
IWC 21-25 

Amine-based Filmer Chemistry for Boilers 
with Improved Water Solubility and 

Performance  

MAHESH BUDHATHOKI, Ph.D., DONALD MESKERS JR., and 
CLAUDIA PIERCE, Ph.D. 

SUEZ – Water Technologies & Solutions 
Trevose, PA 

 
GREGOIRE POIRIER RICHER, P.ENG. 
SUEZ – Water Technologies & Solutions 

Québec, Canada 



IWC 21-25 

KEYWORDS: Film forming amines, Non-amine filmer, steam generators; power plant, 
polyamine, corrosion, polyamine water solubility, distribution ratio, steam cation conductivity, 
waxy deposit, thermal decomposition; surfactant 

 

ABSTRACT 
Film forming chemistries have increasingly found use in power plants and other utilities over the 
past several years.  The system operator is often challenged to select between a non-amine 
filming material with limited corrosion protection and an amine-based material with stronger 
protection but some potentially undesirable properties and/or effects such as poor water 
solubility, steam condensate deposit formation, and increased cation conductivity 
contribution.  In this work, a secondary additive was evaluated as a method to mitigate the 
challenges of existing amine-based filming chemistry.  Laboratory evaluation of a target 
formulation using a combination of custom research boilers, pressure vessels, and standard 
electrochemical techniques revealed that the added component not only affects the filmers’ steam 
partitioning properties but also minimizes both system fouling propensity and cation 
conductivity contribution while enhancing overall corrosion performance.  X-ray photoelectron 
spectroscopy (XPS) was utilized on laboratory filmer coated passivated steel test specimens to 
evaluate the impact of the secondary additive on the composition and nature of the protective 
film.   Initial results of field applications of the modified filming chemistry are discussed and 
correlated with the results of laboratory testing.  
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INTRODUCTION 
In recent years, many steam plant operators are increasingly relying on the film forming products 
(FFP) to protect their system from corrosion (Hater et al., 2009; Stuart, 2020; Verheyden et al., 
2003). This is primarily because, compared to the traditional treatment options, the FFPs are 
often found to provide a robust corrosion protection while ensuring a safe and reliable plant 
operation, particularly during cycling operation (Dooley & Shields, 2013; Hater et al., 2014; 
Robinson et al., 2016). As a result, a growing list of FFP options is offered to system operators 
across the globe. Still they are mainly classified in two categories: filming forming amines (FFA) 
and non-amine filming products (NFP).  

Typically, newer FFA chemistries contain oleyl propylenediamine (OLDA), or polyamine, and 
neutralizing amines (Betova et al., 2014). The neutralizing amines (NA) such as morpholine, 
cyclohexylamine, ethanolamine, and 3-methoxypropylamine are usually added to the product for 
two main reasons. First, these amines can stabilize polyamine in the solution thereby creating a 
single-phase, homogeneous product (Hater et al., 2015; Hater et al., 2009), and second, they can 
control both the boiler and steam condensate pH to the desired level (i.e., pH = 9 to 9.5) (Hater et 
al., 2009; Pensini et al., 2018). In contrast, NFPs belong to the surfactant family, which may 
contain amide groups or carboxylate groups or combination of both (Stuart, 2020; Stuart & 
Buecker, 2019). Literature suggests that the NFPs when compared to FFAs, do not adsorb 
strongly on metals or metal oxides (Stuart, 2020) thereby potentially limiting their ability to 
provide long-term corrosion protection. Meanwhile, FFAs are known to form a tenacious film on 
metal surfaces (Betova et al., 2014). Pensini et al. conducted a quartz crystal microbalance with 
dissipation (QCM-D) study to understand the adsorption-desorption kinetics of the FFA induced 
film on the stainless steel (SS) surface (Pensini et al., 2018). Their work exhibited that the FFAs 
are quick to adsorb but slow to desorb from the SS surface, further verifying that the FFAs can 
form a strong film on a metal surface. These characteristics of FFA films are often credited for 
their capability to provide a corrosion protection not only during the routine operation but also 
when plants are off-line due to load requirements, maintenance, and inspection (i.e., wet and dry 
lay-up conditions) (Dooley & Shields, 2013; Hater et al., 2014). Despite of these benefits, FFAs 
often exhibit some potentially undesirable properties or effects to the system such as poor water 
solubility (Crovetto et al., 2010), steam condensate fouling(Lendi & Wuhrmann, 2012; Van Lier 
et al., 2008) , and increased steam cation conductivity contribution resulting from the 
degradation of NAs present in FFAs (Robinson et al., 2012). 

One of the primary challenges with the FFAs is in delivering the material in a form that can be 
easily handled and injected into the system (Budhathoki et al., 2020). The active components of 
the corrosion inhibition products must have a limited water solubility and a high surface affinity 
for them to be effective. This presents a challenge to formulate the material in a usable form. 
Some filming materials i.e., NFPs, contain chemistries with a higher solubility and are easier to 
handle but offer less robust protection (Stuart, 2020). At the same time, polyamines are known to 
provide strong corrosion protection but can be difficult to handle and control (Hater et al., 2009; 
Robinson et al., 2016). Therefore, this work aims to take advantage of the corrosion protection 
aspect of polyamine chemistry while addressing its limitations and challenges with the addition 
of a novel co-surfactant. 
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MATERIALS AND METHODS 
Two FFA products, PA and PA+, were evaluated in this study. PA is a traditional FFA product 
containing polyamine and neutralizing amines whereas, PA+ is a proprietary blend of polyamine 
and co-surfactant. These products were developed by Suez Water Technologies & Solutions and 
are part of the Steammate product line 

Test surfaces, carbon steel (C1010) and passivated carbon steel, or magnetite oxide, were used 
for the electrochemical corrosion experiments and the XPS studies, respectively. Detailed 
information on test surface cleaning and/or preparation procedure is reported in our other work 
(Budhathoki et al., 2020).  

The vapor-liquid distribution (VLD) behavior of OLDA, or polyamine, along with the steam 
cation conductivity or conductivity after cation exchange (CACE) contribution of PA were 
investigated using a laboratory scale research boiler. A thorough description of such research 
boiler can be found elsewhere (Crovetto et al., 2010; Schuck & Godlewski, 1979). All 
experiments were carried out by feeding pre-nitrogen sparged de-ionized (DI) water from the 
feed tanks to the boiler. Both blow down (BD) and steam condensate (SC) pHs were adjusted to 
a range of 9 to 9.5 with caustic (NaOH) and ammonia, respectively. For the VLD study, PA+ 
was fed into the boiler, operating at 15 cycles of concentration, targeting 2.25 ppm as active 
polyamine in boiler feed water (BFW). The boiler pressure was varied between 150 to 1400 psig. 
At each pressure, once the boiler reached equilibrium as indicated by constant conductivity, pH, 
and polyamine level in both BD and SC samples for at least 2 days, samples were collected for 
an additional 2 to 3 days.  The Bengal rose colorimetric test (Stiller et al., 2011) was employed to 
determine the polyamine concentration of each collected sample. Finally, the VLD ratio (KD) of 
polyamine was determined by using Eq. (1): 

    𝐾 =      (1) 

Where KD is the VLD ratio of polyamine, and Cv and Cl are the polyamine concentration (ppm) 
of SC and BD samples collected after the boiler reached equilibrium. 

The steam CACE contribution of PA+ was studied by feeding PA+ to the boiler set to operate at 
1400 psig and 100 cycles of concentration. The concentration of PA+ was varied between 1 to 80 
ppm as a product in BFW. A Waltron 9096 Degas Cation Conductivity Analyzer was installed in 
the SC line to determine the CACE and the degassed CACE (DCACE) contribution of the 
product.  

A Parr pressure vessel was used to investigate the thermal stability of the co-surfactant at 1400 
psig and 2000 psig. At each pressure, tests were carried out for 4, 18, and 48 hours with the DI 
water solution containing 100 ppm of co-surfactant. Since dissolved oxygen accelerates the 
thermal hydrolysis rate, all experiments were carried out by initially purging test solution with 
nitrogen at a gauge pressure of 5 psig for about 1 hour. Moreover, the pressure vessel was vented 
at least two times for about five seconds during heating at a temperature below 100°C to allow 
both dissolved oxygen and nitrogen to escape the vessel. After each test, samples were collected 
once the vessel cooled to room temperature. These samples were analyzed through the liquid 
chromatography–mass spectrometry (LC–MS) technique to determine the remaining co-
surfactant concentration.  
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Electrochemical corrosion studies were carried out with a Gamry 600+ Potentiostat coupled with 
DC105TM Corrosion Techniques Software to determine the corrosion resistance behavior of the 
products, or filmers. Experiments were performed with a conventional three-electrode 
electrochemical cell and by employing the Rp/Ec trend technique from -20 mV vs. Eoc to +20 
mV vs.Eoc  with the scan rate of 0.5 mV/s and a repeat time of 2.5 minutes. All tests were carried 
out for 24 hours at pH = 9 to 9.3 (adjusted with 1 N NaOH solution) and at T = 22 ± 0.2 ºC 
(maintained with a recirculating water bath). A Teflon liner was used to avoid filmer loss to the 
corrosion cell. For this study, like Hater (Hater et al., 2015), a corrosive medium was created 
with a 200 ppm NaCl solution, and the corrosion inhibition properties of the filmers were 
evaluated at 3 ppm as active polyamine concentration in a test solution. 

All XPS measurements were performed using a custom-built SPECS XPS instrument at the 
Lehigh University Institute for Functional Materials and Devices.  Spectra were acquired using 
1486.6 eV Al Kα photons. Analysis was performed on electrons escaping in a direction normal 
to the sample surface. Survey spectra were acquired at a pass energy of 70 eV, and all core level 
spectra were acquired at a pass energy of 20 eV. For XPS sample preparation, pieces of 
treatment coated, and uncoated coupons were cut to ~10x10mm and pressed onto carbon tape. 
Charge neutralization was invoked during the analyses using a beam of 3eV electrons. 

RESULTS AND DISCUSSION 
Although FFA products are known to provide robust corrosion protection to the metals or alloys 
used in the steam-water cycle of the electric power plants, they have some limitations such as 
poor water solubility, potential waxy deposit formation related to overfeeding, and increased 
steam CACE contribution resulting from the degradation of NAs under boiler conditions. To 
overcome these challenges, PA+, a mixture of co-surfactant and polyamine, was developed and 

evaluated under the laboratory and simulated pilot boiler conditions. Figure 1 compares the 
appearance PA+ and PA in water. As seen in Figure 1, PA+ is readily soluble in DI water, 
whereas PA+ forms a water-insoluble complex, or gel. This behavior of PA+ is attributed to the 
co-surfactant that may have encapsulated, or solubilized, the water insoluble polyamines inside 
its micelle core. As a result, the enhanced water compatibility has made PA+ a user-friendly 
product – it is easier to feed and handle as it does not require a special feeding equipment and 
can be fed precisely, thereby eliminating overfeeding related issues during plant operation.  

Figure 1. Effect of mixing water with PA+ and PA; Product to water ratio is 1:10 
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In literature, it has been reported that the polyamines are “volatile” or can partition into both 
vapor and liquid phase under boiler conditions (Crovetto et al., 2010; Voges & Hater, 2010). 
Budhathoki et al. suggest that although the boiling point of polyamine is around 300°C, its 
hydrophobic nature with the limited water solubility of less than 3 ppm allows it to steam distill 
and migrate to the steam (Budhathoki et al., 2020). This behavior of polyamine makes it a 
versatile corrosion inhibitor as it can travel throughout the system and provides complete 
corrosion protection to the components or equipment involved in the steam-water cycle. 
Therefore, the VLD property of polyamine is crucial for its overall success as a corrosion 
inhibitor in providing complete system protection. For this reason, the effects of the co-
surfactant, the added second component to make PA+ a water-soluble product, on VLD 
characteristic of polyamine were investigated. The results of this study are shown in Figure 2. 
For comparison, the VLD ratio data of the traditional polyamine product reported by the group of 
Crovetto (Crovetto et al., 2010) is also shown in Figure 2. It is worthwhile mentioning that the 
research boiler used to generate data in this study and by Crovetto et al. are similar. As shown in 
Figure 2, at a pressure below 300 psig, the KD of polyamine with or without the co-surfactant is 
in the range of 4 to 6. This suggests that the co-surfactant does not impact the V-L partitioning of 
polyamine at lower pressure. However, at a pressure above 300 psig, the KD of polyamine with 
the co-surfactant is much lower, i.e., 3 to 4, compared to KD ≈ 9 without the co-surfactant. This 
could be because at higher pressure (>300 psig), the hydrophilicity of the co-surfactant may have 
increased thereby enhancing its capability to disperse polyamine in the liquid phase and limiting 
polyamine from migrating to the steam.   

The polyamine-based corrosion inhibitors are known to form waxy deposits in boiler equipment 
in the event of over-dosage (Lendi & Wuhrmann, 2012; Van Lier et al., 2008). Such an issue 
could be less severe with PA+ as it not only contains a co-surfactant that can disperse 
polyamines but also has a more balanced polyamine KD value (Figure 2). Our previous work 
carried out in a laboratory model research boiler attempted to shed light on this topic 
(Budhathoki et al., 2020). In that work, both PA+ and PA products were over-fed into the 
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Figure 2. Vapor-liquid distribution ratio of polyamine with or without co-surfactant as the 
function of pressure; polyamine concentration in BFW = 2.25 ppm; SC and BD pH = 9 to 9.5; 
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research boiler operating at 15 cycles of concentration and a pressure range of 150 to 1400 psig. 
With PA, polyamine gels, a precursor of waxy deposit, were observed in SC samples within two 
days of feeding the product. At the same time, no such gels were present in SC samples even 
after feeding PA+ for 45 days. These observations indicated that the propensity of deposit 
formation by overfeeding PA+ is much lower than that of traditional FFA product, i.e., PA. 

Many power-plants routinely measure steam CACE to keep track of corrosive species, such as 
Cl-, SO42-, CO2, and low molecular weight organic acids (LOMAs), present in steam (Bursik, 
2002; Robinson et al., 2012). Condenser leakage is often the source of Cl- and SO42- (Drew, 
2004), whereas, CO2 and LOMAs are associated with the decomposed products of organic boiler 
treatments ("Application of Film Forming Substances in Fossil, Combined Cycle, and Biomass 
Power Plants, IAPWS TGD8-16," 2019). Moreover, the Steam CACE contribution from an 
organic treatment can mask the impact of the more corrosive species like Cl- and SO42- 
(Robinson et al., 2012).  Therefore, the steam CACE contribution of PA+ is investigated, and the 
results are presented in Figure 3. The DCACE data that does not include the contribution from 
CO2 was also determined and is shown in Figure 3. It is important to note that many power plant 
operators prefer DCACE over CACE because DCACE has increased sensitivity to Cl- and SO42-, 
or even LOMAs. Also, the corrosion-related to Cl- and SO42- are more severe and localized 
compared to that of highly volatile CO2 (Svoboda, 2009).  

 

Figure 3. Effect of PA+ on net steam CACE and DCACE; Net data = Actual data – Baseline; SC 
and BD pH = 9 to 9.5; Boiler Cycles = 15; Pressure = 1400 psig 
As shown in Figure 3, both net (actual data – baseline data) CACE and DCACE are less than 0.1 
µS/cm at PA+ feed concentrations of 10 and 20 ppm. However, as the product concentration is 
increased to 40 ppm, both the CACE and DCACE rises to 0.17±0.04 µS/cm and 0.11±0.02 
µS/cm, respectively. A further increase in CACE (0.34 ± 0.05 µS/cm) and DCACE (0.22 µS/cm) 
is observed at 80 ppm of PA+. Readers should note that the recommended application dosage 
level of PA+ is often in the range of 1-2 ppm in BFW, at which no impact on either the CACE or 
the DCACE (data not shown) was observed. Moreover, as suggested by our previous work 
(Budhathoki et al., 2020), the decomposed products of PA+, i.e., CO2 and LOMAs, are 
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responsible for the elevated level of CACE and DCACE at higher concentrations of PA+. To 
conclude, even at a dosage level of 40 ppm, which is 20 times higher than the typically 
recommended feed level, PA+ still complies with the steam CACE limit of less than 0.2 µS/cm 
set by turbine manufactures and power utility associations (Van Lier et al., 2015).  

From the results presented in Figure 3, it is evident that the components of PA+ hydrolyze at 
309ºC (1400 psig) thereby elevating steam CACE. It is also reported in the literature that the 
metal absorbed polyamines are thermally stable up to 520°C, while residual polyamines start 
breaking down at 400°C, producing ammonia, short chains amines, and octadecylamine, but not 
LOMAs or CO2 (Frahne & Blum, 2006). Therefore, the thermal stability of the co-surfactant, not 
polyamine, was investigated in this work. Figure 4 presents these results suggesting that not only 
the thermal hydrolysis rate increases with the retention time (RT) but also increases with the 
increase in temperature. For example, at 1400 (309°C) psig, the amount of the co-surfactant 
remaining in the vessel decreased from 99% at RT = 4 h to 95% at RT = 48h. At the same time, 
only 93% of the co-surfactant remained in the vessel at RT = 48 h for 2000 psig (336°C). 

Like the author’s previous work (Budhathoki et al., 2020), the rate constant k and the half-life t1/2 

of the co-surfactant were calculated using the first order rate equation, assuming that the co-
surfactant decomposition rate follows the first order kinetics. These results, along with the 
literature (Gilbert & Lamarre, 1989; Mathews, 2010) reported k and t1/2 values of the 
neutralizing amines that are commonly found in conventional FFA products are shown in Table 
1.  As expected, the rate constant of the co-surfactant is slightly lower at 1400 psig (k = 2.5×10-7) 
than at 2000 psig (k = 4.2×10-7) but is about 10 and 1000 times lower than that of Morpholine 
and other amines, respectively. The effect of lower k of the co-surfactant is reflected on its t1/2. 
As observed in Table 1, beside morpholine (t1/2 = 4 days), the t1/2 of neutralizing amines are less 
than an hour compared to t1/2 > 19 days for the co-surfactant. Lower k and higher t1/2 values are 
indicative of greater resistant to thermal degradation suggesting that the co-surfactant is more 
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thermally stable than most neutralizing amines. Additionally, greater thermal stability suggests 
lower amount of LOMAs and CO2 in steam condensate. This may explain why not only the 
CACE contribution of the co-surfactant is negligible at the recommended dosage level but also 
meets the generally recommended steam CACE value of 0.2 uS/cm even at higher feed 
concentration.  

Table 1. Rate constants and half-lives of the co-surfactant and other commonly used alkalizing 
amines in power plants 

Components Pressure, psig Temperature, °C k (s-1) t1/2 

Co-Surfactant 1400 309 2.5×10-7 32 days 

2000 336 4.2×10-7 19 days 

Morpholine 
 

300 2.1×10-6 4 days 

Ethanolamine 
 

300 3.0×10-4 39 mins. 

Cyclohexylamine 648 257 3.5×10-4 33 mins. 

Methoxypropylamine 648 257 6.6×10-4 18 mins. 

 

To understand the corrosion resistance behavior of subject FFA products, electrochemical 
corrosion experiments were carried out with a low carbon steel probe submerged in an oxygen-
saturated, 200 ppm NaCl solution. For comparison, the corrosion inhibition property of a non-
amine filmer was also determined in this work. The evaluated non-amine filmer belongs to a 
similar family of non-amine filmers described in the literature (Stuart, 2020). Figure 5 presents 
the results of these experiments. It can be observed that the corrosion rate of the untreated low 

0

2

4

6

8

10

0 2 4 6 8 10 12 14 16 18 20

C
or

ro
si

on
 R

at
e,

 m
py

Time, h

No Treatment

Non-Amine Filmer

PA

PA+

Figure 5. Effect of FFA treatments (3 ppm as active polyamine) and an NFP on the corrosion 
rate of carbon steel exposed in oxygen-saturated, 200 ppm NaCl solution at ambient 
temperature 



IWC 21-25 

carbon steel (LCS) probe continues to rise with time and reaches about 8 mpy within 18 hours of 
exposure. At the same time, with both FFA products, PA and PA+, the corrosion rates do not 
increase with time and stabilize within few hours of exposure. Such a reduction in corrosion rates 
with the FFA products is credited to their ability to form a hydrophobic film, i.e., contact angle > 
90°, on metals or metal oxides (Budhathoki et al., 2020).  

Although PA can inhibit LCS corrosion, the overall corrosion rate is still approximately three 
times higher than that of PA+ (Figure 5). An explanation for this observation could be the effect 
of co-surfactant present in PA+. It is possible that the synergism exists between the co-surfactant 
and polyamine, thereby enhancing the ability of PA+ to provide a superior protection in an 
aggressive environment, i.e., oxygen saturated with 200 ppm NaCl solution. Meanwhile, as 
shown in Figure 5, like the un-treated case, the corrosion rate with non-amine filmer also 
increases with time but reaches only around 5 mpy at 18 hours of exposure. These observations 
suggest, even though the non-amine filmer tested in this work can provide corrosion protection, 
it is not as effective as the FFA products. This could be because, unlike polyamines, non-amine 
filmers do not adsorb as strongly on a metal surface (Stuart, 2020) and may possibly desorb more 
rapidly, thereby limiting it from providing long-term protection.  

XPS analyses were conducted on both PA and PA+ coated passivated carbon steel surfaces to 
ensure that the co-surfactant does not interfere with the polyamine’s adherence to a metal oxide 
surface. Figure 6 exhibits the results of this study. It can be observed that, compared to the 
untreated (blank) surface, both PA and PA+ coated coupons exhibit an elevated level of nitrogen 
and carbon content (Figure 6). That is, the untreated, blank, surface contains about 0.4% 
nitrogen, whereas, both PA and PA+ coated surfaces have ≥1.6% nitrogen. Since polyamine is 

the source of nitrogen, these results indicate that not only the polyamine films are present but 
also the co-surfactant does not interfere with the polyamine adsorption. At the same time, the 
carbon content on PA coated coupon (C = 37%) is comparatively higher than that of PA+ coated 
surface (C = 22.3%). The lower carbon content on PA+ coated surface could be the effect of the 
co-surfactant. To further elaborate the context, the co-surfactant may have co-adsorbed with 
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polyamine on the surface, thereby modifying the surface orientation or adsorption characteristics 
of polyamine. Despite having lower surface carbon content, PA+ still provides superior corrosion 
protection than the PA treatment (Figure 5), which is credited to the synergistic effect of 
polyamine and co-surfactant. 

PA+ FIELD TRIAL 

A natural gas processing facility has a complex steam and condensate system that presented 
many challenges regarding corrosion protection. The plant has two boiler feedwater pretreatment 
qualities and multiple operating steam pressures. This results in having multiple control 
parameters and different limits for each system.  

The plant wanted to simplify the complex task related to steam boilers operation, especially 
around chemical treatment, monitoring and control. The treatment consisted historically of: 

Low pressure (LP) – sodium zeolite feedwater: 
o Sodium bisulfite 
o Caustic 
o All-polymer internal treatment 
o Neutralizing amines 

 
High and Medium pressure (HP/MP) feedwaters - demineralized: 

o Diethylhydroxylamine (DEHA) 
o Phosphate 
o Neutralizing amines 

 
While simplification was of interest, the plant did not want to trade any of the performance and 
reliability of the system, so any change in chemical composition or strategy would have to 
demonstrate that it would have no impact on the current control parameters of the steam 
condensate system. 
 
The plant was recommended to supplement the gas plant’s existing treatment with the new PA+ 
filming technology. The novel treatment’s unique composition combines high volatility of the 
filmer with the ability to form a sturdy protection layer, while offering maximum flexibility on 
neutralizing amine treatment by being decoupled from any steam alkalizing chemistry. 
 
To be considered a treatment solution moving forward, a trial phase was designed to demonstrate 
the impact of PA+ on control parameters, or absence there-of, as well as the added performance 
on corrosion protection. 
 
The PA+ was added to the treatment program for both the LP and HP/MP systems starting from 
October. It can be observed in Figures 7 and 8 that due to the decoupling of the filmer from the 
neutralizing amine, the addition of the new filmer does not have any impact on steam condensate 
control parameters such as pH and conductivity.  Moreover, the pH and conductivity values of 
the LP and HP condensate polisher have not indicated any changes between the six months prior 
to PA+ to the six months of trial. At the same time, Millipore particulate iron tests demonstrated 
equal or better iron level in the LP and HP condensate inlet, and the MP boiler feed water 
streams as the trial progressed through the first 90 days (Figure 9).  
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These observations qualified PA+ as an acceptable condensate alternative that could simplify 
treatment control by reducing the need for neutralizing amine usage and adjustments while 
maintaining corrosion protection performance and ensuring system reliability. 
 
The ongoing trial phase is focused on quantifying the benefits of PA+ in reducing the 
requirement for neutralizing amines and diverging from the optimal pH range without loss of 
protection. Corrosion protection performance and operational savings from the use of PA+ are 
expected and results of the trial will be presented at a future event. 

Figure 7. HP condensate polisher inlet pH and conductivity before and after trial 

Figure 8. LP condensate polisher inlet pH and conductivity before and after trial 
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CONCLUSION 
This work demonstrates the efficacy of a water-soluble FFA product, PA+, as a corrosion 
inhibitor in steam generating systems. To improve the overall handling of the polyamine, a co-
surfactant was used to solubilize the polyamine in solution and create a stable material.  The co-
surfactant was carefully chosen to ensure that in addition to its primary function, the material 
was required to have no appreciable impact upon filming performance, steam cation 
conductivity, or other potential secondary effects.  The results in this study demonstrate that the 
use of the secondary co-surfactant not only has little or no negative effects on the steam system, 
it also has some unexpected beneficial effects on filmer performance. 

As anticipated, the data confirms that polyamine formulated with the co-surfactant can be readily 
diluted without de-stabilizing the material.  Previous methodologies using short-chain amines, or 
neutralizing amines, to create a bulk phase into which polyamine is soluble are more susceptible 
to changes in concentration i.e., product separation or gel formation upon dilution with DI water.  
The complex interaction between the co-surfactant and the polyamine is not affected by the 
reduction in concentration by diluting with DI water.  The use of the co-surfactant also shows an 
overall reduction in steam cation conductivity impact when compared to an amine formulated 
material.  XPS surface analysis indicates that the amine is present on the LCS surfaces, which is 
comparable to the amine formulated blends.  Overall, the inclusion of the co-surfactant shows no 
deleterious effects in our research. 

Figure 9. Millipore particulate iron test results through the first 90 days of trial – October to 
January  
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Unexpectedly, the data suggests that the co-surfactant continues to enhance the solubility of 
polyamine even after being dosed into the boiler system.  The reduction in steam partitioning 
seen in lab testing and the reduced potential for agglomeration suggest that the co-surfactant 
allows higher levels of material to remain dispersed in the bulk solution.  This reduces the 
amount of polyamine present at the interfaces and thus lowers the amount of material available 
for steam distillation or agglomeration thereby mitigating some of the polyamine overfeeding 
related issues 

Several field applications of the polyamine with co-surfactant, PA+, have shown results that 
correlate well with the laboratory testing including consistent reduction of corrosion and iron 
transport, ease of handling or injection, and a reduction in observable impact on unwanted 
deposits and cation conductivity.  Future efforts will focus on the evaluation of field applications 
and on further investigating the interaction of polyamine in solution with other surfactant 
chemistries to further improve polyamine performance. 
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