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1. Introduction

At the European Organization for Nuclear
Research (CERN), radiation damage test studies
have been carried out on a large variety of or-
ganic and inorganic materials, electronic com-
ponents, metals, etc., which are used in the
construction and operation of high-energy ac-
celerators. Since apart from electronic com-
ponents the organic materials are amongst
those the most sensitive to radiation, a large
amount of radiation damage test data have been
published'-1". Nevertheless, design engineers
are often faced with the problem of quickly find-
ing the desired information. We therefore de-
cided to publish our radiation damage test
results on organic materials in a catalogue, with
an alphabetic compilation of data. Up to now,
two volumes of the catalogue are available.

Part |'2 contains information on commer-
cially available cable insulating materials such
as ethylene-propylene rubber, Hypalon, Neo-
prene-rubber,  polyethylene,  polyvinylchloride,
etc. A detailed list of materials which can be
found in Part1is givenin Appendix 1.

The present part, Part ll, contains thermo-
setting and thermoplastic resins*) with excep-
tion of cable insulating materials. The main
contribution of data in this part is from epoxy
resins, which are used for the insulation of large
magnet coils.

We first describe some characteristic proper-
ties of the materials and the test methods, and
define the end-point criterion for the selection of
radiation-resistant materials. Then we give the
irradiation conditions, and in Section 4 we ex-
plain the presentation of the data.

It must be noted that all data have been ob-
tained after accelerated irradiations in a nuclear
reactor, and all tests were carried out under am-
bient environmental conditions. After long-term
exposure and ageing in other environments, a
variation from the presented data may be
expected.

*) Thermosetting materials have the property of becoming permanently
hard and rigid when heated or cured, whereas thermoplastic resins may
be remelted and cooled time after time without undergoing any
appreciable chemical change.

1. Introduction

A |'Organisation européenne pour la re-
cherche nucléaire (CERN), des essais de radio-
résistance ont été effectués sur un grand
nombre de matériaux organiques et inorga-
niques, des composants électroniques, des
métaux, etc., qui sont utilisés pour la construc-
tion et l'opération des accélérateurs a haute
énergie. Mis 3 part les composants électro-
niques, les matériaux organiques sont parmi les
plus sensibles aux rayonnements ionisants; une
grande quantité de résultats sur ce sujet peut
donc étre trouvée dans la littérature -1 Toute-
fois, les ingénieurs rencontrent souvent des diffi-
cultés pour trouver facilement l'information vou-
lue. Cest pour cette raison que nous avons
décidé de publier nos résultats d'essais de radio-
résistance des matériaux organiques Sous
forme de catalogue alphabétique. Ceci a été fait
en deux parties:

La premiére partie'2?) conceme des matériaux
utilisés comme isolants et gaines de cébles élec-
triques: le caoutchouc éthyléne-propyléne,
I'Hypalon, le caoutchouc Néopréne, le polyé-
thyléne, le chiorure de polyvinyle, etc. Une liste
compléte des matériaux présentés dans cette
premiére partie peut étre trouvée dans l'appen-
dice 1.

Le présent volume, qui constitue la seconde
partie, contient des résines thermodurcissables
et thermoplastiques®), dont la plupart sont des
époxydes utilisés dans [isolation de bobinés
d’aimants.

Nous donnons d'abord quelques propriétés
caractéristiques des matériaux, les méthodes
d’essais utilisées, et nous définissons les critéres
de dégradation de propriétés qui servent a sélec-
tionner les matériaux radiorésistants. Nous
décrivons ensuite les conditions d'irradiation et,
dans la section 4, nous expliquons la présenta-
tion des données.

li faut noter que tous les résultats ont été
obtenus par des irradiations accélérées dans un
réacteur nucléaire, et que tous les essais ont été
faits & température ambiante. Aprés une longue
période d‘irradiation et un vieillissement sous
d'autres conditions, on peut s'attendre & un
changement dans les résultats que nous avons
obtenus.

*} Les matériaux thermodurcissables se transforment pendant la cuisson
en des produits réfractaires et non solubles, tandis que les produits ther-
moplastiques ramollissent si I'on augmente la température et durcissent
de nouveau si on |'abaisse.



2. Materials, characteristic properties,
test methods, and end-point criterion

Most materials listed in this catalogue have
been supplied during the construction period of
the CERN 400 GeV Super Proton Synchrotron
(SPS} by European firms which were involved in
offers and/or supply of organic resins to be used
in high radiation areas. A list of these firms is
given in Appendix 3. Apart from epoxy resins,
which represent the largest group of materials,
also polyesters, phenolics, polyurethanes, and
silicones were included in the radiation damage
test studies. Some materials may not be on the
market any longer; this is marked in the tables
and graphs of the catalogue whenever known.

Some characteristic physical, mechanical,
and electrical properties of thermosetting resins
are summarized in Table 19. These values may
serve only as a general indication since they de-
pend on numerous parameters such as com-
position and quantity of base resin, hardener,
accelerator, filler, and other additives, as well as
on cure conditions, etc.

The determination of the degradation of the
materials due to ionizing radiation is based on
the mechanical properties. This we justify by our
own experience and that of others* that, in gen-
eral, the mechanical degradation of organic in-
sulating materials occurs before the degradation
of the electrical and other physical properties.

Whenever possible, the tests have been car-
ried out according to intemational norms’'3)
Sometimes exceptions had to be made for prac-
tical or technical reasons, e.g. sample size, dose
rate during irradiation, etc. The test samples,
usually five per test, have been cut from 4 to
6 mm thick plates molded from the respective
materials.

Flexion tests were performed on an Instron
testing machine, where the force at rupture and
the maximum deflection at break were deter-
mined. From these measurements the ultimate
flexural strength and the tangent modulus of
elasticity were calculated.

The testing method was a three-point loading
system utilizing a centre load on the supported
sample according to ASTM norm D790. The dis-
tance between the two supports was 67.0 mm
and the speed of the central point was
2 mm/min.

As end-point criterion for the definition of the
radiation resistance of non-flexible plastic in-
sulating materials we require that at a given
dose D the uftimate flexural strength of the
material is above 50% of its initial value at zero
dose.

©~

2. Les matériaux, leurs propriétés carac-
téristiques, les méthodes d‘essais et les
critéres de dégradation de propriétés

La plupart des matériaux de ce catalogue ont
été fournis pendant la construction, au CERN, du
Super-Synchrotron & Protons de 400 GeV, par
des firmes européennes qui ont été engagées
dans des offres ou des fournitures de résines or-
ganiques. Une liste de ces firmes est donnée
dans l'appendice 3. A part les résines époxydes,
qui recouvrent la plupart des matériaux, nous
avons aussi inclus dans l'étude des résines
polyestéres, phénoliques, polyuréthanes et sili-
cones. ll est possible que quelques-uns des ma-
tériaux ne soient plus sur le marché, et nous
l'avons noté dans les tableaux et les graphiques,
pour les cas ot nous l'avons su.

Le tableau 1 donne un résumé des quelques
propriétés mécaniques, électriques et physiques
des résines thermodurcissables®. Ces valeurs
peuvent seulement servir diindication générale,
puisqu'elles dépendent de nombreux para-
maétres tels que la composition et la quantité de
la résine de base, du durcisseur et de |'accéléra-
teur, ainsi que les charges et d'autres additifs.

Pour la détermination de la dégradation des
matériaux due aux rayonnements ionisants,
nous avons choisi pour les essais les propriétés
mécaniques. Ce choix se justifie par notre propre
expérience, et celle d'autres auteurs®, qui nous
ont appris que la dégradation, due a lirradiation,
des propriétés mécaniques des matiéres plas-
tiques intervient généralement avant celle de
leurs propriétés électriques et de leurs autres
propriétés physiques.

Nous avons exécuté nos essais selon les
normes intemationales'® dans tous les cas ou
cela était possible. Pour des raisons pratiques ou
techniques, quelques exceptions étaient inévi-
tables, par exemple dimension d'échantillons,
débit de dose pendant l'irradiation, etc.

Les matériaux ont été fournis sous forme de
plaques de 4 a3 6 mm d'épaisseur, dans les-
quelles, en général, cing échantillons ont été
coupés pour chaque essai.

Des essais de flexion ont été effectués sur une
machine Instron qui ont permis de déterminer la
force ainsi que la déflexion a la rupture. Ensuite
nous avons calculé la résistance a la flexion et le
module d'élasticité.

La méthode d'essai était un systéme d'appui a
trois points: on applique la force sur le point
central, selon la norme ASTM D790. La distance
entre les deux points d’appui était de 67,0 mm,
et la vitesse d’avancement du point central était
de 2 mm/min.




3. Irradiation conditions and dosimetry

Important remark: New special names of Sl
units in the field of ionizing radiation have been
adopted in 1975 on the recommendation of the
international Commission on Radiation Units
and Measurements'. This new Sl unit for the
absorbed dose of interest here is the Gray (Gy),
whereby

1Gy = 1Jkg = 100rad.

Please note that all units for absorbed dose in
this report are in Gray.

Test samples have been irradiated to three
different doses between 5 x 10%and 1 x 108Gy
at the ASTRA reactor in Seibersdorf (Austria).
This is a 7 MW pool reactor, and the irradiation
position 11 is situated in the reactor core. The
characteristics of the irradiation container and
the radiation field are the following:

Dimensions of

irradiation container:
Fast neutron flux

(E> 1 MeV):
Thermal neutron flux:
Gamma dose rate : 1-2 x 106Gy/;
Irradiation medium : water;
Irradiation temperature : 30-40°C.

diameter 46 mm;
length 300 mm;

2-3 x 102n/cm2sec;
4-5 x 10'2nfcm?2sec;

The thermal neutron flux and the fast neutron
spectrum are determined by means of activation
detectors and the gamma dose rate is measured
calorimetrically. More details about the irradia-
tion conditions and dosimetry are given else-
where 15,

4. Presentation of data

The data are presented in alphabetical order,
and under each letter (if there are any materials)
the following information can be found :

— Material name, trade name, and/or chemical
name and chemical formula if known ;

— Tables and graphs containing the radiation
damage test data.

The tables contain :
— The material name (e.g. Silicone);
— Aninternal code number;

— The material type, composition, cure condi-
tion if known, and the supplier of the ma-
terial;

— Flexion test results for the irradiated and non-
irradiated material :
ultimate flexural strength in N/mm?2,
deflection at break in mm,
modulus of elasticity in N/mm2

Comme critére de dégradation de propriétés
pour la définition de la radiorésistance de maté-
riaux isolants non flexibles, nous exigeons qu'a
une dose-seuil D la résistance de flexion du
matériel soit au-dessus de 50% de sa valeur ini-
tiale a dose zéro.

3. Conditions d'irradiation et dosimétrie

Remarque importante: De nouvelles unités
S| dans le domaine des rayonnements ionisants
ont été introduites en 1975 4. L'unité Sl pour la
dose absorbée est le Gray (Gy), tel que

1Gy = 1 J/kg = 100rad.

/I faut noter que dans ce rapport toutes les
valeurs pour la dose absorbée sont données en
Gray.

Les échantillons ont été irradiés en général a
trois doses intégrées entre 5 x 10%et 1 x 108Gy
dans le réacteur ASTRA, & Seibersdorf
(Autriche). Il s'agit d'un réacteur piscine de
7 MW et la position d'irradiation N° 11 se trouve
dans le coeur du réacteur. Les caractéristiques
du container d'irradiation, ainsi que du champ de
rayonnement, sont les suivantes:

Dimensions du
container d'irradiation:
Flux de neutrons rapides

46 mm de diamétre,
300 mm de longueur;

(E> 1 MeV): 2-3 x 10'2n/cm 2sec;
Flux de neutrons

thermiques: 4-5 x 10'2n/cm 2sec;
Débit de dose gamma: 1-2 x 108Gy/h;
Milieu d'irradiation: eau;

Température d'irradiation: 30-40°C.

Le flux des neutrons thermiques et rapides a
&té mesuré par des détecteurs 3 activation, et le
débit de dose gamma par un calorimétre. Plus de
détails sur les conditions d'irradiation et la dosi-
métrie peuvent &tre trouvés dans la réfé-
rence 15.

4. Présentation des résultats

Les matériaux au sujet desquels on peut
trouver des résultats sont classés alphabétique-
ment en anglais; sous chaque lettre on peut
trouver les informations suivantes:

— Nom du matériau, nom commercial et/ou
nom chimique et formule chimique si connue;

— Les résultats d'essais de radiorésistance de
matériaux sous forme de tableaux et
graphiques.

Les tableaux contiennent:

— Le nom du matériau (par exemple, silicone);
— Un numéro de code inteme;
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The arithmetic mean value and standard devi-
ation is given.

The graphs contain:
— The ultimate fiexural strength S, the deflec-
tion at break D, and the modulus of elasticity

M as a function of absorbed dose for the
same materials as listed in the tables above ;

— Information on the material,
and supplier;

composition,

— Remarks, if any (e.g. used for SPS dipole
magnets) ;

— Initial valuesof S, D, and M.

All materials which can be found in this cata-
logue are listed in Appendix 1. Appendix 2 gives
the used trade names and corresponding chemi-
cal names. Appendix 3 lists the firms which sup-
plied test samples for this study, and Appendix 4
explains the used commercial symbols for
chemical compounds.

Acknowledgements

The present study was initiated by J.B. Adams
with the start of the SPS programme and was
originally carried out in collaboration with
M. Van de Voorde and the ISR Division. The
radiation damage test studies have been con-
tinuously supported by M. Crowley-Milling
(SPS Division) and A.J. Herz (HS Division).

Our particular thanks are due to K. Goebel for
his interest in this work and for many useful dis-
cussions and suggestions, as well as for the re-
vision of this report.

We are grateful to W. Eichenberger and
J. Maurer from Ciba-Geigy, Basle, for the revision
of the chapter Araldite and for supplying the
information on  Ciba-Geigy  products in
Appendix 4.

We would like to thank the firms which have
supplied the test samples, both for their interest
in this subject and for useful discussions which
we had with their representatives.

— Le type de matériau, sa composition, les
conditions de cuisson si connues, et le four-
nisseur du matériau;

— Les résultats des essais de flexion pour le ma-
tériau irradié et non irradié:

— résistance a la flexion en N/mm?2,

— déflection a la rupture en mm,

— module d'élasticité en N/mm?2

La valeur de la moyenne arithmétique et la
déviation standard sont données.

Les graphiques contiennent:

— La variation des propriétés mécaniques en
fonction de la dose absorbée pour les mémes
matériaux que ceux donnés dans les tableaux
expligués ci-dessus;

— Linformation sur le matériau, sa composi-
tion, le fournisseur;

— Desremarques, s'il y a lieu;

— Les valeurs des propriétés mécaniques pour
le matériau non irradié.

La liste des matériaux pour lesquels nous don-
nons des résultats constitue I'appendice 1. Pour
y retrouver facilement un matériau dont on ne
connait le nom qu'en francais, nous avons pré-
paré une liste de traductions dans le tableau 2.

L'appendice 2 donne les noms déposés ou
noms de commerce des matériaux, avec leur
nom chimique. L'appendice 3 présente une liste
des firmes qui ont fourni des échantillons pour
les essais, et I'appendice 4 explique les sym-
boles commerciaux utilisés pour les composés
chimiques.

Remerciements

Cette étude a été lancée par J. Adams, avec
le début du programme SPS; initialement, elle
a été effectuée en collaboration avec M. Van de
Voorde et la Division ISR. Les études de dégra-
dation des matériaux due au rayonnement ont
été constamment soutenues par M. Crowley-
Milling, Division SPS, et A.J. Herz, Division HS.

Nous remercions particulierement K. Goebel
pour lintérét qu'il a montré pour cette étude et
pour de nombreuses suggestions et discus-
sions, ainsi que pour la révision de ce rapport.

Nous sommes reconnaissants a W. Eichen-
berger and J. Maurer, de Ciba-Geigy (Béle),
pour leur révision du chapitre sur I'Araldite et
pour les informations qu'ils nous ont données
sur les produits Ciba-Geigy mentionnés a l'ap-
pendice 4.

Nous tenons aussi 8 remercier les fabricants
qui ont fourni des échantillons d'essais; nous
avons eu des discussions utiles avec les repré-
sentants de nombreuses firmes.




-5 -

The irradiations have been carried out at the
ASTRA reactor centre, which belongs to the
Osterreichische Studiengesellschaft fiir Atom-
energie in Vienna. The good collaboration with
A. Burtscher and J. Casta is acknowledged.

The organization, execution, and data analysis
of the mechanical tests have been carried out by
P. Beynel. His enthusiasm and interest in the
work were very much appreciated.

Finally we would like to acknowledge the
special effort and care taken by the CERN Scien-
tific Reports Typing Service in the typing and
presentation of this document.

Les irradiations ont été effectuées au réac-
teur ASTRA, a Seibersdorf, en Autriche, qui fait
partie de [I'Osterreichische Studiengesellschaft
fir Atomenergie. Nous avons apprécié la bonne
collaboration que nous ont offerte A. Burtscher
et J. Casta.

L'organisation des essais mécaniques, leur
exécution, et l'analyse des résultats ont été
effectués par P. Beynel. Son enthousiasme et
lintérét quiil a porté A ce travail ont été
précieux.

Nous voudrions enfin exprimer notre appré-
ciation de feffort et de Vattention que le
Service de dactylographie de rapports scienti-
fiques a apportés & la préparation de ce
document.

References

1) B. Doleel, Die Bestandigkeit von Kunststoffen und
Gummi; Chapter 2: Bestdndigkeit gegen ionisierende
Strahlung {Carl Hanser Verlag, Miinchen, Wien, 1978),
p.303.

2) J. Berthet et al., Des plastiques dans le nucléaire:
comment les essayer?, Caoutchoucs et plastiques 580,
171(1978).

3

D.C. Phillips, The effects of radiation on electrical
insulators in fusion reactors, AERE-R8923 (UK Atomic
Energy Authority, Harwell, 1978).

4

J.E. Kirchner and R. Bowman, Effects of radiation on
materials and components (Reinhold Publishing Corp.,
New York, 1964).

5) R.0. Bolt and J.G. Caroll, Radiation effects on organic
materials (Academic Press, New York, London, 1963).

6) M.H. Van de Voorde, The effect of nuclear radiation on
the electrical properties of epoxy resins, CERN 68-13
(1968).

7) M.H. Van de Voorde, Effects of radiation on materials
and components, CERN 70-5{1970).

8) M.H. Van de Voorde, Action des radiations sur les
résines époxydes, CERN 70-10 (1970).

9) M.H. Van de Voorde and C. Restat, Selection guide to
organic materials for nuclear engineering, CERN 72-7
{1972).

10) H. Schonbacher and M. Van de Voorde, Radiation and
fire resistance of cable insulating materials used in
accelerator engineering, CERN 75-3 {1975).

1

H. Schénbacher, Anwendung von Kabel und Magnet-
isolationen im nuklearen Strahlungsfeld von dber
1 Megagray, Bulletin de I'Ass. Suisse des Electriciens
69,72 (1877).

12) H. Schénbacher and A. Stolarz-lzycka, Compilation of
radiation damage test data; Part |: Cable insulating
materials, CERN 79-04, (1979).

13

International Electrotechnical Commission, Geneva,
Publication No. 544: Guide for determining the effects
of ionizing radiation on insulating materials; Part I:
Radiation interaction, Ref. 544-1 (1977); Part 2:
Procedures for irradiation, Ref. 544-2 (in preparation);
Part 3: Test procedures for permanent effects, Ref.
544-3 (in preparation).

14

K. Lidén, The new special S| units in the field of ionizing
radiation, Health Physics 30,417 (1976}. .

15) H. Schénbacher et al., Study on radiation damage to
high-energy accelerator components by irradiation in a
nuclear reactor, Kerntechnik 17, 268 (1975).

16) George Lubin (ed.), Handbook of fiberglass and
advanced plastics composites; Polymer technology
series (Van Nostrand Reinhold Co., New York, 1969).

17

H. Jahn, Epoxidharze (VEB Deutscher Verlag far
Grundstoffindustrie, Leipzig, 1969).

18) Clayton A. May and Yoshio Tanaka (eds.}, Epoxy resins,
chemistry and technology (Marcel Dekker, Inc., New
York, 1973).

19) A.O. Jenkins (ed.), Polymer science {North-Holtand
Publishing Co., Amsterdam, 1972).

20} O.-B. Neumiiller {ed.), Rémpps Chemie-Lexikon
{Franckh’sche Verlagshandlung, Stuttgart, 1873).






(20)
- - 002 - 0§l - - on 8690 | 3unLvdINIL NOLLEOLSIO LV3H,
v - O . . e .= e . /1940 0| 0
&b - b I's se 9y - I'p 8y - LY b'e osia ANVLSNOD 218131310
. . . . . $/19K3 501 40
- 10°0 620°0 £10°0 #20°0 2e0’0 osid ¥OLOV4 HIMOd
_ _ _ _ _ (ww/ AY)
9 - 2l 9l - ¢l zZ- 9 < 6¥1 4 HLON3YLS 5141537310
(ways)
- e _ . ) _ } a
O 66~ b SOl = 12 Y @0l 1'9 182 LIALLSISTY JWOTOA
o e - A . o - o g — o - e (wo/ waby) (paydsou)
re -2z 26 - 0% re re-ze 8- +'9 rz -1 9524 M onaure 1ovdn!
- _ _ _ (gwa/ BY)
008 - 001 006¢ 0001 - 009 00L1 - 00! 009¢ oos1-008 | oeza HLONTHLS TVHNX3Td
- - . - . (zwa/6% 4qQl)
2z - 12 g'¢ ¢i - 0l og¢ s'e 8g9a sninaow BIsNaL
_ _ _ _ _ . (%)
§-¢ vy gesa NOILVONOT3
~ ) - (gwa/6v)
ose 000+ — 00S€ 004 0oL 000v - 00S€ | 008-00L | segoa HLONISLS, TUUSNIL
(30 /c0) NOISNV4X3
- - 3 - : 69 £-
0 ° 9694 40 IN3IDI44300 TYNNIHL
- - - - - (D04 w/180Y)
+ §¥'0 ~ G0 geea ALIAILINANOD TYNYH3HL
. . . . . . | | . . {( %o )
-1 - - 80 -0 - -
02°0 - 110 80 - 00 08'0 - 00 | BO'O ~ 200 20 - 10 0.5 NOLLaHOSEY, HILYM
Ll 16" 2’ 0z- 8l 1'2- 02 Sl 26Lq {gwa/6)
NLlSV ALIAYHO 3(4193dS
AVHININ ssv9 HIT4 ON | VHININ SSV19 ¥3ITid ON S31Lu3d0Yd
IVI0AON AXOd3 v 10N3HdSI8
SNIS3¥ AXO0d3 sy3awatod

s|eL4azew Burypasowdays Jo s3Ljuadoud dt3siusloedRY)

L @1q9el




( 90)
0s¢ 00€ - 002 - 08i 0s2 - o8l ~ ogl o8l - 06l 890 | 3uN1vyIdNIL NOLLYOLSIA 1V3IH
L'y v'e Sv- L't 9- ¢ L-8b 9- ¢ 69 - 6°¢ %1360 0l 0
(%/2,01) r6-pf 0SId LINVISNOD 2141531310
$500°0 $00‘0 2°0 - §I'0 | 80°0 - 200°0 800 - €070 | 62'0 - €0°0 | 900 -6l0'0 | SO0~ ¥0°0 ogia | YPRsole
4012V4 ¥3IMOd
- _ - - o e - (ww/AY)
22 n- 9 - ¢ L-#0 ol - #0 01-90 9l - 0l 601G HLONZHLS 2181931310
ol 26 0l = ¢,0t - Ol = 4,0l ot = ol 0l - 40! 0l = 4Ot 0l ~,01 62 1620 (W)
o u ] w0~ Ol v ol a ® ) s Il 6 2 ol ALIAILSIS3N 3INNTOA
. (wo/ waby) (paydjoy)
21 S 2 - b e - Jg" - - a - w -
g2 - bl 6€ - L60 o - 2 9l - 8°0 82z~ | v - 22 96z0Q HLONIULS LOVANI
oose 0001 016 - 02y | Ob8 - 09S 00l - 06% | 0LL - OS¥ 009 0001 -0v8 | 0620 (awd3/ &1)
4 HLONIHLS TvaNX3Ad
_ . ) . . . . . R . R . . (awa/6% ,0l)
os - 92 2'¢ - - - - - -
ol - 82 012 - 66 00l - 9' 002 - |l ovl - &'t I'g - #°1 8g9q SNANGON TNSNIL
. (%)
— n _ - ~ ~ ~
> > 6-t s S S~ s 8esd NOILVONO13
( gwa/b)
0012 obL - - - - - -
0€9 - 6l¢ G65 - Ovl 0£9 - GIE | osb - 0I2 0£9 - 8¢ 0£9 - Obl 8€90 HLONIULS FNSNIL
. . . (30 /o 01) NOISNVAX3
sl t's - 8l - . . 9690 $-
£ oe er 40 LN3ID144300 TYNH3HL
. . (90 W'wW/109%)
- 09°0 _ . o ape ey -
€0 £0 §2°0 - sl'0 | S¥°0 - SI°0 s2€0 ALIAILINANOD TVNYIHL
. . . . . . . {( %o )
02°0 89'0 0 - g2 - 00 | - - ey s
¥0-62'0 | §2°0 - #0 91 - 050 080 - £00 02’1 - 020 | ov’0 - 0£°0 0.s0a NOILJHOSEY ¥ILVM
6
06l w0 o o e G e e - G e .« e 26.0 (gwa/6)
Si-2 61 - Gl w1 - €l 00°2 - 8Lt IS°1 - 6271 | 2€1- og1 WSV ALIAVES 314193dS
sSV19 aIni4NN NOTAN IVYININ 2148V4 ONV 3481d| SOLS3ESV ¥NO13d GOOM ¥37114 ON $311y¥3d0¥d
S3IQINIATOM SII1TON3IHd SY3INAT0d

(*pauod) | 3lqel




{ 90)
oSk - 042 os¥ < - 002 - 0§ 002 - - 8590 | 3unN1vy3IdNIL NOILHOLSIO LY3H
6'€ —- £'¢ e _ ne o - e G e e oo /190 501 10
Sb - ¢ SE'd 10y — 0°¢ 09 - G 0L- sy ge-ge 0sta INVISNOD 31810371310
$0°0 - £0'0 $/1943 501 40
e oo e o eln e La
10°0 - 2000 | 200 - £00°0 £0'0 - 100 $0°0 - 1'l $0'0 - €100 | SO0~ €00 0s OL9V4 HIMOd
- - _ _ _ _ (ww/ A¥)
ot - I - ol oz - ol ¥~ 9 Q- ol #1 - ol 6% Q HISNIULS 0141937310
o 2 . (woy)
ol oig - o ol —,,0 i 1620
v v v0l ~a0l 9 4,0l 22 av @ wol < wo! < se ALIAILSIS3H INNT0A
. T an - _ Ca (w2 / woby) (paydjou)
2 0s ¥'s < ol -9 S - Ot v gzZ- 9l 9624 HLONIULS LOVAN!
00l oeeg! (zwd/ B¥)
- - n - - -
o06b ol6 016 - 0S¥ 0061 - Ob8 09 - Gl ov8 - 001 06.4 HLONIHLS TYENXT
ot - . . R . . . | . . . w3/ 6% 401)
] - 't - - - - -
66l - L8 U = Lp ¥8 - €¢ 9b - 82 02 -2 0’6l - 8'6 8£94 snanaow TsNIL
£ > £ > ¢ 92 -2l §0 - €0 — — 8c9 G (%!
NOILVONOT3
ol - su | 095 -082 | 009 - OS¥ ole-0se | 006 -0z | 09 - oz | 005- 0z¥ | scoq ( zwa/BY)
H1ON3HLS 37ISNIL
(30 /g7 ) NOISNVX3
S 9 - - — 690 s-
‘ ¢ ® 40 LN319144300 WANIHL
. . . . (Do W/ ipoy)
12°0 - . - g1 - _
0<’o si"o ge- 8 seed ALIAILINANGD TYNNIHL
. . . . . . . . { °/o )
220 - S0'0 | O£'0~ OI'0 - 0 - €0 - - -
o} 06’0 - 0£°0 $0- €0°0 2-10 1 -100 04640 NOIL4NOSY, HILVM
gz - 88l 88°I 12°1 ob’l- 021 | 002 - 021 | 02’2 - oLl or'l - Gg'l 2624 (ewd/6)
WLSV ALIAVYO D14103dS
IVHININ SSY19 Y3774 ON SSVI9 IVHININ 3s0N1N30 ¥ S3114340¥d
SANOINIS SINVHLIYNAI0d s¥31S3A0d S¥3INAT0d ////

("p3uod) | 8(qel



- 10 -

Tableau 2

Noms, en ordre alphabétique,
de tous les matériaux cités dans ce volume, avec leur traduction en anglais.

Les noms en italiques sont des marques de fabrique,
ou des noms déposés, pour lesquels nous ne donnons pas de traduction.

En frangais En anglais

Araldite B

Araldite D

Araldite F

Araldite F + epoxy Novolac

Birakrit

Cevolit

Crystic

Dobeckan IF

Dobeckot

Epikote

Etronax

Isoval

Kerimid

Kinel

Macrolon

Novolac

Orlitherm

Polylite

Résines époxydes Epoxy resins
Résines époxydes + Novolac Epoxy resins + Novolac
Résines phénoliques Phenolic resins
Résines de polycarbonate Polycarbonate resins
Résines de polyester Polyester resins
Résines de polyimide Polyimide resins
Résines polyuréthanes Polyurethane resins
Résines silicones Silicone resins
Resofil

Ryton

Samicanit

Samiecatherm

Veridur

Vetresit

Vetrontt
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APPENDIX 1
Names, in alphabetical order, of all materials presented in this catalogue.

The main entries are in romans,
the names in italics appear as cross-references.

Volume 1: Cable insulating materials (Ref. 12)

BUTYL RUBBER

CHLOROSTOP

CHLOROSULFONATED POLYETHYLENE (CSP)
CROSS-LINKED POLYETHYLENE (XLPE)
DESMOPAN

ETHYL-ACRYLATE RUBBER (EAR)
ETHYLENE-PROPYLENE DIENE RUBBER (EPDM)
ETHYLENE-PROPYLENE RUBBER (EPR)
ETHYLENE VINYL-ACETATE (EVA)
FLAMTROL

FLUOROPOLYMER

HALAR

HYPALON

HYTREL

KAPTON

LUPOLEN

NEOPRENE

NORDEL

POLYCHLOROPRENE

POLYETHYLENE (PE)

POLYURETHANE (PUR)
POLYVINYLCHLORIDE (PVC)

PYROFIL

RADOX

SEMICONDUCTING POLYETHYLENE
SILICONE RUBBER

SILYTHENE

STILAN

TEFLON

TEFZEL

VITON

XLPE
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Volume 2: Thermoplastic and thermosetting resins (present report)

ARALDITE B

ARALDITE D

ARALDITE F and other ARALDITE resins
ARALDITE F + EPOXY NOVOLAC
BIRAKRIT

CEVOLIT

CRYSTIC

DOBECKAN IF

DOBECKOT

EPTKOTE

EPOXY RESINS

EPOXY RESINS + EPOXY NOVOLAC
ETRONAX '
ISOVAL

KERIMID

KINEL

MACROLON

NOVOLAC

ORLITHERM

PHENOLIC RESINS
POLYCARBONATE RESINS
POLYESTER RESINS
POLYIMIDE RESINS
POLYLITE

POLYURETHANE RESINS
RESOFIL

RYTON

SAMICANIT

SAMICATHERM

SILICONE RESINS
VERIDUR

VETRESIT

VETRONIT
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APPENDIX 2

Trade name with corresponding chemical name for basic components

Trade name Chemical name
ARALDITE Epoxy resin
BIRAKRIT Epoxy resin
CEVOLIT Polyester

CRYSTIC Polyester
DOBECKAN IF Polyurethane

DOBECKOT Epoxy resin
EPIKOTE Epoxy resin
ETRONAX Phenolic

ISOVAL Epoxy resin
KERIMID Polyimide

KINEL Polyimide

MAKROLON Polycarbonate
ORLITHERM Epoxy resin
POLYLITE Polyester

RESOFIL Phenolic

RYTON Polyphenyl sulfide
SAMICANIT Epoxy resin
SAMICATHERM Epoxy resin
VERIDUR Silicone resin
VETRESIT Epoxy resin (Novolac)
VETRONIT Epoxy resin
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APPENDIX 3

Firms which supplied test samples contained in this volume

Firm

ALSTHOM
Belfort, France

BBC, Brown, Boveri & Company
Baden, Switzerland

BBC, Brown, Boveri & Company
Mannheim, West Germany

Cellpack AG
Wohlen/Aargau, Switzerland

CIBA-GEIGY
Basel, Switzerland

DOW Chemical Europe SA
Horgen, Switzerland

Dr. Beck
(new name BASF Farben + Fasern AG)
Hamburg, West Germany

Elektro-ISOLA A/S
Vejle, Denmark

Ferrozell-Geschw. Sachs & Co. mbH
Augsburg, West Germany

Gummi Maag
Zurich, Switzerland

Hazemeyer
Hengelo, Netherlands

ISOLA, Fabrique Suisse d'Isolants
Breitenbach, Switzerland

ISOVOLTA
Vienna, Austria

Kldckner-Miuller AG
Lausanne, Switzerland

LARS FOSS KEMI A/S
(new name SADOFOSS)
Fredensborg, Denmark

LINTOTT Engineering Ltd.
Horsham, Sussex, England

LRCE, Laboratoire de Recherches,
Contrdles et Expertises
Genéve, Switzerland

MICAFIL
Zirich, Switzerland

Material

Araldite MY745; Epoxy
Novolac

Araldite CY205, CY222,
MY720, Silicone

Epoxy, Polyester,
Polyurethane
Polyester

Araldite B, Araldite
CY205, MY745, Epoxy
Novolac

Epoxy Novolac

Epoxy, Polyurethane

Polyester

Epoxy

Polyester

Polyester

Epoxy, Epoxy Novolac,
Polyimide, Silicone
Epoxy

Polycarbonate

Epoxy

Araldite F, MY720, MY740

Epoxy

Araldite CY222, Epoxy
Novolac, Phenolic, Polyester
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APPENDIX 4
Abbreviations of used commercial symbols
BF ;MEA Boron trifluoride monoethylamine: BF;—NH,—CH,—CH,

CT 200 (CIBA-GEIGY), Araldite B, solid, unmodified epoxy resin based on Bisphenol A:

0 OH

P P
GH, —CH—CH, —0— @-c— —~0—CH, —CH—CH, —0 |~ (O)—C ()0 H, —Ci—CH,
NS oo | N/
CH, ) CH,q 0

=
1
N

CY 205 (CIBA-GEIGY) Liquid, unmodified epoxy resin based on Bisphenol A

208 " modified " Chemical formula
22] " 1n " 11 1] n n n See CT 200 (n E 00]5)
222 " " n n n " " n

DDM (CIBA-GEIGY) Hardener - 4,4'-Diaminodiphenylmethane {methylenedianiline MDA):

Q-0

DDS Hardener - Diaminodiphenyl sulphone:
?f
HZN—Q—-S—/ V- NH,
| =
]

DEN (DOW) Dow Epoxy Novolac
431 } Polyglycidyl ether of phenol formaldehyde novolac
438 .
?—C%—£H—Cm

o™

DGEBA Diglycidyl ether of Bisphenol A:
CH;,

C{zo—/CH—CHZ—O@—(:I—@—O—CHZ— CQ—/CHz

CH, 0
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Firm

Phillips Petroleum Company
Bruxelles, Belgium

PLESSEY COMPANY Ltd.
I1ford, Essex, England

RHONE-POULENC
Genéve, Switzerland

SHAMBAN, Rubeli Guigoz
Lausanne, Switzerland

SHELL CHEMIE
Zirich, Switzerland

SIN, Schweizerisches Institut fur Nuklear-
forschung
Villigen, Switzerland

SNPE, Société Nationale de Poudres et
Explosifs
Paris, France

UoP, Bisterfeld & Stolting GmbH
Egerpohl/Wipperfurth, West Germany

Material

Ryton

Araldite MY740

Polyimide

Polyimide

Epoxy Novolac

Araldite D

Polyester

Epoxy
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DMP 30 Accelerator - 2,4,6—tris[N,N-(dimethy]amino)methyl]pheno]

(CH,

DX 126 (SHELL) } cur
DX 127 (SHELL)

DY 040 {CIBA-GEIGY)
061
062
063
064
065
067

P (SHELL) EPI
154
827

828

EPN (CIBA-GEIGY) Epo

HT 903 (CIBA-GEIGY)

HT 907 (CIBA-GEIGY)

HT 972 (CIBA-GEIGY)

) N— CHi\\[:;j,/CH ,—N(CHy),

CH, —N(CH, )
ing agent - anhydride
flexibilizer - polypropyleneglycol
accelerator - aminophenol
accelerator - benzy1d1methy1am1ne<c:>>—CH -—N’/
accelerator
accelerator - aminophenol
accelerator unmodified sodium alkoxide
accelerator modified "
KOTE

} Polyglycidyl ether of phenol forma]dehyde novolac

(Chemical formula see DEN)

Diglycidyl ether of Bisphenol A (see DGEBA)

xy Phenol Novolac

(Chemical formula see DEN)

Acid anhydride hardener, solid, modified

c/'0
Tetrahydrophthalic anhydride (:j:: ::9
Q\§0

Acid anhydride hardener, solid, unmodified
e
e
Hexahydrophthalic anhydride () >

~¢~
~0

Amine hardener, solid, unmodified (see DDM)

eH,

1138 } Polyglycidyl ether of phenol formaldehyde novolac
1139
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HY 905 (CIBA-GEIGY) Acid anhydride hardener, 1iquid, modified
Hexahydrophthalic anhydride (see HT 907)

HY 906 (CIBA-GEIGY) Acid anhydride hardener, liquid, unmodified

P

I

Methyl nadic anhydride (MNA) 0
CH, 0

HY 956 (CIBA-GEIGY) Amine hardener, liquid, modified
Triethylenetetramine  H,N-ECH,—CH, —NH 3} CH, —CH, —NH,

HY 964 (CIBA-GEIGY) Acid anhydride hardener

Dodecenyl succinic anhydride R—CH, —CZ R =C,,H,,

MDA Hardener
Methylenedianiline (see DDM)

MNA Hardener
Methyl nadic anhydride (formula see HY 906)

MY 720 (CIBA-GEIGY) Liquid, unmodified, epoxy resin
Tetrafunctional glycidyl compound of diamines (TGDM)

MY 740 (CIBA-GEIGY) Liquid, unmodified epoxy resin based on Bisphenol A
{see CY 205)

MY 745 (CIBA-GEIGY) Liquid, modified epoxy resin based on Bisphenol A
(see CY 208, 221 and 222)
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TGDM N,N'-tetraexpoxypropyl-4,4'-methylene-dianiline
0 0
GQJEH—CM CH, — CH—CH,
N e
-Q-et- Q)
/ AN
CH, —CH —CH, CHZ—-QQT}pHZ
0 0

XB 2687 (CIBA-GEIGY) Accelerator, 1iquid modified, replacement for DY 063
Amine-phenol salt
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ALPHABETIC COMPILATION OF DATA

ARALDITE
Trade name of CIBA-GEIGY for epoxy resins,
see also EPOXY RESINS

ARALDITE B
ARALDITE D
ARALDITE F and similar epoxy resins based on Bisphenol A

ARALDITE MY 720

ARALDITE F + EPOXY NOVOLAC (50:50)
see NOVOLAC



ARALDITE B
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Base resin
CT 200 - Solid, unmodified epoxy resin based on Bisphenol A



ARALDITE B
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. . Ultimate flex. Deflexion Modulus of
No. Material and Supplier Dose strength at break elasticity
S D M
(Gy) (N/mm? ) (mm) (N/mm? )
146 | CT 200(100) + HT 903(30) 0 126.5 + 3.9 |12.1 + 0.4 |{2.91 + 0.07 x 10°
2 h 110 °C + 14 h 140 °C 5 x 10 too fﬁexib]e for festing

1x107| 81.4:13.7 | 4.5+ 0.7 {3.48 + 0.08 x 10°
CIBA-GEIGY | 3 x 107| 15.7+ 1.0 | 0.9+ 0.1 |3.31 + 0.30 x 10°
147 | €T 200(100) + HT 903(30) + 0 140.3+4.9 | 3.4+0.1 |9.68 +0.93 x 10°
+ Silica(200) 5x10°| 74.6+1.9 | 1.4:0.0 [1.07+0.16 x 10
2 h 110 °C + 14 h 140 °C 1x107| 68.7+2.9 |1.2+0.1 [1.05+0.02 x 10
CIBA-GEIGY | 3 x 107 | 28.5+3.9 | 0.7+ 0.1 [8.22 + 0.39 x 10°
148 | CT 200(100) + HT 903(30) + 0 76.5+ 5.9 | 1.6+ 0.1 |9.42 + 0.29 x 10°
+ Dolomite(200) 5x 10| 74.6+3.9 | 1.5+0.1 {8.78 + 2.26 x 10°
2h 110 °C + 14 h 140 °C 1x107| 57.9+7.8 |1.1+0.1 [9.97 +0.34 x 10°
CIBA-GEIGY | 3 x 107 | 41.2+2.9 |1.3+0.1 |7.71 £ 0.27 x 10°
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MATERIAL: (T 200(100) + HT 903(30)

SUPPLIER: CIBA-GEIGY

Remarks:

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE
S Ultimate flexural strength 126.5 Nlmm2
D Deflexion at break 12 mm

M Modulus of elasticity 2.9 x 10° N/mm?



ARALDITE B
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MATERIAL: CT 200(100) + HT 903(30) + S1L1cA(200)

SUPPLIER: CIBA-GEIGY

Remarks:

5

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE

S Uitimate flexural strength 140.3 N/mm2
D Deflexion at break 3.4 mm

M Modulus of elasticity 9.6 x 10° N/mm?
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MATERIAL: (T 200(100) + HT 903(30) + DoromiTe(200)

SUPPLIER: CIBA-GEIGY

Remarks:

[mm]

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE
S Ultimate flexural strength 76.5 Nlmm2
D Deflexion at break 1.6 mm

M Modulus of elasticity 9.4 x 10° N/mm?
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ARALDITE D






ARALDITE D
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. . Ultimate flex. | Deflexion Modulus of
No. Material and Supplier Dose strength at break elasticity
S D M
(Gy) (N/mm? ) (mm) (N/mm? )
320 | ARALDITE D + HY 956 0 92.2 + 12.8 5.9 1.6 |2.78 + 0.05 % 10°
(Cured at ambient temp.) x 106 | 46.1 = 31.4 2.2 1.7 |2.82 0,27 x10°
x 10% | 23.5 + 10.8 1.1 + 0.6 [2.44 + 0.38 x 103
x 107 | samples broken|after irradigtion
x 10% | 69.7 + 32.4 3.7 2.3 |2.78 £ 0.09 x 10°
*) { x 10° | 11.8 = 3.9 0.6 £ 0.2 |2.33 £0.12 x 10°
SIN x 107 | samples brokenlafter irradigtion
321 ARALDITE D + HY 956 filled 0 91.2 + 3.9 5.3+ 1.1 3.82 + 0.09 x 10°
with cotton 2% 10° | 21.6 + 3.9 1.1 +0.3 |2.84 + 0.06 x 10°
(Cured at ambient temp. ) 6 x 10° | 22.6 + 3.9 1.3+ 0.4 [2.25 % 0.32 x 10°
2 x 107 | samples brokenlafter irradigtion
2x10%| 36.3 9.8 2.1+0.8 |2.52 +0.41 x 10°
*) { 6 x 10° | 26.5 + 9.8 1.4 £ 0.5 |2.75 + 0.34 x 10°
SIN 2 x 107 1.9 + 0.0 0.4 £ 0.1 [5.20 + 1.84 x 10°

*)

Irradiated in vacuum
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MATERIAL: ARALDITE D + HY 956

SUPPLIER: SIN

Remarks: USED FOR INJECTOR TRIM coILS AT SIN

ABSORBED DOSE (Gy)

Open symbols: irradiated in vacuum
Full symbols: irradiated in air

CURVE PROPERTY INITIAL VALUE
S Ultimate flexural strength 62.2 Nlmm2
D Deflexion at break 5.9 mm

M Modulus of elasticity 2.8 x 10° N/mm?2

ARALDITE D

[mm]



ARALDITE D
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MATERIAL: ARALDITE D + HY 956 FILLED WITH COTTON

SUPPLIER: SIN

Remarks: USED FOR INJECTOR TRIM cOILS AT SIN

AN ERRR AL
T
~

ISE82135111!

ABSORBED DOSE (Gy)

Open symbols: irradiated in vacuum
Full symbols: irradiated in air

CURVE PROPERTY INITIAL VALUE
S Ultimate flexural strength 91.2 Nlmm2
D Deflexion at break 5.3 mm

M Modulus of elasticity 3.8 x 10° N/mm?



ARALDITE
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ARALDITE F and similar epoxy resins based on Bisphenol A

Base resins
CY 205
CY 222
MY 740
MY 745

liquid,
1iquid,
liquid,
Tiquid,

unmodified epoxy resin based on Bisphenol A = ARALDITE F
modified epoxy resin based on Bisphenol A

unmodified epoxy resin based on Bisphenol A

modified epoxy resin based on Bisphenol A






ARALDITE F

39 - CY205
. . Ultimate flex. Deflexion Modulus of
No. Material and Supplier Dose strength at break elasticity
S D M
(Gy) (N/mm?) (mm ) (N/mm?)
97 MagneE:;oil resin Orli- 0 97.1 + 16.7 5.8+ 1.7 | 3.53 +0.11 x10°
therm (Base: DGEBA + MNA + 6 3
+ other components) 5.6x10%] 64.7 + 10.8 3.6 + 0.6 | 3.51 = 0.06 x 10
1.1x107[ 52.9 + 14,7 3.0 + 0.8 | 3.55 + 0.13 x 10°
2.2x107| 39.2+ 6.8 2.0+ 0.4 | 3.75 2 0.15 x 10°
BBC Baden 5.6x10’ 7.9+ 1.0 1.0 £ 0.1 | 2.26 + 0.21 x 10°
99 MagneE:§011 resin Orli- 0 224.6 = 11.7 5.0+ 0.5 | 2.96 = 0.74 x 10"
therm reinforced with 7 3
fibre-silanized woven glass 1.1x107 191.3 + 2.9 5.2 £0.4 | 7.99 + 0.54 x 10
tape type 1 and mica-paper 3.1x107[ 130.4 + 9 4.6 £ 0.5 | 8.00 + 0,50 x 10°
tape 6.3x107| 84.4 +14.7 3.9 £0.5| 5.8 * 0.49 x 10°
BBC Baden |1.0x10°| 54.9 + 1.9 3.2 +0.2 | 4.59 +1.01 x 10°
131 | ARALDITE F(100) + MNA(80) + 0 312.9 + 2.9 9.0+ 0.3 1.57 +£0.05 x 10"
+ DMNA(D.5) + filler 1 x 107| 287.4 + 11.8 8.9 +0.1 | 1.45 + 0.02 x 10*
2 x 107 301.2+ 8.8 |10.2+0.3]1.51 +0.02 x 10"
Rutherford Workshop 5 x 107 222.7 £ 2.9 9.8 +0.4 | 1.09 + 0.05 x 10"
132 | ARALDITE F + MNA + filler 0 436.5 + 55.9 6.8 + 0.8 | 2.42 + 0.07 x 10"
5 x 108 392.4 + 28.5 6.3 +0.5| 2.24 +0.13 x 10*
1 x 107| 402.2 + 54.0 6.8+ 1.0 2.19 +0.22 x 10"
2 x 107| 365.9 + 53.0 6.4 + 0.6 | 2.35 + 0.22 x 10"
LINTOTT 5 x 107 230.5 + 17.7 5.1 +0.8 ] 1.74 + 0.08 x 10"
149 | CY 205(100) + HY 964(130) + 0 71.6 + 0.98 | 8.4+ 0.4 | 2.12 + 0.05 x 10?
+ DY 040(20) + DY 064(0.5) 5x 10°| 49.6 + 30.4 | 6.2 +5.3 | 2.14 + 0.05 x 10°
40 h 75 °C 1x107| 56.9+ 3.9 5.2+ 0.5 | 2.18 + 0.01 x 10°
CIBA-GEIGY | 3 x 107 sampies proken after |irradiation
150 | CY 205(100) + HY 964(130) + 0 83.4 t 2.9 2.4 £0.3 | 8.36 +0.37 x10°
+ 2Y194°(20) + DY 064(0.5) +1 5 x 10| 56.9+ 4.9 | 1.1 0.1 9.98 £0.39 x 10°
+ 111ca
7 3
40 h 75 °C 1 % 10 42.2 + 3.9 0.9 +0.1 | 9.40- * 0.29 % 10
CIBA-GEIGY | 3 x 107 samples proken after|irradiation




ARALDITE F
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. i Ultimate flex. Deflexion Modulus of
No. Material and Supplier Dose strength at break elasticity
S D M
(Gy) (N/mm?) (mm) (N/mm?)
151 | CY 205(100) + HY 964(130) + 0 40,2 £ 1.9 1.2 £0.4 | 7.53 29,55 x10°
+ DY 040(20) + DY 064(0.5) + 6 3
+ Dolomite x 107 50.0 + 3.9 1.2 +0.1 | 8.10 +0.38 x 103
+ + +
40 h 75°C x 107 23.5 + 3.9 1.2 + 0.0 | 3.90 + 0.67 x 1o3
CIBA-GEIGY x 10 9.8+ 2.9 0.7 £0.0 | 3.12 +0.83 x 10
169 | CY 205(100) + HY 905(100) + 0 51.0 + 3.9 1.4 £0.1 | 1.02 £0.02 x 10"
N g§ gg?g}?) + Si11ca(400) +| 5« 106 | 50.0+ 2.0 | 1.3 %0.0| 1.27 £ 0.25 x 10
x 107 29.4 + 2.0 0.9 +0.1| 1.10 £ 0.07 x 10"
CIBA-GEIGY x 107 27.8+ 4.9 7.1 £ 0.1 8.13 £1.20 x 10°
170 | cY 205(100) + HY 905(100) + 0 55.9 + 3.9 1.4 £ 0.1 1.06 +£0.03 x 10"
N gz gg?g}?)*'o°1°m‘te(4°°)+ x 10°| 51.0 £+ 3.9 1.4 £0.1] 1.02 + 0.02 x 10"
x 107 51.0 + 1.0 1.6 + 0.0 9.38 + 0.56 x 10°
CIBA-GEIGY x 107 32.4 + 4.9 1.6 £ 0.1 | 5.40 £ 0.42 x 103
172 | CY 205(100) + HY 905(110) + 93.2 + 14.7 8.3+ 1.8 1.60 + 0.01 x 10°
+ CY 208(10) + XB 2687(0.8) x10°| 48.1+ 2.9 | 6.7+ 0.4| 1.49 + 0.03 x 10°
x 107 | 60.8 £ 12.7 4.9+ 0.9} 3.37 + 0.10 x 10°
CIBA-GEIGY x 107 samples proken after|irradiation
175 MagneE:§011 resin Orli- 0 510.1 + 11.8 5.2+ 0.1 1.91 + 0.07 x 10*
therm reinforced with a 7 4
fibre-silanized woven glass x 107| 364.9 £+ 5.9 4.2 + 0.4 1,91 +0.01 x 10
tape type 1 x 107 | 285.5 + 13.7 3.4+0.2] 1.85 + 0.06 x 10"
12 h 165 °C BBC Baden x 108 | 169.7 = 22.6 2.7 £0.41 1.5 +0.14 x 10"
176 | Magnet coil resin Orli- 0 450.3 + 24.5 5.2 +0.3] 1.64 = 0.07 x 10"
therm reinforced with 7 y
glass woven tape type 2 with| | * 107 419.9 + 18.6 5.0 + 0.1 1.62 £ 0.05 x 10
a special silane finish x 107} 387.5 * 55.9 5.2+ 0.5 1.61 + 0.01 x 10"
12 h 165 °C BBC Baden x 108 | 281.5 + 28.5 4.9 +0.3] 1.44 £0.01 x 10"
202 | ARALDITE F(100) + HY 905(100]f O 121.6 + 8.8 | 12.6 + 4.4 | 3.71 + 0.26 x 103
+ DY 040(10) + DY 062(0.5) «10°| 8.3+ 9.8 | 4.6 +0.4| 3.80 + 0.16 x 103
4h80°C+6h1207C x107| 70.6 +11.8 | 3.7 £0.6| 3.75 £ 0.10 x 10°
CIBA-GEIGY




ARALDITE F

- 4] -
. . Ultimate flex. | Deflexion Modulus of
No. Material and Supplier Dose strength at break elasticity
) D M
(6y) (N/mm?) (nm) (N/mm?)
223 | ARALDITE F(200) + HT 972(54)| © too flgxible for tdsting
4 h 80 °C 5 % 10° 119.7 + 7.8 14.7 + 3.57 + 0.09 x 103
1 x107| 100.0 + 4.9 4.9 3.85 + 0.05 x 10°
CERN Workshop 5 x 107 21.6 + 11.8 1.0 4.04 + 0.29 x 10°
224 | ARALDITE F(200) + HT 972(54) 0 too flexible for tgsting
(@) | 24 1 80 °c 5x10°| 131.5+ 0.0 | 12.5 +1.2| 3.56 + 0.08 x 10°
1 x 107 105.0 + 20.6 6.8 £ 3. 3.82 + 0.23 x 108
CERN Workshop 5 x 107 broken
225 | ARALDITE F(200) + HT 972(54)] © too flpxible for testing
(a) 4 h 100 °C 5x 10%] 137.3 + 2.0 12.2 + 0.6 | 3.63 + 0.09 x 10°
1 x 107 118.7 + 29.4 7.4 + 4.1 3.88 = 0.05 x 10°
CERN Workshop 5 x 107 broken
226 | ARALDITE F(200) + HT 972(54) 0 130.5 + 4.0 10.9 + 0. 3.07 £ 0.05 x 10°
24 h 100 °cC 5x 105! 136.4 + 3.9 11.9 + 0. 3.80 £ 0,11 x 108
1x 107 132.4 + 9.8 10.4 + 2, 3.74 + 0.03 x 10°
CERN Workshop 5 x 107 broken
227 | ARALDITE F{200) + HT 972(54) 0 125.6 + 1.6 12.3 £ 1. 3.02 + 0.12 x 10°
4 h 120 °C 5 x 108 140.3 + 15.7 13.8 + 0. 3.58 + 0.05 x 10°
1x107 | 128.5 + 6.9 13.4 1 3.61 + 0.08 x 103
CERN Workshop 5 x 107 broken
228 | ARALDITE F(200) + HT 972(54) 0 110.8 + 1.6 9.0 + 0. 3.01 0.07 10°
24 h 120 °C 5x10% | 131.5 + 7.8 13.8 £ 1.0 3.54 0.25 10°
1% 107 | 136.4 + 14.7 11.3+56,2] 3.60 0.07 10°
CERN Workshop 5 x 107 broken
241 CY 205(100) + HY 906(80) + 0 120.5 + 27.9 8.7+ 2.9 3.18 + 0.06 x 103
(a) |+ DY 064(1)
3 h 150 °C + 15 h 180 °C
CIBA-GEIGY

(a) No graph.



ARALDITE F

- 42 -
. . Ultimate flex. | Deflexion Modulus of
No. Material and Supplier Dose strength at break elasticity
S D M
(Gy) (N/mm?) (mm) (N/mm? )
242 | CY 205(100) + HY 905(100) + 0 114.0 + 15.2 5.8+ 0.9 3.86 + 0.09 x 103
(a) |+ DY 061(0.5)
12 h 90 °C
CIBA-GEIGY
252 | CY 205 + HY 905 + DY 040 + 0 103.3 + 3.4 5.7 + 0.3 | 3.64 + 0.16 x 10°
(a) |+ DY 061
CIBA-GEIGY
275 Magne%:foil resin Orli- 0 264.9 £+ 9.8 1.8 +0.1| 2.56 +0.07 x 10"
therm reinforced with 6 s
glass woven tape type 2 with 5 x 10 215.8 £ 14.7 5.1 + 0.4} 6.82 £0.50 x 10
a_specia1 silane finish and | 1 x 107 | 227.6 + 10.8 5.5 +0.31 6.84 +0.44 x 103
mica-paper tape 5x107| 64.7 % 0.0 4.5+ 0.0 | 1.80 * 0.00 x 103
5 h 135 °C + 6 h 160 °C
BBC Baden
276 Magnet®coﬂ resin Orli- 0 563.1 + 25.5 4.8 +0.2 2.22 +0.14 x 10°
therm reinforced with a 6 y
fibre-silanized woven glass x 107 467.9 + 58.9 4.5 £+ 0.1 | 2.15 £0.29 x 10
tape type 3 x 10 259.0 + 28.5 3.2+ 0.0 1.76 £ 0.15 x 10"
5 h 135 °C + 6 h 160 °C
BBC Baden
277 MagneE:§oi1 resin gr11-h 0 223.7 + 19.6 .8 +0.4| 6.02 *0.99 x 10°
therm reinforced with a 6 3
fibre-silanized woven glass x 10 160.9 + 11.8 9 £, 3.93 £ 0,13 x 10
tape type 3 and mica-paper x 107 | 38.3t 6.9 .0 0. 7.02 + 2.54 x 102
tape
5h 135 °C + 6 h 160 °C
BBC Baden
294 | CERN 800 MeV Booster magnet 0 122.6 + 32.7 2.8 +1.0| 3.43 £0.04 x 10°
(a) | coil resin
CIBA-GEIGY
(a) No graph.




ARALDITE F

v CY205
. . Ultimate flex. Deflexion Modulus of
No. Material and Supplier Dose strength at break elasticity
S D M
{Gy) (N/mm?) (mm) (N/mm? )
300 | CY 205(100) + HY 905(100) + 0 144.2 +10.8 | 13.1 + 0.9 | 3.57 + 0.29 x 10°
+ DY 061(]) . 5x10°] 109.9+15.7 | 7.4+1.2] 3.93+0.10 x 10°
8 h 80 °C +8h 130 °C 1x107| 59.8+12.8 | 3.7+0.7| 4.14 + 0.16 x 10°
CIBA-GEIGY |2.5x 107 | 12.8+ 2.0 1.1 £ 0.1 3.22 +0.16 x 10°
301 |CY 205(100) + HY 906(80) + 0 116.7 + 25.5 | 10.9 + 2.9 | 3.22 + 0.17 x 10°
+ DY 064(1) 5x 10° | 141.3 +25.5 |12.2 +1.0 | 3.67 + 0.09 x 10°
24 h 150 °C 1x107 | 55.9+15.7 | 3.4+1.0 | 4.15 +0.19 x 10°
25x 107 | 43.1 +12.8 2.6 + 0.7 | 4.21 +0.25 x 10°
CIBA-GEIGY |5 x 107 8.8+ 2.0 0.7 + 0.2 | 3.42 + 0.00 x 10°
303 Magnezjfoil resin Orli- 0 379.6 + 44.7 4.7 +0.2 | 1.76 + 0.23 x 10"
therm reinforced with a 7 y
sancwich tape built up of a | 1 % 107 | 385.4 % 6. +0.2 1 1.96 +0.02 x 10
fibre-silanized woven glass |5 x 107 | 236.2 + 4 4 +0.9 |1.62+0.07 x 10"
tape type 3 and a polyimide
film
16 h 140 °C
BBC Baden
311 | cY 205(100) + HY 906(80) + 0 96.1 + 2.9 1.6 + 0.0 | 9.28 + 0.09 x 10°
+ DY 061(0.5) + Silica 5x10° | 67.7+ 1.96 | 1.4 +0.1 | 9.15 + 0.17 x 10°
1x107 | 64.5+ 3.9 1.3 £ 0.1 | 9.16 £ 0.16 x 10°
CIBA-GEIGY |5 x 107 | 30.6 + 0.98 | 0.6 + 0.0 | 7.48 + 0.34 x 10°
312 | CY 205(100) + HY 906(80) + 0 64.9 + 5.9 3.0 + 0.2 | 3.35 * 0.07 x 10°
+ DY 061(0.5) 5x 106 | 68.7+ 5.9 | 2.9 0.3 | 3.67 +0.04 x 10°
1 x 107 50.0 + 2.9 2.0 + 0,1 | 3.81 £ 0.08 x 10°
CIBA-GEIGY [2.5x 107 32.6 + 7.8 1.3 +0.3 ] 3.93 +0.13 x 10°







ARALDITE
- 45 - CY205

MATERIAL: MaGNET cort RESIN ORLITHERM®
(Base: DGEBA + MNA + OTHER COMPONENTS)

SUPPLIER: BBC Bapen

Remarks:

[mm]

0 5 108 2 5 107 2 s*S 108

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE
S  Ultimate flexural strength 97.1  N/mm2
D Deflexion at break 5.8 mm

M  Modulus of elasticity 3.5 x 10° N/mm2



ARALDITE F
CY205

MATERIAL:

SUPPLIER:

Remarks:

- 46 -

MAGNET cotL RESIN ORLITHERM(® REINFOR-
CED WITH FIBRE-SILANIZED WOVEN GLASS TAPE
TYPE 1 AND MICA-PAPER TAPE

BBC BaDEN

[mm]

s 108 2 5 10

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE

S Ultimate flexural strength 224.6 N/mm2

D Defiexion at break 5.0 mm

M Modulus of elasticity 2.9 x 10 N/mm?2



ARALDITE
a7 - CY205

MATERIAL: CY 205(100) + HY 964(130) + DY 040(20) + DY 064(0.5) + DoLoMIE
MATERIAL: ARALDITE F(100) + MNA(80) + DMNA(O.5) + FILLER

SUPPLIER: RuTHERFORD WORKSHOP

Remarks:

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE

S Uitimate flexural strength 312.9 N/mm2

D Deflexion at break 9.0 mm

M Modulus of elasticity 1.6 x 10* N/mm?



ARALDITE F
CY205 - 48 -

MATERIAL: CY 205(1C0) + HY 964(130) + DY 040(20) + DY 064(0.5) + DoLomIe
MATERIAL: ARALDITE F + MNA + FILLER

SUPPLIER: LINTOTT

Remarks:

[N/mmz]

Jf
[ 6 7 08
0 5 10% 2 5 10 2 5 10
ABSORBED DOSE (Gy)
CURVE PROPERTY INITIAL VALUE

S Ultimate flexural strength 436.5 N/mm2

D Deflexion at break 6.8 mm

M Modulus of elasticity 2.4 x 10" N/mm?



ARALDITE
e CY205

MATERIAL: CY 205(100) + HY 964(130) + DY 040(20) + DY 064(0,5)

SUPPLIER: CIBA-GEIGY

Remarks:

(N/mm2]

0 5 108 2 5 10 2 5 108
ABSORBED DOSE (Gy)
CURVE PROPERTY INITIAL VALUE
S  Ultimate flexural strength 71.6 N/mm?2
D Deflexion at break 8.4 mm

M  Modulus of elasticity 2.1 x 10° N/mm2



ARALDITE F
CY205 - 50 -
MATERIAL: CY 205(100) + HY 964(130) + DY 040(20) + DY 064(0.5) + SiLica

SUPPLIER: CIBA-GEIGY

Remarks: Usep For SPS HIGH-VOLTAGE RESISTOR

[mm]

0 5 108 2 5 10

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE
S Ultimate flexural strength 83.4 Nlmm2
D Deflexion at break 2.4 mm

M Modulus of elasticity 8.4 x 10° N/mm?2



ARALDITE
- 51 - CY205

MATERIAL: CY 205(100) + HY 964(130) + DY 040(20) + DY 064(0.5) + DoLomiTE

SUPPLIER: C(IBA-GEIGY

Remarks:

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE
S  Ultimate tlexural strength 40.2 Nlmm2
D Deflexion at break 1.2 mm

M  Modulus of elasticity 7.5 x 10° N/mm2



ARALDITE F
CY205 - 52 -

MATERIAL: CY 205(100) + HY 905(100) + DY 040(10) + Sirica(400) + DY 061(1)

SUPPLIER: CIBA-GEIGY

Remarks:

0 5 108 2 5 10 2 5 108

ABSORBED DOSE (Gy)

CURVE PROPERTY, INITIAL VALUE
S Ultimate flexural strength 51.0 Nlmm2
D Detlexion at break 1.4 mm

M Modulus of elasticity 1.0 x 10 N/mm?



ARALDITE
- 55 - CY205

MATERIAL: CY 205(100) + HY 905(100) + DY 040(10) + DorLomiTe(400) + DY 061(1)

SUPPLIER: CIBA-GEIGY

Remarks:

[mm]

0 5 108 2 5 107

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE
S Ultimate flexural strength 55.9 Nlmm2
D Deflexion at break 1.4 mm

M Modulus of elasticity 1.1 x 10 N/mm?



ARALDITE F
CY205 - 54 -

MATERIAL: CY 205(100) + HY 905(110) + CY 208(10) + XB 2687(0.8)

SUPPLIER: CIBA-GEIGY

Remarks:

0 5 1% 2 5 10 2 s 108

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE
S  Ultimate flexural strength 93.2 N/mm2
D Deflexion at break 8.3 mm

M  Modulus of elasticity 1.6 x 10° N/mm2

[mm]



ARALDITE
- 55 - CY205

MATERIAL: MAGNET cOIL RESIN ORLITHERM® REINFORCED
WITH A FIBRE-SILANIZED WOVEN GLASS TAPE TYPE 1

SUPPLIER: BBC Bapen

Remarks:

102
8
[]
4
2
0
1 ¢ E
1s &
- .
= S
H-1.0
: 8
3 6
: 4
2
1 U 01
0 5 10% 2 5 10 2 5 108
ABSORBED DOSE (Gy)
CURVE PROPERTY INITIAL VALUE
S  Ultimate flexural strength 510.1 N/mm?2
D Deflexion at break 5.2 mm

M Modulus of elasticity 1.9 x 10* N/mm?



ARALDITE F
CY205 - 56 -

MATERIAL: MasNeT corL RESIN ORLITHERM ® REINFORCED WITH
GLASS WOVEN TAPE TYPE 2 WITH A SPECIAL SILANE FINISH

SUPPLIER: BBC Bapen

Remarks:

0 s 108 2 5 107 2 5 108

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE

S Ultimate flexural strength  450.3 Nlmm2

D Detflexion at break 5.2 mm

M Modulus of elasticity 1.6 x 10* N/mm?2




ARALDITE F
- 57 - CY205
MATERIAL: ARALDITE F(100) + HY 905(100) + DY 04OCI0) + DY 062(0.5)

SUPPLIER: CIBA-GEIGY

Remarks:

&® ®©
T

E i
2, £

0 5 108 2 s 100 2 5 108

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE

S  Ultimate flexural strength 121.6  N/mm2

D Deflexion at break 12.6 mm

M  Modulus of elasticity 3.7 x 10> N/mm?




ARALDITE F

CY205

- 58 -
MATERIAL: ARALDITE F(200) + HT 972(54)

SUPPLIER: CERN WorksHop

Remarks:

1010
I
ik
iy
i
1

B
e
o
i
‘E

HE e
frrtes
JRg8sam et

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE

2

S Ultimate flexural strength - N/mm

D Detlexion at break - mm

M Modulus of elasticity - N/mm?2

{mm]



ARALDITE F
- 59 - CY205

MATERIAL: ARALDITE F(200) + HT 972(54)

SUPPLIER: CERN WorksHop

Remarks:

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE

S Ultimate flexural strength 130.5 N/mm2

D Deflexion at break 10.9 mm

M Modulus of elasticity 3.1 x 10° N/mm?@



ARALDITE F

CY205

- 60 -

MATERIAL: ARALDITE F(200) + HT 972(54)

SUPPLIER: CERN WorksHop

Remarks:

CURVE

S
D
M

ABSORBED DOSE

PROPERTY

Ultimate flexural strength
Deflexion at break

Modulus of elasticity

(Gy)

INITIAL VALUE

125.5  N/mm2

12.3 mm

3.0 x 10° N/mm?

[mm]



ARALDITE
e CY205

MATERIAL: ARALDITE F(200) + HT 972(54)

SUPPLIER: CERN WorksHop

Remarks:

o 5 108 2 5 100 2 5 108

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE

S Ultimate flexural strength 110.8 N/mm2

D Detlexion at break 9.0 mm

M Modulus of elasticity 3.0 x 10° N/mm?2



ARALDITE F

CY205

MATERIAL:

SUPPLIER:

Remarks:

- 62 -

MAGNET COIL RESIN 0RLITHERM® REINFORCED WITH
GLASS WOVEN TAPE TYPE 2 WITH A SPECIAL SILANE
FINISH AND MICA-PAPER TAPE

BBC Bapen

5 108 2 5 107 2 5 108

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE

S Ultimate flexural strength 264.9 N/mm2

D Deflexion at break 1.8 mm

M Modulus of elasticity 2.6 x 10* N/mm?



ARALDITE
- 63 - CY205

MATERIAL: MaGNET coiL RESIN ORLITHERM(® REINFORCED WITH
A FIBRE-SILANIZED WOVEN GLASS TAPE 1YPE 3

SUPPLIER: BBC Bapen

Remarks:

276 ®

[mm]

0 5 108 2 5 107 2 5 108

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE

S Ultimate flexural strength 563.1 N/mm2

D Deflexion at break 4.8 mm

M  Modulus of elasticity 2.2 x 10* N/mm?2



ARALDITE F
CY205 ~ 64 -

MAGNET cotL RESIN ORLITHERM® REINFORCED WITH
MATERIJAL: A FIBRE-SILANIZED WOVEN GLASS TAPE TYPE 3 AND

MICA-PAPER TAPE
SUPPLIER: BBC Bapew

Remarks:

5

ABSORBED DOSE (Gy)

CURVE PROPERTY

S Ultimate flexural strength
D Detlexion at break
M Modulus of elasticity

INITIAL VALUE

223.7 N/mm2

7.8 mm
6.0 x 10° N/mm2




ARALDITE
- 65 - CY205

MATERIAL: CY 205(100) + HY 905(100) + DY 061(1)

SUPPLIER: CIBA-GEIGY

Remarks:

[mm]

I i
0 5 108 2 5 107 2 5 108

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE

S Ultimate tlexural strength 144.2 Nlmm2

D Detlexion at break 131 mm

M Modulus of elasticity 3.6 x 10° N/mm2




ARALDITE F
CY205

- 66 -
MATERIAL: CY 205(100) + HY 906(80) + DY 064(1)

SUPPLIER: CIBA-GEIGY

Remarks:

[mm]

s
o 5 10 2 5 107 2 s 108

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE

S Ultimate flexural strength 116.7 N/mm2

D Detlexion at break 10.9 mm

M Modulus of elasticity 3.2 x 10° N/mm?2



ARALDITE F
- 67 - CY205

MaGNET corL RESIN ORLITHERM® REINFORCED WITH
MATERIAL: A SANDWICH TAPE BUILT UP OF A FIBRE-SILANIZED

WOVEN GLASS TAPE TYPE 3 AND A POLYIMIDE FILM
SUPPLIER: BBC Bapen

Remarks:

Y
B (8

0 5 106 2 5 107 2 5 108

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE
S Ultimate flexural strength 379.6 N/mm2
D Deflexion at break 4.7 mm

M Modulus of elasticity 1.8 x 10 N/mm2



ARALDITE F
CY205 - 68 -

MATERIAL: CY 205(100) + HY 906(80) + DY 061(0,5) + SiLica

SUPPLIER: CIBA-GEIGY

Remarks: Usep For PS (SC) - LF anp LG MAGNET coILs

[mm]

) 5 108 2 5 107 2 5 108

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE
S Ultimate flexural strength 96.1 N/mm2
D Deflexion at break 1.6 mm

M Modulus of elasticity 9.3 x 10 N/mm?



ARALDITE
. CY205
MATERIAL: CY 205(100) + HY 906(80) + DY 061(0.5)

SUPPLIER: CIBA-GEIGY

Remarks: Usep For PS (SC) - LF anD LG MAGNET cOILS

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE
S Ultimate flexural strength 64.9 Nlmm2
D Deflexion at break 3.0 mm

M Modulus of elasticity 3.4 x 10° N/mm2






ARALDITE

_ 91 - CY 222
. . Ultimate flex. | Deflexion Modulus of
No. Material and Supplier Dose strength at  break elasticity
S D M
(Gy) (N/mm? ) (mm) (N/mm? )
103 | CY 222 + HY 920 0
(a) .
(Pure resin) 5 x 10° too fldxible for tegting
1 x 107
3 x 107 15.7 + 2.0 5.4 £ 3.6 8.04 = 1.32 x 10°
BBC Baden | 5 x 107 12.8 + 1.0 1.4 £ 0.3 1.66 + 0.13 x 107
104 | CY 222 + HY 920 + 70% glass 0 88.3 + 8.8 6.87 + 1,31 x 103
7 4
(cut || to Fibre) 1 x 10 114.8 + 4.9 1.02 + 0.09 x 10
3 x 107 89.3 + 6.9 8.34 + 0.46 x 10°
6 x 107 69.7 + 3.9 8.44 + 0.50 x 10°
BBC Baden | 1 x 108 61.8 + 6.9 3.8+ 3.5 6.07 + 2.45 x 10°
105 | CY 222 + HY 920 + MICA 0 91.2 + 5.9 1.6 + 0.1 1.87 + 0.26 x 10"
1 x 107 | 108.9 + 2.0 3.4 £0.2 1.97 + 0.36 x 10"
3 x 107 52.0 £ 2.9 2.6 £ 0.5 4.27 + 0.34 x 10°
6 x 107 33.4 + 3.9 2.3 £0.2 2.99 % 0.27 x 10°
MICAFIL 1 x 108 36.3 = 3.9 2.8+0.4 2.90 + 0.26 x 10°

(a) No graph



ARALDITE
- 73 - CY222

MATERIAL: CY 222 + HY 920 + 70% cLASS

SUPPLIER: BBC Bapen

Remarks:

7

5 10

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE
S Ultimate flexural strength 88.3 N/mm2
Deflexion at break mm

M Modulus of elasticity 6.8 x 10° N/mm?2




ARALDITE
CY 222 74 -

MATERIAL: CY 222 + HY 920 + MICA

SUPPLIER: MICAFIL

Remarks:

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE
s Ultimate flexural strength 91.2 N/mm2
D Deflexion at break 1.6 mm

M Modulus of elasticity 1.8 x 10* N/mm@



ARALDITE

- 75 - MY 740

. . Ultimate flex. Deflexion Modulus of

No. Material and Supplier Dose strength at break elasticity

S D M
(Gy) (N/mm? ) (mm) (N/mm? )

87 | MY 740 + HY 906 + DY 063 0 130.5 + 18.6 9.9 + 3.1 3.08 + 0.08 x 10°
5 x 10%| 115.8 + 5.9 10.0 + 2.0| 3.34 + 0.27 x 10°
1 x 107} 121.6 « 31.4 7.7 +2.2| 3.48 +0.18 x 103
2 x 107 103.0 + 42.2 6.7 + 3.0 3.48 + 0.12 x 103
LINTOTT 5 x 107 9.8 + 2.9 0.5+ 0.2 4.10 + 0.25 x 103
143 | MY 740(100) + MNA(80) + 0 283.5 + 7. +0 1.58 + 0.04 x 10*
+ DMP 30(0.5) + glass 3% 107 | 263.9 + 23.5 2 1.38 + 0.16 x 10"
PLESSEY 5x 107| 197.2 + 12.8 9.1 + 1.02 + 0.06 x 10°
144 | MY 740(100) + MNA(80) + 0 89.3 + 10.8 6.3 0. 3.77 + 0.15 x 10°
+ DMP 30(0.5) 1x107| 8.4+ 25.5 4+ 2.4| 3.96 +0.22 x 10°
PLESSEY 3 x 107 27.5 + 23.5 1.9 + 1. 3.68 + 0.04 x 10°




-77 -

MATERIJAL: MY 740 + HY 906 + DY 063

SUPPLIER: LINTOTT

Remarks:

ARALDITE
MY 740

[N/mm2)

7

) 5 108 2 5 10

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE

S  Ultimate flexural strength 130.5  N/mm?

D Deflexion at break 9.9 mm

M Modulus of elasticity 3.1 x 10° N/mm2




ARALDITE
MY 740

- 78 -

MATERIAL: MY 740(100) + MNA(80) + DMP 30(0.5) + eLass

SUPPLIER: PLESSEY

Remarks:

5 1% 2 5 100 2 5 108

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE

S Ultimate flexural strength 283.5 Nlmm2

D Deflexion at break 7.2 mm

M Modulus of elasticity 1.6 x 10 N/mm2
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MATERIAL: MY 740(100) + MNA(80) + DMP 30(0,5)

SUPPLIER: PLESSEY

Remarks:

1f

e H
£ 5 BTSSR b

3

o 5 108 2 5 10 2 5

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE
S  Ultimate flexural strength  89.3 N/mm?
D Deflexion at break 6.3 mm

M Modulus of elasticity 3.8 x 10° N/mm?

ARALDITE
MY 740



ARALDITE

_81 - MY 745
. . Ultimate flex. Deflexion Modulus of
No. Material and Supplier Dose strength at break elasticity
S D M
(Gy) (N/mm? ) (mm) {(N/mm?)
232 | MY 745 + HY 906 + XB 2687 + | O 333.5 + 56.9 | 5.9 +0.5| 1.53 + 0.15 x 10
* glass 1 x 107 | 336.5 + 27.5 5.8+ 0.7} 1.77 + 0.13 x 10"
ALSTHOM
260 | MY 745(100) + HY 906(90) + 0 118.8 + 10.0 | 6.5+ 0.8| 3.64 + 0.07 x 10°
(a) | + xB 2687(1.5)
12 h 125 °C
CIBA-GEIGY
208 | MY 745(100) + HY 906(90) + 0 100.4 + 37.3 | 8.3+ 4.0| 3.68 + 0.04 x 10°
+ XB 2687(1.5) 5x 10| 118.8 +32.4 | 11.2 + 4.1 3.65 + 0.12 x 10°
5h 110 °C + 16 h 125 °C 1x 107 | 100.0 + 44.1 7.0 +3.5] 4.08 +0.10 x 10°
25x 107| 48.1 +17.7 | 2.9+ 1.1| 4.20 + 0.21 x 10°
CIBA-GEIGY | 5 x 107| 13.7+ 2.9 | 1.2 +0.4| 3.42 + 0.00 x 10°
299 | MY 745(100) + HY 906(90) + 0 107.7 + 20.6 | 7.9+ 2.0| 3.84 +0.15 x 10
+ XB 2687(1.5) 5x 10| 114.9 + 34.3 | 9.3 +3.3| 3.76 + 0.12 x 10°
24 h 125 °C 1x107| 68.7+21.6 | 4.4+1.3] 4.02 +0.16 x 10°
25x 107 | 36.3+ 8.8 | 2.2+0.5| 4.25 + 0.24 x 10°
CIBA-GEIGY | 5 x 107| 8.8+ 1.96| 0.6+ 0.2] 3.21 + 0.00 x 10°

(a) No graph.
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MATERIAL: MY 745 + HY 906 + XB 2687 + cLass

SUPPLIER: ALSTHOM

Remarks: Resin usep ForR SPS DIPOLE MAGNETS

:
:
©

) ! 5 108% 2 5 10 2 5 108
ABSORBED DOSE (Gy)
CURVE PROPERTY INITIAL VALUE
2

S Ultimate flexural strength 333.5 N/mm
D Deflexion at break 5.9 mm

M  Modulus of elasticity 1.5 x 10° N/mm?2
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MY 745 -84 -

MATERIAL: MY 745(100) + HY 906(30) + XB 2687(1.5)

SUPPLIER: CIBA-GEIGY

Remarks: REsinN USED FOR SPS DIPOLE MAGNETS

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE
S  Ultimate flexural strength 100.4  N/mm>
D Deflexion at break 8.3 mm

M Modulus of elasticity 3.7 x 10° N/mm2
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MATERIAL: MY 745(100) + HY 206(90) + XB 2687(1.5)

SUPPLIER: CIBA-GEIGY

Remarks:

T

oty

Jesa it Ml 8
11323188 1

¥
T
1 E2R

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE

S Ultimate flexural strength 107.7 Nlmm2
D Detiexion at break 7.9 mm

M Modulus of elasticity 3.8 x 10 N/mm2

ARALDITE
MY 745

[mm]



ARALDITE
e MY 720

Base resin
liquid unmodified epoxy resin based on TGDM



ARALDITE

-89 - MY 720
. , Ultimate flex. Deflexion Modulus of
No. Material and Supplier Dose strength at break elasticity
S D M
(Gy) (N/mm?) (mm) (N/mm?)

88 | MY 720 + HY 906 0 79.5 + 11.8 3.9 £ 0.5 3.87 £ 0.15 x 10°
5.5 x10° 73.6 *+ 20.6 3.8 £ 1.1 3.61 £ 0.64 x 10°
1 x107 58.9 + 20.6 2.7 £ 0.9 3.94 +0.39 x 10°
2.3 x107 37.3 £ 6.9 1.6 £ 0.2 | 4.42 +0.79 x10°
LINTOTT 5.5 x107 15.7 + 6.9 0.8 + 0.2 3.26 + 0.44 x 10°
101 | Magnet coil resin type B 0 421.8 + 83.4 3.5 + 0.4 2.77 + 0.13 x 10"
reinforced with fibre- 7 4
silanized glass tape type 1 1.2 x107 | 478.8 + 5.9 3.7 £ 0.2 2.79 + 0.12 x 10
(Base: TGDM + MNA + other |3.6 x107| 451.3 + 23.5 3.5 + 0.1 2.75 + 0.20 x 10"
components) 7.2 x107 | 337.5 * 33.4 2.55 + 0.10 x 10"

(cut || to fibre)
BBC Baden




ARALDITE
- 91 - MY 720

MATERIAL: MY 720 + HY 906

SUPPLIER: LINTOTT

Remarks:

[N/mmz]

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE
S Ultimate tlexural strength 79.5 N/mm2
D Deflexion at break 3.9 mm

M Modulus of elasticity 3.9 x 10° N/mm?
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MAGNET COIL RESIN TYPE B REINFORCED WITH FIBRE-
MATERIAL: sILANIZED GLASS TAPE TYPE 1 (Base: TGIM + MW +
+ QTHER COMPONENTS)

SUPPLIER: BBC Bapew

Remarks:

=g egTT]

TR AT
gashare 28e)

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE

S Ultimate flexural strength 421.8 N/mm2

D Deflexion at break 3.5 mm

M Modulus of elasticity 2.8 x 10* N/mm?2
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BIRAKRIT
Epoxy fibre-glass laminate
see EPOXY RESINS

BISPHENOL A
Base product for epoxy resins
see EPOXY RESINS



DOBECKAN IF

trade name of Dr.

see POLYURETHANE

DOBECKOT

trade name of Dr.

see EPOXY RESINS

Beck

Beck

- 97 -
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EPIKOTE
Trade name of SHELL for epoxy resins
154 see NOVOLAC
827 see NOVOLAC (VETRESIT)
828 see EPOXY RESINS

EPOXY RESINS
see also ARALDITE
see also NOVOLAC

EPOXY RESIN + EPOXY NOVOLAC (50:50)
see NOVOLAC

ETRONAX
Trade name of Elektro-ISOLA for laminated plastic of
phenol resin with paper tissue
see POLYESTER
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Epoxy resins'¢=12) are polymers containing two or more epoxy groups:
0
/\
—CH—CH,
Depending on the base product, many different types of epoxy resins

can be manufactured. The most common ones are prepared by the reac-
tion of bisphenol A with epichlorohydrin:

CH,
HO—Q—IIE ~ Vo + o, —cH—cH, 1
CH, N

bisphenol A epoxy chlorohydrin

CH,

CH,—CH—CH,, —O—IC—O—- —CH, —CH—CH; 0—@—&—@—0—CH2—CH—-CH2
\\ ] \ ../
] CH, 0

Another frequently used group of epoxy resins is based on novolac,
which in reaction with epichlorohydrin gives a product which can be
represented by the following formula:
0 0
/ N\ / 7\
OCH ,—CH—CH,.  O0—CH,—CH—CH, (l)—-CHz--CH——CH2

O—e—[O—=—40

A further commercially important group is that of the cyclo-aliphatic

epoxy resins
CH_OOCRCOOCH

2 2
SO G
Cycloaliphatic epoxy resin

The epoxy resins in their thermoplastic or uncured state are converted
or hardened into useful thermosets by reaction with a variety of
hardeners.



EPOXY
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The most widely used hardeners are either of the amine or acid
anhydride type, e.g.:
- diaminodiphenylsulfone (DDS)

O

N=0

O

o=

- diethylenetriamine

H,N—CH, —CH, — NH—CH, —CH, —NH,

- methyl nadic anhydride (MNA = NMA)

c/0
Jos
v
cH, g

- mixture of tetra- and hexahydrophthalic-anhydride

0 c4¢¢0
\0 + \o

¢l ¢l
\0 ~ 0

The other types of hardeners used with epoxy resins are the poly-
sulfides, tertiary amines, boron trifluoride complexes, etc.

The curing process for introducing cross-links into a polymer
chain to form a resin can be represented by the reaction of the
diethylene-triamine with the epoxide groups:

o= CH, -+ HoN—CH, — CH, —NH— CH, — CH, —NH,

'

%HOH
CH, O
ww— CH — CH, —N— CH,, —CH, —N—CH, — CH, —NH — CH, — CH —www—
OH CH

2

1
CHOH
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The cross-linking process can be speeded up by the addition of
accelerators such as triamine

[dimethylbenzylamine @—CHZ—N(CHS)Z]

or polyalcohol

OH
|
[g]ycerin HO—CH, — CH—CH,, — OH J .

The other additives are flexibilizers, diluents, fillers. The

fillers such as silica, Dolomite, aluminium oxide, glass tape,

Mica, etc., may improve the mechanical strength and/or electri-
cal properties. In many cases these fillers also increase the

radiation resistance.

RESINS
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EPOXY RESINS

No. Material and Supplier Dose U1t:?¢:ﬁgzgex' giflgilgz 2?:21?@12;
s D M
(Gy) (N/mm?) (mm) (N/mm?)
113 | Epoxy resin + anhydride 0 122.6 = 2.0 2.8 £ 0.2 [9.45 +0.39 x 103
hardener + Al,0, 5x10°| 89.3+ 2.0 | 1.8 0.1 |9.97 +0.26 x 10°
1x107] 8.4+ 2.9 | 1.6 +0.0 |{1.03 = 0.03 x 10*
2x107| 60.8+ 2.0 | 1.3 0.0 [9.90 +0.26 x 10°
BBC Mannheim | 5 x 107| 23.5+ 1.0 | 1.0 £ 0.1 |6.32 + 0.98 x 10°
114 | Epoxy resin + anhydride 0 1M7.7 + 2.9 3.2+ 0.1 [8.68 +0.11 x10°
hardener + quartz powder 5x10°| 90.2+ 4.9 | 2.0 0.1 |9.26 + 0.19 x 10°
1x107| 82.4+ 2.0 |1.7+0.1 |9.83+0.25 x 10°
BBC Mannheim | 2 x 107 | 67.7+ 1.0 | 1.3 0.1 |1.00 + 0.02 x 10
156 | DOBECKOT 500(100) + Hardener| 0 127.5 + 1.9 [13.4 +0.3 [1.90 * 0.04 x 10°
700{30) 5 x 10° too flkxible for tdsting
14 h 140 °C 1x107| 93.2+24.5 | 6.1+3.4 [3.50 ¢ 0.06 x 10°
Dr. BECK 3x107| 23.5%12.8 | 1.3+0.7 {3.45 + 0.21 x 10°
157 | DOBECKOT 505(100) + Hardener| 0 75.5+ 1.0 | 9.4 +0.3 [2.19 £ 0.15 x 10°
750(8) 5x10°| 94.2+ 3.9 |5.8+0.4 {3.25*0.00 x 10°
24 h 25 °C 1 x 107 o
samples broken after|irradiation
Dr. BECK 3 x 107 }
158 | DOBECKOT 556/05M(100) + 0 51.0 + 3.9 | 1.9 0.2 |5.14 + 0.36 x 10°
Hardener 750(4) 5x10° 32.4% 1.9 | 1.3%0.1 |4.69 *0.16 x 10°
24 h 25 °C ! x 107 R
} samples proken after|irradiation
Dr. BECK 3 x 10’
161 | BIRAKRIT - Epoxy fibre-glass| 0 546.4 + 27.5 | 5.8 + 0.1 |2.54 * 0.09 x 10*
laminate type 2370.4 5x10°| 573.9 +17.7 | 6.4+ 0.2 |2.41 £ 0.06 x 10
1x10" | 568.0 + 27.5 | 6.2 ¢+ 0.3 |2.46 * 0.10 x 10"
uoP 5x10" | 104.0+ 4.6 | 1.9+0.1 [1.79 * 0.14 x 10°
162 | BIRAKRIT - Epoxy fibre-glass| 0 508.2 + 46.1 | 6.0 £ 0.5 |1.93 + 0.20 x 10
laminate type 2372.2 5x10°| 417.9+89.3 | 4.6 + 0.3 |2.00 * 0.21 x 10
1x10"| 411.093.2 | 4.4+ 0.5 |2.09  0.27 x 10"
uoP 5x10"| 90.0+20.6 | 2.5+0.3 |1.14 % 0.23 x 10°




EPOXY RESINS

- 106 -
. . Ultimate flex. Deflexion Modulus of
No. Material and Supplier Dose strength at break elasticity
S D M
(Gy) (N/mm? ) (mm) (N/mm? )
167 | VETRONIT EPG 10 0 510.1 * 21.6 9+ 2.78 + 0.13 x 10"
5x107| 55.9: 5, 4.0+ 0.9 |1.46  0.28 x 10"
ISOLA 1x10%] 324+ 6.9 | 2.6+0.9 [8.12+2.61 x10°
168 | VETRONIT EPG 11 0 350.2 + 6.8+ 0.1 |2.08 +0.06 x 10"
5x 107 | 48.1 + 5 + 8.46 + 0.45 x 103
ISOLA 1 x 108 37.3 + 9 +0 8.30 + 0.85 x 10°
186 | Epoxy, type EGS 102 0 538.6 + 4,9 | 5.1 +0.1 |2.22 +0.14 x 10"
1 x107| 184.4 + 1.9 2.02 x 10"
Ferrozell 5x107] 47.1+ 3.9 [1.0+0.1 |9.38 +1.75 x 10°
193 | ISOVAL 11 + charge 2569 0 364.9 £ 10.8 | 3.4 +0.3 |1.53 *0.16 x 10"
(epoxy resin with glass) 1x10°| 220.7 + 3.9 |4.3+0.5 |1.32 0.03 x 10
3x10°) 236.4 + 5.9 |3.8+0.3 {1.33 +0.03 x 10"
ISOVOLTA x 10| 211.9 + 7.8 | 3.7 +0.1 |1.19 +0.03 x 10"
229 | DOBECKOT 502 + Hardener 710 0 84.4 +17.7 | 5.3 1 3.79 + 0.13 x 10°
cured at 160 °C 1x107| 99.1 £12.8 | 6.1 1 4.11 £ 0.27 x 10°
PLESSEY
264 | Epoxy 91-1892(100) + Curing 0 125.6 + 37.8 | 3.4 + 1.1 ]9.06 + 0.26 x 10°
Agent 91-1893(150) + . 3
DY 062(2.5) 5 x 10 13.8 + 2.7 | 0.7 £+ 0.0 [4.25 +0.77 x 10
2 h 80 °C+3h 100 °C 1 x 107 samples broken after |[irradiation
LARS FOSS KEMI
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. . Ultimate flex. Deflexion Modulus of
No. Material and Supplier Dose strength at break elasticity
) D M
(Gy) (N/mm? ) (mm) (N/mm? )
279 | Epoxy 91-1892(100) + Harde- | 0 99.1 + 5.0 + 3.88 + 0.09 x 10°
ner 91-1893(150) + 6 3
DY 040(25) + B¢ 062(2.5) 5x108) 14.7 + 1.0 + 2.86 + 0.47 x 10
LARS FOSS KEMI
293 | SAMICANIT epoxy resin + 0 160.6 + 18.6 | 1.1 + 0.1 |6.26 + 0.55 x 10
(a) | glass + Mica 1x10°| 183.5 +11.2 | 1.1 0.1 |7.38 +0.18 x 10
(173) ISOLA
306 | SAMICATHERM 366.28.02 0 2246 + 7.8 | 1.0 + 0.0 |3.41 +0.02 x 10
(b) Egggy resin + Mica + glass | 1, 107| 588+ 5.9 | 1.3+0.1 |5.88 +1.19 x 10°
3x107| 44.2 % 3.9 | 1.5+0.2 |5.05 +1.21 x 10°
ISOLA 1x10°) 17.7 % 2.9 | 1.5+ 0.0 |1.83 + 0.40 x 10°
307 | SAMICATHERM CR 5.56.4 0 176.6 + 1.8 | 0.9 + 0.1 |2.76 + 0.09 x 10"
(b) | Epoxy resin + Mica + glass |y 107| 5494 2.9 | 1.3+0.1 |5.82 +0.66 x 10°
tape
5x107| 42.2+ 6.9 | 1.4 +0.3 |4.71 +1.22 x 10°
ISOLA 1x10%| 353+ 2.9 | 1.4+0.2 |3.88 +0.81 x 10°
313 | Epoxy resin + Mica + glass 0 299.2 £ 19.6 2.3 0.1 [2.71 £0.08 x 10"
(b) | tape 5x105] 36.7+ 4.1 | 1.020.1 |7.56 +2.13 x 10°
1x107| 6.7+ 1.0 | 1.6 +0.2 |8.48 + 2.18 x 102
CIBA-GEIGY 25x107| 25.1+ 3.6 | 7.4 +1.5 |5.48 + 1.85 x 102
317 | Epoxy urethane resin 0 70.6 + 6.9 | 4.6 + 0.9 |3.09 + 0.26 x 10°%
5x105| 72.6 +11.8 | 4.7 +0.9 |3.13 + 0.36 x 10°
1 x 108 57.9 + 20.6 3.6 £+ 1.0 |3.13 £0.42 x 10°
LRCE 5x10°] 9.3+ 0.0 | 1.2+0.0 |1.09+0.0 x10°

(a} No graph.
(b} Damage from water during irradiation.
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No. Material and Supplier Dose U1t:$i:ﬁg€;ex’ gif]E:;EE 2?221?212;
S D M
(Gy) (N/mm? ) (mm) (N/mm?)

318 | Epoxy urethane resin 0 78.3 £ 14.5 4.8 + 1.6 |3.27 +0.10 x 10°
5 x 108 68.6 + 8.7 4.1 + 0.4 |3.26 + 0.38 x 108
1 x 108 52.0 =+ 17.8 3.3 £1.2 [3.59 +0.12 x 103
LRCE 5 x 108 13.1 + 9.6 1.2 £ 0.7 {1.71 £ 0.40 x 103
319 | Epoxy resin 0 43.4 + 7.1 4.2 £ 1.3 [2.95 £ 0.75 x 10%
IR 5003 special 5 x 10° 58.9 + 1.4 4.1 + 0.8 [3.71 £+0.76 x 10°
1 x 108 37.8+ 6.2 4.6 + 1.5 [3.06 + 0.47 x 10°
LRCE 5 x 108 31.8 =+ 11.1 3.4+ 1.1 12,11 +0.59 % 108
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MATERIAL: Epoxy RESIN + ANHYDRIDE HARDENER + AL,0,

SUPPLIER: BBC MannHEIM

Remarks:

[mm]

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE

s Ultimate flexural strength 122.6 N/mm2

D Deflexion at break 2.8 mm

M Modulus of elasticity 9.5 x 10° N/mm?

RESINS
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MATERIAL: Eroxy RESIN + ANHYDRIDE HARDENER + QUARTZ POWDER

SUPPLIER: BBC MannHEIM

Remarks:

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE
S Ultimate flexural strength 117 7 Nlmm2
D Deflexion at break 3.2 mm

M Modulus of elasticity 8.7 x 10° N/mm?2

[mm]
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MATERIAL: DOBECKOT 500(100) + HarpENER 700(30)

SUPPLIER: Dr. BECK

Remarks:

EPOXY

[N/mmZ]

0 5 108 2 5 107 2 5

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE
S Ultimate flexural strength 127.5 N/mm2
D Deflexion at break 13.4 mm

M Modulus of elasticity 1.9 x 10° N/mm?

108

RESINS
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MATERIAL: DOBECKOT 505(100) + Harpener 750(8)

SUPPLIER: Dr. BECK

Remarks:

o

1]
"
P
1
i
T
i

yapaei
T

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE
§  Ultimate flexural strength 75.5 N/mm2
D Deflexion at break 9.4 mm

M Modulus of elasticity 2.2 x 10° N/mm2
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MATERIAL: DOBECKOT 556/05M(100) + HarpeNner 750(4)

SUPPLIER: Dr. BECK

Remarks:

-~
t
i
1
H
+

o 5 108 2 5 10 2 5 108

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE
S Uitimate flexural strength 51.0 Nlmm2
D Deflexion at break 1.9 mm

M Modulus of elasticity 5.1 x 10° N/mm2
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MATERIAL: BIRAKRIT - Epoxy FIBRE-GLASS LAMINATE TYPE 2370.4

SUPPLIER: UOP

Remarks:

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE

S Ultimate fiexural strength 546.4 N/mm2

D Deflexion at break 5.8 mm

M Modulus of elasticity 2.5 x 10 N/mm?2

[mm]



MATERIAL:

SUPPLIER:

Remarks:

EPOXY
- 115 -
BIRAKRIT - EPoXY FIBRE-GLASS LAMINATE TYPE 2372.2

uopP

[N/mmZ]

7

5 10% 2 5 10

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE
S Ultimate flexural strength 508.2 N/mm2
D Deflexion at break 6.0 mm

M Modulus of elasticity 1.9 x 10* N/mm2

RESINS
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MATERIAL: VETRONIT EPG 10

SUPPLIER: ISOLA

Remarks:

) 5 108 2 5 107 2 5 108

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE
S Ultimate flexural strength 5107 N/mm2
D Deflexion at break 7.9 mm

M Modulus of elasticity 2.8 x 10° N/mm?2

[mm]
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MATERIAL: VETRONIT EPG 11

SUPPLIER: [S0LA

Remarks:

1t
.....

-
qepoperdgme
1

O

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE

S  Ultimate flexural strength 350.2  N/mm2

D Deflexion at break 6.8 mm
M  Modulus of elasticity 2.1 x 10* N/mm2
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MATERIAL: Eroxy, TYPe EGS 102

SUPPLIER: FERROZELL

Remarks:

0 5 108 2 5 107 2 s 108

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE

S Ultimate flexural strength 533.6 N/mm2

D Deflexion at break 5.1 mm

M Modulus of elasticity 2.2 x 10" N/mm?
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MATERIAL: [ISOVAL 11 + cHARGE 2569 (EPOXY RESIN WITH GLASS)

SUPPLIER: ISOVOLTA

Remarks:

[N/mmz]

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE

S Uitimate flexural strength 364.9 Nlmm2

D Deflexion at break 3.4 mm

M Modulus of elasticity 1.5 x 10* N/mm2
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MATERIAL: DOBECKOT 502 + Haroener 710

SUPPLIER: PLESSEY

Remarks: Usep For SPS QUADRUPOLE COILS

l

i
Hen
{8 30ants
HE

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE
S Ultimate flexural strength 84.4 Nlml'ﬂ2
D  Detlexion at break 5.3 mm

M Modulus of elasticity 3.8 x 10° N/mm?
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MATERIAL: Eroxy 91-1892(100) + Curine Acent 91-1893(150) + DY 062(2.5)

SUPPLIER: LARS FOSS KEMI

Remarks:

o 5 108 2 5 10 2 5 108

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE

S Uitimate flexural strength 125.6 Nlmm2

D Deflexion at break 3.4 mm

M Modulus of elasticity 9.1 x 10° N/mm?
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MATERIAL: SAMICATHERM 366.28.02 - Epoxy RESIN + MicA + GLASS TAPE

MATERIAL: Epoxy $1-1892(100) + HarpEner 91-1893(150) + DY 040(25) +
+ DY 062(2,5)

SUPPLIER: LARS FOSS KEMI

Remarks:

] RRESEE | o] 4 01
0 s 108 2 s 10 2 5 108

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE
S Ultimate flexural strength 99.1 Nlmm2
D Detlexion at break 5.0 mm

M Modulus of elasticity 3.9 x 10° N/mm?
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MATERIAL: SAMICATHERM 366.28.02 - Epoxy ResIN + MicA + GLASS TAPE

SUPPLIER: ISOLA

Remarks:

) 5 108 2 5 10

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE

S Ultimate flexural strength 224.6 N/mm2

D Detlexion at break 1.0 mm

M  Modulus of elasticity 3.4 x 10* N/mm2
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MATERIAL: SAMICATHERM CR 5.56.4 - Epoxy RESIN + Mica + GLASS TAPE

SUPPLIER: [SOLA

Remarks:

0 5 108 2 5 10 2 5 108
ABSORBED DOSE (Gy)
CURVE PROPERTY INITIAL VALUE
S Ultimate flexural strength 176.6 N/mm2
D Deflexion at break 0.9 mm

M Modulus of elasticity 2.8 x 10 N/mm2
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MATERIAL: Epoxy RESIN + Mica + GLASS TAPE

SUPPLIER: CIBA-GEIGY

Remarks:

34 T3ai X s H : £
. CHEHIR L HERE i e 3] I3 Eigas snlil i ooy
i e e 313
Ly o kB Mdant g ke 4 PEY prbes ¥ ¥
. } v + oyl oL k

EPOXY

[N/mm?]

100 ol e ls o

I I ] t ot i , 01
o 5 108 2 5 vV o2 5 108
ABSORBED DOSE (Gy)
CURVE PROPERTY INITIAL VALUE

S  Ultimate flexural strength 299.2 N/mm?

D Deflexion at break 2.3 mm
M Modulus of elasticity 2.7 x 104 N/mm2

RESINS
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MATERIAL: Epoxy URETHANE RESIN (EXPERIMENTAL PRODUCT 1)

SUPPLIER: [RCE

Remarks: Usep FOR ANCHORAGE

LT
"%
o
T
;
i
3
as aid i
e
v Aﬁ
i 5 3g%
M i
¥ +  MTI¢
;
it i
;
L
:
Hi

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE
S Ultimate flexural strength 70.6 N/mm2
D Detfiexion at break 4.6 mm

M  Modulus of elasticity 3.1 x 10° N/mm?
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MATERIAL: Eroxy URETHANE RESIN (EXPERIMENTAL PRODUCT 2)

SUPPLIER: LRCE

Remarks: UsSeD FOR ANCHORAGE

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE
S Ultimate flexural strength 78.3 Nlmm2
D Defiexion at break 4.8 mm

M  Modulus of elasticity 3.3 x 10° N/mm?
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MATERIAL: Eroxy resin, IR 5003 speciaL

SUPPLIER: LRCE

Remarks: USED FOR ANCHORAGE

[N/mm"’]

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE
S  Ultimate flexural strength 43.4 N/mm?2
D Deflexion at break 4.2 mm

M Modulus of elasticity 2.9 x 10° N/mm2
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ISOVAL
see EPOXY RESINS
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KEREMID
Trade name of Rhdne-Poulenc
see POLYIMIDE

KINEL
Trade name of Rhdne-Poulenc
Product on a polyimide basis filled with glass fibre or graphite
see POLYIMIDE
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MAKROLON
Trade name of Bayer
see POLYCARBONATE
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NOVOLAC
EPOXY-NOVOLAC RESINS
see also EPOXY RESINS

Base resins

CIBA-GEIGY | DOW I SHELL

EPN 1138
EPN 1139

DEN 438
DEN 431

EPIKOTE (EP) 154
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No. Material and Supplier Dose vl t:'{‘i:ﬁggex : giﬂ gﬁ;gﬂ g?g:ll:;g
s D M
(Gy) (N/mm? ) {mm) (N/mm?)
89 | EPN 1138(50) + MY 745(50) +| 0 131.5 + 24.5 | 9.3 +3.2 |3.55 0.15 x 10°
P gé;gg?g)+ HY 905(120) +1 ¢ x 10¢| 92.2 + 6.9 | 4.6 + 0.3 |3.75 £ 0.13 x 10°
20 1 120 °C 1x107| 68.7+22.6 | 3.5+1.2 |3.56 +0.07 x 10°
Type ISR 2x107| 62.8 £13.7 | 3.0 £0.7 |3.88 £+ 0.08 x 10°
ALSTHOM 6x107| 6.9+ 0.3 | 0.7+0.1 |1.90+0.24 x10°
90 | EPN 1139(100) + HY 906(87.5)| O 130.5 + 23.5 | 6.7 £ 2.4 {3.98 £ 0.05 x 10°
X157/2505(0.5) 5 x 10°| 103.0 +13.7 | 5.5 0.9 |3.63 £0.15 x 10°
24 h 120 °C 1x107| 107.9+ 6.9 | 6.0 0.5 |3.55 +0.13 x 10°
2x107| 59.8+26.5 | 2.9 1.5 [3.73 £0.18 x 10°
ALSTHOM 5x107| 28.2+ 6.3 | 1.2 +0.2 |4.05 0.17 x 10°
92 | DEN 438 + MNA 0 83.4 £ 19.6 | 4.7 £1.2 [3.17 +0.11 x 10°
5 x 10°| 70.6 +13.7 | 3.7 £ 0.7 |3.36 +0.15 x 10°
1x107| 83.4+19.6 | 4.0 1.6 |4.00 +0.89 x 10°
2x107| 61.8+12.8 | 3.0 0.6 |3.73 +0.06 x 10°
DOW 5x107| 18.6 £11.8 | 1.1 £ 0.4 [3.19 +0.90 x 10°
93 | DEN 431 + MDA 0 92.2 ¢ 6.9 | 6.4 +0.8 |2.87 +0.10 x 10°
5x10°| 118.7 + 6.9 | 9.0 +1.8 |3.46 + 0.18 x 10°
1 x107| 129.5 + 4.9 8.9 2.0 |3.63 +0.11 x 103
2x107| 127.5 + 26.5 | 9.1 +3.7 |3.85 +0.09 x 10°
DOW §x107| 40.2 £15.7 | 1.6 +0.7 |3.85 0.10 x 10°
94 | EPIKOTE 154 + MNA + glass 0 441.4 +18.6 | 5.5 + 0.6 |1.85 +0.10 x 10"
tape 5x10°| 394.4 +12.7 | 5.2 0.5 |1.77 +0.06 x 10
1 x107| 270.8 +44.2 | 3.6 £+ 0.9 |1.82 +0.10 x 10
2 x 107} 308.0 * 21.6 4.1 0.3 {1.85 +0.11 x 10*
MICAFIL 5x107| 236.5+ 3.9 | 3.0 0.2 |{1.95 +0.16 x 10"
95 | EPIKOTE 154 + DDS + glass 0 430.6 + 11.8 | 4.5 £ 0.1 |2.53 +0.13 x 10
fabric 5 x 10°| 387.5 +15.7 | 5.0 + 0.6 |2.47 + 0.04 x 10"
1x107| 317.8 +12.8 | 4.3 +0.8 |2.27 +0.09 x 10"
2x107| 264.8 + 6.9 4.1 +0.2 |[2.05 +0.06 x 10"
MICAFIL 5x 107 | 165.8 + 4.9 | 3.6 + 0.4 |1.49 +0.11 x 10
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No. Material and Supplier Dose Ult:?i:ﬁgzgex‘ giflgﬁ;ga 2?::1?212;
S D M
(6y) (N/mm?) (mm) (N/mm? )
96 | EPIKOTE 154 + DDM + glass 351.2 + 14.7 | 3.6 + 0.4 |1.97 +0.16 x 10"
fabric 5 x 10%| 361.0 £10.8 | 3.7 0.2 |2.16 +0.06 x 10"
1x107| 329.6 +12.7 | 3.7 £0.1 }2.06 £0.19 x 10"
2 x107| 310.9+ 3.9 | 3.6 £0.9 {1.98 +0.12 x 10"
MICAFIL 5 x 107| 207.0 + 5.9 1.63 +0.11 x 10"
116 | Epoxy Novolac 438 + HY 906 + 458.1 + 74.6 | 4.1 + 0.2 |2.41 +0.23 x10"
+ glass fabric 5 x 10%| 457.1 £60.0 | 4.0 +0.1 |2.46 +0.17 x 10"
1x107| 446.4 +54.0 | 4.1 £+ 0.3 |2.53 £0.27 x 10"
2 x107| 345.0 £33.0 | 4.2 £0.3 |2.27 £0.17 x 10"
ISOLA 5x 107 | 187.4 +50.0 | 2.5 £ 0.4 |1.63 +0.40 x 10"
117 | Epoxy Novolac 438 + MNA + 316.9 = 9.8 1.1 0.1 |5.81 +0.14 x 10"
(a) | + glass Samica
ISOLA
118 | Epoxy Novolac 438 + BF, MEA 316.9 + 9.8 | 1.1 +0.1 |5.67 £0.14 x 10"
(a) | complex + glass Samica
ISOLA
121 | Epoxy Novolac 431 + MNA + 464.0 £ 74.6 7.2 +0.5 |2.44 £0.30 x 10"
+ accelerator 5% 10°| 434.6 + 66.7 | 7.3 0.1 {2.45 +0.15 x 10"
1x107| 365.9 + 60.8 | 6.4 + 0.5 |2.35 +0.15 x 10"
2 x107| 260.0 +27.5 | 6.1 1.2 [1.77 £0.27 x 10"
ISOLA 6 x 107 | 180.5 + 31.4 | 5.6 £+ 0.8 |1.52 £ 0.18 x 10"
122 | Epoxy Novolac 431 + BF,MEA 363.9 + 15.7 | 6.1 £ 0.3 |2.35 £ 0.14 x 10*
complex 5x10°| 383.6 + 5.9 | 6.7 £0.4 |2.51 £0.74 x 10"
1x107| 373.8+36.3 | 6.8 +0.2 |2.40 +0.23 x 10"
2x107| 145.2+ 245 4.2 +0.6 |1.82+0.69 x10"
ISOLA 6 x 107 | 121.6 + 26.5 | 3.1 +0.5 |6.43 * 2.34 x 10°
123 | EPN 1138(50) + MY 745(50) + 118.7 + 21.6 | 8.4 + 3.1 |3.30 £ 0.05 * 10°
+ HY 905(103) + XB 2687(0.25)} 5 » 105 | 114.8 + 21.6 | 9.8 + 3.4 |3.34 £ 0.12 x 10°
24 h 120 °C 1x107| 78.5+ 8.8 | 4.3+0.4 |3.45+0.13 x 10°
ALSTHOM 2x10”| 53.0+ 6.9 | 2.8+0.3 |3.51 +0.06 x10°

No graph.
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. . Ultimate flex. Deflexion Modulus of
No. Material and Supplier Dose strength at break elasticity
S D M
(&) | (v/mm2) (m) (N/m)
124 | EPN 1139(100) + HY 905(97.5)| 0 1246 +38.3 | 8.3 +3.7|3.49 £0.27 x 10°
+ XB 2687(0.2) 6 x 10| 127.5 +36.3 | 8.3 +3.2|3.67 +0.06 x10°
24 h 120 °C 1x107| 785+ 2.9 | 4.0+0.2|3.58 +0.14 x 103
2.5% 107 60.8 + 7.8 3.2 +0.4]3.58 £0.14 x10°
ALSTHOM  |55x 107| 9.8+ 2.9 | 0.6 +0.2]3.27 +0.35 x 10°
154 | EP 154(50) + EP 828(50) + 0 145.2 +18.6 | 11.5 + 2.1 |3.04 + 0.04 x 10°
+ DX 126(60) + DX 127(22) + 6 3
+ DR ge(ea) 5 x 107 N3.8+ 2.0 | 10.2 +2.2|3.27 *+0.06 x 103
4180 °C + 4 h 150 °C 1 x 107 81.4 +26.5 | 5.0 +2.1|3.46 +0.01 x 103
SHELL 3x107| 45.1 £14.7 | 2.6 +0.93.33 +0.05 x 10
155 | EP 154(50) + EP 828(50) + 0 86.3 + 6.9 | 1.7 £0.1|9.63 +0.00 x 10°
+ DX 126(60) + DX 127(22) + 6 5
SiTica(a00) + aceelerator | 5 % 107 50.0 + 2.0 | 0.9 +0.0|1.05 * 0.04 x 10k
4180 °C + 4 h 150 °C 1 x 107 1.2+ 1.0 | 0.8+0.0/[1.03 *0.03 x 103
SHELL 3x107| 37.3+ 2.0 | 0.8+0.0[9.12+0.48 x 10
203 | EPN 1138(100) + HY 906(95) +| 0 130.5 + 19.6 | 8.7 + 2. 52 + 0.05 x 10°
+ DY 062(0.5) 5x10°| 115.8 £19.6 | 7.1 +1.8(3.88 +0.17 x 10°
2.5h 80 °C+12h160°C |4 ,907| 1226+ 7.8 | 7.2 +0.7/3.95 +0.04 x 10°
CIBA-GEIGY
297 | EPN 1138(50) + MY 745(50) + | O 124.2 + 24.5 | 12.4 + 3.7 |3.73 £ 0.25 x 10°
£ CY 221(20) + HY 905(120) + 6 3
© Y oeBr(0)3) 5 x 107 91.9+ 8.8 | 6.4+0.6(3.80 +0.13 x 103
20 1 120 °¢ 1x107| 68.9+11.8 | 4.5 +0.9(4.01 +0.09 x 10
25%x107| 13.7+ 0.3 | 1.2 +0.43.26 + 0.04 x 10°
CIBA-GEIGY | 5 x 107 21+ 0.0 | 0.7 +0.0|5.27 0.00 x 10
810 | VETRESIT 14; EPIKOTE 827 + | 0O 445.4 + 3.9 | 4.2 +0.1|2.36 + 0.04 x 10"
+ DDS + glass tissue 1x107 | 371.8 + 13.7 4.6 + 0.3 {2.33 + 0.03 x 10"
3x107| 134.4 +19.6 | 2.0 +0.3|1.64 +0.07 x 10*
6 x 107 | 43.2 +17.7 1.1 £+ 0.2 |1.10 £ 0.19 x 10*
MICAFIL 1%x10%| 67.7+ 6.9 | 1.8+0.1/1.05*0.10 x 10"
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MATERIAL: EPN 1138(50) + MY 745(50) + CY 221(20) + HY 905(120) +
DY 063(0.3)

SUPPLIER: ALSTHOM

Remarks: PRrerAReD FOR ISR MAGNETS AND USED SINCE THEN

[N/mmz:l

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE

S  Ultimate flexural strength 131.5  N/mm2

D Deflexion at break 9.3 mm

M Modulus of elasticity 3.6 x 10° N/mm?



NOVOLAC

- 142 -
MATERIAL: EPN 1139(100) + HY 906(87.5) + X157/2505(0.5)

SUPPLIER: ALSTHOM

Remarks:

ABSORBED DOSE (Gy)

CURVE PROPERTY INSTIAL VALUE

S Ultimate flexural strength 130.5 N/mm2

D Deflexion at break 6.7 mm

M  Modulus of elasticity 4.0 x 10° N/mm?
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MATERIAL: DEN 438 + MNA

SUPPLIER: DOW

Remarks:
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ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE
S  Ultimate flexural strength 83.4 N/mm?2
D Defliexion at break 4.7 mm

M  Modulus of elasticity 3.2 x 10° N/mm?
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MATERIAL: DEN 431 + MDA

SUPPLIER: DOW

Remarks:

ABSORBED DOSE

CURVE  PROPERTY

S Ultimate flexural strength
D Detiexion at break
M Modulus of elasticity

(Gy)
INITIAL VALUE
92.2 Nlrl'lm2
6.4 mm

2.9 x 10° N/mm?

[mm]
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MATERIAL: EPIKOTE 154 + MNA + GLASS TAPE

SUPPLIER: MICAFIL

Remarks:

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE

S Ultimate flexural strength 441.4 N/mm2

D Deflexion at break 5.5 mm

M Modulus of elasticity 1.9 x 10 N/mm?
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MATERIAL: EPIKOTE 154 + DDS + GLASS FABRIC

SUPPLIER: MICAFIL

Remarks:

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE

S  Ultimate flexural strength 430.6  N/mm?2

D Deflexion at break 4.5 mm

M  Modulus of elasticity 2.5 x 10 N/mm2
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MATERIAL: EPIKOTE 154 + DDM + GLASS FABRIC

SUPPLIER: MICAFIL

Remarks:
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(N/mmZ]

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE

2

S Ultimate flexural strength 351.2 N/mm’

D Deflexion at break 3.6 mm

M Modulus of elasticity 2.0 x 10 N/mm?

NOVOLAC
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MATERIAL: Epoxy NovoLac 438 + HY 906 + GLASS FABRIC

SUPPLIER: [SOLA

Remarks:

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE

S Uitimate flexural strength  458.1 N/mm2

D Deflexion at break 4.1 mm

M Modulus of elasticity 2.4 x 10° N/mm2
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MATERIAL: Eroxy NovoLac 431 + MNA + ACCELERATOR

SUPPLIER: [SOLA

Remarks:

[mm]

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE
S Ultimate flexural strength 464.0 N/mm2
D Deflexion at break 7.2 mm

M  Modulus of elasticity 2.4 % 10 N/mme
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MATERIAL: Eroxy NovoLac 431 + BF, MEA coMpLEX

SUPPLIER: ISOLA

Remarks:

4 H HHT 233
B R3S
FEHHRE
FrHAt +iH
15 T ISes

iggRgsastiiteny
+

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE

S  Ultimate flexural strength  363.9  N/mm?

D Deflexion at break 6.1 mm

M  Modulus of elasticity 2.4 x 10* N/mm?2

[mm]
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MATERIAL: EPN 1138(50) + MY 745(50) + HY 905(103) + XB 2687(0.25)

SUPPLIER: ALSTHOM

Remarks: ISR RESIN WITHOUT FLEXIBILIZER

[mm]

0 5 1% 2 5 10 2 s 108

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE
S  Ultimate flexural strength 118.7 N/mm?
D Deflexion at break 8.4 mm

M  Modulus of elasticity 3.3 x 10° N/mm2
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MATERIAL: EPN 1139(100) + HY 905(97.5) + XB 2687(0.2)

SUPPLIER: ALSTHOM

Remarks:

12251 BT SH
EE 2T N EERRRSIIL

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE

S Uitimate flexural strength 124.6 N/mm2
D Deflexion at break 8.3 mm

M  Modulus of elasticity 3.5 x 10° N/mm?
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MATERIAL: EP 154(50) + EP 828(50) + DX 126(60) + DX 127(22) + ACCELERATOR

SUPPLIER: SHELL

Remarks:

[mm]

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE
S Ultimate flexural strength 145.2 N/mm2
D Deflexion at break 11.5 mm

M Modulus of elasticity 3.0 x 10° N/mm?
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MATERIAL: EP 154(50) + EP 828(50) + DX 126(60) + DX 127(22) +
+ S1L1cA(300) + ACCELERATOR

SUPPLIER: SHELL

Remarks:

0 5 10°% 2 5 107 2 5 108

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE
S Ultimate flexural strength 86.3 N/mm2
D Deflexion at break 1.7 mm

M  Modulus of elasticity 9.6 x 10° N/mm?
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MATERIAL: EPM 1138(100) + HY 906(95) + DY 062(0.5)

SUPPLIER: CIBA-GEIGY

Remarks:

s aRRAY s} disel

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE

S Ultimate flexural strength 130.5 N/mm2

D Detlexion at break 8.7 mm

M  Modulus of elasticity 3.5 x 10° N/mm?2
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MATERIAL: EPN 1138(50) + MY 745(50) + CY 221(20) + HY 905(120) +
+ XB 2687(0.3)

SUPPLIER: CIBA-GEIGY

Remarks:

0 5 108 2 s 107 2 5 108

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE

S Ultimate flexural strength 124.2 N/mm2

D Deflexion at break 12.4 mm

M Modulus of elasticity 3.7 x 10° N/mm2

[mm]
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MATERIAL: VETRESIT 14; EPIKOTE 827 + DDS + GLASS TISSUE

SUPPLIER: MICAFIL

Remarks:

0 5 108 2 5 10 2 s 108

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE

S  Ultimate flexural strength 445.4  N/mm?

D Deflexion at break 4.2 mm

M Modulus of elasticity 2.4 x 10* N/mm2
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ORLITHERM
Trade name of BBC Baden
for epoxy resins based on DGEBA with MNA
see ARALDITE F






PHENOLIC RESINS

POLYCARBONATE RESINS

POLYESTER RESINS

POLYIMIDE RESINS

POLYLITE
see POLYESTER

POLYURETHANE RESINS
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Phenolic resinsls) are the product of the condensation of an aromatic
alcohol with an aldehyde, particularly of phenol with formaldehyde.
The reaction of phenol with formaldehyde may be acid- or base-catalysed.

In the acid-catalysed reaction with equimolar amounts of phenol and

formaldehyde, the primary product is a linear, lTow molecular weight
polymer, often termed novolac:

OH (1]H
|
CH,0 + ©—> CHZ‘@ + H,0
n

The intermediate novolac may be cross-linked into the product resin
by the addition of excess formaldehyde in a basic environment:
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Under basic conditions the reaction of phenol with formaldehyde initially
produces a Tow molecular weight, soluble polymer containing hydroxymethyl
groups which can condense, on further heating, to the high molecular weight
cross-Tinked polymer. At the intermediate stage the polymers are known as
resoles:

OH

[:;] CH-l;ﬁi:]—-CH CH,OH
i

CH,OH CH OH
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. . Ultimate flex. | Deflexion Modulus of
No. Material and Supplier Dose strength at break elasticity
S D M
(Gy) (N/mm? ) (mm) (N/mm?)
305 | Phenolic resin + glass 0 129.5 =+ 12.8 4.4 + 0.4 |4.22 £ 0.62 x 10°

+

Klockner-Miller { 1 x 10° 59.8 + 23.5 1.5+ 0.4 [4.75 £ 0.90 x 10°

309 | RESOFIL 22 0 133.4
5 x 10° 86.3
1 x 108 70.6
MICAFIL 5 x 108 47.0

i+

3.9 5.2+ 0.2 |7.93 +0.10 x 10°
8.8 | 2.1 +0.2 [8.65+ 0.27 x 10°
4.9 | 1.6 0.1 |8.66 + 0.40 x 10°
1.0 | 1.4 £ 0.1 |6.46 + 0.14 x 10°

1+
+

+
+
+

i+
+
+

I+
I+
+
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)
MATERIAL: PHENOLIC RESIN + GLASS

SUPPLIER: KLoCKNER-MULLER

Remarks: Usep AT THE SPS FOR CABLE CONNECTION BOX

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE

S Ultimate flexural strength 129.5 Nlmm2

D Deflexion at break 4.4 mm

M Modulus of elasticity 4.2 x 10° N/mm2
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MATERIAL: RESOFIL 22

SUPPLIER: MICAFIL

Remarks:

ABSORBED DOSE (Gy)

CURVE PROPERTY

S Ultimate flexural strength
D Deflexion at break
M Modulus of elasticity

INITIAL VALUE
133.4  N/mm?2
5.2 mm

7.9 x 10° N/mm2

[mm]
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In the polycondensation process of carbon acid with diolen, one
obtains a thermoplastic polyester which can be presented by the
following general formula2®):

oaet]
—0—R-0-C—|,

with a mean molecular weight from 25,000 to 50,000. The base
compounds that are most often used for this polycondensation are
bisphenol A and phosgene or carbon acid ester.

The most known representative of polycarbonates is MAKROLON
(polycarbon ester of bisphenol A).
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., . Ultimate flex. | Deflexion Modulus of
No. Material and Supplier Dose strength at break elasticity
S D M
(Gy) (N/mm?) (mm) (N/mm? )
304 | MAKROLON 0 108.9 + 3.9 9.5 + 0.2 2.60 £+ 0.11 x 108

Klockner-Miller 1 x 10%| 105.9

i+

2.0 9.0 £+ 0.5|2.81 + 0.10 x 10°

+
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MATERIAL: MAKROLON

SUPPLIER: KrLockner-MuLLER

Remarks: Usep AT THE SPS FOR CABLE CONNECTION BOX

-~
el
i
gags:
i

i B4
it
s

Thh
f2sas

:‘,4-”.:1.__.,

[N/mm"’]

7

0 5 108 2 5 10

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE

S Ultimate flexural strength 108.9 N/mm2

D Deflexion at break 9.5 mm
M  Modulus of slasticity 2.6 x 10° N/mm2
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These are polymers!®) obtained by the condensation of compounds
containing carboxyl and hydroxyl groups. There are two kinds of
polyester: alkyd resins and unsaturated polyesters.

Polyester resins prepared by the reactions of trials with dibasic
acids or their derivatives are usually termed alkyd resins:

0
l(i:
Q/ 0 + HO—CH, —CH—CH, — OH
I OH
0
phthalic
anhydride glycerol
0 0
| I
—CH,—0—C ﬁ) |0 C—0—
@-c—o-wz—?n_cr{z—o-c_(j
|
I
?H—o-
CH



POLYESTER

- 176 -

The unsaturated polyesters are generally prepared by the reacting of
unsaturated dibasic acid {or derivatives) with dihydric alcohols:

0
I

N I I
] /o + HO—CH,~CH,—OH — |-0—C—CH=CH—C—0—CH, —CH, —
C n
||
0

maleic
anhydride glycol

This 1inear unsaturated polyester may then be cross-linked into
resins by dissolving in a vinyl-type active monomer (styrene,

dialkyl phthalate):

0 0

" " CH=CH,
~[0—C—CH=CH—-C—0—CH,—CH, | +

styrene

0
I : I
0—C— H—(IIH-—-C——O-CH2~—CH2

[
H%—-<:;>
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. . Ultimate flex. | Deflexion Modulus of
No. Material and Supplier Dose strength at break elasticity
S D M
(Gy) (N/mm?) (mm ) (N/mm?)
106 | Polyester - Epoxy resin 0 84.4 + 2.9 5.3 +0.4 |3.40 £0.09 x10°
compound 3 3
5x 10 63.8 + 5.9 3.6 +0.3 |3.49 £+0.04 x10
1 x 107 46.1 = 2.0 2.9 + 0.1 §3.19 £0.07 x10°
2 x 107 . Jo. s
samples broken|after irradiation
BBC Mannheim 5 x 107
&
109 | Polyesterimide resin + glass 0 432.6 + 13,7 4.0 + 0.1 |2.27 £0.03 x 10"
(a) | fibre
BBC Mannheim
180 | Polyester CRYSTIC 196 LV 0 89.3 +11.8 6.4 1.1 [6.08+0.70 x10°
1x107| 81.4 ¢ 8.5 + 0.2 |3.62 +0.35 x10°
Gummi Maag 5 x 107 78.5 + 4 6.7 £ 3.37 £0.43 x10°
182 Polyestgr CRYSTIC 384 + 0 153.9 + 14.7 +0.2 |6.13 +0.59 x 10°
glass fibre 60% 1 %1071 118.7 5. 44 x 103
Gummi Maag 5 x 107 58.8 + 5.9 +0.2 [3.01 £0.29 x10°
184 | Polyester isophthalic + 0 466.0 + 8.8 1 £0.2 |2.09 0,12 x 10*
taffeta material 1x107| 449.3 4.6 1.73 x 10*
SNPE 5x107] 118.7 + 11.8 + 0.5 |1.35 +0.07 x 10"
187 | Polyester 65% + glass 35% 0 94,2 + 7.8 5.5+ 0.7 [4.32 £+ 0.13 x 10°
5 x 10° 79.5 + 10.8 6.9 + 0.5 [3.06 + 0.20 x 10°
1 x 107 52.9 + 13.7 5.4 + 0.7 | 2.66 *+ 0.43 x 10°
MICAFIL 5 x 107 41.2 + 8.8 6.4 1.4 |1.64 +0.13 x10°

(a) No graph.
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. . Ultimate flex. | Deflexion Modulus of

No. Material and Supplier Dose strength at break elasticity

S D M
(Gy) (N/mm? ) (mm) (N/mm?)

189 | CEVOLIT 1413 (polyester 0 301.2+ 5.9 | 5.2 +0.3 |1.33 +0.01 x 10"
resin + glass fibre) 5x 10°| 167.8+ 4.9 | 3.6 +0.3 |1.11 + 0.04 x 10°
1x107| 129.5 + 11.8 | 3.1 + 0.1 [1.02 + 0.06 x 10"
CELLPACK AG 5x 107} 111.8 +12.8 | 3.3 £0.4 |9.25 + 0.65 x 10°
190 | G-ETRONAX PM (polyestgrb 0 197.2 £ 17.7 | 5.0 + 0.3 |1.00 + 0.26 x 10"
laminate + 40% glass fibre) | o 4ol 9295+ 19.6 | 5.6+ 0.2 |9.84 + 0.43 x 10°
1 x107| 206.0 +12.8 | 5.7 +0.0 |8.74 +0.32 x 10°
Elektro-ISOLA | 5 x 107} 118.7 + 3.9 | 5.1 + 0.6 |5.79 + 0.33 x 103
271 | Polyester + glass 0 163.8 + 57.9 2+0.8 [1.10 £ 0.28 x 10"
Hazemeyer 1 x 10°| 188.3 + 64.7 + 1.0 |1.20 +0.21 x 10"
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MATERIAL: PoLYESTER - EPOXY RESIN COMPOUND

SUPPLIER: BBC ManNHEIM

Remarks:

Sy

5 107

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE

S  Ultimate flexural strength  84.4 N/mm?2

D Deflexion at break 5.3 mm

M  Modulus of elasticity 3.4 x 10° N/mm?
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MATERIAL: PoLvester CRYSTIC 196 LV

SUPPLIER: GuvmMi Maac

Remarks:

108 2 5 107

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE
S Ultimate flexural strength 89.3 N/mm2
D Deflexion at break 6.4 mm

M Modulus of elasticity 6.1 x 10° N/mm2
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MATERIAL: Povrvester CRYSTIC 384 + GLASS FIBRE 607

SUPPLIER: GumMi Maac

Remarks:

[N/mmz]

12355308 1 DR A RR

T T
SEEESESSSIIBiID:

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE
S Uitimate flexural strength 158.9 Nlmm2
D Deflexion at break 5.5 mm

M Modulus of elasticity 6.1 x 10° N/mm?2
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MATERIAL: PoOLYESTER ISOPHTHALIC + TAFFETA MATERIAL

SUPPLIER: SNPE

Remarks:

0 5 108 2 5 10 2 5 108

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE
S Ultimate flexural strength 466.0 N/mm2
D Deflexion at break 5.1 mm

M Modulus of elasticity 2.1 x 10* N/mm?
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MATERIAL: PoLvesTer €57 + cLAss 35%

SUPPLIER: MICAFIL

Remarks:

T
I

7

1T

Tt
T

>
T

I
1
T
i
=

T

[mm]

[N/mmz]

i SRSR I M SR AT I IS

T
1
~

1RES222

0 5 108 2 5 10 2 5 108

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE
S Ultimate flexural strength 94.2 Nlmm2
D Detlexion at break 5.5 mm

M Modulus of elasticity 4.3 x 10° N/mm?
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MATERIAL: CEVOLIT 1413 (POLYESTER RESIN + GLASS FIBRE)

SUPPLIER: CELLPACK

Remarks:

[mm]

0 5 108 2 5 107 2 5 108

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE

S Ultimate flexural strength 301.2 Nlmm2

D Deflexion at break 5.2 mm

M Modulus of elasticity 1.3 x 10* N/mm2
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MATERIAL: G-ETRONAX PM (PoLYESTER LAMINATE + 40Z GLASS FIBRE)

SUPPLIER: ELexTrRO-ISOLA

Remarks:

[(N/mm?]

7

5 10

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE

$  Ultimate flexural strength 197.2 N/mm?

D Deflexion at break 5.0 mm

M Modulus of elasticity 1.0 x 10* N/mm2
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MATERIAL: PoLYESTER + 6LASS

SUPPLIER: HazeMmever, PART oF HoLEC SWITCHGEAR

Remarks: Usep AT THE SPS FOR CABLE CONNECTION BOX

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE

S Ultimate flexural strength 163.8 Nlmm2

D Detlexion at break 5.2 mm
M Modulus of elasticity 1.1 x 10* N/mm?®
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The polyimides!®) are prepared from aromatic dianhydrides and
aromatic diamines, e.qg.:

L
C C
o/ \0 + H,N—Ar—NH, —
¢ C/
[ |
I 0 0 i
L]
—N// \\N—Ar
¢ /
I |
L Y -An

where Ar is m- or p-phenylene, biphenylnaphthylene, etc.
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. . Ultimate flex. Deflexion Modulus of
No. Material and Supplier Dose strength at break elasticity
S D M
(6y) (N/mm? ) (mm) (N/mm?)

119 | Polyimide + glass fibre 0 426.7 + 71.6 | 3.3 £ 0.6 |2.31 +0.11 x 10"
5x 10°| 464.0 + 83.4| 3.6 + 0.7 [2.33 +0.06 x 10"
1 %107} 406.1 +102.0 | 3.1 +0.8 |2.23 +0.20 x 10"
2x107| 409.1 + 84.4| 3.2 +0.8 |2.22 +0.22 x 10"
ISOLA 5x107| 379.6 + 50.0| 3.4 + 0.8 |2.09 + 0.11 x 10*
152 | KINEL 5.502 0 67.7+ 7.8 2.1 +0.6 }5.82 + 0.07 x 10°
6 h 180 °C + 2 h 200 °C 5 x 10° 63.7+ 4,9 2.1 +0.2 |5.83 +0.16 x 10°
1 x 107 53.0 + 5.9 | 1.8+ 0.3 |5.90 + 0.12 x 10°
Rhdne-Poulenc 3 x 107 53.0+ 6.9 | 2.1 +0.2 |5.27 £ 0.48 x 10°
197 | KINEL 5.504 0 375.7 + 18.6 1 2.1 + 2.03 + 0.03 x 10*
5 x 107 | 263.9 0| 2.9« 1.73 £ 0.06 x 10"
Rhdne-Poulenc 1x10%| 193.3+ 8.8| 1.9+0.1 |1.35 +0.03 x 10"
198 | KERIMID 601 (glass fibre 0 503.3 + 42.5 | 5.0 + 0.9 |3.05 + 0.28 x 10"
181 E) 1x107| 537.3+ 16.7| 5.3 +0.1 [2.97 + 0.13 x 10"
5x 107 | 747.1 = 159.5 | 5.3 + 0.4 |3.34 £ 0.31 x 10"
Rhdne-Poulenc 1% 10%| 143.6 + 11.8 ] 3.7 £ 0.2 |9.22 + 0.41 x 10°
314 | Polyimide + glass 0 108.9 + 11.8 + 0,1 |2.06 +0.10 x 10*
Compound 17287 5 x 10° 51.0 + 0.8 + 8.74 + 0.13 x 10°
Shamban 1 x 10¢ 55.9 + 1.0 + 8.85 + 0.11 x 10°
315 | Polyamide-imide 0 144.9 + 33.3| 8.0 ¢ 4, 4,25 + 0,11 x 10°
Compound 17286 5x 10°| 165.8 + 9 8.7 £ 1. 4,36 + 0.15 x 103
Shamban 1x10%]| 145.2 + 16.7 ) 7.3 ¢ 2. 4,06 + 0.13 x 103
316 | Polyimide 0 36.7 + 2.8+ 0. 6.61 = 0.47 x 10°
Compound 17242 5 x 10° 49.6 + 5.9{1.4+0.2 |7.20 + 0.35 x 10°
Shamban 1 x 10° 53.9 + 1.4 + 0.1 |7.75 £ 0.13 x 10°
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MATERIAL: POLYIMIDE + GLASS FIBRE

SUPPLIER: ISOLA

Remarks:

th

T
T
i
thil

nnan

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE

S$ Ultimate tiexural strength 426.7 N/mm?
D Deflexion at break 3.3 mm

M  Modulus of elasticity 2.3 x 10" N/mm?
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MATERIAL: KINEL 5.502

SUPPLIER: Ruone-PouLENC

Remarks: No LONGER COMMERCIALLY AVAILABLE

ABSORBED DOSE

CURVE PROPERTY

S Ultimate tlexural strength
D Deflexion at break
M Modulus of elasticity

(Gy)

INITIAL VALUE

67.7 Nlmm2

2.1 mm
5.8 x 10° N/mm2

[mm]
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MATERIAL: KINEL 5.504

SUPPLIER: RHONe-PouLeNc

Remarks:

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE

S Ultimate flexural strength 375.7 Nlmm2

D Detlexion at break 2.1 mm

M  Modulus of elasticity 2.0 x 10 N/mm?
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MATERIAL: KERIMID 601 (cLass FiBre 181 E)

SUPPLIER: RHONE-PoULENC

Remarks:

-
T
adadisaled
-h
©
(<]
»~

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE

S Ultimate flexural strength 503.3 N/mm2

D Deflexion at break 5.0 mm
M Modulus of elasticity 3.1 x 10 N/mm?
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MATERIAL: PoLYIMIDE + GLASS; COMPOUND 17287

SUPPLIER: SHaMBAN

Remarks: USABLE FOR SEALS

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE
S  Ultimate flexural strength 108.9  N/mm?2
D Deflexion at break 0.5 mm

M Modulus of elasticity 2.1 x 10° N/mm2
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MATERIAL: PoLYAMIDE-IMIDE; coMPouND 17286

SUPPLIER: SHAMBAN

Remarks: UsABLE FOR SEALS

5 107

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE

S Ultimate flexural strength 144.9 Nlmm2

D Deflexion at break 8.0 mm

M  Modulus of elasticity 4.3 x 10° N/mm2
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MATERIAL: PoLyimMiDE; coMPouND 17242

SUPPLIER: SHamBaAN

Remarks: USABLE FOR SEALS

0 5 1% 2 5 107

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE
S Ultimate flexural strength 36.7 N/mm2
D Deflexion at break 2.8 mm

M  Modulus of elasticity 6.6 x 10° N/mm2
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Isocyanate resins“), commonly known as polyurethanes, are formed by

the reaction of compounds containing two or more active hydrogen
groups, such as hydroxyl, amino, or carboxyl groups, with diisocyanates
(0=C=N—-R—N=C=0).

The principal compounds are polyesters and polyethers. Highly
branched polyesters give rigid polyurethanes.
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. . Ultimate flex. Deflexion Modulus of
No. Material and Supplier Dose strength at break elasticity
S D M
(Gy) (N/mm?) (mm) (N/mm?)
110 | Polyurethane + CaCO, 0 67.7 + 1.0 4.6 + 0.1 |4.04 +0.09 x 10°
5% 10°| 60.8 + 2.9 4,3 +0.5 |3.50 +0.05 x10°
1 x107] 59.8 = 5.9 3.7 +0.5 [3.82+0.,19 x 10°
2x107| 45.1 + 6.9 3.1 +0.5 |2.94 + 0,18 x 10°
BBC Mannheim 5x 107 19.6 + 1.0 2.7 £0.1 |1.35 +0.05 x 10°
111 | Polyurethane + A1,0, 0 65.7 + 3.9 3.3+0.2 |4.17 £0.10 x 10°
5% 10%| 53.0 + 1.9 3.8 +0.2 |3.01 +0.09 x 10°
1 x107| 49.0 + 2.9 3.3+ 0.2 |3.11 +0.09 x 10°
2x107| 43.2 £ 1.9 3.7+ 0.2 |2.33 £ 0.05 x 10°
BBC Mannheim 5x107| 22.5 + 1.0 2.9 +0.1 {1.37 +0.13 x 10°
112 Po]ygrethane + CaCO3 + 0 32.4 + 1.0 1.62 + 0.06 x 103
flexibilizer 5% 10°| 56.9 + 1.0 3.16 + 0.09 x 10°
1 x107} 60.8 + 5.9 3.4 + 0.8 [3.29 +0.00 x 10°
BBC Mannheim 2x107| 61.8 + 1.0 3.0 ¢ 3.39 + 0.05 x 10°
159 | DOBECKAN IF 200/25(100) + 0 too flexible |for testing
(a) | IF 200(Hardener) (35) 6
5 x 10
24 h 25 °C 1x107| 20.6 + 3.9 | 2.1+0.3 |1.82+0.17 x 10°
Dr. BECK 3x107| 19.6 + 2.9 1.3 +0.2 [1.84 +0.07 x 10°
160 | DOBECKAN IF 1642/1(100) + 0 too flexible |for testina
{a) | IF 200(Hardener) {27) 6
5 x 10
24 h 25 °C 1x107| 31.4 + 6.9 | 4.0+0.8 {1.54 +0.11 x 10°
Dr. BECK 3x107| 22.6 = 7.8 1.9 £1.0 [1.51 £0.19 x 10°

(a) No graph.



POLYURETHANE

- 203 -
MATERIAL: PoLvuretHane + CaCO,

SUPPLIER: BBC MANNHEIM

Remarks:

[mm]

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE
S  Ultimate flexural strength 67.7  N/mm>
D Defiexion at break 4.6 mm

M Modulus of elasticity 4.0 x 10° N/mm?2
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MATERIAL: PoLyureTHANE + AL, 0,

SUPPLIER: BBC MaNNHEIM

Remarks:

iatin
1

5

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE
S Ultimate fiexural strength 65.7 N/mm2
D Deflexion at break 3.3 mm

M  Modulus of elasticity 4.2 x 10° N/mm?
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MATERIAL: PoLvureTHANE + CaCO, + FLEXIBILIZER

SUPPLIER: BBC MANNHEIM

Remarks:

[mm]

[N/mm"’]

{
0 5 108 2 5 10 2 5 108

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE
S Ultimate flexural strength 32.4 Nlmm2
D Deflexion at break - mm

M  Modulus of elasticity 1.6 x 10° N/mm?



RESOFIL
see PHENOLIC RESINS
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Polyphenylene sulfide
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Ryton PPS*) is the trade name of Phillips Petroleum Company (USA)
for polyphenyl sulfide.

Polyphenyl sulfide is a crystalline aromatic polymer consisting of
para-substituted benzene rings connected by a single sulfur atom:

n
This polymer has a high thermal stability (melting point 288 °C),
an outstanding chemical resistance.

%) This information is taken from a Phillips Petroleum Co. brochure.
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. X Ultimate flex. Deflexion Modulus of
No. Material and Supplier Dose strength at break elasticity
S D M
(Gy) (N/mm?) (mm) (N/mm?)
171 | RYTON PPS 0 205.0 * 4 +0,1 [1.31 £0.02 x 10"

*) 5 x 10%| 200.1
1 x107| 199.5

.31 = 0.03 x 10"
.29 + 0.02 x 10*

I+
1+
p—
)

I+
I+
—
ju—

5 x 10°| 205.0 = + 0 1.25 + 0.02 x 10*

*%) 1 x107] 207.9 ¢ + 0. 1.27 + 0.02 x 10"

Phillips Petroleum | 5 x 107 | 196.2 =+ + 0,0 {1.25 ¢ 0,02 x 10"

310 | RYTON PPS 0 1 202.1 £ 3.9 2.0 £+ 0.1 {1.21 £0.02 x 10*
5x 10°| 208.9 + 3.9 2.1 0.1 }1.23 + 0.02 x 10"

1 x 107 | 205.5 + 6.9 2.0 £ 0.1 |1.24 +0.02 x 10"

Phillips Petroleum 5 x 1071 201.1 £ 0.0 2.0 + 0.0 |1.22 = 0.00 x 10"

*) Irradiated in air
**x)  Irradiated in water
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MATERIAL: RYTON PPS

SUPPLIER: PHiLLIPS PETROLEUM

Remarks:

[Nlmmz]

0 5 108 2 5 10

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE
S Ultimate flexural strength 205.0 N/mm2
D Deflexion at break 3.4 mm

M Modulus of elasticity 1.3 x 10 N/mm?2

108

RYTON
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MATERIAL: RYTON PPS

SUPPLIER: PuiLLirs PETROLEUM

Remarks:

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE

S  Ultimate flexural strength  205.0  N/mm2

D Deflexion at break 3.4 mm

M Modulus of elasticity 1.3 x 10* N/mm?2
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MATERIAL: RYTON PPS

SUPPLIER: PuiLLips PeTROLEUM

Remarks:

[mm]

IEpearIE e

o
L]
-t
o
-]
N
L]
-k
(=]

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE
S Ultimate flexural strength 202.1 N/mm2
D Deflexion at break 2.0 mm

M  Modulus of elasticity 1.2 x 10 N/mm2
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SAMICANIT, SAMICATHERM
see EPOXY RESINS

SILICONE RESINS
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Silicone resins'®s2°) for technical applications are in general cross-
linked polymethylsiloxane:

3 1
cH,
—§i—o—?1—o
] CH, CH, ]
or polymethylphenylisiloxane:
szs (I:Ha ]
?1—0—?1—0—
CH, C.H,

L -

The elasticity and resistance to temperature increase with the content
of the phenyl group.

The cross-linked (thermoset) polymer can be prepared using one of three
different methods:

1) Hydrolizing dimethyldichlorosilane followed by air oxidization.
2) Co-condensing the product of a mixture of dimethyldichlorosilane

and silicon tetrachloride.

3) Methylation of silicon tetrachloride followed by hydrolysis.

A typical reaction to produce a silicone resin is

X (CH3)251C12 +y CH,SiC1, + z H,0 —»

cH /9”2"CH"CH2 CH,

3

—0—5i—0—Si—0—Si—0—

? + w HCI

—0~Si—0-Si—0-Si—0—
7N\ /

L CH3

|
CH,—CH—CH,  CH, |

RESINS
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. . Ultimate flex. | Deflexion Modulus of
No. Material and Supplier Dose strength at break elasticity
S D M
(6y) (N/mn? ) (mm) (N/mn?)

120 | Silicone resin + glass fibre 0 152.0 + 5.9 2.5+ 0.2 |1.29 + 0.01 x 10*
5 x 10| 198.2 + 11.8 2.7 £+ 0.2 [1.50 + 0.11 x 10"
1 x 107 | 200.1 + 26.5 2.7 +0.1 |[1.55 + 0.03 x 10%
2x107| 194.2 + 7.8 2.6 +0.2 ]1.59 + 0.03 x 10"
ISOLA 5x 10”7 | 178.5 + 11.8 2.3+0.2 |1.58 +0.03 x 10"
195 Solyentl SS sjlicone re§in 0 109.8 + 20.6 2.3 +0.3 [1.38 +0.17 x 10*
Veridur(R) reinforced with a| o 97| 961+ 0.0 | 2.7 + 0.1 |1.33 £ 0.22 x 10"

thermally sized glass-woven

tape BBC Baden
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MATERIAL: SILICONE RESIN + GLASS FIBRE

SUPPLIER: [SOLA

Remarks:

[mm]

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE

S  Ultimate flexural strength 152.0  N/mm>

D Detlexion at break 2.5 mm
M  Modulus of elasticity 1.3 x 10" N/mm?
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MATERIAL: SOLVENTLESS SILICONE RESIN VERIDUR(® REINFORCED
WITH A THERMALLY SIZED GLASS-WOVEN TAPE

SUPPLIER: BBC BaDen

Remarks:

ABSORBED DOSE (Gy)

CURVE PROPERTY INITIAL VALUE

S Ultimate flexural strength 109.8 N/mm2

D Defiexion at break 2.3 mm

M  Modulus of elasticity 1.4 x 10* N/mm2

[mm]
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VERIDUR
Trade name of BBC Baden
see SILICONE RESIN

VETRESIT
Trade name of MICAFIL
see NOVOLAC

VETRONIT
see EPOXY RESINS
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