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Examples of infectious processes

Ethylene gas ripens fruit

Ripening fruit 
releases 

ethylene, which 
causes OTHER 

fruit to ripenUnripe avocado + 
ripening apple ripe avocado

CH2=CH2

Tin disease 
causes 

infected metal 
to contaminate 

other metal Napoleon’s army left Russia
with their pants down

buttons degraded
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Accelerated aging of polymers
Could such phenomena exist in polymer degradation ?

• Various materials may age in single environment 
• Suspected interaction effects were discussed in the 70’s
• Gaseous degradation products may be important

Drake WO. J. Polym. Sci. Polym. Symp. 57 (1977) 153
Sedlar J, Pac J. Polymer 15 (1974) 613

Did the foam material
affect the container ?

Note: Perfomance of 
the container

Interactive
volatile
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Infectious spreading of degradation diseaseInfectious spreading of degradation disease

• The science involved
• Polymers include polyvinylacetate,
• Hydrolytic degradation, autocatalysis
• Interior iron parts and oxidation products
contribute

• Infectious intermediates !!

• Antique doll exhibition
• Wasting dolls as collectors face losses
• Quarantine, fear of infecting others
• Dolls from the 40 and 50’s will  succumb
• Inevitably plastics will deteriorate
• Vapours that escape can move to healthy
specimens spreading the disease

• Doubtful a cure can be found
• Advice: sniff’em before you buy’em
• Or: Its kind of like having a dog,

they always smell 
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Prior evidence for infectious tendencies Prior evidence for infectious tendencies 
• Weakest PP particle infects neighbors via gas phase
• Weakest particle controls the collective degradation of a sample
• Proposed model addressing heterogeneous nature of degradation
• Spreading of degradation through gas phase 

M. Celina, G. A. George, Poly. Deg. Stab., 42 (1992) 335 
M. Celina, G. A. George, Poly. Deg. Stab., 40 (1993) 323
G. George, M. Celina, in Handbook of Polymer Degradation II, (2000) 277
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• CL accompanies oxidative aging processes
• Weak photon emission in the visible
• Provides feedback on degradation processes 
• Photon counting apparatus required
• Sensitive technique, mostly for fundamental studies
• In situ degradation studies, analysis of aged materials 

CL in polymer degradationCL in polymer degradation

aging
T, O2

aged polymer,
chain defects with
reactive species, i.e. hydroperoxides

+ CL photon

sensitive photomultiplier detection

+ CL photon

chemical condition probing
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CL methods to investigate polymer degradationCL methods to investigate polymer degradation

• CL during isothermal aging
• Relative timing 
• Monitors oxidation progress

• CL during inert T ramp
• Probe for reactive species

Objectives:
Study interaction of polymers, infectious activity
Probe for material interactions, organic/metallic
Develop methods to probe for subtle changes in polymers
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CL monitoring of interaction between materialsCL monitoring of interaction between materials
• CL provides feedback on material interaction
• Metal impurities often have detrimental impact on organics
• Organic materials can interact in complex fashion
• Observed faster and slower aging processes 
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CL provides fundamental insight into complex aging processes
How does such interaction depend on separation ?
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New dualNew dual--stage CL systemstage CL system

Infectious
effects

low T

Volatile 
degradation 
products

CL-photons

A

Polymer
Material

O2 gas flow

B
high T

Simultaneous Photo Multiplier 
Tube Detection

Actual CL system

InteractionInteraction

Innovative system:
Individual control of two hot-stages
Samples separated by ~ 25 mm
Joint large-diameter PMT detection 
Adjustable carrier gas supply
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CL monitoring of infectious polymer degradation
• Combined CL experiment for two polymers
• Can infectious agents initiate polymer degradation remotely ?

Experiments have shown for the first time that a 
degrading polymer can infect a different polymer

Must involve transfer of infectious species
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Reactive agents initiate degradation
• CL used to monitor simultaneous degradation behavior 
• Measures progress of oxidation in target sample
• Experiments showed that active PP infects HTPB  
• Receiving material has faster degradation times at various T

Infectious activity of degrading polymer A to infect material B 
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Faster aging of HTPB when infected by degrading PP
What species might be involved ?
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Degradation in the presence of peroxides
• Peroxides are thermally unstable and produce free radicals 
• Peroxides will act as initiators for polymer degradation
• Will produce free radicals via thermal decomposition 
• Small amounts have significant initiation potential 

Degradation of 10mg PP at 110°C
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Reactive peroxides initiate degradation
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• Peroxide (i.e. BPO) is an effective initiator for polymer degradation 
• Even small amounts (ppm’s) have initiation potential
• Most importantly: Remote initiation by peroxides is possible

Proof of principle: Small quantities of benzoylperoxide
can initiate degradation remotely
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Remote initiation (example AIBN)
• AIBN has a suitable temperature sensitivity
• Mid-range molecular weight 
• Similar to tert.-butyl peroxy radicals 

10mg PP at 100°C inititated with AIBN at 100°C, i.e. 10µg (1000ppm)
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Target: Identification of volatiles

O2 Gas Flow

Volatile   
Degradation 

Products
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Sample is heated Volatile trace intermediates are 
pre-concentrated via cold-trap

Condensed        
species are     
desorbed

Volatile components 
are analyzed by GC/MS

Target: Highly volatile peroxides,
infectious intermediates during
early degradation
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Explore low molecular weight peroxides
• Synthesis of various peroxidic compounds (low Mw reagents)
• Tested these compounds for initiation tendencies  
• Showed that dimethyl or diethyl peroxide, as well as peroxy-

acetic acid does not act as an efficient initiator
• Initiation efficiency appears as a balance between volatility and 

adsorptive properties
• Thermal decomposition features complicate the situation further

R1-R2 + H2O2 → R1-OO-R1 + HR2

CH3-OO-CH3 CH3CH2-OO-CH2CH3

CH3COOH + H2O2 → CH3-CO-OOH

optimum molecular weight

CH3CH2CH2CH2-OO-H  ?
Mw
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high
volatility

good
adherence

optimum infectious
efficiency
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Remote inhibition processes ?
• Antioxidants are volatile substances, particularly at 

accelerated aging or processing conditions
• Suspected to be transferred in combined aging experiments
• Similarly, off-gasing of degradation products may be 

important in combined degradation experiments   

Interactive
volatile

Antioxidants have similar volatility and Mw as peroxidic species 
Drake WO. J. Polym. Sci. Polym. Symp. 57 (1977) 153
Sedlar J, Pac J. Polymer 15 (1974) 613
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Transfer of inhibitious species (AO) 

• Antioxidants are sufficiently volatile at elevated temperatures
• Spreading of AOs can lead to remote inhibition effects
• Proof of principle, fundamental studies 
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Transfer of inhibitious species (AO) 

• Antioxidants are sufficiently volatile at elevated temperatures
• Spreading of AOs can lead to remote inhibition effects
• Proof of principle, fundamental studies 
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Transfer of inhibitious species (AO) 

• Antioxidants are sufficiently volatile at elevated temperatures
• Spreading of AOs can lead to remote inhibition effects
• Proof of principle, fundamental studies 
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AO transfer from stabilized materials

• Model experiment: Combined aging of elastomers with PP
• Antioxidant is transferred from the elastomer (50 µg total AO)
• Results in inhibition, but only when samples are closer 
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Volatile AO from Material A can inhibits degradation in B
But separation and available amounts for transfer are critical 
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Efficiency of transfer processes
• Most volatile peroxides not efficient
• Critical balance between volatility and adsorptivity
• Low Mw compounds may escape easier
• Higher Mw species may adhere better to target
• Higher Mw AO compound more effective remote inhibitor

Transfer efficiency is a complex issue 

Degradation times to maximum CL intensity for PP
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Conclusions and impact

• Designed and built novel sensitive instrumentation to probe    
fundamental processes in polymer degradation 

• Infection can lead to shorter lifetimes and occur remotely   
• Metal ion contamination can equally lead to initiation
• Observations would be difficult to predict via materials modeling
• Demonstrated for the first time that polymers can be infectious
• Antioxidants can also be transferred and result in inhibition
• Effectiveness of transfer depends on volatility    
• Remote infection and inhibition has been demonstrated  

•• Polymer materials can clearly interact remotelyPolymer materials can clearly interact remotely
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