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1 	 INTRODUC TIuN 

The primary rJquirement fo r r adiat ' on s t able or ganio mate r i a l s lies in the 

cons truc tion of magne ts f or high energy physics a pplica tions . Many studies 

have a l r ea dy been made of the radi a t i on s t ab i l i ty of epoxy re sin composites 
10

showing that some of t hese materials a r e ab l e to with stand doses of 10
1 - 4 rad without s i gnificant l o ss in meohanical properties. 

One impor tant consi deration in selecting an epo:xy resin is that it should 

have a relatively low isco s i ty and l ong po t lif e and thus be suitable for 

impregna t i ng 01 sely wound magnet coils. 

This report gives dat a on the radiation stabil ity of further epoxy resin 

sy stems, i ncludl li.g low vi scosity MY 720* sy terns and t he us e of MY 720 

as acceler at r f or a nhy 'ide cured epoxy res ins . The se materials are 

compar ed with t he convent iona l t er t i a ry a mine accelera t ed MY 740*/HY 906* 

system. The effect of cure cycl on the radi a t ion stability of two epoxyJ 

resin sys tems i s a l s o examined . In all ca se s the materials we re prepared 

i . th f ornl of cas t resi is and gl a ss r einforced compo sites. 

2 	 SPEC I~~ PREPARATION 

2 .1 	 The epo:xy res ins were ca s t into sheets of i" thic lme ss and flexural 

test specim ns of di ens ions given in table 6 were cut from the sheets 

us ing a diamond tipped cutti ng dis c. 

2 . 2 	 'l'he materials were also prepared in the form of glass fabric l aminates 

of ito thicknes s using conventional wet lay-up techniques. 

Sui~ficient glas s fabric to compl e te the experi ment was cut into 9" 
os(luares, 1-'ara llel and at 45 t o the warp from 0.006" square weave 

gl a s fab r ic f inished with an amino s i a ne. Each l aminate was 

cuns t r uct ed from 20 l ayers of the glass f abric such that the warp 

di l'clc tion of each subsequent laY3r was rotated clockwise through 45 0 
• 

Thi s tec lmique ensures that the finished lamina te will show little 

ir0ctional i t y of proper tie s due to dif ferences between the warp and 

we.t't dil ec tion of the fab r i c. After complete wetting-out of the 

* Ciba -Gt.i.gy (UK) Limit d , Plas tics Divi s ion, Duxf'ord, Cambridge. 


Suppli e:d resins and hardeners used in these exper:irnents. 
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f inal fabrio l ayer, the l aminate was pre s s ed between stops, to give 

a nomi nal glass/ re si n ratio of 60/40, and c ured in the pre s s at the 

appropriate t emperature. The actual glass/ res in ratio '.'la s de termined 

f or each laminate a d the s e res ults are included in t able 11. 

2.3 ThA f ormulat i ons of the po:x;y re s i n y sterns t ested in th:i.s report 

are gi ven in t ables 1 - 4 an detail s of' cure cycles are given in 

table 5. 

3 	 TEST PROCED URE 

T .e mechanic~l properties of both cast and l aminate speci mens in flexure 

were determine us i ng three point loading applied by means of a commercial 

testing machine.. The test de tails are gi ven i n table 6. This te s t 

proce dure is in accordance with that re commended fo r both sheet material 

and high str ength re i nforced pl astic composite s in ASTM D 7 90/66 . 

4 	 IRRADIATIO N 

4 .1 All s pec imer s were irradie.t ed us i ng the spent reac tor fuel element 

i r l 'a dia t ion unit a t UKAEA Harwell , Berks. This facility provide s 

gumn~ radia tion with a mean energy of 1.0 MeV at dose r ates up to 

a maximum of 6 megarads per ho ur . Calibration is by ion chamber 

and 'ar ous s ulphate dos i metry and is r eported to be accurate to 

~ 5%. The spe cimens were irradiated in a ir to the fo l l owing do s e 

level s : 

Laminates 5 x 109, 1010, 1.5 x 1010 1' ds. 
9 9 9 10Ca s ting s 10 , 2 x 10 , 5 x 10 , 10 r ad s. 

4.2 	 The temperat ur e of' the specim ns during i r r adiation would not be 

expect t: J. t o ri s e signjj' i l:<.tntly above til(:: t e lllpCl' ll tUl' l! uf the ;s hielding 

Wti t er (1 9°C ). 

*I nstron L.imited (Mo del TTCM) High Wycombe, Bucks . 
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5 	 RE"ULTS 

Fl exural strength and modulus val ues were derived from t he load vers us 

deflection curves ; the mean values for the 5 r eplicates being given In 

tabl e s 7 to 10 together with their standard devi ations. The results are 

also presented graphically i n fi gures 1 t o 8. 

6 	 DI SCUSSI ON OF RESULTS 

6 .1 The use of large amounts of hardener in the MY 720/HY 906 re sin sys t em 

results in a worthwhile reduc t i on in viscos i ty without signifi cantly 

affecting the s trength or radiation resi stance of ca stings and l aminates. 

6.2 	 The incorporation of diglyci~l anil i ne a s dil uent in t he MY 720/HY 906 

system appear s to have a slightly a dver se e f fe ct on radiat i on r es i st ance. 

6.3 	 The use of small amounts of MY 720 as an a ccelerator for MY 740/HY 906 

system appears to offer a s l ight i mpr ovement in radiat ion r es i stance 

over t he t erti ary ami ne ac cel erated sy stem. 

6.4 	 No signii'icant differences in degradation were observed between the 

materials given different cure cycles. 

7 	 CONCLUSIONS 

Castings and glas s cloth laminated specimens of selec t ed epoxy resin 

systems have been evaluated f or t heir potentia l u se in high energy radiation 

environments. The order of radiation stability of the re sin systems was 

similar for both cas t and laminated speci mens , but the cas t specimens showed 

loss in strength a t a much lower dos e than the lrunina te s . 

Wi t h the cast sys tems, replicat i on of me chanical test results wa s poor, the 

curves shown fo these specimens were fit ted by inspect ion and are t herefore 

less reliable than t hose shown for the l amina tes, where repl icat "on was 

improved . 

This report confirms t he va lue of the t etraglyc idyl amine resin , MY 720, 

in radiation resistant epoxy re si n formul at io ns. It is anticipa t ed t hat 

further work may be undertaken in order to exploit the properties of this 

resin in room temperature ouring systems. 
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Specimen No. 
Parts per Viscosity Cure Laminate Casti ng Resin Hardener 100 of 

P at 24° C CycleRe s i n 

66110HY 906 2 B1 

1HY 906 140 47 3 C 

180MY 720 HY 906 127 4 D 

Laminate 1HY 906 120 ) 46 
Diglycidylaniline 20 ) Ca sting 7 

. -~.-- , .. -- - - .. 

5 E 

--1 
-HY lJ06 80 -32MY 740 -

._____--1--_ _ ---L ___.___"".. ___ _ j- - .- --- ..•- . -_ .. - .. - 

Table 2 Use 01' Glyc i clyl Amine esin a s Accel erator 

Resin 
Hardener a nd 
Accelerat or 

Parts per 
100 of 
Resin 

Cure 
Cycle 

Specimen No. 

Laminate Casting 

MY 790 

MY 745 

HY 906 

MY 720 

HY 906 

MY 720 

100 

5 

90 

10 

2 

3 

9 H 

10 I 

Table 3 Ei'f' ect of' Cure Temperature 

Resin Harde ner 
Parts per 
100 of 
Resin 

Cure 
Cycle 

Speoimen No. 

Laminate Casting 

LY 558 

MY 720 

MY 906) 
) 
) 

DY 062) 

HY 906 

100 

0. 5 

110 

Laminate 1 
Casting 7 

4 

1 

4 

6 F 

7 L 

2 B 

1 A 

5 




Table 4 Other Hardener Systerna 

Parts per 
Resin Hardener 100 of' 

Resin 

MY 790 HY 972 30 

MY 750 Methyl 
Imidazole 3 

Cure Speoimen No . 

Cycle Lami nate 

5 

6 

11 

12 

Table 5 Cure Cycles 

Cure Cycle No . 

1 

2 

3 

4 

5 

6 

7 

4 brs @ 100°C 

4 hra @ 130°C 

24 hrs @ 100°C 

3 hra @ 100°C 

3 hra @ 70°C 

4 brs @ 100°C 

Cure Cycle 

3 hra @ 150°C 

4 hrs @ 150° C 

16 bra @ 150° C 

8 hrs @ 150° C 

6 bra @ 150°C 

3 brs @ 150° C 

4 br s @ 200°C 

Table 6 Conditions of Test 

Specimen size 

Span 

Rate of erosshead movement 

Chart speed 

Number of repl icates 

i" x 3" x in 
2" 

0.1 cm/ min 

10 em/min 

5 

6 




2mabIe 7 Fl exural St re ngt h of Irr adia ted Laminates - Kgf/cm

Dose rads . 
I 
 10 
 10
Sys tem 0 5 x 10 9 
 10
 1.5 x 10


I 
 i 

I 


1 


2 


3 


4 


5 


6 


7 


8 


I 


I 


31 47 


(6.3%) 


2899 


(2.0-10) 


3040 


(20 .3%) 


3184 


(16 .276) 


3044

(0 .2%) 


3600 


(3. 0%) 


3423 


o . (fib) 

3002 


(3.L.-%) 

I 


I 

I 


: 

3251 


(10 . 0%) 


3131 


(3.2% ) 


-

3168 


0 .5%) 


3352 


(2.3%) 


2761 


(L,oL:-%) 

3306 


0.4%) 


976 


(10.2%) 


3013 


(5. 0%) 


295 6 


(5.0%) 


31 08 


(6.0%) 

3160 


(3 .0%) 


3283 


(4. 0%) 


30 12 


, 	 (2%) 


2935 


(5%) 


861 


(10% ) 


2536 


(2 .5%) 


2535 


(6%) 


2400 


(7%) 


3231 


0 .1~~ ) 

2384

(3 .6%) 

1930 


(4%) 


1821 


(3%) 


635 


(9fu) 


I 	 2902 
 1463 
9 
 3294 3187 


(16.4%) (2%)(14. 7% ) (5.7%) 

2486
10 
 1194
3450 
 2465 


(5. c;fo) (13%)(7 .5%) 0%) 

1162 
11 
 1591
2713
3305 


(5.9;0) (2. 9'/0)(3 .3%) 0 %) 

12 
 3420 
 3227 
 2733 
 1574 


(1 0% )(12.3%) (4% )0.7%)
I 


Figures given are the mean values of' 5 replicates together with standard 

deviations expressed as percentage of medn. 
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Tabl e 8 Flexural Modulus of Irradiate d Lami nates - Kgf/crn2 x 10- 5 

System 

Dose rads . 

0 5 x 10 9 10
10 

1 .5 x 10
10 

1 1.53 

( 13%) 

1.68 

(17.4%) 

1 . 62 

(6%) 

1 .39 

(10%) 

2 1.53 

(6%) 

1.59 

(6. 8% ) 
1.54 

( 11%) 

1.43 

(7% ) 

3 -j .87 

(31%) 

- 1 • 7 L~ 

( 1%) 

1.43 

(2%) 

4 1.78 

(7%) 

1.68 

(2.6%) 

1.75 

(5%) 

2 . 01 

( 1%) 

5 1 nO 
(3 .1 %) 

1.69 

(4.1%) 

1 .80 

(6% ) 

1.54 

(7%) 

6 1.85 

(6.4%) 

1 .70 

(3.7%) 

1068 

(5%) 

1.58 

(8%) 

7 1.75 

(4%) 

1.75 

(6.2%) 

1 .50 

(6%) 

1.46 

(7%) 

8 1 .49 

(2%) 

0.92 

(6.3%) 

1 .02 

(1%) 

0.99 

(1 .6%) 

9 1 .61 

(21 .2%) 
1 . 73 

(41%) 

1.53 

(6%) 

1.34 

(4.4%) 

10 1 .62 

(4.3%) 

1.53 

(7 .9%) 

1.47 

(6%) 

1 . 23 

(8.4%) 

11 1 .60 

(9.4%) 

1.51 

(5.5%) 

1 .40 

(14%) 

1.53 

(1 .5%) 

12 1 .70 

(14.5) 

1 .68 

(7%) 

1 .74 

(12%) 

1 .71 

(6.9%) 

- 8 



2
Tab le 9 Flexur a l St rength of Castings - Kgf/ cm 

Dose rads. 

Sys tem 0 10 9 2 x 10 9 5 x 10 9 1010 

A 998 934 1012 929 595 

(27%) (3%) (14%) (13.1%) (14%) 

B 918 6>,8 871 641 490 

(12"/0) (35%) (32"/0 ) (41 %) (23%) 

C 853 814 995 780 555 

(16%) (8%) (14%) (12 .4%) (18%) 

D 916 720 961 571 524 

(14%) (25%) (26%) (36%) (15%) 

E 551 1087 - 471 

(~-4% ) (18%) ( 14%) 

F 1521 1033 1347 1008 859 

(5%) (910) ( 11%) (10.8%) (6%) 

H 1062 685 130 159 

(11%) ( 12"/0 ) (38%) (7%) 

I 1054 684 1040 239 192 

(8%) (11%) (2910) (21 %) (910) 

- 9 



2Table 10 Flexural Modulus of I rradiation Ca sti ngs Kgf/cm x 104 

Dos e rads. 

uystem 0 109 2 x 10 9 5 x 109 1010 

A 3.64 4.16 4.35 4 .1 2 4.21 

(4%) (7%) (4%) (1 .6%) ( 10%) 

B 3 .39 3.85 4 .51 4. 05 4 .1 5 

(5% ) (2%) (1CJ%) (2.4%) (1%) 

c 4.19 4 .50 4.45 4.1 1 4 . 25 

(Bfa ) ( 1%) (5%) (0.7%) (4%) 

D 4 .69 4 . 71 3.14 4 .19 3.96 

(5%) (3%) (34%) (2. 7%) (Bfa) 

E 3.83 - 4 . 28 - 4.48 

(8%) (3%) (9%) 

F 4 .12 4 . 20 4 .39 4.09 4.27 

(4%) (6%) (5%) (3 .5%) (6%) 

H 4 .64 - 4.31 4 .13 -
(3%) (5%) (10. 2}Z ) 

I 4 .58 3 . 97 3.60 3.86 4 .1 5 

(810 ) (2%) ( 14%) (5.4%) (5%) 

- 10 



Table 11 Gl a s s to Re s i n Ratios for t he Laminates 

Sy stem 

1 
, 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

1 2 

G/R Ratio (by wt .) 

52 : 48 

53: 47 

54 :46 

55:45 

59 : 41 

60:40 

60:40 

53 :47 

55 :45 

55 :45 

55 :45 

60:40 

- 11 



----- -

- -

--I 
o. 	 I 

I 
0 
w-~ 

I 
V) 
LU 
-
~ 
-t 

+>< Z• 
~ 
-t 
...J-
(/') 

~til LU'0 
a ~ 

(/')a:: > 
V) 

., 0 
N 

lit ..... 
0 
0 >(7) 

~ .-~ - ~ 0 
r 

> 
~-V) 
0 
u 
(/') 

> 

~ 
0 
...J 

... 
d 
"

N ,., .. .n 

• 0 + .. 
- .'--.-0.. 	 0 

M 	 w-N 

( _OL lC ZW;)H6)f - 4~6u,aJ~s IDJnx,aI.:l 

- l2 



·r 	 - -
i,-~-------------______........... 


I 9 

o 10 

• 	 MY 7401 HY 906 


ta k~n from rtrl'~r~nc~ 4. 


o 

--+ 

109 	 1010 


005. - Rods. 
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