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"ATTENTION OF See delow SUBJECT Rubber Rings PFor Use With
Asbestos-Cement Pipe

ANSWERING YOURS DICTATED BY C. R. Hutchoroft/mdp ! oM

Rubber rings are the seals in our couplings which make it
possible to join lengthe of pipe together into a usabdle pipe
line. Although Certain-teed Asdestos-Cement Pipe i3 easentially
indestructible when properly laid, a pipe line is no better than
its joints. In order to insure joints which will equal the pipe
in longevity, the rubber rings used are of the highest quality
which can bde made for the purpose. Our suppliers have advised
that our specifications are the most exacting in their induatry.

From tine to time, customers and people within our own or-
ganization have asked questions adout the rubder rings we use.
Due to this interest, it was felt that a paper describing these
rings, their compounding, manufacture, inspection, anéd usage
would find an interested reteption.

Mr. Prank law, Mmg.ger of our Materials ladoratory, pre-
pareg a paper entitled "Rubber Rings for Use With Asbestos-Cement
Pipe . It 1s enclosed herewith. Wa think you will find it doth
interesting and useful.
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RUSIER ZINGS FOR USZ WITH ASBESTOS-CZMENT PIPR

introduc:ion

Rubber rings have been used in couplingzs to join asbestos-~
cament pipe cver since the first asbestos-cement pipe was
made by &M in 1938. Rubber rings have been used 23 the
gasketing material bechuse of ease of assembly, reliability,
sealing properties, and reasonable cost. The design of the
rubter ring has chenged from the rocund and square types used
with malleable iron couplinga; the 0 type simplex rings; to
the present day 'Fluild-Tite ring, which is ocnsidered su-
perior to any ring used to join any pipe on the market today.

As ths asbestos-cement pipe business expanded since 1938 so
did the use of rubdber rings so that today CPC purchases of
rubber ringe i3 in exdess of a million dollars. For this
reason and also because the joint is the most coritical part
of the pipe system, much emphasis has been placed on the
quality of the rubber rings; an often heard saying is that
“"the best ring is not good enough", although recently a
rubber ring manufacturer was heard to say, "if your pipe 1a
as good as our ring, we can build a pipeline to heaven .

Since rubber rings, and "Fluid-Tite" rings in particular, are
so important a part of our business, it might be well to know
a little more about them and rubder in generel.

"Fluid-Tite" Rings

A. Use
"Pluid-Tite" rings are used to join CPC asbestos-cement
pipe couplings. They must prevent lesiage from dboth the
inside out and the outside in.

B. Desoription

One of the big problems in describing "Pluid-Tite" rings
is definitions. A "Fluid-Tite" ring is a gasket; it 1s
also & seal and it can be considered an O ring. A gas-
ket 18 a packing employed in a joint whose members

in easentlally stetionary relationship. A seal 1s a pack-
ing which is self tightening; that is, 1t requires no
manual adjustment--or--a cealing connegtion, 2s a water
8eal. An O ring is & pasking ring of round cross section
used 2lonc in a groove, 1%t 1s self tightening. All the
above definitions inslude the word packing and since the
ASTM Committee, which has written the speocification for
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rubber gaskets for use with astestos-cement pips --

ASTH D1869-63T, is the packing committee, a definition

of packing is inciuded. A packing 13 a device employed
to create a gaseous or liquid seal on joined surfaces

such as piping or other vessels on containers. "Fluid-
Tite" rings meet parts of all the above definitions. It
could be desoribed as a gesket (joint which is stationary)
used as a packing {a liquid seal used on piping) seal (re-
quires no manual adjustment) of the 0 ring type (used in
a2 groove of proper dimensions). In addition to the re-
quirenents listed above, it must also be impervious to the
materisl carried in the pipe. 1In almost all cases water
is8 carried in asbestos-cement pipe; however, the water is
not necessarily potadble water. It may contain sewage, or
28 in the oil flelds, light hydrocarbons.

The "Fluid-Tite" ring has been especially designed so that
1t will exert its most affective sealing properties under
service conditions.

3.0 Rubber

The problem of finding a material that is plentiful, of good
quality, reasonable cost, long life, impervious to water and
water contaminants, will act as a seal in a confined groove
and is celf tightening, is formidable. Fortunately there 1is

a material that meets all of the above requirements when pro-
perly prepared. This material i3 rubber. Rubber in this sense
is used as a generic term and includes both natural rubber and
synthetic rubber.

A. Dessription

The rirst question that comes to mind 18 "What is rubber?”
Bacause of the many types present on the market today, a
definition must de all inclusive. The one property that
is common to all rubbers is its tremendous elasticity.
This property also sets rubdber apart froa other substances.
From the elastic property the word elastomer is derived,
therefore rubber is an elastomer. Elasticity is the pro-
perty that allows a meterisl to be deformed without per-
manent deformation when the stress is withdrawn; a good

example is a rubdber band and a pilece of tin. Stretch a
rubber band and it will return to its original size when

the streteh is released; put a dent in a pile¢e of tin, the
dent will remain when the cbject used to make the dent 1s
withdreawn.
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The elastic property of rubber is not enough to define 1%,
80 more common ground must be found. All rubber contains
ecarbon and hydrogen. This is another clue. It is not
enouzh to have just carbon and hydrogen, they must also
be in & certain arrangement. Carbom of itself ean de a
diamond, graphite, charecoal, coke, or lampblask. Hydrogen
is a gas, the lightes! substance known. Carbom 1is the
bagis for organic chemistry which consists of hundreds of
thousands of compounds. A property which carbon has 1s
its ability to combine with itself in either a straight
line called a chain; i.e. C«CaC oOr a oircle ealled cyelic,

l.e. == 0, (C is the chemical symbo
c C for Carbon. H is for Hy-
] drogen).

o
The streight chain series is called aliphatic compounds
and the cyclic, aromatie compounds. Rubber is concerned
with the straight chain or aliphatic compounds. One of the
aimplest compounds of streaight chain carbon is hydrocardons,
the affinity or carbon for octher carbon &oms and hydrogen.
The length of the carbon chain and the number of hydrogen
atoms tied to the chain determine what properties the com=
pound will have; 1.e.CAy / « is nethane, a very light

: HC =¥ »
)

Fo
explosive gas, while C10 HEnp, that is 10 carbons in 2
atraight chain with 22 hydrogen atoms attached to the chailn,
is kerosene. As the chain inoreases in length, the com-
pounds become more dense.

Cardbon also has the ability to form doudle or triple bonds
with another carbon; for instance, acetylens H-CuC-H. The
double and triple bends make the carbon atom much more re-
active. As is well known, acetylene is highly explosive
and burms with tremendous heat. The double and triple
bonds are mentioned here for they are important in rubber
as will be seen later on.

Rubber contains carbon and hydrogen. The combination of
the carbon and hydrogen in the molecule is always the same,
the rudbber molecule is C.Hg ~-<c-~ The chemical name
for this molecule is isofrene. 'y _.-*

"= C', -~ ‘9\' e
This molecule taken by itself is a gas but when the mole-
cule is repeated many many times, it becomes rubber. The
combination of two or more identical molecules is called
a po r. The formula for rubber 1s usually written
(c H§' 20,000 - this means there are twenty thousand of
thé oprene molecules oombined to form one molecule of
rubber. By varying the length of the chain different pro-
perties may be given to the rubber.
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The 1soprens molecule represents natural rubber. The
synthetic rubdbers are combinations of polymers with other
polymers and/or the replasing of one of the hydrogen atoas
with other compounds. PFor instance, neoprene replases one
hydrogen atom with a ohlorine atom in each molecule (neo-
prene is often called chloroprens). Therefore rubber is a
polymer with elastomeric praperties. The elastomerio pro-
perties are given to the polymer not only by the length of
the molesular chain but also by the arrangement of the
molecules. The moleoules in rubber are in & haphazard ar-
rengement. When they are stretched, they straighten out.
¥hen the stretch is released, they return to their original
ocondition. They can be likened to a coiled chain; when it
is suspended, cach link forms a pattern with the other link
in a straight line pattern. When the chain is dropped, the
linkes fall haphazardly. The above explanation on elasto-
mers, polymers, and rubber is over simplificd but for the
purpcses of this discussion is believed to be adequate.

History

A dbrief history of how this all started might be of interest.
When the Europeanz firet explored Central and South America,
they noticed that the natives used the exudation of certain
trees to make balls whioch bounced well and also to meke a
crude water proofing type boot. The natives called this
material "cachue". The Eanglish scientist Priestly found

out it could be used to rudb out pencil marks and called it
"rubber’ which name has been used ever since.

The development of rubber iwvas not advanced for nearly a
hundred years after it was first found. 7The Spanish, who
first found it, never did develop it. In the early 1800's
Hancock in England and Goodyear in the United States began
working with rubber as they felt any material having such
unusual properties should de put to preotical use. It was
flexible, tough, watarproof and impermeable to air. In

the beginning many products made with rubber appeared to be
excellent when firat made; however they did not last long
as there were two major troubles. The articles got brittle
ggé s8tiff in cold weather and solf't and sticky in hot wea-

er.

In 1839 Goodyear diccovered that when rubber 1is heated with
sulfur, it becomes drastically changed. The strength and
elasticity are greatly increased and hot and cold temper-
atures no longer affect it. There is one story that Good-
Year accidentally dropped some sulfur into boiling rubber
and discarded the mixture. The following spring he noticed
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that the rubbder still maintalined its original properties
even though being exposed to the winter weather. Whether
the story is true or not, it has developed into over a
billion dollar a year industry.

With the advent of the automobile, the price of rubber aky-
rocketed and was ruthlesely exploited. At about “his time
seedlings taken from Brezil to Kew Gardens in Lon’on were
transplanted in Ceylon and Malaya. The story of the Mutiny
On The Bounty is connected with this trip and is true. The
great demand for rubber caused a commercial interest in
growing the rubber trees. The growth in Ceylon, Malaya,
Indonesia and Indo-China was phenomenal and by 1920 pro-
duced 90% of the world supply.

At the time Goodyear and Hancock were working on rubber,
great strides were made in organio chesistry, inocluding
trying to Make synthetic rubber. While this was not suc-
cessful till later, the non hydrocarbon products produced
in these efforts found outlets as asccelerators, anti-oxi-
dants, plasticizers, etc. until an industry within an in-
dustry was developed.

Naturel rubber reigned supreme with very little serious
attempts to make synthetic rubber. The cost of R&D for
synthetic rubbers was high as was the processing. At the
same time naturel rubdber was plentiful and the cost reasone
able. The synthetic rubbers gained prominence for two msain
reasons:

1. HNatural rubber is easily attacked by other aliphatic
hydrocarbons, kerosene, gasoline and the like. In
1930 Neoprene, Buna N, and Thiokols were produced.
These products showed excellent resistance to petro-
leunm oils and solvents and improved resistance to light,
heat, and ozane. These products cost more, but the dif-
ference in price was made up by their much longer life.

2. The second reason, and the most important one, was
World War II. Very early in the war Japan cut off
95% of the world supply of natural rubber. Militarily
they had a tremendous advantage as was szhown by the
Allied Blockade of Germany in World War I. When the
nations were preparing for World War IX, the necessity of
replacing natural rubber was known. A orash progran
was started under the sponsorship of the U.S. Go’ern-
ment. The prodblem was solved and synthetic rubber was
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produced. While in the beginning it was not as good
2s natural rubber, it was sufficient to do the Jjob.
Once the tarrier had besn cracied, improvements were
made rapidly and new polymers weire developed.

Today the synthetic polymers amount to 70¥ of the total
rubber usage. The advantages of synthetic rubbers are:
More ivniforn quality, low cost bectuse of large volume,

can be compounded for specific properties; i.e. low com-~
pressicn set or ozone resistance. It must be remembered
that up to the present time, there has not been 3 synthetic
ru:g:r developed that has all the properties of natural
rubber.

In the manufacture of 'Fluid-Tite" rings there are three
main rubbers that ace used: Nzatural Rubber - NR, Butadiene-
Styrene Rubber - SER, and Butadiene-Acrylonitrile Rubber -
NER (Buna N or 01l Resistant). Ezch will be discussed sep-
arately.

Natural Rubber - MNR

Hatu=al Rubber oscurs in the latex c¢f the Hevea Brasiliersis
tree. It 13 contained in tubes which are located directly in
the bark of the tree. These tubes spiral left to right as they
eacend the tree. The ezact functlon of the latex to the tree
13 not known. These trees, altaough originally coming froa
Brazil, are cultivated almcst exclusively in the tropical rain
foreat rgilons of all continents. The trees are cultivated in
plantations. DBy cross breeding from the original trees, the
yield has been lncreased from 250 1lbs. per year per acre to
1500 1lus. per year ver asre with soxe being a3 high as 3000 1lbs.
All seedlings taken from one tree are called clongs.

The latex i3 obtained from the tree by tapping. This is done
by making a spiral cut dowrnard in the bark of the tree through
the ducts. The latex then is collected in a cup. The latex

18 collected and sent to a central factory or colleoting sta-
tiori. As the latex is being collected, a preservative is added
to prevent coagulation. At the factory the latex is strained
to remove dirt and dbark particles, then coagulated, formed into
sheets, washed and hot air dried {with wood smoks in some cases)
and packed into bales. The rubber i3 clessified into various
types and grades. The type refers to the preparation givea to
thie rubber and the grade to the gquality. Only the highest type
and grede of natural rubber is used in "Flutd-Tite" ring.

Natural rubber contains small amounts of materials other than
tre rubber hydrocarbon molecule after it has been processed.
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These waiterizls are from the laTex 2nd have 2 pronasunced ef-
fect on the ijubber, These materials include fatiy acids, iz~
sortant for vulcanization; natural storols and esters neces-
sary for prot=2ciion of the rubher fronm the a2lr and aunilight;
2ad protei=z. The protains are trouszlesoma. If they are net
extracted they are subjezst 0 tacterizl citack amd will evers
iually deciioy the rubber.

The rubber i1 the unsured ciare is stiszky, has poor strengil.
fansastic eizagation properiies, poer reaistamnce to cgirng, or
in ciher words, the same 2z CGecdyear fisst found it. Ths con-
sinuity soory of notural rubber shall be piclked up lavern alter
SER and IER rubbers, as the prccessing In the manufecturs ol
the flnished »raduct 18 the same for =il of zhem.

itadierne-Stvrene Rubber - SIA

The Butadiene-Styrane Rubber recelived its first tus during
Yorld War I i{n Cermany when the supply of Natural bher was
cut off -7 tne Allied Bleockade. 'the first attamprs were rather
raor angd after the tar, when natural subder vas plentiful, the
developzment rag carried cut cn a srall gcale. wWhen ¥orld ¥Har
II locneé con tiae horizon, thz U.S. Jovernment became interestad
in symthetlc ruttzr and took over plants (o produce 1t. Prea
thia came the 21 ‘e TR-S CGovertnxmant Rubber « Styrenel.
Tne davzlooment of this mateoial wus 80 succasefa) rhat today

$ compuisen asproxisasely 85% of ali synthetic rudbers. Yrs
orinsipal dlvantzgss are mirermity, low cost, plantirful, and
in =aay sceed weyizlin orogesties o2n bo siroressed invoe &t

T an eczaslier dizouvssion on rhat is & palymer, 1Y was pointed
out 1wt it 1s th2 gidivlon of 19O or more identical mwolecules.
ITn SBR, the z23i2iilon is ¢ tuo polrzers io produce co-molymers.

The cnlef rzw matarizls ars butadlens O, lig and styrena CgH-.Ci=CY,
The butadiena 15 1 py-groduct from pelioleum while styrene’is -
obtained frcm the reacticn of Lonzere arnd ethyizne. Bcoih the
tutadlene argd styrene sre polymerized in the srme recction
chamser to form a eccmplsx nolenular coc-poiymer. The process-

ing 2nd chemistry involved are very complex and deyend the

seepe of this discusszicn. An intereziling note an SBR is that

for years butadlens ras polymerized Into a :1ubber as vas styrane.
Maither a3 cle3e to giving fthe picperties of nazural rubber,
howaver mien thev are co-polvmerizad, the co-polymsr exhibits
maAnNy propertiss cupericr to nzturel rubber. SBR rubiers do ndt
have the L cuiress that natu—zl rubber has wnd therefore are
harder ©n proress, 3Jinte they have legs double bonds than

3
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natural rutter, they are nct as reactive and have less tan-
densy to overcure. The resilience, tensile and elongatlion of
S3R rulvers are not as gcod &8 natural rubdbber, while the com-
preasion set and abresion resistance can be superior. The
amount of butadiene to styrene 1s important, TOS butadiene to
30% styrcre 18 rubber; reverse the percentages and the matericl
i3 a 4dense plasti¢c. The procesesing will be picked up later.

Butadienc-Atrylonitrile Rubbers -~ NER

Trhece rubbers ars ccmmonly called Buna N or 011 Reslatant
Rubbers. Like SER, it 1s & product of co~polymgrization, in _
this cace betweer. butadiene C ﬁ and scrylonitrile {(CH, CH C & %},
“he processing is similar to g although it i=s manui‘agtured
urder 150 psi pressure. The primary function of NBR 1s its
excellent resistance to petroleum o1ls and solvents. Ths amount
of resistanse to petruleum oils and solvents 1s deterwmined by
vhe amount of &srylonitrile to the amount of dbutadienec in the
co-polyner, the more tha aocrylonitrile, the greater the oil re-~
sistance. In gereral, the NBR compounds are more resistent to
ehemical attack than natural rubber or other synthetie rubber.
In any case where the chemical resistance of the rubber to a
substaice 13 not known, the safest (and most prectical) approach
is to test it in the labormatory first. :

Burna N rubbers have considerably lowar tensile strengths and
elcngations, but better aging rroperiies and ccupression set
characteristics than ndatursl rubber and SER,

From thisz point on the processing and ccapounding of the rubbers
iz the came, keeping in mind that the processing times erg the’
ancunts of the variocus ingrsdients may vary. ‘

Procassing
A. Compourding

The rav rubbers camot be used for useful products. To
make them into a useful product 1s the function of the con-
pounder. The compounder must find cut what the end use of
the preduct will be end to what conditicns it will be ex-

ed. For instanee, 1f high rassistence to petroleum oils

necessary, he would select a stock that has a high
acrylonitrile content; or 82 in the case of "Flulj-Tite"
rings, he would selsct plasticizers that are not soluble
in water.
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1} Coapournding Ingredients

In the compounding of rubber there are many ingred-
ients used. They will be defined in generel terms
with few specific references made.

The most important function of “Fluid-Tite" rings ie

to form a seal so that no water may leak out or in.

In 2cdition this seal must be maintained for as long

as the pipe lasts {perhaps 100 years or more)., There-
fore compression set 1s the mobt important property in
CPC rubber rings, with resistance to compression a
close gecond and aging properties third. The rubbers
in their uncured siate have extremely poor compression
set and no strength in addition to poor aging character-
f{stics. The cured rubbers with no zdditiona have coa-
pressicn sets of approximatsly 50%, poor &ging and very.
nigh costs hense the need of additives to the rubber
stock. Theee additives are:

a. Accelerators - These are organic compounds used to
speed up the vulcanization or curing process. They
are used in addition to sulfur. Using sulfur alane,
the curing process would take hours. With the ac-
celerators, tha cu~ing process is cut to minutes.
Many accelerators are ratural fungicides and bace
teriacides.

b, Sulfur - lecessary for vulecanization in most some
pgiﬁﬁ?. Hcwever some compourxis use peroxide cuwc:,
while s2m2 cthers will use litharze or metallic

~~
- .

¢

Fiasticisers - Two types.

Chamical Plasticizers - which effect the crude rubber
and make them more workatiz by cutting the chain
length. Thiszs type of plasticizer has little effect
on the vulcanized product.

Physical Plasticizers - which effect both the raw
aid vulcanized rubber. This type of plasticity
lupricatea the rubbers sc the chains slide past each
otaer. They do not chemically join with the rubber
and are not driven out during vulcanization. In

the cured rubber they give softer (less hard} and
more elastic rubdder with reduced strength. With
this type of plasticizer, it is most important that
the sclubility be Getermined againet shatever media
the final product is to be used. Another point to
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be srmmhasized with physical plestioizers is that they
nu3t o2 non-toxic. The physicel plasticizers are
ccumonly imevn as softeasrs. SBR and NBR stocks will
ude moTe plasticizers than will natural rubber.

Erterdars ~ Are astually physical plasticizers but

the main function 15 to cut the cost of the stock.

iDilute the rubber). These are not used in this
sense in "Fluld-Tite" rings.

Ant {-Oxidants and Anti-Ozinants - In the previous

discussion it wvas pointed cut that the double bands
in ths molegular chain were important. These double
bonds a2re the weakest part of the chain as they are
mest active chemically. A chain that contains many
double bonds reedily reacts with the oaxygen and ozons
leading to the dezradaticn of rubber. Oxygen deter~
icration {3 the more comon of the two typee of ate
tack and will be deseribed briefly, remsabering the
szone attack is similar except the rubber must be
stretched for ozscne to attack. Depending on the
sompound, oxygen attack will work in two weays. In
catural rubber, tho oxyzen attask will decrease the
tersiis, elomgation, flexibility and hardneess. If
the z2ttank is severe, the end result may bde rubber
scus. In SER the “:zn3ile, elongation, flexidility
are decoreasaed =s hardness inareéses giving a brittle
product. In NBR the tensile and hardimess inorease
while elongation and flex decreases. This also gives
a brittle produst. 7The promoterse of oxygen are heat
{almost always associated with oxygen attack) and
light. Heat inereases the oxygen attack dy sreating
more doudle bonds in the rubber. Oxygen attacks the
doudble bonds antd oreates free radicals. The free
radicals, in turn, rezot with the rubber molecules
to give more double borxs and the process repeats.
Oxygen attack accelerates one it starés. Antl-
oxidants reast with the free redicals to form a harm-
less by-produst, thus stopping the eycle. In some
cases they offer the oxygen & wore active material
than the double band of the rudbdber molecule. This
ties up the oxygen and prevents further attack.

The main difference between oxygen (0,) and ozons
(035 attack 13 that ctone attack will only affeet
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rubber uvnder tensicn., The ozcae attack is alinays
characterized by severa crackirz. Antl-czants pre-
vent ozone attaek dy amlgrating to the surface ard
reacting with the ozone to fornm & harmless by-
product. In some gazes, waxes are used which form
a barrier to the rutber. If the wax becomes
cracked, the ozone attacks repidly.

f. Reintora%.gg Agonts - Reinforoing egents are used in
the rubber compound to glve strength to the com-

pound and in many cases desired compressicn set
characteristiass. 7They are also extrenely important
for zbrasion resistance. The primary reinforeing
agent is Carbon Blank. The story and chemistry of
carbon: black iz as fascinating and oomplex zs is
rudber itself. There are many types of earbon blask
and methods of manufacture much too long 2™ in-
volved to go into here. The more common carbon
blacks are Furnace Blacks, Channel Black, and Thermal
Blacks, each type bdlack having individusl charecter-
istiss to impart to the rudber. The particle sice,
the pH and the struoture (single particles cr chain)
are the nost important properties of ocarbon blaak.
The carbon black gives strength to the rudbber, regu-
lates ccapréeesion sst, inoreases hardness, reduces
elongation, increases abrasion resistance ard tear

strength.

PMllers - Pillers are used in rubber to (1) scme-
times a3 a coloring agent, {(2) primarily to reduce
cost. Fillers have come effact on gertain proper-
ties of the finished compound; 1.e. hardness, but
in genesral do not have a pronounced effect.

Fillers used with rubber are clay, silicas, whit-
ings, misa, cork, masbestos, zinc oxide, and many
more too numerous to mention.

All the irgredients neczasary to maks rubber rings
are now present, The raw stock (naturel rubbder,

SBER or NBR, plastisizers, sulfur, reinforcing agent
filler, ascelerators, znti-ozonants and anti-cxidants.

These materials ars all combined {in their proper
amounts in a nixer - Bandury), thoroughly mixed
{very important), sheeted, extruded into a round
cross saction, solor coded; pladed into a compres-
sicn mold and vuloanized.
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Vulecanigzation

The vulcanizaticn is the most impertant step in the manu-
facture of any rubber article, for no mztter how well the
formula irecire) has been made and mixsd, how good the
raw rubber is, it is all for nought if the vulcanization
is not right.

Vulcanization is named after the Rcman God Vulcan, the
ged of fire, who vas also supposed to be familiar with
sulfur. Teday definition of vulcanization is &ny treat-
ment that decreases the plasticity of the rubber at the
sape tire maintaining ites elastioeity.

What is believed to happen in vulcanization is that croes
linis occur 8t points in the rubber molecule (at some of
the doudle bords). In the provicus amalogy of the rubber
polymer being like a linited chain, each chain was separate
to itself. After vulecanizaticn these chains &re croes
linked to esch other at regular intervals. Another analogy
i8 the unsured rubber i3 like two lengths of rope. After
vulcanization the ropes ere joined so that a rope ladder
sesults., This prevents movement in all directions but does
not 1imit stretel in the original dirsction more than pre-«
viously. The more sulfur présent the more croes linking
and the harder the rubber. Vuleanizaticn is acseozplished
by tims and temperature.

The proper, or optimm, cure for & given ¢compound is deter~
mired in the labomatory. 7This s usually eccomplished by
curing the compound at differznt lengths of time and at
different temparatures. Sgecimens are taken from these
different curcd compounds and tests run on then., Froa
these tests the opiimum oura 1s detsmmined. The most com~
mon test used for this purpose is the bdest tensile strength
plotted against ths modulus at 300% elongation (Modulus is
pounds rejuired to stretch the compound to the desired
elengaticn). In many cases, howsver, the laboratory will
use the tast that 43 most critical for the emd use function
of the praduct to determine cpiimum oure; in the case of
Fluid-Tite"” rinzs, the compression set test. In other
words the proper temperature and length of time at that
temperature to glve the lowest compression set is deter-
zingd. It ia in vulecanizaticn that accolerators are neces-~
sary. They act 2s a catalyst to the sulfur linkage and
Zreatly rsduee the time cycle. Tha average tempereature
tor vulcanization 1s 280 P. for 20 minutes in the cass of
rubber rings. O0f ocoursa these times wn% vary between MR,
SER and ; with NBR beirg the longest (25 minutes) and
SBR the shortest (15 minutea). In some cases the time
will be reduced by increasing the temperature.
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The two main dangers of vulcanization are overcure and
undercure. Overcure ray be shown ln two ways for SBR
and MBR. Gnz hardness inereases, the mcdulus irncreasés,
the tensile and elongation drop off. In MR the rubbdber
raeverts to its original properties, lower hardness, mod-
ulus ard tensile anG higher elongesicn. For this reason
i: is dcsirable $o obtain cures that have a long plateau;

what 19, when the compound reaches 1ts maximum cure it
©ill mainzain these properties even though the tempera-
ture may oe held for addltioral lengths of time, When
the compound is undercured, it leaves the finished pro-
duct with properties somswhers between the raw state and
the desired level, The aging characteristics are par-
ticularly poor in underctured compounds.

Sggcif;cat;ons

After the "Fluld-Tite" rings ere esursd and trimmed (getting
rid of excess flashing), there must teo assurances that they
%11l perform satisfastorily the purpose intended. These
assurances ara odbtained by meens of speeifications. Speeifi-
cations a2ro designed so that the properties delieved to bde
neeessary for a ring to satisfactorily perform the sorvice
intendesd are put forth and the methods of testing to mke gure
these rcquirementa are met.

-

There are tuo mein specifications governing "Fluid-Tite" rings:.

{1} AstH Specirication D 1869-63T ~- "Rubber Rings for Asbestos
Ceuent Pipe"

{2} CPC Purchase Spsoification No. 503 -- "Fluld-Tite" Rings.

Since 2ll the requirsments of ASTM C 1869-63T arv ineluded in
CPC No. 5C3, only tha latter will te discussed.

Yhe more important ¢ests and the reasons for having them are
given., It should be pointed out that vhersver possible ASTM
Test Methods are used 2s this gives the produser snf consurer
common groundz on which to compars results., Also thess test
methods are time tostzd and under the vigllance of some of
the best rudber men in the country. Tha tests are:

A. Tests

{1} Tenslle Strength - The tersile strength is determined
on specimensg taken from the finiahod rings. l‘hu
test 18 eonducted on the specimens "as rcce:vaﬂ sand
afger oven agzing. The tensile strangth on the "as
received" speoimens is to determine 1f the rings were
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made from a high quality rew rubber. The test on

the aged specimens is an indication of how the rinzgs
will hold up in usage. (It should be emphasized that
the service conditions of coolness, dariness, and
moistiess are ideal eonditions for rubber rings). The
test after aging is 2lso an indlication that the rings -
were properly cured.

Elongation - This test determines the elasticity of

the rubdber compound. How far i1t will stretch tefore
breeking. This test is conducted at the game time

cn the same specimens 2s the tensile strength test,

on both the "as received" and aged state. When the
results of this test are used in conjunntion with the
results of the tensile strength test, it 4s an excel-
lent irndication of cure. For instance; a low tensile
arnd high elongation of & naturel rubber compound would
indicate either over or undercure (improper cure). On
the other hand a high tensile and low elongation on

an NBR compourd would indieate an overcure. A low
tensile and low elongation on an SER compourd would in-
diocate overcure vhile & low tensile and high elongation
would indicate undorcurs. These tests are also valuadle
in indicating the uniformity of the rings from shipment
to shipment.

Modulus at 300% Elongation - This gives an indicatian
of the "nerve" of the stock. In practical applisation
a high modulus §1hc. 40 stretoh the rubber 300% of 1its
original length) would indicate very hard asaemdbly ef-
fort. A low ncdulus would indicate a weak compound
and danger of blowecut. -

gardmu = Performed on the rings and specimens in the
28 received” and after sging eondition. When per-
formed on the rings “as received”, it is a control test
that determirss the uniformity of the rings froa ship-
ment to shipment and also that the rings are within
hardness limits of what is knowm to perform satisfas-
torily in service. When performed on rings and s i~
méns after aging (exposure to both heat and water), it
18 an indication of how thé ring will "stand up” upon
exposure and in service. Excessive changes in hard-
ness on aged rings or specimens would cause investiga-
tion of the compound. The excessive change in hardness
would not necessarily point out the cause, but show
that somethlng is wrong.
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The hardress test 18 by use of a durcaeter and is the
measure of the resistance to the indentor point pene-
tration by the rubber.

Compressaion Set - This is the most important test run
on the "Fluid-Tite" ring. This test determinss that
vhen the ring 1s confined in the pipe and coupling,

it will continue to exert pressure against both the
Pire and coupling groove. Compression set measures
the amount ol permanent set the ring will take. Know-
ing the dimensions of the pipe, coupling, and ring
and the amount of permanent set, it can easily be de-~
ternined whether the ring will continue to exert pres-
sure or not,

Water Immersicn ~ This test is oonducted at elevated
teuperatures and is an aging test. This test deter-
mines if the oompound will break down in water. There
are dangers in this test as some material could bdbe
taken from the compound and replaced with wvater. The
change would be hard to detest.

Shrinkage--not ASTM - This test 13 also a water immer-
sion test with a drying process added. The whole ring
is used and the shenge in dimensions recorded. This
is a very severe but very necessary test to avoid the
possibility of ring shrinkage in serviece.

Ozone Resistance - This test determines the resistance
of the rubber to ozone 2attack. In effect it is to de-
termine if sufficient anti-ozinant is preseut in the
oompourd

Low Temperature Flexibility - This is to determine that
the rings oay be used in ¢old weathsr without breaking

or cracking.

011 Immersion = NER Only. This test is to determime
whether aliphatio cils or solvents (primerily petro-
leun) will czuse +he MNER ccapound to swell or lose its
physical properties to the point where it would be use-
less.

Assembly EBffort<-not ASTM - Zhis test is eandusted on
finisred rings at room tempersture a2nd 2t 10°®. Tas

tast cetormined the amount of force necessary to as-

semble a pipe arnd coupling. The test is performsd
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.using standard pipe and toupling and measuring the
foroe recesssary to assemble them. A very high as-
sembly effort would indicate an unsuitable compound
as it might lead to forcing the ring out of the coup-
ling groove rather than compress it. The low temper-
ature (10°F) is important for the same faot.

The standard aging temperatures and time for NR and SBR
compounds for the tensile straongth and elongation tests
are 158°F for 168 hrs. The compression st test is con-
ducted on specimens from finished rirgs coupressed 50%
and exposed to 158°F temperature for 22 hrs.

The standard aging temperature ard time for NER ccapounds
for the tensile strangth and elongetiocn testa are 212°P
for 70 hours. The cemprosaion set test is corducted on
specimens from finishsd rings coumpressed S50% and exposed
to 212°F for 22 hrs. -

The 2ter immersion test on all compounds 1s condusted at
210°F for 21 days. The shrinkage test on all ecmpounds

is sudbmerzed in tap water at room tempereture for 168 hre.
followed by drying in an oven at 158°FP for 168 hours.

The test requiremsnts of "Fluid-Tite" rings are severe in
order to mintain high quality rings, however it is cmowm
that no specification is perfest and that a great deal of
the sueccesz of "Fluld-Titd" rings depend on the integrity
of the supplier arnd the knowledge of tho compounder. CPC
is fortunate in having suppliers that have both these muwh
needed atitributes.

Presently CPC uses two types of compounds for "Pluid-Tite"
2;?: MR, natural rubder, and KBR - Buna N or oll resis-

The ratural rubber is used in most rings as the NER is
not in as mush dewmand. MNetural rubber is used bocause it
!lf'xn the bset properties necessary for suscessful usege of
Fluid-Ti%a" rings. The drawbacks of naturel rubber are
low tempasrature rang it should not be used pipelines
aubjeoted to over 120°P, over an extended time), and the
anti-czZonant andd anti-oxident properties must be added to
the sompound.
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MBR .Zina H) compound is rmore expensive and is, there-

only vsed in lines where oils might be present. This

md ac encellent Inroperties, 1ts main drawvback being
very aifficult to add antl-oszonants to it bde-

cor.;patibility problem,

not tezn uszd mainly becsuse the nacurel rudbber
n vlentiful ard has done an excellent Job.
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s ¢can te seen, the enemics of rubber are light and hea?.
e "':‘.ngs a:-e paclzed in cartons amd stcred in e cool place

conduc*m to long life for the rubber compound.

In the future, as oore and more new polymers are being de-
veloned, 1t is hoped thet a single ring can be developed
that w1ll be oll resistant, have reasonable cost, will be
able %to withstand 300°P. temperature, have natural anti-
oxid2nt and anti-ozonant properties and havae compression
set propartics even better than the present.

Rubder gashiets installed over 100 years ago are still perform-
ing satisfactorily in Burops and England. With the wany im-
proverents in manufasturing methods, refinementste machinery,
end the rapidly advancing new polymers sinsce that time, there
is every reascn to believe arnd expect an even longer life fronm
the present day "Fluid-Tite" gaskets.

It is howed tris paper leads to a better understanding of the
use, prodertlies and problezs ssoeiatoad with rubber rings ard
3 proalse of even betisr rings in the days to come. :
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