DOI: 10.6060/ivkkt.20216403.6348
VIIK: 536.2.02

HOBBIIA METO/I AHAJIN3A TEPMOT'PABUMETPHUYECKHUX JJAHHBIX
M.B. MaJjasko, C.B. Bacuiesuu, A.B. Mutpodanos, B.E. Muzonon

Muxaun Brnagumuposud Manbsko

Jlabopartopust Bo3oOHOBIsIeMoid 3HepreTuku, UHcTuTyT SHepretnkn HAH benapycu, yn. Axkagemuueckas, 15,
Koprl. 2, Munck, Pecrry6nuka benapycs, 220072
E-mail: mikhailvm@bas-net.by

Cepreii Bnanumuposud Bacunesuu

Kadenpa TexHn4eckoi 3KCITyaTallii BO3AYIIHBIX CYI0B U IBUTaTeNeH, bemopycckas rocyiapcTBeHHAS akaze-
MUs aBUaInuy, yi. Yoopesuua, 77, Munck, PecriyOnvka Benapycs, 220096
E-mail: svasilevich@yandex.ru

Amnppeii BacunseBiu Mutpodanos, Bagum EBrenbeBnd Mu3oHOB™

Kadenpa mpuxinagHoit MaTeMaTuky, FIBaHOBCKHIA TOCYAapCTBEHHBIN SHEPTETHIECKHA YHUBEpCHUTET, Pabdakos-
ckas, 34, UsanoBo, Poccuiickas @enepanus, 153003
E-mail: and2mit@mail.ru, mizonov46@mail.ru*

Llenwto 0annozo uccnedosanus a6aaemca nPoOBEPKaA KOPPeaayuonno2o memooa Koymcea -
Peochepna u paspabomxa H06020 Memooa aHanu3a KUHEMUYECKUX XAPAKMEPUCHUK 0151 OPYymMmo
npouecca mepmMuiecKo20 pasnoxHcenuss RUPOIUZHOI CMOJIbl RPU HEU30MEPMUYECKUX YCA06UAX. YKa-
3AHHBLIL RPOYECC MEPMUUECKO20 NPeodPaA308aHUA Dbl UCCTE008AH IKCREPUMEHMAILHO MEmO00M
mepmozpasumempuueckozo ananuza. Cyuwecmeyem HeCKOJIbKO KUHEMUUECKUX Mooenell, 4moonl
AHAIUZUPOBATL MEXAHUIM RUPOIU3A 8 MEPMUHAX POPMATbHBIX peakyuil. B pamkax smozo nooxooa
KUHemuuecKue napamempovl NPOUecca RUPOaU3a Mo2ym 0vlms o4eHeHbl N0 OAHHBIM ROJIHOI NOMepu
Maccwl ¢ npoyecce nazpesa (mepmozpasumempuyeckuit ananusz — TI'A). Ilpouedypa mepmozpasu-
MempUu4ecKo20 aHaIU3a MOXHCEn nPOGOOUMbCA KAK 6 U30MEPMUYECKUX, MAK U 8 HEU3OMEPMUUECKUX
YCoeuax, HO 6cez0a IKCnepuUMeHmalbHvle OaHHble, ROJIYUEHHbIE 6 ee nPpoyecce, 00IHCHbL ObImMb npe-
00pazoeansl 6 no0xoo0auue Koppeaayuonnvle coomuouenusn. Ionyuennvie pezyiomamol nokasanu,
Ymo peakuus nupoau3a npomexaem ¢ ouanazone memnepamyp om 540 K oo 700, K u unoykyuon-
Hblil nepuod npoyecca cocmasisiem npumepno 224 mun. Kunemuueckue napamempuot ovi1u ycma-
Hoeenbl mpaouyuoHnvim memooom Koymca —Peogpepna. /Ina cnusicenus mpyooemkocmu uoeHmu-
ukayuonnsix npoyedyp no cpasHenuio ¢ memooom Koymca—Peoghepna u yuema nanuuus unoyk-
UUOHHO20 NEPUOOA PeaKyuu Oblsl NPEO0HCEH HOBBLIL MEMOO paciema KUHemu4ecKux napamempos.
B pezynvmame uccnedosanus 6110 noxazano, ymo no cpagnenuro ¢ memooom Koymca —Peogpepna
npeoIodceH LIl CROCOO 0aem 0oJ1ee 00CMOGEPHYIO 3A6UCUMOCHb Ol paciuema KUHemuueckKux na-
pamempos. IIpeonoscennvtit memoo ucnonvyem anzopumm Koymca—Peogepua ona oyenxku mexa-
HU3MAQ peaKyuu, HO 6eTUYUHA NOCIMOAHHOU CKOPOCIU PEaKy U OnPeoesiemcs HenocpeoCmeenHo u3
noYYaAeMbIX IKCREPUMEHMATILHBIX OAHHBIX 0 CKOPOCIU MEPMUULECKO20 NPEEPaAU|eHU.
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The objective of the study is to examine the Coats-Redfern approximation and to propose

an innovative kinetic calculation method for the complex process of the heavy tar thermal decom-
position under non-isothermal process. The thermal decomposition process was examined using
the thermogravimetric analysis. There are several kinetic models proposed to analyze pyrolysis
mechanism in terms of the formal reaction. In this manner, the kinetic parameters of the pyrolysis
process can be evaluated based on total mass loss (thermogravimetric analysis —TGA). The TGA
procedures can be conducted with isothermal or non-isothermal conditions, but the experimental
data obtained according to this procedure have to be transformed into appropriate correlation. The
obtained results have shown that the reaction takes place within temperature range of 540 K to 700 K
and the inductive period of the process is about 224 min. Kinetic parameters were estimated with
using of the conventional Coats-Redfern method. A new kinetic calculation method has been de-
signed to provide a less laboriousness of identifications procedures compared with Coats-Redfern
approximation and to take into account an induction time of the process. As the outcome of this
study, it was shown that the kinetic parameters estimated with using of the proposed model-fitted
method gives the more appropriate correlation in comparison with the conventional Coats-Redfern
method. The proposed method uses the Coats-Redfern algorithm for evaluation of the reaction
mechanism, but the value of the constant rate is defined directly from experimental data on the

conversion rate.

Key words: pyrolysis, formal kinetic, thermogravimetric analysis, tar, Arrhenius law, reaction order,

temperature growth rate, fitting curve

INTRODUCTION

The new realities and the world challenges re-
quire using renewable biomass for energy production
with much higher efficiencies than obtained in their ac-
tual utilization [1]. Thermo-chemical treatment of bio-
mass has been the subject of increasing attention, but it
has been emphasized [1-4] that many theoretical and
experimental efforts are required for finding a possible
and effective technology for utilization of biomass. It
is undeniable that any industrial biomass processing is
connected with choosing of an apparatus and its oper-
ation parameters. The complexity of these tasks
brought about a broad variety of approaches to simu-
lating of the processes. The comparative analysis of the
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approaches can be found in [5-6]. It should be noted
here that there are several approaches, which allows
giving a detailed and accurate results of the process
simulations. The Eulerian or hybrid Euler-Lagrange
[6], the Markov Chains [7] or other different stochastic
approaches [8-11] can be mention here as examples of
suitable instruments for engineering practice. One of
these models can be used to predict reactions of the in-
dustrial process only if values of operating material
constant are available. The accessibility and determi-
nation accuracy of the process constants is essential
part of the parametric identification of any model. Par-
ticularly the rate at which chemical structure trans-
forms into other forms defined by chemical kinetics. It
is necessary to know the kinetic parameters of the
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chemical process such as an order of the reaction, an
activation energy and pre-exponential factor of Arrhe-
nius equation. In some cases, it is possible to determine
a dominant reaction and its kinetic parameters. For ex-
ample [12], it is true for a thermal decomposition of
clean inorganic materials. However the thermal degra-
dation of biomass solids do not obey the idealized sin-
gle-step kinetic pattern but are included of consecutive
or concurrent reaction steps [13-14]. Thus, the thermal
decomposition of the biomass solids behavior can be
correlated with their chemical evolution in terms of
formal kinetic. The formal Kinetic approach allows re-
placing set of reactions with a single gross formal re-
action. There are several kinetic models proposed to
analyze pyrolysis mechanism in terms of the formal re-
action. In this manner, the kinetic parameters of the py-
rolysis process can be evaluated based on total mass
loss (thermogravimetric analysis — TGA). The TGA
procedures can be conducted with isothermal or non-
isothermal conditions [14], but the experimental data
obtained according to this procedure have to be trans-
formed into appropriate correlation. There are several
model-free and model-fitting methods (appropriate re-
view can be found in [15]) for evaluating Kinetics pa-
rameters. The most widely used model-fitting method
is Coats-Redfern correlation [16]. This method allows
evaluating a kinetic triplet from thermo-analytical date,
but accuracy of this scheme is iffy [13-15, 17].

The core issue of the present study is to exam-
ine the Coats-Redfern approximation and to propose an
innovative kinetic calculation method for the complex
process of wood tar thermal degradation under non-
isothermal conditions. The investigation was con-
ducted by thermogravimetric analysis of wood tar deg-
radation. The proposed kinetic calculation method was
designed to provide a less laboriousness of identifica-
tions procedures compared with Coats-Redfern ap-
proximation and to take into account an induction time
of the process.

THEORY

Traditional approach
The complex process of a wood sample ther-
mal degradation is considered here as a single gross re-
action. The following equation represents the reaction

kinetics:
dm _

dar _k(m - moo)nl (1)

where m is the current value of the sample

mass, t is the reaction time, m. is the terminal value of

the sample mass (corresponded to the highest possible

value of mass loss), k is the temperature-dependent re-

action rate constant, n is the order of the reaction. The

term m., can be defined as a «ballasty», while the term
(m-m.;) denotes the mass of a reactant m.
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In order to use a kinetic analysis method the
mass term is transformed into the conversion term a,
which is defined as [14-17]:

mo—m

(2)

a = y
mo—My

or in the other form as
— mor_n(":::l'moo), (3)
0 0
where my is the initial sample mass.
The following differential equation is normally

used to describe the process kinetics [14-17]:

L =kf(@,
where f(a) is the function called a reaction model.

The rate constant k depends only on the pro-
cess temperature and can be described by Arrhenius
equation [13-19]:

k = Aexp (— %), (5)
where A is the pre-exponential Arrhenius factor
(min™!), E is the activation energy (kJ mol™!) and R the
gas constant (8,314 JK *mol1). These variables do not
depend on the process temperature T (K).

The following kinetic relationship [14-17]
comes from Eqgs. (4)-(5)

i—‘: = Aexp (— %) f(a). (6)
The more explicit Kinetic relationship for non-
isothermal heating conditions can be obtained from
Eq.(6) by introducing the new parameter  for heating
rate (p = dT/dt) and separation of variables. If we mul-
tiply both sides of (6) by p£0, we get [14-17]
da dt A E
Eﬁzﬁexp(_ﬁ)f(“)' (7
Thus, the variables separation gives the fol-
lowing expression [14-17]:

da A E
= g exp (— E) dT. (8)
When the left hand part of Eq. (8) is integrated

(4)

fl@
up to the conversion o and the right hand part of it is
integrated over a time dependent temperature range,
one obtains [17,19]
a da AT .
0 F@ = 5 fTo exp( RT) dT. 9)
Introducing the new variable x = E/(RT) allows
transforming Eqg.(9) to the following form [17, 19]:

a da _AE o exp(—x)dx
fO f(a) - g(a) - BR fx x2 ! (10)
where g(a) is called the integral conversion function

[13-17].

The exponential integral on the right hand part
of Eq. (10) has no analytical solution and various meth-
ods are employed for its reasonable evaluation by se-
ries solutions or other approximations [13-17]. It is
possible to classify these solutions into three catego-
ries: 1) Series solution; 2) Complex approximations; 3)
Simple approximations [17]. These all are discussed in
the work [17].
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Probably the best-known method was first de-
scribed in [16]. This approach is called Coats-Redfern
model-fitting method and it is widely used for evaluat-
ing the kinetics parameters [13-14]. This method usu-
ally derives kinetic parameters from a single heating
rate; however, it can be transformed into iso-conver-
sional approach. In this case, it involves series of ex-
periments at different heating rates [18-19]. The key
equation of the method is as follows [16]:

a AR 2RT E
n(42) = (2 (1-2)) - £,

Taking into account that the (2RT/E)<<1, Eq.

(11) can be rearranged in the next form [20-21]:

i (19) = 0 () .

(12)

M.V. Mal’ko et al.

If the condition for Eq. (12) is met, it can be
seen that, in the regression Eq. (12), the term
In(g(a)/T?) increases linearly as the function of (1/T)
with the slope (-E/R). The activation energies, reaction
model, and pre-exponential factor can be determined
through analysis of this function (the clip part of the Y-
axis allows to evaluate the reaction model, and the ac-
tivation energy can be determined from the fitted value
of the logarithm in the right hand part of Eq. (12)). In
other words, under conditions of absolute convergence
between experimental data and predictions by Eq. (12),
we have to obtain the coefficient of total determination
R? equal to 1. Thus, the sequence of the Coats-Redfern
method implementation consists of looping through
the possible variants of the kinetic models. The vari-
ants of the kinetic models are presented in the Table.

Table

Differential, f(a), and integral, g(a), kinetic functions for various solid-state reaction models [19, 21]
Tabnuya. {uddepenuuanbusbie, f(a), 1 uHTErpaibHbie, §(0), KHHeTHYECKHE PYHKIMH, COOTBETCTBYIOLIHE Pa3Iny-
HbIM MeXaHHU3MAaM XHMHYECKHX peakuuii B TBepaom teie [19, 21]

No Reaction model Code f(a) g(a)
1 Power law P, 4-q % o
2 Power law Pan 2/3) a2 o
3 Power law P, 2-qt? al?
4 Power law P3 3-8 ol
5 Power law P4 4-q % ol
6 Avrami-Erofe’ev Az 2-(1- a)-[-In(1 - a)]? [-In(1- a)]¥?
7 Avrami-Erofe’ev Az 3-(1- a)-[-In(1 - a)]¥® [-In(1- a)]¥3
8 Avrami-Erofe’ev Ay 4-(1- a)-[-In(1 - a)]%* [-In(1- o)]*
9 Prout-Tompkins B a(1-o) Infa-(1 - a)]te”
10 Contracting area R2 2-(1 - )2 1- (1 - o)
11 Contracting volume Rs 3-(1 - @)?® 1-(1- a)'®
12 1-D Diffusion D 1/(2-a) o?
13 2-D Diffusion D, [—in(1—a)]! (1- o) In(1- @)+ a
e 3-(1—a)?/? 2
14 3-D Diffusion D3 > (1 — (1 — a)1/3) (1 _ (1 _ a)1/3)
15 Reaction order: first order, F1 (1-0) -In(1-a)
16 Reaction order: n-th order Fn (1- )" [1-(1-a)*"]/(1-n)
The proposed approach 9(a™)
In order to obtain the more accurate descrip- kj = t&P (13)

tion of thermal decomposition of the wood tar, an in-
novative Kinetic calculation method is proposed and
examined in the present study.

The looping of the possible variants of the ki-
netic models is still required in the proposed approach
and it is connected with the conventional Coats — Red-
fern method. However, the pre-exponential Arrhenius
factor and the activation energy are evaluated using the
new method described below. It is supposed that the
reaction model is known. It means the reaction rate
constant k can be obtained directly from the experi-
mental data according to the following relationship:

ChemChemTech. 2021. V. 64. N 3

]
where j is the measurement number, g is the accepted

integral model. The experimental time t*® indicates the
time during which the a®® changes sufficiently. In
other words, it is the process time excluding the induc-
tive period of the reaction ting. This can be expressed as
follows:
7 =t — tina- (14)
The inductive period of the reaction ting can be
evaluated by using the following procedure. The ac-
cepted reaction model g(a) is expressed as a function
o’ = f(k,t,ting). In particular, this relationship for the
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third order reaction has the form (see the line 16 in Ta-

ble 1 with n = 3):
’ 1
1+2k;xp(tj—tind).

a,jcalc -1 —

The calculated values of " with various val-
ues of ting are compared to the corresponding values of
experimental o®®, and tmi, is determined as the value
that minimizes the average deviation o, which is de-
fined as follows

(15)

exp _ calc 2

s, (
]:

1

== (16)
where N is the number of experimental points, j is the
number of testing value of the induction time.

Egs. (15), (16) are introduced here to show the
formalized procedures of evaluation of inductive pe-
riod of the reaction. These procedures allow determine
its values clearly. When the empirical relationship (13)
is evaluated, the values of the Kinetic parameters can
be determined through analysis of the In(k;) as a func-
tion of inverse absolute temperature (1/T;). This linear-
ization plot allows determining the values of the acti-
vation energies and pre-exponential factor.

MATERIALS AND METHODS

Materials: characterization of chemical and thermal
properties

The heavy tar used in this work came from the
pyrolysis process of wood particulate solids (sawdust).
A description of the tar producing process is presented
in details in the previous study [22]. The overall view
of the apparatus is presented in Fig. 1a. The main unit
of the apparatus is the reactor 1 equipped with an elec-
trical heater. The reactor is a metallic cylindrical tank
with outer wall forming an insulated outer jacket. The
resistive heating element is placed as a spiral on the
surface of the internal tank wall. Produced tar is cooled
down to ambient temperature by the cooling system 2
before discharging into the container 3.

Fig. 1b shows a sample of the tar. The standard
testing was carried out to obtain an accurate character-
ization of chemical and thermal properties of the tar.
The tar density was 0.9 g-sm™ and it was measured by
weighting. The tar viscosity was determined with rota-
tional viscometer Brookfield DV2T. The obtained
value was in the range 395+4 Pa-s (at the temperature
17 °C). The calorific value of the tar (28.8 MJ/kg) was
found using the calorimeter systems B-08MA«K». The
flash point was determined using the closed cup test by
the automatic device TVZ-LAB-11. The estimated
value was 190 °C.

Analysis method

The thermal decomposition experiments were
performed using the thermogravimetric analyzer
«Thermoscan-2». This device records the mass loss as

28

O-i a exp ’
]

a function of time with the accuracy 0.001 mg. The ex-
periments were carried out under continuous increase
of heating intense with the rate 1 °C per min (from 20 °C
to 700 °C). The experimental test was performed in
triplicate. The sample mass placed into the analyzer
was initially 0.4 g for each test. The thermal decompo-
sition analysis, kinetic modeling, and statistical param-
eters (R?) were estimated using the software Microsoft
Office Excel 2013.

b

Fig.1. a— photograph of the experimental set up (left) and its main
units (right): 1— the reactor, 2 — the cooling system, 3 — the receiv-
ing hopper for the obtained tar; b — photograph of the tar sample
Puc.1. a— pororpadus SKcriepruMEHTaIBHON YCTaHOBKH (CJIEBA) U €€
OCHOBHBIX SJIEMEHTOB (CIpaBa): 1— peakTop, 2 — CHCTeMa OXJIaKIC-
HUs, 3 — IpHeMHBII OyHKep ULt ToTy4aeMold cMosl;, b — doTorpa-
¢ust oOpasa CMOIBI

RESULTS AND DISCUSSIONS

Fig. 2a illustrates the mass loss of the sample
due to the thermal decomposition. As it can be seen
from the plot, the pyrolysis process begins at about 540 K.
The conversion rate growths rapidly with the tempera-
ture increase until about 700 K. These facts indicates
that the main pyrolysis process occurs in the range
from approximately 540 K to 700 K, and then the
weight loss decreases slowly to the terminal tempera-
ture of about 750 K.

The results obtained from thermogravimetric
analysis were elaborated according to the model-fitting
methods discussed above for estimating of the reaction
kinetic parameters.

W3B. By30B. Xumus u xuM. TexHonorus. 2021. T. 64. Beimn. 3
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b
Fig. 2. a— the sample mass versus temperature in the experi-
mental study; b — some examples of linearization plots
(y=In(g(e)/T?), x=1000/T) obtained using the Coats-Redfern
method (line 1: y=-6.9951-x-2.5294 obtained for first order model
F1 (R?=0.924); line 2: y=-0.8784-x-11.9392 obtained for power
law P3 (R?=0.485); dotted lines are experimental data obtained
with a readability of 0.001 mg)
Puc. 2. a — rpaduk SKCIIEpUMEHTAIBHOH TeMIepaTypHO 3aBU-
CHMOCTH Macchl 00pasia; b — HeKOTOpble MpUMEpHI TpadUKOB
nuneapusanuu (y=In(g(a)/T?), x=1000/T) Ipu HCIIOIL30BAHUU
metona Koyrca-Peadepua (munaus 1 — y=-6,9951-x-2,5294 mno-
JydeHa Ul MOJENH peakuuu nepsoro nopsaka F1 (R?=0,924);
nuHuA 2 — Y=-0,8784-x-11,9392 mony4eHa i CTENIEHHOTO 3a-
xoHa P3 (R%=0,485); ToueuHbIe TMHUM — TOKA3aHHS SKCTIEPHUMEH-
TanpHOrO mpudopa ¢ gyyBcrBuTenbHOoCcTHI0 0,001 M)

2
1000/T, I/K

The kinetic parameters were first estimated using
the Coats-Redfern method for the all-possible kinetic ap-
proaches, which are presented in Table 1 (n=1, 2, 3 were
examined for the n-th order model).

The calculated squares of the correlation coef-
ficients (R?) concern the linear fittings. They were
higher for all cases of n-th order model (R? = 0.995 for
n =23, R?=0.988 for n = 2, and R?=0.924 for n = 1).
In general, the power law series gave the worse values
of R? (for example, R? = 0.571 for P4 and R? = 0.485
and 0.491 for the models Pz and P, respectively). The
other models provided intermediate results (in most
cases the obtained values of R? were in the range from
0.60 to 0.75).

ChemChemTech. 2021. V. 64. N 3
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It may be stated that the most appropriate out-
come from using the Coats-Redfern method for analy-
sis of the tar was achieved for the third order reaction
model (R?=0.995). The linearization plot obtained for
this case is shown in Fig. 3a. The regression equation
was defined in the following form:

y =-13.732-x7 + 9.3178
where y = In(g(a)/T?) and xr = 1000/T.

The activation energy was obtained by mul-
tiplying of xr by R. This operation gave the value
E. = 114.2 kJ/mol. Using of the combination of the
equations (12) and (17) allowed calculating the pre-ex-
ponential Arrhenius factor and obtained value was
A =1.70-108 mint. Thus, the using of Coats-Redfern
method for analysis of the tar thermal decomposition
allowed establishing the rate constant k (min*) for the
third order reaction model as follows:

. 8 114.2-103
k =1.70 - 10%exp (- 2222). (18)

The following example calculations are given
in Fig. 3 to examine the obtained semi-empirical equa-
tion (18). The computation results were obtained with
using the calculating scheme in more details below.
The general expression for g(a) in the case of the third
order reaction model is given as 0,5[1-(1-a)?] and can
be presented as:

(17)

1
1+2kt’ (19)

The calculating results obtained with using of
the equations (17)-(19) were compared with experi-
mental data.

This comparison is shown in Fig. 3b. It can be
seen that the obtained experimental and calculated val-
ues at some points are differed more than doubled.

The proposed innovative kinetic calculation
method is examined in this part of the paper. The Coats
— Redfern algorithm is still required to evaluation of
the reaction mechanism. However, the value of the
constant rate is defined using of the equations (13)-(16)
with the inductive period ting = 224 min (obtained using
equations (15)-(16)). The results obtained through this
isoconversional method are presented in Fig. 4. The
linearization plot provided by this method considers
logarithm of the constant rate as a function from the
inverse temperature. This linearization is illustrated by
Fig. 4a and the equation obtained using this method is
expressed in the following form:

y = -11.645xy + 13.784,
where y = In(k) and xr=1000/T.

EQg. (20) leads to the kinetic constant in the fol-
lowing regression form:

k =9.69 - 10%exp (-

a=1-—

(20)

96.8~103)

o7 (21)
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o ne@T)

1675 175 1.825 19
1000/T, 1/K.
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1375 145 1525 16
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o
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?150 480 510 540 570 600 630 660 690 720 750775
b T, K
Fig. 3. a — linearization plot In(g(o)/T2)=Ff(1/T) for Coats-Redfern
method (solid line is Eq. (17), dotted line is the experimental data
obtained with the readability of 0.001 mg); b — the tar conversion
rate versus temperature: dotted line — the experimental data ob-
tained with a readability of 0.001 mg, solid line — calculation with
Egs.(17)-(19))
Puc. 3. a — nuneapu3zanus 3aBucumoct In(g(o)/T2)=f(1/T) mns
metona Koyrca-Pendepna (smans — 3aBu-cumocts (17), Toued-
HBIC JIMHUU — IMOKa3aHWs OKCIIEPUMEHTAIIBHOTO npnGopa C 4yB-
crButenibHOCTHIO 0,001 MT); b — 3aBHCMMOCTB CTENICHH MpEBpaIe-
HUA HI/I]Z)OJ'[PI?,HOfI CMOJIbI OT TEMIIEPATYPHI, IIOJTYYEHHAsA B OKC-TI€-
PUMECHTE (TO'—[equle JIMHUU — IOKa3aHUs SKCIICPUMEHTAJIBHOTO
npubopa ¢ ayBcTBUTENBHOCTHIO 0,001 MT) B CpaBHEHHUH € pacyeT-
HBIMH pe3yanaTaMn (J'II/IHHSI nonyqua C UCITOJIb30BAHHUEM 3aBH-

cumocrteit (17)-(19))

The obtained correlation Eq.(21) with the
Eq.(19) gives the results, which are shown in Fig. 4b.
The deviation between experimental data and predicted
values inside the entire temperature interval does not ex-
ceed 25%.

CONCLUSIONS

The thermal decomposition of the tar under
non-isothermal conditions was examined through the
thermogravimetry technique. It was found that the re-
action takes place within the temperature range from
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Fig. 4. a— linearization plot In(k)=f(1/T) for the proposed method
(solid line is Eq.(20), dotted line is the experimental data obtained
with the readability of 0.001 mg); b — the tar conversion versus
temperature: dotted line is the experimental data obtained with the
readability of 0.001 mg, solid line — calculation with egs.(19)-(21))
Puc. 4. a — rpaduk 3aBucumoctu In(k)=f(1/T) mns npeanaraemoro
MeToja (CIUIOMIHAS JINHUS — 3aBUCUMOCTh (20), ToueuHas JIMHUS
— MOKa3aHMs SKCIIEPUMEHTAILHOTO IPHOOpa ¢ IyBCTBUTEIHHO-
ctpio 0,001 Mr); b — 3aBHCHMOCTB CTETICHH IPEBPAIECHHS THPO-
JIM3HOH CMOJIBI OT TeMIIEPaTypEL, ITOJIyIeHHAs B SKCIIEPUMEHTE
(TouedHas TMHUS — ITIOKA3aHMS SKCIIEPUMEHTAILHOTO TIprOopa ¢
gyBcTBHTEIbHOCTRIO 0,001 MT) B CpaBHEHHH C PACYETHBIMH pe-
3yJbTaTaMH C HCIOJIb30BaHHEM 3aBucumocteit (19)-(21))

540 °K to 700 °K. It means that the inductive period of
the reaction was about 224 min. Kinetic parameters
were estimated using the model-fitted methods. The
obtained experimental data were previously analyzed
using the conventional Coats — Redfern method, and
the proposed kinetic calculation method was designed
to provide a less laboriousness identifications proce-
dures compared to the Coats — Redfern approximation
and to take into account an induction time of the pro-
cess. The proposed method uses the Coats — Redfern
algorithm for evaluation of the reaction mechanism,
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but the value of the constant rate is defined directly
from experimental data on the conversion rate. Itis also
shown that the kinetic parameters estimated with the

method. The obtained results can be effectively com-
bined with theoretical models to describe thermo-phys-
ical processes in particulate solids, for instance de-

proposed method give better correlation with experi-
mental data than the conventional Coats — Redfern

scribed in [23-25].
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