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CTBa C XOJIOJWJIBHUKOM M TIPeIyOOWHBIM COICpIKaHUEM,
CaHUTapHO- OBITOBBIMU TOMEIIECHUSIMA M Jp. BCIIOMOTa-
TENBHBIMU CITy)KOaMH; -00eCriedeHUe TPOTHBOIIOKAPHBIX
TpeOOBaHUil, HOPM CaHUTApUH, IKOJOTUYHOCTH IPOM3-
BOJICTBA K O€30MACHOCTHU TPY/Ia.

TeXHOJIOT-TIPOCKTUPOBIIMK  SIBISETCS  BEXYLIUM
3BEHOM B CTPYKType IpoeKkTHpoBaHus. Ha Hero Bo3nara-
eTcsl 00s3aHHOCTh NPHHSATH TaKUe TEXHOJIOTHYECKUE pe-
IOICHAS TI0 OCHOBHOMY IIPOU3BOJICTBY M BCIIOMOTATEIb-
HBIM TIpoIieccaM, KOTOpPEIe TO3BOJIAT BEIPaOATHIBATH IPO-
OYKIHIO 10 YCTAaHOBJICHHOW IMporpamme, oOecreuuBaro-
e coOmro/ieHne IeWCTBYIOINX HOPMATHBHBIX CaHU-
TapHBIX, BETEPHHAPHBIX M TEXHUYECKHX TpeOOBaHWN Ha
BbIpabaThIBaeMyI0 MPOAYKIHUIO U YCJIOBUS €€ MPOU3BO/I-
CTBA.

Bot 3pech crnenyer oTMETUTh, UTO ACHCTBYIOLIUE
otpacneBsie HOpMaTuBel BHTII 540/697-92 u BCTII-
6.04.92 u np. yKe ycTapeiau W M0 MHOTUM TO3UIUSAM HE
COOTBETCTBYIOT MEXIyHapOIHBIM TpPeOOBaHUSIM, B TOM
YHUCIe MO MEXKIYHAPOIHBIM CaHHTApHBIM, ITOXKapHBIM,
9KOJIOTHYECKUM TpPeOOBaHMSAM, TpPEOOBAHUAM OXpPaHBI
TpyAa.

B cBsa3m ¢ oxmmaeMpIM BCTyIoieHHEM Poccum Bo
BCEMHUPHYIO TOPTOBYIO OpPTaHW3AIIMI0, MHOTHE IMPEIIpH-
SITASL OPUEHTHPYIOTCS Ha SKCIIOPT CBOCH MPOIYKIIUH, YTO
morpedyer 00s3aTeNbHOE YUUTBIBAHHE MEXKIYHAPOIHBIX
TpeOOBaHUH, CTAaHIAPTOB, AeHCTBYOMMX B cTpaHax EC.

XopomuM MpUMEPOM MOTIIO OBl TOCITY)XUTH B 00-
JaCTH HOPMOTBOPYECTBA COTPYIHHYECTBO MHCTUTYTA
«unpopeiodnor» (Cankt- IetepOypr) ¢ MHCHEKITHOH-
HOH ciyx00i1 Poccun- «HampeiOkauecTsy, MpuCBanBaro-
el TPON3BOJCTBEHHOMY TPEIPHATHIO HOMEP 00OBEKTa
Ha IpaBO KCIOPTa MPOIYKIMH yXKE Ha CTaJUH IPOEKTH-
pOBaHMSI.

B cBsI3M ¢ BBIIIEN3I0KEHHBIM 3TO MOKHO ITPUBECTH
B cooTBeTcTBUE MuHcenbxo3oM PP myTteM pasMemeHus
3aka3a Ha koppekrupoBky BHTIIL, BCTII u ap. mHopma-
TUBHBIX JOKYMEHTOB B BEIYIIHX OTPACIEBBIX MPOCKTHBIX
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OpraHU3aLHsIX.

AHanmM3 COBPEMEHHBIX ITPOM3BOACTBEHHBIX IIpEl-
MIPUATHN OTPACIH MOKAa3al, YTO ACCOPTHMEHT BBIMyCKae-
MOHM MPOAYKLHUH JOBOJIBHO IIMPOKUNA. BO3MOXKHOCTH HC-
MIOJIb30BaTh CHIPhE HA MPOEKTUPYEMOM IPEINPHATHH HE
TOJIBKO BBIPAIIMBAEMOE B JIJAHHOM pETrHMOHE, MO3BOJISET
BbIpa0aThIBaTh M3 HETO IPOAYKIHIO B acCOPTUMEHTE,
YAOBJIETBOPSIONIEM TOTPEOHOCTH pHIHKA. Bee Gomee BO3-
pacrarolye TpeOOBaHUs K OXpaHE OKpPYKaroLel cpeabl U
HKOJIOTMYHOCTH TPOU3BOJCTBA OOS3BIBAIOT IMPOEKTHBIC
OpraHHu3alUK yJIelsTh 0c000e BHUMaHUE BHIOOPY MECTO-
MOJI0KEHHs CO3/1aBAEMOr0 IPOU3BOJCTBA - HAIWYUIO Ca-
HUTapHO- 3aIIUTHOW 30HBI IIPOEKTHPYEMOTo OOBEKTa
(cTpOWKH) /O CENUTETHOH TEPPUTOPHUH W OTCYTCTBHUS
BIIMSTHUSI PACTIOJIO’KECHHBIX BOJIM3H MIPOU3BOJICTB.

KusHenesaTenbHoCTh  MPOEKTHPYEMOTo  IIpepH-
STUSI 3aBHCUT OT HAJIMYMS HA TUIOIIAKE HHKXEHEPHBIX Ce-
TEW U COOPYKEHUIM U BO3MOKHOCTH MOAKIIOUEHUS K HUM.
[Ipu pabote Ham MPOEKTOM HEOOXOAWMO YIEIHTH JOJIK-
HOE BHHMAaHHME DACIOJIOKEHUIO 3[aHUIl OCHOBHOTO,
BCIIOMOTaTeIbHOIO  TPOU3BOJCTBA, HHXEGHEPHOTO U
CKJIZICKOTO HA3HAYCHUH, ONpENENCHUI0 B3aUMOYBSI3KU
BBICOT NPOHM3BOJCTBEHHBIX IOMEIIEHU, ONpeeneHHIO
HAarpy30K Ha IIOJIbI M IEPEKPBITHS, arpeCCHBHOCTH BO3-
JIyLITHOM cpeJibl M CTOYHOM XKUIKOCTH (BomocinuBam). He-
MaJIOBa)XKHOE 3HaYE€HHE MMEET BHYTPECHHSSI OT/ENKA CTEH,
NIeperopo0K, MaTeprary HOKPHITHS TOJIOB.

[IprHMMas KOHCTPYKTHBHYIO CXEMY 3IaHUsI OCHOB-
HOTO TPOM3BOJICTBA CIIEIyeT 0OpaTUTh BHUMAaHHE Ha HC-
MIOJIb30BaHNE HECYIIMX KOHCTPYKIHMH (B Kene300eToH-
HOM BapmaHTe) 0e3 0Opa30BaHUSA BBICTYIIOB (ITOJIOK) —
«TBUTECOOPHUKOBY.

HeobxoaumMo NMOMHHUTH, 4TO BCE Marepualsl, HC-
[I0JIb3YEMBIE IIPU CTPOUTEIILCTBE INMPEANPUATUI MICHOU
MMPOMBINUICHHOCTH HOJDKHO COOTBETCTBOBATH IIEPEUYHIO
MaTepUalioB pa3pelIeHHbIX K IMpuMeHeHuto ['occananui-
HaJ[30pOM.
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INVESTIGATION OF SPRAY DRYING PROCESS OF BIRCH EXTRACT

Abstract. The spray drying process of water-alcohol birch extract
was investigated. A Biichi model 190 laboratory-scale mini spray dryer
was used. The effects of various experimental parameters such as inlet
air temperature, extract feed flow rate and drying air flow rate on the
outlet air temperature, residual moisture content and dried product yield
were evaluated by means of experimental full factorial design. The inlet
air temperature had the greatest effect on the outlet air temperature and
powder moisture content. Regression equations are presented for the in-
let-outlet dependences. A second-order polynomial model was estab-
lished for the influence of inlet variables on the dried product yield.

Key words: spray-drying, birch, modeling, yield, temperature,
moisture, air, cleaning.

Introduction. The essential oil plants and herbs are
of great interest for use in the food, cosmetics, sugar and
pharmaceutical industries. These plants contain very use-
ful biologically active substances such as essential oils,
alkaloids, flavonoids, etc. Dried extracts of such plants
can be stored easily and for a long time, and their compo-
nents easily used. Liquid plant extracts are obtained by
extraction with various solvents such as water, ethanol,
methanol, glycol, and etc., or solvents mixtures. Therefore

XapyoBa HayKa i TEXHOJIOT1s

the extracts are concentrated for solvent recovery by va-
cuum apparatuses. Dried extracts are obtained from the
concentrates by drying. The final product is a powder
with certain moisture content. It is established that spray
drying is the most useful process for the manufacture of
such products [1].

A growing number of different studies are carried
out on the spray drying of various raw materials such as
model sugar-rich foods [8], fruit and vegetables juices [4,
7], pharmaceuticals [6], etc. In all studies the influence of
process variables such as inlet air temperature, feed flow
rate, atomizing air flow rate and drying air flow rate on
the outlet air temperature, residual moisture content,
powder product yield, particle size and distribution in the
dried product, morphology and other quality parameters
of the obtained dried powder product were investigated.

Different mathematical models and optimizations of
spray drying process have been reported in literature.
Non-linear models concerning the yield of spray dried
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Tablel
Characteristics of the birch extract

Parameter Value Analysis method
Dry matter 10.0 % Weighting
pH 4.6 pH-meter
Total sugars 351 % Dubois
Viscosity 18.4+5 mPa.s RV-viscosimeter
Methanol 0.236 g/dm’ Gas chromatography

products have been described [7, 8].

A lot of problems are established during the spray
drying of amorphous, sugar-rich and volatile component
containing products. One of these well known problems is
the low dried product yield because of stickiness in the
spray drying of such products causing material adhesion
on the dryer surfaces. Many of the smallest particles can-
not be recovered in the lab-scale apparatuses because they
do not efficiently deposit in the cyclone and because their
low masses cause them to be drawn up into the outlet air
which also lead to low powder yield [4,5,7].

Another important problem of spray drying is the
passage of volatile components from the product into the
drying air leading to quality losses and environmental
pollution with volatile organic components and odors [5].

The aim of this study was to investigate the influ-
ence of spray drying parameters on outlet air tempera-
ture, residual moisture content and the dried product
yield during laboratory-scale spray drying of water-
alcohol birch extract with a possibility for outlet air
cleaning by condensation of some pollutants.

Materials and methods. Industrial water-alcohol
birch (Betula alba) extract was used in this study with de-
fined characteristics (table 1).

The laboratory-scale installation used consisted of a
Biichi laboratory mini spray dryer model 190, air com-
pressor and cooling block. Description of the installation
and methods of measurement of the process parameters
have been described in our previous publication [2].

Full factorial experiment of the type 2° was carried
out (table 3). For investigation of the influence of the
process parameters on the dried product yield optimal
composite experiment plan with star points was used. The
star shoulder length was o = +1 (table 4).

The effects of three major process parameters, such
as:

x; — extract feed flow rate, cm3/h;

X, — air flow rate at the installation end, m’/h;

x3 — inlet air temperature at the drying chamber en-
trance, °C,

on the outlet air temperature at the end of the drying
chamber, residual moisture content and the dried product
yield were investigated.

Levels of the experimental factors and intervals of
variation were selected by preliminary experiments and
are presented in table 2.

All experiments were carried out under stable envi-
ronmental conditions of mean relative air humidity and
ambient air temperature 49.3+3.2% and 20.240.9°C re-
spectively. The atomization air flow rate was 700 Nl/h,
and ambient temperature of the feed extract was used.
Triplicate experiments were carried out.

Gohren’s, Student’s and Fisher’s criteria were used
for statistical data treatment [3].

The dry matter content of the extract and the dried

product was measured by the weighting method. The total
sugar content of the extract was measured by the Dubois
method. The extract viscosity was measured using a
Brookfield RV-viscosimeter RV — II + pro at 21.2°C. The
RV-02 spindle type was used with rotation rate of 100
min’, sample time of 1 min, and an RTD temperature
sensor. The pH level of the extract was measured using a
Milwaukee SM102 pH-meter at 20°C.

The outlet drying air from the spray dryer was
cooled in the cooling block and the obtained condensate
was collected. The mean inlet air temperature was
42.240.8°C and the mean outlet air temperature was
10£0.6°C. The cooling agent inlet temperature at the
cryostat used was -6.0°C. The essential oil content in the
obtained condensate was measured by extraction with die-
thyl ether. The methanol content of the extract and the ob-

Table 2
Levels of the experimental factors and intervals of variation

Extract feed Air flow rate at Inlet air temper-
Factor flow rate, the end of installa- ature,
cm’h tion, m’/h °c
x;—231.5 X, —54.55 x;—175
x, = _* _%
code =733 YT Xe=75
Interval of 375 2.15 5
variation
Mean level 231.5 24.55 175
High level 269 26.7 180
Low level 194 22.4 170

tained condensate was measured by gas chromatography.
A Shimadzu GC 17A gas chromatograph was used con-
sisting of a flame-ionization detector, 30 m x 0.32 mm x
0.25 pm TRB-WAX column on “Teknokroma™ at the fol-
lowing temperature regime: 40°C with 10°C/min to 80°C,
10 min constant temperature and 15°C/min to 200°C with
2 min constant temperature. The injector temperature was
229°C and the detector temperature was 250°C. The flow-
ing gas was N, with split ration of 1:10 and flow rate of
1.00 cm’/min. The injected sample quantity was 1 pl.

Results and discussion.The results on the characte-
ristics of the used birch extract are shown in table 1.

The levels of the experimental factors and intervals
of variation are presented in table 2.

The results on the influence of the input variables on
the outlet air temperature at the end of drying chamber
(y1) and on the residual moisture content of the dried
product (y,) are presented in table 3.

Table3
Experimental data on the spray drying process concern-
ing outlet air temperature at the end of drying chamber
(°C) and residual moisture content of the dried product

(%)
Y1 meas- Y2 meas- Y1 caleu- Y2 caleu-

Ne X 1 XZ X3 ureds ureds lateds lateds

°’c % °’c %
1 +1 +1 +1 94.0 4.1 93.9 3.9
2 +1 +1 -1 88.0 4.7 88.3 4.6
3 +1 -1 +1 88.7 4.6 89.0 4.5
4 +1 -1 -1 84.0 53 83.4 5.2
5 -1 +1 +1 96.3 3.7 96.0 3.9
6 -1 +1 -1 90.3 4.6 90.4 4.6
7 -1 -1 +1 91.0 4.4 91.1 4.5
8 -1 -1 -1 85.3 5.1 85.5 5.2

On the basis of the results from the full factorial ex-
perimental design (table 3), the following regression
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equations were established:

_ _ . 0
o597 oas ST BI  g X 2435\ f v =175, C
37.5 2.15 5

— — )
Y scateutatea = 45625 — 0.2875( X2 5 i;’j 5 J - 0.3625[ aE 51 73 j % (1,2)

The polynomial regression coefficients were calcu-
lated and statistical data treatment showed that the models
obtained were adequate.

Table 4
Experimental data on the spray drying process concerning
the dried product yield (%)

N‘_’ Xl XZ X3 y3 mg;;ureda VE) ca‘l)z;laledg
1 +1 +1 +1 27.0 26.2
2 +1 +1 -1 23.7 22.9
3 +1 -1 +1 23.0 23.9
4 +1 -1 -1 20.9 20.6
5 -1 +1 +1 27.0 27.8
6 -1 +1 -1 24.0 24.5
7 -1 -1 +1 26.2 25.5
8 -1 -1 -1 21.7 222
9 +1 0 0 21.2 22.3
10 -1 0 0 25.0 23.9
11 0 +1 0 26.0 26.3
12 0 -1 0 243 24.0
13 0 0 +1 26.3 26.2
14 0 0 -1 22.7 22.8

The established outlet air temperature range was from
85.3 t0 96.3°C (table 3). The obtained linear regression mod-
el adequately presented the investigated object within the
frame of the used intervals of variation of the experimental
factors (fig. 1). This model can be used for process optimiza-
tion. The increase in the extract feed flow resulted in a de-
crease in the outlet air temperature, but the increase in the air
flow rate and inlet air temperature led to an increase in the
outlet air temperature. Inlet air temperature had the greatest
effect on the outlet air temperature whereas the extract feed
rate affected it the least. Results showed that an increase in
the extract feed flow rate by one point led to a decrease in the
outlet air temperature by about 1.025%, and the increase in
the air flow rate and inlet air temperature by one point re-
sulted in an increase in the outlet air temperature by about
2.45% and about 2.8% respectively. The obtained data were
in accordance with the results reported by other authors for
the spray drying of different products [4,7].

The established range of the residual moisture content
of dried product was from 3.7 to 5.3%. The obtained linear
regression model adequately presented the investigated ob-
ject within the frame of the used intervals of variation of the
experimental factors (fig. 2). This model can also be used for
process optimization. The increase in the air flow rate and in-

let air temperature by one point led to a decrease in the resi-
dual moisture content by about 0.2875% and about 0.3625%
respectively. The results showed that the inlet air temperature
had the greatest effect on residual moisture content.

The results on the influence of the input variables on
the dried product yield (y;) are presented in table 4.

On the basis of the results from the optimal composite
experimental design with star points (table 4) the following
regression equation was established:

Vscaleulated = 24-275 = 0.8 X = 2313 +1.15] %, ~24.55 +1,66] X173
375 2.15 3
2 B s
—1.175] M +0}875x?_724'55 +0.225 x; =175
375 215 5

The second-order polynomial regression coefficients were
calculated and statistical data treatment showed that the
model obtained was adequate.

The established range of the dried product yield in this
study was from 20.9 to 27.0%. The obtained second-order
regression model adequately presents the investigated object
within the frame of the used intervals of variation of the ex-
perimental factors (fig. 3) and can be used for optimization.

The results confirmed material adhesion on the dryer
surfaces leading to low product yield as established by other
authors [4,7].

The increase in the extract feed flow rate resulted in a
decrease in the product yield whereas the increase in the air
flow rate and inlet air temperature led to an increase in the
yield. The mean quantity of the cold outlet air condensate on
the end of the cooling block was 112.3+14.6 cm®. The results
from the condensate analysis showed that the methanol con-
tent was 0.057 g/dm’ and the essential oil mean content was
0.025£0.016 %. These results led to the conclusion that some
air purification was performed.

Conclusion.

1. The influence of the extract feed flow rate, air flow
rate and inlet air temperature on the outlet air temperature at
the drying chamber end, the residual moisture content and
dried product yield were established during spray drying of
birch water-alcohol extract in a laboratory-scale installation.

2. Adequate mathematical models describing the input-
output process parameter dependences were established. The
presented models can be used for optimization.

3. The possibility of purifying the installation outlet air
by condensation of some air pollutants was evaluated. It can
be applied in the practice.

4. Future work is needed concerning the optimization
of spray drying of birch extract and the degree of outlet air
purification.

IToctynuina 05. 2010
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