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Abstract

Objectives. Improvement of the technology for obtaining polymer-sprayed coatings based on
polycarbodiimides (polyureas) with high chemical, hydrolytic, and abrasive resistance and
improved physical and mechanical properties, as well as obtainment of polyurea compositions
with a lifetime of at least 5 min without loss performance characteristics (i.e., “hand-applied”
polyureas) suitable for repair of coatings already in use.

Methods. The reaction rate between isocyanate and amino groups is almost a hundred times
higher than that between isocyanate and hydroxyl groups, necessitating the use of special high-
performance and high-pressure installations equipped with self-cleaning mixing chambers and
heating of components. The following are determined from the obtained materials: strength,
elongation at break according to the standard method, Taber abrasion, and Shore hardness.
Results. Three methods of slowing down the reaction are investigated: 1) the synthesis of
prepolymers with the content of NCO groups from 10.5% to 18%; 2) the addition of a plasticizer
into the prepolymer in the amount of 1-10 mass parts; and 3) the introduction of polyesters into
the composition and radiation of the so-called “hybrid” systems. When using 14% polyesters with
a molecular weight of 2000 Da, only “hybrid” systems make it possible to obtain compositions
with a lifetime of more than 5 min. At the same time, the tensile strength decreases by 20%, and
the abrasion increases by 40%; however, such “hybrid” systems have a higher adhesion force
and are cheaper than pure polyureas, allowing them to be used as “repair” systems.
Conclusions. The developed composition and technology of applying “hybrid” systems allow for
the repair of existing coatings without using specialized devices. “Manual” polyurea is easy to
use and does not require special training.
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AHnHOMmayus

IMenu. CosepuieHcmeosaHue mexHo02UU NOAYUEHUS. NOSAUMEPHBLX HANbLISeMbIX NOKpbimuil
Ha OCHO8e NOAUKAPOOOUUMUO08 (NOSAUMOUEBUH), C 8bLCOKOU XUMUUECKOU, 2udpoiumuueckoil u
abpas3usHoll cmoliKocmsblo U YAYUULEHHBIMU (PUSUKO-MEXAHUUECKUMU NOKA3ameasmu, a mak-
JKe, noayueHue NOAUMOUEBUHHBLX KOMNOZUYUT C BpeMeHem KUSHU He meHee 5 muH 6e3 nomepu
IKCNNYAMAYUOHHBLX XAPAKMEPUCNUK (NOJUMOUCBUH (DYUHO20» HAHECEeHUS), NPU20OHBLLX 0Nl pe-
MOHMA YoKe IKCNAYAmUPYOULUXCSL NOKPLLMUTL.

Memoowtl. Ckopocmb pearyuu mMexoy USOUUAHAMHBIMU U AMUHOZPYNNAMU NPAKMUUECKU 8 CMO
pas npessvliiaem CKOpoCcme peakyuu Merk0y U30UUAHAMHBIMU U 2UOPOKCUNbHBIMU 2pYNNamu,
umo 8sl3bleaem Heobxo0UMoCMb UCNONBL308AMb CNEeYUA/IbHbLE 8bLCOKONPOU3B00UMEIbHbLE YCma-
HOBKU 8bLCOK020 0ABNeHUSl, OCHAU4eHHbBLE COMOOUUUYAIOULUMUC CMECUMENbHBIMU KamMepamu U
0602pe8oOM KOMNOHEHMO8. Y NONYUEHHBbIX MAMEepUaios onpedessii NPoUHocme, YyoauHeHue Ha
paspule no cmaHoapmHoil memoouke, ucmupaemocms no Tabepy u meepdocms no Ilopy.
Pesynomamet. Hcenedosarsbl mpu cnocoba 3ameoneHust peakyui: 80-nepseulx, cuHme3 npeono-
aumepos ¢ codeprkaruem NCO-zpynn om 10.5% 0o 18%; so-emopuix, agedeHue 8 npednoiumep
naacmugpuramopa 8 Konuuecmse 1-10 macc.u.; 8-mpemvux, 88ed0eHuUe 8 KOMNOIUYUIO NOSU-
agpupos u nonyueHus «ubpudHsblx» cucmem. ITokazaHo, Umo mosbKo @UOPUOHbBLEe» CUCMeMbL NPU
UCNONB308AHUU NOAUIPUPOE8 ¢ MOoSeKYasapHoll maccoti 2000 [a, 8 konuuecmase 14% nosgonsrom
NOAYUUMb KOMNOUYUU C 8pemeHem KU3HUu bonee 5 muH. IIpu smom npouHocms HA paspuls
cHuwxaemcest Ha 20%, ucmupaemocme ygeauuusaemcesi Ha 40%, HO makxue @ubpuUdHbLe» cucmemol
umerom bosiee 8blCOKY0 cuny adze3ull U deulessie No CPABHEeHUI0 C UUCTNBIMU NOSUMOUEBUHAMU,
UMo No380.Jislem UCNOIb308AMb UX 8 KAUECMEBE (PEMOHMHBLX» CUCTEM.

Bubleoowsl. PaspabomaHHblil cocmag U MmexHo102ust HaHeceHUst @UOPUOHbLX» cCuCmMeMm NO380JSLHOM
npouszeoo0ums pemoHmHule pabomsl cyurecmsyrowux nokpolimuil 6e3 npumeHeHUs. Cneyuatusu-
posaHHbLX yempoticme. ITonumouesuHa (pyuHoz20» HaHeceHust yoobHa 8 sxcnayamayuu U He mpe-
byem cneyuaibHoll N0020MosKU.

Knroueewsle cnosa: nosiumouesuHa, sepemst KU3sHU, nojslumMepHole noKpoulimus, (puswco-mexal-tu-
yeckKue ceoticmaa
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Development of a polyurea-based composition with an extended life span

INTRODUCTION

The technology of obtaining polymer-sprayed
coatings based on polycarbodiimides (polyureas)
has been developing at an outstripping pace in
the recent years. This is associated with the high
chemical, hydrolytic, and abrasive resistance of
these coatings and their excellent physical and
mechanical properties!?.

A wide range of properties, which can be
obtained due to a change in the structure of the
polyurea composition, makes it suitable for use
in many areas: in construction [1, 2], in the field
of protection of mining and processing equipment
[3, 4]. Unlike polyurethane and rubber, which are
also actively used in the mining and processing,
polyurea can be applied as a lining composition not
only in the factory; there are no restrictions on the
geometry of the protected surface.

This study aimed to develop repair compounds
that can be manually applied to any of the most
difficult surfaces. Moreover, the properties of
such compositions should be comparable to those
of the original polyurea coating. This goal was
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achieved by using hybrid polyurethane—polyurea
coatings. When developing this system, the authors
proceeded from the theoretical premises described
in the study of S.V. Romanov (see Footnote 1).

Polyureas are an ideal material for covering
large surfaces with high strength and low abrasion,
which can only be applied to the surface using high-
pressure (more than 100 atm) installations. After
the warranty period, cracks and chips appear on the
coating, which must be eliminated. For such cases,
a hand-applied composition is used, which is mainly
in contact with the original polyurea. The adhesion
to which is a priori very high.

To obtain polyurea in the coating technology,
only high-pressure installations equipped with
a self-cleaning mixing chamber and heating of
components are used because of the very short
lifetime of the composition [5, 6]. This factor
determines another indisputable advantage of
polyureas, which consists in their almost complete
insensitivity to the surrounding moisture.

Figure 1 schematically shows the reaction of the
polyurea formation.

The disubstituted urea reacts with the isocyanate
group to form biuret (Fig. 2).
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Fig. 1. Process of the polyurea formation: (1) diisocyanate, (2) polyester amine, and (3) polyurea.
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Fig. 2. Biuret production process: (1) disubstituted urea, (2) isocyanate, and (3) biuret.

" Romanov S.V. Sprayablepolyureas with extended service life in extreme conditions: Cand. Sci. Thesis. Kazan: KNR TU; 2019.

127 p. (in Russ.).

2 Timakova K.A. Development of the composition and production technology of one-pack non-foaming polyurethane sealant based
on domestic polyesters: Cand. Sci. Thesis. Vladimir: VGU; 2018. 136 p. (in Russ.).
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The isocyanate component is called component B.
It is a prepolymer containing isocyanate groups
at the ends of the macromolecule, allowing the
classification of polyurea as a class of polyurethane
coatings [5, 6].

The market share of polyurea products is growing
annually. Along with this, the number of problems
associated with this product is also increasing. One
of the urgent tasks is to solve the need for the local
repair of polyurea coatings. It is not economically
feasible to use polyurea with a short lifetime for
every repair because it is a substance that cannot
be applied without the help of special equipment.
Therefore, studies are underway to slow down the
reaction of obtaining polyurea [7].

MATERIALS AND METHODS

The following materials were used to obtain
a polyurea coating: mixture used as the amine
component (component A) was Jeffamine D-2000
(a mixture of polyoxypropylene amines with
~2000 Da molecular weight); Jeffamine T-5000 (a
mixture of polyoxypropylene amines with ~5000 Da
molecular weight) (Houfa, China), Deadta 80 (Dow
Chemical Company, Midland, Michigan, USA),
and Polilink 4200 (ACETO GmbH, Germany) were
used as crosslinking agents, as well as the adhesion
promoter was Silquest A187 (Momentive, Russia).

Isocyanate component (component B): a pre-
polymer synthesized from propylene glycol and
polyisocyanate was used (Millionate MR200
(Khimtrast, Russia)) with a mass fraction of
NCO groups of 10.5-18% [7-10]. We also used a
plasticizer (i.e., dioctyl phthalate) from Vitakhim
(Russia) and a modifier (i.e., polyester) Coradol 56-200 with
2000 Da molecular weight from Himseil (Russia).

The prepolymer preparation technique was
similar to that described in the above study of
Romanov.

The sample’s tensile strength and elongation
were determined using standard methods on a
GP2DLC-0.5 universal tensile testing machine
(Tochpribor, Russia). The tensile strength and the
elongation at break were determined according to
GOST 21751-76% on blades of Type 1 with a 3.0 + 0.2 mm
thickness at 100 mm/min clamping speed of the
tensile testing machine.

Taber abrasion was determined on a Taber
rotary platform abrasion tester model 5135/5155

(TABER® Industries, USA), disk H18, 1000 cycles.
Meanwhile, hardness was determined according to
GOST 263-75% on a device for measuring the material
hardness according to Shore A on 6 mm-thick samples
on a TVR-D installation (Metrotest, Russia).

RESULTS AND DISCUSSION

Polyurea has become an excellent solution for
waterproofing large areas. The lifetime of this two-
component system in its classical design does not
exceed 10-15 s [11-13].

Several advantages and disadvantages are
associated with such a short lifetime. First is the need
for expensive and difficult-to-maintain equipment,
which largely hinders the use of polyurea systems.

Polyurea systems are currently classified as
follows according to their lifetime:

— “classic” polyurea: lifetime of up to 20 s;

— “slow” polyurea: lifetime from 3 to 4 min; and

— “manual” polyurea: lifetime of more than 5 min.

The lifetime is taken to be the gelation time, that
is, the time after which the composition stops flowing
from the glass rod.

The application of the “classic” and “slow”
polyureas is impossible without pressure washers;
hence, they cannot be used for most local repairs.
“Manual” polyureas do not require special equipment.
The composition lifetime allows them to be applied
through manual stirring.

Unlike “classical” polyureas, “manual” systems
have not been sufficiently studied.

In studies on the retardation of polyurea
compositions, prepolymers have been synthesized
with the content of NCO groups from 10.5% to 18%.

The reaction rate decreases with the decrease in
the content of the NCO groups in the system, albeit
this decrease being very small, as shown by the table
below.

A decrease in the content of the NCO groups
in component B leads to a decrease in the coating
hardness, which is unacceptable. To avoid this, further
studies are advised to rely on a formulation with an
NCO-group content of at least 12.5%.

The first step in solving this problem is to use the
strategy of introducing a small amount of plasticizer
into component A of the system.

Figures 3 and 4 illustrate graphs of the lifetime
dependence and performance characteristics of
polyureas on the plasticizer percentage in the system.

3 GOST 21751-76 Sealants. Determination method of tensile strength, ultimate elongation at break and deformation set after break.

Moscow: Izd. Standartov; 1983.

4+ GOST 263-75. Rubber. Method for determination of Shore A hardness. Moscow: Izd. Standartov; 1983.
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Performance characteristics of coatings with different contents of the NCO-groups in component B

Content of NCO groups in component B, % System lifetime, s Shore hardness, units

10.5 14 60A

12.5 11 T5A

14.0 9 80A

15.5 7 92A

18.0 5 70D
The graphs show that the maximum possible
025 amount of plasticizer that can be introduced into
52 - | component A of the system does not exceed 5%.
g /___/ With the addition of a larger amount of plasticizer,
§ 15 / the system lifetime significantly increases, but
2 / the physicomechanical parameters dramatically
210 - decrease. When 5% is added, these indicators
3 __/ practically do not deteriorate. Such indicators as
s abrasion and eclongation at break even slightly

0 2 4 6 8
Plasticizer content in component A, %

Fig. 3. Dependence of the composition lifetime
on the plasticizer percentage in component A
of the system.
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increase.

However, the system lifetime can be increased
only slightly. This indicator has a positive effect
on the spreading of the polyurea system and,
consequently, on the adhesion of the composition
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Fig. 4. Dependence of the tensile strength of the composition (a), abrasion (b), and elongation at break (c)
on the plasticizer percentage in component A of the system.
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to the substrate. The resulting time is not allow
working with this system without the help of
additional equipment.

In our opinion, the main solution for slowing
down the polyurea formation is to transfer the
system to the “hybrid” system category, in which,
along with polyester amines, polyesters (i.e.,
Coradol 56-200) are introduced into component A.
As a consequence, both polyurea and polyurethane
groups are formed during the reaction.

Hybrid systems have a number of advantages.
The lifetime of such systems is somewhat longer;
thus, they spread better, have high adhesion, and
take the complex geometry of the protected surface
well. They are somewhat cheaper compared to
pure polyureas and are not inferior in terms of
performance characteristics. However, due to their
chemical composition, their sensitivity to moisture
significantly increases, making it impossible to
work with them in humid climates or bad weather
conditions.

Polyesters ~ with  high-molecular  weights
were selected for this research, and we expected
that additional spatial hindrances would give an
additional increase in the system lifetime.

Figures 5 and 6 present graphs of the system
lifetime and the main physical and mechanical
parameters depending on the polyester percentage
(molecular weight: 2000 Da) in component A of the
system.
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Fig. 5. Dependence of the composition lifetime
on the polyester content in component A of the system.

Introducing high-molecular weight polyester
increases the lifetime of the polyurea composition
to the required values (5 min) and increases its
abrasion while the tensile strength and elongation
are reduced to an acceptable level. This allows this
system to be used as a “manual” one.
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Fig. 6. Dependence of the tensile strength (a),
composition abrasion (b), and elongation at break (c)
on the polyester content in component A of the system.

CONCLUSIONS

In this study, a polyurea composition with a
lifetime of more than 5 min can be obtained with a
curing rate of approximately 30 times slower than
the original composition because of the partial
replacement of amine groups with less active hydroxyl
groups and because of the introduction of 10-15%
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polyester with ~2000 Da molecular weight into
the system. The resulting systems have the required
strength characteristics and higher adhesive properties.
This composition of “manual” application can be used
for the repair of polyurea coatings without needing high-
pressure installations.

REFERENCES

1. Szycher M. Szycher's handbook of polyurethanes.
Boca Raton: Taylor & Francis Group CRC Press; 2013.
1092 p.

2. Ryszkowska J. Supermolecular structure, morphology
and physical properties of urea-urethane elastomers. Polimery.
2012;57(11-12):775-902. Available from URL: https://
studylib.net/doc/18145915/supermolecular-structure--
morphology-and-physical-propert

3. WolfA.T. (Ed.). Durability of Building and Construction
Sealants and Adhesives. V. 3. Journal of ASTM International
Selected Technical Papers STP1545.2010. XVII. 417 p. ISBN
978-0-8031-3426-3.

4. Stengard R.A. High-pressure impingement mixing-
route to faster, better PU parts. Plast. Tech. 1974;41-44.

5. Zafar F., Sharmin E. Polyurethane. Rijeka, Croatia:
InTech; 2012. 480 p. ISBN 978-953-51-0726-2

6. Saunders J.H., Hansen R.H. The mechanism of foam
formation. In: Plastic foams. Part 1. Frisch K.C., Saunders J.H.
(Eds.). New York: Marcel Dekker; 1972. P. 3—108.

7. Botvinova O.A., Panov Y.T., Romanov S.V. Producing
Bicomponent Sealants Based on Polyaspartate Urea Resins.
Polym. Sci. Ser. D. 2020;13(4):407—413. https://doi.
org/10.1134/S1995421220040048

About the authors:

Authors’ contribution
All authors equally contributed to the study.

The authors declare no conflicts of interest.

8. Steiner E.C., Pelletier R.R., Trucks R.O. A study
of the polymerization of propylene oxide catalyzed by
anhydrous potassium hydroxide. J. Amer. Chem. Soc.
1964;86(21):4678-4686. https://doi.org/10.1021/j2a01075a031

9. Van Maris R., Tamano Y., Yoshimura H., Gay
K.M. Polyurethane Catalysis by Tertiary Amines.
J. Cell. Plast. 2005;41(4):305-322. https://doi.
org/10.1177%2F0021955X05055113

10. Ward R.S., Jones R.L. Polyurethanes and Silicone
Polyurethane  Copolymers. In  book: Comprehensive
Biomaterials 11. V. 1.2017. P. 570-619. https://doi.org/10.1016/
B978-0-08-100691-7.00179-8

11. Vahabi H., Rastin H., Movahedifar E., Antoun K.,
Brosse N., et al. Flame Retardancy of Bio-Based Polyurethanes:
Opportunities and Challenges. Polymers. 2020;12(6):1234.
https://doi.org/10.3390/polym12061234

12. Sandor N., Gelade E., van Maris R., Racz G. Effect
of melamine on the foam kinetics of polyurethane model
system. Models Chem. 1997;134(2):253-263. https://doi.
org/10.1002/(SICI)1097-4628(19980307)67:10<1739::AID-
APP7>3.0.CO;2-K

13. Vreenegoor N.C. The Foamax process for making
flat-top flexible polyurethane slabstock foams. Plast. Rub.
Proc. 1977;2(1):30-32.

Sergei V. Romanov, Cand. Sci. (Eng.), Director of the Production Company Elast-PU (21a, Gastello ul., Vladimir,
600026, Russia). E-mail: Romanov-elastpu@mail.ru. https://orcid.org/0000-0002-5152-4678

Olga A. Botvinova, Researcher, Production Company Elast-PU (21a, Gastello ul., Vladimir, 600026, Russia).
E-mail: ermolaeva_olya@inbox.ru. https://orcid.org/0000-0003-0217-8446

Evgenii A. Timakov, Assistant, Chemical Technologies Department, Institute of Architecture, Construction, and Energy,
Alexander and Nikolay Stoletovs Vladimir State University (87, Gor’kogo ul., Vladimir, 600026, Russia). E-mail: okakie@yandex.ru.
Scopus Author ID 57219018403, https://orcid.org/0000-0003-3312-0810

Larisa A. Chizhova, Associate Professor, Chemical Technologies Department, Institute of Architecture,
Construction, and Energy, Alexander and Nikolay Stoletovs Vladimir State University (87, Gor’kogo ul., Vladimir, 600026,
Russia). E-mail: lar-chizhova@mail.ru. https://orcid.org/0000-0003-2838-2349

Yuri T. Panov, Dr. Sci. (Eng.), Professor, Head of the Chemical Technologies Department, Institute of Architecture,
Construction, and Energy, Alexander and Nikolay Stoletovs Vladimir State University (87, Gor’kogo ul., Vladimir, 600026, Russia).

E-mail: tpp_vlgu@mail.ru. https://orcid.org/0000-0001-8528-1195

06 aemopax:

Pomanoe Cepzeii Bukxmopoeud, k.t.u., tupekrop OO0 «Omact-ITY» (Poccusi, 600026, Bagumup, yn. Factenno, 1. 21a).
E-mail: Romanov-elastpu@mail.ru. https://orcid.org/0000-0002-5152-4678

Bomeunoea Onvza AHOpeeeHa, Hayunsbli corpyauuk nadoparopun OO0 «mact-ITY» (Poccus, 600026, Biagumup,
yi. lacteno, a. 21a). E-mail: ermolaeva_olya@inbox.ru. https://orcid.org/0000-0003-0217-8446

Tonkie Khimicheskie Tekhnologii = Fine Chemical Technologies. 2021;16(2):176-183

182


https://studylib.net/doc/18145915/supermolecular-structure--morphology-and-physical-propert
https://studylib.net/doc/18145915/supermolecular-structure--morphology-and-physical-propert
https://studylib.net/doc/18145915/supermolecular-structure--morphology-and-physical-propert
https://doi.org/10.1134/S1995421220040048
https://doi.org/10.1134/S1995421220040048
https://doi.org/10.1021/ja01075a031 
https://doi.org/10.1177%2F0021955X05055113
https://doi.org/10.1177%2F0021955X05055113
https://doi.org/10.1016/B978-0-08-100691-7.00179-8
https://doi.org/10.1016/B978-0-08-100691-7.00179-8
https://doi.org/10.1002/(SICI)1097-4628(19980307)67:10˂1739::AID-APP7˃3.0.CO;2-K
https://doi.org/10.1002/(SICI)1097-4628(19980307)67:10˂1739::AID-APP7˃3.0.CO;2-K
https://doi.org/10.1002/(SICI)1097-4628(19980307)67:10˂1739::AID-APP7˃3.0.CO;2-K
mailto:Romanov-elastpu@mail.ru
mailto:ermolaeva_olya@inbox.ru
mailto:okakie@yandex.ru
mailto:lar-chizhova@mail.ru
mailto:tpp_vlgu@mail.ru
mailto:Romanov-elastpu@mail.ru
mailto:ermolaeva_olya@inbox.ru

Sergei V. Romanov, Olga A. Botvinova, Evgenii A. Timakov, et al.

Tumaxoe Eezenuii Anexcanopoeuu, acCUcTeHT Kadeapsl XUMUYECKUX TEXHOIOTUH MHCTUTYTa apXUTEKTYpH,
crpoutenncTBa 1 3HEepreTukn ®I'bOY BO «Brnagmmupckuii rocygapcTBeHHBIN yHHBepcuTeT UM. Anekcanapa [ puropsesuya u Hu-
kosast ['puropseBuda CroneroBsix» (Poccust, 600000, Bnagumup, yin. Topskoro, a. 87). E-mail: okakie@yandex.ru. Scopus Author
ID 57219018403, https://orcid.org/0000-0003-3312-0810

Yuiacoea Aapuca AHaAmMONbLEBHA, TOICHT Kapeapbl XUMUYECKUX TEXHOIOTUH VIHCTUTYTa apXUTEKTYPbI, CTPOUTEIIHCTBA
u suepretuk ®I'BOY BO «Brnamumupckuii rocynapcTBeHHbIN yHUBepeuTeT UM. Anekcanzpa [ puropseBuda u Hukonast [puropreBrnua
CroneroBbix» (Poccus, 600000, Bnagumup, yi. ['opekoro, 1. 87). E-mail: lar-chizhova@mail.ru. https://orcid.org/0000-0003-2838-
2349

ITanoe FOpuii Tepenmveeuu, 1.7.1., 1podeccop, 3aBeayolui kaQeapoil XAMUUECKUX TeXHONOrHi MHcTHTyTa
ApPXUTEKTYPbL, cTpouTenbeTsa U sHepretuky GI'bOY BO «BraguMupckuii rocyjapcTBEHHbIN YHUBEPCUTET UM. AJlekcanpa [puropsepnya
u Hukonas I'puropseBuua Cronerosbix» (Poccus, 600000, Baamgumup, yi. [opekoro, a. 87). E-mail: tpp_vigu@mail.ru. https://
orcid.org/0000-0001-8528-1195

The article was submitted: December 11, 2020, approved afier reviewed.: March 05, 2021, accepted for publication: April 12, 2021.

Translated from Russian into English by H. Moshkov
Edited for English language and spelling by Enago, an editing brand of Crimson Interactive Inc.

Toukue xuMmudeckue TexHosoruu = Fine Chemical Technologies. 2021;16(2):176-183
183


mailto:okakie@yandex.ru
mailto:lar-chizhova@mail.ru
https://orcid.org/0000-0003-2838-2349
https://orcid.org/0000-0003-2838-2349
mailto:tpp_vlgu@mail.ru
https://orcid.org/0000-0001-8528-1195
https://orcid.org/0000-0001-8528-1195

