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This paper contains the results of an experimental study regarding the thermal stability of the urethane and
alophanate groups from model compounds obtained in chemical reactions between phenylisocyanate and
mono- or bifunctional stabilizers. The results can be used to estimate the thermal stability of the polyurethanes
which were thermal and photo-oxidative (additive and reactive) stabilized.
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Otto Bayer initiated the pioneer work and published the
first papers regarding polyurethanes in the I.G.
Farbenindustrie - Germany - in 1937. Since then the
production of these polymers had a progressive growth in
time; also, the types of polyurethanes were rapidly
diversified [1]. Polyurethanes have special physical,
mechanical and chemical features (elasticity, thermal and
electrical insulating properties, high resistance to mineral
oil products action, chemical resistance to degrading
agents, etc.). So, polyurethanes became unique in several
fields: ship building industry, shoe industry, civil and
industrial buildings, automobile industry, Jarvick artificial
heart, reference points production in aeronautic industry
[2]. Properties of polyurethanes depend on the nature, on
the functionality and on the proportion of reactants in the
obtaining process. Aromatic diisocyanates are used in
polyurethanes synthesis in order to define their important
propetties , mainly 4,4’-diphenylmethandiisocyanat (MDI)
and 2,4- and 2,6-toluylendiisocyanat (TDI)[3,4].

Unfortunately, polyurethanes obtained from aromatic
diisocyanates, with superior physical and mechanical
propetrties, are less resistant to thermal and photo-oxidation
comparative to aliphatic polyurethanes. Over 80% of the
world production of polyurethanes uses aromatic
diisocyanates making necessary their thermal and photo-
oxidative stabilization.

Polyurethanes stabilization comprises adding of usual
antioxidants and photo-stabilizers presenting the already
known disadvantages of polymer additive stabilization.
Stabilizers are low molecular weight compounds,
incompatible with polymers, which migrate from the
polymer’s matrix when it is long time utilized. Some
stabilizers are volatile ore they are easily extracted by fluids
in contact with the polyurethane during utilization; thus,
the amount of stabilizers inside the polymer decreases in
time, reducing the efficiency of the stabilizing process [5].

By these means, increased interest is shown by the idea
of reactive stabilization with stabilizers chemically bound
with the polyurethane’s chains during its synthesis through
the reaction of some functional groups of stabilizers (-OH;

-NH,; -NH-) with the -NCO group from the isocyanate
part of the polyurethane. The obtained chemical bonds
between the stabilizer and the polyurethane (urethane and
alophanate) determine the disappearance of the possibility
of losing through physical processes of stabilizers from the
polymer’s matrix [6].

The -NCO group from phenylisocyanate has an
increased reactivity and the majority of commercial
stabilizers contain -OH, -NH, and -NH- groups; thus,
reactions between stabilizers and isocyanates can be
anticipated during polyurethane’s synthesis [7,8]. In our
experiments, we have studied the reactions of some usual
stabilizers containing only one type of functional group,
with phenylisocyanate. Such stabilizers are anti-oxidants
with structure of steric hindered phenol with one (AO-1
and AO-3) ore more identical -OH groups (AO-4), as well
as the 2-hydroxi-4-alcoxibenzophenone UV absorber (UVA-
1). Comparatively, we studied also the reactions of
phenylisocyanate with reactive stabilizers (compounds
with similar structures with usual stabilizers) that contain
an additional reactive group beyond the stabilizing group.
Reactive stabilizers are the AO-2 anti-oxidant and the UVA-
2 absorber, HALS-2, respectively.

To elucidate the nature of stabilizers binding in the
polyurethane’s macromolecule model compounds were
taken in consideration to study the possible reactions given
by phenylisocyanate with usual and reactive anti-oxidants
and photo-stabilizers. The experimental study tried to show
that the stabilizer is in a higher proportion bound to
isocyanate by -OH and -NH- steric hindered groups. These
groups (others than the —~OH implied in the stabilization
process) represent the way the stabilizer will be bound in
the polyurethane’s matrix during reactive stabilization. In
the next scheme we show the main mechanisms of
reactions with reactive stabilizers containing the reactive
-OH group with phenylisocyanate; the evolution of the
processes depend on reactants proportion and on the
conditions of the reaction:

a) phenylisocyanate / stabilizer molar ratio = 1/ 1 and
temperature lower than 60 - 70°C:

K I X
CeHls—N=C=0 + HO—CHz~AL-OH —— CgHi;—NH—C—0—CH;-Ar —OH
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b) phenylisocyanate / stabilizer molar ratio = 1/ 1 and temperature lower than 60 - 70°C:

X

K [ [
2CH;—N=C=0+ HO—CHz~A_OH—> C; —~NH—C—O—CH2—Ar><—O—C—-NH—C6HS

(diurethane)

c) phenylisocyanate / stabilizer molar ratio = 1/ 1 and temperature lower than 60 - 70°C:

r Ml I
2CH;—N=C=0+HO—CH;-A(—-OH —> CGHS—NH——C——I\II—C—O—CHZ—ArX—OH

>

In order to take place the process of polyurethanes
reactive stabilization it is necessary to ensure those
conditions that favor (a) and (c) reactions because, in these
cases, the steric hindered ~OH group (participating to the
stabilizing process) is not affected and it can act as
stabilizer in the structure bound to the polyurethane’s chain.
If the stabilizer reacts as in (b) reaction, the steric hindered
-OH group can not act as a stabilizer, now being a chain
extender .

We performed the thermal analysis of the urethane and
alophanate compounds of phenylisocyanate with mono-
and bifunctional stabilizers in order to investigate the issues
concerning the efficiency of polyurethanes reactive
stabilizing process in certain applications. So, thermal
lability of urethane and alophanate groups that bind the
stabilizer to the polyurethane’s chains intervenes in those
applications where the reaction or the use temperature is

C6H5

(alophanate)
beyond the temperature when bonds split up [9,10]. For
instance, in the process of producing flexible polyurethane
foam blocks, the difficult elimination of the reaction heat
leads to temperature increase inside the block and to
polymer degradation. Anti-oxidants should diminish these
consequences.

In experiment it has also been shown that thermal
analysis (besides IR spectroscopy, UV and high
performance liquid chromatography in reverse phase - RP-
HPLC) can be used to study mixtures of urethane and
alophanate compounds resulting from phenylisocyanate
reacting with mono- and bifunctional stabilizers.

Experimental part

Urethane and alophanate compounds of
phenylisocyanate were synthesized with mono- and
bifunctional stabilizers, using raw materials presented in
table 1.

Chemical, commercial name | Structural formula | Features

| Firm

a) Isocyanate

NCO transparent liquid
Phenylisocyanate M =119 g/mol
(PhI) p=1.093 g/em®
b.p. = 62-64 °C

Fluka (Swiss)

b) Anti-oxidants

2,6-Ditertbuthyl-4-

Q

white-yellow crystals

methylphenol (AO-1), MPJ g ohaonae | Men (Ausi
4-Hydroxymethyl-2,6- white powder .
ditertbuthylphenol (AO-2), HO/?Z;)CHN" M =236 g/mol Ethyl(g (;r;:)r)anon
Ethanox 754 m.p. = 140-143 °C Itk
Octadecyl-3-(3,5-ditertbuthyl- ihite powder
4-hydroxyphenyl)propionate | Ho-{ )-C-C—¢-0-C,Hy, __ ¢ mo; Ciba-Geigy (Swiss)
AO-3), Irganox 1076 o p =102 glem
(AO-3), Irganox m.p. = 50-55 °C
EPE sl ~ white powder
Py 0 S
hydroxyphenyl)propionate] ‘ p= 115 glom’ Ciba-Geigy (Swiss) Table 1
.p. = 110-125°C
(AO-4), Irganox 1010 m.p FEATURES OF USED RAW MATERIALS
c) Photo-stabilizers
‘ Me llow powder
yellow po
2-Hydroxy-4-metoxy- HO M = 228 g/mol Sigma Prodotti
benzophenone CC]: 0 p =0.70 g/em’® Chimici (Italy)
(UVA-1), UVASORB MET m.p. = 63-64.5°C
QH llow powder
ye P
2,4-Dihydroxy-benzophenone HO JQ_ M =214 g/mol Sigma Prodotti
(UVA-2), UVASORB 2 OH ¢=0 p = 1.30 g/lem® Chimici (Italy)
@) m.p. = 144-146 °C
2,2,6,6-T hyl-4 § yellow—p;r;k pow;ier S Prod
- Tetr: thyl-4- M=1 i tti
12,0,6-" etramethy He cH = g/mo3 igma Prodo
piperidinol (HALS-1) NN 3 p=0.85 g/cm Chimici (Italy)
HC pj CH, m.p. = 128-130°C
d) Catalysts
[ }- ' yellow liquid
. L CH;(CHp—Sn M = 598.7 g/mol Air Products and
Dibuthyl-staniu-dilaurate 2 3 :
p=1.078 g/cm Chemicals (U.S.A.)
(DBSnDL) foocccry,cn), bp. = 187°C
white hygroscopic
] o /CHZ—CH2 crystals '
Trietylen-diamine L CH—CH M =112 g/mol Air Products and
NZCH;—CH2N 3 -
(DABCO), Dabco crystalline \CH_CH2 p=0.14 g/cm Chemicals (U.S.A.)
2 mp. =159.8°C
b.p.=174°C
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Table 2

PREPARATIVE CASES
Reactants and Molar ratio of reactants
smhesis | MU g b f1e {2 |2 [2c|2a| 3| 4|5 |66 |7a|m
PhI/AO-1 mol/mol | 1/1 | 1/1 | 1/1
PhI/AO-2 mol/mol Vi |21 21|21
PhI/AO-3 mol/mol 1/1
PhI/AO-4 mol/mol 4/1
PhI/UVA-1 | mol/mol 1/1
PhI/UVA-2 | mol/mol 2/1 | 211
PhI/HALS-1 | mol/mol 1/1 | 171
DBSnDL 10°mol | 3 | 3 31 3[3 313 3 3
DABCO 10”mol 3 3 3 3 3
Hexane ml 100 | 100 100 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
CCly ml 100 100 100
Temperature °C 20 1 69 | 69 | 20 | 69 | 20 | 69 | 69 | 69 | 69 | 69 | 69 | 69 | 69
Reaction time h 24 4 4 24 4 24 4 4 4 4 4 4 4 4

The recipes and the reaction conditions of
phenylisocyanate with the four anti-oxidants and the three
photo-stabilizers are shown in table 2.

In most cases, the reactions of phenylisocyanate with
stabilizers lead to a mixture consisting of different
chemical compounds (urethane and alophanate types),
identified with no doubt by high performance liquid
chromatography in reverse phase (RP-HPLC). The
structures of these compounds are shown in table 3.

To investigate the thermal stability of the synthesized
compounds we used following methods: thermo-
gravimetry and derived thermogravimetry with the -1500
T, MON thermal balance derivatograph (Hungary) and
following experimental conditions:

- weight of probe: 100 mg (reference compound ALO );
- constant heating velocity: 10°C/ min.;
- atmosphere: static air.

To point out the differences in thermal behavior of
urethane and alophanate groups, model compounds were
synthesized with reaction conditions to favor predominant
formation of certain structures. Thus, phenol reacting with
phenylisocyanate led to:

- diphenylurethane (hexane 20°C, 24 h, Phl/ ArOH molar
ratio=1/1

I}
CH;N=C=0 + HO-CH, —— CHzNH-C-O-CJH

- triphenylalophanate (hexane, reflux, 4 h, Phl / ArOH
molar ratio =2/ 1
Q Q
CgHyNH-C—N—C-0-CH,
C6H5

Thermal stability of urethane and alophanate structures
in the obtained model compounds from the reaction
between phenylisocyanate and phenol and with AO-1 anti-
oxidant respectively was investigated by TG. The above
mentioned reaction was performed under controlled
conditions to obtain only one structure without any
significant differences (fig. 1).

The investigated products decompose at relatively low
temperatures (initial decomposing temperature, T, = 100
- 120°C) by splitting up of carboxyl bonds in urethane and
alophanate groups. The TG curve shows a rapid decrease
of the probes weight up to 220 - 270 °C (final decomposing
temperature, T), when the process ends by complete
volatilization of the decomposing compounds. Anyway,
there is a slight difference between urethane and
alophanate structures, especially in the case of the products

2 CH;-N=C=0 + HO-CH,
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derived from the reaction between phenylisocyanate and
the AO-1 anti-oxidant. The alophanate structure
decomposition starts a little bit later than that of the
urethane structure (T, = 120°C vs. 100°C) and it evolves in
two steps, probably due to successive division of ester and
urea substituted bonds in the alophanate group.

Results and discussions

The experimental study comprised a thermogravimetric
analysis both of reactants and obtained products in every
preparative variant. To present the obtained thermograms,
results were shown in tables: weight losses at different
temperatures, both in raw materials (table 4) and in
obtained products (table 5).

Regarding stabilizers, obtained data show the
dependence of thermal stability on the compounds
chemical structures (table 4) Thus, in the AO-1, AO-2, AO-
3, AO-4 anti-oxidants series, the 'initial temperature T.
increases and the weight losses decrease with the
molecular weight increase. At the edges of this series we
find the AO-1 volatile anti-oxidant (15% weight loss at
200°C) and the AO-4 anti-oxidant (first weight losses
appear no sooner than 300°C).

Discussing about UV absorbers (derivatives of 2,4-
dihydroxibenzophenone - their thermal stability depends
on the nature of the substitute of the hydrogen of the 4-
hydroxi group), the initial temperature T, increases and
weight losses decrease in UVA-2 in contrast to UVA-1.

HALS-1 photo-stabilizer (low molecular weight
compound), like the AO-1 anti-oxidant, is volatile and the
first weight losses appear already at 125°C (table 4).

Phenylisocyanate (b.p. = 62 -64°C) is a liquid compound
with a quite low boiling point making no sense to perform
the TG analysis. The DABCO catalyst, although in solid state
(m.p. = 159.8°C), is a volatile product (b.p. = 174°C) as it
results from the shape of the TG curve table 4). The DBSnDL
catalyst is a liquid with a relative low boiling point (table 1)
making not necessary the TG analysis.

Depending on the nature of the reactants and on
synthesis conditions, significant variations of thermal
stability of the investigated compounds were observed
(initial decomposing temperature, T, temperature for
maximal decomposing velocity, T , and weight losses)
Usually, the decomposing process takes place in two
phases: the first one comprises the scission of urethane
and alophanate bonds and the second one the volatilization
/ decomposition process of the regenerated stabilizer by
the above mentioned bonds scission.

The results of the performed study demonstrate the
thermal lability of urethane and alophanate groups in the
synthesized products.
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Composition of
Prepara- | Reac- | products mixture Reaction products structures
tive case | tants | obtained by RP-
HPLC
la 97,9 % Py
1b 59.0 % Py, CH—NH-CO-0 CH,
PhI/ 40.9 % Py P1a
AO-1
1o 32.6 % Pia CHs-NH-CO-N—C0-0 CH,
64.5 % Py, 1
C6H5 Plb
2 PhY/ 49.6 % Pay HO-CH; 0—OC—NH-C H,
AO-2 33.1% Py, P,
17.2 % Py y
CH;NH-CO-0-CH; OH
34.2 % Py Py
2b 8.3 % Py,
14.6 % Py
47,2 % Py,
2 31.3% Py, CH:-NH-CO-0-CH; 0-OC-NH-CJH,
3.8 % Py PZc
16.3 % Py
HO-CH; 0-0C-N-CO-NH-C/H,
CH P
10.8 % Py, s
2d sau Py,
864 % Pae CHNH- co—rg-;oo-cr«r O‘OC’I(INI"'-({:O-NI;‘CGH5 Table 3
s URETHANE AND ALOPHANATE TYPE
COMPOUNDS STRUCTURES ALONG
PhY PREPARATIVE CASES
3 AC3 | 988 %P CH;NH-CO-O CH; CH;COO0-C, H,,
3a
Phl/ CQH,—NH’CO-@CH;CH;COO“G{;C ca;o—oc-cu,—cu;@or{
4 A0 99.8 % Py, { . }
HOCE\I-COWH-QHS P,
Phl/
56.0 % Ps,
> A asars Gotls
0-OC-N-CO-NH-CH,
CH-CO Ps
O-OC-NH-CH,
p 45.4 % P, CHsCo OH
a 6a
52.0 % Pgy HO
Phl/
UVA- CH-CO 0-OC-NH-C.H;
2 P,
63.6 % P, 0-OC-NH-CH
6b 3.4 % Pg, e
27.1 % Pesc CH:-CO ()-OCI-DNH—CﬁHS
6c
—NH-CO- P
1229 P, CH-NH-CO o{vﬁm -
Ta 727 % P',vb
Phl/ 15.0 % Py
HAILS CH:-NH-CO-0<_ N-CO-NH-CH, P,
7o 99.1 % Pr, Ho{:g»l—co—NH—csHS P,

Depending on synthesis conditions, the products of the
reaction of Phl and AO-1 are whether the P, urethane
compound, or a mixture of it with the P, aalophanate
compound. The alophanate compound in the mixture (30
-60%P, ) is pointed out by the TG curves: decomposition
in two steps starts at a little higher temperature than the
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one-step composition of the P

1 - c and d thermograms and F
The decrease of the P, urethane compound removes

to more higher temperatures the products of advanced

decomposition.

urethane compound (fig.



Weight loss [%]
100 -

80

-—-g

—C

—d

200 300
Temperature [oC]

Fig. 1. Thermograms of model compounds with urethane and
alophanate structure (100 mg, 10 °C / min, static air) for:
a- diphenylurethane (Phl/ArOH=1/1); b- triphenylalophanate
(PhI/ArOH=2/1); c- monourethane P,  (Phl/AO-1=1/1);
d- monoalophanate P, (Phl/AO-1=3/1)

Weight [mg]
100 -

80

60 -

40 -

20

200 300
Temperature [oC]

0 100

Fig. 2. Thermograms of reaction products Phl/AO-1 =1/ 1:
(a) case 1a (98,0 % P, ); (b) case Ib (59,1 % P, and 40,9 %P );
(c) case 1c (32,6 %P, and 645%P )

Table 4
THERMAL ANALYSIS OF RAW MATERIALS
Raw material AO-1 | AO2 | AO-3 | AO4 | UVA-1]| UVA2 | HALS- | DABCO
1
Molecular weight | 220 236 531 1178 228 214 152 112
100 0 0 0 0 0 0 0 12
125 0.3 0 0 0 0 0 0.9 36
.- 150 1.6 0.5 0 0 0,5 0 4 71
®E 75 55 1.3 0 0 1 0.3 13 97.3
P 200 15 3.5 0 0 13 0.5 38 97.5
< g 250 30 23 0 0 5 3 97.3 93.3
Y 300 99,. 37 2 0.5 25 13 98 98.8
2T 350 100 66.5 10.5 45 95 54 98 99.1
& 400 100 81 70 47 05.8 93 98 99.3
450 100 84.5 96 75 96 93.5 98 99.6
500 100 88 98 34.3 96 94.5 98 99.6
Table 5
THERMAL ANALYSIS OF REACTION PRODUCTS
Preparative case la 1b 1c 2a 2b 2¢ 2d 3 4 5 6a 6b Ta 75
Molar ratic Phi/ Phl/ Phi/ Phi/ Phl/ | Phl/ | Ph¥/ Phl/ | PhlV/ Phl/ Phl/ Phl/ Ph¥/ Phi/
reactants AO- | AO- | AO- | AO- | AO- | AO- | AO- | AD- | AO- | AO- | UVA- | UVA- | HALS- | HALS-
1= 1= 1= = = 2= 2= = 4= 2= = 2= 1= 1=
171 i1 171 i1 211 271 271 171 471 21 2/1 2/11 1 171
100 | 0 0 0 0 |03 [ 0 | 19 ] 0 1 0 06 0 02
125 | 2 0 0 05 | 4 | 08 | 26 | 02 | 15 18 0 08
1501 5 | 05 | 06 7 | 1331 18 | 3 | 03 05 55 0 1
g 175 | 11 | 651 7 | 65 f 18 | 18 | 7 | 55 | 09 49 11 o1 15
E: & [200 [205 | 11 | 12 3 | 215 21 | 125 ] 64 | 15 | 75 | 105 205 1 3
§ % 250 60 45 265 | 395 34 315 25 185 8.5 275 34 395 15 18
.‘E} 5 300 | 973 | 902 | 426 | 485 | 52 | 475 | 40 | 405 | 20 | 54 el 515 99 983
2 ; 350 97.8 | 99.8 49 71 77.5 5 69 54 36.5 | 89.5 73 73 99.7 98.8
400 | 98 | 999 | 65 | 823 | 89.5 | 883 | 81.3 | 80.5 | 605 | 923 | 92 82 99.9 59
450 | 9% | 990 | 993 | 845 | 913 | 90 | 83 | 86 | 67 | 928 | 93 835 100 99
500 | 984 | 100 | 100 | 873 | 93 | 925 | 875 | 89 | 82 | 936 | 943 85 100 995

In the reaction Phl with the AO-2 bifunctional anti-
oxidant more reaction products are obtained
(monourethane, diurethane, monoalophanate,
dialophanate, etc.); each compound’s predominance in
the mixture leads to changes in the thermograms shape.
Analyzing cases 2a - 2d, the thermograms of the reaction
products indicate an increased thermal stability in products
of 2a case when compared with the other three cases
(Table 5). In this case the weight loss starts significantly at
200 °C (3 %), and in the other cases it starts at 150 - 175 °C.

The monourethane P, product (-NCO group addition to
the alcoholic -OH) is in the greatest proportion among the
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products in case 2a. It leads to an increase of the initial
decomposing temperature due to the higher thermal
stability of the urethane group containing a rest of alkyl
radical. This compound is accompanied by the P
monourethane product (-NCO addition to the phenol —Okﬁ
and by the P, diurethane product.

The P, product has a lower proportion in cases 2b and
2c (34.2‘%) and 47.2%, respectively), concomitant with the
appearance of the P, monoalophanate product (in case
2¢). This situation fed to the decrease of the initial
decomposing temperature.



In case 2d the initial decomposing temperature
increases slightly, compared to cases 2b and 2¢, indicating
that there is a dialophanate type compound (P J with a
better thermal stability than that of the monoalophanate
(P,,). There is also one of the following monourethane
compounds P,, orP, . We could not affirm after performing
RP-HPLC Wl’llCah of the two products is in the reaction
mixture; though, after the TG analysis the presence of the
P, monourethane product is very probable and it is more
thermal stable than P .- The presence of the P,
dialophanate compound fess thermal stable besides P,
determines that the initial temperature of the product
mixture in case 2d to be lower than that in case 2a (130°C,
versus 90°C).

Data obtained by RP-HPLC show that a single
monourethane product (P ) is obtained in the reaction
between Phl and AO-3. This compound decomposes in
two steps, the first one meaning urethane bond scission at
lower temperatures than those when weight losses of the
monofunctional anti-oxidant AO-3 appear (T, = 90 °C,
versus 275 °C and 40,5% weight loss at 300°C, versus 2%).

A similar behaviour is observed in the products of the
reaction between Phl with the trifunctional AO-4 anti-
oxidant: T, = 180 °C, versus 310°C and 20% weight loss at
300 °C, versus 0.5%.

The same behaviour is shown in the reaction products
derived from the reaction between Phl and mono- and
bifunctional absorbers. The first step of decomposing the
reaction products of the reaction between Phl and the UVA-
1 monofunctional absorber (T, = 100 °C, versus 175°C) can
be attributed to urethane and alophanate bonds scission in
the corresponding compounds (P_, and P, ).

Although the reaction products Of the reaction between
PhI and the UVA-2 bifunctional absorber have a similar
behavior with those in the previous case (lower thermal
stability than in UVA-2 which has T, = 210°C), there are
some small differences yet: T, = 135°C - the P, and P
monourethane compounds mixture and T, = 112 & —when
the diurethane P, compound appears addltlonally The T,
decrease in the case of the diurethane compound is due to
the lighter thermal scission of one from the two urethane
groups. This happens because in the structure of the
product there is a second urethane group with favorable
electronic effects to this process.

A different behavior is observed in the case of the
products of the reaction between Phl with the bifunctional
HALS-1 photo-stabilizer. HALS-1 is an easy volatile
compound (T, = 129°C) and it shows an inferior thermal
stability than reaction products. Thermal decomposition
of the P, P, and P, products mixture takes place in two
phases: aurmg the fifst the urethane group fromP, and P,

320 http: //Amwww.revmaterial eplastice.ro/

splits up; during the second one the urea group from P
and P, splits up. The urea group has T, = 180 - 260°C,
compared to the urethane group with T, = 150 - 250°C [4]
Because of the P, urea compound (12. 29%) and of the P .
urea-urethane compound (15%) besides the P, urethane
compound (72.7) in the products mixture in Case Ta, T,
removes up to higher values (200°C). These groups
scissions take place at much lower temperatures than
weight losses appear in the case of the bifunctional HALS-
1 photo-stabilizer (18% at 250°C, versus 97.8%).

b

Conclusions

Performing thermal analysis upon urethane and
alophanate compounds of phenylisocyanate with mono-
and bifunctional stabilizers, following conclusions can be
stated:

- urethane and alophanate groups have a lower thermal
stability than functional groups existent in the structure of
reactants;

- thermal scission of urethane and alophanate bonds
takes place with great probability as an inverse reaction
with the stabilizer’s regeneration:

- if the compound contains two urethane or alophanate
groups, their scission takes place successively;

- thermal analysis (besides IR and UV spectroscopy and
high performance liquid chromatography in reverse phase
-RP-HPLC) can be successfully used to investigate mixtures
of urethane and alophanate compounds resulting from
reactions of isocyanates with mono- and bifunctional
stabilizers.

The above mentioned conclusions are useful in
chemical binding of stabilizers in polyurethanes
macromolecules, extremely important issue in
polyurethanes thermal and photo-oxidative stabilizing
process (additive and reactiveg.
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