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OBJECTIVE 

The objective of this work was to compare the effects of arctic, tro- 
pic, and temperate environments on the properties of vulcanizates prepared 
from commercially available elastomers. 

mCKGHOUND 

This program was initiated in 196l to determine the effects of environ- 
mental conditions on rubber vulcanizates since rubber end-items prepared for 
military use may be subjected to all types of climatic conditions. An aging 
program of this type was considered to be essential since these data were 
lacking on many elastomers. Peports covering the results of two years1 and 
five years2 of aging on numerous vulcanizates at arctic, temperate, and tro- 
pic test sites have been issued. This report covers the results of further 
aging of these compounds plus the results for vulcanizates placed in test 

since 1968. 

APPROACH 

The first group of 6 inch by 6 inch by .O80 inch test pads of rubber 
vulcanizates selected for this program were exposed outdoors in December I961 
at Rock Island, Illinois, on racks set at an angle of U5 degrees facing south. 
Bent loop ozone specimens (ASTM DglS, Method B) of various antiozonant-inhi- 
bited vulcanizates were also exposed. Additional pads and bent loop specimens 
have been placed in test since that time. At intervals of two, four, six, 
eight, and ten years, one pad of each compound was removed from test and phy- 
sical properties were determined. The bent loop ozone specimens were checked 
weekly for the first month, monthly up to the first year and semi-annually 

thereafter. 

Exposure tests were begun at Fort Wainwright, Alaska, in August I962, 
through arrangements made with the U.S. Army Ordnance Development and Proof 
Services, Aberdeen Proving Ground, Maryland. Subsequent tests were arranged 
with the U.S. Army Test and Evaluation Command, Aberdeen Proving Ground, 
Maryland. Pads and bent loop specimens were prepared at Rock Island and 
shipped to Alaska where they were placed in test by U.S. Array Arctic Test 
Center personnel. In July 1966, the test site was moved from Fort Wainwright 
to Fort Greely, Alaska, and all pads and bent loop specimens were moved to 
the latter site. One test pad of each compound was removed from test at 
periodic intervals and returned to this laboratory for testing. The bent 
loop specimens were checked by Test Center personnel at the time the pads 
were removed from test. Local climatological data for the area were also 
received. 

iBergstrom, E.W., "Two-Year Aging of Elastomeric Vulcanizates in Panama, 
Alaska, and Illinois", Technical Report 65-2371+, AD626697, September 

1965. 
^Bergstrom, E.W,, "Five-Year Aging of Elastomeric Vulcanizates in Panama, 
Alaska, and Illinois", Technical Report 68-3^6?.,  AL8i+931+5L, December 
1968. 
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Pads and looped specimens of numerous rubber compounds were exposed in 
the Panama Canal Zone beginning in February 1963 through arrangements made 
with the Protective and Preservation Section, Frankford Arsenal, Philadel- 
phia, Pa. Subsequent exposure tests have been coordinated with Dr. Leonard 
Teitell of the Pitman-Dunn Research Laboratories, Frankford Arsenal. Two 
main exposure sites in Panama were utilized, (l) open field (no shade) and 
(2) rain forest (densely wooded, high humidity and high fungus). The cloud 
forest site mentioned in earlier reports1^2 has been abandoned. Specimens 
were also exposed in the shade (close by open field site) and in a hut next 
to the rain forest to determine the effects of various tropical conditions 
on rubber vulcanizates. One test pad of each compound was returned from 
the various sites at periodic intervals, and reports of observations made 
on bent loop specimens were forwarded to this laboratory. Local climatolo- 
gical data for the various sites were also received. A report^ giving a 
detailed description of the Panamanian test sites and climatological data 
for each site is available. 

Test pads of several of the same compounds exposed outdoors in Panama, 
Alaska, and at this installation are also being shelf-aged at this location 
so that a comparison of indoor vs. outdoor exposure can be made. 

Accelerated air oven-aging tests were run on most vulcanizates at either 
2120F or kö00¥  (depending upon the heat resistance of the vulcanizate) so 
that a comparison could be made of accelerated vs. outdoor aging. 

Compound formulations are given in Table 1. Compounding, mixing, curing, 
and testing were done in accordance with ASTM procedures, where applicable. 

RESULTS AND DISCUSSION 

The changes in tensile strength and elongation of vulcanizates aged 
outdoors in the open sun at Rock Island, Illinois, Alaska, and Panama, are 
shown graphically in Figures 1 through 9» (Detailed physical property results 
ere given in Appendix A). These graphs show that, in general, aging in Pan- 
ama is more severe than aging in Alaska or at Rock Island, Illinois, although 
vulcanizates based on EPR kok,  Chlorobutyl HT I066, Viton B, Nordel 1070, 
and EPT 3509 exhibited excellent aging resistance at all three sites. In 
the opinion of this laboratory, elongation or strain are better criteria 
for determining the aging characteristics of most vulcanizates than are 
changes in tensile strength or hardness. The only exceptions to this are 
found with the eis polyisoprene (A21D), Rycar h021 {Zk^JF),  and Genthane SR 
(Z60DU) vulcanizates where tensile strength deterioration is the best cri- 
terion of the change which takes place during aging. Both the ethyl acrylate/ 
chloroethyl vinyl ether (Hycar k02l)  and polyester urethane (Genthane SR) 
vulcanizates are subject to hydrolytic decomposition and, therefore, tensile 
strength deteriorates very rapidly in areas of high humidity such as Panama<, 

-Bergstrom, E.W., Ibid. 
^Bergstrom, E.W., Ibid. 
3Frankford Arsenal Report R-1888, "Studies of the Effects of Tropical 
Environments in Materials I. Description of Exposure Sites", May 1968. 
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Based on Texln ItÖOA Polyester Ihrethant. Injection Molded at 
Rock Island Aj-Denal. Formulation Unknown. 

Based on Texln 355D Polyester Urethane. Injection Molded at 
Kock Island Arsenal. Formulation Unkncvn. 

Based on Texln 192A Polyester Urethane. Injection Molded at 
Rock Island Arsenal. Formulation Unknown. 

a o 

Based on Nlax D5IK) Caprolactone Urethane. 
Test Pads. Formulation Unknown. 

Received as Molded 

Based on Texin häOA  with "Hydrolysis stabilizer" added. 
Received as Molded Test Pads. Formulation Unknown. 

Eased on Texin hdCA  Polyester Urethane. 
Test Pads. Formulation Unknown. 

Received as Molded 

S1 Based on Texin 3551! Polyester Urethane. 
Test Pads. Formulation Unknown. 
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Based on Texln XPE-290 Polyether 
Urpthane. Received as Molded 
Test Pads, Formulation Unknown. 

Based on Texln XPE-290 Polyether 
Urethane. Received as Molded 
Test Pads, Formulation Unknown. 

Based on Texln 355DXH Polyester 
Urethane, Received as Molded 
Test Pads, Formulation Unkrown, 

Based on Texln XP275 Polyester 
Urethane, Received as Molded 
Test Pads. Formulation Unknown. 

B\ 
Based on Texln 591A Polyester 
Urethane. Received as Molded 
Test Pads. Formulatlin Unknown. 

'Vl Based on Upjohn )E9-77 A (209U-9QA) 
[AI Polyether Urethane. Received as 
"   Molded Test Pads. Formulation 

Unknown, 

I Based on Upjohn CFR 2092-9QA Polyester 
Urethane,    Received as Molded 
Test Pads,    Formulation 
Unknown, 

g| 
Based on Upjohn X29-83 (2092-60D) Poly- 
ester Urethane, Received as Molded 
Test Pads, Formulation Unknown, 
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Based on Estr.ne 58013 Urethane of 
Unknown type. Received as Molded 
Test Pads. Formulation Unknown. 

Based on Estane 5830^ Polyester Ure- 
thane. Received as Molded Test Pads, 
Formulation Unknown, 

Based on Estane 58300 Urethane of 
Unknown Type, Received as Molded 
Test Pads, Formulation Unknown, 
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I Based on Upjohn CPR 2353-55D Polyester/Polyether 
Urethane. Received as Molded Test Pads. 
Formulation Unknovm. 

i 
Based on Upjohn CPR 2353-80A Polyester/Polyether 
Urethane. Received as Molded Test Pads, 
Formulation Unknovm. 
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Based on Upjohn CPR 2103-55D Polyether Urethane. 
Received as Molded Test Pads. 
Formulation Unknovm. 

Based on Upjohn CPR 2103-80A Polyether Urethane, 
Received as Molded Test Pads. 
Formulation Unknovm. 

CVJ 
on 

Based on Upjohn CPR 2102-55D Polyester Urethane, 
Received as Molded Test Pads, 
Formulation Unknown. 

H 
i 

s 
Based on Upjohn CPR 2102-90A Polyester Urethane, 
Received as Molded Test Pads, 
Formulation Unknown- 

ool 
Based on Upjohn CPR 2102-80A Polyester Urethane. 
Received as Molded Test Pads, 
Formulation Unknown, 

u 1 

Based on Vihrathane 500^ Stock Received Fully 
Compounded from Thiokol - Test pads press cured ^5 
min. ©310*^ at Rock Island Arsenal. 
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Z83 Viton B (Vlnylldene Fluoride/Hexafluoropropylene) 
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ZlkO  Nordel 1070 (Ethylene/Propylene Terpolymer) 
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Accelerated air oven aging tests were run on selected vulcanizates at 
temperatures of either 212 F or k00oF,  depending upon the heat resistance 
of the vulcanizate, so that a comparison could he made between accelerated 
and outdoor aging for correlation purposes. Graphs in which the accelerated 
air oven aging test results are illustrated are shown in Figures 10 through 
12. The following statement was made in a previous report4 by this Arsenal: 

"It is the opinion of this Arsenal, after evaluating 
numerous aging test programs, that efforts to directly 
correlate accelerated aging tests with indoor and out- 
door aging tests is a futile and unrewarding task. 
Accelerated aging tests are helpful in giving indica- 
tions of the aging resistance of rubber vulcanizates 
but are not accurate in predicting the actual perfor- 
mance life which may be expected of the vulcanizate." 

It was also stated in this report that: 

"it was found that an aging test conducted in an air 
oven at 1580F was not much of an "accelerated" aging 
test. This is not surprising since a recent study 
(RIA Laboratory Report No. 60-256l, 31 Aug i960) con- 
ducted at this Arsenal has shown that temperatures 
as high as lU0oF were reached on the surface of the 
rubber specimens exposed outdoors in direct sunlight 
during the hot summer months. A temperature higher 
than 158^ should, therefore, be used in accelerated 
air oven-aging tests. A temperature of 2120F is 
sometimes used, and it is the opinion of this Arsenal 
that this temperature is more realistic for an 
accelerated air even aging test." 

Personnel of this Arsenal still regard the above-cited opinions as being 
valid today. For this reason, the accelerated vs. outdoor aging test results 
were closely examined to determine if the accelerated tests accurately indi- 
cated the aging resistance which could be expected from the same vulcani- 
zates exposed outdoors. These results are given in Tables 2 through k.    In 
most instances, the results of the accelerated aging tests, in very general 
terms, gave a good indication of how the vulcanizates would resist outdoor 
aging; especially when elongation values are compared. One notable excep- 
tion to this generalization, as would be expected, is the polyester urethane 
vulcanizate (Z60DU). Accelerated tests indicate that this elastomer should 
be more age-resistant than many of the other vulcanizates in outdoor tests; 
but, because of its susceptibility to hydrolytic decomposition, it exhibits 
the poorest resistance to aging in Panama (high humidity), while resisting 
aging very well in Alaska and at Rock Island. Air oven aging tests (ASIM 
D573-D7) are not meant to indicate susceptibility to hydrolytic decomposition, 
which is usually assessed by ASTM Method D3137-72T. The susceptibility of 
compound ZkfF to  hydrolytic attack also explains why it suffers much greater 
loss in tensile strength In Panama than would be trpected from the accelerated 
test results. Accelerated tests using elongation as the criterion for 

^Bergstrom, E.W,, "Indoor and Outdoor Aging of Elastomerlc Vulcanizate 
a Ten Year Period , Technical Report bl-3o68, AD 271 190, October 196 
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1961. 
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measuring age resistance predicted the superior aging resistance during 
outdoor aging of the ethylene/propylene copolymer (ZIO?) and terpolymer 
(Zlko)  vulcanizates, for example, when compared with butadiene/acrylonitrile, 
butadiene/styrene, eis polybutadiene and polyoxypropylene vulcanizates. This 
fact substantiates the opinion that accelerated aging tests do have some de- 
gree of validity in the prediction of differences in outdoor age resistance. 
Also, the accelerated aging tests conducted at ^00oF predicted exactly the 
outdoor aging characteristics of the four vulcanizates examined when elonga- 
tion was used as the criterion for measuring aging resistance. Results were 
given previously1»2 on the pronounced loss in tensile strength of a high 
strength silicone vulcanlzate; this was attributable to ultraviolet attack. 
The data in Figure 13 confirm the effectiveness of one part P33 carbon black 
in significantly improving the outdoor aging resistance of this vulcanlzate. 

Results are also available on test pads exposed at a tropical rain for- 
est site in Panama and in a hut next to the rain forest for comparison with 
open sun exposure tests. The results are shown graphically in Figures Ik 
through 19. Certain vulcanizates, namely those based on Nordel 1070, Chloro- 
butyl HT IO66, Viton B, ^32 Base silicone and Adiprene C, exhibited good 
aging resistance at all three test sites. 

A comparison was made of properties determined on pads aged indoors vs. 
outdoors for ten years at Rock Island Arsenal. These results are shown 
graphically- in Figures 20 through 26. In general, certain vulcanizates such 
as els polyisoprene, els polybutadlene, and SE555U high strength silicone, 
have significantly better age resistance Indoors than outdoors, while other 
vulcanizates such as Hycar i+021, EPR höh,  Ifycar 1072, and Chlorobutyl HT 
IO66, for example, exhibit almost identical age resistance Indoors and out- 
doors. The pads aged indoors at Rock Island, Illinois, were separated by 
polyethylene film and stored in drawers in the laboratory at ambient temper- 
ature ranging from 70oF to 950F, 

2 
As was stated in the previous report on this subject, the most dramatic 

effect of climatic aging on rubber vulcanizates has been found with the poly- 
ester urethane vulcanizates which deteriorate very rapidly when aged outdoors 
in humid climates. An investigation^ made at this installation has shown that, 
at temperatures of 120oF and above, deterioration is due to hydrolysis of the 
main chain ester group, resulting in reversion. Deterioration at temperatures 
below 120oF was found to be more complex, involving both a rapid hydrolytic 
cracking of stressed or unstressed specimens and a gradual reversion over a 
period of many months., The cracking appears to result from microbiological 
attack. The hydrolytic decomposition of polyester urethanes can be retarded 
by the use of additives such as diisocyanates (TDI dimer) and carbodiimides 
(PCD); however, the problem is considered to be only partially solved. The 
results of outdoor aging in Panama on various polyurethane vulcanizates pre- 
viously reported and those polyurethane vulcanizates placed in exposure 
since issuance of that report are given in Table 5, The rapid deterioration 
of polyester urethanes, even those containing hydrolysis inhibitors, is very 
evident, and, although it was originally thought that polyether urethanes 
were virtually unaffected by outdoor exposure in Panama, results now indicate 
that significant deterioration (see compound U30) occurs in the rain forest. 

iBergstrom, E,W,, Ibid 
2Bergstrora, E.W,, Ibid 
^Ossefort, Z,T, and Testroet, F,B,, "Hydrolytic Stability of Urethan Elastomere", 
Rubber Chemistry & Technology, Vol. 39, No. k,  Part 2, pp. 1308-1327, Sept. 1966 
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Figure 13 
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Vulcanizates based on the polyether urethane-urea elastomers synthesized by 
this laboratory continue to remain virtually unaffected after 64 months of 
exposure. 

Ethylene-propylene terpolymer (EPEM) elastomers have wide usefulness as 
antiozonants for diene elastomers and may be used "where chemical antiozonants 
function only poorly or not at all.' Several diene/ethylene-propylene (EPEM) 
blended vulcanizates were exposed outdoors at Rock Island and Panama since 
issuance of the previous report2 on this subject. The effect of outdoor 
exposure on these vulcanizates is shown in Table 6. Results, to date, indi- 
cate that blended vulcanizates exposed in the open sun in Panama are less 
age-resistant than when exposed in the open sun at Rock Island, Illinois, on 
the basis of percent changes in elongation from the original values. Also, 
SBR 1500 vulcanizates blended with various EPDM elastomers (compounds S206-5, 
S209-1, and S209-2) have significantly better age-resistance when exposed in 
the rain forest in Panama than does the unblended SBR 1500 control compound 
(S21l). On the other hand, results show that there is a significant loss in 
tensile strength of the pale crepe/EPEM blended vulcanizate (A11A.1C2) when 
exposed in the open sun at both Rock Island and Panama which indicates that 
the excellent aging characteristics of the EPEM elastomer are not transmitted 

to this blend. 

Additional test pads prepared from elastomers, which have become commer- 
cially available since this program was initiated, have also been exposed 
outdoors at Rock Island and at Panama. Results to date are shown in Table ?• 
The Hydrin 200 vulcanizate has shown excellent age resistance thus far after 
seven years of exposure in the Panama rain forest. 

Results for bent-loop specimens (ASTM DJlS, Method B) of various vulcan- 
izates, with and without antiozonants, exposed in the open sun at Rock Island, 
Alaska, and Panama are shown in Table 8. In general, those vulcanizates 
known to be susceptible to ozone attack (SBR 1500, Paracril I8-80, Ameripol 
CB, Bycax  1072, and pale crepe, for example), which are inhibited with chem- 
ical antiozonants, exhibit cracking earlier at Panama than they do at Rock 
Island or Alaska. One notable exception to this general observation is found 
in the Paracril 18-8O vulcanizates inhibited with solid antiozonants (N87B67, 
N87B22 and N87B58) which cracked sooner in Alaska than in Panama. The vul- 
canizates containing liquid antiozonants (N87B33 and N87B73) followed the 
general rule of cracking sooner in Panama than in Alaska. Interestingly, 
vulcanizates based on SBR 1500, Paracril 18-80, and pale crepe that were 
blended with EPEM (A11A1C2, N87r^C2, S77D10C2, S206-5, S209-1 and S209-2)_have 
remained crack-free outdoors at Panama and Rock Island for a period of five 
years thus far. The value of using EPEM as a polymeric antiozonant is fur- 
ther enhanced from another standpoint. When the unstressed test pads are 
received from the exposure sites after various periods of aging, bent-loop 

60ssefort, Z.T. and Veroeven, W.M., "Synthesis and Properties of Low Tempera- 
ture Oil-Resistant Millable Polyether Urethane-Urea Elastomers", I&EC, 
Product Research and Development, Vol. 6, p. 2, March 1967« 

70ssefort, Z.T. and Bergstrom, E.W., "Ethylene-Propylene Rubbers", Rubber 

Age, Vol. 101, No. 9,  PP. V7-60, September 1969. 
2BergstrQm, E.W,, Ibid. 
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Table 8 
TIME TO FIRST CRACK FOR BENT-LOOP SPECIMENS 

EXPOSED OUTDOORS IN THE OPEN SUN 
AT ROCK ISLAND, ILLINOIS, AIASKA, AND PANAMA 

RIA 
CPD. NO. ELASTOMER TYPE AND ANTIOZOMNT 

A21D    Cis-polyisoprene 
Z107     EPM (Enjay MIA60 - Now kok) 
Z601A    Genthane SR 
Z60D4M   Genthane SR - 2 parts/lOO rhc 

fungicide 
I38ACE   Chlorobutyl HT 1066 
ZhjF Hycar k021 
ZÖS     Viton B 
2.56C3    SE555U High Strength Silicone 
Z98T    Silastic ^32 Base (Methyl Vinyl 

Silicone) 
Z81F    Silastic k22  Base (Fluorosilicone) 
M75EF   Neoprene WD 
M75EJM   Neoprene WD-2 parts/lOO rhc 

fungicide 
S6k SBR 1500 
S6kB Same as S6h plus 3 parts U.O-P. 88 
S61+BM   Same as S64B plus 2 parts 

fungicide 
S64B21   Same as SGh  plus 3 parts 

Antioxidant kOlO 
S64B100  Same as S6^ plus 3 parts, N,N'- 

dicyclohexyl-p-phenylenediamine 
S64B129  Same as S61+ plus 3 parts FLexzone 

3C 
S6^Blij.3  Same as S6k  plus 3 parts Eastozone 

33 
N87     Paracril 18-80 
N87B33   Same as N87 plus 5 parts U.O.P. 88, 

3 parts triethanolamine and 1 
part wax 

N87B67   Same as N87 plus 3 parts Flexzone 
3C and 1 part wax 

TIME 

PANAMA 

<1W 
>6M<12M 
<6M 

<6M 
76M <I2M 
>6M <12M 
OK 10 Yr 
OK 10 Yr 

OK 10 Yr 
OK 10 Yr 
>l6M<21M 

>12M <16M 
<1W 
>33M<40M 

<J+7M 

>53M <6lM 

>21iil <27M 

>53M<6lM 

>33M<40M 
<1W 

TO FIRST CRACK 
ROCK 
ISLAND AIASKA 

5D ^6M 
30M >8 Yr <10 Yr 
OK 10 Yr >8 Yr <10 Yr 

OK 10 Yr >8 Yr <10 Yr 
16W >5 Yr c6 Yr 
29M >8Yr<10Yr 
OK 10 Yr OK 10 Yr 
OK 10 Yr OK 10 Yr 

OK 10 Yr OK 10 Yr 
OK 10 Yr OK 10 Yr 
26M OK 10 Yr 

26M >3 Yr < 10 Yr 
5D <6M 
10 Yr OK 10 Yr 

30 Yr 10 Yr 

OK 10 Yr OK 10 Yr 

NOTE: D = Eays 
W = Weeks 
M = Months 
Yr = Years 

OK = Specimens crack free at time period given 

8 Yr OK 10 Yr 

OK 10 Yr  OK 10 Yr 

10 Yr 
5D 

OK 10 Yr 
<6M 

>6M<L2M   28M     >4Yr<5Yr 

>6lM<67M   OK 10 Yr  <6M 

^9 

 «. iÖsaMä^ 



Table 8 
(Continued) 

■WWPBP 

parts U.O.P. 

parts Flex- 

CPD. MO. EIASTOMER TYPE AND AMTIOZOMMT 

N87B22   Same as N87 plus 5 parts Anti- 
oxidant UOIO and 1 part wax 

N87B58   Same as N87 plus 5 parts, N^N'- 
dicyclohexyl-p-phenylenediamine 
and 1 part wax 

N87B73   Same as N87 plus 5 parts Easto- 
zone 33 and 1 part wax 

BIFC    Ameripol CB 
BEFCB   Same as BIF'J plus 3 

88 and 1 part wax 
BIFCBI   Same as BIFC plus 3 

zone 3C and 1 part wax 
BIFCB2   Same as BIFC plus 3 parts Anti- 

oxidant 4010 and 1 part wax 
BIFCB3   Same as BIFC plus 3 parts Easto- 

zone 33 and 1 part wax 
BIFCB^   Same as BIFC plus 3 parts NjN'- 

dicyclohexyl-p-phenylenediamine 
and 1 part wax 

N117C   Ifycar 1072 
N117CB  Same as N117C plus 

88 and 1 part wax 
N117CB1  Same as N117C plus 

zone 3C and 1 part wax 
N117CB2  Same as N117C plus 3 parts Anti- 

oxidant kOlO and 1 part wax 
N117CB3  Same as N117C plus 5 parts East- 

ozone 33 and 1 part wax 
N117CBif  Same as N117C plus 5 parts N^N'- 

dicyclohexyl-p-phenylenediamine 
and 1 part wax 

All     Pale Crepe ' 
A11B7   Same as All plus 5 

88 and 1 part wax 
A11B33   Same as Ail plus 5 

dant kOlO and 1 part wax 
A11B70   Same as All plus 5 parts Flexzone 

3C and 1 part wax 
AIIB78   Same as All plus 5 parts Eastozone 

33 and 1 part wax 

TIME TO FIRST CRACK 
ROCK 

PANAMA     1SIAND   ALASKA 

parts U.O.P. 

parts Flex- 

parts U.O.P. 

parts Antloxi- 

OK 10 Yr 

>eiM<27M 
<1W 

<1W 

IM 

dW 

<1W 

*1W 
> 6M ^12M 

>53M<6lM 

>80M <86M 

>53M <6lM 

>27M<33M 
<1W 

>6M <L2M 

>6M<12M 

>6M <12M 

>l6M<21M 

OK 10 Yr      <6M 

>21M <27M        3hM 

10 Yr 
5D 

12M 

16W 

16W 

6M 

<6M 

OK 10 Yr 
>6M<12M 

>12M <l8M 

>18M<2^M 

>18M <.2^M 

>6M<L2M 

6M >12M <£kM 
16W >6M*12M 

OK 10 Yr OK 10 Yr 

OK 10 Yr OK 10 Yr 

OK 10 Yr OK 10 Yr 

CK 10 Yr OK 10 Yr 

OK 10 Yr      OK 10 Yr 
2W <12M 

16W 

3W 

37M 

28M 

OK 10 Yr 

OK 10 Yr 

OK 10 YP 

OK 10 Yr 



Table 8 
(Continued) 

1 

RIA 
CPD.  NO. ELASTOMER TYPE AND AKTIOZONANT 

TIME TO FIRST CRACK 
ROCK 

PANAMA ISLAND ALASKA 

A11B73 Same as All plus 5 parts N,^- 
dlcyclohexyl-p-phenylenedlamine 
and 1 part wax <1W 37M >1?M<18M 

ZlhO Nordel 1070 (EPDM) OK 10 Yr OK 10 Yr — 

7.lhkC EPT 3509 (EPIM) >39M < 1+6M OK 10 Yr — 

Z113 Nordel 1070 (EPDM) >6M*1^M 20M 
E20 Royalene 306 (EPEM) OK 7 Yr OK 7 Yr — 

A11A1C2 70/30 Pale Crepe/Nordel 1070 OK 5 Yr OK 5 Yr — 

NSTDto 70/30 Paracril l8-8o/Nordel 
1070 OK 5 Yr OK 5 Yr — 

S77D10C2 70/3O SBR 1500/Nordel 1070 OK 5 Yr OK 5 Yr   

S211 SBR 1500 <6M 1W __. 

S206-5 Bo/ho  SBR 1500/Royalene koo OK 5 Yr OK 5 Yr — 

S209-1 70/30 SBR I5OO/EP syn 55 OK 5 Yr OK 5 Yr — 

S209-2 70/30 SBR 1500/Vistalon 6505 OK 5 Yr OK  5 Yr — 

S227-2 Stereon 750 plus 5 parts U.O.P. 
88 and 1 part wax >18M<2UM 42M — 

U75-1 Adiprene CM <6M 30M   

B33-^ HYTRANS 1227-176-2 (Alfin Rubber) 
plus 5 parts U.O.P. 88 and 1 
part wax >l8M^2UM 30M — 

S223-^ HYTRANS 1227-176-1 (Alfin Rubber) 
plus 5 parts U.O.P. 88 and 1 
part wax OK k  Yr OK h Yr „_ 
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ozone specimens (ASTM D5l8, Method B) are cut from the vulcanizates. placed 
in bent loop fixtures and exposed in the 50 pphm ozone cabinet (lOO- 20F) 
where time to first crack is determined. Vulcanizates based on SBR 1500, 
Paracril I8-8O, and pale crepe containing U.O.P. 88, an effective chemical 
antiozonant, lose their ozone resistance after relatively short periods of 
unstressed outdoor exposure. These same elastomers, when blended with EPEN 
(used as a polymeric antiozonant), retain their ozone resistance after even 
five years of unstressed outdoor exposure. These results are shown in Table 9' 

Two additional sets of bent-loop specimens were exposed outdoors in Pan- 
ama, one set in the rain forest and one in the open sun. These results, given 
in Table 10, show that in several instances specimens cracked sooner in the 
rain forest than they did in the open sun. 

Bent-loop specimens of numerous polyurethane vulcanizates were also 
exposed outdoors at Panama because it was found that stressed specimens of 
polyestp.- urethane vulcanizates cracked in atmospheres of high humidity in 
the absence of ozone.5 These results, given in Table 11, show that the 
cracking of the polyurethane specimens in Panama appears to be the rule 
rather than the exception and confirm previous findings by this laboratory 
in tests conducted under conditions of high humidity. 

In addition to the determination of physical properties of the vulcan- 
izates received from the various test sites, the appearance of the test pads 
was also noted by laboratory personnel at this installation. Observations 
made on pads received from Panama are given in Appendix B. Pads exposed at 
Rock Island or Alaska are much less changed in appearance than pads from 
Panama. 

Climatological data from the three test sites for calendar year 1966 are 
shown in Appendix C. 

CONCLUSIONS 

Results indicate that aging at Panama is generally more severe than 
aging at Alaska or at Rock Island, Illinois, although vulcanizates based on 
EPRi+oU, Chlorobutyl HT 1066, Viton B, Nordel 1070 and EPT 3509 exhibited 
excellent aging resistance outdoors at all three sites. 

Elongation is the best criterion for measuring the aging characteristics 
of most vulcanizates, although tensile deterioration is the best criterion 
for measuring the aging resistance of eis polyisoprene, Hycar ^021 and poly- 
ester urethane vulcanizates. 

Accelerated aging tests conducted at 2120F or i+00oF (dependent upon the 
heat resistance of the vulcanizate) in general, gave a good indication of how 
the vulcanizates would resist outdoor aging with respect to one another, 
especially when elongation values were compared. 

''Ossefort, Z.T. and Testroet, F.B., Ibid. 
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Table 9 
TIME TO FIRST CRACK FOR AUTIOZOMNT (CHEMICAL OR PODTMERIC) 

INHIBITED VULCANIZATES AFTER VARIOUS PERIODS OF 
EXPOSURE UNSTRESSED AT ROCK ISLAND AND PANAMA 

. 
TIME TO FIRST 

LENGTH OF CRACK IN 
TIME 50 pphm OZONE 

EXPOSURE EXPOSED CABINET 
SITE UNSTRESSED 

* 
2 Yr 

BENT LOOP SPECIMEN 

Rock Island ID 
Panama 6 M ID 

Rock Island 5 Yr OK 30 D 
Panama 5 Yr„ OK 30 D 
Rock Island 2 Yr* ID 
Panama 6 M ID 

RIA      ELASTOMER 
CPD. NO.  AND ANTIOZONANT 

S6i+B     SBR 1500 - contains 
3 parts U.O.P. 88 
plus 1 part wax 

S77D10C2  70/30 SBR 1500/ 
Norde1 1070 

N87B33    Paracril 18-8O- 
contains 5 parts 
U.O.P. 88 plus 
3 parts triethanol- 
amine plus 1 part wax 

N87DUC2   70/30 Paracril I8-80/ 
Nordel 1070 

A11B7    Pale Crepe - contains 
5 parts U.O.P. 88 
plus 1 part wax 

A11A1C2   70/30 Pale Crepe/ 
Nordel 1070 

*The first test pad was net removed from exposure at Rock Island until 2 years 
after the date the pads were placed in test. 

Rock Island 5 Yr OK 30 D 
Panama 5 Yr* OK 30 D 
Rock Island 2 Yr ID 
Panama 6 M ID 

Rock Island 5 Yr OK 30 D 
Panama 5 Yr OK 30 D 

NOTE:  D » Days 
M = Months 
Yr = Years 
OK = Specimens crack free, tests discontinued 

53 

■^•m'^^^*iMfe&ami' ^JMSiiaiWitei     J 



mmmmmmm. mmmmmmmm ^mw^' 

Table 10 
TIME TO FIRST CRACK FOR BENT LOOP SPECIMENS 

EXPOSED OUTDOORS IN PANAMA 
(RAIN FOREST VS. OPEN SUN) 

RIA 
CPD. NO. EIASTOMER TYPE AND ANTIOZONANT 

Z51C    Adiprene C 
Z129G    Genthane S (contains k  parts 

PCD) 
Sßk SBR 1500 
S6'+B    Same as S6k  plus 3 parts 

U.O.P. 88 
S6^B129  Same as S6h  plus 3 parts 

Flexzone 3C 
s6hBlk3      Same as S6U plus 3 parts 

Eastozone 33 
N87     Paracril I8-80 
N87B4    Same as N87 plus 5 parts 

U.O.P. 88 and 1 part wax 
N87B67   Same as N87 plus 5 parts 

Flexzone 3C and 1 part wax 
N87B73   Same as N87 plus 5 parts 

Eastozone 33 and 1 part wax 
BIFC    Ameripol CB 
BIFCB5   Same as BIFC plus 5 parts U.O.P. 

88 and 1 part wax 
BIFCB6   Same as BIFC plus 5 parts 

Flexzone 3C and 1 part wax 
BIFCB7   Same as BIFC plus 5 parts 

Eastozone 33 and 1 part wax 
All     Pale Crepe 
A11B7    Same as All plus 5 parts 

U.O.P. 88 and 1 part wax 

TIME TO FIRST CRACK 
RAIN FOREST OPEN SUN 

OK 10 Ir >47M*53M 

<6M 
<6u 

^6M *12M 
^6M 

>12M *19M >72M *78M 

>19M 4:26M OK 10 Yr 

•>12M <19M 
Z.6M 

>58M<.65M 
<.6M 

>6M *I?M *6M 

>i+7M rf53M >85M<9iM 

>6M *12M 
>6M dPM 

>19M<26M 
^.6M 

>12M <19M >58M<65M 

>19M<26M >12M<19M 

> 12M <19M 
C6R 

>53M<58M 
<6M 

>12M <19M >6M*12M 

NOTE: M = Months 
Yr = Years 
OK = Specimens crack free at time period given 

5^ 
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Table 10 
(Continued) 

RIA 
CPD. NO. EIASTOMER TYPE AND ANTIOZOmM1 

A11B70   Seune as All plus 5 parts Flexzone 
3C and 1 part wax 

A11B78   Same as All plus 5 parts Easto- 
zone 33 and 1 part wax 

Zl^O    Nordel 1070 (EPEM) (Peroxide 
cure) 

Z113    Nordel 1070 (EPEM) (Sulfur 
cure) 

Z113D   Enjay EPT 3509 (Sulfur cure) 
Zlij-UC    Enjay EPT 3509 (ResixT cure) 
E20     Royalene 306 (EPEM) (Sulfur 

cure) 
Zl80    Ifydrin 100 
Z180-2   Ifydrin 200 
A13A1C2  70/30 Pale Crepe/Nordel 1070 
K87IÄCS  70/30 Paracril l8-8o/Nordel 

1070 
S77D10C2 70/30 SBR 1500/Nordel 1070 
S211     SBR 15X 
S206-5   80A0 SBR 1500/Royalene kOO 
S209-1   70/30 SBR I500/EP syn 55 
S209-2   70/30 SBR 1500/Vistalon 6505 
S227-2   Stereon 750 plus 5 parts 

U.O.P. 88 and 1 part wax 
B33-)+    HYTRANS 1227-176-2 (Alfin Rubber) 

plus 5 parts U.O.P. 88 and 
1 part wax 

8223-4   HYTRANS 1227-176-1 (Alfin Rubber) 
plus 5 parts U.O.P. 88 and 
1 part wax 

TIME TO FIRST CRACK 
RAIN FOREST    OPEN SUN 

>19M <26M >12M<19M 

>1?M <19M >47M(f53M 

OK 10 Yr CK 10 Yr 

OK    7 Yr 
>33M<39M 
OK    7 Yr 

>6VL<lkU 
>33M <39M 

>39M<^6M 

>6M <IUM 
OK    6 Yr 
OK    6 Yr 
OK    6 Yr 

OK 10 Yr 
OK    6 Yr 

>1+5M<50M 
OK    6 Yr 

OK    6 Yr 
OK    6 Yr 
^6M 
OK   5 Yr 
OK    5 Yr 
OK    5 Yr 

OK    6 Yr 
OK   6 Yr 
< 6M 
OK    5 Yr 
OK    5 Yr 
OK    5 Yr 

•76M<12M >l8M<2llM 

>6M<1?M •?i8M<2im 

>6M<12M OK    ^ Yr 
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Table U 
TIME TO FIRST CRACK FOR BENT LOOP SPECIMENS 

OF POLYURETHANE VULCANIZATES 
EXPOSED OUTDOORS IN PANAMA. 

RIA 
CPD. NO.   ELASTCMER DESCRIPTION 

Z51C      Adiprene C 
Z129G     Genthane S (contains k 

parts PCD) 
U17-157   RIA MG-80 (peroxide 

cure) 
U17-165    RIA MG-80 (sulfur 

cure) 
U28-1     Genthane SR (contains 

k  parts PCD) 
U29       Elastothane (peroxide 

cure) 
U29-1     Elastothane (sulfur 

cure) 
U30       Adiprene C 
U3I+       Witco MG-2 (sulfur 

cure) 
U35       Genthane SR (contains 

unknown quantity of 
mfgrs. fungicide A 

U35-1     Genthane SR (contains 
mfgrs. fungicide A plus 
k  parts PCD) 

U35-2     Genthane SR (contains 
mfgrs. fungicide A plus 
k  parts TDI 

U35-3     Genthane SR (contains 
unknown quantity of 
mfgrs. fungicide B) 

U35-I1     Genthane SR (contains 
mfgrs. fungicide B plus 
k  parts PCD) 

U35-5     Genthane SR (contains 
mfgrs. fungicide B plus 
k  parts TDI 

T355D     Texin 355D 
T192A     Texin 192A 
Tl+BOA     Texin J+BOA 

TIME TO FIRST CRACK 
URETHANE RAIN 

TYPE FOREST 

OK 10 Yr 

OPEN SUN 

Polyether >U7M<53M 

Polyester 
Polyether/ 
Urea 
Polyether/ 
Urea 

<6M 

OK   8 Yr 

OK   8 Yr 

>6M<1?M 

Polyester <6M <6M 

Polyester <6M <6M 

Polyester 
Polyether 

>1+0M<>6M 
•78lM^87M 

>15M< 21M 
^70M< 77M 

Polyester >L5M<21M — 

Polyester "^KKIZH 

Polyester >6M<L2M 

Polyester >12M<21M 

Polyester <6M 

Polyester ^6M 

Polyester >12M <21M 
Polyester y2m<2W 
Polyester OK 8 Yr 
Polye ster y 8lM <87M 

NOTE: M 
Yr 

Months 
Years 

: 56 
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Table 11 
(Continued) 

. TIME TO FIRST CRACK 
RIA URETHANE RAIN 

CPD.  NO. 

\Jh2 

ELASTOMER DESCRIPTION 

Cyanaprene D5 

TYPE FOREST 

>58M <6kVl 

OPEN SUN 

Polyester 
U43 Texin 355D Polyester >l4M^20M ___ 
\Jh3-i Texin ^80A Polyester 758M<6ifM m.mm 

\Jk3-2 Texin M30A (Contains 
unknown quantity of 
rafgrs. hydrolysis 
inhibitor) Polyester 7'33M^39M ... 

Vhk Max DgiK) Caprolactone  T'öM <lhU mmwm 

U17-226 RIA MG 1-129 (sulfur Polyether/ 
cure) Urea OK    7 Yr mmm 

U17-229 RIA MG 1-129 (peroxide Polyether/ 
cure) Urea ^6M -.._ 

1A5 Genthane S Polyester ;>6M<I4M mmm 

U56 Thiokol ZR625  (sulfur 
cure) Polyester yrL8M<2hM OK    6 Yr 

U56-1 Thiokol ZR625  (sulfur 
cure-contains h parts PCD) Polyester 76M<I3M >>l8M<2ifM 

U56-2 Thiokol ZR625  (peroxide 
cure) Polyester <6M <6M 

U56-3 Thiokol ZR625  (peroxide 
cure-contains h parts PCD) Polyester <6M <6M 

58300 Estane 583OO Unknown >18M <2kU >12M ^l8M 
5830I+ Estane 5830^ Polyester OK    6 Yr 738M <1+5M 
58013 Estane 58013 Unknown OK    6 Yr OK    6 Yr 
U57 Upjohn  [X29-83  (2092-60D)] Polyester ?'56M <62M 7»£lm <31M 
U57-1 Upjohn CPR 2092-90A Polyester >50M <56M >l8M<.2l+M 
U57-2 Upjohn  [X29-77A (209*4-90A) ] Polyether <6M <6M 
U75-1 Adiprene CM Polyether OK    U Yr <6M 
U79 Texin 591A Polyester >24M <30M ?18M<24M 
U79-1 Texin XP275  (contains 

hydrolysis inhibitor and 
carbon black for UV) Polyester OK    1^ Yr >18M <2kM 

U79-2 Texin 355 DXH (contains 
hydrolysis inhibitor) Polyester >1?M <18M >18M <.2l+M 

U79-3 Texin XPE-290 (contains 
carbon black as UV inhibitor) Polyether OK.    k Yr OK    k Yr 

U79-^ Texin XPE-290 (contains UV 
stabilizer) Polyether OK    k Yr OK    k Yr 
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The addition of one part carbon black significantly improves the tensile 
strength retention of SE555U high strength silicone vulcanizates during out- 
door aging. 

Results of exposure at Panama in a rain forest site, in a hut next to the 
rain forest site, and in an open sun site showed that vulcanizates based on 
Nordel 1070, Chlorobutyl HT 1066, Viton B; 1*32 Base silicone and Adiprene C 
exhibited good aging resistance at all three sites. 

Vulcanizates based on eis polyisoprene, eis polybutadiene, and SE555U 
high strength silicone have significantly better age resistance when aged 
indoors at Rock Island than when aged outdoors at the same location. Vul- 
canizates based on Hycar kOS.1,  EPR kOk,  Hycar 1072, and Chlorobutyl HT 1066 
exhibited almost identical age resistance indoors and outdoors. 

The rapid deterioration of polyester urethanes, even those containing 
hydrolysis inhibitors, continues to be evident in outdoor exposure at Panama. 
Although the original belief was that the polyether urethanes were virtually- 
unaffected by outdoor exposure at Panama, results now indicate that signi- 
ficant deterioration occurs in the rain forest. Vulcanizates based on poly- 
ether urethane-urea elastomers continue to show excellent age resistance. 

Stressed vulcanizates containing an EPEM polymeric antiozonant exhibit 
superior ozone resistance compared to vulcanizates containing a chemical 
antiozonant. Also, vulcanizates based on SBR 1500, Paracril l8-80, and pale 
crepe containing an effective chemical antiozonant lose their ozone resistance 
after relatively short periods of unstressed outdoor exposure (one year or less) 
The same elastomers, when blended with EPIM (used as a polymeric antiozonant), 
have retained their ozone resistance after five years of unstressed outdoor 
exposure. 

The cracking of stressed polyurethane specimens at Panama appears to be 
the rule rather than the exception and confirms previous findings by this 
laboratory in tests conducted under conditions of high humidity. 

RECQMMENmTIONS 

Vulcanizates prepared from newly developed elastomeric compositions having 
potential military use should be exposed at Rock Island, Illinois and at Panama 
to determine their environmental resistance. Since arctic aging has been shown 
to have the least effect on the aging properties of the vulcanizates tested, no 
more static exposure tests of rubber vulcanizates should be conducted at Alaska. 
The dynamic testing of rubber end items for Army use under arctic conditions, 
however, is quite necessary and should not be abandoned. 

Polyester urethane elastomers, even those containing hydrolysis inhibitors, 
should not be used in the preparation of end items for the military when a 
service life or storage life or more than 18 months is required. 
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