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Influence of Ozone on Insulation Deterioration of Wiring
Board Composed of Organic Materials™®

by Tatsuo MoTOYAMA** and Kenji ICHIKAWA**

Abstract: Ozone generated by switching discharge reacts with wiring board surface composed of
organic materials and changes their hydrophobic characteristic to hydrophilic. So, the insulation
between the tracks becomes deteriorated.

This paper describes the insulation deterioration on wiring board surfaces composed of organic
materials caused by ozone.

Two kinds of wiring boards were tested. One was a glass-reinforced epoxy resin board with copper
tracks and the other a phenolic resin board with filler and copper tracks. They were exposed to ozone
at levels between 0.5~1.5 ppm, 10~17 ppm and 45~55 ppm, for 24, 120 and 240 hours and at a
constant temperature of 20°C. The contact angles of water of the wiring boards were measured in
ambient condition and their surface resistances measured in a vessel at 65, 80 and 95% RH. The
temperature was kept constant at 40°C.

The experimental results are summarized as follows:

1) Contact angle of water (), concentration of ozone (C) and exposure time (H) were related by
the following equation, provided that D is greater than zero.

6= — D -log(C x H)
2) The surface resistances between the tracks decrease with increasing ozone concentration and
exposure time. In the case of the glass-reinforced epoxy resin board, which was exposed to ozone at 45
~55 ppm for 120 hours, its value of surface resistance measured at 40°C/95% RH was approximately
100 times less than the value measured at 0 ppm ozone concentration.
3) Surface resistance (R;) between the tracks of the glass-reinforced epoxy resin board was approx-
imated by the following equation, provided that F' is greater than zero.

R,= F/(C x H)
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Table 1 Estimated value of concentration of ozone
generated by opening and closing discharge of
contact.

A4 v FORBAICE 2TV - EEEOHTEE

Measuring condition

Contact
: Toggle switch
Circuit voltage and current
100 V, 715 A
Number of repetition of opening and closing
operation of contact
200
Volume of vessel containing the contact
about 500 m?

Reading value of gas detector tube type gas
measuring instrument*
O3 1.5~6.5 ppm
NO3; 1.2~5 ppm

Estimated value of concentration of ozone
generated by one operation of contact in 1 mé
vessel

about 3.75~16.25 ppm

*  Accurate value is lower than reading value
owing to characteristics of its instrument.
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(a) Glass-fiber reinforced epoxy resin

(b) Phenolic resin with filler

Photo 1  Surface between tracks of specimen.
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Fig. 2 .Example of fluctuation in concentration of
ozone and humidity in ozone exposure test.

(mean concentration value = 10.3 ppm, ozone
exposure time = 240h)
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Fig. 3  Definition of contact angle of water.
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Fig. 4 Schematic showing of surface resistance measurement.
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Fig. 7 Relation between surface resistance and humid-
ity at 40°C. (ozone exposure time = 120h)
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Fig. 8 Relation between surface resistance and ozone
exposure time at 40°C, 95% RH.
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Fig. 9 Relation between surface resistance and concen-
tration of ozone at 40°C. (ozone exposure time
= 120h)
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Fig. 10 Correlation and linear regression line between
contact angle and amount of ozone exposure.

* RER CEMAOEBRRE —XBRER

<
FrSs

2), (3) RHFRBROMHEEEL TIMETE B 2Io
WTIISBRDMERETH 5,

5.1.2 EHEEPL L AV VIREE

Fig. 11 (3 40°C 2B\ THMIEE 65%, 80%, 95%D
FNFNRBITLIEEE AV VBREEOBEBKER
LTw3, MPDEHII—KERERTH 5,

H5 AKX VBIEOBE, THOMMEEICE
WT HHHBRE A -0.94 2R TWAH I ep b, RE
B e AV VBEBICET IWHBEBERICHE I LR
LT3, BEEN LAY VIBERENOBURITREIED
% R, & B %, Fig. 11 o—XERERTEMT S &,
(4 RTFEEIN5B,

— 109 —

1016 1
S 100
8
5 1014 I
@
g 1013 )
St
L 2
E 10'%}
—
S 10}
10*° : , s
10* 102 10° 10*
Amount of ozone exposure (ppmeh)
(a) Glass-fiber reinforced epoxy resin
104
a
NG A 65%3H
°1ws~h-1_1“:‘*T~TJL
g .
= 1012 F 80%34
@ \A\t\a__‘_
- A
g 10t |
3 95%RH
Jg 1010 N AL
109 L.
10° . : .
10! 102 10° 10*

Amount of ozone exposure (ppmeh)

(b) Phenolic resin with filler
Fig. 11 Correlation and linear regression lines between
surface resistance and amount of ozone expo-
sure at 40°C.
# VI BREER L REEROEBERE—ROFE
# (40°C)

logR;= —log M +a (4)

CCT, alZENERTH D, BEIMNIWIIEZY ald
REL D, QWRIEBWT, a=logk(k>0) &3
& (B)AP»BELN5,

Ry= k/M (5)

(5) RiZ, EWEEILH AV VIRERICKILFIT 5T
EBTE 2 EERLTWD, &8, (5)R47%h 720
HWERNZOEBICOWTIIAROBRELT 5,

—7F, 7=/ —VEEDEA, FEEMREIL, HEAHNEE
65%7 & %—0.38, 80%ND & %—-0.85 % LT 95%D & &



— 110 — R MR EHRE NIIS-RR-95 (1996)

-0.76 TH Y, BEIEM LAV VBEE L OMHBEEE
RN LB2RLTWS,

7B, 20°C, HANEE 65%ICBWT D, 7 AZKRF
Vg, 7 =/ — g L b ICERROERm AR S iz,

5.2 REIERIE EMBE

@) R (B) R b7 AKX UHIRICBITEE
DT & Bl & DBIRIT (6) RO IT 2 5 L TS
Nnad,

(i) = log(b/FHHEHT) + c (6)

ZZT, b clZENEHRTH S,

Lo L, FRGEHEMELOEIIC & - T3 A TRF
BOBBEEDLIREMNTEINDLH DY, WHHEDEMR
IZOWTIIA RO RETH 5,

53 7z /—IBilEOREERS & R O

51?@@ﬁ?%6#’&o%lim,7;/—wm
DA, FERIER & A4V VIBRER L OFEBEBEMRIZD
éw LPL, #ACBWTEY VBERE LWH
BEMRICH B L o d YV VIBBEDOBER 2T L
EINDE, £2T, BEEIL & AV VIBEEDMHEIE
BRSNS o 2[R R 2 B OREE > HRET L7,

HE SN -RmEPLIL, BEFEIcwZIE, ABRRFET
ST TR EIFTRIIEAZE > o 0OEIETH
b, L7edt->T, REDZ EEICIEILO/N S LT
MOBPHEETIUL, BIESINZEIIZ DR DD
CRESEKFET B LITh B,

Z T, RBRFOWE AN % B FHHKEE T
L, FZ7RAZRIVENR, 7=/ —NiEllgorEEz i
L7,

Photo 2 (I AKX UEIiE L 7 = / —)VEIED
FEI AT RIEMOEB S UBMER L TWwb,

T RAL KX VEIRDGE, T AWML S L
FHDEITA-TBY, WL V7 A0BOBEEIZR
5%\,

—%, 7=/ —NVEROBA, WROFE,Lb»
5L&9102, 200 um DEEDOEFER LN EEE
LTwa, /2, ABHEOBEEIIRT &9 ek
FEIEFA A - T 585 (MENEEDBHE DA WER
4r) IR S5,

FIEMORICERPER LN b, ZTORBIIK
FEWMELRTWEEZ LN, BBRF L LTHW: 7=
/= NVARIRIZER DD S WRIEM OB 2 REL 128
TOABETH- L HEEINLY, REMDE IIEE
EXFNCFET B e, AV VREIC L IREE
PR T IIHREM DO DB ETHICEINATL

Internal surface

(a) Glass-fiber reinforced epoxy resin

Section

Internal surface

Surface

Section

(b) Phenolic resin with filler

Photo 2

Structure of specimen.

RE A DOIEE



AR DAERRAE T IS RN A V' v Dl

EolEHEEINSG,
I, HIEMEE LT, REEH LAV VBELD
MHBIBMRZ NS LAELCEREE Z b5,

54 ECIRMRICRIF TIEFETORE

AV VIRIE 12.4 ppm (& Table 1 22 5 X A v FDJF
WTTREINEGAV VIREICIES, TOREICIEES
N7z AR ¥ Lg% B & 3 B ERIR AT 40°C,
AR 65%D BT T 120 Bl S /2854,
M OWHLUI Y Z X 2R X VBIIgI2 BT 40°C, FHxF
B 65%, BB L OEEB OO 1/15 12, il
BRI L2125, —F, 7=/ —NVEEDOEE, B
BREOIEIIIZ WA LT Y, HhlAidl2/3i<
2%t T\wb,

D EHIFVVIREIC L HEEMDOMERIEDIOK
TR E v b DDIBRRIEDLY LR T 5 Lifin
BIRATINEZ 2 Lich ), EAERDEEEA/DE W»
BACEA A AL Vv — a YO REL TRAREMEL
ENRRE LB ENEZ LND, T2, HRAITN
THOMBTLREETLTEY, KiCENLRTAL
HEEJIBENRTLLY, P oxrIOERII
LhZ e TFEINS,

F7, BEEOHFEMEICL->TRNLEFRIEL, B
BERRAKR L EDOREINEI YR T2 LH#EER
na,

6. ¥ U

24w FORRAIC L 2KE, SEEM»LND IS

REZLEWTELY AV U EREINS, I ICERNY

BRI N5 &gy S, BEXRECHV ik

Whb, FITHIRAIRX VG, 7=/ —IVigthE

B v MEEREA YV VICBREL, BNA, BE

EHOBLEHE L, BoNTHEREZTLDHEER

NEIITE B,

1) 7 R=RXIBRE, 7=/ =B DEE, Mk
A3 log(h V' VIRE x BBERRR) ICHAIL, KXT
HEUE N5,

() = — d-log(A V' ViIBE x BERHE) +e
ZZTC, d, el IBBRAICL - TRELBZEDER

— 111 —

2) A7 AKX VEMROSE, REEIIIA Y VIRE
FREWITIE, BEFEIFEWIZIERE (DL,
53.6 ppm (), 120h F V'V IRFESD 40°C, HH
FHEE 95%ic BT 2 REIEPLIIF LIBE - BEICE
TABREELOGAED 1/100 BEIC% 5,

3) IR RXIEIRNGE, REEIUIAAFIEE
65, 80, 95%ITHBWT, KA TEMEI NS,
(REIEN) = F/(F V' VIRE x BBERR)
2T, FIZEEDERELT 5,

4) 7=/ —NElg0SE, REENL LTV VIBREED
FIRERMRIZIZE A E A LN D T2, BTFHEMSEIC
L ABEDER, BEEOES CREMDBH 52
ERbRY, COROIEPIENT2OLF VS VIBRED
BEFUEMEICE NP E I LN,

B, HROSAEE, REICHEo TRET L 8

[LEZDBEIZOWTIIABOTEE Lizv,

ZE X |

D) Bz, SR THREER, A7 5 7HAED
Fo oy XV THREDWRE, KK¥ERFE, 44-6, 32~37
(1994).

2) 2%, J. Tvaruzkova and J. Gothardova, Influence
of ozone on the electric properties of organic insula-
tors subjected to the effect of an electric field and
moisture, Plasty a Kaucuk, 17-4, 114~117 (1990).

3) #IziF, A, W, %, EABTFEL S—DiE-
IKEE TSy LF —NBE, PR FERERET -
ZANF—EFIR2TRE, 580~581 (1993).

4) FORIEBIFTHEHEER, 1 7nXf{yFovL 7L
—Sarick kK, KK¥ESEE, 32-6, 39~41 (1982).

5) R.S. Gorur, J.W. Chang and O.G. Amburgey, Surface
hydrophobicity of polymers used for outdoor insula-
tion, IEEE/PES 90WMO023-2PWRD, 1~6 (1990).

6) HAT, WH, B, E, BEEERMEIEREICBITS
FRUHEROBITHRSE, HERFESHE 11-2, 119~
125 (1987).

(PR 8 4 4 A 26 HXZH)





