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Abstract—Methods for the preparation of oxypropylated amines and their application in various fields are
presented. The successful use of amine oxypropylation products as additives to oils, surfactants, corrosion
inhibitors, stabilizing additives to polymer mixtures, etc., is described. Their effectiveness as oil-collecting
and oil-dispersing reagents in the elimination of the consequences of accidental oil and petroleum product
spills on the water surface is considered.
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The products of the interaction of organic com-
pounds containing amine fragments with epoxides are
widely used in many industries. Particular attention is
paid to oxypropylated amines, which are of interest as
surfactants, fuel additives, anticorrosive additives for
motor oils, rubber stabilizers [1], components of anti-
icing fluids [2], etc.

OXYPROPYLATED AMINES AS ADDITIVES
To test oxypropylated amines as additives for vari-

ous purposes in oils, several studies have been carried
out in the field of the synthesis of these compounds.
The process of oxypropylation of benzoguanamine
mixed with monoalkyl (C8–C12) phenols in an auto-
clave system at a molar ratio of benzoguanamine,
monoalkylphenols, and propylene oxide of (0.25–
0.40) : 1 : 1.25 and temperature 160–180°C is patented
[3]. The duration of the process is 2–3 h.

The catalytic interaction of benzoguanamine with
propylene oxide was studied both separately [4] and in
the presence of phenolic compounds [5]. Among the
basic catalysts, the maximum conversion of propylene
oxide (93.6–98.9%) is achieved with the use of KOH,
while in the presence of triethylamine, the conversion
does not exceed 45%, and in the absence of a catalyst,
it is 40–45%. Benzoguanamine oxypropylates,
obtained at a molar ratio of the amine component to
epoxide of 1 : 5, have a positive effect on the viscosity–
temperature characteristics of the base motor oil [6]
The viscosity index of M-8 engine oil increases from
71 to 105 with the addition of benzoguanamine oxy-
propylate in an amount of 1 to 3 wt % of the oil, and
up to 118 with the addition of 5 wt % (GOST (State
Standard) 25371-82).

Amiraslanova et al. [7] studied the anticorrosive
and antioxidant properties of nitrogen-containing
phenol oxypropylates and derivatives monoalkyl (C8–
C12) phenols in the base motor oil. In the presence of
benzoguanamine oxypropylates, as well as the prod-
ucts of oxypropylation of the latter together with phe-
nolic compounds, a high thermal stability of the oil is
achieved, and their corrosiveness is also reduced. The
antioxidant properties of M-8 engine oil were deter-
mined using the DK–NAMI device, according to
GOST 11063-77. The analyses were carried out with
the addition of 2.4 wt % of a 50% oligomer solution to
the base oil. In this case, the sediment during thermal
oxidation is 0.068% for the optimal sample, while the
kinematic viscosity after oxidation increases by only
10%. Similar investigations were carried out to study
the anticorrosive properties of the synthesized oligomers,
according to GOST 20502-75. A 52% decrease in the cor-
rosion rate was achieved for the same engine oil by using
benzoguanamine oxypropylates as additives.

A continuation of research in this field led to the
determination of the antimicrobial properties of the
products of oxypropylation of benzoguanamine in the
presence of phenolic compounds [8]. The analyses
were carried out using mixtures of two bacterial strains
(Pseudomonas aeruginosa and Mycobacterium lacti-
cola) and five species of molds (Aspergillus niger, Clad-
osporium resinae, Penicillium chrysogenum, Chaeto-
mium globosum, and Trichoderma viride). The zone of
inhibition of bacteria (a mixture of two types) with the
addition of an oligomer in an amount of 0.5 and 1 wt %
of I-40 industrial oil was 1 and 2.1 cm, respectively.
The zone of inhibition of fungi (a mixture of five species)
at the same oligomer consumption is 1.3 and 3.0 cm,
respectively, while the exclusion of the test sample
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leads to an intensive growth of microorganisms (GOST
9.052-88 and GOST 9.082-77). The test results for 8-
hydroxyquinoline, selected as the reference sample of
additives, showed bacterial growth and significantly
worse fungicidal properties compared to oxypro-
pylates.

OXYPROPYLATED AMINES 
AS SURFACTANTS: OIL-COLLECTING 
AND OIL-DISPERSING COMPOUNDS

Amine hydroxypropylates with surfactant proper-
ties are also capable of killing bacteria. Oxypropylated
quaternary ammonium surfactants with two or six
epoxy fragments have high antibacterial properties
against both gram-negative bacteria Escherichia coli
and gram-positive bacteria Staphylococcus aureus [9].
Their micelle formation in a water–alcohol mixture
(reversible and irreversible) was studied. The effect of
oxypropylene fragments on the micelle-formation
properties was studied using physical methods, for
example, UV spectroscopy, and dynamic light scatter-
ing. Surfactants of similar composition also have anti-
static activity.

Oxyethylated amines, which are rarely described in
publications, have similar properties. Being proton-
ated in acidic media, they exhibit antistatic, bacteri-
cidal, anticorrosive, and other properties of cationic
surfactants. In relation to this, they can be used as wet-
ting agents, emulsifiers, dispersants, corrosion inhibi-
tors, antistatic agents, and bactericides [10, 11]. Non-
ionic surfactants were obtained by the interaction of
fatty amines, including laurylamine, stearylamine,
oleylamine, secondary amines (for example, dicoam-
ine), and diamines with ethylene oxide. The onset of
the reaction is judged by an increase in temperature
and a decrease in pressure in the system; ring-opening
occurs at 150–170°C. The typical amine number of
these surfactants ranges from 80 to 250 mg KOH/g of
the substance.

Oxyethylated amines are also of interest as electro-
active substances. As an example, we consider a
method of obtaining ethoxylated high-lipophilic qua-
ternary ammonium salts, developed by Okaev [12],
which includes several stages: alkylation of methylgal-
late with dodecyl bromide, reduction of the ester
group, ethoxylation, chlorination, and quaternization
of a halogen derivative with a tertiary amine. The syn-
thesis results in salts with the properties of ionic liq-
uids, which are promising components of the mem-
branes of ion-selective electrodes.

Due to the rapid development of the oil industry,
the need for surfactants for collecting oil spills from
the surfaces of seas, rivers, etc., including epoxy-based
reagents, is increasing [13–17]. Oil-collecting and oil-
dispersing reagents of similar composition are used to
eliminate thin oil films from the water surface, which
are a consequence of the emergency spills of oil and
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petroleum products. Their physicochemical, colloi-
dal-chemical properties, oil-collecting, and oil-dis-
persing properties have been studied.

Rahimov et al. [18, 19] synthesized N,N '-Bis(2-
hydroxypropyl)ethylenediamine by the interaction of
ethylenediamine with propylene oxide. At the second
stage, the reaction of the obtained amino alcohol with
higher carboxylic acids (C14, C16–C18) [18] and alkyl
iodides [19] yielded dimeric (gemini) surfactants with
a high surface pressure, high electrical conductivity,
good wetting ability, and other important parameters.
The authors revealed a high oil-collecting capacity of
an organic salt based on N,N'-bis(2-hydroxypro-
pyl)ethylenediamine and palmitic acid in seawater
with an oil-collecting coefficient of 13.4 for a pure
substance and 17.4 for its 5% aqueous solution.

Hasanov et al. obtained N,N,N,N'-tetra-(propan-
2-olyl)-1,6-hexadiamine [20] and N,N-di-(propan-2-
olyl)-1,6-hexadiamine [21] by the reaction of hexam-
ethylenediamine with propylene oxide. Further inter-
action of the products with saturated and unsaturated
fatty acids (capric, lauric, myristic, palmitic, stearic,
and oleic) yielded new dimeric surfactants. The syn-
thesized surfactants with palmitic and stearic acid
fragments showed a high level of stability of the foam
and emulsion in an aqueous medium. Compounds
based on myristic acid show a decrease in surface ten-
sion to the values characteristic of commercial f luori-
nated surfactants.

A new series of surfactants were obtained by the
oxypropylation of complexes based on palmitic acid
and monoethanolamine (MEA), triethylenetetramine
(TETA) [22], oleic acid and ethylenediamine (EDA),
or TETA [23] at a molar ratio of complexes to propyl-
ene oxide of 1 : (1–3). The process was carried out in
an autoclave heated on a sand bath at a temperature of
120 to 130°C for 25–30 h, with a high conversion rate
of propylene oxide, 90.5–94.0%. The surface proper-
ties of the resulting substances, such as the critical
concentration of micelle formation (CMC), the mini-
mum surface area (Amin), and the excess surface con-
centration (Tmax), were investigated, and their structure
was confirmed using Fourier-transform spectroscopy
and С13 and Н1 NMR spectroscopy. Oxypropylated
complexes have demonstrated efficiency as an oil-dis-
persing reagent on the surface of fresh and sea water
with Kd = 91.1–95.5% and τ = 4–100 h.

Asadov et al. [24] synthesized surfactants with high
colloidal-chemical parameters by the interaction of
alkylamines (octylamine, nonylamine, dodecylamine,
hexadecylamine, and octadecylamine) with propylene
oxide in a molar ratio of 1 : 1 and 1 : 2. Other ionic sur-
factants were obtained by the subsequent reaction of
dodecylisopropylolamine (obtained from dodecyl-
amine and propylene oxide) with various acids
(hydrochloric, hydrobromic, acetic, and propionic
acids) and alkyl halides (methyl iodide, ethyl bromide,
and n-propyl bromide), and their capability of oil-col-
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lection and oil-dispersion was studied [25]. The intro-
duction of alkoxy groups into the composition of
alkylamines leads to the production of valuable prod-
ucts for various purposes: auxiliary agents in the textile
industry, activators for pesticides, thickeners for acid
reagents, antistatic materials, detergents, lubricants,
and antiwear additives.

Quaternary ammonium salts obtained by the inter-
action of alkylamines (octylamine, nonylamine,
dodecylamine, and hexadecylamine) with propylene
oxide in a molar ratio of 1 : 2 and subsequent reaction
with 2-chloroethanol also demonstrate a high degree
of surface activity and oil-collecting properties [26].
Surfactants based on dodecylamine, propylene oxide,
and 2-chloroethane exhibit the highest ability to
recover oil. In [27], nonylamine, octadecylamine, and
aminoamides obtained from the fatty acid fraction of
flaxseed oil were subjected to oxypropylation. Tensio-
metric studies proved that nonylisopropylolamine
exhibits a higher surface activity than octadecylisopro-
pylolamine, lowering the surface tension at the air–
liquid interface from 72.0 to 24.1 mN/m at a concen-
tration of 5.0 wt %. The maximum value of the oil
recovery factor (Kmax) was found for the aminoamide
oxypropylate. The Kmax of a pure substance is 30.4 in
three types of water (distilled, fresh, and sea). When a
5% aqueous solution of the reagent is used for 25–169 h,
the oil recovery factor in freshwater did not change
(Kmax = 30.4); for seawater, this indicator turned out to
be lower (20.3); and for distilled water, it became
higher (40.5) in comparison with the use of a pure sub-
stance. Also, the improvement in oil recovery after 169 h
(~7 days) and the stability of the collected oil slick for
12 days indicate the efficiency of the proposed reagent.
The tests were carried out using oil of the Raman field
of Azerbaijan.

Oil-soluble oligomers based on benzoguanamine,
propylene oxide, and monoalkyl (C8–C12) phenols in
the presence of polypropylene glycols have demon-
strated good oil-collecting ability in the sea and fresh
water [28]. The maximum Kmax value of these com-
pounds in seawater was 13.44, remaining unchanged
for more than 8 days. In freshwater, this value was
lower (Kmax= 9.18) but stable. Oligomers containing
alkylphenols (without amine compounds) turned out
to be less effective, just as amine and phenolic amine
oxypropylates, which showed the effectiveness of the
action of alkyl and amine groups at their simultaneous
presence in the composition of oligomeric macromol-
ecules.

To obtain a new series of oxypropylated nitrogen-
containing compounds, studies were carried out on
the synthesis of oligomerization products of propylene
oxide with imidazolines, based on distilled natural
petroleum acids and polyethylene polyamines [29].
The structure of the synthesized oligomeric products
was identified by IR spectroscopy; the opening of
epoxy rings, chain growth, and attachment of amine
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fragments were confirmed. We studied their properties
and suitability for use as oil-collecting and oil-dispersing
reagents.

By the interaction of alkylamines (octylamine,
nonylamine, dodecylamine, hexadecylamine, and
octadecylamine) with epichlorohydrin, Asadov et al.
[30, 31] synthesized compounds of a similar structure
and with similar performance properties as in the reac-
tion with propylene oxide. The structure of the syn-
thesized compounds was identified by IR and PMR
spectroscopy. Their use reduces the surface tension at
the air–water interface from 72.5 to 26.0 mN/m at
20°C. They demonstrate a high level of efficiency: the
recovery rate for an oil film with a thickness of 0.17 nm
is 30.4 with a retention time of more than 8 days.

STABILIZING ADDITIVES BASED 
ON OXYPROPYLATED AMINES 
FOR POLYMERIC MATERIALS

One of the fields of application of amine oxypro-
pylates is the stabilization of polymers, aimed at com-
bating their aging under the action of various environ-
mental factors (light, oxygen, ozone, etc.), which lead
to a deterioration in performance. The problem of sta-
bilization is considered important in the field of poly-
mer chemistry, and the search for effective stabilizing
additives remains relevant to this day [32]. It is of
interest to develop a technology for the production of
functionalized polyethers based on the polymerization
of propylene oxide on alkaline alcoholates of aromatic
amino alcohols. Several works are devoted to the
preparation of compounds of a similar composition, in
particular, oxypropylated aromatic amines, recom-
mended for widespread use as additives to polymer
mixtures to stabilize their operational and technologi-
cal properties.

Ochilov and Shonazarova [33] described the
preparation of oxypropylaromatic amines for this pur-
pose at a molar ratio of amine, oxide, and propylene of
1 : (1–6), various temperature conditions of the pro-
cess (80, 100, 120, 140°C), and reaction time from 10
to 120 min. The structure of the products was identi-
fied by proton nuclear magnetic resonance.

The following method for producing an amine
antioxidant based on β-oxypropylated 4-aminodiphe-
nylamine to stabilize stereoregular polyisoprene rub-
ber is well known. The interaction is performed at a
temperature of 100 ± 0.5°C in a metal reactor of an
ideal mixture of the isothermal type with a molar ratio
of amine and propylene oxide of 1.0 : 1.1 [34]. Despite
the low activity in inhibiting the mechanical destruc-
tion of rubber, oxypropylated derivatives of n-amino-
diphenylamine are effective for protecting against
thermo-oxidative aging. An increase in the degree of
oxypropylation enhances the effect of protecting the
polymer material.
 76  No. 2  2021
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Dorofeev and Zemskii [35] presented the results of
a study of synthesized oxypropylated n-phenylenedi-
amine as stabilizers of tire rubber. According to the test
results of two samples for a tread and a belt, the elasto-
plastic and physical-mechanical properties of tire rub-
bers using oxypropylated n-phenylenediamine and the
industrial stabilizer Santoflex 6PPD are approxi-
mately the same. The kinetics of thermo-oxidative
aging shows a tendency to improve the results with the
long shelf life of the tested rubbers in the case of the
addition of the synthesized oxypropylate. Satisfactory
results for belt rubbers were obtained with ozone aging
as well.

Ozone aging is one of the key stages in the aging of
a polymer product, in particular, rubber. The study of
the mechanism of the reaction of ozone with new
classes of antiozonants, some of which include oxy-
propylated aromatic amines, is the focus of attention.

In [36], a study was made of the effect of the degree
of oxypropylation of aromatic amines on their reactiv-
ity with ozone. An increase in their molecular weight
has a positive effect on the rate of interaction with
ozone. In the author’s opinion, this is because, with an
increase in the length of the oxypropylene chain, the
number of ether groups also increases, which, like
nitrogen in the NH group, take part in the reaction
with ozone. The most reactive was the oxypropylated
aniline grade A-20, recommended as a stabilizer, with
a degree of oxypropylation of 20 (the rate constant of
the reaction of interaction with ozone keff = 9.9 × 106

L/mol s). The degree of oxypropylation can be con-
trolled, for example, during the synthesis of alkoxyl-
ated alkylamines with a narrow molecular weight dis-
tribution, the method of obtaining of which is pre-
sented in [37]. At the first stage, the reaction of the
primary alkylamine and alkylene oxide proceeds at a
temperature of 150 to 190°C; then the product inter-
acts with an additional number of moles of the epoxy
compound in the presence of a catalyst containing a
multiply charged counterion.

In [38], the opposite dependence on the length of
the oxypropylene chain is observed, since its increase
leads to a decrease in the inhibiting ability of oxypro-
pylated aniline during oxidation. The oxidation of eth-
ylbenzene is taken as the model reaction. A stabilizer
of grade A-3 with a degree of oxypropylation of n = 3
was more efficient as an inhibitor and was recom-
mended for use in industry.

The structure of monooxypropylated aniline
(MOPA) was identified by IR spectroscopy. Such
physicochemical properties as density (1.057 g/cm3),
kinematic viscosity, and its temperature dependence
have been determined [39]. The thermal properties of
MOPA were studied by differential scanning calorim-
etry (DSC) [40], which was used to determine the
phase transition temperature (256.52°C) and enthalpy
(–5.47 kJ mol–1). This method, based on recording
the difference in heat f luxes depending on tempera-
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ture and time, enables the study of thermal processes
and the identification and comparison of materials.

The use of MOPA, due to its inhibiting properties,
makes it possible to increase the stickiness of rubber
compounds, increase resistance to high temperatures
and oxidants, and improve their adhesive properties to
various surfaces.

MOPA can serve as the starting material for the
production of polyoxypropylated aromatic amines by
anionic polymerization. To achieve the efficiency of
polyoxypropylated aromatic amines as antioxidants
and antiozonants, it is important to preserve the sec-
ondary amine groups containing a mobile hydrogen
atom, which are typical traps of peroxide radicals [41].
Otherwise, the formed tertiary amine structures do
not have antioxidant properties.

Article [42] is devoted to the chromatographic
study of the reaction mixture during the synthesis of
MOPA, which is recommended as an ingredient for
vulcanizates, as well as for obtaining catalytic systems
used in the production of stabilizers for rubber com-
pounds, which effectively protect them from various
types of aging, for example, fatigue failure, ozone
cracking, thermal-oxidative destruction, and abrasive
wear.

The yield of N,N-dioxypropylated aniline obtained
at a molar ratio of aniline and propylene oxide of 1 : 2
and a temperature of 100°C was 90% [43]. The con-
centration of mono- and dioxypropylated amine in the
mixture depends on both the molar ratio of the com-
ponents and the synthesis conditions; with an excess
of propylene oxide, predominantly N,N-dioxypro-
pylated aniline is obtained.

A technology was developed for the production of
polyethers by polymerization of propylene oxide,
where catalytic complexes based on alkaline (potas-
sium) alcoholates of oxypropylated aniline were used
as a catalyst [44]. Both the catalyst preparation process
and the polymerization of propylene oxide are
described in a process f low diagram, where the com-
plete conversion of propylene oxide and temperature
constancy are achieved by heat removal. Some alco-
holates of oxypropylated aromatic amines are effective
as modifiers of the microstructure of styrene–butadi-
ene rubbers.

Yarullin et al. [45, 46] determined the structure and
composition of the polymerization products of pro-
pylene oxide in the presence of an alkaline alcoholate
of oxypropylated aniline by NMR spectroscopy [45,
46]. The retention of the secondary amine group was
proved during the anionic polymerization of propyl-
ene oxide. The synthesized polyoxypropylated alka-
line aniline alcoholates can be recommended as rub-
ber stabilizers.

To create Russian-made amine-type stabilizers, a
technology for obtaining oxypropylated n-toluidine
with a capacity of 1500 kg/h was developed [47, 48],
material and heat balances of the installation were
ITY CHEMISTRY BULLETIN  Vol. 76  No. 2  2021
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compiled, and consumption coefficients and specific
energy costs for raw materials were calculated. The
optimal molar ratio of toluidine and propylene oxide,
at which sufficiently high technical and economic
indicators are achieved with allowable energy con-
sumption, was (1.0–1.2) : 1. The conversion of propyl-
ene oxide was 100%, the conversion of n-toluidine was
65.4%, the selectivity of the formation of monooxy-
propylated n-toluidine was 72.48%, and the specific
energy consumption was 1.87 kW/kg.

The structure of oxypropylated n-toluidine was
studied by IR spectroscopy and chromatography [49].
In the IR spectrum of N-hydroxypropylated n-tolui-
dine, one broad intense absorption band is detected in
the range of 3200 to 3400 cm–1, corresponding to sec-
ondary amine fragments. Both mono- and dioxypro-
pylated n-toluidine were studied by gas chromatography.

Lin’kova et al. [50, 51] studied the structure and
isomeric composition of xylidine oxypropylation
products by NMR and mass spectrometry, using the
example of 2,6-dimethylaniline. The proposed mech-
anism is common for all processes of β-oxypropyla-
tion of aromatic amines and shows options of partial or
complete substitution of hydrogen atoms in amine
groups. The general regularities of the decay of mole-
cules by the action of electron impact are shown. The
first act in the electron impact is the release of ethoxy
of methoxy radical ions; therefore, it can be argued
that propylene oxide serves as an alkylating agent. The
technological scheme for obtaining xylidines was
developed and modeled in [52].

Thus, the synthesis and application of oxyal-
kylated, in particular, oxypropylated amino deriva-
tives, is of interest both from a theoretical and practical
point of view. The fields of application of compounds
of this composition are quite diverse, which is facili-
tated by their structural features and the presence of
groups and fragments of polar and nonpolar nature.
Among the operational purposes highlighted in this
review, we note the effectiveness of the synthesized
amine oxypropylates as surfactants, oil-collecting and
oil-dispersing reagents, antibacterial and antistatic
materials, antiwear additives to oils, stabilizers for
polymer compositions, etc.

Taking into account the above consideration, it can
be argued that the need for these materials determines
the prospects of research and the relevance of the
search for new methods of their preparation and the
synthesis of compounds of a similar composition.
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