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SUPPLEMENTARY DATA

CHARACTERISTICS OF IRRAX™

What is IRRAX™ ?

......................................................

IRRAX™ is the trade name of electron beam cross-linked heat
resistant plastics manufactured by Sumitomo Electric Industries, Ltd.
PVC and polyethylene are difficult to occur the electrical brea kdown
and to be affected by chemicals such as acid, alkali, etc., excellent in
the mechanical property, not broken easily even at low temperature and
very easy to conduct the extrusion and molding workings.

However, only one defect of PVC and polyethylene products is that
they melt and flow at high temperature.

This is that the merit of the PVC and polyethylene to be easy to work
becomes conversely the defect.

On the other hand, since rubber is used after being added the
vulcanizer of sulfur, etc., and being cross-linked at any case the worked
product does not melt any more.

In case PVC and polyethylene are used as electrical insulation material
and anticorrosion material making good use of their excellent electrical
performance and chemical performance, when using them practically
there may be many unexpected opportunities to receive the heat
histories such as, heat of the solder at electronic wire terminal
treatment, heat at varnish treatment of parts in being used to the lead
of parts and the temporary temperature rise to approximately 200°C by
any accident.

It is clear that it is convenient for PVC and polyethylene as insulation
to have the same property as rubber without being, melted and flown.
The mechanism that polyethylene bridges with radiant ray is considered
roughly as follows.

When being irradiated with the radiant ray the straight chain of high
molecular polyethylene,the following radicals are produced.

T |
C—C—C—C— e +H
]
HHHH

The straight chain of high molecular polyethylene having radicals
produced in such a way is reacted, and the three dimensional
mesh-shaped structure is formed.

—CH2—CH—CH2—CH—CHz-

........ fCHszHf CH2

That is to say, high molecules of polyethylene free scattered are
mutually combined in a three dimensional way, and the mesh-shaped
structure is formed just similarly to that of cross-linked rubber.
When forming such a three dimensional structure, all high molecules
are mutually restricted and cannot be freely moved any more.
Polyethylene is initially active in molecular movement at higher
temperature than its melting point, for example, approximately 120C
(LDPE) and moves freely and so melts and flows in broad perspective,
but after forming such a three dimensional structure, all high
molecules are mutually restricted, and the structure is not changed
any more by their own force. And, it indicates the elasticity such as
rubber at higher temperature than the melting point.

It is deformed when applying the external force, and it is immediately
restored after taking out the external force. PVC has almost similar
property.

As mentioned above, IRRAX™ is produced by irradiating the radiant
ray to PVC and polyethylene. Moreover, to be efficient treatme nt
practically in an industrial scale, we use the electron beam as the
radiant ray.

As IRRAX™ has the three dimensional mesh-shaped structure, it
does not melt at higher temperature than both the melting point of
polyethylene and the softing point of PVC, and consequently indicates
heat resistance.

Furthermore, it indicates the property difficult to dissolve i n organic
solvent, due to the three dimensional structure. When placed in the
condition charged with stress, non cross-linked PVC and polyethylene
may produce cracks sometimes, but cross-linked PVC and
polyethylene are very difficult to produce cracks.
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B E AR RV T FL VDR EEFREELTEERIG &L Another merit of cross-linked PVC and polyethylene is to maintain

BHTCA L 22U 2 FA E RS T L MR LT D

ZEHbIFoh D,

fBA459 27 20 3 KESIEIZ0->THREfbE = LR T FL VI
MEME A5 L7238 D) LRI 228 TELD,

the electrical and mechanical properties which they have before
producing cross-linkage.

Generally speaking, IRRAX™ can be expressed as [that added heat
resistance to PVC and polyethylene , excellent PVC and
Polyethylene having higher heat resistance].

A9y 2 Z° OB KINDS OF IRRAX™

A =
1799 R® USE
MEOEE
KIND OF i
IRRAX™ B & F—T T4 CHARACTERISTICS
MATERIAL ELECTRONIC WIRE TAPE FILM
47y XA O RYUIFLERUERHME
IRRAX™ A Same electrical properties as polyethylene
B BRI
Flame retardant polyethylene
FIEE. ER (ULRDBFEY)
Vi O - Semi-rigid and flame retardant PVC
(There may be also the UL product.)
B HR, (UL R FY)
Va O O Soft and flame retardant PVC
(There may be also the UL product.)
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PERFORMANCE OF IRRAX™

[ [if:15\c SERRRRRRS BEle =L R) T F L A3lE LA ry s Il Heat resistance - PVC and polyethylene reduce the Young's
AP U T K0 SR TIHALREN T 5. £ZA05 modulus accompanied with the temperature rise,
A5 92 Z @ 1XRIBO &S L EEIR 1 S ZRAG 4G and they soften and flow at higher temperature
BERILTOD20, 7 FREELTUL kT than the melting points.
74T ABEPER DR 2R B8 > C RO MRk On the %her hand, on acc01-mt of -the fact that
VR 7= BB A A 3205 1= 300°C BT 0D JELfE IRRAX have the three. dlmensmna@ Cross-
g ORI U . linked structure as described above, it indicates
DA '?J/%EH:‘ CHMNCE HUZT AGHER RS D the elastic property like rubber.
BTN TS Z L e IFHISHRIT H 5, X AL Therefore, when using it as the insulation of
Y LR R T F L VEROLA MY Sz ikkE electronic wire, it is very advantageous. Because
THIME ST, — I 213 200°C DRI if a solder or soldering iron of approximately
BEINTAEERAINRIZBZ T 5580855, 2 300°C of temperature comes in contact during
MIZH L TAT w2 2 © DA TN 2T 2% solder connecting work, it indicates the elastic
A DAL B v, T DR TS 4 BlE 6 property as rubber without causing deformation.
LU 2 IS ETEEO R L 215 e 2 2 RN AE S Furthermore, in the case of PVC and polyethylene
I é/@‘( 53 insulated electronic wires which are done wiring in
““““ < T — ° z i - the bent condition, it occurs that the conductor is
Wi 5 + }\l?’*l//l_l;t % R’U{j O = A 26?‘) Zhis exposed to the outside when it is exposed to
PROMITIROMTIEAZ DEENEIZIRAT S 585 temporarily, for example, at 200C of temperature.
B MBOERRIZSHB I 1A A SZEIZK On the contrary, in the case of IRRAX™ the
DNERIZIR ) & R SR =5 O3 256 1R insulation does not flow, and no change is occurs.
ICHEIZ B, 20RO RS & LT ASTDM D When using our IRRAX™ as insulating material, it
1693 — 60T 1=k BiRER i 5. Z AU Rl is indicated that a large merit such as reliability
Y A N ¥l T 5 i improvement is obtained.
Hﬁi‘“‘:;ﬂ%g ; - iﬁﬁ 2) fjivfz& bﬁzégiggﬁ%’;ﬁ% ;g [ | Str_e?: crac.lg .......... In polyethylerlle there is a lEn:(])ﬂl}all-err.l of y
SANE I N o O T S Ry, v g resistance environmental stress crack. 1his 1s caused n
S ,%ﬂ)lf(@ &7 TR l:lh@’x L f(kmj@k+§m % N case the working strain at working remains
TEOAEN T 6"0‘* VT FLYOBHEY ii Ik inside as it is, or in case it is used in the condition
THY, BRI 2 L z‘ Ly abbATy ZZ that the stress is produced inside by applying
CAIIEFITEN MR AR T AERE S 2 RITRL the force from the outside at practical use.
726 As criterion of this property there is the test
method in accordance with the ASTM D 1693-60T.
This is to observe how may hours later the
curvature surface is broken after entering a
plateshaped material in a bent way into the liquid
of the surface-active agent.
Generally speaking, materials having the three
dimensional mesh-shaped structure are excellent,
compared with those having no cross-linking.
The case of polyethylene is completely similar, and
electron beam irradiated polyethylene, namely,
IRRAX™ A indicates excellent stress crack
resistance.
The result is shown in Table 2.
F2Fk HBRER Table 2 Test Result
B A ;
& g | SOLUATION lgepal CO 630(50 %)
SHEN | oy mA BUPH 10 Al 5 81N 3% TORM 5UB 10 E2EHEIN 5 % TORM
CONDITIONS Time until 5 out of 10 specimens are broken (Hours) | Time until the total 10 specimens are broken (Hours)
RUIFL>
POLYETHYLENE 175 2:00
ETREBHAIIFLY
ELECTRON BEAM IRRADIATED > 1,000 > 1,000
POLYETHYLENE
[ [iip::R R LR T L AZIERIFIC AN D LIS RS B, M Oil Resistance and ~ When entering PVC and polyethylene in the
aFE ZHUTH LT ATy 20 13IEA -T2 Solvent Resistance "~ organic solvent, they are dissolved.

REEOTF N EH LU FES R0,
ZORICHBEAEANCIEHINE T I T9 7 Z° DR
137 = 2B VA THRI T 2 Db ST THE AR Ol
PR DY —F Oz R E LTS DIZHFI T d B,
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On the other hand, IRRAX™ is swollen by
absorbing the solvent, but it shows the insoluble
gel state and does not demolish the original
form.

In such a way, the property of IRRAX™ that is
difficult to dissolve in the organic solvent is
advantageous in being used as insulation for
lead wire of circuit parts of electronic
equipment which are washed with solvent or
performed with varnish treatment.
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Table 3 Oil Resistance and Solvent Resistance

FERAEH SOLVENT

[& % SWELLING*

fii % REMARKS

rNyO—-vTFL >

Elongation in the axial direction
87°C: 14 (minute) 140%

BCES=BREE, BAMRFEMN
TIHEBRAEDHELNIELS

o N . 25% 20°C : Property unchanged within
25% 20 : 3 77 AAKETE 3 months
bi B 25% 60°C : Property unchanged within
SULFURIC - 25% 60°C : 1 B BARERE e neec Wi
HEATR % 2 -3 H ARG - 98% 20°C : Property unchanged within
INORGANIC 98% 20C : 3 h BURRERE 3 months
ACID 25% 60°C : Property unchanged within
- 25% 60°C : 1 B LIARERE e aneec Wi
NITRIC - o . . . 50% 20°C : Property unchanged within
oD 50% 20°C : 1 7 B LNGHETE 1 month
50% 60°C : {#FRAAF 50% 60°C : Not used
TIVAHY _ BMPZIVAU.FTZIVAVESHICEHH TR It is extremely stable both in strong
ALKALI ETHD alkali and weak alkali.
= Elon atioimiﬁﬁgigdirection
105% :14 (minute) 120% HOZEXICTaRERAEL No crack in the self-diameter winding.
mit | XYLENE 10 % (minutes) 135%
KF=%R e
HYDRO-| _. . . BEZ{
CARBON BII > 25°C\I:\Ie|ght change; 20% | 50°CLIETIAREICEED = & Ta!(e care of the swelling at higher than
GASOLINE| 50°C : 135% 50C.
70C : 203%
TRENINT A Y . . -
7> | Elongation i the axial drectin | EISEHE(CCRBEAL, ¥EMFrLA 0 a0k the sef diameter winding
FLUD [120°C:5 % (minutes) 120% | EE#H &Y F1—T ORE WhHEIS ce% fﬁom the fixed end solderad P
J3571> | PARAFFIN 60 4 (minutes) 134% u :
BEEZML The swelling is remarkable. The proje-
PARAFFIN T95 2 Wei rfchan o EEAVWBEUBLWERMNIFULLBEES  ction and tear of tube are produced
WAX 13000.30 5 (miﬁutes) P5F1—TOREBhHELS from the fixed end soldered.
’ 300% BIEEFEIE AV FIVEY 30%ETF The rupture voltage lowers 30% than
° the original one.
AU The self-diameter winding crack is pro-

duced, and the tear of insulation is
produced in the soldering of both ends

MBI 54 (minutes) 180% | ZESH Tl 10 2R of conductor, and within 10 minutes in
15 43 (minutes) 190% the steam.
/iy The self-diameter winding crack is pro-
VARNISH EEZL = ) duced.
(# 1270 Weight change Eafﬁé‘:%%ﬁﬁli N If the 10 times and crack are not pro-
e g . BECR10E. 8REET
V= 130°C:30 4+ (minutes) WESEE A4S FIU LV 60%ET duced.
THINNER 133% The rupture voltage lowers 60% than
7= 1:1) the original one.
VARNISH| 5 —z7>
INGUR E=2Z1t ) The rupture voltage lowers 80% than the
VARNISH Weight change BIRBEILA YT FIL LV B0%ET original one.
COMPOUND| 260°C & V&% 1 132% HEFIETE AU F LD 10%ITET The insulation resistance lowers to 10%
(JIS C2683| Annialing from 260°C of the original one.
K.43D)
OF EEZMt The self-diameter winding crack is pro-
=7 IVl Weight change BECREZ8REE duced.
., |OF CABLE| 130°C:30 % (minutes) | EXHMEDOHLEFE SEL The deterioration of electrical property
Hih OlIL 190% does not occur.
INSULATING The swelling is severe, and the use is
olL N o '
CJZI§20 Elongaﬁ(jminﬁtgﬁg direction %E%éﬁ‘%ﬁi‘ﬁzﬂ"btw 1I[rll'nre)zof;isei:)t-‘l?i.oration of electrical propert
110°C: 1 % (minute) 170% MR = property
does not occur.
3 N Concerning freon Nos. 114, 112 and 111
ABFR Nos.-114,-112, 111 D7 L # 22\ T : o :
5 : 0 o N the considerable mechanical change is
METHANE — F.WBEL B LUVWHEBHNERES ST
R{LKZED PR 2 not observed. The Nos. 21 and 22 are
pirapiy SERIES Nos.-21, -22 (3 {EFFT8E not used.
FEG .
HALOGEN | T %> % . :
ETHANE - RECHEELEL Stable and without problem.
SERIES

MAVYFILE 100% &L 7=
The original should as 100%.
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149592 2 ° OE PERFORMANCE OF IRRAX™

WELTHME--- 4Ty Z @ IXRNIWB R 72 K2 ZRITCHIRGS A % Il Heat deformation Since IRRAX™ forms the three
ZLTCOWAD TEMTIAT B WK EDN 5 dimensional mesh-shaped linkage described
JE i TV =
W Z AL ZAEEE A L 72 2 LA S above, it is insoluble at high temperature,
2. in other words, this means that the heat
FEULFL Y ORELLEOEER 213 120C T deformatlon. is improved.
FEABIAD A=A FY T FL V354 5h When applying the external pressure at

L A temperature of more than the melting
%{{I—;z':‘(i 100% l“ﬁ<f&%"f" R point of polyethylene, for example, 120C ,
4927 XA F 50%FEEIZEEE ST S, polyethylene is completely crushed, and

1 X2 the deformation rate becomes near 100%.
IRRAX™A remains approximately 50%.

£1 1Ty R EBERIIFLY -B{EEZL Fig. 1 Heat Deformation Comparison Between
DEERZ LB IRRAX™ and Normal Polyethylene and PVC
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WHEREMEE - HE =2 L RR) 2 F L CE L 2255 A R W Mechanical properties When irradiating the electron beam to
TOMO, iR TINEDIINZEH B0 %E 2NN PVC and polyethylene, how the elongation
L7 and tensils strength at normal temperature
ALY BREICAT Y Z oA 13 aYiin ) are changed is shown in Fig. 2.
:H % R ‘\/ HTOHENOR As seen from this figure, IRRAX ™A
R HCOET AL 2, causes a little increase of tensile strength
- IR S Y 4. - . LEL A
L. 2 0)}%7;( flyﬂ: & %ﬁ@?{ﬁﬁt@(ﬁil_m © ﬁi: H and a little lowering of elogiation.
FH I:‘o)f}"%l‘ ZLEB-6THROEOLIEFA However, in case IRRAX™A is used as
BNZEDD, the insulation of electronic wire, the
change is not such extent as it brings the
change to the practical performance.
F2K 1Tv7 XA DERMIMEE Fig. 2 Mechanical Properties of IRRAX™A
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4992 2 ° DOYEGE PERFORMANCE OF IRRAX™

BESHEE - RV FL ATy 2 A OBICEXNIEE D M Electrical properties  There is hardly the difference of electrical

FHEA ER OV BB IEEA DT KT 508, FEH properties between polyethylene and
EraA EREIZ RS 50, (B 4 #2H) TRRAX™A. The dielectric tangent
BB IC DWW TR M 2T A Y 7L 2B RER T increases slightly, but it becomes hardly a
i 7480 % 5 3 KU 7 L 7225 100°C L F T problem on practical use.

Concerning the rupture voltage, the case
that it is conducted by the impulse
breakdown test is shown in Fiig.3, and there
comes a distinguished difference between
both at higher than 100C .

HRNZFELWERTTWS,

Fak BERMHAEE Table 4 Electrical Properties
IH B ITEM
2 O# BEE BEIEE FEEFIER
SPECIMEN DIELECTRIC CONSTANT DIELECTRIC TANGENT VOLUME INHERENT RESISTANCE
(1 MH2) (1 MHz) (Q - cm)at 50C
RYLFL> - 16
POLYETHYLENE 2.26 2.2 %X 10 2.0 X 10
EFEBERIIFLY
ELECTRON BEAM IRRADIATED 2.27 3.0 X 10 2.3 X 10%®
POLYETHYLENE
£3 15y XA DIFIEEE Fig. 3 Rupture Voltage of IRRAX™A
120
g 100 .
B3 !
moo 80 N
B5E )
38360 \
2 o= \ o AUIFLY
N2 w0l V" Polyethylene
N E |l
20
0 L L L L L L
20 40 60 80 100 120
RE (C)
Temperature
JoH  APPLICATION
E5% Table 5
17y X MFEOEE K& L ERES FHIh3HEH
KIND OF IRRAX™ MATERIAL KIND OF ELECTRIC WIRE REASON TO BE USED
. . Hook up wire (For example, hair St | T T
(1) Hook up wire (8 Hair dryer ) dryer) Heat resistance and soldering resistance
{595Z% B @) BEERERE Electronic wire for automobile BWERFE S & UTHEM
IF?R;\X"“ A B (JASO(E Ev== ) #i48) (JASO standard (for automobile]) | Overcurrent characteristic and heat resistance
' (3) BEl#h4r — T IV K OERKFTERR  Coaxial cable and shielded electronic wire it HfH%E Soldering resistance
e ) ) . =M E T T #hit
(4) FLEAEER High voltage wire for television High voltage resistance and heat resistance
ATy XA F#E4r—7 )06 L ERKAMAE Coaxial cable and shielded electronic
FOAMED IRRAX™A*1 | (1) #% (EF#25. 2> E1—4—. wire (Electronic equipment, compu- it H T4 Soldering resistance
ELECTRONIC FLE.XFLF) ters, television sets and stereo sets)
. ) RS | = T
) (1) Hook up wire(UL #R4&) Hook up wire (UL standard) Heat resistance and soldering resistance
plcacrlas BEERTE&K Electronic wire for automobile
IRRAX™ V i
(2)(JASO[E ENEE ) #A%) (JASO standard (for automobile) ) MiFfE  Heat resistance
(3) NBIE— 2 —OHfR Small motor lead wire fit#htd Heat resistance
K1IRWEA T2 A°A IR TFL Y OFERMEARR L5 % 1 Foamed IRRAX™A is foamed polyethylene improving the
VAR ZFL VIZE REG L AUE S 28D TH 5, dielectric characteristics by the electron beam irradiation,
ZHIZEYTFL Y DB E AN DB IR THhOAA, because the heat capacity of foamed polyethylene is smaller
MEX g AZ L2 kD EFE UL EYE A L LS WAk e than that of polyethylene and is extremely weak in heat, but the
;ff AL <AL B AOMH heat resistance of foamed IRRAX™A is remarkably improved

= - . . s e RVRa— by cross-linkage and it becomes the material easy to use.
K247y A0V SIILE =L ORI, A, LTI % 2 IRRAX™V?2 is a material to maintain the mechanical, electrical

EMEREL DD HICIHRWEZ G LR CH 5, and chemical properties of PVC, in addition to having the heat
resistance.
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