
United States Patent 0. 

-1 

3,696,078 
ANTISTATIC NYLON FILAMENTS 

Andrew I. Smith and Roland J. Bryan, Jr., Pensacola, 
Fla., assignors to Monsanto Company, St. Louis, M0. 
N0 Drawing. Filed Aug. 13, 1970, Ser. No. 63,664 

~ Int. Cl. C08g 20/38 
US. Cl. 260-78 S 7 Claims 

ABSTRACT OF THE DISCLOSURE 

The antistatic property of nylon ?laments containing‘ 
from about 2% to 15% by Weight of a Poly(alkylene 
ether, polyethoxylated hydrogenated castor oil, or poly 
ethoxylated distearylarnine dispersed therein) is greatly 
improved by also dispersing into the nylon from 0.5 to 
5% by weight of a phosphonium bromide of the formula 

where R’ and each R are hydrocarbon radicals. 

BACKGROUND OF THE INVENTION 

It is known that nylon yarns composed of ?laments 
containing a polyethoxylated, hydrogenated castor oil or 
a high molecular Weight polyethylene glycol dispersed 
therein as a separate phase are more conductive than 
regular nylon yarns and, as a result, have an improved 
antistatic property. We have found that the conductivity 
of the poly(alkylene ether)-containing nylon yarns can 
be further improved by rinsing the yarns after scourings 
or dyeing operations in various salt solutions such as 
aqueous solutions of sodium acetate, sodium chloride, 
etc. Such treatment is apparently eifective because the 
salt solutions diffuse into the small pores of the yarns 
that are formed during the spinning process and from 
which a portion of the water-soluble polyethoxylated 
hydrogenated castor oil or polyethylene glycol is leached 
during the scouring or dyeing operations. However, this 
improved conductivity is either partially or completely 
lost when the treated yarns are either rinsed or further 
Washed in non-salt-containing water, e.g., as by machine 
laundering. 
The primary object of the present invention is to im 

prove the antistatic properties of nylon ?laments contain 
ing a Poly(alkylene ether), polyethoxylated hydrogenated 
castor oil or polyethoxylated dialkylamine therein. 

SUMMARY OF THE INVENTION 

The present invention provides nylon (polycarbon 
amide) ?laments containing dispersed therein, in addi 
tion to a poly(alkylene ether, polyethoxylated hydrogen 
ated castor oil or polyethoxylated distearylamine) from 
0.5 to 5% and, preferably, 0.5 to 3% by weight, based‘ 
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on the weight of the nylon, of a phosphonium bromide 
selected'from the group consisting of 

wherein each R is a monovalent, saturated hydrocarbon 
radical and R' is a divalent, saturated hydrocarbon radi 
cal. R’ and each R generally contain from 1 to 12 carbon 
atoms, although each radical may contain more carbon 
atoms, if desired. Representative R radicals include meth 
yl, ethyl, butyl, decyl, etc., phenyl, cyclohexyl, methyl~ 
phenyl, benzyl, and the like. Representative R’ radicals 
include xylylene (e.g. paraxylylene), C2 to C12 alkylene 
radicals, radicals of the structure ' 

{worm 
(CH2)m_ 

where m is 2 to 4, and of the structure 

(we 
where p is 0 to 4, etc. The phosphonium bromides may 
be prepared by reacting a tertiary phosphine (R3P) with 
an organic bromide (RBr) or (R'Br). 

Poly(alkylene ethers), polyethoxylated hydrogenated 
castor oils and polyethoxylated distearylamines which 
are useful in providing the nylon ?laments of the present 
invention are those having a molecular weight of at least 
1,000 (e.g. 1,000 to 30,000). The poly(alkylene ethers) 
have recurring —R"O—- units wherein R" is an alkylene 
radical having from 2 to 4 carbon atoms. The polyeth 
oxylated distearyla-mines and polyethoxylated hydro 
genated castor oils containing at least 70% by Weight of 
recurring —~CH2CH2O—- units. These polyalkoxylated 
compounds may be formed by reacting an alcohol, hydro 
genated ‘castor oil or disterylarnine Wit han appropriate 
amount of a C2 to C4 alkylene oxide, such as ethylene ox 
ide. Representative Poly(alkylene ethers) include: poly 
ethylene glycol, polypropylene glycol, block copolymers 
of polyethylene glycol and polypropylene glycol, polyeth 
oxylated lauryl alcohol and the like. Generally, from 2% 
to 15% by weight of the polyalkoxylated compound is 
incorporated into the nylon polymer. 
The term nylon is used herein to denote linear, ?ber~ 

forming polycarbonamides which contain recurring car 
bonamide units separated from one another by at least 

(an / 
two carbon atoms. These polyc'arbonamides are well 
known in the art and are in general formed by heating 
an aqueous solution of a salt of a diamine and a dicar 
boxylic acid or by polymerization of a lactone. Repre 
sentative polycarbonamides or nylons include polyhexa 
methylene adipamide (nylon 6,6), polyhexamethylcne 
sebacamide (nylon 6,10), polyhexamethylene tereph 
thalamide, polycaprolactam (nylon 6), etc. 
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The phosphonium bromides may be added to the nylon 

salt or salt solution prior to the evaporation or polymer 
ization cycles, or during the polymerization cycles, or 
they may be estirred into the molten polymer during the 
holding (equilibrium) cycle when polymerization is es 
sentially completed. Preferably, the phosphonium bro~ 
mides are ?rst mixed with one or more of the polyalkox 
ylated compounds described herein and then the resulting 
mixture or blend is stirred into the molten polymer during 
the holding cycle. 
The phosphonium bromides by themselves do not im 

prove the conductivity of nylon yarn. However, when 
the bromides are added to nylon in addition to one or 
more of the polyalkoxylated compounds described herein 
yarns made therefrom are more conductive than like 
yarns containing only said polyalkoxylated compound(s). 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The following example is given to more fully illustrate 
the invention. In the example percentages and parts are 
by weight unless otherwise speci?ed. 

Example 

Twelve yarns were prepared, each according to the 
following procedure: 
To a stanless steel, high pressure autoclave was added 

151 parts of hexamethylene ammonium adipate and 50 
parts of water. The autoclave was equipped with stirring 
means to permit the contents to be agitated. The phos 
phonium bromide (and the amount thereof) indicated 
in the table was dissolved in water and added to the adi 
pate salt solution. The autoclave was purged of oxygen 
by use of puri?ed nitrogen and the temperature and pres 
sure were slowly raised until values of 243° C. and 250 
p.s.i.g. were reached. During this time steam was con 
tinuously removed from the autoclave as a condensate. 
The pressure was then gradually reduced to atmospheric 
over a 25 minute period. The polymer was then permitted 
to equilibrate for 30 minutes at 278° C., during which 
time an amount of a polyethoxylated compound, indicated 
in the table, was blended into the polymer melt by stir 
ring at 244 rpm. for 25 minutes. The ?nished polymer 
was melt spun directly from the bottom of the autoclave 
through a 13-hole spinneret to yield white multi?lament 
yarn. The yarn was drawn to provide a yarn having a 
denier of approximately 7 0 with a 35% elongation. Each 
of the twelve yarns was knitted into a tubular fabric and 
tested for static build-up. 

In testing for static build-up each fabric was blank 
dyed for one hour at the boil with a 40:1 liquor-to-goods 
ratio with 0.5% of sodium-N-methyl-N-oleoyl taurate. 
The fabric was rinsed for 15-20 seconds with deionized 
water (20:1 ratio) and then, after drawing for 30 sec 
onds, was rinsed for 20 minutes with occasional stirring 
at a 40:1 ratio with deionized water. After drying for at 
least 16 hours at ambient conditions, the fabric was 
placed in a room with a Hayek-Chromey static instru 
ment and permitted to equilibrate at 40% relative 
humidity for at least 2 days before static measurements 
were made. Then the tubular fabrics were folded length 
wise and placed in the Hayek-Chromey instrument sample 
holders. The instrument was run for one minute without 
contact between the sample fabric and the contact arm, 
which was covered with a ?nish-free nylon fabric, to 
determine the ground or starting charge (zero for all 
conducting yarns). The contact arm was then contacted 
with the rotating fabrics for 60 seconds to build up a 
static charge on the sample fabric. After the contact 
between the sample fabric and arm was broken, the 
time for half the accumulated charge on the sample fabric 
to dissipate therefrom was measured. The results of these 
tests are given in the table. 
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TAB LE 

Polyethoxylated 
compound 

Phospho- Bromide Static 
nlum amount, Amount, half-life, 
type percent Type percent seconds 

Yarn sample: 
1 0 X 6. 5 185 

1 X 6. 5 70 
2 X 7 13 
3 X 7 18 
2 X 7 l 45, 14 
2 ______ __ 0 3 >10 
0 Y 7 1 484 
2 Y 7 l 153 

3 0. 4 X 7 12 
l X 7 63 

3 0. 4 X 7 32 
1 X 7 71 

1 Blank-dyed fabric heated 20 minutes at 150° C. 
9 Minutes. 
3 Added with poly(alkylene ether) during equilibrium cycle. 

NOTE: 
A=Methyltriphenyl phosphonium bromide 
B =(n-Butyl) triphenyl phosphonium bromide 
C = p-Xylylenebis (triphenyl phosphonium bromide) 
X=Hydrogenated castor oil polyethoxylated with 200 moles of 

ethylene oxide per mole of oil having the structure: 

O—/—CH2CH2O\ H 
o (L \ /. 

cHroh (CH2)10 H(CH2)5CH3 
H—Q l O—/CHzCHzO\ H 

GHQ-Q f) l \ /. 
Q:—OLL(CH2)1o ‘incnmcm 

Y=Polyethylene glycol (MW~20,000) . 

The phosphonium bromides (A, B and C) were pur 
chased from Aldrich Chemical Co. and were used as 
received. 
The results show that the addition of a phosphonium 

bromide per se to the nylon polymer did not improve 
the conductivity of the yarn, whereas the addition of 
both a phosphonium bromide and a polyalkoxylated com~ 
pound of the type described herein to the nylon polymer 
rendered the yarn substantially more conductive than 
yarn containing only the said polyalkoxylated compound. 

Similar results are also attained when other nylons, 
bromides and polyalkoxylated compounds of the type 
described herein are used instead of those speci?cally 
illustrated in the example. 
We claim: 
1. A static-resistant polycarbonamide ?lament con 

taining dispersed therein (A) from 2 to 15% by weight 
of a compound having a molecular weight of at least 
1,000, said compound being selected from the group con 
sisting of poly(alkylene ethers) having recurring 
—R"O-— units in which R" is a C2 to C4 alkylene radical, 
polyethoxylated distearylamine, polyethoxylated hydro 
genated castor oil and mixtures thereof, wherein said 
polyethoxylated distearylamine and said polyethoxylated 
hydrogenated castor oil contain at least 70% by weight 
of recurring —CH2CH2O— units and (B) from 0.5 to 
5% by weight of a phosphonium bromide selected from 
the group consisting of 

R R 
\ / + + 
/P\ Br- and Br 

R R L» R 

wherein each R is a C1 to C12 monovalent hydrocarbon 
radical and R’ is a C6 to C12 divalent hydrocarbon radical. 
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2. The ?lament of claim 1 wherein the said compound 5. The ?lament of claim 1 wherein the phosphonium 

is polyethoxylated hydrogenated castor oil of the formula bromide is n-butyltriphenyl phosphonium bromide. 
/ \ 6. The ?lament of claim 1 wherein the phosphonium 

O 0-<OH¢0H,07—H bromide is p-xy1ylenebis(triphenyl phosphonium bro 
‘ 5 mide). 

HQCOgwHmoCHCQHH 7. The ?lament of claim 1 wherein the said compound 
/ \ is polyethylene glycol. 

0-—-cH1cH,0- 
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3. The ?lament of claim 1 wherein the phosphonium HAROLD D’ ANDERSON’ Pnmary Exammer 

bromide is a C1 to C13 alkyltriphenyl phosphonium bro- U.S_ CL X_R_ 
mide. 

4. The ?lament of claim 1 wherein the phosphonium 20 57-140 R; 250—18 N, 78 R, Dig. 16, 17, 19 
bromide is methyltriphenyl phosphonium bromide. 


