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SULFUR STORAGE 
TANK CHALLENGES:
PART TWO
In the second part of a two part article, 
Brandon Forbes and D.J. Cipriano, 
AMETEK/Controls Southeast Inc., USA, 
explain how the challenges created by the 
storage of sulfur at a refinery on the US 
Gulf Coast were addressed.

In the first part of this article, published in the May/June 2021 
issue of World Fertilizer, the challenges arising from the 
storage of sulfur were outlined. The concluding part of this 
article will explore how a team at a working facility on the US 

Gulf Coast successfully met these very challenges.  
Prior to 2006, sulfur tanks at a company’s refineries on the 

US Gulf Coast were heated primarily with internal steam coils. 
The tanks were fully insulated, but no additional methods were 
employed to maintain the wall or roof temperature. These tanks 
did not typically last longer than 10 years before full 
replacement was required due to extensive corrosion.

Corrosion would occur in several locations, with the roof 
and upper shell being the most common. Corrosion of the roof 
and upper sidewall would occur both from the inside and from 
the outside. Corrosion from the inside was likely due to iron 
sulfide formation; corrosion from the outside was likely due to 
ambient water contact.

Additionally, the internal steam coil would occasionally fail 
and release steam into the tank. The increased moisture content 
would accelerate the formation of iron sulfide and compound 
the problems.

Repairs were typically required on a yearly 
basis to patch or replace corroded sections. 
Implementing repairs required that the tank be 
taken out of service and cleaned so that 
maintenance personnel could enter the tank. This 
process was both costly and disruptive to plant 
operations.
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A better way
In 2006, a sulfur tank at one of the Gulf Coast refineries was 
identified as being beyond its usable service life; the tank was 
only 7 years old. The company started looking for an 

alternate tank heating method to apply to the replacement 
tank. This heating system needed to increase tank safety and 
reduce tank corrosion to extend the service life. Preventing 
the formation of iron sulfides was considered to be of 
primary importance, as this would reduce the amount of 
flammable material in the tank as well as reduce the corrosion 
rate. The company established two key improvements that 
they wanted to see in a tank heating system:

 n The heating system should be configured in such a way 
that steam leaks would not introduce additional moisture 
into the interior of the tank.

 n The heating system should provide heat to the shell and 
roof.

At the time, Controls Southeast Inc. (CSI) had extensive 
experience heating tanks and vessels using ControTrace 
panels. These were typically applications where the objective 
was process temperature maintenance. CSI also had extensive 
experience heating sulfur vapour and tail gas lines where the 
objective was to maintain a uniform pipe wall temperature. 
Experience with sulfur tanks specifically, where the objective 
is both process and wall temperature maintenance, was 
limited to only two prior applications in 2003 and 2005 (and 
one concurrent 2006 application). These were working well 
but were young enough that a detailed review of the tank 
condition had not yet been performed. Thus, the use of 
ControTrace on sulfur tanks was a relatively new technology.

The company recognised that the ControTrace external 
heating system met and exceeded their criteria. Specifically, 
the heating system not only provided heat to the tank shell 
and roof but did so in a way that ensured a uniform surface 
temperature throughout. The company therefore chose this 
technology for their new sulfur tank at the Gulf Coast facility.

New sulfur tank
In 2007, the company commissioned a new sulfur tank at the 
Gulf Coast facility. The tank is 40 ft dia. by 48 ft tall and 
fabricated from A36 carbon steel. Sulfur in the tank typically 
contains approximately 100 ppm hydrogen sulfide (H2S). The 
tank utilises the ControTrace heating system, designed to 
maintain the sulfur at or above 275˚F (135˚C) and the tank 
wall/roof surface at or above 255˚F (124˚C). The system is 
comprised of external, bolt-on heating panels applied to 
both the shell and the roof. Heating elements were also 
provided for various nozzles, including the roof vents. 

The panels are attached with a combination of 
circumferential cables on the shell and studs on the 
roof. Overall, the installation went smoothly. A few 
improvements to the installation hardware were identified, 
including increasing the cable length; decreasing the stud 
length; providing extra attachment hardware near large 
nozzles where tank wall distortion is likely; and improving the 
instructional clarity of the documentation. CSI’s current 
offering considers these and other design improvements.

In 2016, the company performed the first 
major inspection of this sulfur tank. The tank had 
operated continuously from 2007 to 2016 without any 
notable problems. The inspection revealed corrosion of the 
tank floor, but no significant corrosion of the heated tank 
wall, roof or nozzles. Highlights of the inspection by tank 
region were as follows:

Figure 1. 

Figure 2. Tank chime overview (bottom corner).

Figure 3. Corrosion and scale under tank chime.
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Tank – external
Insulation deterioration was noted at several locations. One 
quadrant of the roof had particularly poor insulation; regular 
water intrusion was likely occurring in this area. At the base 
of the tank, significant corrosion was observed on the 
under-side of the chime (joint between the shell and the 
tank bottom). Additionally, sulfur was observed seeping out 
from under the tank at two locations around the tank 
perimeter. Some cracking and chipping of the concrete tank 
foundation was observed, particularly in the area closest to 
the tank base.

Tank roof and vent nozzles
Ultrasonic wall thickness measurements were taken at 24 
different locations on the tank roof and four locations on 
each vent nozzle. A light coating of rust was noted on 
both the internal and external surfaces, but there was no 
scale/pitting. The ultrasonic testing (UT) measurements 
showed that no wall thinning had occurred. The vents were 
all clear, with no significant sulfur build-up.

Tank shell
Ultrasonic wall thickness measurements were taken at 156 
different locations on the tank shell. Again, a light coating of 
rust was observed on both the internal and external surfaces. 
Wall thinning of the shell was observed only on the bottom 
1 in. near the chime. Wall thinning in this region was 
calculated to be occurring at a rate of 0.0034 in./yr. At this 
rate, the tank wall’s thickness is projected to drop below the 
design thickness in the year 2082.

Tank floor
Ultrasonic wall thickness measurements were taken at 209 
different locations on the tank floor. Measurements at 32 of 
those locations showed that the floor’s thickness was at or 
below the design thickness. All 32 of these locations were 
within 1 in. of the chime. A single through-hole was found – 
also at the tank perimeter. The corrosion of the tank bottom 
occurred primarily on the bottom-side of the plates (from 
the ground-up); the top surface of the plates was observed 
to be relatively corrosion-free.

Epoxy coating
The tank utilises an internal epoxy coating applied only to the 
tank floor and bottom 10 ft of the shell. The epoxy coating 
was mostly intact but had failed around weld seams and a 
few other locations. No additional corrosion was observed in 
the areas where the coating had failed, leading to the 
conclusion that the coating was likely to not be providing 
much benefit.

Corrosion mechanism
As can be deduced from the above observations, 
the only significant concern revealed by the inspection 
was the corrosion of the tank floor occurring from the 
outside-in. The mechanism for this corrosion was thought to 
be water and sulfur making their way under the tank from the 
outside. 

The concrete pad on which the tank sits has a significantly 
larger diameter than the tank and does not slope away from 
it. Rainwater that falls on the pad sits up against the chime 

and seeps under the tank. The water by itself is likely to cause 
some corrosion of the tank floor. However, if sulfur were to 
mix with the water, the corrosion rate would accelerate. 
The hot tank bottom would likely drive off some portion of 
the water, leaving a more concentrated water/sulfur mixture. 
This mixture is likely to form sulfuric acid and/or iron sulfide. 

Figure 4. Typical interior shell/roof surface with light coating 
of rust.

Figure 5. Tank shell measured thickness compared to nominal 
and minimum thickness; note single point of wall thinning at 
0.08 ft elevation.

Figure 6. Typical tank floor surface with bottom-up 
corrosion near perimeter; boxes mark UT measurement 
locations.
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In either case, accelerated corrosion would be expected. 
Sulfur is observed to condense around the tank vents and 
occasionally spill as a result of maintenance activities. Thus, 
some quantity of sulfur is typically observed on the concrete 
pad. There is high confidence that the corrosion mechanism 
described above is accurate.

Heating system performance
The ControTrace heating system provides heat to the tank 
shell, roof and vent nozzles. Of these surfaces, the only area 
that experienced corrosion was the bottom 1 in. of the tank 
shell. This result shows that the heating system was effective 

at keeping the tank surfaces hot and preventing the corrosion 
mechanisms that had been experienced with previous sulfur 
tanks.

The corrosion on the bottom 1 in. of the shell is likely the 
result of three factors:

 n The diameter of the tank bottom is approximately 12 in. 
larger than the tank shell. The floor plates thus extend 
out beyond the tank shell and insulation, forming a 
thermal ‘fin’ that draws heat away from the bottom 
corner of the tank.

 n Water intrusion under the tank creates a significant heat 
load that also draws heat away from the bottom corner 
of the tank.

 n The tank insulation does not extend all the way down to 
the floor of the tank. A small section of the tank shell is 
left exposed, further lowering the shell temperature at 
the bottom corner of the tank.

Tank repairs
To address the tank floor corrosion, the company replaced the 
old 3                                           8 in. floor with a new ½ in. floor. The new floor is 
expected to provide a service life of approximately 10 years, at 
which time it will likely need to be replaced again. Other 
minor findings were addressed, including replacing the 
insulation, applying a new internal epoxy coating and sealing 
the cracks observed in the concrete pad. It is expected that 
sloping the pad away from the tank and changing the design 
of the bottom corner of the tank would significantly reduce 
the rate of floor corrosion. However, it was decided that the 
cost of such changes could not be justified on an existing 
tank.

Comparison tank
A separate (second) sulfur tank was also commissioned in 
2007, this one located at a separate Gulf Coast facility owned 
by the same company. Similar to the first tank discussed 
above, the company wanted to use an external heating 
system that would remove the internal coils and maintain the 
temperature of the shell and roof. To reduce costs, the 
company chose to use panel coils (or plate coils) to heat the 
second tank.

Panel coils are constructed from two plates that are 
stitched together to form a panel. Steam is applied to the 
space between the plates, and the assembly is attached to the 
exterior surface of the tank. Panel coils are practically limited 
to a rectangular profile; thus, they must be placed on the tank 
with considerable space between them to accommodate the 
tank roof’s geometry and to avoid nozzles. These gaps 
between the panels are large enough that the resulting tank 
surface temperature is non-uniform.

In 2017, the second sulfur tank was inspected in the same 
manner as the first. The detailed report was not made 
available for review, but the following repairs were necessary 
due to extensive corrosion:

 n The complete tank roof was replaced; roof corrosion was 
most prominent around the nozzles.

 n Two patches were required on the shell due to wall 
thinning.

 n Two patches were required on the floor due to wall 
thinning.Figure 8. Summary of recommended changes to tank design 

to reduce floor corrosion.

Figure 7. The second sulfur tank panel coil arrangement.
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 n An annular ring was installed on the floor to address wall 
thinning at the perimeter.

Both ControTrace and panel coils effectively maintain the 
liquid sulfur’s temperature. However, only the former 
maintains a uniform wall temperature distribution. Contrasting 
the first and second tank highlights the benefit of keeping the 
tank surface above the freezing point of sulfur at all locations.

Lessons learned
The company’s tank experience leads to several key takeaways 
that can be applied to other sulfur tank applications:

 n Maintaining the tank shell, roof and vent nozzles above 
the freezing point of sulfur should be a high priority. 
Without adequate heat, plugging of the nozzles can result 
in hazardous H2S build-up in the vapour space, and sulfur 
on the wall/roof surface can result in the formation of 
pyrophoric iron sulfides and rapid tank corrosion.

 n The ControTrace tank heating system maintains a uniform 
temperature for the tank shell, roof and vent nozzles. This 
approach can reliably prevent costly corrosion and the 
hazardous situations mentioned in this article.

 n The tank heating system also effectively maintains the 
temperature of the liquid sulfur. While it was not 
discussed in detail in this report, this sulfur tank included 
internal steam coils as a back-up heating system, but they 
were never used.

 n The bottom corner of the tank is susceptible to corrosion 
due to a combination of heat loss and water/sulfur 
intrusion under the tank. Adopting some minor design 

changes to this area should reduce the corrosion rate 
significantly:
 § Slope the concrete foundation away from the tank; this 
will help prevent water/sulfur from seeping under the 
floor.

 § Design the tank chime area so that it does not protrude 
beyond the tank insulation; this will help maintain the 
temperature of the bottom corner.

 § Extend the tank shell insulation all the way down to the 
foundation; this will help maintain the temperature of 
the bottom corner. Foamglass or other waterproof 
insulation should be used where the insulation meets 
the ground.

 § Configure the tank vents and other equipment to 
minimise the amount of sulfur that drips on the 
concrete pad; this will help prevent sulfur from 
seeping under the floor. Minimising the diameter 
of the concrete foundation is one method of achieving 
this. 
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