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Abstract. By using hydroxypropyl derivatives of urea
esterified with boric acid as polyol components and
4.4’ -diphenyl methane diisocyanate the rigid polyurethane
foams have been obtained. The influence of boron and
nitrogen atoms on the properties of foams, inter aia
compressive drength and flammability, has been
discussed. The presence of borate groups enhances the
compressive strength of polyurethane foams meaning-
fully. However, the flammability of foams is determined
by the participation of carbamide groups mainly.
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1. Introduction

The analysis of the literature data indicated that the
use of borates in the foam compositions causes a
significant increase of their compressive strength. The use
of boric acid derivatives creates a more ordered structure
of the polymers and thus reduces the brittleness of
materials [1]. Furthermore, the use of boron compounds
increases the oxygen index and the retention of foams [2].

Incombudtibility is one of the most important
properties of polymer materials. The reduction of polymer
flammability can be achieved by introducing flame retardants
[3]. Retardants used in the polymer production usually
worsen the properties of the obtained products and are not
eco-friendly [3, 4]. However, the European Union seeks to
eliminate halogen methods of decreasing the flammability of
polymeric materials and introduce such flame retardants the
application of which would allow to obtain the materials of
the desired mechanical properties [5-8]. Because of that boric
acid becomes more and more important factor in the
production of flame retardants[9, 10].

In my study the rigid foamed pol yurethane plastics
were obtained by using hydroxypropyl derivatives of urea
esterified with boric acid (111) as polyol components. The
influence of the presence of boron and nitrogen on the
properties of polyurethane foams prepared from
hydroxypropyl derivatives of urea boron modified and
unmodified has been compared.

2. Experimental

2.1. Syntheses

2.2.1. Reactions of N,N'-bis(2-hydroxypropyl)
urea with boric acid

In a round bottom flask 88 g (0.5 mal) N,N’-big(2-
hydroxypropyl)urea (BHPU), obtained according to [11]
and 62 g (1.0 mal) boric acid (BA, pure, POCH, Poland)
were placed. The reaction mixture was dirred
mechanically at 383 K. The progress of the reaction was
monitored by determination of weight loss of the reaction
mixture.

2.1.2. Reactions of BHPU esterified with BA with
an excess of propylene carbonate

In a 250 cm® three-necked round bottom flask
132 g (0.5 mol) BHPU esterified with boric acid (EBU)
and the appropriate amount of propylene carbonate (PC,
pure, Fluka, Switzerland) were placed to reach the molar
ratio of reagents of 1:6 or 1:12 and 6.2 g potassium
carbonate (124 g/mol EBU, 0.09 mol/mol EBU) was
added. The reaction mixture was stirred mechanically at
453 K with monitoring of the reaction progress by
determination of unreacted PC[12].
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2.1.3. Reactions of BHPU with an excess of PC

In a 250 cm® three-necked round bottom flask
132 g (0.5 mal) BHPU and the appropriate amount of PC
(pure, Huka, Switzerland) were placed to reach the molar
ratio of reagents of 1:6 or 1:12 and 8.3 g potassium
carbonate (16.5 g/mol BHPU, 0.12 mol/mol BHPU) was
added. The reaction mixture was stirred mechanically at
433K with monitoring of the reaction progress by
determination of unreacted PC[12].

2.1.4. Foam preparation

Attempts of foaming of the polyols obtained were
caried out in small 250 cm® test cups at room
temperature. To 10 g of hydroxypropyl derivatives of
urea, 0.1 g of surfactant (Silicon L6900, Momentive, US),
1523 wt% of triethylamine (TEA) catalyst (pure,
Avocado, Germany), and 2—3 wt % of water were added.
After careful mixing of the components, a pre-weighed
amount of 4,4 -diphenylmethane diisocyanate (pure,
Merck, Germany) was added. Each composition was
vigorously mixed until it started to cream (see Table 2).
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The samples for testing were cut out from the foams thus
obtained after ca. 48 h.

2.2. Analytical Methods

Thermal analyses (DTG and TG) of polyurethane
foams were performed in ceramic crucible, in the
temperature range of 293-873 K, on app. 2 mg sample,
under a nitrogen atmosphere with Termowaga TGA/DSC
1 derivatograph, Mettler.

The following properties of foams were
determined: apparent density [13], dimensions stability
[14], compressive strength [15], oxygen index [16] and
thermal resistance as the weight loss after heating at 423,
448 and 473 K for a month (to reach constant weight).

3. Results and Discussion

In reactions of N,N’-bis(2-hydroxypropyl)urea
(BHPU, 1) with boric acid (BA) and subsequently with an
excess of PC (Table 1, synth. 3 and 4) hydroxypropyl
derivatives with carbamide group modified with boron
(1) were abtained:

I HO i OH
HO-GH-CHzHN-C-NH-CH;CH-OH + 2H,BO; 575> 'B-O-CH-CHz HN-C-NH-CH;CH-0-B]  —=
CH, (BHPU,1) CHs HO CH, (EBU, 11) CH, OH
L PO Liocn {CH;CH—O];H

9" fo-cH CHlo  cH, CHy  of L,
*NCH;—CH-CH, CH N ' O cH-CH-0-8 s
— 3 B-O-CH-CH,_ 1 ,CH; S
S A M aroptongrok
HJ[O_CEH'CHJ H{O-CH—CH CHzCH-OfH LR OmH
CH, -2 ! ¢ ! ' CH,
: CH, D) CH,

where x+z+o+t+r+w<6or12

Simultaneously, under the similar conditions hydroxypropy! derivatives of urea without boron (1V) were obtained

too (Table 1, synth. 1 and 2).
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Tablel
Reaction conditions of polyols prepar ation
- Amount of
Initia r_nolar K2,CO;z, | Temperature, | Reaction Molar ratio BHPU:x
Synth. ratio ; . ; .
oA mol /mol K time h in post-reaction mixture
BHPU: BA:PC
BHPU
1 1:.0:6 0.12 433 17 157
2 1.0:12 0.12 433 22 1:11.3
3 1:2:6 0.09 453 10 156
4 1:2:12 0.09 453 14 1111
Note: x — oxypropylene unit
Table 2

Parameter s of foaming pr ocess

Composition, g/100 g polyal

Course of foaming

Molar ratio of Com Time s
BHPU:BA:PC in polyol P-lisocyanate | water | catalyst™ — T B
creaming” | expanding” | drying
1:.0:6 F1(6) 220 2 154 10 10 1
1.0:12 F1(12) 144 2 211 15 34 1
1:2:6 F2(6) 268 3 173 32 90 10
1:2:12 F2(12) 200 3 2.30 28 60 73

Notes: * 4,4’ diphenylmethane diisocyanate; ** triethylaming;  the time elapsed from the
moment of mixing to the start of volume expansion; ° the time from the start of expansion to the
moment of reaching the sample final volume © the time from reaching by the sample its final
volume to the moment of losing its surface adhesion to powdered substances.
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Fig. 1. Change of linear dimensions of polyurethane foams
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The obtained hydroxypropyl derivatives of urea
with and without boron were applied as polyols
components in preparation of polyurethanes foams.
Foaming was carried out in small 1aboratory scale (Table 2).

It was found that apparent density of all foams was
typically in the range of 32-45 kg/m®. The foams obtained
with the participation of boron were characterized by
dightly higher apparent density g38—45 kg/m®) than the
foams without boron (32—42 kg/m”).

The foams with boron were characterized by good
dimensional stahility (Fig. 1). The changes of their linear
dimensions depended considerably on the content of
boron in the polyol component and the changes did not
exceed 1.2 or 3.8 liner % for F2(12) and F2(6),
respectively. The dimensions changes of foams which did
not contain boron were much larger (Fig. 1).

Thermogravimetric  analysis  confirmed  high
thermal stability of polyurethane foams. The 5% weight
loss occurred at 453 and 493 K in case of foams
unmodified and boron modified, respectively. The
temperature of maximum decomposition was similar for
all foams being within the range of 533-588 K.

The thermal stability of the foams was also monitored
by using static method, i.e. by measuring the weight loss
upon 30 days annedling at the temperatures 423, 448 and
473K (Table 3). It was found that weight | ass increased with
temperature of test. The congtant weight was generaly
observed after ca 18 days at every temperature. The lowest
weight loss indicated the foams obtained from polyols
modified with boron; here the weight loss at 423K was
about 6.5 wt%, at 448K it was ca 235 wt %, while at
473K it was 40 wt % (Table 3, comp. F2(6)). If the boron
content in foams was lower the weight loss of foams was
dightly higher. The weight loss of the foams obtained from
the polyols without boron was much higher (Table 3, comp.
F1(6) and F1(12)). The thermal resistance of al foams

F(6)
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(modified and unmaodified with boron) decreased with the
increase of excess of PC used for the synthesis of polyols.

Table3

Thermal stability of polyurethane foams measured by
weight loss after annealing during 30 days

Weight loss (wt %) of polyurethanes foams
Comp. after exposition at temperature, K
423 448 473
F1(6) 2157+0.13 | 29.47+0.06 42.96 + 0.20
F1(12) | 2474+0.02 | 26.75+0.04 45.81+0.10
F2(6) 6.52+ 0.01 23.61+0.91 39.93+1.30
F2(12) | 754+0.23 23.86+ 0.01 4271+ 0.29

The obtained foams were the subject of strength
tests before temperature exposure and after annealing at
423 K. The compressive strength was measured in the
opposite direction to the direction of foams growth. The
foams with boron had a compressive strength within the
range of 0.10-0.22 MPa (Fig. 2) and it was increased in
comparison to the foams without boron (sy = 0.04 MPa).

The foams compressive strength depended on
boron content. The higher compressive strength was
shown by the foams with lower boron content (Fig. 2,
F2(12)). The foams compressive strength increased
considerably after heating for 30 days at the temperature
of 423K from 60 to 340 % in case of foams with boron
and from 370 to 600 % in case of foams without boron. In
spite of that the foams compressive strength obtained
without boron presence was considerably lower.

Comparing the values of oxygen index (10) of
foams modified and unmodified with boron the impact of
the boron presence on oxygen index value only in case of
foams obtained from a polyol component containing a
smaller amount of nitrogen was noticed (Fig. 3).

F(12)

Fig. 2. Compressive strength of polyurethane foams (MPa) measured at 10% deformation
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Fig. 3. Oxygen index of polyurethane foams

The determined Ol values showed that the presence
of nitrogen (urea groups) in foams reduces their
combustibility considerably; Ol values were in the range
of 21.1-22.2 vol %, whereas the value of Ol of typical
polyurethane foams obtained with participation of
Rokopol RF-55 and 4,4’ -diphenylmethane diisocyanate
equalsto 19.6 val % [2].

When the nitrogen content in the polyol was
about 5 wt % no effect of boron presence on reducing
foams flammability was observed. Foams with higher
participation of nitrogen unmodified with boron had
slightly higher value of the Ol than the foams
modified with boron (Fig. 3, F1(6) and F2(6)). Boron-
modified foams obtained from polyols containing less
content of nitrogen (< 3.2 wt %) had higher Ol value
compared to unmodified foams (Fig. 3, F2(12) and
F1(12)). However, the Ol value was smaller in
comparison with Ol value of foams with higher
content of nitrogen.

On the basis of Ol value (Ol higher than 21 vol %.)
it has been dated that unmodified-boron and modified-
boron (F2(12)) foams are self-extinguishing [17, 18].

4. Conclusions

1. An introduction of boron into the structure of foams
improves their mechanical strength and thermal
stability.

2. The foams modified with boron perform better
dimensions stability; changes of dimensions not
exceeding 3.8 linear %.

3. The low weight losses during annealing of foams
containing boron at the temperature of 423K show
that these foams can be applied at such temperature.

4. The presence of nitrogen is the main reason of
flammability reduction of the obtained foams. At
appropriate proportions of boron and nitrogen their
synergic effect on reduction of flammability of
polyurethane foams is observed.
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BIIVINB BOPAT-TPYII HA BJIACTUBOCTI
KOPCTKHUX ITIHOITIOJITYPETAHIB, OTPUMAHUX
3 BUKOPUCTAHHSAM I'lJPOKCHITPOIIIJIOBUX
MNOXIJHUX CEHOBUHHA

Anomauin. 3a yyacmio 2iOpoKCUNPORLIOGUX NOXIOHUX ce-
YOBUHU, eCMEPUPIKOBAHUX OOPHOIO KUCTOMOIO AK NOMION KOMHOHEH-
mamu, ma 4,4 '-ougheninmemanoiizoyianamy, 6y ompumani JHcop-
cmki ninononiypemanu. JocniodxceHo enius amomie 6opy i asomy Ha
61aCMUBOCMI NIHOYPEemawie, 30Kpema, MIYHICMb HA CMUCHEHHA |
saumucmicmy. Bemanosneno, wo Hasgricme bopam-gpyn niosuuyye
MiYHICMb NIHONONIypemaHy Ha CmucHenus. 3aumucmicmov 6UsHA-
4aemuCsl, 8 OCHOBHOMY, NPUCYIHICIIO KapOamioHoi epyni.

Knwuosi cnosa. wcopcmki  ninononiypemauu, 2iopo-
KCUNPONINOGI NOXIOHI cewosuHu, GOpHa Kucioma, MoOugikayis
CMPYKMYpU, 3HUICEHHSL 3aUMUCTOCTNE, MiYHICMb HA CIUCHEHHS.



