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This invention relates to polymeric products 
and more particularly to new polymeric quater 
nary ammonium salts. 
Polymeric quaternary ammonium salts where 

in the nitrogens of the quaternary ammonium 
salt groups are contained as intralinear substitu 
ents in the polymer chain are known in the art. 
Examples of these compouns are described in 
U. S. Patents 2,261,002, 2,271,378 and 2,388,614. 
Such compounds are generally prepared by the 
reaction between difunctional di-tertiary amines 
and dihalides. In U. S. Patent No. 2,487,829 of 
Richards there are disclosed polymeric N-alkyl 
vinyl pyridinium halides in which the quaternary 
ammonium salt groups consist of N-alkyl pyri 
dinium type groups, wherein the quaternary ni 
trogens are those of the pyridine rings, and are 
attached directly to the main polymer chain. In 
these pyridinium type quaternary nitrogen com 
pounds three of the valences of the quaternary 
nitrogens are utilized in the formation of an 
aromatic ring and the recurring units in the main 
polymer chain consist predominantly of two car 
bon hydrocarbon units. 

, It is an object of this invention to provide new 
polymeric products. A further object is to pro 
vide new polymeric quaternary ammonium salts. 
A still further object is to provide new polymeric 
quaternary ammonium saltswherein the quater 
nary ammonium salt groups are present as extra 
linear substituents and the nitrogens of said ex 
tralinear quarternary ammonium salt groups are 
bonded, other than to the acid anion salt radi 
cals, solely to aliphatic, cycloaliphatic, saturated 
heterocyclic and araliphaticsubstituents, i. e., are 
singly'bonded solely to aliphatic carbon. Other 
objects will appear hereinafter. 
The objects of this'invention are accomplished 

by providing a new class of polymeric polyqua 
. ternary ammonium salts which contain recurring 
- quaternary ammonium salt units inv which the 
nitrogen atom is extralinear (i. e., is not an in 
tegral- part of the main polymer chain) and in 
which two of the valences of the nitrogen are 
satis?ed by aliphatic cycloaliphatlc monovalent 
hydrocarbon radicals or, monovalent, hydrocar 
bon radicals which may be joined together in a 
"ring, in which instance a chalcogen of atomic 
weightless than 33, i. e., oxygen or sulfur, may be 
part of_ the ring. A third valence of the nitrogen 
‘is satis?edby a monovalent acid anion of an or 
ganic or inorganic mono-v or polybasic acid of 

' primary acid ionization constant, 1. e.,,K1, greater 
.;».than,=,1.6><;l0,-5, .anda fourth valence is satis?ed 
by-anjaliphatic carbon", which, inturn, is bonded, 
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solely to hydrogen and/ or hydrocarbon radicals— 
the above-described two units ?lling the third 
and fourth valences of the nitrogen together 
forming an ester. The ?fth and remaining 
valence of the nitrogen is satis?ed by a hydro 
carbon radical containing at least three con 
tiguous carbon atoms, at least two of which are 
an integral part of the main polymer chain. 
These polymeric poly-quaternary ammonium 
salts can contain carbonyl carbon in the'remain 
ing hydrocarbon radicals containing at least 
three contiguous carbon atoms at least two of 
which are an integral part of the main polymer 
chain—said hydrocarbon radicals joining the 
above-described quaternary ammonium salt 
units. ' 

Examples of cycloaliphatic monovalent, hydro 
carbon radicals are cyclohexyl, methylcyclohexyl, 
and the like. 
This new class of polymeric poly-quarternary 

ammonium salts can be obtained by hydrogen 
ating a polymeric ketone in the presence of at 
least one saturated aliphatic, cycloaliphatic, or 
heterocyclic secondary monoamine (in the case 
of the saturated heterocyclic secondary mono 
amines, the heteroatoms in the cycle, if any, 
other than the amino nitrogen being chalcogens 
of atomic weight less than 33) until at least 25% 
of the carbonyl groups have been converted to 
extralinear tertiary amine groups and. then re 
acting the resulting polymeric poly-tertiary poly 
amine with .at least one ester until at least 10% 
of the tertiary aminegroups have been quater 
nized. There can be employed to quaternize the 
polymeric polytertiary polyamines any ester of 
an organic or inorganic mono- or polybasic acid 
of K1 greater than 1.6><10-5 with an alcohol 
having an alcoholic hydroxyl group bonded di 
rectly to an aliphatic carbon which carries, in 
addition, solely hydrogen and/or hydrocarbon, 
preferably aliphatically saturated, substituents, 
said alcohol containing a total of from 1 to 18 

_ carbons. 

The intermediate polymeric poly-tertiary poly 
amines contain recurring structural units in 
which the nitrogen atom is extralinear and in 
which two of the valences of the nitrogen are 

~ satis?ed by monovalent, aliphatic or cycloali 
phatic, hydrocarbon radicals‘ ‘which may be 
joined together in a ring, in which instance a 
chalcogen of atomic weightless than 33‘may be 
part of saidvring, and the remaining valence of 
the nitrogen is satis?ed by a hydrocarbon radical 
containing at vleast three contiguous carbon 
atoms at least two of which vare an integral part 
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of the main polymer chain. These polytertiary curring structural groups of the following 
polyamines can also contain carbonyl carbon formula: ' 

TIL; .H mile; W WILCHJT 
\t, t, 1.1,, /X Lu. 1.. Lag-[Ur t). T 

either as an integral unit of the main polymer 10 wherein R, R1, and R2 are hydrogen or lower 
chain or extralinearly bonded directly thereto. alkyl radicals of from 1 to 2 carbon atoms and 
The preparation of these intermediate polymeric the total number of carbon atoms, if any, con 
poly-tertiary polyamines is more fully disclosed tained in R, R1 and R2 taken together cannot 
in U. S. Patents 2,063,158 and 2,495,255. exceed 2, i. e.,.is less than 3, i. e., ranges from 
The preferred polymeric quaternary ammonium 15 0 to 2; R3 and R4 are aliphatic or cycloaliphatic 

salts of this invention contain recurring quater- monovalent hydrocarbon radicals of from 1 to 18 
nary ammonium salt units in which the nitrogen carbons each which may be alike or different 
atom is extralinear and in which two of the and may be joined together in a ring, preferably 
valences of the nitrogen are satis?ed by mono- of 5 to 6 ring members, in which instance there 
valent aliphatic or cycloaliphatic hydrocarbon 20 may be a chalcogen of atomic weight less than 
radicals which may be joined together in a ring 33 present in the ring structure; R5 and X to 
in which instance a chalcogen of atomic weight gether form an organic ester of an alcohol and 
less than 33, i. e., oxygen or sulfur may be part an organic or inorganic acid used in the qua 
of the ring; the third and fourth valences of the ternization reaction, X being used to indicate the 
nitrogen are satis?ed by a monovalent acid anion 25 acid portion of the ester, being an acid anion of 
of an organic or inorganic mono- or polybasic an organic or inorganic acid of K1 greater than 
acid ‘of K1 greater than 1.6)(10‘5 and an aliphatic LBXIO'L-said acid being mono- or polybasic-— 
carbon carrying solely hydrogen and/or hydro- but X being attached to the nitrogen by ‘a single 
carbon radicals, preferably aliphatically satu- bond only, and R5, the alcohol portion of the 
rated, singly bonded directly thereto—said latter 30 ester being singly bonded through aliphatic car 
two units, satisfying the third and fourth valences bon to the nitrogen and carrying onsaid aliphatic 
of the nitrogen, together forming an ester of an carbon solely hydrogen and/or hydrocarbon radi 
alcohol and an organic or inorganic acid; and cals, preferably aliphatically saturated, and con 
the ?fth and remaining valence of the nitrogen taining from 1 to 18 carbons including said ali 
is satis?ed by an aliphatic hydrocarbon radical 35 phatic carbon; and nis a number from 1 to 150 
containing three contiguous carbon atoms, all of and preferably from 1.5 to 10. In these pre 
which are ‘a part of the main polymer chain and ferred polymeric poly-quaternary ammonium 
carrying ‘on the two contiguous carbon atoms in salts at least 25% and preferably 50% of the 
said chain bonded directly to the carbon ?lling recurring structural groups will contain nitrogen 
the ?fth valence of the nitrogen, hydrogen or 40 atoms of which nitrogen-containing groups at 
short ‘chain hydrocarbon substituents totalling no least 10% will contain quaternary ammonium ni 
more than two carbons. These preferred poly- trogen atoms. Thus, at least 10% of the nitro 
meric ‘quaternary ammonium salts can also con- gen containing groups ‘will be quaternized. 
tain carbonyl carbon in the chain of contiguous To further illustrate more speci?cally the new 
carbonatoms comprising the main carbon chain, 45 polymeric ‘poly-quaternary ammonium salts of 
i. e., there may be carbonyl carbons in the main this invention, the new polymeric poly-quater 
carbon chainfjoining the above-described quater- nary ammonium salts derived from the quater~ 
nary ammoniumfsalt'units. - nization of the poly-‘tertiary "polyamines obtained 
These preferred polymeric quaternary am- by the reductive animation with an ‘aliphatic, 

monium salts can be prepared by quaternizing 50 cycloaliphatic, or saturated heterocyclic second 
with an ester of an organic or inorganic mono- ary monoamine of ethylene/carbon monoxide co 
or polybasic acid of K1 greater than 1.o><10-5 and polymers will contain recurring structural units 
an alcohol, preferably a monoalcohol, having al- of the following formula: 

/. R5 X P /, ‘b1! J L\ 1.1% 
\N/ \R4 

Ra/ \R4 
coholic ‘hydroxyl bonded directly to aliphatic 60 where R3, R4, R5,'X, ‘and were de?ned vas afore 
carbon which carries, in addition, solely hydro~ said and at least 25% of the ‘recurring groups 
gen and/or hydrocarbon radicals, preferably ali- contain nitrogen atoms, of which nitrogen-con 
phatically saturated, at least 10% of the extra- taining groups at least 10% contain quaternary 
linear tertiary amine groups in a polymeric poly- ammonium nitrogen atoms. 
tertiary polyamine which in turn is prepared by 65 The following general description illustrates 
reductively aminating with hydrogen and an ali~ the preferred manner-of preparing the polymeric 
phatic or 'cycloaliphatic secondary amine at quaternary ‘ammonium salts of this “invention. 
least 25% and preferably 50% of the carbonyl A slight excess of the ester over the amount 
groups in a polymeric polyketone, said poly- theoretically required vfor the vdesired degree of 
ketone being the polymer of a monoolefin con- 70 conversion of the tertiary amine groups to 
taining from 2 to '4 carbon atoms with carbon quaternary salt groups ‘is added .to a solution 
monoxide in which the mole ratio of monoole?n of the poly-tertiary amine in a suitable solvent; 
to carbon monoxide is from 1:1 to 150:1. for example, liquid hydrocarbons oriliquid hydro 
Thus, the preferred polymeric quaternary am- carbon/alcohol mixtures such as benzene or a 

'monium salts of this invention will have re- 75 mixture of Xylene and isopropyl alcohol. The 
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resulting solution is allowed to stand at room 
temperature when the more reactive esters for~ 
quaternization are used, such as for instance, 
methyl iodide or methyl oyclohexanesulfonate. 
The solution may be, and preferably is, heated 
to the boiling point when less reactive esters, 
such as octadecyl bromide, are used for the qua 
ternization. Higher temperatures in the range 
180 to 200° C. can also be used in which case it 
is, of course, necessary that a closed reactor be 
used to prevent appreciable loss of the reactants. 
To prevent appreciable decomposition of the prod 
ucts even while carrying out these reactions under 
pressure, i. e., in‘ a sealed reactor, it is usually 
preferable not to heat the reactants above 175° C. 
The reaction is allowed to proceed for varying 

amounts of time ranging from 0.5 to 100'hours 
depending upon the temperature and the reac 
tivity of the ester being used in the quaterniza 
tion. The polymeric quaternary ammonium salts 
thus formed generally separate from the solution 
in the form of powdery solids or as tacky resins. 
If the product cannot be isolated by ?ltration, 
the solvents and excess ester can be removed by 
distillation under reduced pressure. 
The following examples, in which the parts 

given are by weight, are submitted to further 
illustrate but not to limit the products of this 
invention : 

Example I 

Fifteen (15) parts of methyl iodide are added 
to a solution of 15 parts of a poly-tertiary amine 
of neutral equivalent (N. E.) 276 in 135 parts of 
benzene. The polytertiary amine used had been 
previously prepared by the reductive amination 
with dimethylamine of an ethylene/carbon mon 
oxide polyketone of molecular weight 1180 con 
taining ethylene and carbon monoxide in a 
3.7:1 combined mole ratio. The solution sets 
to a solid gel in 45 minutes and is allowed to 
stand overnight. At the end of this time the 
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granular product, which separates from the re- . 
action mixture, is removed by suction ?ltration 
and then dried. There is thus obtained from 
the parent ethylene/carbon monoxide polyketone 

45 

15 parts (68% conversion based on the inter- ~ 
mediate poly-tertiary amine) .of the polymethyl 
ene trimethyl quaternary ammonium iodide as a 
cream-colored solid, which is readily soluble in 
water and exhibits positive bactericidal action 
against B. typhosa and Staphylococcus aureus. 
The starting poly-tertiary polyamine, assum 

ing that all the carbonyl groups in the original 
polyketone are converted to extralinear tertiary 
amine groups with dimethylamine, should con 
tain 8.9% nitrogen. Analytical determinations 
show the starting polyamine to contain 5.88% 
nitrogen, which ?gure indicates the conversion 
of 66% of the carbonyl groups in the parent poly 
ketone to tertiary amine groups, assuming that 
all the nitrogen present in the poly-tertiary 
amine is, in fact, resident in tertiary amine 
groups. On this basis, the conversion of all the 
tertiary amine groups present in the starting 
polymeric poly-tertiary polyamine to quaternary 
ammonium iodide salt groups with methyl iodide 
would require the‘ ?nal polymeric quaternary 
ammonium iodide salt to contain 34.8% iodine. 
Analytical results show the polymethylene tri 
methyl quaternary ammonium iodide product to 
contain 33.1% iodine, thus, indicating on this 
basis the conversion of 95% of the tertiary amine 
groups to (‘quaternary ammonium iodide salt 
groups. . 5Thus,?~ the'?nal product contains, using 
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6 
the above assumptions, 34% of the original car 
bonyl groups of the starting polyketone, 5% of 
the tertiary amine groups (i. e., 5% of 66% or 
3.3 % of theoriginal carbonyl groups in the parent 
polyketone as extralinear tertiary amine groups 
carrying two methyl substituents directly bonded 
to the nitrogen) and 95% of the tertiary amine 
groups as quaternary ammonium iodide groups 
.(i. e., 95% of 66% or 62.7% of the original car 
bonyl groups of the parent polyketone as extra 
linear quaternary ammonium iodide groups carry 
ing three methyl radicals and an iodide radical 
directly bonded to the extralinear nitrogen). 

Example II 

Forty (40) parts of methyl iodide are added 
to a solution of 100 parts of a poly-tertiary amine 
of N. E. 607 in 450 parts of benzene. The poly 
tertiary amine used had been previously pre 
pared by the reductive amination with dimethyl 
amine of an ethylene/carbon monoxide polyke 
tone of molecular weight 1650 containing eth 
ylene and carbon monoxide in a 10.9:1 combined 
mole ratio. The solution is allowed to stand over 
night at room temperature and the benzene sol 
vent and unreacted methyl iodide removed by 
distillation under reduced pressure. There is thus 
obtained from the parent ethylene/carbon mon 
oxide polyketone 90 parts (73% conversion based 
on the intermediate poly-tertiary amine) of the 
poly-methylene trimethyl quaternary ammonium 
iodide as an amber-colored, sti? resin readily sol 
uble inwater. - ‘ 

The starting poly-tertiary polyamine, assuming 
that all the carbonyl groups in the original poly 
ketone are converted to extralinear tertiary 
amine groups with dimethylamine, should con 
tain 3.84% nitrogen. Analytical determinations 
show the starting polyamine to contain 2.41% 
nitrogen, which ?gure indicates the conversion of 
63% of the carbonyl groups in the parent poly 
ketone to tertiary amine groups, assuming that 
all the nitrogen present in the poly-tertiary 
amine is in fact resident in tertiary amine groups. 
Onthis basis, the conversion of all the tertiary 
amine groups present in the starting polymeric 
poly-tertiary polyamine to quaternary ammo 
nium iodide salt groups with methyl iodide would 
require the ?nal polymeric quaternary ammo 
nium iodide salt to contain 18.1% iodine. Ana 
lytical results show the polymethylene trimethyl 
quarternary ammonium iodide product to con 
tain 15.2% iodine, thus, indicating on this basis 
the conversion of 84% of the tertiary amine 
groups to quaternary ammonium iodide salt 
groups. Thus, the ?nal product contains, using 
the above assumptions, 37% of the original car 
bonyl groups of the starting polyketone, 16% of 
the ‘tertiary amine groups (i. e., 16% of 63% or 
10.1% of the original carbonyl groups in the par 
ent polyketone as extralinear tertiary amine 
groups carrying two methyl substituents directly 
bonded to the nitrogen) and 84% of the tertiary 
amine groups as quaternary ammonium iodide 
groups (i. e., 84% of 63% or 52.9% of the original 
carbonyl groups of the parent polyketone as ex 
tralinear quaternary ammonium iodide groups 
carrying three methyl radicals and an iodide rad 
ical directly bonded to the extralinear nitrogen). 

Example III 

Thirty-four (34) parts of methyl iodide are 
added to a solution of 34 parts of a poly-tertiary 
amine of N. E. 327 in ‘180 parts of benzene. The 
poly-tertiary aminevused has been previously pre 
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‘pared by the reductive amination with dimethyl 
amine of an ethylene/carbon monoxide polyke 
tone of molecular weight 1040 containing eth 
ylene and carbon monoxide in a 4.7:1 combined 
mole ratio. The product is isolated as described 
in Example II. There is thus obtained from the 
parent ethylene/carbon monoxide polyketone 
about 30 parts (61% conversion based on the in 
termediate poly-tertiary amine) of the poly 
methylene trimethyl quaternary ammonium 
iodide as an amber-colored, brittle resin. 
The starting poly-tertiary polyamine, assum 

ing that all the carbonyl groups in the original 
polyketone are converted to extralinear tertiary 
amine groups with dimethylamine, should con 
tain 7.5% nitrogen. Analytical determinations 
show the starting polyamine to contain 4.9% ni 
trogen, which ?gure indicates the conversion of 
65% of the carbonyl groups in the parent poly 
ketone to tertiary amine groups, assuming that 
all the nitrogen present in the poly-tertiary 
amine is, in fact, resident in tertiary amine 
groups. On this basis, the conversion of all the 
tertiary amine groups present in the starting 
polymeric poly-tertiary polyamine to quaternary 
ammonium iodide salt groups with methyl iodide 
would require the ?nal polymeric quaternary 
ammonium iodide salt to contain 30.7% iodine. 
Analytical results show the polymethylene tri— 
methyl quaternary ammonium iodide product to 
contain 19.4% iodine, thus, indicating on this 
basis the conversion of 63% of the tertiary amine 
groups to quaternary ammonium iodide salt 
groups. Thus, the ?nal product contains, using 
the above assumptions, 35% of the original car 
bonyl groups of the starting polyketone, 37% of 
the tertiary amine groups (i. e., 37% of 65% or 
24.0% of the original carbonyl groups in the par 
ent polyketone as extralinear tertiary amine 
groups carrying two methyl substituents directly 
bonded to the nitrogen) and 63% of the tertiary 
amine groups as quaternary ammonium iodide 
groups (i. e., 63% to 65% or 41% of the original 
carbonyl groups of the parent polyketone as ex 
tralinear quaternary ammonium iodide groups 
carrying three methyl radicals and an iodide rad 
ical directly bonded to the extralinear nitrogen). 

I Example IV 

Thirteen and two-tenths (13.2) parts of freshly 
distilled benzyl chloride are added to a solution 
of 34 parts of the poly-tertiary amine described 
in Example III in 280 parts of benzene. The so 
lution is allowed to stand overnight and the prod 
uct isolated as described in Example II. There 
is thus obtained from the parent ethylene/carbon 
monoxide polyketone about 30 parts (64% con 
version based on the intermediate poly-tertiary 
amine) of the polymethylene dimethyl-benzyl 
quaternary ammonium chloride as a straw-col 
ored, hard resin readily soluble in water. 
As previously discussed in Example 111 analyti 

cal results on the starting poly-tertiary poly 
amine show the conversion of 65% of the car 
bonyl groups in the parent polyketone to tertiary 
amine groups with dimethylamine, assuming that 
all the nitrogen present in the poly-tertiary 
amine is, in fact, resident in tertiary amine 
groups. On this basis, the conversion of all the 
tertiary amine groups present in the starting 
polymeric poly-tertiary polyamine to quaternary 
ammonium chloride salt groups with benzyl 
chloride would require the ?nal polymeric qua 
ternary ammonium chloride salt to contain 8.9% 
chlorine. Analytical results show the poly 
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8 
methylene dimethylbenzyl quaternary ammonium 
‘chloride product to contain 6.0% chlorine, thus. 
indicating on this basis the conversion of 67% 
of the tertiary amine groups to quaternary am 
monium chloride salt groups. Thus, the ?nal 
product contains, using the above assumptions, 
35% of the original carbonyl groups of the start 
ing polyketone, 33% of the tertiary amine groups 
(i. e., 33% of 65% or 20.4% of the original car 
bonyl groups in the parent polyketone as extra 
linear tertiary amine groups carrying two methyl 
substituents directly bonded to the nitrogen) and 
67% of the tertiary amine groups as quaternary 
ammonium chloride groups (i. e., 67% of 65% or 
44.6% of the original carbonyl groups of the 
parent polyketone as extralinear quaternary am 
monium chloride groups carrying two methyl, 
one benzyl and one chloride radical directly 
bonded to the extralinear nitrogen). 

Example V 

Thirty-six (36) parts of methyl iodide are 
added to a solution of 33 parts of a poly-tertiary 
amine of N. E. 218 in 225 parts of benzene. The 
poly-tertiary amine used had been previously 
prepared by the reductive amination with di 
methylamine of an ethylene/carbon monoxide 
polyketone of molecular weight 1990, containing 
ethylene and carbon monoxide in a 15:1 com 
bined mole ratio. The solution warms spon 
taneously soon after mixing, and the solid poly 
meric quaternary ammonium salt begins to sepa 
rate after a period of 10 minutes. The mixture 
is allowed to stand at room temperature for 
about 90 minutes, and the product isolated by 
suction ?ltration and then dried. There is thus 
obtained from the parent ethylene/carbon mon 
oxide polyketone through the intermediate poly 
tertiary amine the polymethylene trimethyl 
quaternary ammonium iodide as a buir-colored, 
powdery product soluble in water. 
The starting poly-tertiary polyamine, assuming 

that all the carbonyl groups in the original poly 
ketone are converted to extralinear tertiary 
amine groups with dimethylamine, should con 
tain 13.9% nitrogen. Analytical determinations 
show the starting polyarnine to contain 8.14% 
nitrogen, which ?gure indicates the conversion 
of 59% of the carbonyl groups in the parent 
polyketone to tertiary amine groups, assuming 
that all the nitrogen present in the poly-tertiary 
amine is, in fact, resident in tertiary amine 
groups. On this basis, the conversion of all the 
tertiary amine groups present in the starting 
polymeric poly-tertiary polyamine to quaternary 
ammonium iodide salt groups with methyl iodide 
would require the ?nal polymeric quaternary am 
monium iodide salt to contain 43.0% iodine. 
Analytical results show the polymethylene tri 
methyl quaternary ammonium iodide product to 
contain 7.8% iodine, thus, indicating on this basis 
the conversion of 18.0% of the tertiary amine 
groups to quaternary ammonium iodide salt 
groups. Thus, the ?nal product contains, using 
the above assumptions, 41% of the original car 
bonyl groups of the starting polyketone, 82% of 
the tertiary amine groups (i. e., 82% of 59% or 
48.4% of the original carbonyl groups in the 
parent polyketone as extralinear tertiary amine 
groups carrying two methyl substituents directly 
bonded to the nitrogen) and 18% of the tertiary 
amine groups as quaternary ammonium iodide 
groups (1. e., 18% of 59% or 10.6% of the original 
carbonyl groups of the parent polyketone as 
extralinear quaternary ammonium iodide groups 
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carrying three methyl radicals and an iodide 
radical directly bonded to the extralinear nitro— 
gen). 
In this connection, it should be pointed out that 

the poly-tertiary amines used in preparing the 
preferred products of this invention, 1. e., the 
poly-tertiary amines obtained by the reductive 
amination with secondary amines of the mono‘ 
ole?n/carbon monoxide polyketones also contain 
primary and secondary amine groups. In some 
instances, the proportions of primary and sec 
ondary amine groups are relatively high,,but in 
no instance do they together account for more 
of the amino nitrogen in the polyamines so pre 
pared than the tertiary amine groups do. It is 
believed that these primary and secondary amine 
groups arise in the end product from the reductive 
amination of the polyketones with secondary 
amines due to the disproportionation of the sec 
ondary amines under the conditions of the reac 
tion to ammonia, a primary, a secondary, and 
even a tertiary amine, whose substituent radicals 
are, of course, those of the initially charged sec 
ondary amine. The formation of ammonia and 
a primary amine in addition to the original sec— 
ondary amine, of course, leads to the inclusion 
in the ?nal product of primary and secondary 
amine groups as well as the sought-for tertiary 
amine groups. As far as is now known, the 
monomeric tertiary amine resulting from the dis 
proportionation does not enter into reaction with 
the polyketone in any way and accordingly, does 
not occur, except as a possible contaminant, in 
the ?nal polymeric product. ' 

Example VI 

Twenty-?ve (25) parts of octadecyl bromide 
is added to a solution of 18.3 parts of a poly 
tertiary amine of N. E. 183 in a mixture of 90 
parts of xylene and 40 parts of n-butanol. The 
poly-tertiary amine used had been previously 
prepared by the reductive amination with di 
methylamine of another sample of the polyke; 
tone described in Example V. The reaction mix 
ture is'heated at the re?ux (123° C.) for 24 hours 
and the solvents removed by distillation under 
reduced pressure. There is thus obtained from 
the parent ethylene/carbon monoxide polyketone 
through the intermediate poly-tertiary amine,,a 
polymethylene dimethyloctadecyl quaternary 
ammonium bromide as a dark, amber-colored, 
brittle resin readily soluble in water._ - * 
The starting poly-tertiary polyamine, assum 

ing that all the carbonyl groups in the original 
polyketone are converted to extralinear tertiary 
amine groups with dimethylamine, should con-' 
tain 13.9% nitrogen. Analytical determinations 
show the starting polyamine to contain 8.73% 
nitrogen, which ?gure indicates the conversion 
of 63% of the carbonyl groups in the parent poly 
ketone to tertiary amine groups, assuming that all 
the nitrogen present in the poly-tertiary amine 
is, in fact, resident in tertiary amine groups. On 
this basis, the conversion of all the tertiary amine 
groups present in the starting polymeric poly; 
tertiary polyamine to quaternary ‘ammonium 
bromide salt groups with octadecyl bromide would 
require the ?nal polymeric quaternary am 
monium bromide salt to contain 16.7% bromine. 
Analytical results show the polymethylene di 
methyl octadecyl quarternary ammonium bro 
mide product contains 13.9% bromine,lthus, me, 
dicating on this basis the conversion of 83%»of 
the tertiary amine groups to quaternary am 
monium bromide salt groups. Thus, the ?nal 
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product contains, using the above assumptions, 
37% of the original carbonyl groups of the start 
ing polyketone, 17% of the tertiary amine groups 
(i. e., 17%‘of 63% or 10.7% of the original car 
bonyl groups in the parent polyketone as extra 
linear tertiary amine groups carrying two meth 
yl substituents directly bonded to the nitrogen) 
and. 83% of the tertiary amine groups as qua 
ternary ammonium bromide groups (i. e., 83% 
of 63% or 52.3% of the original carbonyl groups 
of the parent polyketone as ‘extralinear quater 
nary ammonium bromide groups carrying two 
methyl, one octadecyl, one bromide radical di 
rectly bonded to the extralinear nitrogen). 

Example VII 

, Thirty-two (32) parts of methyl cyclohexane 
sulfonate is added to a solution of 42.2 parts of 
a polytertiary amine of N. E. 211 in a mixture of 
2701parts of benzene and 80 parts of absolute 
ethanol. The poly-tertiary amine used had been 
previously prepared by the reductive amination 
with morpholine of another sample of the poly 
ketone described in Example V. The solution is 
allowed to stand at room temperature for six days 
and the solvents then removed by distillation un 
der reduced pressure. There is thus obtained 
from the parent ethylene/carbon monoxide poly 
ketone 70 parts (91% conversion based on the in 
termediate poly-tertiary amine) of the polymeth 
ylene methyl morpholino quaternary ammonium 
cyclohexanesulfonate as a brown, brittle resin 
soluble in water. ‘ 

The starting poly-tertiary polyamine, assuming 
that all the carbonyl groups in the original poly 
ketone are converted to extralinear tertiary amine 
groups with morpholine, should contain 9.8% 
nitrogen. Analytical determinations show the 
starting polyamine to contain 7.1% nitrogen, 
which ?gure indicates the conversion of 72% of 
the carbonyl groups inthe parent polyketone to 
tertiary amine groups, assuming that all the 
nitrogen present in the poly-tertiary amine is, in 
fact, resident in tertiary amine groups. On this 
basis, the conversion of all the tertiary amine 
groups present in the starting polymeric poly 
tertiary polyamine to quaternary ammonium cy 
clohexanesulfonate salt groups with methyl cy- ‘ 
clohexanesulfonate would require the ?nal poly 
meric quaternary ammonium cyclohexanesul— 
fonate salt to contain 9.2% sulfur. Analytical 
results show the polymethylene methyl mor 
pholino quaternary ammonium cyclohexanesul 
fonate product to contain 7.7% sulfur, thus, in 
dicating on this basis the conversion of 84% of 
the tertiary amine groups to quaternary am 
monium.cyclohexanesulfonate salt groups. Thus, 
the ?nal product contains, using the above as 
sumptions, 28% of the original carbonyl groups 
of the starting polyketone, 16% of the tertiary 
amine groups (i. e., 16% of 72% or 11.7% of the 
original carbonyl groups in the parent poly 
ketone as extralinear tertiary amine groups hav 
ing two of the valences of the nitrogen ?lled and 
joined through a 3-oxapentamethylene-1,5-di 
radical, i. e., the extralinear nitrogen is the nitro 
genof a morpholine ring), and 84% of the ter 
tiary amine groups as quaternary ammonium cy 
clohexanesulfonate groups (i. e., 84% of 72% or 
60.3% of the original carbonyl groups of the par 
ent polyketone as extralinear quaternary am 
monium cyclohexanesulfonate groups carrying 
one methyl and one cyclohexanesulfonate radical 
directly attached to the extralinear nitrogen, the 
two remaining valences of which are ‘together 
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joined in a morpholine ring, i. e., are ?lled by a 
3-oxapentamethylene-1,5-di radical). 

Example VIII 

Thirteen and ?ve-tenths (13.5) parts of tri 
ethylphosphate are added to a solution of a poly 
tertiary amine of N. E. 281 in a mixture of 90 
parts of xylene and 40 parts of isopropyl alcohol. 
The poly-tertiary amine used had been previ— 
ously prepared by the reductive amination with 
morpholine of an ethylene/carbon monoxide 
polyketone of molecular weight 1600 containing 
ethylene and carbon monoxide in a 6.0:1 com 
bined mole ratio. The ‘resulting solution is re 
?uxed at about 90° C. for about 24 hours and 
the solvents removed by distillation under re 
duced pressure. There is thus obtained from the 
parent ethylene/carbon monoxide polyketone 
through the intermediate poly-tertiary amine—a 
polymethylene ethyl morpholino quaternary am- ' 
monium ethyl phosphate as a straw-colored, vis 
cous liquid partially soluble in dilute acetic ‘acid 
and of limited solubility in water. 
The starting poly-tertiary polyamine, assuming 

that all the carbonyl groups in the original poly 
ketone are converted to extralinear tertiary. 
amine groups with morpholine, should contain 
5.2% nitrogen. Analytical determinations show 
the starting polyamine to contain 5.1% ‘nitrogen, 
which ?gure indicates the conversion of 98% 
of the carbonyl groups in the parent polyketone 
to tertiary amine groups, assuming that all the 
nitrogen present in the poly-tertiary amine is, in 
fact, resident in tertiary amine groups. On this 
basis, the conversion of all the tertiary amine 
groups present in the starting polymeric poly 
tertiary polyamine to quaternary ammonium 
diethyl phosphate salt groups with triethyl phos 
phate would require the ?nal polymeric quater 
nary ammonium diethyl phosphate salt to con 
tain 6.9% phosphorus. Analytical results show 
the polymethylene ethyl morpholino quaternary 

‘ ammonium diethyl phosphate product to contain 
1.2% phosphorus, thus, indicating on this basis 
the conversion of 17% of the tertiary amine 
groups to quaternary ammonium diethyl phos 
phate salt groups. Thus, the ?nal product con 
tains, using the above assumptions, 2% of the 
original carbonyl groups of the starting polyke— 
tone, 83 % of the tertiary amine groups (i. e., 83% 
of 98% or 81.3% of the original carbonyl groups 
in the parent polyketone as extralinear tertiary 
amine groups having two of the valences of the 
nitrogen ?lled and joined through a 3-oxapenta 
methylene-1,5-di radical. i. e., the extralinear 
nitrogen is the nitrogen of a morpholine ring‘), 
and 17% of the tertiary amine groups as quater 
nary ammonium diethyl phosphate groups (1. e., 
17% of 98% or 16.7% of the original carbonyl 
groups of the parent polyketone as extralinear 
quaternary ammonium diethyl phosphate groups 
carrying one ethyl and one diethyl phosphate 
radical directly attached to the extralinear‘nitro 
gen, the two remaining valences of which are to 
gether joined in a morpholine ring, i. e., are ?lled 
by a 3-oxapentamethylene-1,5-di radical). 
The monoole?n/carbon monoxide copolymers 

reductively aminated with secondary amines to 
form the polymeric polytertiary amines used as 
the starting materials for preparing the preferred 
products of this invention are formed by poly 
merizing at least one monoole?n containing from 
2 to 4 carbon atoms, such as ethylene, propylene, 
isobutylene, or a plurality of said monoole?ns 
with carbon monoxide in the presence of a suit 
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12 
able polymerization catalyst, for example, a 
peroxy compound, as disclosed and claimed in 
Patent No. 2,195,286 of M. M. Brubaker. 
These monoole?n/carbon monoxide polyke 

tones contain combined monoole?ns and carbon 
monoxide in the mole ratio ranging from 1:1 to 
150:1 and preferably from 1:1 to 50:1, and may 
contain other combined monomers such as vinyl 
chloride, vinyl acetate, styrene and other vinyl 
compounds; methyl methacrylate 'and other 
vinylidene compounds; dimethyl maleate, maleic 
anhydride,'- ‘and other vinylene compounds and 
the like. iTlhese monoole?n/carbon monoxide 
polyketones range in molecular weight from 250 
to 10,000 or higher. The polymers ranging in 
molecular‘w'eight from 1,000 to 3,000 and hav 
ing a combined monoole?n/carbon monoxide 
mole ratio of from 1.511 to 10:1 are preferred 
vfor use in making the poly-tertiary polyamine 
starting products necessary in the preparation 
of the preferred products of this invention 
since such polymers are much more readily pre 
pared. Furthermore, the poly-quaternary am 
monium salts therefrom derived are of greater 
utility because of their increased solubility and 
better flexibility, softness, and lower melting 
point. " 

The properties of the polymeric quaternary 
ammonium salts of this invention vary as a 
function of the amount of carbonyl groups in the 
parent polyketone converted to tertiary amine 
groups, the nature of the substituents on the 
tertiary amine groups, the degree of the con 
version of these tertiary amine groups to quater 
nary ammonium salts, and, in the case of the pre 
ferred products from the monoole?n/carbon 
monoxide polyketone, the combined monoole 
?n/carbon monoxide mole ratio. 
A typical preparation of a monoole?n/carbon 

monoxide polyketone used in preparing the start 
ing polytertiary polyamines necessary for the 
preparation of the preferred polymeric quater 
nary ammonium salts of this invention is given 
below, utilizing an ethylene/carbon monoxide 
polyketone: 
A 10/1 molar ratio mixture of ethylene and car 

bon monoxide is prepared in a reservoir cylinder 
by introducing carbon monoxide to a pressure of 
565 lb./sq. .in. and ?nally introducing ethylene to a 
total pressure of 600 atmospheres. The mixed 
gases ,are displaced from this reservoir by water 
from a variable .speed high pressure piston pump. 
A second pump is arranged to deliver a 0.471% 
solution of di-tertbutyl peroxide in benzene. 
These ‘two streams are combined in a T-block, 
passed .through a short section of unheated tub 
ing to'Tin-sure thorough mixing and ?nally enter 
intothe reaction coil which is immersed in an oil 
bathifat 175° C. The pumping rates are adjusted 
to provide a combined feed comprising 15% of the 
ethylene/carbon monoxide gas mixture, 0.15% 
di-tert-butyl'peroxide and 84.85% of benzene and 
to permit a contact time of approximately 8 
minutes in the heated reactor coil. The pressure 
on the entire system is maintained at 600 atmos 
pheres by manual control of the discharge rate 
through one of two pressure control valves lo 
cated at the end of the reactor coil. The product 
is expanded into collecting vessels arranged to 
permit bottom discharge of the liquid polymer 
solution while'unreacted gases are expanded from 
thetop'to pass in turn through a liquid-gas sepa 
rator, a wet test meter, a rotameter and ?nally 
to‘waste. 
The liquid product collected is a homogeneous 
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solution from which the polymeric product is iso 
lated by evaporation of the benzene solvent at 
80-85° C. under reduced pressure. The result 
ing polyketone is a ?rm, white wax comprising 
ethylene and carbon monoxide in 3.6/1 mole ratio 
and having an average molecular weight of 1180. 
This ?nal product is obtained at an average con 
version of 22% based on the total weight of eth 
ylene and carbonmonoxide pumped to the unit. 
The poly-tertiary polyamines, whose quater 

nary ammonium salts constitute the preferred 
products of the present invention, are obtained by 
the hydrogenation in the presence of at least one 
secondary amine of the monoole?n/carbon mon 
oxide polymers described in more detail in the 
previous paragraphs, According to one embodi 
ment, the reductive amination is effected by 
bringing into intimate contact the 'polyketone, 
hydrogen, and at least one secondary amine in 
the presence of a suitable hydrogenation catalyst, 
which is effective for the reduction of oxocar 
bonyl groups. The reaction is carried out at 
temperatures between 50—300° C., and generally 
between 150 and 250° C., under a total pressure 
in excess of 20 atm., and preferably in the range 
of 40 to 1500 atm. The catalyst is used in 
amounts of from 0.005 to 20% and usually from 
0.2 to 10% by weight of the polyketone. The sec 
ondary amine or amines are used in amounts of 
at least one mole, and usually from 2 to 12 moles, 
for every carbonyl group in the polyketone which 
it is desired to convert to a tertiary amine. The 
preparation and properties of these polymeric 
poly-tertiary polyamines are described in greater 
detail in Hoehn U. S. Patent No. 2,495,255. 
A typical preparation of one of the poly-tertiary 

polyamines used in preparing the preferred poly 
meric quaternary ammonium salts of this inven 
tion is given below: 
A mixture of 50 parts of an ethylene/carbon 

monoxide polyketone of molecular weight 1180 
containing ethylene and carbon monoxide in a 
combined mole ratio of 3.6:1, 5 parts of a nickel 
on-kieselguhr hydrogenation catalyst, and 100 
parts of dimethylamine is charged into a silver 
lined, steel, high pressure reaction vessel of in 
ternal capacity corresponding to 400 parts of 
water. The reaction is closed, placed in a shak 
ing machine, and connected to a source of hydro 
gen under high pressure. It is then heated to 
200° C. and agitated under 900-1,000 atm. hydro 
gen pressure for a period of 15 hours. The reactor 
is allowed to cool to room temperature, vented to 
the atmosphere, opened and the product removed 
and dissolved in benzene. The catalyst is re 
moved by ?ltration and the ?ltrate then concen 
trated by distillation under reduced pressure, 
thereby removing the benzene solvent and any 
unreacted dimethylamine. There is thus obtained 
from the parent ethylene/carbon monoxide poly 
ketone the N,N-dimethyl poly-tertiary amine as 
a light, straw-colored, soft grease readily soluble 
in dilute acetic acid. This poly-tertiary amine is 
determined by analysis to contain 5.88% nitrogen 
(by the Dumas procedure) and to exhibit a N. E. 
of 2'77. In theory, assuming each carbonyl group 
in the polyketone were to be converted to a ter 
tiary amine group, the ?nal product should con 
tain 8.9% nitrogen. Thus, the above nitrogen 
analysis, neglecting the previously discussed pos 
sibility of the presence of primary and secondary 
amine groups, corresponds to a conversion of 66% 
of the carbonyl groups in the origina polyketone 
to tertiary amine groups. 
In the preferred polyamines, namely, those pre 
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14 
pared by the reductive amination of the polyke-' 
tones obtained by the copolymerization of 2 to 4 
carbon monoole?ns and carbon monoxide, the re 
curring groups have the formula: 

FF/LCHLOHJHLQ Ell 
\ltl. l Lat). l... H A l l Ra 

wherein R, R1 and R2 are hydrogen or lower alkyl 
radicals of from 1 to 2 carbon atoms and the total 
number of carbons, if any, contained in R, R1 and 
R2 taken together cannot exceed 2, i. e., is less 
than 3, i. e., ranges from 0 to 2; R3 and R4 are 
aliphatic or cycloaliphatic, monovalent hydrocar 
bon radicals of from 1 to 18 carbons each which 
may be alike or different and may together be 
joined in a ring, preferably of 5 to 6 ring mem 
bers, in which instance there may be a chalcogen 
of atomic weightless than 33, i. e., oxygen, or sul 
fur, present in the ring structure; 11 is a number 
from 1 to 150 and preferably from 1.5 to 10; and 
m is a number from 0.25 to 1. These polymers 
can vary in molecular weight from 250 to 10,000 
or higher and preferably from 500 to 5,000 or 

R4 

The secondary amines useable in preparing the 
poly-tertiary amine starting materials necessary 
for the preparation of the preferred products of 
this invention, i. e., the poly-quaternary ammo 
nium salts from the poly-tertiary polyamines pre 
pared by the reductive amination of monoole 
?n/carbon monoxide polyketones, are aliphatic, 
cycloaliphatic, and saturated heterocyclic second 
‘ary monoamines wherein the .two radicals at 
tached to the nitrogen contain no more than 
eighteen carbons each and may ‘be alike or dif 
ferent and may together be joined in a ring, 
preferably of 5 to 6 ring members, in which in 
stance there may be a chalcogen of atomic weight 
less than 33, i. e., oxygen, or sulfur, present in 
the ring structure. Speci?cillustrations of these 
secondary monoamines are dialiphatic secondary 
monoamines, such as, diethyl-, dimethyl-, di-n 
propyl-, diisopropyl-, di-n-amyl-, dioctyl-, di 
decyl-, didodecyl-, ditetradecyl-, dihexadecyl, di 
octadecyl, N - methylethyl-, N - ethylpropyl 
amines; dicycloaliphatic secondary monoamines, 
such as dicyclohexylamine; aliphatic cycloali 
phatic secondary monoamines, such as N-ethyl 
cyclohexylamine; cyclic secondary aliphatic 
monoamines in which the heterocycle contains 
other than the amino nitrogen-solely carbon, 
such as piperidine; cyclic secondary monoamines 
in which the heterocycle--in addition to the ami 
no nitrogen-contains carbon and a chalcogen of 
atomic weight less than 33, such as those wherein 
the chal-cogen is oxygen, e. g., pyrrolidine and 
tetrahydro-1,4-(2)oxazine and those wherein the 
chalcogen is sulfur, such as tetrahydro-1A-thi~ 
azine. Because of their low cost and readier 
availability, the dialiphatic secondary mono 
amines, wherein the two radicals on the nitrogen 
carry no more than 8, and preferably no more 
than 4 carbon atoms, each are particularly pre 
ferred. , 

The esters of organic alcohols and organic or 
inorganic acids useable in preparing the poly 
meric quaternary ammonium salts of this inven- 
tion from the extralinear .polytertiary poly~ 
amines are those of mono- or polybasic organic 
or inorganic acids of K1 greater than 1.6><10—5 
and hydrocarbon alcohols of from 1 to 18 carbons 
wherein the alcoholic hydroxyls are bonded di 
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rectly to aliphatic carbon, said aliphatic carbon 
carrying, in addition, only hydrogen and/or hy 
drocarbon radicals, preferably aliphatically satu 
rated. Speci?c examples of these include the 
alkyl esters of inorganic monobasic acids, such 
as methyl chloride, ethyl chloride, octadecyl bro 
mide; the cycloalkyl esters of monobasic acids, 
such as, cyclohexyl bromide; the aralkyl esters of 
inorganic monobasic acids, such as, benzyl iodide; 
alkyl esters of polybasic inorganic acids, such as, 
dimethyl sulfate and triethyl phosphate; alkyl 
esters of organic monobasic acids, such as methyl 
formats and octyl acetate; alkyl esters of poly 
basic organic acids, such as methyl cyclohexane 
sulfonate; ole?nically unsaturated esters of 
monobasic inorganic acids, such as allyl chloride, 
allyl bromide; esters of alkyl polyalcohols and 
monobasic inorganic acids, such as, IA-dichloro 
butane; esters of ole?nically unsaturated poly 
alcohols and monobasic inorganic acids, such as 
lA-dichlorobutene-Z. These latter type polyes 
ters of polyalcohols are, of course, capable of 
quaternization through all of the ester groups 
and accordingly are capable of forming cross 
linked products. Due to the lack of complicated 
side reactions, it is preferred to use the esters 
of mono- or polybasic organic or inorganic acids 
of K1 greater than 1.6)(10-5 with aliphatically 
saturated hydrocarbon monoalcohols of 1 to 18 
carbons wherein the alcoholic hydroxyls are di 
rectly bonded to aliphatic carbon, said aliphatic 
carbon carrying, in addition, only hydrogen 
and/or aliphatically saturated hydrocarbon radi 
cals. 
Polymeric quaternary ammonium salts of this 

invention are generally water-soluble, glassy res 
ins or powdery solids. Their physical form de 
pends upon the relative proportion of salt groups 
in their composition, 1. e., the degree of conver 
sion of the tertiary amine groups to quaternary 
ammonium salt groups, the molecular weight of 
the starting polyamine and in the case of the 
monoole?n/carbon monoxide derivatives, the 
mole ratio of combined monoole?n to carbon 
monoxide. For appreciable change in the prop 
erties of the poly-tertiary amines, it is necessary 
that at least 10% of the tertiary amine groups 
in the starting polymeric polyamine be converted 
to quaternary ammonium salt groups. 
In this connection, it should be pointed out, of 

course, that it is not necessary that the starting 
polyamines contain solely tertiary amine groups. 
As discussed previously in the speci?cation, the 
polytertiary amines contain minor proportions of 
primary and secondary amine groups. Further 
more, it is within the scope of this invention to 
reductively aminate a monoole?n/carbon mon 
oxide polyketone or a polymeric vinyl ketone 
polymer or copolymer with a mixture of am 
monia, primary, and secondary amines in the 
presence of hydrogen, thus preparing an end 
product containing primary, secondary and ter 
tiary amine groups as extralinear substituents 
of the main polymer chain. Such a product can 
easily be converted with one of the above-de 
scribed esters of an organic alcohol and an in 
organic or organic acid to a poly-quaternary am 
monimum salt of this invention. For such prod 
ucts to exhibit the properties characteristic of 
these new polymeric quaternary ammonium salts, 
it is desirable that at least 25% and preferably 
50% of the carbonyl groups in the original poly 
mer .be converted to tertiary amine groups, and 
secondly, that at least 10% of these tertiary 
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amine groups be converted into quaternary am 
monium salt groups. 
The new polmeric quaternary ammonium salts 

of this invention, especially the preferred poly 
meric quaternary ammonium salts prepared from 
the polymeric poly-tertiary 'polyamines obtained 
by the reductive amination of monoole?n/car 
bon monoxide polyketones, are useful as bac 
tericides and fungicides, as antisnag ?nishes for 
nylon hosiery and in other textile applications, 
for instance, modi?ers for viscose and antistatic 
agents for nylon. The new polymeric quater 
nary ammonium salts of this invention are also 
useful as detergents in the dry-cleaningindus 
try-a particularly outstanding and useful ap 
plication since their use in conjunction with 
conventional dry cleaning agents markedly in 
creases the e?ectiveness of the cleansing pro 
cedure. 
_ As many apparently widely different embodi 
ments of this invention may be made without 
departing from the spirit and scope thereof, it 
is to be understood that this invention is not 
limited to the speci?c embodiments thereof ex 
cent as de?ned in the appended claims. 

I claim: 
1. A polymeric poly-quaternary ammonium 

salt having a molecular weight of at least 500 
and a main polymer chain of contiguous ali 
phatic carbon atoms and consisting of the re 
curring structural units: ((1) groups containing 
at least three contiguous carbon atoms of which 
one is carbonyl carbon and at least the next 
two contiguous carbon atoms are saturated ali 
phatic hydrocarbon and are an integral part of 
the main polymer chain, (11) groups containing 
at least three continguous carbon atoms of which 
one is connected to an extralinear amino nitro 
gen and at least the next two contiguous carbon 
atoms are saturated aliphatic hydrocarbon and 
are an integral part of the main polymer chain, 
the remaining valenecs of said amino nitrogen 
atom being satis?ed by members selected from 
the class consisting of cycloaliphatic and ali 
phatic monovalent saturated hydrocarbon radi 
cals of up to 18 carbon atoms, saturated aliphatic 
hydrocarbon radicals joined to each other to 
form with said amino nitrogen atom a 5- to 6 
membered ring, and saturated aliphatic hydro 
carbon radicals joined to each other through a 
chalcogen of atomic weight less than 33 to form 
with said amino nitrogen atom a 5- to G-mem 
bered ring, and ('0) groups containing at least 
three contiguous carbon atoms of which one is 
connected to an extralinear quaternary ammoni 
um nitrogen atom and at least the next two 
contiguous carbon atoms are saturated aliphatic 
hydrocarbon and are an integral part or" the 
main polymer chain, two of the valences of 
said quaternary ammonium nitrogen atom being 
satis?ed by members selected from the class con 
sisting of cycloaliphatic and aliphatic mono 
valent saturated hydrocarbon radicals of up to 
18 carbon atoms, saturated aliphatic hydrocar 
bon radicals joined to each other to form with 
said quaternary ammonium nitrogen atom a 5 
to G-membered ring, and saturated aliphatic 
hydrocarbon radicals joined to each other 
through a chalcogen of atomic weight less than 33 
to form with said quaternary ammonium nitrogen 
atom a 5- to 6~meinbered ring, another valence 
of said quaternary ammonium nitrogen atom 
being satis?ed ‘by the anion of an acid having a 
primary acid ionization constant K1 greater than 
1.6x 10*‘, the remaining valence of said quater 
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nary ammonium nitrogen atom being satis?ed by 
a monovalent hydrocarbon radical of not more 
than 18 carbon atoms and having an aliphatic 
carbon atom directly connected to said quater 
nary ammonium nitrogen atom, at least 25% 
of said recurring structural units being those of 
groups (17) and (0) containing a nitrogen atom, 
of which at least 10% are those of group (a) 
containing the quaternary ammonium nitrogen 
atom. " - ‘ ' 

2,. A polymeric poly-quaternary ammonium 
salt having a molecular weight of at least 500 
and a main polymer- chain of contiguous ali- v 
phatic carbon atoms and consisting of the re 
curring structural units having the following 
formulae 

wherein R, R1 and R2. are members of the class 
consisting of hydrogen and lower alkyl radicals 
of from 1 to 2 carbon atoms, the sum of the 
carbon atoms in R, R1 and R2 not exceeding 2, 
R3 and R4 are members of the class consisting 
of cycloaliphatic and aliphatic monovalent satu- 30 
rated hydrocarbon radicals of up to 18 carbon 

[7 
\‘A 

atoms, saturated aliphatic hydrocarbon radicals 
joined to each other to form with the nitrogen 
atom a 5- to 6-membered ring, and saturated 
aliphatic hydrocarbon radicals joined to each 
other through a chalcogen of atomic weight less 
than 33 to form with the nitrogen atom a 5 
to 6-membered ring, X is the anion of an acid 
having a primary acid ionization constant K; 
greater’ than 1.6><10—5, R5 is a monovalent hy 
drocarbon radical of not more than 18 carbon 
atoms and having an aliphatic carbon atom di 
rectly connected to the nitrogen atom, n is a num 
ber from 1 to 150, at least 25% of said recurring 
structural units are those of the structural for 
mulae containing a nitrogen-atom, of‘ which. at 
least 10% are those of the structural formula 
containing the quaternary ammonium nitrogen 
atom. " '- _ 

7 3. A polymeric poly-quaternary ammonium 
salt‘ having a molecular weight of at least 500 
and a main polymer chain of contiguous ali 

‘ phatic carbon atoms and consisting of the re 
curring structural units having the following 60 
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carbon atoms, saturated aliphatic hydrocarbon 
radicals joined to each other to form with the 
nitrogen atom a 5- to 6-membered ring, and 
saturated aliphatic hydrocarbon radicals joined 

5 to each other through a chalcogen of atomic 
weight less than 33 to form with the nitrogen 
atom a 5- to 6~membered ring, X is the anion of 
an acid having a primary acid ionization con 
stant K1 greater than 1.6><10—5, R5 is a mono 

10 valent hydrocarbon radical of not more than 18 
carbon atoms and having an aliphatic carbon 
atom dirébtly connected to the nitrogen atom, n 
is a number from 1 to 150, at least 25% of ‘said 
recurring structural units are those of the struc 

16 tural formulae containing a nitrogen atom, of 
which at least 10% are those of the structural 
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formula containing the quaternary ammonium 
nitrogen atom. 

4. A polymeric poly-quaternary ammonium 
salt having a molecular weight of at least 1000 
and a main polymer chain of contiguous aliphatic 
carbon atoms and consisting of the recurring 
structural units having the following formulae 

wherein R3 and R4 are members of the class con 
- sisting of ,cycloaliphatic and aliphatic mono 

40 valent saturated hydrocarbon radicals of up to 18 
carbon atoms, saturated aliphatic hydrocarbon 
radicals joined to each other to form with the 
nitrogen atom a 5-'to 6-membered ring, and 
saturated aliphatic hydrocarbonv radicals joined 

45 to each other through a chalcogen of atomic 
weight less than 33 to form with the nitrogen 
atom a 5- to 6-membered ring, X is the anion of 
an acid having a primary acid ionization con 
stant Kl greater than 1.6 ><10—5, R5 is a mono 

50 valent hydrocarbon radical of not more than 18 
carbon atoms and having an aliphatic carbon 
atom directly connected‘to the nitrogen atom, n 
is a number tfrom‘l to 10, at least 50%v of said 
recurringstructural units are those of the struc 

55 tural formulae containing anitrogen atom,‘ of 
which at least 10% are those of the structural 
formula containing the quaternary ammonium 
nitrogen atom. - ' Y 

5. A polymeric poly-quaternary ammonium 
salt having a molecular weight of at least 1000 

formulae and a'. main polymer chain of contiguous'aliphatic 

Lf-CHr-CH) CH__|—r-—/-CH2—CH2l—-CH-L/CH:—CHn\ ol- ' 
\ j» ' |-\ J, I J L\ A M Rb X ‘ N 

\N< Rs/ \Rc - ‘ 
33/ R4 

wherein R3 and R4 are members of the class con 
sisting of cycloaliphatic and aliphatic mono 

lfl/CHr-CH \ 

\ ‘ARXL X |_\ / I Ra/ 

valent saturated hydrocarbon radicals or up to 18 

carbon atoms and consisting of the recurring 
structural units having the following formulae 

wherein Ra, R4 and Rs are methyl radicals, X is 
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iodine, n isa number from 1 to 10, at least 50% 
.of said recurring structural units are those of the 
structural formulae containing a, nitrogen atom, 
of which at least 10% are those of the structural 
formula containing the quaternary ammonium 5 
nitrogen atom. 

6. A polymeric poly-quaternary ammonium 
salt having a molecular weight of at least 1000 
and a main polymer chain of contiguous aliphatic 
carbon atoms and consisting of _ the recurring 10 
structural units having the following formulae 

wherein R3 and R4 are methyl radicals, X is 
chlorine, R5 is the benzyl radical, n is a number 
from 1 to 10, at least 50% of said recurring 
structural units are those of the structural for 
mulae containing a nitrogen atom, of which at 
least 10% are those of the structural formula 

containing the quaternary ammonium nitrogen 
atom. 

7. A polymeric poly-quaternary ammonium 
salt having a molecular weight of at least 1000 
and a main polymer chain of contiguous ali 
phatic carbon atoms and consisting of the re 
curring structural units having the following 
formulae 
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wherein R3 and R4 are saturated aliphatic hy 
drocarbon radicals joined to each other through 
an oxygen atom to form with the nitrogen atom 
a 6-membered ring, X is the cyclohexanesulfo 
nate radical, R5 is the methyl radical, n is a 
number from 1 to 10, at least 50% of said re 
curring structural units are those of the struc 
tural formulae containing a nitrogen atom, of 
which at least 10% are those of the structural 
formula containing the quaternary ammonium 
nitrogen atom. 

m-CHA-c l 
A ll 

9. A polymeric poly-quaternary vammonium 
salt having a molecular weight of at least 1000 
and a main polymer chain of contiguous ali 
phatic carbon atoms and consisting of the re 
curring structural units having the following 

wherein R3 and R4 are saturated aliphatic hy 
drocarbon radicals joined to each other through 
an oxygen atom to form with the nitrogen atom 
a 6-membered ring, X is the diethylphosphate 
radical, R5 is the ethyl radical, n is a number 
from 1 to 10, at least 50% of said recurring struc 
tural units are those of the structural formulae 
containing a nitrogen atom, of which at least 

CH 

Ra 

wherein R3 and R4 are methyl radicals, X is 45 
bromine, R5 is the octadecyl radical, n is a num 
ber from 1 to 10, at least 50% of said recurring 
structural units are those of the structural for 
mulae containing a nitrogen atom, of which at 
least 10% are those of the structural formula 
containing the quaternary ammoniumnitrcgen 
atom. 

8. A polymeric poly-quaternary ammonium 
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10% are those of the structural formula con 
taining the quaternary ammonium nitrogen 
atom. 

DONALD D. COFFMAN. 
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