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ABSTRACT 

 

This thesis will present the vulcanization effect of gamma radiation or UV 

radiation that exposed on natural rubber latex that mixed with a combination of 

sensitizers such as n-butyl acrylate (n-BA), tetrachloroethylene (C2Cl4) and 

trichloromethane (CHCl3). All the vulcanizing rubber latex samples were investigated by 

measuring the tensile strength and %elongation at break. The results showed that the 

tensile strength of the samples gain more value after receiving the gamma radiation 

dose or from UV exposure. While the %elongation at break of the same samples show 

a less value if compare with the original value or before receiving the gamma radiation 

dose or from UV exposure. The important notice is that the natural rubber that mixed 

with more than one type of sensitizer will response with the gamma or UV radiation 

dose by gaining more tensile strength than the one that mix with one type of sensitizer.  

Except for natural rubber with a low ammonia content and mixed with 

tetrachloroethylene (C2Cl4) sensitizer will give a negative response (less tensile strenth) 

with the gamma or UV radiation dose. This may due to the chemical reaction between 

the C2Cl4 and TMTD and ZnO that mixed in the natural rubber latex or what we call 

Low Ammonia-Tetramethyl-thiuram disulphide/Zinc oxid (LA-TZ). 
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1.2.1  
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5 phr t-butyl hydroperoxide 

4 kGy redox vulcanization 4 phr 

fructose 60°C 3 0.4 phr tetra-ethylene pentamine 
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25 MPa, Modulus 300% 0.9 MPa crosslink density 1.5exp19 
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(2.0exp19 crosslink/cc) (1.0exp19 crosslink/cc) 
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9 carriers 2 

2 
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carrier incremental dose 
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vulanization dose 15 kGy 2 ethyl hexylacrylate 5 phr 
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NR/LDPE Blend 50/50, 



 

                                                                                                           6 
 

60/40 70/30 1.5% NR/LDPE Blend 

10-70 kGy 

NR/LDPE Blend 

50/50 

30 kGy  

 (2549) 

5°C 60°C 

0-30 kGy 

10°C 

25.3 MPa 28 kGy 

55°C 15.1 MPa 19 kGy 
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(Interaction)    

2  

2.1.1.3 (Ionizing Radiation) 

 

-  ( -particle)     

2 2 +2e 4.001516 amu 

   

83 

2 2 

(         

2-3 ) ( ) 

-  ( -particle) 0.00055 amu -1e 

(neutron excess) 

 

-  (neutron) 1.008665 amu 

12.8  

 - (slow neutron) 

1 keV (thermal neutron) 0.025 eV 

20°C (resonance neutron) 1-100 eV 
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 - (fast neutron) 

1 keV (intermediate neutron) 

1-500 keV (high energy neutron) 

0.5-20 MeV (relativistic neutron) 20 MeV    

( 2545) 

-  (X-rays) 

 

 - 0.01-100  

 - 

 

 -  

 - 

 

 -  

 -  

 -  

 - (reflection) 

(refraction) (diffraction) ( 2545) 

-  (g-rays) 

( )
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eV 7 MeV 

(isomeric transition) 

 

g 

 

 

2.1.1.4 (Non-Ionizing Radiation)  

-  (radiowave) 

 

-  (microwave) 

0.3GHz-300GHz ( 2554) 

 

-  (infared) 

-200°C-4,000°C 

(

2554) 
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-  (visible light) 

7 400-800 nm 

 ( 2554) 

-  (ultraviolet light) 

10-400 nm 3-124 eV 

 

2.1 ( 2552) 

  (nm) (eV) 

,  UVA 400-315 3.10-3.94 

 NUV 400-300 3.10-4.13 

,  UVB 315-280 3.94-4.43 

 MUV 300-200 4.13-6.20 

 UVC 280-100 4.43-12.4 

 FUV 200-122 6.20-10.2 

 VUV 200-10 6.20-124 

 EUV 121-10 10.2-124 
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  2.1.3.3 
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( 2546) 
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grafting)  
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( ) 

  2.1.3.5 

 

 

2.2  

 2.2.1  

 Hevea Brazilliensis 

(dry rubber) 30% 

( 2552) 

5 8 

C5H8 1 

(linear cis-1,4-polyisoprene) 3,000-5,000 

200,000-400,000 

( 2549)  

 

 

 

2.4 cis-1,4-polyisoprene                            

( 2552) 

0.93  

20°C (glass transition temperature, tg) 

-72°C 
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( 2547) Gutta Percha Balata 

(trans-1,4-polyisoprene)  

 

 

 

2.5 trans-1,4-polyisoprene                      

( 2549) 

 2.2.2  

 (emulsion) 

30-40 

pH 6.5-7 0.975-0.980  

12-15 ( 2552)  

  2.2.2.1 35%  

  - 

0.5% 

(cis-1,4-polyisoprene) 0.92 

 200,000-400,000 

0.04-4 0.4 

1 

(skim latex) 
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2.6 (Blackley 1997) 

  - (protein)

25% 

( -Globulin) (Hevien) 

1% 

Isoelectric point pH =4.8 

pH 

Isoelectric point pH=4.8 

5% 

crystalline disulphide linkage 

 

  - (Lipid) 

-Lecithin 

0.6% 

0.2% 

( 2546) 

  2.2.2.2 65%  

  - 1.02 

 

1% (Quebrachitol) 
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  - Isoeletric point 

Isoelectric point 

 

  - (Lutiods) 

0.5-3 

pH=5.5 

3% 2% 

0.5% 

- (Frey wyssling) 

( 2546) 

2.2 (Blackley 1997) 

  

(Total Solid Content; TSC) 27-48 

(Dry Rubber Content; DRC) 25-45 

 1-1.5 

 1-1.25 

 1 

 1 

 100 
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2.2.3  

 2  

  2.2.3.1  

0.98 ) 

2 35 

65 

 

(live-rubber 2009) 

STR XL STR SL  

  2.2.3.2  

55-65 20-35 

( 2540) 

(centrifuge concentrated latex) 2  

  -  (High Ammonia; HA) 

  0.7% 

0.035% 

 

  -  (Low Ammonia; LA) 

  0.2% TMTD 

0.013% (ZnO) 0.013% 0.035% 

LA-TZ Low Ammonia-Tetramethyl-thiuram disulphide/Zine 
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oxide 

TMTD 

ZDC 

 

 2.2.4  

 

amorphous) 

(crystallize) 

(low temperature crystallization) 

(strain induced 

crystallization) (tensile 

strength) (tear resistance) 

( 2552) 

 

  2.2.4.1 (elasticity) 

 

  2.2.4.2 (tack) 

 

  2.2.4.3 (tensile strength) 

20 MPa (reinforcing filler) 

30 MPa 
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  2.2.4.4 (tear strength) 

 

  2.2.4.5 (dynamic properties) 

(fatigue resistance)  

  2.2.4.6 (abrasion resistance) 

SBR 

 

  2.2.4.7 (insulation) 

(specific resistivity) 1015 

1016 ohm cm 

  2.2.4.8 (low temperature flexibility) 

2 (BR)  

  2.2.4.9 (aging 

properties) 

 

  2.2.4.10 (service temperature) 

55°C 70°C 

( 2547) 
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 2.2.5  

 
2.3 

2.3 ( 2540) 

   

STR XL, STR 5L, 

ADS, RSS 1, pale 

crepe 

(cut 

threads) 

 

STR XL STR 

5L RSS 

Mooney Viscosity 

 

STR 20, RSS 2, 3, 

4, 5 

 

4, 5 

 

Skim Rubber 

 non rubber 
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2.3 ( 2540) (  

   

 

 

 

 

(latex 

thread) 

 

(reinforcing filler) 

(Prevulcanization) 

 

 

 

2.3  

 

(Green compound Uncureed compound) 

(Vulcanized rubber Cured rubber) 

( 2547) 

(
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2528) 

 

2.3.1  (Vulcanizing agent) 
(crosslink) 

 

 2.3.2  (Accelerator)

   

(Guanidine)  (Thiazole)  (Sulphenamide)  

(Thiuram) 

6   

2.3.2.1 (Dithiocarbarmate) 3 

(ammonium salt) (sodium salt) 

(zinc salt) 

125°C ZDPC, 

ZDEC, ZDBC, ZDMC  

  2.3.2.2 (Zanthate) 

80-110°C 

 (plateau curve) SIX, ZIX, ZBX  

2.3.2.3  (Sulphenamide)  delay action

MBT 

MBT 

CBS, TBBS, DCBS, Vulcacit AZ 

3.0 phr 
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2.3.2.4  (Thiazole) 

MBTS, 

MBT, ZMBT, MBTS MBT 

ZMBT MBTS 

 

2.3.2.5  

DPG, 

DOTG, (o-totyl biguanidine)  

2.3.2.6 (Thiuram) 

thiuram vulcanization 

TMTD, TMTM, TETD, DPTS 

125-135°C 

 

 2.3.3  (Activator) 

(stearic acid) 

(Zinc oxide) 
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 2.3.4 (Filler) 
(Carbon Black) 

(Calcium carbonate) (Silica)  

 2.3.5 (Plasticiser) 
2  

  2.3.5.1 (Chemical plasticiser) 

Sulphonic acid, Xylyl mercaptan 

  2.3.5.2 (Physical plasticiser) 

( 2547) 

 2.3.6  (Protective agent) 

( 2548) 

 2.3.7  (Miscellaneouse ingredient) 

(Coloring material) 

(Blowing agent) (retarder)  

 

2.4 (Latex compounding) 
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 4 (sensitizer) 

 

 

4 (primary 

accelerators)  

  4

(primary accelerator)

(secondary accelerator 10-20% of the total) 

 

  4 (delayed action 

accelerators)

 

 

2.5  

 5
(chemical cross-linked) 

 

 5 (Vulcanization of Latex Film)

   

( - °C) - °C 

(continuous phase)
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 (prevulcanize)

(disperse phase) 

 

2.5.3  

surface-active 

interfacial film 

(

) 

 

 

2.6  

 2.6.1 (tensile strength)  

ASTM D412, ISO 37 JIS K6251 (Sirinthorn 

Thongsang n.d.)

2  

 2.6.1.1 (stress, s) 

 

s  

 2.6.1.2 (strain, e) 
 ( ) 

e  
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2.6.2 (Elongation at break) 

  (

2552) 

 



35 

 

3 

 

 

 

3.1  

  

 3.1.1 High Ammonia Concentrated Latex, HA

60%  

3.1.2 Low Ammonia Concentrated Latex, LA

60%  

3.1.3 - n-butyl acrylate n-BA)

(sensitizer) Sigma-ALDRICH Chemistry Co.,Ltd. 

3.1.4 tetrachloroethylene C2Cl4) 

(sensitizer) Lab Scan Asia Co., Ltd.  

3.1.5  (trichloromethane CHCl3)

(sensitizer) Lab Scan Asia Co., Ltd.  

3.1.6 acetone, CH3COCH3 J.T.Baker Ltd. 

 

 

3.2  

 

3.1 30×40  

3.2  
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3.3 casting knife  

3.4  

3.5  

3.6 MERIT TECH Co., Ltd  

3.7 4  

3.8  

3.9   

3.10  ASTMD-412-C INTERNATIONAL INC 

3.11 (thickness meter) 0.01 

TECLOCK  

3.12  

3.13 2  2 

4 Mettler Co., Ltd 

3.14 (scanning electron microscope, 

SEM) Quanta400 

3.15 (universal testing machine) LLOYD instrument 

LR10K  

3.16 (Hot Air Oven) D06061 Memmert Co., Ltd 

 

3.17  Gammacell 220 Excel  

 

3.18 VL-215.MC 230V 50/60Hz 254/312 nm 

VILBER LOURMAT  
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3.3  

 3.3.1  

  
phr 

 

 phr 

 60% 60 phr 40 phr 

 60 100  

 100 166.67 100 phr 

 

166.67 100 phr 

3.1 

3.1  

  phr  g  

60% Latex 100 166.67 

n-BA 5 5 

C2Cl4 5 5 

CHCl3 5 5 

  

2.5 1 

3.2 

1 

 ( 25°C) 
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3.2  

 (   

1. n-BA 

2. 5 C2Cl4 

3. 5 CHCl3 

1 

1 

1 

1 

7 

13 

 

   

 

 

 

 

3.1  

3.3 3.4 

 ( 2552) 
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3.3 (HA)  

 

phr) 

 

HAPn5 HAPn5C5 HAPn5CH5 HAPn5C5CH5 

60% HA-Latex 100 100 100 100 

n-BA 5 5 5 5 

C2Cl4 - 5 - 5 

CHCl3 - - 5 5 

 

3.4 (LA)  

 

phr) 

 

LAPn5 LAPn5C5 LAPn5CH5 LAPn5C5CH5 

60% LA-Latex 100 100 100 100 

n-BA 5 5 5 5 

C2Cl4 - 5 - 5 

CHCl3 - - 5 5 

 

 3.3.2  

  3.3.2.1 

(HA) (LA) 

70 
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3.2  

 
-60 0, 14, 16, 18, 

20 22 kGy 10 kGy/hr 

 

 

 

 

 

3.3 Gammacell 220 Excel  

 

  3.3.2.2 

(HA) 
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3.4  

254 nm 3 

0, 2, 4, 6, 8, 10 12  1 

 

 

 

 

 

 

3.5 VL-215.MC 230V 50/60Hz  

3.3.3  

  
30 ml 

( 20-25°C) 

24 50°C 

80°C 

2552) 1 24  
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3.6  

 

 3.3.4  

  3.3.4.1 (tensile strength)

ASTM D412 die C 

3.7 3 G 

(thickness meter) 0.01  

 

 

 

 

 

3.7 (die C)  

(universal testing machine) LLOYD instrument LR10K

500 Load cell 100 N (stress at 

break) (%elongation at 

break) 

 



 

                                                                                                               43 
 

 

 

 

 

 

 

 

3.8 (universal testing machine) LLOYD instrument 

LR10K  

 3.3.4.2 

(scanning electron microscope, SEM) 

(SEM) Quanta400 (

) 
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4 

 

 

 

4.1  

 4.1.1  

 

4.1.1.1  (HA) 

- HAPn5 

4.1 (tensile strength)

(%elongation) HAPn5  

Gamma dose (kGy) 

tensile strength (MPa) elongation (%) 

tensile (MPa) SD elongation (%) SD 

0 3.392 0.425 1261.7 38.8 

14 7.578 0.253 1222.7 50.2 

16 9.449 0.472 1217.0 41.3 

18 10.338 0.265 1185.3 40.8 

20 10.732 0.141 1156.3 18.5 

22 11.217 0.450 1094.3 44.2 

 

 4.1 

HAPn5 0, 14, 16, 18, 20 22 kGy 

4.1 4.2  
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4.1 

HAPn5 

 

4.1 

HAPn5

22 kGy 

11.217 MPa 

(0 kGy) 3.392 MPa 

230.69% 

 

 

y = 3.47e0.0571x

R² = 0.9809

0.000
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4.2 

HAPn5 

HAPn5 4.2 

22 kGy 

1094.3% 

 

 

 

 

 

 

y = -6.23x + 1283.1

950.0

1000.0
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1100.0
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- HAPn5C5 

4.2 (tensile strength)

(%elongation) HAPn5C5  

Gamma dose (kGy) 

tensile strength (MPa) elongation (%) 

tensile (MPa) SD elongation (%) SD 

0 2.464 0.211 1204.3 27.2 

14 7.903 0.640 1255.0 69.0 

16 8.885 0.538 1232.3 36.2 

18 9.051 0.835 1205.7 59.5 

20 10.259 0.441 1164.7 111.5 

22 11.883 0.991 1138.3 66.5 

  

 4.2 

HAPn5C5 0, 14, 16, 18, 20 22 kGy 

4.3 4.4  

 

4.3 

HAPn5C5 

y = 2.59e0.0715x

R² = 0.9814

0.000

2.000

4.000

6.000

8.000
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)

Gamma dose (kGy)
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4.3 

HAPn5C5

 22 kGy 

11.883 MPa 

(0 kGy) 2.464 MPa

382.26% 

 

 
4.4 

HAPn5C5 

HAPn5C5 4.4 

22 kGy 

1138.3% 

 

y = -2.18x + 1232.9
950.0

1000.0
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1100.0
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  - HAPn5CH5 

4.3 (tensile strength)

(%elongation) HAPn5CH5  

Gamma dose (kGy) 

tensile strength (MPa) elongation (%) 

tensile (MPa) SD elongation (%) SD 

0 1.817 0.243 1339.3 43.5 

14 11.973 0.570 1357.1 118.2 

16 14.530 0.676 1159.7 49.2 

18 15.295 0.551 1153.3 58.0 

20 16.183 0.482 1118.7 37.0 

22 17.967 0.774 1097.7 51.8 

  

 4.3 

HAPn5CH5 0, 14, 16, 18, 20 22 kGy 

4.5 4.6  

 

4.5 

HAPn5CH5 

 

y = 2.08e0.1083x

R² = 0.9518

0.000

5.000

10.000

15.000

20.000
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Gamma dose (kGy)
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4.5 

HAPn5CH5

22 kGy 

17.967 MPa 

(0 kGy) 1.817 MPa

888.82% 

 

 

4.6 

HAPn5CH5 

HAPn5CH5 4.6 

22 kGy 

1097.7% 

 

y = -11.45x + 1376.1

950.0

1050.0

1150.0

1250.0

1350.0

1450.0

1550.0

0 5 10 15 20 25
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- HAPn5C5CH5 

4.4 (tensile strength)

(%elongation) HAPn5C5CH5  

Gamma dose (kGy) 

tensile strength (MPa) elongation (%) 

tensile (MPa) SD elongation (%) SD 

0 1.740 0.068 1218.7 62.7 

14 9.228 0.471 1240.7 21.1 

16 15.200 0.079 1234.7 50.8 

18 16.114 0.078 1206.7 101.7 

20 17.293 0.145 1183.7 70.9 

22 18.303 0.224 1098.3 47.3 

  

 4.4 

HAPn5C5CH5 0, 14, 16, 18, 20 22 kGy 

4.7 4.8  

 
4.7 

HAPn5C5CH5 

y = 1.89e0.1133x

R² = 0.9652
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4.7 

HAPn5C5CH5

22 kGy 

18.303 MPa 

(0 kGy) 1.740 MPa

951.89% 

 

 

4.8 

HAPn5C5CH5 

HAPn5C5CH5 4.8 

22 kGy 

1098.3% 

 

y = -3.41x + 1248.4

950.0

1,000.0

1,050.0

1,100.0

1,150.0

1,200.0

1,250.0

1,300.0

1,350.0

0 5 10 15 20 25
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 (%

)

Gamma dose (kGy)
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 4.1-4.4 

4 0, 14, 16, 18, 20 22 kGy 

4.9 4.10  

 

4.9 

4  

 

4 

0, 14, 16, 18, 20 22 kGy 4.9 

4 

22 kGy 

(0 kGy) 200% 

0.000

5.000
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4.10 

4  

 

4 

0, 14, 16, 18, 20 22 kGy 4.10 

4 

22 kGy 

4 

3 

- n-butyl acrylate, n-BA) (tetrachloroethylene, 

C2Cl4)  (trichloromethane, CHCl3)

 (CHCl3)

 (CHCl3)

1000.0

1050.0

1100.0
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1 

4 

HAPn5C5 HAPnCH5 -

n-BA) (C2Cl4) - n-BA)  

(CHCl3) 2 

 HAPn5

  HAPn5C5CH5 - n-BA)

(C2Cl4)  (CHCl3) 3 

 

4.1.1.2 (LA) 

  - LAPn5 

4.5 (tensile strength)

(%elongation) LAPn5  

Gamma dose (kGy) 

tensile strength (MPa) elongation (%) 

tensile (MPa) SD elongation (%) SD 

0 2.156 0.073 1406.7 7.0 

14 5.470 0.285 1358.0 87.7 

16 6.315 0.294 1339.9 155.5 

18 7.262 0.136 1311.5 152.0 

20 9.592 0.206 1071.9 177.2 

22 10.820 0.252 1027.7 82.1 

 

 4.5 

LAPn5 0, 14, 16, 18, 20 22 kGy 

4.11 4.12  
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4.11 

LAPn5 

4.11 

LAPn5

22 kGy 

10.820 MPa 

(0 kGy) 2.156 MPa

401.86% 

 

y = 2.07e0.0727x

R² = 0.9891
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4.12 

LAPn5 

LAPn5 4.12 

22 kGy 

1027.7% 

          

y = -14.93x + 1476.7
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- LAPn5C5 

4.6 (tensile strength)

(%elongation) LAPn5C5  

Gamma dose (kGy) 
tensile strength (MPa) elongation (%) 

tensile (MPa) SD elongation (%) SD 

0 1.371 0.098 1499.3 14.5 

14 1.845 0.271 1435.7 24.4 

16 5.808 0.328 1426.0 38.0 

18 5.911 0.568 1410.0 33.1 

20 8.127 0.394 1288.0 110.8 

22 9.469 0.539 1276.7 80.8 

 

 4.6 

LAPn5C5 0, 14, 16, 18, 20 22 kGy 

4.13 4.14  

 

4.13 

 LAPn5C5 

y = 1.12e0.0902x

R² = 0.7776
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4.13 

LAPn5C5

22 kGy 

9.469 MPa 

(0 kGy) 1.371 MPa

590.66% 

 

 

4.14 

LAPn5C5 

LAPn5C5 4.14 

22 kGy 

1276.7% 

 

y = -9.33x + 1529.2
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  - LAPn5CH5 

4.7 (tensile strength)

(%elongation) LAPn5CH5  

Gamma dose (kGy) 

tensile strength (MPa) elongation (%) 

tensile (MPa) SD elongation (%) SD 

0 1.611 0.084 1384.7 51.3 

14 6.743 0.456 1465.0 48.0 

16 9.910 0.878 1366.7 38.6 

18 14.907 0.616 1264.7 18.8 

20 17.047 0.713 1220.3 64.6 

22 17.500 0.968 1184.0 31.5 

 

 4.7 

LAPn5CH5 0, 14, 16, 18, 20 22 kGy 

4.15 4.16  

 

4.15 

 LAPn5CH5 

y = 1.58e0.1147x

R² = 0.9813
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4.15 

LAPn5CH5

 22 kGy 

17.500 MPa 

(0 kGy) 1.611 MPa

968.28% 

 

 

4.16 

 LAPn5CH5 

 LAPn5CH5 4.16 

22 kGy 

1184.0% 

 

y = -8.66x + 1444.2
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 - LAPn5C5CH5 

4.8 (tensile strength)

(%elongation) LAPn5C5CH5  

Gamma dose (kGy) 

tensile strength (MPa) elongation (%) 

tensile (MPa) SD elongation (%) SD 

0 1.732 0.048 1383.0 37.0 

14 3.907 0.838 1357.3 113.5 

16 4.790 0.461 1332.3 94.9 

18 4.589 0.921 1297.0 39.0 

20 5.881 0.599 1238.0 138.2 

22 7.029 0.396 1173.0 91.3 

  

 4.8 

LAPn5C5CH5 0, 14, 16, 18, 20 22 kGy 

4.17 4.18  

 

4.17 

 LAPn5C5CH5 

y = 1.70e0.0614x

R² = 0.982
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4.17 

LAPn5C5CH5

22 kGy 

7.029 MPa 

(0 kGy) 1.732 MPa

305.83% 

 

 

4.18 

 LAPn5C5CH5 

 LAPn5C5CH5 4.18 

22 kGy 

1173.0% 

 

y = -7.99x + 1416.7
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 4.5-4.8 

4 0, 14, 16, 18, 20 22 kGy 

4.19 4.20  

 
4.19 

4  

4 

0, 14, 16, 18, 20 22 kGy 4.19 

4 

22 kGy 

(0 kGy) 300% 
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4.20 

4  

4 

0, 14, 16, 18, 20 22 kGy 4.20 

4 

22 kGy 

(C2Cl4) 

LAPn5C5 LAPn5C5CH5 - n-BA)

(C2Cl4) - n-BA), (C2Cl4)  

(CHCl3)

(C2Cl4) 
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0.013% 0.013% 

0.2% 

LA-TZ Low Ammonia-Tetramethyl-thiuram disulphide/Zinc oxid 

LAPn5CH 5 - n-BA) 

 (CHCl3) 2

LAPn5 - n-BA) 

- n-BA)  (CHCl3)

- n-BA)  (CHCl3)

 

 4.1.2  

 

 4.1.2.1  (HA) 

  - HAPn5 

4.9 (tensile strength)

(%elongation) HAPn5  

UV exposure time  tensile strength (MPa) elongation (%) 

(hours) tensile (MPa) SD elongation (%) SD 

0 1.108 0.065 1178.7 57.7 

2 1.342 0.490 1116.0 105.2 

4 1.885 0.159 1118.0 85.9 

6 2.125 0.040 1108.7 100.3 

8 2.326 0.072 993.4 79.8 

10 2.639 0.120 901.9 67.7 

12 2.859 0.048 894.7 35.4 
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 4.9 

HAPn5 0, 2, 4, 6, 8, 10 12  

4.21 4.22  

 

4.21 

 HAPn5 

4.21 

HAPn5

12  

2.859 MPa 

(0 ) 1.108 MPa

158.03% 
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4.22 

 HAPn5 

 HAPn5 4.22 

12 

894.7% 

          

y = -25.08x + 1195
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  - HAPn5C5 

4.10 (tensile strength)

(%elongation) HAPn5C5  

UV exposure time  tensile strength (MPa) elongation (%) 

(hours) tensile (MPa) SD elongation (%) SD 

0 1.136 0.019 1067.7 56.9 

2 1.113 0.065 1224.0 115.3 

4 1.473 0.023 1148.7 89.5 

6 1.949 0.055 1114.3 48.9 

8 2.232 0.124 1027.1 130.8 

10 2.960 0.014 1001.3 13.8 

12 3.820 0.116 906.3 31.2 

 

 4.10 

HAPn5C5 0, 2, 4, 6, 8, 10 

12  4.23 4.24  

 

4.23 

 HAPn5C5 
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4.23 

HAPn5C5 

        

12  3.820 MPa 

(0 ) 1.136 MPa

236.27% 

 

 

4.24 

 HAPn5C5 

 HAPn5C5 4.24 

12 

906.3% 
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  - HAPn5CH5 

4.11 (tensile strength)

(%elongation) HAPn5CH5  

UV exposure time  tensile strength (MPa) elongation (%) 

(hours) tensile (MPa) SD elongation (%) SD 

0 1.319 0.079 1094.0 81.1 

2 1.300 0.041 1022.3 2.5 

4 1.636 0.039 950.2 10.9 

6 1.758 0.012 945.7 6.4 

8 2.126 0.025 926.7 33.8 

10 2.113 0.059 922.9 17.8 

12 2.500 0.153 923.5 45.6 

 

 4.11 

HAPn5CH5 0, 2, 4, 6, 8, 10       

12  4.25 4.26  

 

4.25 

 HAPn5CH5 
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4.25 

HAPn5CH5 

         

12  2.500 MPa 

(0 ) 1.319 MPa

89.54% 

 

 

4.26 

 HAPn5CH5 

 HAPn5CH5 4.26 

10 

922.9% 
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  - HAPn5C5CH5 

4.12 (tensile strength)

(%elongation) HAPn5C5CH5  

UV exposure time  tensile strength (MPa) elongation (%) 

(hours) tensile (MPa) SD elongation (%) SD 

0 1.437 0.103 1173.9 47.8 

2 1.559 0.022 1097.7 84.6 

4 1.929 0.016 1068.3 32.7 

6 2.375 0.018 1030.7 18.6 

8 2.659 0.052 1028.7 23.4 

10 3.318 0.158 1006.9 81.5 

12 4.123 0.062 937.5 23.9 

 

 4.12 

HAPn5C5CH5 0, 2, 4, 6, 8, 10    

12  4.27 4.28  

 

4.27 

 HAPn5C5CH5 

y = 1.36e0.0892x
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(DOSIMETRY SYSTEM) 

 

 

 (DOSIMETER CLASS) 

1. Primary Standard Dosimeter 

  

  ionization chamber, calorimeter 

2. Reference Standard Dosimeter  

  

(Routine Dosimeter) 

TABLE 1 Examples of Reference-Standard Dosimeters 

Dosimeter Readout System 
Useful Absorbed 

Dose, Gy 
ReferencesA 

Ionization chamber 

Calorimeter 

Alanine 

Ceric cerous sulfate 

  Solution 

 

Ethanol chlorobenzene 

  Solution 

 

Ferrous sulfate  

  solution 

Potassiim/Silver 

  dichromate 

Electrometer 

Thermometer 

EPR spectrometer 

UV spectrophotometer or 

  Electrochemical 

  Potentiometer 

Spectrophotometer, color 

  titration, high frequency 

  conductivity 

UV spectrophotometer 

 

UV/Visible 

  spectrophotometer 

104 to 10 

102 to 105 

1 to 105 

103 to 105 

 

 

10 to 2³108 

 

 

20 to 4³102 

 

103 to 105 

(11, 12) 

(13) 

(14) 

(15, 16) 

 

 

(17, 18) 

 

 

(19) 

 

(20) 

Athese references are not exhaustive; others may be found in the literature 
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3. Transfer Standard Dosimeter  

 

 AlanineDosimeter, Fricke 

4. Routine Dosimeter  

 

 (Dose mapping) 

TABLE 2 Examples of Routine Dosimeters 

Dosimeter Readout System Useful Absorbed 

Dose, Gy 

ReferencesA 

Alanine 

Dyed polymethyl- 

  methacrylate 

Clear polymethyl- 

  methacrylate 

Cellulose acelate 

Lithium borate, litium 

  fluoride 

Lithium fluoride (optical 

  grade) 

Radiochromic dye films, 

  solution, optical 

  wave guide 

Ceric cerous sulfate 

  solution 

Ferrous cupric sulfate 

  solution 

Ethanol chlorobenzene 

  solution 

EPR spectrometer 

Visible spectrophotometer 

 

UV spectrophotometer 

 

Spectrophotometer 

Thermoluminescence 

  reader 

UV/Visible 

  spectrophotometer 

Visible spectrophotometer 

 

 

Potentiometer or UV 

  spectrophotometer 

UV spectrophotometer 

 

Spectrophotometer, 

  Color titration, high- 

  Frequency conductivity 

1 to 105 

102 to 105 

 

103 to 105 

 

104 to 4³105 

10-4 to 103 

 

102 to 106 

 

1 to 105 

 

 

103 to 105 

 

103 to 5³103 

 

10 to 2³106 

(14) 

(21, 22, 23) 

 

(21, 24) 

 

(25) 

(26) 

 

(27) 

 

(6, 8, 28) 

 

 

(15) 

 

(29) 

 

(28) 
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TABLE 2 Examples of Routine Dosimeters (  
Dosimeter Readout System Useful Absorbed 

Dose, Gy 

ReferencesA 

Amino acids 

MOSFET 

Lyoluminescence reader 

Voltmeter 

10-5 to 104 

1 to 2³102 

(30) 

(31) 
Athese references are not exhaustive; others may be found in the literature 
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 alaninedosimeter  Thin film 
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