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Effect of Polyacrylonitrile (PAN) and Acrylic Emulsion (AE)-addition on
the Properties of Insulating Coating for Non-oriented Electrical Steel
Sheets

Yasuharu MAEDA, Kouji WAKABAYASHI, Ken-ichi MASUHARA and Kiichiro KATAYAMA

Synopsis :

In order to improve the characteristics of an insulating coating, addition of PAN and AE as resin compo-
nents was investigated.

The results were as follows.

In the insulating coating with PAN and AE film defects such as fine crater were not found. On the con-
trary the coating without PAN easily formed film defects.

It is supposed that PAN remains as particles even at drying temperature because of its high melting point
and as a result, water which causes film defects vaporizes and escapes easily from the interior of the
coating.

A proper composition of PAN was found to be 25-75wt% of resin in the coating. Addition of PAN in
this composition range, improves the corrosion resistance, TIG weldability, the interlaminar resistance,
elc. of the coating.

Poor punchability was perceived by single application of PAN, however excellent punchability was
obtained by PAN/AE mixture.

Key words : electrical steel; insulating coating; polyacrylonitrile latex ; acrylic emulsion; chromic acid;

boric acid ; interlaminar resistance ; TIG weldability ; punchability ; corrosion resistance.
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Table 1.

tion.

Composition of insulating coating solu-

Basic composition (g/1) Resin composition (wt%)

CrOs 150~ <1> AE/PAN : 100/0
H3BO3 50 <2> AE/PAN: 95/5
MgO 45 |: Resin 75— (3> AE/PAN: 75/25
Glycerine 30 <4> AE/PAN :- 50/50

<5) AE/PAN: 25/75
<6> AE/PAN: 0/100

(Reducing agent)
Surface-active agent 0.3

Table 2. General properties of polyacrylonitrile.

Items Properties

Acrylonitrile copolymer
Spherical, 0.2~0.4 ym
1.14~1.18

Composition
Shape of particle, particle size
Specific gravity

6~7 (Dispersion)
Heat resistance Goor
Weatherability Good

Chemical resistance Good (Especially acid and alkalis)
Solvent resistance Insoluble in general solvent

Glass transition temperature 105°C

Melting point Thermal decomposition at 320°C no
obvious melting point

Photo. 1.
steel.

SEM image of PAN particle on coated
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Fig. 1. Setting of test panels in the refrigerant
test.
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Fig. 2. TG and DTA curves of insulating coating

solution (AE/PAN=100/0).
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Fig. 3. Relation between baking temperature and
amount of dissolved ion from the insulating coating
into boiling water.
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Fig. 4. Relation between composition of insulating
coating solution and foaming amount.
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Photo. 2. Appearance of insulating coating (AE/
PAN : 100/0).
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Fig. 5. TG and DTA curves of insulating coating
solution (AE/PAN=0/100).
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Fig. 6. Change of FT-IR spectra of PAN and AE
with the baking temperature of insulating coatings.

Photo. 3. Influence of
AE/PAN ratio on the mic-

rostructure of insulating

coatings.
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Fig. 7. Relation between composition of insulating
coatings and amount of dissolved ion into boiling
water. :
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Fig. 8. Relation between composition of insulating
coatings and interlaminar resistance.
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Fig. 9. Influence of PAN and AE addition on the
punchability of coated steel strip.
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RERIZBWT, 220 EED 50um % X HFTIK &[]
Bix, BERRS AT AE BER 0% 4138 180 7,

PAN B % o 854 100 77 |, F 7- # 55 B 4 28
AE/PAN HREMBE OIFE 170 HEOITIREHH /R L
72, ZORERD G, BHEES 2 PAN BHUR Tl ot
PR RICHAITIR E M E L { %5575, AE/PAN #
BRBICT A LIV ERLITIREESE SR, TR
EHICIE AE OEIPKEVIEDbro7. 1B,

ARG E IR & oA EEREEOFTIR 2 14
EE 100 FRIBE : ShTway,
3-3-4 BN

TIG BEZONEBE % Photo. 4 12773, BHRE S
75 AE/PAN #4#EO b D3 Y — FREKSESE T, L
PHTO—FR— N HED S,

L2 LIRSS % AE BER O b 03 ¥ — FERKA
%0,

LA b BEEEHEES 100 cm/min D&M 70—

‘lt‘ ’h
AE/PAN:100/0

a, b : Welding speed 80 cm/min
¢, d : Welding speed 100 cm/min

Photo. 4. Relation between
composition of insulating
coatings and TIG welda-
bility.

AE/PAN:100/0

AE/PAN:25/75

a, b : Salt spray test
¢, d : Humidity cabinet test

Photo. 5.
cabinet test.

Appearances of specimen after salt spray test and after humidity
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AE/PAN :100/0_

AE/PAN: 25/75

Photo. 6. SEM image of
insulating coatings after
heating for 2 h at 750°C.
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B OBSRIZE > THRAETHHOTY, WEMEICER
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¥ 7= Photo. 6 I ZAERZ O MR D SEM 5%
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REBOBRICZAIENEZONRD, THITHL
AE/PAN #HAME CTRERDOBERIC LS EEBbRAR
Faix v, S g PAN 257 7 U OVEEIR i< Hoik L gk
X o TRERBENRELDY, mMEROESW )
Hipn? o LfEESNS.
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Table 3 13 & HAERE, ABRK £ RE L 22 Sample
oil F~BEH L MEEEKSE (Cr, Mg, B) %
Blank oil B X Uit &% i 3 B& w5 BA% M (Oil befor
test) DR L LB LR L7z, BIIEEST 2 AE B
F T BAAR L TWA2S, AE/PAN AR Tlit
BB OBEHIZEED Dz v,

Table 4 (i & 5 B& 1% O 5 S0 O HLIREE % 57
T5o0MmH, WK, B, 7 tifiofEERER
T. GEEhoRtLtERESELIERE LT, AR
BTk, &F (REF) PELL6N%.

X — AR I BAL O HEAT IO - TR T %25, FAER

Table 3. Amount of dissolved ion from the in-
sulating coatings into refrigerating machine oil.

Items Dissolved ion (ppm)
Samples Cr Mg B
0il before test <0.5 <0.5 <0.5
X Blank oil <0.5 <0.5 0.5
AE/PAN :100/0 | gppple oil <05 <05 1.9
. Blank oil <0.5 <0.5 <0.5
AE/PAN:25/75 | Sample oil <0.5 <05 0.5

Table 4. Deterioration of refrigerating machine
oil.

Items Viscosity | Acid Saponifi-

Color cSt value cation value

Samples (40°C)  |(mg KOH/g)|(mg KOH/g)
Qil before test 0.5 46.5 <0.05 <1
AE/PAN : | Blank oil 1 40.9 0.35 9
100/0| Sample oil 1 39.6 0.39 12
AE/PAN : | Blank oil 1 46.8 0.11 2
25/75| Sample oil 1 43.6 0.11 4

T RERR OGEMMI AT LT b, Jhdm
D70y HABETHEEBEMP BB T 0 EERLD
5. F7GEEEmORBRIESLE S Db TEME, B
B OB & Blank oil DR EA SMEIC K 5%
WhRKE L, F-REBRF v~ 212X % Blank oil D547
BIZDIES2E2 0N RBAICLL2EREPAMICT AT
LR TEhhot., ¥ tlidFEEOMEEEZRL TV
25, Wik U AR 7 o ¥ I E T AE BRI
A~ AE/PAN A O 4B OB HE A 4 W @)
HERH SN,

Table 5 3G BB IR LA-ZEKbD C1™ 05
Wi R 4R 7. HSROEREEEEREHE (CHFC])
NEBRBELSES, GHESML Cl, 2£EL 5. Z
DOCIlEDHHERIIBW TS AE BRI H
AE/PAN #EHBE O H34 s WEDSFED Hh /-,

3-3-7 TAEM
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Table 5. Amount of Cl ™ generated by decomposi-
tion of R-22 (CHF,Cl) in refrigerant test.

Resin composition Cl™ (mg)
AE/PAN : 100/0 270
AE/PAN : 25/75 190

Table 6. Relation between composition of insulat-
ing coatings and adhesion.

Adhesion
Resin 180° bend T bend

compositions
SR 3R 4t 2t

Samples

AE/PAN :100/0 |VE™Y, Poor | Poor Poor
Before test g

R Very Very
AE/PAN : 25/75 good  good Good Poor

AE/PAN : 100/0 Ve;"gd Poor [ Poor Poor
After oil test 8

i Very Very
AE/PAN : 25/75 good  good Good Poolr

AE/PAN :100/0 |VE™Y. Poor | Poor Poor

After refrigerant test good

. Very Very
AE/PAN : 25/75 good  good Good Poor

Table 6 IZWit e BEPEABRTR, Wik atBRTL & L ORAER
Hi DR B ER O EH AR R EZRT. KA O
KEEIZE VT AE BGRICHA~ AE/PAN #HEHBO b
DIFEEESEN TS, I NG EERAERE, Wtk
RERIZ 1B 1 BB EOBEELOET 3V oM
BRI BNTHROLON L H o 7.

4. #
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CrO3, MgO, H3;BO; ZRAKBWICH RS £ LT PAN
BXUAE &L, #ERS PSRBT RENt %
EOBESM B X URE, HREBEORGREESEMECE 2

il

DRBERSROERE157-.

1) PAN o K5 #HE AR R oEF +&HF LT
iz, MW H O PAN BN 512 B O
BT L, BEEESRLESICT 5.

2) IR A% AE BBCA T, Mg I 2 L —
=% ERERMEER LS 3T \v25, PAN/AE B4
BT A LICEDMs L — % —DOFRBEEO SRl
V. Zhid PAN T OBEMEEYNE <, REOLRE
BIZBWTHHAFIREBEMRET D720, RIRNE» SO
KEZRDBEOVBES THAIDEEZLNS.

3) WERL T ALE X PAN 2% 25% 5 75% ANBIE
ThHY, ZOHBENICEWT, BREER, WAY, TIG
BN, WML CoRBESEEsm R L 22 BomnE
13 PAN W0 R ERT IS — 2R 2R T A 2 &,
BRI V— % — % ERRBERREEER L 2vW2 &,
B LU PAN RLFAWBEBER TR0 EEZ LN
5.

4) BHIRRLST A% PAN BUHUR T @ eFTiR & AT
T 525, PAN/AE HAMKICT A LIZE VBN E
FATIR & 1R & hre.
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