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Preliminary experiments have been cx:n:lucted to detennine the perfo~ 
of several classes of seal materials lll'Xier c:x>rni tions representative of 
radioactive material package environments. Measurements of helitnn leak 
rates of seals in fixtures expcsed to variCXJS environments are used to 
c:arp:ll'e seal materials an1 seal geanet:J:: ies. In acklitioo 1 material 
properties of the seals are being measured to att.enpt. to correlate 
sealing perfonnance to specific material characteristics. Initial 
experiments have focused oo tenperature effects on elastaneric <rrings. 

Many parameters influence the sealing perfonnance of static seals. 'lhe 
follo.rdrg list identifies several that were considered to establish test 
variables for the erring experiments. 

Glan1 Design 
Configuratioo: 

Face seal 
Bore seal 
Tapered glarrls 

Comptessioo (squeeze) 
Groove width 
Flange surface finish 
'Ihermal expansion 

E)Jyixq loeiJts 

Pressure 
'l'E!Jrperature 
Radiatioo 

El.astaner Material Properties 
Duraneter hardness 
<nupressi ve lOOdulus 
IDt1 t:E!tperature retraction 
IDt1 t:E!tperature brittleness 
High t:E!tperature behavior 
'lhermal expansioo <::X)eff icient 
Fatigue resistance 
Permeability 

Contained sutstarx::es 
Assent>ly: sliciirg I stretch 1 lubrication 
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After reviewi.rx] these ~ 1 the followirg test variables were 
selected for initial tests. 

Gecmetry. o-rirgs with a naninal inside diam:rt:er of 12 inches am cross 
section dianeters of o .139 1 o. 210 1 o. 275 1 am o. 375 irr.hes have been 
tested. Face seal test fixtures as shown in Figure 1 have been used for 
the majority of the tests. Sane oaoparisons of oore seal performance 
have been made usirg the fixtures shown in Figure 2 with the same size 
o-rirgs. o-rirg catptession has been varied fran 10% to 50% of the 
cross section diam:rt:er. Flar¥']e sm-face finishes rcm;Jirg fran 16 
microinch to 250 microinch roughness have been evaluated. 

Figure 1. Face Seal Test Fixture 
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Figure 2. Bore Seal Test Fixture 
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Materials. o-rin1 materials selected have inclu:ied several c:xmtDI'll.y 
used in radioactive material packages am others with properties of 
interest. All materials tested have been st.armro c:xmnercially 
available ~. 'Ihese incll.rle the foll~ materials: 

General p.IqX)Se l:utyl 
General PJllXlSe neoprene 
lJ:M tenperature neoprene 
Ethylene propylene catp::UOOs 
Fluorosilioone 

General p.IqX)Se silioones 
lJ:M teupP.rature silioones 
General p.IqX)Se fluorocarbon 
High performarx:le fluorc:x::artx>n 
Nitrile 

&JviJ;a•oents. Initial tests have focused oo roan tenperature am low 
tenperature behavior of the seals. Tetp::ratures as low as -97 F have 
been reached. A few high tenperature tests (up to 650 F) have been 
performed. A pressure differential of ooe at:m::splere across the seal 
has been used for all tests. 

Pfflnlf¥tticm Tests. o-rin;Js of each material with a .210 irdl cross 
se=tioo were exposed to helil.nn at at:no:;pleric pressure am :roan 
tenperature to measure the penneatioo rate of the material. Face seal 
fixtures were used with cx:xtptessicns of 25% am 50%. Measurement of the 
helium in the fixture was made with a mass sp:ct:taoeter leak detector 
for these am suD;equent tests. '1he detectiat limits of the leak 
detector are ~tely 10-10 am 10-s std oo;sec helium. Figure 3 
shows the permeaticm rates as a f'UJ'ct.ioo of time for different materials 
with a cxttpLessiat of 25%. '1hese data imi.cate the relative permeaticm 
rates for the materials am allow estimatioo of the time available for 
bypass leakage measurements before permeaticm becxtt&; significant. 

Figure 3. Permeation Measurement Results 
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loll 'l'enp3rature Tests. Seals have been exposed to low t:elrperatures in 
an environmental chamber to detennine the limit of sealin] ability. Each 
material was evaluated usin] a • 275 inch cross sectioo. ~riD] in a face 
seal fixture with 25% compression am a 64 microinch ~flange 
finish. '!he leak rates as a function of t:errperature for sane of these 
tests are presented in Figures 4 am. 5. For silicone materials, llllCh of 
the total helimn detected is the result of permeatioo ~the seal. 
For other materials, the leak rate irxticated is largely l:7jpass leakage 
a.roun1 the seal. In oold tests, failure typically ocx::urred very 
rapidly, with only a small t:en'q)erature drop bet\oJeen leaktight am 
leakage beyorxi measurement sensitivity. 

Figur e 4. Low Temperature Test Results 
64 Finish. 25,; Compression, .275" Cross Sec tion 
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Figure 5 . Additional Low Temperatw:e Tests 
64 Finish, 25,; compression, .275" Cross Section 
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Figure 6 shows the manufacturer's recxmnended low t:.e:q.')erature limit 
compared to the t:enperature at which a 10-7 std ccjs.ec leak rate was 
reached in the cold tests. '!here is close agreement be'bYeen the 
JOOaSUred perfonnance am the manufacturer's rating, am in JOOSt cases 
the manufacturer's rating~ conservative. 

Figure 6. Low Temp Performance vs. Ratings 
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For several o-ri.n'j types on which nultiple tests were performed, there 
was considerable variation in perfonnance. For exanple, t:enperatures at 
which one material reached a leakage of 10- 7 std ccjs.ec varied between 
+8 F am -70 F; even~ sanples were manufactured in the same batch 
of el~ am all test parameters were identical. 'Ihese data 
identify a need to further examine o-ri.n'j manufacturirx} process control. 

'lhe effects of cntpression am flarge finish were evaluated for selected 
materials. Figure 7 shows the results of three tests on neoprene o
rings with varyirx] flarge finishes. 'Ihese data are typical of results 
with other materials. 'Ihe difference in the t:enperature at which 
failure occurs for varyi.n'j finishes is small. 

Figure 7. Effect of Flange Surface Finish 
Neoprene, 25lt Compression, .275" Cross Section 
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<nuptessian has a l1l.lCh greater effect than fl~ finish. Figure a 
s00ws the results of several tests an floorocart:at o-rinJB with varyirg 
cutpiessions arrl finishes. '!he JOOSt significant t:J:en::ls are related to 
cutpiessian. 

Figure 8. Effect of Compression and Finish 
Fluorocarbon Material, .275" Cross Section 
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A limited I11JJiiJer of tests have been used to evaluate the effect of o
ri.rg cross sectioo oo performance. Figure 9 sl'VJWS the results of tests 
oo a fluorocart:xn material in o-rin:Js of .139 arrl .275 cross sectioo. 
'!here is not a significant diff~ in performance. 

Figure 9. Effect of 0-ring Cross Section Size 
Fluorocarbon Material, 64 Finish 
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'!he bore seal fixture has been used to evaluate the performance of a 
small Il\lllt)er of seals relative to the faoe seal fixture. For the five 
bore seal tests, the low 1:en"pmlture sealiix;J ability was better than for 
the faoe seal fixture. It was expected that the bore seal CX)I'lfiguration 
'\tJOUld be IIX)re flexible arxl IIX)re prooe to leakage than the faoe seal. 
While this has rxrt: been evident in the tests perforned so far, the 
small, precisely madrined fixtures tested may rxrt: be representative of 
large packages closures. 

Material PrQperty Measurements. Duraneter arxl resilieooe measurements 
on specimens cut fran the <rriix;Js '~Jere taken at t:.enperatures of 70 F, 
20 F arxl -20 F. Duraneter tests '~Jere perforned in aCXX>~ with A9IM 
02240. Duraneter measurements are presented in Figure 10 al<:nJ with the 
t:.enperature at which the materials reached a leak rate of 10-7 std 
cx;jsec. While there is sane trerrl between the leakage arxl duranet.er 
(higher duranet.er materials generally have higher t:.enperature leakage 
failures), there is no consistent relationship between the blo. 
Resilieooe testing per AS'IM 02632 is a measure of the ann.mt of elastic 
re!:x:>urxl of a mass inpicti.ng the sanple. Figure 11 sOOw5 that there is 
no correlation between this property arxl low terperature performance. 

Ccn;tlusion. 'Ihe results of this TNOrk have identified a need for 
cdiiticnal analyses arxl experiments to provide an awroiJriate seal data 
mse fOr cask designers • Based on these preliminary experiments 1 

designers slnll.d exercise caution in selectirg seal materials for cask 
awlications. 

Figure 10. Durotneter vs. Low Temp Sealing 
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Figure 11. Resilience vs. Low Temp Sealing 
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