
During planned shutdowns, the equipment in 
refineries and petrochemical plants has to be 
checked. The downtime can require several 
weeks when tanks, vessels, distillation columns, 

and pipes have to be drained and cleaned for 
maintenance or repair. Shutdowns are labour-intensive 
and require accurate scheduling and organisation 
between all projects, as often hundreds of workers are 
on-site. A variety of materials such as greases, tars, fatty 
oils, polymers, or coke and iron sulfide deposits have to 
be removed. There is a particular duty of care to protect 
the health of personnel when carcinogenic benzene, 
toxic hydrogen sulfide, volatile hydrocarbons, or other 
hazardous gases can be released. Senior level personnel 
try to minimise exposure to any situation where health 
risks or accidents could be initiated. This article 
describes chemical cleaning and decontamination 
technologies to achieve a significant reduction in 
downtime and health hazards.

Treatment programmes
Coke fouling on furnace tubes can be taken off by 
controlled combustion with steam and air, but higher 
amounts of coke deposits, or polymers, have to be 
removed manually. Iron sulfide (FeS) is one of the most 
common fouling materials in oil refineries. It easily 
accumulates in heat exchangers, vessels, pipes or 
columns equipped with valve trays or packings. If FeS 
deposits are not removed, they must be kept wet all 
the time. Otherwise there is a high potential for 
spontaneous ignition in the presence of oxygen due to 
its pyrophoric iron nature. FeS oxidises exothermally 

when in contact with air, so most pyrophoric iron fires 
occur during shutdowns as this is when distillation 
equipment is open for maintenance and inspection.

There are different possibilities to form FeS during 
operation and the term ‘iron sulfide’ covers a range of 
crystallographic forms, which are both non-magnetic 
and magnetic.

The reaction (1) describes the conversion of iron 
oxide to FeS in an oxygen-free atmosphere and 
presence of hydrogen sulfide (H2S). Reactions (2) and (3) 
occur as a corrosion product between iron (Fe0 or Fe2+) 
and hydrogen sulfide species: 

Fe2O3  +  3H2S  -->  2FeS  +  3H2O  +  S (1)
Fe0 + H2S  -->  FeS + H2   (2)
Fe2+ (aq.) + H2S  -->  FeS + 2 H+ (aq.) (3) 

Reactions (4) and (5) can occur when vessels, 
columns, heat exchangers or pipes are opened for 
maintenance and inspection. Due to its pyrophoric 
nature, it is a rapid exothermic oxidation process and 
will ignite in the presence of combustible 
hydrocarbons. Therefore, it is of great importance to 
avoid self-ignition of the accumulated fouling material 
that could cause a fire.

4 FeS  +  3O2  -->  2Fe2O3  +  4S  (4)
4 FeS  +  7O2  -->  2Fe2O3  +  4SO2 (5)

Chemical programmes are required when the 
equipment has to be cleaned as quickly as possible to 
minimise downtime costs. In most cases, wash water is 

CURTAILING 
CONTAMINATION

Berthold Otzisk and Dr. Michael Urschey, Kurita Europe GmbH, explore safe 
chemical cleaning and decontamination technologies for the oil and gas industry.



Reprinted from July 2017 HYDROCARBON 
ENGINEERING

used as the diluent and additional solvents such as 
diesel or light cycle oil (LCO) are only required if that is 
part of the normal cooling process prior to the 
cleaning and decontamination process. Many refinery 
customers renounce the use of acid cleaning, chelating 
agents or strong oxidising chemicals as they can cause 
numerous threats, such as unwanted chemical reactions 
or corrosion on the steel equipment, while benzene, 
hydrogen sulfide or volatile gases cannot be eliminated 
simultaneously. 

Contemporary cleaning concepts use 
environmentally friendly chemical programmes, where 
the disposal and/or treatment of waste after cleaning 
and decontamination is always a consideration. The 
difficulty is the simultaneous treatment of liquids, 
gases and solids, where sticky deposits have to be 
removed at the same time as dangerous gases and 
associated odours. The chemical constituents must be 
compatible with all metals when in contact with the 
washing solution. In most cases, chemical cleaning 
includes the safe removal of encapsulated hazardous 

gases (i.e. benzene, H2S) and should be finished after 
8 – 16 hours (at the latest) circulation of the cleaning 
solution. A cleaning and decontamination of a storage 
tank may require some days of operation.

The preferred method is ‘recirculation’ (see Figure 1), 
where approximately 20 – 30% of the system’s volume 
is taken into account when calculating the required 
wash water volume. Before the cleaning solution is 
added into the circulation loop, the system has to be 
drained and flushed with water. Best practice ensures 
the cleaning solution can flow from top to bottom. 
This provides good contact with the equipment and 
sticky deposits that have to be dissolved and removed. 
Typically, a 0.5 – 2.0 wt% aqueous cleaning solution is 
applied within a short period of time at 60 – 80°C. 
After 6 to 16 hours of circulation, the dirty cleaning 
solution can be drained off. After flushing with some 
water and 1 – 3 hours steaming, the manholes can be 
opened, when the decontamination goal for benzene, 
H2S and lower explosive limit (LEL) is achieved with 
analytical results at zero or near-zero.

Benzene should be removed from 
the metal surface and sludge without 
additional mechanical action. It can be 
extracted much faster into the water 
or is diverted to the flare or other 
collection systems. Hydrogen sulfide 
and pyrophoric iron species have to be 
eliminated and mild oxidisers react 
with FeS in a rather slow and impeded 
manner without creating dangerous 
exothermic problems. Small coke or 
polymer particles can be transported 
with the cleaning solution, but it is not 
possible to dissolve crystallised coke 
or polymer fouling deposits. In general, 
clogged heat exchanger tubes can 
minimise the performance when 
product flow through the tubes is 
virtually impossible. 

The oxidiser has to work in both 
liquid and vapour phase applications. 
This is important when ‘steaming’ is 
selected, where the cleaning agent is 
continuously added into the steam in 
the parts per million (ppm) range for 
6 to 16 hours. As a rule of thumb, 
steaming with a chemical programme 
will reduce the downtime up to 75% 
compared to conventional steaming. 
One disadvantage of this method is 
that fouled packings bear the risk of 
channeling effects. The steam could be 
released through some channels too 
quickly to be in contact with the 
remaining fouling deposits. 

‘Cascading’ seems similar to 
‘recirculation’, but, in total, more 
chemicals may be needed and smaller 

Figure 1. Flow directions of the cleaning solution.

Figure 2. The cleaning procedure in four steps.
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amounts of the cleaning agent would be continuously 
dosed for some hours.

Case study 1
In an oil refinery in western Europe, a vacuum column 
needed to be completely dismantled and replaced after 
many years of operation. Large amounts of materials had 
accumulated over time in the bottom section of the 
column, meaning there was a high risk of self-ignition 

during the destruction of the distillation equipment. It 
was also suspected that some health threatening gases 
might be released during destruction. Therefore, a 
‘circulation’ of the chemical treatment programme was 
selected, combining the removal of sticky materials, the 
elimination of pyrophoric iron species, and the safe 
removal of hazardous gases.

Typically, a circulation loop is used for cleaning and 
decontamination procedures, where the cleaning solution 

is pumped at 60 – 80°C from the bottom 
section to the top of the column, where 
it can flow downwards. In this case, it was 
not considered a good option because 
the high amounts of dissolved materials 
would be pumped into the upper part, 
which was not so polluted. Therefore, the 
circulation was divided into four parts 
(Figure 2), where the cleaning solution 
was drained in stages after several hours 
to the next lower level to avoid 
contaminating the clean sections. 
Flexible, chemical-resistant hoses and 
mobile dosing pump equipment were 
used to ensure the circulation and 
transfer of the cleaning solution at all 
circuits. Every 30 to 60 minutes, samples 
were taken to control the relevant 
analytical parameters such as pH, 
conductivity, concentrations of iron, 
sulfide, sulfate, H2S, LEL, strength of the 
cleaning solution, and appearance of the 
samples.

Kurita’s new cleaning solution 
(Figure 3) was added to the top 
pumparound for circulation and the 
upper part was later used for storing the 
cleaning solution. After some hours of 
circulation, the cleaning solution was 
drained from the top pumparound 
section to the medium pumparound 
level to clean that part as well. Figure 4 
(from left to right) shows the 
chronological sequence during the 
medium pumparound cleaning. High 
amounts of sticky deposits were 

Figure 3. Preparation of the CD cleaning solution.

Figure 4. Samples taken during the cleaning of the medium pumparound.
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mobilised and the formation of an oil phase clearly 
demonstrates the cleaning effect. After five hours, the 
very dirty and oily cleaning solution was drained off to 
the wastewater plant for further treatment. A new 
cleaning solution was added and circulated for several 
hours. A release of hazardous gas was not observed at 
any time.

Part of the dirty cleaning solution was drained off 
some hours later to the wastewater plant and the 
remaining liquid phase was mixed with fresh cleaning 
solution from the top pumparound section. This 
solution was then transferred to the bottom 
pumparound circuit. While this part was cleaned, fresh 
cleaning solution was pumped to the top section to 
keep the top pumparound and medium pumparound in 
operation. 

Finally, the bottom part of the column and the 
furnace were cleaned with the same approach. The 
appearance of the bottom samples showed high 
amounts of dissolved deposits, sludge and oil bound in a 
temporary emulsion phase, while the dirty cleaning 
solution was drained off and the bottom section and 
furnace tubes were filled again with cleaning solution 
from the upper sections. After several hours circulation, 
the column was completely drained off and flushed with 
clean water, which was added to the top section to flow 
downwards. The cleaning and decontamination results 
were excellent and no pyrophoric iron, benzene, LEL or 
other hazardous gases were observed. One advantage 
was achieving specific deadlines without delays.

Case study 2
In a crude distillation unit, the heat exchangers of the 
hot preheat train were frequently fouling and needed to 
be cleaned regularly. Equipped with flanges and valves, 
single exchangers can be separated during operation 
from the heat exchanger train, which is when two of 
them were cleaned.

An intermediate storage tank with mobile circulation 
pump and flexible hose lines was connected to the 
flanges and valves of the two heat exchangers. Shell and 
tube sides of the two exchangers were cleaned one after 
the other. First of all, crude oil was rinsed through the 
connected shell sides for two hours. The dirty 
hydrocarbon phase was discharged to the slop oil 
system. Afterwards, a 2 wt% aqueous solution of a 
cleaning agent was circulated through the shell sides of 
the two heat exchangers with the mobile equipment for 
approximately eight hours at 80°C. The same procedure 
was then carried out with the tube sides of the two heat 
exchangers.

Samples were frequently taken from the intermediate 
container during the cleaning procedure to monitor the 
treatment’s progress.

The green markers in Figure 5 show the improvement 
after cleaning. The customer expected an improvement 
in the heat exchanger performance by +1.5 Gcal/hr after 
cleaning. This is the common result when a conventional 
chemical cleaning programme is used. Later, both heat 
exchangers were put back into service to evaluate the 
performance of the cleaning. It was confirmed there was 
an improvement of +2.0 Gcal/hr, a benefit of more than 
30%.

Conclusion
Today, shutdown work must be carried out as soon as 
possible in order to minimise production losses. This is 
why modern cleaning concepts are becoming more 
important, as they can safely remove materials that are 
difficult to manage or harmful gases.

In collaboration with personnel, the temporal 
sequences can be planned and performed to a higher 
standard. Compared to traditional steaming methods, 
this can result in time savings of up to 70%, justifying the 
use of modern cleaning and decontamination 
programmes during shutdown procedures. 

Figure 5. Duty and fouling factor calculation of the two cleaned exchangers.


