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B pabome uccnedosano enuanue nanoanumeneil Ha MeXHOA02UYECKUE CEOIICHEA NOIU-
YPEmanogvIx 2ePMEMUKO8 U PU3UKO-MEXAHUUECKUE CEOUCINEA OMEEPIHCOEHHBIX 614201 8030yXa zep-
memuxos. Ilpedocmagnena mexnonozusa npouzeoocmea 2epmemuKa, 000CHO8AHA NOCNE008aMmeb-
HOCMb 3a2PY3KU KOMROHEHM 06 6 Oucconveep. Ommeueno, umo 66edeHue KAMAIU3amopa u 1amenm-
H020 omeepoumens ¢ cucmemy HeodX00UMO OCYU,eCmeame nOcjle 66e0eHUA HANOTHUMENA, HA NO-
cle0nem Imane cmewienus npu memnepamype He eviuie 30 °C, umoodvr npedomepamums npedxncoe-
8pemenHoe CuUGanue 2epmemuKa 6 npoyecce e2o npouszgoocmea. Ilpeocmaesnena cxema omeepiicoe-
HUS NOTUYPEMAHO06, 6 MOM YUCTIE 8 RPUCYMICHIGUU A EHMHO020 0meepoumens. Ycmanoeneno, umo
npu nanoanenuu ¢ npeoenax 20-80 macc.u. na 100 macc.u. npeononumepa oouguil KOMnieKkc Quzuko-
MexXanu4ecKux nokazameinei ocmaemcsa 6vicokum. IIpu eeedeHuu munepanvhHozo OucnepcHozo
HANOJHUMENA YeeNUUUBACINCA HANPANCEHUE RPU pa3oupe, HO nAdaem OMHOCUmeabHoe YONuHenue
npu paspuige. Yeenuuenue npouHocmu pu PACMANCEHUU RPOUCXO0UM 00 ORPEOEIeHHO20 npedenda,
nocie Komopoz20 nabnawoaemca cuuxicenue npounocmu 2epmemuxa. Iloxazano, umo ucxoos u3 3na-
YCHUSA MACTIOEMKOCHU HANOJIHUMENEN MONHCHO OUEHUMb U0 U KOJIUYECHE0 HANOHUMENA O 2ep-
MemuKa, m.K. Maci0emMKoOCmy HANPAMYIO 3A6UCUNL OM Pa3mepa Yacmuy HAnoaHumens, naouwiaou
nogepxnocmu u popmot yacmuy. Ommeueno, Ymo 0151 COXPAHEHUS 6bICOKUX PUIUKO-MEXAHUUECKUX
C60TICME KOMRO3UUUU U ONMUMATLHOU 6A3KOCIU 2EPMEMUKA JIYUULe COUemantb 064 6110a HANOIHU-
mess pa3noil MacioemMKoCmu. Ycmanoeaeno, Umo npumeHenue HanoaHumeneli ¢ 6bICOKOU U HU3KOU
MACTI0EMKOCHIbIO NOJI0JCUMENBHO 6/IUAEH. HA MEXHOI02UYeCKUe U IKCNIIYAMAYUOHHbIE CEOTICIEq
2zepmemuxos. Hanonnumens ¢ 6bICOKOU MACTIO0EMKOCIbBIO RPUOACH 2EPMEMUKY MUKCOMPONHOCHLb,
@ HANOJHUMEb C HU3KOUW MAC10EMKOCHbIO NO360Aem CO30amb 0051ee GblCOKOHANOIHEHHYI0 KOM-
RO3UYUIO C COXPAHEHUEM BbICOKUX NPOYHOCHIHBIX NOKA3ameIell.
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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, curing 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
(MCO05) 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
Tabauua. CBoiicTBa HAMOJIHUTEJIEi

Filler | Particle shape | OA, g/100g |p, g/cm®| Dsp, mkm
Ccsv spherical 300 2.7 0.07
MT flakey 70 2.0 8
PSG spherical 22 24 25
MD spherical 16 2.9 10
MCO05 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) °C for (48,0+0,5) h.
Before the test, the samples were kept at a temperature
of (23 £2) °C 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.

OCN{_J——{}NCo [N,
isocyanate prepolymer latent hardener
(blocked diamine)
+ humidity
o :I + humidity
2
HN-[ - NH, HN-Cy-NH,

+OCN{ —{}NCO l

Cured PUR
Fig. 1. The scheme of curing of polyurethanes [15]
Puc. 1. Cxema oTBepsKk/IeHHS TOInypeTaHoB [15]

To suppress bubble formation during curing of
isocyanate-containing compositions with latent amine
hardeners are: on contact with atmospheric moisture
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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 (cx) in the range from 20 to 80 wt %
for 100 pts. wt., the tensile strength (o) of the pre-pol-
ymer increases by approximately 35-40% on average.

2,6 -

1,2

0 20 40 60 80 100 120 140 160 180
Cf, mass parts per 100 parts of pre-
polymer

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 - MCQ05; 6 - MC40; 7- MTD

Puc. 2. Biiusinue conepkanusi HAMOJHUTENCH B TepMETHKE Ha

paspyLIaonee HanpspkeHUe MPH PacTsHKEHUN OTBEPIKICHHBIX
wieHok: 1 - CSV; 2 - MT,; 3-PSG; 4 - M/I; 5 - MKO5; 6 - MK40;
7- MT]]

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 (g) 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.

600

550 <

500 4§

450

400 ~

g, %

350 +

300 +

250

200 +

150 +

100

0 20 40 60 80 100 120 140 160 180

Cf, mass parts per 100 parts of pre-polymer

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 - MCO05;

6 - MC40; 7- MTD

Puc. 3. BiusiHue conepykaHusI HAMIOJIHUTEIEH B FepMETHKE Ha OTHOCH-
TeNbHOE YIUTHHEeHHe rpH paspeise: 1 - CSV; 2 - MT; 3-PSG; 4 - M/T;
5 - MKOS5; 6 - MK40; 7- MT/T

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 (os) in-
creases, which is confirmed by the critical tear stress-
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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.

19 1
17 A

15 A

—
W
1

o8, N/mm

11 A

54 T T T T T T T T |
0 20 40 60 80 100 120 140 160 180
Cf, mass parts per 100 parts of pre-polymer
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 - MCO05; 6 - MD;
7- MC40
Puc. 4. BausiHue cojepaHus HaNOJHUTENEH B Te€pPMETHKE Ha

paspyiiatoniee HanpsbkeHue npu pasaupe: 1 - MT; 2-CSV 3 - PSG;

4 - MT/; 5 - MKO5; 6 - M/T; 7- MK40

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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350 ; 1000000
300 900000
800000
o 250 700000
= 200 2 600000 ¢
= 500000
g 130 400000
100 300000
200000
>0 100000
0 - 0

CSV MT PSG MD MCO05MC40 MTD
Fig. 5. The effect of the filler oil absorption on the viscosity of the
sealant with a content of 160 wt. including filler per 200 wt.h.
binder: 1-dynamic viscosity; 2 - oil obsorption of fillers
Puc. 5. BnusiHMe MacoeMKOCTH HAaIOJIHUTENSL HA BA3KOCTh TEPMETHKA
¢ cozeprkanueM 160 macc. u. HarostHuTess Ha 100 Macce.d. cBsizyro-
1Iero. 1- JUHAMHUYCCKas BA3KOCTb, 2 — MacCJI0EMKOCTb HAIIOJTHUTEIIS

small size particles, as well as with the platelet shaped
particles. Qil 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.
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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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