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Abstract  In  the art icle it’s considered an interreacting of polyurethane prepolymer and organosilicone – 
polymethylphenylsiloxane – to get a protecting paint coating with improved operating properties. It’s studied the influence of 
modifier on surface structure of cured coating. 
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1. Introduction 
The using of polyurethane polymer coatings as protecting 

coatings is of great interest now for the most of science and 
technical fields. Th is polymer materials have high 
processing and operating properties. 

However, in spite of good properties these coatings are 
unstable to influence of many atmosphere and anthropogenic 
factors. The UV-light’s exposure, atmosphere ozone, regular 
temperature drop, temperature expansion, a freezing of 
moisture inside of material and etc. cause to destruction. 

Besides of them, polyurethane coatings have some 
operating negatives, such as high moisture absorption, low 
high-temperature resistance. In this regard, the interest is to 
use modifiers, such as organic silicone, fo r polymers to get 
block-copolymers or interpenetrating nets[1, 2, 3]. Organic 
silicone compounds and modified organic polymers by 
silicones have high resistance not only to high  temperatures 
and UV-light but to atmosphere moisture also due to the 
strongest hydrophobic effect appeared at such modification 
[4, 5]. 

The goal of present work is to research physical, 
mechanical and operating properties of polymer coating 
based on one-component polyurethane compound modified 
polyorganosiloxane.  

2. Objects and Methods of Researching  
In earlier published works[2, 4] unfilled protecting co mp

ositions with hydrophobic effect based on one-component 
po lyurethane lacquer modif ied  by  alkoxys ilane are  
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considered. Since 2007 a pilot operation of such compounds 
has shown a high effectiveness of the material.  

As a polyurethane component, it was selected a 
polyurethane prepolymer based on polyether synthesized 
from glycerin, ethylene oxide and propylene oxide, and 
polyisocyanate. The content of free NCO – groups in 
synthesized prepolymer is 19%, the dynamic viscosity is 
4600mPa*s. Th is prepolymer was selected to get the best 
properties of cured coating. The big amount of hard 
segments in the structure of polyisocyanate and its ability to 
crystallize g ive additional hardness to cured coating and 
improve its resistance to abrasive wear. The polyol consists 
of short segments of chain and has soft-segment structure. 
The polyol is in noncrystalline state and able to long 
relaxation strains due to big amount of intramolecular 
hydrogen bonds[6].  

 
As a modifier, it was selected a silicon polymer – a 

polyorganosilicone, with reactive hydroxyl groups in a side 
chain and which has high heat resistance (up to 300℃) and 
low water absorption. The ionic character of siloxane bond, 
which requires high activation energy, gives the molecule a 
special resistance to high temperature: polymethylphenylsil
oxane keeps the operating data during long time at 300℃ . A 
small rotation limit  and long chemical bonds allow siloxane 
to be in different conformations. It causes to increasing of 
surface tension of whole film because methyl and phenyl 
radicals are found on the macromolecule surface.  
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To define the polyurethane prepolymer modification 

effect by polymethylphenylsiloxane it’s necessary to 
research the structure of polymer film surface before and 
after modification. To research nanostructure of films it was 
applied the atomic force probe microscopy. In order to 
research a structure of chemical bonds it was used the 
Fourier infrared spectrophotometer Avatar 360 FT-IR ESP. 
The water absorption of modified and non-modified films 
were defined according to GOST 2678-94, the defining of 
wetting angle according to GOST 7934.2-74, an adhesion on 
the glass – by using of adhesiometer PSO – MG4 according 
to GOST 28574-90, relat ive hardness by using of rocker M-3 
according to GOST 5233-89. The structure of surface was 
researched by scanning probe device Integra Aura, made by 
NT-MDT, Zelenograd, Russia. The scanning was made by 
polysilicon probes HA_NC at intermittent contact method. 
At using of this method the pressure of cantilever on 
prototype surface is less and it allows to work with softer 
materials such as polymer films and biomaterials. cantilever 
cantilever cantilever cantilever 

The coverings of surface by compositions for experiments 
were made at  standard environment: at  20℃, atmosphere 
pressure 0.1MPa, relat ive air humidity 75%. To cover it was 
used a special applicator with adjustable slit. The compound 
was covered the mirro r glass by such applicator. The 
thickness if cured coating is 50 mkm. 

3. Results of Experiments 

At first step of experiments it were supposed a possible 
way of one-component polyurethane and polymethylphenyl
siloxane interaction and a possibility of chemical bonds 
between these materials forming due to existing of reactive 
NCO-groups in polyurethane and hydroxyl groups of 
polymethylphenylsiloxane. Most likely the product of 
prepolymer and polymethylphenylsiloxane interaction is a 
third-dimensional cross-linked polymer with cross-linked 
polyurethane macromolecules by organosilicone. The 
isocyanate groups and hydroxyl siloxane groups interaction 
are in the basis of this chemical reaction[5, 6, 7]. The 
reaction of forming third-dimensional cross-linked  structures 
between polyurethane and polymethylphenylsiloxane, 
probably, goes according to following way: 

Due to high reactivity in parallel to main above mentioned 
reaction it goes other co-reactions: polyisocyanate 
interaction with water, carbamide and urethane group 
contained combinations[8].  

The nature and the structure of synthesized chemical 
bonds are determinated by the speed of reaction[9]. Among 
the co-reactions, the curing reaction of NCO-groups of 
polyurethane prepolymer by air moisture due to simple 
structure of water molecule has the highest speed[10]. 

According to made calculations with MathCAD the 
effective constant of reaction polyurethane prepolymer and 
polymethylphenylsiloxane is 0.399 l/mole-rat*sec, the 
constant of reaction polyurethane prepolymer and air 
moisture is 0.378 l/mole-rat*sec. Consequently, reactions of 
isocyanate group with polymethylphenylsiloxane hydroxyl 
groups and water go with almost the same speed[11]. 

To confirm our supposition about Si – О – С chemical 
bonding in the macromolecule it were done researches of the 
polymer structure by Fourier infrared spectrophotometer. It 
was found peaks specified for existing of this type of bonds. 
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Figure 1.  Comparative infrared spectra of non-modified and modified polyurethane 

According to our suppositions the third-dimensional 
cross-links are formed by chemical interaction of isocyanate 
group of polyurethane chain and hydroxyl group of 
polymethylphenylsiloxane. In the spectrum of modified 
material (pic. 1b) comparing with original (pic. 1a) the peak 
specified for Si –  O –  C bond (2260,45 см-1) appears[12], 
besides, in the spectrum there are other chemical shifts that 
can confirm chemical bonds forming between the materials 
but not their mechanical mixing. 

The formed Si – O – C bond influences on the film surface 
structure and film operating data. Particu larly the research of 
relative hardness of coatings has shown (pic.2) that generally 
the addition of polymethylphenylsiloxane can increase the 
curing time of paint. The content of modifier less than five 
percent, on the whole, doesn’t influence on the coating 
hardness. However, at ten percents of polymethylphenylsilo

xane content it’s a fall-off o f paint relat ive hardness more 
than one and the half times.  

 
Figure 2.  Influence of hardening time content of modifier on relative 
hardness of coating 
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One of the most significant visual changes of physical 
properties at modification by polymethylphenylsiloxane is 
an appearance of strong hydrophobic effect. On the picture 3 
it’s shown the water drops on surface with polymethylphen
ylsiloxane and without. 

 
a 

 
b 

Figure 3.  Microphotography of compound’s hydrophobic properties 
defining а) without modifier; b) with modifier (20%) 

The effect appears already at five percents containing of 
polymethylphenylsiloxane in the matrix. The appearance of 
hydrophobic effect is exp lained usually by containing of 
functional groups at silicone atom of polymethylphenylsilox
ane due to them the bonds with surface of work material are 
forming. At the same time, hypothetically, the 
polymethylphenylsiloxane molecules orientate such that 
non-polar, for example, hydrocarbonic elements are directed 
to outer space and polar – to worked material surface. As a 
result, the worked material surface becomes protected by 
hydrophobic groups and lose a possibility to wet by water. At 
the same moment the coating surface has to get some 
branching. 

Experimentally above mentioned suppositions are 
confirmed by researching of surface nanostructure at the 
scan probe microscopy device Integra Aura. Scanning was 
made by probes grades CSG 10 by contact method. On the 
picture 4 there are shown photos of polyurethane coating 
surface (a) and of modified by ten percents polymethylphen
ylsiloxane polyurethane coating (b). According to results of 
researches the non-modified polyurethane film has smooth 

surface and some spherical elements - bulge with length no 
more than 6 nm. However, at polymethylphenylsiloxane 
addition the structure of surface is changed totally. 
Particularly all surface consists of not deep but multip le 
(more than 150 pro  1 m2 ) cav ities that are located 
perpendicularly to the plane of coating. According to 
effective diameter o f elements, that is two-five nm, the 
elements are polar stretched pieces of three-dimension 
polymer structure’s macromolecules formed at interaction of 
polymethylphenylsiloxane and polyurethane.  

Doubtless the modifier will influence not only on 
interfacial angle but also on water absorption. At adding two 
percents of polymethylphenylsiloxane the film water 
absorption reduces in twice[13, 14]. To  such water 
absorption reducing is caused by dimensional orientation of 
polar macromolecule. The methyl and phenyl radicals are 
located on the top of film creating waterproof layer on the 
surface.  

The addition of more than ten percents of modifier isn’t 
effective because there is no some significant changes at 
water absorption of coating. Besides, due to spherical 
structure it can be placed the impairment of adhesion of 
modified coating to some type of surface. 

The reaction isocyanate groups of prepolymer and 
hydroxyl groups of polymethylphenylsiloxane increases the 
amount of hydrophobic urethane bonds in cured coating. 
However, in contrast to evenly cross-linked and closely 
packed non-modified polyurethane the addition of 
polymethylphenylsiloxane causes to forming more 
branching surface due to impossibility to get closely packed 
macromolecule. Consequently, formed branched grained 
hydrophobic surface of siloxane contained coating becomes 
more hydrophobic due to forcing of effect because of 
interfacial angle increasing.  

The increasing of wetting angle and surface tension of 
modified compound partially influence on adhesion of 
coating to working surface (pic. 6)[15]. Hydroxyl groups in 
macromolecules of polymethylphenylsiloxane and reactive 
isocyanate groups, methyl and phenyl radicals orientated 
specially cause to decrease of quantity of polar groups 
necessary a strong electrical layer to form on the border 
adhesive – substratum. According to adhesion theory, 
reducing of concentration of negative charge on the oxygen 
and nitrogen atoms causes to reducing of intermolecular 
interactions with hydroxy l groups of glass surface.  

Table 1.  Data of modified and non-modified coating 

Item 
Before modification by 
polymethylphenylsiloxa

ne 

After modification by 
polymethylphenylsilo

xane 
Hardness, 

conv. 0,8 0,57 

Water 
adsorption, % 0,36 0,18 

Tear strength 0,97 0,59 

Wetting angle 94 108 
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Figure 4.  Surface structure of non-modified polyurethane film (a) and polyurethane modified by ten percents polymethylphenylsiloxane (b) 

 
Figure 5.  Water absorption of modified polyurethane coating 

 
Figure 6.  Dependence of tear strength on modifier 

4. Conclusions 
The made researches have shown that modified 

polyurethane one-component lacquer successfully can be 
applied to protect constructions and buildings against 
negative natural and anthropogenic factors. The chemical 
modification of polyurethane allows to change its properties 
widely in necessary direction without decline other its data. 
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