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. 2111294 SELF- BONDI NG MAGNET W RES BACKGROUND OF THE INVENTICN The preseni

i nvention rel

ates to a self-bonding magnet wire having, good

sel f bricating properties. Manufacturers of electric apparatuses have

conemy onal |

y omtted. or sinplified the varnish inpreg- natln %
uctor

usi Ny "sel f-bondi ng magnet wire" which- donprises an enanel ed con

haV|ng an outer coating that can be fused to an adjacent wire with heat or
a solvent. Recently, these manufacturers have cone to use 10 hi gh- speed
aut omati ¢ wi ndi ng machi nes to i rgRIERSBONDENGPMAGNET WIRES oduction |ine.
The increased |line speed at first seened to cut the production cost by a
degree. However, as it turned out, the gains in production
were nore than offset by costs incurred as a 15
to the wire and coating by fri GACKGROUND OFhTHENENNVENTIAN stress during
the hi gh-speed wi nding. The danaged coating can effect bonding of adjacent
wires such that wres Wil gregeny imventioni redatielsy tooree delS<hamdinge

substan- tial

i nt ended perfornmance of the 20 sel f-bondi ng magnet wires is inpaired
si gni fi cant | ymagaeznatiter havinigrgood setf-Habwded tiige propesstidd ed in an

- electric machi ne,

and the | oss

5

10

15

factor is iMamefemetiirers of electric apparatuses have
ccnventicnallylomitted'or simplified the varnish impreg-
nating step by using a "Selflbond;ng magnet wire” whiﬁh
CQmpfises an enameled conductor having an outer coating
that can be fused to an adjacent wire with heat or a
solvent. Recently, these manufacturers have come to use
high-speed automatic winding machines to'increase the
speed'of the productibn line. The increased line speed
at first seemed to cut the production cost by a substan-
tial degreé. However, as it turned out, the gains in

production were more than offset by costs incurred as a

~result of damage caused to the wire and coating by fric-

tion and other mechanical stress during the high-speed

winding. The damaged coating can effect bonding of

20

adjacent'wires such that wires wound tightly into a coil
easily come loose and the intended performance of the

seif-bonding magnet wires is impaired significantly.

As another problem, if such damaged wire is assembled

in an electric machine, layer shorting (short-circuiting

between wires) occurs and the loss factor is increased

result of damage caused

layer shorting (short-circuiting between wires) occurs

W



to an undesirably high level. To mnimze the nechanical damage to the (;2/
sel f-ondi ng magnet wire, wires having good self-Ilubricating properties

have peen demandéd. This .demand shoul d be net not only by the automatic

w nder 5 but al so when ‘sel f-bondi ng nagnet wires are inserted nmanual |y

into a small, slot in a motor. Since self- nding . nmagnet wires thensel ves
do not have good sel f-lubricating properti ,. the low slip properties
b en individual wires.; between wires and 10 t he wi nder and between

e T o SRR RO AR L 3 oS TRTE o Wbt
ST o R O, RETBRRE aRRSLE g, £ BB g,
e SoL 1, Bond "o PRI SPeihy TpPobe ed! nife! BUEnl ABMAMIbEY | gARLS,

do not have satiddmii® shdwhd b&@imed néfdoslyPbpr eRET husmatdcChingbrbe
handl ed efficiently in manual 20 operation, and what is nore, they cannot ?

be wound intp a neatalss lwhen sekEgondivg magheeneipeseareAinsbetadeed of
the automati ¢ wi nder has been increased further and the use of an inserter

to achieve a hi gieruakbeecidtetarsmalbostotoinoa mbeee.days, insufficient
bondi ng 25 of the magnet.- wires has becone anot her factor which
Since sglf-ponding\magnet wires themselves do
not have'good.self#lubricating,properties;.the.low slip
propertiés between individual wires, between wires and
10 the winder and_betwgen wires and the electric machine
| _into which they are assembled cause mechanical damage to
the self-bonding layer. Furthermore, the friction may
démage the wife enamel or decrease the éfficiency of the
'ﬁindi;g.and.assembling operations. This problem has
15 partly been solved by coating the selfeboﬁding magnet
wire with a layer of various liquid lubricants such as
liquid paraffin and refrigerator 0il. But the resulting
‘wires still do not have .satisfactory lubricating and slip
properties'and cannot be handled efficiently in manual
20 operation, and what is.more, thei cannot.be'wound into
~a neat §oi1 for making,-e.é., a transformer. As the
| speed of the automatic winder has been increased further
and the use of .an inserter to.achieﬁe a higher space
factor is more common_thgse days, insufficient bbﬁdi;g

25 of the magnet wires_has.becomé another factor which -



perties of wires by applying a |large quantity of liquid lubricantsds

. very effective. In addition, the use of such lubricants causes nore

t 5 to collect on the wires and the bonding strength of adhesive tape-
used to fix the end. of the coil is adversely affected.. Attenpts have been
made to elimnate these defects by coatigo~the enaneled wires with solid
| ubri- 10 cants such as solid paraffin and. carnauba wax having better 4J
| ubricating properties than liquid |ubricants. To forma uniform coating,
the solid | uBRFERRSESatReushance gfpliayen shorting.es Improving|théon
having a few percent Qf the lubricant dissolved in solvents such 15 as
pet rol eum beﬁgiﬁé,l SRGateng @TRPETFd esHofe vdTe s By @ppbfing |arkgrgmant ity

of lowboiling solyents is nqt, only .hazardqus to human health but with sone
types of wi rgﬁag%g,%gep%_ B&ﬁ&i"ﬂggf‘é\é&ca&its‘sdﬁ/@torveﬁﬁelq G E¥R- sol vent .

Thi | . Lal | bondi 20 bility or. ¥
creases to dbgeRddtEiBR tBrn8R ol srthrlBansan Y insushs mar e dtek 0 .
- lubri hed. .o i mt; t f electri | . Anot her
method that  Eos CPLLSRE, BADCHE pides Bndiths BRdnd atrngnAL w ros wiih
hi gh | ubri cablRgsiFe tBpBPESEECEo F1k0 4SS RN HAUTRANE NS containing
' adversely affected. ' B

@reases the chance of |ayer shorting. Inproving the self-Ilubricating

Attempts have been made té eliminate these
defects by coating the enameled wires with solid lubri-
10 cants such as solid .yaraffin and. carnauba wax having |
bétter lubricating properties than liquid lubficants.
To form a'-un:.i.fo'rm' coating, the solid’.lubricants are
usually applied to the wires '.frbxh a solution hain'.ng a
few percent of the lubricaﬁt dissolved in solvents such
15 as petroleum benzine, toluene and xylene. However, the
uﬁe of a la.rge-quéntity of ldw-boiling- solvents is not
only hazardous to human health but with some types of
wire, the self-bonding layer dissolves or swells in the
solvent. This causes totai'or partial loss of i:onding
20 ability or may cause creases to develop in the enamel
layer. ‘Therefore, the coating of 'S_ol-id lubricants can
only be applied to limited types of .electric wires. |
- Another method that has been pfoposed for
'providing-. self-bonding magnet wires with high lubricatiﬁg

25 properties is to use enamel compositions containing'
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pol ypkopyl ene and pol ytetrafl uoro- ethylLene,. as well as silicone oil,
fluorine containing., surfactants, and liquid and solid |ubricants such. as
paraffin wax, carnauba wax and nontan. max However, solid |ubricants and
synthetic resins such as poly- ethylene, ypropylene and _
ol ytetrafl uoroethyl ene are insoluble or sﬂérlngly sol uble in solvents for-
the, enamel and are difficultf to disperse in the enanel uniformy, 10 and
the resulting. enang# IS no nore, these solid

I ubri cants and SYRERSELE Fa§+ﬂ§hﬁévanﬁosoﬂ#gh¥$rﬁFéE}BsePWPPﬁrﬁﬁes such
sel f - bondi ng naterlai #ﬁ %he enanf Theﬂefore di. ffi ulgoto

di sperse then1|ﬁstﬂ% L]HRY Bﬁﬁrng 535?pﬁ FPSr XESFEFﬁaPy the 15
resulting coal | Qe pPBRen ks dUFL 2 q°081 38BRY Bt e, f&haalaqe' UBRe3Rleg N Lhe

enanel provide a FRose sllp an catrng propertres

ow as those of shbeaeahte aﬂanggqﬁxaaaﬂp{sgglahiﬁbeakan%g stfch® a s SUNERY

OF THE | NVENTI a resu various studies to elimnate?

the above def echsr@brifeywse)Veatrhetsh wWaRlEaH: mohRanPWaRENt HoWesaQr s have
found that a desired self-bonding nagnet wire can be produced by appl yi ng

to the conduct ogolidir DibPieaRtcandnsyheheeic #8seAsNBuchO@BOPOILYGN

synthetic reé]ns'having good Iubricatingpproperties such as pol yet hyl ene, QEiV

ethylene, polypropylene and.polytetrafluoroethylene are
insoluble or'sparingly soluble in solvents for the enamel
. and.are difficult to disperse in the gnamel_pnlform;y,
10 and the resulting enamel is not highiy soluble. What is
| more, thesé_solid lubricants and synthetic resins are |
not ﬁighly miscible with the self-bonding materials in
the enamel. Therefore, it is difficult to dispérse them
in the self-bonding iayer uniformly. Accordingly, the |
15  resulting cpatiﬁgﬁdpes not have a good appearance.
Liqpid lubricants in the énamel provide a coating whose
slip and self-lubricating propepties are as low as those
_6f the coating formed Ey applying thém onto the wire.
SUMMARY QF THE INVENTION

20 . As a iesult of’various studies to eliminate
the aboté_defeéts of the conventional product, the
present inventors have found that a desired self-bonding
magnet wire can be produced by applylng to the conductor,
through another 1nsulat10n, an enamel compos1t10n

25 composed mainly of a polyhydroxyether or sulfonated )



25' conposed mainly of a polyhydroxyethef or sul fonated
-pydroxyet her at | east one nol ecul e of which has a straight al kyl group
9.

tfh

or

nore carbon atons at a terminal or in a side chain, "and.- baking
anme. The sel f-bondi ng magnet wire of the present invention has S

better appear ance and sel f-lubricating properties-than the wire that
produced by coating the insulation LayesrQuith an enanel

IS
containing solid

\J

| ubricants or synthetic resins. DETAI LED’DESCRI PTION OF THE | NVENTION 10 &/

The insulation coating through which the enamel
Wuf&& agfwtré t '6ie o 18Ce1 81 o W IBRCHRS! aSUCh as
p IyV|

invention is
pol y- ur.et harie

r mal ol yester, polyester imde,

pol yhydant oi @:Mmﬁéﬁym dro t@'d’ﬁ%ﬁ%ﬁ%&'ﬁé nEsebod SatoRs! xknhde,
pol yhydant oi n ester and pol yester am de. The pol yhydroxyet her or

sul fonated. pelmindIodetiiera uside i chiire, Pied cpaking etheosamepr Thes a

pol yhydr oxyet her or sul f onat ed polyhydroxyether that makes up the polyner

according to the present

chain and a stelff-Hunding magmep wirdlo frtherpresentnif@entionnhashat makes
up a termnal or side chain to at |east one of the nol ecul es of that

pol yner.
term nal-

STheheﬁaert&ppeamanﬁeLgndisahﬁ+ymbr1oaeamgnpyoperbmﬁeeuhan t he

or side chain straight alkyldgboup In any suitable

10

15

20

25

the-w1:e that 15 produce y coating the insulation

Layer with an enamel containing solxd lubricants or

synthetlc resins.
| DETAILED DESCRIPTION OF THE INVENTION

The insulation coating through which the enamel

 according to the present invention is applied to the

conductor may be made of any material such as poly-

- urethane, polyvinyl formal; polfesfer, polyester imide,

polyhydantoin,. polyamldelmlde, polyester amldelmlde,
polyimlde, polyhydant01n ester and polyester amide. The
polyhydroxyether ar sulfbnated.polyhydroxyether used in
the present invention'COmprises a polyhydroxyether_or
sulfonated pol?hydrox&ether that mekes_up the polymer
chain and a straight alkyl group of 21 or more carbon
atoms that makes up a terminel'ot side'chain to at least
one of the molecules of that polymer. The resin that
makes up the polymer chain may be bonded to the terminal
or side chain straight alkyl group in any suitable
fashion such as amido bond, ester bond, urethene bond or

urea bond. The straight alkyl group bonded to a terminal



fashi on such as anmi do bond, ester bond, urethane bond or ZS urea bond. \Q ]
The straight al kyl group bonded to a term nal of or. side chainin the

‘resin must have at | east .21 carbon atons to provide good | ubricating

properties. The desired lubricating properties are not achieved if said.

al kyl . group has Less than 21 carbon atons., Briefly 5 stated, if the aIkyI
g}oup is represented by [err] [err] must™b®& Z1 or nore. The aIkyI group is

. phef erably in a conpletely linear form but it may be partially branched as

Iong as the straight portion has at |east 21 carbon. atonms. 10

The term nal orofiee shdenchakyl igr the rsspnemusabhyveoatainaatuﬂlthe

polymer in an anount of fromO0.3 to 3.5% its amount is |ess

t han 0. 3% by vveCFgThontaaém!%sf-?eErPUbﬂPCQPPéglﬁb§p§#ﬁiP-ég arepredtiest-ai ned,

and if its anmount exceeds_ 3.5% b the 15 resultin enanelg%g

not. remain ste&ﬁkﬁcﬁﬂ$h§e§tb?ﬁﬁécﬁﬁanghBrBPSEFFFE freenOEaf HlﬁWFﬂ

ol yrer chai n P ihe ﬁ%ﬂ?ﬁ%ﬁd’é@ﬁ"i@é?r‘iﬁaﬁéaf%%gﬁ'aﬁ?'ﬁ& %3532?#3%%&23 .
i oposi es S nertEFESn ol BahoaBkER R B pl 5o RRb Yo L3 B0 St oo
formul a: Lerﬂ'n:mnst:be 21 or more. The alkyl group is preferably in
‘& completely linear form, but it may be partially
' branched as long as the straight portion has at least
21 carbon atoms.
10 The terminal or side chain aik?l group is o
préferaﬁiy'contained.iq the polymef in an amount of from
0.3 to-S;S% by weight. If its amdunt is léss than 0.3%
by weight, the desired lubricating properties are not
obtained, and if its amount exceeds 3.5% by weight, the
15 'r?sulting enamel does not'remain:stablé.during storage
aﬁd the_electric.wire coafe& with such enamel does not
have the desired appearance or mechanical properties.
The polymer chain of.the polyhydroxyether or
sulfonated poiyhydroxyether used in the present invention
20 is preﬁared by reacting'bisphenols and diepoxides thereof.

The bisphenols are typicaily represented by the formula:

HOX@OH (wherein X is -S-, -S0,-, -CO-, =0-,

.-CHZ-, -C2H4--or -C(CHS)Z-;'and hydrogen in the benzene

Ting may be substituted by a lower alkyl group or



[err]; and hydrogen in the -benzene ring may be substituted by a | ower alkyl
. group or hal ogen), and specific exanples are Z, Z-bi s(4- hydroxy- e
propane,. 4,[err]4' -di hydr oxyghenyl net hane, 4;4[err]
phenyl sul fone, 3,3 '-dinethyl -4,4" -dihydroxy- dlphenylsulfone
r]-bi sC4- hydroxy- 3, S—dibronDphenyI)--S propane wth _

CA- hydr oxyphenyl ) propane and 4, 4' - di hydr oxyphenyl sul f one bei ng w,
preferred The di epoxi des of bisphenoL are prepared by reacting the aboveq(
i sted bi Spigfwgen tHnEPbbéb@iﬂHWékddpﬁégfi%@SEHEEbQEC& hodirexgat al yst
and. are typlca Iy represented by the "formula: [err] [err] "wherein Y is
[err] or Kénﬁl‘}jprbgdﬁégeﬂ- ,4n didydrreAshényimetlake ,suhgrit uted by a.
| ower aIkyI group or hal ogen.. The degree of polynerlzatlon of the d|epOX|de
can be IS dikpdrekipHehylehdfoney (I3 nodimetityl 0404 'bidihhdralxy
eplhalchydrln Typi cal comrerci al di epoxi des are Epi kot e #828, 834 1001,
1004, 1007 diphénpPsplfidnecdnidy 25i2big (4 ctyndroxyasB, Ehd&bcaho@hqmyllIﬂ?
330, 331, "332,. 334 and 542 produced by the Ebm/ChenrcaI Company, 20
Epi chr o 14§nmpdne281thoﬁinabmq@imhydﬂoxyphémmhjpnbpanenanﬁ dnd "¥D- 019 and
. YD-020 produced by Toto Kasei. K K

dlhydroxyphenylsulfone belng-preferred. .The diepoxides

of bisphenol are_prepared.by reactlng_the—abqve_Listéd
Eisphenols with.epihaldhydrin iﬁ.the-presen;e_of a basic

catzlys:.an& are typically represented.by the formula:

10 cx-c-caio-@ @0432-‘3439'0'@' @""‘ﬁz \/ 2

‘wherein Y is -S-, -S0,-, -CO-, -0-, -CH,-, -C,H,- or
-C(CHS)Z—, and.hydroéen in the benzene ring may be
substituted by a lcwef alkyl group or halogen.'etﬁe
degree of polymerization of the diepoxide can be

1S controlled by changing the molar ratio of bisphenols to
epihalohydrin. Typical commercial diepoxides are
'uEpikote #828, 834, 1001, 1504, 1007 and 1009 produced
by Shell International Chemical Corp., DER 330, 331,
332,. aa4 and 542 produced by the Dow Chemical Company,
20  Epichron 145 and 123 from Dainippon Ink and Chemzcals,

Inc., and YD-019 and YD-020 produced_by Toto Kasei K.K.
(EPIXOTE is a Registered Trade Mark) ' '



-

( EPIKOTE is a Regi stered Trade Mark) -8- The degree of polynerization,
h, of .these and other commerci al epoxides varies according to the
conditions for their manufacture and it al so has sone variance w thin the
same product. Therefore, it is desired that s t he epoxy equival ent of
these di epoxi des be measured before use. .The pol yhydroxyether or sulfonated .
ol yhydroxy-- ther used in the present | ention is such that at |east one
myl ecul e thereof has a straight alkyl group of 21 or 10 nDre carbon atons
at ‘a termnal or in a side ghain. ln one nethod of i ntrodyc a straight

al kyl group of The Gngﬁ’Gtee B BAH AR HOT, oy AF Fhese B Ifé ®Tand.its
di de for- d th h d
Ul Fonat ed pol SHE as{i%tlh SR B ddesiaudd 34 T EHEL DS
I I t I
?ﬁngtcfoﬁa? Sr{)_ Sq" m@f’%tc‘t %%\]ﬂfh]‘{qefsoo %%no %Wafgghg%poxi de.
One met hod of I&trm 00 Sl T icE] Kinghatr&f 22 £r JRLErdd! pppe At oM
prlses I'rs . |ng

in a side chai-n~con reac e bi'sphénol and

di d I
o, P P S - S s b e o

before use.

The_polyhyd;oxyether or sulfonated polyhydroxy-
ther used in.the=preseht ihvention is such that at least
one molecule thereof has a straight alkyi group of 21 or

10 '-mare carbon atoms at a terminal or in a sidg ;hain. In
| "one method of intrqducing a straight alkyl group of 21
or more carbon atoms at a terminal, a bisphenol and its
diepoxide forrproduciﬁg the polymer éhéin (i.e., poly-
hydroxyether or sulfonated polyhydroxyether) arelreacted
15 with a compound having.in the molecule a straight alkyl
group of 21 or more carbon atoms and a function#l group
: capabie of reacting with the bisphenol 6r its diepoxide.
One method of introducing a straight alkyl group of 21
or more .carbon atoms in a szde chain comprises first
zb'- reacting the bisphenol and its diepoxide to form a poly-
-hydrox?ether or sulfbhated polyhydroxyether, and then
‘reacting the folymer with a_cbmpound having a functional
group capable of reacting with'the.hydroxyi-groﬁp in the
polymer and a straight alkyl group of 21 or more carbon

zs atoms.. Of course, the two methods may be combined to .



group capabl e of reacting with the hydroxyl group in the polyner and a
stwai ght al kyl group of 21 or nore carbon 25 atons.. O course, the twos
t hods may be conbined to i ntroduce. a straight alkyl .group of. 21 or
carbon atons both at a termnal and in a side chain. Exanples of g

C ounds wused to introduce a straight alkyl group of 21 or nore carbon
atons at a 5 terminal or in a side ch®n of at |east one nolecule of the
"pol yhydr oxyet her or sul fonated pol yhydroxyether include aliphatic acids, 2J2
al kyl. esters and acid halides thereof, as well as anmines with allphatlc
aci ds bei ng pntrednee. a stiraighst aﬁ&yle@msﬂ)mampmnec cathin 10

i ncl ude docosanoic_acid, tricosanoic acid, tetracosanoic acid,
pentacosan0|&taﬁﬁdboﬁbxé@oéaﬁérﬂlééﬂdanﬂé&ﬂaﬂ<§iﬁﬁuﬁhﬁ¥kmci oct acosanoi ¢
aci d, -nonacosanoi c acid and_tri acont anoi c acid, nd derivatives of these.

a:cl phat i c aci Iolsdare es?&?ﬂ‘l’l&ﬁﬁ 8& &°H‘§P|“HI§1§ usig l]%?t r’é’t‘?l Wbl es. 15
pent gcggi éﬂ?ﬁ% eg?”%&yﬁﬁ?ﬂb@jgﬁ Iy 2 B cATD O AR, A findis need,
uggchgtu ex gnﬁlﬁgg‘;oﬁg&@hgt nﬁﬁﬁa% . d.olﬁjﬁ%drﬂe?soasoé’g%ié%%ﬁan wax
acid (chain %ﬁg-?bglyﬁ)r&%oi%)etm k% Li%onHied G ULRL psuCi Ng the

pol yhydr oxye _
include aliphatic acids, alkyl esters .and acid halides
thereof, as well as amines with aiiphati; acids being
preferred. TIllustrative examples.of éiiphatic acids
10 include docosancic acid, tridosanoic acid; tetracosanqic |
acid, pentacosanaic aCia, hechoSanoic acid, hepfaf
cosanoic acid, octaéosanoic acid, nonacosanoic acid and

- - triacontanoic acid, and derivatives of these aliphatic
acids are esters and acid halides. Illusfrative examples .

15 of amines include heneicosylamine,-docbsylamiﬁe,
tricosylamine,-pehtatosyiamine; hexacosylamine and
octacosylamine. These compounds need not be used
individually and may be used in admixture. For instance,
Hoechst Wax S sold by Hoechst Japan, Ltd. that is based

20 on montam wax acid (chain lengthi C 28-32) may be used.

. The reaction for producing the polyhydroxyether.
orfsulfbnated polyhydrox&ether used in the fresent inven-
‘tion may be effected either in the;absence of solvents
-or in the presence of a solvent. However, to achieve

25 - easier control of the reaction process, a solvent is

im wee m rmers t W e @ emer . new h  tmap WAm. ¢ wEse reewe ammes, L Sy B e L SEe T el W te . 3 L ag @ PRl 100 = S o L eTeleg RS S, 0N



or sulfonate.d
ef fectsed eithe
sol vent. Howe
a solvent is

pélyhydroxyether used in the present inven- tion may be <Eéi)

r in the absence of solvents -or in the presence of a _
vef, to achieve 25 . easier control of the reaction process,
preferably used.. Suitable exanples of solvents include

ket ones such as nethyl isobutyl ketone,.cycl ohexanone, acetophenone and

ienzophenone;
phAenyl aceto-
conpounds such
L-chloro-3-nit
sul f ones such
may be used to
or gani ¢ bases

al dehydes such as furfufdD™itrites such as acetonitrile,
5 nitrile.. propanedinitrile and benzonitrile; nitro
as. nitrobenzene, |-chloro-2-nitrobenzene and.

poeéazebdy usedoxi Gudtsbdie sxagpieshpf Salventfe-inclinde
as cycl ot et ranet hyl ene-, sul fone., 10 . Cat al ysts
katerpsr sheh: s me2hyl; igobutyl; katope .« fralphexananaxe

undecene- 7 and§§§EP§§ﬁ§?E§2§%§fP%ﬁ%%%fr '%ﬁ%?§36¥&§%%§%§§§§1%ﬁfEQQSBf’0]_
t hi.ghl.y .15 ti I 0. | di | cient
f REEEGTALee R ST 3 %%T'r%eectﬁa%c’f' BBy %#Pcéi-”aroum .
0.01 0 . %0 - +S,e L\Ms . ( . 5 %
o, 0,01, 80 Titick | heolheapinsanh, Wi VARG (a0 0

aromatic am ne
.nol ecul ar wei g

being preférr
[err]. Tenper

erature 1's preter ween 20 80 to

2bHpoinAY! Sueh &Y' RitFbenPehed 92chloro-2-nitrobenzene

and l-chloro-3-nitrobenzenes; sulfbxides such as dimethyl

sulfoxide; and sulfbneé-such.as cyclotetramethylene-

10

sulfone.
| Catalysts;may'berused to accelerate the reac-

tion. Effective-cataiysts include organic bases such as

.aliphatiC'tertiarf amines, 1,84diazabicyclo[5,4,0]-

undecene-7 and pyridine, and aliphatic primary or

‘secondary amines or aromatic amines are not highly

15

20

'efféctive in providing a sufficient molecular weight

to make a strong film. The catalysts are used in an
amount of 0.01 to 10 mol% of the phenols, with the range
of from 0.02 to SImol% being preferred.

The reaction temperature is §refera$ly between

80 to 200°C. Tempéra:urgs outside this range may also

be used, and if necessary, ‘solution polymerization may

be effected under preSsurejat a temperature higher than

- the boiling poiﬁt of the solvents. Polymers having a

. ‘higher degree of pclymerization'frovide self-Bonding

‘25

magnet wires with better characteristics. The polymer

e =g g



be. used, and
ressure at

I f necessary,. solution polynerization may be ef fected under

a tenperature higher than the boiling point of the solventss

y\yrers having a higher degree of polynerization provide self-boending 25 -

t wres

Wi th better characteristics The pol yner desirably has a

[4

r ced specific viscosity Cnsp/C) of 0.3 dl/g or nore as neasured in-0.5%

mcresol. Th
pol ymer can
present inve
N, N- di et hyl
and napht ha.
t he pol yrer-0s

e solvents used.in the proddeti on of .the above nentioned

al so be used as solvents for 5 maki ng the enanel used in th

ntion. Qther solvents such- as [err}-creso

desiwabdy hms acmedueed spesific mitssasitny(nsetGhef xyl ene
n%yggbe used ta control. the- V|sc05|ty and. solubil- ity of

)

/8noTARGTE Gﬁamelaﬁﬁﬂ'&ﬂeMt 45‘? I‘D‘C?QEO]e«har acteristics of

the sel f-bonding magnet _wire_can be ach eved oratin |n t he enanel -
a suitable amount of a S % %ﬁ-} ‘br° - sul fone
or polyam de,,as well .as Sui Ie anDun of .a stabjlized | SO anate

or a thernnséPPvﬁng8§FRneg'§° quﬂgq1us ?ﬂi#?g%% Brea ,

resin., glky
addi - tives

I norganic fi
al so i ncl ude

gk sk, FREREL @%h%ﬁsﬁiﬁ&é%ﬁ%%&iﬁ S FEF ¢ or

%Bﬂrﬁﬁts Q8BT - LAWY 1 NN A 44408k gompnent s are

methylpyrrolidone, methyl ethyl ketone, xylene and

- naphtha may be used to control the viscosity and solubil-

10

ity of the polymer solution. Additional improvement in

the characteristics offthéisélf—bonding magnet wire can

' be achieved by incorporating in the enamel a suitable

15

20

amoﬁnt'of a'tﬂermoPIastic resin, e.g., polyester, poly-
sulfone or polyamide, as well as a suitable amounf of a
stabilized poliisocyanate or a thermosetting resin, é.g.,
phencl resin, melamine resin,'ufea résin, alkyl resin or
epoxy resin; or a sﬁitable-amount of one or more addi-
tives, e.g., boron trifluoride-amine.complex, dyes, and
organic or inorganic fillers. The enamel containing
_these additional compénents are also included within
the scope of the present invention.

The present invéntion is now described in

greater detail by:refErgnce to the following examples

-and comparative examples which are given here for illus-

25

trative purposes only and are by no means intended to

limit its scope. In Example 3 and Comparative Example 3,

[ e evemetmb vers s 4 crm ee am o t s ceem s eica evee e ws . e . e e s e @ e, S s s cem.memw. e
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ZO the scope of the present invention. The present invention is now )j
described in greater detail by reference to the foll ow ng exanpl es and /
conmpar ati e. .exanpl es. which are given here for illus- tTative purposes on
amd are by no neans intended to 2S |limt its scope. |In Exanple 3 and
Conpar ati ve Exanple 3, t he reduced specific viscosity ([err]/C) of the
hernmo- plastic polyners having a sulfufggte group in their nolecul e was
gasured with 0.5 g of the polymer solution in 100 mM of mcresol. at

[efr]. 5 L 0 § - 1he ) eg eVt 8S red in

t he exanpl es. dﬂﬂ’8%ﬁ§§$%¥i%ﬁ?%i%%%?gégﬁgélggtgﬁ%ﬁggg-gﬁmgégoFggggg W th

the helical coi rg%#ymg f o] : | e | osely
wound ar ound aérlﬁénﬁie‘f |ane?%r}:léél%@%%%?%négwhglf?égrmcoitf%%rc- 70 mMm

-1 ong whi ch MS-mJgéé@Pe.-%&a-é Sfiddstré@ wlth MDYt gSo¥neRe Bolpmdr 8b1dRiof

The coefficient of static fric- tion was neasured by the follow ng nethod

in terms of theoddime cvf Riceésélcatr 562Con bet ween sel f - bondi ng magnet
wires: two parallel magnet wires were placed on 15 a horizontal plane; a *
metal blocksto the bottorTisé hndhstrengehabfethengnaneledewimese fastened

was placed on said horizontal plane so that the respective pairs of wires
crossed each otgespatred imgtheaegimplesicandt abmparative examples was

determined in accardance with the helical coil test
method of ASTM D ZSIQ:Ia wire sample was closely wound
around a ﬁandrel (diameter: 5.0 mm) into.a helical coil
10- 70 mm long which was heated at 180°C for 20 minutes
ﬁnder a load of 125 g. The coefficient of static fric-
tion was measured by the following method in terms of
the coefficient of static friction between self-bonding
magnet;wiresf two paréllel magnet wires were placed on
1S a horizontal plane; a metal block to the bottom of which
two parallel magnet wires were 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 the horizontal
20 -planeﬁ'and the minimum 103& necessary for moving the
block:was.divided by the weight of the block to deter-

mine the coefficient of static friction of the wires.

- COMPARATIVE EXAMPLE 1 |
. -~ A mixture of 500 g of a commercial polyhydroxy-
25 ether (Phenoxy PKHH produced by Union Carbide Corpora- |

tion) and 1,500 g of a mixed solvent of m-cresol and

ommamm: v s s s mewere ww. gvw ar % B ceames  mmasec b R s Temh s es % LT R e et T PO L P LI R iR b Bt et
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‘bl-ock was noved along-the two wires on the horizontal 20 - plane; and the
L0i.mum | oad necessary for noving the bl ock.was divided by the weight of
he\bl ock to deter- mne the coefficient of static fricti.on of the wires. ..

ARATI VE EXAMPLE 1 A mixture-of 500 g of a comercia
e r (Phenoxy PKHH produced by Union Carbi de Corpofa- tlon) and 1,500 g of.
a nixed sol vent of mcresol and pet yoteum naphtha (Swasol #1000 from

Maruzen Petro- chemical Co., Ltd..), t ‘weight ratio of mcresol to.

naphtha bei'ng Z:1, was charged in.-a

t her nonet er,

err]-flask mnth a

petzeleum napht 5\5@#% 36980 fzem Maguzen PRtIOm e was

tirred at h hyd | t
el o e %’fgésr% £4rS enZhal veBahbo FERSH oF Borres gﬁp%s'e'r?i‘

produced by Nltto trlgn# g:s%%%2£P%§§Pg §ﬁ98%3&§§8a3§k§§q5 OQFF; |
%egg&ﬁ*mlg%ggr thsgﬂﬁégoihd' g.égégﬁflﬂy"%ulblésulaitd % was coat ed

droXyet her enanel whi c¢h

t I 5 |t k
oS Pl iekchle REECEeRibl RR%1 0%l BEaP R ERY ol forae! (O ke

wire 10 (dl
in a baking f

with three | a

wer e bak u

10

& pfeViously prépar

polyhydroxy enamel composition.

&'cdmmereia; insulating polyester enamel

'cnmpasition“("neleeoat E-ZZOG“’prodnced.by Nitto Electric

Industrial Co., Ltd. ) was applied to a copper'w1re
(dlameter~ 0.5 mm) im five laeyrs which were baked
individually ;n a baking furnace. Ihen, the outermost

Iayer of the insulation was coated with three layers of

the previously prepared polyhydrdkyether-enamel' which

. were baked under the same conditions for the polyester

15

enamel to make a self-bonding magnet wire.:

COMPARATIVE EXAMPLE 2-

Using the reactor of Comparative Example 1,

1 500.1 g of Epikote #1001 (epoxy equivalent = 500.1)

FAY

produced by Shell'Intefnational Chemicals Corp. and

114.2 g (0.5 mole) of bisphenol A were dissolved in

114.3 g of a mixed eolvent of cyclohexanone and xylene

- (weight ratio = 8:2), and then 3.7 g of 1,8-diazabicyclo-

-undecene-7 was added. The reaction mixture was heated

25

at 150°C for 2 hours and when it became viscous, the

heat was_removed and 1,228.6 g of m-cresol was added to

. pol yhydr oxy- 25
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Using the reactor of Conparative Exanple 1, 5.00.1 g of Epikote #1001
(epoxy- equi val ent = 500. 1) produced by Shell International Chem cals Corp.
and_Z0 114.Z g.. O 5 nmole) of bisphenol A were dissolved in 114.3 g of

msxed sol vent of cycl ohexanone and xylene (weight ratio 8:2.), and then

3.7 g of 1,8-di.azabicycl o- undecene-7 wagsadded. The reaction m xture was -
eqted at [err] for 2 hours and when it'Zé%ane vi scous, the 2S heat was
rerroved and. . [1,228.6 g of mcresol was added to stop the reaction.

' L A
e ename! was SO Th SATeIgh v 1h BALE Ly ELE0W c FATRRALERE plTIn IS
stirring at [er‘{gg}grﬁore,ﬁﬁnﬁ%ﬁlﬁogﬁme@%p@wmgﬁgy-Tﬁe e Eﬂgi gaanel

conposition con ng ocC Sanol ¢. aci d. The enanel was applied. to a

copper eonduot s f5u | fh CHFRAL B [WeelEXBEDA Cgl o FOoEBkEosaRELE: Bead tdeRonet

wire. \Wen the enane t roomtenperature-for one day, the

I nsol uble ”ﬁtt%tijﬁﬁigiiétW@néoi-hso epgRBtedOto hakeed polghpdedgyus and
opaque. Upon standing Tor one nonth, the enanel, became nore” heterogeneous *

and opaque gnd d€idridbamé 1 e€dmpyesEstonscontathingXébPatosanbicngetide
"reactor of Conparative Exanple 1, 15 500.1 g of Epi kote #1001 (epoxy
equivalent - 500.1) - The enamel was applied to a copper conductor
"as in Com@arative.ﬁxapple 1 to make a self-bonding magnet
_ wiré. When the enamel wés‘left at.room temperature for |
one day, the insoluble mattér'precipitated and the enamel
10 turned heterogeneous and opaque. Upon standing for one |
month, the enaméi-be;ame~more heterogenedus and opaque
and Iost its effectiveness as enamel. |

EXAMPLE 1

'Usiﬁg the réacto;'o£ Comparative Example 1,

1S 500.1 g of Epikote #1001 (epoxy eéuivalent's 500.1)
produted by Sheil International Chemicals Corp., 109.2 g
oi’bisphenol A and 18.4 g of:octacosanoic acid were
dissolved in 127.7 g of a mixed solvent of cyclohexanone
and xyleﬁe (weight ratio = 8:2), and then 3.5 g of 1,8-

20 diazabicycloundecene-7 was added. The reaction mixture
was heated at 156°C until it became viscous when the
heat was_removed and 1,255.4 g of m-cresol was added to
stop_the'xea;tion. The resulting polyhydroxyether_enamel
having a straight alkyl gfoup of 27 carbon atoms at a

25 terminal of at least one molecule was a pale yellow,

.

- -
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produced by Shell International Chemicals Corp.., 109.2 g of bisphenol A
- 18.4 g of octacosanoic acid were dissolved in 127.7 g of a mxed -+
. ent of cycl ohexanone and xyl ene (weight ratio - 8:2), and then 3.5 g of -
¥ 20  di azabi cycl oundecene-7 was added.. The reaction nixture was .
eated at [err] until it becane viscous en t he heat was renoved and
5.4 g of mcresol was added to stopjthe reaction. The resulting
polyhydroxyether enanel having a straight alkyl group of 27 carbon atons
a 25 term nal of at |east one nolecule was a pale yell ow, honbgeneous
~and transpar drdmogéneous awdctrarspanrentssotutionf which cemaimekd sborage at
roomtenperature. The enanmel was applied to a copper wre as in
Conpar at i ve el afteroa noe-wesk| $tovagengtnugant temperagure. The
EXAMPLE 2 Lblng t he reactor of Conparative Exanple 1, 390.2. of " Epi kot e
#878 (epoxy cepAmel s _apphied £0o@uEeBPBY WAZE| asnidr FempeFativeeni cal s

Corp., 228.3 of henol and 9 Hoechst Wax .S (nontan wax 10
~acid with a dﬁ%ﬁ@?i) t o ona 8%25912'8ﬂ?#5€3h§9395§awlr9r . were .

di ssolved_in 127.8 g of cyclohexanone,ggggzigfzég Z g of tri-n-butylam ne
was adde The reaction m xture was he Cuntil it becane Vi scous
when the heat was rennw&d aggtﬁgTELQCQLraoglégﬂp§9a¥§9e Example 1,

390.2 g of Epikote #828 (epoxy equlvalent = 185.1)"

produced by Shell International Cheﬁicals Corp., ZZS.S'g
of bisphenol A and 9.3 g of Hoechst Wax S (montan wax
10 acid with a chain length of Cié_szJ'ffqm Hoechst Japaﬁ,
Ltd. were dissolved in 127.8 g of cfclbhéxanpne; and
then 9.2 g of tri-n—bﬁtylamine was added. Thé reaction
mixture was heated at 150°C until it became viscous when
the heat was removed and 1,255.6°g of a mixed solvent
15 of m-cresol, p-cresol_and'xylene (ngght ratio = 5:2:3)
was added to stop the reaction. A polyhydrokyether
enamel composition having a Straight alkyl group of 27
~to 31 carbon atoms at a terminal of At least one molecule
was dbtaineﬁ. The enamel was applied to a copper wire |
20 as in Comparative Example 1 to make a self4bonding magnet
| wire. | |

' COMPARATIVE EXAMPLE 3

A mixture of.185,1 g of Epikote #828.(ep6xy
equivalent = 185.1) produced by Shell International
25 Chemicals Corp. and 121.4 g (0.485 mole)- of bisphenol § -

w i ar s meie 1 ave e mriee . e ~e vmes s m - s os . e D e ammen t e et P St R L QST | T T FELTNMNINEE N e gy s % (S TSRS Y emeerg ® PT T
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A5- of  mcresol, p-cresol ‘and xyl ene (weight ratio = 5:2:3) was added to :Vi
stop tshe reaction. A pol yhydroxyether enanel conposition having a straight
al kyl" group of 27 to.31 carbon atons at a terninal of at l-east one nolecul e
was obtai ned. The enanel was applied to a copper wire 20 as in
Cbnparative.Exaane 1 to make a self-bondlggénagnet wi re. COMPARATI VE

LE 3 A mxture of 185.1 g of Epi kote 28 (epoxy equival ent = 185.1)
prioduced by Shel | International 25 Chenmicals Corp. and |21 ..4 g (0.485

mol e) of bisphe Sp zy(gyﬁ()ﬁfﬂ-lﬁ f(&ﬂf&ﬁ@“kﬁgh fagakl Keke W85S01ved

di ssolved in 30 xanhone Tn a roun otton1f|ask mnth

t her momet er, Si:US@S gng sf%yemﬁuiasnoaadlhhsnréuﬁagbefttbh' ﬂalslxe WL

was added. Under stirr m xture was heated to [err]

tenperature it #.\/aﬁhéﬁhd:ﬁétéﬁ EerfQ?Chhancﬁehﬁg Iﬁ%@ aggd %ﬁeﬁ.‘ '1Ut6‘3§
Wien the- reaction m xture becane vi scous,, the heat was renoved. and 406. 2

g of [err]-cresef. tybsnabldeglamineopashaddedct i Undethetiestinlg,ngheal e
yel | ow sul fonated poly- 10 hydr oxyet her enanel had a reduced specific ’

'VISCOSIty % O. Mﬁxnupé(kaéxheauedctal150?QEatewhmuhdeempamntumenﬁasmhson
("lI'som d" produced by N-sshoku- -Schenectady Co., Ltd.)
subjected to reaction for 1 hour and 45 mlnutes.l When
the reaction mixture became viscous, the heat was
removed .and 406.Z .g of m-cresol was added to stop the
reaction. The“resultiné'paxe yeilow sulfonated poly-
10 hydroxyether enamel had a reduced specific viscosity of
, © 0.45 nsp/C. |
_ iA commercial polyesfer imide enamel composition
("Isomid“ produced by Nisshoku—Schenettady Co., Ltd:)
was applied to a copper wire (diameter: 0.5 mm) in
15 | seven layers which were baked in a baking furnace.
Thek,.the:outermost layer of:the jinsulation was coated
with three layers of thg sul fonated polyhydro#yether
‘enamel which were baked under the same,conditions for

the polyester imide enamel, to thereby make a self-

20 bonding magnet wire.

C- . | . EXAMPLE 3
' ) | Using the reactor of Comparative Example 3,
185.1 g of Epikote #828 (epoxy equivalent = 185.1)
‘produced by'Shell Iﬁternationai'éhemicals Corp., 121.4 g
25 -of Bisphenol S produced by Konishi Kagaku K.X. and 4.6 g
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@) applied to a copper wire (dianeter: 0.5 mm in 15 seven | ayers which
vvere baked in a baking furnace. Then, the outernost |ayer of the insul akion
J-doated with three | ayers of the sul f onat ed pol yhy.dr oxyet her enanel e
wer e baked under the same conditions for the polyester imde enanel, *
her eby make a sel f- 20 bondi ng nmagnet wire. EXAMPLE .3 Using the -
reactor of Conparative. Exanple-3, 18 §7g-of Epi kot e #828 (epoxy equi val en{ J
= 185.1) produced by Shell | nt er nati on Chemicals Corp., 121.4 g 25. Of ‘v
Bi sphenol . S produced by Koni shi Kagaku K K. and 4.6 g of Hoechst Wax S
from Hoechstofaﬁaa;hsttdwaqcnﬁntfa'nw\/ﬁne@ﬂ Japan a Lotd r(nmmgam wax[err]
wer e di ssol ved |n 311.1 g_of -cycl ohexanone, and then 4 g. of tri-n-butyl-
ani ne was adasdd wighes Shain dgngthne ﬂn% )vvé@%eéléﬁ@ve‘iouferr] at

which tenperature, it was su cted tore or Z hours. Wen the
reaction ni xPie bk&#e%@gﬁi‘ I?&i’ta @%&&%mw@@%

'gﬂrn;:nealsolcongggpggdﬁdﬁ%\?ﬁa&ea - F}ed&,ﬁam | on A S fon.at ed Z"ia/ drox%%lr Eggt’ar
peci i cSvi sEBORER 6T o5 ¥B4TH: ?%ﬁtaﬁevﬁsﬁf%b%?fﬁ&f’amu a;pep%%% §ggp el cduces
tion fo-;.- Z hours. When the reaction mixture became
viscous, the heat was _re-mo'ved.-. and 412.3 g of m-cresol
was adde& to stop ithe—ireaction' . A sulfonated polyhydroxy-
ether enamel composition having a straight alkyl group
10 of 27 to 31 carbon atoms .at a terminal of one molecule
was obfa.ined. __‘i‘he enamel had a reduced specific
| viscosity of 0.4Z nsp/C. The enamel was applied to a
copper wire as in Compar'ative Example 3 to make a self-
bonding maénet wire. - | o
15 . The cha.ra‘cj:ér’istics of _tlié self-bonding magnet
wires’ prepared in Comparative Examples 1 to 3 and

Examples 1 to 3 are shown in Table 1.
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[err]
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[err]
[err]

[err]

copper wire és_ I n Conparative Exanple 3 to nmake a self-
| +°15

wire.
prepared in Conparatiyve Exanples |

Tabl e 1.
[err]
\
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br epared according to the present invention had much | ower -

ient of static friction and thus better self-lubricating properties
he conventional 5- products. Furfher, it can. be seen that the = =
Se|f-’andl ng magnet wires of the pre‘SePl? 1'nvent| on had not only excell ent’™
appearance and flexibility but also bond strength as. high as that of .
magnet wires conventionally produced and --hence were proved to. have a.  /
great potential 10 for industrial use. CLAIMS s 1. Aself-bonding. . ‘e

{rﬁ?ﬂf%t b conducior . AR R RREECERYER0 e, Yar Ao 678 Al ELnZa' -
ol yrer hattiigia batsdred, acraf i, 3 4hs, prasent “Wn%"r@‘?%?%%ﬁt at orrs
connect ed hadt JRAS é’é‘@ff?&f&ﬂ#a?%f SHRLIRISRI L1 sy SPhhsDONdI NG

magnet wre, conprisin an I nsu ed con UCt or ng OVEI’ sai d

i nsul at ed gQAQuGt %J.fhfuw:?&aegn Cpa Rk%m e AP P (CoRPénakhag an
enanel 5 conposition . a suLfonat po - _
hydr oxget hgrdditie! Pyrtie s, .ss.tataht b%h%'e%naHﬁH.t Of¥/Psel£-bonding
' magnet wires of the present mventzon had not only
excellent appearance and. flex:.b:.l:.ty but a:lso bond.
strength as high as that of magnet wires conventionally
produced and hence were 'proved. td._h-ave a great potential

10 for industrial use.

]



of 21 or-nofe carbon atons-connected. to at |east_one nol ecul e of the C/

resif. 3. A self-bonding magnet wire, as clainmed in Cla|n1 erein
the 'straight chain alkyl group is conneet 8@ #o tﬁm m nal =
posi t i én) 4. A self-bonding magnet wire, as clai H @‘ amu .
‘wherei n the straight chain al kyl group is connect ed td at‘site s: of t he
polyner S. A self-bonding nagnet wire, as clalned in CQaiml or 2, wherein-
xhe straight chain alkyl group is present in. the polyner in an anount

o from 0.3 to 3. .GLAIMSwei ght. 6. A self-bonding magnet wire, as claimed :
|n G aiml, wherein the polyhydroxyether polynmer is prepared by reacting:

1) a di epOXI de of a bi s&hena e'if bo'&l dg %A@ﬁgngﬁ_gggo%g%gsaﬁ?{gd from

the group consist- ing of" bi'sp Hfenol
AL oo s S Vs Bkl | o o, 2 or e
EJGZ'C{“I ﬁg V"“e_re' n the sulyf @ﬁtﬁif%\yﬂ/déé’ﬁ%ﬁ?ﬁl&%&”&hn‘dﬁd%oenoarﬂfh by
coating being formed by applying and ba.king enamel
S compos:.t:.on. . comprisinc - . a polyhydro'qrether
polymer having a straight cha.:.n alkyl grouu of 21 or
more carbon atoms cann.ected ta at least one molecule of
the polymer. |
Z. A self-bond.mg magnet wire, comprising:
an insulated conductor; and
. a caaﬂ:ing_ over said in_sulated.l conductoer, the .
coating being fo'med by applying and baking an enamel
§ compesition ' --co’mpr:l#ing a sulfonated poiy-
hydroxyether pclymer having a étra.ight chain alkyl group
of 21 or more carbon atoms connected to at least one
molecule of the resin. | |
5. A self-bonding magnet wire, as claimed in
Claim 1 or 2, wherein the s.tré.igh.t chain alkyl group is
connected to the 'po.lymer at'_a terminal position.
| - 4, A self-bonding magnet wire, as claimed inm-
Claim 1 or 2, wherein the straight chain alkyl gro'u-p is
connected to a side chain of the polymér. '
5. A -self-bonding magnet wire, as claimed in

Claim 1 or 2, wherein the straight chain alkyl group is
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present in the polymer in an amount of from 0.3 to 3.5%
by weight. | - | |
) 6. A sélf;bonding magnet wire, ﬁs claimed in
Claim I, wherezn the polyhydroxyether'polymer is prepared
- by reacting:
' £) a diepoxide of a bisphenol;
s . i) a compound selected from the group consist-
- :Eng af.b.isphen'dI A and bisphenol S; and
_iii) a straight chain carboxylic acid.having a
straight alkyl group of 21 or more carbon
atoms in the molecule.
7. A sélftbonding.magnet'wire,'aé claimed in -
. Claim 2, wherein the sulfonated polyhydroxyether polymer
is prepared by react;ng.
i) a diepoxide .of a bisphenol;
Y ' - ii) a compound;selected.from the group consist- .
| ing of bisphenol A and bisphenol S; and
iii) a straight chain carboxylic acid having a
straight chain alkyl group of 21 or more

carbon 'atams in the molecule.

~a .di epoxi de . of a. bfsphenol ; 11) a conpoUnd sel ect ed. fron1the drogp
Jondst - ing of bisphenol. A and bisphenol ™S/ and 111). & straight chaig
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