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The mathematical model is described for the determination of primary selectivity of hydrocarbon pyrolysis, 
i.e., the determination of proportion of single components in the first generation of products of pyrolysis. 
The model stems from the radical reaction mechanism. I t  i s  assumed that the main influence on the 
product composition has the chain propagation involving the hydrogen atom transfer, isomerization and 
breaking the hydrocarbon radical. To determine the rate constants, the kinetic data published i n  the lite- 
rature and the data on bond enthalpies i n  hydrocarbon molecules were employed. The simulation results 
were compared with the experimental data taken from the literature and with the results of measurements 
obtained i n  pyrolysis of two types of naphthas i n  a pilot-plant reactor. 

On niodelling the hydrocarbon pyrolysis, the primary and secondary reactions are 
distinguished as a rule. The primary reactions dcscribe the forniation of the first gene- 
ration of iiiolccular products from hydrocarbons of the raw niaterial pyrolysed, the 
secondary reactions include the subsequent changes of the products. Since hydro- 
carbons niay react i n  more ways, the priiiiary reactions are, froiii the kinetic point of 
view, a set of parallel reactions which result i n  a spectrum of products: 

raw niaterial --+ v1H2 + v2CH, + v3C2H6 + ... + vnC& , (A) 

where v denotes the enipirical stoichionietric coefficient. The distribution of products 
of the primary reactions will be henceforth designated as  the priniary selectivity of 
pyrolysis. The priniary selectivity is expcriiiientally determined by anolysing the 
products of pyrolysis a t  low conversion of reaction mixture and/or by extrapolating the 
experiiiicntal data to a low extent of conversion. The data on the priiiiary step of pyro- 
lysis foriii the starting point of a number of kinetic models of hydrocarbon pyrolysis. 

The aini  of this work has consisted i n  exploiting the hitherto concepts of the pyro- 
lysis niechanisni to establish the priniary selectivity of pyrolysis of hydrocarbons 
constituting the iliain portion of the naphtha raw niaterials. The source of inforniation 
were the data on the behaviour of niolecules and radicals' - , on bond enthalpies7 and 
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the published results of the experimentally deterinined priiiiary selectivities of hydro- 
c a r b o n ~ ' ~ ~ ~ ~  - '' . 
TI IEO HETICAL 

Reaction Mechanism 

When making u p  the iiiodcl, it was assumed that the priiiiary reactions take place via a 
radical chain mechanism. To dcscribe the primary selectivity of pyrolysis, the most 
important phase is the chain propagation in which the substitution, isoiiicrization, brea- 
king and addition reactions are cyclically rcpeatcd. If the reaction chain is sufficiently 
long, even a relativcly siiiall number  of radicals is able to bring about the conversion of 
a great nuiiibcr of niolecules owing to their repeated regencration. Since the initiation 
and  termination concern only coiiiparativcly vcry small portion of molecules, the 
description of priiiiary selectivity was liiiiitcd to the four types of the most iiiiportant 
reactions: hydrogen transfer including the hydrogen atoiii abstraction and, a t  the same 
time, its absorption, further iiitraniolecular isomcrization and radical breaking. 

Hydrogen trcrnsfer. Hydrogen riiolcculcs cntcr thc reaction chain by the reaction with 
a radical in which hydrogen rtoiii is abstracted out of the molecule, e.g., 

Since the higher radicals are unstable, practically only lowcr radicals - hydrogen, 
methyl, ethyl, propyl, and butyl -abstract hydrogen. For these radicals, the term active 
radicals is used i n  further text. Considcring that  the hydrogen iiiolecules contain hydro- 
gen atom bound to different carbon atonis, a wide spectrum of radicals is foriiied by 
a bs t ract i ng hydrogen. 

Rodiccil isorneriztilion. The intramolccular isonicrization is charactcristic of higher 
radicals consisting i n  the hydrogen atom transfcr i n  thc framework of the only radical. 
The rcaction takes place through a cyclic transition state of five or six tiienibers (four 
of five carbon atonis and  one hydrogen atom). A radical is fornicd by isonierizafion 
which differs from the original one by the position of unpaired hydrogen, c.g., 

CH3-CH,-CH2-CH2-CH-CH3 

CH,-CH~CH,CH,CH,-CH, 

CH~-CHZ-CH,-CH-CH&H~ 
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Rndiccil scission. A so-called p-scission (p-transfonnation) is typical of hydrocarbon 
radicals, i.e., bond breaking in p-position to the carbon carrying unpaired hydrogen. 
Mostly the carbon-carbon (C-C) bond is broken, less often the carbon-hydrogen (C-H) 
bond. A stable molecule, which is one of products of the primary pyrolysis reactions, 
and a secondary radical result rroili the scission, e.g., 

y 3  ,CH3 

CH3 CH3 
CH3- C - CHZ-CHZ - CH3- C, + CHz=CHz ( D )  

I 

As to the saturated radicals, it is assunied that, with respect to the considerable diffe- 
rence in the C-C and C-H bond energies, only the C-C bond splitting takes place. If 
there is iiiore C-C bonds in  P-position to unpair electron, different types of product 
species result, e.g., 

In case of the unsaturated radicals, the C-C bond in  a-position to the multiple bond is 
strengtheiicd and, on the contrary, the C-H bond in  P-position to the inultiple bond is 
weakened owing to the presence of unsaturated bonds. Consequently, splitting the 
weakened C-H bond is considered as well with unsaturated radicals, e.g., 

CH,=CH + CH,=CH~ -c CHz=CH-CH=CH, + H 

CH,=CH-CH,-CH, 

As for the iiiultiplc bonds in P-position to unpair  electron, i t  is assunied that under 
usual conditions of pyrolysis, they are not split. 

Descriprion of Reaction Kinelics 

On describing the kinetics of priiiiary reactions, i t  is assunied tha t  the rate-controlling 
step of hydrocarbon pyrolysis is the foriliation of primary radicals by hydrogen 
abstraction froiii hydrocarbon molecules. The other reactions in chain take place practi- 
cally instantaneously. The deterinination of primary selectivity can therefore be divided 
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iiito two basic phases, viz., the reaction of iiiolecules and the stabilization of radicals 
(see Scheme 1). 

RAW MATERIAL MOLECULES 

1. stage: 
hydrogen abstract ion 

L I 

PRIMARY RADICALS 

2. stage: 
isoiiieriza tion 

scission 
hydrogeii absorption 

I 1 

PRODUCTS MOLECULES 

SECONDARY 
RADICALS 

Rencfion of molecitles. The starting relation for tk description of reactions of hydro- 
carbon iiiolecules were the rate equations of changes of hydrocarbons by hydrogen 
abstraction 

where f ;  is the vector of hydrocarbon changes, Kk matrix of rate constants, c, the 
concentration of active radical (short-chain radical, e.g., hydrogen, methyl, ethyl), and 
c, the vector of hydrocarbon concentrations. For the detentiinatioii of primary selecti- 
vity, the absolute reaction rates are not decisive but only the relative rates are suffi- 
cient. On the assuiiiption of a n  approximately constant concentration of active radicals, 
the relative rate of reiiioviiig the hydrocarbons by abstracting hydrogen was deteriiiiiied 
from the relation 

r,,, -K, C, , 
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where f,,, is the vector of relative rates and K,,, the diagonal matrix of relative rate 
constants. The relative rate constants, Kmu,j)7 i.e., the clcmcnts of matrix K, werc 
assessed from the equation 

whcre ki stands for the relative rate constant of hydrogen abstraction corresponding to 
splitting the different carbon-hydrogen bonds of the given type and  a, thc nuiiibcr of 
singlc typcs of carbon-hydrogen bonds i n  hydrocarbon niolcculc. Constants ki wcrc 
detcriiiincd from the relation 

Ai C X ~  ( -E i /RT)  
A0 exp ( - E d R T )  ki = 

where A,  and  Ei are thc frequency factors and  activation energies of thc absolute ratc 
constants, A, and Eo the frequency factor and activation encrgy of the standard rate 
constant, rcspcctivcly, R the gas constant and T tciiipcrature. On thc assumption that the 
values of frequency factors arc appmxiiiiatcly idcntical', Eq. (4) can bc siiiiplified to the fonii 

kl = cxp [(-q + E o ) / R T ]  . 
When dcriviiig thc rclativc ratc constants, the data on bond enthalpics wcrc 

employed. As thc standard bond, the hond of hydrogcn on primary carbon (C-H bond 
i n  CH3group) was chosen. Thc diffcrencc of activation cncrgies in  Eq. ( 5 )  was replaced 
by the difference of bond cnthalpics: 

whcrc Di arc enthalpics of certain bonds of hgdrogcn on carbon and Do thc enthalpy of 
standard C-H bond. The paraiiictcrs of Eq. (6) wcrc derived or, if nced be, iiiodified 

TAHLe I 
Relative rate constants of hydrogen abstraction for the carhon-hydrogen bonds 

Subscript i Type of hydrogen abstracted ki 

1 hydrogen on carbon of multiple or aromatic bond 0 
2 primary hydrogen I 
3 secondary hydrogen exp (IOIR7') 
4 tertiary hydrogen exp (19/RT) 
5 exp (20/RT) 
6 exp (39/HT) 
7 tertiary hydrogen, multiple or aromatic bond i n  @-position exp (40/RT) 

primary hydrogen, multiple or aromatic hond i n  @-position 
secondary hydrogen. multiple or aromatic bond i n  @-position 
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according to literature’ - and are given in Table I. For instance, the rate constant of 
decrease of pentane by hydrogen abstraction can be determined from the equation 

Rencfion of rirdicals. The description of the radical reaction stems from the 
assuiiiption of direct transformation of primarily fornied radicals to iiiolecular products. 
For the radical transfoniiations, the selectivity coefficients were used expressing the 
proportion of the rate of formation of the given product froni the total rate of change of 
initial radical. The quantity of the product forriied in the radical reaction was determi- 
ned as  the product of selectivity coefficient and the quantity of initial radical. 

The higher radicals with five and more carbon atoms are stabilized above a l l  by 
isomerization and p-scission and under the usual conditions of pyrolysis, their hydro- 
gen absorption niay  be neglected. The selectivity coefficients of isoiiierization and/or 
scission were deteriiiined according to the relations 

Sf,j,k,,, = #/(# + kj + k: + ...) , (8) 

~ g , , ~ ,  , = e / ( k f  + < + k: + ...) , (9) 

whcre ~ f , ~ , ~  is the selectivity coefficient of isoiiierization of type (i) with which compete 
isoiiierization 0) and scission (k), st,,, is the selectivity coefficient of scission of type 
(k)  with which competes isoiiierization (i) and O), #, k: and are the rate constants of 
isoiiierizations and scission of radicals. The values of the constants were taken over or 

CHz=CH-CHJ + CHZ-CHZ-CHJ 

CH,=CH-CHZCH,-CH, + CH, (C) 
cH\, 
/ CH-CH,-~W-CH, 

CH3 

For itatance, the coiiversion of 1-radical of 2-iiicthylpcntanc through three parallel mction5 

CH\, 
/ CH-CH,-CH,-CH, 

CH, 

derived froni the data in  works’ - ’ and are given in Tables I1 and 111. 

call be dcscribcd, according to Tables I1 and 111, by the selectivity coefficients 

g1,s = e44 +e+e’) 9 (10) 
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Unlike the higher radicals, the radicals with four and less carbon atonis are stabilized 
through two conipetitive reactions - p-scission and hydrogen absorption. An exception 
are niethyl and hydrogen radicals which are stabilized by hydrogen absorption only. 
The selectivity coefficients of hydrogen absorption and competitive scission were 
determined according to the relations 

.$ = kfH/(kpH+kp),  (14) 

whcre s t  is the selcctivity coefficient of scission of type (i) with which hydrogen 
absorption (j) coiiipetes, $ is the selcctivity coefficient of hydrogen absorption of type 
(j) with which scission ( i)  competes, H is the hydrocarbon concentration in reaction 
iiiixturc transformed into the number of standard C-H bonds, and  kp the rate constant 
of hydrogen absorption. The values of rate constants of scission a n d  hydrogen 

CHl=CHl + CH3 
C H ~ - C H ~ - C H ~  

absorption were taken from literature'*2 and are given in Tables IV and V. For instance, 
the stabilization of 1-propyl through thc reactions can be described, according to Tables 
IV and V, by thc selectivity coefficients 

TABLE I1 
Rate constants of isomerization of 1-radicals. TS - transfer between primary and secondary hydrogen atom, 
lT - transfer between primary and tertiary hydrogen atom 

Subscript i Size of transition ring kl, s-l 

five-membered ring TS 
six-membered ring TS 
live-membered ring ?T 
six-membered ring T T  

6.7E10 exp (-88/RT) 
l.lE10 exp (-59/RT) 
3.3E10 exp (-88/RT) 
5.3E09 exp (-59/RT) 
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Concentration H was detennined froiii the equation 

H = -  pc B 9 RT 
where P ,  is the partial  pressure of hydrocarbons and the average nuiiiber of standard 
C-H bonds i n  one hydrocarbon niolecule. Quantity f3 was established from the relation 

where y1 to y3 are the average nutiibers of bonds between carbon and primary, seconda- 
ry and tertiary hydrogen atoiii, respectively, i n  one hydrogen molecule, yl to y; express 
the analogous number of C-H boiids neighbouring in  P-position with iiiultiple or 
aroiiiatic bond. Coefficients ki in Eq. (18) express the reduced bond strength in units of 
the standiird bond. Their value was adjusted according to Table I. 

Principle of Mutliemntical Model 

The proposed iiiodel works with direct composition of raw material. To describe the 
pyrolyscd naphthas, 34 hydrocarbons was chosen which represent the iiiost important 
identified coitiponeiits of iiidustrirlly processed naphtha raw materials. The siiiiulation 
takes place in a sufficieiitly short diiiiensionless time interval, At, which corresponds to 
a small change of conversion. The calculation can be divided into two phases: 

TABLE 111 
Rate constants of breaking C-C and C-H bonds of radicals with more than four carbon atoms 

Subscript i Type of p-bond k!, s-l 

1 CH,-CH - CH- 2.OE14 exp (-155IRT) 

CH2=CH-&H - H 
CH3 - CH2- 

-CH,- CH2- 
CH3 - CH< 

-CH2 - CH< 

1.OE13 exp (-13URT) 
1.OE14 exp (-132IRT) 
1.OE14 exp (-126/RT) 
1.OE14 CXP (-126/RT) 
1.OE14 CXP (-116/RT) 

I CH3-  A- 1.OE14 exp (-116IRT) 
I 

I 
8 -CH2- 6- 1.OE14 exp (-106/RT) 

9 >CH - CH< 1.OE14 exp (-106/RT) 

10 >CH- 6- 1.OE14 exp (-96/RT) 
I 
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1. The foriiiation of the first generation of radicals through the hydrogen abstraction 
froni hydrocarbon molecules. The result of calculation is a set of radicals with 
concentration given by the relation 

C, = K, C, At , 

where C, is the vector of concentrations of the first generation of radicals, K, the niatrix 
of products of relative rate constants for hydrogen abstraction and number of H atonis 
whose abstraction leads to the foriiiation of the given radical type, and C, the vector of 
concentrations of niolecules of pyrolysed material. In this phase, the decrease in  hydro- 
carbon concentrations by hydrogen abstraction corresponding to the chosen time 
interval At are deteriiiined for a l l  hydrocarbons in reaction mixture: 

Ac, = -K, C , b .  

The dctcrniined changes of concentrations of hydrocarbons are ciuployed in calculating 
the selectivities of reaction products. 

2. Stabilization of radicals. I n  this phase, the set of radicals is gradually transfered to 
stable products by the siiiiulation of isomerization, scission and  hydrogen absorption. 
For instance, the conversion of I-hcxyl can be described by Scheiiie 2. 

The mechanism of radical transforniation is based on comecutive stabilization in the 
direction froni higher to lower radicals. The molecular products can be written as 

cp = s , [ r + S , + q +  ...+q c, , 

TABLE IV 
Rate constants of hreaking C-C and C-H bonds of radicals with at most four carbon atoms 

Subscript i Type of radical k!, s-' 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

ethyl 
1-propyl 
2-propyl 
l-butyl 
2-butyl 
p-isohutyl 
1-isobutyl 
3-butenyl 
4-butenyl 
isobutenyl 

3.2813 exp (-170/RT) 
5.OE13 exp (-134/RT) t 7.9813 exp (-159/RT) 
2.OE14 exp (-176/RT) 
4.0E13 exp (-121/RT) + 1.3E14 exp (-163/RT) 
I.OE14 exp (-138/RT) + 1.6E14 exp (-172/RT) 
2.OE14 exp (-142/RT) t 1.OE14 exp (-159/RT) 
2.OE14 exp (-176/RT) 
1.OE14 exp (-205/RT) 
?BE14 exp (-165/RT) t 1.OE13 exp (-142/RT) 
1.OE14 exp (-196/RT) 

~ 
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where cp is the vector of concentrations of molecular products, S,,, the matrix of 
selectivity coefficients for the fortiiation of iiiolecular products, / udentity matrix, S, 
the matrix of selectivity coefficients for the formation of radical intertnediates and n 
total nuniber  of radical intermediates generations. According to Eq. (22), at  first is 
solved the decomposition of the first generation of radicals. By their breaking, a 
spectrum of the second generation radicals and, siiiiultaneously, the niolecular reaction 
products are formed. In the next step, the deconiposition of the third generation of 

(1-hexyl) 

I c - c  C - 6  C 

- +  

radicals is solved etc. During the consecutive decomposition of radical generations, the 
generated iiiolccular products are recorded. 

The simulation iiiodcl was developed in  Turbo Pascal coniputer language. The pro- 
gram of about 100 kB extent is divided into 7 iiiodules for practical reasons. 
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EXPEHIM ENTAL 

The primary selectivity of both the naphtha samples was determined experimentally in Research Institute 
of Chemical Equipments, Brno. The pyrolysis was studied in a pilot-plant reactor placed i n  electric furna- 
ce. The tubular reactor of length 22 m and inside diameter 10 mm was made of stainless steel. The flow 
rate was set at 5 to 8 kg h-'. The experiments take place at the temperature of 680 to 820 "C at appro- 
ximately unit  steam/oil ratio (kg kg-'). The reaction mixture was, after cooling, separated to the liquid and 
gaseous part, the composition of both parts was analysed separately by gas chromatography. The yields of 
single products were determined from the overall balance of mixture. The type composition of petrol 
samples is given i n  Table VI. The composition of outlet mixture at different reactor loadings was determi- 
ned for each raw material. The primary selectivity of pyrolysis was obtained by extrapolating the selecti- 
vities of the components chosen to the zero conversion. 

HFSIJLTS AND DISCUSSION 

Simirlntion of Pirre Hydrocarbon Pyrolysis 

011 testing the niodel, the pyrolysis of pure hydrocarbons was simulated. A compa- 
ratively wide spectrum of p r imary  selectivities of linear and non-linear alkanes is pub- 
lished in  the literature, howevcr, the data 011 cyclic hydrocarbons are niissing. The 

Ratc constants of hydrogen absorption 
TABLE V 

Subscript i Type of radical k?, m3 m o l - ' ~ - ~  

1 CH,- 2.0E8 exp (-591RT) 
2 -CI I- 2.0E8 exp (-67lRT) 

-C- 1.OE8 exp (-71lR7') 3 
I 

Table VI 
Characteristic of naphtha raw materials 

Characteristic Naphtha A Naphtha B 

Density p20 , kg m-3 

Group analysis, wt.96: 
n-al kanes 
iso-al kanes 
naphthenes 
aromates 

Average molar mass, kg kmol-' 

717 

51 
18 
18 
7 

107 

117 

31 
33 
28 
8 

98 
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FIG. 1 
Simulated and experimentally found primary 
sclcctivities, S ,  of hydrocarbons with six carbon 
atoms i n  molecule. Temperature 700 'C, partial 
pressure 10 kPa. a n-llexane, b methylpencane. 
c cyclohcxane 
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FIG. 2 
Simulated and experimentally found primary 
selectivities, S, of hydrocarbons with seven carb- 
on atoms i n  molecule. Temperature 700 "C, 
partial pressure 10 kPa. a n-Heptane, b methylhe- 
xanc, c methylcyclohrxane 
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Simulated and experimentally found primary 
selectivities, S, of hydrocarbons with eight carbon 
atoms i n  molecule. Tempcraturc 700 'C, partial 
pressure 10 kPa. a n-Octane, b methylheptane, 
c 1,3-dimethylcyclohexane 

05 

nn 

FIG. 4 
Comparison of experimental and simulated prima- 
ry selectivity S of naphthas A and B. Naphtha A: 
temperature 670 'C, pressure 240 kPa, 
stcam/petrol ratio 0.6 kg kg-'. Naphtha B: tempe- 
rature 650 'C, pressure 270 kPa, s t e a d o i l  ratio 
0.8 kg kg-'. a Naphtha A, b naphtha B 
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siniulatcd and experinientally detcrniined primary selectivities are illustrated in Figs 1, 
2 and 3 for linear, non-lincar and cyclic hydrocarbons with six, seven and eight carbon 
atonis i n  molecule. For cycloalkanes, only simulated data are given because the expc- 
riments on pyrolysis of individual hydrocarbon5 lead to the quite'different results from 
those of cycloalkanc pyrolysis in mixtures with other hydrocarbons8i10. 

The diagram plotted support a good agreement of the simulated and experimental 
data, comparable to the accuracy of siiiiulations reported in the literature. For a more 
detailed analysis of the niodel reliability, however, the information is missing on the 
reliability of experiinental data. In case of the priniary selectivity of cycloalkanes, 
rather a hypothetical selectivity is concerned, nevertheless the differences i n  the 
cycloalkanc priiiiary sclcrtivitics rcvcal the considcrable effcct of iiiethyl substitucnts. 

Simrc lilt ion of Nnplrriici Pyrolysis 

Thc coniparison of compositions of the naphthas used as a raw niaterial with rcprc- 
sentative coniponenls in niatheniatical niodel showcd that 34 hydrocarbons with which 
the tiiodel works, covcrs approxiinatcly 80 mass% and/or 90 mole% of hydrocarbons 
present in the inaterial used. The reniaindcr is fornicd by a great number of heavier 
coniponents with comparatively low mole fraction. I n  one series of simulations, this 
reiiiainder was neglected, in thc sccoiid one, the missing hydrocarbons in the model 
iiiixturc wcrc rcplaccd by intuitivcly chosen niodel coiiipounds. Thc evaluation of 
siiiiulatiom Icd to the co~iclusio~i that both the ways yicld practically equivalent rcsults, 
thus, i t  is niorc advantageous to employ the simpler method. 

The coniparison of the cxpeririicntal and siniulatcd data is illustrated in Fig. 4. It is 
evident that the results of coniparison are conspicuously worse than for pure hydro- 
carbons. The disagreenient cannot be uniquely  interpreted as a drawback of the model. 
Similar disagreenicnt was observed also by other authors'*" . Its inain reason is 
probably the effcct of secondary reactions whose influence cannot be eliminated in 
pilot-plant or bench-scale reactors especially at  higher reaction tenipcratures. In case of 
the pilot-plant or bench-scale measurements, the result may be niainly influenced by 
the iiicthods of selectivity calculations and also by a n  error i n  balance calculations 
which influcncc the accuracy of extrapolating thc rcsults to the zero conversion. 

CONCI,IJSION 

The niodcl developed is able to describe thc relation between the raw iiiaterial compo- 
sition, tcnipcrature, prcssure, steam dilution, and  priniary products of raw inaterial 
splitting. It m y  be exploited as a constituent part of a complex pyrolysis niodel whose 
second part is the description of secondary reactions. It will be possible to analyse the 
rcliability of the iiiodcl only aftcr sctting-up thc complex model on the basis of compa- 
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rison of the experiiiientally deterriiined and siniulated selectivities at high conversions 
of different raw riiaterials. 

SYMBOIS 

frequency factors, m3 mo1-l s-l 

standard frequency factor, m3 mol-'s-' 
active radical concentration, mol m-3 
vector of hydrocarbon concentrations 
vector of Concentrations of molecular products 
vector of concentrations of first generation of radicals 
bond enthalpies, kJ mol-' 
standard bond enthalpy. kJ mol-' 
activation energies, ILI m o P  
standard activation energy, kJ mol-' 
concentration of hydrocarbons i n  reaction mixture, transformed to number of standard C-H 
bonds, mol m-3 
udentity matrix 
rate constants of hydrogen ahsorption, m3 m o l - ' ~ - ~  
rate constants of radical scission, s-l 
rate constants of radical isomerization, s-l 

relative rate constants of hydrogen abstraction 
matrix of relative rate constants of hydrocarbon changes by hydrogen abstraction 
matrix of absolute rate constank of hydrocarbon changes by hydrogen abstraction 
relative rate constants of hydrocarbon conversions by hydrogen abstraction 
matrix of products of relative rate constants of hydrogen abstraction and number of H atoms 
whose abstracting gives rise to radical of given type 
partial pressure of hydrocarbons, kPa 
vector of relative rates of hydrocarbon conversions by hydrogen abstraction 
vector of rates of hydrocarbon conversions by hydrogen abstraction 
gas constant, kJ mol-' K-' 
primary selectivity 
matrix of selectivity coefficienk of molecular product formation 
matrix of selectivity coefficients of radical product formation 
selectivity coefficients of hydrogen absorption 
selectivity coefficients of isomerization 
selectivity coefficients of breaking 
dimensionless time 
reaction mixture temperature, K 
numbers of carbon-hydrogen bonds of certain type in  hydrocarbon molecule 
average number of standard carbon-hydrogen bonds in hydrocarbon molecule 
average numbers of carbon-hydrogen bonds of certain type i n  one hydrogen molecule 
stoichiometric coefficients 
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