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Abstract: Bio-polyols based on rapeseed oil were used to produce flexible polyurethane foams (FPURF). The
bio-polyols were obtained on a laboratory and industrial scale with the two-step method involving epoxida-
tion of double bonds in rapeseed oil and opening of oxirane rings with different alcohols, such as isopropanol
(iP) and diethylene glycol (DEG). The impact of bio-polyols production scale on selected physical and me-
chanical properties of FPURF was analyzed. The applied bio-polyols differed slightly by hydroxyl number,
functionality, and water content. It was found that the scale of bio-polyol production has no significant impact
on FPUREF properties such as apparent density, hardness, hysteresis, support factor, and resilience. However,
it was observed, that the addition of the bio-polyol to polyurethane (PUR) formulation had the impact on the
FPUREF properties as compared to the reference foams that were not modified with the bio-polyols. Moreover,
a continuous method was used to prepare FPURF samples modified with different rapeseed oil-based polyols.
For this purpose mixing-dosing device with conveyor line was used to synthesize the foams. It was found that
the replacement of petrochemical polyols with the bio-polyols resulted in lower reactivity of the modified for-
mulations and the amount of catalysts had to be increased. Furthermore, the foams hysteresis, support factor,
and hardness were higher, especially for foams modified with the bio-polyol that contained DEG in its struc-
ture. Moreover, the fatigue tests were performed and the results showed a beneficial effect of the bio-based
polyols on the functional properties, a.o. support factor of flexible foams.
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Wplyw réznych polioli z oleju rzepakowego na wybrane wlasciwosci
elastycznych pianek poliuretanowych

Streszczenie: Bio-poliole z oleju rzepakowego, wytworzone w skali laboratoryjnej i przemystowej, zastosowano
w syntezie elastycznych pianek poliuretanowych (FPUREF). Bio-poliole otrzymano metoda dwuetapowa przez
epoksydacije wigzan podwojnych w oleju rzepakowym, a nastepnie przez otwarcie pierscieni oksiranowych za po-
moca izopropanolu (iP) oraz glikolu dietylenowego (DEG). Zbadano wptyw rodzaju bio-poliolu (takze tego samego
rodzaju, ale otrzymanego w réznej skali) na wybrane wlasciwosci fizyczne i mechaniczne FPURF. Zastosowane bio-
-poliole roznity sie miedzy soba nieznacznie liczba hydroksylowa, funkcyjnoscia i zawartoscig wody. Stwierdzono,
ze skala produkgji polioli nie ma istotnego wptywu na wlasciwosci FPURE, takie jak: gestos¢ pozorna, twardosc,
histereza, wspotczynnik komfortu i odbojnos¢. Zaobserwowano jednak wptyw modyfikacji za pomoca réznych
bio-polioli na wlasciwosci FPURF w poréwnaniu z wlasciwosciami niemodyfikowanej pianki referencyjnej. Pianki
FPURF otrzymano réwniez stosujac metode ciagla z uzyciem urzadzenia dozujaco-mieszajacego wraz z linia do
przesuwu form z mieszaning reakcyjna. Stwierdzono, ze zastapienie polioli petrochemicznych bio-poliolami po-
woduje zmniejszenie reaktywnosci kompozycji poliuretanowych, co spowodowato koniecznos¢ zwiekszenia ilosci
katalizatoréw. Ponadto, zaobserwowano wzrost histerezy, wspdtczynnika komfortu i twardosci, szczegdlnie w wy-
padku pianek zawierajacych bio-poliol z wbudowanym DEG. Wyniki badan zmeczeniowych wykazaty korzystny
wplyw bio-polioli na wlasciwosci uzytkowe, m.in. na wspdtczynnik komfortu pianek elastycznych.

Stowa kluczowe: poliuretan, pianka elastyczna, bio-poliol z oleju rzepakowego, twardos¢, histereza, wspot-
czynnik komfortu, test zmeczeniowy.
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of natural oils in the synthesis of polyurethane (PUR)
materials, especially foams, is continuously developed.
For this purpose, oils such as: rapeseed, palm, soybean,
sunflower, or castor oil are transformed into hydroxyl
derivatives, which are capable to react with isocyanate
components [2]. There are various methods to introduce
hydroxyl groups into vegetable oils. These methods are
mostly based on the conversion of double bonds in the
hydroxyl groups [3-5] or transesterification and trans-
amidization reactions of triglycerides [6—8]. The replace-
ment of petrochemical polyols with different bio-polyols
in the formulations of various PUR products has been
described in a large number of scientific and technical pa-
pers [9-15]. In PUR formulations, bio-polyols are typical-
ly used in the amount up to 50 wt % of polyol mixtures |2,
16-19]. The application of bio-polyols in the synthesis of
flexible polyurethane foams (FPURF) affects their prop-
erties, mostly causing an increase of apparent density,
reducing the surface tension and thereby an increase of
cells number in the foam structure and therefore chang-
ing foams mechanical properties [20-23]. Although the
foams modified with bio-polyols are already described in
many details in the literature, their use for FPURF manu-
facturing on industrial scale is not common yet.

From the application point of view, it is extremely im-
portant to carry out fatigue tests of new elaborated materi-
als. However, there are no reports in the literature concern-
ing the effect of bio-polyols on the FPURF behavior under
multiple compression deformation. In this paper, different
bio-polyols based on rapeseed oil were used in the syn-
thesis of FPURF. The aim of work was to determine: the
influence of the different kinds of bio-polyols, bio-polyol
production scale, and the method of FPURF production
(periodic or continuous) on selected properties of synthe-
sized foams including their behavior during fatigue test.

EXPERIMENTAL PART
Materials
FPURF were prepared using the raw materials listed

below.
As a petrochemical polyols were used:

— F3600 polyether polyol, characterized by hydrox-
yl number L, = 48 mg KOH/g and water content of
0.10 wt % (PCC Rokita S.A.);

- M6000 polyether polyol, with L, = 28 mg KOH/g
and water content of 0.10 wt % (PCC Rokita S.A.).

Bio-polyols were also used for preparation of foams.
Rapeseed oil-based polyols described below were pre-
pared on a laboratory and industrial scale, with two step
method. At the first step, the epoxidation of unsaturated
bonds present in rapeseed oil chains was carried out. At
the second step, the oxirane rings were opened by isopro-
panol (iP) or diethylene glycol (DEG) [24, 25]. The charac-
teristics of synthesized and applied bio-polyols are pre-
sented in Table 1.

Table 1. The characteristics of synthesized and applied bio-

-polyols
Polyol symbol s?l;ﬁlee(;ifs mg LK%{H/g Watevfltc (;Z‘tent
RziP52 laboratory 52 0.04
RziP58 industrial 58 0.04
RziP72 laboratory 72 0.02
RziP75 industrial 75 0.06
RziP84 industrial 84 0.02
RzDEG142 laboratory 142 0.07

For the synthesis there were also applied other raw ma-
terials:

— toluene diisocyanate (TDI, Ciech Pianki S.A.);

— catalysts (Dabco® T-9 and Dabco® BLV, Air Products);

—surfactant (Niax L-618, Momentive Performance Ma-
terials);

—blowing agent was carbon dioxide obtained as a reac-
tion result of the isocyanate component with water.

Preparation of foams

All foams were prepared at room temperature using the
one-shot method. The formulations used to prepare FPUREF,
reference and modified with bio-polyols, are shown in Ta-
ble 2. In order to obtain foamed materials with proper phys-
ical and mechanical properties it was necessary to increase

Table 2. PUR formulations for the foam synthesis with the periodical method

Content of raw material, g
Foam symbol? r e}peseed Isqcyanate
F3600 oil-based catalysts surfactant H,O TDI index
polyol
REF1P 100 0 0.46 1.00 4.2 51.8 1.05
RziP52P 80 20 113 1.00 4.2 51.8 1.05
RziP58P 80 20 1.00 1.00 4.2 51.7 1.05
RziP72P 80 20 113 1.00 4.2 52.4 1.05
RziP75P 80 20 1.00 1.00 4.2 52.4 1.05
RziP84P 80 20 1.00 1.00 4.2 52.8 1.05

9 Symbol of foams obtained using bio-polyols consists from symbol of corresponding bio-polyol and letter P.
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the amounts of catalysts, in the formulations modified with
the bio-polyols, due to their lower reactivity as compared to
the petrochemical polyols that were used. Isocyanate index
(Iyco) in all FPURF systems was 1.05.

In the periodic method of foam synthesis, such com-
ponents as polyols, catalysts, water, and surfactant were
weighed and mixed together in a polypropylene cup for
30 s. Then, an appropriate amount of isocyanate was
added to the polyol pre-mixture and vigorously stirred
at 1 200 rpm for 10 s. The reaction mixture was poured
into a mold (120 x 120 x 100 mm). The free growth of the
foams occurred in vertical direction. The foams synthe-
sized with one-shot method were seasoned at 70 °C for
1 h. After 24 h from the synthesis, the foams were cut into
samples with shapes according to ISO standards applied
for testing of samples.

On the base of previous experience, a mixture of the two
petrochemical polyols was used to prepare a reference foam
formulation (REF2C) to be used in the FPURF synthesis with
continuous method. This REF2C foam formulation was mod-
ified with RziP75 and RzZDEGI142 bio-polyols. The formula-
tions used in the FPURF synthesis with continuous method
are shown in Table 3. These FPURF were synthesized using a
mixing-dosing device equipped with a static-dynamic mixer
of type MR 10-12, produced by Sulzer (Germany). The mix-
ing time of the two-component systems was 3.75 s and pre-
pared mixtures were dropped continuously into an open,
long (440 mm) molds to synthesize the foams (Fig. 1).

Because of the continuous characteristic of the syn-
thesis, the free growth of the foams occurred in molds
at 12° angle and a constant speed of movement. The
foams obtained with continuous method were sea-
soned at room temperature for 24 h. Then, the samples of
100 x 100 x 50 mm were cut out from the foam core.

Methods of testing

Selected physical and mechanical properties of the
synthesized foams were measured. The apparent den-
sity of foams was determined according to ISO 845:2006
standard. Compressive strength was measured using
Zwick Z005 TH Allround-Line in accordance with ISO
3386-1:1997 standard. Each sample was compressed four
times to 25 % of its height. Between compressions there
was 5 min interval in order to ensure enough time for the
foam sample to return to its original dimensions. Com-
pressive strength values were recorded during both load-

Fig. 1. The synthesis of FPURF with the continuous method

ing and unloading of tested samples. On the base of these
data, hysteresis, support factor, and hardness at 25, 40,
65 and 75 % deformation were determined. Moreover, fa-
tigue tests were carried out in order to measure the sta-
bility of foams mechanical parameters after 20 000 cycles
of deformations. Samples were compressed by 50 + 2 %
of their initial height, with a frequency of 0.5 + 0.03 Hz.
Then after 1 h of relaxation time, a compression test was
performed in the same manner as before the fatigue test.

The support factor and hysteresis were calculated us-
ing the following formulas:

F65 %
Support factor = T @)
25%
where: F,;,, — the stress at 65 % deformation, F,,, - the
stress at 25 % deformation.
. I/vlmzd - Wunluad
Hysteresis = - w 2

load

where: W, —the work during the loading of a sample,
W ...—the work during the unloading of a sample.

The foams resilience in the direction parallel to
the foam growth was measured in accordance to ISO

8307:2007 standard using the steel ball method.
RESULTS AND DISCUSSION

Effect of bio-polyol production scale on the properties
of flexible polyurethane foams

In the presented research, the rapeseed oil-based poly-
ols, with oxirane rings opened by isopropanol, were ob-
tained at the laboratory scale at Cracow University of

Table 3. PUR formulations for the foam synthesis with the continuous method

Content of raw material, g
Foam symbol rapeseed Isocyanate
F3600 M6000 oil-based catalyst surfactant H,0O TDI index
polyol
REF2C 20 80 0 0.66 1.00 5.0 57.5 1.05
RziP75C 16 64 20 1.42 1.00 5.0 619 1.05
RzDEG142C 16 64 20 1.80 1.00 5.0 64.3 1.05
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Fig. 2. Apparent density and hardness at 40 % deformation of
foams obtained using different bio-polyols

Technology and at the industrial scale in ZD Organika
(currently Synthos AGRO) in Nowa Sarzyna (Poland).
Analyzed polyols were prepared with the same method
and they have a similar hydroxyl number in the range of
52-84 mg KOH/g. This part of the study was focused on
evaluation of the effect of bio-polyol synthesis conditions
on the properties of FPURF samples. The reference foam
was obtained without any bio-polyol. In order to modify
the reference foams, the petrochemical polyols were par-
tially (20 wt %) replaced with a bio-polyol. However, it
was also necessary to change the amount of catalyst in
the formulations of the modified foams. The introduction
of a rapeseed oil-based polyols to foam formulations has
reduced the reactivity of the FPURF systems [26-28]. The
appropriate amount of catalysts was selected experimen-
tally. Too small amount of the catalysts caused defects in
the structure of the material in the form of holes, while
too high amount of catalysts caused shrinkage of the ma-
terial. The minimum amount of a catalyst allowing to re-
ceive a material of good quality was applied.

The effect of polyol type on apparent density and hard-
ness at 40 % deformation of foams obtained with peri-
odical method is shown in Fig. 2. It was found that the
addition of a bio-polyol reduces the apparent density of
the obtained materials by approx. 12 %. A similar corre-
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Fig. 3. The resilience and support factor of synthesized foams

lation has also been described in the literature and may
be associated with an increase of a catalyst amount in
foams modified with bio-polyols [26]. The addition of a
bio-polyol to PUR formulation increases the hardness at
40 % deformation in a majority of foams, in comparison
to the reference foam despite the apparent density reduc-
tion. The foam with an addition of RziP75P was charac-
terized by the highest hardness, ca. 20 % higher than in
the case of the reference REF1P foam. The differences in
the apparent density and hardness of the foams obtained
with the use of the same type of bio-polyols but prepared
on a different scale were generally acceptable, from an
industrial point of view.

The effect of polyol type on support factor as well as on
hysteresis and resilience of foams is presented in Fig. 3.
The hysteresis loops are shown in Fig. 4. The addition of
applied bio-polyols to PUR formulation reduced the re-
silience and support factor of the investigated foams, in
relation to the reference material. The support factor was
similar, regardless of the bio-polyol production scale. It
was noticed that the resilience was high for the foams of
low hardness. However the reduction of resilience, in the
case of modified FPURF samples compared to the refer-
ence foam, did not change their classification as so called
regular flexible foams. All the foams were characterized

b) —— REF1P RziP72P RziP75P
15
<
P~y
i
)
@ 10 ~
=
o
< g
E 5 a4 e — /”j’
0 T T T
0 20 40 60 80

Deformation, %

Fig. 4. Hysteresis loops of foams modified with different bio-polyols: a) REF1P, RziP52P, RziP58P; b) REF1P, RziP72P, RziP75P
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Fig. 5. The comparison of apparent density and hardness at
40 and 75 % of deformation, for reference and modified foams

by the resilience in the range of 25-40 %, while foams
with the resilience higher than 40 % are classified as high
resilient materials.

An increase of the hysteresis values in the case of ma-
terials modified with bio-polyols was noticed. The higher
the hysteresis value, the higher was the foams ability to
absorb energy. A correlation was observed that materi-
als with low resilience had a high hysteresis value. As in
previous analysis the differences between the hysteresis
of the materials with the bio-polyols of the same type,
but from different batches were generally insignificant
(Figs. 3 and 4). The transition from laboratory to indus-
trial scale in the production of bio-polyol does not signifi-
cantly affect the measured properties of FPURF samples
modified by replacement of 20 wt % of petrochemical
polyol with bio-polyol.

Flexible polyurethane foams prepared using the
continuous method

In the industrial synthesis of FPUREF it is essential to
obtain stable products with proper physical and me-
chanical characteristics for different applications. The
introduction of rapeseed oil-based polyols to the PUR
formulation based on the REF2C formulation influences
its foaming process by decreasing the system reactivity,
therefore a higher amount of catalysts had to be used.
The effect of modification on apparent density and hard-
ness of foams, obtained using continuous method, is
presented in Fig. 5. The analysis of foam properties con-
firmed a slightly lower value of apparent density for the
foams modified with the bio-polyols, as it was observed
in the case of the foams prepared on a small laboratory
scale using the periodic method. This may be a modifica-
tion effect of the foam formulations with the bio-polyols
by applying higher amounts of catalysts. Moreover, the
hardness of the foams modified with the bio-polyols was
higher either at 40 and 75 % of deformation in compar-
ison to REF2C foams. RziP75C and RzDEG142C foams
modified with the bio-polyols had hardness at 75 % de-

formation higher by 20 and 52 %, respectively, than un-
modified REF2C foams.

The influence of modification on support factor as well
as on resilience and hysteresis is shown in Figs. 6 and 7.
From the application point of view, for example in case
of a mattress, FPURF should be comfortable. Therefore,
foams with a support factor value of about 3.0 are regard-
ed to be comfortable, which means that such foams are
soft at low deformation (25 %) and hard at high deforma-
tion (65 %). The introduction of the rapeseed oil-based
polyol RziP75 caused a slight decrease of the foams sup-
port factor. On the other hand RzDEGI142 bio-polyol had
made the modified foams more comfortable (higher sup-
port factor) in comparison to REF2C foam (Fig. 6). This is
probably an effect of the hard segments that are present
in a greater amount in the modified foams. Along with
higher OH number of applied polyols, there has to be a
higher amount of isocyanate used. Therefore foams mod-
ified with the bio-polyols of a higher OH number than
petrochemical polyols have a higher amount of hard seg-
ments. This results in similar hardness of RziP75C and
RzDEGI142C foams at low deformation, and higher hard-
ness in comparison to REF2C foam (Fig. 7a). However, at
65 % of deformation, RzZDEG142C foam had higher hard-
ness than RziP75C. Probably, it was a synergic effect of a
high amount of hard segments and a high functionality
of RzDEGI142 bio-polyol, ca. 2.9 versus ca. 2.0 in the case
of RziP75 bio-polyol. As a result, RzZDEG142C foam had
more crosslinked polymer structure in comparison to
RziP75C foam. The increased level of crosslinking can be
confirmed by higher hardness of the foam modified with
RzDEG142 bio-polyol. Moreover, the applied bio-polyols
contain long dangling hydrocarbon chains, which have
caused an increase of the hysteresis. This could have a
plasticizing effect on the PUR matrix. A higher value of
the hysteresis for RzZDEG142C as compared to RziP75C
foam can be explained by its higher hardness at 75 % of
deformation. For the foams synthesized by the continu-
ous method, a correlation between the foams resilience
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Fig. 6. The comparison of the support factor, resilience, and hy-
steresis, for REF2C sample and foams modified with RziP75C
and RzDEG142C bio-polyols
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Fig. 7. Hysteresis loops of FPURF before (a) and after (b) fatigue test of 20 000 compression cycles

and support factor was noticed. RziP75C foam had a rela-
tively 8 % lower resilience and 17 % lower support factor
than REF2C foam. On the other hand, RzDEG142C foam
in comparison to REF2C had 16 and 24 % higher resilience
and support factor, respectively.

The mechanical stability is an important issue for
FPUREF products. Therefore the hysteresis measurements
have been carried out before and after fatigue compres-
sion test in order to study the changes in the foams char-
acteristics as a result of multiple compressions. Moreover,
the fatigue test was performed by compressing samples
20 000 times to observe the ability of the synthesized
foams to return to their original shape. The compression
set of REF2C, RziP75C, and RzDEG142C foams was mea-
sured after 5000 and 20 000 compression cycles and re-
sults are collected in Table 4.

Table 4. Results of compression set changes during the fa-
tigue test

The compression set changes after com-

Foam symbol pression cycles number

5000 20 000
REF2C 0.6+0.2 % 0.7+0.1 %
RziP75C 2.0% +0.5 % 21%+04 %
RzDEG142C 1.6 % +0.3 % 4.3 % +0.5 %

Taking into account the compression set results, after
the 20 000 compression cycles, the foams may be consid-
ered to have stable mechanical parameters. Although in
the case of the foam modified with RzDEG142 bio-poly-
ol (which had the highest hardness among investigated
foams) an important increase of the compression set was
noticed between the results after 5000 and 20 000 cycles.
This material had almost 3 times higher compression set
after 20 000 compression cycles than after 5000 cycles. In
the case of REF2C foam, there was a slight compression set
(0.6 %) after 5000 cycles and it had almost not changed af-
ter further testing. As compared to RziP75C the foam with

RzDEGI142 bio-polyol had more than twice higher com-
pression set after 20 000 compression cycles. This may be a
result of a high amount of hard segments and more cross-
linked structure in the case of RzDEG142C foam than in
the case of RziP75C foam. During the foams compression,
hard segments are crushed and the foam ability to return
to its original dimensions becomes limited.

The selected mechanical properties of the investigated
foams were determined after 20 000 compression cycles.
The fatigue test resulted in a major differences between
the foams modified with rapeseed oil-based polyols and
the reference material (Fig. 7b).

Comparison of results of compression tests before and
after the fatigue test is collected in Table 5.

The hysteresis value of the reference foam REF2C de-
creased by approximately 5.6 %, while for the both foams
modified with bio-polyols a decrease of the noticed hys-
teresis level was only ca. 3 %. The mechanical character-
istic of the investigated foams has significantly changed.
The hardness at 25 % deformation decreased by ca. 22 %
in the case of RzDEG142C and REF2C materials, while
for RziP75C foam only by 14.5 %. This difference may be
due to the plasticization effect of dangling hydrocarbon
chains of RziP75 polyol in the foams structure (REF2C
foam did not contain such dangling chains) and had
more flexible (less crosslinked) structure in comparison
to the foam modified with RzDEG142 bio-polyol.

The foams hardness at 40 % deformation decreased
similarly. However, considering the hardness at 65 % of
deformation, the highest impact of the fatigue test was
noticed for RziP75C foam. The support factor increased
in the case of all foams, due to a decrease of the hardness
at 25 % and an increase at 65 % of deformation. After the
fatigue test, REF2C and modified RziP75C foams can be
considered as comfortable. Analyzing the foams hard-
ness at 75 % deformation, it had not changed significantly
for the reference material, although it had increased by
over 10 % for the foams modified with the bio-polyols.
This can be explained by the influence of compression
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Table 5. Comparison of compression tests results, before and after the fatigue test

Foam property Foam symbol
REF2C RziP75C RzDEG142C
Hysteresis, % 54.6+1.0 641+14 70.0+09
change? -5.6 -31 29
Hardness at 25 %, kPa 39+0.5 6.0+0.5 5.8+0.5
change? -21.8 -14.5 21.7
Hardness at 40 %, kPa 5.0+0.6 6.8+0.7 8.0+1.0
change? -17.1 -10.1 -14.7
Hardness at 65 %, kPa 11.5+0.7 16.3+1.8 244+ 37
change? 79 20.2 0.3
Hardness at 75 %, kPa 209+1.4 301+24 484 +78
change? 1.1 14.0 114
Support factor 293+0.26 2.73+0.07 4.20+0.31
change? 23.8 301 18.0

9 Percentage change of in relation to the value before the fatigue test.

set, which resulted in an increase of foams apparent den-
sity and therefore an increase of hardness.

CONCLUSIONS

The scaling up of bio-polyols synthesis from laborato-
ry to industrial level has no significant influence on such
properties of flexible polyurethane foams as apparent den-
sity, hardness, hysteresis, support factor, and resilience.

The application of bio-polyols with similar chemical
structure but different hydroxyl number and function-
ality in polyurethane systems may result in significant
differences of the characteristic of the modified foams.

It was found that foams hysteresis, support factor, and
hardness can be increased by the application of the bio-
polyols based on rapeseed oil with similar functionality
but higher hydroxyl number. Such changes are an effect
of higher content of hard segments in the modified foams
as well as a difference in crosslinking density.

The presence of long dangling chains in rapeseed oil-
-based polyols causes the plasticization effect of poly-
urethane matrix, which counteracts an increase of foam
hardness being a result of the hard segment content.

The results of the fatigue test confirmed that the modi-
fication of polyurethane systems with rapeseed oil-based
polyols can give beneficial effects as an increase of com-
fort factor, during a long term use of flexible foams in the
furniture industry.

ACKNOWLEDGMENTS

The study has been financed by the National Research
and Development Centre within the framework of the project
EPURNAT PBS1/B5/18/2012. Authors are also grateful to
the following companies: ZD Organika (currently SYNTHOS
AGRO) in Nowa Sarzyna, and CIECH Pianki for supplying
selected raw materials.

REFERENCES

[1] Gopalakrishnan A., Fernando T.: Bulletin of Materials
Science 2012, 35, 243.
http://dx.doi.org/10.1007/s12034-012-0279-5

[2] Prociak A., Rojek P, Pawlik H.: Journal of Cellular Plas-
tics 2012, 48, 489.
http://dx.doi.org/10.1177/0021955X12446210

[3] Kirpluks M., Cabulis U., Kuranska M., Prociak A.:
Key Engineering Materials 2013, 559, 69.
http://dx.doi.org/10.4028/www.scientific.net/
KEM.559.69

[4] Prociak A.: Cellular Polymers 2007, 26, 381.

[5] Lubguban A.A., TuY.-C,, Lozada Z.R. et al.: Journal of
Applied Polymer Science 2009, 112, 19.
http://dx.doi.org/10.1002/app.29382

[6] Stirna U., Fridrihsone A., Misane M., Vilsone Dz.:
Scientific Journal of Riga Technical University 2011, 6, 85.
http://dx.doi.org/10.2478/v10145-011-0012-4

[7] Petrovic Z.S.: Polymer Reviews 2008, 48, 109.
http://dx.doi.org/10.1080/15583720701834224

[8] Ionescu M.: “Chemistry and Technology of Polyols
for Polyurethanes”, Rapra Technology Ltd., Shaw-
bury 2005.

[9] Austin A.: Polyurethanes Magazine International 2015,
4, 264.

[10] Karuk O., Sain M., Farnood R.: Polyurethanes Maga-
zine International 2015, 5, 372.

[11] Septevani A., Annamalai P.,, Evans D. et al.: Polyure-
thanes Magazine International 2015, 3, 222.

[12] Zlatanic A., Javni L, Ionesu M. et al.: Journal of Cellular
Plastics 2015, 51, 289.
http://dx.doi.org/10.1177/0021955X14537660

[13] Stirna U., Lazdina B., Vilsone Dz. et al.: Journal of Cel-
lular Plastics 2012, 48, 476.
http://dx.doi.org/10.1177/0021955X12445178

[14] Prociak A., Rojek P, Pawlik H.: Journal of Cellular Plas-
tics 2012, 48, 489.


http://dx.doi.org/10.1007/s12034-012-0279-5
http://dx.doi.org/10.1177/0021955X12446210
http://dx.doi.org/10.4028/www.scientific.net/KEM.559.69
http://dx.doi.org/10.4028/www.scientific.net/KEM.559.69
http://dx.doi.org/10.1002/app.29382
http://dx.doi.org/10.2478/v10145-011-0012-4
http://dx.doi.org/10.1080/15583720701834224
http://dx.doi.org/10.1177/0021955X14537660
http://dx.doi.org/10.1177/0021955X12445178

806

POLIMERY 2016, 61, nr 11-12

http://dx.doi.org/10.1177/0021955X12446210

[15] Zieleniewski M., Auguscik M., Prociak A. et al.: Poly-
mer Degradation and Stability 2014, 108, 241.
http://dx.doi.org/10.1016/j.polymdegrad-
stab.2014.03.010

[16] Michatowski M., Prociak A.: Journal of Renewable Ma-
terials 2015, 3, 14.

[17] Rojek P, Prociak A.: Journal of Applied Polymer Science
2012, 125, 2936.
http://dx.doi.org/10.1002/app.36500

[18] Tu Y.-C, Kiatsimkul P, Suppes G., Hsieh F-H.: Journal
of Applied Polymer Science 2007, 105, 453.
http://dx.doi.org/10.1002/app.26060

[19] Zhang L., Jeon H., Malsam J. et al.: Polymer 2007, 48,
6656.
http://dx.doi.org/10.1016/j.polymer.2007.09.016

[20] Prociak A., Rokicki G., Ryszkowska J.: ,Materiaty po-
liuretanowe”, PWN, Warszawa 2014.

[21] Palanisamy A., Rao B.S., Mehazabeen S.: Journal of
Polymers and the Environment 2011, 19, 698.
http://dx.doi.org/10.1007/s10924-011-0316-2

[22] Singh P., Bhattacharya M.: Polymer Engineering and
Science 2004, 44, 1977.
http://dx.doi.org/10.1002/pen.20201

[23] Pawlik H., Prociak A.: Journal of Polymers and the En-
vironment 2012, 20, 438.
http://dx.doi.org/10.1007/s10924-011-0393-2

[24] Rojek P, Prociak A.: Journal of Applied Polymer Science
2012, 125, 2936.
http://dx.doi.org/10.1002/app.36500

[25] Zieleniewska M., Leszczyniski M.K., Kuranska M.
et al.: Industrial Crops and Products 2015, 74, 887.
http://dx.doi.org/10.1016/j.indcrop.2015.05.081

[26] Prociak A., Kuraniska M., Malewska E. et al.: Polimery
2015, 60, 592.
http://dx.doi.org/10.14314/polimery.2015.592

[27] Malewska E., Bak S., Prociak A.: Journal of Applied
Polymer Science 2015, 132, 42 372.
http://dx.doi.org/10.1002/app.42372

[28] Hu Y.H., Gao Y., Wang D.N. et al.: Journal of Applied
Polymer Science 2007, 105, 453.
http://dx.doi.org/10.1002/app.26060

Received 1 X 2015.

Maozilla Firefox

") Polimery - czasopismo naukowo-techniczne

B Edvgs ok gstons  Qskdedh  [isceedna

€& 3 5 @ wwichoplipoimery

REDAKCIA KORMITET REDAKCYJNY RADA IWAUKOVEY

SIS

PRENUMERATA

INFORMACJE DLA AUTOROW RECENZJE

KONTAKT B



http://dx.doi.org/10.1177/0021955X12446210
http://dx.doi.org/10.1016/j.polymdegradstab.2014.03.010
http://dx.doi.org/10.1016/j.polymdegradstab.2014.03.010
http://dx.doi.org/10.1002/app.36500
http://dx.doi.org/10.1002/app.26060
http://dx.doi.org/10.1007/s10924-011-0316-2
http://dx.doi.org/10.1002/pen.20201
http://dx.doi.org/10.1007/s10924-011-0393-2
http://dx.doi.org/10.1002/app.36500
http://dx.doi.org/10.1016/j.indcrop.2015.05.081
http://dx.doi.org/10.14314/polimery.2015.592
http://dx.doi.org/10.1002/app.42372
http://dx.doi.org/10.1002/app.26060

