
EP 0 241 805 B1 Description BACKGROUND OF THE INVENTION 5   Field of the
Invention This invention relates to surface-active difunctional and
multifunctional (i.e., with more than two car- bodiimide groups)
carbodiimides and their preparation and use as dispersing agents for
polycarbodiimides which are useful as cross-linking agents for
carboxyl-containing organic resins, preferably latex resins, or 10
neutralized, carboxylated water-soluble resins, and carboxylated solution
resins. Summary of the Prior Art Carbodiimides are a well-known class of
organic compounds. Dicyclohexylcarbodiimide has been use- 15 ful for many
years as a condensation agent in the preparation of peptides, as described
by Sheelan and Hess (J. Chem. Soc., 77,1067 (1955)). Monodisperse,
difunctional carbodimide compounds have been prepared by the
desulfurization of thloureas using hypochlorite. Such compounds were
prepared, for example, by Iwakura, etal. (Makromol. Chem., 98, 21 (1966);
Bull. Chem. Soc. Jpn., 40,2383 (1967)). Mul- tifunctional, linear,
polydisperse polycarbodiimides have been prepared by Campbell from
diisocyanatoal- 20     kanes or diisocyanatoarenes using a phospholine
oxide catalyst (U.S. 2,941,966 (1960)). Use of sodium hypochlorite to
desulfurize thloureas to prepare multifunctional carbodiimides, Le., with
moe than two car- bodiimide groups, Is known but is reported to be very
difficult (Wagner, et al., Angew. Chem., 70, 819 (1981)). The art is
summarized in Chem. Rev, 81, 589 (1981). The use of polydisperse
polycarbodiimides as cross-linkers for carboxylated latex resins and neut-
25  ralized carboxylated water-soluble polymers is known in the art
Specifically, co-assigned U.S. application Serial No. 691,378, filed
January 15, 1985/(the disclosure of which is incorporated herein by
reference), teaches the preparation of useful polycarbodliimides, useful as
cross-linkers In carboxyl-containing resin systems, from certain mono-,
di-, and tri-functional cycloallphatic or saturated aliphatic isocyanates,
In which the mono-and diisocyanates are optional, and co-assigned U.S.
patent 4,487,964 discloses a method for 30  the preparation of useful
polycarbodiimide cross-linkers from mixed aromatic/aliphatic isocyanates.
Of par- ticular Interest are the monodisperse, multifunctional
carbodiimides disclosed In my co-pending, co-assig- ned U.S. patent
application Serial No. 747,190, filed June 21, 1985, which will be referred
to in detail below. The resin systems In which carbodiimide cross-linkers
are particularly useful are those in which the ma- tedd contains reactive
carboxyl groups, such as are typically found In aqueous latexes used for
coatings. 35  In the past, in order to prepare the cross-linidng
carbodiimide in compatible emulsion form, it has been necessary to subject
the carbodiimide to high-energy shear forces In the presence of relatively
high con- centrations of surfactants. Usually, this has required the
employment of special, high-shear mixing equip- ment and has exacted the
further penalty of high energy costs. Since such emulsions are often
difficult to keep stabilized during storage, it has often been necessary to
avoid storage and shipment of the car- 40  bodiimide emulsion and, Instead,
to suffer the additional inconvenience of having to add emulsification
equipment to the coating line. The present invention effectively solves
many of those problems of the prior art by providing polycar- bodiimides
which are relatively easy and inexpensive to emulsify, and in many cases,
are virtually self-emul- sifying. They are readily compatible with
commercial, carboxyl-containing latexes, and are quite stable. In 45  the
event that it is considered convenient to utilize an emulsification step
in-line, the emulsion may be effec- tively prepared using relatively simple
mixing equipment, rather than expensive, high-shear devices. According to
the present invention there is provided a surface-active polycarbodiimide
of the formula [err] 50 wherein R is a residue of a hydrophobic organic
compound containing at least two carbodiimide groups; R is a residue of an
organic compound having a hydrophilic segment and at least one functional
group cap- able of reacting with a carbodiimide group; and X is a group
formed by the reaction of a said carbodiimide 



group with a said functional group. 55     Likewise, there is provided a
cross-inker emulsion comprising an admixture, in aqueous medium, of (a) a
hydrophobic polycarbodiimide, and (b) a polycarbodlimide of formula (I) and
optionally (c) a supple- mental surfactant. Similarly, there is provided a
cross-linkable composition, comprising an admixture of (a) an emulsion 2
EP 0 241 805 B1 of a carboxyl-containing resin or neutralized,
carboxylated, water-soluble organic resin, and (b) a surface- active
polycarbodiimide of formula I and/or (c) a cross-linker emulsion and
optinally (d) a supplemental sur- factant. In addition, this invention
provides methods 5      a) for making the surface-active polycarbodiimide
of formula 1, comprising reacting, in the presence of a catalyst, a
hydrophobic organiccompound containing at least two carbodiimide groups
with an organic compound having a hydrophilic segment and at least one
functional group capable of reacting with a carbodiimide group; b) for
making the cross-linker emulsion comprising mixing, in aqueous medium: (a)
a hydrophobic car- 10      bodiimide, and (b) the surface-active
carbodiimide of formula I, wherein the surface-active carbodiimide
preferably is formed in situ in a matrix of the hydrophobic carbodiimide ;
and c) for making a cross-linkable composition, comprising mixing : (a) an
emulsion of a carboxyl-containing resin, (b) a surface-active
polycarbodiimide of formula I and/or (c) a cross-linker emulsion as well as
d) for cross-linking a carboxy-containing resin or a neutralized,
carboxylated, water-soluble organic 15     resin comprising : (a) mixing
said resin with an emulsion of a surface-active carbodiimide of formula I
and (b) allowing volatilization of certain formulated materials, to produce
a cross-linked product. Asused herein, all defined groups are intended to
include such groups containing any substitution which does not
significantly interfere with the use of the carbodiimides for their
intended purpose. Likewise, all aromatic groups are intended to include
fused aromatic rings as well as substituted aromatic groups. 20      Also
as used herein, the term "polycarbodiimide" is intended to include both
monodisperse and polydis- perse types of carbodiimides. The terms
"multifunctional" and "polyfunctional", to the extent used, are used
interchangeably and only in reference to monodisperse, polycarbodiimides.
DETAILED DESCRIPTION OF THE INVENTION 25 Incorporation facarbodiimide
cross-linker into formulations containing carboxylic, water-borne polym-
ers requires either that the cross-linker be emulsified mechanically, or
made surface-active for easy disper- sion. The emulsification step is
cumbersome, and emulsified carbodlimides are subject to a slow,
unpreventable reaction with water to form ureas, which limits their
shelf-life. The present invention permits 30 substantial simplification or
elimination of the mechanical emulsification step. This Is achieved by use
of a chemically modified carbodiimide which Is a surface-active species
heretofore unknown to the art. The surface-active carbodiimide of this
invention can be prepared and used as a surfactant by adding it, with
agitation, to solutions of polycarbodilmides, as with surfactants of the
prior art. However, it is a sur- prising advantage of this Invention that
it permits the in situ preparation of dispersions of polycarbodiimides. 35
That is, the polycarbodiimide to be emulsified can be added directly to a
carboxyl-containing medium, eg., a latex, and the polycarbodliimide can
then be emulsified In the medium by addition, with stirring, of the sur-
face-active polycarbodiimide of this invention. The mild agitation
routinely supplied for mixing will ordinarily be adequate to effect the
dispersion. However, if smaller droplet size Is desired, shear can be
Increased by use of more vigorous agitation. If very small droplets are
desired, any of the various homogenizing mixers 



40  known to the artcan be employed. in all cases, however, itwill be found
that the surface-active carbodiimide of this invention produces dispersions
more readily for any given level of agitation than are available using
surfactants of the prior art. It is to be understood that mixtures of
polycarbodiimides can also be readily emul- sified using this invention. If
the surface-active carbodiimide is prepared in situ in a mixture of
polycar- bodiimides, it will be understood thatsurface-active species will
be formed from each of the polycarbodiimide 45 structures present,
according to the reaction kinetics of each species. The surface-active
species of this Invention is a polycarbodiimide resin conforming to the
general for- mula (I): R-X-R', as described above. In theory, R can be the
residue of any hydrophobic organic group containing at least two
carbodiimide linkages, one to form linkage X, and the other to react with a
carboxyl group of the resin to be cross-linked. The advantage of this
latter reaction is that it binds the surface-active 50  component to the
cross-linked resin matrix, thereby preventing migration or "blushing of the
surfactant to the surface of a cross-linked coating. It is also possible,
in fact, desirable, for R to contain more than two carbodilmide groups,
since the surfactant itself can then participate in the cross-linking
reaction. In formula (I), R' can be the residue of any group having
sufficient hydrophilicity to impart to the molecule the necessary
surface-active characteristics. R' must, of course, be derived from a
compound which con- 55  tains, either initially or by modification, a group
capable of forming linkage X by reaction with a carbodimide group. It will
be understood, of course, that if R' contains more than one such reaction
group, such group should be chosen to be nonreactive or only relatively
slowly reactive with carbodiimide groups, so as to mini- mize any gellation
or undesired cross-linking. As will be described more fully below, X may
conveniently 3    EP 0 241 805 B1 be the reaction product of a carbodiimide
with an isocyanate. Various reactive species other than -NCO are, however,
also useful. Such reactive species would include -COOH, carboxyl amine
salts, -SH, -OH, and -NH2, aswell as others known to the art. Itwill be
understood bythose skilled In the artthatthe reaction between an isocyanate
and a carbodiimide Is an equilibrium reaction; thus, it may not ordinarily
be possible 5   to isolate the surface-active carbodiimide so prepared.
(However, In at least one system It has been shown to be possible to
Isolate the carbodiimide/isocyanate dimer. See Ulrich, et al., J. Am. Chem.
Soc., 94,3484 (1972).) If it is desired to utilize this reaction, it may be
advisable to add the Isocyanate-terminated surfactant to a high
concentraion of carbodiimide, since the reaction is then driven essentially
to completion by "swaping" the isocyanate groups with carbodiimide groups.
10     As implied above, there are no inherent limitations on the structure
of R', other than the obvious facts that it should not be Incompatible with
carbodiimide resins or carboxyl-containing emulsions. For ease of
preparation, it will be apparent that varlous commercially available
non-ionic surfactants are inherently reac- tive with carbodiimide groups or
can be modified to make them reactive with carbodiimide groups to form X.
For example, poly(oxyalkylene)-based surfactants, such asthosepoly(ethylene
oxide)-based surfactants 15  available (from Union Carbide Corp.) under the
trademark "Tergltol," contain free hydroxyl groups which can react with
carbodiimide groups, or can be modified by reaction with, e g., a
diisocyanate to provide a free isocyanate group to react with a
carbodiimide group. A preferred hydroxyl-containing hydrophilic species
comprises the poly(ethylene glycol) resins available (from Union Carbide
Corp.) under the trademark "Carbowax." Of these, those end-capped with a
methoxy or ethoxy group are particularly prefer- 20  red. Other
hydroxy-containing hydrophillospecies include poly(propylene oxide) resins.
The reaction to form linkage X In formula (I) should be carried out in
advance of the use of the surface- active carbodimide to form  the
cross-linker dispersion. The various reactions possible to form X will
depend, of course, upon the reactive groups selected, and will be performed
according to procedures well under- stood in the art. 



25      The linkage X represents some general functional group formed
through any of the following cybo-addi- tion (1-2), addition (3-6), or
cycloreversion (7) reactions. 30 35 40 45 50 55 4    EP 0 241805 B1 N C
[err] 50      The groups (X) formed from the above reactions (1-7) are the
uretidinone (1), diazetidine thione (2), N-acyl urea (3), guanidine (4),
isourea (5), isothiourea (8), and carbodlimide (7). If it is necessary or
desired to modify the surfactant R' by addition of a carbodiimide-reactive
group, that modification should be carried out in advance of the reaction
to form linkage X. Again, the various reac- tions possible to effect the
modification will depend upon the reactive groups selected, and will be
performed ss   according to procedures well understood in the art. In
general, however, a nonionic surfactant, R', which Is terminated with one
of the reactive groups shown above Is added to a solution of the
carbodiimide cross- linker under the necessary conditions to ensure a
reaction between the reactive groups attached to the nonionic surfactant
and the carbodiimide groups of the multi-funcitonal carbodiimide. 5    EP 0
241 805  B1 As previously indicated, thesurface-active carbodiimide of
formula (I) can be effectively used In avariety of ways. It can be added to
a hydrophobic carbodiimide, preferably in organic solvent solution, to form
a surface-active material, which can then be added to a cross-linkable
latex. The surface-active carbodiimide can alternatively be formed in situ
right in the hydrophobic carbodiimide solution itself. The surface-active 5
carbodiimide also can be added to a mixture of latex and hydrophobic
carbodiimide. In preparing dispersions utilizing the surface-active
carbodiimides of this invention, no particular pre- cautions or unusual
techniques are required. Procedures to be used are those familiar to the
art. In general, however, It may be stated that materials should be added
to each other gradually, with moderate stirring and over a reasonable time
frame. It is usually preferable to add the oil phase to the water phase,
i.e., add 10  the suractant solution to the latex It is, however, possible
to add the water phase to the oil phase. This may, in fact, be desirable
for polydisperse polycarbodiimides (i.e., dispersity index D > 1) since it
tends to produce smaller droplet size for mbdng energy expended. A defoamer
may be used, If desired, provided it is not incompatible with the
surface-active polycarbodiimide. The concentration of the surface-active
carbodlimide necessary to effect satisfactory emulsification Is 15 not
considered to be narrowly critical, and will be a matter of routine
experimentation. Optimum concen- tration can be expected to depend to some
extent, as with any other surface-active material, upon the chem- ical
structure of the material, e g., the size and solubility of the hydrophilic
moiety. As a general guideline, however, the concentration of the
surface-active carbodiimide can be expected to be in the range of 0.5 to 



10%, preferably 0.5 to 3%, most preferably 1.5%, based upon the total
weight of the oil phase, i.e., polycar- 20 bodiimide plus solvent.
Increasing the surfactant concentration tends to decrease dropletsize for
any given hydrophile moiety. In addition, It should be kept in mind that If
the surface-active carbodiimide Is prepared from a resin having more than
two carbodiimide groups, the surface-active carbodiimide itself will
participate in the ultimate cross-linking reaction ; accordingly, the
contribution ofthe surface-active carbodiimide should be taken into account
when considering the over-all concentration of cross-linking emulsion. 25
It is also possible to utilize the surface-active carbodilmide of this
invention in combination with other surfactants known to the art If such
supplemental surfactants are used, it is preferred that they be of the same
ionic charge as any surfactants already present in the system (e.g., a
latex) to which the surface-active carbodimide is to be added, in orderto
minimize possible compatibility problems. However, the combination of the
nonlonic surface-active carbodiimide of this invention with ionic types is
also useful. Such combination 30 might be desirable when, for instance,
emulsifying a polydisperse polycarbodiimide or a mixture of car- bodlimides
containing a polydisperse type. If a supplemental surfactant is used, it is
preferable that it be of the anionic type, but should not, of course,
contain chemical moieties which are reactive with carbodiimide
functionality. Thus, surfactants containing reactive carboxyl groups, e g.,
those based upon stearic or oleic acids, should be avoided. Preferred are
those surfactants based upon sulfonic salts or upon sulfates. The 35
concentration ratio of surface-active carbodiimide to supplemental
surfactantshould be in the range of 30/70 to 70/30 by weight, preferably
40/60 to 60/40, most preferably 50/50. It will be understood that any ionic
supplemental surfactant used must be selected to be compatible with any
surfactant already present In the carboxyl-containing material to be
cross-linked. For example, many latexes contain cationic surfactant resl-
dues, so should not be used with anionic supplemental surfactants. 40
Some other useful anionic surfactants are as follows: 45 50 5 6    EP 0
241805 B1 Trade Name               Chemical Name
Manufacturer Aerosol MA-80        Sodium dihexyl sulfosuccinate   American
Cyanamid 5     Akyposol DS-28L   Sodium Laurylether sulfate
Chem-Y Akyposol ALS-33   Ammonium Lauryl sulfate                Chem-Y 10
Akyposol NLS          Sodium Lauryl sulfate               Chem-Y Akyposol
TLS-42   Triethanolamine Lauryl sulfate  Chem-Y Alcoil  12S
Sodium-ammonium salts of            Henkel Argentina alkyl aryl sulfonate
Alcoll A550T        Triethanol amine salt of             Henkel Argentina
alkyl sulfonate Cycloryl 599         Sodium dodecylsulphate
Witco Chemical Triton GR-5M        Dioctyl sodium sulfosuccinate   Rohm &
Haas Some useful nonionic surfactants (hydroxyl-terminated) are listed
below. 25 Trade Name               Chemical Name
Manufacturer Igepal Series       Alkylphenoxypoly(ethylene            GAF
Corporation - oxy)ethanol                       Chemical Products 30 



Triton DN-14        Alkylpolyether alcohol               Rohm & Haas Triton
N-57          Nonylphenoxyl polyethoxy            Rohm & Haas ethanol
(Tergitol Series) 35 Triton X-15         Octylphenoxypolyethoxy
Rohm & Haas ethanol Trycol OAL-23        Ethoxylated oleyl alcohol
Emery Industries While probably not required for all possible systems
within the scope of this Invention, it is considered desirable and
preferable to utilize a compatible solvent in the preparation of the
surface-active carbodlimide and/or the cross-linker emulsion. There are no
particularlimitations known on the choice of a suitable solvent 45  or
combination of solvents, other than such solvent(s) should be non-reactive
in the systems used. Solvents for the surface-active carbodiimide and/or
the cross-linkeremulsion include liquid compounds, ortheir
combinations,whichcontain ester, ether, ketone, or alcohol functionality.
Examples of such sovents include ethyl acetate, isopropyl acetate, butyl
acetate, amyl acetate, butyl phthalate, methyl CELLOSOLVE Acetate,
CELLOSOLVE Acetate, Butyl CELLOSOLVE Acetate, CELLOSOLVE Acetate, Butyl
CEL- 50  LOSOLVE Acetate, CARBITOL Acetate, Butyl CARBITOL Acetate,
glyceryl triacetate, hexylene glycol diacetate, methyl ethyl ketone,
diethyl ketone, methyl isobutyl ketone, ethyl butyl ketone, acetophenone,
diisobutyl ketone, isophorone, cyclohexanone, isopropanol, isobutanol,
1-pentanol, 2-methyl pentanol, Methyl CELLOSOLVE, Butyl CELLOSOLVE, Hexyl
CELLOSOLVE, Methyl CARBITOL, Propasol B, Propa- sol BEP, Propasol M, and
phenyl glycol ether. 55     The primary purpose of the solvent Is to
solubilize the surfactant in the presence of the cross-linker car-
bodlimide resin. If no solvent is used, a two-phase system is likely to
result, since the cross-linker car- bodiimide resin is hydrophobic and the
surface-active carbodiimide resin Is, of course, hydrophilic. It will be
understood, of course, that the more nearly hydrophilic the carbodiimide
molecule is, the less the need 7    EP 0 241 805 B1 for a solvent. Thus,
solvent use or concentration can be reduced within the scope of this
invention by desi- gning the surface-active carbodiimide to contain ester
groups or pendent hydroxyl groups, which can hyd- rogen-bond with water.
Modest agitation of the systems of this invention will produce droplet
sizes In the range of OA to 10 5   microns.As indicated previously, this
droplet size can be readily reduced byapplication of somewhathigher shear
agitation, and/or Increasing the level of surfactant in the oil phase. For
use with latexes, it is desirable that the droplet size be in the range of
0.4 to 0.8 micron in order to more nearly match the particle size typi-
cally found in latexes. In general, a longer hydrophilic chain in the
surfactant portion of the surface-active carbodiimide gives a more stable
emulsion compared to a shorter chain at a given level of surfactant 10
The carbodlimide cross-linker resin used may theoretically be any
polycarbodiimide resin known to the art and which is not Incompatible with
the carboxyl-containing, water-borne resin emulsion of this invention.
Thus, for example, the cross-linker resin may potentially be selected from
those taught by U.S. patents 3,929,733 and 3,972,933, which disclose linear
aromatic polycarbodiimides, 2,853,473 which discloses non-aromatic linear
polycarbodiimides, and 4,487,964 which discloses mixed aromatic/aliphatic
linear 15 polycarbodiimides. Particularly preferred are those monodisperse,
branched multifunctional carbodiimides disclosed in co- pending,
co-assigned U.S. patent application Ser. No. 747,190, fled June 21, 1985,
the disclosure of which is incorporated herein by reference. Those resins
conform to the generalized structure: 20                           [err] 



Wherein: M and Q may be the same or different and each represents the
residue of a compound adapted to function as a site for branching ; R"'and
R"" may be the same ordifferent and represent an alkyl (Including
cycloalkyl) or aryl, radical or diradical which may be or contain cyano,
nitro, halo, alkyl sulfide, dialkylami- 25  noalkyl, substituted silane,
alkoxy, and alyloxy moities, and other substituted species of any of the
forego- ing; R" represents the same or different alkyl (Including
cycloalkyl) or aryl diradical which may contain cyano, nitro, halo, alkyl
sulfide, dialkylamino, substituted silane, alkoxy, and aryloxy moieties,
and othersub- stituted species of any of the foregoing. Carbodiimides of
this type are disclosed more precisely in copending U.S. application serial
no. 001,883, filed January 9,1987. Such carbodiimides conform  to the
formula 30 [err] 40 wherein M and Q are Independently the residue of a
compound adapted to function as a site for branching; [err] and [err] are
independently divalent organic radicals; [err] and [err] are independently
mono- valent organic radicals; a Is an integer having a value from 3 to
about 6 corresponding to the valency of M; 45      b is an integer having a
value from 0 to about 4; c is an integer having a value of 0 or 1; d is an
integer having a value of 0 or 1; e is an integer having a value of from 0
to about 4; f is an integer having a value from 0 to about 4; and so      g
is an Integer having a value from 0 to about 4; h is an integer having a
value of 0 or 1, wherein for each value of a, [err] c, d, e, f, g and h may
be the same or different, with the provisos that: (i) for each a, the sum
of c + d is 1; (ii) for each a wherein d is 0, e, f, g, and h all have a
value of 0 ; and 55      (iii) for each a wherein d is 1, h is 1. As
represented by Formula I,[err] and [err] are independently substituted or
unsubstituted alkyl (including cycloalkyl) or aryl radicals, wherein such
substituted alkyl and aryl radicals include radicals having substituents
selected from the group consisting of cyano, nitro, halo, alkylthio,
dialkylaminoalkyl, 8    EP 0 241 805 B1 alkyisilyl, alkoxy, and aryloxy
moieties, and the like. As represented by Formula I, [err] and [err] are
indepen- dently substituted or unsubstituted alkylene or arylene radicals,
wherein such substituted alkylene and arylene radicals Incude radicals
having substituents selected from the group consisting of cyano, nitro,
halo, alkyithio, dialkylaminoalkyl, alkylsilyl, alkoxy, and aryloxy
moieties, and the like. 5       More specifically, these carbodiimdies
comprise monodisperse, branched, multifunctional car- bodiimides conforming
to the structure: 10 [err] wherein : [err] may be the same or different and
represent organic residues which do not sub- stantially Interfere with the
multifunctional carbodiimide for its Intended purpose; and D is an organic
resi- 20  due. Still more speclflcally, these carbodilmides comprise
monodisperse, branched, multifunctional car- bodiimides conforming to the
structure: 25                     [err] 



30 wherein: [err] and R4' may be the same or different and represent alkyl
groups having 1 to about 12 carbon atoms; [err] and R may be the same or
differentand represent hydrogen, alkyl (including cycloalkyl), aryl,
aralkyl, alkaryl, heterocyclic, cyano, nitro, halo, alkyl sulfide,
dlalkylamminoalkyl, silane, alkoxy, and aryloxy groups, and substituted
species of any of the foregoing ; Z is the residue of a compound adapted 35
to function as a site for branching. The moieties designated M, Q, D, and Z
in the above formulas are Intended to be quite broad and gen- eral in
scope. It will be readily appreciated from these formulas that by careful
choice of staring materials and reaction sequence, all within the scope of
this invention, itwill be possible to prepare complex molecular structures.
Accordingly, it is to be understood that M, Q, D, and Z are Intended to
Include all structures which 40  do not significantly Impair the use of the
branched multifunctional carbodilmides for their intended purpose.
Selection of optimum molecular weight for the cross-linker carbodiimide
will be a matter of experimen- tally balancing, for example, such variables
as the degree of branching, the distance between carbodiimide moieties,
backbone chain length, and the compatibility of the polycarbiimide with the
cross-linkable resin. As a general guideline, referring to formulas I, II
and III, the ranges for the subscript letters are: 45 50 55    EP 0241 805
B1 n   -    1   to       6  , preferably    1   to    2; m   =    3   to
5  , preferably    3   to    4; p   =    1   to       6  , preferably    1
to    2; q   -    0   to       4  , preferably    0   to    3; r   =    1
to       6  , preferably    1   to    4; s   =    1   to       6
,preferably    1   to    4; 10               t   =     1   to       6
,preferably           1   to    4; X   =    I   to       6,  preferably
1   to    4; y   =    1   to       6 ,preferably    1   to    4; 15
Z   =    1   to        6 ,preferably    1   to    4; a   -    0   to    12
,preferably              1   to    2; b   =    0   to    12  , preferably
3   to    4; c   =    0   to    12    preferably    2   to    3; 20
d   =    0   to    12 ,preferably              1   to    4; The above
tabulation is offered with the observations that m must be at least 3 for
branching to occur, and that d may be different in different branches. 25
Another preferred group of polycarbodiimides are those disclosed in
co-pending, co-assigned U.S. patent application Ser. No. 691,378, filed
January, 15, 1985, the disclosure of which is Incorporated herein by
reference. These materials comprise polydisperse, linear, polyfunctional
polycarbodiimides derived from the reaction of mono-, di and
tri-cycloallphatic or saturated aliphatic isocyanates wherein the
cycloaliphatic moieties contain from 5 to about 7 carbons and can be
substituted with alkyl having 1 to about 6 carbons, 30  and  oxygen, and
the saturated aliphatic moieties contain from I to about 18 carbons,
wherein the mono- and triisocyanates are optional. Such polycarbodiimides
can be prepared In a variety of ways. In a preferred synthesis, the
polycar- bodiimides are prepared by reaction of mono-, di-, and optionally
tri-isocyanates, with the easiest structures to conceptualize being
basedonmono-and disocyanates in the molar ratio of 2:1 to 2:10 to yield the
car- 



35  bodiimide, with evoution of carbon dioxide, by the following general
equation: [err] 40      This process usually requires a catalyst, and a
preferred catalyst is 3-methyl-1-phenyl-2-phospholene- 1-oxide (which may
be abbreviated "MPPO"), having the formula: [err] It is not necessary to
use a trilsocyanate. A combination of mono- and diisocyanates in a molar
ratio so  of 22 to 2:4 is preferred. The reaction is preferably
accomplished in non-reactive solvents, such as, aromatic hydrocarbons hav-
ing 6 to 12 carbons, aliphatic esters or glycol diesters, amyl acetate,
butyl acetate, propyl propionate, ethyl butyrate, xylene, toluene, diethyl
benzene, benzene, diethylene glycolether diacelate, dipropylene glycol
ether dibutyrate and hexylene glycol diacetate. The reaction mixture is
stirred vigorously, and a small 55   amount of nitrogen is sparged in to
assist in driving the reaction to completion by removal of carbon dioxide,
Generally, mixtures of isocyanates are employed, with the relative molar
proportions of mono-, di- and trisocyanates adjusted to yield the desired
product. In a typical preparation, two moles of butyl isocyanate are
reacted with three moles of isophorone 10    EP 0 241 805 B1 diisocyanate
to yield an oligomeric polycarbodiimide having approximately four moles of
carbodlmide functionality, barring any side reactions. These reactants are
charged to 60% by weight of reactant In amyl acetate along with 0.3% by
weight of the catalyst. The mixture would be continuously sparged with a
small amount of nitrogen and stirred vigorously while heated
toapproximately 140[err] and held until complete con- 5 version of the
isocyanate to the carbodiimide is observed in the infrared spectrum. This
structure may be made surface-active, according to the invention, through
the chemical reactions shown in Figure 1. These are the chemical reactions
occurring, in Examples 1, 3, and 5, below. Use of this synthesis regime
typically results in a broad molecularweight range of 100 to 80,000 in the
polycarbodiimide product. For a typical product, the number average
molecular weight [err], determined by 10  vaporphase osmometry, would be
approximately 795, and the weight average moecular weight[err], deter-
mined by Rayliegh light scattering, would be approximately 2227. This
produces a dispersity Index, [err] Many variations on this synthesis regime
will be apparent to one skilled in the art. While the saturated allphatic
isocyanates prviously listed include the more widely avallable commercial
15  materials, many others can be used as exemplified by:
1,4-tetramethylene diisocyanate 1,12-dodecane diisocyanate
cyclobutane-1,3-diisocyanate cyclohexane-1,3-diisocyanate 20
cyclohexane-1,4-diisocyanate hexahydrotoiylene-2,4- and -2,6-diisocyanate.
Whie the solvents previously listed are preferred, many other solvents
would be suitable. Requirements for suitable solvents include having a
sufficiently high boiling point to allow efficient accomplishment of the 25
desired reaction and that the solvent not contain active hydrogen
functionality such as would react with the isocyanate starting material or
the carbodilmide product. Exmplary solvents Include: ethylbutylketone,
acetophenone, propriophenone, diisobutylketone, cyclohexanone, decalin,
methyl CELLOSOLVE acetate, CELLOSOLVE acetate, butyl CELLOSOLVE acetate,
CARBITOL acetate, butyl CARBITOL acetate, and 



glycoldlacetate. 30     Many variations of the catalyst are employable.
Examples Include the non-oxidized phospholene com- pound as well as the
phospholene sulfide. Additional alternatives include substitutions on and
for the phenyl group attached to the phosphorous atom such as bythe ethyl
moiety. Additional substitutions on the phos- phorous ring can be made, as
for example : hydrogen, alkenyl, aryl, aralkyl, alkoxy, chlorine, and
bromine. The process need not be operated at 140[err] for acceptable
product has also been produced at 130[err] 35  to 160[err]. Operation below
120[err] may yield unacceptably long cycle times, whie operation at
160[err] or above may yield undesired quantities of by-product. The
following examples illustrate various embodiments of the Invention, but do
not limit it In anyway. All concentrations are by weight The anionic
surfactants used In these examples are as follows: 40 Trade Name
Chemical Name Aerosol OT-75            Dioctyl ester of sodium
sulfosuccinic acid 46 Aerosol TR-70            Bis(tridecyl)ester of sodium
sulfosuccinic acid Aerosol AY-65            Diamyl ester of sodium
sulfosucconic acid All the above are manufactured by American Cyanamid.
Referring to the chemical reactions written previously, the average n
forthe MPEG's used is as follows: 55   MPEG 750: n :17 ; MPEG 3000 : n = 68
; MPEG 5000 : n = 114. In general it may be said that n mayrange from about
10 to about 150, preferably from about 15 to about 120. The examples which
follow Illustrate the invention in various useful embodiments, but are not
intended to limit the invention In any way. 11    EP 0 241 805 B1 EXAMPLES
Example 1 5   Preparation of Surface-Active a/ [err]-Dibutyl
poly(isophorone carbodiimide) Using CARBOWAX[err] Methoypolyethylene glycol
(MPEG) 500 as Hydrophile Into a 2000-ml resin kettle equipped with a
heating mantle, mechanical stirrer, thermometer, and nitro- gen purge were
charged 486.50 g of amyl acetate, 420.15 g isophorone diisocyanate and 20.5
g Carbowax 10  MPEG 5000. The solution was heated, with stirring, to 700C,
en 0.50 g of bismuth Ill octanoate (25% active in mineral oil) was added.
After 30 minutes, 124.81 g of butyl isocyanate and 33 9 of a 10% solution
by weight of 3-methyl-1-phenyl-2-phospholene-1-oxide In xylene were
charged. The solution was heated, with stirring, at 140[err] for 19 hours,
then the solids adjusted to 43% by the addition of 128.93 g of amyl
acetate. The product was cooled and packaged (1055.2 g). The Infrared
spectrum of the surface-active polycar- 15  bodlimide showed elimination of
the isocyanate peak (2260 cm-) with formation of the carbodiimide peak
(2130 [err]). Example 2 20   Dispersion of Product of Example 1 In Water To
42.21 g of a water solution (2.08% triethylamine, by weight) were added
57.61 g ofthe surface-active polycarbodiimide from example 1, while
stirring with a 3-blade impeller. After the addition of the polycar-
bodlimide, the mixture was stirred for 3 minutes with a 3-blade impeller,
then the emulsion was homogenized 



25   for 3 minutes with a VirTus homogenizer. Analysis showed the droplet
size to be about 1.44 microns. Example 3 Preparation of Surface-Active
[err]-Dibutyl poly(isophorone carbodiimide) using CARBOWAX[err] 30
Methoxypolyethylene glycol 3000 as Hydrophile The procedure was similar to
that described in Example I except that Carbowax MPEG 3000 was sub- stiuted
for Carbowax MPEG 5000. 35  Example 4 Dispersion of the Product of Example
3 In Water The surface-active polycarbodiimide described in Example 3 was
emulsified using the procedure des- 40  cribed in Example 2. Analysis
showed the droplet size to be about 1.82 microns. Example 5 Preparation of
Surface-Active a/ [err]-Dibutyl poly(isophorone carbodiimide) using
CARBOWAX[err] 45  Methoxypolyethylene glycol 750 as Hydrophile The
procedure was similar to that described in Example 1 except that Carbowax
MPEG 750 was sub- stituted for Carbowax MPEG 5000. 50   Example 6
Dispersion of Product of Example 5 In Water The surface-active
polycarbodiimide described in Example 5 was emulsified using the procedure
des- 55  cribed in Example 2. Analysis showed the droplet size to be about
13.24 microns. 12    )                                       EP 0 241805 B1
Example 7 Evaluation of the Products of Examples 1, 3, and 5 in the
presence of Anionic Surfactants 5      The nonionic surface-active
polycarbodiimides of examples 1, 3, and 5 were evaluated in combination
with various anionic surfactants. The desired nonionic surfactant levels
were obtained by blending an [err] [err]-dibutyl
poly(isophoronecarbodiimide) which was not surface-active to the
polycarbodiimidesof Examples 1, 3, or 5. The procedure is general, and is
as follows: An oil phase and a water phase are prepared to have the
following compositions: 10 Solids,  %    Mass  (g) oil Phase Example 1
43.0           26.65 15      [err]-dibutyl poly( isophorone carbodiimide)
49.2           30.96 Foamaster VF                                    -
0.28 Water Phase 20 Water
41.33 Triethylamine                                                    0.88
The oil phase is added to the water phase while stirring with a 3-blade
impeller. The emulsion which 25  forms is then homogenized for 3 minutes
with a VirTus homogenizer. The solids level of the emulsion Is 26.7%. Using
the above procedure, a series of samples was prepared as shown in Table 1.
In this table, all anionic surfactants are suifonated soaps available from
American Cyanamid. In order of increasing hydrophobicity, AY c AOT <  TR. 



30 Table I Mol.                                     Percent Wt.   Anionic
Anionic/Nonionic    Total Sample  Examples  MPEG  Surfactant
Surfactant       Surfactant 1        1      5000      AY-65           40/60
1.5 2        1       5000    AOT-75           50/50             3.0 3
1       5000     TR-70           60/40             2.25 4        2
3000      AY-65          50/50             2.25 40          5        2
3000    AOT-75            60/40             1.5 6.       2       3000
TR-70          40/60             3.0 7        3        750     AY-65
60/40             3.0 8        3        750    AOT-75           40/60
2.25 9        3        750      TR-70          50/50             1.5 45
Evaluations of Samples 1-9 are shown in Table II. 50 55 13    EP 0 241805
B1 Table II Number of Brookfield    Appearance of          Freeze-Thaw 5
Droplet   Viscosity         Emulsion After    Cycles Before Size      at 60
RPM   48 hours   18 days    Appearance Trials  (Microns)       (cps)
at 47[err]   at 25[err]   of  oil Phase 1        1.05       2900       No
change  No change          >4 10          2        0.49       5600
No change  No change         >4 3        0.64       3500       No change
No change          >4 4        0.63        787       No.change  No change
>4 15          5        0.68          86       No change  No change
>4 6        0.58        125       No change  No change          >4 7
9.29         76      oil sepa-  Oil sepa-            0 ration      ration
20          8        0.54          85       Oil sepa-  Oil sepa-          0
ration      ration 9        0.66         65      oil  sepa-  Oil sepa-
0 ration      ration 25 Example 8 Preparation of a Water-dispersible
Carbodiimide using CARBOWAX Methoxypolyethylene glycol 750 as Hydrophile 30
To a 3-neck, 500 ml round bottom flask equipped with a mechanical stirrer
and thenmometer were charged 200 g of amyl acetate, 20.0 g (0.0900 mole) of
isophorone diisocyanate, 40.0 g (0.0533 mole) of 



CARBOWAX methoxypolyethylene glycol 750, and 0.5 9 of bismuth III octanoate
(25% active in mineral oil). The contents of the flask were heated at
1OO[err] for 2 hours. The flask was then cooled and the crude 35
isocyanate-terminated CARBOWAX methoxypolyethylene glycol precipitated by
adding the contents of the flask to 500 ml of hexane. The product was
washed 3 times with 50 ml portions of hexane, then dried over- night In a
vacuum oven. The infrared spectrum of the material showed an isocyanate
band (2240[err]). The yield was 87.5%. To prepare the "surface-active"
carbodiimide, 7 g of 1,3,6-tri(N-isopropyl-N'-methylene carbodiimide) 40
hexane (prepared by the bromotriphenyl phosphine bromide process (see
Example 12), then made 47.8% active in amyl acetate) and 0.105 g of the
above isocyanate-terminated CARBOWAX methoxypolyethylene glycol were heated
in a small vial to [err] to \form a homogeneous solution, then cooled to
room temperature. After 24 hours, an infrared spectrum of the above
material showed no detectable isocyanate band. The dispersiblity and
reactivity of the above carbodiimide were evaluated in the formulation
described 45  below. UCAR 4620  (46.33%  solids)                 100.91  g
Dimethylethanol amine in water (50%)                             0.40 g
Butyl CELLOSOLVE                              7.48 g Water
7.48  g 55 While rapidly stirring the above partial formulation with a
3-blade impeller, 3.05 g (3 PHR) of the chemi- cally modified carbodilmide
described above were added and stirring continued for 5 minutes.
Evaluations of the above formulation are shown in Table Ill. 14    EP 0
241805 B1 Table I II Percent Oven                             Methyl Ethyl
Carbodiimide Temperature    Time                     Ketone
Remaining [err]   [err]            (minutes)    Double Rubs
in  Polymer 10              60  140                 15                  71
28.0 85  185                  5                167                  25.6 93
200                 5               +300                   20.5 104  220
5               +300                   19.2 15 127  260                 15
+300                    0.1 Notes: 20 a. Formulation: UCAR 4620, Butyl
CELLOSOLVE, 16 PHR; Base, Dimethylethanolamine; pH, 8A; Crosslinker,
surface-active form of 1,3,-tri(N-isopropyl-N'-methylene carbodiimide)
hexane, 3 PHR. b. The 1,3,6-tri(N-isopropyl-N'-methylene carbodiimide)
hexane was prepared by dehydration of the corresponding urea using
bromotriphenylphosphine bromide; % NCN of theory was 84%. 26      c. The
1,3,6-(N-isopropyl-N'-methylene carbodiimide) hexane was chemically
modified with 1% of an isocyanate-terminated CARBOWAX methoxy polyethylene
glycol with an average molecular weight of 972 g/mole. d. The percent of
carbodimmide remaining unreacted In the coating was determined by FT-IR
ATR. 



e. Wet films of the formulation were drawn down on Leneta paper using a #60
wire-wound rod, then 30      cured in aforced airoven. The thickness of the
dried coating was (1.2 [err] 0.2 mils) 30.5[err]5 [err]. Example 9
Preparation of a Water-dispersible Carbodiimide Prepared from a
Trifunctional Carbodlimide 36 To a 3-neck 500 ml round bottom flask
equipped with a mechanical stirrer and thermometer were charged 200 9 of
amyl acetate, 20.0 9 (0.0900 mole) of isophorone diisocyanate, 10.0 g
(0.00200 mole) of CARBOWAX methoxypolyethylene glycol 5000, and 0.5 g of
bismuth III octanoate (25% active in mineral oil). The contents of the
flask were heated at 1OO[err] for 2 hours. The flask was then cooled and
the crude 40  isocyanate-terminated CARBOWAX methoxypolyethylene glycol
precipitated by adding the contents of the flask to 500 ml of hexane. The
product was washed with 50 ml of hexane, then dried in a vacuum oven at
25[err] to constantweight. The yield of the product was 100%. To prepare
the "surface-active" carbodllmide, 7.0 g of
1,3,6-tri(N-isopropyl-N-methylene carbodilmide) hexane (prepared by the
phosphine bromide process then made 47.8% active in amyl acetate) and 0.105
45 g of the above isocyanate-terminated CARBOWAX methoxypolyethylene glycol
were heated In a small vial to 70[err], then cooled to room temperature.
The dispersibility and reactivity of the above carbodiimide were evaluated
In the formulation described below. 50 UCAR  4620  (46.33%  solids)
100.91  g Dimethylethanol amine in water  (50%)
0.40  g Butyl CELLOSOLVE                                  7 . 48 g Water
7.48  g    EP 0 241 805 B1 While rapidly stirring the above partial
formulation with a 3-blade impeller, 3.05 9(3 PHR) of the cheml- cally
modified carbodiimide described above were added and stirring continued for
5 minutes. Evaluations of the above formulation are shown In Table IV.
Table IV Percent Oven                            Methyl Ethyl
Carbodiimide Temperature            Time             Ketone
Remaining [err]              (minutes)    Double Rubs                in
Polymer 60  140                15                  91                  25.7
85  185                  5                209                  22.6 15
93  200                   5              +300                   19.3 104
220                  5               +300                   17.6 127  260
5               +300                    1.1 20 Notes: a. Formulation: UCAR
4620, Butyl CELLOSOLVE, 16 PHR; Base, Dimethylethanolamine; pH, 8.4;
Crosslinker, surface-active form of 1,3,6-tri(N-isopropyl-N'-methylene
carbodiimide)hexane, 3 PHR. 25      b. The
1,3.6-tri(N-isopropyl-N'-methylene carbodilmide) hexane was prepared using
the bromotriphenylphosphine bromide process; percent NCN of theory of 84%.
c. The 1,3,6-tri(N-isopropyl-N'-methylene carbodiimide) hexane was
chemically modified with 1% of an 



isocyanate-terminated CARBOWAX methoxy polyethylene glycol with an average
molecular weight of 5222 g/mole. 30      d. The percent of carbodiimide
remaining unreacted in the coating was deternined by FT-IR ATR. e. Wet
films of the fomulation were drawn down on Leneta paper using a #60
wire-wound rod, then cured In a forced air oven. The thickness of the dried
coating was(12 [err] 0.2 mils) 30.5 [err] 5 [err]. Examp le 10 35
Preparation of a Water-Dispersible Carbodiimide To prepare the
"surface-active" carbodiimide, 14.0 g of
1,3,6-tri(N-cyclohexyl-N'-methylene car- bodiimide) hexane (prepared by the
hypochlorite process (see Example 13), then made 47.8% active In amyl 40
acetate) and 0.211 g of an isocyanate-terminated CARBOWAX
methoxypolyethylene glycol (average molecular weight 972 g/mole, were
heated In a small vial to 50C to obtain a homogeneous solution (< 2 hours),
then the solution was allowed to cool. An infrared spectrum of the above
material showed no detect- able Isocyanate band The dispersibility and
reactivity of the "surface-active" 1,3,6-tri(N-cyclohexyl-N'-methylene car-
45  bodiimide) hexane were evaluated in the formulation described below:
UCAR 4431  (42.3% solids)                     55.36  g Dimethylethanolamine
in water (50%)                               0.30  g Butyl CELLOSOLVE
3.74 g Water                                           3.74 g 55 While
rapidly stirring the above partial formulation with a 3-blade impeller,
1.98 g (4 PHR) of the chemi- cally modified carbodiimide described above
were added and then stirring continued for 5 minutes. Evalu- ations of the
above fomulation are shown in Table V. 16    EP 0 241 805 B1 Table  V Oven
Temperature          Time            Methyl Ethyl Ketone [err]
(minutes)              Double Rubs 60  140                 2
73 10                         . 60 140                 15
126 85  185                 5                  185 93  200
5                  182 127  260                15                 +300 15
Notes: a. Formulation: UCAR 4431 ; Butyl CELLOSOLVE, 15.9 PHR; Base,
Dimethylethanolamine, 0.63 20      PHR; pH, 8.13; Crosslinker,
surface-active form of 1,3,6-tri(N-cyclohexyl-N'-methylene carbodiimide)
hexane, 4 PHR. b. Crosslinker was prepared by the hypochlorite process ;
percent NCN of theory was 73.7% c. The 1,3,6-tri(N-cyclohexyl-N'-methylene
carbodiimide) hexane was chemically modified with 1% of an
Isocyanate-teminated CARBOWAXmethoxypolyethylene glycol with an average
molecularweight 25      of 972 g/mole. 



d. Wet films of the formulation were drawn down on Leneta paper using a #60
wire-wound rod, then cured in a forced air oven. The thickness of the dried
coating was(1.2 [err]0.2 mils) 30.5 :1: 5 [err]. Example 11 30 Preparation
of a Water-dispersible Carbodiimide To prepare the "surface-active"
carbodiimide of highersurfactant level, 14.0  of 1,3,6-tri (N-cyclohexyl-
N'-methylene carbodiimide) hexane (prepared by the hypochlorite process,
then made 47.8% active in amyl 35  acetate) and 1.02 g of an
isocyanate-tnninated CARBOWAX methoxypolythylene glycol (average molecular
weight 972 g/mole) were heated In a small vial to 50[err] to obtain a
homogeneous solution (< 2 hours), then the solution was allowed to cool.
The dispersibility and reactivity of the "surface-active"
1.3,6-tri(N-cyclohexyl-N'-methlene car- bodilmide) hexane were evaluated in
the formulation described below. 40 UCAR 4431  (42.3%  solids)
55.36  g Dimethyl ethanolamine in water  (50%)
0.30  g 45                 Butyl CELLOSOLVE
3.74  g Water                                             3.74  g While
rapidly stirring the above partial formulation with a 3-blade impeller,
2.11 g (4 PHR) of the cheml- 50 cally-modified carbodlimide described above
were added. The stirring was continued for 5 minutes. Evalu- ations of the
above formulation are shown In Table VI. 55 17    EP 0 241805 B1 Table VI
Oven Temperature    Time                 Methyl Ethyl Ketone 5
C  [err]             (minutes)             Double Rubs 60  140
2                  101 85  185                 5                  300 93
200                 5                 +300 127  260                15
+300 Notes: a. Fonnulation: UCAR 4431; Butyl CELLOSOLVE, 15.9 PHR; Base,
Dimethylethanolamine, 0.63 15      PHR; pH. 8.02; Crosslinker,
surface-active form of 1,3,6-tri(N-cyclohexyl-N'methylene carbodiimide)
hexane, 4 PHR. b. Crosslinker was prepared by the hypochlorite process;
peroent NCN of theory was 73.7%. c. The 1,3,-tri(N-cyclohexyl-N'-methylene
carhodiimide) hexane was chemicaily modified with 7% of an
isocyanate-terminated CARBOWAX methoxypolyethylene glycol with an average
molecular weight 20      of 972 g/mole. d. Wet films of the formulation
were drawn down on Leneta paper using a #60 wire-wound rod, then cured In a
forced air oven. The thickness of the dried coating was(1.2 [err] 0.2 mils)
30.5 [err] 5 [er]r. Example 12 25 Preparation of
1,3,6-tri(N-isopropyl-N'-methylene carbodiimide) hexane 



Into a 3-neck 6000 ml, round-bottom flask equipped with a thermometer,
mechanical stirrer, and press- ure-equalizing dropping funnel were charged
484.59g (1.847 moles of triphenylphosphine and 2585 ml of 30  dried
methylene chloride. The contents of the flask were cooled to 1[err]. then
295.2g (1.847 moles) of bromine dissolved In 200 ml of methylene chloride
were dropped Into the stirred triphenylphosphine solution over a 1.73-hour
period while maintaining the temperature of the contents of the flask
between 1 and 6[err]. After the addition of the bromine solution, 377.7g
(3.733 moles) of triethylamine were added to the bromotriphenylphosphine
bromide solution over a 1.3-hour period while maintaining the temperature
bet- 35  ween [err] and [err]. To prepare the multifunctionalcarbodiimide,
220.Og (0.5132 mole) of 1,3,6-tri(N-isopropyl-N'-methylene urea) hexane
were added portionwise to the stirred solution of bromotriphenylphosphine
bromide solution over a 1-hour period while maintaining the temperature of
the contents in the flask between [err] and 2[err]. After the addition of
the urea, the contents of the flask were stirred for 1.75 hours. 40
After the reaction period, triphenylphosphine oxide and triethyl amine
hydrogen bromide were filtered from the methylene chloride solution
containing the carbodiimide. The solution containing the multifutintonal
carbodiimide was then washed with 4175g of cold water. The polycarbodiimide
solution was then dried over- night over 0.4 nm molecular slkeves. The
methylene chloride was then removed using a roto-evaporator at 38[err] (459
mbar). The vacuum 45 was gradually Increased to 8.7 mbar. The
1,3,6-tri(N-isopropyl-N'-methylene carbodiimide) hexane was then extracted
from the triphenylphosphine oxide residue with four 1400 ml portions of
hexane. The extracts were filtered, then ,combined to form a clear solution
of the multifunctional carbodilmide In hexane. The hexane was removed using
a roto-evaporator at 38C (153 mbar) until 350 ml of solution remained. The
solution was refiltered, and most of the remaining hexane removed using a
roto-evaporator at 38C (9.3 50  mbar). The Infrared spectrum of the clear
amber oil showed a large carbodiimide band (2130 [err]). The car- bodiimide
solution, which was 94.2% active in hexane, had a Brookfield viscosity of
14 mPa.s (LVT #1 spin- dle at 60 rpm). The equivalent Gardner Bubble
viscosity was 0.144 [err]. The yield of the carbodiimide was 80.3%.
Titration of an aliquot by the procedure of Zarembo and Watts (Microchem.
J. Symp. Ser., 2, 55  591 (1962) yielded a carbodiimide functionality of
26.8% (theory 32.0%). The theoretical functionality of the material was 3.
18    EP 0 241805 B1 Example 13 Preparation of
1,3-6-tri(N-cyclohexyl-N'-methylene carbodiimide) hexane from a
Trifunctional Thiourea)by the Hypochlorite Process 5 Into a 3-neck, 500 ml
round bottom flask equipped with a thermometer, bubbler, and mechanical
stirrer were charged 3665 ml of water and 426.99 g (10.676 moles) of sodium
hydroxide. The basic water solution was cooled to -5[err], then 257.91 g
(3.628 moles) ofchlorine were bubbled Into the basic water solution while
maintaining the temperature between -3 and -5[err]. 10      To prepare the
carbodiimide, 173.92 g (02913 moles) of 1,3,6-tri(N-cyclohexyl-N'-methylene
thiourea) hexane In 376.55g of methylene chloride were added to the stirred
hypochlorite solution over a 3-minute period. Afterthe addition of the
thiourea, the reaction was run for4 hours while maintaining the temperature
between 5[err] and 8[err]. The contents of the reactorwere then cooled to
[err], then the organic phase separated from the water layer. The organic
phase wasiltered to remove residual sulfur, washed with 100 ml of water, is
then dried overnight over a bed of 0.4 nm lecular slaves. 



After drying, the organic phase was refiltered, and the methylene chloride
removed using a roto-eva- porator at [err] (459 mbar). During the removal
of the methylene chloride, the temperature was gradually Increased over a
2-hour period to 50[err] (9.3 mbar). The infrared spectrum of the amber oil
showed large carbodlimide band (2130 [err]). The carbodiimide solution was
90.3% active carbodilmide In methylene 20  chloride.Theyield of
carbodiimide was 69.1%. Titration of an allquotbythe procedure of Zarembo
and Wates yielded a percent carbodiimidefunctionality of 18.8% (theory
25.5%). The theoretic functionality of the ma- terial was 3. 25  Claims
Claims for the Contracting States : BE CH DE FR GB IT LI LU NL SE 1. A
surface-active polycarbodiimide of the formula 30 [err] wherein R Is a
residue of a hydrophobic organic compound containing at least two
carbodiimide groups; R' Is a residue of an organic compound having a
hydrophilic segment and at least one functional group cap- as  able of
reacting with a carbodiimide group; and X is a group formed by the reaction
of a said carbodimide group with a said functional group. 2. A
surface-active polycarbodiimide of claim 1 wherein Xis selected from the
group consisting of ureti- dinone, diazetidine thione, N-acyl urea,
guanidine, isourea, isothiourea, and carbodiimide. 3. A surface-active
polycarbodiimide of Claim 1 wherein R' Is a residue of a
hydroxyl-containing 40  poly(alkylene oxide)-based surfactant, preferably
is alkoxycapped, the number of alkylene oxide repeating unites (n)
preferably being from 15 to 120, and especially the poly(alkylene
oxide)-based sufactant Is a methoxypoyethylene glycol. 4. A surface-active
polycarbodilmide of Claim 1 wherein R Is a residue of a monodisperse,
branched polycarbodiimide, which preferably has the generatized structure:
45 [err] wherein: M and Q may be the same or different and each represents
the residue of a compound adapted to function as a site for branching ;
R"'and R"' may be the same or different and represent an alkyl (including
50  cycloalkyl) or aryl, radical or diradical which may be or contain
cyano, nitro, halo, alkyl sulfide, dialiylami- noalkyl, substituted silane,
alkoxy, and aryloxy moieties, and othersubstituted species of any of the
forego- ing; R" represents the same or different alkyl (including
cycloalkyl) or aryl diradical which may contain cyano, nitro, halo, alkyl
sulfide, dialkylamino, substituted silane, alkoxy, and aryloxy moieties,
and other sub- stituted species of any of the foregoing ; and wherein d is
0 to 12, n is 1 to 6, m is 3 to 5, p is 1 to 6, and q 55  is 0 to 4. 5. A
surface-active polycarbodiimide of Claim 4 wherein the monodisperse,
branched polycarbodiimide has the generalized structure: 19    EP 0 241 805
B1 Example 13 Preparation of 1,3-6-tri(N-cyclohexyl-N'-methylene
carbodiimide) hexane from a Trifunctional Thiourea)by the Hypochiorite
Process Into a 3-neck, 500 ml round bottom flask equipped with a
thennometer, bubbler, and mechanical stirrer were charged 3665 ml of water
and 426.99 g (10.676 moles) of sodium hydroxide. The basic water solution
was cooled to -5C, then 257.91 g (3.628 moles) of chlorinewere bubbled Into
the basic water solution while maintaining the temperature between -3 and
-5[err]. 



10      To prepare the carbodiimide, 173.92 g (02913 mdes) of
1,3,6-tri(N-cyclohexyl-N'-methylene thiourea) hexane in 376.55 g of
methylene chloride were added to the stirred hypochlorite solution over a
3-minute period. Afterthe addition of the thiourea, the reaction was run
for 4 hours while maintaining the temperature between 5 and 8[err]. The
contents ofthe reactorwere then cooled to-[err], then the organic phase
separated from the water layer. The organic phase was filtered to remove
residual sulfur, washed with 100 ml of water, 15  then dried overnight over
a bed of 0.4 nm lecular sieves. After drying, the organic phase was
refiltered, and the methylene chloride removed using a roto-eva- porator at
38[err] (459 mbar). During the removal of the methylene chloride, the
temperature was gradually increased over a 2-hour period to [err](9.3
mbar). The infrared spectrum of the amber oil showed large carbodiimide
band (2130[err]). The carbodiimide solution was 90.3% active carbodiimide
In methylene 20  chloride. The yield of carbodilmide was 69.1%. Titration
ofan aliquotby the procedure ofZarembo and Watts yielded a percent
carbodlimidefunctionality of 18.8% (theory 25.5%). The theoretical
functionality ofthe ma- terial was 3. 25  Claims Claims for the Contracting
States: BE CH DE FR GB IT LI LU NL SE 1. A surface-active polycarbodiimide
of the formula 30 R-X-R' wherein R is a residue of a hydrophobic organic
compound containing at least two carbodilmide groups; R' is a residue of an
organic compound having a hydrophilic segment and at least one functional
group cap- 35  able of reacting with a carbodiimide group ; and X is a
group formed by the reaction of a said carbodiimide group with a said
functional group. 2. A surface-active polycarbodiimide of claim I wherein X
Is selected from the group consisting of urei- dinone, diazetidine thione,
N-acyl urea, guanidine, isourea, isothiourea, and carbodiimide. 3. A
surface-active polycarbodiimide of Claim 1 wherein R' is a residue of a
hydroxyl-containing 40  poly(alkylene oxide)-based surfactant, preferably
is alkoxycapped, the number of alkylene oxide repeating unites (n)
preferably being from 15 to 120, and especially the poly(alkylene
oxide)-based sufactant Is a methoxypolyethylene glycol. 4. A surface-active
polycarbodiimide of Claim 1 wherein R Is a residue of a monodisperse,
branched polycarbodiimide, which preferably has the generatized structure:
45 [err] wherein: M and Q may be the same or different and each represents
the residue of a compound adapted to function as a site for branching ;
R"'and R"" may be the same or different and represent an alkyl (including
50  cycloalkyl) or aryl, radical or diradical which may be or contain
cyano, nitro, halo, alkyl sulfide, dialkylami- noalkyl, substituted silane,
alkoxy, and aryloxy moieties, and othersubstituted species of any of the
forego- ing; R" represents the same or different alkyl (including
cycloalkyl) or aryl diradical which may contain cyano, nitro, halo, alkyl
sulfide, dialkylamino, substituted silane, alkoxy, and aryloxy moieties,
and other sub- stituted species of any of the foregoing ; and wherein d is
0 to 12, n is 1 to 6, m is 3 to 5, p is 1 to 6, and q 55  is 0 to 4. 5. A
surface-active polycarbodiimide of Claim 4 wherein the monodisperse,
branched polycarbodiimide has the generalized structure: 19    EP 0 2 41
805 B1 [err] 



Wherein: [err] and [err] may be the same ordifferentand representorganic
residues which do notsub- stantialiy Interfere with the multifunctional
carbodiimide for its intended purpose ; and D is an organic resi- 15  due;
and r, s, t, xand y are 1 to 6, or the generatized structure: [err] 25
wherein: [err] and [err] may be the same or different and represent alkyl
groups having 1 to 12 carbon aloms; [err] and [err] may be the same or
different and represent hydrogen, alkyl (including cycloalkyl), aryl,
aralkyl, alkaryl, heterocyclic, cyano, nitro, halo, alkyl sulfide,
diakylcaminoalkyl, silane, alkoxy, and aryloxy groups, and substituted
species of any of the foregoing; Z is the residue of a compound adapted to
function as a site for branching; and wherein a, b, and c are 0 to 12. 30
6. A surface-active polycarbodiimide of claim 4 wherein the monodisperse,
branched polycarbodiimide is 1,3,6-tri-(N-isopropyl-N'-methylene
carbodiimide) hexane, 1,3,6-tri-(N-cyclohexyl-N'-methylene car- bodlimide)
hexane or 1,3,6-tri-(N-n-butyl-N'-methylene carbodiimide) hexane. 7. A
surface-active polycarbodiimide of claim 1 wherein R is a residue of a
poydisperse, linear polycar- bodiimide, preferably a residue of a
poyfunctional polycarbodiimide (PCDI) derived from the reaction of 35
mono-, di-, and tri-cycloallphat or saturated aliphatic isocyanates wherein
the cycloaliphatic moieties con- tain from 5 to 7 carbons and can
besubstituted with alkyl having 1 to 6  carbons, and oxygen, and the satu-
rated aliphatic moieties contain from 1 to 18 carbons, wherein the mono-
and triisocyanates are optional. 8. An emulsion comprising an admixture in
aqueous medium of: (a) a hydrophobic polycarbodilmide, and 40     (b) a
surface-active polycarbodlimide according to anyone of claims 1 to 7 and
optionally (c) a supplemental sufactant. 9. A cross-linkable composition
comprising an admixture of (a) an emulsion of a carboxyl-containing resin
or neutralized, carboxylated, water-soluble organic resin, and 45     (b) a
surface-active polycarbodiimide according to anyone of claims 1 to 7 and/or
(c) an emulsion according to Clalm 8, and optionally (d) a supplemental
surfactant. 10. A method of making a surface-active polycarbodiimide
comprising reacting, in the presence of a catalyst, a hydrophobicorganic
compoundcontaining atleasttwo carbodiimine groupswith an organic com- 50
pound having a hydrophilic segment and at least one functional group
capable of reacting with a car- bodlimide group. 11. A method of making an
emulsion comprising mixng, in aqueous medium: (a) a hydrophobic
carbodlimide, and (b) the surface-active carbodiimide of anyone of claims 1
to 7, wherein the surface-active carbodiimide 55      preferably is formed
in situ in a matrix of the hydrophobic carbodiimide. 12. A method of making
a cross-inkable composition comprising mixing: (a) an emulsion of a
carboxyl-containing resin, (b) a surface-active polycarbodilmide according
to anyone of claims I to 7 and/or 20    (c) an emulsion according to claim
8 13. Amethod  for cross-linking  a carboxyl-containing resin or a
neutralized, carboxylated, water-soluble organic resin comprising: (a)
mixing  said resin with an emulsion of a surface-active carbodiimide of
anyone of claims 1 to 7 and 5      (b) allowing volatilization of certain
formulated materials, to produce a cross-linked product Claims for the
Contracting States : AT, ES 



1. A method for preparing a surface-active polycarbodiimide of the fomula
[err] wherein R Is a residue of a hydrophobic organic compound containing
at least two carbodlimide groups; R' isa residue of an organic compound
having a hydrophilic segment and at least one functional group cap- 15
able of reacting with a carbodiimide group; and X is a groupformed bythe
reaction of a said carbodiimide group with a said functional group. 2. A
method of clalm 1 wherein X is selected from the group consisting of
uretidinone, diazetidine thlone, N-acyl urea, guanidine, isourea,
Isothiourea, and carbodiimide, comprising reacting, In the presence of a
catalyst, a hydrophobic organic compound containing at least two
carbodiimide groups with an organic com- 20  pound having a hydrophilic
segment and at least one functional group capable of reacting with a car-
bodiimide group. 3. A method of claim 1 wherein R' Is a residue of a
hydroxyl-containing poly-(alkylene oxide)-based sur- factant, preferably is
alkoxycapped, the number of alkylene oxide repeating unites (n) preferably
being from 15 to 120, and especially the poly-(alylene oxide)-based
sufactant Is a methoxypolyethylene glycol. 25      4. A method of clalm 1
wherein R is a residue of a monodisperse, branched polycarbodiimide, which
preferably has the generalized structure: [err] 30  wherein: M and Q may be
the same or different and each represents the residue of a compound adapted
to function as a site for branching ; R"'and R"" may be the same or
different and represent an alkyl (including cycloalkyl) or aryl, radical or
diradical which may be or contain cyano, nitro, halo, alkyl sulfide,
dialkylami- noalkyl, substituted silane, alkoxy, and aryloxy moieties, and
other substituted species of any of the forego- ing; R" represents the same
or different alkyl (including cycloalkyl) or aryl diradical which may
contain 35   cyano, nitro, halo, allyl sulfide, dialkylamino, substituted
silane, alkoxy, and aryloxy moieties, and other sub- stituted species of
any of the foregoing; and wherein d is 0 to  12, n Is 1 to 6, m is 3 to 5,
p Is  to 6, and q is 0 to 4. 5. A method of Claim 4 wherein the
monodisperse, branched polycarbodiimide has the generalized structure: 40 )
[err] Wherein : [err] and [err] may be the same or different and represent
organic residues which do not sub- stantially Interfere with the
multifunctional carbodilmide for its intended purpose; and D is an organic
resi- due; and r, s, t, x and y are 1 to 6, or the generalized structure: 5
21    [errr] wherein: [err] and [err]may be the same or different and
represent alkyl groups having 1 to 12 carbon 10 atoms; [err] and [err] may
be the same or different and represent hydrogen, alkyl (including
cycloallyl), aryl, aralkyl, alkaryl, heterocylic, cyano, nitro, halo, alkyl
sulfide, dialkylaminoalkyl, silane, alkoxy, and aryloxy group., and
substituted species of any of the foregoing; Z is the residue of a compound
adapted to function as a site for branching ; and wherein a, b, and c are 0
to 12. 6. A method of claim 4 wherein the monodisperse, branched
polycarbodiimide is 1,3,6-tri(N-isopropyl- 15   N'-methylene carbodiimide)
hexane 1,3,6-tri-(N-cyclohexyl-N'-methylene carbodiimide) hexane or
1,3,6-tri- (N-n-butyl-N'-methylene carbodiimide) hexane. 7. A method of
Claim 1 wherein R Is a residue of a polydisperse, linear polycarbodiimide,
preferably a 



residue of a polyfunctional polycarbodiimide (PCDI) deried from the
reaction of mono-, di-, and tri-cyc- loallphatic or saturated aliphatic
isocyanates wherein the cycloallphatic moleties contain forn 5 to 7 carbons
20  and can be substituted with alkyl having 1 to 6 carbons, and oxygen,
and the saturated aliphatic moieties contain from 1 to 18 carbons, wherein
the mono- and trilsocyanates are optional. 8. An emulsion comprising an
admixture in aqueous medium of: (a) a hydrophobic polycarbodiimide, and (b)
a surface-active polycarbodiimide according to anyone of claims 1 to 7 and
optionally 25     (c) a supplemental sufactant. 9. A cross-linkable
composition comprising an admixture of (a) an emulsion ofa
carboxyl-containing resin or neutralized, carboxylated, water-soluble
organic resin, and (b) a surface-active polycaubodiimide prepared according
to anyone of claims I to 7 and/or 30     (c) an emulsion according to Claim
8, and optionally (d) a supplemental surfactant. 10. A method of making an
emulsion comprising mixing, In aqueous medium: (a) a hydrophobic
carbodiimide, and (b) the surface-active carbodiimide of anyone of claims 1
to 7, wherein the surface-active carbodlimide 35.     preferably is fonned
in situ in a matrix of the hydrophobic carbodiimide. 11. A method of making
a cross-linkable composition comprising mixing: (a) an emulsion of a
carboxyl-containg resin, (b) a surface-active polycarbodiimide according to
anyone of claims 1 to 7 and/or (c) an emulsion according to claim 8 40
12. A method for cross-linking a carboxyl-containing resin or a
neutralized, carboxylated, water-soluble organic resin comprising: (a)
mixing said resin with an emulsion of a surface-active carbodiimide of
anyone of claims 1 to 7 and (b) allowing volatilization of certain
formulated materials, to produce a cross-linked product 45 Ansprlche
Patentansprilche f ir die benannten Vertragsstaaten: BE CHl DE FR GB IT Li
LU ML SE so      1. Oberfilchenatilves Polycarbodlimld der Formel R-X-R' In
der R eln Rest elner hydrophoben organischen Verbindung, enthaltend
mindestens zwei Carbodimnid- 65 gruppen, ist; R' sin Rest einer organischen
Verbindung mit einern hydrophilen Segment und mindestens einer
funktionellen Gruppe ist, die imstande ist, mit einer Carbodiimidgruppe zu
reagieren und X eine Gruppe Ist, die geblidetworden istdurch Reaktlon
elnersolchen Carbodlimidgruppe mit elner solchen funk- Pionelban Gruppe. 22
EP 0 21 805 01               1 ll    L   M   S* 2. Obetfifctenaktlives
Polycarbodlimid nach Anspruch 1, wobel X ausgewrhit lst aus der Gruppe,
bastehend ats Ure~dinon, Diazetidinthion, N-Acylharnstotf, Guanidin,
Isohamstoff, Isothiohamstoff und Carbodimid. 3 Oberilchonakives
Polycarbodimid nach Anspruch 1, dadurch geicnnzeichnet, dali R' sin Rest 5
sines oberllichenaliven Mteis auf der Basis sines Hydroylguppen-haligen
Poly(aikylenoxids) ist, vor- zugsweise miteiner endatindigen Alkoxyruppe,
wobel die Anzahl derwiederkehrenden Aikyieneinheltsn (n) vorzugsweise 15
bib 120 btrlgt, und insbesondere des oberfilchenakdhve Mittel auf der Basis
von 



Pdy(ailyienmdd) gin Methoxypolyethyiengrol sL 4. Oberflachenaktives
Polycarbodlimid nach Anspruch 1, wobel R ein Rest sines monodispersen, ver-
10  zwelgtbn Polycarbodlimids ist, das vorzugswelse die ailgemeine Formea:
M-RNCN-Rnjm - WR"dNCNR"1pQq besltzt, In der M und Q glelch oder unten
verschieden sein kWnnen und jeweils elnen Rest oinerVerbindung 15
derstelien, die geeignot ist als Verzweigungsstelle zu dienen, R'und RI"
gisich oderverschbeden soin ktn- nen und einen sin- odor zwelwhrtlgen
A]lkl- (einsahilefilch CycIoaiklq-) oder Arylrest bedouten, der san odsr
enthalten kann sine Cyano-, Niro-, Halogen-, Aikyisuifid-,
Diaikyiaminoaelkyl-, substitulerte 8ian-, AikoWy- oder Aryioxygruppen sowle
andere subsfltuierte Arlen siner der vorgenannten Gruppon; RI den
gloihenoderelnen anderen zweiwerfigen Akyi- (einschilsefilch ycyoakyl-)
oderAryrest bedeutet, derent- 20  halten kann Cyano-, Nitro-, Halogen-,
Alkylsulfid-, Dialkylamino-, substiulerte Sian-, Alkox- und Aryloxy-
gruppen und sndere substftuierte Arten einer dervorgenannten Gruppen, und
wobei d 0 bis 12 ist, n 1 bis 6, m 3 bis 5, p 1 bbs 8 und q 0 bW 4 bedeutet
5. Oberfllchenakldvs Polycarbodlimid nach Anspruch 4, dadurch
gekennzeichnet, dalg das monodi- sperse, verweigte Polycarbodfimid die
folgende allgemeine Formel besitzt: 25 wc-3 NOT-R3 {2) R~~ NCT(C2)r-
H~(CH2)s -NC-DN DCf-(CH2),  (CH2) 7 NCV-R2 A2t NII- 86 in der R1, R2, Ra
und R4 gleich odor verschleden sin kWnnen und organische Reste bedeuten,
die fir den vorgesehenen Zweck des mehrwertige Carbodimid nicht wesentlich
st5ren, und D sin organisches Rest st, und r, a, t, x und y I bls 6 sind,
oder der ailgemeinen Formal: 1- NQC-(CR5 R   ScZ(CRR6 )b__R2. (CR5 R  ) I
4t 46                                            NCN-R In der R1, RI und RW
gieich oderverschileden sein k8nnen und Aikyigruppen mit I bis 12
Kohlenstoffatomen bedeuten ; RP und RB gleich oderverachieden sen k8nnen
und Wasserstoff oderAlkyl-(einschliel~ich Cyo- loakyl-), Aryl-, Arakyl-,
Alkaryl-, heterocyciische, Cyano-, Nltro-, Halogen-, Aikylsuflfd-,
Dialkylaminolkyil-, 6o  SMlan-, Alkoxy- und Aryoxygruppen bedeuten konnen,
und deren substituierte Arten bedeuten ; Z der Rest elner Verbindung ist,
die geeignet ist als Verzweigungsstelle, und wobel a, b und c O bis 12
sind. 6. Oberflachenaktives Polycarbodrlmid nach Anspruch 4, wobei das
monodisperse, verzweigte Poly- carbodilmid
1,3,8-Tri-(N-isopropyl-N'-methylencarbodiimid)-hexan,
1,3,6-Tri-(N-cydohexyi-N'-methylen- carbodiimid)-hexan oder
1,3,6-Tri-(N-n-butyl-N'-methylencarbodiimhd)-hexan ist. U       7.
Oberflachenaktlves Polycarbodiimid nach Anspruch 1, wobei R ein Rest elnes
polydispersen, line- aren Polycarbodlmids Ist, vorzugsweise sin Rest eines
polyfunktconeilen Polycarbodlimids (PCDI), das erhalten worden Ist durch
Reakfion von mono-, di- und tri-ycloaliphatischen oder gesattigten
aliphatischen Isocyanaten, wobel die cycloaliphatischen Gruppen 5 bis 7
Kohlenstoffatome enthalten, und dercdurch Alkyl 23    I   -|
euc                                        l   M S mIt bisB KohlenstoatoMen
und Sauerstoff subitulertseon kann, unidwobei dlegesittlgten aliphatischen 



Gruppen I bls 18 Kohtenstoffatome enthaiten, und wobel die Mono- und
Trilsocyanate beliebig sind. 8. Emulsion, umbsend ein Genisch In elnem
wisrigen Medium aus: (a) elnern hydrophoben Polycarbodlimid, 5      (b)
elnem oberfllihenalkiven Polycarbodimid nach elnem derAnsprilche I bls 7
und gegebenenfalls (c) elnern zuslltzlchen oberdfichenhkliven Mit. 9.
Vernetbares Mtel, umfasend ein Gemisch aus (a) ier Emulsion sines
Carboxylgruppen-helligen Hsrzes oder neutrasislerten, carboxyllerten, was-
serlschen organischen Harzes und 10     (b) elnem oberflachenaktliven
Poiycarbodiimid nach elnem der Ansprilche I bis 7 undhoder (a) einer
Emulsion nach Anspruch 8 und gegebenenhuls (d) elnem zusultzlichen
oberflichenakilven MiteL 10. Verfahren zur Hersteilung sines
oberlilchenaltiven Polycarbodllmids, umfessend die Umsetizung elner
hydrophoben organischen Verbindung, entheltond mindestens zwel
Carbodllmidgruppen mit elner 15  organischen Verbindung mit elnem
hydrophien Segment und mindestens einerturnktonelln Gruppe, die imstande
et, mift elner Carbodllmldgruppe zu reagleren, In Gegenwart sines
Kaiaystora 11. Verfahren zur Hersteflung elner Emulsion, umfassend des
Vermischen Imr warigen Medium von: (a) elnem hydrophoben Carbodlmnid und
(b) dem oberflachenakfiven Carbodihnid nach elnem derAnsprflche I bbe 7,
wobel das oberfiachenak- 20     tive Carbodlmid vorzugsweise in siktu In
slner Matrix des hydrophoben Carbodlimids gebidet worden ist. 12. Vefahren
zur Hestellung sines vernetzbaren Gemisches. umfassend das Vonnisahen von
(a) elner Emulsion sines Carboxylgruppen-haltigen Hazes, (b) elnem
oberfllchenakilven Polycarbodilmid nach einem derAnsprOche I bbs 7 undloder
25     (c) elner Emulsion nach Anspruch 8. 13. Verfahren zum Vernetzen
sines Carboxylgruppen-haltigen Hazes oder sines neutralisierten, car-
boxyilerten, wasserolelichen organischen Harzes, umfassend: (a) das
Vernischen des Harzes mitelner Emulsion sehes oberfl~chenakilven
Carbodiimkids nach elnem derAnsprliche I bls 7 und so     (b)
Verdampfenlassen bestimmterzugesetzter Materialien unter Blidung sines
vernmeztn Produktes. Patentansprilche frsr die benannten Vertragsstaaten
:AT, ES 1. Veufehren zur Hersteilung elnes oberfichenaktiven
Polycarbodlimids der Fornel 35 R-X-R' in der R eln Rest einer hydrophoben
oganlschan Verbindung, enthaltend mindestens zwel Carbodinid- gruppen, ist;
R sin Rest einer organischen Verbindung mit einem hydrophilen Segment und
mindestens 49  einer funktlionellen Gruppe st, die imstande 1st, mit einer
Carbodlimidgruppe zu reagleren und X sine Gruppe iet, die gebicdetworden
Ist durch Reakilon elnersoichen Carbodilmidgruppe mit einer solchen funk-
tionedlen Gruppe. 2. Verfahven nach Anspruch 1, wobei X susgewlihit bst aus
der Gfuppe, bestehend aus Uretidinon, Dia- zetidinthion, N-Acyihamnstoff,
Guanidin, Isoharnstoff, isothlobharnstoff und Carbodiimid, umfassend die 46
Umsetzung einer hydrophoben organischen Verbindung, enthaltend mindestens
zwei Carbodiimidgruppen mit esner organischen Verbndung Mit einem
hydrophilen Segment und mindestens elner funklonellen Gruppe, die Imstarlde
lt mit sliner Carbodlknidgruppe zu reagleren In Gegenwart sines Kataiysa 3.
Verfahren nach Anspruch 1, dadurch geicennzeichnet, daR R' sin Rest sines
oberfiachenaktiven Mit- teis auf der Basis senes Hydroxyigruppen-haitigen
Poly(alekyenoxids) lst, vorzugswelse nit elner endstin- 50  digen
Alkoxygruppe. wobei die Anzahl der wiederkehrenden Alkyeneinheiten (n)
vorzugswelse 15 bis 120 betrigt, und Insbesondere des oberfalichenaktive
Mittel auf der Basis von Poly(allylenoxid) sin Methoxy- polyethylenglykol
1st. 



4. Verfahren nach Anspruch 1. wobel R sin Rest eines monodispersen,
verzweigten Polycarbodilknids ist, des vorzugsweise die aligemelne Fonnel:
55 MH(R'dNCN-R"')m - I(RdNCN-FR')p iQq besitzt, In derM und Q gleich oder
unten verschleden sehn klnnen undJewelis elnen Rest einerVerbindung 24
EP 0 241 805 B1               c   L  M   S darstellen, die goeignet letals
Verzwelgungsstelie zu dienen; R"' und R"M gloich oderverachleden seln kMn-
nen und elnen es- odor zwelwertgen Aikyl- (einschileollch Cydoalkyl-) odor
Arylrest bedeoutn, der sein odor enthalten kann elne Cyano-, Nitro-,
Halogen-, Alkylsuifld-, Diakylaminoaikyi-, subsftulerte Slan-, Alkoxy- odor
Aryloxygruppen sowle andere substitulerte Arten onher der vorgenannten
Gruppen; RI den 6   gleichen odor elnen andcren zwelwertgen Alkyl-
(elnschliefich Cycloalkyl-) oderArylrest bodeute der eant- halton kann
Cyano-, Ntro-, Halogen-, Alkylsulfid-, Dialkylamino-, substitulorte Silan-,
Alkoxy- und Aryloxy- gruppen und andere substiftulerte ArMen elner
dervorgenannten Gruppen ; und wobel d O bis 12 bt, n 1 big 6, m 3 No 5, p 1
bbi Sund q 0 bis 4 bedeutet. 5. Vedahrn nacd Anspruch 4, dadurch
gekennzelchnet, dam das monodispors, vozwoigto Polycar- fO  bodilmid die
foigende ailgemelne Formel besltzt: Nc-3 NCN-R3 (SE)                     x
~~~~2 )NNR (12t2) RI-C3-cCH2)r-Cn(CH2)-NC-D-NCM-(CH2),  (C ) 7-NCNR (&2)t
20                           _R In der RI, R2, R3 und R4 gialoh oder
verschieden sln k8nnen und organische Reste bedeuten, die ffir den
vorgesehenen Zwock das mohrwertige Carbodilmid nicht wesontich stfren, und
D en organishes Rest lot, und r, a, t, x und y 1 bbi 8 sind, odor der
allgemelnen Formel: 25 R'-'N=-t CR5R(P  - aZ-(CR5RG ) -NCII-R2' (C1516) .
b 30                                            1 NCN-R 4 In der Rv, Rr und
R4 gleich odor verschleden seh konnen und Alkygruppen mit 1 bis 12
Kohlenstoffatomen bedeuten, Rs und RG glelch odor verschieden sein klnnen
und Wasoeetoff odor Alk(einschlieglch Cyc- 36  loail*), Aryl-, Araml -,
Aikar*, hetoroclische, Cyano-, Nitro-, Halogen-, Alylsudfkd-,
Diaikyi-aminoalkyt-, SIan-, Alkoxy- und Arylowygruppen und deoren
substituierte Arten bedeuten ; Z der Rest einer Verbindung bt, die geeignat
Ist ale Vemrweigungsstell, und wobel a, b und c 0 bis 12 sind. . Veorahren
nach Anspruch 4, wobel das monodisperse, verzwigte Polycarbodlimid
1,3,8-Tri-(N-iso- propy-mnethylen-oarbodlmid)-hexan,  1,3,8-Tri-(N-oycd
I-N'-etylencarbodmhknd)-hexan  odor 49  i.3,-Td,
i-butyi-N'-methylencarbodllmid)-hexan Ist 7. Verfahren nach Anspruch 1,
wobel R eln Rest sines polydisperson, inearen Polycarbodilmids Ist,
vorugswease ein Rest elnes polyfunktlonellen Polycarbodilmids (PCD), das
erhalten worden Tst durch Reaktion von mono-, d- und bi-eydoallphatischen
oder gesfttfgen allphatlachen Isocyanaten, wobel die cycloailphatischen
Gruppen 5 bis 7 Kohlenstoffatomen enthalten, und der durch Alkyl mit I bis
B Kohien- 



45 stoffatomen und Sauerstoff substituiert sein kann, und wobel die
gesattigton ailphatischen Gruppen I bis 18 Kohlenstoffatome enthalten, und
wobel die Mono- und Triisocyanate beliebig sind. 8. Emulsion, umfassend in
Gemisch In elnem wIBrigen Medium aus: (a) elnem hydrophoben
Polycarbodlimid, (b) elnem oberflachenaktiven Polycarbodlimid nach elnem
derAnsprtlche I ble 7 und gegebenenfalls 60     (c) einem zusftzilchen
oberfiachenaktiven Mittel. 9. Vemetzbares Mittel, umfassend sin Gemtsch aus
(a) elner Emulsion elnes Carboxylgruppen-haltigen Harzes oder
neutralisierten, carboxyllerten, was- sedosilchen organischen Harzes und
(b) einem oberfiAchenaldiven Polycarbodilmid, das hergestellt worden ist
nach elnem der AnsprOche 55      1 bis 7 undloder (c) einer Emulsion nach
Anspruch 8 und gegebenenfalbs (d) elnem zusftzilchen oberflachenaktiven
Mittel. 10. Verfahren zur Herstellung elner Emulsion, umfassend das
Vermischen Im wafirigen Medium von: 25    )                               ~
~~~~~~~~~~~~EP 0 241 805 Si  '     L'''  f   {  1ll ! (a) ednem hydrophoben
Carbodilmrd und (b) dem oberliachenaktvenn Carbodilmid nach elnem
derAnsprUche I ble 7. wobel das oberllichenmk- live Carbodlimid
vorzugsweise in situ In elier Matix des hydrophoben Carbodilmids gebidet
worden Ist. s      11. Verfahren zur Herstellung sines vemetzbaren
Gemisches, umfassend des Vermischen von (a) elner Emulsion elnes
Carboxylgruppen-hatitgen Harzes., (b) elnem oberflichenaktiven
Polycarbodllmid nach elnem derAnsprilche I bls 7 undloder (c) einer
Emulsion nach Anspruch S. 12 Verfshren zum Vemetzen sines
Carboxylgruppen-haltigen Harzes odor sines neutrallelrten, car- io
boxylleren, wasserloslichen organlschen Harzes, umfassend: (a) das
Vermischen des Harzes mit einer Emulsion sines oberlfichenaktIven
Carbodilmids nach elnem derAnspuilche I bls 7 und (b) Verdampfenlassen
besimrnterrzugesesztsr Materballen unter Bildung sines vernetzten
Produldes. Resvndlcations Rovendlcatlons pour lea Etats Contractants: BE,
CH, DE, FR, GB, IT, LI, LU, NL, SE 20      1. Polycarbodlmide tenslo-actif
de fbrnule R-X-R dans laquelle R est un rdsidu d'un compose organique
hydrophobe contenant au moins deux groupes car- 2s  bodnimde; R' est un
r6sldu d'un compose organique ayant un segment hydrophile etau mons un
groups fonctlonnel capable de r6agIr avec un group. carbodilmide, et X est
groups form6 par la r6action d'un groups carbodlmilde Indiqu6 avec un
groups lbnctlonnel hndiqu6. 2. Polycarbodllmide tenslo-actf suivant la
revendication 1, dons lequel X est cholsi parmi les groupeo ur6tidinone,
diaztidine-thbons, N-acylur6e, guanidins, isour6e% iso-thio-urne et
carbodimide. 30      3. Polycarbodilmide tensi-actf sulvant la
revendicatbon 1, dane lequel RI est un residu dun surfactant a base de
poly(alkylene-oxyde) contenant un group. hydroxyie, de prefrence cotif d'un
groups aikoxy, le nombre (n) de mofs repetes d'oxyde d'aikylen ayant de
prifirence une valeur de 15 a 120, et lesur- factant & base de
poiy(alkylbne-oxyde) 6tant notarnment un mithoxypolyithyllneglycol. 4.
Polycarbodllmide tenslo-acfr suivant Ia revendicatlon 1, dans lequel R est
un reskdu d'un polycar- 36  bodlmide ramilie monodispnrs qui repond de
preference a la formula generale: 



M-[(R"dNCN-R),,; - [(RWdNCNR"")pq dons laquello: M et Q peuvent Mtro
Identiques ou differnts et representont chacun Is resldu d'un compose 40
apte a so comportorcomme un site de ramification ; RI' et R"" peuvent etre
identiques ou differents etrepr6- sentent un radical ou dlradical alkyle (y
compris cycloalkyle) ou aryle qui pout elre ou pout contbnir des
groupements cyano, nitro, halogeno, aikylsulfure, dialkylaminoalkyle,
sliane substitu6, alkoxy et aryloxy ot d'autres formes substituees de lun
quelconque des groupements precidents; R" reprisente des diradl- caUX
alkyle (y compris cydoaickyle) ou aryle identiques ou differents qui
peuvent contenir des groupements 45  cyano, nitro, halogino, alkylsulfure,
dialkylamino, silane substRuA, alkoxy ou aryloxy et dautres formes
substituies de lun quelconque des groupements pricidents, et d a uns valour
de 0 a 12, n a une valour de I A 6, m i une valeur de 3 a 5, p a une valour
de I a 6 et q a une valeur do 0 a 4. 5. Polycarbodilmide tonslo-actf
sulvant la revendicatbon 4. dans lequel le polycarbodlimide ramMie
monodisporse repond a la formule gindrale 50 66 26    EP 0 241 805 B1
I I!111 I11111 H11 1111t II 111 NCK-R3 (CH2)z 5       R
-CH-(CH   -N         D-NN    (CH       (CH              2 _NCN_(CH2)
2     s22y7C I     4 &CK-R 10 dana laquelle: RI, R2, Rs et RW pauent 6Ire
Identiques ou diffkrents et reprlsentent des rolldus organiques qul
ninterflrent pas nolablement avec Is carbodilmide mulfmonotonnnl pour son
but de destination; et D est un rA.Idu organqu; et r, s, t, x et y ont une
vaiSur de I a 6, ou a la fo1mnue genrale: 15                     R1
Nc!-R(CR5R6) aZ-(CR536t)b-NRCM'R2 a (CR5R6) I NC&-R4 20 dans laquleb: R, RT
et R4' peuvent tle Identiques ou diMirents et representent des groupes
alkyle syant 1 a 12 atomes de carbone , Rs St R6 peuvent lre Identiques ou
diffdrents etrepresentbnt rhydrogbne, des groupes alkyle (y compris
cydoaikyle), aryle, aalkyle, alkaryle, hetirocycllque, cyano, nitro,
haloglno, 25  alkylsulfure, dialkylamninoalkyls, slane, aliwy et aryioxy et
des foines substitues de l'un quelconque de es groups.; Z est la residu
d'un compose apte a fonctionner comme un sit. de ramification, et a, b, et
c ontunevaleurde 0 a 12. 6. Polycarbodilmide tenslo-actif sulvant la
revendication 4, dans lequel Is polycarbodllmide ramifie monodispers set le
1,3,6-t-(N-isopropyl-N'-methylenecarbodlimide) hexane, le
1,3,S-tri-(N-cydohexyl- 30  N'-mlthylbnecarbodiimide) hexane ou le
1,3,6-tur-(N-n-buyn-mlthylnecarbodlmmlde) hexane. 7. Polycarbodilmide
tenslo-actif sulvant la revendlcation 1, dans lequel R est un risidu d'un
polycar- bodlimide tinlaire polydispersl, de prefirence un rlsIdu d'un
polycarbodlimde (PCDI) polyfonctionnel obtenu par rdction disocyanates
mono-, dlw et tb-cycloallphalques ou allphatiques saturbs dans lesquels les
groupements cycloallphatlques contlennent 5 6 7 atomes de carbone et
peuvent btre substituds avec 



ss  des radicaux alkyle ayant 11 6  atornes de carbone, Stde roxyghne, St
is groupements ailphatiques salurls contlennent 1 a 18 atomes de carbone,
les mono- et trilsocyanates etant facultatifs. 8. Emulsion comprenant en
melangs dans un milleu aqueux: (a) un polycarbodlimide hydrophobe et (b) un
polycarbodlimide tenslo acif sulvant lune queiconque des revendications 1
7 t, a titre facul- 40     taffl (c) un surfactant additionnel. 9.
ComposItion roticulable, comprenant en melange (a) une emulsion d'une
resine contenantdesgroupes carboxyle ou d'une rlsineorganique hydrosoluble
carboxyl6e neutralisle, et 45     (b) un polycarbodiimide tensio-actifselon
l'une quelconque des revendications 1 a 7 et/ou (c) une omulelon suivant la
revendicatlon 8 et a tItre facultaWf (d) un surfaectant additionnel. 10.
Proobdl do preparathon d'un polycarbodilmide tensio-actif, qul consist. A
falre rlagir, en pr~sence d'un catalyseur, un compose organique hydrophobe
contenant au mdins deux group.s carbodimide avec 5o  un compose organique
portant un segment hydrophile et au moins un group. fonctionnel capable de
reagir avec un groups carbodiimide. 11. Procede de preparation d'une
emulsion, qui consists a melanger, dans un milieu aquex: (a) un carbodlmide
hydrophobe et (b) le carbodrimide tensio-actif de l'une quelconque des
revendlcations 1 1 7, le carbodiimide tensio- 65      actif etant de
preference fornn In situ dans une matrice du carbodlimide hydrophobe. 12.
Proced6 de preparation d'une composition reticulable, qui consiste &
melanger: (a) une emulsion d'une resins contenant des groupes carboxyle,
(b) un polycarbodilmide tensio-actif selon l'une quelconque des
revendlcations 1 a 7 etlou 27    C',
EP 0 241 805 B1             I I!IIlI 111L 111  II f1111 111l1 (c) une
emulsbon suivant la revendication 8. 13. Proced6 de retlculation d'une
r6sine contenant des groupes carboxyle ou d'une r6slne organique
hydrosoluble carboxylde neutralisde, qul consists: (a) a m6langer ladits
resine aveo une emulsion d'un carbodlimide tensbo-actif sulvant l'une
quelconque 5      des revendications I A 7 et (b) a permetire la
volatillsation de certaines matieres formul6es, pour obtenlr un produit
r6tcui6. Revendicatlons pour les Etats Contractants : AT ES fO     1.
Proc6dI de preparation d'un polycarbodlinide tonsio-acflf de formule R-X-R'
dans laquelle R est un r6sldu d'un compose organique hydrophobe contenant
au moins deux groupes car- is  bodilmide; R' est un r6esidu d'un compose
organique ayant un segment hydrophile et au moins un group. lbnctionnel
capable de r6agir avec un groups carbodlimnde, et X eat group. fonn6 par la
r6action d'un group. carbodllmide Indiqu6 avec un groups fonlotionnel
Indlqu6. 2. Proc6d sulvant la revendication 1, dana lequel X eat cholsi
parml lee groupes uroidinone, diazit- dine-thione, N-acylur6e, guanidine,
iso-urne, isothlo-ur6s, et carbodlimide, consistant a falre r6agir en pr6-
20  sence dun catalyseurun oompos6 organique hydrophobe contenant au moins
deux groupes carbodimide avec un compose organique portant un segment
hydrophile et au moins un groups fbnctionnel capable de r6agir avec un
groups carbodimide. 3. Proc6d6 suivant la revendicatlon 1, done lequel R1
eat un r6sldu d'un surfactant A bass de 



poly(alkylbne-oxyde) contenant un groups hydroxyle, de pruferenoe coaff
d'un group. alkoxy, Is nombre 25  (n) de moftf r6p6t6s doxyde d'alkylene
ayantde preternco une valeurde 15 a 120, etle surfactantA base do
poly(alkylene-oxyde) etant notamment un m6thoxy polyethyleneglycol. 4.
Proc6d6 sulvant la revendication 1, dana lequsl R ost un r6sidu d'un
polycarbodilmide ramifle mono- disperse quT r6pond de priftrence a la
ibrmule g6nirase: 30                          M-[(R-dNCN-R-fm -
[(R-dNCN-RMjpQq dana laquelle : M et 0 psuvent Wtre identiques ou dilfrents
et representent chacun le r6sidu d'un composs apte A as comporter comme un
siat de ramification ; R'et R"' peuvent etre Identiques ou diff6rents et
repr6- sentent un radical ou diradical alkylo (y compris cycdoalkyle) ou
ar1o4 qul peut etre ou peut conts* des ac  groupements cyano, nito,
halog6no, alcylasfure, dakylaminoalkyie, alane subsfitue, alkoxy etaryloxy
et d'autres formes substituees de lun quelconque des groupements prec6dento
, RI' represents des diradi- caux alkyle (y compris cycloalkyle) ou aryle
identiques ou diffirents qul peuvent contenir des groupements cyano, nitro,
halogeno, alkylsuifure, dialkylamino, silane subWtitue, alkoxy ou aryloxy
et dautres formes subsfftuees do Ibn quelconque des groupements pr6c6dents,
et d a une valour de 0 A 12, n a une valour . o   de l a B. m a une valeur
de 3 a 5, p i une valeur de I A B et q a une vaieurde O a 4. 5. Proc6d6
sulvant la revendication 4, dane lequel Is polycarbodilmide ramifie
monodiaperse r6pond a la formIe g6n6rale 45
NqCN-R3 RNCN-(CH 2)r  CH (CH2s -NCN-D-NCK-(CH2)2 (CH2)2-NCN-R NCN-R dans
laquelie: R', R2, R3 et R' peuvent ete identiques ou diffrents
etrepr6sententdes residus organiques 66  qui n'interferent pas notablement
avec Is carbodilmide multifonctionnel pour son but de destination, et D est
un r6sidu organique ; et r, s, t, x et y ont une valeur de I A 6, ou A la
formule gen~rale: 28    EP 0 241 80551                11  111111 11111
11111 111111 i-                             *  ~~~~~~~~~~~~~C   L  M   S*
5ll g_(COR6 ) _ZCR5R6 )b-NM-R2 5                              *
6CR5R) VcW-R4 i0  dans laqudlle : R, R et R4 peuvont etre Identiques ou
differents at repr6sentent des groupes aikyle syant I a 12 atomes de
carbons, R' et Rs peuvent Otre Identques ou dffirents et repr6sentent
I'hydrogbne, des groupes. ailylo (y compris cycloalkyle), aryle, araikyle,
alioye. h6tlrodyckipu., cyano, nitro, halog6no, alkyisuifhrs,
dialkyiaminoaliyle, silane, alkaoy et aryloxy et des forms subs0tWes de run
qusiconque de ces groupes; Z est ls rlsidu d'un compose apte it fnctionner
comme un site de ramification ; at a, b, et c 1C  ont une vieur de 0 a 12.
6. Procede suivant ia revendlcation 4, dans lequel Is polycarbodilmide
ramifle monodibperse est le 1,3,6r-(N-Isopropyl-N'.-mithylnecarbodiimlde)
hoxane, le 1,3,6-tlN-cycohexyi-N'-mithylnecarbodl- mide) hemne ou le
1,3,64ri-(N-n-butyl-N'-mithyilnecarbodiimlde) hexane. 7. Procii suivant Ia
revndication 1, dans lequel R est un risidu d'un polycarbodimirdo llneaire
poly- 20 disperse, de prifirence un rdsidu d'un polycarbodihmide (PCDI)
poiyfonctionnel obtbnu par reaction d'so- cyanates mono-, di- et
tri-cycloaliphatiques au aliphatiques saturis dons lesqudls les groupements
cycioaiiphatiques contiennent 5 a 7 atomes de carbons et peuvent etre
substitues avec des radicaux alkyie ayant 1 A 8 afomes de carbons, et de I
'oxyghne, et les groupemrents aliphatiques satures contiennent I a 18
atomes de carbons, fs. mono- et trilsocyanates 6tant facultaftis. 25
8. Emulsion comprenant on melange dans un mfilou aqueux: 



(a) un polycarbodilimdo hydrophobe et (b) un polycarbodlimide tenslo-aciff
suivant rune queiconque des revendications 1 a 7 et, a ttre facul- tatif,
(c) un surfactant additionnel. 30      9. Composition reticulable,
comprenant en melange (a) une emulsiond'une resine contenantdes groupes
carboxyle ou d'uns resine organique hydrosolubie carboxyile neutrallise et
(b) un poycarbodlimide tenslo-actif selon runs quelconque des
rovendications 1 a 7 etlou (c) une 6mulsion suivant ia revendication 8 et a
tire facultatif 35     (d) un surfactant additionnel. 10. Procidi de
preparation d'une emulslon, qul consists a melanger. dana un milieu aqueux:
(a) un carbodlmide hydrophobe et (b) le carbodlmnide tbnslo-actif de I'une
quelconque des revendications I a7T, le carbodimide tenslo- actif etant de
preferenoe form  In situ dans une matnico du carbodilmide hydrophobe. 40
11. Procede de preparation drune composition reifcuiable, qul consists a
milanger: (a) une 6mulsion d'une resine contonant des groupes carboxyie,
(b) un polycarbodilmide tensio-actif solon luns quelconque des
revendications 1 a 7 estou (c) une emulsion salon ia revendication 8. 12.
Procede de reticulation d'une resine contenant des groupes carboxyle ou
d'une resine organique 45  hydrosoluble carboxyqis neutrailsee, consistant
(a) a melanger ladits resine avec une emulsion d'un carbodimide
tensio-actif selon lune quelconque des revendications I a 7 et (g) a
laisser as volatiliser certaines maflbres formulees, pour obtenir un
prodult rnticuib. 50 55 29    EP 0241 805 B1 REACTION MECHANISM Part I
FIG. I [err] 30    


