
ELECTRODEPOSITABLE COATING COMPOSITION CONTAINING A
CYCLIC GUANIDINE BACKGROUND OF THE INVENTION Field of
the Invention [0001] The present invention is directed
towards an electrodepositable coating composition
comprising a cyclic guanidine Background Information
[0002] Dialkyltin oxides have traditionally been used
as cure catalysts for electrodeposition coatings.
Dialkyltin oxides, however, have been subjected to a
number of regulatory restrictions by various countries
due to environmental concerns. Therefore, bismuth has
been used with increased frequency as the cure
catalyst for electrodeposition coatings in lieu of
dialkyltin oxide. There are, however, a number of
shortcomings associated with using bismuth as the cure
catalyst. For example, bismuth is often a less
effective catalyst for various electrodeposition
compositions when compared to dialkyltin oxide.
Moreover, there may be cost and availability issues
associated with using bismuth as a cure catalyst in
the future. Accordingly, there is a need for an
alternative catalyst for use in an electrodeposition
coating. Moreover, there is also a need for an
electrodeposition coating that is substantially free
of tin. SUMMARY OF THE INVENTION [0003] The present
invention is directed to an electrodepositable coating
composition comprising a cyclic guanidine. DETAILED
DESCRIPTION OF THE INVENTION [0004] As used herein,
unless otherwise expressly specified, all numbers such
as those expressing values, ranges, amounts or
percentages may be read as if prefaced by the word
"about", even if the term does not expressly appear.
Moreover, it should be noted that plural terms and/or
phrases encompass their singular equivalents and vice
versa. For example, "a" cyclic guanidine, "a" polymer,
"a" crosslinker, and any other component refers to one
or more of these components. [0005] When referring to
any numerical range of values, such ranges are
understood to include each and every number and/or
fraction between the stated range minimum and maximum.
[0006] As employed herein, the term "polyol" or
variations thereof refers broadly to a material having
an average of two or more hydroxyl groups per
molecule.[0007] As used herein, the term "polymer"
refers broadly to prepolymers, oligomers and both
homopolymers and copolymers. It should be noted that
the prefix "poly" refers to two or more. [0008] As
stated above, the present invention is directed to an
electrodepositable coating composition comprising a
cyclic guanidine. It will be understood that
"guanidine" refers to a compound, moiety, and/or
residue having the following general structure: (I) R
N R2 R 5 N N I I R4 R3 wherein each of R 1, R2, R3,
R4, R5 (i.e., substituents of structure (I)) can
comprise hydrogen, (cyclo)alkyl, aryl, aromatic,
organometallic, a polymeric structure, or together can
form a cycloalkyl, aryl, or an aromatic structure, and
wherein R 1, R2, R3, R4 , and R5 can be the same or
different. As used herein, "(cyclo)alkyl" refers to
both alkyl and cycloalkyl. When any of the R groups
"together can form a (clyco)alkyl, aryl, and/or
aromatic group" it is meant that any two adjacent R
groups are connected to form a cyclic moiety, such as
the rings in structures (II) - (V) below. [0009] It
will be appreciated that in some embodiments, the
double bond between the carbon atom and the nitrogen
atom that is depicted in structure (I) may be located
between the carbon atom and another nitrogen atom of
structure (I). Accordingly, the various substituents
of structure (I) may be attached to different
nitrogens depending on where the double bond is
located within the structure. [0010] In certain
embodiments, the cyclic guanidine comprises the
guanidine of structure (I) wherein two or more R
groups of structure (I) together form one or more
rings. In other words, in some embodiments the cyclic
guanidine comprises  1 ring. For example, the cyclic
guanidine can either be a monocyclic guanidine ( 1
ring) as 



depicted in structures (II) and/or (III) below, or the
cyclic guanidine can be polycyclic ( 2 rings) as
depicted in structures (IV) and (V) below. (II)(IV)
(V) [0011] Each substituent of structures (II) and/or
(III), R 1 - R7, can comprise hydrogen, (cyclo)alkyl,
aryl, aromatic, ogranometallic, a polymeric structure,
or together can form a cycloalkyl, aryl, or an
aromatic structure, and wherein R1- R7 can be the same
or different. Similarly, each substituent of
structures (IV) and (V), R 1 - R9, can be hydrogen,
alkyl, aryl, aromatic, ogranometallic, a polymeric
structure, or together can form a cycloalkyl, aryl, or
an aromatic structure, and wherein R 1 - R9 can be the
same or different. Moreover, in some embodiments of
structures (II) and/or (III), certaincombinations of R
1 - R7 may be part of the same ring structure. For
example, R 1 and R7 of structure (II) may form part of
a single ring structure. Moreover, in some
embodiments, it will be understood that any
combination of substituents (R1 -R7 of structures (II)
and/or (III) as well as R 1 - R9 of structures (IV)
and/or (V)) can be chosen so long as the substituents
do not substantially interfere with the catalytic
activity of the cyclic guandine. [0012] In certain
embodiments, each ring in the cyclic guanidine is
comprised of  5- members. For instance, the cyclic
guanidine may be a 5-member ring, a 6-member ring, or
a 7-member ring. As used herein, the term "member"
refers to an atom located in a ring structure.
Accordingly, a 5-member ring will have 5 atoms in the
ring structure ("n" and/or "m" = 1 in structures (II)
- (V)), a 6-member ring will have 6 atoms in the ring
structure ("n" and/or "m" = 2 in structures (II) -
(V)), and a 7-member ring will have 7 atoms in the
ring structure ("n" and/or "m" =3 in structures (II) -
(V)) It will be appreciated that if the cyclic
guanidine is comprised of  2 rings (e.g., structures
(IV) and (V)), the number of members in each ring of
the cyclic guanidine can either be the same or
different. For example, one ring may be a five-member
ring while the other ring may be a six-member ring. If
the cyclic guanidine is comprised of  3 rings, then in
addition to the combinations cited in the preceding
sentence, the number of members in a first ring of the
cyclic guanidine can be different from the number of
members in any other ring of the cyclic guanidine.
[0013] It will also be understood that in certain
embodiments of the cyclic guanidine the nitrogen atoms
of structures (II) - (V) can further have additional
atoms attached thereto. Moreover, in some embodiments,
the cyclic guanidine can either be substituted or
unsubstituted. For example, as used herein in
conjunction with the cyclic guanidine, "substituted",
in certain embodiments, refers to a cyclic guanidine
wherein R5, R6, and/or R7 of structures (II) and/or
(III) and/or R9 of structures (IV) and/or (V) is not
hydrogen. As used herein in conjunction with the
cyclic guanidine, "unsubstituted", in certain
embodiments, refers to a cyclic guanidine wherein R 1
- R7 of structures (II) and/or (III) and/or R 1 - R9
of structures (IV) and/or (V) is hydrogen. In some
embodiments, the substituted cyclic guanidine is 1, 5,
7-triazabicyclo[4.4.0]dec-5-ene. [0014] It has been
surprisingly discovered that the cyclic guanidine is
itself a catalyst (e.g., a curing catalyst) for the
electrodepositable coating composition. Accordingly,
introduction of a cyclic guanidine into an
electrodepositable coating composition canreduce
and/or eliminate the use of metal catalysts, such as
tin and/or bismuth, in an electrodepositable coating
composition. [0015] In some embodiments, the cyclic
guanidine of the present invention is used in
combination with a metal, such as a metal ion, which
can be added to the electrodepositable coating
composition. Metals that can be used in combination
with the cyclic guanidine include, without limitation,
bismuth, tin, zinc, zirconium, titanium, manganese,
tungsten, yttrium, molybdenum, lanthanum, cobalt,
cerium, magnesium, or combinations thereof. It is
noted that the oxides and/or salts of the metals
recited in the preceding sentence as well as an organo
functionalized material comprising one of the metals
may also be utilized in the present invention.
Moreover, it will be appreciated that some of the
metal species are themselves catalysts and, therefore,
act as a co-catalyst with the cyclic guanidine.
Therefore, the amount of metal catalyst in an
electrodepositable coating composition can be reduced
by using the cyclic guanidine in combination with a
metal. [0016] In some embodiments, the
electrodepositable coating composition comprises
0.01% or  0.2% by weight of the cyclic guanidine,
based on the total weight of the resin solids of the
electrodepositable coating composition. In other
embodiments, the 



electrodepositable coating composition comprises < 7%
or < 4% or < 2 by weight of the cyclic guanidine,
based on the total weight of the resin solids of the
electrodepositable coating composition. In certain
embodiments, the amount of cyclic guanidine present in
the electrodepositable coating composition can range
between any combination of values, which were recited
in the preceding sentences, inclusive of the recited
values. For example, in certain embodiments, the
electrodepositable coating composition comprises 0.6%
to 2.0% by weight of the cyclic guanidine, based on
the total weight of the resin solids of the
electrodepositable coating composition. [0017] As will
be discussed in greater detail below, the cyclic
guanidine that is described in the preceding
paragraphs can be incorporated into the
electrodepositable coating composition using a variety
of means. For example, the cyclic guanidine can be:
(i) added as an additive to the an electrodepositable
coating composition; (ii) incorporated into the main
film-forming polymer of an electrodepositable coating
composition; (iii) incorporated into the water
dispersible polymer of a grind vehicle component of an
electrodepositable coating composition; (iv) used to
block a curing agent in an electrodepositable coating
composition, (v) incorporated into a portion of
acrater control additive, (vi) incorporated into a
microgel, and/or (vii) used in any combination
thereof. [0018] Electrodeposition baths are typically
supplied as two components: (i) a main vehicle and
(ii) a grind vehicle. The first component (main
vehicle) can be an unpigmented resin feed which
generally comprises a resin blend. In certain
embodiments, the resin blend comprises (a) a main
film-forming polymer (e.g., an active
hydrogen-containing ionic salt group-containing resin)
having reactive functional groups, (b) a curing agent
that is reactive with functional groups on the
film-forming polymer, and (c) any additional
water-dispersible non-pigmented components. Wide
varieties of main film-forming polymers are known and
can be used in the electrodeposition baths of the
invention so long as the polymers are "water
dispersible." As used herein, "water dispersible" will
mean that a material is adapted to be solubilized,
dispersed, and/or emulsified in water. The main
film-forming polymers used in the invention are ionic
in nature. Accordingly, in some embodiments, the main
film-forming polymer is cationic. In other words, the
main film-forming polymer comprises cationic salt
groups, generally prepared by neutralizing a
functional group on the film-forming polymer with an
acid, which enables the main film-forming polymer to
be electrodeposited onto a cathode. [0019] Examples of
main film-forming polymers suitable for use in
cationic electrocoating coating compositions include,
without limitation, cationic polymers derived from a
polyepoxide, an acrylic, a polyurethane, and/or
polyester, hydroxyl groupcontaining polymers, amine
salt group-containing polymers, or combinations
thereof. It should be noted that in some embodiments,
that main film-forming polymer is a copolymers of the
polymers listed in the preceding sentence. [0020]
Accordingly, in some embodiments, the main
film-forming polymer is a cationic polymer (cationic
resin) that is derived from a polyepoxide. For
example, the main filmforming polymer can be prepared
by reacting together a polyepoxide and a polyhydroxyl
group-containing material selected from alcoholic
hydroxyl group-containing materials and phenolic
hydroxyl group-containing materials to chain extend or
build the molecular weight of the polyepoxide. As will
be discussed in greater detail below, the reaction
product can then be reacted with a cationic salt group
former to produce the cationic polymer. [0021] In
certain embodiments, a chain extended polyepoxide
typically is prepared as follows: the polyepoxide and
polyhydroxyl group-containing material are reacted
together "neat" or in the presence of an inert organic
solvent such as a ketone, including methylisobutyl
ketone and methyl amyl ketone, aromatics such as
toluene and xylene, and glycol ethers such as the
dimethyl ether of diethylene glycol. The reaction
typically is conducted at a temperature of 8O0C to
16O0C for 30 to 180 minutes until an epoxy
group-containing resinous reaction product is
obtained. [0022] In some embodiments, the equivalent
ratio of reactants (i.e., epoxy:polyhydroxyl
group-containing material) ranges from 1.00:0.50 to
1.00:2.00. [0023] In certain embodiments, the
polyepoxide typically has at least two 1,2-epoxy
groups. The epoxy compounds may be saturated or
unsaturated, cyclic or acyclic, aliphatic, alicyclic,
aromatic or heterocyclic. Moreover, the epoxy
compounds may contain substituents such as halogen,
hydroxyl, and ether groups. [0024] Examples of
polyepoxides are those having a 1,2-epoxy equivalency
greater 



than one and/or two; that is, polyepoxides which have
on average two epoxide groups per molecule. Suitable
polyepoxides include polyglycidyl ethers of polyhydric
alcohols such as cyclic polyols and polyglycidyl
ethers of polyhydric phenols such as Bisphenol A.
These polyepoxides can be produced by etherification
of polyhydric phenols with an epihalohydrin or
dihalohydrin such as epichlorohydrin or dichlorohydrin
in the presence of alkali. Besides polyhydric phenols,
other cyclic polyols can be used in preparing the
polyglycidyl ethers of cyclic polyols. Examples of
other cyclic polyols include alicyclic polyols,
particularly cycloaliphatic polyols such as
hydrogenated bisphenol A, 1,2- cyclohexane diol and
1,2-bis(hydroxymethyl)cyclohexane. [0025] In certain
embodiments, the polyepoxides have epoxide equivalent
weights  180. In some embodiments, the polyepoxides
have epoxide equivalent weights < 2000. In other
embodiments, the polyepoxides have epoxide equivalent
weights that ranges between any combination of values,
which were recited in the preceding sentences,
inclusive of the recited values. For example, in
certain embodiments the polyepoxides have epoxide
equivalent weights ranges from 186 to 1200. [0026]
Epoxy group-containing acrylic polymers may also be
used in the present invention. In certain embodiments,
epoxy group-containing acrylic polymers have an epoxy
equivalent weight  750. In other embodiments, epoxy
group-containg acrylic polymer has an epoxy equivalent
weight of < 2000. In some embodiments, the epoxy
group-containing acrylic polymer has an epoxy
equivalent weight that ranges between any combination
of values, which were recited in the preceding
sentences, inclusive of the recited values.[0027]
Examples of polyhydroxyl group-containing materials
used to chain extend or increase the molecular weight
of the polyepoxide (i.e., through hydroxyl-epoxy
reaction) include alcoholic hydroxyl group-containing
materials and phenolic hydroxyl groupcontaining
materials. Examples of alcoholic hydroxyl
group-containing materials are simple polyols such as
neopentyl glycol; polyester polyols such as those
described in U.S. Patent No. 4,148,772; polyether
polyols such as those described in U.S. Patent No.
4,468,307; and urethane diols such as those described
in U.S. Patent No. 4,931 , 1 57. Examples of phenolic
hydroxyl group-containing materials are polyhydric
phenols such as Bisphenol A, phloroglucinol, catechol,
and resorcinol. Mixtures of alcoholic hydroxyl
group-containing materials and phenolic hydroxyl
group-containing materials may also be used. [0028]
The main film-forming polymer can contain cationic
salt groups, which can be incorporated into the resin
molecule as follows: The resinous reaction product
prepared as described above is further reacted with a
cationic salt group former. By "cationic salt group
former" is meant a material which is reactive with
epoxy groups and which can be acidified before,
during, or after reaction with the epoxy groups to
form cationic salt groups. Examples of suitable
materials include amines such as primary or secondary
amines which can be acidified after reaction with the
epoxy groups to form amine salt groups, or tertiary
amines which can be acidified prior to reaction with
the epoxy groups and which after reaction with the
epoxy groups form quaternary ammonium salt groups.
Examples of other cationic salt group formers are
sulfides which can be mixed with acid prior to
reaction with the epoxy groups and form ternary
sulfonium salt groups upon subsequent reaction with
the epoxy groups. [0029] When amines are used as the
cationic salt formers, monoamines, hydroxylcontaining
amines, polyamines, or combinations thereof may be
used. [0030] Tertiary and secondary amines are used
more often than primary amines because primary amines
are polyfunctional with respect to epoxy groups and
have a greater tendency to gel the reaction mixture.
If polyamines or primary amines are used, they can be
used in a substantial stoichiometric excess to the
epoxy functionality in the polyepoxide so as to
prevent gelation and the excess amine can be removed
from the reaction mixture by vacuum stripping or other
technique at the end of the reaction. The epoxy may be
added to the amine to ensure excess amine. [0031]
Examples of hydroxyl-containing amines include, but
are not limited to, alkanolamines, dialkanolamines,
alkyl alkanolamines, and aralkyl
alkanolaminescontaining from 1 to 18 carbon atoms,
such as 1 to 6 carbon atoms, in each of the alkanol,
alkyl and aryl groups. Specific examples include
ethanolamine, N-methylethanolamine, diethanolamine,
N-phenylethanolamine, N,Ndimethylethanolamine,
N-methyldiethanolamine, 3-aminopropyldiethanolamine,
and N- (2-hydroxyethyl)-piperazine. 



[0032] Amines such as mono, di, and trialkylamines and
mixed aryl-alkyl amines which do not contain hydroxyl
groups or amines substituted with groups other than
hydroxyl which do not negatively affect the reaction
between the amine and the epoxy may also be used.
Specific examples include ethylamine,
methylethylamine, triethylamine, Nbenzyldimethylamine,
dicocoamine, 3-dimethylaminopropylamine, and
N,Ndimethylcyclohexylamine. [0033] Mixtures of the
above mentioned amines may also be used in the present
invention. [0034] The reaction of a primary and/or
secondary amine with the polyepoxide takes place upon
mixing of the amine and polyepoxide. The amine may be
added to the polyepoxide or vice versa. The reaction
can be conducted neat or in the presence of a suitable
solvent such as methyl isobutyl ketone, xylene, or
1-methoxy-2-propanol. The reaction is generally
exothermic and cooling may be desired. However,
heating to a moderate temperature ranging from 5O0C to
150 0C may be done to hasten the reaction. [0035] The
reaction product of the primary and/or secondary amine
and the polyepoxide is made cationic and water
dispersible by at least partial neutralization with an
acid. Suitable acids include organic and inorganic
acids. Non-limiting examples of suitable organic acids
include formic acid, acetic acid, methanesulfonic
acid, and lactic acid. Non-limiting examples of
suitable inorganic acids include phosphoric acid and
sulfamic acid. By "sulfamic acid" is meant sulfamic
acid itself or derivatives thereof such as those
having the formula: R I H- N- S O3H wherein R is
hydrogen or an alkyl group having 1 to 4 carbon atoms.
[0036] It is noted that mixtures of the above
mentioned acids may also be used may be used in the
present invention.[0037] The extent of neutralization
of the cationic electrodepositable coating composition
varies with the particular reaction product involved.
However, sufficient acid should be used to disperse
the electrodepositable coating composition in water.
Typically, the amount of acid used provides at least
20 percent of all of the total neutralization. Excess
acid may also be used beyond the amount required for
100 percent total neutralization. For example, in some
embodiments, the amount of acid used to neutralize the
electrodepositable coating composition is  1 % based
on the total amines in the electrodepositable coating
composition. In other embodiments, the amount of acid
used to neutralize the electrodepositable coating
composition is < 100 % based on the total amines in
the electrodepositable coating composition. In certain
embodiments, the total amount of acid used to
neutralize the electrodepositable coating composition
ranges between any combination of values, which were
recited in the preceding sentences, inclusive of the
recited values. For example, the total amount of acid
used to neutralize the electrodepositable coating
composition can be 20%, 35%, 50%, 60%, or 80% based on
the total amines in the electrodepositable coating
composition. [0038] In the reaction of a tertiary
amine with a polyepoxide, the tertiary amine can be
pre-reacted with the neutralizing acid to form the
amine salt and then the amine salt reacted with the
polyepoxide to form a quaternary salt group-containing
resin. The reaction is conducted by mixing the amine
salt with the polyepoxide in water. Typically, the
water is present in an amount ranging from 1.75 % to
20 % by weight based on total reaction mixture solids.
[0039] In forming the quaternary ammonium salt
group-containing resin, the reaction temperature can
be varied from the lowest temperature at which the
reaction will proceed, generally room temperature or
slightly thereabove, to a maximum temperature of 100
0C (at atmospheric pressure). At higher pressures,
higher reaction temperatures may be used. In some
embodiments, the reaction temperature ranges from 6O0C
to 100 0C. Solvents such as a sterically hindered
ester, ether, or sterically hindered ketone may be
used, but their use is not necessary. [0040] In
addition to the primary, secondary, and tertiary
amines disclosed above, a portion of the amine that is
reacted with the polyepoxide can be a ketimine of a
polyamine, such as is described in U.S. Patent No.
4,104,147, column 6, line 23 to column 7, line 23. The
ketimine groups decompose upon dispersing the
amine-epoxy resin reaction product in water. In an
embodiment of the present invention, at least aportion
of the active hydrogens present in the resin
(a)comprise primary amine groups 



derived from the reaction of a ketimine-containing
compound and an epoxy groupcontaining material such as
those described above. [0041] In addition to resins
containing amine salts and quaternary ammonium salt
groups, cationic polymers containing ternary sulfonium
groups may be used in the composition of the present
invention. Examples of these resins and their method
of preparation are described in U.S. Patent Nos.
3,793,278 and 3,959,1 06. [0042] Suitable active
hydrogen-containing, cationic salt group-containing
resins can include copolymers of one or more alkyl
esters of acrylic acid or (meth)acrylic acid
optionally together with one or more other
polymerizable ethylenically unsaturated monomers.
Suitable alkyl esters of acrylic acid or (meth)acrylic
acid include methyl (meth)acrylate, ethyl
(meth)acrylate, butyl (meth)acrylate, ethyl acrylate,
butyl acrylate, and 2-ethyl hexyl acrylate. Suitable
other copolymerizable ethylenically unsaturated
monomers include nitriles such acrylonitrile and
(meth)acrylonitrile, vinyl and vinylidene halides such
as vinyl chloride and vinylidene fluoride and vinyl
esters such as vinyl acetate. Acid and anhydride
functional ethylenically unsaturated monomers such as
acrylic acid, (meth)acrylic acid or anhydride,
itaconic acid, maleic acid or anhydride, or fumaric
acid may be used. Amide functional monomers including
acrylamide, (meth)acrylamide, and N-alkyl substituted
(meth)acrylamides are also suitable. Vinyl aromatic
compounds such as styrene and vinyl toluene can be
used so long as a high level of photodegradation
resistance of the polymer is not required. [0043]
Functional groups such as hydroxyl and amino groups
can be incorporated into the acrylic polymer by using
functional monomers such as hydroxyalkyl acrylates and
methacrylates or aminoalkyl acrylates and
methacrylates. Epoxide functional groups (for
conversion to cationic salt groups) may be
incorporated into the acrylic polymer by using
functional monomers such as glycidyl acrylate and
methacrylate, 3,4-
epoxycyclohexylmethyl(meth)acrylate,
2-(3,4-epoxycyclohexyl)ethyl(meth)acrylate, or allyl
glycidyl ether. Alternatively, epoxide functional
groups may be incorporated into the acrylic polymer by
reacting carboxyl groups on the acrylic polymer with
an epihalohydrin or dihalohydrin such as
epichlorohydrin or dichlorohydrin. [0044] The acrylic
polymer can be prepared by traditional free radical
initiated polymerization techniques, such as solution
or emulsion polymerization, as known in the art, using
suitable catalysts which include organic peroxides and
azo type compounds and optionally chain transfer
agents such as alpha-methyl styrene dimer and
tertiarydodecyl mercaptan. Additional acrylic polymers
which are suitable for forming the active
hydrogen-containing, cationic polymer and which can be
used in the electrodepositable coating compositions of
the present invention include those resins described
in U.S. Patent Nos. 3,455,806 and 3,928,157. [0045] As
stated above, the main film-forming polymer can also
be derived form a polyurethane. Among the
polyurethanes which can be used are polymeric polyols
which are prepared by reacting polyester polyols or
acrylic polyols such as those mentioned above with a
polyisocyanate such that the OH/NCO equivalent ratio
is greater than 1: 1 so that free hydroxyl groups are
present in the product. Smaller polyhydric alcohols
such as those disclosed above for use in the
preparation of the polyester may also be used in place
of or in combination with the polymeric polyols.
[0046] Additional examples of polyurethane polymers
suitable for forming the active hydrogen-containing,
cationic polymer include the polyurethane, polyurea,
and poly(urethane-urea) polymers prepared by reacting
polyether polyols and/or polyether polyamines with
polyisocyanates. Such polyurethane polymers are
described in U.S. Patent No. 6,248,225. [0047] Epoxide
functional groups may be incorporated into the
polyurethane by methods well known in the art. For
example, epoxide groups can be incorporated by
reacting glycidol with free isocyanate groups. [0048]
Sulfonium group-containing polyurethanes can also be
made by at least partial reaction of
hydroxy-functional sulfide compounds, such as
thiodiglycol and thiodipropanol, which results in
incorporation of sulfur into the backbone of the
polymer. The sulfur-containing polymer is then reacted
with a monofunctional epoxy compound in the presence
of acid to form the sulfonium group. Appropriate
monofunctional epoxy compounds include ethylene oxide,
propylene oxide, glycidol, phenylglycidyl ether, and
CARDURA E, available from Resolution Performance
Products. [0049] In addition to being derived from a
polyepoxide or a polyurethane, the main filmforming 



polymer can also be derived from a polyester. Such
polyesters can be prepared in a known manner by
condensation of polyhydric alcohols and polycarboxylic
acids. Suitable polyhydric alcohols include, for
example, ethylene glycol, propylene glycol, butylene
glycol, 1,6-hexylene glycol, neopentyl glycol,
diethylene glycol, glycerol, trimethylol propane, and
pentaerythritol. Examples of suitable polycarboxylic
acids used to prepare the polyester include succinic
acid, adipic acid, azelaic acid, sebacic acid, maleic
acid, fumaric acid, phthalic acid, tetrahydrophthalic
acid, hexahydrophthalic acid,and trimellitic acid.
Besides the polycarboxylic acids mentioned above,
functional equivalents of the acids such as anhydrides
where they exist or lower alkyl esters of the acids
such as the methyl esters may be used. Moreover,
hydroxy acids and/or lactones, such as caprolactone
and/or 12-hydroxystearic acid, may also be used as
components of the polyester. [0050] The polyesters
contain a portion of free hydroxyl groups (resulting
from the use of excess polyhydric alcohol and/or
higher polyols during preparation of the polyester)
which are available for cure reactions. [0051] Epoxide
functional groups may be incorporated into the
polyester by reacting carboxyl groups on the polyester
with an epihalohydrin or dihalohydrin such as
epichlorohydrin or dichlorohydrin. Alternatively, in
some embodiments, an acid functional polyester can be
incorporated into an epoxy polymer by reaction of
carboxyl groups with an excess of polyepoxide. [0052]
Sulfonium salt groups can be introduced by the
reaction of an epoxy groupcontaining polymer of the
types described above with a sulfide in the presence
of an acid, as described in U.S. Patent Nos. 3,959,106
and 4,71 5,898. Sulfonium groups can be introduced
onto the polyester backbones described using similar
reaction conditions. [0053] In some embodiments, the
main film-forming polymer further comprises cationic
amine salt groups which are derived from pendant
and/or terminal amino groups. By "terminal and/or
pendant" is meant that primary and/or secondary amino
groups are present as a substituent which is pendant
from or in the terminal position of the polymeric
backbone, or, alternatively, is an end-group
substituent of a group which is pendant and/or
terminal from the polymer backbone. In other words,
the amino groups from which the cationic amine salt
groups are derived are not required to be within the
polymeric backbone. The pendant and/or terminal amino
groups can have the following structures (I) or (II):
(V) - NHR and/or(Vl) wherein R represents H or Ci to
Ci8 alkyl; R1, R2, R3, and R4 are the same or
different, and each independently represents H or Ci
to C4 alkyl; and X and Y can be the same or different,
and each independently represents a hydroxyl group
and/or an amino group. [0054] As used in conjunction
with structures (V) and (Vl), "alkyl" is meant alkyl
and aralkyl, cyclic or acyclic, linear or branched
monovalent hydrocarbon groups. The alkyl groups can be
unsubstituted or substituted with one or more
heteroaoms, for example, non-carbon, non-hydrogen
atoms such as one or more oxygen, nitrogen or sulfur
atoms. [0055] The pendant and/or terminal amino groups
represented by structures (V) and (Vl) above can be
derived from a compound selected from the group
consisting of ammonia, methylamine, diethanolamine,
diisopropanolamine, N-hydroxyethyl ethylenediamine,
diethylenetriamine, and mixtures thereof. One or more
of these compounds is reacted with one or more of the
above described polymers, for example, a polyepoxide
polymer, where the epoxy groups are ring-opened via
reaction with a polyamine, thereby providing terminal
amino groups and secondary hydroxyl groups. [0056] In
some embodiments, the terminal amino groups has
structure (Vl) wherein both X and Y comprise primary
amino groups (e.g., the amino group is derived from
diethylenetriamine). It should be understood that in
this instance, prior to reaction with the polymer, the
primary amino groups can be blocked, for example, by
reaction with a ketone such as methyl isobutyl ketone,
to form the diketimine. Such ketimines are those
described in U. S. Patent No. 4,1 04,147, column 6,
line 23 to column 7, line 23. The ketimine groups can
decompose upon dispersing the amine-epoxy reaction
product in water, thereby providing free primary amine
groups as curing reaction sites. [0057] In certain
embodiments, the amines from which the pendant and/or
terminal amino groups are derived comprise primary
and/or secondary amine groups such that the active
hydrogens of said amines will be consumed by reaction
with the at least 



partially blocked aliphatic polyisocyanate curing
agent to form urea groups or linkages during the
curing reaction. [0058] It should be understood that,
in some embodiments, the active hydrogens associated
with the main film-forming polymer include any active
hydrogens which are reactive with isocyanates at
temperatures sufficient to cure the electrodepositable
coating composition as previously discussed (i.e., at
temperatures at or below 182.20C (36O0F)). The active
hydrogens typically are derived from reactive hydroxyl
groups, andprimary and secondary amino, including
mixed groups such as hydroxyl and primary amino. In
some embodiments of the present invention, at least a
portion of the active hydrogens are derived from
hydroxyl groups comprising phenolic hydroxyl groups.
In some embodiments, the main film-forming polymer has
an active hydrogen content of  1 milliequivalents of
active hydrogen per gram of resin solids. In other
embodiments, the main film-forming polymer has an
active hydrogen content of < 4 milliequivalents of
active hydrogen per gram of resin solids. In certain
embodiments, the main film-forming polymer has an
active hydrogen content ranging between any
combination of values, which were recited in the
preceding sentences, inclusive of the recited values.
For example, in some embodiments, the main
film-forming polymer has an active hydrogen content
ranging from 2 to 3 milliequivalents of active
hydrogen per gram of resin solids. [0059] The extent
of cationic salt group formation should be such that
when the resin is mixed with an aqueous medium and
other ingredients, a stable dispersion of the
electrodepositable coating composition will form. By
"stable dispersion" is meant one that does not settle
or is easily redispersible if some settling occurs.
Moreover, the dispersion should be of sufficient
cationic character that the dispersed resin particles
will electrodeposit on a cathode when an electrical
potential is set up between an anode and a cathode
immersed in the aqueous dispersion. [0060] In certain
embodiments, the main film-forming polymer in the
electrodepositable coating composition of the present
invention comprises  0.1 milliequivalents of cationic
salt group per gram of resin solids. In other
embodiments, the main film-forming polymer comprises <
3.0 milliequivalents of cationic salt group per gram
of resin solids. In some embodiments, the
milliequivalents of cationic salt group per gram of
resin solids in the main film-forming polymer ranges
between any combination of values, which were recited
in the preceding sentences, inclusive of the recited
values. For example, in some embodiments, the
electrodepositable coating composition comprises from
0.1 to 0.7 milliequivalents of cationic salt group per
gram of resin solids. [0061] Moreover, in some
embodiments, the main film-forming polymer typically
is nongelled, having a number average molecular weight
2000. In other embodiments, the main film-forming
polymer is non-gelled and has a number average
molecular weight of < 15,000. In certain embodiments,
the average molecular weight of the main filmforming
polymer ranges between any combination of values,
which were recited in the preceding sentences,
inclusive of the recited values. For example, in some
embodiments, the average molecular weight of the main
film-forming polymer rangesfrom 5000 to 10,000. As
used herein, "non-gelled" means a polymer that is
substantially free from crosslinking, and prior to
cationic salt group formation, the resin has a
measurable intrinsic viscosity when dissolved in a
suitable solvent. In contrast, a gelled resin, having
an essentially infinite molecular weight, would have
an intrinsic viscosity too high to measure. [0062] In
certain embodiments, the main film-forming polymer is
present in the electrodepositable coating composition
in an amount  40 % by weight based on weight of total
resin solids present in the electrodepositable coating
composition. In other embodiments, the main
film-forming polymer is present the electrodepositable
coating composition in an amount < 95 % by weight
based on weight of total resin solids present in the
electrodepositable coating composition. In some
embodiments, the weight percent of the main
film-forming polymer in the electrodepositable coating
composition ranges between any combination of values,
which were recited in the preceding sentences,
inclusive of the recited values. For example, the main
film-forming polymer is present in the
electrodepositable coating composition in an amount
ranging from 50 % to 75 % by weight based on weight of
total resin solids present in the electrodepositable
coating composition. [0063] In some embodiments, the
main film-forming polymers can be selected from
cationic acrylic polymers such as those described in
U.S. Pat. Nos. 3,455,806 and 3,928,157. In some
embodiments, the main film-forming polymer can be
selected from 



the polymers described in U.S. Pat. Nos. 6,1 65,338
and 4,543,376, which are incorporated herein by
reference. In certain embodiments, the main
film-forming polymers can be selected from hydroxy
group-containing polymers including, without
limitation, the reaction products of: (i) bisphenol A
and ethylene oxide, (ii) bisphenol A and propylene
oxide, (iii) bisphenol A and polyethylene oxide and/or
polypropylene oxide diamines, and/or (iv) bisphenol A
and bisphenol A diglycidal either. In other
embodiments, the main film-forming polymers can be
amine salt group-containing polymers including,
without limitation, the acid-solubilized reaction
products of polyepoxides and primary or secondary
amines such as those described in U.S. Pat. Nos.
3,663,389; 3,984,299; 3,947,338; 3,947,339; and 4,1
16,900. Suitable primary or secondary amines include,
without limitation, methyl ethanol amine,
diethanolamine, diethylene triamine diketimine,
diethyl amine, dimethyl amine, other di alkyl amines,
amino propyl diethanols amine, or combinations
thereof. Usually, these amine salt group-containing
polymers are used in combination with a blocked
isocyanate curingagent. The isocyanate can be fully
blocked as described in the aforementioned U.S. Pat.
No. 3,984,299 or the isocyanate can be partially
blocked and reacted with the polymer backbone such as
described in U.S. Pat. No. 3,947,338. Also,
one-component compositions as described in U.S. Pat.
No. 4,134,866 and DE-OS No. 2,707,405 can be used as
the film-forming resin. [0064] Besides amine salt
group-containing polymers, quaternary ammonium salt
group-containing polymers can also be employed.
Examples of these polymers are those which are formed
by reacting an organic polyepoxide with a tertiary
amine salt. Such polymers are described in U.S. Pat.
Nos. 3,962,165; 3,975,346; and 4,001 ,101 . Examples
of other cationic polymers are ternary sulfonium salt
group-containing polymers and quaternary phosphonium
salt-group containing polymers such as those described
in U.S. Pat. Nos. 3,793,278 and 3,984,922,
respectively. Also, film-forming polymers which cure
via transesterification such as described in European
Application No. 12463 can be used. Further, cationic
compositions prepared from Mannich bases such as
described in U.S. Pat. No. 4,1 34,932 can be used.
[0065] As stated above, in addition to the (a) main
film-forming polymer, the resin blend further
comprises (b) a curing agent (crosslinker) that is
reactive with reactive functional groups, such as
active hydrogen groups, on the main film-forming
polymer. The curing agents that may be used with the
present invention include, but is not limited to,
urethane, isocyanate, ester, or combinations thereof.
[0066] It will be understood that non-limiting
examples of urethane curing agents include the
products of (i) an amine-carbonate reaction and/or
(ii) an isocyanate-alcohol reaction. [0067]
Non-limiting examples of suitable cyclic carbonates
that can be utilized to form the urethane curing
agent, include, without limitation, propylene
carbonate, ethylene carbonate, butylene carbonate, or
combinations thereof. Non-limiting examples of
suitable acyclic carbonates that can be utilized to
form the urethane, include, without limitation,
dimethyl carbonate, diethyl carbonate, methylethyl
carbonate, dipropyl carbonate, methylpropyl carbonate,
dibutyl carbonate, or combinations thereof. In some
embodiments of the present invention, the acyclic
carbonate comprises dimethyl carbonate. Non-limiting
examples of suitable amines that can be utilized to
form the urethane, include, without limitation,
diethylene triamine, dipropylene triamine,
bishexamethylene triamine, isophorone diamine,
4'-bis-aminocyclohexylamine, xylylene diamine,
N-hydroxyethyl ethylene diamine, hexamethylene
triamine,trisaminoethylamine, or combinations thereof.
In some embodiments, the curing agent is a reaction
product of a polyamine and a cyclic carbonate. It will
be understood that in certain embodiments, the primary
amines of the polyamine are reacted with the cyclic
carbonate. In some embodiments of the present
invention, the reaction product of the polyamine and
the cyclic carbonate can then be reacted with an epoxy
functional polymer such as those used to prepare the
main vehicle and/or grind vehicle. Specifically, in
some embodiments, the secondary amine of the reaction
product is reacted with the epoxy functional group of
the epoxy functional polymer. [0068] Non-limiting
examples of suitable isocyanates that can be utilized
to form the urethane curing agent include, without
limitation, toluene diisocyanate, methylene diphenyl
4,4'-diisocyanate, isophorone diisocyanate,
hexamethylene diisocyanate, xylyleuediisocyanate,
tetramethylxylylene diisocyanate, straight chain
aliphatic diisocyanates such as 1,4-tetramethylene
diisocyanate, norbornane diisocyanate, and 



1,6-hexamethylene diisocyanate, isophorone
diisocyanate and 4,4'-methylene-bis- (cyclohexyl
isocyanate), aromatic diisocyanates such as
p-phenylene diisocyanate,
diphenylmethane-4,4'-diisocyanate and 2,4- or
2,6-toluene diisocyanate, higher polyisocyanates such
as triphenylmethane-4,4',4"-triisocyanate,
1,2,4-benzene triisocyanate and polymethylene
polyphenyl isocyanate, and trimers of 1,6-
hexamethylene diisocyanate, or combinations thereof.
It should be noted that the dimers, trimers and higher
functional materials of these isocyanates may also be
utilized in the present invention. Non-limiting
examples of suitable alcohols that can be utilized to
form the urethane include, without limitation,
methanol, ethanol, propanol, isopropanol, butanol,
glycol ethers, and other alcohols. [0069] As stated
above, suitable curing agents for amine salt
group-containing polymers, cationic acrylic polymers,
and/or hydroxy group-containing polymers include
isocyanates as well as blocked isocyanates. It should
be noted that as used herein, "isocyanates" also
includes polyisocyanates and vice versa. The
polyisocyanate curing agent may be a fully blocked
polyisocyanate with substantially no free isocyanate
groups, or it may be partially blocked and reacted
with the resin backbone as described in U.S. Patent
3,984,299. The polyisocyanate can be an aliphatic, an
aromatic polyisocyanate, or combinations thereof. In
some embodiments, diisocyanates are utilized, although
in other embodiments higher polyisocyanates can be
used in place of or in combination with
diisocyanates.[0070] lsocyanate prepolymers, for
example, reaction products of polyisocyanates with
polyols such as neopentyl glycol and trimethylol
propane or with polymeric polyols such as
polycaprolactone diols and triols (NCO/OH equivalent
ratio greater than one) can also be used. A mixture of
diphenylmethane-4,4'-diisocyanate and polymethylene
polyphenyl isocyanate can be used. [0071] Any suitable
alcohol or polyol can be used as a blocking agent for
the polyisocyanate in the electrodepositable coating
composition of the present invention provided that the
agent will deblock at the curing temperature and
provided a gelled product is not formed. For example,
suitable alcohols include, without limitation,
methanol, ethanol, propanol, isopropyl alcohol,
butanol, 2-ethylhexanol, butoxyethanol,
hexyloxyethanol, 2-ethylhexyloxyethanol, n-butanol,
cyclohexanol phenyl carbinol, methylphenyl carbinol,
ethylene glycol monobutyl ether, diethylene glycol
monobutylether, ethylene glycol monomethylether,
propylene glycol monomethylether, or combinations
thereof. [0072] In certain embodiments of the present
invention, the blocking agent comprises one or more
1,3-glycols and/or 1,2-glycols. In one embodiment of
the present invention, the blocking agent comprises
one or more 1,2-glycols, typically one or more C3 to
C6 1,2-glycols. For example, the blocking agent can be
selected from at least one of 1,2- propanediol,
1,3-butanediol, 1,2-butanediol, 1,2-pentanediol,
timethylpentene diol, and/or 1,2-hexanediol. [0073]
Other suitable blocking agents include oximes such as
methyl ethyl ketoxime, acetone oxime and cyclohexanone
oxime and lactams such as epsilon-caprolactam. [0074]
As stated above, in some embodiments, the curing agent
that is used in the present invention is an ester
curing agent. It should be noted that as used herein,
"ester" also includes polyesters. Accordingly, in some
embodiments, a polyester curing agent. Suitable
polyester curing agents include materials having
greater than one ester group per molecule. The ester
groups are present in an amount sufficient to effect
cross-linking, for example at temperatures up to 25O
0C, and curing times of up to 90 minutes. It should be
understood that acceptable cure temperatures and cure
times will be dependent upon the substrates to be
coated and their end uses. [0075] Compounds generally
suitable as the polyester curing agent are polyesters
of polycarboxylic acids. Non-limiting examples include
bis(2-hydroxyalkyl)esters of dicarboxylic acids, such
as bis(2-hydroxybutyl) azelate and bis(2-
hydroxyethyl)terephthalate;
tri(2-ethylhexanoyl)trimellitate; and
poly(2-hydroxyalkyl)esters of acidic half-esters
prepared from a dicarboxylic acid anhydride and an
alcohol, including polyhydric alcohols. The latter
type is suitable to provide a polyester with a final
functionality of more than 2. One suitable example
includes a polyester prepared by first reacting
equivalent amounts of the dicarboxylic acid anhydride
{e.g., succinic anhydride or phthalic anhydride) with
a trihydric or tetrahydric alcohol, such as glycerol,
trimethylolpropane or pentaerythritol, at temperatures
below 15O 0C, and then reacting the acidic polyester
with at least an equivalent amount of an 



epoxy alkane, such as 1,2-epoxy butane, ethylene
oxide, or propylene oxide. The polyester curing agent
(ii) can comprise an anhydride. Another suitable
polyester comprises a lower 2-hydroxy-akylterminated
poly-alkyleneglycol terephthalate. [0076] In some
embodiments, the polyester comprises at least one
ester group per molecule in which the carbon atom
adjacent to the esterified hydroxyl has a free
hydroxyl group. [0077] Also suitable is the
tetrafunctional polyester prepared from the half-ester
intermediate prepared by reacting trimellitic
anhydride and propylene glycol (molar ratio 2:1 ) ,
then reacting the intermediate with 1,2-epoxy butane
and the glycidyl ester of branched monocarboxylic
acids. [0078] In some embodiments, where the active
hydrogen-containing resin comprises cationic salt
groups, the polyester curing agent is substantially
free of acid. For purposes of the present invention,
by "substantially free of acid" is meant having less
than 0.2 meq/g acid. For aqueous systems, for example
for cathodic electrocoating, coating compositions,
suitable polyester curing agents can include
non-acidic polyesters prepared from a polycarboxylic
acid anhydride, one or more glycols, alcohols, glycol
mono-ethers, polyols, and/or monoepoxides. [0079]
Suitable polycarboxylic anhydrides can include
dicarboxylic acid anhydrides, such as succinic
anhydride, phthalic anhydride, tetrahydrophthalic
anhydride, trimellitic anhydride, hexahydrophthalic
anhydride, methylhexahydrophthalic anhydride,
3,3',4,4'- benzophenonetetracarboxylic dianhydride,
and pyromellitic dianhydride. Mixtures of anhydrides
can be used. [0080] Suitable alcohols can include
linear, cyclic or branched alcohols. The alcohols may
be aliphatic, aromatic or araliphatic in nature. As
used herein, the terms glycols and mono-epoxides are
intended to include compounds containing not more than
two alcohol groups per molecule which can be reacted
with carboxylic acid or anhydride functions below the
temperature of 15O0C.[0081] Suitable mono-epoxides can
include glycidyl esters of branched monocarboxylic
acids. Further, alkylene oxides, such as ethylene
oxide or propylene oxide may be used. Suitable glycols
can include, for example ethylene glycol and
polyethylene glycols, propylene glycol and
polypropylene glycols, and 1,6-hexanediol. Mixtures of
glycols may be used. [0082] Non-acidic polyesters can
be prepared, for example, by reacting, in one or more
steps, trimellitic anhydride (TMA) with glycidyl
esters of branched monocarboxylic acids in a molar
ratio of 1: 1 .5 to 1:3, if desired with the aid of an
esterification catalyst such as stannous octoate or
benzyl dimethyl amine, at temperatures of 50-1 O'.
Additionally, trimellitic anhydride can be reacted
with 3 molar equivalents of a monoalcohol such as 2-
ethylhexanol. [0083] Alternatively, trimellitic
anhydride ( 1 mol) can be reacted first with a glycol
or a glycol monoalkyl ether, such as ethylene glycol
monobutyl ether in a molar ratio of 1:0.5 to 1: 1 ,
after which the product is allowed to react with 2
moles of glycidyl esters of branched monocarboxylic
acids. Furthermore, the polycarboxylic acid anhydride
i.e., those containing two or three carboxyl functions
per molecule) or a mixture of polycarboxylic acid
anhydrides can be reacted simultaneously with a
glycol, such as 1,6- hexane diol and/or glycol
mono-ether and monoepoxide, after which the product
can be reacted with mono-epoxides, if desired. For
aqueous compositions these non-acid polyesters can
also be modified with polyamines such as diethylene
triamine to form amide polyesters. Such
"amine-modified" polyesters may be incorporated in the
linear or branched amine adducts described above to
form self-curing amine adduct esters. [0084] The
non-acidic polyesters of the types described above
typically are soluble in organic solvents, and
typically can be mixed readily with the main film
forming resin described above. [0085] Polyesters
suitable for use in an aqueous system or mixtures of
such materials disperse in water typically in the
presence of resins comprising cationic salt groups.
[0086] In some embodiments, the polyisocyanate curing
agents are typically utilized in conjunction with the
cationic main film-forming polymers in amounts of  5%
by weight based on the total weight of the resin
solids of the electrodeposition bath. In other
embodiments, the polyisocyanate curing agents are
typically utilized in conjunction with the cationic
main film-forming polymers in amounts of < 60% by
weight based on the total weight of the resin solids
of the electrodeposition bath. In yet other
embodiments, 



the amount of main film-forming polymer can range
between any combination of values,which were recited
in the preceding sentences, inclusive of the recited
values. For example, the polyisocyanate curing agents
can be utilized in conjunction with the cationic main
film-forming polymers in an amount ranting from 20% to
50% by weight based on the total weight of the resin
solids of the electrodeposition bath. [0087] In some
embodiments, the curing agent that can be used in the
electrocoating composition is the curing agent that is
described in U.S. Pat. No. 5,902,473, which is
incorporated herein by reference. [0088] It is
understood that one skilled in the art can determine
an appropriate curing agent for a particular main
film-forming polymer based on the functionality of the
main film-forming polymer. [0089] In certain
embodiments, at least a portion of the curing agent is
chemically bound to the main film-forming polymer. In
other embodiments, the curing agent is not chemically
bound to the main film-forming polymer and is added as
an additive to the electrodepositable coating
composition. [0090] The second component (grind
vehicle) of an electrodeposition bath generally
comprises a pigment composition (pigment paste), which
can have one or more pigments, a water dispersible
polymer, and, optionally, additives such as
surfactants, wetting agents, catalysts, dispersing
aids, or combinations thereof. It should be noted that
the water dispersible polymer of the grind vehicle can
either be the same or different from the main
film-forming polymer in the resin blend. The pigment
composition used in the grind vehicle may be of the
conventional type comprising pigments of, for example,
iron oxides, strontium chromate, carbon black, coal
dust, titanium dioxide, talc, barium sulfate, as well
as color pigments such as cadmium yellow, cadmium red,
chromium yellow and the like. In some embodiments, the
pigment composition can comprise effect pigments such
as, but not limited to, electroconductive and/or photo
chromic pigments. The pigment content of the
dispersion is usually expressed as a pigment-to-resin
ratio. In the practice of the invention, when pigment
is employed, the pigment-to-resin ratio is usually
within the range of about 0.02:1 to 1: 1 . The other
additives mentioned above are usually in the
dispersion in amounts of about 0.01% to 3% by weight
based on weight of resin solids. [0091] The first and
second components of the electrodeposition bath are
dispersed together in an aqueous medium which
comprises water and, usually, coalescing solvents to
form the electrodeposition bath. Useful coalescing
solvents that can be used in the electrodeposition
bath include, but are not limited to, hydrocarbons,
alcohols,esters, ethers and/or ketones. In one
embodiment, the coalescing solvents include alcohols,
polyols and ketones. Specific coalescing solvents
include isopropanol, butanol, 2-ethylhexanol,
isophorone, 2-methoxypentanone, ethylene and propylene
glycol and the monoethyl, monobutyl and monohexyl
ethers of ethylene glycol. In certain embodiments, the
amount of coalescing solvent used in the
electrodeposition bath is  0.01% weight based on the
total weight of the aqueous medium used to make the
electrodeposition bath. In other embodiments, the
amount of coalescing solvent used in the
electrodeposition bath is < 25% by weight based on the
total weight of the aqueous medium used to make the
electrodeposition bath. In yet other embodiments, the
amount of coalescing solvent used in the
electrodeposition bath can range between any
combination of values, which were recited in the
preceding sentences, inclusive of the recited values.
For example, in one embodiment, the amount of
coalescing solvent used in the electrodeposition bath
can range from 0.05% to 5% by weight based on the
total weight of the aqueous medium used to make the
electrodeposition bath. [0092] As stated above, in
certain embodiments, the cyclic guanidine can be in
the form of an additive that is added to an
electrodepositable coating composition. In some
embodiments, the additive is added "neat", that is,
added directly into the electrodepositable coating
composition without prior blending or reacting with
the other components that comprise the
electrodepositable coating composition. For example,
in some embodiments, the additive is added "neat" into
an electrodeposition bath and/or to components that
are used to form the electrodeposition bath (e.g.,
resin blend and/or grind vehicle). In other
embodiments, the additive is added to an aqueous
medium prior to the aqueous medium being added to the
electrodeposition bath. For instance, the additive can
be added to an aqueous medium, which is added to the
electrodeposition bath, after the electrodeposition
bath has been prepared (i.e., post added). In some
embodiments, the additive is added "neat" into the
resin blend and/or into the grind 



vehicle before the resin blend and/or the grind
vehicle is dispersed in an aqueous medium. In other
words, the additive can be added to the resin blend
and/or to the grind vehicle prior to the formation of
the electrodeposition bath. The preparation of such an
additive will be discussed in greater detail in the
Examples section below. [0093] In certain embodiments,
additive that is added to the electrodepositable
coating composition comprises a reaction product of
the cyclic guanidine and a monofunctional compound.
Suitable monofunctional compounds include, without
limitation, a monoglycidyl compound such as phenol
glycidal ether, 2 ethylhexyl glycidal ether, decanoic
acid glycidyl ester, or combinations thereof. [0094]
Moreover, in some embodiments, the cyclic guanidine of
the present invention is incorporated into the resin
blend and/or the grind vehicle as part of an admixture
that comprises the cyclic guanidine and an additional
component. It will be appreciated that the cyclic
guanidine as well as the additional component are both
reactive with a functional group on the main
film-forming polymer and/or the water dispersible
polymer of the resin blend and/or grind vehicle,
respectively. In some embodiments, the additional
component is an "amine package" that is added to the
resin blend and/or the grind vehicle. As used herein,
"amine package" refers to an admixture of amines, such
as, without limitation, polyamines, primary amines,
secondary amines, aminecarbamates, tertiary amines, or
combinations thereof. [0095] In other embodiments, the
additional component can include a sulfide or a
combination of an amine package and a sulfide.
Suitable sulfides that can be utilized in the present
invention include, but are not limited to, hydroxy
functional sulfides, such as thiodiethanol. [0096] In
certain embodiments, the additional component
comprises other functional groups such as, without
limitation, alcohols, tertiary amines, urethanes,
ureas, ketimines, carbamates, or combinations thereof.
[0097] In some embodiments, the carbamate functional
group is a reaction product of a polyamine and a
carbonate, such as a cyclic carbonate. Suitable
polyamines that can be utilized to form the carbamate
include, without limitation, diethylene triamine,
dipropylene triamine, bis-hexamethylene triamine,
isophorone diamine, 4'-bisaminocyclohexylamine,
xylylene diamine, N-hydroxyethyl ethylene diamine,
hexamethylene triamine, trisaminoethylamine, or
combinations thereof. In certain embodiments, the
polyamine comprises primary and/or secondary amines.
Suitable carbonates that can be utilized to form the
carbamate include, without limitation, ethylene
carbonate, propylene carbonate, butylene carbonate, or
mixtures thereof. [0098] In some embodiments, the
additional component comprises a reaction product of a
polyamine and a carbonate. The polyamines and
carbonates which are listed in the preceding paragraph
are suitable for use in forming such a reaction
product. In certain embodiments, the polyamine
comprises a primary amine and a secondary amine. In
some embodiments, at least a portion of the primary
amine of the polyamine is reacted with a cyclic
carbonate to form a carbamate.[0099] In some
embodiments, the cyclic guanidine is the only
component of the admixture that reacts with the
polymer of the resin blend and/or the grind vehicle.
[00100] As stated above, in certain embodiments, the
cyclic guanidine can be incorporated into a polymer,
such as the main film-forming polymer and/or the water
dispersible polymer of the grind vehicle, of an
electrodepositable coating composition. For clarity,
the main film-forming polymer and the water
dispersible polymer of the grind vehicle will
generally be referred to as a "polymer." For example,
the cyclic guanidine can be incorporated into a
polymer via a reaction between the cyclic guanidine
and a functional group on the polymer. In some
embodiments, the cyclic guanidine is incorporated into
an epoxy functional polymer by reacting with an epoxy
functional group on the polymer. The preparation of a
polymer incorporating the cyclic guanidine will be
discussed in greater detail in the Examples section
below. [00101] In some embodiments of the present
invention, the polymeric reaction product of the
cyclic guanidine and a polymer may be rendered
cationic and water dispersible by a variety of
methods. For example, in some embodiments, the
reaction product of a polymer and the cyclic guanidine
is rendered cationic and water dispersible by
neutralizing at least a portion of the cyclic
guanidine moieties that are bonded to the polymer with
an acid such as lactic acid, acetic acid, sulfamic
formic acid, phosphoric acid, methanesulfonic acid,
para toluenesulfonic acid, dimethylolpropionic acid,
other acids, or combinations thereof. In some
embodiments, the polymer is rendered cationic 



and water dispersible by neutralizing at least a
portion of the amines that are bonded to the polymer
with an acid (i.e., the cyclic guanidines are not
neutralized). In yet other embodiments, the polymer is
rendered cationic and water dispersible by
neutralizing at least a portion of the cyclic
guanidines and at least a portion of the amines, each
of which are bonded to the polymer, with an acid.
[00102] As stated above, in certain embodiments of the
invention, the curing agent that is utilized in the
electrodepositable coating composition comprises the
reaction product of the cyclic guanidine and an
isocyanate. In some embodiments, isocyanate comprises
aliphatic isocyanate, an aromatic isocyanate, or
combinations thereof. One potential advantage of these
embodiments is that the incorporation of the cyclic
guanidine into the curing agent creates a blocked
curing catalyst. In other words, upon the application
of heat to the curing agent, the cyclic guandine is
released from the curing agent and is utilized to
catalyze the curing process of the electrodepositable
coating composition.[00103] Moreover, in some
embodiments, the cyclic guanidine is used to block at
least a portion of the curing agent. Accordingly, it
will be understood that once the curing agent is
de-blocked (i.e., the cyclic guanidine is no longer
blocking the curing agent), the curing agent is able
to react with functional groups on the main
film-forming polymer thereby curing the main
film-forming polymer while the cyclic guanidine
catalyzes the curing process. [00104] As stated above,
in certain embodiments, a crater control additive,
which can incorporated into the electrodepositable
coating composition, can comprise the cyclic
guanidine. Suitable crater control additives include,
without limitation, those described in U.S. Pat. Nos.
4,420,574, 4,423,1 66, and 4,423,850, which are
incorporated herein by reference. For example, in some
embodiments, the cyclic guanidine can be used in lieu
of at least a portion of the amines that are utilized
to form a the crater control additive. [00105] As
stated above, in some embodiments, a microgel, which
can be incorporated into the electrodepositable
coating composition, can comprise the cyclic
guanidine. A suitable microgel that can be utilized is
described in U.S. Pat. No. 5,096,556, which is
incorporated herein by reference. For example, in
certain embodiments, the cyclic guanidine can be used
in lieu of at least a portion of the amines that are
utilized to form the microgel. [00106] The
electrodepositable coating composition of the present
invention can be applied onto a number of substrates.
Accordingly, the present invention is further directed
to a substrate that is coated, at least in part, with
the electrodepositable coating composition described
herein. It will be understood that the electrocoating
coating composition can be applied onto a substrate as
a monocoat or as a coating layer in a multi-layer
coating composite. Non-limiting examples of a suitable
substrate can include a metal, a metal alloy, and/or a
substrate that has been metallized such as nickel
plated plastic. For example, the metal or metal alloy
can include aluminum and/or steel. In one embodiment,
the steel could be cold rolled steel,
electrogalvanized steel, and hot dipped galvanized
steel. In one embodiment, at least a portion of the
surface of the metallic surface onto which the coating
is applied is pretreated with phosphate, such as zinc
phosphate. In certain embodiments, the coated
substrate may comprise a portion of a vehicle such as
a vehicular body (e.g., without limitation, door, body
panel, trunk deck lid, roof panel, hood, and/or roof)
and/or a vehicular frame. As used herein, the term
"vehicle" or variations thereof includes, but is not
limited, to civilian, commercial, and military land
vehicles such as cars and trucks.[00107] Moreover, the
electrodepositable coating composition of the present
invention may be applied onto the substrate to impart
a wide variety of properties such as, but not limited
to, corrosion resistance, chip resistance, filling
(i.e., ability to hide underlying substrate
roughness), abrasion resistance, impact damage, flame
and/or heat resistance, chemical resistance, UV light
resistance, and/or structural integrity. [00108]
Depending on the substrate, the electrodepositable
coating composition is applied (i.e.,
electrodeposited) onto a substrate using a voltage
that can range from 1 volt to several thousand volts.
In one embodiment, the voltage that is used ranges
from 50 volts to 500 volts. Moreover, in one
embodiment, the current density is usually between 0.5
ampere and 5 amperes per square foot. It will be
understood, however, that the current density tends to
decrease during electrodeposition which is an
indication of the formation of an insulating film.
[00109] After the coating has been applied onto the
substrate via electrodeposition, in one embodiment,
the coating is cured by baking the substrate at an
elevated 



temperature ranging from 9O0C to 26O0C for a time
period ranging from 1 minute to 40 minutes. [00110] As
stated above, in certain embodiments, the
electrodepositable coating composition of the present
invention is utilized in an electrocoating layer that
is part of a multi-layer coating composite comprising
a substrate with various coating layers. The coating
layers could include a pretreatment layer, such as a
phosphate layer (e.g., zinc phosphate layer), an
electrocoating layer which results form the
electrodepositable coating composition of the present
invention, and suitable top coat layers (e.g., base
coat, clear coat layer, pigmented monocoat, and
color-plus-clear composite compositions). It is
understood that suitable topcoat layers include any of
those known in the art, and each independently may be
waterborne, solventborne, in solid particulate form
(i.e., a powder coating composition), or in the form
of a powder slurry. The top coat typically includes a
film-forming polymer, crosslinking material and, if a
colored base coat or monocoat, one or more pigments.
In one embodiment, the primer layer is disposed
between the electrocoating layer and the base coat
layer. In certain embodiments, one or more of the
topcoat layers are applied onto a substantially
uncured underlying layer. For example, in some
embodiments, a clear coat layer is applied onto at
least a portion of a substantially uncured basecoat
layer (wet-on-wet), and both layers are simultaneously
cured in a downstream process.[00111] Moreover, in
some embodiments, the top coat layers may be applied
directly onto the electrodepositable coating layer. In
other words, in some embodiments, the substrate lacks
a primer layer. For example, in some embodiments, a
basecoat layer is applied directly onto at least a
portion of the electrodepositable coating layer.
[00112] It will also be understood that in certain
embodiments, the top coat layers may be applied onto
an underlying layer despite the fact that the
underlying layer has not been fully cured. For
example, a clearcoat layer may be applied onto a
basecoat layer even though the basecoat layer has not
been subjected to a curing step. Both layers can then
be cured during a subsequent curing step thereby
eliminating the need to cure the basecoat layer and
the clearcoat layer separately. [00113] In certain
embodiments, additional ingredients such as colorants
and fillers can be present in the various coating
compositions from which the top coat layers result.
Any suitable colorants and fillers may be used. For
example, the colorant can be added to the coating in
any suitable form, such as discrete particles,
dispersions, solutions and/or flakes. A single
colorant or a mixture of two or more colorants can be
used in the coatings of the present invention. It
should be noted that, in general, the colorant can be
present in a layer of the multi-layer composite in any
amount sufficient to impart the desired property,
visual and/or color effect. [00114] Example colorants
include pigments, dyes and tints, such as those used
in the paint industry and/or listed in the Dry Color
Manufacturers Association (DCMA), as well as special
effect compositions. A colorant may include, for
example, a finely divided solid powder that is
insoluble but wettable under the conditions of use. A
colorant can be organic or inorganic and can be
agglomerated or non-agglomerated. Colorants can be
incorporated into the coatings by grinding or simple
mixing. Colorants can be incorporated by grinding into
the coating by use of a grind vehicle, such as an
acrylic grind vehicle, the use of which will be
familiar to one skilled in the art. [00115] Example
pigments and/or pigment compositions include, but are
not limited to, carbazole dioxazine crude pigment,
azo, monoazo, disazo, naphthol AS, salt type (lakes),
benzimidazolone, condensation, metal complex,
isoindolinone, isoindoline and polycyclic
phthalocyanine, quinacridone, perylene, perinone,
diketopyrrolo pyrrole, thioindigo, anthraquinone,
indanthrone, anthrapyrimidine, flavanthrone,
pyranthrone, anthanthrone, dioxazine,
triarylcarbonium, quinophthalone pigments, diketo
pyrrolo pyrrole red ("DPP red BO"), titanium dioxide,
carbon black, zinc oxide, antimony oxide, etc. and
organic or inorganic UV opacifying pigments such as
iron oxide, transparent redor yellow iron oxide,
phthalocyanine blue and mixtures thereof. The terms
"pigment" and "colored filler" can be used
interchangeably. [00116] Example dyes include, but are
not limited to, those that are solvent and/or aqueous
based such as acid dyes, azoic dyes, basic dyes,
direct dyes, disperse dyes, reactive dyes, solvent
dyes, sulfur dyes, mordant dyes, for example, bismuth
vanadate, anthraquinone, perylene, aluminum,
quinacridone, thiazole, thiazine, azo, indigoid,
nitro, nitroso, oxazine, phthalocyanine, quinoline,
stilbene, and triphenyl methane. [00117] Example tints
include, but are not limited to, pigments dispersed in
water-based 



or water miscible carriers such as AQUA-CHEM 896
commercially available from Degussa, Inc., CHARISMA
COLORANTS and MAXITONER INDUSTRIAL COLORANTS
commercially available from Accurate Dispersions
division of Eastman Chemical, Inc. [00118] As noted
above, the colorant can be in the form of a dispersion
including, but not limited to, a nanoparticle
dispersion. Nanoparticle dispersions can include one
or more highly dispersed nanoparticle colorants and/or
colorant particles that produce a desired visible
color and/or opacity and/or visual effect.
Nanoparticle dispersions can include colorants such as
pigments or dyes having a particle size of less than
150 nm, such as less than 70 nm, or less than 30 nm.
Nanoparticles can be produced by milling stock organic
or inorganic pigments with grinding media having a
particle size of less than 0.5 mm. Example
nanoparticle dispersions and methods for making them
are identified in U.S. Patent No. 6,875,800 B2, which
is incorporated herein by reference. Nanoparticle
dispersions can also be produced by crystallization,
precipitation, gas phase condensation, and chemical
attrition (i.e., partial dissolution). In order to
minimize re-agglomeration of nanoparticles within the
coating, a dispersion of resin-coated nanoparticles
can be used. As used herein, a "dispersion of
resin-coated nanoparticles" refers to a continuous
phase in which is dispersed discreet "composite
microparticles" that comprise a nanoparticle and a
resin coating on the nanoparticle. Example dispersions
of resin-coated nanoparticles and methods for making
them are identified in U.S. Application No. 10/876,031
filed June 24, 2004, which is incorporated herein by
reference, and U.S. Provisional Application No.
60/482,1 67 filed June 24, 2003, which is also
incorporated herein by reference. [00119] In some
embodiments, special effect compositions that may be
used in one or more layers of the multi-layer coating
composite include pigments and/or compositions that
produce one or more appearance effects such as
reflectance, pearlescence,metallic sheen,
phosphorescence, fluorescence, photochromism,
photosensitivity, thermochromism, goniochromism and/or
color-change. Additional special effect compositions
can provide other perceptible properties, such as
reflectivity, opacity or texture. In a non-limiting
embodiment, special effect compositions can produce a
color shift, such that the color of the coating
changes when the coating is viewed at different
angles. Example color effect compositions are
identified in U.S. Patent No. 6,894,086, incorporated
herein by reference. Additional color effect
compositions can include transparent coated mica
and/or synthetic mica, coated silica, coated alumina,
a transparent liquid crystal pigment, a liquid crystal
coating, and/or any composition wherein interference
results from a refractive index differential within
the material and not because of the refractive index
differential between the surface of the material and
the air. [00120] In other embodiments, a
photosensitive composition and/or photochromic
composition, which reversibly alters its color when
exposed to one or more light sources, can be used in a
number of layers in the multi-layer composite.
Photochromic and/or photosensitive compositions can be
activated by exposure to radiation of a specified
wavelength. When the composition becomes excited, the
molecular structure is changed and the altered
structure exhibits a new color that is different from
the original color of the composition. When the
exposure to radiation is removed, the photochromic
and/or photosensitive composition can return to a
state of rest, in which the original color of the
composition returns. In one non-limiting embodiment,
the photochromic and/or photosensitive composition can
be colorless in a non-excited state and exhibit a
color in an excited state. Full color-change can
appear within milliseconds to several minutes, such as
from 20 seconds to 60 seconds. Example photochromic
and/or photosensitive compositions include
photochromic dyes. [00121] In certain embodiments, the
photosensitive composition and/or photochromic
composition can be associated with and/or at least
partially bound to, such as by covalent bonding, a
polymer and/or polymeric materials of a polymerizable
component. In contrast to some coatings in which the
photosensitive composition may migrate out of the
coating and crystallize into the substrate, the
photosensitive composition and/or photochromic
composition associated with and/or at least partially
bound to a polymer and/or polymerizable component in
accordance with a non-limiting embodiment of the
present invention, have minimal migration out of the
coating. Example photosensitive compositions and/or
photochromic compositions and methods for making them
areidentified in U.S. Application Serial No. 10/892,91
9 filed July 16, 2004 and incorporated 



herein by reference. [00122] While specific
embodiments of the invention have been described in
detail, it will be appreciated by those skilled in the
art that various modifications and alternatives to
those details could be developed in light of the
overall teachings of the disclosure. Accordingly, the
particular arrangements disclosed are meant to be
illustrative only and not limiting as to the scope of
the invention which is to be given the full breadth of
the claims appended and any and all equivalents
thereof. Examples Example 1 (a) An Undispersed
Electrodepositable Resin 1. Epoxy resin available from
Hexion Specialty Chemicals 2. Crosslinker prepared
from the reaction of Hexamethylene triamine and
propylene carbonate in 70% solids in MIBK 3. MIBK
diketimine of diethylene triamine at 72.7% in MIBK 4.
Epoxy additive was prepared by reacting EPON 880 with
BPA to EEW of 935 and aminating with diethanol amine
and ketimine. [00123] Procedure: All weights are in
grams. Items A and B are charged to a 4 neck round
bottom flask, fit with a stirrer, temperature
measuring probe, N2 blanket and heated to 13O 0C. The
mixture exotherms. Begin 1 hour hold at 145 0C. The
peak exotherm was 146 0C and the temperature allowed
to drop to 145 0C. After 1 hour, the reaction was
cooled to 11O0C and charge C, D and E were added. The
mixture was held at 1150C for two hours. Charge F then
was added and the mixture held for 30 minutes. Charge
G then was added and the mixture held for an
additional 30 minutes. Example 2: (a) A Crosslinker1.
Rubinate M, available from Huntsman Corporation
[00124] Procedure: All weights are in grams. Items 1,
2 and 3 are charged to a 4 neck round bottom flask,
fit with a stirrer, temperature measuring probe and N2
blanket. Charge 4 was added slowly allowing the
temperature to increase to 60 0C. The mixture was then
held at 6O0C for 30 minutes. Charge 5 was then added
over about 2 hours allowing the temperature to
increase to a maximum of 1100C. Charge 6 was then
added and the mixture was held at 110 0C until the
i.r. spectrum indicates no residual isocyanate.
Example 3 (a) A Cationic Resin 1. Epoxy resin
available from Hexion Specialty Chemicals. 2.
Bisphenol ethylene oxide adduct available from BASF
Corporation. 3. MIBK diketimine of diethylene triamine
at 72.7% in MIBK. [00125] Procedure: All weights are
in grams. Items 1, 2, 3, 4 and 5 are charged to a 4
neck round bottom flask, fit with a stirrer,
temperature measuring probe, N2 blanket andheated to
13O0C. The mixture exotherms to about 15O 0C. The
temperature was allowed to drop to 145 0C and held at
this temperature for 2 hours. Charges 6 and 7 were
then added. Charges 8, 9 and 10 were added and the
mixture was held at 122 0C for two hours. 877g of the
reaction mixture was poured into a solution of items
11 and 12 with good stirring. The resulting dispersion
was mixed for thirty minutes and then charge 13 was
added with stirring over about 30 minutes and mixed
well. Charge 14 was added and mixed well. About 600 g
of water and solvent are distilled off under vacuum at
60- 65 0C. The resulting aqueous dispersion had a
solids content of 38.80%. Example 4 (a) An Additive
[00126] Procedure: All weights are in grams. Items 1,
and 2 are charged, under N2, to a round bottom flask
fitted with a mechanical stirrer, condenser, and
temperature controlling probe. The mixture was heated
to 6O0C. Item 3 was added drop-wise over 30 minutes.
The mixture was then brought to reflux and held at
reflux for an hour. The toluene was then removed by
first using ordinary distillation, followed by vacuum
distillation at 6O0C. Final product was, by theory,
100% nonvolatile. Example 5 (a) A Blocked lsocyanate
1. Polymeric isocyanate available from Huntsman
Corp.[00127] Procedure: All weights are in grams.
Items 1, 2 and 3 are charged to a 4 neck round bottom
flask, fit with a stirrer, temperature measuring probe
and N2 blanket. Charge 4 was added slowly allowing the
temperature to increase to 60 0C. The mixture 



was then held at 6O0C for 30 minutes. Charge 5 was
then added over about 1 hour allowing the temperature
to increase to a maximum of 11O0C. The mixture was
held for 30 minutes at1 10 0C. Charge 6 was then added
and the mixture was held at 11O0C until the i.r.
spectrum indicates no residual isocyanate. Heating was
stopped; charge 7 was added and mixed well. The final
product was titrated with 0.2 N HCI and found to
contain 0.736 meq. base per gram of resin. Example 6
(a) Cure Results Set 1 [00128] In the following cure
examples, resins were made undispersed in solvent,
blended with crosslinker (Cure example A and B) and
catalyst, stirred until uniform, and allowed to set
overnight. The coatings were then applied using a Bird
Bar applicator to approximately 25 micron film
thickness. The panels were then allowed to flash at
room temperature for at least 1 hr, then cured in an
electric oven at the temperature and time indicated.
The panels were tested for cure by acetone double rubs
using ASTM D5402- 6 Method A with the following
exceptions: Acetone was used rather than MIBK, no
water cleaning of panel, 100 double rubs are done
using a cheese cloth, and the rating scale was as
listed below. 1 - through to substrate in < 50 2 -
Through in 50-1 00 rubs 3 - Very severely marred.
Scratches to metal easily 4 - Severely marred only
over area rubbed. Can Scratch to metal 5 - Marred over
rub area, can scratch through to metal 6 - Marred
uniformly in center of rub area, difficult, but
possible to scratch to metal 7 - Non uniform marring
over rub area, can not scratch to metal 8 -
Scratching, very little marring of rub area, can not
scratch to metal 9 - Slight scratching of rub area,
can not scratch to metal 10 - No visible damageMETHOD
AND APPARATUS FOR COOLING PYROLYSIS EFFLUENT FIELD OF
THE INVENTION [0001] The present invention is directed
to a process for quenching the gaseous effluent from
hydrocarbon pyrolysis units, including pyrolysis units
using liquid feeds such as naphthas, and especially
those units that use feeds that are heavier than
naphthas, such as gasoil or other heavy hydrocarbon
feeds. More particularly, the invention pertains to
quenching the cracked hydrocarbon effluent below the
effluent dew point, using direct quench or indirect
heat exchange, wetted-wall quenching apparatus and
process. BACKGROUND OF THE INVENTION [0002] It is
desirable to produce light olefins (e.g., ethylene,
propylene, and butenes) by cracking relatively heavy
hydrocarbon feedstocks, such as gas-oils and crudes,
utilizing pyrolysis or steam cracking. It is also
required that the cracked effluent stream is quenched
or cooled shortly after leaving the pyrolysis furnace
to prevent the cracking reactions from continuing past
the point of product generation. Quenching effluent
streams from cracked heavy hydrocarbon feed presents
special challenges to prevent deposition of tar
(including tar-precursors and other heavy components)
and related fouling problems within the quench
equipment. Further, it is desirable to improve steam
cracking process efficiency by indirect heat exchange
and reuse of heat recovered from the cracked effluent
stream. Effluent heat recovery is typically performed
by indirect heat exchange, such as with one or more
transfer line exchangers (TLE's). [0003] Hydrocarbon
feed is heated rapidly during cracking, typically in
the presence of steam. After heating and cracking, the
vaporized effluent stream may typically exit the
pyrolysis furnace at high temperature, such as from
about 785C (14500F) to about 9300C (17000F) and must
be rapidly quenched to halt the cracking reactions and
prevent degradation of the valuable products. In
addition to producing olefins, steam cracking heavier
hydrocarbon feedstocks, including feedstocks having
aromatic components associated therewith, also
produces reactive molecules that tend to combine or
polymerize with each other while hot to form higher
molecular weight materials known as tar, pitch, or
nonvolatiles (referred to collectively herein, as
tar). Tar is a relatively high-boiling point, viscous,
active material that, under certain conditions can
deposit on, insulate, plug, and foul heatexchange
equipment. The fouling propensity can be characterized
in three temperature regimes. [0004] At temperatures
above the dew point (the temperature at which the
first drop of liquid condenses) of the cracked furnace
effluent, the fouling tendency is relatively low. 



Vapor phase fouling is generally not an issue as there
is no liquid or condensates present that could cause
fouling or polymerize. Appropriately designed transfer
line heat exchangers operating in this regime may
quench and remove heat with minimal fouling by
limiting the amount of cooling affected to maintain
the effluent in the vapor phase. [0005] Below the
stream dew point, steam cracked tar condenses from the
effluent stream and the fouling tendency may be
relatively high, particularly at and immediately
downstream of the location where the dew-point is
reached. In some applications, as additional materials
subsequently condense, there may be sufficient
low-viscosity liquids present to flux or carry away
the high molecular weight tar molecules. In this
regime, the heaviest components in the stream condense
but remain hot enough to remain reactive and sustain
dehydrogenation and polymerization reactions,
undesirably forming higher molecular weight tar
molecules. The tar condensates tend to adhere to inner
surfaces of process equipment, such as in the TLE's.
Furthermore, this material adheres to surfaces and
continues to polymerize, dehydrogenate, thermally
degrade, and harden, thus making it difficult to
remove. [0006] At or below the temperature at which
tar is fully condensed, the fouling tendency is
relatively low, due to depressed thermal activity and
due to the presence of sufficient condensates to act
as solvent to keep the tar flowing in the liquid
phase. In this regime, the condensed material is still
hot enough and fluid enough to flow readily at the
conditions of the process but fouling is generally not
a serious problem. Phase separation and fractionation
becomes key objectives at this stage, to separate the
tar and liquids from the more valuable vaporized
effluent that comprises the olefin products. [0007] In
view of condensation-related fouling and equipment
build-up, cracked gas oil and cracked heavy
hydrocarbon effluent streams, including some cracked
naphtha effluent streams, cannot easily be cooled
directly to a desirable processing temperature range,
such as from 2300C to about 3000C (450 to 5700F), due
to the presence of the condensable tar components. To
mitigate tar deposition and prevent fouling, it is
known to provide quench fluid injection for direct
introduction of a cooling direct quench fluid,
directly into the hot effluent stream and/or on the
effluent through bore. Direct quench is commonly
performedby introduction of the direct quench fluid
into the effluent through bore, typically onto both
the effluent through bore wall and within the effluent
stream, and is dispersed through gravity, fluid shear,
and/or mechanical dispersion during introduction.
Direct quench is also commonly conducted by dispersing
the direct quench fluid directly onto the bore wall. A
direct quench cooling process primarily cools by
direct mixing and contact of the direct quench fluid
with the effluent, such that the direct quench fluid
absorbs heat from the hot effluent and may
additionally include quench fluid evaporation, both
from the bore wall and from within the stream flow
path. As the effluent cools, some components therein
may condense and replace a portion of the vaporized
quench fluid. This direct quench process serves
primarily to reduce the temperature by heat transfer
to and by at least partial evaporation of the quench
fluid. If sufficient volume of quench fluid is
introduced, some of the fluid may remain in the liquid
phase, depending of course upon the final boiling
point of the direct quench fluid, and the direct
quench fluid may act as a carrier for the condensed
components and simultaneously coat/wet the inner
surface of the quench exchanger with quench liquid and
thereby prevent accumulation of fouling tar, coke, and
precipitates on equipment surfaces. [0008] Significant
drawbacks to such direct-quench systems are the high
required direct quench fluid injection volume and the
corresponding high separation and treatment volumes
and costs. It is common for such systems to introduce
in excess of three to four mass units of quench fluid
per mass unit of process effluent. Pipe sizing must be
increased to accommodate such volumes. On commercial
sized crackers, this can result in undesirably large
circulation pumps, pipe work, cost, and energy
consumption. Further, due to the difficulty in
controlling the physical dispersion of the injected
quench fluid within the cracked effluent stream and
equipment process surfaces, not only are large amounts
of quench fluid used, but the introduction systems
also may utilize inertial dispersion, spraying, or
some other type of voluminous and energetic
introduction method to attempt adequate dispersion and
mixing to directly quench the cracked effluent stream.
An additional and serious operation problem with
dispersion fittings is the propensity of the small
openings in the nozzles to plug with polymer and coke
particles. [0009] Separate from direct fluid quench,
another means of quenching hot effluent is with an
indirect heat exchanger, such as a TLE, either with or
without concurrent direct quench injection, though
typically without express creation of a wetted-wall
quench fluid film. Theart has desired production of a
wetted wall indirect heat exchanger quench process but
has 



had difficulty actually achieving a commercially
effective and efficient process or apparatus. Whereas
with the previously discussed direct quench apparatus,
a wetted wall film may contribute at least partially
to quenching the effluent stream, the role of a wetted
wall quench film in an indirect heat exchange
apparatus is primarily to mitigate fouling, while
merely acting as a medium to transfer heat from the
effluent stream to the indirect cooling medium in a
cooling jacket that is exterior to the effluent
conduit. In an indirect heat exchange process, the
coolest region is close to the bore walls and as such,
foulants tend to accumulate on the cool walls. The wet
surface film is desired to act primarily as an
impediment to foulant deposition and as a carrier for
removal of condensates and tar precursors from the
system, which might form either due to condensation
within the effluent stream, or from effluent proximity
to the relatively cooled effluent bore wall. The
difficulty, however, has been in affecting
comprehensive heat exchanger wall film coverage over
the full circumference and length of the exchanger in
the presence of a shearing, hot, gaseous effluent
flow. Not only has the problem been difficult to
achieve, it has been even more difficult to do so
efficiently. The known indirect heat exchange quench
systems that attempt to utilize a wetted wall process
are inefficient and commercially deficient for the
intended purpose, requiring introduction of
undesirably excessive amounts of quench fluid. [0010]
The article "Latest Developments in Transfer Line
Exchanger Design for Ethylene Plants", H. Herrmann &
W. Burghardt, Schmidt'sche Heissdampf-Gesellschaft,
prepared for presentation at AIChE Spring National
Meeting, Atlanta, April 1994, Paper #23c, discloses
dew point fouling mechanisms in ethylene furnace
quench systems, as well as use of heat exchangers that
generate high pressure steam, e.g., a quench exchanger
followed by a quench fluid injection fitting. However,
need for process and equipment improvements remain.
[0011] U.S. Patents 4,107,226; 3,593,968; 3,907,661;
3,647,907; 4,444,697; 3,959,420; 4,121,908; and
6,626,424; and Great Britain Patent Application
1,233,795 disclose various dry wall, sequential dry
wall, and direct quench, and quench fluid direct
injection fittings, applications, including annular
introduction fittings. These references also disclose
various methods of distributing wash liquids in
annular quench fittings. U.S. Patent 3,593,968
discloses a method and apparatus for direct oil quench
point, with no heat recovery to another medium. Also,
under actual operating conditions and manufacturing
variations, the severe temperature differences of the
various components, heat stresses, and repeated
heating andcooling cycles create difficulties in
creating and maintaining a uniform film coverage and
thickness. These deficiencies resulted in utilization
of excessive amounts of quench fluid to maintain
operational effectiveness. Other attempted
improvements followed in the art. In U.S. Patent No.
3,959,420, the same inventor provided an improved
annular quench fitting that reversed the position of
some of the quench fluid discharge components as
compared to the '968 patent, providing a method and
apparatus similar to a spill-over or weir apparatus to
control flow of the quench fluid. The operational
effectiveness of such design tends to be subject to
equipment alignment and manufacturing variances and
also requires excessive quench fluid flow rates to
overcome the deficiencies. The '420 design also
requires additional components and complexity, such as
a baffle and introduction of an inert gas in a purge
gas chamber. Differential movement and distortion
between the abutting sections of the injector can
adversely affect the quench oil injection pattern and
is not effective for quench to feed mass ratios of
less than about 2.0. Further improvements continued to
be sought in the industry. [0012] U.S. Patent
4,121,908 teaches use of tangential introduction of
liquid quench fluid in attempt to utilize inertial
energy to disperse the direct quench fluid
circumferentially on all surfaces of the quench bore.
Again however, this process also requires use of an
inefficiently large quantity of combined quench fluid,
as the liquid quench fluid is introduced into the bore
along with a direct quench fluid into the same bore
that conveys the gaseous effluent. Further, the
apparatus of the '908 patent possesses areas along the
quench tube bore that are subject to fouling tar
build-up, including the tube areas opposite the
locations of introduction of the liquid quench fluid.
The apparatus of the '908 invention also cannot
produce a uniform liquid quench film at the desired
low quench fluid rates or ratios. [0013] U.S. Patent
4,444,697 discloses a direct quench fitting and
teaches use of tangential introduction of direct
quench fluid directly into the effluent through bore,
using multiple openings in an attempt to provide full
quench fluid film coverage and concurrent dissipation
for direct quenching. However, the tangential quench
oil distribution and introduction is performed in an
annular cavity that performs both distribution within
the cavity and direct introduction into the through
bore. The arrangement directs a substantial 



portion of quench fluid immediately into the effluent
through bore from the slots nearest each point of
introduction of quench fluid into the cavity. There is
insufficient hydraulic control of the introduced
quench fluid. To distribute quench fluid to other
slots requires introduction ofan inefficient volume of
quench fluid and disproportionate distribution of
quench fluid on the bore circumference. The annular,
multiple introduction slot arrangement fails to
adequately control distribution of quench fluid about
the full length of the annular cavity, by permitting
excessive introduction nearest the quench fluid source
with dissipating rates through the length of the
annular cavity. Also, as with many of the preceding
designs, the tangential quench fluid introduction
ports are also inefficiently designed, creating
discontinuous fluid introduction into the bore,
leading to areas of foulant formation. Further, the
fluid inlet ports are positioned to direct quench
fluid directly at a few of the inlet slots, further
contributing to inefficient performance. Still further
improvements were needed. [0014] U.S. Patent 6,626,424
discloses a method for quenching a hot effluent stream
by injecting a quenching fluid tangentially, directly
into the hot gas stream with sufficient inertia and
momentum to cause the quench fluid to flow
circumferentially around the inside surface of the
conduit. However, quench fluid introduction systems
such as disclosed in the '424 patent and others listed
above that introduce the quench fluid directly into
the effluent conduit from a single point or from a
discrete number of points require an inefficient
volume of quench fluid. Also, computer modeling has
demonstrated that separated phase flow patterns or
regimes tend to establish along the flow path as the
volume of quench fluid is reduced to desirably
efficient levels, requiring use of an inefficient
volume of fluid to obtain suitable surface coverage
over the full length of the TLE. Also, quench
introduction fittings tend to be sized to operate
around a target flow range and if the effluent flow
diverges out of this flow range, then the fitting is
either inefficiently over-sized or under-sized. To
avoid these issues, such systems tend to require
introduction of an excessive volume of quench fluid to
overcome the non-uniformity and dispersional
inefficiencies. Further, a significant portion of the
quench fluid is introduced in such manner as to
directly and transversely encounter the high velocity
cracked effluent stream, resulting in turbulent
dispersion within the flow stream and mitigated
interaction with tube process surfaces. This tends to
result in substantial portions of the introduced
quench fluid inefficiently not encountering and not
protecting the inner process wall. To mitigate the
turbulent dispersion effect, an excessive volume of
quench fluid is introduced to improve surface coverage
efficiency. Again, this also requires increased
processing equipment capacity. [0015] The prior art
demonstrates that the processes and apparatus for
introducing a wallwetting quench fluid via the known
quench fittings and processes have
efficiencyshortcomings and often produce less than
optimal quench results. The prior art leaves room for
further process and equipment improvements to achieve
the desired operational efficiency and effectiveness
in a quench system for quenching a tar-bearing cracked
effluent while mitigating tar buildup on the process
surfaces of the quench tube. [0016] It remains
desirable to provide an improved quench fluid
introduction method and apparatus that more
efficiently, uniformly, and conservatively distributes
an efficient amount of quench fluid along the effluent
through bore. It is desirable to provide a wet wall
quench system that is useful with a direct quench
system and/or an indirect heat exchange system, that
also effectively uses substantially less quench fluid
than prior art systems to prevent tar buildup.
Further, it is desirable to reduce the amount of
quench fluid required to effectively coat the quench
apparatus effluent through bore surfaces. It is
desired to provide an effective, comprehensive, wetted
wall quench fluid film that uses less quench fluid
than is required by the prior art processes. SUMMARY
OF THE INVENTION [0017] The present invention relates
to a process and related apparatus for cooling a
gaseous pyrolysis effluent containing condensable
components that can deposit on effluentcontacting
surfaces, such as indirect quench fittings and/or
indirect heat exchanger lines. The inventive processes
and apparatus have application to wetted wall direct
quench systems and to wetted wall indirect heat
exchange systems, such as transfer line exchangers
(TLE's). This invention may be useful with primary,
secondary, and/or tertiary quench systems. The
invention has particular application for equipment and
processes used to quench a hot, cracked, gaseous
effluent containing condensable tar-precursors, such
as may result from cracking a liquid hydrocarbon feed
such as gas-oil, naphtha, or feeds having a
significant aromatic content. Provided are substantial
improvements in system efficiency and performance that
are realized at least in part by providing a process
and apparatus that segregates the operation of
introducing the liquid quench fluid into an annular
quench fluid 



cavity and distributing that fluid within the cavity,
from the operations of displacing or introducing the
quench fluid from the cavity onto the effluent through
bore walls. [0018] The inventive apparatus and process
breaks the quench fluid introduction process into
hydraulically distinct steps, including the steps of
introducing the wet wall forming liquid quench fluid
into the annular cavity that are hydraulically remote
from the steps of introducing the quench fluid onto
the gaseous effluent wall. The invention provides
methodand means to efficiently and effectively provide
a uniform liquid quench film without requiring an
undesirable excess of liquid quench fluid, as compared
to the prior art. The inventive process and apparatus
provide an efficient and effective method and means
for directly introducing liquid quench fluid,
preferably liquid quench oil, into an indirect heat
exchanger, such as a TLE, or into a direct quench
fitting. This process is enabled at least in part due
to the presence of an annular cavity that is
hydraulically in controlled communication with (e.g.,
remote or restricted from) the effluent through bore.
The inventive process is further enabled at least in
part by the method of introduction of liquid quench
fluid into the annular cavity. The inventive process
is still further enabled at least in part due to the
provision of a peripheral channel that serves to
create the controlled hydraulic resistance between the
annular cavity and the effluent through bore that
facilitates a momentary retention and distribution of
quench fluid and fluid pressure within the annular
cavity prior to uniform displacement of the liquid
film onto the effluent through bore, in a continuous
process. [0019] In one aspect, the invention includes
a process for cooling gaseous effluent from a
hydrocarbon pyrolysis furnace, the process comprising:
(a) introducing the gaseous effluent into a cooling
conduit, the cooling conduit comprising; (i) an inner
wall for contacting the effluent, the inner wall
defining a bore extending a length of the cooling
conduit, the inner wall including a perimeter opening
along the bore; (ii) an outer wall external to the
inner wall and substantially coaxial to the inner
wall; (iii) a substantially annular cavity external to
the inner wall and including at least a portion of the
outer wall, the annular cavity fluidly and remotely
connected to the perimeter opening, the annular cavity
externally surrounding a perimeter of the inner wall,
the annular cavity including at least a portion of the
outer wall; and (iv) a peripheral channel (referred to
herein as a "channel") extending around an outer
periphery or perimeter of the inner wall, the
peripheral channel fluidly connecting the annular
cavity and the perimeter opening, along the perimeter
of the inner wall; (b) introducing a liquid quench
fluid through a liquid quench fluid introduction port
tangentially into the cavity, substantially along the
first portion of the outer wall, whereby the
introduced liquid quench fluid fills the cavity; (c)
passing the introduced liquid quench fluid from the
annular cavity through the channel to the perimeter
opening along a channel flow path; and (d) passing the
liquid quench fluid from the perimeter opening onto
the inner wall for distribution of the quench fluid
along at least a portion of the length of the inner
wall as a quench fluid film,while concurrently passing
the gaseous effluent along the bore of the cooling
conduit to produce a cooled gaseous effluent stream.
[0020] In another embodiment, the invention further
comprises the step of cooling the gaseous effluent
below its initial dew point, while the gaseous
effluent is passed along the bore and recovering the
cooled gaseous effluent product. In one embodiment,
the channel may extend peripherally around a portion
or portions, e.g., continuously or discontinuously, of
a perimeter of the conduit through bore. Depending
upon the mechanical design, the channel could be
rendered discontinuous such as by mechanical support
members interrupting the otherwise preferable
continuous nature of the channel opening. It is most
preferred that the channel extends uninterrupted,
peripherally around a full circumference of the
conduit through bore, as a continuous channel in the
wall of the cooling conduit. It is also preferable
that the bore and annular cavity are each
substantially circular when viewed in cross-section
along the direction of flow. [0021] In another
embodiment, the invention includes the step of
quenching the gaseous effluent using an indirect heat
exchange fluid in a heat exchange fluid annulus
exterior to the inner wall and downstream of a
perimeter opening to the through bore for the liquid
quench fluid. In a preferred embodiment, the cooling
conduit further comprises a heat exchange fluid jacket
for maintaining the indirect heat exchange fluid in
contact with an external side of the inner wall, and
the jacket comprises a heat exchange fluid inlet and a
heat exchange fluid outlet for fluid circulation
through the jacket annulus. [0022] According to one
embodiment of the invention, the quenched gaseous
effluent mixture is recovered from the cooling conduit
effluent outlet at a temperature that is below the dew
point of the effluent stream. Cooling or quenching may
be affected by either a direct 



quench fitting quench process that is supplemented
with the inventive wetted wall process, with a direct
quench process that also serves to provide the wetted
wall, and/or with an indirect heat exchange cooling
process that is supplemented with the inventive wetted
wall process. In another aspect, the invention
includes a process for cooling gaseous effluent from a
hydrocarbon pyrolysis furnace, using a wetted wall
liquid film, the process comprising: (a) introducing
the gaseous effluent into a quench exchanger, the
quench exchanger comprising; (i) an inner wall for
contacting the effluent, the inner wall defining a
bore extending a length of the cooling conduit, the
inner wall including a perimeter opening along the
bore; (ii) an outer wall substantially coaxial to the
inner wall; (iii) a substantially annular cavity
externalto the inner wall, the annular cavity fluidly
and remotely connected to the perimeter opening, the
annular cavity externally surrounding the inner wall,
the annular cavity including at least a first portion
of the outer wall; and (iv) a peripheral channel
extending around the perimeter of the inner wall, the
channel fluidly connecting the annular cavity and the
perimeter opening, along the perimeter of the inner
wall, the channel including another portion of the
outer wall; (b) introducing a liquid quench fluid
through a liquid quench fluid introduction port
tangentially into the cavity, substantially along the
first portion of the outer wall, whereby the
introduced quench fluid fills the cavity; (c) passing
the introduced liquid quench fluid from the annular
cavity through the channel along a channel flow path
having a first directional component that is
substantially parallel to the direction of effluent
flow through the bore and another directional
component that is radially inward from the outer wall
toward the inner wall; (d) passing the quench fluid
from the channel onto the inner wall for distribution
of the quench fluid along at least a portion of the
length of the inner wall as a quench fluid film, while
concurrently passing the gaseous effluent along the
bore of the cooling conduit; and (e) introducing a
heat exchange fluid through a heat exchange fluid
inlet and into a quench annulus between the quench
exchanger tube and a heat exchange fluid jacket
exterior to the quench exchanger tube, the heat
exchange fluid jacket maintaining the heat exchange
fluid in contact with an exterior side of the quench
exchanger tube. A heat exchange jacket may include
more than one effluent conduit, such as in a
shell-and-tube type heat exchanger. In another
embodiment, the step of displacing the liquid quench
fluid further comprises displacing the liquid quench
fluid radially inward from the annular cavity toward
the bore flow path and onto the internal process
surface of the quench exchanger tube. [0023] In still
another aspect, the invention includes a cooling
conduit apparatus for conducting the inventive process
using an apparatus that is useful for cooling gaseous
effluent from a hydrocarbon pyrolysis furnace, the
cooling conduit apparatus creating a wetted wall
quench apparatus, and the cooling conduit apparatus
comprising: (i) an inner wall for contacting the
gaseous effluent, the inner wall defining a bore
extending a length of the cooling conduit, the inner
wall including a perimeter opening along the bore;
(ii) an outer wall external to the inner wall and
substantially coaxial to the inner wall; (iii) a
substantially annular cavity external to the inner
wall and including at least a portion of the outer
wall, the annular cavity fluidly and remotely
connected to the perimeter opening, the annular cavity
externally surrounding a perimeter of the inner wall,
the annular cavity including at least afirst portion
of the outer wall; (iv) a peripheral channel extending
around a perimeter of the inner wall, the peripheral
channel providing a channel flow path that fluidly
connects the annular cavity with the remotely
connected perimeter opening along the perimeter of the
inner wall; and (v) a liquid quench fluid introduction
port for introducing the liquid quench fluid into the
annular cavity. [0024] Further, the cooling conduit
may comprise an indirect heat exchange fluid jacket
for maintaining the indirect heat exchange fluid in
contact with an external side of the inner wall, the
jacket comprising an indirect heat exchange fluid
inlet and an indirect heat exchange fluid outlet. The
apparatus may be used as a primary, secondary, or
tertiary quench exchanger. BRIEF DESCRIPTION OF THE
DRAWINGS [0025] FIGURE 1 is a perspective diagram
illustrating a manifolded bank of indirect heat
exchange type quench exchangers for treating gaseous
effluent from pyrolysis cracking, according to one
example of the present invention. [0026] FIGURE 2 is a
simplified, longitudinal cross-section of a wetted
wall, indirect heat exchange cooling conduit,
according to one embodiment of this invention, such as
may be used with the indirect quench exchanger bank of
FIGURE 1. [0027] FIGURE 3 is a cross-sectional view of
the cooling conduit of FIGURE 2, at section 3-3.
DETAILED DESCRIPTION OF THE INVENTION 



[0028] The present invention provides a process and
apparatus for cooling the gaseous effluent stream from
a hydrocarbon pyrolysis reactor while mitigating heat
exchanger fouling and permitting heat recovery and
re-use. The cooled effluent may be further processed
for separation and recovery of desired pyrolysis
products, such as olefin and/or aromatic products. The
inventive wet-wall cooling (quenching) process
provides a novel process and apparatus for
introduction of wet-wall forming liquid quench fluid
onto the effluent through bore wall surface, according
to a process that applies the quench fluid to the
inner wall of the quench exchanger or cooling conduit,
without undesirably dispersing excess liquid quench
fluid into the effluent stream. In a most basic form,
the inventive process provides a step of introducing
the liquid quench fluid into an annular cavity in a
fashion so as to achieve uniform distribution of the
fluid about the circumference of the effluent bore.
The annularcavity is hydraulically restricted, that
is, hydraulically segregated or remote from, but still
in fluid communication with the effluent through bore.
Preferably the liquid quench fluid is introduced into
the annular cavity with an inertial energy that
facilitates complete and uniform circumferential
distribution and pressurization within the annular
cavity, about the perimeter of the effluent through
bore. Subsequently, the inventive apparatus and method
convey the liquid quench fluid from the annular cavity
to the effluent through bore, via a connective channel
or slot that also functions to provide hydraulic
impediment or resistance to fluid exiting from the
annular cavity, so as to maintain the full volume of
the annular cavity substantially full of quench fluid
and substantially equally pressurized around the full
course of the annular cavity, respecting of course,
pressure differences and gradients due to fluid
kinetics. Thereby, a uniform and controlled supply of
quench fluid is introduced at a perimeter opening to
the effluent through bore with sufficiently low energy
level as to avoid dispersing or losing the quench
fluid into the core of the hot, fast effluent stream
due to fluid shear or other dispersion. The liquid
quench fluid can then efficiently and uniformly
distribute from the perimeter opening, along the inner
wall of the effluent through bore, providing an
effective, efficient, uniform quench film. The
inventive process and apparatus may have applicability
with substantially any quench process that utilizes an
introduced quench fluid film on the effluent through
bore wall, such as a wet-wall assisted primary direct
quench fitting, or a wet-wall secondary and/or
tertiary indirect heat exchange quench exchanger.
[0029] Unless otherwise stated, all percentages,
parts, ratios, etc. are by weight. Unless otherwise
stated, a reference to a compound or component
includes the compound or component by itself, as well
as in combination with other compounds or components,
such as mixtures of compounds. Further, when an
amount, concentration, or other value or parameter is
given as a list of upper preferable values and lower
preferable values, this is to be understood as
specifically disclosing all ranges formed from any
pair of an upper preferred value and a lower preferred
value, regardless of whether ranges are separately
disclosed. [0030] Exemplary hydrocarbon pyrolysis
feedstocks that may have particular applicability for
use in the present invention typically comprises one
or more liquid hydrocarbon feedstocks such as
naphthas, gas oils, kerosene, heating oil, diesel,
hydrocrackate, Fischer-Tropsch liquids, distillate,
heavy gas oil, steam cracked gas oil and residues,
crude oil, crude oil fractions, atmospheric pipestill
bottoms, vacuum pipestillstreams including bottoms,
heavy non-virgin hydrocarbon streams from refineries,
vacuum gas oils, low sulfur waxy residue, heavy waxes,
atmospheric residue, and heavy residue and further
comprises salt and/or particulate matter. [0031]
Although the inventive process may be used to quench
an effluent stream generated by substantially any
cracked hydrocarbon feedstock, particularly suitable
hydrocarbon feedstocks include feeds typically having
a final boiling point in a temperature range from at
least about 9O0C or even more preferably from about
1800C, or higher. Particularly typical feeds may
include liquid hydrocarbons that are heavier than
light naphtha or feeds that have a relatively high
aromatic content, thus leading to substantial tar
precursor yields. Exemplary feeds may also include
those boiling in the range from about 900C to about
6500C (from about 2000F to about 12000F), say, from
about 2000C to about 5100C (from about 4000F to about
9500F). The temperature of the gaseous effluent at the
outlet from the pyrolysis reactor is typically in the
range of from about 76O0C to about 93O0C and the
invention provides a method of ultimately cooling the
effluent to a temperature at which condensates are
produced within the effluent stream. [0032] The
present application expressly incorporates herein by
reference the entire disclosure of U.S. Patent
Publication No. 2007/0007169 Al. [0033] The present
invention particularly relates to a method for
directly and/or indirectly 



quenching the gaseous effluent from the liquid
hydrocarbon thermal cracking unit, preferably a steam
cracking unit, using a wetted wall quench apparatus.
An exemplary cooling method typically comprises
passing the effluent through at least one primary
cooling unit, such as a primary quench fitting or
primary exchanger that also utilizes indirect heat
exchange (primary TLE), which recovers heat from the
effluent, cooling the effluent to a desired
temperature, such as just above the temperature at
which condensation and fouling are incipient.
Alternatively, the primary quench process may include
the inventive wetted wall process and optionally in
conjunction with a direct oil quench injection
fitting, whereby the majority of the cooling is
provided by the direct quench injection and the wetted
wall prevents condensate fouling. [0034] An
application for the inventive process may also cool
the gaseous effluent in the primary quench fitting or
TLE, such as to a temperature that is either just
above or below the effluent dew point, and may also
utilize secondary and/or tertiary quench to further
cool the effluent below the effluent dew point.
Conventional indirect heat exchangers, such
asdouble-tube, tube-in-tube type TLE exchangers, shell
and tube exchangers, fan-cooled, or other indirect
heat exchangers may be used in indirect heat exchange
applications. A primary heat exchanger may, for
example, cool the process stream to a temperature
between about 34O0C and about 65O0C (645F and 12000F),
such as about 3700C (7000F), using saturated boiler
feed water and steam as the indirect cooling medium,
typically at pressures from about 4240 kPag (600 psig)
to about 13,800 kPag (2000 psig). In other
applications, the primary quench may be affected by a
direct quench fitting in conjunction with a wetted
wall produced according to the present invention that
does not substantially utilize indirect heat exchange.
Further cooling may be provided in secondary and/or
tertiary heat exchangers that utilize indirect heat
exchange and may also use a wetted wall process that
is affected according to the subject inventive process
and apparatus. [0035] On leaving the primary heat
exchanger, the primary-cooled gaseous effluent may
still be at a temperature above the effluent's
hydrocarbon dew point (the temperature at which the
first drop of liquid condenses). For a typical heavy
feed under certain cracking conditions, the
hydrocarbon dew point of the effluent stream may range
from about 3400C to about 6500C (6500F to 12000F),
say, from about 4000C to about 6000C (7500F to
11000F). Above the hydrocarbon dew point, the fouling
tendency is relatively low, i.e., vapor phase fouling
is generally not severe and there is typically little
to no liquid present that could cause fouling. Tar
(including tar-precursors) is commonly substantially
fully condensed from heavy feeds at a temperature
ranging from about 2000C to about 3500C (4000F to
6500F), say, from about 2300C to about 315C (4500F to
6000F), e.g., at about 2900C (5500F). The primary heat
exchanger (commonly a double tube, dry-wall quench
exchanger) may also serve as a high pressure steam
superheater, e.g., of the type described in U.S.
Patent 4,279,734. Alternately, the dry-wall quench
exchanger can be a high pressure steam generator.
[0036] According to one aspect of the inventive
process, after leaving the primary heat exchanger the
gaseous effluent is preferably passed to at least one
secondary heat exchanger that further cools the
gaseous effluent, such as to a temperature below its
dew point. The inventive process includes a wetted
cooling conduit wall to prevent or mitigate deposition
of condensed tar compounds on that inner wall. The
through bore wall is wetted with a liquid film that is
introduced by direct introduction of a liquid quench
fluid according to the present invention. In some
processes, wetting may be enhanced or supplemented by
in situ liquid generation, such as by direct injection
of a direct quench fluid, and/or by condensation
ofcomponents of the quenched effluent stream that are
condensed by either or both of direct injection
quenching and/or indirect quench fluid cooling. The
wetted wall exchanger of the present invention thus
may also include indirect heat exchange means for
supplemental cooling and indirect heat recovery, such
as an annular cooling jacket, e.g., a double tube
arrangement heat exchanger, a shell and tube
exchanger, a transfer line exchanger (TLE), or other
indirect heat exchanger arrangement, to further cool
the effluent stream. For a wetted wall TLE with
indirect heat exchange, the quench fluid film may act
as a washing solvent to prevent fouling and
additionally as a heat transfer medium to facilitate
heat transfer from the effluent stream, through the
quench fluid, across the exchanger tube wall and into
the indirect quench medium, such as steam or water.
[0037] The temperature of the quench fluid at
introduction into the effluent stream is preferably at
or below the temperature at which entrained tar
components are fully condensed, typically at about
2000C to about 29O0C (4000F to 5500F), such as at
about 26O0C (5000F). Thereby, tar precursor
condensation is substantially completed within the
exchanger through bore before the effluent leaves the
exchanger. The tar precursor condensation must be
totally 



complete before leaving the exchanger, or the device
can foul. Preferably, the quench fluid film
effectively maintains the heat exchange surface wet
with quench fluid as the effluent stream is cooled
along the through bore, thus preventing tar deposition
and fouling on the heat exchange process surface. The
wetted exchanger should cool the effluent stream to
below the temperature at which tar is produced. If the
cooling is stopped before this point, fouling is
likely to occur further downstream because the process
stream would still be in the fouling regime. [0038] In
addition to use with direct quench systems, indirect
heat exchange, such as a water jacket, may be used
with the inventive wetted-wall quench exchangers and
processes. Indirect heat exchange may be used to
recover and reuse effluent heat, using water or steam
as a heat recovery medium to feed a high pressure
steam generator or as a high pressure boiler feed
water preheater. The use of a high pressure boiler
feed water preheater in the quench system allows
energy to be recovered at temperatures below 287C
(5500F), thus indirectly contributing to the
generation of valuable high pressure steam. [0039]
Prior art direct quench fittings or processes
typically operate with a direct quench fluid to
furnace feed weight ratio of at least 1.0 and commonly
greater than 2.0 and commonly even greater than 4.0,
depending upon the heat duty required to obtain the
desiredcooling effect. (The term "furnace feed" refers
to the hydrocarbon feed component that is fed to the
radiant section of the furnace, not including any
added steam.) Typically, quench fluid to furnace feed
ratios of less than about 2.0 were not used in the
prior art commercial applications as such rates were
known to be incapable of effectively creating an
effectively wetted wall. However, even at such
relatively high quench fluid rates, fouling can still
sometimes occur in a direct quench apparatus due to
deficient foulant protection and removal. The most
efficient of known prior art wetted wall direct quench
systems typically required a wall-wetting liquid
quench fluid to furnace feed ratios of from about 2.0
to about 4.0 to reliably affect film coverage. The
function of the wet wall film in a direct quench
process is both to (i) prevent and remove foulant
buildup and (ii) to cool the gaseous effluent stream
by direct contact therewith. The high combined direct
and wall wetting quench fluid rates thereby created
excessive volumes of total quench fluid in the
effluent stream. Thus, the prior art direct quench
systems were in want of improved efficiency. [0040]
Similarly, prior art indirect heat exchange quench
systems have also been in need of a process that
efficiently provides a wetted wall to mitigate and
remove foulant buildup on the relatively cool effluent
through bore wall. However, in practice, wetted wall
indirect heat exchange systems have not found
commercial success, even with inefficient rates.
Typically, the diameter of effluent through bores in
indirect heat exchange systems is much smaller than
the effluent through bores of direct quench systems,
thereby experiencing increased dynamic effects caused
by any introduced fluid in the indirect heat exchange
systems. Direct quench systems may, for example,
provide an effluent through bore having from about 8
to 10 inch internal diameter, and an indirect heat
exchange quench system may typically have an effluent
through bore internal diameter of, for example, from
about 2 to 4 inches. Consequently, there is less
available capacity for a large loading of wall wetting
liquid quench fluid in indirect heat exchange systems
and the indirect heat exchange systems become much
more sensitive to an increased fluid loading,
particularly when the wetted wall system is adding
liquid quench fluid at ratios of greater than about
1.0, such as at ratios of from about 1.0 to about 3.0.
Thus, improved efficiency and performance in a wetted
wall quench system can have significantly favorable
overall quench system impact, particularly with regard
to use with indirect heat exchange systems. [0041] The
present invention provides a much more efficient
process and apparatus to create an effectively wetted
wall for use with either a direct quench and/or
indirect heatexchange type of quench system. The
present invention is thus suitable for (i) a stand
alone quench or wall wetting system, (ii)
supplementing a direct quench system, (iii) a direct
quench system, and/or (iv) use with an indirect heat
exchange system, with a liquid quench fluid to furnace
feed weight ratio of from about 0.1 to about 1.0, if
desired. The inventive system may also be used to
deliver higher quench fluid to hydrocarbon feed
ratios, e.g., greater than 1.0, if desired, such as
for use with direct quench systems needing higher
rates of direct quench fluid. Any additional quench
fluid above the amount needed to wet the wall,
including the fluid needed to achieve heat balance,
may be introduced separately or in conjunction with
the apparatus and process of the present invention. In
many applications, the wetted wall system of the
present invention can provide an effective, uniform,
and comprehensive wetted wall liquid quench fluid film
at a liquid quench fluid to furnace feed weight ratio
of from about 0.2 to about 0.5. This represents a
substantial improvement in 



total quench system efficiency and performance.
Uniform and comprehensive quench film distribution
around the entire periphery of the quench tube or
effluent through bore becomes especially challenging
and important at lower quench fluid rates,
particularly at ratios of less than 1.0 and the
present invention provides a process and apparatus
that is capable of providing such improved
performance. The present invention resolves the
obstacles that previously necessitated significantly
higher wetted wall quench fluid introduction rates and
provides process and means to deliver a substantially
uniform quench film thickness or density, thereby
providing adequate protection to prevent tar or
tar-precursor deposition and removal over the full
area of the effluent quench system. It is an advantage
of the inventive process and apparatus to provide an
effective wetted-wall quench exchanger that operates
with much lower quench fluid to furnace feed ratios
than was previously possible. [0042] In one preferred
embodiment, the invention includes a process for
cooling a gaseous effluent stream from a pyrolysis
furnace by introducing the gaseous effluent into the
cooling conduit or more particularly, a quench
exchanger type of cooling conduit. The invention
includes introducing liquid quench fluid onto an inner
surface of a cooling conduit by a process that
provides a substantially even rate and volume of
quench fluid introduction over the full periphery of
the effluent flow stream, and through the conduit.
Preferably the quench fluid is introduced to the
effluent through bore by substantially uniform fluid
displacement from a peripheral quench fluid reservoir
or annular cavity that extends around the perimeter of
the conduit to feed quench fluid to the introduction
channel.[0043] In one aspect of the invention, the
gaseous effluent from the pyrolysis furnace flows
through a bore extending the length of the cooling
conduit. The relevant portion of the bore is typically
that portion between the perimeter opening and the
conduit outlet or a relevant portion of the bore also
that is subject to indirect heat exchange. Although it
is preferred that the bore is substantially circular
in cross-section and extends axially along the flow
path to form a substantially tubular through bore, the
cooling conduit may be substantially any
cross-sectional geometry, such as oval, rectangular,
corrugated, etc. It is also preferable that the
cooling conduit through bore is substantially
longitudinal and straight along the effluent flow
path. However, it is anticipated that the conduit or
quench exchanger bore may alternatively contain
curves, such as in a U-shaped geometry. The cooling
conduit through bore may thus be of substantially any
convenient size and shape, but will preferably be
linear or straight and oriented in a upright or
vertical direction with respect to ground level, such
as illustrated in FIGURE 1, as complex geometries may
become more difficult to uniformly wet after the
wetting quench liquid is displaced from the perimeter
opening. [0044] The inventive process provides a
quench fluid perimeter opening on a peripheral
perimeter of the cooling conduit inner wall and a
connected channel for conveying the quench fluid from
the annular cavity to the effluent bore. Preferably
the quench fluid channel is continuous around the full
circumference of the inner wall to provide uniform,
uninterrupted quench fluid introduction into the
effluent stream and onto the full periphery of the
inner wall. However, it is recognized that some quench
fitting geometries could include support members that
bisect the channel, resulting in a slightly
discontinuous channel. [0045] The annular cavity is
provided exterior to and circumferentially around the
perimeter of the effluent through bore for receiving
and distributing the quench fluid. The annular cavity
should be sized to permit substantially full and
uniform distribution of quench fluid and pressure in
the quench fluid, around the perimeter of the effluent
through bore and avoid areas of irregular or excessive
concentration or loss of quench fluid from the annular
cavity, with respect to the perimeter of the effluent
through bore. Channel geometry and sizing also should
be determined so as to create substantially uniform or
well distributed pressure within the annular cavity
and a slight hydraulic resistance or pressure drop
between the annular cavity which receives the quench
fluid therein and the effluent through bore. The term
"hydraulic resistance" is intended to be defined
broadly to include substantially any hydraulic
impediment, pressure drop, resistance, or other flow
slowing or controllingcomponent. This hydraulic
resistance facilitates maintaining the annular cavity
substantially completely filled during operation by
creating a "hydraulic resistance" or remoteness
between the annular cavity and perimeter opening.
However, it is also desirable that the quench fluid
channel includes sufficient width or gap size to
provide sufficient total flow area at the inner wall
perimeter opening so as not to cause a pressure drop
at the perimeter opening that undesirably produces
spraying or other dispersed delivery of the quench
fluid into the effluent stream. The quench fluid
should flow uniformly from the channel opening
(perimeter opening) at the inner wall, facilitating
coating the wall in the direction of effluent flow
with liquid quench fluid. 



[0046] Liquid quench fluid preferably enters the
annular cavity from a liquid quench fluid introduction
port through the wall of the quench apparatus, more
preferably at a tangent with respect to the conduit
through bore. In one preferred embodiment, the
inventive apparatus and process includes use of two
fluid introduction ports for introducing quench fluid
into the annular cavity. Each of the two fluid
introduction ports should be positioned about 180
degrees apart from the other and each oriented to
tangentially deliver quench fluid in the same
direction as the other respective introduction port.
Thereby, the fluid is introduced into the annular
cavity in a common direction of rotation about the
effluent through bore. Other embodiments may be
conceived that utilize additional number of quench
fluid introduction ports spaced about the perimeter of
the through bore, but such additional ports may be
unnecessary, as the inventive apparatus has
demonstrated and modeled adequate fluid distribution
with either a single or two opposed fluid introduction
ports. [0047] As the inventive process and apparatus
provide a substantially uniform distribution of quench
fluid and pressure on a full perimeter of an effluent
through bore wall, if the bore wall ever does begin to
foul, the foulant may be removed from the bore wall
merely by increasing the flow rate of quench fluid
onto the bore wall. For example, the quench fluid rate
may be increased by from about ten percent to about
one-hundred percent, such as about fifty percent,
until the bore is considered cleaned. Similarly, the
normal quench fluid flow rate may be adjusted in
response to an operational parameter, such as effluent
flow rate, effluent discharge temperature, and/or
indirect quench fluid temperature. The inventive
apparatus should not require steam-air decoking or
other violent thermal intervention, as is commonly
done to defoul prior art quench equipment.[0048]
FIGURE 1 provides a perspective illustration of an
embodiment of the present invention comprising a
manifolded bank of indirect heat exchange type cooling
conduits for cooling gaseous effluent such as produced
by steam cracking, in conjunction with a wall wetting
apparatus. FIGURE 2 provides a cross-sectional
illustration of one embodiment of an exemplary,
simplified, liquid washed (wetted wall) heat exchanger
that also includes indirect heat exchange to cool the
gaseous effluent. Gaseous, tar precursor-containing
effluent 100 from a hydrocarbon pyrolysis furnace (not
shown), is cooled by introducing the gaseous effluent,
such as at a temperature above its dew point, into a
quench exchanger cooling conduit 102. In one aspect,
the inventive process comprises introducing the
gaseous effluent 100 into the cooling conduit bore 107
and then uniformly introducing a liquid quench fluid
120 along the conduit inner wall 106. The cooling
conduit 102 comprises (i) an inner wall 106 for
contacting the effluent 100, the inner wall 106
defining a bore 107 extending a longitudinal length of
the conduit 107, the inner wall including a perimeter
opening 109 along the bore and preferably extending
uninterrupted around the full perimeter of the bore
107, (ii) an outer wall 209, 210 substantially coaxial
to the inner wall 106, (iii) a substantially annular
cavity 206 external to the inner wall and including at
least a first portion 209 of the outer wall, the
annular cavity fluidly and remotely connected to the
perimeter opening 109 and the annular cavity
externally surrounding the perimeter of the inner
wall, the annular cavity 206 including at least a
portion 209 of the outer wall 209, 210, and (iv) a
peripheral channel 212 extending around the perimeter
of the inner wall 106, the peripheral channel 212
fluidly connecting the annular cavity 206 and the
perimeter opening 109 at the inner wall 106,
preferably the channel 212 including another portion
210 of the outer wall 209, 210. The process also
includes the steps of (b) introducing a liquid quench
fluid 120 tangentially into the annular cavity 206 of
the cooling conduit 102, substantially along the first
portion 209 of the outer wall, whereby the quenching
fluid 120 fills and pressurizes cavity 206 and (c)
passes the introduced liquid quench fluid from the
annular cavity through the channel 212 to the
perimeter opening, along a channel flow path 212; and
(d) passes the liquid quench fluid 120 from the
perimeter opening 109 onto the inner wall 106 for
distribution of the quench fluid 120 along at least a
portion of the length of the inner wall 106 as a
quench fluid film, while concurrently passing the
gaseous effluent 100 along the bore 107 of the cooling
conduit 102 to produce a quenched gaseous effluent
stream. Channel 212 may be of substantially any shape
but is preferably be a peripheral gap or slot type of
aperture or either uniformly taperedor relatively
constant gap width, with respect to the radially
inward direction from the outer wall 209 to the
peripheral opening 109. Channel 212 provides at least
some hydraulic resistance or impedance to flow of
liquid quench fluid from the annular cavity 106 to the
peripheral opening 109. The amount of hydraulic
resistance need not be great, but merely only enough
to discourage premature or nonuniform liquid quench
fluid loss from the annular cavity into the effluent
through bore. The hydraulic resistance need only
provide enough impedance to facilitate uniform
distribution and substantially uniform pressurization
of liquid 



quench fluid pressure within the full length of
annular cavity 206, which is subsequently followed by
substantially uniform emission of liquid quench fluid
120 from the annular cavity 206 through channel 212
and onto inner wall 106. The exact shape or flow path
direction of peripheral channel 212 from annular
cavity 206 to perimeter opening 109 is not critical
and may be substantially curved, flat, linear, or
include angled flow paths, such as the substantially
right angled flow path illustrated in FIGURE 2. The
sum of the first and second flow components preferably
result in a resultant hydraulic flow path that is
substantially linear from the cavity 206 to the
perimeter aperture 109, or curvilinear if the flow
path is tapered or otherwise has hydraulic variance
along its length. [0049] It is also important that the
quench fluid is introduced into annular cavity 206
substantially tangentially, such that the fluid energy
is dissipated along the outer wall surface 209,
centrifugally filling cavity 206. In addition to
containing the liquid quench fluid within the annular
cavity, outer wall 209 and 210 functions to facilitate
pressurized displacement of liquid quench fluid
through the channel and onto inner wall 106.
Preferably, peripheral channel 212 emanates from a
portion of cavity 206 that is substantially parallel
with outer surface 209, such that first outer wall
portion 209 is substantially parallel or flush with
another portion 210 of outer wall 209, 210, e.g., 209
and 210 have the same outer diameter with respect to
the effluent through bore centerline. Thereby, fluid
leaving annular cavity 206 does not have to overcome
the centrifugal force of quench fluid that is
tangentially introduced into cavity 206 by moving
slightly radially inward, toward the effluent through
bore center line, and can merely be displaced directly
along first portion 209 of the outer wall and into
channel 212, along the another portion 210 of the
outer wall. However, channel 212 may also emanate from
other portions of annular cavity 206, such as a medial
portion of cavity 206, such as illustrated in FIGURE
2.[0050] Preferably, cavity 206 includes a larger
cavity cross-sectional area than a crosssectional area
of introduction port 204, such that quench fluid 120
may be accelerated through port 204 into annular
cavity 206 to provide the necessary energy to
uniformly distribute the quench fluid within annular
cavity 206, along the first portion 209 of the outer
wall, while providing a volume within the annular
cavity for dissipation of a portion of the
introduction energy, during circumferential
distribution within the cavity. It is also preferably
that the effective, hydraulic, cross-sectional
aperture area of peripheral channel 212 is smaller
than the effective hydraulic cross-sectional area of
annular cavity 206 to provide the hydraulic impedance
or remoteness between the annular cavity 206 and
peripheral opening 109. Thereby, peripheral channel
212 may provide a flow resistance or pressure drop
against the liquid quench fluid 120 within annular
cavity 206 to facilitate substantially uniform
distribution of liquid quench fluid 120 and pressure
within the annular cavity 206, without excessive or
non-uniform loss of quench fluid 120 from annular
cavity 206, into channel 212 or bore 107. Stated
differently, annular cavity 206 is thus hydraulically
"remote" with respect to perimeter opening 109 and
bore 107. This remoteness or separation is
substantially synonymous with and due at least in part
to the created hydraulic resistance through channel
212 and due in part to the proximity of annular cavity
206 being segregated from perimeter opening 109 or
bore 107. The channel sizing and design, and amount of
hydraulic resistance required and fluid pressure
within the annular cavity will depend upon many system
factors, such as pyrolysis furnace and quench system
operating conditions, rates, design and type of the
quench system, number of sequential quench steps,
desired quench duty, fluid properties, feed
properties, etc. Typically, the hydraulic resistance
through the channel or the pressure differential
between an average pressure within the annular cavity
and the pressure within the effluent through bore will
be within a range of from a few tenths of a psig to
fifty psig. Typically, however, the pressure in the
annular cavity may only need to be from a few tenths
of a psi to less than about twenty psig greater than
the pressure in the effluent stream at the peripheral
opening. [0051] In some embodiments, liquid quench
fluid 120 may be introduced into annular cavity 206
via a single introduction port 204, while in some
preferred embodiments, quench fluid 120 may be
introduced into annular cavity 206 via two
introduction ports 204, each on opposite sides of bore
107 and oriented to tangentially introduce the quench
fluid 120 in the same direction as the other port 204
to provide uniform direction of fluid flow within
cavity206. In other alternative embodiments, the fluid
may be introduced into cavity 206 via three or more
introduction ports. Computer modeling studies have
demonstrated that a pair of introduction ports 204,
each substantially 180 degrees opposed to the other
and oriented for uniform tangential quench fluid
introduction, may provide an efficient, effective, and
preferred assembly. 



[0052] Displacement of the quench fluid through the
peripheral channel 212 is preferably substantially
uniform in rate and effluence around the entire
periphery of the through bore 107, onto the inner wall
106. The step of radially displacing the quench fluid
preferably includes distributing the quench fluid film
along the axial length of the through bore internal
process surface by a combination of gravitational
force and effluent fluid-shear force. Preferably, the
through bore is oriented in a flow direction that is
vertical or perpendicular with respect to a normal
ground surface plane. Preferably each cooling conduit
102 is preferably oriented substantially vertical and
perpendicular with respect to level ground surface and
effluent from hydrocarbon pyrolysis passes preferably
downward through the bore 107. The gaseous effluent
100 is passed from an effluent inlet 110 positioned
upstream of the channel 212 to a quenched effluent
outlet downstream of the channel 212, with respect to
the flow stream of the gaseous effluent along the bore
107. [0053] As discussed above, it is desired that
while channel 212 serves to fluidly link annular
cavity 206 with effluent bore 107, the peripheral
channel 212 according to this invention also serves to
fluidly segregate the dynamic, inertial energy
contained in the fluid 120 that is tangentially
introduced through port 204 into cavity 206, from the
lower dynamic energy in the fluid that is finally
introduced through perimeter opening 109 and onto
surface 106. The inertial injection energy in the
annular cavity 206 is largely confined and spent
distributing the fluid about the annular cavity and
maintaining pressure within the cavity 206, such that
primarily the pressure energy in the annular cavity is
expended in moving the liquid quench fluid through the
channel 212. [0054] After tangentially entering
annular cavity 206 of the inventive quench fitting
102, the quench fluid disperses along the full volume
of the cavity 206, dissipating centrifugal force
energy along outer wall 210. Then the quench fluid
preferably undergoes a lateral change in flow
direction within the annular cavity 206 and begins
moving with a directional component that is
substantially parallel to the effluent through bore
107 center axis C/L. Preferably the channel directs
the liquid quench fluid in a direction opposite the
direction ofeffluent flow along through bore 107,
particularly when the effluent 100 is flowing down
through a vertically oriented conduit 102. For
instances where the effluent flows upward with respect
to a vertically oriented conduit 102, the channel may
preferably direct the liquid quench fluid in a
direction that is same as the direction of effluent
flow 100. Thereby, the channel preferably always
directs the liquid quench fluid in an upward direction
for at least a portion of the flow path through the
channel 212. According to an embodiment such as
illustrated in Figure 2, as the effluent enters and
traverses the peripheral channel 212 with this upward
directional component, (whether parallel to bore 107
center line or as a directional component of a flow
path that is angular or curved with respect to bore
107 centre line), the effluent flow path along the
channel may change directions to begin flowing with a
direction component that is radially inward toward the
effluent through bore center axis until it finally
traverses to the channel 212 opening at the peripheral
opening 109. These combinations of features serve to
segregate the aspect of distributing the quench fluid
around the through bore from the step of introducing
the effluent into the through bore. The segregation or
hydraulic remoteness enables improved distribution of
quench fluid, improved uniformity of quench film
thickness, and efficiency of quench film formation, as
compared to the prior art. The process enables use of
lower volumes of quench fluid to effect an effective
quench fluid film coverage along inner surface 106, as
compared to prior art. [0055] Each of the multiple
indirect heat exchange cooling conduits or quench
exchangers 102 illustrated in FIGURE 1 comprises an
internal process wall 106 for contacting the hot
effluent and an external shell side 108 (see also
FIGURE 2) for contacting a heat exchange fluid for
indirect heat exchange and heat recovery. The cooling
conduits also include an effluent inlet 110 and a
quenched effluent outlet 112 from which is recovered a
cooled, hydrocarbonaceous effluent. In some aspects,
the cooled effluent will be at a temperature below
that at which the tar precursors condense. A quench
fluid introduction port 204 introduces the liquid
quench fluid, preferably a distillate oil and more
preferably an aromatic-containing distillate oil, into
annular cavity 206 and channel 212. Preferred liquid
quench fluids 120 that may be particularly useful for
creating a wet wall liquid quench fluid film on inner
wall 106 may include a liquid quench oil, such as an
aromatic oil. Preferred aromatic oil may have a final
boiling point of at least about 4000C (7500F). Other
particularly useful liquid quench fluid may include an
aromatic distillate, such as a distillate that is
recovered from the cooled gaseous effluent stream 100.
Preferred liquid quench fluidsmay also be
substantially free of tar precursors. Preferably, the
liquid quench fluid 120 may be introduced into annular
cavity 206 as a function of at least one of (i) the
rate at which 



hydrocarbon feed is supplied to the cracking furnace
radiant section and/or (ii) the temperature of the
cooled gaseous effluent from the cooling conduit
outlet 112. [0056] Preferably, as illustrated in
FIGURE 2, liquid quench fluid introduction port 204 is
located axially downstream of effluent inlet 110.
Preferably, as illustrated in FIGURE 3, the quench
port 204 introduces liquid quench fluid tangentially
into annular cavity 206 with respect to the
circumferential perimeter of annular cavity 206 to
distribute quench fluid substantially uniformly and
circumferentially around the full circumference or
peripheral length of annular cavity 206, without
directing the quench fluid 120 directly into the
channel 212. The term "tangential" preferably means at
substantially a right angle with respect to a radius
from the point of tangent intersection to the effluent
through bore centerline, but may also include other
angles that are more oblique or more acute at the
point of tangent intersection, such as plus or minus
fifteen degrees with respect to a right angle. It is
generally preferred that the inlet port 204 direct the
liquid quench fluid 120 into the circular fluid path
around the annular cavity 206 and it is further
preferred that the cooling conduit 102 provide two
tangential inlet ports 204, such as illustrated in
FIGURE 3. FIGURE 3 also illustrates channel 212
positioned substantially medially with regard to a
cross-section of annular cavity 206. However, in some
embodiments, it may also be preferred that a first
portion 209 of outer wall within the annular cavity
206 is substantially flush with a second portion 210
of outer wall within the first portion of channel 212
substantially adjacent the annular cavity 206.
Thereby, the channel 212 connects with the annular
cavity 206 at a portion of the annular cavity 206
having the maximum diameter with respect to a center
line axis along the center of the effluent through
bore 107, such that at least a portion of the channel
flow path includes an outer diameter that is
substantially the same as an outer diameter of the
annular cavity 206. [0057] Annular cavity 206 is
preferably sized to serve as a distribution chamber
206 that facilitates uniform distribution and
pressurization of quench fluid within channel 212,
independent of the shearing influence of the furnace
effluent gas stream 100. Uniform and controlled fluid
distribution and film creation on wall 106 is
important when operating at low quench to feed ratios,
such as made possible by this invention. Preferably,
when the quench fluid exits channel 212, a substantial
portion of the tangential swirl component of the
quench fluid has been lost due to skin friction
effects, both within the annular cavity 206 and
channel212, and the fluid is introduced substantially
longitudinally onto inner wall 106 as the fluid 120
emanates from peripheral opening 109. In some
embodiments, the liquid quench fluid is turned through
a final 90-degree bend at perimeter opening 109, such
as illustrated in FIGURE 2 and is emitted
longitudinally along the wall 106, in parallel with
the flowing furnace effluent 100. [0058] In some
preferred embodiments, annular cavity 206 provides at
least as much volumetric capacity and preferably at
least twice as much capacity, as the capacity of
channel 212, such that the annular cavity 206 provides
a quench fluid supply reservoir that uniformly
provides quench fluid to quench fluid channel 212 with
minimal pressure differential, around the full
circumference of the inner wall 106. The volumetric
capacity of annular cavity 206 also provides capacity
for dissipation of any inertial introduction energy
from the introduced quench fluid 120 within the
annular cavity 206, whether by tangential, oblique, or
perpendicular introduction of quench fluid into
annular cavity 206 is feasible, although tangential is
preferred to facilitate uniform filling of annular
cavity 206. Thereby, quench fluid 120 may be
introduced through channel 212 and onto inner wall 106
in a controlled, substantially uniform fashion that
avoids spraying or otherwise dispersing the quench
fluid into bore 107. Further, annular cavity 206 may
facilitate generally even distribution and supply of
quench fluid from the port 204 or points of
introduction, circumferentially around the full
periphery of bore 107. [0059] It is preferred that
annular cavity 206 be shaped as a substantially
torroidal-shaped channel, notch, or slot, such as
illustrated in FIGURE 2. The cross-sectional shape of
annular cavity 206 is not generally critical and may
be for example, rounded, include a substantially flat
wall, or shaped as an elongated slot, so long as
quench fluid 206 is easily dispersed throughout the
cavity. A preferred process includes energetic
introduction of liquid quench fluid 120 through fluid
introduction fitting 202 and port(s) 204, so as to
cause rotation or swirl of liquid quench fluid through
the circular course of annular cavity 206. However, in
some alternative embodiments, annular cavity 206 may
be substantially the same component as channel 212 or
essentially the same or similar size and shape or
geometry as channel 212, such that it becomes
difficult to distinguish where the cavity ends and the
channel 212 begins. All of such embodiments are
considered to be embodiments of the present invention.



[0060] Preferably, quench fluid introduction port(s)
204 introduces quench fluid 120 into annular cavity
206 at an axial position with respect to through bore
107 that is offset, at leastslightly, and not directly
in line with the axial position of a plane containing
channel 212 to avoid direct, inertial injection of
quench fluid from port 204 into bore 107 or directly
into channel 212, and to thereby avoid nonuniform
distribution of quench fluid circumferentially around
inner wall 106. The introduced quench fluid 120 may
serve as a wall wetting liquid quench fluid and/or as
a direct quench fluid to directly cool the effluent
100. The quench fluid introduction rates in a direct
quench application may typically be substantially
higher than quench fluid introduction rates in some
other applications, such as indirect heat exchange
without direct quench, as required to achieve proper
heat balance. To facilitate or assist in substantially
uniform distribution of quench fluid 120 around the
periphery of annular cavity 206, some processes
according to this invention may utilize multiple
quench fluid introduction ports 204 and multiple
quench fluid fittings 202. Some preferred embodiments
utilize two quench fluid introduction ports, each
positioned on a side of the cooling conduit opposite
the other. Although the amount of offset is not
critical, preferably, the offset between the annular
cavity 206 and the perimeter opening comprises an
offset displacement of at least the smallest internal
diameter of the liquid quench fluid introduction port
204, such that port 204 does not appreciably feed
liquid quench fluid 120 directly into channel 212, as
stated previously. With regard to channel 212 shape or
channel flow path orientation, it may be preferred
that channel 212 flow path include a curved or angular
component, so as not to merely provide a linear or
direct flow path from the annular cavity to the
perimeter opening, whereby the change in direction can
provide at least a portion of the hydraulic resistance
through the channel. However, it is also preferred
that the channel flow path includes a change in flow
direction, such as an angular change of at least about
45 degrees, between a first portion of the channel 212
flow path substantially adjacent the annular cavity
and a second portion substantially adjacent the
perimeter opening 109. In still other embodiments, it
may be preferred that the channel flow path includes a
more substantial change in flow direction, such as an
angular change of at least about 90 degrees, between
the first portion of the channel 212 adjacent the
annular cavity and the second portion adjacent the
perimeter opening 109, such as illustrated in FIGURE
2. [0061] To avoid direction introducing liquid quench
fluid from introduction port 204 directly into channel
212, it is desirable to provide an angular offset
within the annular cavity 206, as between the
direction of fluid introduction from the introduction
port 204 into annular cavity 206 and the first portion
of the flow path of channel 212. For example, it may
bedesirable in some embodiments for an initial portion
of channel 212 flow path that is adjacent the annular
cavity 206 to flow in a direction that is
substantially parallel with the effluent through bore.
For further example, it may be desirable that at least
one quarter of the total length of the flow path for
channel 212 is substantially parallel with the center
line axis through the effluent through bore 107. This
arrangement would, by further example, not only
include specific parallel flow, but also such portion
of a directional component of a flow path that is at
an angle with respect to the effluent through bore 107
center line. In one preferred orientation, such
parallel portion of the channel may thus generally be
oriented upward and specifically parallel to the
effluent through bore 107 for about a quarter or more
of the total length of the channel 212, whereby liquid
quench fluid 120 is displaced from the annular cavity
206 and must travel generally upward (or at least with
an upward directional component, such as at an upward
angle) through a portion (at least one quarter of the
total length) of the channel 212, and then moves
through a substantially right angle and in a radially
inward direction toward the perimeter opening 109.
[0062] In some preferred embodiments, the cooling
conduit or quench exchanger 102 also includes an
indirect heat exchanger, such as a double pipe quench
exchanger as illustrated in FIGURE 2, to enhance
quenching and facilitate indirect heat recovery and
recycle. Preferred embodiments may include heat
exchange fluid jacket 122, coaxially external to outer
quench tube 104. Cooling conduit 102 may include
quench exchanger tube 104 as a heat transfer tube
providing external shell surface 108, creating a heat
exchange fluid annulus 125 with coaxial heat exchange
jacket 122. Preferably, heat exchange annulus 125 is
positioned axially downstream of quench fluid channel
212 for contacting a heat exchange fluid 124, e.g.,
water or steam, with the external shell side 108 of
the quench tube 104. Preferably, heat exchange fluid
jacket 122 is positioned sufficiently downstream of
the annular quench fluid injection port 204 and
channel 212 to permit heating of the quench fluid film
on inner surface 106 to about the saturation
temperature of steam. Jacket 122 is preferably,
substantially coaxial to the quench tube 104 and
further comprises a heat 



exchange fluid inlet 126 for providing heat exchange
fluid 124 having a temperature lower than the effluent
temperature. Preferably, heat exchange fluid inlet 224
is supplied heat exchange fluid 124 by heat exchange
fluid inlet manifold 127, and heat exchange fluid
outlet 128 removes heated heat exchange fluid 130,
e.g., heated liquid water or steam from heat exchange
fluid outlet port 228 via heat exchange fluid outlet
manifold 132. The inlet andoutlet positions may be
switched with each other, if so desired. As
illustrated in FIGURE 2, in heat exchange fluid may
enter the fluid jacket 125 through indirect heat
exchange fluid port 224 and exit from the fluid jacket
through indirect heat exchange fluid outlet port 228.
[0063] The quench exchanger 102 preferably may operate
with furnace effluent 100 and quench fluid 120 flowing
downward along through bore 107 while saturated high
pressure boiler feed water/steam flows upward in the
annulus 125 surrounding the cooling tube, although
other exchanger geometries may also be suitable. The
boiler feed water/steam circuit is preferably arranged
as a natural thermosyphon, operating from an elevated
steam drum, as is common in ethylene furnaces, such as
described in "Latest Developments in Transfer Line
Exchanger Design for Ethylene Plants", H. Herrmann &
W. Burghardt, Schmidt'sche Heissdampf-Gesellschaft,
prepared for presentation at AIChE Spring National
Meeting, Atlanta, April 1994, Paper #23c. [0064] As
stated previously, in some embodiments or processes it
may be desirable to provide a short distance of
unjacketed (non-indirectly cooled) through bore
between the quench fluid introduction channel 212 and
heat exchange annulus 125. For example, when
generating high pressure steam from the indirect heat
exchange, the length of the nonindirectly cooled
through bore should be selected such that the quench
fluid film on inner wall 106 is heated to about the
saturation temperature of the steam, before the quench
fluid film enters the jacketed 122 (cooled) portion of
the exchanger tube 104. Also, as the liquid quench
fluid film is heated, it cools and condenses the heavy
components in the gaseous pyrolysis effluent, thereby
replacing at least a portion of the vaporized quench
fluid with insitu generated film-forming liquid,
particularly with regard to direct quench processes.
Thereby the quench fluid film is further maintained
along the tube wall 106, even as portions of the
quench fluid are vaporized. The quench fluid is
delivered from channel 212 at a rate that ensures
adequate liquid quench fluid flow along the wall 106
from the moment or temperature at which the first,
heaviest components of the furnace effluent are
condensed, and until substantially all of the
condensable tar precursors are condensed, to minimize
or prevent fouling. [0065] Referring again to FIGURE
1, quench fluid 120 may be supplied to a quench
exchanger bank by a manifold that feeds quench fluid
inlet tubes 116, preferably at a tangent as
illustrated in the figure. Outlet 134 is provided for
removing a mixture 136 of cooled gaseous effluent,
heated liquid quench fluid, and cooled tar precursors
entrained within thecooled stream. The clean out port
on bottom of the cooling conduit 102 and effluent
outlet 134 are preferably positioned near the gaseous
effluent discharge 112 end of the cooling conduit 102.
Multiple outlets 134 may be manifolded together into a
common manifold. [0066] Liquid quench fluid 120 is
introduced to the annular cavity 206 through quench
fluid injector port 204. In one aspect of the
invention, introducer port 204 may be sized to provide
sufficient back-pressure to generate good quench fluid
distribution to all of the injectors in a manifolded
quench exchanger bank, such as illustrated in FIGURE
1. According to one preferred embodiment, the cooling
conduit 102 comprises a direct quench fluid
introduction port for introducing a direct quench
fluid into the gaseous effluent stream to quench the
gaseous effluent. This direct quench fluid
introduction port may be a port that is separate from
a port used to introduce the liquid quench fluid that
creates the wetted wall film. In other preferred
embodiments, however, the direct quench fluid
introduction port(s) is the same port(s) that is used
to introduce the liquid quench fluid that forms the
wetted wall film. In such embodiments, the direct
quench fluid introduction port comprises or is the
liquid quench fluid introduction port and the direct
quench fluid comprises or is the liquid quench fluid.
The direct quench fluid thus passes through the
annular cavity, channel, and perimeter opening. [0067]
The generalized cooling conduit illustrated in FIGURE
2 demonstrates a substantially flush effluent through
bore 107, having substantially a constant internal
diameter over the full axial length of the bore 107.
However, in some embodiments, through bore 107 may
include variations in internal diameter. For example,
the internal diameter of the bore 107 upstream of the
perimeter opening 109 may be of a smaller internal
diameter than the diameter of the bore 107 downstream
of the perimeter opening 109. Thereby, the piping
provides additional capacity for the introduced quench
fluid 120, such as for a direct 



quench process. An internal diameter change may also
be provided at or near the perimeter opening to
provide for thermal expansions or displacements
between piping upstream of the perimeter opening 109
and downstream of the perimeter opening 109. In some
embodiments, the channel 212 may include a change in
direction of the quench fluid flow path at the
perimeter opening, such that the perimeter opening 109
generally faces along the effluent through bore,
parallel with the bore wall 106. Thereby, the quench
fluid 120 may be emitted directly only the bore wall
106 with reduced exposure to the shear effects caused
by the effluent stream 100 flowing in the bore
107.[0068] Computer modeling of an embodiment of the
inventive wetted wall cooling conduit or quench
exchanger process and apparatus predicts that liquid
quench fluid mass flow rates with a quench to furnace
feed ratio of as low as from about 0.2, and in some
instances even as low as from about 0.1, can provide
an effective wetted wall film. The operable wetted
wall liquid quench feed ratio range may extend upward
from about 0.1 to a ratio of at least about 5.0, or
even higher if desired, such as with direct quench
applications. An anticipated preferential operating
range for wetted wall liquid quench fluid introduction
may have a mass ratio within a range of from about 0.1
to about 4.0. An anticipated preferential operating
range for an indirect heat exchange application that
does not substantially rely upon direct quench, may
have a ratio of from about 0.2 to about 0.5. An
anticipated preferential operating range for wetted
wall direct quench fluid introduction may have a mass
ratio within a range of from about 0.5 to about 4.0,
depending largely upon the required heat duty.
Clearly, the different operational, design, and
geometrical features of the injector of the present
invention have generated a significant improvement in
wetted wall quench system performance, even for low
liquid quench fluid to furnace feed ratio operations.
For some typical applications, it may be desirable to
utilize the process or apparatus of the subject
invention to introduce the liquid quench fluid onto
the inner wall at a liquid quench fluid to furnace
feed weight ratio ranging from about 0.1 to about 2.
In other applications, it may be desirable to
introduce the liquid quench fluid onto the inner wall
at a liquid quench fluid to furnace feed weight ratio
of from about 0.2 to about 1.5. The subject invention
may be tailored to fit any of many quench
applications, such as by providing an apparatus
whereby the channel and/or ports are designed to
deliver a rate ratio at a rate of from about 0.1 up to
and even in excess of 4.0, by varying the design
parameters of the apparatus and/or operating
conditions, to supply the desired quench fluid rate or
ratio. [0069] While the invention has been described
in connection with certain preferred embodiments so
that aspects thereof may be more fully understood and
appreciated, the description is not intended to limit
the invention to only these particular embodiments. On
the contrary, the disclosure is illustrative and is
intended to cover all alternatives, modifications, and
equivalents as may be included within the scope of the
invention as generally or particularly described,
illustrated, and defined by the following
claims.CLAIMS What Is Claimed Is: 1. A process for
creating a wetted wall in a cooling conduit for use in
quenching gaseous effluent from a hydrocarbon
pyrolysis furnace, the process comprising: (a)
introducing said gaseous effluent into a cooling
conduit, said cooling conduit comprising; (i) an inner
wall for contacting said effluent, said inner wall
defining a bore extending a length of said cooling
conduit, said inner wall including a perimeter opening
along said bore; (ii) an outer wall external to said
inner wall and substantially coaxial to said inner
wall; (iii) a substantially annular cavity external to
said inner wall and including at least a portion of
said outer wall, said annular cavity fluidly and
remotely connected to said perimeter opening, said
annular cavity externally surrounding a perimeter of
said inner wall, said annular cavity including at
least a portion of said outer wall; and (iv) a
peripheral channel extending around a perimeter of
said inner wall, said peripheral channel fluidly
connecting said annular cavity and said perimeter
opening, along said perimeter of said inner wall; (b)
introducing a liquid quench fluid through a liquid
quench fluid introduction port tangentially into said
annular cavity, substantially along said first portion
of said outer wall, whereby said introduced liquid
quench fluid fills said cavity; (c) passing said
introduced liquid quench fluid from said annular
cavity through said channel to said perimeter opening
along a channel flow path; and 



(d) passing said liquid quench fluid from said
perimeter opening onto said inner wall for
distribution of said quench fluid along at least a
portion of said length of said inner wall as a quench
fluid film, while concurrently passing said gaseous
effluent along said bore of said cooling conduit to
produce a quenched gaseous effluent stream. 2. The
process of claim 1, wherein said step of introducing a
liquid quench fluid comprises introducing said liquid
quench fluid as a direct quench fluid to cool said
gaseous effluent by direct quench.3. The process of
claim 1, further comprising the step of introducing a
direct quench fluid to direct quench said effluent
stream through a direct quench fitting that is
separate from said liquid quench fluid introduction
port. 4. The process of claim 2, further comprising
the step of introducing said direct quench fluid into
said gaseous effluent stream at a direct quench fluid
to furnace feed weight ratio of from about 0.5 to
about 4.0. 5. The process of claim 1, further
comprising the step of passing said liquid quench
fluid onto said inner wall at a liquid quench fluid to
furnace feed weight ratio of from about 0.1 to about
1.0. 6. The process of claim 1, wherein at least a
portion of said channel flow path is offset with
respect to a bore axis of said liquid quench fluid
introduction port. 7. The process of claim 1, further
comprising the step of creating a hydraulic resistance
between said annular cavity and said perimeter
opening. 8. The process of claim 7, wherein said
channel flow path of step (c) comprises said hydraulic
resistance between said annular cavity and said
perimeter opening. 9. The process of claim 1, further
comprising the step of quenching said gaseous effluent
stream using an indirect heat exchange fluid in a heat
exchange fluid annulus exterior to said inner wall and
downstream of said perimeter opening. 10. The process
of claim 1, further comprising the step of orienting
said cooling conduit bore in a flow direction that is
substantially vertical with respect to a ground
surface and said gaseous effluent flows vertically
along said bore, with respect to said ground surface.
11. The process of claim 1, further comprising the
step of controlling said liquid quench fluid flow rate
as a function of at least one of a rate at which
hydrocarbon feed is supplied to said furnace and a
temperature of said cooled gaseous effluent from said
cooling conduit. 12. The process of claim 1, wherein
said liquid quench fluid comprises aromatic oil having
a final boiling point of at least about 4000C.13. The
process according to any of the preceding claims,
conducted by a cooling conduit apparatus used for
cooling gaseous effluent from a hydrocarbon pyrolysis
furnace, the cooling conduit apparatus comprising: (i)
an inner wall for contacting said effluent, said inner
wall defining a bore extending a length of said
cooling conduit, said inner wall including a perimeter
opening along said bore; (ii) an outer wall external
to said inner wall and substantially coaxial to said
inner wall; (iii) a substantially annular cavity
external to said inner wall and including at least a
portion of said outer wall, said annular cavity
fluidly and remotely connected to said perimeter
opening, said annular cavity externally surrounding a
perimeter of said inner wall, said annular cavity
including at least a portion of said outer wall; (iv)
a peripheral channel extending around a perimeter of
said inner wall, said peripheral channel providing a
channel flow path that fluidly connects said annular
cavity with said remotely connected perimeter opening
along said perimeter of said inner wall; and (v) a
liquid quench fluid introduction port for introducing
said liquid quench fluid into said annular cavity. 14.
The cooling conduit apparatus of claim 13, further
comprising a tangentially oriented liquid quench fluid
introduction port for tangentially introducing liquid
quench fluid into said annular cavity. 15. The cooling
conduit apparatus of claim 13, further comprising: a
heat exchange fluid jacket for maintaining an indirect
heat exchange fluid in contact with an external side
of said inner wall, said jacket comprising a heat
exchange fluid inlet and a heat exchange fluid outlet.
16. The cooling conduit apparatus of claim 15, wherein
said cooling conduit apparatus comprises at least one
of a double tube type heat exchanger, a transfer line
exchanger, and a shell and tube type heat
exchanger.17. The cooling conduit apparatus of claim
13, further comprising a direct quench fluid 



introduction port for introducing a direct quench
fluid into the gaseous effluent stream to quench said
gaseous effluent. 18. The cooling conduit apparatus of
claim 14, wherein said direct quench fluid
introduction port comprises said liquid quench fluid
introduction port and said direct quench fluid
comprises said liquid quench fluid. 19. The cooling
conduit apparatus of claim 13, wherein said channel
connects with said annular cavity at a portion of said
annular cavity having the maximum diameter with
respect to a center line axis along the center of said
bore, such that at least a portion of said channel
includes an outer diameter that is substantially the
same as an outer diameter of said annular cavity. 20.
The cooling conduit apparatus of claim 13, further
comprising at least two liquid quench fluid
introduction ports, each spaced substantially evenly
about the circumference of said quench exchanger bore
with respect to the position of the other of the at
least two liquid quench fluid introduction ports. 21.
The cooling conduit apparatus of claim 13, wherein the
hydraulic conductivity of said channel from said
annular cavity to said perimeter opening is sized to
provide a liquid quench fluid to furnace feed weight
ratio within a range of from about 0.1 to about 4.0,
based upon the desired operating conditions, quench
fluid flow properties, and gaseous effluent stream
properties. 22. The cooling conduit apparatus of claim
14, wherein at least a portion of said channel flow
path is offset as compared to a plane that includes a
bore-axis of said liquid quench fluid introduction
port. 23. The cooling conduit apparatus of claim 13,
wherein said channel flow path further comprises an
angular change in flow direction of at least about 45
degrees. 24. The cooling conduit apparatus of claim
13, wherein said channel comprises a hydraulic
resistance between said annular cavity and said
perimeter opening.25. The cooling conduit apparatus of
claim 13, wherein said channel provides a direct
quench fluid into said gaseous effluent stream at a
direct quench fluid to furnace feed weight ratio of
from about 0.5 to about 4.0. 


