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Abstract:

The kinetics of the desorption of ethanol previously absorbed onto
carbon molecular sieves (CMS-3A) was studied using the non-isothermal
thermogravimetric technique. The dependence of activation energy (E, )
for a particular degree of desorption (a) was established. It was confirmed
that the non-isothermal desorption of ethanol was a kinetically complex
process. A novel mathematical model for the kinetics of non-isothermal
desorption for the absorbed ethanol is established. This model is based
on the proposed dependence of the specific desorption rate on
time/temperature. The correlation dependences of the model parameters
B and n on heating rates were established. A general kinetic equation for
the non-isothermal desorption of ethanol was developed. It was found that
the specific desorption rate at every single heating rate increases,
whereas E,, decreases during the desorption process.
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Introduction

Bioethanol nowadays presents a main alternative source for the
economic production of novel fuels and ethanol (Kosaric, et al, 2001).
Ethanol is produced by fermentation of sugars obtained by hydrolyses of
biomass. Three sources of biomass are commonly used: sugar, corn and
lignocellulose materials. The most promising source is the lignocellulose
biomass because it can use agricultural and forest residues and prevent
the heated fuel-versus-food debate (Hashi, et al, 2010, pp.4628-4637).
The only barrier for a broad application of production of ethanol is a high
production cost (Kaminski, et al, 2008, pp.95-102).

Produced bioethanol contains a certain amount of water. The
distillation process used for bioethanol separation and purification requires
a large amount of energy which is approximately equal to 50% of the
combustion energy of produced bioethanol (Fuijita, et al, 2011, pp.869-
879). Selective ethanol adsorption on a hydrophobic material of the zeolite
type is a way to reduce the energy consumption of this process, presently
the most promising procedure for an energetically rational bioethanol
production (Adnadjevic, Jovanovic, 2012, pp.761-768). The introduction of
this new separation process for bioethanol production requires solving a
novel problem of cheep and effective selective procedure of adsorbed
ethanol desorption onto a zeolite type adsorbent. The key role in this
solution is in the kinetics of ethanol desorption from the zeolite adsorbent.
It was shown that the most effective adsorbents are carbon molecular
sieves such as CMS - 3A. Knowing the kinetics of ethanol desorption can
contribute to better and more economical production of bioethanol.
Unfortunately, to the best of our knowledge, the literature data is sparse
with data concerning this topic.

Fujita and co-workers investigated the kinetics of desorption of
ethanol and water from various types of commercial zeolite (MSC-3A, 4A,
-5A, -6A, -7A, HiSiV3000, ZSM-5 (Si02/AI03 =30), hydrophilic 5A) in the
gaseous phase and evaluated the effectiveness of the proposed process
(Fujita, et al, 2011, pp.869-879). The desorption of 1-buthanol from water
solution adsorbed onto ZSM-5 with a high Si/Al ratio was discussed in the
work of Saravanan et al. (Saravanan, et al, 2010, pp.68-69). Oudshoorn et
al. investigated the desorption rate of 1- buthanol from zeolite CVB28014,
CVB901 (Oudshoorn, et al, 2012, pp.167-172).

Keeping that in mind, this work thoroughly investigates the kinetics of
the non-isothermal desoprption of ethanol adsorbed onto carbon molecular
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sieves (CMS-3A). Therefore, a kinetic model, kinetic complexity and the
values of the kinetics parameters were determined and discussed.

Materials and Methods

Materials

The following materials were used: a carbon molecular sieve type 3A
(CMS-3A), produced by Takeda Chem. Ind., Japan; ethanol 99.8 vol. % of
p.a. purity purchased from Hemos, Belgrade, Serbia, and bidistilled water
obtained from Hemofarm, Serbia. Before use, the CMS-3A was thermally
activated at a temperature of 393 K for 2 hours, cooled and kept in a
dessicator until use.

Characterization

The texture properties of the activated sample used were determined
by N2 (77 K) adsorption using a Micrometrics ASAP 2010 volumetric
adsorption apparatus. The BET surface area was measured from the
adsorption isotherms by applying the Brunauer-Emmett-Teller equation to

calculate the micropore volume (Vmp ). The total volume (V) was obtained

at a relative pressure of 0.99. The pore size distribution (PSD) was
obtained by the Horvath-Kawazoe analysis.

Sample preparation

Ethanol was absorbed onto the CMS-3A as follows. One gram of
thermally activated CMS-3A was added to 50 mL of ethanol. Ethanol
adsorption was undertaken for 24 hours. The ethanol adsorbed-CMS (CMS-
ethanol) sample was separated from the ethanol excess by decantation.
The sample was kept in the exicator to prevent ethanol desorption.

Thermogravimetric measurements

The non-isothermal thermogravimetric curves were recorded using a
TA Instruments SDT simultaneous TGA-DSC thermal analyzer, model
2960. These experiments were performed with the CMS-ethanol absorbed
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samples weighing 20 + 5 mg. The samples were placed in the platinum
pans under (99.9995 vol. %) nitrogen flowing at a rate of 20 mL min™. Four

different heating rates (v,= 5, 10, 15 and 20 K min™) were used in this

study. All experiments in this work were conducted in the temperature
range from ambient temperature up to 400 K. For isothermal methods, it is
necessary that the process of desorption is performed at a lower
temperature range from ambient to 500K. The original mass loss versus
temperature (TG) curves obtained at a constant heating rate were
transformed into the degree of desorption (a) versus temperature curves
by means of the following equation:
m, —m
x=—"" (1)
my—m,

where m,, mand m 7 refer to the initial, actual and final mass of the sample.

Kissinger—Akahira—Sunose (KAS) method

The Kissinger-Akahira-Sunose method (Akahira, Sunose, 1971,
pp.22-31) is the isoconversional integral method which uses Coats-
Redfern approximation (Coats, Redfern, 1964, pp.1273-1278) of the
temperature integral that leads to the equation:

h{v—’;j:h{ AR J—E” 2)
T Eg(a)| RT

where & (Ol)is the integral form of the selected kinetic model. For

a =const., the plot of In(v,/T*)vsT™" should be a straight line the slope of
which can be used to evaluate the apparent activation energy.

Kinetic model
Desorption kinetics model

The ethanol desorption process is affected by many parameters such
as temperature, time, pressure, ethanol concentration, pH of the solution,
as well as the structural characteristics of carbon molecular sieves. The
mathematical models of desorption presented bellow are based on the
following assumptions listed below: (a) The desorption process is a
kinetically complex process; (b) Leaving the molecules of a certain part of

362



the absorbed phase (desorption) leads to structural changes in the
absorbed phase and its nearby surroundings (structural rearrangement);
(c) The desorption rate is significantly higher than the structural
rearrangement rate; (d) As a consequence of the above, the specific
desorption rate (& ) is a function of both time (¢) and temperature (T'),
which can be described by the equation:

p-1
-4
i.e
B-1
i

where £ and 7 are the Weibull's parameters, To is the initial temperature
and vh is the heating rate; (e) the rate of desorption (dN / a’t) is

proportional to the amount of the remaining molecules in the adsorbed
phase. In this case, the desorption rate is given as:
dN k
—=—(N,-N
ar oy Mo (5)

where N, is the amount of the adsorbed molecules in the beginning of the

desorption process, and N is the amount of the desorbed molecules at
T . Introducing Eq (4) into Eq (5) yields:

£-1
T-T,
d_N = ﬁ 0 (No — N) (6)
dr v\ vwn
The separation of the variables in equation (3) leads to:
N T £-1
T-T,
L jﬁ( ] ar ™)
o(No_N) o Vil \_ Vil

The integration of equation (7) should be done in the limits of N from O
to Nand of T from To to T, to yield:

B
o[ 55 @
N, Vil
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The results is:

B

BN exp —(T‘%j ©)

NO th]

Since: a =N/ N,, equation (9) is transformed into the form:
B

T-T

a=1-exp —[ 0} (10)
Vil

Results and discussion

Figure 1 shows the thermogravimetric curves for the desorption of
ethanol from CMS at various heating rates.

Am/m[%]
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]
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280 300 320 340 360 380 400
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Figure 1 —The TG curves for the desorption of ethanol from CMS at various heating
rates: 5Kmin”, e- 10Kmin™' A- 15Kmin™" ¥ - 20Kmin™'
Puc. 1— TG kpuBas gecopbuum ataHona ¢ CMS npu pa3HbIX CKOPOCTAX HarpeBaHus:
5K mMun-1, e- 10 K MuH-1 A- 15 K MuH-1V¥ - 20 K MnH-1
Cnuka 1 - TG kpuBa gecopnuuje etaHona ca CMS Ha paznnuntum 6p3mHama
3arpeBatba: 5Kmin'1, o- 10Kmin™' A- 15Kmin™' ¥ - 20Kmin™
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As it can be seen from Figure 1, the TG curves for the desorption of
ethanol at all investigated heating rates are of a complex sigmoid shape.

As it is obvious from the TG curves, both the initial temperature (7;) and
the final temperature (7)), the reaction interval (AT =7, -T;) and the

degree of asymmetry of the curves change with the change in the heating
rates. Table 1 summarizes the effects of heating rates on the values of 7,

T, AT and the residual (Am/m).

Table 1 — Data for the heating rates, initial temperatures, final temperatures,
reaction intervals and percentage of residual masses for Fig.1
Tabnuya 1 — 3HayeHus TemnepaTypbl B Havane gecopbuun, npu 3aBepLUeHnm
necopbunm, TeMnepaTypHOro MHTepBarna v OCTaToK Macchl B MPOLIEHTaxX
Tabena 1 — BpegHocTn TeMnepaTtype noyetka gecopnuuje, TemnepaType 3aBpLueTka
Jecopnuuje, TemnepaTypcKkor MHTepBana v NPoLEeHTHN ocTaTak Mace

v, [K/min] T, K] T, K] AT [K] Am /| m[%]
5 305.63 344.59 38.96 76.04
10 308.09 358.63 50.54 76.97
15 310.54 366.65 56.11 77.72
20 312.29 373.73 61.44 78.02

As it is obvious from the results presented in Table 1, the increase of the
heating rate leads to the increase in the values of T, Tf and AT, where the
residual insignificantly varies within the experimental error. In order to
preliminary determine the kinetic model of ethanol desorption, the shape of
the dependence da/dt on « is analyzed. (Khawam, Flangan, 2005,
pp.10073-10080). The dependence of da/ dt on « is presented in Figure 2.

The dependence of da/dt on o shows a broad asymmetric peak
with a clear maximum -« . With the increase of the heating rate, the

value of ¢, increases almost linearly. Since the dependence of da / dt

X

on a has a complex shape, the dependence of EM on a is determined

by applying the KAS method. The dependence of Ea,a on « is shown in
Figure 3.

365

Jovangi¢, N.et al, Kinetics of the non-isothermal desorption of ethanol absorbed onto CMS-3A, pp.359-377



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2017., Vol. 65, Issue 2

do/dt
0.5

0.8 1.0

Figure 2 — The dependence of da /dt on & at various heating rates:
m-5Kmin”,e- 10 K min" A- 15 K min” ¥- 20 K min™
Puc. 2 — 3aBucMMOCTb dar/ dtf Npu pasHbIX CKOPOCTAX HarpeBaHNs:
m- 5 K MuH-1,0- 10 K MUH-1 A - 15 K MUH-1V¥ - 20 K MuH-1

Cnuka 2 — 3aBUCHOCT da/ dt ya pasnnumtim GpanHama sarpesarba:
m- 5K min”,e- 10 Kmin™" A- 15 K min™ ¥- 20 K min™

E /kJmol”’
100

80+

60+

20 T T T T 1
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o

Figure 3 — The dependence of £ on «
Puc. 3 - 3aBucumocTb Ea . OTa

Cnuka 3 — 3aBUCHOCT Ea o od o
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The values of Ea’a decrease with the increase in the values of « . The
analysis of the shape of the dependence of Ea,a on « clearly reveals two
characteristic shapes of changes in Ea,a with the increasing « . In the range

of 0 £ a = 0.25, Ea,a decreases almost linearly with increasing the o
values from ~100 kJ mol” to ~60 kJ mol™. In contrast to this, when o = 0.25,
the increase of « leads to concave decrease in the value Ea,a from ~60 kJ

mol™ to ~20 kJ mol™. A complex shape of the dependence of Ea,a on «,in

accordance with Vyazovkin’s criteria (Vyazovkin, Linert, 1995, pp.109-118),
indicates that the process of desorption of the ethanol from the CMS is a
kinetics complex process which takes place through numerous elementary
stages. In regard to that, the ability of a mathematical description of the kinetics
of ethanol desorption with equation (10) was evaluated. Figure 4 presents the

dependence of In[ —In(1-a)] on In [ r-1, } at different heating rates.
Vi

In[-In(1-c
=

)
14
0+ ///
a4
07 14 21 28

' In[(T-T,)v,]

r-1,
vh

m- 5 Kmin-1, e- 10 K min-1 A- 15 K min-1V¥-20 K min-1

Figure 4 — Dependence of In [— In (1 - a)] on ln{ } at different heating rates:

T-T,
Puc. 4 — 3aBucumocTb In [— In (1 - a)] oT In {—“} NP1 pasHbIX CKOPOCTAX HarpeBaHus:
Vi

m- 5 K mnn-1, o- 10 K MnH-1 A- 15 K MnH-1 ¥ - 20 K Mun-1

Cniuka 4 — 3aB1CHOCT In [— In (1 - a)] of In {ﬂ} Ha pa3nuunMTuM Bp3rHama 3arpeBamsa:
Vi

m- 5 Kmin-1, e- 10 Kmin-1 A- 15 K min-1V¥- 20 K min-1
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Table 2 — Values of the Weibull's parameters at different heating rates
Tabnuuya 2 — 3HayeHuss napameTpoB Benbynna npu pasHbix CKOPOCTSIX HAarpeBaHus
Tabena 2 — BpegHocTn BejbynoBnx napameTtapa Ha pasnuyuntum Op3vMHama 3arpeBara

Vv, [K/min] | B n[min]
5 2.35 7.57
10 2.47 4.69
15 2.63 3.47
20 2.82 2.95

T-T
Obviously, the dependencies of ln[—ln(l—a)] on ln[ 0} for all of
Vi

the investigated heating rates are linear. The values of the parameters [
and 7 were calculated based on the slopes and intercepts the

Ty

dependencies of ln[—ln(l—a)] on ln{ } The effect of heating rates

Vi
on the Weibull's parameters f# and 7 is shown in Table 2.

As it can be seen from the results presented in Table 3, the increase
in the heating rates leads to the increase in the values of the parameter f

while the values of the parameter 7 decrease. The found changes in the
values of the parameters £ and n can be mathematically described by
the expressions:

B(v,)=exp(0.827+0.05v, +0.0003v} ) (11)

7(v,) = exp(2.658-0.143v, +0.003v; ) (12)

The mathematical expressions (11) and (12) enable to derive an equ-
ation which can successfully describe the kinetics of the investigated pro-
cess as a function of temperature and heating rates:

el =G

Based on the knowledge on the values of the parameters f# and 7

by using Eq (4), it is possible to calculate the values of a specific desorp-
tion rate for different temperatures at different heating rates. Figure 5 pre-

B(vi)

(13)
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sents the dependence of the specific desorption rate with temperatures for
different heating rates.

k/min"
3.2+

24-

1.6

0.8

0.0
280

Temperature / K

Figure 5 — Dependence of k on temperature at different heating rates:
m-5Kmin™', - 10 Kmin" A- 15 K min” ¥- 20 K min™
Puc. 5 — 3aBucumocTb k 0T TEMNepaTypbl NPU pa3nUYHbIX CKOPOCTSAX HarpeBaHus
m-5K MMH'1, - 10 K MuH "' A- 15 K MuH" V- 20 K mun™
Criuka 5 — 3aBucHoct k of Temnepatype Ha pa3nuunuTum 6p3nHama 3arpeBama
m-5Kmin™, e- 10 Kmin"' A- 15 K min™ ¥- 20 K min™

The increase in temperature leads to the increase in the values of the
specific desorption rate at all of the investigated heating rates. Also, the
increase in the heating rates at all investigated temperature values leads
to the increase in the values of the specific desorption rate. The establis-
hed dependencies of £k on T allow applying the Arrhenius equation to
calculate the values of activation energies at different temperatures for dif-

ferent heating rates. The dependence of £, on temperature at the investi-
gated heating rates is presented in Figure 6.
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E,/ kJmol”

200

150 -

100 -

Temperature / K

Figure 6 — The dependence of Ea on temperature at different heating rates:
m- 5K min”, e- 10 Kmin™ A- 15 K min™ ¥- 20 K min™
Puc. 6 — 3aB1McumocCTb Ea OT TeMnepaTypbl NPV Pa3nM4YHbIX CKOPOCTSAX HarpeBaHms
m-5K MVIH_1, - 10 K Mt A- 15 K MuH" - 20 K MuH™’

Cnuka 6 — 3aBuCHoOCT Ea of Temnepartype Ha pa3nuyuTuM 6p3vHamMa 3arpeBama:
m- 5K min”, - 10 Kmin" A- 15 K min™ ¥- 20 K min™’

The E, value decreases with the increasing temperature at all of the

investigated heating rates. The two characteristic shapes of changes of
E, , with increasing 7' are obvious. In the range of 290 <7" < 315 K, the

dependence E_ ,on T almost linearly decreases with increasing tempera-

ture, whereas at temperatures 315 <7 < 400 K, the value of E, decreases
concavely with increasing temperature. At a particular value of temperatu-
re, the value of £ increases with the increase in the heating rate. Based

on the dependence of E, on temperature at a particular heating rate, it is
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possible to get the dependence of £, ,on « for that heating rate. Figure 7
presents the dependence of £, ,on « for different heating rates.
E, / kdmol”

200

150 -

100 \

Figure 7 — Dependence of Ea,a on o for different heating rates
Pwuc. 7 — 3aBucmumocTb Ea OT (X Npu PasnUYHbIX CKOPOCTAX HarpeBaHUs
Cnvka 7 — 3aBucHocT Ea,a og (' Ha pas3nuuuTum Bp3vHama 3arpeBarba
The curves of the dependence of £, ,on « at all investigated heating
rates are of similar shapes. The curves of the dependence of £, ,on «
show two different shapes of changes of the dependence of £, on «.
The two characteristic shapes of changes of E,  with increasing « are

obvious. For the range of values 0 < a < 0.2, the dependence E,  on «
linearly decreases with increasing « . For the values of o > 0.2, the
values of E, ,decrease concavely with increasing E, ,.The comparison of
the shapes of the dependences of £, on « at different heating rates with
the dependence of E, , on « obtained by the isoconversion method (Fig

3) clearly shows their mutual similarity, especially at extremely low and
high degrees of desorption. The found similarity confirms physical reality of
the previously suggested model for the non-isothermal desorption based
on the assumption about the changes in the values of the specific rate of
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desorption with temperature. Since with the increasing temperature the
specific rate of desorption increases more rapidly than the rate of internal
rearrangement of ethanol’'s molecules in the absorbed phase, the
activation energy decreases, the kinetics complexity changes and the
specific rate of desorption increases.

Conclusion

The non-isothermal desorption of ethanol absorbed onto CMS-3A is a
kinetically complex process. Kinetic’'s complexity of the desorption of
ethanol is a consequence of the changes in the specific rate of desorption
and activation energy with temperature. The conversion kinetics curves of
the non-isothermal desorption of ethanol, at all heating rates, can be
entirely mathematically described by the suggested model. The correlation
dependences of the parameters of the kinetics model on heating rates are
established. A general kinetics equation of the non-isothermal desorption
of ethanol is developed. It was found that the value of the specific
desorption rate of ethanol, at every single heating rate, increases with the
increase in temperature, whereas the activation energy decreases. The
functional dependences of activation energy on time for each heating rate
were determined. The results obtained by this work can be used to
enhance the knowledge of the desorption kinetics of ethanol, wich is a key
factor for its more economical production.

Symbols

E,_ [kJ mol™] activation energy

E,  [kd mol"] activation energy at «

E,, [kJ mol] activation energy at T

V,, Vmp [cm’g”] micropore volume

v, [cm3g™] total volume

d [nm] average pore size

m, [g] the initial mass of the sample
m [g] actual mass of the sample
m, [g] final mass of the sample
Am/m [%] percentage of residual mass
g(a) integral form of the selected

kinetic mode
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T K]
T K"
T [K]
N

AT [K]

R [J mol'K ]
k [min]

t [min]

T, [K]
dN / dt

NO

N
v, [Kmin™]

Greek symbols
a al]

amax [-]

B I

n [min]

Abbreviations
CMS-3A
CMS-ethanol
PSD

TG

KAS method
MSC-3A
MSC-4A
MSC -5A
MSC -6A
MSC -7A
HiSiv3000
ZSM-5
CVvB28014
CVB901

temperature
inverse temperature

initial temperature at TG
final temperature at TG

reaction interval

universal gas constant (8.314 )
specific desorption rate

time

initial temperature

rate of desorption

amount of the adsorbed

molecules in the beginning

of the desorption process

amount of the desorbed molecules at
temperature

heating rate

degree of desorption
maximum degree of desorption

Weibull’s parameter
Weibull’s parameter

Carbon molecular sieves type 3A
Ethanol adsorbed carbon molecular sieves
Pore size distribution
Thermogravimetric curve
Kissinger-Akahira-Sunose method
Molecular Sieving Carbon type 3A
Molecular Sieving Carbon type 4A
Molecular Sieving Carbon type 5A
Molecular Sieving Carbon type 6A
Molecular Sieving Carbon type 7A
Silicalite zeolite

Zeolite Socony Mobil-5

Zeolite ammonium ZSM-5

Zeolite H-SDUSY
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HEN3OTEPMNYECKAA KMHETUKA OECOPBLINU OTAHOJIA,
ABCOPBMPOBAHHOIO HA YITIEPOOHOM MONEKYJIAPHOM
CUTE CMS-3A

Huxona C. Mosanuny, Gopusoli K. AnHapxesnd, Enena [1. MlosaHosuy
YHuepcuteT B benrpage, ®akynbTeT dusmnyeckom xumuu, r. benrpag,
Pecny6nuka Cepbus

OBJNIACTb: xumn4yeckme TexHomnormm
BWO CTATbW: opurmHanbHasa HayyYHas ctatbsl
A3bIK CTATbW: aHrnuickuin

Pe3swome:

B 0OaHHOU cmambe ornucaHbl nposedeHHble uccredosaHus Mo
KuHemuke Oecopbuuu amaroHa, abcopbuposaHHO20 Ha yar1epOOHOM
monekynspHom cume CMS-3A. [nasHbiM ucmoyHukom 6uosamaHorna
A6MIlOMCS: caxap, KyKypy3a U JlU2HOUEIIO/I03Hble Mamepuaribi.
BbipabomaHHbIl 6uoamaHon codepxxum orpedesieHHoe KOu4ecmeo
800bI. []r19 €20 04UCMKU UCIOSb3YHMCS pasfiuyHbie cernepayuoHHbIe
MemoObl, KOmopble 8 Hacmosiuwul MoMeHm euje HedocmamoyHO
ucnbimaHsl. [asHasi npobnema o4yucmku 6uoamaHosia 3akryaemcs
8 8bICOKOU cmoumocmu ripouedypbi U bonbwWuUx 3ampamax 3Hepauu —
Ha 50% npesbiwarowux npou3goouUMyro bUOIMAaHOIOM 3Hep2uro.
CenekmueHasi adcopbyusi amaHona Ha uyeonume 3HaqyumesibHO
CHWXaem 3ampambl SHepauu rpu rnpou3goocmee, HO, K COXarneHuto,
OaHHbIll Memod mpebyem MHO20 epemeHu. B uensx ynydwerus
KuHemuku decopbuuu Moaym npuUMEHSIMCS pasnuy4yHble mexHosoauu,
OOHaKoO OHU Ha Ce200HSAWHUl OeHb HedoCmamoYHO UCMbIMAaHhbl.
OO0HUM U3 caMbIX NPakmMuYHbIX U Haubosee 3KOHOMUYHbLIX Memodos
oyucmku  6uosamaHona sensemcs  Oecopbuyusi amaHona  Ha
yarnepoOHOM MOJIEKY/IIPHOM cume, fnpu 3moM eoda ocmaemcsl Ha
o8epxHoCMuU yerepodHO20 MOMEKynsipHo2o cuma. C yyemom moeo,
ymo OaHHbIl MemoO HedocmamoyHo ucrfbimaH, Heobxodumo
rnonazambCsi Ha 3HaHUSI O KUuHemuke Jdecopbuuu smaHona Ha
yeoniumax. Xomsi Ha Cce200HAWHUlU OeHb onybriuKkogaHo Masoe
Konudecmeo  Hay4yHbix pabom, MOCEsAWEHHbIX uUccriedo8aHusIM
KuHemuku Oecopbuyuu smaHona Ha ueonumax. B daHHoU pabome
MpuMeHeHa HeusomepmMuYeckasi mepmMmozpasuMempuyecKasl mexHukKa.
B xode uccnedosaHus bbina ymeepxOeHa MofiHas 3asucuMOoCb
9Hepauu akmueauyuu om cmeneHu Qdecopbuyuu, a makxe
ycmaHoeneHa wmodenb rnipouecca Oecopbuyuu. [aHHass Modesib
OCHOBaHa Ha nofHoU 3asucumocmu ckopocmu decopbyuu om
speMeHu u memnepamypsbl. brnazoldapsi npumeHeHuU0 0aHHoU Modernu
MOXHO r08/IUsIMb Ha CKOPOCMb fpouecca Oecopbyuu U 3SHepauro
akmueauyuu ¢ memnepamypoli. Mamemamudeckass  MoOerib,
onucaHHasi 8 OaHHOU pabome ocHogaHa Ha rMOJIHOU 3asucumMocmu
ckopocmu npouecca Oecopbuuu U 3Hepeuu akmueauuu om
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memnepamypsbi. HarHas modersb makxe ompaxaem
nocnedosamernibHOCMb 3amaros npouecca Aecopbuuu. Hacmosuwas
Modenb  KuHemuku rnpouecca Oecopbyuu asmaHona Moxxem
3Ha4yumesibHO yiy4wumbs MexHoI02uo npouzsodcmea buosamaHorna u
YMEHbWUMb MPOU3800CMBEHHbIE 3ampambai.

Knroyesble crioga: 3aBUCUMOCTb, abCOPOEHTbI, MOMnekynspHble CUTa,
aHanuTudeckne wmogenun, mogenu, ueonutbl, CMS-3A, KuHeTuKa,
aTaHon, gecopbuus.

HEM3OTEPMHA KMHETWKA OECOPTIUMUJE ETAHOIA
AACOPBEOBAHOI" HA YTTbEHNYHOM MOJIEKYJICKOM
CUTY CMS-3A

Hukona C. Josanuuh, bopuseoj K. AgHaheswuh, JeneHa [l. JoBaHoBWh
YHuBepanuteT y beorpagy, Pakyntet 3a pumanuky xemujy,
Beorpan, Penybnuka Cpbuja

OBJIACT: xemujcke TexHonoruje
BPCTA YJTAHKA: opurMHanHm HayyYHu YnaHak
JESNK YJTAHKA: eHrnecku

Caxemak:

Y oeom pady npoyuyasaHa je KuHemuka Oecopriyuje emaHorna
npemxodHo adcopbosaHoz Ha yerbeHUYHOM MoreKyrckom cumy CMS-
3A. lmasHu us3sopu 6uoemaHona cy epmeHmabunHu wehepu,
KyKypy3 U JlugHouesyno3Hu ommnaldHu wmamepujan. [lpouseedeHu
buoemaHon cadpxu odpeheHy konu4uHy 8ode, a 0a bu ce npeyucmuo
Kopucme ce pasHe cenapayuoHe memode Koje jow Hucy O080SbHO
ucnumaHe. [nasHu npobnem npu npeduwhasawy buoemaHona je
8UCOKa UeHa, Kao U 3HamaH ympouwak eHepeuje Koju npedcmassba
suwe 00 50% eHepeuje Kojy buoemaron rnpoussodu. CeriekmugHa
adcopriyuja emaHona ca 3eonuma 3HamHO CMamyje ympowak
eHepeuje rpu npoussodmu. Haxamnocm, oga memoda je seoma criopa.
Padu nobosrbwarma kuHemuke decopryuje Kopucme ce pasnudume
MeXxHUKe, Koje HUCy 0080sbHO ucriumaHe. JeOHy 00 npakmuyHujux u
jebmuHujux Memoda Koja ce Kopucmu npu npeduwhasary
buoemaHona npedcmaessba Oecopryuja emaHosnia ca yarbeHUYHO2
MOJIEKYJZICKO2 cuma, nrpu 4YeMmy e6o00a ocmaje 3adpxaHa Ha
YyeIbeHUYHOM MoseKyrickom cumy. Mehymum, oea memoda Huje
0080/bHO uUcnumaHa, a padu mnobosbwarka npoussodmwe (bp3uHe
npous3sode) rnompebHo je no3Hasamu KuHemuky Oecopnyuje
emaHosna ca 3eonuma. Maro je Hay4YHux padosa u numepamype Koju
rpoyyasajy kKuHemuky Oecopnyuje (bp3uHy Oecopnyuje) emaHorna ca
3eonuma 3a odpefusare KuHemuke decopriyuje y osom pady je
KopuwheHa  HeusomepMHa  mepmMmospasuMempujcka  MexHUKa.
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YcmaHoerbeHa je KOMIieKCcHa 3asucHOCm eHepeauje akmueauuje 00
cmerieHa Oecopnyuje, Kao U Mamemamuyku Modesi no Kojem ce
Oecopnyuja oduepasa. Oeaj MoOes1 3acHO8aH je Ha KOMIIEKCHOf
3asucHocmu 6p3uHe Oecopnyuje 00 epemeHa u memnepamype. 36oe
KomrnekcHocmu modena donasu 00 npomeHe 6p3uHe Oecoprniyuje u
eHepeuje akmueayuje ca memnepamypom. Mamemamudku modesn
ycmaHoes/beH y 080M paldy 3acHuea ce Ha KOMIIEKCHOj 3a8UCHOCMU
bp3uHe Odecopnyuje U eHepeuje akmueauyuje 00 memrnepamype u
rnokasyje Ha Koju Ha4dyuH ce Odecopryuja oduepasa y HEKOIUKO
cmynmesa. [lo3Hagame KuHemuke rpouyeca Oecopryuje emadorna
Moxe dornpuHemu 60sb0j U eKOHOMUYHUJOj MPou3800HU buoemaHora.

KrbyyHe  peyqu: 3aBUCHOCT, ancopOeHTW, MOmeKyrcka cuTa,
aHanuTu4kn mopenu, moaenu, 3eonutn, CMS-3A, KMHeTuKa, eTaHon,
Jecopnuuja.
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