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ABSTRACT

In the presented work are described more often used adsorption isotherms and possibility to be
calculated some physicochemical constants, characterizing the adsorption process of heavy metal
ions, dyes or pigments from waste water onto different solid adsorbents. This information is very use-
ful for the researchers studied water purification via adsorption.
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INTRODUCTION

Water pollution by heavy metals through the
discharge of industrial effluents, is a worldwide
environmental problem. The presence of heavy
metal ions in municipal or industrial wastewater
and their potential impact have been a subject of
scientific environmental research for a long time
because of their extreme toxicity even at low
concentrations, and their tendency to accumulate
in the food chain. Industrial effluents are the
major sources for contamination of water re-
sources by heavy metals. These heavy metals
pollutions arises mining, metallurgy, stainless
steel, aircraft industry and smelting, brass manu-
facture, electroplating industries and excessive
use of heavy metal based agri-chemicals [1].
Ingestion of high quantities of these metals may
cause gastrointestinal bleeding, hypotension,
convulsions and significant DNA damage. Due
to the scarcity of the water supply in the world, it
is necessary to apply methods and technologies
to treat mining and industrial effluents before
their discharge to receiving waters. Therefore, it
is urgent to remove these toxic heavy metal ions
from wastewater. Although heavy metal removal
from aqueous solutions can be achieved by con-
ventional methods, including chemical precipita-
tion, oxidation/reduction, electrochemical, eva-
porative recovery, filtration, ion exchange, re-
verse osmosis, solvent extraction and membrane
technologies, they may be ineffective or cost-

expensive, especially when the metal ion concen-
tration in solution are in the range of 1-100 mg/L
[1]. These techniques are economically expen-
sive, and have disadvantages like incomplete
metal removal, generation of toxic sludge and
other disposable waste products. Recently, ad-
sorption technology has become one of the alter-
native treatments in either laboratory or indus-
trial scale. There are many adsorbents in use
such as activated carbon, silica gel, aluminum
hydroxides and oxides, crystal and amorphous
alum silicates, as well as different agricultural
by-products.

Therefore, the purpose of this work is to de-
scribe the most widely used adsorption isotherms
and physicochemical equations and parameters
which characterize the adsorption process.

MATHEMATICAL BACKGROUND

1. Types of adsorption based on energy values

Physisorption: It is also called non specific
adsorption which occurs as a result of long range
weak Van der Waals forces between adsorbates
and adsorbents. The energy released when parti-
cle is physisorbed is of the same magnitude as
the enthalpy of condensation. The enthalpy of
physisorption is measured by monitoring the rise
in temperature of a sample of known heat capac-
ity. Typical values of in the region of 10-20
kJ/mol.



Chemisorption: It is also called specific ad-
sorption and limited to monolayer coverage of
the substrate. Here, a covalent bond is formed
between the adsorbate and adsorbent. The en-
thalpy of chemisorptions is between the ranges
of 80-200 kJ/mol. Chemisorption occurs of high
temperatures with a significant activation energy,
which involves strong bonds and is non reversi-
ble. The heat of adsorption is typically high in
chemisorptions and is similar to heat generated
during a chemical reaction.

2. Equilibrium modeling

The analysis of equilibrium data to construct
adsorption isotherms is usually important for
design of adsorption systems. Adsorption iso-
therms express the mathematical relationship
between the quantity of adsorbate and equilib-
rium concentration of adsorbate remaining in the
solution at a constant temperature. The most
widely used isotherm models for solid-liquid
adsorption are described below.

2.1. Freundlich isotherm

The empirical Freundlich adsorption isotherm
is based on adsorption on a heterogeneous sur-
face and express by the following equation [2-8]:

Qeq = KFCé{}n (1)

where K is roughly an indicator of the adsorp-
tion capacity and 1/n is the adsorption intensity,
respectively. The value of Kr and n are obtained
by plotting of InQ¢, versus Ceq according to the
linear form of the Freundlich equation [9]:

INQg =INK¢ +%In Ceq (2)

In general, as the Kr values increase the adsorp-
tion capacity of adsorbent for a given sorbate
increases. The magnitude of the exponent 1/n,
gives an indication of the favourability of ad-
sorption. Values of n > 1 represent favourable
adsorption condition. The validity of models was
determined by calculating the standard deviation
(S.D., %) using [6]:

n 2

S(Qun Q)]

S.D.=100}/-= , 3)
n-1

where the subscript exp and cal refer to the ex-
perimental and the calculated data, and n is the
number of data points.

2.2. Langmuir isotherm

The Langmuir isotherm model is based on the
assumption that adsorption energy is constant
and independent of surface coverage, the uptake
occurs on homogeneous surface by monolayer
sorption without interaction between adsorbed
molecules and the adsorbed layer was uni-
molecular. The maximum adsorption occurs
when the surface is covered by a monolayer of
sorbate. For solid-liquid systems, Langmuir ad-
sorption isotherm can be expressed as [5,6,8,10]:

_ Qmax KLCeq

Q= K Ceq

, (4)

where Qg is the amount of the sorbate at equilib-
rium in unit mass of adsorbent (mg/g), Ceq is the
concentration of the sorbate in solution at equi-
librium (mg/L), Qmax and K are the Langmuir
coefficient related to monolayer adsorption ca-
pacity (mg/g) and adsorption energy (L/mg),
respectively. Making some rearrangements, we
obtain the next linear form of the Langmuir ad-
sorption isotherm [4,6-10]:

111
Qeq Qmax K LCeq Qmax

®)

It is one of the ideal limiting-condition type
models. The equation is valid for monolayer
sorption onto a homogeneous surface with a
finite number of energetically identical sites. The
Langmuir adsorption parameters Qmax and K. can
be determined from intercept and slope of the
plot of 1/Qeq versus 1/C.q, respectively. The de-
grees of suitability of the adsorbents were esti-
mated from the separation factors (R.), using Eq.
(6) [1,7,10,11]:

1
i (1+K.C,)’ ©
where K is Langmuir constant and C; is the ini-
tial concentration of the ions, dyes or pigments in
the solution. The separation factor R, indicates
the shape of the isotherm. According to Mckay et
al., [12] K. values between 0 and 1 indicate fa-
vorable adsorption. Also K, values equal to 0



indicate irreversible adsorption, K_ = 1 is linear
and K, > 1 is unfavorable.

2.3. Dubinin-Radushkevich isotherm

In the case of liquid-phase adsorption, several
studies have shown that the adsorption energy
can be estimated according to the Dubinin-
Radushkevich equation [1,11,13,14]. The equa-
tion of Dubinin-Radushkevich isotherm may be
written as follow [15]:

2
Qeq =Qpr EXP— K[[RT In{1+iD] , @)
Ceq

where Qg IS the adsorption capacity of the ions
or dyes, Qpr (mol/g) is the maximum adsorption
capacity, or the limiting amount filling the mi-
cropores, K (mol?J? is Dubinin-Radushkevich
constant, R is the gas constant, equal to 8.314
J/mol K and T is the absolute temperature. After
taking logarithm from the both side of Eq. (7) we
obtained:

2
INQg =INQpr —K {RT In(l+CiH 8

€q

Taking into account that

RT |n(1+cij=g, 9)

eq

where ¢ is the Polanyi potential [13-16] we ob-
tain the next linear equation:

INQ,, =INQpg — Ke? (10)

Drawing plot of InQe, Versus &, from the slope
and the intercept may be calculated the values of
K and Qpg, respectively. The Dubinin-Radush-
kevich constant K can give the valuable informa-
tion regarding the mean energy of adsorption by
the equation [1,11,13,15,16]:

-1/2
: (11)

where E (J/mol) gives the mean free adsorption
energy per molecule of sorbate when it is trans-
ferred to the surface of the solid from the bulk
solution, and K is the Dubinin-Radushkevich
constant.

E =(2K)

2.3. Temkin isotherm

Temkin and Pyzhev considered the effects of
some indirect adsorbate-adsorbate interactions on
adsorption isotherms and suggested that the be-
cause of these interactions the heat of adsorption
of all the molecules in the layer would decrease
linearly with coverage. This isotherm contains a
factor that explicitly takes into the account ad-
sorbing species-adsorbent interactions. This iso-
therm assumes that: (i) the heat of adsorption of
all the molecules in the layer describes linearly
with coverage due to adsorbent-adsorbate inter-
action, and that (ii) the adsorption is character-
ized by a uniform distribution of binding ener-
gies, up to some maximum binding energy
[15,17]. The Temkin isotherm, describes the
behavior of adsorption of heterogeneous surfaces
[5,10,15-18] may be written as follow:

Qe =BINA+BInC (12)

eq’

where B = RT/b is a constant related to heat of
adsorption and b is the Temkin constant (J/mol)
which shows the variation of the adsorption en-
ergy, R is the gas constant (8.314 J/mol K), T (K)
is the absolute temperature, and A is the Temkin
isotherm constant (L/g), which takes into account
the interactions between the adsorbate and the
adsorbent. B and A can be calculated from the
slope and intercept of the plot of Q. against
INCy.

2.4. Scatchard isotherm model

The Scatchard isotherm model is a widely
used model in evaluating the affinities of binding
sites taking role in a particular adsorption proc-
ess. Scatchard isotherm equation can be written
as follows [10]:

Q.
c_e: =K (% -Qu) (13)

where 1950 and K are Scatchard constants related

to adsorption capacity (mg/g) and equilibrium
adsorption constant (L/mg), respectively. The

values of 97 and K may be calculated from inter-
cept (K 1950 )s and slope (K;) of the plot Qey/Ceq

versus Qeq. The shape of the Scatchard plot is
related to the type of the interactions of adsorbate
with adsorbent. Slight deviation from linearity is
observed in values of correlation coefficient R?



indicated presence of more than one type of
binding sites [18].
2.5. Redlich-Peterson isotherm

Redlich-Peterson isotherm equation is given
as the next linear form [5,15,17,20]:

€q

In[K
RP Q

€q

—qzmaw+ﬂmgw (14)

where Kgrp (L/g) and oge (L/mg) are Redlich-
Peterson isotherms constant and £ is an expo-
nent, the value of which lie between 0 and 1. For
£ =1, Eq. (14) reduces to Langmuir equation,
with arp = KL. At high adsorbate concentration
Eq. (14) is transformed into Freundlich isotherm
equation with Ke = Kgp/agp and 1/n = 1- . Plot-
ting the left-hand side of Eq. (14) versus InCq,
yields a straight line of slope equal to g and in-
tercept, equal to Inarp. However, plotting this
equation is not applicable because if the tree
unknown parameters: Kgp, arp andg. contained
within the equation. Therefore a minimization
procedure is adopted to maximize the correlation
coefficient R® between the theoretical data for
Q¢q predicted Eq. (14) and the experimental data.

Often, the method used to determine isotherm
parameters is to use linear regression with trans-
formed variables. The quality of the fit of the
experimental data to the isotherm equation is
assessed by the magnitude of the correlation
coefficient for the regression. In other words, the
isotherm giving an R? value closes to unity pro-
vides the best fit.

2.7. Toth equation

Toth isotherm is derived from potential the-
ory and is applicable to heterogeneous adsorp-
tion. It assumes a quasi-Gaussian energy distri-
bution —most sites have an adsorption energy
lower than the peak or maximum adsorption
energy. The linear form of Toth adsorption iso-
therm is given with the next equation [5,17]:

Ceq — 1 Ceq

+ )
Q% ()" K (Qn)"

(15)

where Qm is the monolayer adsorptive uptake
(mg/g), K is the Toth isotherm constant
(mg/L)™, and Th is the dimensionless Toth iso-
therm exponent which characterizes the hetero-
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geneity of the system and is usually less than
unity. The more Th deviates from unity, the lar-
ger is the heterogeneity of the adsorbent. When
Th = 1, the Toth isotherm reduces to Langmuir
equation [5].

2.8. Radke-Prausnitz isotherm equation

Radke-Prausnitz isotherm equation is
given with the next linear form [5]:

C

—&

Qeq

P
S
k 1

p

1
Kok

(16)
p

where Kgp (L/g) and kq, [(mg/g)/(mg/L)]*" are
Radke-Prausnitz constants and P is a dimension
less exponent. For P = 1, Eq. (16) reduces to the
Langmuir Eqg. (5).

2.9. Brunauer-Emmett and Teller adsorption
isotherm

The BET (Brunauer-Emmett and Teller)
derived an adsorption isotherm based on the
assumption that the adsorbate molecules could be
adsorbed in more than one layer thick on the
surface of the adsorbent. Their equation, like the
Langmuir equation, assumes that the adsorbet
surface is composed of uniform, localized sites
and that the adsorption is one site does not affect
adsorption at neighboring sites. Moreover, it was
assumed that the energy of adsorption holds the
first monolayer but that the condensation energy
of the adsorbate is responsible for adsorption of
successive layers. The equation, known as the
BET equation, is commonly written as follows

[21,22]:
C, 1
R +_,
C, ) X,A

where: xn, is the amount of sorbate required to
form monolayer over the surface of adsorbent
and A is the constant. Plotting graph
C,/C,
(x/m)(1-C,/C,)

c,/C, CA-1
(x/m)(1-C,/Cy)  XpnA

(17)

versus Cs/C, will gives rise

. . . A-1 .
to straight line with slope A and intercept
X

m

LA for adsorption process that confirms BET
X

equation.

m



The best fit of equilibrium model can be de-
termined based on the coefficient of linear re-
gression R% The solver add-in function of the
MS excel has been employed to test the applica-
bility of the isotherm equations to represent the
experimental data. The Marquardt’s percent
standard deviation (MPSD) error function
[17,23] has been used for the error analyses of
the fit of the equations of the experimental data.
The error function is given as:

Qeq,exp - Qeq,cal,

eq,exp

MPSDleO\/[l/(n_ m}i{ JZ , (18)

where n is the number of data points and p is the
numbers of parameters in the isotherm equation.

3. Estimation of thermodynamic parameters
(AG®, AH® and AS°)

In order to fully understand the nature of ad-
sorption, the thermodynamic studies play an
important role. The adsorption isotherm data
obtained from different temperatures were used
to calculate the thermodynamic parameters asso-
ciated with the adsorption process. Based on the
Van’t Hoff equation, Langmuir constant K, were
used to determine the change of the standard
Gibbs free energy AG°, standard enthalpy change
AH® and standard entropy change AS° using the
following equations [4-6,10,13,15,17,23]:

AG® =—-RT InK, (19)

AS°
R

AH®

INK, =- (20)

The values of AH® (kJ/mol) and AS° (J/mol K)
can be calculated from the slope and intercept
using the plotted graph of InK_ versus 1/T. The
value of the change of standard Gibbs energy
AG® (kJ/mol) may be calculated using the next
relationship [13,15,17,23]:
and AG® =AH° —TAS® (21)
The negative values of AG°® and AH® showed that
the adsorption process is spontaneous and exo-
thermic [11]. This AH® corresponds to the isos-
teric heat of adsorption with zero surface cover-
age (i.e. Qe = 0) [5,23]. The positive values of
AS° indicate the affinity between adsorbent-
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adsorbate and suggests an increased randomness
at the solid-solution interface during adsorption
process. This may arise for example, from libera-
tion of water molecules from the hydrated shells
of the adsorbed species [5,11]. As the sorbed
molecules have, at the most, two degrees of tran-
sitional freedom on the surface and in view of
this fact, the rotational freedom of sorbed species
must always be less than that of gas phase mole-
cules, the entropy change on sorption AS = Sygs-
Sgas 1S inevitably negative. The negative values of
AS° suggest the probability of favorable sorption
with no structural change at solid-liquid inter-
face. For significant sorption to occur, the
change of Gibbs free energy AG® must also be
negative (see Eq. (21)), that requires AH® nega-
tive or exothermic sorption. This is generally true
for sorption from liquid phase also, although
exceptions are possible.

CONCLUSION

In the presented work are described more of-
ten used adsorption isotherms and possibility to
be calculated some physicochemical constants,
characterizing the adsorption process of heavy
metal ions, dyes or pigments from waste water
onto different solid adsorbents. This information
is very useful for the researchers studied water
purification via adsorption.
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ABSTRACT

In the present work frequently used kinetic equations are described, namely their application for
characterizing the rate constant, activation energy and the changes of Gibbs free energy, enthalpy and
entropy of adsorption of heavy metal ions, dyes or pigments from waste water onto solid adsorbents.
This information is very useful for the researchers studying the kinetics of water purification via ad-

sorption.
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INTRODUCTION

Dyes and pigments are important raw materi-
als for some industries such as textile, leather,
carpet, fibre, paper, printing, automotive, plastic,
ceramic, glass, pharmaceutical, cosmetics and
food [1-3]. Chemical contamination of water by
dye and pigment coloured effluents is a serious
environmental problem. The highly coloured
effluents of these industries increase the bio-
chemical oxygen demand (BOD) and chemical
oxygen demand (COD) of aquatic ecosystems.
Exposure to these dyes and pigments usually
causes skin and eye irritation, carcinogenicity,
reproductive and development toxicity, neuro-
toxicity and chronic toxicity. Dyes, which are
released in aquatic environment without any
treatment, inhibit the development of aquatic
animals and plants by blocking out sunlight
penetration. Hence, it is necessary to remove
them from effluent discharge [1-4].

Several physical, chemical and biological
treatments are employed for the removal of dyes
and pigments from aqueous solutions such as
precipitation, coagulation, ion exchange, ultrafil-
tration, electrocoagulation, photooxidation, re-
verse osmosis, microwave oxidation and etc. All
these procedures have significant disadvantages,
which are, for instance, incomplete removal,
high-energy requirements, and production of
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toxic sludge or waste products that also require
disposal.

Adsorption technique has been found to be an
economical and effective treatment method for
removal of dyes and pigments due to its sludge
free clean operation. For this reason the adsorp-
tion process with effective and low-costs adsorb-
ents is favourable. Decolourisation by adsorption
is influenced by dye- or pigment-adsorption in-
teraction, adsorbent surface area, particle size
and pH [1]. In this connection the knowledge of
some Kkinetic and thermodynamic parameters is
very useful.

Therefore, the purpose of this work is to de-
scribe the most widely used kinetic equations for
the characterization of the adsorption process
from aqueous solutions.

MATHEMATICAL BACKGROUND

1. Kinetic modeling

Kinetics of adsorption is an important charac-
teristic regarding the determination of the ad-
sorption process efficiency. In order to investi-
gate the sorption process of ions, dyes or pig-
ments from aqueous solutions onto different
adsorbents a number of kinetic models have been
used by various workers [1-4], where the adsorp-
tion process has been considered as pseudo-first
order, pseudo-second order, intra-particle diffu-
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sion model, chemisorption control, etc. Based on
such models rate constant, activation energy and
changes of Gibbs free energy may be deter-
mined, as well as enthalpy and entropy of forma-
tion of the activated complexes from the re-
agents.

1.1. Pseudo-first-order kinetics (Physisorption
control)

The differential form of the pseudo-first-order
kinetic equation can be expressed as [1,5-8]:

dQ,

dt

where Qg and Q; are the amount (mg/g) of ions,
dyes or pigments adsorbed at equilibrium and at
time t, respectively; and Ky .4 is the pseudo-first
rate constant (min™); t is the contact time be-
tween the adsorbent and adsorbate, respectively
(min). Integrating Eqg. (1) and using boundary
condition,t=0tot=tand Q;=0to Q; = Q;, we
obtain the next linear form, known as a first or-
der Lagergren’s rate equation [9]:

In (Qeq - Qt ) =1In Qeq - I(1,adt (2)

A linear fit of In(Qeq — Q:) versus t shows the
applicability of this kinetic model. From the
slope and intercept, the pseudo-first order rate
constant (ki .q) and Qeq Values can be determined.
Since Q; = 0 at t = 0, the initial rate adsorption
(ho1) can be calculated according to the formula

[5]:

kl,ad (Qeq - Qt) ) (1)

hO,l = kl,ad Qeq 3)

Half-adsorption time (ty,) is the time required
for the adsorption to take up half as much sorbate
as its equilibrium value. It is an indicator for the
adsorption rate. For the pseudo-first-order proc-
ess it can be calculated from the following equa-
tion:

In2
by, =—

kl,ad

(4)

1.2. Pseudo-second-order kinetics (Physisorp-
tion control)

The pseudo-second-order model is expressed
as [2,5-9]:
dQ,

dt

where k.4 (9/mg min) is the rate constant of the
pseudo-second-order sorption. The integrated

Kyaa (Qua= Q1) (5)
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linear form of Eq.(5) may be presented as fol-
lows [7]:

1 1

Qeq - Qt Q_eq

According to Eq. (6), the plot of 1/(Q¢q— Qx) Ver-
sus given time t give a straight line with a slope
of ko.¢ and an intercept of 1/Qgq. In the pseudo-
second-order model, the rate constant K, 54 is used
to calculate the initial sorption rate hy, (9/mg
min) [2,8,10]. The calculation equation is as
follows [5,11]:

= kZ,adt +

(6)

2

h0,2 = k2,ad eq (7)

The half-adsorption time for a pseudo-
second-order process can be calculated according
to the next formula [2,12]:

_ 1
k2,z11d Qeq

1.3. Weber-Morris intraparticle diffusion model

t, = (8)

For the interpretation of experimental kinetic
data, from a mechanistic viewpoint, prediction of
the rate limiting step is an important considera-
tion. Adsorption is a multistep process involving
the transfer of solute from bulk of solution to
surface of adsorbent. The adsorbate transport
from the solution phase to the surface of adsorb-
ent particles occurs in several steps. For this rea-
son, the intra-particle diffusion plays an impor-
tant role in the extent of adsorption. The overall
adsorption process may be controlled by either a
single step mechanism, e.g. film of external dif-
fusion, pore diffusion, surface diffusion and ad-
sorption on the pore surface, or a combination of
multiple steps. The mechanism involved in the
sorption process is confirmed by fitting the ex-
perimental data in an intra-particle diffusion plot.
The intra-particle diffusion model is used to de-
termine the rate limiting step of the adsorption
kinetics. According to Weber and Morris [5,13],
an intra-particle diffusion coefficient K; is de-
fined by the equation [2,3,15-17]:

Q =Kt +C, 9)

where K; (mg/g min®) is the intra-particle diffu-
sion rate constant, Q is the adsorption capacity
of the adsorbate at a given time and C; (mg/g) is
a constant. If the plot obtained by Q, versus t*
satisfies the linear relationship with the experi-
mental data, then the sorption process is found to
be controlled by intra-particle diffusion only.



However, if the data exhibit multi-linear plots,
then two or more steps influence the sorption
process [13,16,17]. The first, sharper portion is
very short and corresponds to a limitation of
adsorption by external diffusion. The second
linear portion is a gradual equilibrium stage with
intra-particle diffusion dominating. The third
portion is attributed to a final equilibrium stage
for which the intra-particle diffusion starts to
slow down due to the extremely low adsorbate
concentration left in the solution [18].The value
of the intercept C; indicates whether experimen-
tal diffusion limits the adsorption process: if the
straight line crosses the origin, then intra-particle
diffusion is the rate limiting factor; otherwise,
external diffusion operates simultaneously to
control the rate of adsorption [19].

The kinetic data can be further analyzed using
the Boyd kinetic expression, presented by the
next equations [18,19]:

F =1—(%)exp(—8t)

where Bt is the mathematical function of F; F is
the fraction of solute adsorbed at any time t:

(10)

FoQ
Qeq

Substituting Eq. (11) in Eg. (10) we obtain
[17,19]:

(11)

Bt= - 0.4977 - In(l— F) (12)
The Bt values at different contact times can be
calculated using Eq. (12). The calculated Bt val-
ues should be plotted against time t. The linearity
of this plot will provide useful information for
distinguishing between film diffusion and intra-
particle diffusion rates of adsorption. If a plot Bt
versus t is a straight line passing through the
origin, then adsorption will be governed by a
particle-diffusion mechanism, otherwise gov-
erned by film diffusion [17,18]. The calculated B
values can be used to calculate the effective dif-
fusion coefficient, D; (cm?min) using the rela-
tion [19].

! (13)

where r represents the radius of the particle.
1.4. Chemisorption control (Elovich equation)

The Elovich kinetic model is another rate
equation based on the adsorption capacity. It has
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been used for describing reactions involving
chemisorption of gases on a solid surface
[9,10,14,20], but also for simulating the sorption
kinetic in a liquid phase. The process with
chemisorption control may be written as follows:

dQ,

ot aexp
where a is the initial adsorption rate constant
(mg/g min) and b is another constant (g/mg)
related to the extent of surface coverage and
chemisorption activation energy. To simplify the
Elovich equation, Chien and Clayton [21] as-
sumed that a-bt >> 1, and parlaying the bound-
ary conditions Q; =0 att =0, and Q; = Q; at an
arbitrary time t = t, the final form of the equation
is [14,22]:

(-bQy) (14)

Q :%In(ab)+%lnt

(15)
Plotting Q; against Int, the constants a and b can
be determined from the slope and the intercept of
the straight line, respectively.

1.5. Bangham’s equation

Whether pore diffusion is the only rate-
controlling step or not in the adsorption process
is to be checked up from the kinetic data using
Bangham’s equation [13,17,23]:

0

Co _th

0

ol

2.303V

log Iog( j+alogt ,(16)

where C, is the initial concentration of adsorbate
in solution (mg/L), V is the volume of the solu-
tion (mL), m is the weight of adsorbent per liter
of solution (mL), Q; (mg/g) is the amount of
adsorbate retained at time t, and « (less than 1)
and k, are constants. If the experimental data are
represent by Eq. (16), then it is an indication that
the adsorption Kinetics is limited by pore diffu-
sion. However, the above equation does not give
a good fit of experimental data, indicating
thereby that the diffusion of adsorbate into the
pores of the adsorbent is not the only rate-
limiting step [17,23]. With increasing the contact
time, the effect of diffusion process on overall
adsorption could be ignored. It may be that both
the film and pore diffusion are important differ-
ent aspects in the removal process [13].

1.6. Diffusion-chemisorption model

An empirical diffusion-chemisorption kinetic
model is developed by Sutherland [24] to simu-



late sorption of heavy metal ions unto heteroge-
neous media. To obtain the derivatives, a correla-
tion is made, where the rate of change of concen-
tration of the solid phase, (Q; mg/g) is equated
as a function of rate of mass transfer of heavy
metal ions from the fluid phase to the adsorption
site (Kpe, mg/g t°%); the equilibrium sorption
capacityl (Qeq, Mg/g); and time to the power of n
-1,t"

NKpet"™
Qx
For the boundary conditiont=0tot=tand Q; =
0 to Q; = Q the integrated form of Eq. (17) be-
comes:

dQ _

dt (7

(Qu-Q)"

Q4
Qeq - Qt

To solve Eqg. (18) using simple linear regression,
Sutherland resolved the exponential factor, n,
empirically by non-linear regression analysis of
twenty Kinetic datasets using the Levenberg-
Marquardt algorithm. The analysis show the
value of n centred around 0.5. Therefore, rear-
ranging Eq. (18) and substituting this value of n
is obtained the following equation [24]:

=Kpct" +Qy - (18)

t0.5 1

QA Q

The initial slope of the experimental kinetic
curve is found empirically by Sutherland to be a
function of the diffusion-chemisorption constant
Koc and equilibrium sorption capacity, Qeq. The
following relationship is obtained by assuming a
linear region, as t — 0. The initial rate is pre-
sented by the empirical relationship:

1

£ + .
KDC

(19)

ki - KI:2)C ’
Qeq

where k; is the initial sorption rate (mg/g t).

(20)

2. Arrhenius and Eyring equations

In order to determine the activation energy of
adsorption E, (J/mol), the data should be fitted
with Arrhenius’s equation [6,14,25]:

RT )’

where A is a pre-exponential factor (g/g min), R
is the gas constant and T is the absolute tempera-

k = Aexp( (21)
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ture. Taking logarithm from both sides of Eg.
(21) we obtain the next linear equation [12]:

Ink=InA- E,

(22)

Having the values of the rate constant k, deter-
mined at different temperatures T, and plotting
Ink against 1/T , the activation energy E, and pre-
exponential factor A can be determined from the
slope and the intercept of the straight line, re-
spectively. The positive value of E, means the
existence of an energy barrier. According
Cagnon et al. [14] an activation energy lower
than 25-30 kJ/mol could mean that the adsorp-
tion process is controlled by intra-particle diffu-
sion.
Using the equation of Eyring from the theory
of activated complex [25,26]:
"
AH ] 23)

{2

where kg and h are the Boltzmann’s and Plank’s
constant, respectively, y is the transmission coef-
ficient equal to unity for monomolecular reac-
tion, e is the Nepper number, T is the absolute
temperature and AH” and AS” are the changes of
enthalpy and entropy for the formation of the
activated complex from the reagent respectively.
Taking logarithm from both sides of the equation
and rearranging we obtain the next linear equa-
tion [26]:

AS”
R

_ xekgT
h

k

kh AS®  AH?

In =
zeksT R RT

, (24)

Plotting In(kh/yeksT) versus 1/T and using a
linear regressive of least square method, the val-
ues of the changes of enthalpy AH” and entropy
AS” for the formation of the activated complex
from the reagents may be calculated from the
slope and intercept, respectively. The negative
value of AS” shows that the activated complex is
a more organized structure than the initial re-
agents. The negative values of AH” denote that
the formation of the activated complex is an exo-
thermal process. The change of Gibbs free en-
ergy of activation AG”™ can be calculated in the
terms of enthalpy and entropy using the well
known thermodynamic relationship [25,26]:

AG” =AH” —TAS” (25)

If the calculated value of AG™ is negative, it is a
result of interaction between the sorbate and



adsorbent and that the formation of the activated
complex is a spontaneous process.

CONCLUSION

The present work describes some of the fre-
guently used kinetic equations for characterizing
the rate constant, activation energy and the
changes of Gibbs free energy, enthalpy and en-
tropy of adsorption of heavy metal ions, dyes or
pigments from waste water onto solid adsorb-
ents. This information is very useful for the re-
searchers studying the kinetics of water purifica-
tion via adsorption.
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MN3CJIEIBAHE TEPMOJUHAMUKATA U KHHETUKATA HA AJCOPBLIUA HA
BRILLIANT GREEN U3 BOAHHU PASTBOPU BbHPXY BAJIA OPU30BA NEMEJ
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THERMODYNAMIC AND KINETIC STUDIES OF BRILLIANT GREEN ADSORPTION
FROM AQUEOQOUS SOLUTIONS ONTO WHITE RICE HUSK ASH
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ABSTRACT

In the present work we have studied the adsorption efficiency of white rice husk ash (WRHA) to-
wards removal of hazardous Brilliant Green (BG) dye from aqueous solution. WRHA was prepared by
pyrolysis in air of rice husk in fluidized-bed reactor and contains almost pure (=95%) silica in a hy-
drated amorphous form, similar to silica gel, with high porosity a relative surface OH-groups. The
adsorption studies of BG onto WRHA were performed using kinetic and thermodynamic parameters.
The experimental data were analyzed by the Langmuir, Freundlich, Dubinin-Radushkevich and Tem-
kin adsorption isotherms. Equilibrium data was fitted well to the Langmuir model with maximum
monolayer adsorption capacity of 60.98 mg/g. The thermodynamic parameters were also deduced for
the adsorption of BG onto WRHA and the adsorption was found to be spontaneous and endothermic.
The adsorption kinetic shows that pseudo-second-order was fitted better than pseudo-first-order and
other rate equations.

Key words: adsorption, white rice husk ash, thermodynamics, kinetic parameters

BBBE/IEHUE tH [9,14-18] u3 BOJAHU pa3TBOPHU, KaTO IIBITHHUTE-
nu Ha kaydyim [19] u mnactmacu [20], mymona-
HOBH M00aBKH KbM IUMEHT [21] wam Hocurenn
Ha XeTeporeHHHW Karaiamsaropu [22]. bsuara
opH30Ba Temena ChAbpka moytu 4ucT (>95%)
CHJIHMILMEB IUOKCHI B XHIpaTHpaHa amopdHa
¢dopma, moo0Ha Ha CHIIMKarena, ¢ BHCOKOIOP-
BO3HA CTPYKTypa U MOBBPXHOCT C XUAPOKCHIHU
rpymu [13], KouTO MpaBAT aACOPOLMOHHUS MPO-
11eC BE3MOJKCH.

Llenra Ha Hacrosmiata paboTa € ma ce W3-
clie/iBa TEPMOJMHAMHMKATA M KUHETUKATa Ha aj-
copbuust Ha Oarpuno Brilliant Green (BG) wu3
BOJIHU Pa3TBOPH BBPXY Osyla OpH30Ba Ieredn, 1a
ce Ompenely Hal-BEpPOSTHHAT MEXaHW3bM Ha
npoleca U HU3YHCISAT ChOTBETHUTE TEPMOIMHA-
MHYHU ¥ KHHETHYHHU TTapaMeTpH.

TeKCTUITHUTE W KOXApPCKUTE MPOU3BOJCTBA
M3MON3BAT TOJIEMH KOJHYECTBA BOJIA, OPraHUYHH
XMMHKAJIM U IMTMEHTHU B MPOLIECUTE Ha OarpeHe.
M3xBBpiassHETO BBHB BOAHHUTE OaceHW HA OIBE-
TEHUTE MM OTIHAJHU BOJH, JIOPH M B MAJKH KO-
JIMYECTBA, 3aMbPCSIBa OKOJHATA Cpelia M CHIIHO
BpeaM Ha BOAHUS XUBOT. OT IpeJiaraHuTe Me-
Togu 3a mpepaborka [1-7], anmcopOumsta ce
OKa3Ba aTPaKTHBEH U JIOKAa3aHO e(CKTHBEH Me-
TOJ| 32 OTCTpaHsBaHE Ha Oarpuia Ha OTHAJHUTE
Boau [8]. Haii-usnon3Banu ca ajacopOCHTHUTE
aKTHBeH BbrieH, cumukaren u Al,O;, HO ThHHU
KaTo He ca MKOHOMHYECKH W3TOJHHU, B TOCIE-
HHUTE TOAWHH C€ TpeaiaraT ajgcopOCeHTH, IMOIy-
YeHH TP MpepadoTKaTa Ha OTHAAbYHH CYPOBU-
HHU OT CEJICKOCTONMAHCKH KYITYpH, Hamp. OpU30-
B, KOKOCOBH, SIOBJIKOBH JIFOCIIH, CYXH OCTaTBIIN
OT LBeKJIO U 1p. [9-12].

[Ipu nuponu3 Ha OPHU30BHU JIIOCIH BHB Bb3-
NyIIHA WIA WHEPTHA cpelia ce MONy4yaBaT ChOT-
BeTHO “Ostma” w “gepHa” opmsoma memen [13],
KOUTO MOTaT Jia OBbJaT M3MOJI3BAHU KaTO aJicop-
OeHTH 3a HOHM Ha TEXXKH MeTand, O0M U TTUTMEH-

EKCIIEPUMEHT

Barpunoro Brilliant Green [cyndat mva au-(p-
JMETHIAMUHO)TPUPEHIT KapOOHUIT — alIeXH;
Co7H34N20,S, C.1. = 42040, Basic green 1] e
3akyneHo ot ¢upma “Spichem”, Uramus. W3-
XOJIHHAT OAarpujeH pa3TBOP € MOJIy4eH upe3 pas-
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tBapsiHe Ha 100 mg B 1 L OmmecTmimpana Bona,
kato MoJiekyiuTe Ha BG ce mamupar mox ¢op-
MaTa Ha KATHOHH:

AncopOeHTHT Osi1a OpU30Ba TeMe € MoNyYeH
Ha NMWIOTHA WHCTAJAlUs 3a NMUPOJH3 HA CYpOBU
OpH30BH JIIOCTIH, C TEXHOJOTHS “‘KUIISI CIION”,
npu npousBoautenHoct 100 kg/h. AGcopOimon-
HHUTE W3MEpBaHUS ca MPOBEICHU Ha CIEKTPodo-
tomersp JENWAY 6300, Benukobputanus, u €
olpejieieHa ABDKMHATA HA BBIIHATA, ChOTBETC-
TBallla HA MaKCHMaJIeH UHTECH3UTET Ha CBETOIO-
[IIBIIATEHATA CIIOCOOHOCT Amax = 623 nm. Upes
pa3pekiaHe Ha W3XOIHHS Pa3TBOP ca MOJIyYeHH
cepHsl pa3TBOPH B KOHLCHTPAILIMOHHUS HHTEPBAJ
0,1 — 100 mg/L. TToctpoeHa e KaauOpOBBYHA
KpHBa U € YCTAaHOBEHO, Y€ 3aBHCHUMOCTTA € JIH-
HelHa - 10 KoHnentparus 6 mg/L (dwur. 1).

-1

C =6.1202 Abs — 0.1033

6 2
R”=0.9975

=)
=
o

0.8
Abs

1

®@ur. 1. KaqnbpopbyHa mpaBa Ha 3aBUCUMOCTTA
Ha abcopOuusiTa OT KOHILEHTpalusTa Ha barpuio BG.

3a m3cnenBane ancopOuusta Ha BG BBpXY
Osima meren ca MPOBEIEHH CepUsl OT EKCIepH-
MEHTH B b ¢ BMectiMocT 150 cm®, cHabren ¢
BOJIHA pHU3a 3a MOJIbPIKAHE HA MOCTOSHHA TEM-
neparypa. Ancopb6eHtsT ¢ Maca 0.5 ¢ e 3amaT ¢
100 ml pastBop Ha BG ¢ pa3nuuHu KOHIEHTpa-
i (3, 6, 8, 20, 40, 100, 200 u 400 mg/ L). Exc-
NEPUMEHTBT € MPOBEACH MpHU Temmeparypu 17,
27 u 37°C (£2°C), pu HEMPEKBCHATO Pa3ObBpPK-
Bare (800 rpm), B mpoJbKEHHE CHOTBETHO HA
7, 5 m 3 gaca Bpeme - IOCTaTHYHO 32 JOCTUTaHE
Ha aJIcCOpOIIMOHHO PaBHOBECHE.

IIpes ompenenenn BpeMeBH HHTEpBaIu: 5, 15,
30, 60, 90, 120, 180, 240, 300, 360 u 420 min -
ca B3eru mpobu ¢ obem 8 — 10 cm®, komro ca
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ueaTpodyrupanu npu 3000 rpm B npoabinKeHME
ma 20 min. Uscnensana e abcopOiusTa Ha Cy-
MepHAaTaHTa W MO KanuOpoBbYHATA MpaBa € H3-
YHCJIeHa OcTaThYHaTa KOHIeHTpauus Ha BG B
pasTBOpA.

Tebpaute daszu ot BG u agcopbenTa npeau u
cien axcopbmusta ca m3cymenu mpu 105°C 3a
24 dvaca u ca nomnoxenn Ha WY anamu3 Ha
Briicker Tensor-27 cnextpodoromersp. Xapax-
TEpHUTE 3a crekThpa Ha BG uBuIM ce perucrt-
pHparT ¥ B CIIEKThpa Ha aJcopOCHTA CIIeH aJIcop-
ouusita (¢ur. 2).

®@ur. 2. Y criextsp Ha 1 — BG, 2 — Gsuta opuzoBa
nierien U 3 — Osiyia OpU30Ba Mened Ciel aacopOLHs.

WBunure, HaOMo1aBaHu NpyU OsijlaTa OpHU30Ba
THeTelt IPEAN U CIIe aacopOuus, ChOTBETHO IIPU
3398 u 3419 Cm_l, ce IbDKAT Ha BAJICHTHU Tpe-
ntenns Ha O—H Bpw3kuTe B cunaHonaute (Si—
O-H) rpymu, mpucheTBamM B CTPYKTypara Ha
enyso3ara, XeMuienysio3ara u Jurauaa [23].
ToBa mokasBa, ue Te3u TPYIHU B3eMaT y4acTHE B
azcopOiusTa Ha BG Bbpxy Osij1a opu3oBa mermnes.
Jeete upunu nipu 2925 u 2855 cm? ce IBIDKAT
Ha acCHMETPUYHU M CHUMETPUYHHU TPENTEHHs Ha
amudaraute C—H BpB3ku B —CH3 u CH, rpymute
B CTPYKTypaTa Ha LeNyJI03aTa, XeMHIIEeTyI03aTa
u nuranHa [23,24]. Ot ¢wur. 2 ce BUKa, ue Te He
ce M3MEHSAT Ipenu U ciel aacopOrusaTa, KOeTo
MIOKa3Ba 4Ye HE y4JacTBaT B afCOPOIMOHHUS IPO-
nec. MBurara, kosaro ce HaOmogaBa npu 1580
cm™, ce apIDKM Ha TpenTeHus Ha Bpb3Kkata C=C,
crpernata ¢ Bpb3kara C=N B XHHOMIHATA CTPY-
kTypa Ha BG. M3mecTBaneTo Ha ajcopOLUUOHHA-
Ta WBUIA AOKa3Ba yYacTHETO Ha XWHOHMIHATa
CTPYKTypa B ajcopOunonuus mpouec [24]. su-



uuTe, HaOmomaBaHu B nuanaszona 1100 — 400
Cm_l, ce abokat Ha: pu 1100 cm™ - Ha BajeHT-
Hu Tpentenne Ha Si-O Bpw3kute, npu 802 cm™ -
Ha TpenTeHus Ha Bpb3kute Si—O, u mpu 469 cm™
- Ha 1e)OpMAIMOHHU TPENTCHUS Ha CHUIIOKCAHO-
Bara rpyna. [Ipu TsX JuIicBa OTMECTBaHE, KOETO
MOTBBPXKJABA, Y€ CHIUIMEBO-KUCIOPOIHUSIT
CKeJIeT Ha Osjarta opu30Ba TICTeNl HEe y4acTBa B
agcop6musTa Ha BG.

IIporieHThT Ha MpeMaxBaHe Ha Oarpuio ce
M3YHCTIABA TTO0 opMyIIaTa:

Co -G
(%) = — x100, @
Co
a aJICOPOIIMOHHUSAT KaIaluTeT:
Co - G
qj = ————xV, )
M

kpaero Cp (MQ/l) — HavargHa KOHIEHTpAlUs Ha
BG, Ci (mg/l) — MoMeHTHa KOHIIEHTpanus Ha
BG, M — monnara maca na BG (482,62 g/mol), u
V (I) — obemua pastBOpA.

PE3YJITATHU U OBCBHKJIAHE

Tepmoounamuka na aocopoyus

OT ocobeHa Ba)KHOCT 3a XapaKTepU3UPaHETO
Ha cuctemara ancopOeHT-aacopbaT e moadupa-
HETO Ha HaW-NMOIXOJIIaTa, KOpelIupama ¢ eKc-
MepUMEHTATHUTE JTaHHW, PaBHOBECHA KpHBa Ha
ajcopOuMoHHus nponec. M3non3Banu ca pasiu-
YHM W30TEPMHHU ypaBHEHUS, ONKCBAIIN PaBHOBE-
CHHUTE XapaKTepUCTHKH Ha aacopoOuus Ha BG
BbpXy Odna opu3oBa memnen. AncopOIHoOHHaTa
n3orepma Ha Freundlich xapakrepusupa ancop-
Omusita BBPXY XETEpOreHHa IMOBBPXHOCT M Ce
n3passBa ¢ ypaBHeHuero [25-28]:

/n
Qeq = KFCelq , (3)

kprero Kr e mokasaren 3a amcopOIMOHHHUS Ka-
manuTer, a 1/n — naTensutet Ha agcopbiwst. Ipn
HapacTBaHe cTolHOcTUTE Kg aacopOIMOHHUST
KamaruTeT Ha ancopOeHTa ce yBelruyuaBa, a mpu N
> 1 ancopOUMOHHUAT MpOIeC ce OJIarompusTc-
TBa. Ha ¢ur. 3 e npenacraBeHa 3aBHCUMOCTTa Ha
INQ¢q o1 INCeq 3a M3cnenBanUTE TEMIIEPATYypH HA
ancop6omms Ha BG Bepxy Osta opu3oBa mermernt.

MopgensT Ha Langmuir ce ocHOBaBa Ha Tpen-
MIOJIOKEHUETO, Y€ CHEPrusita Ha ajcopouus ¢
MOCTOSIHHA W HE 3aBUCH OT TIOBBPXHOCTTA Ha
agcopbenTa. Ts ce U3BBpIIBA BBPXY XOMOTECHHA
MOBBPXHOCT KAaTO MOHOCJOWHa amcopOuusi 6e3
B3aUMOJICHCTBUE MEXKAY aaCOpOMpAHHUTE MOJie-
KYJIH.

INQeq

A 310K

4
InC¢q

®ur. 3. Ancopbunonna nzorepma Freundlich 3a
azgcopOuyst Ha 6arpmiio BG Bepxy Osia opnu3oBa 1e-
nex (m =0.5g).

3a cHCTeMH TBBPAO-TEYHOCT, aJICOPOIIHOHHA-
Ta u30TepMa Ha Langmuir ce 3anucBa ¢ ypaBHe-
Hueto [27-29]:

Q _ QmaxKLCeq

M1y K Ceq

KbJ1eTO Qeq € PABHOBECHOTO a7COPOMPAHO KOJIH-
YecTBO ajcopbar 3a eAMHHIA Maca aJcopOeHT
(mg/g), C¢q © KoHIeHTparuATa Ha ancopbara B
pastBopa mipu paBHoBecue (MG/L), Qmax 1 KL ca
ChOTBETHO KoeduimeHT Ha Langmuir, oTHacsi
ce JI0 MOHOCIOCH aJCOpOIMaHeH KamamuTeT
(mg/g) u eneprus Ha aacop6uus (L/mg). Ha ¢wur.
4 e npencTaBeHa 3aBUCHMOCTTA Ha 1/Qqq 0T 1/Cyqq
TIPY Pa3IMYHHUTE TEMIIEPATyPH Ha U3CIIEABAHETO.

: (4)

1

1/Qeq, gmg™

e 290 K
= 300 K
A 310K

0 . . .
0 5 10 15 20
1/C g, mg I
®@ur. 4. Ancopbrmonna uzorepma Langmuir 3a an-

copOuus Ha 6arpuio BG Bepxy Osta opu3osa menesn
(m=0.50).

B Ta6m. 1 ca mpemncraBeHH MOTYyYCHHUTE KOE-
¢ummentn mo ypaBHeHusta Ha Freundlich u
Langmuir.



Taoauua 1. Koncrantu Ha Freundlich u Langmuir 3a
npemaxBane Ha Oarpwio BG, nzumcnenu no ypasHe-

uus (3) u (4)

T, Freundlich Langmuir

K Ke 1n R? KL Qn R?
290 5.98 0.8657 0.8475 0.132 4854 0.9280
300 856 0.9591 0.9809 0.375 30.68 0.9810
310 9.24 0.7507 0.9239 0.258 60.98 0.9528

Eneprusita Ha agcopOius B ciydail Ha Ted-
HO(a3oBa aaCcoOpOIM MOXKe Ja Ce WU3YHCIHU IO

ypaBHEHHETO Ha wu3orepmara Ha Dubinin-
Radushkevich [9]:

2

Qyy =Qpr €Xp| —K| RT In 1+Ci , (5)

eq

KbeT0 Qeq € aACOPOLMOHHMAT KalaluTeT Ha
6arpwioro, Qrp (Mol/g) e MakcumanuusaT an-
copGuroneH kanauuter, K (mol%/J?) e koucranTa
ma Dubinin-Radushkevich, R — ynuBepcamnara
rasopa koncrauta (8.314 J/mol K), u T (K) —
a0CoJTII0THATA TEMIIEpaTypa.

N3orepmara Ha Temkin ommcBa cBoiicTBaTa
Ha aJicOpOIUs BBPXY XETEPOTEHHU MOBBPXHOCTH
¢ ypaBuenueTo [9,11,27]:

Q,=BInA+BInC,, (6)

kpaero B = RT/b e xoHcranTa, oTHacAwma ce 1o
TOIUTMHATA Ha azjcopOiws; b e koHcraHTa Ha
Temkin (J/mol), kosiTo Moka3Ba U3MEHEHHETO Ha
EHeprusiTa Ha aacopOIus; A € U30TepMHA KOHC-
tanta Ha Temkin (L/g), oTpa3sBaina B3anMoeii-
CTBHETO MEXIy azncopOeHTa W amcopbara. B
Tabs. 2 ca MPUBEICHU H3YHUCICHUTE KOHCTAHTH
BB3 OCHOBa Ha YpaBHEHUS 5 U 6.

Taouuua 2. Koncrautu Ha Dubinin—Radushkevich u
Temkin 3a npemaxsane Ha 6arpuio BG

T,  Dubinin-Radushkevich Temkin

K Qor K R? A B R’
iDL o 12 7 e
L .
310 ifg-s 1'135-9 0.9504 illo36 >2<11075 08791

IIpu cpaBHeHHME KOSHUIIMEHTUTE HA KOpesa-
uis R® 3a BeHuku MIPWIOKEHU aJICOPOIIMOHHU
u3zotepmu ce Bmwxkaa (tTabn. 1 u 2), ye amcopOiu-
OHHaTa m30TepMa Ha Langmuir, BajauaHa 3a Mo-
HOMOJICKYJIHAa aJCOpOIs, OMHMCBa Hai-mo0pe
EKCTIIepUMEHTAITHUTE JaHHHU 3a ajcopOlHaTa Ha
BG Bppxy Osi1a opu3oBa mermnen. MakCUMaTHUSAT
a7cOpOIMOHEH KalalMTeT Ha Osuiata OpH30Ba
nernen npu 310 K e 60.98 mg/g.
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B chOTBETCTBHE C KIIACHYECKOTO YPaBHEHHUE
Ha Van’t Hoff:

AG? = -RTIn K, @)

U BpB3KaTa MEXKIy H3MEHEHHETO Ha CBOOOIHA

eneprust Ha Gibbs AG®, entammusta AH® u ent-
pormsita AS®:

AG® = AHO — TAS® (8),

ca M3YHCICHH CHOTBETHUTE CTAaHIAPTHH TEPMO-

JMHAMAYHY napameTpH (Tabdm. 3).

Tabauna 3. TepMoaMHAMUYHY ITapaMETPH Ha azcop-
6uns Ha BG BbpXy Ostyta opr3oBa remnesn

Adsorption  AHP, ASY, AG?, kJ mol™
isotherms  kJ mol™ Jmol? K™ 290K 300K 310 K
Freundlich  16.40 71.78 441 -513 -12.31
Langmuir  25.77 73.86 435 361 -3.78
D-R -7.32 18124  -9.88 -61.70-79.82
Temkin -12.86  84.91  -37.48 —38.33-46.82

[onoxurennute croitnoctn Ha AH’ IIOTBBP-
JKIaBaT €HAOTEpMHATa TPUPOAA Ha aJCOPOIHS.
ANCOpOIMOHHHUSAT TPOIIEC B CHCTEMAaTa TBBPAO-
TEYHOCT € KOMOHMHAIMs OT JBa mpoieca: 1) ne-
copOIUsl HAa MOJICKYJIUTE Ha pa3TBopuTens (Bo-
J1a), KOUTO TIPEABAPHUTEIIHO ca afcopOupan; U 2)
agcopbmms Ha aacopbara B TMOBBPXHOCTHUTE
HeHTpoBe Ha azacopOenta [9]. 3a na ce aacopbu-
paT Ha MMOBBPXHOCTTA Ha ajcopOeHTa, OarpuiHu-
Te HOHH TpsAOBa Ja OTCTPAHAT MOBEYE OT €JHA
BOJIHA MOJIEKYJIa, KOETO BIHsE E€HAOTEPMHO Ha
agcopOmonHus nporiec. [lomoxxurennuTe cToii-
HoctH Ha AS’ TOKa3BaT yBenMuYaBaHE Ha OE3IIO-
psitbKa B TBBPAO/TEYHOTO MOKPHUTHE C HIKOH
CTPYKTYPHHU IIPOMEHU B ajicopbaTa u amcopOeHTa
1 aMHHUTET Ha OstaTa OpU30Ba Memnes KbM Oar-
pwioto. OTpHULATENHUTE CTOMHOCTH Ha AG?
TOBOPAT 32 BB3MOKEH W CIOHTaHEH IIpoIec Ha
ancopOIus.

Kunemuxka na aocopouus

Kunetnkarta Ha amcopOIusi XapakTepusupa
eukacHOCTTa Ha amcopOImoHHUS Tporec. Chb-
IIECTBYBAT Pa3IMYHA KUHETUYHHU MOJICTH, KOUTO
OTHACST MpoIeca KbM TMCEBIO-IBPBH UIIH TICEB-
JIO-BTOPH MOPSABK, ¢ AU(QY3UOHEH WITH XUMHUYECH
KOHTPOJI U JIp.

Kunernkata Ha aacopOIMOHEH NPOIEC OT
TICEBIIO-ITBPBH TOPSIBK CE OMUCBA C ypaBHEHUE-
To [26,27,29]:

dQ,

=K Q= Q). (©)

KbIeTO Qg M Q; ca CHOTBETHO KOJIMYECTBATA
(mg/g) ancopbuparo Garpusao mpu paBHOBECHE U
3a BpeMe t, Ky oq — ckopocTHa KoHCcTaHTa (Min™),
U t — KOHTaKTHOTO BpeMe MEXIy ajcopOeHTa u



azgcopbara (Min). B choTBETCTBHE ¢ ypaBHEHHE
(9) Ha ¢wur. 5 e mpeacTaBeHa 3aBUCHMOCTTAa Ha
In(ge — Q) OT t, 32 pa3IMYHKUTE KOHIICHTPAIIUU HA
BG mpu 290K.

e3myl e6mgl e8myl
e 20mgyl o 40mg/l e 100 myll

300 400

100 ;
t, min

200

®@ur. 5. 3aBucumocrt Ha In(qe — ¢;) oT BpeMeTo Ha
ancopouust Ha BG mpu 290 K.

Kunernkara Ha ancopOIus OT NCEBIO-BTOPH
MOPSIBK CE OMKCBa ¢ ypaBHeHUeTo [26,27,29]:

dQ,

dt

KkbAeTO Kz 49 (9/MQ Min) e ckopoCTHA KOHCTAHTA.
Ha ¢ur. 6 ¢ mpencraBena 3aBucuMocTTa Ha t/g;
or t 3a pasmuunuTe KOHIeHTpauuu Ha BG mpu

—ku(Q-Q)  (10),

e3mgl e6mgl e 8mgl
e 20 mg/l * 40 mg/l e 100 mg/l

200

100

100

200 t, min

®@ur. 6. 3aBucumocT Ha t/g; OT BpemeTo Ha ajcop-
ouwms Ha BG mpu 300 K.

OT HaMepeHHUTe CTOMHOCTH Ha KOe(HIIMEeHTa
Ha KOpeJalus MPH U3BEKIaHE HA 3aBUCUMOCTH-
Te BBB ¢QUr. 5 u gur. 6 Moxe 1a ce Kaxe, 4e Mo-
no0pe omwmcBamuAT ancopbumara Ha BG kune-
THYCH MOJEJ € YPaBHEHUETO Ha ICEBIO-BTOPHU
TIOPSTBK.
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Axrtusupamara eneprus E, (J/mol) va amcop-
OISt MOYe JIa Ce U3YKMCIIU Bh3 OCHOBA HA ypaB-
Henrero Ha Arrhenius: [29-31]:

k = Aexp| ——2
p( E

= j (11)
T

KpaeTo A e mpenekcroneHnuanen ¢akrop (g/g
min). OcTaHanuTe TmapaMeTpH, XapaKTephu3nupa-
M KMHETUKaTa Ha ajcopOrus Ha Oarpuino BG
BBPXY Osilia OpH30Ba Merel, MoraT Ja Ce U34YHC-
JISIT TI0 ypaBHEHHETO Ha Eyring or teopwusra 3a
akTuBHHA KoMmiuiekc [31,32]:

Jexp —

kpaero kg m h ca cpbOTBETHO KOHCTaHTM Ha
Boltzmann u Plank; y ¢ tpancmucronen koedu-
[MEHT, PaBEeH Ha CIMHHUIA 32 MOHOMOJICKYJIHH
peaxuuw; € e uucio Nepper, a AH” u AS” ca cpo-
TBETHO M3MCHEHHUETO HA SHTANHATA U CHTPOITH-
Ata npu GopMHUpaHe Ha aKTHBHHS KOMILUIEKC OT
peareHTa.

Bcuuky KMHETHYHH TapaMeTpu Ha aacopo-
musta Ha Oarpuno BG Bepxy Osia opusoBa me-
TeJl, M3YHCIICHU M0 KAUHETUYHOTO ypaBHEHHE Ha
TICEBJI0-BTOPHU MOPSABK, ca NPEICTABEHH B TAOI.
4.

Ta6auna 4. KunetnuHu napameTpu Ha afcopOius Ha
BG Bbpxy Ostiia opr30Ba remnent

AH”
RT

AS”
R

K= xekgT

ex
h p

,» (12)

7 7 7
Tk, Eakl A S i Alt' ! Alf !
K  min? mol? min? Jmol J 1 v 1
K™  mol™ mol™
290 0.0290 8.33 44.56
300 0.0365 52.90 xi07 -327.5 -50.41 47.83
310 0.1209 51.11

Ot TabnuuaTa ce BIKAA, Y€ C yBEIHYABAHE
Ha TeMmIeparypara croiinocture Ha AG™ HapacT-
BaT. TOBa ce NBIKM HA 3acHJICHATa MOOHMIHOCT
Ha ifonurte Ha BG B mopure Ha ancopOeHra, Koe-
TO BB3MPENATCTBA MU(Y3USITa UM U TI0 TO3H Ha-
YUH aICOPOIMOHHUAT KalaIuTeT Ha ajcopOeHTa
HapacTBa.

3AKIIOYEHHUE

Wzcnenpanero Ha TepMOIUHAMHKATA U KUHE-
THKa Ha azcopOuus Ha BG u3 BogHM pa3TBOpHU
MoKasa, ue OsytaTa Oopru30Ba TENeNT MOKe 1a One
U3II0JI3BaHa KaTo edekThuBeH ancopOeHT. Hame-
PEHUAT MaKCUMaJICH aJICOPOIIMOHEH KaNaIUuTeT €
60.98 mg/g. PaBHOBecueTo Mexkmy amcopbara B
pa3TBOpa M Ha MOBBPXHOCTTA Ha aJICOpOEHTa ce
nmoctura 3a 7 daca. TepmoauHamMukaTa Ha aJicop-



Omus ce ommcBa Hai-7o0pe ¢ M30TepMara Ha
Langmuir, a KHHETHKaTa — C KHHETUYHOTO ypaB-
HEHUE Ha TCEBI0-BTOPH MOPSAABK. YCTAaHOBH Ce,
4e ¢ yBeJMYaBaHE Ha TeMIlepaTypara aacopOru-
sATa HapacTBa, KOETO € TOBOPU 3a €HAOTEPMHA
npupoja Ha mporeca. Hamepenure oTpunaTeIHn
CTOWHOCTH Ha CTaHIAPTHOTO M3MEHEHHUE Ha CBO-
6ommata eneprus Ha Gibbs AG® xapaxTepusupar
aicopOnIMATa KaTo BH3MOXKEH M CIIOHTaHEH Ipo-
nec. Karo eBtuH ancopbeHr, Osutata opu3oBa
Ternel TMoKa3Ba OTIIMYHU aJCOPOIMOHHU Xapak-
TEPUCTHKH M YCIICIIHO MOXe J1a O'bjie M3IO0JI3Ba-
Ha 3a mpeMaxBaHe Ha Oarpwio BG or BomHuM
pa3TBOPH.

Hacrosmiara pabota e n3BbpiieHa ¢ ¢puHaHCOBaTa
nojkpena 1mo npoekt “Mnamu ydenu — 2011”7 Ha
®onn “Hayuynn uscnensanus” npu MUHHCTEPCTBO Ha
00pa30BaHNETO, MIIaJIC)KTA U HayKaTa.
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ABSTRACT

This work deals with one classical method in integral calculus — integration by reduction. It con-
sists of two parts. In this first part we examine some integrals which can be solved in elementary func-
tions. For any of these integrals the integrand contains a natural parameter n. Recurrence relations
are applied for obtaining formulas for direct calculation of these integrals for any natural number n.
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Important place in integral calculus is given
to the methods and different techniques of integ-
ration for indefinite integrals and definite integ-
rals respectively. Usually three common methods
of integration are distinguished:

- direct integration (this method consists in
solving integrals using the table of standart integ-
rals and some properties of integrals);

- integration by a change of the variable of in-
tegration;

- integration by parts.

To achieve greater understanding of the state-
ment, in some courses in integral calculus the se-
cond method — change of the variable, has been
considered as two separate methods: integration
by insertion under the sign of the differential and
integration by substitution.

For each method of integration groups of in-
tegrals which can be solved using this method
are examined.

In some integrals the integrand is not only a
function of the independent variable, but it also
contains a natural parameter n (in some cases n
can be a non-negative integer) which is usually
in the form of power of some elementary func-
tions. Most of these integrals can't be integrated
directly. To solve such integrals we can apply
any of the common methods of integration but
most frequently we use integration by parts. Thus
a similar integral with a smaller value of the pa-
rameter — mostly n—1 or n—2 is obtained. In
such a way we get a formula by which the given
integral is reduced to a similar integral con-
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taining a lower value of the considered para-
meter. This formula sets a recurrence relation.
Integration by using recurrence formulas is
called integration by reduction. Repeated appli-
cation of the formula allows the solving of the
given integral | to be reduced to solving the in-

tegral I, in which the natural parameter accepts

value 1, i.e. the corresponding expression takes
part in the itegrand of the first degree. In some
cases the integral 1, can be expressed by the

integral 1, in which the parameter n is equal to
0. In such situations we will call the integral I,
(respectively the integral 1,) basic integral for
the examined integral I,. Thus if the basic integ-

ral in the derived recurrence formula can be ex-
pressed by elementary functions the same can be
done for the given integral 1, i.e. the integral
I, has a solution and it can be found. If the basic
integral doesn't admit solution in elementary
functions then the same is true for the integral |
and we will briefly call such integrals unsolvable
integrals.

In some recurrence formulas the initially gi-
ven integral 1, is expressed in terms of 1, or
l.., and then, conversely | is represented by
integral with less value of the natural parameter.
In cases like this however, we often get a basic

integral which is unsolvable which means that
the given integral is also unsolvable.
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The present work deals with the integration
by using recurrence formulas. It consists of two
parts. In this first part we consider integrals

I, :If(x,n)dx for which the basic integral is

solvable in elementary functions. The purpose is,
by repeated application of the corresponding
recurrence relation, to derive a formula for direct
calculation of the integral I, for any natural

. 1 s n-1
A, =Ism” xdx =—=cosxsin"* x+ —=A_,.
n n

To derive formula for direct calculation of the
integral A, it is necessary to consider two cases:
when n is even, and when n is odd.

Let n=2m, where m is arbitrary natural
number. Repeated application of formula (1.1)

number n. Since recurrence formulas for most of
the integrals that will be examined are well
known (these formulas can be found, for
example, in [1-9]), we will not discuss how to
obtain these formulas in this paper.

We will first examine the integral

Anzjsin”xdx. By integrating by parts we

obtain the following recurrence relation
(1.1

reduces the integral A,, to the integral

A = J.dx =X+ C. Thus for the examined integral

A,. we receive

2m-1 2m-1

=J-sin2mxdx=—icosxsin X——————cosXxsin®™®x —
2m 2m(2m —2)
__@m=DEM=3) o yginams x ... CM=DE@M=3)..3 o0 iy
2m(2m—2)(2m—4) 2m(2m-2)...2
+(2m_l)(2m_3)'”3x+c.
2m(2m-2)...2
This result can be written in the form
—1Nn m — I —Nn
:J-sinzmxdx:——(zm 1)"cost:—(2rn Zk)! sin®m 2 +—(2m DY (1.2)
(2m)n &~ (2m -2k +1)I! 2m)n

In a similar way when n=2m+1 the integral A, ., is reduced to the integral A and taking into

account that A = J.sin Xdx = —cosx+c, we obtain

Z(

= | sin®™" xdx =
A2m+l J. (2m +1 ”

Similarly, using the recurrence formula

1. § n-1
B, = | cos" xdx = =sinxcos"* x+——-B_,

we arrive at formulas
= _[coszm Xdx = (
and

B, . =]cos®™ xdx =
2m+1 J. (2m + 1)"

m-pi . Q@
e sinxy |

k=1

Z(

Now from formulas (1.2) and (1.5) as an |mmed|ate consequence we obtain the well known result

T b

2 2
Jsinz’“ xdx = jcosz”‘ Xdx =

0

And from formulas (1.3) and (1.6) it follows another known result

T

O t—y |

2
sin®™? xdx = J.cos””*1 xdx =

“ 11
2m-=2k = . _ﬂcosx-kc, (1.3)
(2m - 2k)" @m+11
(1.4)
n n
_ 2Kkl -Hi
MC 2m-2k+1 +Mx+c (1.5)
(2m—2k +1)! (2m)n
” 1]
2m =2k DN emacy, CMY G e @6)
(2m- 2k)" 2m+Dn
(2m-Lt =
m "2
@m+nn
for n=2,3,..., we apply the recurrence formula

To find the solution of the integral C, =j _d)n(
sin" x
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CosSX h-2
C, I = + o
sin"x n 15|n n-1

Here again we consider two cases: whennis ¢ =jdx. Since the coefficient of this integral in
even, and when n is odd.

Let n=2m, where m is arbitrary natural formula (1.7) is equal to 0O, for the given integral
number. By repeatedly applying formula (1.7)  C.n We get
we reduce the integral C,, to the integral
oo dxo (2m 2)" S (2m -2k —N 1 (2m—2)I' cosx
2m _J‘ z -

sin?"x —1)" (2m—-2K)! sin?™ %% x  (2m -1 sinx

(1.7)

(1.8)

In a similar way when n = 2m +1 the mtegral C,... is reduced to the integral C, and taking into
account that
dx cosx—1
.- [- 1 R
sinx |cosx+1|
we obtain the solution of the integral C,,,, inthe form
dx 2m-1)n & (2m=2k)n 1 2m-N  cosx—1
Comas :.[ amil g :_( ) CosX ( ) s 2m-2k+2 +( L | | +c. (1.9)
sin (2m)!! & (2m—2k + 1)1 sin X 2(2m)n |cosx+1|
Similarly, using the recurrence formula
= ox___1 sinx  n- (n=23..) (1.10)
cos"x n-1cos"™x n-—
respectively for even and odd n we have the next formulas
I m-1 —2k =N MRS
- =J~ dz< _(2m-2)n sinx (2m—-2k -1 : 14k __, (2m—=2)I' sin x ro (111)
cos™x  (2m-Di &~ (2m-2K)N cos™ T x  (2m-1)!l cosx
dx 2m-=-p . & (2m-=2k)N 1 2m — 1" sinx-1
2””1:.[ amiL _( ) sin XZ ( ) 2m-2k+2 ( ) | | +c. (1.12)
cos (2m)n ~ (2m -2k + )1 cos X 2(2m)1 |S|n x+1|

By using integration by parts for the integral E, = J'Inn xdx has been derived the recurrence
relation
E, = [In" xdx=xIn" x—nE, . (1.13)
Repeated application of this formula gives the following result
E, =x(In"x=nIn"*x+n(n=1)In"? x+---+(=)"*'n(n-2)(n—2)...2Inx+ (=1)"n!) +c.
This formula is valid for any natural number n and we write it briefly in the form

nk
E. =nix Z( DI c. (1.14)
= (n—k)!
From the above result we can immediately calculate the value of the definite integral

. =J'Inn xdx, for which we have

:j In xdx—nlez (—k)' (=)™ n!

As a generalization of the recurrence formula (1.13) can be considered the next formula

m+1

Fon =Jxmln”xdx= X x——" Fon- (1.15)
’ m+1 m+1 &
By repeatedly applying the above formula we arrive at the following result

m+1

= Ixm In" xdX =———
(m+1)™

(M+D"In"x—n(M+D)" In"* x+n(n=D(M+D"*In"? X +---+

+ (D" (M +Dnlinx+ (-D)"nN +c,
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1y M+l n k n-k n-k
Fon J.x In" xdx = 2 Z( Di(m+d)” InTix o (1.16)
(m+1)" 4= (n—k)!
In a similar way from the recurrence relation
G, = [x'e"dx=x"e -nG, , (1.17)
we can derive the formula
( k nk

G, = | x"e*dx =nle* C. 1.18
.= [xe Z (n o (118)

Formula (1.17) can be obtained as a particular case from the next formula
H —J'(ax+b)"e“dx——((ax+b)n e™ —naH, ,), (1.19)

respectively when a=1,b=0 and s=1, where a=0,b and s=0 are arbitrary real number. Then
the formula (1.18) is a particular case of the following formula [2]

. SX 1 b n-k
H, = [(ax+b)e dx_ne ;( )(r(]an*)') e, (1.20)

again under conditions a=1,b=0and s=1.

Furthermore we can get a summary of the last formula, if we replace the expression (ax+b)" with
any polynomial P(x) of degree n. Thus we obtain the next result [2]
e” ¢ (DPU() |
s ; s

where P%(x) is the derivative of order k of the polynomial P(x).

J = j P(x)e™dx = (1.21)

To solve the integral K, = I(Z(j—xz)n for any integer n >1, where a is any non-zero constant, we
X“+a
use the recurrence formula
B J~ B X N 2n-3
"d(x*+a?)" 2a*(n-1(x*+a’)"t 2a*(n-1) "
After repeated application of this formula the given integral is reduced to the integral

(1.22)

K, j =—arctg + ¢ and thus we have
x> +a’ a
J~ _ (2n-3)lx S (n—k-1! N
(x +a ) (n-D! & (2a*)“(2n—-2k —DI(x* +a*)"* (1.23)
(2n-3)N

X
—=__Z" __arctg—+c.
a(2a*)"*(n-1)! ga

In the same manner from the formula

dx X 2n—-3
= = + L ., 1.24
" J-(az 2a’(n-1@* -x*)"* 2a*(n-1) " (1.24)

taking into account that the basic integral in this case is L, :J.L ! — Inj—

a’-x* 2a

a+X
a—X

+c, we obtain

the next result
_ (2n-3)lix = (n—-k-1)! N a(2n-3)1

j(a —x?)" (n-1)! < (2a®)*(2n-2k-D@*-x*)"* (2a*)"(n-1! +e.(1.29)

la+ x|
In
la-x]
. . . . . dx .
The last integral that we will examine, is the integral M :J-W Using the recurrence
X" (x -

formula

:J- dx —(2x-1) _2(2n—3),vI

= — — o (1.26)
X"(x=1)"  (n=-Dx"*(x-1" n-1
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dx |x-1

and taking into account that in this case the basic integral is M, = I X(x—1) = In| < |+c, we have the
following result
_J‘ dx  (2n=-3)1(2x-1) (-D* 2 (n—k -1)! N
A X" (x=1)" (n=1! ~ (20— 2k —)IX"*(x =1)"* (L.27)
n-1~Hn-1
L ()2 (2n-3)! In|X_1|+c.
(n-1)! | x|
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ABSTRACT

This work deals with one classical method in integral calculus — integration by reduction. It con-
sists of two parts. In this second part we consider recurrence relations concerning integrals which can
not be solved in elementary functions. It is shown that even in this case recurrence formulas can be

applied for solving some separate integrals.
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Recurrence formulas are applied in solving
some integrals in which the integrand is not only
a function of the independent variable, but it also
contains a natural parameter n which is usually in
the form of power of some elementary functions.
In such cases we usually apply integration by
parts to obtain recurrence relation which reduces

the given integral 1, :If(x,n)dx to a similar

integral with a smaller value of the parameter —
mostly n—1 or n—2. [1-8] Repeated application
of the derived formula reduces the given integral
I, to a basic integral I, (or 1,) which is nor-

mally known.
The present work is structured into two parts.
The first part deals with integrals | =

n

=J-f(x,n)dx for which the basic integral is

solvable in elementary functions and by using
the corresponding recurrence formulas we derive
formulas for direct calculation of the examined
integrals. In the second part we consider integrals
I, which are unsolvable since their basic

integrals are unsolvable. We will show that even
in this case recurrence formulas can be applied in
solving some separate integrals which are usually
linear combination of integrals of the type 1 for
different (normally consecutive) values of the
parameter n.

For some integrals that can not be solved in
elementary functions special symbols are
introduced and these functions are included in
the class of so-called special functions. This class
includes, for example, the integrals

- .[Id—lei(x), which is called integral loga-
nx
rithm (or logarithm integral function);

- Ie—dx = Ei(x), called exponential integral;

dex si(x), which is known as sine
integral;

cos

I—dx ci(x), called cosine integral.

If for given integral I, the basic integral is
any of the above integrals, this means that the

integral 1 is unsolvable.
We WI|| first examine the integral
I - Applying integrating by parts
gives
n dx = X +nNn+1'
In"x In"x

From here we obtain the following recurrence
relation

NP S Y
" (n=DIn"*x n-1 "

(N=2,3,..) 2.1)
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with basic integral N, = Ili—x =li(x). After transformation of formula (2.1) we have
X

—X

(=N, =N, =———
In"™ x

dx dx —X
n-1 - = +cC,
( )-[In“ X J'In”‘lx In"*x
which implies that for any integer n > 1it is fulfilled
J'In X—-n+1 X
X =
In" x In"™* x
In particular, applying the above formula when n=2 and n=3, respectively, we can solve the
Inx-1 Inx-2

+C. (2.2)

. X—
integrals dx and dx:
J »[ In? x »[ In® x
Inx-1 X
—dx=—+c,
In° x Inx
Inx-2 X
—dx=——+cC.
In® x In® x
. . e™dx . ..
Further we consider the integral Q, :I—n’ where a is any non-zero constant. For this integral
X
we have the following recurrence formula
e®dx —e™ a
Qn J- Xn (n_l)xn—l n_lQn—l ( )

with basic integral

e¥dx re¥dax ., .
lej' - =J‘ - =Ei(e™).
Formula (2.3) implies

ax

—€
Xn—l )

(n_l)ln _aln—l =

Hence for any n=2,3,... itis fulfilled

J'e (ax—nn+1)dx _ en_1 . (2.4)
X X
In particular, if a=1 and a =-1 respectively we receive the next formulas
J-e (x—nn+1)dx _ eni1 (2.5)
X X
and
Ie (—x —nn +1)dx _ enil ‘e 2.6)
X X

e*(x* —x+1)dx
2

Using formula (2.5) when n =2 we can solve the integral I . Indeed,

X 2 X _ X X _
Ie (x ;Hl)dx:jexdx—"‘e (x 2l)dx =e*—e—+c=e (x 1)+c.
X X X X

Applying the same formula with n=2 and n=3,we obtain the solution of the integral
e* (x? —2x+2)dx .
=

J-ex(xz —2X+ 2)dx z.[ex(x—l)dx _Iex(x—2)dx 3
x? X
_ex=D o

=——-—+¢C
XZ
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2

=X 2
In a similar way by using formula (2.6) we can solve the integrals je (X" +x+1)dx and
X

j e " (X +2x+ 2)dx

X3

. Indeed,

2

Ie’x(xz + X +1)dx ZJ‘e,XdXJrIe’X(XJZrl)dX _

X X
=—e* —L-FC:M—%C,
X X
X [y 2 -X X
J~e (x +X23x+2)dx:J-e (Xx2+1) dx+Ie (XXJ;Z)dX:
e’ e’ —e " (x+1)
=————F5+C=———"+C
X X X
. e*dx .
For the integral R, =I )" we have the following recurrence formula
- e*dx _ —e - 1 R, 2.7)
x+D)" (-D(x+D)" n-1
with basic integral
e'dx 1.
R, = ==li(e™).
! -[x+1 e )
By transforming formula (2.7) we obtain
— et
n-)R -R _ =—.
( ) n n-1 (X+1)n—l
Particularly, if n=2 and n =3 we get the relations
—e*
R,-R, = 2.8
;~Ri=— (28)
and
2R -R, =% _ (2.9)
P (x+1* '
If we subtract equality (2.8) from the last equality we get
2R, R =& *+2), (2.10)
(x+1)
. . . e*(1—x)dx
Now we will apply the above relations to solve the integrals Y ='[— and

(x+1)°

X _ _y?2
je (d-2x=x )dx. Transforming the first of these integrals we obtain formula (2.9) and thus we have

(x+1)°
Y :J*e (1—x)3dx :J‘—e ((x+1)3—2)dx _ R, +2R, = - e e
(x+1) (x+1) (x+1)
In a similar way for the second integral we obtain
X _ _y? _ aXx 2 X
J-e (1-2x 3x )dxz‘[ e*((x+1) : Z)dX:—Rl+2R3=—e (x+§)
(x+21) (x+1) (x+1)
xe dx

The next integral which we will examine is S, =I (n=2,3,...). For this integral we get

(x+1"
consecutively

xe*dx _ p(x+le*-e* ¢ e'dx efdx "R _R -
"l (x+D)" (x+D" x+D" J(x+p" "
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S e n=2p
(n=D(x+1) n-1 (n=D(x+1) n-1
Hence the given integral can be presented in the following two ways
S, =R,,—R, (2.11)

and
e* n-2

S, = + R, 2.12
" (n-Dx+D)"t n-1 "M (212)

e*dx
x+1
the integral S, is solvable only if n =2, as in this case the coefficient of R, is equal to zero. Thus

Since the integral R, =I =lli(e”1) is unsolvable, from formula (2.12) we can conclude that
e

X

xe*dx
, = ~=R,—-R, = +C.
(x+1) x+1
From formula (2.12) we obtain

X

e
(ﬂ—l)Sn—(n—Z)RH:W’
ie.
[ oxedx e e x(n=1)—(n-2)(x+DJdx
(n-1] xay 2)I(x+1)”dx_j (x+1)" B
:J-ex(x—n+2)dx: e* e
(x+1)" (x+1™*

Hence for any n=2,3,... itis true that
e*(Xx—n+2)dx e
_[ n = n-1 +C
(x+1) (x+1)
If n=3 as a particular case of this formula we obtain the examined above integral Y. If n=4 we
get

X

X

J'ex(x—Z)dx_ e
(x+1)*  (x+1)°

We proceed by considering the integrals T, =.|.5m ):dx and U, = J. cos i(dx. Integrating by parts we
X X
obtain respectively
T =- C‘)’(‘:X —nu,, (2.13)
U, =225 T (2.14)
X
From formula (2.13) we express
COS X 1
n == n-1 - Tn—l'
(n=1x n-1

The last two formulas yield the recurrence relation

aT L+ 1 T, =_(n—1)sm>n<+xcosx. (2.15)
n-1 X

From here it follows that for any n=2,3,... the next formula is true
J-sin X(x* +n(n-1))dx _ (n—1)sinx+xcosx e
(n-1)x"* (n—=1)x"

H 2
sinx(x* +2) dx and

In particular, when n=2 and n=3 we get the solution of the integrals .f 3
X

H 2
J‘sm x(x4 +6) dx -
2X
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Isin X(x* +2) dx = Sin X + X COS X

X3 x? e
jsin X(x* +6) 2sin X + XCOS X
7 dx=- 3 +C
2X 2X
Similarly, using formulas (2.13) and (2.14) we derive the following recurrence relation for the
integral U, =ICOS >n<dx ;
X
U+ 1 - xsmx—(n—l)cosx. (2.16)
n-1 (n-1)x"

This equality implies that for anyn = 2,3,... the next formula is valid:
J- cos X(x* +n(n—1))dx _ xsin X —n(n-1)cos x N
(n—=1)x"* (n=1)x"
From here when n=2 and n=3 respectively we obtain the solution of the integrals
J-cos.x(xa2 +2) dx and J-cos x(xj +6) dx
X 2%

cosX(x* +2) Xsin X — c0os X
j 5 dx = 5 ,

X X
cos x(x* +6) Xsin X —2C0s X
.[ 4 dX = 3
2X 2X
REFERENCES 6. The fundamental ideas of the integral and

differential calculus. Chapter IV. Further deve-
1. Jdgaiir, I'.b. Tabauyer unmeepanos u opy-  lopment of the integral calculus.
eue mamemamuveckue ¢opmynsi. Hayka, Moc-  http://kr.cs.ait.ac.th/~radok/math/mat6/calc4.htm
kBa, 1977. 7. emathzone. Reduction formulas of integra-
2. llponanos, U., H. Xamkuusanos, K. Yoba-  tion
HoB. Cooprux om 3adauu no ougpepenyuarno u  http://www.emathzone.com/tutorials/math-
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NON-ISOTHERMAL KINETIC STUDY OF THERMAL DEGRADATION OF CHITIN
FROM SHRIMP SHELL FROM BLACK SEA
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ABSTRACT

Chitin has been extracted from Black Sea shrimp shells, using original technology, and thermogra-
vimetric studies were conducted under air atmosphere. For the purpose of kinetic studies, preliminary
“smoothing” the TG-experimental data was performed by employing a two-way filter method. The
kinetic mechanism and the corresponding parameters were evaluated from the TG data by using iso-
conversional and pseudo-iso-conversional calculation approaches of Kissinger-Akahira-Sunose
(KAS). Moreover, 34 known kinetic and 3 generalized functions were used for the whole analysis. The
optimal exponent factor of the generalized models was determined by employing the golden section

method

Key words: Chitin, thermal degradation, KAS-method, kinetic parameters

INTRODUCTION

About 45% of processed seafood consists of
shrimp, the waste of which is composed of exo-
skeleton and cephalothoraxes, the latter has be-
come a problem for the environment. This waste
represents 50-70% of the weight of the raw ma-
terial, however it contains valuable components
such as protein and chitin. Chitin, next to cellu-
lose, is the second most common polysaccharide
on earth, with a yearly production of approxi-
mately 10'°-10" tons [1].

Chitin consists of a linear chain of f-(1-4)
linked 2-acetoamido-2-deoxy-D-glucopyranose
units (Fig. 1).

C
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Fig. 1 Structure of chitin frg
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the exoskeletons of crustacean, mollusks, insects
and certain fungi. Three different polymorphs of

chitin are found in nature: the a-chitin, being the
most common structure and corresponding to
tightly compacted orthorhombic cells formed by
alternated sheets of antiparallel chains; the #
chitin, adopts a monoclinic unit cell where the
polysaccharide chains are disposed in parallel
fashion; and j-chitin, however it has not been
completely identified, an arrangement of two
parallel and one antiparallel sheet has been pro-
posed. Roberts [2] has suggested that j~chitin can
be a combination of «- and /- structures rather
than as a different polymorph. These polymers
have antimicrobial activity, besides being bio-
compatible and biodegradable. They display a
wide range of applications in different fields, e.g.
in cosmetics, agriculture, food, pharmacy, bio-
medical, paper industry and also as absorbent
materials for wastewater treatment.

TG/DTG technique is very useful for the de-
termination of decomposition temperature, de-
composition steps, and kinetic triplet for solid
substances. The kinetics of thermal degradation
reactions are described with various equations
taking into account the special features of their
mechanisms. The rate of many condensed phase
reactions can be conveniently parameterized as a
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function of the temperature T, and the extent of
the reaction conversiona.

A number of reviews [2-10] and articles [11-
18] have been dedicated to chitin and the prod-
ucts obtained from its chemical treatment at dif-
ferent conditions.

ISOLATOIN OF CHITIN FROM MARINE
SOURSES

1. Raw materials preparation

The different local resources used to extract
chitin are described in Table 1. The shells of
these species were scraped free of loose tissue,
washed, dried, and grounded to pass through a
0.315-0.5 mm sieve. Then they were subjected to
demineralization and deproteinization [19]
(Scheme 1)

2. Demineralization

Demineralization was carried out in dilute
HCI solution. The mineral content in the exo-
skeleton of crustacean is not the same for each
species treatments. All species were treated with
7% HCI solution at ambient temperature with a
solution to solid ratio of 10 ml/g. The resulting
solid fraction was washed with distilled water
until neutral pH was achieved. Then the demin-
eralized samples were dried and weighed. The
treatments with hydrochloric acid and their dura-
tions (24-72 h) depend on the nature of species.
The emission of CO, gas was found to depend
upon the mineral content of different species and
the penetration in shell's mass. The CO, emission
was higher in the case of rapana, mussel and
snail rather than with other species because the
mineral content in the former was larger.

washing, grinding

. . 1SLac & S pow o
& sieving Crustacean shells powder

particles sizes 0.3-0.5 mm;
chitin + CaCO5 + proteins

Crustacean shells

demineralization

-cacoy | *7%HC

deproteinization Demineralized shell:

chitin + proteins

Scheme 1. Isolation of chitin from marine sources

+ 10% NaOH;
60°C, 24 h

3. Deproteinization

Deproteinization of chitin was carried out us-
ing 10% NaOH at 60°C. The treatment was re-
peated several times. The absence of proteins
was indicated by the absence of color of the me-
dium at the last treatment, which was left over-
night. Then the resulting solution was with water

to neutrality and with hot ethanol (10 ml/g). The
purified chitin was dried at 50°C to constant
weight. The protein content was determined from
the weight differences of dematerialized sample
and that of the chitin obtained after alkaline
treatments.

EXPERIMENTS OF THERMAL DEGRA-
DATION OF CHITIN

TG, DTG and DSC scans of the samples were
taken within the temperature interval of 20 —
600°C. The heating degree was 6-15 K min™*; the
sample initial weight was about 3.5 mg, and the
rate of air flow was 20 ml min™. From the DSC
curves, the temperatures (T.) and enthalpies
(AH,Jg™") as well as the temperatures of the
thermal degradation effects were calculated. By
using both TG and DTG curves as well as the
temperature intervals and the amounts of the
volatile and basic substances produced by the
thermal degradation, the maximal rates of the
principal degradation process were determined.

For the kinetic analyses, samples of chitin
were used an apparatus for complex thermal
analysis STA 449 F3 Jupiter (NETZSCH - Ger-
many). The thermogravimetric (TG) curves were
studied at heating rates of g = 6.0, 9.0, 12.0 and
15.0 deg min™ under artificial air flow.

THEORETICAL BACKGROUND

The current study includes preliminary
“smoothing” of the TG-experimental data by the
so-called two-way filter [20]:

m™ = (1- Kei)mf1 + KeimP®; (1a)
m™ = (L - Kg)mP + Kg;mP® (1.b)
pave _ M+ MEP @

I
2
where the indices (), (™), ), (**) and ("%
denote the filtered value, the forward, the back-
ward, the experimentally obtained and the work-
ing values, respectively.
The filter coefficient ! is defined by the
formula:
Ki=_2 3)
s + A
where At; is the filtering step:
" ti —ti, at fw - filtration ;
" lt, -t at bw - filtration ;

7 IS the time constant of the filter.

(4)
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In the procedure of filtering, the curves, cor-
responding to the TG, DTG and the degradation
rate were smoothed by high-frequency interfer-
ence, without significantly changing their initial
profile. The studies with both the model and real
data showed that K'>0.15, and the error of de-
termining the kinetic parameters did not exceed
* 1.8%.

The calculation of the conversion velocity
da/dt was done by expressing the polynomial
a=Mt+Nt+P for each experimental point,
with inclusion of the neighboring points, and
subsequent differentiation. As a result, high-
precision da/dt-curves were obtained.

The kinetic evaluation was conducted by em-
ploying regression analysis of the basic kinetic
equation [20,21]:

_da

E
Vo == Aexp(— ﬁjf (@), )

and its integral forms (integral kinetic function
0(a)), with some restrictions:

Tda A7 E.
a)=|——=—|exp —— |[dT 6
9(2) !f(a) ﬂTj p( RTJ (6)
where p=dT/dz is the heating rate, which should
be kept at constant value during the experiment.
In equations (5) and (6), a represents the de-
gree of conversion associated with the process

studied, which can be calculated, according to
the following formula:

a. pe—— )
where m;, ms and m, are the initial, the final and
the current sample mass at the time z, respec-
tively;

f(o) represents the so-called differential ki-
netic function, involved in the kinetic model and
its general expression can be represented by the
function of Sestak and Berggren (SB) [22]:

f(@)=a"(1-a)"[-In(Ll- )]’ ®)

Depending on the values of coefficients n, m
and p (if some coefficients are zero or not) seven
variants of the kinetic function are available. The
best studied are the kinetic functions with one or
two exponents and with restriction of the second
one.

Iso-conversional methodology in  non-
isothermal experiments has been recommended
by the ICTAC Kinetics Committee [23]. Iso-
conversional calculation procedure assumes that,

for a given degree of conversion a, the reaction
mechanism does not depend on the heating rate
a. In this respect, the Kissinger-Akahira-Sunose
(KAS) [23] has proposed their own model-free
method as expressed by the next linear equation:

m[ﬁ;}m[ AR j- S (©)
T g(a)E, RT

The results from the calculations could serve
for the direct determination of the kinetic models
and the Kinetic parameters such as the activation
energy, E,, kJmol™; the exponent A, min™, the
coefficient of linear regression R?, etc. Moreover,
the most probable partial reaction mechanism of
thermal degradation of the samples was determined.

RESULTS AND DISCUSION

The TG, DTG, and DSC-curves obtained by
the thermal degradation of the biopolymer chitin
from shrimp shell extracted from Black Sea at a
heating rate of 12 K min™ are shown on Fig.2.

Fig. 2. TG, DTG and DSC - curves, obtained by
thermal degradation of chitin from shrimp
shells from Black Sea at a heating rate of
12 K min™,

Three degree of degradation can be observed
from the TG, DTG, and DSC - curves within the
temperature range of 20 - 800°C. The prelimi-
nary stage was considered as completed at about
110°C , and was accompanied by mass loss of
5.01%. These results were attributed to the evap-
oration of water absorbed, and to the presence of
some volatile impurities. This step was charac-
terized by a poorly pronounced endothermic
effect and had temperature, corresponding to the
observed peak of 56.3°C. This stage was not
considered as important for the present study.

The onset of the first real stage of thermal
degradation of chitin corresponded to a tempera-
ture of about 205°C. Its completion could not be
strictly distinguished and was observed at 390°C,
with the accompanying mass loss of 67.11%.

37



The stage was characterized by an exothermic
effect with peak at 325.7°C. It was probably as-
sociated with vaporization and burning of vola-
tile compounds, produced from the thermal deg-
radation of the polymeric chain of chitin. The
pyrolysis of the polysaccharide structure is initi-
ated by split of the glycoside bonds, followed by
further decomposition, to form acetic and butyric
acids, and a series of other lower fatty acids,
among which C2, C3, and C6 carboxylic acids
predominate [17].

The onset of the second real stage of thermal
degradation of chitin was observed at about 390°C
and the temperature, corresponding to its comple-
tion was 600 - 620°C, with mass lost of 27.33 %.
Exothermal effect was also observed, with peak
temperature at 532.4°C.

With experiments conducted at lower heating
rate, the peak temperatures were hardly ob-
servable. The separation of this stage from the
first one could not be sufficiently justified

It has been assumed [17] that the first exo-
thermal effect is associated with the thermal
depolymerization of chitin, and the formation of
volatile low-molecular products, which burned
under the oxidative atmosphere. The second
exothermal effect was probably due to the oxida-
tive thermal degradation of the char formed.

The separation of the second stage from the
first one was not sufficiently justified. Some
authors have mentioned that the thermal decom-
position of chitin under argon or nitrogen atmos-
phere occurs as a single step as has been con-
firmed by the DTG curves [13,15]. Other re-
searchers, however, [17,18] have explored it as a
two-stage process.

Our kinetic studies were conducted under the
assumption of thermal decomposition, occurring
as both the single and two-stage process.

Fig.3. shows the degree of conversion («) and
reaction rate (v,)-curves obtained at four heating
rates £ 6.0, 9.0, 12.0 and 15.0 K min™. Accord-
ing to Fig. 2, with the increase of heating rates, «
and v,-curves were shifted towards higher tem-
peratures. Furthermore, in the region between the
two stages, the rate of thermal decomposition
was different from zero. This might be due to
both the sequential and parallel processes, occur-
ring between the first and the second stage.

To perform the kinetic computations on the
thermal analytical data, the KAS calculation
procedure was used as recommended by the IC-
TAC Kinetics Committee [23]. Instead of accu-
rate iso-conversion sections at values of ¢ we

used sufficiently narrow field (« + A) in order
to eliminate the influence of o on E, and wide
enough field (xA«), which would allow for the
kinetic model f(a) or g(a), and the pre-
exponential factor A to be determined with suffi-
cient accuracy ( the so-called pseudo iso-
conversion (PIC) approach) [20]. The whole
reaction range (0.000 < o < 1.000) was divided
into N sub-ranges:

Fig. 3. Degree of conversion and reaction rate
scans obtained at four different heating rates
1. /=6.0/ K min™; 2. #=9.0/ K min™;
3. f=12.0 /K min; 4. f=15.0 /K min™.

o0i=1/(N+1); Aa=05/(N+1);
i-1,2...,N. (10)

N =20 is the recommended number of sub-
ranges.

Since when using the iso-conversion methods,
the activation energy E is independent on the
kinetic models g(«) or f(a), it was conducted
under the conditions of both stages pooled (Fig. 4).

Fig. 4. Iso-conversional plots at various conver-
sion degree of chitin drawn according to the
KAS calculation procedure for pooled stages of
thermal decomposition.

Taking into account subsets of the a-curves at
certain values of a and bearing in mind the corre-
sponding temperatures, the dependence of
In(A/T? on 1/T was drawn, according to Eq. 9.
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The activation energy E was directly evaluated
from the slope of these plots.

The procedure for establishing an optimal
model of the process was conducted by mecha-
nistical examinations for 34 of the mostly well-
known among these models [25]. Full optimiza-
tion was carried out, using the following three
models:

a. Mechanism of chemical reaction:

Fon=K(1-a)". (1)
b. Mechanism of nucleation:

P.=Ka" (12)
¢. Mechanism of random nucleation and its

subsequent growth:

A =Kl-a)-Int-a)]", 13)

where

K=|1n" (14)

Equations (11-13) included 25 out of the 34
known expressions of the reaction functions f(c)) [5.

Because the relationship between n and R? (or
between n ands?) is unimodal, the most appro-
priate approach for the determination of n is the
method of the so-called Golden Section.

Our preliminary studies indicated that the
most adequate model, validating the process of
thermal decomposition of chitin extracted from
Black Sea shrimp shells was the model denoted
as F,.

On Fig. 4, the activation energy E, and the
pre-exponential factor A, the exponent n for the
F. model and the thermodynamic parameters AS™

AH”and AG”, corresponding to the transition
state for the pooled stage, and the peak tempera-
ture at first stage, are indicated. Except for the
parameter n, all of the rest ones had extreme
values at o= 0.6787 and, therefore, this was

considered to be the best point to be selected, in
order to split the pooled stage into two stages.
This was also evident from Figs. 2 and 3.

If o, denotes the degree of conversion for
pooled stage, then:

1.47334 a, for the firststage; (15)
~|3.11265 o, — 2.11265 for the secondstage.

Kinetic parameters of the thermal degradation of
chitin for the first stage are shown in table 1.

The use of the F,-model derived kinetic pa-
rameters of the thermal degradation of chitin for
the first stage is shown in Table 1. As can be
seen, the values of the exponent n were changed
sequentially from 0.188 to 1.339, and the acti-
vation energy varied within 97.9 - 182.5 kJ mol™.
All parameters were nonlinearly-dependent on
the values of «. The most adequate model F, for
the whole field of the present investigation was
in agreement with the following parameter val-
ues: n = 0.3168; E = 1288kImol’. A=
3.218 x 10" min™ (In(A) = 24.19));

18 ®p 30— RIS 1] S

AL T mol

Fig. 4. Plots of the activation energy E, the pre-
exponential factor A, the exponent n for the
Fn model and the thermodynamic parameters

AS”, AH”and AG” for the pooled stage.

Table 1. Kinetic parameters of the thermal degradation of chitin for the first stage, using the F,-model

E

AS* AH” AG”

2
« % kJ mol? In(A) Jmol* K™ kimol?  kimol™ R
0.22 0.15 97.9 17.86 0.188 -144.6 92.9 180.1 0.9869
0.29 0.20 112.1 20.76 0.206 -120.4 107.1 179.7 0.9955
0.37 0.25 123.3 23.16 0.184 -100.4 118.3 179.0 0.9978
0.44 0.30 130.1 24.62 0.140 -88.4 125.9 178.4 0.9993
0.52 0.35 133.8 25.63 0.110 -80.1 129.9 178.1 0.9993
0.59 0.40 137.2 26.53 0.180 -72.6 134.6 178.4 0.9987
0.66 0.45 1447 27.48 0.366 -64.7 139.6 178.6 0.9984
0.74 0.50 150.8 28.47 0.554 -56.4 145.8 179.8 0.9978
0.81 0.55 160.1 29.87 0.767 -44.8 155.1 182.1 0.9964
0.88 0.60 182.5 36.10 1.339 7.0 182.0 176.8 0.9821
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Table 2. Kinetic parameters of the thermal degradation of chitin for the second stage using A, models

E

AS* AH” AG”

2
@ % KJ mol® In(A) Jmol* K kImol™ kJmol™ R
0.07 0.70 235.4 40.0 -0.085 37.51 229.1 200.33 0.9739
0.22 0.75 155.7 23.2 -0.937 -101.8 148.3 226.31 0.9881
0.38 0.80 147.2 21.7 -1.1364 -114.8 140.8 228.75 0.9988
0.53 0.85 149.2 22.0 -1.093 -111.8 142.89 228.47 0.9982
0.69 0.90 151.3 224 -0.919 -108.9 144.92 228.27 0.9942
0.84 0.95 143.4 21.0 -0.364 -120.4 137.59 229.73 0.9897

AS” = -91.91 J mol™K*; AH*= 123.85 k] mol™;
AG*=178.85kImol™;  R*=009898  (s?=
3.1584).

The preliminary studies showed that, in the
second stage of the kinetics of thermal degrada-
tion of chitin, the most accurate description can
lig)represented by the generalized model A, (eq.

Kinetic parameters of the thermal degradation
of chitin for the second stage using A, models
stage are shown in table 2.

As can be seen from table 2, the exponent n
was changed from - 0.085 to - 1.1364, and the
activation energy varied within 143.2 - 235.4 kJ
mol™. All parameters indicated non-linear de-
pendence on the values of c.

The most adequate model A, for 0.20
<a<0.80 has the parameters: n=-1.0577
(K=0.486); E=147.9kJmol™. A=3.167 x 10°
min? (In(A) = 21.92)); AS™=-113.23 J mol™K™;
AH?=141.58 kimol™;  AG™=228.26 kJ mol™;
R® = 0.9964 (s? =4.4078).

The most adequate model A, for the values
within the range 0.20 < « <0.80 was found to be
in agreement with the following parameter val-
ues: n=- 1.0577 (K=0.486); E = 147.9 k mol™. A
= 3.167 x 10° min? (In(A) =21.92)); AS *= -
113.23 J mol*K™; AH*= 141.58 k] mol™*; AG™ =
228.26 kd mol™; R? = 0.9964 (s? =4.4078).

If necessary to work with the F,-model for
the same field of investigation, the following
kinetic parameters can be wused: n=2.1158
(K=1.8962); E=102.18 ki mol™. A=3.742 x 10°
min? (In(A) = 15.13)); AS™=-169.27 J mol'K™;
AH"=95.82 k] mol%; AG™=225.40 kJ mol™;
R® = 0.9648 (s?=21.052).

CONCLUSIONS

1. Chitin has been prepared by using shrimp
shells from Black Sea as starting materials, and
applying an appropriate treatment by extraction
with diluted HCI and NaOH.

2. Non-isothermal kinetic study of the ther-
mal degradation of chitin in air atmosphere has
been conducted. The kinetic analysis is per-
formed, considering the thermal degradation as
one- or two stage processes.

3. Optimal kinetic models and the corre-
sponding parameters for each of the iso-
conversion sections as well as for the two stages
of thermal degradation are developed.

4. For the first stage of the process of thermal
degradation, F, is considered to be the most
appropriate kinetic model, whereas, for the sec-
ond stage, the A,-model seems to be the best
choice.
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ABSTRACT

The adsorption of water soluble dye Congo Red onto synthetic polystyrene-matrix and acrylic ester
matrix has been investigated. The effect of the total porosity, specific surface area and pore size
distribution of resins is ascribed to the different mechanophyisical porous and chemical structures.
Adsorption characteristics and mechanism of styrene resins and acrylic ester resins are compared.
The adsorption properties of polyreticular strong base ion-exchange resins exhibit the most excellent
behavior toward dye recovering from water solutions.
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BBBEJAEHUE

U3Becten (axT e, ue BOAOPa3TBOPUMUTE KH-
CeJIM M PeaKTUBHU Oarpuiia ca HaBJIC3JIH [IHPOKO
[PU OLIBETSIBAHETO HA MPOAYKTUTE B TEKCTUIIHA-
Ta W XapTHEHaTa NpoMUIIeHocTH. Taka Hampu-
mep okoii0 50 % ot GarpuiHuTe KOMIIOHEHTH [1]
[PU XapTUEHHUTE MPOU3BOJCTBA OOMKHOBEHO CE
U3BEK/AT C OTMAIHUTE BOJH, KOCTO MPAaKTUYEC-
KU Ce€ OTKPOsIBa KaTO €MH TBBP/E CEPUO3CH EKO-
JIOTHYEH MPOoOJIeM Ciie/l U3IyCKaHeTO UM B IPH-
pozneH BogoeM [2]. OcBeH HEraTUBHOTO BH3yal-
HO BJIMSIHHE, KOETO T€ Ch3JaBaT 3a XopaTa mopa-
JIM OLBETEHOCTTAa HA IPHPOJHHUTE BOIH, HAJHYH-
eTO Ha Oarpuiia MOHM)KaBa J0CThIIAa HAa CBETIMHA
BbB BOJHHUTE CJIOCBE, a TOBA MOATUCKA MPOLIECH-
Te B OnocucTemute Ha BoaHHTe pecypcu [3]. B
JONbIIHEHUE CIIeBA J1a OTOCNICKHM, Y€ royisima
9acT OT OarpuiaTa UMaT CHIIHA TOKCUYHOCT, KOSI-
TO C€ MPEHACs YeCTO U B OTIJICIKAAHHUTE KYITYyp-
HH PacTeHHs OpaI¥ NPOCMYKBAHE Ha OLIBETCHU
Boau B mouBara [4]. To3u Tun Oarpuia He ca
JIECHO OTCTPaHSEMH Ype3 KOHBEHIUATHHUTE OHO-
JIOTHYHHU TPEYUCTBATEIHA METOAU OT OTMAJHHUTE
BOJIHU TOTOLM MOPaJHd OTCHCTBUETO HA CKIIOH-
HOCT 3a JIeCHO Ouopasrpaxaane. He ocobeno yc-
HEUIHH ca ¥ HU3UKOXUMUYHHUTE KOATYJIAl[HOHHU
metoau [5]. Hamocmeask uscieaBaHusaTa mokas-
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BaT, 4e aJCOpPOIIMOHHUTE TEXHUKO-TEXHOJIOTHY-
HU PEIICHUS] UMAT CEPUO3eH KOHKYPEHTEH MO3H-
TtrB. OCBEeH J00pHTE Ka4eCTBEHH MMOKA3aTeNn Ha
MPEYUCTEHUTE BOAHU MOTOLM, UMa U PECYpPCEH
EIEMEHT 3a PEeU3MOJI3BAEMOCT KaKTO Ha Oarpu-
JiaTa, Taka ¥ 3a MHOTOKPATHOTO HW3MOJ3BaHE Ha
agcopbenTa [6]. Haii-mmpoko NPHIOXKEHHE B
MpaKTHKaTa ca HaMEpPWIM aJcopOeHTH Ha Oasa:
aKTHBECH BBIVICH; IIeNyJ103a; OCHTOHWTH, CHJIH-
KaTHH MaTepuaid W JAp. B mocieqHo Bpeme
CepHOo3Ha MPHJIOKUMOCT 3aro4Bar J1a HAMUPAT U
CHHTETHYHM TOJUMEpHH [/], U OUOMOTHUMEpHU
OPOAYKTH. 3HAYUTEITHO BHUMAaHHE C€ OTACHS U
Ha MOJIMMEPHH CMOJIH, Oa3WpaHd Ha CTUPCHIIH-
BUHWIOCH3EH W akpuiareH cuHTe3. ChBpeMeH-
HUTE HM3CIEMOBATEIICKA BIDKIAHUS MOKAa3BaT, e
MPY U3BITMYAHETO HA Pa3IMYHU XUMHYCCKH MPU-
MeCH OT BOJA 4pe3 ancopOIus, TOMUHUpPA HE00-
XOAUMOCTTa OT XHUAPOGOOHU B3AUMOACHCTBUS
MeXIy ancopbenta u ancopotusa [10]. Chimect-
BEHO 3HAY€HHE MMa M MeXaHO(pU3WYHATA CTPYK-
Typa Ha aacopbentute (MOPHO3HOCT, CreIU(pUY-
Ha TOBBPXHOCT, pasmpe/eiieHue Ha TOPUTE MO
pasmep, cpelieH pa3Mep Ha JTJOMUHHPAIIU MOPH U
np.) Korato nmpumecuTe BBB BoOJaTa ca JIECHO
BOJIOPA3TBOPHMH WJIM B HES UMa JAPYTH TMOJSAPHU
HEBOJIHU Pa3TBOPUTEIH, aCOPOIIMOHHUAT Kara-
OUTET Ha CTI/IpeHI[I/IBI/IHI/IH6eH36H IMOJIMMCPHUTE
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CMOJI Ps3KO C€ TOHWXaBa. MHOro H3cieno-
BaTeJIM ThPCST METOM 32 OTCTPAHsBAHE Ha Opra-
HUYHU 3aMbpcuTenn oT Boja [11,12] u wu3-
cinenBar (GaKkTOpHUTE, BIFSIEIIH HA aACOPOIMOH-
HHUTE OTHACSHMA Ha copOenTa. Hampumep, Hame-
PHIH Cca TPHIOKEHHE CBHIIOJIUMEPH, ChIbPIKAIIH
€CTePHU Tpymu W/WIKA JPYyrd ajcopOIMOHHU
CBBP3BaHUS Upe3 BOJJOPOIHU BPB3KU C MAKPOMO-
Jekynurte Ha Oarpunata [13, 14].

IlenTa Ha HacTosMmaTa pa3pabOTKa € aAa ce u3-
clie/iBa aJicOpOIIOHHOTO MOBEJICHUE U MEXaHU3-
Ma 3a OTCTpaHsBaHE Ha Pa3TBOPEHO BBHB BOjA
oarpmwio Congo Red upe3 pa3nuyHu CTPYKTYPHHU
Pa3HOBUIHOCTH CHUHTETHYHH TOJIMMEPHU CMOJH
KaKTO ¢ HOHOTE€HHH, Taka U 0e3 HOHOTeHHH Tpy-
nu. [lopamu HemoctarbyHaTa HaduyHa HHQOP-
Malys OT JIUTepaTypara B TOBa HAMpAaBJICHUE, ©
HEOOXOJUMO  JIOIBJIHUTEIHOTO  H3ACHSIBAHE
BIMSHUETO HAa MeEXaHO(pHU3WYHATA U XUMHYHA
CTPYKTypHa crerudrka Ha M3MON3BAHUTE MpPU
o0e3IBeTsIBaHE Ha OTHaJHW BOJW CHHTCTUYHH
nonuMepHu ancopOoenTu. ToBa mie uUma CBOs
MO3UTHBEH HAayuYeH M TEXHOJOru4eH npuHoc. /1o
HACTOSIIUSI MOMEHT ca 000COOCHM J[Ba TPHUH-
LMITHO Ppa3JIMuyHU TI0 CBOSATa MEXaHO-(H3MYHA
CTPYKTypa TaKUBa MaTepUaIH: TeIHU (C HATBIHO
M34e3Balia npy OMpe/ICIeHH YCIOBHUS MCEBIOMNO-
PBO3HOCT, ¥ TIOJUPETHKYIApHHU, C HU3MepuMa
3amasBaiia ce nopbo3Hoct [15]. ChimecTByBaHe-
TO Ha TE3W pa3InYaBallly Ce MO CBOATA MPUPOAA
W OTHACSIHUS TIOPHO3HU CTPYKTYpU OOYCNaBs B
nocnenaure 50 ToAMHU NOBUIIEHATA AKTUBHOCT
HAa YYCHUTE OTHOCHO Ch3JaBaHE Ha HOBU WU
MPUITAraHeTO HAa M3BECTHH METOAM 33 HW3CNEe-
BaHE W U3y4YaBaHE HA TE3U CTPYKTYPU U TEXHUTE
TEXHOJIOTHYHH CBOMCTBA U OTHACSHHUSL.

EKCIHHEPUMEHTAJIHA YACT

B nmactosmara pa3paboTka ca u3bpaHu U U3-
ClleIBAHU NPOOH OT MOJUPETHKYIAPHUSI CTPYK-
TypeH ThIl. W3cnenBana e ponsta Ha crenudu-
Kara Ha TAXHATa (U3MUYECKA MOPHO3HOCT, KOSATO
¥Ma orpeielicHa 3HAYUMOCT TPU MTPEYUCTBAHETO
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Ha onBeTeHW Bojau, a umenHo: Amberlite XAD-
2; Wofatit Y29; Dowex 11; Dowex MWA-1;
Wofatit KS-10; Wofatit CA-20; Wofatit SZ-30;
Wofatit AD-41 u Duolite A101-D. OcnoBaHue
3a TO3U U300p € OOCTOSTENCTBOTO, Ye pa3MepbT
Ha OpPraHUYHHUTE OATPUIIHU MOJIEKYJIH W HOHUTE
UM B JIUCOI[MMPAHO CHCTOSHUE € OTHOCUTEIHO
TOJISIM.

3a u3scHSIBaHE Ha COPOIIMOHHHWTE CBOMCTBA
Ha TMOCOYCHHUTE MO-TOpPEe OOCKTH, C TAX Ca H3-
BBPIICHU aJICOPOIMOHHNA EKCIIEPUMEHTH B CTa-
taunu yenous (“batch adsorption™) upes kima-
TayHa amaparypa mozen G 25 mpu paznuuHu
napameTpH Kato: o0eM Ha OI[BETECHHs BOJCH pa3-
tBOp V = 100 cm?; komrentpamus C = 100 mg
dm™, Bpeme 3a xomtakr (7 = 120 h), mo3a Ha
ancopbentd (d = 0.5 g), Temmeparypa (t = 278
K), pH = 7.5; UHTEH3UBHOCT Ha pa30bpPKBaHE
(800 o6/mun.) n mp. M3scrnensanuTe, OIBETEHH
MOJEIHA BOJHH pPa3TBOPH, ca OT OarpuioTo
Congo Red (®uwur. 1).

[TonydyeHuTe pe3yaTaTH ca MNPEACTABEHH B
Tab6muma 1. OT pe3ynaTaTuTe ce BIKIA, 9¢ aKTUB-
HUSIT BBIJICH TPOSIBSIBA HAil-I00pH aacopOIMOH-
HU OTHACSTHHS MIPU 00E3I[BETABAHE HA BOJHH Pa3-
tBOpH oT CONYo Red, cienBal OT CHHTETHYHUTE
nojauMepHn Honoobmennn cmoaum Wofatit AD-
41, Duolite A101-D, Wofatit CA-20, Wofatit
SZ-30. UzsicHsiBaHETO HA TOBa OOCTOSATEIICTBO U
CH3IaBAaHETO Ha TPEAIoiaraeM MEXaHHU3bM 32
a7IcCOPOITMOHHOTO TOBEJACHUE Ha TE3H Pa3INYHH
MO CBOSITA HOOHOOOMEHHA CBHIHOCT cMou (cra-
00OCHOBEH; CHITHOOCHOBEH; CIIa00KHCEIN; CHITHO-
KHCEI), U3UCKBA M3CIICI0BATEIICKH ThPCEHHS OT-
HOCHO JIPYTH XapaKTEPUCTHKH HA W3CIICJBAHUTE
obextn. Kato TakmBa ca m30paHn MexaHo-(H-
3WYHaTa CTPYKTypa Ha H3CJIEIBAHUTE aicopo-
LUOHHU cpeau upe3 meroaute. BET, xuBauna
MOPHO3UMETPHS, CICKTPOHHA MHKPOCKOIHS U
np. [punoxkeHnero Ha TE3W METOIU 3a W3yya-
BaHEe Ha MOJMMEPHUTE WOHOOOMEHHH CMOJIH U
copOeHTH 0o0ade ce OKa3Ba TBBpAE crienu(uicH
mpo0JjieM, a UMEHHO:

—0~Na*
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®ur. 1. Ctpykrypa Ha 6arpuioro Congo Red
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Ta6auna 1. Pesynratu oTHOCHO 00e3IBETsABaHE Ha BOAHHU pa3TBopu oT COngo Red ¢ xoHIeHTpaIus
C =100 mg dm? Ype3 CHHTCTUYHU TOJUMEPHH HOHOOOMEHHHU CMOJH U aACOPOCHTH

IIpu CTaTUYHU YCJIOBHUS.

Konu.ciaen 120 CrerneH Ha
HaumenoBanue Bung ancopbent  I[lommMepen T~ daca KOHTakT,  0OE3I[BETsSBAHE,
mg dm™ %

Wofatit KS-10 CunHo kucen Styrene- DVB

KaTHOHUT 96.74 3.3
Dowex 11 CHITHOOCHOBEH Styrene- DVB

AHUOHUT 39.02 61.0
AKTUBEH BBIJICH AP-4-60 - 0.02 99.8
Dowex MWA-1 CnabooCHOBEH Styrene- DVB

AHUOHUT 71.43 28.6
Wofatit Y-29 Bes iionorennn Styrene- DVB

Tpymnu 95.69 4.3
Amberlite XAD-2 be3 fionorennn Styrene- DVB

rpynu 92.3 7.7
Wofatit CA-20 Cnabokucen Acrylic ester

KaTHOHUT 20.77 79.2
Wofatit AD-41 CnaboocHOBEH Styrene- DVB

aHUOHUT 9.81 90.2
Duolite A101-D CHITHOOCHOBCH Styrene- DVB

AHUOHUT 14.94 85.1
Wofatit SZ-30 CHITHOOCHOBEH Styrene- DVB

aHUOHUT 22.17 77.8

- MOCOYCHUTE METOJIU 3a OILICHKAa Ha MOpPhO3HA
CTPYKTYpa M3HUCKBAT CYXU O0CKTH,;

- TIOJUMEPHUTE WOHOOOMEHHHW W COpPOITMOHHH
MaTepuald B €IHAa WIM JApYyra CTENneH YyBCT-
BHUTEJTHO TIPOMEHST CBOSITA MOPHO3HA CTPYKTYpa
MpU TIPOMEHH Ha cpeliaTa U YCIOBHATA, C KOUTO
ca B KOHTaKT (BH, MOJISPHOCT, OCMOTHYIHO HAJIS-
rase, ifonHa cuna u np.) [16-18].

Oie mo-CUITHO €€ OTKPOsBa TOBA MPOTHBO-
pedre OT 00CTOSTEICTBOTO, Y€ HOPMAIHOTO pa-
0OTHO CBhCTOSHUE HA MOJIMMEPHHUTE HOHOOOMEH-
HU CMOJH W COpPOEHTH € HaOBOHAIOTO CHCTOS-
uue. [Ipu ToBa BeJIMYMHATA HA TEXHUTE CTPYK-
TYPHO-TIOPHO3HH XaPaKTEPUCTUKHU € Pa3IMuHa 3a
pa3nUYHUTE YCIIOBUS Ha HaOBOBaHE, a OmIe Io-
pas3NiuyvHa OT Ta3U B CYXO ChCTOsSHUE. EHO TBBP-
Jie palMoHAIIHO eMMUHUpPAaHEe Ha HEChBMECTH-
MOCTTa MEXJIY H3UCKBAHHMATA HA TPUJIATAHUTE
METOAM U crenupuKaTa Ha MOPHhO3HATA CTPYK-
Typa Ha Ta3H KaTeropus oOEKTH, Ce peau3upa ¢
npemiokenata 3a mppBu obT oT Kun u Kunin
[18] mpemapaTtuBHa TeXHUKA, TIPEAN U3CIICABAHE-
TO TIO CHOTBETHHS MeToA. Te U3Xoxkaar ot ¢ak-
Ta, Ye MPH MU3CYIIABaHE MOJIUMEPHUST CKEJIEeT ce
CBUBA U pa3MephT Ha MOPUTE B HETO CE TIPOMECHSI.
ABTOpHUTe TIpeasaraT MeETOAMKAa 33 Mpe-
BapuTeHa 00paboTKa Ha MOJIMMEPHUTE HOHUTH
U COpOCHTH, Taka ue XHIparupainiaTa HoJuMep-
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HaTa MaTpuIila Biara Ja ce M3BJIM4Ya HHIMPEKTHO
4pe3 HSAKaKbB OpraHduueH pastBoputen. Ilpuia-
raHeTO Ha Ta3W ClelMalHa METOIUKA 32 MOJro-
TOBKa MO3BOJISIBA pa3MepbT Ha MOPUTE Haili-Bede
B T.Hap. MCTHHCKA TMOPHO3HOCT JIa OCTaHE CpaB-
HHUTENHO HermpomeHeH. Ciiell M3CyliaBaHEeTO Ha
MOJIMMEPHHUS CKEJIET UMa OTKPHT JOCTBII 10 pe-
ajlHaTa UM BBTPEIIHA MOBBPXHOCT. TOBa CHCTO-
saue Kun u Kunin [18] mocturat, xaro ob6pa-
00TBaT HEKOJIKOKPATHO MOJUMEPHUS HOHUT WIIH
COpOCHT MpEeaBApUTEIIHO C METAHOJ IPHU HArpsi-
BaHe ¢ oOpaTeH XJaJIHHUK, CJIEJ KOETO I'o H3Cy-
[IaBaT TMoJ BaKkyyM 3a ompenenceHo Bpeme. Jlo-
pasBHuBaiiku Tasu Metoauka, Martinola u Siegers
[19] nocturar mo u3BOAa, 4e METAHONBT HE €
HaW-TIOIXOIAIIUST 33 [EJITa OPIraHUYCH Pa3TBO-
pUTeN W TpeiaraT 3a Ta3u 1ei aa Obae U3Mmo-
3BaH U30IPOIMAHOL.

B Hacrosmata pa3paboTKa H3CIICIBAHHUTE
00EKTH ca MpeABapPUTETHO MOArOTBEHH MO METO-
na Ha Martinola u Siegers [19]. Cnen ToBa Tex-
HUTE CPYKTYPHU XapPaKTEPUCTHKH Ca W3ydaBaHU
gpe3 orbOens3annuTe mo-rope meroaw: bET, xu-
BayHa MOPHO3UMETPHS, CICKTPOHHA MHKPOCKO-
must. I3sMepBaHusATa ca U3BBPIICHNH ChOTBETHO: C
uBaueH mopbosumerhp 'Carlo Erba-1500" c
obxBar Ha Hajsranms oT 0+150 MPa; ¢ amapar
3a HHUCKOTEMIIepaTypHa aacopOims Ha a3oT (1o



BET) u ¢ enekrponen mukpockor ,,Opton”. Pe-
3yJITaTUTE ca TMoka3aHu B Tabiwuia 2, KakTo U Ha
¢urypu 2+5. HezapbpIiieHUsT X0 Ha MHTErpa-
HUTE pA3NPENEIUTSIHH KPUBH H  TOJIEMUTE
Pas3IUKK MEKIY CIEU(pHIHUTE TTOBBPXHOCTH Ha
obpasnure, n3unciaenu no BET u no skuBayHara
MOPHO3UMETPHS], Ca KOCBEHO J0KA3aTeJCTBO 3a
HaJIM4Me B 00pa3luTe Ha MOPU C pa3MepH, Io-
MaJIKi OT 00XBaTra Ha YKUBAYHUS MOPHO3UMETHD
(5+7500 nm). 3a u3scHABAaHE HA TOBA, HA HAKOU
OT 00pa3IuTe ca MOCTPOSHU JAU(PEPECHIINATHUTE
pasnpe/esMTeIH KPUBU Ha MOPHUTE TI0 pa3Mmep,
Mo JCeCOPOIMOHHUS KJIOH Ha H30TepMara Ha
BET. Tyk TpsOBa ma oTOEIICKUM, 4e CTPYKTYp-
HO-TIOPHO3UMETPUYHHUTE M3MEPBAHMS Ca Harpa-
BEHH HE TOJKOBA 3a J]a c€ WACHTH(HUIUpAT IBaTa
MPUHIUITHO PA3ITHUYHK THMA CTPYKTYpHU. MOHO-
perukynapHaTta (renHa) W MOJMPETHKYJIapHATA
(moppo3na) [15], a 3a na ce nomyuu nHGOpMALUI
OTHOCHO TIOBBPXHOCTHHTE MM M TIOPHO3HH Xa-
pakTepucTuKu (crenuduyHa MOBBPXHOCT, pas-
npelelieHde Ha TOpHUTE 10 pa3Mep, o0Ima Io-
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PBO3HOCT, Cpe/ieH pa3Mep Ha MpeoliiaIaBalinuTe
nopu u ap.). Llenta e nmporHo3upaHe Ha TEXHUTE
TEXHOJOTMYHA CBOWCTBA M OTHACSHHS B CIUH
WM JPYT TEXHOJOTWYEH MPOIeC U KOHKPETHO 32
o0e31BeTABaHEe HAa BOJATa B 3aBHCUMOCT OT TE3U
XapaKTepUCTUKH. V3uuciieHusITa Ha pa3npe/eiu-
TEJIHUTE KPUBU Ca HAMpPABEHH MO MOJU(HUIHU-
panus merox Ha Piers, Orr u Dalla Valle [20,
21].

[IpencraBenure Ha durypu 2+5 pesynraru
JaBaT BB3MOXKHOCT 32 MPOCIEAsBSIHE HA CTPYK-
TYypHO-TIOPbO3HHUTE XapaKTEPUCTUKKA Ha H3CIeN-
BaHUTE MpPU OOE3LBETABAHETO aJICOPOIMOHHU
cpeaun. [Ipeanoxena e oleHKa 3a pasnpe/esicHHe
Ha TMOpUTE MO pa3Mep B AOCTaThbYHO MIMPOK
criektbp (2+7500 nm). EnekTpoHHO-MHUKPOCKOII-
ckure (ororpaduu TOICUIBAT CpPaBHHUTETHATA
CTPYKTYPHO IMOPHO3UMETpUYHA HH(MOpMANus 3a
OTMMCAHMETO Ha IMpearonaraeMus agcopOLroOHEeH
MEXaHHU3bM IPU OTCTPAHSIBAHETO Ha OArpHIIOTO.

(d)

®ur. 2. Unrerpainu u audepeHIinalIny KPHBY Ha TOPHUTE TI0 pasmep 3a: (a) Amberlite XAD-4 u
XAD-2; (B) Amberlite XAD-2 u Wofatit Y-29 ;(c¢) Wofatit SZ-30; (d) Duolite A101-D.
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®ur. 3. Uurerpannn u audepeHIMaIny KPpUBH Ha mopuTe 1Mo pasmep 3a: (a) Wofatit AD-41; (B)
Wofatit KS-10 (uuterpanua); (¢) Wofatit KS-10 (nudepenrieanna); (d) akTuBeH BBIJIEH.

Ot Tabmuma 1 ce Bwkna, 4e Hali-moOpo moBeme-
HUE, KaKTO OTOelsA3axMe MOo-Tope, MPOsBsSIBa aK-
TUBHUSAT BbIJIeH. Toii nMa Hail-noopu afgcopOnu-
OHHH CBOICTBa, CJE€IBaH OT CHHTETHYHHUTE IIO-
nuMepHu HonooOMmennn cmoim Wofatit AD-41,
Duolite A101-D, Wofatit CA-20, Wofatit SZ-30.
Ot Tabmuna 2 u ¢urypu 2+5 ce Bmxzna, 4e
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CPEJHUAT paIUuyC Ha TpeodliafaBaluTe Mo
pasmep mopu 3a obpasuu Amberlite XAD-4 u
XAD-2 e okoio 3-6 NM, a 3a akTUBHUS BBIJIEH €
4-10 nm. Bbrupexku OTHOCUTEIHO OJM3KUTE CTOM-
HOCTH 3a pa3Mepa Ha mpeoOJanaBaild IOpH,
CHHTETHYHHUTE TOJMMEPHH COPOEHTH MOKa3BaT
MHOTO TMO-Majika copOIHOHHA crocobHocT. Ha



(B)

(a)
®ur. 4. EnextpoHHO-MUKPOCKOIICKH (hotorpodun Ha: (a) Amberlite XAD-2; (B) Wofatit CA-20; (c¢)
Duolite A101-D; (d) Wofatit SZ-30; (e) Wofatit AD-41; (f) aktuBeH BbIIIEH.

()

(e )

@ur. 5. CkaHupaly eneKTpaHHOMUKPOCcKorcku ¢ororpadun nHa Wofatit SZ-30: (a) usna rpanyna;

(B) moMm oT rpanyiara.

Ta6auua 2. CTpyKTYpHO-OPHO3HH XapaKTEPUCTUKH HA HW3CJICABAHUTEC CHHTCTHYHH IMOIHMMEPHU
HoHUTH U cOpOEHTH CIIe IpeaBapuTeaHa o6paboTka mo Meroaa Ha Martinola u Siegers.
HaunmenoBanue *p?nggﬁ)gf,- *Cneu.zncﬂnap X nocljzlif)]j(.. Ciﬁ;ie;i“ﬁﬁz;f{a
cm’g? mg m’g* nm
Wofatit KS-10 0.338 24.7 25.2 10-20
AKTHUBEH BBIJICH 270.7 209.3 892.9 4-10
Wofatit Y- 29 0.577 58.5 390.4 9-10
Amberlite XAD-2 0.547 63.9 302.4 5-6
Amberlite XAD-4 0.813 40.1 657.0 3-5
Wofatit CA -20 0.495 51.3 179.3 9-10
Wofatit AD-41 0.384 64.7 25.2 10-20
Duolite A101-D 0.080 9.3 2.9 6
Wofatit SZ-30 0.408 51.5 67.4 13-15

*CTOWHOCTHTE Ce OTHACST 3a N3y4YaBaHU OOCKTH C JKHBAYHHS IOPHO3UMETHP B MOPHo3eH crekThp (5+7500 nm).;

" o BETB nopbo3eH crektsp (2+24 nm)

durypa 4(f) e mokazana peryssipHa Mo peaeHOCT
Ha MOPhO3HATA CTPYKTYpa 32 aKTHBHHUS BBIJICH, C
OTBOPEHH KaHAJHHU MOPH, TOKATO 32 OCTAHAIHMTE
MOJIMMEPHU 00pa3iu J0pu ¢ OJM3Ka MO CTOM-
HOCT 00II[a TOPHO3HOCT, TS € C MHOTO XaOTHYHO
pasrnosiokeHne Ha mopute. [oJsiMa 9acT OT TAX

46

ca 3atBopenu (0e3 mocTbIl 3a aacopOTHBa). AHa-
JIOTHYHA XaOTHYHA MOPbO3HA CTPYKTypa IMpHUTe-
)KaBaT M CHHTCTUYHUTE IIOJMMEPHU HOHHTH,
KOHMTO TMOKa3axa OTHOCHTEIHO 00po aacopOIu-
onno nosenerue (Wofatit AD-41, Duolite A101-
D, Wofatit CA-20, Wofatit SZ-30).Tosa TsaxHO



CBOMCTBO MOXe 1a ce OOsICHH ¢ ¢akra, 4e Te
AMaT BIPaJicHU B MOJIMMEpPHATa MaTpHULA HOHO-
TeHHU Tpynu. BeposSTHO MpH TAX AOMHHHUpAIIA
POJIsl UMAT MPOIIECUTE Ha XEMOCOPOIIHSI.

U3BOIU

[pu amcopOUMOHHNUTE EKCIIEPHUMEHTH 323 W3-
Banuane Ha Oarpuimoro Congo Red ot Bognm
pPa3TBOPH € YCTAHOBEHO, Y€ HAJIOKEHUSIT B KOH-
BEHIMAJHATA TEXHOJOIMYHA IPAKTHKA aJICop-
6CHT AKTHUBCH BBIJICH IMPUTCIKaBa Hal-BHUCOK Ka-
manuTeT, 0a3upaH NpeANMHO Ha (U3MuYecKa aj-
copbuusi. Hikou OT CHHTETHYHHre MOJIMMEPHHU
copbentu (Wofatit AD-41, Duolite A101-D),
CBIIIO TIPOSIBIBAT OTHOCHUTEIHO MO3UTHBHO aj-
COpPOIMOHHO TIOBEACHUE, KOETO BEPOSITHO Ce
I'BJDKA Ha JacTHdHa (usndecka agacopobmms. [1a-
paJyieTHO C€ OCBHIIECTBSIBA M XEMOCOPOIIMOHHO
3abp)KaHe B HOHOTCHHUTE TPYNH HA TE3U aHHO-
HHATH, CTHUMYJHUPAHO OT M00poTO AH(Yy3HOHHO
MpeMUHABaHE Ha OarpuiioTo IMpe3 MOJUPETHKY-
JIapHATa MCTUHCKA MOPHO3HOCT HAa TOJUMEPHUS
uMm ckenet. CreaBamuTe U3Cie0BaTeICKU Thp-
ceHus TpsIOBa Ja ce HAaco4aT KbM HM3ydyaBaHE U
OCBIIECTBIBAHE HAa PETEHEPATUBHUTE UM CIIO-
COOHOCTH C OrJie]l TSIXHATa MHOTOKPaTHa Peu3-
MOJI3BAEMOCT.
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ABSTRACT

The results obtained by X-ray and light microscopy it was confirmed that high molecular weight
PEO (M,=3.5x10°) and NaSCN form two types of crystalline complexes. Monoclinic form | is obtained
by casting a PEO-NaSCN methanol solution with different composition (PEO : NaSCN between 0.1 :
1 and 150 : 1mol.fr.) at a room or lower temperature. By melt recrystallization from a molten state
(210°C) by cooling crystalline form 11 of the complex was obtained.

In the present study it is established that the crystalline form 11 of the PEO-NaSCN complex may be
obtained also by casting a PEO-NaSCN methanol solution at a little higher temperature (25-45°C)
than room temperature or under vacuum at 20°.

It is proved that under certain conditions’ crystallization from the molten state results in PEO-
NaSCN systems containing both crystalline forms I and Il. The higher melting temperature form | of
the PEO-NaSCN complex is stable in a narrow temperature interval just above melting and can re-
crystallize in the same crystalline modification on cooling from the molten state (T,,=190°C).

The lower melting temperature form Il of the PEO-NaSCN complex is obtained on cooling after
complete melting of the complex. This crystalline modification is also stable at a room temperature
and melts reversibly at about 182°C i.e. at a slightly low temperature than the T,, of form I.

It is suggested that the lower T, of the crystalline form Il may be due to a weaker interaction be-
tween the Na+ c cation of the NaSCN and ether OE units of PEO. This supposition is confirmed by the
results from IR spectroscopic study of these systems.

The phase diagrams of the PEO-NaSCN systems containing form I and Il were studied by DSC.

The phase separation over T, of the PEO-NaSCN complex and a heterophase structure of the melt
has been established by light microscopy.

Key words: poly(ethylene oxide), NaSCN, complexes, structure, structural transformations .

INTRODUCTION

Polyethylene oxide (PEO) is known to form
ionic complexes with salts of alkali metals result-
ing from the electrostatic interaction between the
metal cation and ether oxygen atom in the ethyl-
ene oxide (EO) units of PEO [1-14]. These sys-
tems have a good electrical conductivity and they
are used as solid electrolytes [1, 2].

The PEO-NaSCN system was found to ex-
hibit polymorphism. There exist at least three
crystal modifications designated as forms I, Il
and Il1. Form I is explained with the Hibma [11]
and Chatani [12] cell. Form | was obtained by
casting PEO/NaSCN methanol or aqueous solu-
tions, or chloroform dispersion. It is known that

the form Il was obtained when the samples with
form | were melted once and then cooled under
crystallization temperature. Form Il exists only
under high tension [12].

We started and have been carrying out sys-
tematic studies of the structure and structural
transformation on heating and cooling, as well as
of some properties of ion conducting systems of
PEO and salts of alkali metals in a wide range of
composition [5-8].

This paper deals with the crystal structures
and structural transformations at heating of PEO-
NaSCN binary systems.
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EXPERIMENTAL

Ultrahigh - molecular weight PEO “Badi-
mol”(Bulgaria) with viscosity molecular weight
M, = 3.2 x 10° and pure-for-analysis NaSCN
products of “Reachim” Russia were used. PEO -
NaSCN systems were obtained by casting PEO /
NaSCN 1 wt. % methanol solution by solvent
evaporation from 5 to 45°C or under vacuum at
20°C. The molar ratio between PEO and NaSCN
was changed from 0.1:1 to 150:1.

The x-ray investigations (WAXD) were per-
formed by a X-ray apparatus URD-6, Germany
and DRON-3, Russia with Ni filtered CuK,-
radiation.

The calorimetric investigations were carried
out by differential scanning calorimeter DSC
111, Setaram, France, at a heating and cooling
rate of 5°C/min. The light microscopic investiga-
tions were carried out using “Amplival pol” po-
larizing microscope Carl Zeiss, Jena, Germany
fitted with a hot stage.

RESULTS AND DISCUSSION

X-ray and DSC analysis data indicate that the
most probable stoichiometric composition of
PEO-NaSCN complex is 3.5 moles of EO units
per 1 mole NaSCN [8].

form |

g%:: 3pra
1311}

1 L L

I 1 L Ld
76 2 X} W 18 16 14 17 10

T 5 1 T— I

4 38 3% 3% 3 W 28 .
18

Fig.1. WAXD of PEO-NaSCN complex (3:1
moll fr.) obtained by casting PEO/NaSCN meth-
anol solution at 18°C (curve 1, a(-) spherulites),
and at 40°C (curve 2, a(+) spherulites), or after
cooling from melt (curve 3).

The results obtained by X-ray analysis and
light microscopy it was confirmed that high mo-
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lecular weight PEO and NaSCN form two types
of crystalline complexes. Monoclinic form 1 (Fig.
1, curve 1) is obtained at solid phase formation in
a liquid PEO/NaSCN system by casting a PEO-
NaSCN methanol solution and from chloroform-
acetone dispersion below 20°C.

By melt recrystallization of the PEO/NaSCN
system on cooling from 210°C or higher tem-
perature crystalline form Il of the complex was
obtained (Fig. 1, curve 3).

The crystal data of form | determined by
Chatani [12] are: monoclinic P2 1/a, a = 16.83 A,
b = 7.19 A(chain axis), ¢ = 10.64A, 8 = 125.5°, N
= 12 EO units and 4 NaSCN ions (molar ratio =
3:1), V = 1048.192 A3: calculated density = 1.35
g/cm?, observed density = 1.30 g/cm®.

w(+) spherplite
Form 1t

af-) spherolite

Form |

Fig. 2.  (a) Light-microscopy photos at 20°C of
the PEO-NaSCN complex (3:1 moll fr.) obtained
by casting PEO/NaSCN methanol solution at 5°C
(photo 1, a(-) spherulites ,(form I, and at 34°C in
vacuum(photo 2, a(+) spherulites, (form I1); (b)
Scheme of the structure of a crystalline folded
chain lamella in a(-) spherulites, form I, and
a(+) spherulites, form Il of PEO-NaSCN com-
plexes.

The complex obtained by casting
PEO/NaSCN solution at temperature below 20°C
have the same structure as form I.

On WAXD of PEO-NaSCN complex ob-
tained by melt recrystallization from the com-



pletely molten state (above 200°C) strong dif-
fraction peaks of form Il are observed at 15.0,
17.2, 22.9, 23.8, 29.8 and 30.4 26. They are dif-
ferent from the diffraction peaks of form | (Fig.
1, curve 3). The triclinic P-1 crystal structure
model of form Il was obtained « = 93.57°, B =
89.69°, y = 89.08°, V = 1059.087 A°,

- endo

ex0 =

T T S ST S WS S S e S
390 W0 280 260 20 220 200 180 150 140 130 0 80 60 L0 W0 UH—QEI
Temperature, °C
Fig. 3. DSC curves on heating PEO-NaSCN

systems obtained by casting PEO/NaSCN meth-
anol solution (curves 1, 2, 4, 6, 8, 10, 12, 13) or
by melt re crystallization (curves 3, 5, 9, 11, 14).

In the present study for the first time it is es-
tablished that the triclinic crystalline form Il of
the PEO-NaSCN complex may be obtained also
by casting a PEO/NaSCN methanol solution at a
little more higher temperature (25-45°C) or under
vacuum at 20°C e.g. at rapid evaporation of the
solvent (Fig. 1, curve 2). So far, tjis crystalline
modification of PEO-NaSCN complex has been
obtained only when the system crystallizes on
cooling form a molten state.

The results of the microscopy studies of the
PEO-NaSCN complexes are illustrated with the
photos in Fig. 2(a). a(-) spherulites (photo 1) are
formed by casting PEO/NaSCN methanol solu-
tion at 5°C, and a(+) spherulitesare formed by
casting the solution at 34°C (photo 2). On the
Fig. 2(b) are presented scheme of the structure of
a crystalline folded chain lamella in the two
types spherulites in form | and Il of the PEO-
NaSCN complexes. The phase separation over
T of PEO-NaSCN complex and a heterophase
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structure over melting temperature has been es-
tablished by light microscopy.
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Fig. 4. DSC curves on cooling PEO-NaSCN
systems after complete melting.

The characteristic DSC curves on heating
PEO/NaSCN systems witj different composition
are presented in Fig. 3. Three endothermal peaks
are observed on the DSC curves at temperature
ranges 55-60°C and 300-310°C. The first endo-
thermal peak corresponds to the melting of the
eutectic phase of PEO-NaSCN complex and
PEO, the second — to PEO-NaSCN complexes
melting , and the third — to free NaSCN melting.
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Fig. 5. Temperature-composition diagram of
PEO-NaSCN systems depicting the position of
the melting and dissolution endothermal peaks at

5°C/min upon first heating of the samples.
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Fig. 6. Temperature-composition diagram of
PEO-NaSCN systems depicting the position of
the melting and dissolution endothermal peaks
upon second heating of the samples after melt

recrystallization of the mixtures (5°C/min).
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Fig. 7. Temperature-composition diagram of
PEO-NaSCN systems depicting the position of
the melt recrystallization and phase separation
exothermal peaks at 5°C/min upon first cooling
from 310 to -30°C of the samples after melting of

the mixtures.
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The phase diagrams of the PEO-NaSCN sys-
tems containing form | and Il were studied by
DSC. They are presented in Fig. 5-7.

It is established that PEO-NaSCN systems at
composition from 77 to 90 mass% PEO (from
605 to 16.50 moles EO units per 1 mole NaSCN)
cannot crystallize. They undercool at cooling
with the rate 5°C/min below T, = 23°C and crys-
tallize on second heating and after that they melt
(Fig.4, curves 2,3; Fig.3, curves 3,5).

When the composition of PEO : NaSCN sys-
tems is close to the composition of the complex
(over 46 mass% PEQO), an abrupt decrease in the
melting(dissolution) temperature of a free
NaSCN phase is observed. It is established that
PEO/NaSCN systems with this composition con-
tain PEO-NaSCN complex (T, = 185-190°C) and
a solution of the NaSCN and the complex, with a
lower melting temperature.

The lower melting temperature crystalline
form Il of the PEO-NaSCN complex is obtained
on cooling after complete melting of the crystal-
line form 1. This crystalline modification is also
stable at a room temperature and melts reversibly
at 182°C i.e. at a slightly low temperature than
the Ty, of form | (Fig. 6).

mol, fr PED : 1mal, NaSCN
a1 11 3hen [
i T 1

1

Fig. 8. Dependence of the enthalpy of melting of
PEO-NaSCN complex (curve 1), free NaSCN
(curve 2), the phase with eutectic composition
(curve 3), and PEO (curve4) on the composition
of PEO/NaSCN systems. All data correspond to
the first heating of the mixtures.

It is suggested that the lower T, of the crystal-
line form Il may be due to a weaker interaction
between the Na+ cation and ether oxygen atom
in the ethylene oxide units of PEO. This supposi-
tion is confirmed by the results from a IR spec-
troscopic study of these systems [7].
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Fig. 9. Dependence of the enthalpy of crystalli-
zation of PEO-NaSCN complex (curve 1), free
NaSCN (curve 2), the phase with eutectic com-
position (curve 3), and PEO (curve4) on the
composition of PEO/NaSCN systems. All data
correspond to the first melt recrystallization on
cooling the mixtures (5°C/min).

The enthalpies of melting and crystallization
of PEO/NaSCN systems were estimated in calo-
rie per gram of sample separately for PEO-
NaSCN complex free NaSCN, eutectic, and free
PEO. The curves displaying the concentration
dependence of enthalpies of melting (4H,,), and
crystallization (4AH,) are plotted in Fig. 8 and 9.

CONCLUSION

The results obtained by investigations of the
structure and structural transformation at heating
of PEO-NaSCN systems are presented.

X-ray and DSC analysis data indicate that the
most probable stoichiometric composition of the
PEO-NaSCN complexes is 3.5 moles of EO units
per mole NaSCN.

On the basis of the results obtained by X-ray
phase analysis and light microscopy it was con-
firmed that the high molecular weight PEO and
NaSCN form two types of crystalline complexes.
Monoclinic form | is obtained by casting a PEO-
NaSCN methanol solution and from chloroform-
aceton dispersion below 20°C. By melt recrystal-
lization of PEO/NaSCN systems on cooling from
210°C crystalline form 1l of the complex was
obtained.

The triclinic P-1 crystal structure model of
form 11 was obtained by trial and error method. It
is established that the triclinic crystalline form 11
of the PEO-NaSCN complex may be obtained
also by casting a PEO:NaSCN methanol solution
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at a higher temperature (25-50°C) or under vac-
uum at room temperature.

The phase diagrams of the PEO/NaSCN sys-
tems containing form | and 1l were studied by
DSC. It is established that PEO/NaSCN systems
at composition from 77 to 90 mass% PEO (from
605 to 16.50 moles EO units per 1 mole NaSCN)
cannot crystallize. They undercool and crystal-
lize on second heating.
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ABSTRACT

Structural investigation of the phase states, phase transformation on heating and cooling, and elec-
troconductivity of ion-conducting systems of high molecular PEO and NaSCN was carried out chang-
ing their composition in a wide range. It was proved that two different types of crystalline structures of
the complex were formed by crystallization of the system from a solution after separating the solvent
or from the molten state on cooling. It was proved for the fist time that under certain conditions crys-
tallization from the molten state results in systems of PEO and NaSCN containing both crystalline
forms of the complex. X-ray data analyses indicate that the most probable stoichiometric composition
of the complexes is between 3 and 4 moles of EO units and 1 mole of NaSCN.

A nonlinear and extreme concentration dependence of electroconductivity of the systems of PEO
and NaSCN was found to exist, and it is shown that it is highest at a low concentration of NaSCN
(ca.10 wt%) when the systems contains an eutectic phase of PEO and a complex between PEO an
NaSCN.

Key words: poly(ethylene oxide), NaSCN, binary mixtures, WAXD, electroconductivity.

INTRODUCTION forms several crystalline structures depending on
the experimental conditions which have not been
studied thoroughly [1].

It was necessary to carry out further structural
and analytical investigations aiming at finding
the dependence between the composition, struc-
ture and properties of binary systems of this type.

We started and have been carried out system-
atic studies of the structure and structural trans-
formation on heating and cooling, as well as of
some properties of ion-conducting systems of
PEO and salts of alkaline metals changing their
composition in a wide range [7-9].

This research presents the results obtained by
wide-angle X-ray diffraction (WAXD) and elec-
troconductivity of binary systems of PEO and
NaSCN over a wide temperature interval.

The mixtures of poly(ethylene oxide) (PEO)
and salts of alkaline metals are characterized by
high electro conductivity, and they are used as
solid electrolytes [1-3; 4-14]. At certain stoichi-
ometric ratios between the components, some of
the systems form crystalline complexes resulting
from the electrostatic interaction between the
metal cation and the ether oxygen atom in the
ethylene oxide (EO) units of PEO. The melting
temperature and the crystalline structure of these
complexes differ from those of the initial com-
ponents. For example, PEO and NaSCN form a
crystalline complex whose melting temperature
is about 190°C [3-4]. The concerning the compo-
sition (stoichiometry), structure and some prop-
erties of this system are rather scarce. In addi-
tion, there are certain discrepancies in the results EXPERIMENTAL
obtained by different authors, who suggest dif-
ferent compositions of the ionic complex — from
3 to 4.5 moles of EO units per 1 mole of NaSCN
[1-2; 4-6]. X-ray structural experimental data
were obtained. On this basis it may be supposed
that the complex between PEO and NaSCN

Ultrahighmolecular PEO “Badimol” made in
Bulgaria and pure-for-analysis NaSCN made by
“Chemapol-Praha” in Czech Republic were used.
The average molecular weight of PEO which
was determined viscosimetricaly was M, =
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3,2.10°% The binary systems of PEO and NaSCN
were prepared by mixing a 1% solution of PEO
in methanol with a 10% solution of NaSCN in
methanol (method 1), or by mixing a 1% solution
of PEO in chloroform with a 10% solution of
NaSCN in acetone (method 2). The precipitate
obtained by method 2 was placed on a porous
glass filter. The liquid mixtures obtained by
methods 1 and 2 were poured and dried by evap-
oration on a glass plate at a room temperature,
and then the solvent was thoroughly removed in
vacuum at 50°C. The concentration of NaSCN in
the mixtures was varied from 0,5 to 70 wt%
which corresponds to mole ratios between EO
units and NaSCN from 376:1 to 0.79:1.

X-ray analysis were made at room and higher
temperatures on a “Dron-3" apparatus (Russia)
and a “URD-6" apparatus (Germany) at Cuy,
emission of a nickel filter at an angle interval
from 8 to 40°(26).

The electroconductivity of foils of these sys-
tems with a diameter 10 mm and thickness 0,5
mm was measured at frequency 800 Hz in the
temperature interval 18-180°C.

RESULTS AND DISCUSSION
I. Wide-angle x-ray diffraction

X-ray analysis of binary systems of high mo-
lecular PEO and NaSCN was made. Their com-
position varied from 5 to 70wt% NaSCN which
corresponds to mole ratios between PEO and
NaSCN from 31:1 to 0,79:1. These systems were
prepared by different methods:

1. From a methanol solution or chloroform-
acetone dispersion and removal of the solvent by
evaporation at 20°C or decantation

2. By cooling the systems which were obtained
from solutions in the molten state (190-210°C) to
a room temperature.

High molecular PEO is insoluble and NaSCN
is partly soluble in methanol at a room tempera-
ture. Binary systems of PEO and NaSCN form
homogeneous 2% solutions in methanol at 20°C.
Separation of the solvent by evaporation at a
high concentration of the solution leads to phase
formation. A high-concentration PEO-NaSCN
dispersion phase and low-concentration continu-
ous phases are formed.

X-ray analysis data indicate that after com-
plete separation of the solvent the systems con-
tain a PEO-NaSCN crystalline complex by con-
centration of NaSCN from 5 to 95 wt%, and a
crystalline PEO phase by concentration of
NaSCN below 32 wt% or free NaSCN by con-

o4

centration of NaSCN above 38 wt%. WAXD
clearly shows the diffraction maxima of the crys-
talline phase (Fig. 1).

Fig. 1. WAXD of binary systems of PEO and
NaSCN obtained by mixing their methanol solu-
tions. Ratio between PEO and NaSCN, mole
ratio: curve 1 — 0:1; curve 2 — 1,3:1; curve 3 —
1,6:1; curve 4 — 3:1; curve 5-3:1; curve 6 —
4:1; curve 7 — 35:1; curve 8 — 1:0 (obtained by
crystallization of the melt, T = 210°C).

By mixing one-phase homogeneous solutions
of PEO in chloroform and NaSCN in acetone, a
dispersion system was formed. The solid disper-
sion phase contains a PEO-NaSCN crystalline
complex which is insoluble in chloroform-
acetone mixture (10:1 volume ratio) at a room
temperature. By this method, therefore, the PEO-
NaSCN crystalline complex is obtained after
phase formation in a liquid multi component
system just like the system prepared from a
methanol solution. The systems, obtained by the
two methods, are expected to have the same
structure at the same composition which is simi-
lar to that of the complex. WAXD analysis data
confirm this assumption. The crystalline com-
plexes obtained from a solution have the same
characteristic diffraction maxima. In order to
determine the exact stoichiometric composition
of PEO-NaSCN complex, detailed analyses of
binary systems were made | a narrow concentra-
tion interval at mole ratios 3:1 and 4:1 between
PEO and NaSCN (38 and 32 wt% NaSCN). The
most intensive WAXD maxima of PEO-NaSCN
complex at these compositions obtained by crys-
tallization from a solution or from the molten
state are shown in Table 1.



Table 1. WAXD peaks (26) of PEO-NaSCN bi-
nary systems with composition (3:1 and 4:1 mol.
fr.) obtained by crystallization from solution or
from melt

PEO-NaSCN 3:1 PEO-NaSCN 4:1

NaSCN PEO
mol.fr mol.fr

55 Ex= % E 85 Ex Esx

85 2g g8 35 og o

Es LE S5B g3 LE CIFE

i [ s
18°C 210°C 18°C  190°C 200°C

1 2 3 4 5 6 7 8
9.35* 9.2 - 9.6 - 9.6 -
10.3= 10.3 103 103 104 10.25

109 108 11.0 1095 10.90 10.8

130 130 130 130 13.05 130 13.45

- 13.6 - - - - 13.6
143 140 140 148 1415 140 - 14.7

- 15.0 - 154 153 15.0 - 15.2
179 172 - 170 180 172 - 18.7
195 198 194 193 194 193 - 19.28
206 206 207 206 206 20.6 - -
21.0 - 211 210 2095 210 - 21.2
218 218 218 218 2175 21.85 - -
22.25 - 220 2225 2225 220 - 22.2
227 229 228 - - - - -
23.2 - 232 232 2325 231 - 23.2

- 23.8 - 234 235 234 - 234

- - - - - 23.6 - 23.7
241 243 2405 243 243 242 - -

- 24.8 - - - - -

252 2505 250 2505 25.05 250 25.7 -
2608 263 260 261 261 260 26.95 26.4
270 267 278 2725 2725 - - -
28.15 280 - 281 2825 281 28.0 28.0
29.0 - 289 28.95 - - - -
296 295 295 297 290 296

- 29.8 - - 29.75 29.75 -

302 301 302 308 302 301 30.03

31.0 309 308 310 311 310 314

32.0 - 318 319 320 - - -
32.8 - - 329 329 - - 32.8
333 335 333 3325 333 - 34.0 -
354 351 355 3535 354 - 35.0

- - - - 35.7 - - -

- 36.1 - - 36.0 - - 36.1
372 370 - - 37.7 - 375 -

- 37.8 - - - - 38.0 -

- 38.7 - - 38.7 - 38.5 38.25

39.6 395 - 394 395 - - -
40.2  40.6 - 39.9 400 - 39.7
418 420 415 418 420 - 41.7
427 430 - 427 430 - -
435 437 432 436 436 - 43.7 -
445 440 - 443 442 - 445 445
46.0 46.2 457 460 46.1 - 46.7 -

- - - 476 4717 - 47.05

483 484 - -

- 50.4 - 49.5

- - 50.6- 52.7
5525 544 - 55.4

*- weak diffraction peaks
** - strong diffraction peaks

For comparison, the diffraction maxima of the
initial components, PEO and NaSCN, are pre-
sented there too. It can be seen that PEO-NaSCN
crystalline complexes obtained from a solution

and by cooling after melting have different dif-
fraction maxima, which is shown on the WAXD
curves (Fig. 1, curves 4, 5). Two types of crystal-
line modifications of PEO-NaSCN complex
(forms | and II) are obtained by crystallization
from a solution after separation of the solvent at
a room temperature (20°C), or from the molten
state by cooling. These results confirm the data
obtained by other authors concerning the crystal-
line structure of these systems [10].

The WAXD curves of the PEO-NaSCN bi-
nary systems of composition 3:1 mole ratio ob-
tained by 20°C from a methanol solution and a
chloroform-acetone dispersion have strong dif-
fraction maxima for crystalline form | at 20 =
10.3, 10.9, 13.0, 20.6, 21.8, 23.2, 24.1, 26.08,
29.6, 31.0, 32.0, 33.3, 41.8, 42.7, 43.5 and com-
paratively weak diffraction maxima at 26 = 9.35,
14.3, 17.9, 19.5, 21.0, 22.25, 25.5, 27.0, 28.5,
29.0, 30.2, 32.8, 35.4, 37.2, 39.6, 40.2, 44.5 and
46.0.

By crystallization of this system from the
molten state by cooling it from 210°C to room
temperature crystalline form Il of the complex
was obtained. It is characterized by strong dif-
fraction maxima at 26 = 10.3, 13.0, 13.6, 15.0,
17.2, 20.6, 21.0, 22.9, 25.05, 26.3, 28.0, 29.5,
29.8, 30.1, 30.9, 33.5, 38.7 and 40.6, and weaker
peaks at 26 =9.2, 10.8, 14.0, 18.6, 19.8, 23.0,
24.3, 24.8, 35.1, 36.1, 37.0, 37.8, 39.5, 42.0,
43.0,43.7,44.0 and 46.2.

In both cases, WAXD of the | and Il crystal-
line forms of PEO-NaSCN complex of composi-
tion 3:1 mole ratio does not show any crystalline
peaks at 26 =193 and 23.4, which are character-
istic of the crystalline PEO phase. Therefore, the
systems do not contain free PEO. However, a
considerable number of diffraction maxima of
both forms of the complex were visible and they
coincide with the strong crystalline peaks of
NaSCN. These diffraction maxima get stronger
in the second crystalline form of the complex
(Table 1). Based on these results, a suggestion
can be made that at composition of PEO and
NaSCN 3:1 mole ratio the systems contain a
crystalline complex and, probably, a free phase
of NaSCN of low concentration.

WAXD curves of PEO-NaSCN systems (4:1
mole ratio) obtained by crystallization from a
methanol solution at 20°C show diffraction max-
ima which are characteristic of the | crystalline
form of the complex, and a few other peaks at 20
=14.8, 15.4, 18.5, 19.3, 23.4 and 28.1 which may
be assigned to a crystalline PEO phase.



The diffraction maxima at 26 =19.3, 21.0,
20.0 and 23.4 get stronger on the WAXD curves
of the Il crystalline form at a room temperature
obtained by crystallization of POE-NaSCN sys-
tem (4:1 mole ratio) from the completely molten
state (200°C and above). At these compositions,
therefore, the systems contain a crystalline com-
plex between PEO and NaSCN, and a PEO crys-
talline phase with a low concentration. The pres-
ence of a free PEO phase is clearly shown on the
WAXD of the system of PEO and NaSCN (4:1
mole ratio) obtained by heating and cooling in
the interval 20-195°C (Fig. 2).

o

w

Fig. 2. Characteristic WAXD on heating and
cooling of ionic complex of PEO and NaSCN,
obtained by mixing their methanol solutions in a
4:1 mole ratio. Temperatures, °C; heating: curve
1 - 18°C; curve 2 — 175°C; curve 3 — 190°C;
curve 4 — 195°C; cooling: curve 5 — 160°C; curve
6 — 18°C (after second cooling).

A decrease or increase in the intensity of the
diffraction maxima at 260 =19.3 and 23.4 is ob-
served on heating above the melting temperature
of PEO (T, = 63°C) and cooling below the crys-
tallization temperature up to a room temperature,
respectively (Fig. 2, curves 1, 2,5, 6). It should
be noted that when the system of PEO and
NaSCN (4:1 mole ratio) crystallizes on cooling
from the partially molten state (190°C), WAXD
at a room temperature shows the characteristic
diffraction maxima of the | and the Il crystalline
forms of the PEO-NaSCN complex and those of
the crystalline PEO phase (Table 1).

Therefore, on the basis of WAXD data ob-
tained at a room temperature and on heating and
cooling from 20 to 195°C it can be supposed that
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the PEO-NaSCN complex contains between 3
and 4 moles of OE units per one mole of NaSCN
in both types of crystalline forms which are ob-
tained by crystallization from a solution after-
separation of the solvent or from the molten state
by cooling.

On the basis of x-ray analysis data other au-
thors [6] also suggested similar composition of
the PEO-NaSCN complex and give the stoichio-
metric ratio of the components of the complex as
PEO35.NaSCN.

X-ray analysis data obtained on heating the
systems of PEO and NaSCN also show that the
high temperature crystalline form of the complex
(form 1) is stable at melting temperature and can
crystallize reversibly in the same crystalline
modification on cooling from partially molten
state. A slight but measurable increase in the
intensity of the crystalline peaks (firm 1) fn heat-
ing in the interval from 140-160 to 175°C is visi-
ble. This temperature coincides with the initial
melting temperature of the | crystalline form of
the complex which was determined by DSC (Fig.
3).

100r

mT

Fig. 3. Dependence of the intensity of WAXD
maxima of PEO-NaSCN complexes obtained
from methanol solutions on temperature: curve 1
—33.2(26); curve 2-20.6(26); curve 3 — 21.8(20);
curve 4 — 26.8(26).

It may be supposed that in a narrow tempera-
ture interval just before melting, the crystals of
the PEO-NaSCN complex are in a crystalline
plastic state and it is possible to improve their
crystalline structure. The low temperature crys-
talline form Il of the POE-NaSCN complex is
obtained after complete melting of the complex
(from 10 to 15°C above T, of the I crystalline
form) and crystallization on cooling at an aver-
age rate of 5°C/min. This crystalline modification
is stable at a room temperature and melts re-
versibly on heating at about 182°C, i.e. at a



slightly but measurable lower temperature than
the melting temperature of the | crystalline form
(T=185-190°C).

The lower melting temperature of the Il crys-
talline form of PEO-NaSCN complex may be
due to a weaker interaction between the Na* cat-
ion of NaSCN and the ether oxygen atom of the
EO units in PFE. This supposition is confirmed
by the results from a spectroscopic study of these
systems which were reported in our previous
work [9].

I1. Electroconductivity

By using a special measuring cell, the tem-
perature dependence of the volume electrocon-
ductivity of the binary systems of POE and
NaSCN was determined at frequency 800 Hz on
heating and cooling in the interval from 20 to
180°C. Parts of these results are shown in Fig. 4.

1000 / °K
3

T T

22 35

—

-5

log 1/ncm

|

T.K

il

33

PR R TR 2%
Fig. 4. Dependence of volume electroconductiv-
ity of foils of a PEO-NaSCN mixture on tem-
perature. Ration between PEO and NaSCN, mole
ratio: curve 1 — 2.78:1; curve 2 — 7.54:1; curve 3

—17:1; curve 4 — 4.35:1.

Electroconductivity of these systems in-
creases by 3 or 4 orders on elevating the tem-
perature from 20 to 180°C. The curves for the
dependence logo/T* show two linear sections
with different slopes. The temperature, at which
the slope changes, coincides with the melting
temperature of the crystalline PEO phase which
is present in the binary systems under study.
Using the Arrenius equation o = Aep(-E/RT), the
activation energy of ionic electrocinductivity of
these systems which is proportional to the slope

of the linear sections of the dependence loga/T™
can be calculated (Table 2).

Table 2. The temperatures (T,) at which the
slope changes of the temperature dependences of
the conductivity of PEO-NaSCN binary systems
ware observed and activation energy of ionic
conductivity below (E.) and above (Eu) transi-
tion temperature

N.SCN En Ex Tm
mass.% kJ/mol kJ/mol K
0.5 35.75 52.37 323-343
5 33.25 78.15 343-353
10 35.75 80.64 333-363
20 51.54 106.41 343-353
30 62.35 86.46 353-383
40 48.22 67.34 353-363
50 40.73 61.52 353-373
70 24.94 37.41 363-383

S7

Generally, the activation energy of electro-
conductivity decreases at a higher temperature
than the melting temperature of the PEO crystal-
line phase.

Fig. 5. Dependence of volume electroconductiv-
ity of foils of a PEO-NaSCN mixtures on
NaSCN concentration at different temperatures:
curve 1 — 50°C; curve 2 — 100°C.

Fig. 5 shows the concentration dependence of
the electroconductivity of the binary systems at
50 and 100°C. Electroconductivity increases
nonlinearly and extremely when the content of
NaSCN increases. The curves for these depend-
ences show a maximum at NaSCN concentration
5-10 wt% and a minimum at NaSCN concentra-
tion 30-40 wt%. Then electroconductivity in-



creases again with increasing the concentration
of NaSCN. X-ray analysis data and the data ob-
tained by calorimetric studies, made by us and
other authors in the high electroconductivity
concentration interval (5-10 % NaSCN), show
that these binary systems form a eutectic phase
containing a crystalline POE phase and a crystal-
line complex between POE and NaSCN.

The composition at which electroconductivity
decreases coincide with the composition of the
POE-NaSCN complex, which is to be expected
since the lower electroconductivity at this con-
centration rang, may be explained by the lower
mobility of Na* cation in the crystalline complex
with POE.

CONCLUSION

On the basis of the results obtained by x-ray
phase analysis it was confirmed that high mo-
lecular POE and NaSCN form two tyoes of crys-
talline complexes. It is shown that the most prob-
able stoichiometric composition of these com-
plexes was between 3 and 4 moles of OE units
per 1 mole of NaSCN.

A nonlinear and extreme dependence of elec-
troconductivity vs. concentration of the systems
of PEO and NaSCN was found to exist, and it is
shown that it is highest at a low concentration of
NaSCN when the system contains eutectic phas-
es of POE and a complex of POE and NaSCN,
An increase in the electroconductivity of the
system on heating, and a decrease in the activa-
tion energy of the ionic conductivity over the
melting temperature of the eutectic phase was
observed which is most probably due to a de-
crease in the interaction between Na* cation and
the ether oxygen atom of POE chain.
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ABSTRACT

Parabens appear mostly in personal care products that contain significant amounts of water, such
as shampoos, conditioners, lotions and facial and shower cleansers and scrubs. Of greatest concern is
that parabens are known to disrupt hormone function, an effect that is linked to increased risk of
breast cancer and reproductive toxicity. Parabens mimic estrogen by binding to estrogen receptors on
cells. They also increase the expression of genes usually regulated by estradiol; these genes cause
human breast tumor cells to grow and multiply in cellular studies. The aim of this work is to do
prediction of some parabens for their ER agonist/antagonistic action based on 3-D molecular
attributes using a model of 23 potent ER ligands (16 agonists, 7 antagonists).

Key words: estrogen receptor, agonist/antagonist, parabens

INTRODUCTION

Methyl-, ethyl-, propyl-, butyl-, and benzyl
parabens, all esters of p-hydroxybenzoic acid, are
widely used as antimicrobial preservatives in
cosmetics, pharmaceutical, food, and beverages.
Because of their low cost and low toxicity, they
are used commonly throughout the world. Once
in the blood-stream they can be conjugated in the
liver with glycine, sulphate, or glucuronate for
excretion in the urine. But, they are also
lipophilic and can be absorbed through the skin
and are found intact in tissue. In fact, these
compounds have been found in breast cancer
tissue in levels ranging from 20 ng/g tissue to
100 ng/qg tissue [1].

Parabens have weak estrogenic activity and
have been shown to induce the growth of MCF-7
human breast cancer cells in vitro [2], leading
some researchers to suggest their potential as
initiators or promoters of breast cancer. Part of
the concern stems from the fact that an
increasing number of breast cancers are
occurring in the upper outer quadrant of the
breast, where paraben-containing antiperspirant
application occurs [3]. Others debate that the
estrogenic effect is too weak to cause problems
[4]. The current consensus is that parabens’
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effect on health, including cancer risk, is due to
much more than estrogen mimicry.

An alternative mechanism by which parabens
can indirectly affect estrogen levels is via
inhibition of sulfotransferase activity inside the
cytosol of human skin cells. By blocking
sulfotransferases, the estrogen levels can remain
higher than normal [5]. If this same action occurs
in breast tissue, then these compounds may
indeed be linked to increased rates of breast
cancer.

Methyl- and propyl parabens, the two most
commonly found, are also potent inhibitors of
mitochondrial function [6, 7]. This action alone
would make them unwanted Xxenobiotics,
especially for anyone with mitochondrial
dysfunction-related health problems. This effect
on mitochondrial function has been proposed as
a mechanism for their possible role in male
intertility [8].

While there are multiple pathways through
which chemicals could interfere with synthesis
and metabolism of endogenous steroids to
perturb these systems, chemical binding to
steroid receptors, e.g. the estrogen receptor (ER)
is recognized as an important means by which
chemical disruption of endogenous steroid-
mediated pathways could be facilitated. The
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interaction of chemicals with steroid receptors is
known to be a dynamic three-dimensional (3-D)
process [9, 10], with the receptor conforming to
the shape of the ligand, and the ligand, if
flexible, having its conformation altered by
binding to the receptor [9].

It is recognized that ligand interaction with
the ER is a necessary, but not sufficient, step for
imparting transcriptional activation, i.e. an
agonistic or estrogenic response [11]. The
Katzenellenbogen et al. [9] tripartite system of
steroid hormone pharmacology considers the
two-part character of the ligand-receptor
interaction to be followed by a ligand-receptor-
effector interaction. The shape induced in the
liganded receptor subsequent to binding
influences the recruitment of tissue specific co-
activation or co-repression factors, which
subsequently  determines  what  biological
response will occur upon binding of the complex
to the estrogen response element on the DNA. If
an agonist is bound, co-activators become
associated with the complex allowing gene
transcriptional activation. However, the binding
of an antagonist allows recruitment or retention
of co-repressors, which help to block gene
activation subsequent to binding of the ligand-
receptor-effector complex to the DNA [9, 10,
12].

The aim of this work is to do prediction of
some parabens for their ER agonist/antagonistic
action based on 3-D molecular attributes using a
3-D model of 23 potent ER ligands (16 agonists,
7 antagonists).

EXPERIMENTAL

Compounds. Some parabens
investigated which are presented in Table 1.

OECD (Q)SAR Toolbox. The OECD (Q)SAR
Application Toolbox is software tool used in
regulatory toxicology to fill gaps in (eco)toxicity

were

data. They include different SAR and QSAR
models for estimating (eco)toxicological end-
points. (Quantitative) Structure-Activity Rela-
tionships [(Q)SARs] are methods for estimating
properties of a chemical from its molecular struc-
ture and have the potential to provide informa-
tion on hazards of chemicals, while reducing
time, monetary cost and animal testing currently
needed [13].

ER Ligand Conformations. Details of
procedures used for conformer generation can be
found in Bradbury et al. [14]

Molecular Descriptors. Details of the
descriptor calculations can be found in references
[14, 15].

3-D model of ER agonism/antagonism. Using
a dataset of 23 potent ER ligands (16 agonists, 7
antagonists), molecular parameters previously
found to be associated with ER binding affinity,
namely global (Enomo) and local (donor
delocalizabilities and charges) electron donating
ability of electronegative sites and steric
distances between those sites, were found
insufficient to discriminate ER antagonists from
agonists. However, parameters related to
molecular bulk, including solvent accessible
surface and negatively charged Van der Waal’s
surface, provided reactivity patterns that were
100% successful in discriminating antagonists
from agonists in the limited data set tested. The
model also shows potential to discriminate pure
antagonists from partial agonist/antagonists
structures [11].

Table 1. CAS number, name and structure of some parabens

Ne  CAS number Name of compound

Structure of compound

1 99-76-3

Methyl-p-hydroxybenzoate

a
HID @4
0—CH

3



2 120-47-8 Ethyl-p-hydroxybenzoate
3 94-13-3 Propyl-p-hydroxybenzoate
4 94-26-8 Butyl-p-hydroxybenzoate
5 94-18-8 Benzyl-p-hydroxybenzoate

HC

HO

HO

RESULTS AND DISCUSSION

Three parameters were previously found to
be important in predicting binding of
chemicals to the hERa, i.e. Eqomo, Charge on
nucleophilic sites and distance between
nucleophilic sites [14]. These parameters did
not allow the discrimination of ER agonist
from antagonists. Since both agonists and
antagonists must bind to the receptor to impart
their activity it was not expected that
parameters chosen for ability to predict binding
would discriminate between these two
divergent biological activities, as binding
bioassays alone are also incapable of
discriminating agonists and antagonists [11].

The number of conformers found within the
specified 20 kcal/mol range of AAHY are listed
in Table 2 for each chemical. Also listed for
each chemical are maximum and minimum
values for both parameters (Enomo and van der
Waals_PNSA1). An examination of these
values gives an indication of the range over
which individual conformers of a chemical can
vary with respect to 3-D parameters.
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The observation that relatively small energy
differences between conformers can result in
significant variations in electronic character,
steric parameters, physicochemical parameters
highlights the necessity of including all
energetically-reasonable  conformers  when
assessing chemical similarity in the context of
biological similarity. Biological similarity in
this case is whether a chemical is an agonist
(estrogen) or an antagonist (anti-estrogen).
Results of within and between group
similarities were used to determine which of
the calculated parameters best distinguished
ER agonists from antagonists, resulting in the
selection of SAS15 and wvan der
Waals_PNSAL, parameters with high within
group similarities, but low Euclidean distances
and between group similarities [11].

The conformational flexibility of ER
ligands, agonists and antagonists, interacting
with and inducing a conformational change in
the protein has been recognized as an
important factor in determining the ultimate
biological consequence of ligand-receptor-
effector interaction [9].



The model does not indicate which
parameter, SAS1.5 (Solvent Accessible Sur-
faces (Assuming water as a solvent)) or the
negatively charged van der Waals PNSA1l
(Partial negative weighted area), is better able
to discriminate antagonists and agonists.
However, the model suggests that chemicals
with high (negatively charged) accessible
surfaces prevent the packing of the protein

helices required for agonist activity. This
observation seems consistent with that of anti-
estrogens typically having a bulky side chain,
which is basic or polar [16].

Results of generated conformers of each
chemical and their calculated parameters for
parabens are presented in Table 2.

Table 2. Chemical name, number of conformers generated and found to be within 20 kcal/mole of the
lowest energy conformer, and range of parameter values covered for all conformers of a chemical for
E_HOMO and VdWSurf_PNSAL.

Ne Ligand Number E_HOMO [eV] VdwsSurf_PNSA1 [A?]
of
confor
mers
Min Max Range Min Max  Range
1  Methyl-p-hydroxy 3 -9.679 -9.536 0.143 87 89 2
benzoate
2  Ethyl-p-hydroxy 11 -9.662 -9.512 0.15 91 95 4
Benzoate
3 Propyl-p-hydroxy 20 -9.656 -9.509 0.147 96 102 6
benzoate
4 Butyl-p-hydroxy 27 -9.658 -9.511 0.147 101 108 7
benzoate
5 Benzyl-p-hydroxy 13 -9.636 -9.506 0.13 128 132 4
benzoate
The parameter Epomo does not allow the for all generated conformers for both

discrimination of ER agonist from antagonists.
However, parameter van der Waals_PNSAL is
able to discriminate antagonists and agonists
(Table 3).

Comparison between model of
agonists/antagonists and parabens by their
minimum and maximum values of chemicals
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parameters was made. The parabens are in
range of agonists of model for parameter
(VdWSurf_PNSA1). Therefore, the parabens
are chemicals which have estrogenic activity
and they have the ability to bind to estrogen
receptors, i.e. they have ER agonist action.



Table 3. Comparison between model of antagonists/agonists and some parabens by both parameters
(E_HOMO and VdWSurf_PNSA1)

Ligand/Model ~ Number E HOMO [eV] VdWSurf_PNSA1L [A%]
of
chemical
(confor
mers)
Min Max Min Max
Parabens 5(74) -9.679 -9.506 87 132
Model 16 (116) -10.35 -8.49 102 182
agonists
Model 7 (394) -9.12 -8.08 208 261
antagonist
CONCLUSION breakdown of endogenous estrogens, and cause

Paraben exposure comes mainly from the
use of personal care products containing these
compounds. While their exact health effects
are currently unknown, they do possess some
estrogenic activity, can adversely affect the
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ABSTRACT

Personal care products are continually released into the aquatic environment and are biologically
active and persistent. Considerable research has been conducted examining occurrence and effects of
human use pharmaceuticals in the aquatic environment; however, relatively little research has been
conducted examining personal care products although they are found more often and in higher con-
centrations than pharmaceuticals. One of the biggest areas of concern is the effect of parabens on
breast cancer. Several studies have found traces of parabens in women with breast cancer.

The aim of this work was to predict persistence, bioaccumulation and toxicity (chronic and acute)

for some parabens.

Key words: parabens, persistence, bioaccumulation, toxicity

INTRODUCTION

Modern society depends on a large range of
organic chemicals. Of the 50 million chemicals
entered in the Chemical Abstracts Registry, ap-
proximately 143,000 chemicals are registered
with the European Chemicals Agency for indus-
trial use. The ones that are commonly used
should properly be counted in 10s of thousands.
Some of these may ultimately enter our waste
water treatment plants, and depending on the in-
trinsic properties of the substances and the tech-
nical specification of the waste water treatment
plants, these may end in the sewage sludge. His-
torically, the first group of chemicals that were
paid attention to in this context were the heavy
metals and a group of traditional persistent or-
ganic pollutants (POPs) like PCB, dioxin and
PAHs. A number of countries, therefore, im-
posed a set of quality standards for these sub-
stances during the 80’s and 90’s. As a result of
novel applications for new chemicals and an im-
proved analytical standard, more and more atten-
tion has recently been drawn towards the pres-
ence of a novel and large group of POPs, often
commonly denoted as emerging contaminants.
Emerging contaminants may be described as a
chemical or a group of chemicals that is charac-
terized by a perceived potential for a threat to the
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environment or human health and the lack of
published international standards or other risk
evaluations [1].

Bioaccumulation of pesticides and other
chemicals in aquatic organisms first gained pub-
lic attention in the 1960s. The bioaccumulation
potential of a chemical in aquatic organisms,
such as fish is, in addition to toxicity, and biotic
and abiotic degradation, an important criterion in
the assessment of environmental hazards [2]. A
high bioaccumulation potential of a chemical in
biota increases the probability of toxic effects
being encountered in aquatic and terrestrial or-
ganisms including humans and their environ-
ment. Therefore, many proposed and existing
regional and international regulatory classifica-
tion schemes, guidelines, and risk assessments
use estimates of bioaccumulation to indicate
whether chemicals may be hazardous to aquatic
organisms, if their bioconcentration factor (BCF)
exceeds designated threshold values [3].

In the European Union (EU), any chemical
with a bioconcentration factor on a wet wt. basis
(BCFW) > 100 is considered to have the poten-
tial to bioaccumulate and is classified as “dan-
gerous to the environment”, because it could im-
pair the health of an aquatic organism or of
predators feeding on that organism. The adminis-
trative directorate of the EU, the European
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Commission, therefore has recommended a
BCFW value of 100 as a trigger for hazard clas-
sification of chemicals [4]. The U.S. EPA uses a
BCFW >1000 as the trigger for high concern for
potential bioaccumulation effects [5]. In Canada
chemicals with a BCFW value >5000 are consid-
ered to bioaccumulate and are recommended for
“virtual elimination”. If a chemical has a BCFW
value >500 it is considered as hazardous [6].
Chemicals with elevated bioconcentration factors
are also of concern for regulators because they
are considered capable of biomagnification in the
food chain. Bioaccumulation properties of
chemicals are one of the triggers of the U.S. EPA
and the EU environmental risk assessment proc-
ess.

Parabens occur naturally in such things as
blueberries, prunes and cinnamon although all
parabens used commercially are made syntheti-
cally. A common use for parabens is as a food
additive, usually to add colour or flavour, and
they are also known for their ability to reduce the
effects of bacteria and spoilage. They are also
commonly found in oil and glue products. Para-
bens are found in a variety of everyday products
- cosmetics, deodorant, face cream, shampoo and
toothpaste. Check the list of ingredients on one
of these products in your home and you will al-
most certainly see that parabens are included - an
estimated 90% of cosmetic products include
parabens [7].

Studies have found that the biggest risk from
parabens seems to be from the use of products
that require a prolonged exposure to skin, such as
skin creams and facial lotions. The longer that
the parabens are on the skin, the more opportu-
nity there is for parabens to be absorbed. When
used in skin care products, parabens are absorbed
directly into the blood stream rather than through
the gastrointestinal tract [7].

The aim of this work was to predict persis-
tence, bioaccumulation and toxicity (chronic and
acute) for some parabens.

EXPERIMENTAL

Methyl-p-hydroxybenzoate, ethyl-p-hydroxy
benzoate, propyl-p-hydroxybenzoate, butyl-p-
hydroxybenzoate and benzyl-p-hydroxybenzoate
were the parabens used in this research (Table 1).

OECD (Q)SAR Toolbox. The OECD (Q)SAR
Application Toolbox is software tool used in
regulatory toxicology to fill gaps in (eco)toxicity
data. They include different SAR and QSAR
models for estimating (eco)toxicological end-
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points. (Quantitative) Structure-Activity Rela-
tionships [(Q)SARs] are methods for estimating
properties of a chemical from its molecular struc-
ture and have the potential to provide informa-
tion on hazards of chemicals, while reducing
time, monetary cost and animal testing currently
needed [8].

Criteria used by the PBT Profiler. The PBT
Profiler is a screening-level tool that provides
estimates of the persistence, bioaccumulation,
and chronic fish toxicity potential of chemical
compounds. It is designed to be used when data
are not available. In order to help interested par-
ties make informed decision on a chemical’s
PBT characteristics, the PBT profiler automati-
cally identifies chemicals that may persistent in
the environment and bio accumulate in the food
chain. These chemicals are identified using
thresholds published by the EPA [9].

Persistence criteria. The PBT Profiler com-
bines the persistence criteria for water, soil, and
sediment and highlights chemicals with an esti-
mated half-life > 2 months and < 6 months as
persistent and those with an estimated half-life >
6 months as very persistent. The half-life in air is
not used in the PBT Profiler's Persistence sum-
mary (chemicals with an estimated half-life > 2
days are considered as persistent). The PBT Pro-
filer uses 30 days in a month for its compari-
sons.

Bioaccumulation criteria. The PBT Profiler
combines the bioaccumulation criteria and high-
lights chemicals with a BCF > 1000 and < 5000
as bioaccumulative and those with a BCF > 5000
as very bioaccumulative.

Toxicity criteria. To highlight a chemical that
may be chronically toxic to fish, the PBT profiler
uses the following criteria: Fish ChV (Chronic
Value) > 10 mg/l (low concern), Fish ChV = 0.1
- 10 mg/l (moderate concern) and Fish ChV < 0.1
mg/l (high concern).

Acute Aquatic Toxicity Data. Toxicity values
of some parabens to Tetrahymena pyriformis
were obtained from the literature [10] and re-
ported in Table 2. Population growth impairment
was assessed after 40h with the common ciliate
T. pyriformis.

LogP. Data for the logarithm of the 1-octanol-
water partition coefficient (log P) were obtained
from the KOWWIN software [11]. Where possi-
ble measured log P values were verified and used
in preference to calculated values.

Baseline models. In this study model was
used for non-polar compounds to aquatic species



to determine the acute toxicity of selected para-
bens (Tables 2).

Baseline model (saturated alcohols and ke-
tones) of Tetrahymena pyriformis [12]:

log(1/1GCsg) = 0.78*logP — 2.01

1)
n=87 R?=096 s=0.20

F=2131

Excess toxicity. The property - excess toxicity
- was used to define the toxicity of chemicals
(reactive or nonrective) [13]. The extent of ex-
cess toxicity was determined as the toxic ratio
(TR), which was calculated by the following
equations 3-4 [13, 14]:

TR = log(1/C)exp — log (1/C)calc
or
TR = (predicted baseline toxicity) / (observed
toxicity)

()

(3)
RESULTS AND DISCUSSION

Parabens are a group of compounds widely
used as antimicrobial preservatives in food,
pharmaceutical and  cosmetics  products,
including underarm deodorants. Parabens are
esters of para-hydroxybenzoic acid, from which
the name is derived. Common parabens include
methylparaben (E218), ethylparaben (E214),
propylparaben (E216) and butylparaben. Some
selected parabens are presented in Table 1.

Table 1. CAS number, Name and structure of selected estrogenic compounds

Ne  CAS number Name of compounds Structure
1 99-76-3 Methyl-p-hydroxybenzoate 0
0—CH,
2 120-47-8 Ethyl-p-hydroxybenzoate 0
4T s CH,
HO
3 94-13-3 Propyl-p-hydroxybenzoate 0
= /\\/'CHS
HO
4  94-26-8 Butyl-p-hydroxybenzoate o
= /“\/\ oH,
HO
5 94-18-8 Benzyl-p-hydroxybenzoate

All organic chemicals have the potential to
cause narcosis. There are several modes of action
for acute toxicity. For the reactive mode(s) of
toxic action, where toxicity is observed to be in
excess of narcosis, the mechanism is reaction
chemistry-based, involving covalent modify
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cation of proteins [14, 15]. In general, chemicals
which have a more specific mode of action, es-
pecially hydrophilic ones, produce greater toxic-
ity than that expected from baseline non-polar
narcosis (Table 2). These chemicals often con-
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http://en.wikipedia.org/wiki/4-Hydroxybenzoic_acid
http://en.wikipedia.org/wiki/Methylparaben
http://en.wikipedia.org/wiki/Ethylparaben
http://en.wikipedia.org/wiki/Propylparaben
http://en.wikipedia.org/wiki/Butylparaben

tain specific structural fragments responsible for  their mechanism of action [16].

Table 2. Observed and predicted toxic data of some selected parabens.

Ne  CAS number Name of com ECOSAR logP Exp. Pred.
pound classifi T. pyriformis T.
cation 10og(1/1GCxy), pyriformis
mmol/I log(1/1GCxs),
mmol/I
/TR
1 99-76-3 Methyl-p- Esters 1.96° 0.08 -0.48/0.56
hydroxybenzoate Phenols
2 120-47-8 Ethyl-p- Ester 2.47° 0.57 -0.08/0.65
hydroxybenzoate Phenols
3 94-13-3 Propyl-p- Ester - -
hydroxybenzoate Phenols
4 94-26-8 Butyl-p- Ester 3.57° 1.33 0.77/0.55
hydroxybenzoate Phenols
5 94-18-8 Benzyl-p- Ester 3.56° 1.55 0.76/0.78
hydroxybenzoate Phenols

®Experimental value of log P.

The excess toxicity of 4 compounds is demon-  served to be not related to hydrophobicity and
strated clearly in Figure 1 where toxicity is ob-  clearly in excess of baseline toxicity.

y = 0.78*og P - 2.01

3,00 -
= 2,00 -
° 3
E 1,00 -
~ o
B : 0.00 : ° ‘ : ‘
O
O -2 -1 1 3 4 5
= -1,00 -
2
= 2,0
-3,00 -

log P

Fig. 1. Plot of toxicity to Tetrahymena pyriformis vs log P for some parabens showing baseline toxic-
ity.

Chemicals that are persistent, bioaccumula-  results of estimation of parabens for persistence,
tive, and toxic have the potential to concentrate  bioaccumulation and toxicity are presented in
to levels that may cause significant adverse im-  Table 3.
pact on human health and the environment. The
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Table 3. PBT Profiler estimate of the parabens

Ne  Name of compound Persistence Bioaccu Toxicity
mulation
Media Percent in Each BCF Fish
(water, soil, ediment, air) Medium Chv
Half-life (mg/l)
(days)
1 Methyl-p- 15; 30; 140; 1.5 20%; 80%; 0%; 0% 9.1 15
hydroxybenzoate
2 Ethyl-p- 15; 30; 140; 1.3 19%; 81%; 0%; 0% 20 0.78
hydroxybenzoate
3 Propyl-p- 15; 30; 140; 1.1 18%; 82%; 0%; 0% 47 0.4
hydroxybenzoate
4  Butyl-p- 8.7,17;78; 1 19%; 80%; 0%; 0% 110 0.2
hydroxybenzoate
5 Benzyl-p- 15; 30; 140; 0.92 16%; 83%; 2%; 0% 100 0.16
hydroxybenzoate
CONCLUSION sion. Directorate-General XI, EU, Brus-

The hydroxybenzoates (parabens) have anti-
bacterial and antifungal properties and are used
as preservatives in pharmaceutical preparations
usually at concentrations up to 0.25%. Parabens
are also widely used in cosmetics and for food
preservation. The amounts used in pharmaceuti-
cal products are small and that the use of excipi-
ents in pharmaceuticals therefore does not, to a
significant degree, incur a risk to the environ-
ment. More accurate data on use, environmental
emission, fate, and effects of excipients in phar-
maceutical products are required in order to ob-
tain reliable environmental risk assessments and
derive relevant strategies for reducing environ-
mental risks posed by pharmaceuticals.
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ABSTRACT

The complexes of 3-formyl rifamycin-SV and VOSO,.5H,0, CuSO4.5H,0, FeCl;.6H,O and
ZnS0,.7H,O were obtained in water-alcohol solutions at room temperature. The complexes were
characterized by elemental analysis and IR-FT. The antibacterial properties of the complexes were
analyzed by comparing the growth curves of Escherichia coli in pure nutrient media and in the
presence of the complexes. The antibacterial activity of the complexes can be arranged as follows:

Zn*>Cu?*>VO**>Fe®*,

Key words: 3-formyl rifamicin-SV, complexes, Escherichia coli

BBbBEJIEHUE

3-®opmun pudpamunun-SV /5,6,9,17,19,21
-Xekcaxuapokcu-23-meroku-2, 4,12,16 ,18,20,
22-xentametun-  8-popmui-2,7-(ernokcuneH-
tamekad) [1,11,13] Tpuenamuno) naptun [2,
1-b]  ¢ypun-1,11(2H)-muone, 21-amerart)/
(CAS Ne 13292-22-3) [ @ur.1 ] ce oTHacs KbM
AHTUOWOTHIIUTE KOUTO CE€ TMOJydYaBaT MpH
6unocunTe3ara Ha Streptomyces mediterranei.

N
CHy, O

®@ur. 1. 3-popmun pupamunua-SV.

KbM HacTOsSTIIMS MOMEHT Ce IMONTydaBaT U
CeMHU-CHHTeTHYHU. M3mom3BaT ce 3a Oopba
cpeury TyOepkynosara. [logruckar JIHK
3aBucumata PHK mnonumepasa. Ilpu Hucku
KOHIIEHTpAINH [IeHCTBAaT OaKTEPHOCTATUYHO,

a TMpH BUCOKM JIO3U JeicTBAaT OakTEPHIUIHO.
OcBeH kbM TyOepkyno3uute Oaktepuu ( Myco-
bacterium tuberculosis), pudamuiure ca aKTUHBHA
KakTO KbM T'paM MOJIOKHTENHUTe OakTepuu (cTa-
(UIOKOKH, CTPENTOKOSKM) Taka M KbM  IpaMm
OTPHUIIATEITHUTE MHKPOOPraHU3MH (TOHOKOSKH,
MEHHHTOKOKH).

Pudamunma B Hsima aHTHOaKTepHaiHa aKTHB-
HocT. Cniesr monajiaHe B OpraHu3bM TOW Ce TpaHC-
dbopmupa [0 akTUBHHUA pPHGAMUIIAH S, KOWTO
MHXUOUpa pacTeka Ha IpaM IOJIOKUTEITHH OakTe-
pun nipu konueHtpanus 0,0025 pg Ha MUTHIUTBD
[1]. In vivo excnepumenta ¢ Escherichia coli u
Bacillus subtilis moxasea, ue wuHXHOMpaHETO Ha
PHK cunresa e ocHOBHOTO JIieiicTBue Ha pupamu-
IIMHUTE, KOETO OT CBOSI CTpaHa BOJH 10 MHXHOHpa-
HE CHHTe3aTa Ha IPOTEMHM OT OakTepHanHara
wietka [1]. W3cnenBana e anTHOakTepuanHara
akTuBHOCT Ha OL-473 (3-[4-umknomerwni-1-nurme-
pasanui) uMuHOMETHI| pudamunud SV nepuBaTu
IpU TPETHSI BBIJIEPOACH aTOM. Te3U CheIWHEHUS
WHXUOUPAT CTApUIOKOKA U CTPENTOKOKH, BKIIO-
gurenado u Streptococcus faecalis, Listeria mono-
cytogenes, Bacteroides fragilis. Tesu GakTepuu ca
OWIM M30JIMpaHH OT XOCHHUTAIM3MPAaHW NalWueHTU
[2]. In vitro u in vivo ca TecTBaHU pUPAMHUIITHOBH
JIepUBaTh 3-XUApoKch-5-(4-n300yTrn-1-nmmepas-
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Hu) GenzokcnasuHopupamunuy (KRM-1648)
U 3-Xuapokcu-5-(4-nponui-1-nunepazaHu)
oenzokcazunopudamuma (KR M-1657) u
CpaBHEHHM ¢ pUbaMHIUH TIPU U3CIEJBAHE Ha
AHTHOAKTEepHATHA AKTUBHOCT TI0 OTHOIICHUE
ma Staphylococcus aureus, Staphylococcus
epidermidis u Streptococccus pneumoniae [3].
Wscnensana e in Vitro aHTUMUKpoOOHATa aKTHB-
HOCT Ha OeH3okcasuHo pupamunuan: KRM-
1648, KRM-1657 wu 3-Xumpoxcu-5-(4-BTOp-
OyTun-1-nmunepasanui) OCH30KCHAa3HHOPH(A-
munrH (KRM-1668) [4]. 3a in vivo uscnensa-
HHS Ca M3MOJ3BAaHM MHIIKH, KaTO KOHIICHTpa-
HUUTEe Ha pUPAMUIMH ca B TPAaHUIIUTE OT
0,016 mo 16 mg/kg B.T., upe3 opaiHO TPETH-
pase.

Pesynratute OoT aHTUMHMKpOOHAaTa AaKTHB-
HOCT ca MOKa3aiu, ue pu(GaMUIIMHUTE TPOSBS-
BaT BUCOKA aHTHOAKTepHalIHA aKTUBHOCT IIO
OTHOILICHHE HA ['paM MOJOXUTEIHU U ca He-
aKTHBHU KbM TIOBEYETO TECTBAaHU ['paM oTpu-
narenHn Oakrepuu. Ilpm in Vivo msciensa-
HHSATA BHUCOKA aKTHBHOCT ca IMOKa3ajiu puda-
MUIIMHUTE, KOTATO MHUIIKUTE ca WHPEKTUPAHU
¢ Staphylococcus aureus u Bacillus subtilis [4].
W3cnenBany ca HOBM aHTUMUKPOOHU JI€pUBaTH
Ha pudamunun SV, cbappxkamm - 3-(4-
UHAMUIIITUIICPA3UHWIT UMUHOMETHN) (QYHK-
roHaNHu rpymnu [5]. In vitro e ycranoBeno, ue
HOJyYCHUTE JICPUBATH MUMAT MO-HUCKA aHTH-
OakTepuaniHa aKTUBHOCT OT pH(AMHUIMHA IO
ornomienne Ha Mycobacterium tuberculosis.
HoBocuHTe3MpaHUTe NpernapaTd UMar 3HAuH-
TEITHO TIO-BHCOKA aKTHBHOCT iN VIVO cpemry
Mycobacterium tuberculosis npu uadexnns Ha
6su1 1po6 B C57BL/6 Mumiku. B mpoasmkenne
Ha 56 neHa e u3cnenBaHa aHTHOAKTEpUAaTHATA
AKTHBHOCT Ha pUGAMHUIMH B KOMOWHAIMS C
n3onuasuz [6]. 1z vivo e mokaszaHo, ye KOMOH-
HaLUsITa C N30HUA3H]] BOJH JI0 OBHUILIABAHE HA
aHTHOAKTepHaNTHATa aKTUBHOCT cpeiry Myco-
bacterium tuberculosis. TIpu u3crmenBane Ha
aHTHOaKTepUaliHaTa AKTHBHOCT € H3MOJI3BaH
CEeMHUCHHTETHYCH pudaMuimH-pudanazun [7].
To3u pepuBar Ha pudamulnMHa MOKa3Ba
BHCOKa aKTHBHOCT He camo kbM Mycobacte-
rium tuberculosis, o u xem Chlamydia tra-
chomatis u Chlamydia pneumoniae. Pudana-
3HJIBT € OT JIECET J0 CTO ITTH MO-aKTUBEH OT
a3UTpOMHUIIMHA U JieBodokcanuna. [TomyueHn
ca HOBU PU(DAMHUIIMHOBU TMPOU3BOJTHH, KOUTO
IpOSIBSIBAT BUCOKA aKTHBHOCT cpery Staphylo-
COCCUS aureus, KOHUTO Ca PE3UCTCHTHHU KbM
pudamunma [8]. Cnuu Oens3aHu MpoTH-
BOTYMOPHH CheIMHECHUS ca onucanu B [9].

IlenTa Ha HACTOAIIOTO CHOOIIEHHE € Ja ce
u3cjelBa aHTUOAKTepUaIHATa aKTUBHOCT HA KOM-
mwiekcn Ha 3-popmun pudamMunuH-SV C TEKKU
Metand U npousBogaud Ha TEMPO(2,2,6,6-teTpa-
MeTHI-4 aMuHOIHMIIEpUAMHII-N-0KCHT)

EKCIHHEPUMEHT

Marepuajiu M peakTHBHU

VOS0,.5H,0, CuSO, 5H,0, FeCl;3.6H,0,
ZnS04.7H,O ca mpousBoacTBO Ha (upmara
"Merck" T'epmanus ¥ ca M3MON3BaHA O€3 IOIBII-
HUTEIHO TpeuucTBane. 2,2,6,6-terpamernn - 4 -
amuHonunepuanH-1-okcun (TEMPO) e mnpowus-
BozcTBO Ha ¢upmara "Aldrich" -CAIIl. M3momnssa
ce miam Escherichia coli-K12, monyuen ot Hammo-
HayiHaTa 0aHKa 3a MPOMUIILICHH MHKPOOPTaHU3MU
U KJIeThYHH KynTypu- rp. Codus.

3a Ky/nTHBUpaHE Ha OAaKTEPUUTE € W3I0JI3BaHA
TeyHa cpena LB cbc ciemnus cberaB: OakTOTpHII-
ToH 10 ¢, 0aKTOAPOXKAEB €KCTPaKT S5 (, HATPHUEB
xmopua 10 g. XpaHurenaHaTa cpema ce CTEPHIIH-
supa 3a 20 min. mpu 1,0 MPa.

[HonyyaBane Ha KOMILIEKC Ha pU(aAMHULMH C
CuS0,.5H,0

Kem 0,04 g pastBop Ha pudamunun B 4 mi
MeTwioB ankoxon ce mobass 0,014 g pastBop Ha
CuS04,.5H,0 B 4 ml mMerwinos ankoxois. PastBo-
puTe ce cMecBaT U pa30bpKBaT HA MarHUTHa OBp-
KaJIKa TIpH cTaifHa Temneparypa 3a 24 h. Cien Tosa
CMeCTa MpecTosBa B XJIAIWIHHK, oOpa3yBaHaTa
yTaiika ce Guirpysa npe3 GUITHP CUHS JICHTa U ce
CYLIH BBB BaKyyM €KCHKATOp A0 MOCTOSHHO TETJIO.
(1Y-520 cm™ Cu-0)

IMosyyaBane Ha KOMILUIEKC Ha pUpaMHIMH C
ZnS0,..7H,0O

Kem 0,04 g pastBop Ha pudpamunud B 4 mi
MeTHJI0B ankoxou ce npubassat 0,016 g pastBop Ha
ZnS0,..7H,O B CBIIOTO KOJMYECTBO AJIKOXOJL
PastBOopuTe ce cMmecBar W ce pa30BpKBAT Ha
MarHuTHa OBpKajgka MpU CTaifHa TeMmIeparypa 3a
24 h. Cren ToBa cMecTa MPeCTOSIBA B XJIAJAWIIHUK,
nojyveHata yraiika ce ¢uiarpysa mpe3 GuiarThp
cUHA JieHTa. [lolyueHHAT KOMIUIEKC ce CYLIH J0
MOCTOSIHHO TErJI0 BBB Bakyym ekcukarop . (MU-
510 cm™ Zn-0)

[To momo6eH HAYMH ca TOJIYYEeHH M KOMILICK-
cure Ha pudamuiuH ¢ FeCl;.6H,0.(MY-515 cm
'Fe-0) u VOS0,.5H,0. (M4-535 cm™ V-0).
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MHonyyaBane Ha CIIUH Oensizan
pudavumun [10,11]

KoM 0,4 ¢ /5,5.10™ M/ pastBop Ha pudamu-
e B 20 ml Oytunanerar ce qo6asst 50 ml n-
xekcaH. KpM mosydeHnst pa3rBop ce H00aBsT
pasteop na 0,1 ml /5,76.10* M/ TEMPO B 50
ml n-xekcan. [ToxydeHara cmec ce pa30ObpKBa
Ha MarHWTHa OBbpKajKa B IpOIb/uKeHne Ha 3 h
pu craiiHa Temneparypa. Ilomydenara yraiika
ce ¢unrpyBa mpe3 QuATBp CHHA JIEHTa, MPO-
MHBa c€ C N-XEKCaH M Ce CYIIN JI0 OCTOSHHO
tersio. IlomydeHHSAT NPOAYKT ce TNpedYncTBa
ype3 KoJoHHa xpomatorpadus /SiO,/ c¢ pas-
tBOpHUTEN  Xjopopopm-metanon. (MY-N-O
1399 cm’; -C=N 1654 cm™ ; -C-N 1570 cm™)
[@wr.2]

H

S CHa

N—0

HiC chs

®@ur. 2. CrpykTypa Ha CHOUH Oesa3aH
pudaMuIyH.

AHanu3zu

Hugppauepeena cnekmpocxkonus (HY)

WudpauepBenure cnekTpu Ha oOpa3uute ca
perucTpupanu BbB Buj Ha TabneTku ot KBr Ha
crniektpoporomersp Bruker (Germany), FT-IR
Tensor-27, B uatepsama 4000 — 400 cm™.

PE3YJITATH U OBCBHKJTAHE

[MpousBoaHuTe Ha pUdaMHIIMHA KATO pPH-
(hammuH, pudadbyTuH, pudanenTuH ce U3IMoJ3-
BaT B MEIUIIMHATA KAaTO aHTHOAKTEPHAIHO
CPEICTBO Cpelly IIMPOK CHeKThp oT [ 'pam-
OTpPHUIIATETTHH U [ paM-NMONOXKHUTEITHH MHKPO-
opraumsmu [12].

Pudamunuante ca MHIYKTOPH Ha YEpHO-
npoonute muToxpomHn P450 eHsmmu u mo-
CICIHATHO Ha JIBE OT HETOBUTE H30(POPMH -
CYP 2D6 u CYP 3A4. Ilo Ta3um mnpuyuHa

pUdaMUIMHATE yBeIM4YaBaT MeTabomu3Ma Ha
€H/IOTEHHU ¥ €K30TE€HHH ChEIMHEHMS.

3a u3cieqBaHe Ha aHTHOAKTEpHATHATA AKTHB-
HOCT B HayaloTo Oelle MPOBEJCH TECT-CKCIepH-
MeHT. bsxa W3Mon3BaHM CTaHIAPTHU MHUKPOOHO-
JIOTMYHHM TUTaKd. EKCIIEPUMEHTHTE Ca TPOBEACHHU B
KoHIeHTpamoneH uHrepBan 2,0-0,01 mg/ml npu
temrieparypa 37 °C. Ha tectBanuTe ChemUHEHUS
0sXxa ONpeeNCHH MHHUMAJIHUTE WHXUOUpAIIH
konuentpaimn (MUK) cpemy Escherichia coli.
Haii-Bucoka anTHOaKTepHaaIHa aKTUBHOCT MOKa3a-
xa 3-popmun  pudamuimu-SV  (MHUK=0,015
mg/ml) u xommnekcsT Ha Zn-pudamuin (MUK=
0,062 mg/ml).

AHTHOAKTepHaTHUTE CBOWMCTBA Ha Pa3TMYHUTE
ChEIMHEHHSI CME OTPEICIIIN Ype3 CPaBHIBaHEe HA
pacTeXHUTE KPUBH C KyJATypa B YHCTA XPAHUTEITHA
cpena u ¢ nmobaBsiHE HAa CHOTBETHOTO BEIIECTBO
KbM XpaHUTeNHaTa cpena. PacTexbT Ha OakTe-
pHHTE € MPOyUYEH Ype3 OMpe/eNsHe Ha ONTHYHATA
mwisTHOCT (OD) mpu nbmxuHa Ha BeiHATa 420 nm.
BbB BCHYKH €KCIIEPUMEHTH KOHIICHTpAlUsATa Ha
anTnOakTepuanuute cheauaenus ¢ 0,120 mg/ml.

Ha ¢ur. 3. ca npencTaBeHn pacTeKHUTE KPUBH
Ha CTaHJAPTHHS Pa3TBoOp (caMo XpaHHUTEITHA Cpea)
U ¢ J00aBsHE KbM XpaHUTEIHATa Cpela, Ha KOM-
IUICKCUTEe Ha pUPAMUIMH C VO*, Fe*, Zn** u
Cu®.

Kaxkro ce BKa, 32 cTaHIapTa HavaaHarta ¢asa
(mar-haza) e kpaTkoTpaiiHa U MPOABIKABA OKOJIO
IBa yaca. EkcroHeHImManiHata (aza mpoabiikaBa
JI0 OKOJIO OCEM Haca, cjie]] KOeTO Pa3MHOKaBaHETO
Ha KJICTKUTE CIHMpa U CIe[ JCCEeTHs 4ac OposT Ha
KJICTKUTE HE ce yBeiqnuaBa. ToBa O3HAayaBa, ye Te
ca B cranmuoHapHa (asza. [lopaam Ta3m mpuumHa
BCHYKH KYJITHBHPAHUS Ca C MPOJBIDKHTEIHOCT
NBaHajeceT daca. MHXuOMpamoTo aeicTBHE Ha
KOMIUIeKca pU(DAMUIIMH C MEIHM W BaHAJWUIHU
HOHM ce TposiBsBa 10 OCMHUS Yac OT KYJITHBH-
paHeTo, KaTo cjeq ToBa 0aBHO 3armouBa Pa3MHO-
XKuTeNeH mporec. ToW e Mo-CHO H3pa3eH mnpu
KOMILJIEKCa ¢ BaHaJHW. 3HAYUTEITHO BUCOKA aHTH-
OakTepraiHa aKTUBHOCT MMa KOMILIEKCHT C IIUHKA.
B T03u ciyuait onTHuyeckara IIBTHOCT HA KYJTY-
panmHarta cpena ce yBenuuasa camo ¢ 0,2 equHHMIN,
KOETO MOKa3Ba, 4Ye LUHKBT TMPOSBSIBAT OaKTepH-
muaeH  edekr. OT mpeactaBeHata Qurypa ce
BMXKJIAa, Y€ MOHUTE Ha JKEISI30TO HE OKa3Bar
WHXUOMpANIO BIMSHAE BBPXY pacrTexa Ha
KJIeThYHATA KyJITypa.
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®@ur. 3. KuHeTHYHM KPUBY Ha HATpyIBaHe HA OMOMaca B MPUCHCTBUE HA KOMILICKCH Ha
prdhaMHIIHH.
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@ur. 4. KuneTHuHN KPpUBH Ha HAaTpyNBaHe HA OMoMaca B IPUCHCTBUE HA pU(PAMULIMH U CITUH
OensizaH pudaMuIUH.

Ha ¢wur. 4. ca mpeactaBeHH pacTeKHUTE
KpUBHU Ha OaKTepUHUTE B MPUCHCTBHE Ha pHrda-
MUIIMH W Ha Momudumupan puamMuIgH c
TEMPO (cniun-6ensizan pudamunut). B npu-
CHCTBHE Ha pUaMULIUH ciab pacTex Ha KIeT-
knTe ce HabmromaBa ciex ceamus dac. llpwm
no0aBsiHE B XpaHHTENHATA cpela Ha MOIU(H-
mupan pudamunua ¢ TEMPO pacrex Ha kieT-
KM He ce HaOmojaBa B LENHS JBaHAJECET-
4acoB MHTEpBal. Te3u pe3ysiTaTu IOKa3BaT, 4e
Monudpunupanuat pudamunuas ¢ TEMPO
neiicTBa OakTepunuaHO. Toi MpOsSBSIBa BHCO-
Ka aKTHBHOCT M cpemry Mycobacterium tuber-
culosis, Proteus vulgaris, Streptococcus faeca-
lis u Streptococcus pyogenes [10]

W3BecTHO e, 4e OaKkTepULIMIHUTE BEIIeCTBA
JeificTBaT BbPXY MHUKPOOHHMTE KJIETKH MO pas-
JIMYEH HA4MH: cJle]l KaTo MPOHMKHE B KJETKa-
Ta, OAKTEPUIMIHOTO BEIIECTBO TNPEAN3BUKBA
Koaryniaiusi B MPOTOIUIa3Mara, OaKTepHIIUA-
HUTE BEIeCTBa, CJieJ KaTo IPOHUKHAT B
MHUKpOOHaTa KJIETKa, MOATUCKAT KaTalTuTUIHO-
TO [JEWCTBHE HA CEH3UMHHUTE CUCTEMH U

MeTa0OJIMTHUTE Tpouecd crnupar. KoHKpeTHO
pudamunuasT uHXxuOnpa PHK-momumepasara Ha
Escherichia coli, xaro ToBa wuHXHOHpaHe ce
W3BBPIUIBA CaMO IMPH WHHIUMPAHETO Ha IbpBaTra
(dbochoarecrepHa Bpb3Ka OT TMOJMHYKICOTHIHATA
Bepura. [16].

3AKVIIOYEHUE

[Momydenu ca xkommiekcn Ha 3-popmmn puda-
MuIMH —SV ¢ iloHn Ha Texku Mmeranu. Mscnen-
BaHa € aHTHOAKTepualHaTa MM aKTHBHOCT CPEILy
6akrepunte Escherichia coli. TTo crosrta aktus-
HOCT HWOHUTE Ha TEXKHTE METaJH Morar Ja ce
moApensT B cnemHus pex Zn?t>Cu’>VO*>Fe®,
CriuH Oensi3aHusT pupaMULUH NPOsBABA OaKTHPH-
IUACH e(eKT.
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PEINUKJINPAHE HA XETEPOI'EHHU ITOJIMMEPHU CMECH HA OCHOBA
IOJIMITPOIIMJIEH, IIOJIMETHJIEH BUCOKA INITBTHOCT U
HOJMETHUJIEHTEPE®TAJIAT

Jumutpuna KupsikoBa, Atanac Atanacos, ['eopru KoctoB

RECYCLING OF HETEROGENEOUS POLYMER BLENDS BASED ON POLYPROPYLENE,
HIGH DENSITY POLYETHYLENE AND POLYETHYLENETEREPHTHALATE

Dimitrina Kiryakova, Atanas Atanassov, George Kostov
E-mail: dskiryakova@abv.bg

ABSTRACT

Three pairs of polymer blends (PP/PET, HDPE/PET, PP/HDPE) and one triple (HDPE/PP/PET)
were obtained. Dependence of the content of PET on the physicomechanical properties of
heterogeneous blends was studied. The possibility of using compatibilizers in polymer compositions

was examined.

Key words: recycling, blends, polypropylene, high density polyethylene, polyethyleneterephthalate

BBBEJIEHUE

[Momuerunenrerpedranarst (IIET) ce uzmon-
3Ba 3a MPOM3BOJICTBO HA BlakHA, (GWiIMH, OyTHII-
KH C Pa3JINYHO TpeTHa3HaueHue u np. Toma ce
JBJDKH Ha TIOJXOASIUTEe My (QH3UYHU, MEXaHU-
YHU W JPYTH CBOKMCTBA, KaKTO M A0OpaTa Impepa-
6otBaemocr [1].

CpoiicTBaTa Ha PEIUKIUPAHUTE IMOJIUMEPHU
Marepuanu Ha ocHoBa I[IET 3aBucaTr oT MHOrO
(dakTOopu — CBCTaB, AECTPYKIUSA, HaJIUMYAC HaA
pa3IuYHU 3aMBPCSIBAHUS U Jp., HO Hall-BaXkKHA €
CHBMECTUMOCTTA MEXKIY Pa3IUYHUTE MOJIUMEPH.
Bromenara cbBMECTMMOCT BOAM [0 JIOUIO pa3-
npeeNieHne Ha KOMIIOHEHTUTE B CMECTa U HUCKA
anxe3usi MEXAy TSAX, KOETO BJIMsIE HETaTUBHO Ha
(hn3uKOMexaHWnYHHUTE CBOWCTBA. CHBMECTHMOCT-
Ta Ha XETEPOreHHUTE MOJIUMEPHHU CUCTEMH MOXKE
Jla ce TIoJ00pHU Ype3 pa3audHu MeTOIu. [IbpBUSIT
Ce CBhCTOM B JIO0ABSHE HA TPETH KOMIIOHEHT,
MpUTEXaBall cerMeHTH (0JIOK, MPUCAICHU ChITO-
JVMEpPH | JIp.), CITOCOOHH Ha CHEeNn(pUUHO B3aH-
MOJCHCTBUE WM XMMHYHA PEAKIUS C 4YacT OT
KoMmmosuiusaTa [2]. Bropuar Meton ce chCToH B
cmecBane Ha [IET ¢ mogxomsamy GyHKIIHOHATHI
MOJIMMEPH, CITOCOOHHM JIa B3aUMOJICHCTBAT XUMU-
YHO ¢ KpaliHute rpynu Ha nonuectepa [3]. Jpy-
ra Bb3MOKHOCT € J]a C€ CHUHTE3UpaT ChIIOJIUMEPHU
,»iN SitU” TIpK cMeCBaHETO B CTOMMIIKA Ype3 W3-
MOJI3BaHE HAa MOAXOMISIIM MOJUMEPH, ChIBpPKa-
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my (pyHKIMOHAIHN TPYNH, KOUTO B3aHMOJEHCT-
BaT C JPYrus MOJMMEPEH KOMIIOHEHT — Kap0o-
HWJIHU, aHXUJIPUIHY, CTIOKCUIHU U JIp. [4].

3a momoOpsBaHE CHBMECTUMOCTTa Ha CMECH
or IIET wu nosueruneH BHCOKAa IUTBTHOCT
(ITEBII), Kalfoglou u cbrp. [5] TecTBar paznunu-
HHM CHBMECTSIBAIM JOOABKU — HAIp. CHIIOJIUMED
Ha €THJICH C TIMIUIMIMETaKpUiIaT, XUApOoreHH-
paH ChIIOIUMEp Ha CTHpEeH/OyTaaueH/CTHpPEeH ¢
NpUCAZeH MAaJICMHOB AaHXWJAPHI ¥ MaJenHOB
aHXHUIPHUI, MOIU(UIMPAaH CBC CHIOJUMEp Ha
eTH/IeH ¢ MeTwiakpuiar. Hai-1o06bp chBMecCTs-
BaIl eeKT e MoJyUyeH MpH M3MOI3BaHe Ha CHIIO-
JUMEpH, CHIbPKALNIM EHOKCH (yHKIMOHAIHU
rpynd, nopamu ¢akra, ye Te MOrar Jia B3auMo-
JeiicTBaT ¢ KpallHUTE XUAPOKCWIHH U KapOOK-
cwinu rpynu Ha [IET. YcranoBeHo e, 4e 3a cMme-
cu ot 80% ITEBII u 20% IIET naii-ehekTHBHO €
Jla Ce TOJIy4H ,,iN Situ™ chIIoMMMep Ha STUIICH C
ranuanIMerakpuiar B cmecra [6]. Akkapeddi n
cbTp. [7] mokassar, 4e cmecuTe 6e3 CHBMECTS-
Bama jnobaBka u cbabpkanue Ha 50% IIET ca
M3KIIIOUMTENTHO Kpexku. [Ipu oTHOcHTENHO Tro-
JeMH KOHLICHTPAIlMM Ha CHIIOJIMMEp Ha CTUIICHA
¢ rmunuauamerakpuiaar (10%) B cucremara ca
MOJyYCHN 33J0BOJMTENHU CBOMCTBA, OTHOCH-
TEJHO YIbJDKeHUE Tpu omrbH 55% W yBennuasa-
HE Ha SKOCTTa Ha ymap mo M3ox ot 16 ma 134
Jim.

[Mono6uM cpBMecTABaNIM JOOABKH Ca U3MON3-
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BaHU U IPY KOMITO3UIIMH Ha OCHOBA MOJUIIPOIH-
nen (ITIT) u TIET [8, 9].

llenta Ha HacTosmara pabota € ga ce H3-
cle[Ba BIMSAHHMETO HA JIBa THUIA CHhBMECTSIBAIIH
N00aBKH BBPXY PELIMKIMPAHETO U CBOICTBATa Ha
JIBOMHU ¥ TPONHU IOJUMEPHU CMECU Ha OCHOBA
MOJIUIIPONIMIIEH, TIOJTMETUIIEH BUCOKA IIIBTHOCT U
ToJTHEeTHIICHTEpadTaIar.

EKCIIEPUMEHT

W3znon3saHu ca MONMETWIEH BHCOKA ILTHT-
HOCT ¢ uHjekc Ha crommika 1,9 — 3,4 g/10 min u
mrstHOCT 0,954 — 0,960 g/cm®, mapka "Bynen",
mpou3BoACTBO Ha ,Jlykoitn Hedroxum Byprac”
AJl, BTOpUYHU TOJUNPOIWIEH U TOJUETUICHTE-
pedranar. Karo cpBMecTsBamy q00aBKH ca W3-
TNIOJI3BaHM TIOJIMMEPHA KOMITO3MLUS Ha OCHOBA
MEBII, miactudukaTopy U APYyrH KOMIIOHEHTH
[10] u Onokcwnonumep “Lotader AX 8860",
npoaykr Ha ¢upmara Arcema Co., Dpanuus
[11], o3HaueHu cHOTBETHO Karto noOaBka 1 u
nobaBka 2.

Peuuknupanute I1I1 u I1IET ce cMunar Ha na-
6oparopua poropua Mennuia (Fritsch, T'epma-
Hus). CowrmacHo w3uckBanuwsra [12,  13],
npensiseHu kbM IIET, cmieHusT marepuan ce
cyly B Ja00opaTopHa BaKyyM CyIIWIHS npu 423
Ksa 6h.

Ot IIEBII u cmnennte ormaasiu ot IIET ce
noaroteat cMecu B ceotHomenne 90:10, 80:20
65:35 6e3 nobaBka u ¢ 106aBku 1 1 2 B Konnuec-
TB0O 5 mass%. Cmecure ce XOMOI€HH3HpAT B
7a00paTOpeH eKCTPyAep C OTHOLICHHE Ha JbJ-
JKMHATa Ha ITHEeKa KbM aumamerspa my (L/d) 7
u 15 npu 543 K. AHanoru4Ho ce U3roTBAT CMe-
cute ot [III/TIET B crotHomenue 90:10, 80:20 u
65:35 0e3 mobaska u ¢ 100aBku 1 u 2 B KoM4ec-
TBO 5 Mass%. [IpepaboTBaT ce mpu ChIUTE yC-
noBusi. 3a [TEBIT/IIIT KoMIIO3UIIMKUTE KOMITIOHEH-
TUTE ca B CIIEAHUTE ChoTHOLIEHUs — 25:75, 50:50
u 75:25. XoMoreHu3upar ce B JIaDOpaTopeH eKc-
tpynep ¢ L/d =15 npu 463 K. [ToarorBenu ca u
tpoiinu cmecu ot [TEBIV/IIII/IIET B choTHOMIE-
Hus: 45:45:10, 40:40:20 n 32,5:32,5: 35. Cmecu-
Te ChIIO ca 0e3 M C MOCOYEHUTE N0OABKH U KO-
JIMYECTBO CHPSMO OCTAHAJIUTE KOMIOHEHTH.

[lonyyenute OBOMHU U TPOMHU MOIUMEPHU
KOMIIO3UIIMM ca TIPECOBAaHM HA XHAPABINYHA
npeca (Celst, Urtanus) npu 15 MPa u 540 K, a
ITEBIT/IIIT kommo3unuute — npu 463 K.

WNHaekchT Ha CTONMMIIKA 32 ONTHMAIHATA TPO-
fiHa cMec MpH pa3uyHa KpaTHOCT Ha MpepadoT-
ka e onpenenex Ha anmapat MFI 3350 (Prodemat,
@panrus) npu Temneparypa 538 K u HaroBap-
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Bare 2,160 kg. Ckanupamure eJ1eKTPOHHO MHK-
POCKOIICKH W3CJICIBAHUS Ca TIPOBEICHH HAa MUK-
pockon Ha ¢upmata "Hitachi”, mogen SEM S-
4500.

SxocTHOME(DOPMAITMOHHHATE CBOMCTBA ca OIl-
peneneau Ha guHamoMeThp INSTRON 4203
(Anrmus) npu ckopoct 50 mm/min u craiina
Temrieparypa. SIKocTTa Ha yap e onpejeiieHa mo
MeTona Ha Illapmnu, kJ/m?. TlrsTHOCTTA IpH CTa-
MFI
MVI
glcm3, kbpaeTo MFI — teumBoctra mo MFI me-
toma, 9/10 min, a MVI — teunmuBocrra mo MVI
meroza, Cm?/10 min.

MsHE € ompejelieHa no (GopMmylata: p =

PE3YJITATHU U OBCBHXXJIAHE

W3cnenBann ca TpH MOJENHH JBOMKH IOJH-
mepu (IITI/IIET, MEBIVIET, MIVIIEBI) u
enna tpoitaa (ITEBIV/IIII/IIET). IIspBoHavanHo
€ W3CIEeIBAHO BIMSHUETO HAa KOJWYECTBOTO OT
I[ET Bbpxy (U3MKOMEXaHUYHUTE CBOHCTBA Ha
xereporennute cmecu III/TIET u ITEBII/IIET.
Crienut ce mpomsiHaTa Ha SKOCTTa IPH ONBH (0,
MPa), oTHOCHTENHOTO yabibkeHue (&, %), Momy-
na Ha Young (Y, MPa) u sxoctTa Ha yzaap (oyy,
kJ/m?).

Ha ¢wur. 1 u 2 ca orpaseHu 3aBUCHMOCTHUTE Ha
SIKOCTTa IIpU ON'bH OT chabpkaHueTo Ha IIET B
cmecute (¢, m, A — 3a CbOTBETHUTE CMecH 0Oe3
nobaBka; O — ¢ qobaBka 1 u A — ¢ qobaBka 2). Ot
XOJla Ha BCHYKH KPHUBH C€ BIDKAA, Y€ C yBeJIHYa-
BaHe Ha cpabpkanuero Ha IIET sxocrra ce
BJIOIIaBa. AHAJIOTMYHA € NMPOMSHATa U 32 OCTa-
HanuTe (uznkoMexaHnuHu mokaszatenan (Tao-
auna 1). ToBa ce IbJDKU Ha XETEPOTeHHHS Xapa-
KTep Ha MOJTYYCHHUTE NOJIUMEPHU KOMITO3HIIUH.

Ot ®uwr. 2 ce Bk chio, ye ipu L/ d =15
SKOCTTa Ha KOMIIO3WIMUTE € 3HAYUTEIHO II0-
BUcOKa oT Ta3u npu L/d = 7. Ta3u 3aBucumoct
e mo-mo0pe M3pa3eHa 3a CMECHTE Ha OCHOBA
IIT/TIET. Tlo-mobpuTe mMOKa3aTelld Ha IOCOYe-
HUTE KOMIO3UIMH C€ IBJDKAT Ha MO-T00pOTO
XOMOTEHH3UpaHe. 3aToBa HIKOW M3CIEeI0BATEIN
M3TOTBAT IIOJIMMEPHUTE CMECH Ha [Ba eTara
[14], apyru mnpemopbuBaT eKCTpyAep C TO-
romsivo L/d.

CepimecTByBaT pa3pabOTKH, TOCBETEHH Ha
LEeJICHACOYCHOTO CHHTE3MpaHe Ha OJIOKCHIIOIH-
MEpH U TSIXHaTa MOJH(UKANUs 3a MOJ00psIBaHe
Ha CHBMECTHMOCTTa Ha Pa3HOPOAHH ITOJIHMEPH
[15]. KonnyecTBOTO Ha TO3W BUI JOOABKU Bapu-
pa B mpoku rpanuim (ot 5 10 25 mass%), Ho ¢
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®ur. 2. 3aBUCUMOCT Ha MaKCHMaJjHaTa SKOCT Ha
cmecu ot INEBIITIET u III/TIET 6e3 noGaska
ot chabpkanueTo Ha [IET npu pasnuyHo OoTHO-
menue L/d

OrJie]l Ha TeXHOJOTMYEH U MKOHOMHYECKU e(DeKT
OIITMMAJIHOTO UM KOJHYECTBO € OKOJIO 5 mass%.
HMeHHO B TakoBa KOJIMYECTBO Ca BHACIHU H3-
ITOJI3BAHHUTE OT HAC TOOABKHU.

EdexTsT OT BrusSHHETO Ha NOOABKUTE € W3-
clenBaH 4pe3 YCTAaHOBSABAaHE Ha IpPOMSHATa Ha
SIKOCTTA Ha yJap W MPU OI'bH, OTHOCHUTEIHOTO
yABIDKEHUE U Monysia Ha Young. Ot kpuBuTe 3a
sikoctTa nipu orrbH (Pwur. 1) ce BwKaa, ye 100aB-
KHUTE TIPOSIBABAT CBOETO JICHCTBHE MPHU KOJIHMYEC-
tBa Ha IIET B cmecta Haxg 20 mass%. IIpubass-
HeTo Ha jobaBka B cmecta [TEBII/IIET mpu ko-
mnuectBo Ha IIET, mo-manko or 20 mass%, e
npoMeHs skocTTa. [Ipu moBuIIaBaHe Ha KOJIMYe-
crBoto Ha [IET, nobaBka 2 yBennuaBa SIKOCTTa
MoBeye, OTKOJIKOTO Jo0aBka 1. ChIoTO Baxku U
3a SKOCTTa Ha yJap U OTHOCHTEIHOTO YIIbJIXKE-
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HUe. BHacsHero Ha go0aBKkHTE B CMecTa
II/TIET nmopu BiomiaBa ciabo Momyjia Ha
Young. MMa u3BECTHO yBelnMYaBaHE Ha SKOCTTa
Ha yaap (Tabmuia 1), K0eTo € B ChOTBETCTBHE C
pe3yiTaTUTe OT ApyTH u3ciaeasanus [14].

3a ;1a ce mpeMuHE KbM TPOHHATa CUCTEMa OT
MOJIMMEPH, C€ ONTUMHU3HPA ChCTaBa Ha JIBOMKATA
ITEBII/IIIL. 3a menra ca u3pabOTEHH CMECH B
cpotHOmenue [IEBII/III 25:75, 50:50 wu
75:25. Ha 1s1x ca cHeTH sikocTTa pH ombH (0T 23
1o 32 MPa 3a xommosunusarta ITEBII/IIII), sko-
CTTa Ha yJap, OTHOCHTEIHOTO YABJDKEHHE TPH
ombH U MoaynbT Ha Young (Tabmuua 1). Ipum
W3CJIeIBAHUTE CHOTHOIICHHS MEXIY KOMIIOHEH-
TUTE HMa psA3Ka MPOMSHA B SKOCTTA P OITBH U
3aToBa MpH M3pabOTBaHE HA TPOWHATA KOMIIO3H-
uust ITEBIT u IIIT ca B3etn B choTtHOwmeHue 1:1.
Uzpabotenn ca cmecu ¢ koimdectBo Ha [IET
cipssMo octaHanutTe kommonentd 10, 20 u 35
mass%, 0e3 goOaBKa U ¢ ABETE H00ABKH B KOIHU-
gecTBOo 5 Mass%. Toa e HampaBeHO, 3a 1a ce
MPOCIEN BIMSHUETO HAa ABETE NOOABKH BBHPXY
CBOMcTBaTa Ha TPOWHUTE Kommo3uiuu — @ur. 1
u Ta6muna 1. Ot Xo/1a Ha KpUBHUTE CE€ BIXKIA, Y€
npu koiaudectBo Ha ITET 10 mass% moOaBkute
BiomaBar skoctra. C yBequdaBaHe Ha KOJIHMYEC-
TBOTO Ha moiapHus noiammep Hax 20 masso,
JI0OOABKHTE 3aIo4BaT J1a MPOSBSBAT CBOSA €(EKT.
Jo6aBka 1 He yBenmnuaBa sIKOCTTa MpPHU ON'BH Ha
TpOWHATa KOMITO3UIHS, JIOPH S BJIOIIABA, JOKATO
no0aBka 2 yBenn4aBa sIKOCTTa IPH OITbH U yJIap.

CregBamusT eram OT HacTosIara padora e
M30UpaHETO HAa ONTHMAJICH ChCTaB Ha TpOWHATa
KoMTo3uius. Bb3 0OCHOBa Ha MONYYEHUTE Pe3yil-
TaTd ¢ u3bpaHa cmecra ¢ 20 mMass% cuaBp-
>kanue Ha [IET. IIpu nmo-BUCOKO ChabpKaHUE HA
IIET ce BnomaBa CHUJIHO Ka4ECTBOTO Ha CMECTA U
HeifHaTta mpepaboTBaemMocT. OnTUMaHATA CMEC
e mpepaboTeHa MeTKPaTHO, 3a /1a Ce OTYETE BIIH-
SHAETO HAa KpPaTHOCTTa Ha npepaboTKa BBPXY
CBOMCTBaTa H.

Ha ®ur. 3 ¢ nokazana npoMsiHaTa Ha SIKOCTTa
IIPH OITBH OT KPaTHOCTTa Ha npepaboTka. OT Hes
Ce BMXKJIa, Y€ TS HE CE MPOMEHS 3HAYHUTEITHO MPH
cMmecrta 0e3 mobaBka, TOKAToO MpH cMecTa ¢ Jo00a-
BKa 2 MpH BTOPUS IIUKBJI HA TIPEpabOTKa SIKOCTTa
ce moBumasa ot 12 Ha 18 MPa u nmouru He ce
MPOMEHS 10 YETBBPTHSA IHKBI Ha TpepaboTka.
To3m ckok mpu IByKpaTHaTa mpepaboTka Moxke
Jla ce O0SICHM C MMOo-700para XOMOI€HU3alus Ha
cmecra. Jlo6aBkaTa € B MHOTO MajKO KOJHYECT-
BO B CpaBHEHHE C OCTAHAINTE KOMIIOHEHTH U €
HEOO0XOAMMO MO-100p0 cMmecBaHe. ChHINUAT H3-
BOJ MOXE Jia C€ HampaBH H OT 3aBH-



Tadauua 1. 3aBUCHMOCT Ha HAKOM (DHU3MKOMEXaHUYHH CBOMCTBA Ha cMecu Ha ocHoBa [TEBIV/IIET, TITI/TIET, ITEBIVIII/TIET u ITEBIV/III B pa3nudtu cbo-

THOLIIEHUs 0e3 nobaska u ¢ nodaska 1 u 2

Hokasatenn IMEBII/TIET IITIET NEBIVIIII/IIET IEBII/IIIT
90:10 80:20 65:35 90:10 80:20 65:35 45:45:10 40:40:20 32,5:32,5:35 25:75 50:50 75:25
&, %
0e3 mobaBka 8,2 55 3,4 24,7 19,3 13,9 7.1 3,9 2,9
¢ no6aska 1 11,6 6,8 3,5 23,1 19,5 13,1 5,8 3,9 2,9 10,9 12,7 12,8
¢ no6aBKa 2 8,4 6,2 47 21,9 21,1 14,6 5,0 4,2 2,9
Y, MPa
0e3 nobaBka 573 631 632 865 853 950 616 678 584
¢ no6aska 1 509 608 716 796 836 876 631 614 448 577 540 473
¢ no6aBKa 2 514 536 624 722 811 792 557 542 614
Oy kJ/m?
0e3 nobaBka 12,7 51 45 5,9 3,4 3,0 54 3,1 2,4
¢ no6aska 1 25,5 52 4,1 9,8 47 3,6 3,8 3,6 2,8 8,0 2,4 6,9
¢ nobOaBka 2 24,2 7,2 5,2 8,3 6,0 3,7 7,0 3,7 3,3

cumoctute Ha dur. 3 3a IKOCTTA HA yAap B 3aBUCHMOCT OT KPaTHOCTTA Ha
npepaborka. Bmwxna ce, ue 6e3 moOaBka SIKOCTTa Ha ynap HE ce MPOMEHS
CBIIECTBEHO, JIOKATO ¢ JIoOaBKa MPH BTOPHS KB HA NpepadoTKa SKOCTTa
HapacTsa ot 4 ua 10 kJ/m?.

Ha ®wr. 4 ca moka3zaHu MpoMsHATa Ha MHJCKCA HA CTOMWIIKA OT KPaTHO-
CTTa Ha TpepaboTKa 3a TpoiHata cucrema ITEBIT/ TITI/TIET = 40:40:20 6e3 u
¢ nobaeka 2. M3BecTHO €, Ye MHACKCHT Ha CTOIMJIKA € KOCBEH MoKa3aTesl 3a
MPOMSIHA Ha MOJIEKYJIHATa Maca Ha npepaboTBanuTe mosumepu. OT n3MeHe-
HHETO Ha X0J]a Ha KpUBaTa Ha cMecTa 0e3 J100aBka MOXKe Ja ce ChJIU 3a 3Ha-
YUTEJIHU JIECTPYKIIMOHHU TPOIECH, KOUTO Ca SICHO M3Pa3eHH CJEIl TPETHUs
KB Ha mpepaboTka. ChIOCTABIWKHA B3aMMHOTO Pa3MOJIOKEHHE HA JBETE
KPHBH, CE B, Ye Ol NPU IIbpBaTa mpepaboTka qobaBkara criomara 3a
MEXY(Ha30BOTO U MEXKIYMOJICKYITHOTO B3aUMOJICHCTBHE MEX Ty KOMIIOHEH-
TUTE Ha cMecTa (MHAeKca Ha crommwika € 4,5 mbTu mo-uuchk). OCBEeH TOBa
ce BIDKJA, Y€ YaK Clie]] YeTBbPTHS LUKBJI HA MpepadoTKa WHIEKCa Ha CTO-
IHIIKa ce yBemuuasa 10 6,2 g/10 min, T. e. 3amo4Ba TepMUYHA JECTPYKIINSA
Ha M3CJIC/IBaHATa KOMIIO3HIIHS.

77

B Tabnuua 2 ca nokazaHu 3aBUCUMOCTUTE Ha MOAyJa Ha YOUNg, IIBTHO-
CTTa B CTOIIEHO CHCTOSHHE W 00eMHHAT wuHAekc Ha tedene (MFI, cm®/10
min). ITociexnuTe qBa MOKa3aTessi ca BaXKHH 3a OIPEIeISIHE POU3BOUTEN-
HOCTTa Ha eKcTpyaepa. MoxynbT Ha YOUNQ ce OHMKaBa MPH U3I0N3BaHe Ha
no0aBKka 2 W ¢ TIOBUIIIABaHE HA KPATHOCTTA Ha mpepadoTrka. ChIioTo ce Hab-
JI0JJaBa U IPU IUTBTHOCTTA B CTONEHO ChCTOstHME. OOEMHMAT MHAEKC Ha
TedeHe Ha KOMITO3UIUUTE € 3HAYNTEITHO MO-HUCHK TP M3MOJI3BaHe Ha 100a-
BKa 2 ¥ CHJIHO Ce MOBHUIIIaBa C yBeJIMYaBaHE HA KPAaTHOCTTA Ha MpepaboTKa,
nocrturaiiku o 32,0 cm®/10 min TIpH MIETHS IUKBI Ha TIpepaboTKa.

Ha ®wur. 5 a e nokazana mukpodororpadust Ha KOMIO3UIUATA HA OCHOBA
IMEBIT/TIET = 65:35 6e3 no6aska. [uckpernara ¢asa ot [IET npencrasnssa
3ppHa (“site”) B marpunara ot I1EBII ¢ sicHo u3paseHa (a3oBa rpaHuiia
MEXIy TAX. 3a MMOCOYEHaTa KOMIIO3WIHMS TPH CHIIOTO CHOTHOLICHHE Ha
KOMITOHEHTHUTE C U3I0J3BaHe Ha qo0aBka 2, ABere (a3u ce pazMuBar. [uck-
perHara ¢asza e JoOpe pasmpenesieHa ChC Cad0 M3pa3eHU XETePOreHHU
o0JacTy.



SKOCT Ha yL[ap,k.]/m2

Ta6auna 2. 3aBucuMocT Ha Momyja Ha Young,
IIHTHOCTTA B CTONEHO CBHCTOSHUE W OOEMHUS
WHJICKC Ha TEYCHE OT KPaTHOCTTA Ha mpepadoTka
Ha cmec TTEBIT/IITI/TIET = 40:40:20 6e3 no6as-
Ka ¥ ¢ nobaBka 2

SIKOCT 1ipu oibH, MP:

1 2 3 4 5
KpaTHOCT Ha IpepadoTKa

®@ur. 3. 3aBHCHMOCT HAa MaKCHMaJHaTa SKOCT H
sKocTTa Ha yaap Ha cmec ot IIEBIIVIIII/IIET =
40:40:20 ot kpaTHOCTTa Ha IpepadoTKa

20 10

&

8

HHAEKC Ha cTommwika, /10 m

(&)
T

N
\

®ur. 4. 3aBUCHMMOCT Ha WHJIEKCAa Ha TEUYCHE U
OTHOCUTEITHOTO YJbJDKEHHE MpPU OIMbH HA CMeC
ot ITEBII/IITI/TIET = 40:40:20 ot kpaTHOCTTa Ha
npepaboTka

Ot neprneHauKyJIsapHUS u3rien Ha dur. 5 6 ce
BIDK/IA, Y€ UMa 3PBHIIA, U3MBKHATH OT MOJIMMEp-
HaTa marpuiia. ToBa € B ChOTBETCTBUE C JIAHHH-
Te oT MexannunuTe m3nuranus (Pur. 1 u Tab-
nuna 1).

AHAJOTMYHO HA MOCOYEHHTE MO-0JIy CHUM-
k1 3a komnozuuuute ¢ [IEBII u Te3u Ha ocHOBa
III/TIET = 80:20 Ge3 nobaBka cucremara € JIBY-
¢a3Ha c nobpe ouyepTaHum Mexay(}azoBH rpaHu-
. OTHOBO jauckperHara ¢asza e noja dopmara
Ha 3pbHI@a B Marpumara ot IIIT (®ur. 5 e).
CrpykTypara e TBbp/ie pa3indHa — cepuTre ca ¢

I[MEBIVIIII/TIET
IToxa3zarenu 40:40:20
1 2 3 4 5
Y, MPa
0e3 mobaska 680 650 640 615 -
¢ nobaBka 2 540 460 465 445 445
p, glem?
6e3 mobaska 0,65 0,57 0,54 0,54 0,55
cmodbaBka?2 091 0,85 0,84 0,79 0,75
MVI, cm®10 min
0e3 nobaBka 124 12,3 185 22,7 32,0
cnobaska2 23 23 26 38 80
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pa3iIuYHU pa3MepH.

Ha cnenpamata @wur. 5 2 ce Buxkna, 4ye cre-
NEHTa HAa XOMOICHM3allMsd Ha XeTepOoreHHaTa
ouxommnonentHa cuctema IITT/TIET = 80:20 ¢
nmobaBka 2 e yBenuueHa. TyK ChIo ce Hadmoa-
BaT 30HHM, KOWTO O] JCHCTBUETO Ha J0OaBKara
ce ChBMeCTsBaT ¢ Marpuiara. Jlopu 3bppHara ce
BrpaX/1aT B TOJHUIIPONAIICHOBATa MAaTPHIA. 3bp-
HaTa BCE IMaK CHIIECTBYBAaT M CHBMECTSIBAIIHST
e(eKT He € TOIKOBa 100BP.

[Tpu Tpoitnata kommosuuus [TEBIV/IIII/IIET
= 32,5:32,5:35 6e3 nmobaBka chIO ce HaOIr01aBa
pascnosBane Ha dasute. [IEBII u [1I1 o6pazyBar
noJimojie(puHOBa MaTPHIA, B KOATO CE€ pasmpere-
gt 3bpHata ot IIET (®wur. 5 0). Bmxknar ce to-
myeta oT IIET u usmbkHatu rHe3na. Kommosu-
[UATa € ChC CUJIHO M3pa3eHa xeTepodasHa CTpy-
KTypa. 3a TocodeHaTa TpOHA KOMIIO3HIUS H
IpH M3MOJI3BaHe Ha no0aBka 2 ce HaOJroJaBa
noo0psiBaHe Ha XOMOTCHHOCTTA. BbIpeku ue
no0aBkaTa OKa3Ba ChBMECTSIBAILOTO JICHCTBHE,
Bce TaK ce HabroaBa U3BECTHA XeTepo(a3HOCT.
[Ipu m3non3Bane Ha A06aBka 1 OTHOBO ce HaO-
moAaBar IibTHU Jebenu BnakHa ot [1I1, 3aenHo
¢ mno-pasnpbcHatuTe cTpykTypu Ha IIEBII u
SICHO BIKmamnu ce 3bpHa ot I1ET. Hama ceBMec-
TSBAIIO JIEHCTBUE, KOSTO € HAITBJIHO OOSICHUMO C
(hakra, ye mo6aBka 1 He chABPKA MOJSPHU TPY-
mu. Cioydasrt e mono6eH ¢ To3u Ha dur. 5 0, HO
uMa U pasiata ¢a3oBa rpaHuia. ToBa € MoJimo-
nepuHOBaTa MaTpPHUIIA, KOSATO 100aBKaTa ChBMeC-
TsBa, HO He Moxke ga cbBMecTtH IIET. ScHo ce
ouepraBat Tpute (pa3u — mrpTHA OT III1, OT KOM-



®ur. 5. Mukpodororpaduu (yBemuuenue x 450 ) na cmecu ot IIEBIV/IIET = 65:35 Ge3 no6aska
(a) m ¢ nobaska 2 (6); TITI/TIET = 80:20 6e3 nob6aska (8) u ¢ mobaeka 2 (2); ITEBIVIITI/TIET = 32,5:

32,5:35 6e3 mobarka (0) u ¢ nobdaska 1 (e)

to ca m3MmbkHatu [IET 3ppHa, IIEBII, rpanu-
yenr ¢ [1I1, nusmbkuaatu [IET 3ppHa (Pwr. 5 e).

U3BOIN

YcranoBeHo e, e cpabpxkanuero Ha [IET B
nsoitaute (ITTI/TIET, TIEBIVIIET, TITI/TIEBIT) u
tpoiinu ([TEBIV/IIII/TIET) cmecu He TpsiOBa 1a e
Haj 35 Mass% mopaau MOHMKaBaHE HA SKOCTHO-
neopMaIIOHHUTE XapaKTEPUCTUKH ¥ BIIOIIA-
BaHe Ha mnpepaboTBaeMocTTa. [lOJNIOKUTETHO
BJIMSHHE Ha JO00ABKHTE B MOJIYYCHUTE XETEPO-
TFCHHU CMECH C€ MPOSABSABA MPH ChIbPKAHHE Ha
INET mam 20 mass%. Ilpu Ttoa moOaBKaTa
"Lotader AX 8860" e mo-ceBMecTHMa W TIO-
MOAXOASAIIA, 0COOSHO MPH SIKOCTTA Ha yaap.
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SYNTHESIS OF HYBRID COPOLYMERS CONTAINING POLYPEPTIDE BLOCKS
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ABSTRACT

In the present work, self-associating hybrid copolymers containing thermosensitive and

polypeptide blocks were synthesized via

controlled ring-opening polymerization of M-

carboxyanhydride (NCA) of Z-L-lysine (Z-L-Lys-NCA), initiated by functional macroinitiators poly(N-
isopropylacrylamide) containing 10 mol. % of poly(ethylene glycol) grafts and a terminal primary
amine group (PNIPAm-g-PEG)-NH,. The formation of the copolymers was confirmed using IR

spectroscopy, 'H NMR and GPS analysis

Key words: Self-associating hybrid copolymers, N-carboxyanhydride of Z-L-lysine (Z-L-Lys-NCA),

properties
BBBEJIEHUE

CbBpeMeHHATa HayKa MPOsBSBA TOJSIM WH-
TEPEC KbM IMOJTYyHaBAaHETO Ha HOBU IMOJIMMEPHU C
JneGUHUpaHN ChCTaB U cBoMcTBaA. [lonumepure
c OJokOoBa apxXWTEKTypa ca B OCHOBaTa Ha
Pa3HOOOpa3eH Kiac Marepuaiu, 0coOeHO 3Ha-
YUMH 32 HayKaTa ¢ pa3jIMyHUTE CH OHOMEIH-
[UHCKU MPUJIOKEHUs. BIIoKoBUTE chronuMepn
Morar Jia caMoacolHpaT B arperatd C pas-
nruyHa MopQonorus (MUIETH, BECUKIOIH, I[H-
JVHPUYHU U KOMIUIEKCHH CTPYKTYpH) U TOBa
TAXHO CBOICTBO € B OCHOBATa Ha Jqu3aiiHa Ha
HOBU MaTepUalld U CTPYKTYpH, OOCIMHSIBAIIN
pasnuunu xapakrepuctuku [1,2]. Baxen moj-
XOJI IIpH Jn3aliHa Ha OMoMaTepHaly € Ch3/laBa-
HETO Ha T. Hap. XUOPUAHU CHIOJIUMEPH, Ch-
JUbpXKAId CUHTCTUYHU W TIOJUMNCITUIHU Cer-
MmeHTH. [lenTa e na 6baaT KOMOWHUpAHH Tpe-
JTMCTBaTa HAa CHHTCTHYHUTE TIOJUMEPU H
ounonomumepuTe. XUOPUIHUTE MOTUMEPH TTPH-
TEXaBaT CAHOBPEMEHHO OHOCHBMECTUMOCT H
OMopasrpaiMMOCT, XapaKTepHU 3a OHOIMOJH-
MepuTe, ¥ pasHooOpasue OT CTPYKTypU U
KOHTPOJIMPAHU CBOWMCTBA, KOUTO C€ ABJDKAT Ha

CUHTETHYHHTE TTOJTUMEPHH CETMEHTH.

IMonu(N-u3onponunakpunamu)-bt (PNIPAM)
€ TepPMOYYBCTBUTEJICH IIOJIMMED C JOJIHA KPUTUYHA
TeMIlepaTypa Ha pas3TBapsHe BbB Boga ~ 32 "C.
Ilon Ta3u Temmepartypa Toi € XuapoduieH, a Hax
Hes cTaBa xuapodooeH. ToBa ro mpaBu MOAXOISII
3a IojlyyaBaHe Ha T.Hap. ,,JIBOMHO-XHIPOQHIHH"
xuOpuaau 6710K0BH chronumepu. [Ipu moBuimasa-
HE Ha TeMIeparypaTa Te3U CHIIOJIMMEPH OT BOJO-
pasTBopuMH cTaBaT aMm(puUIHE, KaTo oOpa3yBa-
HHUTE arperatu ce CTa0MIU3UpaT OT Pa3TBOPUMHTE
HOJMIIENTUAHKU OnokoBe. TBH KaTro HONMUIENTUA-
HHUTE CEIMEHTH Ca YyBCTBUTEJHHU KbM IPOMEHH B
pH Ha cpenmarta, a CHHTETHYHHUSAT OJOK € TEpPMO-
YyBCTBHUTEJEH, TO XUOPHUIHUIT CBHIIOJIUMEp CTaBa
YyBCTBUTEIEH €IHOBPEMEHHO M Ha JBaTa BUAA
BBHIIIHU Bb3A€HCTBUS. ToBa OTKpHBa HOBU Bb3-
MOKHOCTH 32 MOo-()MHO HAacOYBaHE Ha MpeHoca U
0cBOOOKIaBaHETO Ha JIEKapcTBa IpU Ouomenu-
LUHCKH IPUIOKEHHUS.

Temnepatypuust npexon na PNIPAM moxe na
ObAe HAcOYCH B €JHA HWJIM Jpyra IOCOKa dYpe3
BKJIIOYBAHETO MYy B CBHIIOJUMEPH, ChIbPKaIln
(YHKIMOHAIHYU TPYITU WIK OJIOKOBE, CKIIOHHH KbM
cneunpruHN B3aUMOAEHCTBHA. B 3aBucuMmocT OT
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TEXHUS XapaKkTep MOXKe Jia Ce Ch3aaaT MHOTO
YyBCTBUTEIIHU CHCTEMH, KOUTO Ja MOKa3Batr
KOMILIEKCHO noBeneHue [3].

Iomuerenrnmukonsr (PEG) gaBa MHOro
aTpakTHBHAa KOMOWHAIIUS OT CBOMCTBa KaTo
OTJINYHA Pa3TBOPUMOCT BbB BOJIA, TOJISIMA T'bB-
KaBOCT Ha IMOJMMEPHHUTE BEPUTH, HUCKA TOK-
CHUYHOCT, UIMYHOT'€HHOCT U aHTUreHHocT. PEG-
NOJIUTCTITHIHATe XUOPHIHU CBHIOIUMEPH C
NOTCHIMAIHU TPUIOKEHUSI B CUCTEMHTE 32
MPEHOC Ha JIEKApPCTBA CE OTJIMYABAT C HHCKA
TOKCHYHOCT, OHMopa3rpaauMocT u (Gopmupane
Ha CTaOWJIHHM arperatd. B pe3ynrtar Ha BBT-
PELIHO-M MEXIyMOJICKYITHH B3aUMOJICHCTBHUS
MEXy TOJUTNENTHIHUTE BEPUTH CE TMOCTHUTa
KOHTPOJIMPAHO OCBOOOXKIaBaHE HA JICKAPCTBE-
HU cpecTBa, 0e3 Ja ce HapyllaBa KOJIOHWIHATA
CTaOMITHOCT HA YaCTHUITHTE.

[IpuCHCTBUETO HA MONUICTITHIHUTE OJIOKO-
BE TMO3BOJsIBA (POPMHPAHETO HA HMHTEPECHH
CYIPaMOJICKYJTHH HaHOCTpyKTypu. ToBa ce
OCBIIECTBSABA MOCPEJCTBOM HEPAPXUIHOTO UM
caMoacoIMUpaHe B Maca U B pa3TBOp, IbJDKa-
IO ce JIO rojisiMa CTEMeH Ha 00pa3yBaHEeToO Ha
XapakTepHHUTE 32 MPOTEUHUTE CTPYKTYpPH Upe3
BBTPEIIHO- ¥ MEX/IyMOJICKYJIHH B3aHMOICHCT-
Bust [4-7]. ITlomyuaBanero Ha XUOpHIHU
OJIOKOBU CBIIONUMEPH, ChIBPIKAIIM TOTUIICT-
THJICH CETMEHT, C€ M3BBPIIIBA 110 J[BA METO/IA:

- TBbpIO(DA3CH-TIENTHUACH CUHTE3 U MOCIE-
Balll0 CIBOSIBAHE C KApOOKCHIHO (HYHKIIHO-
HAJIM3UPAH MOJIHUMED;

- Ype3 MOJMMEpHU3aLHsl ¢ OTBApSHE HA MPb-
crena Ha N-kapOokcuanxuapun (NCA) Ha a-
AMUHOKHCEJIMHH, WHUIMHPaHA OT aMHHO-
(bYHKIMOHAIN3UPAH MaKPOUHUITHATOP.

[TbpBUAT METOA TMO3BOJISIBA IIOJy4aBaHETO
Ha MHOTO 100pe AehUHUpaHH MOTUMEPH C MO-
HOJIVCTIEPCEH TOJNIMTENTHIEH cerMenT. Henmo-
CTaThK Ha TO3M IMOJXOJ €, Ye € CKbII, MHOTO-
eTareH W OTHeMaIlll MHOTO Bpeme mporiec. J[o-
OMBHTE Ca HHCKU W HSIMa BB3MOXKHOCT 32 IO-
Jy4aBaHe HAa BUCOKOMOJICKYJIHHU MPOTYKTH.

[Monumepuzanusta va NCA ot apyra ctpa-
Ha € CPABHUTEIHO JICCHO U3MBJIHHMA U MO3BO-
JIsIBa MOJTy4aBaHETO Ha MO-TOJEMH KOJIMYECTBA
nponykt. IlopagM KOMIUIEKCHUS MEXaHU3bM
HAa TIONMMMEpPU3AIHITA MOJYYCHUTE TMOJHUIICT-
TUJN YeCTO ca C MIMPOKO pasmpeesieHHe Mo
MOJIEKYJTHA MacH, KOeTO Hajara (ppakiuuoHH-
paHe Ha MPOJYKTUTE M H30JIUpaHE HA MOHO-
JCTIEPCHHUTE ChITOIMMEPHH (pakiun [8,9].

Pa3paboTeHn ca HSAKOJIKO MOAXOAa 3a MO-
CTUT@HE Ha MO-I00bp KOHTPOJ HaJ MOJIUMEPH-
samuata Ha NCA. Haii-eexTuBeH u IJecHO

u3IBIHNM € MeTonsT Ha Dimitrov u Schlaad [10],
B OCHOBATa Ha KOWTO € MPEBPBIIAHETO HA MBPBUY-
HATa aMHHHA Tpyla Ha MaKpOWHHUIIMATOPA B amo-
HHEBa COJI M MPOTHYAHE HA MMOJMMEPH3ALUITA IPH
rnoBumieHa Temmeparypa. C TO3u METOXI ce M30sT-
BaT CTPAaHHYHHUTE PEAKITHH.

B CBOTBETCTBHE C TOPEU3IONKEHOTO, MOXKE Ja
ce 0000mm, dYe mpobieMaThkara, IUCKyTHpalia
HAMHUPAHETO HA MOJXOMAIIA YCIOBHS 3a CHHTE-
3UPAHETO HA HOBH XHUOPHUIHH CHIIOJIUMEPH C TO-
TCHIIHAJTHN MEIUIMHCKH TPUIOKEHHs, TTOHACTOS-
meM e 00eKT Ha WHTCH3WBHH u3ciensanus. [Ipen-
CTaBsHATa paboTa MMa 3a IeJ CHHTE3UPAHETO Ha
HOBH CaMOACOIMHPAIIN XUOPUIHH CHIIOJIUMEPH,
ChABPXKAIINA TOJUTENTHIHNA OJOKOBE, uYpe3 KOH-
TpoJHMpaHa TOJUMEpU3als Ha  MN-KapOOKCH-
aHXUJIPUIN Ha q—aMuHOKHcenuHu (Z-L-Lysine),
MHUIMAPaHa OT (DYHKI[MOHAIHH MaKPOWHHIIHATO-

pH.
EKCIHEPUMEHT

MaTepnaJm U pE€aKTHBU

N-uzonponunakpunamug (NIPAmM, 97%), mpe-
KPHUCTAJIM3UPaH OT CMEC Ha XEeKCaH W TOJyCH B
o0emMHO choTHOmeHue 65:35. Kanues nepokcuu-
cyadar (KPS, >99%), mnpexkpucranusupan oOT
BOJIeH pa3TBOp. IIONMETEHTIIMKOA METaKpuiaT
(PEG-MA, M,~500 Da). N,N-mumernndopmamus
(DMF, 99,8%) u ermmaneratr (EtAc, 99,8%),
aecTwiMpanu — mpeau  ymorpeba.  Tpudocren
(299%), o-amunOeTanTHON XHUApoxiopun (AET.
HCI, 98%), e-benzyloxycarbonyl-L-lysine (ZLLys,
98%, Fluka), Tpudayopoorierna kucenuna (TFA,
99%) u HBr (33 mass. % B8 CF3COOH) ca uzmomns-
BaHM BBB BHIA, B KOWTO ca momydeHd. N-
kapOokcuanxuapua Ha Z-L- musun (Z-L-Lys-NCA)
€ mpuroTBeH ot Z-L-mm3uH, TpudocreH W eTHII-
arerar, MpeYuCTeHH M0 METOIH, ornucanu ot Poché
[11].

IMosmmMepu3alMOHHM NPOLeYPH

Cunme3 na N-kapooxcuanxuopuo na Z-L- nuzun
(Z-L-Lys-NCA)

Z-L-Lysine (6 g, 180 ml ermmamerar) ce cyc-
MEHIUpa IPH TOCTOSHO HArpsiBaHe U pa30bpKBaHE.
KbM monmyuenara cycmensus ce mobass 2,12 ¢
TpUGOCTEH U ce KUK mox Ar-cpema 10 o0e3lBe-
tasane (~5 h.). PastBopbT ce oxnaxaa g0 — 5 °C u
ce nmpomuBa (60 ml oxnanena gecTunupana Boja u
60 ml oxmagen 0,5 % HarpueB xuaporeHkapbo-
Hat). OpraHUYHUSAT CJION Ce CYIIM C HATPUEB CYII-
dar (2-3 h) u ce ¢unTpyBa 3a OTICIsIHE Ha
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cymmrens. CresBa KOHIICHTPUpaHEe Ha Pa3TBO-
pa no 1/3 ot obema My upe3 BaKyyM JeCTHIIa-
sl ¥ yTasiBAHE C paBeH 00eM MEeTPOJICB eTep.
Vraiikara ce QUITPYBa U CYIIH IIOJ BAKyyM.
[MomyuennaT MoOHOMEp ce pa3TBaps B
erunarerar (30 ml) u ¢untpysa mpe3 moToB
¢Gunrep. Pa3TBOpBT ce KOHUEHTpUpa Ype3
BaKyyM JICCTHJIALUS U MPOIYKTHT C€ MpeyTasi-
Ba B merposeB erep. Ciex u3CyliaBaHe MOJ
BakyyM n00uBbT Ha N-kapOOKCHMaHXUAPHUA Ha
Z-L- mu3un (Z-L-Lys-NCA) e ~ 2,8 g.

Cunme3s Ha mepMOUYECHMEUmMENEH MAKPO-
uHUYUAmMop

ITpurotes ce pasteop (5 g NIPAm, 2,619
PEG-MA, 43 ml nectumupana H,0), koiito ce
nerasupa npu 29 °C upe3 npoxyxsane ¢ Al B
npoaemkenue Ha 60 min. ExnoBpemenHo ce
npurotBsat pazrBopu Ha KPS (0,24 g, 5 ml
nectuupana H,O) u AET.HCI (0,25 g, 2 ml
necrumpana H,O). JlBara pa3tBopa ce jaera-
3Upar B MpoAbuKeHne Ha 60 min u ce mpuba-
BAT OBP30 M MOCJIEOBATEIHO KbM pa3TBoOpa Ha
MOHOMepa M MakpouHunuaropa. [lomumepusa-
nusTa ce nposexaa npu 29 °C, mox apros 3a
18 h. CnenBa nuanusupane Ha pasteopa (168 h
B nectuwmpana H,0) u nocnenBaina Tuopuim-
3aIus Ha MoJUMEpHUs pa3teop (24 h) 3a mony-
YaBaHE Ha KpailHUs NPOAYKT.

Ilonyuasane  na  610K08  cvbnoauUMEp
(PNIPAmM-g-PEG)-b-PLLYyS upe3 xonmponu-
pana noaumepuzauyus ¢ OmMeapsaHe Ha
npvcmena Ha N—-kapooxkcuanxuopuo na Z-L-
ausun (ZLLys-NCA)

KbeM  npenBapuTenHo  M3CYLIEHH  IOJ
Bakyym 1,45 g (PNIPAmM-g-PEG) u 0,8 g Z-L-
Lysine-NCA ce npubasst crotBetHo 10 ml u
5 ml DMF. PastBopHTe ce BaKyyMHUpaT M Jera-
3upar. CrenBa 0aBHO mMpuOaBsHE Ha pa3TBOpA
Ha Z-L-Lysine-NCA «k®»M pastBopa Ha
PNIPAm -g-PEG B Ar cpena.

[MonuMepu3anmoHHaTa peakiys ce MPOBEXK-
na B unepTHa cpena npu 60 °C 3a 120 h. Cren-
Ba M3IapsiBaHEe Ha PAa3TBOPUTENS MOJ BaKyyM U
eKCTpaxupaHe Ha OCTaTbKa C aleTOH B MPO-
nemkenue Ha 24 h. TlomuMepbT ce m3oampa
4ype3 ¢uiTpyBaHe mpe3 MOTOB (GUITHP U CY-
IICHE TI0/T BAKYyM.

Oceoboocoasane Ha
noaumepa

3anijumnume c2pynu 6

[Monyyenust nomumep ce tpetupa ¢ CF;COOH
u HBr B npoabmkenue Ha 60 Min, cien KoeTo KbM
Hero ce mobOaBs oxiyameHa mectwiampana H,O.
CrenBa exkcTpaxupaHe Ha CcMecTa C OXJIAACH
auetwioB erep, npomuBane (5 x10 ml guerunon
eTep) W HeyTpaiu3upane Ha BogHus cioi ¢ 10n
NaOH. Pa3tBopbT ce auanusupa B JIECTHINpPaHA
H,0 u nuodunmsupa 3a uzonupane Ha XUOPUAHUS
CBITOTUMED.

Ananusun
Aopeno-maznumen pesonanc (AMP)

SIMP-cniekTpuTe Ha aHATH3UPAHUTE 00Pa3IH ca
peructpupann Ha amapar Bruker (Germany),
Avance Il, 600 MHz upe3 pa3tBapsiHe B neyTe-
pupaH pastBoputen. Karto BbTpelleH CTaHIapT ¢
W3MON3BAaH TETPAMETHJICHIAH WIH OCTATHUHHAT
CUTHAJ Ha Pa3TBOPHUTEIISL.

Hugpauepsena cnekmpocxonus (HY)

HNudpauepBeHuTe CIEKTPH Ha 00pasmuTe ca pe-
THCTpUpaHu BBB BuA Ha TabneTku ot KBr Ha crek-
tpodotomeTsp Bruker (Germany), FT-IR Tensor-
27, B maTepsama 4000 — 400 cm™.

T'ennponuxeawa xpomamozpagusa (I'lX)

MOJ’ICKyJ'IHO-MaCOBI/ITe pasnapeacicHus Ha CHUH-
TC3UPAHUTC MAKPOUMHUIIUATOP U OJI0KOB CBIIOIH-
mep ca omnpenenean B N,N-mumernndopmamus cbe
ckopoct 1ml/min  na mnpexkomona (Polymer
Laboratories) + GRAM 100 A (Polymer Standards
Service) + 2 x Mixed-C (Polymer Laboratories)
KOJIOHHA CHCTeMa, KaauOpHupaHa ¢ MOJUCTHPEHOBU
CTaHAapTH.

PE3YJITATHU U OBCBHKJIAHE

[IpoBeneHa e chIoMUMepH3alis Ha MOHOMEPH-
te NIPAmM u PEG-MA B npuchCTBUE Ha (-aMHHO-
€TAHTHOJI XHIPOXJIOPHU 38 BHBEXKIAHE HA aMUHO
rpyna B chloiuMepHara Bepura. [lodydeH e mMak-
POMHHUIMATOP Ha ocHOBaTa Ha mosu(N-u30mponmiI-
akpunamun), cbabpixkan 10 mol % crpanudnu Be-
PUTH OT TOJIMETEHTINKOI M KpaliHa TbpPBHYHA
aMHHHa rpyna noa (¢opmara Ha aMOHHEB XHIPO-
xnopuz  (PNIPAmM-g-PEG)-NH;CIl.  Brnocnenct-
BHE TOW € WM3MOJ3BAaH Ja WHHIIUHpA KOHTPOJIHpa-
Hata nonumepusanus Ha Z-L-Lys-NCA mo metona
ma Dimitrov u Schlaad [10].
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Cxema 1. Peakmmsa 3a momydaBaHe Ha

TECPMOYYBCTBUTCIICH MAaKpOMHUIIAATOPD

Ha Cxema 1 e mmocTpupaHa peakiusra 3a
MoJy4YaBaHe Ha MAaKPOWHHIIMATOPA 3aeHO C
MOJMMEPU3AUOHHUTE YCIOBHSI HA TIPOTHYAHE-
TO # - pa3TBOPUTEIN, TEMIIEpaTypa U MPOIbI-
KUTETHOCT. HamepeHn ca MOIXoAsniy yCio-
BUS 32 MPOTHYAHE Ha peaklusITa-TeMIeparypa
29 °C u BpemeTpaenel8 h.

ChCTaBbT Ha MOJYYCHHS MAKPOWHHIATOP
(PNIPAM-g-PEG)-NH;"Cl" ¢ ompenenen ¢ 'H
SMP anamuz (n = 9; x = 0.9) B pasTBOpHTEN
JieyTepUpaH TPUXJIOPMETAH.

Ha ¢ur. 1 e npexacrasen 'H SIMP criektsp
HAa CHHTE3UpPaHHs MaKpOMHUIIMATOP. 3a ompe-
JIeTIsIHE Ha MOJICKYJIHATa My Maca € M3IMO0JI3BaH
AHATMTUYEeH METOJ| - TUTPYBaHe Ha KpalHHUTE
aMUHOIPyIH. YCTaHOBEHO ¢, ue y = 108, a M,
= 16700 3a (PNIPAmM-g-PEG)-NH,HCI.

CrenBamuTe peakiuy, CBBP3aHH C IPOBEXK-
JlaHe Ha KOHTPOJHMpaHa MOJUMEpH3aLUsl C OT-
BapsHE Ha NPBCTCHA HA TMPEIBAPUTEIHO CHHTE-
supanus N-kapOokcmanxuapuy Ha Z-L-musun
(ZLLys-NCA), Bomsar o moiydyaBaHe Ha XHOPHI-
HHUTE CHIIOTHUMEPH.

s~ NH"Cr

3+4

.y,
1]

4
(opm)

®ur. 1. 'H SIMP crexrsp Ha (PNIPAM-g-PEG)-
NH,HCI 8 CDCl4
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Cxema 2. Peakinus Ha KOHTpOJMpaHa Mmojaumepusanus Ha N-kapOokcuanxuapua Ha Z-L-nmusux
(ZLLys-NCA), uaunuupana ot GyHkuuoHansus makpoununuarop (PNIPAM-g-PEG)-NH;"CI

Ha Cxema 2 e mpexacraBeHa peakuusra Ha
KOHTpoJMpaHa moymMepusanusi Ha N—kapOokcu-
anxuapuna Ha Z-L-mmsun (ZLLys-NCA), unm-
[MUpaHa 4Ype3 CHUHTEe3UpaHus (YHKIHOHAICH
MaKpOMHHIHATOP 3a MOJydaBaHE Ha HOBH CaMo-
acoLMHpaI XUOPUIHN CHIIOJIUMEPH, ChIbpIKa-
M TEPMOYYBCTBHUTEIHH M TOJHUICITUAHH OJI0-
KOBE.

H
H.HEr
s/\/N N>/
o 1-x o xly o H/z
NH

O

NH;*Br

@ur. 2. CtpykrypHa opMyia Ha XUOPHUJIEH Ch-
HoJIIMep

Crnen ocBoOokIaBaHe Ha 3alIUTHUTE TPYNH
OT TIOJIMTIENTHIHUS OJOK ce TOoJydaBaT IIOJH-
(YHKINOHAIHU XUOpUAHU CBIIOTUMEPH
((PNIPAmM-g-PEG)-b-PLySs) - ®ur. 2.

[IpennoxeHuaT METO Ha KOHTPOJIHpaHa I10-
JTUMEpH3alusl el TMOCTHUraHe Ha IpelBapu-
TeNHO Ae()UHHUPAHU MOJIEKYJHO-MacOBU Xapak-
TEPUCTUKH U (PYHKIIMOHATHOCT Ha ITOJIMMEPHTE.

[ony4enure OIIOKOBH CBIIOTUMEPH
((PNIPAmM-g-PEG)-b-PZLLys) ca oxapakTepu-
3UpaHUu CbC CIEKTpajdHUu Merogu kato SAMP u
NY-criekTpockomnus. 3a onpenessHe CTeleHTa Ha
MOJIMMEpH3alusl Ha TIOJUICITUAHUS OJOK ¢
peructpupan SIMP cnexktsp Ha (PNIPAM-g-
PEG)-b-PZLLys B pasteopuren DMSO-dg.
VYcTaHOBEHO €, Ye CTEleHTa Ha TONIUMepU3aIus
Z e 38. 3a moxka3BaHe Ha KOJMYECTBEHOTO OCBO-
0oX/aBaHe Ha 3alUTHUTE TPYMU OT IIOJIHIICT-
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TuaHAS 010K, € peructpupan SIMP cnektbp Ha
(PNIPAmM-g-PEG)-b-PZLLys B D,O (¢ur. 3).
IIpu cpaBHeHue Ha JBaTa CIEKTbpa Npeau M
ciie 0cBOOOKIaBaHe Ha 3AIMUTHUTE IPYIIH, SICHO
ce BIXKJIa M3YE3BAHETO HA PE30HAHCHUTE CUTHa-
JIM, XapaKTepHU 33 ChEIUHEHUETO, 3alUTaBaIlO
aMHUHOTPYTINTE.

3,4,71112,13

E

2

integral

2.78
347

7 6

2
Chenmical Shift (ppm)

®ur. 3. 'H SIMP cnextsp na (PNIPAM-g-PEG)-
b-PLLys B D,O

Peructpupanu ca MUY cnektpu Ha CUHTE3U-
panute chrnonuMmepd. B Tabnuna 1 ca mocoueHu
abCOpOIMOHHN MBHIHE HAa TOrmbipane (cm™) B
NY-cniexTbp Ha XHOPHUIHU CHIIOIUMEPH.

Ha6monaBanute nBunm mexay 3000 u 2835
cm? ca cBbp3aHM ¢ BHOPALHOHHM KOJNeGAHUS
V(c-H)- AHamuTuuHMTE MBUIM npu 2982 n 2881
CM™ ce OTHACAT KbM ACHMETPUYHUTE M CHUMeE-
TPUYHH V(c.H)y OT MeTWIOBHTE rpynu Ha N- uso-
npormn rpymnute. MBunara mpu 2939 cm™ moske
na ObJe OTHECEHAa KbM V(c.H) KojleOaHMATa Ha
METHJIOBUTE TPYIHU OT MOJUMEPHATa BEpHra.

Ta6suua 1. AGCOpOLMOHHM MBHUIM Ha TOTIb-
LIaHe (cm'l) B NY-cniekTbp Ha XHOpUAHHU CBHIIO-

JTUMEpHU
BrnaHoBo uncio, IpunaniexHocT
em?
2968 Vas(CH3)
2929 vas(CH2)
2874 vs(CHs3)
2850 vs(CH,)
1646 v(C=0)
1546 v(-N-H)

HO3I/I]_II/I$IT3 Ha TE3U TpI/I HUBUIIN € ‘-IYBCTBI/I'
TEJHA 10 OTHOIICHUE Ha MPOMsIHATa B KOH(DOP-
MalMsaTa Ha BBIJICBOAOPOIHATA Bepura. MBunu-
Te ipu 1546 u 1646 cm™ ce oTHACAT KbM V(c=0) B
V(N-H) OT aMHIHATA TPYTIa B CHIIOIMMEDA.
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3a OlLEHABAHE Ha MOJIEKYJIHO-MACOBOTO pas-
npenesieHre Ha ChIOIHNMEPHTE € H3I0JI3BaHa
reJIMpOHUKBAIIA XpoMaTorpadus.

Pesynratute OT aHanM3a JokasBar GopMupa-
HETO Ha OJIOKOB CBHIOJMMEP C MOHOMOIATHO
pasmpe/erneHne mo MojekyiaHa maca. Onpenere-
Ha € MOJIEKyJIHaTa Maca Ha XHUOPUIHHS CHIIOJIHU-
Mep, cvotBeTHO - M, Ha (PNIPAmM-g-PEG)-b-
PLLys = 25000 (¢ur. 4).

— e = MAKPOWHWULUWATOP
BJ/IOKOB CBIOMMEP

1
20
Elution volume (mi)

®ur. 4. TenmmpoHuWkBama XpomaTorpadus B
N,N-mumerundopmamMu Ha MaKpOHHUIIAATOPA U
ONOKOBUS XHOPUICH CHIIOTUMED

3AK/IIOYEHUE

IMony4yeH e MAKPOMHHUIIMATOP HA OCHOBATAa Ha
o (N-u3omponmaakpunamMun), ceaspxan; 10
mOI % CTpaHU4YHU BEPUTHU OT IMOJIUCTCHIJIMKOI U
KpaiiHa IbpBUYHA aMUHOTpyTa Mo Gopmara Ha
amonues xuapoxiopun ¢ M, (PNIPAmM-g-PEG)-
NH;"Cl" = 16700. CunTe3upanu ca HOBU caMo-
ACOLMUPAIIY XUOPUIHU CHIIOIMMEPH, ChAbPKa-
I TEPMOYYBCTBUTECIHH U TMOJUMEOTHIHHU OJI0-
KOBE Upe3 KOHTPOJIUPaHa MOoJIUMepHu3aius Ha N-
KapOOKCcHaHXUAPUAN Ha Z-L-mu3uH, wHUTIMHpA-
Ha OT IIOJIy4YCHUSA q)yHK]_[I/IOHaJ'IeH MaKpOWHHUIIKa-
Top. Jloka3zaHO € MOJy4YaBaHETO Ha CHIIOJIMMeE-
pute ¢ Y cnekrpockonus u AMP uzcnenpanus
U € olpejielieHa CTEIeHTa Ha MMOJMMepH3aus Ha
nonunenTuaHus  Onok. Ype3 renmpoHUKBaIa
xpoMaTtorpadusi € YCTAHOBEHO, Y€ ChIOIMMEPHU-
Te ca 100pe nedhuHUpaHNd ¥ MOHOMOIaTHH.
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HHOJNYYABAHE HA HEHACUTEHA INIOJIMECTEPHA CMOJIA YPE3 YTUJIN3ALUA HA
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SYNTHESIS OF UNSATURATED POLYESTER RESINS BY UTILIZATION BASED ON
PET WASTE AND CRUDE GLYCEROL

Nikola Todorov, Martin Radenkov, Donka Todorova
e-mail: steel_nick@yahoo.com

ABSTRACT

Polyethylene terephthalate (PET) waste from soft drink bottles was subjected to recycling
using crude glycerol (CGly), obtained during the production of biodiesel. Depolymerization of PET
was carried out using microwave energy at 220 °C. The molar ratio of PET to crude glycerol was 1 to
8. The products, formed during this depolymerization was characterised by differential scanning
calorimetry (DSC), Frourier Transform Infra Red (FTIR) techniques and nuclear magnetic resonance

(NMR).

Unsaturated polyester resin was prepared by reacting the glycolyzed products with maleic
anhydride at fixed value of the glycolyzed products including free glycol to maleic anhydride molar
ratio of 1.1. Some main characteristics of the resin were determined. Structure and chemical bonds of
the product were studied by spectroscopic analysis.
Keywords: Poly(ethylene terephthalate), crude glycerol, depolymerization, polyester resin

BBBE/IEHUE

Vnorpebata Ha OYyTWIKH, NMPOHM3BEICHH OT
noiuerunenrepedranar (PET), mapactBa Beska
roguaa B EBpoma u B menus cesat [1-3]. Tosa
ch3JaBa MpoOJieMH 3a OKOJHATA cpela, Thid KaTo
Te3u OyTWIIKM HE C€ M3IOJ3BAT IOBTOPHO M Ce
NpEeBpBIIAT B TUIACTMACOBU OTMAIbIH, KOUTO HE
Ce pasjarar JIECHO B Ipupojara. PenukimpaneTo
Ha PET naBa cBos mpuHOC 3a peliaBaHe Ha
npobiieMa ¢ TBBPIUTE OTIAIBIM, a CHIIO Taka
JOTIpUHACS 32 HKOHOMHUSI Ha CypOBUTE HE(TOXU-
MHUECKH MPOAYKTH U eHeprus [3].

Texnonornute 3a perukiaupane Ha PET ca
no0pe TMOo3HATH B WHIYCTpUATa U Ca €JHH OT
Hali-yCIICIIHUTE U ITUPOKO mpuiioxkuMu. Cpen
pa3MYHUTE TEeXHUKW 3a pernuknupane Ha PET
Hali-IPUEMIIMBO € XHMHYECKOTO PELUKINpaHE,
TBU KaTo ClieBa NPUHIMIA 332 YCTOHYMBO pa3-
BUTHE, a TOJYYCHHUTE IMPOIYKTH Ca BTOPUYHHU
CYPOBHHH 3a IPOM3BOACTBO HA pPa3IMdHH MaTe-
puanu HEHACUTCHU IOJIUECTEPHU CMOJIH
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(HITEC), anxkugHd CMOJM, IIBJIHAUTETH MU Ip.
[3,4].

B muoro my6nukanuu [4-20] ce mposexna
JIETIOJIMMEpHU3aIis Upe3 TIUKOIH3a W OT TOIY-
YEHHTE TIIMKO3aTH CE€ TIONydaBaT HEHACHTCHH
noJiecTepHu cMoiu. 3a rimkonuszara Ha PET ce
W3MOJI3BAT OCHOBHO €THIICHIIHMKON [5], aueTH-
nenrnukon (DEG) [6-8], mporunenrnukon (PG)
[10-14] wnm Texuu cmecu [15-20]. Pesynratute
MOKa3BaT, 4Ye JOOpUTE XapaKTEepPUCTHKH Ha
HIIEC moraT ma ce MOCTUTHAT C MPaBWIICH W3-
0op Ha KomOuHaIwu OT riaukonu 3a PET riuko-
nu3arta. Korato nmpu cunte3 Ha HITEC ce uznon-
3BaT TJIMKOJU3HU MPOJYKTH C MO-JBJITH BEPHTH,
Cce MOoJTyYaBar Mmo-BUCOKH MOJIEKYJIHH MacH, a TO-
Ba BOAM JI0O HApacTBaHE HA T'bBKABOCTTA Ha
HITEC.

BHacsiHeTO Ha MaJKH KOJIHYECTBA TIHIIEPOI
(Gly) B ctpykrypata Ha PET Boau no monmyyaBa-
HE Ha TMOJIMMEPH C Pa3KJIOHEHU CTPYKTYPH U IMO-
no0pu cBoiictBa [21]. TnuieponbT Beue ce w3-


http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TXW-3YRVD05-8&_user=3725497&_coverDate=01%2F31%2F2000&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_searchStrId=1339238332&_rerunOrigin=scholar.google&_acct=C000061223&_version=1&_urlVersion=0&_userid=3725497&md5=cd0eea14c42454fa3df1de7fb33e790a#bib4#bib4

MoJI3Ba 3a MPOM3BOJACTBO HA MOJMMEPHU Mate-
pHaJTH, aNKAIHA U ITOJNYPETaHH.

HoBu BB3MOXKHOCTH 3a npeBpbiane Ha Gly B
CTOKOBH TPOJYKTH C€ OCBIIECTBSIBAT Mpe3 Moc-
JISTHUTE TOJWHY TJIABHO MOPaJN Pa3BUTHUETO Ha
OouvonusenoBara WHAYCTpHs. IIpu TPOM3BOA-
cTBOoTO Ha Beeku 10 Kg Guommsen ce renepupa 1
kg (aucr) raumepon. Ipes 2007 r. camo B EBpo-
a ¢ HAJIMIIE CBPHXKAMAIMTET Ha TIOBEYE OT 6.10°
METPHYHK TOHA TIUIEpod. CBPBXIPOU3BOI-
CTBOTO My MOXE Jla IPUYUHH CEPHO3HU EKOJIO-
rMYHM pobseMu B Onmsko Owaerne [22]. Tosa
MpaBd MHOTO aKTyajeH mpobjaeMa 3a MpeB-
PBINAHETO Ha HepapUHUPAHUS TIHIEPOT BBHB
BTOpPHYHA CypOBHHA.

B nureparypata uMa JaHHU 3a NPOBEXKIAHE
Ha gemonmmepusarms Ha PET ¢ uucr Gly. F.
Pardal u G. Tersac [23] cpaBusBaT peakTHBO-
cnocobnocrra Ha DEG, aumponuineHrImkon
(DPG) u Gly B mporeca Ha raukonusa Ha PET.
Criopell aBTOpPHUTE PEAKTHBOCIOCOOHOCTTa HE €
CBBbp3aHa C MBPBUYHUSI WM BTOPHUCH XapaKTep
Ha TJIUKOJINTE, a ¢ (PU3NKO-XMMHUIHUTE CBONCTBA
Ha PEaKIMOHHATA CMeC. TEeXHHTE HW3CIeBAHUS
JoKa3Bar, e conBosmzanuaTa ¢ Gly mporuda c
MaJika CKOPOCT ITOpaad HETOBUS OTrpPaHWYeH
COJIBOJIM3EH KAlaIUTET MO0 OTHOIICHHE Ha MOJIH-
ecTepure.

3a mpakTHKara rojsMo 3HaYeHHEe UMa TIONy-
YaBaHETO HAa HEHACHUTEHH TMOJIMECTEPHU CMOJIU
OT MpoayKTUTe Ha nenonumepusauus Ha PET.
ToBa ce mocTHra 4pe3 MpoBEXKJIaHE Ha IMOJHEC-
tepudukamms ¢ wmaisenHoB amxuapun (MA)
[4,5,10,17]; p-xumpobeH3oeHa KuceanHa U MA
[7]1; MA, ¢ramoB aHXUAPHI W JIUIUKIONEH-
taguer [16]; MA, sHTapHa KHCeNWHA, AIHITH-
HOBa kucenuHa [11] u apyru.

B nutepaTypata HAMa JaHHU 3a MPOBEXKIAHE
Ha penonuMmepm3arusa Ha PET ¢ mepaduampan
rurepos. HaMa u3ciensanus 3a U3NOJI3BAHE HA
MOJYYCHUTE MPOJYKTH Ha JCTOIMMEPH3aIUs 32
MoJTyYaBaHe HAa HEHACUTEHU IOJIMECTEPHU CMO-
JIM, KOETO OMPEJIeITH 1IeNiTa Ha HacTosmara pado-
Ta.

EKCHHEPUMEHT

1. Marepuaan

[Monuernnenrepedranar (PET) — monyden e
OT OTMAABLHX OT OYTHJIKH 3a OE3aIKOXOIHH Ha-
nuTkd. Te ce motamsar 3a 1 yac B 1 % BomeH pas-
TBOp HA HATPUEB XHUIPOKCH] 32 NMpEeMaxBaHe Ha
3aMBbPCABAHHATA OT TIOBBPXHOCTTA, U3MHUBAT CE C
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Bozia u ce cymar npu 80°C. CmmiaT ce Ha MIIeH-
ku ¢ pasmep 0,8-1,2 mm.

Otnanpuen raunepon (CGly) - nepadunupan
[JHLEPOJ, TONyYeH CJeAd HeyTpalu3auus ¢
H3PO,, nponykr vHa ET "TUT” — Byprac.

3a momyuaBaneto Ha HIIEC e wusmom3BaH
MaJICMHOB aHXUJPHJ, a 3a IPEIOTBpaTsIBaHE Ha
NPEIBAPUTEITHOTO BTBBPASBAHE - XUIPOXHHOH.
Te3u xumukanu ca 3akynenu ot Sigma Aldrich u
Ce U3MO0JI3BaT 0€3 AOMBJIHUTEIHO IPSYHCTBAHE.

2. JlemosmMepu3amusi Ha TMOJUETHJIEH-
TepedTanaat

Ksm 19,2 g (0,1 mol) PET ce npubasst 85,49
(0,8 mol) raumepos. IonydaBa ce xeTeporeHHa
cMec oT TBbpJ PET u TeueH nenonmmepusupaiil
areHT. Ta3u cMmec ce MmocTaBsi B MUKPOBBIHOBA
¢ypaa DAEWOO KOR 6485, Ha kosTo € Harm-
paBeHa mojaxoasmia Mogudukanus [24]. 3axaBa
ce ChOTBETHATa MHUKPOBBIHOBA MOIIIHOCT 32 JI0C-
turane Ha temmeparypa 220°C. Caex 35 min
noiyuyeHust npoaykt (D100) ce wu3Baxkma ot

(dhypHara.

3. OmnpeneJisiHe HA KOJIHYeCTBOTO HA
CBbP3aHUs [VIHIEPOJI

Kem 100 g or mpoaykra Ha [IeNoOJH-
mepusarsta D100 ce mpubasst 500 ml roperia
JecTWIMpaHa BOAa U ce (UIATPYBa Ha TOPEIIO.
Otnmenss ce  BoAOHepa3TBOpuMara  (hpakmus
(BHP®), kosTo e < 1%. Bomuusar ¢uiarpar Cb-
abpxka ceobonen Gly, erunenrnukon (otaens ce
ot PET B mpoueca Ha AeNOIMMEpH3ALNs), OHE-
grctBanus ot CGly, kakTto u pa3TBOpUMHTE BHB
Boja ojuromepu. Toil ce KOHIIGHTpHpa 10 00eM
200 ml, a cnex ToBa ce moctars 3a 24 yaca npu
4°C. Otpnenenara Kato yraiika BOAOpa3TBOpHUMa
¢pakuus (BP®) ce ¢punrpysa u cymu. Onpene-
a1t ce konmudectBoto G karo cyma ot BHP® u
BP®. Tlo pasnukara (100 - G) ce ompenens cbh-
JbPIKAHUETO Ha CBOOOJHUTE TIMKOJIHA M OHEYHC-
TBAaHHUATA OT OTHAIBYHUS TIULIEPON, KOUTO MO-
ratr ga ObaaT u3BiIe4YeHH ¢ BoAa. KommdecTBOTO
Ha CBBP3aHMs TJIMIEPON B Mpolieca Ha JCMOH-
MEpHU3aIHATa Ce ONpeelis KaTo pa3inKa MEXIY
ceappxanuero Ha CGly mpenu nenoiumepusa-
nmusta Ha PET u chabpxaHnero Ha cBOOOTHUTE
TIIMKOIN M oHeuncTBanusaTa or CGly cinen nemo-
numepu3anusara Ha PET.

4, Cunres3 na HIIEC

[MpoxyKThHT, MONyYeH cIel JCmoIuMepH3a-
musata D100, ce u3cumnBa B 4eTUPUTBbPIICHA KOJI-



6a ot 1000 ml, cHabnena ¢ Obpkaika, obpaTeH
XJIQJIHUK, OTBOP 332 WHEPTEH ra3 U TePMOMETHP.
IMpuodassar ce 71,3 g (0,73 mol) MA. Temnepa-
TypaTa ce moBumaBa mocteneHHO oT 140 mo
190°C 3a 45 min u ce 3agbpska IPH Ta3d TEMITE-
patypa [0 TpPHUKIIOYBAaHE Ha  IOJIMECTe-
pudukanusTa. Ha Bcexu moJ0BUH Yac ce B3eMat
poOu | ce onpeaes KHCETMHHOTO yrciio. CHH-
TE3bT MPHUKIIOYBA PU JOCTUTAHE HAa KUCEIHHHO
yucno  90-120. Kwm ropemara cmona B
KayecTBOTO Ha HMHXHOWUTOp ce mobamsaT 79 mg
(0,045 % cnopsmo TermoTO Ha cMojIaTa) 3a Ipe-
JIOTBpaTsiBaHE HA BTBBP/SBAHETO HA CMOJA TIpe-
I yrotpe0a.

5. AHaamu3u

Kucennnno umnciio — onpeeneHo € ChbriacHo
BJC EN ISO 3682.

Ies-nponukBama xpomarorpadusi. Axa-
JU3WTE ca TpoBeneHu ¢ amapar Knauer, obopyn-
BaH ¢ fgerektop 3a UV ibun ¢ IBIDKMHA HA BBII-
Hata (A = 278 mm) MZ-rea SD konona (5 um
pasmep Ha wactunute, 30 um remkuHa 1 100 A
pa3mep Ha mopute). EqyeHThT e TeTpaxunpody-
pan (THF) ¢ medut ot 0,5 ml/min. Kanubpupa-
HETO Ha MOJIEKyJIHaTa Maca € OCBILECTBEHO C
PET u momu(etokcuerniaenTepedTagar) OIUTo-
Mepu. [loAroTBs ce pa3TBOp Ha H3CIleABaHATa
npoba ¢ konneHtparus 0,1 mass % B terpa-
xunapodypan. Cunen puarpysane, 200 pl ot mpo-
0ara ce WHXKEKTHpaT B KoyoHara. J[eOMTHT Ha
pastBoputens mpeBo3Bau ¢ 1.00 pl/min. Karo
€TaJIOH C€ M3I0JI3Ba MOJMCTUPOIL.

Bucko3urer. Onpenens ce Ha BUCKO3UMETBD
Ha Bpykdunn RFT nmpu tremnepatypa 20-23°C u
CKOpPOCT Ha BBpTEeHE Ha poTtopa 5 rpm mo BJIC
EN ISO 2555.

JAudepennnanno repmuden ananui. IIpo-
BelieH ¢ Ha amapar ,,STA — TG-DSC/DTA F3
JUPITER” na ¢upmata NETZSTH — I'epmanus
B TemriepatypeH uHTepBan or 20 mo 650°C B
a30THa aTMocdepa.

HudpauepBena cnekrpockonusi. CrexkTpu-
Te ca peructpupanu Ha ciekpodoromersp FT IR
~Tensor 27” B unrepsan 3996 — 399 cm™ u pe3o-
mronus 2. BukosHo-TeyHuTe mpoOu ca MOATrOT-
BEHHU BBHB BUJ Ha (puiM MEXOy Hpo3opuera oT
KBr, a TBspnuTe — BB BUJI Ha Tabnetka ¢ KBr.

Snpeno maruurTeH pe3onanc. Crnekrpure ca
peructpupanu Ha crekTpodoromersp BRUKER
AC 400. TMS e Oui U3N0I3BaH KaTo BBHTPEIICH
crangapT. CHeKTpuTe ca PEerUCTPUpPaHd B paz-
tBop Ha D,0 mmu CDCl, a xumuuHHMTE OTMECT-
BaHMS ca JaJieHu B Ppm.
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PE3YJITATH U OBCBHXXJIAHE

Jenonumepusanus Ha PET u u3ciaenBane
Ha MPOAYKTA Ha J1eNoJIHMepu3anus

Henonumepusanusara Ha PET e nmpoBeneHa c
CGly, koiiTo e monyYeH KaTo CTpaHWYEeH Mpo-
JOYKT TpH TPOU3BOJACTBOTO Ha Ouoamsen. Cb-
nbpkanurero Ha ruiepon B CGly e 84%. Ocuo-
BHUTC OHCYUCTBAHHUA Ca OpPraHM4YHU KUCCIIWHU,
HaTpueB xuaporeHdpochar u TPUMIHUUEPUAN
[Tabmuma 1/.

Tadanna 1. ChcTaB Ha OTHAIBYHUS TIUIEPOIT

Ne KomnoneHT mass %
1 T'mumepon 84
2 MetunoBu ectepu 1
3 Tpurnuuepuan 2
4 MeTtaHon 1
5 Harpues xuaporen ¢ochat 4
6 OpraHu4HU KHCENHHU 8

Crenenra Ha nenonmmMepusanusita Ha PET ¢
CGly 3aBucu oT TemmepaTypata, MpOAbIKHUTEN-
HOCTTa Ha Ipoleca MU  CHOTHOILICHHETO
PET/CGly. IToa0panute ycaoBus Ha JEMOIHME-
pusanus ca B pe3yiTaT Ha TNPEAXOJHU HAIIH
uscnensanus [25]. Temmeparypara e 220°C, Toid
karo mpu Tasu Temmneparypa CGly crasa mocra-
THYHO PEAKTUBOCIIOCOOEH U MPOIECHT Ha JCTO-
JUMepH3aldst 3aBbpinBa 3a 35 MiN mpu MOJHO
ceroTHOmeHne PET/Gly = 1/8.

[Mpoaykrst Ha aenonuMepusanus (D100) e
BHCKO3HO-TEYCH, C MPO3PAYCH CBETIIOKBIT IIBAT,
HAITBJIHO Pa3TBOPHUM B ropeiia Boa.

[To3oBaBaiiku ce Ha MPEAXOIHU YykKAU U Ha-
m  w3cnensanus [23,25], B3aumMomeiicTBHETO
mexay PET u Gly moxe nma ce mpenctaBu che
cleqHaTa cxeMa:

o-erenfo-pCOpro-orator orprs
. m_z{o_ipc}g_q_z%ﬂ P

n

Z CHFCH, W CHECH—CH,

B pesyiaraT Ha mpoBeACHUs MPOLEC Ce MOy-
YyaBa MPOAYKT Ha JCHONMMEpH3alus, KOUTO €
CIIO)KHA cMec OoT naenonuMepusupad PET, rmm-
KONU (TITHIEPOT M €THIEHITIUKO) W OHEYEeCTBa-
HHSATA OT OTNAAbYHHS TIHUIEPOL.



[lo wmeronmka, IOCOYeHAa B EKCIIEPUMEH-
TaJlHaTa YacT, € ONPENeNeHO, Y€ MPOAYKTHT
D100 e cbc cnenuus cbera (Mass %): konuuec-
TBOTO Ha CBOOOJHUTE TJIMKOJIU ¥ OHEYHCTBAHHS-
Ta - 77,2; KOMMYECTBOTO HA CBBP3aHUS TIIAIICPOIT
- 4,2; nenonumepusupan PET — 18,6.

Monekynute Ha nenonumepusupanus PET ce
pasnuYaBaT IO Pa3NpENeNICHHETO Ha TEXHHUTE
TJIMKOJIOBA 3BEHA W TIO CTENEHTa Ha TIOJIHMMe-
pu3anus.

3a cTeneHTa Ha MOJMMEpU3aIrs MOXe Ja ce
CBHJM TI0 TOJIEMUHATa Ha MOJIEKyJIHAaTa Maca U 10
TEPMUYHUTE XapaKTEPUCTHKH Ha JEToNnMe-
pusupanus PET, xoifTo € oTheneH oT mpoaykTa
Ha JenonuMepnsammaTa. C  Ten-TIpoHMKBAIIA
xXpoMaTorpadusi € U3cieBaHO MOJICKYJIHO-Maco-
BOTO pasmpenenenue. OnpeneneHo e, 4e cpegHa-
Ta MOJIEKyJTHa Maca Ha rpoaykra e 780.

Upes nedepeHIMATHO TEPMUYHHS aHAIH3 Ca
W3CIIEJBAaHH TEPMUYHUTE XapaKTEPUCTHKH Ha
nenonumepusupanus PET /@wur. 1/.

TR
m -
= Ly
L]
-1
45
-1
20
r-43
o S
100 F-irg ] A =0 i)
Tempaniumn /C
®@ur. 1. TG u DTG kpuBu Ha AenonuMepU3upa-
uust PET

B TI' kpuBata ce nHabmiomaBar 4 crhIaia.
[IppBOTO CTHMANO € B TeMIepaTypeH HHTEpBal
200-220°C. To e cbc 3aryba 9 mass % u cwot-
BeTCTBa Ha MOHOMepu. CleABaImoTo CTHIANO €
npu 240-300°C cbe 3aryda 13 mass % u makcu-
MaHa ckopoct npu 287°C. To cboTBeTcTBa Ha
auMepute. TpeToTo CThIANO € B TeMIepaTypeH
unrepsan 320-380°C ¢ makcuManHa CKOpOCT
npu 336°C. To ChOTBETCTBA Ha OJUTOMEPUTE,
npu KouTo N > 2 u e cbe 3aryda 11 mass %. Yer-
BBpTOTO cThrato e npu 400-600°C u ce cBbp3Ba
¢ pasnmarane Ha PET, moiyden mpu TepMUYHATa
NOJMMEpU3alisl Ha MOHOMEPH, TUMEPH U OJIH-
roMepu IO BpeME€ Ha TEPMOTPaBUMETPHYHHS
npolec Ha aHaiau3. Pesynrarure mokasmar, ue
npu nenoinumepuzanusata Ha PET ce momywasar
Hail-MHOTO IMMEpH, W MO-MajJKO OJMTOMEpU U
MOHOMEpH.

XVMUYHUTE BPB3KH, KOUTO BB3HHKBAT IIPH
nernonumepusarus Ha PET ¢ CGly, ca uscnen-
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BaHM ¢ MeToauTe Ha IR-crextpockomusita u 'H
NMR. B FT IR-ciektbpa /@ur. 2/ ce Habimto-
JlaBaT CIICHUTE WBHIM HA IMOTJIBIIAHE. TUIATO B
uaTepBan 3600-3100 Cm'l, CBHOTBETCTBAIIO0 HAa
ACOIMMPAHN XWJPOKCWIIHH TPYIH; HBUIU B
urTepean 3000-2800 cm™, xapakrepucTHyHM 3a
BaJICHTHUTE TPENTCHUS HA METUIICHOBUTE TPYIIH;
normbinane mpu 1722 cm™, choTBeTCTBAIO HA
BaJeHTHOTO TpenteHe Ha C=0 BpB3KaTa B
ectepu; mBunu npu 1614 wu 1578 cm? 3a
BaneHTHuTe TpenteHus Ha C=C Bpb3KaTa B

)

0 T T T T T T T T T T T T T 1
3500 2500 1500 500

®@ur. 2. FT IR cniekTbp Ha AemonuMepu3upa-
Hust PET

GenseHoBUTE sApa; HBKIA pu 1456 u 1411 cm™
3a nedopmammonnute tpenteHus Ha CH, rpy-
nute. [lpaBu BrHeuatieHne, Ye 3a BaJCHTHOTO
TpenteHe Ha C-O-C Bpb3KHTE ce TNOSIBSIBAT
makcumyM mipu 1271cm™ u pamo mpu 1265 cm™.
Baxno e ga ce orOenexu, ue B mATEepBan 1170-
1000 cm™ ce mOSBABAT UETHPH MBHIM HAa
normsmane - 1125 u 1105 cm™ (3a BasIEeHTHOTO
tpenrene C-O B C-OH npu Bropuuen C) u 1019
u 1051 cm™ (3a BanentrOTO Tpemnrene C-O B C-
OH npu mepBudeH C aTtom).

Pesynrarute mokasBat, 4e IpH JETOIHMMEpPH-
sammsita Gly ce cBBp3Ba C ecTepHUTE TPyNd U
Bb3HUKBAT -CO-O-GH,-CH(OH)-CH,- xumu4nu
BPB3KH.

Pesynrature or ‘'H NMR crekrspa /®ur. 3/
noTBepkaaBar pesynrature or FT IR. Habumro-
naBa ce curHan npu 8,15 ppm, KolTo chOTBETC-
TBa Ha YETHPHUTE apPOMATHHU MPOTOHA B OEH3EHO-
BOTO sApo; curHamu npu ¢ 3,90 u J 3,65 ppm
(cpOTBETHO 32 METWIICHOBHTE POTOHH Ha -CH,-
CH(OH)-CH,- 3Benoto B CH,-O-CO rpynara u
3a CH»-OH); curnan mpu 0 3,75 ppm (3a meTH-
HOBUsI TIpoTOH BBB Bpb3kata CH-OH Ha -CH,-
CH(OH)-CH,- 3BeHOTO); curnanu mipu 6 4.4 u o
3.95 ppm (CHOTBETHO 332 METHUIIEHOBHUTE TIPOTOHU
B COO-CH; u CH,OH rpymute) u Tpuruietnpu o
4,15 ppm (3a npOTOHUTE B XHIPOKCUIIHATA IPY-
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®ur. 3. '"H NMR CIIEKTHP Ha JETNOJUMEpPU3UPaH
PET

B CH-COO rpynara) u curaanu npu o 7,93 u

7,98 ppm 3a MUKJIMYHA CTPYKTYPH, KOUTO BBH3-

HUKBAT TPH JCTIOJIMMEPHU3AIIHUATA.

C meroaute Ha FT IR 1 *H NMR ce JIOKa3Ba,
4Ye CBHP3BAHETO HA TIUIEPOJIOBUTE 3BEHA C €C-
TEPHUTE TPYNU MOXKE Jla CE OCHIIECTBU KAKTO C
mepBuyHUTe OH, Taka cwiio u ¢ Bropuuante OH
TpyOH, TPH KOETO Ce TOIy4aBaT CIeIHUTE

CTPYKTYpH:

=-CO—0—CH;~CH—CH,—~0—CO--
OH

~~CO—0—CH,~CH—0—CO-
CH0H

Te ce momyuaBaT B pe3ynTaT Ha IpOTHYaHE HA
MPOIIeCH Ha NETONMMepHU3aIsa, oOMeH U IMOJU-
KOHJICH3allMs, IPU KOETO TIUIEPOJIOBUTE 3BEHA
Ce CBBP3BaT KaKTO B Kpas Ha MOJICKYJIUTE, TaKa H
CBINO U TIO TAXHATA IBIDKUHA.

CuHTe3 U H3cjieIBaHe HA HEHACHUTEHA
moJinecTepHa cmMoJia

HITEC e momydena upe3 B3aUMOICHCTBHE HA
npoxaykra Ha nenonumepusanus D100 u manen-
HOB aHXHJPHJ NPH MOJAPHO CHOTHOIICHHE Ha
XUJAPOKCHITHUTE KbM KapOOKCHIHHTE TPYIH =
1,1/1. TlonuectepudukamsaTa ce BOIA 10 MOTY-
yapaHe Ha KucenuHHO yncio 90-120.
B pesynrar Ha monuectepudukanusra ce mo-
Jy4yaBa CHJIHO BUCKO3HA CBETIIOKBIITA CMOJIA ChC
CIICTHUTE XapaKTEPUCTUKU:
® BBHHIIICH BUJI - IPO3payHa eIHOPOIHA BUCKO3HA
TEYHOCT;

® IIBSIT — CBETJIOKBJIT,

e xucenuaHo yucino Ha 100% ot cmomarta, mg
KOH /g — 90-120;

e rsTHOCT 1ipH 20 C — 1,2 glem®;
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e Brcko3uTeT 1o bpykdung — 1800 mPa.s;

® Pa3TBOPUTENN — aleToH, TeTpaxuApodypaH,
KCHUJICH;

e repmocTaduiHocT — 198°C.

HoBuTe XMMHUYHH BPBH3KH, KOUTO BBH3HHKBAT
MPH B3aMMOJICUCTBUETO C MAJICHHOB aHXUIPU]L,
ca uscinensann ¢ meroaute Ha FT IR u *H NMR
CIEKTPOCKOIHUSATA.

B FT IR cnekrbpa /@ur. 4/ ce Habmomasar
WBUIIMA, KOUTO Ca XapaKTEPHHU 3a MOJHUECTECPHUTE
cMonu: mormpemase B uaTepsan 3100-3000 cm™,
CHOTBETCTBAIlM HAa BaJCHTHUTE TPENTEHUS Ha
CH Bpb3kara B HeHacuteHu chenuHeHus; 3000-
2840 cm™ (Banentrute Tpentenus Ha C-H Bpb3-

0.8

0.6

0.4

0.2

3500 2500 1500 500
®ur. 4. FT IR ga HITEC na 0a3a genonmnme-

pusupan PET 1 ManenHoB aHXUIPHUI

kata 8 CH, rpymure); 1725-1715 cm™ (Bament-
HOTO TpenteHe Ha C=0O Bpb3KaTa B €CTECpH);
1300-1200cm™ (BaeHTHHTE TPEHITEHHUS HA BPb3-
kata C-O-C); uBuiu B uaTepBan 1170-1047 cm?
(BanentHuTe TpenteHus Ha Bpb3kata C-O B C-
OH rpynure). BaxxHo e 1a ce oTOenexu Bb3HUK-
BaHeTO Ha MBMIA mpu 1641 cm™, xapakrepucTu-
YHA 3a BAJICHTHOTO TpenTeHe Ha Bpb3kaTa C=C.
ToBa noka3Ba, 4e MaJCWHOBUAT AHXUJAPHI €
CBBbP3aH B MOJIEKYJUTE Ha CMOJIaTa M 4Ye IOJy-
YyeHaTa cMojia € HeHacuTeHa. [loTBbppxaeHue 3a
CBIICCTBYBAHETO HAa BpPB3KaTa ca WBUIMTE IPH
981 u 772cm™ Ha M3BBLHPABHMHHOTO TpENTEHE
Ha Bpb3kara CH B crpykrypara CHR=CHR 3a
TpaHC- U HUCKOH(UrypanuuTe choTBETHO. [los-
BaTa Ha uBuIa mpu 981 cm™ nokasea, ue e Hanu-
e Npexol B MO-CTa0MJIHATa TPaHC-KOHQUTY-
panusi.

B 'H NMR crekTspa Ha moiydeHaTa cMona
/®ur. 5/ ce HabmogaBaT curnany npu 6 8,1 ppm
3a OEH3CHOBOTO SIAPO U XapaKTEPHUTE 3a MOJIHe-
CTEPHHUTE CMOJIM CHTHAIM B MHTEpBanute o 4,7-
4,3 u % 3,9 -3,6 ppm. Brieyarnenue npaBsar cur-
Hanute pu O 6, 25 u § 6,85 ppm 3a mporoHHTE B
CH=CH rpymara, ChOTBETHO B ITUC- M TpaHC-
koHurypauuss. OT UHTErpaJHUTE KPUBU Ce
otuuta, 4ye B 83% oT 3amecturenure ca B IIO-
cTabmIHaTa TpaHC-KOH(PHUTypaIms.
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®ur. 5. 'H NMR crexrsp na HITEC Ha 6a3a
nenonuMepusupan PET u manenHOB aHXUIPUIT

3AK/TIOUEHUE

ITpoBeneHa € AEMOIMMEPH3AIUS HA OTHATb-
YeH MOJUETHICHTepedTalIaT ¢ OTHAAbYCH IJIH-
LEPOoJI, MOJyUYeH KaTo CTPaHWYEH MPOAYKT IMPH
MPOU3BOACTBOTO Ha Omomu3en. HamepeHo e, ye
NpU JICTOTMMEPH3aIUATa Ha MOJHeTUICHTEeped-
Tajara ce Mmojiy4aBaT MOHOMEPH, AUMEPH U OJIU-
TOMEpPH, B KOUTO TIIUIEPOIBT € BKIIFOUEH KAaKTO B
Kpasi, Taka ChIIO0 U MO IBbIDKUHATA HA MOJICKYJIIH-
te. [IpoBeneH e mpolec Ha MOaUeCTePUPUKALIISL
Ha TPOJAYKTa Ha JCTOJUMEPUIAIINS C MAJICHHOB
aaxunpuy. [lomydeHata HeHacHTEHa IMOJIUECTE-
paHa cMOJjia € CBETJIOKBJIT CHIIHO BUCKO3EH IIPO-
IYKT ¢ IrbTHOCT 1,2 g/cm3 M BUCKO3UTET II0
Bpykdunn - 1800 mPa.s. Hamepeno e, ue mpu
cBbp3BaHeTo cu 83% OT 3BeHaTa, MOJIYYEHH OT
MaJICMHOBHS aHXUAPHUJ IPEMHHABAT B IO-CTa-
OmHaTa TpaHC-KOH(UTypaIHsl.
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OXAPAKTEPU3UPAHE HA BUOJU3EJIOBU 'OPUBA U PACTUTEJIHU MACJIA OT
PA3JIMYEH ITPOU3XO0J C UHOPPAYEPBEHA CIIEKTPOCKOIIUA
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INFRARED SPECTROSCOPY CHARACTERIZATION OF BIODIESEL FUELS AND PLANT
OILS FROM DIFFERENT STOCKS

Dancho Benev, Zilya Mustafa, Rumyana Milina
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ABSTRACT

Investigation by Fourier Transform Infrared Spectroscopy (FTIR) of biodiesel fuels and plant oils is
carried out. The aim is to establish the probabilities of the applied method to find out the kind of feed-
stock. Six samples of commercial biodiesels and three laboratory synthesized samples are used. They are
produced from plant oils with known origin. It can be seen that FTIR spectra of biodiesels give an infor-
mation for the structure of the methyl esters of free acids (FAME), of the hydrocarbon chains, of double
bonds. The comparison of FTIR spectra of biodiesels from different feed stocks show that there are not
significant distinctions, but the obtained information could be used to complete the gas chromatographic
investigations of compositional profiles of biodiesels from different origin.

Key words: biodiesel fuel, Fourier Transform Infrared Spectroscopy, plant oil, methyl esters of free

acids

BBbBEJIEHUE

Buoau3enbT TMpeacTaBisiBa 3HAUYMMa aaTepHA-
THBA Ha KOHBEHI[MOHAIHUTE HE(PTEHU TOPHUBA, Thil
KaTo MMa MOJOOHM HA TAX CBOICTBA, HO HE Ch-
JbpKa OMAacHH ChCTaBKU KAaTO Cspa, METAIU H T10-
JMIMKICHA apoMaTHHu BbriieBogoponu [1,2]. Wn-
TepeChT KbM HEro MpoabibkaBa na pacre. [lpe3s
MOCJICIHUTE TOJAWHH MHOTO CTPaHH BBHBEXIAT 3a-
KOHOJIATEJIHN WIH JAPYTH MPABHU MEPKHU 32 YBEIH-
YaBaHe Ha M3IO0JI3BaHETO Ha OMOIU3EIOBU TOPHUBA.
Te ce cmecBar ¢ HE(TEHOTO IU3EIOBO TOPUBO B
pasnmuunan KoHreHTpanuu (2 — 20 obemuu %). B
Beirapusi moHACTOSIEM IU3EI0BOTO TOPHBO CE
cMmecBa ¢ 6 % Oonoaunzern.

Buoausenst ce neduHupa KaTo CMEC OT METH-
JIOBH MJIM €THJIOBH €CTEPH Ha IBJITOBEPHKHH Mac-
THU KHCEIUHHU M C€ MPOU3BEKAA OT OHOIOTHYHU
MaTepuagd KaTro pacTHTENHH Macia (CIbHYOrIe-
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JIOBO, PAllMYHO, COEBO, KOKOCOBO, MAJIMOBO H JIp.),
JKUBOTHHCKH MAa3HUHHM, OTIAJHU MPOIYKTH OT TOT-
BapCTBOTO, OMOMaca u 1p. MI3BeCTHU ca MeTonuTe
3a moyydaBaHe Ha Ouomusen. EnuH ot TaX € TpaH-
cecrepuduKalys Ha TPUMIULEPUINTE, ChIbP-
JKAIA C€ B PACTUTEITHU M KUBOTHHCKU CYPOBHHU C
AIKOXOJTH, HAM-4eCTO METaHOJ, B PE3yJTaT Ha KO-
€TO Cce MONy4YaBaT METHUJIOBH €CTepU Ha CBOOOHH
kucenuan (FAME), naii-uecto ot Cig 10 Cos.
CaoiicTBaTa Ha TakbB OHOIM3EN 3aBUCAT OT
XUMUYIHATA CTPYKTypa Ha nHAuBHAyatHuTe FAME
¥ TSXHOTO ChIbP)KaHUE, a OT TaM M OT M3XOJHATa
cyposuHa (macioro). FAME B Guoausena morat
Ja ce aHanu3upar upe3 rasoBa XpomaTtorpadus
[3,4], BuCOKkoedexkTHBHA TeuHa Xpomarorpadus
[5], undpauepsena cnexrpockomnus [6,7], sapeHo-
MarHuTeH pe3oHaHc [8] win CBbp3aHu TEXHUKH.
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Hue wuscnenBaxme OWOIM3ENOBH TOpPUBA OT
pasiiMyHu CYpOBHHH, KAaTO IPUIIOKHUXME YaCT OT
nocoueHute TexHuku. [{enta vu 6e ma ce paspado-
TAT METOIU M JIa Ce aHAJHM3HpaT pe3yJTaTHTE OT
IJIeJiHa TOYKa Ha HaMUpaHe Ha Obp3a nHpopMaIus
3a MPOM3X0Ja Ha J3JCHO OMOJU3ENIOBO ropuBo. B
HacTosmara pabora MpeaCTaBsIMe Pe3yATaTUTE OT
U3CNIE/IBAHUATA HH, U3BBPIICHU ¢ HH(ppayepBeHa
CHeKTpockonus. B crexBamu myOnukanuu e
MPEJCTaBUM PE3yJITaTH OT aHAIM3U C Ta30Ba U Te-
9HA XpoMaTorpadus.

EKCIHEPUMEHT

Uscnensanusara ca npoenenn Ha FTIR cnekr-
pomerbp “Tensor — 277 wa ¢upmata “Bruker”
(Germany) no mMerona Ha KanWIsPHUS CIIOH B 00-
nmacrra 4000 — 400 cm™.

Uzcnensanu ca 9 npobu OMOIU3EIOBH TOPUBA
OT PACTUTETHH Macyia U 2 IpoOH PacTUTENHU Mac-
na. Ilo-nomy e magena uHdopmanus 3a H3CIEn-
BaHUTE NMPOOH:

[Ipobu Ne 1 — 6 — Guonu3esnoBH ropuBa OT 3a-
BOJM 3a NMPOU3BOJCTBO Ha Ouoansen B bwarapus,
KarTo:

IIpobu Ne 1, 2 u 4 ca mpousBeaeHU OT Cypo-
BHHA PAMUYHO MAcio

IIpo6a Ne 3 — e mpousBefcHa OT CypOBHHA
CI'bHUOTJIEZIOBO Maciio

IIpo6u Ne 5 u 6 ca ot cypoBuHU cMec OT pac-
TUTEJIHU Macia

IIpo6u Ne 7 — 9 - OuoaM3enoBH ropusa, J1abo-
paTopHO MOMy4YeHU Ype3 TpaHcecTepudHUKauus Ha
pacTUTENIHH Macja Karo:

-podu Ne 7 u 8 ca moiy4eHH OT CypOBHHA
CI'bHUYOTIJIEIOBO MacJIo;

-mpoba Ne 9 e momydeHa OT CypoBHHA pa-
MUYHO MacJo.

IIpo6u Ne 10 u 11 — pactuTenHu macia, ClIbH-
YOTrJIeI0BO U PAITUYHO.

[Ipobute, u3NMON3BaHM B H3CIECABAHETO, Ca
NpUAPYKEHU C aHaJM3HH CBUAETENICTBA, MpPEIoc-
TaBEeHW OT TMPOU3BOIUTENS, 34 CHOTBETCTBUE Ha
xapakrepuctukure Ha npoaykrtute ¢ BJIC EN
14214:2008 [9].

PE3VYJITATH

FTIR cmexrtpu Ha OHOIM3ENOBH TOpHBa OT
pa3iINyYHU CYypOBUHU
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Ha ¢ur. 1 u ¢ur. 2 ca nokazauu FTIR crekr-
puTe Ha OHMOAM3ENHTE OT pa3IM4eH MPOU3XOI.
Bmwxna ce, 4e BBITIEBOIOpOAHATA BepHra ce
XapaKTepu3npa C WMBHIM Ha IOTIBIIAHE, YUHTO
BaJIeHTHH Kosiebanus (v) Ha C—H Bpb3kHTE B Ipy-
mute —CH, ca mpu 2929 u 2853+2 cm™ u mpu
2962 — 2958 cm™ ua C-H Bpw3KHTE B IpynuTe
—CHj;. Banrentaure konebanms Ha C—H BpB3kuUTE B
rpynata =CH- ce mposBssar mpu 3009 — 3007
cm™. Jlebpopmammonnure konebanns (3) va C-H
Ha TEe3W TPyNH C€ ONWCBAT OT HBHIUTE HA
mormeIIaHe ¢ Makcumymm mpu 1436, 1437 cm™
KaTO ey KoseOanus Ha —CHj rpyma, a mBHnara
npu 1463 cm? ce IBIKA HA S, KONEOAHWS HA
—CH,- rpynara. BsB FTIR cnexrtpute Ha uscnen-
BaHUTE OMOIM3eNU ce HaONoAaBaT MBHLM, IbJ-
JKaIly ce Ha KapOOKCHITHA TpyIa, KaTo BaJCHTHUTE
kojebannst Ha OH- rpynuTe B mM3ciaeaBaHUTE 00-
pasiu ca npu 3468 cm™, ¢ mskmodeHne Ha mpoda
Ne 6, xprero nMa nogoOHa wBHna mpu 3429 cm™.
HaGmiogaBanute WBHIM ca CBhC CPABHUTEIHO

HHUCBK HUHTCH3UTCT nopa;u/l HUCKHUTC 150%1
KOHICHTpAaIuu, KOETO Cce MMOAKpPETIsA u oT
ra3xpoMarorpaq)CKuTe aHAIN3H Ha TIPOOHUTE.
WBunure, xapakTepusupalld €CTEpUTe Ha
MAaCTHUTE KHUCCINHU (BaJ'ICHTHI/ITe KOJ‘Ie6aHI/I$I Ha
KapOOHWJIHATa TIpyma), Cce HM3MECTBAT BbB
BHCOKOYECTOTHATA 00JIaCT U ce IIpoABABAT KaTo
CUJIHO H3pa3C€Ha XapaKTCpuCTU4YHa HMBUILA B
nuamasoma 1750 - 1735 cm® [6,7]. B

U3CIeIBaHUTE OT HAC MeTWIOBU ecrtepu Ha Cyp —
Cy> cBOOOAHM MACTHM HACHUTEHH M HEHACHUTECHU
KUCEITMHH TO3HM WHTEpBaJ € olue no-teceH 1747 —
1743 cm™® , KaTo HaOJI0JaBaHUTE UBUIIU Ca C APKO
u3pa3eH HMHTEH3WTeT. VIBHIIaTa Ha IOIIBIIAHE,
KOsATO ce HaOmomasa mpu 1172 — 1171 cm? , €
CBBbp3aHa C BAJICHTHUTE KOJNEOAHUS V c_o 3a €CTe-
PHUTE ¢ IbJITa BBIJICBOJOPOIHA BEpUra. 3a METHIIO-
BUTE €CTEPH Ha TE3U KHUCCIIMHU C€ HaOJogaBaT
ollle JIBE MO-MAJIKO WHTCH3UBHHU WBUIIM, CBBP3aHU
¢ KolebaHuATa v .o - okomo 1246, 1245 u 1197
cm™.

OT NpOBEJICHUTE CPABHUTEIIHU U3CIICABAHUS CC
Bmxnaa, ye FTIR Ha Onomusenurte, momy4eHd mpu
TpaHcecTepu(UKalKMiATa Ha Macjia C pas3iddeH
MPOU3XO0/I, HE CE pa3INuaBaT ChIICCTBEHO.



@ur. 1. FT-IR cnekTpn Ha OMOAM3ENUTE C pa3IniueH NPOU3X0J, IPOU3BEACHN B Pa3IMYHU NPEANPUATHS B
bwarapus: a, b, d — Onoamsen ot panuvHO MacIo; ¢ — OHOIU3EN OT CIIBHYOIIIEA0BO Macio; e, f — onoau-
3€JI OT CMeC OT PaCTHTEIIHH Macia

®@ur. 2. FT-IR ciektpu Ha OMOAM3EIINTE, TOJyUYESHH B JAOOPATOPHHU YCIOBUS YpE3 TPaHCECTEPUPUKAIIUS
Ha PaCTUTEIHU Maclia: 8, b - CcypoBHHA — CITBHUOIIICIOBO MAcjI0; C — CYpPOBHUHA — PAIIMYHO MAcjo
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CTpyKTypHH U3CIIEIBaHUS 32 HATMYWE Ha [HC-
Y TPaHC-U30MEpH B OMOIU3EI0BU TOpHBa

Banentaure xomebanuss Ha C=C BpB3KUTE B
ChEJMHEHHATA C €IHa JIBOHAa BpB3Ka BOIAT [0
rosiBaTa Ha MBHUIA HA IOrIbIane B oonacrra 1660
— 1640 cm™. Crnopen [7] MHTeH3UTETHT HA Ta3H
WBHIIA CE YBEJINYaBa C pacTeXxa Ha aCHMETPHITa Ha
MOJIOKEHUETO Ha JIBOMHATa BPB3Ka BBHB BBIJICBO-
JIopoaHaTa Bepura. Taka Hampumep, Bpb3Kara
C=C, Hamuparia ce B Kpas Ha BBIVICBOJOPOIHATA
BEpUTra, ce XapakTepHu3upa C sSCHO M3pa3eHa u cpa-
BHUTEIIHO CHJIHA WMBHIIA HA TIOTIIbIAHE, JOKATO
ako C=C Bpb3KarTa ce HaMHpa B cpelara Ha BEpH-
rara, TO TaKaBa MBHIA MOXeE J1a OTCHCTBA B CIIEKT-
pute. Hanmuuero Ha Ta3u MBHIA MO3BOJIABA Ja
CHIIUM 3a TIOJIOKEHHETO Ha JBOWHATAa BPH3Ka, OCO-
OEHO TIPW HEHACUTEHWTE MACTHH KHCEJIMHH U ec-
tepu. B mscnemsanute mpobu mpu 1657 cm™ u
1656 cm’ ce mabmomaBa AcHO v3pa3eHa HMBHIlA
KaTO WHTEH3HWTETHT ¥ € Hall-roysiM 3a mpooute Ne
1,2,3,4,5u 8, anpu npodurte ¢ Ne 6, 7 u 9 un-
TEH3UTETHT Ha Ta3W WMBHIIA HaMalsiBa U JIEKO CE
u3MecTBa oT 1656 kM 1657 cm™. Tesu daktu ro-
BOPST 32 HAJIMYUETO HA IBOWHU BPB3KU B U3CIEA-
Banute FAME, xouto He ca cnpernaru. Hanuune-
TO Ha ICHO M3pa3eHa mBuua mpu 3009 cm™ (xapa-
KTEpHA 3a I[MC — H30MEPHUTE) U MPAKTUIECKOTO
oTcheTBHE Ha mBMIA mpu 967 cm™ (mpu Tpamc-
HW30MEpHUTE) CBHUJICTEICTBA, Y€ B OHOIM3EIOBUTE

ropuBa €CTEPUTE Ha CBO6OI[HI/ITC MaCTHH KHCCJIHU-
HU Ca OCHOBHO ITMC-U30MCPH.

FTIR cnexTpu Ha Macia ¢ pa3IndeH IPOU3X0.T

KakTo e u3BecTHO, paCTUTEIIHUTE Macia ce ChC-
ToAT ocHOBHO (10 94 %) ot Tpurnmuiepunu [7].
U3BecTHO €, 4e B 3aBHCHMOCT OT IpHUpOjaTa Ha
Maciara, CbCTaBa U ChIIbPIKAHUETO Ha MACICHOKH-
cemute (parMeHTH B Maciata MOXe Ja ce Mpo-
MeHsI, KOeTo 00yClIaBs ¥ CBOMCTBATa Ha MacloTo.

B cnektpute Ha mscnenBanute Macna (¢ur. 3)
ce HaONIO/aBa SPKO M3pa3eHa WBUIA HA TOTIIb-
mane mpu 3009 cm™, kosiTo ¢ cBBp3aHa ¢ HeHACH-
TEHH BBIIICBOJIOPOJHA BEPUTH B TPUTIIHLECPUANTE,
T.e. C BAQJICHTHUTEC KoyieOaHWs Ha Tpyrnara
—CH=CH- 3a nuc — u3omepure, KOETO MOKa3Ba, 4e
HEHACUTCHUTE (PparMeHTH Ha M3XOJHHUTE TPUTIIH-
UPUIN CE CHCTOSAT OCHOBHO OT LIUC-U30MEpH. Xa-
pakTepHaTa MBHIA 3a TpaHc-m3omepu (967 cm™)
BB FTIR cmekTpure Ha W3CIEABAHUTE Macia ¢
c1a00 MHTEH3UBHA.

FTIR cnekTpute Ha pacTUTEIHUTE Macia T0Y-
TH HE C€ Pa3inyaBaT OT CIEKTPUTE HA ECTEPHTE.
ITpu 1748 u 1750 cm? ce HaOJII0JaBa MHTEH3UBHA
WBUIIA, XapaKTEepPHA 3a BAJICHTHUTE KOJICOaHHS Ha
C=0 Bpb3KaTa, KaTo Ta3u UBHUIIA NIPU SCTCPUTE HA
MaclTHHTe kucenuan (dur. 1 u dur. 2) e npu 1744
cm

®ur. 3. FT-IR crekTpu Ha Maclia ¢ pa3InueH MPOU3XO/: a - Macjao OT CABHYOTIED; b — Macio oT panuria.
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3AK/IIOYEHHUE

FTIR criektpuTe Ha OMOM3EIIOBUTE TOPUBA JTa-
BaT MH(pOPMAIKS 332 CTPOEKA HA METUIIOBHUTE €cC-
TepH Ha BHUCIINTE MACTHU KHUCEIHMHH, BBIIICBOIO-
poJHATa BEpHra, HAJHYMETO M MSICTOTO Ha JBOU-
HaTa BPb3Ka, BHIA HAa M30MEPUTE, KAKTO U HAJH-
YUeTO Ha KapOOKCHJIHA M KapOOHWIIHA TPYIH.
FTIR cmextputre Ha OHOAM3EIOBH TOPHBA, MOIY-
YeHW OT Pa3lIMYHU PACTHTEIHU Macja, He ce pas-
JUYaBaT ChIIECTBEHO, MOPAJN KOETO HE MOrar ja
OBbJaT M3MOJI3BAHU 3a JIOKa3BaHE Ha W3XOJHATA
cypoBuHa (BHIa Ha PacTUTETHOTO MAacjo), HO II0-
JdydeHata HHGOPMAIHS OT TAX MOXKE Ja MOJKPEIH
pe3yJITaTUTe OT U3CIICABAHUATA C XPOMATOTpaCKH
METO/IM 32 YCTAHOBSIBAHE Ha MPOM3X0J]a Ha TOpH-
Bara.
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ABSTRACT

This paper presents an algorithm to identify and assess the calibration range of technical
equipment used in testing and calibration laboratories. Displayed equations 1 and 2 describe the
computational procedure for the calibration interval based on three main factors - load operation,
stability of the technical equipment in the calibration interval and the uncertainty factor of the

additional technical resources to the primary.

Key words: calibration interval, technical equipment, laboratory for testing and calibration

BBBEJAEHHUE

MeTposiornyHara TPOCIEAUMOCT Ha pPe3yi-
TaTa OT M3MEPBaHE MPEJCTABIABA ,,CBOMNCTBO Ha
pesyiaTaTa OT U3MEPBaHE, KOWTO MOXKe aa Obie
CBBp3aH ¢ 00sBeH peepeHTEH eIeMEHT, OOMK-
HOBEHO MEXIYHAPOJCH WM HAIlMOHAJCH, 4pe3
HEIPEeKbCHATa BEpHUra OT KaJUOpUpaHUs, Karo
BCSAKO OT TSX JONPHHACS 332 HEOMPEACICHOCTTa
Ha u3mepBaneto”[1].

OCHOBHHTE €JEMEHTH Ha MPOCICIUMOCTTA
CBIVIACHO M3HCKBAHHUATA Ha MEXKIYyHAPOIHHUTE
nmokymeHTH u ipuetd ot MA . BCA” ca:

- HeMpeKbCHATA METPOJIOTHYHA BEpPUra OT

KaIuOpupaHusi/CpaBHEHHsI, KOWTO CBBP3BAT
pe3ynitaTta OT U3MepBaHe ¢ peepPeHTEH CJICMEHT,
MPUET OT 3aWHTCPECOBAHHUTE CTPAHU, KOWTO
OOMKHOBEHO € HAllMOHAJCH WJIM MEXKIYHApOACH
€TaJIoH,;
HEOMpeeJIeHOCT HAa HM3MEPBaHETO — B
METpPOJIOTHYHATA BEPUTa HA BCEKH €Tan/HUBO
TpsiOBa 1a ce JOKYMEHTHpa HEONpeaAeIecHOCTTa
(v3uncnsiBaHe W W3pa3sBaHE Ha HeoMpeere-
HOCTTa Ha M3MEPBAHETO HA OCHOBATa Ha OOIIO-
npueTH Meromau). Pesynrarure ce 00ABABAT C
pasurupeHaTa HeonpeaeIeHOCT;

- IOKYMEHTHpaHe — B METPOJOTMYHATA BE-
pura AeHHOCTHTE Ha BCEKH €Tar/HUBO TpsOBa aa
Ce U3BBPIIBAT B CHOTBETCTBUE C OOIIOHAYYHH,
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JOKYMEHTUpPaHU Tporenypu (METoau, METO.u-
KH), KaTO BCEKH pe3yJITaT TpsOBa Jia ce 3aIicBa,;

- KOMIETEHTHOCT — J1abOpaTOPHUHUTE WIH
OpraHuTe, KOMTO M3BBHPIIBAT €HO HIIU TOBEYE
JICHCTBUS Ha BCEKH €Tarl OT Ta3W Bepura, TpsiOBa
Jla TIPEJICTaBsIT JIOKA3aTeJICTBA 32 CBOSATA TEXHU-
Yecka KOMIIETEHTHOCT (Upe3 MoKa3BaHe Ha akpe-
JMTANUATa CH W/WIM MEXIyHapOJAHOTO MPU3HA-
BaHe Ha CHOTBETHHUS HAIMOHAIICH €TAJIOH);

- MeXIYHAPOIHA cHCTeMa exuHuNy ,,SI” —
METPOJIOTMYHATA BEpUra Ha MPOCICIUMOCT
TpsiOBa Ja 3aBbpIIBa JO MBPBUYHU CTAIOHH,
OCBINECTBSIBAIIM CIHHUIM Ha wu3MepBane Sl,
KOTaTO TOBA € Bh3MOXKHO;

- MOCJeIBaIl0 KajJudpupaHe — KamuOpu-
paHEeTO Ha CpejcTBaTa 3a U3MEpBaHE TPsAOBa Ja
Ce W3BBPINBA MpPE3 MOAXOAAIIM HHTEPBAIUA OT
Bpeme. [lepuomute 3a kanuOpupaHe Ha Cpea-
CTBaTa 3a M3MEpPBaHE 3aBUCAT OT MHOXKECTBO
(akTopH, KaTo HApPUMEp: MU3MCKBAaHA HEOMpEe-
JICHOCT, YeCcTOTa Ha W3MOJI3BAHCTO, HAYMH Ha
W3IIONI3BaHe, CTAOWIIHOCT Ha CPEJICTBATA 33 H3-
MepBaHe u zp. [1-2].

To4yHOCTTAa HA TEXHHYECKUTE CpPEJCTBA, W3-
MONI3BaHM BHB BCSAKA akpeauTHpaHa mabopa-
Topus, ¢ pernamentupana B T. 5.5.2 ot B/IC EN
ISO/IEC 17025:2006, a umenHo: ,, Texuuueckure
CpEe/CTBA U CHOTBETHUTE MPOTPAMHHU MPOAYKTH,
M3MOJI3BAaHM 332 W3MUTBaHUATA, KaTUOpUpaHUsITa
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U B3eMaHETO Ha W3BaJKH, TPSOBA J1a OCHT'YPSIBAT
IIOCTUT'aHETO HAa HM3HMCKBaHaTa TOYHOCT U TpH6Ba
Ja ObIaT B CHOTBETCTBHE C W3UCKBAHHATA 32
TE3W M3MUTBaHUSA W/uin KanuOpupanwus. [Ipor-
pamMuTe 3a KanmuOpupaHe TpsOBa 1a 0baaT pa3pa-
OOTEHH 3a CBHILIECTBEHUTE BEJIUYUHUA WINA CTOM-
HOCTH Ha CpeJICTBaTa 3a H3MEpBaHe, KOraTto Te3H
CBOMCTBA BJIHSAT 3HAYUTEITHO BBPXY PE3YJITaTH-
te. [Ipemn na Oble MycHaTo B EKCILUIOATAIHS
TEXHUYECKOTO CPEICTBO (BKJIFOYHMTEIHO TOBA,
W3MOJI3BAHO 3a B3€MaHE HA W3BaJKH), TpsOBa aa
ObIe KaauOpHpaHO WIM TIPOBEPEHO, 3a Ja ce
YCTaHOBU JJAJIM TO YJIOBJIETBOPSIBA M3HCKBaHUSI-
Ta, ONpEeJeNieHH OT nabopaTopusaTa, W JalH ¢ B
CHOTBETCTBHE ChC CHOTBETHUTE OCHOBHH H3HCK-
Bauus. To TpsOBa 1a OBae MPOBEPEHO H/WIH
KanuOpupaHo npenu ynorpeda”’[3].

ChriacHO M3MCKBAHUSITA HA TOPEIMTHPAHATA
JUTEpaTypa, UeNTa Ha HACTOSIIOTO M3CIIe/IBaHE €
Ja ce pa3paboTH BapHaHT Ha MPOLEIypa 3a MEX-
JIMHHU TPOBEPKH - OMpECISHE U OICHSBAaHE Ha
KaTHOpPAIllMOHHA WHTEPBAJIM HA TEXHUYECKU
cpezcTBa B 1aboparopus 3a METPOITHH POTYKTH.

ITocTuranero Ha MOCTaBeHATa IEN HM3HMCKBA
pelaBaHeTo Ha CIEHUTE 3a]a4u:

1. Pa3paboTrBane Ha mMoaXxonAdIa METOIUKA 32
NPOBEKAaHE HAa MPOBEPKU M ONpEACIsIHE Ha Ka-
TUOPAIMOHHY UHTEPBAIHA HA TEXHUYCCKU CPEIIC-
TBa OT O0XBaTa Ha akpeauTanus Ha IJabo-
patopusiTa.

2. OrieHsiBaHe Ha KATMOPAIMOHHUTE UHTEPBA-
T ¥ B3€MaHE Ha pelIeHUe 32 peKaTuOpHpaHeTo
Ha TEXHUYECKUTE CPECTBA.

EKCIIEPUMEHT

OmnpenensiHeTO Ha HMHTEpBaja 3a KaluOpH-
paHe Ha TEXHMYECKHTE CPEICTBA 3a W3MEpBaHE
M3KMCKBA. HATPyNBaHe Ha CKCIEPUMEHTATHU
JaHHH OT HaONIIOACHHS 32 TOBEICHUETO UM,
KaKTO M TAXHOTO 00paboTBaHEe MOCPEICTBOM
U3M0J3BAHETO HAa MaTeMaTH4ecKara CTAaTUCTHKA
U Teopusita Ha BeposTHOCTUTE. ChINECTBYBAT
HSKOM OOIIM yKa3aHWs, KOMTO MOraT jaa ce
M3M03BAT HPH ONPEACISHETO Ha HWHTEPBAIHUTE
3a pexaauOpHpaHe Ha TEXHUYECKUTE CPE/ICTBA, a
UMEHHO [2]:

- TIPENOPBHKHUTE Ha TPOM3BOJHUTENIS, TaICHU B

PBKOBOJICTBOTO 32 EKCIUIOATAIMs WM Jpyra
TEeXHUYECKa JJOKYMEHTAIIUS;
YecToTata Ha M3MOJ3BaHE W HATOBa-
PEHOCTTa IPU eKCIUIOATAIMsl Ha TEXHUYECKOTO
CPEICTBO;

- YCIIOBHSI Ha ChXPAaHEHUE U M3IIOJI3BAHE;
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- M3HMCKBaHATA HEOMPEJCICHOCT MPH HU3MEp-

BaHe;
- MaKCHMajHO JONYCTUMH OTKJIOHCHUS

lotipeenieHu OT 3aKOHOBAaTa METPOJIOTHsI/;

- HACTpPOWBaHE WM NPOMSHA Ha WHIWBH-
JIyaJTHO TEXHUYECKO CPECTBO;

- BIUSTHUE HA U3MEPEHOTO KOJIIMYECTBO;

- JaHHU OT IyOJHMKAIWU 32 CHIIUTE WU TO-
JIOOHU TEXHUYECKHU CPECTBA.

Bcuuku TeXHUYECKU CPENCTBA, KOUTO CE H3-
MOJI3BAT 33 M3MHTBaHE, TPSAOBa J1a ObIAT Kalno-
pHpaHH, TIpe/in Ja ce IMycHat B ymorpeba. Mak-
CUMAJTHUAT CPOK 3a peKaauOpupaHe, ciel KaTo
3amoyHaT Ja ce eKcruoatupar, crmopen [4] e
CJICJTHUSAT:

- enHa roauHa /12 Mecena/ 3a €JIEKTPUYECKH,
EJICKTPOHHU U MEXaHUYECKH TEXHUYECKU CpeJ-
CTBA,

- Tpu roxunHu /36 mecena/ 3a MEeXaHHYECKU
TEXHUYECKU CPENICTBA, U3PabOTEHU OT TBBPIU
MaTepHay, HeMO ICKAIIIN Ha TPOMSIHA,

- KaKTO ce Mpenopbh4Ba OT MPOU3BOAUTEIS HA
TEXHUYECKOTO CPEJICTRO;

- 32 TEXHHUYECKHUTE CPEJICTBA, KOUTO Ca yCTO-
HYMBH Ha OTKa3, € HE0OX0IMMO pa3paboTBaHe Ha
BBTPEIIHA JIa0opaTopHa Mpoueaypa, U3UCKBaIa
MPOBEpKa Ha ypeaa Mpeu U3MON3BaHe, U 3a TAX
MOJXe Jaa ce mpucBou craryc ,,/CO-international
calibration only” — “TIbpBo-HaYagHO KaTHOPH-
pane”;

- BE3HHTE HE CE HYXJasiT OT KaluOpHpaHe,
aKo ce BepuunupaT /mpoBepeHH U MOTBHPACHU
B oOxBara cu/ ¢ KannOpupaHa cKajia Mpeau yImo-
Tpeba. [IpomechT Ha MPOBEPKa U MOTBBPKIAC-HUE
TpsiOBa 1a ObAE TOKyMEHTHPAH;

- TEXHUYECKHUTE CPECTBA, KOUTO Ca YyILIUBU
(kpexku), TpeaMeT Ha YecTa ymoTrpeba WU ce
EKCIUTOATHPAT MPH TEKKH YCIOBHUS, TPSOBA 1a ce
Kaaubpupar mo-uecto (mpuMepHo Ha 6 Mecera, 3
Mecelna, CeIMUYIHO, TIPEH BCsKa yrnoTpeda);

- Ha TEXHUYECKUTE CPEJCTBA, KOUTO CE U3-
MONI3BaT PSAJIKO, MOXKE Ja Ce TPUCBOU CTaTyc
,,Kamubpupa ce npenu ynorpeda”, BMECTO Iepu-
OJIMYHO KanuOpupaHe;

- KanuOpalMOHHUTE WHTEPBAaIM MoOraT J1a
ObIaT U TO-TBJITH, aKO CE OCHOBaBaT Ha CIEI-
HOTO: 32 CJIEKTPUYECKU CHIIPOTUBIICHHUS], TOKOBH
U TMOTEHIMATHU TpaHCcHOPMATOPU MOXKE Ja ce
YIOBIDKU KaTHOPAITMOHHUAT TIEPHOJ 10 3 TOIHUHH,
aKO pe3yJITaTHTE OT IIbPBOHAYATHOTO KaauOpH-
paHe ca 100pH U TEXHHUYECKUTE CPEJCTBa HE Ce
EKCILToATUpaT MPH TEXKH yciosus; Ha Beznurte
MOJXE JIa C€ YABDKU KAJIMOPAIMOHHUAT MEPHOJ
JI0 5 TOIMHY TIPY U3IOJI3BAHETO Ha J1abopaTopHa
npolleaypa, B3emaiia MmoJi BHUMaHHE YeCTOTaTa



UM Ha eKCIUIoATalisl U MEXIUHHUTE MPOBEPKU
Ha TErJMWIKWATE. YIbKaBaHE Ha KaluOpammoH-
HUTE WHTEPBAIH MOXE J]a CE OCBIIECTBU M KOTa-
TO HMMa JOCTATHYHO HATPYNMAHH EKCIICPUMEH-
TaJIHU JaHHU OT MPEIUIITHA KATHOPUpaHHS, KaK-
TO W OT OIlKMTAa IPH H3IOJI3BAHCTO HA TCXHUYECC-
KOTO CPEJCTBO 3a Ch3JlaBaHE HA CTAaTHCTUYECKa
TEHICHITUS, TapaHTHpalia CTa0WIHH u 100pu
pe3yATAaTH OT U3MEPBAHE 3@ MO-IBIBI TIEPHOJ OT
BpeMe.

Cn0o0passBaiiku ce ¢ U3II0KEHOTO, MpeIaraM
CJIC/IHUS ATOPUTHM 32 OIpeJielisTHe Ha Kauopa-
[IMOHEH HMHTEPBAJ W IOCIEABAIIOTO MY OLCHS-
BaHe:

|. BXxoqHH JaHHM HA aJrOPUTHMA

.1. BpBexxmane Ha MaKCHUMAJIHO [OIYCTHUM
CPOK 3a peKaquOpupaHe Ha TEXHHYECKOTO CPeji-
ctB0 — X (MakcuMajeH KaluOpaluOHEH HHTEp-
BaJ).

I.2. OcHOBHH (DaKTOPH, BIHSCHIA BBPXY IIe-
puoza Ha KanuOpHupaHe:

1.2.1. ®akrop F; - HaTOBapeHOCT Ha €KCILIOAa-
Talys Ha TEXHUYECKOTO cpeacTBo, % (omeHkaTa
Ai(F1) Ha To3u dakTop mpeacTaBiIsBa MPUHOCA
KaTo 4acT OT eJMHUIIATa WK B % Ha Heompene-
JIEHOCTTA OT THI A IIpU KannOpHpaHe Ha TeXHH-
Y4ECKOTO CPEJCTBO).

1.2.2. ®akrop F, — cTabUIHOCT Ha TEXHU-
YEeCKOTO CPEACTBO (CBBP3aH € C pe3ysiTaTure OT
MEKIMHHUTE TIPOBEPKH, Karto omenkata Ap(F,)
HpENCTaBIsABa MPUHOCA KATO YacT OT eIUHUIATa
wi B % Ha HeonpeneneHoctra Ha CCM (CM)
KBbM OIO/DKETa Ha HEOIPEIeNICHOCTTa).

1.2.3. daktop F; — dakTop Ha Heompe-
nenenoctra (ouenkure Agi(Fs3) Ha To3u (akTop
IPE/ICTAaBISABAT NPUHOCHTE KAaTO YacT OT €AWHH-
nara win B % Ha HeomnpeaeneHocTTa ot Tun B Ha
JPYTH CIIOMAaraTelIHU TEXHUYECKH CPEICTBAa KbM
OCHOBHOTO).

1.3. Ilpu ompeaensHe Ha KaluOPallMOHHUS
UHTEpBAJl Ha TEXHHYECKH CPEJICTBA, 3a KOUTO
HSIMa HATpyNaHH EKCHEPHUMEHTAHH IAQHHU OT
eKCIUIOAaTalllsl WIN OT NPOM3BOAWTEN, WM HE €
MOCOYEH TaKbB B HOPMATHUBEH JOKYMEHT (CTaH-
JapT WIK APYT), KaKTO M 32 HOBH TaKHBa, Ibp-
BOHAYAJTHO B aJrOPUTHMa Ce€ 3ajara ro-KbC Ka-
TMOpanMoOHEeH HHTEPBaJl, TPUMEPHO €HA TOIUHA
WA JIPYT.

Il. MaremaTu4yeH Mo/eJI 3a
KaJIHOPAlMOHHUSI HHTEPBAJ

B MaTemarnyHHTE MOJENU 3a ONpe/essHe Ha
KaTuOpalMOHHHUSA WHTEpBaJl HAa TEXHUYECKHUTE
cpencrBa [5-6], ce KOMeHTHpaT NPHUHOCHTE Ha
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(bakTopuTe - NPEIHUIIHO U HACTOSIIO KaTHOpH-
paHe, ¢ TEXHUTE TETJIOBHHU OIICHKU KbM IIeJieBaTa
hyHKIMSL.

HacrosmustT MaTeMaTH4eH MOJEN MPeICTaBst
ounenkure Ha TpuTe (akropa (Ai(Fy), AxF2) n
Asi(F3)) kbM KanuOpanMOHHHS HHTEPBAl KaTO
NPEHOC Ha OLCHKUTE OT OF0JDKETa Ha Heolpee-
JIGHOCTTa MPU KaJUOPUPaHETO HAa TEXHUYECKOTO
CPEICTBO.

CI=ICLX(KALF)+B.AAF2)+ Y C Ay (F;) (1)
NC|:CIprevious(K-Al(F1)+B'Az(Fz)
+ z CiA;(F))

KBJICTO:

- X — MakCHMaJIeH CPOK Ha KaluOpupaHe Ha
CHOTBETHOTO TEXHHUYECKO CPEICTBO CHINIACHO
[4];

- ICl — mppBOHauasneH KaaMOpalMOHEH WH-
TepBat (e1Ha TOIMHA HJIH T0-KbC);

- Cl — xanuOpaIlioHEeH MHTEPBal CIEA MbP-
BOHAQUAITHHUA);

- NCI - crneaBam kanuOpanMoOHeH MHTEPBAI,
OCHOBABAIll CE HA TAHHUTE OT MPEIXOTHHS;

- Clprevious — TIPEIXOAEH KaTHOPALMOHEH HH-
TepBal;

- B — xoeduIMeHT Ha OTKIOHEHHETO OT CTa-
OmITHOCTTA,;

- Cj — xoe(uIMEHTH HAa OTKJIOHEHHUETO OT
HeomnpeaeneHocTTa Tun B Ha crmomararenmHuTe
TEXHHUYECKH CPEJICTBA KbM OCHOBHOTO;

- K — xoeumeHT, oT4uTaIl HATOBapPEHOCTTA
Ha eKCIUIOaTaIusl.

MakcuManHaTa CTOMHOCT Ha KOS()UIUCHTUTE
K u B e enuanma. B pesynrar ot moBumaBaHeTo
Ha HATOBAPSHOCTTA MPH SKCIUIOATAIUS U BJIOIIA-
BaHEe Ha CTAOWJIHOCTTA, CTOWHOCTHTE UM Hama-
JSIBAT ChC CHOTBETCH TPOIICHT.

Koe¢uiuenture Ci Morar na mpuemar CTOM-
HOCTH U TIO-BUCOKH OT €IMHUIIA, KOETO e JI0-
BeJIc B U3BECTHA CTETCH U JIO ,,yAbDKaBaHe  Ha
KaJHOPAIMOHHUS HTEPBAL.

®DakTOphT ,,HATOBAPCHOCT HA CKCILIOAaTanus”
Ha TEXHUYECKOTO CPEJICTBO CE& M3pa3sBa C:

F, =100, %
m

)

@)

KBJIETO:

- N — Opoli yacoBe Ha EKCIUIOaTalys Ha TeX-
HUYECKOTO CPEICTBO;

- M — Opoil paboTHM YacoBe B TOAHMHATA
(2080h).

3a ompenensHe Ha CTAOUITHOCTTA HAa TEXHUYE-
CKOTO CpPEACTBO Ype3 MEXIWHHHM IPOBEPKH €
W3rOTBEHa KOHTPOJIHA KapTa Mpe3 MbpPBOHAYAN-
aust  mepuon  Ha KanmmOpupane (ICl)  cmen



chOMpaHe Ha JAHHUTE, CJIeA KOETO € HampaBeH
aHanu3 3a OTkiIOHeHuATa. Korato croiHOCTHTE
Ha MapaMeThpa, KOUTO ce M3MEepBaT C JaJCHOTO
TEXHUYECKO CPEJCTBO, Ca B HEOOXOAUMHUTE TIpe-
JYTIPEJMTEIHN TPAaHUIIM HA KOHTPOJHATA KapTa
3a bPBOHAYAIHHUS TMEPUOJA Ha KamuOpupaxe,
ouenkata Ha To3u akrop (F,), a umerHo A(F,)
3amasBa MpueTata CTOHHOCT OT OI0JpKEeTa 3a Heo-
npeaeneHocTTa. B ciaydail Ha OTKIIOHEHHUS Ta3u
CTOMHOCT Ha OIIHKAaTa Ce KOPUI'HPa ChC ChOTBE-
THHUSI TIPOICHT Ha OTKIOHEHMSATa (KOSHHUIIUEHT
B).

CpaBHEHHETO MEXIy MPUHOCHTE Ha HEOoIpe-
JIeICHOCTTa OT TN B Ha apyru cnomaraTenHu
TEXHUYECKHU CPEJICTBA KbM OCHOBHOTO OT ITBPBO-
HAYaJIHOTO U MPEIUIIHOTO WM HACTOSIIOTO Ka-
nubpupane (T.e. omeHkara Ha (akropa F3, a
uMmeHHO Agi(F3)), ce mHTEpHpeTHpa KakTo U mpu
CTaOMITHOCTTa HA TEXHHUYECKOTO CPEJCTBO C W3-
KITIOUeHHe Ha (akTa, ue B CiTydail Ha MoyyaBaHe
Ha TO-HUCKA MO-CTOWHOCT HEOMPEIEICHOCT Ce
YBEJINYaBaT ChC CHOTBETEH MPOIICHT U OIICHKUTE
Asi(F3), KoeTo MOKe 1a J0BeE 0 yBeIHUaBaHEe
HAa KanuOpallMOHHWS WHTEpBall B HEroBata Iifi-
JIOCT.

PE3VYJITATH U OBCBHXJIAHE

B croTBeTCTBHE C IOCTABEHUTE LIET U 33/1a4H
MPEJIOKEHUAT aJrOPUTHM 32 ONPEACISIHETO Ha
KaquOpalMOHHUA MHTEpBAI HA TEXHHYECKO
CPEACTBO € MpWIOXKEH 3a ,Amapar 3a ompe-
JeNisTHe Ha IJIaMHAa TeMIlepaTypa ChC 3aTBOPEH
turen — tun llencku-MapreHc”, KoiiTo ce Bb-
BeXJa IIbPBOHAYAIHO B €KCIUIOATalus B Jalo-
paTopus 3a aHau3 Ha HePT U HE(YTOMIPOILYKTH.
|. BXoaHu JaHHM Ha aJroOpuTHMAa

I.1. MakcuManaHO HOMyCTUM CPOK 3a peKa-
mbpupane Ha amapara X = 2 rogunau (24 me-
ceria).

1.2. OmnpenenssHe Ha OcCHOBHHTE (aKTOpH,
OKa3Ballld BIJIMSHHE BBPXY KaluOpalMOHHUS
MHTEpBaJ Ha anapara.

1.2.1. ®akrop F; — HaToBapeHOCT Ha eKcIIoa-
Tanus Ha TEXHUYECKOTO CPEACTBO (CHITACHO
ypaBHenue 3) mpe3 mbppBara roauna (1CI):

F =" 100 = 28 100 -889%
m 2080

1.2.2. ®dakrop F, — cTabuimHOCT Ha TEXHU-
YeCKOTO cpeacTBo — npe3 mbpBata roauna (ICl)
ca U3BBPIICHN MEXIUHHU MPOBEPKH Ha amapara
ChC CpaBHHUTEJCH Marepuan (BTOpHYECH pabOTeH
eTajoH), a MMeHHO — N-decane ¢ HOMHUHAIHA
wiamMHa temneparypa 53°C. [laHHuTe OT Te3H

MEXIUHHHU TPOBEPKU Ca HAHECEHH Ha KOHTPOJ-
Ha KapTa 3a cpeiHa croiHocT — ¢ur. 1. Ha Hes
npeaynpeanTenHuTe rpanumu ca 51 m 55°C
(£2S), a kourposnuure rpanunu ca 50 u 56°C
(x3S) croTBETHO.
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®@ur. 1. KonrponHa kapTa 3a cpeHa CTOHHOCT
32 TEXHHYECKO CPEACTBO - ,AmapaT 3a oOImpe-
JelsiHe Ha IUIaMHA TeMIepaTypa CbhC 3aTBOPEH
turen — tan [leacku-MapteHc”.

Ot nmaHHUTE, NMPEACTaBEHH Ha KOHTPOJHATA
KapTa, ce BWXKIA, Y€ CpPEeJHHUTE DPE3yiTaTH OT
W3MEpBaHUATA Ipe3 TOJMHATa Ha BTOPHYHHS
paboTeH eTaJioH ca B PAMKUTE Ha Mpemympe-
auTenHute rpanuny (£2S), koeto goKa3Ba cra-
OWJHOCTTA Ha amapara mpe3 bPBOHAYATHUS
unrepBan Ha kanuOpupane (ICl). B pesynrar Ha
TOBAa OTKJIOHEHHWE OT CTAOWIIHOCTTa HE ce
3abems3Ba, a koedummeHTHT B mipem orenkara
A;(F;) npueMa cTORHOCT €MHUIIA.

1.2.3. ®aktop F3 — dakrop Ha Heompene-
JeHocTTa OT TUN B 3a npyrm nombiaHHUTETHH
TEXHUYECKH CpelicTBa. B HSAKOM ciyyaW TaKHBa
JOIBITHUTEHN TEXHUYECKU CPeJCTBa HE ce H3-
MIOJI3BAT, B PE3yNTAT Ha KOETO OLIEHKATa Ha TO3M
(hakrop 111e 0bae 0.

B pasraexxnanust npuMep nMa TakoBa JIOITBI-
HHUTETHO TEXHUYECKO CPEACTBO, 2 UMEHHO Tep-
MOMETBp, YHATO HEOIpeneneHocT € tun B wu
OIIEHKAaTa Ha Ta3W HEONPEIENIEHOCT 3a alropH-
ThMa ce B3eMa OT MpHUHOCca B OI0/KETa Ha HEOII-
peneneHocTTa 0T KAIMOpUpaHeTo Ha anapata.

OTaenHUTE MPUHOCH KBM HEOIPENEICHOCTTa
MpH KaTUOpPUpPaHETO HA TEXHUYECKOTO CPEICTBO

»ATlapaT 3a ompejensHe Ha IUIAMHA TeMIIe-
patypa cbc 3aTBOpeH Turen — Tun lleHcku-

MapreHc”, ce TIpeacTaBaAT B cieanus Bum (ur.
2):
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17%

24% 59%

®@ur. 2. IlpuHOCH KBM HEOINpPEACICHOCTTa OT
KamOpupaHe Ha TEXHUYECKO CPEJICTBO - ,,Arma-
par 3a onpeJeNsHe Ha TIaMHa TEMIIEPATy-pa ChC
3aTBOpEH TUTelN — TUll [lencku-MapTeHc”:
1 — mpOICHTEH NMPUHOC HA HEOIPEACICHOCTTa OT
u3mepBaneTo cs¢c CCM;
2 — MPOLIEHTEH IPUHOC HAa HEOIPEACIIEHOCTTa OT
JOITBJTHUTEHO TEXHUYECKO CPECTBO (TepMOoMe-
Tbp);
3 — MPOIICHTEH MPUHOC HA HEOMPEACICHOCTTa OT
CCM.

Ot ¢ur. 2 ce BUXk/1a, Ye 32 OLECHKUTE HA TPH-
Te (hakTopa MOXKEM Jia MPUCBOUM CIIEAHUTE CTO-
WHOCTH.
Al(F]_) =0,59; Az(Fz) =0,17; A3(F3) =0,24.

I.3. Tyk ce 3amara mppBOHaualieH KanuOpa-
uuoHen untepBan (ICl) eqna roguna (12 mece-
1a).

Il. Marematnuen ™momen 3a Kaaubpa-
HHOHHHUSI MHTEPBAJ Ha ,,Amapar 3a IUIaMHa
TeMIlepaTypa cbc 3aTBOpeH Tured — Tun Ilen-
cku-Maprenc”.

CeriacHo ypaBHeHue 1:

Cl= |C|X(KA1(F1) + BA2(F2) + CA3(F3)), T.C.
Cl1=1.2(0,91.0,59 + 1.0,17+1.0,24)=1,89 roaunm.

PesynrarsT, Ko#TO ce monyvasa (1,89 rognuu
w23 Mecela), MOKa3Ba HaMallCHHE Ha 3aJ0-
KEHHsI MaKCUMaJeH KaJIMOpalMOHEeH Iepuoj ¢
€IMH Mecell, CBbP3aHO OCHOBHO C OTYUTAHETO HA
HATOBapeHOCTTa Ha ekcrioatanus (8,89%) 3a
mbpBara roauna (ICI).

[TocnenBamusaT  KaquOparMoOHEH — MEPHOX
(NCI) me ce ompeaenu cie U3THYaHE HA Kajlud-
Opaumonnust uHTepBan ot 23 mecena (1,89 ro-
JIMHY) TI0 ypaBHEHHE 2 U T.H.

3AK/IIOYEHUE

Ch3naicH € U NPUIOKEH HOB aJTOPUTHM 32
OTpEe/eNITHE U OIICHSIBAHE HA KAIWOpaIMOHEH U
peKamuOpalioHeH WHTEpPBAl HAa TEXHHYECKH
CpeZCTBa, U3MOI3BAHU B JIA0OPATOPHH 32 U3IHT-
BaHE W KaJIMOpUpaHe.

Ha 6a3a Ha TpuTe OCHOBHM (haKTOpa — HATO-
BapeHOCT Ha EKCIUIoATalHs, CTAOMITHOCT Ha TeX-
HUYECKOTO CPEJICTBO TIpe3 KaIHOpaluOHHUS
UHTEpBal U (aKTOPHT HA HEONMPEICNCHOCTTA OT
JOMBITHUTETHUTE TEXHUUYECKH CPEJCTBA KbM
OCHOBHOTO, Ca M3BEJICHU JBE YPaBHCHHS, KOUTO
OMHKCBAT M3YMCIUTEIHA MPOoleaypa 3a Kamuopa-
[OHEH U peKATMOpaMOHEH HHTEPBAIL.

B 3akitouenue pa3pabOTEHUST aITOPUTHM 32
ONpe/eisTHE U OLCHSABAaHE Ha KATHOPAlMOHHUS
UHTEPBAJ MOXeE JIa Ce MPHIIOKH KaTo MpoIeaypa
3a BBTPELIHU IIPOBEPKU - OIpEACIIHE U OLEHI-
BaHE Ha KaIMOPAlMOHCH WHTEPBAI 3a TEXHHU-
YECKHUTE CPEICTBA B JIAOOPATOPUUTE 32 H3MHUT-
BaHE W KaJIMOpHUpaHe.
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ABSTRACT

The removal of sulfur compounds from petroleum is crucial to producing clean burning fuels.
Sulfur compounds poison emission control catalysts and are the source of acid rain. New federal
regulations require the removal of sulfur in both gasoline and diesel to very low levels, forcing
existing technologies to be pushed into inefficient operating regimes. New technology is required to

efficiently produce low sulfur fuels.

Key words: extraction, gasoline fraction, sulphur, puryfying

BBBEJIEHUE

NKOHOMUYECKHUAT pacTek M HAPaCTBAHETO Ha
HUBOTO HA XHU3HEHHs CTaHAApPT 3a CHKaJICHHE
OKa3BaT HETaTUBHO BIIMSHUE BBPXY OKOJHATA
cpena. B crpanute ot EBponeiickus Cbro3 Ipe3
nepuona 2010-2020 r. ce odakBa CpeaHOTOIM-
IIIeH MKOHOMHYECKH PacTeX OT MOopsabKa Ha 2—3
%, xoeto e cebp3aHo ¢ okojo 30 % yBennuaBaHe
Ha MbTHHUS TpaHcnoptT [1,2]. [IbTHUAT TpaHCOPT
MIpeICTaBIsIBa OCHOBEH M3TOYHUK Ha BBIIIEPOICH
moHookcua (CO), azotau okcumu (NOX), TBBp-
IU 4acTUIM (CaXKAM) W HECHABPIKAIIUA METaH
netnuBu oprannyau cheaunenus (HMJIOC). B
pe3yiTaT Ha EMHCHHTE OT TE€3HM KOMIIOHCHTH,
KOUTO CE ChABPIKAT B OTIIAJHUTE T'a30BE OT aBTO-
MoOMIHTe, 0COOCHO B TOJIEMHUTE IPasioBE, X0opaTa
3armoyYBar Ja CTpajgaT OT peanlia 3200 sIBaHHS.

3amMbpcsIBaHUS KaTO cspaTa B aBTOMOOWITHHUTE
OCH3MHHM W JU3EJIOBOTO TOPHBO BOJAST HE CaMo
0 3aMbpCSIBaHE Ha BH3AyXa, HO Te€ CBIIO TaKa
MPEJICTABIIABAT OTPOBA 33 KATAIUTHUYHUTE KOH-
BEPTOPH, YJIOBUTEIUTE HA CAXKAM M HA JIPYTH
TEXHOJIOTHH 32 KOHTPOJI Ha BPEAHHUTE E€MHCHH.
HamansBanero Ha ChIBpKAHHETO Ha cspa B
ABTOMOOMITHUTE TOPUBA JI0 CBPBXHUCKU HHBA OT
nopsiapka Ha 10 ppm urpae kimodoBa pois 3a
3HAYUTENTHO IIOHIDKAaBaHE HA HUBOTO Ha Bpel-
aure emucuu. [Ipes 2003 r. Eppomeiickusr
napnameHT npue aupextuBa 2003/17/EC, xosto

MOCTaBsI OTPAaHUYCHHUE BHPXY ChIABPKAHHETO Ha
csipa B qu3enoBute ropusa ot 10 ppm, koeto € B
cwia ot 01.01.2009 r. ¢ MexIUHHA CTOMHOCT OT
50 ppm B cmra ot 01.01.2005 r. B CAILL Bie3e
OTpaHMYCHHE BBpPXY csApara B JU3CIOBHUTE
ropuBa oT 15 ppm, cumrano ot 01.06.2006 r.
IMocTuraneTo Ha Te3W CBPHXHUCKH HUBA Ha CApa
B aBTOMOOMJIHUTE TOPHBA TPEJICTABIISABA TOJISIMO
NPEAU3BUKATEIICTBO 32 CHBPEMEHHOTO He(dTo-
npepaboTBane. To3u BBOPOC cTaBa OMIe IMO-
TPYJIEH 3a pellaBaHe, UMaiKu TpeaBH] HAOIFO-
JaBaHaTa TEHJACHIMS KbM HaMalsiBaHE Ha OTHO-
CUTEJIHUS IS Ha HUCKOCEPHHCTHTE He(TOBE U
yBENUYaBaHEe Ha Jeja Ha TEKKUTE BHUCOKOCEp-
auctu Hedroe [3]. M300pbhT Ha onTumaineH
BapuaHT 3a TPOM3BOACTBO HA CHBPEMEHHU
€KOJIOTHYHO ONarompusTHH TOPHBA € CIIEIH-
¢buyeH 3a BcAka emHa padUHEPHS W 3aBUCH OT
TUNA Ha TpepaboTBaHATa CYpOBHHA M TEXHOJO-
rHYHATa CXeMa Ha TPOIECHTE Ha MpepaboTBaHe
Ha HedTa.

TexHonornuTe 32 HaMajsBaHE Ha csApara Hai-
001110 ce AeTSIT Ha TaKWBa, KOUTO OTCTPAHIBAT
csipaTa OT CypOBHMHATA 332 KATAIUTHUYCH KPEKUHT
(KKP) - xuapoouncrsane (XO) uiu yMepeH Xu-
npokpekur (YXK), 1 Ha TakuBa, KOUTO OTCTpa-
HSIBAT CApaTa ype3 MOCT-TPETUpaHEe Ha OCH3WHA.
[IbpBUTE WMAT MPEIUMCTBO, KOTaTO C€ IEH
U3BIMYaHE Ha JOMBIHHUTEIHU TOJI3H OT KOH-
BepcUATAa HA CYypOBHHATa. PecTpHKIMATA Ha
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KamuTaiu obade 4YecTo OrpaHnYaBa TO3U IIOA-
xoz. ITocT-TpeTrpanero Ha OeH3WHA CTaBa C IO-
MaJIko cpenctBa. [lpyra mo-maiko elaHa Bb3-
MO>KHOCT 32 HaMaJsiBaHe Ha csipaTa B KPEKHHI-
OeH3MHa € IOHIDKaBaHE Ha Kpas Ha KHUIIEHE Ha
OeH3nHa, KoeTo 0baye € OTpaHUveHO OT 3aryba B
nobuBa My [4]. UscnenBanusita B o0iacTra Ha
XUIPOTPETUPAHETO Ha CypOBHHATa 3a KaTajlH-
TUYEH KPEKHHT ITOKa3BaT, Ye 3a J]a Ce MPOU3BEe
cTokoB Oem3uH ¢ 50 ppm csipa mpu A Ha
kpekuHT-0eH3uHa 50 %, chIbpKaHUETO HA csApa
B CYpOBMHAaTa 3a KaTaJIUTHUEH KPEKUHI HE
TpabBa na mpesumasa 0.12 %, a 3a mpousBoa-
CTBOTO Ha CTOKOB OeH3uH ¢ 10 ppm cspa
CYpOBHHATA 3a KaTAJIUTHYEH KPEKUHI TpsiOBa na
cpabpka He oBede ot 0.025 % csapa. Tesu HuBa
Ha csipa B CypOBHMHATA 32 KaTaJIUTHUYEH KPEKUHT
HE Ca HEAOCTHXHMMH, HO MPOIBIDKUTEIIHOCTTA Ha
MEXIypercHepallMOHHUS UKBI Ha KaTaju-
3aTopa MpHU TaKbB PEKUM Ha paboTa 3HAYUTEIIHO
ce CKbCSIBA.

Hanocneark ce oOpblua royiiMo BHUMAaHUE Ha
W3MOJI3BAHETO HA KUCIOPOJCHIBPKAIIUTE Che-
IuHeHHs: (METaHOJN, €TaHOJ], METHJI-TPETHYCH-
OyTHJIOB eTep, METWI-TPEeTHYEH-aMUJIOB €Tep,
TpeTndeH OyTHIIOB alIkOXOJ, BTOpUYEH OyTHIIOB
QJIKOXOJI M JIp.) KaTO BHCOKOOKTAHOBH J00aBKH
KbM OCH3MHUTE WM KaTO TEXHU 3aMECTUTEH.

OT BCHYKH KUCIOPOJCHABPKAIIN CheAHHEHHS,
KaTo KOMIIOHEHT 3a MPOM3BOJCTBOTO Ha BHCOKO
OKTaHOBU O€H3MHM Hal-IIMPOKO NPHIIOKEHHUE €
HaMepuJ METHI-TPETUYHUAT-OyTHIIOB €Tep -
(MTBE). Toii ce mony4aBa B IOCTaTh4HO TOJIe-
MU KOJIMYECTBA MpPU B3aWMOJCHCTBUETO HA H30-
OyTHiieH ¢ MeTaHoJl. BBmBexaaHeTo B 0a30oBUTE
oemsuan no 15 % MTBE mnossonsiBa ma ce
nojy4at 0e300BHU OCH3MHH OT Pa3IUYHU Map-
KU C M0-BUCOKO ChABPKAHNUE HA HUCKOOKTaHOBU
KOMIIOHEHTH B CpaBHEHHUE ¢ ajnkuiarta. be3onos-
Hute OcH3mHH, chabpxkanm MTBE, umart mo-
BHUCOKO OKTAaHOBO YHCJIO B CpaBHEHHE C 0€30J10B-
Hute, Hechabpxkamu MTBE, u 3HauntenHo mo-
BHCOKO OT €KBUBAJICHTHUTE OJIOBHU OCH3UHHU [5].

[Ipn mpownsBoAcTBOTO Ha ropuBa ce 0OpbIIa
0co0EHO BHHMaHHME HA TEXHUTE TEXHUYECKU
CBOICTBA, 3a JIa CE yIOBICTBOPSBAT TIOBUILICHUTE
W3MCKBAaHHUSI Ha CHBPEMEHHHUTE [BUraTeld C
BBTPEIIHO ropeHe. EqHoBpeMeHHO ¢ mocodeHara
[OopenuIa OT TEXHUYECKHU M0Ka3aTelIt, IPOU3BO-
JIUTENNTE HA TOPHWBA ca 3aJbJDKEHH Ja o0e3re-
4yaBaT OIpEIeNeHH XHMHYEeCKH M (u3ndecku
CBOHCTBa Ha TEYHUTE TOPHUBA, KOUTO JAa THU
MpaBsIT MaKCHMalHO Oe30macHM 3a OKOJHATa
cCpeAa W TMpH IBITOBPEMEHHO CHXpaHJABaHE /2
3ama3BaT  ['bPBOHAYAJIHUTE CH  OTHACSHHIL

YIOBNETBOPSIBAHETO HA TE3M TPU OCHOBHH
W3UCKBaHHWA KbM TOpHBaTa Hamara, OT €JHa
CTpaHa, H3MOJ3BAHETO HAa CICHUAIHA TEXHO-
JOTHH 3a TMPOU3BOJICTBOTO UM, KOHWTO BeYe
pasrienaxme, a OT Jpyra - yrnorpebara Ha crie-
UaTHA JT0OOABKU 3a T'OPHBa, OCUTYpsBAaIIU JO-
MBJIHUTEITHO TPHJIABaHE HA HOBH WJIM yCTaHO-
BSBaHE HA TaKWBa CBOWCTBA, KOWUTO TOpUBATa
NPUTEKABAT B HEAOCTaThYHA CTEIEH, 32 J]a TOK-
pUBaT TOCOYEHUTE TIO-TOPE HAMPABJICHUS OT
XUMHYECKH, (DU3UUECKU U MOTOPHH XapaKTepHUC-
THKH. BBIpoCHT 3a mogoOpsiBaHe HAa CBOMCTBATA
HA aBTOMOOWIIHUTE OCH3WHH C Pa3IMYHU BUIOBE
J00aBKM € pasriieiad B autepatypara [6-8].
Jlo0aBKUTE W3MBIHABAT HIKOIKO (YHKIIHU:
JaBaT Bb3MOXKHOCT Ha MPOU3BOIUTEINTE Ha TO-
puBa Nla mpeajarat MpOoIyKIHs, ChOTBETCTBAIA
Ha crieluUKaIUUTEe OT eIHA CTPaHa, & OT JApyra
- o0e3mnevaBaT HeoOXoquMaTa YMUCTOTa Ha JIeTaii-
JUTE Ha TOPHBHATA amapaTtypa ¥ HeoOXOIUMOTO

HMBO HAa W3IYCKAaHWUTE BPEIHH EMHCHH B
arMocdepara [9].
EKCIIEPUMEHT

3a na ObJaT U3YHCICHU TOYHO KOS(HUIIMEHTHTE
Ha M30UpaTENHOCT W TPYNoBa H30MPATEITHOCT,
OpPEABAPUTEIIHO  0siXa  HM3YMCICHH  MOJHHUTE
KOHIICHTpAIIMKU Ha CEPHHUTE CheIUHEHUs B padu-
HaTa U B CKCTPaKkTa ChOTBETHO. 3a IMeiTa C
MOMOIITa HA METOJTUTE Ha ra30BaTa XpoMaTorpa-
(dus Osixa ompemeNieHd MOJICKYJIHATE MacH Ha
OceH3MHOBaTa (PpaKIMs KaTo LSJI0 U Ha cymara ot
CEPHUTE ChEIMHEHUS, KOUTO CE ChIbpPXKAT B HEsl.
[Mpuemame, ve moiydeHata MOJEKYJIHA Maca Ha
CEPHHUTE ChbCIMHCHHMS 32 HAC € pabOTHA U MOHEKE
HHM € Hu3BecTHO, ye MMgy = 94,04 < MMcc =
102,33, TO ciemoBarenaHO, KaTro 3HAEM, 4Ye
CEpHHUTE ChEJIMHEHHS HE C€ pa3in4aBaT MHOTO
Mo IUIBTHOCT M MOJEKYyJTHa Maca OT BbIJe-
BOJIOPOJIHHSL ChCTaB HA TOPUBOTO, CIEIOBATEIHO

rpemikaTa Hy Iie Obae OT mopsabka Ha 2-3%
[10].

Ha 0a3a Ha JaHHUTE 32 MOJICKYJHUTE MacH CMe
KaJIKyJIUpaJId MOJHUTE KOHIIEHTPAIlUN Ha IOJIY-
YCHUTEC TMPH CKCICPUMEHTUTEC eKCTPaKTHA H
padunatHa dazu. JJaHHUTE 32 MOJTHUTE KOHIICH-
Tpaluy ca MpeacTaBeHu B Tadbmuim ot 1 go 8.

[lonsspauTe pa3TBOPUTENH, U3MOI3BAHU 32 W3-
BJIMYaHE HA CEPHH M apeHOBH BBIJIEBOAOPOIU OT
paznmmuHn  HedreHWm (pakumu, TpsaOBa ma
MpUTEXaBaT BHCOKAa CEJIEKTHMBHOCT M pa3TBa-
psllla CIIOCOOHOCT MO OTHOLICHHE Ha LIEJIEBUTE
KOMITOHEHTH.
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Wudopmarust 3a pa3rBapsiiaTa CiocCOOHOCT Ha
pa3IMYHUTE CEIEKTUBHY PAa3TBOPHUTENN HU JIaBaT
KoeULUEHTUTe Ha W30HMPATENHOCT U TPYIOBa
M30UPATEITHOCT.

B Tabmumm 1 mo 8 ca mpemcraBeHH pe3yi-
TaTHTE OT U3YHMCISIBAHETO HA KOSPHUIMEHTUTE Ha
HU30MpaTeIHOCT M TpyHoBa H30MPATENHOCT 3a
pa3IMYHNATE H3MOI3BAHM OT HAC CENeKTHBHH
pastBopurenu. Koeduuuentbr Ha wu30upaten-
HOCT € U34MCIIeH 1o GopMmynara:

A=y -x)/X(1-y) 1)
KBJIETO:
X - CbIbpPKAaHHUE HA CEPHU ChCAUHCHUS B
ekcTpakrta, % Mod.;
Y - ChIbp)KAHHUE HA CEPHU ChCIUHCHHUS B
padunata, % Mo

PE3YJITATHU U OBCBHXJIAHE

B Tabmummm 1 m 2 ca mpemcraBeHH Koe-
(unueHTUTEe Ha M30MPATEITHOCT, TPYNOBa U30H-
paTeNHOCT, KAKTO M MOJHUTE Macu Ha paduHara
U EKCTPaKTa, MOMYUYCHU MIPU EKCTPAKIHs Ha OeH-
3uHOBa ()pakiys ¢ pasTBopuren Gpypdypar 3a
U3ITBIHCHUE Ha IIEJIUTE Ha HacTosmara padora
Oemre m3mo3BaHa OCH3MHOBA (PPAKITUS C MHTEP-
Baj Ha kureHe 45 — 212 °C, mpou3BOACTBO Ha
»bbarapcka Ilerponna Padunepus” EOO/ — rp.
Codus

Tadauua 1. Koeduruentun Ha W30MPaTETHOCT U
rpynoBa H30MPaATETHOCT Ha CHCTeMaTa OCH3MHO-

Ba (hpaxims — Gypdypan

Bpeme X, % v, % Yij log g
Ha mol mol

KOHTaK

T, Min

30 0,0206 0,0024 0,11 -0,94
45 0,0208 0,0023 0,11 -0,98
60 0,0208 0,0022 0,10 -0,98
75 0,0207 0,0022 0,10 -0,99
90 0,0208 0,0021 0,10 -0,99
120 0,0209 0,0020 0,10 -1,00

cvomHowenue cyposuna:pazmeopumen =1:1; memnepamy-
pa Ha npoyeca =18 C

OT Taka TIpeICTaBCHHUTE PE3YyJITaTH CE BIDKIA, Ue
KOe(DUIIMEeHTHT Ha M30MPATETHOCT U CHOTBETHO
KOe(UIIMEHTHT Ha TPYIOBa M30MPATETHOCT, OC-
BEH OT KOHIICHTpAIMSITa HAa CEPHUTE ChEIMHE-
HUs, TeMIIepaTypara Ha MPOBEXKIaHe Ha Ipole-
ca, Ce BIMSIC M OT CHOTHOIIEHHUETO CYpPOBHHA!
pa3TBOpUTEI.

Ta6auna 2. Koepuiuentn Ha u30UPaTEIHOCT U
rpynoBa M30UPATENHOCT HA CHUCTeMara OcH3U-

HoBa (ppakuus — hypdypan

Bpemena X, % v, % Yij log g
KOHTAaKT, mol mol
min.

30 0,0207 0,0022 0,11 -0,98
45 0,0208 0,0021 0,11 -0,98
60 0,0211 0,0018 0,08 -1,08
75 0,0212 0,0017 0,08 -1,09
90 0,0214 0,0016 0,07 -1,13
120 0,0215 0,0015 0,07 -1,16

cvomHuowenue cyposuna:pasmeopumen =1:2; memnepamy-
pa na npoyeca = 18 C

Moske N1a ce 3aKJIIO4H, Y€ MPH MMOBHUIABAaHE Ha
KOJIMYECTBOTO HA Pa3TBOPHUTENS, KoehHIH-
GHTUTE HaMalsBaT  IMPaBOIPONOPIIMOHAIIHO,
KOETO TOBOPH 3a €lIHa MO-I00pa CEeIeKTHBHOCT
Ha TIporieca.

B Tabaumm 3 u 4 ca IOMECTCHU TOIYYCHHUTE
EKCIIePUMEHTAITHA PE3yJITaTH 3a KOoe(HIMEHTA
Ha U30MPATEITHOCT U IPYIOBa U30UPATEITHOCT Ha
cucremMara OCH3MHOBAa  (PPAKIUsA:CEICKTHBCH
Pa3TBOPHTEN, TONYYEHH MPHU EKCTPAKIUITa Ha
CYpOBHMHATA C Pa3TBOPHUTE] IUMETHI (HOpMaMuU
[ IM®A/.

Taéauua 3. Koepuiuentn Ha W30UPaTEIHOCT H
rpynoBa M30MpPaTEIHOCT Ha cHUcTeMara OeH3u-
HoBa ¢pakuus — MDA

Bpemena X, % v, % Yij log g
KOHTAKT, mol mol
min.

30 0,0206 0,0024 0,11 -0,94
45 0,0207 0,0023 0,11 -0,97
60 0,0207 0,0022 0,11 -0,97
75 0,0208 0,0022 0,11 -0,98
90 0,0208 0,0022 0,10 -0,99
120 0,0208 0,0022 0,10 -0,98

cvomuowenue cyposuna.pasmeopumen =1:1; memnepamy-
pa Ha npoyeca = 18 C

Ot Taka MOJy4YeHHTE pe3yJTaTH MOXE 1a ce
HAMpaBy 3aKJIFOYCHUETO, Y€ XUMHUYHATA TPUPOA
Ha Pa3TBOPUTEIsST € OCHOBHUST (haKTOp, KOWUTO
OKa3Ba BIUSHHEC BbPXY KOCHHUIMUCHTHTE Ha
M30UPATEIHOCT M TPYyNoBa H30UMPATEIHOCT B
CpaBHEHHE C OCTaHAIHUTE (aKTOPH, KOMUTO Omxa
OKa3alu BIHUSHHE, a WMCHHO. TEMIIepaTypa,
BpeMe Ha KOHTakT, ChOTHOIIICHHE.
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Ta6auna 4. Koedunuentn Ha n30UpaTeTHOCT H
rpynoBa M30MpaTETHOCT Ha cHUCTeMaTa OeH3u-
HoBa ¢pakuus — JJMDA

Ta6aunua 6. Koedunuentn Ha n30upaTeTHOCT H
rpynoBa M30MpaTETHOCT Ha cHUCTeMaTa OeH3H-
HoBa ¢pakuust — JIEl

Bpeme na X, % » % g logp Bpemena x,% y, % mol g logp
KOHTAKT, mol mol KOHTAKT, mol
min. min.

30 0,021 0,0023 0,11 -0,96 30 0,012 0,011 0,90 -0,04
45 0,021 0,0022 0,10 -0,98 45 0,015 0,008 0,52 -0,28
60 0,021 0,0019 0,09 -1,05 60 0,016 0,007 0,43 -0,37
75 0,021 0,0018 0,09 -1,07 75 0,016 0,007 0,41 -0,39
90 0,021 0,0017 0,08 -1,10 90 0,017 0,006 0,32 -0,50
120 0,021 0,0016 0,08 -1,12 120 0,018 0,005 0,24 -0,62

cvomHowenue cyposuna:pazmeopumen =1:1; memnepamy-
pa Ha npoyeca =18 C

Hait — noOpu xoeduiuenTn Ha N30MPATETHOCT
W TPYTOBa M30MpATEeTHOCT TMOKa3Ba (pypdypa-
16T, CpaBHUTEIHO MHOTO JI0Opa CENEKTHBHOCT
noka3Ba u JIM®A, cpaBHUTENHO 100pU KOoedhu-
IIMCHTH Ha W30MpaTEeTHOCT W TpymoBa H30U-
parenHoct mnoka3a JIEI', a Hail-HHCKO ceJek-
TUBEH € aMUHOETaHOIIBT.

B cnenmBammTe TaOnMIM ca TpeACTaBeHU
MOJyYCHUTE  CKCIICPUMCHTAIHA  JaHHU 34
KOC(UIIMCHTUTE HA W30HMPATEIHOCT W TPYIOBa
M30MpaTETHOCT HA CHCTeMHTe OCH3WMHOBA (pak-
must — guerwineHrnukon /JEI/ u Gensunosa
(hpakius — aMHHOETAHOJL.

Ta6auna 5. Koedunuentn Ha u30UpaTeaHOCT H
rpymnoBa U30MPaTEIHOCT Ha cUcTeMaTa OCH3UHO-
Ba Qpaknus — AEl

Bpemena X, % v, % Yij log B
KOHTAKT, mol mol
min.

30 0,010 0,013 1,09 0,04
45 0,011 0,012 1,12 0,05
60 0,012 0,011 0,93 -0,03
75 0,015 0,008 0,55 -0,26
90 0,016 0,007 0,38 -0,42
120 0,017 0,006 0,31 -051

cvomHouteHue cyposuna pasmeopumen =1:1 memne-
pamypa Ha npoyeca = 15 C

cvomHoweHue cyposuna pazmeopumen =1:2; memnepamy-
pa Ha npoyeca = 15C

Tadoauna 7. KoepuuenTn Ha N30UPaTEITHOCT U
rpynoBa M30UpaTENHOCT Ha CHUCTeMara OcH3U-
HOBa (paKIUsi — AMUHOCTAHOI

Bpemena X, % v, % Yij log g
KOHTAKT, mol mol
min.

30 0,017 0,006 0,38 -0,42
45 0,018 0,005 0,29 -054
60 0,019 0,004 0,22 -0,66
75 0,019 0,003 020 -0,71
90 0,020 0,003 0,19 -0,75
120 0,021 0,003 0,18 -0,77

cvommuowenue cyposuna:pasmeopumen =1:1; memnepamy-
pa na npoyeca = 18 C

Ta6auua 8. Koedunuentn Ha n30MpaTeTHOCT H
rpyroBa M30UpaTEIHOCT Ha CHUCTeMaTa OeH3HU-
HOBa (hpakius — aMIHOETaHOI

Bpeme na X, % », % Yij log g
KOHTAKT, mol mol
min.

30 0,018 0,005 0,11 -0,94
45 0,019 0,004 0,11 -0,97
60 0,020 0,003 0,11 -0,97
75 0,020 0,002 0,11 -0,98
90 0,021 0,002 0,10 -0,99
120 0,022 0,002 0,10 -1,01

cvomHoweHue cyposuna pasmeopumen =1:2; memnepamy-
pa na npoyeca = 18 C
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BJIUAHUE HA TIAPAMETPUTE HA IIPOIIECA HA TEPMUYEH KPEKUHI' BBPXY
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Milen Dimov, Yordanka Tasheva
E-mail: jtasheva_2006@abv.bg

ABSTRACT

Thermal cracking of protected vulcanizates has long been a subject of investigation, and is currently
attracting increased interest in the context of recovery of valuable products from rubber waste.
Rubber wastes are not biologically degradable, which creates problems of disposal. One of the
possible ways to treat this waste is thermal decomposition, a process, which yields both energy and
gaseous and liquid products, which can be used in various ways.

Key words: thermal decomposition, rubber wastes, utilisation

BBBEJAEHHUE

VpaBieHHeTo Ha OTHaJbLUTE € BayKHA 3a7a4a
KaKTO 32 pa3BUTUTE, TaKa U 3a pa3BHBAIIUTE CE
crpanu. OpraHMYHUTE OTMAIBIM KAaTO KaydyK U
IIacT™Maca ca Cpejl OTHAIbIHTEe, KOHTO Ipea-
CTaBJsBaT, OT €AHA CTpaHa, NPOOIEMATUYHU
OTHAIbIM, a OT Jpyra ca MOTCHIHAIHU
CYPOBUHH.

B [1-5] aBTOpUTE OTOCNA3BAT, Ye €(hEKTUBHOTO
OTIOJI30TBOPSIBAHE HA MHIYCTPHAIHH TTOJIUMEPHU
OTHAIBIH € eIUH OT Hal-BaKHUTE E€KOJOTWYHHU
npobiemu B CeBepHa AMepuka. [Inactmacure n
KaydyIUTe ca KOMIIOHEHTH, KOUTO HE C€ IIpe-
MopbhYBa Ja Ce JENMOHWpar mopagu ¢akra, de
4acT OT TAX ca OWOHEpasrpauMU. YTHIH3H-
paHeTo Ha TaKbB BUJ OTHAIbLU € HEYAa4HO Ia
ce ToJyulara Ha M3rapsiHe, Thil KaTro TpH TpoIie-
CHTE Ha M3rapsHe Ce U3XBBPIAT TBBPAE MHOTO
caxau u CO, . YCTaHOBEHO €, Ue MOJHEeTUICHBT
¥ TOJUNPONHICHBT HE  JCHOIUMEPH3UPAT
TEPMHUYHO C JOCTaThbuHA CEJIEKTUBHOCT N0 €TH-
neH u nponuieH. OT Apyra cTpaHa, OTIaIbLUTE
OT IUTaCTMAaca M Kay4yyK MOTaT Aa ObJar mpeBbp-
HaTH B TOTCHIMAIHO €BTUH W3TOYHUK HA
ropHBa.

XUMHYHOTO pasrpakaaHe Ha MOJIMMEPHUTE
OTHAIbIM C€ OCBHIIECTBSABA IO JBa HAa4yHMHA!
TepmMuaHO © KatamutudHo. [Ipe3 80™ roxunu
TEPMUYHO pa3jiaraHe Ha TBBPAH IOJUMEPHH

OTHAIBIH A0 MMOJTy4YaBaHETO HA Ta30BU MPOITYKTH
e ochmectBeHo B dmonus [6-9]. Ilpes 90™ B
EBpona n CeBepHa AMepuka peluKINpaHETO HA
HOJIMMEPH C€ OCBINECTBABA 4Ype3 pPa3IMYHU
Pa3HOBHIHOCTH HA TEPMUYHUS KPEKHHT. YcTa-
HOBEHO €, Y€ MPU TePMUYHOTO pasrpakiaHe Ha
IIMPOKA raMa MPOAYKTH TeMIlepaTypara Bapupa
ot 500 mo 900 °C. Ilpm xaTamuTHYHATA THPO-
JH3a TeMIiepaTypara ce MOHW)KaBa 3HAYHMTEIHO,
NOAXOASLIMAT KaTaau3aTOp M PEaKTop JaBar
BB3MOXKHOCT JIa C€ KOHTPOJHpa KaKTO JOOUBBT
Ha TIPOAYKT, Taka CBIIO M IOHIDKABAHETO Ha
TeMIeparypara B 3aBUCHMOCT OT ChCTaBa Ha
HOJTyYaBaHUs TPOAYKT, KOETO BOIH 10 MKOHO-
MHYECKH mmo-u3rogen mporec [10].

W3BecTHO €, 4e mpu TEpMUYHOTO pasjiaraHe Ha
NOJIMMEPHHA OTHNAABLU Ce TMOoJydYaBa Te4YeH
NPOIYKT, KOUTO € M3TOYHUK Ha BBIJTICBOJOPOAN
3a He()TOXMMHYECKAaTa MPOMHUIUICHOCT OT €JHA
CTpaHa, a OT Jpyra ce MOCTHra Ola3BaHe Ha
okonmHara cpena. Ilopaam Huckara TepMHYHA
IPOBOJVMOCT HA IOJMMEPHHTE MaTepHAINd U
SHIOTEPMUYHOCTTA HA PEAKIHATa Ha TEPMUYHO
pasnaraHe Ha IOJUMEpUTE, TMPOLECUTe Ha
TEePMHUYHA JECTPYKIHUS C€ XapaKTepH3HUPAT C BH-
COKH TOIUIMHHH Pa3Xxoju. 3a Jia ce HaMalHh TeM-
neparypara Ha TSpPMHYHUS MIPOLIEC Ha pa3liaraxe,
Cce M3IO0JI3BAT KaTaJH3aTOPH.

Pa3srienann ca OCHOBHM 3aKOHOMEPHOCTH Ha
TEPMHUYEH COJIBOJIM3 Ha MIICHKH B OpPraHUYHU
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pa3TBOPUTENN W BapUaHTH HAa TAXHOTO MPHIIO-
JKCHUC 3a YTHUJIM3allUAa Ha BYJIKaHHU3aTU. ITokaza-
HU ca NpPEeUMyIIecTBaTa HAa TEXHOJOTUSATA Ha
npepaboTBaHe Ha MIICHKHTE C W3IIOJI3BAHETO B
KadecTBOTO Ha pPa3TBOPUTEN TEXKKH He(DTEHH
(dpaxum.

PazpaboTena e Oe3oTmajHa TEXHOJOTHS 3a
YTHIU3alUsl HAa MIIEHKHM 9pe3 TNPHIaraHeTo Ha
npolieca TePMUYHA COJIBOJIM3a B MPUCHCTBUE HA
TEXKU He(PTCHH (PpaklMU 3a MOIyYaBaHETO Ha
OutymMeH ocraTbk. l3scHeHHM ca OCHOBHHTE
3aKOHOMEPHOCTH Ha MOAH(HUKAINI HA OUTYMHHU
MPOJYKTH Ype3 TEPMHUYHA COJIBOJIM3A Ha MJICHKH.
CpyeraBaHETO Ha TIPOIECHTE HA TEPMUYCH
COJIBOJIN3 W TEPMUYHO OKHCJICHHE TO3BOJISBA Ja
ce KOHTpOJIMpAaT (PU3UKO-XUMHUYHUTE CBOMCTBA
Ha nonyueHus Outym. [lonmydyenure momuduiu-
paHu OUTYMH MIPUTEKABAT OTIMYHO CIEIUICHHE C
MpaMop M TPaHUT U MOTaT Jia ce W3ION3BaT ca-
MOCTOSITEITHO B ITBTHOTO CTPOUTEIICTBO MJIH B Ka-
YeCTBOTO CH Ha J00aBKM KbBM CTaHIapTHHU
OuTymMH 3a TOJOOpsBaHE Ha AaAXE3HHUTE WM
cBoiictra [11].

[lpu yTwimzanus Ha MWHA W TYMEHH OTHa-
IBIM 4Ype3 TepMUYHA [ECTPYKIUS OCHOBHUST
HPOJYKT € CYCIEH3Hsl OT pa3TBOpeHa (IecTpyK-
THpaHa) TyMa, HsMalla aHaJlor 10 MOMEHTA.
IIpoBeneHn ca ycHemHW W3NUTAHUASA 10
IMpuJIaradHe€To Ha TO3U NPOAYKT B KaUCCTBOTO MY
Ha MouduKaTop 3a achaiTHa CMEC, BACOKOTEM-
nepaTypHa cMa3Ka i HHXHOUTOP Ha KOpO3usl.

[IpemmaranusaT Meron 3a mpepabOTBaHE Ha Ty-
MEHH OTHaabuud HW HU3IO0JA3BAHUAT METOL 3a
MPWJIOKEHUETO My B OMTa HE CamMoO MO3BOJISIBAT
MOJTyYaBaHETO Ha CBHINECTBEHH IMPHUXOIH, HO H
IIO3BOJIIBAT e@eKTHBHOTO H3I10JI3BAHE Ha BTO-
PUYHUTE CYpPOBUHH, U PEIIABAT CEPHO3CH €KOJIO-
rudeH npodiem [9].

Enua ot Te3m Meromu e mnuponm3ara. Ha
MAPOJIM3 CE MOJIAraT OT LEIH TYMH JIO MJICHKU
ot Tax. [luponmsata ce HW3BBpIIBA B Cpela OT
HEJOCTUT Ha KHCJIOPO, BEB BaKyyM, BbB BOJHA
aTMocdepa, B IPUCHCTBHE M OTCHCTBUE Ha KaTa-
JU3aTOP, B PEAKTOPH C MEPUOJUYHO W HETmpe-
KbCHATO JIEHCTBHE, B TCEBIOKHITAL] CJIOH, MpPH
pasnuuHu Temrepatypu. [lodydaBaT ce cMecH OT
OJIMTOMEPHU TPOJYKTH, KOWTO C€ H3IOJI3BAT B
Ka4ecTBOTO CH Ha TuacTudukatopu. Hampumep,
MPH TPOU3BOJICTBOTO HAa KaydyKOBO—OWTYyMHH
XUAPOU30JIaluOHHN MaTe€puajii, BMECTO MHJCH,
XYMapHHOBH CMOJH, KOJIOOHH W aHTPAIEHOBU
Maciia, C€ W3MOI3BAT MUPONH3HH TUIACTH(H-
karopu. Hapen ¢ mactudukaropa, npu muposu-
3aTa Ha TPOTCKTOPHHUTE BYJIKAHU3ATH CE
nmoilydyaBa H BBIIEPOA, OT KOWTO Upe3 [o-

IBJIHUTENHA 00paboTKa ce ToJlydaBa aKTHBEH
BBIJICH, MPUTEXKABAI Pa3BUTa OBBpXHOCT 150 —
500 m’/g u mopuctoct 0,6-1,2 cm/g u mo cBo-
ficTBa € pPaBHOCTOCH Ha IbPBECHUS AaKTHBEH
BBIUIeH. [Ipu HarpsiBane Ha ByikaHn3ara Han 500
°C 6e3 IOCTBII Ha KHCIOPOJ MPOTHYA MHPOIIH3,
IIpU KOHTO ce OTAENAT OKojJo 25% muposu3eH
ra3, 40% teunu npoayktu u 35% koxkc. ITupo-
JU3HUAT Ta3 Ce€ W3IO0J3Ba KaTo TOPUBO 32
HOAIbp)KaHE Ha MUPOJIM3HUs mporec. Tedynure
NPOJAYKTH ca OoraTh Ha OEH3eH, a KOKCBHT
MIOpay CBOATA TOPHO3HA CTPYKTypa MOXKeE 1a ce
M3M0J13Ba KaTo (QIITHP 3a MPEYUCTBAHE HA BOAU

[12, 13].
PasButuero Ha IIpoueCUTe 10 OITO0JI30-
TBOpSIBaHe Ha IIOJIMCTHUIICHOBUTC oTnagbnu

npuaoOuBa Bce MO-TosIMO 3HaueHue. Ilupo-
JM3aTa Ha TOJMETWIICHA € Heclenu(pHIeH Mmpo-
1ec mpu OOMKHOBEHH YCIIOBHS, KaTO B pe3yJTar
ce TONydaBaT INMPOKa TamMa OT MPOAYKTH,
BKJIIOYBAIIM HSKOM OJHIOMEPH Ha ETHIICHA,
IpeTUMHO MOHOMEpH. [IMHTO M KOJIEKTHB J0-
KJaaBaT, Y€ TPU TOJISIMO KOJIMYECTBO MOJIH-
eTWIEH B OTHAaIbIHUTe ce (opMHpaT TIIaBHO
aJIKaHM, ¥ TpejanonaraT, ye JoOMBBT Ha apeHu U
IKeHU 1€ HapacHe Tpu J00aBsHE HAa MOJH-
CTHpPEH WJIM TOJIMIPONWIEH. YeMHYH [OKa3Ba,
4e T0OMBBT Ha apeHH Ce yBEINYaBa MPH BHBEK-
JaHe B CHUCTeMaTa Ha aKTHBHPAaH BbBIVIEPOJ
CBHBMECTHO C M3IOJI3BaHE Ha KaTalu3aTop IUIaTH-
Ha WK xkeis130. CpaBHABANKY pa3uuHU HAYYHU
U3CIEIBAHUS 3aeHO CBC CBOHMTE COOCTBEHH
eKkcriepuMeHTanHu  J1aHHH, CKOT W KOJIEKTUB
3aKJII04YaBaT, Y€ KPaTKOTO BpeMe Ha KOHTAKT H
Bucokure temneparypu (Hax 700 °C) Bomsar 1o
nopoOpsiBaHe Ha J0OMBa Ha TEYEH MPOIYKT.
Kamuuckn 1 KuM cbOio IokmagBaT 3a KpaTKH
BpeMeHa Ha KOHTAaKT MpPU aHAJIOTUYHHU IPOIECH
Ha pasrpakJaHe Ha ITOJUETHICHOBU OTIIAIbIIH.

EKCIHEPUMEHT

B naGoparopHa uHCTamanus 3a TEPMUYCH
KPEKHHI 0sixa IOIJIOKEHH Ha TEPMHUYHO
pasnarane (GUHO CMIICHH MJICHKH OT Kay4yKOBH
OTNAaIbIM IPU PA3NWYHU YCIOBHS Ha Iporeca —
TEeMIIepaTypa, HaliAraHe M BpPEME Ha KOHTAKT.
Metonukata Ha mpepaboTBaHe M cxemara Ha
nabopaTopHaTa HHCTaIANuUs ca onucanu B [3].

[Iponiecute Ha TepMHUUYEH KPEKHHI Ha IpPO-
TEKTOPHUTE BYJIKaHU3aTH CE POBEA0XA MPH pas-
JUYHU YCIIOBMS Ha MapaMeTpuTe ¢ Len ycTa-
HOBSIBAaHE Ha BIMSHUETO HA TOCIEAHUTE BBPXY
Jo0uBa Ha IUPOJM3HO MAacjio KaTo IIeJIeBH
MPOAYKT, Ta3 U KOKC.
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PE3YJITATHU U OBCBHXXJIAHE

B cnenmpammre TabmuIM ca TpenCTAaBEHH
MOJIYICHUTE C€KCIIEPUMEHTAHU TaHHH, KaKTO U
OCHOBHHUTE TapaMeTpHu, MpH KOUTO OsfXa TMpo-
BEJCHH OTAETHUTE OIMTH, a TaKa CHIIO U MaTe-
puamHUAT OamaHC HA BCEKH OTAeNeH iabopa-
TOPEH €KCIIEPUMEHT.

Ta6auua 1. Marepuanen O6anadc | Ha TepMudeH
KPEKUHT Ha TPOTEKTOPHU BYJIKAaHU3ATH

Excriepumenr | ITapameTrpu
Ha Iporieca

Temmepatypa B peaktopa, °C 550

CypoBuHa, ¢ 51,20

Bpeme Ha koHTaKT, Min 210

Ilpooykmu:

l'as, g 9,40

Teden npoaykr, g 23,50

Kokc, ¢ 14,10

Tadauma 2. Marepuanen Oamanc |l mHa Tep-
MUYCH KPECKUHI' Ha IPOTCKTOPHU BYJIKaHU3aTU

Excnepumenr |1 ITapamerpu
Ha mpoleca

Temmnepatypa B peaktopa, °C 590

CyposuHa, ( 51,20

Bpeme Ha koHTaKT, Min 210

Ilpooyxmu:

las, g 9,60

Teden nmpoaykr, ¢ 23,10

Kokc, ¢ 14,10

Tadmmua 3. Marepuanen Oananc Il Ha

TCPMUUYCH KPCKUHI' HAa MPOTCKTOPHHU BYJIKAHH-
3aTu

Excnepumenr 11 [Tapamerpu
Ha Tporeca

Temnepatypa B peaktopa, °C 600

CypoBuHa, g 51,20

Bpeme Ha koHTakT, Min 210

Ipooyxmu:

la3, g 7,80

TedeH npoaykr, g 23,60

Kokc, g 14,80

Tadauna 4. Marepuanen Oamanc IV Ha
TEPMHYCH KPEKUHI Ha TPOTCKTOPHU BYII-
KaHU3aTh

Excniepument 1V [Mapamerpu
Ha mporeca
Temmepatypa B peakropa, °C 650
CypoBuHa, ¢ 51,20
Bpeme Ha koHTaKT, Min 210
Ilpooykmu:
laz, g 10,50
Teden npoaykr, g 27,50
Koke, g 18,20

Tabéamua 5. Marepuanen

Oamanc V Ha

TCPMUUYCH KPCKUHI' HAa MNPOTCKTOPHU BYJIKAHH-

3aTu

Excnepument V ITapamerpu
Ha rpoueca

Temmiepatypa B peakropa, °C 550

CypoBuHa, ¢ 50,00

Bpeme Ha koHTaKT, Min 180

IIpooyxkmu:

las, g 8,40

Teden npoaykr, g 23,80

Koke, g 14,40

Tabaumua 6. Marepuagen Oamanc VI  Ha
TEPMHUYEH KPEKUHT HA TPOTEKTOPHH BYJIKAHH-

3aTH

Excnepument VI [Mapamerpu
Ha Iporeca

Temmepatypa B peaktopa, °C 590

CypoBuHa, g 50,00

Bpeme Ha koHTaKT, Min 180

Ilpooyxmu:

las, g 8,70

TedeH npoaykr, g 23,20

Kokc, g 14,70

Tabdauna 7. Marepuanen Oamanc VIl nHa
TEPMHUYCH KPEKWHT HA TPOTECKTOPHH BYJIKAHU-

3aTH

Excniepument VII [Tapamerpu
Ha mporeca

Temmepatypa B peaktopa, °C 600

CypoBuHa, ¢ 51,00

Bpeme Ha KoHTaKT, Min 180

Ilpooykmu:

laz, g 9,50

Teden npoaykr, g 23,60

Koke, g 14,85

Taoamma 8. Marepuanen Oamanc VI nHa
TEPMHYCH KPEKHHI HA MPOTEKTOPHHU BYJIKAaHH-

3aTu
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Excnepument VIII [Tapamerpu
Ha Tporeca

Temnepatypa B peaktopa, °C 650

CypoBuHa, g 50,00

Bpeme Ha koHTakT, min 180

Ipooyxkmu:

la3, g 9,95

TedeH npoaykr, g 23,50

Kokc, g 13,50

OT ropenocodeHuTe MaTepuaaHu OalaHCH Ha
OTIETHHUTE J1a0OpPaTOPHHU MPOLECH HAa TEPMUYEH
KPEKUHI Ha W3IMOJ3BAaHUTE OT HAC KaydyKOBH
MJICHKH, MOXE Jla Ce 3aKJII04d, 4e IpH YyBe-
JMYaBaHe Ha BPEMETO Ha KOHTAKT C€ yBEIU4aBa
J00VBa Ha KOKCOBH Ca)K/IW, a TaKa CHIIO HAPACT-
Ba KOJINYECTBOTO Ha OTAEJIEHHS Ta3.

Ha ocHoBata Ha nuTepaTypHH H3TOYHHWIN U
MOJly4eHUTEe W MPEJCTaBeHH II0-TOpPE EKCIepH-
MEHTaJHU pe3yJiTaTH 3a JOOMBa Ha OTIEIHUTE
OPOLYKTH NPU TEPMHUUYHATA NECTPYKLHUS HA W3-
[OJ3BaHaTa OT HAc CYpOBHMHA, HHUE OCBIIE-
CTBHXMe€ JlabopaTopeH Mpolec Ha TEPMUYEH Kpe-
KUHT Ha IPOTEKTOPEH BYJIKAHW3AT MPH YCIOBHS,
IIOCOYCHH B Clle/lBalaTa Tabauna.

Ta6auma 9. Marepuanen Oamanc |X Ha
TEePMHYEH KPEKHHI HAa INPOTEKTOPHU BYJIKAHH-
3aTu

Excriepument 1X ITapamerpu
Ha mporeca
Temmnepatypa B peaktopa, °C 600
CypoBuHa, ¢ 50,00
Bpewme Ha koHTaKT, Min 150
Ilpooyxmu:
las, g 11,95
Teden npoaykr, g 24,10
Koke, g 11,50

Tp${6Ba Ja Cc¢€ OT6€J’I6)KI/I, 4y€ ¢ HaMaJIsIBaHC Ha
BPEMETO HAa KOHTAKT CC€ ITOBHIIIaBa I[O6I/IB"LT Ha

ra3oBe, HO ChILEBPEMEHHO HaMallsiBa JOOMBBT Ha
TBBPAMS OCTaTBbK — KOKC, T.€ YCTAHOBEHO € IIO-
€KCIIEpUMEHTAIEH IIbT, Y€ TEPMHUYHOTO paslia-
raHe Ha M3I0J3BaHaTa OT HAC CYypOBHMHA C€ IOJ-
YUHJIBAa HA MEXaHHW3Ma Ha B3aMMOACHCTBHE INIPH
TEPMUYHUS KPEKUHT Ha He(DTOMPOAYKTHTE.
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ABSTRACT

A large amount of unused straw remains and can be used as a component of composite materials.
The research focuses on the behavior of straw treated with fire retardants during thermal destruction.
There is a change of the characteristics of the treated straw and an increase of the carbon residue.

Keywords: thermal destruction, fire retardant, wheat straw.

BBBEJIEHUE

TpaauuoHHKUTE CIaMEeHU KynTypu (MIISHUIA, PhK
¥ [apeBHIlA), MacloJaiiHaTta JICHEHa  cllama,
JIbPBECHUTE OCTATBI[M W CIIOHCKAaTa TpeBa ca Haid-
eBTuHUTE OWMOoPuOpu. CmsATa ce, Ye CBETOBHOTO
IIPOM3BOACTBO HA 3BPHEHU XpaHH € 0Kojo 880 mu.
TOHA, KOUTO JaBar okosio 550 Mui. ToHa ciama OT
miennna [4].

EcrecTBeHuTE BakHa WMAaT TOOPU TOTUTOM30JIAIH-
OHHH U aKyCTHYHH CBOMCTBA, IbJDKAIIM CE HA TEXHUTE
KyX{ [UJIHHIPUYHA CTPYKTYpH. Te MoraT jaa 3amMecT-
BaT M3MOJI3BAHUTE CTHKIICHH BIAaKHA 3apaju J00para
CH AKOCT M TBBpIOCT [4, 7]. ToBa e moTeHIMAN 3a
U3pab0TBAaHETO HAa HOBH CMECEHHM MAaTepHajd, KOUTO
WHKOpIopupar ¢pudpu oT OromMaca KaTo IMBIHATENH C
JPYTH OPTraHUYHU WM HEOPTaHMYHH KOMITOHECHTH.

MogepHuTe TEXHOJOTUH TpsOBa Ja pemar Ipe-
JU3BUKATEJICTBOTO 3@ PCHUKIMPAHE HAa OTHaTHU
MPOMYKTH B HOB YIOTpeOseM MpoayKT, Oe3 ma ce
Ch3/laBa HSIKaKBa ONACHOCT 3a 3IpaBeTO MU Ja He
OKa3BaT BPEHO BIMSHKME HA OKOJHATA CPe/a.

-pELMKIHPAHETO € CIEeCTIBaHe OT HeoOXOou-MaTa
EHeprus 3a MPOU3BOJICTBO;

-M3II0JI3BaHE Ha IM0-MAlKO TUIOMOpPOJHA 3eMs 3a
CMETHIIIE;

-3aBOANTE 3a mpepaboTka Ha OOKIyKa IIPOU3-
BEX/AT TOIUIMHHA U €JICKTPUYUECKA CHEPTHS,

-pELUKIIUPAHATE OMO-OCTAThIM OTHOBO CE€ W3MOJ-
3BarT 3a moJsie3Hu npoayktu [1, 3 4,5, 7, 9].

CrnamuTte, 0c0OEHO OT OpH3, U OPU30BUTE JIFOCIIN Ca
¢ Mmo-7o0pa TEPMOOKUCIUTEIHA CTAOMIHOCT, KOETO €
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BCJICACTBUE MOBUIICHOTO CHAbPIKAHUEC HA CI/IJII/IHI/II‘/‘I B
Tx. [3,4,7].

CMecBaHETO Ha clilaMaTa C IPYTH OTHaIbIH MPO-
MeHs (PU3MYECKUTE KauecTBa Ha MaTepHasu, u3pado-
TeHH oT Tsx [1-7].

HeobOxognmo e ga ce momoOpu KavyecTBOTO
HETOPUMOCT Ha IIBITHUTEIUTE.

3a momoOpsiBaHE HA TEPMOOKHCIWTEIHATA CTa-
OWITHOCT HAa OWOKOMIIO3MTHUTE MPOAYKTH CE W3-
MOJI3BaT T.Hap. 3a0aBUTENU Ha ropeHeto (aHTHUIH-
penn). ToBa ca BelIecTBa, KOMTO, BHEAPCHU B Mate-
puana, nedcTBaT MO PA3IMYHM MEXaHU3MHU C el
MOJITUCKaHe WM 3a0aBsHE HA MPOIECUTE Ha TOILIO -
W MacoOT/EJIsTHE TP HarpsBaHe W ropeHe. OOUKHO-
BEHO IIpU HArpsBaHE AHTUIMPCHHUTE CE pa3majar
€HJIOTePMUYHO Ha HETOPUMHU MPOIYKTH B MHTEPBaIa
Ha pas3najiaHe Ha 3allWTaBaHUs MaTephal, KaTto To
U30JIpaT OT KUCIOPOIa.

AHTHITUpEHUTE TOATHUCKAT E€K30TEpMHUYHHTE pe-
aKIM{, U3MECTBAT ECTPYKIUATA HA MacaTa KbM II0-
BHUCOKUTE TEMIIEpaTypy M CIOMaraT 3a yBelIM4aBaHe
Ha TBBPAUA OCTATHK OT aectpykius [8]. Tlopaau To-
Ba 3a OICHKA Ha €(EKTHUBHOCTTA HA aHTUIHPEHUTE B
pa3IMYHU CHCTEMH, Hape. C IPYTHTE TECTOBE 3a T0-
PUMOCT, YE€CTO CC M3IIOJI3BAT U TCPMHUUYHHUTE MCTOIU
3a aHanus [8].

Llenta Ha paboTara € ma ce mMPOCIeaN BIUSHUETO
Ha moxaporacutenHoto cpeactso FLAMEX, usmo-
JI3BaHO KAaTO aHTHIIUPEH, BBPXY X0Jla Ha TEPMOOKUC-
JTUTEeNTHATa JECTPYKIWsS Ha TMIICHHYeHa cllaMa B
YCJIOBUA Ha AMHAMUYHO HarpsBaHC B IIHPOK TEMIIC-
paTtypeH WHTEpBall C Oriied Ha e(EeKTUBHOCTTA MY
KaTo OrHe3a0aBUTEIL.



EKCIIEPUMEHT

W3BbprieHa e 00paboTKa Ha MIIEHUYHA CliIaMa C BOJAHH
pa3TBOpH Ha mokaporacutenHo cpeactso — FLAMEX
(TeproBcka Mapka Ha ¢upma ,,Miuxom”, rp. bemocas,
obmact BapHeHcka) ¢ pasnnyHa KoHIeHTparms. ITon-
roreBeHu ca 4 npobu : Ne 1 — yncra uscylieHa ciama, u
mpoou Ne 2, Ne 3 u Ne 4, mpu KOUTO cjiamara € TPeTH-
pana ¢ aatunupena FLAMEX, chOTBeTHO ¢ KOHIICH-
tpamuu 20 % ,40 % u 60 %.

HauuH Ha M3BBpPIIBaHE HA eKCIEPHMEHTA

Besika ot TpeTupanuTe Mpodu ce morarns B ChbOTBET-
HHS Pa3TBOp Ha aHTHIHpPEHa 3a 5 MuH. OTHEXIAT ce
ce cymar B enektpuuecka cyumuias npu 110 °C B
npoabJDKeHHEe Ha 6 yaca, ciesl KOeTo ce CMWIIAT 0
enpuna Ha yactuuute 0.125 mm. CbxpaHsBar ce BbB
BJIArOHENpOHUIaeMa cpena [6, 9].

TepMuuHHUTE HW3CICABAHUS Ca M3BBPIICHH HA ama-
paTt 3a KOMIUIeKCeH TepMmuueH aHamu3z STA449 F3
JUPITER - NETZSCH, TI'epmanms. M3non3BaHu ca
npobu ¢ maca 5 + 0.5mg, a 3a mpo6a 5 (uuct aHTUIH-
pen) macata e 12+0.5mgQ, mopagu mo-MaiaKus oOeMm.
[Ipobute ce MOCTaBAT B KOPYHIOB KOHYCOOOpa3eH OT-
kput turen Ha DTA/TG gopskaren ¢ TepmozaBoiika Pt /
Pt Rh. M3crneaBaneTo ce mMpoBeXk/a B MOTOK Ha CHHTE-
THYCH BB3AYX cbc ckopoct 30 ml/min. Ckopoctra Ha
narpssare e 20 °C/ min. Tonydenn ca xpusure TG,
DTG, DTA B 3aBucumocT ot Temmepatypara (20 — 900
°C), kaTo BmocneACTBHE ca 0OPAGOTEHH C MPOrPAMHHUS
npoxykt NETZSCH Proteus software.

PE3YJITATH U OBCBHhXXJIAHE

1. Cpasunresaen anaan3 Ha TT Kpusu.

Ot TT u JATA xpuBuTe Ha M3CIEABAHUTE OOCKTH
(¢dbur. 1) Mmoxe na ce HanmpaBH CPaBHUTENICH aHAIN3 Ha
BIMSIHUETO Ha aHTUIHMPEHA BBPXY Maco - U TOILIOOT-
JENSTHETO P HarpsiBaHEe Ha CUCTEMUTE B IIHUPOK TEM-
nepaTypeH UHTepBal.

Bnarara, u3mapuna ce mpe3 erama Ha BIAro-
OTJeIIsIHE, 3aBHCH OT Npe/IBapUTeIIHATA ITOATOTOBKA Ha
npoOuTe U B HAIIUS cIy4ail € B paMKuTe Ha 5-8 %.

Ot TI" kpuBuTe ce HaONIO/MaBa MPOLECHT HA OKHUC-
JIMTENHA IECTPYKIMS Ha U3XOAHATA ciaMa. Ts mpoTuya
yciioBHO Ha jaBa ertama - 210-360 °%C u 360-500 °C,
KOETO € eJHa MpeanocTaBKa 3a 3a0aBsHE Ha IECTPYK-
LUSTa IPU U300p Ha MOAXOMISI AHTHIIHPEH.

Ot npyra cTpaHa, BEOHBXK 3allOYHANa TPU OKOJIO
210 °C, mecTpykumsTa Ha CIaMara MPOTHYA HAITBIHO
10 okono 500 °C u 3aBwpuBa ¢ 15% TBBPI OCTATBK.
[lomobun pesyntatu ce HaOmogaBaT M TpU APYTH
W3CJICABAHUS Ha TMIIICHUYHA ciiama [5, 6, 9].

112

®@ur. 1. TT' u ATA Ha uzcneaBanute npoou

3a YKCTHS aHTHIIMPEH C€ PErucTpUpa ra3ooTie-
0 0
nsie B auana3ona ot 90 “C u no 700 “C, a TBBpausT
ocraTbk ¢ 21.85 %.

[Tpu mpobute, TpeTHPaHU ChC 3a0aBUTEN HA rope-
He, ce HalOJroIaBa TEHICHIMS KbM IOHIKAaBaHE Ha
HayaJlHaTa TeMIepaTypa Ha ra300TIeNsTHe ¢ Hapact-
BaHE ChABPIKAHUETO HA AHTUIMPEH. BTOpUST eTam Ha
necTpykumst 3a mpobu 1, 2 u 3 3amousa mpu 390 °C, a
3a mpo6a 4 - mpu 430 °C. Kpast Ha BTOpH eTam 3a
eranonHata mpoba 1 3asepusa npu 550 °C, moxato
npu TpeTupanute npodu 2, 3, 4 mpouechT Ha Je-

0
CTpyKIus npoabikasa 1o 840-900 “C.

3aryba a waca no eranm
100%

(AR I VA
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80% |

60% - 2021

] mleran’%

s msnara %
U 4

0%

—
40

||
5% 0 04 19
nobal mpofa2  npoBe3  mpoBed  mpofiab

®ur. 2. 3aryda Ha Maca 110 eTanu

I"a3o00TAESIHETO IO BpEeMe Ha Ipolieca Ha TePMHY-
Ha JIECTPYKIUS ce u3pas3siBa B 3ary0ara Ha Maca,



noka3ana Ha ¢ur. 2, cnopen erana Ha mporeca. Karo
1sU10 3arybara Ha Maca mpe3 Ipolieca Ha TepMUYHA Jie-
cTpykuus e 2/3 ot macata Ha npobara. MakcumanHaTa
CKOPOCT Ha JIECTPYKLUS Ipe3 IbPBHs eTar 3a npoda 1
€ OKOJIO 2 ITBTH MO-TOJIIMa B CPABHEHUE CHC CKOPOCTTA
npu npodu 2, 3, 4, 5.

CpaBHEHHETO Ha OCTATBHIHUTE OT HArPSBAaHETO NPH
762 °C (kpast Ha BTOpH €TaIl Ha TEPMHIYHA AECTPYKIHS
Ha eTajoHHaTa mpoba 1) mokasBa, 4Ye HaW-MalbK €
ocTaThKbT OT mpoba 1 - 15.2%, a npu Tperupanute
NpoOH KOKCOBHSIT OCTaThK OT TEPMHUYHUS IIPOIEC Ha
pasnarane € IMo-TOJIIM M € ChC CTOWHOCTH 27-33%
(Duwr. 3).

0CTaTbK npu 762 oC
2185 mnpoba 5
21 mnpoba 4
2.75 Onpoba 3
2967 1} ﬂpOﬁa 2
152 @npoba 1

I I I
0 10 20 30 40
[%]

@ur. 3. OctaTbk Opu 762°C 8 %

O6paboTkaTa Ha MIIICHUYCHA cllaMa ChC 3a0aBUTEN
Ha ropeHero FLAMEX mpomeHns MexaHu3ma Ha Ipo-
1[eca Ha MacOOTAENSHE MPH TEPMOOKHCIUTENHATA Je-
CTpyKLMs Ha ciamata. T KpUBUTE ce IPOMEHSAT, ThHI
KaTo MpH HAIWYKME Ha aHTUIHMPEH ce 3a0aBsi NECTPYK-
uATa, U3MECTBA CE TEMIIEPATypHUAT HHTEpBal Ha
JECTPYKIUATA Ha MacaTa KbM BHCOKHUTE TEMIIEPATypH
M ocTaThbyHaTa Maca B Kpas Ha Ipolleca HapacTBa B
3aBHCHMOCT OT ChABPIKAHETO Ha aHTUITHPEH.

2.Cpasuurenen anaans Ha JITA kpuBm.

JOTA xpuBute (pur. 1) mokasBar kak ce MPOMEHS
eHTaNNuATa (TOIUIOCHIbPKAHMETO) Ha CHCTEMara B
pe3yaTaT Ha CyMapHUTE TEPMOOKHCIUTEIIHN PEAKIUU 1
BJIMSIHUETO HA aHTUIHPEHA BBPXY TAX.

UzxoaHata ciama w3raps ChC CHJCH EK30TEpMEH
edexT, peructpupan Ha JJTA kpuara it mexxay 200 u
600 °C, ¢ makcumanen muTensuter Mexay 340 °C —
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500°C. CroifHOCTTa HAa CyMapHaTa eK30TepMHYHATA
TWION € Sexo = 2768 11 Vs/mg.

ATA xpuBaTa Ha M3XOIHHS aHTHIIUPEH € MpeoO-
JaJaBaIo B eHAOTEPMHUYHATa 00JIaCT, KOETO crioMara
3a OXJIaXKIAaHETO Ha CHCTEeMaTa.

Ot [ITA xpuBHTE Ha TPETHPAHHTE MPOOH € MU3Me-
peHo, Ye cyMapHaTa IUIOL] Ha €K30TepPMHUYHHS e(eKT
HaMaJIsiBa M TPAHUIUTE MYy C€ pa3celdBaT B IIMPOK
TEMIIepaTypeH HHTEPBaJl CIIPSIMO U3XOJHATA MPoda:

-poba 2 e 61,78 % ot eranonHara npoba 1,

-nipo6a 3 e 70.16 % ot eranonnara npooda 1;

-po6a 4 e 68.28 % ot eranonHara npoda 1.

[Ipu TpeTpanuTe NpoOH OTHOCUTENHATA CTOWHOCT
Ha eKk30TepMuYHarta riony € ¢ okomo 30% mo-mainka
OT Ta3W Ha W3XO/HATA CIaMa.

[pu npo6u 2, 3 1 4 o BIUsIHAE HA AHTUIIPEHA Ce
perucTpupa eHJoe(eKT Ha IbPBHUS €Talm OT pa3mna-
JIAHETO, KOETO MMa MOJIOKUTENEH e(eKT 3a OXJIaxk-
JaHe Ha cUcTeMara W 3a0aBsHe Ha TEPMOOKHC-
JICHUETO.

3AK/IIOYEHUE

B ycroBusTa Ha OUHAMUYHO HArpsBaHE B HIMPOK
TEMIIEPaTypeH WHTEPBAJl € W3CIICJBAHO BIUSHHETO HA
o0paboTkaTa Ha MPOOM OT MIICHUYEHA cllaMa C OTHe-
racutenss FLAMEX karo aHTUnMpeH B paziuyHH
KOHIICHTPAIINU BBPXY TEPMOOKUCICHHETO Ha cllamara.

TepMorpaBUMETpUUHUTE U TUGEPESHIUAIHO TEp-
MOAHAJUTHUYHUTE KPUBH Ha 00pabOTeHUTE MPOOH T0-
Ka3BaT ChIIECTBCHO W3MCHCHHE B MEXaHU3Ma U
CKOPOCTTA Ha Maco - ¥ TOIUIOOT/ICNISTHE B CPABHEHUE C
M3XO0JIHATA Clama.

TemrepaTypHUAT HWHTEpBAl Ha OCHOBHATa Jie-
CTPYKIIMST W KpaiiHaTa TeMIlepaTypa Ha Mpoleca
3HAYUTEJHO Ce ToBHUIIaBaT. HamalisBa ChIIECTBEHO
HeWHaTa CKOPOCT C HapacTBaHE KOHIEHTpAIUATa Ha
AHTUIIMPCHA.

TRBPAUST OCTATBK OT HArpPsBAHETO HApacTBa OT
15% 3a umsxomuara ciama g0 Hajx 30% ot oOmiara
Maca Ha TPETHPAHUTE MPOOH M MOXKeE Jia Ce MPEIBUAN
KaTo BB3MOXKHOCT 3a I[OJlyyaBaHEe Ha Temen 3a
BTOPWYHHM TIpuitokenus [4, 5, 7].

[Ipu Bcuukm 0O6paboTeHn podu ce HabIoaaBa Ha-
pacTBaHe Jiena Ha eHJIOTEPMHHUTE PEaKIMK Ha IbPBUS
eTam Ha TEPMHYHA JACCTPYKILHUSA, JOKATO OTHOCH-
TEJIHATa KAJIOPUYHOCT Ha CyMapHUTE CK30TCPMHH -
eakiuu HamaisiBa ¢ okosno 30% B cpaBHEHHE C Ta3u
Ha M3XOJHATA Cllama.

HabOmomaBa ce u3MecTBaHe Ha EK30TEPMHHTE
e(eKTH KbM MO-BUCOKH TEMITEPATYPH.

VYcraHoBeHO €, 4e HW30paHUAT AHTHIUPEH MOJ-
THUCKa €K30TCPMHYHHUTE pa3MagHu peakiuu, 3a0aBs
JNECTPYKIMSTa HAa Macara M OKa3Ba IOJIOKUTEIICH



edekr 3a (opMupaHe Ha TBBPA OCTaThK B Kpas Ha
JECTPYKLUATA.

[IpenBuxna ce 3anbiOOYaBaHe HA U3CICABAHUATA
3a TEPMOOKHCIIMTEIHATa CTaOWIHOCT Ha BTOPUYHHU
KOMIIO3UTHH TPOAYKTH Ha 0azaTta Ha OTMagbyHA
6uomaca. llle ce n3yuaBa BIUSHUETO U Ha ApyrH 3aba-
BUTEJIM HAa TOPEHETO C MO-TOJISIM HA0Op OT KOHIICH-
Tpanmud, KOUTO OWXa HH Jald BB3MOXKHOCT Jia
MPEIeHIM ONTUMAIHUTE KOHIICHTPAIUK 32 Ch3JaBaHE
Ha MaTrepual, HEMOAIbpPKalll TOPEHETO WU KaTo
MIpeUIOKEeHNE 32 MPOU3BOACTBO Ha IeTiel 32 BTOPUYHA
ymotpeoa.

BaarogapHocTn

W3ka3BaM OGiarogapHocTTa €M KbM  JIOI. J-P
JIro6yo JTrobuer u mom. a-p Kamunka I'topoBa 3a ch-
JIEUCTBUETO M HAITBTCTBHSTA, KOUTO MOJy4YaBaM B IPO-
1ieca Ha paboraTa MU.

JUTEPATYPA

1. Awal A., M. Sain, M.Chowdhury, Thermal
analysis and spectroscopic studies of electrospun
nanoscale composite fibers, J Therm. Anal. Calorim.
DOI 10.1007/s10973-011-1875-0,0nline 01.09.2011.

2. Dweck J., C.M.S.Sampaio, Analysis of the
Thermal Decomposition of Comercial Vegetables oils
in Air by Simultaneous TG/DTG", Journal of Thermal
Analysis and Calorimetry, vol.75 (2004), 385-391.

3. Fei Yao, “Rice straw fiber polymer composites:
Thermal and mechanical performance”, A Dissertation
for the degree of Doctor of Philosophy , Graduate

114

Faculty of the Louisiana State University and
Agricultural and Mechanical College, December
2008

4. Golbabaie M., "Applications of Biocomposites
in Building Industry”, University of Guelph, Dec.
21,2006.

5. Heikkinen J. M., J.C. Hordijk, W. de Jong, H.
Spliethoff, "Thermogravimetry as a tool to classify
waste components to be used for energy generation”,
J. Anal. Appl. Pyrolysis 71 (2004) 883-900.

6. Mengeloglu F. , K.Karakus, “Thermal
Degrada-tion, Mechanical Properties and
Morphology of Wheat Straw Flour Filled Recycled
Thermoplastic”, Sensors 2008, 8, 500-519. ISSN
1424-8220

7. ,,The Environmental Impact of Hard Fibers and
Jute in Non-textile Industrial Applications”,
Consultation on Natural Fibers, ESC-fibers consul-
tation no. 04/ 4, Rome, 15-16 December 2004.

8. I'oposa K., Xp. beueB. Bopxy xunernkara Ha
TEpMHUYHaA AJECTPYKUHA Ha IMOJUMEPU B U30TEpPMUYHA
cpena. - [oouwnux na Yuueepcumem Ilpogh. 0-p.
A.3namapog”, bypeac, 2002, XXXI, ¢. 27 - 31.

9. KoBauena, Cs., JI. benes, JI. JItobues, K. I'to-
poBa, K. bbraaesa. M3cnenBane Ha BBH3MOXKHOCTUTE
3a ONOJI30TBOPSIBAHE HA cllaMaTa OT 3bPHEHU Kyil-
Typu.- Meoicoynapoona nayuna kougepenyus’” TEX-
CH(C’2009”, 29-30 maiu 2009, I1nosous, vol.14(1)
2009, c. 611- 616.

[IpencraBena 3a mevar Ha 10.10.2012 .



TOJMIIHAK HA YHUBEPCUTET
“[IPO®. I-P ACEH 3JIATAPOB” —
BYPI'AC, 2012, 1. XLI (1)

ANNUAL ASSEN ZLATAROV
UNIVERSITY, BURGAS,
BULGARIA, 2012, v. XL1 (1)
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ABSTRACT

Road transport is an integral part of modern life. The use of road transport in cities, however,
requires the evaluation of its unwanted consequences too. In this respect, the study of the state of road
transport in cities is a definite problem. Tasks are assigned for the examination of road traffic in the

central part of Burgas.
Key words: city transport, road transport

BBBEJAEHHUE

ABTOMOOWJIHUAT TPAHCIOPT € HEOTMEHHA
9acT OT ChbBPEMEHHUS )KUBOT, ThH KaTO C HETO ce
peanusnpa ToisaM TpaQuK BbB BCHUKU cdepu Ha
yoBelkara aeitHocT. [Ipomunuienocrra, crpou-
TEJICTBOTO, 3€MEJICIINETO, THPTOBUSATA, T.C. IIsia-
Ta UKOHOMHKA, He Omxa MOTIH Ja (yHKIHMOHH-
paT HOpMaJTHO 0€3 M3MOJI3BAaHETO Ha aBTOMOOU-
qute. TO3U BUJ TPaHCHOPT HUMa pEauIia Ipe-
TUMCTBA TIpeJ APYTUTE TUIOBE MPEBO3HHU CPe.-
CTBa: BHCOKa MOOMITHOCT, CIOCOOHOCT Ja JI0CTa-
BAT IBTHUIIM W TOBapu ''OT Bpara 10 Bpara“,
OTHOCHTEJIHA MTPOCTOTA HA yIPABJICHUE.

Wznon3BaHeTo Ha aBTOMOOWIHUS TPAHCIOPT
B IpajioBeTe 00aye Hajlara Ja ce OILICHSBAT U He-
JKEJIATSIIHUTE MOCIEACTBUS OT TSIXHATa EKCIIoa-
tarus. Karo mo-3HauuMu 3a eKIIoaTHpaHETO Ha
aBTOMOOWIITE B Tpajacka cpeJa MoOraT nia ce
1ocoYarT CleHUTE MPoOIeMH:

IIupokoTO U3MONI3BAaHE HA ABTOMOOHIIUTE BO-
ITV 10 B3MOKHOCTH 3a HapyllIaBaHe Ha Oe3orac-
HOCTTa Ha JIBUKCHUE.

B wHTepBanute Ha mMoOBUIIEH TpadUK CKO-
pOCTTa Ha JBIDKeHHE ce HamamsiBa 10 4-10 km/u.
ABTOMOOWIINTE W3YaKBaT Ha cBeTodapu, Ha
MENIeXOJHU MbTEKH, 32 HABIU3aHE B MapKHUHTH,
Ha KPHCTOBHIIIA.

IIpn paborata Ha OBUTATENHTE CE€ OTHEIIAT
0TpabOTeHH T'a30Be, ChIBPIKAIIN KAHIIEPOTCHHH

KOMIIOHEHTH, OKCHAW Ha BBIVIEPOJa, OJIOBO,
xyop, Opom u np. Te3u BemecTBa UMaAT BPEIHO
BB3JICHCTBHE BBPXY HYOBEIIKOTO 3/paBe, BBPXY
(dnopara u ¢aynara. Criopes; HalpaBeHHTE B
cBeta u3cnenBanus, okxono 50 % oT omacHuTe
BEIECTBa, W3IyCHaTH B arMmoc(epara (B
rpagoBere — a0 70 %), ce ABDKAT HA aBTOMO-
OWITHUS TPAHCIIOPT.

B Ta3u BpB3Ka u3cieABaHETO Ha CHCTOSHUETO
Ha aBTOMOOWIIHUS TPAHCIIOPT B TPAJIOBETE € aK-
TyanieH mpobneM. Hamwmme ca xapakrepHu mpe-
IU3BMKATEJICTBA: HOB HAYMH HA 3aCTPOsIBAaHE Ha
TpaACKUTC TEPUTOPHUH, YIUIBTHABAHC Ha ILCHT-
PAJHUTE YacTH Ha TPAZOBETE M 3HAYUTEIHOTO
YBENIMYCHHE HA TAXHATA TEPUTOPHS; IPOMEHU B
C€KOJIOTUYHHUTEC U3NCKBAaHNA U HEMIPEKBCHATO YBEC-
JTUYaBaHe Ha aBTOMOOWIHUS TapK.

[IpoGiemuTe, BH3HUKBAIN OT aKTUBHOTO H3-
MOJI3BaHE HAa aBTOMOOWIIHHS TPAHCIIOPT, MHOTO-
KpaTHO HapacTBaT B IICHTpPAJHATa IpajCcka 4yacT
Ha rojieMuTe rpagose B bwirapus. [lokazarenen
puMep 3a ToBa € Tp. byprac, B kKoiTO TpaQuKbLT
Ha JIBWXKCHHE Ha MPEBO3HUTE CPEICTBA € 3HAYM-
TEJICH, KaTo MPe3 aKTUBHUS JICTCH CE30H HapacT-
Ba JI0 CTENEH Ha HEBB3MOXXHOCT 32 HOPMAIHO
(hyHKIIMOHUPAHE.

JeiicTBamaTa B MOMEHTa TPAHCIIOPTHA CXeMa
Ha BBTPEITHOTPAJCKUTE KOMYHHKAIIMA B Tpaj
Byprac e yrBppaeHa ¢ pemrerne Ha OOIMMUHCKH
cobBeT - byprac [3] .
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HscienBaneTo Ha aBTOMOOMJIHHS IIOTOK B
[EHTpaliHaTa TpajJcKa JacT Ha Tp. byprac e memn,
KOSITO M3HMCKBa MPEKU U3MEpBaHHs Ha Tpaduka
Ha JBI)KCHHE Ha MPEBO3HUTE CPEJICTBA M 32 TAX-
HOTO ONTHMAJTHO IMPOBEXIAHE € HEOOXOIUMO 11a
ce JIMMHUTHPAT KOHKPETHU 3aJa4d U MEPOIIPHs-
THS IO TIXHOTO OCHILECTBIBAHE.

IIOCTAHOBKA HA 3AJAYATA

WscnenBanusaTa ca BaXKHa M HEOTIEIMMA 4acT
OT TIpoIleca Ha YIpaBJieHHE Ha JBHKEHHETO B
rpagoBere. Hanuie e HeoOxomumocT 3a chOupa-
HE Ha ITBJIHA U IOCTOBEPHA MH(pOpMAIIHs, KOSTO
MOXKe Ja ObIe MoilydeHa OT H3CJIEIBaHUS B
peasHu yCIOBUSI.

CrOupaHeTo Ha CTAaTUCTUYECKH JaHHHU 3a
TpaduKa Ha pealHd y4acThIU OT IpajicKaTa IIbT-
Ha MpeXa e 3a7a4a, M3UCKBaIlla rojisiM pecypc OT
BpEME M M3CJICOBATEIICKU EKHUIl, KaKTO U 100pa
OpraHM3aNUs MEX]Ty U3CIIEIOBATEIICKUTE TPYIIN.

B cneumnanHoctute oT HampaslieHue ,, [paHc-
mopT, KopaboIllaBaHe W aBHANMS CE U3ydaBaT
JTUCIMILTNHY, KOWUTO 3all03HABaT CTYICHTUTE C
OpraHM3aNMATA Ha JIBIKEHHETO, KaKTO IO IIhTH-
maTa, Taka v B TPaJICKH YCIOBHSL.

JlabopaTopHuUTE YIpaKHEHHs MOraTr Ja ce
MMPOBEXAT, KaTO C€ H3IMOJ3BAT ITyOINKYBaHU
JaHHU, KaKTO U Ja C€ M3BHPIIBAT 3aMCpPBAHUA B
KOHKPETHU YCIIOBUS M B Ta3W BpPB3Ka € HaJHUIE
BB3MOXKHOCT 32 M3MOJI3BAHE HA M3CIIEIOBATENH C
TEXHWYECKH TIIO3HAHUS 3a TIPOBEXKIAHETO Ha
HATypHU U3CIIEIBaHUS.

Cbp0HupaHeTO Ha EKCIIEPUMEHTAIIHU JaHHU ©
HAaco4YeHO KbM H3CIIeIBAHE HA aBTOMOOWITHUS
IIOTOK IO OCHOBHU YJIMIIM B LCHTpajHaTa 4acT
Ha rp. byprac, xaTo ca moctaBeH# 3ajauu, KOUTO
na manar wHpOpManus 3a Hal-BaKHUTE Mapa-
METpH Ha aBTOMOOWMIIHUS TIOTOK:

0 Cn0OupaHe Ha JaHHU 32 MHTEH3WBHOCTTA Ha

TPAHCIIOPTHUTE MOTOIIH.

0 Mscnenpane Ha 3ambpkanero Ha [ITIC Ha
perynupany U HeperyiupaHu KpbCTOBHUIIIA.

0 MscnenBane Ha 3ambpkanero Ha [ITIC Ha
MIEIIEXOJHHU TBTEKH.

0 OO0paboTBaHe 1 aHAIIN3 HA CHOpaHUTE
JaHHM.

[IpoBexmaHeTo Ha HATYpPHHUTE H3CIICIABAHUS
BKJIIOUBA TOJSIM OpOM pasmUYHU 1O XapakTep
MEpOTIPUATHS, KOUTO TPsIOBa 1a ObIaT ONTHMAII-
HO IJIaHUPAHHU.

JlocTOBEpHOCTTA HAa U3CJICIBAHUATA CC TOBH-
[IaBa C yBeJWYaBaHE Ha TEXHHS 00eM BBHB Bpe-
MeTo. [TpoBexknaHeTo Ha U3CJICIBaHUATA M KATO

¢opma Ha 1a0OpPAaTOPHHU YHPAKHEHHS MOXKE A2
Jla7ie Bb3MOXKHOCT 3a HAaTpyINBaHe Ha 0a3a JaHHU
3a BaXHU XapaKTEPHCTHKH Ha aBTOMOOWIHHSA
MOTOK 32 KOHKPETHHU YJIMLH B Ipaja.

HNHTEH3NBHOCT HA
TPAHCIIOPTHUSA ITIOTOK

WHTeH3UBHOCTTA HA TPAHCIOPTHHUS MOTOK CE
orpenens oT Oposi HAa TPAHCIIOPTHUTE CPEICTBA,
KOWTO MPEMUHABAT MPE3 CEUYEHUETO Ha ChOTBET-
HaTa TPAHCIIOPTHA apTepHs 3a €IUHMIIA BPEME B
€HO WM JBE HampaBicHus. MHTEH3WBHOCTTA
MOXK€ J]a Ce M3MepBa B pEalHd U NPUBEICHU
e IMHUIIH.

Peannute enuHUIM ca pa3IvYHUTE BUJIOBE
TPAHCIIOPT: JICKOTOBAPHU aBTOMOOWIIH, TOBAPHHU
aBTOMOOMITH, aBTOOYCH, TpOJIEHOyCH, BeIOCHIIe-
JT1, MOTOTIE/IH.

Karo mpuBenena enuHuma 3a w3MepBaHEe €
MIPHUET JIEKOTOBAPHUAT aBTOMOOWII, a OCTaHATINTE
mbpTHO-TIpeBo3HU cpezcTsa (ITTIC) ca mpuBexaar
JI0 Hesl ¢ BbBEXIAHETO Ha KoedunueHtH [2].

OcHOBHHTE TlapaMeTpu 3a OICHSIBaHE Ha
TPAaHCIIOPTHUA IMOTOK ca: npuB€ACHAaTa HMHTCH-
3UBHOCT 3a €IUH 4Yac, 32 CIHO JICHOHOIIWE, 3a
€JIMH Mecell, 3a €Ha TOIHA.

WzcnenBanero Ha aBTOMOOWIHHS TOTOK
3aroyBa C OLICHSABAaHE HA MpHUBEICHATa HWHTCH-
3WBHOCT 32 €IMH 4ac, KaTo Pa3lMYHUTE BHOBE
IITIIC ydacTBaT ¢ pa3iauvHa TEKECT B H3IMON3-
BaHUs MaTeMaTHYEH arapar, 1o Gopmysiara;

(Ny-K;+N;-K;+N,-K,) -60

N, = ,
pr ot (1)

kbaeTo Nj, Nt Na N;, — WHTEeH3MBHOCT Ha Je-
KHTE, TOBApPHHUTE AaBTOMOOWIH, aBTOOYCHUTE,
TpoJieidycure, ChbOTBETHO OpOii;

M - BpeMe Ha HaOMIoIeHHETo; MiN;

Kn, Kr, Ka, Krp. koedunmeHT Ha mpuBexIane
3a JICKH, TOBapHU aBTOMOOWIIH, aBTOOYCH, TpO-
nei0ycH, ChOTBETHO, U Ca TIOKa3aHu B Tabm. 1.

®opmyna (1) e momydeHa 3a oTYMTaHE Ha
MHTCH3UBHOCTTA Ha JBWKEHHETO B IICHTpaJHATa
rpajcka 4act Ha rp. byprac Ha 6a3aTa Ha MHOTO-
TOJMIIHA HAOMIONCHHUS HA CTPYKTypaTa Ha
TPAHCIIOPTHHUTE MOTOIIH.

Taémuna 1. Koedunuentn Ha npuBexiaHe

MI1C Koed.
Jlex aBTOMOOMIT 1
Tosapen aBToMOOMII 110 6 T. 2
ABto0yc (75-100 mpTHHKA) 2,5
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ABTOOYC, chuneneH (Han 100 mbTH.) 4
Tponetibyc 3

HaTypHI/ITe n3cjeaBaHus Ha MHTCH3UBHOCTTA
Ha TPAaHCIOPTHHSI TIOTOK C€ M3BBPIIBAT CTATHY-
Ho. bpoenero na IIIIC ce w3BBpIIBA OT TPYIIH,
KOUTO ca OT JiBama WJIM TPUMa H3CJIeI0BaTelH.
BposT u pasmnonoxeHueTo Ha rpynuTe TpsOBa aa
ce OmpefeNy OT KOHKPETHHTE XapaKTePUCTUKH
Ha YJIWIOWTE, BKIIOYEHH B U3CJIEIBaHUATA —
I'BIDKMHA Ha yJINIATa, pEeryJupaHd KphCTOBUINA,
HEperyJIHpaHu KPHhCTOBUINA, MENIEXOHH THTEKH
U ap.

Habnromatenure craptupar OTYHTAaHETO B
enHo u cbio Bpeme, kato IIIC ce OposT u 3a-
MUCBAT CHOpeN TeXHUs Bui. VIHTEeH3WBHOCTTA HA
ABTOMOOWJIHHS TOTOK 3aBHCH CBHIICCTBEHO OT
yaca Ha JIEHOHOIIMETO U 3aTOBa C€ MpernopbhyBa
Jla ce MPOBEXAAT HAOIOJEHUs Mpe3 eIUH Yac.
Nmaiikun mpeaBua JBHXKEHUETO B rp. byprac,
HAOJIOJICHUATAa MOTaT Jia 3alovHaT B 8 4. U Ja
3apppmiatr B 18 4., kaTo qpHKMHATA HA TIepHOAa
Ha OTYHTAHE J1a € paBHa Ha 15 MuH.

[MonmyueHuTe naHHU CE 3alKMCBaT BbB (popma,
IOKa3aHa B Tadimia 2.

Tab6auna 2. IHTEeH3UBHOCT M CTPYKTypa Ha
ABTOMOOMITHHSA IOTOK

MECTOMOTOKEHUE. ....eeeenreeeerrreeeesnneeeesnreeeennes

Hara............ Haganen gac............cccvveeeeen.

MHaTepBan Ha HAOTIOACHHE................

Buo IITIIC  Humens3. Koegh. na Ilpugeoena
opoi npugexycoane  UHmMEH3UGH.

Jlex aBr.

Tos. aBT.

ABTOOYC

Tponeiibyc

Karo pesynrat oT Te3u HaTypHH HU3CIIeIBaHUS
ce moiy4aBa WH(pOpMaIUs 3a MpPUBEACHATA HH-
TEH3UBHOCT HA aBTOMOOWIIHUS TIOTOK 33 Pa3iud-
HU TEPUOJN OT JSHOHOIIUETO, Mecela W TOIH-
HaTa.

WU3CJIEJBAHE HA 3AJlbP’)KAHETO
HA ABTOMOBWJINUTE HA PETYJIMPAHU
KPLCTOBHUILA

30HaTa OT IEHTpAlTHATA TPajCcKa 4acT, KOSATO
¢ 00eKT Ha M3CJCABAHETO, BKIIIOYBA PEryJIMPaHU
U HeperyJmpasu KpbecToBuia. Kpscrosumara ca
TOYKH, KOUTO IPEIU3BHKBAT CIIHpPaHE Ha aBTO-
MOOWJINTE W 3aabpKaHe HAa aBTOMOOWITHHS
MmoToK. M3uckBaHeTo 3a 0€30MacCHOCT Ha IIele-
XOJIIIUTE B paiioHa € HAJIOKWIO BHBEKIAHETO Ha
MIEMIEXOIHH ITETEKH, YaCT OT KOUTO ca CHaOoeHU

C OTpaHMYUTENN Ha CKOPOCTTa THII ,,JICKAIIN
MOJIMIan”.

OpraHuzanusTa Ha JBH)KEHHE Ha TPaHCIOPTa
B IICHTpaJHaTa Ipajicka 4acT uma crenuduaau
XapaKTepUCTUKY, 3aII0TO TS 00XBalla HCTOPU-
YecKusl IeHThp Ha rpaaa. LleHTpanHaTa rpajacka
4acT Ha KpaiiOpexHute rpagoBe e odopmeHa
KaTO 30HA 32 HABJIM3aHE B IIPUMOPCKH IIAPKOBE,
30HA 3a JIOCTBII KbM IIaKHATA UBUIA K B MHOTO
Cllyda 4acTH OT Hesl ca 000COOeHH KaTo Telle-
XOJIHa 30Ha Ha rpaja. I'paagckara yact Ha Byprac
OT €JHa CTpaHa BKJIIOYBAa OOEKTH, KOUTO ca
JF0OMMO MSCTO Ha TpaXTAaHUTE M TYPHUCTHTE 3a
CIIOPT, OTAMX U PasBJICUYEHUs, HO OT Apyra cTpa-
Ha € LCHTbP HA aIMUHHCTPATUBHUTE YCIYIH,
MSICTO 32 opricH Ha QUPMH U Mara3uHH.

B Ta3u Bpb3Ka perynupaHeTo Ha JBHKEHHETO
ce M3BBPILIBA ChC CBETO(APH, KOUTO ca MOCTaBe-
HH HAa MaJIKH Pa3CTOSIHUS €IUH OT JPYT.

@ur. 1. KpscroBuma B [[I'Y

3agppKaHETO Ha aBTOMOOWIIHHSA TIOTOK Ha
KPBCTOBHUINATA U MENICXOHUTE MHTEKUA BOJU JI0
MpPOMsIHA Ha OCHOBHHUTE XapaKTEePUCTUKU Ha
ABTOMOOMJIHHMS TMOTOK. B Ta3u Bpw3ka chOUpa-
HETO Ha WHGOpMAIMs € aKTyaleH HpodieM, HO
JI0 MOMEHTA TAHHUTE HE ¢4 JOCTATHYHH.

Ha ¢ur. 1 ca mokazann OCHOBHU KPHCTOBHIIIA
B LIEHTpaJHATa TPAJCKa YacT, OT KOSITO CE BUXK-
Ja, 4e 3aIbPXKAHETO HAa AaBTOMOOMJINTE € HAa MaJ-
KU Pa3CTOSIHUS ¥ Ha MAIIKA UHTEPBAIH OT BpEMe.
Hatypuute usciensanust aaBat uHOpMaIus 3a
cnupaneto Ha [1T1C u 3aabppxkaHeTo Ha TOTOKA.

Cp0MpaHeTo Ha CTaTHCTHYECKAa WHQPOPMAITUS
3a 3aJbPKAHETO HA aBTOMOOWIIHHUS TIOTOK Hajlara
OTYUTAHE Ha PA3TMYHUTE MIOCOKH HA JIBIKECHUE H
IpyNUTe W3CNIeAoBaTenn ce chopMmupar Ha Oa-
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3ara Ha IPOITyCKBATEIHUTE PSKUMH HAa CHOTBET-
Hust cerodap. [lopaan MankuTe MHTEpBaIH Ha
3aMepBaHe, B KOUTO B MUKOBHUTE YacOBE CE€ HAT-
pymnBart maoro [1I1C, 3a momoOpsiBaHe TOYHOCTTA
Ha U3MEPBAaHUATA € HE00XO0IUMO €MH YYaCTHUK
na Opou, a ApyYT Jia 3anucBa HHPOPMALUITA.
Jannute ce otuuTar Karo (QyHKIMSA Ha Bpe-
METO Bb3 OCHOBAa HAa peXUMa Ha ACHCTBHE Ha
cBeTodapa, KOETo € MoKa3aHo B Ta0II. 3.

Ta6oaumna 3. 3agppkaHe Ha aBTOMOOWIHHUS
MIOTOK Ha PeryJMpaHd KPhCTOBHINA

No 3aovporcanu HIIC, Ilpemunanu  Obdwy
Ha opoii HIIC 6es3 opoii
unm.  aexu asm. asmob.  3advpoicane
opotul
1/3 213 1
WHT. HUHT. UHT.
1 JJA/  JIA/  JIA/  JIA/Asrt. JIA/A
ABT. ABT ABT BT.
2 JJA/  JIA/  JIA/  JIA/Asrt. JIA/A
ABT. ABT ABT BT.
10 JA/  JIA/  JIA/ JIA/Asr. JA/A
ABT. ABT ABT BT.

B Tabnurnara ce HaHacs OposIT Ha JIEKUTE aB-
TOMOOWJIM 1 aBTOOYCHTE (3aMnCBar ce B CKOOH).

Craructrueckara nHpopmaius ce crompa 3a
4acOBETE Ha JICHOHOIIUETO C MUKOBH CTOMHOCTH,
KOeTO JaBa MH(OpManus 3a OYaKBaHU CTOWHO-
CTH HAa MAKCUMAJTHO 3aMbPCSABAHE U IIYM.

OBPABOTBAHE U AHAJIM3 HA
CbBPAHUMTE JAHHU

Craructrueckara wHpOpManus ce ohopMs
tabanyHo U rpa¢uuno. Ha ¢ur. 2 e npeacrasena
npUMepHa KapTorpaMa Ha JBHXKCHHUETO Ha KPbhC-
TOBHIIIE 3a IaJICH MHTEPBaJ OT BpeMe Ha JCHOHO-
LIUETO.

I'paduanoTO TIpEencTaBsHe HA MHGOPMAIIAITA
Ha ¢urypara e H3ueprareIHO U MOXKe Ja ce
U3M0J13Ba 3a MOJ00pABaHE HA OPraHU3aIMITa Ha
JIBIDKEHHE 32 ChOTBETHOTO KpbcToBHIIA. CHOM-
paneto Ha HeoOxoanmaTta wuH(poOpManus 3a
HEHHOTO MocTposiBaHe o0ade € TPyI0eMKO.

®ur. 2. Kaprorpama Ha nsmwkenneto Ha [TT1C
10 HanpasieHus [2]

3AK/IIOYEHUE

ABTOMOOWJIHAAT TPAHCIIOPT € HEOTMCHHA
9acT OT ChBPEMEHHUS JKUBOT, HO M3MOJI3BAHETO
My B TpaJioBeTe Hajara Ja ce OICHSBAaT H
HE)KeJIaTeJHUTE IOCJIEACTBUSA OT HETrOBOTO W3-
noJi3Bane. M3cnenBaneTo Ha aBTOMOOHUIHHS I10-
TOK B TpaJIOBETe Hajara ChOMpaHe Ha akKTyajaHa
rH(MOpMAIUs OT HATYPHU U3CIIECBAHUS.

IToctaBeHu ca 3amauu 3a ChOMpaHe Ha CTa-
TUCTHYECKa WH(pOpMaI¥sl, HACOYCHa KbM OIIpe-
JIEJITHETO Ha BaXKHU XapaKTEPUCTUKH Ha aBTOMO-
OWIHHS MTOTOK. 3aaunTe ca KOHKPETHO Hacode-
HU KBM OLICHJBAHC Ha CHCTOAHUCTO B HeHTpaJI'
HaTa rpajicka JacT Ha byprac.

W3cnenBannara ca CTPYKTYpPHpPaHH IBJITO-
CPOYHO C YYaCTHUETO Ha TPYNHU CTYACHTH OT CIIe-
[MUATHOCT ,, TpaHCIIOpTHA TEXHUKA W TEXHO-
jorun”.
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ABSTRACT

The present work studies the wind-energy resources in the area of Dobrich, Bulgaria. The re-
sources are investigated by the daily, month and year average parameters of the wind at a standard
height of the anemometer, as well as at 100-meters altimetric profile above the ground. Along with
that the energy capacity of the wind is calculated for different altitude levels - at 50-meters hypsomet-

ric step and 10-meters altimetric step.

Key words: wind-energy resources, wind speed & direction, North-East Bulgaria

INTRODUCTION

The proven good wind-power potential of
Northeast Bulgaria and the higher interest from
practical viewpoint in the possibilities of using
this potential for power generation purposes are
the prerequisites to focus the present study on
two localities, situated in the region of Dobrich.
The aim is to characterize the parameters of the
wind resource of this area in more detail, on a
mesoclimatic level, and to evaluate it in the con-
text of developing new “green” power generation
practices.

The initially selected two localities in the in-
vestigated region are situated to the southwest
and northeast of the town of Dobrich, covering
respectively the land of the Stefan Karadzha and
General Kolevo villages of the Valchi Dol mu-
nicipality, and the land of the Svoboda, Ovcha-
rovo, Paskalevo, Stefan Karadzha, Tsarevets and
General Kolevo of the Dobrich municipality

(Fig. 1).

The first locality is a part of the most north-
east branch of the Ludogorie Plateau and com-
prises the hilly-plain relief to the east of the rela-
tively well-expressed valley of the Dereto River.
The altitude of the terrain reaches up to 310 m,

without clearly outlined positive forms. The elec-
tric power transfer network is basically repre-
sented by 20 kV lines and the nearest point of the
connection to the 110 kV alignment is rather
remote — at about 8,5 km along a straight line.

The second locality comprises significantly
larger area in the land of 6 settlements. In terms
of relief, the vertical dismemberment is consid-
erably lower, without distinguishable river val-
leys. The only exception is the negative oval
form in the northeast part of the terrain with a
depth of 20 m and width of 2800 m along the
minor axis and 4500 m - along the major axis.
The altitude reaches up to 245 m. Together with
the very good transport connections, several 110
kV power lines pass across the region, which
allows the construction of large-scale wind pow-
er parks.

Based on the terrain survey of the available
infrastructure in these both localities, the further
exploration has been focused only on the second
region, situated to the northeast of the town of
Dobrich, which, unlike the first area, has the
necessary transport and electric power transfer
infrastructure.
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Fig. 1. Map of the investigated area

BRIEF DESCRIPTION OF METHODO-
LOGY

The wind power resource is investigated by
means of the average daily, monthly and annual
wind parameters at the standard height of the
wind gauge, as well as along a 100-m altimetric
profile above the earth surface. Furthermore, the
power capacity of the windstream has been cal-
culated for different height levels, respectively
for 50-m hypsometric and 10-m altimetric step.

The studied wind parameters were obtained
on the basis of the initial meteorological infor-
mation from reference meteorological stations of
the National Meteorological Network (NMN),
representative for the specific features of the
area. The interpolation along the hypsometric
levels of the area was made using the deduced
monthly correlations, while a logarithmic rela-
tionship taking into account the roughness of the
ground cover, the vertical stratification of the
atmosphere and other local factors, was applied
for the altimetric levels [6]. The used statistical
series of wind climatic data refer to a 40-year
observation period [1, 3].

The chronological sequence of the study in-
cludes the following steps:

1. Identification of appropriate reference me-
teorological stations from the national meteoro-
logical network in the area of the studied region.
Preparation of a primary output data base for

wind velocity and direction from the selected
reference meteorological stations;

2. Determination of correlation dependences
for the hypsometric levels in the region;

3. Interpolation of the values from the refer-
ence meteo-network and calculation of the theo-
retical wind velocity along the hypsometric lev-
els of the region;

4. Calculation of the theoretical wind veloc-
ity along the altimetric profile above the ground,;

5. Investigation of the predominant wind di-
rection in the region;

6. Calculation of the theoretical wind power
capacity in the region along the hypsometric
profile above the sea level and along the altimet-
ric profile above the ground cover.

ESTIMATION OF WIND RE-
SOURCES

The studied area is located at the boundary
between two of the major climate regions in Bul-
garia — moderate-continental and transitional-
continental. Being in a similar macroclimatic
position, this territory is subjected mainly to the
circulation effect of the Icelandic cyclones and
the Siberian/East European anticyclone, which
predetermines the general direction of atmos-
pheric transfer in the region — from the northern
half of the horizon (Fig. 2).
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Fig. 2. Mean annual rose of the wind direction (%)

The average annual wind velocity in the 200-
250 m hypsometric area is about 3,8 m/s at a
height of 10 m above the ground, which is close
to that of the Il wind power region on Bulgarian
territory — “very favourable” for the development
of wind power generation. For information, the |
region is characterized by average annual wind
velocity less than 2 m/s (“unfavourable™), the TI
region — between 2 and 4 m/s (“moderately fa-
vourable”), and the III region — more than 4 m/s
(“very favourable”) [2, 4].

The wind velocity in the studied locality ex-
hibits a well expressed annual tenor, with a max-
imum in February — March (average monthly
velocity exceeding 5 m/s). The mentioned values
refer to a hypsometric level of 200-250 m a.s.l.,

which is the altitude of the investigated territory,
and where the location of the wind power tur-
bines is supposed to be. The rest of the results
are also referred to the same hypsometric level,
according to which the lowest wind velocities are
in July and September with average monthly
values of 2,7 m/s (Fig. 3).

Calm weather represents about 20% of the
days in the year and strong winds are observed
on the average during 12 days in the year.

The daily tenor of wind velocity exhibits a
well expressed peak in the midday observation
term, when the velocities are with 20-30% higher
than in the morning or evening hours (Fig. 4)
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Fig. 3. Seasonal variation of wind speed (m/sec) by hypsometric profile

100%

90% 1

80% -

70% 1

60% -

50%

V (%)

40% -

30% 1

20% 1

10%

0%

Vil

mMeceuun

@21.004aca
m14.004aca
W7.004aca

Vil IX X Xl Xl Cp.roa.

Fig. 4. Daily variation of the relative wind speed (V)

In altimetric respect wind velocity increases
on the average by 0,2 — 0,3 m/s per each 10 m,
which corresponds to the theoretical value of
growth for this class of ground cover rough-
ness (Fig. 5). Using the logarithmic function to
approximate the vertical profile of wind veloc-
ity, it is established that at a height exceeding
80 m (which is the height of modern wind

power generators) the wind velocity is more
than 5,2 m/s on the average for the year, and
during the month with the maximum — March,
this velocity increases to 7,2 m/s. In Septem-
ber, when the annual minimum is observed,
wind velocity at the altimetric height of 80 m
is about 3,6 m/s.
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Fig. 5. Variation of mean annual wind speed (V) along altimetric profile, by 10m above the ground
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Fig. 6. Variation of mean annual wind-energy capacity (P) by hypsometric profile

The energy power of the windstream in the
hypsometric zone of 200-250 m and at an al-
timetric height of 80 m is about 900 W/m? on the
average for the year. In the months of maximum
these values increase above 2300 W/m?, and in
the months of minimum they are about 300
W/m? (Fig. 6).

CONCLUSION

The present work proves that the studied re-
gion possesses a “moderate” to “very favour-
able” wind power potential, suitable for the con-
struction of wind power generator parks.The
more detailed study of the parameters of the
wind power resources in the region may be
achieved by means of additional measurements
and analyses in microclimatic aspect. It is neces-
sary to perform daily meteo-monitoring compris-
ing at least one full annual cycle, with detailed
measurement of the wind parameters at different
altimetric levels. At the same time it is recom-
mendable to conduct the following future inves-
tigations:

e 3-D studies of the identified locality and
integration with the cadastral plans of the lands
to determine the most suitable sites for construc-

tion of wind power parks;

e More comprehensive investigation of the
locality in terms of land use and infrastructure
completeness (proximity to roads, electric power

transfer network, etc.);

e Investigation of the locality with respect
to the existence of sites with a statute of pro-

tected areas.
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ABSTRACT

The study of the tandem ““Universe — hydrogen atom” allows us to find out that:

The value of the large number A= ¢

Gm,m

2

=2.27.10* is possible to be expressed as

M, . . . o
A = |— ,i.e. asan exclusive function of gravitation parameters — My, m,;
m
p

The value r. of the classical radius of the electron in the hydrogen atom is equal also to the

G

e

c

r,=— M, m, , i.e. re is also an exclusive function of gravitation parameters — My, mp;

The value of €® is possible to be expressed excluding the large number “A” with the expression
e’ =Gm, /M m_, ie. the power of electrostatic attraction between proton and electron in the
hydrogen atom is equal to the power of the gravitational attraction between the mass of electron - m,

and ,/Mump in the hydrogen atom;

2

The value of the expression
Pme

is equal to the value of

GM;m, A

e2

In all of these expressions the value of the Universe’s mass — My, takes part. Practically, these are
the first examples which show directly the dependence of the micro-world parameters on the mass of

Universe - My

Key words: tandem, Universe, hydrogen atom, mega- micro world interaction, Universe’s mass,

large numbers

3abenexxuTenHOTO Tpo3peHne Ha EpHct Max
[1] 3a ponsita Ha macata Ha Bcenenara BbpXy
MHEpLUATAa Ha KOHKPETHUTE MaTepUalHU O0EK-
TH TIOCTaBH BBIPOCA 3a B3aUMOACHCTBHETO
MEXIY MeracBeTa W CBhCTABALIUTE IO KOMIIO-
HEeHTH (B YaCTHOCT MHKPOCBETA).

Pa3BUTHETO M MOCTIDKEHWSATa Ha AaTOMHATa
¢u3MKa, Ha aCTPOHOMHSTA M HAa KOCMOJIOTHSATA
ctumyiupa mpe3 XX n XXI Bek ycunmusita 3a

W3SICHSIBAaHE HA CBHIIHOCTTA W poOJsATa Ha
rpaBUTanUsATa B Mamabure Ha Bcenenata u
ATOMHHUTE ¥ CTPYKTYPH.

B Tta3u CUTyanus, OIMUTUTEC 3a YCTAHOBSABAHC
Ha B3aMMOBPB3KUTE U B3aUMO3aBUCHMOCTHUTE
MeX]ly Mera- I MUKPOCBETOBETE CTaBaT BCE IIO-
aKTyaJTHH.

B mnacrosimara pabota ce mpencTaBAT oOc-
HOBHHTE PE3YJITATH OT M3CJICABAHUATA HH BBPXY
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poyATa ¥ 3HAYCHUETO HA CAHO OT HAH-HHTPUTY-
BAIllUTE TOJIeMH Oe3pasMepHH YKCia, KOHCTATH-
paHo B TaH/eMa “Bceenena — BogopojieH aTom”.

Kakro otoenssBa Equnrton [2], Xepman
Betin [3], [4] e mppBusAT, KoiiTO 0OBpHA BHHMA-
HUE Ha 6e3pa3MepHOTO ToJIIMO YHCIo “A4”, KOeTo
0Tpa3siBa OTHOIICHHETO HAa CHIIUTE Ha EJICKTPO-
CTaTUYHOTO M TPABUTAIMOHHOTO MpPUBIHYAHE
MEKIy MPOTOHA W EIEKTPOHA BBHB BOIOPOIHUS
aToM:

Amg = 2.2714.10% L)

KBJCTO
¢’ = 23,0712.10% Fr, a “¢” e enemen-
TapHUST EIEKETPUICCKHU 3aps;

G - rpaBuTtanmoHHara KoHcTaHTa; G =
6,679.10%cm®s?.g™;

m, = 1,6726.10** g e macara Ha mpo-
TOHA,

me = 9,1096.10% g e macara Ha ermek-
TpOHa.

Ha Betin [3] mpuHamiexu JOMyCKaHETO,
4e roJsIMOTO YuCIIo “A” e KopenanuoHeH (HakTop
MEXJy pasMepuTe Ha paauyca Ha Bcenenara u
Ha KJIACHYECKHs PajMyC Ha eJCKTPOHA - I, BbB
BOJIOPOIHHUS aTOM, KBJIETO:

2
[=—=2817910%cm  (2)

m.C
(Mpennonara ce, e CTOMHOCTTa Ha paanyca
Ha Bcenenara, kodato e uman npenasun Beiin, e
Tasy, npeioxkeHa mnpe3 1917 r. or actpoHoma
Ie Curep [5]). BriocnencTere B IuTeparypara
KaTo pamuyc Ha Bcememara - Ry (cm), ce
O3HavaBa I'paBUTAlMOHHUAT paJuyC Ha Macara

Ha Bcenenara - My (), T.e.:

G
Ry :C_ZMU 3)

B T0o3u cnydail npennaranara ot Beitn Bpb3ka
MeXly CTOHHOCTUTE Ha paguyca Ha Bcenenara -
Ry ¥ Ha Kiacuyeckus pajnyc Ha eICKTPOHA BbB
BOJIOPO/IHUS aTOM CIIJ[BA J1a C& U3Pa3d KaTo:

R @
re

Oxa3Ba ce, Ye ToOaIMOTO umciao “A”
NIPUCBCTBA M B €IOUH IpYyr H3pa3, a UMEHHO -
KaTo KOpENalMOHEeH (akTop B 3aBUCUMOCTTA

MCIKAY CTOMHOCTHTE Ha KIIACHYCCKUS paanyc Ha

€JIEKTPOHA - I, 1 MacaTa Ha IIPOTOHA — My, PECIIL.
TPABUTALIMOHHUS DPAJWyC HA INOCIECOHUSA -

G
R, = — M, , T.e. cnensa, ye:
r,= AS—Z m, =AR, (5)
Ort u3pasure (4) u (5) cnenga, ue:
RU
K = I’e = ARP (6)

OueBHUIHO €, ue

Ry = AR, U]
Ot uspazure (3), (5) u (7) cnenpa, ye:

pR_My
R m

p p

(8)
pecrr.

R
(e ‘

Axo B u3pasa (5) ce 3amectn “4” oT u3paza
(9), ce moyuaBa, ue:

Ry
r, :\/R:pRP = JRR, (10)
WA 4e:
G
re=‘/RURp:C—2‘/MUmp (11)

Nszpasure (10) m (11) mokasear scHO, ue
CTOMHOCTTa Ha KIACHYECKHs paauyc Ha
€JIEKTPOHA - I BbB BOJAOPOJHUS aTOM € paBHa Ha
CpETHOreOMETPHYHATA CTOWHOCT OT TPaBUTAIlH-
OHHHMTEe paguycu Ha Bcenenara - Ry u Ha
nportoHa - Rj.

HN3pa3br (11) e Ha mpakTHKa IBPBHUAT CIyYai,
KOraTo ce IMoKa3Ba IMpsKO, ue macara Ha Bce-
nenata My ydyacTtBa BBB (DOPMHpPAHETO HA CTO¥-
HOCTTA Ha €JWH TOKAa3aTesl OT MUKPOMHpa - Fe —
KJITAaCHUYECCKUAT PaJNyC Ha €JEKTPOHA BHB BOJIO-
pomHus aToM. Brpoduem, TOBa € W eIWH 3aIuC,
0TpassiBall] ChIHOCTHO MPUHIIKTIA Ha Max.

Ot u3pazure (2) u (11) ce monyuasa, ue:

pecrr.

125



e’ =Gm, /Mym,

Bwxna ce, 4e oT Bpb3KaTa Ha CHJIaTa Ha €JIeK-
TPOCTATHYHOTO MPHUBJIHYAHE MEXKIY €IIEKTPOHA U
MPOTOHA BBHB BOJOPOIHHS aTOM M TpaBUTAIlU-
OHHOTO MM TIPHBIHYAHE, MAPAMETHPBT “e°” Mo-
JKE Jla Ce M3pa3d M Ce OKa3Ba paBEH Ha MPOU3Be-
JIEHUETO TpPaBHTAIIMOHHA KOHCTAHTA, Maca Ha
€JICKTPOHA U CPETHOreOMETpUYHATA CTOMHOCT OT
Macara Ha Bcenenara My u macara Ha mporoHa
m,. O4yeBUAHO €, 4e CTOIHOCTTA Ha “e?” ce u3pa-
3siBa Ype3 MapaMeTPUYHH TPABUTAIMOHHU BEJIH-
yrHU, 0€3 Jla Ce Hajara M3MOJ3BaHETO Ha T.Hap.

roJIsIMOo 4ucio “A4”.

(12)

w21

CehliecTBYBa M BB3MOXKHOCTTA “¢”” ma ce
nmpeacraBu C I/I3pa3a:
M

e’ =Gmm, |[—% (13)
m

p

OueBuano e, e ¢ m3pasa (13) e BB3MOKHO
CTOMHOCTTa Ha OTHOIICHHETO HA CHIJINTE Ha
€JIEKTPOCTATHYHOTO W TPABUTAI[MOHHOTO IPHB-
JMYaHe MEKIY MPOTOHA M EIEKTPOHA BBHB BOJIO-
POJHUSL aToM Ja ce TPEJCTaBH W MO HauMH,
KOWTO M3KITI0YBA TOJISIMOTO YHCIIo “A”.

Axo BennunHuTe B M3pasa (13) ce moBaurHar
Ha KBaJ(paT, Ce MoJiyJyana, ue:

(ez)2 =G*M,m,m.? =(GM,m,)(Gm,m,)
(14)

HOCJ’IGIIHPI?IT nuspas I103BOJIsIBA Ja ce
YCTaHOBH, ge.
2
e GM_ m
= = =A (15)
Gm,m, e
Ot uspaza (15) crmenBa, ue:
2
e GMym
A% = P (16)
Gmm, e

Cren cOoTBeTHH chKparieHus Ha G, me u g2
(o§] HOTB’I)p)KI[aBa 3aBHCHUMOCTTA.

Azzﬂ
mp

7)

3AK/IIOYEHHUE

lopensnokeHOTO  MOTBBbpKOaBa  Te3aTa,
0Tpa3cHa B 3arjIaBUETO HAa HACTOSAINIMS TPy, a
WMEHHO, Ye TaHAeMbT ‘Bcemena — BomopoaeH
aToM”’ € JEWCTBUTENIEH KJIOYOB H3TOYHHUK 3a
B3aUMOBpB3KaTra “MHKpO — Meramup’, 3alioTo
UMEHHO C pasriekJIaHeTO Ha B3aUMOBPBH3KH,
OpOSIBSIBAIM C€ IMPH TO3M TaHIEM, CTaHA Bb3-
MOYKHO J1a C€ YCTaHOBH:

-mpsikata  Bpbh3Ka HA  CTOMHOCTTA  Ha
KJIACHYECKUsl paguyC Ha CIeKTPOHA BBbB
BOJIOPOJHHUS aTOM C TaKbB I[apaMeThp Ha
MeracBeTa kaTo Macata Ha Beenenara My;

-TOJSIMOTO  9HCIIO  “A”, KOeTo OTpa3sBa
OTHOLICHHETO HA  CWJIMTE Ha  CJIEKTPO-
CTaTHYHOTO ¥ TPABUTAIMOHHOTO TPHUBJIMYAHE
MEXJy MPOTOHA U EJICKTPOHA BHB BOJOPOIHHUS
aToM, ce OKa3Ba, Y€ MOXKe J1a ObJie MPeJCTaBEeHO
M KaTo KOpPEeH KBagpaTeH OT OTHOILICHHUETO
MeXy Macata Ha Bcenenata My u macata Ha
OpOTOHAa My, T.6. WU3KIIOYBAWKU BIMSHUETO,
peci. edekra Ha ENEKTPOCTATHYHOTO B3aUMO-

NEeACTBHE, DECI. Hamecarta Ha EJEKTPHYECKH
KOMITOHEHT.
2
YcranoBenata 3aBucumoct M = A m,

[I03BOJIIBA OT BEYE M3BECTHUTE KU C TOJIIMa
TOYHOCT ONpENEICHN CTOWHOCTH Ha TOJSIMOTO
gyucino 4 ¥ Ha MacaTa Ha IIPOTOHA - My, Ja ce
W3YUCIN TO-TIPEU3HO W JIOCTaThUYHO KOPEKTHO
CcTOWHOCTTAa Ha Macara Ha Bcemenata - My, a
HMEHHO:

My =8,6288.10°"g
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