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Summary

The Single-Event MicroKinetic (SEMK) methodologyr foydroisomerisation and —cracking has been
extended from Pt/USY and Pt/ZSM-22 zeolites to &BIPPTA zeolite. For the first time, the
hydrocracking behavior of a hydrocarbon as heavyndmexadecane has been assessed using the
molecular rather than the relumped version of tBME methodology. Compared to USY, the BETA
zeolite was found to have stronger acid sites liy Bnol, and to exhibit more pronounced cracking.
The latter effect could only be accounted for Hpwing to decrease the related kinetic descripbyrs
about 10 kJ mal.
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. Introduction

Current trends in world energy consumption prethett  protonation at an skeletal acid site and rearraegéerar
crude oil will be the first fossil fuel source te ldepleted. cracking of the resulting carbenium ions. Skeletal
The exploitation of alternative sources such asmaéas, rearrangements can occur through alkyl shifts or
coal or biomass is becoming more and more attacflv  protonated cylcopropane (PCP) reactions while d¢ngck
potential route goes through synthesis gas formatiod goes viap-scission. The product carbenium ions leave the
Fischer-Tropsch (FT) synthesis. FT synthesis yiatdslly  catalyst micropores through the reverse sequendesas
linear alkanes with a boiling point beyond the debi described.

range. Hence, FT synthesis is typically followed &y
hydroisomerization and —cracking step in orderdovert
the heavy, linear alkanes into lighter componentth w
generally a higher branching degree.

The reaction networks consists of a vast number of
elementary steps. The number of rate parametetsreeq
by the model can be reduced by recognizing thasethe
elementary steps can be classified into a limiteahlver of
In the absence of known poisons such as sulphur aeaction families, defined by the type of the raactand
nitrogen containing components, bifunctional catay the type of the carbenium ions involved. Withineagation
consisting of a noble metal supported on an aciditeeare  family variations in the rate coefficients for aleraentary
used in hydrocracking. In the present warkjexadecane step may originate from symmetry differences betwee
as a model molecule was sent over a BETA zeolitdl(S reactant and transition state and are accounte8yfdhe
= 13) in a gas phase plug flow reactor. The framevad  ‘number of single eventsi. For each reaction family, a
the catalyst mainly consists of a large-pore netwabout  ynique ‘single-event rate coefficierit is determined.
5.7 x 6.8 A and, hence, the molecules are not sterically ~

) ) . . i ASIPCP/ B — |,ASI PCP/ S — AS/ PCP/ B
hindered while entering or exiting the catalyst nopores. r =k C. =nk Ce (1)
The SEMK model originally constructed for hydroddmg  Assuming a Langmuir physisorption model and quasi-
of lighter alkanes on USY zeolites is used andraded to  equilibrium for (de)hydrogenation and (de)protooatithe
describe the current data set. carbenium ion concentratiol®, can be written as a

function of the alkane partial pressupg:

II.  Mode Development D
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A catalytic cycle in hydrocracking consists of alka p.,

) _ _ C.= : (2)
physisorption into the catalyst pores, alkane R P,
dehydrogenation into an alkene at a metal sitegrak 1+ K P 2 CuK o KK, o

Hz
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The reaction rates do not solely depend on thetikine The estimated parameter values are shown in Table 2
parameters, denoted as ‘kinetic descriptors’, Bsb @an  Values determined fronm-Cg hydroconversion data on
catalyst properties such as (i) the saturation eoimation ~CBV760 (USY — Si/Al=30) are selected as referentae
C.., (i) the total acid site concentratio@,, (iii) the acid strength of the active sites on the BETA zeoi$
Langmuir physisorption coefficientk, and (iv) the higher as the values for the protonation enthalfes
equilibrium coefficient for protonationkK These are secondlary and tertla_lry carb_emum lon fo_rmatlonaamutG

kJ mol™ more negative. This leads to higher reaction rates
commonly denoted as ‘catalyst descriptors’ and ar@n the BETA zeolite compared to the USY. In additiall
determined from independent measurements as much Rigetic descriptors have decreased, especiallethelated
possible. to B-scissions, resulting in an even more pronounced
enhancement of the reactivity of the BETA compat@d
the USY zeolite.

prot *

IIl. Resultsand discussion

In particular the catalyst descriptors are to beemeined  Table 2. Estimates for the adjustable parametersngl) compared to
when extending the SEMK model from one zeolite tothe reference values farCg hydrocracking on a USY zeolite.
another E.g. the total acid site concentrationtenBETA '

o' b .
zeolite used is obtained from NAPD experiments while -ej:pz(;)sf _gfg?fl). 2 E737A5(s(joz) 5:?;(:2)'1)
the physisorption parameters fon-hexadecane are BETA  708(0.1) -1016(0.0)  69.8 (20.1) 67.28)
extrapolated from values reported for lowealkanes on a
BETA zeolite with a similar Si-Al ratid vide Table 1. The Faocltl..... Fopel®®)..... Spoloil). ... Sealtl)
protonation enthalpies leading to secondary andatgr ~YSY ~ 1045(12  1081(x07) 98.6(+1.97  127.9(+33
carbenium ions were to be determined by regressierEElA /A 1096 (+01 92001 1236 (0.1
Because of the more pronounced cracking on the BETA Eap(s:s) Eap(sit) Bop(tis) SH)
compared to the original USY zeolite also the kinet USY  142.7(x1.0) 127.9(x4.9) 148.6(x1.0) 125.8.8
descriptors, especially those related to crackiegded to _BETA  131.0 (x0.1) 119.3(+10.0) 138.0(0.5 12(2.2)

95% confidence region® type of reactant and/or product ion
(secondary or tertiary): Ea(t;S) = AHpofS) + B(Sit) - AHpoft), ¢ not
significantly extimated.

be adjusted.

Table 1. Values for the total acid site concentratithe saturation
concentration, the physisorption enthalpy and teearii pre-exponential
factor for G components.

Conclusions
C Caa -AHphys K . . N
(ol tkg'l) (ol klg'l) « rr?gl) (mol kg_f MPa) The Single-Event MicroKinetic (SEMK) model at the
0.557 0.389 1626 8.6 x 10° molecular level has been adequately extended twidrea

alkanes on a new zeolite, i.e., a BETA zeolitendiicates

A comparison of calculated and experimental data iéhe reh?blllty. of t:‘he ext(rjaﬁ)OIatlon OIIf the E[):ysn?bog tock
shown in Figure 1 and illustrates the adequacy hef t parameters in e model as well as the leedstoc
; . independence of the SEMK model. Stronger acid sites
proposed SEMK model. Even though the IOhySISorptlor?/vere found at the BETA zeolite leading to changes i
parameters were extrapolated over a wide rangarbba tivati ies. The latt 9 od rfge
numbers, a good agreement is generally obtainagdebet activation energies. The latter were more pronoarioe

: . B-scission, which confirms the reputation of the BET
model and experimental results, particularly forzeolite as an active ‘cracking’ catalvst
monomethyl G isomers. 9 yst
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monomethyl isomers of g (c) G cracking products, and (d):1C

cracking products.

(2) Thybaut, J. W.; Narasimhan, C. S. L.; Denayef.; Baron,
G. V.; Jacobs, P. A.; Martens, J. A.; Marin, G. Bcjd-metal balance of
a hydrocracking catalyst: Ideal versus nonidealabih. Industrial &
Engineering Chemistry Resear2f05, 44, (14), 5159-5169.






