
Corrosion inhibition for cooling water systems in 
refineries and petrochemical plants is a challenge – 
especially in times where environmentally friendly 
treatment programmes are favoured.

Open cooling water systems consist of critical equipment 
such as recirculation pumps and heat exchangers, which are 
often made of carbon steel. Due to its nature, carbon steel will 
corrode in water, leading to equipment damage, high 
maintenance work and, consequently, unscheduled plant 
shutdowns. To avoid unacceptable corrosion, the cooling 
water quality is adjusted and corrosion inhibitors are applied.

For decades, corrosion inhibition has been achieved with 
phosphates, phosphonates, zinc and combinations of these 
substances. Besides providing good corrosion protection, the 
discharge of commonly applied corrosion inhibitors is, from an 
environmental perspective, often critical. They have poor 
biodegradability and the discharge of heavy metals, such as 
zinc, should be avoided.

During recent years, an increasing environmental 
awareness has lead to much stricter limitations for the 
discharge of corrosion inhibitors. To comply with these 
limitations, while providing a strong corrosion protection, 
Kurita Europe has developed a new low phosphorous, heavy 
metal free corrosion inhibitor; a phosphorous modified 
organic acid (PMOA). This corrosion inhibitor is based on 

natural and renewable organic acids and is inherently 
biodegradable.

Performance

Corrosion inhibition
The background of the development of the PMOA was to find 
an environmentally friendly molecule providing a strong 
corrosion inhibition effect. Hence, the first series of 
experiments in Kurita's European R&D centre evaluated its 
corrosion inhibition performance in comparison to standard 
inhibitors. The results of these tests are shown in Figure 1. 
PMOA shows good efficiency. Zinc, phosphate and polyacrylic 
acid were chosen to represent state-of-the-art yet poorly 
biodegradable inhibitors, whereas polyaspartic acid is an 
example of a green inhibitor. The water quality at which the 
inhibitors were tested is shown in Table 1.

PMOA indicates a slightly better performance than zinc. A 
corrosion inhibition of more than 90% was achieved, 
indicating the potential of the newly developed corrosion 
inhibitor. Polyaspartic acid and polyacrylic acid are both well 
known for their anti-scaling efficiency, but, as expected, show 
little corrosion inhibition abilities.

After showing a strong corrosion inhibition performance in 
the first test runs, the performance of PMOA was evaluated in 
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more detail by varying important parameters of the water 
quality and inhibitor concentration. The impact of the pH, the 
water hardness, different chloride concentrations and the 
water temperature were observed especially.

Impact of the calcium concentration and pH
Cooling water systems are operated at a wide range of different 
calcium concentrations. Sometimes, softened or desalinated 
water is used where no hardness is present. In other systems, 
very hard makeup water is used and the calcium hardness in the 
cooling water can easily increase to 10 mol/m3 (1000 g/m3 as 
CaCO3) or more. Therefore, corrosion tests at different 
Ca2+-concentrations between 0 and 10 mol/m3 were conducted.

It is apparent from Figure 2 that PMOA is able to protect 
the metal from corrosion, even if no calcium is present. 
Furthermore, the corrosion inhibition of PMOA is almost 
constant between 70 and 80%, up to a Ca2+ concentration of 
10 mol/m3.

Another series of tests was carried out to evaluate the 
corrosion inhibition performance of PMOA at different 
pH-levels. Figure 3 shows the results of corrosion tests on 
carbon steel as a function of the pH of the test water. 
Typically, cooling water systems are operated at pH levels 
between 7.0 and 9.0, which is why the tests were carried out in 
this range. During these tests, it was proven that the corrosion 
inhibition efficiency of PMOA is almost independent from the 
pH within the usual range of cooling waters.

Chloride and temperature variation
The chloride concentration in cooling water ranges typically 
from 200 – 500 ppm. Chloride is an aggressive ion, and at high 
concentrations it lowers the efficiency of corrosion inhibitors. 
Also, the corrosion inhibition efficiency of PMOA decreases 
with increasing chloride concentrations. However, corrosion 
inhibition in the common chloride range is more than sufficient.

To estimate the influence of fluctuating cooling water 
temperature, tests at three different water temperatures were 
conducted: 25, 30 and 40˚C (77, 86 and 115˚F, respectively). The 
results show that PMOA performs well, independent from the 
temperature.

Chlorine stability
Inhibitor programmes applied in cooling water systems need 
to meet high demands. Since oxidising biocides, especially 
chlorine or bleach, are often used as a biocide, a corrosion 
inhibitor needs to have a high stability against them.

To evaluate the chlorine stability, a series of tests were 
conducted in which PMOA and other standard phosphonic 
acids – aminotrismethylenephosphonic acid (ATMP), 
hydroxyethylenediphosphonic acid (HEDP) and 
hydroxyphosphonoacetic acid (HPA) – were compared. The 
results are shown in Figure 4. With regard to chlorine stability, 
PMOA performs well. After 4 hours with 1 ppm Cl2, the loss is 
only 21% for PMOA. 

Hardness stabilisation
Besides providing a strong corrosion protection, PMOA also 
shows excellent properties as an inhibitor for calcium 
carbonate. Even at very low dosing rates, an almost complete 
scale inhibition is achieved. The performance is comparable to 
polyacrylic acids, while outperforming the biodegradable 

Figure 1. Corrosion inhibition of PMOA and other 
standard inhibitors.

Figure 2. Corrosion inhibition of PMOA at different 
calcium levels.

Figure 3. Corrosion inhibition of PMOA at different 
pH-levels.

Table 1. Water quality for corrosion tests

Parameter Unit Value

pH - 8.2

Total hardness mg/l CaCO3 150

Calcium hardness mg/l CaCO3 120

Total alkalinity mg/l CaCO3 95

Chloride mg/l 60
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polyaspartic acid. PMOA can be the backbone of a complete 
treatment programme for cooling systems due to its corrosion 
inhibition and anti-scaling efficiency.

Figure 4. Chlorine stability of PMOA and standard 
phosphonic acids.

Figure 5. Corrosion coupons from evaluation tests.

Figure 6. Corrosion rate and deposit for an all-organic and 
PMOA-based treatment programme obtained in a refinery 
cooling system. The contribution of each programme 
to the PO4-level in the cooling water is indicated. 
(1 mm/a = 40          MPY; 1 g/m2 = 0.092 g/ft2).

Ecology and toxicity profile
PMOA exhibits a low toxicity (LD50 rats > 5000 mg/kg) and 
is neither irritant to the skin or eyes nor has a  
skin-sensitising effect. Furthermore, it does not 
demonstrate a mutagenic effect. The new corrosion 
inhibitor has a balanced biodegradability. It is not readily 
biodegradable, which probably would cause a significant 
degradation already in the cooling system, but its 
biodegradability is enough to be degraded in the receiving 
water or sewage plant. Furthermore, the no effect 
concentration (NOEC), both for algae and daphnia, is far 
higher than the expected concentrations in surface waters. 
Thus, it can be concluded that the application of PMOA is 
both safe for humans and the environment.

Synergy
In order to further enhance the corrosion inhibition 
efficiency, synergies of PMOA with other corrosion 
inhibitors were evaluated. For this purpose, tests were 
conducted in which the portion of PMOA and other 
phosphonates was varied between 0 and 100%. The total 
inhibitor concentration was kept at 20 g/m3 in all tests. The 
best corrosion inhibition was achieved at a combination of 
60% PMOA and 40% of a standard phosphonic acid.

As a result of the synergy tests, Aktiphos 4170 
(product A), a formulation based on PMOA and a standard 
phosphonic acid, was developed to leverage the improved 
corrosion inhibition. Additionally, product A contains a 
dispersant and a nonferrous metal inhibitor.

Corrosion tests in a pilot plant
The formulation described before was studied in a pilot 
cooling system to determine the corrosion inhibition 
efficiency under realistic and critical conditions. The 
formulation product A, containing PMOA, was compared 
to two other standard corrosion inhibitors: a formulation 
based on the high performance corrosion inhibitor HPA and 
a low phosphorous containing product. Both formulations 
contain a dispersant and nonferrous metal inhibitor. The 
low phosphorous product additionally contains 
ortho-phosphate and an amine compound.

The tests in the pilot plant showed that after 25 days of 
operation, product A demonstrated an excellent corrosion 
inhibition effect. The corrosion rate was 1.6 mils/y (MPY) 
and was almost the same as the high performance 
corrosion inhibitor, which contained 60% more 
phosphorous.

The corrosion coupons that were installed during the 
test periods are shown in Figure 5. It is obvious that not 
only the general corrosion rate of the coupon, which was 
treated with product A, is very low, but also the pitting 
corrosion is reduced to a minimum. The second tested low 
phosphorous corrosion inhibitor did not provide good 
general corrosion protection and could not prevent the 
formation of pits.

Case study
An open recirculating cooling system in a German refinery 
was treated against corrosion for several years with an 
all-organic treatment. The authorities limit the 
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concentration of phosphorous in the blowdown. To comply 
with the strict phosphorous limit, the product dosage could 
not be set to the recommended dose rate that would provide 
good corrosion protection. Consequently, the resulting 
corrosion rates of the all-organic treatment programme did 
not satisfy the customer’s technical standard for corrosion 
rates to be less than 4 MPY for carbon steel.

Product A is a product based on Kurita’s newly developed 
corrosion inhibitor PMOA, which has a low phosphorous 
content. Treating the aforementioned system with product A 
offers the possibility to work with a product concentration 
high enough to provide excellent corrosion protection and 

still satisfy the strict phosphorous limits of this customer. The 
data of the system and the cooling water quality are shown in 
Table 2.

Figure 6 shows the comparison of the results obtained 
with the two different treatment programmes, which are 
both heavy metals free. A marked improvement of corrosion 
and scale control could be achieved with the PMOA-based 
programme. At the same time, the total amount of 
phosphorous (P) from the treatment was reduced 30%, which 
significantly eases the waste water management of the 
refinery.

Product A demonstrates a significantly improved 
corrosion protection, particularly regarding the phosphate 
contribution to the circuit water. With it, it is possible to 
achieve an excellent corrosion inhibition without exceeding 
the phosphorous limit in the waste water.

Conclusion
The introduction of the PMOA marks a new milestone in the 
development of environmentally friendly corrosion inhibitors. 
Made of renewable, natural organic acids and with a minimal 
phosphorous contribution, good corrosion inhibition can be 
achieved.

PMOA has demonstrated its strong performance regarding 
corrosion and scale inhibition on a laboratory-scale, as well as 
in difficult-to-treat cooling water systems. Almost all cooling 
water qualities at different pH-levels, hardness concentrations 
etc., can be treated with PMOA. Furthermore, it has a good 
toxicity profile and is inherently biodegradable. 

Table 2. System data and cooling water quality 

System data

Volume 2000 m3

Recirculation rate 2100 m3/hr

Cycles of concentration 2.5

Water (typical analysis)

pH 8,9

Conductivity 2250 µS/cm

Calcium hardness 510 g/m3 CaCO3

Total hardness 670 g/m3 CaCO3

m-Alkalinity 265 g/m3 CaCO3

Chlorides 209 g/m3

Sulfates 439 g/m3


