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"Pas de deux” of high-temperature alloy and 3D reactor
technology for steam cracking of coils: impact on product
yields and coke formation
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Coke formation

Deposition of a carbon layer on the reactor surface

g Thermal efficiency
g Product selectivity

g Decoking procedures

Estimated annual cost to industry: $ 2 billion

Optimization by

- Feed additives

- Metallurgy & surface technology
- 3D reactor technology
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Reactors

Centralloy® ET 45 Micro

Centralloy® HT E

Centralloy® HT E + SCOPE®
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Composition [wt %]

Alloy C S Mn C Fe N Al Nb Additions

ET > 0.45 1.6 1.0 35 bal. 45 - 1.0 MAE, RE

Micro

HT E 0.45 - - 30 bal. 45 4.0 0.5 MAE, RE
RE: reactive elements; MAE: micro-alloying elements 5/20



Pilot plant
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Experimental program

— Steam treatment for 10 hours

— 1CC: COT = base; 6 hours

— 2CC: COT = base; 2 hours

— 3CC: COT = base; 6 hours

— 4CC: COT = base + 110 °C/ + 160 °C*; 1.67 hours
— 5CC: COT = base; 12 hours

*SCOPE®

v Decoking was performed after every Cracking Cycle (CC)
v Prior to each CC a pre-sulfiding step was performed
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Ethene, wt.%

Product yields

2 (CC2), 6 (CC3) and 12 h (CC5) cracking cycles
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Tube metal temperatures Pyrometer
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Tube metal temperatures

30°C lower tube metal temperature reduces fuel consumption by ~10%
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Coke deposition
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ET 45 Micro and HT E + SCOPE
comparable

HT E significantly worse

Line: estimated coking curve
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Coke deposition
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Extrapolation for 12 h coke

Assumptions:
2 h (CC2) = Catalytic
6 h (CC3) = asymptotic
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Coke deposition

Tests prior to .® ‘—\
250- highIT o’
EOR conditions . HT E estimation
. based onhtleger
®) o T exposure
. 200" Tex
Q IR
V4 .t
®) .t
© 150 {> ET 45 Micro
O O HTE
__,q;,) ] HTE + SCOPE
»n 100
@)
O
8 50 1 “”””"”"“"”...-
0
0 2 4 6 3 10 12 14
Time, h
—_
T ¥V eas =
H N =

GHENT
UNIVERSITY e B

Extrapolation based on tests
prior to high T (EOR) exposure

13/20



Coke deposition
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Coke deposition
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Coke deposition
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Coke deposition
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Conclusion

— After high Temperature (EOR) exposure performs ,
while the performance of ET 45 Micro drops
— ET 45 Micro — Oxide to carbide transition
— Formation stable a-Al,O, scale
— Combining the advanced coil material ( ) and novel 3D reactor
design (SCOPE®) leads to
» Increased run lengths
» Improved product selectivities
» Longer lifetime of the reactor colls
» Higher energy efficiency of the furnace
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