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- 1 - DESCRI PTI ON A HEAT RESI STANT ADHESI VE | NSULATI VE

COATI NG AND AN ELECTRI CAL STEEL SHEET W TH SUCH

COATING 5 A MAGNETI C CORE USI NG SUCH ELECTRI CAL STEEL

SHEET, AND A METHOD OF PRODUCTI ON OF THE SAME

TECHNI CAL FI ELD The present invention relates to a

heat resistant 10 adhesive coating conposition

enabl i ng adhesion by stacking, pressing and heating

(in the present invention, unl ésd ot herw se
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bet ween room t enperature and BHFE g further
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an insul ati veqg@akbd rigps sheet | s successi vel y

punched ? int redeterm ne sha tack .
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used for applications of electric equi prrent

requi r ed *FOPEEHTGh 2BPEC 0Pl #19 cF%‘fﬁf‘?e Fasief Heteghrical
pur pose oteeklshewi.ng the stress introduced to steel

sheet at theackemoueb funching or cutting, thernal
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deformation strain ,
core for motors, transformers and the like. Generally,

the electrical steel sheet is coated on its surface with
an insulative coating. The sheet is successively punched
into predetermined shapes, stacked ahd connected together
25 by welding, by the method known as "interlocking" wherein
recessed and projecting parts are fitted together, or by
other methods to form a magnetic core.
.Thus laminated magnetic core is either uéed in as-
punched condition in electrical equipment or annealed at
30 -a temperature of about 700°C to 800°C, then assembled into
electrical equipment. The latter annealing is called
"stress relief annealing” and is applied to magnetic
cores used for applications of electrical equipment
required for a high electrical efficiency, for the
35 - purpose of relieving the stress introduced to steel sheet
at the time of punching or cutting, thermal strain at the




the interlocked parts and the |like so as to inprove

the electrical properties of the magnetic core. The

nmet hod of welding or interlocking to connect the 5
stacked el ectrical steel sheets has the probl em of
short- circuit at the edges of the |lam nations and
lowering of the surface resistivity or the problem of
deterioration of the electrical properties due to
crookedness in processing. As a #Aethod for avoiding
the defects due to 10 welding or interlocking, a
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loss. Onythesobhey fando.gePhhod ey e considengd 3.
25 208034 have alsc been proposed. These so-called adhesive
coating techniques can alleviate the problems caused with
interlocking or welding, but since these technigques use
only organic compositions to coat the surfaces of the
steel sheets, most of the compositions break down at a
30 temperature of 300°C or more if stress relief annealing is
applied, deteriorating adhesive strength. For this
reason, there was the problem that electrical steel sheet
with adhesive coatings can be used for magnetic cores not
subjected to stress relief annealing, and cannot be used
35 for magnetic cores subjected to stress relief annealing
for the purpose of reducing core loss.
On the other hand, a method may be considered




wherein an el ectrical steel sheet are processed to

predet erm ned shapes with punching or so, stress

relief annealed, and connected with an adhesive for

adhesion, but this would require application of an

adhesi ve on each 5 small punched out piece, so the

wor kability would be poor. Further, Japanese Patent

Publication (B) No. 42- 24519, Japanese Pat ent

Publication (A) No. 58-128715, and ~Japanese Patent

Publication (B) No. 47-47499 disclose 10 coati ngs
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DISCLOSURE OF THE INVENTION
The present invention provides a heat resistant
adhesive insulative coating with improved heat
25 resistivity which maintains adhesiveness and insulative
ability even after stress relief annealing, an electrical
steel sheet with such coating, a magnetic core using such
electrical steel sheet, and a method of pfoduction of the
same.
30 _ To solve this problem, the present invention uses
the following means:
{1} A heat resistant adhesive insulative coating

including a resin with a softening point of room
temperature to 300°C and a low melting point inorganic
35 composition with a softening point of not more than
1000°C. '
(2) A heat resis.tant adhesive insulative coating as




4 set forth in (1), characterized in that a 250C
adhesive strength is 10 kg/cn2 or nore and a 750C
adhesive strength is 1 kg/cn2 or nore. (3) A heat
resi stant adhesive insulative coating as 5 set forth
in (1), characterized in that a coefficient of [|inear
heat expansion at 30C to 300Cis 10 x 10-' (CG1) to
150 x 10-7 (C1) . (4) A heat resistant adhesive

i nsul ative coating as set forth-i©v-(4), characterized
in that the low nelting 10 point inorganic

conposi t i Qfti Sox&h' ow el ting.pei At 8! %Sn?héf{ It 25¢ t%{hesive
gl ass, or these in which cqglloidal silica is

mi xed. (5)°TASHERL 1T i SEATH AUARET VB HSTIONR |E‘\?115,“95—‘LVe
coati ng astreeathf ds thkpfcr’4yr mobar act eri zed in that
low nelting point aleatngapiG Q@l@.ﬁ%btir@ﬁl‘g@ﬁveanatlng as

aver age p%‘é‘:'fc!r%hsirquf) c%graggerltzecF 1nasl-$a Sgtc?eg?f_ﬁlﬁnﬁ of
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resin to theidoow et t(lo@g) poi nt inor ganl C corrp05| tion

20 is, by mass ercent. 200/1;0 50Q9 ‘(/7
resistant adhes]ve Imaul’ative cod eﬁé Smsg ?tlfvﬁr‘f‘?f‘tllﬁg as

(4), char 88t dPFiled i A% bhabararserbigdnéh tihag tipoilay melting
i noR@ani crerposdtgenic i®mansiSiioR - B2a3tdR e basRdpbOW glass

mel ting peiid, g!aﬂ&sgiﬁé Soannakkald wABLALL1 126081182 is
heat resigtant, adhesi ve insulative coating as set

forth in (4) haracterlzed in that said water gl ass

i s sodiumsili g & PR3 TRSHEAPt radret tmdnaiéd g ecoating as
i nsul at i v%ei‘céaf’frfhgnafs‘l) rseharfagtetized {rl)thathamantgringesbint
in that shicdtghesd RodfbsincdrGes @ﬂﬁv@fad&oﬁﬁrﬂﬂéﬂgss:ﬁfe of 20
resin selﬁp ted, froman epoxy resin, acrylic resin,

phenol resin, |nconpletely cured resin mainly

conprised of AN aBrRAatnbes stant egbgsiver éryulashe sicoping as
cont ai ni @etafdnaihem (@ur i slpragesttizedrinathst laoxagn|ng ratio of
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st eel sheet
{7) A heat resistant adhesive. insulative coating as

set forth in (4), characterized in that the low melting
point inorganic composition is an 8102-B;03~R;0-based low
melting point glass (R is an alkali metal).

25 {8) A heat resistant adhesive insulative coating as
set forth in (4), characterized in that said water glass
is sodium silicate.

(9) A heat resistant adhesive insulative coating as
set forth in (1), characterized in that said resin

30 includes one or more types of resin selected from an
epoxy resin, acrylic resin, phenol resin, incompletely
cured resin mainly comprised of an acryl-modified epoxy
resin emulsion containing a latent curing agént, or a
siloxane polymer.

.35 : (10) An eléctrical steel sheet w1th a heat resistant
‘adhesive insulative coatlng comprlsed of steel sheet



Qs

5 having on at |east one surface a coating as set
forth in M (11) An electrical steel sheet with a
heat resistant adhesive insulative coating as set
forth in (10), 5 characterized in that the heat

resi stant adhesive insulative coating has a thickness
of 0.5 mto 20 M (12) A nmagnetic core using an
electrical steel sheet with a heat resistant adhesive
i nsul ative coating as set forth Pn-(10). 10 (13) A
nmet hod of production of a nmagnetic core using an

el ect ri cahasirgebn Atedtasti bhe ashi€ate mesbStiant a0dBESEALRh in
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h, & o t ti
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room tenTEﬂé@EfH&%lt§ké%qog%é@%dl§h1n9@ﬁgﬁg t%ﬁ@h Eghégllng these
[ nor%anl c conposition havi ng a softeni’ ng poi nt

evatuat edt By*IPPFErEsht ]i’%ﬁweteﬁe?%Fn%r?prstg REeRBE of
1000C or lemsmategOmidpettoatorag resin softens at hot
pressing to fuagtiarthes FdpLidictiéh BRINGIdEEQ) @ok® using

connect taQQQIJJ:%Elcé’ihlskzg f Iggeet! %Wtﬂe%(th Qg &%E&a&]ﬁ: adheswe

|norgan|c conposi tion, tuncti ons

of the maJRBITEVRSIETHRY &Fr 8T TPEth & émeaF?"fﬁﬁler 35
BRIZEF DES@PH”P'PFE}N GF HEtDRAWHRGS:9H Gf Hresgimg, connecting
schemat i ¢chem e béatdngetreahest bl ed@htteing them by

interlocking or fixtures or both of these.
The insulative coating of the electrical steel sheet
of the present invention is a ccmposite to develop two
25 types of adhesive ability. As the specific means for
this, the coating includes a resin with a softening point
of room temperature to 300° and a low melting point
inorganic composition having a softening point evaluated
by differential thermal analysis method of 1000°C or less.
30 The coating resin softens at hot pressing te function to
adhere the magnetic core to connect together, while the
low melting point inorganic composition functions to keep
the adhesion of the magnetic core at stress relief
annealing.
35 : BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a schematic view of a genefal differential



G - thermal analysis curve of glass. FIG 2 is a
schematic view of a | adder sil oxane polyner. BEST
MODE FOR WORKI NG THE I NVENTION 5 To relief strain from
steel sheet, an annealing tenperature of about 700C
to 800C is generally required. Under this annealing
tenperature, organic conposition ends up breaking
down and cannot nmaintain its structure, thus the
adhesi veness cannot be mai ntai ned.® The i nventors 10

t hought that inorganic conmpounds would be able to

mai nt ai n theinalseraftsis e randetglbgk.devel op adhesi on

bet ween | am nattcons @Venscibnac iRl ghet @RPLINIAUHELS 196 xane
700C to gg%egrjd studi ed various types of inorganic
compounds. a result, they have found that a group
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found thdE B BT pratRRE i o TheBETR Rtararh o
cor e adhexsitvesy lephneicioad dvehorte aahtglaftespersttness of 700°C
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expl ai ned bél ow. ltI'he I“fvehtor$ ’#aggatf SuAECTHhAE 1qhpelting
factbr gd@Pérhiingresmricqaamasytoinst halkaghssoomedtinshpoint
t enper at wlesarfginll, sArdesstareflefs, anvidaliing disitdie aBd other
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compOst el e RLATRILE (1 LS R Eelt LUl
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their adQ&&ﬂe%%c core together. Therefore, the inventors have
found that by combining a resin with these, a magnetic
core adhesively connected before and after stress relief
25 annealing can be obtained.

First, the low melting point inorganic compositions
will be explained below. The inventors have found that
the factor governing the quality of the adhesion at the
temperature around stress relief Iannealing is the

30 softening point of the low melting point inorganic
composition.

The experiments for the present 'invéntion will be
described in detail from the following description.

The present inventors confirmed the importance of

35 above-mentioned softening point using samples under the

following conditions and evaluating their adhesive
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7 strength. A nunber of non-oriented electrical stee
sheets with thicknesses of 0.5 mmw thout insulative
coatings are prepared and coated using roll coaters
with mxtures of |low nelting point inorganic
conpositions 5 constituted by low nelting point glass
frit having average particle sizes of 5 pm and

vari ous softening point, and resins constituted by
epoxy resin:acrylic resin:phenor Fesin = 15:3:3
(mass% in 20 mass% solid content aqueous enul sions.
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The "250°C adhesive strength" is the strength between
25 the two sample pieces of 10 cm (rolling direction length}
x 3 cm (length perpendicular to the rolling direction)
overlapped in shorter sides by 1 cm over an area of 3 cnm?,
adhered under a pressure of 10 kg/ 3 cm® at 250°C for 60
seconds. The strength was obtained by the measurements of
30 a spring balanée {kg} at the time of separation when the
sample pieces were pulled off at room temperature in the
rolling direction, divided by the area of 3 cm?. Note that
in the present invention, the pressure and adhesive
_ strength are 1ndlcated as measurements of a spflng
35 balance (kg} d1v1ded by area, kg/cm which corresponds to
9.8 x 10* pa.



9 The "750C adhesive strength” is the strength
obt ai ned by the neasurenents when the sanpl e pieces
are further heated w thout pressing at 750C for 2
hours and pulled off at roomtenperature in the
rolling direction, 5 divided by the area of 3 cn2. The
results of the tests are shown in Table 1. - 9 - ~ U
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further heated without pressing at 750°C for 2 hours and
pulled off at room temperature in the rolling directiocn,
5 divided by the area of 3 cm?. The results of the tests are
shown in Table 1.
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Lo 1~ N61 U 10 FromTable 1, it has been | earned
that under condition nos. 1 to 8 using glass frit

wth a softening point of 1000C or |ess, the 250C

adhesive strength is 10 kg/cn2 or nore and the 750C
adhesive strength is 1 kg/cnR 5 Both of them bei ng

1
N

good. On the_aother hand,_under condition no. 9 using
glass frit Wtlhija|softieni hd pdint of 1050C, while the
250C adhesi | siirengt hy ifsl gs '@ood as 10 kg/cn2, the
750C adhesi ujle SHr ength|@iis(t|oeE weak to neasure because
t he coated face |eas) Iy peaZed off. 10 Fromthe
results desﬁbed abovie,| 1t I®s been | earned that
when usi ng ﬁ*as< friit wijth|alsloftening point } of
1000C or Iesﬁs, MhR [2R0C|adhesive strength is 10
kg/ cn2 or ni @ QR T IE"TH0C ddhesi ve strength is 1
kg/ cn2 both prepgert|ds|beijng (good. 15 Regardi ng the
reason why fshe T5PDC pdhesiye| strength depends on the
sof teni ng pednt [BFE LRGSO Eti ng point inorganic
conposi ti onié 3 heSIA)LER|GOLIL E3Isi dered the fol | owing
mechani sm gt t he| t{i P8 of| pFEYsi ng and heating near
. 250C, the riesitmntspfiftenstang—glts. In the case of
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20 coating both sides, the coating interface

di sappears and adhesi on between coatings is achieved.
However, the low nelting point inorganic conposition
havi ng hi gher tenperature stability undergoes al npst

no reaction at the tine. Next, when heating at 750C,
this time the ow 25 nelting point inorganic
conposition softens and, depending on the type of the
low nelting point inorganic coApbsi-tion, nelts,

whereby the |ow nelting point inorganic conpositions
contacti ng eagiropthencadhesi V& bdsn 182FRSULEat tiRGer
facing coalifgs.ar&sl. amnaged apd, | a'!§ g&Qtagb%ﬁl O0oftening
between the steel sheets becones Tonple érefo ore,

t he | ow nBP*tn§tpHIOREC iofot gni Ehﬁ:éﬁﬁé'sﬁ‘#h%ﬁvessd?rleéﬁ‘ﬁhgs 10

or melti n@ga&mzt&elmské\gaelldo{héweachngdmave RPEndth is 1 kg/cn?
|rrportant 0] fin int inarga
% themwg%l ? &eg H? §UCP|der

conposn ti on W en| n poi n
condi t i oncﬂlbdltgo‘bfnoTa%I‘é“ﬂlg glffs ftfdés“’%’f&t a sFftERing point
melt at aeoundo*504hilsuthé dserd adge¥itvacdt rahgéh GanhAdlgood as
be obtain bet ween t v i.f t ont act eac

ot her so ?ﬂa 57 Mgu e.??’@n aggens M or%%d S bt weaP to

t hem As Iaearsé‘%l‘%e,cat‘ﬁ% tERotrfT e s e eé’f"’%@h@’?ﬁle% off.
canmdt be obt @armedhe Geduhes clcheridranghovs| nite hhevibeen

el ting poddthed NA=8HS u§ gsidd ens: Whm 4 @wftemng point
sof t eni ng_pai nﬁ such as c %%8 nos.

Table 1, Yof'C8hS &t *&Fdun 97% ahgt s Pﬁrertg&'ﬁt é’f:tlo
area can lb;efcmbtoalm bad iren7itienmdhkstheyt confract s 10kg/cm?

each ot hegot30pt Rkt S84y ﬁaggﬁgegfoo@ond is formed betvveen
theg% As a result enou hesi ve strength can
n

obt & ned. TheR$%EELIF MR 08P tRVnt k8 ‘F‘heﬁﬁ'@ strength
adhesi ve depep@h@nhtis sgfteaiingdewvencd mhe hleowl el Hiwlat Peigt
poi nt 15 irdeggeri conf@RResd:t,i 6Rs iwhéttosef dialagryDicné s

of 880C O.t.rollgvpl CmMaﬁhsrﬁr %th'i:tg;'%ﬁmé Q@ f&%lggaatﬂdngeating

t enper at ur e, has not been el uci dated

pr esent |nr?\‘7‘§n%5t9r% tf‘ﬁl’?ﬁélf‘h%ﬂft%? t38Ai PR EFF kP H88cFaBnOT

ocAW s atcoarbundobGCdeey ghei ¢pathos 6 ntonfposi ¢iappears and

whi ch t herebyidnnb&gieat eSodthfgL Q sCoaMikbRgH aRduaeher €8s 1ow

the st eelme§9ﬁ%t ﬁoint inorganic composition having higher
temperature stability undergoes almost no reaction at the
time. Next, when heating at 750°C, this time the low

25 melting peint inorganic composition softens and,

- depending on the type of the low melting point inorganic
composition, melts, whereby the‘ low melting point
inorganic compositions contacting each other adhesive. As
a result, the facing coatings are laminated and the

30 adhesion between the steel sheets becomes complete.
Therefore, the low melting point inorganic composition
softening or melting at the stage of heating near 750°C is
important. _

Since low melting point inofganic composition with a

35 .. high softening point such as condition no. 9 of Table 1



The 250C adhesive strength is set to 10 kg/cn? or
nore to enabl e handling of the core without separation
after the step of tenporary adhesion at the | ow

"tenperature until the core is conpletely adhered at 25

~—

hi gher tenperature. Further, the 750C adhesive
strength is set to 1 kg/cn2 or nore to enable
preventing separation of the core after assenbly into
el ectrical equipnent. For the |ewirelting point

I norgani c conposition of the present invention, for

exanpl e, gcgé/\é 'E%lctédﬂeﬁ%x‘“hel@%t%%ﬁﬁdfﬁo&c %%Flﬁment

gl ass, ture of ‘dal

may be us%%"tWe?Fetahﬁa’}né\F/ He P eFoPHtv SR ot fanFRen 4 they
conposi ti errtiast eavhi poregand dchgowdenffidienpardndcie oraed
is al so i ppelednthen. | 4s theefak] | tHeLeSd 2B b&dsQ0e | APRyth

the goati %n%lﬂrgg%%tgﬁledor ms Wi th coarse projections
i nhi biting contact between the coatings. To realize

sufficient cofifadt® PHPhBaAD sivsst TG IcdiippPRérn inorganic
powder s, tdvwoparidng| witdi tes softeriey powtmeddh rg qoidntion

I nor gani c,ddngk egi %ngf %Qge afl, esoﬁ"eﬁg ea(taglr}{ur%p 795“C9ra certain
| ess, nor & uI ar |

re era
3 pmor |€ss” % é/"’mt Re Orgﬁvélﬁ?d ?%ﬁ e‘tefi‘d Yx‘ﬁ?‘fét ot
ratt® bet%@n‘)tl'teﬁes? SR RretHiithgt9s6i hend ﬁérﬁé’ﬂ“ﬁé “betveen
conposi t itrenankk reségult, Tdmuphwehtal s ptepaitiddecsn be
nunber ofoRan&y.i ented el ectrical steel sheets haV| ng
t hi cknesses of, 0.35 mm _with insul ative coatin

mai nly conpri S&d 5 Wayhed GRT-210 THhesate.’ST eégh‘?ﬁéi"é
coat ed ugSitagngdl iscadeersl wiveh ia HixtlorenddAnainding a

Ib 0V\1|HTE| t llﬁgr@emlr&t céxfyaglg@ﬁn@f wft?f@ﬁﬁe‘iﬁﬁ@ gAnes idubgshe or
y | ow Iy oi.n ass fri avi nqg an aver age
particl g%gbéé‘g?ﬂ? Hgamé"fh%r 8P dtenge T PP nt BT SETE
(B203=30%E0%i, Oﬁ;é(}%: Ba0-3026i dhla) = Hz@%pr]aEezﬁﬂG)ﬁi&@@o,rs
and an aC&Hg,Q]yschgguéo%than%f l£ ESEQ% ggog'ccturgnatp arouncil .750°C

mass% sol | ont ent consti POXY fesl n:
resi n: ph&EXBT lf‘egP?Fe—iﬁm%‘“sét’(?Fﬁsgh/bCh APeﬁqﬂYslT‘ieﬁéat‘i%éhe
m ¥0ng r appeingf aph@dresinthe Athel ghastsfrit was

variously chaeg,@:f,boc Tmeametr@igtﬁoj?st isag N@%S};gg/cﬂ:@ or

QSBCSI _?_:S?re ena %eltu:-fc’nd ng O(%r Jche cg}:e antth ers%para lgil

after the step of temporary adhe51on at the low
temperature until the core is completely adhered at
25 higher temperature. Further, the 750°C adhesive strength
is set to 1 kg/cm® or more to enable preventing separation
of the core after assembly into electrical equipment.
For the low melting pointiinorganic composition of
the present invention, for example, low melting point
30 glass frit, water glass, and a mixture of these with
colloidal silica may be used. _ '
When the low melting peint incrganic composition is
an inorganic powder, the particle size is also important.
If the particle size is too large, the coating surface
.35 forms with coarse projections inhibiting contact between
the coatings. To realize sufficient contact in the



were cut out fromthe sanples. The 250C and 750C
adhesive strength were then eval uated. The results of
the tests are shown in Table 2. 13 - Table 2 Condi -
Resin/glass frit Adhesive strength: tion mxing ratio
(mass% kg/cn2 no. 250C 750C 1 10 5 0.5 2 20 10 2 3
50 205 4 100 40 6 5 300 50 4 6 500 40 1 7 700 40
0.5 As shown in Table 2, condition nos. 2 to 6, i.e.
aresin/glass frit mxing ratios of 20%to 500% had
excel I ent adhesion strength both at 250C of 10 kg/cn®

or 5 norecafth@t of Hiewebn %f@&?gthn.g?oa&@&l%t befeshandne
ratl Q.0

condi tion ' t.

adhesi ve lggr%%it\éﬂﬁéhpooflqg Kgr ¢ “a i*n%élée%t dlsﬁgsarl?g/ cnp

at 750C. PEBREHLERhom \Meﬁw acreginefgtads, f4 ipm or less,
m Xi ng rathe ©frti Q0% Eagj “go&d 1gdhesive strength of 40
kg/cn at 2503bt Oe ad esw(g tren%h of 0.5

kg/ cri2 at 750 hedt l?venu?’fs SEROW S e MEoRH tehte Petween
250C and FBOCGUdHeLiife PAPE eingrhamie cguie ihen anHeresin.

m xi ng ratios Tok fesnndtd assparkbdid mambe 2% Hoh-200%ted

Regar di ngﬂ&t&:ﬁ@éﬁ%e\é@kh@@& ﬂgbﬁ*ﬁj \Eﬁléﬁr{egggé h¢l g, 351§m
o oan e S ALE Plel 2l el St ™ Boihsum

i norgani ¢ conposition
undéPst anBhiRF6e- tHESE Jiersviargefettian 5l Traterssiith a
shar es a fintetreorerohinidiyesi low wherinhead ed afordaf{s

Jwhile theordgews it b@lgstﬁ.@hf&td bf‘o.l!‘cg:améftﬁl@np@ﬁlltt %Pe&s frit

share a 20, fluncér{ on_of adhes |g when heated at
Consi deri ng t R FETEIBpARTTCOT TH& PurctPoidof ftpning
conposi t i Bringt o2 &OA°C Headk+30g, t Bitpe? G, uBeo=30Be Na,0=10%

mechani smar@gi1depenrdense a@ﬁeou@dgﬁﬁbygn e @QQltnlﬂ'cgrﬁbotstﬂglon of

ratio of ﬂphgs%%ﬁ?%é tclogpen%a nsec:l_tuted by epoxy resin:acrylic
resin:phenol resin =20:5:3 (mass%). At this time, the
mixing ratio of the resin to the glass frit was variously
changed. The amount of coating was 5 g/m? per side. The

20 sheets were dried at a temperature of 150°C. Test pieces

were cut out from the samples. The 250°C and 750°C
adhesive strength were then evaluated. The results of the
tests are shown in Table 2.
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deduced. That is the consideration of the state of 25
surface occupancy of the organic resin when heated at
250C while that of the low nelting point inorganic
conposi tion when heated at 750C. Wen the ratio of
resin to low nelting point inorganic conposition is
small, for exanple, like in - 14 condition no. 1 of
Table 2, the majority of the surface are covered by

t he i norgani c conposition, resultildg-in al nost no
resin appeared on the surface of the coating. |[If such
coati ngs amelsuperposed pressed and heated at 5

250C, t he jTesiaic cpnmot —sudihigigntty Funetionas i ndeto:
bet ween t he €eati ngs becaysetof waasuf fi cijent contaed:
area betweefi°themresulting in snmall 250C aghesi vie 7so’c
strength {such as{5 kglcn? id%na. 1. In such 5 0.5
condi ti on{—+hsutfei-ent—conrtiet—and—adhdsi ontbety 2
low nel tipg 1D [Tt T OT garggg conpositigns gyt 3
obtai ned evens if ISuch coatifgs_are heatad atso/50Q 4
wher eby t | ting poi %% | norganic i{conpdsitilon *
Softens a el t o Ao rooll-"lop Rﬂ(‘ adheci \ﬂ 0.5

strength al so%eé%%‘s lrsl,nTa ¢ AUcROAEo8 nﬁ?g/%rﬁf’ h e @
case of cOR#R/IIBASHIriL nipes ratapowd 483 @n%Qane@ad
nmechani smexédiilehe ddnkebOordbtfdmith E&}ﬂ ﬁw Zﬁgr]d o910 RQ/BE® or
i nor gani c_conposi t.i 0.5 adhesi ve
stre%gth art egptn 82%83‘0 BE%SGT%;TH Gt e ?’b\ﬁg Gt ehd Other
hand, if ERREIHIRR AP r Atiidhother 8314 106 1% WedBlesk nphesive
poi nt i NOsgRAg&hs WIPOSkd/cAN ak S24RE Afha WS 11§ /cr@0at NB0oc.
coating Sd;'&rfﬁ%‘iox'i‘%% enquah J%%Ei‘n} Btré%r?nsxlifnf L clent ¢
adhesi ve nction resulting in Fve

strength B%fa?lﬁécﬂ‘?@ﬁc%ﬁh%l% SPé!j?ftEﬁﬁfZl a% Khafen’ rat 2500 but

condoti onbal ablhesm@v\/sﬂfﬁ%lnffE_;;’c]lﬂgaflo@lzntkc_:;l/Bxﬁ’ar Qams@"ch These
conposi tion t sufficient ent on_t

coating sUFfacs I8 e tli’?ltg“ {H‘Xﬁgﬁ 278000 %It‘?@@?%"e

st rengt h SFERIER 6635900&197"}&%2‘3?1?1 Riéng apéiod afoneliimi/ghass

no. 7. Coefiti erermos of sbdrear heat expansi on of the

Iow rrel ting ﬁ@a&em#wcﬁllga{cua%gwmoghéIﬁﬂeéf&%%fw is

pr event f%lgvacri?anat ?5ntsher A% rrleéséfl]tpro ‘%elgé, BF° dne

nagnetlc %HBF%%Flc composition, the inventors have an
understanding of the following mechanism. The resin
shares a function of adhesion when heated at 250°C, while
the low melting point inorganic composition share a

20 function of adhesion when heated at 750°C. Considering the

development of the function of each composition at each
heating temperature, the mechanism of dependence of '
adhesive strength on the ratic of both composition can be
deduced. That is the consideration of the state of

25 °©  surface occupancy of the organic resin when heated at
250°C while that of the low melting point inorganic
-compositien when heated at 750°C.

When the ratic of resin to low melting point

- inorganic composition is small, for example, like in



The inventors prepared magnetic cores made of steel
sheets with coatings under the follow ng conditions
and the magnetic properties are eval uated. A nunber

of non- oriented electrical steel sheets with

t hi cknesses of 0.5 35 mm w thout any insulative
coatings on their surfaces are prepared. They are
coated with m xtures of low nelti ng_ 15 point gl ass
frit having an average partlcle di‘ze of 5 m and

vari ous heat expansion coefficients as |low neltin

poi nt i nofgitéon gwpokicti Brxle andhg Tf‘@é’irht%tcj’dcegﬂ% Lursace
emul si onsaef c30ermsbsHotdel irbrganterbmperiston utreduliing in

epoxyo S rgﬁﬁo@ta&cg X:IeEEn I3 ?ﬁéa&egh&mctlherﬁﬂf@ce']& 4h& coating.
(mass X1.N4 L2 O%ﬁdq{eated at

u
resin to ﬁ@%ﬁi‘ °§tl??5 £ has’® 1f)pouséefjéopto 2
sol i ds congeent th?Eheeeanocmtnoto#uf@@aient@ymclmlg/aﬁzbmer

S:c disggd }gé&%ééhe&kshcmangé |}:|%@auaaat ol ﬁ{baefl&l%ﬂfﬁe&caitﬁb’e area
0 ' romthese sa es hap

havi ng i Prdivgen cﬁhﬁﬂefeesl“ ¢ 10. %12%5}4& ng‘ﬁflv 5%§ength
outsi de elicanes & 9é¢n’ 1 hoemd - 5nj sreh) coiskiéiprepar ed.
Twenty of insubess onwer eonshac kad, apiee saedeaved) Lkg/mgrizing

andl@eat eéﬁol@it: 11‘?0@99’1:{60 oﬁpcﬂﬂ@[cﬁlst Qr@&%@@f@ecﬁ‘@g&etﬂfcsnch
cores |lam nated with adhesi ve coat | n gnetl

cores wer¥AnnEn P h‘”\fi}l't?ﬁél}"t TR EsEhetG AL h’f’Sb@’frﬁ CLAg point
hours andimvogenicossemsikia sefengated ngltS0 Abza Wieshly

magneti ¢ fgybx a@ﬁ@sc’ix;é/s&fen%tﬁ al-ggsﬂa&omggesnfaﬁygﬂcﬁ as e, 5
SOhOO\Ng Ion il gjbzeﬁg 81190 caseo o% cl:%ldétn\_/gnMnlg |\)f Wl’ant O%anrrél\l
N OBD0 -yt ApreecNmegramd s i X 5ex £RE10 )?flrWELto'l(?H Cpeiting
~000ULlo0 péifa XirdopghhiM GooNidddd Ms too small, the adhesive
strength at both 250°C and 750°C are low.
on the other hand, if the mixing ratic of resin to
low melting point inorganic composition is large, while
20 the coating surface has enough resin to perform
sufficient adhesive function resulting in good 250°C
adhesive strength obtained such as 40 kg/cm® as shown in
condition 7, the low melting point inorganic composition
is not sufficiently present on the coa{ting surface
25 resulting in small 750°C adhesive strength such as 0.5
kg/cm?® in the case of condition no. 7.
Coefficients of linear heat expansion of the low
melting point inorganic composition from 30°C to 300°C in

the range of 10 x 1077 to 150 x 1077 (°C™!) prevent
30 variations in electrical properties of magnetic cores.
The inventors prepared magnetic cores made of steel
sheets with coatings under the following conditions and
the magnetic properties are evaluated. A number of non-
oriented electrical steel sheets with thicknesses of 0.5
35 - mm without any insulative coatings on their surfaces are

prepared. They are coated with mixtures of low melting
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17 As shown in Table 3, under coh@ition nos. 2 to 9
using low nelting point inorganic conposition having a

10

15

point glass frit having an average particle size of 5 um
and various heat expansion coefficients as low melting
point inorganic compositions, and a resin agqueous
emulsions of 20 mass% sclid content constituted by epoxy
resin:acrylic resin:phencl resin =10:4:5 (mass%) using
roll coaters. The mixing ratios of resin to the glass
frit was adjusted to 200% in selids content. The amount
of coating was 10 g/m’ per side and the sheets was dried
at a sheet temperature cf 150°C.

From these samples, ring shaped samples having
inside diameters of 10.16 cm (4 inch) and outside
diameters of 12.7 cm (5 inch) were prepared. Twenty of
these were stacked, pressed at 10 kg/cm® and heated at
250°C for 4 hours to prepare magnetic cores laminated with
adhesive ccating. The magnetic cores were annealed
without pressing at 750°C for 2 hours and core losses were
evaluated at 50 Hz with a magnetic flux density of 1.5
Tesla. The results are shown in Table 3,
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coefficient of linear heat expansion from 30C to 300C
in the of 10 x 10-' (G 1) to 150 x 10-7 (C1) , the
core |l osses 5 of magnetic cores after annealing are
good smaller than 3.1 (Wkg). On the other hand,
under condition no. 1 wusing glass frit having a
coefficient of linear heat expansion of 160 x 10-7
(C, the core loss value was as large as 3.27 (WkQ)
and under condition no. 10 using 16 glass frit having

a coefficient of linear heat expansion of 5 x 10-7
(G), the cqare | o9 was| alisjo|jgs|large 3.26 (WKkg).
These resul t|s ,sho|that| when|Lilbe ow nel ting point
i norgani ¢ cq#lasi Fijo|Nas |d¢usf fici ent of |inear
heat expansi{on ¥ r pm 304 10" 8008 i n the range of 10 x
10-7 15 (G 1) to %0 104'| (€ ), the core |oss of
magneti c coneg aft erf annealfing | s good. Regarding the
reason why the org fagsyafr pagnetic core after
anneal i ng i $¢ depeyrgem |8 F|Resgoef fici ent of |inear
heat expansi.ﬁ)@'ﬁjgg‘jc et kng poi nt i norganic 20
conposi ti onJd EHe [E¥em|SEss|REre an under st andi ng of
the followi$g mechgn| sm | The |pressi ng and hot
adhesi on at [ 12500 ¢tguFe Tsin in the coating to
sof ten and 1E§t, thepijnterfacg of the coatings
~di sappears [fi thg shept [i 8 [codted on both sides and
‘they are bonded h eagh| aotherf 25 remai ning the
i norganic can@ositﬂ%ﬁ'inlalnkst no reaction. Wen the
sheets are pheated At 750 {the |l ow nelting point-
i norgani c cprposilt| on $dfiens|iand nmelts depending on
the type of| {fiemiava=t'hg ' coht' ddting low nelting point
i nor gani ¢ cprpesiti-onsiHond wT{h each 30 other. As a
result, the| fdcingl,coaliings,|afe adhered together and
the steel shgets |ar¢ [Corpl etlely bonded toget her
fol |l owed byl the o§, p3sES jeval uated after cooling
to room tenfset at golel AD[i mpRii fiant consi deration here
is the stregs deyel pgefd|inftlhejmagnetic core when 35
all the surifacesiof |tlhe|sft egl | sheets are adhered at a
hi gh tenper(@ir e} gf| 4505 lapd<@f e cool ed down to room
18 - tenperf@ure; Il h lgenaral he magnetic properties
of magneti qgepre olo
gcfg {11 '\DN' 1]t
(8]
3' R A S B A
54
g TN EBEEIE
2} =3 i o
.E ™ )i I\D-@S
I TR R et v p
1
:.ggg .—rmmwmmr-»oom-g
Z‘I [ &
5



deteriorate if the core has stress. Here, the

rel ati onshi p between the coefficient of heat expansion
of 5 a substance and stress will be explained. Wen
the materials with high and | ow coefficients of heat
expansi on are adhered at a high tenperature and then
cool ed down to roomtenperature, tensile stress is
formed in the material with high coefficient and
conpressive 10 stress is formed- a7the material with
smal | coefficient. Electrical steel sheet, both

grai n-ori ent ecasardowronn TH1@NS £@ndbAScadcRhf hed ent tofy

linear heak;gRxnaRshon il AU, ing a
t he ot her haﬁ% t he 8w5n% %Olg%fl)r% %?rﬁ%orség%%%hgg 9

conposi t i GRETHSEENY d’rf %He.faéx RPNy efPy 3HE to 300°C in
coeffici erhs &f 16 x 156 Tod( )Ct&)lstooxlﬁc67x°d@r 7 b€ ddre losses

Ther %f Oré,¢e SnHFPCOrC%§E§ %fQ%M%%lei‘Hg”Qrt hg%od smal er than

coeffici ent heet “are us
tensile stres¥/kate othredther PARIsHRERT (ﬂon’fih’%lon no.
magnet i ¢ #8¥e gwkéd rivhdrviiger geeld G opevder hawamgh@t

coeffici e@ﬁpé?lfs:LBl@éHf Q@f@@{r@bon( %Q l al!kgeelfso}@%%sgr\fal%teeﬂs as
sheet is % are fornmed._Ln

steel of ?%egerrﬁ net| c @}P I3 CRRPETCREr 1Ptu?3§‘g
conslder edlasfaf ri: havipy ac@?ﬁfrfégsqf\ﬁeof- o]rl@§8¥ efagr pregnsion
in the magnet kc1®or@cof, teensidel stlssn@:aslalféavéélglatrlaé 3.26

highest copfk Clabs WLEs L8y LALIGLPRRLIRSHLESS

is formed in
havi ng th%o@ﬁaf'?%tagb%é‘f’f‘?ﬁ%ﬁ?n }’grsnﬁecoelfﬁé“ent of linear
coef fici efmdag etpdrishearfrheaiocexpansoeniorel faidese 10 x 107

twoq gondi fe. a@sﬁm\ss ;L%?’e§1 q'fiﬁg%%gsslésrsog% @gne&c

st eel sheeﬁ stredsés are seens

fornmed 307Nt ?fg’eé%’r 1fe3%d. On the other hand,

al t hough t he Regsefifpgitdatseagee vl fhe avref Yom thatagoftic
t he steelcoshegtteri Bneanihd 11@Nd&ARSdet tcd Phe ToBEL diRGL of

differ ENCES QF %ea% n@lﬂanslrﬁﬁ%kl 1§1 &5@%{%1@5n&%§?fx@%§1‘0¥ anic

stress forned in t ne ores_wer (it a

r esu ting TTeY téoﬁf ftélc?t “9"%% ?’ﬁge By EnfyLardiog gt

| ow el t i59g1poingt "¢ RAGRgEmhi é’hemésmq @nddfott pghesion at
present izsgenichese ¢aptFdsbitas the dda@1A8MR) 9pr@Nt 2R nelt,

the 19 queﬁ—lt%'ilfgéet 513 ’a’lt r§§§t1ngglc§1sa%BQaerasl Il haenghleest is -
) pr efer ablcyated on both sides and they are bonded with each other

25 remaining the inorganic composition in almost no
reaction. When the sheets are heated at 750°C, the low
melting peint inorganic composition softens and melts
depending on. the type of them and the contacting low
melting point inorganic compositions bond with each

30 other. As a result, the facing coatings are adhered
together and the steel sheets are completely bonded
together followed by the core losses evaluated after
‘cooling to room temperature. An important consideration
here is the stress developed in the magnetic core‘when‘

'35 all the surfaces of the steel sheets are adhered at a

high temperature of 750°C and are cooled down to room




a low nelting point glass having a softening point of

not nore than the normal stress relief annealing
tenperature of 750C. Since |ow nelting point glass
softens and nelts 5 during stress relief annealing and
har dens upon cooling, two sheets using the glass can

be adhered after stress relief annealing. Follow ng
conposi tions may be used as the |ow nelting point

gl ass, Si 02-B203-R20 (R shows an l&lkali netal here),
P205- R20 (R shows an al kali netal) 10 based

conposi t i oampe3ab2ebO B203, B203-Bi 203, Si 02- B203- Zn0,
SnO- P205, Si 027B203+41 Q% nanghdnldeid idi@pettlcRBSE inh@ic core
an Sl 02- géz‘pes_iR%atel S:'pr‘ghef %crﬁ:ﬂb hgs bsetcraeuge et IS

| ead- free“and Ras - & hi'gh athder ve "St7 edGth’ aft%er

stress reFPEtighEd PateeThidid 6RpHEICt pifg Gfohert expansion of
i nor §ani ca composndd and neyede wild ben ekpIpingd| i Wenwateer

gl ass. | nnide i wed /i e8! AS%, atPdbiBoectil d CALS 465 heat

particul arl referabl e. The advantage of _usin ter
glass is T0 easit 3‘7 rgb?dglleﬁe?laatt ac%lgt%ege@ﬁf PREE ag crl\géae}len

f r om unevet&dsdqife b o Hr FTEFER Wien cee L poitders is formed
parti cl esirartgeimglended winh welglr cglfdssientnapdrdompidgiye

a 200 hi ghstadbesiy eoshdLngtdheahb@driSt @S Eliekoerricient.
anneal i ngeiafe, 4.9 VEQ.100, T eyl s, QBLALNGI NENHFTNG-

3 sodi um si i caf e, urther, When using po assi um , .
si |i cat e,°"df"Gtfhedfd e cgﬁ%‘fg‘?’ht Sf LiMiaghhepto SEBRTAign ©
MPa i s obiteunerbobef D@ (Pc3tr easthelotbér annealimeglowmelting
The | ow ng)ihi NGRGhMc BASAAR 6L ATPOSLT A QhpdNfent have
present invention used may be the ahove-nentioned =,

i notyani ¢PEOTISEET TS Purt Ket? mi K&d? viit HORoF 118 ddic ) -
silica. Bpentfdneg euoin onealanst |nogdeetiaving tthescoefficient
possi bl e smhD1adjtHsh dHRestdeICOiddty add WwlbipSh te@biRf stress
anneal i nglr\é\hﬁﬂ:m%g Irh%hlenéjcre%@n&f:tflgr%%lex:%g%o?tgf tvﬁ:@ﬁe when
Further, .renmai ni ng colloidal silica wt ofg&E sof t eni n,%
during t ABOEIFRESPOTEF] ‘é?"lgﬁnaeéﬁc’reﬁgl‘i‘lﬁﬁﬁt? §ahSIRRNSTON
supor t i AgrE e fbat sthienstecleskerdt fagisedd ® alogpsegdige stress
strengt haoé fadhesiie thoattienl ofathermssheess coeti ef

anneal i ng. 35nThe;d @ebtri@khe, i@ D& Xs8dadndt bRPLesele

i nvention may. be not only_a h%at g{able resin sucP
COI]'lpr sive orce 1g’ formed. 1n 1<} ﬂa%neélc core o
as a pheno €SI h  of epoxy resin Ic ndergoes a

) curing rggﬂﬂ#téﬁnzﬁx 1 having the highest coefficient, while a
25 large tensile stress is formed in the magnetic core of
condition no. 10 having the smallest coefficient. Since
the coefficients of linear heat expansion ore in these
two conditions have largest differences from that of
steel sheet, the largest stresses are seems to be formed
30 in the cores tested. On the other hand, although the
coefficients are different from that of the steel sheet
in condition nos. 2 to 9, since the differences are
small, tensile stress or compressive stress formed in the
magnetic cores were small if any resulting little effect
35 on the core losses. _
The low melting point inorganic composition of the

present invention contributes to the development of the




when adhesi on of steel sheets by pressing and heating,

but also a thernoplastic resin such as an acrylic

resin or methacrylic resin which does not undergo a
curing reaction even if heated may al so be used.

Either a 5 thernoplastic or heat curable resin may be
used, but a resin having a adhesivenessis preferable.
The resin of the present invention softens at
tenperatures fromroomtenperatar® to 300C

Considering blocking etc., preferable resins are

t hose whi etthesobthesftt® $torean witiehtarexptesieng 9 preffarpbly
at no | ess 1diARBOGy pS&O& glMAChaPingmRI SosRERLRY 3BLYt of not
120C bu.t JQOOt qgrg tthgagormggos(%re‘?gf}ee_Lnl!e?gann%gljgﬂg (Eélrnl?é}tature
expressi ng ??U|a|ty neans —a viscosity of about 1 x

108 dPas ©f 1508%. SAscd Hev nedéheniroAnbyd MakE ciptaceuraed melts
resip on dhengustace afiiarlinrsteslg sheaiargehd epsndtling,
to heati ngwdatshgggscugﬁné ?‘Eﬂg’gltalgg ceﬁrﬁ%g m&@dtmefre&ﬂ%ss

Is a thernoplastic and tenmperature expressing

t her nopl aBti*¢t @nr}egli%c%l%gg SRy~ T BogEibPe. ued =2
Further, e tlhe mechanicoimbyelans cfifztfedt ReUriBbsows2en
resin sofiens: i i1crse)of pbeatd NQR khods bhanper=at ufietal) -

i gher {NAMLLNeorR9s: dif A0, LhN st AIPBIAIMILE, S8i @Splod-zno,
soften the resin o a rubbery t%te or flurd state of
the resiHImay  he” PosE b6 E&ge Aty iR ¥HS 185s8 of

laresin HfeekOatR iserpricarhie basavviisiDigedirepeand has

for a shorthigdb ddheeief sabeuitht efieerobtsscondsiedr ahesg ing.
the heating &QMBLLMES+tGAYIRINE GR§enid 3badddi@fon may be
al though gr ‘i.-SLSaic! '15‘Eé Q. LeagLion whigh Jaﬁ?%ﬁ 13ss, sodium
t hree- di nensi Onal skel'etop ~.al so OCCUF s. en such
resin i s Hearer té erutitghkatlyt Rfiferabif-e IOt iiglvantage of
cross- | i nkkiing vag@ct gorssagaite peeMai bet@® &kt cheteksihnface
i s cured.srEBerasl hevEddbbs @llcePOPArt €SI SMMPeShObowder
containing.a; 1At ¢pL GurLg agen usedas 0@ reshak) 2
the present invention Is an §nuIS|on obt aj neéd_by ..
miathg & LaheFinestts (A1Geaeh PLbiT REATE PO SRpgaling of
react ed Wi-ChMBm ogcmsps és 3B tpgrec when ciies 996 URi sdtldrate-
of the epaxyhéLSiwherd@ih@ip@ibssitkr ENDicagentan Fhigesive
" epoxy r%\%irgﬁgtrhef:)?ra[ %Qgﬂoll.r@ef:g 2B MPa is obtained before
stress relief annealing.

25 The low melting point inorganic composition of the
present invention used may be the above-mentioned
inorganic compositions further mixed with ceolloidal
silica. By mixing colloidal silica etc., it is possible
to adjust the viscosity at stress relief annealing when

30 the inorganic composition sgftens. Further, remaining
colloidal silica without softening during the stress
relief annealing functions as an supporting elements in
the ceating and raises the strength of adhesive coating
after stress relief annealing. )

35 The resin able to be used in the present invention
may be not only a heat curable resin such as & phenol

resin or epoxy resin which undergoes a curing reaction



indicates a resin having two or nore epoxy groups in
the nononer including the follow ng types: bispheno

A, bisphenol F, bisphenol AD, naphthal ene, pheno

novol ac, o-cresol novolac, glycidyl ester, alicyclic
types and the 5 like. As the latent curing agent,

di cyandi am de, nelam ne, organic acid di hydrazi de,

am noi mi de, kelamne, tertiary amne salts, imdazole
salts, trifluoroboro am ne saltsz20a-m crocapsul e type
curing agent, nolecular sieve type curing agent and

SO on. Tharhﬁththeel&f otherckl s @P%¥S§J§1§| Qn@@]@atlng,

epoXy I eSigy CAH y_an_a
fesin. The \1I:\IOI‘ ?H!»%La%tlulf:mldesa.a %uc%haesf eann%c%/llc resin

causing af &% FF%lJrce?F““hmt Bhd CREWHINCAI PRFSEBRC coTine
surface offeathiennexanuié holteparay mesi ieantkde pBiXyheresi n
curi g agehérmdbBadtie: aemeaikcCcuesh #sed £0f pbhistd, but a
nodi fi cat i-0p; /MY, i0ek ug(?%eswgnefs I 59"%4 ngs %r the

conbi nati on of h t hose nerize rrerl zed:
met hacryl i c adid, reflﬁe?%ﬁg?yl?ﬁefeﬁ*ﬁﬁd“’e% Oé‘r soLi@ny| ¢
aci d, an aempdriectuas drestresn tsmpeesaire 86 BybccACEd B iQering

and the | bkeskifhetcat '&re@gr&ﬁ@()éegﬁﬁl Brd @160 L AL 8N sorten
ep0§¥ resin Curlngﬁagent in the mxture Cﬁan es
ly

gre depERd PR EnSTHESE e ToPL ity ébd&?yl?%%ltﬁalan‘%ﬂ) c,

) t he curl ﬁ(@j‘caglsfm"c, lout mersuaké ferQp0P 120°2 bpardct RyrdMassn

with r es?@o‘; ts%f%erpl%rt “Qy ana§>§te%ft cteper gg;f Xg%/ﬁé Alty!" means

sui tabl e. m xture main
acryl - nod?f"léao%“ﬁ@x@f PHoPkd] r"f éPmIdE?cﬁwoéolrﬂsél nbhghe
| at ent curdahgnagrelty WHsht® dveedcoatiedoronht hairsueé acea

of the staalishegk é&t@gyeml%eto%tlp@%%dms&ca& less, the

- inconpl et g ur ed ate, tat e nmeans
free from st)él @f(lrr?gt%er rﬁiso%lﬁsn@ é??&mgﬂalsltlﬁaﬁﬂdnﬁh%n

)

adhesi ve tfearprgs sebransinge shednopfitgricd tiy tisng2encdt3®Boo°c
st acki ng.mayswaldogsitie i nconpletely cured state can be

made by dryin (O ye erature for
10 . to 90 sec ﬂlﬁhe.@ ]ag Ee méglg)acl“l e lg%tswlgng&m E:lﬁat trab]_e

upoznO heati Ry, so(%%%?ﬁ o%g?lecaSSI ?ﬁrﬁ‘lﬂ FHRP b8 &Ustéﬂpe’?i‘ture
si | oxane hpehsirdhan sthey 9BBspbFyAdt it tienpeSitue Sio as to
i nor gani cobondsheanpihsing bl drgi fraakebetranid Jratkide the

C, can direegt |1r¥1yckh.355'o%%.gl¥ b@s’%c:_ﬂfw Of 9301 G, AU QYPS resin

or H such as Wwith Si-
ured at a temperature as low as 200°C or less for a short

25 time of zbout tens of seconds or less, the heating
sometimes causes a glass transition although cross-
linking reaction which forms a three-dimensional skeleton
also occurs. When such resin is heated to a higher
temperature, the cross-linking reaction again prevails

30 and the resin is cured.

The acryl-modified epoxy resin emulsion cbntaining a
latent curing agent used as the resin in the present
invention is an emulsion obtained by mixing a latent
curing agent with an epoxy resin reacted with an acrylic

35 - resin to cover the mixture of the epoxy resin and latent

curing agent. The "epoxy resin" referred to here




22 Si-H so it is possible to obtain a siloxane

pol ymer with organic groups or H at the skeleton. A
structure where one of the four Si bond arnms fornms an

Si -R (R shows an organic group or H here) bond and the

5 other three formSi-O bonds is called a "T nucl eus”.

A structure in the T nucleus where there are three

bonds wth Si through O, i.e. RS (-OSi)3, is called

a "T3 nucleus". The type of Si —nd&leus can be

eval uated by NVR. In addition to the T nucleus, there
are a D nupfisxmgeand rasid r@vmmgclt@mmaaoweaps&ymnbluﬁsls:e:s*che

th cht for %%Mﬁxﬁﬁr?ud@% Wxer §011f/aw9@ L&%@ys b|:L§pl'%nol A,
structure,_in [ ou
formsSi-R biighﬁgof %D%éﬁﬁgﬁmiigi hgga?eq% B e%fl n?ﬁflac,
t he remai ATFFSPhOFEL AT SI%LIEF dgst%éz Glivyel #ugypss gnd the
st r uét ur elike.Whk cthef datteraf ctivenef ey, SitidyandiantBear ns
Lor(rjn Si - Qn@ﬁslﬂ'gge, %@Qn:%@%cgi cﬁtthQEraTz?idQu%lm@ho:[nﬁg%at FQEMlne
ond in rdance_w a certain ru er i
nol ecul e ?%&%Fo¥ red Suth " l&\?\/lzwglll % rfﬁ’é uor?lifoﬁ\?r
conpr i sed®®f€astHdde? Wﬁ%@cw%ems@ezeﬂr&@@oﬁwt molecular
ent angl edsiavel aygecusirgpedemnlaed awncidiensixipen of the
coatong asshveakpdlg t&si@ ¥8d daal hesuhfagengtalatrfiee

from st |r§c§gl@§%§ b?ri‘kg(?%ggwcg rel’ e entangl ed nol ecul ar

chai ns unrave ‘0 exhibit fluidity.

If ina rang&® %)Y’I‘?Ffal"t"}oﬂgfﬁ% H?ﬁf,rei’l nFeab@f M5AnE Fagring
nucl ei t eR23cuhiichrasirhyb by chpsicaléytondedty t8F nudkes of
t o whi ch BROKYxtudeOoMPSpake ﬂé@lﬁi%dnayox'ﬁ $8sihe curing agent.
coni A nedrheTQ&ﬁI L:omq% egéoms; t,!;bedﬁ&ﬁ&%% may include

|nvent|o ne SIS Int resenc

b
of ' hyarBEnERRR TR o Lo PP fy SFiPhg oHeo%s, PEDFESed or
or ganot r |%PRMWPF%emSBhQﬂrYéF@mﬁr i Rethasvl dneacad a
starti ng asater isakylis athe, =0r ganatitiadilkoxytsid, agesrene,

triet hOXWSihB(@%etEEé @ﬁhhﬁ%{é’%&]{@n@‘he f@tlby(!)f e oxy resin to
trigget hoxysi|.ane E

| tri.ethoxysi
tr |ﬁt hoxysrT angbxye res n curl fyé?l an@gé gré é
trimet howg?fﬂafnéepem%ﬁw Ort FP%tW@ﬁy@ﬁ ItAReSPIY oRRR amb the
tri met hoxysinmpesnt,sbbutuduat iy ét. AdXYs 2] pnes phemigls with
trimet hoxgspdaaneo phepy oyt hhet RBXYE 3P8y resin is suitable.

The mixture mainly comprised of the acryl-modified epoxy

fe changes

25 resin emulsion containing a latent curing agent has to be
coated on the surface of the steel sheet in advance, and
baked to an incompletely cured state. This state means a
state free from sticking or blocking and still having an
adhesive when pressed and heated after cutting and
30 stacking. Usually, the incompletely cured state can be
made by drying at a 100 to 300°C oven temperature for 10
to 90 seconds.
Further, as the resin which softens upon heating, a
siloxane polymer may be used. A siloxane polymer is a
'35 polymer having Si-O—Si'inorganic bonds comprising the
main skeleton. Si, like C, can directly chemically bond
with organic groups or H such as with $i-CHz, Si-CgHs;, and




met hacryl oxypropyl trinethoxysil ane,

nmet hacryl oxypropyl 23 triethoxysil ane,

gl yci doxypropyl trinmethoxysilane, glycidoxypropyl
triethoxysil ane, am nopropyl trinmethoxysilane,

am nopropyl triethoxysilane, etc. may be nentioned.

As an organotrichlorosilane, nethyl 5 trichlorosilane,
ethyl trichlorosilane, phenyl trichlorosilane, etc.

may be nentioned. One or both of- aa -
organotri al koxysi |l ane and organotrichl orosilane may

be di sper sedH] rscant arsgansCiblsoto/ehtaiand $ilemane polymer with

hydr ol yzeq)r a“r%ct B?ow.ﬂ%l ¥ent 'atrrﬁ;ehéﬂgietogno et hanol ,

pr opanol , bt an or .ot her var i Qus, .t
al cohol s, ace?bﬁéh“f ortete *xYi%ens, é%/gour 3 BELERY Forms

The mass3pati® 6k Hees oryarrerisobvam oF & thﬁée bond and the
or ganoal kexysit ltanee aori el -Di bendef ihydndéysi STimicleus", A

pr e]]: er ablj)égéu@cu@etﬂx :Lhtg T :laﬁcill{% WQJeOltM&eS aké three bonds
per forme n "

part of rmﬁgli‘ i;]?'goutmg ?ehe nurarpanl?g%)% I é% < ]lle F3
the al koxyu@%fetb‘& The triee ofabt inNgleurarer gl ?V?llélaitﬁ‘é by NMR.
cat al yst foraddieidrydootiesTspucleydr otlkkerdme ach chucdeus and a

added. \WignnisieRy AN cRO Qr gmgégmh@ﬁwdrﬁn@lmawe

starting erl aI ddi t.i on ter. causes
hich t f th
hydr ochl oir'Dmf O"SE U R 3 Cleusdlucedm@mcmr% /pr oduct w%c? the

'the hydrof 91 $ord aﬁé‘Pf%fr SedieT Fha dFe%l“éWEean GFagnic group
hydr ochl opt gl)abbutiscahal thet rewgning ttioufordoBig bonds. A Q
anyt hi ng speachal 1 Andshydraedlor ik ackguimay o0l oeed shevond

25 agdded. , The -hydrQl gzbgjq.dgol usually is concentrated

or otherw se EFOCGSSG ronote .the

pol ycondensat I"'6f &att iSofRt ar]}?an%Jsedl FePsatethe PSP gane
pol ymer . #egofrdemiengith e cevirdanteksri antddder elddigppelecule is
using a rodmey ewapas attokn 3th iFtci 2.preferred to renove

the organic sgl y&%ePVcomB}‘PgéadHﬁta abgehoh i gL Gror886hd O

obtain a concentr about .15 to
t he“hass BTFhR & gf‘ﬁ?fe t ﬁf%o% ERe c%n AR Qams wpon

t he vi ewfsiattndfangxpilesgi bh Gfe 3SPELMMTGHY Sr"ré‘é‘flfr’Fﬁ.e from
As a net had ceitrers thanodbiepnCeatanabngied KEHogiar chains

anot her qlrh‘@lrél @%yl@@Ca&d%GI@% exhibit fluidity. If in a
range exhibiting fluidity, in addition to Si nuclei to
25 which methyl groups are bonded, Si nuclei to which epoxy
groups are bonded may also be contained.

The siloxane polymer of the present invention is
obtained by hydrolysis in the presence of a hydrochloric
acid catalyst using one or both of organotrialkoxysilane

30 or organctrichlorosilane as a starting material. As the
organotrialkoxysilane, triethoxysilane, trimethoxysilane,
methyl trimethoxysilane, methyl triethoxysilane, ethyl
trimethoxysilane, ethyl triethoxysilane, propyl

- trimethoxysilane, propyl triethoxysilane, isobutyl

35 trimethoxysilane, isobutyl triethoxysilane, phenyl

' trlmethoxySLlane, phenyl triethoxysilane,
methacryloxypropyl trimethoxysilane, methacryloxypropyl



refl uxing perfornmed under a nitrogen atnosphere etc.
to pronote the pol ycondensation reaction to obtain
the 24 siloxane polyner. The obtai ned sil oxane
polymer is diluted by an organic solvent or water
about 1.5 to 10 fold to obtain a coating solution.
Normal |y, by baking at 100C to 200C for 15 to 120
seconds, an adhesive 5 condition under pressure and
heating is obtained. Note that the3resin or |ow

mel ting point inorganie conposition in the present
i nvent i on +$08@oxESLand e RERAE MGy iine - ieahbRgs iabgk,

anneal 1 ng %PJE%%@QSfogsyﬁrtﬁ IEE(SXYf%?QI’ge | LLON, rg&ﬁs not

show any ar an
remai ns i ﬁrfrPF’ethQF%‘ilelaB'F GEFPIRACBEL | tr"r'11‘3]:11(1_“”‘376&J]éﬁr}emge"d:f may

t he preseht namiéppedonAs |dn pheeneatdhigrasd ananmedhyhg
causes therdevekepieat, afihthe AdheidRgladfdnphden, the

appear a”C‘ErQ&%rQ&lfgéovétge @yb%rn%?,lc?&éd“ the

present invention resent i nvention

can be applied"tc”aR§t" &fett rqréaqlo?ﬂééﬁ‘o’g’ﬁé%?nesﬁﬁﬁ as
gr ai n- or i entaedteiddorpgidlane gtagebe sliepersaionan gm epdagdc
el ectri cabosicnel arsheptn h@ﬁﬁolyzﬂﬂﬂlﬁsaehé,lrﬁde Ohéinabl,

rol hyng a%ﬁ@ﬂe%foggn&r 0f o1l %a %S%aQIony Qﬁjest be

effects are t “exhi bit'ed

a
ARt S M TS FEPornRg e e
Jcores formamst sptiq aftHe gsgapicprodess of thanuf act uring
gr ai n- or i @yaedallelxgei rdreabt sheetirgheethyerolisoLs ent ed
el ectri cqgrgfgggl sheef othe steel sheets are finish
anneal ed,” thep, a coat.in d on.the steel
shegg I'n theg%agggﬁ?MMl?ég% rlé%i goeﬁggf?q feﬁfge?n
sheet, a PIry8pheft @ based rPxdarf MylrAcTAdPNE §PF|TE%§“°P§ of
for ned, wirilee oh afiheoft abe afkoxnaroops emt ebe alteetirigcal
st eel ShQﬁterﬁaPhﬁAQ@{eecg&ﬂ.tylsﬂgfoﬂ sné Qfyaed1ydig, t he
case of A Q{lgntquel§%kré a%héﬁ%%hn Or§heet
there are MetROAS Fof i n m nmal n rised of
a ot st erqrtgﬁﬁo%’ilic?‘&%’f"éleﬁﬁﬁ Ag ’i}}?e SFFW%‘H ’5 é’éﬂh@ddhtmn
net hod ofoinsetedt lcowserg hivdpchoerimt pohd tor b@ nretherfl as a
renovi ng dybeodumtnesh frheSkelrbl ¥4 sf ik mdafophaklihNgheOpresence

ot her %n§ hyScif §SENcilan¥anhion &R He el dady

regar dl ess
9 ythlng special and hydrochloric acid may not need be

25 added.

The hydrolyzed sol usually is concentrated or
otherwise processed to promote the polycondensation
reaction and results in the siloxane polymer. Performing
the concentration for example using a rotary evaporator

30 it is preferred to remove the organic solvent or
byproduct alcohol éetc. and to obtain a concentrate of a
mass of about 15 to-60% of the mass of the solution
before concentration from the viewpoint of expression of
softening by heating. As a method other than

35 concentration, KOH or another alkali may be added and

_'refluxing performed under a nitrogen atmosphefe etc. to

_promote the polycondensation reaction to obtain the



35 the presence of surface film The electrical stee
sheet with a heat resistant adhesive insulative
coating of the present invention is 25 obtained by
coating electrical steel sheet wth a coating
solution including the heat resistant adhesive

insul ative coating conposition using a roll coater
bar coater, flow coater, dip coater, spraying, or
anot her nmethod. The 5 anount of -ceat+ng is preferably
1 g/n2 to 30 g/n2, nore preferably 2 g/n2 to 10 g/ nR.
The heat rs@%ﬁr@nbomre@su\h% bﬁhsalihaalé&qosz@@et |pBgymer 15
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| ayers. It na e conprised rx
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i nor gani CC@WG§F?Q dn tise dregrerts euvdnian I®mgoimes, depending
stripe, obnnay heatiOEPEiSefnaling itiREgateCotmitheX Of

si | oxane Q&M%lsﬂg dbBs wéaltcé}.o@qnaw gt@i'tfnd ngrael%@@tlﬂ s

di sggrsed in _a dot or point The ¢ ng b
t hi ckness™ 5B er SBFyreﬁlaﬁnspﬁf’tB ‘?ﬁtﬁﬁ? OﬁeP ilgees ip the
_the coat i $REFRPCRNESS presprisdnvhapian- Siprihe IGting and
‘entire susfmeeinf diheestreeldsbkeetmamyonahebsihering

suf fici entilnecgovered £&§HHr!c%gdb@s s Ub fve bty problem in

adhesi ve strensqethc obt altned while if greater than

pm _the occrﬁ3 ancy rate n may” sharply drop during

pressi ng and AhEMUPRGErFBFE R sitER$o AN cRpaePRbied to any
t hi cknesseJ@fctm@lpﬁte@S shee2Bupmdss gbeirt-erierfled electrical
coating canrROSitdeRN Adn-bbrREaSENctk WANELE kBeet, etc.

coated on tgn%aéwrfeac %frdmﬁ @Lff:y'g a8h88l:n %%EESS

then bake cure I ocki n
occur s. aﬁ‘gﬁsﬁgogttl@ﬁ’ t&“eZBEJ_@CtSna%Ei @‘8?‘?@&‘5? bitedeyhen
shett wi taf?péle%GOhém oréeitedantecidhosl wacphstkbet jugsed for
coati ng capnbeicokbatneadr nkdtibs. sStep may be perforned
right before quQhep@gdé§ ﬁgocggg d?aﬂgﬁ%féEtﬁfHﬁa M fin-oriented
g?ggﬂ:g 2 t gtll %igeel slga&gaﬂxéé‘ion o:glenteg ecl trlca? steel
) sheet the steel sheets are finish annealed, then a
’ 25 coating is applied on the steel sheet. In the case of
grain-oriented electrical steel sheet, a phosphate based
coating including silica is formed, while in the case of
non-oriented electrical steel sheet, a chromate coating
is formed. In the case of grain-oriented electrical steel
30 sheet, there are methods forming a film mainly comprised
of a forsteritic silicate during the finish annealing, a
method of not allowing its formation, or a method
removing the formed forsteritic film by pickling or other
means. The present invention can be applied regardless of
35 the presence of surface film. '
The electrical steel sheet with a heat resistant

adhesive insulative coating of the present invention is




at the time of manufacturing of the steel sheet to
obtain 35 a so-called "pre-coated"” electrical stee
sheet is particularly preferable in the sense of
stream ining the 26 process of production of magnetic
cores. Wien stacking the pieces of steel sheet
punched out fromthis steel sheet into the required
shapes so as to forma connected |am nations, the
resin softens by heating to a S-tewperature higher
than the baking tenperature. When el ectrical stee

sheet havipgaid@ spabhhthPbiedhechl esent JHR¥ENRLitANa Mdating

O o 868500, LK 0 %o Ol 80 dup LI e! E8L S i
t ach Ret at

softens and are ner
hot pr essFﬂ@t”’éioc‘Pfﬁ'@sbPé@egs’dfg £hEP O R & rhalcodtsdel T1ov
sheet cancbetedhéiredcapon epdying. or\Waesther eegdhodf The

el ectri cabmslRebr shR@indla¥i pigrehey1,£0ag A0 Of30t HA?, more

pr esent igyeeﬁatriagﬁ ‘}ng%{.ﬂ ¥o°ﬂ?}e I{Tnzrface are stacked in

the sane Orienta resl n sof t ened . spreads
evenly over tﬁ@emaﬁ%%lsﬁ?m’( RELRYigcednglasre coating
el ectri catomgtogsétighéetprsiteaily térrdéoed iafgalmppén ofd a low
the presgittingVedink OfhorgnidiRoihtegkSof alxbe Rgbetad but
upo coQ e e

?O IlnA)PgllsJ &%r g&% iRG %g%g%]ge%ggs&e%%% ﬁhé %wo components

pr ef er abl

pressi ng %ﬁ”fﬁ‘éf‘%‘f dfe Jr%c c%%tleCO“ﬁ’rél‘ﬁf} é’ggfﬁ' é:hﬁft‘fc’né‘re
' hot presstarferssprreteriabiy 2O DavermPaOt ¢t5erwWPg, comprised
preferablyr b MPeritx0f@bnelPay ahf otdi@iboingrpa8&si BY which the

pressure icﬁq hQPtl %\/\%mﬁﬁhﬁé nf@ycoﬂsosn%ﬂf {d Glﬁ%ﬂatrsed in a
i.n I rati.on o

resultin onpl ete |

Cort ) 1%t REEISRP oS g st Balriate 0% 68 HIGRIALY mateix
adhesi ve qfaﬁéigxmybcﬁ@@oﬁ@ f Ilal"duéhoﬁgt?r%mé?eébglfﬁﬂtlem is
25 The eldckeresal isteelotshreebinf folhe. present i nvention

can be_puncheg oy, tf gdeﬁuk%gsgg%pszﬁefe%ﬁfy%ds P &85%8! un

and heated to a| n magneti c core.
when thé’eéof‘édq sIﬁpfﬁiel ‘é‘éFt\FoF’ﬂhtlthc?‘é%%s A&l }efs 5’?*1?119& F’n‘ﬁ“
i f 20 equithedentite adifest it bet irenltdteestmok edt stecel

sheet S 3%11%?1(5@11@19'Jb%gredTQ@sﬁﬁdIBGVﬁ{ Yheufict Ber ShhesSre
relief annealing 1S u 650C to 850C, and nore
e 7000 Bt trgy e (L BTt TR oF Mg Ehe

present cagergricynrdsgsmay sharply drop during pressing and
heating. For this reason, a coating thickness of 0.5 um
25 to 20 um is better.

The coating composition of the present invention is
coated on the surface of the electrical steel sheet, then
baked to cure it so that no sticking or blocking occurs.
By baking at 50 to 200°C, an electrical steel sheet with a

30 heat resistant adhesive insulative coating can be
obtained. This step may be performed right before the
parts of the magnetic core are punched out or the parts
of the magnetic core are stacked, but coating in advance
at the time of manufacturiﬁg of the steel sheet to obtain

- 35 . a so-called "pre-coated" electrical éteel sheet is

particularly preferable in the sense of streamlining the



adhesi on even without stress relief annealing or other
35 annealing, so can be utilized for nagnetic cores
not subjected to stress relief annealing as well. The
coating 27 can be utilized as adhesive coating for
stress relief annealed use and non-stress relief

" anneal ed use. Further, when for stress relief anneal ed

use, at the tinme of fastening by pressing and

heating, fastening by 5 interl ockéthg or fixtures may

al so be conbi ned. Exanple 1 Aqueous suspensi ons each
cont ai ni ngr@fsras s Yroanca onnds nabasiis: 66rekQ0fhdOkddcking
sol i ds) reskmniceARrdSedOf snagr ¥I.J]l1(9hé’de§ll,1{]:f§'8 Xhis steel
resin: pheppl resin Tl 4{2:.3 %m%sso% S%O m xed wi th red
gl ass frifs having a°sbttenfhg BBrht>cof 45060 RgConnecte
vari ous pafRir@téors.zéke fesen prodparedy Mrtiresinggl ass
frit5sm xi ngnpeabicord higikah thal he ok iGagt Bdmpk AP drBe

glass frit waseadidst£dat 052R9%nfach V%.%at Ling coating of
sol ution on.a fini ﬁg anne ?e non- or i1 ent'ed

s __coat.ed
el ectrical SE&eT 15 SRSt Rt R h “PAT 196Te8E° G204 AT
wi t hout i PRuUPAEFSRS: Ebattehins §sf¥rRpsaardlare cvrawed wighasach
coating amient aoftie gimofper sidiesinfhescshpetpivass of the
ol!riOI ed at alam@rm %QQéle@heé@%aflClzg@taltdﬂ&ietdhbﬁ&p%g&ftﬁ%r.
si de was p rom.each sanple S eces of a
l ength in the%% Iplgﬁ%esdior e%lelggﬁldoafl i eeclmgbﬁtaﬁav%{lg the

"length i e di teths depEitpeptrtdraron ent heoner giifppg are

di rect i orstefck8d cim we¢ eapetomehtationt here, résim sotiened
test pi ecRSeNes &veney ke 4R BudRRes rbfaﬁzhirgﬁeégé)réf
T
ate

id ofo1lc d.an.0 ap; 4l e 30 resse o
2 2 e s TR AIR, Bl Poflivy THERGSE o
there for

/
665" LA NERGR s , SakBe CBEPEY %98 BF @shresd @en
pi eces f gicothrg -ugbe dfot PEOCIAgHegPyertsire efrgipheferably not

eyaLua:i %l-resﬁiml Qﬁ(g’gg%bshﬁ§thiggé§%§ fﬁ\Fél's%é acteﬁlgerature is
Wi t hou , ur,s and cool ed.to prepare
test pi e%@ggjfasg'r ngopéegaﬁ%esio\glethset S‘é%g;ﬁss%%llﬁa‘fl%gﬁgﬁ’ly
The® est Opit d8s Lo MBR e pArPERratdY el dFal tat2dMBD f§rthe hot

adhesi ve rsessingt heeassiragisatbensm| eadhester mayhiee
results ansushewsnt Red@lifgdin 28complabl €iftegration of the

magnetic core. If the hot pressing pressure is too high,
the adhesive layers may become fluid enough to seep out.
25 The electrical steel sheet of the present invention
can be punched out to desired shapes, stacked, pressed
and heated to obtain a laminated magnetic core. Even when
the core is applied with stress relief annealing if
required, the adhesion between the stacked steel sheets
30 is maintained. The temperature of the stress relief
annealing is usually 650°C to 850°C, and more often 700°C
to 800°C. _
Note that the coating of the present invention has
adhesion even without stress relief annealing or other
35 . annealing, so can be utilized for magnetic cores not

- subjected to _stress relief annealing as well. The coating




Condi - Resin/glass frit Adhesive strength: kg/cn® tion
average particle Remarks no. size: 250C 750C 1 2 40 7
Exanple 2 5 35 8 Exanple 3 10 40 6 Exanple 4 15 30
4 Exanple 5 20 20 5 Exanple Separated 6 25 5 before
Conp. Ex. neasurenent As shown in Table 4, the

sanpl es of condition nos. 1 through 5 with glass frits
havi ng average particle sizes of 2 pmto 20 pm showed
excel | ent adhesive strengths, the2? 5 250C adhesi ve
strength of 10 kg/cn2 or nore and the 750C adhesi ve
strength e&n kgt fii2eoradmatiresivhi dextihe Sanptwesef relief

condi ti onameal@dvv&stehagé aR3- Hﬂetsshlaé/ﬂleg ameay&r age.
particle size of

tren
such as 250CF§aHéesr| v‘éheﬂ ?%g%ﬁes rggfig/ & egl %%C at the
adhesi ve tOnsf efafttAnifsb bynpfdssteg @éde‘WItaa%ecfaS%”‘? by
i nvenAt i veiemaptlesigwt Eigkass hay td sofbeaaromiateiage
particle sizegQf,AQ pmor |ess are superior to the

conparative e | e where the average, partic
was 25 pm 15§‘E‘§<@r?ﬁl PP ngtiesUS S"gg‘b‘%ﬁé, nis0 Iengs?]ﬁ lon a

cont ai ni NBR0 basikss 9F (WP %atotrds §0bidsi stasfin1oourtsthiof

sol i ds) resiyliconpihsaebxgf resdor yhdnolresiin: epidxy:3 (mass$)
resip: ph ress L | &S 500
[ PR DSl 8 ) 3 (UGN, Bty s

Na20=10 nﬁgﬂsdféwsr@wﬁﬁlg\ TGEF 1 RtePaF 1 ﬁ&srre%é‘flass

* expansi onffitomi BOE tai300C apch4eplution Zoprip)ing the glass

(i nventi veriexaal-ejuand the@anEatspensihgrsdlution xes
with gl asc%at@it g”Pfﬂl%ﬁdaMeaﬁg&)%oﬁoomﬁ§e/& e@'eggn%%l steel

et T A G 2 SRS 8l

10-7 (C Woatfeonpated ivveobk &APFY) the? éoﬁF%P@auntl'ﬁé 6 g/m’
gl ass f“ﬂeruﬁﬁﬂa e @2cBt axampladad @mocaweBagled. The -
partl(ﬂ € SI%lng tthkJ%SS per side was 10 pm. From each sample,
test pieces of a length in the rolling direction of 10 cm
20 and a length in the direction perpendicular to the
rolling direction of 3 cm were cut out. Further, two such
test pieces were oveflaid to a length at the short sides
of 1 cm and an overlap area of 3 cm?, pressed at 10
kg/cm®, heated to 250°C in that state, held there for 60
25 seconds, and cooled to prepare test pieces for the use of
250°C adhesive strength evaluation. Some of such test
pieces were heated, without a load, to 750°C 2 hours and
cooled to prepare test pieces for 750°C adhesive strength
evaluation. The test pileces thus prepared were evaluated
- 30 for adhesive strengths using a tensile tester. The

results are shown in Table 4.
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The resin/glass frit mxing ratio in the solution 29
containing the glass frit was in each case adjusted to
100% Each coating solution was coated on a finish
anneal ed non-oriented electrical steel sheet having a
5 thickness of 0.5 mmw th a magnesi um chromat e
insulative coating, using a roll coater to a coating
amount of 8 g/n2 per side. The sheet was dried at
140C and cool ed. The coating thigkmess per side was 6
m From each sanple, ring shaped sanples with inside
di aneters 0&p0416 cm (4 10 inch) and outside

di anet er s k2 7RI ATdsH Tt W hBhes 196 CRedGth: kGV&GATY
| am nati opstwar e s&a@ksdmandkpressgg at] 10 % / cn? | angharxs
heated at|230C flor 4 fieergnto pleddre d adfiesi ve

coated mapgnefic jcore. TH s pagneétiddcarie was? Example

n 3 ndn.nroce ot atalat 33 fura. of Example
annealedf A—a—hgR-pressed-stat-erat-p-tenperature—oi—
750C 15 r—¢ hqurs—Fr{atty;thegpretoss gt~ 50 o ampie
and an nmgnetiq TTux density of 1zb Tesla was Example

U

eval uated. The Iresults are shown |n Tabléiﬁrm$ébl( 5 .
H H H omp . X.
Condi - Coefffcignt of core Remarks *tign Agﬂﬁggmbgif P

'18?53”2-7 EXPaRsT Lk WK Ehbie ‘hUXtHéJsaIRpIér%_éf conelélf _}sos. 1
cor e undeT  SHRGHALET GHLoRE. A1 i 1 0P SR ETFIT PoRAu g Lre°

coefficienf 20fm 49 A@am he@Medenp@ﬁﬁiﬁoh aﬂh84iwe<81CEﬁgths, the
(C13 hadza'?b"éoé%ﬁlegﬂee stL&r?QSthoéf 3100§%ch koD mo¥\41'a|n@ e 750°c

magneti c e.un ndrti frit

i g o COEFHTE SRR R of indd/est BEBantroR BF T3Ele of
x 10-7 (' @nditipndng- Hadithreass §isshafingi h 58T Q7
(WKkKg) . Igkrdchise WaYe dit 25 Sul eBénlbad hahethe bovaRfchVeuch

ex%'r ot 1o B R ARG Pt P67 Fhahg FB0F =iresire
yp of %&Pg’ﬁ’g tep| S(jttaqlén@ veer gvaluated.

The inventive examples with glass frits of an

average particle size of 20 pm or less are superior to

the comparative example where the average particle size

was 25 um.
15 Example 2
Agueous suspensions each containing 20 mass% {on a
mass basis of 100% total solids) resin comprised of
acrylic resin:epoxy resin:phenol resin = 11:3:4 (mass%}
mixed with glass frits comprised of B03=25 mass%, Si0;=65
20 mass%, Naz0=10 mass% and having a coefficient of linear
heat expansion from 30°C to 300°C of 40 x 1077 (°c™)
(inventive example) and the same suspension but mixed
with glass frit comprised of B,03;=50 mass%, Si0,=25 mass%,
K20=25 mass% and having & coefficient of linear heat
25 ° expansion from 30°C to 300°C of 170 x 1077 (°c™)
_ {comparative example) were prepared. The glass frit used
in each example had an average particle.size of 10 pm.

~ The resin/glass frit mixing ratio in the solution



30 prepared. Coating Solution A 30 Into 100 nass

parts of water, 40 mass parts of an acryl-nodified
epoxy resin emul sion containing 20 mass% of a | atent
curing agent and 5 mass parts of nethylethyl ket one

were m xed. The resin obtained by 5 coating and baki ng
this coating solution had a glass transition
tenperature of 104C and softened at 120C or nore.
Coating Solution B Into 100 nmass frarts of water, 40

mass parts of an 10 acrylic resin enul sion, 40 mass
parts of aphtepexyy KBS Mas@NEiSi PR iANdah BRSS PALiSdOfc
an am ne-based epoxy curing agent were mxed. The

resin obtained by coating and baking this coatin

sol ution soft@ﬁ%% CRETABDEOLITINBrEs ceRERG AR BdFBEFon C
15 I nto a2nnerédd solnnbriomtefl clg8tygicef smeteflykheet having a
trieb hoxyaﬁﬂoanesﬁr@]g_ &gﬁ @ Pftneh haeks nas cﬂfﬁmed%@éug;;ive
aqueous s ..on _Qf. 0 r.an o) 2
ot ocnl ofiaibg 2ind% Sodt Roakl €k SNLLLA Mole 3 a/m
sol uti on PStasitdndent sheectdvars datrda sk oty adaporiatorThe

at 58C unddarir® thhexsesveot siQe RAROEIMaS &Y 3ROk AGie,
The mass af, t%r? egoga%%ﬂtegavg &85, ;30%0f the mass, qf .,
the sol ution before - concentration, dhereters, “average™
nol Etul ar*{58l gl Srtiifesdiasheshefate Was 10600h) IFRRe
- this concemrrrece Exénth Ledinadiawabete tsyackdd wag pressed at

© appar ent 1t0hﬁ§/<ﬂ?t£¥i nbii &t DOXkkd e 23088 to prepare a
pol yneri z inali

a§g651ve L nqﬁr gg%éner. Thi,s concentrat e

sol i di fi €9 Gpory RRATEY PREIFERICAE " 70T 5t BPI 65 i FRitews
but sof taonealedr dm ne@n-A:B86E:d |sthbe 130 aneswpepatie of 750°C
t _hilSSd coreent l‘n@tées. Zﬁl@aﬂhﬁ,s tﬂ@rdoﬁe Ofos%_t Q’@QQ)'HZV‘@&I an

m xed. i r ne..in
an amuﬁ?‘gg?%%%&aﬁgﬂsigﬁﬁ gél\ig% %(ééstltfaahg% h@g)éﬁﬁ%heﬁe
were di sPEFSEE PR 276¥38 Y 675 Set hoxyet hanol . By

usi ng acetic Tagtd ¥In an anmount of 4.8 g as a catal yst
and addi ng 3¢ @naat ¢r teriihidt 0EysS[s, @oreLOatl | Nkkmarks
sol ution was|prepared. THEY &t oxane dexHer i d

expansion W/
°c™)
1 40 x 19077 3.05 ~__Ex.
2 170 x 1077 3.27 Conp. .

Ex.
As shown in Table 5, the magnetic core under

20 condition no. 1 with glass frit having a coefficient of
linear heat expansion of 40 x l.()"7 (°c™') had a good core
loss of 3.05 (W/kg), while the magnetic core under
condition no. 2 with glass frit having a coefficient of

. linear heat expansion of 170 x 1077 (°C!) had a bad core

25 loss as high as 3.27 (W/kg). In this way, it is learned
that the inventive example of the present invention is
superior to the comparative example.

Example 3
The following four types of coatihg solutions wére
30 prepared. |
' Coating Solution A




35 not soften upon heating. In Table 6, the
tenperatures given in parentheses 31 after the glass
conmpositions in nmddle rows of the coating solutions
are the glass softening tenperatures. The gl asses
listed in Table 6 all were powders having average
particle sizes of 2 pm The exanples and 5 conparative
exanples were 0.5 mmthick non-oriented electrical
steel sheets coated on both surfafes with the
respective coating solutions by roll coaters and baked
in an oven sért@atlO¥0@skoparts of nates,. 4Pheasco@biteyof an
a{rpuE_t S a\/ﬁﬁ;%—ﬂﬁg/fﬁr&d elpexﬁ%ﬁiﬁaﬁfﬁﬂ.sig}ﬁ][c?n%%igg 20 mass$
sti cki nes : | ur face after i ng.
Two test Osfl gc%ags g’% é\n&dlglﬁgé%e?’gsg%{msarﬁadsﬁ gﬁaﬁg?pf 10
cm wer e JSEHYIPARLEetanet vera Bhied Bbedonér ebseerddhpped
to Jive wntineandfbakiegcdritactatpagtsolotith tad, a tdiess
the pie e..h d f h ressing,
the 15 part e B T heRarne of hor { Raa  he Bongand or
more. .
parts were “shaved off. The two test pieces were
bonded by hotCoasiegFodgtian 200C for 1 minute and 10
MPa. Stress riitibefoo anneglirng cmasapel,f @0 edsi parts of an

ni tipogen a@t:y]?i%ogegﬁf eﬁufEQ%;q-z]o ;Ir-lggs %qlilg%:o\éfeaaéé gggt%in

" before anrqm?sfito%r sty ﬁslgasrselgeg 28 anneal I 1 b _
eval uat ed Using’ tHe shear Pehdi Pe 2 EPengtRsed epoxy curing

" hori zont 4F°Rfi MEEE iTHFeSt (TBRgEEiaf chtvd nhd itfe doatsimaf anes .
Conpar at byeirdgx@APd @cdtirfy gbaaS oW $drtans@fdeNid®d or more.

tenperature higher, than;phe.stress relief annealing
25 _tenperature OW, né;ﬁl no_adhesi on after_ anneal i ng.

sh ,

Conpar ati ve BRERp &13°F $o41 PR tuidPed ttfe BB N does
not sof terrtdaayiigaheatidn§3s isowf refhavohdiesiorppby 4ot
pressi ngaqgusainp as @ity én BfafpbegSos:@dattaj: NdN0. dOW of 35%
mel ting nhpfiodh1&HiaSsc{LEYE Liyago] JL 110 ' &lo1ut
stress relief 30l ancﬁeal i,ng.ﬁB% {ngabﬁng?%%l#g%% Solution
Adhesi ve"@% GREFHY *8F oS tr &g th Teivy) evaporator at 58°C until

20

the solvent no longer was evaporated. The mass of the

concentrate was 30% of the mass of the solution before

concentration. The mass average molecular weight of this

concentrate was 10000, Since this concentrate exhibited

drawability, it was apparent that methyl triethoxysilane
25 . was polymerized in a linear polymer. This concentrate

solidified upon heat treatment at 70°C for 15 minutes, but

 softened from near 180°C. Into 100 mass parts of this
concentrate, 200 mass parts of ethanol was mixed.
o Coating Soluticen D
30 Methyl triethoxysilane in an amount of 178 g and 152
g of tetramethoxysilane were dispersed in 270.3 g of 2-
ethoxyethanol. By using acetic acid in an amount of 4.8 g
as a catalyst and adding 36 ¢ water for hydrolysis, a
coating solution was prepared. This siloxane polymer did
35 not soften upon heating.
' In Table 6, the temperatures given in parentheses




non Coati

ng solution oriented Before After electrica

anneal - anneal - steel ing ing sheet" Coating solution
A 100 nass parts Ex. 1 Si02-B203-Na20-based gl ass 25

mass yes

2.0 2.3 powder (540C) parts Water 150 nass

parts Coating solution A 100 mass parts Ex. 2 P205

Nat o- K20-

2.5 1.7

F-based 25 nass gl ass powder (360C) parts yes
Wat er 150 mass parts Coating solution B 100

mass parts Ex. 3 B203-ZnO Bi 2033based gl ass 25 nass
Yes 1.9 1.1 powder (560C) parts Water 200 mass parts
Coati ng salfuéi ameCylHR BRGEDsiPAIsSin Biddfe SIoR2 of the

B203- NaZO-CQQ&Q{JJ 9!3 ol?]Q J@S§hé\%l§s s%tfge%éagt Eemé&aratur)es

parts
solutlon

hoxyet h 1,00
h d@'\{"‘ﬁtﬁ%g 0165?? gn %PlESﬁc}z@ yeke potigrys having

(1690C) 25vesms Mestizli i 8spal Lsurelillen@BsspldMaan
parts Coabhftas Qbditdx0Rp 1s100-dBSS mm thick non-oriented

10

15

20

25

30

electrical steel sheets coated on both surfaces with the

respective coating solutions by roll coaters and baked in

an oven set at 70°C for 15 minutes. The coating amounts
were 7 g/m?. In each case, there was no stickiness of the
coating surface after baking.

Two test pieces of widths of 3 cm and lengths of 10
cm were used. Parts of the test pieces were overlapped to
give an area of the contact parts of 6 cm®, then the
pieces were hot pressed. Before the hot pressing, the
parts of the coating other than at the bonded parts were
shaved off. The two test pieces were bonded by hot
pressing at 200°C for 1 minute and 10 MPa. Stress relief

annealing was performed in nitrogen at 750°C for 2 hours.
The adhesive strengths before and after stress relief
annealing were evaluated using the shear tensile
strength, horizontal direction strength of the bonded
surfaces.

Comparative Example 1 is glass with & softening
temperature higher than the stress relief annealing
temperature showing no adhesicn after annealing.
Comparative Example 2 is a type where the resin does not
soften due to heating showing no adhesion by hot
pressing. Comparative Example 3 contains no low melting
point glass resulting in no adhesion after stress relief

annealing.
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e

parts Not

Yes 0.0 nea-
abl e

is mass Yes 4.0 0.0
solution mainly conprised of magnesium _

mass-

Conp. Si 02- B203- Na20- based gl ass 25 nass
150

Ex. 2 powder

parts
" M xed

(540C) parts sur Water
Conmp. Ex. 3 Coating solution B lpa
I nor gani c-organi c
chromat e and

acrylic resin coated and baked to forminsul ati ng

coating o

Sol ution A 33

n surface.

5 Exanple 4 The follow ng four
types of coating solutions were- prepared. Coating
Into 100 parts by mass of water,

40

mass part sTaflean acryl-nndlfled epoxy resin enuIS|on
cont ai ni ng—26-pESssY% of—atatent—eurtrgagentaReo——
mass part$ of | nethyl et hyl ket one were nixe g‘£t%thg§mmM%,
obt ai ned by 5 |coating and baking this coaterrg $ol uti
had a gl ags tlransitiGA“Perperature of 1@%@:3‘?]{1 pefore aiﬁ;g;_.
softened at 120C or nore. Coating Sol Y1 Q@. B VELET |Hing
an anount 00 mass parts, an acrylid sifdt¥egin
emul sion |n 4Ccmmﬁ@=£aki&1Aan egaR mF@sin emul sion |n
40 mass pprts,(F@ngos curi ngl agent
. ass .
in 4 nass Eﬁaﬁtﬁowmragm,xed he F%Sh_@ gbt &¢hed| by-0 2.3
coating Jand Rkaking this coafl ngisohissijon softgened ar
150C or jwore4~15 Coating-Solutilomatslnto a niked
sol uti on jof . 1{®zgingfsorvetdnyd trlégh§X§ il ane apd 138 ¢
of ethangl,, gle:aquestks-Sestd i on| Loy ijsed of B5,3 ¢
of water |and luiet wpwef 350%) hydioehdterilc &% d wad® | *7
dropped flor hydeql ysis. The 20 hy¥rwisyzed sol ution S
concent r gted—using—a t+otary vﬁgﬁfiig at—58E -t
sol vent Was nfbﬁﬁﬁﬁéﬁuﬁvaﬁbrate parthe| mass of| the
concentr dkg Wk J00PeP:-bdved nbss | @F rhiwe Yes 1.9 1.1
powder (560°C) : parts : :
Water 200 mass
parts
Coating solution C 100 mass
parts
510;~B;0;-Na2,0~based glass| 30 mass
Ex. 4 #owder (540°C) parts Ne 2.3 2.0
2-ethoxvethanol 100 mass
parts
Coating solution A 100 mass
parts
Comnp.
e 1 [5102g1ass powder (1690°C) zga’r“if Yes 2.1 0.0
Water 150 mass
parts
Coating scluticn D 100 mass
; parts Not
Comp. {S10;-B,03-Naz0-based glass{ 25 mass v nea-
Ex. 2 jpowder (540°C) parts A 0.0 sur-
Water 150 mass able
parts
Comp. ; : 100 mass
Ex. 3 Coating sclution B parts Yes 4.0 0.0

U Mixed inorganic~organic solution mainly comprised of magnesium
chromate and acrylic resin coated and baked to form insulating

coating on surface.

Example 4

The following four types of coating solutions were

prepared.

COafing Solution A

¥




sol ution before concentration. This concentrate had a
mass aver age nol ecul ar mass of 10000. This concentrate
25 exhibited drawability, so it was apparent that

methyl triethoxysilane was pol ynerized in the form of

a linear polymer. This concentrate solidified upon

heat treatnent at 70C for 15 m nutes, but softened
fromnear 180C. Into 100 nass parts of this
concentrate, 200 mass parts of 303&thanol was m xed.

In the exanples, the coating solutions Ato C were

di luted by watlertp tdvepastded mdstsho® aaket,s d0ypess @hrts of an
wat er glQéﬁyfiﬁogifﬂgar@péﬂ}erggﬁgb&ﬂhéﬁgthénQQ§nlﬂEh§0 massd
exanpl es an gn{garc%rﬁ/eaexat g g k
non-ori enfed 35 &N e SPFHERPIEY &P s%&?f% K6at et on both
surfaces WeHNWiehbylkegsprorreaiizedt iThg sviint Porsinadinyg
rol | Scoat esstiagdaihkedi3d this caatmgeloﬁﬁiloathaloa fotss

15 minut es. . The; 60ALLNO AIRUNS 10 ST 6,419 B/IR LD 1688

case, there was no st i'ness o coating surface
after bakf™g- Two test pieces of widths of 3 cmand
| engt hs of 10Co&tiom ferwiosedl. Parts of the test

pi eces were owgtdAppesh LAocudH Ve Bb ALeA pakts hencont,act
par §.§ of pesﬁﬂgemlﬂl@qgn lhle40 prﬁa%%eg .Ly’@r e?rh%ﬁoﬁg %‘%é%q emuls:Lon

Before the %esesm ng, e coati
) ot her that! 4° T %?ﬁzﬁéda’f}%rat“saW\?é‘reéba%el‘?a\?BﬂxyoFf‘rmﬁ}égent
two test i dcessswrethordediippdhdhelPeginesistiaigedtby2000 ing

for 1 m nifenapthgl @nlMPoaStde881dt8bhefortaROL Q] Dehowas:
performed in nitrogen at 750C for 2 hours. The

adhesi ve Stt engths before and after stress relief

anneal i ng vver%"aé?\}éﬁu%&lé‘al%lcng the shear tensile
strength, i.elIntche higredzemtwdlioniafet?$ anostneghgl h of

the 15 mrieeldomaiaceeand&@e-gT@dobethoiuréza@%uMsengﬁ;ion

strengt h ohBREd0o0 3o ¥PR)o Qe o CORL 119, SOl bop
oriented Be or.e ter ectr|051
drochloric acid was dropped for hydroly51s The

20 hydrolyzed solution was concentrated using a rotary
evaporator at 58°C until solvent was no longer evaporated.
The mass of the concentrate was 30% of the mass of the
solution before concentration. This concentrate had a
mass average molecular mass of 100060. This concentrate

25 exhibited drawability, so it was apparent that methyl
triethoxysilane was polymerized in the form of a linear
polymer. This concentrate solidified upon heat treatment
at 70°C for 15 minutes, but softened from near 180°C. Into
100 mass parts of this concentrate, 200 mass parts of

30 ethanol was mixed.

| In the examples, the coating solutions A to C were
diluted by water, then added with various types of water
glass to prepare the coating solutions. The examples and
comparative examples were 0.5 mm thick non-oriented

35 - electrical steel sheets coated on both surfaces with the
respective cdating sclutions using roll coaters and baked




steel ing ing sheet) Coating solution A 100 nass

parts Ex. 1 Sodiumsilicate no. 1 50 mass yes 2.4 1.0

(Si 2/ Na20=2.I[nolar ratio)) parts Water 150 nmass

parts Coating solution A 100 mass parts Ex. 2 Sodi um
silicate no. 1 100 mass yes 1.1 2.1 (Si 2/ Na20=2.1

[nrolar ratio]) parts Water - 150 mass parts Coati ng
solution B 100 mass parts Ex. 3 Sodiumsilicate bi,

3 40 mass Yes 2.1 1.1 (Si 2/ Naz6=31 2{ nol ar ratio])

parts Water 200 mass parts Coating solution C 100

mass  par is arE%vén Sedi kM rd !f@@tﬁ) R9nude s OTHRSS 2 NA g 2amdbunt s
2.0 (Sl Ozﬁﬁ%ngpziég@h?reaéﬁtda%,) %%Hé Swas n? usttiCki%siO%f the

2- et hoxyet nass_ parts ating so ion

nmass par LR SEiBGE A SPI M Y cat e A 50 nass yes
4.1 0.9 (Si 02/TKZ0=3t0prlear of atifd]y opas tm aMhtleng®&lof 10
I’FY)HSSS par EIS_\;I@Qat dlwzgf@ali?&ﬂﬂﬁ e t/ﬁil%?’,cngi;icesp%ieg ovgﬁ(]:apéed to
ot assi u fid ! aé S . 2
(Si @2/ Naz ;3.§Fno ar ratﬁg?éﬁﬁa?f?rtﬁdyé% T80 Rydsthe
pieces were hot presséd. Before the hot pressing, the
parts of the coating other than at the bonded parts were

shaved off. The two test pieces were bonded by hot
10 pressing at 200°C for 1 minute and 10 MPa. Stress relief

annealing was performed in nitregen at 750°C for 2 hours.

The adhesive strengths before and after stress relief

annealing were evaluated using the shear tensile

strength, i.e. the horizontal direction strength of the
15 bonded surfaces.




parts Coating solution B 100 nass parts Ex. 7 Lithia
silicate 35 50 mass Yes 1.1 0.9 (SiQ /Li, G=3.5[nol ar
ratio]) parts [ Water 200 nass pg parts Coating
solution A 100 parts by nmass Sodiumsilicate no. 1
10 mass (Si 02/ Na20=2.1(nolar ratio)) parts Ex. O
Colloidal silica (particle 25 mass Yes 2.1 0.6 size
300 nnm) parts Water 100 parts P M xed

i norgani c-organi ¢ sol uti on mai nl-y3&onpri sed of

magnesi um chromate and acrylic resin coated and baked
to forminsul atﬂ]ab@e Coating on surface. Exanple 5 36
The coati g sgiotTonm D descri et 1T EXanphEase elSesive strength

prepared. | To 100 mass parts of the coatipgtselgti onwi)

10 mass parts of pol yestger..spherical partfflad havi NGerer
an average particle size of 4 mand a sefet:emargnneal- anneal-

temperature % of 200C were nixed and dispEfaed. This ™9
was co_at ed USICI;;]_Qlnq Sofug ANA ACO&I er oni@ «3A&N- OI‘! entjed
el ectrical steel el _with h a QH'fS?ar’-‘ﬁ goat i ng
. mass .
obt ai ned [F- &[BioX sed)*é ng,ggarggtgo;,(,)rgan,agts siol utd on, 2hemp 1-°
was baked in gp.pven set to 100C. | THewsscioat i ng |[anmount
was 10 g/ re—jPwo—t-est—pi-eces—of —w-dPRE gf 310 lcm—ahd
mass N
| engt hs of 10/t eties8d. Part s I?ar he test |pieces
n L 1 s R
wer e over|lzapp gﬁo"?ﬁf?&u@?:&ﬁﬁ?, of OPPEI;Fg dontact | party 2.1
of 6 cn®, theWatle:.llc preces were hotspessed. Beflore
“the hot dressing, the parts of the weatilng other tha
at the Hondefspas ssvuere shaved pi%f . fHe two {est
pi eces 1§ Eyveg dmrbéiaaataym.nm “presgengsat 23QC for, 14
m nut e arjd 10{ZRPH0= ] —gAgali ng was
. . . mass
performed in Y ogen at parts
Coating solution C 100 mass
parts .
Sodium silicate no. 1 50 mass
Bx. 4 1(310,/Ma,0=2.1 [molar ratiol} parts No 2.3 2.0
2-ethoxyethanol u;i;::a:s
Coating solution A 100 mass
parts
Potassivm silicate A 50 mass
Ex. 5 (5i0,/K,0=3.0{molar ratic]} parts Yes 4.1 0.9
Hater 150 mass
parts
Coating solution A 100 mass
parts
Potassium silicate 2K 75 mass
Ex. 6 (5i0,/Ha,0=3.5melar ratiol) parts tes 3.9 1.1
150 mass
Water
parts
Coating selution B 100 mass
parts
Lithia silicate 35 50 mass
Bx. 1 {8i0,/Li0=3.5[molar ratiol} parts Yes 1.1 0.3
Water - 200 mass
parts
Coating scolution A 120 parts
Y mass
Sodium silicate no. 1 10 mass
{5i0,/Na,0=2.1[molar ratio]) parts
Ex. 8 Colloidal silica {particle 25 mass Yes 2.1 0.8
size 300 nm) parts
Water 100 mass
paxts

¥ Mixed inorganic-organic solution mainly comprised of magnesium chromate
‘and acrylic resin coated and bzked to form insulating coating on surface.

Example 5



750C for 2 hours. The adhesive strengths before and
after stress relief annealing were eval uated using
the shear tensile strength, i.e. the horizontal
direction strength 20 of the bonded surfaces. The
adhesi ve strengths before and after stress relief
annealing were 1.0 MPa and 2.1 MPa. | NDUSTRI AL
APPLI CABI LI TY According to the present invention, it

is possible -to provide an el ectrical steel sheet with
a heat 25 resistant adhesive insulative coating able
to adhere usimhg @radsynglatibrheatdRgibdd en PUREDE MY was

or cutti ngrectgareas 4P 1Pt LIL L 12 e;@qgsteo%tggg eso@mfon D, 10

subsequent | ain jts, adhesi on.ev
st resg ref'f %? pgﬁﬁ%éi% ﬁgPyes Bh%ﬂC@ R BT gé"

| am nat edawn&h@upaMk:m nsg,zamf 30pm rhdr4 coktargngvodngiengture
det egl or agf %OQ‘E w%géem n%uglgp% swl q‘?’lpg v\%s coag_efi us:Lng a

|nterlock|nﬁ, hesion and I nsulative
are mai ntaf O%‘i/eern OBfT é’rons?"rlé%e‘jr & Peticahrdsrt nﬂlee§ gritn
a rmagnet i @ VEecs eering obtriskdcey iacaixedpioparniesrgamnic

be olbt ?I n&dlutstzn, t@leﬁ\lv'l\ﬁdbékedAllh%t o{;&&tsét%t 19@“&88&1&/@

i nsul ative coating inclu sin wth a soffeni

poi nt of roa%mng a“%’pe?a r !é@t% 3008 a5 PG ﬂg% of 3
poi it i noPYyaRF clergtByrRTod? tioHe i LHed: §6F’E%mfn’gh?)<*}ﬁﬁt

of not nwiectharerel6@OCapPed Achpiate aesirstarnt tadhesitwet
a ESU| ati V;%rQSaH @951@35; t B 8f1@rﬁlgﬁé§‘ v&slr@'I{Btlpr?ssed Before
char act er e S reng

ﬂh% oﬁ %n% ﬂn?goé‘? g 9 o% {:he coatl & ?]& ji}lfan at

kg/cn2 or_nore dhesi Ve stren
kg/ cn2 ortifoP@des. PR He e S ég?‘éetdaﬁiffaérﬁ@s?"(f’et“t pleces
i nSif at i wereocairidag las hosairebsidd ak n21d°@i fBrll minute and 10

char act erMpaedsﬂx@sgh@éh@fca%fegiﬁgewés fgfrféafnl&@a{n hﬁ%l;-ogen at
expansi on ag 30C tq 300Cis 10 x 1)

10-7 (C 17)50 fer 42 h,&uﬁ"éatTh?eegiith{ﬁﬁ S&H%pgebefore and after
i nsul at i wérepattiehge hennedtingordre eyrloledgdnueing the shear
char act eriezeflid Bridrajeht he ol. ovhe HBLiidMgapQiifbct ROr gOFErGLh

CF%OS' t 'o@ntllleS b@nll&yvsqﬂlfatdegg T]'l%o'aglliesg.lvgséreﬁ&ghs B@%ﬂe and
gl ass or %eress%ress relllef annealing were 1.0 MPa and 2.1 MPa.
INDUSTRIAL APPLICABILITY

According to the present‘ invention, it is possible

ing an

R

N’

to provide an electrical steel sheet with a heat

25 resistant adhesive insulative coating able to adhere
using pressing and heating after punching or cutting so
as to integrate a magnetic core and subsequently able to
maintain its adhesion even after stress relief annealing.
A magnetic core can be laminated without welding and

30 interlocking avoiding deterioration of core loss due to
welding or interlocking, and the adhesion and insulative
ability are maintained even after stress relief
‘annealing, so a magnetic core superior in electrical

properties can be obtained. -




S—y

colloidal silicais further mxed. 20 5. A heat

resi stant adhesive insulative coating as set forth in
claim4, characterized in that Iow nelting point

i norgani c conposition has an average particle size of
20 pmor less. 6. A heat resistant adhesive insulative
coating as 25 set forth in claim4, characterized in
that a mxing ratio of the resin to the |ow nelting
poi nt inorganic conposition is,;~ BY “mass percent, 20%
to 500% 7. A heat resistant adhesive insulative
coating as set forth in claim4Lamsaracterized in

that the | ow 30 mejtyeng :&%h@éadtn%&%&b@ LRAPLSIVE Ofhdisy
an Si 02- ng&tﬁgg %arsg\g wq\%nes%%€ ?‘m nt. ql ag LR s
an al kal i heat resrstant - auhesi

i nsul at i vEeRRFIBEALE &9 3&BE 4ngr & hlgvwnmel tHinm 14C,>1Ht inorganic
char act er tagsbsiinidhatitsai doedn@hg @iasSod $106QkHirdNMhan
silicate. 9. A heat resistant adhesive insulative
coating as "sét forth in claim1, characterized in

that said resi?n 38 hepk|TgaestadheaBesipe erePpegvefcoating as

resin sel e@& edrtn am amamemp@harfs@ae&u@@hyal tﬁatr @Sk ibec

phenol res [ ncol | etel C JSesin mi
n‘s)rl sed® Séﬁe A Il%dllaf lﬂgg‘:“ép%&ﬂ‘or?e@dnxem Si on
cont@i ni n¥fhesiae eﬁﬁre@@;ﬁrh hg dgehen’ oF mprs. sil oxane

pol ymer. 10. An elredtst cabiskaeladbBeete Wnbhla iheadoating as

resist antsetagb...elgﬂ e bﬂﬁﬁ'ﬁl @t 'c‘ﬁgr&&%‘fﬁ.% qgnpr{a]tsgdc&ffflca_ent
steel sheet . havi 2}1% on at |east one surface a coating,

as set fo¥t AAPFRT CFAF f*pansign1at SArF dredt¥ ok 18t &6l
sheet wi t#icd) heatispesist’antct)adhesi ve i nsul ati ve

CO&IS ng as Seg foﬁat Healtnrgél%ltmlé%dhegw @ﬁ.tnﬁ It%@éj dogtlng as
that the h% SI st aldhe ive i nSlg ative coati ng
re

has a thic nes ot " C 5 Bmt SEPFR TN Anrﬂgﬁef]i’ec e
using an nelEERy POARt s‘t”@é‘FarSlﬁe%Qmpoi’jtwnt s gt Hegtmelting
resi st antroadhesliage fnigul edtieveglcaat | vy tasssein whiomi h in
cl aim 10. col'ﬁelcﬁlﬁﬁihﬂﬁ of Mreoicti ey of a magnetic

COI‘Z% usi ng ag] el Ecﬁé‘ Cfaészgggrﬁ! aég seltvewlrtlshul%t;.]\?eatcoatlng as

resi stant adhes
set forth 1n claim 4, characterized in that low melting

point inorganic composition has an average particle size

of 20 pm or less.
6. A heat resistant adhesive insulative coating as
25 set forth in claim 4, characterized in that a mixing
ratio of the resin to the low melting point inorganic
composition is, by mass percent, 20% to 500%.
7. A heat resistant adhesive insulative coating as
set.forth in claim 4, characterized in that the low
- 30 melting point inorgénic composition is an Si0;-BaC3~R,0-
based low melting peint glass (R is an alkali metal).
8. A heat resistant adhesive insulative coating as
set forth in claim 4, characterized in that said water
~ glass is sodium silicate.
35 9. A heat resistant adhesive insulative coating as

set forth in c<laim 1, characterized in that said resin




—

i nsul ative coating conprising stacking and pressing 20
electrical steel sheets as set forth in claim10 to
form an electrical steel sheet |am nations, then

anneal i ng

these at a tenperature between 600 and 900C

to obtain a |am nated nmagnetic core. 14. A nethod of
production of a magnetic core using 25 an electrical

st eel

sheet with a heat resistant adhesive insulative

coating as set forth in claim 18,3 arther conpri sing,

at | east

in the step of pressing, connecting them by

heati ng t ¢onathiesecrar ocomrectymeg dhemshy selatierd 6cki pg
or fi Xt ur ego8f r@gﬁﬂ] Qér}ﬂi@sﬁbsin, phenol resin, incompletely

10

15

20

25

cured resin mainly comprised of an acrylic-modified epoxy
resin emulsion containing a latent curing agent, or a

siloxane polymer.
10. An electrical steel sheet with a heat resistant

adhesive insulative ccating comprised of steel sheet
having on at least one surface a coating as set forth in

claim 1.
11. 2&n electrical steel sheet with a heat resistant

adhesive insulative coating as set forth in claim 10,

characterized in that the heat resistant adhesive

insulative coating has a thickness of 0.5 pm to 20 um.

12. A magnetic core using an electrical steel sheet
with a heat resistant adhesive insulative coating as set
forth in e¢laim 10,

13. A method of production of a magnetic core using
an electrical steel sheet with a heat resistant adhesive
insulative coating comprising stacking and pressing
electrical steel sheets as set forth in claim 10 to form
an electrical steel sheet laminations, then annealing
these at a temperature between 600 and 900°C to cbtain a
laminated magnetic core.

14. A method of production of a magnetic core using
an electrical steel sheet with a heat resistant adhesive
insulative coating as set forth in claim 13, further
comprising, at least in the step of pressing, connecting
them by heating to adhere or connecting them by
interlocking or fixtures or both of these.



