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ABSTRACT 

An extensive literature survey fo~lowed by laboratory screening 

tests was used to select candidate Class PS (preformed rubber seal~) 

and Class SC (sealing compounds or caulks) elastomers for more 

comprehensive laboratory testing to assess their performance capabilities 

under the harsh environment of a thermal solar collector cell. Tests 

employed incluqed thermal aging in air, hydrolytic stability, weathering 

resistance, corrosion of metallic substrates, ozone resistance and fungal 

susceptibility. Since the most hostile factor in the solar collector 

cell environment is long-term exposure to elevated temperatures in air, 

the thermal stability testing was extended to the monitoring of change 

in several physical properties during thermal aging in air. These 

included compression set, tensile characteristics, hardness and weight 

loss. 

Although none of the PS.elastomers tested was found to be entirely 

satisfactory, the fluorocarbon (Viton) displayed the best durability 

and thermal stability overall. The silicones were second best. 

Unfortunately, the fluorocarbons tend to exhibit excessive low temperaturA 

compression set, a characteristic which could be a serious problem in 

geographic zones having relatively cold winters. The silicones show very 

poor resistance to compression set on thermal aging and, while the 

fluorocarbon is considerably superior in this respect, it nevertheless 

displays undesirably high values. 

The polyacrylate and acrylic copolymers and one of the ethylene­

propylene terpolymers (EPDM - Nordel) were the best of the intermediate 

temperature elastomers. Except for resistance to compression set, these 

materials were inferior to the silicones in thermal stability. The other 

EPDM compounds and butyl rubber were considerably inferior to the three 

compositions just mentioned. 
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The only Class SC compositions which retained moderate physical 

integrity on thermal aging were the silicones. Outgassing studies 

showed that, as a group, the Class SC elastomers generate considerably 

more volatiles (and condensables) during thermal aging than do the 

Class PS elastomers. 

Five collectors, which had been in service at three different 

locations, were examined with regard to their design and quality of 

fabrication. Two of the collectors were poorly sealed and three were 

moderately to well-sealed. Problems associat.ed with the collectors 

consist~d of corrosion, glaze deposits, and degradation of sealants 

and absorber plate coatings. Only one of the collectors appeared to be 

in very good condition. 

The use of an externally attached bladder to compensate for 

breathing caused by pressure-temperature change is feasible as long as 

considerable space is available underneath the collector. This approach 

will not solve problems associated with organic vapors from the sealants. 

Silica gel and activated carbon appear to provide the most 

efficacious adsorbents for removing moisture and organic vapors, 

respectively. A duo-adsorbent system utilizing a combination of both 

materials would provide a superior means for removal of water and the 

organic vol~tile outgassing products of the sealants. 
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1.0 SUMMARY 

1.1 Literature Survey of Physical and Aging Properties of Sealants (Task 4.1) 

An extensive literature survey designed to summarize the 

properties of all categories of commercially available elastomers was 

completed. This survey was concentrated on characteristics which are 

considered pertinent to long-term durability and to cost effectiveness 

in the flat-plate solar collector application. Information developed 

indicated that silicone and f~uorocarbon elastomers were the most 

viable high temperature rubbers. Fluorosilicone and phosphonitrilic 

rubbers were eliminated on the basis of high cost. 

Candidates in the somewhat lower temperature service category 

(~ 125°C) consisted of polyacrylic, ethylene propylene terpolymer (EPDM), 

ethylene acrylic, butyl, chlorosulfonated polyethylene and epichlorohydrin. 

The literature survey included computer printouts incorporating 

several hundred references. Under separate cover, the assemblage was 

submitted to the Solar Heating and Cooling Research and Development 

Branch, Office of Conservation and Solar Applications, Los Alamos 

Scientific Laboratory, U.S. Department of Energy. 

1.2 Evaluation by Supplemental Laboratory Tests (Task 4.2) 

A series of Class PS (extrusion grade gasket type sealants) 

elastomers representative of each category chosen from results of the 

literature survey or because of extensive use in the solar collector cell 

industry was evaluated by selected tests taken from National Bureau of 

Standards NBSIR 77-1.437 and ANSI/ASTM D-3667-78, Standard Specification 

for Rubber Seals Used in Flat-Plate Solar Collectors. Three silicones, 

three EPDM rubbers, two fluorocarbons, three epichlorohydrin rubbers, 

one ethylene acrylic elastomer (VAMAC), one polyacrylic rubber, one 
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chlorosulfonated polyethylene, one bromobutyl rubber and two butyl 

rubbers were studied in these screening tests. Properties measured in 
) 

these tests included compression set after 70 hr at 150°C, compression 

set after 166 hr at -l0°C, ultimate elongation, tensile strength 

and hardness and changes in these three properties after aging 166 hr 

at 150°C and volatiles lost during the latter aging period. 

As a consequence of this screening, three silicones, one 

fluorocarbon, one. ethylene propylene terpolymer, one ethylene acrylic, 

one polyacrylic and one butyl rubber were selected fpr more extensive 

testing. 

Since our market survey disclosed only a very limited number of 

viable candidates in the Class SC (caulks) category, comparable screening 

tests were not performed in this area. Six candidates were made 

available for the more extensive testing. Three of these were silicones, 

one an acrylic, one a butyl and one a chlorosulfonated polyethylene. 

Following the screening tests, th~ candidates selected were subjected to 

more extensive testing in the following test categories. A very brief 

summary of t~st resul t·s is presented ~pder each category. 

1.2.1 Compression Set 

Change in compression set of Class PS elastomers was monitored 

during thermal aging. This property is essentially a measure of the 

ability of an elastomer to maintain a tight seal as a gasket~ng material 

by retention of its resilience. Low test values are desirable. We 

found compression set retention of all elastomers during thermal aging 

to be disappointingly poor in terms of actual thermal stresses which may 

be encountered in the solar collector tell application. The fluorocarbon 

elastomer exhibited by far the best performance, but is still regarded 

as being de·ficient for the temperature requirements of the application. 

Despite its clear su~eriority in the high temperature· compression set 

testing, performance of the fluorocarbon on the low temperature compression 

set test included in the screening test was poorer than that of nearly 
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all materials tested. The silicones were particularly disappointing 

in the high temperature compression set tests. 

1. 2. 2 Corrosion 

Elevated temperature corrosive properties of the several 

elas·tomers were observed by clamping sheets of the elastomers between 

metal plates of galvanized iron, mill finish aluminum or anodized 

a·luminum and observing changes of the metal surfaces as thermal aging 

progressed. None of the materials tested attacked anodized aluminum 

and only the Class PS butyl at:t:acked mill finish aluminum. Galvanized 

iron was attacked by Class PS butyl, Class PS EPDM (Nordel), Class PS 

acrylic and Class PS Hypalon. 

1.2.3 Thermal Aging of Tensile, Weight Loss and Hardness Specimens 

Thermal aging of compression set specimens in air as already 
r 

discussed constitutes an important criterion of thermal stability in air. 

Since retention of properties during thermal aging in air is of such 

vital importance, further testing was carried out with both Class PS 

and Class SC material,. This consisted of aging tensile specimens and 

hardness and weight loss specimens i~ air and monitorin~ changes in these 

characteristics. It was found, not surprisingly, that the best overall 

performer in these tests was the fluorocarbon rubber followed by the silicone 

elastomers. There were considerable differences within. the group of 

silicones, however. The intermediate temperature Class PS polymers, 

polyacrylic, ethylene acrylic and EPDM comprise a group whose performances 

are rather similar, 6ut iriferior to the silicones. The acrylics outperform 

the EPDM in terms of retention of tensile properties during thermal aging, 

but weight loss and hardness data show performances of all three to be 

roughly comparable. The butyl rubbers (both Class PS art'd Class SC) are 

clearly inferior to all other compositions tested. The Class SC caulks 

lose their elastomeric properties, as indicated by loss of elongation, 

quite rapidly during aging at relatively low temperatures. 
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1.2. 4 Hydrolytic Aging of .Tensile and Adhesion-in-Peel Specimens 

Resistance of elastomers to degradation in hydrolytic environments 

was studied by aging of tensile specimens of both Class PS and Class SC 

materials under total water immersion at a series of aging temperatures 

and intervals and by aging adhesion-in-peel specimens of the Class SC 

compositions under similar condittcins. In the tensile tests, performance 

of the EPDM (Nordel) was excellent and that of the fluorocarbon (Viton) 

quite good. Butyl rubber was also good, but its chemical structure had 

led us to expect better performance than proved to be the case. Performance 

of the acrylic and ethylene-acrylic polymers (Hycar and Vamac) was somewhat 

inferior to that of the silicones, but better than had been expected 

owing to the presence of potentially hydrolyzable ester groups in these 

materials. The silicones ranged from fair to good in performance but 

were nevertheless considered disappointing. 

Adhesion-in-peel hydrolytic aging data were difficult to interpret 

because of great variability, because of variations in initial 

strengths and because most failures were a composite of cohesive failure 

of the elastomer and failure in adhesion to the substrate. The silicones 

were generally superior to the completely organic caulks after hydrolytic 

aging, due in major degree to their greater initial strengths. Butyl 

and Hypalon did not appear to undergo any significant degradation during 

the hydrolytic aging, but were so weak initially that testing was difficult. 

1.2.5 Accelerated Weathering 

Tensile specimens of both Class PS and Class SC elastomers were 

aged in an Atlas Weather-0-Meter with a carbon arc as ultraviolet source 

and intermittent water .spray to simulate rain. Aging was performed at about 

60°C. Changes in tensile properties were then observed. The Class PS 

elastomers in general were essentially unaffected by this treatment. 

The acrylic caulk (Tremco Mono) lost its elongation completely during 

the weathering exposure. Weathering effects on the Class SC silicone 

caulks were not severe. The Class SC butyl and Hypalon compositions proved 

too fragile to test by this procedure. 
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1.2.6 Fungus Resistance 

Tensile specimens were· exposed simultaneously to an aqueous 

emulsion of five different fungal organisms by an outside contractor, 

Microbac Laboratories. Visual observations of fungal growth and 

measurements of tensile properties were carried out after two aging 

periods. In terms of fungus growth, silicones were found to be 

generally more resistant than other compositions. The butyl compositions 

in general exhibited more fungal growth than any of the other materials 

tested. The fluorocar.bon (Vi ton) exhibited more fungal growth than 

expected although it was more resistant than the butyl composiiions. 

Changes in tensile properties as a result of fungal exposure were found 

to be quite small in general and in most cases, fungal attack should not 
present major problems. 

1.2.7 Ozone Resistance 

Tapered strip specimens of both Class PS and Class SC elastomers 

were. maintained at 15% elongation during an exposure of about one 

week to ozone at 40°C and 100 pphm concentration. The samples were observed 

daily for such visual signs of deterioration as cracking. This work 

was performed by the Ozone Research and Equipment Corporation of Phoenix, 

AZ. With the exception of butyl rubber, all materials tested appeared 

to display good resistance to ozone. Physical properties of the acrylic 

caulk and·the two butyl caulks did not permit them to be tested by this 

procedure. 

1.2.8 Chemical Degradation and Outgassing Studies 

Outgassing studies have shown that Class SC elastomers produce 

considerably larger quantities of volatiles than the Class PS materials. 

Fluorocarbon elastomers showed the least outgassing followed by certain 

Class PS silicone rubbers,acrylic elastomers ~nd EPDM (Nordel) in that 

order. 
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TABLE 1.2.9 

SUl1MIIRY OF HATERIAL EVALUATIONa,b 

HATERIAL IDENTIFICATION LO\~ TEHPERATURE COHPRESSION SUPPLIER COHPRESSION SET ON THER-CODE DESIGNATION CLASS TYPE SETd HAL AGINGd 

L 31-323-0731A PS Fluorocarbon 

G SE-7550 PS ~ilicone 

HS-70 PS Silicone 4 1 
Q NPC 80/40 PS Silicone 

J 3300-12A, Vamac PS Ethylene-aery lie 
K 210-108-35-1, Hycar 4054 PS Acrylic 
N 3300-11, Norder PS EPDM 4 

cc Vistalon 78E-09-28-2 PS EPDH 
II E-633· PS EPDH 

EE Hydrin 100 PS Epichlorohydrin 
FF Hydrin 200 PS Epichlorohyd rin 4 
GG Hydrin 400 PS Epichlorohydrin .4 
BB Hypalon-3300-10 PS Chlorosulfonated 

Polyethylene 
p SEX-123 (butyl 100) PS Butyl 
0 SR 35020 PS Butyl 

DD SEX-122 PS Bromobutyl 

A DC 732 (white) sc Silicone 

B DC 790 sc Silicone 

c RTV 103 sc Silicone 

D Mono sc Acrylic/terpolymer 

E Eternaflex sc Chlorosulfonated 
Polyethylene 

F Tremco butyl sealant sc Butyl 

a • Ratings: 4 s excellent, 3 =good, 2 = fair, 1 =poor 

b • Host materials that failed the screening test (Table 3·, p86) were not subjected to most of 
the above tests. 

c • Further descriptions of materials are presanted in Tables 1 and 2 

d • Compression set measurements were performed only on class PS materials. 

e • Several materials received late in the program were not evaluated except for outgassing 
characteristics. This data is reported in Tables 19 - 21, and Figs. 58 - 66. 

• Outgassing ratings of 4, 3, 2, and 1 refer to total volatiles evolved on aging for 216 hours 
at lso•c of <0.5%, 0.5-2%, 2-6%, and >6% respectively. 

g • Hydrolytic stability ratings of Class SC compounds were based upon retentio:~ of .tensile 
properties and adhesion-in-peel strength retention. 

h • Ratings for resistance. to fungi are based upon both observations of fungal growth and effect 
on tensile properties. 

RETENTION OF 
TENSILE PP.O-
PERTIES ON 
T\IERHAL AGING 

CORROSION 
OUTGASSING- HYDROLYTIC OF HETALLIC RESISTANCE RE·5ISTANCE 
SEAI.ANTS~f. STAP-ILITY& SUBSTRAT_g_ TO OZONE TO FUNGih 

4 

4 4 

4 4 

4 4 

4 

4 4 

4 

4 4 

4· 
3 4 4 

4 

4 4 



1.3 Modes of Degradation (Task 4.3) 

Information.developed in the supplemental laboratory tests 

(Item 1.2 above) serves to illuminate deterioration of specific 

physical properties during exposure to environmental stresses. Chemical 

modes of degradation were observed through determination of the chemical 

nature of the thermal outgassing products from candidate elastomers. 

A newly developed test provides data on the rate and degree of outgassing 

of a material and also an infrared analysis of the evolved products. 

Results show that most silicone sealants give off a low molecular 

weight alkyl siloxane very similar to dimethyl silicone. The other 

sealants examined usually evolved mixed processing oils of the 

naphthenic type and/or stearic acid or metal stearate accelerators and 

activators. In general, the Class SC elastomers show higher outgassing 

than the Class PS elastomers. 

1.4-1.5 Long-Term Durability and Recommendations on 
Limitations of Elastomers (Tasks 4.4 and 4.5) 

Where the criterion of life at a selected aging temperature 

is taken as exceeding a compression set value of 50%, it was found that 

no elastomer tested was com~letely adequate. The best material, the 

fluorocarbon elastomer, Viton, provided data which extrapolated to a 

510 day lifo for aontinuou~ expo~ure ~t 1~0°~. This is rou~hly 

equivalent to four years service life under conditions of maximum 

severity and possibly three or four times that long under more normal 

service conditions. The best silic~ne by the compression set criterion 

was NPC 80/40 which failed after 100 daya at 125°C and extrapolated to 

a 315 day life at ll0°C. It thus has questionable life at ll0°C, and 

could not be used at temperatures higher than that. All other materials 

tested were not as good. It is eVident that satisfactory ·service life 

can be obtained irt the flat-plate solar collector application with 

presently available rubbers only if the collector unit is so designed 

that its performance does not depend upon low compression set values in 

order to maintain a seal. 
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Where retention of tensile properties during thermal aging in 

air is the criterion of service life, the fluorocarbon elastomer, Viton, 

is again the best performer. Failures did not occur with this material 

at the aging times and temperatures of our tests, but we judge that it 

would perform satisfactorily at temperatures as high as 175°C if compression 

set is not a consideration. The Class PS silicones were the next best 

performers by the tensile criterion and we believe that they are acc~ptable 

for service at 150°C or slightly lower,if low compression set is not 

required. The intermediate temperature elastomers, Hycar (polyacrylic), 

Vamac (ethylene acrylic) and Nordel (EPDM), are regarded as serviceable 

at ~25°C or.slightly lower. The Class PS butyl is the least stable 
1 ~ •• ~· 

and is not considered useful at temperatures above 100°C. The Class SC 

silicone caulks are considered to be about as good as the Class PS silicones, 

but the Class SC organic caulks, Mono (acrylic), Hypalon (chlorosulfonated 

polyethylene) and butyl are much less stable and lose their elastomeric 

properties quite rapidly at temperatures in the 100°C to 125°C range. 

Corrosion of substrates, hydrolytic stability, resistance to 

weathering, resistance to fungal organisms and to ozone were not, in 

general, found to be major problems. Corro~ion problems become largely 

nonexistent if either anodized aluminum or mill finish aluminum is used 

for frame material rather than galvanized iron. It is suggested that 

fungicides be incorporated into fluorocarbon or butyl rubber formulations, 

but other elastomers in general possess adequate resistance to fungal 

organisms. Only the butyl rubber was found to have inadequate resistance 

to ozone and only the Class SC acrylic caulk appeared to be affected 

appreciably by the accelerated weathering exposure used. The Class SC 

organic caulks, Mono (acrylic), Hypalon (chlorosulfonated polyethylene) 

and butyl were found to evolve unacceptably high quantities of condensaples 

and, in consequence, should not be used in locations where they have 

direct communication with the interior of the solar collector cell. This 

consideration also applies to some Class PS rubbers, primarily in the butyl 

and EPDM categories. A similar problem exists with the Class SC silicone 
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caulks which evolve relatively large quantities of low molecular weight 

cyclic polysiloxanes which condense upon the glazing and are ultimately 

converted into an opaque white deposit of silica. 

1.6 Recommendations for Selection of Polymers and Compounding 
Formulations (Task 4.6) 

Fluorocarbon and silicone elastomers in that order were found 

to possess the best elevated temperature life characteristics. The 

fluorocarbon (Viton) is marginally acceptable in its present formulation 

for resistance to elevated temperature compression set,and the silicones 

need substantial improvement. Reformulation of both categories to improve 

this characteristic is indicated and moderate increase in degree of 

cross-linking as well as increase in filler loading constitute reasonable 

approaches to the problem. 

An additional weakness of most fluorocarbon elastomers is 

excessive compression set at low temperatures. Correction of this 

shortcoming could involve reformulation to decrease regularity in the 

polymer chains, thus lowering glass transition temperature and decreasing 

low temperature crystallinity. The same end m~ght be achieved by 

incorporation of high molecular weight plasticizers, particularly if 

they can be grafted onto the polymer chains. 

Keview of rubber formular.iuns ln geiLer.al wlllt a vl~w Lu 

minimizing quantity of volatile additives present is desirable. Functional 

additives should be incorporated only when specifically needed and then 

selected for minimum volatility. Optimization of rubber compositions not 

specifically formulated for the solar cell application is definitely 

indicated and is also desirable where materials formulated for this 

application were not optimized. 
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1. 7 Breathing Survey (Task 4. 7) 

A computerized literature search on solar collector breathing 

was performed using the Lockheed Information Retrieval System and 

the Department of Energy (DOE) RECON System. This search provided 

very little useful information. The main source of information proved 

to be the solar collector manufacturers. A tabulation of ·the available 

information from seventeen manufacturers of liquid collectors showed that 

sixteen employed vented units. Only four manufacturers used a desiccant 

to dry the air. Silica gel was used by each of these four; however, one 

of the manufacturers also included a molecular sieve. 

1.8 Effects of Breathing -- Analysis of Solar Collectors (Task 4.8) 

Five solar collectors, which had heen in service at three 

different locations, were examined with regard to their design and quality 

of fabrication. Particular attention was given to problem areas such as 

leakage, corrosion, glaze deposits, quality of coatings, etc. 

Two PPG {Pittsburgh Plate Glass) collectors from the Towns 

Elementary School, Atlanta, GA were very well sealed and only small 

amounts of rain water had penetrated into the interiors of the units. The 

two PPG collectors from the National Bureau of Standards were, in 

contrast, extremely leaky, and large quantities of rain water had 

passed through them. Although the same butyl sealant had been used in 

the units from both locations, the sealing technique used on the NBS 

collectors w~s apparently inferior. 

Th~ collector received from Los Alamos, which.was manufactured 

by the Turbo Refrigerating Co., Denton, Texas, was found to· be in 

excellent conditi~n. No evidence of gross mi~ration of rain water into 

the interior of the collector could be found. 
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1.9 Deiiccants and Organic Adsorbents (Task 4.9) 

The literature survey on desiccants for moisture and adsorbents 

for organic vapors has been completed. 

Ten solid desiccants have been identified; however, only three 

of these are suitable for use in solar collectors. These are silica 

gel, molecular sieves and a~tivated alumina. 

Silica gel is the preterred desiccant due to its high moisture 

capacity (~ 42%) and its ease of regeneration. Silica gel can be 

regenerated within the operational temperature range of the solar 

collector, and thus active desiccant is essentially alwa~s available. 

Most desiccants will also adsorb organic vapors; however, 

activated carbon is the only desiccant that has a preference for organic 

vapors. 

A duo-adsorbent system consisting of silica gel and activated 

carbon is recommended for evaluation in solar collectors. 

1.10 Recommendations for Improved Materials and Collector Design (T.ask 4 .10) 

The use of an externally attached bladder to compensate for 

breatlting during temperature/pressure changes i~ a feasible approach as 

lnng ilS ;:tdequate space underneath the collector is available. 

It should be noted, however, that this approach reduces only 

the chance for water condensation within the collector. The problems 

associated with organic vapors will still be present. 

Due to the relatively short service life predictions in terms of 

resistnnce to compression set at elevated service temperatures,obtaiped 

for all cntegories of elastomers, it is recommended that solar co·llector 

units be designed to provide continuous pressure by some type of spring 

loading ngainst gaskets intended ·to seal the unit from water in the 

surrounding environment. 
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Because organic caulks such as acrylic·or butyl lose their 

el.astomeric properties rather rapidly on exposure to even rather mi.ldly 

elevated temperatures in air, their use in solar collectors is not 

recommended. The Class SC silicones retain elongation very weil, but 

are mechanically weaker than the Class PS silicon.es. They may be used 

where they are not subject to mechanical stress and where they have no 

direct communication w.ith ·the interior of the solar collector to permit 
I 

deposition of volatile cyclic polysiloxane decomposition products on the 

glazing or the absorber plate. 

If adsorbents are to be U$ed to limit deposition of condensables 

inside solar collector units, it is recommended ·that a duo-adsorbent, 

incorporating both silica gel and activated carbon, be chosen. The former 

adsorbent preferentially adsorbs water and the l~tter organic condensables. 

Since effective circulation of the solar collector atmosphere through the 

adsorbent to remove condensables before they deposit on the glazing or 

adsorber plate is a significant problem, it is still vital to select 

elastomers which evolve minimum amounts of condensables. 
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2.0 RECOMMENDATIONS FOR FOLLOW-UP STUDIES 

We recommend a program to develop improved elastomeric gasketing 

materials for use in thermal solar collectors. These sealants should be 

designed to provide superior long-term retention of physical properties 

in the hostile environment of the solar collector, without causing side 

effects deleterious to the efficacy uf the collector unit. 

Two tasks are outlined for accomplishment of this objective. 

The first involves identifying the types of polymers which provide the best overall 

performance when used in thermal environments of 400°F, 300°F and 200°F, 

respectively. The second task consists of developing optimum chemical 

formulations which incorporate the polymers. identified in the first task. 

The materials developed should provide high thermal stability 

and very good resistance to attack by oxygen, ozone, moisture, and weathering. 

Efformshould also be directed towards reducing the compression set which 

elastomers normally display upon thermal aging under co~pression, and reducing 

the formation of volatile materials during aging, particularly those which 

are likely to condense on the glazing or absorber plate. 
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3.0 INTRODUCTION 

The objectives of this program were: (1) to investigate the 

pertinent properties of a variety of possible sealants for solar 

collectors and ldentify the most promising candidates, and (2) to study 

the effect of breathing in flat-plate, thermal solar collector 11nits. 

The study involved two types of sealants, Class PS which includes preformed 

seals or gaskets and Class SC which includes sealing compounds or 

caulks. It was the intent of the study to obtain data regarding initial 

properties of candidate el~stomers from manufacturers and from the 

technical literature and to use those sources to provide data pertaining 

to endurance of these materials under environmental service conditions. 

Where necessary, these data were augmented by experimental 

measurements. Environmental stresses evaluated by these measurements 

included elevated temperatures, moisture, ultraviolet light, ozone and 

oxygen, and fungus. 

The second major are& of the work involved a study of the effects 

of materials used and design on the durability of solar collectors. Factors 

such as design, fabrication, materials of construction, seals and sealing 

techniques and absorber plate coatings were observed on actual field units 

removed from service. Such phenomena as leakage, corrosion and formation 

of deposits on glazing and absorber plate were noted. 

An evaluation of the properties of several desiccants was made 

in order to provide means to mitigate the deleterious effects of water on 

collector life. Adsorbents for organic degradation products of sealants 

were also investigated in order to protect the glazing and absorber plate 

from deposited coatings. Since adsorbents and desiccants in general tend 

to take up both water and organic decomposition products, relative affinities 

of a number of these agents for water and for organic compounds were determined. 
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4.0 TASKS 

4.1 Physical and Aging Properties of Sealants· 

A survey report which summarizes the properties of all 

categories of commercially available elastomers was completed. This 

document places particular emphasis upon characteristics which are 

pertinent to long-term service under the environmental stresses 

encountered in the flat-plate solar collector application. Considerable 

data are presented in such areas as initial physicals, properties at 

both low and elevated temperatures, aging in air at elevated temperatures, 

resistance to ozone and weathering, hydrolytic stability and water 

absorption, compression set and stress relaxation. Cost effectiveness 

was a major consideration in making selections of candidate elastomers. 

Information developed indicated that silicone and fluorocarbon elastomers . 
were the most viable high temperature rubbers. Fluorosilicone and 

phosphonitrilic rubbers were eliminated on the basis of high cost. 

Candidates in the somewhat lower temperature service category 

("' 125°C) consisted of polyacrylic, ethylene propyhm~ t;:~rpolymet (El'DM). 

ethylene acrylic, butyl, chlorosulfonated polyethylene and epichlorohydrin. 

The literature survey included computer printouts incorporating 

several hundred references. Under separate cover, the assemblage was 

submitted to the Solar Heating and Cooling Research and Development Branch, 

Office of Conservation and Solar Applications, Los Alamos Scientific 

Laboratory, U.S. Department of Energy. 

16 

I 



4.2-4.4 Tasks 4.2 Supplemental Laboratory Tests, 4.3 Modes of 
Degradation, and 4.4 Long-Term Durability 

For purposes of clarity, since these tasks are intertwined, they are 

combined and subheadings are employed to pro"vide details of the particular 
area studied. 

Since test data in many critical areas, both from the technical 

literature and from manufacturers, have been found to be quite incomplete, 

we have been obliged to supplement these sources extensively with our 

own laboratory measurements. We believe that this procedure provides 

the substantial advantage of insuring that test data from different 

materials are more rigorously directly comparable because sample testing 

conditions are known to be identical. 

The thermal endurance of the sealants has been examined by 

studying the effects of thermal aging in air on retention of tensile 

properties, compression set, change of hardness and loss of weight. 

Early in the thermal aging, the elastomers generally 

experience an increase in degree of cure. This results in an overall 

improvement of their tensile ,properties (Fig~ 1). Simultaneously, 

low molecular weight materials, such as plasticizers and processing 

aids, diffuse out of the polymer matrix. This has the overall effect 

of increasing the tensile strength while reducing the elongation. 

In many cases, additional cross-linking continues throughout·much or 

all of the aging period with the effect of increasing the modulus 

and eventually embrittling the polymer. However, some polymers undergo 

essentially the opposite effect -- that of chain scission which reduces 

the strength and frequently the ultimate elongation of the material. (The 

overall effec~of these processes are illustrated in Fig. 2.) Further 

complicating the picture is that both processes occur simultaneously 

in many elastomers and that some of the reactions are essentially pyrolytic 

and others oxidative in nature. The degradation process becomes even 

more complex when the elastomer consists of copolymers or terpolymers 

since the different types of chain units can degrade by different mechanisms, 

can interact and also influence the reactivity of their neighbors. 
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Simultaneous cross-link formation and chain scission 

which occur during the thermal~oxidative degradation of many elastomers 

transform the polymer into a harder but weaker material having a 

consistency that can best be described as cheesy. 

As linkages in the primary chains are being broken and 

low molecular weight chain fragments and oxidized degradation products 

are diffusing out of the polymer, the material experiences a loss in 

weight. In an actual collector, the very low molecular weight products 

will escape from its confines; however, the less volatile degradation 

products can coat the absorber plate and the glazing, thus decreasing 

the efficiency of the collector. (This aspect will be discussed in 

detail in the section on outgassing.) 

When elastomers are subjected for extended periods of time 

to a compressive load while being permitted to distort at elevated 

temperatures, they will not recover to their original dimensions when the 

load is removed. Measuring the compression set of compressed elastomers 

during thermal aging is a very useful and realistic means for evaluating 

materials for gasket applications. 

Permanent set or distortion of a polymer can be an essentially 

physical or combination of chemical and physical phenomena. Under 

the application of heat and pressure, the polymer chains rearrange tq 

accommodate the applied forces. When the pressure is released, the 

newly formed alignments undergo some shifting, put nevertheless generally 

do not permit a complete recovery of the matertal to its origin~! 

configuration. Chemical changes frequently accompany the shifting of th~ 

polymer chains. Cross-links are br9ken under the combined influence of 

thermal ~tress and the induced shear forces, and are often reformed in a 

manner so as to accommodate the newly formed alignment of the polymer 

chains. When cross-links break and reform to an appreciable extent, 

polymers will exhibit very poor or perhaps no recovery. 



a. Thermal Aging Screening Tests 

Data accumulated during our literature survey were used to 

select categories of rubbers which we felt offered mpst promise for use 

in the flat-plate solar collector application. This list was supplemented 

by o_ther rubb.ers suggested by personal contacts within the rubl;>er industry 

as being potentially suitable for this application as well as by materials 

known to be in current use by solar collector cell fabricators. The next 

step involved screening tests designed to select materials for more 

detailed studies. 

ANSI/ASTM D-3667-78, Standard Specification for Rubber Seals 

Used in Flat-Plate Solar Collectors,is a series of tests for the purpose 

of qualifying both Class PS and Class SC elastomers for service in the 

solar collector application. This standard proposes performance 

·requirements to qualify either type of elastomer for sealing flat-plate 

solar collectors. The entire specification is reproduced in Ap_pendix I. 

In our screening tests for Class PS materials, all tests described in 

Tabl~ 1 of the ANSI/ASTM D-3667~78 specification with the exception of 

condensable volatiles~ oz9ne resistance and low temperature resistance 

were performed. Our market S"!Jrvey :tndicat~d that only a relatively 

small number of viable candidates .were c9mmercially available in the 

Class SC (caulking tYPe sealant) category and, in consequence, we decided 

not to perform a comparable series of screening tests on these compositions. 

Suitable candidates were evaluated directly in the more exhaustive 

t~sts which followed. Table 1 identifies these Class SC materials by code 

n~mber and supplier. 

Elastomers evaluated in the Class PS screening tests included 

three silicones, three ethylene propylene terpolymers (EPDM), two 

fluorocarbons, three epichlorohydrins, one ethylene acrylic, one 

polyacrylic, one chlorosulfonated polyethylene, one bromobutyl and two 

butyls. These compositions are identified by code number, supplier 

and chemical composition in Tables 1 and 2. 
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Results of the screening tests are summarized qualitatively in 

Table 3. Of the three silicon~ elastomers tested, Silastic 747 was 

dropped from consideration for the more stringent testing because its 

drop in tensile strength during aging and its weight loss were excessive. 

Elastomers SE-7550 and HS-70 pertormed very well in all categories. A 

fourth silicone elastomer, NPC 80/40, was not yet available at the time 

of the original screening, but was added to the list of materials for 

exhaustive testing. Nordel 3300-11 was the only EPDM rubber of the three 

formulations tested which exhibited good retention of physical properties 

on aging at 150°C. The two fluorocarbon elastomers screened appear to be 

essentially identical in all respects. Their performance was excellent 

in all categories except for low temperature compression set. We selected 

Viton 31323-0731 for the extended testing, due primarily to its immediate 

availability. None of the three epichlorohydrin elastomers performed well 

enough to merit further testing, and, in consequence, the entire category 

was eliminated from further consideration. Although the ethylene 

acrylic, Vamac 3300-12, did not perform well on the screening tests, the 

supplier, DuPont, indicated that the initial batch provided had been 

undercured and that a ·second batch 3300-12A, which they later provided, 

would be far superior. This second ba~ch was placed in the list of 

compositions for more exhaustive testing. The one chlorosulfonated 

polyethylene screened, Hypalon 3300-10, showed poor compression set at 

both low and high t.emperatures. Although it was el:i.minated from further 

testing, it performed very well in areas other than compression set and 

merits consideration in designs where good compression set characteristics 

are not needed. The one polyacrylic elastomer screened performed 

excellently in all respects save for ultim,ate elongation where it failed 

by a small margin. It was selected for further testing. The bromobutyl 

elastomer screened performed poorly and was eliminated from further 

testing. However, the better butyl rubber (SEX-123), even ihough it 

failed by a substantial margin in low temperature compression set and in 

total volatiles, was continued into the final testing because it is known 

that butyl rubbers have found extensive application in the solar collector 
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industry. It should be pointed o.ut that the EPDM. elastomer, Nordel 

3300-11, and the butyl rubber, SEX-123, were specifically formulated to 

meet requirements of the flat-'plate solar collector application and are 

not representative of these categories of elastomers generally. 

b. Compression Set Aging Tests 

For Class PS or gasketing type sealants, compression set may 

well be the most pertinent property for the flat-plate solar collector 

cell application. A gasket material wh.ich undergoes severe compression 

set will not maintain pressure against the collector frame to provide 

an effective seal in many collector unit designs. Compression set 

measurements were carried out by the method of ASTM D-395-69, Method B. 

This procedure involves aging of the sample under constant deflection. 

Aging times and temperatures selected for these tests are not those 

suggested in the ASTM procedure, but rather periods and temperatures 

chosen to provide Arrhenius data which can be used to predict durability 

in a variety of thermal environments. The test, briefly, consists of 

compression of a cylindrical rubber specimen in a metal jig to the 

thickness of a metal spacer. This compression is approximately 25% of 

the original thickness •. Thickness.of the rubber specimen is measured 

after release.of compressive load at each of several aging intervals, at 

a series of test temperatures. Compression set is calculated by the 

formula: C = 100 x (t - tf)/(t - t ) where C is compression set 
0 ' 0 s 

expressed in percent, t
0 

is the original thickness of specimen, tf is 

the final specimen thickness under no-load conditions, and t is the s 
thickness of the metal spacer bar. In the numerical data obtained for 

two of the s.Uicone elastomers, NPC 80/40 and SE 7550, compression set 

values greater than 100% were observed. This is attributed to 

essentially complete loss of resilience by the specimen combined with 

an additional reduction in sample thickness due to shrinkage associated 

with thermal degradation. 
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Compression set samples used in these studies were stacks of 

1 in. diameter disks which were die cut from PS elastomer sheets provided 

by rubber suppliers. The sheet stock from which these disks were cut 

varied in thickness from 65 mils to 80 mils. Each compression set 

sample consisted of a stack of the$e disks approximately 500 mils in total 

thickness. Compression set values reported are average values obtained 

from testing of four specimens. These data are displayed in Table 4 

and Figs. 3-11. The compression set data which we have obtained reflect 

far poorer performance than we had anticipated on the basis of conversations 

with manufacturers of solar collector units. All three silicones tested 

exhibit compression sets of ihe order of 100% after only one day of aging 

at etther 250°C or 225°C. The best of t~e three, NPC 80/40, showed 

compr~ssion set values of 94% after orie day at 225°C and 89% after 28 days 

at 175°C. We feel that a sealant should not exceed 50% in compression 

set if it is to retain its ability to maintain an adequate seal. We do 

not believe that the disappointing performances observed for the silicones 

can be explained on the basis of inadequate post-cures. If this were 

the case, aging at lower temperature~ would be expected to produce an initial 

rapid rise in compression set followed by a substantial leveling off of 

the curve. Although some leveling off does indeed occur at the lower test 

temperatures, the rise continues at such a rate as to produce high compression 

set values in unacceptably low aging times. The compression set values 

displayed in Table 4 for NPC 80/40, HS-70 and SE-7550, aged at 150°C and 

140°C, illustrate this point, as do the curves in Figs. 3, 4 and 5. 

Performance of the fluorocarbon is far superior with compression set values 

of 79% after 28 days at 2~0°C and 32.9% after 46 days at 175°C. 

Table 5 displays aging times required at 175°C, 150°C and 125°C 

for the eight elastomeric compositions tested to reach compression set 

values of 50%. These data were obtained by interpolation of the compression 

set aging curves and were used to plot the Arrhenius curves displayed ·in 

Fig. 11. The Arrhenius plois again show that the fluorocarbon elastomer 

far outperforms all other materials tested. It is of interest to note 
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that the plots for the EPDM, .the polyacrylic and the best silicone 

(NPC 80/40) cross at about 125°C. The indication is that both the 

EPDM and the polyacrylic will outperform the silicone at temperatures 

higher than 125°C with the EPDM being considerably superior to the 

polyacrylic, and that the sil~cone will perform better than these two 

organic materials at temperatures below 125°C. The superior performance 

of the organics in. the higher temperature region is, of course, supported 

by actual data in the compression set aging curves. The remaining two 

organic elastomers. ethylene-acrylic and butyl, perform more poorly 

than EPDM and polyacrylic. The Arrhenius plot for butyl crosses that 

for SE-7550 at abvut 140°C, indicating that it will have greater (but 

very short) life at temperatures above that level. Pelow about 140°C, 

the butyl is the poorest composition tested. The ethylene-acrylic plot 

crosses that for the silicone, HS-70, at 125°C. Hence, its performance 

is better than that of the poorer silicones at temperatures above that 

level, but poorer below. The ethylene-acrylic must be considered the 

second poorest composition tested from the standpoint of compression 

set rete~tion. 

It may be of interest to point out that extrapolation of the 

Arrhenius plot for the EPDM rubber shows it crossing the plot for the 

fluorocarbon elastomer at about 225°C, a ·circumstance which. would indicate 

that the EPDM should outperform the fluorocarbon at temperatures higher 

than 225°C. We k~ow that this is not true and the circumstance is pointed 

out merely to illustrate fallacies which may be encountered by reliance 

on Arrhenius extrapolation over too great a temperature range. 

Conclusions drawn from Arrhenius data treatment are valid only so long 

as the chemical reactions involved in the polymer degradation under 

consideration remain the same. In the case of EPDM degradation, new 

degradation mechanisms would become significant before the 225°C temperature 

level wa~ reached, thus invalidating the extrapolation. 
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c. Corrosion Tests 

Corrosion tests also were performed concurrently with the 

compression set aging studies. Small panels of three substrates, mill 

finish aluminum, anodized aluminum and galvanized iron were clamped in 

contact with compression set buttons of rubber compositions and aged at 

both 125°C and 150°C. Test specimens were visually examined at a series 

of aging intervals. Results are displayed in Table 6. 

nf the thirteen compositions tested, only the Hypalon (chloro­

sulfonated polyethylene), the polyacrylic (210-108-35-1), the Nordel 

(EPDM) and the butyl (8EX-123) attacked any of the three substrates 

tested. Hypalon produced severe corrosion of the galvanized iron, but 

did not attack either aluminum composition. The polyacrylic produced 

mild corrosion of the galvanized iron and did not attack either of the 

other substrates. Nordel produced moderate corrosion of the ·galvanized 

iron, but attacked neither of the aluminum substrates,and the butyl 

rubber produced mild corrosion of the mill fi~ish aluminum and moderate 

corrosion of the galvanized iron. It did not attack the anodized aluminum. 

It .should be noted that none of the elastomers evaluated attacked the 

anodized aluminum after 229 days ·of exposure. 

d. Thermal Stabilities of Class PS and Class SC Materials 

A. g~ueral discuooion of the s::Pvf>r.<~l phenomena which take place 

during thermal aging of elastomers in air was presented 

(c.f., pp. 17 and 18). Pertinence of the study of these 

plll'nomenn as they npply to sealants for flat-plate solar collector cells 

is evident from our knowledge of the high temperatures encountered in this 

application. Even though these sealants are normally employed in the 

peripheral locations of the solar collector units, temperatures encountered 

are believed to be relati~ely high~ The extent of the temperature 

0lcvntion encountered is dependent ori the particular d~sign of any single 

lypc uf unit,nnd it l1as been our experience that manufncturers in general 

do not know accurately whnt temper~tures are actually renched by sealants. 
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Experimental evaluation of thermal stabilities of elastomers 

in air was based upon monitoring of deterioration of tensile properties 

during thermal aging of ASTM D-412 tensile specimens in air and upon 

weight loss and changes in hardness during this thermal aging. Retention 

of.compressiori set during thermal aging is obviously a part of this 

picture, but was treated in Sections 4.2-4.4 (b. Compression Set Aging 

Tests). 

d (1). Thermal Aging of Class PS Tensile Specimens. Tensile specimens 

of Class PS elastomers for use in these tests were prepared from sheets 

of po~t-cured, vulcanized elastomers of approximately 70 mils in 

thickness which had been provided to us by the several rubber companies 

involved. Exceptions were silicone rubbers HS-70 and NPC 80/40 which were 

supplied to us by North American Reiss as calendared rolls and required 

a 4 hr cure at 200°C before cutting of the tensile specimens. Test 

specimens were die cut from the elastomeric sheets with Die C as 

described in the procedures of ASTM D-412-75. 

Test specimens were aged in air at temperatures ranging from 

225°C to 125°C in 25° intervals. In general, not more than three aging 

temperatures were used for any one composition and aging temperature 

selection was based upon knowledge of the thermal stability range of each 

material. Testing began after one day of aging and aging exposures 

were doubled with each successive interval up to 64 days. Final aging 

interval was 100 days. 

Aging was accomplished by suspending specimens in groups of 

20-25 in open one-half gallon paint cans which were placed in forced air 

circulation ovens. The tensile specimens were tested in accordance 

with the ASTM D-412-75 procedures for rubber properties in tension and 

tensile strength; ultimate elongation and modulus at 100% extension 

were measured. Values reported are averages for three specimens. 
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d(2). Discussion and Results of Thermal Aging Tensile and Elongation Tests 

Effects of thermal aging in air on retention of TS* and E* 

are shown in Tables 7 and 8 and Figs. 12-21. Whenever feasible, the 

retention of either TS or E was subjected to an Arrhenius treatment in 

order to obtain predictions of the lives of the materials at temperatures 

other than those employed in the tests. This treatment of data is 

especially useful for making predictions of the longevity of materials 

at temperatures lower than the elevated test temperatures and thus 

provides a means of accelerated testing. 

The logarithm of the time required for the percent retention 

of the TS or E of the sealant to drop to 60% of its original value 

is plotted against the reciprocal of the absolute tem?erature of the 

test (Figs. 22-26). We feel that a 40% decline of either tensile 

property indicates that the sealant has undergone substantial degradation. 

Nevertheless, in some cases, Arrhenius plots were also made for 50% 

retention. When the TS and E underwent comparable declines, both 

properties were subjected to an Arrhenius treatment; otherwise the 

property which underwent the most serious decline was employed to evaluate 

the thermal endurance of the sealant. 

Generally, data points at at least two test temperatures 

are required to draw the straight line· for the Arrhenius plot. Some 

investigators will employ a single point and assume a slope based on 

results from a chemically similar material undergoing the same process. 

Feeling that such an approach is too speculative, we did not employ it 

in this investigation. 

The Arrhenius treatment provides the most reliable pred:ictinns 

when the length of extrapolation is minimi?.ed, data are collected at 

several temperatures, and the points fall on a straight line. When 

* TS tensile strength; E ultimate elongation 
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the points do not fall on a· straight line, those at the lowest temperatures 

are weighted the most heavily in drawing the plots. For example, in 

cases where the graph contains three points essentially equidistant in 

temperature, we arbitrarily (based on many years of experience) weight 

the highest temperature point 50%. as high as the middle temperature 

point and draw the line through the lowest temperature point and the 

weighted average of the two upper temperature points. 

The validity of the Arrhenius treatment is based upon the 

assumption that the activation energy for the rate limiting step in the 

degradation process is essentially independent of temperature. Since 

the mechanism of the degradation process can change with temperature, 

the validity of this assumption decreases as the temperature range of 

the study and the extrapolation become larger. Thus, points on an 

Arrhenius plot occasionally deviate too far from a straight line to 

permit any reasonable linear extrapolation. For example, it was not 

feasible to apply the Arrhenius treatment to silicone HS-70 since the 

mechanism for its degradation process appears to differ appreciably 

between 225°C and 175°C, thus giving three log time versus reciprocal 

absolute temperature points (corresponding to 225°C, 200°C and 175°C) 

which deviate considerably from a straight line. In Figs. 23-25 where 

only two points were employed to define the straight line, there is an 

obvious risk in these extrapolations. Such results should only be 

considered as "ball park" estimates. 

In addition to the silicone HS-70, several other materials 

were excluded from the Arrhenius treatment for the following reasons: 

(1) initial p~operties on the material were too poor; (2) monitored 

properties of the material did not exhibit any clearly defined base 

points (ex. some caulking compounds continued to give off solvents and 

other volatile compounds during much of the aging period); (3) ultimate 

elongation exceeded the capability of the testing apparatus; (4) material 

did not exhibit failure at at least two test temperatures. 
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In any continuation of this work, it is suggested that experimental 

procedures be modified so as to accommodate most of the excluded materials. 

Such modifications can involve items such as selection of other test 

temperatures, altering the testing apparatus or departing from the shape 

of the ASTM D-412 dumbbell specimen in order to improve the capability 

to measure the extremely highly extendable, low modulus elastomers, and 

assuring the loss of essentially all of the volatile materials in the 

caulking compound prior to commencing with thermal ag1ng in order to 

establish a base for comparison. 

The results of the Arrhenius treatments are shown in Table 9. 

As expected, the life of the butyl rubber held continuously at l25°C 

(252°F) is extremely short -- 49 days. The EPDM is considerably better, 

showing a life of 180 days. Next are the acrylic and ethylene-acrylic 

having estimated lives of 480 and 790 days, respectively. These are 

followed by a silicone which displays an extrapolated life of 4300 days. 

The fluorocarbon, which was not subjected to this treatment because it 

did not exhibit failure on ~esting, is undoubtedly superior. At a 

temperature of 150°C (302°F), which is readily attainable in many 

collectors, the order remains the same; however, the thermal endurances 

of the sealants are quite poor. Butyl gives 7 days; EPDM, 30 days; 

acrylic, 72 days; ethylene-acrylic, 82 days; and the silicone, 430 days. 

d (3). Thermal Aging of Class SC Tensile Specimens. 1t was necessary 

to cast sheets of the Class SC elastomers (caulks) from which the tensile 

specimens could be cut. The mold employed was fabricated from neoprene, 

Mylar and glass in the following manner. Four rectangular cavities 

5-1/2 in. x 1 in. x 1/16 in. were cut from 7 in. x 7 in. x 1/16 in. neoprene 

sheets. The neoprene sheet was then coated with a silicone mold release 

agent and laid down on a 7 in. x 7 in. sheet of 2 mil Mylar which had been 

coated first with a silicone and then a fluorocarbon mold release agent. 

This assembly was then clamped to a 1' in. x 7 in. x 1/8 in. gl.ass plate 

to rigidity the structure. 
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A caulking. compound was inserted into the mold cavities and 

spread evenly with a single-edged razor blade until it conformed to the 

dimensions of the cavity. Each casting was permitted to cure at room 

temperature for 4 to 6 weeks. Tensile specimens were die cut from the 

room temperature cured castings in the same manner as were the Class PS 

specimens. 

* Code .A, B and C specimens (silicone caulks) were aged at 175°C, 

200°C and 225°C. In general, aging intervals began at one day and 

nouhled with each consecutive exposure up to.64 days. Final aging 

interval was 100 days. Intermediate intervals were omitted in some 

cases when it appeared that information gained would be of limited value. 

Prior to initiation of the aging exposures, all tensile specimens were 

post-cured 24·hr at the temperatures at which they were to be aged. 

Aging was carried out in the same manner utilized for the Class PS 

tensile ~pecimens. Tripiicate tensile specimens were aged for each 

aging temperature-aging interval combination. 

The CodeD (acrylic terpolymer), E (Hypalon) and F (butyl) 

tensile specimens were post-cured 24 hr prior to initiation of thermal 

aging at the temperatures at which they were to be aged as had been done 

with the silicon~ caulks. Aging temperatures selected were 100°C, 

125°C and 150°C, reflecting the known lower thermal stabilities of these 

materials. Purpose of the initial post-cures was to minimize the 

very large changes that occur at the outset of elevated temperature 

exposure as volatiles (present in large quantities in caulking 

formulations) are driven off. Aging intervals for the D, E and F 

materials were identical to those used for the silicone caulks. 

Where possible, the tensile specimens were evaluated by 

measurement of tensile strength, ultimate elongation and tensile modulus 

at 100% elongation ?Y the procedures of ASTM D-412-75, Rubber Properties 

in Tension. Values reported represent averages for three specimens. 

* Refer to Table 1 for descriptions of codes for materials. 
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Performance of caulking compositions during thermal aging is 

very difficult to interpret, due in major degree, to the rather large 

quantities of volatile materials normally employed in these compositions 

to provide suitable working properties prior to cure. These volatiles 

remain present in substantial quantity even after long curing at room 

temperature. As a consequence, considerable amounts of volatile 

components continue to evolve during the early portion of any thermal 

aging program. Loss of these volatiles, primarily plasticizers and 

solvents, has the effect of increasing tensile streng~h and modulus quite 

sharply while reducing ultimate elongation. Reversion of the polymer, 

involving degradation of polymer chains into shorter segments by random 

chain scission, results in reduction of tensile strength and rigidity. 

It is evident that this l~tter process which proceeds simultaneously 

with loss of volatiles produces opposing effects. In consequence, it is 

not easy to determine to what extent an observed change in properties 

is due to relatively small progress in one process or to substantial 

progress in both with one predominating. The picture is further complicated 

by the presence of a third process which proceeds concurrently with the 

two just discussed. This is additional cure, an inevitable consequence 

of the fact that primary cure is carried out at room temperature. 

Further cure will result in increased cross-linking, a structural change 

whose effects reinforce those of loss of volatiles, i.e., increased 

tensile strength and modulus and lowered extensibility. 

In view of this complexity, it ~eems appropriate to concentrate 

interpretation of the test data on actual properties at the longest 

aging period. This appears to provide the most realistic assessment of 

practical performance which is available. The General Electric silicone 

caulk, RTV-103, easily outperforms the two Dow Corning silicones in 

tensile properties after 100 days at 225°C. DC-732 and DC-790 follow 

in that order. The same order of performance is maintained at the two 

lower aging temperatures, but at 175°C, the DC-732 and DC-790 have become 

roughly comparable. Although RTV-103 remains the best performer at 175°C, 
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its performance is closer to that of the Dow Corning resins than at the 

higher temperatures. It is unfortunate that these data are not suitable 

for the Arrhenius treatment since such a treatment would provide slopes 

which could be used to predict aging curve intersections. Since this 

information is not available, we can only suggest that it is possible 

that the observed sequence in performance of individual compositions 

might change at lower aging temperatures. 

The Code D, E and F materials, acrylic terpolymer, Hypalon 

(chlorosulfonated polyethylene) and butyl, respectively, are in a lower 

thermal stability category than the silicones, as might be expected of 

completely organic elastomers. The silicones show better tensile 

properties after 100 days aging at 175°C than does the acrylic, the best 

of the organic Class SC elastomers, after 100 days aging at 150°C. 

The acrylic caulk still retains respectable tensile strength after 100 

day~ at 150°C (well above the initial tensile strength, although it 

appears to be declining), but its elongation has declined almost to zero, 

indicating loss of elastomeric properties. The butyl rubber showed 

zero elongation at the start of the test at all aging temperatures, 

indicating that even the 24-hour post-cure at 100°C had been sufficient 

to cause it to lose its elastomeric properties. Hypalon performed better, 

but was markedly inferior to the acrylic. Its ultimate elongation had 

declined to zero after only four days of aging at 150°C, and near to zero 

after 64 days at 125°C. This compares to 80% elongation for the 

acrylic after 100 days at 125°C. After 100 days at 100°C, the acrylic 

exhibited 210% ultimate elongation while the Hypalon had declined to 

60%. 

d (4). Thermal Aging of Class PS and SC Weight Loss and Hardness Specimens 

Class PS weight loss and hardness specimens were 3-1/2 in. x 

2-1/4 in. strips cut from rubber sheets of nominal 70 mi~ thickness 

provided by the several rubber suppliers. Post-cure of these materials 

is covered in Section d (1). Class SC weight loss and hardness specimens 

were prepared in the same manner as the Class SC tensile specimen blanks 
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described in Section d (3), with the exceptions that the mold cavity was 

3-1/2 in. x 2-1/4 in. and that a 4 in. putty knife was used in place of 

the razor blade to spread the caulk sealant into the cavity. 

Ouplicate specimens of both the Class PS and Class SC materials 

were aged in air in the same manner as were the tensile specimens covered 

in Sections d (1) and d (3). They were removed periodically from the aging ovens for 

weighing and hardness measurement. All measurements were performed after 

the samples had cooled to room temperature. Since these tests are non­

destructive, consecutive tests were performed on the same specimens. 

Hardness was determined on samples used for the weighings with a Shore A 

Durometer. Aging temperatures and intervals varied with the composition 

being aged, but were adjusted to the known relative thermal stabilities 

of the formulations being studie.d. The actual aging temperatures, test 

intervals and results are displayed in Table 10 and Figs. 27-44. Data 

reported in this table represent the average of measurements on two 

specimens. 

Weight loss which occurs during thermal aging of elastomeric 

systems in air is subject to alternative interpretations. A relatively 

high weight loss indicates either that volatile components are being 

lost (as would be the case initially with caulking formulations) or that 

the polymer is undergoing degradation to form volatile decomposition 

products. Low weight ioss, however, must not be regarded as final proof 

of high thermal stability since degradation (in the sense of loss of 

elastomeric properties) could occur by cross-linking rather than by 

chain scission, and no volatiles would be formed. Oxidation by atmospheric 

oxygen can occasionally result in retention of oxygen by the polymer 

with a consequent weight gain although, more frequently, volatile 

o~idation products are split off and a weight loss takes place. Despite 

the complexity of the overall picture, high weight loss in most ~nstances 

is nssocinted with poor thermal stability and low weight loss with good 

thermnl stability. As indicated in the foregoing discussion, low weight 

los.s is the more ·ambiguous phenomenon and such data need to be reinforced 
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by data from other tests in which changes in mechanical properties with 

aging are monitored before any final judgment of thermal stability is 

made. High weight loss, on the other hand, in conjunction with visual 

observation of changes in sample appearance may be sufficient evidence 

in itself to disqualify a material. Because it is inexpensive to run . 

and does provide preliminpry information quickly, weight loss is generally 

regarded as a useful screening test. 

This type of measurement is very pertinent to the flat-plate 

solar collector application because volatiles, whether originally present 

as plasticizers or whether pyrolytic or oxidat·ive degradation products, 

may deposit on the glazing or on the absorber plate, thereby decreasing 

the efficiency of the unit. This effect will be discussed in detail in 

the section on outgassing studies, part i. 

Change in hardness during thermal aging is also indicative of 

ongoing degradation. As is the case with weight loss, however, failure 

·of the hardness to change does not provide rigorous proof of thermal 

stability. For example, hardness effects resulting from concomitant 

formation of cross-links in one type of chain segment and chain scission 

in a different type of chain segment in a copolymer chain could essentially 

cancel each other. 

d (5). Discussion of Class PS Weight Loss and Hardness Data. No attempt 

was made to apply an Arrhenius treatment to any of the weight loss data 

because it is regarded primarily as a screening test. Observation of the 

weight loss data for the higher temperature materials (silicones and 

fluorocarbon) reveals that the fluorocarbon is poorer than the two better 

silicones at 250°C, but the order of performance inverts as aging 

temperature is lowered so that the fluorocarbon becomes far superior to 

all of the silicones in weight loss performance at 175°C. Interestingly, 

the weight loss performance 6f HS-70 remains the best of all three of 

the Class PS silicones at all aging temperatures from 250°C to 150°C, 

NPC 80/40 is very poor at the higher aging temperatures, but outperforms 

SE-7550 at 175°C and below. Resistance of the three silicones to weight 

loss at. 150°C is in the following order: HS-70 > NPC 80/40 > SE-7550. 
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Among the intermediate temperature Class PS elastomers, Hycar 

(polyacrylic),.Vamac (ethylene-acrylic) and Nordel (EPDM) rather closely 

parallel each other in performance on weight loss. Nordel is best by 

a small margin on short-term aging at 150°C with Vamac showing the highest 

weight loss. On longer term aging at 150°C, the order is changed with 

~he Hycar polyacrylic showing the highest weight loss and the Vamac 

and Nordel being nearly identical. Examination of the 125°C data 

suggests that the Nordel would be somewhat superior. The butyl rubber 

was clearly infer{or to all three of the other intermediate temperature 

Class PS elastomers on weight loss performance at all aging temperatures. 

The fluorocarbon rubber, Viton, displays the best resistance 

to change in hardness on thermal aging at every aging temperature 

employed. The silicones, SE-7550 and HS-70, display comparable hardness 

increases in general upon thermal aging with the exception that HS-70 

appears to be slightly more stable at 250°C. At 250°C and 225°C the 

silicone, NPC 80/40, is affected more severely than the other $ilicones. 

This gap narrows at 175°C,and at 150°C its performance is essentially 

identical to that of the other silicones. 

The four intermediate temper~ture elastomers display roughly 

comparable and moderate increases in hardnes.s at l25°C and 100°C. At 

150°C, however, their performances are markedly inferior to those of 

the silicones. The small hardness thanges ubs~tv~~ will1 the butyl rubber 

are undoubtedly misleading sin~e this material undergoes chain scission 

at these temperatures with a consequent softening effect which negates 

the hardening effect from other concurrent processes of degradation. 

d (6). Discussion of Class SC Weight Loss and Hardness Data. Short-term 

_weight loss of caulking compositions is an ambiguous phenomenon since loss 

of large quantities of such volatiles as solvents, plasticizers and 

volatile products of the c~rihg reactfori bccurs concurrently with weight 

losses due to degradation of the polymer. Our use of long curing periods at 

room temperatute, ~riot to initiation of aging, was designed to mirii~iz~ this 
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problem, but cannot eliminate it. With the.se compositions, thermal 

stability is judged on the basis of rate of weight loss after considerable 

preliminary thermal aging. 

The silicone caulks are in considerable degree l~~s subject 

to the ambiguities of the preceding discussion than are the lower 

temperature organic caulks. The silicone c·aulks are formulated from 

low moiecular weight silicone irttermediates and as a conseqtience, have 

quite low viscosities as compounded and therefore do not require the 

addition df any substantial quantity of solv~nts or plasticiz~rs, 

Examination of the weight loss curves, Figs. 35-37 and Table 10, 

for the three silicone caulks indicates that performance of the RTV-103 

and DC-732 compositions are about equivalent with the DC-732 appearing 

to be slightly superior at the higher aging temperatures and appreciably 

better at the lower temperatures. DC-790 is markedly inferior to both. 

Among the lower temperature caulking compounds, Hy~a1on 

(chlorosulfonated polyethylene)., Tremco "Mono" (acrylic) and Tremco . . . ·. 

butyl. the acrylic display.ed the lowest weight ·losses. Next came 

the butyl caulk, and Aypalon was the highest. 

Just as with weight lqss, t~e DG-790 caulk exhibited the greatest 

increase in hardness at the three test temperatures, 225°C, 200°C and 

175°C. The RTV-103 displayed better resistance to hardness change at 

225°C than did DC-732. The DC-732, however, was superior at the twu 

lower test temperatures, 200°C and :p5°C. 

The lower temperature caulking compounds experienced far greater 

changes in hardness during thermal aging than did the silicones. The 

butyl caulk exhibited a very sharp rise in hardness during the first 

day due to initial loss of solvent and plasticizer, and then the remainder 

of the weight loss plot was nearly flat .. Limitation of the rate of rise 

of hardness during the later phases of thermal aging to a very low value 

is attributed to chain scission which tends to negate other processes 
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which might increase hardness. ·Both Hypalon and the Tremco acrylic 

showed substantial increases in hardness as the aging progressed. 

e. Hydrolytic Stability Tests 

The flat-plate solar collector cell service environment is 

likely to involve not only intermittent exposure to high moisture levels 

(from high atmospheric humidities, from dew or from rain), but also 

concurrent elevated temperatures as the collector unit warms up immediately 

after a period of exposure to high mo~sture levels. It, therefore, 

becomes important to compare hydrolytic stabilities of sealants regarded 

as candidates for this application. 

Elastomeric systems immersed in hot water can, depending upon 

their chemical and physical characteristics, undergo several simultaneous 

processes, all of which can alter the mechanical properties of the 

system. These processes, all involving different chemical or physical 

mechanisms, may, in some cases, reinforce each other in causing a 

particular effect and in other cases compete with. each other because 

they tend to produce conflicting effects. During the early stages of 

exposure to the elevated temperatures, many polymers experience an 

increase in tensile strength and elongation because of further polymerization 

to increase their state of cure (Figs. 1, 2 and 45). As water permeates 

into the polymer matriH, it hehaveo ao a plaotiei~er eauoing a diminution 

in tensile strength and often an increase in ultimate elongation. 

Concurrently, plasticizers and prticessing aids are leached out causing 

a decrease in elongation and an.increase in tensile strength. Which of 

the preceding two effects predominates is dependent upon the nature of 

the polymer and the other ingredients in the compound. ~11 of·the 

formulations tested (Figs. 46-54) appeared to have exhibited, at least 

during the early stages of the test, increases in tensile strength 

(percent retention vnlues > 100%) which is attributed primarily to 

furth~r curing, Lut wl1lch in some cases may be iugmented by the leaching out 
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of plasticizers. Later, as water continues to enter the interface between 

the polymer and reinforcing filler, the tensile strength of the system 

is reduced. 

The most harmful hydrolytic effect arises when the polymer 

contains an appreciable concentration of such hydrolyzable linkages 

as ester, urethane, or siloxane. Cleavage of hydrolyzable cross-links 

manifests itself as a drop in tensile strength and modulus and an 

increase in ultimate elongation eventually leading to a loss of 

thermosetting characteristics. Hydrolytic cleavage of linkages ur 

segments in the primary chain can lead to a catastrophic drop in tensile 

strength and, in some cases, ultimate elongation. 

Hydrolytic stability testing was carried out by immersion of 

mechanical test specimens of elastomers in water at a series of elevated 

test temperatures for selected test intervals and monitoring deterioration 

of mechanical properties as the test exposures proceeded. Tensile 

specimens (ASTM D-412) of all Class PS compositions evaluated and of as many 

of the Class SC materials as possible were aged hydrolytically and 

deterioration of tensile properties was monitored. Data acquired in 

this program is presented in Tables 11 and 12. Hydrolytic stability 

and part~cularly stability of elastomer to ·substrate bonds under 

hydrolytic conditions, was further studied with the Class SC elastomers 

by hydrolytic aging of ASTM C-794 peel strength specimens. 

e(l). Tensile Properties as a Criterion of Hydrolytic Stability. To 

assist in the establishment of suitable initial water imme~sion 

temperatures and test intervals for the extended testing of ASTM D-~12 

specimens, a limited number of preliminary screening te~ts were carried 

out ~n which tensile specimens of several compositions were exposed to 

immersion in 150°C water for relatively short periods. Changes in 

w~ight, hardness and modulus at 100% elongation were observed. This work 

led ~o selection of water immersion temperatures of 125°C, 100°C, 83°C 

and 67°C for the ext~nded testing. It was decided that initial exposures 

in each case wotild be one day and that total exposure would be doubled 
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with each succeeding test interval until total exposure at the lower 

test temperatures had reached 128 days. Triplicate tensile specimens 

of each composition were prepared as described in the procedures of 

Section d ("Thermal Stabilities of Class PS and Class SC Materials") 

and were tested for each combination of water immersion temperature 

and aging interval. Tensile str~ngth, ultimate elongation and tensile 

modulus at 100% extension were monitored as the hydrolytic aging 

progressed. Prior to these measurements and subsequent to removal from 

water immersion, samples were air dryed 16 hr at 80°C. 

A brief summary of the performance of each composition* 

evaluated by hydrolytic aging of tensile specimens is presented in the 

following paragraphs. Details are pre~ented in Figs. 46-54 and Tables 

11 and 12. Individual composition~ represented by the code letters are 

identified in Table 1 and formulations of each composition, to the extent 

that they are known to us, are presented in Table 2. 

Fluorocarbon - Viton 31-323-0731A {L) 

After an early enhancemen~ of cure, the TS** and E** appeared 

to drop slowly, perhaps due to a slight hydrolysis effect; however, the 

relatively greater drop of TS suggests that plasticization by water is 

occurring. 

Silicone - NPC 80/40 (Q) 

At 125°C, there is a moderate drop of both TS and E which 

indicates hydrolysis of the polymer. This decrease of tensile properties 

is considerably slower at 100°C. At 83°C, the TS rises slightly for the 

first 64 days, indicating that cross-linking or chain-forming reactions 

dominate over hydrolysis. This effect is even greater at 67°C. 

* . . The acrylic (D), Hypalon (E) and butyl (F) caulking compounds were 

** 

too weak and tacky to permit this ty~e of testing. An attempt was made 
to test silicone caulk DC-790 (B); however, its great elongation exceeded 
the capability of the testing apparatus (Table 11). 

TS = tensile strength; E = ultimate elongation 
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Silicone HS-70 (Q) 

The tensile properties decreased rapidly at 125°C and 

progressively less rapidly at the lower temperatures indicating a 

significant susceptibility to hydrolytic degradation. 

Silicone SE-7550 (G) 

The effect of hydrolytic aging was not plotted for this 

material since its high elongation was beyond the capability of the 

testing machine during the early agi~g period. Nevettheless, hydrolysis 

is indicated by the overall drop of TS and E at 125°C and 100°C. At the 

lower temperatures, the material appeared to exhibit good stability. 

Silicone Caulking Compound RTV-103 (C) 

At 125°C, E increases while TS decreases indicating hydroly~is 

of cross-links and a possible plasticizing effect by water. This 

compound exhibits good stability at the lower temperatures. 

Silicone Caulking Compound DC-732 (A) 

After an initially sharp rise in E and TS at 125°C, indicating 

additional cure, both tensile properties dropped precipitously, 

indicating considerable hydrolysis of the material. The stability 

at the lower temperatures was much better. 

Butyl SEX-123 (P) 

The E and TS exhibited essentially the same characteristics, 

both dropping slowly at 125°C and 100°C after an initial increase. 

This behavior is consistent with an initial increase in degree of cure 

followed by plasticization by water. 

Ethylene-Acrylic Vamac 3300-12A (J) 

At 125°C, the E drops sharply, whereas the TS rises and then 

also exhibits a sharp drop. It appears that the polymer undergoes 

additional cross-linking followed by hydrolysis. On immersion at 

100°C, the TS increases while the E decreases indicating that cross­

linking is the dominant phenomena for the 64 day period at this 
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temperature. At the lower temperatures, E drops steadily while the TS 

_rises for 80-100 days and then begins to drop slowly indicating that 

additional cross~linking predominates initially and that hydrolysis 

later becomes the controlling factor. 

Acrylic,Hycar 4054, 210-108-35-1 (K) 

This material was not tested at 125°C because a screening 

test indicated that it would fail almost immediately. However, it 

displayed good stabilit~ at the three lower ~emperatures. At 100°C, 

th~ increase of TS and concomitant decrease -of E indicated that cross­

linking reactions associated with continuing thermal exposure were quite 

important. 

Ethylene-Propylene Terpolymer, EPDM, Nordel 3300-11 (N) 

This material displayed excellent resistance to hot water. 

In summation, most materials· displayed good to fair resistance to 

hydrolytic degradation. The EPDM Nordel was excellent and the Viton 

quite good. The acrylic and ethylene-acrylic displayed better hydrolytic 

stability than expected because of their potentially hydrolyzable 

ester groups. The butyl rubber showed good resistance .to hot water; 

however, because of its chemical structure, it was expected to 

perform even better. The silicones ranged from good to fair; however, 

on an overall basis, their performance was considered disappointing. 

e(2). Peel Strength as a Criterion of Hydrolytic Stability for Class 

SC Materials. The ASTM C-794-:-75 test, "Adhesion-in-Peel of Elastomeric 

Joint Sealants" utilizes ·a test specimen in which a glass fabric-reinforc~d 

strip of the sealant is adhered to a substrat~. The reinforcing fabric 

constitutes a single layer of fabric between two layers of the sealant 

so that none of the reinforcement is present at the interface between 

sealant and substrate. The sealant is cured while in contact with both 

the substrate and the reinforcing fabric so ~hat wetting by the sealant 

at the interface with the substrate and the interface with the fabric is 
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of optimal quality. Our hydrolytic stability testing was carried out 

primarily with glass as the su.bstrate •. Glass panels for the test 

specimens were cut from 1/8 in. window glass. Where glass was use4 as 

the substrate material, no primers were utilized with any of the 

elastomeric compositions tested. The test specimens were prepared. 

in essential accordance with the method described in the procedures of 

ASTM C-794-75, with the exception of the curing schedule. All 

specimens were allowed to cure one month under bench-top conditions in 

the laboratory before initiation of the hydrolytic aging exposures. 

Hydrolytic aging temperatures were identical with those used 

for aging of the ASTM D-412 tensile specimens. In general, aging intervals 

between monitoring tests were also the same, except that some of the 

shorter and intermediate test intervals were omitted at the lower aging 

temperatures in the interest of conserving samples for the longer test 

intervals. Following removal from the hydrolytic aging environment and 

prior to testing, all test specimens were oven-dryed at 80°C for 16 hr. 

Testing involved use of a tensile test machine to pull the glass fabric 

reinforced strip of elastomeric composition back upon itself at an angle 
' of 180° with the glass substrate. Force required to accomplish this was 

measured. Where the strip did not separate cleanly from the substrate, 

a razor blade was used to accomplish t~!~ separation and pulling was 

restarted. It was, however, quite common for failure to continue within 

the body of the elastomer rather than at the elastomer-substrate interface, 

indic.ating that cohesive strength of the elastomer was smaller than the 

strength of adhesion to the substrate. Four test specimens were measured 

for each aging temperature-aging interval combination. Results of thes~ 

tests are reported in Table lJA. 

Adhesion of the Class SC caulks to metal substrates was also 

examined, but in a less extensive and more qualitative manner. Metal 

substrates studied were galvanized steel and mill finish aluminum. Tn 

those instances where the supplier of the caulk recommended use of a 

primer on the metallic substrate, the recommended primer was used. The 

combinltions examined are tabulated below. 
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Caulk-Metallic Substrate-Primer Combinations Examined 

Metallic 
Elastomer Galvanized Steel 
Code No. Class Primer Used 

c sc 
D sc 
B sc 
E sc 
F sc 
A sc 

1General Electric primer SS-4044. 
2 Dow Corning primer 1200. 

SS-40441 

None 

12002 

None 

1200 

None 

Substrate 
Mill Finish Aluminum 

Primer Used 

SS-4044 

None 

None 

None 

None 

1200 

All of the ASTM C-794-75 specimens prepared with metallic 

substrates were aged by immersion in water at 100°C for 109 days. 

Following removal from the hydrolytic environment, all samples were 

permitted to air-dry at robm temperature on the laboratory bench top 

for a period of one week. They were then evaluated qualitatively 

by observation of their behavior when pulled apart manually. Judgments 

as to the relative adhesive and cohesive strengths of each caulk-substrate­

primer combination are tabulated in Table 13B. 

The adhesion of all the caulking compounds (SC) to the glass 

and metal panels was adversely affected by immersion in hot water 

(Tables 13A and 13B). Careful examination of the modes of failure revealed 

that some failures were adhesive in nature; that is, the caulk pulled away 

from the panel, and others cohesive in which the caulk e?sily tore 

leaving a significant residue on the panel. Generally the failures displayed 

a combination of both mechanisms. 

Under conditions of this test, several phenomena occur 

simultaneously. The elevated temperature promotes the loss of low 

molecular wei~1t components such as residual solvent, plasticizer and 

polymer fragments, and in some cases enhances the state of cure. 
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Increased curing and loss of volatiles tend to improve the strength of 

the material. This is consistent with the improvements in peel strength 

shown by several of the compounds. As water enters the polymer matrix, 

it leaches out some of the low molecular weight compounds and also behaves 

as a plasticizer. In addition, it may weaken bonding between the 

reinforcing fillers and the polymer matrix. · Both this and its 

plasticizing effects cause a dimunition in the cohesive strength of the 

material. As the water displaces the polymeric material from the 

interface with the glass or metal panel substrate, a marked drop in 

adhesive strength results. Superimposed on all of these phenomena is the 

susceptibility of some polymers to undergo chain sci:;sion 

resulting from hydrolysis of primary chain linkages or cross-links. 

In time, hydrolytic degradation will lead to catastrophic failure o£ 

such materials. 

It is very difficult to compare the effects of hot water on 

retention of adhesive peel strengths of different caulking compounds since 

in addition to considering the percent retention of original peel strength, 

one must also take into account the absolute magnitude of the initial 

strength. For example, since silicone RTV-103 (code C) has an initial 

peel strength fifteen times greater than Hypalon (code E) and almost 

eight times greater than butyl (code F), a far greater drop in the percent 

retention of the strength of RTV-103 can be tolerated. 

Of the three caulking compounds which displayed relatively 

high initial strengths, RTV-103, 15 1~; acrylic (code D), 11.5 lb; 

and silicone LC-790 (code B), 9.4 lb; and the intermediate strength 

silicone DC-7~2 (code A), 4.3 lb, only the DC-790 exhibited good 

properties after four days in water at 125°C. The DC-732 exhibited 

the earliest evidence of catastrophic failure (Table 13A). On immersion 

at 100°C, DC-790 exhibited good property retention for B-16 days. 

The RTV-103 was next best displaying a low but significant peel strength 

over the same pcriud of time. The DC-790 was also t!tc best performer 

- on the 83°C test 1:iving adhesive peel values close to 10 lb and 4 lb after 

43 



64 and 128 days, respectively. After an initial decline in strength, the 

acrylic showed good resistance to 83°C water, gradually improving to give 

a peel strength of rv 7 lb after 64 days. The RTV-103 displayed a moderate 

value of 5 lb after 64 days and a low strength of 2 lb after 128 days. 

Compound DC-732 retained slightly over 2 lb peel strength after 16 days 
r 

and 0.4 lb after 128 days. After 128 days, at 67°C, the DC-790 did not 

appear to have undergone significant degradation. The DC-732 which had 

lagged behind the RTV-103 at the higher temperatures, surpassed it at 

67°C on a percent retention of initial property basis. It retained 

approximately 61% and 32% of its peel strength after 64 and 128 days, 

respectively, whereas the RTV-103 over the same time periods exhibited 

retentions of 20% and 17%, respectively. However, because of its 

greater initial strength, the RTV-103 displayed a higher peel strength 

than the DC-732 after 128 days. 

The butyl and Hypalon were very difficult to evaluate because 

of their very low initial peel strengfusof 1.9 lb and 1.0 lb, 

respectively. In addition, as a result of their weakness and tackiness, 

it was very difficult to handle and measure these materials. Despite 

handling problems, the data indicate that these two compounds did not 

undergo any significant degradation on immersion in water at temperatures 

as high as 100°C. 

The scatter in th~ p~~i r~s1stance d3ta precluded th~ 

preparation of meaningful gr~phical representations of the decay in 

the combination of adhesive and cohesive strength of the specimens on 

hydrolytic aging. Some, but not all, of this difficulty can be 

attributed to the complexity resulting from dual modes of failure. 

A larger statistical sampling would render the data more interpretable; 

however, the inherently large scatter in the results, .which were obtained 

under carefully controlled laboratory conditions, suggests that 

considerab.lc variations in the quality of the caulking application 

would resul.t in actual factory and field applications. 
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In use in actual collector systems, movement resulting from 

thermal expansion and contraction could cause failure; however, this is 

much less severe than the 180° peeling employed in these tests. 

Nevertheless, it appears important to design cdllectors so as to 

minimize dependency on retention of the adhesive and cohesive strength 

of the caulking compound. 

f. Accelerated Weathering 

Outdoor weathering as encountered in the flat-plate solar 

collector cell application consists primarily of a combination of ultra­

violet light, moisture and elevated temperatures. 

Obviously, exposure to oxygen or ozone and to pollutants comprise a 

portion of the environmental picture, but test methods for accurate 

and simultaneous simulation of all factors involved are not available. 

ASTM C-793-75 is an established test procedure for caulking type 

elastomers (Class SC) which provides ultraviolet exposure, intermittent 

simulation of rain and a moderate degree of temperature elevation. 

The National Bureau of Standards has described a modification of ASTM 

C-793-75 test (Stiehler, R. D. et al., "Solar .Energy Systems -- Standards 

for Rubber Seals," NBSIR 77-1437, March 1978) 1 in which specimens are 

thermally aged in air at u series of elevated temperatures prior to 

exposure to accelerated weathering. Exposure to ultrayiolet light 

from a carbon arc for 1000 hr is proposed in this modification, but no 

mention is made of either simulation of rain or use of elevated 

temperature during the irradiation. Since extensive evaluations of the 

effects of exposure-to elevated temperatures and ozone are being performed 

separately in our program, we prefer to limit accelerated weathering 

testing to essentially tl1e conditions described in the original version 

of ASTM C-793. These conditions involve no prior thermal nging and 

250 hr exposure to ultraviolet light from a carbon arc with eighteen 

minutes of water spruy during each 2 ltr.of ultraviolet irradiation and 

a chamber tE!mperature of 60°C during exposure. 
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The ASTM C-793-75 procedure utilizes a 1/2 in. mandrel test for 

evaluation of weathering specimens. We felt that this testwas too 

qualitative and could possibly be misleading since occasional Class SC 

elastomers may undergo depolymerization during weathering as opposed to 

the more normal cross-linking reactions, and, as a consequence of the 

concurrent softening, actually show improved performance on the mandrel 

test even though severely degraded. In the hope of obtaining more 

quantitative and less ambiguous results, we exposed ASTM D-412 tensile 

specimens to weathering in place of the specimen prescribed by the 

AST~ C-793-75 procedure. Tensile specimens fur this study were prepared 

as described in the procedures for Section d, "Thermal Stabilities of 

Class PS and Class SC Materials". 

For mounting in the Weather-0-Meter, the samples were suspended 

from a 10 mil aluminum strip to which each was attached by a loop of 

bare copper wire. Each sample had been punched in the grip section of 

the dog bone to provide a 1/16 in. diameter hole for insertion of the wire. 

The wire loop which held the tensile specimen was suspended from the 

horizontal aluminum strip by having one end bent into a hook which passed 

over the top of the strip. Three specimens of each composition were 

suspended from a single strip of aluminum and a similar mounUng was 

attached to the lower ends of the specimens to keep them properly 

extended for exposure to the ultraviolet light source. One sample 

assembly of this type for each composition to be tested was hung from the 

top rack of the Weather-0-Meter. 

All Class SC specimens had received a four to six week cure 

at room temperature prior to mounting. It was found that two of these 

materials, Tremco Mono (acrylic) and Hypalon (chlorosulfonated polyethylene) 

could not sustain tl1c weight of the lower aluminum strip at room 

temperature. Tensile specimens of both failed during overnight suspension 

in the h'eathcr-0-Meter before th~ machine had been started. J\n attempt 

was made to salvage the test by post-curing fresh tensile specimens of 

both compositions first fo~ l hr at 80°C and then for 2 hr at 100°C before 
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mounting. This expedient made it possible to secure test data on Tremco 

Mono, but both Tremco butyl sealant and the Gibson-Homans Hypalon failed 

to retain sufficient integrity during the weathering test to provide 

meaningful data. 

An Atlas Electric Device Weather-0-Meter, Model XW-WR, was 

used to provide the accelerated weathering test exposures on the 

ASTM D-412 tensile specimens. This machine employs a carbon arc in 

conjunction with a Corex D filter to provide the ultraviolet exposure. 

The energy distribution curves of Fig. 55 compare this light with natural 

sunlight at Chicago. The conditions of the weathering test exposure 

described in the ASTM C-793-75 procedures have already been outlined. 

In practice, it was found that the exposure chamber temperature dropped 

to an average of 52°C during each 18 min spray period. During the 

102 min between spray periods, average chamber temperature was 57°C. 

Relative humidity in the exposure chamber ranged between 97% and 100% 

during the spray cycles and remained at about 89% during the dry cycles. 

Following the accelerated weathering exposure, the tensile 

specimens were evaluated by measurement of ultimate tensile strength, 

ultimate elongation and tensile modulus at 100% elongation. These 

measurements were performed in accordance with the procedures of 

ASTM D-412. 

Table 14 displays the data obtained from the tensile specimens 

before and after the exposure to simulated weathering. It was found that 

these elastomers in general were relatively unaffected by the exposure 

used. The ethylene-acrylic polymer (Vamac) appears to show somewhat 

greater change than the other Class PS elastomers tested. Its increase 

in elongation and decrease in modulus at 100% extension suggest that some 

depolymerization has occurred with consequent reduction in degree of 

cross-linking. Performance of the Class SC caulks is less consistent. 

These compositions might be expected to become increasingly rigid durin~ 

the weathering exposure due in part to continued loss of solvent and 
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plasticizer present in the material as received and in part to continuing 

cure. This would be expected to result in lower ultimate elongation 

and in higher modulus at 100% extension. The two Dow Corning silicone 

caulks and the acrylic conform to this prediction from the standpoint 

of decrease in ultimate elongation, but DC-732 does not show an increase in 

tensile modulus. Since the acrylic (Tremco Mono) lost its extensibility 

completely, its modulus could not be measured. Behavior of thls acrylic 

is quite surprising since acrylics in general possess excellent 

weatherability. Since the formulation of this composition is proprietary, 

we are not able to speculate on the cause of this essentially complete 

loss of extensibility other than to suggest that exposure to ultraviolet 

light causes it to develop an unusually high degree of cross-linking. 

The tensile specimens of this particular composition were unusually thin, 

a circumstance which would tend to cause increased susceptibility to 

the action of the ultraviolet light source. 

We believe that, to the extent that the ASTM C-793-75 test 

may be cons-idered an adequate weathering exposure, all compositions 

tested, with the exception of the acrylic (Tremco Mono), show acceptable 

weatherability. It must be recognized that longer exposures to accelerated 

weathering would be likely to show significant differences in weathering 

resistance between compositions which appear equivalent on the test 

actually oarri~d out. 

g. Fungus Resistance 

Resistance to attack by fungus is a meaningful consideration 

because collectQr assemblies may be stored for long periods of time 

prior to installation. Even though temperatures under service conditions 

are sufficiently high to kill the fungus organisms, sealants susceptible 

to attack by fungus could be degraded before the collector is installed. 

ASTM D-412 specimens of both Class PS and Class SC sealants 

were exposed to fungal attack by an outside contractor, Microbac 

Laboratories, Inc. of Pittsburgh, PA. The fungal exposure employed 

was that defined by Military Specification, MIL-F-13927A (ORD) and in 
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more detail by Military Standard 810-C with the exception that one of 

the five organisms specffied, penicillium lilacinum, was not available. 

This organism was replaced by chaetomium globosum. The other four 

specified organisms, aspergillus flavus, aspergillus niger, penicillium 

citrinum and trichoderma were utilized as directed. 

The degree of growth of fungal organisms on sealant sample 

surfaces was observed after 30-day and 60~day exposure intervals by 

Microbac personnel. Their observations and ratings are presented in 

Table 15. The rating scale used is that established in ANSI/ASTM G-21-70. 

Following both the 30-day and 60-day exposure periods, the 

specimens were characterized by measurements of tensile strength, 

ultimate elongation and tensile modulus at 100% elongation, Shore A 

hardness was also measured. Table 16 presents this data in comparison 

with values from tensile specimens not expose4 to fungus. The data 

reported represent average values from.three specimens. Fig. 56 

pictures fungal growth on specimens after the 30-day exposure interval. 

The visual observations on extent of fungal growth on rubber 

specimens indicate that silicone elastomers in general are more resistant 

than other types. The Hypalon (chlorosulfonated polyethylene) is also 

very resistant due presumably to inherent fungicidal properties associated 

with the sulfonic acid or with the hydrochloric acid which would be 

liberated when the aqueous fungal suspension is brought into contact with 

the elastomer. The relatively high resistance of the Tremco butyl rubber 

at 30 days is almost certainly due to presence of additives which exhibited 

fungicidal properties since the other two butyl rubbers performed 

poorly. The ethylene-propylene terpolymer, Nordel 3300-11, and the 

polyacrylic, 210-108-35-1, exhibited only light fungal growth and are 

probably acceptable from this standpoint. Despite visual indications of 

susceptibility to fungus with a substantial proportion of the formulations 

~ested, change in physical properties, in general, was relatively small. 

Increase in tensile strength or modulus is very probably due to development 
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of increased cross-linking during the fungal exposures which are carried 

out in the temperature range of ~0° to 85°F. The Class SC materials 

normally contain a volatile solvent which is incorporated to provide a 

workable viscqsi~y at the ttme of applicatton of the c~ulk. E~cape ot 

this solvent during the funga~ ~xpo~ure provides an additional 

mechanism for increase in t~nsile st;rength and modulus as w~ll as in 

hardness. It would appear from the generally small observed physical 

changes that degradation due to fungus is not a major problem. The 

fungal exposure provided in the test is certainly far more severe than 

any which would be encountered in storage of collector units. It does 

appear that a fungicide should be incorporated into any butyl rubber 

formulations which are used and this observation applies also to the 

fluorocarbon elastomer which exhibited an unexpectedly large amount of 

fungal growth. 

h. Ozone Resistance 

Exposure to atmospheric ozone results initially in cracking 

and crazing of elastomer~. Since defects of this type, once initiated, 

can propagate to result in mechanical failur~ under conditions of stress, 

it becomes important to compare qzone resistance of candidate sealants 

for the solar collecto~ cell application. 

Test specimens of the sam~ Class PS and Class SC elastomers 

evaluated for resistance to fungus attack wer~ exposed to ozone at the 

Ozone Research and Equipment Corpora~ion of Phoenix, AZ in accordance 

with the procedures of ASTM n~ll49-55T (Mod.) and ASTM D-518-Proced~re C. 

The ASTM specimens were so mounted that they were held at 15% elongation 

during an exposure of 166 hr at 40°C in an atmosphere containing 100 pphm 

ozone. These stretched samples were observed daily under 7X magnification 

for visual signs of deterioration. Results are summarized in Table 17. 

Trcmcn•s Mono (acrylic) and butyl caulk compounds and the 

Gibson-Homans butyl caulk were not evaluated b~cause physical integrity 

of the specimens was not adequate to sustain the 15% elongation. The 
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Tremc9 butyl SC compound, having a consistency like cardboard, was too 

rigid for the 15% stretch mounting, and the acrylic and the Gibson-Romans 

butyl SC compounds remained too soft and tacky to handle even after a 

60~day exposure to· the room environment. 

With the e~ception of the butyl rubber, all of the materials 

evaluated appeared to display good resistance to ozone. I~ is suggested 

that antiozonants be incorporated into butyl rubber formulations, 

especially in applications where the butyl compound is exposed to the 

atmosphere or is in proximity to large electrical equipment. 

i. Chemical Degradation and Outgassing Studies 

The outgassing of preformed seals (PS) and seal caulks (SC) 

is of high concern to solar collect9r manufacturers. The evolved 

materials usually condense on the cooler glass or plastic glaze surfaces, 

either in the ~arm of P liquid or a 1ow melting solid. These 9eposits 

significantly reduce the transmittance of solar light (Table 18) through 

the glas~ and thereby reduce the gfficiency of the collector. 

Inside ~ac~ sola:r collector t~o types of dew (~ondensation) 

points exist. One· is a rooisture dew point and the other an o~ganic 

hydrocarbon vapor dew point. we ar~ al~ familiar with water vapor dew 

points a~ a functio~ of temBer~ture. Orga~ic dew points are analogous 

to the moisture dew point. The amount of a given organic vapor present 

in the air at any specific pressure/temperature condition is a function 

9f the volati~ity of that particl.llar org~nic material at those conditions. 

Natur?lly, air wili hold more vapor, whether it be moisture 

or organic, at a high temperature than it will at ~ low temperature. 

As the temperature decreases to a point below the moisture or organic 

vapor dew point, condensation will occur on the coolest surfaces in the 

collector which usually include the glass or plastic glaze. 

!Is the temperature of the collector rises 'above the dew point, 

the £ondensate on the glass glaze will evaporate. The evaporation of 

moisture is clean and complete, and no residues or deposits are left on 
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the glass. However, over long periods of time, moisture condensates 

can slowly leach out sodium or other metal salts from the glass and a 

white salt deposit will slowly form. These salt deposits also greatly 

reduce the transmittance of solar light through the glass. 

Organic condensates result from the diffusive loss of low 

molecular weight compounds originally present in the compounded 

elastomer seal and of products formed when the sealant or coating is 

degraded or depolymerized as a result of exposure to elevated 

temperatures, water, ultraviolet light, oxygen, ozone, etc. The organic 

condensates do not evaporate from the glass in a clean manner and usually 

leave either .a colored oily residue, a white powdery deposit or a 

continuous solid film.. These organic residues result from further 

chemical reactions of the liquid organic condensate through a thermal, 

oxidative or ultraviolet induced mechanism. During the many 

condensation/evaporation cycles that a solar collector experiences, 

these condensate coatings slowly build up, producing an adverse effect 

upon light transmittance. The sources of organic outgassing consist of 

the preformed seals, caulk seals, thermal insulation, organic coatings 

and organic polymeric materials used in structural applications. 

A test was developed to study the degradation and outgassing 

of seals and coatings. This test method provides data on the rate and 

degree of outgassing of ~ mat~rlal, and al~u ~tuvld~s dll aDaly~ia of the 

composition of the evolved produ~ts. 

In ~his test a sample of the material is placed in the bott~m 

of a test tube, and a sodium chloride crystal is mounted in the open end 

of the tube and held in place by a series of dimples in the glass wall 

of the tube. This assembly (Fig. 57) is then positioned vertically into 

a closely fitting hole in the top of an oven so that only the lower 

two-thirds of the tube is inside the oven. Most of the cond~nsable 

outgassing products condense on the bottom surface of the sodi.um 

chloride crystal~ with a small amount condensing on the glass tube area 
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surrounding the crystal. Condensable volatiles are observed as weight 

increase of the crystal and noncondensables by the difference between. 

this and the total weight loss of the test sample. The coated sodium 

chloride crystal is placed directly into the infrared spectrophotometer 

for determina-tion of the chemical nature of the condensable products. 

Many sealant compositions were characte~ized by this test 

(Table 1). The preformed sealants (PS) were evaluated as received. The 

seal caulks (SC) compounds were cast in approximately 1/16 in. thick 

sheets on Mylar film, which had been treated with a Teflon mold release 

agent. All of the SC compounds were room temperature vulcanized for 

four to six weeks prior to testing. 

In the standardized outgassing test, the oven was operated 

at 150°C for a period of nine days. The sodium chloride crystal 

reached an equilibrium temperature of 65 ± 2°C during these tests. The 

compositions of the condensable products were identified by infrared 

analysis using a Perkin-Elmer, Model 700 Infrared Spectrophotometer. 

The results of these outgassing studies are displayed in Tables 

19, 20 and 21, and Figs. 58 through 66. 

The silicone seal caulks (Table 19 and Fig. 58) showed varying 

degrees of volatility. Compounds B and W (DC-790 and DC-795) produced 

the lowest amount of volatiles (1.3% and 1.7%, respectively), while 

Compound V (G.E. 2400) produced the greatest amount of volatiles (7.8%). 

All of the other silicone seal caulks fell within these extremes. 

(Materials described here which were·not subjected to the other tests 

were received too late for those tests.) 

The preformed silicone seals produced less volatiles than 

the silicone seal caulks (Table 19 and Fig. 59). Compound H (Silastic 747) 

produced the most volatiles (1.1%) in this group, while Compound G 

(G.E. silicone SE-7550) produced the lowest (0.04%). 
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The infrared spectra obtained on all of the silicone 

sealants showed the condensables to be predominantly low molecular 

weight linear or cyclic alkyl polysiloxanes (Table 19). The alkyl 

polysiloxanes are characterized by the three major absorption bands at 
-1 

800. 1000-1100 and 1260 em (Fig. 60, Spectrum 2). The condens~bles 

from Compound A (DC-732 white) also possessed infrared absorption bands 
-1 . 

at 1380 and 1460 em (Fig. 60, Spectrum 1). These absorption bands, 

plus the bands between 2800-3000 cm~1 indicate the presence of a 

paraffinic oil. Compound H (DC Silastic 747) shows additional 

absorption bands at 1490, 1590 and 1720 cm-l (Fig. 60, Spectrum 3). 

These bands are characteristic of aromatic type esters. 

The intermediate temperatur~ caulk sealants produced a 

large quantity of volatiles (Fig. 61). Compound D (Tremco Mono) 

produced 4.4% volatiles, Compound E (Gibson-Homans Hypalon) gave 28.4(. 

and Compound F (Tremco butyl sealant) produced 14.5% volatiles (Table 20). 

The infrared spectra of the condensables obtained from these materials 

are shown in Fig. 62. The condensable volatiles from Compound D 

are low molecular weight acrylic fragments or oxidized paraffinic oil. 

Compound E liberated condensables which appeared to contain an alkyl 

sulfonic acid ester. The condensables from Compound F are either 

oxidized paraffinic processing oil or oxidized low molecular weight 

butyl fragments or a combination of both. 

The preformed intermediate temperature sealants produced 

considerably less volatiles than their seal caulk counterparts (Fig. 63). 

The two fluorocarbon sealants (Compounds L and M) showed less than 

0.02% volatiles, while Compound J (ethylene/acrylic) produced 3.89% 

(Table 20). The infrared spectra of some of these compounds are shoWn in 

Fig. 64. Compound J .produced volatiles cons-isting of low molecular 

weight ethylene/acrylic fragments. Compounds 0 and R, which are 

butyl sealants, produced volatiles consisting of oxidized processing 

oil or oxidized low molecular weight butyl fragments. Compound P, which 

is also a hutyl sealant, was found to give off stearic acid. 
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The data obtained on several ethylene-propylene terpolymers 

(EPDM) is displayed in Table 21 and Figs. 65 and 66. Compound N (DuPont 

Nordel 3300-11) exhibited low vol&tility (0.8%). CompoundS, an extruded 

EPDM absorber plate (Sola Roll) manufactured by Bio-Energy Systems, 

produced 3.8% volatiles aftei nine days and 6.0% after 16 days of 

testing (Table 21). Compound T consisted of three molded sheets of 

EPDM 18464 and also was supplied by Bio-Energy Systems. These sheets 

were numbered upon receipt,· as 1, 2 and 3, for our identificat.ion 

purposes. Test specimens were taken only from sheets 1 and 2 for the 

outgassing test. As seen by the data (Table 21 and Fig. 65), a great 

difference in volatility was found between sheets 1 and 2. Sheet 1 

(Compound T, #1) produced high volatility ranging between 3.6-4.7%. 

Sheet 2 (Compound T, #2) only had a volatility of 1.1-1.3%. After 

testing for 16 days, the difference had increased to 5.3-6.0% for 

T, #1 versus 1.2-1.5% f~r T, #2. 

The condensable product from Compound N is a naphthenic 

processing oil as characterized by the hydrocarbon absorption bands at 
. -1 

1260, 1380, 1460 and 2800-3000 em , and the aromatic unsaturation 

band (C=C) at 1600 cm-l (Table 21 and Fig. 66). The spectra for t~e 
other EPDM samples are essentially identical and the condensables 

have been identified as being either oxidized paraffinic oil or oxidized 

low molecular weight chain scission fragments or a combination of both. 

As shown in Fig. 65, the outgassing of EPDM compounds S and T 

is proceeding at a fairly uniform rate. A constant rate of volatile 

formation is a good indicator of depolymerization or reversion of the 

polymer. The infrared analyses have not shown any significant change 

in composition of the condensables since the beginning of the test. 

Therefore, one would have to conclude that these condensables are 

essentially oxidized low molecular weight EPDM depolymerization 

fragments. 

55 



The quantity of very low molecular weight noncondensables 

evolved is less than 0.4% for most of the test specimens. It is 

believed that a large portion of the noncondensable fraction is 

moisture, which had been adsorbed by the specimens. Silicones C, 

U and V produced high amounts of noncondensables which consisted 

primarily of low mol~cular weight alkyl siloxanes, acetic acid 

and/or other products formed during room temperature vulcanization. 

Butyl sealants, 0 and R, also produced a substantial quantity of 

noncondensables which were identified as low molecular weight butyl 

polymer, organic solvents and moisture. 

4.5 Recommendations on Limitations of Elastomers 

When all property requirements are consideredt one must conclude 

that there are no presently available sealan~s which meet all requirements 

of the thermal solar collector application. Limitations of the several 

available types of materials will be discussed by property category. 

4.5.1 Compression Set 

Test exposures upon which data extrapolations are based are 

continuous exposures and lead to thermal life predictions based on 

continuous exposure. In actu~l service, life will be longer Hince 

exposure to top service temperatures is intermittent. The factor. by 

which s~rvice life will exce,ed continuous thermal exposure life will 

range from about three up to far higher values depending upon 

geographical location and positioning of the collector. We feel that an 

elastomer used as a gasket must not exceed 50% in compression set in 

order to retain reasonable ability to maintain a seal in a fixed gap. 

Our life and service temperature estimates are therefore based upon time 

required to reach 50% compression set at a selected aging temperat~re. 

The best candidate to meet reasonahle.ser.vice requirements is 

the fluoroca.rbun rubber (Viton). Its 510-day extrapolated life at 150°C 

indicates a four year service life under conditions of maximum severity 
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and perhaps several times that long under normal conditions. The best 

silicone in the compression set service category, NPC 80/40, exhibits 

a life of only 100 days at 125°C and extrapolates to a life of about 

315 days at ll0°C. This is not considered adequate for acceptable 

service life and yet all other compositions tested save the Viton were 

poorer than this. 

Despite these data, Viton cannot be unequivocally recommended. 

Its low temperature compression set is unacceptably high. We must 

conclude then, that if selection of a gasketing elastomer is limited to 

presently available formulations, it becomes necessary to redesign 

the thermal solar collector unit in such a way that the frames which must 

be sealed are spring-loaded and apply continuous pressure against the 

gasket. 

4.5.2 Corrosion 

None of the compositions tested attacked anodized aluminum, 

the solar collector frame material used by most manufacturers, and, under 

the cond.itions of our tests, only butyl attacked mill finish aluminum. 

Hypalon, butyl, the Hycar polyacrylic and the Nordel EPDM all attacked 

galvanized iron. It, thus, appears that galvanized iron is not the' 

frame material of choice for the flae-plate solar collnctor unit application 

and that corrosion by elastomer.ic sealants will not be a problem if the 

collector cell frames are fabricated of anodized aluminum. 

4.5.3 Thermal Stability by Elevated Temperature Aging of Tensile, 
Weight Loss, and Hardness Specimens in Air 

Monitoring of tensile strength, ultimate elongntion, weight 

and hardness as these properties changed during thermal aging in air 

was utilized as n further indication of rubber degradation even though 

hardness might be regarded as the only one of these characteristics 

having real relevance to performance in the solar collector unit. 

The Arrl1enius treatment was applied only to the Class PS tensile specimens 

and even there it was found not to be suitable for all compositions tested. 
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Because failures (decline of tensile properties to 60% of initial values) 

were not experienced with the fluorocarbon (Viton) tensile specimens, no Arrhenius 

plots could be made, but ~t would appear from the data that the material 

would be useful at a temperature of at least 175°C. The Class PS 

silicones would perform acceptably well at 150°C or slightly b~low. 

The Hycar polyacrylic, the Vamac ethylene-acrylic and the Nordel EPDM 

should be useful at 125°C or slightly lower. The order of performance 

as indicated by thermal aging of tensile specimens in air is ethylene 

acrylic > polyacrylic > EPDM. Butyl exhibits the poorest stability of all 

and appears by the tensile life criterion not to be useful at any 

temperature above 100°C. Butyl rubber is very extensively used by some 

manufacturers of flat-plate solar collector cells because uf its unique 

low impermeability to water and other vapors. The wisdom of thig policy 

is elusive since nearly all collector units manufactured are vented to 

provide breathing and thus are not hermetic. We suspect that many 

manufacturers, particularly the smaller operations, may be unaware 

of the poor thermal stability of the butyl rubber. 

The Class SC organic caulks, Hypalon (chlorosulfonated 

polyethylene), Mono (acrylic) and butyl are all formulated with 

relatively large amounts of such processing aids as solvents and 

plasticizers and, because of the volatility of these componenls, should 

not be used in locations where there is communication with the interior 

of the solar collector cell. Such use is almost certain to result in 

deposition'of condensable products on glaiing and collector plates witlt 

lowering of solar cell unit efficiency. These materials tend to lose 

their elastomcric properties, particularly ultimate elongation, quite 

rapidly, even at temperatures as low as 125°C and 100°C, so that the{r 

utility in the solar collector cell application is questionable at 

best. The Class SC silicone caulks, on the other hand, appear comparable 

to the best of the Class PS silicones in performance in retention of· 

tensile strength and ultimate elongation during thermal aging and 

would be useful at 150°C. RTV-103 and DC-732 are superior to DC-790. 
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It should be pointed out that. these materials are intrinsically rather 

weak initially, even though they resist deterioration with aging, and, 

in consequence, should not be used in locations where there is 

appreciable physical stress. 

4.5.4 Hydrolytic Stability 

The Nordel EPDM rubber was found to be the best in hydrolytic 

stability. The fluorocarbon (Viton) and the silicones were somewhat 

disappointing due presumably to a plasticizing action by water in the 

former case and to hydrolytic chain scission in thR latter case. The 

acrylics, Hycar and Vamac, were relatively good, and also better than 

expected since they incorporate hydrolyzable groups. The Class PS butyl 

(8EX-123) also exhibited good hydrolytic stability, although its chemical 

structure led us to expect better performance than was actually observed. 

It is quite possible that the changes in tensile characteristics of 

the Cla~s PS butyl were due to the thermal rather than the hydrolytic 

environment. 

It is important to realize that the total immersion in elevated 

temperature water conditions which were used as the hydrolytic environments 

in our test program are useful only to compare hydrolytic stabilities 

of different materials. These ~onditions cannot be extrapolated to 

solar collector cell service conditions and used to predict life because 

the service environment permits water to be alternately adsorbed and 

then expelled on a cyclic basis. Actually we do not regard hydrolytic 

stability as more than a minor problem at worst since the hydrolytic 

stabilities observed in the water immersion tests lead us to believe 

that no material tested would fail in service from this cause prior to 

the occurrence of other modes of failure. 

It is interesting to observe that DC-790 far outperforms 

DC-732 and RTV-103. the other two silicone caulks studied, on the 

adhesion-in-peel testing as contrasted with the thermal aging in air 

studies where it is by fa:r the poorest of the three. In locations where 
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retention of adhesion is important, DC-790 must be considered the best 

caulk tested. The Class SC acrylic, Mono, shows better initial adhes~on 

on this test than the other two organic caulks, Hypalon and butyl, 

but deteriorates rapidly at 100°C and falls close to the level of the 

other two at the two lower aging temperatures after long exposure. 

When the severity of these tests is considered, it seems reasonable to 

predict that the acrylic would retain better adhesion during its service 

life. It must be kept in mind, however, that all Class SC caulks tested 

lose their elastomeric properties quite rapidly during thermal aging, 

even at low aging temperatures and that even the acrylic, the most 

thermally stable of the three, would not be useful on a long-term 

basis above about 100°C. 

4.5.5 Accelerated Weathering 

At the Weather-0-Meter exposure used, effects on tensile 

properties of the elastomers tested proved to be quite small with 

the exception of Mono, a Class SC acrylic. This material lost its 

extensibility completely, suggesting that the exposure to ultraviolet 

light caused a large increase in cross-linking. It should be noted 

that the Class PS acrylic did not exhibit this effect. If the 

Weather-0-Meter exposure used in these tests is ade~uate to expose 

weathering problems, we must conclude that weathering is not of more 

Lliai1 minor concorn. Sine~? thP tP.Rt exposure h~s been standardized 

as an ASTM test, it is to be regarded as having considerable authenticity, 

but results of longer test exposures would be interesting. 

4.5.6 Fungus Resistance 

Although the test exposures to fungus resulted in limited 

fungal growth on most of the elastomeric compositions tested, changes 

in tensile properties were generally small. Fungal exposure is not 

regarded as a significant problem except for those few compositions 

where relatively large amounts of fungal growth were observed. It 

would appear that fungicides should be incorporated into butyl or 

fluorocarbon rubber formulations. 
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4.5.7 Ozone Resistance 

With the exception of the Class PS butyl rubber, all compositions 

tested exhibited good resistance to ozone and, generally, this 

environmental factor is not regarded as a severe problem. Poor resistance 

of the butyl rubber should be correctable by incorporation of an 

antiozonant into the formulation. The three organic Class SC materials, 

Mono (acrylic),Hypalon. (chlorosulfonated polyethylene) and butyl could 

not be tested because these materials failed quickly when mounted at 

15% elongation. 

4.5.8 Outgassing 

The outgassing studies have shown the Class SC elastomers to 

produce considerably more volatiles than the Class PS elastomers. 

Fluorocarbon PS elastomers produced the smallest amount of volatiles 

and were rated the.best in this property. Certain silicone PS elastomers 

were also found to produce low volatiles and would be our second choice. 

The acrylics and Nordel (EPDM) also showed relatively low volatiles 

and would be our third and fourth recommendations, respectively. 

It must be realized that these results were obtained in the 

laboratory through testing at only one test temperature (150°C). The 

actual initial rates at which volatiles are given off in an operating 

solar collector could, therefore, be higher or lower depending on its 

operating temperature. It is difficult to relate accurately the effect 

of condensables on the actual solar light transmittance through the 

collector glaze over the life of the collector. Laboratory tests have 

shown, however, that condensables do significantly reduce solar light 

transmittance an~ nre one of the major factors in reducing solar collector 

efficiency. 

It, therefore, becomes important that only those elastomers 

that show low volatility be selected for collector applications. 
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4.6 Recommendations for Selection of Polymers and Compounding Formulations 

We have ta.bulated below the elastomer types which, based upon 

the results of this study, we believe to be viable candidates for the 

flat-plate solar collector cell application in both the high and 

intermediate temperature service categories. These selections are based 

upon consideration of physical properties, availability and economics. 

1. High temperature 

• Fluorocarbons 

• Silicones 

2. Intermediate temperature 

• Acrylics 

• Acrylic copolymers 

• EPDM 

The one physical property which we observed to limit service 

lives of elastomers most severely is elevated temperature compression 

set. Most promising approaches toward improving this characteristic 

involve moderate increase of cross-link density and increase of filler 

content. The fluorocarbon rubber and the polyacrylic in particular 

suffer from excessive compression set at low temperatures. This 

difficulty is associated with high glass transition temperatures and 

thuo \lith dovolopm,mt of .-;qrc;;t-;~11 ini ty rlnrine; 1 ow temperature eXPQf,?t)re. 

A promising approach to correction of this problem involves modification 

of the polymer chains in such a manner as to decrease regularity in the 

chain. This objective might be achieved by introduction of an additional 

monomer whiclt can be copolymerized into the growing chain at random 

intervals. Other possibilities involve use of polymer blends or alloys 

and IPN (interpenetrating networks). An approach certain to be 

effective at reducing low temperature crystallinity involves 

incorporation of certain high molecular weight plasticizers into the 

composition. Ideally these molecules would be grafted onto the primary 

chains of the polymer to prevent their volatilization. If this cannot 
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be accomplished, then great care must be exercised in selection of 

materials introduced in order to minimize volatilization. 

Rubber formulations in general are quite complex as 

illustrated by the compositions whose formulations are displayed in 

Table 2. Functional additives and processing aids such as solvents, 

plasticizers and lubricants must be selected with .great care and with a 

view to minimizing volatility. The weaknesses of each type of elastomer 

must be considered carefully in designing a formulation which utilizes 

that elastomer. Functional addit~vcs such as antioxidants, antiozon~nts, 

UV stabilizers and fungicides must be incorporated when necessary to 

improve the performance of a particular elastomeric system, but are better 

omitted when not really needed. 

Optimization of the better formulations which we have evaluated 

is an additional important consideration. In obtaining compositions for 
/ 

testing, we requested suppliers to provide formulations which they 

considered best adapted to the solar cell application. It is likely 

that the materials provided, although selected with flat-plate solar 

collector cell environment requirements in mind, were not in most cases 

actually formulated for that specific application. Even in those isolated 

cases where they were so formulated, it is unlikely, due to the rather 

small volume of the solar cell market at this time, that any real 

atte~pt at optimization was made. 

4.7 Breathing Survey 

A computerized literature search on solar collector breathing 

was ~ade of the following data bases. 

1. Lockheed Information Retrieval System 

• NTIS - National 1echnical Information System 

• U.S. Patents 

• Chemical Abstracts 

• Engineering Index 
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2. Department of Energy (DOE) System - RECON 
'. 

• Energy Research Abstracts 

• Nuclear Science Abstracts 

The keywords which were used in various combinations in this 

search were solar collector(s), flat-plate collector(s), flat-plate. 

solar collector(s), breathing, venting, vent, pressure, seal, 

desiccant(s), moi~ture, adsorbent(s), and outgassing. 

Approximately one hundred print-out references were obtained 

from this search; however, only three of these, one Germart2 and two 
3 4 [nited States patents, ' provided any useful information. 

The best source of information proved to be solar collector 

manufacturers. Many manufacturers and suppliers were contacted for 

information on their solar collectors and 35 replies were obtained. 

In Table 22 are tabulated the results of this survey on 17 manufacturers 

of solar collectors. 

A summary of the data reveals that 16 of these solar collectors 

are identified as being either vented, breathing or self-draining units. 

One collector made by Energy Systems, Inc. is described as being 

hermetically Realed. Only four manufacturers reported using a desiccant 

in their collector, and in all except one case, this was silica gel, 

lJfie manufw.:Lu•'ei.· ut5e.8 a duo-ndegrb<mt (n;:mison 801) consisting of molecular 

sieve and silica gel. 

Discussions with several solar collector manufacturers indicated 

that they did not feel that the moisture contained in the air as humidity 

was a serious problem in collector breathing. However, if the seals 

permitted leakage of gross amounts of rnin water into the collector, this 

was considered to be a serious problem due to salts and corrosion products 

being deposited on the glazing. 

The most serious problem nppears to be the outgassing of the 

various polymeric materials used in the construction of a solar 

collector. The matcrinls that have a potential for outgassing include 
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preformed rubber seals, caulk seals, absorber plate coatings, and 

insulation. They evolve products that can condense out on the cooler 

glass glaze, reducing the solar light transmittance and thereby lowering 

the efficiency of the collector. 

Most of the solar collector breathing (moisture removal) 

techniques are derived from the multiple glazed breather window industry. 
5 6 Two patents ' were retrieved that describe these methods and techniques. 

Also, calculations were provided in these patents for the determination 

of the amount of desiccant required to remove moistur~ during the 

expected life of a multiple glazed window. 

4.8 Effects of Breathing -- Analysis of Solar Collectors · 

Five solar collectors, which had been in service at three 

different locations, were obtained for analysis. These were examined 

with regard to their design, fabrication and materials of construction. 

Particular concern was given to-problem areas such as leakage, 

corrosion, glaze deposits, deterioration of absorber plate coating, 

and degradation of sealants. 

4.8.1 Towns Elementary School, Atlanta, Georgia 

Two collectors were received from this location. These were 

manufactured by PPG Industries, Ford City, PA, and had been in service 

for three years and two months. 

Construction. The overall view of this unit is shown in 

Fig. 67. A cross-sectional diagram of its construction is s-hown in 

Fig~ 68. It is constructed using a double glaze of PPG Herculite tempered 

safety glass and an absorber plate made from roll bonded aluminum. The 

glazes and the absorber plate are separated by 1/2 in. galvanized iron 

alloy spacer tubes. These two spacers contain approximately 225 g of 

silica gel each. The spa,cer tubes have direct communication with the 

interior of the coilector through a series of openings provided by a 
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crimp seal. The spacer tubes also communicate with the outside ambient 

through two 1/16 in. vent or breather tubes located at one corner of 

th~ spacer (Fig. 69). 

The absorber plate coating was the Alcoa 655 process coating. 

This coating (proprietary) was prepared from an aluminum alloy/siliGate 

mixture, which when heated to an elevated temperature, corroded the 

aluminum in such a way as to form a black finish. 

The primary seal between the glazes, spacers and absorber 

plate was a bead of a butyl caulk seal material (Fig. 68). The secondary 

seal was formed by a 2 in. strip of 10 mil thick aluminum, coated on one 

side with 40-50 mil of the butyl sealant, and then formed around the 

edge of the assembly as shown in Fig. 68. A stainless steel channel 

placed over the secondary seal locks all the components into position 

by its squeezing action. 

A 4 in. layer of .fiberglass is then adhered to the back of the 

absorber plate to complete the unit. 

Analysis. The first and most obvious observation one noted 

about these two collectors wa~ the complete absence of a bl~ck absorber 

plate c6ating or finish. The absorber plate surface, which was initially 

black, now hris the appearance of sandblaste~ gray aluminum. Uiscussions 

wlt:h 1\lt:ua Il:!Vl:!<tleJ· tlMt thi3 coating (.<\lco::t 116.55 proc-'i"~"") h:1rl pnnr 

stability and short life, and was no longer being used. 

The double glazes showed no vis~ol si~n~ of haz~ and/or an 

opaque coating. Light transmittanc~ values, using an incandescent light 

source and a photoelectric receiver (l~ig. 70) showed ho significa~t 

reduction. Fig. 71 shows the microampere values obtained at various 

positions on the glaze. Fig. 72 shows the correlation between microampere 

value and actual light transmittance loss, as Measured between 400~950 nm, 

usii1g a Coleman Spectrophotomet:er. Due to the shat:tering and fragment,ing 

quality of tempered glass, pieces suitable for use in the spe·ctrophotometer 

could not be obtained (see Appendix II). 
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The inner surface of the second glaze, facing the absorber 

plate, was coated with a very thin layer of a transparent material. 

Weight calculations indicated this coating to be present in the amount 
2 

of 0.033 g/m . Due to its transparency, it did not appear to reduce 

the light transmittance. An infrared spectra analysis of a sample of 

the coating removed with chloroform, indicated this material to be 

very similar to that obtained from a pytolyzed sample of the butyl 

sealant. The main difference was a carbonyl (oxidation) adsorption 

band (1725-1735 cm-1) found in the glaze coating. It is hypothesized 

that the Outgassihg products from the butyl sealant co~densed on the 

cooler glass glaze and were slowly oxidized by a thermal or an ultra­

violet induced oxidation. 

No water leakage or migration was observed through the primary 

seals between the glass glazes. However, both collector panels did 

show some slight seal failure and water migration into the space between 

the second glaze and the absorber plate. Rust was found in a few regions 

on the outer surfaces of .the spacers and indicated some secondary seal 

failure (Fig. 73). Corrqsion was also found between the spacer and 

absorber plate and indicated some primary seal failure. 

A 1 in. wide band of white salts cr corrosion products was 

found on the bottom of the absorb~r plate (Fig. 74). These materials 

were very slightly soluble in water, but were readily dissolved by 

dilute hydrochloric acid. 

The seal failures occurred through one or two failure mechanisms. 

First, several small areas were found in which the butyl sealant 

did not adhere to the spacer or glass glaze. These areas did not show any 

corrosion or rust and thus, water had not leaked into them. These non­

adhering areas were probably caused by an improper application of the 

secondary seal, or an oily smear on the spacer. Secondly, the loss of 

11dhesion and leakage through the primary seal between the spacer and 

absorber plate could also have developed as previously mentioned. 
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Another possibility is that the'opening could have resulted from a 

shearing action set up by the difference in the coefficient of thermal 

expansion between the aluminum absorber plate and the iron alloy spacer~ 

4.8.2 National Bureau of Standards, Gaithersburg, Maryland 

Two collectors were also received from this location. These 

also were manufactured by PPG Industries, but possessed certain differences 

from the other previously discussed PPG solar collectors. These units 

were operated from Ma!ch 1975 to May 1976. 

Construction. An overall view of this unit is shown in Fig. 75. 

A cross-sectional diagram of its construction is shown in Fig. 76. 

In these units, there_were no primary-seals between the glazes, 

spacers and absorber plate, and the secondary seal was only present at 

the outer edges of the outer glaze and the absorber plate. These 

collectors contained a steel enclosure which was fastened to the stainless 

steel channel with adhesive-backed aluminum tape. Thus, the fiberglass 

would not be exposed to installers and handlers. 

Analysis. The most apparent problem with these collectors 

was their ability to leak rain water and the associated corrosion and 

rusting. 

The sealing technique used in these units was grossly inferior 

to the other PPG units. As a result, the spacers are corroded over 60% 

of their surface area, the absorber plate has many corrosion sites 

(Fig. 77) aud·the glazes are coated with a white opaque discontinuous 

deposit of salts and corrosion products (Fig. 78). Weight measurements 
. 2 

indicated these coatings to be present in the amount of 0.151 g/m 

for the botto~ side of the outer glate to 0.237 g/m2 for the upper ~ide 
of the inner glaze. The light transmittance values as shown in Fig. 79 

are significantly lowered by as much as 25% for the combined glazes. 
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No evidence of a butyl seal condensate coating was found on 

the inner glaze. However, a multicolored coating was found in several 

areas o~the glaze (Fig. 80). This coating was identified by infrared 

analysis to be a polyacrylate. 

Three heavy deposit streaks ran across each inner surface of 

the outer glazes. These indicate hotspot areas, and appeared to be 

caused by external metal cross-bars which were used to hold the 

collector in its service position (Fig. 81). The absorber plate coating 

was of the lacquer variety and was in excellent shape, and jet black. 

Infrared analysis indicated it to be based upon an acrylic type 

polymer. 

The steel enclosure,· isolating the fiberglass, was badly 

rusted. In many areas, particularly the corners and edges, it had 

corroded completely through (Fig. 82). 

4.8.3 University of California Laboratory, Los Alamos, New Mexico 

One solar collector was received from this location. This unit 

was manufactured by the Turbo Refrigerating Co., Denton, Texas. It had 

been in continuous operation between May 1, 1975 and February 9, 1979 

(three years and nine months). 

Construction. An overall view of this unit is shown in Fig. 83, 

and a cross-sectional diagram of its construction is shown in Fig. 84. 

This unit is a double glaze collector using untempered, low 

iron glass. Each glaze consists of three individual glass panels, wh:lch 

are connected to each other throughan H-shaped preformed silicone seal 

(Fig. 24). The glazes are sealed into the steel spacer by means of n 

C (channel) shaped silicone seal as shown in Fig. 24. The steel spacer 

is attached to the main steel frame by a steel locking sleeve which is 

riveted to the frame. A silicone caulk seal is applied over the rivet 

head and end. Also, a caulk seal is applied at the interface between 

the sleeve, outer glaze and its preformed silicone. seal. 
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The absorber plate, as well as all other steel constructiop 

members, is coated with a black velvet coating. A polyurethane foam 

is used as the back insulation. No provision was made for venting, 

breathing or drying. 

Analysis. This unit appeared to be well fabricated and sealed. 

No evidence of gross migration (leakage) of rain water into the interior 

of the collector could be found. A small amount of moisture had been 

present in the unit as evidenced by some droplet residue marks, ~nd 

some water streaks on the inner glaze. Also, a narrow band of staih and 

discoloration was found on the bottom end of the absorber plate, which 

could indicate a small pool of water had been present. 

The rubber p~eformed seals w~re identified by infrared analysis 

as silicones. ·The channel seal, used in sealing the glaze into the 

spacer, was designed so as to press upon the glaze. As shown in Fig. 24, 

the ends of the channel seal were thicker than the rest of the seal. 

When they are inserted into the spacer slot, more pressure is exerted 

on the ends and they are squeezed very tightly on the glass. The H-shaped 

seal, used to join the glaze panels, relies completely on a snug fit. 

for lts sealing action. Apparently, both of these seals were leak-proof. 

The outer glass glaze was clear and clean, and showed no 

significant reduction in light transmittance. The inner glaze, however, 

did show a slight reduction in transmittance due to a white, powdery, 

and discontinuous coating on the glaze surf~ce towards the absorber 

plate. Light transmittance val~es are shown in Fig. 85. Fig. 86 shpws 

the blotchy nature of this coating. This coating was present in the 

amount of 0.129 g/m
2 

and was insoluble in both water and dilute 

hydrochloric acid, thus indicating it was not a corrosion/salt type 

product. An infrared analysis showed it to be 100% silica, such as 

fumed or colloidal silica. 

No evidence of corrosion or rusting was found in the interior, 

or for that matter, the exterior of the collector. 
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4.9 Desiccants 

Desiccants are materials that remove or take up moisture. 

There are two classes of desiccants; these are solid desiccants and 

liquid desiccants. 

There are three mechanisms through which desiccants take 

up moisture. These are: 

1. Surface (physical) adsorption and capillary condensation 

2. Chemical reaction 

3. Chemical reaction followed by dissolution 

In this study, we will limit ourselves to solid desiccants 

which remove moisture by either mechanism 1 or 2. 

1. 
7 

Silica gel is a porous, granular, amorphous form of silica. 

Its internal structure is a vast network of connected micropores. These 

pores attract and take up moisture by physical adsorption and capillary 

condensation. Silica gel will also adsorb alcohols, hydrocarbons and 

other organic compounds. However, silica gel preferentially adsorbs 

water vapor in the presence of organic vapors. In fact, water vapors 

will completely displace the organic vapors from silica gel saturat~d 

with organic vapors. 

The moisture capacity of silica gel, as a function of relative 

humidity, is shown in Table 23. Its maximum capacity, in the static 

state, is about 42% @ 100% RH, and thus, silica gel is one of the most 

efficient and most widely used desiccants. 

Another advantage of silica gel is its ease of regeneration. 

Moisture saturated silica gel starts to lose moisture at 200°F and 

requires only a few hours to be reactivated. No other desiccant can 

be reactivated at such a low temperature. 

Silica gel is, therefore, an ideal desiccant for use in solar 

collectors. 
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2. 
8 .· ' 

Activated alumina is an aluminum oxide in a porous·, 

amorphous form and having a high surface area. Activated alumina holds 

moisture by physical adsorption and capillary condensation~ It has a 

preference for moisture, but will also adsorborganic vapors. As shown 

in Table 23, its moisture capacity, in the statii state, is about 18% 

at 100% RH. Its capacity is about 60% less than that for silica gel. 

Activated alumina can be regenerated by heating to 350°F to 6Q0°F. 

Activated alumina, therefore, does not appear to be a good 
,--

candidate desiccant· for solar collectors because of its low moisture 

adsorption and its high regeneration temperature. 

8 3. Alumina gel is an activated alumina with approximately 

1.5 to 2.0% Si0
2 

(silica gel). It is a porous material possessing high 

surface area. It holds moisture by physical adsorption and capillary 

condensation, and has a preference for water over organic compounds. 

Alumina gel will hold about 36% moisture at 80% RH and requires 

temperatures in excess of 350°F for regeneration. 

The alumina portion of alumina gel, which is the major portion, 

.would have great difficulty in bei~g regenerated in a solar collector. 

Therefore, it is not considered as a viable candidate. 

4. Calcium sulfate and ':-Drierite9 are anhydrous calcium· 

sulfates in a granular, porous form. Cale.Lun1 :sulf..itl: tl\ke~ Uf' n10i.oturc 

by two types of phenomena. · First, cin exposure to moisture, it forms the 

hemihydrate (Caso
4 

· 1/2 H20) and tnkes up about 6.6% water. Secondly, 

due to its porosity, it takes up an additional 5.4-7.4% moisture by 

physical adsorption and thus, has n total moisture pick-up of 12~14%. 

Its regeneration also takes place under two different heating regimes. 

At 250°F, the physically adsorbed moist~re is driven off; however, it 

requires a temperature of 400-425°F to break up tl~e hemihydrate. 

Calcium sulfate type desiccants, therefore, would not be 

suitable for use in a solar collector. 
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5. Magnesium perchlorate9 [Mg(Cl0
4

)
2

] has a high affinity for 

moisture and will absorb about 48.5% by weight. Its mechanism for dry~ng 

is the formation of the hexahydrate Mg(Cl0
4

)
2 

· 6H
2
o. As the moisture 

absorption proceeds through the mono-, di-, tri- and penta- forms of the 

hydrate, its rate of r~action decreases and the desiccant becomes less 

efficient, In regeneration from the hexahydrate, the first hydrat~ can 

be removed at 275°F, while the remaining hydrates become increasingly 

more difficult and require temperatures in the range of 400-500°F. 

Magnesium perchlorate is, therefore, a poor desiccant candidate 

for solar collectors. 

6. Barium perchlorate9 [Ba(Cl0
4

)
2

] also absorbs moisture 

through the hydrate formation. Barium perchlorate is.reported to form 

only the trihydrate Ba(Cl04) 2 · 3H
2
0; thus, its moisture capacity is 

only 16%. It can be regenerated at between 250-450°F. 

This desiccant would also be a poor candidate for solar 

collectors. 

7. Barium oxide9 IDaO) holds water due to the formation of 

barium hydroxide Ba(OH)
2 

• 8H
2
o. It has one of the highest drying 

capacities available and can theoretically take up nearly 100% of ~ts 

weigl1t in water. The final, complete~y,yater-saturated desiccant appears 

sticky and wet. It requires a chemical method for regeneration. Because 

of its final wet condition and requirement of chemical regeneration, 

barium oxide would be a poor desiccant candidate for solar collectors. 

9 8. Calcium oxide (CaO) also absorbs moisture through the 

hydroxide formation. Its capacity is low due to the formation of 

carbonates (Caco
3

)· on it~ surface, which will not convert to the 

hydroxide. 

This desiccari~· also is not a suitable candidate. 
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9. Activated carbon10- 13 adsorbs moisture through physical 

adsorption and capillary condensation. Its capacity is very similar to 

that for activated alumina (16%). Activated carbon, however, does not 

show prefe~ential adsorption for water as do all of the other desiccants. 

In fact, water adso~bed on activated carbon is displaced by incoming 

organic vapors. 

Activated carbon, therefore, would be more useful in adsorbing 

organic vapors evolved by solar collector seals and coatings. 

10 M 1 1 . d 1" 14 '15 11. 1 . _ o ecu ar Sleves an zeo 1tes . are crysta lne meta 

alumino-silicates. These materials hold moi~ture through physital 

adsorption and capillary condensation. These desiccants have a 

preference fnr water and will adsorb up to 23% @ 100% RH for the 

synthetic molecular sieves and 60-70% @ 100% RH for th~ naturally 

occurring zeolite. These materials are regener?ted by heating to 

250-600°F. 

From the data available, it would have to be concluded that 

silica gel is the best desiccant for removing moisture during solar 

collector breathing. Its selection over the other desiccants is based 

upon its high water capacity, and its ease of regeneration. Both of 

these prope.rties are highly desirable in a solar collector. Molecular 

sieves and activated alumina would be the second and third choices, 

respectively. 

4.9.1 Adsorbents for Organic Vapors 

The list of available adsorbents for organic vapors is shown 

in Table 24. 

All of the adsorbents listed, with the exception of activated 

carbon, have a preference for water vapor. Even th6ugh th~se materials 

will adsorb organic vapors, when they are subjected to saturating water 

v<Jpors, the adsorbed organic vapors will be displaced. Thus, the organic 

vapors- are ag;d.n available for condensing on the glass glaze. 
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Activated carbon preferentially adsorbs organic vapors which 

are not displaced by water vapors. Thus, once they are removed from the 

system, they cannot return. For this reason, activated carbon would be 

the adsorbent of choice for organic vapors. 

4.9.2 Effectiveness of Adsorbents Towards Organic Vapors 

A test was developed to compare the efficacies of various 

adsorbents for adsorption of organic vapors evolved during thermal 

degradation of sealants. This test procedure involves heating an 

elastomer P.pccimen in a tube maintained at 150°C for 216 hr and permitting 

a sample of adsorbent, also maintained at 150°C in the same vessel, to 

adsorb the outgassing products generated by the pyrolyzing elastomer 

(Fig. 87). Weight loss of the elastomer is compared with weight gain 

of the adsorbent in order to obtain percentage adsorption. 

As shown in Table 25, there appears to be very little difference 

in performance between the three adsorqents evaluated in this test. 

The outgassing products evolved from Compound P (8EX-1Z3 butyl) were 

adsorbed equally well by the activated alumina (72.9%), activated 

carbon (70.4%) and the molecular sieve (75.0%). Undoubtedly, variations 

in particle size distribution, pore size and surface area aftect the 

performance of adsorbents. In this screening study; no attempt wa~ 

made to evaluate these effects. The outgassing products evolved from 

Compound C (silicone) were also equally well adsorbed by the activated 

alumina (84.0%), activated carbon (87.6%) and molecular sieve (86.1%). 

However, a higher proportion of the volatiles evolved from the silicone 

sealant are adsorbed by the adsorbents. 

If the placement of the adsorbent is changed from that shown 

in Fig. 87, then less volatiles will be adsorbed. For example, if an 

equal weight of an adsorbent is contained in a 200 mesh screen tube 

(3/16 in. x 3 in;), which is then placed vertically inside the test 

tube containing the sealant, only 40-45% of the total volatiles will be 

adsorbed over the same test conditions. Thus, the amount of available 
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vapors removed is not only dependent on the temperature, the ratio of 

adsorbent to sealant, but more particularly on the ~ocation of the 

adsorbent with respect to the sealant and glass (or plastic glaze). 

If all of the evolved vapors had to pass through an adsorbent 

bed, situated somewhere. between the sealant and the glaze, the 

ac.cumulation of condensate on the glaze would be minimized. However, 

if the adsorbent is only located at a vent or breather tube, the 

volatiles would have unrestricted passage from the sealant to the 

cooler glaze surface and condensation would ensue. This latter 

condition appears to exist in all current solar collectors. 

Since it is impractical ta have a layer of adsorbent 

located between all sealant sites and the glaze, it is, therefore, 

impossible to eliminate vapor condensation on the glaze through use 

of an adsorbent. Therefore, the best approach is to use only those 

sealant materials which exhibit a minimum of outgassing. 

4.9.3 Duo-Adsorbent System 

From this study, it is concluded that a duo-adsorbent system 

is preferred for a solar collector breathing system. 

A duo-adsorbent system16 is currently used and recommended 

for multiple-glazed breather window systens for removing both 

moisr:url:! aud 0rganie vapors. Tho mo!ft. widely used svstem is a mixture 
0 

of silica gel and molecular sieve (nominal pore diameter 4 A). The 
0 

molecular sieve 4 A shows selective adsorption for the water molecules 
0 

and excludes all organics with a diameter greater than 4 A. The silica 

gel portion of the duo-adsorbent has a larger pore ~ize and will adsorb 

the larger organic vapor molecules. However, if the molecular sieve 

becomes completely saturated with water, and the silica gel is exposed 

to water vapors, the organic vapors will be displaced and will reenter 

the air space from whi.ch they were originally removed. 
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To remove'organic vapors essentially irreversibly, a duo­

adsorbent system composed of silica gei and activated carbon would be 

expected to provide excellent performance. The activated carbon would 

hold the organic vapors, while the silica gel would hold the moisture. 

4.10 Ventilation of Solar Collector 

Unless a solar collector is designed ~o function hermetically, 

mechanical provisions, such as vents and pressure relief devices, 

must provide that air be permitted to flow in and out of the collector 

at such a rate that ~xcessive pressure will not develop. Normally, 

control of breathing in a flat-plate thermal solar collector is obtained 

with a desiccant to reduce the humidity of the air inside the collector 

space. In many locations, it is advisable to permit the air to enter 

through a filter or a oed of desiccant in order to remove water and 

particulate matter. 

An unusual approach that will avoid the problems associated 

with breathing involves the use of an elastomeric b1adder to control 

the internal pressure of the solar collector. An essentially hermetic 

collector can be constructed as shown in Fig. 88. 

Investigation into the use of an internal elastomeric bladder 

(Fig. 89) indic.ated that quite a large bladder would be required to 

compensate for the temperature/pressure changes. Mathematical 

calculations have shown that over the temperature range of -20°C to 

+100°C, an elastpmeric bladder would have to be capable of expanding 

to a volume equivalent to 40% of the internal air-space volume within 

the collector. Between -40°C and +150°C, the bladder expansion would 

have to be 67%. An internally contained elastomeric bladder would, 

therefore, produce a substantially larger and more costly solar collector. 

The alternative would be an externally attached bladder as 

shown in Fig. 90. In this approach, the elastomeric bladder would be 

attached to a vent tube protruding out of the back of the collector. 

For example, it could be located in attic space just beneath the roof of 
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the structure. Using this approach, the size of the collector would 

not have to be increased and, therefore, costs would be essentially 

unchanged. 

The small test cell shown in Fig. 90 demonstrated this 

concept to be feasible, provided adequate space was available beltind 

the collector, to accommodate the expanded bladder. 

It should be noted, however, that the bladder approach 

eliminates or greatly reduces only the chance of water condensation within 

the solar collector. The outgassing of organic vapors from the 

various components and sealants contained within the solar collector 

would still be a major problem. This unit would be essentially 

hermetically sealed and the p~oble~associated with organic vapor 

condensation would be greatly increased since the organic vapors are 

completely trapped within the collector with no chance for escape 

to the atmosphere. 

78 



REFERENCES 

1. Stiehler, R. D., Hoc.kman, A., Embree, E. J., arid Masters, L. W., 

"Solar Energy Systems - Standards for Rubber Seals," NBSIR 77-1437, 

National Bureau of Standards Report (March 1978). 

2. Cruchet, C. I., German Patent 2,522,222, May 26, 1976. 

3. Cerra, 0. J. and Patil, P. G., U.S. Patent 3,995,614, December 7, 1976. 

4. Mazzoni, R. J. and Schutrum, L •. F., U.S. Patent 3,990,431, 

November 9, 1976. 

5. Patil, P. G., U.S. Patent 3,775,914, December 4, 1973. 

6. Stewart, J. L. and Bowser, G. H., U.S. Patent 3,771,276, November 13, 1973. 

7. Davison Chemical Division, W. R. Grace & Co., "Davison Silica Gels," 

·Bulletin No. lC-15-378. 

8. Aluminum Company of America "Activated and Catalytic Alumina," 

Bulletin, Section GB2A. 

9. Hougen, 0. A. and Dodge, F. W., "The Drying of Gases," Edward 

Brothers, Inc., Ann Arbor, Michi~an (1947). 

10. American Norit Co., Inc., "Introduction to Activated Carbon," and 

"Norit Testing Methods." 

11. Union Carbide Corp., Carbon Products Division, "The Capability of 

Carbon," Bulletin IICP 4462 5M975. 

12. Hassler, J. W., "Activated Carbon," Chemical PubliShing Co., Inc., 

New York, 1963. 

13. Hassler, J. W., ''Purification with Activated Carbon," Chemical 

Publishing Co., Inc., New York, 1974 .• , 

79 



REFERENCES (Continued) 

14. Union Carbide Corp., "Crystalline Molecular Sieves," Bull.etin IIF-109. 

15. Breck, D. W. , "Crystalline Molecular Sieves," J. Chem. Ed. , 48, 

678 (December 1964). 

16. Davison Chemical Division, W. R. Grace & Co., "Guide to Insulating 

Glass Adsorbents," and "Part I: Insulating Glass Desiccants: 

Selection Based on Performance at Actual Use Conditions." 

ACKNOWLEDGMENT 

This work has been supported by the Solar Heating and Cooling 

Research and Development Branch, Office of Conservation and Solar 

Applications, U.S. Department of Energy. 

M. A. Mendels.ohn 
Insulation Department 

F. A. Y~ an 
Insulat ~n Department 

Approve: \ 2:5}~ 
R. N. Sampson~-----­
Insulation Department 

SQ 

R. M. Luck 
Insulation Department 

F. w. Navish~f: 
Insulation Department 



TABLE 1 

ELASTOMERS EVALUATED 

Code Supplier's Designation Class* Type Elastomer 

A Silicone rubber sealant SC Silicone 
SC (also known as DC 
732 white) 

B 790 building sealant SC Silicone 
(also known as DC 790) 

C RTV 103 SC Silicone 

D Mono SC Acrylic terpolymer 

E Eternaflex Hypalon SC Hypalon 
sealant 

F Tremco butyl sealant SC Butyl 

G SE-7 550 PS Silicone 

H Silastic 747 PS Silicone 

I HS-70 PS Silicone 

J 

K 

L 

M 

N 

0 

p 

Q 

R 

s 

T 

u 

v 

3300-12A, Vamac 

210-103-35-1, Hycar 

31-323-0731A, Viton 

PLV 1008, Viton 

3300-11, Nordel 

SR 35020 

8EX-123 (Butyl 

NPC 80/4C 

Sola Roll 

(/18464 

GE 1200 

GE 2400 

100) 

4054 

PS 

PS 

PS 

PS 

PS 

PS 

PS 

PS 

PS 

PS 

PS 

sc 
sc 

Ethylene/acrylic 

Acrylic 

Fluorocarbon 

Fluorocarbon 

Ethylene-propylene 
terpolymer (EPDM) 

Butyl 

Butyl 

Silicone 

Butyl 

EPDM 

EPDM 

Silicone 

Silicone 

* SC = sealing compound (caulking compound) 

Supplier 

Dow Corning 

Dow Corning 

General Electric 

Tremco 

Cibson-Homans 

Tremco 

General Electric 

Dow Corning 

Dow Corning polymer· 
compounded by North 
American Reiss 

DuPont 

Goodrich 

DuPont 

DuPont polymer 
compounded by Pelmor 

DuPont 

Stalwart 

Polysar 

Dow Corning polymer 
compounded by North 
American Reiss 

Obtained from a used 
Pittsburgh Plate Class 
collector 

Sample of gasket compound 
supplied by Bio-Energy Sys. 

Bio-Energy Systems 

General Electric 

General Electric 

PS = preformed rubber seal (preformed rubber sheet or gasket) 
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TABLE 1 (Continued) 

Code SuEElier's Designation Class* T~Ee Elastomer SuEElier 

w DC 795 sc S;i.licone Dow Corning 

X DC 732 (black) sc Siiicoile Dow Corning 

y DC 93-076-2 sc Silicone Dow Corning Aerospace Sealant 

z DC 732 (clear) sc Silicone Dow Corning 

AA 96-B-24 PS Silicone Pawling Rubber Co. 

BB Hypalon 3300..;.10 PS Hypalon DuPont 

cc Vistalon 78E-09-28-2 PS EPDM Exxon 

DD Bromobutyl BEX-122 PS Bromo butyl Polysar 

EE Hydr:Ln. 100 (HM 13-27-1) PS Hydrin Goodrich 

FF Hydrin 200 (HM 13-SEC-3-2)PS Hydrin Goodrich 

GG Hydrin 400 (HM 14-10-l) PS Hydrtn Goodrich 

HH Viton Rl-323-0731 PS Fluorocarbon DuPont 

II E-633 PS EPDM Pawling Rubber Co. 
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()0 

"" 

Compound and 
Cu:re' Conditions 

Vi ton. 
(31-323-0731A) 

Cure Conditions 

24 hr/168"C 

Vi ton 
(31-323-0731) 

Cure Conditions 

10 mi:n/168"C + 
24 hr/17l"C 

Hypalon 

Cure Conditions 

30 min/152"'C 

Nordel (3300-11) 

Cure Conditions 

30 min/160"C 

Vamac (3300-12A) 

Cure· Conditions 

3 hr/177"'C 

Code 

L 

HH 

BB 

N 

J 

Parts by 
Weight 

94.4 
25 

3 
6 
1.5 
1.7 

4 

100 
25 

3 
6 
1.5 

100 
32 

2 
35 
o.s 
2 

1 

100 

5 
2 

60 
8 

2 

124 
30 
1. 25 
4 

Ingredient 

Viton E60 
MT Black (N.908) 
Mag D 
Ca(OH) 2 VPA Ill 
VC Ilia 

vc 1130 

Viton E60C 
MT (N908) 
Maglite D 
Ca(OH) 2 
VPA Ill 

Hypalon 40 
TLD-90 
Polyethylene 617A 
SRF-LM (N762) 
MDTS 
Tetrone A 

NBC 

Nordel 1320 

Zinc oxide 
Agerite Resin D 

FEF (NSSO) 
DiCap 40C 

HVA-2 

Vamac (Nl24) 
SRF (N774) 
MDA 
DPG 

TABLE 2 

CHEMICAL FORMULATIONS OF COMPOUNDED ELASTOMERS* 

Su£J:!lier 

DuPont 
Cabot 
lfui t taker, Clark' &'Daniels 
(Multiple 
DuPont 
DuPont 

DuPont 

DuPont 
Cabot 

source. of supply) 

Whittaker, Clark & Daniels 
(Multiple source of supply) 
DuPont 

DuPont· 
Wylough &. Loser 
Allied Chemical 
Witco Chemical Co., Inc. 
DuPont 
DuPont 

DuPont 

DuPont' 

American Zinc Sales Co. 
R. T. Vanderbilt 

Cabot 
Hercules Powder Co., Inc. 

DuPont 

DuPont 
Cabot 
DuPont 
AmP-rican Cyanamid Co. 

Chemical DescriJ:!tion 

Fluoroelastomer 
Medium thermal carbon black 
Magnesium oxide 
Calcium hydroxide 
(proprietary) 
33% organophosphonium salt + 

67% fluoroelastomer 
SO% dihydrooxyaromatic 

compound + 50% fluoro­
elastomer 

Medium thermal carbon black 
Magnesium oxide 
Calcium hydr.oxide 

Chlorosulfonated polyethylene 
90% dispersion of lithurge 
Low molecular wt. polyethylene 
Semireinforc·ing furnace black. 
Benzothiazole disulfide 
Dipentamethylene thiuram 

tetrasulfide 
Active ingredient, nickel 

dibutyldithiocarbamate 

Ethylene propylene terpolyrner 
(EPDM) 

Zinc oxide 
Polymerized trimethyl 

dihydroquinoline 
Fast extruding furnace black 
40% dicumylperoxide on 

calcium carbonate 
N,N-m-phenylene dimaleimide 

Ethylene-acrylic copolymer 
Semireinforcing black 
Hethylene dianiline 
Diphenyl guanidine 

*Formulations that were supplied by manufacturers-are presented· in this table. Suppliers of the other 
compounds viewed their formulations as proprietary and therefore'did not reveal them. 

**M0st nf the terminology used in describing the functions of the ingredients is that employed 
in the product descriptions by the suppliers. 

Function** 

Base polymer 
Reinforcement 
Vulcanizing agent, stabilizer 
Drying agent, acid acceptor 
Viton processing aid 
Viton curative 

Viton curative 

Reinforcement 
Vulcanizing agent, stabilizer 
Drying agent, acid acceptor 
Viton processing aid 

Base polymer 
Polymeric carrier 
Processing aid 
Reinforcement 
Activator 
Very active accelerator 

o3 ,. weathering, cracking inbibito::-

Base polymer 

Activator + reinforcement 
Antioxidant 

Reinforcement 
Nonsulfur vulcanizing cross-linking 

agent 
Curative 

Base polymer 
·Reinforcement 
Curing agent 
Accelerator 
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TABLE 2 (Continued) 

Compound and 
Cure Conditions Code 

Vistalon CC 
(78£-09-28-2) 

Cure Conditions 

20 min/160°C 

Bromobutyl ~D 

(8EX-122) 

Cure Conditions 

15 min/18_0°C 

~ Butyl p 

(8EX-123) 

Cure Conditions 

Acrylic 
(21D-108-35-l) 

Cure Conditions 

4 ~ht/1J0°C + 
8 hr/175°C · 

K 

Parts by 
Wei&ht 

100 
lOQ 

95 
1.0 
5.0 
1.5 
0.5 
1.5 

100 

1.0 
1.0 

10.0 
55.0 
10.0 
3.0 
Q.3 
2.0 

100 
1.5 
4.0 

10.0 
55.0 
7.0 
2.67 

100 
2.0 

2.0 
60.0 
3.0 

2.0 
1.0 

lnsredient 

Vistalon 5600 
Carbon black N550 
Cirosol 4240 oil 
Stearic acid 
Zinc oxide 
TMTDS 
MBT 
Sulfur 

Polysar bromobutyl 
X-:-2 

Stearic acid 
Maglite D 
Heliozone wax 
N550 carbon black 
Sunpar 2280 
Zinc oxide 
TMTD 
Permalax 

·Polysar butyl 100 
Stearic acid 
SP 1045 
H~liozene wax 
N550 carbon black 
Sunpar 2280 
Stannous chloride 

prespersion 

Hycar 4054 
Acrawax C 

TE-80 
Phil black N550 
Witco sodium 

stearate 
Adogen 345D 
NBS stearic.acid 

SUJ!J!lier 

Exxon 
Cabot 
Sun Oil Co. 
Cit:- Chemical Co. 
American Zinc Sales Co. 
Monsanto 
DuP•nt 
Akr•n Chemical Co. 

Pol::-sar 

Cit:" Chemical 
Whi~taker, Clark & Daniels 
DuPont 
Cabot 
Sun Oil Co. 
Ame:::cican Zinc Sales 
Akron Chemical 
DuPont .. 

Polysar 
City Chemical 
Sch~nectady Chemical Inc. 
DuP-Jnt 
Cab·Jt 
Sun. Oil Co. 
War~ Chemical Corp. 

B. =:. Goodrich 
Chacles L. Husking Co., Inc. 

(Glycol Chern. Div.) 
Tec~nical Processing, Inc. 
Phillips Petroleum Co. 
Wit::o Chemical 

AshAand Chemical Co. 
·City Chemical Co. 

Chemical DescriJ!tion 

Ethylene-propylene terpolymer 
Fast_ extruding furnace black 
Naphthenic oil 
Stearic acid 
Zinc oxide 
Tetramethylthiuram disulfide 
2-mercaptobenzothiazole 
Sulfur 

Brominated butyl rubber 

Stearic acid 
Magnesium oxide 
Selected blend of petroleum waxes 
Fast extruding furnace black 
Paraffinic oil 
Zinc oxide 
Tetramethylthiuram disulfide 
Active ingredient, di-ortho~ 

tolylguanid.ine salt of 
dicatechol borate 

Butyl rubber 
Stearic acid 
Phenol formaldehyde resin. 
Blend of petroleum waxes 
Fast extruding furnace black 
Paraffinic oil 
Stannous chloride dihydrate 

(75% in 25% inert oil) 

Polyethylacrylate elastomer 
Synthetic wax 

(Proprietary) 
Fast extruding furnace black 
Sodium stearate 

Hydrogenated tallowamine 
Stearic acid 

Function 

Base polymer 
Reinforcement 
Processing aid 
Primary activator, plasticizer 
Activator, reinforcement 
Accelerator 
Activator 
Vulcanizing agent 

Base polymec 

Primary activator, plasticizer 
Vulcanizing agent, stabilizer 
Sun-checker, tracking resistor 
Reinforcement 
.Softener 
Activator, reinforcement 

.Accelerator 

Base· polymer 
Primary activator, plasticizer 
·curative 
Sun-checker, cracking resistor 
Reinforcement 
Softener 
Catalyst 

Finishing dusting agent 

Lubricant p'rocessing aid 
Reinforcement 
Curative,, dispersing agent 

Curative 
Activator, processing aid 
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TABlE 2 (Continued) 

Compound and 
Cure Conditions Code 

Bydrin 100 EE 
(HM 13-27-1) 

Cure Conditions 

30 min/175°C 

lllydrin 200 FF 
(IIK-13-SEC-3-2) 

Cure Conditions 

30 min/115°C 

Bydrin 400 
(HM 14-lQ-1) 

m Cure Conditions .., 

GG 

Parts by 
Weight 

100 
5.0 
1.0 

40.0 
1.0 
1.5 

100 
1.0 
5.0 
1.0 

40.0 
1.0 
1.5 

100 
0.8 

2.0 

0.9 

0.5 
20.0 

30.0 
10.0 
0.3 
2.5 
3.5 

Ingredient 

Bydrin 100 
Red lead 
NBC 

N550, FEF black 
TE-70 
2-mercapto-

imidazoline 
(NA-22) 

Hydrin 200 
Zinc stearate 
Red lead 
NBC 

N550, FEF black 
Z0-9 
2-mercapto-

imidazoline 

Hydrin 400 
Stearic acid 

Dyphos 

NBC 

Methyl niclate 
N326 black 

N550 black 
DOP 
Z0-9 
SR-350 
Di-Cup 40C 

Supplier 

B. F. Goodrich 
Eagle Picher Co. 
DuPont 

Cabot 
Technical Processing Co. 
DuPont 

B. F. Goodrich 
Witco Chemical Co. 
Eagle-Picher Co. 
DuPont 

Cabot 
Yerzley Co. 
DuPont 

B. F. Goodrich 
City Chemical Co. 

National Lead 

DuPont 

R. T. Vanderbilt 
Cabot 

Cabot 
Monsanto 
Yerzley Co. 
Sartomer Corp. 
Hercules Powder Co., Inc. 

Chemical Description 

Epichlorohydrin based elastomer 
> 90% red lead oxide 
Active ingredient, nickel 
dibutyl dithiocarbamate 

Fast extruding furnace black 

2-mercapto-imidazoline 

Epichlo~ohydrin.based elastomer 
Zinc stearate 
> 90% red lead oxide 
Active ingredient, nickel 

dibutyl dithiocarbamate 
Fast extruding furnace black 
Blend of waxes 
2-mercapto-imidazoline 

Epichlorohydrin based elastomer 
Stearic acid 

Dibasic lead phosphite 

Active ingredient, nickel 
dibutyl dithiocarbamate 

Methyl niclate 
High abrasion furnace black, 

low structure 
Fast extruding furnace black 
Dioctyl phthalate 
Blend of waxes 
Polyfunctional methacrylate 
~ 40% dicumylperoxide on 

calcium carb nate 

Function 

Activator, vulcanizer 
03, weathering, cracking inhibitor 

Reinforcement 
Lubricant, processing oil 
Fast general.purpose accelerator 

Activator, dusting agent 
Activator, vulcanizer 
o3 , weathering, cracking inhibitor 

Reinforcement 
Mold lubricant, plasticizer 
Fast .general purpose accelerator 

Primary activator, plasticizer, 
softener 

Heat·, light, weathering, chemical 
stabilizer 

03, wea.thering, cracking inhibitor 

Accelerator 
Reinforcement 

Reinforcement 
Plasticizer, softener 
Mold lubricant, plasticizer 
Auxiliary cure material 
~onsulfur, vulcanizing, cross-

linking agent 
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.TABLE 3 

CLASS PS ELASTOMER SCREENING TESTS 

1 Ultimate Tensile 
Class PS Hardness Ultimate Compr. Set 

2 Comp~. Set Hardness Elongation Strength Volatiles 
Material Grade Elongation 70 h, 150"C 166 h, lO"C Change2 Chanse2 Chanse2 Lost2 

Silicone 

SE-7550 5 p+ p+ p+ p+ p+ p+ !"+ 

Silas tic 747 7 p p+ p+ p+ p F F 

HS-70 7 p+ p p+ p+ p+ p+ p+ 

EPDM 

E-633 7 p+ F- F- p y- F -F 

78E-09-28-2 6 p+ F- F - F - F- p+ F 

Nordel 3300-11 8 p+ p+ p+ p+ p+ p+ F 
Fluorocarbon 

Viton 31323-0731 8 p+ p+ F- p+ p+ p+ p+ 

Viton PLV 1008 8 p+ p+ F - p+ p+ p+ p+ 

E}!ichlorohidrin 

11M 14-10-1 6 p+ F- p+ p p p F-

11M 13-SEC3-2 7 p+ F r+ p p p+ F 

11M 13-27-1 8 p+ F ~+ F. F p F-

Ethilene Acrilic 

Vamac 3300-12 7 p+ F ¥ - p+ F p+ F-

Chlorosulfonated Poliethilene 

Hypalon 3300-10 7-8 p+ F - F - p+ p p+ p+ 

Poliacrilic 

210-108-35-1 6-7 F p+ p p+ p+ p+ p+ 

Bromobutil 

8EX-122 6 p F F p+ F p F-

Butyl 

8EX-123 5-6 p+ p+ F - p+ p+ p+ F -
SR 35020 5 p+ F- p+ p+ p F- r· 

1(Hardness grade x 10) ± 5 • Shore A durometer hardness 
2Materials exposed to 150"C/70 h 

P • pass by relatively small margin 

p+. pass by substantial margin 

F • fail by relatively small margin 

p-. fail by substanti&l margin 
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TABLE 4 

EFFECT OF THERMAL AGING ON COMPRESS ION SETa 

Percent ComEression Set 
Material Temp. Da:rs Aged 

Code TlEe Class {oC) 1 2 4 8 16 28 46 63 81 122 179 2"63 
G Silicone PS 250 113 
I Silicone PS 250 100 
L Fluorocarbon PS 250 32 42 52 62 72 79 
Q Silicone PS 250 105 

G Silicone PS 225 108 
I Silicone PS 225 99 
L Fluorocarbon PS 225 20 33 42 52 60 68 72 77 
Q Silicone PS 225 94 104 

G Silicone PS 200 88 103 
I Silicone PS 200 78 91 100 
L Fluorocarbon PS 200 12 21 28 36 44 51 59 67 75 . 83 

co Q Silicone PS 200 65 81 95 103 ....., 
G Silicone PS 175 37 55 73 86 97 101 
I Silicone PS 175 37 51 67 81 94 100 
L Fluorocarbon PS 175 10 11 17 22 27 33 40 48 56 . 66 
Q Silicon~ PS 175 20 30. 46 63 80 89 97 

1 2 4 8 15 32 53 
.J Ethylene/ PS 175 33 53 61 70 79 

acrylic 
K Acrylic PS i75 25 38; 47 55 69 82 

aOnly preformed sheets were tested;·except for measurements, materials were held 
under compression continuously. Values are averages of fou·r sets of data. 
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TABLE 4 (Continued) 

Material 
Code --'Typ::.<.,~;;..::;e __ _ 

N EPDM 
P Butyl 

G 
I 
Q 

J 

K 

N 
p 

G 
I 
Q 

J 

K 

N 
p 

N 
p 

Silicone 
Silicone 
Silicone 

Ethylene/ 
acrylic 
Acrylic 

EPDM 
Butyl 

Silicone 
Silicone 
Silicone 

Ethylene/ 
acrylic 
Acrylic 

EPDM · 
Butyl 

EPDM 
Butyl 

Temp. 
Class (°C) 

PS 175 
PS 175 

PS 
PS 
PS 

PS 

PS 

PS 
PS 

PS 
PS 
PS 

PS 

PS 

PS 
PS 

150 
150 
150 

150 

150 

150 
150 

140 
140 
140 

125 

125 

125 
125 

1 

19 
38 
1 

21 
23 
12 

1 

27 

16 

1 

15 
29 
1 

16 
18 
11 

1 

12 

12 

1 

14 
21 

PS 
PS 

_l _ _L_4_ 

100 14 
100 10 11 15 

Percent Compression Set 
Days Aged 

2 

22 
45 

5 

44 
44 
26 

4 

41 

26 

2 

16 
35 
5 

32 
35 
21 

4 

25 

16 

2 

16 
24 

11 

18 
22 

9 

42 
43 
27 

7 _!L 22 ~ 

32 39 69 
62 74 78 

9 30 41 

56 
54 
34 

8 

51 

32 

4 

21 
43 

8 

33 

22 

76 
79 
59 

15 

59 

40 

67 

32 

69 

52 

11 24 

29 41 
55 64 

30 . 41 56 

60 67 73 
66 72 78 
46 51 55 

15 32 

41 50 

28 38 

59 

89 

56 72 

73 

53 

76 

62 

52 

50. 
73 

53 

53 

43 

72 

77 

78 

84 

71 

85 

56 
78 
113 

84 

58 

47 

67 

4 11 

18 24 
34 44 

24 

30 
50 

52 85 175 212 

24 

21 
29 

52 

25 
38 

41 43 65 72 
56 61 69 73 . 

85 

29 
46 

175 

40 
58 

175 

75 

14ti 

71 

117 

65 

52 

207 

42 
63 

207 

173 

73 

193 

75 

64 

222 

76 

225 

68 



TABLE 5 

SUMMARY OF COMPRESSION SET THERMAL AGING DATA 

Time (Jays) to Reach 
50% ComEression Set 

Material Code 150°C 125°C 175°C 

Fluorocarbon L 510* 7400* 135 

Silicone Q 21 100 5 

Silicone G 7 50 2 

Silicone I 8 33 2 

EPDM N 50 103 '27.5 

Acrylic K 28 105 10.5 

-Ethylene-acrylic J 8 35 4 

Butyl p 8 23 4.5 

* Extrapol'ation of an Arrhenius plot. 
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Code 

A,B,C,F,G, 
I,J,L,Qd 

E 

K 

N 

p 

Material 
Type Class 

---See footnote---

Hypalon sc 

Acrylic PS 

EPDH PS 

Butyl PS 

Metallic 
Substrate 

Al 
Gal Fe 
AnAl 

Al 
Gal Fe 
AnAl 

Al 
Gal Fe 
AnAl 

Al 
Gal Fe 
AnAl 

Al 
Gal Fe 
AnAl 

TABLE 6 

CORROSION TESTSa,b,c 

Aging Time and Temperature 
26 days 92 days 153 days 6 days 

125°C 150°C 125°C 150°C 125°C 150°C 

c 
c 
C• 

(I 

0 

10 
0 
0 

•) 

) 

) 

1 
2 
0 

0 
0 
0 

0 
2 
0 

0 
0 
0 

0 
0 
0 

1 
2 
0 

0 
0 
0 

0 
3 
0 

0 
0 
0 

0 
0 
0 

1 
2 
0 

0 
0 
0 

0 
3 
0 

0 
0 
0 

0 
0 
0 

1 
2 
0 

0 
0 
0 

0 
3 
0 

0 
1 
0 

0 
0 
0 

1 
2 
0 

0 
0 
0 

0 
3 
0 

0 
1 
0 

0 
2 
0 

1 
2 
0 

0 
0 
0 

0 
3 
0 

0 
1 
0 

0 
0 
0 

1 
2 
0 

0 
0 
0 

0 
3 
0 

0 
1 
0 

0 
2 
0 

1 
2 
0 

aSealants were sandwiched between metal panels; observations of corrosion are visual; material D was not 
evaluated because of excessive tack. 

b Symbols: Al - aluminum panels; GalFe - gal~anized iron panels; AnAl - anodized aluminum panels. 

cRatings: 0 - no visual evidence of corrosicn; 1 - relatively slight corrosion; 2 - relatively moderate 
corrosion; 3 -. relatively severe corrosion. 

d 

229 days 

0 
0 
0 

0 
3 
0 

0 
1 
0 

0 
0 
0 

1 
2 
0 

Code = A - Silicone, Class SC; B - Silicone, Class SC; C - Silicone, Class SC; F - Butyl, Class SC; 
G - Silicone, Class PS; I - Silicone, Class PS; J - Ethy~ene/acrylic, Class PS; L - Fluorocarbon, Class PS; 

Q - Silicone, Class PS 

0 
0 
0 

0 
3 
0 

0 
1 
0 

0 
2 
0 

1 
2 
0 



Material 
Code Type 

A Silicone 

B Silicone 

c Silicone 

G Silicone 

I Silicone 

K. Acrylic 

TABLE 7 

EFFECT OF AGING IN AIR ON TENSILE PROPERTIES 

Aging 
b Temp. 

Class ..Lf2._ 
a 

Property 

sc 22S Tensile strength 220 

sc 22S 

sc 22S 

PS 22S 

PS 22S 

PS 22S 

Elongation 360 
100% Modulus 90 

·Tensile· strength 
Elongation 
100% Modulus 

Tensile strength 
Elongation 
100% Modulus 

Tensile strength 
Elongation 
100% Modulus 

Tensile strength 
Elongation 
100% Modulus 

Tensile strength 
Elongation 
lOC% Modulus 

110* 
810* 

30 

400 
390 
120 

1100* 
770* 
120 

1320 
680 

-230 

1S70 
170 
660 

1 

210 
440 

70 

80* 
770* 

20 

430 
400· 
120 

1100* 
730* 
170 

1140 
S20 
290 

760 
90 

ND 

2 

170 
400 
so 
80* 

780* 
20 

490 
440 
120 

1010* 
670* 
170 

990 
450 
300 

330 
'\.·0 

ND 

Days Aged 
4 8 

160 
380 

60 

90 
390 
so 

420 
400 
120 

810 
460 
220 

890 
320 
380 

240 
"-0 

ND 

170 
440 

60 

480 
430 
120 

690 
330 
240 

730 
230 
400 

80 
"-0 

ND 

16 

lSO 
20 
ND 

380 
370 
120 

S60 
220 
290 

640 
160 
470 

32 64 100 

110 
170 

70 

170 
30 
ND 

300 
270 
140 

490 
80 

ND 

120 
47 
90 

210 
2o 
ND 

280 
220 
160 

4SO 
60 

ND 

120 
140 
100 

lSO 
20 
ND 

280 
180 
170 

aTensile strengt~ units are lb/in2 ; elongation, percent ultimate elongation; 100% ·modulus, tensile modulus at 
100% e~ongation (cannot be determined when ultimate elongation <100%). 

bAll SC specimens (caulking compounds) were permitted to age for 4-6 wks at room temJH~rature and then cured for 
24 hrs at the aging temperature .Prior to testing. The PS specimens (preformed seals) were cured by their 
suppliers and tested on an as-received basis. 

* Specimens did not break- elongation exceeded capability of testing machine. Thus,.true values are greater 
than those indicated. 

ND =Not determined (modulus values at 100% elongation cannot be determined when ultimate elongation <100%). 

Values are arithmetic averages of three sets of data. 



TABLE 7 (Continued) 

Aging 
Material Temp. 

ob 
Days Aged 

Code Tn~e Class ~ Pro?ertia 1 2 4 8 16 32 64 100 

L Fluorocarbon PS 225 Tensil~ strength 700 760 770 830 780 760 710 790 850 
Elongation 700 740 680 820. 780 750 770 800 860 
100% M:>dulus 210 210 200 190 180 200 210 220 200 

Q Silicone PS 225 Tensile strength 1030 970 1000 850 690 480 510 .zs(} 120 
Elongation 250 210 200 150 100 10 -vo -vo -vo 
100% Modulus 490 490 520 590 650 ND ND ND ND 

A Silicone sc 200 Tensile sFrength 250 220 200 210 2fl0 180 180 160 170 
Elongc:.tion 290 300 300 300 320 380 360 360 340 
100% Nodulus 110 90 100 90 90 70 80 70 90 

B Silicone sc 200 Tensile strength 120* 110* 100* 80* 80 90 so 60 60 
Elongation 800* 740* 830* 850* 660 30 10 10 20 
100% modulus 30 30 30 20 30 ND ND ND ND 

\0 c Silicone sc 200 Tensi~e stren~th 540 490 500 490 420 450 480 440 400 
N Elongation 360 370 350 370 340 410 400 370 300 

100% Modulus 150 130 140 130 120 110 140 140 160 

G Silicone PS 200 Tensile strength 1100* 1000* 1030* 1010 1020 830 600 540 470 
Elongation 770* 770* 760* 750* 670 60 34 23 16 
100% ·~odulus 120 130 140 150 180 210 270 340 420 

I Silicone PS 200 Tensile strength 1320 1210 1120 1080 1060 940 770 730 720 
Elongation 680 630 590 520 450 370 220 140 100 
100% Modulus 230 230 240 270 310 360 440 590 710 

L Fluorocarbon PS 200 Tensjle strength 1700 1710 1680 1800 1760 1640 1600 1no ·1660 
Elongation 210 200 210 190 200 190 190 220 180 
100% ·Modulus 700 740 680 820 780 750 770 800 860 

Q Silico-."te PS 200 Tensile strength 1030 1100 1050 970 790 580 420 290 90 
Elongation 250 290 270 220 160 90 -vo -vo -vo 
100% Modulus 490 450 440 490 520 

A Silicone sc 175 Tensile strength 210 240 230 230 210 220 210 
Elongation 270 300 290 310 410 430 380 
100% Modulus 100 110 100 100 80 80 90 



TABLE 7 (Continued) 

Aging 
Material Temp. Dals Aged 

Code Tlpe Class _LQ_ Property a ob 1 2 4 8 16 32 64 100 --· 
B Silicone sc 175 Tensile strength 100* 100* 100* 120* 120 140. 150 

Elongation 780* 810* 800* 780* 610 490 380 
100% Modulus 30 30 30 30 20 30 40 

c Silicone sc 175 Tensile strength 470 410 450 410 4'80 470 510 
Elongation 350 300 330 300 370 370 360 
100% Modulus 140 150 140 150 150 140 160 

' 
G S_i1icone. PS 175. Tensile strength· 1100* 1030* 1050* 1270* 1130* 1060 870 750 660 

Elongation 770* 720* 740* 740* 730* 680 510 330 250 
100% Modulus 120 150 130 170 160· 170 210 280 310 

I Silicone PS 175 Tensile strength 1320 1260 1260 1470 1240 1110. 940 960 880 
Elongation 680 620 630 610 570 500 270 180 140 
100% Modulus 230 230 230 290 280 280 440 620 700 

J Ethylene/ PS 175 Tensile strength 2030 2180 2310 2060 1990 1200 1030 
1.0 Acrylic Elongation 420 410 450 390. 340 170 20 
w 100% Modulus 439 430 440 410 470 580 

K Acrylic PS 175 Tensile strength 1210 1210 1240 1480 1140 810 770 
Elongation 160 160 150 130 90 "-0 "-0 
100% Modulus 66'0 600 570 780 ND ND ND ND 

N EPDM PS 175 Tensile strength 1950 1440 1620 1160 520 690 
Elongation 170 160 180 140 40 10 
100% Modu).us 800 740 710 710 ND ND 

p Butyl PS 175 Tensile strength 1470 920 500 10 40 
Elongation 500 660 630 480 10 
100% Modulus 150 100 90 60 ND 

Q Silicone PS 175 Tensile strength 1030 1080 1070 1290 1060 980 980 920 840 
Elongation 250 250 250 240 220 190 180 150 140 
100% Modulus 490 500 490 580 530 520 560 670 780 

D Acrylic sc 150 Tensile strength 100 160 180 210 340 710 1650. 340 
Elongation 280 200 170 130 100 54 20 10 
100% Modulus 110 150 170 200 340 ND ND ND 



TABLE 7 (Continued) 

Aging 
Material Temp. 

ob 
Days Aged 

Code TyEe Class ~ ProEertya 1 2 4 8 16 32 64 100 

E Hypalon sc lSO Tensile strength 110 210 2SO 380 790 
Elongation 80 so 40 "-0 "-0 
100% Hadulus ND ND ND ND ND 

F Butyl sc lSO Tensile strength 4SO 390 200 240 Specimens cracked 
Elonga::ion "-0 "-0 "-0 "-0 
100% M•Jdulus ND ND ND ND 

J Ethylene/ PS lSO Tensil~ strength 2030 2030 2S70 2S40 2S70 2290 23SO 2660 2000 
acrylic Elonga:ion 420 420 430 430 400 400 330 320 200 

100% MJdulus 360 360 380 380 400 360 600 S90 760 

K Acrylic PS lSO Tensil~ strength 1210 1190 1290 1300 1240 1010 690 
Elongation 160 170 180 170 160 110 so 
100% MOdulus 660 480 S70 6SO 610 880 ND 

\0 ,.. 
N EPDM PS lSO Tensile strength i9SO 19SO 2S30 2100 1920 1700 1070 630 780 

Elongation 170 170 180 180 160 160 110 40 10 
100% Modulus 800 890 1100 880 1000 940 930 

p Butyl PS lSO Tensile strength 1470 1410 1630 1210 910 380 
Elongation . soo S70 S70 S80 570 S30 
100% ~odulus lSO 120 160 140 120 90 

D Acrylic sc 12S Tensi]e strength 90 100 130 110 160 290 430 S70 
E1ongc:tion lSO 190 300 300 270 170 100 80 
100% Eodulus 60 80 120 100 130 270 440 ND 

E Hypalon sc 12S Tensile strength 70 80 120 180 200 270 630 
Elongc.tion 140 160 110 90 80 60 10 
100% Modulus 60 70 110 ND ND ND ND 

F Butyl sc 12S Tensile strength 480 4SO 460 460 440 230 170 80 
Elongation "-0 "-0 "-0 "-0 "-0 "-0 "-0 "-0 
100% nodulus ND ND ND ND ND ND ND 



TABLE 7 (Continued) 

Aging 
Material Temp. Da;:ts Aged 

Code T;:tEe Class .LQ_ Pro12ert;:ta ob 1 2 4 8 16 32 64 100 

J Ethylene/ PS 125 Tensile strength 2030 2100 2240 2600 380 
acrylic ·Elongation 420 400 390 430 38 

100% Modulus 380 360 510 420 440 

K Acrylic PS 125 Tensile strength 1210 1360 1300 1360 1310 
Elongation 160 200 180 1~0 170 
100% Modulus 660 440 530 610 650 

N EPDM PS 125 Tensile strength 1950 2020 1990 2150 2060 1740 
Elongation 170 190 180 180 180 150 
100% Modulus 800 790 840 890 1010 1140 

p Butyl PS 125 Tensile strength 1470 1440 1470 1320 1150 710 440 
.;,. Elongation 500 . 650 660 640 620 620 580 

100% Modulus 150 120 140 120 120 110 100 
\0 

D Acrylic sc 100 Tensile strength 80 170 230 350 \.11 

Elongation 120 290 240 210 
100% Modulus so 160 200 300 

E Hypalon sc 100 Tensile stregnth 30 200 36Qr- 470 
Elongation 70 90 70 60 
100% Modulus ND ND ND ND 

F Butyl sc 100. Tensile strength 460 400 570 270 
Elongation 0 'VQ 'VQ 'VQ 
100% Modulus ND ND ND ND 
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TABLE 8 

PERCENT RETEN?ION OF TENSILE PROPERTIES ON AGING IN AIRa,b 

Aging Percent Retention 
Material Temp. Da;ts Aged 

Code Type Class (oC) Pro:eerti 1 2 4 8 16 32 64 

A Silicone sc 225 Tensile strength 95 77 73 77 so 55 
Elongation 122 111 106 122 47 47 
100% Modulus 78 56 67 67 78 100 

B Silicone sc 225 Tensile strength c NC NC < 82 < 136 < 155 ' < 191 
Elongation NC NC < 48 < 2. 5 < 3. 7 < 2 .s 
100% Modulus 67 67 167 ND ND ND 

c Silicone sc 225 Tensile strength 108 123 105 120 95 75 70 
Elongation 103 113 103 110 95 69 56 
100% Modulus 100 100 100 100 100 117 133 

G Silicone PS 225 Tensile strength NC NC <. 74 < 63 <57 < 45 < 41 
Elongation NC NC < 60 < 43 < 29 < 10 < 8 
100% Modulus . 142 142 183 200 242 ND ND 

:.same fc:»otnot~ as Table 7. Additional footnotes are shown below. -
% retention = (value at indicated time x 100~/value at zero time 
~etention values are not calculated when bot~ original and aged specimens were off-scale. 
are on-scale and zero time results are off-s~ale, the retentions are calculated on a less 
the tiue value at zero time is greater than the recorded value. 

When aged results 
than (<) basis since 

NC Not calculated (c.f., footnote c). 
ND =Not determined (modulus values at 100% elongation cannot be determined when ultimate elongation< 100%). 

100 

55 
39 

111 

< 136 
< 2.s· 

ND 

70 
46 

142 



TABLE 8 (Continued) 
TABLE 8 

Aging. Percent Retention 
Material Temp • Daxs Aged 

Code Type Class ..Lf.L Pro2erti 1 2 4 8 16 32 64 100 
I Silicone PS 225 Tensile strength 86 75 67 55 48 

N Elongation 76 66 47 34 24 
100% Modulus 126 130 165 174 204 

K Acrylic PS 225 Tensile strength 48 21 15 5 
Elongation 53 "-0 "'0 "' 0 
100% Modulus ND ND ND ND 

L- Fluorocarbon PS 225 . Tensile strength 108 
~~ 

104 108 97 96 103 101 96 
Elongation 100 95 90 86 95 100 105 95 
100% Modulus 106 97 117 111 107 110 114 123 

Q Silicone PS 225 Tensile strength 94 97 83 67 47 50 250 120 
Elongation 84 80 60 40 4 0 0 0 
100% Modulus 92 90 100 107 ND ND ND ND 

\0 
A Silicone sc 200 Tensile strength 88 80 84 80 72 72 64 68 ...., Elongation 103 103 103 110 131 124 124 117 

100% Modulus 82 91 82 82 64 73 64 82 
B Silicone sc 200 Tensile strength NC NC NC < 67 < 75 < 42 <50 < 50 

Elongation NC NC NC <83 < 3.8 < 1.3 < 1.3 < 2.5 
100% Modulus 100 100 67 100 ND ND ND ND 

c Silicone sc 200 Tensile strength 91 93 91 78 83 89 81 74 
Elongation 103 97 103 - '94 114 111 103 83 
100% Modulus 87 93 87 80 73 93 93 107 

G Silicone PS 200 Tensile strength NC NC NC 93 75 55 49 43 
Elongation NC NC NC < 87 < 66 < 34 < 23 < 16 
100% Modulus 108 117 125 150 175 225 283 350 

I Silicone PS 200 Tensile strength 92 85 82 80 71 58 55 55 
Elongation 93 87 76 66 54 32 21 15 
100% !lodulus 100 104 117 135 157 235 257 301 



TABLE 8 (Continued) 

Aging 
Material Temp. Da~s Aged 

Code T~Ee Class "(°C) ProEert~ 1 2 4 8 16 32 64 100 

L Fluorocarbon PS 200 Tensile strength 101 99 106 104 96 94 104 98 
Elongation 95 100 90 95 90 90 105 86 
1'00% Modulus 106 97 117 111 107 110 114 123 

Q Silicone ·PS 200 Tensile strength 107 102 9lt ~ 77 56 41 28 9 
Elongation 116 108 88 64 36 0 0 0 
100% Modulus 92 90 100 107 ND NO ND ND 

A Silicone sc 175 Tensile strength 114 110 110 100 105 100 
.Elongation lil 107 115 152 159 141 
.100% Mcdulus 110 100 100 80 80 90 

B Silicone sc 175 Tensile strength NC NC NC < 120 < 140 < 150 
Elongation NC NC NC < 78 < 63 < 49 
.100% Mcdulus 107 100 107 107 100 114 

c Silicone sc 175 Tensile strength 87 96 87 102 100 109 \0 
00 Elongation 86 94 B6 106 106 103 

100% Mcdulus 100 100 100 67 100 133 

G Silicone PS 175 Tensile strength NC NC NC NC < 9.7 < 79 < 68 < 60 
Elongation NC NC NC NC < 88 < 66 < 43 < 32 
:100% Modulus 125 108 142 133 142 175 233 258 

I Silicone PS 175 Tensile strength 95 95 111 94 84 71 73 67 
'Elongation 91 93 90 84 74 40 26 21 
100%'Modulus 100 100 126 122 122 191 270 304 

J .Ethylene/ PS 175 Tensile strength 107 114 101 98 59 51 
.acrylic Elongation 98 107 93 81 40 5 

100% Modulus 100 102 95 109 135 ND 

K Acrylic PS 175 Tensile strength 100 102 122 94 67 64 
·Elongation 100 94 Bl 56 "-0 "-0 
100% Modulus 91 86 118 ND ND ND 

---------------------------------------------------------------------------



TABLE 8 (Continued) 

Aging Pe·rcent Retention 

Material Temp. Da1s Aged 
Code T:tJ~e ·Class _Lg_ 'ProEert~ 1 2 4 8 .16 32 64 100 

N EPDM PS 175 ·Tensile strength 74 83 59 27 35 
Elongation .94 106 82 24 6 
100% Modulus 800 93 89 89 ND 

p Butyl ·ps 175 Tensile strength 63 34 5 3 
Elongation 132 126 96 2 
100% Modulus 67 60 

Q Silicone PS 175 Tensile strength 105 104 125 103 95 95 89 82 
Elongation 100 100 96 8.8 76 72 60 44 
100% Modulus 102 100 116 108 104 114 137 168 

D Acrylic sc 150 Tensile strength 160 180 210 34.0 710 340 
Elongation 71 61 46 36 19 4 
100% Modulu.s 136 155 182 309 ND ND 

\0 E Hypalon sc 150 Tensile -strength 190 230 350 720 
\0 

Elongation 63 50 rvQ rvO 

100%·Modu;J..us ND· ND ND ND 

F Butyl sc 150 Tensile strength 87 44 53 Specimens. cracked 
Elongation The zero time and s.ubsequent elongation values were rvQ 

100% Modulus ND ND ND 

J Ethylene/ PS 150 Tensile strength 100 127 125 127 113 116 131 99 
acrylic Elongation 100 100 102 95 95 79 76 48 

100% Modulus 100 106 106 111 100 167 164 211 

K Acrylic PS 150 Tensile strength 9.8 107 107 102 83 57 
·Elongation 106 113 106 100 6.9 31 
100% Modulus 73 86 98 92 133 ND 

N EPDM PS . 150 Tensile.~trength 100 130 108 98 87 55 32 40, 
Elongation . 100 106 106 94 94 65 24 6 
100% Modulus 111 138 110 125 118 116. .E<lOO 



TABLE 8 (Continued) 

Aging Percent Retention 
Material Temp. Dal:s Aged 

Code Type Class --· ~ Property 1 2 4 8 16 32 64 100 
p Butyl PS 150 Tensile strength 96 111 82 62 26 

Elongation -114 114 116 114 106 
100% Modulus 80 107 93 80 60 

D Acrylic sc 125 Tensile strength 111 144 122 178 322 . 478 633 
Elongation 119 200 200 169 113 67 53 
100% Modulus 

E Bypalon sc 125 Tensile 3trength 114 171 257 286 386 400 
Elongati·:m 114 79 64 57 43 7 
100% Mod:Jlus ND ND ND ND ND ND 

F Butyl ·sc 125 Tensile strer.gth 106 96 96 92 48 35 17 
Elongation "-0 "-0 "-0 "-0 "-0 "-0 "-0 
100% Modulus ND ND ND ND ND ND ND 

1-' 
Ethylene/ PS 125 Tens-ile strength 103 110 128 19 0 J 

0 
acrylic Elongation 95 93 102 90 

, 100% Modulus 95 134 l;Ll. - 116 

K Acrylic PS 125 Tensile strength -- 112 107 112 108 
Elongation· 125 113 119 106 

. 100% Modulus 67 80 92 98 .. .~~M~'· ~PS .. N 125 Tensile :strength 104 102 110 106 89 
Elongati10n .. -- 112 . 106 106 106 88 
100% Modulus 99 105 111 126 43 

p Butyl . PS 125 Tensile strength 98 100 90 78 48 31 
Elongatlon 130 132 128 124 124 116 
100% MoC.ulus 80 93 80 80 73 67 

D Acrylic sc 100 Tensile strength 210 290 440 
Elongation 240 200 175 
100% MoC.ulus 320 400 600 



TABLE 

Code 

1-' 
0 
1-' 

.•. E". 

F 

8 (Continued) 

Material 
TYPe Class 

Bypalon sc 

Butyl sc 

Aging 
Temp. 
~ Pro2erti 1. 

100 Tensile strength 
Elongation 
100% Modulus 

100 Tensile. strength 
Elongation 

100% Modulus 

- Percent Retention 
Da:z:s Aged 

2 4 8 16 32 64 100 

. 670' 1200 1570 
130 100 .86 

ND ND ND 

87. 124 59 
(Original and subsequent 
E values "'0) 

ND ND ND 



TABLE 9 

ESTIMATED LIFE OF SEALANTS IN AIR 

Days to Reach 60% Retention of 
Original Tensile ProEert~ 

Code Material 100°C 125°C 150°C Proper.ty** 

p Butyl 520 (650) 49 (59) 7 (8) Tensile strength 

N EPDM 180 30 Tensiie strength 

220 35 Ultimate elongation 

K Acrylic 590 91 Tensile strength 

J 

Q 

* 

** 

Ethylene­
acrylic 

Silicone 

480 

790 (970)* 

4300 (6800)* 

72 Ultimate elongation 

82 (96)* Ultimate elongation 

430 (630)* Ultimate elongation 

( ) indicates time to reach 50% retention of original property value. 
Values ~ 180 days were obtained by extrapolation of Arrhenius plots. 

Property studied is that which was considerably more severely affected 
by the thermal aging. ~oth proper~ies are listed in cases where the 
extent of their decline was similar. 

102 
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TABLE 10 

EFFECT OF THERMAL AGING IN AIR ON WEIGHT LOSS AND HARDNESS 

Aging 
Material Temp. DaiS Aged 

Code Tn~e Class {oq Pro12ert~ 0 1 2 4 8 16 28 
G Silicone PS 250 % Weight Loss 2.35 2.60 2.89 3.46 4.37 6.02 

Hardness 48-50 53-54 54-55 57-58 61-63 67-68 71-73 

I Silicone PS 250 % Weight Loss 1. 29 1.67 2.05 2.48 3.16 4.10 
Hardness 60-61 64-65. 64-65 67-69 70-72 74-75 75-76 

L Fluorocarbon PS 250 % Weight Loss 0.54 0.90 1.51 2. 72 4.85 7.88 
Hardness 76-:-78 76-78 76-78 77-79 77-79 79-81 80-82 

Q Silicone PS 250 % Height Loss 1.54 2.48 4.49 8.59 17.0 28.4 
Hardness 70-71 74-76 75-76 78-79 83-84 91-93 95-96 

..... 
0 1 2 3 5 9 17 36 65 0 

w ---
A Silicone sc 225 % Weight Loss 2.23 2.23 2.53 2.59 2.78 5.07 7.43 

Hardness 32-34 32-34 32-34 32-34 32-34 32-34 49-50 
B Silicone sc 225 % \-Ieight Loss 1.65 3.32 5.28 11.02 24.7 36.3 39.0 

Hardness 11-12 11-12 11-12 11-12 15-17 47-49 74-75 75-76 

c Silicone sc 225 % Weight Loss 5.24 5.24 5.74 5.74 6.39 7.17 8.33· «}.40 
Hardness 31-32 33-34 33-34 33-34 33-34 33-34 34-36 39-41 40-41 

Hardness - Shore A scale. 

Weight loss and hardness values are averages of two sets of data. 



TABLE 10 (Continued) 

Aging 
Material Temp • Daxs Aged 

Code Tl::Ee Class .L£L ProEertx 0 1 2 _4_ 8 16 28 46 81 122 .ill_ 

G Silicone PS 225 % Weight Loss 2.16 2.24 2.31 2.55 2.83 3.19 3.67 
Hardness 48-50 52-53 52-53 54-55 56-58 59-61 60-62 63~o4 

I Silicone PS 225 % Weight Loss 1.06 1.15 1.37 1.59 1. 90 2.34 2.87 
Hardness 60-61 62-63 62-64 64-66 . 66-68 69-71. 70-71 72-74 

...... L Fluorocarbon PS 225 % Weight Loss 0.23 0.38 0.46 0.84 1.37 2.18 3.37 5.65 9.17 14.0 
0 Hardness 76-78 76-78 76-78 76-78 76-78 77-79 78-80 78-80 79-81 80-82 81-83 ,. 

Q Silicone PS 225 % Weight Loss 0.92 1.28 1.49 3.49 7.75 16.1, 27.0 
Hardness 7Q-71 73-74 73-75 74-76 76-78 81-82 89-90 93-95 

0 1 2 _ 3_ _5 _ 9 17 36 ~ 
A·:. Silicone sc 200 % Weight Loss 1.86 1.86 2.25 2.25 2.25 2.44 2.95 3.27 

Hardness 32-34 32-34 32-34 32-33. 32-33 32-34 32-34. 32-34 32-34 

s· Silicone· .. · se. 200 ~ % Weight.Loss 1.20 ·1.89 2.55 5.00 12.3 29.9 42.8 44.5 
Hardness 11-12 11-12 11-12 11-12 ll.-15 18-19 55-57 65-:-67 65-67 

c Silicone sc 200 % Weight Loss 4.75 4.75 5.21 5.21 5.66 6.12 7.34 8.17 
Hardness 3Q-33 33-34 33-34 33-34 33-34 33-34 34-36 37-39 39-40 



TABLE 10 (Continued) 

Aging 
Material Temp • Dal':s Aged 

Code Type Class .LfL Property 0 1 2 4 8 16 28 46 81 122 !1.79 ·--
G Silicone PS 200 % Weight Loss 1.53 .1.61 1. 73 ·1.90 2.14 2.43 2. 71 

.Hardness 48-50 50-5.? 51-53 52-54 54-56 56-58 56-58 59-60 

I Silicone PS 200 % Weight Loss 0.66 . o. 79 0.97 1.28 1.45 1.71 1.89 
Hardness 

; . ·' 
~0-61 61-62 61-62 63-65 64-66 66-68 66-68 69-71 

·.L Fluorocarbon . PS >200 ·%·Weight Loss 0.13 0.21 0.21 0.41 0.54 0.93 1.29 )...96 2.78 4.04 
Hardness 76-78 76-78 76-78 76-78 76-78 76-78 77-79 77-79 78-80 79-81 79-81 

... Q ·Silicone PS 200 % Weight Loss 0.56 0.81 1.69 1.89 3.63 7.37 11.7 
Hardness 70-71 72-73 72-74 73-75 74-76. 76~77 80-81 83-84 

_o_ 1 2 3 5 9 17 36 65 86 ·--
A Silicone sc 175 % Weight Loss .-1.07 1.07 1.53 1.71 1. 76 1.93 2.29 2.34 2.91 

Hardness 32-34 . 32-34 32-34 32-34 32:-34 32.;_34 32-34 33:-36 33-35 35..;..37 
~ 

:... • _. ":6 

0 B Silicone . sc 175 % Weight Loss . 0.~55 0.90 1.02 1.19 2.18 5.01 13.9 : 27.7 37.6 VI 
Hardness 11-12 11-12 11-12 11-12 12-13. 12-13 13-15 35-42 60-65 60-65 

" 

c Silicone sc 175 % Weight Loss 3.12 3.70 4.13 4.27 4. 77 5.34 5.84 6.27 6.77 
Hardness 30-33 33-34 33-34 33-34 33-34 33-34 34-35 37-39 38-39 38-40 

0 1 2 4 8 16 28 46 81 122 __ill_ 
G Silicone PS 175 % Weight Loss 1.09 L17 1.17 1.33 1.53 1. 77 2.05 

Hardness 48-50 49-51 49-51 50-52 51-53 52-54 52-54 54-56 

I Silicone PS 175 % Weight Loss 0.26 0.26 0.39 0.47 0.64 0.90 1.19 
Hardness 60-61 60-61 60-61 61-63 61-63 64-66 64-66 66-68 



TABLE 10 (Continued) 

Aging 
Material Temp . Davs A ed 

Code T;[pe Class .L9_ ProEerty 0 1 4 8 15 32 53 84 117 

J Ethylene/ PS 175 o; Height Loss 2.47 3.11 3.33 3.97 6.17 9.63 15.7 19.6 " 
acrylic Hardness S6-68 69-71 70-72 71-73 71-73 77-78 87-90 > 95 

K Acrylic PS 175 % \~eight Loss 1.05 1. 68 2.15 3.42 6.88 14.8 26.2 32.7 
Hardness 59-60 61-63 63-65 64-66 69-71 81-83 > 90 

0 1 2 4 8 16 28 46 81 122 179 

L Fluorocarbon PS 175 % Weight Loss o.o;; 0.05 0.05 0.13 0.13 0.18 0.28 0.46 0.59 0.92 
Hardness 76~78 76-78 76-78 76-78 76-78 76-78 76-78 76-78 76-78 76-78 7 fi-7 p. 

Q Silicone PS 175 % Weight Loss 0.20 0.20 0.28 0.37 0.76 1.45 1. 97 
Hardness 70-71 70-72 71-72 72-74 72-74 72-74 74-75 74-76 

) 
0 1 2 3 5 9 17 36 65 86 

..... 
0 D Acrylic sc 150 % Weight Loss 1.77 2.83 3.32 3.38 4.49 5.54 7.47 9.41 10.7 
0\ 

Hardness 51-54 56-59 56-59 60-62 64-66 64-66 74-76 82-84 86-87 brittle 

E Hypalon sc 150 % Height Loss 15.1 19.5 22.1 26.7 33.1 37.1 38.9 39.8 39.8 
Hardness 19-20 38-41 49-51 56-58 71-73 84-85 brittle 

-;. 

F Butyl sc 150 .%·Weight Loss 7.01 7.59 8.12 9.37 13.2 20.0 28.7 35.6 38.4 
Hardness 56-59 76-79 76-79 76-79 76-79 76-79 78-81 83-85 86-89 brittle 

0 1 5 9 30 41 56 72 113 ~ 173 

G Silicone PS 150 % \~eight Loss 0.63 1.00 1.04 1. 33 1. 46 1.50 1.50 
·Hardness 47-48 47-48 50-51 50-51 51-52 52-53 52-53 52-53 .. 

I Silicone PS 150 % \~eight Loss 0.18 0.26 0.26 0.61 o. 78 0.87 0.87 
Hardness 60-61 60-61 60-61 60-61 60-62 63-64 63-64 63-64 



TABLE 10 (Continued) 

Aging 
Material Temp . Da;ts Aged 

Code T;tEe Class .LfL ProEert;t 0 1 4 8 15 32 53 84 117 193 

J Ethylene/ PS 150 % Weight Loss 2.01 2.30 2.42 2.70 3.05 3.28 . 4.14 4.95 7.19 
acrylic Hardness 66-68 67-69 69-71 70-72 70-72 72-74 72-74 72-75 77-78 82-84 

K Act·y~.ic PS 150 % Weight Loss 0.60 o. 76 0.92 1. 31 1.90 2.55 4.12. 5.91 12.2 
Hardness 59-60 60-62 61-63 62-63 63-64 66-67 68-69 72-74 79-82 92-93 

0 1 2 4 11 24 52 85 175 

N EPDM PS 150 % Weight Loss 1. 57 1.69 1.69 1. 73 1. 73 l. 73 2.67 7.03 
Hardness 76-78 77-79 77-79 78-80 79-81 81-82 85-86 91-93· brittle 

p Butyl PS 150 % \-Ieight Loss 2.82 3.25 3.82 4.57 5.50 7.05 7.91 
Hardness 51-53 55-57 57-59 59-61 60-62 62-63 62-63 62-63 

1-' 0 1 5 9 30 41 56 72 113 146 173 
0 
...... 

Q Silicone PS 150 % Weight Loss 0.12 0.20 0.20 0.67 0.87 1.10 1.30 2.12 3.14 3.46 
Hardness 70-71 70-71 70-71 71-72 71-73 72-74 12-74 72-74" 72-74 76-78 76-7E 

0 1 2 3 5 9 17 36 65 86 

D Acrylic sc 125 % Weight Loss 1. 23 1.68 1.94 2.13 2.39 2.90 3.69 4.20 4.78 
Hardness 51-54 51-54 56-59 56-59 60-62 60-62 61-64 73-75 73-74 74-80 

E Hypa1on sc 125 % Weight Loss 5.40 8.32 9.63 11.1 12.8 15.2 20.0 25.3 27.9 
Hardness 19-20 26-28 30-32 . 39-40 40-42 47-48 48-50 69-70 83-85 84-87 

F Butyl sc 125 % Weight Loss 6.33 7.07 7.32 7.57 8.13 8.87 10.7 15.2 17.6 
Hardness 56-59 75-78 75-78 75-78 75-78 75-78 78-80 77-80 78-80 80-83 



TABLE 10 (Continued) 

Aging 
Material Temp. Da~s Aged 

Code TI:Ee Class ~ ProEerti: 0 1 4 8 15 32 53 84 117 193 

J Ethylene/ PS 125 % Weight Less 0.93 1.45 1.57 1.92 2. 21 2.26 2.61 2.61 2.67 
acrylic Hardness 66-68 66-68 67-69 69-71 69-71 71-73 71-73 72-73 72-73 72-73 

K Act·ylic PS 125 % Weight Less 0.29 0.35 0.41 0.64 o.Bl 0.92 1.50 1.50 2.02 
Hardness 59-60 59-60 59-60 60-61 61-63 64-66 64-66 65-67 67-69 68-70 

0 1 2 4 11 24 52 85 175 

N EPDM PS 125 % Weight Less 1.02 1.10 1.10 1.10 1.10 1.10 1.10 1.10 
Hardness 76-78 76~78 77-79 77-79 78-80 78-80 79-81 79-81 82-83 

p Butyl PS 125 % Weight Less 1.17 1.30 1. 74 2.23 2.87 3.41 3.58 4.02 
Hardness 51-53 52-54 53-55 54-56 56-58 58-60 59-60 59-60 65 

0 1 2 3 5 9 17 36 65 86 
1-' 
0 D Acrylic sc 100 % Weight Le·ss 0.91 1.18 1.24 1.43 1.43 1. 62 2.01 2.21 2.34 CD 

Hardness 51-54 51-54 55-57 55-57 59-60 59-60 59-62 66-69 67-69 69-71 

E Hypalon sc 100 % Weight Le·ss 2.67 4. 77 5.66 7.51 9.41 11.2 12.9 15.4 16.2 
Hardness 19-20 25-28 29-32 37-40 37-40 40-42 47-50 54-56 65-67 66-68 

F Butyl· sc 100 % Weight Lc·ss 5.16 5.66 5.87 6.24 6.38 6.82 7.17 7.68 7.75 
Hardness 56-59 74-76 75-76 75-76 75-77 75-77 78-80 78-80 78-81 79-80 

0 1 2 4 11 24 52 85 175 

N EPDM PS 100 % Weight Lc·ss 0.76 0.88 0.88 0.92 0.92 0.92 0.92 0.92 
Hardness 76-78 76-78 77-79 77-79 77-79 77-79 78-80 78-80 79-81 

p Butyl PS 100 % Weight Lc·ss 0.39 0.43 0.69 1.29 2.11 2.75 2.97 3.40 
Hardness 51-53 51-53 52-54 52-54 53-55 56-57 56-58 56-58 62-63 



TABLE 11 

EFFECT OF HYDROLYTIC AGING ON TENSILE PROPERTIES 

Aging 
Material b Temp. a Days Aged 

Code Type Class _LfL Property 0 1 2 4 8 16 32 64 128 , __ 
A Silicone sc 125 Tensile strength 160 150 150 130 80 20 

Elongation 210 250 270 320 440 150 
100% Modulus 100 90 80 60 40 20 

B silicone sc. 125 Tensile strength 60* 60* 50* 30* Specimens too tacky for testing 
Elongation 830*' 830* 795* 718* 
100% Modulus 20 30 30 10 

c Silicone sc 125 Tensile strength 340 420 390 330 310 220 150 
Elongation 290 370 370 370 360 450 440 
100% Modulus 130 130 120 80 110 60 50 

G Silicone PS 125 Tensile strength 880* 960* 990* 1030* 1350* 1010* 700 
Elongation 750* 730* 750* 720* 710* 700* 510 
100% Modulus 120 150 140 150 190 170 180 

I Silicone PS 125' Tensile strength 1280 1150 1260 1280 1430 940 610 
Elongation 700 590 570 520 430 49 26 

1-' 
100% Modulus 220 230 280 290 410 370 410 

0 
, Ethylene/ PS 125 Tensile strength \0 J 2080, 2370 2360 1970 2500 2880 1140 
acrylic Elongation 420 470 490 330 240 120 'VQ 

100% Modulus 380 330 330 430 . 850 2380 ND 

L Fluorocarbon PS 125 Tensile strength 1690 1610 1550 1370 1770 1410 1280 
Elongation 220 210 250 220 2'30 250 210 
100% Modulus 650 690 640 630 780 620 660 

N EPDM PS 125 Tensile strength 2010 2020 2040 1960 2300 1980 1910 
Elongation 180 170 170 180 170 200 180 
100% Modulus 800 880 840 790 970 680 770 

* Specimens did not break - elongation exceeded capability of testing machine. Thus, true values are greater 
than those indicated. · 

2 ~ensile strength, units are lb/in ; elongation, percent ultimate elongation; 100% modulus, tensile modulus at 
blOO% elongation (cannot be determined when ultimate elongation < 100%). 
All SC specimens (caulking compounds) were permitted·to age for 4-6 wl~~ at room temperature and then cured for 
24 hrs at the aging temperature prior to testing. The PS specimens (preformed seals) were cured by their 
suppliers and tested on an as-received basis. 

ND =Not determined (modulus values~at 100% elongation cannot be determined when ultimate elongation < 100%). 
Values are arithmetic averages of three sets of dat'a. 



TABLE 11 (Continued) 

Aging 
Material Temp. Da~·s Aged 

Code TyJ2e Class _en_ ProEerty 0 1 2 4 8 16 32 64 128 

p Butyl PS 125 Tensile strength 1600 1520 1560 1630 2020 1430. 1250 
Elongatlon 600 610 550 600 570 540 470 
100% Modulus 130 120 140 110 190 130 130 

Q Silicone PS 125 Tensile strength 1060 1050 1000 1000 1010 750 710 
Elongation 280 250 250 240 190 190 180 
100% Modulus 460 500 470 460 570 460 450 

A Silicone sc 100 Tensile strength 160 230 170 220 180 170 150 
Elongation 210 240 270 410 360 310 300 
100% Mo:lulus 100 120 80 90 70 70 70 

B Silicone sc 100 Tensile strength 60* 60* 60* 50* 40* 30* 30 
Elongation 830* 730* 840* 830* 830* 810* 700 
100% Modulus 20 20 20 20 20 10 20 

...... c Silicone sc 100 Tensile strength 340 520 410 390 370 370 340 ...... 
0 Elongation 290 350 350 360 320 390 350 

100% Modulus 130 150 120 110 110 100 110 

G Silicone PS 100 Tensile strength 880* 1170* 930* 1070* 1090* 940 700 
Elongation 750* 650* 730* 740* 730* 530 390 
100% Modulus 120 200 130 150 150 210 230 

I Silicone PS 100 Tensile strength 1280 1590 1230 1310 1210 810 510 
Elongation 700 600 600 580 510 220 90 
100% Modulus 220 320 240 300 300 470 ND 

J Ethylene/ PS 100 Tensile strength 2080 1970 1950 2010 1950 2200 2330 
acrylic Elongation 420 450 430 420 390 380 290 

100% Mc·dulus 380 400 400 430 450 530 790 

K Acrylic PS 100 Tensile strength 1570 1370 1310 1310 1290 1440 1770 
Elongation 170 190 190 180 170 160 130 
100% Mcdulus 510 580 500 540 590 690 1350 



TABLE 11 (Continued) 

Aging 
Material Temp. Dals Aged 

Code TlEe Class __LfL Pro2ertl 0 2 4 8 16 32 64 128 

L Fluorocarbon PS 100 Tensile strength 1690 2000 1600 '1620 1420 1480 1250 
Elongation 220 210 230 220 250 210 190 
100% Modulus 650 840 670 700 650 740 720 

N EPDM PS 100 Tensile strength 2010 2560 2130 2140 1840 2000 2060 
Elongation 180 180 180 180 170 170 190 
100% Modulus 800 1120 870 840 900 900 900 

p Butyl PS 100 Tensile strength 1600 1940 1520 1660 1580 1440 1160 
Elongation 600 560 600 600 570 490 450 
100% Modulus 130 160 100 110 120 140 140 

Q Silicone PS 100 Tensile strength 1060 1300 1000 1010 980 970 930 
Elongation 280 240 230 230 230 190 180 
100% Modulus 460 620 480 500 520 560 590 

1-' A Silicone sc 83 Tensile strength l-' 
160 160 200 190 180 140 

t-' Elongation 210 200 280 290 310 220 
100% Modulus 100 90 100 90' 90 80 

B Silicone sc 83 Tensile strength 60* 60* 70* 40* 53* 44 
Elongation 830* 800* 830* 790* 7.90* 800 
100% Modulus 20 20 30 20 20 20 

c Silicone sc 83 Tensile strength 340 450 390 460 380 430 
Elongation 290 350 350 380 340 360 
100% Hodulus 130 130 120 120 120 140 

G Silicone PS 83 Tensile strength 880* 910* 950* 950* 1080 1120 
Elongation 750* 740* 730* 730* 660 570 
100% Modulus 120 120 130 120 170 210 

I Silicone PS 83 Tensile strength 1280 1260 1230 1210 1230 930 
Elongation 700 660 610 600 460 320 
100% Modulus 220 105 118 109 155 191 



TABLE 11 (Continued) 

Aging 
Material Temp. Da~s Aged 

Code TyEe Class .rn_ Pro;perty 0 4 8 16 32 64 128 

J Ethylene/ PS 83 Tensile strength 2080 1900 1870 1870 2050 2270 2050 
a'crylic Elongation 420 410 380 380 370 370 250 

100% ~~odulus 380 400 510 440 480 620 780 

K Acrylic· PS 83 Tensi]e strength 1570 1280 1300 1280 1350 1380 1270 
Elongc.tion 170 190 180 180 170 170 120 
100% Modulus 510 480 680 530 600 710 1120 

L Fluorocarbon PS 83 Tensile strength 1690 1670 1760 1590 1450 1320 
Elongation 220 210 230 240 240 210 
100% modulus 650 690 680 610 650 670 

N EPDM PS 83 Tensi~e strength 2010 2160 2020 2050 2030 2200 
Elongation 180 180 170 170 180 190 
100% Modulus 800 900 860 840 880 940 

1-' p Butyl PS 83 Tensile stren&th 1600 1610 1580 1540 1370 1200 1-' 
N Elongation 600 610 620 600 520 490 

100% Modulus 130 120 120 120 140 140 

Q Silicone PS 83 Tensile strength 1060 1030 1020 1030 1050 1000 
Elong.:ttion 280 250 230 240 200 170 
100% ·~odulus 480 480 500 500 580 630 

A ·Silicone sc 67 Tensile strength 160 230 200 190 210 160 
Elongation 210 290 250 300 280 230 
100% Modulus 100 100 110 90 110 100 

B Silicone sc 67 Tensile strength 60* 80* 70* 50* 60 70 
Elongation 830* 820* 840* 850* 800 710 
100% .Modulus 20 30 30 20 20 20 

c Silicone sc 67 Tens:ii.le strength 340 410 490 370 490 360 
Elongation 290 320 380 360 370 280 
100% Modulus 130 140 140 120 150 140 
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TABLE 11 (Continued) 

Aging 
Material Temp. Da~s Aged 

Code Type Class _LfL Pro2ert;l 0 4 8 16 32 64 128 
G Silicone PS 67 . Tensile strength 880* 920* 930* 950* 1130* 1200 

Elongation 750* 730* 750* 810* 720* 620 
100% Modulus 120 130 130 120 180 200 

I Silicone PS 67 Tensile strength 1280 1280 1260 1260 1420 1130 
Elongation 700 650 650 640 420 390 
100% Modulus 220 240 230 230 370 360 

J Ethylene/ PS 67 Tensile strength 2080 1920 2010 2000 2040 2000 1960 
acrylic Elongation 420 420 430 410 420 400 320 

100% Modulus 380 380 370 390 420 470 550 
K Acrylic PS 67 Tensil~ strength 1570 1320 1280 1310 1360 1370 1360 

Elongation 170 180 180 180 170 180 160 
100% Modulus 510 500 520 530 580 640 710 

1-' 
1-' L Fluorocarbon PS 67 Tensile strength 1690 1720 1710 1750 1800 1480 w 

Elongation 220 210 230 250 240 230 
100% Modulus 650 700 660 640 780 660 

N EPDM PS 67 Tensile strength 2010 2050 2250 2040 2510 2010 
Elongation 180 170 190 190 200 170 
100% Modulus 800 870 880 810 1020 940 

p Butyl PS 67 Tensile strength 1600 1640 1520 1530 1830 1460 
Elongation 600 620 580 630 590 550 
100% Modulus 130 120 120 120 160 130 

Q Silicone PS 67 Tensile strength 1060 1020 1070 1000 1110 1110 
Elongation 280 230 260 250 220 200 
100% Modulus 460 510 490 480 560 630 
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TABLE 12 

PERCENT RETENTION OF TENSILE l'ROPERTI ES OF liYDROl.YTICALLY Ma·:D HATERIALS 
··---··------------

Aging Percent Retention 
Hat erial Temp. ----·----------Days Aged 

Code Type ___ Class ( OC) - Property 1 2 4 8 16. 32 
---

A Silicone sc 125 Tensile strength 94 94 81 so 13 
Elongation 119 129 152 210 71 
100% Hodulus 90 80 60 40 20 

B Silicone sc 125 Tensile strength NC NC NC Specimens too tacky 
Elongation NC NC NC for testing 
100~1. Nodulus 150 150 50 

c Silicone sc 125 Tensile strength 124 115 97 91 65 44 
Elongation 128 128 128 124 155 152 
100% ~odulus 100 92 62 ss 46 38 

G Silicone PS 125 Tensile strength NC NC NC NC NC NC 
Elongation NC NC NC NC NC NC 

t-o 100% Modulus 125 117 125 1.?8 142 150 
t-o 
~ 

I Silicone PS 125 Tensile strength 90 98 100 112 73 48 
E-longation 105 127 132 186 168 186 
100% Modulus 105 127 132 186 168 186 

J Ethylene/ .ps 125 Tensile strength 114 113 95 120 138 55 
acrylic Elongation 112 117 79 57 29 '\.Q 

100% Nodulus 87 87 113 224 126 ND 

NC = Not calculated~ 

ND = Not determined (modulus values at 100% elongation cannot be determined when ultimate elongation < 100%). 

Retention values are no.t calculated when both original and aged specimens were off-scale. When aged results· 
are on-scale and zero time results are. off-scale, t.he retentions are calculated en a less than ( <) basis since 
the true value at zero time is greater than the recorded value. 



TABLE 12 (Continued) 

Aging Percen-t -Retention 
~laterial Temp. Da~s ·Ased 

Code ~~-- Class :LQ_ ProEerty 1 2 4 8 16 32 64 128 

L Fluorocarbon PS 125 Tensile strength 95 92 81 105 83 76 
Elongation 95 114 100 105 114 9S 
100% Modulus 106 98 97 120 9S 102 

N E?DM PS 12S Tensile strength 100 101 98 114 •99 9'S 
Elongation 94 94 100 94 111 100 
100% Modulus 110 lOS 99 121 85 96 

p Butyl PS 12S Tensile strength 9S 98 102 126 89 78 
Elonga t_ion 102 92 100 ·95 90 78 
.100% Modulus 92 108 8S 146 100 100 

Q Silicone PS 12S Tensile strength 99 94. 94 9S 71 67 
Elongation 89 89 86 68 6'8 64 
100% Modulus 109 102 lOb 12'4 100 98 

1-' A Silicone sc 100 Tensile •trength 144 106 138 113 106 94 
1-' Elongation 114 129 19S 171 lSO 143 VI 

100% Modulus 120 80 90 70 70 70 

B Silicone sc 100 Tensile strength NC NC NC NC <so 
Elongation NC NC NC NC < 84 
100%. Modulus 100 100 100 100 so 100 

c Silicone sc 100 Tensile strength 1S3 121 115 109 109 100 
·Elongation 121 pl 124 110 134. 121 
100% .Modulus 115 '92 85 85 77 85 

G Silicone PS .100 Tensile strength NC NC NC NC < 107 <80 
.Elongation NC NC NC NC <71 < 52 
100% Modulus 167 108 125 145 175 192 

I Silicone -PS 100 Tensile ·strength 124 96 102 95 63 40 
'Elongation 86 86 83 73 31 13 
100% Modulus 145 109 136 136 214 ND 

.:J Ethylene/ PS 100 Tensile-strength 95 94 97 94 106 112 
acrylic Elongation 107 102 100 93 90 69 

100% Modulus lOS lOS 113 118 139 208 



TABLE 12 (Continued) 

Aging Percent Retention -----
Material Temp. Dals Aged 

Code T:n~e Class nL Propertl 2 4 8 16 32 64 _ill_ 

K Acrylic PS 100 Tensile strength 87 83 83 82 92 113 
Elongation 112 112 106 100 94 76 
100% Modulus 114 98 106 116 135 265 

L Fluorocarbon PS 100 Tensile strength 118 95 96 84 88 74 
iElongation 95 105 100 114 9? 86 
100% Nodulus 129 103 108 100 114 111 

N -EPDM PS 100 Tensile strength 127 106 106 92 100 102 
Elongation 100 100 100 94 94 106 
100% Modulus 140 109 111 113 113 113· 

p Butyl PS 100 7ensile strength 121 95 104 99 90 73 
Elongation· 93 100 100 95 82 75 
100% Modulus 123 77 85 92 108 108 

..... 
PS 100 Tensile· strength 123 94 95 92 92 88 ..... Q _Silicone 

0\ Elongation -·. 86 82. 82 82 68 64 
100% Modulus 135 104 109 113 122 128 

A Sil_icone sc 83 Tensile strength 100 125 119 113 88 
Elongation 95 133 138 148 105 
100% Modulus 90 100 90 90 80 

B Silicone sc 83 Tensile strength NC NC NC NC < 73 
Elongation NC NC NC NC < 96 
100%. Modulus 100 150 100 100 100 

c ··Silicone sc 83 Tensi~e strength 132 115 135 112 126 
Elongation 121 121 131 li7 124 
100% Modulus -- 100 92 92 92 108 

G Silicone PS 83 Tensile strength NC NC NC < 123 < 127 
Elo~gation NC NC NC < 88 < 76 
100%. Modulus 100 108 100 142 175 

• ~f 



TABLE 12 (Continued) 

Aging Percent Retention 
MatE! rial Temp • oaxs Ased 

Code Type Class .LfL Property 4 8 16 _B_ 64 128 --· 
I Silicone PS 83 Tensile strength 98 96 ' 95 96 73 

Elongation 94 87 86 66 46 
100% Modulus 105 118 109 155 191 

J Ethylene/ PS 83 Tensile strength 91 90 90 99 109 99 
acrylic Elongation 98 90 90 88 88 60 

100% Modulus 105 134 116 126 163 205 

K Acrylic PS 83 Tensile strength 82 83 82 86 88 81 
Elongation 112 106 106 100 100 71 
100% Modulus 94 133 104 118 139 220 

L Fluorocarbon PS '83 Tensile strength 99 104 94 86' 78 
Elongation 95 105 109 109 95 
100% Modulus 106 105 94 100 103 .... .... N EPD:H PS 83 Tensile strength 107 100 102 101 109 ...... 
Elon'gation · 100 94 94 100 106 
100% Modulus 113 108 105 110 118 

p Butyl PS 83 Tensile strength 101 99 96 86 15 
Elongation 102 103 100 87 82 
100% Modulus 92 92 92 108 108 

Q Silicone PS 83 Tensile strength 97 96 97 99 94 
Elongation ·89 82 86 71 61 
100% Modulus 104 109 109 126 137 

A Silicone sc 67 Tensile strength 144 125 119 210 160 
Elongation 138 119 143 133 110 
100% Modulus 100 110 90 110 100 

B Silicone sc 67 Tensile strength NC NC NC < 100 < 117 
Elongation NC NC NC <96 < 86 
100% Modulus 150 150 100 100 100 



TABLE 12 (Continued) 

Aging Percent Retention 
Material Temp. Dazs Aged 

Code Tyee Class ~ P:-o~erty 4 8 16 32 64 128 

c Silicone sc 67 Tensile strength 121 144 109 144 106 
Elo:-tgation 110 131 125 128 97 

_, 100~ Modulus 108 108 92 115 108 

G Silicone PS 67 Ten;ile strength NC NC NC NC < 136 
Elo:1gation NC NC NC NC < 83 
100·~ Modulus 108 108 100 150 167 

I Silicone PS 67 Ten;ile strength 100 98 98 111 88 
Elo:1gation 93 93 92 69 56 
100·~ Modulus 109 105 105 168 164 

J Ethylene/ PS 67 Ten;ile strength 92 97 96 98 96 94 
acrylic Elo:tgation 100 102 98 100 95 76 

100::: Modulus 100 97 . 103 111 124 145 
..... K Acrylic PS 67 Ten;ile strength 84' 82 83 87 87 87 ..... 
00 Elo:1gation 106 106 106 100 106 94 

100::: Modulus 98 102 104 114 125 139 

L Fluorocarbon PS 67 Ten;ile strength 102 101 104 107 88 
Elo::tgation 95 105 114 109 105 
1007.: Modulus 108 102 98 120 102 

N EPDM PS 67 Ten;ile strength 103 101 125 100 
Elo::tgation 94 106 111 94 
1007.: Modulus 109 101 128 118 

p Butyl PS 67 Tensile strength 103 95 96 114 91 
Elongation 103 97 105. 98 92 
100% Modulus 92 92 92 123 100 

Q Silicone PS 67 Tensile strength 96 101 94 105 105 
Elongation 82. 93' 89 79 71 
1000: Modulus 111 . 107 104 122 137 



TABLE 13A 

EFFECT OF HYDROLYTIC AGING ON ADHESION OF CAULKING c·OMPOUNDS 

Peel Resistance (lb) - PrinciEal Mode of Failure* 
Material Temp • Aging Time in Water (Da~s) 

Code Type Class -- ..L.fL 0 1 2 4 8 16 32 64 128 

A Silicone sc 12S 4.3 c O. 7 A 0.8 A LOA Specimens disintegrated 
B Silicone sc 12S 9.4 c lLO c 9.4 c S.8 c 0.2 c 0.1 AC 
c Silicone sc 12S lS.O c 9.S A 6.8 AC LlA 0.8 A 0.2 AC 0.3 AC 0.2 AC 

D Acrylic sc 12S u.s c Specimens disintegrated 
E Hypalon sc 12S 1.0 CA 0.8 A 1.6 AC 3. 7 A 
F Butyl sc 12S L9 c 4.S c LOC L3 c 1.1 AC 1.0 AC 0.3 AC 0.3 C• 

A Silicone sc 100 4.3 c 2.1 AC 1.3 AC 0.7 A 0.1 AC 0.1 c 0.1 AC 
B Silicone sc 100 9.4 c 12.0 c 8.4 c 8.9 c L8A 0. 7 A 0.8 AC 
c Silicone sc 100 lS.O c 8.4 c 9.0 c 6.2 c L9A LOA O.ti AC 

D Acryfic sc 100 u.s c Specimens disintegrated 
E Hypalon sc 100 1.0 CA 2.1 AC 2.1 AC 2. 7 AC 2.1 A 2.0 A L7A O.S A 
F Butyl sc 100 L9C o.s c 2.7 c 2.0 c L8 AC L3C 2.2 AC 

~ A Silicone sc 83 4.3 c 4.7 AC 2.8 AC 2 .• 3 AC 1.6 AC LO A 0.4 A 
~ B Silicone sc 83 9.4 c 13.0 c 9.8 c 1L3 c 9.8 AC 9.8 AC 4.3 AC 1.0 

c Silicone sc 83 lS.O c 9.4 c 6.9 c 6.0 c 3.S c 4.8 A 2.0 A 

D Acrylic sc 83 u.s c 3.0 A S.3 A 4.0 AC 6.9 AC 
E Hypalon sc 83 1.0 AC 2.3 A 3.1 AC 2.1 AC LlA 2.3 A 2.2 AC 
F Butyl sc 83 L9 c 2.4 c 2.1 c L3A 0.8 AC L7C l.S AC 

A Silicone sc 67 4.3 c s.o c 3.6 AC 2.3 AC 3.2 AC 2.6 AC L4 A 
B Silicone sc 67 9.4 c 12.8 c 9.0 c 9.8 AC u.o c 9.S c 9.3 c 
c Silicone sc 67 lS.O c 10.2 c 10.0 c 9.6 c 7.8 c 3.0 AC 2.S c 

D Acrylic sc 67 u.s c lL 3 c 1L9 c 10.2 c U.3 c 4.0 c 2.3 A 
E Hypalon sc 67 1.0 AC 3.S c 3.1 AC 0.9 A 2.2 AC 1.9 AC 2.1 AC 
F Butyl sc 67 L9C 2.3 c 2.2 AC 1.1 AC 1.9 AC O.S AC 

* Specimens were adhered to gl~ss panels. 
Modes of failure listed are based upon qualitative subje:ctive judgments. C represents primarily cohesive failure; 
A refers to a primarily adhesive failure; AC indicates that both failure -mechanisms were significant. Values are 
are the average of the two highest of four specimens. Original values prior to exposure to. water are listed as 
0 d<\ys. The same set of data for original values was used .for the four immersion temperatures. 
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I-' 
N 
0 

Hate rial 
Code I vEe 

A Silicone 

B Silicone 

c Silicone 

E Hypalon 

F Butyl 

TABLE l3B 

EFFECT OF H\~ROLYTIC AGING ON ADHESION OF 
CAULKING em-WOUNDS TO METAL PANELS . 

Adhesive Adhesive 
Strength to Strength to 

Class Galvanized Steel Aluminum 

sc Fair Poor 

sc· Good ·Exceilent 

sc Very Poor Good 

sc Very Poor Poor 

sc Excellent Excellent 

Qualitative evaluations \vere perfo:.-med on composites that were immersed 
not be tested in water at 100°C for 109 days. (Acrylic caulk, Code D, could 

since it undergoes rapid degradation in 100°C water.) 

Cohesive 
Strength 

Poor 

Fair 

Poor 

Poor· 

Fair 



TABLE 14 

SIMULATED WEATHERINGa,b 

Tensile Strength (lb/in2) Ultimate Elongation (%) Modulus (lb/in2} at 100% 
Material % Retention % Retention % Retention 

Code Type Class 0 250 h After 250 h 0 250 h After 250 h ._o_. 250 h After 250 h ·--
A Silicone sc 230 160 70 290 230 79 100 100 100 
B Silicone sc 60* 90 820* 520 20 30 150 
c Silicone sc ·350 440 126 . 320 360 113 130 130 100 
D Acrylic sc . 80 180 225 260 0 0 
G Silicone PS 910* 880* 710* 760* 120 120 100 
I Silicone p~ 1240 1290 104 650 720 111 220 220 100 ' 
J Ethylene/ PS 2030 2250 111 420 500 119 380 300 79 

acrylic 

K Acrylic PS 1210 1300 107 160 180 113 510 530 104 ..... 
N L Fluorocarbon PS 1700 1620 95 210 220 105 650 650 '100 ..... 

N EPDM PS 1950 2060 106 170 170 100 800 860 108 
p Butyl PS 1650 1560 95 560 600 107. ·130 130 100 

'. 

Q Silicone ·PS 1110 1070 96 270 270 100 460 460 100 
a 
Tests were performed in an Atlas Electric Device Weather-0-Meter Model XW-WR. 

b 
permitted to age 4-6 weeks at room·temperature prior testing. Caulking compounds were to 

* Specimens did not break - elongation exceeded capability of testing machlne; true values 
are greater than those:indicated. 



TABLE 15 

FUNGUS RESISTANCE 

Rating System 

Observed Growth on Specimens 

None 

Rating 

0 

Traces of growth (less than 10 percent) 

Light growth (10-30 percent) 

1 

2 

Medium growth (30-60 percent) 3 

Heavy growth (60 complete) 4 

1_0_ Day Report on Fungus Resistance 

SE-7550 

_Tremco Butyl 

Dow Corning 
732~--

RTV-103 

1)()\V Corning 
790 

31-323-0731A --------

Nl'C fi.O/ 40 -·--- -·---··-

3"300-12 

IIS-70 

No growth or damage noted. This sample is acceptable for 

fungus resistance. RATING = 0 

No edge or surface growth, no damage noted. RATING = 0 

Slight surface growth, no damage. This sample should be 

consfdered NOT acceptable for fungus resistance. RATING = 1 

No growth or damage noted. This sample is acceptable for 

fungus resistance. RATING = 0 

Growth on the surface of sample. This is NOT acceptable 

for fungus resistance. RATING = 2 

Some edge growth, no damage. This sample should be 

considered NOT acceptable for fungus resistance. 

10\TING = 2 

No surface growth, no damage. This sample is acc~ptable 

for fungus resistance. RATING = 0 

Some edge growth on sample, no damage noted. This is 

NO'~ acceptable for fungus resistance. RATING = 2 

Some edge growth, no damage noted. This sample should 

be considered NOT acceptable for fungus·resistance. 

RATING = 2 
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TABLE 15 (Continued) 

210-108-35..-1 

3300-11 

8EX-123 

G&H Hypalon 

Tremco Mono 

G&H Butyl 

Moderate surface growth, no damage. This should NOT be 

acceptable for fungus resistance. RATING = 2 

No surface growth or damage noted. This sample is 

acceptable for fungus resistance. RATING = 0 

Heavy surface growth noted, no damage. This sample is NOT 

acceptable for fungus resistance. RATING = 4 

No surface growth or damage noted. This sample is acceptable 

for fungus resistance. RATING = 0 

Slight surface growth,some bubbling of surface. This is 

NOT acceptable for fungus resistance. RATING = 2 

Excessive surface growth on sample. This sample is NOT 

acceptable for fungus resistance. RATING = 4 

60 Day and Final Ranking Report 

{The following passed fungus resistance.) 

Tremco Butyl No growth. RATING = 0 

RTV-103 No growth. RATING = 0 

NPC 80/40 No growth. RATING = 0 

G&H H~]~alon No growth. Some dam·age of the surface of test sample. 

RATING = 0 
. . 

(The following are marginal limits of resistance.) 

SE-7550 Light growth. RATING 2 

Dow Corning Light growth. RATING 2 
732 

HS-70 Light growth. RATING = 2 

210-108-35-1 Light growth_. RATING = 2 

3300-11 Light growth. RATING = 2 

123 



TABLE 15 (Continued) 

(The following failed fungus resistance.) 

Dow Corning Medium growtl). RATING = 3 
790 

31-323-0731A Medium growth. RATING = 3 

3300-12 Medium growth. RATING = 3 

Tremco Mono Medium growth. RATING 3 

8EX-123 Heavy growth. RATING 4 

G&H Butyl Heavy growth. RATING 4 

* . Tests were performed by Microbac Laboratories. Inc. • 4580 McKnight Road .• 
Pittsburgh. PA 15237 (Phone 412-931-5851) ~ccording to MIL-F-13927A. 
references Military Standard 810-C. ANSI/ASTM G-21-70.· This table 
is a verbatim copy of the reports dated July 5. 197~ submitted to 
Westinghouse by Mr. Albert Metro of Microbac Laboratories. 
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TABLE 16 

EXPOSURE TO FUNG!a 

Da 
Ultimate Modulus at 

Tensile Strength Elongation 100% Elon2ation Hardness (Shore A) 
Material (lb/in2~ (%) (lb/in ) 

Code T}']~e Class 0 30 60 0 30 60 0 30 60 0 30 60 

A Silicone · sc 230 210 190 290 230 290 110 120 90 32-34 34-34 32-34 
% Retention 91 83 79 ·.100 109 82 

B Silicone sc 60 70 60 820 760 8l0 30 30 30 11-12 11-12 11-12 
% Retention 117 100 93 99 100 100 

c Silicone sc 350 380 320 320 300 310 120 150 110 32-33 32-33 32-33 
% Retention 109 91 94 97 125 92 

E Hypalon sc 20 80 40 0 110 150 90 20 23-24 38-40 38-40 
% Retention 400 200 

...... F Butyl 
N 

sc 290 190 170 0 0 0 56-59 72-75 . 73-75 
V1 % Retention 66 59 

G Silicone PS 910* 1060* 1070* 710* 670* 720* 120 150 170 47-48 47-48 47-48 
% Retention 125 142 

I Silicone p~ 1240 1550 1330 650 55o· 840 220 330 290 59-60 60-61 60-61 
% Retention 125 107 85 83 150 132 

J Ethylene/ PS 2120 2060 1940 350 350 370 480 470 440 .70-72 70-72 70-71 
% Retention acrylic 97 92 100 106 98 92 

K Acrylic PS 1310 1290 1130 180 170 180 520 530 450 59-60 59-60 59-61 
% Retention 98 86 94 100 102 87 

L Fluorocarbon PS 1710 1400 210 210 720 620 76-78 76-78 
% Retention 82 100 86 

a to age 4 to 6 weeks at Caulking compounds were permitted room temperature prior to tes_ting. 
* Specimens did not break - ultimate elongation exceeded capability of testing machine; true values 
are greater than indicated. 



·--~ 

TABLE 16 (Continu."d) 
-;.- ·-··---·---·-····-·-··-·· ____________________ D~_0_g_e_d_·--·--· 

l'lt imate ~·lodu lus at 

~1a:.erial 

Tensile Str~ngtil F1onga t i ,m 1007.: Elon9ation Hardness (Shore A) 
__ _fr~/in-:.2_ ___ ___ {JJ_ ______ _ ___ (_ll: I in -::.2__ _ ·---

Code T\•pe Class c 30 60 0 30 60 l.) 30 60 0 30 60 

N EPml PS 2170 1600 2020 1.80 160 190 910 900 780 76-77 76-77 76-77 
% Retention 74 93 89 106 99 86 

p Buty ~ PS lf 50 191G 1•,.10 560 600 580 140 150 140 51-53 51-53 51-53 
% Retention 116 98 107 104 107 100 

Q SilLone 
~; Retention 

PS lllO 1100 1080 270 200 240 510 590 520 70-71 72-73 72-73 
99 97 74 89 116 102 

~-

"' .,_,) 



TABLE 17 

OZONE RESISTANCE MEASUREMENTS 
(Copy of Report by Ozone 

Research & Equipment Corp.} OREC OZONE RESEARCH AND EQUIPMENT CORPORATION 
JUO NOITH •Oth AVENUE • PHOENIX, ARIZONA 15019 • AIEA 602- 272-2~11 

OZONE TEST REPORT 

Order No.34-JP-96199A Date 6/23/79 

Company 

Westinghouse Electric Corporation 
R & D Center 

C2456 

1310 Beulah Rd. 
Pittsburgh 1 PA 15235 
Invoice No. --------~~~~ 

TYPE OF TEST 
kJAccelerat~d Ozone Test Chamber 
00utdoor Expoaure 

TEST PERIOD 
Date 

Date Samples Shipped 

Date Samples Received 

Date Sample• Returned 

TEST CHAMBER MODEL 
OoREC oJoo 
QOR£C OJOOA 
X OREC 0600 

TEST SPECIFICATION 
[j ASTM Dll4 9-~5t (Mod) 

Began 6lnJa 
Date 

4 ,lOPN (]ASTM D470-54T 
0ASTM D1373-SST 

2:10PM0IPCEA 1 Para. 4.4.l.S 

Hour 
Began 
Hour 
Completed Completed 6/22/79 

4/19/79 

4/26/79 

6/28/79 

Ocustomer 
Provided 

00ther . 

REMARKS, TEST SPECIFICATIONI Observations once daily except we~ke~ds 

(yisual). with 7X magn1ficatign at end of test. 

TEST CONUlTIONS (For Outdoor Exposure Test Conditions see Supplement A)l 

Ozone Conientrat!oo 100 pphm/yoJ Number of Samples 

Test Temperature Sample Deecription See attached sheet 

Other Time: 166 hours 

Other Sample Identification See attached sheet 

Other 

TYPE OF STRETCH APPARATUS OR TECHNIQUE 
QAST:1 D~lS-44, Method A 

DESCRIPTION OREC UYNAMIC STRETCHING 
APPARATUS 

OASTM DHS-44 1 tlethod B Extent of Stretch 
OASTf'l ll470-54T 1 Para 40(a) Rate of Stretch ---LJ~S~%~----------
0 As Ttl 0 1 37 ) - n T I p a r a 2 0 ( b ) Type of Stretch Static 
QOREC Dyna111ic ,Stretch Apparatua 
f90t her ASTH 0518- Procedure "C" 127 

DIONI IQUIPMlNT liND INSJIUMlNTATION FOI SCII!NCE AND tNDUSTIT 



TABLE 17 (Continued) 

DESCRIPTION OF "OTHER" STRETCHING APPARATUS OR TECHNIQUE: 

DESCRIPTION OF OZONE TEST CHAMBER, 
OREC 0600. 

Illustration as per attached 
brochure. 
Oven Dimensions: 24"xl8"xl8" 
Automatic Temperature Control 
Automatic Ozone Concentration 
Control. 
Air Flow: 1 chamber change/min. 
Air Velocity:Laterally 1 in e~ces& 
of 2 ft/sec. 
Ozone Generator: Ultra Violet 
Quartz Lamp. 

DESCRIPTION OF OZONE TEST CHAMBER, 
OREC 0600A or 0600C. 

Illustration as per attached 
brochure. 
Oven Dimensions: 24"xl8"xl8" 
Automatic Temperature Control 
Automatic Ozone Concentration 
Control. 
Air Flow:See Test Conditions above 
Air Velocity:Laterally 1 in exce~s 
of 2 ft/sec. 
Ozone Generator: Silent Arc 
Discharge Generator. 

EVALUATIVE TI::CIIt;IQUE: Visual daily (except weekends) See attached sheets 

for daily reporting. ZX magnification as final evalu.a . ..~ot....~iuo.LJnLLa.. _____ ....;.. __ _ 

SAMPLE EVALUATION: See attacberl Page 7 

TEST(S) CO~UUCTF.D BY: 

The above is a true and exact test report io 
certification of which is affixed the Seal of 
Ozone Research & Equipment Corporation, 
(Including the attached 7 pages) 
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TABLE 17 (Continued) 

Westinghouse Elect~ic Corporation 

P.O. 34-JP-96199A/ Ozone Testing 

Sample Description: 

1. Dow Corning -732 

2. 8EX123 

3. NPC 80140 

4. 11570 

5. 330-12A 

6. 210-108=35-1 

7. SE 7550 

8. 'l'remco Butyl 

9. RTV 10: 

10. 3300-11 

11. 31-323-0731A 

12. Dow Corning 790 

13. G&H llypalon 

(Not tested - see explanation Page 2 attached) 

Sample~ (two each of above 13 compounds) are numerically identified 

with A & B suffix. 

129 



------------ ---

TABLE 1.7 (Continued) 

Final Observation -June 22, 1979 
7X Magn}fication 

Sample 
ID 

lA 

lB 

2A 

2B 

3A 
3B 

4A 
4B 

SA 
5B 

6A 
6B 

7A · 
7B 

8A 

8B 

9A 
9B 

lOA 
lOB 

llA 

Remarks 
After 9 .. (:::-1-:-h-o_u_r·s--.-s-a-m-ple broke at narrow end of mount. 
No evidence of ozone degradation on the one-end mounted 
sample. 
No evidence of ozone degradation. 

Severe edge and surface cracking, pa rt·i cul arly at narrow 
end mount. 
Severe edge and surface cracking over 80% of sample. 

No evidence of ozone degradation. 
No evidence of ozone degradation. 

No evidence of ozone degradati.on. 
No evidence of ozone degradation. 

No evidence of ozone degradat :!.on. 
No evidence of ozone degradation. 

No evidence of ozone degradation. 
No evidence of ozone degradation. 

No ev:ldence of ozone degr::~dation. 

No evidence of ozone degradation. ' 

Not tested - Sample hard an d1 stiff; broke in attempting 
mount. 
Nlll Leetc:J - :Jawple hard and stiff; b rok.: in attempt .in~ 
mount. 

No evidence of ozone degradation. 
No evidence of ozone c:1egradation. 

No evidence of ozone degradation. 
No evidence of ozone deg-r:adaticin. 

to 

to 

Brnke at narrow end of mount within 24 hours. No evidence 
of ozone degradation on tbe one-end mounted sa~ple. 

llB Broke at narrow end of mount within 24 houri. No evidenc~ 
o of ozone degradation on the one-end mounted sample. 
llC After 48 hours into the test~ this sample was mounted and 

12A 
12B 

13A. 
13B · 

exposed for the duration of the test. There was no evidence 
of ozone degradation 

No evidence of ozone degradation. Some relaxation. 
No evidence of ozone degradation. Some relaxation. 

No evidence of ozone dt!~radation. Extremely reJaxed. 
No evidence of ozone degradation. Extremely relaxed. 
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TABLE 18 

EFFECT OF G~AZE DEPOSITS 
ON RELATIVE LIGHT TRANSMITTANCE 

Deposit 

Water Leaching of Glass 

Salts 

Salts 

Silicone Rubber Fragments 

Oil 

Powder 

Butyl Rubber Fragments 

Oxidized 

Acryla~e Rub~er fragments 

Oxidized 

Stearic Acid from Rubb~r 

Liquid 

Solid 

Processing Oil from Rubber 

Liquid 

Oxidized 

Amount 
Grams/Sq. Meter 

0.151 

0.237 

0.4 

0.129 

0 .. 03) 

0-4 
0.4 

0.4 

0.2 

Rt:datb.;e 
Light Transmit.tance 

% Reduction 

20 

34 

1 

18 

4 

"' 1 

"' 1 

5-6 

* Values obtained using the incandescent light transmittance 
measurement apparatus (Appendix II). 
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TABLE 19 

nri'GASSING OF S lLI.CONE SEALANTS 

SC Percent (%) 
·Compounds Condens·ables* Noncondensab1es* 

Infrared Spectrophotometric Analysis of Condcnsables 
-1 Major Bands - \~ave N:.~mber em Interpretation 

A 

B 

c 
u 
v 
\.J 

X 

y, 

z 
PS 

Compounds 

* 

G 

H 

I 

Q 

AA 

2.7 

1.0 

1.6 

1.2 

1.6 

1.0 

1.4 

2.6 

0.9 

"'0.01 

0.9 

0.3 

"'o. 01 

0.3 

0.4 

0 •. 3 

2.4 

3.1 

6.2 

0.4 

0.3 

0.8 

0.9 

"'0.03 

0.2 

0.2 

"-0.05 

0.2 

Test conditions were 9 days @ 150°C. 

800, 1000-1100, 1260, 1380, 1460, 
2800-3000 

800, 1000-1100,, 1260, 2800-3000 

800, 1000-1100, 1260, 2800-3000 

800, 1000-1100, 1260, 2800-3000 

800, 1000-1100, 1260, 2800-3000 

800, 1000-1100, 1260, 2800-3000 

800, 1000-1100, 1260, 2800-3000 

800, 1000-1100, 1260, 2800-3000 

800, 1000-1100, 1260, 2800-3000 

800, 1000-1100, 1260, 2800-3000 

800, 1000-1100, 1260, 1490, 1590, 
1720, 2800-3000 

800, 1000-1100, 1260, 2800-3000 

800, 1000-1100, 1260, 2800-3000 

800, 1000-1100, 1260, 2800-3000 

Low molecular weight cyclic 
or linear alkyl polysiloxane 
and a processing oil 

Low molecular weight cyclic 
or linear alkyl polysiloxane 

Alkyl polysiloxane 

Alkyl polysiloxane plus an 
aromatic ester 

Alkyl polysiloxane 

Alkyl polysiloxane 

Alkyl polysiloxane 



TABLE 20 

OUTGASSING OF INTERMEDIATE TE~WERATURE SEALANTS 

sc Percent (%) Infrared·spectrophotometric Analysis of Condensables 

Com~ounds Condensables* Nonconden·sables* Major Bands - \.Jave Number cm-1 Interpretation · 

D 0.4 4.0 1160, 1220, 1380, 1460, 1720, Acrylate or oxidized oil 
2800-3000 

E 13.0 15.4 1180, 1.240, 1380, 1460, 1720, Alkyl sulfonic acid ester 
2800-3000 

F 6.5 8.0 1160, 1220, 1380, 1460, 1700, Oxidized. processing oil or 
2800-3000 butyl fragments 

Ps-:-
ComEounds .. -· ..... 

w J" w 1.77 2.1 1380, 1420, 1710, 2800-3000 · Acrylate/ ethylene fragments 

K 0._3 0.09 Very·weak band~ NI 

L "'0.01 "'0.01 Very weak ban.ds . NI 

M "'0.01 "'0.01 Very weak bands NI 

0 0.6 0.2 1380, 1460, 1710, ·2800-3000 Oxidized processing oil 

p 2.3 0.3 1300, 1460, 1700, 2800-3000 Stearic acid 

R 1.9 1.0 1260, 1360, 1460, 1710, 2800-3000 Oxidized processing oil or 
low molecular. weight butyl·· 
fragments 

* Test conditions were 9 days @ 150°C 

NI = Not interpreted, insufficient sample 



TABLE 21 

OUTGASSING OF ETHYLENE-PROPYLENE TERPOLYMER SEALANTS 

Percent (%) Infrared Spectrophotometric Analysis of Condensables 

ComEound Condensables Noncondensables Hajor Bands - Wave Number cm-1 Interpretation 

N* 0.5 0.3 1260, 1380, 1460, 1600, 2800-3000 Processing oil (naphthenic) 

S* 3.2 0.6 1280, 1380, 1460, 1700, 2800-3000 

T Ill* 4.4 0.3 1280, 1380, 1460, 1700, 2800-3000 Oxidized paraffinic oil or 
T Ill* 3.1 ·o-.5 1280, 1380, 14·60, 1700, 2800-3000 oxidized EPDM fragments 

T 112* 0.8 0.3 .1280, 1380~ 1460, 1700, 2800-3000 or both 

T 112* 0.8 0.5 1280, 1380, 1460' < 1700' 2800-3000 

I-' 
w S** 4.3 0.6 1270, 1380, 1460, 1700, 2800-3000 ~ 

T Ill** 5.7 0.3 1290, 1380, 1460, 1700, 2800-3000 Oxidized paraffinic oil or 

T Ill** 4.8 0.55 1290, 1380, 1460, 1700, 2800-3000 oxidized EPDM fragments 
or both 

T 112** 0.9 . o. 3 1270, 1380, 1460, 1700, 2800-3000 

T 112** 1.0 0.5 1270, 1380, 1460, 1700, 2800-3000 

* Test ·-conditions were 9 days @ 150°C. 
** 16 days @ 150°C. Test conditions were 



...... 
w 
1./1 

Manufacturer 

Overly 
Greensburg, PA 

Model II 

*Pittsburgh Plate A441 
Glass 
Pittsburgh, PA 

Types 1, 2 & 
3 

Solar Dev. Inc. SD-5 & SD-6 
Riviera Beach, FL 

Reynolds 
Aluminum 
Richmond, VA 
Solar Energy 
Prod., Inc. 
Gainesville, FL 

Libby Owens 
Ford 
Toledo, OH 

Sunburst Solar 
Energy, lnc. 
Menlo Park, CA 

* 

Series 1400 
and 1500 

CA Series 
SC Series 

Series 100 
and 200 

BG, BGc·, 
BEAG, BEA 

TABLE 22 

SOLAR COLLECTORS 

Type 

Vented, desiccant 

Breathing, silica 
gel 

Twindow,Hermetic 
breathing absorber 
plate, silica gel 

Self-draining 

Seal out moisture 

Back Insulation 

Fiberglass; no 
lubricant or binder 

Fiberglass 

Fiberglass 

Thermax R=l6 
(Celotex) 
(Glass reinforced 
polyisocyanurateiAl) 

Closed cell foamiAl 
facing 

Glass reinforced 
polyisocyanurate/Al 
Unbnd. borosilicate 
glass on above 

Vented, press. equal.Lo•.1 binder fiber-
passage, no neeJ glass 
for desiccants 

Rigid urethane foam 

Side Insulation 

None 

Formerly used 
'Marinite' ; not 
employed in later 
models 
Thermax R=8 
(Celotex) 
(Gl. rein • 
polyisocyan. I Al) 

Gl. rein •. 
p·olyisocyan. I Al 

Pittsburgh Plate Glass has receiltly discontinued manufac.ture ·of solar collectors. 

Glaze Seals 

Silicone rubber 
seal 

Butyl sealant (prim.) 
Twindow. (sec.) 

Butyl sealant (sec.) 
Butyl sealant (prim.) 

Ethylene propylene 
dien·~ monomer (EPDM) 
extr•Jded channel 

Molded or extruded 
rubber seal 



TABLE 22 

SOLAR COLLECTORS (Continued) 

Manufacturer 

Revere 
.Rome, NY 

Lennox Ind. 

Solarnetics 
El Cajon, CA 

Cimarron Solar 
Ind. 
Olka City, OK: 

~ Dixon Energy 
a- Systems 

~ \•Hadiey, MA 

Chamberlain 
Manufacturing 
Corp. 
Elmhurst,· IN 

Model 0 

Sun-Aid 

LSC-18-1.5 
LSC-18-1 

EC-2 

Yankee 

Type 

Weep holes for 
ventilation and 
moisture remeval 

Vented for 
moisture relii.ef 

:··· 

711101, 711201, Passive drying 
712101, 712201 system,regenerated, 

vented,silica gel 

Solar Innovations SC-107, SC-208 
Lakeland, FL SC-300, SC-400 

Daystar Corp. 
Bu_rl;Lngton, MA 

Energy Systems 
Inc. 
San Diego, CA 

Champion 
Dryden, Ml 

21-C, 21-B 

IlllS 
llllD 

Desiccant absorbent 
801 (Davidson Chem) 
hermetically sealed 

Air collector 

Back Insulation 

High temp. fiber 
glass 

Semi-rigid fiber 
glass board, 
silicone mount. 
pads 

Polyurethane 

Special fiberglass 

Spinglas (R) 

Fiberglass (high 
temp.) 

Polyurethane Dyplast. 
urethane Type I 

High temp. 
isocyanurate foamed 
in place 

Glass reinforced 
rigid Thermax 
foam/Al facing 

Urethane foam 

Side Insulation 

Fiberglass 

Polyurethane 

(R) 
Foamglas 

Insulating board 

Compressed high 
temp. fiberglass 

High temp. 
isocyanurate 
foamed in place 

Glaze Seals 

PVC weather strip 

Silicone gaskets 

EPDM rubber 
weather seal-EPDM 
foam 

PVC extrusion silicone 
sealant 

Rhodorsil 3B 
Novatherm 415 (hot 
butyl sealant) 

Rubber gasket 

----- -----------------------------



. -; ~ . Static 
(Equilibrium) 
Water Capacity 

Desiccant @ 25°C 

Silica·gel(Si02) 22% @ 40% Rli 
35% @ 60% RB 
42% @ 100% RB 

Activated alumina 12% @ 40% RH 
(A1203) 15% @ 60% RH 

17% @ 80% RH 

Alumina gel 17% @ 40% RH 
(A12Q3+1.0-1.5% 24% @ 60% RH 

;. SiO ) 36% @ 80% RH 
2 

Calcium sulfate 6.6% ..... 
(Drierite) (CaS04) 5.4-7.4% w 

"'-I 
Total 12-14% 

Magnesium 48.4% 
perchlorate 
(Mg(Cl04) 2] 

Barium perchlorate 16.1% 
[Ba(Cl04)

2
] 

Barium oxide (BaO) Approaches 100% 

Calcium oxide (CaO) Low capacity 

Activated carbon (C) 14-16% 

TABLE 23 

DESICCANTS 

Drying Mechanism 

Capillary adsorption 

Capillary adsorption 

Capillary adsorption 

CaSO •1/2 H20 
Capiilary adsorption 

Mg(Cl04) 2 •6H20 
Hydrate formation 

Ba(Cl04) 2 "3H20 

Hydrate formation 

Ba(OH) ·SH20 
Hydroxfde formation 

Caco3 •?H20 
Hydroxide formation 

Capillary adsorption 

How Regenerated 

Heat @ 200°F and higher 

Heat @ 400°F-425°F 
.Heat @ 250°F 

Heat-vacuum 
First hydrate t @ 275°F. 
Rest t @ 400°F-500°F 

Heat @ 250°F and up 

Chemically 

Chemically 

Heat 

Change with Temp. 
H20 Partial 
Pressure, Torr Temp. °F 

20 
20 
20 

79 
120 
140 

% 
Water 

16 
~ 
4 



TABLE 23 
DESICCANTS 

Desiccant 

Zeolite (Natural) 
CaA1 2Si4o12 ·6H20 

(Continued) 

Static 
(Equilibrium) 
Water Capacity 

@ 25°C 

60-70% 

Drying M=chanism 

Capillary 2dsorption 

Molecular sieve 
Na

1
?[(Al02) 1?(Si02) 12 J· 

. 27H~O -

21% @ 40% RH Capillary adsorption 
22% @ 60% RH 
23% @ 80% RH 

2 

How Regenerated 

Heat @ 300°F and higher 

Change with Temp. 
H2o Partial 
Pressure, Torr Temp. °F 

20 
20 
20 

77 
1,20 
140 

% 
Water 

22 
21.5 
21 



Adsorbent 

Silica gel-

Activated alumina 

Alumina gel 

Activated carbon 

...... Zeolite (natural} w 
\0 

Molecular sieve 

TABLE 24 

ADSORBENTS FOR ORGANICS 

Adsorption Mechanism 

Capillary adsorption 

Capillary adsorption 

Capillary adsorption 

Capillary adsorption+ 
chemisorption 

Capillary adsorption 

Capiliary adsor-ption 

Relative Order 
of Adsorbability 

Water > alcohols > 
aromatics > di-olefins > 
olefins > paraffins 
(least readily adsorbed) 

Water >> organics 

Water >> organics 

In general organics > water 

Water >> organics 

Water >> organics 
Unsaturated hydro. '> 

saturated hydro. 

How Regenerated 

By desorbing agent 

Heat _350°F to 600°F 

Heat 350°F to 600°F 

High heat and steam 

H-igh beat 

_High heat 



....... 
~ 
0 

TABLE 25 

EFFECTIVENESS OF ADSORBENTS TO\.JARDS ORGANIC. VAPORS 

Adsorbent Sealant Total Volatiles, g 
Adsorbent Weight Sealant Weight (Wt Loss of Sealant) 

Activated 

Activated 

Molecular 

Activated 

Activated 

Molecular 

Alumina* 1.5056 Compound 

Carbon** 1.5067 II 

Sieve*** 1.4998 II 

Alumina* 1.5128 Compound 

Carbon** 1~5013 II 

Sieve***·. 1. 6613 " 

* Alcoa, Alumina F-1 (8-14 mesh) 

** 

p 

c 

1.0152 

1.0689 

1.0419 

1. 8522 

1.1550 

1.1902 

Bulk Density 
lbs/cu ft 

· American Norit, Sorbonorit B-4 (6-14.mesh) 

52 

24-26 . 

38 *** Davison, Type 13X (4-8 nesh) 

0.029. 

0.030 

0.031 

0.053 

0 .. 033 

0.034 

Surface Area 
sq meter/g 

210 

1050-1200 

Percent 
Volatiles 
Adsorbed 

72.85 

70.42 

75.0 

84.0 

87.6 

86.1 



-0 
c 
.2 -c 
~ 

~ 
a:: -c 
'l) 
u 
'­
Q) 
0.. 

60 

40 

20 

(:~rve 720182-A 

Effect of Additional 
Cure During Initial Aging 

Highly Stabile _\ 

1 ~Rapidly Degrading 
I 
I 
I 
I 
I 
I 
1 Time Used in Arrhenius 
l For a 60 "'o Retention 
1/. Point 

0~~~----~--~~----~--------~ 
20 40 60 80 ' . 100 

Time (Days) 

Fig. .l -Typical effects of thermal aging on 
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Curve 720174-A 
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Fig. 2 - Typica I effects of various types of degradation processes 
on physical properties 
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Curve 720185-A 
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Fig. 3 -Aging of silicone rubber N PC 80/40 under compression 
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Curve 720175-/. 
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Fig. 4 -Aging of silicone rubber SE 7550 under 
compression · · 
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·iig. 5 -Aging of silicone rubber HS -70 under 
~compression. 
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Curve 720184-A 
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Fig. 6 -Aging of fluorocarbon elastomer Viton 31323-0731A under compression 
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Fig. 7 -Aging of ethylene-actylic Cofl.llymer Vamac 3300-12A under 
compression 
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Fig. 9 -Aging of ethylene propylene teqXllymer Nordel 3300-11 under 
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Curve 720181-A 

100 

-~ 80 -Q) 
(,/') 

c:: 
0 60 ·;:;; ., 
Q) 
L-
c.. 
E 40 
0 

<..> 

20 

0 
0 20 40 60 80 100 120 140 "160 180 200 220 

Time (Days) 

Fig. 10 -Aging of butyl rubber 8EX-123 under compression 
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--- -------
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Fig. 11 -Arrhenius plot of compression set aging data 
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Fig. 12 -Thermal aging in air of silicone rubber N PC 80/40 



Curve 720351-A 
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Fig. 13 -Thermal aging of silicone rubber SE -7550 in air 



Curve 720352-A 
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Fig. 14 -Thermal aging of silicone rubber HS-70 in air 



...... 
Ln 
Ln 

80 

Curve 720347-A 

·TS 200°C 
TS =Tensile Strength 
E ·= _ultimate Elongation 
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Curve 720344-A 
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Fig. 16 -Thermal aging of ethylene-acrylic coiX)Iymer Vamac 33Q0-.12A in air 
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Fig. 19 -Thermal aging in air ·ot butyl rubber 8 Ex-123 
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Fig. 20 -Thermal aging in air of silicone caulking comp3und DC-732 
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Fig. 21 -Thermal aging in air of silicone cau·lkin.g compound RTV 103 
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Fig. 22 -Arrhenius plot of thermal aging in air of silicons elastomer 
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ToP 
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97 98 96 
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N 98.5 98 97 76 11 

f--' 
lJl 
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99 97 97 
BoTTOM 

33 11 ., 
FIG. 71 -- RELATIVE LIGHT TRANSMITTANCE VALUES ON THE PITTSBURGH 

PLATE GLASS SOLAR COLLECTOR FROM TOWNS ELEMENTARY 
SCHOOL AS MEASURED USING THE INCANDESCENT LIGHT 
SOURCE/PHOTOCELL (100 =NO LOSS), 
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Example -- A reading of 60 microamperes using an 
incandescent light source and a matching photocell 
is equivalent to an average light transmittance 
loss of 26.5% over the range of 400-950 nm, using 
a Coleman Spectrophotometer with a tungsten 
power supply. 

10 20 30 40 50 GO 70 80 90 100 
AVERAGE PERCENT TRANSMITTANCE LOSS 

BETWEEN 400-950 NM 

fiG.72 -- CoRRELATION BETWEEN INCANDESCENT LIGHT 
TRANSMITTANCE VALUES AND SPECTROPHOTOMETRIC 
LIGHT TRANSMITTANCE LOSS VALUES. 
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FIG, 73 -- CoRROSION oF SPACER. 
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FIG, 74 -- DEPOSIT ON BOTTOM EDGE OF ABSORBER PLATE 
OF PITTSBURGH PLATE GLASS SOLAR COLLECTOR 
FROM ToWNS ELEMENTARY SCHOOL, 
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fiG , 75 -- PITTSBURGH PLATE GLASS SOLAR COLLECTOR 
FROM THE NATIONAL BUREAU OF STANDARDSJ 
GAITHERSBURGJ MARYLAND, 

219 
RM-80560 
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Fig. 76- Pittsburgh Plate Glass solar collector from National 
Bureau of Standards 
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fiG, 77 -- CORROSION SITES ON THE PITTSBURGH 
PLATE GLASS ABSORBER PLATE FROM 
THE NATIONAL BUREAU OF STANDARDS, 
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FIG, 78 -- WHITE SALT AND CORROSION DEPOSIT ON THE 

PITTSBURGH PLATE GLASS SOLAR COLLECTOR 

GLAZE SUPPLIED BY THE NATIONAL BU.REAU 

OF STANDARDS, 

222 



OUTER GLAZE INNER GLAZE 

ToP 74 ~I' 

95 96 72 
95 96 72 

55 74 96 64 96 74 
95 89 

60 93 95 96 74 
96 89 

76 11 

40 60 92 65 92 78 74 
N 92 86 N 
1,.) 

66 89 93 81 66 92 
85 94 74 

54 85 92 94 
93 85 72 92 

BoTTOM 94 76 
qf) ~, 

33 11 1 

FIG. 79 -- RELATIVE LIGHT TRANSMITTANCE VALUES ON THE PITTSBURGH PLATE GLASS 
SOLAR COLLECTOR FROM THE NATIONAL BUREAU OF STANDARDS AS MEASURED 
BY THE INCANDESCENT LIGHT SOURCE/PHOTOCELL (100 =NO LOSS), 



FIG, 80 -- MULTICOLORED PATTERN OF ORGANIC DEPOSITS 
ON THE PITTSBURGH PlATE GLASS SOLAR COLLECTOR 
GLAZED FROM THE NATIONAL BUREAU OF STANDARDS, 
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FIG, 81 -- ONE OF THREE WHITE SALT DEPOSIT LINES ON 
THE OUTER GLAZE OF THE PITTSBURGH PLATE 
GLASS SOLAR COLLECTOR FROM THE NATIONAL 
EUREAU OF STANDARDS, 
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fiG, 82 -- SEVERE CORROSION OF THE STEEL ENCLOSURE AROUND 
THE FIBERGLASS OF THE PITTSBURGH PLATE GLASS 
SOLAR COLLECTOR FROM THE NATIONAL EUREAU 
OF STANDARDS , 
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FIG, 83 --TURBO REFRIGERATING CoMPANY'S SOLAR 
COLLECTOR SUPPLIED BY THE UNIVERSITY OF 
CALIFORNIA LABORATORY AT Los ALAMOS~ 
NEW MEXICO, 

227 
RM-80566 



Seal Shape used 
Between Glaze Panels 

Rivet 

Side Frame 

Silicone 
Performed Seals 

Polyurethane ----~~~ 
Foam Insulation 

Dwg . 7694A91 
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Locking Sleeve 

Fig. 84-Turbo Refrigerating Company solar collector 
from Los Alamos 
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FIG , 86 - -WHITE BLOTCHY SILICA DEPOSIT ON THE INNER 
GLAZE OF THE TURBO REFRIGERATING COMPANY'S 
SOLAR COLLECTOR FROM los ALAMOS, NEW MEXICO. 
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Fig. 87 -Apparatus used to determine the effectiveness 
of adsorbents toward organic vapors 
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Elastomeric bladder to compensate for pressure 
due to barometrk and temperature changes 

Fiq. 88- Hermetrica lly sea led design 
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FIG, 89 -- INTERNALLY CONTAINED BREATHING BLADDER, 
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FIG. 90 - - ~XTERNALLY MOUNTED BREATHING BLADDER , 
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ANSI/ASTM D 3187 • 78 

AMERICAN SOCIETY f"OR TESTINQ AND MATERIAL~· 
1916 Race St., Phllodelphlo, Po. t9103 

Reprinted from tile Annual Book of ASTM Standafda, Copyright ASTM 
II not listed in the current combined index. will eppear in the next edirlon. 

Standard Specification tor 
RUBBER SEALS USED IN FLAT-PLATE SOLAR 
COLLECTORS' 

... ._ \lantl .. rd c. .. , .... un~r the hlrti.Jc•IJn•Uun IJ lfohl,lht na&nll•l"l lmm••h•trl, tnlln ... nJ th~ dr•IJnrllon lndlcrltl 
lhr ,,ar uf '"'''"•' .. t.•f"••n nr. m ch, u .. of ,,., .. ,un, ltll rear of lut rt,htun ·A num.,_n tn r•••nlh,.,, m.IIC'III' lha 
, ... niiMI fl•rt••-•1 

I. !lcapor 

1.1 "1 ht' 'r<cdiratinn ,,,\·er~ the ~t'ncral 

rC'quirrmrnh for matrriJis used in ruhhcr 
srals (1( n.n·rlatc ~dar collectors. Particular 
a,-.rliralions ma~ nece~~ilate other require· 
menh that ""t'1u1d la"c precedence uver theX! 
reqcircmer.h when '~cificJ. 

I.-= The dc'"-i}:r:. requirement rertams on I~ 
to pcrmi••it>lc uenecuon> of I he rullllcr during 
thtrmal exran!'ion or contraction of the ~al 
in use aru.t the tfllcrance~ in dimensions of 
moldt-..1 anJ nlrude,t ~als. 

t .~ This ~rcdfiralion does not include re­
quwrcments ~r~~'"'"~ to the fabrication or 
in~tallation of tth: '('als 

2." "pplk•ble Dornmrnt• 

:.I A STilt Stuffdurd . ..-
C hh; r '-"'' t.,r lmkntatinn Hardnc~s of 

fl;,.qnmenc·Ty~ Seabm ... hy 1\tean' of a 
Dun•meter! 

C 717 Ddimta''"' nl Term~ Relating to 
8uilum~ Seal'' 

C 71 ~ T ~'' f,•r A<lh~'ion and Co he, ion nf 
El:t'lc'l'711:r: .. · Juint ~alant' Under Cyclic 
Mc'\ement• 

D ~9~ 1 e,;, i:or kilbh.. · Propcrty­
Ct.,mp ....... ,.. "'=~ · 

D ·U = - ~·•· .. r .K~··bc· Propertie• in Ter.-
~io·l · 

0 •.:-..; "(C'~t i..Jr RL: ·&:1 .)ctcriorattol1 b\· 
. rte,un~ in a Test Tube- . 
[) ll.l\l T~•t for Rubber D< · ::-iorauon · 

Surface Ozo~ Ct .ckinJ! i;; a Chamber 
~ia1 'ii'Ccimensr 

v C :;·, re,; f. ' Rubt>cr Propeny .­
·e" .on Set at WIO" r cmperature•• 

·; i).:ll Rc:commen.k:u Practice for Rub-

hrr -SIIUh.luul T~mrrrn1Ure1 nnd At· 
mnsrherc' for Tc·.tin~ nnd C"onc.\illonlnt:' 

0 141~ Te<~ for R'lhl>cr Propcrt}·-lnler­
nolionol llardnes!' 

D 15M• Definilion,. of Terms Rel01inc 10 
Ruhhcr' • 

D ~ 137 Te" for R.rhcr Proper••·- Brillle­
ne~~ PC'Iinl or Fle~i.,lc Poh mcrs and 
Coaled Fa~·ric>' · 

D 2240 Te<l for Ru1!>er"l'ropcrt~- Durom­
eter Hanfnes~· 

D J I R~ Recomme•ded Praclicc for Rut-­
her- Ma1erials, Equipmcnl, and PrO<·c­
durc< for Mixin~ Slandard Comround• 
and Preparing Slandard Vulcanized 
SheeiS' 

D ~I H~ Recommended Praclice for Rul>­
her- Prep.ualio., of Pieces for Tcsl from 
01her Than S1a10dard Vulcanized Shec1s' 

~.: Otlt~r Srandurls: 
RMA lla,ullmolc- Rubher Producl.: 

Mold«.!. Ex1rud::d. Lalhc Cui. and Cel­
lular' 

J. Classification 

J.l Typts: 
3.1.1 Typt C. iDicndcd for usc in cold 

.imates (below -1~:o•c 10 winltr). 
3.1.: 1"ypt W. i111enucd for use 10 warm 

1 Thn, 'pcetfPIIOf'l 1\ under the jurisdictiOn of ASTM 
Corf!mittcc O.ll on Ru.)ber and Rubber· tikc Merenal\, 
and ttl he dir-:::1 R''P'"'Dility of Subccmmmtc Dll ~"'on 
Suls. 

19
f
8
unent tdition arprn.·cd Ma" II, 11178. P\lt'lh,tw:d Jul~ 

1 A'IIIMa/ Boo... 4SI":\I . ..,ondards. P;,;u I~ 
r A""""/8oo4 o.' ASTM Stllnd~J•.b. Pa" )'? 
• A""-' B~ of A.!T.\1 S1~dorJJ. Pan'.'~.~· .• ,...: 

18. 
1 Ar.nlllll Buo4 ti" .t.SI.'* Srottd.tltd.J. Pan' }7 and )1\. 
• .A"niiAZIB~ oJ.~SiTM Sto,.cltJrdJ. Pan' .JS 1nd )7 
1 Auil•blc from the ~uhtlcr Pl.hnu1KIL1rtn A\~1ion 

(RMAI. '-14M..,.,,~ .... Sew York. N.Y. 1002:. 

climaiC> (ahii\"C ·· 111•c in winlcr). 
.1.~ Ci,atl~.t: 

3.2.1 Griu.lc..· c.ll'''t:uahun' rr 1~rc:~cnl Uiffer-
intt drf!rce' nf hari.lne" a"i fulluw!\: 

.l.2.1.1 Grad.· 2. hardnc'' ,,f ~0!: ~. 

.1.~.1 ~ (itntll"3. hardi1L'"''r .lU 7!: ~. 
~.2 .1..' (;rrwlr 4, har.lne" nf 40 :!: ~­
~.:.1.4 Cr<~<ltS. hanlnessof~(}:!: 5. 
3.2.1.5 Grutfrf>. har.lnc.soft.U:!: 5. 
3.2.1.11 Cmtfr 7, hnrdnc" nf 7H:!: 5. 
~-~.I. 7 Crutfr H, hardnc" ol Hll = 5. 

N~HE. 1 -The Jrade IO he U\el.l in 0 rarlicular 
arrhcallon dercntl~ on lhc dc'iJ!n or lh.c K81 and 
mu~l he' srccifinJ hy I he llc~igncr. 

·'. ·' Cln<fr.t: 
~··'.I Seal• shallllc classified as follows: 
3 .~.I .I Class PS. preformed ruhber seal. 
3.3.1.~ Class SC, .ealing compound. 

Non 2 -Cii~" SC motlcriJI should nn1 he u!ioed 
in dcsi~n!r- "here the !roe'al i~ under mechanical stress. 

4. n .. finitlnn• 

.t.l Rdcr In lhc ddinilion' of lerms in 
Dcfinilion• C 717 and D 15t'>f.. 

~- Material~ 

5.1 Scab >hall l>c rnadc from ruhlx:r com­
pound, 1ha1 arc impcrmcahlc lo ultraviolet 
li~hl and when ,·ulcanizcd. confNm hl lhe 
requirement' in Seclinn h. 

6. Requlrrmenls 

h. I Cla<s PS ma1erial shall conform lo·the 
requiremcniS gi,·en in Table I. 

1>.2 Class SC ma1erial •hall conform 10 lhe 
requirements given in Table 2. 

7. Dimensions 

7.1 The design of 1he seal shall nol permil 
lhe rubber lo deflccl more I nan 25 % in anv 
direclion "during lhermal e•pansion and con­
lracllon of the solar collec1or. 

NoTt 3 -If the lhermal coefricien1 of linear ex· 
pansion for lhe rubber is nol known, a value of 
\1.11003/K may be assumed for design purpose•. 

7 -~ The tolerance~ in dimensions sball con­
form hl lhc following de•ignalion~ in lhe 
RM·\ Handbook: 

•fold~d s~u •. · 
. Commerda Oirn~ll!oion' ·· RMA 

.1\.'-r' ··T.i112 
,-,,tica: •>•rr.en•ions -RM •. .-\2-

F:>-- · .•• 
. F. <•:. "'• Sruls. 

2 

7.2 .2 .I Commercial DimcnsiunA- RMA 
A2-F~. 

II. Workmanship 

R.l Cia" I'S seals •hall he free nf hlislcrs, 
chccls. crocks. nnd olhcr hnpcrfeclion• lhal 
can affccl lheir ahilil\· lo make or mainlnin 11 

wa1cr-1i~h1 seal. · 
H.~ Cia-. SC m:ucrial shall he unifnrm in 

compo,ilion and he free of defccls I hal may 
a !feel scrviccohilily. 

9. Tut Methods 

9.1 C/a.u I'S .\tr~tr,ial- Prepare I he speci­
mens as prescrihcd in Recommended Proc1ice 
D ~I ~3 and leSI I he malerial in accordance 
wilh lhe leSI melhods given in Tahle I..For 
conlrol of. produclion, spccimens rna.· he 
laken from Slandard teSI sheeiS prepar~u in 
accoruance wilh Recommended Proclice 
DJIR~. using lhe same unvulcanized male­
rial used 10 prepare lhe seals and ''ulcanizin~ 
lhe malerial a11hc same 1empcra1urc used for 
lhe seals 10 an equivalenl Slale of vulcani7a­
lion. 

9.~ Class SC Material- Prepare five shec" 
approximalely 150 by 150 by 2 mm in accord­
ance wilh inslruclions supplied wilh 1hc seal­
in~ malerial. Also. prepare five adhesion 
specimens in accordance wilh Method C 719. 
Preferahly. prepare each sheel and adhesion 
specimen from malerial in a differenl con­
laincr. Condilion I he sheeiS and adhesion 
specimens for 14 days al a lemperalure of 
23•c and relalive humidily of 50 %. Tesl 1he 
malerial in accordance wilh lhe 1es1 melhods 
given in Table 2. 

9.3 Delermine volaliie, loSI from-lhe dif­
ference in mass of lhe specimens before and 
afler healing for l6t'> h a1 lhe 1empera1ure 
given in Table I or 2 and as prescribeu in 

· Method D 865. 
9.4 Delermine volalile• condensible at 

n•c from the difference in ma" of the out lei 
tubes before and after hcalinl! 11- ,pecimens 
for 166 h at lhc temperature ~·'""·· m Tahlc I 
or 2 in accordanc~ wilh Method 0 llM. ·li 
necessary. cool th~ exposed portion of the 
o.-.llet tube with :• • • .-cam of air tn mainlain a 
1cmperature of 2J ::: 2"C If .,;·,. ··<> • .ttile• 
.-oridense on lhe inlet lube or ,,,.,~r Poirts o 
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lhc :tpp:tr.tlu .... :nh.t thl· m ..... , ••f thi' cumlcn,cl.! 
m.Jh"u,tl h• lht..· m::" nf the- mall"Tial ''" the 
nutlet tuhC". 

I 0. ln•prrlion and Rejrrlion 

H•.l Cl'"'" rs .\fo!t~riul- ~lanni.lclllrcr' of 
rrrf••rmed ~;,th rna~ usc I heir quJiil~ c,,nuol 
~y~l~mS for JlrC\JuctiO!l in~pCCiiC'In ((l a.;sure 
the '-C:ll~ C(Jn(,,rm wilh I hi~ spccifica1inn. pro-. 
vidcJ :•prn•r•i:uC" n·conh ~•rc kcp1. In ..:-.,'l· nf 
di'J'IIh.· rq:arJin~ the quahly nf a ,tl"li\·crrd 
rrt"-111\."t. ;! '•lOl(liC nf fi'\C 'cal' 'h.lll hl• lakC"n 
!n•m lh:.: 1\ll and tc,rcd r,,r ,.,,mpli:mr-.: \\ ith 

thi ... .!'-J'.."Ciflr.l:ittn. If one nf the five ...eal~ dot.'!\ 
not .:O•tnf,urr.. a '-Ccnnd ... ampk ,,f five "':ab 
ma~ 1•.:- taken and tested. If h•,;n nr more of 
th~ ten ~ah d,, nut cunfnrm. lhc lot may be 
rejected. 

10.2 Gu." SC M~trriol- Manufacturers 
rna~· u.-..r 1heir qualit~· control systems to assure 
rroduction conforms with this specification. 
In case of dispute regarding the quality of a 
delh·eret.! producL five test sheets arid five 
3dhe•i,•n 'P''<tm~n• ~hall he prepar<d. pref· 
erahly fr<>m fi•·c different packages. in accord· 

;Hl,.:c with the lll~lruCiinn:- suprlicd ~•th the 
!<!Ca!in)! material. If one of the: lin: ~.ohectc;. or 
adhc!~-ion ~pcdmcns docs no1 couform, an 
additional five !'ohcct!oo or adhc~1nn ~rccimcn~ 
ma~ tlr prepared and tested. If two or more 
of the ten ~~.hccr... ur adhc,ion !oopcdmens do 
nnt conform. the lot may ~c rejected. 

11. Markin~ 
11.1 The followinj!. information ~hall be· 

mari,.cd cilhei C\n the seal. packagin!!, labtl. 
Qr tag: 

11.1.1 :"amc, hrand. or trademark of the 
manufaclurer. . 
·II. I.~ T~pc and grade. 

11.1.3 Com;>liance with Spe.:ificalion 
D 361\7, and 

11.1.4 Other information required by the 
maouracturtr or purchastr. 

12. Packaging 

I~ .I Material shall he protected by suit a· 
ble packaging to prevent damage during shif'" 
ment or storage prior to insrallation in the 
solar collector. 

TA.Bt.t: l ·~-lor Claw P5 M ... llll U•••• s..J"Fial·l'lol< Solar Coll«ton 

ProO"tn~· 

llhimo~tc- c-1-.:onutro!1. min.' no )(VI 

Comrrc\\lf'lor. !>rt. mu.. "": 
•fu:r 70 b a• 1 ~~~C ;o JO 
afte-r IM h ~• -1f""C 60 60 

R.e~ .... mcc hl htatm~ (for 166 h a! ... ~,.,. 
H.ndncss char.rc. mu Ill tO 

l!ltun~le elon~talion chanac, ]II 30 
rna~.'(-

Tcn~~lc SlfCRJlh ch&n,c. mn.' :o 20 
Vobhlc-\ losr. mh. c;: I I 
Vob.rdc' condcMSNe. mu. ' 0 i . 0.1 

Rcmuncc to OL.."'"fle: 

100 m.Pa.a for IM hat c<rc 
R.nisuncc fL'"'I I~ tc-mprlllitUrr 

Typt C cml). mn. -c -40 -•o 

Grade 

2,0 2flfl ISO 

)0 lO JO 
(>() 60 00 

10 IC 10 

JO )r. )0 

:o :r. 20 
I I I 
0.1 0.1 0.1 

No crukina 

-•o -40 -40 

1nn 

JO 
1>0 

.10 

JO 

:(l 
I 
0 I 

-40 

AS HI 
Methc:ld 

D 417.. 

g i~~i: 
0 !!h~ -
D t41S 01 

D 2~40 
0 JIL,. 

041~ 
Sec 10.~ 
Sec 10.4 
0 1149 

o:n,,. 

• Metbod B 
• Set to toe measured et 10 s aftC'I' rclt:a\IC Luonute<l pl•tcs or pol!uuanuoroech)·knc f~lm &J, ncommtnded if the 

rubber adbtrn to the metal comprcuion pt.tc:' durintt tct.l. 
c Tbc •nr tempe: rat an: of uo-c G used to tut ~calt. fot co.-cr pillet.. A. Kalin contact with 1n abtort'Cr plate \l':auld be 

tested •• a ".and.ud tr\t tcmptratmc hsted '" Retat:'lmcndf:d PUc:ticc D 1349 nc:u •bovc the (tl11J:imum lc:mpc:raturc Of 
tlw •bsortoer Jllate tn WI' ICC (.tlldl sc:ncl"'lly occurs under t.11pation condilion' and muimum .-.diation ftUJI but nol leu 
tbon UO"C. 

" 100 mPat'f nl'DftC putinl prc-!$UrC is cqui,·altnt to H.lO pphm at \.lancbrd &lfnf~phc:nc Pf't'-'Uit: {100 kPa). Tl\c higher 
~~ t~nturn arr: 1lS. 200. 22S. and 2SO. Sec M¥-- tcrminoiog) on o:r:one c.untcnt eaprcnions dcsnibcd in Method 
01149. 

.. ~~~~ 0 3667 

T 4BLE 2 R~q•hmcnb fot C'lua SC M•terill U.d to Snl F1at-Pbte Solu Coll«ton 

Grade 
Property ASH! Method 

--~-~·-- -- ·-·-- -- -···- ----------·---·--------
lnt1marc rlonJ:ali&m. min."'- 200 ijO tnn () 1112 

R.:,hu,cc 10 huting (for 1M h 11 ilS-c') o -•~s 
HJrd"''C''' \hanr.r. m:H 10 10 IG C"MI 

Ultur..alc cltiOj::.<~linn rh.&nJ:.:.rn.ll, q, .lO )0 )0 (1412 

Tcn~1!t ~trcngah change. mu,% 20 20 70 0 412 

Volatile' 1~1. mv.. ~ I I I See 10.3" 

Volaldc' condensible, mn, C'\11, 0.1 0.1 O.t Sec 10.4• 
Rni111ncr to otonc: 0 1149 

Hlfl mP:~. for IM h 11 40"'C Nocr•ckina 
Rnn11n~ 10 In,..· tcmrcl"'ture: 0 2117 

T)pc C nf"lly. m_11, •c -40 ·40 -40 
Adhc,i('n lo\\, mu. emu • "9 9 c 719 

• Thi, '"""' "nnt rtquirc.J If tht tfc\ij!n rrecludC"' (\\nl1tf"l\int: nhhc Volllf'ilc-\ "" thr l"tlVC:I rtAIC:(,) ,,, the IWlhlr C:tlll('\'11\f 
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Standard Test Methods for 
RUBBER PROPERTY-COMPRESSION SET 1 

Thi~ Standard., r~\ued under the flud des•gnation 0 )9~; the number im'!1~diately rollo•i~g !!.he designll!on.indicat:s 
the )Uf or orittinal adoption or, in the cue of rtvi•ion. the ytar or 13'1 rc~·ll•on. A numhcr 1n :t~arenthcsc• U";d•cate\ I e 
year of ll't rearpro••t 

• Nnn-l·.d•wnal chDnJin '*ere made throuJihOut•n Octohcr 1<17~ 

I. !inp• 
1.1 These methods cover the testing of rub­

ber intended for use in applications in which 
the rubber will be subjected to compressive 
stresses or shear. They. are applicable particu­
larly to the rubber used in machinery mount· 
ings and vibration dampers. Two methods are 
covered as follows: 

Mtrhod A -Compression set under con­
stand load. 

Mtthod s ... compression set under con­
uant dcOcction 

1.2 The choice of method is optional, but 
consideration should be given to the nature of 
the SCI\'ice for which correlation of test re­
sults may be sought. In case of conflict be­
tween the provisions of these methods and 
those of detailed specifications or methods of 
test for a parllcular material. Method 8 shall 
take precedence. 

1.3 This method is not suitable for vulcan­
izates in excess of 90 IRH D. 

1. Doftnition 

2.1 Comprmion Stt of Rubb~r-For the 
purpose of these tests, the residual deforma­
tion of a test specimen measured 30 min after 
n:moval from a suitable compression device 
in which the specimen had been subjected 
for a definite time to compressive deforms· 
tion under specified conditions. 

3. SlgniflcaKO 

3.1 Compn:ssion set tests are intended to 
measure the ability of rubber compounds to 
n:tain elastic properties alter prolonged ac­
tion of compressive stn:sses. The actual stress-

lftg service may involve the maintenance of a 
definite deOection. the coostanl' application of 
a known load, or the, rapidly repeated defor­
mation and recovery resulting from intermit­
tent compn:ssive forces. Though the latter 
dynamic stressing. like ihe others. prl'duces 
compression set, its effects as a whole are 
more closely simulated by compression ftc•· 
ing or hysteresis te<ts. T~ereforc, compression 
set tests arc considered to be only those in­
volving static loading. 

METHOD A. CDI1PRES5tON SET 
USOER CONSTANT LOAD 

4. Apparalus 

4.1 Cutting Dit-Th: circular die used to 
prepare standard test S'XCimens shall have an 
inside diameter measu~mcnt of 28.6g ± 0.03 
mm (1.129 ± 0.001 n.). This die shall be 
carefully maintained seo that the cutting edges 
are sharp and free fron nicks. 

4.2 Dial Micromttr, to measure the thick· 
ne.ss of the specimen. The micrometer shall 
have an anvil of 9.5 = 0.5 mm (0.38 ± 0.02 
in.) in diameter and a hemispherical pn:sscr 
root 6 ± I mm (0.24 ± 0.04 in.) in diameter. 
The force on the pre>scr foot shall tie 0.8 ± 
0.1 N (0.18 ± O.o21br,. 

NoTE I -other .,.,., or measurina specimen 
· thickness bcrore and a!ter testing may be used 11 

•a reed upon by purchaser and ·seller. 
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4.3 Comprr.uion Dtrirt .. ·The compression 
dc•·icc <hall con<ist of a loading spring and 
two parallel comprcs.,on plates assembled by 
means of a frame or threaded bolts 1n such a 
manner that the device shall he portable and 
self-contained after the load has hcen applied 
and that the parallelism of the plates shall be 
maintained. The load may be applied as de­
scribed in either 4.3.1 or 4.3.2. 

4.3.1 Calibrattd Sprin/( Loadinf(--ln the 
case of calibrated spring loading, the required 
load shall be applied by a screw mechanism 
for compressing a calibrated spring the proper 
amount. The spring shall be of properly heat­
treated spring .tccl with ends ground square 
and perpendicular to the lon~itudinal a•is of 
the spring. A suitable compression device is 
shown in Fi~. I. The spring shall conform to 
the following requirements: 

4.3.1.1 The spring shall be calibrated at 
room temperature (23 ± 5°C (13.4 ± 9•F)) 
by applying successive increments of force not 
e>eeeding 250 N or 50 lhf and measuring the 
corresponding deflection to the nearest 0.2 
mm or O.QI in. The curve obtained by plotting 
the forces against the corresponding deflec­
tions shall nave a slope of 70 ± 3.S kN/m 
(400 ± !0 lbf/in.) at I.H k N or 400 lhf force. 
The slope is obtained b)· dividing the differ· 
cnce bet .. ·een two loads abo•·c and below 1.8 
k:-.1 (400 lbO b\· the difference between the 
corr<Sponding d~ftections. 

4.3.1.2 The original dimensions of the 
spring shall not change due to fatigue by more 
than OJ mm (0.01 'in.) after it has been 
mnuntcd in the \:Ompression device. com· 
pressed under a force of I.K k N (400 lbl). and 
heated in the <>ven for I week ut 70°C ( 158°F). 
In ordinar) use. a weekly check of the dimen­
sions shall show no greater change than this 
o•·er· a period of I year. 

.4.3.1.3 The minimum load required to close 
the spring solid shall be 2.4 kN (530 lbf). 

4.3.2 E.rtnnal Loading-in the case o( e•· 
ternal loading, the required load sllall be ap­
plied to the compression plates and spring by 
external means after the test speci:ncn is 
mounted in the apparatus. Either a calibrated 
compression machine or dead weights may be 
used for load application. Provision shall be 
made bv the usc of bolts and nuts or other 
devices ·to prevent the specimen and spring 
from losing their initial deflections when the 

external load is removed. The spring shall 
have essentially the same characteristics as 
described in 4.3.1. but calibration is not re­
quired. A suitable compre~~ion device is 
shown in Fi~. 2. 

4.4 Platts-The plates between which the 
test specimen is compressed shall be made or 
steel of sufficient thickness to withstand the 
compressive stresses without bending. The 
surfaces against which the specimen is held 
shall have a highly polished chromium-plated 
finish and shall be thoroughly cleaned and 
wiped dry before each test. 

4.5 Ot·,n-The oven. used shall conform to 
the specifications for a Type liB laboratory 
oven ~ti•·en in ASTM Spccilication E 145, for 
Gravit~·-Convection· and Forced-Ventilation 
Ovens. • 

5, T os> Spocimen 

5.1 The standard test specimen shall be a 
cylindrical disk cut from a laboratory-pre­
pared slab or between 12.5 and 13.0 mm (0.49 
and 0.51 in.) in thickness using the cutting die 
spccilied in 4.1. Aging of samples shall be in 
accordance with ASTM Recommended Prac­
tice D 3183. Preparation of Pieces for Test 
from Other Than Standard VulcaniLcd Sheets.' 

5.2 When cutting a specimen, the specified 
circular die shall be suitably rotated in a drill 
press. or similar device and lubricated by. 
means of a soap solution. A minimum distance 
of 13 mm (0.5 in.) shall be maintained be­
tween the cutting edge or the die and the 
edge of the slab. The cutting pressure shall be 
as light as possible to minimize cupping or the 
cut edges. 

5.3 An optional mctht>d or preparing the 
standard specimen may be the direct molding 
of a circular disk having the dimensions speci-. 
tied in 4.1 and 5.1. 

NoTE 2--11 should be recogni1.ed that an equal 
time and temperature if used for both the slab and 
molded specimen will not produce an equivalent 
state or cure in the two types of specimen. A 
"tighlcr" cure will be obtained in the molded speci· 
men. • Adju~tmcntt. prercrably in the time or cure, 

• A"ttual Book Or ASTM Suuulord.J. P~rt 41. 
'Attnual Boolc of ASTM Standsud.J, Part l7. 

alc~~c:~~~ ~~ 5sr:ci~~~~ J~rv::r:,~,u·s~~~ .... ·~E,:},l!;; 
World. RliBWA. Vol. 1)7, No. 6. March, 1958, p. 856: 
RubiHr Arr. RUAGA, Vol. 82. No. 6. March. ICJS8, p. 
10)1: R11bbrr Cllt'miJ,,. and Trclrttoluty. RCTEA. Vol. 
XXXI. No.). Jui)··Scptcmbcr, 1958. 

72 



N 
I.,..) 
\.!') 

must be uken mto c~ms•dcration if Cllmpari!i•Jns he· 
t .. •«n the two lypt~ of !i~l·•men a:c to be com•o­
crcd "·alld. 

Non: J-11 i~ \Uiii!:CSied. ror PUff'IOSe\ or un •. 
formity and clo~r lolerancc\ •n the mnldcd !-~ci­
mcn. th3l 1:1e dimemluO'lo of the mt1!tJ h(' ~pt:CIIm.l 
and ~hnnk:tge f\Jmpen~atetJ £or there111 .. '\ pl,tlc 
l·an:\ l.\.0 .!: 0.1 mm 10.510 ·:- 0.fl(l.11n.) m th•d· 
nc)' ·;tnt.! ~Q.~O -:· tlt)~ mm (1.14~ :r tl0fl2 1n.l in 
\J••metcr. "''h uvc:r~~~no~o ~:.a"t":' hc1th tor and hot· 
tom .,.hen C:\Jmhu'lni ":th t"·u end pb:c~. "•II pro­
vide one h pc nr :1 ~uu.;t'llc mold 

5.4 V.."hcn the ~tandard h:'t spc\.·,m~n '' to 
be rcpbcc,J by :1 'rccimcn t:.tkcn from J vul­
canitct.l rubber pJrt. the ~ircuiJr Jie a-; used 
1n ~.1 ;holl he used. The somple 1hicknc" 
mav be •educed where: ncce~sarv bv lirst cut­
ling tran,versely wilh a •harp knif~ and lhen 
followed by buffing 10 lhe required thickne.s. 
The buffing •hall bt don< in accordance v.·ith 
Rtcommendcd PracticeD JIRJ. 

~-~ For rout1ne testmg or produc: spc~.:ifica­
tion~. 11 is sometimes more t:onvenicnt tn rrc:­
par< sp<c1mens of a difT<renl sizt and shap< 
or hath lhon ;peetficd obo\'e. When such •~><<· 
imens are us~d. the risults should be: com­
nared onh \\ tth I hose otataincd t"r0m speci­
~cns uf s;miiJr :'1/C: and ~hape and not ~·ith 
1hose obtained -.ith lhe Slandard specimtn. 
Tht produ<t sptcilication should in •uch case• 
dtfine the specimen as to siz< and •hape. If 
•uitablt •pecimtn• cannot bt pr<pared from 
th< produ<:l. 1he method ofttst and Jllowablt 
limits must be agreed upon by consumer and 
producer. 

6. Proctdure 

6.1 Or;?inal Thid .. nes.l .\feasurement···· 
Mtasur< th< original thicknes• of the speci­
men to the neuest 0.02 mm or 0.001 in. Ploc< 
the spccimc:n on the anvil of the dial macrom­

<t<r •o thJI tht pr<sser foot will indicate lh< 
thickn.-, at the centro! ponion of lhe top and 
bottom face<. 

b.1 Applicarion of Load·- A-.tmblc th< 
~pec1men in the compression dc\·icc. osing 
extreme care to pla~c it c'actl~ in the ~enter 
betwttn the plate. to avoid llllin~. If the cal­
ibrattd spring dt,·icc (Fig. I) i; u>ed. opply 
th< lo:;d by tighttning the .crcv. until the de­
flection a~ re:.td from the scale IS c:quivaknt to 
that shown Of'l the calibrauon curve for the 
spring .:-:.HL:sponding to a force of i .o s.N or 
400 lbi' Y. ilr 'h< <XI<rnal loading dtv,.·~ 

(fig. ~t -~rP·: 11is forC'C to the assembl~ 11. 
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lhe compression macnine or by deao we1!Zht. 
but in the lalter case: t:.tk(' care to apply the 
weight gradual!\ withoul shock. Ti~hlen lhe 
nut< and bolls just sufflc1ently In hold the 
1nitwl dencctiom of the ~pcrimen and spring. 
II " imperali,·c 1ha1 no additional load he ap­
plied in tight.:ninp the boll!' 

6.3 llf'at Trratmtnt····C"house :..1 suitahlc 
tcmrcrature and 11n1c for the heat treatment. 
dc:rxnd1ng upon the conditiOns of the c-.· 
pccted s.ervicc. In comparat1vc tc~ts. usc 1dcn· 
tical tempcr:..turc and heJt1ng .period~. It i~ 

supgc..;tc:d that the test temneraturc he ct~oscn 
from tho<e l~>lcd in AST~l Recommended 
Prac1icc D 1)49. Rubbcr-,Standard Tempera· 
tur<s and Almospher" for Testing and Condi· 
tioning. • Suggested heating p<riods are 22 h 
and 70 h. The specimen shall be at room oem· 
perature when inserted in the comprcssior: de­
vice. Place the as~cmbled compressiOn de'"·i·::c 1n 
the oven within 2 h after compl<lion of lh< 
a.sembly and allow it to remain th<re for the 
required healing period in dry air '!.1 the leSI 
lemperalur< S<lecled. AI lh< tnd of the heal­
ing period. take lhe device from tht oven and 
remove the specimen immediately and aiiO\\ 

it to cool. 
6.4 Cooling Ptriod- Whil< cooling, allow 

th< specimen to r<st on a th<rmally noncon­
dueling surface, •uch a. wood, for JO min be· 
fore making lh< measur<menl of tht final 
thickness. 

6.5 Fmal Thickntss Measu,.mtnr--Aft<r 
th< r"l period. n1<a.ure the final thickne" al 
the center of the specimtn using th< proe<· 
dure in b. I. 

1. Cale11lation 

7.1 (Jiculat< th< compression set as a per· 
c.:ntag< of tht original thickntss, a. follows: 

Compress1on )Ct. percent 13 1\t .. - t, )ft .. ) X I(() 

where: 
1 .. - ori~inal thickn<» lb. I). and 
1, " lin:il thickne;s (6.~\. 

II. Rtport 

H. I Tht r<pon •hall includt th< following: 
H.l. i Ori~inal dimcnsiun' of the t<SI spe"· 

mtn. 1ncluding 1he originJI thickne". 1 ... 

8.1.: Actual comprtssivc luad on lht •pec­
•m<n as det<rmined from the calibration 
curve ~f the spnng and th< •pring dtftcctioo 

reading (4.).1) or as applied hy <.<t<rnal load­
ing (~.nt 

8.1.) Thickn.-, of tht 1<<1 specimtn 30 min 
after r<moval from the clomp. 1 .. 

8.1.4 Type of t<st specimtn uS<d, logeth<r 
with the time and temperature or tnt. 

M. i -~ C•Jmprcssion ~el. e'rucssed as a per­
c.:ntage of th< original.lhickn.-,, and 

8.1.6 Method used (Method Al. 

METHOD B. Co .... PoFss•os SET UsoEo 
Co:O.:STANT DFFI.F.CTIOs 

9. Apparatus · 

Q.l luu/n~ DieJ The: circular dies u~ed 

for I.:"Uiling t.he test !'fle.:imens \h.11l be care­
full\· mainiJined so lhal lhe culling e~es are 
sha;p and free of nicks. 

q_l.l Trf't I .. The Clrculor die used to pr<· 
part Typ< I "ondard 1<<1 >p<cimens shall 
have an in~iUe diameter mc:a,urem~nt o~ 

c9 () ± 0.5 mm (I. I~'!: 0.02 in.\. 

~OTI -l The '"u111n~ d•c dc'\cohcd 10 4.1 ur in 
f-ig 1 of AST\1 \.1cthoJ!> 0 '75, ·tesls for Rubber 
Propcrlie~ m (or .. , ~css1\Jn 1 rna~ be us-ed. 

9.1.2 Trp• J ... The mcular die used to pr<· 
part Type 2 <landard lest specimtn' •hall 
ha\'e an 10side diameter measurement of 
1).0 x 0.2 mm (0.51 ± 0.01 in.l. 

•J.2 Dial .\-licromelrr ·· :\ dial micrometer 
•hall be provided to mtasur< the thickness of 
the spc:~1men. The micrometer shall have an 
ann I or q_5 ·:!: 0.5 mm 'IO.JR x 0.02 in.) in di­
Jrr.ctc and ;:; hc:mtspherical pressrr root 6 :::: 
I mm IU.~~ := O.Q.I in.) in d1ame1er. Tht fore.: 
of th< pres<« fool shall he 0.8 ± 0.1 N 
10.1 ~ L o.o~ lofl. 

'nH ~ Other w~y;\ or measuring spc~imcn 
thlllnrh bdorc ~nd artcr te\tmg may be uS~ed a~ 
Jg_rtcd upon b• producer Jnd consumer. For vul· 
... anit:.Ht!o ha.,:ang a hardnes~ below JS IRHD the 
ror~:c or the prc:,o,cr root should be reduced to 0.2 
, u.o~ :-; 10 ~ , o.o1 !hn. 

q_J Spactr Bars·- To mainta•n th< constant 
deOcction rtquired undtr Mtthod B. spac.:r 
ba" •hall be u-.d. 

9.3.1 Spac.:r ba" for Type I sampl"' shall 
havt a thickntss of 9.5 " 0.02 mm (0.375 , 
0.001 in.). 

'··~-~ Si"-~~e ;~ars for Ty~ ~ sample~ ~hall 
havt a th•ckn<> .. •r4.50 :t :1.01 mm (0.1771)"' 
0.000~ in .I. 
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9.4 Comprr.uion Del"icr-- The compression 
dtvice shall consist of two or more Oat st<el 
plat" betwttn the parallel facts of which the 
specimens may be compressed as shown in 
Fig. 3. Stttl spacers for the r<quir<d p<rctnl­
ag< oi .:ompr<ssion ~ivtn in I 1.2 shall be 
placed on each side: nf the ruhbcr specimens 
10 control lhtir thickness while comprcsS<d. 
The steel surfaces con1ae1ing th< rubber speci­
mtn• shall he ~round to a maximum rough­
ness of 10 "in. and then chromium plated 
and polished. They shall bt thoroughly cleantd 
before each usc. 

9.5 Ot·en ... The 0vtn ustd shall conform 10 

the spec1fica1ions for a Type II B laboratory 
oven g•"cn in ASTM Specification E 145. 

9.6 Plate.<· :Th< plates btlwttn which tht 
test <pee~men is compress<d sholl bt made of 
steel of sufficient thickne'5 to with•tand the 
comprcs!o.ive stresses without bending. The 
surfaces "~ainst which the specimen i' held 
sholl ha•·e o hi~hly polished chromium-plat<d 
finish Jnd shall be thorou~hly cleaned and 
wiped dry· before each test. · 

10. Test Specimen 

10.1 Type I spec1men shall bt a cylindrical 
di•k cui from J laboralory-pr<partd slab of 
thicknm 12.5 ± 0.5 mm (0.50 ± 0.02 in.) 
using the cutting die specified in 9.1.1. 

10.2 Type 2 sptcimen shall b< a cylindrical 
di•k cut from a laboratory-pr<partd •lab of 
thickne" 6.0 ± 0.2 mm (0.24 ± 0.01 in.) u•ing 
the cutting die •pecif~td in q_l.2. 

10.3 When cutting a specimen. the •peci­
fitd circular die shall be suitably rotated in a 
drill prts' or similar dtvice and lubricated by 
means or a soap solution. A minimum distance 
of IJ mm (ll.S 1n.) shall bt maintaintd be­
tw<en the cutting tdge of the dit and tt.e edgt 
of th< •lab. Tht cutting pressure shall be as 
light as po'5iblt !o minimize the cupping of 
th< cut tdges. 

10.4 Alt<rnativt samplts of lht above t<st 

specimtn,, Types I and 2, may be prepartd 
by dirtcl molding or by plying up cylindrical 
disks cut from a star.dard •htet rrtpartd in 
accordance with Recommtnded Practice 
0 3182. Rubbtr-Materials, Equipment, and 
Proctdurts for M i•ing Standard Compounds 
and Preparing Standard Vulcaniled Shocts ' 

NOT£ 6 . :~ ~hould be i'ccop:nilcd th;u an cc~oal 



rime and temperature 1f used for i:toti'l lite slab and 
molded spcomen will r.ot JWodutt an equivalent 
state o~ cure 10 t•o t~·~ of .lllp«tmcn " ··uphlcr·· 
cure •til br obta1n~ 1n the moidN 'Pft.-.mcn: 
Adjuilmcnts.. prd~rably. an ~he ume ol cure. must 
be talri:cn anto conc;icferahon 1f comp;uiwn' bet•ecn 
!~,d~•o l)"J.ICS of 'pccimcn arc to be con,idcred 

NnTF 7-Th.r mol_d de~rihrci 1n ~otr .a mav be 
'U~ f':'r Typr I 'pcamen. A simal;,n mold for t,·pc 
2 spcamen ,.ould ha~·e a plate ca""''" of 6 .. l ± ·o.J 
mm IO.lS ± 0.01 in. I in thickness and I) 2 ± 0 1 
mm (0.~~ :t: 0.001 in.) an diameter. · · 

IO.S Plied d"ks may be obtained from the 
part in the same manner and. in cases where 
the thick ness must be reduced. it can be cut 
transversely with a sharp knife and then [vi­
lowed by buffing flat. Sec Recommended Prac­
tice 0 J 183 for buffing procedures. 

10.6 The dish shall he plied. without ce­
menting. to the thick ness required. Such plies 
shall be smooth. flat. of uniform thickness and 
shall_ not eueed seven in number for TyPe 1 

, spee~mcn• and fuur in number fur Type 2 
spe~,mcn,. Care 'hall be taken durin11 han­
dhni! ~nd pla<lftlt uf the lc't spce~mcn 1n the 
test fiuurc by keeping the circular faces par­
allel and at right angles to the ••is of the 
<}Iinder. The rc•ults obtained on •pccimcns 
so prepared may be different from those oh­
tained using a solid specimen and the results 
may be' more variable. pcirticularh ir air i" 
trapped between disks. · . 

10.7 For routine testing or product specifi­
catiOns. u 1s sometims:s more con\·cnient to 
prepare specimens of a different ·size and 
·~ape. or both. than specified abuvc. When 
.... ch specimens arc used. the results should 
be compared only with those obtained from 
specimens of similar size and shape and not 
with those obtained with the standard speci­
men. The product specification should in such 
cases define the specimen as to size and 
shape. If suitable specimens cannot be pre­
pared from the product. lhe method of test 
and allowable limits must be agreed upon by 
consumer and producer. 

II. Proc.Oure 

ol.l Original ThicAnrs.• MraJurrmrnt·· 
~easurc the oritzinal thici.ncu or the spcci· 

men tu the neareSI 0.02 mm (0.001 in.). Place 
the ~pccimcn on the anvil of lhc dial microm· 
ctcr so that the pres"'r foot "'ill indicate the 
.:.,ckn.:-:~ " ~n: I ;x:trtiun or the: top and 
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ilonom faces. 
11.2 llpplicatmn of Laad . Place the test 

S~eci~c~ bct~n:n fBc plate' of lhc compre!f.· 
SIOn aev1ce wllh lhr spacers on each Side. If 
only one specimen .,. being tested. place it in 
the center. If t"'u sxcimcns arc being tested, 
prov1dc three spacars. one in the center and 
ilnc OuiSide of cacl. spec1mcn, allowing suffi­
Cient clearance for the bul!!ing of the rubber 
when compressed (fig. 3;. Tighten the bolls 
so that the plates; arc drawn together uni­
formly until they a·-e in contact with the spat· 
en. The percentage of compression employed 
shall be appro•ima·ely 2S <; for all hardnesscs. 
A suitable mechanical or hydraulic device may 
be used to facilital: asscmblin!! and disasscm· 
hlingthc lcSI fixtur.::. 

i 1.3 Hrat Trrctmrnr -Choose a suitable 
temperature and ~me for the heat treatment 
dependin!! upon the condition~ of the .. : 
petted servia:. · n comparative tests. usc 
identical lempcr.-urcs and heatin11 periods. 
It i• sug~csted thl the tc'i temperature be 
chosen from thr.sc listed 1n Recommended 
Practice 0 1349• SuHcstcd heatin!! periods 
arc ~~ h and 70 ~- The lcSl specimen shall he 
at room tcmpcraanc when 1nscr1cd in 1hc com· 
pression dc•·!ce. Place the assembled compres· 
Ston dC\'Itt an ttl: O\·en within 2 h after com­
pletion of the "'""mbly and allo"'· it to remain 
t~erc for the rt::~uircd hcalln!! period in dry 
an at the test :emperature selected. At the 
end of the heaaing period. take the device 
from the oven ; nd remove the lcSl specimen 
immediately anc, allow it to cool . 

11.4 Cooling Prriod-Whilc cooling. allow 
the test spccimon to rest on a thermally non­
conducting surfocc. such as wood. for 30 min 
before making ·the measurement of the final 
thickness. 

II .5 Final "Fltickrlrn Mrasu"mrnr-Aftcr 
the rest period. meaaurc the final thickness at 
the a:n!er of t•c test apeci men us_i~B the pro-
cedure 1n II. I. · 

11 •. Calculadoc 

12.1 Calcul~tc the compression set ex­
pressed as a percentage of the orittinal dcflcc­
uon as follow!!: 

(" - (l;t .. - '· 1/(;.. . II ~- 100 

whC;c: 
C = comprc~ion ~l C\(Hcsscd a .. erccnt-

age of the ori!!inal dcflcc1ion, 
r .. = ori!!inal thickness of specimen ( 11.1 ). 
r. = final tbicknc.s of specimen (11.5). and 
r. ~-: lhic.knc!ts of lhc ~pacer bar u~d. 

13. R~porl 

13.1 The report •hall include the following: 
13.1.1 Original dime,.io<lS of the test spec­

imen including the ori~inal thickness. r ... 
13.1.2 Percentage compression of the spec­

imen actually employed. 
13.1.3 Thickness of the test specimen 30 

min after removal from the clamp. I;. 

13. 1.4 T~·pe . of leSl specimen used. to­
gel her with the time and lemperature of test. 

13.1.~ Compression set. expressed as a 
percentage of the original deflection. and 

13.1.6 Method used (Method Bl. 

1•. Precision 

14. I In column 3 arc the coefficients of 
variatioa estimated for the ranges of properly 
lc•·els in column 2 for both Methods A and B. 
In column 4 arc the muimum differences 
(ranges) that should be considered acceptable 
for two results. These precision data are based 
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on tests conducted c.clusively with pellets 
prepared by a single. participating laboratory. 

Method 

Sin~lc-Orcrai!Jr (rc· 

I"COII3hilil~ ): 
from~ to-' 
rrom bto 16 

~luhilaborator)' (rc· 
rroducibllil)·); 

rrom 21ao& 
hom~to16 

8 Singlc·optrator (fC• 

pcatab1lit~ 1 
hom ~41o 74 

Mult•labor01tory (rc-
producibiht)) 

from ~4to 7.a 

cocm­
..:icntor 
Vlri•· 
tion. 1. 

'\- ol mean 

14 
8 

~I 

·~ 
~.J 

Acccpll· 
blc Ranpc 
afT•o . 
Rc1Uit5. 

OlS. 
lformnn 

.. 
lj 

n 
)) 

.. , 
l• 

NotE 8-These precision data arc approxima­
lions b:u.cd on limited rcsuhs. namely triplitalc 
tcsl~ on each or rour ma!crials (4 lc:\·clsl al ciphl 
(9 for ~lethod B) laboratories. The degrees of free­
dom (OF) estimated for the coefficients of variation 
given in order in column 3 are 16. 48. 7. 21. 72. and 
J2 respectively. 
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Standard Test Methods. for 

RUBBER PROPERTIES IN TENSION' 

·Thit Slandard i~ iuued under lhfo riud duian11ion D •12; the number immrdia1r1y (ollo•·in& 11\c dnianation indi.Catu 
lbc yc.:.r f'( ungin.1le.joption or, in the cue or rev1sion. the year. or last rc"Vi!il:'n. A number •n parcnlhcsc" i.ndiclln the 
JC'N o( l~sl rtapproval. . 

1Jtl1t' tnrtllodt IICJYt' bt"ol GPP'O"t'd /or II.Jt' b.V.Gft'rtelt'$ o(tftt" ~t'P_G'I'"'"' of DtfrnJttO rrp/art' l'f!t'tltodJ fOOl, 4116. ~·111. 
Md 44 II of Ft'dnol lt'rl !tlrdwd Sumdtud No. 6()1 Md for /utili§ 111 tht DnD lndtr of Spu,_ru·alioiU ,md ~ttVIlAmb. 

I. Scope 

1.1 These methods cover lhe tension·test· 
ing of rubber at ,·arious temperalur~s. Meas­
urements of tensile stress al given elonga­
tions. tensile slrenglh. uhimale elongation. 
and tensile •ct are included. The methods are 
nol applicable to the tesling of ebonile and 
similar hard. luw-elongation materials. 

1.2 The methods appea• as follows: 

Meth"d A - Dumbbell and Straisht 
Specimens 

Method 0 · < ot Rmg Srcc•mens 

Sections 
II tol4 

1.3 The agreemenl between dala from 
Method A an<l Mrthod 8 specimens is gener­
ally •ery gooJ. llvwever. when such speci· 
mens are u<cd. the re•ulls shCiuld be com­
pared only ."ith those obtained from speci­
mens of similar size ·and shape. 

l. Applirable Documents 

2. I ASTM Sw11<lurds: 
0·134'1 Rccommc.:.::d Practice ior Ru~ 

her- Standard T~mp<ratures and AI· 
mu>phorc> lor Tcsling and Conditioning' 

0 31 X2 Rccummenued Praclice lor Ru~ 
ber- Materials.· Equipment. and Proce­
dures fur !llixing Slandard Compounds 
and Preparing S1andard v~. . .:anll.d 
Shee1s' 

0 3183 Recommended Praclice .(u~ 
bcr- Prepardlion of Pieces for •·•• from 
Other Than Slandard Vulcaniud Shec.: 

E ~ Verifi<allon of Tesling'Mad ....... -

J. Summary or Method! 

3. I The methods stall! with a piece taken 
from the sample and incl'lldes: (/)the pre para· 
lion of the specimen a,.,d (1) tesLing of lhe 
specimen. Specimens rr.ay be in the shape of 
a dumbbell."ring. or str;.ighl roiece of uniform 
section and may be of ,ariuu~ size5. 

3.2 Measurements ollensile siress. !ensile 
strength. and ultimate elongation are made on 
specimens that have •ol been preslressed. 
Tensile slress and ten>ile strength are based 
on lhe original cross "clional area of a uni­
form sec1ion of the sprcimen. 

3.3 Measurement o6 tensile set is made 
after a specimen has 'een utended and al­
lowed to relract by ar prescribed procedure 
without prestressing. Measurement of sel 
after break is "l<o de,.,ribed. 

4. Significanco 

4.1 The ten<ile properties of rubber are no I 
inlrinsic characteristi :s. but depend on both 
I he material and the onditions of te;l such as 
rate of extension. ter.•perature. llumidity. ge­
ometry of specin1en. 'inertia of d)·namomeler 

• These melr,\Xis a~ ur.der lne juri•dtcri('ln etr AST),f 
Commiurc 0.11 on· Rubl:l'r and Rubbtr·Likc Products. 
and arc the dire'' rcspons'bility of SutKommiucc 011.10 
on Physical Tcslina. 
· Cuncnt cd1tion Jppio'«d Nov. 2M, 1975. Pubhshcd 

f!~;"';:~~.j~7:dir~~itn:~J _ ~S~rishcd ~· o ••2 -1' T. 
1 AlflfMalllooA of AST$1 StoftdtJrdJ, hnt )7 and 18. 
~ A~trt•alllooA of AST . .f Stottdard1. Pan )7. 
• AIMII'GI /looA IJ/ AST., StGttdttrrll. Pan ". 

Orlailed dn•·1np a~a.ilablc from ASlM Hudqu.n­
lft'• 1916 tecc Sr .. Phil&klphia. Pl.. l910J Re-qucsr "-d· 
ju1 'k•. 12"""041':0-00. 

in tester. an<l environmental or mechanical 
precondilioning. For I his reason. the tensile 
properlies are unly relative indicators or qual­
ity and variou' ruhber< should onl)' be com­
pared when 1es1ed under lhe same condi­
tions. The report should include a slalemenl 
of the test conditions. 

4.2 Modes! changes in rate oi extension 
caused by lype of tester (pendulum versus 
inerlialess) have litlle or nq effecl on lhe 
tensile propertie< of most rubbers. 

4.3 Temperature may have a significant ef­
fect on !ensile properlies and :herefore 
should be controlled. 

4.4 For most rubbers. humidity has a smali 
efTecl thai can be neglected. There are sen<i· 
tive rubbers that neccs,ilate humidity condi­
lioning. 

4.~ Tensile strength and ultimate elon~a­
tion depend on lhe \'ulume of the spe'cil)'len 
(or the volume of the r<<lricted portion in lhe 
case of dumbbells) and stress concentration 
due 10 shape of specimens. For ring sped· 
mens. uhim~Jte el-ongalion is ba~ed on inside 
circumference where the stress is highest. 
Elongation of ring specimens theoretically 
should be based on mean circumference to 
give values for tensile stress at a given elonga­
lion in accord wilh lhal determined with 
dumbbell or straight specimens. 

4.6 Inertia-type dyn_.,.,,.melers may give 
erroneous results if the load capacily of lhe 
lester is too high or too low for the material 
being tested. or if there is friction. lnertialess 
dynamometers !lave grealer versatilily. bul 
calibration may be less stable. 

4.7 Tensile sci represenls deformation, 
after slretching and relraclion. thai is partly 
per.manent and parlly recoverable. For this 
reason. the ~criods of e~lension and recovery' 
and' other conditions of test must be con-· 
trolled 10 obtain comparable resuhs. 

5. Definllloas 

5.1 tlongation -extension produced by a 
!ensile s1ress. 

5.2 tlongation, ultimatt -lhe elonjalioo al 
I he time of rupture. 

5.3 pitce-lhe portion of the sample that 
is prepared for tesling. 

5.4 sompl,-lhe pori ion or unil(s) selecled 
to re~re'•enl the lot. 
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5.5 stt after brtak-the tensile sel of a 
specimen stretched to rupture. 

5.6 spuimtn-a piece of malerial appro­
prialely shaped and prepared so lhal it is 
ready 10 use for a lest. 

5.7 ttnsilt ut-lhe ex1ension remaining 
after a specimen has been stretched and al­
lowed' to relracl in a specified manner ex· 
pressed as a percentage of the original length. 

5.8 ttn.<ilt strtnRth-lhe maximum tensile 
slress applied during strelching a specimen 10 
rupture. 

5.9 ttnsile streu-a stress ~!)Plied IO 

strelch a lest piece (specimen). 
5.10 trn.<ilt strtu at flh•tn elongalilm­

the stress required 10 s!relch lhe uniform 
cross sec1ion of a lesl specimen to a given 
elungatilln. 

6. Apparalus 

6. I 1c-.11in~ Machine_:Tension lests shall 
be made o~ a power-driven machine so 
equipped thai a uniform rate of grip separa­
tion at 8.5 : 0.8 mm/s (20 : 2 in./minl (NOie 
I) for al leas! 750 mm (30 in.) is maintained. 
and having a suitable dynamometer and an 
indicating or recording device for measuring 
lhe applied force within :2 %. If lhe capac· 
ily range cannot be changed during a lcsl as 
in the case of pendulum dynamomelers, I he 
applied force at break shall be measured 
within :2 IJI.. and I he smallest !ensile force 
measured shall be accurate lo within ::!: 10 '1>. 
If lhe dynamometer is of the cCimpensaling 
lype for measuring tensile slress direclly. 
means shall be provided to adjusl for the 
cross-seclional area of the specimen. The re­
sponse of lhe recorder shall be sufficiently 
rapid that the applied force is measured wilh 
lhe requisite accuraq· during the extension o.f 
the specimen to rupture. If the tester is not 
equipped with a recorder, a device shall be 
provided that indicales after ruplure the maxi­
mum force applied during e~lension. Testers 
shall be capable of measuring elongation in 
incremenls of 10 '1>. 

NOTE l-A ralc of separalion of 17.0 :!: 1.6 
mm/s (40 :!: 4 in./min) mar be used in routine work 
(with notation of the speed used made on the ~· 
pon). but in case of dispule, lhe rale shall be 8.~ :!: 
.0.8 mmls (20 :!: 2 in./m1n). 

6.2 Test Chambtr for Eltvattd and Law 
Temptraturt-The test chamber shall con-
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f<'rm h• thr fnllowina rrquirrmrnt•· 
1>.2.1 Air •hall he circulated throu~h the 

cham her with a ~peed of I to 2 m/~ I 2110 to 400 
ftiminl at the location of the grip< and speci­
men<. ~nd maintained within 2'C of the ~peci­
lird temrcraturr. 

1>.2.2 A calil'>ratrd ~rn<ing dr-ier shall llr 
located ncar the grip~ fur mra<uring the ac­
tual trmreraturr 

f>.~. ~ The chamber shall he ventod to an 
uhau.t <)<trm or the outside alm<'sphrrr to 
remove any to<ic fumes lillerated at high tem­
peraturu. 

6.2.4 Pwvision <h:oll hr made for su<pcnd­
ong <prcimrns vrnically near the grip< for 
cont.Jilionin~ rrillr lu IC~I. The ~rcdmens 

should nnl touch each other or the <ide• or 
'I he \:ham~cr c 'CCfll for mumcnl~ry conta<:t 

when a~itatcd l'>y the circulating air. 
6.2.~ Suit.o~lc fa,t-acting grips for manipu­

lation at hi~h nr low temperature <hall l'te 
provided In rormit placing test •pecimrns in 
the grip<'" ••··und the •pindlrs. whichever is 
applicat>le. in the •honest time Jl<>«ihlr to 
minimize any ehan~r in the temperature of 
the chamber. 

1>.2.6 The d)nam,,mrtrr <hail he suitahle 
for u•e at the tcmrrrature of te" or it shall he 
thermally in<ulated from the chamhcr. 

6.2.7 Pro,·i•ion shall lle mad< for mea<ur­
in~ elongation of specimen• in the chamber. 
If a ".:alt i"' U!itd 10 mca~ure the extension 
hetwccn bench marks. the .calc shall be ln­
catrd parallel and clo<c to the grip rath dur­
ing e~trn<oun and <hall l'>r controlled fn>m 
outside the chamber. 

6.3 .\li,·rnmt"tl'rs-The dial micromc1cr 
u.ed In mra<urc the thid<nr" of nat speci­
mens 'hall l'>e .:apalllr of cuning a pressure 
of2~ _. 5 kPaO.II ~ 0.7 psi) on the specimens 
(Note ]) and mr:.<:!ling the thickncu to 
v.·ithin ~O.U~~ mm \O.UUI in.). For nat speci­
mens ~~·fo,o; in contact with Die C speci­
mens shaH be at least II mm (0.216 in.) in 
doarncter. The anvil of the micrometer shall 
be at least l~ mm ( 1.4 in.) iro diameter and 
•hall be parallel to the face of the contact 
foot. For nr.~ specimens. the base used to 
mcasu!< the radial width shall be at least 12 
mm iO., in .. long and 15.5 ~ O.l mm t0.61 ~ 

0.01 in.l in diameter Curved feet to fit t;.~ 
cunraturr of th.: ring may aho he u.ed. 

NoH: ~-- Uml ITHCfllmrttf' runinR a fnrc~ or 
0 RO ~ 0.1~ N tM\ gO on :t «:m:ular runt h.)~ mm 
10.1~ in.l in diamt'tcr. or 0.2\l!: 0.04 N 120 aO una 
circular ruot .\.~ mm 10.1:!~ in.) in diameter con­
form w this prr"~ure requircmenl. A m1crometer 
should nol ~ U'td 10 mta,ure the lh1cknus of 
!\~cimcn, narro'-'·tr in -.ithh than the diame~er of 
the fm,t unlc,, tht cun1ac1 prt',~ure is pro~rly 
adJU5ted. 

6.4 Apparatu.t for To•n.tilt Stt Tt.tt-The 
testing machine de<cribed in fl. I or an appara­
tus similar to that sho,.·n in Fig. I may be 
used. A stop watch or other suitable timing 
dnice that will register the time in minutes 
for at lra<t 30 min ~hall t>r provided. A <calc 
or other device <hall he provided for measur­
ing ten,ilr 5et to within I 'l. 

'7. S.locllon of Ttsl Specimen• 

1.1 The folio" ing infurmation •hould be 
considered in making a ~election: 

7.1.1 Since "arain" will have a bearing on 
<trcs~·strain re•ults. dumhl'tell or straight 
•prcimrns •hould be cut · ·· •he lengthwise 
pnrtinn of the 'prcimrn "''II toe parallel wi;h 
the mill directic•n \Ohen knuwn. Ring speci­
mens enallle the tensile <trc<~ "ith and across 
the ~rain to t>e a>·eraged. 

7.1.2 Ring specimens enable elongation to 
be measured by ~rip .. paration. butt he elon­
gation acros< the radial width of ring speci­
mens is not uniform. To minimize this efTect. 
the "idth of rin~ ~rrcimens (a~ i~ the tase 
with the Type I ring I must be small compared 
to the diameter. 

1. I. 3 Straight ~pecimen~ tend to break in 
the grips and are used only when it is not 
feasible to prepare another type of specimen. 

7.1.4 The <ize of specimen will be inOu­
enced by lhr material. tut equipment. and 
the piece available for test. A longer •pc~i­
mcn may be used for rutoben having low 
ultimate elongations to improve the prcdsinn 
of measurement. 

li. Calibration of Tt!dlns MKhlnt 

8. I <..dlibratt the testing machine in accord­
ance with Proc<durc A of Methods E 4. If the 
dynamometer is of the strain-gage type. cali­
brate t!lr tester arone or more forces daily. on 
addition to the rrquiremrnts in Sections 1 and 
18 .>f Mcth·~-1• E 4. Testers hwina pendulum 
oynamomc.~r\ .. 13) ~t ~alihrattd .,, follows: 

plact• unr end of a llurnhhrll coredmrn in the 
urprr ~,., uf the IC\IIO}l nl;tl:hinr Rrmu~r 

the lower ~rip from the machine and attach to 
thr specimen. To thi< lower grir. attach a 
hook suitahlr for holding known mas~·~- su~­
prnd a ma" from the hook nn the spr<imrn 
in ~uch a way tN<>Ir ~~as tn permit thr mass 
as~rmhly to rr<t on the machine ~rip holder. 
If thr machine ha< a dynamomet<r brad of 
thr compensating type. calibrate it at two « 
more ~r11inJZ~ of the comrcn~alur. Start th~ 
molor e~nd run as in nnrmc.l te~tinp: until the 
mass a«rmhly i< freely su•pended by thr 
specimen. If the dial '" scale lwhichtver i• 
normally usrd in te<tin~l does n<>t indicate 
the force :orplied tor its equivalent in stre~s 
for cumrornsating t<<trrt within the ~pecifird 
tolerance. thorough!) check the machine for 
uce<~ friction in the hrarin~s and all oth.r 
moving roarts. After eliminating as nearly a! 
pos•illle a lithe ucr" friction. recalit>ratr the 
mach in~ ala maximum of lhrre points. using 
known ma•~« to rroduce forces of approxi­
mately 10. ~0. and 50~ nf caracity. The 
mu• of the lov.·.r ~rir and hook shall be 
includeo.l a• rart of the cnlihration ma~s. If 
pawls and ratchet arc u<ed durin& lest. they 
should also be used during the cAlibration. 
Friction in the head can be checked by cali­
brating with the pav.J, •oro. 

Non 1-h i• n!.Svi,nhtc 1n rruvidr 1 mean!l for 
prevrnlinp: lht tnl\\t, fwm fnllin. In tht fiour in 
Cll~ lht Uumnhell '\hnuld break. 

R.2 A m;-oid nnd frrquent nrrrn~imote 

theck un u"u""Y ufthe teu-.ilc te,tcr co<lihra­
lion ma)· he ohtainrd hy u•ing a •rring cAlibra­
tion device. 

9. Tt.<t Ttmprralu~ 

9.1 l!nlr•• otherwise •recified. the srond­
ard temperature fur te~tin~ •hall he zj ~ 2'C 
(13.4 = 3.1•'1-'J. If thr material is uiTetted hy 
moisture. the relative humidity ~hall he moin­
'"incd at ~0 ! 5 ~ nnd the •recimcn 'hull he 
.:onditioneo.l fur at least 24 h. prior to testing. 
When luting at some other temperature is 
required. the temperature specified shall be 
one of those listed in Recommended Practice 
D I.J49, and [he rcpon shall include a state­
ment of the temperature at which the teSI was 
made. Specimens shall be conditioned for at 
least 3 h when the test temperature is 23 ~ 
2"C. 

II 

~.2 F,n earn~urt ill any frmrcrnrurt 
ahovr cot:tndard hec ~.1). ..:umlitiun M('thcul A 
specimens fnr Ill ~ ~ min and Method H 
specimens for fl ~ 2 min I Note 4). Place uch 
specimen in the te<t chaml'>or at interval• 
ahead nf testing so that all •J!ecilncns -<If a 
series will be in the lc•t chamller the sume 
length of time. that is. if ~0 sis required to run 
the test for Method A specimens. the first 
specimen placed in the test ch•mllcr 10 min 
prior to testing. would be followed by other 
specimens at 30 s intervals. The conditioning 
time at elevated temperature mnq be limited 
to avoid additional curing or heat aging. 

NoTE 4: C1utlon-Suitahle heat- or cold-rc'i'l· 
ani glovr~ sh,1uld be worn for hand and :um rru•cc­
lion "':hen te~ting at hiph or low lcmperatu~~. At 
hi~h lemperalurf'~. an air ma~k i~ very dr!'irahle 
when lhC' door of the Chamher i~ opened IO in!'erl 
spccimtn~; to1ic fumes may he rrescnl and shC'uld 
not bt inhaled. 

9.1 For tc<ling at suh-amhienttcmperaturr. 
condition the specimen at least 10 min prior 
lo testinp. 

10. Charactrrlslln of Ploce Tt!dtd 

10.1 The median of the values for three 
•rrcimens shall be taken AS ihe characteris­
tics of the piece of ruhller te•trd. except that 
under the following conditions. the median of 
the values for five specioncns shall be used: 

10.1.1 If one nr two values dn not meet the 
specified requiremenu when testinp fur cnnt· 
pliancc with 'pccilicotiuns. 

10.1.2 If referee te•ts arc l'teina made. 

Mt:l'IICIP A -lllllllRRt:l.l. AN II STRAI(;fU 
SPH'IIIlt:Ns 

11. Appar•t.m 

11.1 /Jio'.!- The 'hJpcs and dimcn•inn• ur 
di" fur rrcparin~ dumhhell specimens 'hnll 
cunfnrm with thmc shnwn 111 h~. 2. The 
inside faces in the reduced •c~tion •hall he 
poli•hed ano.l perpendiculAr to the plnnc 
formed hy the cuttina edges fur A depth nf ot 
lcusl 5 mm (11.2 in.J. The .lie, 'hall he shurr 
and free of nick' in order tu prevent rn~acd 
edges on the specimen. 

Non ~-Cardul maintenance of. die cuttina 
edau is of eatremc importance and can be ob­
tained by liaht daily honina ond touching up the 
cUnina ed1u with jewelers· hard honing sloncs. 
The condition of the die may be judaed by invcsti­
latina the ruplure point on any series of broken 
specimens. When broken s~cimens are removed 
from the clamps of the tntina ma..:hine. it is advan-
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lap-•-u' rr pk th:C'"C' ·~~imC'n'\ 3nd "'•lr if thc-rr i• 
arty ttn.ok"'' h• hff'a .. at Or Mar Uw umt ~"'""'" 
'" C'~ h 'f'r~•mcn MupturC' po1nr• "''""hfC'f'tl1t •te· 
t:umne: :lllftc' ':t~mC' r!;at;C' nuy ~an Uh,ft·.aUun lha1 
lh.: &J'~ " Jull. "''.,·d. ('If ~nt ar thai rartrculon 
P'".llh'ft 

II.:! ltrrlf h .\1<1rt.-r. havinll t,.,, r.u:dlcl 
Urui@!hl m:or~ong surfan" gToun..r •m•"•lh in 
tlw .._,me rlanc. The <urfacc< <hall t>c N· 
twccn 0.0~ 3n.J 11.08 mm 10.110! an..r ll.IMIJ in. I 
in •·idth and at lea§! I~ mm {O.f> in. I in lcn~lh. 
Thr ar.glc< t-cr .. ccn the markin~ <urfa~r~ and 
thr ,.jde~ •hall be atlea•t 7~ de@!. Thr di<tance 
Nt..-ren the .:rnlc" of the markin11 <urfa~e• 
shall be .. ithm I •; ••f lhr required .ri .. ancr. 

II.} '"" .4pp/iurtr•r. having rlane unyield· 
ina surface !fur uamrle. hardwood. plate 
alan. or rla•licl. Thr ink <hall havr no drtcri· 
orarin@! dTr~• •'" I he •rrcimrn and <hall hr of 
conlra<ting ••·h•r lo that uf I he <prcimrn. 

11.4 Grrt•-•- l"he lr<lcr •hall have two 
i!"l"· une uf "hi.:h <hall hr cunnecled lu !he 
dtnam"mt:h:r. 

11.4.1 Grir• for le•lmg .Juml>l>cll ~peci· 
men• 'hall ll!!hlen aulolnaticall) and e~cn a 
Uriifurm rr~"''UIC 3CH"' thr ~rirJ'ang ~Ur· 
faa:~ .... ~nt..·r.:a .. m~; a~ lhr h:n\i,•n in("rca'\C§ in 
urdcr IO rrr,·rnl unc .. cn <lipping and lo fa .. or 
failure ••f the •pecimen in il< cnn<lriclcd sec· 
lion. t:on,lanl·rrc,.•urc pncumalic·l) re vips 
arr aho ,,.,i,ra~lnry. If "'"'iblc. atlhe end or 
rach gnr. ·• ro\ationing drvi.:c i' rccom· 
mcn.rc..r fnr ..,,,·rting spc.:im~n• ru the .am~ 
Jrplh in the crip and aligning them ,.ilh the 
\lire.:li<>n uf rull. 

11.4.2 GriJK for tc•ting straight •pccimens 
<ball l>c either con,lant-rrcssure pneumatic. 
"'Nird. ur h•~glc l~pr ..resigned 1u trammil 
I~ appli,: J ft..'f("C O\"e:r a large \Urfac.: ar.:a uf 
the <pccimcn. 

IL I'T«paration .. : ·rat Sptdmtns 

1:.1 Dumhh~ll Sprcimrns-Th~ piece of 
niblxtro be tested •hall. whrnc .. er possible. 
be Oat. riot len than I.S mm (0.060 in.) nor 
more rban J mm (0.120 in.) in thickness and 
of a size that ,.iiJ prrmit culling a specimrn 
by unr of rhr 'tandard mrthuds. If obrainrd 
from a manufa.:lurrd anidc. the pircr of rub­
ber shall be free of surfacr roughness. fabric 
layrrs. etc .. in a.:ccirdam:e with the procr· 
durc described in Rrcommrndrd Practice 
0 ) 18}. All <pecimrn~ shall br CUI so the 

lrn~lhai'~ J'l•lliun nf the \~t:imcn "'ill he 
Jlaralld ,.ilh I he @!r.<in unlr" ulhcr .. i<C sped· 
fic.J ,.ilh the nHrtiun thai <pecinlcn~ of 
brll< .. iller than .11n1 mm 112 in.l of ~hrel 
pat:kin~. of hu't. nr of drrd~int=: ~lrr vc~ more 
than 11.111 mm 14 in. I in in<idc \liamclcr ~hall br 
la~c:n in the lran< .. er<c: .Jirecliun. In the case 
uf •rrd•llly cured sheets rrcrarc..r in accord· 
ancc with Rrc.•n~mcndc:\1 Practice of D Jlll2. 
the •rrcimcn •loa II he :.II ~ 11.2 mm (11.111111 ~ 
0.008 in. I in thickncos and \lied our in the 
dir«li<'n uf the grain. DumbNII ~pccimcns 
•hall n>nf••rm in \hape lc> tho~c ~hown in Fig. 
2. Unlc<S otherwise specified. Die C 11 ij!. 21 
<halll>c usc.r ••• prepare I he ~pccimrns. In all 
~asrs. the culling or le~l specimens shall be 
donr with a single stroke of the cullins tool so 
as to a"urc ol>rainin~ <moorhly cui surface~. 

12.1.1 Marlm~: lJumhhr/1 .~pr.-im~n.•­
Duml>brll specimen• <hall be mark~d with 
the l>cnch marker dc<eril>c:d in II.!. The sam· 
pie shall be under no tcn•inn al the time it is 
marked. Mark< shall be ; :.occ..r on the rc· 
.Ju.:cd srctiun of the specimen equidistant 
from it~ center an.r perrcn\licular lo il< longi· 
ru.rinal a,i •. The distance l>ciiOCen cenlcro ur 
rhr marks shall be within I 'l of either 2~.00 
:!: 0.2~ mm tor 1.00 :!: 0.01 in. I on srccirnrns 
.:ur 10i1h Dies C and D. and either ~0.00 :!: 

O.SO mm lor 2.00 ~ 0.02 in. I on specimens cur 
with the other dirs sho,. n in Fis .. 2. Bench 
marks 20 mm 111.79 in.l apan may br usr.r to 
mea<urr elongation where "Calrs graduated 
in millim~trr< are required. 

12.1.2 .\lra.<llrinll lJumhhr/1 Sprdmrns­
Threc mca<urcmcnrs shall be made for thick· 
ness. one all he center and one at each cn.r uf 
lhr rr\luced section uf the specimen. Thr 
mc\lian or the lhrre mca•urcmcnl• •hall be 
used a< the thickness in calculating the cross· 
sectional area. except thai specimens for 
whi~h the differences between the maximum 
and minimum lhickncu ncrcds 0.08 mm 
(0.003 in.l shall be dis~•n.Jcd. The width or 
thr specimen shall be taken as the distance 
between the culling cdars or the dir in rhr 
rcsrrictrd section. 

12.2 Straiflhl Spi'Cimrns-Srraighl speci· 
mens may be prrparcd whrrc it is nor practi· 
cal ro cut rilhcr a dumbbell or a rina speci­
men. as in the case of a naiTow "!lllxr strip, 
small rubina. or electrical inaulalion. These 

apecimen• •hall N nf "'ffidcnl lrn,rh to per· 
mil their in<lnllntion in lhc ~rir• used in the 
rnr. Bench mark. shall l>c: placed on lhc 
spc~imcn• a< ducrihc:d fur dumhbcll sped· 
mens in I ~.1.1 lo \lcterminc: the cross sec· 
linnnl area or slraishl •pedmcn~ in thr form 
of ruhc:s. the weight. lrn~lh. and density of 
the •pecimcn may he determined. The cross· 
sectional area may then be cak:ulatcd from 
tlw mea,uremrnl!' a~ fullnw~: 

A ~ .\11/1/ 

· .whrrc; 

A = ~o.·ru!I~·\CCiinnitl arra. 

M c ma'"· 
D = .rcnsily. and 
L = lcnj:lh. 

ll. '""'"'u~ 
13.1 nc·trrminatit,n c•/lt•n.,iic· Str.·u. Trn­

Jil,- .\"trc'IIJ:th, uml Ultimall' f:loiiJtrllitiii­

Piacc dumhhell ur •trou~ht 'l'~~ioi1cn' in lhe 
''ill• of I he lc•lin~ marhinc:. u•in, care 1<1 
a.Jju•l the •rccin1cn •Ynlloll"lrkall) in Miler 
thai lh.: lension \\·ill he uistrihulrll unif••rml)· 
ov~r lhr cro~~ ~~clii,n. If tcn~i"'" i~ p:rcat~r on 
one <ide nf I he •re~imcn than t>n lhc Olhrr. 
lhe bcn~h mark\ will nul r<"nl~in parallel and 
ma•imum· strength of the rul>hcr will nol M 
dcvclorcd. Unless ulherwise srccific:d. the 
rare of grir ~erararion · · :!I heR.~ :!: O.R mml~ 
1~0 ~ ~ in./min) !Nulc 11. Start rhr machir>e 
orid notr cunlinuousl)· the lli<lance between 
the two hc:nch mark•. lakin~ care to avoid 
parallax. Record th• <Ire" a1 the clon~alion 
specified and al the time uf ruplure. prcfcra· 
hly b~ means o( an autograpllic or spark re­
cnrdcr. AI rupture. measure and record rile 
clongalit•n lo !he nearest 10 ~: on the scale. 

13.2 llo•!;·rminntinn •!f Trn.<ilr Srr-Piace 
I he specimen in !he gnps or !he luting art para· 
Ius and ndju<t symmetrically so as to di•trib· 
ute the rc:n,ion umfurmly over the cro~s sec· 
ti .. n. Scpar;uc rhe 11rir• al n mlr uf '""" R~ 
uniformly U\ rtractknhlc. rcquirin~ ahuul I~ • 
In r<·arh lhc 'l"'l"ih<·tl dun~nlinn. Then hul<l 
the ~I'Cdmen al lhe ~rc:driell c:lun111tliun fur 
10 min. release quickly wirhoul alluwin11 it lu 
snap back. and allow to rest for 10 min. AI 
the end of the IO.min rest period. measure the 
distance betwern the bench mark~ to the ncar· 
est I 'if- of thr ori~:inallcnglh and calculate the 
rcnsilr •ct. In stretching the specimen. it has 
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l>een found cnnvcnicnl In usc a mcn~ured n•d 
of n lenj!lh <"llllal lo the c•;o<"l di•tnn.-c• n'· 
quircd l>clwrcn lhc lwn Nnch mnrks. Hnhl· 
in' thr n•d hc:hin\1 rhc lr\1 •rrcimcn while it 
is l>eing •lrelchc\1 simrlific:sthc: operali<>n nn..r 
re.ruce< the chance uf ~tretehlnjl lht sped­
men more than the required ntttounr. Usc n 
stor 10·atch or cquivalrnl rimer for reconlin11 
the time required fo! lhc varinus operaliun~. 

13.3 Dnerminnrimo nf s,., 111 Br<"ok-Sct 
at break is the <el determined on the srorci· 
men when "retched to rurture. Ten minul•:. 
after I he specimen is f>roken. fit Jhc IWO 

piece• (arcfully IO@!Ciher '" that they are ia 
contact uvcr I he full area of the break. MeR<· 
urc the di~lancr hc:lwccn the Nnch m;ork< 
and calculalc the sci. 

14. C•lculatlon 

14.1 Calculnlc the lcn~ilc strc.s as fulluws: 
Ten~ilt stre~~ • FIA 

.. -~err: 

f" a ol>ser\"Cd force. nn\1 
A = cruss-scclinnal area nr lhr unstrtlchcd 

spccimrn. 

14.2 Calculate the tensile ~lrcn~th by lrt· 
tins Fin Eq I he: equal to the force require.! 10 

break the specimen. Tcn~ile strc•~ and trnsilc 
slrcnsth arc uprcs•cd in cilhcr mefar;o<cal~ 
or pounds-force per ~quare inch. 

14.~ Calculate the clongatio.rlls fnllo10·.: 

Elongation. '1. • ((L -L.IIL.I x 100 111 

whrrc: 

L = oh~erved diSiance bet wcrn I he bench 
marks on the stretched specimen. and 

L. a orisinal distance between the bench 
marks. 

14.4 Calculate the ultimate clonsarion by 
lellins /. in Eq 2 be equal lo the distance 
between the .bench marks al the rime of rup· 
lure. 

14.~ Crikulnlc the len~ilc sci hy suhstiiUI· 
ina thr .Ji•lnn~c hetwcen lhc t>rnch nmrk• 
nflc:r I he HI-min relrn~linn rtrriotl fur I. In Eq 
2. 

MI::THOIJ II-CUT RING SP.:CIMt:N~ 

15. Appanllll 

IS.I Sprcimrns Cur from Flnl Shuts. 
IS.I.I Curtu-The culler shown in Fis. ~ 
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it rt'c,•mmrmJc,l ·a he ..:utlcr i' rutatcd hy a 
mn\.hmc h.t\."JOR "uffi..:tenl curqu~ to maintain 
a ·~ed uf al lc;~M 31 ra.U• IJIKJ rpm! during 
culling and. ha""ing ru~c·~ion Maring. .. ano 
'l'indk fM holding the cullrr with a ma\i­
mum run-••ul uf 11.0111 mm 10.0004 in. I. The 
ma~hln~ ,h,•uld h:we a ba~c pcrpendiL:ular to 
tht spmdlc. and preferably an arrangement 
for J)\."Sitioning the ruhbcr pi~ce with rc:~pect 
to the spindk. 

15.1.2 Rubftrr Holdin11 Dc•·iu-A vac­
uum h, ... ldina rlatc ;\imllar to the une "hnwn in 
Fill 4 i' re<.ummcndcd. The rlate i• damped 
to the ha'c ,,, lo.lhk ,.r the '"unm~ m;•chine. 
Oth~r ,.,c rlare' m:n hc used ,tcrC"nding on 
lht "ze ••f 1he rubber ric<<. The holdina 
dcvr<c "'" plane. parnllcl urrcr and lower 
'urfa~c\ .• mJ i'\ CliOOC'CIC'd tu 0 !WlUKC' O( 

rcdu..:cd rrc""'ure "' huh.l 1M rubt-cr pircc· 
lirml) on lh< pla1e .. ·ithoul distonion .. 

15.~ Sprrim.-n> Cur frum TubrJ: 
1~-~-' c,,, .. ,_A •harp knife edge or razor 

blade held lirn1ly rn the tool post of a lathe. 
15.!.2 .\landui-A hard rubhtr or wood 

mandrel to fit the tuht. used to hold and 
rot ale the ruht-er rie<c in I he lathe. 

15.3 J,·_,ting \lt~d1inc- Grip.,-The a~sem· 
bly •ho"' n in Fig. 5 is recommended to rx­
tcnd the ring. The 'haft is 4.75 mm 10.187 in.) 
in diamcl<r. Th.: 'urfa<c uf I he shaft shuuld 
be lubncatcd .. ilh a material thai docs not 
affect rhe ruN-cr. particularly for lc<ts at elc­
vatcll tcmr~rature .... 

15.4 (·,,.,um(,.,rn.·r c;,,-:.-.,-A c;unc or 
fru,IUm '-'f..& \."Uih: rna) he U\.:d hJ mra~UfC the 
in•idc dtamcter uf rin11 •pedmcn• nnd •hall 
ha~c 'ilep' ha"•"~ Ji;anu:trit.: interval• nul C'Jl· 

~ceding ~ •; uf the dio~metcr to be measured. 
Altcrno~ll>d). fo.r ring• <:Ut .. ilh lhc cuner 
shown in Frg. 3. go-no-go gages may be used. 

16.. Pftparatlon of Tea lipKimem 

16.1 The ring specimen shall be prepared 
from Oat sheets not len than 1.0 mm (0.04 
in.) nor more than 3.0 mm (U.I2 in.) in thick­
ness and of a •izc that .. m permit cutting the 
•pccimcn. Ring specimens shall conform to 
the dimcn\ions •hown in Fig. 3. Unless other­
•ise •pccifitd . .tht Type I cut ring shall be 
used. 

16.1.1 Place tht blades in their proper slots 
in t!w holder. and using the blade-setting 

lfBIIC. -.1 the hlallc derth as imlicorlrU in Fig. 
3. He nlrcmdy <ar<ful thai lh< !>lade ali~n­
mcnt j, good. PlaL·c the runer in pv,itiun in 
the drill pre" and adju•l the ma< hint so that 
the bunum nf the hlood<: hnhkr i' appro•i­
rnald)" 1.1 mm co.~ rn.l ahuvc the rullh<r slorb 
on I he hold-d•• .. ·n rlalt. 

16.1.2 Sellhe slop on I he vertical travel so 
that the lips of the cutting blades just pene­
trate the rubber piece. Lower the culler at a 
steady uniform rate until it reache• the •top. 
then ttrina it h<~t.:k tu il• initial J'N'"itinn. Re 
•ure lhal .. hen the blorolc hnldcr i• fullv luw­
crell 1hr l'tu1t11m uf lht' huldcr l-Int·' nul c.:un· . 
tact th.: ru~hL~r. F••r "rc:cimcn~ that :lrc 
thicker I han 2.2~ mm CO.O'KI in. I lhe <:UIIUll 
blndu will have to be ndju•lcd. A mild •onp 
solution rur luhric;atiun may be used on the 
cu11in11 hlade• when o:uning the ring speci­
mrn. 

11>.2 Prrparationfrom Tubr>-Thc tul>c is 
placed on a mandrel. l'rcferabl y slightly 
larger than the inner diam,;,: A the tube so it 
is held firmly. The mandrel and tube are ro­
tated in a lathe and rings of desired width are 
·cut. Thin-walled rubber wt>e• that ~an be laid 
nat may be CUI IAilh dies having t .. O parallel 
blades. 

16.3 Rubhrr Rin,l.'> -Products in the for111 
of rings are tested without srccial preparation 
if their size rermil• le•ling in lhc tensile 
IC51cr. Such rr.•du.:IS include ring •cals and 
rubber !>and•. 

lh.4 Aft''""';"',: /li111: Sprr imr1n-Thc ru· 
diu I wi<llh i• "'"'''"col nt three lu.:all"'" 1li•· 
trrl>uted qruund the <if(umferrncc ur the ring 
u•ing the min .. mclcr '" 'l'e<ilicd in!>.~. The 
thickness of lht di<k CUI from lhe in•idc of 
the ring is measured "'ilh lhe micrometer 
described in 6.3. The cross-sectional area is 
calculated from the medians uf three width 
and three thicknc<S measurements. Allerna­
tivcly to measuring the width and thickness. 
tht area may be determined from the mass. 
densit). and mean circumference of the ring. 

NoTE .~For rings of known cknsity and mean 
circumference. 1he measurement of man is mon: 
rapid and nliable Cor determining area than dimen­
\ional ~asun:ments. 

11>.5 Ring Circumfrrrncr-The inside cir­
cumference of ring specimens can be deter­
mined by the stepped cone or go-no-go aaacs 
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d..:,,:riht·,t in 1.~.4. c:mrh,yintt n~~ 'lrrs' in c.,. 
~C!'i.'\ nf thai ncl"c,,ary ''' nvL·n:·:llnc any cllir· 
til"il;r of I he rin~o:. The nwan cin.:umfcrc·m:e i\ 
nhtain..:.d h~ ;uhlin~Z·Itt lhr in~itlc dn:umftr· 
rnce lhl· rn.,JUt.:l uf I he radial "'idth and pi 

(3.141. 

Non. 7-Typc~ I.~. ;,n,J J rin~ ~recimens in 
Fig. J are dC'~i~ned for aulo~raJ'Ihic mea~uremenl of 
clonpalion. Type I ha~ an in~i..te circumference of 2 
in. ~o thai spinllle ~cp:tr:llion in incheli equals the 
uhimale elongation in pcrcenl. Type ~ ha~ a mean 
circumference of 100 mm ~o lhal c~u:h ~0 mm of 
grip !>C'r<~r: 1 1i•m C'\IUal, 1110 '1 clont!aliun. Type ~ 
has a mean cir..:umfuem:c of 4 in. ~n I hal each 2 in. 
of grip separation tqualli 100 'l elongation. 

17. Pro« duro · 

17.1 flrtrrmillmimr o( Tl'nJilc Srrc.\".'i, Trn· 
Jilt SJrCIIf.!lh. arrJ Ulri,;wtr 1:::/onJ,!ntion: 

I': on 8-For malcri.ll~ h:winlo! a ~·ieh.l pnint un· 
dcr ~U fl elonfit:\li~'" when lc,tcd al R.~U : 0.08 
mm-'~ 1~0:: :! in.lminl. 1hc raiC' llihall he reJ:Jio"l'd 10 
0.8~ mm.\ (~.0 in.lminl tr the matM'ial Mill ha."i a 
yitld p01n1 under :!n ·• dl'C'IJ:'ali~'n. lht" rate 'hall be 
reduced 10 O.UR~ mml.'- IH.:u in.lmm). The rate l'f 
~ieparation 'ihall t--e reported. 

I' 1.1 Place the ring spc.:imen :~round the 
lubricated spindles. The initial selling he· 
I ween th< spindl.- fwm center to center shall 
be at.ljustet.l so lhal :..~ mtnimum of 1cn~ion i~ 
placed nn the SJ'<eimen rrior 10 lcsJing. Un­
l~ss otherwise •pccified. spindl• separation 
shall he 8.~!: 0.8 "'"''' (~0!: ~ in.iminl. Start 
the lese machine an.; ;ccord continuously the 
distance between the centers of the spindles. 
If the "ress and strain are not autographically 
recorded. predetermine the di•tancc between 
the centers of 1he spindles as pr<:scribed in 
17.4 for lh~ elongation specified for the mate­
rial under test. 

17 .1.2 Record the stress at the predeter­
mined distance belween the centers of the 
spindles and allhc lime of rupture. preferablv 
by means of an aulographic recorder. At rup­
ture. measure the dislance between the cen­
ters of spindles 10 within 2.5 mm (0.1 in.) and 
record. 

11 •. Calrulallon 

18.1 (·al~ulncc the crnoilr olrr" •• follt•w•: 

Ttn!tlle !Ire~' o FilA 

where: 

F = observed force. and 
2A m twice lhc cruss-•ecltunal arcb. 

1R.2 Cakulalt lhe rensiir ~th'lh" \ • 

ling,.. in I he a hove .:qual inn f,u· h .. , · 
be equal 10 the fllfct rcquir.•,c •·· '· 
spet:im~n. 

18.~ l"ah.:ulalr thr ullim;ll\' ~·1.··· .. 

follows: 
t: = IOOi."!t> + Cl- Cl• 

where: 

E = ultimate elongation. r,;. 
C = inside circumference of ri1t,:. .. ' ' 
n = dislancc between cenh.'l"' ,•! 

dies and 
G = circumference oi one !'('"'in,tl• 

·" 

18.4 Determine spind:c ~eparalh' 
gation in drtermining the tl"t: .... ik ' 
specified elongation a~ foll•"' s: 

. ,, :tt a 

n = 'l:j(£M/IOII) + C 

where: 

D = di!'tancc bct"'·ccn spinJk ,·. · · ' for 

specified elongation. an•l 
M = mean circumference of •·in~ "''' ::n..:n. 

19. Roport 
19.1 The report shall incluok oh• ·.· ··"ing: 
19.1.1 Results .:.okulalc•l "' .. • ·· ,o.once 

. •:'h.:a-
wich Seclion 14 or 18. which, .... , 

ble. 
19.1.2 Type of test specimrn. 
19.1.3 Rate of extension. if ,.oh• ,_,.. M.50 

:!: 0.08 mm/s (20 "' 2 in./minl. . 
19.1.4 Temperature and huon·l·• •'1 lest 

room. if other than 23 ~ 2°C :uhi ''' - ~ ~ · 
and 
. 19.1.5 Temperature of tcslin> ' ••lher 
than 23 = 2•c (73.4 :!: 3.1>"FI. 

19.2 In the case of n disru••· •" ·: 'dcrcc 
tests are being made. the full•"' ._, item~ 
shall also be rep~>rled: 

19.2.1 All observed and rc.:o>r•'"" •~118 on 
which the calculalions arc baso•,t 

19.2.2 Type of testing ma.:hin· 
19.2.3 Dote of test. and 
19.2.4 llule of vul<:nniznti•n• •'' : '· · ut>l>er · 

If knnwn. 

20. p,.rholon·Mtlhlld A 
20.1 ren .• lle SttrJI, T,,_,(f,. ·'' .••. tllld 

Ultimate Elon!laliun eN ole IJI-' ,.- · ' 111 3_ of 
Tallie I contains the cocffi.:icnt• ,•: '.onalnm 

' I hal have been estimalcd at :omi~~>.'·'· ·• ,,f612 



dc~re<• <•f ~reed••m ( DFI for I he ranR<S of 
pro~r1y ltv<· Is in Column 2. In Column 4 are 
lhr diiTcrrnc<' (range•l lhar.•hr•uld be cnn•id· 
err-d accepfa.-,le for 1wo fC''i.UIIs. These prcci­
~ion data are based on tests conducted cxclu­
~i•ely wirh \'Ukanized sheers prepared by rhe 
Nariunal Bureau of Srandarr.ls. 

Nor I 9-These precision data arc based on rc­
sulls from b9 (67 IC'> 72) lat'loralories. 10 malerials (9 
for ten~ile "''c's» covering the range of propt"rtie\ 
tabulare\J above. and short-term replication. con­
sisting or 1est~ on ~ ~heelS of essentially the same 
malcriaJ. u~ually on the same day rnthcr than on 
uparatc days. Then·fore, any day-tt>day variabil­
ity due 10 \JifTcrrnces in set-up. etc .• over and 
above lhc variability sheet-to-sheet on the same 
day. is laraely renee led in the mullilaboratory prc..:i-

sian rather I han in the sin~~:le operator preci~ion. 

20.2 T~n,ion S~1 nne· Sn A/ltr Br~ak 

(No" /{)}-Column J of faille 2 conlains !he 
coefficicnrs of variation eslimareu for !he 
ranges indicared in Column 2 of rhe pro~r­
rics lisred in Column I. n Column 4 are rhe 
differences (ranges) lha. should be consid­
ered acceprable for rwo ·esulrs. The dara are 
based on resrs conduc·ed w·irh •·ulcanized 
sheers prepared by diffe:-enl laborarories. 

NoTE 10-These preci~ion data.are approxima~ 
lions ba~ed on limited data from tcsu """ith 6 speci· 
mens. from each of 9 mat<rials at 7 laboratories. 
The minimum degrees of fPCedom are eslimated at 
76 and 10 for sin"e·opera:or and mullilaborolory 
preci~ion. respe:ct•vely. 

Cectncient of 
Acttp<able 
Ranae or 

Property Applicable Ran .. or Ptopeny V'lrialion,., Two Rnulu, 

------------
SinJ)e-opera1or l&cpcawttilil)'): 

Tent•le strcnath 

Tea~ilc aim•. u lOO • eklftption 

Ullim•lc clunJillkJft 
MultlltborahJr)' trcprWlKibllll)'l: 

ren•ll• ''""11" 

Tentilo 11rcu. •• 100 II cloqadon 

lllllma&e tlonpl6on 

lllolhod 

SinaJc-operatur I r!'peatability): 
Permanent tel after break 

Tension set 

lllultilaboral"'l lroprorlucilrllilyl: 
Ptnnancnl ~~ after brulr. 

Ttmilcwt 

rrom 16.! 1o 32.0 loiPa (2AOO 10 
4600 pti) 

from U IO 17.0 loll'a (100 10 
2!00 poll 

fr~Jm·450 In,,..,'~ 

from 16.! ID )2.0 IIIPa (Z4!JO ID 
46IJl ptl) 

from l.l IO 11.0 loiPa (100 10 
l.I<Xl pti) 

from 4l0 IO 740 .. 

Applicable llonp.,. 

from 41o 10 
from lllo 18 
rrom 191o l2 
from 2 IO 7 
rrom 8 lo 17 
f'rvnr lllo 26 

f'rvnr • IO 10 
hmllloll 
f'rvnr 19 IO )2 
...... 210 7 

""'" 110 17 
rrom 181o 26 
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i :to i-
1:... E. -1 

l~n I I I 

I ' 1 

I
I ! ! 
I • l 

I t I I' I 
I 'w ,I 

II II 

II' II 

r " 
,I 

·' lb. IS ~ O.Ol 0.6)7 ~ 0.!101 :q l ~ 0.1 l.lbl ~ O.O!W I 30.0 : 0.1 
B ' I 02 : 0.01 O.!WO : 0 0001 l 0 : 0.02 .079 : 0.001 2.0 : 0.0 
C <A <A <A <A <A 
0 On~·t\al( A dimension leu half ol lhictnus of a:ttina blade. 
E Sum of 8 and D dimcn\ions. 

I 181 ~ 0.004 ... 6: 0.1 1.7J6 ~ 0.00. 
0079:0.001 4.0: 0.04 .ll7: 0.002 
<A <A <A 

Non-1"he 1101 ror the cunina blade mu11 be CKKitionr:d so I he point" on tx diamcler perpendicular to tM 1lo1. Fur 
Bard-Pirhr blade No. lj, the •lot i• ~-•! 0.1 rr.m wide. O.H '!. 0.02 mm deDp.and 0"1et rrom the center line in the 
direction or ro"lion by I '1 mm. 

nO.· I 111,. run ... 
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Dimen-- mm in. Dimcn- mm in. sian sion 

" 118 7.0 E 6 0.2, 
B m 6.0 F 19 0.7, 
c 89 u Q 2l 0.90 
0 :::9 9.0 H .., O.Obl 

nc.• v ...... ., Holdlna Plow. 
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4t Designarion: 0 518-61 !Reapproved 19741' A,...,,.u., t'llar·onel Srendan'l J'] B· 1971 
Aon•nved Jv'~ ) 7 I 9' t 

8" A-.,p-:~ ..... "'•t•O"•' Stllnd•:d• '"'IIIUIP 

Standard Test Method for 

RUBBER DETERIORATION-SURFACE CRACKING 1 

I. S<npr 

1.1 Tht.. method CO\·cr.;. thrt"C prucct.iurc~ 

1!'131 c .. timJtc the comparati,·c ahilir .. of ~oft 
rubber compound~ to v.·uh,tand the ~ffccts of 
normal \lo'Cathcring. or c~posur: in an almos.­
phcrc contammg controlled amounts of ozone. 
It docs no1 apni~ to tcstm~ of ci('ctrical in<iiou­
fall•ll'1 or nitacr ruhbcr p3rt\ where hic:h con­

ccntrauon' -'f :"1/0r.c pre,·ail due to electrical 
dr~char~c. nor 10 te ... lm~ oi material~ •.trdinar· 
il~ d.l'\li.ll:t:C 3" hard ruhhcr 

'''~I - .• "'' rr.t!ho>d I' fl•'i 'o..lll~ ftH U(.( 10 

i't.! .. ~.J~ 'f'CCIIil..a:uln ... nol otr'h hc-;.:J~'C Cl•Hcl3t10n 
••th -.en tCC hfc '' unccrta•n hU1 hcCJiJ(,c the rcsuhs 
from durhcat:::: (,rcc•mcn~ lc,tcd m d•fTercnl loca­
t•on' d·• not ••uhn3r1h ri,c 1hc .. 3mc ,-atuc'. !'lo 
C':JCI rcl:al•o•-; ~~~CC'.. . rc .. uh, nf lhc IC~~o1 and 
.tLiu:~l "-l'n•cc !'C~i.u:~.an..:c "'f!I\·Cn '" 1mphcll. The 
:c .. t ,.. r""an..:•r:&l:~ 1•f \;;aJuc ~hen U .. C\t [liT C\lmp;HJ­

'-lt" b:-l•cc:- :··~ 01r more ruhhcr ~omrnu:"tth 

2. T~pe ofT~ 

1.1 Tha\ teM ct>n~i'\ts of continuously e~pos· 
mg ruhncr test specimen~. held under Sli~::1. 

to normal v..cather conditions or in an atmos­
phere .:on;,,unwng controlled amounts of ozone 
on accordance with ASTM Method 0 1149. 
T <st for Rubb<r llrteriorattOn-Surfacc: Ozon< 
Craok;ng in a Chamb<r (Flat S;><omen)1 

Spec,nens ar< upos<d for ddinit< ptriods of 
t•mc and thc1r deterioration observed as cvj. 
denc<J by th< app<aranc< and 11rowth of cracks 
an the suriaccs. 

PRtl("fOLRf. A. E-.:PO(OJ..Il .,.. 

SIRo\IGHT SPECI\t( ss 

.1. ·'PP•roras 

~ I Mou~lllt.f Block ·A :-cct.tnf!ular 

WOOden hlod. 'hall he U~Cd ror :coupplHIID~ the 
<>t<nded sr<comcn'. The block <hall b: 140 
mm (5.5 in.l wide and appro•imal<lv J80 mm 
(15 in.) ion~ and shall have a thickn.e" of not 
ie« than 22 mm ( '/, in.l The block shall have 
the J!rain running lengthwi~c and ~hall be suit· 
ahly rcinrorced on the back to fHC\·enl w:Jrp· 
ing. Both of thr 15-in. ed~e< of the fac< corn·­
iJlg the <rccimens shall b< rounded with a ~­
mm ( •t •• jn l radius. (fie. i show" the detail~ 
of con<truction 1 Th< hlock shall be: planed 
~mooth and (lJintcd with twn coat" or clear 
lacquer.· 

3.2 Fa.lltntrs ··Aluminum tacks. or ·Jther 
suitabl< inert mat<riol fast<ners shall b< used 
for fast<ning th< sr<cim<ns to th< edge< <>f the 
wooden hlock. 

3.3 Anglt Strip.<· ·Right-ant~l<d aluminum 
molding strip< I 3 by 22 mm ('!,by'!, in.l and 
of appro•imat<ly No. 2:! gag<. for shielding 
the sp<cim<ns "'·h•re tacked and b<nt over the 
<dge< of the block. Strips made from commer­
cial aluminam she<t of Allo,· No. 2-S are suit-
abl<. · 

4. Test Specimens 

4.1 .Th< te't SptCim<ns shall b< rectangular 
strips 25 mm II on.) on "'·idth by ) ~0 mm (6 

;]I 

t•hl\ .,~!hod I' under the JUfl\diC'UOft or ASTtwt ("om· 
mltiC"C Ill I ''" ~uh~r ""': MuM~r·l ,.,c \t;.~ICfi.Jh 
o~nd :' tt>c :hr \: rr,rnMihahl' of ~whc••mmlltcc 
011 l~on Dclr•d•:•('!l. Tc"' 

( ;.~r~cnt cl!nu . ., cfTcttrvc Scrt IR. IQ61 Ontpnalh u­
\l,a~d :~.'Jt Rcplo~.:t' 0 ~IR ...0 

1 of""ua18ooit"'4ST.WSIDIIdDnh.Pirt ,., 
· duPunt clc . .lf I.&Cc.jlicr. or lh cqu•ulcnt. 1\.h ~en I.Jund 

"'urutok 'ror &tn, ru·rm~ 

in.) in length cut frum <tandard laboratory 
t<st slabs having a thickness of 1.'1 mm (0.075 
in.) monimum and 2.~ mm (0.100 in.) ma.i­
mum <O that th< grain will be: in the length­
wi\C direction of the .,rtcimcn. 

4.2 Duplicate test 'r<comen< <hall be: test<d 
whcOC\'Cf f'OSSiblc. 

5. Prattdure 

5.1 Firmly fasten the t<st sptcimens at nne 
end tn one long sid< of the t<st block. spacing 
them b mm ( '!, in.l apart and using three 
alum mum lack~ per ~pccimen. Then draw the· 
strips across the fac< of the hlock in such a 
manner a:-. to cau~e an extcn,ion or 20 per· 
e<nl. measured b<twern gag< marks that shall 
b< 100 mm 14 in.) apart and centered at th< 
middl< of <ach <trip. Fast<n th< other <nd of 
<ach >r<cim<n in the sam< way to .the opposit< 
long >ode of the block. Mount the aluminum 
shield~ b~ mean..; ur scrrws on each or the long 
~ide' ... u_t·hJt the ~2 mm (·/~-1n.J leg covc!'s Lhe 
tacked ends of the •r<com<ns and the I .1 rr.m 
('1,-in. I l<g covtrs the sptcimen~ at the b<nci 
on 10 the face or the block. 

5.2 ['f.'''( the C\t(n,.kd \Jl(Cimcn' to the 
w<alher Jnd 'unlo~ht at an an~le of 45 !kg 
facong south. preferabl~ on a roof of a build­
ing; or th-:y may bt c•('lu ... cd as dc!\ni~d in 
Method 0 I~~~-

5.3 Record th( date on whoch th< tests wer< 
b<gun. and e•amone the >pccomen> daily 
thereafter nr th of1cn •" nccc,~ary, for t:nc 
efT<c" of <Jtunc. Qb,er-atiun of cruck• ,hall 
b< made "'ith a hand 7-powcr onu11nif)·inp 
gla". R<cor!l th< ume of lh< apr<aroncc: of 
th< fim <urfac< crack< on th<<e sptcimens. If 
d<sir<d. th< <xposur< may subsequently b< 
continu<d for th< purpose of obs<rving the 
rat< of growth of :~c cracks or the develoJ)­
ment of aoy charact<ristic or unusual surface: 
<:lf<CtS 

6. Rtpe~n 

6.1 The r<p<Jrt shall includ< th< following: 
6.1.1 Statem<nt of the method used. 
6. 1.! Description of the sptcimen~. id<nti­

fying the rubber compound• and giving tbf,. 
duration. temperature, and date of vulcanizo­
'ion. ir known. 

D &18 

6.1.3 Oat•• of starting th< <xposur< and the 
first apr<arance·of ch<cks or cracks, and 

6.1.4 Geographical location oi sr<cim<ns 
C\po:cocd to weather. 

PROCFDCRF 8. Exro"\tiRF. Of 

LOOPF.D TEST SPECIMENS 

7. Apporatus 

7. i Ciampini( Strip.<. made of a medium­
soft wood for clamping the sr<cim<ns. Each 
strip •hall be I 3 mm (0.5 in.) in thickness. 25 
mm (I in.) in width. and 57~ mm (23 in.l in 
l<ngth. Holts shall b< drill<d through ;I:" I 3 
mm thickness of rach strip at inten·als of 40 
mm (1.6 in.). starling I~ mm (0.(> in.) from 
on< end. The holes shall be made appro\i­
matdy 4 mm (0.160 in. I in diamet<r. and shall 
match in pair<d strops. The strios shall b< 
fastened togcth<r using appropriate round­
head chromium-plated or plvanited iron 
mac.:hin\." scrc"s filled wilh nut'. 

7.2 Bau Panrl, made ol medium-soft wood 
upon which th< clamped ~pecimen~ are 
mount<d. It shall b< 530 mm (24 in.) long. 205 
mm (X in.l wide. and Jt lca>t I) mm (0.5 in.l 
thick. Three Lrus,·pic(c~. ~ach l< in. luntz. I in. 
wide, and b mm (0.25 on.) thick. shall he fa,t­
cned to the ha•c. The cross-picc:s shall i!C 

mounted 19 mm (0.75 in.l from C<tch end of 
the panel and at th< center. Each cross-piece 
'hall hr held in place hy three ~0 nun (2-in.l 
ruund-lu.-atl chrumium-plulccJ or t(UI\'uni1cll 
iron mat:hinc ,~,.·rt"·'· Thc'c n·rcw" ,hull he 
ftttcd "''th ""'"•" nn the lllltlcr>~llc uf the 
ha•e panel and •hall ftt into a coontcr-•ink. 
The screws >hall pass thr.ough the pand and 
through th< cross-pieces. 32 mm ( 1.25 in.) 
from each end of the cross-piec<s and through 
the center. Th<s< screws shall protrude abov< 
th< surface of th< pan<l to a height of a~out 
35 mm ( 1.38 in.) and shall b< us<d to fast<n 
th< wood<n specimen strips securely to th< 
bas< as dtscrib<d in 9.2. 

7.3 All wooden panels, strips, and cross­
pieces, shall b< paint<d with two coats of clear 
lacqu<r;' 

8. Test Specimens 

8.1 The test sp«imens shall be rectangular 
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l..n 
0 

\triP' 2~ :nm I\ '" 1 ... ide b~ 9~ mm 0 .,_ tn.l 
:n lcn;;t~. ::Jt frorr. t.tandard l:Jhorah1r~ IC\t 
.. tab\. hJ\ II"~ a thtcknc"\ of 1.9 mm (0.07) IM.i 

m•n1mum :tnd ~.~ mm 10.1()() 1n.i mJ\imum 

\0 th.JI :.,t );!:r:11n wtll he '" the lt:n~!lh""'~ 
d•rectton nl the 'f'Cl'tmcn 

~ ~ ·()~,rllcJIC IC't 'f<'l'I01C'0' 'h:tll hoe IC\tC"d 

... ncnc\C" :'·h~•~tc 

'· l'r~durt 
Q I l.nuD the tc't -.pcc•mcn.; unu: their ends 

meet :1~11~ then .n,crt thc\c end' het...,ccn the 
raarcd ~~ll'dc:n ~.tr•r' untd the~ are nu .. h .... ith 
the unCcr .. !CC of the 'trep~. The minimum 
dt'o!Jnce ~i""ccn the --~c•mcn..: ~hall ben mm 
( · .• in I Clamrt tht: ... ·oodcn liilripo; torcthcr b~ 
mean .. PI m:.ll.'h.tnc ~ere ... c; s0 thJt the ~reci· 

men .. arc firml~ hc!rl in rlacc ... , .. a rc:-.ull or 
this procedure. ~~ mm (I in.l of each end of 
!he "f'CCimcn ..-.ill be covcrrd b~ the "oodcn 
c;trir ....... h11.:h .... 111 act a~ a protccti\'C ~hic:ld. 

The rcmJ1n1n~ .SJ mm,(l '/• 1n.l of the ~pcci· 
men <hall form a loop having a var~ ing cion· 
g_JIICln alon~ It' len[!th. a;. ~;.hown in Fig ~-

Q,~ \h"'unt the rack of clamred '\pc:cimens 
nn the CH"-'-·picce' attached to the ha~c panel 
r.~ ('IJ";.inp lhe protrurl1ng machine ;.crcu.·, of 
the panel hc!"ccn the pa~rcd "oodcn strips 
and fa~tening them with nuts and washers. as 
<hown in Fig 3. 

Q_l E'po:o.e the :.·:"Cd spec1mcns to the 
"·calhcr anJ <unlighl al an angle of 4~ dcg 
facing <Oulh. preferably on !he roof of a build· 
1ng: or the~ mJ~ ke e'ro;.ed in a t:abinet hav­
ing an atmosphere in ~>hich the ozone conccn· 
!ration i< contwllcd. as dc.cribed in Method 
D 1149. 

9.4 Rooord lhc dale on which !he IC<IS were 
begun. and c.aminc the speCimens daily 
thcrcaftec. or as often as necessary. for !he 
effect of sunlight and weather. Record the 
time of the ap;JCarancc of checking as well as 
!he lime of appearance of initial surface 
crack1ng for each specimen. Observation of 
cr<l(k, •hall be made ~>ilh u hand 7-po.,er 
mapnd"ytn~ ~~""· If de•ircd, lhc c•Jl•"urc 
muy 'uh,c~uently be continued fur lhe .pur· 
rose of obscr·,ing !he ralc of growth of !he 
cracks or !he dcvclopmcnl of any characlcris· 
tic or unusual surface effect. 

10. Ropon 

10.1 Rcpo;l the rcsuhs in accordance with 

I 33 

Scwuo 6. 

PRilc 1 :)I Rl (" : \P0\1 IU ,·,, 

T \I'I·RI jl SF.fC"i\!f-'' 

II. "pporalu• 

II I Afu111111n~ Franr-•, \\'onden hamc' 

for mnunt1nf! the tC!It 'f'C:Jmcn' ~hall h:?.ve the 
follo"'·•ng dimcn,ion': 1n'-.dc width. 100 mm (4 
in.): over-all "idth. 17~ mm (7 in.l: in,idc 
length. 300 mm (12 in.l .over-all length ~MO 

mm ( 15 in.). For con!iotru=tin~ the f(amrs. 2S­
mm (1-in.llhick C\prc« <h•'l he u.cd. ond !he 
members o;;;hJII be jo1ne-a with dowel~ usinp; 
waterproof ~luc for !he ~-ond. The fram< !hall 
be planed smnoth and p1inted with 1'4"0 coats 
of clear lacquer · 

II.~ f-"a.Hrnr,.J- ·\lun;;~num t:1cks. "-tlC Nn. 
6. mad~.· from ·\ll\l~ "-io. ~ 1-S. or qaink~.-. steel 
stJple' for faqcnin~ the ~pccim ... ·n, to the 
\'1'1'<kn frame 

II .. \ A nxl~· .\"trirt~:\h.nninum 't iiJ" Jl" 111111 

{I ! . 10.) "IJC Jnd o." arrrll\llllatd~ ~u. 

2~ gag~. for_ ~hieldinp. :he specimens. Strips 
made from C(\mmercia A.IIO) No. ~-S are 
suitahlc. 

12. T tsl SjWci mono 

12.1 The IC\1 specirr en, shall be die-cut 
tapered strips havinD: oul~ide dirr..ens.ions as 
shown in Fig. 4. cui fro111 standard laboratory 
1<51 slabs havin• a lhick.oc" of 1.9 mm 10.07~ 
in.) minimum ;nd 25 "Tlm (0.100 in.) maxi· 
mum 50 !hat the grain will be in lht length· 
wise direction or the spe:imcn. 

12.2 Duplicate It>! specimen• •hall be 
lcs!cd "hcncvcr possible. 

Jl. Proc:fdurt 

I 3.1 Place an tdcntitication mark on rhc 
broad end of each 1cs1 ;pecimcn. •Jsing malt· 
riais that will nol have a deleterious effect on 
!he specimens during a~ing and !hal shall not 
extend beyond !he area covered b~ !he alumi· 
num angle strifh. 

1.1.2 Superimpose •·pnn the >pccinten a 
lclllplulc •·•lllhHnllnM 1•: I he thmcn•tnr.• •hnwn 
1n 1-l~ 4. nnd rnurk lhc •pcctmcn wllh n 
!harp-pointed rcncil lo <:onlorm wilh t.hc holes 
in the template. 

I 3.3 Ora~> parallel 'inc, on !he (ramc at 
the desired distance lo· gi,·c the required over­
all elongation i_n accordance with !he following 
table: 

~ffi)l 0 618 

0\·~r-JII t::lon~Jtion. 
percent 

10 ,, 
."II 

01~1an~c Hctv.ccn 
Paralle-l L1nc~. mm {in. I 

1-10 !5.51 
141i I' 7~1 
15.1 ff\0) 

t·a,tcn the ~lrC'IChc.i 'i'ICOI11CO h• the rramc in 
'u'h a manner that the la!ltencr\ or ~taples 

dnvcn through !he pencilled durs on !he 5peo· 
men "ill coincide with the awl points on the 
lwo line<. Thcic awl poinl! arc 5pa;ccd accord­
ing to the holes in a template lur the required 
elongation. as shown in Fig. 5. Because of !he 
taper. the elongation for any one area will 
vary with !he widlh of lht slrip. By placing 
bench marks at regular intervals along lht 
center line of the tapered mip prior 10 
stretching, il is possible 10 dcltrmint l~e per­
centage clongalion for any given area by 
measuring the distance bclwccn lhe bench 
marks after 11te suip has been elongated, and 
applying !he following formula: 

Elongation. p<rcenl ~ i(L.- L.l/L.J X 100 

where: 
L. - length aft.cr slrclching. and 

L, = length before <lrclching. 
I 3.4 _After !he 5pecimcns have been 

mounted. mount !he aluminum shield on each 
or !he ion~ 5idt< 50 !hal lhc lacks holdin~ !he 
specimens and the markinp.s arc Ct1\"C'rcd. 

13.~ Expo'< !he c.lcndcd spccimcns 10 rhc 
wcalhcr and <unli~hl al an angle of 45 dcg 
factng <uulh. or in a cabinet with conlrollcd 
ozone conccn!ralion. as described in Method 
01149. 

13.6 Record· the date on which the ltsls 
were begun. and examine lhc specimens daily 
thereafter. for lhc effects of ozone. Observa­
tion of cracks shall be made with a hand 7-
powcr magnifying glass. Record lht time of 
the appearance of lhc first minule surface 
cracks on each specimen. If desirfd, the upo­
surc may subsequently be continufd for the 
purpose of observing lht rate of growth of the 
cracks or lhe development <>f any characterill-
tic or unusual surface effects. · 

14. Report 

14.1 Report the results in accordance with 
Section 6. 

• I 
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4ffit' Designation: C 793 - ~5 

Standard Test Method for 

EFFECTS OF ACCELERATED WEATHER:NG ON 
ELASTOMERIC JOINT SEALANTS 1 

Th•' Suntbrd ·~ 1\~rd unckt the fialtd dcstl>lllltOft c 19). I he num~r lmmci:J•.IICI~ runo"'"' th~· . - IA~IIOt'llftdiC;&If' l"r \Car 
,.1 onf•"""l adrrt:•ntt or. •n 1~ cue or ~-.\lon. the ~·car or 1111 re,,s•on A number '" r.aren•!t.:~ •nd•caiC' the ~ur of lui 
f.".l:""r-d'·· 

1. Scop~ 

1.1 This method cove" a laborator} proce­
dure for determ~ninl' tht tfrects or accderaled 
"~athcnng on curcO-•n-place cla~aomcr;c joint 
-caian" (single- and multicamponentl for ust 
;il huild1n, con!llluctior. 

!. Applicablt Doa~mmts 

~ i .4ST.\f Standa,d. 
l; ~J. Rccommencicd Practice for Operating 

l1ght- and Water-E•posurt Apparatus 
(Carbon-.-\rc T~ptl for Exposur< of Non­
mctallit· ~lattrials' 

~-Summary 

~ I Thret scalanl spccimtns art spread on 
aluminum plat"' and r.postd lo ~50 h of 
tJhra,·inltt rad1.Jiion with intermittent water 
'pray 1n a 'taOidard accclcratcd wcJthcring 
machine. 1-ollo'"'"ll lh15 treatment lht spcci­
n"'"s arc t\poscd for 24 h in 8 rrccztr maiO­
talr.cd at - ~6 ~ ~·c 1- i 5 ._ J.6°.F}. At the end 
uf tht cold e•posure the specimens art bc:nt 
"' c: " mandrel ~>ithin I s at the spccifitd 
temperature. 

4. Sienifinnn 

4.1 It is i<no"n thot ulu~violtt radoat1or. 
ll."untrlhult' 1t1 !he clt'J!.tada11UR uf !IIC.IIanh tn 
ntcnur huoldon~ Jlllnl>. 1 he U\C ,,f d lahoratnr) 
-.ccltratcd ,.cathcnn11 ma<hone woth ultravou· 
lrt radiation aad 101<rmollent wattr <pra) ap­
pcars lo be: a fea•ible means 10 gi•t indicalions 
or tarl~ dcgradalion b)' the appearance of 
stalant cracking. The effect or the ICSI is made 
more sensitive by tht addition or the btnding of 
lht s~cimtn at cold lem~ralure 

5. Apporotus 

5.1 F..tpo•u'r Appa,ar-.-An accelerated 
"-'Cathcring mach1nc. l\lo:in ·enclosed Clrbon arc 
with 102-18 light/water spray cvcle ( 102 min of 
li~hl.follo"ed by i8 min cf light and deionized 
"ater}. I; <hall conform t > Type D of Recom­
mended Practice G 23. 

~01£ 1-Thcrc arc S(\'tr;i olhcr ~cathcrmr m.1· 
chines described in RC"commcndcd Pr.:l::licr G ~~ 
1vailablc ror usc. :and lhcsc mtl~ or ma~ not fi\'C 
c!ifrcrcnt rcsuhs rrom 1hc o~ drscribcd ~Jndcr T~·pt 
D. 

S.2 httzn 0' Cold 8;,, having a tempera­
ture controlled at - ~6 ± 2'C (-I 5 ~ 3.6'F). 

5.J Rt< loJnf{ula• B'DJ• Framt. with insidt 
dimtnsion• I ~0 h•· 40 by I mm (~ t-~ I '; hy 1> 
in.). 

5.4 Alu~trinum Platn. ~hrec. each I Sl by 80 
D)' O.J mm (6 by J by O.C•I in.i. ' 
- S.S Stttl Mand,.l. 1~.7 mm ( 1 2 in.) in 
diameter and about 102 11m (4 in.)lon~. · 

S.6 Tltl~t-Biadtd K~tife. 
5.7 St,ai[lltttd[lt. mctol or plastic. about 152 

mm (6 in.) long. 
S.8 Spatula. steel. abaut 152 mm (6 in.)long. 

6. Stondard Tnt Conditions 

6.1· Unles. other,.,sc •rc<,fitd b) those 8U· 
lhoru1np the tc>t. <tanof.lrd cond11ton. of lent· 
perature and relatiVe h •mullt)' •hull he n ! 

2"('17.1.4 • J.ll•f}and:.o, ''':,re•r•'t"cl) 

'Th,, method n undtr lhtJ!IflldiC110ftof AST~1l amm1l· 
IC'c C-24 on Bu•ldtng Seal' and Scat.nl\, and" the dnt~t 
rc~ponllbahty of Subtnmmittc: CN.l2 on Tc~t Methods 
ror ChemiCally Curtd CompoQnd' 

Cwn[nl n:hlton arrrovcd J.,n 1•. 19H. Publi~hcd April 
!~l'S. 

• .-4,..,uGI Bool of .-4ST/tl irtt,.Jtt,dr. Pans l!. H. and ... 
S67 

7. Proetdurt 

7.t TtJI of Mulricompontnt Sralanu-
1.l.t Cond1lion at least 200 ~of ba.c com­

pound and appropriate amount of curing agent 
in a closed container ror at lcaM ~4 h at 
standard condition<: then mix thoroughly for 5 
mm. 

7.1.2 f'ill the bra.<> frame. aflc: ccnl.ring it 
on the aluminum plate. with a portion of the 
mixed compound and <lrike it oif na: \lith a 
straightedge. lmmediat<l) lifl the frame from 
the sealant afler separating it by running a 
thin-bladed knife along the ins1de of the frame 
(:>;etc 2l. Prepare three such specimens and 
cure them for n h at standard conditions. 

7.1.J At the end of the curing period. leave 
one (control) specimen at standard conditions 
and place the other two in the drum of the 
"·cathcung machine and C>po<e them fo'r 250 h. 
The temperature at the spe<imen during opera­
tion shall be 60" ~.R'C 11~0 ~ 5'F) and the 
\\Jtcr lcmpcral\Hc '\hall he 13 't: 2°( (73...& % 

J.6'1'l. Cha~ge carbon< ~nd cltan g!a>S globes 
daily durmg th.: C.\po)ure period. 

7.1 A .-\t the end of ~50 h of e\pO>U«. 
rcmo"e the :-.p~~trr.en) frcm the machine and 

"note changes in appearance as comparc:d ~·ith 
the c0ntrol spccimc:n. 

7.1.5 Pla~:c all three spc~tmtn) and the man­
drel in the freezer. <<JOlrolled at -~b ~ 2'C 
(-I j % J.o·~ 1 fur 2~ h . .-\t the end ol thl> 
period. wh1k in the frcctcr at th1> temperature. 
bend ca,·h •pc.:imcn ... ith •cal•nt otdc uut,.urd. 
ecro11 ht ,.idlh, I MO de& around I he mandrel 
,..ithin I t. bQminc each !pecimcn ror ~rac~s 
de•elop<d.ovcr the bent urea. 

SoH ~-In the CalC or pour;.~ble ar~dc cum pound. 
du nul lift 1hc br;a\l framt: unul lhc 'coal11nt i' 
'liuf~cicnlly Kt th¥1 it .. ,n retain iu r«tllnauhn 1h11pc. 

7.2 Tt~r uj Singlt-Co~trponml StGia111J: 

c 793 

7.2.1 Condition at least 200 g of compound 
in a closed container for at least 24 h at 
standard con~ition<. 

1.2.2 Follow the same procedure as specified 
in 7.1.2 throu~h 7.1.4. 

8. Report 

8.1 The report >hall include the following 
information (or each sample tested: 

8.1.1 Identification of the sealant tested. 
8.1.2 Description of the type of sealant. such 

as single- or multicomponcnt, non sag or poura­
ble. color. etc. 

8.1.3 Name and description of acccle.ratcd. 
weathering machine. 

8.1.4 Description of specimens artcr 250 h 
of accelerated weathering. as compared to the 
control specimen. Figure I includes examples of 
cracking obtainable after the ultraviolet test. 
Number 0 represents no cracks. 

8.1.5 Des<ription of specimen> after bend 
test. Figure ·~ inclu-.c. C\amplc; Of cracking 
obtainable after the bend test. :-;umbcr17 reprc­
senls no cracks. 

8.1.6 Variations. if an~. from the >pccilicd 
test procedure. 

9. Precision 

9.1 In a round-robin test in "hich each ul' 
four labor:nc•rics tc>tcd eight sealant >am pies to 
determine the effect of ultraviolet r•dialion on 
cr~~~ing u> prc•crihcd in th~ te>t, the laborulu· 
riot •arced on J I ul' I he l2 delorminlliona. 

9.~ In a round-rubin tcsl In ,.htch uch or 
three laborutoriel tested ci&hl acalanl ~amplet 
to determine the eiTect of bc:nd le$1 81 - 26"C 
( -IS'F) after ultra•iolct c•posure. as pre­
tcribed in lhe teit. the lubur~toric• uarced on~~ 
or the 24 delerminatiOM. 
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4m~ oesignetion : c 794 - 1s 

Standard Test Method for 

ADHESION-IN -PEEL OF ELASTOMERIC 
JOINT SEALANTS 1 

1
..,, . SunJ J rU ;\ 1 --.r ~·c U!" lh:r lh' 11\l.'d \~~ • t .: n.tl hJ /'1 ( .. Q-' . lh.: nun1h( r w·.r·•,·\lt,lld• ,,,;1." n~· 11 ' • . O: f!J itll/'1 tndt(.tlr• tl,\· ' t;,t 

,1 ••"r'.,·': .tr1• ' f!\11HI w '" the I.' J"I.' t•l r r \l~lt•n . 11'1c ~ ca r o( Ia~\ !C\1\tttn ·\ n umn~ : , ., r . .u.:r: :: .• • i /'ldtcatc.' the \ O::.It t• l Ia\\ 

;.I:' "' '•' •J• 

1. Scope 

1 1 Th t~ nli.:IIHld Cll\l'f' ,\ l .JI'WrJtnr~ prth.:C· 
durc for dc:tc:rnll nJn g the i;j lrcngth and cha rac· 
t~.;ri!otico;. of t h t~ pcl'l pr oper tic o;. nf a curcd-i n­
.,,,l'l' t:l:p;:nmt.:rh: i''lnt c.c:J l,ln l. .:.1 n ~h:- \H mul­
;., ..• ,.lj''' ncnt l•·r u -. \.· :r. :,vddin~ ~..·~ ,~r ~;t rtu.: th'O 

2. ~pplicablr !locumrn" 

: t • L'-T\f SiandarJ{ 
1> 1\9 1 T ~.·-.! t n p t'Ltncrt·ll' .i{'tn: Sc:.~h.:r" 2 

(j: 1. R ..:( ttmnH:ndcd Pr.lt' ti(C: lor Opera tin~ 
l 1gh·.~ ,1•1d \\.'Jtcr·l'\plhU rl' ·\ p ['l . lfJltJ~ 

t(Jrhtl1 ··\r c.: T~rel for ~: 'r'" ur ~ l'f 1\on­
m,·tJih L \1a t..: na\'i 3 

' · Summ ar ~ 
l I Th~.: 1'1C i i'H'd t.:ll0' 1 ~t .. of rrl'p.trtng t..:q 

,rl'('111lt:n, h ~ l.' lllhcdding ~ strip of <.:ltnh 1n a 
1h1n l ;;~ a f•l the .. ~,;.tlant hc tnp: tc:sted. on ~cvc ral 

\ llho;.tr O:JIC mat ..:nab. 1..lJriO(!: theSC' Spe(.: tnleOS ror 
.t ~,.· ,rt.n n kng: h oi time under spccilkd t.:o ndt · 
U t tn' . thc n pl. iCIO f! thcm 1n a ICO\IOO· tCSilOg 
t ~ j J~hr n c: r, :-uch J \\J~ thJt the cmbcddl'd cloth 
" Pl'~h.·d had (rom the subst rate at 180 deg . 
.Jntl m~ossurrn2 the fo rce e\ertcd as "ell as the 
nJture of the ;cpa rati on of 1he sealant fr om the 
\Ub\ tratc: . 

4. Si&nlncanc• 

~ I I h~: r c . \ fC thlkrt.:n~:n lfl nrtnHtn JllliHlJ' 

l h~ , , ,. ~.· ~tnt.t.:rncd \\tth .. ca!Jnt tclhnu ltty\ 

\\h~thcr or not 'hr" atlh l' \IOO · In ·pcrl lc ' t l\ 
tn h:ndl·d to -.t mulatc the t.:tt ndllwn:<o cn..:ountcrcd 
h~ iJ ~calant tn norma l U\t.: Ncvcrthdc,~. \I nn: 
II rcrrc~enb ,\ tc-.,t (\)destruction . the \aluc o l 
thl' lc.:'>l dt:notes the abiht~ or the cur~:d sealant 
to matn : ~Jtn a bond tP the subs tra te under 
,~ ~.: rc: CtJ nUit tu O"i . 

~ 2 \1..&n ~ 'I.'Jb r t manul:11.:1 urn~ ut1hH the 

adhc,hm - tn - p~o:d tc ~ t f,H d~o:tcrnun tn p tht: adhc­
~l't ..: har actcrt<itll.'~ of 1\t.:Jian t/ pnmc r t:omh i na~ 
unns "'ith unu ,uJI :or prorrtctar~ ~uh~tra_tc s . 

~- Apparatu' and :.tat<rial< 

~ . 1 Tt•.n in.r .\l al1Ji'1t' \\ 1th tcn'11'n ~r'r' r~r. c· 
bk or rulllnf! ~~ thl rate: .,r .. ~.: p~ r :r. wn ,,j ~ 1 11111\ 

1: 1n 1 min . and hJ\ II'!; :J ~.·h ; , rt tndtl· ~ tt iH I.';.~ It· 
hrJted 1n 0.4'·k ~ ll-l hl unq, 

:. : Stand.:;rd St. h.f/ral£'.\ 
~~ . I A/UilllflltO Alfn t. T)rc: N'" '- T ~ or 

6061 -T t'l. \~ lth .1 ~,.· tc,;";J r :.tn ~.ldl ; cd firt\h 111 n tll k\' 
than O.flOi~-m rn IO.J·rntlt tht t.:~nt.: " tHt: r a 
~(':.t lc -rrn· liot.:.n. : ['ltt:\'c' . 1 .' ~ h~ -: {'! ~\ r. \ mm 
(h h\ .l !'l\ 1 t tn I 

~ ~ . ~ .\for tar. r~1rti Jnd l.' t.:mt:n r .. ~ -. I;. h .. . I): 

h~ 7{) h~ Q ~ nlnl (_'!\h) ·' h~ I II tn . ) rrc:rJrc:d JS 

dc>eri~cd in Mcll.od {) llql. "'th each slab 
ha\ tng ont: ol th 15~ h~ 7(\.mm ~u r laces 

~mouthed h~ \\l'l ~r •mhn J! \) n ..1 ca :->t 1rt>n 1\Jp 
"1th , ,, 60 \. tlt \..' l)n l':.Hh:dc or alumtnum (1\\d C" 
i!rJt :l 

' .c . .t Pla.e Glars. polos hed. clear. I '2 h' ; ~ 
h~ 6.J mm l h t'l ~ J h~ ; • tn .}. 

~01 1 1-Bccaus ~or th..: f3 ct that Jdhc<io,t '· ~ t~ r upcr · 
t1~s \If a JOi n I \ Ca!.1rt arc rdated to the nature 1lf lh~ 
\Uh\lr.Jh:. 11 I\ 'lroq:l~ r~\IH1l t ' l ~ndl.'d th.Jt ..-.hrn~\t'f 
r \1\\Jh h: tlu.: r·rd ll' ' ! h..: nt.ul ... · \'llh tt\l" \ lth\tr l h ' \ th .tt 
:~rc "' hl· IJ\Ct!tn tit : htllld t1 11' urhlct ~utt•tdrt •tlt•tll 111 
JLfl\ 111 •111 tu llf Ill f"hi\.'C ttl the 'llC•.' IIICtl ' 'l hllltiiiC~ 

• rt\1\ nwttl•od t• uno-: r I he J~.> ll\lit ~ iu,n ur .\~ t \t ( c,nun tt 

tee <"· 2-' (In Bmld1n!l ;cal' 1nd ~al1nlt· . nd ''the dHcCI 
rc,pc.mst~llil)' of Sulx,mmlllcc C~.t 32 on lc~l Mc1hud\ 
ror Chcmlc.tlh· CurnJ t.\•mrounJ, 

t ur ~cn t cdt iiOfl anpro\td Jan ~(\ 19 1 ~ Putlh~hcd Aru1l 
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' Annwol Bt...iA. () I ,... S TM Srondord.t , Pans I -I a nd I~ 
' .. ""wofB,~J. CJ} .o4 ~T41 Sro11dords . P~rh J:! . lS. and 41 

oc~cuhcd in ~ ! I. ~ ~ 1. <.~ntl .. ~ _l Sucn \ut'IMra teo;. 
mdm~~- hrh.k. marhlc. hmt::\h"IL" , ttranllc . \I:.Hnlcso;. 
'tccl . pla!oltC quart~ Ide'. ,1nJ other.~ l ur pr;u:IJCal 
I~'.J S110~ thc o;.p~~lllll"n dllllt' lh ltlll ' 111:.1 ~ he l.' h.IMJ:Ctt 

frnm I 'l l" 'tancl.ud '''C.'' prno;nk•lthr thu.:knc~~;, ul thr 
, .,•,ll.t : lf lt'lllJIII .; :1\ "fiC'~' I flnl 

~ \ Spuct·'Sirip.t. lour, ,,fh.ard \to OOd . nll'lal. 

c..1 r t!la'' :J\ fnlhn'C". l \\0 I~~ h~ 7(, h~ 6 _\ 111111 (f't 

h~ J 1'-o~ - '• tn . ) for prcpar1n~ the tcli t srcomcns 

''" aluminum and J! la s ... . o.~nd t"o of the same 
l<ngth and width hu t 9 .. t mm t ·', in.) thick for 
rrcpa ring the !C"st ·"PCI.:'InlC"ns on mortar . 

5.4 G/a.u Rod, ahout 12.7 mm ( •·, in .) 1n 
diameter and about .lOS mm ( 12 in .) long. 

5.5 StainltH Sttrl or Brass Rods , two, 1.6 
mm r :, in. ) in diameter . ,1bout JOS nun (12 1n .} 
long 

5.6 .\fasAin~ Tapr . papa. ro ll. ~S .4 mm ( 1 
in. ) -...,de 

S. 7 A1rp/ant Cloth . Grade A. desiLed, 4.2 8 
OZ /)<l. ~0/ !14 count. 6 p1eccs at leaM 178 mm (7 
in.) h'n~ J od 76 mm (.l in) "iue. or suitahle 
"ir< cloth . ~0 - me>h . 0 . ~ ~4 -mm 1 10-mil) thick-

~ ~ Pt~ trr A "tie ' . .. tt l f. ah\'ut :I< mn1 (I · ·: tn .} 

"'ide: 
5 y A. nilr \\ it h o;,h.l rp r.u vr·l ~ re· hlade 

b. r f~ l "'iprd mrns 

b I £\lo U tr..:-.t .; ~..:m1cns 'ha ll ~c.: rrcpi.lrcd on 
• l !t : i l l l!ll, ill . i\\ ~1 un ~l' lllt~ nt rnu rt :.tr. I'-"O vn gl;.~..,s, 
.J;"lJ \.\,, l 1n l.: :t~h or ..t O\ u thl' r .. ut-.~tr.t\1.' ma te · 
rtJI ~ ~. p~.: ... · tr ~cd. u-.rr.~ th~ fu ll o,q n ~ proccd ur~.:.; · 

0 I I ·~ on dlti\Jn nllt k'' thJn : "0 ~· o~f '>l':tl .tnt 
(anJ ;"l\1rttutl '' ' ~JtJ I ~~l. il' :t mu lth.:-~111lpUnl'nU 
in a t: l eh-.·~ contatnl·r for ~.a hat ~J ..1 ~°C t7JA 
"' 3 6'F) and 50 , S % relati'e humidity . · 

6 I ~ Clean the lc>t su rf"ces of Jl l melal and 
gi:Js, ... uh-.tra tc ... ~' t th mct!l\l ~th·,l ~~tone or 
sim1lu 'llh~nt folil.h\l'd b~ ~ thtH~ug h clca ntng 
-...lt h J J ctt:rgcnt ... ulutton \:'\.Otl' ~l. a linal nn!ie 
"nh Jbtilh.:d or dc:tunllc:d "'a tc r. and air dry . 
Cle\Jn masonr ) .)ur la~c,: , \\tth ..1 dn ~tiff fiber 
hr is tlc hru sh. · 

6.1 J Appl y primer to the .:i can dr) test 
!iurfa,cs on!~ when ... pl'~.· i tied ..tnd \ uppl ied b) 
the ~t:JI.tnt rnanu fa~.: tun:r ..tnd \.!greed upor. by 
the po r(ha,er . 

6. 1.4 Plal't: \.1 \trtp ol IH\J~k i n!! ti.Jpe ~) mm (I 
tn ., ,,u,k .u.:ro':<o the tt..' :<ot ' u rfa\.'l' {lf the ,ubstrate 
' U thoil rhe lo\\>t:r l.!d!!t' uf the ta pe is parallel and 
.II I...·J,i "'0 . ~ lll/l l t.i •n I 'Jrt..' lll tht.: h.l \\~j >hllrl 
,:Jgc.: .1: lhc,: 'tJI.h{ fJ.~ I t I}! 1. 11. 
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h. l.5 Spreau a r ortion of the conditione~ 
<.:omtwuncf. after hc:1np. mi"<cd th,, roughl)· for ~ 

mm (tf multi<.:ompt,nC'nt). over the 102 b, .7l\. 
111111 (4 hy .l-i n ) area, wh1ch includes the ma\k . 
ing tape. loa depth < h~htly mor< than 1.6 mn1 
\' ,, tn .L a:ro. shuwn in I ip! . I H 

h. I 6 Smrar one: p1cn: ul dutl1 Vtrlh the 
~..·om pound at nne end uvc1 ;,t n arc;., ol 102 h, 7(1 
mm (4 hy 3 in. ). forcing it into hnth >~de; ui the 
doth "'ith a putt) knife until the seala nt h;" 
thoroug hly penet rated the doth·. 

6.1. 7 Lay · the impregnated ciot h o•·er the 
iaycr of compound and place the <pacer bars uf 
proper thickness (see 5.5) on each side o f the 
src~imcn . 

6. 1.8 Place a 1.6-m m ('.·i,-l n. l melal rod 
lcngthwtse on top of each >racer har an~ 

squeegee the C<'mpound to 1.6 mm (V,, in .) th1ck 
by rolling the glass rod over the metal rods 
(starting from the taped end) . and si m<Jitane­
ously pressing on the cloth and seaiant be neat h 
it. Tr im off the e'cess amount that is s~ueeL~d 
out (Fi~ . I C) . 

6. 1.4 Cu re thl.! o,;pc .. .t . ~.:ns ..:nntaintng ,nu l­
ticomponl!nt compounds 14 da)s al ~J t · ~oc 

(73 .4 ± J .6'Fl. Cu re those con1ain ing si ngle· 
component ..:nmpnund.; ~I da~' :b folio\\~ 

(Note~) : 7 da) S at 23 .... c"C (73 .r .1 .6' Fl. 50 
+. 5 'b relati.ve hum idity: 7 da" a t 37. K "' ~ ·c 
(100 " ~ . 6°F) and q5 "· ) 'r ;dallY< hu on ouil\ . 
and linall) 7 days at ~3 r 2' C (73 t 3.6'F) a~d 
50 r ~ 'f rclat1VC hum1dit~ . · 

6. 1. \ll :\ ltt.:r thl' ~rct..' l ll lt:ll ha:<o ,,:urcU hH 
,ohuut 7 dJ\S, coat the doth w1th a l;11er uf lh< 
compound .a bou t 1.~ mm ( V, , in .) thi<:k to hdp 
minimize d oth failure (Fig . I D). 

6. 1. 11 lmmedia 1cly foll owi ng th< full curing 
penod. make four cuts "ith a ,harp hlade 
lengthwise of the specimen . cutt i n~ com plctel~ 
through to the su hstrate su rface. and remo'e 
excess mater~al so as to leave two 25 .4·mm 
( l -i n. l v.td...: ) trips of doth -covered ' l':t laOt ~cpa· 
rated by a space about 9.5 mm P• in .) wide 
(Fig. l£) (Note 4). 

6.1.1 ~ lmmcdiatel) following step 6.1. 11 
(c"'ept as explained in Note 4). complete! ) 
:mmcrsc the specimen in distallcd or dc: iuniJc:d 
wa ter for 7 da) s. 

Non 2-At the requc•q of the s~alatlt mano· 
facturcr the detergent cleaning step shJII Uc urn•ttt:d 
from I he sped lied clcamng procedure. 

Nurt J-The manura"turcr t:~n :<oUll~C ' t >Jt hcr 
~u nng ~"'nd1t1nns for the ''"l!k ; , · pun.:nt :..:alan I:-
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\l. lih.·;-, Jl~ .J ~ nl.,' >J \ Cll rr v 1.1dcd {O!t hc (.' \,of H'i~' l lll1C d OC' 

:'1 •' ' "~ ~.· c d ~ ~ d a'' .ml.l i ll l thc tc:mrcr ..ti LHl" rlo~·~ " " ' 
·u"L' I.'\l ~P" \ I I 'i' 0 

.. ) 

• ..... (111 ... - . \ ! r~d .tJilCSIIJ O ~ ~ 10 b l' i C\ ICC U ~l ~i J \ !'o 
, ,,r ~· ~ 'l: ~ r·:.:• nle'O~ J flcr u\ tr3\ltl\ct C\ pO~i UT C 
,,,i"lJ~h ~ ,_,, \ .Ji h:r lo:' nm rlctln!! stc r 6 1. 11 a nd hdorc 
.•• ,o.; c~o·J ! M~ \\1\h t'l l 1 ~. p\ J (.' ( ~u ..; h S~CIOlCO 'o' V.IIh t he 
~ .: at an t 'u r iJ ... ·c f.n- mtz awa~ !rom the l i ~h t sou rce or. 
1h.: c! ~ ~:F.l oi an dccdcr;Jh:d \\ t: J thcnng macllmc a\ 
... r<CIIi cd 10 \ lcthod ( j ::! 3 1\CC dcscr; pti OO or T) pc D 
.Jpra ra <:.Jid 1-'PO\C the ~~ctrnen s to the ultra~· 1 o l e t 
r;J d lat u>l' fr-r :rfl h "' llhout ..,. a tcr spra~ a nd conttnue 
ac. ~t.u cd 10 t: I 12 

1. t'urccdurr 

• I lmmeJiJiel\ ro ll n" ing the 7 da >s' im -
1p cr., itln , p r1.'j' .!i'C: !he 'P~ c im cn for l e~ t i ng hy 
,,,ptng 11 dr~ . rdca li iO ~ the 'ca l ~'" t from the 
;Jr• under cu tti ng the sealan t 12.7 mm ( t•, in .) 
and lca> ing a o l .5-mm (l i1-1 n.l le ngth adhered 
to th e <ub<t rate . 

"' - ~ Pla' c thl! 'if!ccimc.n tn the tl:•Hing ma­
, •, nc and reel the ci<> th bad, at an an gle or \Xil 
d~~ .It J rJt c ,,1 !icparal:t' n of 50 f< mm (2 
in )•mi n (hg "l - Peel the sealant fo r about I 
'"i n and rccurd the averJge rorce in nc><t ons (or 
r••u nd<-rorccl indicated by the dial or recording 
.:hart oi the ,nachine . 1r the cloth peels clean 
irnm the sea lant, disregard the values . In such 
inqances , undercut the compound with a sharp 
blade to produce separat ion at the interfac.: to 
the test surrace and continue the t~l. 

7 3 Test rt•v ; trips for each or the substrate 
materia ls ~pecified . 

R. Rcporr 

X I T il l.' rcrPtt 'h a ll •n d uck the f.• ltn\\inp 
1 n fo r n~ altt.1n l (1 r l.'oJCh <; a m rk tc:'-ln! 

8 I I ld cntd"'i cJ t•on ol .. :.~m r lc.:· 

~L 1.: l dcntdicJ t1 un of tht' t ~ f'IC n t 't:aiJ nl. 
5uch J '\ 11i n~k · or multicomponcnt. CtlhH etc 

~ . I ~ Avcra ~r peel S lren~th in OC'\\ !On'\ (Or 
pounds-rorce ) ror the rour strtn' te<ted on each 
substrat e. 

8. i A The pe rcen ta ge ioss in hllOd an d cohe~ 
sio n ror each st rir tested . 

H. I ~ A ny ind n:a tH' !"i , ~j cloth fai lu re 
8. 1.0 Vari att on. i l an:. . from the '-rccified 

test rH'CC:dUTC. 

9. Precision 

9. \ Round-robi n studies of the peel test 
conducted by members of ASTM Committee 
C- 24 as well a< b~ indiv idUJ I members of the 
< c a lantindu >tr ~ indicate t'ho t red te<ts made on 
one >C al an t sam r lc " it h a 'rccified •uh<trate hy 
a single operator in a " n~le laboratory ma ~ 
) iCid a range or I aiU <S th at Var) b) .~ \0 tO "' 20 
~· from the mean value . 

9.2 The range or values \hat ;:an be encoun­
tered when ~el tests are performed by several 
laborator ies on the same sealant samrle with 
the same substrate is common!;- .,6() % rrom 
the mean •·alue and is orten "'100 %. The 
reason for this interlaboratory variatiOn has not 
yet been determ ined . 
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4t Designation: D 1149- 64 (Re•pprr.ved 1970) •~··c• .. llfa:·~· St•nd••O.J" I).IQ7i 
Appt0\t'ed)utv27 ,9J1 

:h .,... •• ~.,.. ~t .. :oor.a• Stal'da•d•l"tSirtul• 

Standard Test Method for 

RUBBER. DETERIORATION-SURFACE OZONE 

CRACKING IN A CHAMBER 

\FLAT SPECIMEN) 1 

ih•" Su~.J•d a •"<Jed u!'dc~ ·br- fu.nt dc\IRPII•·'" £) I"~· 1hc ~urr.P~r• •mmn:h.~::c" ioh:1••na: ll .,.,n.;hor •.• n.hc;atc:' 
d'llf' ,C'a' ..,i. ~:,;.I'•J• :~.Jt~;holn .:r. ;.~ 1hc .. :J\C o: rt"~'lnr•. the ,c;a: of 1.&•1 Jt\1,11}~ \ num~r oo:; i'~ft.ntht~' llidiCiiC\ lhc: 

~n" of 1.1'! u~Pr: ..... ! 

i. Scop~ 

1.1 1 hi" rr•C'thod co,·c.r' the c~timation oi 
rcsi~tancc oi \Uicaniu:d iubixr to cracking 
~hen c.,roscd to an aimo~phcre containing 
ozo:te. The ruhbcr specimens arc kept under 
o S.lJriacc tcn;;lic ~train. Jnd rhc QIOnc con­
,."CrUrltion 10 1hc: tco;t chamber is :r.Jint.Ji:lCO 

at a f11cd ,·ah.;c. 
L2 The method may r.ot g:"·c rc~alts COi­

rcl::iting C:\3~t)~ -.ith Qutdoor c.tposurc tests 
since tnc ;orrcl.ltion 3f accelerated ~none 

:.csts wlth outdoor perf .. trmancc is in gtncral 
not good anri is highly dependent upon the 
s:><:cific cc-nditions or both the accelerated and 
O\ltdoor c-.pu"-urc~- C':"t-'ldirion$ that inftucntt. 
accelerated •c't~ arc \ltOn: concentration. rc­
la,ation of 'ucs\. tcmpcrat!lrc. and dcgrtt of 
bloom o£ adrloti«s. Condition• thot influence 
outdoor ic~is in ·;additlon to these are the 
amount of sunshine and r.!in£ali. 

1- Summary of Meth-od 

2.1 Specimen\ under \Cn!;.ilc stratn arc ex­
posed in • chamber containing an ozone - air­
atmo•phere at a controllable prescribed tem­
perature. The concentration or the ozone can 
be varied Bnd is measured with a spray-jet 
device or a counter-current ahsorption col­
umn. The 'J'C""'e'" arc rumincd at inter­
val• ond thoor '"ndlllun rc=urdf<l. 

J_ 01011t y.,. Appratus 

3. i T'JI Chambu .. Requirements ror ar. 
acceptable ozone rest chamber arc sufficient 
air . ozor.c throushput rate. sufficicr.t mtcrnal 

\.;rcula:ion. and sufficient 1ni.crnai ,·oiumc. A 
secondary requ•remcnt illi that or C>Ontrolling 
the lemperatur< "'ithin ac.-:eptablc limit;. An 
acceptable ozone test thambcr can be ct~stom­
rnade in a parto.:ular laboratory or one or the 
corr."Ticrdal m:,nuractt~rcd chambe-r\ "'·.hich 
arc availabic !"!!~~ be '"ed. The t:•lCll'le test 
cha1~1hcrs shaH conform lo the folto,.·•n~ rc­
quuemcnts. 

3.1.1 The 1<'. chomber <nJII II<: con<tructcd 
of a material "''h minimal reaction· to oronc. 

l.1.2 The "';ume of the chainbe: shall be 
at least 0.!1 to ;u4 m' (4 to 5 £t'j. 

3.1.3 A means for generating and control­
iing an air - OJ'JOC stream shall be: pro,·idcd. 
The generating source sha!l be iocated out­
side of the chamber. The source ilf air c;on be 
either drawn dorectly from the laboratory or 
rrom a compre-scd air supply. In either case 
adequate fillrai•On or rorei~n malleT £rom the 
stream must be provided. The air - ozone 
stream shall be introduced in:o the chamber 
in such a manner that stratification of ozone 
is prevented. 

3.1.4 The aor - ozone repl~ccmcnt rate or 
throughput rate must be or a magnitude such 
tha: no appreciable reduction in o~ne con­
;:entration results rrom the introduCtiOn or test 
apecimen•. Th" minimum «rlaccment rate 
wlll nr~ with the U/ono tunc;cntrMiion, tom-

• fhj, method I• .onder chc JUft'lil(tion of o\ST'f c'nm· 
• Tn11tt 0-11 on R~··bcr and Rubtlcr-lrb Mdt~n•l' .. ~ '' 
lht d.rrci rt\ronstb :,;)of Suhc;Jr.-::'"1ill~ 011 I~ Of'llk-pu. 
d•lat_v, Trlls 

~~~;1r~;~l ;!~'::~,::g~i;; ~~~ 1 l1 ... _.. Orr&lr.ali' It· 
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pcra:.ure. numhcr ,)j tc~• !Opc~·imcn~ tntro~ 

dua:d. and their rt"adillO \lrith atone.' For 
man:. l'harnht:r" opcr.111n~ ufldtr normal condi· 
lion"' (~J'f"Hl\imaul~ ~(l p:Hh f"C'' HlO,OOO.l)()()), 

an au tl/One rcpl.h:cnlcnl rate: of a thr('C· 

rourth t.:hangc 5''Cf IIHOUIC I' .10 OlCCC'plahlc 
and dllcqual~ \aluc I or thort•U)!h ;,n.j accu­
rate .... urk. cs~ccialh undc..·r ...:nu:-.uai condi­
tions. 1hc mmimulil c.lr ~Jfe rcpl~u.:emcnt tate 
should be determmcd. 

3.1.5 A mean' of prondin~ "dequatc ir,­
tcrnal ~..:n"ulation ,..hall be provadcd. The air -
ozont vtlocity in the chamhc::r shall be ac 
icast 0 6 mm f2 fi)J, \\'hen~ it i~ doubtfui 
that ~uch \Cillt.:IIIC' (',l.;.t, tht :r.="taJiation of 
an ordin3r~ 1700 rpm elccutc :1t0((H and fan 
blade of arpro•imatri~· I )0-mm "(6-in.) diam­
eter and ~0 to .-:O.dt:!! pih.-h ""ill produce ~uch 
air vclocitic·, The muHli' Itself ~~all not be 1n 
the chamhc'r. An c~tcn~tor. "hJft shall be 
used"'''" an appropriate 'rai. 

3.1 f\ ·\ rncans of conuolllng the tempera­
lure of the chamber from ambient to 70 C 
( 158 l'l ,hall be provided. ·r he temperature 
regul•tion •hould be capable of maintaining 
the te" tcmpcraturc "ithin :t- I C ( ot: I.R F). 

~ 1.1 It '' ohcn ;uhantai!cou' to have a 
gla" .. -..nd~..,,. or ttla~~ front dollf as p:.ut of 
the chamhc-r. Thl, rc:!t..HC ,, Op11unai. 

3.1 ~ O:c••t Grnrruwr ·r h.: mercury 
\>3('l1f l:tmp j, the lllll~l C~HilnlO, \OUfCC for 
ttcncr.n:o~ ll/tlnc • \\',t;.; 'ul"h :..1 l:~mr the 
O/onc '"ncentrutuH1 ..::an ht" ca'!l) 'ontrollcd 
by mr:an .. ol .1 \:JfLthlc uan,furmcr.- ·rhi!\ 
•ill lr.an'llrdrnl lhc "'0lla).!.C fed !o the fUIOlUf)' 

,,( rhc tran,formn 111 thott !Clluircd h)· the 
mcrcur~ lamp. 

4. Apparatu• for Me.,.urin~t Ozont Conttn­
tracion 

4.1 Apparatus lu1 me:..l!'>urir.g the concen­
tration or ozone In the tc~t chamber shall be 
provided .. -\ methoci ror .~na\pi~ that 1::, S3tiS­
faCtOr~· h ab~rption of u.e ur.onc in buffered 
pot3S~Uin Iodide ~Oiution 3nd \ltr3liOn Of the 
liberated iodine ~••h a ~t<indard solutlor. of 
'\odium lhtosulfatc. One of '"U alternative 
absorption devocc• ,nail be provided The 
tir:'\t of the~ is the ... pra~·-Jct dc,·icc ar.o the 
second is a counter-current ab,•Jrptior. col· 
..... n 

"'#.! ~p,·.J,,·J~I j)t ,(l 
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4 2.1 The spray-jet ucvicc i~ ~hown in 
Fig. I. The ~Ia<; tuhe . .4, is appro•imatelv '1.' 
m1~ tO. \75 in.l in diamctc; and 100 mm (~in.} 
lonp.. terminating. ;.u R in a short lcnttth of 
taruii:H) Iubin~ with .\ ha"'t ui I to 2 mm 
(0.()4 to O.OM in.:. Cnn..:cntr1C w11h111 .1 i, a 
!lmallcr Jtla~~ tuhe. C (Figure- l(o) "''" l'n· 
larf,l'd view of tht~ parl. J The end of C ;\ tir\t 
;:are£ully heated ir. • hlo,.pipc name cntii 
lhc bore is reduced in size so :as jusl to admit 
a wire or drill 0.75 mm (0.03 in.) in diameter. 
AI this thickened end two flats arc ground off 
on a sheet of ftne alumina abrasive PJ;'::~ as 
at Din tig. l(b). When in position in tube A. 

end D fits snugly against the hole in capiiiJT) 
B. A rubber tubing connection at £holds the 
two tuhe~ in position. F is a trap ahout 50 mm 
(2 in.) in diameter &nd 100 mm (4 in.) long. 
and G is an enlargement in the e•it tube 
about 40 mm ( 1.5 in.) in diameter. containing 
glas; wool to trap spray passing F. F is con­
nected to the stdc tube l'" 1 H is a 1-litcr 
thrcc·nctk Woulff boule or round-bouom 
chemically resistant flask in which A and F 
an: secured by standard·tapc; ground joints. 
A or cur~ in~ the: center ('\pcnmg Wtth 8 rrv­
trUl!lng JU~l below the nc.:k and J re:J(hin~ \0 

-..ithin I J mm (0.) in.) of the bouom of t~e 
bottle The third Oflening "cn·c:~ to intH.\dut:e 
and remove the rea~cnt. .4 I!' conncc~cd 
throu~h pla•qici!C'd rol~(\in~l chlorillc) IUhlntt 
tH1ll ~hh~ tuhin~t to :.1 rot:.tmcler~· )l.fac.h::tlcd 

from 0 to 1.0 on' (0 to .1~ fl 'l or utr /h. The 
entrance to the roturncler i~ c:onnc~..-tcd '""·1th 
gla" tuhin~ to the sumplin~ tuhc. und the 
e>OI of f" IS connc<tcu to a vacuum line. When 
properly regulated and a vacuum applied at 
F. mo>l of the rcage nl enters F. furni•hmg ·a 
head of reagent at 8, where the entering air 
resolves it into a fine mi" whoch fills the en­
lire boule. The absorption flask shall be 
mounted in a light-tight bo• to protect it from 
light during the time a run is being made. 

4.2.2 A modification of the spray-jet 
method i~ in current usc .on some commercial 

Up•;~rd conccnir;~uon ~tdju~tmen" ~ar. .. .-amptn..,.lc 
for;, rcduclion 1n oLonc conccnu•hon •hen ~pccimcn~ •rc 
Introduced . 

'H~r.o~·1o. Safe-T·A.nc N('l '!(~I ••lh qu.n.: t~,;t.: ,:~ 
Wlll .. rae1or). 

'..\ Po•tf\11111 or Yauac '" ..ali~(;~ctl)r) ror ttw; purpo<oC 
" r,..chcr A ?oncr Rolaf'lCICf. obt:~inablc hom 

~•,..;her &. Porltr CP Warmmllcr. P1 .. '" 'lloati~fiCtut~ for 
1h1, purpo~ 
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ozone chamber~. This in·:oh·c\ ab,cHhlnJZ the 
ozone in a buffered pota~~ium iodide ..,ol~tion 
"'-·hich ~onf.llOS 3 mea~urcd amount of !'I:.JnO­

ard \odium thiosulfate ~olution. The 1ime for 
the ~~ldlum thiosulfate to be cOn\umecJ b"· re­
action '-' ilh 10dinc i\ measured. Thi!-1 ha~ the 
advanta~e ~vcr the unmodified spray-jet 
mcthLl<l. 1n that no. iodine IS volatililcd. and 
no empirical facior )t; thudorc ncce.-,sary to 
correct for thi' loss. To •sc this modified 
method, it 1' ncce\sary to alter \ltghll~ the 
equipment shown in Fig. :. A iound-bonom 
flask ""ith &· nouom drain cock shall be used 
'tl!oith fou.r necks or outlcls. T~Ao·o of the~ arc 
used a< depicted in Fig. ; to houso the 'pray­
jet an~ the l!j'ptr reservoir return tube. and 
the other iwo contain a pair of platinum clcc­
uodc'i and a hurct for adtJing sodium thiosui­
fatc soluticn The modified apparatus i• shown 
in Fi~. 2. A 'uflicient quantity of buffer solu· 
tion contain•ng 1 ~ g of potao;.~ium iodide is 
addeo ~n 1ha: a pool of IOfl!ut!nn fully immer!'es 
the ckctrodc' "'·hen an air \trc:am i, drawn 
thrOujo!h tl'\r arp . .rahl\ A\ IOthnc ;, lihcratcd, 
1~1;: ~.:urrcnt lllt.:rc:a...c~ und the null Jntht.:;llnr nr 
mh:ruammctcr \4111 indic.Jtc thi' Jnt.:rca,c. A 
;cferenct pomt (Hi the :-;calc is cho~n. and as 
soon as the i:1dicator reaches 1his point a ~top 
,.atch is started. Immediately afterward a 
known volume of 0.0020 !\' sodium thiosulfate 
solution i; add,·! ~"rom the buret and the time 
for the current to again reach its original or 
reference value is noted. For lo,.· ozone con· 
centrations, I to 2 ml of sodium thio\ulfatc 
solution arc ~uffh:1ent; roi higher concentra­
tion\ corre>pondingl) mvrc shall be added. 
This is the preferred method ,.hen using the 
spra~·jet to remove ozonc.from the air· olonc 
stream. 

4.~ Coknlfr-Currtnt Absorption Column: 
4.3. I This device absorbs the ozone from 

the air · ozone stream by ptoviding a large 
surface area for gas-liquid contact.' A buffered 
solution or potassium iodide percolate. down 
throuRh the column, and thi• count.,·currcnt 
flow (>ulution down uir >treum up). renhi\C\ 
the otone from the air . otnne >trconl. Fi~ure 
3 is a diagram for the counter-current column. 
Such a column can be fabricated by a quali­
fied glass blower. The ~olumn is filled with 
clean 3-mm {0.125-in.) glass helices. These 
must be packed down tightly for efficient 
operation Glass bcads .. 6-mm {0.25-in.). may 
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be used at the bo•tom .of the columo1 below 
the inlet tn prcvem fra.emcnts of the helices 
irom ontcrin~ the <topcock. None of the di­
mensions on the d~a""·ing arc critical. hut the 
lower part or the :olumn \hould be not lc>S 
than 200 mm (H i,.). It ha. hecn found un­
ncccssa') to shield this column from artificial 
lighting. It ,, not recommcodcd that it be 
used in diroct out~oor light. The advantages 
of this column 0¥ :r the spray-jet de\ ito arc 
\1) the mcchanicaD operation is simpler santt· 
no tedious spray adjustments are required, 
(.? i there is no ,·ohtili;;·!ion of iodine \inct it 
IS carried promptl,· into the collection flask, 
and (J) no pre<sur: drop occ•Jr.s in the analy­
sis apparatus t;ain. Such a pressure drop will 
~ausc: faulty ozo1:e concentration measure­
ments if a small o.ndetectcd leak develops. 

4.3.2 The aor s~mplc should be drawn di­
rectly from the o;onc chamber. Special pre­
cautions to draw air frQm variou'i irvels of 
the chamber arc n·Jt ncccs~ary, \ince adc4uatc 
circulation ~~n ha mainta:ncd ir the preced­
'"J.: t.:harnher 'J'C'=•fication' arc met (iJa,s 
line' unl)· 'h••uhl "c t"ctl 111 "'""'n thr our • 
•Hone \lrcam to ·l,c ut'htHhinp. tin•~.·(' l'lihli· 
cized pla!\tic' <trc tn be ._.,·mdctl. c\l·rpt as 
short connectong pieces fur ininin~ ~lass 
tubing. 

5. Titration App .. tus 

5.1 Microamm~ttr ,\In hod -The ..,,,Jut ion 
and washings iron euher ab<orption method 
may be titrated ir a 2~0-ml "'ide-mouth flask. 
Or beaker Of eqool SiLC. t\ n air or magnetiC 
stirrer should be: used. The titraung equip­
ment consists or :a microburct. microammetcr 
of 0 to 20 rar.ge. · a heavy-duty dry cell of 
; '1, V. one 1000.{1 and one 30.000-0 remtor, 
and two platioun electrodes approXImately 
2.5 mm (0. I .n) in diameter and 25 mm 
(I in.) in length. The resistors are connected 
in series acro>.s ~he I'J,. V battery. and the 
potential across ;'he 1000·11 resistor is applied 
to the elcctrodt:s. The mkruammetcr i., con· 
nc"e•l in >We• ~<ith prnpcr cun•ideruuon 
fur polnrlly, .,,l~ the electrode. tn lhl\ ••~ 
ondary circuli The plarinum electrode• are 

•tnformiiiOn on ti'K' countcr-currenl ab~orption column 
b a\;ulabk rrom ,,a B. f Gooduch Reieatcl'l C.:crurr. 
BrcciuY•IIc, Oh1o. ·":11· A G. Vritl'l 

: A. 0 10 20 ran11~ ncter providn 10mewha1 ltUtcr ieft· 
sitiYil) than a 0 10 fo(J meter. 
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imbedded in glass tubing in the o•ual manner. 
5.2 tv~/1/ndicator Mtthod·· A <pedal null 

meter can be employed that utilizes a one­
transistor amplification stage and represents 
a ten-fold increase in end-point sensitivity.• 
This null ·meter ma) he used w1th any ozone 
ahsorpllon device. The tnitial reading is taken 
ior the buffered potassium iodide solution 
with a potential of 100 mV aptJiicd to the 
electrodes. This potential is automatically ap­
plied by the circuitry in the null meter.' After 
absorbing the ozone in the buffered solution, 
lhc free iodine is titrated with standard so­
dium thiosulfate solution. The end-point is 
the original or initial meter reading 

6. Ruguu 

6.1 Rca~ent grade chemicals and di•tilled 
water shall be used in all te<ts 

6.2 BuJ/rr Solution Prepare a 0.025 M 
solution of anh)·drous disodium hydrogen 
pho>phate tNa,HPO,) and a 0.02~ M solu­
tion of anh)drou' r<Hassium dih~drogcn phos­
phate (lOI,PO.). To prepare the buffer solu· 
tion ha•·ong a pH of 6.7 to 7.1, add I 5 volumes 
of O.O!S M Na,ll PO, solution to I volume of 
0.025 M KH,PO, solution. Shak.c thoroughly. 

6.3 Pota.Hi"m lodiJr (KI). 
6.4 Sudi"m Thio.IUifat< Sotuti.,n (0.0]0 

N}·· Prcp:ore a ·o.o~o .V >odium thiosulfate 
(Na.,S,O,) s0lution. This ma) be standardiLed 
by u<ing a <tandard 0.0!00 ,\" r>>tassium bro­
mate ( K BrO.;) solution to o<~dize an excess 
quantoty of pota,,ium iodide {KI) in acid so• 
lulion. Titrate the liberated iodine immedi­
arely with the Na,s,o, solution. The titration 
equipment for the Microammcter Method 
(5. I) ma v be used to determine the end point 
in thiS ••tration. Store the prepared 0.020 N 
Na,S,O, solution in a cool dark place. 

6.5 Sodium T ;:~<ulfatt Solution (0.0010 
N)- Prepare 0.0020 .V Na,s,o, solution for 
usc in the oz~nc analysis by diluting the 0.020 
N solution 10 to I, using a 10-ml pi pel and 
100-ml volumetric flask. Redeterminations of 
the normality of the 0.020 /\' Na,s,o, solu­
tion should be carried out weekly. 

7. Mnsurement of Ozone Concentration 

7.1 With Sprar·J.tt Absorbtr: 
7.1.1 Dissolve 15 g of Kl in 75 ml of buffc, 

solution .o\dd lhi> li> the ab>Jtber flask. adjust 
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the jet lo produce a fine mist, and tum on the 
vacuum. Adjusr the flow to 0.25 to 0.30 m' 
(9 to II rr')/h. After completion of the ab­
sorption run, titrate the solution and washings 
with 0.0020 N Na,s,o, · ~olution. Add the 
Na,s,o, solution to ihe buffered solution of 
liberated iodine until zero current or the 
initial current value is reached. Add the 
Na,s,o, solution dropwisc when nearing 
the end point, and wail between each drop lo 
ensure complete reaction. 

7.1.2 Calculate the ozone concentration of 
the chamber in parts per 100,000,000 (pphm) 
of air by volume as follows when the unmodi­
fied spray-jet absorption method is US!'d: 

Con~nlration of owne. pphm 

- {3470 X 8 X IV X T)j{F X P X rjfiJ) 

where: 
B ~ milliliters of Na,s,o, solution required·. 
N = normality of Na,s,o, solution, 
T = absolute temperature. K (dcg C + 273). 
P = barometric press,·.-. mm Hg, 
F = flow rate, m' /h, anll 

- time of run. min. 

7.1.3 For the modified spray-jet method, 
calculate the ozone concentration as follows: 
Concentration or ozone. pphm. 

= (JI 20 X 8 X N X T)f{F X P X tjfiJ) 

7.2 With Countu-Currtnt Absorption Col· 
umn: 

7.2.1 Prepare 150 ml oi buffer solution 
~ontaining 15 g of Kl. U!IC part of this lo 
flood ·and wet the column. Drain the solution 
out of the column and return to rhe reservoir 
R. Keep stopcock 4 closed during this opera· 
lion (Notes 2 and 3). 

7.2.2 Lubricate ground-glass joints I and 
II with water and fit both caps in place. Use 
clamp on joint /. Close stopcock 1 and open 
stopcock 1. 

7 .2.3 Adjust stopcock 5 so that approxi­
mately ZO drops per minute (dpm) of solution 
arc flowing into the column from R. Open 
stopcock J, apply lhc yacuum, open stopcock 
4, a~d start. the clock. Adjust the flow rate to 
0:3 m' (II· fl')/h. A slight rcadjustmcnl of 
the solution flow role· may be necessary due 
to the vacuum. At least 20 dpm should be 

·Such a null meter '' ava•fabte (rom 1hc M~ti O.:.dop. 
ment Co .. 2212 Eatl lllh Sa .. OaYCnporl. Iowa. 
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-.J~cd C<'nltnttc the run ior at lea~l ."'ll tllli. 

? ~ 4 -\l!c:- th.:: cbr,cd 11me. d'""'' 'lUf•· 
..:ock 4. ~.inp the: clock. ~hut oiT the vacuum. 
and cio'c "lnpl'ock 3. llosc: slopcnd. 1. l.lj'ICn 

I~tOpl.:nd _c. tlnd ;lila .... the column 10 till up 
Jbovc tht· ht."het:-!\ If ,uffictent soluuun io.;. nni 
a.,·atl:thlc to R. d1~til1c:d "·:tter rna~ he used. 
Oprn ~torc~.)ck I and dratn lhe solution in Cf" 
into a c\c;\n 2~0-ml beaker. oper. ~~opcocK 1. 
and allo'"" t"nc ..:olumn to drain in1o lhe same 
tKakcr. Op<n cap II and ftu,h .... -uh Jppro:c.i­
mJtcl~ .< ml of distilled water iroili a ~a'h 
Dollie:. _i iH<He I he ~oluiion and ..... -n:.hings. 

Folio"" ihe -.amr: ;uccJutiOns during titrauon 
a~;, '" :. i. . 

!'on ! -i~~~ not .J\C ~!h t\f'C 1•i '~"i'~ilC;., "rt:.t't: 
on the c.J\,w·- The c:ffil'1Cnt opcr.ttit.ln r-f th.c cui· 
urnn dcrcnd' :trun go.od cantact bcl .... ccn the dir 
~trcarn a!'ld r-#il~ .... cued gb, .. hc:licc!'l If ~rc:.-.e i~ 
~o~scd. the hcllt:t.·.., ... tit gradttall~ hecomc CtlJicd. and 
cffictc:nl .J'' h\;t.nd cont:ict ..... il Oc ll'--t. S:n~·c th~ ..:ol· 
crnn ooc:' f\•'' cJU\C a 'hJrj' J'lrC ..... ure drnr 1n the 
i.nc M anJh(t. :ram. lea;., .:Jn be cao;,tl~ i'fC~cntcd 
:-.~ "J:c:r luh•-.:atu>n or 1hc piJ'\ jotr'll' l'lf ~Jth I :one! 
il ~o~ohc:n :ttc: (j.Jinr~ cHC u..ed 

'"1; ~- P•• n:l\ .til•,.,.. .sr.~ ~olutton or .,..:Her it; 

."~{..:1 the: •nlc:: tuhc:. If 11 d~<(.., enter. dr\ the: lube 
"'ll:n;•r .... llr-t .. , •>~rc.Jrn .~r cnmJ'IrC:,(cd :.nr hcforc 
''Jrt·ll.Q .~.-., I•-: A..:cpin~ "lnpcock 4 ll~htt~ "-"llhC~ 
._tJ\ ~rc\·r·~t ,~~·. -...atcr from cntcrmg the t~bc: 

i -~ 5 ~·ah:ul:ue the o1one conctntration in 
par" per lfJ(l.OOO.OOO of air by volume "' fol­
\o""s: 
C·'l:-t~c:~~re.l .. '· .. ; .... •nc. t'j'lhtT· 

'; .: : ~IJ X H X \' X Tl;ll: ~- P X tl~li 

where B . . \·. T. f. F. and 1 are dt"fmed as in 

7.1 l The' ra~.::nr J 1.:!0 i~ U'-C:d IO.tOCC thc;e if:. no 

currecuor. f(•r tt'dinc Ju"s ; 

8. T r!.l SpKimrns 

8 I Three l) pes oi sr<cimens ,hall be re­
g•rJed a; >tandard. These are the specimens 
of Proe<dures A, B. and C of ASTM Melhcxi 
0 51K. Te>< ior Rubber DetenoratiOn-Suria<< 
Cre5d.1n~ • The~ arc. :-cc;pccttvcl~. a !lt.11pic 

clonjl..allt•n tt\1 ptc~c of ~0 fH.:rccnl c\tCihlon. 

a hcnt ltw:· tt'l \pt~o:11:1tn 1o4hahc JHT.I)It 

\UfltH.C \(f.1,'1 11 uj'1pFU\1111illtl\ j)\ rl.'1lCilt. .tnU 

u lilpercd t.l'~;~.:uncn lhal ran he lfH··cr. 11vct-111! 

elon~atwn' of 10. 15 . ..;nd ~B rcrccnt L>urh· 
.:ate t.recim:ns .~hall be ;~·,tt:"'J ..., hcncq:r pnlis:· 
hie. 

tl ~ ~ .. 11'1\t 1ndard spec.rner.s ma) oc tested. 
hut the re~uits cannot be Clpc'Ctcd to dgrec 

,.11 .. tc'" ca~oed out on standard spc:cimens. 

~ l Molded. e'truUeci. or "'f"lnr~ u;an~'tdar 
!-ret·imcn ... ma:- al-.n "'l .. tc"le\J. Thc..:c 'JlC,~I­
mcn~ are fulh dc.;c(!hi:d tn •\ST'1 \lc:.thod 
D 11:1. 1"1.'-.1 l•li Hut,hn Dcl\·r;pr:llt•ln-Sur· 

bet' 01ont.· ('r~donJ.: Outdoor!'- or < h~u1hcr 
(frt;Jn,!!ular Sr'll·.:-unrn) • 

9. PrO<•durt 

9.1 \ioun1 the 'rectm<:n!< in :~:.:l.'•Hdancr 
with Proccdur<.< A. B. or C of Method D 51M 
or moun! triangular specimen:"! ii' lk,crtbcd 

in Melhod D 1171 bpo<e all mounted spec­
imen~ ror ~4 h in aP "<Hlt·fr('<: :11!1\lhrhcrt 
prior to the le'l 

'ntt ~--It;.- ~,r .. ncl• '-.lcC..:'-h'd :•· ,; ,,n rut-ht.·• 
'nc:ch 'dlcdut\.":1 hlt (,;,l.,t'' ·h:,i!nf! t'lt.' rurcrl be-· 
1.,..ccn alun,1nur:· fiJII n n~ n•m IO_ilo~ tn i 1n th1ck· 
nc" or .\ ~00 \hlar. ltlt• '-'Ill n11ldh .1Jhcrc to 
ffi0\1 cnmmcrct.il i-uht'l('r .... .o\1 the 11mC ~rc:nmcn~ 
arc cui lo~ Ot••ne te-.tinc. the fcil c;,r. 1'-c c:l'>ih 
Slrtproc:d olf. Ttt,, furn1,hC• .• 1 ••trc,Jt" .. ud.tcc. :u'l~t 
the ~J h of t'i''ln..;urc CJn i-W rcc:\..c,ncd lr\ln\ the 
f:•fll';;J\HlR uf th .. fre'h "~\f~tt:n free" \urf,u.:C 

o.~ The ~I:I:Hlard nton:,· cnnccntrat\l.ln ..;hali 
b-e ~0 pphrn h. volun·.c Other con(~ntrauons 

rna:-. 11f caur .. c. be "cleCt('d Jl'CtHdtnJ.! ''' tht 
r:.uttcular ann~ t'f an~ it:,ttng pr,1p..1m Th~~ 
shall he refcr·n! to a' nruonal ._:('lnc..:-ntratwn\. 

The 010ne ..:onccntration !'hall he mca~ured 
once & da) fo:- routine: ""·ork and more often 
for spccialtc~t 'onditionli. This anal)~i .... more­
over. c;hall ht· conducted ""ith the chamhcr 
loaded ""ith tc .. t ~recinten' If lhc numhcr of 
<iipc:Cl:nen<ii i~.; kept at a minimum. ·cmpl~ 

and 'loaded:· O/.onc conccnlrallnn~;, will 
clo'cl) agree The ma~nttude of the rcduc­
tior. nf OZOr'l:: conccntr:Jiion for "crnrt~ .. 
•c:"u~ ··toadcd" muq be determtncJ for each 
stt oi opcra!tOf! ,·ariahlc~ emrlt.l~CJ Thi\ 

will var~ for e.ich labor a tor). 
9.J The "·•ndard lemperalure 'nJII be 

eilher 40 C (104 F) or ~U C: (122 F)asd.,ired. 
Higher 1empcra1ures cause a mild accelera­
tion in I he raor. of olOne attack. These hi~her 
temfl(raturc<ii ,hall be Ofllh>nal. 

tl 4 Mukc: ,,h_,cn·al!on, for dctccttng 1he 
urrc~~run..:c ul 'ruck1n~ ,.jlh aulh~h:nt frCI· 
~urnq lu lit .ohlc lu •lr:•<l lhc 111•1 "I'P•'Ilr 
anlc of o1onr cral'k tnp. 1 ht\ hcqucu..:, ,. ill 
dc:-'(nd on thr rc:st~tance to Olonc att~ck uf 
lhe ;ubhers h<.'ong le,led. Recommended ob­
servauon maJ!!·Ilficauvn i~ 7 X. c~cep1 1n the 
::a!>e ur I he i. •tangular specimen of ~1ethud 

I .. ""~ol B • ..o, • 4S T \1 .\'tQfl.i.Jfdl. rol'l ~. 
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0 117 i. where I he ma~oofoc,llioo ,hall he 2 X 
'..Vhcn \:'ompari~;,on' Jrc hclll}l mudc with a 
!otandard rdcrcncc: "latcr~al, e'r·~\urcs may 
tx made for a fi~c:d llrne and cnmpansons 
made of lhe degree of crackin~ 

Nnrr 4 lh1s ~~ a \tatic te:.l under one \Ct oi 
condation'\. Other condltl'on-. cncounlc:cd an aclual. 
v.-.c anc.l dyQamic tc''' •n Ct)Rjunt:llun with 'latic 
tr:~t\ arc dec,irable. bu1 no a~ramcnt ha~ )et been 
n::ach~d on a ~IJndard ·nelhod ur melhod~. 

10. Rtpol1 

10. i The report <hali include the following: 

II( (1.:.:--.:..::::-~~=--:·.···: : 

tl 
II: ,;~. 
' i'~ 

l• ~ L\ ;; /1' 

IIi :: : ~:: • I . 0-1 ( : d : 
i , ..... , ........ 

.• M' :~ !)!! i--· t' 
·"i t''j r i !'! \.. ' t- -1 
~; \ '. '' :\ :") Jj ; ~; v~' i;l 

I . 
i :i· 
' •\1 

L ~~ _____ ,_.:!) 

M i 

liln I,,? 

~
.I 

; n(O} 

·,: 

0'1 
rl ... 

0' 

fiC. I o- 4 ... .W.. O..lu tS,.17Ifl~ 

. :~ 

10.1.; ldentifocotoon nf the muleriat. tested, 
10.1.2 Otone con<enlralion. both nomonol 

ac1d that acluolly meu,uml on • duily ba.i•. 
10.1.3 Temperature or lhe tUI, 
10.1.4 Method used for mounting the spec­

imens. and 
10.1.5 Time to the first ob,.rved cracking 

or·a description of 1ne character of lh< ozone 
cracks at various periods of exposure. 
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Standard Test Method for 

~NatiOftl,5i.•ncs.dJ2l'1·1·lt (Iii 1875} 
~rNCIOt:t lt,IIJI 

8y A"'~"an H110"-' Stl~"!biM"tute 

RUBBER PROPERTY-COMPRESSION SET AT 
LOW TEMPERATURES' 

1ft~\ :\UI!'Cfa:d ;\ '"urd U!IOC:r tftc i},cd dC'IJR.I'•O!! 0 12!9: ttl£ :lumber lmmcolJilCi~ foiiO•iRf: l~ ~jgnation :ndiCIIC'S 
•- u:ar or -..•••a:~.al ~('t:lur.' O!. tn ~~ c.,.~.:! •tu\ion. the ,cao ul b.\1 rcv"tan -' number 1ft ;oarcnlbcSIC' anchatn the 
'""' .~! !-'\' •raf-p• .... ~-a• 

·-~ i .I Th110. ~.,cthoo .:over\ cvaiuattoli oi ·the 
ability ->f .,-u! .. anizcd cla~tomcrs that have 
beer. compn::-.;c<J a; room temperature and 
then \UbJcctcU to iow temperature \air or car· 
oor. dio~ade iitmo~phcrc). to recover hom de­
formation when taken rro.-n the clamping dc­
Yi\X ""'hilc \tzH at the lo• temperature This 
chard.:tcrtstic •Jf \Uicamlalt\ is impt:~rtant in 
s~:ch Jpp:icallon~ as hydraulic 'Cal~ nn alr· 
':-lft. 'i.ubmar~:tt: hatch ~a.;k.ct~. and h~draulic 
:.rake cur•-

1. Compro•von Set 

~-• For :he purpo!.e oi this lest. c:cmprC\!iiiOn 

Sf:t oi 'ukafl..tatc\ shall be the lo\S in thick­
ness l•f rt:c ipcc1mcn c~prcsscd as a f'C!Ccnt­
a@e oi the or-J!inll deftcc:i.,r.. This set. ~nhke 
convcnti('lna~ ~·.'mprc~sior. \Ct at elevated tcm­
pcracurcs. ~~ temporary :";nee the ~rccimcr.. 
~•II rc!.un aU originat dimensions when 
brought hack to ro\Jm tcmprraturc \lr sli~htl~· 
3bovc 

). "~'~~"'"'"' 
~.1 C vmprrnron Srt }iflJ "'tth suitabie "eel 

•pacer bar\ a. for Method 8 an Scctaon 10 of 
.-\STM Methods 0 39S. far Rubber Propert\­

Compr~sion Set ' 
j_2 Daa/ Gagr. as descnbed tn 4.4 of Meth-

ods 0 39~. 
}.3 Culd &•:r. <OOicd b~ sohd carbon dio•ide 

1 ()~ I .:e). hq·,i!l carbon dio•id~. or mechan!­
call~ rcfrigcrat.C. prcferabl) b~ the top-o,cn­
'"8 t~pe. and capable of temperature control 

r 

within .t i C : 1.8 f) of the specified te5ting 
tempeaaiure "' prescribed in ASTM ·Recom­
mended Practice 0 832. for Rubber Condition­
in!! for Low-Temperature Testing.' The lest 
:hambcr >hall ~e equipped with a vi•c. "C" 
.:lamp. or other •uitab!e device for haldin' the 
compression \ci _ii~. 

4. Standard T •·• Spcd!Mn 

4 1 The ~tan·iard test ~rccimcr. ~hali be a 
C)lindrical diS~ ~8.i mm n.t29 in.) in diam­
eter and 12.1 :nm (;!: in.; in thi..:kncss. as 
•pc<af.cd in Scc:ion S of Methods 0 395. 

5. l'roccdurc 

5 1 Or(flina: Thit-knt.u M~a.u~umtrti-

Mc.:sure the c1 ~inal thickness. 1 •• at the cen­
ter .,f the spe< -ncn to the nca(cst 0 025 mm 
tO.OfJi !n.i. 

5 ~ Applicar:->n of Load--Piacc: a test spec­
imen bctv.ccn ..::can. unlubricatcd plates of the 
comprcs5-ion dr·:ice \laolth the spacers on each 
side of it. Lise: ~nl) one specimen with each 
pai; of <tccl p:ate•. and place in the .:enter 
betv.ccn the plates. Tighten the bolts so as to 
dra"'· the plate•. together uniformly until they 
arc an contaCt "'ath the spacer\. The compres­
sior employed -~all be 2S rcrcent for all hard-

ilus mctftoci '' bndcf the :unvJM:ttOft of AST'-t Com­
mnt« D-11 on R .. · bcr attd Rubhr:r-l•\c ~huna!s and tl 
tk C!-rCC't rap..•n,_, .. ht,. of·S:.ahcornm•Uu 011 14 on lo•­
Tcmrcr~ttln: 1nd R "hence l«u 
~~~1i.-~~=~cg~; ~ :1. I~! Or•a•nall!' •~ 

'AUIICII Boo! D} ASTAI .(•:;~.,dordf Par1 li 
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nc~sc~ 

5.3 Wnhin .10 min afl.r the ji~' ar< loaded, 
iflaC'C lhrm in the l~•w-\cmpcraturc L'olhinct. 
antJ nl3101~110 at the 't'l ,.jl'C ICIIIrc'fillUIC rm 
•hn~h the \'uk:IOIJ.ttc' arc ~inll C'\'aluated. In 
the event the ~crvh.c iCIIIf'CI:Jturc 1~ unkn0...,·n. 
the follov.inll tcmpC'r~Horc' arc suttttcstcd: 
-40 C ( -40 f) ano -55 C ( -67 F). The 
condition in~ penod shall be either 22 or 94 h. 
At least I h before the cundotioning period is 
o•cr. place the aial gage in the test chamber 
and clamp one of the: 5(1 jill~ in the vi~ or 
"C" clamp providea in the low-t<mperaturc 
chamber. Usc: suitable gloves ior all opera­
tions in the t<st chamber. At th< end of the 
conditioning period. rcmuvc the nuts from the 
jijj:. after which release the vise or "C" clamp. 
and start the stop watch simullaneously. 
Measure the thickness of the sp<eimens 10 s 
and again )0 min after release from the vise 
or "C" clamp and record as r, and r,.. re­
spectively. Since the test is conducted at a 
specific temperature. ,.·ithin ±I C ( 1.8 f), the 
schedule of opening I he jigs shail be such that 
the tell chamber will stay within the permiui­
ble variation• in temperature. 

5.4 Cltu* Tm -Run teall in duplicate. 

01228 

T~e results should agree "Wi:hin S.O percent. 

0. Calrulatl011 

6.1 Calculate the tnmprc~~ion set, e•­
{llessc:d as a pell-.:nta~r of thr. uri~inal deflec­
tion, as follo"'S: 

C- )(lo - loo)/(lo- :,)) X 100 

o: 
C - [(lo - ho)/ilo - ;,)j X l()(i 

wl'crc: 
C - ~omprcssion scl expressed 6.!1 B percent­

age of the ori~inal deflection, and 
r. - thickne.s of the spacer bar used. 

7. Report 

~-1 The report shall inclcdethc fallowing: 
i.l.l The original thickness of the test 

spc:::imen. 
1.1.2 The percentage compression of the 

spe:imen actually employed, 
7.1.3 The thickness of the test specimen 10 

I, r,., and )0 min, roo, after removal from the 
clamp, and 

7'.1.4 The comprenion ICI exprca~ed u a 
perocntaae of I he oriainal deftection. 



1. SCOPE 
, 

MI I..ITA R Y BPECfFICA TION 

FUNGUS RESISTANCE TEST; 
AUTOMOTIVE COMPONENTS 

MIL ·F-13927A(Ord) 
22 Aug~ut ll!ll..._ 
SUPERS~DlNQ 
MIL-F-l31127(0r'd) 
2S Deoembv liU 

1. 1 Sc~pe.- This epecUicallon covers methode of testing autcmotlve compon­
ente for resistance to fungus attack to determine conformance to req~~lrementa 
epecUied In the Item specification. 

1. 2 ClaRsiflcation.- For the purposes of this specification, l;pecl.meu, to 
be tested shall be classified in one of the three following cl&Bsee (Bee 6, 8) &Dd 
tested by one of the two following methods (as specified): 

Class 1 
Cla~s 2 

Class 3 

Method A 
Method B 

- Permanently sealed component assemblies 
- Unsealed assemblies and sealed assemblies 

normally dlsassenibl.ed for servicing 
- Separate components not used In assembllee, Dr 

,;eparate components used u replacement p&rll 
in assemblies 

- Tropical room 
- Incubation cabinet. 

' 2. APPLICARLF. OOCUMENTS 
Thc·re are no applicable documenta. 

3. MA TI RIALS. EQUIPMENT, AND TEST SPECIMENS 
3. 1 Materials. 
3. l. l Test organisms.~ Except as otherwise specified, foUowlng epecl• of 

fungi, propagated in conformance to pertinent preparatory procdares apeclfled 
ln Section 4 shall be used for fungus-resistance tests' 

Test Organisms A TCC No. 
Aspergillus fia..-us 
Asper~illus niger 
Penici liurn cltnnum 
Trichoderma sp .. 
Spicarea violacea 

(Penicillium lil.acinum) 

9643 
6275 
9849 
9645 

QMC No. 

380 
'118 

1228 
3611 

1034 

(A T.CC cultures may be secured on application to Amenou Type Qallllre 
Collection, 2029 M. Street, N. W., Washington, D. C.) 

(QMC cultures ·may be s·ecured on application to Quarterma.ater Corpa Q.:.ceral 
Laboratories, .Nattck, Massachusetts.) 

MIL- F-13927 AjOrd) 
1.1. 2 Tes rl'~<'nt8.- Sterile mineral ealte eolutlon for 11.11 when apeolfted, folt 

dlhattq prepnred 11poreiUspenalou, ehall be of the follawlng compoal~oD: 

KH2P04-------------------------------0. 7 I 
K2HP04-------------------------------0. 7 I 
MgS04. 7820---------------------------0.7 g 
NJ4N03----------------------------1. 0 g 
NaCl----------------------------------0.005 g 
FeS04. 7112o---------------------------o. 002 g 
ZnS04. 7H2o--------------------------0. 002 g 
Mn-"01. 71120---------------------------{l. 001 g 
Distilled water-------------------------1. 0 liter 

3. 2 Teet ~lpment.- Unless otherwise specified, method A, tropical· room I~· 
cubatlon (see 1~ and 3. i. 1), shall be used. Method B shall be used only when sped-
flcally approved In the detail (product or material) specification. . 

3. 2. I Trop~~_L!oom fMetbod ~l·- Tropical room shall be provided with me&nl:l 
for controlling ana for eye lng huml lty and temperature conditions between llmlta 
specified In 4. 2. 5. 2. 

3. 2. 2 lnC\lh.~.!.!.£'':'_.<2l~'!el (Mrthod B}b" incubation cabinet shall be provided wiU. 
means for- malntalnin+; rclati-;c humidity etwecn 96 and 100 percent and temperature 
bet\\·een 80" and 84' F. 

3. 3 Teet spP.Cimcna.- Unless otherwise specified, not less than 1 specimen each 
of classes l and 2 Items, and not less than 4 specimens of class 3 Items; ,shall be 
subjected to this test. However, U any o( the performance tests required by the 
detail (product or material) spoeciilcat!on to ascertain the effect of this test are de­
structive In nature, a sample of su{(lclent size shall be furnished to complete all 
epeciOed tests. 

3. 3. 1 Pi't>plL!'1!tlon.- Prior to specified tests, test specimens shall not be leached, 
or otberwf,3e <:On tloned, and there shall be no prior fungi. Inoculation. Speclmena 
contalnlrig rubber, synthetic rubber, or similar materials shall not be subjected tc. 
heat-agillg tests prior to fungi-resistance tests. Prior to any fungl-r·eslstance tea~•. 
speclmeWI sha11 be BUbjE>cted '.o such other tests as are specified In the detail (Item 
or material) specification. 

4. PROCJ::DURES 
4. 1 lm•pectlon.- Each specimen shall be visually Inspected, In accordance wl~ 

detail specification b<efore testing. After completion or the test specified herein, 
each specimen shall again be Inspected for conformance to detail specification reqlolre­
ments when applicable. 

<1. 2. 1 Culture stock maintenance.- Cultures of speclrted fungi shall be main­
tained separately on media, such as potato dextrose agar. Stock cultures shall be 
kept not more than 4 rr.onths ln a refrigerator at a temperature ~tween 37. 4' and 
50' F. Subcultures Incubated at a temperature between 82. 4• and 86' F. (or 7 to 20 
days shall be used to prepare spore suspensions. 

4. 2. 2 Spore suepl.?nslons.- A composite spore suspension shall be prepared 
from 5 speciE's of fungi specified In 3. 1. 1. Ten milliliters of sterile distilled watl'!r 
shall be poured Into tubes or each ·of the cultures specified, A sterile needle or other 
means sba.ll be used to harvest the spore growths on the surface of esch culture. The 
spores aDd distilled water from the tubes of each species shall be poured Into a 12S mi. 
flask containing so mL of sterile distilled water and 15.- 20 sterUe solid glass be'idl 
approx.lmat.ely 5 mm ·.n diameter. The n·ask shall be shaken vigorously to break up the 
spore clumps and th.: auspenslon filtered through a thin ·layer of sterile glue wooi to 
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remove mycelial filament•. The residue minus the filaments shall be added to 30 ml. 
of sterile mineral salts ~olutlon specified In 3. 1. 2 aDd the rei!Ultant suspension re­
frigerated at 40' F. until used. The suspension <Jhall not be kept more ·than 24 boara. 

4. 2. 3 SpP.Cln:t_en Inoculation.- Tbe entire surface of eacb specimen shall be 
Inoculated by spraying with the mlxed spore suspension (see 4. 2. 2) by rbeana of a 
spray apparatus (see 6. 3). A culture dlsb wltb potato. agar or slmllar media, alall be 
Inoculated with the same spore suspension that is sprayed oo the specimen.. The diala 
shall serve as a control and shall be subjected to the same test conditions u the LD­
oculated test specimPns. Failure of. the test flin~Cl to produce copi<Na growth oo the 
control dish alter 7 days will require the preparation of another spore suspeoal0111 aAd 
a re-Inoculation of the test specimens. 

4. 2. 4 Sp(·cimen placement. 
4. 2. 4. 1 Cla~scf" 1 a nil 3.- Clas~es I and 3 units, assemblies, componenta, p&N, 

etc., (He 6. 2. 1), immt:Jiately after Inoculation (see 4. 2. 3), ah~l be placed for 
method A Incubation (nee 3. 2. 1) on open lattice shelves and so arranged u to permit 
free air cirC\lhti<'n around specimens. 

4. 2. 4. 2 Class 2.- ClaaR 2 specimens, unless otberw 1 9e specified, aball be 
placed In dlsa;;8Cmbled condition lor Incubation as specified In 4. 2. 4. l. Wbeo metbocl 
B Is used spt-cimcns shall be placed In the Incubation cabinet (Bee 3.2. 2) 

4. 2. 5 lnC1.lbation. 
4. 2. 5. 1 Pl;riod.- Except as otherwise specified, after liiCUbatlon (11ee oL2.3 

and 4. 2. 4), spl><:imens shall be incubated for 90 days. 
4. 2. 5. 2 Cycling.- The tropical room shall be operated u.nOer the followln& coe­

dit tons: Twenty hours with relati"e humidity between 93 and 97 percent aDd lUI am­
bient air temperature of ~o· to 85" F. followed by 4 hours of a nominal 100 percent 
relati,·e humidity, with r:onden.qation and an ambient alr temperature of 75• to 80" F. 

4. 2. 6 Pc·rformanct· ratinge.- Failure of any specimen to pallS B.llj of the perlodlo 
performance tC'sts sp<"clfled below shall be considered as failure or tbe fungu11 teet 
and shall end the tf:'st. 

4. 2. 6. 1 Cl~•s 1.- ClaRa 1 Items shall be subjected to performiUic:e teata IJl 
accormnce with lhe d~tail (product or material) speclftcatlOD a.fter 30, 60, a.nd eo 
days exposure. 

4. 2. 6. 2 Cla~9 2,- Class 2 Items, after Initial Incubation period of 15 daye, 1ball 
be assembled and AubJected to performance tests specified In tbe detaU (pr'Odllct or 
material) Bp<'cific.atlon. A!tel' performance tests, the Incubation 1ball be contilllled 
wltb tbe specimen disassembled. At the end of 30, 60, and 90 daye Incubation rea~ 
lvely, the specimen shall be assembled, performll!lce rated. and then disutembled 
for placement back Into Incubation provided that It does not faU the performance te.t. 
Ninety days shall be C')nsidered as tbe termination of the teet. 

4. 2. 6. 3 Clae9 3.- Specimens shall be removed from the chamber after 30, eo 
and 90 days of tnC\lbatlon and subjected to the tests Sp<'clfled In tbe Item 1peclflcatlon. 
After performance tests the specimen shall not be replaced In the locube.Uon chamber. 

5. PREPARATION FOR DELIVF.RY 
There are no applicable requlremenlll. 

6. :-<OITS 
6. 1 ln:rndcd use.- This specification 111 Intended to be Ull~ u a te11t pr • .:edure 

for determ•n•rg the effects of exposure to fungi aDd mol11ture ort the pbyalcal, elec­
trical. and malerial characteristics of automotive Items, componenta, •nd matertal1 

s 
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or components, u•rd In or with military vehlclel. The detail (prodllct or matertal) 
lpeolflcatlon wben making reference to lhla specification 'A'OUld lpeclfy the awllcable 
clu• I.Dd the permfuible lxller.nce. from 1peclfled recplreoumta, U IIIQ', after 
flllilOAre 1peclrtcd herein. 

8.2 ~-~~~ 
6. 2. 1 !:ll\fll....l..- Clat~s 1 !lema Include IJilch aealed ltcma u lrurtrwneotl, cl.r\'lllt>; 

brealr.E".rs, solenotds, trWit.Chcs, etc., which are not norma.lly aervlced but are 
dUcllrded a.OO replaced when dcf~ta occur. . 

e. 2. 2 ~- ClAss 2 Items lncl:.~de starting motors, generatore, unsealed 
~etos, open or ventlla.Wd dlsirlbutor.s, t.nd sealed distributors, fUid other 
ueemblles that are opened or dlsa.asembled for servicing. 

6. 2. 3 Class 3.- Class 3 ltem11 Include materials or separate componenta which 
may be procured as re;>lace.ment parts or electrical or other aseemblles or are not 
used In assemblies. Typical items In this class are gasketa, cable, bose·, lnsulAtlnl 
material, etc., which require destructive tests such as tensile etrength teste, ulti­
mate elongJltlon tee ts, etc. to dete nn lne the effect of fungi. 

6. 3 Sp!!ly a3"'ratu11> Satisfactory epore suspension diatrlbut.lon (aee oL 2. 3) 
ca.n be aecured wltb DeVIlbiss No. 2 band-operated 11pray apparatua, or eqoal., 

Notice.- When Government drawlnpl, epeclflcation, or other data are ued for 
liD)' purpose other than in connection w1th a dennttely related Oovei"Dllleol procure­
metlt operation, the UnJted Statea Goverameni thereby lncu.ra DO reepoDI!lbU!ty DOr 
any obllptloo wbat.aoever; aDd the fact that the Governreent may bave fol"lllUl&ted, 
fllrul.ahed, or In any way supplied the 811.1d drawlnga, epeclflcatlona, or other dala 
Ia DOt to be regarded by lmpilcation or otherwlae aa In any manner llcenalni the 
bolder or any other person or corporalloa, or conveying any rlgbta or permleeloo 
to maDUfacture, use, or 11el11U1y lnvenUo!l that may in any way be -related thereto. 

CutodlaD: 
Army - Orda&Dce Corpe 

Otber Iatereet: 
Army - ESII'l'C 
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Thta .-.n~nt fonaa 1 part of Mllftory Specfffcotfon MIL-f-13927A(Ord}, 
~ted 22 Auguat 1957, 

Pogo I, porogroph J,l.l. Ooloto fn I tl onttroty end aubatftuto tho 
following• "),1.1 Toat or!rnlama. Unloaa othorwfao apocfff.d, tho following 
opocl01 of flll'gl, pro;>~pto fn confora.nco to pertinent pr.,..otory procoduroa 
apoctflod In Soctfon ~. aholl bo uaod for fungua-roafatonco teat11 

AaP4rglllua flo~~• 
Aa;>~rglllua niger 
Penlcfllf~ cltrlnu. 
Trlchodo.- ap. 
Ponfc,lllhno lflocfn-

Atoorfc.n typo 
culture collection 

nUIIIbor 

964J 
6275 
981.9 
9645 
l))SI 

)80 
~tse 
1226 
]65 
10)11 

(Culturoa of tho OfiJIIIIIms .-y bo obtelnod from tho fol iGWing IOUrCOII 
Aaerlcan Typo C..,!turo Collection, 2112 M Stroot, N •. W., lluhlngton, D. C. 
200)7, end ftycology Loboratory, PRO, U.S, Ar""f MaUck L.aboretorfoa, 
Natick, Mllaaoch .. aettl 017601" 

Pago ), parogreph lt. Doloto •or.. PROCEDURES" end aubatftutoc 
·~. ~LITY ASSURANCE PR~VISJONS 
It, I h•n;•lbl Hty for '"'ioctfon. Union othorwlu 1.pocfffocl fn tho controct 

w purchoao or r, tho auppltor 1 roaponafblo for the porferNnco of 111 f111poctf011 
roqulraaenta •• apoctflod heroin, (xcopt •• othorwfao apoclffod, tho aupplfor .. , 
utllho hla -. foci tft.fea or ony c-.-cfol loborotory ocCJptoblo to tho GOYor-t. 
'noo lovor-t rotor,., tllo right to parfor• ony of tho fMpoctfOIII lOt fort!l fn 
tho opoclffcotfon ~oro auch fnapoctfona oro doomed n.coaaary to·oaauro aupplloa 
llld aorvlcoa confor• to proacrlbod requfr-nta," 

Pogo J, parogropll lt.Z.S.I, If no 1, Doloto 11oftor fncL'botfon" ond aubatltuto 
"oftor h•oculotlon or ploc-t," 

rit-U56 

Hll-F-l3927A(Ordl 
MENJKENT 2 

Pege 4. Delete paragrapha 4.2.6 through lt.2.6.J end aubatftuto tho foiiGWf~l 
"4.2,6 Performance test&.. When apocfflod fn tho COIIIPOfttl\t IJ*cfffcetfe, 

performance testa thell be accomplfahod before, durf~ end eftor tho fungua teat 
oa· roqutrod. Felluro of 1 performance teat aholl bo conatderod •• o fofluro of 
tho fW'IIjUI teat," 

Pogo S~ Delete ••otlcr' porogroph In ftl onttrefty, 

Cuatodf•nl Preporfng octfvftJ• 

Army -,AT Arwtt ;. AT 

Rovf• octlvftfo11 Proj~t llo, 68$0-AOSS 

Arllf1 - MJ, EL 



A P P E N D I X I I 

INCANDESCENT LIGHT TRANSMITTANCE MEASUREMENT APPARATUS 

Tempered glass cannot be cut into satisfactory size test 

specimens due to its inherent tendency to shatter into very small pieces. 

Therefore, relative light transmittance values cannot be obtained using 

a Btandard type spectrophotometer. 

An apparatus and test method was developed for obtaining 

relative light transmittance values on solar collector glass glazes 

without breaking the glass. This apparatus (Fig. 4) consists of a 

small incandescent light source, a·photocell receiver, and a micro~mmeter. 

The light souice and the photocell are positioned and fastened into the 

ends of a two-pronged metal holder resembling a giant tuning fork, at 

a fixed distance from eacb. other. The photocell receiver is connected 

to a microammeter which measures the electrical output of the light being 

received by the photocell. 

The ·solar collector glass glaze to be evaluated is cleaned in 

two small 4 in. x 4 in. areas with chloroform, dilute aqueous hydrochloric 

acid, detergent water and finally, deionized water. These cleaned areas 

of the glass glaze are then placed between the light source and the photo­

cell. \.J'ith the light source turned on, the microammeter is adjusted to 

show a reading of 100 microamps. With the li~ht off, it reads zero 

microamps. 

The apparatus is then placed over the uncleaned areas of the 

glass glaze and mi.croampere readings taken. Thus, the u rop in 

microamps becomes a re1ati.ve indication of the loss in light 

transmittance. 

A more ab!:lolu te value or light l ransm1 t tance (1 oss) wns 

obtained by comparing vnlues from the incilndescent phot.oce11 teclwl.I'J•W 

with those obtained using a Coleman Spec t rophotometc r over the wavl' l1met II 

range of 400-950 nm. 



Several pieces of 3 in. x 3 in. soft glass were coated to 

varying degrees with salt and stearic acid. Light transmittance values 

were obtained using both the incandescent photocell and the spectro­

photometer. The correlation between incandescent photocell values and 

spectrophotometer values is not perfectly linear. A 40% relative light 

transmittance loss by the incandescent photocell method is only 

equivalent to 27% loss by the spectrophotometric method. Figure 9 

can be employed to provide correlations between the two methods of 

light transmittance measurement. 
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