YK 66.047
DOI: 10.17277/vestnik.2015.01.pp.090-096

HEAT PUMP DRYING OF THERMOLABILE MATERIALS
(MEDICINAL PLANTS)

E. V. Romanova', A. N. Koliukh', V. N. Orobinskaya®

Department « Technological Processes, Devices and Technosphere Safety», TSTU;
kvidep@cen.tstu.ru (1); Department « Environmental protectiony,
North-Caucasian Federal University, branch in Pyatigorsk (2)

Keywords: drying; energy savings; heat pump; medicinal plant; rhizomes and
roots of Podophyllum emodi (Podophyllum hexandrum Royle).

Abstract: Drying of medicinal plant is one of the most important processing
steps, scientifically defining the quality of a finished product. The object of drying were
rhizomes and roots of Podophyllum emodi, being a source podophyllotoxin.
Podophyllotoxin is used as starting material in the synthesis of anticancer drugs.
Experimental studies on drying were conducted in the range temperatures from 40 up to
70 °C and velocity of drying air from 2 up to 5 m/s. To study the process of heat pump
drying we used an experimental setup with recirculation drying agent. The obtained data
will be used for further studies: selecting process parameters of heat pump drying and
working out practical recommendations for application in the industry.

Medicinal plants are sources biologically active substances. Some substances
obtained from plants are not used immediately with the medical purpose, but serve as
initial products for a synthesis of effective medicinal substances. In Russia, significant
amounts of wild-growing and cultivated medicinal plants are prepared. Goodness of
medicinal plants largely depends on observance of periods of preparation, straightening
technology of gathering and a condition of drying. Biochemical processes in the
collected medicinal plants in the first time proceed as in a live plant, i.e. the synthesis of
biologically active substances predominates. Then, on a measure of dehydration, in
connection with termination of moisture and nutrients production, the processes of
interchanging are shifted aside disintegration that results in the decrease in the contents
of biologically active substances in raw material. However, in some cases the processes
proceeding in drying raw material, result, on the contrary, in the increase in the contents
of working substances [1].

Drying of medicinal plants is one of the most important processing steps,
significantly defining the quality of a finished product. Methods of drying of medicinal
plants can be divided into two groups:

— Natural drying, including air—shade and solar drying. Natural drying is possible
in summertime or in the regions with hot arid climate.

— Thermal drying (artificial heating). Thermal drying ensures fast dehydration and
can be used under any weather conditions and in any regions.

To save, and in some cases to improve the properties of medical products during
drying is possible only if optimum process and operating conditions are observed.
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Small volumes of production and a variety of dried materials create complexities
for the safety of required process parameters of drying. Because of a deficiency of the
special drying equipment many products are dried in dryers which do not correspond to
all necessary demands, therefore the quality of a finished stock is reduced, power inputs
are augmented.

Todays, it is necessary to solve the existing technological problems, to develop the
new special equipment for drying of thermolabile medicinal herbs in production of
medical specimens. Thus, we need to achieve the following goals: simplification of a
manufacturing method, maintenance of the required quality of the dried up product,
reduction of power inputs. These goals completely match up with the government
policies: implementation of the program of technological re-equipment of the Russian
pharmaceutical industry as a strategic problem of the national security of the country in
the future [2]. Also, the Order of the Government of the Russian Federation authorizes
the government program “Energy conservation and increase in power efficiency for the
period till 20207, which basic purpose is intelligent use of fuel and energy resources at
the expense of energy conservation, increased energy efficiency of different branches of
economy, expansion of renewed energy sources [3].

The energy savings in drying installations have a significant potential, in
connection with wide abundance of drying processes, high power consumption and
insufficient engineering perfection of the used drying installations. With this purpose it
is offered to use heat pumps for drying agent heat disposal [4]. Heat pump technologies
are successfully applied to drying food, pharmaceutical products, biological products
and others thermolabile materials [5 — 8].

The object of drying was rhizomes and roots of Podophyllum emodi, which is the
source of podophyllotoxin. Podophyllotoxin is used as an initial substance during the
synthesis of anticancer drugs. In the literature, very few ways of deriving podophyllotoxin
have been described. Medicinal plants remain the main source of podophyllotoxin
substance for the pharmaceutical industry as biotechnological and chemical ways of its
production have a much lower yield of the target product and are more costly. The
medical products made abroad are produced from podophyllotoxin, or its semisynthetic
derivatives. In the last years, the necessity of the world pharmaceutical industry in
podophyllotoxin has appreciably increased. It is connected with the growth of a number
of tumoral diseases and scientific studies aimed at the creation of new semisynthetic
medical products based on podophyllotoxin. Now, Russia buys specimens of
podophyllotoxin manufactured in the countries of Europe, the USA, India and China [9].

Drying of rhizomes and roots of Podophyllum emodi was carried out on the
convective dryer with the drying agent recirculation up to final moisture content
of 4 — 15 %. Drying parameters ranges as follows: temperature (40, 50, 60 and 70 °C)
and air velocity (between 2 and 5 m/s). The results of the experiments of drying of
rhizomes and roots of Podophyllum emodi at velocity of drying air of 2 m/s are
presented in Fig. 1 and in Table.

From the reduced data it is seen, that the increase in the temperature of drying
agent considerably (by several times) decreases the time of drying, but the contents of
podophyllotoxin insignificantly decreases. The smaller contents of podophyllotoxin
under the increase in the temperature is the more likely it is connected with its
oxidation.

The increase in the velocity of drying air practically did not influence the period of
drying, for example, the increase in the velocity up to 5 m/s reduced the time of drying
by no more than 5 % from the reduced one that is explained y almost complete
degeneration of 1 drying period.
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Fig. 1. Dependence of the moisture content (¢) and temperatures (b) of rhizomes

and roots of Podophyllum emodi from the drying time

at temperature of drying air, °C:
1-40;2-50;3-60;4-70

Results of experiments

Temperature Initial Final | Time before Time before
of drl;in zir moisture moisture | reaching reaching Podophyllotoxin
A Cg ’ conten;l o content, | of moisture | moisture content content, %
70 % content, s of 10 %, s
40 100 8.0 14985 12600 3.28
50 116 8.6 12600 9000 3.24
60 108 4.2 12600 5400 3.17
70 108 43 7290 3600 3.13
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Fig. 2. The scheme of the experimental setup:
1 —fan; 2 — recuperative heat exchanger; 3 — drying chamber; 4 — balance;
5 — dried sample; 6 — hot-air heater; 7 — evaporator; § — compressor;
9 — filter-drier; /10 — condenser; /] — additional fan

To determine the effect of the type of drying agent on the final content of
podophyllotoxin we used nitrogen instead of air for drying of similar roots. Drying was
conducted at 70 °C. The concentration of podophyllotoxin in roots reached 3.44%,
which was higher than during drying in air even at 40 °C. Drying time in nitrogen did
not differ from the drying time in the air at the same 70 °C, which may be due to
identical kinetics of drying.

For the investigation of the kinetics of drying by using a drying agent, which
differs in composition from air (nitrogen, carbon dioxide, etc.), we used an experimental
installation with recirculation of the drying agent comprised of the following elements:
a heat pump; a drying chamber; a heater for additional heating; a recuperative heat
exchanger (Fig. 2). The possibility of varying the speed of the drying agent ranged from
0.5 to 10 m/s, the heater power was in the range from 0.1 to 1 kW [10].

The installation operates as follows. Wet warm drying agent goes out of the drying
chamber 3, passes through the heat exchanger 2 where it gives off a part of the heat, and
acts in the heat exchanger-evaporator 7. Dehumidification occurs at the expense of
downturn of the temperature of drying agent below the temperature of a dew-point
because of evaporation of a refrigerant in the intertube space. The drained cold drying
agent passes in succession through the heat exchangers 2 and /0. Heating of drying
agent to the temperature close to reference temperature of drying, occurs in the heat
exchanger /0 at the expense of condensation of a refrigerant in the tube space. Constant
temperature drying agent at the entrance to the drying chamber is ensured by the heat
supply of hot-air through the heater 6. Circulation of drying agent occurs at the expense
of the fan / and the additional fan /1.

The described installation will allow obtaining data on the kinetics of drying,
selecting process parameters of heat pump drying, and working out practical
recommendations for the application in the industry.
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KuiroueBble cJI0Ba: KOpHEBHUINA C KOPHSIMH HOJO(PUILIA THMAIANCKOT0; JeKap-
CTBEHHOE PAaCTHTEJILHOE CHIPhE; CYIIKA; TEINIOBOM HACOC; SHEProcOepeKeHue.

AnHoTanms: Cyiika JeKapCTBEHHBIX PACTCHHE SBISETCS OAHOW n3 Hamboee
Ba)KHBIX TEXHOJIOTHUECKHUX OIEPaIMii, CyIIECTBEHHBIM 00pa30M ONpPEEIIOINX Kade-
CTBO TOTOBOH MpoAyKiuu. OOBEKTOM CYIIKH BBICTYIIAJIM KOPHEBUINA C KOPHAMH T10/10-
¢una rumanaiickoro, SABJIAIONIMECS HUCTOYHMKOM HopodmuioTokcuHa. Ilogodumio-
TOKCHH HCIOJIb3YETCs] B Ka4eCTBE MCXOIHOTO BEILIECTBA IIPU CHHTE3€ MPOTHUBOOITYXO0JIEe-
BBIX TpenapaToB. DKCHEPHUMEHTAIbHBIE HCCIeIOBAHUSA TI0 CYIIKE MTPOBOJMINCEH B TUa-
nasoHe Temneparyp oT 40 no 70 °C 1 cKOpOCTH CYIIWJIBHOTO areHra or 2 1mo 5 m/c.
Co3gaHa HKCHEPUMEHTAIbHAs YCTAHOBKA C PELUPKYJSALNUEd CYIIMIBHOIO AareHTa,
JUIs MCCIeI0OBAHUS MPOLECCca CYLIKH ¢ TEIUIOBBIM HacocoM. IlonyueHHble JaHHBIE IUIa-
HHUpYETCs MCHOJIB30BaTh Ul JAJbHEHIINX HCCICIOBAHMNH: 000OCHOBAHUS TEXHOJIOTHYE-
CKHX NapaMeTPOB MpOIEcca CYIIKH C TETTIOBBIM HACOCOM M BBIPAOOTKH MPaKTHYECKUX
PEKOMEHAAINH AJIsl IPUMEHEHHUS B TPOMBIIIUICHHOCTH.
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Trocknen mit der thermischen Pumpe der thermolabilen Materialien
(am Beispiel des medikamentosen Pflanzenrohstoffs)

Zusammenfassung: Das Trocknen der Arzneipflanzen ist eine der wichtigsten
technologischen Operationen, die wesentlich die Qualitit der Fertigware bestimmen.
Als Objekt des Trocknens wurden die Wurzelstocke mit den Wurzeln des
Himalayapodophyls, der die Quelle des Podophyllotoxines ist, genommen. Das
Podophyllotoxin wird als Ausgangsstoff bei der Synthese der antineoplastischen
Praparate verwendet. Die experimentalen Forschungen nach dem Trocknen wurden im
Umfang der Temperaturen von 40 bis zu 70 °C und bei der Geschwindigkeit des
Trockenagenten von 2 bis zu 5 m/S durchgefiihrt. Es ist die experimentale Anlage mit
der Rezirkulation des Trockenagenten fiir die Forschung des Prozesses des Trocknens
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mit der thermischen Pumpe geschaffen. Die bekommenen Daten wird es geplant, fiir die
weiteren Forschungen zu verwenden: die Begriindungen der technologischen Parameter
des Prozesses des Trocknens mit der thermischen Pumpe und der Leistung der
praktischen Empfehlungen fiir die Anwendung in der Industrie.

Séchage avec la pompe thermique des matériaux thermolabiles
(a ’exemple de la matiére végétale médicinale)

Résumé: Le séchage des plantes médicinales est une importante opération
technologique qui définit la qualité des produits. En qualit¢ de 1’objet du séchage
sont pris les rhizomes avec les racines de Podophyllum d’Himalaya, source de
Podophyllotoxin qui est utilis¢é comme source initiale lors de la synthes des appareils
antitumorales. Les études expérimentales s’effectuaient dans une gamme de température
de 40 jusqu’a 70 C et la vitesse de 1’agent de séchage de 2 a 5 m/s. Est créée une
installation expérimentale avec le recyclage de 1’agent de séchage avec une pompe
thermique. Les données regus peuvent étre utilisées pour les études ultérieurs.

ABTOpbI: Pomanosa Enena Bacunvesna — Benymuii nmxerep kadeapsl « TexHo-
JIOTMYECKUE MPOLECCHl, ammapaTsl U TexHochepHas Oe3onacHocTb»; Koauyx Anex-
candp Huxonaeeuu — xananaat TeXHUYECKUX HAyK, AOUEHT Kadeapsl « TexHOmOrHYe-
CKHe TIPOIIeCCH, ammapaTsl U TexHochepHas 6e3omacHOCTEY, @T'BOY BIIO «TI'TVY»;
Opoounckan Banepus Hukonaeena — KaHAUIAT TEXHUYECKUX HAYK, TOLUEHT Kadeapbl
«Oxpana okpyxatoieit cpenp», PIAOY BIIO «Cesepo-Kaskasckuii denepanbHbiii
YHUBEpCUTET», (huinan B r. [Isturopcke.

Penensent: bpanxkun Koncmanmun Bauecnasosuy — NOKTOp TEXHUYECKUX HAYK,
npodeccop kadeapsl «Xumus 1 xumudeckue Texaonoruny, ®I'BOY BIIO «TTTY ».
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