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WATERPROOFING GILSONITE

Generic Data

Product Name Natural Asphalt

Chemical Name Gilsonite

CAS Number 12002-43-6

Main Use Additive for Bituminous Waterproofing Compounds

Registration Number | N/A (pre-registered as 601-660-8 on 30/11/2008)
Index 67/548/EEC N/A

REACH Not subject to REACH

HS Code 27.14.90.00

Description: Gilsonite is mined in underground shafts and resembles shiny, black substance similar in appearance
as the mineral Obsidian. It is brittle and usually micronized into dark brown powder. It is mainly composed of
asphaltenes; thus, Gilsonite Is classified as a Natural Asphalt.

Applications and Use: as additive in bituminous compounds. Thanks to the identical chemical composition
(predominantly asphaltenes) the product is easily blended with the bitumen without altering its characteristics, but
raising the softening point and decreasing the penetration. The final product will have a greater resistance to wear
and pressure. Thanks to its lower price compared to the bitumen, it also brings an economic benefit without
detriment to quality. According to the data in our possession, the product can replace, depending on the type of
bitumen used and the resistance to the cold of the final product, up to 1% of the content of SBS and up to 8% of
bitumen content.

Technical Specifications

TEST Unit | min | max Method
Ash wt% 15 20 ASTM D-174
Solubility in CS2 | wt% 85 95 ASTM-D4
Moisture wt% 1 3 ASTM D-173
Volatiles wt% 60 70 ASTM-D175
Fixed Carbon wt% 20 30 ASTM-D172
Softening Point °C 170 | 200 ASTM D-36
Flash Point °C 350 | 420 | Clevenland Open Cup
Specific Gravity | g/lt | 1,01 | 1,10 ASTM-D3289
Particle Size mesh | 80 100 Tyler

Packaging. In anonymous 25 kg polyethilene meltable bags, palletized and shrink wrapped. Tolerance in weight:
+2%. Certificate of fumigation is provided.

Loading Table

Loading Table (in metric tons) In 20" FCL In 40" FCL In Truck

g From To From To From To
Palletized 12 14 21 25 21 53
In Jumbo Bags 15 17 24 26
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Physical/Chemical Specification

SOLUBILITY

Chemical Group

Component Soluble

Aliphatic Hydrocarbons

VM&P Naphtha YES

Mineral Spirits YES

Solvents with KB YES

Aromatic Hydrocarbons All YES
Alcohols All NO
Chlorinated Hydrocarbons All YES
Esters Methyl Acetate NO

---- Ethyl Acetate Slight
---- n-Butyl Acetate Slight

Glycols All NO
Glycol Ethers All NO
Glycol Ether Esters All NO
Ketones Acetone NO

o MEK NO

-——- MIBK NO

Other Solvents Carbon Disulfide YES
- Carbon Tetrachloride| YES

Adhesive Capacity
Coating System Adesivity Coating System Adesivity
Natural rubber FAIR Ethylene/vinyl acetate GOOD
Cellulose esters POOR SBS rubber EXCELLENT
Phenolic GOOD Polychloroprene rubber EXCELLENT
Resorcinol formaldehyde FAIR Nitrile rubber FAIR
Urea formaldehyde GOOD Butyl rubber/polyisobutylene GOOD
Melamine formaldehyde GOOD Silicone GOOD
Alkyd GOOD Polyurethane FAIR
Epoxy FAIR Vinyl ethers GOOD
Polyurethane FAIR Resinates GOOD
Acrylic FAIR Resin modified EXCELLENT
Unsaturated polyester FAIR C9 aromatic GOOD
Polyaromatic GOOD DCPD EXCELLENT
Acrylic acid diester POOR Terpene EXCELLENT
Polyvinyl acetate FAIR Terpene phenolic GOOD
Polyvinyl alcohol FAIR Phenolic modified GOOD
Polyvinyl chloride GOOD maleic-fumaric modified EXCELLENT
Acrylic FAIR Alkyd GOOD
Polyamide POOR Shellac POOR
Phenoxy POOR
Standards ASTMD36-95 ed UNI EN 1426
Miscellaneous: For any other information please refer to MSDS
***END OF DOCUMENT***
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EXAMPLE OF GILSONITE USE
IN WATERPROOFING MEMBRANES MANUFACTURING

SUMMARY

Gilsonite is the best material to mix with bitumen and make composite roof insulation sheets for roofing and
isolation with high flexibility and cheap price.

Gilsonite is used in roofing materials primarily as an agent to lower the penetration of petroleum asphalt
without aging or oxidizing the base asphalt. Lowering the penetration of the base asphalt in this way allows the
base asphalt to maintain some of its flexibility while at the same time maximizing the asphalt's ability to withstand
high temperatures without softening. Gilsonite is also used as a modifier to reach roofing specifications when air-
blowing facilities are not available.

Gilsonite is also used by a number of manufacturers producing patching materials for roofing. Gilsonite is used
to modify the patching materials and is distributed in containers to retail customers. Using Gilsonite as a modifier
allows the product to remain pliable until applied, after which it permanently attaches to the treated surface.

In this document we will show one of the multiple way to produce membranes by using gilsonite as additive to
improve the quality and resistance of the product.

Here is a summary of what we’ll describe in detail in this file:

1) Formula:
BITUMEN 100 parts
IONOMERIC ELASTOMER (SEPDM) 4 to 25 parts
EXTENDER OIL 40 to 90 parts
GILSONITE 1to 10 parts
CALCIUM CARBONATE As filler

2) Benefits of use of gilsonite:

e Increase of shear strength of membrane

e Increase flow resistance of membrane

e Low temperature flexibility is preserved if gilsonite is added in low quantity (around 5/7%)

e High temperature (in case of roof application) will not affect the membrane

e Decrease the tendency of the product to flow, e.g. on
sloped roofs, and prevents localized displacement of
the adhesive, e.g. due to foot traffic or the weight of
overlying ballast.

e Helps to minimize thermally induced movement of
these membranes when adhered to the rooftop
substrate

e The combination of low temperature flexibility and high
temperature shear strength and flow resistance is
particularly desirable in adhesives intended for use in
roofing.
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PRELIMINARY CONSIDERATIONS

This formula relates to pressure sensitive bitumen-based adhesives which are adapted to provide increased
shear strength and flow resistance at the elevated temperatures often encountered in roofing applications. The
formula also relates to self-adherable waterproofing membranes comprising the adhesive compositions of this
formula.

Compositions containing a mixture or blend of a bitumen, oil, and certain rubbers (usually styrene-butadiene
rubbers) have been used as pressure sensitive adhesives in waterproofing applications. (For the sake of easy
reference and brevity, these bitumen-oil-rubber adhesives are referred to hereinafter simply as "bitumen-based
adhesives".) Generally, the bitumen-based adhesives are capable of being formed into pressure sensitive adhesive
layers which can be adhered to a substrate at ambient temperature to provide a waterproofing covering. Although
these layers can be self supporting and thus not require a permanently adhered support or carrier, the commercial
products employing such layers generally have included a support layer to which one face of the pressure sensitive
adhesive layer is adhered. Typical of the support layers which have been used are polymeric sheets, e.g.
polyethylene, polypropylene, polyvinylchloride, polyvinyl fluoride and polyethylene terephthalate sheets and
various woven or non-woven backings.

Membranes comprising a waterproofing adhesive layer of a bitumen-based adhesive have been widely used in
roofing applications, i.e., as self adherable roofing membranes applied to a roof deck substrate, as below grade
waterproofing coverings, e.g., in waterproofing concrete foundations, plaza decks, bridge decks, and in pipe
wrapping applications. The bitumen-based adhesive layer provides a fully adhered waterproof layer which is self
sealing and provides excellent waterproofing protection, this being in addition to the waterproofing protection
provided by any support layer which might be used.

Although the waterproofing roofing membranes comprising these adhesives have heretofore been capable of
application to a substrate under a wide variety of conditions, it has generally been required that the temperature
of the substrate to which the membrane or, more specifically, the adhesive layer is to be applied is at least about
5°C. This limitation is primarily due to an insufficient degree of adhesiveness or "tack" at temperatures below
about 5°C. Thus, application of these membranes has been restricted on a seasonal basis in the more northern
climates.

The tack of bitumen-based adhesives tends to increase as the proportion of rubber is decreased or as the
proportion of oil is _increased. However, as a practical matter, neither of these options has proven to be a
satisfactory means of improving the low temperature tack of the adhesive. Lowering the rubber content to the
degree necessary to attain a significant increase in low temperature tack has resulted in an unacceptable decrease
in_the cohesive strength of the adhesive. This, in turn, has adversely affected the shear strength and flow
resistance of the adhesive, particularly at higher temperatures of use. In addition, decreasing the rubber content
has generally had an adverse affect on the flexibility of the adhesive. This can be especially troublesome at lower
temperatures of use, e.g., from the standpoint of having sufficient flexibility to permit satisfactory performance
while adhered to a substrate at very low temperatures, e.g., about -30°C or less, the adhesive layer having a
greater tendency to crack due to embrittlement at these low temperatures.

Increasing the oil content to a degree sufficient to improve low temperature tack to a significant degree also
results in unacceptable decreases in the cohesive strength of the adhesive, thus creating much the same problems
at high temperatures as are encountered in lowering the rubber content.

The above considerations are especially important in the case of bitumen-based adhesives intended for use in
roofing membranes as opposed, for example, to below grade waterproofing applications. In general, roofing
membranes are subjected to the fullest extremes of temperature for a given climate. At the low temperatures of
the roofing environment, e.g., down to <-30°C, the maintenance of flexibility is important for minimizing
embrittlement of the adhesive and resultant cracking due to foot traffic or other stresses to which the adhesive
layer may be subjected. At the typical high temperatures of the rooftop environment, e.g. 60°C or higher,
maintenance of high temperature flow resistance and shear strength is important for preventing flow of the
adhesive e.g., on sloped roofs, and for preventing localized displacement of the adhesive, e.g., due to foot traffic or
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the weight of overlying ballast. Thus, the combination of low temperature flexibility and high temperature shear
strength and flow resistance is particularly desirable in adhesives intended for use in roofing. In view of the
adverse effect on these properties resulting from the aforementioned adjustments of oil and rubber content, such
adjustments is proven to be particularly unsatisfactory as a means of improving the low temperature tack of
bitumen-based roofing adhesives.

Bitumen-based adhesives comprising bitumen, oil, and an ionomeric elastomer can be formulated to provide
significantly improved low temperature tack without undue adverse effect on the low temperature flexibility or
high temperature shear strength or flow resistance of the adhesive. The ionomeric elastomer serves as a rubber
component of these adhesives which effectively replaces part or all of the conventional rubbers (usually styrene-
butadiene copolymers) heretofore used. It was found that ionomeric elastomers could be incorporated into these
compositions in much lower proportional amounts than the previously used rubbers, thereby providing a
significant improvement in the low temperature tack of the adhesive, and that the resultant adhesive composition
could be modified, as necessary, to achieve desired low temperature flexibility or high temperature shear strength
and flow resistance.

The present formula is directed to adhesive compositions of the type disclosed in the aforementioned
application which are modified by the incorporation of an additional component which increases the high
temperature shear strength and flow resistance to levels desired for roofing applications while maintaining the
improved low temperature tack of the adhesive and its low temperature flexibility.

FORMULA

According to this formula, it has been discovered that the addition of gilsonite to the bitumen-based adhesives
of the aforementioned application increases the shear strength and flow resistance of the adhesive. More
particularly, it has been found that gilsonite can be used to provide substantial increases in these properties at the
relatively high temperatures encountered in rooftop applications. It has also been discovered that this degree of
improvement can be attained with the use of relatively small amounts of gilsonite and that such small amounts
allow the low temperature flexibility of the adhesive to be maintained at a satisfactory level. The resultant
adhesives are thus especially well adapted for use in roofing applications, and particularly for use in roofing
applications as self-adherable waterproofing layers which are to be subjected to the greater extremes of
temperature typically encountered in such applications.

The formula is accordingly directed to adhesive compositions which comprise bitumen, oil, an ionomeric
elastomer, and a naturally occuring or synthetic gilsonite. In a preferred embodiment, the adhesives of this
formula comprise about 0.5 to about 10 parts by weight of gilsonite per 100 parts by weight of bitumen.

The present formula is also directed to waterproofing membranes comprising the adhesives of this formula.
The membranes may comprise the adhesive as an integral, monolithic layer without a support per se, although it
may include are enforcement such as a scrim material partially or fully embedded in the adhesive layer. Preferably,
the membranes comprise the adhesive layer and a support layer which is either directly adhered to the adhesive
layer or indirectly adhered to the adhesive layer, e.g., through one or more intermediate layers.

DETAILED DESCRIPTION
Gilsonite is a commercially available mineral which is sometimes referred to as uintaite. It is comprised of at
least 50% by weight of asphaltenes and has a nominal melting point in the range of 160°C to 220°C.

The term Bitumen is used herein in a broad context to refer to the solid or semi-solid residue obtained on the
removal of the volatile components from crude oil, either by natural processes or distillation of the crude oil,
inclusive of those materials which are commonly referred to "asphalts" (i.e., naturally occurring or manufactured
bitumen or asphalt). Further, for the sake of brevity and convenience, the term "bitumen" is meant also to refer to
tars and pitches, these being at least bituminous materials if not "true" bitumens. In general, the adhesives of this
formula will utilize the manufactured bitumens or asphalts obtained as crude oil distillation residues.
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The present formula relates to pressure sensitive adhesive compositions comprising bitumen, oil, an
ionomeric elastomer, and gilsonite. As indicated above, the incorporation of gilsonite into such compositions
increases the shear strength and flow resistance of the composition. In particular, it has been discovered that the
gilsonite can result in substantial increases in these properties at the higher temperatures typically encountered
in roofing applications. Thus, while the present compositions can be used as pressure sensitive adhesives and
waterproofing materials in a variety of applications, they are of particular interest for use as self-adherent
waterproofing layers in roofing. Generally, the adhesive layer is incorporated into a waterproofing membrane
construction comprising this layer and a support sheet or material (carrier), e.g. a scrim material or plastic sheet,
adhered to one surface of the adhesive layer. The increased shear strength and flow resistance provided by the
gilsonite at the higher temperatures of the rooftop environment is advantageous in helping to minimize
thermally induced movement of these membranes when adhered to the rooftop substrate. This improvement in
properties is also advantageous in that the adhesive layer, which generally has a thickness of about 10 to 100 mils,
has a decreased tendency to undergo localized displacement at the high rooftop temperatures, e.g., due to foot
traffic or the weight of overlaying ballast, or to flow due to a slope in the roof surface. The adhesive layers of this
formula are thus better able to maintain a uniform thickness and provide a more reliable waterproofing barrier.

The Gilsonite may be incorporated into the compositions of this formula in any suitable amount, as necessary
to provide desired physical properties in the composition. The preferred compositions of this formula comprise
about 0.5 to 10 parts by weight of gilsonite, more preferably about 1 to 5 parts by weight of gilsonite, per 100
parts by weight of bitumen. Although the shear strength and flow resistance afforded by the addition of gilsonite
can vary depending on the particular composition, gilsonite concentrations within the preferred range generally
provide sufficient improvement in these properties to substantially upgrade the performance of the adhesive at
the relatively high rooftop temperatures, e.g., in the range of 50°C to 70°C. Gilsonite concentrations in excess of
about 10 parts by weight per 100 parts by weight of bitumen may be used to provide even higher shear strength
and flow resistance. However, such concentrations have generally proven to have an adverse effect on the
flexibility characteristics of the adhesive. Preferred bitumen-based adhesives of that application are those
comprising a bitumen which combines a penetration of at least about 25 dmm. at 5°C., as measured according to
the procedure set forth in ASTM D-5, with a Ring and Ball softening point of at least about 80°C, as measured
according to the procedure set forth in ASTM D-36.

The use of such bitumen results in compositions having a high degree of flexibility at the lower temperatures
encountered in roofing applications, e.g., as low as -30°C, thus minimizing embrittlement of the adhesive layer and
resultant cracking when subjected to foot traffic and other stresses at such low temperatures. Such bitumen are
also preferred for use in the present compositions in order to provide similar low temperature flexibility. However,
it has been found that gilsonite concentrations in excess of about 10 parts by weight per 100 parts by weight of
bitumen generally result in a substantial decrease in the low temperature flexibility imparted by such bitumen,
such that gilsonite concentrations below this level are generally preferred. Gilsonite concentrations of less than
about 5 parts by weight per 100 parts by weight of bitumen are even more preferred in order to attain optimal
flexibility.

The ratio of bitumen: oil: ionomeric elastomer: gilsonite can be varied as necessary to attain desired properties.
Generally, the compositions of this formula comprise about 1 to 50, more preferably about 4 to 25 parts by weight
of ionomeric elastomer per 100 parts by weight of bitumen, about 10 to 130, more preferably about 40 to 90,
parts by weight of oil per 100 parts by weight of bitumen, and about 0.5 to 10, more preferably about 1 to 5, parts
by weight of gilsonite per 100 parts by weight of bitumen. Particularly preferred compositions are those
comprising about 6 to 15 parts by weight of ionomeric elastomer, about 50 to 80 parts by weight of oil, and about
1to 5 parts by weight of gilsonite, per 100 parts by weight of bitumen.
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The ionomeric elastomer serves as a rubber component of the compositions of this formula and, in effect, fully
or partially replaces the conventional rubbers (usually styrene-butadiene copolymers) heretofore used in bitumen
based adhesives. Ithas been found that ionomeric elastomers can be incorporated into the present compositions in
much lower proportional amounts than the previously used rubbers, thereby providing a significant improvement
in the low temperature tack of the adhesive.

Thus, it is preferred to employ less than about 15% by weight of the ionomeric elastomer, based on the total
weight of the bitumen, oil, elastomer, and gilsonite. Generally, an elastomer content below about 10% by weight is
required for purposesof providing desired improvements in low temperature tack. An even more preferred level is
less than about 8% by weight and generally the ionomeric elastomer is employed at a weight concentration range
of about 3% to about 8%, based on the total weight of the bitumen, oil, elastomer, and gilsonite.

SPECIFICATIONS OF MATERIALS

1 BITUMEN

Bitumen is commonly classified by penetration grade (ASTM D-5) Ring and Ball softening point (ASTM D-36).
Any bitumen suitable to provide desired physical properties may be used in the present compositions. However, as
disclosed above, it is preferred to use bitumen which combine a penetration of at least about 25 dmm. at 5°C with
a Ring and Ball softening point of at least about 80°C. Preferably the softening point of the bitumen is in the range
of about 100°C to 110°C.

2 Ol

The oil component of the present compositions, as in all bitumen-oil-rubber adhesives, serves as a plasticizer
for the bitumen, a processing aid, e.g., in facilitating dissolution of the rubber component or ionomeric elastomer
in the bitumen, or as a bitumen modifier, e.g., to increase the tack of the bitumen. Any oil serving one or more of
these functions may be employed in the present compositions and, in general, any of the various oils used in prior
bitumen-based adhesives, commonly referred to as "extender oils" can be used in the present compositions.
These oils are generally classified as either naphthenic, aromatic, or paraffinic, with the aromatic oils being
preferred for use in this formula.

It should be understood that bitumen may include a naturally occurring oil component and that this oil
component can vary in type and amount as a function of the source of the bitumen and method of manufacture.
The oil component of the present composition is to be distinguished from these naturally occurring bitumen oils.
Thus, the oil component of this formula is a separate additive oil or mixture of additive oils which is incorporated
into the bitumen-based adhesive composition as part of its manufacture and provides one or more of the above
described functions. Consistent with this, any quantities or proportions of oil presented herein refer to the
qguantity of this added ingredient oil only, and are thus exclusive of any naturally occurring oil contained in the
bitumen. Similarly, any quantities or proportions of bitumen presented herein refer to the bitumen as
manufactured or naturally occurring and thus are inclusive of any naturally occurring oil in the bitumen.

3 IONOMERIC ELASTOMER

As used herein, the term "ionomeric elastomer" refers to any of the elastomeric polymers which contain ionic
groups pendant to the polymer backbone and which can be cross-linked by ionic bonding between these groups. A
matrix of an ionomeric elastomer will contain micro phase-separated ionic domains formed by aggregation of the
pendant ionic groups and it is within these ionic aggregates or domains that the ionic cross-linking is effected.
Thus, the ionomeric elastomers contain at least the minimum amount of pendant ionic groups which is sufficient
to permit the formation of these ionic aggregates in the pure polymer matrix. Normally, the ionomeric elastomers
contain at least about 0.1 mole percent ionic groups, i.e., at least about 1pendant ionic group per 1000 monomer
repeat units, and preferably at least about 1 mole percent. The ionic groups should not, however, be present in
amounts which make the polymer water soluble. Such amounts will vary depending on the nature of the polymer
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backbone and the particular ionic group or groups present. Normally, a satisfactory upper level of ionic group
content is less than about 30 mole percent.

The ionomeric elastomers may comprise pendant carboxylic, sulfonic, or phosphonic acid groups. They are
normally prepared by incorporating the acid group into an olefinically unsaturated elastomer with an acid group
producing reactant or by co-polymerization of nonionic monomers with ionic group containing monomers.

The olefinically unsaturated elastomers from which the ionomeric polymers may be derived include butyl
rubber, halogenated butyl rubber, ethylene-propylene-diene terpolymers, styrene-butadiene rubbers,
polybutadiene, polyisoprene, natural rubber, and various other elastomers containing either high or low olefinic
unsaturation.

After incorporation of an appropriate acid group or groups into the elastomer, the acid groups are at least
partially neutralized with cations such as metal or amine cations to ionically cross-link the polymer. The metal ions
are normally mono-,di- or trivalent ions of metals of Groups I, Il, Ill, IV-A and VIl of the Periodic Table of Chemical
Elements. Suitable monovalent metal cations include sodium, potassium, lithium, cesium, silver, mercury, and
copper in its monovalent state. Divalent metal cations which are suitable include ions of beryllium, magnesium,
calcium, strontium, barium, cadmium, copper, mercury, tin, lead, iron, cobalt, nickel, zinc, and the like. Suitable
trivalent metal cations include aluminum, iron, and the like. The preferred metals are zinc and the alkali metals.
More than one metal ion can be employed in the formation of the neutralized ionomeric elastomer and
combinations of metal ions may be preferred under certain applications.

The partially or completely neutralized sulfonated ionomeric elastomers are preferred for use in this formula.
Particularly preferred are the partially or completely neutralized sulfonated ethylene-propylene-diene (EPDM)
terpolymers, hereinafter referred to as "SEPDM" elastomers. SEPDM elastomers are derived by sulfonation of at
least some of the olefinic unsaturation sites of elastomeric EPDM base polymers.

With regard to the base polymer, the term "EPDM" is used herein in the sense of its definition as found in
ASTM-D-1418-64 and is intended to mean a terpolymer containing ethylene and propylene in the backbone and a
diene in the side chain. The preferred EPDM polymers contain about 45 to about 80 weight percent ethylene and
about 2 to about 10 weight percent of a diene monomer, the balance of the polymer being propylene. The diene
monomer is preferably a non-conjugated diene. lllustrative of the non-conjugated diene monomers which may be
used in the terpolymer EPDM are hexadiene, dicyclopentadiene, 5-ethylidene-2-norbornene, 5-methylene-2-
norbornene, 5-propenyl-2-norbornene, and methyl tetrahydroindene. The base EPDM terpolymers useful in
preparing the sulfonated ionomers usually have a number average molecular weight (Mn) as measured by GPC of
about 10,000 to about 200,000 more preferably about 15,000 to about 100,000, for example, about 20,000 to
about 60,000. The Mooney viscosity (ML, 1+8, 100° C.) of the EPDM terpolymer is usually about 5 to about 60,
preferably about 10 to about 50, for example, about 15 to about 40. The Mv as measured by GPC of the EPDM
terpolymer is preferably below about 350,000 and more preferably below about 300,000. The Mw as measured by
GPC of the EPDM terpolymer is preferably below about 500,000 and more preferably below about 350,000. A
typical EPDM commercially available is a terpolymer having a Mooney viscosity (ML, 1+8, 100°C.) of about 40 and
having an ethylene content of about 40 weight percent and a5-ethylidene-2-norbornene content of about 5.0
weight percent. The Mn of the commercial EPDM, as measured by GPC, is about 47,000, the Mv as measured by
GPC is about 145,000 and the Mw as measured by GPC is about 174,000.

The above described polymers are sulfonated in known manners such as by dissolving them in a non-reactive
solvent followed by the addition of a sulfonating agent at temperatures normally from -100° C. to +100° C.

The resultant sulfonated EPDM typically contains 0.1 to about 20 mole percent SOsH, preferably about 0.5 to
about 15 mole percent. The desired range of sulfonation depends on the application and, in the preparation of the
polymer for general purposes, is that amount or range which allows processing by extrusion or molding at suitable
temperatures below the degradation temperature of the polymer. The desired sulfonation limit for such
processability will increase as the molecular weight of the polymer decreases.

The SEPDM elastomers may be neutralized with any of the metal ions specifically mentioned above but are
preferably at least partially neutralized with zinc. It is preferred to utilize SEPDM elastomers in which at least 50%
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of the acid groups are neutralized, more preferably at least 90% of the acid groups. The most preferred SEPDM
elastomers are those in which 95% to 100% of the acid groups are neutralized, most preferably with zinc.

PREPARATION

The compositions of this formula can be prepared by blending the bitumen, oil, gilsonite, and ionomeric
elastomer and any additional ingredients in various types of mixers at temperatures in the range of about 140°C.
To 180°C. Preferably, the ionomeric elastomer and oil are first heated and stirred to provide a homogeneous
mix, generally for a period of about 1 to 3 hours, the gilsonite and any additional materials, e.g., fillers, are then
added and allowed to become evenly distributed throughout the mix, and the bitumen is then added. The total
composition is then maintained within the above temperature range and stirred until a homogeneous mix is
obtained, with a typical mixing time after completion of bitumen addition generally being less than 1/2 hour.

This formula is further directed to waterproofing membranes comprising the adhesive compositions of this
formula. In one form, such membranes are comprised of an integral, monolithic layer of the adhesive without a
support per se, although it may include reinforcing means such as woven or non-woven scrim material or
reinforcing fibers partially or fully embedded in the adhesive layer. The adhesive layer preferably has a thickness of
at least about 0.01 in. In order to provide satisfactory waterproofing protection. For ease of handling during
transport and application, one or both faces of the adhesive membrane may have a covering layer or sheet
releasably adhered thereto, with siliconized paper or plastic being a particularly well known and preferred
covering. After application to a substrate, the remaining face of the adhesive membrane, which may be exposed by
removal of any releasable covering, may be used to adhere or key a covering material, such as a protective layer of
finely divided aggregate or a cladding material.

Preferably, the membranes of this formula comprise the adhesive layer and a non-removable support layer
which is either directly adhered to the adhesive layer, i.e. the support and adhesive layers are contacted and
adhered to one another, or indirectly adhered to the adhesive layer, i.e. one or more intermediate layers are
positioned between the support and adhesive layers and the membrane is an integral laminate of all of these
layers. The support may be, for example, a continuous sheet or film or a woven or non-woven scrim or fabric. It
may be comprised of inorganic matrials, e.g., continuous sheets of a metal foil or a woven or non-woven glass
scrim, or organic materials such as natural rubber or synthetic organic polymers. In general, continuous synthetic
organic polymer sheets are the preferred support layers. The synthetic polymers which can be used to form these
sheets include polyethylene, polypropylene or other polyolefins, polyamides, polyesters, polyurethanes,
polyvinylchloride, polyvinyl fluoride, and synthetic rubbers such as polychloroprene or butyl rubber. The polymer
sheet may be biaxially oriented or oriented and cross-laminated.

In general, it is desired to have optimum weather ability characteristics in the support layer. The support may
be rendered opaque, for example, by the incorporation of a material such as carbon black. Protective coatings and
films may be applied in the factory or in the field to those surfaces of the support which are to be exposed to the
weather. Moreover, the support may be a single sheet of pre-formed film or it may comprise a plurality of layers,
not necessarily identical, laminated together to form a unitary structure. The continuous sheet materials are
preferred insofar as they may provide a waterproofing and vapor barrier function in addition to that provided by
the adhesive layer.

The support layer of the present membranes will generally have a thickness in the range of about 0.001 inches
to about 0.05 inches, more preferably about 0.002 inches to about 0.02 inches. The bitumen-based adhesive layer
should be at least 0.01linches thick and preferably has a thickness in the range of about 0.02 inches to 0.10 inches.

The membranes of this formula which comprise a support in addition to the adhesive may also include a
releasable covering on that face of the adhesive layer remote from the support. As noted above, the siliconized
papers and polymer films are generally used.

The membranes of this formula may be applied in accordance with procedures well known in the art. Thus, for
example, the adhesive layer is applied against the substrate as the releasable covering is removed more or less
simultaneously to expose the face of the layer. For a continuous waterproofing course, the membranes are
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generally applied in overlapping fashion. In order to provide adhesive to adhesive contact and prevent the
formation of channels which allow water flow at the overlap joint, the membranes may be fabricated with the
adhesive layer protruding beyond at least one longitudinal edge of the support layer.

The membranes of this formula can be prepared by known techniques. Thus, the adhesive may be heated to a
temperature which is sufficient to provide desired viscosity and flow for application to the desired substrate
(either the support or the releasable covering sheet) and applied thereto in a uniform layer utilizing a suitable
coating device. If desired, a reinforcing material may be pressed into the hot adhesive. Any remaining layers are
then applied to the exposed adhesive layer, and it may prove desirable to permit the adhesive layer to cool prior to
such application, depending on the temperature sensitivity of the remaining layers which are to be applied.

The present formula is further described by the following Examples which are illustrative only and not intended
to be of limiting effect. In the following Examples, all proportions are in parts by weight unless otherwise specified.

PRODUCTIVE EXAMPLE 1

A series of adhesive compositions of this formula and reference samples were prepared utilizing the
components and proportions shown in Table 1. The bitumen used in each composition had a Ring and Ball
softening point of about 130°C (ASTM D-36) and a penetration at 5°C of about 36 dmm. (ASTM D-5). The oil was an
aromatic oil sold by SunOil Company under the trademark Sundex 790T. The ionomeric elastomer was a 100% zinc
neutralized sulfonated EPDM comprising, as the diene monomer, 5-ethylidene-2-norbornene. This elastomer had
an average molecular weight of about 50,000 and a degree of sulfonation of 13 SO; -groups per molecule. The
gilsonite was a pulverized, naturally occurring gilsonite.

Each of the above formulations was prepared by mixing the oil and SEPDM at room temperature and allowing
the mix to stand for at least one hour. The mix was then charged to a sigma blade mixer and blended for 30
minutes at about 150°C. The calcium carbonate and gilsonite were then added and blending continued for about
15 minutes. The bitumen was then added and blending continued for an additional 15 minutes, yielding a smooth,
homogeneous mix.

To prepare samples for testing of shear strengths, approximately 30 grams of an adhesive sample were
compressed between a sheet of siliconized release paper and a composite sheet of aluminum and polyethylene at
65°C, with the aluminum side facing the adhesive. The resultant adhesive layer had a thickness of about 0.05
inches. The siliconized paper was then removed and a sheet of polyvinyl fluoride pressed against the exposed
adhesive to prepare laminate samples. For each sample, the lamination of the polyvinyl fluoride sheet to the
adhesive was conducted at the temperature at which the shear strength was to be measured and the sample was
maintained at that temperature prior to testing.

The maximum lap shear strengths were measured on an Instron Model 1000 using one inch square samples.
Measurements were conducted at 25°C and 60°C as indicated with the presentation of results in Table 1.

TABLE 1
Maz. Lap Shear Strength! (Ibs./sq. in.)
Adhesive 0.005 in./min.

Composition SEPDM  Bitumen 0il CaC03 Gilsonite T F. 140" F.
1 4.5 48.6 3465 100 2.25 — a7

2 4.5 50.85 Mae5 100 4] — .05

3 5.34 5080 3298 891 1.96 - 30

4 545 51.82 3364 .09 0 —_ A2

5 54 42.3 133 10.0 9 — 9

[} 4.5 48.6 MA65 W00 2.25 1.45 24

T 5.4 51.3 Kk a0 1.0 27 A3

] 5.4 51.3 133 2.0 0 0.32 002

g 5.4 51.3 133 2.0 1.0 — 03

] 5.4 1.3 333 9.0 20 .53 0.31

"One sampbe puiled at 0003 i, /min.

The data of Table 1 illustrates the pronounced affect of relatively small quantities of gilsonite in increasing the shear strength of the present
compositions at both of the temperatures of testing.
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PRODUCTIVE EXAMPLE 2

An adhesive composition was prepared as in Example 1 containing 5.4 parts of the SEPDM of Example 1, 32
parts of Sundex 790T oil, 50 parts of the 130°C softening point bitumen of Example 1, and 9 parts of calcium
carbonate. This composition was divided into four portions to which were added, respectively, 1, 2, 3.8, and 5.7
parts of the gilsonite of Example 1. Flex/fail tests were conducted using six laminate samples for each of the
resultant compositions. For these tests, the adhesive was compressed onto an aluminum-polyethylene composite
as in Example 1, the releasable paper was removed, and the resultant sample was cooled to -30°C for about 24
hours. The sample was then manually bent around a 1/4 inch mandrel and examined visually for cracking in the
adhesive layer. The ratio of the number of samples which did not crack out of the six tested is presented in Table 2.

TABLE 2
Gilsonite
Concentration Flex/Fail at —20° F.
1 6/6
2 5/6
3.8 5/6
5.7 0/6

The data of Table 2 illustrates that the relatively low concentrations of gilsonite which provide substantial increases in high temperature
shear strengths will generally not have a significant adverse affect on the low temperature flexibility.
*** END OF DOCUMENT

Seven Seas Consulting LLC — 2701 Centerville Road, Newcastle County, Wilmington 19808, Delaware (USA) — info@sevenseasconsulting.org



