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• The morphology of the investigated damage can be associated to Environmentally 
Assisted Cracking (EAC) phenomena.

• Such damage phenomena require the presence of static stresses (applied or residual) and/or low 
strain rate monotonic stresses (e.g. thermal transient) and a corrosive environment; 

• The standard operating thermodynamic conditions (277°C and 6.6barg) not congruent with the 
condensation of separated water phase, which, in any case, should be present in small quantities 
in that area of circuit (stripped gasoil). 

• Therefore in causes analysis, the possible and the most probable sources of origin and stagnation 
of separated water phase (non emulsified in the hydrocarbon) should be verified. 
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• Considering the discontinuous service of the stripping circuit, the  possible temporary 
accumulation of aqueous phase could be just the shutdown phases of the system and/or 
and non steady‐state service.

• As support for the definition of the specific corrosive agents in the electrolyte which can 
induce EAC, the document NACE SP0472‐2010 (Methods to prevent and control in service 
environmental cracking of carbon steel weldments in corrosive petroleum refining 
environments) can be used as a reference,  as it considers the different possible scenarios 
for the phenomena of EAC on carbon steel in refinery plants.
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1. HF: very improbable
2. SULPHIDE STRESS CRACKING: require high hardness (>248 HV) and has different 

morphology
3. WET H2S induced BLISTERING, HIC and SOHIC: has very different morphology
4. ALKALINE STRESS CORROSION CRACKING: similar intergranular morphology with 

branched cracks and deposit inside
• Caustic
• Amine with CO2 and H2S
• Alkaline sour water (NH3 and H2S containing water with alkaline pH)  with 

carbonates and other ions (sulphates, chlorides)
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•Alkaline process  sour water: NH3 and H2S from process (reaction 
circuit) ; process waters analyses showed an alkaline pH and high 
level of ammonia and hydrogen sulphide, with presence of 
chlorides. 

•Washing waters injected before cold separator: can be cause  ions 
contamination from dissolved salts  
• Mg, Ca, Na chlorides. 
• carbonates/bicarbonates.
• sulphates.

•Washing waters can introduce also O2 in the process that increases 
susceptibility to EAC.

•Stripping steam can introduce alkalinity (depends on the water 
treatment in the steam generation) and carbonates
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 Discontinuous, non steady‐state service of the circuit  can cause water 
separation and accumulation.

 Alkaline waterwith high pH, ammonia, H2S, chlorides, carbonates, (Na‐
alkalinity ?), (Oxygen??) – EAC Active!

 Start up and transient service cycle can cause fast heating, water 
evaporation , concentration of aggressive ions and thermal‐transient 
stress/strain (slow strain rate) acting together with residual welding 
stresses

Slide form copyright
2017 ©

42

Thanks for your attention
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Analysis of  Corrosion Damage in a Refinery 
Regeneration Circuit Tube

Ali Smith, Rina Consulting – Centro Sviluppo Materiali 

EFC Working Party 15   Corrosion Refinery Industry Meeting
10th April 2019

Background (1)

• Short description of problem:

• In last years a catalyst regeneration circuit had experienced internal corrosion
damages, in particular in dead zones near valves.

• In the last two years (2016-2018), the damage level has increased significantly.

• A sample of tubing from the regeneration circuit has been made available for analysis.

• Conditions:

• Tube in regeneration circuit used to transport gases to the catalyst.

• Tube section of interest is near a valve where flow is experienced occasionally i.e. to
introduce N2 into circuit.

• Other gases present from other parts of circuit can be C2Cl4, H2, CO, CO2, air, and
sulphating agents.

• Temperature in dead-leg is in range 100-400°C.

• When N2 not flowing temperature is below 100°C.
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Background (2)

•Material of construction:

• ASTM A335 P11 (Low alloy carbon steel with Cr and Mo). Horizontal tube section.
Diameter 4 inches and wall thickness of 8.56 mm.

• Tube is welded to a flange attached to a valve.

•Service history:

• Since 2016 the level of C2Cl4 added to the regeneration circuit has increased.

• Since 2016 the level of corrosion in the regeneration circuit has increased 
significantly.

• Service life of as-received tube section was 1 year.

Introduction

• The aim of the work is to establish the operating internal damage mechanisms for 

the tube section from the regeneration circuit.

• Laboratory analysis methods were discussed and agreed with the Refinery.

• The test activities performed are listed below: 

• Visual inspection

• Analysis of any corrosion deposits via XRD and pH.

• SEM-EDS of damage zones at surface.

• Optical microscopy +SEM/EDS of damage after sectioning.

• Finally suitable recommendations were made to prevent such corrosion in the 

future.
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RESULTS 

Visual inspection of dead-leg

• Inner surface shows thick deposits up around 10 mm thick.

• Deposits appear mostly red-brown.

• Wall thickness reduced the most near weld ( squares).

Significant reduction in wall thickness near weld and valve
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Analysis of deposits by X-ray 
Diffraction

• Deposit in zones A and B are chemically similar:

• Zone P: FeO (OH) = 50wt%, Fe3O4 = 35wt%, FeCl3 = 15%.

• Zone Q: FeO (OH) = 57wt%, Fe3O4 = 35wt%, FeCl3 = 8%.

P Q

Analysis of deposit properties in tap-
water

• Deposit appears to partially dissolve in tap water giving acidic pH.

• Low pH suggests hydrolysis of FeCl3 (formation of hydroxide and H+).

P Q

pH of tap water = 7.57.
pH of deposit in tap water 

after 1 hour = 3.01.
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Selection of zones for SEM-EDS and 
Metallography (1)

• Focus on girth weld area (where thickness of pipe wall was reduced):

Zones 1 and 2 cut 
and then chemically 
cleaned 

Selection of zones for SEM-EDS and 
Metallography (2)

Zone 2A => area with minimum wall 

thickness (HEAVY DAMAGE).

Zone 1B => area at 180° to zone 2A 

(LIGHT DAMAGE).

1A

2B2A

1B

1B1A

2A2B

Next slides focus on zone of heavier damage 
only (zone 2A).
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SEM-EDS on surface of heavy 
damage zone

• Zone 2A reveals round corrosion sites of several mm in diameter in base and weld.

• SEM-EDS shows main elements as O, Fe, Cl.

2A

Element Wt%
CK 11.23
OK 21.26
SiK 00.44
ClK 04.53
CrK 01.31
FeK 58.93
NiK 02.30

Element Wt%
CK 23.47
OK 22.79
SiK 00.46
ClK 03.48
CrK 02.33
FeK 43.38
NiK 04.10

SEM-EDS after sectioning at heavy 
damage zone

• Corrosion products in cross section contain O, Fe and Cl.

3

8

5

3 5 8

2A

Element Wt%
OK 06.21
SiK 00.99
CaK 00.42
CrK 01.40
MnK 01.05
FeK 89.94

Element Wt%
OK 26.47
SiK 00.51
ClK 04.35
MnK 01.93
FeK 66.74

Element Wt%
OK 22.22
MnK 01.73
FeK 76.05
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Optical microscopy 
Section heavy damage

• Section reveals significant loss of wall thickness 

compared to original (8.56 mm original). Attack is 

more intense in weld zone (weld metal and HAZ).

2A

Weld metal
Base metalHAZ

Weld metal

Base metal

HAZ

Damage mechanisms 
+ Recommendations 
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Summary of key results

• Corrosion products near and far from the girth weld were mainly iron oxide-hydroxide i.e. 

FeO (OH), magnetite i.e. Fe3O4, and FeCl3.

• Preferential attack of the weld and HAZ occurred, extending in a continuous manner 

along a significant portion of the pipe circumference. 

• The minimum wall thickness (3.8 mm) was located in the weld metal i.e. around 56% loss 

in wall thickness compared to the nominal tube thickness (base metal).

Proposed main damage mechanism: 
HCl acid dewpoint corrosion 

• During the operation phase C2Cl4 decomposed and reacted with H2 to give HCl gas. 

Considering the reported decomposition range for C2Cl4 of 400-800°C, it is highly likely that 

the perchloroethylene decomposed in a  nearby line , where a higher temperature of 540°C 

can be reached.

• The HCl gas was transported to the cool dead-leg zone, where condensation of water vapour 

containing dissolved HCl occurred.

• The acid water droplets caused corrosion of the steel. The corrosion product (FeCl3) formed 

via the reaction of iron with aqueous HCl under the presence of oxygen.

• Preferential attack of the weld probably could occur since the weld is usually more anodic 

with respect to the base metal (assume both in contact with fluid).
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Other damage mechanisms: rusting 

• The presence of water vapour, condensed water, and oxygen in the dead leg facilitated 

the formation of rust.

• The presence of magnetite (lower oxidation state of iron) suggests that initially a limited 

supply of oxygen was available. 

• Over time and in the presence of water and oxygen, this was converted to iron oxide-

hydroxide.

Recommendations

• Possible actions to mitigate HCl acid-dew point corrosion in the regeneration circuit:

• Reduce the amount of HCl by reducing (as far as possible) the amount of 

perchloroethylene introduced into the regeneration circuit.

• Implement/Maintain a regular NDT inspection program of all zones in the circuit where 

HCl acid-dew point corrosion is a risk, to detect and monitor local thinning of pipe walls .

• Consider use of corrosion resistant Ni base alloys for critical zones (requires a dedicated 

assessment e.g. costs, risks of inducing other damage mechanisms).
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