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PLASTICS

MARY COUGHLIN*

MATERIAL DESCRIPTION
Plastics consist of a wide range of synthetic or 
semisynthetic materials that can be created in various 
forms, including sheets, coatings, textiles, and three-
dimensional objects (the focus of this section). Plastics are 
typically polymers of high molecular mass and often 
contain other substances to achieve desired properties 
(additives, such as plasticizers, stabilizers, antioxidants, 
and colorants). These additives, along with the base 
polymer and the environment, affect how plastics age.

HAZARD VULNERABILITY FINGERPRINT

HAZARDS AND EFFECTS
Adverse Relative Humidity
Higher mean relative humidity levels:
• hydrolysis and the production of acidic and/or 

oxidizing gases, swelling, and/or mold; high 
vulnerability for plastics prone to hydrolysis 
(cellulose esters)

Lower mean relative humidity levels:
• most plastics not affected but moderate vulnerability 

for select plastics subject to crazing and embrittlement

Excursions to high RH:
• for some plastics, can start hydrolysis reactions and the 

production of acidic and/or oxidizing gases—mold 
growth is also possible; moderate vulnerability

Excursions to low RH:
• if low enough and of suffi cient duration, can cause 

shrinkage, crazing, and embrittlement; moderate 
vulnerability

Fluctuations and Seasonal Variations:
• most plastics not affected, but cycles of swelling and 

shrinking can cause stress fractures, deformation, and 
delamination; generally low vulnerability, but high 
vulnerability for select items

Adverse Temperature
Elevated temperatures:
• increase chemical reactions and degradation rates and 

plastics such as cellulose nitrate are highly combustible 
at high temperatures; high vulnerability

Reduced temperatures:
• can cause embrittlement, contraction, and fracturing 

of constrained parts but generally positive infl uence

Seasonal variations, excursions, and fl uctuations:
• slight excursions from set points or normal ranges in 

temperature typically less important; low vulnerability

Criminals
• historically important examples and works of art may 

be vulnerable to theft; generally low vulnerability

Dissociation
• labeling techniques that utilize solvents (barrier 

lacquers and adhesives) can accelerate degradation 
making the label illegible (tied on tags are safer but 
may detach); low vulnerability

Figure 1. Weeping and warping cellulose acetate

Figure 2. Illegible label after lacquer reacted with degrading 
plastic
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Fire
• heat, smoke, and soot damage plastics plus plastics 

may melt and can become fuel for a fi re—cellulose 
nitrate is very combustible; high vulnerability

Light and UV radiation
High doses of (primarily) visible light:
• most plastics are vulnerable to photo-oxidation, so 

antioxidants are commonly added but are consumed 
over time resulting in yellowing and embrittlement; 
low vulnerability given moderate care to avoid extreme 
exposures

High doses of ultraviolet light:
• explanation for visible light, above, applies equally to 

UV; low vulnerability given moderate care to avoid 
extreme exposures

Pests
Vertebrate pests:
• pests may eat through plastics to get to other food 

sources and plastic foams may be used for nesting 
material; low vulnerability

Insects:
• may eat paper labels; low vulnerability

Physical Forces
• many plastics are thermoplastics and are subject to 

creep under stress; over time, they can deform if not 
properly supported

• thermosets are permanently cross-linked and tend to 
retain their shape

• elastomers have elastic properties so they can stretch 
and deform but will return to their original shape; over 
time this elastic property lessens so proper support is 
important

• low vulnerability given moderate care to support 
items; high vulnerability for diffi cult to support shapes

Pollutants
Particulates (dust):
• dust can stick to weeping or tacky surfaces and can 

attract moisture, which is a concern for moisture 
sensitive plastics; moderate vulnerability

Gaseous pollutants internal:
• some plastics can emit gaseous pollutants like acidic 

vapor or sulfur as they degrade—ventilation can help 
prevent buildup; high vulnerability among select items 
such as cellulose esters and vulcanized rubber

Gaseous pollutants external:
• some plastics react with external gaseous pollutants; 

moderate vulnerability for some plastics

Other—exudates:
• plastics like cellulose acetate and fl exible poly(vinyl 

chloride) (PVC) can exude or weep components such 
as plasticizers that can be acidic and/or toxic, sticky, 
and can stain—as plasticizer is lost, the plastic deforms 
and can become brittle; high vulnerability for certain 
plastics

Water
• water can cause some plastics to swell—this 

deformation can cause stress and breakage and if 
drying is not controlled, cracking and damage can 
occur—and, plastics can be vulnerable to mold 
growth; low vulnerability, given moderate care to 
protect items in storage from water exposure and 
moderate vulnerability for select items such as 
casein formaldehyde and plastics with clay or 
cellulosic fi llers

SPECIAL RECOMMENDATIONS
If off-gassing of acidic vapor is a concern, monitor with 
A-D strips or metal coupons (see image). Ventilation can 
help prevent the build-up of gaseous pollutants. Acid-free, 
archival corrugated board may adsorb some acids. Since 
acidic and/or toxic substances can leach out of plastics, 
nitrile gloves should always be worn during handling and 
the gloves discarded immediately afterward. If weeping is 
a concern, use a silicone coated Mylar barrier at points of 
contact to prevent the transfer of exudates and to stop the 
plastic from sticking.

Figure 3. Copper coupon after 4 weeks’ exposure to acidic 
off-gassing from cellulose nitrate; (bottom) copper reference 
coupon
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