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Enamels based on organosoluble epoxy oligomers 
(EOs) are widely used in paint-and-varnish industry 
for preparing high-quality corrosion-resistant and 
chemically stable coatings [1]. These enamels are 
toxic, infl ammable, and dangerously explosive because 
they contain organic solvents. They negatively affect 
the human health and the environment. Today a new 
generation of water-dispersible systems came into use 
in the world practice: aqueous dispersions (ADs) of 
various oligomers and polymers, so-called artifi cial 
latexes [1, 2]. Aqueous dispersions of EOs can be used 
as alternative to the above solvent-based enamels for 
the protection of construction steel and of wood and 
concrete items. Coatings formed from EO ADs show 
better service characteristics than those prepared from 
synthetic latexes and approach coatings prepared from 
solutions of epoxy resins in organic solvents. Therefore, 
such coatings attract growing attention of specialists 
and fi nd steadily expanding use in building, mechanical 
engineering, and radio electronics [3–5]. The advantages 
of coatings formed from EO ADs are as follows 
[1]: resistance to chemicals, improved mechanical 
properties, low absorption of contaminants by the 
surface, high adhesion to various types of supports, high 
interlayer adhesion, good external appearance, and high 
weather resistance.

Successful development of paint-and-varnish protec-
tive materials based on EO ADs depends not only on 
the quality of dispersions themselves, but also on the 
nature of curing agents and on other conditions of 
coating formation.

In this study we examined the possibility of using 
NC-558 cycloaliphatic amine as a curing agent for 
water-based epoxy compounds and studied how the 
component concentrations and temperature affect the 
properties of the fi lms obtained.

EXPERIMENTAL

In our study we used an EO AD of the oil-in-water 
type with 60% content of the dispersed phase. The 
aqueous dispersion was obtained by direct emulsifi cation 
of EO in the presence of a nonionic surfactant and 
a stabilizer [4]. As EO we used liquid ED-20 epoxy–4,4'-
isopropylidenediphenol resin containing 20.0% epoxy 
groups, with the molecular weight Mn = 500 [GOST 
(State Standard) 10687–84] [2]. The characteristics of 
the ED-20 AD obtained are given below.

As a curing agent for the experimental compounds 
we chose NC-558 cycloaliphatic amine hardener 
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(Cardolite) used in industry for curing organosoluble 
epoxy materials. The characteristics of NC-558 are as 
follows:

The curing agent consists of aliphatic polyamines linked 
to the aromatic framework of 3-n-pentadecadienylphenol 
by a side aliphatic chain. The compositions of the 
compounds are given in Table 1. All the compounds are 
nontransparent creamy liquids.

The spreadable life of the compounds was evaluated 
from changes in their viscosity in the course of storage 
at 20°C. The viscosity of the compounds was determined 
according to GOST (State Standard) 8420–74. Free fi lms 
were obtained according to GOST 14243–78.

The curing kinetics was monitored by variation of 
the content of the gel fraction (fraction insoluble after 

cross-linking). The gel fraction content was determined 
by extraction of the soluble fraction with acetone in 
a Soxhlet apparatus for 24 h.

The curing process was monitored by IR spectroscopy. 
The IR spectra of the samples were taken with an FTIR 
M 2000 Series Fourier Transform IR spectrometer 
(MIDAC, USA) in the wavenumber range 400–
4000 cm–1, with a resolution of 4 cm–1. The spectra were 
processed with Grams/32 program (Galactic, USA). 

Differential thermal analysis was performed with 
a Netzsch STA 409 PC/PG device at a heating rate of 
1 deg min–1 in an argon atmosphere, with a sample 
weight of 57.3 mg. The microstructure of the samples 
was examined by scanning electron microscopy with 
a LEO 1420 device. The sample surface was coated 
with gold by vacuum sputtering on a VUP-2K unit. 
The water absorption of the fi lms was determined by 
the weight gain of the fi lm samples on their keeping for 
various times in a desiccator with 99% humidity [6]. The 
weather resistance of the fi lms was evaluated after 15 
cycles of their freezing to –20°C and subsequent heating 
in an oven to +50°C. The relative hardness of the fi lms 
was determined with a 2124 TML pendulum device 
according to GOST 5233–89, and the adhesion, by the 
grid notching method according to GOST 16253.

The fi lms were cured at 20°C for 2, 5, 10, 15, 20, 
and 25 days (cold curing) and at 70, 80, and 140°C for 
1, 3, 6, 10, and 15 h (hot curing). Studies showed that 
the curing agent is compatible with ED-20 AD and is 
readily and uniformly distributed in it. The presence of 
the curing agent increases the viscosity of compounds; 
therefore, its concentration in them is limited. For 
example, addition of the curing agent in an amount 
of 30 wt % (compound no. 4) and more increases the 
viscosity of the compounds and decreases its spreadable 
life. The viscosity of compound nos. 1–3 (outfl ow time) 
is 40–45 s, and the spreadable life, 1.5–2 days.

Preliminary tests showed that fi lms formed from 
compound nos. 1 and 2 got hardened (lost stickiness) 
at 20°C in 10–15 days, and compound no. 3, in 2 days. 

Table 1. Composition of compounds

Fig. 1. Content m of insoluble gel fraction in fi lms cured 
at (1) 20, (2) 70, (3) 80, and (4) 140°C, as a function of the 
curing time τ.

m
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m
, %
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Content, wt %, in indicated
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ED-20 AD
Curing agent
Distilled water

no. 1 no. 2 no. 3 no. 4

60
20
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35
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35
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  5
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Therefore, compound no. 3, was chosen for further 
studies.

A study of the curing kinetics showed (Fig. 1, curves 
2–4) that, in the course of curing at 20°C, the gel fraction 
content increased slowly. The content of the insoluble 
fraction was 52.5% in 2 days, 67% in 10 days, 74% in 
15 days, 79.5% in 20 days, and 83% in 25 days (Fig. 1, 
curve 1). With increasing temperature, the curing rate 
increased. At 70°C, the content of the insoluble fraction 
was 61.7% in 1 h, 71.6% in 3 h, 83.3% in 6 h, 92% in 
10 h, and 94% in 15 h; at 140°C, 87.5% in 1 h, 92% 
in 3 h, 94.8% in 6 h, 96% in 10 h, and 96.2% in 15 h. 
Thus, gelation is mainly complete (the content of the 
insoluble fraction reaches 94–96.3%) in 15, 10–15, and 
6–15 h in the fi lms heat-treated at 70, 80, and 140°C, 
respectively.

These data are well consistent with the results of 
measuring the fi lm hardness (Fig. 2). The hardness of 
the fi lms cured at 20°C for 2 days is low (0.05 unit). 
With increasing time of cold curing, the fi lm hardness 
increases, reaching 0.15 unit in 10 days, 0.27 unit in 
20 days, and 0.28 unit in 25 days. The plots of the fi lm 
hardness vs. curing time at 70–140°C are ascending 
curves gradually fl attening out (Fig. 2, curves 2 and 

3). The maximal hardness is attained at 70°C in 10 h 
(0.33 unit), at 80°C in 6 h (0.35 unit), and at 140°C in 
3 h (0.38 unit). Longer curing at these temperatures does 
not lead to further increase in the fi lm hardness.

The water absorption of fi lms formed under various 
curing conditions is essentially different (Fig. 3). The 
water absorption of the fi lms cured at 80 and 140°C is 
lower than that of the fi lms obtained by cold curing. 
Longer curing of the fi lms enhances their moisture 
resistance, which may be due to a change in the packing 
density in going to more severe hardening conditions.

Figure 4 shows the IR spectra of the curing agent 
and compound no. 3 before curing and after curing at 
20°C for 25 days, at 80°C for 1 h, and at 80°C for 6 h. 
As can be seen, the spectrum of the uncured compound 
(spectrum 2) contains an absorption band with 
a maximum at 3431 cm–1, belonging to vibrations of 
the hydroxy group ν(OH) and confi rming the presence 
of water in the compound. The spectrum also contains 
absorption bands with maxima at 2972, 2967, and 
2872 cm–1, corresponding to CH2 vibrations, and 

Fig. 2. Hardness H of fi lms cured at (1) 20, (2) 70, (3) 80, and 
(4) 140°C as a function of curing time τ.

Fig. 3. Water absorption W of fi lms as a function of testing 
time τ. Film curing temperature, °C: (1–3) 20, (4–6) 80, and 
(7–9) 140. Curing time: (1) 2 days, (2) 10 days, (3) 25 days, 
(4, 7) 1 h, (5, 8) 3 h, and (6, 9) 6 h.
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a group of bending vibrations of the benzene ring at 
1500 cm–1. Absorption bands with maxima at 1250, 910, 
and 832 cm–1 are indicative of the presence of epoxy 
groups [7]. The most convenient band for monitoring 
chemical transformations of epoxy groups is that with 
a maximum at 910 cm–1, as the remaining two bands 
overlap with absorption bands of other groups [7]. The 

curing agent NC-558 also absorbs in this region, but it 
has a characteristic band at 1584 cm–1 (Fig. 4, spectrum 
1) with which it is convenient to monitor its chemical 
transformations. As the curing involves the reaction 
of an epoxy group of the resin with an amino group of 
NC-558, the intensity of the absorption at 910 cm–1 can 
be taken as the measure of conversion.

Curing of the compound at 20°C for 25 days (Fig. 
4, spectrum 3) and at 80°C for 1 h (spectrum 4) is 
accompanied by a decrease in the absorption intensity at 
910 and 1584 cm–1, due to a decrease in the concentrations 
of epoxy groups in ED-20 resin and of the curing agent in 
the compound. In the spectrum of the sample cured at 
80°C for 1 h, a band appears at 1733 cm–1, indicative 
of formation of an ester carboxy group. It should be 
noted that the bands at 910 and 1584 cm–1 do not fully 
disappear upon cold and hot (80°C, 1 h) curing. This 
fact suggests that certain amounts of epoxy groups of 
ED-20 resin and of the curing agent remain unchanged 
in the cured compounds.

Curing of the same compound at 80°C for 6 h (spec-
trum 5) is accompanied by an increase in the intensity 
of the absorption band with a maximum at 1733 cm–1 
and appearance of bands with maxima at 2073 and 
1888 cm–1 (carbonyl groups), owing to the reaction of 
the epoxy groups with the curing agent. The absorption 
bands at 910 and 1584 cm–1 fully disappear.

It should be noted that both cold and hot curing leads 
to a decrease in the intensity of the hydroxyl vibration 
bands ν(OH) and to their short-wave shift. A decrease 
in the content of hydroxy group in the course of curing 
may be due to the reaction of functional groups of the 
curing agent with hydroxy groups, with the formation 
of an aliphatic polyamine ether.

Analysis of the IR spectra confi rms the data obtained 
from physicochemical tests: The fi lms cured at 80°C 
for 6 h acquire fairly high hardness (0.37 unit) and 
moisture resistance (1.9%), in contrast to cold-cured 
fi lms (Figs. 2, 3).

The derivatogram of ED-20 AD has fi ve endothermic 
peaks with maxima at 45.3, 90.2, 93.3, 97.0, and 
104.8°С, accompanied by a weight loss. As shown 
by thermogravimetric measurements, in the fi rst step 
(20–50°С) the weight loss is 6.93%; in the second step 
(50–77°С), 5.50%; in the third step (77–88°С), 2.67%; 
in the fourth step (88–104.8°С), 7.36%; and in the fi fth 
step (104.8–150°С), 7.3%. The total weight loss at 
150°С is 29.76%. All the observed endothermic effects 
correspond to the release of water from the sample. 

Fig. 4. IR absorption spectra (ν, cm–1) of the (1) curing agent, 
(2) uncured compound no. 3, and (3–5) compound no. 3 cured 
(3) at 20°C for 25 days, (4) at 80°C for 1 h, and (5) at 80°C 
for 6 h.
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The DTA curve in the range 60–88°С shows a slight 
deviation from the straight line (+0.00091965 μV mg–1) 
with a maximum at 77°С. Presumably, in this temperature 
range the epoxy resin gradually reacts with the curing 
agent. The reaction of the components in the course of 
curing the compound at 70–80°С is confi rmed by a change 
in the content of the insoluble fraction (Fig. 1).

Figure 5 shows an electron micrograph of a fi lm 
cured at 80°C for 6 h. As can be seen, the fi lm surface 
is smooth, without defects caused by the presence of 
non-cross-linked segments of macromolecules.

The fi lms cured at 80°С for 3–6 h and at 140°С for 1–6 
h showed no changes in the external appearance after 15 
cycles of freezing to –20°С and subsequent heating in an 
oven to +50°С, i.e., the fi lms are weather-resistant.

As seen from Table 2, the adhesion of fi lms formed 
on the surface of 03 kp steel strongly depends on the 
curing conditions.

An increase in the temperature and time of fi lm 
curing leads to an increase in their adhesion to the metal 
support. Films cured at 80°C for 6 h or at 140°C for 1–6 
h have a point 1 adhesion.

CONCLUSIONS

(1) Cold curing of experimental fi lms leads to a slow 
increase in the gel fraction content, from 52.5 to 83% in 

the period from 2 to 25 days. This is caused by hindered 
diffusion of curing agent molecules to microdroplets of 
the epoxy oligomer surrounded by a shell of an emulsifi er 
and a stabilizer.

(2) With increasing temperature, the curing occurs 
more intensely. Upon curing the compound at 80°C for 6 h 
or at 140°C for 3 h, 96% of macromolecules of the epoxy 
oligomer are bound in a three-dimensional structural 
network. This leads to considerable enhancement of the 
hardness and to a decrease in the moisture permeability 
of the formed fi lm.

Fig. 5. Electron micrograph of the fi lm cured at 80°C for 6 h.

20 μm

Table 2. Adhesion of fi lms to a metallic support
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(3) Both epoxy and hydroxy groups of macromolecules 
of the epoxy oligomer participate in formation of a three-
dimensional structure.

(4) In contrast to organosoluble epoxy oligomers, the 
spreadable life of compounds of an aqueous dispersoin 
of an epoxy oligomer with a curing agent is as long 
as 1.5–2 days, which makes this compound more 
convenient in application.

REFERENCES

1. Paints, Coatings, and Solvents, Stoye, D. and Freitag, W., 
Eds., Weinheim: Wiley–VCH, 1998, 2nd ed.

2. Kochnova, Z.A., Epoksidnye smoly i otverditeli: 

promyshlennye produkty (Epoxy Resins and Curing Agents: 
Commercial Products), Moscow: Beint-Media, 2006. 

3. Lehrbuch der Lacktechnologie, Zorll, U., Ed., Hannover: 
Vincentz, 1998

4. Sutareva, L.V., Lakokras. Mater. Ikh Primen., 1984, no. 2, 
pp. 9–10.

5. Mangusheva, T.A., Lakokras. Mater. Ikh Primen., 1984, 
no. 3, pp. 5–8.

6. Gorlovskii, I.A., Indeikin, E.A., and Tolmachev, I.A., 
Laboratornyi praktikum po pigmentam i pigmentirovannym 
lakokrasochnym materialam (Practical Laboratory Course 
of Pigments and Pigmented Paint-and-Varnish Materials), 
Leningrad: Khimiya, 1990.

7. Nakanishi, K., Infrared Absorption Spectroscopy, San 
Francisco: Holden-Day, 1962. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
    /RUS ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


