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В работе исследовано влияние наполнителей на технологические свойства поли-
уретановых герметиков и физико-механические свойства отвержденных влагой воздуха гер-
метиков. Представлена технология производства герметика, обоснована последователь-
ность загрузки компонентов в диссольвер. Отмечено, что введение катализатора и латент-
ного отвердителя в систему необходимо осуществлять после введения наполнителя, на по-
следнем этапе смешения при температуре не выше 30 ºС, чтобы предотвратить прежде-
временное сшивание герметика в процессе его производства. Представлена схема отвержде-
ния полиуретанов, в том числе в присутствии латентного отвердителя. Установлено, что 
при наполнении в пределах 20-80 масс.ч. на 100 масс.ч. предполимера общий комплекс физико-
механических показателей остается высоким. При введении минерального дисперсного 
наполнителя увеличивается напряжение при раздире, но падает относительное удлинение 
при разрыве. Увеличение прочности при растяжении происходит до определенного предела, 
после которого наблюдается снижение прочности герметика. Показано, что исходя из зна-
чения маслоемкости наполнителей можно оценить вид и количество наполнителя для гер-
метика, т.к. маслоемкость напрямую зависит от размера частиц наполнителя, площади 
поверхности и формы частиц. Отмечено, что для сохранения высоких физико-механических 
свойств композиции и оптимальной вязкости герметика лучше сочетать два вида наполни-
теля разной маслоемкости. Установлено, что применение наполнителей с высокой и низкой 
маслоемкостью положительно влияет на технологические и эксплуатационные свойства 
герметиков. Наполнитель с высокой маслоемкостью придает герметику тиксотропность, 
а наполнитель с низкой маслоемкостью позволяет создать более высоконаполненную ком-
позицию с сохранением высоких прочностных показателей. 

Ключевые слова: одноупаковочный герметик, полиуретан, отверждаемые герметики, реакцион-
носпособные предполимеры, наполнители, латентный отвердитель, маслоемкость 
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In this study, the effects of fillers on the technological properties of polyurethane sealants 
and the physical and mechanical properties of air moisture curing sealants are investigated. The 
sequence of loading the components in the dissolver, factoring in the presence of a latent curing 
agent, is demonstrated. It was found that when filling within 20-80 parts weight per 100 parts 
weight of the pre-polymer, the general complex of physical and mechanical properties remains 
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high. With the introduction of mineral dispersed filler, the tear strength increases, but the relative 
elongation at break decreases. The increase in the tensile strength occurs up to a certain limit, after 
which there is a decrease in the strength of the sealant. It was shown that based on the oil absorp-
tion value of the fillers, the type and the amount of a filler for the sealant can be evaluated, as oil 
absorption directly depends on the particle size, surface area and particle shape of the filler. It was 
observed that for maintaining high physical and mechanical properties of the composite and the 
optimum viscosity of the sealant, it is preferable to combine two kinds of fillers with different oil 
absorption. It was established that the application of fillers with high and low oil absorption has a 
positive effect on the technological and performance properties of sealants. The filler with high oil 
absorption contributes to the thixotropy of the sealant, while the filler with low oil absorption allows 
to form a more highly filled composite while preserving the high strength characteristics. 

Key words: one-part sealants, polyurethane, сuring sealants, reactive pre-polymers, fillers, latent curing 
agent, oil absorption 
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INTRODUCTION 

One of the perspective direction of application 

of polymeric materials in the construction industry for 

the effective protection of buildings and structures 

from environmental influences is the application of 

sealant materials [1-6]. 

Sealant is a multicomponent complex compo-

site in which each component performs its essential 

function; therefore, it is imperative to be guided by sci-

entific evidence-based principles in the selection of the 

components when formulating a sealant [7-9].  

Fillers are second in importance components 

of a sealant after the coupling agent. A filler is applied 

primarily to reduce the cost and (or) to add special 

properties to the sealant, for example, thixotropy, low-

density, or fire resistance, etc.; however, the introduc-

tion of fillers causes changes in the technological as 

well as in the performance properties [3, 10, 11].  

The objective of this study was is to investigate 

the effects of conventional fillers on the technological 

and performance properties of moisture curing polyu-

rethane sealants in the presence of a latent curing agent. 

EXPERIMENTAL TECHNIQUES  

The polyurethane pre-polymers developed by 

the author, based on diphenylmethane 4,4'-diisocya-

nate (MDI) and polyethers with a molecular weight of 

2000 and 4500-5000, in the presence of benzoyl chlo-

ride used as an inhibitor of intramolecular reactions, 

were used in the experiment. The content of the NCO-

groups in the coupling agent was 4-4.5% [12]. 

The following were used as fillers: fine cal-

cium carbonate (chalk) MTD-2 (MTD), precipitated 

calcium carbonate Calofort SV coated with a low per-

centage (5 percent) of a calcium stearate (CSV), talc 

MT-GSM (MT), fractionated microdolomite Midol 

10-98 (MD), fractionated micromarble Micarb 05-98 

(MC05) and Micarb 40 (MC40), aluminum hydroxide 

Portaflame SG 25 (PSG). The properties of the fillers 

are displayed in Table [13].  

 

Table 

The properties of the fillers 

Таблица. Свойства наполнителей 

Filler Particle shape OA, g/100g ρ, g/cm3 D50, mkm 

CSV spherical 300 2.7 0.07 

MT flakey 70 2.0 8 

PSG spherical 22 2.4 25 

MD spherical 16 2.9 10 

MC05 spherical 20 2.72 5 

MC40 spherical 15 2.72 15 

MTD spherical 16 2.65 7  

 

Diisononylphtalat (DINP) was used as a plas-

ticizer.  

A specific problem of one-part sealants is the 

sensitivity of the pre-polymer to the presence of mois-

ture, and consequently, the need to remove moisture 

contained in the original materials from the composite 

[7]. Therefore, the filler was subjected to drying first, 

and the zeolite based molecular sieve – was introduced 

to the composite itself. 

The loading of the sealant components was 

carried out as follows: the coupling agent, the plasti-

cizer, the thixotropic agent and the exsiccant were 
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loaded in a mixing tank and mixed. 2-3 portions of the 

fillers were added while mixing with gradually increas-

ing the speed of rotating milling cutters until a funnel 

was formed. During spinning, a high pressure zone is 

formed in front of the teeth of the cutter, and behind 

them there forms a decompression zone, which leads 

to the destruction of the agglomerates of particulates 

(due to friction between the particles themselves) and 

the increase in temperature; therefore, the mixture was 

dispersed while cooling (at a temperature of less than 

40 °C) in static vacuum (less than 0.2 atm) for 10 min. 

A little heating is recommended to reduce viscosity, as 

well as for better dispersion and creating the outlet for air. 

Next, a latent curing agent and a catalyst were 

added to the mixture while mixing and cooling (at a 

temperature of no higher than 30 °C) and mixed for 2-

3 min. This loading sequence allows to avoid prema-

ture cross-linking while introducing the catalyst and 

the latent curing agent to the system. 

The tensile strength and the elongation at break 

tests were conducted on the dumb-bell specimen cut 

from cured films, in accordance to GOST (All Union 

State Standard) 270. The sealant was applied to the flu-

orocarbon plate and evened out using a palette knife 

with a 2.0±0.2 mm gap [14]. The prepared films were 

kept for 3 h at a temperature of (23 ± 2) °C, then in a 

dryer at a temperature of (70±5) °С for (48,0±0,5) h. 

Before the test, the samples were kept at a temperature 

of (23 ± 2) °С for no less than 3 h. 

RESULTS AND DISCUSSION 

As it is known [4, 15, 16], during the filling of 

polyurethane coupling agents, foaming of the pre-pol-

ymer occurs as a result of a curing reaction accompa-

nied by emitting carbon dioxide. To eliminate foaming 

in moisture curing single component polyurethane sys-

tems, latent curing agent can be used [17-19].  

The scheme of the curing of polyurethanes in 

the presence of a latent curing agent is presented in Fig. 1.  

 

 
Fig. 1. The scheme of curing of polyurethanes [15] 

Рис. 1. Схема отверждения полиуретанов [15] 

To suppress bubble formation during curing of 

isocyanate-containing compositions with latent amine 

hardeners are: on contact with atmospheric moisture 

blocked amino latent hardener hydrolyzed and then re-

acted with the isocyanate groups of the composition 

without the emission of carbon dioxide. 

The effects of fillers on the physical and me-

chanical properties of the moisture-cured films are pre-

sented in Fig. 2-4. 

The increase in the physical and mechanical 

properties of the composite takes place until the 

amount of a filler added reaches a certain limit. It was 

observed that this dependency is extreme for all the 

tested composites. Technological and performance 

properties will be different in case of filling the sealant 

up to the same level but with different types of fillers.  

It should be noted that for the composites with 

any of the fillers presented in this study, their tensile 

strength is higher than that of the composites without 

fillers. When filling (cf) in the range from 20 to 80 wt % 

for 100 pts. wt., the tensile strength (σ) of the pre-pol-

ymer increases by approximately 35-40% on average. 

 

 
Fig. 2. The effect of fillers content in the sealant on the tensile 

stress at break of cured films: 1 - CSV; 2 - MT; 3 - PSG; 4 - MD; 

5 - MC05; 6 - MC40; 7- MTD 

Рис. 2. Влияние содержания наполнителей в герметике на 

разрушающее напряжение при растяжении отвержденных 

пленок: 1 - CSV; 2 - MT; 3 - PSG; 4 - MД; 5 - MК05; 6 - MК40; 

7- MTД 

 

The strength-filler amount diagram for the 

composition containing Calofort SV as a filler has a 

strongly pronounced extremum in the 60-70 pts. wt re-

gion. It should also be noted that precipitated chalk has 

a more developed surface than other fillers. The oil ab-

sorption of Calofort SV is slightly higher than that of 

other fillers. The highly developed surface of Calofort 
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SV with a pH of 10-11 leads to a sharper change in the 

properties of the polymer composite with significantly 

lower concentrations. In this case, Calofort SV, appar-

ently, plays the role of an active filler. 

Similar extremum is observed with aluminum 

hydroxide, but to a much lesser extent. The rest of the 

diagrams show a more uniform increase in strength 

first and then its decrease.  

With the increase of the filler amount in the 

composite, the relative elongation (ε) of the samples 

slightly increases until filled to 80 pts. wt per 100 pt. 

wt of the pre-polymer, then it decreases, which is due 

to the declining ability of macromolecules to the orien-

tation processes at elongating because of the increased 

density of cross-linking. 

 

 
Fig. 3. The effect of fillers content in the sealant on the elongation at 

break of cured films: 1 - CSV; 2 - MT; 3 - PSG; 4 - MD; 5 - MC05; 

6 - MC40; 7- MTD 

Рис. 3. Влияние содержания наполнителей в герметике на относи-

тельное удлинение при разрыве: 1 - CSV; 2 - MT; 3 - PSG; 4 - MД; 

5 - MК05; 6 - MК40; 7- MTД 

 

The elongation – Calofort SV amount diagram 

has a strong extremum in the 60 pts. wt region. At the 

same time, the elongation-talc content diagram be-

haves in a totally different way. When filling with talc, 

the decrease in elongation may be associated with 

platelet shape of the particles that interferes with the 

ability of macromolecules to the orientation processes.  

As is known [4], with the introduction of a 

filler into the composite, the tear strength (σs) in-

creases, which is confirmed by the critical tear stress-

filler content diagrams. It should be noted that for the 

composites with Calofort SV and Talc MT-GSM, the 

diagrams have an extremum, after which the critical 

tear stress decreases.  

 

 
Fig. 4. The effect of fillers content in the sealant on the critical tear stress 

of cured films: 1 - MT; 2-CSV 3 - PSG; 4 - MTD; 5 - MC05; 6 - MD; 

7- MC40 

Рис. 4. Влияние содержания наполнителей в герметике на 

разрушающее напряжение при раздире: 1 - MT; 2-CSV 3 - PSG; 

4 - MTД; 5 - MК05; 6 - MД; 7- MК40 

 

It should be noted [4] that the talc and chemi-

cally precipitated chalk - based composites come out 

“dry” and are of high viscosity, i.e. the system lacks 

the coupling agent, which is noticeable when filling 

above 120 pts. wt for 100 pts. wt of the coupling agent.  

Thus, the optimal ratio of filler and film-for-

mer is of great importance [20]. The amount of film-

forming substance, spent on formation of solvation 

shells and filling the free spaces between the particles 

surrounded by these shells, is called oil absorption (and 

is expressed in grams of flaxseed oil per 100 g of filler 

when mashing to the state of a dense ball. 

The lower the oil absorption (OA) of the filler 

is, the less amount of coupling agent is needed for the 

preparation of a composite, and the coupling agent can 

be filled more. It should be noted that the relationship 

between the coupling agent and the filler affects not 

only the physical and mechanical properties, but also 

the viscosity of the sealant. 

Fig. 5 shows that with the introduction of fill-

ers with higher oil absorption, there is an increase in 

viscosity. High oil absorption is typical for fillers with 
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Fig. 5. The effect of the filler oil absorption on the viscosity of the 

sealant with a content of 160 wt. including filler per 100 wt.h. 

binder: 1-dynamic viscosity; 2 - oil obsorption of fillers 

Рис. 5. Влияние маслоемкости наполнителя на вязкость герметика 

с содержанием 160 масс. ч. наполнителя на 100 масс.ч. связую-

щего: 1- динамическая вязкость; 2 – маслоемкость наполнителя 

 

small size particles, as well as with the platelet shaped 

particles. Oil absorption can only describe the com-

pounding formulation of composites very tentatively, 

because it does not reflect the influence of dispersive-

ness and particle size of fillers to the full extent, but it 

allows to approximately estimate the amount of filler, 

depending operational and technological properties 

needs to get a sealant. 

The filler with high oil absorption gives the 

sealant thixotropic properties, but extremely reduces 

the strength characteristics of the sealant. Its thixo-

tropic properties disappear. 

CONCLUSIONS 

The technology of manufacturing filled seal-

ants in the presence of a latent curing agent was devel-

oped. 

It was demonstrated, that the introduction of a 

latent curing agent to the system must be carried out 

after the introduction of a filler, on the last stage of 

mixing to prevent premature cross-linking of the sealant. 

During the filling of PU pre-polymer in the 

presence of a latent curing agent, the increase in the 

sealant strength characteristics up to a certain limit was 

noted, then there is a decrease in the strength proper-

ties. With the introduction of a mineral dispersed filler, 

the tear strength increases, but the elongation at break 

decreases. 

Based on the physical and mechanical proper-

ties of the sealant with different fillers represented in 

Table 1 and Fig. 2-4, it can be concluded that the 

amount, size and shape of the filler particles affect the 

technological and operational properties of the sealant. 

Oil absorption allows approximately determine the 

amount of filler depending on the requirements of the 

sealant. 
It was established that the maximum strength 

performance with thixotropic properties can be 
achieved in production of sealants based on high and 
low oil absorption fillers such as precipitated chalk, 
and microcalcite. 
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