
EPOXY BASED COATINGS The present invention relates to
novel epoxy based coatings such as primers,
build-coats and intermediate coatings. The invention
also extends to the use of novel epoxy based coatings
and methods of coating metal substrates with novel
epoxy based coatings. Epoxy coatings such as those
based on aromatic diglycidyl ethers of bisphenol A
(DGEBA) reacted with, for instance, polyamides,
polyamines or polyamide adducts, the adducts being
based on reaction products of DGEBA and polyamines or
polyamides, or epoxy coatings based on modified DGEBA
(e.g. fatty acid modified DGEBA) are typically used in
protective coatings and marine coatings . Such
coatings have strong adhesion to metal substrates and
have good anti-corrosive properties as well as
resistance to certain chemicals . Unfortunately, DGEBA
based epoxies have low resistance to UV radiation
causing degradation of the coating following exposure
to sunlight. The degradation of the coating by UV
light limits the overcoatability potential of such
coatings, especially where the coating may be exposed
to sunlight for an extended period prior to
overcoating. A proposed solution to this problem is
the modification of DGEBA by certain fatty acids to
extend the UV exposure period after which viable
overcoating is still possible. This technology has
been used in protective coating applications including
the marine sector. In particular, this technology has
found use as coal-tar based epoxy primer top-coats
over non fatty acid modified DGEBAprimers and
intermediate coats. The use of such top-coats found
particular use for top-side layers of ships (i.e. the
part of the hull above the unloaded water line) as it
gave a hydrophobic, water repellent primer top-coat
prior to overcoating. However, although such coal-tar
based epoxies were acceptable for short periods of UV
exposure they could not maintain overcoatability
suitability for very long periods of UV exposure such
as those found in block-stage ship building. Unlike
traditional ship-building methods where ships were
built in one total section, primed and then
top-coated, block-stage ship building involves
building ships in sections . The sections are primed
after production but not top-coated until after
subsequent section welding and edge treatment.
Therefore, after the block stage, the block stage
sections can be exposed to UV radiation in sunlight
for considerable periods prior to section welding and
top-coat application. After such prolonged UV exposure
of the underlying coal-tar primer coat, although the
dry adhesion of the applied top-coat can be
satisfactory, delamination of the top-coat from the
primer coat can occur under wet conditions.
Furthermore, coal-tar based epoxies have
unsatisfactory levels of gloss for modern high-gloss
applications in marine coatings. This has led to
replacement of coal-tar epoxies with highly durable
two component polyurethane coatings utilising
aliphatic isocyanates. The delamination problems
associated with UV exposure of epoxy based primer
coatings have also led to the requirements of
expensive alkali-cleaning and/ormechanical sanding of
the epoxy top primer prior to overcoating with the top
coat. Alternatively, a UV resistant upper layer may be
applied at the block stage. Such a UV resistant layer
is typically a polyurethane coating as mentioned
above. The application of this UV 



resistant layer as the upper primer coat at the block
stage is aimed at preventing delamination of the
eventual top coat from the upper primer coat under wet
conditions. However, the UV resistant polyurethane
layer has poorer anti-corrosive properties than epoxy
based primers so that it is not acceptable to apply a
single polyurethane primer layer to the metal
substrate prior to the top-coat just as it is not
acceptable to apply a single epoxy primer layer in the
block-stage followed by a top-coat in the hull stage.
An inefficient system of at least 3 layers (epoxy
primer, UV resistant polyurethane intermediate coat,
and topcoat) is therefore employed. An object of the
present invention is to overcome one or more of the
above problems. According to the present invention
there is provided an epoxy based primer composition, a
coated metal substrate, the use of zinc oxide and a
process of coating a metal substrate as set out in the
claims. For the avoidance of doubt, references to
"epoxy based primer compositions" herein are
references to the cured coating unless indicated
otherwise. In addition, references to primer should be
taken to include other pretop- coat coatings including
build coat(s) or intermediate coat (s)
.Advantageously, by the use of the primer of the
invention, a metal substrate such as the hull of a
ship can be coated with primer and top-coat
independent of the interval between the application of
the two coatings i.e. the UV exposure, and independent
of the exposure of these coatings to water immersion.
A particular advantage of the present invention is the
application of the epoxy based primer composition in
the "block-stage" of a new ship and a polyurethane or
epoxy top-coat in the hull stage without expensive
surface cleaning and/or mechanical sanding or
additional application of UV protective coatings over
the corrosion resistant primer prior to top coat
application. Therefore, the invention is particularly
useful in preventing inter-coat delamination in or
after exposure to water. Examples of suitable epoxy
resins, are resins which can be produced by the
attachment of an epoxide group to both ends of a
paraffinic hydrocarbon chain (for example, diepoxides
derived from butanediol) or of a polyether chain, such
as a-w-diepoxy polypropylene glycol. More exotic
diepoxy resins include but are not limited to vinyl
cyclohexene dioxide, 3 , 4-epoxycyclohexylmethyl 3,4-
epoxycyclohexanemono carboxylate, 3- (3, 4-
epoxycyclohexyl) -8, 9-epoxy-2 ,4-dioxaspiro- [5. 5 ]
undecane, bis (2,3- epoxy eye1open tyl) ether, bis (3,
4- epoxy-6-methylcyclohexyl) adipate and resorcinol
diglycidyl ether. Other epoxy resins employed can
contain more than two epoxide functional groups per
molecule, such as epoxidized soya oils, polyglycidyl
ethers of phenolic resins of the novolak type,
p-aminophenoltriglycidyl ether or 1,1, 2,2-tetra (p-
hydroxyphenyl ) ethane tetraglycidyl ether. Another
class of epoxy resins comprises the epoxypolyethers
obtained by reacting an epihalohydrin (such as
epichlorohydrin or epibromohydrin) with a polyphenol
in the presence of an alkali. Suitable polyphenols
include resorcinol, catechol, hydroquinone , bis
(4-hydroxyphenyl) - 2 , 2-propane, i.e. bisphenol A ;
bis (4-hydroxyphenyl) -1, 1-isobutane, 4
,4-dihydroxybenzophenone ; bis (4- hydr oxypheny 1-1,
1-ethane ; bis (2-hydroxynaphenyl) - methane ; and
1,5- hydroxynaphthalene. One very common 



polyepoxide is a polyglycidyl ether of a polyphenol,
such as bisphenol A . Another class of epoxy resin
consists of the hydrogenated epoxy resin based on
bisphenol A such as Eponex 1510 from Shell. Other
classes of epoxy resins are the polyglycidyl ethers of
polyhydric alcohols. These compounds may be derived
from such polyhydric alcohols as ethylene glycol,
diethyl ene glycol, triethylene glycol, 1,2- propylene
glycol, 1 , 4-butylene glycol, 1,5- pentanediol,
1,2,6- hexane- triol, glycerol, trimethylolpropane,
and bis (4- hydroxycyclohexyl) -2, 2- propane. A
detailed list of suitable epoxide compounds can be
found in the handbooks A . M . Paquin,
"Epoxidverbindungen und Harze" (Epoxide Compounds and
Resins), Springer Verlag, Berlin 1958, Chapter IV and
H . Lee and K . Neville, "Handbook of Epoxy Resins" MC
Graw Hill Book Company, New York 1982 Reissue, as well
as C . A . May, "Epoxy Res ins -Chemistry and
Technology", Marcel Dekker, Inc. New York and Basle,
1988. Typically, the molecular weight (Mw) of the
epoxy resin is 300-4000.Preferably, the invention
relates to an epoxy based primer composition, wherein
the epoxy resin is bisphenol A diglycidyl ether
(DGEBA) . Preferably, said epoxy based primer
compositions are based on an aromatic diglycidyl ether
of bisphenol A (DGEBA) . Suitable epoxy resin curing
agents include polyamines and polyamides . The
poly-amine compound may be any amine compound that can
be used as the curing agent for an epoxy resin.
Suitable amines include aliphatic amines,
cycloaliphatic amines, aromatic amines, araliphatic
amines, imidazoline group-containing polyaminoamides
based on mono or polybasic acids, as well as adducts
thereof. These compounds are part of the general state
of the art and are described, inter alia, in Lee &
Neville, "Handbook of Epoxy Resins", MC Graw Hill Book
Company, 1987, chapter 6-1 to 10-19. Useful amines
include polyamines distinguished by the fact that they
carry at least two primary amino groups, in each case
bonded to an aliphatic carbon atom. It can also
contain further secondary or tertiary amino groups .
Suitable polyamines include polyaminoamides (from
aliphatic diamines and aliphatic or aromatic
dicarboxylic acids) and polyiminoalkylene-diamines and
polyoxyethylenepolyamines, polyoxypropylene-polyamines
and mixed polyoxyethylene/polyoxypropylene-polyamines,
or amine adducts, such as amine- epoxy resin adducts.
Said amines may contain 2 to 40 carbon atoms. For
example, the amines can be selected from
polyoxyalkylene-polyamines and polyiminoalkylene-
polyamines having 2 to 4 carbon atoms in the alkylene
group, and have a number- average degreeof
polymerization of 2 to 100, other examples of amines
can be linear, branched or cyclic aliphatic primary
diaminoalkanes having 2 to 40 carbon atoms. In
addition, said amines can be araliphatic amines having
at least two primary amino groups, each of which are
bonded to an aliphatic carbon atom. The curing
composition (i.e. the curing agent and any additives
prior to mixing with the epoxy resin) can include
these amines in an amount ranging from 5 to 100% by
weight, or for example in an amount ranging from 5 to
80% by weight and for example in an amount ranging
from 10 to 70% by weight. Examples of suitable
polyamines include: 1 ,2-diaminoethane, 1,2-
diaminopropane, 1 ,3-diaminopropane, 1
,4-diaminobutane and higher homologues, as well
as2-methyl-l, 5-diaminopentane, 



1 ,3-diaminopentane, 2 ,2 ,4-trimethyl-l,
6-diaminohexane and 2 , 4 ,4-trimethyl-l,
6-diaminohexane as well as industrial mixtures thereof
,l-amino-3-aminomethyl-3 , 5 , 5-
trimethylcyclohexane, 2,2- dimethyl-1,
3-diaminopropane, 1,3-bis (aminomethyl) cyclohexane, 1
,2-diaminocyclohexane, 1,3-bis (aminomethyl) benzene,
bis (4-aminocyclohexyl) methane, bis
(4-amino-3-methylcyclohexyl) methane, 3- azapentane-1,
5-diamine, 4-azaheptane- 1,7-diamine, 3 , 6-
diazaoctane-1, 8-diamine,
benzyloxypropylaminepropylamine,
diethylaminopropylamine, 3 (4), 8 (9) -bis
(aminomethyl) tricyclo- [5. 2.1.02, 6 ] decane, 3-
methyl -3- azapentane-1, 5-diamine, 3 ,
6-dioxaoctane-l, 8-diamine, 3 , 6 , 9-
trioxaundecane-1, 11-diamine, 4 ,7-dioxadecane-l, 10-
diamine, 4,7, 10-trioxatridecane- 1 ,13-diamine, 4-
aminomethyl-1, 8-diaminooctane, 2-butyl-2-ethyl-l, 5-
diaminopentane, 3- (aminomethyl) benzylamine (MXDA),
5- (aminomethyl) bicyclo [[2. 2.1]
hept-2-yl]methylamine (NBDA) , polyamino imidazoline
(Versamid 140) , as well as diethylenetriamine (DETA)
,triethylenetetramine (TETA,which is a mixture of
several polyamines) , pentaethylenetetramine ,
dimethyldipropylenetr iamine ,
dimethylaminopropyl-aminopropylamine (DMAPAPA) , N-2-
(aminoethyl) piperazine (N- AEP) ,N- (3-aminopropyl)
piperazine, norbornane diamine, epilink MX,
isophorondiamine(IPD) , diaminodi eyelohexylme thane
(PACM) ,dimethyidiaminodicyclohexyl methane (Laromin
C260) ,tetramethylhexamethylenediamine (TMD), bis
aminome thy1-di eye1open tadiene
(tricyclodecyldiamine, TCD) , diaminocyclohexane,
diethylaminopropylamine (DEAPA) , and the like.
Suitable polyoxyalkylene polyamines can be obtained,
for example, under the trade name Jef famine such as
polyoxypropylene triamine (Jef famine T403) and
polyoxypropylene diamine (Jef famine D230) , and
suitable polyiminoalkylene polyamines are available,
for example, under the trade name Polymin. Also
mixtures from several amines are possible. Primary
aliphatic monoamines can also be added to the curing
composition. Suitable monoamines include, for example,
unbranched 1-aminoalkanes with for example a saturated
alkyl radical of 6 to 22 carbon atoms. The higher
representatives of this class of compounds also are
called fatty amines. Non-limiting examples include
laurylamine, stearylamine, palmitylamine and biphenyl
amine . However, monoamines with branched chains also
are suitable, for example 2-ethylhexan-l-amine or 3,5,
5-trimethylhexan-l-amine. amino- 2-butane,
methoxypropylamine, isopropoxypropylamine. They can be
employed individually or as a mixture, and in
particular in an amount ranging from 0.1 to 10 % , and
for example in an amount ranging from 1 to 5 % .The
amount of epoxy resin curing agent depends on the type
of curing agent selected and the type of epoxy resin.
Typically, the higher the molecular weight of the
epoxy resin, the lower the quantity of curing agent
required. The skilled person can easily find the
quantity of curing agent required by considering the
equivalent weight of epoxy in the epoxy resin and the
equivalent weight of active hydrogen in the curing
agent. If appropriate, the curing composition or
pre-cured epoxy composition according to the invention
may additionally comprise a diluent that is inert.
Examples of suitable diluents include aliphatic
linear, branched or cyclic ethers having 4 to 20
carbon atoms and mixed aliphaticaromatic ethers having
7 to 20 carbon atoms, such as 



dibenzyl ether, tetrahydrofuran, 1,2- dimethoxye thane
or methoxybenzene; aliphatic linear, branched or
cyclic or mixed aliphatic-aromatic ketones having 4 to
20 carbon atoms, such as butanone, cyclohexanone,
methyl isobutyl ketone or acetophenone,- aliphatic
linear, branched or cyclic or mixed aromatic-aliphatic
alcohols having 4 to 20 carbon atoms, such as
methanol, ethanol, butanol, 2- propanol, isobutanol,
isopropanol. benzyl alcohol, methoxypropanol or
furfuryl alcohol ; aliphatic linear, branched or
cyclic or mixed aromatic-aliphatic esters such as
methoxypropyl acetate or DBE (dibasic esters from
Dupont, mixture of dimethyl adipate, succinate and
glutarate) ; aliphatic linear, branched or cyclic or
mixed aromatic-aliphatic hydrocarbons such as toluene,
xylene, heptane and mixtures of aliphatic and aromatic
hydrocarbons having a boiling range above 100 C .
under normal pressure, as well as low-viscosity
coumarone-indene resins or xylene- formaldehyde
resins. Aliphatic alcoholshaving one phenyl radical,
such as benzyl alcohol, 1- phenoxypropane-2, 3-diol,
3-phenyl -1-propanol, 2-phenoxy- 1-ethanol,
l-phenoxy-2-propanol, 2-phenoxy- 1-propanol, 2-
phenylethanol, 1-phenyl-l- ethanol or 2-phenyl
-1-propanol, are preferred. The diluents can be
employed individually or as a mixture, and in
particular in a amount ranging from 1 to 35 % by
weight, for example in an amount ranging from 5 to 25%
by weight and for example in an amount ranging from 10
to 30 % of the curing composition. The pre-cured epoxy
composition or the curing composition may also contain
auxiliaries or additives such as solvents, colorants,
mineral oils, fillers, elastomers, antioxidants,
stabilizers, defoamers, extenders, plasticizers,
catalysts, pigments, pigment pastes, reinforcing
agents, flow control agents, thickening agents,
flame-retarding agents, additional hardeners and
additional curable compounds, depending on the
application. Curing of the composition according to
the invention typically proceeds very rapidly, and in
general can take place at a temperature within the
range of from-10C to +500C , in particular from 00C to
400C , more in particular from 3C to 200C . However,
the curing of an epoxy coating material takes place
after the addition reaction of amines or amides with
the oxirane rings in the epoxy resin. Hence the
equivalence ratio of active hydrogen in the
amine/amide compound relative to the epoxy groups
contained in the coating material (i.e., the active
hydrogen to epoxy group ratio), is preferably in the
range 1:0.5 to 1:1.5.Other Components Any solvents
used in the present invention are those which are
capable of dissolving the epoxy resin and curing
agent. Examples include hydrocarbons such as toluene
or xylene, ethers such as diethylether, chlorinated
hydrocarbons such as dichl orome thane or
tetrachloromethane, alcohols such as isopropyl
alcohol, ketones such as methylethylketone, esters
such as ethyl acetate, etc. The amount of solvent
depends on the application but is typically in a ratio
of between 1:5 to 10:1 by weight with respect to the
epoxy resin and curing agent . Specific pigments are
those generally included in corrosion-resistant
coating materials. Various rustproofing pigments can
be used. Examples of extenders include general
inorganic fillers such as titanium oxide 



and calcium carbonate. Example pigments include zinc
powder (Zn) , zinc phosphate, aluminium powder (Al) or
zinc flowers (ZnO) . Other pigments that may be used
include micacious iron oxide (MIO) and glass flakes.
Catalysts for epoxy resins can be tertiary amines .
Phenols can also be used as a curing catalyst.
Examples of additives include anti-sagging and
antisettling agents, anti-floating/anti-flooding
agents, antifoaming and anti-popping agents, levelling
agents, and matting agents. An example of an
anti-sagging/antisettling agent is an aliphatic
bis-amide thixotropic agent. An example of an
anti-floating/anti-flooding agent is an aliphatic
polyhydric carboxylic acid with addedsilicone. An
example of an anti-foaming/anti-popping agent is a
speciality vinyl polymer (such agents are available
from Kusumoto Chemicals, Ltd and include Disparlon
6900-20X, Disparlon 2100 and Disparlon 1950
respectively) . The epoxy based primer composition of
the present invention can be manufactured in similar
manner to an ordinary coating material based on an
epoxy resin. That is to say, all the constituents
other than the curing agent, are mixed with the epoxy
resin to form a coating solution; the curing
composition alone, or diluted with a solvent or the
like, is used as the curing composition; and coating
solution and curing composition are mixed immediately
before use. In other words, the epoxy coating material
composition of the present invention can be prepared
as a so-called two-pack coating material. As noted
above, when a two-pack coating system is adopted, the
pre-cured epoxy resin based composition and the curing
composition are mixed immediately before the coating
is to be applied. Coating application can be carried
out by ordinary application methods such as brush,
roller or spray. Coating application is carried out
within a usable time interval after the coating
solution and the curing agent have been mixed. The
usable time is generally 30 minutes to 8 hours, and in
the case of a solvent type coating material is from 3
to 8 hours. Drying is generally carried out at
ordinary temperature, and drying time is generally
from 8 to 24 hours. The method of applying a corrosion
and UV-resistant coating according to the present
invention is a methodwherein a topcoat is formed after
at least one primer layer has been formed on the
object being coated. A distinguishing feature of this
method is that the topmost surface of the primer layer
is formed using the abovedescribed epoxy based primer
composition of the invention. Note that the rust
preventive coating, primer coating, etc. may be
applied to the surface of the object to be coated. In
the method of applying a corrosion and UVresistant
coating according to the present invention, at least
the topmost coating of the primer layer (s) is formed
by applying the above-described epoxy based primer
composition of the invention. The thickness of the
coating film formed by application of this epoxy based
primer composition will vary according to the intended
use, etc., but is typically 30 to 800 mm in terms of
dried film thickness, more typically, 30-400, most
typically, 50- 200mm . As noted above, drying is
generally carried out at ordinary temperature and
drying time is 8 to 24 hours. The primer may be
applied as multiple layers. It is therefore also
possible to give the primer a laminated 



structure by applying the epoxy composition of the
present invention a plurality of times so that there
are multiple layers. There is no particular
restriction on the quantity of coating applied each
such time, but the coating material is generally
applied so as to give the aforementioned dried film
thickness of 10 to 500 mm per layer . A topcoat that
is typically used after the application of
corrosion-resistant coatings can be used as the
topcoat formed on a topmost primer layer that has been
formed inthe manner described above. For example, a
conventional topcoat material can be used over the
coating material used as the primer layer. Specific
examples of topcoat coating materials include those
based on oil-based coatings, long-oil phthalic acid
resins, silicone alkyd resins, phenol resins,
chlorinated rubber resins, epoxy resins, modified
epoxy resins, tar epoxy resins, vinyl chloride resins,
polyurethane resins, fluorine resins, and silicone
modified resins. Acrylic resin or vinyl resin
"antifouling coatings", which hinder the adhesion of
organisms, may be used as functional coating
materials. Among such coating materials, epoxy resins,
polyurethane resins, alkyd resins and acrylic resins
are particularly advantageous. Preferably, the
top-coat is non-fused i.e. not applied by the
application of heat to for instance a powder coating.
For the avoidance of doubt, references to "top coat,
over coat or the like" herein are references to the
coat applied directly (i.e. without an intermediary
layer) over the topmost epoxy based primer composition
coating and not the top-primer coat or a build coat
unless indicated otherwise. The dried film thickness
of the topcoat is typically 30 to 800 um per layer,
more typically, 20-250 mm , most typically, 50-200mm .
Drying is generally carried out at ordinary
temperature, and drying time is 8 to 24 hours. As in
the case of the primer layer, the topcoat may also be
applied as multiple layers. The present invention
enables the time interval between formation of the
topmost primer layer and application ofthe topcoat to
be lengthened. The detailed reasons for this are not
clear, but it is clear that adding ZnO at high levels
results in improved adhesion vis-a-vis the topmost
primer layer-adjacent topcoat layer interface even
when the overcoating interval is lengthened. The epoxy
coating material composition of the present invention
gives excellent adhesion vis-a-vis a topcoat layer
when used as the primer layer in the application of
corrosion and UV-resistant coatings. In particular,
because the time interval from formation of the primer
layer to application of the topcoat can be lengthened,
there is a greater degree of freedom in topcoat
application than hitherto. Accordingly, the present
invention will be particularly useful in the
application of corrosion-resistant coatings on large
structures such as ships . Suitable epoxy based
top-coats for the present invention may be based on
the epoxy resin primer formulations detailed above
with suitable topcoat additives known to the skilled
person such as colour pigment and gloss additives .
Polyurethane Based Topcoats Suitable polyurethane
resin based topcoats are described in Chapter 16 of
"Protective Coatings Fundamentals of 



Chemistry and Composition", Hare, Pittsburgh, 1994,
the contents of which are incorporated herein by
reference. The polyurethane top-coats useful in
combination with the primer of the present invention
are typically two pack curing type polyurethane
coating compositions derived fromthe combination of
suitable polyols and isocyanates known to the skilled
person. POLYOLS A suitable polyol for use in the
topcoat composition is a polyhydric hydroxyl compound
having at least two hydroxyl groups in the molecule,
and includes, for example, saturated or unsaturated
polyester polyols, polycaprolactone polyols, saturated
or unsaturated, oilmodified or fatty acid-modified
alkyd polyols, aminoalkyd polyols, polycarbonate
polyols, acrylate polyols, polyether polyols, epoxy
polyols, fluorine-containing polyols, saturated or
unsaturated polyester resin, polycaprolactone resin,
saturated or unsaturated, oilmodified or fatty
acid-modified alkyd resin, aminoalkyd resin,
polycarbonate resin, acrylic resin, polyether resin,
epoxy resin, polyurethane resin, cellulose acetate
butyrate and fluorine-containing resin. Particularly
preferred polyols are saturated or unsaturated
polyester polyols, polyether polyols and acrylic
polyols. More particularly preferred polyols are
acrylate polyols . The acrylate polyol is not
particularly restricted but may be any acrylic polyol
having reactivity with polyisocyanate and examples
thereof may include compounds obtained by
polymerization of a mixture of unsaturated monomers
selected from unsaturated monomers containing a
hydroxyl group, unsaturated monomers containing an
acid group, and other unsaturated monomers. Suitable
acrylate polyols are hydroxy Ci- 2 alkyl (Co-8 alk)
acrylates.Examples of acrylate polyols include
hydroxymethyl (meth)acrylate, hydroxyethyl (meth)
acrylate, hydroxypropyl (meth) acrylate and
hydroxybutyl (meth) acrylate, hexane diol diacrylate
and trimethylol propane triacrylate. Other acrylate
polyols include N-methylol (meth) acrylate,
diethyleneglycol mono (meth) acrylate, and
polypropylene glycol mono (meth) acrylate As mentioned
above, the acrylate polyols are typically
co-polymerised with suitable unsaturated co-monomers
such as Ci_ 6 alkyl (C 0-8 alk)acrylates and their
acid equivalents for example methyl (meth) acrylate,
ethyl (meth) acrylate, propyl (meth) acrylate, butyl
(meth) acrylate, isopropyl (meth) acrylate, isobutyl
(meth) acrylate, 2-ethyl-hexyl (meth) acrylate, lauryl
(meth) acrylate, n-octyl (meth) acrylate, n-dodecyl
(meth) acrylate, (meth) acrylic acid, crotonic acid,
itaconic acid, fumaric acid, maleic acid, dibutyl
fumarate, dibutyl maleate, aryl alcohol, vinylalcohol
ester type monomers such as esters of carboxylic
acids, e.g. acetic acid and propionic acid with vinyl
alcohol, unsaturated hydrocarbon monomers such as
styrene, a-methylstyrene, vinyl naphthalene,
butadiene, and isoprene, nitrile type monomers such as
acrylonitrile and methacrylonitrile, and acrylamide
type monomers such as acrylamide, methacrylamide,
N-methylolacrylamide, N ,N - dimethylacrylamide, and
diacetoneacrylamide. Suitable polyether polyols and
their manufacture are described, for example, in the
Encyclopaedia of Polymer Science and Technology 6,273
et seq. , in Kirk-Othmer (3rd edition), Vol. 18, 633
to 645 et seq., or in Ullmann (4th edition), Vol. 19,
31 to 38. 



ISOCYANATESThe polyisocyanates which can be used to
crosslink the polyols when used with the invention are
typical paint polyisocyanates . The polyisocyanate is
a compound containing two or more isocyanate groups .
The paint polyisocyanates are typically oligomeric
derivatives, containing biuret, urethane, uretidinone
and/or isocyanurate groups, of readily available
monomeric or simple diisocyanates . Suitable
isocyanates include aliphatic, cycloaliphatic and
aromatic polyisocyanates, such as hexamethylene
diisocyanate (HDI) , bis (isocyanatocyclohexyl)
methane (HMDI) , trimethylhexamethylene diisocyanate,
isophorone diisocyanate (IPDI) , 4,4'
-diisocyanatodicyclohexylmethane,
tolylene2,4-diisocyanate, o-, m - and p-xylylene
diisocyanate; capped polyisocyanates, such as
polyisocyanates capped with CH--, NH-- or OH-acidic
compounds; and also, for example, polyisocyanates
containing biuret, allophanate, urethane or
isocyanurate groups. Preferred isocyanates are
aliphatic isocyanates such as HDl and IPDI . ADDITIVES
The polyurethane topcoat additives which are to be
used if appropriate can be added either to the mixture
or to the individual components prior to their mixing.
Suitable solvents for polyurethane top coats include
acetates, ketones and non functional group containing
aromatic compounds such as ethyl acetate, butyl
acetate, methylethyl ketone, methyl isobutyl ketone,
ethylene glycol monoethylether acetate, methoxypropyl
acetate,toluene, xylene, white spirit, ethoxypropyl
acetate, ethoxyethyl propionate, methoxybutyl acetate,
butyl glycol acetate, solvent naphtha, and mixtures of
these solvents. The solvents are used in a quantity of
up to 70% by weight, preferably up to 40% by weight,
based on the weight of the topcoat composition.
Further additives to be used if required are, for
example, plasticizers such as, for example, tricresyl
phosphate, phthalic diesters or chloroparaf fins ;
pigments such as colour pigments, bright pigments, and
extender pigments and fillers, such as titanium oxide,
barium sulphate, chalk, carbon black; catalysts such
as, for example, N ,N - dimethylbenzylamine,
N-methylmorpholine, zinc octoate, tin (II) octoate and
dibutyltin dilaurate ; levelling agents; thickeners;
stabilizers, such as substituted phenols or organ
functional silanes. Adhesion promoters and light
stabilizers may also be utilised for example,
sterically hindered amines, as are described, inter
alia, in U.S. Pat. Nos . 4,123,418, 4,110,304,
3,993,655 and 4,221,701. Typically, the top-coat or
overcoat of the present invention is not a polyamide
based coating. For the avoidance of doubt, the term
polyamide based coating does not extend to coatings
based on other resins but which contain polyamide such
as polyamide cured epoxy resins. Alkyd Resin Based
Topcoats Suitable alkyd resin based topcoats are
described in Chapter 12 of "Protective Coatings
Fundamentals of Chemistry and Composition", Hare,
Pittsburgh, 1994, the contents of which are
incorporated herein by reference.Typically, the alkyd
resin comprises any suitable combination of polyhydric
alcohol and polybasic acid, preferably with a
modifying oil, typically, such modifying oil is a long
chained, unsaturated, monobasic carboxylic acid.
Preferably, the modifying oil is a drying oil or, in 



the case of a non-drying oil such as castor or coconut
oil, the alkyd resin includes a suitable formaldehyde
resin to give cross-linked films. In alkyd resins
generally, the polyhydric alcohols, polybasic acids,
modifying oils, other modifying components and
additives may be selected from any suitable components
known to those skilled in the art of alkyd resins.
Examples of these components follow hereafter. The
polyhydric alcohols may be selected from ethylene
glycol, neopentyl glycol, glycerol, trimethylol
propane, pentaerythritol, preferably, glycerol,
trimethylol propane or pentaerythritol or mixtures of
any of the foregoing; the polybasic acids may be
selected from benzoic acid, abietic acid, phthalic
anhydride, isophthalic anhydride, isophthalic acid,
terephthalic acid and trimellitic anhydride,
preferably, orthophthalic anhydride, isophthalic acid
and terephthalic acid, most preferably, orthophthalic
anhydride or mixtures of any of the foregoing; the
modifying oils may be selected from tung oil, linseed
oil, tall oil, dehydrated castor oil , saf flower oil,
fish oils and soya oil; the other modifying components
or modified alkyds may be selected from rosin (
abietic acid) for improved drying, other monobasic
acids ( egg benzoic acids) as chain terminators, long
chain aliphatic dibasic acids (e.g. adipic and azelaic
acids) for flexibility, maleic anhydride ( e.g. at
levels of 0.5-10% of the polybasic acid content) to
upgrade colour and water resistance, highly functional
acids ( e.g. trimellitic and pyromellitic anhydride)
to produce high acid value products or for use in
water borne alkyd products, chlorendric anhydride for
non- flaming coatings, phenolic resins to upgrade
adhesion and resistance to corrosion and water, vinyl
modified alkyds ( e.g. styrenated alkyds,
vinyl-toluenated alkyds, and acrylicmodified alkyds)
for faster drying, water resistance, alkali resistance
and improved colour - optionally further modified with
amino formaldehyde resins for improved oil resistance,
polyamide -modified alkyds (e.g. post addition
polyamide reacted or cooked in polyamide resin in
either case optionally including other thixotropes
such as montmorillonite) to introduce a controlled
level of thixotropy, and uralkyds ( e.g. by
replacement of some of the dibasic acid with 15-30%
diisocyanate such as toluene diisocyanate in the final
product) for high alkali, abrasion and chemical
resistance, lower toxicity and fast drying . In
addition to the modified alkyds above, the alkyds may
be high, medium or low solids. In medium and low
solids alkyds conventional driers may be used but in
high solids driers such as reactive aluminium,
zirconium, vanadium and neomidium based products and
heterocyclic amines such as 1 ,10-phenanthraline or 2
,2-dipyridyl are favourable. High solids alkyds may
also benefit from co-solvents such as lower alkyl
alcohols and lower molecular weight ketones or
blocking agents such as acetic anhydride and
chlorotrimethyl silane.Furthermore, the above alkyds
may be water borne by the use of neutralising amines
such as ammonia, monoethanolamine,
aminomethylpropanol, morpholine, diethylamide,
dimethylamine, dimethylethanol amine,
dimethylethylamine, triethylamine, diethanolamine and
triethanolamine. Such water borne systems may include
hydrolytically stable driers such as 1
,10-phenanthraline or 2 ,2-dipyridyl in combination
with conventional driers 



and co-solvents. Suitable co-solvents in water borne
systems include alcohols such as butanol, octanol and
diacetone alcohol, glycol ethers such as ethylene
glycol monobutyl ether and diethylene glycol monobutyl
ether , and others such as methyl ethyl ketone and
n-methyl-2- pyrrolidone. Epoxy ester Based Topcoats
Alkyd similar epoxy ester based topcoats may also be
used. These are similar to the alkyds mentioned above
except that the presence of a polybasic acid is not
essential and typically, the epoxy-based resin is
reacted with the fatty acid oil or (meth) acrylic acid
to produce the ester linkage. Suitable oils are the
same as those for the alkyds mentioned above. The
epoxy esters may also be modified in similar ways to
the alkyds mentioned above. Acrylic Resin Based
Topcoats Suitable acrylic resin based topcoats are
described in Chapter 8 of "Protective Coatings
Fundamentals of Chemistry and Composition", Hare,
Pittsburgh, 1994. Suitable topcoats which are acrylic
resin based include those derived from thermoplastic
acrylic resins includingwater soluble acrylic resins;
and thermosetting acrylic resins which may be
crosslinked during the curing process. The acrylic
resins may be formed from one or more acrylic monomers
selected from the Cl-C6alkyl (C0-C8 alk) acrylates and
their corresponding acids or functionalised acrylates
of the aforesaid. Co-monomers may be selected from one
or more different Cl-C20alkyl (C0-C8 alk) acrylates or
their corresponding acids, or functionalised acrylates
of the aforesaid, or may alternatively be selected
from a different vinylic co-monomer such as styrene,
alpha methyl styrene, vinyl alcohol, vinyl toluene,
vinyl chloride, vinylidene chloride, butadiene,
ethylene, butyl fumarate, butyl maleate, vinyl acetate
or the like. Suitable functionalised acrylates include
those wherein the alkyl group is replaced with a
functionalised group such as epoxy, hydroxyalkyl or
amine groups for example glcidyl methacrylate,
2-hydroxyethyl acrylate or acrylamide. Alternatively,
the acrylic group may be functionalised by
introduction of functional groups on the vinylic
carbons such as halogen or hydroxyl groups. Still
further, the acrylic monomers may be multifunctional
in the sense of having two or more vinyl groups,
examples of which include hexane diol diacrylate and
trimethylol propane triacrylate. Suitable, acrylates
include methyl methacrylate, ethyl methacrylate,
methyl acrylate, ethyl acrylate, butyl acrylate,
lauryl methacrylate, acrylic acid and methacrylic
acid.The acrylic polymers can be post polymerisation
functionalised , particularly when producing
thermosetting polymers by reaction of free functional
groups such as terminal or pendant (alk) acrylic acid,
acrylamide, methylol, butoxymethyl acrylamide,
acrylate or hydroxyl groups with other agents such as
epoxies, amines, aminoplasts , isocyanates,
formaldehyde or other hydroxyl, butoxymethyl
acrylamide, acrylate or acid functionalised polymer
chains. Such post polymerisation reactions and their
conditions are known to those skilled in the art to
produce suitable cross linking of the polymer network
either prior to or as part of the curing step. The
acrylic polymers can be blended with other acrylic or
compatible non-acrylic polymers to produce polymer
blends having the appropriate coating properties . 



Pigments, solvents and additives for all the topcoats
may also be the same as given above with respect to
epoxy coatings and, in any case, are well known in the
art. Optionally, further topcoat layers can be applied
to produce a multi-layer top-coat. The epoxy based
primer coating compositions of the invention exhibit
improved primer to top-coat delamination inhibition
and/or adhesion. By improved in this context is
typically meant having suitability for an increased,
for instance, greater than 50 day, overcoating
interval. Typically, the overcoating interval i.e. the
interval of time between applying the topmost primer
layer composition of the invention and at least the
initial top-coat is atleast 10 days, more typically,
more than 30 days, most typically more than 45 days.
Typically, the overcoating interval is 10-500 days,
more typically, 20-400 days, most typically, 30-3 00
days, especially 60-300 days. Typically, the zinc
oxide of the present invention may have high purity.
The zinc oxide of the invention is generally produced
either by the "direct" (American) process, or the
"indirect" (French) process. The "direct" process was
developed to treat oxidised ores or sulphide
concentrates but more recently this process
principally uses residues from the zinc processing
industry as its main raw material. These residues are
purified and treated and mixed with carbon in a
furnace to form zinc vapour. The zinc gas is then
drawn into a combustion chamber where it is oxidised
to form pure zinc oxide. In the "indirect" process,
zinc oxide is made from zinc metal which has been
vaporised and then oxidised in a combustion zone.
Special High Grade (SHG) zinc metal, as well as
recycled zinc metal is used as starting material. A
third method of production involves precipitation of
zinc carbonate or hydroxide, which is then dried and
calcined to remove water and/or carbon dioxide.
Surprisingly, the use of "indirect" process ZnO shows
generally higher levels of delamination inhibition
than that found using ZnO from the "direct" process.
Therefore, preferably, the overcoating primer
delamination inhibition of the present invention uses
zinc oxide provided by the "indirect" process.
Typically, the purity level of zinc oxide in the
present invention is greater than 99.4% w/w (dry),
morepreferably, greater than 99.5% w/w (dry) and most
preferably, greater than 99.6% w/w (dry). The level of
zinc oxide in the epoxy based primer composition is
typically 10-70% w/w (dry) , more typically 15-50% w/w
(dry) , most typically 20-50% w/w (dry) , especially
25-35% w/w (dry) . Advantageously, the ZnO containing
primer coating of the present invention is preferably,
not treated with alkaline and/or sanding techniques.
The compositions according to the invention can find
various industrial applications because of their
favourable anti-delamination and anti-corrosive
properties. Typical industrial applications for the
curing compositions of the invention include, for
example, use for the production of coatings and/or
intermediate coatings on many types of metal
substrates, for example, sheet steel, cast iron,
aluminium and nonferrous metals, such as brass, bronze
and copper. In particular, the compositions of the
invention can be used as paints and coatings for
coating industrial objects and, in particular, in the
shipbuilding industry for ships hulls, 



including blocks for shipbuilding. In the latter case,
blocks may be for hulls or other components such as
ballast tanks. The compositions can be applied, for
example, by brushing, spraying, dipping and the like.
The invention will be more readily understood by
reference to the following examples and figures, which
are includedmerely for purposes of illustration of
certain aspects and embodiments of the present
invention and are not intended to limit the invention.
The reference formulations and formulation 1-7 were
generally produced as follows :- the epoxy base resin
and most of the solvent were charged to a high speed
grinder vessel - the pigments, fillers, ZnO and other
additives were then charged to the vessel a high-speed
dissolver blade for grinding was then activated until
the required fineness of the grind was obtained the
ground material was then taken to a certain max
temperature to activate the thixotropic agent - the
ground material was maintained at this elevated
temperature (often 60-65 C , depending on type of
thixotropic agent) for a certain period of time, often
15-30 minutes - the paint was then finished by
addition of the remaining solvent, additives and
resins. Table 1 Epoxy formulations 1-3 and Reference
Formulation l(a), l(b) & Kc)Formulation 1 was
specifically prepared as follows: Epikote 1001X75,
Dowanol PM, Urea/ formaldehyde resin and Alkyl-phenol
were charged to a high speed grinder vessel. Bentone
SD 2 , talc, silica flower, aluminium paste (65%),
iron oxide - red, zinc oxide (not present in reference
1 )and xylene were then charged to the vessel . The
high speed dissolver blade for grinding was then
activated until the required fineness of the grind had
been obtained. The grind material was then taken to
65C and Nebothix C668 and Al87 epoxy silane were
added. The ground material was maintained at this
temperature for 25 minutes . The epoxy formulation was
stored in this manner until ready to be coated. Prior
to coating, the hardener consisting of polyamide 115,
xylene, Dowanol PM and isobutyl alcohol were stirred
into the epoxy formulation to effect curing. Detailed
description of preparation of the remaining
formulations and reference examples is generally
according to formulation 1 with the amounts of the
components varied as shown . Characteristics:
Formulations 1-3 and reference examples l(a), l(b) and
l(c) are medium solid epoxy / polyamide primers,
volume solids = 50% The ZnO concentration under test
is as follows :- - wet paint: max 25 % (w/w) - dry
paint: max 36 % (w/w) . - Further formulations with
ZnO at 24% (3) and 12% (2) in the dry paint were also
prepared in accordance with formulation 1 . Reference
examples Ka), Kb) & l(c) have 0%, 2% & 5% ZnO
respectively.Result: after 3 months, excellent inter
coating adhesion with a two component polyur ethane
and the 24% and 36% 



versions was found. The 12% formulation also showed
positive results. On the other hand, reference
coatings l(a), l(b) and l(c) showed unacceptably high
levels of delamination with several top-coats tested.
The topcoats analysed in the tests are as indicated in
the results tables. Table 2 Epoxy Formulations 4-6,
yellow/greenCharacteristics : Formulations 4-6 and
reference examples 2 are medium solid epoxy primers,
volume solids = 50% The ZnO concentration under test
is as follows: wet paint: max 27 % (w/w) dry paint:
max 37 % (w/w) . Further formulations 25% (5) and
12.5% (6) in the dry paint were also prepared in
accordance with formulation 4 . Result after 3 months:
excellent results with 25% and 37% formulations. The
12% formulation was also positive. Topcoats analysed
are as indicated in the results tables. Table 3 Epoxy
Formulations 7-10, greyCharacteristics : Formulations
7-10 and reference examples 3 are Medium high solid
epoxy primers, volume solids = 63 %The ZnO
concentration under test is as follows: - wet paint:
max 33 % (w/w) dry paint: max 41 % (w/w) . Further
formulations 8-10 having dry solids at 10%, 20% and
30% were also prepared in accordance with example 7 .
Result: after 3 month's overcoating interval,
excellent results with 30 % and 41% versions. Positive
results for 20% and 10% versions were also obtained.
Top coats analysed are as indicated in the results
tables. Table 4 Epoxy Formulations 11-13,
yellow-greenCharacteristics : Formulations 11-13 and
reference example 4 are high solid epoxy primers,
volume solids = 80 % Range of ZnO concentration under
test: wet paint: max 29 % (w/w) - dry paint: max 33 %
(w/w) . Formulation 12 and 13 with dry solids 11 and
22% were prepared in accordance with formulation 11.
Result after 3 months: 33% version shows excellent
results, 22% shows good result and 11% shows better
results than the reference. Topcoats analysed are as
indicated in the results tables. Table 5 Epoxy
Formulation 14-16, greyCharacteristics : Formulation
14 is a solvent-Free epoxy primer, volume solids = 100
% Range of ZnO concentration under test:wet paint: max
24 % (w/w) - dry paint: max 24 % (w/w) also,
formulations 15 and 16 having 8 % and 16 % (w/w) were
prepared according to formulation 14 . Result after 3
months: excellent result for 24% version. Positive
result for 16%. The 8% version showed same performance
as the standard (0%) . Topcoats analysed are as
indicated in the results tables. Table 6 Epoxy
Formulations 17-19, Red BrownCharacteristics :
Formulation 17 and reference 6 is a medium-high solid
epoxy buildcoat, volume solids = 68 % Range of ZnO
concentration under test: wet paint: max 27 % (w/w)
dry paint: max 32 % (w/w) also, formulation 18 



and 19 10% and 21% w/w were prepared according to
formulation 17 . Result after 3 months: excellent
results for 21% and 32% versions. A positive result
was also obtained for the 10% version. Topcoats
analysed are as indicated in the results tables .
Table 7 Epoxy Formulation 20, GreyMedium solid epoxy -
VoI solids = 60 % - wet paint: 26 % (w/w) - dry paint:
33.5 % (w/w) Result after 5 months are as indicated in
the results tables . Description of the method to
determine intercoat adhesion: - apply the epoxy primer
on Sa 2.5 cleaned blasted steel panels, profile Rz
30-60 micron- allow the coating to dry for a period of
1-3 days at room temperature, normal ventilation
conditions - expose the primer panel outdoors, facing
south, at a 60 degree angle to the ground - at 1 , 3 ,
6 , 9 and 12 month intervals, take panel inside and
remove any dirt by cleaning with water and allowing
the surface to dry for > 2 hours -topcoat is then
applied by brush, air spray or airless spray at a
thickness of 40 to 150 microns - the topcoat is then
fully cured - usually 7 days at 20 C the adhesion of
the system is then checked in dry conditions, by means
of X-cut peeling by knife (ASTM D3359) - wet adhesion
is then checked by immersing the panels in water for
at least 2 weeks - check adhesion immediately after
taking out of the water, by means of X-cut peeling by
knife testing (ASTM D3359) - although the method is
the same as the ASTM method above, the adhesion scores
are sequenced inversely, meaning the following key
applies in the results tables 0 = no delamination,
impossible to penetrate between coats1 = traces of
delamination, very hard to penetrate between coats 2 =
minimal delamination, it is possible to penetrate
between coats 3 = partial delamination, fairly easy to
penetrate between coats 4 = severe delamination, easy
penetration between coats 5 = complete delamination,
topcoat can be fully removed as a free film Results
Table 1 Epoxy Formulation 1-3, Red Brown Results for
Formulations 1-3 (Red Brown) and reference examples
l(a), l(b) & l(c), o/c interval 3 months, adhesion
scores dry (d)/wet(w) Results for Formulations 1-3
(Red Brown) and reference examples l(a), l(b) l(c),
o/c interval 6 months, adhesion scores dry (d) /wet
(w)Results Table l(b) Key: Dur 550, 1800 - Sigmadur
range (polyurethanes) : 550, 1800 Cover 456, 515, 630,
650 - Sigmacover range (epoxy) : 456, 515, 630, 650
MG- Multiguard or Sigmashield 420 TS - Tankshield
Coating or Sigmaguard 440 BT - Sigmaguard BT or
Sigmaguard 425 TAF- Topacryl Finish (Ik) or Sigma
Vikote 56 BTD- Sigmarine BTD (Ik) or Sigmamarine
48Self- topcoat is the same coating material as the
primer 



Cover 350 - Sigmacover 350 800 - SigmaPrime 800 The
Polyurethane top-coats above are all acrylic polyol
cured with aliphatic polyisocyanate. The Epoxy
top-coats are polyamide or polyamine cured, pure or
modified, medium solids and solvent free. All Sigma-
products are available from SigmaKalon B.v. Epoxy
Formulation 4-6 Primer y/green Results Table 2 Results
for primer y/green, o/c period 3 months, adhesion
scores dry / wet Epoxy Formulation 7-10, Primer X-3
grey Results Table 3 Results for primer X-3 grey,
overcoating interval 3 months, adhesion score dry /
wetEpoxy Formulation 11-13, Primer X-4 green Results
Table 4 Results for Primer X-4 green, o/c interval 3
months, adhesion scores dry / wet Epoxy Formulation
14-16, Primer X-5 grey Results Table 5 Results for
Primer X-5 , o/c interval 3 months,Epoxy Formulation
17-19, Sigma X , Epoxy buildcoat Results Table 6
Results for Epoxy buildcoat X , o/c interval 3 months,
adhesion scores dry / wet Epoxy Formulation 20, x-2
Grey Results Table 7 Result for Primer X-2 grey, o/c
interval 5 months, adhesion score dry / wet Primer /
Dur 550 Dur 1800 Cover Top 456Continued Testing
Continued testing of Epoxy formulations 1-19 continued
over an 18 month period and wet results are indicated
in the results tables below. The topcoats are as
indicated above or in the supplementary Key at the end
of the tables. The results clearly show that the
formulations of the invention continue to give an
extension to the overcoating interval compared with
the reference formulations containing no zinc oxide.
Results Table 8 (b)PROCESS FOR THE SEPARATION OF C5
HYDROCARBONS PRESENT IN STREAMS PREVALENTLY CONTAINING
C4 PRODUCTS USED FOR THE PRODUCTION OF HIGH-OCTANE
HYDROCARBON COMPOUNDS BY THE SELECTIVE DIMERIZATION OF
ISOBUTENE The present invention relates to a process
for the separation of C5 hydrocarbons present in the
C4 charges used for the production of high-octane
hydrocarbon com pounds by the selective dimerization
reaction of isobutene and to a lesser extent of
possible linear olefins, in the presence of linear and
branched alcohols and alkyl ethers, which favour the
production of higher selectivities on the part of the
catalyst. The mixture obtained can then be
hydrogenated with conventional methods to obtain a
product with further enhanced octane characteristics.
For mainly environmental reasons, the composition of
gasolines is being reformulated and the general
tendency is towards the production of fuels which burn
better and have lower evaporative emissions . The main
measures for achieving this objective are listed below
(D. Sanfilippo, F . Ancillotti, M.Marchionna, Chim.&
Ind. , 76, (1994), 32): - reduction in the content of
aromatic compounds and elim i nation of benzene;
reduction in the volatility of gasolines to minimize
evaporative losses; - reduction in the content of
light olefins, photochemically 



extremely reactive; - reduction in the sulfur content
and final boiling point of the gasolines. All these
measures consequently create the necessity of
projecting new production processes of purely hydrocar
bon compounds capable of positively contributing to
the above demands . Among these, alkylated products
are extremely important as they have a high octane
number, a low volatility and are practically free of
olefins and aromatic compounds . The alkylation
process in liquid phase is a reaction be tween
isoparaf finic hydrocarbons, such as isobutane, and
olefins, for example propylene, butenes, pentenes and
relative mixtures thereof, in the presence of an acid
catalyst for the production of C7-C9 hydrocarbons with
a high octane number to be used in gasolines (A.
Corma, A . Martinez, Catal.Rev. -Sci.Eng. , 35, (1993)
,483) . The main problem of alkylation processes is
due to the fact that, with growing environmental
regulations, both ofthe traditional processes (with
hydrofluoric and sulfuric acid) are encountering
considerable difficulties, which create uncertainties
for the future; the process with hy drofluoric acid
due to the toxicity of this acid, especially in
populated areas, and that using sulfuric acid, as a
result of the large production of acid sludge as well
as the considerably corrosive nature of the catalyst.
Alternative processes with solid acid catalysts are
being developed but their commercial applicability has
yet to be demonstrated. A hydrocarbon product of this
type, on the other hand, is becoming increasingly more
requested due to its octane characteristics (both the
Research Octane Number (RON) and the Motor Octane
Number (MON) are high) and those relating to the
boiling point (limited volatility but low end-point)
which position it in the group of compositions of
great in terest for obtaining gasolines which are more
compatible with current environmental requirements .
An alternative refinery process for obtaining products
with characteristics similar to those of alkylated
products can be offered by the hydrogenation of
so-called "polymer" gasoline . Oligomerization
processes (often inaccurately called polymerization in
the refining industry) were widely used in the '30s'
and '4Os' for converting low-boiling C3-Colefins into
gasolines. The process leads to the production of a
gasoline with a high octane number (RON about 97) but
with a high sensitivity (difference between RON and
MON) due to the purely olefinic nature of the product
(J.H.Gary, G .E . Handwerk, "Petroleum Refining :
Technology and Econom ics", 3rd Ed., M . Dekker, New
York, (1994), 250). Typical olefins which are
oligomerized are mainly pro pylene, which gives dimers
or slightly higher oligomers de pending on the process
used, and isobutene which mainly gives dimers but is
always accompanied by a considerable quantity of
higher oligomers. With particular attention to the
oligomerization of isobutene, it is known that this
reaction can be carried out either batchwise,
semi-batchwise or in continuous, either in gas or
liquid phase, generally at temperatures ranging from
50 to 300 0C and at atmospheric pressure or such
pressures as to maintain the reagents in liquid phase,
if necessary. Typical catalysts for the industrial
oligomerization process of isobutene are represented
by phosphoric acid, 



generally supported on a solid (for example
kieselguhr) , or cation- exchange acid resins. The
latter allow blander con ditions to be used compared
with supported phosphoric acid both in terms of
temperature and pressure (50-100 0C and 0.2-3 MPa with
respect to 200-220 0C and 3-10 MPa).Other catalysts
are also claimed in literature, both liquid acids such
as H2SO4 and derivatives of sulfonic ac ids, and
solids such as silico-aluminas, mixed oxides, zeo
lites, fluorinated or chlorinated aluminas, etc.; none
of these catalysts however has so far enabled an
industrial process to be set up, as in the case of
supported phospho ric acid (F. Asinger, "Mono-olef ins
: Chemistry and Technol ogy", Pergamon Press, Oxford,
pages 435-456) and that of cation resins (G. Scharfe,
Hydrocarbon Proc ., April 1973, 171) . From the
product point of view, the main problem of this
process lies in the fact that excessive percentages of
heavy oligomers such as trimers (selectivity of
20-40%) and tetramers (selectivity of 1-5%) of
isobutene, are produced in the oligomerization phase.
Tetramers are completely out side the gasoline
fraction as they are too high-boiling and therefore
represent a net loss in yield to gasoline; as far as
trimers are concerned, their concentration should be
greatly reduced as they have a boiling point (170-180
0C ) at the limit of future specifications on the
final point of reformulated gasolines. The problem of
reducing the formation of oligomers higher than dimers
to percentages lower than 15% is, on the other hand, a
problem typical of the oligomerization of isobutene,
as also indicated in literature (C. T .O 'Connor,M .
Kojima, K .W . Shcumann, Appl .Catal ., 1 , (1985)
,193) . This level of heavy compounds is slightly
higher than that of an alkylated product and is still
tolerated in the gasoline pool . From what is
specified above, there is evidently great interest in
obtaining a new dimerization process of isobutene
which allows the synthesis of a higher- quality prod
uct, through reaching greater selectivities . By
carrying out the selective dimerization reaction of
isobutene in the presence of moderate quantities of
linear and branched alcohols and alkyl ethers, the
production of a fraction of oligomers is selectively
obtained, which is particular rich in dimers (>85%)
and practically free of tetramers and higher oligomers
(<0.5%) . The reaction product is then preferably
hydrogenated to give a completely saturated
end-product with a high oc tane number and low
sensitivity. The hydrogenation can be carried out with
conventional methods as described, for example, in F .
Asinger, "Monoolefins: Chemistry and Technology",
Pergamon Press, Oxford, page 455. For illustrative
purposes, Table 1 indicates the oc tane number and
relative boiling points of some of the products
obtained, by means of the process, object of the
present invention.TABLE 1 The process, object of the
present invention, for the separation of C5
hydrocarbons present, in a quantity ranging from 0.2
to 20% by weight, in streams prevalently con taining
C4 products used for the production of high-octane
hydrocarbons, by the selective dimerization reaction
of isobutene, is characterized in that the reaction is
carried out in the presence of linear and branched
alcohols and ethers in a quantity which is such as to
have a molar ratio alcohols + ethers/isobutene in the
feeding higher than 0.01 



and preferably lower than 0.7. It should also be
pointed out that in the case of hy drocarbon streams
also comprising C4 and C5 olefins, it has been
observed that at least a part of the latter can be
converted by reaction with isobutene into the
hydrocarbon product without altering the octane value.
It is therefore preferable to effect an enriching
treatment, by means of pre-isomerization, of the
internal linear olefins, in order to favour the
overall octane number of the mixture.The process
claimed herein can be applied to cuts mainly
containing isobutane, isobutene, n-butane, n-butenes
and saturated and olefinic C5 hydrocarbons. Although a
wide variety of sources are available for the supply
of these streams, the most common are those de riving
from Dehydrogenation processes of iso-paraf fins, from
FCC units, Steam Cracking or processes for the produc
tion of pure isobutene such as the dehydration of
tertbutyl alcohol (TBA) or the Cracking of MTBE and/or
ETBE; these streams differ from each other in the
content of iso butene and linear butenes, as shown in
Table 2 . Table 2 Should streams from Steam Cracking
contain diolefins in addition to the desired mono-olef
ins, they must be eliminated by means of typical
removal treatment (for exam ple solvent extraction or
selective hydrogenation) . Saturated and olefinic C5
hydrocarbons can be present in these streams, in
various amounts (0.2 - 20% by weight), depending on
the efficiency of the C -C5 separation step.The C5
olefins possibly present can be involved in
dimerization reactions . The stream sent to the
reaction steps can contain branched alcohols or a
blend of alcohols and alkyl ethers, in addition to the
hydrocarbon components. The alcohols used are linear,
preferably containing a number of carbon atoms ranging
from 1 to 6 , preferably from 4 to 7 carbon atoms;
preferred linear alcohols are methanol and/or ethanol,
whereas preferred branched alcohols are tert-butyl
alcohol (TBA) and/or tert-amyl alcohol (TAA) . The
alkyl ether used can be selected from those con
taining a number of carbon atoms ranging from 5 to 10:
MTBE (methyl tert-butyl ether) , ETBE (ethyl
tert-butyl ether) , MSBE (methyl sec-butyl ether) ,
ESBE (ethyl sec-butyl ether) , TAME (methyl tert-amyl
ether) , TAEE (ethyl tertamyl ether) or mixtures
thereof are preferred. Isobutene, together with the
hydrocarbon stream in which it is contained, is sent
with the mixture of alcohols and alkyl ethers, in
stoichiometric defect, into contact with the acid
catalyst where the dimerization takes place. The
linear primary alcohol, in addition to interacting
with the catalyst, also helps to limit the possible
cracking of the alkyl ether and can possibly react
with the dimers and linear C4 olefins, whereas the
branched alcohol (tertiary) does not react with the
olefins due to its steric hindrance . In order to
obtain the dimerization product with the desired
selectivity to dimers, it is essential to maintain a
constant level of oxygenated products in the reaction
environment but above all the contemporaneous presence
of the three oxygenated compounds (linear alcohol,
branched alco hol and alkyl ether) which, due to a
synergic effect are capable of forming the catalytic
species with the correct activity and stability. The
optimal level of the sum of alcohols and alkyl ethers
which should be present in the re action environment
to obtain selectivities to dimers close to 85% by
weight, depends on the composition of the hydro 



carbon charge. The higher the olefin content in the
charge, the lower the amount of oxygenated products to
be used. A wide variety of acid catalysts can be used
for this process, but those preferred are
styrene-divinyl benzene polymeric resins having
sulphonic groups as catalytic cen tres . A large range
of operative conditions can be used to produce
high-octane hydrocarbons from isobutene in the de
sired selectivities. It is possible to operate in
vapour or liquid-vapour phase, but operating
conditions in liquid phase are preferred. The pressure
is preferably higher than the atmospheric value, in
order to maintain the reagents in liquid
phase,generally below 5 MPa, more preferably between
0.2 - 2.5 MPa. The reaction temperature preferably
ranges from 30 to 120 0C . The feeding space
velocities of the oxygenatedhydrocarbon stream are
preferably lower than 30 h 1 , more preferably ranging
from 1 and 15 h 1 . Isobutene is mainly converted in
the reaction zone, however part of the C4-C5 olefins
present can also be con verted to useful product; in
principle, there are no limits to the concentration of
iso-olefin in the hydrocarbon frac tion, even if
concentrations ranging from 2 to 60% are pre ferred;
in case of streams having a high isobutene concen
tration (dehydration or cracking) it is therefore
conven ient to dilute the charge with C4-C7
hydrocarbons. There are no limits, on the contrary,
for the ratio between iso butene and linear olefins.
The process, object of the present invention, can be
effected batchwise or in continuous, bearing in mind
how ever that the latter is much more advantageous in
industrial practice. The reactor configuration
selected is gen erally a double reaction step
comprising one or more fixed bed reactors which can be
optionally selected from a tubu lar and adiabatic
reactor. The presence of C5 hydrocarbons in the feed,
however, complicates the process schemes, as these
compounds haveintermediate boiling temperatures
between C4 and oxygenated products, and they also form
azeotropic mixtures with the branched alcohols as
shown in Table 3 , which indicates the boiling points
of the most representative low-boiling com ponents
present in the streams Table 3 The C5 products cannot
therefore be removed from the plant together with the
C4 products, as they would intro duce oxygenated
products (branched alcohols and ethers) into the
stream, which are difficult to remove by means ofthe
traditional techniques used for removing methanol (wa
ter washing) and which are poisonous for the
subsequent treatment processes of the streams
(polymerization, alkylation and metathesis) . The C5
products, on the other hand, cannot be maintained in
the oxygenated stream as they would rapidly
accumulate. With respect to the schemes shown in
literature (US 6,011,191), it is therefore necessary
to in troduce a C5/branched alcohol azeotropic
separation step, which can be inserted in different
positions of the plant in relation to the C5 content
in the charge and also the relative concentration of
the C5 products present. The separation of the
C5/branched alcohol azeotropic product can be effected
using traditional fractionation columns in which the
azeotropic mixture can be recovered at the head,
bottom or as side cut. The process, object of the
present invention, can be carried out, in particular,
by means of the following es 



sential steps: a ) feeding a stream containing
isobutene and C5 hydrocarbons, together with one or
more streams containing oxy genated products (linear
and branched alcohols, ethers and water) , to one or
more reaction steps (consisting of one or more
reactors) ; b ) separating the C4/linear alcohol
azeotropic product and possibly the C4 products from
the C5 hydrocarbons, fromthe remaining oxygenated
products and from the hydrocar bon product, in one or
more distillation columns; c ) recovering the linear
alcohol from the azeotropic mix ture with the C4
products by means of conventional processes such as
washing with water or absorption on inor ganic solids;
d ) separating the C5 products (as an azeotropic
compound with the branched alcohol) from the remaining
oxygenated products and from the reaction product, in
one or more distillation columns, in order to obtain
three streams with the desired purity; e ) recycling
the stream containing the remaining oxygenated
products and that containing the linear alcohol recov
ered, to the two reaction steps,- f ) feeding linear
alcohol and water (which forms the branched alcohol in
the reactors by reaction with the tertiary olefin) to
the reaction steps to compensate the losses of linear
alcohol, which can react with the dimers and linear C4
olefins, and branched alcohol which, on the contrary,
leaves the plant together with the C5 products; g )
recycling part of the C4 products, with or without lin
ear alcohol, to the reaction steps in order to
maximize the isobutene conversion. For the process
comprising the essential steps indicated above, the C5
products are present in the streams prevalently
containing C4 products in a quantity preferably
ranging from 0.5 to 10% by weight. The separation of
the C5/branched alcohol azeotropic product is
preferably carried out starting from blends of: a ) C5
- oxygenated products (ethers and branched alcohols) -
reaction product, wherein the C5 hydrocarbons are re
covered as an azeotropic compound with the branched al
cohol as head effluent using a scheme based on a
column, with recovery of the remaining oxygenated
products as side cut, or two fractionation columns; b
) C5 - oxygenated products (ethers and branched
alcohols) - dimers, wherein the C5 hydrocarbons are
recovered as an azeotropic compound with the branched
alcohol as head effluent of a fractionation column; c
) C4-C5 - oxygenated products (ethers and branched
alco hols) - reaction product, effluent from a
reaction step, wherein the C5 hydrocarbons are
recovered as an azeo tropic compound with the branched
alcohol as side cut of a fractionation column from
whose head the C4/linear al cohol azeotropic product
and possibly the C4 products are recovered, whereas a
mixture containing the oxygen ated products and the
reaction product is recovered at the bottom; d ) C4-C5
- oxygenated products (linear and branched alcohols)
wherein the C5 hydrocarbons are recovered as an
azeotropic compound with the branched alcohol as
bottom effluent of a fractionation column from whose
head the C4/linear alcohol azeotropic product and
possibly the C4 products are recovered. Six process
schemes are shown in figures 1-6, in order to clearly
illustrate the present invention. 



Figure 1 shows a process scheme wherein C5 hydrocar
bons are not present in the charge and the oxygenated
products are methanol (linear alcohol) , TBA (branched
alcohol) and MTBE (alkyl ether) . The stream (1)
containing isobutene, together with the reintegration
feeding of methanol and water (2) and the re cycled
streams of oxygenated products (MTBE and TBA) (15) and
methanol (18) , is sent to a first reaction step Rl,
which can consist of one or more reactors, in which
the C4 iso-olefin is selectively converted to dimers .
The effluent (4) from the first reaction step, is sent
to a first separation column Cl in which a stream (5)
essentially containing C4 hydrocarbons and methanol is
re moved from the head, whereas a stream (6)
essentially con taining the reaction product and
remaining oxygenated com pounds, is collected at the
bottom. The head stream (5) is then fed, together with
the recycled streams of oxygenated products (16) and
methanol(17) , to a second reaction step R2, which can
consist of one or more reactors, wherein the isobutene
present is se lectively converted to dimers . The
effluent (8) from the second reaction step is
separated in a column C2 from whose bottom a stream
(10) essentially containing MTBE, TBA, the
dimerization product and part of the C4 products, is
removed and sent to the column Cl for the recovery of
the product and oxygenated products. The head stream
(9), consisting of C4 products and the C4/methanol
azeotropic mixture is, on the other hand, sent to an
MR unit for the recovery of the alcohol which can
consist, for example, of an absorption system on
molecular sieves or a water washing column. In both
cases, the alcohol recovered (14) can be sent back to
the two reaction steps (streams 17 and 18) whereas the
hydrocarbon stream (13) can be used in subsequent
operations. The bottom stream (6) of the column Cl is
sent to a further separation column C3 wherein a
stream (11) essen tially containing MTBE, TBA and
dimers is removed at the head and is recycled to the
two reaction steps (streams 15 and 16) , whereas the
reaction product (12) essentially con sisting of
dimers, trimers and small quantities of oli gomers and
ethers of dimers, is recovered at the bottom. When C5
hydrocarbons are present in the charge, on the
contrary, according to the present invention,
differentplant configurations can be used, schematised
in the fol lowing figures 2-6, to recover the C5/TBA
azeotropic prod uct, depending on the quantity of C5
products present and the required purity of the
streams. Figure 2 therefore shows a possible process
scheme which differs from the previous scheme in that
the stream con taining oxygenated products to be
recycled (11) (ethers and TBA) is removed from the
column C3 as side cut, whereas the C5/TBA azeotropic
product (19) is recovered from the head of the column
and can optionally be joined with the reac tion
product. The process scheme becomes more complex when
a more efficient separation of the mixture of C5 prod
ucts/oxygenated products/reaction product is to be
effected, as a new fractionation column C4 must be
inserted, as shown in figure 3 . In this new scheme,
the head stream of the column C3 (11) is sent to a new
column C4 where the C5/TBA azeotropic mixture (20) is
separated at the head and the stream of oxygenated
products (19) is separated at the bottom and recycled
to the two reaction steps. Alternatively, the C5
hydrocarbons can be recovered 



using the two fractionation columns of the C4 products
wherein the C5/TBA azeotropic mixture can be thus
recovered as side cut (19) both in the column Cl
(figure 4 ) and in the column C2 (figure 5 ) . A
further option however consistsin effecting the
separation of the C4-C5 products in a last new column
C5, as shown in figure 6 , in which the C5/TBA
azeotropic product is recovered as bottom stream (19)
.CLAIMS 1 ) A process for the separation of C5
hydrocarbons present, in a quantity ranging from 0.2
to 20% by weight, in hy drocarbon streams prevalently
containing C4 products used for the production of
high-octane hydrocarbon com pounds, by the selective
dimerization of isobutene, characterized in that the
dimerization reaction is car ried out in the presence
of linear and branched alcohols and alkyl ethers in
such a quantity as to have a molar ratio alcohols +
alkyl ethers/isobutene in the feeding higher than
0.01. 2 ) The process according to claim 1 , wherein
the molar ra tio alcohols + alkyl ethers/isobutene is
lower than 0.7. 3 ) The process according to claim 1 ,
wherein the reaction is carried out at a temperature
ranging from 30 to 120 0C , at a pressure lower than 5
MPa and at feeding space velocities lower than 30 h 1
. 4 ) The process according to claim 1 , wherein the
feeding space velocities range from 1 to 15 h 1 . 5 )
The process according to claim 1 , wherein the linear
al cohol has a number of carbon atoms ranging from 1
to 6 . 6 ) The process according to claim 5 , wherein
the linear al cohol is selected from methanol and/or
ethanol. 7 ) The process according to claim 1 ,
wherein the branched alcohol has a number of carbon
atoms ranging from 4 to7 . 8 ) The process according
to claim 7 , wherein the branched alcohol is selected
from tert-butyl alcohol or tert-amyl alcohol . 9 ) The
process according to claim 1 , wherein the alkyl ether
has a number of carbon atoms ranging from 5 to 10. 10)
The process according to claim 9 , wherein the alkyl
ether is selected from MTBE, ETBE, MSBE, ESBE, TAME,
TAEE or mixtures thereof . 11) The process according
to claim 1 , wherein other possi ble olefins present
in the charge react to form highoctane products . 12)
The process according to claim 1 , wherein isobutene
content in the charge is modified by dilution with C4-
C7 streams. 13) The process according to at least one
of the previous claims comprising the following
essential steps: a ) feeding the C4-C5 hydrocarbon cut
containing isobu tene, together with one or more
streams containing oxygenated products (linear and
branched alcohols, ethers and water) , to one or more
reaction steps (consisting of one or more reactors) ;
b ) separating the C4/linear alcohol azeotropic
product and possibly the C4 products from the C5
hydrocarbons, from the remaining oxygenated products
and from the hydrocarbon product, in one or more
distillation columns; c ) recovering the linear
alcohol from the azeotropic mixture with the C4
products by means of conventional processes such as
washing with water or absorption on inorganic solids,-
d ) separating the C5 hydrocarbons, as an azeotropic
compound with the branched alcohol, from the remaining
oxygenated products and from the reaction product, in
one or more fractionation columns, in order to obtain 



three streams with the desired purity; e ) recycling
the streams containing the oxygenated products
(branched alcohol and ether) and the linear alcohol
recovered, to the two reaction steps,- f ) feeding
linear alcohol and water (which forms the branched
alcohol in the reactors by reaction with the tertiary
olefin) to the reaction steps to compensate the losses
of linear alcohol, which can react with the dimers and
linear C4 olefins, and branched alcohol which, on the
contrary, leaves the plant together with the C5
products; g ) recycling part of the C4 products, with
or without linear alcohol, to the reaction steps in
order to maxi mize the isobutene conversion. 14) The
process according to claims 1 and 13, wherein the
separation of the C5/branched alcohol azeotropic
product can be carried out starting from blends of : a
) C5 - oxygenated products (ethers and branched alco
hols) - reaction product, wherein the C5 hydrocarbons
are recovered as an azeotropic compound with the
branched alcohol as head effluent using a scheme based
on a column, with recovery of the remaining oxygenated
products as side cut, or two fractionation columns; b
) C5 - oxygenated products (ethers and branched alco
hols) - dimers, wherein the C5 hydrocarbons are
recovered as an azeotropic compound with the branched
alco hol as head effluent of a fractionation column; c
) C4-C5 - oxygenated products (ethers and branched al
cohols) - reaction product, effluent from a reaction
step, wherein the C5 hydrocarbons are recovered as an
azeotropic compound with the branched alcohol as side
cut of a fractionation column from whose head the
C4/linear alcohol azeotropic product and possibly the
C4 products are recovered, whereas a mixture
containing the oxygenated products and the reaction
product is recovered at the bottom; d ) C4-C5 -
oxygenated products (linear and branched al cohols)
wherein the C5 hydrocarbons are recovered as an
azeotropic compound with the branched alcohol as
bottom effluent of a fractionation column from whose
head the G /linear alcohol azeotropic product and
possibly theC4 products are recovered. 15) The process
according to claims 1 , 13 and 14, wherein the
C5/branched alcohol azeotropic mixture is joined to
the reaction product. 16) The process according to
claims 1 and 13, wherein the dimerization reaction is
carried out in one or more fixed bed, tubular and/or
adiabatic reactors. 17) The process according to claim
13, wherein the C5 hy drocarbons are present in
streams prevalently containing C4 products in a
quantity ranging from 0.5 to 10% by weight. 


