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OBJECTIVE – facilitate success:  Gamma  E-beam / X-ray
• Leverage fundamental scientific realities of ionizing radiation
• Optimally apply practical industry guidance

AGENDA
• Fundamentals  ‘follow the electrons’
• Exercise:  interpret guidance in ISO 11137-1 radiation sterilization standard
• Practical guidance – AAMI TIR17:  material compatibility potential & pitfalls
• Summary



Section 1 - Introduction

J. Silverman, Radiation processing: The industrial applications of 
radiation chemistry, J. Chem Ed 58 (1981) 168–173,  
https://doi.org/10.1021/ed058p168 Accessed 17Sep’19

May’19; Potentially 
available in the future

https://doi.org/10.1021/ed058p168


Types of Ionizing Radiation
 Alpha

– He2+

Very shallow 
penetration depths

 Photons
– Gamma
– X-ray
– UV light

 Beta
– Electrons
Penetration depends 
on energy

Penetration
• needs to be 

managed
• outside the 

scope of this 
talk

Max Acceptable
Dose 
• needs to be 

managed
• outside the 

scope of this talk



10-18 10-1210-15 10-9 10-6 10-3 1 sec

Energy deposition
Chemical Processes• Formation of ionized and 

excited molecules localized 
along tracks

• Ions and excited molecules 
react/dissociate forming free 
radicals.  Electrons solvated 
in polar media

• Radicals and solvated electrons 
diffuse from track zones, react 
with other molecules.

• Chemical changes to substrate 
occur.

 Direct Effect

 M               M+,   e-,   M*     (Ionization, excitation)

 Indirect Effect
 Secondary reactions of solute with primary species formed by solvent

Interaction of Ionizing Radiation with Matter

‘Follow the electrons’ 
Gamma, E-beam and X-ray deposit energy through 
the SAME MECHANISM, IONIZATION by  ELECTRONS



Gamma Radiation - Possible “Energy Deposition” Interactions of Photons

Radiation 
dose
kGy
kJ/kg
Energy 
deposition 
into mass of 
materials



Gamma Radiation - Possible “Energy Deposition” Interactions of Photons

Co-60



Co-60 Compton electron:  ≈ 0.5 MeV
≈ 500,000 eV

- Gamma Sterilization with Co-60



Energy Deposition by Electrons, e-

••

E-beam e-

Gamma 
Compton e-

X-ray 
e-

photon 
e-

e-
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Energy Deposition by Electrons, e-

Co-60 

Compton e-

≈ 500,000 eV

… dominates radiation effects

••

One Co-60 photon  one Compton e-

≈ 500,000 eV  =  [(100 eV/spur) * (5,000 spurs)]

Dose, dose rate & temperature 
normalized radiation effects 

are identical between 
Gamma, E-beam and X-ray







Gamma   E-beam   X-ray



Gamma



Electron Beam (E-beam)



X-ray





Gamma – approx. 2 Gy/s
E.g., 25 kGy in 4 hours

Gamma – approx. 2 Gy/s
E.g., 25 kGy in 4 hours

E-beam – approx. 6,000 Gy/s
E.g., 25 kGy in 4 seconds

X-ray – approx. 10–1,000 Gy/s
E.g., 25 kGy in 1 min to 1 hour

DOSE RATE

Delta is 3-4 Orders of 
magnitude



C/o radiation-oxygen effects
Differences in irradiation conditions
1. Dose rate – why is this important?   
2. Temperature – important c/o product sensitivities, e.g., Tg

3. Environment - an inert gas, e.g., N2, in a non-permeable
package can mitigate radiation-oxygen effects





AAMI TIR 17:2017 
Compatibility of Materials Subject to Sterilization

1. Material Selection
Guidance

2. Material Processing & 
Design Considerations 

3. Clinically Relevant 
Material Testing

4. Accelerated Aging 
Programs 
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3. Selection of materials

Table 1 - Material compatibility table, given 
a single processing

7 Classes;
63 Families
of Materials 



AAMI TIR 17:2017 
Compatibility of Materials Subject to Sterilization

1. Material Selection
Guidance

2. Material Processing & 
Design Considerations 

3. Clinically Relevant 
Material Testing

4. Accelerated Aging 
Programs 

Examples:
• Processing conditions:

Impact strength decreases by 20 times 
in ABS material simply by lowering the 
mold temperature from 185°F to 85°F

• Polymer Molecular Weight, MWD
• Additives



AAMI TIR 17:2017 
Compatibility of Materials Subject to Sterilization

1. Material Selection
Guidance

2. Material Processing & 
Design Considerations 

3. Clinically Relevant 
Material Testing

4. Accelerated Aging 
Programs 

Case Study # 1
PTFE is on the bottom of everyone’s list of radiation 
compatible materials
An e-beam sterilized PTFE coating on a stainless steel wire 
does not fail

… What are the clinically relevant stresses?

Case Study # 2
Polyamide / Polyether blends are relatively high on the list 
of radiation compatible materials
An e-beam sterilized polyester blend balloon catheter fails

… What are the clinically relevant stresses?
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• A given manufacturer with controlled 
materials and processes can have confidence in conversion from 
gamma sterilization to e-beam / x-ray sterilization 

• CAUTON leveraging material compatibility data broadly without 
due diligence

•
identical – ‘follow the electrons’ 
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• Mechanism of energy deposition is  ’ 

Gamma 

• Irradiation time & temperature need 
to be managed per ISO 11137-1
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Dose audit

Product with no water:

25 kGy in  4 hr
25 kGy in 4 sec

Product with water:

Factors of 10 or less 
can make a difference
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Dose audit

Product with no water:

25 kGy in 4  hr
25 kGy in 4 sec

Product with water:

Dose rate actors of 10 or 
less can make a difference



Ordinary Light 2eV

Bond Energy 4eV

Metal ionization potential 10Z eV

CRT, TV 25,000eV = 25keV
Co-60 gammas 1,250keV = 1.25MeV

Electron Accelerators 0.2 - 15MeV
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