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Introduction

This Presentation will discuss the effects of obsolescence at Stanlow oil refinery and how new technology in the form of additive 

manufacturing can help combat this issue.

Stanlow Oil refinery began operations in 1949 refining crude oil to produce final products to the northwest of England.

Some of the Products supplied include;

• Petrol 

• Diesel

• Kerosene (Jet Fuel) direct to Liverpool and Manchester airport. 

The site was operated by Shell Oil up until 2010 where it was sold to Essar Oil UK
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Introduction

The Oil Refinery assets are aging, and many Original Equipment Manufacturers no 

longer offer effective support due to lack of spares availability or discontinued 

operations of the OEM’s

Currently Spare parts are sourced from OEM where available and reverse 

engineered by a third party where spare components are not supported. 

Due to the increasing costs and lead times parts are beginning to be produced on 

site with new CNC machinery that has been introduced in a recent project.
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Introduction

During this presentation, the following topics will be discussed

• What is Additive Manufacturing?

• What types of Additive Manufacturing exist?

• What machines are available for Additive Manufacturing in industry?

• How is this applied to an Oil and Gas Application?

• What standards are used in Oil and Gas for Additive Manufacturing?

• What testing was completed to validate the printed materials?

• What are the results of the testing?

• Summary.
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Introduction

Conceived in 1984 by Chuck Hull (right) Additive Manufacturing is a technology of producing a part layer by layer 

initially using UV Curing Resins known as Stereolithography (SLA) shown below in this 3D Printer as discussed 

    by Gibson et al, (2020)

Many options are available for utilizing this technology to navigate 

obsolescence within the refinery and enable on site production of parts, 

specifically items that cannot be produced by means other than casting such 

as the items below. 
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Additive Manufacturing

The Term Additive manufacturing Encompasses all forms of 

producing parts with the addition of material, in a layer-by-layer 

format from polymers to metals. 

This comes in many forms and utilizing many materials

The main Metal Additive manufacturing being either Powder Bed 

or Direct Energy deposition utilizing wire or powder feed

3D Printing Categories - Tofail et al. (2018)



The Cost of machine varies depending on technology, the cost of powder machines is significantly higher than wire, the 

feedstock is more expensive, there are fewer material options, and the production time is higher than with wire.

Wire Laser Metal Deposition

(Wire DED)

Meltio Robot Cell - £315,000

Wire Cost Kg - £10 (Inconel 600)

Selective Laser Melting

(Powder Bed SLM)

Base price - £4m+

Powder Cost Kg - £80 (Inconel £600)

Powder Laser Metal Deposition

(Powder DED)

Base Price - £2m+

Powder Cost Kg - £80 (Inconel 600)
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Wire Laser Metal Deposition

(Wire DED)
Selective Laser Melting

(Powder Bed SLM)

Powder Laser Metal Deposition

(Powder DED)
Pros Cons

Wire Material Cheap – 8x 
cheaper than Powder

Print Quality not as good 
as SLM

Build Size Not Restricted

No Airbourne Particles

Quicker material Change 
Time (Can Print 2 at once)

Material readily available

Fastest Print time 

Able to repair parts and 
re-clad 

Pros Cons

Best Print Quality Material More expensive 
than Wire 

Large but limited build 
Size

Airbourne Particles

Slow Material Change 
Time up to 1 Day

Additional Material 
Handling facility required

Slowest Print time (4 
times slower than Wire) 

Limited Build Size

Not able to repair Parts

Pros Cons

Good Print Quality Material More expensive 
than Wire 

Able to repair Parts Airbourne Particles

Includes 5 Axis Milling 
Machine

Slow Material Change 
Time 2-4 hours

Large but Limited Part 
Size

Additional Material 
Handling facility required

Slow Print time (2 times 
slower than wire)

Limited Build Size
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Method and Methodology

Following a review of the available technologies Laser Wire Direct energy 

Deposition will be further explored for the solution of manufacturing 

components to combat obsolescence. 

The Majority of equipment at Stanlow is constructed using Cast Iron and 

Cast Steel (A216 WCB). To produce parts that will supersede these 

materials the best available wire filament is ER70S-6 

Samples of the Material will be printed in two directions 

• Z Axis – to test the Laye- to-Layer bonding

• 90o to the Z axis
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Literature review

Few Studies exist showing the performance of the ER70S-6 Mild Steel Wire Filament, none compare their 

performance to existing material processing. Below are 4 of the closest matching studies and their performance 

to this project.
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Trial part from P502 using the Wire DED Meltio Robot Cell 

The Original Cast Part 

that requires Reverse 

Engineering

3D Laser Scan of 

Part to enable CAD 

Model to be made

CAD Model with allowance 

for machining to be 

printed

3D Printed part Ready 

to final Machine

Cost of Print - £100.92

Part Final Machined 

ready to fit to pump

ITT overhauled the Sister Pump and Replaced the same part at a 

cost of £4784 (8 weeks lead)

We have saved - £4395.08 (including machining and CAD Work)
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Samples Have been Printed to destructively test the material to validate the printed material in accordance 

to the American Petroleum Institute Standard API20S

Samples Printed to be Machined into test 

subjects

Sample Tensile, Yeild and 

elongation testing Charpy Impact testing Material 

Microstructure

The results from these test will be compared to forged 

steel, cast steel and the original cast iron material.
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Charpy Impact Illustration OM Metalab (2026)



American Petroleum Institute Standard API20S
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API20S Is the standard created for Oil and Gas industry to manage the Additive manufacturing process for material validation

Due to the nature of Additive manufacturing the Z axis (Build Direction) is the weakest plane for the 3D Printing Due to the layer to layer 

bond.

Z

Y

X



Tensile Testing Methodology
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The tensile testing is completed using the below BS EN specimen 

drawing

The samples are mounted on each end of the bottle grips and 

placed into the testing apparatus

The apparatus slowly increase force using the green measuring 

device to detect yield limits.



Tensile Testing Results
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The Performance of the Printed Material is comparable to Forged Steel 

and Cast Steel depending on Print orientation 

The Minimum Tensile Strength Specification for A216 WCB is 485 Mpa



Yield Stress Testing Results
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The Performance of the Printed Material is comparable to Forged 

Steel and Cast Steel depending on Print orientation 

The Minimum Yield Strength Specification for A216 WCB is 250 Mpa
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Impact Testing Methodology
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Utilizing Charpy impact testing apparatus each sample is placed in the anvil of the machine, and the pendulum rotates down and records 

the work done to break the test sample, each sample is produced to the drawing and information below
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Impact Testing Results
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The Performance of the 

Printed Material is Improved 

over Cast Steel and Forged 

Steel
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Microstructure analysis

Printed ER70S-6 Microstructure

Small Crystals High strength and 

ductility low quantities of pearlite 

structures

Shown by a higher elongation in the 

tensile test and increase toughness in 

the Impact Tests

Forged Steel Bar - EN08

Slightly larger Crystals, High 

strength but reduced ductility 

and toughness due to larger 

pearlite structures

Shown by the reduced 

elongation compared to printed 

Material

Cast Iron

Large Crystals, High strength but 

low ductility and toughness

This structure shows large 

graphite grains between ferrite 

grains and pearlite structures 

increasing brittleness
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Cast Steel – A216 WCB

Small Crystals, High strength 

but reduced ductility and 

toughness due to the large 

quantity of pearlite structures

Shown by the reduced 

elongation compared to printed 

Material

Ferrite 
Grains

Ferrite 
Grains Ferrite 

Grains

Ferrite 
Grains

Pearlite 
Structure

Pearlite 
Structure Pearlite 

Structure

Pearlite 
Structure

Graphite 
Grains



Microstructure analysis

Printed ER70S-6 Microstructure
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Ferrite 
Grains

Pearlite 
Structure

The reason for pearlite structure quantity is related to the rate of cooling experienced following creation; faster rates of cooling create less 

clusters of pearlite structures improving the toughness characteristics as discussed by Firoozbakht et al., (2026) 
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Forged Steel Bar - EN08 Cast Steel – A216 WCB Cast Iron



Project Limitations and Recommendations 
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Limitations

• Time – With limited time and many activities being reliant on 

third party vendors time needed to be managed effectively to 

ensure a successful outcome.

• Costs – The costs associated with this project were limited, 

information on the reliability of the technology was need before 

more investment can be made to ensure the technology is fit 

for purpose in this industry.

• Testing Materials – the availability of items that could be 

destroyed for testing was limited, the items eventually found to 

perform the testing for A216WCB were late on in this project 

and some of the test samples couldn’t be returned to site due 

to time constraints.

Recommendations

• Time – ensuring sufficient time for booking in services and 

having information ready early in the project helped with the 

success of this research.

• Costs – A future should be created with milestones for 

researching individual materials and gaining the confidence in 

the technology to secure future research and development 

funding.

• Testing Materials – Gathering all the materials up front will 

help to ensure the smoothness of the project.



Conclusion
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The material tested from producing Wire Laser Direct energy deposition 

is encouraging especially when compared to cast iron and steel, the 

printing technology is mainly focused on replacing these materials due 

to the restrictions in casting from cost to lead time.

Printed ER70S-6 outperformed the Cast alternatives and is comparable 

to forging in many ways.

Factors that effect a Metal 3d Print When comparing 

technologies and need to be managed include;

•  Deposition Method – Arc or Laser, Wire or Powder

•  Material Testing – ensuring the part geometry is designed with 

the weaknesses in mind.

• Cooling Rates – The cooling has a major impact on the 

characteristics of the materials mechanical properties.
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Thank you For Listening 

Are there any Questions?
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