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INTRODUCTION
Changes in the energy industry have caused a switch in 
the feedstocks used in the production of fuels as we look 
for sustainable solutions. According to the International 
Energy Agency (IEA), biofuel usage is growing at around 
6% a year1.

Biofuels are considered to have a low carbon footprint. 
For example, one gallon of biodiesel produces 74% less 
emissions than traditional diesel2 (2,661 grams of CO2 
compared to 10,180g of CO2).

The switch to lipid fuel feedstocks offers challenges 
to the tank owners (is there a need to re-line storage 
tanks or will the existing lining work?) and to the 
lining suppliers (will our linings offer appropriate 
performance?).

Lipid feedstocks for the production of renewable 
diesel, sustainable aviation fuel or biofuel have different 
complications in storage than traditional fossil fuel (crude).

Depending on the storage temperature and the time 
between loading and unloading these feedstocks can 
be considerably more aggressive to coatings and linings 
used for internal protection of storage tanks.

Due to this different exposure, decades of track record 
and laboratory testing for linings are no longer relevant 
– we must understand the new normal, backed up with a 
fresh approach to testing.

PREVIOUS WORK (HISTORY)
Through a series of studies, three key linings were used, 
allowing for continuity:

A.  Solvent-free/UHS epoxy phenolic novolac 
(traditionally rated to ~266°F (130°C) in crude)

B.  Solvent-free novolac epoxy (traditionally rated to 
~302°F (150°C in crude)

C.  Novolac glass flake vinyl ester (Acid-resistant lining 
rated to ~212°F (100°C))

The first study was isothermal (in accordance with NACE 
TM-0174 Procedure B). Tests were run for a prolonged 
period (up to 24 months):
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Lining degradation in these studies had not manifested 
after six or 12 months and in typical tests may have been 
deemed acceptable (which is not the case). 

Similar exposures (with similar results) were carried out 
using beef tallow and vegetable oil with free fatty acid 
added (FFA) to mimic waste cooking oil.

These studies reported a clear time and temperature 
relationship with performance, as  the initial degradation 
commences at the vapor-liquid interface  
(see conclusions). 

Concurrent to these exposures, the oil was monitored 
analytically for compositional changes:

This upward trend in free fatty acid with time and 
temperature explains the observations seen in the 
immersion studies (the acid content builds up and 
surpasses the linings' ability to resist at a critical level).

CYCLIC STUDY
Real exposures to feedstocks do not include long-term 
exposures. It is reported that cargo cycling is likely to be 
less than 30 days between full to empty. On this basis, 
cyclic testing (combined with oil analysis) has been 
commenced to enable a direct comparison with standard 
long-term exposure. At this stage, we have completed 
one (1) six-month cycle as illustrated below:

15 months exposure in vegetable oil (+DI water) at 160°F [71°C]

15 months exposure in vegetable oil (+DI water) at 180°F [82°C]

160°F

180°F
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In these exposures, an uncoated, grit-blasted steel panel 
was included to monitor corrosivity to steel. All tests 
were completed at the higher anticipated temperature 
of 180°F (82°C) – pitting corrosion was seen in the vapor 
phase of all panels:

OBSERVATIONS
Exposure of the uncoated, grit-blasted steel panel has 
shown corrosion occurs at the vapor interface (where the 
oil becomes rancid in contact with air) and at the lower 
end (water rich area) where FFA concentrates in the 
aqueous phase.

CONCLUSIONS AND NEXT STEPS
The latest stage of testing shows a performance 
difference between continuous (with no refreshment of 
the lipid) and cyclic (refreshing of the lipid feedstock) 
exposure. Evidence suggests this is related to the level 
of FFA content which is considerably lower in the cycle/
refresh samples.

The relationship between acid resistance and performance 
is further evidenced by the superior performance of the 
novolac glass flake vinyl ester (discoloration only) – due to 
its tolerance to organic acids (formed during degradation 
of the lipids).

Due to the time/temperature relationship – these 
studies will be continued up to 24 months to generate 
comparative real-time data.
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Vegetable oil and water – eight months cyclic exposure 
 at 180°F [82°C]

Vegetable oil and water – six months exposure (no cycling)  
at 180°F [82°C]

Free fatty acid in cycled oil shows a very flat/slight increase in  
time compared to the massive jump when not cycled. 

https://www.iea.org/energy-system/low-emission-fuels/biofuels.  
https://www.iea.org/energy-system/low-emission-fuels/biofuels.  
https://www.energy.gov/  
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