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Re-Lifing a CO2 Absorber Tower Using Welding Robots

1. Introduction 
The Moomba processing plant in 
central Australia processes raw 
gas with 20% CO2 down to sales gas 
specifications. This is completed 
through CO2 removal trains using 
the UOP Benfield process (a 
recirculated hot potassium carbonate 
solution). The plant commenced 
processing natural gas in 1969 and 
was expanded in the 1970s and 80s 
to seven trains with a combined 
throughput of 600 TJ/d. 

Corrosion in the CO2 trains, and 
more specifically in the top of the 
CO2 absorbers was first noticed in 
the 1980s. Over time this led to one 
of the absorber towers requiring 
refurbishment. A project was initiated 
in 2006 to re-life this Absorber by 
replacing metal lost to corrosion 
and at the same time upgrade the 
metallurgy to provide corrosion 
protection. The refurbishment needed 
to be completed during a routine 
plant shutdown and fit within the 
existing maintenance window.

2. Technical Challenges 
2.1 The Welding Process 
The MIG (Metal Inert Gas) welding 
process was chosen with welding 
robots mounted to circumferential 
tracks attached to the tower wall 
(figure 1). The automated process 
allows large amounts of weld 
metal to be applied quickly with a 
repeatable and high quality result. 
The process involves feeding solid 
wire to a welding head under an 
argon/CO2 blanket. The welding robot 
traverses back and forth around the 
circumference of the vessel indexing 
up or down at the end of each row. 
The robots are set to traverse a 
segment of the vessel which allows 
multiple machines to be used at 
the same time. While they are fully 
automatic, a welding technician is 

still required to monitor and fine tune 
welding parameters.

2.2 Proof of Method – Welding Trials 
Fortunately a six metre high strake 
(figure 2) was available with a 
similar material, wall thickness 
and diameter to the Absorber. This 
provided an excellent test bed as 
it also included a manway which 
provided the opportunity to prove 
the method for welding nozzles and 
manways, which would be required 
later in the final project.

Austenitic stainless steels show 
excellent resistance to CO2 corrosion 
and so were the logical choice to 
provide corrosion protection. For 
the trial, Alloy 317L was chosen 
along with 309L as this alloy has 
a proven history as a weld overlay 
within the hydrocarbon industry. 
The combination of dual layer of 
carbon steel with stainless steel 
was included as there was a need 
to build up areas that had corroded, 
particularly around weld seams. 

These test panels (figure 2) with the 
addition of post weld heat treatment 
(PWHT) represented all the variations 
that were likely to be required.

An inspection and testing program 
was developed with the help of 
welding specialists and AS/NZS 
3992 “Pressure Equipment, Welding 
and Brazing Qualification”. Testing 
focused on bonding, porosity, 
metallurgical properties and deposit 
chemistry. The dual layer carbon 
steel and 317L stainless steel 
overlay (filler ER70S-6 and ER317L 
respectively) proved to be the best 
performer from the welding trial 
and therefore was chosen as the 
preferred method of repair.

3. Logistics 
While the technical problems were 
being resolved a number of logistical 
challenges were beginning to 
emerge, of particular importance was 
controlling the ambient temperature 
inside the absorber during welding.

3.1 Access 
Internally a purpose built scaffold 
was built for the welders (Figure 3). 
This allowed the welding machines 
freedom of movement, welding to 
continue on two levels, and provided 
access for cooling ducts and power 
cables. It also isolated and protected 
the two teams of men who were 
working with power tools and welding 
equipment essentially above each 
other. Externally scaffolding was used 
to provide a quick and easy means 
of access to the tower for the heat 
treatment technicians to set and 
adjust their heating pads and for the 
non-destructive testing teams to 
complete their inspections. 

3.2 Welding 
Two strakes of the tower required 
repair (38 m2). At an estimated 
finished overlay thickness of 10 mm; 
this represented 3200 kg of weld 
metal. Included in this area were 
two manways, small bore nozzles, 
an internal tray support ring, three 
external platforms and numerous 
instrumentation fittings. A buttering 
layer of carbon steel was applied 
first, followed by the 317L stainless 
steel (as per the learnings from the 
welding trials). Welding continued 
24 hrs a day simultaneously on two 

levels (4 welding robots in total). 
This required a review of in-house 
confined space entry procedures with 
two teams working very closely and 
above each other. Separate entries 
and exits were provided for each 
space along with confined space 
watchers. Site operations, safety and 
maintenance teams were heavily 
involved in accessing the risks, 
completing safety assessments and 
rescue plans, and developing the 
necessary procedures to allow a 
double entry into a confined space. 
Without their considerable input and 
support the project would not have 
been completed on schedule.

3.3 Cooling 
The repair was completed in January 
in central Australia where day time 
temperatures exceed 40° C. On top 
of this the carbon steel welding 
procedure called for a preheat of 
150° C. Magnetic heating pads were 
employed externally to provide 
accurate temperature control, but 
more importantly to allow only the 
immediate area being welded to be 
preheated to reduce the heat load on 
the confined space. Cooled air was 
supplied to the vests and helmets 
worn by the welders and chilled air 
was supplied to the tower through a 

refrigerated air conditioning system. 
Air temperatures were continually 
monitored inside the tower and the 
welders were changed out regularly to 
manage heat stress. These measures 
were very effective with no incidents 
of heat stress or fatigue encountered.

4.  Quality Control – Inspection 
and Testing

A full time welding inspector and 
quality control supervisor was 
employed to monitor the welding 
machines and processes against the 
procedures developed earlier and to 
compile a comprehensive materials 
data report.

4.1 Weld Metal Bonding 
Phased array ultrasonics was chosen 
because of its ability to quickly scan 
large areas and provide a digital 
record. The technique was used to 
identify any porosity, lack of fusion 
or cracking in the weld overlay 
and parent metal. The testing was 
completed externally with the 
ultrasonics technician following the 
welding process as close as possible 
to provide results and feedback as the 
job progressed and to facilitate timely 
repairs and manage work load. Only 
a few defects were found; they were 
caused by lack of fusion between the 
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FIGURE 1 – Welding Robot Applying Weld Overlay

FIGURE 2 - Trial Strake and Completed Test Pad
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welding runs of the stainless steel 
overlay. They were ground out and 
repaired manually.

4.2 Weld Metal Chemistry 
Dilution of the weld deposit is a 
concern with weld overlays. Mixing 
of the parent metal with the stainless 
steel weld metal being deposited 
results in dilution and a loss of 
alloying elements which adversely 
affects corrosion resistance. A 
portable X-ray analyser was used to 
measure the final composition of the 
overlay. As well as testing the surface 
of the overlay, small areas were 
ground down by 2mm to check the 
level of dilution below the surface. All 
readings met the alloy specification 
for 317L. 

4.3 Hydrotest 
AS/NZS1210 – 2010 “Pressure 
vessels” provides the justification 

for hydrostatic testing. Considering 
the amount of welding that had been 
completed on the vessel shell, a 
hydrotest was considered mandatory 
and was completed at 1.5 times the 
design pressure. As the vessel was 
designed to operate full of liquid 
there was no concern with the 
foundations supporting the weight 
of the 80m3 of water that would be 
required to fill the tower. Distilled 
water with a chloride content below 
50ppm was used to prevent chloride 
stress corrosion cracking of the new 
317L stainless steel.

5. Conclusion 
The repair and refurbishment of an 
absorber tower was successfully 
completed by applying a dual 
layer carbon steel and stainless 
steel weld overlay. This repair was 
completed during a routine plant 
shutdown using four welding robots 

working on two levels 24 hours a 
day, and was completed in 12 days 
(excluding PWHT). 

Due to the remoteness of the site 
and the complexity of the task a 
number of logistical and technical 
challenges were successfully 
resolved; these included developing 
welding specifications, controlling 
weld quality and managing heat 
stress on the welding personnel. A 
comprehensive testing regime was 
used to access the integrity of the 
weld overlay and prove the vessel as 
fit for return to service. The vessel 
was considered to have been re-lifed 
for the remaining economic life of the 
asset, 20 years.
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FIGURE 3 –Showing Internal and External Scaffolding
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