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ABSTRACT OF THE DISCLOSURE 

The disclosure of this application comprises a process 
for stabilizing polyamides, such as polycaprolactarn 
(nylon-6) and polyhexamethylene adipamide (nylon-66) 
against thermal decomposition and the thermally sta 
bilized compositions produced thereby. This stabilization 
is effected by the use of a three-component system which 
is particularly adapted to avoid the plating of copper on 
other metals when the stabilized composition comes into 
contact with such other metals. The stabilization of this 
invention is effected by the combination of 10-60, prefer 
ably 25-50, parts per million of copper in the form of 
a soluble copper compound, and 0.05-5, preferably 
0.1-2, parts per hundred of certain halide compounds, 
such as potassium iodide, and 005-5 parts, preferably 
0.1-2 parts, per hundred of mercaptobenzothiazole 
(MBT). This combination has a synergistic effect in 
stabilizing the polyamide even though the copper com 
pound is used in such extremely low amount. 

BACKGROUND OF THE INVENTION 

Field of the invention 

The present invention relates to the stabilization of 
polyamides, such as nylon-6 and nylon-66, against ther~ 
mal decomposition. More speci?cally it relates to thermal 
stabilization of polyamides with a three-component sys 
tem including copper in such a combination that the 
copper is not plated onto other metals with which it comes 
into contact. 

Description of the related prior art 

It is generally known that various copper compounds 
are effective stabilizers for the oxidative stabilization of 
polyamides as originally set forth in French Pat. No. 
906,893. Among the materials cited in the patent as effec 
tive stabilizers are a number of complex double salts in 
cluding CuCl2.KCl.H2O. Stamatoif US. Pat. No. 2,705,227 
subsequently disclosed the use of copper compounds, 
alkali metal halides and organophosphites for the stabili 
zation of polyamides. 
Zapp US. Pat. No. 3,308,091 discloses that mixtures 

of cupric acetate, cupric chloride and Z-mercapto 
benzothiazole may also be used in the stabilization of 
polyamides. 

However, the proportions of copper shown for practi 
cal application are such that copper is plated onto metals 
that come in contact with the composition. Thus, in the 
use of polyamides such as nylon-6 and nylon-66 as tire 
cord, the amount of copper used in such stabilizing com 
positions as recommended in the above references re 
sults in the plating of copper on metals with which the 
compositions come into contact during processing and 
utilization. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, it has been 
found that the thermal degradation or decomposition of 
polyamides, such as nylon-6 and nylon-66, can be re 
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tarded or inhibited without the plating out of copper upon 
contact with another metal, by a three-component sta 
bilizer composition comprising a copper compound, an 
alkali metal halide, such as KI, :and Z-mercaptobenzo 
thiazole. Moreover it is found that the copper component 
can be used in such extremely small amounts that there 
is no plating out of copper when the composition comes 
in contact with another metal, and that even this small 
amount of copper has a synergistic effect in the stabiliza 
tion of polyamide. For the purpose of this invention, the 
copper is in the proportion of 10-60‘, preferably 25-50, 
parts per million, the potassium or other alkali metal 
halide is present in a proportion of 005-5, preferably 
0.1-2, parts per hundred, and the mercaptobenzothiazole 
in the proportion of 005-5 parts, preferably 0.1-2 parts, 
per hundred. 
The stabilizer composition of this invention is particu 

larly effective in poly-epsilon-caprolactam which is com 
monly referred to as nylon-6 and which has a plurality 
of repeating units having the formula —(CH2) 5CONH-—. 
However the stabilizer composition is also suitable for 
other linear polyamides made from polymerizable mono 
amino carboxylic acids or other amide-forming deriva 
tives, or from suitable diamines and dicarboxylic acids or 
amide-forming derivatives of such compounds. In such 
other monomeric amines and acids it is desirable to have 
3-8 carbon atoms between the amide-forming radicals. 
Preferred, however, are the nylon-6 described above and 
nylon-66. The latter is made from adipic acid and hexa 
methylenediamine. The nylon-66 has the repeating unit 
structure —(CH2)6NHOC(CH2)4CONH—. 
The polyamides used in the practice of this invention 

advantageously have an intrinsic viscosity above 0.4 as 
de?ned in US. Pat. 2,130,948. Suitable polyamides in 
clude: polyhexamethylene adipamide, polyhexamethylene 
sebacamide, polymerized 6-aminocaproic acid or poly 
epsilon-caprolactam, polytetramethylene sebacamide, 
polytetramethylene adipamide and polyadipamides pre 
pared from di(p-aminocyclohexyl)ethane or 1,6-di(p 
aminocyclohexyDhexane as the diamine component. Mix 
tures of such polyamides can also he used in the practice 
of this invention. 
The copper component can comprise cuprous and cu 

pric salts of an organic or inorganic :acid, and also the cop 
per compounds that are formed when metallic copper or 
copper oxide is added to the polyamide or to the poly 
amide forming reactants. In such case compounds are 
formed which are soluble in the polyamide. Copper salts 
or aliphatic acids such as acetic, butyric, lauric, palmitic 
and stearic acids are preferred. 
The halide compounds suitable for use in the practice 

of this invention include the bromides, chlorides and 
iodides of the alkali metals, such as sodium, potassium 
and lithium, the alkaline earth metals, including calcium 
and magnisium, and ammonium bromide, chloride and 
iodide. Particularly preferred is potassium iodide. 
The polyamides can be prepared in the presence of the 

stabilizer components. Therefore the reagents for pre 
paring the polyamide as well as the components for the 
stabilizer composition can be intermixed in the original 
reaction composition. However, the stabilizer composi 
tions of the present invention can be added to the re 
agents either prior to or during the condensation polym 
erization, or may be added subsequent to the condensa 
tion polymerization. For practical purposes, it is generally 
preferable to add the stabilizer components to the re 
agents prior to the condensation polymerization. This in 
sures intimate mixing and avoids an extra subsequent 
mixing step. However, the stabilizer components may be 
added to the molten polymer and intimate mixture insured 
by homogenization, by extrusion or by blending the sta~ 
bilizer with solid particles of the polyamide in the ‘form 
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of molding powder such as in a tumbler and then ex 
truded for intimate mixing of these solid particles. 

In preparing polycaprolactam, it is generally desirable 
to heat the epsilon-caprolactam at a temperature in the 
range of 250 to 270° C. in a nitrogen or other inert atmos 
phere and subsequently to heat the material at a tem 
perature of 250 to 270° C. at a reduced pressure of less 
than 2 mnr, preferably about 0.5 mm. Hg for a period 
of at least 6 hours. Polyamides from amino acids can be 
similarly prepared. 

Polyamides such as nylon-66 derived from diamines 
and diacids are advantageously prepared by heating the 
corresponding polyamide salt at a temperature of 200 
285° C. in a pressure vessel while releasing gradually the 
steam generated from the condensation. 
The invention is illustrated by the following examples. 

These examples are intended merely for purpose of illus 
tration and are not intended in any way to limit the scope 
of the invention nor the manner in Which it may be prac 
ticed. Unless speci?cally provided otherwise, parts and 
percentages are given by weight. 
One of the important properties with respect to poly 

amide tire cord is the ability to retain tenacity after the 
tire cord has been exposed to high temperatures for an 
extended period. This is more or less to determine the 
ability of the tire cord to retain its tenacity upon being 
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aged under these conditions is compared with the tenacity 
measured prior to this aging and expressed as percent 
retained tenacity. 

TABLE I 

MET KI 
(p.p.h.) (p.p.h.) 

percent 
retained 

Cu 
(p.p.n1.) _ 

tenacity 

From this table it is seen that the greatest improvement is 
obtained when both MBT and KI are used with 25—50 
p.p.m. of copper. When these compositions are placed in 
contact with steel, cast iron, aluminum and other metals 
there is no plating of copper thereon. 

Example II.—The procedure of Example I is repeated 
eight times with the pressure polymerization being con 
ducted for 24 hours at 260° C. under a nitrogen atmos 
phere, and the subsequent vacuum polymerization being 
conducted for six hours at 260° C. at 2 mm. Hg. The 
amounts of reagents and stabilizer components as well 
as the results are given below in Table II. Again it will 
be seen that the best results are obtained when the three 
component stabilizer is used as in Runs 2, 3, 4 and 5. 

TABLE II 

1 2 3 4 5 b 7 8 

Caproluctam (g.)__ . _.______ 300 300 300 300 300 300 300 300 
n-Butylamine (ml.) _______ __ 1. 3S 1. 38 1. 38 1. 38 1. 38 1. 38 1. 38 1. 38 
Acetic acid (ml.)__ . . 0. 79 0. 79 0. 79 0. 79 0. 79 0.79 

0. 034 0. 034 0. 034 0. 034 0. 034 0. 034 
3.0 3.0 3.0 3.0 3.0 3.0 
25 50 25 50 25 50 
0.3 0.3 0.3 0.3 0.3 ____ __ 

KI (g.)_____. 0.3 0.6 0.6 ______________ __ 0.3 
Initial color__ (3) (Z) (3) (3) (3) (1) 
Yarn color ________________ __ (1) (5) (5) (G (T) (8) 
Percent retained tenacity.._ 51. 2 103. 5 115 104. 0 107. 2 09. 8 46. 7 S6. 0 

1 Blue. 
2 Dark brown. 
3 Yellow. 
4 Pink-white. 
5 Light gray. 
B Gray. 
7 Pink. 
9 Off-White. 

exposed to high temperatures in both the molding process 
and in the road conditions under which the tire will be 
used. The following examples illustrate the effect of the 
stabilizer compositions on this property. 
Example I.—>Into a beverage bottle in which the atmos 

phere has been displaced with nitrogen, there is placed 
Parts 

Epsilon-caprolactam ______________________ __ 100 

n-Butylamine __________________________ __ 0.60 

Acetic acid _____________________________ __ 0.25 

H3PO4 ________________________________ _.. 0.0113 

Water _________________________________ __ 1.0 

‘CH(C2H302)2'HO ______________________ __ v‘ (1) 

2-mercaptobenzothiazole (MBT) ___________ __ :1) 
1) Potassium iodide (KI) __________________ __ 

1 Amount indicated in Table I. 

The bottle is sealed and shaken to mix the contents before 
it is placed in a circulating air oven to be heated to 260° 
1C. for 16 hours. At the end of this period the resultant low 
molecular weight polymer is removed from the bottle and 
ground in a Wiley mill. The polymer is then remelted in 
a resin kettle heated by a metal bath. Water and equilib 
rium lactam are stripped from the molten polymer at 
0.2 mm. Hg and 260° C. The resultant polymer is again 
ground in a Wiley mill and dried under vacuum at 1 mm. 
Hg overnight at 80° C. The dried polymer is then melt 
spun into an 18 ?lament yarn which is subsequently 
drawn 4.0/1.0 over a hot plate at 310° F. The drawn yarn 
is aged on a metal rack, at constant length, in a circulat 
ing oven at 177° C. for 16 hours. The tenacity after being 
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Example III.—T0 a jacketed pressure kettle there is 
added: 

Parts 
Adipic acid _______________________________ __ 600 

80% hexamethylcnediamine _________________ __ 600 

Distilled water _____________________________ __ 540 

Decolorizing carbon ________________________ __ 10 

The mixture is stirred for one-half hour and the pH 
adjusted to 7 by addition of adipic acid or hexamethyl 
enediamine as appropriate. The solution is then ?ltered 
and 260 parts (containing sufficient of the salt to make 
100 parts of polymer) is concentrated by vacuum distil 
lation. The resulting salt solution is transferred to a glass 
jar and the stabilizer components added as in Example I. 
The resulting solution is introduced into a cylindrical 
glass bottle adapted to ?t inside an autoclave having an 
inside diameter slightly greater than the outside diameter 
of the bottle and polymerization is carried out by heating 
over a period of one hour with the temperature gradually 
increasing from 55° to 215 ° C. until a pressure of 250 
p.s.i. is reached. Steam is gradually bled from the re 
actor as the temperature is maintained at 215° to 250° 
C. over a period of 3.75 hours. Then the pressure is 
gradually released over a period of one hour during which 
the temperature is maintained at 250-275° C. Then the 
heating is continued at 275° C. while nitrogen is passed 
through the autoclave over a period of one hour. The 
autoclave is then closed and the nitrogen pressure in 
creased to 100 p.s.i. following which the autoclave is 
cooled and then the plug of polymer in the bottle is re 
covered after the bottle is broken. The polymer is thev 
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crushed to a powder which is dried in a mechanical con 
vection oven at 120° C. for four hours. The polymer is 
then melt-spun into yarn as in Example I and after simi 
lar processing and testing is found to have similar im~ 
proved properties as in the yarn of Example I. The pro 
cedure is repeated a number of times with the variations 
in stabilizer components indicated in Table I. Each of 
the resultant polymers is processed and tested as in Table 
I with similar improvements noted when the three-com 
ponent stabilizer system is used as compared to the use 
of only one or two of the components. 
Example IV.—The procedures of Examples I and III 

are repeated using individually in place of the copper 
acetate an equivalent amount respectively of cuprous 
chloride, cuprous butyrate, cupric bromide and cuprous 
laurate. Similar improvements are observed as in Exam 
ples I and III when the three-component stabilizer system 
is used. , 

Example V.—The procedures of Examples I and III 
are repeated a number of times using individually in place 
of the potassium iodide an equivalent weight respectively 
of potassium chloride, sodium bromide, ammonium chlo 
ride, calcium chloride and magnesium chloride. Similar 
improvements are noted as in Examples I and III when 
the three-component stabilizer system is used. 
The polyamides may be described as synthetic linear 

polycarbonamides having recurring carbonamide groups 
in the integral part of the main polymer chain. Prefer 
ably the carbonamide groups are separated from each 
other by 3-8 carbon atoms in the form of connecting 
methylene groups. 
The polyamides may be modi?ed by the addition of 

other materials such as plasticizers, resins, waxes, ?llers 
and various pigments. The particular amide and the use 
to which it will be put will determine which of such 
modifying agents are appropriate. 
The stabilized polyamides of this invention can be used 

in any of the forms generally used for polyamides, such 
as yarns, tire cord, bristles, fabric, molded articles, ?lms 
and protective coatings such as on ?laments, textiles, 
wood, rubber, leather and ceramic materials. 

While certain features of this invention have been de 
scribed in detail with respect to various embodiments 
thereof, it will, of course, be apparent that other modi? 
cations can be made within the spirit and scope of this 
invention and it is not intended to limit the invention to 
the exact details shown above except insofar as they are 
de?ned in the following claims. 
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The invention claimed is: 
11. A synthetic linear polycarbonamide having recurring 

carbonamide groups as an integral part of the main poly 
mer chain which is stabilized against degradative effects 
of heat and oxygen by the presence of 10~60 parts per 
million of copper in the form of :a compound soluble in 
said polycarbonamide, 0.05~5 parts per hundred of 2 
mercaptobenzothiazole and 005-5 parts per hundred of a 
halide selected from the class consisting of alkali metal, 
alkaline earth metal, hydrogen and ammonium chloride, 
bromide and iodide, said proportions being based on the 
weight of said polycarbonamide. 

2. The polycarbonamide of claim 1 in which said cop 
per is present in an amount of 25-50 parts per million, 
said halide is present in an amount of 0.1-2 parts per 
hundred and said Z-mercaptobenzothiazole is present in 
an amount of 0.1-2 parts per hundred of said polycarbon 
amide. 

3. A tire cord comprising the polycarbonamide of 
claim 1. 

4. The polycarbonamide of claim 1 in which said 
polycarbonamide is polyhexamethylene adipamide. 

5. The polycarbonamide of claim 4 in which said halid 
is KI. ‘ 

6. The polycarbonamide of claim 4 in which said cop 
per is in the form of copper acetate. 

7. The polycarbonamide of claim 1 in which said poly 
carbonamide is poly-epsilon-caprolactam. 

8. The polycarbonamide of claim 7 in which said cop 
per is in the form of copper acetate. 

9. The polycarbonamide of claim 7 in which said halide 
is KI. 

10. A tire cord comprising the polycarbonamide of 
claim 9. 
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