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B pasnvix ompaciax npoMbIMAEHHOCHI UCNOTb3VIOMCS OPSAHUYECKUe PU3MEOPUMEN, KOMOpble 6 X00e
MEXHONO2UHECKOZO NPOYeCca BbIOENSIOMCS 66UNE NAPA 6 6030VX pabouell cpedbl, d 3amem 6biOPACHIBACMCsL 6 M-
Mocghepy. mo npusodum Kk YXyOuLeHuro napamempos pabodeil cpedvl U 3a2pszHeHUI0 ammocgeprozo 8o30yxa. B
pabome nposedenvi UCIeO06AHUS MEPMOOUHAMULECKUX NAPAMEMPOB CMECHU GIANCHO20 6030VXA U NAPOE 2EKCANA.
Taxxce nocmpoena mepmoOUHAMULECKAsL «IHMATbNUSL — COOEPIHCAHUE NAPOE 2eKCAHA» ONsl UCCIeOVeMOLl cMecU
npu Haceviyenuu 6030yxa opeanuyeckomu napaviu om 0 % 0o 100 %. Juaepavima mozxcem Golms UCNOTBI0BAHA 8
NPAKMUKe npu CMpPOUMensCmee NPOMbIUAEHHON YCIMAHOBKY OISl OYUCHIKY 6030VXA.

Organic solvents are used in different industrial branches such as food and flavor, cosmetics, pharmaceuti-
cal, biotechnological, printing and etc. During the technological process they are evaporated and saturated the
humid air and than exhausted into the atmosphere. This leads to deterioration of the working environment pa-
rameters and pollution of the atmosphere. The thermodynamic properties of the mixture humid air-hexane vapor
for @ = 0 to 100 % are studied in this paper. Equation of the specific enthalpy of this mixture is derived and
thermodynamic diagram «enthalpy-hexane vapor contenty for humid air-hexane vapor mixture is plotted.

Key words: humid air, hexane, vapor, workplace, safety, environment, pollution.

Introduction

Organic solvents are often used in different industrial branches such as food and flavor, cosmetics, pharma-
ceutical, biotechnological, printing, production of coatings, varnish, ink, gum and rubber, impregnation and la-
minating of wood and plastic, and etc. In accordance with the European requirements for limitation and preven-
tion of environmental pollution by Regulation No. 7 from 21.10.2003 in Bulgaria are set emission limit values of
volatile organic compounds emitted from the installations where organic solvents are used. On the other hand, by
Regulation No. 13 from 30.12.2003 are set standards for the protection of workers from risks related to exposi-
tion to chemical agents at work [6,7].

In accordance with Directives 2009/32/EO and 2008/128/EO, and Bulgarian Regulation No. 21 from
15.10.2002, hexane is permitted for use as an extraction solvent in the production and/or fractionation of fats and
oils, production of cocoa butter, formulation of defatted cereal germs, production of some flavorings and for ex-
traction of colorants for using in foods as additives [5].

During the technological process used organic solvent is evaporated and saturates the humid air and then it
is exhausted into the atmosphere. This leads to deterioration of the working environment parameters and pollu-
tion of the atmosphere and in definite concentrations of the organic vapor into the air, explosive mixtures can be
formulated. Therefore it is necessary to separate the organic solvent vapor from the air and subsequently regen-
eration and recycling of the solvent. Thus will be realized both environmental and economic effects [1, 2].

For thermal and constructive calculations of the industrial installations for separation and recovery of the or-
ganic solvents vapors from the air it is necessary to have a thermodynamic diagram «enthalpy — organic solvent
vapor content» for humid air — organic solvent vapor mixture such as [2,3,8,9].

The aim of this research is to developed a thermodynamic diagram «enthalpy — hexane vapor content» for
humid air saturated with hexane vapor from 0 to 100 % in barometric pressure.

Materials and methods

Mixture of humid air and hexane vapor is examined as a two components mixture of humid air with constant
moisture content d; and hexane vapor with changeable content d,. According to [11] can be assumed that the
humid air has constant moisture content d;=0,01 kg water/kg dry air. Then the specific enthalpy of the humid air
— hexane vapor mixture can be calculated by the following equation:

wdy+dy)eig g +0.01 .4y +dg.ipy » (D

where:
i4a, bwy.iny, — are the specific enthalpies of dry air, water vapor and hexane vapor respectively, kJ/kg.
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Specific enthalpy of dry air can be represented as a multiplication of its isobaric specific heat capacity at
temperature 0 °C and its corresponding temperature — (cpq,.t). Specific enthalpies of water vapors and hexane
vapor can be represented as (r,+Cpy ,.t) and (r,tcpy y.t), respectively, where: 1, and ry, are specific heat of evapo-
ration at temperature 0 °C of water and hexane, respectively, kI/kg; cpy, 1 Cpy — isobaric specific heat capacity
at temperature 0 °C of water and hexane, respectively, kJ/(kg.K).

The content of hexane vapor in investigated mixture can be represented by the equation:

d2 — Mp ny — Rh.a. . P.py , (2)
My q. Rh.v_ pP—-o.p,
where:
my ,, my , — mass of the humid air and hexane vapor respectively, kg;
Ry, Ruy. — specific gas constant of humid air and hexane vapor respectively, kJ/(kg.K);
p u p, — total pressure of the mixture and partial vapor pressure of hexane, kPa;
¢ — degree of air saturation with hexane vapor, %.

The specific gas constant of the humid air is determined from the equation:

Ryo =CaaRaa + Sy Ry s 3)
where: ¢, , u ¢, —mass concentration of dry air and water vapor respectively;

Ry — specific gas constant of dry air, kJ/(kg.K).

Similar to diagram «enthalpy — moisture content» for humid air, based on the above equations was con-
structed diagram «enthalpy — hexane vapor content» for the mixture of humid air saturated with hexane vapor.
To construct the line of the humid air, saturated with hexane vapor, is used equation (2), where a partial pressure
pv is replaced by the saturation pressure of hexane at the appropriate temperature — p;, kPa.

Results and discussion

All parameters of the humid air — hexane vapor mixture were determined in constant (barometric) pressure
p=100 xPa. The specific heat capacities of dry air and water vapor were reported by tables of thermo physical
properties of these substances [4], and those for hexane vapor by [12]. Their values are respectively: cpq, =1
kJ/(kg.K), cpyy. =1,86 kJ/(kg.K) and cpyy. =2,272 kl/(kg K). Specific heat of evaporation of the water was re-
ported by [10], and for hexane by [12]. The values are respectively r,, =2500 kJ/kg and r, =366,62 kl/kg. Specific
gas constant of the humid air was calculated by equation (3) and the value is Ry, ; =288,9 kJ/(kg.K). The value of
specific gas constant of the hexane is Ry, =96,5 kl/(kg K).

Under these conditions, the equation (2) can be written as:

P-Ds
dyy =2,994. T00_pp.° @)

The content of saturated hexane vapor into investigated mixture was calculated by substituting the values of
saturation of hexane vapor, reported by [12], in equation (4). Substituting of these calculated values in equation
(1) leads to determination of the specific enthalpy of the saturated air.

Based on the calculations carried out, diagram “enthalpy — hexane vapour content” was developed, similar
to the diagram «enthalpy — moisture content» of humid air at barometric pressure and was plotted in coordinate
system with an angle between the axes 135°, which is presented on fig. 1. On the abscissa are plotted the values
of the hexane vapour content and on the ordinate are plotted the specific enthalpy of the mixture. The lines of
humid air saturated with hexane vapour at ¢ = 0 to 100 % are plotted into the diagram. On completion of the
isotherms were defined angle of its slope and its intercept from the ordinate using the mathematical model of the
equation of a straight line. The line of the partial pressure of hexane vapour is plotted also. The respective values
of the pressure at different hexane content into the investigated mixture were calculated using equation (4)

The relative error of the saturated hexane vapour content into the mixture of humid air — hexane vapour was
determined in case that the moisture content d, is different from this in the investigated mixture. For this purpose
the content of the saturated hexane vapour into the mixture of dry air (d; = 0) — hexane vapor was determined as
well as the content into the mixture of humid air (d; = 0,08) — hexane vapor under the same other conditions. The
relative error for the content of the saturated hexane vapor in the first case is 0,6 % and in the second is 3,6 %.
This error related to the dew point is 0,08 °C for the first case and 0,47 °C for the second. This shows that in cal-
culation of the dew point of hexane at moisture content of humid air different from the assumed d, =0,01 kg/kg,
the error will be insignificant.
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Fig. 1 — Diagram «enthalpy — hexane vapour content» for humid air — hexane vapour mixture,
at @ =10to 100%
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Conclusions

1. Thermodynamic diagram “enthalpy — hexane vapor content” for the mixture of humid air — hexane va-
por was developed at different air saturation with hexane vapor from 0 to 100 %.

2. The relative errors for the content of hexane vapor and the dew point are determined at two different
points of the investigated air moisture content value. The results obtained show insignificant error that allows the
developed diagram to be used in different water vapor content into the air.

3. The diagram can be used in the practice for thermal and constructive calculations of the installations for
separation and recovery of the hexane vapor from the air.
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MIKPOXBHJIBOBE KOHHEHTPYBAHHA
TA CYINIHHA CYMIIII 3EJIEHI ITPAHUX OBOYIB

Muxaiinosa C.B., acucrent
XapkiBcbKHil AepxkaBHHAI YHiIBepCHTeT XapYyBaHHA Ta TOPriBiai, M. XapkiB

Cmamms npucesiena GU3HAYeHHI0 NIy nomysxcHocmi dxcepena HBY-enepaii 11 enubunu 8akyymysanns
Ha mpusanicmo nazpigy, HBY-vonyenmpyeanns ma HBY-cywinns cymiuii 3eneni npsanux oeouis.

The article is devoted to defining the impact power of the microwave energy and depth vacuuming the
duration of heating, microwave concentration and microwave drying a mixture of spicy green vegetables.

Kmouwogi cnoBa: mpsiHi oBoui, HBY-koauenTpysanns, HBU-cynrinas, rmnduHa BakyyMyBaHHSA, KiHETHKa,
Maca, BOJIOCOBMICT.
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