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PVC is formed from the polymerization of 
vinyl chloride. It is tough and weathers well, 
so it is commonly used for piping, siding, and 
similar applications. PVC contains chlorine, so 
its manufacture can release highly dangerous 
dioxins. 

PVC is also found in window cleaner and 
detergent bottles, shampoo bottles, cooking 
oil bottles, clear food packaging, wire 
jacketing, medical equipment, siding, 
windows, and piping. It is rarely recycled 
(Recycling Symbol 3), but is accepted by 
some plastic lumber makers. 

Raw PVC is a brittle, inflexible material with 
rather limited commercial applications. Stable long-lasting PVC requires plasticizers, heat and light stabilizers, 
and other additives. PVC contains 0.4% moisture by weight at ambient temperature. 

Degradation of plasticized PVC materials is 
detected in as little as 5-10 years. 
Degradation results in tackiness at surface, 
discoloration, and in some cases, the 
presence of white crystals. 

PVC is one of the largest tonnage plastic 
materials, despite doubts about its stability 
and concerns since the 1980s about the 
potential of its plasticizers to damage 
children’s health and its manufacturing 
process to damage the environment.  

Because of its commercial importance, 
thousands of technical publications 
document the properties of PVC.  
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PVC itself is relatively stable in contact with 
other materials, including organic solvents, 
salts, bases, acids, and oxidizers. The problem 
is that PVC is, itself, inherently unstable. 

PVC has a lower activation energy for 
decomposition than other polymers, including 
polystyrene, polyethylene, and polypropylene. 
PVS is also relatively vulnerable to UV light. 

The activation energy for PVC decomposition 
is 20 kcal/mole for PVC, compared to 55 for 
polystyrene, 46 for polyethylene, and 65 for 
polypropylene. 

 

Decomposition requires about two hours at 
177°C or 25 years at 23°C, although some 
degradation will happen sooner. The 
dissociation energy for the C-Cl bond is 
77 kcal/mole, corresponding to 375 nm light. 
Light from 290-315 is particularly harmful. 

PVC decomposition kinetics are not 
dependent on the presence of plasticizer. V. 
Krongauz highlighted this fact in his 2011 
publication, demonstrating that 
decomposition of plasticizer-free PVC and 
plasticized PVC films occur with the same 
apparent activation energy. 

 
Structural irregularities in PVC create 
instability and facilitate degradation. Initiation 
sites include carbon-carbon double bonds at 
chain ends, tertiary chlorides, oxygen 
containing structures, and catalyst residues 
from polymerization. 

Dehydrochlorination starts with breaking of 
carbon-chlorine bond, which is followed by 
hydrogen atom abstraction and a shift of 
electrons to form a double bond. Progressive 
“unzipping” of chlorine and hydrogen atoms 
forms the colored polyene system. 

Release of hydrogen chloride gas accompanies 
decomposition. 
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Degradation causes color change from white 
to yellow, orange, red, brown, and ultimately 
black. 

Dehydrochlorination is autocatalytic since 
the presence of hydrogen chloride 
accelerates decomposition. Oxygen and 
plasticizer also accelerate decomposition. 

Decomposition causes polymer chain 
scission. The mechanism may be ionic or free 
radical 

PVC requires 20% or greater plasticizer by 
weight for physical properties. Unfor-
tunately, there are no permanent plasticizers 
and all plasticizers will bleed or exude to 

some extent, leading to brittleness or surface 
tackiness. 

Even products made of polyvinyl chloride 
and advertised as “…100% free of softening 
agents…” have been shown by infrared 
spectroscopy to contain some plasticizer. 

Phthalate ester plasticizers can hydrolyze to 
form crystals of phthalic acid and phthalic 
anhydride. In addition, plasticizer migration 
may cause adhesive failure. 

Finally, plasticizers perform poorly in high 
humidity and may promote fungal growth. 

 

Many additives are added to PVC and in 
some cases are consumed over time.. 

“Soaps” such as barium, cadmium, and zinc 
stearate prevent the yellowing of the film 
during the process of heat sealing.  

Stabilizers are consumed as they do their job, 
until at some time the stabilizers are 
exhausted, and additional exposure suddenly 
results in deterioration. 
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Various test methods are available to 
evaluate the thermal stability of PVC.  

ASTM D1203-94 uses 70°C in direct contact 
with activated carbon for 24 h or 100°C in a 
wire cage.  

ISO 182-2 and ISO 182-3 monitor evolution of 
HCl from plasticized PVC at 180°C for 3-4 
hours. ASTM D2115-04 evaluated 
discoloration of PVC at 177°C  

A temperature of 70°C for 65 days is also 
used for some storage simulation tests. 

 

As expected, cold storage significantly reduces 
plasticizer migration. However, low-
temperature storage is frequently not readily 
available and can create additional difficulties. 
For example, PVC in photo albums will stiffen 
at low temperature. Regular cleaning of PVC 
plastic to remove plasticizer that has migrated 
to the surface may help preserve PVC. 

The Plastics Historical Society recommends 
storing PVC at 5°C with 20 to 30% RH. 
Additional recommendations include enclos-
ing PVC in non-absorbent materials such as 
glass or polyester bags to prevent loss of plas-
ticizer and storing with oxygen scavengers. 

For current products, it is easier to avoid PVC 
than to for consumers, libraries, museums, 
and archives to preserve these products at 
low temperature. Consequently, the current 
ISO 18902 standards for photographic 
albums, framing, and storage materials 
prohibits the use of PVC: Chlorinated, 
nitrated, or acetate plastic sheeting, such as 
polyvinyl chloride, cellulose nitrate, and 
cellulose acetate, shall not be used as they 
have poor chemical stability. 

ISO 18902 also requires that plastics be 
nonreactive and meet the requirements of 
the ISO 18916 photographic activity test.  
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Even the main trade organization for the 
vinyl industry does not recommend PVC for 
photo storage: …the VI does not endorse 
using vinyl sleeves for preserving 
photographs either. But the reason is 
because the vinyl used to create these 
sleeves contain plasticizers (or softening 
agents), which can migrate out of the vinyl 
with age. And while these materials are not 
harmful, they do tend to discolor and fade 
photography. 

 

 

 

Similarly, Kodak found specific difficulties with 
vinyl in contact with their thermal dye 
sublimation print material. In this case, the 
plasticizer would extract and dissolve the dyes, 
causing degradation of the print material. 

 

 

 

 

 

 

 

While the environment is not the primary 
reason to avoid PVC for photographic 
preservation, environmental factors have 
caused many companies to reduce PVC use 
or to avoid the material altogether. These 
companies include Johnson & Johnson, 
Microsoft, Hewlett-Packard, Wal-Mart, and 
Kaiser Permanente.  
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In summary, PVC is inherently unstable. Its 
activation energy for decomposition is simply 
too low for long-term preservation in a 
typical home environment. The need for 
plasticizers only makes the problem with PVC 
worse. For these reasons, PVC is not 
currently recommended and should not be 
recommended in the future for photographic 
storage.  

 

 

 

 

If you would like more information on PVC, I 
recommend these general references. Many 
other specific, useful references are shown 
on the individual slides for this presentation. 


