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A GUIDE TO THE USE OP PLASTICS 

i 
t 
» 

t 

If- 

INTRODUCTION 

The aim of design engineering iß to select a matcrirl which 

will perform relL.bly under the most adverse conditions. A specific 

example of this is the growing need for materials which perform satin- 
i    . 

factorily in r.diation fields. 

Plastic- occupy a role of major significance in nuclear 

technology.  Thoy rank with motels. and ceramics as the principal cate- 

gory of materials used in the construction of components in this field. 

Of -11 materials, organic materials are amongst those most sensitive to 

the effects of radiation. 

The .-'.im of this report is, therefore, twofold: 

1. to give the general (mechanical, electrical, 

physical) properties of commercial plastics, 

and 

2. to report the degeneration of these properties 

under nuclear radiation. 

Thus, by cross reference, a guide is provided for the selec- 

tion of plastics which has to fulfill specific requirements, oven when 

subjected to high doses of absorbed radiation. 

This engineering guide has shQwn itself to be all the more 

needed as data on  radiation damage is scattered throughout - oft.n not 

generally available - literature, measured under different conditions 

of irradiations, and thus often controversial in result.  In reporting 

the data compiled in this report, expoeuros received by the various 

m..teri..l3 have, therefore, been expressed in a single unit of absorbed 

dose,' the rad (= 100 ergs/gram). None of the data was taken during 

irradiation, only permanent effects have been reported. 

RADIATION FIELDS AITD CONVERSION FACTORS 

Much of the published work on radiation effects on polymers 

ic based on experiments carried out in the Oak Ridge reactor ..t 

66/5006/'}   /mar 



Tennessee and the BEPO reactor at Harwell» The pile unit employe at 
18 

Oak Ridge corresponds to a neutron flux of 10  thermal neutrons per 
2 17        2 cm , whereas at Harwell one pile unit io 10  slow n/cm . The conver- 

sion factor from pile units to rads depends primarily on the elements 

present in the tost specimen; 

18       9 
10  nvt = 10y rad for polyethylene 

18 9 
10  nvt = 2.5 x 10y rad for Polyvinylchloride 

10  nvt =  7 x 10 rad for polymcthyl-methacrylate (l) 

Electron irradiations are mostly done with a Van de Graaff 

generator. The total energy being delivered by tho beam can be 

measured directly with a Faraday cup. 

66/5006/5* /mar 



4 

EXPLANATION OP TABLES AID PIOUHES 

A. Without Irradiation Effects 

Tables 1 through 5 represent the physical, mechanical, electrical 

and thermal properties ofs 

thermoplastic moulding materials 

thormoplastic sheet materials 

thermoplastic films 

thermosetting moulding materials, and 

thormosot laminated sheets respectively. 

Although the diversity of plastics is enormous, the choice for a 

given application will lie within a narrow band of the plastics 

spectrum. Within this band, however, there may be several plastics 

which approximate the needed requirements. Selecting the best one 

requires comparing the properties of each plastic. Tables 6 

through 8 are a selection guide based on typos of applications. 

B. Irradiation Effects 

" Figures 1 and 2 show the relative radiation resistances of the most 

used thermoplastic and thermosetting rosins. 

The most evident and, from an engineering viewpoint, most important 

changes which occur in polymers under irradiation affect their 

mechanical properties. These changes for commercial plastics arc 

shown in figs. 3 through 30 and table 2 for thermoplastics, and in 

figs 31 through 43 and table 10 for thermoscttingc. 

The effect of nuclear radiation an volume resistivity, dielectric 

strength and arc resistance is given in table 11 for thermoplastics 

and in table 12 for thermosetting resins. The materials used arc 

grouped in a logical order, firstly chemical composition, then 1y 

trade names. The exact composition of commercial products is often 

not known precisely, or even the composition may have changed, 

whereas the trade name remains . 
i 

i       ■ | ; 



Table 13 groups data on dielectric constant and dissipation factor of 
9 

commercial plastics resistant to an absorbed dose of 10 rads. 

(All tests were carried out according to ASTM norms.) 

Values for the total gas evolved from irradiated samples of 0.2 to 

0.5 gramme weight are listed in tables 14 and 15 for thermoplastics 

and thermoscttingsrespectively. In general, the quantity of gas is 

proportional to the dosage, so extrapolation of the table to other 

doccs is possible. The effects of oxygon and temperature arc very 

important. The yields presented in the tables arc for room tem- 

perature and in vacuum. Plastics containing only carbon and 

hydrogen atoms will primarily give off hydrogen' during irradiation. 

Those containing oxygen, chlorine or fluorine will also give 

oxygen, chlorine and fluorine components. 

The influence of fillers on the radiation resistance of some 

commercial plastics is shown in tables 16, 17 and 18 and figure 44. 

It can be concluded that the stability of the filled plastic is 

proportional to the radiation quality of the filler used. 

Radiation stability of plastics at temperatures above the usual ser- 

vice temperature (-+75° C.) are listed in tables 19 and 20 for 

thermoplastics and thermosettings. It can be seen that for high 

temperature applications only mineral filled plastics can be con- 

sidered. Recommendable rosins arc phenolics, melomine formaldehyde 

and cpoxies. 

At cryogenic temperatures, cpoxies have the highest mechanical 

properties, with phenolics and polyesters following in that order. 

Most plastics are known by their trade names, two lists of which 

are added to this guide;  one with the trade-names and one with the 

chemical composition in alphabetical order. 

66/5006/5 /mar 
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PLASTICS SELECTION TABLES (GENERAL BIBLIOGRAPHY P 13$) 

TABLE 6, : PLASTICS FOR MECHANICAL APPLICATIONS 

A. Heavily stressed mechanical components - Cams, Gears, Couplings, 

Racks, Rollers etc. 

Properties required 

- High impact strength 

- High tensile strength 

- Good fatigue resistance 

- Excellent machinability or mouldable to close tolerance 

- Stability at elevated temperatures. 

Types of plastics with particular application 

Acetals are recommended for: 

- maximum fatigue life 

- highly accurate part3 

- exposure to extremely humid and corrosive conditions. 

Epoxies for ultimate high tensile applications. 

Pluorocarbons (P.T.P.E. filled acetals) for duty applications. 

Nylons for general purpose gears and other mechanical 
components. 

Phenolics (fabric filled) for thin stamped gears or parts. 

66/5017/5 
cms 



us 

B. Materials for low fyjetion applications - BaarlngB;, Bushings,, 

Guides,Impellers. Slides,, Valvea Valve liners, Wearing surfaces etc. 

Properties required 

- High resistance to abrasiqn 

- Low friction co-efficient 

- Heat resistance 

- Corroiion resistance    j 

- Good form stability. 

Types of plastics with particular application 

- Acetals fors- submerged (water or organic solvents) 
or humid service when resistance to 
creep ia important. 

- for valve liners or slides to 
eliminate jerky starts. 

~ Fluorocarbons (especially P.T.F.E.) for? 

- sliding or low speed rotating dry bearings 

- highly corrosive service 

- service in extreme temperatures (-200 to 
+ 260°C) 

- non-stick surfaces. 

- Fluorocarbons (filled) for? 

- heavy londirigs and 

- high creep resistance 

■i        ' 

- Nylon for general purpose bearings and wear surfaces. 

- Polyethylene (high density) at very low speeds and loads. 

66/5017/5 
cms 



NOTE:- 
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TABLE .7,1' PLASTICS ?OR EIECTROSTRUCTURAL PARTS 

Properties required 

- Excellent electrical resistance in low to medium frequencies. 

- High tensile - and impact strength 

- Good fatigue resistance 

- Good dimensional stability and excellent moulding characteristics 

Types of plastics with particular application 

- Alkyda, Amino3 andBolyesters are recommended for general 

electrical components. 

- Epoxiea; Potting and encapsulation of electronic components 

for maximum environmental resistance. 

- excellent dimensional stability over wide temperature 

ranges. 

- Melamines for: 

- hardness 

- high shock resistance and 

- high resistance to burning 

- Phenolics for punched and stamped parts 

- Polycarbonates for transparent parts requiring high impact 

strength. 

~ Silicones for very high heat resistance. 

Polystyrene and teflon have excellent electrical properties 
in high frequency applications. 

Iöno era, Polyvinylchloride and polyethylene are recommended 
in high voltage applications. 

66/5017/5 
cms 
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TABLE 8, ; PLASTICS FOR GENERAL APPLICATIONS 

A. For- thermal and chemical equipment, plating components etc» 

Properties required 

- Resistance to very high temperatures 

- Resistance to a wide range of chemicals 

- Minimum moisture absorption 

- Good mechanical properties 

Types of plastics with particular application 

- Epoxy for greatest mechanical strength 

- Fluorocarbons 

a) P.T.F.E. for: 

- general chemical purposes 

- extreme temperature applications 

b) P.C.T.P.E. for transparency 

c) P.V.F. and P.C.T.F.E. for extreme chemical resistance 

combined with mechanical strength and stiffness. 

- Polypropylene - Polyethylene (high density) 

for plating and less severe chemJ c .il exposures. 

NOTEr 

Polyvinylchloride has good chemical: resistance but is not 
temperature resistant. 

66/5017/5 
cms 
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B. raterialu for Containers, Ducts etc. 

Properties required 

- Good impact strength and stiffneas 

- Good formability and mouldabinty characteristics 

- Good environmental resistance 

- Good mechanical properties and dimensional stability. 

Types of plastics with particular application 

- ABS recommended for general applications 

- Polyesters (glass-filled) and epoxies (glass-filled) for: 

- maximum strensthto weight ratios 

- stiffness 

- heat resistance 

- Polypropylene, polyethylene (high density) and epoxy 

(glass-filled) for applications in corrosive environments. 

Polypropylene has also a high flexing strength. 

66/5017/5 
cms. 
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C. Plastics for Li.?ht - transmission Components. 'Models, etc,» 

Properties required 

- good light transmission 

- excellent formability and mouldability 

- shatter resistance 

- fair to good mechanical properties 

Types of plastics with particular application 

- acrylics and Polystyrenes recommended for general purpose 
applications, especially for optical use. 

- Acrylics have als0 excellent low temperature properties. 

- Cellulose acetates and Vinyls for - flexible glazing 

- guards 

- Cellulose butvrates for - excellent impact resistance 

- deep formability 

- Ionomers for - excellent clarity 

- Polycarbonates for - maximum strength 

- Vinvls for •• maximum formability 

- printability 

66/5017/5 
cf 
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Effect of radiation on mechanical properties 

!- . '    'I u, 250 

1 
< 
E 200 z 

Ö   '50 
a: 
UJ a. 

100 

50 

01  
K>3 »fl 

DOSAGE .RADS 

* ." 

CURVE  NO 
% 

1 
2 
3 
4 
5 

PROPERTY 

TENSILE STRENGTH 
ELONGATION 
ELASTIC MODULUS 
SHEAR STRENGTH 
IMPACT STRENGTH 

INITIAL VALUE 

3.730 PSI 

Fig. 3 ABS UCRYLONITRIIE-BUTADIENE-STYRENE TERPOLYMER) 

"KRALASTIC MV " (6) 



Effect of radiation on mechanical properties 

250 - 1 1 

„4 h 
3 200 - 

z 

»- . .- 

ut  150 
o 
a. 
Ul a. 

100 

50 
3 

... 
■ n« 

0 1  
10* 10' 10* 10»                    1 o" 

DOSAGE. RADS 

Fig.4 

CURVE NO. PROPERTY INITIAL VALUE 

1 TENSILE  STRENGTH 6.700 PSI 

2 ELONGATION     . 2.4 V. 

3 ELASTIC MOOULUS 2.8x10* PSI 

4 

5 

SHEAR   STRENGTH 5.000 PSI 

IMPACT  STRENGTH 
0.35 FT-LB/IN. OF NOTCH 

AUyl diglycol carbonate-"CR-39"    (7,8,9,10,11) 
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Effect of radiation on   mechanical properties 

DOSAGE. RADS 

CURVE NO. PROPERTY INITIAL VALUE 

1 TENSILE   STRENGTH 8.500 PSI 

2 ELONGATION 2.0 V. 

3 ELASTIC MODULUS 5.7x10* PSI 

i* SHEAR   STRENGTH 9.800 PSI 

5 IMPACT  STRENGTH 0.50FT-LB/IN. OF NOTCH 

Fig. 5     Casein - "Ameroid" (7,8,11,12) 



Effect of radiation on mechanical properties 

ioJ 10 to 10T 

DOSAGE. RADS 

CURVE NO. PROPERTY INITIAL VALUE 

1 TENSILE   STRENGTH 5,300 PSI 

2 ELONGATION 20*/. 

3 ELASTIC MODULUS 2.6x105 PSI 

4 SHEAR   STRENGTH 6,400 PSI 

5 IMPACT  STRENGTH 1.37 FT- LB /IN. OF NOTCH 

Fig.6     Cellulose acetate - " Plastacele" (7,8,11,12,13) 
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Effect of radiation on mechanical properties 

250 

UJ 
3 

2  200 

u   ISO 
o 
a. 
Ul a. 

10" 10n 

DOSAGE. RADS 

CURVE NO. PROPERTY INITIAL VALUE 

1 TENSILE   STRENGTH 4.200 PSI 

2 ELONGATION 60 V. 

3 ELASTIC MODULUS 1.6x10» PSI 

4 SHEAR   STRENGTH 4.000 PSI 

5 IMPACT  STRENGTH 3.3 FT-LB/IN. OF NOTCH 

Fig. 7      Cellulose acetate butyrate-"Tenite butyrate" (7,8,11,14) 
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Effect of radiation on mechanical properties 

10' io10 101 

DOSAGE. RADS 

CURVE NO. PROPERTY INITIAL VALUE 

1 TENSILE   STRENGTH 7.600 PSI 

2 ELONGATION 30 V. 

3 ELASTIC MODULUS 3.6x10» PSI 

4 SHEAR   STRENGTH 8,800 PSI 

5 IMPACT  STRENGTH 2.75 FT-LB/IN. OF NOTCH 

Fig. 8        Cellulose nitrate -" Pyralin "    (7,8,11,12) 



Effect of radiation on mechanical properties 

29 

250 

£ 
5 200 

tu   150 
o 
a. 
tu a. 

100 

50 

i.2.«a5V 

10« 10' 10' 10l 1010 10 n 

DOSAGE. RADS 

CURVE NO. PROPERTY INITIAL VALUE 

1 TENSILE   STRENGTH 2.600 PSI 

2 ELONGATION 1.6 V. 

3 ELASTIC MODULUS   

A SHEAR   STRENGTH 2900 PSI 

5 IMPACT  STRENGTH ),) FT-LB/IN. OF NOTCH 

Fig. 9 Cellulose propionate- "Tenite propionate" (7,8,11,12) 
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Effect of radiation on mechanical properties 

1 

1 
j 
i 

i 
i 

i 
i | 

^\J 
\2 

i 
j 
i 
i 

10' 10e 10' 10° 10* 10 K) 

DOSAGE, RADS 

CURVE   NO 

1 
2 
3 
4 
5 

PROPERTY 

TENSILE STRENGTH 
ELONGATION 
ELASTIC MODULUS 
SHEAR STRENGTH 
IMPACT STRENGTH 

INITIAL VALUE 

3.000 PSI 
165% 

Fig.10    COPOLYMER OF HEXAFLUOROPRENE AND 

TETRAFLUOROETHYLENE: TEFLON FEP100(15) 
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Effect of radiation on mechanical properties 

250 

IN
IT

IA
L 

VA
LU

E 
IS

) o
 

& 
»- 
LÜ    ISO 
o 
a: 
UJ 3^ 

100 

> 
s. 

 __ — 

50 A ki X 
0          ,o«                 10'                 10«                 io*                io'°                 io» 

DOSAGE. RADS 

CURVE NO.              PROPERTY                                 INITIAL VALUE 

1                         TENSILE   STRENGTH               6.000 PSI 

2                       ELONGATION                            *0V. 

3                        ELASTIC MODULUS                 2.1x10 »PSI 

4                        SHEAR   STRENGTH                  6.700 PSI 

» 5                       IMPACT  STRENGTH                2.0 FT-LB/IN. OF NOTCH 

Fig. 11        Ethyl cellulose-" Ethocel" (7,8,11,12) 

j 



Effect of radiation on mechanical properties 

io'° IO1 

DOSAGE. RADS 

CURVE NO. PROPERTY INITIAL VALUE 

1 TENSILE   STRENGTH 7.600 P SI 

2 ELONGATION 62 V. 

3 ELASTIC MODULUS 2.0x108 PSI 

A SHEAR   STRENGTH 7.300 PSI 

5 IMPACT   STRENGTH 2.8 FT-LB/IN. OF NOTCH 

Fig. 12      Polyamide "Nylon"        (7,8,11,16,17) 
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250 

$ 

200 

Z 
w    150 U 
a: 
a. 

100 

50 

Effect of radiation on mechanical properties 

i—  -       i 

i 
! 

1 
1 
i 
i 

1 

__1 

1 

N^2 

103 10° 107 10" 10* 10 10 

DOSAGE, RADS 

CURVE NO PROPERTY INITIAL VALUE 

1 TENSILE STRENGTH 6.200 PSI 
2 ELONGATION 96% 
3 ELASTIC MODULUS — 

4 SHEAR STRENGTH — 

5 IMPACT STRENGTH — 

Fig. 13 POLYCARBONATE " LEXAN   FILM " (18,11,20) 
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Effect of radiation ©o mechanical   properties 
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10 10 10' 

DOSAGE. RADS 

CURVE NO. PROPERTY INITIAL VALUE 

1 TENSILE   STRENGTH 4.900 PSI 

2 ELONGATION 50 V. 

3 ELASTIC MODULUS 1.8x10B PSI 

4 SHEAR   STRENGTH 5,300 PSI 

5 IMPACT  STRENGTH 1.9 FT-LB/IN. OF NOTCH 

Fig. 14 Polychlorotrifluoroethylene - " Fjuorothene" (7,8,11,21,22) 
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Effect of radiation on mechanical properties 
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DOSAGE. RADS 

CURVE  NO 

1 
2 
3 
4 
5 

PROPERTY 

TENSILE STRENGTH 
ELONGATION 
ELASTIC MODULUS 
SHEAR.STRENGTH 
IMPACT STRENGTH 

INITIAL VALUE 

1.915 PSI 
38% 

Fig.15 POLYETHYLENE  "ALATHON3, NC-10FILM" (20) 



Effect of rod lot ton on mtctianlcal properties 
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2*5 

w« 10* w* K>J »'• 10" 
DOSAGE, RADS 

CURVE NO. PROPERTY INITIAL VALUE 

1 TENSILE  STRENGTH 1400 PSI 

2 ELONGATION 250*/. 

3 ELASTIC MODULUS 0.30x10' PSI 

4 SHEAR  STRENGTH 1400 PSI 

5 IMPACT  STRENGTH 11.2 FT-LB/IN. OF NOTCH 

Fig. 16 Polyethylene "Polythene" (7,8,11,23,24,25,26,27,28) 
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Effect of radiation on mechanical properties 
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DOSAGE. RADS 

CURVE   N° 

1 
2 
3 
4 
5 

PROPERTY 

TENSILE STRENGTH 
ELONGATION 
ELASTIC MODULUS 
SHEAR STRENGTH 
IMPACT STRENGTH 

INITIAL  VALUE 

10.450 PSI 
70% 

Fig.17   POLYFORMALDEHYDE "DELRIN" (12,291 
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Effect of radiation on mechanical properties 
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10° 107 10° 10v 10 10 

DOSAGE, RADS 

CURVE   N° 

1 
2 
3 
4 
5 

PROPERTY INITIAL VALUE 

TENSILE STRENGTH     23.000  PSI 
ELONGATION - 
ELASTIC MODULUS       - 
SHEAR STRENGTH 
IMPACT STRENGTH 

Fig. 18   POLYIMIDE   " H-FILM"(30) 
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Effect of radiation on mechanical  properties 
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10« 10' 10' 10« 10" 10w 

DOSAGE. RADS 

CURVE NO. PROPERTY INITIAL VALUE 

1 TENSILE   STRENGTH 10.700 PSI 

2 ELONGATION 4.5 V. 

3 ELASTIC MODULUS 4.8 x 10 s PSI 

4 SHEAR   STRENGTH 6.700 PSI 

5 IMPACT  STRENGTH 0.37 FT-LB/IN. OF NOTCH 

Fig.19 Methyl methacrylate-"Perspex" (7,8,11,17,24,31,32,33) 



Effect of radiation on mechanical properties 

40 

109 IO10 

DOSAGE. RADS 

CURVE   N° 

1 
2 
3 
4 
5 

PROPERTY INITIAL  VALUE 

TENSILE STRENGTH 4.660 PSI 

ELONGATION 70% 

ELASTIC MODULUS   

SHEAR STRENGTH ~— 

IMPACT STRENGTH 0,79 FT-LB/ 

Fig. 20  POLYPROPYLENE    "PRO-FAX" (34,35.36,37) 



Effect of radiation on mechanical properties 
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icr 10 
DOSAGE. RADS 

10 

CURVE  N° 

1 
2 
3 
4 
5 

PROPERTY 

TENSILE STRENGTH 
ELONGATION 
ELASTIC MODULUS 
SHEAR STRENGTH 
IMPACT STRENGTH 

INITIAL VALUE 

4.380 PSI 
770% 

Fiq.21  POLYPROPYLENE-ETHYLENE   POLYALLOMER (6) 



Effect of radiation ©n mechanical properties 
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10* 

1,2,3.4 &5 

107 10* 10J 10" 10w 

DOSAGE. RAOS 

CURVE NO. PROPERTY INITIAL VALUE 

1 TENSILE   STRENGTH 4,400 PSI 

2 ELONGATION 1.0 V. 

3 ELASTIC  MODULUS 4.8x10» PSI 

4 SHEAR   STRENGTH 5.500 PSI 

5 IMPACT) STRENGTH 0.20 FT-LB/IN. OF NOTCH 

Fig-22      Polystyrene-"Styron"  (7,8,11,38,39) 
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Effect of radiation on mechanical properties 
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.               J 2 

10« 10» 10' 

DOSAGE,RADS 

CURVE NO. PROPERTY INITIAL VALUE 

1 TENSILE STRENGTH 3.400 PSI 

2 ELONGATION 250 V. 

3 ELASTIC  MODULUS 1.0x10s PSI 

A SHEAR   STRENGTH 2.830 PSI 

5 IMPACT  STRENGTH 3.3FT-LB/IN.OF NOTCH 

Fig.  23     Polytetrafluoroethylene(RT.F.E.) "Teflon" (7,8,11,20) 



Effect of radiation on mechanical properties 
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DOSAGE. RADS 

CURVE   N° 

1 
2 
3 
4 
5 

PROPERTY 

TENSILE STRENGTH 
ELONGATION 
ELASTIC MODULUS 
SHEAR STRENGTH 
IMPACT STRENGTH 

INITIAL VALUE 

6.390 PSI 
500% 

Fig.24 POLYURETHANE ÜE$TANE VC "   0,12,40,41) 
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Effect of radiation on mechanical properties 
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""»«                      10'                       10«                      10«                     10"                      10" 
DOSAGE. RADS 

CURVE NO.              PROPERTY                                 INITIAL VALUE 

1                         TENSILE   STRENGTH               2200 PSI 

2                        ELONGATION                             225'/. 

3                        ELASTIC MODULUS                   

U                        SHEAR   STRENGTH                    

5                        IMPACT   STRENGTH                   

Fig. 25         Polyvinyl  butyral-"Butacite Film"  (7,8,11) 



Effect of radial son on mechanical properties 
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DOSAGE. RADS 

CURVE NO. 

1 

2 

3 

5 

PROPERTY 

TENSILE   STRENGTH 

ELONGATION 

ELASTIC MODULUS 

SHEAR   STRENGTH 

IMPACT  STRENGTH 

INITIAL VALUE 

1,800 PSI 

0.32 V. 

5.8 x 10s PSI 

3,500 PSI 

0.19 FT-LB/IN. OF NOTCH 

Fig. 26        Polyvinyl carbazole - " Polectron "   (7,8,11) 
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Effect of radiation on mechanical properties 

DOSAGE. RADS 

CURVE NO. PROPERTY INITIAL VALUE 

1 TENSILE   STRENGTH 2.800 PSI 

2 ELONGATION 310 V. 

3 ELASTIC MODULUS   

A SHEAR   STRENGTH   

5 IMPACT  STRENGTH   

Rg.27        Polyvinyl chloride-"Geori"   (7,8,11,42) 



Effect of radiation on mechanical properties 

j0«° 10" 

DOSAGE. RADS 

CURVE NO. PROPERTY INITIAL VALUE 

1 TENSILE   STRENGTH 7400 PSI 

2 ELONGATION 2*1. 

3 ELASTIC  MODULUS 5x10B PSI 

4 SHEAR   STRENGTH   

5 IMPACT   STRENGTH   

Fig. 28      Polyvinyl formal - "Formvar" (7,11) 



Effect of radiation on mechanical properties 
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200    .—.— -t 5 
100 
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10« 10«                 10«                  io7                  IO1                  »• 

DOSAGE. 

CURVE NO.              PROPERTY                                 INITIAL VALUE 

1 TENSILE STRENGTH               9.000 PSI 

2 ELONGATION                             3.1 •/. 

3 ELASTIC  MODULUS                 A.8xl06PSI 

1 

RADS 

* 
A                        SHEAR   STRENGTH                 6.800 PSI 

5                        IMPACT   STRENGTH                0.5 FT- LB /IN. OF NOTCH 

Fig.2 9 Vinyl chloride a cetate -' 'Vinylite" (7,8,11,43,4 4) 
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Effect of radiation on mechanical properties 

10' 
DOSAGE. RADS 

CURVE NO. PROPERTY INITIAL VALUE 

1 TENSILE   STRENGTH 3.700 PSI 

2 ELONGATION 200 •/. 

3 ELASTIC MODULUS 0.65 x10 s PSI 

A SHEAR   STRENGTH 2.900 PSI 

5 IMPACT   STRENGTH 1.6FT-LB/IN   OF NOTCH 

Fig. 30        Vinylidene chloride-"Saran"   ( 7,8,11,43,45) 



Effect of radiation on mechanical properties 
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7 10« 0» 10,g                       H 
DOSAGE. RADS 

CURVE NO. 

1 

2 

3 

U 

5 

PROPERTY 

TENSILE   STRENGTH 

ELONGATION 

ELASTIC MODULUS 

SHEAR   STRENGTH 

IMPACT  STRENGTH 

INITIAL VALUE 

9.200 PSI 

1.8 V. 

6.0 x 10 * PSI 

9,700 PSI 

0.20 FT-LB/IN. OF NOTCH 

i 

Fig. 31        Aniline formaldehyde - unfilled - " Cibanite " (7,8,11) 



Effect  of radiation   on mechanical properties 

DOSAGE. RADS 

CURVE   N° 

1 
2 
3 
4 
5 

PROPERTY INITIAL  VALUE 

FLEXURAL STRENGTH 238 PSI 

Fig. 32      EPOXY- "ARALDITE"  (46) 
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Effect of radiation on mechanical properties 

1,2.3 8,5 

10« 10' 10« 10' 10 10 10' 

DOSAGE. RADS 

CURVE NO. PROPERTY 

1 TENSILE   STRENGTH 

2 ELONGATION 

3 ELASTIC MODULUS 

A SHEAR   STRENGTH 

5 IMPACT   STRENGTH 

INITIAL VALUE 

2,200 PSI 

0.39 •/. 

8x105PSI 

0.31 FT-LB/IN. OF  NOTCH 

Fig. 33      Furan - asbestos and carbon black filler-" Duralon " (7,8,11,12) 



Effect of rüdictiörsoo mtcfocsnicel  properties 

10 1010 101 

DOSAGE. RADS 

CURVE NO. 

1 

2 

3 

A 

5 

PROPERTY 

TENSILE   STRENGTH 

ELONGATION 

ELASTIC  MODULUS 

SHEAR   STRENGTH 

IMPACT   STRENGTH 

INITIAL VALUE 

9.100 PSI 

0.65 V. 

Kx10s PSI 

11.000 PSI 

0.29 FT-LB/IN. OF NOTCH 

Fig. 34      Melamine formaldehyde-cellulose filler- "Melmac"( 7,8,11,12) 



Effect of radiation on mechanical properties 

55 

250 

tu 
Z3 

$ 

3  200 

tu   150 
o 
a. 
tu 
a. 

100 

50 

10« 10' 10' 10* 

i 

i 

1/ 

i 
j 
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1010 10" 

DOSAGE. RADS 

CURVE NO. PROPERTY INITIAL VALUE 

1 TENSILE   STRENGTH 10.000 PSI 

2 ELONGATION ZV. 

3 ELASTIC MODULUS 6x10* PSI 

4 SHEAR   STRENGTH 6,600 P SI 

5 IMPACT   STRENGTH 0.53 FT-LB/IN. OF NOTCH 

Fig. 35      Phenol formaldehyde -"Catalin" (7,8,9,10,11,45) 



Effect of radiation on mechanics! properties 
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DOSAGE. RADS 

CURVE NO. 

1 

2 

3 

A 

5 

PROPERTY 

TENSILE   STRENGTH 

ELONGATION 

ELASTIC  MODULUS 

SHEAR   STRENGTH 

IMPACT   STRENGTH 

INITIAL VALUE 

11.000 PSI 

1.3 •/. 

18x10B PSI 

15.000 PSI 

5.2FT-LB/IN. OF NOTCH 

Pig. 36      Phenol formaldehyde - asbestos laminate filler-"Bakelite" (7, 8,9,11) 
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Effect of radiation on mechanical properties 
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DOSAGE. RADS 

CURVE NO. PROPERTY INITIAL VALUE 

1 TENSILE   STRENGTH 12.100 PSI 

2 ELONGATION 1.8 V. 

3 ELASTIC MODULUS 16 x10s PSI 

4 SHEAR   STRENGTH K.400 PSI 

5 IMPACT  STRENGTH 0.58 FT-LB/IN. OF NOTCH 

Fig. 37     Phenol formaldehyde - paper filler -" Bakelite" (7,8,9,11) 



Effect of radiation on mechanical properties 
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\1 

10* 10' 10 ■ 10* 10' 

DOSAGE,RAOS 

CURVE NO. PROPERTY INITIAL VALUE 

1 TENSILE   STRENGTH 11.000 PSI 

2 ELONGATION 4.0 V. 

3 ELASTIC  MODULUS 11x10s PSI 

A SHEAR  STRENGTH   

5 IMPACT STRENGTH 2.75 FT-LB/IN 

Fjg. 38        Phenol formaldehyde-linen laminate filler-"Bakelite" (7,8) 
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Effect of radiation on mechanical properties 
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10« 10« 10« 10' 10" 10* 1010 

DOSAGE.RADS 

CURVE NO. PROPERTY INITIAL VALUE 

1 TENSILE STRENGTH 2.000 PSI 

2 ELONGATION 20 V. 

3 ELASTIC  MODULUS 0.58x10s PSI 

t, SHEAR   STRENGTH 3,100 PSI 

5 IMPACT  STRENGTH 0.73FT-LB/IN OF NOTCH 

Fig. 39     Polyester-"Selectron" (7,8,9,11,47,48,49) 



Effect of radiation on mechanical properties 
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DOSAGE, RADS 

CURVE NO. PROPERTY INITIAL VALUE 

1 TENSILE   STRENGTH 4,700 PSI 

2 ELONGATION 0.17 V. 

3 ELASTIC MODULUS 32 x10 s PSI 

4 SHEAR   STRENGTH 7000 PSI 

5 IMPACT   STRENGTH 0.36 FT-LB/IN. OF NOTCH 

Fig. 40    Polyester-mineral filler -" Plaskon Alkyd" (7,8,9,11) 



Effect of radiation on mechanical properties 
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10J 10° 10 7 10° 109 10" 
DOSAGE. RADS 

CURVE   N° PROPERTY INITIAL  VALUE 

1 TENSILE STRENGTH 25.000 PSI 

2 ELONGATION 50% 

3 ELASTIC MODULUS 2.95  105 PSI 

4 SHEAR STRENGTH —' 

5 IMPACT STRENGTH — 

6 BURSTING PRESSURE 105 PSI 

Fig.41   POLYETHYLENE  TEREPHTHALATE  "MYLAR FILM,,(30/50/51/52) 



Effect of radiation on mechanical properties 

DOSAGE, RADS 

CURVE   N° PROPERTY INITIAL  VALUE 

1 
2 
3 
4 
5 

TENSILE STRENGTH 16.000 PSI 

ELONGATION - 
ELASTIC MODULUS - 
SHEAR STRENGTH 13.500 PSI 
IMPACT STRENGTH 

Fig.42    SILICONE, GLASS   FILLED (7,8,9,11,53,54,55) 
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Effect of radiation on mechanical properties 
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DOSAGE. RADS 

CURVE NO. PROPERTY INITIAL VALUE 

1 TENSILE   STRENGTH 7.800 PSI 

2 ELONGATION 0.5 V. 

3 ELASTIC MODULUS Kx105PSI 

4 SHEAR   STRENGTH 10,000 PSI 

5 IMPACT  STRENGTH 0.30 FT-LB/IN. OF NOTCH 

Fig.43     Urea formaldehyde-"Beetle"  (7,8,12) 
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Table    9     (?)  (a)  (ll)  (12) 

1 
i Abeorbod- Rockwell Water Specific 
| Material dose, 

Rads aclO 
ihuräiiöeaj absorption gravity 

(Trade noni'jo) R soale % 
■ 

i Cassin 0 125 9,0 

.,.,,,.,. .      , ,,    „.  

1,34 
i  (Amoroid) 0,045 125 9,5 1,34 
I 0,45 125 1310 1134 
: 4,5 - « 1 

I 
45 " m. — 

Cellulose Acetate 0 102 3 1,31 
(Plastacele) 0,035 102 3 1,31 

0,35 1Ö4 4 1,31 
3,5 - - - 

35 — — — 

Cellulose Propionate 0 83 1 1,19 
(Tenito Propionate) 0,037 60 1 1,19 

0,37 - 1 1119   ■ 
a 3,7 - - - 

37 — — ■•* 

Cellulose Acetate 0 88 1.1 1,19 
Butyrate 0,037 86 1,1 1,19 
(Tenite Butyrate) 0,37 80 1,2 i;i9 

3,7 - - - 
37 — ■- — 

Cellulose titrate 0 Ill 1,2 1,41 
(Pyralin) 0,03 112 1,2 1,41 

0,3 116 1?2 1,41 
3 — — — 

30 — — — 

Ethyl Cellulose 
(Ethooel) 0 113 1,2 1,13 

0,042 113 1l2 1,13 
0,42 112 i;2 i;i3 
4,2 - - •- 

42 — — — 

Polyethylene 0 -20 0,02 0,91 
(Polythene) 0,06 -20 0,02 0,91 

0,6 +10 0,02 0,91 
6 60 0,02 0,92 

60 120 0,03 0,96 

66/5034/5 
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Absorbed - Rockwell Water 

Material 
(Trade names) 

dose,   R 

Rads xlCT° 
hardness, 
R soale 

absorption 

% 

Specific 
gravity 

Polychlorotrifluoro- 0 110 0,01 2,12 

ethylene 0,06 110 OjOl 2,12 

(Fluorothene) 0,6 106 OjOl 2J12 
6 - - - 

60 - r» — 

Polytetrafluoro- 0 35 0,04 2,17 
ethylene 0,02 20 0,04 2,18 
(Teflon) 0,2 35 0,04 2,20 

2 - o;o4 2;23 
20 — •■ *" 

Polyvinylchloride 0 120 0,05 1,36 
acetate 0,15 115 0,1 1,36 
(Vinylite) 1,5 112 0,4 1,36 

15 92 0',8 i;34 
150 — •■" 

Polyvinyl formal 0 - - 1,21 
(Pormvar) 0,04 — — 1,21 

0,4 - - 1,20 
4 .1 ."- 1,17 
40 - - 1,14 

Polymethylmetha- 0 122 0,4 1,19 
crylate 0,04 122 0,4 1,19 
(PerBpex) 0,4 

4 
40 

122 0j4 1?19 

- #* - 

Polystyrene unpigmentod 0 122 0,05 1,05 
(Amphenol) 0,04 122 0,05 1,05 

0,4 122 0,05 1,05 
4 122 0,07 1,05 

40 122 0,10 1,06 

Allyldiglycol- 0 118 0,4 1,31 
corbonate 0,037 118 0,4 1,31 

(CR 39) 0,37 115 0,5 1,31 
3,7 90 1,2 1,29 

37 - 2,8 1,23 

Polyester 0 122 0,2 2,22 

(Ploekon Alkyd) 0,035 
0,35 

122 
122 

0,2 
0,2 

2,22 
2,22 

3,5 122 0,3 2,21 

35 108 0,7 2,18 
i 
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j Material 
1{Srads names) 

'ilyeeter 
Jeleetron) 

Polyamide 
(Nylon) 

Polyformaldehyde 
(Delrin) 

Polypropylene 
(Pro-Fax) 

Polyurethane 
(Estane VC) 

Absorbed- 
doee,      +8 
Reds xlO 

0 
C,035 
0,35 
3,5 

35 

0 
0,055 
0,55 
5,5 

55 

0 
0,02 
0,05 

0 
0,55 
1 
5 

10 

0 
1 
5 

10 

Rockwell 
hardness, 
R scale 

50 
110 
120 
110 

105 
105 
108 
118 
123 

75 D* 
81 D* 
84 D* 

75 D* 
75 D* 
74 D* 
67 D* 
54 D* 

87 D* 
88 D* 
90 V* 
92 D* 

Water 
absorption 

% 

0S6 
0,6 
0,6 
0,6 
0,8 

1,5 
1,5 
1,5 
1,5 

13 

Specific 
gravity 

1,25 
1,25 
1,25 
1,26 
1,21 

1,K2 
1,142 
1,142 
1,146 
1,156 

* Shore D hardness used 

66/5034/5 
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Table 10 

Material 
(Trade names) 

Aniline formaldehyde, 
no filler 
(Cibanite) 

Furan,- asbestos filler 
(Duralon) 

Malamine formaldehyde, 
cellulose filler 
(Melmac) 

Phsnol formaldehyde, 
unfilled 
(Catalln) 

Phenol formaldehyde, 
Linen fabric laminate 
(Bakelite) 

Phenol formaldehyde, 
Paper laminate 
(Bakelite) 

Phenol formaldehyde, 
asbestos filler 
(Haves) 

Absorbed, 
dose, 
Rads x 10+8 

0 
0,045 
0,45 
4,5 

45 

0 
0,035 
0,35 
3,5 

35 

0 
0,075 
0,75 
7,5 

75 

0 
0,035 
0,35 
3,5 

35 

0 
0,035 
0,35 
3,5 

35 

0 
0,035 
0,35 
3,5 

35 

0 
0,035 
0,35 
3,5 

35 

Rockwell 
hardness, 
R scale 

128 
128 
128 
127 
126 

117 
117 
117 
117 
118 

128 
128 
128 
126 
106 

123 
121 
118 
113 

122 
122 
122 
122 

122 
122 
122 
118 
106 

110 
110 
110 
110 
110 

Water 
absorption 

0,1 
0,1 
0,1 
0,1 
0,1 

4,2 
4,2 
4,2 
4,2 
4,2 

Specifio 
gravity 

1,21 
1,21 
1,21 
1,21 
1,21 

0,8 1,05 
0,8 1,85 
0,7 1,85 
0,7 1,85 
1 1,05 

1 1,46 
1 1,46 
1 1,46 
2 1,46 

11 1,20 

0,3 1,3 
0,4 1,3 
0,5 1,3 
0,8 1,3 
- powder 

1 1,34 
1 1,34 
1 1,34 
2 1,34 

30 0,8 

1 1,37 
1 1,37 
1 1,37 
3 1,36 

80 o,e 

1.66 
1,66 
1,66 
1,66 
1,66 

66/5034/5 
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Absorbed- Rockwell 
  

Water 
i 

Specific   | 
Material dose,      +3 

Rads x 10 
hardness, absorption gT&?r ity    1 

(Trade names) R scale % 1 
i 
I Pfeenol formaldehyde, 
1 Graphite filier 
! {Ksyr-bate) 

5 

0 
0,035 
0,35 
3,5 

35 

84 
84 
85 
88 

100 

4,5 
4,5 
4,5 
4,5 
4,5 

1,70      ! 
1,70      ! 
1,69 
1,68 
1,68 

Urea-formaldehyde, 
Cellulose filler 
(Beetle) 

0 
0,06 
0,6 
6 

128 
128 
127 
120 

1,0 
1,0 
1,5 

20 

1,50 
1,50 
1,50 
1,47 

60 "• ~ *• 

66/5034/5 
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TABLE 14 

Gaaevolution *   (7) (8) (11) (61) (62) (03) (04) 

Material - Thermoplastic 

Aliyl diglycol carbonate 

Casein 

Cellulose Acetate 

Cellulose Acetate Butyrate 

Cellulose propionata 

Cellulose Nitrate 

Ethylcellulose 

Polyamide 

Polychlorotri fluoroethylene 

Polyethylene 

Polyethylene terephthalate 

Poly °C- methylstyrene 

Polymethy line thacry late 

Polypropylene 

Polystyrene 

Polytetrafluroethylene 

Polyvinylalcohol 

Polyvinylchloride 

Polyvinyl formal 

Styrene-butadiene plastic 

Triallyl cycjnural © polymer 

;6/fiQ09/5 

40-55 

4-7 

17-20 

28-30 

35 

105-120 

30-35 

20-25 

3.5 

70 

3-5 

1,5-10 

30-35 

70-90 

1-1,5 

0,5-1,2 

25-40 

6-9 

^,100 

~<2 
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T h B L iS 

Gasevolution * * (v) (J) (il) (Px) (6k;) (Go) (64) 

Mai.ei.-uu - ■Ther;:-..ocettiu,-:s 

/niline iortt.aiuehyce 

Fur an reek; 

Melamme iori:;.aic!ehyc.e 
(ceiiuioce iiuer) 

Phenol fornjaicehyti 

Wo filler 

Linen fabric i'ilier 

Paper filler 

Asbestos fnter 

Graphite finer 

Polyesters genera*) 

Urea lormalcichyt 
(celluioLe filier) 

Gas evoxveu - »i,i/£. ai 10   race 

* The gasevoiu'vic.i was i^easureo irons &ai..-piec cf 0,?. U C.t granule 

se/boio/t 
;?• 
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T_A_B_L_E l6__Ll_L-Lii_l«. 

Effect of filler material on thu radiation st-.tbility 

of phenol formaldehyde 

s 

Material 

Additive 

Filler 

' Relation 
Stability 
of filler 

Threshold 
Damage 
(rads) 

25 £ Darase 
Dos"ga 
{rr-.üG; 

i 

Phenol formaldehyde None 2,7 . 106 1,1 . 10' 

Phenol formaldehyde Asbestos fiber Better 7,8 . 107 8,9 . 10b 

Phenol formaldehyde Asbestos Better 3,9 . 108 3,9 . 10y 

Phenol formaldehyde Graphite Better 8,9 - 105 7,7 T 107 

Phenol formaldehyde Linen fabric 
laminate Less 3,4 . 105 8,2 . 10 

Phenol formaldehyde Paper Less 3,8 . 105 2,6 . 107 

66/5007/5 
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250 r 

DOSAGE. RADS 

Fig. 44 

EFFECT OF FILLERS ON THE TENSILE STRENGTH  OF 

PHENOL   FORMALDEHYDE  RESINS AFTER   IRRADIATION   (7,9,11) 

I * 
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TABLE 17 

Effects of fillers on the alongation 

of polyvinylchloridü (65) 

1 
0 IxlO8 2x10° 

No filler 100 78 58 

Carbon black 100 79 64 

TO ,  ■ rutile 100 73 54 

Whiting 100 73 42 

China Clay 100 82 65 

66/5018/5 
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T A B (J &   i o 

Effect of fillers on the radiation stability of polyester - and silicone resins (66) 

y., a i e r i a - 

Polyester 

LiiiCüue 

EXPCCKJIVE :  iacfc. 

Fiüer 

uiifaieo 

I'hreohOiC 

Mineral 

uvuuiec 

^lacc iibre 

Ivlä.iera* 

G.10 

3 
iass fiDi-e   ;      £.10 

!      7.10* 

^ 

-.10 

i.lO1 

?,ü% ciaivi&^e 

10 

5.J.0* 

1.10' 

lO 

—I 
;0% l_<.n; >*:;■. 

5.10 

,olü 

4. lü" 

j'o.6S/t01o/t 
ip- 



Radiation stability of plnstics at 

temperatures above 75°c    (ll) (67) (68) 

TJ .L.ri-..l j-.l-'"hi..TL'10pl- -tic 

■ jin 

Hoiiocnlorotrifluoro- 
^.thyi-i-' 

Poly -■j-aido 

polyothjltinc 

Polystyrene 

Polyc^tr.-.fluorocthylcn. 

Pü'iyviiiylr cutato 

I' u 1,/ v i 11,/1 c •• ■• r b r. a o 1 o 

Polyvinylchloride 

P o ]. y v i nv 1 f o im ;\ I 

'.LH;iap. 
0 

C 

f.i;iX.dor'v; 

(clue trie :■-!) 
rr.di. 

125-"'40{ 

200 

100 

85 

75 

250 

130 

150 

05 

130 

5 x 10 

5 x 10'■' 

9 
5  x 10 

5  x  109 

2,5  x  1QS 

5  x  10 

5 x 10 

9 

9 

10 

10 9 

(iU-ch .nic.l) 
r \dk 

:'»5  ■■    »« 

x i: 

'->   x   i (J 

<-1 10 

5 x 10" 

2,   SxUv 

t-i   <> 

'J 10 

5   ::   10 

ri    -   1'" 

66/5011/5 

CPE. 
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TABLE     20 

Radiation stability of plastics at temperatures r.bovo 
75°C    (11)      (67)      (68) 

Material - Thcrno3cttings 

Epoxy 

Furan 

Melamine formaldehyde 

Cellulose filler 
Glass fibre filler 

Phenol formaldehydo 

No filler 
Cellulose Filler 
Mineral filler 

Polyester 

No filler 
Mineral filler 

Silicones 

Temp. 

°C 

130 

120 - 160 

110 
120 

120 

120 
175 - 190 

100 
110 

150 

Max . dose 
(Electrical) 

rads 

5 x 10' 

5 x 10' 

Max   , dose 
(Mechanical) 

rads 

2 x HT 

3,3 x 10S 

1 x 10, 
1 x 10' 

8 

1,1 x 10' 
2,8 x 10 
7,7 x 10' 

8,7 x 10' 
3,9 x 10* 

2,5 x 108 

~   A   ••   ^' - CfO    A.   -^ ■ 

- 3,9 :: IG: 

66/5012/5 
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TABLE      21 

TRAIILifeJJJKS - iSLIMäBSi 

Trade Name 
Chemical Name 

Abcolite 

Abson 

Aerolite 

Alnthon 

Agil one 

AlgolIon 

Alkathono 

Alphalux 400 

Aneroid 

Anpncet 

Aralditc 

Aropol 

Atlac 

Polystyrene 

Aery lord trile butadiene r;tyr<.r.. 

Urer. Forrmld^hydc 

Polyethylene 

Polyethylene 

Polytotrafluoroo thylc-no U •" •r 

Polyethylene 

Polyphenyleno oxyde 

Casein 

Polystyrene 

Epoxy 

Polyester 

Polyester 

»Agilide Polyvinylchloride 



66/5021/5 
yr 

87 

B) 

Trade None Chcnicn! N^xic 

Bakelite 

Beetle 

Boxoid 

Butncite 

Phenolic 

Urea Forcwldohyde 

Cellulose r.cctite 

Polyvinyl Butyrr.l 
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Trade Narao Churiical Name 

Cfilridnno 

Cnpran Film 

Cariflox 

Carina 

Car.lona 

Carlona P 

Catabond 

Cataiin 

Co-apron 

Cellidor 

Collit 

Cellophane 

Cellofoam 

Cibanito 

Covisil 

CR 29 

Cry3 tic 

Cycolac 

Cyiiu.1 

Phonolie 

Nylon 6 

fiu t.n cli o/i<: o tyreno 

Polyvinylchloride 

Polyethylene 

Polypropylen.. 

Polyester 

Phenolic 

Polyester 

Cellulosics 

Collulosics 

Cellulosico 

Polystyrene 

Aniline Forualdehyde 

Silicones 

Polycarbonate 

Polyeator 

ABS 

Melanin..' Formaldehyde 

66/5021/5 
yr 
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1 

Trade Nacio 

Dncron 

Dapon 

Darvic 

D.C, Resins 

Delrin 

Dcsraodur 

Dovcon 

Diakon 

Diorit 

Dow Corning 

Duralon 

Duroz 

Durito 

Duthane 

Dylan 

Choräcal Nan*.; 

Polyc-stcr 

Folyortor 

Polyvinylchloride: 

Silieones 

Acotr.1 

Polyurethane 

Epcxy 

Po lyno thy 1: ^ thacry 1. • t 

Polyvinylidenochlcrid 

Silicons 

Purr-.n 

Phenolic 

Phonolic 

Polyurethane 

Polyethylene 

66/5021/yr/5 
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Track Nfu-ni Ch^nicnlti'K&L 

Epiall 

Epikoto 

E ports 

Epophon 

Epoxylito 

Erinoid 

Eatnno 

Ethocol 

Exon 

Epoxy 

Epoxy 

Epoxy 

Epoxy 

Epoxy 

Casein 

Polyurethane 

Ethyl  cellulose 

Polyvinylchloride 

66/5021/5 
yr 
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F) 

Trade Nan.o C^oiictl fthJ.ic 

Plcxon 

Fluon 

Fluorcthenc 

Formica 

Formvar 

Forticel 

Polyvinylchlori do 

P.T.F.E. 

Polytrifluorononochlorscthyl^nc 

(P.C.T.F.E.) 

flolfjnint Fornr.ld^hydc 

Polyvinylfornr.l 

Cellulosics 

66/5021/5 
yr 
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Trnde Krr.c 

66/5021/ 
yr 

Chc.-ric.nl Ii°nc 

Gr.brr.stor Polyester 

Gnbrite -   ■   • Urea Fcrar.l'iehyde 

'iflGOlltc   ■ 

Gc-dex Polystyrene 

Gelva Polyvinyl.-Cv.t-.tc 

Gulv,tol Polyvinylrlcohcl 

Geon Polyvinylchloride 

Glidpcl Polyester 

Grilon Polyurdrie 



! 1 
Je 

.1 
H) 

93 

Trade Nrano Chci-dcnl Na no 

H Film 

Halon 

Ho.vog 

Hotron 

Hif'ix 

Hosteflon 

HoRtaflon TF 

HT Filn 

Hypr.lon 

Polyinido 

P.T.F.E. 

Phenolic 

Polyester 

Polyothylcno 

Po ly tri f luorononochlc ro.. thy 1 v. 

Polytctrr.fluoroothyl'-n^ 

Polyimido 

Chloro sulfonntud pGlj\.thyL~: 

I f 
1 % 

■ ft 

' . 
66/5021/5 
yr 
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Trnciu Nr. rau J^i^^OiSk 

Kftpton 

Karbnto 

KLI F 

KoroGC'al 

Kr ".las tic 

Kyn-ir 

PolyL.iidj 

Phenolic 

Polytrifluorrr.nuchli-.r: 

Modified Polyvinylchlor 

ABS 

polyviriylidorv. Flu^rid^ 

66/5021/5 
yr 
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L). 

Trade Nnnc Chemical Nrr.u 

Lactophane 

Lamiaic 

Lcguval 

Lokutherm 

Lexnn 

Lucito 

Lustran 

Lustr^x 

Luvican 

Cclluloaics 

Polyustor 

Polyester 

Epoxy 

Polycarbonate 

Polynethylnethncrylate 

ABS (Aerylonitrile butadiene styrcne" 

Polystyrene 

Polyvinylcarbnzol 

66/5021/5 
yr 
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nradü  Hr,, CJi-lC-i^^, 

M.-.rbl-Jtto 

M'irco MR 

r-Llinox 

Mclox 

Hicir'u" 

r'Iondur 

66/5021/? 

Phenolic 

Hr,rfo^i pül^r' th'"nc- 

IL-'jlcx Poly .thylau. 

„~      ■     T Favvinylchiorido 

p;.'lyotliyl> ir.; T.-r.-.-Thth- 

I'iolr.ninv. Fur-iM'^.hyev. 

iia-viin - I'cr; vild-.hydw 

Marlon Polycr.rbr.n.-.t«. 

Fhuujlic 

Ir,ccy:'.n-'.tü3 

Uonsnnto Poly^/rene 

hylr-r Pclyothylonf 

3M dpoxy 



: I 

66/50?1/5 
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0) 

Trndu Np.no Cla>-i.:icn\ Nnr.i. 

Nrd.V rtplist 

Nomcx Yarn 

Nylon 

Pjiy.ir.idu 

PolyirtLdo 

Poly.'v.Tidc- 

Tndo N.gne Chci.dc.il Nnnc 

0 piIon 

Orizon 

Polyvinylchloride 

Polyethylene 
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Trade Harne Che;rd calKaiiu 

PPO 

Paraplox 

ParyL.no N, C, D 

Penton 

Perlon 

Perspox 

Put:- othene 

Phonolitc 

Plaskon Alkyd 

Plastacelo 

Ploogon 

Plexiglas 

Pl.iolite 

Pliovic 

Plyophen 

Polectron 

Polydur 

Polyflon 

Polyox 

Polystyrole 

Polythene 

Polythern 

Pro-Fax 

Pyraline 

Polyphonyleno oxide 

Polyester 

Parylono 

Chlorine ted Polyether 

Polyaride 

PolynothyL:v. thncryla te 

Folyethylune 

Phenolic 

Polyester 

Cellulose acetate- 

Polyester 

Polyuo thylae thacrylato 

S tyrone-bu tadi ene 

Polyvinylchloride 

Phenolic 

Polyvinylcarbnzole 

Polyethylene 

Polytetrafluoroethylv ne 

Polyethyluneoxyde 

Polystyrene 

Polyethylene 

Polyvinylchloride 

Polypropylene 

Cellulose nitrate 

66/5021/5 
yr 
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R) 

Trade Name Chemical NVJ..C 

Rosimcnc 

Rosinol 

Rcoinox 

Resocel 

Resofil 

Rosito 2000 

Rnyolin 

Royalito 

i'lclauinc 

Phenolic 

Phonolic 

Phenolic 

Phenolic 

Phenolic 

Polyolefin 

ABS 

66/2021/5 



IOC 

Tr.-.cL- NcHic Chuiicnl Nanu 

SafL-x 

Sarar; 

3'iran F 

Suloctron 

Si lactic CO 

Silraar 

Solithano 

3or.:oplas 

Soroflon 

Styrcx    • 

Styron 

3tyrofoar. 

Sylgand 

3wi lyn 

Synvaron 

Synvarito 

Synv.irol 

Poiyvinylbutyral 

Polyvinylidaio chlorig',, 

Folyvi: lylchlcridc 

Polyös-c-r 

3iliconc3 

Polyjator 

Pulyurcth-.no 

Polyvinylchlorid o 

Polyt^trafluoro^thylcn: 

Polystyrene 

Polystyrene 

Polystyrene 

Siliccnos 

Iono.oor 

Phonolics 

Phonolies 

Urcnfomaldchydo 

66/5021/5 
yr 



IM 

T) 

Trade Nanc Chcnicsl Nnr-ic 

Tedlar 

Teflon 

Teflon PEP 

T-nite Butymtc 

Torylono 

Totrnn 

Toxin 

Thiokol 

Trip.col 

Trulon 

Tufnol 

Tybrone 

Tygon 

Polyvinylfluoride 

Polytetrofluoroothylonc 

Copolyixr of hoxafluoropropc.no 
and tetrafluoroethylene 

Cellulose Acctr.tc butyratv. 

Polyethylene- Tcrcphthnlr.to 

Polytotrnflueroothylene 

Polyurothr.no 

Polysulfide 

Cellulose r.cc-tatc 

Polyvinylchloride 

Phenolic 

ABS 

Polyvinylchloride 

66/5021/5 
yr 



66/5021/5 

IC? 

Tra'k   Mn:.i( Chvr.ic'u K'i;.'. 

Ultron 

Union Carbide 

Urox 

Pclyvinylchl« ridt 

Silicon-, r, 

Uror. ?'er'ar'lfi-.i'iyd-. 
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V) 

w) 

x) 

z) 

Tndo Nar.o ChaiiciJ  N:\JO 

Vircun 

V.. Ion 

Vcstm 

Vibrithr.no 

Vibrin 

Vi.'-rcos'- 

Vinidur 

Vybnk 

Vinylit.; A 

Phuiolic 

Polyvinyliöorio chlorid.. 

Polyvinylic*, no  chl ..rn, 

Polyester 

Polyester 

Colluii.'!3.ioa 

Fo ly vi ny 1chlo ri do 

Poly vi nyl chl orido- 

Folyvinyl ".cvtito 

TridoKr.no Che dcil t'I.ii-'-o 

v/olvic Polyvinylchloride 

Tndo N.-m.. Cho-:-.dci3   Ki ;■•. 

Xylonite Collulosicö 

Trr.de Hr.nc Chq-.icil Hi,-. 

Zytol Pclyiinido 

66/5021/ 



104 
TABLE     22 

Chemical Name Trade Name 

ABS (Aerylordtrile butadiene styrene) 

AEG 

Acotal 

Aerylonitrile Butadiene Styrene 

Aniline formaldehyde 

Cyeolac 

Kralastic 

Lustran 

Royalitu 

Tybrene 

Delrin 

Aba on 

Cibanite 
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B) 

Cftomicfil lime Tr.".d'j Nnmo 

Butndicno Styronu Cnriflox 

66/5014/5 yr 
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C) 

Chronical Name Trade Nask 

C-'.ItbOlV't'.: 

Cafiei.n 

Caaein 

Cjilulo.'x   acetate 

Col] ulose acetate 

Colluloae acetate 

Cellulooe acetate butyratc 

Cellulose nitrate 

Cellulosics 

Cu-.l.lulOSiC3 

CclluloniCij 

Cellulosica 

CellulosicG 

Collulosica 

Cellulenicc; 

Chlorinated polyethcr 

Chloro culfonatcd polyethylene 

Copolymer of lexa fluoropropene and 
totrafluoroothylcne 

CR J) 

Ajneroid 

Gansolite 

Bexoid 

Pl^CteC'jlC 

Triacel 

Tenite butyratc 

Pyraline 

Coliidor 

Forticel 

Cellit 

Cellophane 

Lactophano 

Viscose 

Xylonite 

Penton 

JJypalon 

Teflon PEP 

66/5014/5 

yr 
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Chc-ciicnl iinrcv. Tr \dc  Nam.- 

Epoxy 

Epoxy 

Epoxy 

Epoxy 

Epoxy 

Epoxy 

Epoxy 

Epoxy 

Epoxy 

Ethyl Cellulose 

Arnidi to 

Do-vcon 

Epiall 

Epikotc 

Epons 

Epophcn 

Epoxylite 

Lokuthc-nr» 

Ethocol 

66/5014/5 
yr 
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Cht.-r.rJ eil N.-;r> . lrMgJkLl3SL 

Furan Duralon 

66/5014/5 



I) 
lOi 

Chunicr.l Name Tr.-idc Name 

Ionomor 

Isocynnatca 

Swilyri 

Mondur 

66/5014/5 
yr 
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Chomie;..! l'm:i:j 
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Trade N.-imo 

[;u..Lrrr.ini; fonnald*.,hydo 

Molaminc form/ilcii-hydu 

Moiaminc formald vhydo 

Mulrunino formalduhydo 

Melamiru. 

Modified Polyvinylchloride 

Cyiik.l 

Formica 

Mclmac 

3fc'l0X 

Reoitn-^no 

Koro-^al 

66/5Ü14/5 
JT 
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N) 

Chunicnl Name Trr.do N;LTIC 

Nylon 6 Cnprrn film 
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P) -l- 

ClieddC'U M'lt'K.- 

P-ryle-n.. 

i'.CT.F.K. (Polytrifluoromonochloroothylonc) 

p c T ri1 H' 

Phenolic 

Phenolic 

Phenolic 

Phenolic 

Phenolic 

Phenolic 

Phenolic 

Phenolic 

Ihenolic 

Phenolic 

Pinnolic 

Phenolic 

* Phonolic 

Phenolic 

Phjuolic 

Polyamide 

Polyaiiddo 

Polynuddu 

Po lyrurdd v. 

Polyamid J 

Polycarbonate 

Polycarbonate 

Polycarbonate 

Po Iyer, tor 

Polyester 

Polyester 

Folyostur 

Polyester 

* Phenolic 

6C/5014/5 
yr 

P.'i.rylvru; 

Fluorotli>..nc 

üoütaflon 

Kel F. 

DeliCOli TO 

C.-.tnlin 

Durcz 

Have <j 

Kfirfcat- 

rlicarta 

Phonolite 

Plyophon 

Resino1 

Rusinox 

KdsoCv-1 

Rubofil 

Synvarv,n 

Synvarito 

Tufnol 

Grilon 

IPdlonplnat 

Nylon 

Fwrlor. 

Zytel 

CR 39 

Lc-xan 

Marlon 

Aropol 

Atlac 

Catabond 

Co-apron 

Cryptic 

Varcum 



-i- 

ClKliliO"!   N.V;V 

113 

Trvuc Naiiu. 

' J 

>   * 

Polyen t;./r 

Poj.yo'.;t.;J: 

PolyeR'teiL* 

PolyOP fc>.T 

loiy^vl,,. 

Polyeator 

Polyouters 

I-cly»..'3 Ixr 

Polyor.ter 

Polyofito- 

Po'J,venter 

Polyester 

Pcl/o^tor 

Pol;/or. tor 

Polyethylene 

Polyethylene 

Polyethylene 

Polyethylene 

Polyc ihylono 

Volyv.trylone 

Popyjt'.ylono 

Polyethylene 

Polyethylene 

Polyethylene 

Polyethylene 

Po lye thyloneoxydo 

PelyphonyL..no oxyde 

Polycthyleno torophthclato 

Polyethylene terephthalate 

Poly,, thy] one tcrephthalato 

Poly.iuiide 

66/5014/5 

lX'icron 

Dapon 

Gr-braster 

üliüpol 

Hetron 

Lamin -.e 

Leguval 

i'hrco MR 

Par.? pi ex 

PL'.skor. Alkyd 

Ploog^n 

Selectron 

Silmar 

Vibrathane 

Vi'arin 

Alathon 

Agileno 

Alkathenc 

Carlon? 

Dylan 

Hi fax 

I'iarlox 

Orizor 

Petrotheno 

Polydur 

Polythene 

Polyox 

PPO 

I'lelinex 

Mylar 

.erylene 

H Film 
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P) -> 

Chemie 1 «'Mil«. Trad.. IP 

Poly.i.mide 

Polyinide 

Polyiirdd''- 

Pcdyme thy IrietPacry late 

Poi;*r,;e L)iyInie thncrylnto 

Polyuv thy Pmethacrylate 

Polyinc thyl-ni-. theory Lite 

P;ly;)l..i'in 

PolypjiMiyl-.n... oxyde 

Polypropylene 

Polypropylene 

Polystyrene 

Polystyrene 

Polystyrene 

Polys tyrene 

Polystyrene 

P'.)]y:-.tyret»e 

Polystyrene 

Polystyrene 

Pol.yr,tyr>,ne 

Po.lyr.ui r'iäe 

Polytet-ixluoroethylenu  (P.T.F.E.) 

Polyte tr.-vf luoroothyluno 

Po1y t e trafluoroe thylen o 

Polytetr-'.fluoroethylenc 

Polytctrafiuoroothyleno 

Polytotrafluoroethylono 

Polytetrafluoroethylcne 

Polyte-trnfluoroethylenc 

Polyure thane 

Polvur ethane 

H Pile; 

Kapton 

IIOEUJ: yarn 

Diakon 

Lucite 

Porspex 

Plexiglas 

Rayolin 

Alphalux 400 

Carlona F 

Pro - Fax 

Abcolito 

iunpacet 

Cellofoan 

Gede-x 

Lustrex 

lions anto 

Styrex 

Styron 

Styrofoai; 

Thiokol 

Algoilon 

Fluon 

Kalon 

Kostaflon TF 

Polyflon 

Soreflon 

Teflon 

Tetran 

Dcsmodur 

Duthane 

66/5014/5 

_i 



113 

|      P) -4- 

Ch.'.iic.'.i tiwu Trr.du i;-::\. 

i ,                          Polyurctharc Es tare 

Polyurethane MarfoaM 

j «,          Polyurethane Solithar.u 

PoljTir^tlT'Tlf.- Toxin 
!                 ■ 

!            Folyviny.lac^tato Gclvr. 

Folyvir.yi cc o t." .1« Vinylite A 

Polyvinylalcohol GeTvatol 

'           Polyvinylbutyral Butacite 

Polyvinylbutyral Saflcx 

Polyvinylcarbazol Luvican 

Polyvinylcarbazol Poluctron 

Polyvinylchloride Agilide 

Polyvinylchloride Carina 

!           Polyvinylchloride Darvic 

Polyvinylchloride Exon 

Polyvinylchloride Flexon 

Polyvinylchloiide Geon 

Polyvinylchloride Marvinol 

!           Polyvinylchloride Opalon 

Polyvinylchloridu Pliovic 

i            Polyvinylchloride Polytherm 

Polyvinylchloride Saran F 

Polyvinylchloride Somaplas 

Polyvinylchloride Trulcn 

Polyvinylchloride Tyson 

Polyvinylchloride Vinidur 

^         Polyvinylchloride Vybak 

Polyvinylchloride Welvic 

i           Polyvinylfluoride Tedlar 

PolyvinylfonrÄl Fornvar 
r                                              *                                              »' 

Polyvinylidcncchloride Diorit 

66/5014/5 

. 

yr 
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0 -£; 
Ch(..T.ü.o"il N;:rao Tr-uK 

Poly virxylidon...- ch.loridc 

Polyvinylidcru.- ohlurido 

pn.lyvinyl:i/3^ru_ fluoride 

Polyvinylideno chloride 

Sv.rr.n 

Volon 

Kyanr 

Ve.s tan 

66/5014/5 
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117 

Chadc 1 Kruno Tr.ri^ H:T. . 

Silicons Covisil 

Silicons; D.C, Resins 

Siliconos Dow Coming 

Siliconcs SiInstic 30 

Siliconos üylgnrd 

Siliconos Union Cnrbido 

Styrono Polymers Sec Polystyrene 

Styrono Butadionc Pliolite 

66/5014/5 
yr 
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u) 

Ch&tnical Jhn;e 

Ur^a Formaldehyde 

Urcn Formaldehyde 

Uroa Formaldehyde 

Urea Formaldehyde 

Urea Formaldehyde 

Trade Krur.e 

Aerolite 

Beetle 

Gabrite 

Synvnrol 

Urox 

66/5014/5 
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