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EFC WP15 Activities
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Appendix 3
Proposal of a typical failure refinery corrosion

cases atlas
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Appendix 4

Electrochemical noise in corrosion monitoring

A. Cafissi and S. Trasatti (University of Milan)
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Microscopic characteristics of corrosion-erosion

Corrosion products

Fe Ti s

Corrosion products on the IS, cross-section. SEM, EDS

Reasons of Alloy 825 brittle fracture

U (NH,HS) + cavitation/droplet impingement
U Hydrogen?

a ?
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Metal dusting in plafforming CCR furnaces

J. Hucinska (Gdansk University)
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Metal dusting in Platforming CCR furnaces

JOANNA HUCINSKA
Gdansk University of Technology, Gdansk, Poland

EUROCORR 2005, EFC WP15

September 6, 2005 - Institutos Superior Tecnico ¢ Lisbon, Portugal

Lay-out

* Characteristics of furnaces, tubes, service
conditions

* Non-destructive testing
» Destructive testing

* Questions




Unit: Platforming CCR (continuous catalytic reforming)
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Characteristics of tubes and service conditions

Characteristics

Description

Material of tubes

Steel 9Cr-1Mo, gr P9 ASTM SA-335

Nominal dimensions

114,3 x 6,0 mm

Environment

Heavy naphtha after desulphurisation
and hydrogen gas: 440-520°C (F1), 400-
520°C (F2), 450-520°C (F3), 470-520°C
(F4), S~0.2 ppm (naphtha), S<0.5 ppm
(hydrogen), ppH,~0.65-0.8 MPa

Metal temperature

635°C (design), ~600 °C (service)

Time of service

10 years




Non-destructive testing

U Visual — no scale on the outside surface (OS)
of the tubes

U Wall thickness — no losses

U Ultrasonic wave attenuation measurements —
decrease in attenuation

Destructive testing

* Visual — thin, loose deposits of carbon on the
inside surface (IS) of the tubes

* Metallographic: optical microscope (OM),
transmission electron microscope (TEM)

» Electron probe microanalyser (EPMA)

» Tensile tests, Charpy-V impact tests




Cross-section of the tube wall, microstructure beneath the IS:
a) fire side, b) refractory side. OM
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Cross-section of the tube wall, carbon profile. EPMA




Tensile tests

Material Yield Stress | Tensile strength | Elongation
MPa MPa %
Before service 337-400 556-588 32
After service 269-281 541-558 20
ASTM SA-335 205 min 415 min 27

Charpy-V impact tests: fracture energy KV
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Charpy impact tests: % of ductile fracture
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Reasons of brittleness?




Literature data
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Reason of brittleness: Laves phase Mo,Fe at grain boundaries

(J.A. Hudson, S.G. Druce, G. Gage, M. Wall: Theoreticaland Applied
Fracture Mechanics 1988, 10, p. 123)

Examinations

Mid-wall, carbon extraction replica. TEM




Chemical composition of precipitates, wt. %

No Si P S Cr Mn Fe Mo
1 14.05 | 0.77 0.49 7.78 2.21 33.08 41.61
2 5741 | 0.75 - 7.35 - 17.32 17.17
3 6.20 - - 56.39 1.00 28.26 8.15
4 20.93 - - 16.59 - 56.01 6.47
5 3.80 | 0.29 0.37 56.93 - 28.38 10.23
6 23.38 - - 29.72 - 27.73 19.17
7 16.15 - - 43.07 - 30.59 10.19

Questions

U Metal temperature 600°C: too high
for 9Cr-1Mo steel?

U Sulphur compounds added to the
feed in platforming CCR unit are
harmfull or advantageous ?




