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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 breakdown 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

hTn3, roughly as follows.
AVTFL Y ORI S5 T 1 B SRS X B L XDk T Y When being irradiated with the radiant ray the straight chain of high
SRR B ) molecular polyethylene,the following radicals are produced.
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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 120°C
(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 treatment 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 in 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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4527 22O KINDS OF IRRAX™
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Another merit of cross-linked PVC and polyethylene is to maintain 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].

A 2
12y R® USE
MEOEE
KIND OF o
IRRAX™ T 15 F—F T4V L CHARACTERISTICS
MATERIAL ELECTRONIC WIRE TAPE FILM
129797 ZX°A RUIFL P ERUERHIME
IRRAX™ A Same electrical properties as polyethylene
5 Rl
Flame retardant polyethylene
FEE. B (ULABEY)
V1 O - Semi-rigid and flame retardant PVC
(There may be also the UL product.)
BHE . #K. (ULRHEY)
V2 O O Soft and flame retardant PVC
(There may be also the UL product.)
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4592 Z°OiE PERFORMANCE OF IRRAX™

1R HATEMHIEDILE Table1 Comparison of Thermoplastic Resins
AV 4599 R |RUIFL | 4F99Z°A| 1599 Z°B |17 Z°Bas| 179 Z°Bao| 1779 Z°Baz FEP HF
" H (PVC) V2 POLY- |IRRAX™A |IRRAX™B |IRRAX™Bzs|IRRAX™Bs30|IRRAX™B32
ITEM IRRAX™V2 |[ETHYLENE
EinfERRE
CONTINUOUS WORKING | —20~80 |—20~105| —55~75 |—55~100| —55~125|—55~130| —55~150| —55~125| —80~200| —20~105
TEMPERATURE (C)
SOLDER HETH A e BB R B | BWs R % R R KRR KRR KRR KRR | KB
(230C for 1 Minute) melt not melt melt not melt | not melt | not melt | not melt | not melt | not melt | not melt
B &&(

B35 | ZbaEL | BI5 | EHL | L | ZEeL | Zbel | Zhel | Zhsl | ZEEsl

ARl Al e ALRIes melt |Unchanged| melt |Unchanged|Unchanged|Unchanged|Unchanged|Unchanged| Unchanged|Unchanged

(180C for 1 Hour)

BT
HEAT DEFORMATION X O X O O O @) O O O
(120C)
#® ;o BiHME | BEME | MA3% | BA3 BIEM BiEtE | BiEM BEME | &N B | BEK
FLAME RE“TARD ANT Self- Self- |Combusti|Combusti| Self- Self- Self- Self- Flame Self-
extinction |extinction -ble -ble extinction|extinction |extinction |extinction| retardant |extinction
I &
SPECIFIC GRAVITY 1.30 1.40 0.95 0.95 1.06 1.35 1.40 140 |2.10~2.20| 1.60
n R A
TENSILE STRENGTH (kg/mm?) 1.50 2.00 1.50 2.00 1.50 1.70 1.60 1.35 |1.90~2.20| 1.20
H v
ELONGATION (%) 200 200 400 300 300 300 370 350 200~350 200
# 8 F
DIELECTRIC CONSTANT 5 5 2.30 2.30 2.70 3.10 3.10 3.10 2.00 4.50
FELEE
DIELECTRIC TANGENT 0.05 0.05 0.0005 0.0005 0.003 0.007 0.009 0.02 0.0002-7 | 0.005
FEER

VOLUME RESISTANCE >10" >10" >10" >10" >10" >10% >10" >10" >10' >10
(20C) (Q - cm)

8 AU A @Y o o (mE)|s mE)|o @A) o 5 o |2 mm
,<z_: GASOLINE (70C) |(Hardening) (Swelling) | (Swelling) | (Swelling) (Swelling)
& LUBRTE(?JANEOI;LEUUC) (ﬁarfjii?: )) O (@w(%ﬁ)) (2 (Hﬁﬁ)) (@ (%ﬁ)) O o O O é (ﬂﬁﬁ))
ﬁf“, . g elling) | (Swelling) | (Swelling welling
&% = e @) O @) © O O O O O O
E o 7L A
é E A O O @) ©) O O O O O O
= THF (90C x |4 (E#H) AN O O O O O @) O
% ( ) (Swelling)
& XL A (FEE) O « o (EE) |~ (EE) | o (FE) o (ERE) S (RE) o 12 (B)
S| XYLENE (120C) |(Hardening) (Swelling) | (Swelling) | (Swelling) | (Swelling) | (Swelling) (Swelling)
it EEFEE
& | ABRASION RESISTANCE| O O O O O @) O o a
|—
| MWhybRIL—
» W | 0T THROUGH RESSTANCE |~ O = O O O O O O A
Be W T W o o o o 0 O o O A o
g & WORKABILITY
S i B SR
% RADIATION RAY RESISTANGE| = - O O O O O O X O
I ¥ OE M
% |SMOKE GENERATION| = o = = A A A N O O
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PERFORMANCE OF IRRAX™
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W HFfte = LR 2L AREE ERICEnYr s MHeat resistance ---PVC and polyethylene reduce the Young's
LAPA U K0 SR CIHALRE) § 5., &2 A, modulus accompanied with the temperature
4T 2 2RO & 512 FEEIRE 2- - ZkG A rise, and they soften and flow at higher
AHERILTWAZD Pk LTt HitkTiz temperature than the melting points.
74T ABHER DML & %, B > C RO kR Ik Or the other hand, on account of the fact that
WSO 22354 PR S L2 300°C R I O % linked struéit‘llfre ales d;:ceril;emde;lsgifia i‘EcrOSS_
DR l:H COAILTE HUS T AGEE A RS indicates the elastic property like rubber.
DATEE»EDZ e aIEFIZHATH S, X I Therefore, when using it as the insulation of
L= LAY TFL U EROLEA T s -k electronic wire, it is very advantageous.
RECTHEIR ST T — BRI 213200°C D Because if a solder or soldering iron of
ICBEIN BRSPS BH T 208055, approximately 300°C of temperature comes in
ZHIZR UTA Ty o 2D MR E NN 52 & contact during solder connecting work, it
3 AT DZEAL S 4 Uy, T ORE 5 B & ik % indicatesd tl;e elastic p?pegy as rubber }\lvithout
) = = e causing deformation. Furthermore, in the case
#e L’Eﬁ z Et Gl ﬁo) I LS RELRIRA of PVC and polyethylene insulated electronic
) %h e }:‘%ﬂj? ® Z? Th3. . ~ wires which are done wiring in the bent
Wi B R YT F LTS BSIE T REO F“ﬁ%i” HB. Ihid condition, it occurs that the conductor is
RO DM TEAZ D FENEIZIAFT 55 exposed to the outside when it is exposed to
B en MBOFEHRHZIMT L0 NEMASZZ &Ik temporarily, for example, at 200°C of
DINEBIZIS ) A R X8 -5 O A8 A 10k temperature. On the contrary, in the case of
ISR IC A S, ZORMED R E L LTASTDM D IRRAX™ the insulation does not flow, and no
1693—60TIZ L BRER ST M B . Z UL A IS M change is occurs. When using our IRRAX™ as
DR DAL % 11T 720 T AFBHh i 23l insulatinghmaterliall,3 ilt is indicated that a leg'ge .
P T ) A - = 5 merit such as reliability improvement is obtained.
FH?%&T iu&/% e j{&ié éf) “Sb 5ﬁ ﬂXEm; nA WStress crack In polyethylene there is a problem of
W ﬁﬁjka? SRR K:Hﬂ)‘ L = JOTHR I & N resistance T environmental stress crack. This is caused in
TOOBENTOSB RN T FL OB A S A< Rk case the working strain at working remains
THY, B REGRV T FL YT hbBEAT97 Z°A inside as it is, or in case it is used in the condition
WBIERICEN M EE R TSR E2 2R IR L, that the stress is produced inside by applying
the force from the outside at practical use.
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.
FE2k HEHER Table 2 Test Result
B R o
s % | SOLUATION Igepal CO 630 (50 %)
e | oy m BUEH ORISR 5 % T OB EUEHOMBS# /BN 3 % CORM
Time until 5 out of 10 specimens are broken (Hours) | Time until the total 10 specimens are broken (Hours)
CONDITIONS
RYTFL
POLYETHYLENE 1.75 2.00
BFFEFRIIFLY
ELECTRON BEAM IRRADIATED >1,000 >1,000
POLYETHYLENE
| [i7p:: L 2L RR) L F L ARIEFHI P ANBETERR S, MOil Resistance and ~ When entering PVC and polyethylene in the
maE ZHIZRH LT ATy 2L TEF & > T 55 Solvent Resistance "~ organic solvent, they are dissolved.

UG Ok R xS AV 2N i AR

ZORIABEANCIEHIQNE 51790 22D H
137 = 2B R A CUL S 22 DD S D
Wl i OV —F FOAER R E L TR DIZHFI T,
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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

HEC@&xICTausl

SHERIAHI SOLVENT | | 7/ % SWELLING* fif % REMARKS
- . e 25% 20C : Property unchanged within
25% 20C : 37 BLARERE 3 months
o~ . . 25% 60C : Property unchanged within
SULFURIC - 25% 60C : 17 BLIARERE ° ARG g
AR o - R B R 98% 20C : Property unchanged within
INORGANIC 98% 20C : 37 BLIARERE 3 months
ACID o . 25% 60C : Property unchanged within
- 25% 60C : 157 ALUASRERE 1 month
NITRIC - o . . e 50% 20C : Property unchanged within
ACID 50% 20 : 17 REIRRETRE 1 month
50% 60C : {ERAA] 50% 60C : Not used
FIVHY _ B7ILAHY GFTILAVEBICEDH TRE It is extremely stable both in strong
ALKALI TH> alkali and weak alkali.
AR
F > L2 |Elongation in the axial direction

No crack in the self-diameter winding.

130°C:30% (minutes) 300%

BWEEEEIAUSFILEYB0%ET

s | XYLENE | 105C 15 (minute) 120%
el 104> (minutes) 135%
KFEZR =
HYDRO- w _Elﬁgh‘t
CARBON| #+/ 1) « _Weight change . o . )
(:JASJOI{IN/E 25C : 120% | 50CEIETIEBEICEENIE gg'g' care of the swelling at higher than
50C : 135% :
70C : 203%
TRENNT &5 R0 . . .
74> |Elongation in the axial direction| ETEEHXICTBRAL, FHMNILLEE 1!\_1':) crackiin the self diameter winding.
o~ . . of | mogm g 5 P SEm — e projection and tear of tube are pro-
FLUID |120TC :5% (minutes) 120% | LW F1—TDOREBHhHES duced from the fixed end soldered
. M .
5742 PARAFFIN 604 (minutes) 134 % o -
PARAFFIN o The swelling is remarkable. The proje-
7952 BEEZt BEAVBUBLWERMITLEERD ction and tear of tube are produced
WAX Weight change 5F1—TDRHEBhHELS from the fixed end soldered.

The rupture voltage lowers 30% than
the original one.

cNyao—-JILIFLr

75 el
Elongation in the axial direction
87C 114} (minute) 140%

HERBBRELE QFmMHEEANTT
LHEFREDWN D EL D

The self-diameter winding crack is pro-
duced, and the tear of insulation is
produced in the soldering of both ends of

VAl 0 L 5% (minutes) 180% | ERF TIF109EA conductor, and within 10 minutes in the
154 (minutes) 190% steam.
7= The self-diameter winding crack is pro-
VARNISH = P duced.
EEL(E BEESxaRRE .
F120  gguanange | Bo@ion. RaeT I the 10 tmes and crack are not pro-
: o ; o = oS ens .
THINNER 130C:30% (minutes) 133% | WIEEBEIEF YT FILEKUB0%ET The rupture voltage lowers 60% than
7=z | 1:1) the original one.
VARNISH| 5= 2z—>
NN EEZt ) The rupture voltage lowers 80% than the
VARNISH Weight change BIREEIE AU FILELIBOR KT original one.
COMPOUND| 260C &V)#i% :1132% EFERIE AV D FILD10%ICET The insulation resistance lowers to 10% of
(JIS C2683| Annialing from 260C the original one.
K.43D)
OF EFEZ1t The self-diameter winding crack is pro-
r—J IV Weigrfchan ge HOERASEBuRE duced.
= —d A R 7 : ~ f . . .
- OF S;IABLE 130°C230%) (minutes) 190% EXHMEDOHLIIEIS KV 'cli'he deterioration of electrical property
oes not occur.
INSULATING Th m - d th -
oIL . . e swelling is severe, an e use is
ik Elongatioimi:iﬂ:a:ﬁil; direction Hzﬁo“: ATV # impossible.
= eb—4 4 Ay -_— \ . . .
C 2320 110C £ 1% (minute) 170% ERMEDOHLIEERIS KL The deterioration of electrical property
does not occur.
S - Concerning freon Nos. 114, 112 and 111
BLAkED| X5 F Nos.-114, -112, -111D 7 W_Y/‘:'JV‘:( the cons!id%rable mechanical change is
B METHANE - B.BUSLULRIRIZ(ERD 50 e not observed. The Nos. 21 and 22 are
&k | SERIES Nos.-21, -22(3 fEFATEE t used ) ’
HALOGEN not used.
DERIVATIVE| T %> %
OF HYDRO- | ETHANE — RECHELL Stable and without problem.
CARBON | SERIES

KAVTF N E100%EL 72
The original should as 100%.
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PERFORMANCE OF IRRAX™

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

MHeat deformation ---Since IRRAX™ forms the three dimensional
mesh-shaped linkage described above, it is
insoluble at high temperature, in other
words, this means that the heat deformation
is improved.

When applying the external pressure at
temperature of more than the melting point
of polyethylene, for example, 120°C,
polyethylene is completely crushed, and the
deformation rate becomes near 100%.
IRRAX™A remains approximately 50%.

BIR ATvIREBERIIFLY EEEZILD
AL B

Fig. 1 Heat Deformation Comparison Between

IRRAX™ and Normal Polyethylene and PVC

100

~
a

29A IRRAX™A

[$)]
o

BEFERE (%)
Heat deformation rate residue

N
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=E (T)
Temperature

WHERAIMEE - E LR T F L ACE IR A RIRT M Mechanical properties --When irradiating the electron beam to PVC

DO, PUENINREDINZE S50 % F2XNTIRL 72,
ISR BHICAT 90 ZeAIZE T OPUE OB
K AFODIE FAEL 5,

L. 2O A ZE LI EROME AR 728452
I EORRIZZ L2 =0 TROEDEIRE AW
7259,

52 157 ZADEMEIEE

3000 |

N
[=]
o
o

iskA (psi)
Tensile strenght

1000

0 1 1

and polyethylene, how the elongation and
tensils strength at normal temperature are
changed is shown in Fig. 2.

As seen from this figure, IRRAX™A causes
a little increase of tensile strength and a
little lowering of elogiation.

However, in case IRRAX™A is used as the
insulation of electronic wire, the change is
not such extent as it brings the change to
the practical performance.

Fig. 2 Mechanical Properties of IRRAX™A

100 200 300 400 500 600
B (%)
Elongation

MAFZOT O - BRERMEEREDCS. BEVEJERTIHENEVET,

*¢This specification is subject to change without a prior announcement.

Ingenious Dynamics
(2011.04)

700

@ FRET

SUMITOMO ELECTRIC



PERFORMANCE OF IRRAX™
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BESHEE - RV T FL U EAT 97 ZADRNIZEBXNMEE O MElectrical properties ---There is hardly the difference of electrical
BaAER O AR IEHELI DT PRKRT 528 FH L properties between polyethylene and
Far ERIEIZ LS50, (4E5m) IRRAX™A. The dielectric tangent increases
BHEBIEIC DWW T B AL A > 7 O 2 PR T slightly, but it becomes hardly a problem on
775 - 72858 % SE3UTTR L 7248, 100°C B i practical use.
RZ B UV 3EA T TS pgncernlng the ruptur.e voltage, the case that
- ° it is conducted by the impulse breakdown
test is shown in Fig.3, and there comes a
distinguished difference between both at
higher than 100°C.
Fa4xk EBEXRMEE Table 4 Electrical Properties
15 H ITEM
= oM FEE BELEE FREFER
SPECIMEN DIELECTRIC CONSTANT DIELECTRIC TANGENT VOLUME INHERENT RESISTANCE
(1 MHz) (1 MHz) (Q - cm) at 50C
RYITFL 4 16
POLYETHYLENE 2.26 2.2X10 2.0X10
BEFEBHERVIFLY
ELECTRON BEAM IRRADIATED 2.27 3.0X10-* 2.3X10%
POLYETHYLENE
%3 1599 R ADIHIEEE Fig. 3 Rupture Voltage of IRRAX™A
120]
g 100
moo 80y AN
=B g E \
385 e, \
< 2= \ o FUIFLY
,\} E- 20 | ‘ll Polyethyls
20|
0 . . . . . .
20 40 60 80 100 120
RE (C)
Temperature
J&JH  APPLICATION
S Table 5
15y ZMEOEFE RERM L EHEE HEASh3EH
KIND OF IRRAX™ MATERIAL KIND OF ELECTRIC WIRE REASON TO BE USED
. . Hook up wire (For example, hair i S | i
(1)Hook up wire (Y Hair dryer ) dryer) Heat resistance and soldering resistance
1592 2°A . B 2) HENERELR Electronic wire for automobile WERE S LOmEE
II:R;\XTM i (JASO (B ENEM)RE) (JASO standard (for automobile]) |Overcurrent characteristic and heat resistance
' (B)EE T — T I b LV ERKTELR  Coaxial cable and shielded electronic wire |  Ti#¥:H{4 Soldering resistance
) re . . . =i T T EhE
(4) FLEREER High voltage wire for television High voltage resistance and heat resistance
81Ty XA R — 7 IV L UERKTER  Coaxial cable and shielded electronic
FOAMED IRRAX™A* | (1) (BF##8%. 0> E1—4—.FL wire (Electronic equipment, compu- ¥ HEF4E  Soldering resistance
ELECTRONIC E.XFL %) ters, television sets and stereo sets)
) . &t | I 2 E A1
P (1) Hook up wire (UL#R#&) Hook up wire (UL standard) Heat resistance and soldering resistance
7y v — -
IRRAX™ Y/ HENERELR Electronic wire for automobile .
(2) (Jaso (EEIEm) M) (JASO standard (for automobile)) MFfE  Heat resistance
(3)/BUE— 2 —[OHE Small motor lead wire fii# 4 Heat resistance

#1FEEA 7 7 ZACALEAR Y TF L v OFFERHE A SR L2z F

FVZF L VICETRBHLEB 28D TH S,

ZHUIRY TFL Y KOBE R AV NN BT THIO AL, R
&2 ZLIc KD F LI M L LS iR e 55,
%2 4 Ty o 29V &AL E =L ORI | BB LB S %

Meds LD DRI EEZ M 5- L7 4PR T

%1 Foamed IRRAX™A is foamed polyethylene improving the

dielectric characteristics by the electron beam irradiation,

because the heat capacity of foamed polyethylene is smaller
than that of polyethylene and is extremely weak in heat, but the
heat resistance of foamed IRRAX™A is remarkably improved
by cross-linkage and it becomes the material easy to use.

%2 IRRAX™V?2 is a material to maintain the mechanical, electrical
and chemical properties of PVC, in addition to having the heat

resistance.
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