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do~ 
The equation ~P(1 -- c0 q --  k dt was used for an investigation of the mathematical 

description of the kinetics of the thermal decomposition of the residue remaining after 
vacuum-distillation of Romashkino crude oil. 

The investigations were carried out at 573,623, 673,723, and 773 K. Various methods 
were used for the calculation of the function F(~) using polynomials of different degrees 
and solving the integrale of precise and approximate methods. 

Thermal analysis finds more common application in investigations of the prop- 
erties of various substances both inorganic and organic. The development of the 
theoretical basis of thermal analysis and the considerable improvement of the 
apparatus permits utilization of these methods not only in phase analysis but also 
in the investigations of reaction kinetics [ 1 -  5]. 

Changes of the energy and mass of a sample during heating are strictly connected 
with the physical and chemical properties of the investigated substance. 

Finding a suitable relation between the experimental data obtained from thermal 
analysis has been and still is the subject of much work. 

In investigations of some chemical processes involving changes in mass (de- 
pending on the temperature), thermogravimetric methods are used. The change 
in mass is strictly connected with the reaction kinetics. 

Thermogravimetry provides many pieces of information about the course of 
reactions occurring during heating. 

For solid-state reactions the reaction kinetics are described by the general re- 
lationship: 

dc~ 
= k " tmf(~) (1) 

dt 

in which f(cQ is a function depending on the mechanism of the reaction: m the 
exponent may be a function of ~. 

In more complicated reactions, it often happens that the value of k is not con- 
stant, but changes with the progress of the reaction. The most frequently used 
equation is that given by Zsak6 [6]: 

de 
- k c ~  ~ �9 (1 - cO q (2 )  

dt 
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where p and q are the homogeneity factor; q can formally be called the reaction 
order. 

The aim of the present work was to find an equation suitable for the mathe- 
matical description of the thermal decomposition of the vacuum distillation re- 
sidue of crude oil. 

Experimental 

The vacuum-distillation residue obtained from petroleum from Romashkino 
crude oil was used for the investigations. The characteristics are given in Tables 1 
and 2. The thermal investigations were carried out by using a derivatograph (MOM 
Hungary) under dynamic conditions, with argon flowing at 2 1/min, under iso- 
thermal conditions at 573, 623, 675, 723 and 773 K. The deviation was -{-2 K. The 
thermal curves are given in Fig. 1. Because of the complexity of  the thermal de- 
composition of the investigated substance, it seemed proper to use the equation 
given by Zsak6 for the mathematical description of  this process and to choose 
the suitable values o f p  and q in Eq. 2. 

Table 1 

Physical and rheological properties of investigated substance 

Sample 
Property No. 1 

Fusing point K 
o C 

Brittle point K 
~ 

Penetration under load 
0.05 kg at 293 K (25 ~ ) 

Penetration under load 
0.I kg at 298 K (25 ~ ) 

Ductility at 298 K 
Evaporativeness 
Density d279s 
Volatile matter content 
Dynamic viscosity 

at 323 K (50 ~ ) 
at 343 K (70 ~ ) 
at 373 K (100 ~ 
at 393 K (120 ~ ) 

m 
% 
kg/m 3 
% 
Ns/m ~ 

315.5 
(42.5) 

261 
(-- 12) 

152 

248 
1 
0.30 

1012.2 
87.8 

143.80 
13.20 
1.45 
0.41 

Polynomials of various degrees < 7 were approximated to the function ct = 
= ~(t). The polynomials smoothed the experimental values and served for the 

d~ 
calculation of the derivative ~ f  (the reaction rate). 
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The calculated values of the derivatives made it possible to obtain the param- 
eters of  p, q and k in relationsflip 2. 
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Fig. l .  Thermal analysis curves of vacuum-distillation residue of  crude oil at various temper- 
atures. Mass weight 0.5 g; argon atmosphere (2 I/min); ceramic sample holder 
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Table 2 

Chemical properties of the investigated substance 

Sample 
Property No. 1 

Elementary analysis 

Atomic ratio 
Molecular weight 

c %  
H ~ 
s %  
N %  
C/H 
M 

85.25 
10.54 
2.90 
0.73 
0.68 

613 
Content of 

oils 
resins 
asphaltenes 

Paraffin content 
Hydroxyl group content 
Carbonyl group content 

% 39.3 
~o 51.4 
% 9.3 
% 4.0 
% 3.8 
~ 0.7 

The programme* was prepared in such a way that on the basis of  the calculated 
values of  the derivative and the smoothed values, the opt imum parameters p, q 
and k could be found. The method of least squares was used: this means the cri- 
terion of minimalization of the sum: 

de _ k .  a P ( 1 - 0 Q  q 2 
i=1 

First, efforts were made to determine the opt imum values of all the parameters 
p, q and k; different results were obtained depending on the chosen time and the 
degree of the polynomial. The great inconstancy of the derivative values made 
precise calculation impossible. 

Consequently, generality was limited and the programme was used with the 
following restrictions: 

1. The probable values o f p  and q were determined, choosing optimum k. 
Analogously: 

2. The probable value o f p  was determined, choosing opt imum q and k, 
3. The probable value of q was determined, choosing opt imum p and k. 
The above-mentioned investigations did not give satisfactory results, except 

for the information about the probable orders of  parameters p and q. From the 
physical interpretation, we have 

q _ l  a n d 0 < p < l  

In consideration with the accuracy of the solution f rom the derivative value of 
function ~, test methods were used regarding the opt imum choice o f p  and q (k was 
fixed for each p and q pair). 

* The programme was written in Algo I language for an Odra 1204 computer. 
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The excepted cr i ter ion of  correctness of  choice for  p and  q consisted o f  the mi-  
n imal iza t ion  o f  the average deviat ion of  the real  t ime reac t ion  ti f rom the sui table  
calcula ted m o m e n t  

1 f d~ 
k v ~ P ( f ~  ~)q 

0 

where 4 is the in tegra t ion  variable  (in connec t ion  with the fo rmula) :  

4 ~  - 4 ) "  " 
0 

The integral  was calcula ted precisely for  the values given below:  

p - 0 q = op t iona l  
p = 0.25 q = 1 
p = 0 . 5  q = l  
p = s  q = 2 - s  

where s = 0.15; 0.5; 0.75. The approx ima te  me thod  was used for  many  o ther  
pairs  of  values of  p and q. The tests suggested the fol lowing orders  o f  p a r a m e t e r  
values (depending on the tempera ture  of  the decompos i t ion  react ion) :  

f o r T =  5 7 3 K :  p --- 0; q = 1.5; k = 0.0098 min -1 
T = 623 K :  p = 0; q = 1.75; k = 0.0187 min -1 
T = 673 K :  p = 0; q = 1.75; k - 0.0202 rain -1 
T = 723 K;  p = 0; q = 1.8; k = 0.6570 rain -~ 
T = 773 K :  p = 0.1; q = 2; k = 0.9720 rain -1. 

Results  according with the exper imenta l  da t a  were also ob ta ined  for  quite o ther  
pa ramete r s  o f  p and q at  723 K :  

for  T = 723 K :  p = 0.4; q = 1; k = 0.200 
p = 0.4; q = 1.1; k = 0.227 
p = 0.3; q = 1.3; k = 0.283 

Conclusions 

The equat ion given by Zsak6  was used for  a ma themat ica l  descr ip t ion  of  the 
kinetics o f  thermal  decompos i t ion  o f  the residue remain ing  after  vacuum-dis t i l la -  
t ion of  crude oil. Var ious  methods  were used for  calculat ion of  the funct ion F(c 0 :  
the method  of  choosing parameters  p and  q by using po lynomia l s  of  var ious  de- 
grees, and  methods  o f  choosing some pa ramete r s  and  calculat ion o f  the others  
by  solving the integrals by precise and app rox ima te  methods .  
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G o o d  r e su l t s  s u c h  as  t h o s e  o b t a i n e d  f o r  d e c o m p o s i t i o n  a t  l o w e r  t e m p e r a t u r e s ,  

e.g. 573, 623 a n d  673 K ,  we re  n o t  o b t a i n e d  a t  723 a n d  773 K (d i f f e ren t  p a r a m e t e r s  

p ,  q a n d  k) .  A t  t h e s e  t e m p e r a t u r e s  t he  p r o c e s s  o c c u r s  v e r y  q u i c k l y  a n d  is m o r e  

c o m p l i c a t e d .  
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R~SUMI~ -- Afin d'6tudier la description math6matique de la cin6tique de la r6action de d6- 
composit ion thermique du r6sidu obtenu apr6s distillation sous vide de l 'huile brute de 
Romashkino,  l '6quation 

dc~ 
- -  k d t  a 6t6 utilis6e. 

~ ( 1  - ~)q 

Les mesures ont 6t6 effectu6es aux temp6ratures de 573, 623, 673, 723 et 773K. La fonction 
F(~) a 6t6 calcu16e h 1'aide de diverses m6thodes, en utilisant des polyn6mes de diff6rents 
degr6s et en r6solvant les int6grales de faqon pr6cise et par approximations. 

d~ 
ZUSAMMENFASSUNG -- Die Gleichung - - k d t  wurde zur Untersuchung der 

~ ( 1  - -  ~)q 
mathematischen Beschreibung der Reaktionskinetik der thermischen Zersetzung des Rtick- 
standes nach Vakuumdestil lation des Romaschkiner  Rohtils angewandt. 

Die Untersuchungen wurden bei den Temperaturen yon 573, 623,673, 723 und 773 K durch- 
geftihrt. Verschiedene Methoden wurden zur Berechnung der Funkt ion F(~) unter  Verwendung 
der Polynome verschiedener Ordnung und Ltisung des Integrals von prfizisen und N~iherungs- 
methoden eingesetzt. 

Pe3ioMe -- rlpH I, ICC3~e~OBaHHn MaTeMaTH~lecI~oro onHcaIma KI~HeTI, IKX peaKun~ TepMnqecKoro 
pa3~o~enr~ OCTaTKa, noJ~yqaeMoro nocJ~e BaI~yyMno~t neperonKn cbipo~ HeqbTlt pOMaUIKHHCI(OFO 

dc~ 
MeCTOpO~3IeH~I~t, HcnoJ~b3oaana ypaBneHne - -  -- k d t .  I/IccJIe~IoBaHH~ 6bIJIII npoBe/Ienbi 

npri xeMnepaTypax 573, 623, 673, 723 ri 773 K. HpaMen~nn pa3nnqnbie MeTO~bI ~.rDl BblRttcJ/eHIt~I 
d~yrmaHr~ F(ot), ncnom, ays nonnnOM~i paazn~Lix  cTenene~t r~ nnTerpasu, n~,ie pemenna TommY, IX 
I4 npl'I6J'lHTKeHl-IblX MeTO,~OB, 
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