2103868 MAGNET W RES BACKGROUND OF THE | NVENTI ON The present invention
relateg to magnet wires having good sel f-lubricating properties. Recently,

manuf agturers of electric apparatuses S . that use magnet
to use/hi gh-speed auto- mati c w nding mathi nes to increase
production line. The increased |ine speed at first seened

cone

w%&iikﬁg%éfbf }he

to cut the

producti on cost by a substantial degree. However, it has now been found

that the gains 10 in production were -nore than offset by costs incurred

as a result of damage caused to the wire.and coating by friction and ot her

mechani cal stress during the high SpeﬁﬁGME?dWTﬁES"f such damaged wire is
S

assenbled in an el ectric machi ne, |ayer orting (short-ci

rcuiting 15

bet ween wires)-occurs and the loss factor is increased to an undesirably

high level. To minimze the mechani cal damage to the enane
wi res having good sel f-1ubri caBACKGROURDr OF eTHREaYNVENTIONE

| coating,
manded.

magnet

Self-lubricating are 20 necessary not only fTor-use wth an automatic w nder
but al so because magnetThe rpese sert oineentisnr redamesusbl magnet wires

having good self-lubricating properties.

*

Recently, manufacturers of electric apparatuses .

5 that use magnet wires have come to use high-s

matic winding machines to increase the speed

peed auto-

of the

production line. The increased line speed at first

seemed to cut'the production cost by a substantial

degree. However, it has now been found that

the gains

10 in production were -more than offset by costs incurred as

a result of damage caused to the wire and coating by

friction and other mechanical stress during the high’

speed winding. If such damaged wire is assembled in an

electric machine, layer. shorting (short-circuiting

1S between wires)- occurs and the loss factor is.

to an undesirably high level. .

increased

To minimize the mechanical damage to the

enamel coating, magnet wires having good self-lubricating

properties have-been demanded. Selfélubricating are

20 necessary. not only for-use_with an automatic

also because magnet wires_ are often inserted

winder but

manually

into a small slot—-in_a motor._ Since-magnet wires them-

selves do nbt-haye good self-lubricating prop

erties,
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into'a snal’l slot in a not or . Slnce-dhgnet wires them selves do not-have

good seFf-Iubrlcatlng properti es, the low slip factor .between i ndividual

Wi res, between wires and the wi nder and betweeéh wires and the el ectrical
nachlne into which they are assenbl ed causes nechani cal damage to the:
enamel coating or decreases the efficiency 5 of the wi nding and
assenbllng operations. This problemhas partly been solved by coating the
magnet- wire with a layer of various liquid lubricants such as |iquid
paraffin and refrigerator oil. But the resulting wires still do not have
sati sfactory. | ubr ithet 1owo silip fiectan petmaen tindi widuahiriotehe hetwen

efficiently i'n manual - operation. Furthernpre, such wires cannot be wou

nd
into a neat coil Maresalmdgthe yinden andihatnaen sitefe %eﬂ%felectncal |

t he-automati ¢ Wi nder _has heen increased further and the use of "an inserter

to achi eve a hi ghglacbgne WE’&\bet & egayﬁsmechanlcal

| nsuf ficient bondi,n t.he éﬁ“ﬂ vmres beco anot her f.acto

i ncreases the chaﬂ & age ngéga

properties of5
- _

of the winding and assemb11ng operations.

This problem has paftly been solved by coating
't | ‘the magnet wire with a layer of various liquid iubricants
such as liquid paraffin and refrigerator oil. But the

resulting wires still do not have satisfactory lubricat-

10 ing_and slip properties and cannot be handled efficiently

'in manual operation. . Furthermore, such wires cannot be

wound into a neat coil for making, e.g., a transformer,

as the speed of the -automatic winder has been increased

further and the use of an inserter to achieve a higher
15 space factor is more common these days. |

: Insuffiéient.bonding of the magnet wires has

shorting. Improving the ‘self-lubricating prpperties of

magnet wires by appiying a large quantity of liquid

Aamat, Cadling ion, Gaeraangs  thy LAl oheney

become another factor which increases the chance of layer’

'? : 20 lubricants is not very. effectiveL On -the contrary, when
| % - : thls is done more drrt collects on the magnet w1res and _
g “the bondlng strengxh of adhesive tape-used to f1x the end .
z - of the coil is adversely affected. Attempts have been |
'% : - made to ellmlnate these defects by coatlng the magnet

e - - _25 wires wlth_solld 1ubr1cants such as_:solid paraffln and
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Wagnet wires-by applying a |arge quantity of liquid 20 - lubricants is not
N Very effective. On the contrary, when this is done nore di-rt coll ect's on
Yyit/he magnet wires and the bonding strength of dhesive tape-used,to fix the -
~end.. of the coil is adversely afdect ed. Attenpts have been.nmde to.
‘elimnate these defects by coating the nagnet 25 wres with soli-d
| ubricants such as solid paraffin and car nauba wax havi ng better B
| ubricating properties than liquid lubricants. To forma uniformcoating
on the magnet wires, the solid lubricants are usually applied to the wires’

from a splah #NwhRVh 89iRg | Byt perCEObratattingd propertiesntthdirssol ved in
‘sol vents such as petrol eum benzine, toluene and xyl ene. However, the use. of

a | ar gpj QP 14bréahews boThi fgraokyent formeoawing loazahe ous to human
- health but it also . produces electric wires with creasing or crazing that do
 not hawggmeichwipespr chel sdlid labwécanTsemsousuaddan iapp Miied solid
[ubricants can only be applied to limted types of electric wres.
Furthete tiveewirésnmigost anspdutdont bawingh a: ifese pegicent @f ithents ar
applied to notors that are to. be imrersed_in = . s
5 lubricant dissolved in solvents such as petroleum
benzine, toluene and xylene. However,_ﬁhe use of a
.lafge'quantity of 1ow-b§iling solvent i§ not only hazard-
ous to human health but it also produces electric wires
With creasing of crazing,that.do not have much commercial
iO value. Therefore, coating with solid lubricants can only
be'applied to'limited types of electricéwires._ Further-
moré,'if'magnet wires coated with these?solid lubricants;
are appliéd to motors that are to be immersed in
refrigerants, the lubricant coating is extracted by the
15.' refrigerant and can-clog the opening Of'the'compressor.
valve of the refrigeraht'expansipn noizies in the
réfrigératof,giThis will reduce the rgffigerating
capacity of the machine. In addition, if the lubricant
- is extracted byfthe-refrigeranf,'the seif-lubricating
20 : properties;of the_magnet wire are reduced énd_the'enamel.
coating becomes Yulnerébie to mechanical damage due to R
eiectromagnetic—vibration. _: |
| " Another method that has been proposed-for;
providing-magnet;yi}es;with high IUbricéting p:operties

25 is to use enamel compositions containing synthetic resins
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refrigerants, sthe lubricant coating is extracted by the 15 refrigerant
and:can’ cl og t he opening of the conpreéessor valve or the refrigerant
expansi on - nozzles in the refrigerator.- This will reduce the refrigerating
capacity.of the nmdchine.: In addition, if the ﬂﬁbricant Is extracted by-
the-refrigerant, the self-lubricating 20  properties-of the magnet wire
are reduced and the enanel. coating becones vul nerable to nechani cal damage

due ﬁbfelectronagneti-c-vibration.' ' - Anot her -nethod- that has been

proposed for providing -nmagne.t wiresw th high lubricating properties 25

is to use enanel kavpngi goodslubniaaning pyopkettiesr smichs as pldyiethyjem,

| ubricating properties such as polyethyl ene, pol ypropyl ene and '

pol yt et r af | uor oetpgl epeopnienel andspodyitetvadlopiroethydenes asnwaildi g -
surfactants, and liquid and solid lubricants such as paraffin wax, carnauba
wax 5 and nont asibbsone Bhdveflugyingecratrdsing suafags apdisycamd diquid

pol ypropyl ene and pol ytetrafl uoroet hyl ene_are spari&gly sol ubl e in_solvents

for the enanmel andP@r&oifriUBFECcEBtEi SPEhsasi Ragad
t he

-

HaHEW:uﬁﬁﬁﬂﬁH@ﬁ Wad
5 and montan wax. Howéver, synthetic resins such as

polyethylene, polypropylene and polytetrafluoroethyléne
are sparingly soluble in solvents for the enamel and are
difficult to disperse in the enamel uniformly, and the
resulting enamel is not highly stable. What is more,

.10 the;e resins are not highiy miscible with the insulating
compdnents of the enamel so they are difficult to diéperse
in the enamel coating uniformly and the resultant énamel_

coating does mot have a good appearance. Liquid lubri-

cants in the enamel provide an enamel coating whose slip-'_\

15 and selfflubricating.Propérties are as low as those of
the coéting”formed_by applying thenm onto the magnet
wire., Solid lubricants in.the ename1'are-sometimes "
| extfacted-by-refrigerants or solvents éfter-the enamel
is appiied to the'electric wire (the same thing happens
20 when solid lubricants are direétly'applied to the magnet
wire), aﬁd the magnet wire produced in~this.mannef is not
readily usable_yith_motors that are to be immersed in
refrigerants:~_Fufthermore, likeusynthetic rgsins, the
solid lubricants are -sparingly -soluble in solvents for -

25 making an enamel and they are not highly miscible with
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tesulting enanel is not highly stable. Wiat is nmore, 10 these resins are
ot- highly nmiscible with the insulating conponents of .the enanel so they _
re difficult to disperse in the enanel coating uniformy and the resultant
enanel coating does-not have a good gppearance. .Liquid lubri-.cants in the
enanel provide an enanel coating whdse slip 15 and serf-lubrlcatlng_
properties are as |ow as those of the coating forned by appl yi ng thenront%
the magnet wire. Solid lubricants in the ename|. are sonetines extracted Q&g
refrigerants O solvents after the enamel is applied to the electric wire
(the sike timisw atsigeeomuongrts sof i the ubnanadis Therdifoeet,| yhepplied to
the magnet wire), and the nmagnet wire produced in this mannefr is not -
readi | Fes¥dHaR tyananmh ok noars talle cand thﬁelgbu;cantls_g;r s ar
refrigeragny.s. Furtherpore,. ['i ke synthetic-resins, the sali ubricants are-
'sparigag?géﬁﬁyﬁﬂﬁ?i SRATRA AN -the emamelpoabing BRAFRFMANE they are not

hi ghl ' ible with_ . the insulating copnponents of the epanel.
Tlhgre¥g§¥§%%lt% %rgﬂﬁ%ﬂg%r%%?u?%&nb‘? thip| manngT: A8 nAbrheXAts. ar e,
di%ficgl%ogglgﬁygggﬁhéétthe enanel coating un?forn1y,.

SUMMARY OF THE INVBNTiON

i3

‘The present inventors haVe_caified_out various
studies to eliminate the above defects éf'conventional_
magnet wifesﬂ Accordingly, they have'féund that a

10 desired magnet wire comprising a layer éf baked enamel-
- formed on the- conductor either directlyéor.through
another insulation can be produced by aﬁplying to at
least the.outermost layer of the wire an enamel composi-
':tion consisting essentially of a polyamide at'leaQt  _ N
15 one molecule of which is terminated with a straight alkyl
group'having 2l or more carbon atoms, and baking the -
same. The magnet wire of the present invention itself
has Self?lubriCating properties équél'té'those.of the
wire that has a layer of solid-lubricanfs such as solid
- 20 paraffin and carnauba wax, or thosé_of_ﬁhe wire that_is'
| - prodeed-by COaiiﬁg the'conductor'with 4n enamel containf
;ng such solid lubricants or synthetic resins such as
pdiyethylene;and:polypropylene having good lubricating

propertiess —— - —_-

e Rl e e T B N O 1 S gt oy
) _ TR e A e LTS Ve S e



Ther eéf ore? toatings produced in this manner do not have 5 a good _
appearahce. SUVMARY OF THE | NVENTI ON The present inventors have carried out
various studies tq elimnate the above defects ,of conventional nagnet
wires. Accordingly, they have found that a 109 desired magnet wire
conprising a |layer of baked enanel. formed on the-conductor either directly
or through another insulation can be produced by applying to at |east the .
out erfbst | ayer. of the wire an enanel conposi- tion consisting essentially
of a polyam de at least 15 one nolecule of which is termnated with a
strai ght al kyl group havi ngIglthé maggetawbee afoghe ppdsbaki dgveheisane.

The magnet - wire of the present invention itself has self-lubricating _
properties equal tloetémsmedbfcoatingritsbdf has highyseldflublridalktdabgi cants.
such as solid 20 paraffin and carnauba wax, or those of the wire that is
produced by coatipxepé¢rtiesduandrini thisnrespect,cdnt dififeraggrestlyolfirgm

| ubricants or synthetic resins such as pol yet hyl ene and pol ypropyl ene -

havi ng good | ubr i €8 | BRAYPBEEPRAEsPTOduUCE WheTein a lubricant is present.

» 5 on the surface of the magnet wire or within the enamel

 coating. What is more, the eﬁamél.coating of the wire
of the present inventipn-is not a simple blend of compo-
nents, so the coating itself has great'strength that
withstands mechanical damage that might ocﬁur when a:

10 number of wires are insérted'intb the small §iot of
motors. .Therefore, the magnet wire of the present inven-
tion has a_bétter;appea:ance.than magnet wires having an.

enamel coating made from enamel compositions coﬁtaining
synthétic resins having_géod lubrication pyoperties-such

15 as-polyethylené and polypropyiene. There ié 1ittlé'
chance that the enamel coating of.the present invention
will be extracted by -refrigerants or solvents and clog |
the 6pening of the_cqﬁpressor valve or the refrigerant  |
expansion nozzles in comparison with the enamel coating_

20 formed by applying solid lubricants_such aé-solid _.
paraffin_or“;arnaﬁba wax_on_the surface'ofwthe @ggheﬁ-
wire or the_coating;forméd from an eﬁamel;ébntéining |
these_solid_lubricants;__F9r these reasons, the mégnet
wire_ﬁf thé;presént;inventioﬁ Can~befapplied ad#éntageous-

25 ly ;q;motdrs that:are—to be immersed in refrigerants and

..
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the magnet wire of the present invention, the enanel coating itself has
h self-lubricating properties, and in this respect, it differs greatly
m the conventional product wherein a lubricant is present 5. an the’

sr f ace of the nagnet wire or=wltdin the enanel coating. Wat".is nore, the
€namel coating of the wire of the present invention is not a sinpie blend
of conpo- nents, so the coating itself has great strength that w thstands
mechani cal danage that m ght occur when a .10 nunber of wires are |nsertad
into the small slot of notors. Therefore, the - ‘magnet wire of the present -
i nvarhith chehae arbetregquimerkatariave hhnghagaérl\gemma\amtan enanel
coating made from enanel conpositions containing synthetic resins having
goodancemr i cation properties such 15 as ‘pol yet hyl ene and pol ypr opyl ene.
There is little chance that the enanel coatln of the present invention
will be extract eBEBRL . ERT ION HNENTIION t he opening of the
conpressor. valve or the refrlgerant expansi on nozzles I n conparlson wth
the enanel coalhfgPresentorifiemiienplyi AR $BAME L GOmPOS#Liafich as solid.

araffin or..carnauba.wax on the suyface_ of_ the na%pet wire or the coatlng
orne8°FPBﬁPéﬁgenanel contai ni rfy Polyamide haV1ng t least

one molecule which is terminated with a stra;ght alkyl

group having 21 or more carbon atoms. T&e composition . -
is'applied'and baked to form at least the outermost layer
of a magnet wire. ‘This 1s necessary for ach1ev1ng the
10 ob;ect of the present: invention which is ‘the production
.of a magnet wire having good self-lubricating properties.
The enamel eomposition used in the present inrention is
applied to the conductor either directly or through
anothér_insﬁlation and'baked.'_The-resulting coating'may
_'15 be thin bot it exhibits very good self-luﬁricating
-propertles and is very strong with respect to thermal
and mechanlcal damage. Therefore, it can be ef‘ectlvely
used as a protectlve coating on another 1nsulatlon hav1ng
low self-lubrlcatlng propertles. Insulat;on coatings
20 that can be protected with the'enamel'coaring of the”
present 1nventlon 1nclude every type of 1nsu1at1ng
'materlal such as polyurethane, polyvinyl formal,
polyester polyester 1m1de, polyhydant01n polyamlde-"
" imide, polyester amldelmlde, polyhydantozn ester or

25  polyester amide. Since the magnet wire of the present -



i nventi'on can-be-applied advantageous- 25 ly to notors that are to be
imersed in refrigerants' and -7- which hence are required to have high
refrlgerant resist- ance. DETAILED DESCRI PTI @I OF THE ‘| NVENTI ON The present
invention is an enanmel conposition 5 eonpri si ng a

poly de having at |east one nolecule which is termnated with a stralght
al'’kyb~group having 21 or nore carbon atoms. The conposition is applled and
baked to format |east the outernost |ayer of a nagnet wire. - This is
necessary for achimvemgiomemap beotsedt inf mpkerpr &oehe Ammemsednimhich is
'the production of a magnet wire having good sel f--lubricating propertles
The enanel conpostefphgesentsn insupasingt mpieraelsncpavapsivagldy wused
conductor either directly or through another insulation _and baked. The
resul ting coati ngt9efoIm refgigaranboresistEantpinsuiatodyydges are prefer-

wel 116011 Cat 00 B gDeLLLEoa 2 folfe 551, hoTpHs LM 138 Ch! BoR0E0TEL

t hese soILd‘Iubrlcants For these reasons, the nagnet'mdre of thepresent (j%%

- 5 amideimide.

The polfamide-of the present invention includes -
at leasf one_moleeule of which is terminated with a
straight alkyl group having 21 or more carbon atoms.
The resin is a mixture of the following units (I),_(II)

10 and (I1I):

- REPAIR - i _ _ (Ii

R{PAY SR : | - (I1)
Ay : S o (I11)

~

wherein (PA) is a polyamide that makes.up the polymer |
15. ‘chain, and R is a straight alkyl group having 21 or'more _
carbon atoms,- with ny +mn, 2 1 whereln n, is the number
_ of the molecules (I) and- n2 the number of the molecules
. o an. o |
P _ In the present invenfion; the terminal straight
20 - alkyl group_is preferably used in an ameunt of 0.3 to
'3.5% b& weight of the polyamide. 1If its amount is less

‘than 0.3%'by;weight;of the'polymer,_the desired lubri-

s et e e e e
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(- Apd nmechani cal damage. Therefore, it can be effectlvely used as a
pf Ot ecti ve coating on another insulationh having | ow self-lubricating
properties. Insulation coatings 20 that can be protected with the enanel
- coating of the present invention include every type of insulating nateri al
“such as pol yuret hane, pol yvinyl féqnal, pol yester, polyester inmnde,
pol yhydant oi n, pol yam de--" i m de, polyester am dei m de, polyhydant0|n ester
or 25 pol yester amide. Since,the magnet wire of the present i nvent .0
-may be used in notors to be imersed in refrigerants, insulating materials
conventaefngl propedtiess are nefkr iohasadmed el df itsWmdatt wires are

~ prefer- red, such as polyester, polyester inmide and pol yester 5
“ ami dei exdeed3hs. pé| pyniwed ghft ,t thepresariit iing/ emadmel idudsudest at | east one
mol ecul e of which is terminated with a straight al kyl group having 21 or .
nore caebainastableTduringi s tiog ageniandurth eofe kent i Iwmg:o.mteé (ry, (1) -
10 _and(III) R(PA) R 1)
_ with such enamel does not have the desired appearance or
5 mechanical propertles. With respect tOjthe amount of
the alkyl group, an amount in the range@of-from-O.S'to
2.5% by weight of the polymer is particdlarl& preferred.
Therefore, for the-purposelof%the present
inventien,-the factor K represented by ﬁhe following
10 equation is preferably from 0.3 (inclusive) to 3.5
(inclusive):
n,% (R) +n,% (R) +n,%(R) -
K = : L 2 x 100
n, x| REPAFR]|+n X[ R +n.x [£PA
177 2 30 :
ﬁherein-nl and n, are the.same'as definéd above; ng is
- the number of the mEleculeé.(IIIj;,the symbol "x" means
15 multiplication; the symbols in parentheses:indicate the
fdrmula:weight_of'the parenthesized groﬁp or the -
molecular weight_of the parenthesized'mdlecule, More
'preferably,'K'is'be;ween 0.3 (inclusive) and 2.5 (inclu- _'
sive), - _ |
20 The polyamide that makes up the polymer chain
~ may be bonded to the terminal alkyl group in any fashion
'such’ as by an. amido bond, imido bond, ester boﬁd;

'urethaﬁe'bondfo:;urea bond. The'stfaigwt alkyl group
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R(PA) . & (11) (PA -
(rer) s mhereln CPA) is a polyanlde t hat nakes up the polyner 15 chain, and
Ris a stralght al kyl group having 21 or nore carbon atons,-with [err]
wherein [err] is the nunber of the nolecules (I)jgand [err] the nunber of
the molecules (II1). In the present i nvention, the termnal straight 20.

al kyl” group is preferably used in an anount of 0.3 to 3.5% by wei ght of the
polyaside.. If .its anpunt is l'ess than 0.3% by wei ght of the polyner, the
desired |ubri - cating properties are not obtained,. and if its anount .
exceeds 3.5% by inded toearteuninal efianbe podyamider muaktnhevebas least
during storage and the electric wire coated with such enanel does not have
t he desired appeamarﬁ:%rQﬁHSat%%h‘é‘hlE'&P‘f}aﬁépEPPﬂe§UbTWﬁﬁ1¥léspé'épefl'619ﬁe
anount of the alk group, ap apgount in the range of from0.3to 2,5%Db

wei ght of the poléferthe %%r%@%ylsﬁyasrw P?ﬁ&i@fsoﬁﬁe pgt Pﬁblﬁerpﬂose

of the present inventi e, factor resen the,foll ow n
_ P 1f saf aiﬂyl group as ess t an 9¥ carbon atomsg

- 5 Briefly stated, if thg terminal of the polyamide is ]

. represented by {CHZ}ETTCHS? n must be 21 or more. Thq
alkyl group is preferably in a completely linear form,
but-it may be partially branched as long as the straight
portion has at least 21 carbon atoms. -

10 : The polyamide that makes up the polymer chain
in the preseﬁt'invention may be made of any materiai,
such as nylon-6,6, nylon-6, nyldn-é,lo, hylon-ﬁ,lz,_
nylon-11 and nylon-iz, as well as copolymerized.nyions-'
produced by copolymerizing the monomer units of the above

15 listed nylons. Nylon-6,6 and nylon-6 are preferred if
the resuiting polyamide is used as a protective layer.
Copolymefized nylon containing a nylon-12 unit is prefer-
Ted if the resultaht polyamidé is used as a self-bonding
coat. Monomerlc components used to produce the polyamzde

. 20 that makes up the polymer chain 1nclude lactams . such .as -

e - ;; e-caprolactam:and w-lauryllactam, polyvalent-carboxyllc-

| Acidé'sﬁéhmasmadipic;acid,_sebacic écid, dodgcaneﬁi-  -
.'carboxylic_gcid-and_dimgric acid; polyamines suéh.as
'g o tetramethylenediamine and hexamefhylenediamine; and amino
D 25. acids- such as.. e- amlnocapr01c ac1d and w- amznododecanolc

aczd L
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“t)fb ' equatlon Is preferably fron10 3 G nclu5|ve) to 3.5 (inclusive): [err]
‘ erein [err] and [err] are the sane as defined above; [err] is.the nlinber

~.of the nolecules.(l1l);the synmbol "x" nmeans 15 mul tiplication; the
synbols in parentheses i ndi cate the fornula weight of the parenthesized
group-or the. nol ecul ar melght of thdlparenthesized nolecule. More
preferably, Kis between 0.3 (inclusive) and 2.5 (inclu- sive). 20
~The pol yanm de that makes up the pol ymer chain may be bonded to the termluy
cal kyl group in any fashion such as by an am do: bond, im do bond, ester
" bond, urethane b@&xamplesiref. thencompdined stiat ubs ak&al tgroup bonded to
a terninal of the polyam de nust have at |east'21 carbon atoms to provide
good | dntireskucey prstprariights  aldadl tgeoutesof e2ll | obrinonei ogrbonperti es are not
~achieved if said alkyl group has less than 21 carbon atoms. S Briefly
st at ed atoms: gt terterminad ahapoleast done smobpculenofdthe [err], n nust
be 21 or _nore., The
' ‘po yamlde are aliphatic ac1ds, alkyl esters and acid
5 halides thereof, as well as higher alcohols and amines
with aliphatiC'acids being preferred. TIllustrative
examples of aliphatic acids include docosanoic acid, .
tricosanoic acid, tetracosanocic acid,-pentacosanoic acid,
hexacosanoic acid, heptacosanoic acid,'octacosanoiQ'acid,
10 nonacosanoic acid and triacontanoic ‘acid, and derivatives
of these aliphatic acids are esters and acid halides.
- Illustrative examples of higher alcohols include n-
heneicosanol, n-docosanol, n-tetracosanol, n-hexacosanol,
and n-octaeosanol,j'IlluStrative-examplés-of amines
15 -include.heneicosylamine, docosylamine, tricosylamine,
pentacosylamxne ‘hexacosylamine and octacosylamlne.
These compounds need not be used 1nd1v1dually and may .
‘be used in adm1xture. For 1nstance, Hoechst Wax S sold
by Hoechst Japan, Ltd. that is based on montan wax ac1d
20  (chain length: € 28-32) may be used. '
| One method for producing a polyamide at least
- one molecule of- whlch is terminated w1th a stralght alkyl
group hav1ng 21 ot mqre carbon atoms comprises polymeriz-
ing, e.g.,-by polyaddltlon, polycondensatlon or anionic

25 polymerizationTche monomeric component for the polyamide
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al kyl group IS preferam
y in a conpletel I
parti.al 'y branched as | ong as. the stralgﬁt LQE?TOLOLQL ggt

atons. 10 The
‘A . : pol yam de that mak
present es up the
e, mventon my bR’ any et erf st e mlon ' i on-o”
nvT and nyl on-12,
S on ek o Yo g e oo o ph
pol Yani de i s Nyl on-6,6 and nylon-6 are preferred if th ove 1o
used as a protective |ayer. Copoly e resulting

nyl on-12 unit %thwtek/‘oilkesr% ithd Ip@lmnt‘a?ﬁ“bcr;}e’lﬁazed J soquﬂiscggfg? ;}wg :

sel f-bondi ng .coa

that makes up t nomeric conponents us od
he fctIngdh Gt QPayam de 20
n agwumcnanpeblacﬂgn%e%‘géﬁlg Terr -caprol actam

and [err]-lauryllacta
m polyvalent ca box
sebaci ¢ acid, d A acjd S
~c tetranst hyl Gtroedic compaxyd gygkghﬁsnérggfggggﬁ a1R¢ipgeoapi d,
yl enedi ami ne and hexaneth pol yam nes such

| ened
aci ds-such as . [¢fr3l- ounmmmap¢%¥E°%c¥H°§§dl?g%gfhgﬁ?ﬂgggggggﬁgngggfd

- ‘5 flrst polymer1z1ng the monomeric component. that makes up

It may be ..
| east 21 car bon

the polymer chain, then depolymerlzlng the polymer with .
a compound having a stralght alkyl group of 21 oT more |
carbon atoms. In the latter method, the reaction.may be
effected e1ther in the presence OT absence of a solvent.
10 ' Solvents preferred for making the enamel
composition are those which contain a phenollc hydroxyl
".group such as phenol, o-cresol, m—cresol, p-cresol, 2,3-
xylenol, 2 4-xylenol, 2, 5-xylenol, 3, 4 xylenol and 3,5-
xylenol because the result1ng polymer solution cédn bet
15 immedlately-used as enamel for making magnet wires.
- Insufficient reaction leaves in the solutlon the compound
| having a stralght alkyl group of 21 or more carbon atoms.
The unreacted compound is not only 1mmlsc1ble'with the -
_ polyamide but is_also only slightly soluble in. ‘the |
'.20 _phenolic solvents,-so the polymer. solution obtained
| becomes heterogeneous and turbid and -may sometimes gel,
thus g1v1ng,a magnet wire having unevenness in its self-
-é : | _ llubricatlng;propertles and PoOOT. 1n appearance. To aroid;-
these disadvantages, the._ reactlon is preferably effected

25 at_the. highest;p0551b1e temperature for the 1ongest
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npl es of the compound that is used to introduce a straight al kyl group
21 or nore carbon atons at a ternminal of at |east one nolecule of the
yam de are aliphatic acids, alkyl esters and acid 5 hal i des thereof,
s well as higher al cohols and am nes wi-th ali-phatic acids being preferred
Il lustrative exanples of aIrphatrdEacrds i ncl ude docosanoi ¢ acid,-
. tricosanoic acid, tetracosanoic acid, pentacosanoic acid, hexacosanoic _

- aci d, heptacosan0|c aci d, octacosanoic acid, ‘10 nonacosanoi ¢ acid and e/
triacontanoic acid, and derrvatrves of these aliphatic acids are esters and
acid hgd+tieg. I Thesteattienexa kea tafrehiighpredeaabays dthqlagda [err] -

henei cosanol, [err]-docosanol, [err]-tetracosanol, [err]-hexacosanol, and
n- oct arwwplmorélbueféahbsze axamahes a8 0ac. ne$oJr5 shom@niteg
. henei cosyl ani ne, docosyl armi ne, tricosyl anine, pentacosyl ani ne,

hexacoth¢ aneaetion petraodsylthei meacThese isompstngsefeahblyt be used
I ndi vidual Iy and na be used in adm xture. For instance, Hoechst Wax S sold .
by Hoeefifectepaat the. refiduxi teppezdtawrenoft aﬂnw\memwm(syst(emhar n
| engt h: C 28-32) may be_used. One nethod for producrng a pol yam de at- | east
on® ol ecul e of - 3L &AbLs selWenisedhat: saa e disgdk t@ IeAntFGup having 217,

“or nore carbon atons _conprises. polyneriz-
the v1scos%ty of anﬁ ncegtr%tlon of tﬁe enamel are

toluene, Xylene, ethylbenzene,-solvent naphtha and
Cellosolve acetate. Cellosolve (s a recjbskeruk Tud& M“'k
The enamel comp051t10n accordlng to the present '
10 invention which consists essentlally of a polyamide
resin at least one molecule of which is termlnated w1th
a straight alkyl group having - 21 or more carbon atoms is
_elther a polymer solution: per se of the polyamlde at
.least one molecule of which is tepmlnated with a stralght
]_15_ alkyl groupehavingIZI or more cerbon'atohs,“or such
polymer solution that contains.oneeor more edditives such
as othef thermqplastie resine{ ﬁhermpsetting*resins,
filiere, pigments and'dyes_iﬂ.aﬁ-eﬁount that_does_not
‘impair the -<characteristics of'said'solutipn.'_
20 The'pfeSent'invention is”now describea in
| greatef'detail?by reference to the”foiloﬁing examples - T
 and comparatlve examples which are glven here for illus-
tratlve purposes only—and are by no means 1ntended to
11m1t_1tseicgpe._ -In the examples apd comparatlve

25 examples, baking:of enamel coated wires was carried out’
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I ng, ~e. g. yby pol yaddi ti on, -pol ycondensation or anionic 25

pol yneri zation-,.the nononeric conponent for the pol yam de t hat nakes u%:E;)
t he ‘pol ymer chain and a conpound that has q;{unctjonal group capable of
reacting with:said nmononeric conmpound and which has a straight al kyl group

of 21 or nore carbon atons. Another nmethod conprises 5 first polynerizing

t he npnoneric conponent that makes up the pol yner chain, then :
depol¥yfreri zi ng the polymer with a conpound having a straight alkyl group of

21 or more carppnaalerkicaln fukfaka! bS5 HELBAY atha neapleraturdy dE
effected either in the presence or absence of "a solvent. 10

Sol vents prefegpgecl on ¥R REpthazergTeh ehepasiddien ande 26oLe ithithe

?

contai n a phenolic hydroxyl group such as phenol, o-cresol, mcresol,
p-cresol, 2,3-baytemoht &, wirgl €eed, rate »yfl &0om/mind- xWildnahaart t2 1S

xyl enol because the resulting polynmer - solution can be 15 - i medi atel y-used
as enanel for imkiog emgept theesceffficient eft stasdid drilctdons ofh thee

sol ution the conpound having a-straight alkyl group of 21 or nore-.carbon
atoms. TheSunrmagnet wimpsupaepgradt wemey measigeidia wacendance with
w :

10

.15

20

25

JIS C 3003 and NEMA MW-1000. The coefficient of static
frictioﬁ ﬁas'measured by the.fdilowing method in terms -
of the coefficient of static friction betwéen_magnet'
wires:'twb pafallei'magnet wires were placed on a -
horizoﬁtél plane} a métal block:tO'the bottom of-which .
twﬁ paréllel magnet wires were fastened was placed on :
said horizontal plane so thaﬁ the'respecfive pairs of
w;res crossed each other at a fight.angle; thé’metal_ |
block was moved aloﬁg the.twd'ﬁires on_the'hbrizontal
ﬁlane§ and-the'minimﬁm.load nééeséaf} for moving the
block was &ivided by the-ﬁeightfof'fhe block to'determihej
the coéfficient of static ffiction-of the wire§. |
o In Referehée Examplés A to C, polyamide eﬂamel
compo;itions wére prepared in a four-necked flask w;th

a stirfer,_a cooling tube and a thermometer. The flask -

- was heated with a mantle heater. . ' - o _.: -

'REFERENCE EXAMPLE A

Ll .

A mixture of 100 g of nylon-6,6 (CM 3001N.

produéed'by.To;ay ;ndustriés, Ihc.),.l{s g:of palﬁitic

acid_§p§'40q.g of_m-cresdi was-charged[in a 1000-mg

~
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¢ .polyam de but is also only slightly soluble in the 20 phenolic :sol vents,
S0 the polynmer solution obtained beconmes heterogeneous and turbid and -nay.
/- . spnetines gel, thus giving a magnet. wire havi ng unevenness in-its self-

.);- bricating properties and poor._in appearance. To avoid these

\ | sadvant ages, the reaction is 65tferably effected 25 at the :

‘hi ghest . : possible tenperature for the |ongest 13 period. The reactiaon-
tenperature is preferabty at |east 150[err]C, .nore preferably at |east ™
180[err]C. For shortening the reaction period, the reaction is nost °

prefer appykel bag! aadt Sherrahlgx HRTRANRE Wis [BWRAUdPESYStem 5

Sui tabl'e solfvents that can be: dto control ;the viscosity of and

-concengpaf pgAcohitt 181 eRANRIpRTA tilelate wasy st e BidW Iheweane, sol vent
~ naphtha and Cel | osol've acetate. Cellosolve is a registered Trade Mark. The
~ enanel tgeAPEsirt BORoee0Rdi PFepareha Podsemiidk) endmvienidnposdH ch consi sts
-essentially of a polyam de resin at |east one:nol ecul e of which is

t er mi ngien whibhawasr edotrraidktio. @so IhaviPod y2nicle redramedar bon atoms i s

5 compositions A-2, A-3 and A-4 were prep%red in the.same -
manﬁer except that palmitic'acid was.reilaced by steaiic
acid, behenic.acid and octacbsanoié aqia,.respectiveiy.
As a control, enamel composition A-0 wa§ ﬁrépared'from.'
only nyloneegélénd m-¢cresol {(no palmitié acid was uééd).

10 . COMPARATIVE EXAMPLE 1

A commer;iai polyester;enamelicomposition.

("Brigindl 3-1050" from Dainiﬁhi Seika éoior & Chemicalé
Mfg. Co., Ltd.) was applied to a copperiwire-(diametefﬁ
0.5 mm) inlfivé.layers which were indivfduélly baked.

‘15 Then, the outermpst_;ajgr of the inéula{ion ﬁas éoated

 with #-éingle 1ayér of polyémide enameliA-O,which waSI:

baked to_maﬁe a magnet wire. The characieristiqs of the
wire are Shown iﬁ Table 1. |

COMPARATIVE EXAMPLES 2 AND 3 AND EXAMPLES 1 AND 2

20 : Maghet" wires were made as_i# Comparative
Example 1 except that polyamide enémel Alolwas réplacedi
by A-1, A-2, A-3 and“A-4Q: The cﬂaracteristics of the
wires are shown in Table 1. N i | |

“Table 1 inéicafés that the stréiéht.alkyl group

25 must have at léast.?ilcarbon atoms to-proﬁide good.selff

| lubricating'properties, with a cérbon number of 27 or |

more being particularly prefefred..



ei t'her/___a'} pol ymer sol ution per se of the poI,y@m’ de at | east one nol ecul e of
whi chris termnated with a straight 15 al’kKyl group having 21 or nore-
carbon atons, or such polyner solution that contains one or nore additives
such as other thernoplastic resins, thernosetting resins, fillers, pignments
and dyes in an anount that does not inpair the-characteristics of said
sol ution. 20 The present-invention is now described in greater
detard by reference 40 the foll ow ng exanpl es and conparative exanpl es
whi ch are given hereffbe|illus- trative purposes only-and are by no neans
intended to linit itd ®&bpe. &n the exagpl es YndSconparative 25  exanpl es,
baki ng of enanel cozﬁ_edg iresgwas garrigd outg gl4 in a vertical furnace
'

9.5 mlong at a t enp@rpgure of 360 err]Cin the top, 320[err]Cin the
m ddl e and 260[err] ®i

n the bottomat a wire feed rate of 30 mnin. . All
character- istics exceptythe coefficient of static friction of the 5
magnet W res prepar€g yuia measured in accordance with JI'S C 3003 and NEMA
S 4 ) g -ﬁ L 4 -~ -
MM 1000. The coeffltlaemmof tati o R
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4 ction was neasured by the follow ng method in ternms of the coefficient
- gf |static friction between magnet wires: two parallel nmagnet wires were .
iced on a 10 horizontal plane; nmetal block to the bottom of which two
pdral l el magnet wires were fastenéz was pl aced on said horizontal plane so
that the .respective pairs of wires crossed each other at a right angle; the
‘nmetal bl ock was noved along the two wires on the horizontal 15 plane; and
- the mnimum | oad necessary for noving the bl ock was divided by the melgrn‘f
- of the block to determ.ne the coefficient of static friction of the wres,

In Reference Exanples A to C,_ polyam _de enanel_ conpositions wer e prepared
- in a four-necked flask mﬁtﬁgﬁiigﬁégﬂﬁﬁﬁﬂﬁkgiﬁiool|ng tube and a
WA X ure of | 16omxguay Rt 106 & O Joome-S. & Uty Toray
otk lonly iy e e e A GE et ool v
SlOWAycgggnOQC acid and 400 g of a mlxed solvent of phenol
5§ and m-cresol (weight ratio = 5:95) was charged in a
i 000 m% flask, and under stirring, the:mixture was
slowly heated to 180°C at which. temperature it was.
subjected to reactlon for 6 hours to prepare a polyamlde '
enamel composition which was fererred te as B-1.
10 Polyamide enamel compoSitions B-2 and B:3 were prepared
in the same manner except thatjectacosanoic acid was
used in amounts of 1.6 and.3.0 g, respeetively. As a
'contrel, enamel composition B-0 was prepared from only
nylon-6,6 and phenol/m-cresol (no octaéosanoic acid was
15 used),' | B | |
COMPARATIVE EXAMPLE 4

Polyamide enamel B-0 was applied to a copper
wire (diameter: 0.5 mm) in five layers which'were
individually baked:to make a magner wire. The character-

20 istics of the wire are shown in Table_Z;P

EXAMPLES 3 TO 5

Magnet wires were made as in Comparative
Examplei4;ekceptnthatlename1 B-0 was replaced by B-1,
B-2 and B:3. The characteristics of the wires are shown

- 25 in Table 2. Enamels'le, B-2 and B-3 remained homogeneous



to 185[err] C at which tenperature it was subjected to reac- tion for 8 ,
hours t'o prepare a pol yam de enanel conposi- tion which was referred to as
A-1. Polyanide enanel. 5 - conpositions A-2j¢A-3 and A-4 were prepared in

t he sanme manner eXcept that palmtic acid was replaced by stearic acid,
beheni ¢ acid and octacosanoic acid, respectively. "As a control, enanel
conposition A-0 was prepared fromonly nylon-6*,6 and mcresol  (no palnmtic
aci d™was used). 10 _ - COMPARATI VE EXAMPLE 1 A

commer-ci al pol yester enanel -conposition ("Briginol E-1080" from Dai nichi

Sei ka Color & Chemcals Mg. Co., Ltd.) was . |ied to a_copper wire

(di aneter: 0.5 mEih tfliwgﬂaaﬁﬁé?ts SR WRAH é@%ﬁi‘\’ﬁ%é?@t bgge’ﬁ‘?miStemﬁ‘H%h,
t he outernost |ayer of t%a_insul atigQn was coated with a single |ayer of .
pol yani de enanel AWifhi*EF e Mb‘ﬂ"to meke a magnet wire. The
characteristics of the wire gre

shown | ne Tabl (p\/P 1]V 2
AND 3 AND EXAMPLES 1 AND 2 i tidat roh nﬁ%%’e‘? Wé@?%ﬁ%*% in
Conpar ati ve Exanpl t - i ' I A1,
Commat at vo Xl el Wty o016, TUEl: defy 6y G0l grestly
Tabte 1 indicafes jifiaindith HdPikith Hdette I ¥PF-1ubricating properties

than the conventional wire of Comparative Example 4.
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. must have at |east 21 carbon atons to provide good self- lubricating
dr operties, with a carbon nunber of, 27 or nore being particularly '
eferred. - 16 [err] 17 REFERENCE EXAMPLE B ‘A mixture of -100- g of

Ayl on-6 6 (CM 3001N produced by Toray Industries, Inc.), 0.5 g of octa-
cosanoi ¢ acid and 400 g of a m xed sol vent of phenol 5  and mcresol
(weight ratio = 5:95) was charged in a 1,000 nferr] flask, and undeér

S stirring, the mxture was slowy heated to 180[err]C at whi ch tenperaturae,z
it was subjected to reagtion for 6 hours to prepare a pol yam de enanel

conposi tion whi.ch wa¥ pererred to as B-1. 10 - Pol yan de enanel
conpositions B-2 and,_,B‘;;,'E were prepared in the same nmanner except that
octacosanoic acid wa§ ¢ ~ - o o
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used ip-éhﬁuﬁts of 1.6 and 3.0 g, respectively. As a control, enanel
conposition B-0 was prepared fromonly nyl n-646 and phenol/ mcresol (no

octacosanoi ¢ acid was 1S  used). COVPARATI V& MPLE 4 Pol yanm de enanel
B-0 was applied to a copper wire (dianeter: OS nm in- five |layers which
were individually baked to nmake  a magnet wire. _The character- 20 I stics

of tQé;mﬁre are shown in Table 2. EXAMPLES 3 TO 5 Magnet wires were nade as
i n Conpar ati ve Exanpl e 4 except that enanel B-0 was replaced by B-1, B-2

and B-3. The characteristics of the wires are shomn 25 i'n Table 2.
Enanels B-1, B-2 and B-3 renained'hoqﬁ;ﬂﬁﬁﬁNﬂB.BXﬂMPHHaﬂBparent even when
they were left-at roomtenper- ature for one nonth. As 1s clear from Table

2, the.magnet . wires prepared imixBuxeplods 400 g DHopdrati 16y, & o AMe30BEent 5
i nvention had nmuch-better self-lubricating properties than the conventi onal
wire of Conpar ati p&oERses @y4,Toray Industri_es., Inc.), 6 g of Hoechst Wax S
(montan wax acid f;om Hoechst Japan, Ltd.) and ;,600 g
v -5 of a mixed solvent of m-cresol and p-cresol (weight
-ratip = 7:3) was charged in a 3,000 m2 flask, and under
stirring, the mixture was slowly heated to 190°C at which
temperature it was subjected to reaction for 5 hour§ to
make a polyamide enamel ¢omposition which was referred
10 to as CX-1. | | |
| Polyamide enamel CY-1 was prepared as above
eicept that nylon-6,6 was replaced by 400 g of nylon-6
(CM-1001 produced by Toray Industries, Inc.). .
Poly#mide enamel cz-1 wag-pfepared as above
| 15 except thaf.nylon-ﬁ,éjwas replacgd by a mixture-of 240 g
' of a éofolymefized nylon-12-6 (weight ratio of nylon-12 ..
-~ unit to nylon-6 unit = 8:2) having a reduced specifié |
viscosity of 1.71 (as measured in 6.5% m-cresol éolution

at 30°C) and 160 g of a éopqumerized nylon-12-6-6,6.

o 't."

20 (weightfproportionSNQf nylon-12 unit,.nylon-6 unit and

. nylon-6,6 =-1:1§1) having a reduced specific viscosity
FO T of 1.24. . B | .

g | | Enamel compositions CX-1, CY-1 and CZ-1
remained homogeneous:and=transparént even when they were

25 - left at room temperature- for one month.
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O )l err] 20 REFERENCE EXAMPLE C A mixture of 400 g of nyl on-6,6. .
. 3001N produced by Toray Industries, Inc.), 6 g of Hoechst Wax S (nontan

x. acid from Hoechst Japan, Ltd.) agﬂ 1,600 g 5 of a m xed seol vent - of '
. mcresol and p-cresol (weight ratio 9 3) was charged in a 3,000 nferr]
fl ask, and under stirring, the mxture was slowy heated to 190[err]C at
whi ch tenperature it was subjected to reaction for 5 hours to make a _
pol yam de enanel conposition which was: referred 10 to as CX-1. Polyanléey

~enanel CY-1 was prepared as above except t hat nyl on-6, 6 was repl aced by 400

%zOf1 %Logrgpgngﬁg@xaﬂ%ﬁ%dlw g8 Yy I6HS6 | 6egcmL B6odN Pol yam de enanel
' produced by Toray Industrles, Inc.) and 400 g of m- cresol
was charged in a 1,000 me flask, and under stirring, the
mixture was heated slowly to 180°C overfﬁ hours to make
S a complete solution. The mixture was tﬁen'cooled to 80°C'
end'S'g of octacosanoic acid was added end the resulting
mixture was stirred for 30 minutes to dissolve octa-
-cosanoic acid in the solution. The resﬁlting ‘homogeneous
and transparent solution was referred to as a polyamlde
10 enamel composition CX-2. When it was cooled to Toom.
temperature;fthe'insoluble.matter'preczpltated and the
501uriOn turned opaque‘and'heterogeneoué. When it was
. left for one month, it turned more opaque and hetero-
geneous and was unsultable as enamel.
15 A mixture of 400 g of nylon 6,6 (CM-3001N
'produced by Toray Industrles, Inc.), 12 g of octacosanoic
acid and 1,600 g of m-cresol was charged in a 3,000 mg
flask, and. under stlrrlng, the mixture was slowly heated
~to 180 C at which temperature it was sdeected to reac-
20 tiom for 6-hours to make polyamlde enameél CX-3. The
‘enamel remained homogeneous.and transparent even when :
- it was left at _room. temperatﬁre for one month. o
| A mlxture of 400- g of nylon-6, 6 (CM-3001N
produced by—Tozay Industrles, Inc.)-and! 1 600 g of a

25 mixed solvent of phenol and m-cresol-(welght ‘ratio=5:95)

e e eeem el e me? ey



15  except that nylon-6,6 was replaced by a mixture of 240 g of a

copol yneri zed nyion-12-6 (weight ratio of nylon-12 unit to nylon-6 unit =
8:2) having -a reduced specific viscosity of 19%L (as.neasured in 0.5%

m cresol solutiom at 30[err]C) and 160 g of a copolynerized nyl on-12-6-6, 6.
20 (weight proportions--of nylon-12 unit, nylon-6 unit and nylon-6,6
=1:1:%) having a reduced specific viscosity of 1.24. Enanel conpositions
CX- I XLY-1 and CZ-1 renmi ned honmogeneous and-transparent even when they
were 25 | eft at roomtenperature-for -one nonth. -~ A mxture of 100 g of

nyl on-6, 6 ( CM 3004 snichri+Gadl Bh TOrR0d0dustFI £5%, | 416d ) widelr 4901 rdg, the

m-cresol was charged in a 1,000 nferr] flask,.and under stirring, the

mxture was heat echidtirtey was BIUWY [Heatedd $o MBUSC twhdbkeid wasospi pred
solution. The m xture was then cooled to 80[err]C and 3 g of octacosanoic

acid was added andorhe hesind it makd W ecomsl ste rsetution 30 Thautesulving
di ssol ve octa- cosanoic acid in the solution. The resulting honbgeneous
and transparent sgodtyiaoideaenanfed reampas itsion pods ane ferred to as CX-0.

Y 5 : Polyamide enamel CY-0 was.prepared as. above
extept-that nylon-6,6_was'rep1aced by 400 g pf nylon-6
(CM-1001 produced by Toray Industries, Inc.);_

| Polyamide enamel CZ-0 was prepared in the same

manner as CX-0 except that nylon-6,6 was replaced by a
10 mixture of 240 g of copolymerized nylon-12-6 (weight

ratio of nylon-12 unit to nylon-6 unit - 8:2)'having'a

reduced specific viscpsity of 1.71 and 160 g of

coPolYmeTized'nyion-12-6-6,6~(the weight proportions

of nylon-12 unit, nylon:b unit andlnylon;6,6 unit=1£1:1j'
15 having a.réduced specific viscosity of 1.24..'_ '

COMPARATIVE EXAMPLES 5 AND 6 AND EXAMPLES 6 AND 7

: | o | Magnet wires were made as in Comparative
Example 1 except that CX-0, CX-2, CX-1 and CX-3 were

] used as polyamide enamel compoSitions,*respectively, to

® The characteristics of’the’wires-are shown in Table 3.

COMPARATIVE EXAMPLE 7

KLY AN

A commercial polyurethane enamel composition

LA PR 1 )

-CTPU-FZ prdaﬁcea'by-Totoku Electric Painf Co., Ltd.) was -

25 applied'to-a chper wire.{diametér:,O.S'mm) in five

e

20 prepare'Comparative Examples 5 and 6 -and Examples 6 ‘and 7. .



P5ol.uble matter precipitated and the solution turned opaque-and

St erogeneous. Wien it was left fol One nonth, it turned nore opaque and -
‘hetero- geneous and was -unsui t ab®&=as enanel. 15 A m xture of
400 g of nylon-6,6 (CM 3001N produced by Toray Industries, Inc.), 12 g of
octacosanoi c acid and 1,600 g of mcresol was charged in a 3,000 nferr] _

- flask, and under stirring, the mxture was slowy heated to 180[err]C ati
whi ch tenperature it was subjected to reac- 20 -tion for 6-hours to .nake”
pol yaniajemnarte ciCOwsre Théieidusllyechakadd h@hsgenéb@soaﬂorkransparent
even when it was left at roomtenperature for one nonth. A mxture of 400 g
of nylmusts Jayem @Hothe pingutation wasagoptadswiths a ﬁﬁ@gﬂﬂand 1,600 g of a

.25 m xed sol vent of phenol and_mcresaql  (wei ght ratlo :95) - was

~char gdeyer 25 poty apide | enpmek, Cind Hhélélh !’Pﬁrbﬂﬂf@ ttl‘?emfﬁk)& ure was sl owy

heated to 180C where |% was, stirred.for % §§to .make a conpl ete
sol ut idriagnge WEEetti BepﬁhﬁﬁﬁFHEréﬁéﬁﬁﬁ e ¥i1d§ RE€ referred to as

Cé(l shown in Table 4.

:CE;) enamel conposition C-X-2. Wen it was cooled to roon1tenperature -t he

~ EXAMPLE 8

A magnet wire was made as in Comparative
Example 7 except that polyamlde enamel CY-O was replaced
by CY-1. The character15t1cs of the wire are shown in
100 Table 4. o
| COMPARATIVE EXAMPLE 8

A commercial polyester imide enamel composition
'("Isomld" produced by Nisshoku- Schenectady Co., Ltd.) was
'applled to a copper wire (diameter: 0.5 mm] in five
15 L layers which were baked individually to:form.an insula-
tion coat 0.017 mm thick. Theh,_the ou@ermost.iaier of
the insulation was _coated with three lafers of”polyamide
enamel CZ-0 which were individually baked to form a eelf--
bonding magnet_wire w1th a polyamlde coat 0. 010 mm thlck
20 The characterlstlcs of the wire are shown in Table 5

EXAMPLE 9 | T s

A?selffbondihg magnet'wire_wee made as in
Comparative-ﬁiample_s except that polyaqide enamel CZ-0
was replaced_by~GZ;l;t.The characteristics of the wire

'25. are shown in Table 5. _

e e e a b i EA— TG



repl acéd by 400 g of nylon-6 (CM 1001 produce Toray Industries, Inc.)
Pol yam de enanel” CZ-0 was prepared in the same manner as CX-0 except that
nyl-on-6,6 was -replaced by a 10 m xture of 240 g of copolyneri.zed
nonnL1256 (weight ratio of nylon-12 unit to nylon-6 unit =-8:2) having a
reduced specific viscosity of 1.71 and 160 g of copol yneri zed
ny-1lon-12-6-6;,6 Cthe wei ght proportlons of nylon-12 unit, nylon-6 unit and

I 6, 6 t =l 1) 15 du f t f1.24. -
COVPARAT] VlémEXAIVPLES)S AND Vi ke rel?égs%@ eCI ‘?I%‘}ri{efgc’r?ﬁ‘b)s{“g&é’ﬁ"ad% as
i nI Corrpgr ative :Exarrpl eg t xce%t e}géi"% I CX- Zefdlefé 1 and. foﬁ)mrﬁﬁqsa?fd as -
pol yam de enane Mo € r%ﬁﬁﬁ
Exanpl 5 and 6 V4
shown in Table 3. A%E%’olu?;é %&%%L AGEAR P 3 0, 0 e R ©
conposi tion (TPU- g5 ogugel 1yreTrieh Eﬂtﬂéa&'ﬂ 180oc Lk )10Ridtes

applied to-a copper wWre _
° 5 under a load of 125 g, and the bond strength was deter-

5 Polyanlde énanel CY-0 was prepared as above, except that nylon-6,6 was <E§E;;

mined according to ASTM D-2519.

. . N .
L . Y™
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s which were individually baked. Then, -.the outer- nost |ayer of the
ation was coated with-a single Layer of polyam de enanel CY-1 which.
‘baked to make a nmagnet wire. @ characteristics of the wire are 5
shown in Table 4. EXAMPLE 8 A nmagnet wire was nade as in Conparative
Exanpl e 7 except that polyam de enanel CY-0 was replaced by Cy-1. The .
characteristics of the wire are shown in 10- Table 4. COVPARATI VE EXAMPLE
8 A commerci ab ‘Pal gester i m de enanel conpositi on ("lsom d" produced by"-""‘.
Ni sshoku- ScheHeefh@y Co.& Lt& ) was applied to a copper wire (diameter: 0.5
mm) in five 18 § J afers @hi ck were baked individually to forman insula-
tion coat 0.037 A& hick.. Then, t he outernost |ayer of the insulation was
coated with three | ayers of polyam de enanel CZ-0 which were individually
baked-to fornga,sel 1- bogdi ng, maghet xire wth-a pol yam de coat 0.010 nm
- thick. 20 THeS &l acteRistees @ tHB wire are shown in Table 5. EXAWMPLE
9 A sel f-bondBng g&friet M redvas nadesas in ' :
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Cbnparatlve Exanple 8 except that pol yan de enamel CZ-0 was replaced. by
&-1. .- The characteristics of the wire : are shown in Table -5.
The val ues of bdnd strength given in Table 5€re obtained as fol l ows: an
electric wire was “cl osely wound around a mandrel (dianeter: 5.0 nm into a
hel i cal coil 70 mm1long which was heated at 160[err]C for 10 minutes 5.
under_ a | oad of 125 g, and the bond strength was deter- mned according to
ASTMB&2519 25 [err] -
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’8 A Tables 3 to 5 show, the magnet wires of the present invention had

: véfy'good sel f-lubricating proper- ties without substantially sacrificing
Qi b€r- character- istics. 5 ba | - COVPARATI VE EXAMPLE -9 A -
m xture of 400 g of nylon-6,6 (CM 3001N produced by Toray Industries,
Inc.), 4 g of octacosanoic. acid and 1,600 g of mcresol was charged in a
3,000 nferr] flask, and under stirring, .the mxture was heated slowy 10 _
to 150[err]C at which tenperature it was subjected to reac- tion for 3 i;g
hours. The resulting pol yam de enanel was applied to a copper wire o
(dianeter: 0.5zpm) in seven |ayers which were individually baked to nake a
magnet mﬁrefgﬁﬁa_mﬁre did not have good appearance and its 15 coef ficient
of static fricglon was 0.14. Wen the pol yam de enanel was |eft at room

t enperat ure, gt«-Re i nsol ubl ematter precipitated .in-one day, and the enanel

turned opaqu&-ghd hélier o§eneous in one nonth. EXAMPLE 10
. U . .
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20 P ' Pol yam de enanel was prepared as in Conparative Exanple .
9 exc-ept that the reaction period was extende9§50 10 hours. The enanel . /.
was applied to a copper wire and a magnet wire s-made as-in Conparative
Exanpl e 9. The.wire had good appearance and its coefficient of 2S5 static
frictien was 0. 10. - 29- As will be apparent fromthe results shown in
Tableg A to S., the magnet wires of the present invention had nmuch | ower
coefficient of static friction and thus better self-lubricating properties
than the conventional 5 products. Further, it can be seen that the magnet

wires of the present inventiy T%ﬁ%ss%b§5a'§t sRloby G g&%}%&}e@e of the

conventional magnet wires w th respect other “properties ence were

proved to have a QESQEnQOEﬁQen¥QOn hh@!f@?&'g@&&“§ef¥ fﬁﬁrlcat1ng proper-

ties without substantlally sacrificing other character-

istics.

5 _ COMPARATIVE EXAMPLE ¢

‘ | ' A mixture of 400 g of nylon-6,6'(CM-3001N'
produced by Toray Industriee, Inc.), 4 g of octacosanoic
" acid and 1,600 g of m-cresol was charged in a 3,000 m2
flask, and under stirring, the mixture was heated slowly
10 to 150°C at which temperature it was subjeeted_to reac- .
| tion for 3 hours. The resulting polyamide.enamel was
~applied to a copper wire (diameter: 0.5 mm) in seven
layers which were individﬁally baked_to make a magnet
wire. The wire didenot.hare gqod'appearance and its
15 coefficient of static friction was 0.14. When the_'
| polyamide enamel was left at roem temperature, the

insoluble_matter precipitated in one day, and the

PR A

enamel turned opaque and heterogeneous in one month.

EXAMPLE 10 -

mmatmatve.
1

20 . Polyamlde enamel was prepared as in Comparat1ve

. '.,-...!S'..:-.n-

 Example 9_except that the reaction period was extended

“to 10 hours. _The" enamel was-—-applied to a copper . wire

S e I 0k Bl

_The wire had good appearance and its coeff1c1ent of M

25 . statlc frlctlon was-o 10.
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. .20 CLAIMS 1. A nmagnet wire, conprising: an electrical conductor; and at

- . |fédst/one outernost insulation layer surrounding the core, the- | ayer being
.« koufed by applying 5  and baki 88 an enanel conposition -conprisinmg a '

~ pol yam de pol ynmer at |east one nolecule of which is termnated wi.th a

straight chain al kyl group having.21 or nore carbon atons. 2. A nagnet

wire as claimed in Claim1, wherein the electrical conductor is in diregt>

contact with an inner insulation |layer, the inner insulation |ayer being™

direct contact with and being surrounded 5 by .the outernpst insulation

layer. 3. A nageewill desapparent frofil she results wWimnei ninhe strai ght

chain alkyl group is contained in the polyanide in an amount of 0.3 to 3.5%

by weTgbles4l Aonﬁgneﬁhwmagmstcﬂ:aresdofntﬁleamme]sm Anwéretom t he
strai ght chai'n alkyl group is contained in the polyanmide in an amount of

0.3 thaa. mchy losieghtcoef fichembeofnstatis drdiatdedn rand athud or 2, wherein

t he- pol yam de i's nyl on-6, 6.
better self- lubrlcatlng properties than the convent10nal

5 | products. : oo } | 3

| Purther, 1t can be seen that phe magnet w1res
‘of the present 1nvent10n were substantlally equlvalent
to the conventlonal magnet wires w1thnre§pect other_
properties and hence were proved to havé a great poten-

10 tial for industrial use.

L



nylon-67 = 31 7. A nmagnet wire as clainedj caiml or 2, wherein the
pol yani de Lq"é copolynerlzed nylon |nclud|ng a nylon-12 unit. 8. A nmagnet
wire-as claingdin.Caim1 or 2, wherei'n the pol yani de at |east one’

nDIecuLe of which is ternminated with a strairght—atkylgroup, is an alkyl
group-nglng 27 or nore carbon atons a pol ynmer .

sol ution produced by reacting a pol yamu"mm]mmﬁi"ﬂxyl ic acid having a
stralght al kyl groug of 27 or nbre carBon¢atonmms henol i ¢ sol vent under

heat i ng.
‘1. A magnet wire,_comprising:

6. A nagnef wire-as claimed in laiml or 2, wherein the polyamde is ':;?

an electrical cohductor;-and
at least one outermost insulation layer
$ | surrounding the core, the layer being formed by applying
g | 5 and baking an enamel composition eomg;isihg -
a polyamide polymer at least one.molecule of which is
terminated with a straight chain alkyl group having 21
or more carbon atoms. | |
2. A magnet w1re as . clalmed in Claim 1,
wherexn the electrical conductor is in direct contact
- with an 1nner insulation layer, the inner insulation
layer belng in direct contatt W1th and being surrounded
5 by the outermost insulation layer. .
- .+ 3. A magnet wire as claimed in Claim.lﬁor,z,
'whérein the straight chain alkyl group is contained in '
the pélyamide in an: amount of 0.3 to 3.5% by’ﬁeight;
4. A magnet-wiré as claimed in Claim 1 or 2,
_g S wherein the straight chain alkyl group is contained in
. the polyamlde in an- amount of 0.3 tq 2. 5%-by-weight, |
5. A magnet wlre as clalmed in Claim 1 or 2,
' wherezn the -polyamide is nylon-6,6. .
' 6,'.A_magnet wire- as ;laimgd in Claim 1l or 2,

vherein the._—polxamig_le is nylon-6..



" terminated with a straight_alky1 group,@is an alkyl

e

T T

i o~

7. A ﬁagnet'wire as claimed in Claim 1 or 2;
wherein the pol&aﬁide-is.a copolymerized nyloﬁ inclu&ing
a nylon-iz unit. ' |

8. A magnet wire as claimed'in.CIaim 1 or 2,

wherein the polyamide at least one molecule of which is ' v

group having 27 or more carbon atoms, said enamel being
a polymer solution produced by reactingéa'polyamide_with_
a carboxylic acid having a straight alkyl group of 27 or-

more carbon atoms in a phenolic solvent ‘under heating.
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