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Introduction

The preventive conservation of modern polymers such
as plastics in museum collections presents a significant
challenge. Despite substantial advances in recent years,
there is much still to learn about degradation processes
and appropriate environmental conditions for display
and storage. A key problem in this area was articulated
by Madden and Learner (2014) from the Getty Conser-
vation Institute:

… our understanding of plastics stability remains rudi-
mentary. We have a menu of mechanisms that poten-
tially explain degradation, but there is a tendency to
default to them and recite them, rather than investi-
gate skeptically what is actually going on…

Although many relevant degradation mechanisms, such
as the deacetylation of cellulose acetate (CA) have been
identified, there still exists a gap that prevents the trans-
lation of this knowledge into practical preventive con-
servation strategies. What is needed is an approach
that builds on this existing knowledge, exploring inter-
actions between physical and chemical processes
within modern polymeric objects in order to better
understand ‘what is actually going on’ and enable pre-
ventive conservators to make more evidence-based
decisions about storage and display conditions.

In April 2017, a new five-year project was launched
that aims to develop such an approach. COMPLEX: The
Degradation of Complex Modern Polymeric Objects in Heri-
tage Collections: A System Dynamics Approachwill explore
a new approach to understanding and modelling degra-
dation within modern polymeric objects in museum col-
lections. The team includes two postdoctoral researchers,
two PhD students and the author, who is the principal
investigator. This poster will present the concept and
preliminary findings of COMPLEX.

COMPLEX: a system dynamics approach

System dynamics is a holistic method that seeks
to understand the interactions between different

processes on-going within a system. Coming from the
work of Forrester in the 1950s, system dynamics was
first used to apply principles of systems analysis from
engineering to management and social systems (Forres-
ter 1971, 2007, 2007). System dynamics takes as its fun-
damental assumption that the behaviour of a system is
governed by its structure, enabling the internal mechan-
isms that drive the behaviour of a system to be under-
stood and managed to avoid unwanted outcomes.

Our research will consider a modern polymeric
object within its environment as a complex system
and will model on-going degradation processes such
as diffusion of plasticiser or moisture, or hydrolysis
reactions, in order to predict and thus manage future
material change. We will interrogate the structure of
the system to deliver a new understanding of how
real objects degrade over time and identify key ‘lever-
age points’ where the greatest impact on material
degradation is observed, so that practical modifications
such as temperature or control of relative humidity (RH)
can be used to create beneficial change within the
system and improve collections care.

Many of the processes relevant to the degradation
of modern polymeric objects in heritage collections
can be defined by known mathematical equations,
such as Fick’s laws of diffusion (1995) or equations
describing the rates of chemical reactions. An outline
causal loop diagram showing some of the processes
relevant to the degradation of CA has been developed
and is shown in Figure 1.

Using a combination of laboratory-based degradation
studies, on-site analysis of plastic objects and mathemat-
ical modelling, COMPLEX will study multiple interactions
within the same system to provide an understanding of
the relationships between environmental parameters
such as RH and temperature and material properties of
interest such as discolouration or brittleness. It will
model different scenarios e.g. different RH settings to
understand how preventive conservation decisions will
affect material properties over time.
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Results

A very basic model was built using equations defined by
Knab, Little, and Parker (2015) for the degradation of
polymeric drug delivery devices. These equations
describe the rate of diffusion of moisture into a material
and the hydrolytic degradation of the polymer and are
thus very relevant in a museum context, as CA and
cellulose nitrate and other relevant plastics components
are known to degrade hydrolytically (Shashoua 2009a,
2009b). Using well-established mathematical methods,
plots showing the change in moisture content and
polymer molecular weight over time were developed.
Variation in moisture content and molecular weight at
different depths were also studied. This model was

assessed under two scenarios, one referred to as
‘Higher moisture’ and the other as ‘Lower moisture’,
with initial concentrations of moisture at the surface of
the material used as inputs, representing an object exist-
ing in an environment with a higher or lower RH respect-
ively. Figure 2 shows that the change in molecular
weight at the surface proceeds at a greater rate under
higher RH conditions, and shows the relative difference
in the rates of change. This indicates that under the
‘Higher moisture’ scenario, an object would crack and/
or become brittle more quickly.

It should be pointed out that arbitrary values of the
diffusion coefficient of water and rate constant of
hydrolysis were used in this model and that the
values shown in this plot can in no way be related to
a real object yet. However, they illustrate the concept
of the COMPLEX project and the method by which
results will be produced. Using experimental results,
values for key parameters can be identified and used
as inputs for a model that consists of multiple degra-
dation processes. Outputs like those shown in Figure
2 could then be used to understand the potential
impact of preventive conservation decisions such as
RH settings on the degradation of modern polymeric
objects in collections.

Practical implications for preventive
conservation practice

The results from the COMPLEX project are intended to
inform future preventive conservation practice for the

Figure 1. Outline causal loop diagram showing some of the processes relevant to the degradation of CA.

Figure 2. Results of a preliminary model showing change in
molecular weight at the surface of a polymeric material with
different initial moisture contents.
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care of modern polymeric objects. This will be achieved
in three ways:

. By understanding the relative impact of different
system parameters such as environmental con-
ditions or the presence of particular additives on
degradation, key ‘leverage points’ within the
object/environment system can be identified and
used to inform conservation decisions

. By solving equations describing key degradation
processes, models that describe the rates of
change of material properties such as molecular
weight, colour change or cracking under different
environmental conditions can be developed, which
will also inform decision-making

. By exploring the impact of different additives e.g.
plasticisers on the degradation of modern polymeric
objects, components that have a significant impact
on material degradation can be identified. This will
enable priorities for future analysis and research to
be identified e.g. the results could provide evidence
for the need to develop a screening tool for a par-
ticular additive.

Conclusions

COMPLEX represents a new approach to understanding
the degradation of modern polymeric objects in
museum collections. By using a system dynamics
approach, relevant degradation processes such as
diffusion and chemical reactions will be modelled using
a system of partial differential equations. These can
thenbe solved inorder tounderstand theobject/environ-
ment system inmoredetail and touse themodel tomake
decisions. An initial, very basic model indicated a higher
rateofmolecularweight loss in environmental conditions
corresponding to a higher RH – a result which makes
sense intuitively. This approachwill be further developed,

using experimental results to provide realistic material
parameters and to validate the models.
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