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Design and optimization of 3D reactor technologies

for the production of light olefins

Kevin M. Van Geem

Laboratory for Chemical Technology, Ghent, Belgium
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What Is Process intensification?

nNany c¢chemical engli neering devel opmen
cleaner,and moreenergy-ef f i ci ent technol ogyo
A. Stankiewicz, J. Moulijn
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Chemical engineering 1 length and time scales

Time scale
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Computational fluid dynamics (CFD)
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Computational fluid dynamics (CFD)

Simulate fluid flow based on conservation equations
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LCT. Innovatlon through Supercomputlng
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Innovatlon through Supercomputlng

Laboratory for Chemical Technology, Ghent University
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Laboratory for Chemical Technology

Design and optimization of sustainable products and processes

The advanced simulation and optimization
software for the ethylene industry

Circular process design

Low carbon technology
i 1 T Renewable chemicals and technology
ONVERsTy s
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https://www.lct.ugent.be/research/circular-process-design
https://www.lct.ugent.be/research/low-carbon-technology
https://www.lct.ugent.be/research/renewable-chemicals-and-technology
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Chemical industry

A Belgium is the N°1 chemical country in the world (per capita basis)

Sales of chemicals and plastics per capita (2009)
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Process transformation

Industrial CO, emissions (Flanders, 85120)
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Plastic bags\}
ETROCHEMICALS MAKE THINGS HAPPEN
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Steam cracking
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atozforex.com; pnnl.org; districtenergy.org; scade.fr; schmidt-clemens.de; Linde Group; IHS Chemical Insight
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Steam cracking furnace 101

............ Transfer line
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"Computational Fluid Dynamics-Based Study of a High Emissivity Coil Coating in an Industrial Steam Cracker," Industrial & Engineering
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Process Intensification in steam cracking

Improve reactor design by accelerating heat input
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g Thermal efficiency
X Product selectivity

Z Decoking procedures

g More reactor material needed

g More friction with wall ~ g

’ boundary laver

E( Disrupt the boundary layer

e I Ts

Fig.4.3: Thermal boundary laver flow past a flat surface
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3D reactor technologies for flow modulation

Rib

Main swirling

Bumps or dents throughout the reactor wall

Downstream
recirculation

Finned tube X-MERT

Contort the entire reactor wall
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This sounds easy but reality Is different

What do you need:

1. Accurate experimental data

2. A Kinetic model

3. Accurate boundary conditions

4. Properly accounting for turbulence
5. Automated geometry optimsation
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L C T Bteam cracking setups

Elemental analysis
D2887 SimDist
D11200 distillation
GCI GC-FID/TOF-MS

High temperature on-line product sampling
Internal standard based product quantification
On-line GCI GC-FID/TOF-MS analyses
On-line GCI GC-SCD/NCD analyses
Computer controlled process conditions
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Bench Scale Setup
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History of Pilot Plant
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A Furnace is originally built in 1968
A Continuous improvement:

A 12008: new RGA (GC)

A 120009: first GCI GC

A 12010: improved flow regulation

A 12011: new TLE design

A 12012: automation and feed section

A  upgrade

A 12013: Online sulfur speciation

A 12014: Online nitrogen speciation

A 12018: new refractory/coatings and 3D coils
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LCTOs Pil ot pl ant

Extreme flexibility - the major advantage of the pilot plant

For operating companies or engineering contractors:

1 To explore ...

Wide range of feedstock
- hydrocarbons ranging from gases to heavy crude olls
Wide range of operating conditions

- COT, dilution, COP, temperature profile, residence time ...
Inhibition of coke deposition by additives

- in the radiant coll
- In the transfer line heat exchanger

m To get information about

expected product spectrum
- optimal operating conditions

I = l’-—r coke deposition (run length)

GFNT . 0
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Pilot plant steam cracklng setup

Furnace + Reactor
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Steam cracking pilot plant

| Gas-Fired Furnace + Reactor
High temperature

sampling system

Online Analysis
Section HC

Feed
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