
 

Polyamine Treatment in HP Steam 
System of an Ammonia Plant 

Conventional boiler water treatment programs generally have three components: oxygen scavengers, 
phosphate and alkalizing amines. This treatment program however does not exclude boiler tube 

failures (BTF), especially when a combination of fouling and high local heat fluxes occurs on the 
boiler tube surface. In contrast a treatment program based on polyamines (POAM) keeps boiler tubes 
nearly free from deposits and offers a far better tolerance towards BTF. OCI Nitrogen has four years 

of operating experience with POAM treatment in the high pressure steam system of one of its 
ammonia plants. 
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Introduction 
ocated at Geleen in The Netherlands, OCI 
Nitrogen operates two ammonia plants, 
each with a nameplate capacity of 1360 

MTPD of ammonia. One of these plants was de-
signed and constructed by M.W. Kellogg based 
on Kellogg’s reduced energy ammonia technolo-
gy for steam reforming of natural gas. The plant 
was commissioned in 1984. The current capacity 
is 1550 MTPD. 
 
The boiler water treatment program has been 
based on hydrazine, trisodium phosphate (TSP) 
and ammonia since the start-up of the plant. 
Nevertheless several boiler tube failures (BTF) 
occurred in the high pressure steam system. In an 
attempt to prevent future leakages it was decided 
to convert the boiler treatment program into a 
polyamine (POAM) based treatment, also known 
as film forming amines (FFA). 
 
 

This paper describes: 
- high pressure steam system of the plant, 
- root cause for occurrence of boiler tube fail-

ures and cases at the ammonia plant,    
- description of polyamine based treatment, 
- operating experience after four years of poly-

amine based treatment. 

High pressure steam system 

Steam system description 

A block diagram of the HP steam system prior to 
conversion to a polyamine based treatment pro-
gram is depicted in Figure 1. Feed water is ther-
mally and mechanically deaerated at ca. 125°C 
(257°F). The oxygen concentration is reduced 
below 5 ppb. Initially hydrazine was used as ox-
ygen scavenger, however at such low concentra-
tions it is deemed not necessary. As a conse-
quence dosing of hydrazine was halted. An 
additional benefit of a few ppb of residual oxy-
gen in the feed water is stabilization of the mag-
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netite layer to reduce susceptibility to flow accel-
erated corrosion (FAC) [1]. 

 
Figure 1. Block diagram of ammonia plant HP 
steam system prior to conversion 
 
Feed water consists of make-up water, stripped 
process condensate and turbine condensate. All 
streams are treated in a condensate polishing unit 
(CPU) consisting of a candle filter and a mixed 
bed polisher with cation and anion resins. For 
process condensate separate cation and anion res-
in beds are additionally used. Feed water is alka-
lized with ammonia to a pH between 9.2 – 9.6 in 
order to minimize FAC. 
 
The steam drum operates at 125 bar (1813 psi) 
during normal operation. The steam is generated 
in the process waste heat boilers. Saturated steam 
from the steam drum is superheated to 525°C 
(977°F), firstly in two exchangers which cool 
process gas entering the high temperature shift 
converter and then in the steam superheater con-
vection coil. 
 
Steam generation is accomplished by natural cir-
culation of feed water through these three boil-
ers: 
- the secondary reformer waste heat boiler 
- the high temperature shift effluent waste heat 

boiler 
- the synthesis loop waste heat boiler. 
 
Prior to the conversion to polyamines, an equilib-
rium phosphate treatment (EPT) was used for 
boiler control. Sodium triphosphate with a small 
amount of sodium hydroxide is added to the 
steam drum. PO4 concentration and pH are ad-
justed within the defined operating range for 
EPT. Continuous blowdown is normally con-

trolled by pH and on rare occasions by the silica 
concentration. Figure 2 shows the operating 
ranges for phosphate treatment of boiler water. 
  

 
Figure 2: Operating ranges for boiler water phos-
phate treatment 
 
A periodic operation of the blowdown valves in 
the boilers contribute to the removal of deposits. 
 
HP steam is let down to the medium pressure 
level of 42 bar (609 psi) through the HP turbine 
of the synthesis gas compressor. This steam is 
used for process requirements and to drive vari-
ous steam turbines. The other levels of steam are 
4 bar (58 psi) and vacuum exhaust. 

Boiler design 

Although the plant has been designed by M.W. 
Kellogg, the boilers are not the conventional Kel-
logg design used in other units. Boilers with thin 
tubesheets and a reinforcing structure behind the 
tubesheets were designed and constructed by 
Borsig. Tubes have been welded to the tubesheet 
by internal bore welding. 
 
All three boilers are oriented horizontally and 
have natural circulation of water through one 
common steam drum.  
 
The secondary reformer waste heat boiler has 
300 straight tubes and a central core tube with an 
internal gas by-pass valve for outlet temperature 
control. Tubes and tubesheet material are 
13CrMo44 (1Cr – 0.5Mo). Tube dimensions: 51 
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mm OD, 5 mm wall thickness. The inlet and out-
let section and the hot tubesheet are refractory 
lined. All tubes have Alloy 800H ferrules which 
protect the tubesheet against too high tempera-
tures. To protect the refractory of the hot 
tubesheet, the refractory is covered with an Alloy 
800H liner. The highest heat flux, more than 450 
kW/m2, is reached at approximately a pipe width 
distance after the ferrules.   
 
The ammonia converter effluent boiler  has a U-
tube bundle with 248 tubes. Tubes and tubesheet 
material are 10CrMo9-10 (2¼Cr – 1Mo). Tube 
dimensions: 31.8 mm OD, 3.6 mm wall thick-
ness. No refractory is used in this boiler. A 
dummy tubesheet and ferrules protect the 
tubesheet from direct contact with the hot incom-
ing gas. The dummy tubesheet is connected to an 
internal gas chamber for the hot incoming gas. 
The cold outlet gas is guided over the tubesheet 
to the outlet section. The dummy tubesheet, in-
ternal gas chamber and ferrules are made of Al-
loy 800. The boiler has two integrated feedwater 
preheat zones in the shell. Gas outlet temperature 
is controlled through an external bypass line. The 
highest heat flux is around 320 kW/m2. 
 
The HTS effluent waste heat boiler has a conven-
tional design with 1230 straight tubes. Tubes and 
tubesheet material are 13CrMo44 (1Cr, 0.5Mo). 
Tube dimensions: 26.9 mm OD, 2.9 mm wall 
thickness. Gas outlet temperature is controlled 
through an external bypass line. 
 
A lay-out of the boilers and steam drum is given 
in Figure 3. 
 

 
Figure 3: Steam drum (V3101); Secondary reform-
er effluent boiler (H3101); HTS effluent boiler 

(H3201); NH3 converter effluent boiler and econ-
omizer 

Make-up water quality 

In Geleen, demineralized water prepared from 
River Maas water is used as make-up water for 
most steam systems. The quality of demineral-
ized water in terms of specific conductivity and 
silica concentration is excellent as most of it is 
produced in a state of the art membrane plant. 
Table 1 gives the specification. 
 
Table 1: Demineralized water specification 
Total silica (mg • l-1) < 0.02  
Specific conductivity  
(µS • cm-1)  

< 0.2 

Steam system monitoring 

Online monitoring of water quality in the ammo-
nia plant’s HP steam system is limited to: 
 
- Feedwater after deaerator pH; 
- Feedwater to deaerator specific conductivity; 
- Boiler water pH; 
- Boiler water specific conductivity; 
- Boiler water PO4, Na and SiO2; 
- Steam specific conductivity; 
- Vacuum condensate acid conductivity (also 

called cation conductivity) 
 
Boiler water grab samples are analyzed once per 
week. 

Boiler tube failures: Root cause 

Corrosion and fouling basics in waste heat 
boilers 

Most waste heat boilers are constructed out of 
carbon steel. This low-cost material is applicable 
in steam systems by virtue of its capacity to form 
a protective magnetite layer on its surface. In es-
sence, magnetite formation is the reaction of 
steel with water, also called Schikorr reaction: 
 
Step 1:  3	 + 6	 	 → 	3	 ( ) + 3	  
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Step 2:  3	 ( ) 	→ + 2	 +  
Overall: 3	 + 4	 → + 4	 	  
Magnetite is formed in two directions: as a po-
rous top-layer on the metal surface and as a more 
dense magnetite layer into the metal surface. Iron 
ions are released from the steel lattice into the 
water. They hydrolyze to magnetite, which, be-
cause of its poor/low solubility, forms a porous, 
relative loose outer layer on the steel surface. 
Moreover, oxygen ions diffuse into the steel lat-
tice and react with iron to magnetite that forms a 
tight, strong adherent inner layer. See Figure 4. 
 
This dense magnetite layer is the truly protective 
layer that slows down the corrosion reaction to 
an acceptable level. In recirculating boiler water 
the upper porous magnetite layer is sensitive to 
erosion. It is continuously flushed away from the 
surface and transported from turbulent zones to 
less turbulent areas. There it settles as the inevi-
table greyish black boiler sediment. 
 

 
Figure 4: Microscopic picture of carbon steel 
covered with two distinct magnetite iron oxide 
phases; a dense protective inner layer and a po-
rous loose outer layer 
 
Two other corrosion mechanisms lead to the 
transport of iron oxides to the boiler. These are 
- flow accelerated corrosion (FAC). This type 

of corrosion takes place in boiler feed water 
systems and in condensate return systems 
preferably at temperatures of around 150°C 
(302°F) and at moderate high pH values. It is 

also influenced by velocity and oxygen con-
centration.  

- first condensate corrosion (FCC). Volatile 
impurities and conditioning chemicals from 
the boiler are transported with the steam. Up-
on cooling in turbines and condensers, acidic 
impurities such as carbonic acid and short-
chain organic acids, will preferentially dis-
solve into the first condensate droplets prior 
to alkalis. Carbon steel is susceptible to local-
ized acid attack by these first condensate 
droplets.  

Magnetite predominantly settles on heat transfer 
surfaces. Because of the intensive contact with 
the magnetite covered metal surface, the recircu-
lating boiler water becomes saturated and mag-
netite is precipitated. The higher the heat flux, 
the more steam is generated and the more mag-
netite is deposited. 
 
Figure 5 gives the concentration factor of the 
boiler water as function of the heat flux and 
thickness of the oxide layer. It can be seen that a 
concentration factor of one million can be 
reached under certain circumstances. This means 
that the concentration of non-volatile impurities 
in the porous oxide layer may be one million 
times higher than their corresponding concentra-
tions in the bulk of boiler water and lead to seri-
ous corrosion damage. 
 
In an existing boiler the focus should be to keep 
heat transfer surfaces free of deposits. It is tech-
nically and economically not feasible to produce 
ultra-high purity water needed to prevent corro-
sion damage in high heat flux boilers. 
 

 
Figure 5: The concentration factor of the boiler 
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water as function of the heat flux and the thick-
ness of the magnetite layer [2] 

Boiler corrosion processes 

Boiler corrosion mechanisms have been exten-
sively described [3]. Most corrosion reactions 
under boiler conditions are autocatalytic: once 
started they will progress at increasing rates and 
cannot be stopped anymore. 
 
Typical forms of attack in boilers are: 
- acid corrosion, 
- caustic corrosion, 
- phosphate corrosion. 
 
Hydrochloric acid and caustic soda are widely 
used to regenerate ion exchange resins in demin-
eralized water and condensate polishing plants. 
Following each regeneration stage, traces of 
these chemicals will enter the steam system. 
Phosphate is employed as a boiler treatment 
chemical. As described in the previous section 
acid, caustic and phosphate can concentrate in 
porous magnetite layers and reach corrosive con-
centrations. The corrosion damage from each of 
these types of attack have in common that the ar-
ea of magnetite dissolution and subsequent steel 
degradation is very small compared to the total 
boiler surface area. Therefore, the corresponding 
corrosion reactions take place under very specific 
“micro” conditions and are not just related to 
“macro” conditions like the boiler water quality. 

Boiler tube failures 

It can be concluded that BTFs are indisputably 
due to the combination of heat flux and deposits. 
Heat flux can increase magnetite deposition 
which increases wall temperature and increases 
chemicals concentration at the boiler tube surfac-
es. All this ends up in some form of autocatalytic 
boiler tube attack. Many studies have shown that 
in case of a BTF, at places where there were no 
deposits or even fewer deposits at the tube sur-
face, often no attack took place at all despite the 
same amount of non-volatile impurities available 
in the boiler water. [4] 

Boiler tube failure cases 
Since the start-up of the plant, multiple boiler 
tube failures occurred in the waste heat boiler af-
ter the secondary reformer and the waste heat 
boiler after the ammonia converter, all of which 
could be linked to the concentration of phosphate 
in the magnetite layer up to a corrosive level. 
Figure 6 shows the typical damage due to phos-
phate corrosion, i.e. superficial and interconnect-
ed corrosion pits filled with phosphate salts and 
porous, relative thick magnetite. 
 
It can be concluded that in some cases the cure, 
i.e. alkalizing of boiler water with phosphates, is 
even worse than the disease, i.e. preventing cor-
rosion resulting from regeneration products of 
the condensate polishing unit. 
 

 
Figure 6: Typical damage to a boiler tube as a 
consequence of phosphate corrosion 

Description of polyamine based 
treatment 
Conventional water treatment programs general-
ly have three components: oxygen scavengers, 
phosphate and alkalizing amines. In contrast, a 
treatment program based on polyamines is based 
on a combination of a film forming amine with 
alkalizing amines. In the mid-1990s, DSM, the 
former owner of the ammonia plant, was gaining 
its first experience at the Geleen site. It was felt 
that the combined alkalization and “cleaning ac-
tion” of these polyamine blends would be the key 
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to solving boiler tube failures. Polyamines make 
it possible to combat the source and symptoms of 
iron oxides. 
 
Polyamines blends are commercial products 
available at multiple suppliers. For the applica-
tion at OCI’s ammonia plant, the product Ceta-
mine V211 from the company Kurita was select-
ed. The following are the main components and 
their function: 
• Olyel propylene diamine (ODP); film form-

ing amine 
• Cyclohexylamine (CHA); high volatile alka-

lization agent  
• Ethanolamine (EA); low volatile alkalization 

agent 

Film forming amines (FFAs) 

FFAs, often referred to as polyamines or fatty 
amines, are defined chemical substances that be-
long to the oligoalkylamino fatty amine family. 
The general formula is R1-[NH-(R2)-]n-NH2, 
where n is a whole number between 0 and 7, R1 
is an unbranched alkyl chain with 12 to 18 car-
bon atoms (fatty alkyl chain) and R2 is a short 
chain alkyl group. Cetamine V211 contains oleyl 
propylene diamine (n=1, R1 = C18H35, R2 = 
C3H6). The FFAs are always used in combination 
with alkalizing amines in order to adjust the pH 
of the boiler water and the condensate and, at the 
same time, to ensure the necessary storage stabil-
ity of the formulations. 

Properties of film forming amines 

When FFA based treatment programs are used, 
knowledge of the specific properties of these 
substances and the practical consequences of 
these properties is essential. A number of im-
portant properties are described in the following. 
 
Surface affinity 
 
FFAs have a very strong affinity to metal surfac-
es, thanks to the free electron pair of the amine 
nitrogen. Due to the existence of multiple amino 

groups in polyamines, the bonding to the metal 
surface takes place at several points and it is 
therefore quite strong. The film that forms on the 
metal surface acts as a barrier against corrosive 
substances. The hydrophobic alkyl group makes 
the metal surface un-wettable with water. Once 
formed, a protective film remains intact even af-
ter the dosage has been stopped, so that if the 
dosage falls below the required level or is inter-
rupted for a short period, no immediate harm oc-
curs. Due to their strong surface affinity, FFAs 
can gradually remove attached substances such 
as calcium scale or loosely adhering magnetite 
from the surface. See Figure 7 and Figure 8. 
 

 
Figure 7: Adsorption of amines on a structural 
material surface in high-temperature water 
 

 
Figure 8: Metal-water interface; without (left) and 
with (right) protective amine film 
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Improved magnetite layer 
 
Compact, thin and smooth magnetite layers are 
desirable in steam generators. An uneven, rough 
and porous covering layer tends to lose particles 
or larger fragments to the liquid or steam phase, 
especially when load changes occur, with the as-
sociated thermal stresses. As part of a research 
project [5], magnetite layers were formed on 
tubes under defined conditions in test steam gen-
erators and subjected to surface analysis. The 
main aim of the project was to determine the in-
fluence of FFA on the thermal behavior of steam 
generator tubes subjected to different treatments. 
Tubes treated with FFA had a much smoother 
and homogeneous surface than tubes examined 
after a conventional sodium phosphate based 
treatment program. Figure 9 shows the micros-
copy images obtained from the tubes. The meas-
ured micro roughness was 1.45 µm after FFA 
based treatment and 2.25 µm after the phosphate 
program. The very thin film on the magnetite 
layer has a positive influence on heat transfer. 
Figure 10 shows the net improvement of the heat 
transfer coefficient relative to tubes analyzed af-
ter phosphate treatment. In an existing installa-
tion a qualitative calculation of the impact of im-
proved heat transfer coefficient on the steam 
generation is very difficult. Especially at high 
heat flux boilers, where the relative increase in 
heat transfer is limited. 
 

 
 
Figure 9: Microscopic image of tubes from a test 
steam generator treated with sodium phosphate 
(left) and film forming amine (right) 

 
Figure 10: Relative improvement in the heat trans-
fer coefficient after treatment with film forming 
amines as function of the heat flux density 
 
Steam volatility 
 
The steam volatility of FFAs in the condensate of 
a steam generator can be demonstrated by quali-
tative analysis. Steam volatility is described 
quantitatively by the distribution equilibrium, 
which was determined for several representatives 
of this class of substances [6]. Through its steam 
volatility, FFA protects the plant completely 
against corrosion, as film formation takes place 
throughout the steam generator. 
 
Impact on CPU 
 
The influence of film forming amines on the ex-
change behavior of condensate polishing resins 
has been studied as part of an applied research 
project sponsored by the industry [7]. Systematic 
studies were carried out to determine the influ-
ence of one particular film forming amine (oleyl 
propylene diamine as a constituent of the com-
mercial product formulation Cetamine V211) on 
the exchange behavior of condensate polishing 
resins. The main conclusions of this study are: 
• as expected, both film forming amine and 

neutralizing amines adsorb at the active 
groups in strong acid cation (SAC) resin 
beads. 

• Subsequent adsorption/regeneration cycles 
lead to a decrease of the total exchange ca-
pacity for SAC resin depending on the FFA 
concentration. 
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• At the lowest FFA concentration tested, 
which corresponds to a typical concentration 
in steam condensate in practice, the reduction 
was slightly higher than with neutralizing 
amines alone. As a consequence, overdosing 
of FFA has to be avoided. See Figure 11. 

• Regeneration of SAC resin can remove al-
most all components from it. Indeed, using 
additional regenerations it is possible to re-
store the total exchange capacity of the resin, 
regardless of the concentration of FFA. 

• The total resin capacity of strongly basic ani-
on (SBA) resin is maintained after exposure 
to FFA. 
 

 
Figure 11: Dependence of normalized total resin 
capacity at equilibrium of strongly acidic cation 
resin after repeated loading/regeneration cycles 
on the relative concentration of film forming 
amine in test solutions 
 
Impact on catalyst 
 
Through its volatility FFA will be present in the 
complete steam system. Process steam, which is 
added to process gas and process air, will come 
into contact with reforming catalysts. Due to the 
high temperatures at which these reactions take 
place, it is assumed that the amines are thermally 
broken down. 
 
Impact on functionality of sensors 
 
The application of a FFA results in the formation 
of a protective layer on the system surfaces. So, 
it is expected that the analytical sensors used to 

monitor and control the water/steam cycle will 
also be coated. Laboratory experiments showed 
that pH and conductivity measurement were not 
affected by the FFA contained in Cetamine V211 
[8]. 
 
Analytical determination of FFA 
 
Film forming amines can only be determined an-
alytically in its free state in the water phase. The 
film forming amines bonded to the metallic sur-
faces cannot be determined via normal water 
samples. The adsorption of the film forming 
amines depends on the area of the metallic sur-
face, the temperature and the excess of FFA in 
the water phase. There is therefore no correlation 
between the added quantity and the amount of 
free FFA determined in water. The FFA is ad-
sorbed on almost all surfaces, also in the sample 
container. Only PTFE sample containers that 
have been thoroughly cleaned should be em-
ployed, and the FFA should be determined onsite 
immediately after sampling. The FFA form a wa-
ter soluble complex with a specific dye (rose 
bengal) and can be determined in a spectropho-
tometer. The detection limit is approximately 0.1 
ppm.  
 
An online monitor based on this analytical meth-
od is available by Kurita. 
 
Sustained over dosage can cause accumulation in 
system parts, e.g. filters. 

Operating experience 
Polyamine treatment was introduced in Septem-
ber 2013. The switch to polyamines can be im-
plemented online and separate chemical cleaning 
is deemed not necessary. The system will clean 
itself with time. Dosing of sodium phosphate was 
stopped three days earlier and polyamines were 
not introduced before phosphate levels in the 
boiler had dropped below 2 ppm. In the mean-
time the phosphate tank and dosing pump were 
cleaned so they could be reused. Ammonia as an 
alkalizing agent for the feed water was replaced 
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with Ferrolix 8347, a commercial blend contain-
ing cyclohexylamine. 
 
Four years later, the polyamine program has 
lived up to many of our expectations. As will be 
shown further on, important water and energy 
savings have been realized through blowdown 
reduction. No boiler tube failures occurred so far. 
During the turnaround in 2016, the inspected wa-
ter side equipment showed to be effectively pro-
tected against corrosion by a thin, uniform, ad-
herent, non-dusting, slightly hydrophobic 
magnetite layer.  
 
No negative impact to the performance of the 
catalyst or analytical sensors could be observed.  
 
In the remainder of this paper the experiences so 
far are elaborated. 

Feed water, boiler water, steam and 
condensate quality 

Though polyamine treatment chemicals have 
been used for decades, it has taken until 2016 for 
an internationally accepted guideline to become 
available. The International Association for the 
Properties of Water and Steam (IAPWS) released 
their “Technical Guidance Document: Applica-
tion of Film Forming Amines in Fossil, Com-
bined Cycle, and Biomass Power Plants” during 
the 2016 annual meeting [9]. 
 

 
Table 2 provides an overview of OCI’s internal 
water parameter guideline. This guideline has 
been drafted together with Sitech and Kurita. 
 
Next to film forming amines, Cetamine V211 
contains alkalizing agents. Thermal degradation 
of these components can lead to the formation of, 
among others, acetic and formic acids. This 
causes an increase in the conductivity after cation 
exchange, especially in steam. The actual aver-
age acid conductivity is around 0.3 µS • cm-1, 
which is higher than the steering parameter. 
 

It has been proven that acid conductivities con-
sistently above 0.2 µS • cm-1 need not to pose a 
threat to the integrity of turbines, or of other 
steam system components for that matter [10]. It 
is however acknowledged that higher acid con-
ductivity values in relation to the turbine warran-
ty remain a major hurdle to the advancement of 
polyamines.  
 
Film forming amines are dosed at a rate which 
ensures that only a small amount of film forming 
amines can be detected in the condensate, feed 
water and boiler water. Practically the upper lim-
it is set to 0.2 ppm of free film forming amines. 
Herewith the presence of an amine film in re-
spective parts of the steam system can be proven. 

 
Table 2: Steering parameters 

Parameter Feed  
water 

Boiler  
water 

Steam/ 
condensate 

pH (25°C) 8.8 – 9.2 9.0 – 9.5 8.8 – 9.2 
Specific  
conductivity  
(µS • cm-1)  

< 15 < 25 < 15 

Acid  
conductivity  
(µS • cm-1) 

< 0.2 < 5 
 

< 0.2 

Condensate Polishing Unit 

Almost one year after introduction of the poly-
amine treatment, issues were reported with the 
turbine condensate mixed bed resins. Part of the 
resins were found to lump and float during the 
separation phase of the regeneration cycle. At the 
same time the mean time between regenerations 
decreased from almost 30 days to less than 10 
days. Closer investigation showed that part of the 
resin beads were found mechanically broken due 
to their high age (around 30 years) and fouled 
with iron and organics. The fouling especially 
concerned the strong acidic cation resin and like-
ly originated from the gradual cleaning of the 
system. 
 
After replacement of the fines and a thorough 
cleaning of the resins the issues disappeared. It is 
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assumed that the mechanical condition and foul-
ing of the resins were responsible for the report-
ed issue. The problem has not recurred and the 
performance is back to expectation. 

Blowdown reduction 

In the course of the polyamine program, the con-
tinuous blowdown of the HP steam drum has 
been reduced by 70 %. This represents signifi-
cant water and energy savings. So far, the dis-
continuous “bottom” blowdown frequency of the 
boilers has not been adapted. 
 
Major blowdown reduction would not have been 
possible without the excellent demineralized wa-
ter quality at our site. Indeed our boiler water sil-
ica limit of 0.28 mg • cm-1 SiO2 is rarely exceed-
ed, making the pH the primary blowdown 
controlling parameter. 
 

 

 
Figure 12: Magnetite layer at high pressure econ-
omizer (top) and blowdown flash drum (bottom) 
 

Visual inspection during turnaround 

The plant was shut down for maintenance in 
2016. Although the water side of the waste heat 
boilers was not accessed, several other equip-
ment showed a firm and dense magnetite layer 
with a thickness of around 5µm. See Figure 12. 

Conclusion 
At one of OCI’s ammonia plants, the phosphate 
based boiler treatment of the HP steam system 
was converted to polyamine program. Four years 
later, OCI’s experience shows that a 125 bar 
steam system can be safely, reliably and cost-
effectively operated using polyamines. 
 
With polyamines, the focus of the alkalization 
program changes from bulk water chemistry to 
steel/water interface chemistry. The polyamine 
approach is to keep boiler tubes clean from po-
rous magnetite deposits resulting from iron 
transport due to flow accelerated corrosion and 
first condensate corrosion in pre-boiler and con-
densate systems. In this way, corrosive substanc-
es do not get a chance to concentrate in high heat 
flux areas in boilers. This makes steam systems 
treated with polyamines more resistant to water 
quality upsets and permits safe extension of the 
narrow bulk water chemistry operating window 
dictated by EPRI, TÜV, VGB, etc.  
 
In OCI’s second ammonia plant in the Nether-
lands, the steam system is still conditioned with 
phosphates. Although this plant has no history of 
boiler tube failures, a changeover to polyamines 
is also considered. Since the make-up water at 
the chemical site has an excellent quality, a sig-
nificant water and energy saving is expected 
through reduction of the blowdown. 
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