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ENAMELLED W RE The present invention relates to enanelled wres / 309
t Ing good sel flubricating properties. Recently, nanufactureﬁ% G%
elpctiri c apparatuses that use enanelled wires have conme to use hi gh-speéd
aitgt matic wi nding nmachines to increase the speed .of the production |ine.
"B during winding, the enanelled wire is subjected to friction and ot her
mechani cal stress and the insul ati-ori 20 coating is damaged nechanically.
| f such damaged wire is assenbled in an electric machine, |ayer shorting
(short- circuiting between wires) occurs and the loss factor is increased
to an undesirably high level. Therefore, to m nimze the nechani cal danmage
to the insulation coating, 15 maiLEedwrREes havi ng good

sel f-lubricating properties have been demanded. This demand shoul d be net
not only by the automatic wi ndi ng machi ne but al so when enanelled wires are
inserted manually into a small slot in a notor. Since enanelled wres

t hensel ves do not have good self-lubrrcating 20 properties this demand

nas been met by coatlnorhUCoPIAIH |iGhoHeiBn/bil fod CTerlng¥chionsrtiauid

| ubricants such as |iqui n ana erator oll. en1of
vulnerability ﬁvi@ﬂﬁ?ﬁbhe%wIﬁrﬂ&ﬂﬁ‘bh%@bﬁa{'tﬂ@smge duri ng WI ndI ng has
been partlally sol ve by provi di ng them wi t .

3 Recently, manufacturers of electric apparatuses

that use enamelled wires have come to use high-speed auto-
' nmxit‘winding machines to increase the speed of the production
. line. But during winding, the enamelled wire is subjected
to friction.and other mechanical stress and the insulation
10 coating is damaged mechanically. If such damaged wire is
_assembled in an electric machine, layer shofting (short-
circuiting between wires) occurs and the loss factor is
'increased to an undesirably highllevél. Therefote, to
minimizé the mechanical démage to the insulation coating,

15 enamelled wires having good self-lubricating properties have
beeﬁ demanded. This demand should be met not oniy by the
automatic winding machine but also when enamelled wires are

"insertsd manually into a small slot in.a motor. Since
enamelled wires themselves do not have good self-lubricating
20 properties, this demand has been met by coating the enamelled
wire Qith a layer aof various liquid lﬁbricants such as

~liquid paraffin and refrigerator oil. The problem of 1

vulnerability of enamelled wires to mechanical damage during
winding has been partially solved by prov;diﬁg them with



-2- a nylon or polyam dei m de overcoat having great nechanical strength or
hi-gh” scr dpe resistance. However, to achieve further energy saving, .
addi tional inprovenent in the efficiency of various notors and trans- 5
formers is desifed, and this requirenent is particularly great for notors
I mersed - in. refrigerants for coolers, air conditioners and. refrigerators,
and-to neet this end, the space tagtor is increased by inserting nore
enam®ll ed wires into the small- slot in notors. For. motors that are

i mersed. 10 in refrigerants, enanelled wires with a.polyester imde or
‘pol yami dei mi de overcoat having not only high nechanical strength and scrape
resi stance but, g,5Qnhb8Nyd HfdrigeialMe [RYrebat O AAE gFOIN Gftichanatay been
used. In addition, enanell’ed wires- ith a nylon overcoat have begun to be .
used 15 I N sexemgithyearisigh Bamapge tesiisitancasul ati on coating duri ng-

wi ndi ng has been prevented and the efficiency of inserting a coil  of

qnanel led wires into thBOWEVAT »hA8- BERIPYienEPEERYY 06T 8YySHiifoatfiyt1dRe!

~enanel | ed wires_ w.th ri t ' Sk e J are
i nserted into e_oé)grrgFﬁ;’sjfrgf\{h%og&fgﬁbe@d}croga‘sre {ﬁ‘es @gg‘g{éé %ct gﬁ?ﬁﬁence t he
gfficiency of poinrs, 180dysired] end s raqusremddiati sCcpartigullay1pe sol ved
by the conventional enanelled wire coated with liquid [ubricants such as
refrigerator ogteatrderonetatd rigmersediin Irgfrigeranss for coolers, air .

conditioners and refrigerators,- and to meet this end, the
space factor is ihcreased by inserting'ﬁore enamelled wires
into the small slot in motors. For motors that are immefsed
10 . in refrigerants, enameiléd wires with a.bolyester imide or
polyamideimide overcoat having not onlf high"meéhanical_
sﬁrength'and scrape resistance put also high refrigerant
;resistaﬁcé_have cbnveniibna;ly_been usgd. ip additipn,f
u'énamellédIWir;s-with*a:ﬁyidh'dvefébat'haﬁe:begﬁn f§'bé:ﬁ§éﬂt
15 in recent years. 'ﬁémage to the insulation coatiﬁg'during-
windihg has been'prefentéd'and the efficiéncy of-inserﬁiﬁg
"a coil of enamelled wires into the slot has-been increased
solely by coating the enamelled wires with refrigerator oil.
But as more enamelled wires are inserted into the sﬁall slot
20 to increase the Space factor, hence the efficiency of motors,
- many problems have arisen that can hardly be solved'by the

conventional enamelled wire coated with liquid lubricants

I

such as reffigerator'dil. For one'thihg, liquid lubricants

such as refrigerator oil do not have very high self-lubricating

0

25 - properties and slip properties, so a desired great number

n e e e e e = e e————— b



'p-as refrigerator oil do not have very high éélf-lub?icafing 25

p rties and slip properties, so a desired great nunber - -3- of ~

enanell ed wires cannot be inserted into the snall slot, afdd if they are

inserted with great force, the enamel coat- ing is damaged nechanically to

‘increase the chance of layer shorting. The |ow self-lubricating properties

of the enanelled wire causes anot hers di sadvantage in that even after *
the coil of enanelled wire is inserted in the notor, the enanmel coating s

- subj ected to nmechani cal damage due to el ectronmagnetic vibration, -and as a

- result, layer. shorting occurs and the potor fails to performjts function.

10 | npr oPENGRERRL LES MIFEHr$ARROItN B pidtFiedeint? EiFafBrLE S W tres by

- applying a Lag0ee Sual) Lty Phedddbdl dithbp SN be, |l lfiafil] Gddoie. and on

the contrary, nore cts on e enanel [ éd! wres an "bonding

. strength of jaghesiddmdgarenesieshicallii-xté hincredsef thidiachanck 65 Rdieersely

i affected. 15 _ Attenpts have been made to elimnate these
: defects by sbartirgendiel Llew. salfcdubrieatiolg @rppertisenos sheh as solid

ffin-and wax _havi ng better.Jubricating p ti d sli
' propertfes CRARCEFHIcTrUBFFEeh oo thar . 419 XvasEhanary oBoR: P8 kARG &

. i coating of tRESEoFP!d# enamelled wire is inserted in the motor, the
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enamel coating is subjected to mechanical damage due to’
electromagnetic vibration, and as a result,'léyer shorting
. - occurs and the motor fails to-ﬁérform its funcfion.

10 Improving the self-lubricatiné_properties of enamelled wires

by applying a large qﬁa#tity of liquid lubricants is littlg '
‘effective, and on the contrary, more dirt cbllects on the
_enamelled.wires and.thé bon@ipg s;iength of gdhésive tape .
'nse&'tbffii-;ﬁe{énd-df fhe coil is aﬁ§§fééiy”éffééteéii-:

15 - Attempts have been made to eliminate these defects
by coating enamelled.ﬁires with-solid lubricants such as
solid paraffin-and carnauba wax having'better iubritating;
properties and siip properties thén'liquid lubricants.

But if the enamelled wifes héving a coating of these so0lid

20 lubricanté are applied to motors immersed in refrigerants,
the lubricant coating is extracted with the refrigerant and
can clog the opening of the cqmpreSsor valve or the refriger-.

ant expansion nozzles in the refrigerator, to thereby reduce

(L §Y

the refrigerating capécitv of the machine., In addition,

25 if the lubricant is extracted with the refrigerant, the e



20 | ubricants are applied to notors inmmersed in refrigerants, the

| ubricant coating is extracted with the refrigerant and can clog the
openi-ng of the conpfessor valve or the refriger- ant expansion nozzles in
the refrigeratof, to thereby reduce the refrigerating capacity of the
machine, * In addition, 25 If the lubricant is extracted with the
refrigerant, the -4- self-lubfiqcating properties and slip properties of
t he anelled wire are reduced and the enanel coating becones vul nerable to
mechani cal danage due to el ectromagnetic vibration. Furthernore, the solid
| ubricants are applied 5 to the enanelled wire froma sol utjon having a
few percents ofselfclrbiqating PRAR]AILIEE ARA sHHiPeRTLPRLF Sa8EpERT ol eum
benzi ne and xyl ene ut usin gquant j f hai i vents is
not only hazar cféﬁgea‘ge%uwr?’é'r? Egl %%{"%gtd ggga#}?/o eg‘?“é‘ 8\(’:\%08 e écF??‘sé‘%vﬁ res wth

creasi ng that dgiRetafdfe to R8¥RarUHIEWGhahe Vidldi®o aDskitvaiaghetec the
q?atlng of solid lubricants can only be applied to limted types of
oF

ectric wres.vibmethen. miurchetmete habebsehidbrlopgicantorngr avplied ng
enanelled. wires. with high self-lu ricatin}(g| _ropg_tles'l% is to use
~epanel ins¥l at %99 th&i fRa SS_V'{'T% %ot &P ‘i‘ﬁﬁn aving a few percents

of the lubricant dissolved in solvents such as petroleum

benzine and xylene, but'using a large quantity of low-
boiling solvents is not only_hazardous to human health but
it also prpduces.electfic wires with creasing that do not
10 have commercial value, and therefore, the'coatiﬁg of solid
. lubricants can only be'applied-to limited types of electric
wires. 5
Anothér method that has been prdpo;ed for.provid-
_jiné_enameiled_ﬁirés_wi#h-h;gh se;fflubriéating'pgbperﬁiés___f
iS '.is to use enamel insulating paint compositions containing
synthetid fesins having good lubricating properties such
‘as polyethylene, polypropylene and polytetrafluorocethylene,
‘silicone oil, fluorine contaihing surfaétants, and liquid
as well.aé solid-luﬁricanté such as paraffin wax,-carnagba
20 wax and montan wax. But synthetic résins such as polyethyl-
.ene, polypropylene and polytetréfluordethylene are sparingly
soluble in.wire'enamel'compositions and are difficult to

disperse in the wire enamel uniformly, and the resulting

enamel is not highly stable. What is more, these resins

W

25 are not highly miscible with the insulating components of -
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soluble in wire enanel

: wWire enanel

taini ng surfactants,

thetic resins haV|ng good | ubricating properties such as polyethylene
l/ypropyl ene and pol ytetrafl uoroethylene, silicone oil, f1uorine

and liquid as well as solid Iubrlcangs such as

araf fin wax, carnauba 20 wax and nontan wax. But synthetic resins such
"as -pol yethyl - ene, polypropyl ene and polytetrafl uoroethylene are sparlng\y
conposrt$ons and are difficult to disperse int

: uniformy, and the resulting enanel is not highly stable. At
*is nore, these resins * 25 are not highly mscible with the insulating
° conponents of the enanel so they are difficult to disperse in the insu-

| ation coat mhg enaRel Moy thay #rR diLdirul ngterdserredatn fgedéBEunot have

. good appear

- an insulati
Properties afsaioh RS

d | ubti h d
Fdom Frab's akaBEiL g e e bitdeSAtana SBRBH or i hg -

B
~the enanelled wire. Sol |(§'];J | ubricants in
soneti nes ewsiraceadmel tdmmpe’sitgm grovide @l insoflathdéd evoattiegwi re enanel -
applied to the electric 10 wire (the sane thing happens when solid

| ubri calts é@@sélﬁétEI%FgﬂﬁﬁFi%il%W?1§ﬁéfé%EPEQQQ§&nﬁnP%Speﬁéﬁastﬁ%°enanelIed
wire so produced,i gs difddeCUlet 14O AR Yt P LY LPFEy e them

onto the enamelled wlre Solid lubrlcants in the wire
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@sgpdaddieeCoal i g df q&a%ﬂcia%saaal ¥h&1g them onto

the w re enanel COI’TpOSItIOﬂ are

enamel composition are sometimes extracted with refrlgerants

or solvents after the wire enamel is app11ed to the electric

wire (the same thing happens when solid lubricants are

directly applie& to the enamelled wiré), and the enamelled

wire so produced is difficult to apply to motors that are

~~used in. refrigerants Furthermore, 11ke synthetlc re51ns,.

the’ 5011d lubrlcants are sparzngly soluble in solvénts ;or E

15

making wire enameL and_they are not highly miscible with

the insulatiﬁg components of the enamel. ‘' Therefore, the

resulting wire enamel is not §table'and the lubricants are

difficult to disperse in the insulation'eoating.uniformly

. and hence the so produced coating does not have good appearance.

SUMMARY OF THE INVENTION

20

25

As a result of various studies to eliminate the

above defects of the conventional enamelled wires, it is

found that a desifed.enamelled

baked insulation formed on the

.through another insulation can

wires compr151ng a layer- of y
eonductor either directly or‘

be produced by applying to

&

'cﬂ



| ubri can¥s are sparingly soluble in solvents for 15 = naking wre enanel
and they are not highly mscible with the insulating conponents of the
enanel . Therefdre, the resulting wire enamel is not stable and the

| ubricants are difficult to disperse in the insulation coating uniformy
and:hence the so produced coating %Ges not have good appearance. 20
SUMMARY OF THE | NVENTION As a result of various studies to elininate the
above defects of the conventional enanelled wires, it is * found that
a-desired enanelled wires conprising a | ayer of baked insulation fornmed on
t he conductor eitt lersti thetduregmoss layeghpSulhe afigeharvisss #ndlEdn can be
produced by applying.to -6- .at_|least the outernost.|laver of e wre a
wire enamel corﬁ%’é’l"gFBW%O‘?ﬁ‘is&FFﬁﬁge%sssgﬁttﬁaﬁ'?’f/ < aapﬁé’r?/ée/%e’[rerrers;égi'n at .
| east one mol eqlll § @kt Wh & hd13chies B HAIRENE S Nedrnihbab@iiad Iyl having 21
Q: nore carbon atoms, and baking 5 the sane: - The enanelled wire of the
present inventigyraighel 41kyls haelihgl 2brdrcabragegaropeatpes, epdabakdng hose of
the wire that has a |layer of solid lubrjicants such as solid paraffin and:
carnauba wax, ofhe $63e-of Thhengmedledigfire of the present invention

itself has self-lubricating properties equal to those of

used in refrigerants. "Furthermore, |ike szynt' hetic resins, the solid ﬂa

the wire that has a layer of solid lubricants such as
solid paraffin andICarnauEa wax, qr_those of the wire_that
is produced by coating the conductor with a wire enamel
10 composition.containing'sgch solid lubricants or synthetic
resins such as polyéthyléné and polypropylene having good
lubricating properties. | : o |
In t#g enameiled;wirg'qf.the_preSent invention,
” the'wire'§n#méi'itéélf”hés'ﬁigh_séif;idﬁric;tiﬁg-pfeperfies;”fl'
15 and in this-respéct, it &iffers greatly from the conventional
- product wherein a lubricant is present'on the sﬁrf;ce'of |
the enamelled wire or within the enamel.  What is more,
the enamel of the wire of the present invention is not a
simple blend of components, so the.coating_itsélf'has.great
! 20 strength that Qithst&nds mechanical damage that might occur
when a number of Qifes are'ihser{éd into the small slot of
motors. Therefore, the enémelle&fwire;of the present

invention. has a bétter_appeafénce than enamelled wirés having

Ml e e WD

),

. an enamel coating made from wire enamel compositions contain-

1)
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25 ing,s?nthetic resins having good lubrication properties
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s\produced by coating the conductor with a wire enanel 10 .
posi tion.containing such solid |ubricants or synthetic resins such as
palyet hyl ene and pol ypropyl ene having good 1 ubricating properties. In the
enanel.l ed wire of the present invention, . the wire enanel itself has
“hi gh self-lubricating properties,_.15 and in this respect, it differs:
greatly fromthe conventional product wherein a lubricant is present ongghe
surface of the enanelled wire or within the enanel. Wat is nore, the *
enanel of the wire of the present invention is not a sinple blend of .
conponents, so .the. coating itself has.great 20 strength that w thstands
rm(r:rﬁani cal dsalhqé"gea_s‘t RS?Y?#&%F“&%%% R/ﬁij‘gﬁquﬁ e gPeV\ﬂ'r sg l,aﬁ"’ge"'lil'nserted into
the small sl&fafe ¥RLOM fhe chRREEl 6Pringh8 reRdR)deldnY {Srdiftiblie present
i nvention. has a better appearance than enanelled wi res having an enanel.
- coating nadeaX¥scomidilr be eswtTRicted npidl triedmd gevaritss T 28lventisngngynt hetic
resins havi ng, goo Iubripationt8%0 erties -7- such as pol yet hyl ene and
a

pol ypr opyl en®e-°8r e°P§n}4&tﬂfe qﬂﬁé??tYﬁQW@h&ﬁth%cﬁﬁﬁqﬁ§96Fn¥he
present g nve&ﬂa‘ﬂ}i?hs o¥i1ds B8 Eéﬁﬁ%xgi}s%q With 4 fekxgﬁéﬁ”&o%tﬂ&gso' vents and

cl og thé openi'ng of the conpressor ve or the refrigeran
formed by applying solid lubricants such as solid paraffin

or carnauba wax on the surface of the enamelled wire or
- the coating formed from a wir§ enamel cbmpqsi;ion copt;inJ'
ing these soiid luﬁricanis; _ For .these reasons, ;hé enamelled
10 wire of thé present invention can be applied with advantage

‘to motors that are immersed in refrigerants and which hence

~ are required to have high refrigerant resistance.

DET#ILED DESCRIPTION OF THE INVENTION - -
-ﬂIﬁ iégésséntigi.f&f“the{ﬁrésgg#;;n¥eniioﬂ:thaﬁL 
15 a wire enamel composition coﬁsisting_essentialiy of a .
- pplyestef resin at least one molecule of-which.ig terminated
with a straight'alkyl_group having 21 of.more carbon atoms
be appiied and baked to form at least the outermost layer
of_aﬁ enamelled wir;.' This is necessary for_achieving the
20 object of the present invention, namely the production of
'an_enameled_wire having good selﬁjlqkriéatingAp;operfiesf
The wire enamel composition used in the present invention

is applied to the conducﬁor_éiiheg directly or through _.

another insﬁlation and;bgked:;_Thgizggu;;iqg_resin coating .

25  may be thin but it,exhibits:yqqy_ggqéiggigflubgﬁqggigg

= .. . : . v
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3

5 expansi an nozzles in conparison with the enanel coating fornmed by

appl yi ng“soliid lubricants such as solid paraffin or carnauba wax on the
surface of the enanelled wire or. the coating formed froma wre enanel
conposition confain-' ing these solid lubricants. For these reasons, the
enanel l ed 10 wire of the present invention can be applied with advant age
to mggors that are imersed in reBrrgerants and which hence are required to
have "hi gh refrigerant resistance. DETAILED DESCRI PTION OF THE I NVENTION It .
is essential for the present invention that. 15 a wre enanel

conposi ti.on consisting essentially of a polyester resin at |east one

mol ecul e of whptepéemtiesr ghdai edremin EtaoRg r gheratkyandgmeapamitialing 21 or
nore carbon atqQns_be appl.ied and. baked.to form.at |east .t Lrnost | ayer
of an eﬂﬁanelIegaﬂf$iﬁ'J%Tﬁfsl?se€¥§§§§¥3}§ ?iﬁﬁf35h?e55$%fﬁ?ﬁ2§2§§gfan bj ect of
the present inygniiPrheN3NBLYatitn RAVIHEIIAN sl raluipidiRliggd ¥dpRrta¥sng
good self-lubricating properties. The wire enanel conposition used in the
present invent Insulstimmpicoedisg thae temdue tpow tectedrwidibr ébel insulatioough

.. another insul ati on and baked. .The resulLting rgsin coatin g?.- may be
thin but i% exRPRFiRS \AF FhEoBERIRAY IRYBRFERN jiRglude _grery typé o -

insulating material such as polyurethane, polyvinyl formal,
polyester, polyester imide, poiyhydantoin, polyamideimide,
pqueSter amideimide, polyhydantoin ester or polyester amide.
Since the insulated'ﬁire of the:present'inven;ion may be . -
10 applied to'mofdrs'immersed in refrigerahts, insulating -
mAtérials'coﬂfentidnally-u;ed to form refrigerant-resistant

insulated wires are preferred,-such as:polyester, polyester

- imide and_poiyesté;uamideimidé.
L The pélyéstér-resinfuséa'ih'fhe presénf'iﬁvéntipn.'
1§ at least one molecule of which is terﬁinated with a straight
alkylzgrOUp having 21 to-moreicarbon.atomS'can be_préparéd
by reacting a polyhydric alcohol [hefeundér referred.to as
'cdmpdﬁegt (i)], a polybasic carboxylic acid'or its derivative
'[hereﬁnder_réferred:td'asigamponén; (ii)] and a compound
20 that_has-é straigﬁt'alkyl_grbup having 21 or more carbon,
atoms in the molecule and which has a functional group
capable of reaction wifh'éither componént‘(i) or (ii)
) _' . [heredndef.féferred-;o as CQmponént-{iii)];." -
| - The wife'enamel'ﬁSed in the présent invention-.

25  must form a'resin'coating that undergoes:a high-degree of

T T T i L i i ey a0 b s~ raea



op&rties and is very strong to thermal and nechani cal danabe, soit is

e -
i nsul ati

f/lubricating properties.

on 5 coating of the present invention include egvery type
insul ating material such as pol yur ot kane, pol yvinyl formal, polyester,
-polyester imde, polyhydantoin, polyam dei m de, polyester am dei m de,

_present invention may be 10

pol yhydant oi

“insulating -

.invention 15

i nsul ated w

n ester or polyester am de. Since the insulated wire of the

fff%qgti vely used as a protective coating on another insulation having | ow
I nsul ation coating that tan be protected with

of

_—

applied to notors imrersed in refrigerants,

i.al ti I d to formrefrigerant-resistant
PEB RS 237 AR (G n % ek e, 3y ERPRRS IS Es{ ATROREBES and
pol yester aim fpigaies1) ave pHATREb VPR ERSLOKISGHLL DS L [1E, Pr esENt

e nol ecule © erm na with a

s straight al kyémgine Hayikgs 21 hyaro®F e <aiibaent Wiuatabo Pend '@RBHRHL * |
- by reacting

a pol ybasi c

a pol yhydric al cohol (hereunder referred to as component (i
et HBlpnitcofcsamponent s (Hik vilowewef hdmeggtual rafeanatédnt o as

)1,

4

i1)]. 20 . t hat has.a straigh | kyl group having
'_(Z:(imc))?nﬁgﬁ e(l:%a%lodn%ngtegﬁgg Ostj"}r‘:" D1 B @ af %f}éwd&% éi‘?%ﬁ’é{ i°6%HFsgroup .

- capabl e of r&i’ﬁﬂﬂ(g?'&aﬂiﬁ?}ﬁ tﬂ%&aﬁ@ﬁ%ﬁ%&aﬁ:@‘e?f &0 ithel P& %g%ﬁeﬁg% err

to as conponent

imust forma
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)] . The wire enarrel used 1n the present Inven
axsimvreoprefigratiiyt usadetmgoechaahvgiedagaecthé hydroxyl

equivalent'is”in excess of the carboxyl equivalent. -
But if the .control of the degree of polymeri;ation is-
necessary, component (ii) may be uséd in such an-amount
that the carboxyl equivalent is in excess of the hydroxyl
equivalent. . | |

. Components (i), (ii). and (iii) may be reactedyin'

any order: for eXamﬁlé;"Eomﬁéhent €i) “or Eii)‘ié'fif&t

1s

20.

' reacted with component (iii), then with component (ii) or

(i);_of-éomponeﬁts'(i)-and (ii) are?first reacted, then
with componen£ (iii); altern;tivgly,.the three compbnents
may be réacted simultaneousl}.
' Cqmponénf tiii) is preferably used in an amount
of 0.4 to 0.6% by weight of the resin obtained. If its amount

is less than 0.4% by wéight of the resin obtained, the .

'-desired lubricating ?roperties are not obtained, and if

its amount exceeds 6.0% by weight, the resulting_eﬁamél

25

does not remain stable during storage and the eléctric wire
coated with such wire enameét- does mdt have the -desired.

ed

I'on- 25
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(i1) are*preferably used in such anpbunts that conponent (i) has a hydrox
equi val ent equal to‘the carboxyl equival ent of conponent (ii).. However,
in actual operafion, 5 a side reaction such as renoval of polyhydric

al cohol occurs- during baking at el evated-tenperatures, so the two
congggents are nore preferably usdéd i-n such anobunts that the hydroxyl

equi val ent is in excess of the carboxyl equivalent. But if the control of
the degree of polynerization is 10 - necessary, conponent (ii) may..be used

I n such an-anmount that the carpox uivalent is_in excess of the hydroxyl

|
equi val ent. CorAP8R&RERCR 9T, mﬁFf‘?‘.‘!%ﬁ?S EPPET LIRS, bEDFeERRER %EnTEPR brider:

for exanple, c ngpt. (i), s (EL)AdoS st t.%é i.th_c ent
(113 Then wi o So08ot e By Ly lpdistcul Bhiy brecel B8 iistallesy PRORZ

first reacted, witenenhmdl GRMPOBERiorCiand) 2 Rif&HIdinY¥eEdod tdppebhinee
gonponents may be -reacted sinultaneously. - Conponent (iii) is preferably .
used in an amowen e produced.4 to 0.6% by weight of the resin obtained. |If
its arr.ou.ntsl s. I ess t han .e44)e113_¥; mllgelsgiht ogf the resin ogt ai ned, the

-9- pol ynerization during baking, and theoretically, conponents (i) and @

n obtained" as used herein’ means
° a resin whose'amouﬁt is theoretically célculated on the
assumption that the hydfdxfl equivalent. of component (i)
is equal tb'the_carboxyl equivé1ent of component (ii).
Therefore, the.polyhydric alﬁohol use& in excess in the
10  initial stage of synthesis is not counted as a resin component
_ since it is eliminafed dﬁrﬁng_the';yn;hesis and the'sﬁbsgduent'
baking Step. Striéiy sﬁeéking, the equivalenﬁ weight of
the functional grdup in component (iii) 'should be counted
inufbrfc§icu1;tiﬁ§ thé7émdﬁ§£*ofﬂthé're$iﬁ 66t§iﬁe¢;_3ﬁt:i
15 for the éurpose'of'fhe'ﬁrésénf fnvenﬁion, component (iii)
may Be'uséd in a very small amount with respect to céhponent.
(i) or componenf_(ii),'SQ the equivalent weight of'the
 functional group of component (iii) is substantially
negligible. | ' |
20 The method oflcalculating the amount of component
(iii) with respéct to the resih obtained is described by
reference to thé-foliowing f§rmu1atidﬁ of compone#ts (1),

(ii) and (iii):- .
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desired lubricating properties<are not obtained, and if its amount ,exceeds
6. 0% by weight, the resulting enanel does not remain stable during storage
: the electric wire 25 coated with such wire enanel - dogs not have
-desired. -10- appearance or nechani cal properties. The range of
-~f/omO0.4 to 4.0% by weight is particularly preferred because a stable w.re
~--€nanmel conposition and a wre hgving good appearance can be produced. &gt
-term"resin obtained" as used herein neans a resin whose anount is
~theoretically cal cul ated on the assunption that the hydroxyl equival ent of
tconponent (i )cdmpoRENal (10 therkpldx\Giyequi val ent ofggomonent -(ii).
Therefore, the polyhydric al cohol used in excess in the 10 i'nitial stage
~of synthesis is not. counted as a resif cofbohestlesi,ndeld igquiyadenrt]i nat ed
~during the'synthesis and the_subseguent baking step. _Stricly speaking, the
-sequi val ent wei ght of the funBtYehad® gfoup in conpone®t-¥i& i) shoul d be
‘“counted in for cal culating the amount \of P& d83 Nsoptaliediety 15 for®
xthe purpose of the present invention, con%ohen %Vi|) ﬁ%b be“used in a very

“ismal | anpunt QympBneRsPELE) :t O DEASTIICTerephtRd12@NPOBENI4 (d i), so the
=iequi val ent wei ght of the ' o '

(2.0 moles, 4.0 equivalent)
Component (iii): Methyl Behenate 3.4 g
) (0.01 mole, 0.01 equivalent)
i Equivalent of component (i) = L.5x 2 + 1.0 x 3 = 6
N 10 Equivalent of componént'(ii)_= 2.0 x 2 = 4_
If it is assumed that the excessive 2 equivalents
of hfdroxyl grdup are eiiminated in the form of ethylene
"glycdl with a lower boiling poinﬁ than glycerin, the amount

.. of ethylene glycol eliminated is 62.1 g, and the.amount of .

Lentid
Al

15§ methanol that is produced by reaction between components
(ii) and (i) and which is distilled out of the resaction
system is 128.2 g.  Hence, the amount of the resin obtained

is (93.1 + 92.1 + 388.4) - (62.1 + 128.2) = 383.3 g, and

.yt 2 . P AL R 3}

_;i the amount of component (iii) with respect to the resin

s 5ett’

20  obtained is wgyer x 100 = 0.89 (% by weight).
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The polyester resin that makes up the polymef

backbone may be bonded to a.terminal straight alkyl group in

el dee
§ { RN

any fashion such as amido bond, imido bond, ester bond,

)
oLl

T

urethane bond or urea bond, but to provide greater heat

hy
L

L

.28 resiStance, they are preferably bondgd Sy amido bond, ester
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functional group of component Ciii) is substantially negligible. 20

The net hdd of calculating -the anount of conponent. (iii) with respect{to
the resin obtained is described by reference to the follow ng formlation
of conponents (7), (ii) and (iii) Conponent (i): Et hyl ene d ycol
[err] (1.5 noles, 3.0 equivalent) dycerin - 92.1 g (1.0
nol ¢, ~3. 0 equivalent) 5 Compovearst =(i1): Dinmethyl Terephthal ate 388. 4
g (2 O nol es, 4.0 equival ent) Conponent (i'ii): Methyl Behenate

3.4 g (0.01 ol e, 0.01 equival ent) Equivalent of conponent C) - 1. x 2 +
1:0 x 3 =6 10 Equi val ent of conponent (ii) - 2.0.x 2 =4 1If it is
assumed t hat thenéxeesigiide bordi Thleeatvaighthpdkpkysraprobpnded ® iani nat ed

in the formof. ethylene col_with a lower boiling point th gl ycerin,
t he amount of é‘FﬁS‘H‘%ﬁe"gﬁ 3Eélp%]r)‘|'erﬁtﬁét BRS TR WSt b gn’g' {A&SEndtnt of is
met hanol t hat dy,gﬁ% 13a0 tWaeN nlﬁrgpg [ and
W@ICh IS dlstllﬁegsgut 0 ?ﬁeﬁféx;gﬁ QB8 CQQHHE skibd, A (1)

the desired - lubrlcatlng prope*tles are achieved if said
“alkyl group has less than . 21 carbon atoms. Briefly startlng,
if the termlnal is represented by ( CH2 )n-ICHS’ n must
be 21 or more. The alkyl group is preferabiy in a completely
linear form, but it may be partially_hranthed as long as
the straight portion has at least 21 cerbon atoms. '
The reaction of components (i), (ii) and (11 )
- may be effected in either the absence or presence of a
catalyst Examples of effectlve catalysts lnclLde ov-des
or organlc ac1d salts of metals such as zine, 1lead, tln, -
i}rcbbalt tltanlum, manganese, cadmlum, bar1um and magne51um;'"
‘and these catalysts are preferably used in an amount of -
about 0.01 to 5.0% by weight.based oh.the total weight of
the pdlybasic ca:boxylic acid or its derivative.- It is
also effective to use_the ;eactahts together with xylene
©or other'arematic hydrocarbons having a boiling point
approximately equal to that'of Xylene. Such additional
compounds are effective in preventihg the sublimation of
the poly-basic cerboxylic acid or ‘its derivative, and
P o removing;-by.azeotropic distillation, the water-in the
- | reactants or water and lower alcohels-thet'are]formed bf

- : esterification or ester exchange reaction.
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systemis 128.2 g. Hence, the anount of the resin obtained is (93.1 + 92.1
¢+ 388.4) - (62.1 + 128.2) = 383.3 g,. and the anpbunt of conponent (ifi)
ith respect to the resin 3.4 20 obtained is [err] The’pol yester resin
hat nekes up the pol ymer backbone may be bonded to a term nal” strai ght

al kyl group in any fashion such;gs_am do bond, imdo bond, ester bond,

ur'et hane bond or urea bond, but fo provide greater heat 25 resistancg
they are preferably bonded by am do bond, ester -12- bond or im do botid.
The straight al kyl group bonded to a termnal of the pol yester resin nust

have at |east 21 carb ato rovi de o ubr tln les, and
the desired | ubri catllﬁlg| pﬁ%ﬁ ??eg #ef% £ 8 5 Peg grlcE %gp‘(&)up has

less-than 21, cayhanngtons- theBabeHe/a sh%rcagmgy wlftht hars ebdlirilcaken

represented by [err] n mist be or nore. ~The alkyl group is preferably

- in a conpl etrdty toi fleam 4 (gehy, bnd the epclidéopavdssalll papranciveduased ong as.

the straight portion has at least 21 carbon atons. The reaction of

. conponents (¥9 BPTOmPF$ BhRy [EACtioRmy Wheneft BebEtey ﬁferPﬁeﬁe%Hﬂé absence or

SR SRR et T

W e
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- prese”CE of 5&sc051ty is produced,. 2 solvent is added to the reaction

system before it gels, gnd at the same time, heat is re-
moved to stop the reaction. In case of a formulation that
involves difficulty in termxnatlng the polymerlzatlon at
the right time, a solvent such as cresol may be added to

10 the reaction system before stopping the_polyﬁerizatien
reaetion, and the reaction may be effected with distilting )
off the solvent '

The respectlve components used to prepare the.
E polyester reszn that. make up the 1nsulat10n coatlng of the.-

15 present invention are hereunder described individually.

The polyhydr1c alcohol [component (1)] may be dihydric,
trihydric or hlgher Examples of the d;hydr;c.alcohol

include ethylene-glycal, diethylene glycol, triethylene
glycol, l,Z-grqﬁylene glycof; l,8-propaned;ol; various -

20 butanediols,'pentanediols or hexanediols sueh as butane~_
1,3-diol, or butane-1,4-diol, pentane-1,5-diol, z~b_utyn—_1,4"=
diol, or 2,2-dimethylpropane-1,3-diol, 3-ethyl-Z-butyl-
propane-i,s-dioi;‘1;4-dimethy1olcyciohekaﬂe, butene-l;i-

_ dibl, hy&regeﬂeted bisphenols (i.e., hydrogenated pP,2'- -.

28 dihydroiydipheﬁflpropahe er its aﬁalbgs),-cyclic glfcol




catal yst. Exanpl €s of effective catalysts include oxides or organic acid
salts of> netals such as zinc, lead, tin, cobalt, titanium nanganese.

cadm um bariumand ‘ragnesi um and -these catal ysts are preferably used

an amount of about [err] by weight based on the total weight of the

pol ybasi c carboxylic acid or its derivative. It is also effective to use
the reactants together with xyd @de-or other aromatic hydrocarbons having a
-béﬁﬁing poi nt approxi mately equal to that of xylene. Such additional
conpounds are effective in preventing the sublimtion of the poly-basic
“car boxyl i ¢ aci dsugh &% s2 o, ¢atevimexhpl cerimbutgne by, leddol ¢ opidcodinétdnd-at i on

‘tfie water-in the regc%gnts ﬁr wat er and, | ower al cohpl's that _are fornmed by
esterification r BeRYFORKEERRhgEFHedact s biFyclohexanedimethanod jagq st af f ect ed
under heating tg RLANKES A okshdt NAEDE 10 (3OShE ol i, SE0ST J dighby car e
being taken nofﬂfb-?orn1a Seﬁt'and Fﬁeggeacfion vesgévangy %e e&%cﬁated to
._?i;_gormte the reanicohnl indiedeaghpdepinl, péntderydasiter, 3,1, 1vtsimehiYois
pr-oduced,. a solvent is added to the reaction systembefore it gels, and at
the sanme tfme, 958aBe) slrlol-fpimerhydodpappanto seakiidn. maprmitdlse of a
-EQr”“'at'O” th%ﬁpentaerythritol, diglycerol, tris(hydroxyalkyl)isocyanurates
such as tris(B-hydroxyethyl)isocyanurate and tris(8-hydroxy-

propyl)isocymurate. Othef-polyhydri¢ al;ohols-are those

prepared by reacting isocyanuric acid with epoxides (e.gv;

10 alR?lene'oxide, styrene oxide and epichlorohydrin).

These'pglyhydric alcohols may be used sither alone or in

;%  ‘admixture. To provide insulated wires having high flexibility
_ahd heat reéiétance, ethylene glycol, glycerin and tris(84
Hfdﬁoxxethyl);quyanurate_g;e p;@ferred‘ 'j .

15" "'  ' "-:'The §6lkEé$i£ Eérhoiflﬁé:aéid?éé-éaﬁpoﬁent tii)
mayfﬁe éromatic, alicyciiﬁfor-aliphatic polycafboxylic acids.
.Speﬁific éxamples thergof.include terephthalic acid, pﬁenyl—

t lindaﬁdicarboxylic-acids-df the formula:

20

wherein R'isfhydrogen_of”aﬂfalkyl group having 1 to 3 carbon

Y

* lule.

atoms such'as 3-(47carboxypheny1)-S-ihdahcarboxylié acid,
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i nvolves difficulty in termnating the polynerization at the right tine,. a
wvent such as cresol nay be added to 10 the reaction system before
bpi ng the pol ynerization reaction, and the reaction may be effected with
illing off the solvent. The respective conponents used to prepare the.
pot'yester resin that make up the insulation-coating of the 15 present_
i'nvention are hereunder describ&8 T ndividually. - The 3
pol yhydric al cohol [conponent (i)] may be dihydric, trihydric or higher.
Exanpl es of the dihydric alcohol include ethylene glycol, diethylene
. glycol, triethg-ensadyphehyl)l;P-imdapybenexydligcatid l, B-(Sropaedi-ol ; vari ous
- 20 butanedlols pent anedi ol s or hexanedi ol s such_ as butane- 1, 3 diol, or
but ane- 1, 4- @hen)’lpb#t,érrérleglldlitﬁ ms_iabmshmvucaa@d Gr (4-carboxy-
2, 2-di net hyl

ro eth |
propane-1, M?nffé&Mt ﬁy? % ?ﬁexan‘b& ﬁfg%éy]llc acédblamhydrogenat ed
bi sphenol s (sl -cafl%ﬂiy%@ﬁ?iﬁdl-ﬂte&hylzﬁ 3-2idichydt @xifliaplkapyb B ane or its =

anal ogs.), cycllc gl ycol - such as
: 2 2, 4,%- teﬂlaanéthyhtnaﬂuubataheapht&adnglanhnﬂmlqu|hﬁmﬁhydroterephthalxc
- d [err] hydr gxyet hyl ether, 1, 4-cycl ohexanedi nethapol_and, 1, 4- : »
: cyclohexanedicéflha.’i"ﬁ)’fa YdE?éﬁ%?@E?%ﬁictﬁ&lgrlqﬁhﬂﬁFcaﬁril Fic’acid,

succinic acid, maleic acid, sebaclc ;c1d, isosebacic acid,
dimeric acid, tetracﬁlorophthalic acid, hexachloroendomethylen-
tetrahydrophthalic acid, 4,4'-dicarboxydiphenylmethang,- '
U 4,4'-dicarboxydiphénylpropane, benzophenonedicarboxylic
. acid, trimellitic acid, trimelliti;'anhydride,,hemiﬁellitic
acid; meﬁimeiiitic anhydride, trimesic acid and trimesic
anhydride. Illustrative derivatives of polycarborylic acid'
-:as component (11) anlude lower alkyl este*s of the ac1ds
15 listed above, such as (ln case of terepbthallc acid) dlmetnyl
terephthalate, diethyl terephthalate, propyl terephthalate,
butyl terephthalate,iamyl teréphtﬁalate, hek&l tersphthalate
éAd oétyl terephthélate' half -esters sucH as monomethyl
terephthalate, aryl ester such as phenyI terephthalate and
20 ~ monophenyl trlmellltate and acid halldes such as terephthallc
- acid dichloride, isophthalic acid dichloride, and trimellitic
acid monochloride. These derivatives are used either.aTone
or in combination'_ Dartlcularly preferred ar= t=r=phtha11c
ac1d, 1sophtha11c ac1d .thedir der1vat1ves and ‘those wherein .

- 25 terephthalic ac1d,}lsophtha11c acid or derivatives thereof
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al cohol include glycerin, pentaerythritol, |,1,1-trinethylol- S. et hane,
1,1, 1-tri'net hyl ol propane, sorbitol, mannitol, dipentaerythritol, X9
di gl ycerol, trls(hydroxyalkyl)lsocyanurates such as tris -
([err]- hydroxyethyl)lsocyanurate g tris([err]-hydroxy-

propyl )i socyanurate. Cher polyhydfic al cohols are those prepared by

reaqijng I socyanuric acid with epoxides (e.g.., 10 al kyl ene oxi de,

styrene oxi de and epi chl orohydrin). These pol yhydric al cohols nay be used

ei ther al one Oidréh"v}aafclr{‘aﬁgr EubJE’:.P&%’d'r%? lp'%%.%é&?é r!‘éfif‘o&;ﬂ%‘é A iRisgh

flexibility an resi stance I'ycol', glyceri'n and trls([err]
hydr oxyet hyl ) i geDeia & &tleeamemmﬁé&rirﬁdio rlag which are ilIlisarekdbasic
carboxylic acid as conponent (ii) nmay be aromatic, alicyclic or aliphatic
polycarboxyl|cbeﬁnwksbeSpssefthewxgwqﬂxﬁetﬂmeméatedncind@ haarieyghtlighi ¢ aci d,
“phenyl - |indandi carboxylic acids of the fornula: 20 HOOC

QOOH wher ei n 9&t [REFi§FSRCE aW%XchngOHX‘J«Fﬁgaql@% iy dn at ons

(3 car ﬁaiﬂpﬁé’wﬂe"g@»ﬁésﬂsﬂf'g' T S 4 pIePEred pp,apacting, o5,
phenyl -1, 1, 3-t Hénfaﬂl d@ggaé dd s - acid, 3- (4-car boxy-
phenyl)-l-nethyl |prg | - 5- ancarboxyllc acid, and

; (a) aromatlc carboxyllc anhydrides hav1ng a five-membered
é ' ; - cyclic carboxylic anhydride group and at least one other.
. functional”gtoup; The latter functional gtoup'may be a
10 .carboxyl group; cerboxylic'anhydride group or hydroxyl
: _ group.  The first mentloned cyclic carboxyllc anhydride,
group may be replaced by a dlba51c carboxyl group bonded
.to the adjacent carbon atom or an ester or half -ester
e thereof as. well as a’ half apiide w1th the prlmary amine-
15:. mentloned in (b) below on the condition that it is canable
of. forming an lmldo group, |
(b) Prlmary amines having a pr1mary amlno groun and at
least one. other functional group. The latter funct10na1
. group may be a carboxyl group, hydroxyl group or an primary
.20 - amino group.- The primary amine may be replaced by its salt,
amides, lactams or polyamldes on the- condxt*on that the
PR bonded primary amino group ‘is capable of formlng an imide.
» '_ f o _ '5.  Illustratlve examples of compounds (a) naVLug a’’
ST .'cycllc carhoxyllc anhydr1de group and at least one other

25 ': functlonal group lnclude trlcarboxylzc acid anhydrldes
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3 ( 4- car boxyphenyl ) - | - net hyl - 1, 3- di et hyl - 6-i ndancarboxylic 5 . acid,
pihal i ¢ acid, phthalic anhydride, hexahydroterephthalic acid,

1 d, sebacic acid, iso.sebacicacid, di neri c aci d, tetrachlorophthallc
aci d, hexachloroendonethylen- t et rahydrophthalic acrd _ Py
"4, 4" -di car boxydi phenyl net hane, 4, 4' -drcarboxydrphenylpropane ' o’
.fbenzophenonedicarboxylic acid, trimellitic acid, trinme-llitic anhydrlde
“henimel |itic fgindasmerigBilitie apadiiade, hbﬁiﬁgﬁlﬁt?&'ﬁh@}'@@ﬁél nesi c
:,anhydrlde [I'lustrative derivatives of polycarbo xylic acid as conponent
(i) |ncluda.Bqﬁenaghkyhleﬁetxrrajbdﬁmixacad$d15nhydride§eﬂjsabeve such as
- (in case of terephthalic acid) dinmethyl. terephthalate,. diethyl -

4 { er epht hal at @ap@rtapgtpnsmwmm:@ %Gldyﬁnbﬁﬁépﬁehaleﬁé newrc alerie-

ot ht hal at ht hal at I t hal at " t :
= such s monomEg PR ShRt Rt L g oe ﬁfég B BPESEFal at e
.= and 20 h I t ht h

:'ggld dléhlor ? ?gékﬁ?%hggcigiﬁte %ﬁ% ?gggtﬂand FT re ‘|t?€ gg?ﬁ alre

> monochl ori de.anhllaes@edesi 184'V@ﬁolf&rﬁ;l‘é%ﬁdrelti-lﬂ@h@é%@radﬂ combi nati on.
~Particularly preferred are terephthalic acid, isophthalic acid;.their

derivatives amhydrdde,waedes ¥ 26" benztoglhepbhbahcaﬂmzdﬂlmplmldal ic acid or

- derivatives thereof
-anhydride; tetracarbaxyllc dlanhydrldes such as pyromellitic

dlanhydr;de,.nellophanlc,deanhydrlde, 2,3,8,7-naphthaliene-

16 tetracarboxylic dianhydride, 1,3,4,5-naphthalenetetra-

. carboiylic'dianhydféde; 1;2,5,6—napﬁthaleneietracarbbxylic
-diaﬁhydride, 3,3’,1,4'—diphenylte;racarboxylic dianhydride,
2,2',3 3'¥dipheny1teti‘aca*boicv1ic dianhydride, 3,3',4, 4

' dlphenylethertetracarboryllc dlanhydrlde 3,3,4,; 4' '

15 dlphenylmethanetetracarboxyllc dlanhyd*lde and 3,3',4,41-
benzophenonetetracarboxyllc dianhydride, of these,’
trimellitic anhydride is partlcularly p*eferred Oﬁher
examples of the polycarboxylic: ac1d that provides an imido

. _ group include aliphatic polyba51c.carboxy11c acids such as

20 butanetetracarboxylic acid and maleic anhydride;'=f |

Illustrative etamples cf compounds (b) hav1ng a
prlmary amlno group and.ae least one other funct10nal grouﬁ
include prlmary dlamlnes:(prefeeably aromatic 4lam1nes)

EOE such as 4,4'-diaminodiphenylmethane, 4,4'-diaminodiphenyl-

e e LR T

[T TS FEY
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gyahydroi sophthalic acid, adipic acid, fumaric acid, succinic acid, maleic

[ )



-16- are partjally substituted by pol ybasic carboxylic acids having a
five-menbered imido ring which are illustrated bel ow, because they provid
i nsul ated wires having high heat resistance. Pol ybasic carboxylic acids
‘having a 5 five-menbered amido ring can be prepared by reacting, e.g.,
the. following two conmpounds: (a) %onatic car boxylic anhydrides having a
flva;penbered cyclic carboxylic anhydride group and at | east one ot her
functional ‘group. The latter functional group may be a 10 car boxyl
.group, carboxylic anhydride group or hydroxyl group. The first nmentioned

cyclic carboxylther anbwitiiddae , g5 p3ip-dinnihed igipdmasgd 1hy - &i diindsiapacha beney,|
group bonded to the adjacent carbon atomor an ester or half-ester .
t hereof , as wa-phsnilenadizainge HmRh@nVﬂén9¢i¢ﬁ%1P»a#b enon%NFLhylﬁéﬁtloned in

(b) beIOM/on the condl isS C g f.form ng an

im do group; ntﬂf)qé ﬁ%%iqﬁﬂﬁaﬁﬁigy ???ﬁﬁ%?lgﬁ?nﬁ b BIR3~at | east
ane. ot her funfatlbaaﬁirueé% bweuaﬂfn%hwﬁlma -xJLO4Y, TR gﬁaﬁecarboxy'
group, hydroxyl group or an primary amno g oup e prifrary amne
may .be repl acddainynetscﬂdntedlammd,e&yllyaeﬁadrsamrnegohyﬁﬂmdﬂﬁ/].@lﬁeﬁhmme,
Qondltlon t hat the bonded primary am no grou i scapabl e of form ng an

i mi de. - |11 ust e&hyieneddanimnes 64" «Hifysdabsxy eﬂwleﬁgaalwcqmdcdéammw'] c

anhydrlde grO%Hpﬁenyf%ulf%n%%ngggﬁégghlne- as well as aminoalcohols
~ such as monoethanolamine, monopropanolamlne_and dimethyl- .
: eﬁhanolamine;:and aminoearbdxylic acids such as glycine,
10 aminopropionic acid, aminocaproic acid and aminobenfoic acid{
Compounds (a) and (b) are used in a ;atlo of 0. 1
to.1.0 mole, rﬂferably 0.5 to 1. 0 mole, of ) to'l nole
. of (a) when (a) is a trlcarboxyllc acid anhydflde and (b)
 1$ dlamdne. Compound. (B). in excess of 0.5 mole *eacts .
15 - ,w1th the carboxyl group of the tricar bOKYllC ‘acid anhydrlde
to form an- amldo bond. 1If compound (a) is a tetracarboxylic
'ac1d dxanhydrlde and compound [b) is diamine, the ratio of
(b) to (a) is from 0.1 to 1.0 mole of (b) per mole of (a).
5£ B - I£ compound (a) is. a trlcarboxyllc acid anhydr1de-and (b)
| 20 : is oonoamine? the fatdo is from 0.1 to 2 moles, prefefably
« - . from 1l to 2 moles, of (b) to 1 mole of (a). Component (b) -
i is'excess_of 1 mole forms an amido bond or estsr bond.
' 3 e - In a particu}arly common case, (a) tricarboxylic acid
' onhydride ond (b) aromatic diamine a;e'used in an (a).fo

E} _ 25 . (p) molar ratio of 1:0.5 to 1:1.  In the mdst-preferfed
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2S functional group include tricarboxylic acid anhydrides - ,-17- such
9 trinmellitic anhydride, hem.nellitic anhydride, )

WY2 5-napht hal enetri carboxylic acid anhydride, 2,3,6-
wphthalenetrlcarboxyllc acid anhydride, 1,8, 4- naphthalene- tricarboxylic
aci d anhydri de, 3,4,4'-diphenyltricarboxyl|c 5 aci d anhydri de,
3,4,4'-dipheny|nethanetricarboiy%?d‘acid anhydride, 3,4,4'- dlphenylethe&,a
tricarboxylic acid anhydride, and 3,4,4'- benzophenonetricarboxyl|c acid
anhydri de; . tetracar boxylic_dianhydrid %e pyromel litic di anhydride,
nel I'ophani c 8f&Ahy3r3ad ¥°X'21?3° gacAd, 9 hfﬁa 91"8““ ~ tetracarboxylic

di anhydride, 1,3,4,5- naphthalenetetra- car boxylic di anhydri de,

1, 2, 5, 6- napht hal enet etracar boxli c di anhydr.ide, [err]
-d|phenyltetracarboxyl|00d|anhydr|de 2,2',3,3 Odlphenyltetracarboxyllc
dlanhydrlde 3,3 ,4, 4' |phenylethertetracarbox | ig¢dianhydride., 3,3

, 4,4 - dlph 3 agete oar boxy di gnhyv and 3,31,4,4 -
benzophenonet et r ag yI [ C\l' ; e " Nbhese, el litic anhydride
is particul agh agle” O Ret=£xam|-es off?he‘-o argooul | ¢ act d that

provi des an |n1 group i ncl ude allphatlc pol ybaki ¢ carboxylic aC|ds such  »
as 20 but anet et r acar xyllc acid and nalei ¢ éﬁhydrlde

.whe;ein R is -Csz or -0-, that is prepared by reacting 2
moles of trimellitic anhydfide.ﬁith 1 mole of 4,4'-

eS diaminodiphenylmethaﬁe.or 4,4'-diaminodiphenylether.
Another preferred example is a ﬁelycarboxyiic acid of

the formula:

0

EI -e<: )—R‘.—N I)/C Nﬁ_@—R—QN _\c:©\mon
~ HOOC L
' 0 0, -

wherein n is not_greeter Fpan 4 on average; and R is -CH, -

10 or -Ce,.that-is prepered.ﬁy reacting 2 moles of_tricarboxylic.
acid anhydride with 1 to 2 moles of 4,4'-diaminophenylmethane_
oT 4,4'- dlamlnodlpnenylether Other'exaﬁples afe poly—
carboxylic acids prepared by reactlng 2 moles of the acid | A
anhydrlde (a) w1th 0. 1 to 2 moles, preferably 1.0 to 3.0 " |

: _15.2 moles of polylsocyanates (c) such as phenylenedllsocyanate, . ef 4

v - PR LI oo - - o ot e ou R LB I L v TS T NS STt VENeel YD LTI L T TR R e e e,
T S T R T T N L T o e =il e S S RN S i ey T e PR



Illustrative exanples of conpounds (b) having a primary am no group and.
| east on€ other functional group include primary diam nes. (preferably
aromati c di am nes) .Such as 4, 4'-.di ani nodi pheenyl et hane, '
4, 4" - di am nodi phenyl - -18- ether, benzidine, 3,31-diam nodi phenyl,

-~ 1,.4-di am nonapht hal ene, m phenyl enedi am ne, p-phenyl enedi am ne,

a, [ err]-nonanet hyl ene- di ani ne,= 1207=di net hyl hept anet hyl enedi am ne,

4, 4" -di am no- di phenyl ket one, bi s(4-am nophenyl) -a; a- p-xyl ene, toluylene- 5
di ami ne, xylenedianine, xyl yl'enedi am ne, hexanet hyl enedi am ne, }

ethyl eried i ey 4of 1 ShENSIAISRLEE! ledbapl afe ALl IO, 1,2,5-

di phenyl sul f ondenz anamne ds ami s’ such as
nonoet hanol armi ¢14,; sERPLRE &P deal8fk Ned Byendilnethyt -4 t'hdnekeeyammtegnd

‘am nocar boxylic acids such as glycine, 10 am nopr opi oni ¢ aci d,
ami nocapr oi ¢ atipheaptimethansbdn#6F éibadeyanasapodinhencaFudfens .4 ar e used in
aratioof 0.1 to.l.0 nole, prefe abI Q.5 t 0,.ol e b) to | nole of
¢a) when (a) |4$%§°FVPE%P%O%VPP8“§ ge}aﬁHJfﬁfyﬁg H%anine

Compound ( b) fﬁﬁggigng %%YEHLS tfhetﬁ 1enrﬁe$fbmehp§e§@rboxyl gr oup

qf the tr?carbo I'C-acl orn1 bond ¥ conpound (a)
s a tetracar Wﬂs@cﬁ@ﬁﬂtéﬂ axrébmﬁétxdplam apdnrpLylerddiisscpammiane, the

-ratlo Of . If tricarboxylic acid anhydrides are-used as compound (a),
polycarboxylic ‘acids having an amldo bond and a flve-'
membered cyclic 1m1do_bond are_produced. Tr1carbovy11c

B 10 acid anh?drides are particularly often used as compound :

(a), and preferred: polycarboxyllc acids are those which

are prepared by u51ng tr1me1 itic anhydr1de ‘as compound -
" (a) and dlphenylmethane 4,4'- diisocvanate-or diphenylether-
|4, 47 dlxsocyanate as c0mpound (b). SR

15 R "~ The reactlon between compounds (a) and (b) or

| between (a) and (c) is effected either in the absenc= of

% solvents or in the presenc= of a solvent . In order to

i produce an imido-modified polyester re51n, conpounds (a)

IE ' and (b) may be d1rectly reacted with the polyhydrlc alcohol

20 w1thout prelxmznarlly formlng a polybasic carboxyllc acid

s
Vilbeden

"
aa

having a five-membered cyclic imido bond. Aromatic carboxylic
~ acid anhydrides may be used as compound (b) after they_a:e' -
partially_substituted.with-polybasic cafboxylic'acdds to

form an’amido;bond. Alternatively, polybasic carboxylic'

PPN B TR GO

25 .- acids or their derivatives (acid halides) may be :eacted-
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) to (a) is from0.1to 1.0 nole of (b) per nole of (al. If cqnpound (a)
B)'a tricarboxylic acid anhydride and (b) 2.0 IS nonoam ne, the ratio is
mO.1 to 2 noles, preferably from1l to 2 noles, of (b)" to 1 nole of

_ Conponent (b) is excess of 1 nole fornms an amido bond of ester bond.
- In a particularly common case, Ca) tricarboxylic acid anhydride and (b) __
:aromatic diamne are used in an%ka).to 2S (b) nolar ratio of 1:0..5 t
“1:1. In the nost preferred - 1 9- case, a carboxylic acid of the
"formula: [err] wherein Ris -CH2- or -O, that is prepared by reacting 2

- nol es of triwetd idiegiaehidrs delut tiathiomokel af 44" 1: 5to form

. di am nodi phenyl net hane or 4,4 -diam nodi phenyl et her. Another preferred

. exanpl e i s adpanipesr baxing @ 46r@ingl (#PAng ogTANPa o TOdigRINSSNhAVIng not greater

*than 4 on average;, and Ris -gHZ- 0. qr. - that is prepared by reacting 2
! moles of trithr | BEORRI & ﬁy'ﬁ‘ﬂl‘.3 éﬁ\%i't-%tiesteoﬁia% & B £fsd !
< 4, 4 - di ani nopheuUdTRL Naifpdina’ (4] - ¢ PFoaadh piANKLCbheini o0l her exanpl es are
. poly- carboxylic acids prepare y reacting 2 noles of the acid
2 5 modified polyester-resins. ' )
For more details of the method for producing ) *
the polybasic carquyiic acids having a five-membered
imido ring, see Japanese Patent'Publi;ation Nos, 21500/63,
9018/65, 27071/67 and 18816/70;

o ALik)ra. e 7 26392
10  Nos. 45&34#;?, ¢§§¢&fé? 3499,

_ R CRL WY S5 W SN
apanese Patentl}ppliza%éen

= v. as well as

s :
U.s. Patenf No. 3,426,098 and French Patgnt.No. 2,009,052,
| Alkylené carbonates méy be used as both a
reactant aﬁd.a $oivent for the sfn;hesis of polybasic.ll
céibdiylic acids having'éifivefmémbereg.;miao,ring.;n“ PRV
15 - ‘the molecule.  For details df_tﬁié_techﬁique, refereﬁcé.is
made to Japéneﬁe ?atent Publication Nos. 17837/73 and
1783&/73; Acids'confaining a l;ctam_ring as a heterocyclic
rihg other than the imido ring aré'al$0 useful as a
carboxylic acid component for syﬂthesizing the polymer of
20 the present invéntion, and details of ﬁhe.method for
producing such-acids are given in U.S. Patent Nos. 2,626,223,
2,821,517 and 3,793,250, as well as Japanesé Patent Publication
No. 12198/73. '

RTINS
KR 3 -o‘ 1

A . In the-preéent invention, component (iiij is used
£ - - 25 to introduce an alkyl group at a terminal of at least one
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anhydride (a).with 0,1 to 2 noles, preferably 1.0 to 3.0 15 nol es of

pol yi socyanates (c) such as phenyl enedii socyanate, - 20 -

2,4-tolyl enediisocyanate, 2,6-tolylenediisocyanate, 1,2,5- triisocyanate
benzene, di phenyl ether-4,4'-diisocyanate,

di phenyl net hane- 4, 4' -di i socyanate, di phenyl sul fone-4,4"'- diisocyanate,
di'phenyl thloether 4,4' -diisocyangie, naphthal enediisocyanate,

pol yiret hyl enepol yphenyl ene, pol yi Socyanat e, hexanet hyl ene and

xyl yl enedi i socyanate. If tricarboxylic acid anhydrides are used as_conpound

Ca), polycarboxylic acids having an am do bond and a five- nenbered cyclic
i M do bond ar emﬁ?‘w}@eef the PABERGET TeBn and e anpirRidhdsalket

partfoul arl v oLked, 434138, SRROUR Le)ex oD, pralent etk pd vegrbpiy| < aci ds

are those which e préepare usi ng frmel T ride as conpound (a)

and di phenyl Wehﬂaﬂeflﬂidloﬂal Saeypnaimre dlfpi‘-lﬁudle_kheith dotpoflédsocyanat e
‘3S conpound (b) 15 The reaction between conpounds (a) and (b) or between

(a) and Cc) is(é)factldd)efiesraibied. G?Rﬁ%&bséﬁeupkﬁs 98| gernanest Khlxlﬂe
precence o o 36bIElbuas ) bl e Pl ReLH FR IR
a|COh0| as well as higher alcohols, amines and aliphatic acid '
| amides. Illustratlve examples of allphatlc acids include
docosan01c acid, trlcosanolc acid, tetracosanoxc acid,
pentacosan01c ac1d hetacosan01c ac1d heptacosan01c ac1d
10 octacosanoic ac1d nonacosanoic acid and triacontanoic ac1d
i ' and derivatives of these aliphatic acids are esters, acid
anhydriaes and'acid halides. . Illustrative examples of |
higher alcohols ineiude n-heneicosanol, n- decosanol .n?'
.tetracosanol n-hexacosanol .- octacasanol, and n- tr1aco1taqol.
'15- .Illustratlve examples of amines 1nclude hene1cosy1am1ne,-
. docosylamlne, trlcosylamlne, pen.acosy;amlne, hexacosylamlne,
_€ ' and octacosylamlne.. Illustratlve examples of aliphatic
K ac;d amines 1nclude docosylamlde, hexaco:ylamlde and
é | octacesyiamide._'These compounds need not be used individually
20 and may be. used in admixture. For 1nstance Hoechst Wax
'.sold by Hoechst Japan, Ltd that is based on montan wax
% - .' acid (chain 1eng;h~ C 28-32), Hoechst Wax E (ester of montan

wax ac1d) or Hoechst Wax OP (partlally saponlfled estar of

T

LI ?-:'r!‘..:&'-'l-.l PR 1)

montan wax ac1d) also sold by Hoechst Japan, Ltd may be

25 - used. 0 the above llsted comnounds, a1lnhat1c acids and

S
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’ d

20" wwr%out prelimnarily form ng a pol ybasic carboxylic acid having a

/fi ve-nmenbered cyclic inmdo bond. Aromatic carboxylic acid anhydri des nmay

P8 ‘sed as conmpound (b) after they are partially substituted with polybasic

carpoxylic acids to forman anR8o-bond. Alternatively, polybasic

oxylic 2S - acids or their derivatives Cacid halides) may be reacted
-21 - with diamne in a nolar ratio of 1:0,5 to 1:1 to form di am nes hawng
a term nal amno_group or.diam nes having an am do group in the nolecule.
These di an¢siesr cigrivatives haresf caperefecrrd 61pcedsbeYi AF8o0 or ani do-
5 nodi fied pol yester resjins. For nore details qQf the nethod for

produci ng hh@ﬁmm%vuf%mq@%ﬁn&sﬁ a@tnd i) APE- REFBEFed i mi do
ring, see Japanese Patent PRubl,i cation s. 21500/ 63, 9018/65, 27071/67 and

18816/ 70; ¥% n"é%%mﬁ?gi e# %Splqyc'é‘[’i"g{r“% Nos. 26116/ 72, 26117/ 72,

26392/ 72 as well as 445 ol faddd c%mgjsg%&(}g%ng%%ﬁggg@_ﬁ - Bategl No.

2,009, 052. Al kyl ene carbonates nay be U: . a-redctant and.a solvent %

for t§1€ _sy[p{.;@@d@ Q’fv&?ﬂﬂ&ﬁ%ﬁd}ﬁrﬁ}qﬁdfﬂﬁ%oﬁi&%‘é' BE & E,b\w_egigg’gered .

.imdo ring in IS the nol ecule.”  For details of this technique,
~reference tésin at least one molecule of which is terminated with .

a straight alkyl grodﬁ haVing_Zl or more carbon atoms is
either a polymer solution per se of the polyéste: resin
at least one molecule of which i#ﬁterminateﬁ with a
19 straight alkyl Qrdup having 21 or_mare-éarbon Atcms, ot -
such polymer soluiion that contains one or more additives
‘such as other thermoplastic tesinsi'thermosetting re{ins,
 curing agents, fillers, pigments and dyes in an amount
ﬁhét‘&oés.nbt{imﬁéir'thé'tﬁé#ac*efisficg;éf'ééid solution.”
15- . Solvents.preferred for making the wire enamel '~
. composition are.those which primarily consist 6f'N-methyif
‘2-pyrrolidone, N,N-dimethylacetamide, m-cresol, p-cresol
and various xylenols because the resulting'polymer_solution
can be directly used as'wiré enamel for making eﬁamellédj'
120 wires. 'Suitable salvents that'caﬁ Ee_ﬁsed-tq contral the
viscosity of the polymer_solutionlare toluene, xylane;.
“‘solvent naphtha, actone, methyl ethyl ket;ne,'cyclohexanone-
" and Cellosolve (Registered Trade Mark) acetate.
Metallic cﬁring agents.méy.be added to the ?iré . - @

25 enamel composition tq promote- the formation of a-film -



made to Japangse Pat ent Publication Nos. 17837/73 and 17838/ 73. Acids
-containifg a lactamring as a heterocyclic ring other than the imdo ring
are also'useful as a carboxylic aci'd conponent for synthesizing the polyne
of 20 ‘the présent invention, and details of the nethod for producing
such acids are given in U'S. Patent Nos. 2,626,223, 2,821,517 and

3,7 3 250, as well as Japanese Pa%emt-Publlcatlon No. 12198/ 73. In the
presént invention, component (iii) is used 25 to introduce an al kyl
group at a terninal of at |east one -22- nol ecul e of the polyester resin

and has a straight, alg%kég c“”&f¥hs%%a9£ doLE %goﬂfaﬁg%giﬂﬂl Egglqglecule

as well as a fu ﬁﬁ(ﬁ] up capable reacting wth conponent (i) or
(ii) described ghame -15&@3@&f%%ﬁﬂhd@QgpoﬂﬁﬁﬂtKéddﬁb Pinol@éf&£ adld pRAEEC

aci ds, alkyl esters and acid halides thereof,. as wel | as hi gher al cohol s,
am nes and al i pdelitsCc ofcmetahs dasch akl cobslty mamgenasrpl,ebeiﬁ dinghati c aci ds
lancl ude docosanoic acid, tricosanoic acid, tetracqgsanoic acid,

pent acosanoi ¢ eﬁﬁkflUWQXQEBE%WKNR?Q§0|&erhébtakkﬁ&%%&ue:a%¥bwl¥ﬁ?’

d
G SR R B4 L, o

lanthanum, potassium and sodium. More specifically, they

are lead octanoate, zinc pctanoate, aluminum octanoé:e,
| cadmiuﬁ octanoate, calcium octanoate, cobalt octanoate,
manganese octanoaté, lead naphthenate, zinc naphthenauv,
: 10 aluminum_naphthenate, ca@mium naphthenate, calcium
| ﬁaphthenate, manganese naphthehate and cobalt naphthenate.
Other metallic curing agents inclﬁde titaﬁiﬁm tet*aaikotide
'or der1wat1ves thereof [e g. ; chelate. compound; and acylate
':?;_f - .”compounds ‘of titanium tetraalsoxlde t1tan1um dlalxoxy- '
| 15 : diphenolate, and tztanlum bischelate compounds), and_
typical titanium tet?éalkbxidéé~are titanium tetrépropdxide,
titaniuﬁ tefraisopropoxide, titanium tet;ébutuxide,-titanium
: ;etfahexokide, and titaniﬁm tetrap;toxide._.Chelate_;omﬁounds .
of fit;niﬁm tetraalkoxide are prepared by letting chelﬁte
20 reageﬁts act on thé'titanium alkOxidé, aﬁd chelate reagents
| arg-ihOSe compounds_whicﬁ_are.bonded to or cobrdiné:ed.with '
CELL titanium fo'form_a five- or six-ﬁémbered ring.
Iliustfafife exaﬁ@les of chélate'reagents'inciude s-dikntoneé '
such as 2, 3- -pentanedione and 2,4- heptanedlone, <etoesters

such as methyl acetoace*ate echyl acetoacetate and butyl

TSIt L e an mege T emen IS



drides and acid halides. |Illustrative exanples of .  hi'gher alcohols
ude n-henei cosanol, n-docosanol, n- tetracosanol, n-hexacosanol,
tacosanol, and n-triacontanol. * - 15 [Ilustrative exanples of

am nes i nclude henei cosyl am ne, - docosyl am ne, tricosylam ne,

pent acosyl am ne, hexacosyl am ne; aﬁd‘octacosylan1ne Il'lustrative exanples
of aliphatic acid am nes include docosylam de, hexacosyl am de and ' :}
octacosyl ani de. ' These conpounds need not be used.individually 20 -and ™

may be used i ncadgh¥bvite; HyRIrdx)ehansQy 1 HOCLhSLs We§oleg§b%r2;_beﬁ&2$t Japan,

Ltd. that is based on nont an - wax aci d (chain length echst Wax
E (ester of nohezrofiasucitial) lacthccabsd, MecHR ua&&hmallytﬁyquyayggg ester
of nmontan-wax aci d) al so-sold by Hoechst Japan, Ltd. may be 2S - uséd o
“t he .above I|s@@&°ébﬁ$o¥#ﬁﬁ#t%ﬂ5ﬁéﬁatSslacytkﬁeauid metasl eslfdykkﬂhlvatlves

t her eof are p #8d. since the | th reactive with conponent (i) or
(ii) .and perﬁ?% ia§§l+ %eFﬁi 1ﬁ¥ﬁﬁﬁ&:§m3¢h§ aFid, eatdvdl .

conp05|t| n a ng p vent|on marily
‘consists ng aﬁggﬁggstgrp#egsﬁnigtld eéggﬁ)poine"1 ol TEc G e g?‘y&h?%ﬂ: %ateer i nat ed
with a strai gkta.tahkwh@xsntumdmawsng By P8 xy 1 S etRR0B - ﬁé&%dr?e N

;; g ':if;*;; 4 hydroxy -2~ pentanone 4~ hydroxy- -pentanone and 4-hydroxy-

'4=methyl Z-heptanone' mlnoalcohols such as monoethanolamine,

- ——

Lt 2z

dlethanolamlde trlethanolamlne, ‘N- metnylmonoeuhanolam;ne

qithanolamlne N dlmethylethanolamlne and

- .

. -—é-.s-.. -

zte*‘meuhylol ac*yIamlde ‘met thylol

:te*raalkyltltanlum acylate

‘dralkaxyd;phenorate is one'that is nrenared by reactlng

..-f‘- --—'_’ R ..'- ~ L. 1;.- -~

tztzn:um tetraalkoxlde'w1th a'phenoilc compound and

- EX ot

*,'preferrearphenollc compounds are those which have one or

Lt T A ,,_,.... -

"r5g§qdp§ -di rectly bonded to';he aromatlc

-"&.-F 3w




.either a ééﬂ§mer -solution per se of the polyester resin at |east oOne 25
npl ecul.e 6f which is termnated with a 10 strai ght al kyl group having 13'
or nore carbon atons, or such polyner solution that contains one or nore
addi tives such as other thernoplastic resins,thernosetting resins, curing
agents, fillers, pignments and Qy%% i_n an anount that does not inpair the
chargcteristics of said solution."15 Sol vents preferred for
maki ng the wire enanmel conposition are those which primarily consist of

N- et hyl - 2-pyrrolidone, N, N-di nethyl acetam de, mcresol, p-cresol and
vari ous xyl enol s becausevebelresinglesg ofolcheetisahimm i scdrelaeedirect |y
used as wire enanel for making enanelled 20  wires. Suitable solvents
that can be usampaumdsomreolished vinclanangssf PenenpoPykicaigion Nen are

Cycl ohokanonc S/ &1 U6y ES ( REGHRE: B SKAR8EY WAFRID MRS Logeal I

R 19, Rent S ) BRI DEg A B0 1y BRSSO A 0 P ot

o 4o P QUL SCSSbg e KOl gy by ehabed 20 oL e
phenolate, titanium'b}sQpethylacetate)diphenolate, titenium
_bis(diethylmalonate)diphéndlate, ;iténium.bis(4-oxy-4-
meﬁh?lpentane-Zion)diphenolatefltiténium (ethyllactate)-

| diphenolaﬁé, and:titanium-bis(N,Nédihydfoxyethyl-z-aminae
10 ethoxy)di?hendlaté. o '
The.pquester resin used in the present iﬁvéntion-
aiso acts as a'polyestef polyol,.so a urethane-ﬁodified :
polyester wire enémel';oyppsi;;cn can be'prepéred bf adding
a stabilized ‘isacyanate to. the'polyester.rasin. = -

15- The iﬁsulatién layef bbtained by bakihg-and cﬁriﬁg a
coatiﬁg'of the ﬁrethane-modified pélyester wire.eﬁamel
cohposition.haé a relatiVelf émail proéortion 6f the terminal’
straight alkyl group, so needless to saf,-care must be:
taken to use a feiativeiy.lafge amcunt of coﬁponentﬂtiii)

20 in consideration of the_ﬁmquﬁt of the stabilized isocyanate.
to be added-tdlthé polyestef poly;i} As is well known,
the stabilized isocyaﬁaﬁé is pr§§a#ed.by reaéfing a poly-
ischanate'wiﬁh.a étabili;erpihaﬁ stabilizes the isocYanat;
group.of the polyisbcyanats{' Usefﬁlﬁsﬁﬁbilizéd issocyanates

25 are Desmodur-ﬁ? Stable and Desmodur T Stable (both.beiﬁg .
(*Registerea Trade Mark) L



. um copper, iron, cerium zirconium alumnum 5 magnesj um

um barium nickel, lithium tin, |anthanum potassium and sodi um

¢ specifically, they are | ead octanoate, zinc octanoat'e, al um num

. anoat e, cadmi um octanoate, cal ci um octanoate, cobalt octarnoate,

. “manganese octanoate, |ead naphthenate, zinc naphthenate, 10 al um num,_

napht henat e, cadni um napht henat & Tal ci um napht henate, nanganese (o

: napht henate- and cobalt napht henate. Other netallic curing agents include

- titaniumtetraal koxide or derivatives' thereof Ce.g., chel ate-conpounds and

3 acyl ate conpuaidaebde fremrBawan dktiapgrexd Bdiafit)y, aandniel Hoogtg- 15

7 diphenol ate, and tjtanjum bi c@slate Conpp%Pds ' gnd tg&%ca] titani um

I tetraal koxi A& ETOP: UHPRAR (FALYRILERBRT B USTANBrrt TS ai sopr opoxi de,

+ titaniumtetrabutoxid titan : ahexoXide i | et raoct axi de.

. & Chel ate conpounds of ?F?a %%{n% %gckgg?ﬁgxféd)ﬁ%rgr%rgg%%r}é%ﬁoét ting chel ate
2 20  reagenify act ugRdt bf Aidlaniondentkayifits AandvehebabscapAganlys are those -

conmpounds whi ch are bonded to or coordinated with titaniumto forma five-

5 or six-eenbeiedhe pgsente ust renlives texaapd ein afheclektee ¢aaggertthe i ncl ude

- [err]-di ketones such as,2,4~P nt anedi one and 2, 4- hept anedi one; ketoesters .

such as met Hﬂ/’}rea@éta&&&e%%lt%E'éWIIYaSéY%C%t%{%aQHG pegyge of -

fluidity under heating at 60°C or.more, say 100°C or more,

to reduce its viscosity to a level suitable for the

P LI TR B S
EE I TR I FLY TSR T AN

' application job. .Therefore, if a stabilized isocyanate

10 is added to the wire eﬁaﬁei,-it is preferably prepared by

- .'.'!f-"-l.l‘."l

using as a stabilizer a monoalcchol or lactam that is
capable of protecting the isocyanate gféﬁp up to highef_
- temperatures r#ther than a Phenol-that dissdciates ;t
- fdirly :low feﬁpéiafures-to'leg:ffée the i$6cyanatp_gfoup.
18 ' fhé present invention is now descriﬁed in greater
; ' . detail_by-reference.tojthe following examples and comparafive
.éxamplés which are given heré for illustra;iye purposes
only and are by no means intended to limit its scope.

Unless otherwise noted, all reactions were effected in

20 a reaction vessel undér thorough §tirring that comprised
E a 3-liter capacity fduf-neéked flask'equipped.with a
g cooling tube; a”ffactionating Column;'a thermometer and - B
i' a stirrer. The reaction vessel was heafed'with a.mantle SR
% ) ﬁeéter._ Eéking of polymer éolutioh coated wifeé was .
é _ z; . carried out in.§ vertical furnace at a furnace temperatufe 2



- 25- acetoacetatée; hydroxycarboxylic acids or esters or salts thereof sut
as lactiec acid, nethyl
salicylic acid, methyl
mal i c acid,

tartrate;
4-h
4- |

hyl - 2. - hept anone;

| actate, e.thyl lactate, ammonium | actate salt,
salicylate, ethyl salicylate, phenyl salicylate,
ethyl 5 mal ate, tartgric acid, nethyl tartrate, ethyl

r ket oal cohol s such as” 4 ydr oxy- 4- net hyl - 2- pent anone,
dr oxy- 2- pent anone, 4-hydroxy-2-pentanone and 4- hydroxy-
: m noal cohol s such as nonoet hanol am ne,

di et hanol anmi neg £t 34 ttham | vha rnep ,N336ryinonhet hhddlandme,260°C in

N- net hyl nonoet hanol am ne,

N, N- di et hyl et hanol am ne and

N- N- di et hyl et helmo | ot tam asadthiec wigiet Wae Byppdied 2ondolinBan ipeess:

di et hyl nal onat e

An exanpl e of @

. prepared .by reagtin

fi tani um d!yal KD i .

tetraal koxi de yiidl,f PGP ARG cnadsPESHEET
r hr

h have one o
~aromatic nucl etige ag¥k NN ciUHY dEherahicl Bribeibarway hedserdd HyhaHeer m such
but al so al kyl phenol s such as cresol, .

et hyl phenol anfb Xjdwirod ;merhodntiine teamgbasi chbydoeffilebestichf astdnirqui none
and resorcin; and naphthol s o

t hose whi

as phenol “.and chl or ophenol

10

15

Putat MU e

T,

ot \-..'.!l 5;;.31'..'!,."-.
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nmet hyl ol

aal ky ate_w
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R on gt

nmor € roxy

3 fnfb s

groups-:

ol nel am ne and net hyl ol "urea .
fiel§ /i «ylALl CRITEMEEEPFALES 15xc%FrpG%ﬁ10°9%f
stearic acid.
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friction between enameléd wires; two parallel enamelled

wires were placed on a horizontal plane; a metal block

to the bottom of which.two parallel enamelled wires were

N ) L \-. - .
fastened was placed on said horizontal plane so’ that the

~ —

respective pairs of wires crossed each other at a right

angle; the metal block was moved along the two wires on

_f_tpeahcrizdnﬁal3planéj"ané'thenminimuﬁ.lbad~néc¢ssary'for';--

moving the blaock was &ivided by the weight of the block

to determine the. coefficient of static friction of the

wires.

COMPARATIVE EXAMPLE 1

The following cohponents were charged

Dimethyl Terephthalate [
Ethyiene.Glycolﬁ '
Glycérin .

Lead Acet#té,“-'

Xylene .

. .38874 g
93.1 ¢
92.1'g

) 0.8 g
.. 300.0°g

in a flask.

(2.0 moles)

(1.5 moles)

“(1.0 mole)

s e mereee e e
SR TR IO

Gride™rat s
An exagple of
%¥5ﬁ4ﬁ6ﬁrtmﬂum

ouds are
ed to the

s e
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s a naohthol and [err] naphthol may be used w th advant age. - 26-

| exanples of the titanium bischelate conpounds are listed in

se Patent Publication No. 26628/ 67, such as titanium

bi cetyl act one) di phenol ate, titgnium

‘bi s(acetyl acet one) di - o- hydr oxyphenol , titaniumb5 —

bi s(acetyl acet one) di -. 4- (p- hydroxyphenyl|sopropyI|dene) phenolate, ——

t|tan|un1b|s(nethylaceta e) di henolate titani um duall

bls(dlethylnalonate)d|$ﬂéﬁﬁ) R i Y hﬁw@BFsFIeoﬁ§°4gra ually :

met hyl pent ang- 2- on) di ph, ate, .td tani_um LI act ) = | at e, and
SRR e A dpgg@cleﬁwhzm% PG 38 BLE) bl BOEDS O

titaniumbis ethoxy) d henorate. The

polyester resbicussl Egr Lhoyqsentsd %%nttmﬁ BkaReachs 85-ac podyest er
pol yol ,.so a ureéthane-nodi fied pol yester wire -enanel conposition can be

prepared by addtnged Bé@bi | i TeehugRAMARMee rle@ctienpOky 8ok er an@Shy- 15 The
I nsul ation | ayer obtai ned by baking and curing a coating of the .
ur et hang- nndpfoédcpslweseeilwmxki&ﬂunuﬁ odorghes rergtibasspstehathvebgh smal |

S UK

., proportion of the termnal' straight alkyl group, so needless to say, care

must be takebheoceebingrewhei velhe |visge sdtyuet shecBipducat igeredsed in

consi deration of the ampunt of the stabilized isocyanate.
gradually. - When the temperature of the mixture reached

240°C, the flask was evacuated and the reaction was
continued at that tem@eraturel__The viscosity of the

10 .mixture.incréased further. Thirty minutes éfter the

. evacuation of the flask started, the pressure in the flask
was returned to atmosphere aﬁd.the_.heat was removed.
Cresol was . added to achieve a resin content.of 40%'an&
£6:d15301Ve fhe'resinlinféresdl;- Two perceng by weight

15 .each of tetrabutyl titanate and zinc octanocate (based on

| the resin) was added to make a polyester w1re_ename1 _ |

composition. The wire enamel had a viscosity of 72 poises.
It was appliéd to # copper wire (1.0_mﬁ¢j in six layers
which were individually baked. ‘The characteristics of

20 the resulting enamelled wire are shown in Table 1.

COMPARATIVE EXAMPLE 2
A polyester wire enamel composition was prepared
as in-Compafative-Example_i-from a mixture of the following

components:

R R e e amstsd
. o SL MO -



to be added to the pofyester polyol. As.is well known, the stabilized
i socyanate is prepared by reacting a poly- isocyanate with a stabilizer
that stabilizes the”isocyanato group of tHhe polyisocyanate.'

Useful -stabilizéd i ssocyanates 25 are Desnodur [err] Stable and Desnodur

[err]_Stable (both. being (*Registér%ﬁ'TTade Mar k) -27- available from
Bayqé/AktiengeselIshaft), and MIlionate M5-50 from N ppon Pol yur et hane

i nduStry Co..,. Ltd. The paint according to the present .invention may be
used in high coiserhyat Tepsphthelete substantially 5 38i8n4t ge (2b8encke of
solvents, and in the latter case, the wire enanel is preferably given a
sui t abl e degre&tbyflehkuGdiytglunder heating at [err] or 99wleg £dy>[@ei¢sbr
more, to reduce its viscosity to a level suitable for the _application %pb.
Therefore, if &l¥CEBLRI zed i socyanate 10 i.s added to £RelwgrélefaBele) |t
s preferably ggggaregybg using as. a stabilizer a nonoal_cqhol or |actam
‘hat i s capabl Y BYELEEAL%t he i socyanato group up ta-Hi §her
tenperatures r r phenol that dissociates at fairly |low
fenperatuﬁes t%kgﬁéékgggégthe | socyanat .o group. 15 0% ¥
Rresent inventixglehd now described in greater 300.0 g

The

The Qire enamel was applied to 'a coppef wire
and an enamelled wire was prepared ;s in Coﬁéarative
.Ekamplé l; | | o |

10 - | -COMPARATIVE“EXAM?LE% 3 AND 4

Polyester wire enamel compdsitions were prepared
.as'in Cqmpargtive;Example 2-§¥c;pt that methy1j;;ristate
ﬁaﬁ_;epléegd by.3.0 gggf methy1 stear£§§-fComparative_ 'J
:“Ekﬁﬁplé 3)'553.30;6 g of ﬁeéhyl.éféara;;"I&;ﬁp;raiifét~

15 - Example 4). Each paint composition was apﬁiied to a EOpper
wire and enamelied wires were prepared as in_Compafative

Exﬁmﬁle 2. e |

| | EXAMPLES 1 AND 2

Polyeéter wire enamel compositions were prepared
20 as in Comparative Example 2 except that.methyl myristate
was Teplaced by 3.0 g of méthyl belénate (Example 1) and

3.0_g of octacosanoic acid tﬁxample 2); Each wire enamel

composition was'applied to a copper wire and insulated

- - q;wire%.were prepared As. in Comparative Example 2.




detail by reference to the following exanpl es and corrpa'r ative exanpl es

ich are given here for illustrative purposes only and are by no neans
ended to limt its scope. Unless otherwi se noted, all ‘reactions were
fected in 20 a reaction vessel under thorough stirring that conprised

a 3-liter capacity four-necked flask' equipped with a cooling tube, a
fractionating colum, a thernmoneter and a stirrer. ' The reaction vessel ﬁas
heated with a mantle heater. Baking” ot “pol yner sol ution coated wires was
25 carried out in a vertical furnace at a furnace tenperature = -28- of-
[err] in the top, [err] in the mddl 88hkd [err] in the bottomas the wire-
was supplied at a |inear speed of 15 mmn. Al characteristics except the
coefficient of static friction of the enanelled wires prepared were 5
measured i n [@ccordange Wt Jlf%mi‘ qern# 65\1 NEVK WV 1000 Thejcoerficient of
static frictjfion was neasured by e ol I dw

¢ | rasure hod ipgerkAr &Eﬁh?e
coefficient |of statiqg friction befjweernfenanel ed w I estianevdr par akiia
enanel | ed wi|reséxaerle pl acgd,@n a hératomsnt gl pimaund; (a neafal bl tokkness to
the bottom df which two parall el (EI‘%F#‘MI ed w@“és”)mF‘@t?da}?t"éned (wis pl gced
. . roup (mm
on said horijzontal. pliane so that .4h
Comp. 1 None - - 1.070 0.035
Comp. 2 Methyl 13 0.78 1.069 0.0345
myristate ' _
Comp. 3 Methyl 17 0.78 1.070 0.035
stearate . ’
Comp. 4 Methyl 17 .7.83 1.070 -~ 0.035
i o stearate ) .
1 Methyl . 21, 0.78 1.070 0.035
. ~ behenate - :
2 - Octacosanoic] 27 | 0.78 1.068 0.034
’ acid : . :

" TABLE 1 (Contd.) ~

_ ' Properties of coated wire
Example Appearance Flexibility [ - Repeated Coefffcient of
) : . : scrape test static friction
_ (times) |
Comp. 1 good good 51 0.27
Comp. 2 good good 48 0.25
Comp. 3 © good good 53 0.25
Comp. 4 bad good 4 0.20
1 good ~ good - 52 . 0.12
2 - good good ' 56 : - 0.09




respective pairs of wres crossed each other at a right angle; the net [(;))
bfock was noved along the two wires on-the horizontal plane;. and the 4/)/
m.ni mum | oad necesSary for 15 . noving the bl ock was divided by the

wei ght of the block to determine the coefficient of static friction of the
wi.res. COVPARATI VE EXAMPLE 1 The £ol | ow ng conponents were charged in a

‘'l agk, 20 Di et hyi Terephthal % 388 4 g (2 0 noles)
Et hyT'ene d ycol . 93.1 g (1.5 moles) Gycerin
92.1 g (1.0 nole) Lead Acetate. 0.8 g Xyl ene
300.0 ¢ 29 - Under stAs riabde Lhshousx) urhe mmglladdla&igeéweni Ectatrpleerr]
‘at which tenperature it was subjected to reaction for 2 hours. It was then
‘heated at a rateanf }ersingdhensatyeThedurpfodt a}héeﬁééchQnWO%@Fpéﬁe°and by -
5 products mgre dIStI||ed out of tae react.i ¥$tfﬂlthf0 h the7goollng
tube. The vis¥#BiFRyWaY tHEWRLEG E1FhE esafs’-'é’c} GodY FySTOWR ST RS

#enperature of Ehﬁo%xéﬂbeor{ %%R@dhL&r&]véx@e 1 W%Ke‘é@%c?&’r@@‘@é% a?9d the

'reactlon was
5 friction and hence had very good self-lubricating pTOpéT;l‘S

in comparison with the conventlonal insulated wire of
comparative Etample 1. The enameled wires of-Comparative
Examples 2 to 4 u51ng a polyester resin whereln the terminal
straight alkyl group had less than 21 carbon atoms did not
10 have good self- 1ub;1;at1ng_propert1es, and even if morte
' component  (iii) was used to introduce more straight alkyl
_gfoups as in the'sample.bf Comparative Examﬁla 4, its
ot ' ' self- lubrlcatlng pronertles were 11ttle 1mproved, and .on
| '”the contrary, its - appearance and mecnanlcal characte*lsulcs
15 were 1mpa1red,

COMPARATIVE EXAMPLE. 5

The following components were charged in a

flask:

- Di:‘nethyl Isophthalate o ~ 58.3g (0.3 mole)

;é 20 .'_Dlmethyl Terephthalate R _ 1106.9 g (5.7 moles)
Ethylene Blycol c S _ 260.7 h (4.2 méies) o
;é Glycerlne _‘:-Q: B o 276.3 g (3.0 moles) -
;g Leadaﬁcetate . :; " }.hm'“_ ' 2.4-é
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cont i-nued at that tenperature.. The viscosity of the 10 m xture

eased further. Thirty mnutes after the evacuation of the fl ask

iz ted, the pressure in the flask was returned to atnosphere and the heat

7 renoved. Cresol was added to achieve a resin . content of 40%and to
ssolve the resin in cresol .-Twa percent. by wei ght IS each of
tetrabutyl titanate and zinc octanoate (based on the resin) was added t(s«"k
make a pol yester wire enanel conposition.. The mnre enanel had a wiscosity

of 72 poises It was aﬂgél ed t.0 a _co Laygrs which

pp ” D Si X
wer e individual ly bak r17ﬁ§§fﬁ55act€?|¥ﬁﬁﬁﬂ§ oraﬁog 2d?4%§ %t 888t ng
enamel | od & 2SO & TAe Lo OVPARAT VEn FXAMRL B Zobchobicst ot
Wi re enanel conposition was prepa - as in"Conparative Exanple 1 .
froma m xt uger @ holest ol IOVWd’hg thefiphegtéd at a 230 of DI0TET Bl
Ter epht hal at e 388.4 g (2.0 noles) Ethylene Glycol
- 93.1 g (1.5 ims) T@ryugh¢mm the reactlon tylene and by-productsg2. 1 g (1 0

g?geé nghylwgggliis%gﬁled out of the reaction =ys»em thrghfi the ead Acetate

cooling tube. The viscosity of the mixture increased
gradually. .When the.temperetﬁre of the mixture reached
240°C, the reaction was continued at that temperature for
50 minutes. Then,'thenflask was evaeuated end the reaction
10 was continued for 15 minutes. The pressﬁre in the flask
| was then returned to.atmosphers, and cresql was added to
echieve-a resin coﬁtent -0f 40% and tﬁe reaction was
diﬁcontinued. Two percent by welzht eac& of te;ranuuyl
' ttit;nate.end"z;nc ocjanoe;e.(basea gn ‘the Tesin) was added .. .
15 " to make a polyester wire'enamel composition. . The wire
enamel referred to as A was epplled to a copper wire:
(1 0 mm¢) in six layers whlcn were 1nd1v1dually baked to
make an enamelled wire. |

COMPARATIVE EXAMPLES 6 AND 7

20 , Polyester wire enamel compositions were prepared
by adding, to paint A, 1.5 pafté by weight of methyl |
behenate (Comparative Example 6) and 1.5 parts by weight

B ' of methy_octacdsanoete (Comparatlve Example 7) Each wire .

i enamel compositidn ﬁas apnlled to a copper w1re and insulated

ﬁ 28 wires were prepared es in Comparaelve Example 5.

'y



Xylene

Conpa
Exaggfe 4).

enanel led wires were prepared as in
2 Pol yester -wire enanel
Exanpl e 2 except that mgt
behenat e (Exanpl e
Each wire enang! &p

met hyl -

- 300.0 g The wire enanel
applied td a copper wire and an enanelled wire.was prepared as in
Conpar ati ve Exanple 1. 10
Pol yester wire ehanel
2 except that nethyl

conposi tions 3

was

COVPARATI VE EXAMPLES 3 AND
re prepared as in Conparative Exanpl e
nyristate was replaced by 3.0 g of nethyl
rati ve Exanple 3) and 30.0 g of nethyl

Stearate

stearate (Conparative 15

Each paint conposition was applied to a copper wire .and -

wires were prepared as in Conparative Exanpl e

Im

10

15

25

) Example S,

) Ethylﬂne Glycol_

the following components:
Dimethyl Isophthalate _
Dimethyl Terephthaiate
Eﬁhylene Glycol '

Glycerin

Methyl Octacosanoate

Lead Acetate

Xylene

The wire-enamel was applied

tive Exanple

[ a
conpositionggggggépFepared 20

| Lst |
%¥1g€§Eg§ Qi?%rgé%éﬁﬁdggﬁgﬂc acid
rnxﬁaéﬂdaaf@asxaﬁphbeﬁ ﬁ§hﬁ§(4H¥E¥ﬁdMa&9oﬁnéoutﬂ§ﬂi@$Ed

300.0 g

EXAMPLES 1 AND
as I n Conparative

s 1300 wgsogr=?ar°%

19.5 g (0.
369.0 g (1.
86.9 g (1.
92.1 g (1.
5.75 g

- .0.8 ¢

>

to a copper

O £ O

-31- TABLE

mole)
moles)
moles)

mole)

wire

and an enamelled w1re was preparﬂd as in Comparatlve

The w1re enamel remained un1form and trans—'=

parent when it was left at room temperature for 4 months.

When the samples of Comparafive Examples 6 and 7 which

simply contained component (iii) as a mixture component

matter prec1p1tated and the samples turned opaque.

COMPARATIVE EXAMPLE

"8

..were: left at room .temperature For one week, 1nso1ub1e

. The ‘ollow1ng componenus were chargnd in a flask:

Drmethyl Terephthalate )

Giycerin |

Lead Acetate

- Xyleﬁe

388.4 g (2.

186:0 g (5.
184.2 g (2
0.3.5

300.0 g

Lo

0

.0

0

moles)

moles ,

mecles)

T

W



As Table 1 shows, the enanmelled wires of Exanple 1 and 2 using the
§€ yester resin at |east one nolecule of which was termnated with a
da ght al kyl group having 21 or nore carbon atons had & very |ow
 coeffi-cient of static friction and hence had very good sel f-1'ubri cati ng
‘Operties in conparison with the conventional insulated wre of
conparative Exanple 1. The enamel €d wires of Conpar ati ve Exanples 2 t0\4 .
using a polyester resin wherein the term nal straight alkyl group had |ess
than 21 carbon atons did not 10 have good sel f-lubricating properties,
and even if nore conpapgi ferde Scuée@oﬁ&ﬂa%&gdweﬂf@)h@xs&#@ ght al kyl
groups as in the sanple of Conparative Exanple 4, its self-lubricating -
properties weme kibtdeed nor 08t anchdnht bempeonttuae ythe teixtappear ance and
mechani cal characteristics 15 were inpaired. COVPARATI VE EXAMPLE. 5 The
- :fol | owi ng conjsenenb beGkade tohBP EHLAM £971 | a3 iRouDSret TR J29BERERAT AL e
n58.3 g (O3 no Terephthal atee~ .. 1106.9 g
:(5 7 nol es) ﬁﬁy%&ﬁ%‘ﬁ ﬁl&lreasgé S 2 éPZ% C per h%’o. 7 h (4.2 noles)

@ ycering . when the temperature reached 208%6; 3n@ ¢3zOci8: @8k further

continued for one hour at that temperature. ' Throughout
~ the reaction, xylene and by-products were distilled out
- of the reaction system through the cooling tube. Then,

the mixture was cooled to.110°C and the Lollow1nv compounds

. 19 were added to ‘the reaction mixture:
N 4,4"-Diaminodiphenylmethane 396.5 g (2.0 moles)

Trimellitic Anhydride : 708 S g (4.0 moles)

' When the temperature of the mlt*ure was 1nc*eased

agaln, a yellow prec1p1ta»e was forned a1d Lhe m;xture .
15 | solidified. Then, the mixture was held at 140°C for 30

minutes without stirring, and thereafter; it was heated

to 180°C over 3 hours. Throughout the reaction, water

that was produced as a by-product was distilled out of the

reaction”system through the cooling tube. Since the mixture

20 became somewhat fluid,_it was heated to 230°C over one

ST A n e FAT T e

Al

hour under stirring, whereupon it became transparent and

its viscosity increased gradually. The reaction was continued

LR H

Sk

"‘tl EEa N TRt

at 230°C for 2 hours, and after the interior of the flask
was evatuated, the'reaction_waS'further continued for one

25 hour. Then the ﬁressure in the flask was returned to

1
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i ' ’ . 2.4 g Xylene | 4&5?
500 g - :33- Under stirring, the mixture was gradually heated to [err]

Lead Acetate
whi ch tenperature it was subjected to reaction for 2 hours. It was then -
heated at a rate of [err] per hour. Throughout the reaction, xylene and
byrproducts were distill.ed out of -tBé #eaction systen1through t he cooling
tubeB*The viscosity of the m xture increased gradually. Wen the

rature of the m xture reached [err], the reaction was continued at

that temper at ur g Q30 RY £ eilsieﬂﬁuttﬂ%r%ﬁﬁé-“ﬁérﬁyoaf%e%ﬁ%@gl the

reaction 10 tnde tes hé” preéssure I'n ask was

then returned téb‘xate'ﬂsﬁh%gma%ﬁérﬁ:s@f wWadutddeq, t oTRENIEN& i3nl G35
content of 40% and the reaction was disconti nued. Two percent by wei ght

each of tetrabulijdconitianatieanddeizé neionireneasedifbareed oim tdresiodsi n) was
added.. is . to nmake a Eolyester wire enanel conposi.tion. The wire enanel
weferred to-as Twavparaspbyedeight sapipearf wietgapury} thtasiscd apsr sinki ch
wer e |nd|V|duthy baked to nake an enanel |l ed w re. COVPARATI VE EXANPLES 6
AND 7 5 tanoate (per 100 parts by weight of the resin) was added
ﬁ L to make a polyester imide wire enamel composition which

was referred to as paint B. The wire enamel was applied

. to a copper wire:Cl 0. mm¢) ln seven.layers which were
individually baked to prepare an enamelled wire.

10 . ‘~COMPARATIVE EXAMPLE o

A wire enamel composition was'prenared by adding,
to paint B 1.5 parts by welght cf Hoechst Wax E (the trade:
. name for an’ ester of montan was acid from Hoechst Japan,
. Ltd, ) per. 100 parts by welght of the re51n ThlS W1re R
'15. enamel was anplled to a copper wire and an enamelled wire
e»was prepared as in Ccmparatlve.Example 8. When the wire
enamel was left at room_temperature for oﬁe week, insoluble
matter precipitated and the wire enamel turned completely.
opaque,' | ' . _ | B |
20 - : .' EXAMPLE 4
" The follow1ng comnonents were charged 1# a flask.
Dimethyl. Terephthalate ' "": B _; q88.4 g (2 0 moles)

-3 T g Ethylere Glyco1 f“'{ ‘ N ;- i  186.2 g LS.O_moles)

09

Glycerin o ;'} .'_s _ - l_TM}”. 184.2 g (2.0 moles)
25 Hoechst Wax E'.7 R : 'f'ff; ' 23.8 g .
" Lead Acetate'. . - . T 0!8“

g
Xylene | }'-;fllir.; : St 30040 g



20 . ) Pol yester wire enanel conpositions were prepared by adding,
‘paint A 1.5 parts by weight of nethyl behenate (Conparative Exafple 6)
1.5 parts by weight of nethy octacosanoate CConparative-Exanple 7).
h wire enanel conposition was applied to a copper wire and insul ated 25
es were prepared as in ConpaRdti~ve Exanple S. - 34 - EXAMPLE 3 A
pol yester wire enanel conposition was prepared as in Conparative Exanpl gub
using a formulation containing the follow ng conponents: D nethyl .
| sopht hal at e .. .19.5.9g CO1 nole) 5_.  Dinethyl
" Terepht hal ate Under stirried, -hg tempeRpiEed °étﬁ9PeﬁE‘@¥Vbol
.86.9 g (1.4 noles) Gycerin o . o . . .92. Cl1.0
mol e) thhyIWEEt%i%Qﬂ%Hbﬁg 140°C at which tempgraug§e751é_v %dﬁﬁﬂé%F%Fé
0.8 g 10 ¢ X¢b80€Ion for 1.5 hours. The temperature wa3URuPtadk The wire
enanel was applied to a copper wre and an enanelled wre was prepared as
i n Conpar ati taectxased eatSa ribe of r20d¥haeel hoermai kU thieor empenck turaens-
parent when it was _|eft at roomtenperature for 4 nonths.

5 reached 200°C, the reaction was further continued for one
hour at that temperature. Throughout the reaction, Xxylene
and by-product methanol were distilled out of the reaction

system through the cooling tube. Then, thg=miiture was

cooled to 110°C'an& the following compounds were added to

10 - the reaction mixture:
4,4'-Diaminodiphénylmethane 396.5 g {2.0 moles)
‘Trimellitic Anhydride. S 768.5 g (4.0 moles)

_When.the t§mpérétu;e of thé'mixture was increased
=négain; a.yellow precipitate #as:fot@ed:aﬁiighéymiiture-” )
15 . solidifiéﬁ. Theq; the ﬁiiture was held at 140°C for 30
minutes without stirring, and thereafter, it was heated
to 180°C over about oﬁé hour,  Throughout the reactipn;
water that was éroduced as a by-product was distilled out
of the reaﬁticn system through the cooling tube. Since
- 20 the mixture became somewhat flﬁid, it was heated to 230°C
over one Houf under stifripg, whereupon'it_became transparent
and its viscosi}y inc;eésed_gradnaily; The reaction was -
continued at 230°C for 2 hours, and after the interior of

- the flask was evacuated, the reaction was further continued

-25 for one hour. Then the pressure in,thé flask was returned



15 Wien the sahpleé of Conparative Exanples 6 and 7 which sinply (fgé?
cont ai ned conponent (iii) as a m xture conponent were left at room ,
tenperature for one week, insoluble matter precipitated and the sanpl es

t urned opaque. COVPARATI VE EXAMPLE 8 20 : The foll ow ng
conponents were charged in a flLagk:. Dimethyl Terephthalate 388.4 g (2.0
gi) Et hyl ene d ycol 186.0 g (3.0 noles dycerin 84.2
0 nol es) Lead Acetate 0.8.9g 25 Xyl ene
300.0 g -35- Under stirring, the

terrperature of t& hernBsghere vAd Phmddiaedlyothersdf @ir ,wairebol ergrerdidede t he
m xture was subjected to reaction for 1.5 hours. The tenperature was
further i ncreaS@dthlQ¥Q'atéeéin[QﬂwqeﬂﬁePfhéﬁ¢Ut5?5% ‘WRBR FeRCtdfp@Pdt ure
reached [err] the reacti rt.her contln ed for .one hour.@t t hat

t-enper at ur e. h?%ﬁﬁﬁﬁﬂﬂ? rﬁéﬁnqﬁﬁfurfywﬁﬁe ??H%fdp?gduﬁls Wer e
gistilled out {u Lﬂ‘f'{s[e‘%?t DeRy* far%tohr Quepa$Mf%Itlaﬁgtsum zifeen, the

Al Xt ure was coo ollomnng compounds 10 - were added to
the reaCtSOH Nb¥taidkite (per 100 parts by weight of the resin) was added
- to make a polyester imide wire enamel compos1tlon which
was referred to as enamel C, The wire enamel was applied
to a copper wire and an enamelled wire.was made as in Con-
parative Example 8. Enamel C remained uniform and trans-
10 oarent when it wae'ieft at room temperature for one month.
' The'amount'og component (iii) included in the
polyes*er imide resin of.eramel.o was de*ermlned as follows:
Since 3;Q0 moles of ethylene glycol and 2.0 moles oFﬂclyoerin.'
' ;epe used the eou1va1ent we1ght of component (1) 15. :
15 S;O.x.; + Z 0.x 3 = 12. Two moles of 4,4'-diaminodiphenyl-
methane react with 4;0 moles of'trimellitic anhydride accord-'
ing'to the following scheme to form 2.0 moles of dicafboxylic

acid containing two imido groups in the molecule:

. _ HOOC co -
~ :
20 2 H,N-@—CHZ—@—NHZ . 4 \@; o
2 _ 0
0 -
cooc ,,CO CO &
RRCRORIONS

‘-. 2&'{20



4,4 D anlnodlphenylnethane ' 396.5 g (2.0 noles).-Trinellitic
Anhydrlde 768.5 g (4.0 noles) Wien the tenperature of
tpresm xture was increased again, a yellow precipitate was fornmed and the
At ure 15 solidified. Then, the nmixture was held at [err] for 30
oM hytes without stirring, ane imefeafter it was heated to [err] over 3--~
"2 hours. Throughout the reaction, water that was produced as a by- produoué
- was distilled out of the reaction systemthrough the cooling tube. - Since
. the mxture 20 becagm &oR\Ohablbkub e, dide 8d33 heabpRthi£ldde @wvdr one hour
o under stirring, whereupon it becane transparent and its viscosity increased
.~ gradual ly. Thé meies|of thes abowei dutnide Jimarpoikylie aoid Areangediter the
~interior of the flask was evacuated, the reaction-was further contlnged for

Fone 25 hhe. eawkEmlaHe NIghuPE FARRIRSTY daiuds el uf rbd ol * ¢ |
1 at mspher e andgi med] aj el J o Gathess: Craafledas addedutp g gesin

jﬁ content of abott e reaction was scontlnue and e mXture was

i» dissol ved i nyergseh- leﬂt@t@a.r tt%r'%%Sh‘é’ﬁhQQEe%Fd‘ bathabpiylid ifzanat ¢ and
“wozinc 5 octanoate (per 100 parts by weight of the resin) was added to .

& ‘make a pol yegher anaimie of v t@ranehogedpasi4 imsulhi oﬁ formation of »

the diimide dlcarbOYyllc acid and its reacnlon with
component (i) is 72.1 g. The amount of excess ethylene
glycol is 124.1 g. Therefore, the amonnt of the resin
10 obtained is (388.4 +-186.2 + 184.2 + 396.5 + 763.5) -
(128.2 + 72.1 + 124,1) = 1589.4 g, and the-anount of
component [;11) lncluded in the polyester imide resin is

'iéggﬁz x 100 = 1,508,
L L 5 The cha*acterlstlcs of. the enamelled w1res-33
) 15. 'prepared in- Comparaulve Examples 5. to' 9 and nxamples #

and Z are shown in Tables 2 and 3 below

et
-
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was referred to as paint B.. The wire enanel
[err]
w-re. 10 ,
conposition was prepared by addi ng,
Hoechst Wax E (the trade.
Japag; Ltd.) per

100 parts. by weight of the resin.

was applied to a copper wre
in Seven Iayers whi ch were individually baked to prepare an enanel |l ¢
COVMPARATI VE EXAMPLE 9 A wire enanel

to paint B, 1,5 parts by weight of
nane for an ester of nontan was acid from Hoechst
This wire 15

was applied to a copper wire and an enanelled wire was prepared as in

Conpar ative Exanple 8. Wwen the wire enamel was left at

for one week;

conpl etely opaque, 20 . -TA%LE 2

conmponents were charged in a flask: D Ter epht hal ate

turned

enanel

roomtenperature
insoluble matter precipitgied and the wire enanel
EXAMPLE 4 The foll ow ng

388.4.g (2.0 rmles) Fthylene dycal 186,2 g (3.0
nol es) dycerijn - 1 ;9 (2.0 noleg) 25
‘Woechst Wax E Coponent (13f) - g Lea %’é‘%ﬁg{ “Coating %
. L 0 Xv| ehe WNature ‘No. of . . of coated
-37- Eémﬂe y C atoms fmount wire ﬁggesq 9|
: 1 in alkyl {wt 3)
- © group
Comp. 5 None _ - - 1.070 0.035
Comp. &, None C - - 1.07] 0355
" Comp. 7 None - - - 1.070 0.035
3 Methy! 27 1.50 1.070 0.035
octacosanoate’ .
Comp. 8 None _ - - 1.068 '0.034
Comp. 3 ‘None - - ] vor0 0.035
4 ' Ester of 27-31 1.50 1.070 0.035
montan. wax ' :
acid
¢



r stirring, the tenperature of the m xture was elevated to, [err] at

h tenperature, it was subjected to reaction for 1.5 hours. The’
erature was further increased at a rate of [err] per ‘hour. Wen the:

_ erature reached [err] the reaction was further continued for one hour
at that tenperature. Throughout the reaction, xylene and by-product oo
met hanol were distilled out of the reaction systemthrough the cooling
tube. Then, the.m xture was cooled to [err] and the follow ng conpounds

were added to |0 the reaction nmxttre: 4, 4"-Di ani nodi phenyl net hane
396.5 g C2.0 noles) Trinmellitic Anhydri de 7685g(40
mol es) ‘Wen the tenperature of the ntA8tde was increased -again, a.yellow
precipitate was -forned :and the m xture - 15 " solidified. Then, the
m xture was held at [err] for 30 mnutes vvrthout strrrrng, and therea’fter,
it was heat eg—toterri—over—about—ome—ho ghott—the—reactt+orm wat er
t hat was pro@uced. as}a by- produclpr%st’?ﬁ %‘t r-"raf"%'d%mf%f the reaction systeme
t hrough the ¢ooling tpbe | e .,L,d.llc 1{_|::vv||ar |uid, -
it was heatefl Eeamplrr SQ\E B Qne WERNGSh ééf qé,t ”«:@a; ejfé‘,irb?i‘n P blhne
transparent and its viscosity incr easedergﬁgaelu,aj Veest The-.ertg@,gtr or;rmﬁ,n -
continuedat ferr] for|2 hours, Jand after the in{érine) pf (%) he fl ask wab
evacuat ed, theTEactipn mﬂb_fu ther——coimtToed 2 fFoy—ome—tgur——Then the
pressure in {Hemd.| ask] wasontes ulf nedcod could be 53 0.07 0.26
' or more : wound around|
rod of same
diameter
with no
cracking _
Comp. 6 lass than | fair cracked at 0.13 0.13
_ 1 week elongation
Comp. 7 less than fair cracked at-j - 8- 0.12 0.15
1 week "~ 1 elongation
3. 4 months’ good could be 50 . 0.08 0.08
or more would round|
: ' rod. of same . . -
.diameter - A Lo e
with no’ B S . :
cracking
Comp. 8 1 month good | - - 51 0.04 0.23
or more. ’ .
Comp. 9 tess than fair -t - 32 : 0.12 Q.12
1 week .
4 |- 1 month good - - 58 0.05 0.07 .
. Or more :




- 38 - to atnpsphere and I nmedi ately thereafter, cresol

achi eve a‘resin content of about 35%
m.xture was dissolved in cresol
titanate and zinc 5

:mas added to

The reaction was di scontinued and
Two parts by wei ght each oftetrabutyl
octanoate (per 100 parts by weight of the resin)

added to make a pol yester inmde mnr$ enanmel conposition which was referred

ena%?f

uni form and trans-. 10

gl ycol

conponent (i) g
44" - dlan1nod|p enyl - methane react wt

accord

enamel

C., The wire enanel was “applied to a copper wire and an
Enanel

led wire was nmade as in Com parative Exanple 8

and 2.

ned as f.ol

SRTPAE ob §RG cLATTPATE AR THE dhufbal RIT:
1:1%::?1 barPe X s?elf-a.ugric%t n%%ropz‘fnl@lﬂﬁrpftha co

C renuni ned

parent when it was. left at roon1tenperature for
one month. The anDunt o$=05#ﬂ6ﬁeﬁtacﬁ|P) shane u@éd‘ﬂﬁm?¥ﬁﬁ%uﬂ?fé§téﬁ
resin of ena

im de

| es af ethyl ene
Wi gt 2ot o8

nol es of trInE||ItIC anhydrlde

i ng t orddEonalll sukpDe s phepared imrmaﬁbd}aﬁmbes=xémpmasa5baua|sc aci d
containing two imdo groups in the nolecule: [err]

S

1q

The wire enamel compositions of Comparative Examples 6, 7

and 9 wherein component (iii) was included in the conventional

polyester resin wire enamel simply as a mixture component did

not have high stability during storage, and although the

insulated wires using such paint compositions had somewhat

improved self-lubricating properties, their appearance,

mechanical and chemical characteristics were very low.

Preparation of uaint"D 1

The follow11g uonnonents were cha;ged‘

Ethylene Gchol R X
Glycerin SR T T 147
Dimethyi'Teréphthaiéﬁe o - 582
' Hogchsf Wax E (§$ter-of'montan wax é
acid from Hoechst Japan, Ltd.)
Lead Acetate : ' - . 1.
Xylene o - N - 400.

Under stirring, the mixture was heated to

.1
.4
6

S0

in

P
o

o
o

TO (=)} [=}

140°C

at whlch tempe ature it was subjectﬂd to reaction for 3 hours. - " T

Then, the mixture was heated at a rate of 20°C per hour to

240°C at which temperature the reaction was continusd for

our hour. The reaction.was further continued under vacuum

R

R e D o S



e 2.0 noles of dinethyl terephthalate and 2.0 noles of the above

\ de di carboxylic acid are used, the equival ent weight of conponent Ci)
s 2/0x 2 +2.0 x 2 = 8. The anobunt of nethanol renoved as a result of
tion 5 bet ween di net hyl terephthal ate and conponent G ) is 128.2 g.
The ambunt of water renoved as a result .of formation of the diimde

di carboxylic acid and its reacti4m-th conmponent (i) is 72,1 g. The
anmount of excess ethylene glycol is 124.1 g. Therefore, the anount of t
resin 10 obtained is (388.4 + 186:2 + 184.2 + 396.5 + 768.5) - (128.2 +
72.1 + 124. 1¥or 1589ndtds. andehNes@MUBE Ofe LAMPRNENIGI td)sdopc! uded in the
pol yester imde resin is [err] The characteristics of. the enamelled wires
15 pr epar ehielna@umparatd ¥é s B the Sesftno i enesdixanPbes ardod are shown

in Tabl 2 and 3 belo TABIE
abl es a solvent naphtha %QSwasol =10 0' roL Waru Petrochemical

.

Co., Ltd.) were added to dilute the resin to a resin content

of about 40%. Two percent by weight each of tetrabutyl

vi

titanate and zinc. octanoate (based on.iOO_parts by weight
of the resin) was added to .prepars a polyester palnt composition-

whlch was referred to.as Enamel D-1.

Preparatlon of Enamels D,- nd D-3-
lQ Polyester paint ompcsltlons wers prepared as
_ abave etcep; that 6.6 g of Hoechst Wax E was replaced by
9 9 ¢g of Hoech:t Wax S {(montan wax acid from_Hoechst Japan,
Ltd.) and 19.8 g of Hoechst Wax E. The'respective compositioﬁs
”'werﬂ referred to ‘as enamels D -2 and D=3 . | | .

15 _Prenaraglon of Enamel E-1

The following componen“s were charged in a flask:

I B R L R A e T O T I A

. Ethylene Glycol L 111.7 g (1.8 moles)
Glycerin S , ': 110.5 g (1.2 moles)
Dimethyl Terephtﬁglatg i .. 233.0 g (1.2 moles)
] 20 Hoechst Wax E (ester of montan wax | S 3
: acid from Hoechst Japan, Led.) Y
Lead Acetate o E O.Shg
Xylene D 3000 g T

. -

LTI A

Under stirring, the mixture was hﬂa;ea to 140°C

peen
M

- at which temperature. it was subjected to- reaction- for-2 hours.



- 41 - TABLE 3 [err] " -4 2- As Tables 2 and 3 show, the enanelled wires
of Exanpleés 3 and 4 prepared according to the present invention had nuch
better self-lubricating properties than the con- ventional sanples prepar
in Conparative Exanples S and 8. S The wire enanel conpositions of
Conpar ative Exanples 6, 7 and 9 whejgein conponent (iii)was included in the
conventi onal polyester resin wire enanel sinply as a m xture conponent did
not Trave high stability during storage, and although the insulated wres
usi ng such paint conpositions had sonewhat 10 I mproved sel f-lubricating
properties, thrien,apheandrcere nechaootal amdi®Héhi cahrehghast ahiesti cs were
very low. Preparation of paint D-I The follow ng conponents were charged in
a flask: Ethylesastdopookylene and by-products were digsilied qut ®fyp| es) 15
dycerin- i . X 147. 4 g ( .E‘Srml S V@ h é
Ter epht hal at e the reaction system thypugh,ths g %e'gs)jt“ éch@g xﬂékf‘é ter
Qf montan WaX guo compounds were added. - -
5 4,4'-Diaminodiphenylmethane 237.9 g (1.2 moles)
Trimellitic Anhydride 461.1 g (2.4 moles)
When the mixture was heated again, a yellow pre-
cipitate was formed .in the mixture at about 120°C and the
" mixture bggén to solidify, and at the same time, water was
10 formed. The mixture was held at 140°C. for 30 minutes without
stirring and then heated to 170°C over about one hour,
whereuﬁon thé miiture becamé-somewhat fluid. .So, it was
further'heé;ed_td 220°C over one hour under stirring.
- As Watef-ﬁas di§tiliedhdff, the.mixturéibécame”graéﬂglIYJ -
1s ranspafent and its.viécosit& also increased slowly. After
heating at Ziﬂit for 2 hours, the reaction system was evacu-
ated and the reaction was further continued at 220°C. for
50 minutes, Then, cresol (800 g) was added to stop the
reaction and dissolve the resin in cresol. More cresol and
20 solvent naphthé (*Swasol #1609 from Maruzen Petrochemical
Co., Ltd.)'weré added to dilﬁte the resin to a resin content
H : of about SS%QJ Two pércent b? weight each of tetrabutyi
titanate and iihc octanoate (based on 100 parts by weight
of thé.fesin);kere added. to make a polyester wire enamel

23 25 composition, which was referred to as paint  E-1.7 . =% - "--7-



from Hoechst Japan, Ltd.) Lead Acetate -

219 Xyl ene ' 400.0 g 20

r stirring, the mxture was heated to [err] at which tenperature it was
sydj ected to reaction for 3 hours. Then, the m xture.was heat'ed at a rate
of [err] per hour to [err] at w &P tenperature the reaction was continued
for our hour. The reaction was further continued under vacuum -43- (¥
15 minutes. Then, 500 g of cresol was added to stop the reaction and

di ssolve the_resin in cresaql re CEesoI and sol vent napht ha (" Swasot
#1000" from REER3EATERAR (L were added to dilute the resin

to aresin content 5 T : r qg,gach of
tetrabutyl titanate andog nc oc noaf‘lr? b%@% %%?‘389%5¥\§*sgbye wei ght of the

resin) was aggdegatedPiePMred eiRley@StRAL PRI Ntz GEMPRSChs enwaki £ hvamas

referred to as Enanel D-1. Preparation of Enanels D-2 and D-3 10

Pol yest er pairepleoedposils.chg ,wéle 8pgeand e 45 glvdv¢hexsepe wdmt 6.6 g of ?
Hoechst Wax E was replaced by 9.9 g of Hoechst Wax S (nobntan wax acid from
Hoechst SJapaﬂ'heLFGS?e‘aﬁH"elS)”S'eg eéﬁmﬁéeE%?°%§é°E5 weRe Féé?)’é’éﬁtdr\fé’
conp05|t|ons

as enamels E-2 to E-4.

Preparation of Enamel F

The following components were charged in a flask:

| Dimethyl Terephthalate 1942 g
10 rimellitic Amhydride.. . .~ 384.3 g-
: 4,4'-diaminodiphenylmethane : 198.3 g
f Ethylene Glycol . . 93.3 g
E Tris(2- hydroxyethyl)1socyanurate | 261.2 g
: 'Hoechst Wax B " ??' -ﬁ.', _ fii;ézé'j L
15 Lead Acetat° o ' . - . 0.3 g r- ol
Xylene . . . 200.0g

Uﬁ&er stirfing, thé:mixtu*e waé heated to 140°C
at which temperaturé 1t was subjected to reaction for 3
hbuts. Then, the mixture was_hea;ed to 240°C pveris_hougsf
 £0. - and the reaction was continued at that femperéture for one
hour, then under vacuum for 30 minﬁﬁns The'resultiﬁg resin :__;_m
waé diluted with cresol to. a2 resin content of 35%.

Two percent by weight each of .etrabuuy* titanate and zinc

-:"f,)‘ t

octanoate .was added per 100 parts by weight of the tesin to

NNEL
[)
H

25 prepare a polyester imide wire enamel composition F.

oL sttt LA A



were referred to as enanel's- D-2 and D-3. 15 Preparation of Eamel E-1 -
The foll owi ng conponents were charged in a flask: Ethylene dycol

111.7 g (1.8 moles) ‘A ycerin '110.5 g (
mol es) Di met hyl Terephthal ate 233.0 g d.2 noles) 2
Hoechst Wax E (ester of nontan wax 5.3 g acid from Hoechst
Japa‘w Ltd.) Lead Acetate 0. Sg Xyl ene
300.0 g Under stirring, the mxttr¥®was heated to [err] at which
tenperature. it was subjected to reaction- or-2 -hours. - 44 - Then, the

m:-xture was cooled to [err] Thro%ﬁ;ttﬁst bergeaction, xylene and -
by-products were distilled out or system t hrough the cooling
tube. The follow ng two EHHH@QHBdﬁlﬂKﬁWﬁe&ddﬁdenéied b4, dpplying polyester

- D am nodi phenyl net hane 237.9 g (1.2 noles) Trinel I|t|c
Anhydri de - wire enamel sampldg1D4l g I-2. 4ndod €5 )t OV\henpetmenmext 0t &0 e )
Reat ed again, xiel I oxvﬂgre- w@lg tate wa formed in .m xture at about
[err] and the M tdfe G 8o 7T Y 1xhduatin ﬁé“% e tine, water was

5 COMPARATIVE EXAMPLE 10

o

A commercial polyester wire enamel composition
'(PDelacoat E 220G" f:om-Nitto Electric.Industriai Co., Ltd.)
was applied to a copper wire (1.0 mm¢) iﬁ s;x layer which
were iedividually baked.to make an enamelled wire.
10 . . EXAMPLE 8
. A commercial polyester wire enamel composition
C?Delaceat E ZZOG"-frem Nitto Elecﬁric Tndustrial Co., Ltd.)
was aﬁplied to a copper wire (1.0 mme) in five layers’
whlch ‘were 11d-V1dually baked Then, uhe outermost lafer
" 15 "of the 1nsu1afldn was coated with 'two layers of polyester
.w1re enamel D-3 which were individually baked to make an
1 . _ enameled wire,

N EXAMPLES ¢ TO 12

Polyester_imide wire enamel compositions E-1,
20 E-2, E-3 and E-4 were applied to'copper wires (1.0 mmé¢)
- ' -~ in seven layers. which were baked individually to make

ehamelled wires. i R . o —

COM?AQA”IVF EXAMPLE 11 -

A commerc131 polyester xmlde wire enamel . COmDOSlt‘On

Ei 25 'CJIsomid” from Nisshoku- Scnenecta dy Co Ltd )" was applled

. e e 3 - ...-...._. - -— - - -

[ - e mer ma. e e ———— Sam————



.formed. The mixture was held at [err] for 30 minutes without stirring
then heated to [err] over about one hour, whereupon the m xture becane
what fluid. So, it was further heated to [err] over ‘one hour under
rrirng. As water was distilled off the m xture becane gradually. i S
trarsparent and its viscosity also increased slowy. After heating at -
Terr] for 2 hours, 'the reactianggystem was evacu- ated and the reacti OQm
was further continued at [err] 30 mnutes. Then, cresol (800 g) was added
to stop the reaction and dissolve the resin. in cresol. Mre cresol and 20
‘'sol vent napht ha £ Spaeel witdAD .fJor ompVhinizeaveRetflepehemitciah €ere Ltd.) were
-added to dilute the resin to a resin content of about [err] Two percent by
wei ght each o#ndigtidaigddy| bekediriet @25Rd2Y | SEMSdL8R0%EE® Chas. ed on 100 parts
by weight of the resin were adds b gafg %Iyester w re enamel 25 '
conposition, which was referred= 4 . - - 45 -
:Preparation of EnanelssEcdmhérdiaA Betge&&r iimiddewité Certit@TELog@ePOSi tions »
were prepared as above except that 5.3 g of 'Hoechst Wax E was repl aced by
15.9 g, 381.8 giwimh F31GogidT fivm dNdsehokw-SchenecThdyrespeditidvewa® enanel

‘conmpositions were referred to | . ) . .
. applied to copper wires (1.0 mm¢) in five layers which

’ k4
were baked.individually} Then, the outermost layer of
each insulation was coated with two layers each_of.wire
enamel sampies ﬁ~2,'F, E-2 and E-3 which were individually
10 baked to make enamelled wires. |
| .The characteristics of the enamelled wirés prepared
in Examples 5 to 8 and Comparative Example 10 ars shown in
Table 4, and those of the enamelled wires'of_Examples 9
' .;b'LG"gnd"Coﬁpérative-éx#mple;ii ate shown in Tablé-s.f
15 The results of the test for the long-term stability of

the wire enamel compositions used to prepare the respective

e

enamelled wires are aiso shown in Tabies 4 and 5.

The data clearly shows that the enamelled wires according

1 eadl WX S G

to the present invention has far better self-lubricating

20 properties than the conventional products. The overcoat

WL

made of wire enamel compositions primarily consisting of

Py

a polyeétg;:resin at least.one-moiecule of which was

1 o terminated_with.a.stra;ght_alkxl+grnub having 21 ot mére-
| carbon atoms-eihibited_good §elf;1ubric#tinngrcpertiés' L  ‘_}7}
i - 25 even if it ?as thin,'énd &héithéracteristihs of the under- . ."h:ff -

~coat were by no means impaired due to the overcoat.

- C -



as enanel s E-2 to E-4. "Preparation of Enanel

were charged in a flask:
10 Trimellitic Anhydr
4, 4' - di am nodi phenyl net h

D et hyl
i de
ane

93.3 g Tris(2-hydroxyethyl)isocyanurate

15

14.Qg -

Lead Acetate

~200.0 g Under stirring,

at whi ch tenperature
m xture was heated to [e

rr] over.

Ter epht hal at e

384. 3 g-
198.3 g Ethylene d ycol

261. 2 g Hoechst Wax E
0.3 g Xyl ene

F The foll owi'ng conponents
1194.2 g

'

the: m xture was heated to [err]

it was subjected to reaction for 3 hours.
S hoUABEXD

continued at that tenperature for one hour,

30

Then,
and the reaction was
t hen under vacuum f or

t he

a.

m nutes, The resulting resin was diIuted with cresol to. a r'e.sin content
of [err] Two perctemt—byyweirght—eag of- OF%R%&yh1§ftanate and zi nc
oct anoat e was {added perLlOO parts by MEIO T resinto 25 prepay e
Rol yester imde pah@eeNdniRleretthasi t Nofurd.| No. 0f4§ -AmdXAVPLES 8Bnih€l 7
' . enamel C atoms (Wt %) stability
in alkyl : :
group
£
Comp. 10 Commercial - - - more than 4
product (1) months
5 0-1 Ester of | 27-31 1.15 -
montan '
wax. acid
6 0-2 Montan 27-31 1.72 - " -
wax acid .
7 0-3 Ester of | 27-31 3.44 ca. 2 months
' montan )
wax acid
8 Commercial - |. - - - more than
product (1) . 4_moqths :
(1) "Delacoat 2204* from Nitto Electric Industrial Co. Ltd.



“which were i

enanel

COVPARATI VE EXAMPLE 10 A commer ci al

Enenel ed wires were prepared by applying pol yester wire enanel
and D-3 to copper wires (1.0 mmo)

sanples D1,

in six layers which were individually

pol yest er

.conposition ("Delacoat E 220G from N tto Electri'c Industriai

Ltd.) was applied to a copper w+4@s (1,0 rmO)

i nd| vidual |y baked to make an enanelled wre.

in six |layer which were

EXAMPLE 8 A

comerci'al pol yester wire enanel cor’rpA(g.l c]ztan(nZ‘DeI acoat E [err] Ntto

El ectric Industrial ., Ltd.) was a-pp-ﬁfe f’oacopper wire (1.0 mo) in
five layers which were individually baked. Then the outernost |ayer. 15
of the tnsul ation was coated m’t wo | avers or pol vester wire enanel D3

i ndi vi dual | v
pol yester i.n
-sh6ku- Scheng

ndi,\}{i d aII %”CO rra aq]enan‘el od T t EXAI\APLES 9 TO 12
Pol yest er . i nfi d&™Hl naNElrapANPosi 4l mbarEel 12 nickr L, B eg 4 viere
applied to dopper WII’_S (1.0 rrrm I N eneeredl ayer i ch were :

t o-nmake énanel | ed mﬁres QEHPARATIV . NPLE onnercia
i de wire énanel conp05|t (" i d" ron1N|s '
1By &, 'Lt };3?% b3 -
None 071 0.0355 -
o None 1.069 0.0345 -
7 None 1.072 0.036 -
8 D-3 1.068 0.027 _0.007
TABLE 4 (Contd)
~ Properties of enameiled wire
" Example | Appearance Flexi- . hebeated o Extraction (2):. %O::fgi" -
' bility | scrape Wwith With o, 'atic
1(20% rapid test | methanol | ° toluene rriction
elongation) | {times) (%) (%)
~ Comp. 10 good could be 48 0.07 . 1 0.98 0.26
wound
round rod
of same
diameter
without
cracking :
5 good - - 61 0.07 0.84 0.10
6 good - ¥ . 53 c.08 0.87 0.08
7 good could be - 18 0.10 - 0.95 0.06
wound
round rod
of 3 times
wire
diameter
with no -
cracking
8 good as in
' as in
8 good  [Ex. 5 49 0.08 0.97 0.07

(2) with Foxhlct extractor for 24 hours



-47- to a copper wre (1.0 nmmo) in seven |layers which were individually.
baked to nmake an enanelled wire. EXAMPLES 13 TO 16 A commerci al pol yester -
imde wire enanel conpo- 5 sition ("lIsom d" from N sshoku- Schenect ady 1 BC
Co., Ltd. ) was applied to copper wires (1.0 mm) in five |layers which were
baked i ndividually. Then, the outernost |ayer of each insulation was

coatied wi.th two |ayers each of wre enan?q( sanples DDZ,'F, E-2 and E-3

whi ch wer e-individually 10 baked to nake enanelled wires. The
characteristics of the enanelled wires prepared in Exanples 5 to 8 and

Conpar ative Exanple 10 are shown in Tablge-4, and those of the enanelled

wires of Exanples 9 to 16 and Corrparatrve—Ex nple 11 are shown in Table

5. 15 The results of the test for the long-termstability of the wire
enanel . conposi tions used to prepare the respective enanelled wires' are

al so shown i n Fables—4—and—5—Fhe—dat-a—clearl! y—shous that t hp enamel led
W res accordi ng -gxado®e t e W%@ﬁt‘"g niv e Mmpusys drfa_s_ ar Speel er skl Dvdromtigat i ng
2Q  properti 33 t han tHe c&fP&hti onaFYRFFIEAIE) | THE DU copt radElof hire
enanel conpositi ns g{l naEAmIm r‘C(I:aolnm st i ng_of a po %esttehr resipn at I eas ne
rLDI ecul e of whic product (3) mngn s or none
E-1 . 0.58 - none
10 E-2 1.75 - - none .
1 E-3 3.47 ca. 2 months none
12 E-4 5.78 ca. 2 weeks none
13 Commercial - | 3 months or 0-2
product (3) o more '
14 _ - " . - ' ' - e
: 15 - - - _ - . £-2
16 et - : - - £-3

(3) "lsomid" from Nisshoku-Schehetadg Co. Ltd.

- -

TABLE 5 (Contd.)

S Overail 1. Undercoat Overcoat Appearance
Example diameter of thickness thickness of enamelled
o coated wire wire
Comp. 11 |  1.070 0.035 - good
9 1.0 0.Q355 - good
10 1.672 0.036 B good
n 1.073. 0.0365 - good
12 1.073 0.0365 : - good
1 1.067 0.027 0.0065 good
_ 14 1.068 0.027 - 0.007 good
- | . 15 1.068 0.027 0.007 good
16 1.068 . 0.027 0.007 good




teNninated with a strai ght al kyl -group having 21 or hDré car bon atons

bi ted good sel f-lubricating properties 25 even if it was thin, and
theg' characteristics of the under- coat were by no neans irnpaired due 'to
he over coat.. - 48 - TABLE 4 [err] (1) "Delacoat 2204" fromNitto
El ectric Industrial Co. Ltd. -49- TABLE 4 (Contd) [err] . - 50- TABLE 5
[err] TABLE 5 (gpntd.) : ud*

TABLE 5 (Contd.)

_ ' Properties of enamelled wire
Flexibility ‘Repeated Extraction Coeff. of
Example {20% rapid scrape test ' with .| - static ®
elongation) (times) methanol {2) friction
Comp. 11 Could be wound 35 ' 0.04 0.28
around a rod -
of the same
diameter with -
no cracking
S : - 47 0.05 0.10
10 - - : 68 0.05 0.07
11 Could be wound : 39 0.C6 0.06
' around a rod of o :
twice the -
diameter with
no cracking
12 - . 28 0.07 0.05
13 | asinEx. 9 70 " 0.08 .08
14 .= - : 13 0.04 : 0.07
15 R B N D I L 005 -] . . 0.06
16 -t - : 77 0.05 G.06
(2) With Soxhict extractor for 24 hours
T
b4



-51- TABLE 5 (Contd.) (2) Wth Soxhlct extractor for-24
CLAIMS: 1. Anh enanelled wire conprising a |ayer of- ba Q rned
on the conductor either directly or through another mmm m HM?Hw
the outernost 5- | ayer of said wire havgag-an |nsulat|0h coa
by applying and baking a wire enanel conposition consisting essentially of
~a polyester resin at | east one nolecule of which is termnated with a
strarght chain al kyl group having 21 or nore carbon atons. 10 2.
An enanelled wire according.to claiml, wherein said polyester resin, at
|l east one nolecule of which is ternminated with a straight alkyl group
havi ng 21 or wWaAIMsxy bon atons, is prepared by reacting conponent (i) a
pol yhydri c al cohoL, conponent:. (ii) a pol ybasic carboxylic acid or a
derivative thereof and 15 conponent (iii) a compound that has a straight

al kyl - ' 1. An enamelled wire comprising a layer of baked

aa' T insulation formed on the conductor either directly or
through another insulation, at least the outermost

E," -~ 5 - layer of said wire having an insulation coating formed

by applying and baking a -wire enamel composition
consisting esséntially of a polyester resin at least
one molecule of which is terminated with a straight
chain alkyl group having 21 or more carbon atoms.

10 2. An enamelled wire hacc'ording to c¢laim 1,
wherein said polyester resin,'at_least ohe molecule of
‘which is terminated with a straight alkyl group having
21 or mQre garbon étoms, is prepared by reacting
-~ component (ifia,polyhyd;ic'a1¢bhcl;_compbngnt (ii) a. -
polybasiC-carboxylic acid or’'a derivative_thereof and
- 15 component (iii) a compound that has a straight alkyl
| - group having 21 or more carbon atoms in the molecule
and which has a functional group capable of reaction’
with either component (i) or (ii).

3. An enamelled wire according to claim 2,
20 wherein component_(iii) is used in an amount of from
0.4 to 6.0% by weight of the resin obtained.

_ | 4., An enamelled wire according to claim 2,
g wherein component (iii) is used in an amount of from
0.4 to 4.0% by weight of the resin obtained.



up haMLng_zl_nL_nnLé_carbon atoms in the nol ecul e and whi ch .has a

n tlonal roui caﬁable of reaction' with either conponent (i) or “(ii). 3.

ﬁmﬂ ““ﬁ ’l!lnng to claimz2, 20 wherein conponent (iii) is

0.4 to 6.0%’by weight of the resin obtained. 4.
An enanelle mnre accordlng to claim2, wherein conmponent (iii) is used in
an amount of fromO0.4 to 4.0% by melght of the resin obtained. - B3
S. An enanelled wire according to Cain 2, wherein the polyhydric aIcohoI
"is mainly conposed of ethylene glycol and glycerin and/or
tris-2-hydroxyethyl isdeyahurinamelged Aﬁrénéﬁﬁ?YﬁkPSM?%eQ%ﬁ%@rapng to Clalm

2, wherein the pol.ybasic c rboxylic.acid.is_an_aromatj oS y basi c
. carboxyllc ad%ﬁ X i 4( lf@“ﬁ&cé?d?ﬁb‘fo %33? ﬁhereln t he

| yb | d. .
S s B e g e

according to asi c Qarboxy i c‘acid fs Xerephthalic
acid and a pdlsykganargaeboxylic acid having.at |east one

6. An enamelled wire according to Claim 2,
wherein the polybasic carboxylic acid is an aromatic poly-

basic carboxylic acid,

7. An enamelled wire according to Claim 2,

wherein the polybasic. carboxylic acid is terephthalic acid.

8. -An enamelled wire according to Claim 2,
'herei1-theiuolybasic carbory‘ic acid is terephthalic -
_ ac1d and 2 polyba51c ca*boxv ic ac1d'naV1.g at. lean one

 five- memberﬂd cyclic 1m1do group in the molecule.

9, An enamelled.wire according to Claim 8,
wherein the pqubasic.cérboiylic acid.having at least one
five-membered cfclic imido-group in the molecule is a
dlcarboxyllc ac1d represented by Lhe formula:

HOOC

5 @f@l@”

[



five-menbered cyclic imdo group in the nolecule n enanelled wre '
according to Claim8, wherein the polybasic. carbogyrézhaETa“havrﬁg~aL

| east. one five-nenbered cyclic imdo group |n the I"Hm '
“di carboxylic acid represented by the fo,té [err]'® "’” n&m’

enanel l ed wire according to Gaim?2, W e|n conponent (|P|)M|s

al i phati c nonocarboxylic acid having a straight alkyl group having 21 or

nmore carbon atons or a derivative thereof.. 11. An enanelled wire . 3
accordi.ng to daim2, wherein conponent (iii) is methyl behenate.. 12. An

enanel | ed wire accordingid o Qhai & Zne M1EA LA TEORLRERE gl itb) Ch$ 1P, aNi
acid or a derivative thereof _ ?
: wherein component (1ii) is an aliphatic monocarboxylic
acid having a straight alkyl group having 21 or more

carbon atoms or a derivative thereof.

11. An enamelled wire éCCording to Claim 2,

wherein ccmponent (iii) is methyl behenate.

12. An enamelled wire according to Claim 2,
. wherein component (iii) is montanic acid or a derivative

thereof,




