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The article investigates changes of temper ature conditions for the drying process in the
candied pears production. Experimental study on heat transfer and candied pears drying
kinetics under different temperatures was conducted. Feasibility of the candied fruits drying
process under temperatures equal to the temperature of the hot thermal agent is
experimentally confirmed. According to calculations of the heat balance were calculated
amounts of energy accumulated by pears layer and energy required to evaporate moisture. It
was determined that reduce of energy costs for candied fruits drying is achieved by final
drying at ambient temper ature
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SMEHIIEHHSA EHEPTETUYHUX 3ATPAT ITPOLECY CYHIIHHSA
Y BUPOBHUITBI HYKATIB 3 I'PYIII
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JocaizxeHno 3MiHM TeMIlepaTypHUX PeKMMIB Mpolecy CylliHHA Y BUPOOHMUTBI HyKaTiB
3 rpyui. IIpoBeneHi ekcnepuMeHTANbHI TOCTIMKEHHS 3 TEMJI00OMiHY Ta KiHeTHKHU CYIIiHHSA
HyKaTiB 3 rpym 3a pisHoi TemmnepaTypu. ExcrnepuMeHTanbHO MiATBEpPAKeHO IOUIIBHICTH
NPOBeJleHH TNpouecy CYLWIiHHS 3a TeMIepaTryp UYKAaTiB, 10 /JAOPiBHIOIOTH TeMIieparypi
rapsiyoro TerJioBOro areHTy. 3rilHo 3 TeNmJIOBUM 0ajJaHCOM PO3Pax0BaHO KiIbKicTh eHeprii,
HAKONMUYEHOI IapoM rpylli, Ta HeoOXiTHOI eHeprii A8 BUNAPIOBaHHS BOJIOTH. BeTaHoBieHo,
110 3MEHIIYIOTh eHepreTHYHi 3aTPaTH HA CYIIiHHSA AOCYINIYBAHHAM HYKATiB 3a TeMIlepaTypu
HABKOJIHMIIHBOIO CepeI0BHUILA.

KarouoBi cioBa: rpyma, nykar, cyulinHs, TeMnepaTypHi pe:kKuMH, KiHeTHKa, TeNJI0BUIi
OasnaHc.

Formulation of the problem. Production of new foods that have high biological value and can be
produced from local raw materials can be included in the priorities of Ukraines food industry. Candied
fruits are such useful products and their consumption is growing every year.

Candied fruits — a product that is made from fruits, berries and vegetables matured in sugar syrup
and dried to a specific moisture [1-3]. As food they have several advantages over other confectionery
thanks to content of beneficial for the human body substances, mineral salts, minerals, pectin, vitamins,
etc. At Ukrainian market candied fruits are represented mainly by products from tropical and subtropical
fruits that come from foreign countries.

Today in Ukraine we can observe growth of interest to production of candied fruits from domestic
raw materials. For example widespread domestic pear is a source of useful components. It contains sugar,
starch, volatile, flavonoids, organic acids, dietary fiber, starch, tannins. Also pear contains vitamins A, B,
C, K, E, H, PP, beta carotene and folic acid. Due to this search of new and improvement of existing
technologies of candied fruits is an urgent task.

Analysis of recent research and publications. The most common candied fruits technology is
proposed by the authors [4, 5]. According to it preparation of raw materials is needed, saturation in sugar
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syrup 50-75 % (wt.) until solids content of 40 % (wt.), separation from syrup and drying to residual
moisture of 20-25 %. Sugar saturation occurs at temperatures below the boiling syrup temperature.
Authors [6] offer the following technology of candied pears manufacturing: materials preparation, cutting
in slices or pieces of certain shape 8-20 mm size, 8-15 min blanching, holding in a solution of citric acid at
atemperature of 25-65 ° C, 2-3 times holding in boiling syrup, drying.

Candied fruits drying technology, considered by the authors [7], is performed by convective —
thermoradiative way of power supply with pulsed infrared radiation under temperature of heat agent
40-90 ° C and the dryer unit load 0,5-50 kg / m2, with density of heat flow from 1 to 4,7kVt / m2. Authors
[8] proposed the following method: soaked in sugar syrup at temperatures of 60—70 ° C candied fruits are
placed on a sieve for syrup draining, dried in a closed desiccators at 40 ... 45 °C. The analysis of many
literature sources of allows to conclude that there are no unambiguous approach to production technol ogy
and drying of candied fruit, so solving of this problem requires detailed experimental studies aimed at
reducing of energy costs and improving of candied fruits quality.

The purpose of the work. The aim of this work is study of kinetics of experimental drying of
candied pears and establishing the nature of change in temperature of the thermal agent under alayer of hot
(80 °C) and cold (20 °C) candied fruits. Calculate heat balance and theoretically confirm proposed way of
reducing of energy costs for drying, using experimental data.

The main material and discuss the results. The object of the study were the fruits of “Beurre
Bosc” pear. Fruits were above average size or large — 150-190 gr., some — 220-245 gr., elongated. The
skin was thin, pale yellow with golden hint. The pulp is white or yellowish, juicy, tender, buttery, sweet,
with a light sourness and pleasant ailmond smell, high taste value. Sort of autumn ripening period, can be
stored until November, in cold rooms — January — February. Table. 1 shows the average amount of
nutrients of “Beurre Bosc” pear per 100 grams of product.

Table 1
Nourishing substance of sort “Beurre Bosc” pear
Nutrient Mass, gr. (per 100 gr)
Fats 0.3
Proteins 04
Hydrocarbons 10.3
Water 85.0
Mono and — and disaccharides 9.8
Starch 0.5
Fiber 2.8
Organic acids 0.5
Ash 0.7

Calories 42.9 cCd

Candied pear was prepared according to technology showed in literature [7]. Pears were cut into
slices 20*20*20 mm size, kept for 3 hours in a solution of citric acid (pH = 3) at 25 °C, and after kept in
sugar syrup (70 % wt.) with temperature 80 °C until its full cooling. Then syrup was decanted, heated to
80 °C and then again poured on candied fruits. Thus was repeated 3 times to complete saturation of candied
fruits with sugar. After process candied fruits were diaphanous looking, with a firm texture.

Prepared candied fruits were divided into two halves. The first half was left in the syrup with
temperature 80 °C, the second half — in the cooled syrup with temperature 20°C. After separation from the
liquid phase hot (80 °C) and cold (20 °C) candied fruits were dried separately. Slices were spread out in a
container made of Teflon (Fig. 1) on four perforated partitions 30 pieces per each. Drying was performed
thru filtration of hot heat agent (100 °C) at a speed of 6 /s, according to the methodology set in [11].

After certain time intervals weight change of container was determined by e-scales AXSIS-3000
with an accuracy of 0.01 gr. Experiment continued until candied fruits achieved humidity 25 % (of dry
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matter). Above material and below the perforated partition were installed HC-thermocouples for
measurement of thermal agent temperature using eight channel intelligent transducer PT-108. After the
experiment prepared candied fruits, dried in two different ways, were kept at room temperature in a dry
packs for 6 months.

The research results of thermal agent temperature change at the outlet from layer of material from
time, are shown in Fig. 2.
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Fig. 1. Scheme of container Fig. 2. Dependence of thermal agent temperature
for candied fruits drying at the outlet from layer of material fromtime:

1 —Hot candied fruit, 2 — cold candied fruit;

Asit isshownin Fig. 2, at initial time moment thermal agent temperature at the outlet from the layer
is awet thermometer temperature. At the outlet from layer of cold candied fruit it is 54 °C, and at the outlet
from layer of hot candied fruits — 57 °C. Further, the temperature at the outlet from layers of cold and hot
candied fruits begins to grow, and it means heating of candied fruits surface and, as aresult, evaporation of
moisture.

After 2000 sec. thermal agent temperature at the outlet from the layer remains unchanged and equal
to the temperature of the thermal agent on the inlet to layer, this should mean a complete evaporation from
both cold and hot candied fruits. However, if hot candied fruits still need 500 sec more for final drying
until final moisture content (Fig. 3), cold candied fruits need 1000 sec (2 times more) for final drying.

Fig. 4 shows the drying rate curves that corresponds to kinetic curves in Fig. 3. As it is shown in
Fig. 4, studied material doesn’'t have period of intense surface evaporation of free moisture. The rate of
drying in this case is determined by the rate of diffusion in the middie of the material. In the middle of
plant material occurs transfer of moisture in liquid form through pores and cracks in the cell walls to the
intercdlular space and from it to the surface of the plant material. This liquid mass transfer is done by
internal molecular diffusion. From the surface of candied fruits slices moisture evaporates in the heat agent
in the form of steam.

Lower speed and, therefore, a longer drying time of cold candied fruits depends primarily from
thermodiffusion transfer of moisture inside the particles under the influence of temperature difference on
the surface, which is approximately equal to the temperature of the thermal agent and middle of the
particles, that are warmed slowly. Thus, a significant temperature gradient becomes an opposition for
movement of water from the depths to the surface of the material where the temperature is higher than in
the inner layers. After heating of particle throughout the whole volume moisture from the middle of the
particle diffuses back to the surface.

During drying of hot candied pears layer vast mgjority of energy is expended on evaporation.
Therefore, therate of cold candied fruits drying is 1.3 times lower, than for hot (Fig. 4).
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Fig. 3. Kinetic curves of drying of hot (1) and cold (2) Fig. 4 —Drying rate:
layers of candied pears 1 —hot candied fruit; 2 — cold candied fruit

As it is shown in Fig. 3, candied fruit drying process is long and, as a result, energy-intensive.
Therefore, authors proposed a way to reduce energy costs of candied pears drying process. For this authors
analyzed cost of heat spent in the drying process, which is described by the equation:

Qtat =n) * Qary 1.t =n) + Qwater(t =r) =

1)
= Qevap.(t =n+1) * Qtaft =n+1) * Qury 1.t =n+1) T Quatert =n+1)
Using heat balance equation (1), lets calculate the amount of heat accumulated by layer of pear:
Qiayer = Quiy1.¢ =r) T Quatert =n) T Qry 1. =n+1) T Quuert =n-+1) ()
Than amount of thermal agent heat in time moment T :
Qta. = Gta.Cra.>(ttain - ttaout) T ©)
Amount of heat used for moisture evaporation in time moment T
Qeavep = Gayep ¥ Xt 4

The calculation results of changes of heat amount in time for the hot and cold candied fruits
according to equation (2 — 4) are shown in Tables 2 and 3 respectively.

Asitisshownin Table 2, for the hot candied fruits at time 1800 sec we have energy accumulated by
layer of pears — Qe = 62,64 kJ while for moisture evaporation (to achieve a final moisture content of
25 %) material needs Qevqp = 28.82 + 25.82 = 54.64 kJ. This means that for 1800 sec. moment, the amount

of energy accumulated by pears layer will be sufficient to evaporate moisture, which must be removed in
the next 500 sec.

Table2
Change of heat amount in time for hot candied pears
T,SeC Quyer » KJ Qevp » KJ Q... kJ
0 139.3 0 0
300 119.58 259.65 214.64
600 93.38 104.66 55.0
900 76.28 73.71 41.59
1200 70.61 52.72 40.24
1500 66.61 38.72 29.51
1800 62.64 32.72 24.15
2100 58.45 28.82 20.12
2400 54.994 25.82 17.44
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Table3

Change of heat amount in time for cold candied pears

T, SeC Quyer » KJ Qevp » KJ Q... kJ
0 34.83 0 0
90 70.34 125.45 187.14

210 68.83 112.81 107.32
510 63.61 100.38 87.87
810 60.93 69.0 61.04

1110 59.31 52.25 46.95

1410 59.085 41.66 38.903

1710 55.94 34.03 26.16

2010 52.33 29.48 21.46

2310 49.94 24.92 18.78

2610 48.35 20.62 16.098

2910 44.3 23.60 1543

Similarly from Table 3, for cold candied fruits on time moment 2310 sec. amount of energy
accumulated by layer of pears — Qaer = 49,94 kJ while for moisture evaporation (in order to achieve final
moisture content) material needs Qeyap = 20.62 + 23.60 = 44.22 kJ. As we can seg, at 2310 sec, the amount
of energy accumulated by layer of pearswill be enough to vaporize residual moisture from material.

According to the obtained experimental and calculated data the authors assumed that after reaching
drying time of 1800 sec. for the hot candied fruits and 2310 sec for cold it is expedient to apply thermal
agent with a temperature of 20 °C and pursue drying to final moisture by cold thermal agent. Thus saving
of thermal agent heat, as shown in Tables 2 and 3, will be:

for hot candied fruits Q,, =20.12+17.44=37.56kJ,

for cold candied fruits Q,, =16.098+15.43=31.53KJ.

Conclusions. After drying by proposed method and 6 months storage candied pears have a firm
texture, found no signs of mold and fermentation, are not stuck together. The results of experimental
studies and theoretical calculations found that after reaching of drying time for the hot candied fruits —
1800 sec. and 2310 sec. for cold, it is expedient to apply thermal agent with 20 °C temperature for final
drying to afinal moisture content. That will help to reduce energy costs of the process.
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EFFECT OF CAVITATION ON DISPOSAL
OF LIQUID WASTESFROM OLEFINS PRODUCTION
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It was found that effective neutralization of liquid waste production of olefins, that
contain compounds of mainly arene and diene rows, is possible by processing in cavitation
fields. Usages of sodium hypochlorite solutions, which are the wastes of related production, as
reagents allow intensify the oxidation of organic substances. The optimum ratio between liquid
waste production of olefins and sodium hypochlorite was deter mined according to the change
of the redox potential of the reaction system. It is shown that the oxidation of organic
compounds occur s through stages of their cavitational and oxidational destruction.

Key words: olefins production, liquid waste, cleaning, cavitation, sodium hypochlorite.
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PIIKUX BIJIXO/IIB BAPOBHULITBA OJIE®IHIB
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BcTranoBjieHno, mo epeKTHUBHO 3HEIIKOAUTH Piaki Binxoaum BUpoOHUNTBA ojiediHiB, siki
MICTATH CHOJYKH TOJOBHO apPeHOBOr0 Ta Ji€CHOBOro psiliB, MOKHA, 00poOasAw4YM iX y
KaBiTaliiHUX moaAX. BUKoOpUCTaHHA fIK peareHTy PO3YHUHIB HATPil0 TiNOXJOPHUTY, fIKi €
BiIX0gaMu CyMi’KHOr0 BHPOOHHITBA, A€ 3MOry iHTeHCH(]IKyBaTH OKHCHEHHSI OPraHiYHUX
cnojayk. OnTuMajibHe CHiBBiTHOIIEHHS MDK piAKuMMHM BinxogamMu BUPOOHMITBA oJediHiB Ta
HATPil0 rinoxJopuTOoM 0YyJ10 BU3HAYEHE 3AJ€KHO Bil 3MiHM BeJMYHUHU PeIOKC-MOTEHIiaxy
peakuiiinoi cucremu. IlokazaHo, 110 OKMCHEHHSI OPraHidYHMX CHOJYK BiI0yBaeTbcsl uepe3
cTanii ix kaBiTaniiHOI Ta OKUCHOT JeCTPYKILii.

Kurouogi ciioBa: BUpoOHMUTBO ojiediniB, piaki Bigxoau, ounnieHHs, KaBiraiis, HaTpil0
rinoxJiopur.

Introduction. Chemical plants are belong to one of the most powerful sources of environment

pollution, including the hydrosphere. This is caused by several factors, among which the most important
are the output of large volumes of liquid wastes or wastewaters in chemical-engineering processes; high
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