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The article presents the results of study of gas-filled material macrostructure based on
urea-formaldehyde resin and liquid glass granular filler, obtained by chemical foaming
using a variety of the gas-generating agents. There have been researched the influence of
amount and type of the gas-generating agent, ratio of the granular filler to urea-formalde-
hyde binder on the transverse diameter of pores, coefficient of their shape and degree of
inhomogeneity of the foam material structure. There have been determined the optimum
gas-generating agent and its amount; the optimum ratio of the granular filler to urea-formal-
dehyde binder to obtain foam material with homogeneous fine porous structure.
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HccunegoBana MakpoCTPYKTypa rasOHAIIOJHEHHOTO MarepuaJja Ha OCHOBe KapbamMumodop-
MaJIbAETUAHON CMOJBI U KUIKOCTEKOJbHOIO I'PAHYJNPOBAHHOIO HAIIOJHUTEJA, IIOJYUYSHHOI'O
OyTeM XMMHUYECKOI'0 BCIIEHMBAHUS, C IIOMOIIbIO PAa3JMYHBIX Iasoolpasyiomux areHToB. Hc-
CJIeIOBAHO BJMSHMNE KOJUYECTBA M BHUA Iad000pasyollero areHTa, COOTHOIIEHUA I'PaHyJIUPO-
BAHHOI'O HAINOJHUTEJNA K KapbamugopopMaibIeruJHOMY CBASYIOIIEeMY Ha IIOIEePEeUYHBIA aua-
MeTpP AdyeeK, Koa(hPpunueHT ux QPOPMBI U CTEeHb HEOJHOPOAHOCTH CTPYKTYPHL IIeHOMAaTepura-
aa. OmnpepesieHbl ONTHMAJABHBINA rasoo0pasyiOliuii areHT M ero KOJHYEeCTBO, OINTHMAJIbHOE
OTHOIIEHNE I'DAHYJIUPOBAHHOTO HAIIOJHUTEJS K KapbaMumohopMaJbIeruJHOMY CBASYIOIIEMY
IJA IIOJIyYeHUs IIeHoOMaTepuaJja ¢ OLHOPOJLHOU MEJKOIIOPHCTONH CTPYKTYPOM.

BuBuenHa cTpyrTypu KapOamimodopmaiabaerimHoro minomarepiajdy 3 BHKOPHCTAHHIM
rpaHyJbOBAHOIO PiJKOCKJIIHOro HanosHwBaua. T.E.Pumap, T.E. Yuroscvka.

HocaimeHo MaKpPOCTPYKTYPY TIas3OHAIIOBHEHOI'O Marepiasy Ha oOcHOBI kKapbamimodop-
MasIbgerigHol cMoum 1 PiAKOCKJIAHOrO IpaHyJbOBAHOIO HAIIOBHIOBAYA, OTPUMAHOIO MIJIAXOM
xiMiuHOTO CIIiHIOBAaHHA, 3a JOIIOMOIOI0 Pi3HUX IasoyTBOPIOIOUMX areHTiB. JlociimkeHo BILIUB
KinbKOCTI Ta BUAY rasoyTBOPIOIOUOrO areHTa, CIiBBiIHOIIEHHS IPAaHyJbOBAHOIO HAIIOBHIOBA-
ya mo kapbamigodopManbieriZfHoro sB’A3yHOUOro Ha IIOIEPeUYHHIl JiaMerp ocepeikis, Ko-
edimienr ix gpopmu i cryuinp HeomHOpPigHOCTI cTPyKTypu HiHomarepiany. BusHaueno: omTu-
MaJIbHAY radoyTBOPIOYHNI areHT i oro KiJabKicTh, oNTMMAaJIbHE CIIiBBiIHOIIEHHS I'PaHYJbO-
BAHOI'0 HAIIOBHIOBaYa A0 KapbamigodopmaibmerigHoro 3B ’sg3yOUOro AJMA OTPHUMAHHSA
ninomarepiany 3 OZHOPiZHOIO APiOHOIOPUCTOI CTPYKTYPOIO.

© 2017 — STC "Institute for Single Crystals”

1. Introduction

insulation materials include
light and usually porous materials that have
a low thermal conductivity coefficient.
Quality parameters of the thermal insula-

Thermal

tion materials are determined by features of
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their pore structure. Specificity of pores
(predominance of closed porosity, presence
of intergranular openings) determines not
only good thermal properties of the insula-
tion materials, but also stability of their
quality indicators in general [1,2].
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Foam plastic can be prepared from most
synthetic and many natural polymers. How-
ever, foam plastics for industrial purposes
are produced mainly on the basis of polysty-
rene, polyurethanes, polyethylene, epoxy
and urea resins. The industry produces
rigid and elastic foam plastics with a cell
size of 0.02—2 mm. They possess a low ap-
parent density (20-500 kg/m3) and excel-
lent heat and sound insulation properties.
Mechanical and electrical properties of the
plastic foams depend on the structure pecu-
liarities of the finished product. Plastic
foams based on urea oligomers are one of
the first gas-filled plastics, which are
widely used as the thermal insulation mate-
rial. Previously, this foam plastic was
called "microporous rubber”. The thermal
conductivity coefficient of these materials
is close to the thermal conductivity coeffi-
cient of air (0.023 W/m-K). Microporous
rubber can be operated at 95-100°C and for
a short time (during 4-8 h) at 140-180°C.
The microporous rubber is a non-flammable
material. Urea plastic foams are resistant to
influence of most corrosive media; they pos-
sess good adhesion to asbestos cement,
wood, etc. The microporous rubber is used
as protective material in nuclear engineer-
ing, building, refrigeration engineering [3].
However, it has low compressive strength.
The material is used in the form of light
filler of frame structures or voids [1].

There is another thermal insulation ma-
terial, which is included in the urea foam
plastics. This is glass-foam urea. It is pre-
pared on the basis of urea-formaldehyde
resins (UFR) [4]. In contrast to casting
foam plastics, while being produced, the
foam is first made of resin, and then the
foam fills intergranular openings of ex-
panded porous glass granules. The advan-
tage of this material over traditional urea
foam plastics is significant reduction in
shrinkage deformation. The bulk weight of
the glass-foam urea is 60 kg/m3, compres-
sion strength is 0.04-0.08 MPa, thermal
conductivity is 0.04 W/(m-°C) [5]. One of
the significant drawbacks of the glass-foam
urea is small mechanical strength [6].

The purpose of this work is to increase
strength and deformation properties of
urea-formaldehyde foam plastic by means of
regulation of its porous structure. This can
be achieved by adding granular liquid glass
filler into the foam plastic composition, as
the result expandable binder smoothly fills
the space between the filler granules. It al-
lows forming a uniform fine-meshed struc-
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ture, which positively affects physical, me-
chanical, and thermal insulation properties
of the urea foam plastic.

2. Experimental

The proposed urea-formaldehyde foam
plastic is obtained from a two-component
system of binder and expanded liquid glass
granules [7]. The first component of the
binder is a mixture of UFR, foam stabilizer,
gas-generating agent (calcium carbonate and
sodium hydrogen carbonate) and mineral
filler. The choice of the gas-generating
agents was made on the basis of literature
data [3] and explained by such a property of
the selected gas-generating agents as com-
patibility with UFR, as well as availability
and cheapness. The second component is
acid curing catalyst, which is a catalyst sys-
tem based on orthophosphoric acid and eth-
ylene glycol. The use of orthophosphoric
acid in this work is explained by its quite
rapid catalytic action and lower corrosive
activity than other strong acids (HCI,
H,S04). In addition, orthophosphoric acid
helps to obtain stable foam and gives foam
plastic additional flame retardant properties
[8]. Ethylene glycol is added to the foam
plastics to slow the foaming process, to
eliminate brittleness, and to increase con-
centration of the acid catalyst in the compo-
sition.

The foam materials are obtained by mix-
ing granules and binder components, cast-
ing the composition into specific moulds, in
which they are foamed and hardened, and
then dried at ambient temperature (20—
25°C). The obtaining of thermal insulation
materials takes place in three stages: 1.
Mixing of UFR with additives (surfactant,
filler, gas-generating agent). 2. Adding ex-
panded granules into the obtained mixture.
3. Adding the catalyst system into the com-
position, as a result the composition is
foamed and hardened. After the composi-
tion is hardened, the block is removed from
the mould and left to finally dry to constant
weight at the room temperature for
10 days. During this time, the thermal in-
sulation material gains maximum strength.

The strength limits at compression and
bending in accordance with GOST 17177-94,
the pores transverse diameter, the pores
shape coefficient and the degree of inhomo-
geneity of the foam structure are deter-
mined according to the procedure "Determi-
nation of the Average Pore Size in Foam
Plastic” [9]. The transverse diameter of
pores is calculated by Formula 1:
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Table. Macrostructure indicators of foamed block thermal insulation material depending on

amount of gas-generating agent

Gas-generating agent Macrostructure indicator
(pts'wt.) D at shear, transverse | D at shear, parallel o K, %
to foaming, sm to foaming, sm

Calcium Carbonate 0 0 0 0 0
1 0.054 0.044 0.97 15.7
2 0.055 0.046 0.9 21.7
3 0.058 0.05 0.89 26.4
4 0.064 0.05 0.74 36.6
5 0,0.3 0.064 0.69 38.1

Sodium Hydrogen 0 0 0 0 0
Carbonate 1 0.042 0.041 0.7 14.1
2 0.053 0.051 0.69 16.9
3 0.054 0.052 0.69 22.1
4 0.061 0.053 0.64 28.9
5 0.069 0.058 0.6 37.5

D=

NS 4P
2N (L=

where D is the transverse diameter of pores,
cm; S is the shear area on which pores are
counted, ecm?2; n is the number of pores in
area S; p is the density of foam plastic,
g/cm3; d is the density of polymer, g/cms3.

The pores shape coefficient is determined
after additional counting of the number of
pores in the certain shear area, parallel to
the foaming direction. The calculation is
based on Formula 2:

(1)

Sy-n

, (2)
. 8

o=
n

where o is the pores shape coefficient; S, is
the shear area parallel to foaming, on which
pores are counted, cm?2; nq is the number of
pores on area S;; S and n are respectively
the area and the number of pores on the
shear perpendicular to foaming.

Evaluation of the degree of inhomo-
geneity of the foam plastic structure is car-
ried out by relative change in the pore di-
ameter in different places of the block and
it is calculated by Formula 3:

_ Acp

KDi

- 100, 3)

where ADi = Di — Dcp, ADcp is the average
value of ADi; Di is the individual value of D
in different places of the block.
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3. Results and discussion

The studied indicators of the foam mate-
rial macrostructure with use of calcium car-
bonate and sodium hydrogen carbonate are
presented in Table.

As it can be seen from Table, when the
amount of the gas-generating agent in-
creases, the number of pores decreases and,
consequently, their transverse diameter in-
creases. This is explained by the fact that a
large number of pores are broken and their
unification takes place due to the high rate
of gas release. Apparently, it happens due
to increase in mobility of the molecular
chains of the initial urea resin, which leads
to decrease in the surface tension of the
foamed composition due to formation of
poly-layers on the surface of the granular
filler and, consequently, increase in the
pore size. As a result, coarsely dispersed
foam is formed with a small number of
closed and a large number of open pores.
The smallest pore diameter is observed
when sodium hydrogen carbonate is used as
the gas-generating agent in amount of
1 pts-wt., i.e. 0.041 em, and the degree of
the structure inhomogeneity is 14.1 % . The
largest pore diameter is observed when cal-
cium carbonate is used as the gas-generat-
ing agent in amount of 5 pts-wt., i.e.
0.083 cm. Such materials have inhomogene-
ous structure (the degree of inhomogeneity
of the structure is 38.1 %), and as a conse-
quence, the low strength. In the work we
also determine the coefficient of the cell
shape, which shows the direction of their
elongation. As it can be seen, all the values
of the coefficient are less than omne; this
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Fig. 1. Influence of amount of gas-generating agent on tensile strength: (a) at 10 % compression

deformation and (b) at foam material bending (I — calcium carbonate, 2 — sodium hydrogen carbonate).

Fig. 2. Macrostructure of the foam material
containing various amounts of calcium car-
bonate (60-fold increase): a) 0 pts-wt. b)
1 ptswt.; ¢) 2 ptswt.; d) 3 ptswt.; e)
4 pts-wt.; f) 5 pts-wt.

indicates that pores are elongated in the
direction parallel to the foaming.

Influence of the amount of the gas-gen-
erating agent on the tensile strength at
10% compression deformation and bending
of the foam material is shown in Fig. 1.

According to Fig. 1 the greatest tensile
strength at 10 % compression deformation
and bending, namely 0.60 MPa and
0.64 MPa respectively using sodium hydro-
gen carbonate, and 0.54 MPa and 0.56 MPa
respectively using calcium carbonate, is ob-
served in the material with the highest den-
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Fig. 3. Macrostructure of the foam material
containing various amounts of sodium hydro-
gen carbonate (60-fold increase): a) 0 pts-wt.
b) 1 ptswt.; ¢) 2 ptswt.; d) 3 pts-wt.; e)
4 pts-wt.; f) 5 pts-wt.

sity, for the production of which the gas-gen-
erating agent was used in amount of 1 pts-wt.
With further increase in the amount of the
gas-generating agent, the density decreases,
pore size increases and the strength of blocks
decreases (for 5 pts-wt. of calcium carbonate
bending strength of the material is
0.34 MPa, and in the case of sodium hydro-
gen carbonate is 0.39 MPa).

Figures 2 and 3 show the macrostructure
of the thermal insulation material contain-
ing different amount of the gas-generating

Functional materials, 24, 3, 2017
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Fig. 4. Macrostructure of the foam material
with different ratios of the amount of the
granular filler to the binder, containing
3 pts-wt. of calcium carbonate (60-fold in-
crease): a) without granules; b) 1:1.5; ¢) 1:2;
d) 1:2.5; e) 1:3; f) 1:3.5.

agent: calcium carbonate (Fig. 2) and so-
dium hydrogen carbonate (Fig. 3).

In Fig. 2 and 3 it can be seen that with-
out the gas-generating agent the block is
not foamed, the binder concentrates only on
the granules, and pores are absent. Quantity
of 1 pts-wt. of the gas-generating agent is
not enough, since a small number of pores
and, as a consequence, high density are ob-
served in the material. Too large pores are
formed in the samples when the gas-gener-
ating agent quantity is 4 and 5 pts-wt.,
which negatively affects the thermal insula-
tion properties and the material is charac-
terized by low strength wvalues. It can be
concluded that the amount of calcium car-
bonate and sodium hydrogen carbonate of
3 pts-wt. gives the foamed block material
the even fine porous structure with a large
number of fine pores in combination with
low density, which helps to cope with
shrinkage phenomena during drying of the
material, and also gives additional strength
to the material.

Next, in Fig. 4 and 5 the macrostructure
of the foam material is presented depending
on the ratio of amount of the granular ma-
terial to the binder containing 8 pts-wt. of

calcium carbonate and 3 pts-wt. of sodium
hydrogen carbonate respectively.
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Fig. 5. Macrostructure of the foam material
with different ratios of the amount of the
granular filler to the binder, containing 3
pts-wt. of calcium hydrogen carbonate (60-
fold increase): a) without granules; b) 1:1.5;
c) 1:2; d) 1:2.5; e) 1:3; f) 1:3.5.

In Fig. 4 and 5 it can be seen that the
optimal ratio of the granular filler to the
binder for both calecium carbonate and so-
dium hydrogen carbonate is 1:2.5, because
even fine-meshed structure with larger
units of the cell structure is formed in the
block material, which positively affects the
physical and mechanical properties of the
urea foam. At the quantity of 1:1.5 the
granules are not completely covered with
the binder and protrude, that is why the
surface of the block is knobby and pores are
practically absent. When the ratio of the
granular filler to the binder is 1:3-1:3.5,
too large pores are formed in the samples;
the effect of variations in thickness of the
cell structure elements is manifested due to
uneven distribution of the granular filler in
the cells of the cell structure. Such foam
plastics are characterized by large undefor-
mable units and thin elongated strands, so
the material would have the low strength
properties.

4. Conclusions

The optimal gas-generating agent is so-
dium hydrogen carbonate in the amount of
3 pts-wt. at the ratio of the granular filler
to the binder of 1:2.5. Such samples have
stable homogeneous structure in combina-
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tion with the low density, the diameter of
their pores and the degree of inhomogeneity
of the structure are 0.054 cm and 22.1 %,
and the tensile strength at 10 % compres-
sion deformation and at bending are
0.47 MPa and 0.50 MPa, respectively.

Thus, adding the granular filler contrib-
utes to formation of the fine-meshed struc-
ture, and makes it possible to reduce inter-
nal stresses in the foam material and to
obtain the foam material with increased
strength properties (the tensile strength at
10 % compression deformation of known
urea foam plastics is: for urea formaldehyde
foam insulation 0.1-0.25 MPa [10], omi-
flex — 0.19 MPa [11], glass-foam urea —
0.04-0.08 MPa [5], and the proposed ther-
mal insulation material — 0.47 MPa).
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