coal, Oil, Gas)
Incineration : tolant Co-prtt:cessing of
+ ement plan wasie as raw
of waste materials & fuel

Figure 6. Schematic view between conventional and integrated
approach for CO, emission.

tion as alternative raw materials and fuels in
Korean cement plants from 2017 to 2022. Alt-
hough the annual clinker production is some-
what decreasing, the quantities for waste utiliza-

Kiln inlet |

Main burner
Fine size/Liquid

tion in cement plants continues to gradually
increase. In 2022, alternative materials as
argillaceous-siliceous raw materials were
used about 7.2 million tons. In addition,
including 199,000 tons of waste tires, 2.4
million tons of waste plastics, and 140,000
tons of waste rubbers, a total of 2.76 million
tons of wastes as alternative fuel was ap-
plied. A total of about 10 million tons of
wastes as raw materials and fuel were used
in 2022, which is equivalent to 30% of the

Lump size

total argillaceous-siliceous raw materials
and 36% of the total fuel consumption in
Korean cement plants. And also in next
steps too, waste utilization is sustainably

Figure 5. Feed points of alternative fuels.

expected to increase for the reduction of non
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-renewal natural resources as well as decreased destruction for wastes by the high temperature,
CO, emission in Korean cement plants. long residence time, and oxidizing conditions, and
the insoluble form binding of trace ele-
Table 4 X .
ments with the mineral components of

Annual waste utilization .
clinker. Therefore, wastes can be re-

(wnit: 1,000ton) | placed to the conventional raw materials
items 2017 2018 | 2019 @ 2020 | 2021 = 2022 |and fuels. Intrinsic characteristics of ce-
Clinker production 48,657 | 45,391 | 45,932 41,894 42,890 43,430 | ment process act as emission barriers and
Fly ash 2,804 3,151 | 3,179 2,792 @ 2,856 3,116 have no effect on clinker quality during
Aol siudge 2083 2051 | 2315 2957 2762 2804 |the waste utilization. ' _
::;‘:; Tailings 10 308 | so1 330 | 476 503 For Fhe waste utlllzatlon Wth e'ff“ectl\‘/el'y
Siliceous | Foundry sand 654 563 | 606 610 708 811 |continuous and rehab'le availability, it is
Sub-total 5731 6073 | 6691 6359 6802 7,23 |N€eded to the effective waste manage-
Waste tires 263 291 275 186 165 199 ment. Wastes using . mn cement plants
Waste plastics 858 915 I 1,016 . 1,407 . 1,952 . 2,402 Should be as an eneronmentally S()und
Fuel  Wasterubbers 115 70 | 76 = 88 | 112 140 supply by proper sorting a_nd pretregtment
Waste woods, etc 20 o | 35 o | e I of waste, clearly ensuring quality of
Sub-total 1,266 1,326 | 1,402 1,720 | 2,245  2,763** wastes. . .
: L =N 2 Local cement plants in Uzbekistan need
L 6997 7,339 | 8093 8079 9047 9997 |to review the implementation for waste
*:30% substitution of argillaceous-siliceous raw materials. utilization to obtain the energy saving as
**: 36% substitution of total fuels. well as CO, reduction in cement plants. In
addition the systematic establishment of a
Conclusions supply chain of wastes with legal support by UZ

Waste utilization in cement plants is a government should be done on the realization of
proven technology due to the complete and safe  waste utilization in cement plants.
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ANOMALOUS OF RESISTANCE AND MAGNETIC SUSCEPTIBILITY AT
280-310 K AND AMBIENT PRESSURE IN BISMUTH CUPRATES
SYNTHESIZED BY SOLAR ENERGY

Dilbara Dj. GULAMOVA' (gulamova@uzsci.net)
Sirojiddin Kh. BOBOKULOV (siroj-1705@mail.ru)
Valeriya R. L (vli@misis.uz)
Grigor I. MAMNIASHVILF (mgrigor@rocketmail.com)
Timur I. GULAMOV? (Gulamovtimur@gmail.com)
"Materials Science Institute, Tashkent, Uzbekistan
iMoscow Institute of Steel and Alloys branch, Almalik, Uzbekistan
Tbilisi State University, Tbilisi, Georgia
In order to obtain the full content of high-temperature superconducting phases usin]g the “Super Fast Alloys Quenching” technol-
%y in the Large Solar Furnace (Parkent), precursors of bismuth cuprates of the series Bi; ;Pbg;Sr,Cag,.;,Cu,O,, n=3-30 were synthesized.
ethods [for study the properties of precursors are presented. The oriented nano-sized microstructure and layered structure of nanocrystal-
line nuclei are shown. The phase composition of the precursors at the beginning of the series (n=3-3) is represented by X-ray amorphous
and crystalline phases. An increase in the content of CaO and CuO destabilizes the amorphous phase. The crystalline basis of all precur-
sors is identical. Graphs of the resistance and magnetic susceptibility of Bi; ;Pb, 3Sr.Cay,.;)Cu,0,, (n=>5,12,30) precursors show abnormally
sharp effects in the temperature range 275-310 K at atmospheric pressure, daylight. The manifestation of the Meissner effect, anomalies in
resistance and magnetic susceptibility below 270 K suggest superconductivity of the precursors of the series Bi; ;Pbg ;SrCay,.;)Cu,O,, n=5,
12, 30 at room temperature. ’

Keywords: Bi/Pb cuprates, solar technology, microstructure, phase composition, resistance, magnetic susceptibility, room-temperature superconducting phases

AHOMAJIMY COMMPOTUBJIEHUS U MATHUTHOM BOCIPUMMYUBOCTH
1HPHU 280-310 K U ATMOC®EPHOM JABJIEHUU BUCMYTOBBIX KYITPATAX,
CUHTE3UPOBAHHBIX COITHEYHOU D)HEPI'MEN

Hunvoapa /Inc. I' VIAMOBA' (gulamova@uzsci.net)

Cupocuooun X. BOBOKYJIOB!' (siroj-1705@mail.ru)

Banepus P. T (vli@misis.uz)

Tpuzop H. MAMHHUAIIIBHITIP (mgrigor@rocketmail.com)

Tumyp H. TYJIAMOB’ (Gulamovtimur@gmail.com)

'Ancmumym mamepuanosedenus, Tawmkenm, Ys6exucman

*@unuan Mockoeckozo unmemumyma cmanu u cniagos, Anmanvix, Yioekucman
3Tounucckuii 2ocydapcmeennvuii ynusepcumem, Tounucu, I'pysun

C yenvlo nonyuenus noIHOOObLEMHO20 COOEPIUCAHUS BbICOKOMEMNEPATNYPHBIX C8ePXNPoBoOawux paz mexnonocuei “Super Fast
Alloys Quenching” 6 Bonvwioui conneuHoll nevu gHapKeHm) CUHME3UPOBAHBL NPEKYPCOPbL BUCMYMOBbIX Kynpamos psada Bi; ;Pby;Sr,Cay,. ;)
Cu,0,, n=3-30. IIpedcmaenenvt Memodsl UCCIEO06aHUA CEOUCME NPeKypcopos. llokasana opuenmupo6antas HAHO PAZMEPHAR MUKDO-
CIMPYKMypa u cloucmoe cmpoeHue HaHo Kpucmaiiumos-3apoobiuell. Pazosulii cocmag npekypcopos Havana paoa (n=3-5) npedcmagien
penmeenoamopmoil u Kpucmannuieckumu gazamu. Bospacmanue coodepocanun CaO u CuQ decmabunuzupyem amopguyio gasy. Kpu-
CMANIUYecKas OCHOBA BCeX NPeKypcopos udenmuyna. I paghuku 3asucumocmu conpomusnenus u MazHUmMHoOU 0CHPUUMYUSOCIIU NPEKYPCO-
pos Bi; ;Pby3Sr:Cag,.;)Cu,O,, (n=35,12,30) noxaseisaiom anomanvHo peskue sppexmol 6 memnepamyprom unmepsane 275-310 K npu am-
Mocgheprom dasnenuu, OneéHom océewjenuu. Tlposenenue spgpexma Meiiccnepa, anomanuu COnpOMUGTEHUS U MASHUMHOLU 60CHPUUMYUEO-
cmu eviue 270 K npeononazaiom ceepxnpogooumocms npexypcopos paoa Bi; ;Pb, ;Sr,Cay,.;)Cu,O,, n=35, 12, 30 npu komnammotl memnepa-

mype.

KioueBble ciioBa: kinnkep, Bi/Pb kynpaTel, conHeuHas TEXHONIOTUs, MUKPOCTPYKTYpa, (pa3oBblii COCTAB, COMPOTHBIICHHE, MATHUTHAS BOCIIPHUMYHBOCTb,
KOMHATHO-TEMIIEPaTyPHbIC CBEPXIIPOBOJIsIINE (a3bl

QUYOSH ENERGIYASI BILAN SINTEZLANGAN VISMUT KUPRATLARDA
280-310 K DAGI QARSHILIK VA MAGNIT SINGDIRUVCHANLIK
ANOMALIYASI

Dilbara Dj. GULAMOVA' (gulamova@uzsci.net)

Sirojiddin Kh. BOBOKULO V! (siroj-1705@mail.ru )

Valeriya R. LI (vli@misis.uz )

Grigor . MAMNIASHVILF (mgrigor@rocketmail.com )

Timur I. GULAMOV? (Gulamovtimur@gmail.com )

"Materialshunoslik instituti, Toshkent, O'zbekiston

’Moskva po'lat va qotishmalar institutining filiali, Olmaliq, O'zbekiston

3Tbilisi Daviat Universiteti, Tbilisi, Gruziya

Yuqori haroratli o’ta o'tkazuvchi fazalarning to'liq hajmli tarkibini olish uchun magsadida Katta quyosh pechida (Parkent)

“Super Fast Alloys Quenching” texnologiyasidan foydalanib Bi; ;Pb 3Sr,Cag,.;)Cu,O, n=3-30 seriyali vismut kupratlarininﬁ prekursorlari
olindi. Prekursorlarning xossalarini o'rganish usullari keltirilgan. Nano kristalli yadrolarning yo'naltirilgan nano o'lchamdagi mikro
tuzilishi va qatlamli tuzilishi ko'rsatilgan. Prekursorlarning fazaviy tarkibi (n=3-5) qator boshlanishida rentgen amorf va kristall fazalar
bilan ifodalanadi. CaO va CuO ning oshishi amorf fazani beqarorlashtiradi. Barcha prekursorlarning kristalli asosi bir xil. Bi; ;Pb, ;Sr,Ca
w-1Cu, O, (n=5,12,30) prekursorlarinin% qarshilik va magnit sezuvchanlik grafiklari, atmosfera bosimida, kunduzgi yorug'likda 275-310 K
harorat oralig'ida anomal ravishda keskin ta'sivlarni ko'rsatadi. Meissner effektining namoyon bo'lishi, qarshilik va magnit sezuvchanlik-
dagi anomaliyalar xona haroratida Bi; ;Pb 3Sr,Cay,.;)Cu, O, n=5,12,30 seriyasining prekursorlarining o'ta o'tkazuvchanligini ko'rsatadi.

Kalit so'zlar: Bi/Pb kupratlari, quyosh texnologiyasi, mikrotuzulish, fazaviy tarkib, qarshilik, magnit sezuvchanlik, xona haroratli o'ta o'tkazuvchan fazalar

DOI: 10.34920/cce202412

Beenenne neneBoro Marepuana. Ilpum moctosHHOM cocTase,
CocTaB M TEXHOJOIHMs SBISIOTCS OCHOB- KOTOPBIA B HACTOsALIEE BPEMs JTOCTaTOYHO HAIEK-
HBEIMU  (DAKTOPaMH, OINPEAEISIONMME CBOMCTBA HO ONPENENAETCS BHICOKOTOYHBIMU IPUOOpPAMH M
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AHATUTHYECKUM 000pYyIOBaHUEM, TOHKHE OCOOCH-
HOCTH TEXHOJIOTHMH CHHTE3a MPEACTABISAIOT IJIaB-
HBI cekpeT now-how, KOTOpbIM HEOOX0aUMO
peanu3oBath I CO3JaHUs TpeOyeMbIX CBOMCTB y
MaTepuaia U U3eiauil Ha ero ocHose. [l cuHTe3a
OKCHJTHBIX CBEPXIPOBOAAIINX MaTepuanoB [1-22]
TPaAULIMOHHO MIMPOKO UCIIONB3YIOT TEXHOJIOTHUH Ha
OCHOBE TNPHHIHUIA TBepAO(ha3HBIX peakuuil. Takue
IPOLIECCHl JOJITOBPEMEHHBI, CBSI3aHBI C IPOMEXKY-
TOYHBIMM II€pelieslaMi II0MOJa, pa3leeHus Ha
(¢pakumy, KOMIIAKTUPOBAHUS, O0KUTa U IPYTUMHU
UHIMBUAYAIBHBIMA OCOOEHHOCTSIMU. TepmooOpa-
00TKa HpeACTaBIsAEeT PHEPro3aTPaTHBIA Ipolece C
NEPUOANYECKUM TOSTAHBIM H3MEHEHUEM TEpPMHU-
YECKOr0 peXHMa, 4YTO TpeOyeT NpUMEHEHUs
BBICOKOTOYHOM ammaparypsl M JOPOrOCTOSIIUX
HarpeBarened. B pesynbrare co3maroTcs mare-
puansl M M34ENUS  C  Pa30pUEHTUPOBAHHOM
00BEMHOM MHUKPOCTPYKTYpO#, TNpHemiIeMOl, ¢
HEKOTOPBIMH OTPAaHUYCHUSIMH, I H3ACIUH ¢
U30TPOIIHBIMU  CBOMCTBaMH, HO HE YJIOBIET-
BOpSIOLIEH KeCTKHE TpeOOBaHUS K IapaMeTpam
AHU30TPOIHBIX MAaTEPHUAJIOB, CYLLIECTBEHHO 3aBUCS-
mmM oT ocobeHHoctelr Mopdonoruu. HexoTtopoe
VIIyYIIEHUE TEKCTYpbl, IO3BOJAIOLIEE IOCTUTaTh
TpeOyeMBIX CBOICTB B IPOM3BOACTBE CBEPXIIPO-
BOJSIINX MAaTE€pUAIOB 3aJaHHOIO0 COCTaBa C
OPHEHTUPOBAHHONM MUKPOCTPYKTYpPOH, JOCTHUraeT-
csi pacmiiaBHbIMM Metogamu. OJHAKO, BBICOKas
SHEProeMKOCTh PACIUIABHBIX TEXHOJIOTUM, CIOX-
HOCTh JJUTEIBHOTO  TOJJAEpKaHUs TpeOyemoro
TEMIIEPATYPHO-BPEMEHHOI'0  pEXHMa dYacToO HE
MO3BOJIAIOT KOHKYPHUPOBATH C MPOMBIIIJICHHBIMU
IpoleccaMi Ha OCHOBE TBEPAO0(a3HOr0 MPUHIIMIIA.
B T0 xe BpeMs, B Tex chyyasX, Korja
BO3MOXHOCTh peanu3aly TpeOyeMbIX CBOHCTB
LEJEBOr0 MaTepuajia pacIulaBHBIMH MeETOJaMU
IpeBaJIUpyeT HaJ SKOHOMUYECKUMM apryMEHTaMH,
UCIIOJIb3YIOTCSA pacIulaBHBIE TEXHOJIOTUH.
Hanpumep, paspaboranssii P. MclJinn pacnnas-
HBI MeToq [23] TeKCTypHpOBaHMs Ul IOBBILIE-
HUSI KPUTUYECKOM TeMIepaTypbl CBEPXIPOBOSLIE-
ro mnepexojaa KynpaTroB UTTPUs, BUCMYTa U IPYTUX
CBEPXIIPOBOSIINX MAaTEPHUAJIOB, 3aCIy>KUBAECT BHU-
MaHMs, T.K. CO3JAaeT CBOICTBA, HE JOCTUTHYTHIE
TBEpA0(a3HBIM METOJOM K MOMEHTY pa3paboTKu
UM TEXHOJOTHUH HAMPaBIEHHOTO TEKCTYPUPOBAHHUS,
AHAJOTUYHOW METOAYy BBIPAIMBAHUS MOHOKPH-
CTaJLJIOB.

Jli1a nmpou3BOICTBAa MAaTEPUAIOB C U30TPOII-
HOW CTPYKTYpOU TpeOOBaHMs HE CTOJb CTPOTH, KaK

K TEXHOJIOTHSIM TOJYYEHHUS LEJIEBBIX MPOIYKTOB,
CBOMCTBA KOTOPBIX ONpEAEISAIOINM 00pa3oM 3a-
BUCST OT 0COOEHHOCTEH MOP(OIOruU, K KOTOPBIM
OTHOCATCS MaTepuanbl U U3AEIUs ¢ O0COOBIMU
ANEKTPO(U3NIECKUMU CBOWCTBAMM: CETHETOIEK-
TPUKH, TOJYNPOBOJHUKH,  CBEPXIPOBOIHHUKH.
TBeprodasHble TEXHOIOTUU MPOU3BOACTBA CETHE-
TOYJEKTPUKOB M OKCHIHBIX TIOJYIPOBOIHHKOB
Pa3BHUTHI AOCTATOYHO HAEKHO, OJHAKO B 00JIACTH
CBEPXMPOBOSAMIUX KYIpPAaTOB CIOXHO JOOHUTHCS
BOCIIPOM3BOAMMBIX PE3YyJIbTATOB TPAAULMOHHBIMU
TEXHOJIOTUSIMH U IO HACTOSAIIET0 BpEMEHU OCTaeT-
sl IpobJIeMa ToTydeHHs CBEPXIPOBOISIICH Kepa-
MHUKH C KPUTUYECKOHN TeMIEpaTypol CBEpXIpPOBO-
nsmero nepexoxaa Boeime 137 K. [pennonaraercs,
YTO HETPUBHAJIBHBIE TEXHOJOTHH II03BOJIAT MpPHU-
OMU3UTBCST K TONYYEHUI0 KOMHATHO-TEMIIepa-
TYPHBIX CBEPXIPOBOASIINX KynpaToB. [loaTBepx-
JEHHEM  O3TOr0  TPEAIOJOXKEHUS  ABISIOTCS
PE3yNIbTAThl MOJYYEHUN COJTHEYHON TEXHOJOTHEH
“SFAQ” cBepXmpoBOASIIUX BUCMYTOBBIX (a3 c
T=295 K [27] u Boime [24-27]. Komnarno-
TeMmrepaTypHble (pa3bl MOITy4eHbl B OTPAHUYEHHOM
00BEMHOM KOJMYECTBE B MHOT'O(a3HBIX KympaTax
BUCMYyTa. /[ BbIMONHEHUS TpeOOBaHUS LIMPOKO-
T0 TMPOMBIIIIEHHOTO HCHOJIb30BAHUS MAaCCHBHBIX
HU3KOOMHBIX KEpaMHUK Leibi0 paboThl SBUIIOCH
HOJY4YEHHE IOJIHOOOBEMHOIO COAEP KAHUS BBICO-
KOTEMIIEPAaTypHBIX CBEPXIPOBOIAIINX (a3.

O0BbeKThbI U METObI MCCJIETOBAHUS

BucmyToBBle KymnpaThl, COCTaB KOTOPBIX
onuceiBaercs popmynoit Bi; 7Pbg3Sr,Cag,.1)Cu,Oy,
n=3-30, cuHTE3UpOBaHK B bONbBIION COMHEUHOM
neun  (ITapkent) “SFAQ” TtexHomoruedt [28].
[TpuHnunm MeTona 3akKilO4aeTcsi B IUIABICHUU
HIMXTHl 33JJaHHOTO COCTaBa KOHIIEHTPUPOBAHHOM
COJIHEYHOM JHEpPrHed M MOCIHEAYIOIIell 3aKaike
pacruiaa. Ha  ¢poHTaNbHYI0O  MOBEpPXHOCTH
pacruiaBa BO3JCHCTBYET COJHEYHOE H3IyYeHHeE,
npexacrapistoniee crnektp sHepruit 0,3-4,0 eV.
[IpoTuBOmONIOXKHAs CTOPOHA pacijlaBa HXOAUTCA
Ha BOJIOOXJIAKIAEMOM MOMJIOKKE C TEMIEPATypOou
10-12 °C. Takue yciaoBusl CO3AIOT BBICOKHI TEM-
NEpaTypHBII IpalueHT B BaHHE paciaBa = 200-
340 rpan/cm’. Pacruiap 3aKanmBaeTcs B MCIEpra-
TOpe. 3aKkajJeHHbIE YaCTHIIbI, IPEKYPCOPHI, - Mpe-
CTaBISAIOT COOOW TIACTUHKH, C(HEPONUTHI, WTIIBI
[29] 1 uCTONB3YIOTCS TSI U3TOTOBJICHHMS OAOUYeK
pazMepoM 30x5x5MM myTem Iomoia, CyXoro
MPECCOBaHMs, YTO UCKITIOYAET BIHMSIHUE PUMECEH,
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a
Pucynoxk 1. Ilpexypcopbi-miiactunkn (a) u SEM muxpoctpykrypa (b, ¢) npeKypcopoB HOMHHAJIBHBIX cocTaBoB Bi; ;Pby;Sr,Ca .1y Cu, Oy,
(n=3-30), noayuennsbix “SFAQ” Texnosnorueii B Bonbmoii coneunoii neun (Ilapkenr).

nipu nasieann 392 MIla.

MukpocTpykTypa HCCIIeI0BaHa Ha
CKaHHpYIOIIEM 30HA0BOM Mukpockorne “SOLVER
NEX30T (NT-MDT)” u 31eKTpOHHOM MHKPOCKO-
nie «ZEISS». ®a3oBblit cocTaB ONpesesieH peHTre-
HOBCKMM MeTOJ0oM Ha audpakromerpax: «IPOH-
YM-1», CuK,m3nyuenue, Ni— ¢wmibtp; “X
6100”.

OneKTpohU3NIEeCKUE CBOMCTBA HCCIIEIO-
BaHbl PE3UCTUBHBIM 4-X KOHTakTHBIM [30], mar-
HUTHOW WMHAYKTUBHOCTH [31] meromamu. B stux
METOJIaX HalpsKEHHUE, TOK, COIPOTUBJIEHHUE OIIpe-
nensitorest  MmynbtumerpoM  «Rigol DM3058E».
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Pucynok 2. /luppakTorpaMmel ipeKypcopoB HOMHHAJIBHBIX c0CTaBoB Bi; ;Pby3Sr;Ca,.1)Cu,0y, (n=3-30), X, o-cBepxnpoBoasimme ¢asbl.
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Pucynox 3. Anomaibubie 3()(heKThI CONPOTHB/IEHHS MPEKYPCOPOB HOMHHAJIBHBIX c0cTaBoB Bi; ;Pb,3Sr,Ca,.1)Cu, Oy, n=5,12,30:
a— (n=5); b - (n=12); ¢ — (n=-30).

HaTpaBJICHUN OJIOKM HAHO KPUCTAJUIUTOB (pHC.
1b). Brmoku cocTosT W3 IUIOTHO YNAaKOBaHHBIX
MJIACTHH, TIOKa3aHHBIX HA PUCYHKE lc.

Pesynbrathl peHTreHo(ha3oBoro aHanmsa
MPEKYPCOPOB KOPPENUPYIOT C TAHHBIMU MHUKPO-
CTpYKTypHOTO aHanm3a. [ludpakrorpamMmmsl mpe-
KypcopoB HOMMHAJIBHBIX COCTaBOB
Bi1, 7Pbg3Sr,Cagp.1)Cu, Oy, (n=3-5) mnoxaspIBarOT
pentreHoamopduyo ¢aszy (rajo B HHTEpBaie
206=27-34°) u pedaeKchl, ONpenesIonue Kpu-
craunueckne ¢assl (puc. 2). Pedaexcor (20 =
26; 29,8; 33,3; 34,2; 36,5; 37,4; 42,44,9) BxouAr
B cuctembl [hkl] Bi/Pb cBepxmpoBomsmmx ¢a3z
2212, 2223, 2234 [32]. Pentrenoamopdnas ¢a-
3a JeCTaOWIM3HPYETCS C YBEIWYCHHEM COJIEp-
xauust CaO u CuO (n> 15).

Pe3ynbpTarel mccnenoBaHUs COTPOTHBIIC-
HUSl 1 MarHUTHOH BOCIPUHMYHBOCTH MPEKYPCO-
pOB TpencTaBlieHbl Ha rpadukax (puc. 3a, b, c;
4a, b, ¢). AHomanbHbIe 3P (HEKTHI 3aBUCIT OT HO-
MHUHAJBHOTO COCTaBa MpeKypcopoB. B oOpasie
HOMMHAaJBHOrO cocraBa Bi; 7Pbg;Sr,Ca,.1)Cu,Oy,
(n=5) pe3koe BO3pacTaHWE CONPOTUBIICHUS TPU
275 K u cman A0 mMOYTH HYJNEBOrO 3HA4YEHUS, a

TaK)Ke BO3pacTaHWE M HAYaJO CIaja COMpPOTHBIIE-
HUA B oOpasue HomuHana Bi;;Pbg;SrCag.i)
Cu,Oy, (n=12) npu 290 K, ananornynoe noBTope-
Hue 3 PeKToB BO3pacTaHMs U Claga COMPOTUBIIC-
HUA B oOpasue HomuHana Bi;;Pbg;SrCag.y)
Cu, Oy, (n=30) yka3bIBarOT Ha BO3MOKHOCTb CBS3U
ITHX aHOMAIIMH CO CBEPXIPOBOISAIIUMH (a3zamH.
Hagano mepexoma B oOpasiie (n=5) HMpOUCXOIUT
npu 276 K. C ysenmuenuem (n=12,30), T. e.
yBenuueHueM conaepxanus CaO u CuO, temmepa-
Typa aHOMAJIbHOTO H3MEHEHHS CONPOTHUBICHUSA
“T.” moBeimaetrcst g0 T.=300 K y ob6pa3ma
HomuHana (n=12) u no T,= 278-312 K y obpazma
HomuHana  (n=30)  COOTBETCTBEHHO.  OTH
3aBUCUMOCTH COOTBETCTBYIOT TIPEAIIOJIOKECHUIO
aBTOpOB [6] 0 Bo3pacTtanuu T, CBEPXIPOBOASIINX
da3 ¢ yBeauueHHWEeM o00ObEMa JJIEMEHTAPHOU
AYeHKH, YTO M  MPOUCXOAUT MO  PAdY
Bi1’7Pb0’3SrZCa(n_l)CunOy (n=5-30).

Ha rpadukax MarHWTHOW BOCIIPUUMYH-
BOCTH, U3MEPEHHOW Ha TeX ke oOpaslax, aHo-
MaJbHbIE 3(PQPEKTH MOBTOPSIOTCS B aHAJIOTHY-
HBIX TemIepartypHbix wuHTepBanax 280-300 K.
(puc. 4a, b, ¢).
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Pucynox 4. U3sMeHeHue HaNpsikeHHUsl B IIPEKYPCOPAX-ILIACTHHKAX HOMHHAJIBLHBIX €0cTaBoB Bi; ;Pb,3Sr,Cag,.1)Cu, Oy, (n=5,12,30):
a— (n-=5); 6 — (n=12); ¢ — (n=30).
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AHomanbHbIe 3()(EKTH Ha 3aBUCUMOCTAX
COTNIPOTHBIICHUS W MAarHUTHOW BOCTIPUMMYHUBOCTH
B TeMriepaTypHoM uHTepBaie 275- 310 K B comno-
CTaBJICHUU C MPOSABICHUAMH 3(PPeKTa BHITAIKIBA-
Hus marauta (3gdexra MeiiccHepa) oT 00pa3IoB
HPEKypcopoB U Kepamuk psana Bi;;PbgsSrCag.i
Cu,Oy, (n=5,12,30) npu KOMHATHBIX TEMIIEpaTy-
pax, HOpMaJbHOM aTMOC(HEPHOM JaBICHUH, MPU
JTHEBHOM CBETE W IT0]] BO3IeHiCTBHEM Oeoro cBera
[33] mo3BONSIOT clenaTh MPEATNOI0KEHHE O TPOo-
SIBJICHUH CBEPXIPOBOASIINX CBOMCTB BUCMYTOBBIX
KyIIpaToB, CHUHTEe3UpoBaHHbIX “SFAQ” TexHomno-
TUe.

[Ipeanonoxenns o0 CBEPXIPOBOISIINX
nepexo1ax Mpu KOMHATHBIX TeMIIepaTypax B Ipe-
Kypcopax M KepaMHKaX BHUCMYTOBBIX KYINpaToB
paaoa Bi1,7Pb0,3SI'2C329CU3()Oy, (Il:5,12,30), CHHTC-
3upoBaHHbIX “SFAQ” TexHoNOruel, ciaelaHbl Ha
OCHOBAaHUM BIIEPBBIE IOJYYCHHBIX aHOMAJIbHBIX
3¢ (}HeKToB U3MEHEHHs CONPOTUBICHUSI U MarHUT-
HOW BOCTIIPUMMYHMBOCTH B TEMIEpAaTYpPHOM HHTEP-
Bane 78-320 K mpu HOpmampHOM aTMochepHOM
JIaBJICHUH, JIHEBHOM OCBEIICHHUH U TOJ BO3JCH-
CTBMEM HCTOYHHUKA cBeTa. [IpencraBiieHHbIE dKC-
MEpPUMEHTAIbHbIE PE3yJbTaThl IOJY4YEeHbI BIIEp-
Bble. PaHee cHHTE3UpOBaHHBIE B TEeMIIEPATypHOM
unrepBaie 840-850°C KepaMUKU Ha OCHOBE DTHX
MIPEKYpPCOPOB  COAEPKAIN JIMIIb OTrPaHHUYEHHOE
KOJINYECTBO KOMHATHO-TEMIIEPAaTypPHBIX CBEpX-
npoBoasimux a3 T.=295 K, o xoTopsx coobmia-
noch B pabote [27].

3akaroveHue

ConoctaBneHe yCIOBUH MOTYYESHHS IIpe-
KYPCOPOB C 3KCHEPUMEHTAIBHBIMHU PE3yJbTaTaMH
HCCIIEIOBaHMsI CBOWCTB MTO3BOJISIET CAENATh CIEeIY-
OLIHE TIPEATIOIOKEHHS.

1. CunTe3 B pacmiaBe onpeneiser MOBbI-
HIEHHYI0O B3aWMHYIO PacTBOPHUMOCTb KOMIIOHEH-
TOB (TI0 CPaBHEHUIO C TBepAO0(ha3HBIMU TpoIecca-
MH) B BO3MOXKHOCTH 00pazoBaHusi ¢a3 ¢ O0IbIIN-

MU 00bEMaMH 3IEMEHTAPHOU SYEHKH, YTO MPSIMO
CBSI3aHO C TEMIIEpATypPOU CBEPXIPOBOJISILEIO IIe-
pexona.

2. VYcnoBus TMONYy4YeHUS MIPEKYypCOpPOB,
orpeJieNieMble pe3KUM TeMIepaTypHbIM I'paJueH-
TOM, “HaJICTEXHOMETPUYHBIM KHUCIIOPOAOM ’, OIIpe-
JIeTISIOT TIOBBIIICHUE TUIOTHOCTH JEPEKTOB U COOT-
BETCTBEHHOE yCHJICHHE MTUHHAHTA.
“HaacTexuoMeTpUYHbIN KHUCIOPOA MOXKET CTa0u-
JU3UPOBATh BHICOKOBAJIEHTHBIE COCTOSHUS KaTHO-
HOB, B TOM uncie Cu’’,

3. CHIXeHHe KPUTUYECKON TeMIepaTypbl
T, mocne mIuTeNbHOTO 00XHTra KePaMHUKH TIPHBO-
JIMT K aHHUTWISAINHN 1e(DeKTOB M, COOTBETCTBEHHO,
paspyiieHuio cBepxmnpoBoasamux (as. PezynpraTs
MOBBIIIEHUS] KPUTHUECKOM TeMmmepaTypbl Mepexo-
Jla B CBEpXIpoBosiee cocrosiaue T, mocne -
TEJIbHOW BBIACPKKU KEPAMHUK B JKUAKOM a30Te U
camwkenne T, B 3Tux oOpa3uax, 0O0O0KEHHBIX
mmrensHoe BpeMs (40-50 dacoB), ykas3piBaloT Ha
MOJIOKUTEIBHOE BIUSHUE ACPEKTOB, 00pa3oBaB-
IIMXCSI TIPU BBIZICPIKKE B JKUIAKOM a30Te, T.K. 00-
JKHT MIPUBOANT K aHHUTHIISALUH 1€()EKTOB U, COOT-
BETCTBEHHO, HaOIIOIEHHOMY CHIDKeHuIo T, u3-3a
YMEHBIICHUS! CHUJIbl NHUHHUHTA, T.. JAerpajaluu
CBEPXMPOBOSMUX (a3 MpU UIUTEIEHOW TepMO-
obpaboTke.

4. DKcnepuMeHTallbHbIe TpaduKu u3MeHe-
HUSl CONPOTHBIICHUSI M MAarHUTHOM BOCIPUUMYH-
BOCTH, MPEJCTABISAIOT XapakTepHbIE Ui CBEPX-
MIPOBOJISIINX NTEPEXO0B 3aBUCUMOCTH.

5. Dddext MeiiccHepa nmposBiseTcs NpU
KOMHATHOM TemIepaType, OOBIYHOM arMocdep-
HOM J1aBJICHUH, MO U 0e3 BO3JCHCTBUS UCTOYHH-
Ka CBeTa.

ComnocTaBieHne 3KCIEePUMEHTAIbHBIX pe-
3yJlbTaTOB U OOBSICHCHWE BIMSHHUS OCOOECHHOCTEH
“CONTHEYHON” TEXHOJIOTUU TO3BOJISIIOT HaM Che-
JIaTh TMPEAMONIOXKEHHE O BO3MOKHOCTH MOJIYUEHUS
CBEPXIMPOBOSIIIUX  KOMHATHO-TEMIIEPATYPHBIX
BHUCMYTOBBIX KYIIPaTOB COJTHEYHON SHEPTHUCH.
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The aim of the present research is to develop compounds and technologies for applying the luminous vitrocrystalline compounds to
smooth and ribbed glass substrates in LED lamp structure with a remote photoconverter that contains oxide low melting glass as the base
and nanostructured cerium—doped yttrium—aluminum garnet powder as the luminophore. The luminescent coatings based on nanostructured
cerium doped yttrium-aluminum garnet powder and low melting glass of composition BaO-Bi,0;-B;0;-K;0-Si0, where prepared.
YAG:Ce’" powder was synthesizedg by the method of thermochemical reaction. Silica glass powder was introduced into the composition as
diffuse scattering component, improving the lighting characteristics. Spectral-luminescent cﬁlracteristics of coatings were studied.

Keywords: light converter, LED, luminophor, coatings, low melting glass, silica glass, yttrium-aluminum garnet
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Ueflbl() Hacmosauweco UCCIe008AHUS ABNAEMCS pa3pa6oml<a cocmaesos u npoyecca Hanecenus ,'ll(),MuH()d)O HOU CMeKJIoKpucmaiiu-
ueckotl KOMNo3uyuu Ha CmexiAHHble NOONOJNCKU 8 KOHCMpPYKYUuu C8EMOOUOOHO20 CBEMUNBHUKA C y()aflL’HHbLM r/)Domonpeoﬁpaw(s’ameﬂe,w,
cor)epo/cameﬁ 6 Kauecmee 0CHOBbl OKCUOHOE Ne2KONIABKOe CMEKI0, d 8 Kauecmee ,'ll(),MuH()d)()pa - HaH()cmpmeypupoeaHHbzﬁ nopouiox
ummpuﬁ—a.mLtzuHue(fozo epanama, alcmusuposaHani uoHamu yepus. Hsz2omoenenvt JIOMUHECYEeHMHble NOKPbIMUsl HAd OCHO8€ HAHOCMPYK-

MYPUPOSAHHO20 NOPOWIKA UMMPUII-GIOMUHUEE020 ZPAHAMA, JONUPOBAHHO2O UOHAMU YEPUSL U JeSKONAABKO20 CMEKIA HA OCHO8e CUmcme-
mbl BaO-Bi;03-B,03-K,0-Si0,. Topowok YAG:Ce’" cunmesuposan memooom mepmoxumudeckol peakyuu. /s yiyduieHus ceemosuix u

CNeKmMPanbHO-TIOMUNECYEHMHBIX XADAKMEPUCTIUK NOKPOIMULL 6 COCMAS 6600UM OUPPY3HO-PACCEUBAIOUULl KOMNOHEHM — NOPOULOK K6AP-
yesozo cmexna. M3yuenvl cnekmpanbHO-1I0MUHEeCYeHMHble XapakmepucmuKy nOKpuImui.

KioueBble ciioBa: cBeTonpeodpa3oBarelib, CBETOANO, JIOMUHODOP, OKPBITHS, JIETKOILIABKOE CTEKIIO, KBAPLIEBOE CTEKIIO, UTTPUIi-aIlOMUHUEBbIH rpaHaT
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Ushbu tadqiqotning magsadi yorug'likli vitrokristalli birikmalarni asos s;'fatida oksidi past eriydigan shisha va nanostrukturali
seriy qo'shilgan itriy-alyuminiy granatani o'z ichiga olgan masofaviy fotokonvertorli LED chiroq strukturasidagi silliq va qovurg'ali shisha
substratlarga qo'llash uchun birikmalar va texnologiyalarni ishlab chigishdan iborat. luminofor sifatida kukun. Nanostrukturali seriy

o'shilgan itriy-alyuminiy granat kukuni va kam eriydigan BaO-Bi,0;-B,0;-K,0-Si0, komporzitsiyasiga asoslangan lyuminestsent qoplama-
ar tayyorlanadi. YAG: Ce’" kukuni termokimyoviy reaksiya usuli bilan sintez qilindi. Kremniyli shisha kukuni yorug'lik xususiyatlarini
yaxs% aydigan diffuz sochuvchi komponent sifatida kompozitsiyaga kiritildi. Qoplamalarning spektral-lyuminessent xarakteristikalari o'r-
ganildi.

Kalit so'zlar: yorug'lik konvertori, LED, fosfor, qoplamalar, erituvchi shisha, kvarts shishasi, itriy alyuminiy granatasi
DOI: 10.34920/cce202413

Introduction chips into a wide spectrum corresponding to solar

LED lamps are widely used due to their
cost—effectiveness, energy efficiency as compared
to incandescent lamps, and have a long service life
[1-3]. Such lighting devices are based on white
light-emitting diodes (LEDs) of various shades —
from pure white (cold light) to pinkish yellow
(warm light). The most common method of pro-
ducing white LEDs is the use of microcrystalline
luminophores that convert light emitted by blue

spectrum with the use of microcrystalline lumino-
phores manufactured based on cerium—doped yttri-
um—aluminum garnet (YAG:Ce’") [4-6]. The tech-
nology for creating white LEDs involves applying
a ready compound consisting of a luminophore, an
organic binder and stabilizing additives to the sur-
face of the crystal, after which the structure is heat
treated. With this approach due to LED heating
during its operation, conversion efficiency and
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brightness of LED decrease over time; spectral
composition of light emission also changes over
time. There are several publications that suggest
that the luminophore should be put away at some
distance from the chip, which would reduce the
thermal degradation of the light converting layer,
increase the lifespan of LED device, increase ho-
mogeneity of light emission and improve the lamp
light emission pattern [10—12]. Such converter can
be manufactured in form of semi—translucent com-
posite or ceramic plate, and luminescent coating
on transparent substrate [13, 14]. Besides, this ap-
proach can also offer a structural variety of forms
of the remote converter — flat, hemispherical,
spherical, and at the same time allows the increase
of lighting device efficiency due to the structural
features by 25-30% [15].

The aim of the present research is to devel-
op compounds and technologies for applying the
luminous vitrocrystalline compounds to smooth
and ribbed glass substrates in LED lamp structure
with a remote photoconverter that contains oxide
low melting glass as the base and nanostructured
cerium—doped yttrium—aluminum garnet powder
as the luminophore.

Research methods

The following requirements are applied to
low melting glass as the matrix for introduction of
ultradispersed luminophore powder for transparent
glass substrates coating:

1) glass-softening point is 450-530 °C;

i) the temperature of complete spreading
over the glass substrate during heat treatment is
not higher than 600-650 °C;

iii) thermal expansion coefficient is (80—
100)-10"K';

iv) chemical resistance is not lower than
III class.

v) refractive index is not less than 1.6.

The low melting glass compositions of-
fered in the scientific literature in most cases are
multi-lead or boron-zinc systems that do not en-
sure achieving required properties in terms of ther-
mal linear expansion coefficient values or refrac-
tive index. Therefore, accordingly, a compound is
proposed as low melting glass with a melting point
below 600 C, wt.%: B,O3 15.65-19.30; ZnO 0.2—
1.0; Al,05 0.05-4.13; Bi,0O5 23.18-53.38; CdO 0.1
—-1.5; CuO 0.01-1,5; NiO 0.01-0.5; PbF, 29.27-
58.01[16]. The disadvantages of this glass are the

use of toxic and volatile PbF, and relatively low
refractive index (less than 1.6). The following
compositions can be given as example of lead-free
boron-zinc glass [17]. The latter are developed in
Zn0O-B,0;-P,05 system, which are main compo-
nents, and Al,O3;, MgO, CaO, BaO introduced as
optimizing additive. The content of the primary
components is 85 wt.% and more. The limit of the
primary components content (wt.%) is ZnO 45—
80; B,0O; 5-45; P,Os 1.0-35; optimizing: Al,O3 0—
10; MgO 0-15; CaO 0-10; BaO 0-5 (total 15 or
less). The disadvantage of this glass is the intro-
duction of significant amounts of P,Os which is a
highly volatile component, and the low refractive
index values. There is also bismuth-containing low
melting glass [18], wt.%: Bi,0; 50-65; B,0O3 25—
40; Al,O5 1,5; ZnO 5,0; Sb,03 3,5; BaO 5-15 used
for pastes in microelectronics. Their disadvantages
are the significant content of bismuth oxide that
causes active colouring of original glass, which
significantly increases absorption of the passing
light.

It has been established that the introduc-
tion of BaO and CaO into the glass composition
increases thermal linear expansion coefficient val-
ues of borate glass and contributes to the increase
of the original glass meltability in general due to
their ability to form meltable calcium-barium bo-
rates of compositions Ca(BO,),—3BaO(BO,),, Ca
(BO,),-Ba(BO;,), m 2Ca(BO,),-Ba(B0O,), with
melting temperatures of 1056, 1088 and 1074 °C,
respectively [19].

Low melting glass based on bismuth-
borate system for light converting coatings that
complies with specified requirements, with ther-
mal expansion coefficient values within the range
of (85-100)-107 K' and the refractive index of at
least 1.7 corresponding to the refractive index of
luminophore — yttrium aluminum garnet — and
provides for spreading on glass substrate at tem-
perature not exceeding 600 °C [20]. The glass
compositions are, wt.%: Bi,0; 25-35; B,0; 30—
40; ZnO 6-10; BaO 13-16; CaO 2-4; K,0 7-10.

The raw materials (99.99 % purity) were
weighted and homogenized in 50 ¢cm’ aluminum
oxide ceramic crucible. The synthesis was per-
formed at maximum temperature 1100°C in the
electric furnace for 1 h. Obtained samples were
annealed at 400 °C for 4 h in the muffle furnace.
The developed glass compositions have thermal
expansion coefficient values consistent with the
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thermal expansion coefficient values of the glass
substrate and the increased refractive index close
to the refractive index of luminophore.

The 2-3 mm-thick transparent glass
plates, both smooth and ribbed, were used as the
substrates for coating.

As the luminescent powder forming part
of the light converter coating, nanostructured ceri-
um doped yttrium-aluminum garnet powder was
used that had been obtained by the thermochemi-
cal reaction of oxidation of relevant nitric acid
salts in reducing agents (sucrose, citric acid and
acetic acid) [21-23]. Method of synthesis of lumi-
nescent ultradispersed powder with
Y,.95Ce0,0sAlsO1, chemical composition, used as
active filling agent, is described in the research
papers [24-26].

In order to improve light and luminescent
spectroscopic parameters of the coatings, a diffuse
-dispersing component — silica glass powder with
various granulometric composition — was intro-
duced into the composition of the slurry (average
particle size from 12 to 400 microns). Silica glass
is introduced into the coating as a component that
is transparent for blue light emission of the LED
chip, and white light is formed by blue passing
light being combined with light emission generat-
ed by cerium-doped yttrium-aluminum garnet par-
ticles. Thick film coating was also applied to the
ribbed glass. In this case there is no need to intro-
duce a light diffusion component, because emis-
sion of blue LED partially passes through the are-
as of ribbed surface of the substrates that are not
covered by the slurry (Fig. 1, b).

The thickness and the composition of the
luminescent compound layer are selected in such
a way that blue light emission of LED (Aemission =
455 nm) excites broadband radiation in the phos-
phor with a maximum at a wavelength of 570 nm
(yellow glow). Total emission of blue LED and
yellow luminophore is perceived by the eye as
white light or “warm” white light depending on
ratio of amount to size of the silica glass that is
transparent to light emission and luminophore
composition.

Design of the converter that is made on
the ribbed substrate with a layer of luminophore
compound applied to the recesses, requires lower
consumption of expensive luminescent powder
and maintains uniformity of light emission. Uni-
form distribution of the compound containing lu-

minophore particles based on yttrium-aluminum
garnet in recesses of the glass plate ensures stabil-
ity and uniformity of the luminous flux with its
transformation into the broadband light emission
with a longer wavelength. Light flux of blue colour
uniformly passes through transparent areas of the
substrate. Total emission of the blue LED and the
yellow luminophore is perceived by the eye as the
white or “warm” white light depending on the ratio
of transparent areas to recesses filled with lumino-
phore.

Introduction of the luminophore compound
only into the recesses of the light transformer sig-
nificantly reduces the consumption of luminophore
while maintaining the uniformity of the luminous
flux of the lamp and the uniformity of light emis-
sion.

Ground silica glass powder used as diffuse
reflection filling agent, was pre-washed and etched
in ultrasonic bath UZU-025 at a frequency of 50
Hz, ultrasonic power— 250 W, in 10% NH4HF,
aqueous solution for 30 minutes. After the powder
is washed, its transparency increases, dust and de-
fects are removed from the grain surface, and the
refractive and reflective capacities increases.

Luminophore composition was prepared
and applied to the glass substrate. In order to ob-
tain light converting coating, ground frit of low
melting glass containing 25 wt.% Bi,O3; was mixed
in isopropyl alcohol medium with nanostructured
cerium-doped yttrium-aluminum garnet powder
and the silica glass powder with a ratio of 44,5:
11.0: 44.5 wt.%.

The resulting suspension was sprinkled on
the glass substrate and dried in the air at 50°C in
the dryer for 20 minutes. The coated substrate was
then placed in a muftle furnace on a ceramic stand
and gradually heated to a temperature of 650 °C
with a temperature rise rate of 10 °C/min. The sub-
strate was held at 650°C for 30 minutes, then slow-
ly cooled down with the furnace to the room tem-
perature [24].

Scanning electron microscope TESCAN
(Czech Republic) was used to study morphology
of the coating.

Luminescence of the YAG:Ce®" based
coating with the introduction of silica glass pow-
ders was excited in Ce** ion absorption band area
within the blue area, by LED-003W-07C-020-
030LM-EL-P with a wavelength in 440460 nm
spectrum, which corresponds to transitions from
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Figure 1. SEM image of phosphor coating containing quartz powder with an average particle size of 400 (a) and 12 microns (b).

4f°Fs to 5d split levels.
Luminescence spectra were recalculated
using the reference cold-white LED spectrum.

Results and Discussion

SEM image of phosphor coating filled
with silica glass powder (average particle size
from 12 (a) to 400 microns (b)) in a low melting
glass matrix with submicron YAG:Ce powder is
shown in Fig.1. Silica glass is introduced into the
coating as a component that is transparent to the
blue light emission of the LED chip, and white
light is generated by mixing blue emission and
yellow radiation generated by activated yttrium
aluminum garnet particles.

Analysis of the luminescence (Fig. 2) of
coatings containing transparent silica particles has
proved that highest luminescence intensity has
been shown by the luminophore coatings produced

Intensity, a.u.

Wavelength, nm

(1-0.15 mm, 2 - 0.25 mm, 3 - 0.4 mm)
Figure 2. Luminescence spectra of coatings depending on the size of
silica glass particles.

with the use of cerium-doped yttrium-aluminum
garnet produced by being burnt in citric acid, cal-
cified in the argon atmosphere at a temperature of
1100 °C silica glass powder with an average parti-
cle size of 150400 pum being added as diffusion
component.

The measured luminophore emission spec-
tra had a wide band within 500—700 nm, which
corresponds to transitions of Ce** ion from 5d to
4f-shell levels, with the maximum being approxi-
mately 550 nm [27]. Luminescence spectra of the
samples depending on the particle size of diffuse-
dispersing component of silica powder Ne 1 — 150
pm, Ne 2 — 252 pm, Ne 3 — 400 um is present in
Fig. 2. As the size of diffuse-dispersing powder
increases, the luminescence intensity increases,
too, because total amount of blue LED quanta
passing through the composite and excited in yel-
low luminophore particles increases.

In order to create remote light transducers
emitting light in a wide range of colour temperatures
(from cold-white to pink), they were formed by
combination of two types of luminophores emitting,
respectively, yellow-green and red parts of the spec-
trum. For example, introduction into glass matrices
of the red luminophores Y,Os: Eu3+, which were
obtained by the thermochemical reactions, together
with YAG:Ce’" based yellow luminophore, allows
us to move light emission band to red, thus obtain-
ing “warm” white color light from the device. In
order to achieve this, a combination of two lumino-
phores was prepared with a ratio of 80/20 wt. %
(yellow / red). When such a composite is irradiated
by LEDs with A = 455 nm, a combined light emis-
sion spectrum with a wide band of 400-700 nm and
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an intensive narrow band of 612 nm is obtained,
which with the use of the blue light allows to adjust
the“warm” white light emission (Fig. 3).

Intensity, a.u.

L . L N L " L s L " i
500 550 600 650 700 750

Wanvelength, nm

Figure 3. Emission spectrum of a phosphor coatings when irradi-
ated with LED with . =455 nm: 1 with YAG:Ce*" luminophore
and 2 — combination of two luminophores YAG:Ce*" / Y,0;: Eu*
with a ratio of 80/20 wt. % (yellow /red).

The obtained samples of the luminescent
coatings consisting of low melting glass with 25
wt.% of Bi,Os, nanostructured cerium-doped yt-
trium-aluminum garnet powder, and silica glass
powder taken in ratio of 44.5 : 11.0 : 44.5 wt. %
enabled to achieve white light from blue and UV-
LEDs, the total light emission spectrum of which
is shown in Fig. 4 with corresponding chromatici-
ty coordinates X=0.29-0.36 and Y=025-0.38

(Fig. 5).

Conclusion

The composition of luminophore coating
on the glass substrates for convertor that trans-
forms light emission of blue LEDs or chips into
white light has been developed based on applica-
tion and firing of composite slurry using low
melting bismuth-containing glass and obtained
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Figure 4. Total spectrum of a blue LED and a composite thick-film
light converter.
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Figure 5. Color diagram for a light converter when irradiated with

light from a blue LED with A =455 nm.
by burning cerium-doped Y3;Als0;, yttrium-
aluminum garnet ultradispersed powder; with
additional introduction of light-diffusing silica
powder. Highest luminescence intensity at excita-
tion at wavelength A=460 nm has been achieved
by the luminophore coatings obtained with the
use of diffuse-dispersing component of silica
glass powder with the medium particle size of
400 um.
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STUDY OF THE INFLUENCE OF B,O; OXIDE ON THE PHYSICAL AND
TECHNICAL PROPERTIES OF GROUND ENAMEL OBTAINED BASED ON
LOCAL RAW MATERIALS

Shokhrukh B. NAIMOV (shoxruxnaimov820@gmail.com)
Mastura Kh. ARIPOVA (aripoval 957@yandex.com)
Tashkent Institute of Chemical Technology, Tashkent, Uzbekistan

The purpose of the study was to obtain ground enamel based on local raw materials and to study the effect of boron oxide. The
selection of oca?raw materials for producing ground enamel showed that the resulting glass compositions are in the SiO,-Al,03-Na,0—
K,0-CaO-B;0; system. To adjust the properties, additives of nickel oxide and cobalt oxide were used. The properties of the developed
compositions of primer enamels meet the requirements of GOST 24405-80. It has been determined that the addition of boron and an in-
crease in its amount in the glass composition increases spreadability and reduces surface tension. The study of the structural features of the
synthesized glasses using IR spectroscopy made it possible to establish the presence of 4-fold coordinatedy boron and the appearance of 6-
/((Yld coordinated boron compounds with increasing its content..

Keywords: ground enamel, glass, spreadability, surface tension, IR spectra

NCCIEIOBAHUE BJIIMSIHUSI OKCHUJIA B,0O3 HA ®U3UKO-
TEXHUYECKHE CBOUCTBA I'PYHTOBAHHOM 5MAJIH, HIOJYYEH-
HOU HA OCHOBE MECTHBIX CbIPBEBBIX MATEPHUAJIOB

Hloxpyx b. HAHMOB (shoxruxnaimov820@gmail.com)
Macmypa X. APHIIOBA (aripoval 957@yandex.com)
Tawkenmckuili xumuko-mexnonozuueckuii uncmumym, Tawkenm, Y30exucman

Lenvto uccnedosanus a6is10Ch NOLyUeHUE SPYHMOBOU SMAIU HA OCHOBE MECHIHBIX CbIPbEeBbIX KOMNOHEHNO8 U UCCIEO08AHUE BUSL-
Husl okcuda 60pa. Belbop mecmHbix Cbipbesblx KOMROHEHMOG OJisl NOLYYEHUs. ZPYHIMOBOU SIMANU NOKA3AL, YO NOJYYaeMble COCMAGbL Cme-
xon Haxooamces 6 cucmeme SiOr-Al,0;-Na,0-K,O—-CaO-B,0;. [l KOppekmuposKu c80UCmE UCNOIb308a1U 000ABKU OKCUOA HUKEIS U
oxcuda kobanvma. Ceoticmea pazpabomantblx cOCmasos epyumogulx amanei coomsemcemesyiom mpebosanusim I OCT 24405-80. Onpeoe-
JleHo, umo 006aeka 60pa u yeenuueHue ee KOIUYecmed 8 COCmase CMeKid Yeeauyuedem pacmekaeMocms U CHUNICAem NOBEPXHOCMHOe
namsoicenue. Hccnedosamnue cmpyknmypHbix 0COOEHHOCMEN CUHME3UPOBAHHBIX cmeKon memodom UK cnexmpockonuu no360auno ycmano-
eumo gpucymcmeue 4-kpammo Koopgunupoeannoeo bopa u noseneHue 6-KPAMHO KOOPOUHUPOBAHHBIX COCOUHEHUL 6Opa NpU YEeaudeHUU
€20 CO0epIUCaHUsL.

KuaroueBsle ciioBa: TPYHTOBas 3Malib, CTEKJIO, PAaCTEKAa€MOCTh, IIOBEPXHOCTHOEC HATIKEHUE, UK CIIEKTPBI

MAXALLIY XOMASHYOLAR ASOSIDA OLINGAN, GRUNTLI EMALNING
FIZIKSIY-TEXNIK XUSUSIYATLARIGA B,O3; OKSIDNING TA'SIRINI
O'RGANISH

Shohruh B. NAIMOYV (shoxruxnaimov820@gmail.com)

Mastura X. ARIPOVA(aripoval957@yandex.com)

Toshkent kimyo-texnologiya instituti, Toshkent, O'zbekiston
Tadqiqotdan magsad mahalliy xomashyolar asosida gruntli emal olish va unga bor oksidi ta’sirini o ‘rganish. Gruntli emal ishlab
chiqarish uc?lun mahalliy xom ashyolarni tanlash natijasida olingan shisha kompozitsiyalar SiO,-Al,03-Na,0-K,0-CaO-B,0; tizimida
ekanligi aniqlandi. Kerakli xususiyatlarni ta’minlash uchun nikel oksidi va kobalt oksidi qo'shimchalari ishlatildi. Gruntli emallar uchun
ishlab chigilgan kompozitsiyalarning xususiyatlari GOST 24405-80 talablariga muvofiq kelishi aniglandi. Shisha tarkibiga bor qo'shilishi
va uning miqdorini oshirish emalning yoyilish qobiliyatinining ortishi va sirt tarangligining kamayishiga ta’sir etishi aniqlandi. Sin-
tezlangan shishalar strukturaviy xususiyatlarini I spei'}troskopiyasi yordamida o'rganish 4 karra koordinatsiyalangan bor mavjudligini va
uning tarkibini ko'paytirish bilan 6 karra koordinatsiyalangan bor birikmalarining paydo bo'lishini aniglashga imkon berdi.

Kalit so'zlar: gruntli emal, shisha, yoyiluvchanlik, sirt tarangligi, IQ spektrlari

DOI: 10.34920/cce202344

Beenenne

OMasieBble NOKPBITHS OTJIMYAIOTCS TBEPIO-
CTBIO, M3HOCOCTOHKOCTBIO, a0pa3MBOCTOMKOCTBIO,
KOPPO3UOHHOHI CTOHWKOCTBIO, TEPMO- U KapOCTOM-
KOCTBbIO M BBICOKMMM JI€KOPAaTHBHBIMHM KauecTBa-
MU. OHM TMTMEHWYHBI, HETOKCUYHBI, MOBBIIIAIOT

THI U3JICTIUA OT KUCJIOT, WEI0YEH U ISl CHUKEHUS
ko3¢ duimenTa adcopOuuu HEUTpOHOB. XO03ii-
CTBEHHBIE dMAJI HAHOCAT Ha MOCY]ly, CTUpaJIbHbIE
MalllfHbI, CAHUTAPHO-TEXHUYECKOE 000pyI0BaHUE,
3JIEKTPOOCBETUTENIBHYIO anmnaparypy u 1p. [1].

B 3aBucuMoctH OT (paszoBoro cocraBa u

CPOK CIyXObl W3aenuii, SKOHOMHUYHBI. Tak Kak
MO3BOJISIFOT NPUMEHSATH B3aMEH HEPKABEIOLICH
CTaJI W JPAroleHHBIX METAJUIOB OoJiee JIENICBhIC
Matepuanbl. TeXHHUYECKHE SMalli HAHOCSATCA Ha
W3/IeNUs U3 YyryHa, CTaJId, aJlOMHHHS U CIIJIAaBOB
JIETKUX METaJUIOB M MpeAHa3Ha4yaloTCs AJis 3allu-

TEXHOJIOTUH ()OPMOBAHUS PAZTHYAIOT MOKPBITHS:
CTEKJIOAMAJIEBbIE, COCTOSALIME MPAKTUUECKH IOJ-
HOCTBIO M3 CTEKI0(}a3bl: CTEKIOKPHCTAIINYECKHUE,
conepxkame g0 50% BeIcOKomucnepcHoi (5-7
MKM) KPUCTAJNTHYECKOU (a3bl; KOMIIO3UIIMOHHBIE -
CTEKJIOKEpaMHUYECKHUE, CTEKJIOMETAIITNYECKUE [2].
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OMaJu JIeNAT Ha TPYHTOBBIE U TIOKPOBHBIE,
I'pyHTOBBIE 3ManM HAHOCAT HA M3JENUS TEPBBIM
cioeM (TPyHTOM), KOTOPBII XOPOILO CLUETIISETCS C
MeTasioM. [ pyHTOBBIE AManu conepixkar, mac. %:
50—60 SiO; 2—8 AlO;; 4—10 CaO; 12—30
Na,O; 0—30 B,0; 1 He3HaUNUTEIbHBIE KOJIUYECTBA
JpyTUX OKCHIOB, a Takxke 7-9 % ¢ropa. ITokpos-
HbIe SMalld, KOTOPBIMU MOKPBIBAIOT TI'PYHTOBBIN
CJIOM, TOoApa3enstoTcs Ha riryxue (Oenble U OKpa-
IICHHBIE) W Tpo3pauHble (OECIBETHBIC WIH OKpa-
menHble). [JokpoBHBIE AMalld pa3nu4aOT JeKopa-

THUBHBIC, 3alMUTHO-ACKOPATUBHBIC, XHUMHNYCCKH
CTOﬁKHC, caMOOYHIIar0IIMECH, HOFOHOCTOﬁKHe,
SJICKTPOJIFOMHUHCCIICHTHBIC, )KapOCTOﬁKHe, OJICK-

Tpouzonupytouue [3].

Jnis mpUroTOBIICHUS dMaliell MCTIONB3YIOT
T€ € BHIBI CHIPBS, YTO U MPH MMPOU3BOJICTBE CTEK-
Ja CIy)Kat: IS BBEICHHS KHUCIOTHBIX OKCHIOB —
KpeMHe3eM, GochopHbI aHTHIpua, OOpHAas KHC-
JoTa: JUIs BBEACHUS OCHOBHBIX OKCHJOB - COJa,
noTail, KapOoHAT KajJbliMs, COCIMHEHUS MarHusi,
CBUHLIOBBI CYpUK; Ul OJHOBPEMEHHOI'O BBEJE-
HUSI KHCJIOTHBIX M HICJIOYHBIX OKCHIOB - Oypa, mo-
JeBOW mmmaTt, KaosnH. Kak BcromorareiabHOE ChI-
pbE HCIONB3YIOTCS OKHCIHUTENH - CEITUTPa, HUTpa-
Tl Oapusi M HATpPHs, CLEIUIIONE OKCHJIBI
(obecrieunBatrole CIETUICHUE MK C METAJIIOM)
- OKCHbI KoOanbTa, HUKEJs, Mapraima B Jp. TIy-
muTenn - docdatel, GropcomepKaIue COCIHHE-
HUSI, OKCHIBI OJIOBA, TUTAHA, COCAUHCHUS CYypbMbI
Y MBIIbsKa. [ momydeHus IBETHBIX dMaiel uc-
MOJIE3YIOT KpacuTesu (OKCHIBI KOOanbTa, MapraH-
11a, MeIu, XpoMa, Kejie3a) U MUTMEHTHI, U3TOTOB-
JICHHBIE M3 CMecel OKCHIOB Xele3a, XpoMa, KO-
OasbTa, AMOMUHUS, [IMHKA | 1p. [4].

OfHUM W3 OCHOBHBIX CBOWCTB T'PYHTOBOM
9MaJH SIBIISIECTCS TO, YTO OHA IJIABHUTCS TIOJ BO3JICH-
CTBHEM TEMIIEPAaTyphl U IMOKPHIBAET MOBEPXHOCTH
Metaa. Oxcua 00pa BXOJUT B COCTaB OOJBITHH-
CTBa T'PYHTOBBIX 3Maliel [5, 6] u sABJISIETCSI OCHOB-
HBIM (PaKTOPOM pacrpeeIeHUs TPYHTa IO MOBEPX-
HocTu MeTtaima. Yem Oomnbiie okcuga 6opa q00as-
JICHO B COCTaB, TEM HWKE TeMIIEpaTypa IUIaBICHHS,
TEM JIerdye pacTeKaeTcsi TPYHTOBKA MO MOBEPXHO-
CTH MeTaJlIa ¥ 00pa3yeTcsi paBHOMEpHasi TOMOT€H-
Has cucrema [7-11].

Jlo6aBka okcuma Oopa CHMXKAET TemIiepa-
Typy TUIABJICHHUS, TOJABISET pPAaCTPECKUBAHUE.
Kontposb 3a conepkanueM okcuiaa 0opa B TEXHO-
JIOTHYECKOM TIPOIECCe TMO3BOJIET AOCTHTaTh OJIH-
HAKOBBIX KOA((UIIMESHTOB TEIIOBOTO PACIIUPEHUS

I1a3ypd U TOKPBIBAEMOTIO €0 MaTepuaa, dYTo
ofecreynBaeT MEXaHMYECKYH0 MPOYHOCTb, HU3HO-
COYCTOMYUBOCTb, BOJOHEIPOHUIAEMOCTh, CTOM-
KOCTb K arpeCCHBHBIM CpellaM KOHEYHOI'O U3EIHs
[12]. Okcun 6opa BIUSIET HA CBOMCTBA KOHEYHOTO
MPOJIYKTA, BHITIOJHSS OJHOBPEMEHHO POJIb (Iroca
u cessytomero. [lpu BBenennn oxcupa Gopa mo-
CPEICTBOM OYpBI, OHA TaKXKe CITYKUT HCTOYHUKOM
Hatpus [13].

Jl14 cuHTEe3a MOKPOBHBIX CTEKJIOAMAIEBBIX
HOKPBITUH BbIOpaHa amOMOOOPOCHIIMKATHAs CH-
cTreMa RQO—RO—B203—AIQO3—SiOz—TiOz—PzOS—F,
Kak HanOojee mpuemieMas B TEXHOJOTHUU IBYX-
CJIOWHOTO 3MalMPOBaHUA, KOTOPOE JOJHKHO obec-
MeYNBaTh HE TOJBKO BBICOKYIO CTOMKOCTH 3Mally,
HO u Oe3nedekTHoe (OPMUPOBAHUE TOKPHITHS,
YTO BO3MOYKHO IpU OIIPEAENICHHBIX 3HAUYEHUSX
(U3UKO-XUMHYECKUX CBOMCTB. C IeNbI0 yBEIHYE-
uust TKJIP, ynydmenus 6iecka U CHUKEHHUS TYToO-
TUTABKOCTH 5MAJI€BOTO MOKPHITUA B COCTaB IIMXT
BBoamin prop ceepx 100 %, KOTOpHIN B MpHUCYT-
crBur B203 u Al1203 3aMmeTHEE MOBBINIACT XUMH-
YEeCKYI0 CTOMKOCTh MOKPBITHS, YTO OOBACHSAETCS
CIOCOOHOCTRIO (hTOpa CBSA3BIBATH B COCIUHEHUS
MaJIOCTOMKHE OKCHUIBI ILEJIOYHBIX W IIEJIOYHO3e-
MEJLHBIX MeTalIoB [14].

O030p M3BECTHBIX COCTAaBOB MPOMBIIILICH-
HBIX 5MaJIeBBIX MOKPBITUW TOKa3al, 4TO OCHOBOM
JUTSl MX TIOJTyYEHUS! IO TEXHOJIOIMH CYCIIEH3HOHHO-
ro o0kura sBISIOTCS OOPOCHIIMKATHBIE CTEKJIa, B
KOTOPBIX CyMMapHOe cojiep>kaHue 0a30BBIX OKCH-
noB, Takux kak Si02, B203 u Na20O, HaxoquTcs B
npenenax 70-90 mon.%. IloaToMy 3TH KOMIOHEH-
Thl OKa3bIBAIOT OOJBIIOE BIUSHUE HA 3HAUYCHUS
BA3KOCTH, TIOBEPXHOCTHOT'O HATSIKEHUS, TeMIIepa-
TYPHOTO KO3(PPUIMCHTA JTUHEHHOTO pacUIUpEHUs
1 BOJIOCTOMKOCTH CTEKISTHHOU (DPUTTHI; DTH CBOK-
CTBa YYUTHIBAIOTCS NpHU pa3pabOTKe HOBBIX COCTa-
BOB sMajiei [15-19].

OTtmeuasi B&KHOCTh CTPYKTYPHOTO (pakTo-
pa B amaiisix, aBTopsl [20-24] cuutarot, 4ro B 60-
POCHIIMKATHBIX CTEKIax 0cO00Tr0 BHUMAaHHS 3aCTy-
JKMBAaeT HE TOJBKO BONPOC O JOJIE YeThIpeX- U
TPEXKOOPIUHUPOBAHHOTO OOpa, HO TaKXkKe CBS3b
TETPAdIPUUECKUX M TPUTOHAIBHBIX OOpaTHBIX
TPYHIN IPYT C IPYTOM U C CHITUKATOM.

TexHOMOTHI0O HAHECEHWs 3MajeBOro TIO-
KPBITHA W BIMSIHAE PA3IMYHBIX MapaMeTpoB SBIIS-
eTcs 3a/1adueil MHOTHX HccieaoBaTelnei [25-28].

OpHuM U3 pemarnmx (HakTopoB, BIHSIIO-
LIMX Ha CBOMCTBA 3MallH, ABJSIOTCS UCIOIb30BaH-
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HBIC CHIPhECBBIC KOMITOHCHTHI, HAJTMYNE B HUX TPH-
MECHBIX 3JIeMeHTOB. OTCIO/1a HEOOXOIUMOCTH Pa3-
paboTKH cocTaBa SMajM B Ka)JOM KOHKPETHOM
ciydae.

Ienpto uccnemoBaHusl SBISIIOCH MONTyde-
HUE TPYHTOBOM dMaJii Ha OCHOBE MECTHBIX CHIPbh-
€BbIX KOMIIOHCHTOB M WCCIICOBAHHE BIUSHUS
okcuaa 6opa. BeiOOp MECTHBIX CHIPBEBBIX KOMIIO-
HEHTOB JUJISl TIOJYYEHUS TPYHTOBOM SMajH IMOKa-
3all, 4TO TOy4aeMbIe COCTaBbl CTEKON HAXOJSTCS
B cucremMe Si0,—Al,0;-Na,0-K,0-CaO-B,0;.
JIJisi KOpPEKTUPOBKY CBOWCTB HCIIOJIB30BANU J0-
0aBKM OKCHJIa HUKEIIS ¥ OKCHIa KOOabTa,

MeToasb! nccne10BaHust

Jlns 06KHTra CTEKISTHHOW IIMXTHI MCIOJIB-
30BaJIcsl JTabOpaTOpHas Medb C IOJOTPEBOM Ha
OCHOBE TPHUPOAHOTO raza. [1NaBKy CTEKO/bHOM
WMXTbl OCYIIECTBIISUIN B IIAMOTHBIX TUTJISIX €MKO-
creio 200-250 Mt mpu Temneparype 1320-1350 °C
¢ Beiepxkoi B Teuenue 20 — 30 munyt. Pacrnas
CJIMBAJIM B BOJY U MOJTy4YaJld TPaHyJIbl (PPUTTHL.

CocTaB TpyHTOBOTO TMOKPBITUS TOTYJaIu
W3 TOHKOM3MEIBYCHHOW  (QPUTTHI, HA00aBISA
KOMITOHEHTBI B COOTBETCTBUH C TpeOOBaHUSMHU
[29].

[Iponecc moy4eHuss TPyHTOBOTO TOKpPHI-
THS HA TOBEPXHOCTU MeTaJlIa (XOJIOAHOKATaHHBIN
JUCTOBOM TMPOKAT ISl OSMaIUPOBAHUS MapKu
DCO4EK) [27-30] ocymecTBIsUICS B AJICKTPOIICYH
CHOJI. TowHOCTH oOmpeAencHusl TeMIepaTypbl
cocrasystia £5°C.

XUMUYECKUN aHalIu3 ChIPbEBBIX KOMIIO-
HEHTOB M CHHTE3MPOBAaHHBIX CTEKOJI ONpEEICH Ha
HHEPTOAUCIIEPCHOHHOM PEHTI€H(IyOPECIEHTHOM

cnexkrpometrpe Rigaku CG EDXRF (CILA).

[ToBepxHOCTHOE HATSHKEHHE PACCUUTAHO
o metony Ammena [30].

WndpakpacHblii cieKTp o0pas3loB aHaIH-
supoBa Ha crekrpoporomerpe IRAffinity-1
(SHIMADZU, SInouus).

PactrexkaemocTh (hpPUTTHI MONYyYSHHBIX 00-
pa3loB IPH HAHECEHUWH Ha TOBEPXHOCTh METajlia

onpeacidinm B COOTBETCTBUH C Tpe60BaHI/IHMI/I
[29].

Pe3yabTaTsl U 06CyKIeHTE

B maboparopHBIX YCIOBUSIX B CHCTEME
SiOz—Ale3—N320—K20—CaO—B203—NiO—C0203
CHUHTE3UpPOBaHbl cTekna. /s cuHTe3a CTEeKod IOo-
CIYXWIHA CIEIYIOIIEe CBhIPbEBblE KOMIIOHEHTHI:
KBapIEBbI TMECOK, TIWHUCTBINA claHen, OopHas
KHCIIOTa, W3BECTHSK, KaJbIMHUPOBAaHHAs COJa,
OKCHJI HUKEISI M OKCHJ KOoOaimbTa. XHMHYECKUI
COCTaB CBIPHEBBIX KOMIIOHEHTOB IIPEACTaBIEH B
tabmuie 1, a CHHTE3MPOBAaHHBIX CTEKOI — B
tabnuie 2.

B pesynbpTaTe pe3koro 3akajia CTEKOI MOIydEHBI
(PUTTHI COOTBETCTBYIOIIUX COCTaBOB. [y mpuro-
TOBJICHUSI TIOKPBITHSI OCYIIECTBIISIIM TOHKHI COB-
MECTHBIN ITOMOJ KBapLEBOTO IE€CKa, TJIMHUCTOIO
cianma u ¢GputrTel g0 ocratka Ha cute 0063
0,02%.

PesynbTatst HEKOTOPBIX ¢uzuko-
TEXHUYECKUX CBONCTB OMBITHBIX TPYHTOBBIX TIO-
KpbITHI TTpuBeAeHbI B Tabnuue 3. lo6aBka Oopa u
YBEJIMUYEHHUE €€ KOJIMYECTBA B COCTAB CTEKJIa OTpa-
3WJIach Ha CBOICTBaX IPYHTOBOIO IMOKPBITUS —
yBEIMUYMUIACh PACTEKAEMOCTb W CHHU3WIOCH IIO-
BEPXHOCTHOE HaTsKEHUE.

Taoauna 1
XHUMHYECKHI COCTAB CHIPbEBbIX MATEPHAJIOB
MaccoBoe cojiepxaHnue OKCHI0B, %o
Coipee $i0, [ Na0 | K0 | cao | A0 | B0, | Mgo | F0 | Nio | Co0; | mnnm
3 3
I(f;j‘p“em"“ e lons0| - 1,03 | 0,27 | 3,51 0,04 | 0,08 - - -
g o S 49,60 | | 5,03 | 017 [37.20] - - | 039 - - | 762
Bopnas xucnora _ _ _ _ _ 55,0 _ _ _ — 450
Wsectrsik 031 | - | 003 [5340] 023 | - | 503 006 = — | 40,94
Cona KanbpUMHU- B 5720 B _ _ _ _ _ -~ -~ 42.80
pOBaHHas ’ ’
Oxuce KobambTa _ _ _ _ _ _ _ _ _ 100 _
OKHCh HUKETS _ _ _ _ _ _ _ _ 100 _ _
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Taoauma 2

XHUMHYECKHIi COCTAB CUHTE3UPOBAHHOI'O CTECKJIA

Ne

Maccogoe COACPIKaHNEC OKCHUIOB, %

COCTaBa 8102 A1203

NazO

K,O

CaO

TiO,

MgO NiO C0203 F€203

1 59,50 | 4,10

25,20

1,28

6,09

0,12

P,O; B,03

- 0,74 - 0,11

48,40 | 5,05

30,50

1,23

9,89

0,14

- 0,17 0,64 - 0,14 -

54,0 | 4,89

23,90

0,79

7,84

0,14

0,67 0,12 0,70 0,21 0,13 6,80

53,80 | 4,75

26,50

0,83

5,55

0,13

0,61 - 0,65 0,19 0,13 7,05

47,90 | 4,14

23,30

0,85

7,82

0,14

1.31 0,13 0,71 0,17 0,11 13,58

(X% B0 >N BUSE B

42,30 | 5,53

25.70

0.62

5.64

0.06

0,68 - 0.66 0,20 0.11 18,50

Taoauue 3
DU3NKO-TeXHUYECKHE CBOICTBA IPYH-

TOBBIX dMAaJiel

Homep

PacrexaemocTs,
cocTaBa

MM

IToBepxHOCTHOE
HaTskeHue, H/m

1 22,0 0,315

14,5 0,308

37,1 0,289

37,5 0,275

45,0 0,257

ANl B W]

57,0 0,264

3HavyeHHs] BEIIUYMH TI0 PACTEKAEMOCTH
COOTBETCTBYIOT MapkaM (PpUTT OT TYTroIIaBKoi
JI0 OTHOCHUTEJIBHO JIETKOIUIaBKOM MO CTaHAApTy
[29].

CTpyKTypHBIE KOMIIOHEHTHI B MOJTYYEH-
HbIX cTekynax uccieaoBanbl UK criekTpockomnu-
ei. Pe3ynbTaThl IpeacTaBIeHbl HA PUCYHKE.

Bo Bcex cniekTpax rpyHTOB IPUCYTCTBYIOT
YETHIPE OCHOBHBIC TPYIIBI IOJIOC TOTJIOIICHHS,
pacrionoxkennele B obmactu 250-500, 700-1250,
1250-1600 cm' u 2000-4000 cm'. Paszmmums B
CIIEKTpax SBIISIOTCS CIICJCTBHEM DPA3JIMUYUSl B CO-
cTaBax MartepuanoB. HaumOomee cyliecTBeHHOE
BIIUSTHUE OKa3bIBACT M3MECHECHHE KOJIMUECTBA O0pa.

IIupokas monoca 800-1250 cm™' ceume-
TEIBCTBYET O MPUCYTCTBUH CTPYKTYPHBIX TPYIIIH-
POBOK KpeMHHsI, Takux Kak Si-O-Si M ocTpOBHBIX
rpymnn SiO4. B oty e ob6nacts momagarot xoseba-
HUS YETHIPEXKOOPIUHUPOBaHHOTO Oopa. [lonoca B
obmactu 1400-1500 cm' oOTHeceHa K HAIMUMIO
KajeiueBaoro cuiukara. Komebanuss BO; makna-
JIBIBAIOTCS B 9TOW 00JIACTH, UTO OTpaKaeTcs B pac-
IIUPEHUN 3TOW TOJOCH C YBEIMYEHUEM KOIHU4e-
cTBa Oopa B coctaBe cTekon. [lojockl B obnactu

100
%T ] [

80— 1

20+

1250 1000 750 500 250
1flem

I T T T
4000 3500 2000 1750 1500

a 30gr B)

......................... L i L e e AL A SN
1750 0

2642
2

R R T o e R e R T
4000 3500 3000 2500 2000 1250 750 500 250
05.01.2024 Tarkib 13 (50gr B) 1iem

UK cnexkrpsl cTekoa coctaBoB Ne 3 (a), Ne 5
(0), Ne 6 (B).
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500-400 cM"' CBUIETENECTBYIOT O HATHUMH CBSI-
3aHHBIX TPYIIUPOBOK KpemHus u (ocdopa. Mu-
TEHCHBHOCTb IOJIOCHI PE3KO BO3PACTAET C yBEJH-
YeHueM cojiepkanus ¢ocdopa st coctasa 5. B
o6nactn 400-280 cm™ 0GHAPYKMBAIOTCS MONOCKHI
X0 (X =Mg, Ca, Ni, Co) [31, 32].

IIpu mManom conepxanuu Oopa (cocTtar 3)
MPUCYTCTBYIOT TOJBKO 4-KpaTHO KOOPIUHHPO-
BaHHBIC COENMHEHHS OOpa, KOTOPHIM OTHECEHa
nonoca 307 cm'. C yBenmdyeHHeM COJEpKAHHSA
Oopa (cocTaBbl 5, 6) MosIAETCS MHTCHCHUBHAS T10-
noca roromenns 385 cm™', OTHeCeHHast 6-KpaTHO
KOOPJWHUPOBAHHBIM COeAMHEHMsIM Oopa [33-35].

Ionoca B obmacti 725 cM™' oTHeceHa K
neGOopMaMOHHBIM  KOJIEOaHHUSM TPHUTOHAIBHBIX
OopaTHBIX 00pa30BaHWH, WHTCHCHUBHOCTH KOTO-
poli pe3Ko BO3pacTaeT C YBEJIMYEHUEM KOJINYe-
ctBa (ochopa B TPyHTE COCTaBa S5, U SIBISETCS
OTpaKeHHEM O00pa30BaHHUS HEMOCTHKOBOTO KHC-
JIoOpoJia HAa TPUTOHAJBHBIX OOpaTHBIX y3nax [36,
371

O6mactb 2300-3600 cm™', oTBeTcTBEeHHAS
3a npucytcteue OH rpynn pearupyer n3MeHeHH-

€M HMHTCHCHBHOCTU C YBEJIMYEHHMEM COJCpKaHUS
60pa B IPyHTE, YTO MOXKHO HPEATNOJIOKUTH CB3aHO
C B3aMMOJICHCTBHEM TIMHHCTOTO CIIAaHIA C dJe-
MEHTaMHU CTEKOJ.

3akiIroueHne

CunTe3upoBaHbl CcTeksa B cucreme SiO,—
A1203—N320—K2O—CaO—B203—NiO—C0203 Ha
OCHOBE MECTHBIX CHIPbEBBIX MATEPHANIOB ¢ JI00OAB-
JICHHEM OKCHIa HHKelsI M oKcmaa kobampra. C
WCIIOTh30BaHNEM (DPUTTHI M3 CTEKJIA TIOTYYCHBI
rpyHTOBEIE dMann. CBOMCTBa pa3pabOTaHHBIX CO-
CTaBOB T'PYHTOBBIX 3Majell COOTBETCTBYIOT Tpe-
ooBanusm_['OCT 24405-80. OmpeneneHo, 4To
nobaBka Oopa W yBelIMUYEHHUE €€ KOJMIeCcTBa B CO-
CTaBe CTEKJIa YBEIIMUYNBAET PACTEKaeMOCTh M CHHU-
JKaeT MOBEPXHOCTHOE HaTshkeHue. MccmemoBanue
CTPYKTYPHBIX OCOOEHHOCTEH CHHTE3MPOBAHHBIX
ctekon MetogoM MK cnekTpocKkonmuu mo3BOJIHIO
YCTaHOBUTH MPUCYTCTBUE 4-KPAaTHO KOOPJIUHUPO-
BaHHOTO OOpa M TOsBIEHUE 6-KPaTHO KOOPJAWHU-
POBaHHBIX COCAWHECHWH OoOpa NpH YBEIMYCHUH
€ro COJePIKaHMUS.
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The purpose of the study is to develop a new catalytic system for the synthesis of internal acetylene alcohols from the Sonogastric
coupling reaction of terminal acetylene alcohols and benzolchloride. For theﬁ);fst time in this work, internal acetylene alcohols have been
synthesized based on reactions 3/ some terminal acetylene alcohols — 3,4-dimethylpentin-1-0l-3, 3,4,4-trimethylpentin-1-0l-3, 1-
ethynylcyclohexanol-1, 2-ethynyladamantanol-2, 2-phenylbutin-3-ol-2, 2-(naphthyl-2)butyn-3-ol-2, 2-(furanyl-2)butyn-3-ol-2 and 2-
(pyridinyl-4)butyn-3-ol-2 wit; chloridebenzene. In order to achieve high proj;ct productivity in the Sonogashira reaction, alternative
conditions have been identified by studying the molar ratios, spatial structure, induction effects of substituents, solvent and catalyst nature,
as well as temperature, reaction duration effects, and the reaction mechanism has been proposed on the basis of literature sources.

Keywords: catalytic system, chloridebenzene, copper(I)-salt, Pd(I)-salt, triethylamine, product yield, solvents
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PEAKIIMH COHOT'ALINPBI TEPMNHAJIBHBIX AIETUJIEHOBbBIX
CIIMPTOB U BEH3OJIXJIOPUJIA
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Henvio uccnedosanus a6isemcs pazpabomra Ho6ol Kamaaumu4eckoi cucmenmst ONs CUHINE3A KOHYEBbIX AYemUuIeHOBbIX CNUPINOG
U GHYMPEHHUX AYEMUTCHOBBIX CRUPINOE U3 peaKyuu npucoedurenus xnopudabenson peakyuu Conozawupa. B smoii pabome énepgvie Gviu
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g)enu,76ymun—3—o,7—2, 2-(nagpmun-2)6ymun-3-on-2, 2-(¢pypanun-2)6ymun-3-on-2 u 2-(nupudunun-4)o6ymun-3-on-2 na ocmoge peaxyuii c
eH30IXI0PUOOM CUHMESUPOBAHDL BHYMPEHHUE AYEMUTeHO8ble CRUPTIbL. ATbIEPHAMUEHbIC YCN06Us Db ONpedeeHbl NYmeM U3yueHus
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TERMINAL ATSETILEN SPIRTLARI VA BENZOLXLORIDNING SONOGASHIRA
REAKSIYASI ASOSIDA INTERNAL ATSETILEN SPIRTLARI SINTEZI
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T adqiqotninﬁ magqsadi terminal atsetilen spirtlari va benzolxloridning Sonogashira birikish reaksiyasidan internal atsetilen
%pirtlari sintez qilish uchun yangi katalitik sistemasi ishlab chiqishdan iborat. Ushbu ishda ilk bor Pd(OAc),/CuCl/Et;N/MeCN/H,O
atalitik sistemasi yordamida ayrim terminal atsetilen Epirtlari — 3,4-dimetilpentin-1-0l-3, 3,4,4-trimetilpentin-1-ol-3, 1-etinilsiklogeksanol-
1, 2-etiniladamantanol-2, 2-fenilbutin-3-ol-2, 2-(11?1/21'1- )butin-3-ol-2, 2-(furanil-2)butin-3-ol-2 va 2-(piridinil-4) butin-3-ol-2ning xlorbenzol
bilan reaksizalari asosida internal atsetilen spirtlari sintez qgilingan. Sonogashira reaksiyasida yuqori mahsulot unumi%a erishish uchun
boshlang ‘ich moddalar mol nisbatlari, fazoviy tuzilishi, o rinbosarlarning induksion ta’siri, erituvchi va katalizator tabiati, shuningdek,
ha]:lt}rat,lreaksiya davomiyligi ta’sirini o ‘rganish orgali muqobil sharoit aniqlangan va reaksiya mexanizmi adabiyot manbaalari asosida
taklif etilgan.

Kalit so'zlar: katalitik sistema, xlorbenzol, mis(I)-tuzi, Pd(II)-tuzi, trietilamin, mahsulot unumi, erituvchilar

DOI: 10.34920/cce202415

Kirish galogen-alkanlar, gagalogenalkenlar,
Yangi C-C bog® hosil qilishning galogenarillar va boshqalar bilan oraliq
universal, regioselektiv. va  sterioselektiv  metallarning kompleks katalizatorlari ishtirokida
usulining asosida metalorganik birikmalarning  boradigan kors-birikish reaksiyalari yotadi [1-6].
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Ilk bor Chow va uning ilmiy jamoasi tomonidan
2001-yil PdCIy(PPh;),/Cul katalitik sistema
yordamida  aromatik  atsetilen  spirtlarini
brombenzol bilan Sonogashira reaksiyasi asosida
diaril atsetilenlar sintezi amalga oshirilgan [7].
Keyinchalik ushbu reaksiyani Hua va uning
hamkasblari xlorbenzol bilan PdCIl,(PCys),
katalitik sistemada [8], Tsai esa yodbenzol bilan
FeCl; katalizatori yordamida amalga oshirgan
[9]. Sonogashira reaksiyasi asosida internal
aromatik atsetilen spirtlarining xlorbenzol bilan
birikish reaksiyasi Palladacycle/Xphos/K,COs
katalitik sistema yordamida azot atmosferasida,
atsetonitril eritmasida 110 °C haroratda olib
borilgan va 99% unumgacha 31 xil turdagi
diarillar sintez qilingan [10]. Mis (I) kompleks
tuzlari ishtirokida o-yodanilin bilan terminal

alkinlarning Sonogashira kross-birikish
reaksiyalari ~ havo  atmosferasida  amalga
oshirilgan  56-99% unum bilan biologik,

farmakologik faol etinilanilin hosilalari olingan
[11]. Terminal alkinlar asosida kross-birikish
reaksiyasidan  silikonorganik  birikmalarning
muhim sinfi, allenil birikmalarning boshlang‘ich
reagenti hisoblangan aromatik propargilsilanlar
sintezi toluol eritmasida 80 °C haroratda 4 soat
davomida Pd,dba;-CHCI; katalitik sistemada
amalga oshirilgan. [12]. Rossiya olimlari
Y.Kotovshchikov uchlamchi propargil spirtlari
va aril(getaril)galogenidlardan mis tuzlari
ishtirokida 34  turdagi internal diarillar
maksimum 94% unumgacha sintez qilingan [13].
PdCl,(PPh;),Cl,/Cul katalitik sistema yordamida
terminal atsetilen spirlari va 3-yodalken-2-ol-1
ning Sornogashira birikish reaksiyasi asosida
yenindiollar ~ sintez  qilingan va  olingan
birikmalarning sikloizomerizatsiya,
degidrotsiklizatsiya reaksiyalari natijasida 2-(1-
alkenil)furanlar sintezi tadqiq qilingan [14]. Pd
(OAc),/MeCN  katalitik  sistemada 24 °C
haroratda 17 soat davomida fenilatsetilenning
birlamchi atsetilen spirtlariga  birikish
reaksiyalari olib borilgan, alkinning selektiv
dimerlanishi natijasida turli yeninol, yenindiol,
yenindiaril birikmalar olingan [15]. 3-bromanilin
va 2-metil-3-butin-2-oldan Sonogashira
reaksiyasi asosida o‘pka, oshqozon, buyrak, jigar
va ko‘krak saratonida o‘simtani epidemial o‘sish
omili retseptorlariga qarshi ingibitor xisoblangan
farmokologik faol birikma Erlotinib sintezi
amalga oshirilgan [16].

Tadqiqot usuli
CuCl/Pd(OAc),/Et;N/MeCN/H,0
katalitik sistemasida 1-(feniletinil)
siklogeksanol-1 sintezi. Terminal atsetilen
spirtlaridan internal aromatik atsetilen spirtlari
sintez qilish jarayoni hajmi 500 ml bo‘lgan besh
og‘izli kolbada amalga oshirildi. Ushbu kolbaga
tomizgich voronka, mexanik aralashtirgich,
termometr va gaytarma sovutgich o‘rnatildi.
Dastlab kolbaga 18,6 g (0,15 mol) 1-
etinilsiklogeksanol-1 va 0,10 g (0,01 mol) CuCl
solindi. Keyin 2,24 g (0,01 mol) palladiy(I)-
atsetat (Pd(OAc),)ning 15 ml MeCN va 5 ml H,O
(3:1 nisbatda) erituvchilar yordamida tayyor-
langan  suspensiyasi aralashtirilgan holatda
go‘shildi. Bunda kolbadagi harorat 30-40 °C da
bo‘lishi kerak. Hosil bo‘lgan aralashmaga 11,25 g
(0,10 mol) xlorbenzol (C¢HsCl) va 20 g (0,2 mol,
15 ml) trietilamin bilan tayyorlangan suspensiyasi
30 minut davomida tomchilatib qo‘shildi. So‘ngra
aralashma 40 °C haroratda 7,5 soat davomida bir
meyorda aralashtirildi. Hosil bo‘lgan reaksiya
mahsuloti 30 minutga tindirishga qo‘yildi.
So‘ngra 75 ml (3x25) sovuq suv yordamida
gidroliz qilinib, katalitik qism ajratib olinadi va
golgan organik gismi esa yordamida dixlorometan
60 ml (3x20) yordamida qayta-qayta ekstraksiya
qilindi. Organik gismi CaCl, yordamida bir sutka
davomida quritilib, filtrlab olindi va erituvchi
oddiy haydab olindi va qolgan qism vakuumda
haydaldi. Reaksiya mahsulotlari Silikagel 60 ko-
lonkali xromatografiya yordamida AcOEt/geksan
(1:4) eluentlar o‘tkazilib, R¢ qiymati aniglandi va
mahsulot toza holatda ajratib olindi. Natijada 26,1
g rangsiz suyuq modda
1-(feniletinil)siklogeksanol-1 (87%) unum bilan

sintez qilindi.

Ushbu usul bo‘yicha 3,4-dimetilpentin-1-
ol-3, 3,4,4-trimetilpentin-1-ol-3;
2-etiniladamantanol-2,  2-fenilbutin-3-o0l-2, 2-
(naftil-2)butin-3-ol-2, 2-(furanil-2)butin-3-ol-2 va
2-(piridinil-4)butin-3-0l-2 kabi terminal atsetilen
spirtlarining Sonogashira  birikish reaksiyasi
asosida mos ravishdagi internal aromatik atsetilen
spirtlari, jumladan 84% unum bilan
3,4-dimetil-1-fenilpentin-1-0l-3, 82% unum bilan
3,4 ,4-trimetil-1-fenilpentin-1-0l-3, 79% unum
bilan 2-(1-feniletinil)adamantanol-2, 77% unum
bilan 2,4-difenilbutin-3-0l-2, 67% unum bilan 2-
(naftil-2)-4-fenilbutin-3-o0l-2, 75% unum bilan 2-
(furanil-2)-4-fenilbutin-3-o0l-2 va 71% unum bilan
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4-fenil-2-(piridinil-4)butin-3-ol-2 sintez qilindi.

Natijalar va muhokama

Olib borilgan ilmiy tadqgiqotlar asosida
katalizator sifatida Pd(OAc), va yordamchi
katalizator sifatida CuCl, ham promotor, ham
erituvchi vazifasini bajaruvchi Et;N va MeCN/
H,O (3:1) erituvchi aralashmasidan tayyorlangan
katalitik sistema yordamida terminal atsetilen
spirtlar - 3,4-dimetilpentin-1-0l-3,  3,4,4-
trimetilpentin-1-o0l-3, 1-etinilsiklogeksanol,
2-etiniladamantanol-2, 2-fenilbutin-3-0l-2, 2-
(naftil-2)butin-3-o0l-2, 2-(furanil-2)butin-3-0l-2 va

OH Cl
R —

Pd(OAc),/CuCI/Et;N

2-(piridinil-4)butin-3-0l-2 ning asosli muhitda
xlorbenzol bilan olib borilgan reaksiyalari
natijasida quyidagi internal aromatik atsetilen
spirtlari 3,4-dimetil-1-fenilpentin-1-0l-3 (1),
3.,4,4-trimetil-1-fenilpentin-1-0l-3  (2), 1-(2-
feniletinil)siklogeksanol (3),
2-(1-feniletinil)adamantanol-2 (4), 2,4-
difenilbutin-3-0l-2 (5), 2-(naftil-2)-4-fenilbutin-3-
ol-2 (6), 2-(furanil-2)-4-fenilbutin-3-ol-2 (7) va 4-
fenil-2-(piridinil-4)butin-3-ol-2 ®) sintez
qilingan. Reaksiya sxemasi quyidagicha taklif
etildi [17].

OH
sl — 7/ \

50

Bu yerda: R= Me, R'=Pr (1); R= Me, R'="Bu (2); RR'= .Hx (3); RR'

+ HCI

MeCN/H,0 (3:1), _
8 soat, 40 °C

Rl
1-8

= Ad (4); R= Me, R'= Ph (5);

R=Me, R'= )Nh (6); R= Me, R'=Fr (7); R= Me, R'=Py (8)

0 w0 50 g
20 7 P

Reaksiya mexanizmi: (Namuna sifatida 3 sintezi keltirilgan) Sonogashira birikish
reaksiyasini amalga oshirish uchun qo‘sh katalizatorlar CuCl/Pd(OAc), ta’sirida bir paytda ikkita
katalitik sikl amalga oshadi. Bunda birinchi katalitik siklda I-etinilsiklogeksanolning mis (I)-xlorid
bilan ta’sirlashuvidan n-kompleksni hosil qiladi. Jarayonda nukleofil erituvchi sifatida MeCN va suv
ishtirokida olib borilgan.

OH

OH
— -+ cuc) MeCNH0
CuCl

Sistemaga qo‘shilgan trietilamin tarkibidagi azot atomining bog* hosil qilishda ishtirok etmagan
juft elektronlari hisobiga m-kompleksning vodorod va xlor atomlari bilan donor akseptor bog‘lanish aso-
sida biriktirishi natijasida mis (I)-atsetilenid tuzi olinadi.
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OH 7 OH

O% 4 :E\/ MeCN/H,O \/§2HC1 4 O%Cu
\+ —

CucCl

Jarayonda ikkinchi katalitik siklda aril guruh ta’sirida Pd(OAc), ning oksidlanishidan Pd atom-
ining +2 oksidlanish darajadan +4 oksidlanish darajaga o‘tadi va natijada aril va xlorni o‘ziga biriktiradi.

Cl

O O 0 Ie}
MeCN/H,0 |
)LO d O)J\ + @ o-Pd<g

Keyingi bosqichda mis(I)-atsetilenid ta’sirida palladiyning valentligi Pd” gacha gaytarilib, so‘ngra
eliminirlanishidan internal aromatik atsetilen spirti - 1-(feniletinil)siklogeksanol-1 ajralib chigadi va
katalitik sikl yana qayta davom etadi.

Cl

M e @ _MeCNH,0_ ;15201 _clioionich OOL@ + Pd(OA),

I on

Sonogashira kross-birikish reaksiyasi mexanizmini katalitik sikl ko‘rinishida tasvirlash taklif

etildi.

OH
%Pd OAc AcO- Pd

OH

OAc Cl
HO
ol Cu—C=C
/\ + _
HO Et;NHCI
H—C C
Cu cr

Internal aromatik atsetilen spirtlarining  dastlab terminal atsetilen spirtlarning xlorbenzol
unumiga harorat, reaksiya davomiyligi, erituvchi,  bilan reaksiyasi uchun CulJ/Pd(OAc),, CuCl/Pd
katalizator tabiati hamda boshlang‘ich moddalar ~ (OAc),, CuCl/Pd(PPh;3),Cl,, Cul/Pd(PPh;),Cl,
mol nisbatlari ta’siri tizimli tahlil qilindi. Bunda katalizatorlari ishtirokida ilmiy tadqiqot jarayoni
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olib borildi (1-rasm).

Rasmdan ko‘rinib turibdiki, tanlangan
katalizatorlar ichida mahsulot unumi eng yugqori,
go‘shimcha mahsulotlar miqdori eng kam hosil

bo‘lishi  reaksiya CuCl/Pd(OAc), katalitik
sistemada olib borilganda kuzatildi. Bizga
ma’lumki, nukleofil birikish reaksiyalarida

karbanionni nukleofillinigi oshirish orqali yuqori
unumni ta’minlash uchun ishqoriy muhit talab
etiladi. Tadqiqotda nisbatan kuchli kislota
hisoblangan Cul dan foydalanilganda mubhitning
ishqoriyligi pasayishi, oraliq (alkogolyatlar) va
qo‘shimcha (kompleks birikmalar) birikmalarning
miqdori ortishi hisobiga aromatik atsetilen
spirtlari unumi selektivligi pasayishi aniglandi.
Kross-birikish ~ reaksiyasi ~ CuCl/Pd(PPh;),Cl,
katalitik sistemada olib borilganida mahsulot
unumi keskin pasayishi (1— 84 dan 73% ga, 2 —
82 dan 70% ga, 3 — 87 dan 76% ga, 4 — 79 dan
67% ga, 5 — 77 dan 64% ga, 6 — 67 dan 52% ga, 7
— 75 dan 63% ga, 8 — 71 dan 59% ga) kuzatildi.

Bunga sabab molekuladagi Pd ga birikkan

trifenilfosfin hamda xlor radikali hisobiga unga
B CuCUPd(OAc)2 mCul/Pd(OAc)2
90

80
7

Mahsulot unumi, %
[ T P R S Y =N
o & & = & & &

substratni birikishi uchun fazoviy to‘silganligini
keltirishimiz mumkin.

Kross-birikish jarayoni uchun erituvchilar
ta’siri tahlil qilindi. Qutbli aproton erituvchilar —
atsetonitril (MeCN), dixlorometan (CH,Cl,),
atseton (ASE) hamda tetragidrofuran (TGF)
ishtirokida olib borildi va mahsulot unumi
samaradorligiga ta’siri o‘rganildi va olingan
natijalar 1-jadvalda keltirildi.

Foydalanilgan qutbli aproton erituvchilar
SN2 reaksiyalari uchun qulay sharoitni namoyon
qilsada, ammo nisbatan mahsulot unumining
MeCN/H,O da yuqori ekanligi tahlil natijalari
asosida aniqlandi. Sistemada erituvchi sifatida
suvdan ham foydalanishga sabab katalizatorning
erishi va dissotsiyalanish darajasini oshirishga
qaratilgan. Natijada katalizator faolligining or-
tishi, jarayonning borishi uchun yuqori haroratni
talab etmasligiga olib keldi. Adabiyot manbaalari-
dan ma’lumki, Sonogashira reaksiyalari 80-140 °C
harorat oralig‘ida amalga oshirilgan. Ushbu ja-
rayon quyidagicha izohlanadi:

-MeCN va TGF bipolyar aproton eritu-

# CuCl/Pd(PPL3)2C12

B Cul/Pd(PPh3)2C12

01—|—|—|—!—!—|—|—|/

1 2 3

5 6 7 8
Aromatik atsetilen spirtlari

1-Rasm. Internal aromatik atsetilen spirtlari unumiga katalizator tabiati ta’siri
(reaksiya davomiyligi 8 soat, harorat 40 °C, erituvchi MeCN).

1-Jadval

Internal aromatik atsetilen spirtlari unumiga erituvchilar tabiatining ta’siri
(reaksiya davomiyligi 8 soat, harorat 40 °C, katalizator CuCl/Pd(OAc),)

Internal atsetilen spirtlari I > Ma}:‘sulot unurr;i, % 3 7 3
MeCN/H,O 84 82 87 79 77 67 75 71
CH,CI/H,0 67 65 70 57 55 49 54 51

ASE/H,0 61 59 54 51 49 42 49 45
TGF/H,O 72 70 75 67 63 53 63 59
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vchilar Sonogashira reaksiyalarining borishini
osonlashtirdi. Buning boisi o‘rganilganda, har
ikkala erituvchilar suv bilan juda yaxshi
aralashishi, shuningdek, ham qutbli, ham qutbsiz
moddalarni yaxshi erita olishi, sistemadagi proton-
ni o‘ziga biriktirishi orqali, muhitning ishqoriyligi
yanada oshirishi natijasida reaksiyaning borishini
tezlashtirdi. Ammo MeCN ga nisbatan TGF da
qutblilik nisbatan quyi ko‘rsatkich namoyon
qilganligi bois mahsulot unumida pasayish kuza-
tildi.

-Dixlorometan va atsetonda ham MeCN ga
nisbatan past mahsulot unumini namoyon qildi.
Chunki, ularning mos ravishda trietilamin va ter-
minal atsetilen spirt bilan qo‘shimcha reaksiya bor-
ishi aniglandi.

-MeCN ning boshqga erituvchilarga qara-
ganda palladiy (II)-tuzlarini juda yaxshi eritib, sus-
pensiya hosil qilishi aniglandi hamda uning diel-
ektrik konstantasi (e= 37) va dipol momenti (3,92
D) yuqori bo‘lganligi sababli, internal aromatik
atsetilen spirtlar sintez qilishda eng yuqori
mahsulot unumini (1 — 84%, 2 — 82%, 3 — 87%, 4
—79%, 5 —77%, 6 — 67%, 7—T75% va 8 — 71%)
berdi.

-Atsetonning ko‘pgina ketonlar singari ke-
to va enol tautomeriyasi mavjud bo‘lishi, uning
eritmadagi ionlarning fazoviy to‘gnashuvlar so-
nining kam bo‘lganligi, shuningdek, dipol momen-
ti miqdori ham kichikligi sababli reaksiyada
mahsulot unumining pasayishiga olib keladi.

-TGF dielektrik o‘tkazuvchanlik konstanta-

si past bo‘lganligi (e= 7,6), alkin ionlarning keton-
lar bilan fazoviy to‘qnashuvlar sonining yetarlicha
bo‘lmasligi ogibatida unumning pasayishiga sabab
bo‘ladi.

Sonogashira reaksiyasi mahsulot unum-
dorligiga haroratning ta’siri 2060 °C interval
oralig‘ida o‘rganildi. (2-jadval).

Reaksiya CuCl/Pd(OAc),/Et;N  katalitik
sistemasida 40 °C da 8 soat davomida olib
borilganda internal aromatik atsetilen spirtlari
yugori unumda chiqishi kuzatildi. Kuzatilgan
reaksiya jarayonlaridan ma’lum bo‘ldiki, jarayon
20 °C harorat oraligda olib borilganda reaksiyaga
kirishmasdan qolgan boshlang‘ich mahsulotlarni
yupqa qatlamli xromatografiyada aniqlandi, bu esa
molekulalarning to‘liq ionlarga dissotsiyalanishi
amalga oshmaganligi mahsulot unumining yuqori
bo‘lmasligiga sabab bo‘lgan.

Jarayon 60 °C gacha oshirilganda sistemada
tanlangan palladiy (II) atsetatning boshlang‘ich
reagentlar bilan qo‘shimcha mahsulotlar hosil
bo‘lishi, aromatik atsetilen spirtlari o‘zaro birikib
yenindiollar hosil qilishi, polimerlanishi natijasida
smolasimon mahsulotlarning paydo  bo‘lishi
mahsulot unumining keskin pasayishiga olib keldi.

Aromatik atsetilen spirtlarining unumiga
reaksiya davomiyligining ta’siri  6-10 soat
oralig‘ida tahlili amalga oshirildi (2-jadvalda
keltirilgan). Bunda harorat 40 °C, erituvchi
atsetonitril muhitida 6 soat davomida olib
borilganda, boshlang‘ich reagent (1-
etinilsiklogeksanol) va substrat (xlorbenzol) o‘zaro

2-Jadval

Internal aromatik atsetilen spirtlari unumiga harorat ta’siri
(reaksiya davomiyligi 8 soat, katalizator CuCl/Pd(OAc),, erituvchi MeCN)

Reaksiya Harorat, Mahsulot unumi, %

davomiyligi, soat °C 1 2 3 4 5 6 7 8
20 61 58 66 56 54 45 54 49

6 40 69 66 73 64 62 52 61 57

60 56 51 59 51 48 38 48 43

20 77 74 80 71 69 58 67 63

8 40 84 82 87 79 77 67 75 71

60 71 68 75 66 63 52 62 59

20 69 66 72 63 61 52 60 56

10 40 76 74 80 71 70 59 68 64
60 62 61 67 56 54 43 56 51
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to‘liq reaksiyaga kirishmasdan golganligini yupqa
qatlamli xromatografiya analizi orqali aniqlandi,
shu sababli ham samarali mahsulot unumiga
erishilmagan. Reaksiya 8 soat davomida olib
borilganida to‘ligroq ohirigacha borganligini fizik-
kimyoviy tahlil natijalari ko‘rsatdi, bu esa
boshlang‘ich moddalar MeCN da to‘liq erib,
yuqori darajada dissotsiyalanishni namoyon
qilganligi, xlorbenzol ta’sirida Pd(OAc), ning
oksidlanishidan Pd atomining +2 oksidlanish
darajadan +4 oksidlanish darajaga o‘tishi va
natijada aril va xlorni o‘ziga biriktirishi ya’ni
“oksidlab birikish” bosqichi uchun hamda chiqib
ketuvchi xlor molekulasini mis (I) atsetilenidning

karbanion qismiga almashinishi natijasida
palladiyning valentligi Pd° gacha qaytarilib,
so‘ngra eliminirlanishi uchun optimal davr
bo‘lganligi, internal aromatik atsetilen

spirtlarining unumini ya’ni, 1- 69 dan 84% ga, 2-
66 dan 82% ga, 3- 73 dan 87% ga, 4- 64 dan 79%
ga, 5- 62 dan 77% ga, 6- 52 dan 67% ga, 7- 61 dan
75% ga, 8- 57 dan 71% ga o‘shishiga olib kelgan.
Reaksiya  davomiyligini 10  soatga
oshirganimizda murakkab alkogolyatlar,
poliatsetilen spirtlar, enindiollar, smolasimon va
polimer mahsulotlar hosil bo‘lishi natijasida
aromatik atsetilen spirtlari unumida pasayish
kuzatildi. Masalan, sistemadagi 1-
etinilsiklogeksanolning o‘zaro birikishi asosida
go‘shimcha mahsulot sifatida 1,1'-(1-buten-3-diil)
disiklogeksanol-1) hosil bo‘lishi natijasida asosiy
mahsulot unumining pasayishiga olib keladi.

OH OH
) — MeCN —_
—_>»
10 soat, 40 °C OH

Unga ko‘ra katalizator miqdori 0,005 mol
olinganda aromatik atsetilen spirtlari hosil bo‘lish
unumining  pastligi, bunga katalitik  faol
markazlarning kam hosil bo‘lishi hamda reaksi-
yaning faollanish energiyasining yuqoriligi sabab
sifatida keltirish mumkin. Katalizator migdori 0,01
mol olinganda esa eng yuqori unum ko‘rsatkichini
hosil qildi, ammo katalizatorning yanada oshirish
reaksiya selektivligini pasayishiga sabab bo‘ldi.
Ta’kidlab o‘tish joizki, miqdorning oshirilishi
sistemada qo‘shimcha reaksiyalarning borishi,
ya’ni sintez bo‘lgan internal atsetilen spirtlarining
ortigcha katalizatorlar bilan ta’sirlashib alkogoly-
atlar  hosil  qilishi  shuningdek,  polimer

——0,005 —~001 —+—0015
100

90

e 80
5 70
360
E 40 \/
T 30
= 20

10

0

1 2 3 4 5 6 7 8

Aromatik atsetilen spirtlari

2-Rasm. Atsetilen diollari unumiga katalizator miqdori ta’siri
(harorat 40 °C, erituvchi MeCN, reaksiya davomiyligi 8 soat, terminal
atsetilen spirt: xlorbenzol 1,5:1 mol nisbatda).

mahsulotlarga aylanishi tahlil natijalari orqali
aniqlangan.

Olib borilgan tadqgiqot natijalariga ko‘ra,
tanlangan terminal atsetilen spirtlarini xlorbenzol
bilan Sonogashira birikish reaksiyasi CuCl/Pd
(OAc)y/Et;N katalitik sistema yordamida (CuCl:Pd
(OAc):Et;N o°zaro ekvimolyar nisbatda) MeCN
eritmasida, 8 soat davomida, 40 °C haroratda olib
borilganda internal aromatik atsetilen spirtlari eng
yuqori unum (1- 84%, 2- 82%, 3- 87%, 4- 79%, 5-
77%, 6- 67%, 7- 75%, 8- 71%) bilan sintez qilindi
va jarayon uchun muqobil sharoit qilib tanlandi.

Sintez qilingan atsetilen diollarining
tozaligi, tarkibi, tuzilishi va xususiy xossalari
zamonaviy  IQ-, 'H-YAMR, "“C-YAMR
spektroskopiya, mass spektrometriya,
xromatografik (YUQX, KX), kvant-kimyoviy,
biologik va boshga fizik-kimyoviy tadqiqot
usullari  yordamida tahlil qilindi. Xususiy
konstantalari aniqlandi, energetik va kvant-
kimyoviy kattaliklari hisoblandi, molekuladagi
atomlar zaryadlari, elektronlar zichligi va optik
tagsimlanishi kabi xossalari maxsus dasturlar
asosida tadqiq qilindi.

Xulosa

Ik bor turli xil tabiatga ega bo‘lgan terminal
atsetilen spirtlarining xlorbenzol bilan Sonogoshira
birikish reaksiyasi asosida internal aromatik atsetilen
spirtlari-  3,4-dimetil-1-fenilpentin-1-0l-3,  3,4,4-
trimetil-1-fenilpentin-1-0l-3, 1-(2-feniletinil)
siklogeksanol, 2-(1-feniletinil)adamantanol-2, 2.4-
difenilbutin-3-ol-2, 2-(naftil-2)-4-fenilbutin-3-o0l-2, 2
-(furanil-2)-4-fenilbutin-3-ol-2 va 4-fenil-2-(piridinil
-4)butin-3-0l-2 sintezi qilingan.

Mahsulot unumiga harorat, reaksiya
davomiyligi, erituvchilar, katalizator, reagent va
substratlarning tabiati va miqdorlari ta’siri
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o‘rganilgan. Tadqiqotlar tahlili natijasida jarayon
uchun muqobil sharoit topilgan va reaksiya
jarayonining mexanizmi ishlab chiqilgan. Sintez
gilingan internal aromatik atsetilen spirtlarining
tarkibi, tozaligi va tuzilishi zamonaviy fizik-
kimyoviy usullarda isbotlangan.

Terminal atsetilen spirtlar molekulasidagi
o‘rinbosarlarning tabiati va ularning fazoviy ta’sir

etish xossasiga ko‘ra reaksiya borishi va mahsulot
unumiga ta’sir etish qonuniyati topildi, unga ko‘ra
2-(naftil-2)butin-3-0l-2 < 2-(piridinil-4)butin-3-ol-
2 < 2-(furanil-2)butin-3-0l-2 < 2-fenilbutin-3-ol-2
< 2-etiniladamantanol-2 < 3,4,4-trimetilpentin-1-
ol-3 < 3,4-dimetilpentin-1-o0l-3< 1-
etinilsiklogeksanol bo‘yicha etinillash reaksiyasini
samaradorligi oshib borishi aniqlangan.
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SYNTHESIS AND TECHNOLOGY OF VINYL ESTERS OF AROMATIC
CARBOXYLIC ACIDS BASED ON VINYL ACETATE

Askar B. PARMANOYV' (as ar.parmanov@mail.ru)

Suvankul E. NURMANOV" (nurmonov_se@mail.ru)

Saida S. ABDURAKHMANOVA' (saidaoilgas@mail.ru)
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Begzod F. ADASHEV' (begzodadashev9@gmail.com)

! National University of Uzbekistan, Tashkent, Uzbekistan

2 Jizzakh State Pedagogical University, Jizzakh, Uzbekistan

In this work the vinylation reactions of aromatic carboxylic acids with vinyl acetate, which contain various substituents, in the

presence of 2-chloro-4,6-dimethoxy-1,3,5-triazine were studied fgr the first time. The influence of the nature of the starting materials,
temperature, reaction duration, solvent and reagents - zinc triflate (Zn(OTf), 3,3-diphenylbinaphthol (3,3'-Ph,BINOL-2Li), tertia
potassium butylate (KO"Bu), butyllithium (BuLi) for the synthesis of vinyl esters. The synthesis of vinyl esters of aromatic carboxylic acids
was carried out: benzoic, 2-phenylacetic, 4-methylbenzoic, 4-methoxybenzoic, 3,4-dimethoxybenzoic, 2-brombenzoic, 4-brombenzoic, 4-
fluorobenzoic, 3-nitrobenzoic, 4-nitrobenzoic, 4-tertiary butylbenzoic, 2-chlorobenzoic, 4-chlorobenzoic, 3-hydroxybenzoic and 4-

hydroxybenzoic acids has been studied. The structure of synthesized vinyl esters has been determined by modern physical methods and a
technological scheme for their production has been elaborated.

Keywords: vinylacetate, aromatic carboxylic acid, vinyl substitution reaction, vinyl ester, 2-chloro-4,6-dimethoxy-1,3,5-triazine

TEXHOJIOI'MSA CUHTE3A BUHWIOBBIX 9®OUPOB APOMATHYECKHUX
KAPBOHOBBIX KNCJIOT HA OCHOBE BUHMWJIALIETATA

Ackap b. IAPMAHOB' (asqar.parmanov@mail.ru)

Cysankyn 3. HYPMAHOB' (nurmonov_se@mail.ru)

Cauda C. ABJYPYXMAHOBA' (saidaoilgas@mail.ru)

Capeunos H. THPKAIIEBA® (sarvinozisogovna@mail.ru)

Fezs*oo @. AJIALIER' (begzodadashev9@gmail.com)

Hauyuonanwvnotit ynueepcumem Yzoexucmana, Tawkenm, Yzoexucman

/Dorcusakckuil 20cyoapcmeenHblil nedazozuieckuit ynueepcumem, /[ycuzax, Ysoexucman

B pabome enepsvie Ovinu usyyenvl peakyuu SUHUTUPOBAHUS SUHUTAYEMAINOM APOMAMUUECKUX KAPOOHOBLIX KUCIOM, KOMOpble

codepaorcam pasiuuHsle 3amecmument, 8 npucymemeuu 2-xaop-4,6-oumemoxcu-1,3,5-mpuasuna. Hcciedosano enusmue npupoobl UCXOOHbIX
sewecms, me,wnepamygbl, npoOOINCUMENLHOCIU  PEAKYUY, PACMEOPUMENA U  PeazeHnos - mzaud)fzam YuHKa (gn(OY}‘)g), 3,3-
ougpenundunagpmon (3,3'-Ph,BINOL-2Li), mpemuunsiii 6ymunam_xams (KO"Bu), oymunwmuii (BuLi) na cunmes eununogeix 3¢ghupos.
Ocywjecmenen cunmes 6UHUNOBbIX IPUPOE GPOMATMUYECKUX KAPOOHOBbIX KUCTOM. OeH30UHOl, 2-ghenunykycHoi, 4-wemunbensounou, 4-
/vtemOKcuéeﬂgomfou, 3,4-0u/lfiel’l’£0KCM6€H30uH0vu, v2-6po.wﬁeﬁ3ouljou,u 4-6p0,146€H3014H014, 4-d)mop6eH30uH~ou,w 3-HM"1p06(:‘H30MH0u,V 4:
HUMPOOEH30UHOU, 4-mpemuunbvlii 6ymunben3otHou, 2-x10pbeH301HOU, 4-xn0pben3olinoi, 3-2u0poKcubeH30UHOU U 4-2u0poKCUDEH30UHOT
kucnom. CospemenHbiMU PusutecKumMu Memooamu oOvlia onpeoeiena Cmpykmypa CUHMe3UpOSAHHBIX BUHUIOBbIX YPUpos u paspabomana
MeXHONIO2UYECKAs CXeMA UX NOJYHEHUs.

KuroueBsble ciioBa: BHHWJIALCTAT, apOMAaTHYCCKUX KapﬁOHOBLIX KHCJIOT, p€aKIys BUHUJIOBOTO 3aMEILCHHUS, BUHMJIOBBII ')(I)I/lp, 2—XJ'IO]’)—4,(7—£[I/IMCTOKCI/I—1,3,5—’1‘]’)1/]2131/"-[

VINILATSETAT ASOSIDA AROMATIK KARBON KISLOTA VINIL EFIRLARI
SINTEZINI TEXNOLOGIYASI

Askar B. PARMANOV (asqar.parmanov@mail.ru)
Suvankul E. NURMANOV" (nurmonov_se@mail.ru)
Saida S. ABDURAXMANOVA' (saidaoilgas@mail.ru)
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LO%bekiston Milliy universiteti, Toshkent, O ‘zbekiston

2 Jizzax davlat pedagogika universiteti, Jizzax, O‘zbekiston

Ishda ilk bor ayrim turli o ‘rinbosar tutgan aromatik karbon kislotalarni vinilatsetat bilan vinilalmashinish reaksiyalari 2-xlor-4,6-
dimetoksi-1,3,5-triazin ‘ishtirokida o ‘rganilgan. Sintez %ilingan vinil efirlar unumiga boshlang ‘ich moddalar tabiati, harorat, reaksiya
davomiyligi, erituvchi va reagentlar- rux triflat (Zn(OTf),), 3,3-difenil binaftol dilitiy (3,3-Ph,BINOL-2Li), kaliy uchlamchi butilat
(KO"Bu), butillitiy (BuLi) tabiati ta’siri o ‘rganilgan. Aromatik karbon kislotalar: benzogz, 2-fenilsirka, 4-metilbenzoy, 4-metoksibenzoy, 3,4-
dimetoksibenzoy, 2-brombenzoy, 4-brombenzoy, 4-ftorbenzoy, 3-nitrobenzoy, 4-nitrobenzoy, 4-uchlamchi butilbenzoy, 2-xlorbenzoy, 4-
xlorbenzoy, 3-gidroksibenzoy va 4-gidroksibenzoy kislotalarning vinil efirlari sintez qilingan. Olingan vinil efirlarning tuzilishi zamonoviy
fizik-tadqiqot usullarida aniglangan va ularni olishni texnologik sxemast ishlab chigilgan.

Kalit so'zlar: vinilatsetat, aromatik karbon kislota, vinilalmashinish reaksiyasi, vinil efir, 2-xlor-4,6-dimetoksi-1,3,5-triazin

DOI: 10.34920/cce202346

Kirish karbon kislota va spirtlardan eterifikatsiya
Karbon kislotalar asosida turli xossalarga reaksiyasi orqali sintez qilinadi. Bundan tashqari
ega birikmalar olinadi. Karbon kislotalarning vinil  epoksid,  kislota  galogenidi ~ yoki  kislota

efirlari keng tarqalgan birikmalar bo‘lib, yengil
sanoat materiallari, terini qayta ishlash, qog‘oz va
yog‘och materiallari uchun bo‘yoqlar sifatida
ishlatiladi [1]. Karbon kislota efirlari odatda

angidridlaridan ham mos ravishdagi efirlar sintez
qilinadi. Ammo bu usullarni karbon kislota vinil
efirlari uchun qo‘llab bo‘lmaydi. Chunki reaksiya
sharoitida vinil efirlarning barqarorligi past bo‘lib,

1'2024 K I

va kimyo texno:ogiyasi

35



CATALYSIS AND REACTION ENGINEERING
TEXHOOIrns KATAJIIM3A U PEAKUUN
KATALIZ VA REAKSIYA TEXNOLOGIYASI

ular aldegidlarga izomerlanadi. Shunga garamay,
ba’zi dastlabki vinil efirlar vinil spirtiga mos
keladigan aldegid- atsetaldegiddan foydalanib
sintez qilingan. Ilk bor 1958 yilda atsetaldegid va
sirka angidridning benzolsulfon kislota katalizatori
ishtirokida 80-90% unum bilan vinilatsetat ishlab
chiqarish yo‘lga qo‘yilgan [2]. Hozirgi vaqtda
vinilatsetat asosan sirka kislota va etilenning
kislorod ishtirokida bug‘ fazada reaksiyasi orqali
ishlab chiqariladi. Dunyo bo‘yicha vinilatsetat
monomeri ishlab chiqarilishi 2020 yilning
ma’lumotlariga ko‘ra 8.47 min. tonnani tashkil
qiladi. Buning deyarli yarmi poli(vinilatsetat)
ishlab chigarish uchun sarflanadi. Bundan tashqari
vinilatsetat monomeridan sanoat miqyosida
vinilatsetat va poli(vinil spirt) sopolimerlari ishlab
chigarishda foydalaniladi [3]. Aromatik karbon
kislotalarning vinil efirlari xususan, vinil benzoat
biomateriallar, qoplama materiallar, yelimlar,
tibbiy mabhsulotlar, qog‘oz qoplamalar, qurilish
materiallari, organik sintez va farmatsevtik kimyo
sanoatida amalda keng qo‘llaniladi. Vinil
efirlarning ishlatilishi keng imkoniyatlarga ega
bo‘lsada, sintez qilishdagi yuzaga keladigan
qiyinchiliklar ~ ularni go‘llash  sohasidagi
imkoniyatlarni cheklaydi [4, 5].

Hozirgi vaqtda vinil efirlarni sanoat
miqyosida sintezi karbon kislotalarni atsetilen
bilan vinillash reaksiyasi orqali amalga oshiriladi.
Ammo atsetilenning portlovchanlik xususiyati,
reaksiya sharoitlarining murakkabligi va kislotali
muhitda  olib  borilishi  natijjasida  metall
uskunalarning korroziyasiga sabab bo‘lishi vinil
efirlarni sintez qilishda qiyinchilik tug‘diradi [6-
8]. Vinil efirlar olishda qo‘llaniladigan usullaridan
yana biri katalizator sifatida reniy, palladiy,
ruteniy va simob atsetat ishtirokida karbon kislota
va vinil atsetat o‘rtasidagi vinil almashinish
reaksiyasi hisoblanadi [9-12]. Barcha sintetik
usullar orasida vinil efirlarni karbon kislotasi va
vinilatsetatdan vinilalmashinish reaksiyasi orqali
sintez qilish iqtisodiy samarador yo‘l hisoblanadi
va so‘nggi yillarda ushbu tadqiqot sohasiga katta
e’tibor berilmoqda. Vinilalmashinish
reaksiyalarida [IrCl(cod)], [13, 14], AuCIPPh;
[15] va PdX,(CH3CN), (X=Cl, Br) [16] kabi bir
gancha  katalizatorlar ~ qo‘llanilgan.  Biroq,
AuClIPPh; katalizatorlari  va [IrCl(cod)]»
katalizatorlari qattiq reaksiya sharoitlarini talab
qiladi va tor substrat doirasi bilan cheklangan.
Bundan tashqari, PdX,(CH;CN),

katalizatorlarining samaradorligi qoniqarli emas.
Katalitik miqdordagi PdX,;(CH;CN), bilan vinil
almashinish reaksiyalari orqali 51% gacha unum
bilan vinil efirlar sintez qilishga erishilgan.
Yuqorida aytib o‘tilgan katalizatorlar ishtirokida
yugori unum bilan vinil efirlarni olish uchun
katalizatorning faolligi va selektivligini oshirish
uchun turli qo‘shimcha ligand va erituvchilardan
(toluol yoki TGF) foydalaniladi. Qo‘shimcha
ligand  qo‘llamasdan  vinilatsetatdan  vinil
almashinish reaksiyasi orqali selektivlik bilan
vinil benzoatlar barqaror va zaharsiz Rh (III)
katalizatorlari ishtirokida sintez qilingan [17-20].

Vinilatsetatning vinil guruhini alifatik,
aromatik va geteroaromatik kislotalarga kiritilishi
vinil efirlarni xavfsiz va samarali usulda sintez
qilishni ta’minlaydi [21-23]. Ushbu tadqiqot
ishining magqsadi turli o‘rinbosar tutgan aromatik
karbon kislotalar bilan vinilatsetat orasidagi
vinilalmashinish ~ reaksiyasi  orqali  karbon
kislotalarning vinil efirlarini sintez qilish va
mahsulot unumiga turli omillar ta’sirini o‘rganish
hisoblanadi [24].

Tadqiqot usuli

Turli o‘rinbosar tutgan aromatik karbon
kislotaning 0,01 moli bilan 0,01 mol (1,76 g) 2-
xlor-4,6-dimetoksi-1,3,5-triazin 20 ml
tetragidrofuranda (TGF) eritildi. Eritma 0-5 °C
gacha sovutildi, so‘ngra N-metilmorfolinning 1,1
ml miqdori (0.01 mol) qo‘shildi va eritma 1 soat
davomida mexanik aralashtirgichda aralashtirildi.
Ikkinchi idishga ekvivalent migdorda reagent
(0,005 mol (1,82 g) Zn(OTf),, 0,005 mol (2,25 g)
3,3"-Ph,BINOL-2Li, 0,01 mol (1,12 g) KO"Bu, 4
ml (0,01 mol) BuLi ning geksandagi 2,5 M
eritmasi bilan TGF ning 10 ml suspenziyasi -30
°C gacha sovutildi. Aralashmaga 0,92 ml (0,01
mol) vinilatsetatning 2 ml TGF dagi eritmasi 10-
20 min. davomida tomizish yo‘li bilan qo‘shildi.
Vinilatsetat berilishida harorat -30 °C dan
yugoriga ko‘tarilib ketmasligi nazorat qilib borildi
va 30 min. aralashtirildi. Shundan so‘ng
aralashmaga karbon kislotaning faol trizin efiri
qo‘shildi, reaksiya -30 °S haroratda 2 soat davom
ettirildi. So‘ngra NH,4Cl ning 5% 1i 20 ml eritmasi
bilan ishlov berildi. Bunda haroratning -10 °S dan
yuqoriga ko‘tarilib ketmasligi nazorat qilindi.
Aralashma dietil efiri bilan (3 marta 15 ml)
ekstraksiya qilindi va sovutilgan NaHCO; ning 0,5
M eritmasi, NaHSO, ning 1 M eritmasi,
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distillangan suv, kaliy xloridning to‘yingan
eritmasi va distillangan suv bilan ketma ketlikda
yuvildi. Ekstrakt 5 g Na,SO, yordamida 12 soat
davomida quritildi va filtrlandi. Erituvchi vakuum
sharoitida haydaldi, qoldiq massasi o‘zgarmay
qolguncha vakuumli eksikatorda quritildi va 5:1
nisbatdagi geksan:etil atsetat sistemasi orqali
xromotografiya kolonkasida ajratib olindi. Olingan
vinil efirlar IQ-, "H-, *C-YAMR va Xromato-mass
spektr analizlari orqali tahlil gilindi.

Natijalar va muhokama

Ushbu ishda ilk bor ayrim turli o‘rinbosar
tutgan aromatik karbon kislotalarni vinilasetat
bilan vinilalmashinish reaksiyalari 2-xlor-4,6-
dimetoksi-1,3,5-triazin  ishtirokida  o‘rganildi.
Sintez qilingan vinil efirlar unumiga boshlang‘ich

O _-OH

S Pt 4/

\ d

R.7 0 N >_
AN\ . 7 N z)k Ty, THF
2 Qc o—<N_<N N >_

30 0°c

o]
/

moddalar tabiati, harorat, reaksiya davomiyligi,
erituvchi va reagentlar- rux triflat (Zn(OTf),), 3,3-
difenilbinaftol (3,3'-Ph,BINOL-2Li), kaliy
uchlamchi butilat (KO”Bu), butillitiy (BuLi)
tabiati o‘rganildi. Aromatik karbon kislotalardan:

benzoy, fenilsirka, 4-metilbenzoy, 4-
metoksibenzoy, 3,4-dimetoksibenzoy, 2-
brombenzoy, 4-brombenzoy, 4-ftorbenzoy, 3-
nitrobenzoy, 4-nitrobenzoy, 4-uchlamchi
butilbenzoy, 2-xlorbenzoy, 4-xlorbenzoy, 3-

gidroksibenzoy va 4-gidroksibenzoy kislotalarning
vinil efirlari sintez qilindi. Olingan vinil
efirlarning  tuzilishi zamonoviy fizik-tadqiqot
usullarida aniqlandi va wularni ishlab chiqish
texnologik sxemasi yaratildi.

Reaksiyaning umumiy sxemasi quyida
keltirilgan.

>—O Zn—O—</ :<<N + 2 | &
/O o R

Bunda: 1=C;HsCOOH; 2=C¢Hs;CH,COOH; 3= 4-CH;-CsH,COOHs; 4=4-CH;0-CsH,COOH; 5=3,4-CH;0
-C¢H3COOH; 6=2-Br-CcH,COOH; 7=4-Br-C¢H,COOH, 8=4-F-C¢H4COOH, 9=3-O,N-CcH,COOH, 10=4-
0,N-C¢H4COOH, 11=4- (CH;)C- C¢H,COOH, 12=2-C1-C¢H4COOH; 13=4-CI-CcH,COOH; 14=3-OH-
CsH4sCOOH; 15= 4-OH-C¢H4,COOH.

Umumiy holda jarayon mexanizmini quyidagicha taklif etish mumkin:
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Sintez qilingan vinil efirlarining tuzilishi 1Q-,
C YAMR va Xromato-mass spektr tahlillari
yordarmda isbotlandi. Quyida 2-fenilsirka kislota

0 —
N/%Ofc\\

KOCH*HW o

O

vinil efirining 1Q- s?ektri (1-rasm), 'N' YAMR-
spektri (2-rasm), “C MR-spektri (3-rasm) va
Xromato-mass spektri (4-rasm) keltirilgan.
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1-Rasm. 2-Fenilsirka Kislota vinil efirining 1Q- spektri.
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3-Rasm. Fenilsirka kislota vinil efirining *C—spektri.

Sintez qilingan aromatik karbon kislota
vinil efirlarining 'H YAMR-spektrlarini tahlil
qilish natijasida 3,76-4,99 m.u. soha oralig‘ida
vinil guruhidagi -CH, ga xos ikkita protonning
dublet-dublet signallari va vinil guruhidagi -CH
protonining 7,14-7,67 m.u. sohada kimyoviy siljish
signali kuzatildi. Bundan tashqari, IQ-spektrda
vinil guruhiga (-CH=CH,) xos signal 1645-1650
sm’' sohalarda kuzatildi [26].

Vinil efir unumiga haroratning 0-(-30) °C
intervallar  oralig‘ida ta’siri tadqiq qilindi.
Tanlangan sistemalarda: Zn(OTf),, 3,3'-Ph,BINOL
-2Li, KO"Bu va BuLi reaksiya TGF eritmasida,
boshlang‘ich moddalar (karbon kislota:vinilasetat)
mol miqdori 1:1 nisbatda olib borilganda mahsulot
unumi nukleofil reagent sifatida tanlangan metall
organik birikmalar 3,3'-Ph,BINOL-2Li, BulLi,
KO"Bu ga nisbatan Zn(OTf), qo‘llanilganda vinil
efir unumi maksimum bo‘lishi aniqlandi (1-
jadval).

Olingan natijalar asosida vinil efirlarni sintez
qilishda qo‘llanilgan reagentlarning katalitik
faollik qatori topildi, unga ko‘ra, 3,3'-Ph,BINOL-
2Li/TT'F < BuLi/TTF < KO'BWTIF < Zn(OTf),/
TI'F ketma-ketlikda mahsulot unumi oshib borishi
aniqlandi. Buning sababi, yuqorida keltirilgan
tartib bo‘yicha nukleofil reagentlarning
bargarorligi ortib boradi. 3,3-Difenil binaftalat

R

2-Rasm. Fenilsirka kislota vinil efirining '"H YAMR — spektri.

4-Rasm. 2-Fenilsirka Kkislota vinil efirining xromato-mass spektri.

ionining fazoviy qarshiligi ham mahsulot
unumining kamayishiga olib keladi. Harorat -30 °C
na  Zn(OTf),/TT'F  ishtirokida vinil efirlar
maksimum (1-69; 2—72; 3—75; 4-82; 574, 6—44;
7-60; 8-66; 9-62; 10-59; 11-78; 12-48; 13-60; 14-
50; 15-55%) unum bilan sintez qilindi. Aromatik
karbon kislota vinil efirlari unumi 2-Br-
CsH,COOCH=CH,<2-CI-C4H,COOCH=CH, <3-OH-
CsH,COOCH=CH,<4-OH-C;sH,COOCH=CH, < 4-O,N-
CsH,COOCH=CH,<4-Br-CsH,COOCH=CH,< 4-CI-
CsH,COOCH=CH, < 3-O;N-CsH,COOCH=CH,< 4-F-
CsH,COOCH=CH,< CsHsCOOCH=CH,<
CsHsCH,COOCH=CH,< 3,4-CH;0-
CsH;COOCH=CH,< 4-CH;-CsH,COOCH=CH,< 4-
(CH;);C-CsH,COOCH=CH,<4-CH;0-
CsH,COOCH=CH, tartibda ortib boradi.

Tajriba natijalaridan ko‘rinadiki, tanlangan
karbon kislotalarning kislotali xossasi ortgan sari
ularning faol triazin efiridan 2-gidroksi-3,5-
dimetoksi-1,3,5-triazin ionining chiqib ketishi
qiyinlashadi, natijada vinil efirlarning unumi
kamayadi. 4-Almashingan o‘rinbosar elektrodonor
guruh bo‘lsa aromatik halqaga elektron effekti
bilan ta’sir etib faol triazin efiri hosil bo‘lishini
osonlashtiradi. Bundan tashqari gidroksi va
nitrobenzoy kislotalarda azot va kislorod atomlari
ham elektrofil markaz bo‘lganligi  uchun
go‘shimcha mahsulot hosil bo‘lishi kuzatildi.
Vinilasetatdan viniloksi ionining hosil bo‘lishi
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1-Jadval
Karbon Kkislota vinil efirlari unumiga harorat ta’siri
(karbon Kislota: vinilatsetat 1:1 mol nisbatda, erituvchi-TGF, reaksiya davomiyligi 2 soat)

Ha(r%rat, Mabhsulot unumi, %
12 |3 |4 |5 |6 |7 |8 9 [1wo [ |12 1B 1415
3,3'-Ph,BINOL-2Li
-30 44 | 49 | 51 | 56 | 50 | 34 44 49 48 | 46 | 62 | 36 44 | 32| 36
-20 390 | 44 | 47 | 49 | 43 | 26 36 40 44 | 42 | 58 | 33 41 | 30 33
0 31 | 38 | 41 | 42 | 37 - 26 29 25 | 26 | 33 | 30 23 [ 20] 19
BuLi
-30 51 |57 |60 [65 |58 |34 |46 51 48 | 46 63 | 37 46 | 37 | 41
-20 45 |51 [ 55 |58 |50 [29 |41 44 43 | 38 59 | 35 43 | 34 | 38
0 34 141 |43 [45 |43 |24 |31 35 31 33 44 | 33 40 | 32| 35
KO"Bu 2
-30 67 |71 |74 | 81 72 142 |57 63 59 | 56 75 | 45 59 | 48 | 53
-20 61 |65 |64 |71 64 139 |51 57 49 | 51 67 | 40 53 | 43 | 47
0 45 |51 [ 52 |58 |56 |30 |41 48 39 |43 57 | 34 45 | 37 | 40
Zn(OTY),
-30 69 | 72 | 75 | 82 | 74 | 44 60 66 62 | 59 | 78 | 48 60 | 50 [ 55
-20 63 | 70 | 73 | 79 | 72 | 42 57 63 59 | 56 | 74 | 44 54 | 45| 50
0 47 | 52| 54 | 58 | 52 | 30 40 45 42 | 40 | 53 | 33 40 | 33| 37

gaytar jarayon bo‘lganligi sababli haroratning -30 unumiga reaksiya davomiyligi ta’sirini o‘rganish

dan 0 °C gacha ortishi vinil efiri unumining uchun vinilasetat asosida  vinilalmashinish

kamayishiga olib keladi. jarayonlari 1-3 soat oralig‘ida olib borildi (5-
Aromatik karbon kislota wvinil efiri rasm).

S0
80
70
60
50
40
30
20
10

Mahsulot unumi, %o

1 2 3 - 5 6 7 3 5 10 11 12 13 14 15
Mlcoar 53 55 57 63 5734 46 51 48 45| 60| 37 45 38| 42
W2coar 69 72 75 82 74 44 60 66 62 59 78 48 60 50 55
M3coar 68 71 75 80 74 44 61 67 60 60 79 48 61 52 58

5-Rasm. Karbon kislota vinil efir unumiga reaksiya davomiyligi ta’siri
(harorat -30 °C, erituvchi TGF, reagent-Zn(OTf),,
karbon Kkislota : vinilasetat miqdori 1:1 mol nisbatda).
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Dastlab reaksiya 1 soat davomida olib
borilganida, boshlang‘ich karbon kislota bilan 2-
xlor-4,6-dimetoksi-1,3,5-triazin to‘liq reaksiyaga
kirishmaganligi, oraliq birikma kislota faol triazin
efirining yetarli miqdorda hosil bo‘lmasligi
aniqlandi. Jarayon vaqti 2 soatga uzaytirilganda,
vinilalmashinish reaksiyasining to‘liq borishi,
sistemada triazin faol efirning hosil bo‘lishi bilan
reaksiya tezligi ortishi natijasida mahsulot unumi
nisbatan yuqori (1-69; 2—72; 3—75; 4-82; 5-74,
6—44; 7-60; 8-66; 9-62; 10-59; 11-78; 12-48; 13-
60; 14-50; 15-55 %) bo‘lishi kuzatildi. Tanlangan

karbon kislotalarni vinilasetat bilan
vinilalmashinish ~ reaksiyasi 3 soatgacha
oshirilganda esa amalda mahsulot unumida
o‘zgarish  kuzatilmadi.  Jadvaldan  ko‘rinib

turibdiki, reaksiya davomiyligi 2 soat bo‘lganda
mahsulot unumining maksimum orqali o‘tish
kuzatildi.

Hozirgi vaqtda metallorganik birikmalar
orqali  ko‘plab  organik  reaksiyalar  olib
borilmoqda. Metallorganik birikmalarni organik
sintezda ko‘p qo‘llanilishiga sabab shuki, ular
kimyoviy juda faol va turli reaksiyalarga oson
kirishadi va ayrimlari selektiv reagent hisoblanadi
[25]. Erituvchilar metallorganik birikmalarning
faolligiga, reaksiya tezligiga, selektivlikka va
oralig mahsulotlarning barqarorligiga sezilarli
ta’sir  ko‘rsatadi. Ko‘pgina  metallorganik
birikmalar keng tarqalgan organik erituvchilarda
erimaydi va bunda maxsus erituvchilardan
foydalanishni talab qiladi. So‘nggi vaqtlarda
metallorganik birikmalar ishtirokida boradigan
reaksiyalar tetragidrofuran (TGF), dietil efir
(DEE), dixlormetan (DXM) va toluol kabi qutbli
aproton erituvchilar ishtirokida olib boriladi [26].

Aromatik karbon kislotalarning vinilasetat
bilan vinilalmashinish reaksiyasi Sy2 mexanizmda
boradi va bunda oraliqg mahsulot karbon kislota
faol triazin  efirining  elektrofil  karbonil
uglerodining  nukleofil  reagent bilan o
bog‘lanishini amalga oshirish uchun kationlarni
yaxshi stabillovchi qutbli aproton erituvchilar
qulay hisoblanadi. Ma’lumki, qutbli aproton
erituvchilar kislotali xossaga ega bo‘lib, vodorod
ajratmaydi, ammo tarkibida elektromanfiy atom
mavjud bo‘lganligi bois musbat zaryadli metall

erituvchilarda sezilarli darajada tez Dboradi.
Erituvchi molekulasi ushbu jarayonda hosil
bo‘lgan  vinilasetatning  viniloksi  anionini
solvatlamaganligi sababli substrat-karbon kislota
faol triazin efiri bilan reaksiyaga kirishish uchun
erkin bo‘ladi [27]. Shuning uchun karbon
kislotalarning vinilasetat bilan vinilalmashinish
reaksiyasida DXM, DEE va TGF erituvchilari
tabiatining karbon kislota vinil efiri unumiga
ta’siri o‘rganildi (6-rasm).

90
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70

60

50

40

30

Mahsulot unumi, %

20
10

12,3 4 5 6 7 8 9 10 11 1213 14 15
69 72 75 82 74 44 60 66 62 59 78 48 60 50 55
133 57 60 61 68 61 36 49 53 51 49 65 41 50 41 45
CH2CI2 44| 46 | 46 52 47 28|38 41 39 38 50 32 39 32 35

—T

6-Rasm. Karbon kislota vinil efiri unumiga erituvchilar tabiati
ta’siri (harorat -30 °C, reaksiya davomiyligi 2 soat, reagent- Zn
(0Tf), R-COOH:CH;-COO-CH=CH, mol miqdori 1:1).

Natijalardan ko‘rish mumkinki, vinilasetat
va karbon kislotalar reaksiyasida vinil efirlar
olishda TGF erituvchisi qo‘llanilsa mahsulotning
nisbatan yuqori unumi quyidagicha bo‘ldi: 1-69;
2-72; 3—75; 4-82; 5-74, 6—44; 7-60; 8-66; 9-62;
10-59; 11-78; 12-48; 13-60; 14-50 va 15-55%.
Qo‘llanilgan  erituvchilar  orasida  aproton
erituvchilar hisoblangan DEE va TGF da
mahsulotning sezilarli darajada yuqori unum bilan
chigishini quyidagicha izohlash mumkin. Qutbli
aproton erituvchi TGF efirga nisbatan kuchli
solvatlash qobiliyatiga ega bo‘lgan erituvchi
hisoblanadi. Uning molekulasidagi efir qoldig‘i
bo‘lgan alkil guruhining halga hosil qilishi
kislorodning tagsimlanmagan elektron juftlari
bilan metall ionining ta’sirlashishini osonlashtiradi
va metall ionining barqarorligini oshiradi. TGF da
reagent eritmaga tez va oson o‘tib, reaksiyaning
borishi, ya’ni boshlang‘ich moddalarda faol
markaz hosil bo‘lishi uchun qulay gomogen mubhit
yaratadi. Dielektrik doimiyligi DEE (ye= 4,5) va
DXM (ye= 1,5) ga nisbatan yuqori bo‘lgan TGF

kationlari bilan bog® hosil qila oladi va da (ye= 7,5) muhitning qutbliligi ortishi natijasida
nukleofillarni  sol’vatlamaydi. Shuning uchun aktivlangan komplekslarning hosil  bo‘lishi
nukleofil birikish reaksiyalari proton  hisobiga reaksiya tezlik doimiysi ortib boradi, bu
erituvchilarga ~ qaraganda  qutbli ~ aproton esa vinil efir unumi yuqori bo‘lishiga olib keladi.
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DEE ham qutbli aproton erituvchi bo‘lib, tabiati
jixatidan TGF ga o‘xshaydi. DEE metallorganik
birikmalarning faolligiga va barqarorligiga TGF
ga o‘xshab ta’sir qiladi. Ammo DEE TGF ga
nisbatan metall ionlarini kamroq
barqarorlashtiradi. Shuning uchun ham vinil efirlar

unumida kamayish kuzatildi. Dixlorometan
(CH,ClL) organik reaksiyalarda ko‘p qirrali
erituvchi bo‘lib o‘rtacha qutblilik va turli

metallorganik birikmalarni eritishi tufayli organik
sintezda keng qo‘llaniladigan erituvchidir. DXM
TGF va DEE ga qaraganda ko‘plab metallorganik
birikmalarga nisbatan inert bo‘lib, bu erituvchida
metallorganik birikma molekulalari erkin yoki
dimer holida mavjud bo‘ladi. Shuning uchun vinil
efir unumi eng past bo‘lishi kuzatildi [28].

Ushbu tadqiqot ishida vinilasetat asosida
aromatik karbon kislotalarning vinil efirlarini
ishlab chigarish texnologiyasi yaratildi. Jarayonda
atmosfera bosimi ostida katalizator ishtirokisiz
vinilasetatning vinil guruhini karbon kislotaga
vinilalmashinish reaksiyasi orqali kiritib vinil
efirlari sintezi amalga oshirildi.

Jarayonda 2-xlor-4,6-dimetoksi-1,3,5-
triazinning vazifasi karbon kislotani faollashtiradi.
Vinil efirlarni TGF eritmasida gomogen usulda
sintez qilish jarayoni ikki bosqichda amalga

(ro | CIMT
I J

oshirildi. Birinchi bosqgichda TGF erituvchi
muhitida  karbon  kislota ~ N-metilmorfalin
ishtirokida 0-5 °C haroratda 2-xlor-4,6-dimetoksi-
1,3,5-triazin bilan reaksiyaga kirishib karbon
kislotaning faol triazin efirini hosil qiladi. Ikkinchi
bosqgichda -30 °C haroratda karbon kislota faol
triazin efiri bilan vinil asetatning reaksiyasidan
mos ravishdagi vinil efirlar sintezi amalga
oshiriladi.

Sintez jarayoni atmosfera bosimida, 0-(-
30) °C haroratda davriy ravishda amalga
oshiriladi. Bunda sovutish tizimi bilan jihozlangan
reaktorga (R-01) maxsus naylar yordamida
dastlabki moddalar: karbon kislota, 2-xlor-4,6-
dimetoksi-1,3,5-triazin, N-metilmorfalin va
erituvchi TGF yuklanadi. Reaktordagi xom ashyo
1 soat davomida, 0-5 °C haroratda atmosfera
bosimida mexanik aralashtirgich yordamida
aralashtiriladi. Shu bilan bir vaqtda sovutish tizimi
bilan jihozlangan ikkinchi reaktorga (R-02)
TGFda eritilgan kaliy uchlamchi butilat eritmasi
yuborilib, -30 °C haroratgacha sovutiladi. So‘ngra
aralashmaga vinilasetatning TGFdagi eritmasi
sekinlik bilan yuborilib, 30 min. davomida
aralashtiriladi. So‘ngra birinchi reaktordagi hosil
bo‘lgan kislotaning faol triazin efirini o‘z ichiga
olgan reaksion aralashma N-01 nasos bilan
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7-Rasm. Aromatik karbon kislota vinil efirlarini ishlab chiqarish qurilmasining prinsipial texnologik sxemasi:
R-01, R- 02— Sintez reaktorlari (5 m %); TA-01 — 1ss1qllk almashgich; N-01, N-02, N-03, N-04, N-05, N-06 nasoslar; E1-ekstraksiya kolonnaSI,
A-01 (1 m’) — ajratgich; Y-01 (8 m®), Y-02 (8 m®)-yuvish kolonnaSI Q-01-quritish kolonnasi; VA-01 vakuumli fraksiyalash; V-01 (0,2 m®), V
-02 (0,5 m®)- sig 1mlar, St-01 — sovutish tizimi.
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po‘latdan tayyorlangan trubalar orqali (po‘latdan
yasalgan trubalar tarkibida rangli metallar
bo‘lmasligi kerak) ikkinchi reaktorga (R-02)
yuboriladi va 2 soat davomida aralashtiriladi. Sin-
tez jarayoni tugagach, ikkinchi reaktordagi
reaksion aralashma IA-01 issiglik almashgich
orqali xona haroratigacha (25 °C) sovitiladi.
Ikkinchi reaktordagi reaksion aralashmaga NH,Cl
ning 5% li eritmasi qo‘shiladi va N-02 nasos
orqali  ekstraksiya  kolonnasiga  yuboriladi.
Ekstraksiya kolonnasida reaksion aralashma dietil
efir yordamida ekstraksiya qilinadi va N-03 nasos
orqali ajratish kolonnasiga o‘tkaziladi. Yuqori
efirli gatlam gismida karbon kislota vinil efiri,
butilasetat efiri, sirka aldegid va kam miqdorda
reaksiyaga kirishmagan dastlabki karbon kislota
mavjud bo‘ladi. Ajratish jarayonida TGFda erigan
pastki gatlamda karbon kislotaning triazin faol
efiri, 2-gidroksi-4,6-dimetoksi-1,3,5-triazin, N-
metilmorfalin va qo‘shimcha hamda reaksiyaga
kirishmagan moddalar fraksiyalarga ajratilib
gaytadan reaktorga yuboriladi.

Dietil efir gqatlamida erigan asosiy
aralashma N-04 nasos orqali Y-01 yuvish
kolonnasiga yuboriladi. Yuvish kolonnasida
karbon kislotaning vinil efirini o‘z ichiga olgan
efirli gatlam NaHCO; ning 0,5 M eritmasi bilan
yuviladi va N-05 nasos orqgali Y-02 yuvish
kolonnasiga yuboriladi. Bu yerda efirli qatlam 1 M
NaHSO, eritmasi bilan yuviladi. Bu jarayonda
ham hosil bo‘lgan juda kam miqdordagi
go‘shimcha mahsulotlar ajratib olinib qayta
ishlanadi. So‘ngra efirli gatlam N-06 nasos orqali
quritish kolonnasiga yuboriladi. Efirli qatlam
Na,SO, yordamida suvdan quritiladi, so‘ngra
vakuumli haydash orqali dietil efir va karbon
kislotaning vinil efiri ajratib olinadi, efir sistemaga
gayta yuboriladi. Karbon kislota vinil efiri sintezi-
ni amalga oshirish texnologik sxemasi 7-rasmda
ketirilgan.

Karbon kislotaning vinil efirini sintez
qilishda hosil bo‘ladigan oraliq va qo‘shimcha
mahsulotlarning tarkibi, miqdori aniqlandi, ular
ikkilamchi qayta ishlanib texnologik jarayonda
takroran berildi, natijada mahsulot unumini
oshirishga, uning tannarxini tushirishga, chiqindi
mahsulotlar miqdorini kamaytirishga erishildi.

Vinil efir sintezini davriy amalga oshirish
uchun sintez reaktoriga reglamentda ko‘rsatilgan
hajmlarda xomashyo yuklanadi. Namuna sifatida
1000 kg 4-uchlamchibutil benzoy kislota vinil

2-Jadval
Xomashyoning sarflari

1 t mahsulot
Ne Xowmashyo uchun sarf, kg
4-
1 Uchlamchibutil 11634
benzoy kislota
2 Vinilatsetat 562,0
2-Xlor-4,6-
3 dimetoksi-1,3,5- 1147,1
triazin
4 N-Metilmorfalin 607,0
Kaliy uchlamchi
> butilat 732,0
6 Tetragidrofuran 1000,0
7 Dietil efir 1000,0
] Ammgniy 5.0
xlorid
Natriy
0 gidrokorbanat 5,0
Natriy
10 gidrosulfat 5,0
Jami 6226,5
efirini  ishlab chiqarish uchun sarflanadigan
boshlang‘ich xomashyolarning bir soatda va

sutkalik  sarflari  2-jadvalda keltirilgan.  4-
Uchlamchibutil benzoy kislota vinil efiridan 1000
kg ishlab chiqarish uchun xomashyo, materiallar
sarfi va material balansi 2-jadvalda keltirilgan.
Ekstraksiya jarayonida ajratib olingan 2-(4-
uchlamchi butil)-4,6-dimetoksi-1,3,5-triazin
benzoat, 2-gidroksi-4,6-dimetoksi-1,3,5-triazin, N-
Metilmorfalin, tetragidrofuran va dietil efirlar
reaksiyaga qayta beriladi. Bu esa mahsulot unumini
oshishiga va tannarxini kamayishiga olib keladi.

Xulosa

Ilk bor turli xil tabiatga ega bo‘lgan
aromatik karbon kislotalar bilan vinilasetatning 2-
xlor-4,6-dimetoksi-1,3,5-triazin, N-metilmorfolin
va reagentlar- Zn(OTf),, 3,3'-Ph,BINOL-2Li,
KO"Bu, BuLi ishtirokida vinilalmashinish
reaksiyasi orqali aromatik karbon kislota vinil
efirlari sintez qilindi.

Reaksiya borish mexanizmi taklif etilgan va
2-xlor-4,6-dimetoksi-1,3,5-triazin va N-
metilmorfolindan faol oraliq triazin efir hosil
bo‘lishi, uning vinilasetning viniloksi ioni bilan
nukleofil birikish reaksiyasi hisobiga karbon
kislotaning vinil efiri hosil bo’lishi ko‘rsatilgan.

Vinil  efirlar  unumiga  boshlang‘ich
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moddalar tabiati, harorat, erituvchilar tabiati,
reaksiya davomiyligi va reagentlar- Zn(OTf),,
3,3-Ph,BINOL-2Li, KO”Bu, BuLi tabiati
ta’sirlari tadqiq qilindi hamda olingan natijalar
asosida jarayonlarning eng mugqobil sharoitlari
topildi. Unga ko‘ra tanlangan aromatik karbon
kislotalar bilan vinilasetatning vinilalmashinish
reaksiyasi uchun harorat -30 °C, Kkarbon
kislota:vinilasetat: 1:1 mol nisbatda, erituvchi
TGF, reaksiya davomiyligi 2 soat bo‘lganda

aromatik karbon kislota vinil efirlari eng yuqori
unum bilan sintez qilishga erishildi.

Aromatik karbon kislota wvinil efirlari
sintezi uchun tanlangan erituvchilar— TGF, DEE va
DXM tahlil qgilinganda eng yuqori unum TGF da
hosil bo‘lgan.

Sintez qilingan vinil efirlarning tuzilishi 1Q
-, 'H-, ®C-YAMR va Mass- spektrlar tahlili asosida
isbotlangan.  Vinil efirlarni  ishlab  chiqish
texnologik sxemasi taklif etilgan.
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SYNTHESIS OF HIGH MOLECULAR MASS RESINS BASED ON
FURFURYL ALCOHOL

Boysayid U. SAYITOV (boysayid93@mail.ru)

Latif E. JUMANOYV (jle.uz@mail.ru)

Muzafar G. ALIMUXAMEDOV (mgal953@mail.ru)

Sherali A. UMAROYV (sheraliumarov@yahoo.com)

Farhod A. MAGRUPOV

Tashkent Institute of Chemical Technology, Tashkent, Uzbekistan

The purpose of the work is to study the process of synthesis of furfuryl oligomers with high molecular weight at various ratios of
Sfurfuryl alcohol and hydroxyl-containing polyether polyol. The influence of the process method on the yield of high-molecular /’mjfuryl oligo-
mer is shown - with a one-step synthesis method with an increase in the amount of furfuryl alcohol from 20 to 50 moles per I mole of poly-
ether polyol, the yield of the ]?nal roduct decreases [from 75% to 56%, apparently due to high exothermic effects, causing gelation systems.
In contrast to the one-time introduction of the catalyst, its dosed introduction allows you to regulate the exothermic effect of the reaction
and, thus, prevent premature gelation. Thus, with the gradual addition of a catalyst, the yield of high molecular weight furfuryl oligomer
increases f;om 71.5 to 82.5% when the amount o, urfuryl alcohol changes from 20 to 50 moles per 1 mole of polyether polyol taken for
synthesis. A study of the curing of synthesized high-molecular furfuryl oligomers showed that with an increase in the molar ratio of furfuryl
alcohol: polyether polyol, the yield of the gel {mction increases from 72%[0 78%. Thus, the systematic studies carried out made it possible

to scientifically substantiate the stepwise synthesis of high-molecular furfuryl oligomers.

Keywords: polyester polyol, copolycondensate, gelation time, maleic anhydride

CHUHTE3 BBICOKOMOJIEKWIAPHbBIX OJIMI'OMEPOB HA OCHOBE
OYPOYPUJIOBOI'O CIIUPTA

Boiicaiiud Y. CAHHTORB (boysayid93@mail.ru)

Jdamugh E. KYMAHOB (jle.uz@mail.ru)

Myszagpap I'. AIHM YXAME/IOB (mgal953@mail.ru)

Hlepanu A. YMAPOB (sheraliumarov@yahoo.com)

Dapxoo A. MAI'PYIIOB

Tawkenmckuit xumuko-mexuonozuseckuii uncmumym, Tawkenm, Y30exucman

Llenv pabomul — ucciedosanue npoyecca cunmesa Qyp@hypUiLOBbIX OIUSOMEPOS C BbICOKOU MONEKVIAPHOU MACCOU NPU PASTUYHBIX
coomHoweHusx QypPypunosoeo cnupma u 2uopoxkcuicooepicaujeco noaudgupnoauona. [lokasano enusnue cnocoba nposedenus npoyecca
HA 6bIXO0 6bICOKOMONIEKYNAPHO20 PYPPYPUI06020 0ONULOMEPA — NPU oOHocmab[;uZHOM Memoode CuHmesd ¢ yseaudeHuemM Koauiecmsd by Py-
punogozo cnupma om 20 0o 50 moneu na 1 monb nonudGupnonuona, 6viXo00 KoHeuHoz2o npodykma ymenvuiaemcs ¢ 75% 00 5 Z no-
BUOUMOMY BCTIEOCBUE IKZ0MEPMUYECKO20 IPPerma, 8bi3blearuezo 2eneobpaszosanue cucmemsl. B omauuue om edunospemennozo esede-
HUSL Kamanu3amopa e2o 003UpOBAHHbIL 8600 NO3B0JIAEM Pe2yIuposams IK30mepMuiecKuil sgpgexm peakyuu u, maxum o6pazom npeoom-
spamumsp npesicoespemernoe 2eneoobpaszosanue. Tax, npu nosmanHom 0o6asieHue Kamaiusamopa 8sixo0 8biCOKOMONEKYIAPHO20 Pyphy-
punosoo onuzomepa sospacmaem ¢ 71,5 0o 82,5 %npu usmenenue konuvecmea Gypgypunosozo cnupma om 20 0o 50 moneii na Iy MOb
noausgupnonuona, 63amozo ons cunmesa. Hccnedosanuem omeepicoeHus CUHMESUPOSAHHBIX BbICOKOMOIEKYIAPHBIX PYpPypunIossix onu-
20MepO6 NOKA3AHO, YMO C Y6eIUdeHUeM MOIbHO20 COOMHOWEHUS PypPYPUTOBLILICNUPM :ROAUIPUPROIUOT 803pACTAen BbIX00 2ellb (PpaK-
yuu om 72% 0o 78%. Taxum obpazom, nposedennvie cucmemamuieckue Uccie008anus no380IUM HAYUHO 000CHO8AMb CIMYNeHYamblll
PeNHCUM CUHMESA BbICOKOMONEKYIAPHBIX (PYPPYPULOBBIX OIUSOMEPOB..

KiroueBsble ciioBa: TIOIII/IT)(bI/IpHOIII/IOJ'I, COITOJIMKOH/IEHCAT, BPEMsI rene06p33OBaHI/m, MaJICUH aHTUAPUIL

FURFURIL SPIRTI ASOSIDA YUQORI MOLEKULAR MASSALI
OLIGOMERLAR SINTEZI

Boysayid U. SAYITOV (boysayid93@mail.ru)

Latif E. JUMANOYV (jle.uz@mail.ru)

Muzafar G. ALIMUKHAMEDOV (mgal953@mail.ru)
Sherali A. UMAROYV (sheraliumarov@yahoo.com

Farxod A. MAGRUPOV

Toshkent kimyo-texnologiya instituti, Toshkent, O’zbekiston

Tadgqiqotning magsadi — yuqori molekulyar massali furfuril oligomerlarini dastlabki monomerlar bo ‘Igan furfuril spirta va

idroksilsaqlovchi poliefirpoliolning turli molyar nisbatlarida sintez qilish jarayonini tadqiq qilishdir. Bunda jarayonni olib borish usul-
arini yakuniy mahsulot bo ‘Igan yuqori molekulyar massali furfuril o?igomerim’n chiqish unumiga ta’siri ko 'rsati;éan — sintezni bir bos-
gichda olib borishda furfuril spirt migdorini 1 mol poliefirga nisbatan 20 dan 5 molqga oshirish, sistemaning gel xosil bo ‘lishini keltirib
chigaradigan yuqori ekzotermiya tufayli, yakuniy mahsulotning chigish unumi 75 dan 56% gacha kamayishiga olib keldi. Bundan farqli
katalizatorni bo'lib bo ‘lib qo ‘shish reaksiya ekzotermik effektini rostlash imkonini beradi va shunday qilib bar vaqt gel kelish oldini oladi.
Katalizatorni bosqichma bosg'ich qo ‘shishda yugori mole. l/:/ar massali furfuril oligomerining chigish unumi, 1 mo Spolieﬁr oliolga nis-
batan furfuril spirtining migdorini 20 dan 50 molgacha oshirilganda, 71,5 dan 82,5 % gacha o ‘sishi kuzatilgan. Sintez gilingan yuqori
molekulyar massali furfuril oligomerlarining qotishini tadqiq qilib ko ‘rsatidiki, sintez uchun olingan furfuril spirtining migdorini ortishi
bilan gel fraksiyaning chiqishi 72 dan 78 % gacha o ‘sishi kuzatilgan. Shunday qilib, olib borilgan tizimli tadgigotiar yuqori molekulyar
massali furfuril oligomerlarini bochqichli sintez qilish rejimini ilmiy asoslash imkonini berdi.

Kalit so'zlar: poliefir poliol, sopolikondensat, gellanish vaqti, malein angidrid

DOI: 10.34920/cce202417

Kirish di. Bu muammoni ijobiy yechimi iqtisodiy
Kimyo sanoatining asosiy xom ashyo tur- tomondan samaraga olib keladi va yuqori
laridan biri hisoblangan tabily gaz va neft molekulali  birikmalar ~ kimyosining  kam

zahiralarini kamayib borishi sababli biomassani
qayta ishlash asosida turli kimyoviy modda va
birikmalarni yaratish dolzarb muammo bo'lib qol-

o‘rganilgan tarmog‘ini yanada rivoj topishiga hissa
qo‘sha oladi. Bu borada furan polimerlari alohida
ahamiyat kasb etmoqda. Neytral muhitda, nisbatan
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past haroratlarda (120-180 °C) tikilgan holga o‘ta
oladigan furan oligomerlarini sintez qilish ularni
tikilgan holga o‘tkazish mexanizmlarini o‘rganish
polimer sohasida yangi turdagi polimerlar sintez
qilishga imkon yaratadi [1]. Ushbu turdagi
polimerlarni sintez qilish va ularni fizik mexanik
va termik xossalarini yaxshilash o'ziga xos
murakkablikka ega bo‘lgan tadqgiqotlarni amalga
oshirishni tagazo etadi [2]. Furan polimerlari va
furfuril spirt oligomerlari ustida bugungi kunga
gadar ko'plab tadqgiqotlar amalga oshirilgan bo'lib,
natijalariga ko'ra wular tadbiq qilingan turli
yo'nalishlar adabiyotlar va ilmiy jurnallar asosida
o'rganildi. Furan polimerlari va ular asosidagi
oligomerlar, kompozitsiyalar ozlarida mustahkam
fizik- kimyoviy va texnik xususiyatlarni nomoyon
giladi. Masalan furan polimerlari silikatlar bilan
hosil qilingan kompozitsiyalari xususan furfuril
spirt va furfuril kiritilganidan so'ng po-
limersilikatlarning siqilish mexanizmi o'rganilgan.
Natijada eng yaxshi fizik-kimyoviy va texnik
xususiyatlarga ega bo'lgan optimal ramka po-
limersilkat kompozitsiyasi aniglangan. Ma'lum
bo'ldiki polimer kompozitsiyalarga qo'shilganda
odatdagi mono qo'shimchalarga nisbatan ko'p
funktsional qo'shimchalarning afzalligi aniqlandi.
Shu bilan birga, polimersilikatlarning fizik, kimyo-
viy va biologik xususiyatlarini oshirishga erishildi
[3]. Furan oligomerlari ko pikli polimerlar olishda
ham keng miqdorlarda foydalanilgan. Bunda mo-
chevina formaldegid qatronlari yordamida ko pik
hosil qilish uchun kompozitsiyaning optimal tar-
kibiga 10% va qo'shimchalar sifatida bentonit,
dispergator, ammoniy bikorbanat, 0,25% miqdorda
75% li fosfat kislota qo’llash orqali tuyulma zichli-
gi 25-200 kg/m’ gacha bo'lgan ko'pik polimer
olish mumkinligi ilgari surilgan. [4].

Ushbu  jihatdan o'zaro  bog'langan
polimerlarning hosil bo'lish tezligida fenol-
formaldegid oligomerlariga o'xshash, ammo

yuqori korroziya va issiqlikga qarshiligi bilan
o'zaro bog'langan polimerlardan farq qiladigan
furfuril-formaldegid oligomerlari katta qiziqish
uyg'otmoqda va olovbardosh polimer
kompozitsiyalar olishda ham furfuril spirt
oligomerlari ahamiyatli hisoblanmoqda [5].

O'zaro bog'langan polimerlarni neytral
muhitda va o'rtacha haroratda hosil bo'lishining
ushbu mexanizmi o'zaro bog'langan furfuril-
formaldegid polimerlarning hosil bo'lish tezligi va
zichligi dastlabki oligomerlarda furan halqalarini

birlashtiruvchi dimetilen efir bog'lari soniga
mutanosib ekanligini ko'rsatadi [6, 7], fenol-
formaldegid oligomerlari molekulalarida dimetilen
efir bog'lari miqdorining ko'payishi sintez uchun
olingan fenol dimetil efirining molyar miqdorining
ko'payishi bilan ta'minlanadi.

Furan hosilalarini (2-metilfuran, 2-tetra-
butilfuran) blok-sopolimer va funktsionallashgan
polimerlarni sintezi uchun ishlatish ko'rib chi-
qilmogda hamda tarkibidagi CH;Cl, TiCly yoki
BCl; yoki CH,Cl, va CH;3Cl aralashmasida eritma
bilan funktsionallashgan poliizobutilenlarni sintez
qilishda ushbu moddalardan foydalanilgan. Ushbu
sharoitda barqaror allil kationlarini o'z ichiga olgan
polimerlar hosil bo'lishi ko'rsatildi. Furan hosilala-
rini ishlatish yulduz shaklidagi molekulalar bilan
blokli sopolimerlarni olishga imkon beradi [8].

Bronsted va Lyuis polimerlanish sharoitin-
ing o'zgarishi poli-furfuril qatronining chiziqli
tuzilishini o'zgartirmaydi va konsentratsiyasining
oshishi yoki haroratning ko'tarilishi xususiyatlar
jihatidan o'zaro bir-biriga bog'liq bo’lgan polimer
hosil bo'lishiga olib keladi. Natijalarga ko'ra
goldiq poli-furfuril oligomerining guruhlari ekz-
otermik reaksiyalar va polimerlarni o'zaro
bog'lashga qodir ekanligini DSC usuli bilan ko'rsa-
tilgan [9].

Shunday qilib, nashr etilgan adabiyotlarni
gisqacha tahlil qilish shuni ko'rsatdiki, furfuril oli-
gomerlari va ularga asoslangan polimer materiallar
keng xususiyatlarga ega bo'lgan termosezuvchi
polimer kompozit materiallar (PKM) ning eng
yorqin vakillaridan biridir. Molekulyar og'irligini
oshirish uchun turli xil reagentlar bilan modi-
fikatsiyalangan toza furfuril oligomerlari va fur-
furil oligomerlarini polimerizatsiya qilish yoki pol-
ikondensatsiya jarayoni tugagan PKM larning
texnologik va ekspluatatsion xususiyatlarini sezi-
larli darajada yaxshilashi mumkin.

Xulosa qilib aytganda, qatronlar sifatini
yaxshilash va fizik-kimyoviy, fizik-mehanik
xususiyatlarini yaxshilash maqgsadida furan gatron-
larini tabily kelib chiqishi biopolimerlari bilan
o'zgartirish imkoniyati, shuningdek, bu qatron-
lardan fenol-formaldegid va mochevina-formal-
degid bilan birgalikda foydalanish mumkin [10].

Furil  spirtining  kislotali ~ muhitda
polikondensatlanishiga hamroh bo'ladigan yon
reaktsiyalar ~mexanizmini  o'rgandik. = Bunda

zanjirlar va tarmoqlarda funksional guruhlar hosil
bo'lishi kuzatildi. Dastlab birinchi jarayonni
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tushunish uchun oraliq monomerlardan foydalanil-
gan. Buning asosiy sababi furan halqalarini
birlashtirgan metilen guruhlaridagi labil vodorod
atomlari deb hisoblanadi. Ikkinchi holda,
modellashtirish asosida mumkKin bo'lgan
reaktsiyalar taklif etiladi [11, 12].

Yuqoridagi ishlarda furan oligomerlarning
o’rtacha molekular massasi katta bo’la olmaydi va
natijada ekspluatasion xossalari etarli talab
daraasida bo’lmaganligi sababli qo’llanish imkoni-
yatini cheklashga olib keladi. Bu aspektda istigbol-
li va samarali yo'nalishlardan biri furan
oligomerlarini molekulyar massasini maqsadli
oshirishdir [13]. Shularni inobatga olib ushbu
maqolada yuqori molekulyar massali furan
oligomerlar sintez qilish sharoitlarini tadqiq
qilishdan iborat.

Tadqiqot usullari va materiallari

Tadqiqot ishi davomida foydalanilgan
barcha reaktivlar va ularinging fizik-kimyoviy
xossa va xususiyatlari quyidagi jadvalda
keltirilgan.

Yugqori molekular massaga ega bo‘lgan
oligomerini sintez qilish uchun furfuril spirtini
gidroksil guruh saqlovchi poliefir poliol bilan
modifikatsiya qildik. Gidroksil guruh saqlovchi
poliefir poliol (GSP), 1 mol adipin kislotasi va 1,1
mol dietilenglikolning mol-mol miqdorlaridagi
nisbatlarda Zn(CH3;COO), ishtirokida inert gaz
muhitida 6 soat davomida 190 °C xaroratda
polikondensatsiya qilish orqali sintez qilib
olingan.

Sintez qilingan GSP va furfuril oligomer-

larining fizik kimyoviy xossalarni quyidagi
uslublar bilan o'rganildi: Molekulyar massasi,
gidroksil guruh soni, Kislota soni, efir soni, gel
fraksiya chiqishi, gel xosol qilish vaqti kabi fizik
kimyoviy xossalari o'rganildi.

Yuqori molekular massaga ega alifatik
sigment bo’lgan oligomerlarni sintez qilish uchun
dastlab [5, 14] adabiyotlarda keltirilgan usul orqali
gidroksil guruh saqlovchi poliefir poliol (GSP)
olindi. Sintez qilib olingan GSP ning molekulyar
massasi 1500 ekanligi krioskopik usul yordamida
aniglangan [15, 16]. Yuqori molekular massali fur-
furil oligomerlarini sintez qilish usuli [17] da
keltirilgan.

Natijalar va muhokamasi
Plastik massalarning xam texnologik xam
ekspluatasion xususiyatlarining yaxshi taminla-

nishini o’rtacha molekular massa belgilaydi.
Qonuniyatlarga ko’ra [18, 19], tarmoqlangan
makromolekula zanjiriga alifatik segmentni

kiritilishi makromolekuladagi ichki kuchlanishni
kamaytirishga va zarbiy mustaxkamlikni ortishiga
olib kelishi ma'lum.

[17] adabiyotda keltirilgan wusul orqali
furfuril  spirti  (FS) va gidroksil saqlovchi
poliefirpoliolni 140 °C harorat ostida katalizator
sifatida malein angidrid ishtirokida polikonden-
satsiyalash orqali modifikatsiyalangan oligomerlar
sintez qilindi. Sintez 6 soatdan 12 soatgacha turli
nisbatlarda bir bosqichda olib borildi. Ajralib
chigayotgan suv va reaksiyaga kirishmagan furfuril
spirti  Dina-Stark ushlagichida ajratib olindi.
Yig‘ilgan suv va furfuril spirti aralashmasi bir

1-Jadval
Reaktivlar va ularinging fizik-kimyoviy xossa va xususiyatlari
Reaktivlar nomi Molekulyar Zichligi Sindirish 1(203 rsatkichi Suyuqlqn(i)sh Qaynasil harorati,
massasi g/sm np harorati, °C
Furfuril spirt 98 1,1282 1,4851 14,6 171-172
Malein angidrid 98,06 0,934 - 54 202
Adipin kislotasi 146,14 1,36 - 152 265
Dietilenglikol 106,12 1,118 1,4475 6,5 244.8
Rux atsetat 183,46 1,77 - - 236
Rux xlorid 160,46 2,91 - 283 732
Komfora 152,23 0,99 - 175 204
Atseton 58,08 0,791 1,3588 -95 56
Etanol 46 0,789 1,3624 -114 78,37
N,N-Dimetilformamid 73,09 0,944 1,430 -61 153
Benzol 78,11 0,8765 1,501 -5,5 80,1
Toluol 92,14 0,8669 1,4969 110,6
Siklogeksanon 98,14 0,9478 1,4507 56 -155,7
'
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biridan ajratilib, reaksiyaga kirishmagan furfuril
spirti miqdori hisoblab topilgan.

Sintez uchun olingan FS ning mol miqdori
10 moldan 30 molgacha oshganda, polikonden-
satlanish reaksiyasiga kirishgan FS miqdori asta
sekin GSP moliga nisbatan 7,5 moldan 16,5
molgacha ortdi. Shu bilan birga reaksiyaga
kirishmagan FS miqdori ortishi ma'lum bo’ldi.
Shunday qilib, agar GSP:FS nisbati 1:10 ga teng
bo‘lsa, reaksiyaga kirishmagan FS miqdori 2,5
molni tashkil qildi. GSP:FS nisbat 1:14 va 1:20
molga oshirilganda furfuril spirt sarfi 5,4 va
oligomerning hosil bo‘lish unumdorligi 61,4%
gacha keskin pasaygani aniglandi (2-jadval).

GSP:FS nisbatlarni 1:20, 1:30 molgacha
ortishi, sintez jarayonini 10 soat davom ettirib
so‘ng reaksion aralashmaga 0,11% malein
angidridi qo‘shib sintez jarayonini yana 2 soat
davom ettirildi. Natijada GSP ga nisbatan
sarflangan FS miqdori sezilarli darajada ortdi.
Ammo oligomerni chiqish unumi mos ravishda
70,5% dan 56% gacha kamaydi. Bundan ko‘rinib
turibdiki bir bosqichli polikondensatsiyalash usuli
bilan oligomerning chigish unumdorligini oshirish
va oligomer tarkibida FS miqdorini oshirish im-
koni bo'lmadi.

Yugqoridigilarni taxlil qilgan xolda reaksiya
uchun olingan malein angidridni 3 qismga bo'lib
har bir bosqgichda 0,33% qismini reaksion
aralashmaga qo’shib jarayonni davom ettirishni
rejalandi. Ushbu jarayonni amalga oshirishda ko' z-

polikondensatsiyalanishida molekular massani
bosqichli rostlash, reaksion aralashmada sodir
bo'ladigan ekzotermiyaning oldini olish xamda
oligomerlarni  choklanishini bartaraf etishdan
iborat.

Birinchi bosqichda 0,33 % malein angidrid
reaksion aralashmaga qo‘shilib 2 soat sintez
qilinib, yana 0,33 % malein angidrid qo‘shildi va
reaksiya 140 °C da 4 soat davom ettirildi, yana
0,33 % malein angidrid qo‘shildi va reaksiyaning
uchinch bosgichi 140 °C da 6 soat davom ettirildi,
1:50 nisbatdagi namunani reaksiya davomiyligi 12
soatni tashkil qildi (3-jadval).

3-jadvaldan kurinib turibdiki Shunday qilib
GSP:FS ning uch bosqichli wusuli bo‘yicha
polikondensatlanish jarayonini o‘tkazish GSP bilan
reaksiyaga kirishgan FS miqdorining ortishiga olib
keldi. GSP:FS=1:14, 1:20 va 1:30 mol/mol
miqdorlarda sintez gilingan oligomerlarda reaksiya
uchun sarflangan FS miqdori bir bosqichda sintez
qgilingan oligomerlar uchun sarflangan FS (7,5; 8,6;
14,1 mol) miqdorlari mos ravishda dastlabki
miqdorlaridan ko'proq 10, 16, 24 mol miqdorda
sarflanganligi kuzatildi.

Jarayonni yanada chuqurroq o’rganish
magsadida FS miqdorining 40 va 50 molgacha
ko‘paytirildi va natijada 33 va 38 molgacha
kirishganligi FS miqdorining yanada ko‘payishiga
olib keladi. Ushbu holda 2-jadvalda keltirilgan
malumotlarni tahlil qilish shuni ko‘rsatadiki, 1:14
mol nisbatda asosiy qonuniyatga bo‘ysinish kuza-

langan  asosiy = magsad  furfuril  spirtini tilmayapti. Sababi bu jarayonda reaksiya unumi
2-Jadval
Bir bosqichli sintezida furfuril miqdorining oligomer chiqish unimiga ta’siri
Ne GSP:FS Reaksiga kirishgan FS, mi- Reaksiyaga kirishmagan FS mi- Oligomerning chiqish
mol/mol qdori (mol) qdori (mol) unumdorligi (%)
1 1:10 7,5 2,5 75
2 1:14 8,6 5.4 61,4
3 1:20 14,1 5,9 70,5
4 1:30 16,8 13,2 56
Eslatma: katalizator sifatida malein angidridi qullanildi.
3-Jadval
Uch bosgqichli sintezida furfuril oligomerlarini chigish unimiga katalizator
(malein angidrid)ni ta’siri
Ne | GSP:FS Reaksiga kirishgan FS, Reaksiyaga kirishmagan FS Reaksiya unum- Molekulyar
mol/mol miqdori (mol) miqdori (mol) dorligi, % massa (MM)
1 1:14 10 4 71.4 1116
2 1:20 16 4 80 2507
3 1:30 24 6 80 2671
4 1:40 33 7 82,5 3400
5 1:50 38 12 76 4080
' 47
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71,4 % ammo malekulyar massa 1116 ni tashkil
gilmoqda. Olingan natijalar tahliliga asoslangan
holda, ushbu nisbatdagi oligmer sintez jarayonini
batafsil o‘rganish kerak bo‘ladi.

GSP:FS ning boshga 1:20, 1:30, 1:40, 1:50
mol/mol bo‘lgan nisbatlarida FS ning mol miqdori
oshishida umumiy bog‘liglik va qonuniyat
borligini kuzatamiz.Ushbu oligomerlarda
reaksiyaga kirishgan FS miqdori oshishi bilan
oligomerlarning hosil bo‘lish unumdorligi ham
ortib bormoqda 80-82,5%, faqat FS miqdori 1:50
nisbatda olingan oligomerning hosil bo‘lish
unumdorligi 76 % gacha kamayganligi aniqlandi,
ammo natijada 38 mol ko‘proq miqdorda FS
reaksiyaga kiritilishi aniglandi.

Sintez qilib olingan GSP:FS ning 1:20;
1:30; 1:40 va 1:50 mol/mol miqdorlarida sintez
gilingan oligomerlarning molekulyar massalari
krioskopik usulda o‘rganilganda 2507, 2671, 3400
va 4080 tashkil qildi.

Ushbu  o‘rtacha  soniy  aniqlangan
molekulyar og‘irliklar nazariy jihatdan hisoblan-
gan molekulyar og‘irliklardan biroz kamligi oligo-
merlar o‘z monomeriga bo‘kkanligi va oligomer
hosil bo‘lish jarayonida suv ajralishi kabi holatlar
sababli va oligomer tarkibida past molekulali
goldiglar mavjudligi umumiy o‘rtacha son
molekular massaning past chiqishiga olib keladi.

Ikkala jadvalda keltirilgan malumotlarni

umumlashtirib mumkinki, reaksiya muhitining pH
giymat yuqori darajada bo‘lganda GSP ning
gidroksil guruhlari bilan FS ning a vodorodining
o‘zaro tasiri sodir bo‘ladi va pH qiymati past
darajada bo‘lganda FS ning o‘zaro tasirini
tezlashtirganda yuqori molekulyar og‘irlikdagi
furfuril oligomerlarini xosil bo’lishiga olib keladi.

Bundan tashqgari FS ning gomopolikonden-
satlanishi natijasida olingan furfuril oligomerining
molekular og‘irligi 350-400 ni tashkil gilgan bo‘lsa
GSP va malein angidridi ishtirokida ikki bosqichli
geteropolikondensatlash orqali omopolikondensa-
tlanish xosilasidan 8-9 marta ko‘p og‘irlikdagi
furfuril oligomerlarini sintez qilsh imkoniyatini
berdi.

O‘tkazilgan kimyoviy tahlillar va sintez
qilingan oligomerlarning molekulyar og‘irliklarini
aniqlash  asosida  ularning paydo  bo‘lish
mexanizmini quyidagi reaksiya bilan ifodalash
mumkin:

Birinchi bosqichda GSP ning FS bilan
o‘zaro tasiri quyidagi sxema bo‘yicha amalga
oshiriladi.

Termoreaktiv oligomerlarning texnologik
xossalarida biri bu gel xosil bo’lish vaqti-
jelatinlanish bo'lib, sintez qilingan namunalarni
gotish jarayonini o’rganildi. Choklovchi katalizator
sifatida ZnCl, tanlab olindi. Bunda oligomerlarni
10 soatgacha vaqt intervalida 140, 160, 180, 200 °C

+ OH+ R} OH+ — A2H20
HGH:C[| j' i [| jc' H20H HDH:C[ j' {Rt[ jc' HO0H

Ikkinchi bosqgichda FS gomopolikondensatlanishi quyidagi sxema bo‘yicha sodir bo‘ladi.
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haroratlarda termik va 1% ZnCl, — ishtirokida
termokatalitik  qotirish ~ jarayoni  o’rganildi.
Natijada yuvib olingan oligomer namunalarini
gellanish fraksiyalari tahlil gilinganda quyidagi 1-
4-rasmlarda tasvirlangan ko‘rsatkichlarni
kuzatishimiz mumkin. Rasmlarda GSP: FS ning
1:14 va 1:40 nisbatlarida olingan oligomerlarning
termik va termokatalitik qotirilgan namunalari-
ning gellanish fraksiyasi natijalari tasvirlandi.
Shunday qilib 1-rasm da GSP:FS ning
1:14 mol/mol nisbatida sintez qgilingan oligomer
140 °C haroratda gellanish miqdori 10 soat
Oligomerlarning gellanish miqdorini GSP:FS
ning 1:40 mol/mol miqdorlarida (2-rasmda)
xarorat 140 °C da 10 soat davomida gellanish
miqdori 1:14 mol/mol nisbat oligomerga nisbatan
yuqori ko‘rsatkichlarni nomoyon qilgan. 140,
160, 180 va 200 °C haroratlarda mos ravishda 64,
72, 78 va 91% larni tashkil etganligi aniqlandi.
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1-rasm. GSP:FS-1:14 mol/mol nisbat bo'yicha sintez qilingan
yuqori molekulyar og’irlikdagi furfuril oligomerining gel
fraksiyasi oligomer hosil bo'lish vaqtiga bog ligligi:

1-140°C;2-160 °C; 3-180°C; 4 -200°C.
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2-rasm. GSP:FS-1:40 mol/mol nisbat bo yicha sintez gilingan
yuqori molekulyar og'irlikdagi furfuril oligomerining gel
fraksiyasi oligomer hosil bo'lishiga bogligligi:
1-140°C;2-160 °C; 3 - 180°C; 4 - 200 °C.

davomida issiqlikda ushlab turilganda ham 4 % ni
tashkil gilmogda. Ushbu oligomerda 180 °C dan
boshlab gellanish miqdori 10 soat davomida
issiglikda ushlab turilganda 55% ni tashkil
gilganligini, 200 °C da esa bu ko‘rsatkich 60 %
tashkil etganligini kuzatishimiz mumkin.
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3-rasm. GSP:FS-1:14 mol/mol nisbat bo'yicha sintez qilingan
yuqori molekulyar og'irlikdagi furfuril oligomerining 1% ZnCl,
ishtorokida qotirilganda, gel fraksiyasi oligomer hosil bolishiga
bog'ligligi: 1 - 140 °C; 2 -160 °C; 3 - 180 °C; 4 - 200 °C.
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4-rasm. GSP:FS-1:40 mol/mol nisbat bo'yicha sintez qilingan
yuqori molekulyar og’irlikdagi furfuril oligomerining 1% ZnCl,
ishtorokida qotirilganda, gel fraksiyasi oligomer xosil bo’lishiga
bog ligligi: 1 - 140 °C; 2 -160 °C; 3 - 180 °C; 4 - 200 °C.
Oligomerlarni qotish jarayonini
termokatalitik ZnCl, ishtirokida o’rganilganda (3-4
-rasm) GSP:FS ning 1:14 mol/mol nisbatda (3-
rasm) 140 °C da 10 soat davomida gellanish
miqdori 58 % ni tashkil etmoqda va 160, 180, 200
°C haroratlarda esa mos ravishda 72, 81, 88% larni
tashki qilib, ushbu nisbat oligomerini termik
qotirilgandagi ko‘rsatkichlardan  30-50% gacha
ko‘p migdorda gellanish sodir bo‘lganligini
kuzatamiz.
GSP:FS ning 1:40 mol/mol nisbatda (4-
rasm) sintez qilingan oligomerning gellanish tezligi
va miqdori yanada oshganligini kuzatamiz va ular
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mos ravishda 140, 160, 180 va 200 °C haroratlarda
78, 86, 94 va 98 % larni tashkil etmoqgda. Ushbu
natijalar GSP:FS ning 1:20, 1:30 mol/mol
nisbatlarida ham kuzatilgan.

Xulosa

Sintez qilish sharoitini va alifatik
zanjirli GPS kiritilish xisobiga FS ning turli
nisbatlarida (1:14 — 1:50 mol/mol) yuqori
molekular massali furfuril oligomerlari olish
imkoniyati ishlab chiqildi. Olingan

oligomerlarning qotish jarayoni o‘rganilganda,
furfuril oligomeri molekular massasi oshgani
sayin gel hosil qilishi tezligi bir necha marta
ortishi aniqlandi.

Sintez qilib olingan oligomerlarning
molekular massasi oddiy furfuril oligomerlarga
nisbatan 8-9 marta molekular massa ortishiga
erishildi. Yuqori molekular massali furfuril
oligomerlarini ZnCl, ishtirokida termokatalitik
qotirish gellanish tezligi va gel-fraksiya miqdorini
oshirishi aniglandi.
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SYNTHESIS OF ACETYLENE DIOLS WITH THE PARTICIPATION
OF THE Buy,NOH/DMSO/H,O CATALYTIC SYSTEMS

Muyassar K. SALIEVA' (muyassar.saliyeva@mail.ru),
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The purpose of this work in this study, acetylene alcohols containing heteroatomic substituents in their molecular composition- 2-(-
thiophen—Z—yﬁbut—S— n-2-ol,  2-(3-methylthiophen-2-yl)but-3-yn-2-ol, 2—§i4ran—2-yl)but—3 yn-2-0l,  2-(pyridin-4-yl)but-3-yn-2-ol,  2-(5-
chlorothiophen-2-yl)but-3-yn-2-ol, 2-(5-bromothiophen-2yl)but-3-yn-2-ol acetylene diols were synthesizedy based on the reaction with ace-
tone in a dimethyl sulfoxide solvent in the presence of the Bu,NOH/DMSO/H,0 catalytic system. The influence of the molar ratio of starting
materials, reaction duration, temperature, nature of the catalyst and solvents on the product yield was systematically studied. The composi-
tion, purity and structure of the new generation of Synthesizedy acetylenediols have been confirmed by modern physicochemical methods. The
mechanism of the reaction process has been developed.

Keywords: acetylene alcohols, acetone, dimethylsulfoxide, reaction mechanism

CUHTE3 ALIETWJIEH JUOJOB C YYACTUEM KATAJIMTUYECKOM
CUCTEMbI Buy/NOH/DMSO/H,0

Mysiccap K. CATTHEBA' (muyassar.saliyeva@mail.ru),

Oounicon 3. SUHANYIVIAEB" (bulak2000@yandex.ru),

T'yzan K. OTAMYXAMEJOBA' (guzal020003@yandex.ru),

Pugpxam @. TAJIHIIOR® (talipov@mail.ru),

Jlouun K. ABJIAKYJIOB' (monokop91@mail.com)

"Gupuuckuii zocyoapcmeennviii nedazozuueckuii ynugepcumem, Yupuu, Ysbexucman
2 Akademun munucmepcmea upeseviuaiinvix cumyayuii, Tawxem, Y3oexcuman

} Vpumcruii ynusepcumem nayxu u mexnonozuii, Ygpa, Poccusn

Lenv pabomul — ucciedosanue ayemuieHO8bIX CRUPNIOS, COOEPIHCAWUX 8 MONEKYIAPHOM COCMABe 2emepoamoMHble 3amMecmument
—2-(muogpenun-2)6ymun-3-on-2, 2-(3-memunmuo eHuﬂ-2)65muH-3-0ﬂ-2, 2-(¢pypanun-2)6ymun-3-on-2, 2-(nupuounun-4)6ymun-3-on-2, 2-(5
-xnopmuogenun-2)oymun-3-on-2, 2-(5-6pommuoghenun-2)oymun-3on-2 ayemuien OUOIbL CUHMESUPOBAHBIX HA OCHOBE PeaKyUl C ayemoHOM
6 OUMEemMUICYTbHOKCUOHOM pacmeopumene 8 npucymcemeuu kamaiumuyeckotl cucmemvl Bu,NOH/DMSO/H,0. U3zyuanoce enusnue moiv-
HO20 COOMHOUIEHUS UCXOOHBIX 6eUeCs, NPOOOINCUMENbHOCIIU PeaKyuil, MeMnepamypsl, NPUpoobl KAMaiu3amopa u pacmeopumeneti Ha
6b1x00 npodykma. Cocmas, uucmoma u cmpoenue CUHmMesUpOBaHHbIX AYemuneHOUOI08 HOBO20 NOKONIEHUs NOOMBEPIHCOEHbL COBPEMEHHBIMU
Pusuxo-xumuseckumu memooamu. llpedcmasnen mexanusm npoyecca peakyuu.

KuroueBsble c10Ba: alleTUICHOBBIC CIIUPTBI, allCTOH, Z[I/IMCTI/UICyJ'Ib(bOKCI/lL[, MEXaHU3M peaKInun

Bu,NOH/DMSO/H,O KATALITIK SISTEMASI ISHTIROKIDA ATSETILEN
DIOLLARI SINTEZI

Muyassar K. SALIYEVA' (muyassar.saliyeva@mail.ru),

Odiljon E. ZIVADULLAYEV" (bulak2000@yandex.ru),

Go*zal K. OTAMUXAMEDOVA' (guzal020003@yandex.ru),

Rifkat F. TALIPOV? (talipov@mail.ru),

Lochin K. ABLAKULOV" (monokop91@mail.com)

!Chirchiq davlat pedagogika universiteti, Chirchiq, O*zbekiston

’Favqulodda vaziyatlar vazirligi Akademiyasi, Toshkent, O‘zbekiston

Ufa fan va texnologiyalar universiteti, Ufa, Rossiya
Ushbu tadgiqot ishining ma?sadi molekulasi tarkibida geteroatom o ‘rinbosarlar saqlagan atsetilen spirtlari- 2-(tiofenil-2)butin-3-

ol-2,  2-(3-metiltiofenil-2)butin-3-0l-2,  2-(furanil-2)butin-3-o0l-2,  2-(piridinil-4)butin-3-0l-2,  2-(5-xlortiofenil-2)butin-3-o0l-2,  2-(5-
bromtiofenil-2)butin-30l-2 ni Bu,NOH/DMSO/H,0 katalitik sistemasi ishtirokida erituvchi dimetilsulfoksidda atseton bilan reaksiyalari
asosida atsetilen diollari sintez gilingan. Mahsulot unumiga boshlang ‘ich moddalar mol migdori nisbatlari, reaksiya davomiyligi, harorat,
katalizator va erituvchilar tabiati ta’siri tizimli ravishda o ‘rganilgan. Sintez qilingan yangi avlod atsetilen diollarining tarkibi, tozaligi va

tuzilishi zamonaviy fizik-kimyoviy usullarda isbotlangan. Reaksiya jarayonining mexanizmi ishlab chigilgan. Sintez gilingan atsetilen
spirtlarining element tahlili amalga oshirilgan.

Kalit so'zlar: atsetilen spirtlari, atseton, dimetilsulfoksid, reaksiya mexanizmi

DOI: 10.34920/cce2024418

Kirish foydalanilmoqda [1-3]. Atsetilen diollarini yuqori
Atsetilen spirtlari va ularning diollari unumlarda sintez qilish uchun alkinlarni nBuLi/
organik sintezda muhim reagent hisoblanib, Et,O katalitik sistemasida, -78 °C haroratda, 2 soat
bugungi kunda tibbiyotda antibiotiklar, vitaminlar, davomida aldegidlar bilan reaksiyasi natijasida
pigmentlar, va garmonlar ishlab chiqarishda alkin-1,4-diollar sintezi amalga oshirilgan [4].
qo‘shimcha komponentlar sifatida keng Atsetilen spirtlari alkinil digalogenid hosilalarining
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butillitiy yoki litiy naftalenni tetragidrofurandagi
eritmasida va benzaldegid bilan ta’sirlashishidan
yuqori selektivlik bilan asimmetrik atsetilen
diollari sintez gilingan [5]. Yue-Qing Gu,a Peng-
Peng Zhang hamda uning hamkasblari tomonidan
alkindiollarning oltin (I)-katalizatori ishtirokida
sikloizomerizatsiya reaksiyalari olib borilgan va 7-
oksabisiklo[2.2.1] geptan hamda farnesiferol C
ning assimetrik umumiy sintezi amalga oshirilgan
[6]. Kalsiy  karbidning  ketonlar  bilan
enantioselektiv birikish reaksiyalarida atsetilen
spirtlari bilan birgalikda qo‘shimcha mahsulot
sifatida atsetilen diollari ham hosil bo‘lishi
aniqlangan [7]. Formaldegidning mis (I) tuzlari
katalizatori  ishtirokida atsetilen va uning
gomologlari bilan alkinillanishi natijasida atsetilen
diollari sintez qilingan, erituvchi tetragidrofu-
randan foydalanilgan [8]. Kalsiy karbidning
ketonlar bilan enantioselektiv birikish reaksiyalari
asosida atsetilen spirtlari va qo‘shimcha mahsulot
sifatida atsetilen diollari ham hosil bo‘lishi
aniqlangan [9]. Shuningdek, tetragidrofuran
eritmasida, mis (I) tuzlari katalizatori ishtirokida
atsetilen va uning gomologlari bilan
formaldegidning alkinillanishi natijasida atsetilen
diollari sintez qilingan [10-11]. Atsetilen diollarini
sintez qilish uchun atsetilen spirtlarini 2 ekvivalent
n-butillitiy bilan elektrofil birikish reaksiyasi
asosida hosil bo‘lgan bislitiyalkogolyatga seriy
(ITI)  xlorid ishtirokida propilen oksid bilan
reaksiyasidan  foydalanilgan [12].  Tetra-n-
butilammoniy  gidroksid va  dimetilsulfoksid
asosida tayyorlangan yuqori asosli katalitik sistema
yordamida  1-etinilsiklogeksanolning  alifatik,
aromatik va alisiklik ketonlarni terminal atsetilen
spirtlari bilan nukleofil reaksiyasi asosida yuqori
unum bilan atsetilen diollari sintez qgilingan [13].
Atsetilen spirtlari ikki ekvivalent n-butil litiy bilan
birikishi natijasida bis-litiy tuzlari sintez qilinib,
NH4Cl ishtirokida wularning reaktivligi tegishli
elektrofillar sifatida aldegidlar, ketonlar bilan
reaksiyaga kirishish yo‘li bilan atsetilen diollari - 2
-geksin-1,4-diol sintez qilingan va saratonga qarshi
preparatlarning analoglari sifatida ishlatilgan [14].
Shuningdek, galogen alknilar ishtirokida tetradeka-
5,7-diyn-4,9-diol va 2-metiltetradeka-5,7-diin-4,9-
diollar sintez gilingan va saraton kasalligiga qarshi
eng yaxshi kimyoterapevtik faolligi jihatidan
sulforafan bilan tengligi isbotlangan [15].
Shuningdek, Roberto Sans Diez, Brian Adgerc and
Erick M. Carreira olimlar tomonidan Zn(OTf),/

Et,O/(+)-N-metilefidren ishtirokida 99% 1-alkin-2-
1,4-diol sintez qgilingan va bir qator biologik xos-
salari o‘rganilgan [16]. Atsetlen diollarini KOH
katalitik sistema ishtirokida 1-geksin-ol-3 asosida
butiraldegid bilan nukleofil birilikishi natijasida
detsin-5-diol-4,7 sintezi amalga oshirilgan [17-18].
Ushbu usul bilan molekulasi tarkibida geteroatom
saglagan atsetilen spirtlari-2-(tiofenil-2)butin-3-ol-2,
2-(3-metiltiofenil-2)butin-3-0l-2, 2-(furanil-2)butin-
3-o0l-2, 2-(piridinil-4)butin-3-ol-2, 2-(5-xlortiofenil-
2)butin-3-o0l-2, 2-(5-bromtiofenil-2)butin-30l-2 ni
Bu;NOH/DMSO/H,0 katalitik sistemasi ishtirokida
atseton bilan nukleofil birikish reaksiyasi asosida
quyidagi atsetilin  diollari-2-metil-5-((tiofenil-2)
geksin-3-diol-2,5 (1), 2-metil-5-(3-metiltiofenil-2)
geksin-diol-2,5 (2), 2-(furanil-2)-5-metilgeksin-3-
diol-2,5 (3), 2-metil-5-piridinil-4)geksin-3-diol-2,5
(4), 2-(5-xlortiofenil-2)-5-metilgeksin-3-diol-2,5 (5),
2-5-(bromtiofenil-2)-5-metilgeksin-3-diol-2,5  (6)
ning sintezi amalga oshirildi.

Tadqiqot usullari

Bu,NOH/DMSO/H>0 katalitik sistemasida
atsetilen diollarini sintezi qilish usuli. (Na’'muna
sifatida 2-(furanil-2)-5-metilgeksin-3-diol-2,5
sintezi keltirilgan.) Reaksiya mexanik aralashtirgich
(SPXFLOW Lightnin LB2, 20/150/2500 rpm
markali), tomizgich voronka (IsoLab TS29/32,
markali, hajmi 200 ml) qaytarma sovutgich
(Dimrota TS29/32, 160 mm. markali), shlifli
termometr (Thermometer LLG-General -10/+250
°C markali) o‘rnatilgan maxsus tayyorlangan ikki
gavatli, hajmi 5000 ml bo‘lgan reaktorda amalga
oshirildi.

Dastlab jarayon 259 g (1 mol) BuyNOH (40
% suvli eritmasi) va 300 ml DMSO bilan harorat 7
°C, 60 minut davomida aralashtirilib, suspenziya
hosil qilindi. Hosil bo‘lgan katalitik sistemaga 136
g (1 mol) 2-(furanil-2)butin-3-0l-2 solindi hamda
atsetilen spirti va jarayonda hosil bo‘ladigan
atsetilen diollar polimerlanib ketmasligi uchun
sistemaga gidroxinon qo‘shildi. So‘ngra 58 g (1
mol) atseton 60 minut davomida aralashtirilgan ho-
latda tomchilatib qo‘shildi va 40 minut davomida
aralashtirildi, shundan so‘ng, jarayon 12 soat
davomida tindirildi. Reaksion aralashma sovuq suv
bilan (1:1) suyultirildi va dietil efir yordamida 3
marta (3x50 ml) ekstraksiya qilindi va suv (3x100
ml) bilan yuvildi, qurituvchi Na,SO, yordamida 2
soat davomida quritildi. Mahsulot filtrlab olinib,
vakuumli bug‘latgich (Germaniyada ishlab chiqaril-
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gan Hei—-VAP Core HL/G3 markali) yordamida
erituvchilar bug‘latildi, so‘ngra silikagel 60
xromatografiya kolonkasi orqali elyuent (geksan/
etilatsetat) lardan o‘tkazilib, fraksiyalar yupga
qatlamli ~ xromatografiya “Merck 60 Fps4”
plastinkasida R¢ qiymatlari aniqlandi. Bunda 178,4
g 2-(furanil-2)-5-metilgeksin-3-diol-2,5 92 %,
oraliq mahsulot 3%, boshlang‘ich moddalar 2% va

H
R%C CH + CH;—C—CHj

go‘shimcha mahsulotlar 3% unum bilan sintez
qilishga erishildi.

Reaksiya ximizmi va mexanizmi.
Molekulasi tarkibida geteroatom saqlagan atsetilen
spirtlarining Bus,NOH/DMSO/H,0O katalitik
sistemasi ishtirokida atseton bilan nukleofil
birikish reaksiyasi mexanizmi adabiyot manbalari
asosida quyidagicha taklif etildi [19].

1-6 7

OH OH
Bu4NOH/DMSO/H20> R — éi CH,
Me (‘?H3
8-13

Me
S
R= Q\O); @ ) [C}\(S); @ (OF Cl«Q\(S); Br@(tﬁ);

Dastlab jarayonda katalizator sifatida ishlatilgan Bus,NOH aproton erituvchi dimetilsulfoksid

ta’siri ostida Buy;NOH ionlarga ajraladi [20].

MM

DMSO

MM

_— >

HiC— \/¥H3c

Natijada gidroksid anioni sp-s bog‘iga ta’sir qilib,

HiC— v¥H3c

atsetilen spirtining uch bog‘ining

deprotonlanishiga sabab bo‘ladi. Hosil bo‘lgan nukleofil ioni esa tetra-n-butilammoniy kationi bilan faol

oraliq mahsulot hosil giladi.

\/\ /\/ OH:7

DMSO

M M OH )

H3C\/\/ W Me

>

HyC Wmc Mé

Reaksiyaning keyingi bosqichida, hosil bo‘lgan oraliq mahsulotga ohistalik bilan keton
qo‘shiladi. So‘ng keton tarkibidagi karbonil guruhi hosil bo‘lgan atsetilenid ionining nukleofil

hujumiga uchrab, atsetilen spirtining kislorod markazlashgan anioni bilan birikib, tetran-
butilammoniy kationi bilan oraliq mahsulot hosil giladi.
/\ﬁ R + CH;,//\ CH, DMSO = R

HSC\/\/ \/LCH3 Me

HC vLeH; CHz/ Me

So‘ngra, reaksiya natijasida hosil bo‘lgan oraliq mahsulot gidrolizga uchrashi natijasida

atsetilen diollari hosil bo‘ladi.

cH OH
M /\ﬁ SoN i © v o _DMSO

HC \/LCH c H3 Me

H5C CH; OH oH
\/\W/\/ OH + (‘,Hgﬁ—%f — R
HC— " TN oy, CHy Me
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Natijalar va muhokama

Usgbu wusul bilan tarkibida geteroatom
saqlagan atsetilen spirtlari- 2-(tiofenil-2)butin-3-ol-2,
2-(3-metiltiofenil-2)butin-3-ol-2, 2-(furanil-2)butin-3-

ol-2, 2-(piridinil-4)butin-3-o0l-2, 2-(5-xlortiofenil-2)
butin-3-0l-2,  2-(5-bromtiofenil-2)butin-30l-2  ni
atseton bilan asosli muhitda olib borilgan jarayon na-
tijasida quyidagi atsetilen diollari sintez gilindi.

Me
OH ?H OH ?H / \ OH (‘)H
@—FCCCCF@ / \ EC—C‘—CH3 o CECf$—CH3
S Me CHj; 5 Me CH; Me CH;

8
OH (?H
Me CEC—‘C—CH3 1\ ?H
CH; Cl C—CEC—C CH3
= S \
Me
X
N

11

Ushbu jarayon uchun katalizatorning
boshlang‘ich moddalar massasiga nisbatan
olingan mol miqdori ta’siri, reaksiyaning borishi
va uning bosqichlari, mahsulot unumiga erituvchi,
katalizator, harorat, reaksiya davomiyligi kabi
omillarning ta’siri o‘rganildi.

Dastlab atsetilen diollari sintezi unumiga
harorat va reaksiya davomiyligi ta’siri o‘rganildi (1
-Rasm).

Reaksiya davomylgi, min.

Harorat, °C
100

Mahsulot unum, %

1-Rasm. Atsetilen diollari unumiga harorat va reaksiya davomiyligi
ta’siri (boshlang‘ich moddalar va katalizator mol miqdorlari
ekvimolyar nisbatda, erituvchi dimetilsulfoksid).

Rasmdan ko‘rinib turibdiki, reaksiya -5
°C+20 °C harorat oraliglarida olib borildi. Reaksiya
-5 °C haroratda olib borilganda katalizatorning
eruvchanligi va faolligi juda past namoyon
qilganligi kuzatildi. Jarayonning haroratini 7 °C ga
oshirilganda mahsulot unumi yuqori bo‘lgani
aniqlandi. Mahsulot unumini oshirish maqsadida
harorat 7- 20 °C gacha ko‘tarilganda sistemada
reaksiyaning faollanish energiyasi ortishi hisobiga
gaytar jarayonning ro‘y berishi orqali asosiy

9 10

SRS

12 13

CH

mahsulot unumining pasayishiga sabab bo‘ldi.
Reaksiya jarayoni boshlang‘ich moddalar va
katalitik sistema mol miqdorlari 1:1:1 mol
nisbatlarda, erituvchi dimetilsulfoksid, harorat 7
°C, reaksiya davomiyligi 160 minut davomida olib
borilganda,  to‘gnashayotgan  zarrachalarning
energiyasi faollanish energiyasiga tenglashib
molekulalardagi bog‘lar uzulib, yangi atsetilen
spirtlari va ketonlar o‘rtasidagi C-C bog‘lar hosil
qilish  jarayoni kuzatilib, atsetilen diollari
unumdorligi 8-66%, 9-72%, 10-92%, 11-89%, 12-
84%, 13-78% yuqori bo‘lganligi kuzatildi.

Mazkur sistemada harorat bilan birgalikda
atsetilen diollarining eng yuqori unumda chiqishi
uchun reaksiya davomiyligi omili ham tadqiq
qilindi (1-rasm).

Tanlangan atsetilen spirtlari va atseton
reaksiyasi dastlab 120 daqiqa davomida amalga
oshirildi Bu vaqt oraligida boshlang‘ich moddalar
to‘liq  reaksiyaga kirisha olmaganligi va
aralashmada qolib ketishi natijasida mahsulot
unumining past chiqishi kuzatildi. Reaksiya
davomiyligi 160 dagiqaga uzaytirilganda atsetilen
diollarilarining unumdorligi oshishiga sistemaga
reagent (atsetilen spirti) va substrat (ketont) ning
deyarli to‘liq reaksiyaga kirishganligi sabab bo‘ldi
va mahsulot unumiga ijobiy ta’sir ko‘rsatdi. Biroq
reaksiya davomiyligi 200 daqiqaga yetkazilganda
atsetilen diollarining unumi keskin kamayib ketdi
va bunga turli reaksion holatlar sabab bo‘ldi.
Ya’ni, reaksiya  davomiyligi  oshirilganda,
sistemada  hosil bo‘lgan atsetilen diollari
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molekulasidan suv ajralib chiqishi natijasida
sistemada qo‘shimcha mahsulotlar, jumladan
alkogolyatlar, poliatsetilen spirtlar, ketonlar, vinil
efirlar, smolasimon va polimer mahsulotlar hosil
bo‘lishi natijasida atsetilen diollari unumi 8- 66%,
9- 72%, 10- 92%, 11- 89%, 12- 84%, 13- 78% ga
kamayishi kuzatildi.

Atsetilen diollarini sintez qilishda erituvchi
tabiati ta’sirini o‘rganish maqsadida apraton
erituvchilar dimetilformamid va
dimetilsulfoksiddan foydalanildi (1-Jadval).
Dimetilformamid gaynash harorati
dimetilsulfksidga nisbatan past bo‘lgan aprotik
erituvchidir. U S\2 reaksiyalari kabi qutb
mexanizmi bilan reaksiyalarni rag'batlantiradi.
Lekin xossasi jihatidan kuchli kislotalar va
asoslarga nisbatan barqaror bo‘lmaganligi hamda
dimetilsulfoksidga nisbatan dielektrik
o‘tkazuvchanligi (36,71 ga teng) pastligi tufayli
ionlar bilan to‘gnashishlar sonini pasayishiga olib
keldi, natijada atsetilen hosilalarining eruvchanligi
dimetilsulfoksidga nisbatan past bo‘lishi kuzatildi.

Jarayon aproton erituvchi
dimetilsulfoksidda olib borilganida mahsulot
unumi yuqori chigqanligi kuzatildi. Erituvchi
dimetilsulfoksidning qaynash va dielektrik
o‘tkazuvchanligi dimetilformamidga nisbatan

yuqori bo‘lganligi mahsulot unumining ortishiga
sabab bo‘ldi.

Olingan natijalar asosida atsetilen diol-
larini BuuNOH/DMSO/H,0O katalitik sistemasida
sintez qilish reaksiyalarining eng muqobil
sharoitlari aniglangan. Unga ko‘ra atsetilen
spirtlarini keton bilan nukleofil reaksiyalari uchun
harorat 7 °C, reaksiya davomiyligi 160 minut,
boshlang‘ich moddalar reagent (atsetilen spirti) va
substrat (keton) ning mol nisbatlari ekvimolyar
nisbatda olingan holatda atsetilen diollari eng
yugqori (8-66%, 9-72%, 10-92%,
11-89%, 12-84%, 13-78%) unum bilan sintez
qilindi.

Tadqgiqot obyekti sifatida tanlangan
atsetilen spirtlarining atseton bilan reaksiyasida
boshlang‘ich moddalarning tarkibidagi
o‘rinbosarlarining ta’siri nazariy tahlil qilindi va
atsetilen diollari hosil bo’lish unumiga atsetilen
spirtlarining samaradorlik qatori quyidagicha 2-
(tiofenil-2)butin-3-0l-2 < 2-(3-metiltiofenil-2)butin
-3-0l-2 < 2-(5-bromtiofenil-2)butin-30l-2 < 2-(5-
xlortiofenil-2)butin-3-0l-2 < 2-(piridinil-4)butin-3-
0l-2 < 2-(furanil-2)butin-3-0l-2 ortib borishi tarti-
bida aniqlandi.

Sintez qilingan atsetilen diollari tarkibi
element analiz qilindi (2-jadval).

1-Jadval
Atsetilen diollari unumiga erituvchilar tabiatining ta’siri
Erituvehi Mabhsulot unumi, %
rituvent 8 9 10 11 12 13
DMSO 66 72 92 89 84 78
DMFA 62 68 88 84 81 76
2-Jadval
Sintez qilingan atsetilen diollarining element tahlili natijalari
Elementlar nomi va tahlili, %
AC Brutto formulasi Tahlil natijalari
C H o S N Cl Br
g C;1H140,8 Hisoblangan 62,83 6,66 15,23 15,23
Mr=210 gr/mol Aniglangan 62,83 6,71 15,22 15,25
9 C2H 60,8 Hisoblangan 64,28 7,14 14,28 14,28
Mr=224 gr/mol Aniglangan 64,25 7,19 14,28 14,29
10 C11H405 Hisoblangan 68,04 7,02 24,74
Mr=194 gr/mol Aniqlangan 68,02 7,27 24,71
1 C,H;5NO, Hisoblangan 70,24 7,31 15,60 6,82
Mr=205 gr/mol Aniglangan 70,22 7,37 15,59 6,82
1 C;H5C10,S Hisoblangan 53,98 5,31 13,08 13,08 14,51
Mr=244,5 gr/mol Aniglangan 53,98 5,35 13,07 13,10 14,49
3 C,,H;3BrO,S Hisoblangan 45,67 4,49 11,07 11,07 27,68
Mr =289 gr/mol Aniglangan 45,69 4,53 11,07 11,09 27,63
|
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molekulalarining fazoviy tuzilishi,

Sintez qilingan atsetilen diollarining tagsimlanishi HyperChem Activation 7,0 pa-
moleku- keti STAT dasturi bo‘yicha aniglandi (2-

lalarda zaryadlarning va elektron zichlikning Rasm).
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Molekulasining Molekulasida elektron zich- Molekuladagi atomlar
3D struktura tuzilishi likning tagsimlanishi zaryad qiymati
2-Rasm. Sintez gilingan atsetilen diollarining molekulalarining fazoviy tuzilishi.
3- Jadval
Atsetilen diollarining kvant-kimyoviy hisoblashlari
Umumiy H,Os.ll Issiqlik Elektron en- Yadro Dipol Kis Kis
I bo’lish N S . . lorod lorod
AD energiyasi, enereivasi energiyasi, |ergiyasi, kkal/| energiyasi, | momenti atomi atomi
kkal/mol gyash, | ykal/mol mol kkal/mol (D) . .
kkal/mol zaryadi | zaryadi
8 -52828.,4 -2816,3 -21,56 -306062,9 2232344 2,334 -0,301 | -0,301
9 -56279,5 -3099,3 -29,54 -34957,9 293293,3 2,531 -0,301 -0,300
10 -53300,29 -2846,24 -58,34 -314799,3 259499,1 2,056 -0,302 | -0,302
11 -55371,4 -3088.,6 -24,29 -335725,7 280354,3 4,69 -0,302 | -0,298
12 -59775,5 -2796,1 -24,48 -341566,9 2817914 2,712 -0,301 | -0,301
13 -60618,2 -2771,5 -8,16 -341222,3 280604,2 2,799 -0,301 | -0,301
Atsetilen diollari kvant-kimyoviy ko‘rsatkichlari— molekulaning umumiy energiyasi,
56
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boshlang‘ich  energiyasi, issiqlik energiyasi,
elektron energiyasi, yadro energiyasi, dipol
momenti va kislorod atomi zaryadi HyperChem
Activation 7,0 paketi STAT dasturining yarim
empirik usuli bo‘yicha aniqlandi (3-Jadval).

Xulosa

Ushbu tadqiqot ishida molekulasi tarkibida
geteroatom  o‘rinbosarlar  saqlagan  atsetilen
spirtlari— 2-(tiofenil-2)butin-3-0l-2, 2-(3-

metiltiofenil-2)butin-3-0l-2, 2-(furanil-2)butin-3-
ol-2, 2-(piridinil-4)butin-3-0l-2, 2-(5-xlortiofenil-
2)butin-3-0l-2, 2-(5-bromtiofenil-2)butin-30l-2 ni
Bus,NOH/DMSO/H,0 katalitik sistemasi
ishtirokida erituvchi dimetilsulfoksidda atseton
bilan reaksiyalari asosida atsetilen diollari sintez
gilingan.  Mahsulot unumiga boshlang‘ich
moddalar mol miqdori nisbatlari, reaksiya
davomiyligi, harorat, katalizator va erituvchilar

tabiati ta’siri tizimli ravishda o‘rganilgan. Sintez
qilingan yangi avlod atsetilen diollarining tarkibi,
tozaligi va tuzilishi zamonaviy fizik-kimyoviy
usullarda isbotlangan. Reaksiya jarayonining
mexanizmi ishlab chiqilgan. Sintez qilingan
atsetilen spirtlarining element tahlili amalga
oshirilgan hamda tuzilishi va tarkibi zamonaviy
fizik-kimyoviy tahlil usullarida ('H- YaMR, “C-
YaMR) isbotlangan. Atsetilen diolarini sintez
qilishda, atsetilen spirtlarining nukleofil birikish
reaksiyasiga moyillik qatorini aniqlash magsadida
molekulasi  tarkibida  geteroatom  saqlagan
o‘rinbosarlar tabiati ularning fazoviy joylashuvi
va ta’sir etish xususiyatiga ko‘ra samaradorlik
gatori quyidagicha 2-(tiofenil-2)butin-3-0l-2 < 2-
(3-metiltiofenil-2)butin-3-0l-2< 2-(5-bromtiofenil
-2)butin-30l-2 < 2-(5-xlortiofenil-2)butin-3-o0l-2 <
2-(piridinil-4)butin-3-0l-2 < 2-(furanil-2)butin-3-
ol-2ortib borishi aniqlandi.

10.

11.

12.

13.

14.

20.

REFERENCES

Srinivasarao Yaragorla, P. Rajesh Regiospecific formal annulation of tert-propargyl alcohols with acyclic 1,3-diketones via the cycloisom-
erization of homoallenyl ketones. Organic and Biomolecular Chemistry, 2019, 17/7, 1924-1928. DOL: 10.1039/C80B02158A

Rajeev Kharb, Rupinder Kaur Vistas On Antimicrobial Potential of Novel Oxadiazole Derivatives In Modern Medicinal Chemistry. Euro-
pean Journal of Biomedical and Pharmaceutical Sciences, 2014, 1/2,21-40. DOL: 01.0101/31674/16

Milkyas Endale, Annabel Ekberg, Hoseah M. Akala, John Patrick Alao, Abiy Yenesew, Maate Erdelyi Busseihydroquinones A-D from the
Roots of Pentas bussei. Journal of Natural Products, 2012, 75/7, 1299-1304. DOI:10.2147/AABC.S403413

Simon J. Pridmore, Paul A. Slatford, James E. Taylor, Michael K. Whittlesey, Jonathan M.J. Williams Synthesis of furans, pyrroles and
pyridazines by a ruthenium-catalysed isomerisation of alkynediols and in situ cyclisation. Tetrahedron, 2009, 5/65, 8981-8986. DOL:
10.1016/j.tet.2009.06.108

Abdeslam Abou, Francisco Foubelo, Miguel Yus Selective lithiation of 1,6-dihalohex-1-enes and 1,6-dihalohex-1-ynes. Tetrahedron
Letters, 2007, 63, 6625-6634. DOI: 10.1021/j000400a008

Yue-Qing Gu,a Peng-Peng Zhang, Jun-Kai Fu, Song Liu, Yu Lan, Jian-Xian Gong, Zhen Yang Regio- and Stereoselective Syntheses of 7-
Oxabicyclo[2.2.1]heptanes via a Gold(I)-Catalyzed Cycloisomerization of Alkynediols: Asymmetric Total Synthesis of Farnesiferol. 4d-
vanced Synthesis & Catalysis, 2016, 5/358. 1392 — 1397. DOI: 10.1002/adsc.201600218

Karen J. Ardila-Fierro, Carsten Bolm, Jos G. Hernandez Mechanosynthesis of Odd-Numbered Tetraaryl[n]cumulenes]. Angewandte
Chemie International Edition, 2019, 58. 12945-12949. DOI: /10.1002/anie.201905670

Nikolai A. Sitte, Francesca Ghiringhelli, Grigory A. Shevchenko, Frank Rominger, A. Stephen K. Hashmi, Thomas Schaub Copper-
Catalysed Synthesis of Propargyl Alcohol and Derivatives from Acetylene and other Terminal Alkynes. Advanced Synthesis and Catalysis,
2022, 364/13, 2227-2234. DOI: 10.1002/adsc.202200369

Karen J. Ardila-Fierro, Carsten Bolm, Jos G. Hernandez Mechanosynthesis of Odd-Numbered Tetraaryl[n]cumulenes]. Angewandte
Chemie International Edition, 2019. 58. 12945-12949. DOI: doi.org/10.1002/anie.201905670

Nikolai A. Sitte, Francesca Ghiringhelli, Grigory A. Shevchenko, Frank Rominger, A. Stephen K. Hashmi, Thomas Schaub Copper-
Catalysed Synthesis of Propargyl Alcohol and Derivatives from Acetylene and other Terminal Alkynes. Advanced Synthesis and Catalysis,
2022, 13. 2227-2234. DOI: 10.1002/adsc.202200369

Thomas Schubert, Werner Hummel, Maria-Regina Kula, Michael Miiller Enantioselective Synthesis of Both Enantiomers of Various
Propargylic Alcohols by Use of Two Oxidoreductases. European Journal of Organic Chemistry, 2001, 22. 4181-4187.
DOI:10.1002/10990690(200111)

Jeiely G. Ferreira, Cleverson R. Princival, Dyego M. Oliveira, Renata X. Nascimento, Jefferson L. Princival Enzymatic Kinetic Resolution
of Internal Propargylic Diols. Part I: A New Approach for the Synthesis of (S)-Pent-2-yn-1,4-diol, a Natural Product from Clitocybe
catinus.Organic and Biomolecular Chemistry, 2015, 13/23, 6458-6462. DOI: 10.1039/x0xx00000x

Tirkasheva Sarvinoz Ishoq qizi Ayrim terminal atsetilen spirtlarining kimyoviy o‘zgarishlari va biologik xossalari. Kimyo fanlari bo‘yicha
falsafa doktori (PhD) ilmiy darajasini olish uchun dissertatsiya ishi. 71.

Iza Mirela R. G. Princival, Jeiely G. Ferreira, Teresinha G. Silva, Jaciana S. Aguiar, Jefferson L. Princival Synthesis and in vitro evaluation
of (R), (S) and (R/S)-2-hexyne-1,4-diol, a natural product produced by fungus Clitocybe catinus, and related analogs as potential anti-
cancer agents. journal Bioorganic & Medicinal Chemistry Letters, 2016, DOI: 10.1016/j.bmcl.2016.04.060.

. Chang-Yong Lee, Ji Ho Yun, Kyungsu Kang, Chu-Won Nho, Dongyun Shin Identification of dialkyl diacetylene diols with potent cancer

chemopreventive activity. Journal Bioorganic & Medicinal Chemistry Letters, 2015, 23/25, 4020-4023. DOI: 10.1016/j.bmcl.2015.05.098

. Roberto Sans Diez, Brian Adgerc and Erick M. Carreira, Efficient asymmetric synthesis of 1-alk-2-yne-1,4-diols. Tetrahedron, 2002, 3/58,

8341-8344. DOI: 10.1021/010480832call

. Zokirov Sodikjon Research of the Processes of Synthesis of Acetylene Diols and Study of their Anti-Corrosive Properties. Natural. Vola-

tiles Essent. Oils, 2021; 5/8, 10745 — 10750.

. Tirkasheva S.I., Qo‘shboqov F.Z, Ziyadullayev O.E. Kalsiy karbid va ayrim alifatik ketonlar asosida atsetilen spirtlari sintezi «Zamonaviy

tadgiqotlar, innovatsiyalar, texnika va texnologiyalarning dolzarb muammolari va rivojlanish tendensiyalari» Respublika ilmiy-texnik
konferensiyasi, Jizzax, 2022, 816-819.

. Noriki Kutsumura, Mai Inagaki, Akito Kiriseko, Takao Saito Novel One-Pot Synthetic Method for Propargyl Alcohol Derivatives from

Allyl Alcohol Derivatives. Synthesis, 2015, 47/13, 1844-1850. DOI: 10.1055/s-0034-1380499.

Elena Yu.S., Natalia A. Ch., Ivan A.B., Nadezhda L.P., Boris A.T. Alkynylation of Aldehydes and Ketones Using the Bu4NOH/H20/
DMSO Catalytic Composition: A Wide-Scope Methodology. European Journal of Organic Chemistry, 2014, 21. 4663-4670. DOI:
10.1002/€joc.201402275

1'2024 K I

57

va kimyo texno:ogiyasi



FOOD TECHNOLOGY
NMALLEBBIE TEXHOJNOIMA
OZIQ-OVQAT TEXNOLOGIYASI

SELECTION OF OPTIMAL CONDITIONS FOR THE DRYING PROCESS
OF AN AQUEOUS EXTRACT FROM THE ABOVEGROUND PART OF
SCUTELLARIA ADENOSTEGIA

Shokhida A. ERGASHEV A (shohida.ergasheva.92@mail.ru)
Munirakhon A. MAMATKHANOVA (munir_05@mail.ru)

Temurbek A. KHAJIBAEYV (hajibaev84@mail.ru)

Ravshanjon M. KHALILOV (r.m.khalilov@mail.ru)

Akhmatkhon U. MAMATKHANOYV (prof.ahmad@mail.ru)

Institute of the Chemistry of Plant Substances, Tashkent, Uzbekistan

In order to establish optimal drying modes for an aqueous extract from the aboveground part of Scutellaria adenostegia, the following
parameters were studied: solution concentration; solution feed rate; temperature of the drying agent at the inlet and outlet; pressure when the solu-
tion is fed into the drying chamber. It was found that in order to obtain a dry extract from the aﬁoveground part of Scutellaria adenostegia, antihy-
poxic action, an aqueous extract obtained with water at a temperature of % ° C must be concentrated to a content of 15% of dry substances and
dried in a spray dryer of the nozzle type at the temperature of the drying agent at the inlet — 180 °C, outlet — 80 °C, the feed of the solution at 5 l/h
*m’ and at a pressire of 0.2 MPa. This mode provides an output of 1 7%dry extract.

Keywords: Scutellaria adenostegia, antihypoxic medication, drying of the extract

NOABOP ONMTUMAIBHbIX YCITOBUM MPOLIECCA CYLLKU BOOHOIO
OKCTPAKTA U3 HAA3EMHOWU YACTU SCUTELLARIA ADENOSTEGIA

Hloxuoa A. 3PI'AIIIEBA (shohida.ergasheva.92@mail.ru)
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Temypoex A. XA’KUBAEB (hajibaev84@mail.ru)
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C yenvio yCmaHosneHus ONMUMAIbHbIX PeNCUMO8 CYULKU 800HO20 dKCmpakma u3 Haosemrotl yacmu Scutellaria adenostegia 6 pac-
NbLIUMENbHOU CYUUTIKEe U3YYeHbl Ceoylowue napamempsl. KOHYeHMpayus. pacmeopa; CKOpoCHb NOOA4u pacmeopa; memnepamypa cy-
WUTIBHO20 A2EHIMA HA 6X00€ U 8bIX00e, JdGileHue npu noodaie pacmeopa 8 CYWUIbHyI0 Kamepy. Ycmanosunu, 4mo Onst NOIYYeHUs CYX020
OKCMPAKMa aHMUUNOKCUNECKO20 Oeticmeus us naosemnoti yacmu Scutellaria adenostegia, 600nbitl oKCIpaKm, NOAYHeHHbI IKCmpaKyuel
6o0o1l npu memnepamype 60 °C, neobX00umo KoHyenmpuposams 00 co0epiicanus cyxux eewecms 15% u cywumo 6 pacnviiumensuou
cyuunKe opcyHouHo20 muna npu memnepamype cyuiunbHozo azenma Ha éxooe 180 °C, evixooe — 80 °C, nodaeas pacmeop co ckopocmuio
5 1/’ u nood dasnenuem 0,2 MIla. Taxoii pexicum obecneuusaem évixod 17% cyxozo skcmpakma.

Kirouessie ciioBa: Scutellaria adenostegia, aHTHIMIIOKCHYECKOE CPEJICTBO, CYILIKA YKCTPAKTA
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Scutellaria adenostegia o ‘simligining yer ustki qismidan olingan suvli ekstraktini purkab quritish uskunasida quritishda maqbul
sharoitlarni aniglash uchun jarayonga ta’sir qiluvchi quyidagi omillar o ‘rganildi: qurit[lflyotgan eritmaning konsentratsiyasi; quritila-
yotgan eritmani yetkazib berish tezligi; kirish va chigishda quritish vositasining harorati; eritmani quritish kamerasiga yetkazib berish
paytidagi bosim. Scutellaria adenostegia o ‘simligining yer ustki gismidan antigipoksik ta’sirga ega quruq ekstraktini olish uchun 60 °C
haroratda suv bilan olingan suvli ekstrakti tarkifida qurug moddalar 15% gac%a bo ‘Iguncha quyultirib, purkagichli quritgichga quritish
vositasining kirishdagi harorati — 180 °C, chigishda — 80 °C ostida eritmani 5 l/soat*m’ tezlikda va 0,2 MPa bosim ostida uzatgan holda
quritilishi kerakligi belgilandi. Masxyp wapoum 17% ynym bunan Kypyx sKCmpaxm uaab yukapuutiy masMunIaiou.

Kalit so'zlar: Scutellaria adenostegia, antigipoksik dori vositasi, ekstraktni quritish
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BBenenue TBI, UPUAOUBI, TEPIIEHON I, CTEPOUIBI, TPUTEPIIC-
B mocnemnue rompl Oonblioe BHUMAHUE HbI, JIMTHAHBI, AlKaJOUIbl, (PUTOCTEPHHBI, MMOJIKCA-
ynensiercss  QUTOXUMHYECKUM, (apMaKoJIOTHYe- XapHIbl, TyOWJIbHBIC BEIIeCTBa, 3QUpHBIC Macia u

CKUM U (HapMaKOrHOCTHYECKHM HCCIICIOBAHUSIM
pactenwuii pona Scutellaria L. (cemeiictBo Lamiace-
ae), 9To 00yCIOBIEHO UX BHICOKOH OMOJIOTHYECKON
aKTUBHOCTBIO. K HacTosIeMy BpeMeHH U3 pa3iind-
HBIX BHJIIOB pacTeHHMU poma Scutellaria BblaeneHbBI
¢dmaBoHOMABI, (peHMNTIpPONaHOUABI, (PEHOTOKUCIIO-

Ipyrue kiuaccsl npupoassix semecTtB [1-11]. Oc-
HOBHBIMH OHMOJIOTUYECKH aKTHBHBIMH BEIICCTBAMH
pacTeHWil JaHHOTO poja SABISAETCS KOMIUIEKC (uia-
BOHOUJIOB, (PCHOIKAPOOHOBBIX KHCIOT WM JyOWIIb-
HbIX BemiecTB [5,7-10]. OnyOinkoBaHbI TaHHBIE 00
spdexTuBHOCTH S. baicalensis pu KOPOHOBHpPYC-
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HoMt nH(pekun [12]. dapMakororuueckue uccie-
JIOBaHUsI MOJITBEPIMIN, YTO SKCTPAKTHI M WHIHU-
BUyaJIbHBIE COCAMHEHUS, BbIICJICHHBIE U3 pacTe-
HUl pona Scutellaria L. — OaiikaivH, OalikaieuH,
BOTOHUH 00J1a/1al0T MPOTHBOOITYXOJIEBBIM, I'ema-
TOMPOTEKTOPHBIM, AHTUOKCHUAAHTHBIM, MPOTHBO-
BOCTIQJIUTENIbHBIM, HPOTUBOCYAOPOXKHBIM, aHTHU-
OaKkTepHaIbHBIM U NPOTUBOBUPYCHBIM JEHCTBUS-
mu [10,13-18]. Okcrpaktsl S. barbata B dxcniepu-
MEHTE OKa3bIBaIOT TOpPMO3sllee NCHCTBIE HA He-
KOTOpBIe (hOPMBI 3TTOKAYECTBEHHBIX OITyXOJeH. S.
rivularis peKOMEHIOBaH IJIsl MOJABIEHHUS POCTa
HOBOOOpA30BaHMIA, JICUCHHUS TEMaTHTa M IHPPO3a
neuenu [3], a S. albida - kak cIa3MOJIUTHYECKOE,
MIOTOTOHHOE M >KapOoTOHKKaloIee cpeacTBo [4].
BrusiBrieHBl AMypeTHYECKOE M aHAIbIeTUYECKOe
cBoiicTBa S. amoena [3]. Hamzemnas gacth (H/9)
S. altissima vcnonp3yeTcs MPHU THUINEPTOHUYECKON
00Je3HH, 0TeKax, KaKk OTXapKUBAIOIIee, IPOTHBO-
KalllIeBOE M TIeMOCTaTHYECKOE CpEACTBO, a
Haa3emHas 4actb S. galericulata mpw TomHoTE,
JMCIICTICUY, JKEJTyIOYHO-KUIIEYHBIX PaCCTPOii-
CTBax, MPHU TUIEPTOHUYECKOH OOJIe3HHU, acuuTe,
MaJIIpUH, TIPU KPOBOTEUEHUSIX M OCTPBIX PECIH-
patopHbix nHpekuusax. Haxzemnas gacts S. scor-
difolia pekOMEeH0BaHa MTPH JICYCHUN THEBMOHHH,
MHUOKapJINTaxX, TaXUKapIuH, MOIHAPTPUTE, KETy-
JIOYHO-KHILEYHBIX 3a00JIeBaHUSX, MOYEHYHBIX U
MEYCHOYHBIX KOJIMKAaX, MAaJpHH, aHOPEKCHH.
Kuaxuil ciupTOBBIN 3KCTPAaKT KOpHEW S. orien-
talis oka3bIBaCT CTHUMYIHUpYIOIIEEe ICHCTBUE Ha
CepACYHO-COCYIHNCTYIO CHCTEMY, OOJIafaeT Kell-
YETOHHBIM, JUYPETHYECKUM, KOPOHAPOPACIIUPS-
IOIUM, THIIOTEH3UBHBIM U CEJaTHBHBIM JCHCTBH-
em [1-5,7,8].

Pacrenns pona Scutellaria L.
(mmemMHUK, cemMelcTBO Lamiaceae) Ha 36MHOM
mape mnpenctaBieHsl 360 BuUmaMU U UIMPOKO
pacmpocTpaHeHbl B yYMEPEHHBIX, CyOTpomuue-
CKHUX M TPOMHUYECKUX PEruoHax, Bkirouas EBpo-
ny, CesepHytro Amepuky u BocTounywo Asmuio.
Ha tepputopuu crpan CHI' nmpouspacraer oko-
70 120 Bu0B ¢ oABUAAMU, TTIABHBIM 00pa3oM,
B ropax Kaskaza u Cpenneit Asuu. Ha teppu-
Topun Y30eKkucTaHa mpouspacTtaroT 32 Buaa
pona Scutellaria L. [8].

OnHuM W3 TpelncTaBUTENeld 3TOro poja
pactenuii sBisiercst S. adenostegia (IIUIEMHUK JKe-
JIE3UCTO-YEIIYHHBIH), KOTOPbI MAacCHUBHO IPOM3-
pactraetr B  Cpemneit  Asum:  Tanb-lllane
(Cycampipckuii xpebert), [Tamupo-Anae (Anaiickuit

xpebeT, Typkecranckuii xpeber, 3epasian) [§].

Xumuyeckuit coctaB S. adenostegia pa3Ho-
00pa3HbIiA, K HACTOSIIEMY BPEMEHH U3 ITOTO pac-
TEHHUS BBIICICHBl COCTUHEHUS, OTHOCSIIHECS K
¢daBoHOMAAM, (eHHIIponaHon aM, (EHOJIOKHC-
JI0TaM, CECKBUTEPIICHAM, UPUAOUIAM, TUTEPIICHO-
“JaM KIEpOoJaHOBOTO psijia, CTEPOUIaM, TpUTepIie-
HaM, JTUTHAaHaM, allkallonsiaM, (puTocTepruHam, Io-
nucaxapuaaM, TyOWIbHBIM BellecTBaM, dPHUPHBIM
MacliaM M JPYTHM KJaccaM TPUPOIHBIX BEIIECTB
[ 4,19, 20].

Hamnume mmpokoro crektpa Owmoiornyie-
CKHM aKTHBHBIX BEIECTB, OTHOCSIIUXCS K pa3ind-
HBbIM KJlaccaM XMMHYECKUX COCIMHEHUWH, M J0cTa-
TOYHOM CBHIPHEBOW 0a3bl apryMEHTHPYIOT IIeJIeco-
00pa3HOCTh uccienoBanus S. adenostegia, a TAaKXKe
pa3paboTKH Ha €ro OCHOBE HOBBIX IPEMapaToB, B
TOM YHCJI€ W MPOTHBOTHITOKCHUYecKoro. Kak panee
coo0Immanu, CyxoHl 3KCTpakT H/4 S. adenostegia mo-
JTy4eHHBIH BOJI0OM mpH Temmepatype 60 °C, obnana-
€T IPOTHUBOTUTIOKCUYECKOW aKTHBHOCTBLIO HA MOJIC-
JIM TeMHYeCcKoM rumokcuu B go3e 200 mr/xr [21].
[Ipomomxkas viccne0BaHNs, HAMU H3y4YeH MPOIlece
CYIIKH BOJHOTO DKCTpAKTa U3 HAaJ3eMHOU 4acTH S.
adenostegia B pacCIBLTUTEIFHON CYIIIFIIKE.

O0beKTHI M METObI HCCJIE0BAHMSA

Jns mpoBeneHHs HSKCHEPUMEHTOB OBLIO
3aroTOBJICHO CHIPbE M3 HAA3eMHOH yactu (H/4) S.
adenostegia, cobpannoit B nepuox 20 uroHs — 10
uronsg 2023 roma B OKPECTHOCTSX Topoja
Typakypran Hamanranckoit obmactu Pecrmybnuku
V36ekucran.

OnpezneneHue Cyxoro octaTka pacTBOPOB U
9KCTPAKTOB MPOBOAMWIN Ha pedpakToMeTpe MapKu
RL-3 (TTomb1a).

Bonnslii 3kcTpakT H/Y S. adenostegia mo-
JYYUIU  CICAYIOIIMM  CIIOCOOOM. JKCTPAKIHUIO
MPOBOJWIA B CIELUAIBHO COOpaHHOM HaMu
skcTpakTope obovemoM 200,0 1 ¢ pyOGamkoit s
[OJa4y Iapa M YCTAHOBJIEHHBIM HACOCOM JIJIst
OUPKYJIMPOBAaHUS AIKCTpareHra. B sKcTpakTop
sarpyxanu 20,0 xr ceipbs, 3anuBaid 120,0 1 Boxpl,
B pyOamKy OSKCTpakTopa TMoJaBaJid Tap |
3KCTpakuuio nposoauau npu 60 °C, nupkynupys
JKCTpareHT co ckopoctbio 20+£2 n/mMuH Ha 1 M
JKCTPAKTOpa. OKCTpareHt HUPKYITUPOBATH
BHITSITMBAaHWEM SKCTpPaKTa M3 JHUIIA IKCTPAKTOPA,
mojaBas CBEpXy B BHIE Aymma. TemmepaTypy
IpoLecca peryjJupoBajid  BpPYYHYIO, H3MEHSA
CKOpOCTH TOJa4i Mapa Ha OCHOBAHWHU MOKAa3aTess
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tepmomeTpa. Kaxneie 20 wMuHYT OTOMpamu
00pasipl U3 3KCTPAKTA U OMPEIEIUIN COAepKaHUE
cyxoil maccel. [lepByro 3KCTpaKIMIO MPOBOIMIN J0
JOCTHKEHHS ¢azoBoro paBHOBECHS
OKCTPAaKTUBHBIX BEIIECTB B 3KcTpakre. IlepBblif
CIMB JKCTpakTa B KommuectBe 60,0 1 cnmBamm B
COOpPHHMK M OxJIaxaanu. B skcTpakTop 3amuBanu
HOBYIO MOpLHMIO OuulIeHHOH Boael (60,0 1) u
MPOBOAMIIN  JKCTPAKIMIO AaHAJOTUYHO TIEPBOM
IKCTpakuuu. TakuMm ke o00pa3oM MPOBOAUIH
TPETBIO 3KCTPAKIHIO. ODKCTPaKThl OOBEAUHSIIN,
OT(GUIBTPOBBIBAIM M KOHLEHTpupoBanu a0 10%
CyXoro ocrarka. [logydeHHBII  KOHIIEHTpAT
pazaenuiau poBHO Ha 20 MOPIHiA, KOTOPbIE CYLITHIN
MpU PA3IMYHBIX YCIOBHSX (M3MEHSAS MapaMeTpbl

n3y4aeMbix  (akTopoB) B pacCHBUIUTENHHOMN
cymwike Qopcynuyaroro Tuma “Anhydro Ne
2” (Jauus).

MakcumanbHasi TPOU3BOJIUTENBHOCTD CY-
mikn “Anhydro Ne 2” ¢ oOpeMoM cCymMIBHON
kamepsl 0,9 M’ U MOIIHOCTBIO dIeKTpoKazopubepa
9 kBT cocraBisieT 5 Kr/4 0 UCHIapEeHHOM BJare mpu
CYIIIKE YUCTOM BOJBI.

Pe3yabTaThl M 00Cy:KIEeHUE
NzydeHue BIMSHUS TeMIEpaTyphl Ha IMPO-
LECC CYIIKH BOJHOTO OJKCTpakTta u3 H/MA .

adenostegia 1oka3ayo, 4To ¢ yBeJIMUEHUEM TeMIle-
paTypsl TEIUIOHOCHUTENS Ha BXOJE B CYIIWIBHYIO
KaMmepy Hapsly C BO3PacTaHHUEM IPOU3BOJIUTENb-
HOCTH CYIIKH YMEHBIIAETCA BIAXKHOCTh BBICYIICH-
HOTO MPOAYKTA.

Bo Bpems cymiku npu TeMieparype Terio-
Hocutensa Ha Bxone 170 °C, Beixone 75 °C u Hmxe
3KCTPaKT HE YCIEBAECT BBICYIIUTHCA M 4YacTh NPO-
OyKTa MPWINNAET K CTEHKE KaMepbl CYIIMJIKU.
Kpome Toro, mosy4eHHBI MPOAYKT MPEACTABISET
co00i1 macTUIMHOOOpa3Hyo Macey (Tadum. 1).

YBenudeHue TemrepaTypbl TEIUIOHOCUTEIS
Ha Bxojie Bbie 190 °C mpuBOIUT K CHUKEHHUIO
OpraHoOJIeNTUYECKUX IOKa3aTeJIed CyXoro Mporyk-
ta. [Ipu sTom HaOmIonaeTcst MOSABICHHE 3amaxa,
yXy[ALIEHUE BKyca, [[BETa H, B [EJIOM, IIPOIYKT Te-
pseT cBoMm moTpeduTenbckue kadecTBa. Kpome To-
ro, MOTEpU MPOJYKTa YBEIUYMBAIOTCS 3a CUET 00-
Pa30BaHUs CIMIIKOM MENKHNX yacTull (Tadm.1).

Y IOBNETBOPUTENBHBIE PE3YJIbTAaThl IOJTY-
YWIK OpU TEMIEPAType TEIUIOHOCHUTENS Ha BXOJE
180 °C, Beixome 80 °C (tadum. 1).

CkopocTh MOJa4l BBICYLIMBAEMOIO pac-
TBOpPa UrpaeT OOJIBIIYIO POJIb MPHU CYIIKE B PACIBI-
JIUTETHLHON CYIIMIIKE. DTO OOBSCHSETCS TEM, YTO
ObICTpasi mojjauya pacTBOpa MPHUBOAUT K yBEIHYe-
HUIO BJIaTM B TOTOBOM IPOJYKTE, a B OOpaTHOM

Taoanna 1

Bausinne TemnepaTypbl Ha CyHIKY BOJHOTO 3KCTPAKTA U3 H/Y S. adenostegia

Temneparypa terioHocuress, °C BnaxHoCTh CyX0Oro sKc- Brixop cyxoro skctpakTa, % K mMac-
Ha BXOJe Ha BBIXOZIE TpakTa, % Cce CBIpbs

150 65 20% npoaykTa NPUIUNAIO K CTEHKE CYIIWIKH

160 70 15% mpoayKTa NPUIHNIAI0 K CTEHKE CYUTMIKU

170 75 8.5 16,6

190 95 3.8 15,7

200 90 2,6 14,9

Taoauna 2

Bansinne ckOpoCTH NMOAAYM Ha CYHIKY BOJHOTO IKCTPaKTa U3 H/4 S. adenostegia

CkopocTb ojauu pacTBopa, | BmaxkHOoCTh cyxoro skctpak- BeIxon cyxoro akcTpakra,
/9 Ta, % % K Macce ChIpbs
2 2,5 15,2
3 3,1 15,9
4 3,9 16,5
5 4,6 17,8
10% mnpoyKTa NpUIUIANO K CTEHKE CYIIWIKH
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cllydae — YBEIMYHBACTCS NOTEps NpPOIyKTa 3a
cuer 00pa30oBaHUs CIUIIKOM MEIKUX YacTHI[ H
3arpatsl BpeMeHd. C 3TOW [eNbl0 HAMU H3ydeHa
CKOpOCTh ToJ1aun pactBopa. Ha ocHoBanmm pe-
3yJITAaTOB YCTAaHOBWIIH, YTO TIPH CKOPOCTH TIOIau
Oosee 6 11/4 pacTBOP IUIOXO BHICYIIMBACTCS U YacTb
9KCTPAKTA TPUIIUIAET K CTEHKaM KaMepbl CYILIJIKH,
a TaKkKe BIAKHOCTh KOHEYHOTO IPOJIYKTA TPEBBI-
mraet fomycrumyro Hopmy. [Ipu ckopoct menee 4
7/9 CHWKAeTCS BBIXOA KOHEYHOro mpoxaykra. [lo-
ATOMY ISl TIPOU3BOZCTBA CYXOTO SKCTpaKTa H/4 S.
adenostegia BbIOpaHa CKOPOCTh MOAAYH PACTBOpPA —
5 1/4 (5,5 n/a-v’) (Tabum. 2).

O} PexTUBHOCTh IKCILTyaTallUN CYIIAIKA
BO MHOTOM 3aBHUCUT OT MpPaBWIBHOTO BBIOOpA
KOHIIGHTPAIlMM BBICYIIMBAEMOTO pPAacTBOpa, TaK
KaK 3TO BIUSET HA MPOHM3BOIUTEIBHOCTH CYIIHII-
KU M DHEPronoTpeOIeHne Ha eJNHHILY BBICYIICH-
HOTO Mpojaykra. /Iy TOro 4toObl HAWTH ONTH-
MaJIbHYI0 KOHILIEHTPALUIO PACTBOPa IMPOBOMIH
pSI OKCHEPUMEHTOB IO pe3yJbTaTaM KOTOPBIX
BBISIBIJIM, YTO CYIIKa KOHIICHTPUPOBAHHOTO BO/I-
HOTO 3KCTpakTa /10 5% CyXoro ocraTka He COOT-
BETCTBYET [0 MACCOBO J10JI€ BIAXXHOCTH KOHEY-
Horo mpoaykTa. Kpome Toro, B mporecce CyIiku
4acTh FOTOBOTO NMpoaykTa (okoio 3-4%) npunu-

naja K CTEHKE KaMepbl PacIbUIMTEIbHON CyIIniI-
ku. Ilpu cymike KOHIIEHTpara ¢ CoAepXKaHHUEM Cy-
xoro octaTtka 6osee 15% BBIXOJ TOTOBOTO MPOIYK-
Ta YMEHBIIAETCS, U [BET MOJy4aeMOU CyOCTaHIINH
TEMHEET. Y JOBJIECTBOPUTENBHBIA PE3yJbTaT IMOTY-
YUJIM TIPH CYILLIKE PacTBOpa ¢ COJCPKAHUEM CYXOro
ocratka 10-15%. Opnako npu cymke 10% kon-
[IEHTpaTa pacxoj] BPEeMEHU U SHEpPruu Oojble, 1o
cpaBHEHHIO ¢ cymkou 15% xonmenTpara. Mcxoas
W3 3TOTO, MPUILIK K BBIBOAY, YTO AJISl CYIIKH BOJ-
HBI 3KCTPaKT HEOOXOAMMO KOHUEHTPHUPOBATH 10
3HauYeHUs cyxoro octarka 15% (tabmn. 3).

CreneHp pacnblUieHHs pacTBopa (opcyH-
KOM B CYLIMJIBHOW KaMmepe 3aBUCUT OT JABJICHUS
BO3/1yXa, MOJaBaeMoro Ha (HOPCYHKY pacIbLIUTE-
ns. OnTuManbHOE JIaBJeHHE 00ecIeynuBaeT X0po-
IIyI0 BBICYHIMBAa€MOCTh pacTBopa B kamepe. HMcxo-
I U3 3TOTO, Jajee M3y4ajad BIUSHHUE JIaBJICHUS
BO3/1yXa, MOAaBaeMOro Ha (OPCYHKY pacIbLIUTE-
7151, Ha TPOLIECC CYIIKH BOJHOTO 3KCTpakTa H/Y S.
adenostegia (Ta0. 4).

U3 pe3ynbTaToB McCieq0BaHUM, IPUBEACH-
HBIX B TaOs. 4, yCTaHOBWJIHM, YTO ONTHUMAaJIbHOE
JTaBJIGHUE TI0JaBaeMOro BO3JyXa Ha (OPCYHKY
nomxkHo ObiTh 0,2 MIla. [lpu 3Ha4YeHUAX NaBICHUS
0,1, 0,15 MIla pacTBop MI0X0 PacCHbUIIICA BHYTPH

Taoauna 3

Binsinue KOHIIEHTPAIMH PACTBOPA HA KA4eCTBO CYX0I0
IKCTPaKTa u3 H/4 S. adenostegia

Konnenrparus pactsopa, BrnaxsocTh cyxoro
% Ccyxoro ocraTka JKCTpakTa, %
5 6,1
10 3,6
15 2,7
20 2,2
25 1,8

Beixon cyxoro skc-
o et
TpakTa, %
CYXOT0 9KCTPAKTa
K Macce ChIPbsI
16,5 CBeTJ10 KOpUYHEBBIN
17,9 Kopuunessriit
17,7 Kopurunessrii
16,3 TeMHO KOpUYHEBBII
15,6 TeMHO KOpHYHEBBII

Taéauna 4

Bausinue naBijieHusi Bo3ayxa, MoiaBaeMoro Ha (popcyHKY pacnbLINTENsA, HA KA4eCTBO
CyXO0ro 3KcTpaKTa u3 H/9 S. adenostegia

o
[asnenue Bo3nyxa, Mlla BiaxxHOCTH KOHEYHOTO TPOAYKTA, Yo Brixon cyxoro okcTpaxTa, %
K Macce ChIpbsI
0,10 5,5 16,4
0,15 2,5 17,3
0,20 1,9 17,8
0,25 1,8 16,2

1'2024 K I

va kimyo texno:ogiyasi

61




FOOD TECHNOLOGY
MALLIEBBIE TEXHOJTOIMN
OZIQ-OVQAT TEXNOLOGIYASI

CYIIMJIKH, U TIOy4aeMblii IPOIYKT ObLIT BIa’KHBIM.
Kpome Toro, npu masnenun 0,1 MIla okono 10-
12% »sKcTpakTa MpUIMNANO Ha JHO Kamepbl pac-
neutuTenbHOM cymmmiku. Ilpu 0,25 Mlla pactBop
MPUIKTIAT K BEpXHEW CTEHKE CYIIHIKH (Tal. 4).

3akioueHue
OcymiecTBiieH moAOOpP ONTUMAIBHBIX Ta-

paMeTpoB CYIIKH BOJHOTO DKCTPaKTa U3 Hal3eM-
HOU wactu Scutellaria adenostegia, koTopsie 3a-
KJIFOYAIOTCS B CIEIYIOIIEM: COCTaB JKCTPAKTa:
cyxue BemecTBa dKkcTpakta — 15%, Boma — 85%;

TeMIieparypa CylniIbHOTO areHTa: Ha Bxoje — 180
°C, Beixoze — 80 °C; - cKkOpOCTh MOJIaYu pacTBOpa:
5,5 n/u*M’; naBIeHHe MOxAYH pactBopa: 0,2 Mlla.
Pazpaboranubie rmapaMeTpsl obecrnieunBaIoT
m3BiedeHne 17% cyxoro SKCTpaxTa.
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PabGora BmImonmHEHa B pamKkax 06a30BOM
OromkeTHOM TemaTnku MHCTUTYTa XUMHUU PacTh-
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INFLUENCE OF LIPOLYTIC ENZYMES ON THE FRACTIONAL
COMPOSITION OF WHEAT ALCOHOL

Bobir S. KAYUMOV (khayumov90@gmail.com)

Saida Sh. KHAKIMOV A (saidakhakimova81@gmail.com)
Khasan T. KHASANOYV (xas.tyr@rambler.ru)

Tashkent Institute of Chemical Technology, Tashkent, Uzbekistan

The purpose of this work is to study the influence of lipolytic enzymes on the fermentation activity and fractional composition of
alcohol by the yeast Saccharamyces cerevisea during alcoholic fermentation. Lipolytic enzymes, intensifying thedfermentation rocess and
increasing the yield of the target product, have a positive effect on the physiological activity of yeast cells. Hydrolysis of carboxylic acid
esters also occurs due to the hydrolase activity of lipases. In the presence of exogenous lipases, hydrolysis of lipids occurs due to the hydro-
lase activity of lipases and the fractional composition of alcohol changes. The content of esters is reduced by 9%, fusel oils by 10% and
isopropanol by 7-8%.

Keywords: lipase, plant, rice, yeast, alcoholic, fermentation

BITUAHUE NUNONIMTUYECKUX ®EPMEHTOB HA ®PAKLIMOHHbIN
COCTAB MNWEHUWYHOI'O CIMUPTA

booup C. KAIOMOB (khayumov90@gmail.com)

Cauoa III. XAKHUMOBA (saidakhakimova81@gmail.com)

Xacan T. XACAHOB (xas.tyr@rambler.ru)

Tawikenmckuii Xumuxko-mexuonozuueckui uncmumym, Tawkenm, Yzoekucman

L]envio Hacmoswetl pabomvl ANAEMCA UCCIE008AHUE GIUAHUE TUNOTUMUYECKUX hepMeHn08 Ha OPOOUNLHYIO AKIMUBHOCTb U (OPAK-
YUOHHBLIL cocmag cnupma opodicoicamu Saccharamyces cerevisea 0 épems cnupmogo2o 6podicenus. Jlunonumuyeckue ghepmennoi, uHmeH-
cuguyupys npoyecc OpOdICEHUS. U YBEIUYUBAS BLIX00 YeNe8020 NPOOYKMA, NOJONCUMENbHO GIUSIOM HA (PUUOIOSUYECKYI0 AKMUBHOCHIb
OpodicaHcesblx Kiemok. TIpoucxodum maxoice 2UOPOIU3 CONCHBIX IPUPOE KAPOOHOBLIX KUCTIOM, 3a CHem 2UOPOIA3HOU AKMUBHOCIU TUna3. B
APUCYMCMBUU IK302EHHBIX TUNA3 NPOUCXOOUM 2UOPOIU3 TUNUOO0G, 3d CHem 2UOPOIA3HOU AKMUBHOCMU JUNA3 U USMEHSemCsl (hpaAKYUOHHbLI
cocmas cnupma. Coodepoicanue croouchvlx 2¢pupos ymenvuiaemces na 9 %, cugyunvix macen na 10 % u usonponanona na 7-8 %. .

Kuarouessle cioBa: Jiinasa, pacTUTENIbHasA, pucoBas My4dKa, IpOXiKH, CIIMPTOBEIC, 6pO)I(eHI/le

LIPOLITIK FERMENTLARNING BUG'DOY SRIRTINI FRAKTSION

TARKIBIGA TA’SIRI

Bobir S. KAYUMOYV (khayumov90@gmail.com)
Saida Sh. XAKIMOV A (saidakhakimova81@gmail.com)
Khasan T. XASANOV (xas.tyr@rambler.ru)

Toshkent kimyo-texnologiya instituti, Tashkent, O’zbekistan O'zbekiston

Ushbu ishning maqsadi spirtli bijg 'ish jarayonida Saccharamyces cerevisea achitqisining faolligiga va spirtning fraksiyon tarkib-

iga lipolitik fermentlarnin

spirtlarni fraksiyon tarkibi o'zgarishi sodir bo'ladi. E]

Kalit so'zlar: lipaza, guruch murtagi, achitqi, spirtli, fermentatsiya

Beenenue

B mHacrosmee Bpems mpu mnepepaboTke
PACTUTENBHOrO ChIpbs IJI HOJIYYEHHUs MUIIEBBIX
MPOJYKTOB MIMPOKO MPUMEHSIOTCS THAPOIUTHYC-
ckue hepMeHTBl MUKPOOHOTO MPOUCXOXKAeHUS [1-
4].

B npousBoacTBe civpTa U3 3€pHOBOrO Chl-
pbsi B OCHOBHOM HCIIOJIB3YIOTCSI aMUJIOJIUTHYE-
CKHE, IUTOJINTHYECKUE U TIPOTEeOoNUuTHIECKuE dep-
MeHTBl [5-7]. [IlpoBomdrcs Takxke HCCIEnO-
BaTeJIbCKUE PabOTHI MO HCIIOJIB30BAHUIO APYTUX
THAPOIUTHYECKUX (EPMEHTOB JyIsi 00OoTaIeHus
cOpaxxuBaeMoro  cyciia €  [UTaTelbHBIMH
BEIIIECTBAMU JII JpOxoKeH [8].

B oar10if cBs3m GmoTpaHcdopmanus BBICO-

ta'sivini o'rganishdir. Lipolitik fermentlar, fermentatsiya jarayonini tazlashtiradi va magsadli mahsulotning
hosildorligini oshiradi, achitqi hujayralarining fiziologik faolligiga ijobiy ta'sir ko'rsatadi. Murakkab eﬁrlarinir;g fi

gidrolitik faolligi tufayli ham sodir bo'ladi. Ekzogen lipazalar ishtirokida I)z;) iti
/llljflarning tarkibi 9% ga, sivuxa moylari 10% ga va izopropanol 7-8% ga kamayadi.

rolizi lipazalarning

idlarning gidrolizi lipazalarning gidrolitik faolligi yuz beradi va

DOI: 10.34920/cce2023410

KOMOJIEKYJISIDHBIX COEIMHEHUMN 3epHa paccMaTpu-
BaeTCs MapaljieNIbHO C YriyOJeHueM HccienoBa-
HUU 10 IIUPOKOMY HCIIOJIB30BAHHUIO THIPOJIH-
Tuueckux epmenros [9, 10].

Pa3nmu4aroT 9K30r€HHOE U IHIOTE€HHOE IH-
TaHHE CIHMPTOBBIX JpoxkeH. I[Ipm 3K30reHHOM
NIATAaHWM TUTATEIbHBIE BEIIECTBA IOCTYNAOT B
IPOXCKEBYIO KJIETKY M3 BHEIIHEH CPEXbl, IIPU DH-
JOT€HHOM JIPOXCKU UCHOJB3YIOT (B OCHOBHOM IIpU
roJ0JaHNH) CBOU PE3EpPBHBIC BEIIECTBA: INIUKOIEH,
Tperajiosy, JUNUABI, a30THCThIE coequHeHus [11,
12].

Bo Bpems nmpurotoBieHre cOpakMBaeMoro
Cyclla U3 36pHOBBIX KYJIbTYp PE3€pPBHBIE BELICCTBA
KpaxMain, OelKM © JpYyruxX OpTraHuYecKHe
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BEIIECTBA  PACLICIUIAIOTCS
thepmeHTamu.

B kadyecTBe MCTOYHHKA MTPOTEA3bl HCIIOIb-
30BaJIM MPOTEOJIUTHYECKUNA (DEepMEHTHBIN mperna-
part Ilponaiie BS Jluksua. B xauecTBe ucTtouynnka
¢uTassl NpUMEHSIM  (EepMEHTHBI mpemapar
Kunrgoc. B xauecTBe amunonutuueckux pepmen-
ToB wucnonp3ytoTcs Tepmamun SC, Tepmanaza
800L, Andamun 2500 L, Cancynep 360 L u mp.
[13-15].

Jlumonutryeckre QepMEeHTHI (JIHUIa3bl) —
rpynmna (epMeHTOB, KaTaIM3HPYIOUINE PEaKINH
THJIPOJIUTUYECKOTO pacIleIIeHHsl )KHUPOB ¢ oOpa-
30BaHHEM MOHO- M JUTJIHMLEPUIOB U CBOOOTHBIX
KHUPHBIX KUCIIOT, IPU ATOM HauOOJbIIEEe CPOJICTBO
(depMeHT TpOsBISET K dQUPHBIM CBSA3SIM, PAcCIIo-
JIO)KCHHBIM Ha BHEIIHEH YaCTH MOJICKYJIBI TPUTIIH-
nepuaa [16]. OHE TakXke MOTYT KaTaau3HpOBATh
Jpyrue peakiuu, Takue Kak JSTepupHUKaIms,
nepesTepuduKanysi, anuIoIu3, AalKOroJu3 U
amuHONM3 [17-20].

B 3aBucumoctH OT THma CcyOCTpaToOB
JUNa3bl COCOOHBI KaTadu3upoBaTh aluaonn3 (OH
BKJIIOYAET CIOXHBIA 3hup ©u  KapOOHOBYIO
KHUCJIOTY), aJIKoroiu3 (OH BKIIOYACT CJIOKHBIN
3(huUp ¥ CIUPT), aMUHOIH3 (CIOXKHBINA dPUP MOKET
pearupoBaTh C aMHUHOM) W TepedTepH(UKAIIIO
(rme naBe amuiabHBIE TPYNNIBl OOMEHUBAIOTCS
MEXIy IBYMS CIOXHBIMU dupamu) [17].

U3BecTHO, YTO OpraHWYecKUe KHUCIOTHI
UMEIOT BaXKHOE 3HAUYCHHE B METa0O0JIM3ME YTIIepO-
Jla, SHEPreTHYecKoM OOMEHE MHKPOOPTraHU3MOB,
CHUHTETHYECKUX M TUCCHUMWISALMOHHBIX MpoIec-
cax. Mcnonp30Banue KUCIOT )KUPHOTO psAja B Ka-
YecTBE MCTOYHMKA YIJepo/a 3aBUCUT OT BUAA H
pachl IpOXIKeH, KOHIICHTPAIIUH KHUCIOTHI, JTHHBI
ee YIJIepOJTHOW LEeNu M CTENEHH 3JICKTPOIUTHYE-
CKOM muccormaruu [21].

Lenpto maHHOW paboOTHI SBISIOCH HCCIE-
JIOBaHUE BIMSHUS JIMIOJUTHYECKHX (EPMEHTOB
Ha TUHAMUKY pOCTa JIPOXCKEBBIX KYJIBTYp W Ha
o0pa3oBaHWE BTOPUYHBIX TPOIYKTOB BO BpEeMs
CIIUPTOBOTO OPOKEHUSI.

THAPOJIMTUICCKUMU

MeTtoabl uceaer0BaHus

B pabore ucnonp3oBanu TUMOIUTHYECKUC
(hepMeHTBI U3 PUCOBOM MYUKH.

Cocmag bpoosuyeni cpedvl. B mabopatop-
HBIX YCIIOBHSIX MOJAEIbHAs OpOIsIas CMEeCh COCTO-
si1a U3 CIEeAYIOIUX KOMIIOHEHTOB: MaibTo3a - 14%,
KH,PO, - 0,3%, MgSO,4-7H20 — 0,5%, pH 5,5.

B oTnensHBIX 3KCHEpUMEHTax MpoIECcC
OpO’KeHHS OCYILIECTBISUIH C UCIIOJIB30BAHUEM OCa-
XapeHHOT0 3epHOBOTO CyCJa MOJIy4eHHOro u3 SH-
THIONILCKOTO 3aBoja «broxumy».

OmnpeneneHue  NPOIYKTOB  THIPOJIU3A
munuoB. M3 Opopsiell cMecH OTOMPArOT MpoObI
mo 0,25 mn m gobasmsror 1 ma 0,1 M HCI1 B
sTaHoie M S5 wmu rekcaHa. Cmech THIATENBHO
BCTPSIXUBAIOT U IIOCJI€ PACCIAMBAHUA U3 BEPXHEH
yactd oTOuparoT 1 M1 mpoObl, BHOCAT 3 M
uBeTHoro pearenra Pomammua 6K u u3mepsior
onTHYecKkylo IoTHocth mnpu S515 wM. Ilo
KaJTHOpPOBOYHON KPHBOH OINPENENIOT COJEPKAHNE
JKAPHOU KUCIIOTHI [22].

Onpedenenue  OpodciHceBoll  OUOMACCHL.
JpoxokeByro Ouomaccy OTAeNsiu (pUIbTpOBaHU-
eM. 3apaHee BBICYIICHHBIM W B3BEUICHHBIH (B Te-
yenre 1-2 9 npu 90-100 °C) 6ymaxublii GUIBTpP
MIOMEIIAI0T B BOPOHKY U (QHIBTPYIOT 4Yepe3 Hero
10 M xynbTypsl. Ocasok Ha QUIBTPE MHOTOKpAT-
HO TPOMBIBAIOT MOAKUCICHHON IUCTHIUITMPOBAH-
HOM BOJOW. 3aTeM (QUIBTP C OCAJIKOM KIIETOK IO-
MEIIAIOT B CYIIMJIBHBIA IIKad, BBICYIIMBAIOT B
teuerre 1-2 4 mpu Temmneparype 90-100 °C wu
B3BEIIMBAIOT ¢ TOUYHOCTEIO A0 0,0001r. [23].

Onpedenenue cooepocanue cnupma. BHa-
yase OpakKy MOJBEpraloT MeperoHke Ha MeperoH-
HOM YCTaHOBKe. MepHyI0 K00y BMECTUMOCTBIO
100 M1 3armoHAIOT Opa)KKOH M TOBOJAT 10 METKH
npu 20 °C. Coaepxumoe KOJIObI IEPEHOCST B Iie-
peronnyro konby Ha 250-300 mu 6e3 moteph. B
KauecTBe MPUEMHHUKA HCIIONB3YIOT MEPHYIO KOJIOY
BMecTuMOcThi0 100 MII, B KOTOpPYIO NpeaBapu-
TenbHO HaymBaroT 10-15 mur Boxpl. Ilatpy6ok, mo-
Clie XOJOIMIbHUKA, TIOTPYKAlOT B BOAY U MPUCTY-
nmaroT K neperonke. Jlns yMeHbLIEHHS TOTEph
CIUpTa NMPUEMHYIO KOJIOY TOMEMmaT B 0aH0 Cco
neaoM. [leperonky mpousBOISAT €O CKOPOCTHIO 3,5
-4,5 wmu/muH. IleperoHky mpekpamiamT, Koraa
MepHasi Koj0a 3amoNHUThCS JUCTHIULITOM Ha ¥a
ob6nema. ITocie aToro mpekpamaroT MoJ0TPeB COo-
JEPKUMOTO TIEPETOHHOM KOJIOBI M MPHEMHYIO KOJI-
Oy OBOJAT AUCTHIUTHPOBaHHOW Bojoi rpu 20 °C.
Mephayto kondy BMecTuMocThio 100 Mt 3amomHs-
10T Opaxkoii u oot 10 Metku npu 20 °C. Co-
JIEP’)KUMOE MEPHOHN KOJIOBI TIATENLHO MEepeMelu-
BAaIOT, OMNpPEAENSIOT MIOTHOCTh AUCTUILISATA THK-
HOMETPOM M HaXOISIT COAEpXKaHHE CIHUpTa B
opaxke (B 00.%) mo Tabmune [24].

Onpedenenue cocmasa CRUpmMos.
OO6pa3npl  cnupTa  ChIpia OB MPOAHATH3U-
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POBaHBI c UCTIOJIb30BAaHUEM ra30BOro
xpomatorpada Agilent 7890, coemmHEHHOTO CO
cnektpodoromerpom 5975 CinertXLEI/CIMSD.

Pe3yabTaTsl u 00cy:KaeHHe

B mpornecce cOpakuBaHus 0caxapeHHOTO
cycra Hapsay ¢ STUIOBBIM CIHUPTOM HJIET 00pa3o-
BaHUE NOOOYHBIX TMPOIYKTOB (IPHPHI, BHICIINE
CIIUPTHI, aNBIETUABI, OPTaHUYECKUE KHUCIOTHI H
JIPYTUE COETWHEHUs, Ha3bIBa€MbBIE TMPUMECIMHU
crupra). X KauecTBEHHBIH M KONMYECTBEHHBIN
COCTaB CKa3bIBAETCS HA KAa4eCTBE T'OTOBOTO MPO-
JyKTa — MUIIEBOTro 3THI0BOro cnupta. O6pa3osa-
HU€ BTOPUYHBIX MPOJYKTOB 3aBUCUT OT KauecTBa
OCHOBHOTO CBHIPhS M BCIIOMOTATEIIbHBIX MaTepHa-
JIOB, TAPaMETPOB U PEKUMOB TEXHOJIOTUIECKOTO
mpouecca, a TakKe pachl  HCIHOJIb3YEeMBbIX
Ipoxoxen [25-27].

Jlnst HOpManbHOTO MeTaboNIu3Ma JAPOXK-
KEBBIX KJIETOK HEOOXOJMMO COJIEp)KaHUE B TTUTA-
TETBHOU CpeJie BCEX BEIECTB, a TaKkKe HeoOxXo1u-
MBI YCJIOBHSI, HCKITIOUYAIOLINE CTPECCOBBIE BO3/IEH-
CTBHUS, BBI3BIBAEMBIC TEMIIEpaTypaMH, BBICOKUMH
KOHIIEHTpALUSIMH YTJIEBOIOB U dTaHoia [28].

[loBbimeHre OpPOMMIBHONW  aKTHBHOCTH
JPOXOKEH MOXKET OBITh JIOCTUTHYTO MPUMEHECHH-
eM cOalaHCHPOBAHHOTO COCTaBa MHUTATEIHLHOU
cpensl [29].

Pone nunomuTHueckmx (PEepMEHTOB B
mpouecce  mepepadOTKH  3€pHAa HAa  COUPT
3aKIIOYAETCd B  NPEBPAlllCHHH JIUMHJIOB B
JKUPHBIE KHUCJIOTHI, MOHO- W JUTTUIEPHUIABI, a
TaKXe TIUIEPUH.

CremyeT OTMETHTh, YTO OpPTaHUYECKHE
KHCIIOTHl IMEIOT BaKHOE 3HAYCHHE B MeTaboIm3-
Me yriepoja, SHepreTHYeckoM 0OMEeHEe MUKPOOP-
TaHU3MOB, CHHTETHUECKUX U TUCCUMUIIAIIMOHHBIX
mpoiieccax.

JKupHble KHCIOTBI CO CpefHell AIUHOM
yriepoanaou nenu (ot Cq 10 Cjp) B MEHBIIIEH Me-
pe TMOTpeOISIFOTCS IPOXIKAMUA M MIPH OYeHb HU3-

KUX KoHUeHTpamusx B cpeze (0,02—0,05%). bo-
Jiee BBICOKHME KOHIEHTPALUU UX MOAABISIOT pa3BU-
tue apoxoken. XKupusie kucnotsl ¢ 12—17 atoma-
MU yTJepoJia B MOJEKYJe HOTpeOIstoTess n3oupa-
TEJIHHO B 3aBHCHMOCTH OT POJa W BHJA JIPOXOKEH
[30].

B mpucyrcTBuM MacnsHON M KalpoOHOBOM
KHCJIOT Tpolecc 00pa3oBaHMs BBICIIUX CIUPTOB B
3HAYUTENIbHOM Mepe OJOKHUpYeTCsl He3aBUCHMO OT
Pachl IPOXIKEN.

UcneiTyemass Hamu JHmasa M3 PHCOBOM
MYYKH MakCHMaJbHO Tpossisercs mpu pH 7,5 u
8,0, HO coxpansgercs B nuana3zoHe pH ot 4,0 mo
9,0. OnTumansHas Temneparypa naevicteus 37 °C,
tdepment crabunen ao 40 °C. depMeHT THAPOIH-
3yeT OJINBKOBOE MacJjo, Macjo PUCOBBIX OTPyOel u
KOKOCOBO€ MAacjo, a TaKKe€ CHUHTETHYECKHE TpHa-
UWITIUIEPUH U TpuoienH. DepMeHT KaTalu3upy-
€T THJIPOJIM3 KOPOTKOLEMOYEHUHOH CI0KHOIPUp-
HOM CBSI3U ObICTpee, YeM JITMHHOIIETIOUEHHO.

Bo Bpems ciupToBOro OpoKEHHS JHIIOJIHU-
THYECKUE (EepMEHTHI TaKKe MOTYT THIPOJIN30BaTh
JUTUABI 32 CYET TUAPOJIa3HOW aKTHMBHOCTH, a Tak-
e 00pa3oBeIBaTh 3PHUPHI KUPHBIX KHCIOT CO
CIUPTaMU 32 CYET CUHTETa3HBIX CBOMCTB.

HccnenoBaHo BIUSIHUE JIUIOJIUTHYECKUX
(epMeHTOB Ha TMHAMMKY pocTa aposkxkeit Saccha-
ramyces cerevisea BO BpeMs CIIMPTOBOTO Opoke-
HUS 1 Ha oOpa3oBaHUE BTOPUYHBIX MPOIYKTOB. B
pe3yibTare yCTaHOBJEHO, YTO JUMOJUTHYECKHE
(hepMeHTHI BIHUAIOT Ha POCT APOXKeH U Ha 00pazo-
BaHUE BTOPUYHBIX MPOTYKTOB.

B Tabnuue 1 npuBeneHsl pe3ynbTaThl BIIU-
SIHUSI JTUTNa3bl U3 PUCOBOM MyUYKH Ha HaKOIJICHHE
OroMaccel BO BpEMsl CIIUPTOBOTO OpOKEHHUs Ha
MOJIETTEHBIX CHCTEMAaX.

U3 npeacTaBieHHBIX TaHHBIX BHHO, YTO B
OTCYTCTBHH JIMTIA3bl (KOHTPOJBHBINA BapUaHT) 3a 72
-4acoBOW NepHo OpOoXKEeHHsI coiepKaHne Ornomac-
col cocrasiser 0,15 mr/min. B mpucyrcrBum numna-
3Bl U3 PUCOBOM MYYKH HaKOIUIEHHE OMOMAcChl CO-

Tadoauuna 1
Haxonuienue coaep:xanus 0uomacchbl (Mr/MJi) npu OpoxkeHUM B MPUCYTCTHH
JUANA3hI
Bpewms Opoxkenus, gac.
Ycnosue

0 12 24 36 48 60 72

B orcyrcTBHE NnHNa3bl 0 0,4 0,8 0,9 1,0 1,1 1,2

B npucyrcTBum numnassi 0 0,6 252 3,6 3,8 4,2 43

CocraB cpensl: ManbTo3a - 14%; KH,PO,4 -0,3%; MgS04-7H20 — 0,5%; pucoBas myuka- 5%; pH 5,5.
!
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Taoauma 2
Haxonuenue 3Tanoia (06.%) Bo BpeMsi OposkeHHsI B IPUCYTCTBUHU JIMNA3bI
Bpems 6poskenms, qac.
Ycnosue

0 12 24 36 48 60 72

B oTcyTcrBue munassl 0 04 0,8 0,9 1,0 1,1 1,2

B mpucytcTBUM NTHIIa36I 0 0,6 252 3,6 3,8 4,2 43
Ta6auuna 3

Baunsinne imna3s u3 pucoBoii My4KH Ha XMMHYECKHIH COCTAaB CIMPTA
(comep:xaHue MPOAYKTOB MI/JI)

CocraB KouTpoas JIunasza u3 pucoBoil My4Kku
Anberuas 15,2117 10,9073
O¢upst 6,7643 6,1529
ChIByIIHBIE Maciia 253,3613 227,8159
M3onponanon 0,3389 0,3139

cTaBisgeT 6,1 mMr/MmiI.

[Ipu sTOoM o0Opa3oBaHWE STaHONA TaKXKe
YBEIIMYHUBACTCS B MIPUCYTCTBUU JIMIIA3 U3 PHCOBON
MYYKH.

B tabuune 2 npuBeieHbl 1aHHbIC BIUSIHUS
JIMMA3bl U3 PUCOBOM MYYKH Ha HAaKOILJICHUE 3TAaHO-
7a BO BpeMs OposkeHus. M3 mpencTaBieHHbBIX JaH-
HBIX BUJIHO, YTO JIUTIOJIUTUYCCKUN (HEpPMEHT BIIHS-
€T Ha XOJl CIIUPTOBOTO OPOIKECHHUSI.

B mpucyrcTBuM pUCOBON MyYKH IpOLIECC
OpO’KeHUsT WHTCHCU(DUIMPYIOTCSI W COJEpKAHHE
cnupTa B Oponsmeii cpene nocturaer 4,3% mpo-
B 1,2% KOHTPOJLHOTO.

Bo Bpemsi ciupToBOro OpOKEHHS B IpH-
CYTCTBHH JIMTIA3 TIPOUCXOAMT TAKKE THUAPOIIH3
CJIOKHBIX 3(pUPOB KapOOHOBBIX KHUCIIOT M 3TO BIIU-
seT Ha 0oOpa3oBaHUE BTOPUYHBIX MPOIYKTOB. Pe-
3yJIBTaThl 3KCIIEPUMEHTAIBHBIX JaHHBIX MpUBEIe-
HbI B TA0OIMLIE 3.

W3 mpencraBieHHBIX JTaHHBIX BUIHO, YTO
COJICp)KaHUE CIIOKHBIX 3(HPOB YMEHBIIAETCS Ha
9%, ceBymHbIX Macen Ha 10 % u u3ompomnaHona
Ha 7-8 %.

Takum 00pa3om, pe3yibTaThl HCCIIEIOBa-

HUH TIOKa3bIBAIOT BAXHYIO POJIb (PEpMEHTOB JIUTIO-
JINTUYECKOTO0 KOMITIEKCA B MPOLECCE CIUPTOBOTO
OpokeHHA W JApoxKereHepanuu. BosznelcTBue
JIMTa3 Ha JUOUABl 3€pPHOBOTO Cyclia TOBBIMIAET
3¢ (HEeKTUBHOCTH €T0 THAPOIH3a, 000TaIaeT Cpery
JKUPHBIMH KHCJIOTAMH, YTO CIOCOOCTBYET B KO-
HEYHOM CYETE TMIOBBIMICHUIO (HU3UOIOTHICCKOMN
AKTUBHOCTH JIPOMKEBBIX KJIETOK, MHTEHCU(UKa-
MU Tporiecca OPOKEHUS] U YBEIMUYCHHUIO BBIXOJIA
LIETIEBOTO MPOAYKTA.

3axinoueHue

Jlunonurnueckne GpepMeHThI, THTCHCU(U-
UPYs TPOLIECC OPOXKECHUS W YBEIMYUBAS BBIXOJI
[IEJICBOTO TPOJYKTA, MOJOXKUTEIBHO BIUSIOT Ha
(U3NOTOTHYECKYI0 aKTUBHOCTh JIPOMOIKEBBIX KIIe-
Tok. [IponcxoauT Takke TUAPOIHU3 CIOKHBIX d(u-
pOB KapOOHOBBIX KHCIIOT, 3a CUET THUAPOJA3HOU
aKTUBHOCTH JIMMA3. B MpHCYTCTBUU 3K30T€HHBIX
JUMa3 MPOUCXOAUT TUAPOIU3 JIMMHUIOB, 32 CYET
THIIPOJIA3HOM AaKTHBHOCTH JIMINA3 W HM3MEHSCTCS
¢pakuuoHHbIl  coctaB cnupTa. Copep:kaHue
CJIOKHBIX 3(QHUPOB yMeHbIIaeTcs Ha 9%, cHUBYyII-
HbIX Macen Ha 10% u n3ompomnanona Ha 7-8%.
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STUDY OF REACTIVE DISTILLATION EQUIPMENT FOR
ETERIFICATION PROCESS
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The purpose of this work is to study the chemical technological processes {or eterification processes, and the reactive distillation
unit, which carries out the reaction and separation process in one device, was chosen as the object 5/” research. A reactive distillation
system is examined to produce for the production of gthyl Acetate (EtAc) via eterification of acetic acid (HAc) with ethanol. Optimization
methods using sensitivity analysis are also conducted. Calculation of vapor liquid equilibrium of the mixture system is done using UNIFAC
model. Heat integration from the distillate stream of the column to the acid feed stream and [rom bottom stream of the column to the etha-
nol stream with the purpose of saving reboiler duty of the reactive distillation column, which enhances the energy savings (at least 5%) of
this process. The fe’izsibility of the reactive distillation (RD) for EtAc production process was evaluated by rigorous simulation and
optimization using the Aspen Plus software package. The effects of several designs and operating variables were also investigated for the
proposed design.

Keywords: etherification, ethyl acetate, reactive distillation, aspen plus, unifac, modeling, heat integration

WCCNEQOBAHUE PEAKTUBHO-AUCTUNNALMOHHOIO YCTPOMNCTBA
AnA NPOLECCA 3TEPUPUKALIUU

Ab60c JIMAHOB' (abbos.tktishf@gmail.com)

Aoboynazuz bDXT. HEPOB! (abdubakh04@gmail.com)

Aoxam HHOPKOBHJIOB' (adham.norkobilov@gmail.com)

Onumcon MAKCY/[OB? (olimjonmaksudov5@gmail.com)

Opudporcon 3APHITOB? ( zoripoff@wgmail.com)

'Ilaxpuca6scxuii punuan Tamkenmckozo xumuro-mexnonozuueckozo uncmumyma, IHlaxpucass, Yzoexucman
*Tawkenmckuii zocyoapcmeennviii mexnuueckuii ynusepcumem, Tawkenm, Y3oexucman

Lenvio dannoti pabomol 6IAEMCS U3VUEHUE XUMUKO-MEXHOLOSUYECKUX NPOYECCO8 OIS NPOYeccos8 smepugpurayull, U 8 Kavecmee
06vexma uccnedosanus Oviia 8bIOpana peamuonno-pekmugumuuonyaﬂ VCMAHOBKA, OCYWeCmEAIWAs Peakyuio i npoyecc pazoeneHus 6
oonom annapame. Hccrnedosana cucmema peakmusHou Oucmuiiayuu oas noiydenus smunayemama (EtAc) nymem smepuguxayuu
ykeycuou kucromul (HAc) smanonom. Taxoice npogoosamcs mMemoovl ONmumMusayui ¢ UCHOIb30BAHUEM AHANU3A 4YBCHBUMETbHOCTIU.
Pacuem naposicuoKoCmHo20 pasHOBeCUsl CMEUAHHOU Cucmembl bINOHeH ¢ ucnoivzoeanuem moodeau UNIFAC. Humeepayus menna u3
OUCTUNIAMHO20 NOMOKA KOJIOHHbL 8 NOMOK UCXOOHOU KUCIOMbL U U3 KyO08O20 NOMOKA KOJIOHHbL 6 NOMOK dMAHONA C Yenbl0 IKOHOMUU
pebotineproll Haspy3Ku PeaKyUuOHHO-PEKMUPUKAYUOHHO KOIOHHbI, UmMO Noebluaem snepeocoepedicerue (ne menee 5%) smom npoyecc.
Bosmooicnocmy ucnovzoganus peaxmugnou oucmuinayuu (RD) ons npoyecca npouszseodcmea EtAc bvina oyenena nymem muamensnozo
MOOeUPOBanUs u ONMUMUBAYUY C UCNOTb308AHUEM NPOpamMMno2o nakema Aspen Plus. Dgghexmul neckonvkux koncmpyxkyuil u paboyux
nepemMeHHbIX MmaKoice ObLIU UCCIeO08aHbl Oisl NPEOA2aeMOll KOHCIPYKYUU.

ETERIFIKATSIYA JARAYONI UCHUN REAKTIV DISTILYATSIYA
QURILMASINI TADQIQ QILISH

Abbos ELMANOV (abbos.tktishf@wgmail.com)

Abdulaziz BAXTIYOROV' (abdubakh04@gmail.com)

Adham NORKOBILOV" (adham.norkobilov@gmail.com)

Olimjon MAKSUDOV? (olimjonmaksudov5@gmail.com)
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Ushbu ishdan magsad eterifikatsiya jarayonlari uchun kimyoviy texnologik jarayonlarni o rganish bo lib, reaksiya va ajratish jarayoni

bir qurilmada olib boriluvchi reaktiv distilyatsiva qurilmasi tadgqiqot obyekti sifgtl’ a tanlab olindi. Sirka kislotasini (HAc) etanol bilan eteri-
fikatsiyalash orqali etil atsetat (EtAc) ishlab chigarish uchun reaktiv distillash tizimi o 'rganildi. Sez%irlik tahlilidan foydalangan holda optimal-
lashtirish usullari ham o'tkaziladi. Aralash tizimining bug-suyuqlik muvozanatini hisoblash UNIFAC modeli yordamida amalga oshirildi. Qay-
natgichdagi (reboyler) energiya yuklamasini tejash (Eamida 5%) maqsadida distilyat ogimidan kislota oqiméga, kub qoldé'g ‘i ogimidan esa etanol
oqimiga issiqlik integratsiyasi amalga oshirildi. EtAc ishlab chiqarish jarazyoni uchun reaktiv distilyatordan ;RD) fovdalanish magsadga mu-

vofiqligi Aspen Plus dastur? ta'minot to'plamidan foydalangan holda modellashtirish va optimallashtirish orqali baholandi. Taklif etilgan loyiha
uchun jarayon va parametrlarning ta'siri ham o'rganildi.

Kalit so'zlar: esterifikatsiya, etil atsetat, reaktiv distillash, aspen plus, unifac, modellashtirish, issiqlik integratsiyasi

DOI: 10.34920/cce2023411

KIRISH (HAc) va etanol (EtOH) eterifikatsiyasi orqali ish-
Etil atsetat (EtAc) laklar va sirt qoplamali  lab chiqariladi. Odatda an’anaviy eterifikatsiya
qatronlar ishlab chigarish uchun keng qo'llaniladi, jarayoni xom ashyoning past konversiyasiga ega
dunyoda yillik ishlab chiqarish quvvati 3 million bo’lib, taxminan 65 foizni tashkil etadi. Bundan

tonnadan ortiq [1]. EtAc asosan sirka kislotasi tashqari, ushbu an'anaviy jarayonlarda EtAc ni
mahsulot sifatida tozalash yuqori energiya talab
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etadi [2]. Reaksiyaga kirishuvchi moddalar va
reaksiya mahsulotlari aralashmasi asosida to’rtta
azeotrop xossasi mavjud bo’lgan tizim hosil
bo’ladi (1-jadval). Ushbu azeotrop tizimlar sababli
issigxona gazlari miqdori ortadi. Ushbu ishda
EtAc moddasini mahsulot sifatida ishlab chiqgarish
uchun qo’llaniladigan jarayonlarning texnik-
iqtisodiy qiyosiy tahlillari o’rganilgan bo’lib, bun-
da uglerod gazlar emissiyasi ham hisobga olingan.
Sanoat yillik global issigxona gazlari emis-
siyasining uchdan bir gismini ishlab chiqarganligi
sababli, ishlab chiqarish jarayonlarini loyihalashda
bunday gazlar emissiyasini inobatga olish va ular-
ni imkoniyat darajasida kamroq chiqindi sifatida
chigarish talab etiladi [3]. Kimyo sanoatida
ekologik jihatdan barqaror va toza ishlab
chigarishga jarayonni intensivlashtirish orqali er-
ishish mumkin [4]. Jarayonni intensivlashtirish
usullariga ko’p funktsiyali reaktorlar [5], gibrid
ajratish jarayonlari [6], muqobil energiya manbala-
ri [7] va shu kabi boshqa texnologiyalar kiradi.
An’anaviy reaktor va haydash kolonnasidan iborat
ishlab chiqarish jarayoni bilan bir qatorda Reaktiv
distillash (RD) usuli ham mavjud bo’lib, Reaktiv
distillash (RD) jarayonlari efirlar, shu jumladan
atsetatlar ishlab chiqarish uchun ham sanoat miqy-
osida keng qo’llaniladigan ko’p funksiyali
texnologiyalar sirasiga kiradi [8].

Etil atsetat ishlab chiqarishda reaksiya ja-
rayonida hosil bo’lgan suv (shuningdek, xom-
ashyo sifatida ishlatiladigan 90% spirt) doimiy
ravishda ajratib olinadi. Tanlangan shartlar etil
spirtiga qaraganda qgimmatroq bo‘lgan sirka
kislotasining maksimal konversiyasini ta’minlaydi.

Reaktiv distillash uskunasi etanol va sirka
kislotasi ishtirokidagi reaksiya unumining yuqori
darajasiga erishish uchun reaksiya muvozanatini
yengib o’tishga imkon beradi. O'z navbatida, dis-
tillash va reaksiya zonalari bilan ajratishning kom-
binatsiyasi bug’-suyuqlik muvozanatini o’rnatish
jarayonida massa almashinish tezligi va kimyoviy
kinetikaga ta’sir qiluvchi murakkab uzviy ta’sir-
larga olib keladi. Ushbu o’zaro ta’sirlar jarayon
dinamikasida murakkab bo’lgan nochiziqlilik va
murakkabliklarga sabab bo‘ladi. Bu, o‘z navbati-
da, ushbu tizimlarni loyihalashda katta qiyinchilik
tug'diradi  [9]. Jarayonlarni modellashtirish,
loyihalash va optimal yechim ishlab chiqishda en-
ergiya sarfini tahlil qilish muhim bo’lib, bu 0’z
navbatida atmosferaga chiqayotgan uglerod gazla-
rini kamaytirish va bu orqali global isishga bo’lgan

salbiy ta’sirni qisqartirish ham muhim ahamiyat
kasb etadi [10, 11].

Ushbu tadqgiqotda etil atsetat ishlab
chigarish uchun uzluksiz ravishda ishlaydigan
reaktiv distillash kolonnasining modeli o’rganilgan
bo’lib, muvozanat cheklovlarini yengib o'tish,
yuqori ko’rsatkichli ajratish natijalari, jarayon ha-
rajatlarini kamaytirish va zavod harajatlarini qis-
qartirish kabi natijalar ushbu tadqiqot natijalari
sifatida keltirib o’tilgan.

Materiallar va metodlar

Jarayon tavsifi. Etanolning sirka kislota
bilan ta’sirlashuvi natijasida etil atsetat va hosil
suv bo’ladi. Reaktiv distillash qurilmasida hosil
bo’ladigan ushbu qaytar reaksiya quyidagicha
ifodalanadi [12]:

HAc + EtOH < EtAc + H,0
(1)
ky, = 4619.43exp (=)
2)
k, = 3317.28exp (=)
3)

Bu yerda, k; va k, — reaksiya tezligini
ifodalovchi qiymatlar bo’lib, ushbu qiymatlar
reaksiya jarayoni natijasida Calvar va boshqalar
tomonidan olingan [12].

Modellashtirish va kompyuter dasturlari
(Aspen Plus) yordamida jarayonlarni tahlil qgilish
usullaridan foydalanib reaktiv distillash
qurilmasida etil atsetat olish jarayoni o’rganildi.
Bunda etil atsetatni sanoat mahsuloti sifatidagi
tozaligini imkon qadar yuqori darajada olish
magsad qilib gqo’yildi. Ushbu maqsadga erishish
uchun avvalgi chop etilgan ishlarimizda
o’rganilgan reaktiv distillash qurilmasi va
modellashtirish usullaridan ham foydalanildi [8, 6,
3]. Avvalgi tadqiqot ishlarida asosan bir turdagi
reaktiv distillash qurilmasining o’zi ishlashi
bo’yicha jarayonlar ko’rilgan bo’lsa, ushbu ishda
reaksiya qatlami turlicha bo’lgan jarayonlar ham
ko’rib o’tilgan.

Noideal tizimni hisobga olgan holda
termodinamik holatlarni hisoblash uchun UNIFAC
tizimidan foydalanildi. UNIFAC modeli tizimdagi
har bir tur uchun faollik koeffitsientini ikkita

komponentga, ya’ni kombinatorik (/%) va qoldiq
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(¥) komponentlarga ajratadi. Bunda, qoldiq
komponent aralashmadagi guruhlarning o'zaro
ta'sirini hisobga olish uchun mo'ljallangan qoldiq
ulush bo’lib, kombinatorial komponent esa
molekulyar shakldagi farqlar tufayli entropik
ta'sirlarni  hisobga olish uchun mo'ljallangan
kombinatsiyaviy ulushni tashkil etadi. i-molekula
uchun faollik koeffitsientlari quyidagi tenglama
bo'yicha tagsimlanadi [13]:

Iny, = Inyf + Iny]

Ushbu ishda ko’rib o’tilgan asosiy keys
uchun reaktiv distillash qurilmasining sxematik
diagrammasi 1-rasmda keltirib o’tilgan. Unga
ko’ra 17 ta tarelkadan iborat bo’lgan reaktiv
distillash kolonnasining kirishlari Fy va F; mos
ravishda kolonnaning sovutgich va qaynatgich
gismlaridan  kiritiladi. = Kolonnaning nazariy
bosqichlari tepadan boshlab ragamlangan bo’lib,
eng tepa gismida sovutgich, eng past gismida esa
gaynatgich joylashgan. Sirka kislota (HAc)
mavjud bo’lgan F, kirish oqimi kolonnaning 1-
tarelkasidan kiritiladi, F;, ya’ni 90 % ulushga ega
etanol va suv aralashmasi esa kolonnaning quyi
gismidan kiritiladi. Sirka kislota etanolga nisbatan
kamroq uchuvchan bo’lganligi sababli doim etanol
oqimiga qaraganda kolonnaning teparoq qismidan
beriladi. Bazaviy keys sifatida tanlab olingan ishda
kolonnaning butun qismi bo’ylab reaksiya jarayoni
ro’y beradi deb hisoblandi. Kolonna bo’ylab bosim
o’zgarmas va sovutgich aralashmani to’liq
kondensatsiyalaydi deb hisoblandi. Kolonna
spesifikatsiyasi va jarayon parametrlari 1-jadvalda
keltirilgan.

Reaktiv  distillash  kolonnasi reaksiya
jarayoni boradigan qatlam hamda ajratish jarayoni
boradigan haydash qatlami mavjud bo’ladi.
Reaksiya gatlamida suyuq aralashmaning bo’lish
hajmi Aspen Plus dasturida sezgirlik tahlilini
amalga oshirish orqali hisoblab chiqildi. Tahlil
natijalariga ko’ra reaksiya qatlamida 70 litr hajm
ushlab turiladigan bo’lsa eng yuqori miqdordagi
Etil Atsetat hosil bo’lishi kuzatildi.

Modellashtirish natijalari

Modellashtirish natijalariga ko’ra normal
sharoitda tizimda mavjud komponentlar to’rt xil
sharoitda azeotrop xususiyatlari namoyon etadi.
Ushbu xususiyatlarga ko’ra bunda gomogen
aralashmada uchta muvozanat nuqtasi (saddle point)
va bitta beqaror holat mavjud bo’ladi (2-jadval).

1-jadval

Boshlang’ich holatda kolonna spesifikatsiyasi va

jarayon parametrlari

Sirka kislota sarfi, kmol/soat 3.9
Etanol sarfi, kmol/soat 3.0
100 (Sirka kislota);

Moddalar ulushi, mol %

90 (Etanol); 10 (Suv)

Umumiy bosqichlar soni 17
Ajratish bosqichlari soni 0
Reaksiya bosqichlari soni 17
Rektifikatsiya bosqichlari soni 0
Bosim, atm 1
Qaynatgich yuklamasi, kW 63.7
Flegmalar, mol 2.5
Distilyat sarfi, mol 3.25
2-jadval
1 atm bosimida aralashma uchun azeotrop xususiyati
parametrlari
Komponent Sinflanishi Temperatura
ETANOL Muvozanat 78,31 °C
ETIL Muvozanat 77,20 °C
SUV Muvozanat 100,02 °C
SIRKA Barqaror 118,01 °C
Azeotrop holatlar
1-holat:
Komponentlar Temperatura 71,53 °C
Gomogen Sinflanishi: Muvozanat (egar)
Molyar ulush Massa ulush
ETANOL 0,4465 0,2967
ETIL 0,5535 0,7033
2-holat:

Komponentlar

Temperatura 70,21 °C

Gomogen Sinflanishi: Beqaror holat

Molyar ulush Massa ulush
ETANOL 0,1849 0,1402
ETIL 0,5357 0,7769
SUV 0,2793 0,0828
3-holat:
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4-holat:
Komponentlar Temperatura 78,12 °C
Gomogen Muvozanat (egar) nuqtasi
Molyar ulush Massa ulush
ETANOL 0,8880 0,9530
SUV 0,1120 0,0470
Modellashtirish ~ jarayonida  optimal
Komponentlar Temperatura 70,73 °C
Gomogen Sinflanishi: Muvozanat (egar)
Molyar ulush Massa ulush
ETIL 0,5971 0,8788
SUV 0,4029 0,1212

giymatlarni olish uchun kolonna va xom-ashyo
ogimlari parametrlari ta’siri o’rganildi. Ko’rib
o’tilayotgan jarayonda boshlang’ich holatda tarel-
kalar soni 17 ta bo’lib, tarekalar sonini o’zgar-
tirish orqali reaksiya unumi o’rganildi. Kolon-
nadagi tarelkalar soni 23 ta bo’lganda eng ko’p
miqdorda Etil atsetat hosil bo’lishi kuzatildi (1-
rasm) va navbatdagi tarelkalar sonining ortib bor-
ishi etil atsetat hosil bo’lishiga sezilarli ta’sir
ko’rsatmadi.

Kolonnada flegmalar soni va distilyat
’_185‘0
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1600
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1-rasm. Tarelkalar sonining Etil atsetat hosil bo’lishi
miqdoriga ta’siri.
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o’zgarishi nafaqat ajratish jarayoni sifatiga ta’sir
etibgina qolmasdan, balki reaksiya qatlamida
reaksiya jarayoni borishiga, bu esa 0’z navbatida
etil atsetat hosil bo’lishiga ham ta’sir etadi. Fleg-
malar soni va distilyat sarfiga ko’ra reaksiya unumi
ham o’zgaradi. Ma’lum bir giymatgacha reaksiya
unumi ortib boradi va eng yuqori qiymatga yetadi.
Ko’rib o’tilayotgan reaktiv distillash qurilmasida
berilgan reaksiya kinetikalariga [12] ko’ra molyar
flegmalar soni 1.9 ga, distilyat sarfi esa 3.9 kmol/
soatga yetganida etil atsetat hosil bo’lishi miqdori
eng yuqori bo’lar ekan (3,4-rasmlar).
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3-rasm. Flegmalar sonining reaksiya unumiga ta’siri.
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4-rasm. Distilyat sarfining reaksiya unumiga ta’siri.
Modellashtirish va otimallashtirish na-
tijalariga ko’ra ko’rib o’tilayotgan kimyoviy
texnologik jarayon uchun reaktiv distillash kolon-
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1-rasm. Tarelkalar sonining Etil atsetat hosil bo’lishi miqdoriga ta’siri.
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3-jadval

Material balansi natijalari

Material FO (Sirka kislota) F1 (Etil spirti) Distilyat sarfi Kub qoldig'i sarfi
Sarf, kg/soat 234,20 118,32 245,68 129,79
Etil atsetat 0,00 0,00 208,44 0,00
Suv 0,00 26,50 21,52 5,40
Etanol 0,00 0,01 15,39 124,39
Sirka kislota 234,20 91,81 0,33 0,00

nasining umumiy tarelkalari soni 23, reaskiya
qatlami 5-16 tarelkalar oralig’ida, molyar flegma-
lar soni 1.9, distilyat sarfi esa 3.9 bo’lganida natija
eng optimal giymatga yetdi. Texnika havfsizligi
jihatdan oladigan bo’lsak, kolonna diametri 1.8
metr bo’lganida kolonnaning ko’pirib ketish omili
eng kichik bo’lishi aniglandi. Kolonnaning na-
tijaviy balandligi esa 12.8 metrni tashkil etdi. O’z
navbatida sirka kislota va etil spirti oqimlarining
kirish bosqichlari mos ravishda 5 va 16 bo’lganida
ushbu qurilma orqali soatiga 208 kg etil atsetat
olishga erishildi (3-jadval). Hosil bo’layotgan bar-
cha Etil atsetat moddasi nisbatan uchuvchan bo’l-
ganligi sababli distilyat sifatida ajratib olindi.
Buning uchun reaktiv distillash kolonnasining
sovutgichida kondensatsiyalash uchun 497 MJ/soat,
isiqlikni ta’minlab beruvchi reboilerda esa 469 MJ/
soat energiya sarflanar ekan. Reaktiv distillash
kolonnasidan chigayotgan distilyat va kub qoldig’i
ogimlaridagi mavjud issiglik energiyasini kolon-

naga kirayotgan xom-ashyo oqimlariga integratsiya
qilish orqali reboylerga berilayotgan energiya
yuklamasi 439 MJ/soat miqdorgacha kamaytirildi.
Bu esa 0’z navbatida atmosferaga tashlanayotgan
uglerod gazlarining ham kamayishiga sabab
bo’ladi. Ushbu optimallashtirish natijasiga ko’ra
ko’rib o’tilayotgan tizim 5-rasmda tasvirlangan.

Xulosa

Hisoblash natijalari shuni ko’rsatadiki,
berilgan qurilmada 208 kg/soat sarf bilan hosil
bo’layotgan Etil atsetat moddasining barchasi dis-
tilyat sifatida ajratib olinar ekan. Bunda etanolga
nisbatan reaksiya unumi 90 foiz atrofida bo’lib,
buning uchun sovutish va isitish magsadida soati-
ga mos ravishda 497 MJ va 439 MJ energiya sar-
flandi. Qurilmada umumiy tarelkalari soni 23,
reaskiya qatlami 5-16 tarelkalar oralig’ida bo’lib,
tozalash va rektifikatsiya uchun jami 11 ta bosqich
yetarli bo’ldi.

F,(Sirka kislota)
HAc-3.90 kmol/soat

49°C

28°C

F,(Etanol)——
Etanol -2.70 kmol/soat i
Suv -0.30 kmol/soat

Sovutgich
497 MJ/soat

A

Distilyat, 70.3 °C
3.90 kmol soat
EtAc-2.40 kmol soat
Suv-1.19 kmol soat
Etanol-0.30 kmol soat
HAc-0.001 kmol soat

16

Kub qoldig’i, 100.7 °C
3.00 kmol soat
EtAc-0.00 kmol soat
Suv-1.47 kmol soat
Etanol-0.00 kmol soat
HAc-1.53 kmol soat

\nt’

Qaynatgich
439 MJ/soat

5-rasm. Etil atsetat ishlab chiqarish uchun reaktiv distillash kolonnasi.
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STUDY OF KINETICS OF HYDROCARBON GAS PURIFICATION WITH

COMPOSITE ABSORBENTS

Oybek ARIPDJANOYV (aripdjanov81@gmail.com)
Shavkat NURULLAEYV (nurullaev@mail.ru)
Shodiyakhon AZIMOV A (prof _azimova@mail.ru).

Tashkent Institute of Chemical Technology, Tashkent, Uzbekistan

The aim of the work is to improve the process of natural gas ﬁun‘ﬁcation from acidic components using a composite absorbent. To

study the sorption of acidic components in the gas composition, a ¢
corrosion of carbon steel grade st.10 when using composite absorbents MDEA +DEA +

romatographic analysis method was used. The kinetics and rate g/‘
VRP have been studied. The results of the study

show that the volume of absorption increased from 0.55 mol/mol to 0.65 mol/mol, and the amount of H,S in the [puriﬁed gas decreased from

0.022 g/m’ to 0.014 g/m’. Corrosion of equipment has practically disappeared, the degree of corrosion of meta

mm/year.

s is 0.06 mm instead of 0.10

Keywords: methyldiethanolamine, diethanolamine, nitrogen-containing water-soluble polyelectrolytes, steel, corrosion

N3YYEHUE KWHETUKUN OYUCTKU YITIEBOOOPOOHbLIX FTA30B
KOMMNO3MUMNOHHbIMU ABCOPBEHTAMU

Oiibex APHIT/I’KAHOB (aripdjanov81@gmail.com)
Hllaéxam HYPYJ/IVIAEB (nurullaev@mail.ru)
Hlloouaxan ASUMOBA (prof _zimova@mail.ru)

Tawkenmckuit xumuko-mexnonozuueckuii uncmumym, Tawkenm, Y30exucman

Lenvio pabomol A6aemMcs ycoBepUEHCMBOBANUE NPOYECCA OYUCHIKU NPUPOOHO20 2A3A OM KUCTbIX KOMHOHEHMOS ¢ NPpUMEeHeHueM
KOMNO3uyuonHo2o abcopbenma. Jlna uzyuenus copoyuu KUCIbIX KOMROHEHMO8 8 cocmase 2azd Obll UCNOIb308AH XPOMAMOSPAPUIEcKull
Memoo auanuza. M3yyenvl KUHEMUKa U CKOPOCHb KOPPO3UU yenepooucmou cmaiu mapku cm.l0 npu ucnonv308anuu KOMNO3UYUOHHBIX
abcopbenmos MI[DA+/]DA+ABPII. Pesynomamul ucciedo8anus nOKA3bIEAOM, YMmMo oégem abcopoyuu yeemuuuacs ¢ 0,55 moav/mons 0o
0,65 moav/monw, a konuecmeo HaS 6 ounwennom 2aze ymenvuunocs ¢ 0,022 2/v’ 0o 0,014 2/v’. Kopposiis 060pydosanis pesko cHuzuiack
— cmenenb Kopposuu memannos cocmasuna 0,06 mm/200 emecmo 0,10 mm/200.

KuoueBbie ciioBa: METUIIAMAITAHOJIAMUH, IUDTAHOJIAMUAH, a30TOCOACPKALIUE BOﬂOpaCTBOpHMl:IF[ TI0JIMDJIEKTPOJIUATHL, CTallb, KOPPO3UA

KOMPOZITSIYON ABSORBENTLAR BILAN UGLEVODOROD GAZLARINI
TOZALASH JARAYONI KINETIKASINI O‘'RGANISH

Oybek ARIPDJANOYV (aripdjanov81@gmail.com)

Shavkat NURULLAYEYV (nurullaev@mail.ru)

Shodiyaxon AZIMOVA (prof _zimova@mail.ru)

Toshkent kimyo-texnologiya institute, Toshkent, O'zbekiston

Tadgiqoting magqsadi tabiiy gaz tarkibidagi nordon komponentlarni tozalash texnolz;z}yasini kompozotsion absorbentlar bilan
i

takomillashtirish. Gaz nordon romponentlarning sorbsiyasini o'rganish uchun xromatografik ta

usuli ishlatilgan. MDEA+DEA+ASSEP

kompozit absorbentlari bilan 51? 0 markali uglerodli po'latning korroziya kinetikasi va tezligi o'rganildi. Tadgqiqot natijalari shuni

ko'rsatadiki, yutilish hajmi, 0,

mol/moldan 0,65 mol/molgacha ko'tarildi, tozalangan gazdagi H,S migdori 0,022 g/m*dan 0,014 gacha

kamaydi. Uskunaning korroziyasi deyarli yo'q bo ‘Idi, korroziyalanish yiliga 0,10 mm o'rniga 0,06 mmga kamaygan.

Kalit so'zlar: metildietanolamin, dietanolamin, azot saqlovchi suvda eriydigan polielektrolitlar, po’lat, korroziya faollik

Introduction

Recently, in the Republic of Uzbekistan, in
the industrial enterprises of oil and gas processing,
the main focus is on the search for methods for the
purification of natural and waste gases of produc-
tion from organic sulfur compounds, mercaptans,
carbonyl sulfide (COS), carbon disulfide (CS,) and
sulfides (RSR), as well as the creation of new types
of highly efficient composite absorbents for gas
purification. The Action Strategy for the Further
Development of the Republic of Uzbekistan pro-
vides for the tasks: "Raising the industry by trans-
ferring it to a qualitatively new level, to further
intensify the production of finished products on the
basis of deep processing of local raw materials,
mastering the production of new types of products
and technologies." In this regard, research on the

DOI: 10.34920/cce2023412

creation of composite absorbents and the develop-
ment of highly efficient composite absorbents in
various functional groups are important, increasing
the degree of cleaning of acidic components of nat-
ural and exhaust gas emissions [1-2].

At the same time, scientific research is
underway to obtain new effective additives based
on secondary resources and production waste for
the synthesis of composite sorbents, as well as the
use of these additives to improve the anti-
corrosiveness of equipment having a high absorp-
tion volume, low absorption and desorption tem-
perature, low foaming, low consumption of absor-
bents, providing longer service life and studying
technological, practical, environmental and eco-
nomic aspects of the new diethanolamine and me-
thyl diethanolamine composite sorbents [3-6].
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Absorption and adsorption methods
[6]. When RSH mercaptans react with alkalis
in the presence of O, and CQO,, which are al-
ways, albeit in small amounts, in gases, di-
and polysulfides are formed, which are poorly
soluble in the absorbent. Carbon sulfide neu-
tral in nature, organic sulfides of RSR '(and a
number of other compounds) dissolve in
these absorbents, although their sorption ca-
pacity is significantly less than that of RSH.
The presence of CO; in gases above 0.1-0.3%
leads to its preferential dissolution, signifi-
cantly reducing the absorption of RSH. Natu-
ral gases tend to have a CO, content above
0.7%, making it difficult to use these methods
for fine cleaning. The methods are also inef-
fective for purifying thiophene from C,H4S
and its derivatives.

Mono- and diethanolamine solutions
with various activating additives, such as N-
methylpyrrolidone-2, Di propanolamine, etc.,
are also widely used for purification from
acidic sulfuric substances.

Adsorption methods have become sig-
nificantly widespread. They are based on se-
lective absorption (adsorption) of sulfur com-
pounds by solid sorbents. As a rule, adsorp-
tion is carried out at a temperature of 20-50 ©
C and increased pressure, and regeneration
(desorption) of adsorbent saturated with sul-
fur substances is carried out at a low pressure
and temperature of 100-350 °C. For regenera-
tion, any inert gases, low-sulfur natural or
petroleum gas, water vapor, etc. are passed
through the adsorbent bed [11-13].

In some cases, catalytic reactions oc-
cur simultaneously with adsorption, whereby
sulfurous substances are converted into ele-
mental sulfur, which is recovered during re-
generation and then used.

Molecular sieves (zeolites) of grades
CaA and, especially, NaX have been widely
used as adsorbents to purify multi-grained
natural and petroleum gases. Their adsorption
capacity depends to a large extent on the con-
tent of H,O, CO, and higher hydrocarbons in
the gases, operating conditions and the degree
of purification and ranges from 2 to 18%.

The presence of heavy hydrocarbon
vapors in the gas has a significant impact on
the zeolite capacity of sulfur compounds. By

the degree of sorbability on zeolites, the com-

pounds included in the composition of natural

gas can be arranged in a row:
H,O>RSH>H,S>COS>CO,

The main problem of adsorption purifica-
tion of gas on zeolites from hydrogen sulfide in
the presence of CO, is that the adsorption of CO,
and H,S produces the formation of carbon sul-
foxide (COS) by the reaction:

C02 + st =COS + HZO

Although the equilibrium constant of this
reaction is small and is 6,610 at 298 K, howev-
er, the almost complete removal of H,O vapors
in the frontal layer of the zeolite shifts the equi-
librium to the right, and this leads to the for-
mation of significant concentrations of COS.
Zeolite regeneration is carried out by nitrogen,
low-sulfur natural or petroleum gas, and in re-
generation gases (regenerates) the content of sul-
furous substances increases by 5-10 times com-
pared to the initial one. In addition to coal, zeo-
lites, alumina, bauxites, aluminosilicates, etc.,
are also used in the purification process. The ad-
vantage of adsorption methods is the ability to
carry out the process at low temperatures, as
well as the fine purification of gases not only
from hydrogen sulfide, mercaptans, organic sul-
fides, but also from substances difficult to re-
move by other methods such as thiophene and its
derivatives.

This method also has a number of sig-
nificant drawbacks. Almost all gases have a
certain number of vapors of H,O, CO,, higher
hydrocarbons, well adsorbed by coals and zeo-
lites, which reduces the sulfur capacity of ad-
sorbents. The periodic purification process re-
quires the installation of several parallel oper-
ating columns: on some, sulfur substances are
absorbed (adsorption stage), and on others,
adsorbents are regenerated.

Materials and methods

The study of sulfur absorption kinetics was
carried out by changing the electrical conductivity
of the absorber solution. For measurement, a fresh-
ly prepared absorber solution was used - a sample
(AWSP) diluted with water in a ratio of 1:3, and a
sample of ozone-containing algae-soluble polyelec-
trolyte used at gas processing plants before the
breakthrough of hydrogen sulfide into a Drexel
control flask with CdCl,. The mixing table of the
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Table 1
Mixing of Stock and Waste Solutions (1:3) AWSP sample
Type of mixture Mass content, %
Content of the AWSP stock sample in the mixture, % 100 80 60 40 20 0
Content of spent sample 4 in the mixture, % 0 20 40 60 80 100
Mixture resistance, Ohm 6780 | 689 1 568 | 543 | 502 | 489

two samples is given below (Table 1).

In Figure 1. the dependence of resistivity of
the AWSP sample solution (1:3) is given depending
on the fraction of spent solution in the initial one.

0,2
0,15

0,1

Specific
electrical resistance,
Oms: cm-1

0,05

0 02 04 06 08 1 12 14
Proportion of sulfur saturated solution

Figure 1. Dependence of resistivity of sample solution
AWSP (1:3) of the fraction of saturation of the gray solution.

As it follows from the given data, the resis-
tivity of the aqueous solution of AWSP decreases
sharply when the spent solution appears in the ini-
tial reagent. After the fraction of waste solution in
the starting reagent exceeds 20%, the resistivity
decreases more smoothly. In this regard, the resis-
tivity index of the solution can serve as an indicator
of the treatment of the starting reagent during gas
sulfurization [14-16].

Based on the study of the sulfur absorption
kinetics of the composite absorbent, experimental
development of the technology of the sulfur treat-
ment process using AWSP was carried out at small
plants of gas processing plants. The reagent was
tested during gas purification from sulfur com-
pounds both at the inlet of these plants and at the
outlet of the plant in order to determine the effec-
tiveness of natural gas after treatment. When con-
ducting tests on experimental plants, the flow rate of
purified gas and the content of sulfur compounds in
it were monitored, and the effectiveness of using the
synthesized reagent in the process of sulfur treat-
ment of natural gas and the selection of optimal op-
erating parameters was also determined [15].

The first two experiences were conducted
using Drexel slips as contactors. At the same time,
a bactericidal additive was used as a sulfur-

absorbing reagent, designed to suppress sulfate-
reducing bacteria during oil and gas production.
The AWSP content in the bactericidal additive did
not exceed 25%. The experiments carried out con-
firmed the high efficiency of AWSP in the sulfuri-
zation of natural gas and the ability of the reagent
to purify the gas to the complete absence of sulfu-
rous compounds. The sulfur absorption experi-
ments were performed in a vertical glass contactor
with a diameter of 25 mm. As a nozzle in a glass
contactor, wood chips impregnated as a sulfur-
absorbing reagent DEA (diethanolamine)+AWSP,
MDEA (methyl diethanolamine) +AWSP and
DEA+MDEA+AWSP were used. Gas for purifica-
tion was taken from the MHPP overhead separator
and from the end separator after treatment. The
hydrogen sulfide content of the feed gas varied
during runs from 0.0113 g/nm’ to 0.44 g/nm’. For
the experiments, a concentrated sample of AWSP
was used with a content of the main sulfur-
absorbing substance of up to 80% by weight.

Results and discussion

Based on these experiments, it has become
apparent that the main factors influencing the val-
ue of the specific flow factor are parameters con-
tributing to an increase in the phase contact sur-
face of the gas and the reactant, such as the viscos-
ity of the AWSP, the height of the reaction zone,
the volume and linear velocities of the gas, and the
residence time of the gas in the reaction zone.

In connection with the planned pilot tests
of the composite absorbent DEA
+MDEA+AWSP, their corrosiveness was investi-
gated.

The experiments were carried out in glass
ampoules and autoclaves according to the proce-
dure. The use of ampoules made it possible to ob-
tain preliminary information with limited time and
reagents, and autoclaves - information close to
real conditions.

The results of the studies are shown in
Figure 2, 3 and Table 2 (ampoule experiments), as
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Figure 2. Effect of H,S/CO, ratio on carbon steel corrosion rate (S.10;
t=80 °C; a=0,6 mol/mol; =100 hour).
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Figure 3. Effect of MDEA/DEA/ H,S/CO; ratio on carbon steel
corrosion rate
(=80 °C, 0=0.6 mol/mol, =100 hour).

well as in Table 3 and Figure 4 (autoclave experi-
ments). Analysis of the data obtained in the am-
poules shows that the corrosion rate S.10 in
DEA+MDEA, MDEA+DEA absorbents is higher if
the absorbent is saturated with one H,S than in the
case of saturation with one CO, (Figure 2, 3). In the
presence of H,S and CO,, the maximum corrosion
rate began to be observed at a ratio of H,S/CO,=
(1.5-4):1.

The results also show that the de-
gree of saturation of the H,S absorbent,
CO;, and temperature significantly deter-
mine its corrosive properties. Stainless
steel is practically free from corrosion. Ad-
ditive 1wt% hexamethylenediamine to
MDEA+DEA absorbent (60x40%), which
showed the highest corrosion rate of steel
grade 12 GF-1,0 mm/year, reduces it to
0.11-0.12 mm/year. This fact requires addi-
tional special research.

Table 2
Corrosion rate St. 10 in MDEA+DEA absorbent in
depending on the composition of the absorbent
(T=130°C, absorbent saturation 0.6 mol
(H,S and CO, )/mol, F=100 h, concentration of amines in

absorbent 40% wt)
Absorbents and their Corrosion rate .10, mm/year
composition H,S/CO,=3:1 H,S/CO,=2:1
0,059 0,054
MDEA 0,057 0,052
0,035 0,031
DEA 0,030 0,032
20% MDEA+80% DEA 8’832 8’8%3
40% MDEA+60% DEA 8’82; 8’8:;2
50% MDEA+50% DEA 8’832 8’82?
60% MDEA+40% DEA 8’833 8’8;3
70% MDEA+30% DEA 8’822 8’822
80% MDEA+20% DEA 8’822 8’8?2
Table 3
Corrosion rate of carbon steel grade 12 GOR in
absorbent

MDEA+DEA+AWSP (autoclave experiments)
(amine concentration 40% masses.;
temperature 90 °C; amine saturation ~1,0 mol/mol;
H,S/CO,+2;1, P, ~5 MPa; F=360 hour)

Absorbent Corrosion rate,
steel, mm/year
DEA 0,09
MDEA 0,51
MDEA+DEA (20x80%) 0,09
MDEA+DEA (30x70%) 0,10
MDEA+DEA (50x50%) 0,25
MDEA+DEA (60x40%) 1,05
MDEA-+DEA (70x30%) 0,90
MDEA+DEA (90x10%) 0,65
MDEA+DEA (50x50%)+10% AWSP 0,10
MDEA+DEA (50x50%)+20% AWSP 0,06
MDEA-+DEA (60x40%)+1% Hexa-
A 0,11
methylenediamine

It has been experimentally determined that the
corrosion rate of steel also depends on the MDEA/
DEA ratio in the composite absorbent. Maximum ag-
gressiveness was observed in the MDEA/DEA ratio
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The results of autoclave experiments are pre-

sented in Table 2, Figure 3 and confirm an abnormal
™\ increase in the corrosion aggressiveness of MDEA +

/ DEA solutions containing more than 40% MDEA.

038
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The addition of 10% AWSP to this absorbent reduc-
/ es the corrosion rate of steel by 2 times, and the addi-
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/ \\ tion of 20% ~ by 3 times (Table 3).

/ Conclusion
The results of autoclave experiments con-
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Figure 4. Corrosion rate (K) of 12GF grade carbon steel in MDEA/

0

90 80 70 60 50 40 30 20 10 0 MDEA. The addition of 10% AWSP to this absor-
O eberemstions % "™wea bent reduces the corrosion rate of steel by 2 times,
and the addition of 20% ~by 3 times. This study

DEA absorbent (a~1,0 mol/mol; t =90 °C; P =5 MPa; H,S/ shows that the absorption volume, mol/mol, in-

€O;=2:1). creased from 0.55 to 0.65, and the amount of H,S in

interval=(40x60%) - (80x20%). This relationship can  the purified gas, g/m 3 , increased from 0.022 to
be traced both fir the mixture of H,S, CO,, and indi-  0.014 and practically no corrosion of equipment,

vidual gases - H,S and CO, (Figure 3).

metal corrosion is 0.06 mm instead of 0.10 mm/year.
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