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Abstract

The changes in crosslinking, chlorine or sulphur content and unsaturation were determined for three concentrations of hydr
acrylonitrile—butadiene rubber (HNBR)/chlorosulfonated polyethylene (CSPE) blends (25:75, 50:50 and 75:25 wt%), and for thei
dual components. Thermal degradation was carried out over the temperature range from 150 Up; tadiB@ion exposure was performe
at three irradiation doses: 100, 200 and 300 kGy. Mechanistic aspects of thermal and radiation ageing are pointed out. It was foun
high activation energy required during the thermal degradation of the studied polymer systems is a consequence of the interaction
components© 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction have gained less applications in rubber products manufac
than nitrile rubber [14-16].

In the search on material behaviour required for various In a previous study [17] specific responses of HNB
applications, the processability of two or more polymer blended with elastomers (nitrile rubber and cloropre
mixtures has attracted much interest [1-3]. A major feature rubber) or plastomers (polyvinyl chloride or chlorinate
of two polymer mixtures is the dependence of the resulting polyethylene) to the action of thermal degradation w
properties on various characteristics of components: structurejnvestigated.
blending ratio, morphology, purity and stabilisation along  The main goal of this paper is the thermal assessmen
with the prevalent conditions. The performances of mixtures binary mixtures consisting of HNBR and CSPE becau
depend also on the interaction that appears upon polymerthese materials satisfy the operation standards b
compatibilisation. However, blend stability determines the successfully used in chemical industry or nuclear po
success during both production and end-use. plants.

Polymer blends offer combinations with certain physical It is of interest to investigate the changes in sol fracti
properties, processing characteristics, durability and cost.simultaneously with the determination of sulphur and chl
The modification in the behaviour of polymer systems has ine contents. Thus, in the kinetic depiction of structur
been the subject of many relevant studies [4—12]. Homo- modifications occurring in HNBR/CSPE blends durin
genous mixtures consisting of various elastomers and/oroxidative degradation, spectral data were used. They
plastomers represent largely required materials for indus-also the basis of the mechanical approach of thermal
trial usage where oil products or corrosion agents are radiation ageing.
present [13].

It is generally accepted that hydrogenated nitrile buta- )
diene rubber (HNBR) displays excellent durability in petro- 2+ Experimental
leum product environment under thermal degradation. In
spite of its convenient resistance in various hydrocarbons
at moderate or high temperatures, the mixtures containing
HNBR and other different elastomers and/or plastomers

2.1. Specimens

Three blends containing hydrogenated acrylonitril
butadiene rubber and chlorosulfonated polyethyle
(25:75, 50:50 and 75:25% w/w) were prepared on a roll
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Table 1 Table 2

IR bands used for degradation assessment Kinetic characteristics of thermal oxidation of HNBR/CSPE blends

IR band Atom group Sample Rate constant at  Activation energy
17C°C (min™Y) (kJ/mol)

3350 Associated OH

2240 CN HNBR 0.0023 162

1735 G0 CSPE 0.0028 167

1610 GC HNBR/CSPE= 25:75 0.0022 179

1460 S6CH, (internal standard) HNBR/CSPE= 25:75 0.0018 192

1370 SQCI HNBR/CSPE= 25:75 0.0012 206

1150

HNBR, Therban 1907 (Bayer, Germany), showed 38.5%
acrylonitrile and 0.3% molar unsaturation. The blending
process was carried out by milling at’&Dd

For spectroscopic measurements 1% chloroform solu-
tions were used in order to obtain cast fiilms on KBr
windows.

2.2. Degradation

Thermal ageing of specimens was performed in an auto-
matically controlled oven (WSU-3, Germany) over the
temperature range 150—2@0for 3000 min.

Exposure toy-radiation was performed in air inside a
GAMMACELL (USA) machinery provided with a®'Cs
source. Three total doses (100, 200 and 300 kGy) were

applied; the dose rate was 0.54 kGy/h. Total doses and thee

dose rate were chemically determined by Fricke dosimetry
measurements.

2.3. Measurements

Thermal and radiation degradation processes were moni-
tored by IR spectral data [18] in order to assess the structural
modifications. Perkin—Elmer 577 spectrophotometer (USA)
has allowed to monitor the progress in the absorbency
values of the stretching bands listed in Table 1. Thermally

material on KBr windows; radiochemically processed
samples were characterised using the soluble fraction after
solvent removal on KBr windows.

The spectral study was completed by other measurements:

e gel formation was determined by sample dissolution in
1% methyl ethyl ketone [19] as the percentage of mass
loss from initial mass;

chlorine and sulphur contents were determined in the
presence of oxygen by the Sating technique [20];
removed free hydrochloric acid was calculated by the
subtraction of the remaining amount of chlorine from
the total chlorine;

unsaturation content was evaluated either from spectral
data or from chemical methods using mercury acetate
titration [21]; and

chemical crosslinking levels were assessed by sol/gel
measurements using the expressipf] = 10°p/2M,,
where [X] represents the number of new intermolecular
links, p the density of the processed sample afhdthe
average numerical molecular weight [22].

3. Results and discussion

3.1. Thermal degradation

degraded specimens were analysed after casting of polymer
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Fig. 1. Changes in the absorbency measured at 173% funHNBR/CSPE
(50:50) samples at 170.

IR spectra have proved that during thermal degradation of
HNBR/CSPE specimens two simultaneous processes occur:
an increase in the content of oxygenated products suggested
by the development in the absorbencies at 3350 and
1735 cm * and decreases in the absorbencies at 1370 and
1150 cm* ascribed to —S@l and —ClI, respectively,
caused by their removal from the macromolecular back-
bone. Similar to the thermal behaviour of HNBR, CSPE
and their blended systems show a low intensity band at
3350cm ™. This aspect was attributed to the thermal
decomposition of hydroperoxydes at the testing tempera-
tures [23] and also to their association by inter- and intra-
molecular hydrogen bridges.

Structural changes that took place during thermal oxida-
tion were confirmed by the evaluation of theeQ accumu-
lation (Fig. 1) and by the estimation of changes in the
unsaturation index, f:dAus (Table 1). From the time
dependencies of Ags the kinetic parameters of oxidation
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Table 3
Values of unsaturation degree and unsaturation index obtained for thermally degraded HNBR/CSPE blends
Sample Chemical unsaturation grade (%) Spectral unsaturation Ixyel,10°
Initial After 4 h heating at Initial After 4 h heating at
(25°C) 160C 170C 185C (25C) 160C 170C 185C
HNBR/CSPE= 25:75 0.75 0.81 0.98 1.25 0.045 0.15 0.25 0.30
HNBR/CSPE= 50:50 0.72 0.78 0.92 1.23 0.050 0.13 0.23 0.27
HNBR/CSPE= 75:25 0.73 0.74 0.89 1.19 0.052 0.10 0.19 0.23
were obtained taking into account that degradation is a first —CHZ—T‘H— —Cli; $u—~
order process (pseudomono_molecular reaction) [24]._ In C=N > -o=nN"
Table 2 the values of reaction constants and activation
energy obtained for HNBR, CSPE and their three blends — CHe—CH—
are listed. It can be noticed that the increase in HNBR 2 ) |
content of the blends causes the growth in the ageing activa- o= _i“
tion energy. A reliable explanation of this behaviour can be —?ﬂw —2*‘ o O= —NH—?ZO
the increase in oxidation resistance brought about by the J ' —CH
—CH57—CH—

raising concentration of hydrogenated acrylonitrile buta-
diene rubber.

In Table 3 the changes in unsaturation assessed by tWo  pyring thermal oxidation of chlorosulfonated polyeth
different procedures (chemical method and IR spectro- lene, partial remove of —S@OI and —Cl takes place [27].

scopy) are presented. The content of double bonds is  Thjs process can be carried out by other reactions t
augmenting as the amount of HNBR decreases at highergenerate oxygenated structures:

temperatures.
Under thermal degradation HNBR, CSPE and three of T . O, . . .
L 9 . —Cl;CIF-CILy~CIlE— 55> —CHy;~CH—-CH;—CH—
their mixtures change the chlorine and sulphur contents as ’,] toc 4 Lo
is shown in Table 4. The consumption of organic functions ¢ ’
contained in the initial materials was proved by the decreas- The elimination of chloride and chlorosulphonyl from bot
ing absorbencies at 1370 and 1150 ¢nConcomitant with  mixed polymers can bring about the recombination of ra
the depletion of chlorosulphide and acrylonitrile units, new cal intermediates, and new crosslinked structures
intermolecular links are created even during milling. formed. This type of configuration was previousl

Increased gel fraction and crosslinking levels were mentioned for blends containing HNBR and PVC [15,28
confirmed by two different methods (Table 5) to prove the
similarity between the growths of gel content and inter-

—CF lz—“(l?}-l'—'(THZ"—CI- 100—

molecular links. B TR
A significant shift of 2240 cri' towards lower frequencies O
was pointed out (Fig. 2). It was caused by various reactions
involving C—NH and the reaction of the new unitH by a These reactions can be explained by the thermal degr

similar mechanism revealed during thermal treatment of tion mechanism of HNBR/CSPE blends, when seve
polyacrylonitrile [25]. The oxidation of ENH units gener- simultaneous paths are followed. Higher HNBR conte
ated imide structures [26] according to the reaction: rises the gel amount and crosslinking level as well. At t

Table 4
Sulphur and chlorine contents for aged HNBR/CSPE blends
Sample Chloride content (%) Sulphur content (%)

Initial After 4 h heating at Initial After 4 h heating at

(25°C) 160C 170C 185C (25C) 160C 170C 185C
HNBR/CSPE= 25:75 27.0 24.0 22.2 21.4 0.92 0.91 0.89 0.87
HNBR/CSPE= 50:50 18.2 15.8 14.6 13.8 0.62 0.60 0.58 0.55

HNBR/CSPE= 75:25 9.1 8.3 7.4 6.9 0.33 0.32 0.30 0.24
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18 e ——————————————— The described sequence of reactions takes place at moderate
] temperatures, even during the thermomechanical processing.
15| / ]
1 ./,/" ] 3.2. Radiation behaviour
// 1 The IR spectral data drawn fgrirradiated HNBR/CSPE
s 91 / : mixtures display similar results as was obtained for ther-
a // 1 mally degraded systems when the ageing of specimens
6 ( - was carried out in air. Some discrepancies in thgs and
- va3sg bands ascribed to oxygenated products could be
3r . detected by exposure teradiation; low IR band intensities
I and relative constant absorbencies over the whole dose

1 . il 1 1 1 i
150 160 170 160 790 range were displayed.

Temperature (°C) The outstanding modifications in IR spectra were found
in the bands ascribed t® SO, and 6 Cl. The decrease in
Fig. 2. The shift ofvcy band vs. measuring temperature. sulphur and chlorine contents during the exposureyto

radiation (Table 6) can be correlated with slight increase
same time, this component diminishes the unsaturation inin unsaturation. For irradiated samples this small growth
the processed polymers systems where it is added. It wasof unsaturation was higher than the similar property deter-
earlier reported [29] that the involvement of strong electron mined for thermally processed specimens. The same beha-
acceptor (cyan group) stimulates inter- and intra-molecular viour was found for individuallyy-irradiated CSPE [30]. This
interactions. By this route other new structures would be process is accompanied by the significant augmentation in gel

formed: content. An advanced crosslinking was also determined
Hz(;‘{\(.‘ /(?H?‘H |
’ ’ 1, CH
—CH,— (I':n—— o /(I*:NII 2]}/ iﬂ
C=NII N _ (! I‘va_ =N
e TN
—(‘HZ—(’H—— (==N — (l-:”_._.
C=N “CHy=—CH— City
|
Table 5
Changes in gel content and crosslinking level for thermally degraded HNBR/CSPE blends
Sample Gel content (%) Crosslinking levgX] x 10°
After milling at 50°C After 4 h heating at After 4 h heating at T60 After 4 h heating at 18&

160°C 170C 185C

HNBR/CSPE= = 25:75 34.4 70.0 735 82.8 3.45 7.2
HNBR/CSPE= 50:50 39.7 74.2 78.4 83.8 3.85 7.7
HNBR/CSPE= 75:25 69.7 85.0 88.2 91.6 4.00 8.2
Table 6
Values of unsaturation degree and unsaturation index obtained for irradiated HNBR/CSPE blends
Sample Chemical unsaturation grade (%) Chloride content (%) Sulphur content (%)
100 kGy 200 kGy 300 kGy 100 kGy 200 kGy 300 kGy 100 kGy 200 kGy 300 kGy
HNBR/CSPE= 25:75 0.75 0.79 0.82 26.2 25.0 23.4 0.90 0.88 0.87
HNBR/CSPE=50:50 0.73 0.75 0.78 17.4 15.0 13.1 0.59 0.56 0.55

HNBR/CSPE= 75:25 0.70 0.72 0.73 8.6 7.3 6.1 0.32 0.29 0.25
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Table 7
Changes in gel content and crosslinking level for irradiated HNBR/CSPE blends
Sample Gel content (%) Crosslinking leveX] x 10°

100 kGy 200 kGy 300 kGy 100 kGy 200 kGy 300 kGy
HNBR/CSPE= 25:75 82.4 83.6 89.2 3.3 5.4 8.5
HNBR/CSPE= 50:50 81.8 82.7 86.1 3.9 6.4 9.2
HNBR/CSPE= 75:25 80.0 81.0 84.3 4.8 7.2 11.0
HNBR 100 78.2 80.0 83.6 3.0 4.9 6.2

(Table 7). The contribution of HNBR to the increased gel [5] Paul DR, Barlow JW. Polymer 1984;25:487.

content suggests a “self—crosslinking" duringexposure [6] Bata_i_lle P, Boissg S, Schreiber HP. Polym Degrad Stab 1987;27:6

and this process occurs likely due to the thermal crosslinking. L) Egg'}; 1‘] i Lednicky F, Pegonaro M. Polym Network  Blend
[8] Joshi M, Maiti SN, Misra A. Polymer 1994;35:3679.

4. Conclusion [9] Botros SH, Abdel-Nour KN. Polym Degrad Stab 1998;62:475.

[10] Monakhova TV, Bogaevskaya TA, Shlyapnikov YuA. Polym Degr

. . Stab 1999;66:149.
The behaviour of HNBR/CSPE blends during thermal 11} zhou z, Lu X, Brown N. Polymer 1993;34:2520.

degradation and radiochemical processing emphasiseg12] Zaharescu T, Jipa S, Setnescu R, Setnescu T. J Appl Polym Sci
some relevant aspects: (in press).

) ) [13] Hashimoto K, Maeda A, Hosoya K, Todani |. Rubber Chem Techn
e Processes start on the chlorosulfone and chlorine sites by  1998;71:449.

their removal, and consequently, hydrochloric acid is [14] Singa NK, Bhattacharjee, Sivaram S. Rubber Chem Tech
expelled. 1997;71:309.
e Material crosslinking is initiated by imine intermediates 122 Manoj NR, De PP. Polym Degrad Stab 1994;44:43.

. . . . i [16] Rzymski WM. Self-vulcanization and morphology of blend
and/or by inter- and intra-molecular interactions. Direct composed of nitrile rubber and chlorinated rubber resin. Seve

result of HCI presence would be the hydrolysis of Int. Symp. on New Trends in Rubber Industry, Zlin, Czeck Republi
acrylonitrile. 10-13 November 1998.

e The activation energy involved in thermal degradation of [17] Ivan G, Giurginca M. Thermo-oxidative destruction of several pol
HNBR/CSPE blends is higher than similar values medr co(;JpIes cgrrl]talil?yg H(IB\IBR. First Int. Conf.gognBChemicaI Scienc

. . . and Industry, Chalkidiki, Greece, 1-4 June 1998.
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cal and radiation stability in comparison with individual Holden-Day, 1966.
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treatment can be applied to the studied materials for the 21 E_ 1619 (\?v3)k e Gummi Kunst 166310606
. e immer W. Kautch Gummi Kuns ;10:606.
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