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INDUSTRIAL APPLICATION OF CARBON DIOXIDE
AS A SOLVENT

Extraction by liquid carbon dioxide (CO,-extraction), it is customary to
divide into two different technologies - subcritical and supercritical (SC). The
difference lies in the fact that under subcritical CO, extraction, the extract gas is
contacted with the raw material in the form of a liquid, and in the supercritical
CO; extraction in the fluid state. The main difference between SC extraction and
traditional extraction, which uses biologically active components for isolation,
carbon dioxide in the subcritical state is that not only individual phase states (such
as a liquid or a gas) take part in the extraction by SC of carbon dioxide, but some
boundary states of the matter that are now commonly called supercritical or fluid,
extraction is provided by a constant and controlled flow of extractant through the
extracted raw material. From a practical point of view, this means not only a more
complete allocation of BAS, but also a significant expansion of their spectrum,
and in those areas that are practically unattainable in the case of subcritical
extraction technology [1]. Industrial application of SC extraction technology was
found already in the 80s of the last century, and the last 20-25 years were marked
by the development of a number of directions in one way or another related to the
use of SC technologies [2]. Extraction with liquefied gases is one of the newest
and most promising methods of extraction of material containing volatile and
unstable substances, such as essential oils, cardiac glycosides, phytoncides, plant
hormones, et. all. If you take the CIS countries, carbon dioxide extraction has been
known in Russia for a long time, already in the sixties of the last century by the
efforts of Krasnodar and Moscow scientists Pekhov A.V., Kasyanov G.I.
industrial plants for the production of CO, extracts "Cascade", "Cascade-2",
"Lavender" [1] were launched. SC extraction is a relatively new process; Studies
and research in this area have been actively carried out since the early 1970s. The
main number of works is devoted to the extraction of various SC CO, substances
due to its high dissolving power, cheapness, availability, non-toxicity and low
critical parameters. The first production processes of decaffeination of coffee in
SC CO; appeared more than 30 years ago [2,3]. Carbon dioxide at pressures from
16 to 22 MPa and temperatures from 60 to 90 °C has a high selectivity for caffeine,
which allows you to maximize the "bouquet" of a natural product. After
extraction, the caffeine content decreases from 0,7% 3% up to 0,02%. Another
large-scale food production, where supercritical technologies are used, is the
preparation of hops extracts. In this process, SC CO; significantly supplanted the
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dichloromethane traditionally used for this purpose. In this case, the
environmental benefits and fundamentally new quality of the product obtained are
unquestionable, since dichloromethane extracts always contained residual
amounts of toxic solvent [1-5]. In industrially developed countries, SC extraction
from natural matrices is widely used in the food and pharmaceutical industries, as
well as in the production of perfumes and cosmetics. Oil and fat industry. In order
to obtain commercial oil, it is necessary to carry out a whole complex of measures,
such as removing lecithin, mucus, acid, bleaching, deodorization, etc. These
technological operations are necessary, but require the use of additional
equipment and energy resources. When extracting SC CO,, these processes are
carried out during one technological cycle and the quality of the oil obtained in
this case is much better. The work in terms of using the technology of supercritical
extraction for the production of vegetable oils has been carried out since the early
1980s in the USA (soybeans, corn germs), Canada (sunflower and rapeseed),
Japan (seaweed), Germany (lupine, cotton, copra). But on the way of wide
application of this method in this case there is a rather complicated technical
problem, namely: ensuring continuous introduction and removal of raw materials
into and out of the extractor. Functional food ingredients. With the advent of
companies in the market that use SC fluids in their production, there has also
appeared the possibility of separating from plant raw materials components of
hitherto unknown or deprived of attention by a large producer due to the high cost
of their production. So, for the first time it became possible to obtain natural dyes.
Considering the toughest norms of food production in the world, their use
presented an excellent opportunity to replace synthetic ones. Today SC
technology produces almost all natural dyes, which in essence are separate
fractions of plant SC extracts. And the technology made it possible to use not
traditional sources of dyes. For example calendula widely known in the
pharmaceutical industry can serve as an excellent source of carotenoids - in its
extract, up to 900 mg% is detected. SC technology allows to successfully extract
almost 100% of alpha-acids from hop cones, about 7-10% of soft resins, and
heavy tar and tannins are not extracted. A very important circumstance is the fact
that the technology makes it possible to obtain standardized extracts from raw
materials with a low content of alpha-acids. For example, the works carried out at
the SIC ER "GORO" showed a real possibility of obtaining a Super-hop CO2
extract (classified according to the HOPSTEINER classification, Great Britain)
with an alpha acid content of 24-30% from the raw material containing these
components within 3-3, 2% [5]. Analysis of technology and production of similar
foreign equipment has shown that the spread of SC technology and traditional
technology is constrained by high prices and restrictions on the distribution of
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these high-tech developments. At present, there are no equipment and industrial
technologies for supercritical processing of raw materials in our republic.

Some manufacturers of supercritical equipment [1]. Manufacturer's name
Purpose of the equipment Price indicators, US $ 1 Thar Technologies, Inc. (USA)
Laboratory and analytical equipment for working with SC solvents Laboratory
installations - from 75000 2 Natex (Austria) Industrial equipment 3 Separex
(France) Equipment allows you to perform the full range of research and industrial
production Laboratory installations - from 200000 Pilot equipment - from 450000
Industrial - from 3,5 million. SITEC (Switzerland) Pilot equipment for
supercritical extraction, micronization, sterilization Cost from 165000
Manufacturer's name Purpose of the equipment It is necessary to note that the
most developed is the SC fluid extraction of pharmacologically active
components from plant raw materials. First of all, this is due to the fact that these
regions are unique in the floristic composition of plant raw materials, as well as
in Uzbekistan. But in these countries, an attentive approach is being taken to
assess the opportunities for widespread use of own raw materials. Such an
approach would be useful for the development of supercritical fluid extraction
(SCFE) in Uzbekistan. Important is the circumstance that the rapid development
of the GEFE in the countries of this region has had a significant impact on the
economies of these countries and has served as one of the factors ensuring the
stability of innovative development.
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PROCESSES THAT OCCUR IN THE STORAGE OF PRODUCTS

Various methods of storing fruits, vegetables and dairy products is used.
Including products in trenches and piles in field conditions preservation is one of
the ancient methods. This method is used in farms, root in households as well as
in warehouse-less manufacturing offices widely used in fruit storage.

Permanent fruit and vegetable warehouses are different depending on
storage conditions will be different. In this, their size - small, storage mode,
ventilation systems, mechanization of work and placement of products differ from
each other in ways. Warehouse storage conditions, including the extent to which
equipment is provided divided into the following depending on:

1. Simple warehouses with natural ventilation.

2. Warehouses that are actively ventilated by means of a powerful fan.

3. Refrigerators (warehouses with artificial cooling).

4. Air atmosphere controlled coolers.

Living components (microorganism, insects and mites) continue their life
activities under certain conditions breathing and reproduction are observed in
them. Also dry substance reduction was found. Storage of vegetables and fruits
effectively managing the processes in which technology occurs, without allowing
the development of unpleasant events by improving the demand characteristics of
the products in a timely manner at the same time, it is necessary to store them in
appropriate conditions, Respiration is the absorption of substances during the
storage of vegetables and fruits is the main process. Metabolism of all substances
- polymerization, hydrolysis, the occurrence and movement of substances, bud
formation, seed and fruit ripening, exposure to protection and other factors
depending on the necessary plastic substances and the power of respiration occurs
during Heat is also released during breathing, technology of cooling and storage
of stored products defines. In addition, in airtight containers, as well as vegetables
to products in deep densely planted trenches oxidation does not go to the end
because oxygen is difficult to reach. Finally, the payment of the stored products
and especially the last break during the period, there is an interruption in some
parts of the breathing process, as a result, oxidation may stop at some intermediate
stage. This in cases such as ethyl alcohol, acetic aldehyde, vinegar and lactic acid
anaerobic respiration occurs due to the accumulation of oxidized compounds and
signs of physiological disorders in metabolism - various darkening, spots, necrosis
occur. This case is especially recent aging of parts and tissues of flour products is
observed in periods accelerates and their resistance to metabolic disorders
disappears. Testing the resistance of fruits to anaerobiosis is as follows held, that
IS, in the warehouse to keep fruits and vegetables fresh it is necessary to increase
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the humidity and decrease the temperature. Do not pour the fruit into the bowl if
it is kept thick without leaving an open space for air to pass through sweats The
temperature between the box and the package, usually from the warehouse
temperature will be higher. Therefore, the upper layer of vegetables and fruits is
sides sweat. Products deteriorate quickly when sweating because of their moisture
on the surface allows microorganisms to develop. New low temperature during
storage of vegetables, fruits and grapes has a negative effect on them shows. When
storing vegetables and fruits in refrigerators artificially, it is cooled naturally with
the help of ventilation and outside air.

Dehydration of cells, proteins and other plasma freezing due to irreversible
coagulation of colloids the fruits die in time. Mechanical damage increases in the
cold accelerates death [1-5].

Biochemical processes. This is the case with raw and processed fruits it is
different. When ripe fruits are stored, they contain valuable nutrients taste-
determining substances do not accumulate, but rather break down. Full and in
unripe picked fruits, these substances accumulate for a long time goes, then decay
begins. As the fruits ripen, they the amount of sugar in the content increases, acid
and additives decreases. In addition, the accumulation of aromatic substances
increases.

Sugars are hydrolysis of starch in fruit, hemicellulose, increases due to the
breakdown of glycosides and pectins. Its types the ratio varies. Until a certain
period when the fruits begin to ripen Sucrose accumulates due to the increase in
glucose and fructose, and then the sucrose is lost as it is reduced and the invert
sugar increases starts Unripe fruits have less sugar than ripe ones is inverted by
increasing the sweetness of fruits. After the harvest has ripened if he leaves, the
amount of sugar will decrease due to his breathing. During storage, the contents
of vegetables and fruits - acids to sugars it decomposes relatively quickly. As a
result, the ratio of sugar acids will change. By the end of storage, the fruits are
quite sweet, acidic as a result of its loss, it becomes useless. The higher the
temperature in the warehouse if there is, the decomposition of acids is accelerated.

Fruits with a lot of acids contain citric acid, but less fruits are high in malic
acid. According to its quantity, there are few fruits, divided into medium, high
and very high acid groups. The first group is husband mulberry, pear, fig, date; to
the second group - apples, peaches, cherries, grapes, monkey to the third group -
plum, cherry, hokhagat; to the fourth group - includes blackberry, pomegranate
and lemon. Compared to raw fruits quickly loses acid.

Additives quickly degrade during storage. It's theirs transition to an
insoluble state depends on the thickening of colloids.

Decomposition of additives with increasing temperature accelerates. As the
fruits ripen, they accumulate pectin substances and reaches a higher level when
dialable. From this time they are breaks down and forms soluble pectin, which
softens the fruit. This process goes from the middle of the fruit to the outer part.
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Methyl alcohol, which darkens the flesh of the fruit as a result of
decomposition is formed. When grapes wither, pectin accumulates. The cover has
a color specific to the Navi fruits that do not keep well. Not having a covering
color of the fruit indicates that it is believed. Aromatic substances to preserve
fruits in time it flies to other compounds under the influence of enzymes becomes
When the crop is fully ripe, their increase has been determined. When the
temperature is low, the fruits are less fragrant, as it rises the aroma also increases.

During storage, essential substances in some fruits (peaches) are oxidized,
the taste is spoiled and the flesh turns into a sticky black mass. Damage by
microorganisms and substances in them causes it to decrease. The wax on their
skin during their formation the dust will increase. As it ripens, it thickens and
holds when seen, it looks like an egg. If the wax dust is spilled, the water is fast
evaporates and the fruit withers.

Vegetables and fruits contain nitrogen during storage the amount of
substances, sugars and acids changes. For example, storage in pears by the end of
the period, aspargin is completely lost, nitrogenous substances the total amount
decreases, and the amount of nitrogen oxides increases in grapes.

Amount of vitamins in vegetables and fruits during storage decreases.
Vitamins in early ripening varieties are faster than late ripening ones disappears.
High temperature in the storage of vegetables and fruits and hydrolytic processes
from synthetic cases with high air entrainment prevails. As a result, the amount
of polysaccharides and disaccharides decreases, while the amount of inverted
sugar and soluble pectin increases, acids breaks down, a certain part of protopectin
is hydrolyzed. Cooker substances and the amount of glucose decreases. Part of
the proteins is hydrolyzed. The amount of vitamins and aromatic substances is
reduced.
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CO, — DKCTPAKIIMS — YHUKAJIbHBIHI ITPOLIECC
I[TPOU3BOACTBA

Juarpamma (azoBoro paBHOBeCHsI TMOKCH A yriaepoaa (puc. 1.) HarIsIAHO
JEMOHCTPUPYET YCIIOBUS CYIIECTBOBAHMS KaXKJIOM M3 €ro arperaTHsix (opm.
KpuBas AB npencrasisieT nuHuio kunenus, AC — nuHU0 1uaBieHus, BC —
JIMHUIO KPUTHUYECKOTO HAaBJICHUSA. TO4YkM A U B COOTBETCTBEHHO TPOMHAS U
kputnyeckasd. Otpe3ok DA kpuBOi KuUIEHUS OJHOBPEMEHHO SBISIETCA H
CyOJIMManMOHHON JIMHUEW, B 00JIACTH KOTOPOM THOKCH]I yIJIepoJia UCIapseTcs
U3 TBEPJOr0 COCTOSIHUSA, MUHYS )KUIKOE.

3aMKHYyTast KpuBas ABC OIPaHUYUBACT IIPOCTPAHCTBO
CYILIECTBOBAHMS KUAKOIO JHOKCHIA yriiepoga. B Kaxaol TOYKE BHYTpHU
3aMKHYTOW KpPUBOM MyTEM HW3MEHEHHUs OJHOI0 W3 BEAyLIMX IapamMeTpoB
(TeMmepaTypbl WM JABJICHMS) WJIM OOOUX OJHOBPEMEHHO MOXKHO JOCTUYb
U3MEHEHUs (Pa30BOro COCTOSHUSA U CBOWCTB KUJKOCTH (UCTIapeHHE, 3aMEP3aHHUe).

Huxe nuann DAB auokcu yriaepoaa MOXKeT CyLIECTBOBATH TOJIBKO B BUE
rasa, a Beiie DAC — B Bujie CHErooOpa3HOM TBEPAOM MaCCHI.

IIpaBee kputmyeckod JmHMM BC pacnojoKeHa CBEPXKPUTUYECKAS
obnacte. B oTinMume OT JOKpUTHYECKOW 3/1€Ch H3MEHEHHEM BeIyILIuX
napamMeTpoB B paMKax BbIIIE KPUTUYECKUX HENb3sl JOOUTHCA H3MEHEHUS
¢dazoBoro coctosiHus. [loBbIlIEHHEM TEMTIEPATYPBI WIIH AABICHUS MOMXKHO TOJIKO
MOJIYYHUTh T'a3 B CKATOM COCTOSIHUU C OIPEIENICHHBIMU XapakTepuctukamu. [1pu
TOM MEHSETCS IUIOTHOCTh CHKATOIO rasza, a ¢ Hed U pAll (PU3NYEeCKUX CBOWCTB
ITOCJIEAHETO.
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Puc. 1. Jlnarpamma ¢azoBoro paBHoBecusi COg:
(A — mpounas mouka, B — kpumuueckas mouxa)
N3 nuarpammel ($ha30BOro paBHOBECHS AMOKCHAA YIJIepoja CIeAyeT, YTO
JJAHHOE BEIIECTBO HMEET JOBOJIBHO BBICOKYIO TpoHHYIO TOouky A. Ee
XapakTepu3yor: t,, =-56,57 £ 0,01°C, P,, = 518,6 = 3 kIla, r,,= 1501 £ 9 kr/m3.
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Kputnueckas Touka nuska (B). Ee mapamerpsr: ty, = 31,05 + 0,02°C, Py, =
7383 £ 5 klla, I, = 468,16 + 3 kr/m.

[Ipu arMochepHOM MJaBICHUM W KOMHATHOW TeMIEpaType ITHUOKCH]T
yriiepoja CyIecTBYET TOJbKO B Bujie rasza. [lon nelictBueM naBiieHHs B 00J1aCTH
Temmepatyp or —56,6 1o 31,1°C on nerko cxmkaercs. [Ipu OXImakmaeHUH 10
TEeMIIepaTyphbl HIKE TPOMHOW TOYKM WM JAPOCCEIMPOBAHMU B OOJIACTH BBIIIE
JIMHUY TUTABJICHUS OH TPAHC(OPMHUPYETCS B TBEPAYIO CHETOOOPa3HYIO Maccy.

Kunakuit Tnokcu yriepoja Xopolo pacTBOPSIETCS B CIUPTE U ddupe.

Kungkuili quokcuj yriiepoaa sBIsSeTCS W30UpaTeIbHBIM PacCTBOPUTEIIEM
CpellHeW CUJIBl JIJIi MHOTHUX HEMOJISIpHBIX apomaTudeckux BemiecTB (Frencis,
1954). ITpu 3TOM ACICTBYET U3BECTHOE MIPABUIIO, COTIIACHO KOTOPOMY MOA00HOE
pPacTBOPSIETCS B TOI0OHOM, paCTBOPUMOCTH HETIOISIPHBIX COSAMHEHHUI B OJTHOM H
TOM JK€ HEIMOJSIPHOM pAaCTBOPHUTENIC IOBBIMIACTCS COPAa3MEPHO C POCTOM
MOJICKYJIIPHOM MacChl PAacTBOPSEMOIO BEIIECTBA W, HAKOHEIN, Mauas
CIIOCOOHOCTh PACTBOPEHHMS 03HAYAET BHICOKYIO CEIICKTUBHOCTH PACTBOPHUTEINS U
Ha000poT. CTOUT OTMETHUTH M COPACTBOPUMOCTH ps/ia BEIISCTB C 3aMETHOM
MOJIIPHOCTBIO B PACTBOPAX HEMOJSPHBIX KOMIIOHCHTOB B KHUIKOM JTHOKCH]IC
yraepona. llocrmenHee sIBJICHUE MIUPOKO HCIOIB3YETCS B OKCTPAKIIMOHHOM
texHosoruu (Kacwesinos, KBacenkos, 1998).

B npurpanuuHoii 001acTH BOKPYT KPUTHYECKOM TOYKH PE3KO IMagaeT
pacTBopsitolas ClIoCOOHOCTh AUOKCHIA yriepoa. 31eCh, OUEBUIHO, JEHCTBYET
yCJIOBHE, KOTJ]a B MEPEXOJIHbII MOMEHT CBOMCTBA >KUIKOCTH YK€ HCUEpIaIH
cebs1, a CKaTHIN ra3 eme He 00pes CBOMCTB paboyero areHTa B MOJHOM Mepe.

Jist SKCTpakuuu pacTuTenbHOro coipbst CO2 UCTIONB3YETCS B CIEIYIOIINX
COCTOSTHUSIX:

® KHJKOM JIOKpUTHUYECKOM Inpu t<t,, , P<P,,;

e KkpuruyeckoMm t=t,,, P=P,,;

® KHIKOM CBEpXKpUTHUYECKOM t<t,, P>P,,;

e ra3000pa3HOM CBEPXKpPUTHYECKOM t>t,,, P>P,,,.

BemecTBOM B CBEPXKPUTHYECKOM COCTOSIHMM HA3bIBAIOT BEIIECTBO IPHU
TEMIlepaType ¥ JaBJICHUM BBIIIC KPUTUYECKOH TOYKH (OTpEIeICHHOM
temnepaTtypoil T,, U naBieHueM P,,, IpH KOTOPHIX MCUE3AET PA3IUUYUE MEXKIY
KUIKOCTBIO M Ta30M). B KpUTHUeCKOW TOYKE IUIOTHOCTh JKHJIKOCTH H €&
HACBIIIICHHOTO TTapa CTAHOBSITCS PaBHBI, @ TOBEPXHOCTHOE HATSHKEHUE YKUIKOCTH
najiaeT 10 HyJis, TOTOMY MCYe3aeT TpaHulia pa3zena (a3 KuaKocTh-Tap.

HecmoTpss Ha TO, YTO BHEIIHE BEIIECTBO HANIOMHHAET KUIAKOCTH, B
NPUMEHEHUHM K HEMy Cceldyac WCIONb3yeTCs CIEUUaTbHbIN TEePMUH —
ceepxxkpumuyueckutl garouo - supercritical fluid (ot anrmuiickoro cnosa fluid, To
€CTh «CIIOCOOHBIN Te€4b»). B COBpeMEeHHON JIUTEpaType MPUHATO COKPAIICHHOE
o0o3Hauenue cBepxkpurnueckux ¢aongoB — CK®. B cBepxkputrdeckom
COCTOSIHUH CIIOCOOHBI HAXOUTHCS OOJIBIIIOE KOJIMYECTBO BEIICCTB, (PAKTHUCCKU
Mepexo/] B CBEPXKPUTHIECKOE COCTOSTHUE OTPAHUUYCH TeMITepaTypOil pa3ioKeHUS
BEIIIECTBA.
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Takum 00pa3oM CBEPXKPUTUYECKOE COCTOSIHHE BEIIECTBA-3TO COCTOSTHHE
IIPYU TEMIIEPAType U JaBJICHUH BbIllle KpuTHueckux (1> 7,,, P>P,,), B 3aMKHYTOM
o0beMe MeHbIe KpuTHIeckoro (Vip).

Opno u3 Hanbosee BaKHBIX CBOWCTB CBEPXKPUTUYECKOTO COCTOSTHUS —
3TO CIIOCOOHOCTH K PACTBOPEHUIO BEILIECTB.

OCHOBHBIMM  MIPEUMYIIECTBAMU  CBEPXKPUTHUUYECKUX  (DIIOUIOB  Kak
pacTBOpUTEIIECH SBIISIOTCS:

- COuY€TaHHE CBOMCTB ra3oB MPHU BBICOKUX JABICHUSAX (HU3Kasl BA3KOCTD,
BBICOKMI KO3 dunmeHT auddy3un) U KUIKOCTeH (BBICOKAs pPacTBOPSIONIAS
CITIOCOOHOCTH);

- OBICTPBI MAacCONEpPEHOC, OCYIIECTBISIEMbI Onarojgapsi HU3KOU
BSA3KOCTH U BBICOKOMY K03 purnenty nuddysuu;

- CcOYeTaHHe MPEHEOPEKUMO MAJIOTO MEX(Pa3HOTO HATSHKEHUS C HU3KOU
BSI3KOCTBIO UM BBICOKUM  KOdhduimentom  nuddy3un, M03BOJSIOIICE
CBEPXKPUTHUECKUM (IIOUAaM NMPOHUKATH B MOPUCTHIC Cpebl Ooyiee JIETKO MO
CPaBHEHHIO C )KHUJIKOCTSIMU;

- BBICOKas YYyBCTBUTEJIBHOCTH pacTBopstouieii crnocodoHoctn CK® k
M3MEHEHUIO JaBJICHUS WIH TEMIIEPATyphI;

- NPOCTOTa pa3fesIeHUs] CBEPXKPUTHUECKUX (PIIIOMIOB U PACTBOPEHHBIX
B HUX BEILECTB IpU cOpoce JaBICHMUS.

B cnyuae c¢ temmeparypoil 3aBUCHMOCTb CBOWCTB (htouga HECKOJIBKO
Oosee cioXHasi — MPHU MOCTOSHHOMN IIOTHOCTH PacTBOPSIOLIasl CIIOCOOHOCTH
dirouaa  TakkKe  BO3pACTaeT, OAHAKO  BOJIM3M  KPUTUYECKOM  TOUKH
HE3HAYUTEJIbHOE YBEJIMUYEHUE TEMIIEpaTypbl MOXKET TPUBECTH K PE3KOMY
NaJICHUIO IJIOTHOCTH, U, COOTBETCTBEHHO, paCTBOPsIOIIEH criocoOHoCTH [1-5].

B CBepXKpUTHYECKOM COCTOSIHMHM, KaK YKa3aHO BBIIIE, BEIIECTBO
pacmmpsieTcs, 3aHIMasi BECh IPEIOCTABICHHBIN 00beM MOJA00HO ra3y, HO UMEET
BBICOKYIO IIJIOTHOCTb, KaK Y KHJIKOCTH.

[IpuMmeHeHne yTIeKUCIOoro ras3a IMO3BOJSET MOJHOCTHIO U B INASIIEM
pEeXHUME OTAETATh €ro OT KCTpaKTa W MaTepualia - HOCHTES B MPOTHBOBEC
KJIACCMYECKUM DPACTBOPHUTENSIM, BBIBEACHHE KOTOPHIX HE BCETAA OKAa3bIBACTCS
noJIHbIM. VHBIMU CJIOBaMH, SKCTPAKThI, MOJYYEHHBIE IMPU TMOMOIIM JAaHHOM
METOJIMKH, a0COTIOTHO CBOOOIHBI OT PACTBOPHUTEIIS.

[ToTpebnieHne »HeEpruM [js pPEreHepaluy pacTBOPUTENS BO MHOTHUX
CIIy4asiX MEHbIIIE, YeM MPH TPAIUIIMOHHOM 3KCTPAKIUU. A HU30BITOYHOE JaBICHHUE
B CHCTEME IpPEeJOTBpallaeT MPOHUKHOBEHHUE KHUCIOPOAa BO BpeMs 3KCTpaKLHHU,
YTO MPUBOJUT K UCKIIIOUEHHUIO MTPOLIECCOB OKUCIICHHUS.

Cnucok ucnonb308aHHbIX UCHOYHUKOS.

6. Kasyanov G.l. Technology CO; - processing of vegetative raw materials (the Theory and
practice). Thesis for the degree of Doctor of Technical Sciences in the form of a scientific report. - M.:
Rosselkhozakademiya, 1994.

7. Zilfikarov IN, Chelombytko A.M., Aliev A.M. Treatment of medicinal plant raw materials with
liquefied gases and supercritical fluids. Monograph, Pyatigorsk, 2007.
8. Kasyanov G.A. Theory of gas-liquid technologies // http://krkgi.ru/glav/co2tech/extraction.htm
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COKMXEHHBIN 1 CXKATBIN CO, KAK PACTBOPUTEJID

Pacmeopumenu — wHIUBUAYyaTbHOE XUMHUYECKOE COCIUHEHUE WIH UX
CMECh, CIIOCOOHAsI paCTBOPATH Pa3IMYHbIE BEIECTBA, TO €CThb 0OPa30BLIBATH C
HUMHU OJIHOPOJIHBIE CUCTEMbI MEPEMEHHOIO COCTaBa JABYX WJIM OOJIBILIErO YKcClia
KOMITOHEHTOB.

TexHuueckue ycjaoBUs Ha pacTBOpPUTENE OOBIYHO COAEpIKAT JAHHbBIE IO
TeMIepaType BCHBIIIKY, MO MpejeiaaM B3pbIBOONACHBIX KOHIIEHTPAIIMI MapoB B
BO3/yXe, MO JABJICHUIO TMapa MPU CTAHJIAPTHBIX TEMIIEpaTypax, a TakXe IO
pPacTBOPSIONIEH CTOCOOHOCTH — JJIsl KAKOTO THUIIAa BEIIECTB MOYKHO MCIOJIH30BATh
JAHHBIN pacTBOpUTENb (ISl PACTBOPEHUS Maced U JKUPOB, CMOJI, KpacUTENEH,
Kay4yKOB HaTypaJIbHBIX U CHHTETHYECKUX U T. T1.).

CylecTBYIOT onpeieIEHHbIE TPUHIUITBI KIacCU(PUKAIIMKN pacTBOpUTEIIEH
(3xcTpareHTOB). MOXHO BBIICJIUTH TPYIIIbl PACTBOPUTENICH B 3aBUCUMOCTU OT
XapaKTEPUCTHUK:

* TEeMIEPaTyphl KUIEHUS — HU3KOKUIISIIME PACTBOPUTENH (HAIpUMED,
STWJIOBBIM CIUPT, METWJIAIIETAT) U BHICOKOKUITSIIME PACTBOPUTENN (HAIIPUMED,
KCHJION);

* OTHOCHUTENBHOM CKOPOCTH HCHapeHusi — OBICTpOUCHAPSIOMUECS U
MeJUICHHOUCTIapsomuecss (B KadyecTBe OTajoOHa 4YacTo OepyT CKOpOCTh
UCIapeHus OyTusalerara);

* MOJISIPHOCTHU — HEMOJIIPHBIE (YTJIIEBOAOPOAbI, CEPOYIJIEPO) U TOJISIPHBIC
(Hampumep, BoAa, CIUPTHI, AlIETOH);

* TOKCUYHOCTH.

DKCTpareHT B MPOIECCE AKCTPAKIIUUA PACTUTEIBHBIX MAaTEPUAJIOB UTPACT
0c000 BaxkHyI poiib. OH J0MKeH 00JiafaTh CIIOCOOHOCTHIO MPOHUKATH Yepes
CTEHKHM KJIETKH, W30UpaTeIbHO pPacCTBOPSATh BHYTPHU KJIIETKH OHOJIOTHYECKU
aktuBHbIe BemecTBa (BAB), mocie yero mocnegHIM HEOOXOIUMO TIPOUTH Uepe3
pa3nuYHbIe TBEPAbIC 000JI0YKH U BHINTH 32 IIPEIEIbl PACTUTEIHLHOTO MaTepurara.

K skcTpareHTaM  TpenBABISIOTCS ~ ONpECNICHHbIE  TpeOOBaHUA,
BBITEKAIOIIIHE u3 cnenuuuecknx  OCOOCHHOCTEW  MHIIEBOTO u
(apMaIeBTHYECKOro MPOU3BOICTBA. DKCTPAreHT JT0JDKeH 001a1aTh [53]:

e JIOCTATOYHOM PACTBOPSIOINICH CITOCOOHOCTHIO, H BMECTE C TEM BBICOKOM
HU30UPATEIBHOCTHIO, T.€. MAKCUMAJIBHO PACTBOPATH JCHCTBYIOIINE BEIIECTBA, U
MUHUMAJIBHO - OaJIJIaCTHBIE BEIIECTBA,

e BBICOKOW CMauMBaloIIe CIOCOOHOCTHIO, OOECIIeUnBaroOIIel XOpoliee
MIPOHUKHOBEHHUE €ro uepe3 Mophbl MaTeprasa U CTEHKH KIIETOK;

o  OBITb XUMUYECKU UHAUP(HEPEHTHBIM K SKCTPArUPyEMbIM BEIIECTBAM U
MIPOU3BOJICTBEHHOMY 000PY/10BaHUIO;
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e OTCYTCTBHE MOCJIE OTTOHKHA MOCTOPEHHErO 3amaxa W BPEAHBIX s
YyeJI0BeKa BEUIECTB B U3BJICUCHHOM MPOIYKTE;

e JIETyYECTBIO, BO3MOXXHO HHU3KOM TEMIIEPATypOU KHUIICHMS, JIETKOU
pPEreHEePUPYEMOCThIO, HAUMEHBIIIEH TEIIOEMKOCThIO, TEIJIOTOW HCHapeHus u
BSI3KOCTBIO;

e UMEThb OJHOPOJIHBINA CTAaOWJIBHBIA COCTaB, OTCYTCTBUE KOJUIOMIHBIX
CUCTEM U TUJIpOoOOHOCTE;

MUHHUMAaJIbHON TOKCUYHOCTBIO M OTHE- U B3PBIBOONIACHOCTHIO;
0€3BpEHOCTHIO J1JI 00CITYKHBAIOILIETO MIEPCOHANIA;
JIOCTYITHOCTBIO 110 CTOMMOCTH.

Br160op sKkcTpareHTa 3aBUCUT OT CTENIEHU TUAPOGUILHOCTH U3BIEKAEMOTO
BEIIECTBA. 371€Ch UCIOJIB3YETCs IPABUIIO: MMOJ00HOE PACTBOPSAETCS B TTOJTOOHOM.
BemectBa nmosisipHbIE, C BBICOKMM 3HAYEHUEM AUAJIEKTPUYECKON MOCTOSHHOM,
XOPOIIO PAaCTBOPAIOTCS B MOJSIPHBIX pacTBOpUTENAX. BelecTBa HEMOJSApHEIE, C
MaJIbIM 3HAYEHUEM JAUAJICKTPUUECKOU MOCTOSIHHOM, pAaCTBOPUMBI B HETIOJSPHBIX
PacTBOPUTEIISX.

[lepcrieKTUBHBIMU JJISI DKCTPAarupOBaHUs SIBJSIOTCS TpeijiaraeMbie B
nocJeTHee BpeMsl CXKIDKEHHBIE Ta3bl: 08yokucs yenepooa (CO,), mpomaH, OyTaH,
KUJIKAA aMMHAK, XJIJ0HBI (XJI0p(TOPIPOU3BOIHBIE YIIIEBOIOPOIOB) U .

[Tox cCxKUMKEHHBIM ra3oM MOHMMAETCA ra3, KOTOPBIA MPU HOPMAaIbHBIX
yenosusax (P=101,3 kITa, t=20°C) HaxouTcs TOIBKO B ra3000pa3HOM COCTOSIHUH,
a mepexo] B KUAKOE COCTOSIHUE IPOUCXOIUT IPHU OXJIAXKICHUU €ro HUKE
TEeMIIepaTyphl HACHIIIICHUS MPU JAHHOM JaBieHUHU. TakuM 00pa3om, CKUKEHHBIE
rassl pu 20°C ¥ Bbllle MOTYT HaXOAUTLCSA B KMIAKOM COCTOSIHUM TOIBKO IMOJ
M30BITOYHBIM JaBJICHUEM, KOTOPOE JJIsl KaXKJI0TO ra3a UHAUBUYaJIbHO.

DKCTparupoBaHue CKMKEHHBIMU Fa3aMu MPOBOJUTCS MOJ1 TaBICHUEM, TIPU
CHATUM KOTOPOTO OHKCTPAreHT YJIETYYHMBAETCS, a DKCTPAKTUBHBIC BEIIECTBA
OCTalOTCsI B YUCTOM BUJIEC.

BoNbIIMHCTBO CHKMXKEHHBIX Ta30B 00JaJaeT CBOWCTBAMU HEMOJSPHBIX
pacTBOpUTENEH, XOTsI caMU SABJISIIOTCS TUAPOGUIBHBIMU COCTUHEHUSIMU (Kpome
dbpeoHoB).

HaubGonee sddextrBeH crnocoOd MOMydYeHUsT PACTUTEIBHBIX Macel |
HKCTPAKTOB C MPUMEHEHUEM KUIKOW U CBEPXKPUTUUECKON ABYOKHUCH YTIEPOJIa.
Coxmxennbiii COz xopomio u3BIeKaeT 3(UpHBbIE, XUPHBIE Macia U APyrHe
ruapodoOHbIe BelecTRa.

XapakTepuCTHKA YIJIEKHCJIOT0 ra3a KaK pacTBOPUTEIs

Jluokcuo yenepooa (Carbon dioxide). [lpyrue Ha3BaHUS -yTICKUCIBINA Ta3,
YIJIEKUCIIOTa, ABYOKHUCH YTJIEPOJia, YTOIbHBIM aHTUIIPUA, CYXOU Jie(TBEepAbIN).
®opmyna - CO,. becuBeTHBIN ra3 co cierka KUCIOBATHIM 3allaxOM M BKYCOM.
Monsipnass macca 44,0095(14) r/monb; B TBEpAOM BHJIE -CyXOH Jied; BHUI -
OecrBeTHbI ra3; Homep CAS; cBoiicTBa: TJIOTHOCTH U azoBoe cocTosiHuE 1,98
Kr/M?, ipu H.y.; 771 xr/M?3, skuakuit; 1512 kr/m3, TBEpABINA; paCTBOPUMOCTD B BOJIE
1.45 xr/m?;, ynenpHas TerioTa miaBieHus 25,13 k/[k/MoJb; Todka TIaBiICHUS
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—57°C (216 K), non naBnenuem; touka kunenus —78 °C (195 K), Bosronsiercs;
KOHCTaHTa auccouuanuu kucinotel (pKa) 6,35 u 10,33; Bsaskocts 0,07 13 npu
—78°C; ctpoenue: dopma MoOJeKydbl -auHEWHas, cummerpudyHas O=C=0 c
paccrosiuueM C=0O paBHbiM 1,162 A; XUMHUYECKHE CBSI3U MEXIYy aToOMaMu
MOJIEKYJIbl KOBAQJICHTHHI U TMOJSPHBI; JHUMIOJbHBIA MOMEHT paBEH HYIJIIO;
KpUCTaJUIMYECKasi pemeéTka KBapIeBUIHAS.

Jlnokcu yriaepojia He TOKCUYEH, HO He TIOJIIEP>KUBAET JbixaHue. bomnbinas
KOHILIEHTpalMsi B BO3JyX€ BBI3bIBACT YyAylLIbe (THUIEpKANHUs), HEAOCTATOK
YTJIEKHUCIIOTO Ta3a ToXe onaceH (runokamnuus). KoHrenTpanus yriiekucioro ra3a
B atMocdepe 3emiu coctasisieT 0,038 %.

Xumuueckue ceoticmea. 110 XUMUUYECKUM CBOMCTBAM JHUOKCHJ yTJIepoJa
OTHOCHUTCS K KHCIIOTHBIM OKcHaaM. [Ipu pacTBOpeHNH B BoJIe 00pa3yeT yroJbHYIO
kuciotry. Pearupyer co menmodamu ¢ oOpa3oBaHHEM KapOOHAaTOB W
ruApokapOoHaTtoB. BceTymaer B peakuuu 3IE€KTPOPUIBHOTO 3aMEIICHUS
(Hanmpumep, ¢ penosioM — peakuus Konboe) u HykaeohpuabHOTo IPUCOSTUHEHUS
(Hanpumep, ¢ MAarHUMOPTaHUYECKUMU COCTUHEHUSAMH ).

Quzuueckue ceoticmea ouokcuoa y2nepooa. [InoTHOCTh PU HOPMAJIbHBIX
ycnoBusax 1,98 r/n. Ilpu armochepHOM JaBlieHMM AHOKCHJ YTriepoaa He
CYIIECTBYET B XKUAKOM COCTOSIHHM, MEPEXOJs HEMOCPEICTBEHHO W3 TBEPIOIO
COCTOSIHUA B razoo0pasHoe. TBEPHBIN TUOKCUJ yIiiepojia HAa3bIBAIOT CYXUM
Jba0M. [Ipy OBBINIEHHOM JTaBIIEHUU M OOBIYHBIX TEMIIEpaTypax YIIICKUCIIbIN ra3
MEPEXOJIUT B )KUAKOCTh, YTO UCIOJIb3YETCS ISl €T0 XPAHEHUSI.

Cnucox ucnonb308aHHbIX UCOYHUKOG:

1. Cmacvesa O.H., Jlamun H.H., Kacvsanos I'U. COz-axcmpaxkmor Komnanuu «Kapaeany —
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2. Jcypaes  X.@.  Hayunvie  0cHO8bI — UH@PAKPACHO-KOHBEKMUBHOU  CYWIKU — NI0008
cenbckoxossiicmeenuvix kyromyp. Tawxeum: @an, 2005. — 107 c.

3. Ibicypaes X.@., Apmuxos A.A., Yopues AK. O pacnpederenuu 6iracu npu cyuike
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Jluccepmayua Ha couckanue yYueHOU cmeneHu OOKMOpPd MeXHUYECKUX HAYK 6 6ude HAYYHO20 OO0K1aod.-
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Xynoitoepaues I.1. (byxapa, bI'Y)
CUHTETUYECKUE IMNIIEBBIE KPACUTEJIN

CHHTEeTHYECKHE MMUILIEBBIE KPACUTEIN - 3TO OPraHUYECKHUE COETUHEHHUS], HE
BCTPEUYAIOIIMECS B IPUPOJIE, TO €CTb MCKYCCTBEHHbIE. B omimume ot
HATYpaJIbHBIX KpacuTellel OHU He 00J1a/1al0T OMOJIOTHYECKONM aKTUBHOCTHIO U HE
COZIEp’KaT HU BKYCOBBIX BEIIECTB, HU BUTAaMHUHOB. [Ipm 3TOM CcuHTETHYECKHE
NUIIEBbIE  KpacuUTeNd  OONaNaloT  3HAYUTEIBHBIMH  TEXHOJOTHYECKHUMHU
IPEMMYLIECTBAMU IO CPAaBHEHUIO C HATypPaJIbHBIMHU, IIOCKOJIBKY MEHEe
YyBCTBUTEJIbHBI K YCIIOBUSIM TEXHOJIOTMYECKOH IMepepabOTKHM M XpaHEHUus, a
TaKXkKe JaroT ApKUE, JIETKO BOCIIPOU3BOAUMBIE 1[BETA.

Tabmuua 1 - CunTeTmyeckue KpacuTenu (TOpPOIIKOBBIE, I'PaHYJIMPOBAHHBIE,
JIaKH, JUCTIEPCHH)

Kpacu .
HanmenoBanue TeI?'IL IIpumeHeHne CBoiicTBa, 103UpOBKa, 2/ke
Konaurepckue wu3aenus, .
TapTtpazun E 102 MOPOKEHOE COYCBI Hoporukoswi,
pTp AT ’ YCRL, BojopactBopumsIii. 0,01-0,1
Konaurepckue wusaenus, .
Kapmyazun E 122 HaIUTKU ecepThl TopoukoseI,
PMY MOpO)KCP;OG JICCCPTRL, BosopactBopumsIii. 0,01-0,05
Konnurepckue wuznenus, .
ITopomikoBbIi,
ITonco 4R E 124 HAIIUTKH, JIECEPTHI, .
MOPOTKEHOE BojiopactBopumsIii. 0,01-0,05
Kénrtbrii E 110 Konaurepckue wusgenus, | [TopormkoBbii,
«COJIHEUHBIN 3aKaT HAIUTKH, CHEKH, COYCHI BostopactBopumbiid. 0,01-0,05
[ToporikoBbIit
NuaurokapmMud E 132 Konnurepckue nznenus .
A P JTEp ! BojiopacTBopumslii. 0,005-0,5
N Mopoxenoe, N
XUHOJTUHOBBIN [opoukoBbIi,
N N E 104 KOHJUTEPCKUE  W3ENHS, .
KENTHIN AT BostopactBopumbiid. 0,02-0,12
o ITopomkoBeIii
Kopuunessit HT E 155 Konnurepckue n3nenus P o
BojiopactBopumslii. 0,01-0,06
. . Hammutku, xomgurtepckue | [TopomkoBbIi
Cunnii onecrsmuit | E 133 JMTep p o
HA3JIETUS BogopactBopumbiii. 0,005-0,5
.. o " Hanutku, xomgutepckue | I[TopoikoBeiil
Yeépnprii onectsammii | E 151 FHTEp P N
HA3JIETUS BogopactBopumbii. 0,005-0,1
Hanutku, xoHaurepckue .
3enenoe sI0JTOKO ’ FTED [MopoukoBbIi,
. W3IeNus, MOPOKEHOE, .
cMeceBOU coychl BogopactBopumbiii. 0,005-0,5
CuHTETHYECKHUE MUILEBLIE KpaCUTEN MIPEACTABIISIOT cobomt

BOAOPACTBOPHUMBIC OPraHHYCCKHUE COCAMHCHUA. Onn BBIITYCKAIOTCA B BHIC
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MOPOIIKOB WM rpanyl. [IpenmapaTbl CUHTETHYECKMX INHUILEBBIX KpACUTEIECH
coJiepkar, Kak rmpaBuio, 80-85% OCHOBHOTO KpacuTesl.

CuHTeTHYECKUE KPacUTEIU MPUMEHSIOTCS KaK WHAUBUIYalbHO, TaK U B
CMECSIX APYT C APYroM, MCHOJIb3YIOIIUECS JJIsl MTOJYyUYEHUs [[BETOB U OTTCHKOB,
KOTOpBIE HEJIb3sl MPUTOTOBUTH C TOMOIIBIO WHIMBUIYaJIbHBIX Kpacurteneu. Bee
CUHTECTUYECKUE  MUIIEBBIE  KPacUTEIM  PEKOMEHAYETCS  HCHOJIb30BATh,
MpeIBapUTENILHO PACTBOPUB WM pPa3/IeIMB MX B HEOOJBIIOM KOJIMYECTBE
OKpalIMBaeMoOro MpOAyKTa WM OJHOTO W3 €ro KOMIIOHEHTOB. PacTBop wim
JUCIIEPCUI0 KpAacuTENsl BBOASAT B IPOAYKT, KaK IMPAaBWIO, MEPEN MOCIEIHEH
onepamuen nepeMenBaHusl.

JIupepoM B MpOW3BOACTBE CUHTETHUUECKUX W HATYpaJbHBIX KpPACHUTENEH
sBiseTcst komnanus «Sensienty (BenmukoOpurtanus) (Tadauma 1).

Komnanma «UMT-I'pynm» npemmaraer KapaMelnbHBIA — KOJIEp  OT
npousBoauteia «D.D.Williamson» (BenukoOputanusi), KOTOpbIA IPUMEHSETCA
IIPY U3TOTOBJICHUHU BBINIEYHBIX Y KOHAUTEPCKUX U3ICIIHM, a TAKXKE IECEPTOB. ITH
Kpacslllue KOJIEPhl OTIMYAJIMCh BBICOKMM KA4€CTBOM M SKOHOMHUYHOCTBIO
(Tabmn.2).

Tabmuna 2 - KapamenbHble KpacuTenu mpejacrtaBiieHne kommnaHuu «UMT-
[pymm»
‘ HaumenoBanue H KpacuTe.an IIpumenenue ‘

KAPAMEJIBHBI1I KPACUTEJb Ne
108 sABisieTCsT KUCIOTOCTOMKUM, IPUMEHSIETCS
B TaKHWX aJIKOIOJIbHBIX HAIWTKAaX, KaK poM,
6peH,Z[I/I, BUHO U BEPMYT. B otanune ot npoyunx
“kopuuHEeBBbIX” Kapamenel, kapamenb Ne 108
HUMECT OCO6YI'O HEHHOCTb IJId IMPUMCHCHHS B
TCX TMPOAYKTAX IMUTaHUA W HaAIUTKax, A€
HGO6XOI[I/IMLI KpaCHOBATO-KOPHUYHCBLIC

OTTEHKH. 3epHOBON XJ1e0, MPUMPABHI, CIaJKHE
HAJIUBKHU.

KHCJIOTOCTONKUM
KAPAMEJIbHbBIN KPACUTEJIb JBOMHOM
NHTEHCHUBHOCTU Ne 050 mnpeacraBisieT
KAPAMEJIbHBIN coOOM KaueCTBEHHBIM KpAaCHUTENb OOIIero

KPACHUTEIJIb E150D INPUMEHEHHS Ul TPONYKTOB MHTAaHUA U

Ne 050 HAallUTKOB C  JBOWHOW HWHTEHCHBHOCTHIO.
[Teuenne, OynbOHBI, XJ1€0, JIEACHIIBI, 36PHOBOM
xJ1€0, II0KO0JIaTHOE MOJIOKO, KOJIa, IPUIIPaBhl U

T.1.
ACCOpPTUMEHT BBICOKOKAUECTBEHHBIX  ITHUIIEBBIX CHUHTETUYECKUX
kpacutenein npousBoactBa «ROHA DYECHEM PVT. LTD., MUMBAI,
INDIA» (Tabnuia 3).
CpoOK TOJHOCTH CHUHTETHMYECKHMX MHUIIEBBIX Kpacutened ot 1,5 mo 3 ner.
Kpacutenu 0JDKHBI XpaHUTHCS B CYXOM, 3allIMIIIEHHOM OT CBETa MECTE, B
TepMETHYHOH yIakoBKe Mpu Temreparype oT 5 1o 30°C.

KAPAMEJIbHBIN
KPACUTEJIb E 150D
No 108
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Tabmuna 3-Kpacurenu BomopacrBopumeie B Bujie mopoiika (IDACOL)

HaumenoBanue IBeT Kona %
(TOJIBKO Kpacsiero
OPHEHTHPOBOYHO)* BelleCcTBA
Taptpazun E102 FO9 87
Cancer xxenteiid E110 FO8 87
ITonco 4R E124 FO7 82-85
Kapmyasun E122 FO3 85-87
Anmtopa kpacHbiii E129 All 85
Kpacubiii 2G E128 D A09 80

XUHOJIUHOBEIA  JKEITBIA

D02 70
WS E104

Kopuunessiit HT E155 Ig‘ Al8 70

bpunnuaHTOBBI  CHHUI F02 85
FCF E133

Sereneit § E142 D Y 80

Wupuro kapmun E132 FO6 85

Ueprsiii PN E151 I A28 80

[TaTenToBanHbIi TOTYOOM A29 85
V E131

Do I |

HekoTopble CHHTETHYECKHE KpacUTENd OB MPECTaBICHBI TPYIION
(IDALACOL) ¢ pa3nu4HbIME KOHIIEHTpaIUsIMK (Kpacsiiee Beriectso 12-17%),
a TaK)Ke KPaCUTEIU ¢ KOHIICHTpalusaMu (Kpacsiiiee BemecTBo 32-40%).

Beibop u no3upoBKa KpacuTeneW Il TPOU3BOJACTBA KOHKPETHOTO
MUIIEBOTO MPOAYKTA 3aBUCAT OT JKEJIAEMOTO I[BETa, TPEOyeMOi HHTEHCUBHOCTH
OKpacKd B 3aBUCHUMOCTH OT (UBMKO-XMUMUYECKHX CBOMCTB OKpalTUBAEMbIX
MIPOTYKTOB.
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