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Case:Case: hydrocracking hydrocracking / / isomerization isomerization
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HydrocrackingHydrocracking:: catalyst catalyst



Langmuir physisorption coefficientsLangmuir physisorption coefficients
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HydrocrackingHydrocracking:: rate equations rate equations
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HydrocrackingHydrocracking:: Industrial scale Industrial scale
Reactor geometry

reactor diameter, m 2.82

reactor length, m 7.625

Physical catalyst properties

catalyst particle diameter, m 1.3 10-3

porosity of catalyst, mf
3mp

-3 0.65

bulk density of the bed, kgcatmr
-3 800

catalyst density, kgcatmp
-3 400

catalyst mass, kgcat 19000

tortuosity 3.7

Conditions

inlet temperature, K 540

inlet pressure, MPa 12

LHSV, mL
3mcat

-3h-1 3.8

Liquid flow rate, m3day-1 2175

Gas flow rate, Nm3day-1 1100 000



HydrocrackingHydrocracking: product: product streams streams

LPG C3-C4 <315 K

Naphtha C5-C9 315-425 K

Middle
C10-C18 425-620 K

distillates

Residue C18
+    >620 K



HydrocrackingHydrocracking: product: product streams streams
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Martens and Marin (2001)

HydrocrackingHydrocracking: product: product streams streams
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Elementary reaction familyElementary reaction family
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Elementary reaction familyElementary reaction family:: cracking cracking

• Cr(s;s) + +
+

• Cr(s;t)
+ +

+

• Cr(t;s) + +
+

• Cr(t;t) +
+ +



Elementary reaction familyElementary reaction family:: branching isomerisation branching isomerisation

• PCP(s;s) +
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NumberNumber of of adjustable adjustable parameters parameters

Froment (95) van Santen (97)
Feed octane n-hexane
Catalyst Pt/US-Y Pt/MOR&Pt/ZSM-5 a

Number of :
     molecules 97 23
     intermediates 57 23 + (15 + 24) b

     steps 811 420 c

     parameters 16 1

a with similar acidity
b including intermediates in (de)hydrogenation
c including (de)hydrogenation and transfer



HydrocrackingHydrocracking:: rate equations revisited rate equations revisited

determined by NH3-TPD

satC

LK
LKtC protKk dehK

=r 
1

HP 2
p p −

+ 1 Pp

determined by physisorption experiments

calculated via
thermodynamic data

parameters to be estimated : prot
comp Kk k =



Entropy and Enthalpy termsEntropy and Enthalpy terms
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Standard protonation entropyStandard protonation entropy

SSgasgas
GasGas phase phase

SSphysphys

SSchemchem

PhysisorbedPhysisorbed species species

ChemisorbedChemisorbed species species

∆∆SSphysphys=R.=R.lnln(H(H00//CCsatsat))

∆∆SSprotprot==∆∆S-S-∆∆SSphysphys

∆∆S = -S = -SStranstrans



Standard activation entropyStandard activation entropy

Branching isomerisation : ∆S≠  =  0
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Composite activation energyComposite activation energy

protû+
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Composite

activation energy

(kJ mol-1)

n-C8 n-C10 n-C12

PCP(s,s) 45.7±0.2 43.8±0.1 44.8±0.2 43.7±0.1

PCP(s,t)=PCP(t,s) 47.5±32.8 26.3±3.8 38.5±7.8 36.5±5.3

PCP(t,t) 31.4±1.6 31.8±2.3 29.9±2.5 31.8±2.5

Cr(s,s) 70.0±1.0 69.7±0.8 69.7±0.6 69.5±1.0

Cr(s,t) 60.9±9.1 55.5±1.3 56.0±1.0 57.0±2.8

Cr(t,s) 50.9±0.9 54.7±1.5 53.4±1.2 55.1±2.9

Cr(t,t) 32.1±2.2 29.7±0.8 32.1±0.7 29.5±0.8

≠+= reacprot
comp

û+û+E

Composite activation energyComposite activation energy

Martens et al. (2000)



AActivityctivity: conversion versus space-time: conversion versus space-time
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Product distribution : isomersProduct distribution : isomers
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Alkanes Cycloalkanes
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Acid catalysed reaction familiesAcid catalysed reaction families
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⇓
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Network generationNetwork generation
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Calculation of Calculation of  Lumping Coefficients Lumping Coefficients
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• Rate coefficient :
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ConclusionsConclusions

• intrinsic kinetics / elementary reactions
• lab reactor ⇔ industrial reactor
• fundamental kinetic parameters

• limited number
• independent expts (e.g. physisorption)
• transition state theory
• catalyst properties
• network generation

• scale-up to industrial reactor straight forward
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