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ABSTRACT

The ability of Viton B O-rings of 90 Shore A hardness to geal 12,500 psig air
pressure was evaluated under dynamic and static simuldted-service conditions using
solid Teflon back-up rings. Both dynamic and static seals showed small volume

leakage after total elapsed times under pressure ranging from 35 to 58 hours.

The O-rings showed no defects or evidence of extruslon after test. Leakage
may have been due to slow recovery of the O-rings from compression, microscopic
defects in the metal and/or rubber surfaces, or to the presence of samall particles
of compressed Molykote powder, the lubricant used on the O-rings., The rate of
leakﬁge was much less than previously reported for similar tests using spiral

Teflon back up rings.

The swelling of the O-rings caused by sudden release of pressure was low,
for example: 1.2% after 1,000 psig pressure and 3,6% after 12,500 paig pressure.

The measurements were made one hour after pressure release,

The physical properties of Viton B O-rings were not greatly affected by six

months exposure to oxygen at 60°F and 1,750 pressure,

For future work, it is proposed to investigate the sealing abilities of dual
O-rings, of O-rings made of nitrile rubber, and of O-rings lubricated with Rel F

grease,
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INTRODUCTION

L, The Rubber Laboratory was authorized by reference (a) to continue work on the
develuﬁment ol seals for 12,500 psig air service as outlined In reference (b) and
'. mod{fied by referencos (¢) and (d). The work assigned included the development

of ; specification ‘ot the Q-rlngs which would parallel spechLcatLoﬁ‘MILJG-ZI‘“Z,

teference (e).

2, This ls the second progress veport of this inveatigation, The first progress
report, Report 28-11, reference (f), described the reaults of simulated service
tests at 12,500 psig gas pressure of Viton B O-rings of 90 Shore A hardness using
spiral Teflun back-up rings. Three test devices, each containing two dynamic and
two stutlclb—rtng seals, were used. The static seals {n the three test devicos
leaked badly after 31, 38, and 93 cycles, respectively. Each cycle consists of
at leant one-hall hour under preasure followed in sequence by rapid release of
pressure, movement of the piston with the dynamic seals, and re-~preasuring. This
reporvi describes similar tests of 90 Shore A O-ring seals using solid Teflon back-
up rings instead of gpiral back-up rings. Also included herein is a study of the
effect of sudden release of air pressure on the swelling of Viton B O-rings and a
study o! the ettects of prolonged exposure to oxygen at 1,.50 psig pressure on

the tensile properties of Viton B O-rings.



FORMULATION USED FOR 0-RINGS

3. The O-rings tested were molded from Rubber Lsboratory stock 377-112, This was
a Viton B stock meeting the requirements of specification MIL-G=23652, Type I,

This specification covers packings and gaskets to be used in 5,200 paig air systems,
Stock 377-112 was developed for this service, as described iﬁ Report 28-10,
reference (g). The formulation of the stock and the cure employed {n manufacturing

the O~rings are given below:

- Stock 377-112

Viton B. 100

Thermax 10 :
Philblack E 15

Maglite D 15;

Stearic acid 0.2
Di-isopoctyl gebacpte 3

Diak No. 3 4

" Cure: 30 min at 300°F {n press, plus 1 hr each at 200°, 250°, 300°, 350°, and

400°F {n oven, plus 24 hrs at 450°F in oven.

TESTING PROCEDURES

Seaiing Tests

4, The device used for testing the ability of the O-rings to seal 12,500 psig
alr pressure (s shown in Appendix 1, It consisted of & hollow cylinder, a cap for
each end of the cylinder, and a piston designed to slide inside the cylinder. All
parts were made o! corrosion-resistant steel, The cylinder had & circumferential
groove at each end in which the O-rings for static testing were instelled. The

piston had a circumfereni ial groove at each end in which the O-rings for dynamic



'esting were installed. All grooves were wide enough for Teflon back-up rings as
well an O-r'ogs. The back-up rings were installed on the low pressure side of the
O-rings to pre.ent the O-rings trom being extruded through the downstream clearance,
To pereit the use of solid Tef{lon back-up rings, the upstream side of each O-ring

groove wad a removable ring or disk, as shown in Appendix 1,

5. ‘1he O-rings on the cylinder were AN6230~7 size with a cross-sectional diameter
of 0,139 & ,004 inch and an {nternal diameter of 2.359 & ,010 inches. The O-rings
on the piston were ANG227-27 size with a cross-sectional diameter of 0,139 t ,004
fnch and an 1nterngl diameter of 1.484 t ,006 inches, The depths of the grooves
In the cylinder and plston were designed to yiald 8% comprésaion of O-rings having
.the mtﬁtnhm aLlowahlelcrossﬁaectional diameter. The measured diametric clearance
- waa 3 to 5 mLLs"between the cyLindéf and the end capa; and-betweeq the piston and

the cyltndér.

6. The apparatus was operated by applying air at 12,500 psig pressure to the ends
of the eylinder through the holeé in the caps, The dynamic and static seals were
thus pressurized Qimultanenqsly. Movement of the plston was effected by estab-
lishing a preassure differential between the two éﬁds. The 12,500 psig alr pressure
wae obtained by means of a diaphragm-type compressocr, Model 3033 manufactured by

the Pressure Products Industries, Hatboro, Pennsylvania.

7. Three test devices were used., Before assembling each device, the O-rings to be
tested and the walls of the cylinders were wiped with Molykote, a powdered molyb-
denum dZsulfide lubricant manufactured by the Alpha Corporation, Greenwich,
Connecticut. The O-rings and solid Teflon back~-up rings were installed {n the
grooves with the back~-up rings on the low preasure side of the corresponding O-rings,

as shown in Appendix 1.



8., Solid Teflon back-up rings were used instead of spiral Teflon back-up rings
because tie resulis of the tests described in Report 28-11 indicated that the ob-
served leakage.o[ the Viton B O-ringg_may have been due to the use of spiral back-
up tings, Examination of the O-rings after the earlier tests revéaled that the
only discontinuity on the surface of each O-ring was a permanent dlstortipn in the
arca wl.ich contactod the spiral back-gp.ring at, and betweén3 the ends of the
spiral. This distortion may have reduced the compressi;n of the O-ring af this
point sufficiently to cause leakage. The use of a solid back-up ring would elimi-

nate this condition,.

9, The nominal dimensions of the solid Teflon back-up rings were as follows:

- - ‘ Back~up Ring Dimensions .
O-ring Size Thickness  Inside Diameter Width !

" AN6230-7  0.050 imch 2-13/32 inches  0.120 inch

AN6227-27  0.050 inch 1-17/32 inches  0.120 inch

10, The three deJLcea were assembled and connected to the compressor. The devices

were {mmersed ih water so that any leaks would be readily apparent, . i

11, The sequence of p;eaauré application and release is.given bélow. Steps "a"
through "d" were conaidered to be one cyéle. |

a. Aflr at 12,500 psté was applied first to one end of gach test device and
then immediately to the other end. These ends are identified hereinafter as A and
B respectively., The piston was initially at B, being forced there by the pressure
at A.

b, Afcer 30 minutes, B axxi A were exhausted in quick succession. The piston
remained at B, Approximately 7 seconds were required to exhaust B and 20 seconds

were required to exhaust A,

B T I TP
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¢, After 15 secaonds, 12,500 psig air pressure was applied ta A and then to B,
‘The pigton remained at B,

d., A was e)(huustéd to allow the piston to be forced to A by the 12,500 psig
pressure in B. A was then re-pressurized. The piston remained at A,

e, After 30 minutes the procedures Ln pagaérapha b, ¢, and d were repeated
excépt‘that the pisfdn wasg tﬁittally at A and was nnved to ﬁ.

i. On subsequent cyclea, the progedures were alternated in order to move the
pial’.on back aund (oth. ) ’ . - a "

. %, The test was cgnttnuteé Ior éight hwours bef_qay;.ftve dlyé-p?r:week.untgl
ﬁailuré occurfed as evid;ncediby“cqnt}nuqusiy chaang gas, The pigéaﬁre waa;igft
oﬁ.;verntgﬁt and weekends, déte}iornzing'ffém 15 500‘p§13 to 8 wintmum of ibout';

>5'000 pai;. A minLnum of 200 cycles withou: tailure ‘WS nrbicrnrily cﬁ:nblilhed "

/
' 'as' the requiremenc for satisfac:or\ 6- rinsa.

' Sgelliﬁk'!eaia

12. The ~swelling of O-ringe, size’ wszzo 7, rusde from stock 377~ uz, was measured
after qutck releasg of air presgure, . The conditions of the. Celt Hete as Eollows:
_#. T;ﬁe of exposure to air pressure: 7 days. -
"b.  Temperafﬁre'of atr: bétween 70; and -80°F,
‘e, Alr pressures used in ouccensive tests on diffcrent O-r;nsa.' 1,000; E
2,000; 3,000; 5,000; 7,000; and lZ 500 plig.
d. Elapned time for prensure to reach 0 pslg after rele&na. i
between 1l and 2 minutea.
e. Elapsed time between pressure release and measurement of volume of

O-rings: 1 hour,
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“No leakage was observed from the other ‘two devices At tth time,

Oxygen Aging Tests

13. In order to obtain a measure of the effect of continuous exposure of the
O-rings to 12,500 psig air, O-rings of size AN6230-5‘made of skock 377-112 were
aged £orhsix months at an average anb{ent temperature of 60°F in oxygen-at 1,750
bsig pressure. Tensile strength, ultimate elonébtion and moduius at 100% elonga-
ttqn were measuredltn accordance with Methods Alll,-AlZl, and 41}1]of.Federal Test
Method Standard No. 601, respectively, on glx unaged O-rings and six o#ysen-gapd
O;rtnga. A; the'end of th; gginé period the oxygen ﬁfésaufe was released,alowly,

upproximatel) one hour befng- required to reduce the pressure from 1,750 psig to.

0 psig. The volume of the O-rings was measured before and aiter the oxygen aginz.

The aged volume was measured one hour after removal from the oxygqn.~

o RESULTS

N

Sealing_Tusis

14, Cnntinuous leakage from :he dynnmir geals of one test dev!ea wl\ obnarveﬂ

 after 31 cycles and Crom the scatic seals o[ the same "test device af:ér 42 cyclas.

the oerings which leaked. rpvenled a few particles of metal, cloth fthcrg\ und rul:

3
1mbedded fn'the surface of the 0- rings. These foretsn particles mny have cauned

the leakage. No other meerfections were noted {n the O-rtnga or the Tcﬁlqn blckdup

rings.,

15, Additional fifters:uere {natalled in the supply lines to prxvent.foralin
particlea from entéring the test devices, The test device wh#chllelkcd ﬁna resg -
sembled with new O-rings and new solid backeup rings. The testing Af the other tweo
test devices was resumed, The reassembled test deviee with the new finés leaked

from both the dynamic and static seals after 69 cycles, and the other two devices

k3
¥
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_the presence of small particles of comprasaed Holykote.

© leaked gimilarly after a total of 115 cycles. The leakage from the dynamic seals

of all three devices was of small volume and continuous during the first 1/4 to 6
minutes under 12,500 psig pressure, aft.r which the leakage stoﬁped. The static
seals of all three devices also Ieakéd sl.ghtly as indicated by one large bubble
every 2 to 10 minutes while under 1Z,500 png pressure, Severil cﬁcles wﬁre nnx>
after leakage was first observed and approximatcly the same leakage pattern was

repeated during the subsequent éycles.

16, While the observed 1eukage ‘was not great, it was not desirable. The “test
devices were disassembled and thL 0- ring and back-up rings were examined. The

O-rings showed no evtdence of extruqton or other defects. The back-up tinga H!le“

ln good conditton except for a small amount. of extrustion lnco the downatream

clearances. The~cause of 1eakage may have been due to slow recovery of the O-ringa:

from compression mtcroscopic defects in the metal and/or rubber aurfacel, or co

- '\'5

'17. The rate of leakage observed was much less than descrlbed in Repor: 28 11 for

simi{lar tests wherein spirel rather than solLd back-up rings were used, nnd the

. cOtal number of uycles without* leaknge was approximately double. The relulta in-

dicate that eolid back«up rings rather than spiral blck-up rings nhould be umed
in 1&,500_psig air ayscems. However, this qoncluqtonvnhould.be verified, ainwe“i:“

is -based on relatively few tests.

Swelling Tests

18. The swellings of the O-rings after release from 7 days exposure at 70-80°F to

air at various pressures are given below:




from srock 377 112 ts 3Lven below

Alr Pressure, psig Swelling, % *
1,000 i

2,000 1

3,000 1
5,000 3.

7,000 -3

12,500 3

* Measured one hour after préssure release

19. The date show that .the swelling values were_quiée low, even fbr 12,500 psig
pressure . It is also irnteresting to note.fhat the swellinssmqf specimens ex-
upoééd te pressures of 5,000 pai and above were the s@me.

Oxygen Aging Tégtg

o

20, ‘The effect of aging for 8ix montha at an avernée‘ambieﬁt-camperature of 80°F

) "1n oxygen a: 1,750 psig pressure on the physical properties of the’ O rinca lnda

:'After 6vmpnthd' .
under 1,750.psig %
.‘) | Initial _omen’pressute Ghange

Tensile strength, psi 2240 1910 '714.7

Ultimate elongation, % ' 130 - 130 . . 0.0
_Modulus at 100% elongation, pat . 1860° 1670 T Tel10,2

Volume swelling, % * L - L4 . --f

* Measured one. hour after pressure release

2l. 'Althou;h one hour»was taken to reduce the oxygen ﬁ;GQIute from 1,750 psig to
0 psig at the ;nd of the six month aging period, this vate of prqnsurerdrdb"uli

n ot slow enough to permit the dissolved oxygen from diffqatng out vithout fomming
microscopic pores in the fuhher. This fact was evtdaﬁcad by the 1.4% volume in-

crease obaerved one hour after pressure release, The microscopic pores formed in

the rubber when the pressure was released undoubtediy caused the observed reduction

in tenaile atrength and modulus, In future oxygen-aging tests, the pressure will

geduced at a much slower rate in an effort to eliminate this effect,

At i B T T A TR i ey e e 2 0




22. 1In spite of the presence of microscopic pores in the rubber, the effect of

the oxygen aging on the properties of the O-rings was small; Since agﬁng in oxygen
at 1,750 psig pressure is approxlmatély equivalent in terms of oxidation to aging
in a;r at 8,600 psig pressure, these results indicace_that the properrfes"pf Viton
B O-rinés Q&uld-probabiy not be greatly affected by éxtended service in 12,500 psig

alr systems.
CONCLUSIONS

23. The suLtabLlity of Viton B aeals for use in 12 500 paig air: syatems 18 open

to questton. Further sealing tests should bé performed . -'f o

L] "

24, Viton B stock 377-112 is suitable for the manufacture of seals for high®

pressure air systems from the.stpndpoﬁntfaf swell due to dissolved air.

"rurunz_ WORK

25, The effect of using Kel F Grease No. 90 . rather Lh&n Holykote powdar for lubri- :

cating the O- ring will be studied. Kel F Grease Na. 90" 1s llsLed in BUSHIPS
Instruction 9230 ISB, reference (h) , for use, in high prea:ure atr(l 500 petl and

above) .

26, 8Sealing tests will be performed on sufter (70-8hore A) Viton B Opriﬁﬁs. Bofter
0-rings will recover more rapidly dufing cyeling and will seal irregularities in

the metal surfaces better than the harder . O-rings.

27, The use of two O~rings held in adjaceént grooves to form the aely at a glven
location will be inventtgated. New teat devices have been made wherein each piston
for testing the dynamic seal hasg two O-ring grooves Instead of one at ench end,

and each stationary cylinder also has two O-ring grooves instead of one at each end

for testing the static seals,

et el s
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28. Te effect of aging in “igh pressure oxygen on the properties of O-rings for
12,500 psig air systems will be studied furtlier. The aging will be performed at a

moderately elevated temperature to accelerate the effect.

,29.‘ The suitability for this service of O-rings made of Hycar i071l a carboxylated

butadiene acrylonitrile copolymer, will be determined.
PERSONNEL

Tests conducted by: " J. M. le_loway, Teéhnologist

Report prepared By: ' g £ BM- - :
" : - . . E, Barrett, Supervtsory Technologist
R EN &mw | \?:.

k E. Morris, Head Rnbber Lahoratory
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APPENDICES

L. Drawing. Cross-sectional view of device for static and dynamie sealing

tests of O-rings for high pressure air sebvice,’
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Mare Island Rarval Shlpyard Rubber Laboratory Report 28-12 of
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| REPORT, by A. B. Barrett, Project No. S=FO13-13-01, Task 907,
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pressure ranging from 35 to 58 hours, The O-rings showed no de-
tects or evidence of extrusion after test. Leakage may have been
due to slow reéova;y of the O=-rings from compression, mioroscopic
defects in the metal and/or rubber surfades, or to the presence
of small particles of compressed ﬂolyko:d powder, the lubricant
used on the O=-rings, The physical properties of Viton B Qurings
were not greatly affected by & months exposure to oxjgon at 60°P
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fects or evidence of extrusion after test. Leakage may have bheen
due to slov recovery of the O-rings from compression, miorcscopic
defects in the metal and/or rudbber surfaces, or to the presence
of small particles of compressed Molykote powder, the lubricant
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