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Report of tests carried out on Viton O-ring Seals to assess 
suitability for operation over the temperature range -40°C to +220°C 

when used in Package Design 2863B 

In trod uc tion 

To satisfy the requirements of US Regulatory bodies the O-ring seals in the 
containment vessels of Package Design 2863B have to be shown to operate 
satisfactorily (ie remain leaktight) at the extremes of temperature that they are 
expected to experience during both normal and hypothetical accident conditions of 
transport. For Package Design 2863B this effectively means that the seals must 
remain leaktight over the temperature range -40°C to + 220"C, but to ensure that an 
adequate safety margin exists the seals should preferably remain leaktight over the 
range -50°C to +250"C. 

This test report describes the procedures and results of tests carried out on Viton seals 
over the temperature range -50°C to +250"C. 

Administrative Details 

2.1 

2.2 

The tests were carried out by M Lam and M B Johnson with the assistance, 
where appropriate, of the Inspection and Testing Services Division of AEA 
Technology, Harwell. 

The work was carried out under Croft project reference 29311 1/10 during the 
period August 1994 - October 1994. 

Test Procedures and Objective 

The general procedure followed during the tests was to measure the leaktightness of 
the seals whilst assembled into a mechanical assembly ('Test Head Assembly') which 
exactly represented the vessel closure section of the 2870 vessel. The test head 
assembly however had a shortened body, which enabled the assembly to be placed 
into the controllable temperature region of a temperature adjustable environmental 
chamber, thereby allowing leakage tests to be carried out over the whole temperature 
range from -50°C to +250°C. Assessment of seal temperature was made by the 
temperature measurement system contained in the environmental chamber, and cross- 
checked by thermocouples located close to the seals in the test head assembly. 

The objective of the tests was to show that the seals remained leaktight as defined in 
ANSI N14.5 (Ref 1) throughout the temperature -50 to +250. Leakage tests were 
performed using helium mass spectrometry leakage testing. However, prior to 
carrying out these tests it was decided to first carry out a series of 'scoping' tests 
using pressure drop testing. The detailed procedures followed for these tests are 
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4. 

5.  

contained in Croft procedures CP 157 Issue A and CP 158 Issue A. 

Selection of Seal Material 

Commercially available seals made from compounds based on Viton Fluorocarbon 
material are widely used in the UK in radioactive packagings. 

Drop tests have been previously carried out on a prototype of the 2863B package, the 
seals in which were procured to a Dowty Seals Limited Won Specification (Dowty 
Material Type 9775). 

Subsequently it was recognised that not all aspects of performance of the Dowty 
Specification were needed to obtain satisfactory seal performance when used in the 
2870 containment vessel. 

After consideration of what parameters were essential to be included in the 
procurement specification for such seals, specification CM 055 Issue B was produced 
to include these. The seals used in the tests described in this report were therefore 
procured from Ceetak Limited (Ref 2) to Material Specification CM 055 Issue B, and 
dimensional requirements as defined for containment vessel Design Number 2870, in 
drawing number 1C-2415 Issue E. 

Results 

5.1 Test Head Assembly 

The test head assembly was manufactured by Oxford Engineering Limited 
(Ref 3) to Drawing List DL-OC-4027 Issue A under Croft project reference 
Y9319118. 

Prior to use, however, 2 additional features were added to facilitate the 
testing; firstly an additional connection was made through the lid to enable the 
test head cavity to be evacuated through one hole and back filled with helium 
through the other; secondly 2 additional holes were added to allow use of 4 
(rather than 2) thermocouples for monitoring the seal temperature. 

Detailed metrology carried out on the test head assembly showed that with the 
exception of the above two modifications the test head complied in all respects 
with the design requirements detailed under drawing list DL-OC-4027 Issue 
A. In particular the O-ring groove profiles and positions were all within 
specification, with the groove depths being measured at an actual dimension 
of 2.23 mm which is within specification requirements of 2.17/2.32 mm. 
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5.2 Environmental Chamber and Thermocouples 

The environmental chamber equipment used during the tests was supplied by 
Climatic Systems Limited (Ref 4). 

The equipment was purpose-built for this test work but the design was based 
on a standard Climatic Systems product (Model BT 125 L), with a 
modification to enable it to operate at a higher temperature (250°C compared 
to 180°C for the standard equipment). The chamber temperature is measured 
by a calibrated measurement system contained within the equipment. The 
system uses platinum resistance thermometry and the temperature is displayed 
on an integral display panel. Temperature stability of the chamber is stated 
to be within & 0.5"C, with thermal gradient within the chamber to within & 
1 "C. 

The voltages developed by the thermocouples installed in the test head were 
converted to temperatures by an interface which fed directly into a data 
logging system. The accuracy of the logged temperatures was checked by 
comparison with independent thermocouple measurements made with a 
calibrated instrument (Digitron Model 3202K, Serial No 05 1/9). 
Measurements agreed to within 2-3°C. Comparison of the temperatures 
measured by the environmental chamber measurement system with the data 
logged temperatures measured on the thermocouples showed agreement 
generally to within & 1°C. 

Because the thermocouple measurements were not directly calibrated 
measurements they were only used to verify temperature stability of the test 
head during leakage testing. Measured temperatures quoted later in this report 
therefore refer to the figures taken from the environmental chamber display. 

5.3 Seals 

7 sets of seals were used during the tests; 4 sets for the initial pressure drop 
testing trials, and 3 further sets for the helium leakage tests. 

No tests were performed on the seals to verify that the seal material was 
indeed a Viton formulation, but certificates of conformity supplied with the 
O-rings certified that they met specification, and as the supplier, Ceetak Ltd 
(Ref l), is a recognised O-ring supplier approved by Lloyds Register as an 
approved stockist to IS0 9002, it was decided that Certificates of Conformity 
provided adequate guarantee of material conformance to specification. 

The cross section diameter and hardness were checked prior to use and found 
to be within specification on all O-rings. Before each test the O-rings were 
visually inspected to confirm that they were free from mechanical defects 
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(cuts, scratches, etc). 

The low temperature pressure drop tests were performed with the O-rings 
lightly lubricated by wiping with silicone grease. The high temperature 
pressure drop tests however were performed with un-lubricated rings. 

It was initially intended to perform comparative measurements at both high 
and low temperatures with both lubricated and un-lubricated rings. However, 
due to time pressure it was not possible to complete these measurements 
before proceeding to the helium leakage tests, which were carried out with 
lubricated O-rings only. 

5.4 Seal Compression/Torque Setting 

The operating procedure for the 2863B package design specifies that the 2870 
containment can should be closed using a torque of between 160 and 180 Nm 
applied to the screw retaining ring. Pre-test trials showed that although the 
package will, at room temperature, be leaktight to the required level when 
closed at this torque setting the lid and vessel body will not quite be in metal 
to metal contact. Further trials showed a torque of 195 Nm was needed to 
provide a metal to metal condition, and therefore all tests were carried out 
after closing the test head assembly using a torque of 200 Nm. The relative 
positions of the screw retaining ring and test head were marked in the metal 
to metal condition to provide a further check that the same condition was 
achieved on subsequent assembly of the components. 

As stated in 5.1 the depths of the O-ring grooves were measured to be 2.23 
mm, therefore in the metal to metal condition the seal compression was 
nominally 25.7%) based on the nominal O-ring cross section diameter of 
3mm. 

5.5 Pressure Drop Leakage Tests 

The general set up and test procedure used for the pressure drop tests was as 
detailed in procedure CP 158 Issue A. A CALT 5 Leakage Tester was used 
to perform the leakage rate measurements. The pass criterion was set 
arbitrarily as a leakage rate of 5 x lo4 bar cc/s SLR. 

The full set of results from all the pressure drop tests are listed in 
Appendix 1. These results are summarised in Table 1. The tests can be 
broadly classified into 4 categories; initial set-up trials, low temperature tests, 
high temperature tests, and finally confirmatory low temperature tests prior 
to helium leakage testing. 
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The initial set up trials concentrated on low temperature performance since it 
is at low temperatures that Viton's ability to remain leaktight is most in 
question. 

More than one set of seals were used during the set up trials. The seals were 
then replaced at the start of each of the subsequent phases of testing and the 
seals were not changed during these test phases. The test head assembly was 
cleaned each time it was dismantled for replacement of the seals. 

The results of the leakage tests during the set-up trials indicated that although 
there was no gross leakage, the leakage rate exceeded the pass criterion in 3 
of the 7 tests (all at < -40°C). 

The results of the low temperature and high temperature tests showed that the 
seals achieved the pass criterion of leakage rate <5 x lo4 bar cc/s SLR 
throughout, including after returning the seals to ambient temperature. 

The results of the leakage tests during the confirmatory low temperature tests 
indicated that the seals leaked (at a leakage rate greater than 5 x lo4 bar cc/s 
SLR) when the temperature was at, or below, -30°C. 

No obvious reason was found for why the confirmatory tests in particular did 
not follow the pattern of the earlier low temperature testing, and as the prime 
objective of the test program was to assess the ability of these Viton seals to 
remain leaktight to helium at an even lower leakage rate pass criterion it was 
decided to discontinue further pressure drop testing and proceed with the 
helium tests. 

Visual examination of each set of seals after testing showed no obvious signs 
of physical degradation of the seals either at high or low temperatures. 

5.6 Helium Leakage Tests 

The general set up and test procedure used for the helium leakage tests was 
as detailed in procedure CP 157 Issue A .  

The tests were carried out by the Inspection and Testing Services section of 
AEA Technology, Harwell under the supervision of Croft Associates staff. 

Before carrying out the leakage tests the rate at which helium permeated 
through the Viton seals was assessed in accordance with the procedure 
described in Appendix A of CP 157. It was found that it took approximately 
60 minutes for the apparent leakage rate due to permeation to increase from 
a background rate of 1 x bar cc/s to 1 x bar cc/s. On the basis of 
this result it was therefore decided that during leakage tests the monitoring 
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time should be limited to a maximum of 10 minutes. 

The full set of results of the helium leakage tests is summarised in Table 2. 

3 sets of seals were used during these tests; set 1 for tests VHI and VH2; set 
2 for tests VH3 and VH4; and set 3 for all subsequent tests. Set 1 was not 
the same set that was used for the confirmatory pressure drop tests. 

From the results (VH1 and VH2) it can be seen that the seals (Set 1) which 
were leaktight at ambient were leaking when retested after the test assembly 
had been cooled down to -40°C. A similar result was then subsequently 
obtained on testing seal set 2 which was found to be leaking on testing at 
-30°C. 

The intention in testing the third set of seals was to determine the lowest 
temperature at which the seals remained leaktight, but, as can be seen from 
the results, the seals remained leaktight down to -45°C during these tests, and 
were confirmed to still be leaktight on warming back up to room temperature. 

A single test was performed at high temperature but a high helium background 
level was found at the start of this test. It was concluded that this was due to 
outgassing of helium which had been absorbed into the seals during the low 
temperature tests. Further testing was suspended pending a review of the 
results obtained to date. 

The variability of the results at low temperature, by both pressure drop and helium 
leakage testing, would indicate that the particular formulation of Viton tested cannot 
be used to provide a reliable leaktight seal at -40°C. 

Although the results of the pressure drop tests at high temperature were satisfactory, 
insufficient testing has been carried out using helium leakage testing to draw a firm 
conclusion about the high temperature performance of the material tested. 



V 
CROFT TR 94/11/01 

Issue A 
Page 7 of 33 

References 

1 .  American National Standard for radioactive materials - leakage tests on packages for 
shipment: ANSI N14.5. 1987. 

2. Ceetak Limited 
1 Napier Road 
BEDFORD 
England 
MK41 OQR 

3. Oxford Engineering Limited 
6 Colwell Drive 
Abingdon Business Park 
Oxfordshire 
OX14 1AU 

4. Climatic Systems Limited 
Elm Place 
Station Road 
RUSTINGTON 
West Sussex 
England BN16 3BJ 

Compiled V=-l-=e 

Checked and Approved 

Date 

[452N-TR941 lOl.WSl] 



TR 9~ 
1 

Page 8 

Table 1 - Results of Pressure Drop Leakage Tests 

Test Phase Test Date Test Reference # Temperature Leakage Rate Pass/Fail Comment 
(On CALT printout) ("C) (bar cc/s SLR) 

Set up trials 5/8/94 1 -40 
5/8/94 2 -45 
5/8/94 3 -50 
5/8/94 4 -50 

10/8/94 1 
1 1/8/94 1 
12/8/94 1 

Low temp 8/9/94 
Tests 8/9/94 

8/9/94 
8/9/94 
8/9/94 
8/9/94 
9/9/94 
9/9/94 
9/9/94 
9/9/94 
9/9/94 
10/9/95 
12/9/95 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 

-45 
-43 
-45 

2.8 x Pass 
6.7 x Pass 
1.4 x Pass 
1.9 10-5 Pass Repeat of test 3 after 1 hour soak. 

Test head dismantled after test. Seals change 
3 10-3 Fail 

5.1 x lo4 Fail 
6.3 x lo4 Fail Test head dismantled after test. Seals changed 

................................................................................ 

18 
10 
0 
-10 
-20 
-30 
-30 
-35 
-40 
-45 
-50 
-50 
17 

8.6 x 
5.6 x 

6.3 x los6 
9.2 x 
1.6 x 
1.0 x 
5.9 x 
1.4 x lo-' 

1.5 104 

3.9 10-5 
1.8 10-5 
1.2 10-5 
5.1 x 1 0 7  

Pass 
Pass 
Pass 
Pass 
Pass 
Pass 
Pass 
Pass 
Pass 
Pass 
Pass 
Pass 
Pass 

Warmed up to RT after test to avoid overnigk 
Re-test of previous result after re-cooling. 

Repeat of test 1 1 after 24 hour soak at -50°C 

.................................................... t...................... 



Test Phase Test Date 

High temp 12/9/94 
Tests 12/9/94 

12/9/94 
13/9/94 
13/9/94 
13/9/94 
13/9/94 
13/9/94 
13/9/94 
14/9/94 
15/9/94 

Confirmatory 41 10194 
Low Temp 4110194 
Tests 4/10/94 

41 10194 
41 10194 
51 10194 
51 10194 
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Table 1 continued - Results of Pressure Drop Leakage Tests 

Test Reference # Temperature Leakage Rate 
(On CALT printout) 

V14 
V15 
VI6 
V 17 
VI8 
v19 
v20 
v2 1 
v22 
V23 
V 24 

51 10194 VA8 
51 10194 VA9 

......, 

VA 1 
VA2 
VA3 
VA4 
VA5 
VA6 
VA7 

I . .  

(OC) 

18 
50 
100 
32 
150 
175 
200 
225 
250 
250 
21 

. . . . . . . . 

15 
10 
0 
-10 
-20 
-30 
-35 

21 
-30 

(bar cc/s SLR) 

1.1 x 10-5 
1.4 x 10-5 
2.6 105 
3.6 x 10-5 
1.1 x 10-5 
5.6 x 10-5 
4.3 x IO" 
1.0 x 10" 
1.1 x 10" 
1.1 x IO4 
2.0 10-5 

................................. 

1.3 x 10-5 

1.1 10-5 
1.2 x 10-5 
1.0 x 10-5 

8.6 x 

8.1 x 
Gross Leak 

... 

PassIFail Comment 

Pass 
Pass 
Pass 
Pass 
Pass 
Pass 
Pass 
Pass 
Pass 
Pass 
Pass 

Temp reduced after test to avoid overnight soa 

Repeat of test V22 after 24 hours soak at 250" 
Test head dismantled after test, and seals chan: 

............................. 

Pass 
Pass 
Pass 
Pass 
Pass 
Pass 
Fail Test head failed to hold pressure. System war 

1.8 x 10-6 Pass 
1.7 x l o 3  Fail Test head dismantled after test and seals chang 
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Test Date 

2 5 19 19 4 
25/9/94 
25/9/94 
25/9/94 
131 10194 
131 10194 
131 10194 
131 10/94 
131 10194 
13/10/95 

1411 0194 
141 10194 
141 10194 

Table 2 - Results of Helium Leakage Tests 

Test Ref # Temperature Background Leakage Rate 
("(3 Before Helium Admitted 

to Chamber 
(bar cc/s (He)) 

VH 1 
VH2 
VH3 
VH4 
VH5 
VH6 
VH7 
VH8 
VH9 
VHlO 

VH11 
VH12 
VH13 

19 
-40 
21 
-30 
21 
-25 
-30 
-35 
-40 
-45 

20 
20 
216 

Measured Leakage Comient 
Rate After 
Evacuation and 
Backfilling with He 
(bar cc/s (He)) 

1.6 x 10-9 1.6 x 10-9 

< 1 x 10-9 1 x 10-9 

< 1 10-9 1 109 

6 x IOe9 Off Scale 

Failed to hold vacuum - Gross leak 

< 1 x lo-* < 1 x 
< 1 x < 1 x 
< 1 x < 1 x lo-* 
< 2  x < 1 x 
< 1.8 x < 1 x 

<4.4 10-7 
< 1 x 
2 x 

3.9 10-7 
< 1 x 
2.2 x lo4 

No detectable leak 
Gross Leak. Head dismantled, seals changed after te5 
No detectable leak 
Head dismantled, seals changed, after test. 
No detectable leak 
No detectable leak 
No detectable leak 
No detectable leak 
No detectable leak 
No detectable leak 

Pass - Result affected by helium absorbed into seals. 
After pumping on seals to remove absorbed helium. 
Unreliable result due to high outgassing of absorbed I 
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Appendix 1 

CALT printouts of pressure drop tests 
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