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(57 ABSTRACT

Antistatic agenls for synthetic fibers comprising 5-50
weight percent of a specific type of quaternary ammo-
nium alkyl phosphate containing | weight percent or
less of by-product alkali metal halides and 50-93 weight
percent of alkali metal salt of saturated alkyl phosphate
have improved antistatic characteristics both in high
and low humidity conditions, reduce the amount of
deposits that fall off, yellowing by a heat treatment and
generstion of rust, and allow good coiling forms to be
obtained.
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1
ANTISTATIC AGENTS FOR SYNTHETIC FIBERS

This invention relstes to antistatic sgents for aym.
thetic fibers. .

In general, siatic electricity presents problems 1o
synthetic fibers not only .- the manufscturing process
of filament yarn and staple fiber, spinning process,
weaving process and finishing process but also regard-
ing products made from them. Static electricity impedes
operations and lowens the quality of products by di-
shevelling and wrapping and producing flufl. It thus
gives thocks to people, causes the clothes 10 stick and
attracts dust particles. It is therefore necessary to usc an
antistatic agent with synthetic fibers but such an antista-
tic agent must be able 10 exhibit its effectiveness not
only under a condition of high humidity but also when
humidity is low.

During the production of synthetic fibery, finishing
oil which fall off and deposit themselves on the ma-
chines during each proccas present scrious problems.
During a spinning process, for example, the fibers may
be caused 1o wrap around a draft rubber roller. If they
fall off onto a guide or a trumpet, these machine parts
rmust be cleaned more frequantly. If they fall off onto a
heater during s spinning-drawing proces, tar will be
generated. If they fall off onto a guide during & warping
process, it will generate flufT and cause yarn breakage.
As the processing speed is increased, the problems
caused by the deposit become even more serious and
this necessarily implics that antistatic agents 10 be ap-
plied to synthetic fibers must have the property of not
falling off at & significant rate. The present invention
relates 10 antistatic agents for synthetic fibers having
this required characteristic.

There are many types of surface active agents (cati-
onic, anionic, non-ionic and amphoteric) serving as
antistatic agents for synthetic fibers. Alkyl phosphates
exhibit favorable antistatic properties under conditions
of high and medium bumidity, do pot fall off very
much, do pot turn yellow by a beat treatment and do
not rust much, but are not as effective as desired as an
antisiatic agent in Jow humidity situations.

Qruaternary ammonium salts such as trimethyl lauryl
ammonium chloride, miethyl polyoxyethylene (3 mols)
stearyl ammonium methosulfate, and triburyloctyl am-
monjum nitrate have also been used as antistatic agents.
These quatcrnary ammonium salts are advantageous in
that they exhibit favorable anustatic properties not only
at high humidity but also at low humidity but they fali
off, turn yellow by a beat treaument and generate rusts

These problems associzted with quaternary ammo-
nium salts, however, are thought to be caused by the
counter anjons of quaternary ammonjum cations. In

fact, if the counter anion n Cl-, rusting becomes & 3

senous problem and if itis NOy~ or CHySO04« . yellow-
ing becomes scrious Earler, quaternary ammonium
salts with phosphate anion introduced as counter anion
came 10 be considered (Japanese Patent Tokko 45-573
and Tokka 54-70221). These quaternary ammanium
lower alkyl phosphates cxhubit favorsble wntistanc
praperties both at high humidity sad st low humidity
wnd have the sdvanusges of not turning vellow much by
a bical treatment and pot producing much rusy, but eve
the problem of falling off significantdy

11 therefors an
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of extubiting favorable antistatic properties under both
high and low humidily conditions and do not fall off,
turn yellow by s heat treatment or rust much

An antistatic agent for aynthetic fibers according 1o
this invention comprises 3-50wt % of quaternary am-
monium alkyl phosphates shown by the formula (1) or
(11} below and not contining more than 1wt % of by-
product alkali metal halides and 50-935w1% of alkali
metal salts of saturated alkyl phosphate with 50% or

more of alkyl groups with 18 or more carbon atoms:
>It O {DA)ORY m
RI—N—RI® BO—F
|
(OA)OR*
Ré O {OA)ORY U]

1
RACONHICH ) — rla!—~ '@ Bo~—p

R! (OA ) OR*

where R} and R3 arc alkyl group or alkenyl group with
8-18 carbon atoms, R?, RS, R? and R¥ are alky! group
with 1-3 carbon atoms, F*is hydrogen or alkyl or alke-
nyl group with 8-18 carbon atoms, R4 is alkyl or alkenyl
group with 7-17 carbon atoms, X is alkyl group with
1-3 carbon atoms or a group shown by —(AQ)H, Y is
alkyl group with 1-3 carbon atoms or a group shown by
—(A'0)H, AO and A'O being the same respectively as
OA and OA’ in the formulas (T) and (11}, q and r are
integers in the range of 2—40 such that q+r=4—41, OA
and OA' are a single oxyethylene or oxypropylene
group or a block or random connected mixture thereof,
| and m are each zero or an integer in the range of 1-20
such that |4+ m=0-20, and 8 s 2 or 3.

In the formulas (T) and (11}, if the number of carbon
atoms in R} and RYis less than 8 or that in R3is less than
7, the amount of deposit increases. If the cootent of
by-product alkali metal halides exceeds lwi% with
respect 10 the quaternary ammonium alkyl phosphate,
there i increased yellowing by a heat trestmeot and
rusting. For this reason and in particular for preventing
rust, particular preferable content of alkali metal halides
which is particularly preferable is 0.3w1% or leas with
respect 10 quaternary ammonium alkyl phosphate.

Examples of quaternary ammonium alky! phosphate
of the present invention shown by the formula (Thor (ID
include combinations of the following quaternary am- .
momum cations and phosphate anions. The quaternary
ammonir-1 cations may be trimethyloctyl ammonium
cation, tethylstearyl ammonium cation,

t.Jl\O)lnH
CigHps—N=—=CHy¥
I
A OhinH
whiere AD and A'D are the same as in (11, 1nethyl octa-
noie amidopropy! ammomum cation, el The phos

ohale aruon may be polyosyethylens (3 mols) laaryt
phosphate amon, polyosyethylene (10 malcd crear
phosphate snion, octyl phosphate anion, o
inihe folluwing, methods of prosivcing guaternary
m aixyl phos
Becauss o
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geously from a practical point of view by any of the
conventional methods. There has been known a
method, for example, of preventing alkali metal halides
from being produced as by-products by direct reaction
between tertiary amine and lower alky! triester of phos-
phonic acid (Japanese patent Tokko 45-573 and Tokkai
34-70123), but *nce triesters of phosphoric acid with a
long-chain alky) group have ow reactivity with tertiary
amines, they are not practical for the production of
quaternary ammonivm long-chain alkyl phosph

4
taned in view of the salt exchange reaction and the
scpantion process thereafier, if Jower alcohol such as
methanol, ethanol and isopropanol is used as solvent.
Thus, quarternary ammonium alkyl phosphates of the
preseet invention are mixtures of mono alkyl phosphate
and dialkyl phosphate of quancrary ammonium.
Cruaternary ium alkyl phosphates of the pres-
ent iavention can be used singly as an antistatic compo-
nent of a finishing oil for synthetic fibers but there are

According 1o another conventional method, an alkali
metal salt of mono- and/or di-longchain alkyl phos-
phate is reacted with mono-long-chain alky] tri-short-
chain alkyl ammonium halide by a3 salt eachange in
waler or an alcohol solvent such as methanol, isopropa-
nol, etc. Quaternary ammoniuvm alkyl phosphaies are
the produced by filiering inorganic by-product com-
pounds such as alkali metal halides. Although this con-
ventional method is popular for the production and
refining of so-called complex salis which are combina-
tions of anion and cation active agents, it is not appro-
priate for keeping the content of inorganic by-products
10 1w1% or less because both the quaternary ammonium
halide and the alkali metal salt of alkyl phosphate to be
used contain Jong-chain alkyl groups and it is stoichio-
metrically difficult 1o carry out the salt exchange reac-
tion for increasing their concentrations 1o relatively
high levels in the range of 10-50wt% in water or al-
cohol-type solvent which are required for industrial
reasons. Accordingly, there will remain unused quater-
nary ammonium halides and alkali metal salts of alkyl
phosphate and this makes it practically impossible to
reduce the content of alkali metal halides 10 1W1% or
less with respect 1o quaternary ammonium alkyl phos-
phates.

Quaternary ammonium alkyl phosphates sccording
1o this invention can be produced by the method de-
scribed below. First, tertiary umine shown by the fol-
lowing formula (1) or (2) is quaternalized by alkyl hal-
ide (with alkyl group given by R2 or R¥of (I) or (I1)).
Next, lower alcoholste of alky! metal is used in the
presence or absence of lower alcohol as solvent 1o ex-
change the halogen anions of the anion part with lower
alcoxy anions. and after the alkali metal halides gener-
ated at this time as by-products are separaled, mono- or
di-alky! phosphate shown by the following formula (3)
is used to exchange the alcoxry anions:

X th
.
RI=N

|

¥

g h4]

|
n‘ct}mucrm.-rr'
R?

0 (OAIOR} m
74

HO=T
[OA )R

where B0, RLRY RYL RE BTN, Y, Im and noare as
defined above.

Examples of alkall metal alcoholate which may be
wwed here include sodium methviate. sodium ethylate
and potawinm sopropotide. bui scdium meihylate 1
industrialiy sdvantageous. Favoiable resulls are ob-

30

55

[

=1

e
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in which they prove to be even more cffective
il used a5 an appropriate mixture with & conventional
antistatic agent. For example, a mixture with an appro-
priate amount of quaternary ammonium alkyl phos-
phate added to an antistatic agent of alkyl phosphate
type not only provides 10 synthetic fibers an antistatic
property to such a degree that was toally unexpected
from a single alkyl phosphate system but also prevents
the wrapping and falling ofT and a good coiling form
can be obuained.

Representative examples of alkyl phosphate 1ype
antistatic agent of which the effectiveness can be signifi-
cantly improved by the addition of an appropriate
amount of quaternary ammonium phosphate of the pres-
ent invention include alkali metal salts of satursted alky]
phosphate having as principal component alkyl group
with 18 or more carbon atoms. In such a mixed system,
the content of the quaternary ammonium alkyl phos-
phate of the present invention thould be 5-30wt%.
Although the optimum ratio varies, depending on the
kinds of quaternary ammonium alkyl phosphate and
alkali metal salt of alkyl phosphate, a particularly pref-
erable range is 5-20wt% of quaternary ammonium
phosphate (that is, 95-80wt% of alkali metal salt of
alkyl phosphate). The antistatic sgents of this invention
can be applied singly 1o synthetic fibers such as polyes-
ters, polyacrylonitriles and polyamides or to their mix-
tures with natural and chemical fibers. The rate of sppli-
cation to such syntbetic fibers (inclusive of mized fibers)
is generally 0.01-2w1% and preferably 0.01-0.5w1%.
They may be applied 10 filaments, a tow or saple fibens
by a kiss-roll method, by dipping or by spraying eitber
during or after a spinning process. They may also be
applied 10 fiber products.

In what follows, the present invention and its effects
will be explained further in detail by way of examples
and comparisons and it should be understcod that these
examples are not intended 1o limit the scope of this
invention,

TEST NO. |

Synthesis of quaternary smmonium alkyl phosphate
of this invention (Example A-1):

Ome mol of phosphoric anhydride was added 1o three
mols of octyl alcohol over a period of one hour at
60*-70" C. while stirring. They were allowed to react
with each other at 70° C. for three bours and a mixture
of mono and dioctyl phosphate was obtained. Sepa-
rately, 0.5 mol of octy! dimethylamine and 200 ml of
methanol were set inside an sutoclave and after the
intenor gas was replaced by nitrogen, 0.3 molar equiva-
tent of methy! chlonde was intreduced for a reaction at
60°-707 C for three hours (o obtain octylinmethyl am-
monium chloride. To this was gradually sdded % g of
8% sodium methylate-menthanol soluton (0 molar
equivalent as sodium methylate) for salt exchange and
the by-product sodiwm chlonde was fillered aws .
obtain a methanol solution of octvitnmethy! amm
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methouide. To this methanol solution was added 0.3
wol of the aforementioned mixture of mono and dioctyl
phosphale and after methanol waa distilled away, it was
diluted with water to obtain 50w1% squeous solution of
octyltrimethyl ammonium octyl phosphate (A-1).

Other quaternary ammonium alkyl phosphates (A-2
through A-11 ane %1 through B-16 except B-11; only
those starting with the letier A are quaternary ammo-
nium alkyl phosphates of this invention) were synihe-
sized as follows.

SYNTHESIS OF A-2 THROUGH A-11

They were obtained by methods similar 1o the
method for A-l.

SYNTHESIS OF B-! THROUGH B-8

They were obtained by methods similar 10 the
method for A-1.

B-9 THROUGH B-121
Conventionally available products were used,
SYNTHESIS OF B-13

This was done by heating to dissolve 347.5 g (1 mol)
of steary] trimethyl ammonium chloride and 334.7-g (1
mol) of sodium seaqui stearyl phosphate in 2000ml of »
mixed solvent of isopropyl alcohol/water=95/% (vol-
umne ratic). The solution was heated and stirred for one
hour at 60° C. and the deposited sodium chloride was
filtered nway by heating at 45°-30" C. Isopropyl alcohol
was distilled from the filtered solution thus obtained
while heating under a reduced pressure and trimethyl
stearyl smmonium stearyl phosphate with 80% of solid
component was obtained.

SYNTHESIS OF B-14

This was done by dissolving with heat 347.5 g (1 mol)
of stearyl trimethyl ammonium chloride and 668 g (1
molar equivalent) of 50% aqueous sodium seaqui stearyl
phosphate in 2000 ml of isopropy! alcohol and 1000 ml
of water and isopropy] alcohol was distilled away under
azeotropy while the mixture was heated and stirred.
Next, 1000 m! of isopropyl alcohol was added to dilute
the solution and sodium chlornde which deposited at
15°—40" C. was filtered away. Isopropyl alcohol was
distilled awny by heating under a reduced pressure from
the filtered solution which had been obtained and tri-
methyl stearyl ammonium stearyl phosphate with B0%
of solid component was oblaincd.

SYNTHESIS OF B-15

This was obtained by a method similar to that for
B-13.

SYNTHESIS OF B-16

This was obtained by 3 method umilar to that for
B-14.

Each of the examples shown below {except B-12) s
described as follows: (1) cation part (2) anion part {mix-
ture of mono and di as in the case of aforementioned
A-1, except B-9 through B-12), and (1) content of alkal:
metal halide (NaCl or KCl) with respect to cffective
components {weight percent, measured by the Volhard
method except for B-9 through B-12). POE, POF and
EQ respectively stand for polyoayethylene, polyory-
praoylene and cayethylene

A-1 (1) tnmethyl octy! ammonium, {2} octy! phow

phate, (3) 0.18

k]

43

50
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A-2: (1) tnmethyl octyl ammonium, (2) steary] phos-
phate, (3) 0.14

A-3: (1) trimethylstearyl ammonium, (2) octyl phos-
phate, (3) 0.14

A-4: (1) trimethylsiearyl ammonium, (2) steary} phos-
phate, (3) 0.10

A-5: (1) wriethyl octancic amido propyl ammonium,
(2) FOE (4 mols} octyl phosphate, (3) 0.20

A-6: (1) triethyl octanoic amido propyl ammonium,
(2) POE (15 mols) sieary]l phosphate, (3) 0.24

A-T: (1) triethy] stearcic amido propyl ammonium,
(2) POE (2 mols)/FPOP (1 mol) octyl phosphate, (3)
013

A-B: (1) triethy] stearoic amido propyl ammonium,
{2) POE (5 mols)/POPF (1 mol) stearyl phosphate,
(1) 0.24

A (1) (EDRBH
CyHiT—N—CH,®,
(EOnH

(2) octyl phosphate, (3) 0.63

A1 (1} (EOh3H
CuH:-r*T—CH;..
{EO)NsH

{2) stearyl phosphate, (3} 0.27

A-11: (1) tnmethyloctyl ammonium, (2) octyl phos-
phate, (3) 0.80

B-1: {1} irimethylhexy! ammonium, {2) octyl phos-
phate, (3) 0.25

B-1: (1) trimethylbexyl ammonium, {2) stearyl phos-
phate, (3} 0.20

B-3: (1} trimethyloctyl ammonium, (2} butyl phos-
phate, (3) 0.34

B-4: (1) triethy! butanoic amido propyl ammonium,
(2) octyl phosphate, (3) 0.5

B-5: (1) tricthylbutanoic amido propy! ammonium,
(2} stearyl phosphate, (3) 0.63

B-6 (1) monomethyl dioctylbutanoic amido propyl
ammonium, {2) butyl phosphate, (1) 0.01

B-7: (1} {EORH
1
CaHy—N—CH,®,
(EOKH

{73 netvl phosphate, (3) 083
BE (1) {EORH

Cattyr—H—CH, &,
(EQHH

P74 butyl phosphate, (3) 072
3 i1 inmethylocty! ammeonium, (23 chionde

el (i '-l"\r"ﬂ!."lr\d’t}l!m}(!pl‘hpy] AR {0

methosuliate
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Bl il (EORH
CyHy r—N—CH)®,
{EORH

(2) nitrate
B-12: (I} p Isuryl phosphat
B-13: (1) trimethylstearyl ammonium, (2) stearyl
phosphate, (3) L10
B-14: (1) trimethylstearyl ammonium, (2) stearyl
phosphate, {3} 1.43
B-15: (1) trimethyloctyl ammonium, (2) octyl phos-
phate, (3) 2.47
B-16: (1) trimethylocty! ammonium, (1) octyl phos-
phate, (3) 1.71
The following measurements and evalustions were
made regarding A-1 through A-11 and B-1 through
B-16.

MEASUREMENT QF ELECTRICAL
RESISTANCE AND EVALUATION OF
YELLOWING

Staple fiber samples were prepared by applying 0.1%
(effective weight percent) of each example by & spray
method to polyester staple fibers (1.4-denier, 38 mm)
and dried for one hour at 60* C. These samples were lefl
for 24 hours under the conditions of 25° C. and 40%RH
or 25' C, and 65%RH, and their electrical resistance
was measured. They were also subjected to a heat treat-
ment st 150" C. for two hours and the degrees of their
yellowing were observed and evaluated visually.

MEASUREMENT OF ELECTROSTATIC
CHARGE GENERATED BY FRICTION

Pieces of refined woven acrylic cloth were immersed
in 0.2% (effective weight percent) water solution of
each example and then dried for one bour at 60° C.
They were left for 24 hours under the conditions of 25°
C. and 40%RH and their static charges were measured
by a rolary static tester.

EVALUATION OF DEPOSIT THAT FALL OFF

Staple fiber samples were prepared by applying
0.129% (effective weight percent) of each example by a
spray method 1o polyester staple fibers {1.4-denier, i
mm) and were left for 24 hours under the conditions of
30° C. and 70% RH. These samples were used and 10 kg
of slivers manufactured by & carding engine was passed
through a drawing frame. The deposits that fall off and
become adhered to the trumpet to which the sliver is
taken up were visually observed. Grades A through E
were assigned in the increasing order of the amount of
deposits. grade A being given if this amount 1 very
small

EVALUATION OF RUSTING

After washed knitting needles were immersed in 2%
{efTzctive weight percent) water solutions of individual
examples. they were left for 24 hours under the condi-
tons of 20° C. and 1009 RH and the sppearance of rust
on esch neediz was visually observad and evalustzd

i he results of the above are shown in Tabies 1 and 2

25
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TABLE |

LT 1“) Siatc
A 1C, 1C, Chwpr D
Mo W% RH  43% RH v}

o Yellorwing Rurst
o1z x " e x 100 100 A Moot Nooe
H 43 1% 0 A Hone MNooe
3 3.7 3 0 A Moo Nome
4 L} L1 450 A Moo Hone
3 31 13 1n A Mo Nose
b (%] 43 130 A Nome Nose
1 [%] 43 110 A MNowt Noar
1 [§} T4 AT A Nowt Mome
’ 13 "° 100 A Nome Sligh
w0 b5 ] b 120 A Hooe MHowe
11 1.3 [ 5] oo A Mone Shght

TABLE 2
Reniyance ({1} Saanc

B- 3 N 13 C, Charge De

No #%RH 3% RH (V)  posit Yclowing Rumt
Vox 0" 1 xwt ne E  Sug Nooe
2 41 10 170 D Nose Mome
3 12 9.4 100 E  Slig Nooe
4 15 1 110 E Moo Mooc
b 47 35 350 D None Nose
L3 13 0 o D Mone Hooe
7 13 12 oo E Nowe Nooe
1 L1 [ ¥ 100 E Nome Nowe
L] 15 1 10 ] Presem Oreat
{1} 11 k] 400 E Present Grreat
n 17 - 400 E Prosenst Orest
1z 00 L] N0y A ‘Nooe Nooc
13 8) &l a0 B Presest Grest
" 14 w 00 A Shghn Crreas
11 1.1 17 %0 E Shght Great
I 40 13 sl D Shght Chreat

TEST NO. 2

Emulsions were prepared from individual finishing
oi] (sample of present invention 1-12 and comparison
smples 1-9) having composibons (weight percent)
sthown in Tables 3 and 4 and fiber samples were pro-
duced by applying 0.15wt% of each by the spray
method individually to polyester suaple fibers (1.4
denicr, 38 mm) and leaving for 24 bours under the tem-
perature and humidity conditions shown in Tables 5 and
6. The following measurements were made and evalo-
ated. The results of the test are shown in Tables 5 and 6.

MEASUREMENT OF ELECTRIC RESISTANCE
Measurements were taken as in Test No. 1.
MEASUREMENT OF ROLLER WRAPFPING

Roving yamns produced {rom the fiber samples by
using a roving frame were spun out of a spinning frame
and the number of the fibers wrapped around the rubber
roller {manufactured by Yamanouchi Rubber Com-
pany. hardness 82 degrees) was counted.

EVALUATION OF DEPOSITS

Testng and evaluation were Jone as in Test No i

LVALUATION OF COILING FORM

sarnples were processed lo drawing frame and the
i the produced silver coils were evaiuated and
graded smitarly o fve leveh from & {very goodiae
E {net good)
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TABLE }
. (Sampies of R non

Nao. LR A4 A3 A-10 P-1 P-1 P-3

] 3 ]

1 [[-] L]

3 10 %

4 [1] L]

] 13 "

L] 13 ”

7 n ]

' 0 » 10
’ ] ]

10 0 0

1 0 0
12 43 33

TABLE 4
Com ampler}

No. Al A4 B3 B1é B3 BY PI1 P21 P4FS
1 3 93

2 0 b

3 15 [ 1]

4 0 w0

5 0 0

] 10 90

7 0 »n
] X ]
L] 0 %W .

In Tables 3 and 4, A-] through A-10 and B-1 through
B-16 are the same as previously c'efined. P-1, P-2 and

P-3 are all potassium salts of aaturated alkyl phosphate 3

with octadecyl/hexadecylm=90/10, 85/15 and 65/35,
respectively, P-4 and P-5 are respectively potassium
heasdecy) phosphate and potassium dodecyl phosphate.

3

TABLE §
Sampies of e ton
Wrapping Coiling
__ Resaunce(0) _  (6mes)  Depowt  Form
15" C. ¥ C, ¥, 0, wc,
No. 0% RH 6% RH 7% RH 7S RH W% RH
192 % 107 123 x 10 [ A A
H 6 100 [} B B
3 7.4 .1 0 A A
4 . L2 1 B B
] 80 9.3 ] B B
[ 30 10 7 ] [of
1 13 63 1 B B
] T2 0.3 a A A
9 13 34 1 B B
o 83 %0 & B B
1 14 ¥ 10 B c
12 1.3 16 t B C
TABLE &
{Comparson wmpie)
Resistance (01}
1 C. 3 C. Wrappog Caling
No, 4% RH  83% RH {tmes} Depenit Form
1 90 x 10" 118 x 100 7 c E
] 50 % 0 C E
] 6.2 %0 12 D E
[ 10 5.2 1 D E
5 X (N o] E E
6 (B 10.) i B E
? 11 51 1 C E
| Lo 13 - c E
] 61 1o . U &)

Compansons between Tablen | oand 2 and beiwien

Tables 3 and & clearly dcmomt ate that the fimshang ol

25

43

5

10

of the present invention described hercinabove exhibit
superior antistatic charscieristics both in high humidity
and low humidity conditiona, reduce the amount of
deposits that fall off, yellowing by a heat trestment and
generation of rust, and allow good coiling forms to be
oblained.

What is claimed i

1. An antisiatic agent for synthetic fibers comprising
3-30 weight percent of quaternary ammonium alkyl
pbhosphate which is shown by the formula (T) or (1)
below and contain | weight percent or less of by-pro-
duct alkali metal halides and 30-95 weight percent of
alkali metal salt of satursted alkyl phosphate with 50%
or more of alkyl groups with 18 or more carbon atoms;

>I( O (OAOR? m
RI—N—RI®8p—F
L (OAJWDRY
¢ 0 (oaoR? an
n’(nwtmg.—rlq—uwﬁo—r
!It‘ (OAYORE

where R and R? are alkyl group or alkenyl group with
8-13 carbon atoma, R1, RY, R7 and R? are esch alkyl
group with |- carbon atoms, R* is hydrogen or alky)
group or alkenyl group with B-18 carbon atoms, R3 is
alky! group or alkeny! group with 7-17 carbon a1oms, X
is alkyl group with 1-3 carboa atoms or & group shown
by —(AO)H, Y is alky! group with 1-3 carbon atoms
of & group shown by =({A'Q)H, AO and A'O are re-
spectively the same s OA and OA’ in the formulas (T)
and (1T}, q and r are integers in the range of 2-40 such
that g+ r=4—41, OA and OA’ are single oxyethylene or
oxypropylene group or block or random coonected
mixture thereof, llndmmowmtcgmhlhcmgeof
1-20 such that |4+ mw0-20, and n is 2 or 3.

1. The antiststic agent of claim 1 comprising $-20
weight perceat of said qualernary ammooium alkyl
phosphate and 30-95 weight percent of said alkali metal
salt of saturated alkyl phosphate.

3. The antistatic agent of claim 1 wherein said quater-
nary ammonium alkyl phosphate is obtained by the
steps of

quaternalizing tertiary amine shown by the formuls

{1} or {2) by using slkyl halide with 1-3 carbon
atoms,

wubsequently using alkali mectal alcobolste to ex-

change halogen aniom in anion section for alcoxy
anions,

separating alkali metal halide generated as & by-pro-

duct, and

swbsequently exchanging sud alcoxy anions by using

mono- or di-alkyl phosphate shown by the formula
(3

=
I
ey
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~continued
ne [#3]
|
R3CONH(CH ), —N
b

O (DAHOR? n
[ 74

HO~=P .
N
{OA)ORY

where R1, R%, R4, R%, RS, R7, X, Y, |, m and n are
the same as in the formulas (T} and (1I).
4. The antistatic agent of claim 2 wherein said quater-
nary ammonium phosphate is obtained by the steps of
quaternalizing lertiary amine shown by the formula
(1) or (2) by using alkyl halide with 1-3 carbon
atoms,
subsequently using alkali metal alcoholsie to ex-
change halogen anions in anion section for alcoxy
anions,

15

43

&0

12
separating alkali metal halide genersted as » by-pro-
duct, and
subsequently eachanging said alcoxy anions by using
mono- or di-alkyl phosphate shown by the formula
(3

T (1
Rl—N
|
Y
né @
|
RICONH(CH2),—N
b
o (oA)oR? 41}
(Ve
HO—P .
{OA)mORY

where RI, R, RL RS, RE RY, X, Y, |, m and 1 are
the same as in the formulas (T) and (11).
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[37] ABSTRACT

This invention i directed 1o & lubricant for treating
synihetic fibers characterized by sdding s polye-
thylencpolyaminepolyacetic acid derivative of the fol-

lowing formula (1) 1o & composition comprising so far -

known lubricating sgent and surfactant, and imparts
lubricaling property and antistatic property to synthetic
fibers in the production and pr ing sieps thereof:

L1} L¥ 1]
M *ooc«—tl:u én—cm-u;*
N—C‘H;CH:?N—CHJCH;ulL
My mc—c':m CH—1CO0 - My *
CHA 00~ My*

wherein R and Ry is hydrogen or an alkyl'or alkenyl
group of 1-22 carbon stoms; n is an integer of O—4; and
M;+-Ms+ are rapectively selected from the group
consisting of hydrogen ion, alkali metal jon, and ammo-
nium on expressed e.g. by the following formula (11):

Ry )
|
HN*—Ry

1

Ry

wherein Ry, R4 and Rs are respectively selected from
the group consisting of hydrogen, alkyl, alkenyl, hy-
droxyalkyl, polyethoxyalkyl, polypropylencoxyalkyl
and polyethylenepolyaminncthyl.

4 Qlaims, No Drawings
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LUBRICANT FOR TREATING SYNTHETIC
FIBERS

FIELD OF THE ART

Thin invention relates 10 a novel lubricant for treating
swnthetic fibers which is suitable for applying & lubri-
cant conlaining a specifiecd compound 10 synthetic fi-
bers 10 thereby impart & high extent of lubncating prop-
eny and antistatic propenty 1o fiber filaments in the
production step and the processing siep of synthetic
fibers and diminish various obsiacles in the sieps.

ART OF THE BACKGROUND

Generally in Uhe case of thermoplastic synthetic fibers
such as polyester, nylon, polypropylene. etc.. a lubn-
cant for treating fibers is altached to unsiretched yarma
obtained by melt-spinning. followed by stretching to 3
10 4 times the original length and heat-set for fizing the

0

propertics. The resulting sureiched yarns are further 20

passed through advanced processing steps such as bulky
processing, twisting, warping. sizing. knitting, weaving,
etc. 10 give fiber products, and in such production and
processing steps, yarns are indusinally treated very
ofien al considerably high speed for improving their
productivily; thus vanous cbstacles sccompanying the
treatment such as attrition of guides. travellers, knilting
needles. eic. contacting with filaments, vanious elecine
obstacles such as fiber-breakage duc 1o approach of
filaments al the time of warping. contact thereof with
the second heater and 1wining round mip rolls in a faise
1wisl processing machine, e1c. have become s more and
more senous problem. Thus a fiber-ireating lubnicant
capable of diminishing such obstacies has been carnestly
required

As an sntistatic agent component for fiber-ireating
lubricants used in the production and processing sleps
of synthenc fibers, vanous kinds of anionic surfactants,
cationic surfactants, amphotenc surfactants, eic. have
so far been used in admixture, but those which satisfy all
of problems of antistatic property. lubricating property
10 metals, the so-called lubricating property and collect-
ing property such as high speed unwinding from pirn.
cheese, eic., remsiance 1o stinion of metals, and the hike
propertics. have not yel been developed. Further. when
lubricants using such 1onic surfactants sr: made up into
an aqueous emulsion 10 be applied 10 iibers. the result-
ing foam 18 100 large. resulting in adhesion unevenness
of lubncants, hence development of an antistalic agent
having hitle foaming property has been particularly
awaned

Further. surfactants as the above-mentioned compo-
nent being currently most often used for the antistatc
puTpose afe anionic surfactants, but those having prop-
ertics which fully satisly the above-mentioned purpose
under » severe condition of an atmosphere of extremely
low humdny (RH M¥% or lower), have not yet been
found For example. s amomic surfactants used so far,
there are alkali metal salts or alkanolamine salts of long-
chan alky! phosphates, which, however, have draw-
backs of being hable to wear frictional bodies as de-
wiibed above and lowering antisiatic properts at the
nme af high temperature heat jreaiment o1 at the hime
o low humadity Further surfastants of alkybalate s
o oalkvbwifonate salt tipe exube
mroperty under an atmosphere of high humidios of me
dim bumidity, But thes are non ven Tulls saliiactons
ik H

under an atmemphere of caremels low hamadins

ALPErET anistahy ¢

[
[

)

50

2
0% or lower), and if the amount thercol added i in-
creased in order 10 suppiement the insufficiency of the
property, their lubricating property bocomes nolably
inferioe, and further, when they are dissolved in waler,
their emulsion causes a nolable foaming due to reduc-
tion in the surface tension.

Furthermore, aliphalic carboaylic 1ype anionic sur-
faciams represented by alkali metal salis of oleic acid or
ncinaleic acid exhibit desirable properties in the aspect
of antistatic property as compared with the above-men-
tioned other anionic surfactanls, but their antistatic
property under sn extremely low humidity and their
propertics in the case where the amount thereol sdded
s increased, have similar drawbacks 1o those of the
above-mentioned alkylsulfate salt and alkylsulfonate
salt type surfactants.

Further, 1n order 10 improve sizing property, gencr-
ally the proportion of anionic surfactants in the lubn-
cant may be increased, but this case also eahibits similar
drawbacks 10 the above-mentioned. Further, in the case
where polymers having & number of carboxyl groups in
the molecule such as copolymers of maleic anhydride
with 8 water-soluble vinyl monomer or alkali metal salis
or smmonium salts of polyacrylic acid, etc. are used as
a fiber-treating ap.nt, they exhibit an excellent eflec-
tiveness of improving collecting property, but, on the
other hand, friction of fibers 10 metals at high speed is
very great, and also such carboxylic acid salts of poly-
mers have almost no antiststic effectivencss.

DISCLOSURE OF THE INVENTION

In view of the above-mentioned various points. the
present inventors have made strenuous studies for ob-
taining & fiber-treating lubricam which can notsbly
inhibit the swalic build-up phenomenon of synthetic
fibers even under & condition of an atmosphere of ex-
tremely low humidity to thereby notably alleviate static
troubles at various sieps, and st the same time can pre-
vent the attrition of guides, pins, €ic. in contact with
fiber filaments running st a high speed, and also is supe-
rior in the collecting property and lubricating propeny.
As a result the present inventors have found that
(polykthylenepolyaminepolyacetic  scid  denvatives
exhibit a supenor sntistatic property cven under the
above-mentioned extremely low humidity and are nota-
bly effective also in the stirition to metals and collecting
property, and have attained the present invemon

The object of the present invention is to provide a
fiber-reatmg lubricant which effectively inhibits the
static electnicity generated by friction of fiber filaments
to guides, rolls, heaters, eic. dunng the production and
processing sieps of synthetic fibers. even under an cx-
tremely low humidity (RH: 0% or lower); prevents the
atinnon of fnctional bodies such as guides, pins, elc in
contact with fiber filaments 10 be treated at a high
specd, and alwo imparts & high extent of lubncating
property and collecting property 1o fiber filaments

*~amcly the present invention i directed 1o a lubn.
cant {or an oiling agent) for reatng synthene fiben
(heremafter referred to as tresting fubncant of the pres-
ent invention), characterized in that
ipolyethylenepolyaminepolvacetsc acd  denvanive
thescinalter referred 10 as compound ol the presen
invention) eapressed by the following gencial formuls
il

o sser ar poisglveol lubneating agenis and nnnon

conlaIns 8

foa COMPOSIION comprisng 0 far known mineral

wu Tae cannis or some surfacianty e
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T. r} i CrHy CisHn
M DOC=CH HC—CO0OM) NsDOC—CH HC=COO0NS
N~=CHyCH;+N=CHp-CHymN 3 n-—c;n.-rn—c;m-y—r'u
M yOOC=CH; HyC—COOM, NeDOC—CHy CHCOONs CH;—COONa
CHO0OM
(D) Potsssium st of N.N-bis(l-carborydecylie-

wherein the symbols have the [ollowing meanings:

Ry, Ry hydrogen atom or alkyl or alkenyl group of
to 22 carbon atoms;

M1, Mz: a single member or & mixture of the follow-
ing members (1) to (6):

(1) hydrogen atom or alkali metl cation,

(2) mono-, dk or tri(hydroxyalkylamine (the alkyl '
group having 1 to 4 carbon atoma),

(3) mono-, di- or trialkyl {and/or slkenyllamine (Lhe
alkyl group and alkenyl group having 1 to 22 carbon
atoms),

{4) secondary or tertiary amine having the hydroayal-
kyl group and the alkyl group (and/or alkeny] group) in
the amines of said (2) and {3) bonded 10 the nitrogen
atom,

{5} sddition product of ethylene oxide (and/or propy-
lene oxide) to a compound having an active hydrogen
atom among the compounds of said (2), (2) and (4) (the
polymerization degree of ethylene oxide and/or propy-
lene oxide being | to 20), and

(6) polyethylencpolyamine (the number of ethylene 10
group being | to 5 and

n: integer of 0 to 4.

Concrete examples of the compounds of the present
invention are a1 follows, but the present mmvention 13 not
limited only thereto: "
(A) Sodium salt of ethylenediaminotetraacetic acid

1 10

0

NsOOC—CH; CH OGN
. |
N=CH;=CH;=N

NeQOC=CH; CHCOHNs

{B) Tnethanolamine salt of diethyleneinamine-pentaa-

thylenedisminediacetic acid

(‘-'loﬂn ?IDH:II
KOOC—CH CHCOOK
N—CHCH;—N
KOOC—CH; CHAOOK

(E} Mixed salt of ethylenediaminetetraacetic acid and
diethanolamine )

OMA HOOC—CH; (l."H FCOOH.OMA.
N—CHICH;—N

DEA HOOC—CH; CH:COOH DEA

wherein OMA: oleylmethylamine

CieHyy
v

~
CH.,

DEA: diethanolamine HN({C:H OHY,
{F) Qleylmethylamine-sodium miaed salt of diethylene-
Inaminepentaacenc acid

DM A HOOC—CH: CHCOH OM A

N=OHa— N H—N

I
Na(X W —CHi CHaCMIN

CHCCOH OMA

cenic acid wherein OM A oleylmethylamine
45 1G) Laurylamine salt of N.N'-bisd lcarbovynons |-
TEA HOGOCH; CHACOHOH TEA thylenediaminediacetic acd
1
N CaHg—N— Ly ~
1 H Lol
HICC Hy CHConH 1 ]
CH;CtueH TEA w HOM W =L H CH=CURIH He S =
NeCHA =
- triethanalamine |
wherein TEA: tricth 2 CortrasH B0 —OH UM Ho SN =0 oH e
M
Cale L VHY o Dibatylethanolamne salt of  nethdeneter
W= HA M raminehexaacenic acid
~
PR
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CiHa
N=LC4Hs
CHAOH
(1) Dhcthylenetriamine salt of N-{l-carboxyhep-

isdecenyl)cthylenediaminetriscetic acid

CiuHyy
DETA HOOC~CH; CH—COQH.DETA
!'v'—c Ha—CHy— L
HOOC—CHy CHa1—C0O0H DETA

wherein DETA.: dicthylenctriamine:
HiN—C Hy— NH~CiHi—NH:

{1} Tricthanolamine salt of tctraethylenepentaminehep-
acelic acid

TEA—HOOC—CH; ?H)CWHTEA
r-a--c;u.ur—c,mu—n
TEA—HOOC—CH: CHCOOH  CHCOOH TEA
wherein TEA:
CyHOH
N=C:HOH
CrHauH

(K} POE (8) octylaminoether salt of ethylenediamine-
tetraacetic acid

c.npnq'c,mo;\—uhuooc——c[:u; ;
N—CH;CH:'—T'
CiHNHC H O — HY HOOC —CH

The present invention provides a fiber-treating lubn-
cant having & (poly)ihylenepolyaminepolyacetic scid
denvative blended therein as an antistalic agen! compo-
nent, and the blending proportion of the compound has
no particular limitation, but cssentially the proponion
may be in & range in which the effectiveness of the
present invention can be exhibited; its content in the
treating lubricant is usually in the range of 0.1 10 50%
by weight, preferably in the range of 0.5 10 20% by
welght

The lubricating agent used 10gether with the com-
pound of the present invention in the tresting lubnicant
of the present invention can be selected from among
purified mineral oils. synthetic fauy acid esters and
polyoxyalkylene glycols. As the purified mineral oils,
those having » Redwood kinetic viscosity at 30" C ol 40
10 500 seconds may be used, and as the synthetic fatly
aod esiers, esters of ahphauc monobasic acids with
aiphatic menchydnc alcohols. esters of polvols such as
cthylene glycol. dicthylene giycol. neopenty! glhveal,
tnmethyldlpropane, glycerol pertaerythrol, eic with

ratic monobasic ackds oF esters Al aliphatic ditasi

shipt

acidy wiih aliphauc monohyadne alcoholy masy be used

6
. Further concrete examples of the sbove-mentioned
synthetic falty acid esters are as follows:

butyl sicarate, n-octyl palmitate, 2-cthylhery! palmi-
ate, oleyl laursie, isohexadecyl lausate, isostearyl lau-

$ rate, dioctyl schacate, diisotnidecyl adipate, ethylene
glycol dioleate, timethylolpropane tnoctanoate, penta-
erythnitol ietraoctancate. Further, as examples of poly-
oayalkylene glycols, those obtained by subjecting prop-
ylene oaide and cthylene oxide to random or block

10 addition polymerization 1o b ! L, lauryl alco-
hal, stearyl slcohol or the like, those oblained by sub-
jecting propylene oxide and ethylene ozide 1o random
or block addition polymerization to propylene glycol,
trimethylolpropane, glycerol, penuserythritol, sorbitol

15 or the like, eic., having various molecular weights, may
be used.

Next, examples of nonionic surfactants used together
with the comp ds of the p invention 1n the
lubricant of the present invention are polyoayethylene

20 alky) ethers, polyoxycthylene alkyl phenyl esters, par-
1ia) alky) esters of polyols, eic.

Further, emulsification modifier, wetting agent, mil-
dewproofing agent, rusiproofing agent, eic. may be
added 10 the sbove-mentioned various blend composi-

1% tions, and the total amount of these additives is pre-
ferred 10 be 5% by weight or Jess based on the total
blend composition,

The treating lubricant of the present invention, when
applied to synthetic fibers as spinning lubricant or fin-

30 ishing lubricant, exhibits its effectiveness, and the Jubni-
cant, when used, i preferably atiached to synthetic
fibers in the form of an aqueous emulsion of 3 to 30% or
in the form of a liquid obtained by diluting it wath an
organic solvent such as hydrocarbons, €.

The treating Jubricant of the present invention exhib-
its its effectiveness in the production and processing
steps of thermoplastic synthetic fibers such as polyam-

1%

CHCOOH CaHy INHCIHaOh—H]z

CHCOOH CaHisNHCHaDL=H];

4% ides, polyosters, polypropylene, eic., and it is particu-
larly effective as spinning lubncant for polyester or
polyamide filaments.

The present invention will be further descnibed by
way of Examples.

EXAMPLES 1-5§ AND COMPARATIVE
EXAMPLES a-g

Using the compounds (G) and {H) of the present
invenlion as an anuistatic agent, treating agents 1-3 of
4% the present invention having compositions indicated in
Table | were prepared. On the other hand. as Compara-
ive eaamples, using 4 kinds of womc surfaciants indi-
caled 10 Table 1, which have so far been used as an
antistatic ageni, fiber-ireating lubricants a-g indicated

60 1n the Table were prepared.
With these lubricants, (1) antistatic properly an an
atmosphere of medium hummdity, (2) antistauc property
16 an atmosphere of extremely bow humidiy, (3) finer 1o

50

metal kineti: fhcnonal coefMacient, and (4t fiber 1o fber
&% nete Mmetonal coefficient were tested. followed b
svalealion
Fiending of jubricants 3nd results of ieads Caified out
weth the resulting Blends ars shown an Tahle |
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As seen from Table 1, conventional antistatic agents
are not yet sulficient in the antistatic property and also
certain drawbacks are observed in other propcmc:.
wherens the treating lubr of the p in
using the compounds of the present mvmmnmrnu 3
bly superior in the mmuuc property not only in an

here of medl idi y.b‘nldmmmatm
lpbu'c of extremely low humidity, and in addition.
other properties are not adversely affected.

8

was subpcted 1o measurement of electricity generated
on the filaments according to the same method and
conditions a3 in the above (1) eacept that 1the atmo-
sphere during the measurement was 23% RH.

Evaluation standard is the same 23 in the above ().

(3) Fiber to metal kinetic frictional coefficiency:

A sample :urn pfeplmd in the same manner a3 in the
case of the above: ement of antistatic
property, was measured according to the following

TABLE |
Ezample Comparstive example

Lubricast No. 1 1 ) 4 3 . L] < 4 ] f 3
Lubricast component
PO/ED (3030} moncoctyl ether (M. W, 1000 13 33 33 ] 1 b] pH] 33 33 35 13 i3}
random sddithon )
POED {30/50) glyceryl evher (MW 4.000, i} A0 40 0 “ ») 0 0 L 0 D Ll
random sddition)
POE (3) Iauryl cther 1 L] (] 113 1] 1 1o 10 o 10 o [1+]
POE (10) hardenad castor oil cther 12 12 tr 12 w 10 113 10 [} 113 144 [T}
“Compound of presest imvenhon (G} 3 1
Compound of present imvestion (H) b 3 03 '
Potasiven oleats talt 10 L]
POE (3} Wuryiphosphasciricthanclamine wh 5
Sodiem learybalfonats sl 3 5 04
Oheyhimidozoling qualernary sl ) or
Tent results
Amount of Jubricant stlached {based on wt % 048 048 D4 042 040 044 04 0.47 D4 Q48 042 LEL
of fiber)
(1) Anisasic properly i medium humdity
umosphere (200 C.. $J% RH) =] o} 4] i 2 Z Y o] B 3 .
1) Antistatic propemy W estremely krw humdity
umorphere (20° C., 29% RH) o] o o O T s ' ' a ) ' '
{3) Fibet 10 metad kinetic frictionsl coeiTicrent = o N e a a 33
14} Fiber 1o fiber kinevic frictional coefTicent C 2 C o T A a A A

Nm-iuTnﬁwikmﬂw'wmnwﬁ by wegh )
Compounds 151 sl (H) of the prewos serrmisos are the wme s Thme desnbed socoee

Tests of the properties (1), (2), (3) and (4) in Table |
were carried oul sccording Lo the following methods
and the results were evaluated with symbols shown on
the right side of the respective testing methods:

(1} Antistatic property in an atmosphere of 2 medium
humidity:

A lubricant to be tested was attached to multifilament
of polyester stretched yarn SD (semidull) 75 deniers/36
filaments, in an amount of 0.5+0.1%, and subjected to
moisture condilioning in an stmospherc of 65% RH at
20" C. to obtain » sample yarn. 4

This sample yarn was supplied into a measurement
room having an atmosphere of 65% RH at 20° C .. under
an intial tension of 20 g and al a yarn speed of J0O
m/min.; thereafter contacied with a stainless heater of
90 ¢m long kept st 200" C.: thereafier further contacted
n frictional manner with a chrome-satinized frcuonal
body at a contact angle of 90%; and subjecied 10 mea-
surement of electricity generated on the filaments by
means of a collector type charge gauge (manufactured
by Kasuga Denk)) provided just thercbehind

Evaluation standard

-
o

hhJ

method by means of u meter (manufaciured by Eiko
Sokki):
A yarn supplied under an imitial tension (T ) of 20 ¢

0 and at & speed of 100 m/min. was contacted in frictional

manncr with a chrome-satinized pin at a contact angle
of 90" in an atmosphere of 25% RH at 20° C., and a
tension (T3} jusi after passage through the fnicthional
body was recorded, followed by calculating the kinehe

* frictional coefficient according to the following equa-

non

—_— .

P IR
PR

N masurat ke

The hugher the p value 1n this methodd s, the more the
1easion v the surface of contact of the varn s hable e
rive and vary

Evatuation standard

[ satn Puild up voliage 6 M o] -
.. o0ow . - .
4 (UL ! 'Y a a4 T
higher than SE0 . RIS .
£2) AnUsalc property n an sbmesprere cboan o edy Tabwe oo Gher hineli Toctongs o
tremely bow humidits, A sample sarn prepared e rhe san
A sample varn oiled under the same oo . Fihe g eamentioned me s,

thome o the abwaee (0 and gt the wame tam
Lected 1 munture conditoming dided 207 R

Lo ohian 3 sample yarn G e fested  This sampie oarn

tuwas e asaredd unader
Breans 4 a radar 1vpe s
e v ham Serkd



