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NOTE 

Olefhic Intermediates in Catalytic Hydrocracking of Paraffins 

Olefins have been visualized to be true 
intermediates during the conversion of 
saturated hydrocarbons over bifunctional 
catalysts in the presence of hydrogen as in 
catalytic reforming, hydrocracking or hy- 
droisomerization processes (1, 2). The in- 
dependent action of acidic sites for rear- 
rangement reactions and of metallic sites 
for hydrogenation’dehydrogenation reac- 
tions was shown by Weisz and Swegler (2) 
and Weisz (Z?) with bifunctional catalysts 
consisting of mechanically mixed particles 
of the two catalyst components. Low 
thermodynamically controlled concentra- 
tions of hexenes in the reaction product of 
n-hexane hydroisomerization have been 
detected by means of mass spectrometry 
(2). However, no results concerning the 
occurrence or quantitative determination 
of olefins in low temperature “ideal” bi- 
functional hydrocracking have been re- 
ported up to now. 

Important influences of the catalyst hy- 
drogenation activity upon n-hexadecane 
hydrocracking reactions were shown by 
Coonradt and Garwood (4). Recently, the 
application of high resolution capillary gas 
chromatography for the analysis of prod- 
ucts from n-dodecane hydrocracking over 
various noble metals on zeolites by Schulz 
and Weitkamp (5, 6) and Pichler et al. (7) 
led to a detailed picture of primary and 
secondary cracking and isomerization reac- 
tions. It follows from this that the degree 
of reversibility of hydrogenation’dehydro- 
genation reactions is a very important fac- 
tor for the course of reactions and the 
products obtained. It was further estab- 
lished that competitive chemisorption of 
olefins of different size at the acidic centers 

plays an important role in catalytic 
hydrocracking. 

EXPERIMENTAL METHODS 

The feed hydrocarbon (n-dodecane, 
Fluka purum) was hydrocracked in a small 
tube reactor filled with the catalyst in the 
zone of constant temperature. The products 
were recovered by condensation and ad- 
sorption and separated into gaseous and 
liquid fractions which were analyzed by 
gas chromatography. The experimental and 
analytical procedures have been described 
in recent publications (5, 8, 9). 

The experiments were carried out with a 
0.5% Pd/Ca-Y-zeolite catalyst (SK 310, 
Union Carbide) at a molar ratio HZ/n- 
dodecane of 20, a pressure of 40 kP/cm2, a 
space velocity of LHSV = 1.2 hr-l (except 
one run with LHSV = 4.0 hr-‘) and var- 
ious temperatures in the range of 250 to 
500°C. 

RESULTS AND DISCUSSION 

In Table 1 the composition of the crack- 
products from n-dodecane is given in de- 
pendence of reaction conditions. With the 
Pd/Ca-Y-zeolite catalyst, hydrocracking 
starts below 250°C and a 100% cracking 
conversion is attained at 300°C. The dis- 
tribution of the crackproducts with almost 
no C, and C, fragments indicates a pure 
cationic cracking mechanism in the low 
temperature range up to 100% cracking 
conversion. The total number of moles of 
crackproducts per 100 moles of dodecane 
hydrocracked is comparatively low, as cor- 
responding to only minor secondary crack- 
ing and a relatively high hydrogenation 
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activity of the bifunctional catalyst (4, conditions (Table 1, bottom lines). Above 
5, 7). 400°C increasing amounts of aromatics are 

The content of nonparaffinic hydrocar- formed whereas the concentration of naph- 
bons in the reaction products is low thenes goes through a maximum because at 
throughout the whole range of reaction higher temperatures ( >3OO”C) they are 

CRACK .- 
CONV. = 
3.6 X 

T=250 ‘C 

LHSV=4 

CRACK.- 
CON!‘.= 
40 ‘I. 

T=265 ‘C 

LHSV = 1 

CRACK- 
“, 
5 CONV.= 

100 7. 
L 
2 T=500 ‘C 

1.0. LHSV=l -I 

20 10 TIME,MIN ’ 

FIG. 1. Chromatograms of the gaseous reaction products (C&C&) from n-dodecane hydrocracking. 
Column: Reoplex modified Al&, length, 2 m; I&, 3 mm; temperature program: 2.5”C/min starting at 60°C. 
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consumed by secondary cracking as well as 
by dehydrogenation to aromatics. A re- 
markable variation of the absolute olefin 
content with reaction conditions may be 
noticed. 

At cracking conversions below 100% 
(250-285°C) its value is about 0.01-0.02 
wt %. But in the range of 300-350°C cor- 
responding to a total C&consumption and 
ample secondary cracking, no olefins at all 
may be detected in the products whereas 
at higher temperatures (>4OO”C) the ab- 
solute olefin content increases again. 

It is of greater significance, however, to 
compare the ratios of olefins to paraffins of 
the same carbon number. In Fig. 1 chro- 
matograms of the gaseous fractions of four 
characteristic products are shown which 
demonstrate the principal interdependences 
as well as the quantitative reliability of 
olefin determination. 

At low cracking conversions (e.g., 3.6% 
at 25O”C, LHSV = 4 hr-‘) relatively large 
olefin peaks are detected which sharply de- 
crease when the cracking conversion is en- 
hanced (e.g., 407% at 265”C, LHSV = 1 
hr-I). No olefins at all are found when a 

complete C,z-consumption is achieved 
(300°C) whereas at high reaction tempera- 
tures (500°C) again appreciable olefin 
peaks appear. Due to the increase of the 
G-fraction, traces of ethylene are found 
under these reaction conditions. 

The molar ratios of olefinic to paraffinic 
crackproducts with the same carbon num- 
ber calculated from the amounts and anal- 
yses of the gaseous and liquid fractions are 
presented in Fig. 2 and Table 2 in depend- 
ence of reaction temperature and space 
velocity, respectively. In Table 2 addi- 
tional values of thermodynamic equilib- 
rium are listed which were calculated from 
thermodynamic data (10) and the analyt- 
ically determined ratios of branched to 
straight chain paraffins in the react,ion 
products. 

At high reaction temperature (Fig. 2, 
5OO’C) the experimental ratios of olefins to 
paraffins in the order of l-3 X 10m3 are 
mainly controlled by thermodynamics and 
thus no conclusions concerning the mech- 
anistic importance of olefinic crackproducts 
can be derived under these conditions. 
However, in contrast to the thermodynamic 

TEMPERATURE, ‘C 

FIQ. 2. Molar ratio olefins/paraffins in products from n-dodecane hydrocracking. Dependence on reaction 
temperature. 
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TABLE 2 
MOLAR RATIOS OIZFINS/PARAFFINSO 

Temp (“C): 250 250 250 500 
LHSV (hr-’ ) : 1.13 4.01 Thermodynamic 
Cl&racking conversion (%) : 14.8 3.6 equilibrium 

Propene/propane 4.14 x 10-a 9.02 x 10-s 0.5 x 10-1 1.0 x 10-z 
Butenes/butanes 2.99 x 10-s 7.56 X 1O-3 3.7 x lo-’ 2.8 x 10-a 
Pentenea/pentanes 2.74 x lo-3 G.63 X IO+ 10.0 x lo-’ 6.1 x 1O-3 

a Influence of space velocity and thermodynamic values. 

behavior of decreasing olefin to paraffin 
ratios with decreasing temperatures, a con- 
siderable increase in the olefin/paraffin 
ratios occurs at lower temperatures 
(<3OO”C). At 250°C and a space velocity 
of 1 hr-‘, for instance, the experimental 
propene/propane ratio exceeds the equilib- 
rium value by a factor of 105. An increase 
of space velocity from 1.1 to 4.0 hr-’ 
(Table 2) increases the olefin/paraffin 
ratios by a factor of ca. 2.5. These results 
are consistent with the primary formation 
of olefinic crackproducts. 

A further remarkable result. is that 
whereas in thermodynamic equilibrium the 
sequence of olefin/paraffin ratios is CL& > 
C, > C,, the opposite sequence C, > C, > 
C, is observed when these values are con- 
trolled by kinetics. 

According to the theory of bifunctional 
catalysis, dodecenes should be present in 
the products from n-dodecane hydrocrack- 
ing in concentrations up to those of ther- 
modynamic equilibrium. However, an esti- 
mation of these upper limits gives very low 
concentrations in the order of magnitude 
of the detection level. At reaction condi- 
tions less severe than necessary for 100% 
cracking conversion (<3OO”C) two very 
small dodecene peaks were detected with 
areas of ca. l/lo5 compared with that of 
n-dodecane. 

CONCLUSIONS 

The present results concerning the first 
observation and determination of olefinic 
crackproducts as intermediates in paraffin 
hydrocracking are consistent with the 
widely accepted theory of bifunctional 
catalysis. According to this mechanism, 

paraffins are converted to olefins at hydro- 
genation/dehydrogenation sites. The olefins 
are adsorbed and cracked at the acidic 
sites and the resulting olefinic crackprod- 
ucts are again hydrogenated at the hy- 
drogenation/dehydrogenation sites. 

The question arises as to why the rela- 
tively high olefin concentrations occur at 
low cracking conversions of the feed hy- 
drocarbon. Diffusion of the olefins as the 
rate controlling step can be ruled out, be- 
cause in this case the olefin/paraffin ratios 
should not follow the observed sequence 
C, > C, > C,. It is our opinion that com- 
petition of molecules of different size at 
the hydrogenation/dehydrogenation centers 
plays a predominant role, as similarly 
found to be decisive for the selectivity of 
reactions at the acidic sites (4-r). 

Additional investigations of the kinetics 
of competitive olefin hydrogenation are 
necessary for further conclusions and have 
been started in this laboratory. 
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