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ABSTRACT OF THE DISCLOSURE 
A ?lament, having antistatic properties, comprised of a 

hydrophobic synthetic polymer having mixed therethrough 
about 1 to 10 weight percent, based on the weight of the 
hydrophobic synthetic polymer, of the reaction product of 
a polyglycol which can be polyethylene glycol or a block 
copolymer of ethylene oxide and propylene oxide contain 
ing up to about 30 mole percent propylene oxide, said 
polyglycol having a molecular weight from about 100 to 
15,000 and a compound which has the general formula: 

(ll ‘i 
X—C—(OH2)n—C—X 

wherein X is hydroxyl, —-OR wherein. R is lower alkyl, 
or halogen and n is an integer from 2 to about 20‘. 

BACKGROUND OF THE INVENTION 

This invention relates to compositions suitable for use 
in imparting antistatic properties to textile materials, to 
methods for preparing such compositions, to methods em 
ploying such compositions for decreasing the tendency of 
textiles to collect static charges and to textiles so produced. 
Many textile fabrics, and particularly fabrics made of 

the recently developed synthetic yarns, display a marked 
tendency to collect static charges. This tendency is very 
objectionable in that it causes, in many instances, gar 
ments made therefrom to cling to the skin of the wearer 
in an undesirable manner. Garments made of such mate 
rials also tend to collect lint and fly and, in some instances, 
to drape in an undesirable manner. 

There have previously been available many antistatic 
compositions which could be applied to yarns or fabrics 
which display a tendency to collect static charges but such 
compositions have been known, in most instances, to be 
easily removed by either washing or dry cleaning. This 
has limited the usefulness of these products primarily to 
manufacturing operations since the application of such 
products has been too expensive and involved to be under 
taken by a dry cleaning establishment or laundry each 
time that garments made from such fabrics are cleaned. 
As a result, the wearer of garments woven from materials 
which tend to collect static electricity has been forced 
to tolerate this undesirable characteristic throughout sub 
stantially the entire life of the garments. 
Some antistatic agents have been found resistant to 

Washing or dry cleaning but they impart a harsh hand 
to yarns and fabrics or adversely affect the dyeability of 
the yarns and fabrics. 

It has now been discovered that the reaction product of 
a polyglycol and an aliphatic dibasic acid or a derivative 
thereof is an effective antistatic agent which can be mixed 
with a hydrophobic synthetic polymer prior to the ex 
trusion of the synthetic polymer into a ?lament. The mix 
ture of the reaction product of a polyglycol and an ali~ 
phatic dibasic acid or a derivative thereof throughout the 
hydrophobic synthetic ?lament produces yarns and fabrics 
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containing the ?laments which have excellent antistatic 
properties. Furthermore, the antistatic agents of the pres 
ent invention resist Washing and dry cleaning since they 
are mixed throughout the ?laments and do not impart a 
harsh hand to the yarns and fabrics. Finally, the antistatic 
agents of the present invention do not signi?cantly affect 
the dyeability of the yarns and fabrics. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, there is pro 
vided a ?lament, having antistatic properties comprised 
of a hydrophobic synthetic polymer having mixed there 
through about 1 to 10, preferably about 2 to 5, percent, 
based on the weight of the hydrophobic synthetic polymer, 
of the reaction product of a polyglycol which can be 
polyethylene glycol or a block copolymer of ethylene oxide 
and propylene oxide containing up to about 30 mole per 
cent propylene oxide, said polyglycol having a molecular 
weight from about 100 to 15,000, preferably about 200' to 
10,000, and a compound which has the general formula: 

wherein X is hydroxyl, —OR wherein R is lower al=kyl, 
or halogen such as chlorine or bromine and n is an in 
teger from 2 to about 20, preferably 2 to about 10. 

DESCRIPTION OF THE INVENTION 

The ?lament-forming hydrophobic synthetic polymer 
can be a polyole?n, polysulfone, polyphenyl oxide, poly 
carbonate, polyacrylonitrile, polyamide, polyester and the 
like or polymer blends thereof. Examples of suitable poly 
mer blends as disclosed above are dispersions of poly 
ester in polyamide such as disclosed in US. Pat. 3,369,057 
to Twilley; US. Pats. 3,378,055, 3,378,056, and 3,378,602; 
British Pat. 1,097,068; Belgian Pat. 702,813; and Nether 
lands Pats. 6606838 and 6612628. The ?lament of the 
present invention can be prepared from these dispersions 
by known melt spinning techniques. 

In a preferred embodiment of the present invention, 
the ?lament-forming synthetic polymer is a polyamide or 
a polyester. The ?lament of the present invention can be 
prepared from these polymers by known melt spinning 
techniques. 

Suitable polyamides for use in the present invention 
include, for example, those prepared by condensation of 
hexamethylene diamine and adipic acid, condensation of 
hexamethylene diamine and sebacic acid known as nylon 
6,6 and nylon 6,10, respectively, condensation of his 
(para-aminocyclohexyl)methane and azelaic acid, con 
densation of bis(para- aminocyclohexyl)methane and 
dodecanedioic acid, or by polymerization of 6-caprolac 
tam, 7-aminoheptanoic acid, 8-caprylactam, 9-arninopelar 
gonic acid, ll-aminoundecanoic acid, and 12-dodecalac 
tam, known as nylon 6, nylon 7, nylon 8, nylon 9, nylon 
11, and nylon 12, respectively. 
The polyesters useful in the practice of this invention 

can be prepared in general by condensation reactions 
between dicarboxylic acids or their derivatives and com 
pounds containing two hydroxyl groups, or materials 
possessing both an alcohol group and a carboxylic acid 
group or derivative thereof; or by polymerization of 
lactones. Dicarboxylic acid derivatives which can be em 
ployed include esters, salts, anhydrides and acid halides. 
The monomeric species employed in the preparation of 
the polyesters are preferably not more highly functional 
than difunctional in their reactivity so as to produce essen 
tially linear, non-crosslinked polymer structures. 

Suitable polyesters for use in the present invention 
include those polymers in which one of the recurring 
units in the polyester chain is the diacylaromatic radical 
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from terephthalic acid, isophthalic acid, S-t-butylisoph 
thalic acid, a naphthalene dicarboxylic acid such as naph 
thalene 2,6 and 2,7 dicarboxylic acids, a diphenyl dicar 
boxylic acid, a diphenyl ether dicarboxylic acid, a di 
phenyl alkylene dicarboxylic acid, a diphenyl sulphone 
dicarboxylic acid, an azo dibenzoic acid, a pyridine di 
carboxylic acid, a quinoline dicarboxylic acid, and anal 
ogous aromatic species including the sulfonic acid ana 
logues, diacyl radicals containing cyclopentane or cyclo 
hexane rings between the acyl groups; and such radicals 
substituted in the ring, e.g., by alkyl or halo substituents. 
The dioxy radical representing the other principal re 

curring unit in the polyester chain can be an open chain 
aliphatic such as ethylene glycol or ether thereof, for 
example, the diether, or can contain rings such as those 
which form part of the above noted diacyl radicals. The 
carboxy and/or the oxy chain members can be directly 
attached to a ring or removed by one or more carbons 
therefrom, as in the 1,4 dioxymethyl cyclohexane radical. 
The preferred polyester is poly( ethylene terephthalate) . 

Other suitable polyesters include poly(dimethylene cyclo 
hexylene terephthalate) and poly(4-ethoxy benzoate). 
The antistatic agent of the present invention is the 

reaction product of a polyglycol and an aliphatic dibasic 
acid or a derivative thereof. 

Suitable polyglycols include polyethylene glycol and 
block copolymers of ethylene oxide and propylene oxide 
containing up to about 30 mole percent propylene oxide. 
The polyglycol can have a molecular weight from about 
100 to 15,000, preferably about 200 to 10,000. 

Suitable compounds having the formula 
0 o 

X-i‘J-(OHM-i'J-X 
wherein X and n are de?ned above include succinic acid, 
glutaric acid, adipic acid, suberic acid, azelaic acid, sebacic 
acid, dodecanedioic acid, pimelic acid and their corre 
sponding acid halides such as chlorides and bromides 
and their lower alkyl esters. The —(CH2),,-- divalent 
radical in the above formula can be substituted with non 
reactive groups such as p-phenylene, m-phenylene, and 
p-xylylene. 
The antistatic agents of the present invention can be 

prepared by any of the known methods. A typical method 
comprises charging into a ?ask, equipped with a heater, 
stirrer, re?ux condenser and a thermometer, a polyethyl 
ene glycol having a molecular weight from about 100 to 
15,000, preferably about 200 to 10,000; a compound 
which has the general formula: 

wherein X is hydroxyl, --OR wherein R is lower alkyl, 
or halogen such as chlorine or bromine and n is an inte 
ger from 2 to about 20, preferably 2 to about 10; and 
an inert solvent, such as dry xylene. The reaction mixture 
can then be heated to the boiling temperature of the reac 
tion mixture and be reacted while re?uxing in the pres 
ence of a catalytic amount of a suitable esteri?cation 
catalyst such as p-toluene sulfonic acid or sulfuric acid. 
The above reaction is usually carried out for a period of 
about 2 to 8 hours. At the end of the above reaction 
period, the re?ux condenser can be replaced by a moisture 
trap and re?uxing of the reaction mixture can be con 
tinued until no additional water appears in the moisture 
trap. The reaction mixture can then be cooled below its 
boiling temperature and the reaction ?ask can be set up 
to distill off the inert solvent. The distillation temperature 
should not be allowed to exceed about 150 to 175° C. and 
the inert solvent should not be distilled at a rate greater 
than about 2 to 4 ml. per minute. When most of the 
inert solvent is removed, the reaction mixture can then 
be transferred to a thin ‘?lm evaporator and the reaction 
mixture heated to a temperature of about 150 to 175° C. 
under a vacuum of about 1 to 10 mm. of mercury for a 
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4 
period of time of about 2 to 6 hours or until no more 
volatiles can be removed. 
Under certain circumstances, the reaction mixture can 

lbe reacted in the thin ?lm evaporator in the presence of 
little or no inert solvent as shown in Examples 2 and 3. 

In general, it has been found desirable to prepare the 
antistatic agents by heating together one molecular por 
tion of the polyglycol with from about 1.0 to 1.1 mo 
lecular portions of the dibasic acid. It is preferred that 
enough excess dibasic acid be added so that both ends of 
the antistatic agent have carboxyl end groups. 

Generally speaking, about 1 to 10 weight percent of 
the antistatic agent, based upon the weight of the syn 
thetic polymer, will produce the desired antistatic prop 
erties in the ?lament, however, it is preferred that about 
2 to 5 weight percent be used. 
The antistatic agent can be mixed with the synthetic 

polymer during the polymerization, preferably at the end 
of the polymerization, of the synthetic polymer or can be 
mixed into the molten synthetic polymer by, for exam 
ple, injection into the mixing portion of the extruder prior 
to the melt extrusion of the ?lament. Alternatively, the 
antistatic agent can ‘be blended with the synthetic polymer 
granules prior to the melting of the synthetic polymer by 
conventional addition and mixing procedures. 

PREFERRED EMBODIMENTS 

The following examples illustrate the practice and prin 
ciples of this invention and a mode of carrying out the 
invention. 

Example 1 
Antistatic agents of the present invention were prepared 

in the following manner. Polyethylene glycol and an ali 
phatic dibasic acid were added to a one liter ?ask con 
taining 500 ml. of dry xylene. The quantities of poly 
ethylene glycol and aliphatic dibasic acid for each prepara 
tion are contained in Table I below. The one liter ?ask 
was equipped with a heater, stirrer, re?ux condenser and 
a thermometer. The reaction mixture was heated to the 
boiling temperature of the reaction mixture and reacted 
while re?uxing was in the presence of 0.1 gram p-toluene 
sulfonic acid catalyst at the boiling temperature of the 
reaction mixture for one hour. At the end of the one hour 
reaction period, the re?ux condenser was replaced by a 
Dean-Stark trap and re?uxing of the reaction mixture was 
continued until no additional water appeared in the Dean 
Stark trap. The reaction mixture was then cooled below 
its boiling temperature and the reaction ?ask was set up 
to distill oil? the xylene. The distillation temperature was 
not allowed to exceed 150° C. and the xylene was distilled 
at a rate no greater than 10 ml. per minute. When most 
of the xylene was removed, the reaction mixture was then 
transferred to a 500 ml. Rinco thin ?lm evaporator and 
the reaction mixture was heated to a temperature of about 
150 to 175 ° C. under a vacuum of about 2 mm. Hg until 
no more volatiles could be removed. 

TABLE I 

Polyethylene glycol Dlbasic acid 

Molecular Wei ht Wei ht Preparation No. weight gins.’ Type gins: 
400 200 Sebaeic ____ -- 103.12 

1,200 200 ___do _______ -_ 34.37 
6,000 200 ___do ....... ._ 6. 87 

Example 2 
Antistatic agents of the present invention were pre 

pared in the following manner. Polyethylene glycol and 
an aliphatic dibasic acid were added to a 500 ml. Rinco 
thin ?lm evaporator. The quantities of polyethylene glycol 
and aliphatic dibasic acid for each preparation are con 
tained in Table II below. The reaction mixture was heated 
in the presence of 0.1 gram p-toluene sulfonic acid cata 
lyst under a vacuum to a temperature of about 150 to 
175° C. over a period of time of about 4 hours. Water 
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was evaporated from the reaction mixture during the 
reaction period. 

6 
The knitted sleeves were cut into fabric samples hav 

ing a width of 2.5 inches and a length of 10 inches and 
the fabric samples were tested for their antistatic property 

TABLE H in accordance with the procedure described below. 
Polyethylene glycol Dibasic acid 5 A fabric sample was mounted on a grounded vertical 
Molacmar weight, weight’ type 304 stainless steel frame and was stroked downward 

Prepammm N°' weight Ems- TYPB gms- ten times with a stainless steel rod. The electrostatic volt 
s’ooo 4_ 28 age on the fabric was measured by means of a Rothschild 
1.200 3M4 Static Volt Meter, Model No. R-1019', positioned one 
400 110.4 . . . 10 lnch from the fabric which recorded the voltage on the 

fabric. The Field Half Time of the fabric was measured 
'EXamPIe 3 to determine the effectiveness of the various antistatic 

Antistatic agents of the present invention were pre- agents mlxed "1 11P‘?_l?‘olycaprc’an'nde y?1'ns- The, Fleld Half 
pared in the following manner. Polyethylene glycol and Tl?le 9f the fabnc 1S de?ned as that Pme requlred for the 
an aliphatic dibasic acid were added with 10 ml. of dry 15 1n1t1al voltage measured on the fabric to_ decrease to one 
Xylene to a 500 m1_ Rinco thin ?lm evaporaton The quam half of its origlnal value. The antistatic measurements 

6 

tities of polyethylene glycol and aliphatic dibasic acid were made a! ? immature of 2° C: and a Nice?‘ 
for each preparation are contained, in Table III below. relatlve humldlty of 65- _The results Pf the annstatlc 
The ‘l-eactidn mixture was hgated infthe presence of Q1 measurements of the fabrics are contained in Table IV 
gram-p-toluene sulfonic acid catalyst under a vacuum to 20 below 
a temperature of about 180 to 200° C‘. over a period of TABLE IV 
time of about hours. Water and xylene were evaporated Antistatic agent reactants 
from the reaction mixture during the reaction period. ———————-—————-——-P 1 th I 

. 0 6 - 

TABLE III 25 enesglyebl, 
molecular 

Polyethylene glycol Dibasie acid Fabric sample weight 

Molecular Weight, - Weight, 
Preparation No. weight gins. Type gms. 1 :38 i 
o __________________ .- 400 200 Succinic-_--.'__-. 59.1 1000 5 
H .................. -- 1, 200 204 .-...do ......... -_ 20.84 6,000 14 

1,200 5 
238 s - - 3 110011110 

Example 4 1,200 _____do___ 6 
A series of glass reactors each equipped with a heater 

and stirrer were charged with a mixture of 1520 grams 
of e-caprolactam and 80 grams of aminocaproic acid. The 
mixture were then ?ushed with nitrogen and were stirred 
and heated to 255° C. over a one hour period at atmos 
peric pressure to produce polymerization reactions. The 
heating and stirring were continued at atmospheric pres 
sure under a nitrogen sweep for an additional fourteen 
hours in order to complete the polymerizations. During 
the last thirty minutes of each polymerization, 48 grams 
of antistatic agent A, B, C, D, E, F, G, or H as prepared 
in Examples 1, 2 and 3 was respectively added to one 
of the polycaproamide polymerization batches and stir 
ring was continued to thoroughly mix each antistatic 
agent throughout the polymers. Nitrogen was then ad 
mitted to the glass reactors and a small pressure was main 
tained while the polymers were extruded from the glass 
reactors in the form of polymer ribbons. The polymer 
ribbons were subsequently cooled, pelleti'zed using a Wiley 
Mill, washed and then dried. The polymers were white 
solids having relative viscosities of about 50, as deter 
mined at a concentration of 11 grams of polymer in 100 
ml. of 90 percent formic acid at 25° C. (ASTM D-789 
62T). 
Each of the batches of polyamide pellets containing an 

antistatic agent were melted at about 285° C. and then 
melt extruded under a pressure of 2,000 p.s.i.g. through 
a 14-ori?ce spinnerette, each of the ori?ces, haw'ng a 
diameter of 0.040 inch, to produce 820 denier ?bers. The 
?bers were collected at about 1,500 feet per minute and 
were drawn about 4 times their extruded length to pro 
duce 210 denier yarns. A control yarn containing no anti 
static agent was produced in the same manner as de 
scribed above. 

' Example 5 

The 210 denier polycaproamide yarns containing an 
antistatic agent and the control yarn which were produced 
in Example 4 were knitted into sleeves. The yarns con 
tained 1/zZ twist. The sleeves were then scoured in a 
conventional manner and dyed blue in an aqueous dye 
bath containing a Disperse Blue 3 dye using a conven 
tional dyeing procedure. 
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No'rE.—Fabric samples A through E contained 3 weight percent of 
antistatic agent based upon the weight of the polyamide. 

As can be seen from the data contained in Table IV 
above, the antistatic agents of the present invention are 
extremely effective in reducing the electrostatic charge 
on a fabric. 
The degree of polymerization of the antistatic agents 

of the present invention is generally between about 2 
and 20, preferably between about 4 and 10. 

[[t is claimed: 
1. A ?lament, having antistatic properties, comprised 

of a ?ber forming polyamide having repeating carbon 
amide groups as an integral part of the polymeric chain 
mixed with about 2 to 5 weight percent, based on the 
weight of the polyamide, of the reaction product con 
sisting essentially of a polyglycol selected from the group 
consisting of polyethylene glycol and block copolymers 
of ethylene oxide and propylene oxide containing up to 
about 30 mole percent propylene oxide, said polyglycol 
having a molecular weight from about 200 to 10,000, 
and a compound selected from the group consisting of 
succinic acid, sebacic acid and dodecanedioic acid. 

2. A ?lament, having antistatic properties, comprised 
of a polycaproamide mixed with about 2 to 5 weight 
percent, based on the weight of the polycaproamide, of 
the reaction product consisting essentially of a poly~ 
glycol selected from the group consisting of polyethylene 
glycol and block copolymers of ethylene oxide and propyl 
ene oxide containing up to about 30 mole percent pro 
pylene oxide, said polyglycol having a molecular weight 
from about 200 to 10,000 and a compound selected from 
the group consisting of succinic acid, sebacic acid and 
dodecanedioic acid. 

3. A process for producing a ?lament, having anti 
static properties, comprised of ?ber forming polyamide 
having repeating carbonamide groups as an integral part 
of the polymeric chain which comprises mixing said poly 
amide, prior to extrusion thereof, with about 2 to 5 weight 
percent, based on the weight of said polyamide, of the re 
action product consisting essentially of a polyglycol se 
lected from the group consisting of polyethylene glycol 
and block copolymers of ethylene oxide and propylene 
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oxide containing up to about 30 mole percent propylene 
oxide, said polyglycol having a molecular weight from 
about 200 to 10,000, and a compound selected from the 
group consisting of succinic acid, sebacic acid and do 
decanedioic acid; and melt extruding the mixture of said 
?ber forming polymer and said reaction product to form 
a ?lament having antistatic properties. 

4. A process for producing a ?lament, having antistatic 
properties, comprised of polycaproamide which comprises 
mixing said polycaproamide, prior to extrusion thereof, 
with about 2 to 5 weight percent, based on the weight of 
said polycaproamide, of the reaction product consisting 
essentially of a polyglycol selected from the group con 
sisting of polyethylene glycol and block copolymers of 
ethylene oxide and propylene oxide containing up to 
about 30 mole percent propylene oxide, said polyglycol 
having a molecular weight from about 200 to 10,000, 
and a compound selected from the group consisting of 
succinic acid, sebacic acid and dodecanedioic acid; and 
melt extruding the mixture of said ?ber forming polymer 
and said reaction product to form a ?lament having 
antistatic properties. 
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