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SUMMARY

The oven ageing behaviour of six rubbers (nitrile, polychloro-
prene, PVC/nitrile, fluorocarbon, EPPY and natural), in the
form of tensile dumb-bells has been measured and attempts have
been made to relate the ageing behaviour to conventional rate
processea. By {itting to an empirical equation the change of
elongntion at break the prediction of shelf storage life at
ambient temperature car be made for all the rubbers except the
fluorinated rutber (Viton).




Further copies of this technical report can be obtained from Defence Research

Information Centre, Station Square House, St Mary Cray, Orpington, Kent.
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1 INTRODUCTION

It is often necessary to predict the safe storage period or working life of a
rubber component at the design or pre-production stage. The most commonly 1
accepted way of doing this is to perform accelerated ageing triaels on either

the component or a test sheet of the same composition in the chosen environ-
ment at higher temperatures and fitting the results where possible to an
Arrhenius expressions

k (rate of change) = A exp (~E/RT)

where E = activation energy ~f the ageing process
' T = absolute tempersture
R = gas constant

Difficulty is of'ten experienced in fitting the results for rubbers to such an
equation. This is herdly surprising due to *he complex chemical nature of a
‘ rubbsr vulcanizate. Other factors which add <co the difficulty of forecasting
a realistic life are:

a mannsr and environment in which rtbter is used, |
¢ b  thickness of rubber,
. ¢ presence or absence of oxygen and ogzone,
@ rate of diffusion of all degredants (gaseous, liquid or solid), l
ﬂ e ingredients of mix snd post vulcanization residues, and »
f type of crossling aystem

One of the mo+t universal tests used is that of accelerated ageing in a cell
oven whore rubver samples, usually dumb-bells, are suspended in a free flow
of air at various temperatures for different periods of time., Properties
measured are tensile strength, elongation at break, modulus and haxdness.
These results and knowledge of the effects of the variables listed previously,
together with previous experience of the ageing of similar materdals,

usually allows a reasonable estimate of the safe storage or working life to
be made. However, one is still faced with the difficulty of deciding in the

§ laboratory the criteria which would govern failure of & component. Thomas

¢t al' have in their work arbitrarily defined 10 per cent change in
properties such as tensile strength and elongation at break to constitute the
saf's storage life. Clearly however this cannot easily apply tc components

! such as 0O-rings and seals since "sealability" is a difficult property to
define, 1In this work the oven ageing tehaviour of six different rubbers has
been followed.
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2 ¢ "SRIMENTAL
21 Materials

Rubbers used in this work were:

Nitrile Rubber Xrynac 803 ~ Polysar UK Ltd

Folychloroprene Neoprene WRT =~ Du Pont Ltd

PVC/Nitrile Breon Polyblend 503 - British Geon
+hylene/Propylene/Diene Rubber (EFDM) Nordel = Du Pont Ltd

Fluorinated Rubber Viton B = Du Pont Ltd

Natural Rubber Heaveacrumb SRS -~ Natural Rubber

Producers' Ressarch Association

Vulcanizates of these rubbers in the form of sheets 150 mm x 150 mm x 2 mm

were prepared according to the composition and conditions o cure given in
the Appendix.

2 2 Heat Ageing

British Standard type E dumb~bell test pieces were cut from the vulcanized
sheets and the width and thickness measured before exposure to the test
conditions. Dumb~bells in sets of five were suspended in open glass tubes and
exposed *to some or all of the following environments:

Hot/dry Suspended in air at 40, 60, 70, 80, 90, 100 and 150°C

Hot/wet Immersed in boiled out distilled water at 70 and 90°C

Hot/humid Suspended above boiled out distilled water at 70 and 90°C

STF Suspended 1n iso-octane/tolusne, 75/25 v/v mixture at 40 and 6C°C.

The charged tubes were glaced in a circulating air oven in which the tempera-
tures were within * 0.5°C of the test temperature. At the end of each
exposure period, the required tubes were removed and the contents conditioned
at room temperature for 24 hours before testing. "here necessary the test
pieces were then dried from superficiel liquid and tested for tensile
strength, elongation at break and modulus as quickly as possible. The tensile
properties were measured by British Standard methods on a Hounsfield
Tensometer. No results wers discarded except those from obviously faulty

specimens; the average values and the percentage changes in original property
L have been calculated.

3 RESULTS

Agoing results on the six rubbers are given in Tables 5 = 10. Examination of
these results shows that under all conditions for all materials elongation at
break is the parameter showing the most change with time of ageing. Other
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properties ¢ .ch as tensile strength, showed quite erratic bshaviour. The
elongation ¢ . break results in the tables nave been analysed in terms of
conventional ruate processses

X, »x = kt zero order (1)

log Jg/xo = kt first order (2)
L.l _ kt second order (3)
X X,

where x is the property at time t or time zerw and k is the rate constant for
the reaotion.

However only in the casze of neoprene do the results conform to rate equations
of this type. Results for elongation at breek of nitrile rubber eppear to
fit a first order relationahip at 100°C only. The other rubbers give curved
} plots of property versus time which will not fit any of these relationships.

“aking the results for neoprere and plotting these as a first order relation-
ship, - log .’"IBt/EB0 = kt (where t = time in days or wecks), characteristic
values for k are obtained (Fig 1, Table 1).

TABLE 1
Temperature, °C ,-1: k log k
70 2.91 0,0032 | ~2.495
90 2. 75 0‘ 023 -1 . 638
100 2,68 | 0.042 | -1.377

The value of k at 100°C is in gocd agreement with the value reported by
Thowas et al' for the heat ageing of Neoprene WRT. If log k is plotted
against 1/T, whera T is the absolute temperature, a straight line is obtained
(Fig 2), therefors k can be described in terms of tempsrature by the equation
k = A exp{=-E/RT). The values from Fig 2 are given in lable 2.

TABLE 2
Energy of aciivation E, | Pre~exponentiel factor
kJ/mole (kcal/mole) A
)
114 (27.2) 1 x 10'2
|
| >




These values are somewhut different from those obtained by Thomas et al but
‘are well within experimental error for this type of experiment. From this
analysis the elongation at break of Neoprene WRT only, can reasonebly be
described by the pair of equations

R ad 3\
k = 1002 ex;<~?-z-‘—2ﬂi—1—°—> (T in K)

and log EBt/EBo = -kt where t is in days

With nitrile rubber the plot log EBt/EBo vs time only gives a straight line
at 100°C. The value of k obtained in this case is 0.05 (witnin 20 per cent
of the value found by Thomas et al). Results at lower temperatures do not
fit this relutionship and illwvstrate the great difficulty with accelereted
heat ageing. Any predictions in ihis case from results obtained at 100°C and
above greatly underestimate the initial rate of degradation at 70°C but over-
estimate the rate of locs of EB at longer times where EBt < 0.8 EBo'

Other empirical relationships have jeen investigated in an attempt to fit the
observed results to a mathematicel expression. These include

X = X - kt? (%)
X/X, = & exp(-kt) (5)
X/X, = Alogt~-B 6)

where X is the property at time t and Xo at time zero.

Apart from Viton, which shows little change on ageing and £its none of these
relationships, the intermediate ageing resulis of the other rubbers gave
reasonable straipght lines with Equations & and 5 but the best series of lines
were obtained when considering elongation at break and using Equation 6. The
initial results again did not fall on the lines but longer time results
produced a series of straight lines, in some cases parallel, corresponding to
the dirferent temperatures of ageing (Figs 3 - 9). Viton was the only
material which did not show this behkaviour.

This method of plotting results was firat used by Steingiser et al? who
examined the ageing of flexible polyurethane foams. They defined a term
"Threshold Ageing Period" (TAP) to describe the period of time before a rapid
loss of properties occurs. Since actuel ageing curves tend to be sigmoid end
the exact point where rapid ageing commencec’ was not easily observed, the
parullel straight portion of the graphs were extrapolated back to the

EB,/EB_ = 1 line (see Fig 3). Fitting these results to en equation of the

form (TAP) = A exp(=E/RT) and plotting log TAP vs % (K) an apparent activation

energy of the process can be determined.
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TABLE 3
El > g L ” [ n \
1J/mole (keal/mole) f'rom Table 2 Ref 1 Ref 3
Nitrile 101 (24.2) - 77.5 (18.5) |80 = 8 (19  2)
Neoprens 96.3 (23.0) 113 (27.0) 190.9 (21.7) 180+ 8 (19 ¢ 2)
Natursl 113 (27.0) - - oo + 16 (24 * &)
EPDM 92 (22.0) - - -
FPVC/nitrile 105  (25.0) - - -

In this investigation all the rubbers &ppear to have similar values for E.

I1 now becomes possible to calculate the TAP at other temperatures and obtain
an estimale of tle ztorage life of these rubbers. This gives the results at
20°C in column 1 Table L. These compare with the percentage retention of
elengation piven in ihe second column of control samples of the same rubbers J
ctored in the laboratory at JTRU Austrelia® which show actual changes

occurrins in sterege. These changes show the pattern which would be expected
frow the AP values.

TABLE 4
TAP ot % IE3
Rubber 20°¢C from itel’ &

IVC/nitrile 20 years 105
lleoprene VRT 00 " 104
EPDN g " 89
Hatural rubber 3 " 85
Nitrile 2 " 83

This method of plotting egein;- results only appears to be suitable for

elongation at break. Changes in tensile strength appear almost random in
natures

Tvo qualirications must be added to the results. Firstly, resulis on rubbers
aged under humid or wet conditions . ive, not surprisingly, different plots and
ageing results actuully carried out at 4L0°C on nitrile rubber suggest thet its
life way be underestimated by calculeting TAP from higher temperature

neasurements. The results for Viicn should be discussed separately, This is

2
known to be a material having long storage capebility and egeing resulis in
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dry air confirm this. However, in wet conditions Viton ages relatively %
quickly (as indicated by changes in tersile strength and modulus) and these
t results appear to follow the form suggested, ie E/Eo =Alogt~B ‘ .

L CONCLUSIONS

The ageing results for six rubbers have been presented and analysed. Apart
from elongation at break values fcr Neoprene WRT at 70, 90 and 100°C and
nitrils rubber at 100°¢ the results are not described by conventional rate
processes, An alternative method of plotting the results has been examined
with some succees for elongation at break values and this method allows some
astimnte of safe storage life at room temperature to be obtained for five
materials. Viton shows little change when aged under dry conditions but shows
] a drastic fall in properties if aged under wet conditions. Predicted ageing
behaviour appears to sinow some correlation with actual ageing results on the
| same meterials stored at JTRU Ausiralia.
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ELAS{OM=R COMPOSITIONS !

1 NITRILE
Parts by weignt

Butadiene/acrylonitriie (Krynac 803) 100
GPC black (Ucarb 327) 60

3 Resin 3

{ ‘ Stearic acid 2
DOP 10
Zinc Oxide 5
Prenol eldehyde ainine condensete 1

r ¥BTS 15
MC sulphur 1.5

Cure 15 min at 146°C

{ ' 2 POLYCILOROFRENE

Neoprene WRT 100
FEF black 30
Silica 20
PBN
TMTM 1

! Stearic scid 0.5
0il OX 13 5

E Litharge 20

Cure 20 nin at 146°C

N e




PVC/NITRIL

PVC/nitrile (Breon 503)
Mitrile rubber (Krynac 803)
Zinc oxide

Stearic acid

Zne

TMTD

SRF black

Sulphur

Cure 30 min at 144°C

ETHYLENE/PROFYLENE/DIENE POLYMER
EFDY (Nordel 1700)
HAF black
Sulphur
Zinc oxide
TMTD
MBT

Cure 15 min at 165°C

5 FLUORINATED RUBBER
Viton B
Magnesium oxide
MT black

Dicinnamylidene 1-6 hexene diamine

APPEIDIX

Parts by weight
100
83

30

100

50
15
0.5
1.5
C.5

265

Cure 1 hour at 150°C. Post cure 24 hours at 200°C f~llowed by

24 hours at 25(FC




APFENDIX

Parts by weight

Smoked sheet 100
HAF black 50
Stearic acid 0.5
Fine tar L5
Zinc oxide 5.0
i THTD 2.5
PBN 1.0
? MBT 1.0

i Cure 15 min at 141°C

\0
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ACCELERATED AGEING OF NTTRILE RUBBER
Dry
Initial Tensile Strength Initial Elongation at Breek Initiel
(a/a?) ®
m
Period ; 100% (D1 14
of ;. A
Test 1 600 5‘-«0 [] u5
% 175 % 1¥B % I 104
Ageing Temp (°C) Ageing Terp (°C) Ageing lemp
L0 60|70 |80 | 0 100 4016070 80| sC 100 4 |60 |70 {80
20 min 99 100 107 112
1.7 hours 98 | 95 98 103 109 | 102 100 102 106 108
2 days 104 | 95 [105 102 105 79| 66 61 124 1hd
L days 96 [108 106 60 61
1 week | 105 92| 96 [110 125 118 97]195] 88 771 514 37 86 101 149 196
2 weeks | 103 111 |06 [ 115 98 77 48 20 | 88 156 (188
L weeka | 106 118 122 126 83 69 3 18 110 168
10 weeks 96 110 69 32 185
12 weeks | 106 112 116 131 85 65 L4 | 28 5 116 227 H25 3
26 weeks | 109 149 133 | brittlei 77 L 27 | brittlef1 3 350 |
30 weeks 115 NLs 291 10 780 §
L0 weeks 4.3 7
52 weeks | 109 | 97 114 76 1 48| 34 8 127 91 1480
1G4 weeks | 115 124 7 292 836
156 weeks | 112 77 226
260 weeks | 103 65 304
RELATIVE HUNIDITY 104
! -
Period 5% ITS % IEB
of Test | ,00c | 70°¢ | s0°c | wo°c | 70°c | 90°C
1 week 100 110 108 ol 88 Sl
2 weske | 101 | 144 141 | 89| 69| 19
4 weeks 103 111 116 91 69 L
12 weeks 102 114 124 9 6l 25
26 weeks 103 167 71 85 45 15
52 weesks 109 107 Too A8 33 Too
| 104 weeks 101 53 { brittle 67 37 | brittle




Initial Modulus at per cent Elongation

(/)

Wet
(Immersed in Water)

100% (1t 100) 300% (M 300)
145 7.6
% T 100 % I¥ 300 % ITS|% IEB| % ¥ 100 | % M 300
Ageing Temp (°C) Ageing Temp (°C) Ageing Pemr (°C)
4o |60 [ 70 {80 |90 |100{40 |60 {70 |80 {90 |100 70 If 70 70 70
106 93 101 94
106 (o8 |07 | 108 100 | 99 oy | 112
126 Wy BT 190 113 [143 1157 | 180
250 | 242 147 1201 | 199
86 | 1011149 1196 338 93f 961129 |47 111 76 132 130
88 156 1188 96 138 112 72 137 140
110 168 105 161 115 6 142 160
185 610 150
116 227 25 127 180 110 50 214 178
ttle(131 350 | 105 44 246
780
127 QU L8O 130 87 25 330
252 836 156 42 13
226 187
304 211 i
RELATIVE HUMIDITY 100%
% IEB % I 100 % IM 300
L0°c | 70°C 90°¢C LO°C | 70°C | so°c if 4,0°C | 70°C | 90°C
oo | 83| sy 92 | 138 | 182 92 | 125 | 168
89 69 49 99 149 219 97 143 185
i o | 69| 1 | 1se | 288 || 10n | 155
91 A 25 27N 194
84 45 15 300
b 88 33 Too 427
67 37 | brittle 2,
|
10
}
i
3
E o, . o e e, Y N S -




TTABLE 6
AGCELERATED AGEING OF NEOPRENE WRT

T

Dry
t Initial Tensile Strength Initial Elongation at Break Initial Hodulus (é
. I'I‘S2 IZB I
- ’. , 4
Period (/") (%) 100% (1! 100)
of
Test 7.8 500 2.1
% ITS % IEB % 5 100
Ageing Temp (°C) Ageing Temp (°C) Ageing Temp (°C)
40| 70( 80| 90 100 40! 70| 80| 9% 100 Lo| 70} 80| 90 100
1 dsy 88 102 92 92
2 days 87 106 89 8l
W L. days 36 105 86 78 _
] 1 week 97| 95 108 96 100{ 100 80 72 110] AN 176
2 weeks|l 99| 9] 111|109 89 96| 90} 88 6 50 113 113 2308

’ 4 weeks|| 103 | 104 | 112 99 81 93| 91| 75| s5u 3 1191 122] 1891295 | 127§
12 weeks|| 119 | 104 | 107 | 71| brittlefl 94| 79| 63| &1 |brittle| 129|172 264 | 385 | britt}

26 weeks|| 107 97| 92 | 56 91 61| 40| 12 151 | 241 | 37¢
{ 52 weeks|| 104 | 81 83| 42 163 | 320
104 weeksi| 105 | 80 771 36 163 | L1k
) 156 weeks
260 weeks|| 101 64 236

RELATIVE HUMIDITY 1005

Period % -T8 r 2B
of Test 40°¢ | 70°C 90°C Lo0°¢c | 70°¢C
1 week 100 9L, 98 A 92
2 weeks 100 39 95 9% AN
4 vieeks 108 101 88 93 97
t 12 weeks 106 101 77 98 76
26 weeks 108 84 20 9e 76
52 weeks 105 71 | very soft 88 56 | voll
{ 10 weeks 107 81 85 32




Initial Modulus at per cent Elongation
(m/m?) Wet
. (Immersed in Water)
100% (I 100) 3100,‘0 (T 300)
2.1 9.7
% 14 100 % I 300 % ITS|% IEB|% ¥ 100 | % IM 300
Ageing Temp (°C) Ageing Temp (°C) Ageing Temp (°C)
70{ 80| 90 100 z;o] 70| 80| 90 100 70 70 70 70
110 122
141 142
151 166
10] 91 176 10| 95 292 148 104 95 121 112
131 113 290 106 1 112 105 93 118 117
9122 189 255 5427 113§ 117 | 163 106 91 120 122
291 172| 264 | 385 | brittlefl 122 ] 151 ] 195 brittle)| 106 85 124 128
1| 24114 379 124 | 184 76 58 143
531 320 134 50 y2 170
3 ik 151 L3 40 164
145
6 | 176
ATIVE HURIDITY 1005
7 IEB % I¥ 10C % T 300
°C L0°C | 70°¢C €0°C ro®c | 70°¢c | 40°c | 70°C
S8 Gl 92 103 106 109 167 10
5 oA 91 Sl 11 102 110 98
88 93 97 7 116 118 111 106
i 98 76 38 175 L9
20 92| 76! 12 106 | 187 108 | 128
isc>f‘t 88 56 | very soft 133 2c8 122 124
85 32 1 500 130

11
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ACCELERATED AGEING OF PVG/NITRILS RUEZER

Dry
Initial Tensile Strength Initinl Elcngation at Break
ITS TEB
(193/m?) (%)
Period
of
Test 14,6 420
% ITS % IEB
Ageing Temp (°C) Ageing Temp (°C)
70 S0 | 100 | 120 | 150 70 9 | 100 | 120 | 150 7
1 day 95 100 L3 92 90 12 8
2 days | 105 106 98 82 8
4 days 103 104 97 81 &7
7 days Sy 102 | 1.5 3% 8 70 | W 8 97
14 aays | 110 | 99 23| 98| 76 1wy 7
18 days 38 12
23 days 86 1 106 19 72 72 20 111
8 weeks i05 | 106 66 43
12 weeks 106 | 136 52 36
16 weeks 97 76
32 weeks
52 weekxs | 115 77 66 ! 9 152
104 weeks 145 55 258
WET (Immersed in Vater)
% ITS % IEB % M 100 % D1 300
70°c | 80°C | 90°c | 70°C | 80°C | 90°C | 70°C 80°c | 90°C | 70°C | 80°C | 90°C | 70°
2 days 97 96 52 91 56 80 80 81 78 77 79 T4
4 days 87 96 92 S0 N 85 T4 75 7 70 7z 76
7 days ) 10C 99 7 82 80 84 78 8cC 75 31 a8y
1L days 3 97 97 835 30 79 8¢ 93 80 83 89 35
18 dgys
28 days 108 101 T4 75 96 83 131 123 9
8 weeks 93 60 g~ ’
12 weeks | 87| 72 6. | 57 g9 ! 72 I
16 weeks 69 L7 é G2 '
32 weeks 82 48 L9 28 A Y, ! i
52 weeks | 79 | 38 45 19 148 : i i L
104 weeks | 57 26 202 i 5 ! V10
L . I Z

12



: " . Initial Modulus at per cent Elongation
Bal Zlongation at Break o /o2 S
: 1(:33 (1/m?)
Vo 100,. (I 100) 300,” (T 300)
4,20 3.7 11,2
% IEB % I¥ 100 % IN 300
Ageing Temp (°C) Ageing Temp (°C) Ageing Temp (°C)
P o0 [ 100 ] 120 | 150f 70! 90 | 10c | 120 i 150! 70| 90 | 100 | 120 | 150
%0 12| 88 75 78 80
82 85 86 g2 9%
81 87 92 82 101
70 | 4 8 97 95 | 285 86 108
76 141 79| 80 93 | 126
12
72| 72 21 111 33 | 99 118 | 102 | 138
66 | 45 143 | 212
36 173 | 350
9 152
258 [
RELATIVE HULIDITY 100%
% 11 300 % ITS % IEB % TU 100
b | 70°c | 80°c | so°c | 70°c | eoPc | 9o°c | 70°¢ | 80°C | 90°c | 70°C | 8ePc | %o°c 90°¢C
B 77 79 7L
b 70 72 76
¥ 75 &1 8l
D 83 89 85
13 97 77 72 12 67 i19
151 123 96 82 79
~ 55 65 95
! IS TS B S 4 720 52| 76| 93] 9
A
, ’ | : o7 i A 66 1 2 127 | 172
l : | | el a o] 116 | 140
: ; RTA ! I 25 289
L : | i o :
|
12
3
”
4
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TABLE 8

R R
ACCELZRATED aAviniils OF

wre vapeen - = ey v/ ver w
JOLETT/EPLORYLENE DTEN

E Dry et (Imzel
Tnitial Tensile i Initial Elongati onT Initial Modulus
| Strength at Break at per ”‘a’;’; /gg‘)’“gat""" ITs. I
: 175 TEB (Ya/m?) (%)
Period || /%) ) 100% (m 100) | 300% (T 300)
T‘.fﬁt 22.0 400 2.4 13.7 22,0 400
% ITS % IEB % IM 100 % T 300 % ITS 7 IEB
Ageing Temp (°C)|i Ageing Temp (°C) || Ageing Temp (°C) | Ageing Temp (°C) Ageing
70 100 | 1501 70 | 100 150 70 {100 [ 150 | 70 | 100] 150 70| % | 70 | %0
% day 87 82 106 123
1 day 104 72 84 68 113 | 11D 137 121
2 deys 102 66 84 55 126 | 138 140 112 | 120 § &8
4 days 95 53 72 41 14, | 209 ! ,
6 dus 7 57 P
7days 105 07| sof | 7 | 30 {| 1231180 | 330 | 138 (120 | 10 | %
10 days c3 45 216 5 |
14 days [ 106 80 | 5, 8 57 45 | 112 | 216 | 210 | 150 ' 103 ] 16 | e2
28 days 88 5 37 [ 72 45 25 137 | 270 | 33 ; 167 ' 109 | By
Sweeks || 95 56| 271 76 36 21 | 19 | 32 Voes ol
16 weeks 88 L7 66 23 181 | :‘ 93 ST v,
32 weeks || 90 39 58 14 227 g 97 7C
75 weeks || 86 E | ; 281 l 89 [ 65
13
:
-
¢ -~
A - .



Fio °

et (Immersed in Water)

Initial Modulus

Initial Elongation
at Break at per °?g/2%‘)’"gaﬁ°n s 1EB I 100 It 300
IzB (¥i/n?) (%) (Ma/m?) (11/m? )
) 100% (T4 100) | 300% (T 300)
100 2.4 13.7 22,0 40 2.4 13.7
, 74 IEB % I¥ 100 % I 300 % TS % IEB | A Tmi100 | % IM 300
; )i hgeing Temp (°C) || Ageing Temp (°C) | Ageing Temp (°C) Ageing Temp (°C)
Bo (| 70 | 100 | 150 | 70 [100 {150 | 70 {100 | 150 70| 0| 70| 0| 70| 0| 70| 90
82 106 123
> 8L 68 113 | 110 137 121 9% 114 122
5 8l 55 126 | 138 140 112 | 120 { 88 | o | 138 | 132 | 132 | 126
72 41 i | 205 88 131 139
57 f !
B 8, 71 30 123 | 180 | 350 | 138 :; 20 | 101 | 95 E 0 | 1iL. | 135 | 128 | 137
: 45 16 ; |
;: ; £1 57 45 | 112 | 216 | 210 | 150 | 103 | 119 | e2 % ng | 136 | 130 | 141 | 148
N 720 45 25 | 137 | 270 | 334 107 1 109 | 8 | 35 | 136 | a1 | 142 | 159
,_r 76 36 21§ 1,9 | n2 95 | & | 75 g €5 | 156 | 147 | 149
. ; 64 ! 23 181 93 57 | 7% ' L, ' AL 1202
Il 53 } b 222 97 7c | % 173
: ; | 22,1 89 69 | | 188
:
.
3
13
. a i s — B R e ~ssitrnmal




TABLE 9

CCELERATZED AGEING

¥ VITON B

D1y

W

Initial Modulus

Initial lensile Initial Flongation . . . o
Strength Zreak at per corY Sjongazion IS
ITS IER Ve 13/r?)
Period (ze/m*) i (%) 1004 (T 100) (T 500) |
TZ; 1644 1 340 7.3 15.3 0ok
% IS I=B JoN 3R 109 B P
Ageing Temy °C Areing Tery °C Lgeing Temp °C v °C
70 100 | 4508 70| 100 450 7¢ | 100 | 150 100 70 g
1 day 107 | 107 95 86 106 | 125 108 35 E .
2 days 107 | 106 95 36 100 | 12¢ o9 g7 : !
L days 105 | 403 | 85 75 122 | 122 e ; !
i
6 days 111 108 9 60 1i0 114 14 i
7 days 101 | 103 99 1 102 85 8o 112 | 124 118 7 *
10 dayo 92 86
14 days 106 | 102 91 * 104 G4 ' 82 111 | 155 5 109 73 i
18 days ; 3 i ‘ ’
" !
28 days | 113 97§ 97 ! %110 . 75
8 weeks | 100 [ 102 52 % 62 24 ! 81 15 L2 ! 147 ’ ! | 71
16 weeks i g ! ! é c7
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TABLE 10

ACCELERATED AGEING G KATURAL RU3BER

Dry Wet (°
s R Initial Modulus
Tstrangin |t pree =t per cent Gongation w | m
ITS IEB (|y/n?) 7y
Perici (12v/n) %) 1007 (11 100) 300, (D¢ 300)
ngt 21,7 550 1.5 9.0 21.7 550
% IS % IEB % IH 100 % M 300 % ITS % Iz
Ageing Temp (°C) Ageing Temp (°C) Ageing Temp (°C) | Ageing Temp (°C) Age
70| 100 | 150 70| 100 150 70 | 100[ 150 701100 | 150l 70| 9| 70
1 6 hours 107 81 99 7 122 164 110 | 140
12 hours 109 | 49 o8 50 130] 162 121 A
1 day 103 | 112 35 || 101 93 45 154 145 136 109 | 108 | 103
2 days 112 10 68 18 209| 164 178
4 days | 104 | 104 10 96 68 3 195 185
7 dsys 107 | 103 8 A L 236 190 114 95 9
10 days 12 19
13 days 14 8
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| 6 weeks | 119 86 154, 141
i 8 weeks 155 142 83 55
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Wet (Immersed in Water) )
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p (°C} | Ageing Temp (°C) hgeing Temp (°C)
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