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[57] ABSTRACT

Polyquatcrnary flocculants of average molecular
weight, in excess of 10,000 are prepared by reacting a
secondary amine with an epihalohydrin or diepoxide
for use in flocculation of aqucous systems where ordi-
nary cationic flocculants cannot be used.
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1
POLYQUATERNARY FLOCCULANTS

Matter enclosed in heavy brackets [ J appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

This application is a divisional reissue of Ser. No.
223,622, filed Feb. 4, 1972, now U.S. Pat. No.

3,738,945, issued June 12, 1973, which is a continua-
tion-in-part of co-pending application Ser. No.
115,556, filed Feb. 16, 1971, now abandoned. U.S. Pa:.
No. Re. 28,808 (Ser. No. 448 .599) is also a divisional
reissue of said U.S. Pat. No. 3,738,945.

This invention relates to new polyquaternary com-
pounds of high molecular weight and to the processes
of preparation thereof. More particularly, the invention
relates to polyquaternary compounds derived from
major portions of dialkylamines and difunctional epox-
tde compounds or precursors thereof.

Flocculation of aqueous dispersions is an important
operation. Throughout this application the term ‘‘aque-
ous dispersion’’ will be used in its broad sense of any
system having at least two phases, one of which is a
continuous outer aqueous phase regardless of whether
the disperse phase or phases are suspensions of fine
particles or much larger particles. In other words, the
term will be used to cover systems from river water
having small amounts of suspended solids on through
industrial and municipal wastes, [ such as sewage,
sewage sludge to be dewatered J and industrial prod-
uct dispersions such as mashes from the fermentation
processes for producing such materials as enzymes, and
the hke. The aqueous dispersions with which the pre-
sent invention deals have disperse material which has a
negative charge and in the case of clarification of river
water, for example for producing drinking water or
industrial water, there is often chlorine present, which
creates further problems.

In order to flocculate aqueous dispersions where the
disperse phase has negative charges, it has been cus-
tomary in the past to use materials such as alum, ferric
salts, and the like which are transformed into the hy-
droxides or to use organic cationic flocculants, which
neutralize the negative charge. Particularly with disper-
sions which have been chlorinated, flocculants of the
present invention which are polyquaternary polymers,
are important as they are not only useful with nega-
tively charged particles but they also do not react with
chlorine under conditions of use and become degraded,
as is the case with certain other [ cation J cationic
flocculants.

Cationic flocculants are extensively used and some-
times even polyquaternary flocculants are used. How-
ever, as comparatively large amounts of the flocculants
are often needed and as quaternary compounds can be
fairly expensive, the cost of treatment is a serious eco-
nomic factor, and there is a great deal of room for
improvement which would permit using smaller
amounts and/or cheaper products.

The physical properties that are responsible for effec-
tive performance of various flocculants are not pre-
cisely known and, therefore, are not predictable. There
is no good correlation between property modifications
that result in more effective performance with one
flocculant type and those property modifications that
result in more efffective performance with another
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flocculant type. Although some physical properties are
shared by certain effective flocculants, the effect of

variation of individual properties thercof does not ap-
pear to have been investigated to any great extent nor
do the results of limited investigations lead to any con-
sistent conclusions.

U.S. Pat. No. 3,567,659, Nagy, Mar. 2, 1971, de-
scribes a cationic flocculant which is useful commer-
cially. The first example of this patent is repeated
below as Comparative Example A of this application
and constitutes the standard flocculant against which
the flocculants of the present invention are tested. This
compound is in practical commercial use and consti-
tutes one of the best presently available cationic floccu-
lants. The polymer is of high viscosity in the form of
aqueous solutions and is prepared so as to be close to
and just short of the point of incipient gelation. Thus, in
effect, the polymerization has been carried as far as 1s
practical while still retaining a polymer that is of suffi-
cient water solubility or dispersibility to be useful as a
flocculant. Further increases in viscosity of the aqueous
solution lead to gelation or poor stability before gela-
tion occurs with the consequent loss of water solubility
and dispersibility. Although there is some Increase 1n
flocculating efficiency of the polymer as molecular
weight increases, reflected in viscosity increases of
aqueous solutions, any increase in efficiency 1s accom-
panied by the threat of gelation and consequent loss of
product usefulness. Thus, although this patent teaches
highly effective flocculants, the limit of effectiveness is
reached with the cationic polymers at or about the
point where increases in molecular weight or solution
viscosity lead to gelation and insolubility and conse-
quent lack of suitability as flocculants.

Recent studies have shown that when the polymers
obtained by the U.S. patent cited above are subse-
quently quaternized, the quaternary polymers obtained
are good flocculants for aqueous dispersions having
dispersed material with negative charges, i.e. for the
same uses as the products of the present invention. The
products obtained, however, have a branched polymer
chain structure due to the polyfunctionality of methyl-
amine during polymer formation. The reaction product

of dimethylamine and difunctional epoxy compound,
or precursor therefor, gn the other hand, can produce

only a completely linear structure in the resulting poly-
quaternary compound. Subsequent quaternization of
the cationic products of the U.S. patent cited above
results in considerable reduction of the solution viscos-
ity thereof at equivalent polymer contents. This result
may be due to a reduction in molecular weight of the
original polymer formed or a product of different rheo-
logical properties.

German Auslegeschrift 1,111,144, July 20, 1961,
produces a polyquaternary by reacting dimethylamine
with epichlorohydrin. The product is obtained by a
cold reactant addition stage in a dilute aqueous me-
dium followed by a staged heating procedure and is
described as a treating agent for dyed materials or as a
dyeing assistant. No suggestion of use as a flocculant is
made. The products are of low molecular weight as
reflected in a viscosity when measured on the Gardner-
Holdt scale at 25° C. and at 37% solids, by weight,
based on the cationic portion of the polyquaternary
compound, of 70 centistokes or less. While subsequent
evaluation of the products as flocculants, as reported in
Comparative Example B of this application, has shown
some efficiency, the efficiency is considerably less than
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he polyquaternaries of the present invention and such
:valuation was not suggested in the publication cited.
['he inventors of the German Auslegeschrift apparently
vere unaware of methods of increasing molecular
veight of the polymer and, since the polymers they
ybtained were satisfactory for the use intended, were
>ontent not to go beyond the extent of polymerization
ictually achieved. Consequently, the products of the
serman Auslegeschrift cited above, although not sug-
rested for use as flocculants therein, are, in fact, at
nost only slightly better than the products of U.S. Pat.
No. 3.567,659 when evaluated as river water floccu-
ants.

U.S. Pat. No. 2,454,547, Bock et al., Nov. 23, 1948,
liscloses preparation of polyquaternary compounds by
eaction of secondary amines with epichlorohydrin.
Fhe compounds obtained are surface active and of
uch low molecular weight as not to be considered for
1se as flocculants. The compounds are prepared by use
f expensive solvents, which use increases product
rosts and requires additional processing steps for sol-
rent recovery.

L U.S. Pat. No. 3,259,570 discloses a polymer pre-
rared from equimolar quantities of epichlorohydrin
ind dimethylamine and in addition 13% by weight of
etracthylenepentamine. The polymer thus produced is
10t within the scope of the present invention, because
he quantity of epichlorohydrin is exceedingly low to
nake possible the formation of polymers which are
:ontemplated by means of the present invention. J

In accordance with [ a first ] the product aspect of
he present invention, there is provided a water-dis-
ersible polyquaternary compound consisting essen-
1ally of the repeating units

{L} ¥

vherein R and R, are individually selected from the
sroup consisting of alkyl of 1 to 3 carbon atoms; E 1s
he residue obtained after bifunctional reaction of a
sompound selected from the group consisting of epi-
1alohydrins, diepoxides, precursors for epithalohydrins
ind diepoxides, and mixturcs thereof; m and n are
ntegers of substantially the same value, the combina-
ion of which is such as to provide a polyquaternary
zompound which as a 37% aqueous solution, by weight,
rased on the total weight of the cationic portion of said
yolyquaternary compound, has a viscosity at 25° C. of
it least 100 centistokes; and X~ represents an 1on form-
ng the anionic portion of said polyquaternary com-
sound.

L This ] The product aspect of the present inven-
ion, as is apparent, involves two specific reactants
only, a lower dialkylamine and a difunctional epoxy
ype reactant. The polyquaternary compound ditfers
‘rom prior art products in several significant aspects.
Compared with polyquaternaries which are obtained
yy first preparing a polymer from a primary amine and
an epoxy compound and subsequently quaternizing the
resulting polymer, the polyquaternary compounds of

the present invention are essentially linear in structure 63

and not influenced in molecular configuration by inter-
mediate preparation. Compared to polyquaternary
compounds obtained by reaction of secondary amines
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with epichlorohydrin under prior art reaction condi-
tions, the present compounds are much higher in solu-
tion viscosity at comparable solid concentrations and
provide outstandingly superior efficiency in uses such
as in [ river water J flocculation of kaolin suspensions
it is believed that the higher solution viscosities of the
present compounds stem from the fact that in their
preparation those conditions, 1.e. excessive water us-
age, which lead to premature termination of growing
polymer chains, i.e. by cyclization and hydrolysis are
avoided.

[ In accordance with a second product aspect of the
invention, there is provided a water-dispersible poly-
quaternary compound consisting essentially of the re-

{{1 £} b}
i

wherein R and R, are individually selected from the
group consisting of alkyls of 1 to 3 carbon atoms; E is
the residue obtained after bifunctional reaction of a
compound selected from the group consisting of epi-
chalohydrins, diepoxides, precursors for epihalohy-
drins and diepoxides, and mixtures thereof; A 1s the
residue obtained after bifunctional reaction of a poly-
functional polyamine selected from the group consist-
ing of ammonia, primary amines, alkylene diamines of
2 to 6 carbon atoms, polyalkylpolyamines of the struc-
ture

R,

wherein y represents an integer of about 1 to 5, R31s an
alkylene radical of about 2 to 6 carbon atoms, and R4 1s
selected from the group consisting of hydrogen, alkyl of
about | to 3 carbon atoms, and w-aminoalkyls of about
2 to 6 carbon atoms, a polyglycolamine of a structure

such as

CH, CH,

H,N—}CH,CH—-O —CH.,CI!I-—NHE

oI

wherein x i1s an integer of about 1 to §, piperazine
heteroaromatic diamines of the structure

rOH_| NH
yd 3
LS

wherein q is zero or an integer of about 1 to 3, aromatic
diamines of the structure

-—rCH;:L-NH: '
mN-Lom - :

L

wherein q is zero or an integer of about 1 to 3, and

polyamine-polybasic acid condensation products of
molecular weight up to about 10,000, X~ is an ion

forming the anionic portion of said polyquaternary
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compound, m and p are integers which represent the
molar quantities of amine reactants, the ratio of m to p
being from about 99:1 to 85:15; n represents the molar
quantity of E forming the principal chain of said poly-
quaternary, the molar quantity represented by n being
substantially equal to the sum of the molar quantities of
m and p; said polyfunctional amine containing in addi-
tion to the amount of E required for difunctional reac-
tion therewith an amount of E which is from zero to
about the full functional equivalency remaining in said
A; the sum of m, n and p being such as to provide a
polyquaternary compound which as a 37% aqueous
solution, by weight, based on the total weight of the
cationic portion of said polyquaternary has a viscosity
at 25° C. of at least 10 centistokes; and z is an integer
such as to satisfy anion requirements of said polyquat-
ernary compound. 3

L This second product aspect, as far as is known,
represents novel polyquaternary compounds. In addi-
tion to outstanding performance as flocculants, these
polyquaternaries have a widely diversified range of
utility, highly unexpected in a single type of polymer
compound in view of prior art compounds. The poly-
mers of the second product aspect are operative in
flocculant operations wherein most other cationic floc-
culants fail. The process of preparation, discussed be-
low, Involves direct reaction to polyquaternary com-
pounds and may involve subsequent modification to
increase content of quaternary nitrogen groups. J

In accordance with the process aspect of the inven-
tion [ corresponding to the first product aspect }
there is provided a process for preparing a polyquater-
nary compound from a secondary amine selected from
the group consisting of dialkylamines wherein the alkyl
groups are individually selected from those containing
|1 to 3 carbon atoms and an epoxy compound selected
from the group consisting of epihalohydrins, diepox-
ides, precursors for epihalohydrins and diepoxides, and
mixtures thereof which process comprises the steps of
(1) preparing an aqueous reaction mixture of one of
said reactants, the amount of water present being from
about 10% to about 55% by weight, based on the total
weight of reactants and water, (2) adding the other of
said reactants to the reaction mixture at a rate which
maintains the reaction mixture at a temperature in the
range of about 20° to 70° C., the total amount of reac-
tants employed being substantially equimolar, (c¢) heat-
ing the reaction mixture thus obtained at a temperature
in the range of about 40° to 70° C. for a time period
sufficient to obtain a polyquaternary which as a 37%
aqueous solution, by weight, based on the total weight
of the cationic portion of the polyquaternary com-
pound has a viscosity at 25° C. of at least 100 centi-
stokes, and thereafter recovering the polyquaternary

compound thus formed.
[ In accordance with the process aspect of the inven-
tion corresponding to the second product aspect, there

Is provided a process for preparing a polyquaternary
compound from a first reactant selected from the group
consisting of dialkylamines wherein the alkyl groups

are individually selected from those containing 1 to 3

carbon atoms; a second reactant selected from the
group consisting of ammonia, primary amines, al-
kylenediamines of about 2 to 6 carbon atoms, poly-
amines of the structure -

l'h
HsN——R,— N-4{—R,—NH,
- ¥

10

15

20

25

30

35

40

45

50

55

60

65

6
wherein y represents an integer of about 1 to 5, R is an
alkylene of about 2 to 6 carbon atoms, and R, is se-

lected from the group consisting of hydrogen, alky! of
about 1 to 3 carbon atoms, and w-aminoalkyls of about

2 to 6 carbon atoms, a polyglycolamine of a structure

II-I-,..I IH,.I
H.N CH,CH-O CH,CH—NH,

wherein a is an integer of about 1 to 5, piperazine,
heteroaromatic diamines of the structure

such as

g-JJ-.—N Hs

Lon

V

wherein q is zero or an integer of about 1 to 3, aromatic
diamines of the structure

—ECH::I—-—NII:
L og L")
an-Lon ¢ 7S

wherein p and q individually are selected from zero and
integers of about | to 3 and polyamine-polybasic acid
condensation products of molecular weight up to about
10,000: and a third reactant selected from the group
consisting of epihalohydrins, diepoxides, percursors for
epihalohydrins and diepoxides, and mixtures thereof,
the molar quantity of said first and said second reac-
tants being such as to provide a ratio of 99:1 to 85:15,
respectively, and the molar quantity of said third reac-
tant being an amount which ranges from substantially
equimolar to the total molar quantities of amines em-
ployed substantially equal to the total functionality
requirements of the amines; which process comprises
(a) forming an aqueous reaction of said reactants while
maintaining the reaction mixture at a temperature in
the range of about 20° C. to about 100° C., the amount
of water in said mixture being from about 10% to about
35%, by weight, based on the total weight of reactants
and water; (b) maintaining said reaction mixture at a
temperature in the range of about 50 to 100°C. until a
polyquaternary is obtained which as a 37% aqueous
solution, by weight, based on the total weight of the
cationic portion of said polyquaternary compound has
a viscosity of 25° C. of at least 10 centistokes, and
thereafter recovering said polyquaternary com-
pound. }

The products of the present invention are superior
flocculants [ to those of the prior art, being at least
125% more efficient in flocculating river water than the
best prior art flocculants. [n other applications, such as
in treatment of sewage sludges, the products of the
second product aspect of the invention have vastly
supertor flocculating efficiency, being useful under

conditions where other flocculants fail completely J.
Their improved efficiency enables greater flocculation



Re. 28.807

7

to be achieved at a given usage level and equal floccu-
lation to be achieved at lower active usage than certain
conventional flocculants both aspects resulting in sig-
nificant advances in the art and greatly economizing
processes of flocculation. Products of the invention
have many additional uses besides those of floccula-
tion. Although certain other flocculants have a limited
number of additional uses, the wide versatility in effec-
tive uses of present compounds has never previously
been demonstrated by a single specific polyquaternary
type, as far as is known. This versatility of utility of
present compounds reduces greatly the number of
compound types that are needed for specific applica-
tions and thus reduces the need to prepare and inven-
tory spectfic compounds for specific utilities. The more
efficient performance of the present compounds also
reduces preparation and inventory requirements.

The process aspects of the present invention also
offer advantages over prior art processes and provide
advances in the art thercby. In the present invention
polyquaternaries are produced directly from starting
rcactants in a simple process, thus eliminating many
steps and expensive solvents associated with former
processes. The processes are readily carried out using a
sirigle reactor in a continuing manner, thus eliminating
the need for multiple reactors and intermediate prod-
uct isolation. The processes arc carried out in a manner
which minimizes time elapsed from inception to com-
pletion of the reactions and thus increases production
capacity of a given reactor over a given time period.
[ In spite of the various advantages of the processes,
however, they ncvertheless provide polyquaternary
compounds which are superior in performance in utili-
ties such as flocculation and sludge dewatering, for
example. } |

The polyquaternary compounds of the present pro-
cess being the result of a polymerization reaction, are
not obtained as simple single substances. Instead the
products are obtained as a mixture varying in molecu-
lar weight as to individual species. Complicating the
characterization of the polymeric maternial i1s the fact
that ionic polyquaternary compounds are involved and
characterization is influenced by the anionic portions
present. To avoid these various problems, viscosity of
aqucous solutions of the polyquaternary compounds 1s
determined at concentrations expressed in terms exclu-
sive of the anionic portion thercof to characterize the
polymers and this property is known to correlate well
with molecular weight of polymers. Throughout the
specification and claims, therefore, the viscosity mea-
surement reported is measured at 25° C. in aqueous
medium at 37% polymer solids, by weight, based on the
total weight of the cationic portion of the polyquater-
nary compound, that is to say the polymeric matenal
minus its associated anion.

In preparing the various products of the present in-
vention epoxy type reactants arc employed. Epihalohy-
drins are used and are intended to include epichlorohy-
drin and epibromohydrin, for example. Longer chain
epihalohydrins may also be used. Epichlorohydrin 1s
preferred both from economic and reactivity aspects.
Diepoxides, such as 1,4-butanediol-diglycidy! ethers, a
preferred diepoxide, are also useful. It is to be noted
that epihalohydrins and diepoxides are bifunctional in
reaction and this permits formation of essentially linear
polymers in appropriate instances. Precursors for epi-
halohydrins and diepoxides are also useful. For exam-
ple, 1,3-dichloropropanol-2, a precursor for epichloro-

10

15

20)

25

30

35

40

45

50

55

60

65

8

hydrin, may be used. Similarly, 1,4-dichloro, 2,3-dihy-
droxybutane, the precursor for 1,3-butanediepoxide,
may also be used. These precursors are readily con-
verted into corresponding epoxy compounds under
alkaline conditions and thus are generally employed
under alkaline conditions in the present processes.
Mixtures of the various epoxy type reactants may also
be employed. In forming the [ principal J polymer
chain, the amount of epoxy type compound should be
substantially equimolar in amount to the total molar
amount of amine usage [, viz., the dimethylamine and
the polyamine employed Y . If this condition is not met,
that is, the epoxy type reactant is less in amount, [ the
polyamine will act as a chain termination, thus resulting
in J  significantly lower molecular weight poly-
mers [.J will result. L Controlled addition of reactants
in forming the reaction mixture can also be employed
as a means of influencing formation of the principal
polymer chain. In preferred instances, subsequent to
reaction of eguimolar amounts of total amine and
epoxy type reactants, additional increments of epoxy
type reactant are added to react with unreacted func-
tionalities of the polyamines, providing acceptable
branching and additional guaternization, as well as
cross-linking of separate molecular chains. If the epoxy
type reactant is held below the minimum specified
heretnabove, the reaction i1s terminated much sooner
then is desired. The choice of relative amounts of
epoxy type reactant and total amine contemplated by
means of this invention leads to the formation of high
molecular weight linear chains in the polymer back-
bone, with the desired branch or cross-linking sites.
Additional reaction with epoxy type compound of un-
reacted amine functionalities also tends to diminish
susceptibility of the polyquaternary compound to chlo-
rine attack where present in specific utilities. In this
respect, therefore, it is to be understood that usage of
epoxy type compound can be up to the full equivalency
of the amine reactants present, which can be much
higher than equal molar quantity. §

Secondary amines useful in the processes of the pre-
sent invention include dimethylamine, preferred, dieth-
ylamine, dipropylamines, and secondary amines con-
taining mixtures of alkyl groups having 1 to 3 carbon
atoms. Sccondary amines of higher carbon atom con-
tents are generally sluggish in reaction due to steric
effects of the substituents present therein. Thus, such
amines not only require unduly long reaction times but
may also interfere with quaternary formation. Mixtures
of the amines recited above may also be employed. It is
to be noted that secondary amines are bifunctional in
reaction with the bifunctional epoxy type reactants, a
first function provided by the hydrogen atom and a
second function involving quaternization of the nitro-
gen atom. Where a secondary amine is the sole amine
type employed in the preparation, the polymer ob-
tained by use of difunctional epoxy type compound can
only be linear in structure.

L Where polyamines are contemplated in the prepa-
ration of the polyquaternary compounds, they should
constitute at least about 1% but not more than about
15% of the total molar amount of amines in the reac-
tion and more usually about 2 to 8% of the molar
amount. Higher amounts lead to excessive chain
branching and can adversely effect performance and
solubility of the products. The specific content of poly-
amine that may be used will vary in individual instances
depending primarily upon the total functionality of the
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polyamine considered. Thus, polyamines of very high
functionality . can generally only be used in smaller
amounts while polyamines of low functionality can be
used in greater amounts, within the general range spec-
ified For example, a diamine having a functionality of 6
or more with respect to the epoxy type reactant cannot
be used in amount greater than 8% on a molar basis
based on the total molar amount of amines employed,
whereas with a functionality of the polyamine less than
6, the amount thereof is greater than 8 mol percent of
the total amine. The upper limit of usage of a poly-
amine is that amount which still provides a water-solu-
ble product. Referring to ethylenediamine, for exam-
ple, it should be noted that this amine is hexa-func-
tional with respect to reaction with epoxy type com-
pound, four functionalities provided by the two hydro-
gen atoms present on each amine group and two addi-
tional functionalities involving quaternization of each
of the two nitrogen atoms. Not all of these functionali-
ties are of equal reactivity and, consequently, possibili-
ties for control of the reaction to some extent between
chain formation, chain branching, and quaternization
are provided. Amounts of polyamine below about 1
mole percent based on the total molar amount of
amines employed generally do not have any significant
effect on the properties of the polyquaternary com-
pound and it is generally preferred to have at least 2
mole percent present, same basis. }

L Ammonia is polyfunctional in its reaction with an
epoxy type reactant and may be employed as an equiv-
alent to a polyamine. Primary amines are also useful
and include a wide variety of aliphatic and aromatic
species. The only requirements as to use of primary
amine are that it possess sufficient reactivity with the
epoxy type compound to exhibit polyfunctional reac-
tion and that its use not result in water-insolubility of
the polyquaternary. Preferred primary amines are
lower alkyl amines wherein the alkyl groups contain up
to about 3 carbon atoms. }

[ Polyamines which may be employed include al-
kylenediamines of about 2 to about 6 carbon atoms
such as ethylenediamine, propylenediamine, and hexa-
methylenediamine. Oligomers of alkylene diamines are

obtained from still bottoms resulting from the purifica-
tion of certain alkylenediamines for other industrial

purposes, for example in the purification of hexameth-
ylenediamine used extensively for producing various
nylons. The still bottoms, although not readily charac-

H]10 O H

H
I | |1 ( ) I
H,N§+ CH,CH;:N—4—CH;,CH.N4 C++CH. N
4

terized as to exact composition give excellent results in
preferred embodiments of the present invention and,
since they are byproducts, are economical. Polyalk-
ylenepolyamines are also useful in the present process
‘and include such compounds as diethylenetriamine,
dipropylenetriamine, triethylenetetramine, pentae-
thylenehexamine, nitrilotris (propylamine},
propylenediamine, N-methyl, N-propylamine, nitrilo-
tris(ethylamine) and generally any compound of the
following structure:
llh

H,N Ry—N-—-4—R;3;—NH,

C H,CH:N
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wherein y represents an integer of about I to 5, Ry 1s an
alkylene group of about 2 to 6 carbon atoms, and R 1s
selected from the group consisting of hydrogen, alky! of
about 1 to 3 carbon atoms, and w-aminoalkyls of about
2 to 6 carbon atoms. In addition, other usetul poly-
amines include polyglycolamines of a structure such as:

CHy, CH,

10 I!,
H.N—f¢—CH,CH—-O4 —CH,CH—NH,
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wherein a is an integer of about | to 5, heterocyclic
15 aliphatic diamines such as piperazine, heteroaromatic
diamines of the structure:

CHl:I—N Hy

/ a
N /5
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25
wherein q is zero or an integer of about 1 to 3, and
aromatic diamines of the structure:

30

GHr—-‘—N Hj

e O
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wherein p and q are individually zero or an integer of
about 1 to 3.}

[ Polyamine-polybasic -acid condensation products
are obtained by condensing a polyfunctional amine
with a polyfunctional acid using a slight excess of amine
so as to provide an amine-terminated product. Such
condensates are widely known, as are their preparative
methods. Typically, one would condense an amine such
as triethylenetetramine with an acid such as adipic acid
using a slight excess of amine over an equimolar charge
of reactants. The product obtained has the structure:

|

H
— CH,CHN ‘H,CH,N -} —CH,CH,NH,

0O 0 T
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wherein n is an integer such as to indicate a polymer of
a molecular weight up to about 10,000. Although the
polymer contains amide linkages, it is terminated with
amine groups and has additional amine functionality
depending upon the number of amine groups in the
polyamine employed. Although the condensation prod-
uct is typified by triethylenetetramine and adipic acid,
it is to be understood that other polyamines and poly-
basic acids, as is well known, may be employed in pre-
paring the condensate. §

In carrying out the reaction of epoxy type com-
pounds [ solely J with secondary amine, addition 