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ABSTRACT
A procedure has been developed for the continuous photometric determination of film-forming amines (FFAs) or fatty
amines. The method should allow the continuous control of residual FFAs in steam condensate systems where filmforming amines are dosed as a corrosion inhibitor.
The concentration of FFAs is determined by a direct flow injection procedure of eosin and a buffer to measure the
colored amine-eosin complex without further treatment of the sample. A detection limit of 0.02 mg · kg–1 as octadecylamine has been achieved with the method. The selectivity of the method for selected single carbon chain organic
amines (C4–C18) and diamines was tested. Short chain organic amines as well as high amounts of ammonia do not
interfere.

INTRODUCTION
Organic additives like film-forming amines have been used
successfully for some time in small industrial steam condensate applications. For such applications, the use of
already existing grab sample methods for the determination of residual film-forming amines (FFAs) has been sufficient. Since the use of FFAs in larger installations is
becoming more popular, the demand for a continuous
monitoring system is also growing.
In the past few years, several success stories have been
published just in this journal [1–9]. But reports in which the
film-forming amine is actually disclosed are rare [10].
Normally, the amines used as well as their residual concentrations are not reported. In most applications, the
film-forming amines are dosed as a mixture. Most of these
blends contain organic alkalizing agents and/or oxygen
scavengers. Additionally, the organic compound used as a
film-forming amine is unknown. Therefore, a continuous
measurement must fulfill the following criteria:

Figure 1 shows the setup schematically. The total sample
flow of deionized input water was measured after a pressure reduction valve with a high-precision coriolis flow
meter. Dosage of FFA and amine stock solution was controlled with a high-precision lab balance. Both flow and
balance data were used to calculate the continuous dilution rate of the stock solution.

FFA
stock
Flow
Pressure
Input reduction valve

Balance
FFA
analyzer

Figure 1:
Flow scheme of the FFA dosing system.

– It must be applicable for a wide range of film-forming
amines;
– Alkalizing agents such as short chain amines (e.g.
ethanolamine) should not interfere with the method.

EXPERIMENTAL
Dosing Setup
All results were obtained by dosing of the film-forming
amine stock solution into a continuous sample stream.

Flow Scheme of FFA Analyzer
The sample stream is mixed with a direct flow injection of
two reagents. Reagent no. 1 includes a reactive dye (eosin
Y), and reagent no. 2 contains a buffer solution. The mixing proportions are shown in Figure 2. The time the reactants remain in the reaction coil is long enough to allow the
formation of the amine-dye complex, which is measured
with a wavelength of 540 nm. For each measurement,
approx. 0.35 mL of each reagent is used.
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pH Dependency of the Spectra

Dosing pump
Eosin

3.3 g · min –1

Buffer

3.3 g · min –1

Sample

100 g · min –1

0.7 mL

Reaction coil

540 nm

In Figure 3, eosin Y is shown in the absence of amine
(0 mg · kg–1 black curve). The data shows that eosin Y has
two absorbance maxima at 485 nm and 520 nm. A regular
increase in absorbance with pH is observed in the region
of pH 2.1–7.1 [13]. Maximum absorbance of the eosinoctadecylamine complex is expected at pH 3.5 [14], but in
order to minimize the pH interference from the sample, the
pH of the reaction is buffered below pH 2 [11]. Thus, if the
pH is kept below 2, changes in absorbance due to pH
changes are still detectable, but minimized. Figure 4
shows the pH-dependent absorbance spectra of eosin Y.

Figure 2:
FFA analyzer manifold [11].

Reagents

Because of the high surface activity of long chain amines,
care should be taken in the preparation of the stock solution. Transferring the stock solution into other bottles was
avoided. However, if sufficient acetic acid was present,
solutions of these amines could be handled without
decreasing concentration over time.

1.2
1.0
Absorbance

Film-forming amine and short chain amine stock solutions
The amines were dissolved in 10 mL acetic acid.
The mixture was carefully diluted with distilled water to a
final weight of 100 g. For each stock solution, an amine
concentration of 2 mmol · kg–1 was achieved.
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Eosin reagent [11]
1.38 g eosin Y disodium salt [disodium 2-(2,4,5,7-tetrabromo-6-oxido-3-oxoxanthen-9-yl)
benzoate] was diluted in water to a total weight of 2 000 g.
Since eosin Y has only a weak tendency to form dimeric
aggregates in aqueous solution [12], this reagent is stable
for a long period.

Absorbance curve of the eosin-octadecylamine complex at
different concentrations with a wavelength  of 400–600 nm.

Octadecylamine is a typical example of a film-forming
amine. Historically, this compound was used as a reference substance. Therefore, spectrophotometric experiments were performed with octadecylamine.
For different concentrations of octadecylamine, absorption spectra (400–600 nm) were measured after reaction
with eosin Y. The peak maximum of the resulting eosinoctadecylamine complex was determined at a wavelength
of 540 nm.
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Figure 3:

Buffer reagent [11]
238.2 g glycine was dissolved in
1 L demineralized water. After 417.6 g hydrochloric acid
(32 %) was carefully added to the solution, the mixture
was diluted with water to a final weight of 2 000 g.

RESULTS
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Figure 4:
pH-dependent absorbance spectra of eosin Y with a wavelength
 of 400–600 nm.
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Selectivity of Eosin Y towards Other FFAs
Methyl orange
Bengal rose

1.0e+5
8.0e+4
6.0e+4
4.0e+4
2.0e+4

111-86-4

Dodecylamine

124-22-1

Hexadecylamine

143-27-1

Octadecylamine

124-30-1

Oleylamine

112-90-3

(Z)-N-9Octadecenylpropane1,3-diamine

7173-62-8

Dioctadecylamine

112-99-2

Dioctadecylamine (C18)

Oleylamine (C18)

(Z)-N-9-Octadecenylpropane-1,3-diamine (C18)

Octylamine

Octadecylamine (C18)

CAS Registry Number

Hexadecylamine (C16)

Octylamine (C8)

0
Dodecylamine (C12)

Name

Eosin Y

1.2e+5

e [mol · kg –1 · cm–1]

The term "film-forming amine" or "polyamine" includes a
series of long carbon chain amines which could be used
as corrosion inhibitors. One challenge in the development
of a FFA measurement for global use is the fact that producers of mixtures containing film-forming amines do not
declare their surface active amine. Therefore, an analytical
method must be selective for a wide range of film-forming
amines. In order to compare the affinity of eosin Y for
amines, a series of film-forming and short chain amines
were tested. Table 1 lists the structure and the Chemical
Abstracts Service (CAS) registry number of all tested filmforming amines for clear identification. In other publications, many other trivial names are used.

Figure 5:
Molar absorption coefficient e for selected long chain amines:
eosin Y method (black), methyl orange method [15] (red) and
Bengal rose method [16] (green).

Table 1:
Name and CAS registry number of the tested amines.

To compare the selectivity of different reactions, their
molar yields should be used for the calculation, especially
when the molar weights of substances deviate so much
like in this study. For example the molar weight of dioctadecylamine (522 g · mol–1) is approx. four times higher
than that of octylamine (129 g · mol–1).
In Figure 5, published data from other detection methods
are shown. In the methyl orange method [15], the filmforming amines react in a buffered two phase system
(water/ethylene dichloride). The water insoluble methyl
orange-amine complex is extracted into the organic
phase, where a quantitative measurement is possible. This
method has been adapted into national standards [17,18].
The Bengal rose method [19] uses rose Bengal dye in
buffered aqueous acetic acid solution. The presence of
acetic acid prevents the Bengal rose-amine complex from
precipitation. The data used in Figure 5 and Figure 6 are
published based on the Bengal rose method [16].
Figure 5 shows that eosin Y has a similar selectivity for all
C18 monoamines. Monoamines with shorter carbon chain

PowerPlant Chemistry 2015, 17(1)

length like hexadecylamine (C16) or dodecylamine (C12) are
still detectable, but show a significant decreased affinity
for eosin. Short chain amines like octylamine (C8) do not
interfere with the method. Data published in Silverstein's
work [15] show a similar behavior. Therefore, the selectivity of this method is comparable to the well-established
methyl orange analysis. Compared with octadecylamine,
dioctadecylamine has a weaker reactivity with eosin,
which is not the case with the methyl orange method.
Figure 6 adapts the data from Figure 5, but expresses it as
specific absorption coefficients. This data suffers from the
fact that with the specific absorption coefficient a
(mg · kg–1 · cm–1), the molar mass is now included.
Therefore, substances with a high molecular weight will
have a lower absorption coefficient. Because in power
plant applications, the unit mg · kg–1 (ppm) is widely used
to express concentrations, Figure 6 is more applicable for
industrial use. But the selectivity of the methods can only
be compared with the molar absorption coefficient e.
Interferences
Short chain amines (C8 and less) do not interfere with the
eosin method. For butylamine (C4) and octylamine (C8), no
signal was detected. Alkalizing amines like ethanolamine
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0.5

Methyl orange
Bengal rose

0.4
a [mg · kg –1 · cm –1]

and cyclohexylamine do not interfere with the reaction.
Together with ammonia, such alkalizing agents effect
the measurement only if excessive concentrations are
applied. The reagents are able to buffer solutions up to pH
10.2. Acetic acid does not affect the method.

Eosin Y

0.3
0.2

DISCUSSION
0.1

Reaction Mechanism
In neutral polar solutions, eosin Y mainly exists in its
dianionic form but forms anionic and quinoid structures as
a function of the pH [20]. Compared to fluorescein, the
phenolic function group of eosin Y is more acidic than the
carboxylic function [21]. Figure 7 shows the existing forms
of eosin Y with respect to pH and the polarity of the
solvent. The pink color of eosin Y in the presence of long
chain amines is attributed to a quinoid-type structure
resulting from the formation of an eosin-amine salt [14].
This complex is extracted to a non-polar solvent like
chloroform to titrate the complex with an anionic surface
active agent to separate eosin from the amine. The
amount of titrant used to discolor the solution is directly
proportional to the amount of amines [22].

Dioctadecylamine (C18)

(Z)-N-9-Octadecenylpropane-1,3-diamine (C18)

Oleylamine (C18)

Octadecylamine (C18)

Hexadecylamine (C16)

Dodecylamine (C12)

Octylamine (C8)

0

Figure 6:

In alkaline solution, eosin Y does not change its absorption properties. In acid aqueous solution, however, the

Polarity

Specific absorption coefficient a for selected long chain amines:
eosin Y method (black), methyl orange method [15] (red) and
Bengal rose method [16] (green).
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Figure 7:
Existing forms of eosin Y as a function of pH and polarity of the solvent.
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absorption band at 520 nm decreases because of the
formation of the lactonic (or leuco) form and successive
precipitation around pH 2 [23]. If eosin Y forms a salt
with a long chain amine, it will remain in its colored
(max: 540 nm) quinoid form. Excess eosin Y forms the
colorless lactonic form at low pH. Therefore, the absorption at 540 nm is directly proportional to the amount of
eosin-amine complex in the solution.

The polarity of the solvent has a significant effect on the
existing form of the dye. In a polar solvent like water, the
quinoid form is preferred, while the lactonic form mainly
exists in non-polar solvents [20]. That's why eosin Y
shows a slight orange color even in strong acid solution.
The method described in this paper deals with two conflicting reactions: on the one hand, a low pH (below pH 2)
is necessary to discolor the excess of unattached eosin Y.
On the other hand, the eosin-amine complex itself precipitates in such conditions. Extensive testing has shown that
the discoloring reaction of eosin Y is a very fast reaction,
but the precipitation of the eosin-amine complex does not
become relevant before half a minute of reaction time. As
a laboratory method, such conditions are extremely difficult to handle. The method becomes beneficial only if
combined with an automatic driven flow injection manifold
to control the reaction time precisely [11].
Expression of the Results
The method presented in this paper is adapted to measure long chain monoamines of different molar weights. As
long as the results are expressed as mass fractions (mass
of a constituent divided by the total mass of all constituents in the mixture [24], e.g., mg · kg–1), one has to
take the molar weight of the measured film-forming amine
into account. Unfortunately, the suppliers of products containing film-forming amines do not disclose the film-forming amine of their product. Historically, this problem was
solved by expressing the results as mass proportions of
octadecylamine [17,18].
Detection Limit of the Method
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