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STABILIZATION OF RH IN EXHIBITION CASES:
HYGROMETRIC HALF-TIME

GARRY THOMSON

Abstract—A formula is derived with experimental support for predicting the RH changes
inside an unsealed exhibition case containing a buffer such as silica gel. It is shown that a well-
constructed case containing about 20 kg silica gel per cubic metre of case volume should
constrain seasonal humidity variation within reasonable limits and in some climates make air
conditioning unnecessary. However the formula proposed requires full-scale practical tests
before adoption.

1. INTRODUCTION

It is very likely that the complete air conditioning of a museum to a high degree of RH
(Relative Humidity) stability can do more for preservation than any other factor. Yet
there is an uneasy feeling that a system developed in the energy-wasting days which are
already behind us may not be the best for the future, and of course has never been even
possible for the poorer museums.

But almost all museums use exhibition cases of some kind. Could we not banish the massive,
noisy and costly machinery that is involved in air conditioning, and use instead a simple,
cheap and maintenance-free control of the atmosphere within museum exhibition cases?
The purpose of this article is to take a step in this direction by covering some necessary
theoretical and experimental groundwork, making use of foundations already laid [1-4].

2. EXPONENTIAL DECAY AND HALF-TIME

2.1. Exponential Decay

The third part of this paper, from which a simple formula is derived, is necessarily mathe-
matical. But the general tenor of the argument can be made clear without mathematics.
Many processes of change in nature work according to a simple rule, that of exponential
decay, which can be understood as follows.

When we make a cup of coffee we start with water at 100°C, so the coffee starts out of
equilibrium with its surroundings because its temperature is 100° and its equilibrium
temperature (that of its surroundings) is, say, 20°C. Its rate of cooling, as Newton first
recognized, will now be proportional to that difference in temperature. That is to say its
rate of cooling will start by being proportional to (100 — 20), so that we could say the rate
at time zero = k(100 — 20) degrees per minute. We need not actually determine k unless
we specifically want to. The point is that the coffee will continue to cool at a rate proportional
to the difference between its temperature and the temperature of its surroundings. At 50°,
for example, its rate of cooling will be k(50 — 20) degrees per minute, a considerably
slower rate. When its temperature has reached 21° its rate of cooling will be k(21 — 20)
degrees per minute, which is an 80th of its initial rate.

How long will it take to cool to equilibrium, which is at 20°? A mathematician would
say ‘never!’, but this is, of course, never true in real life. The room temperature is itself
fluctuating, and if it drops a little below 20° it gives the cup a chance to cool a little faster,
and soon cup and room will be fluctuating within the same relatively narrow temperature
range. The important fact to note is that the time taken to reach room temperature or
equilibrium cannot be accurately determined, and if we do attempt to determine such a
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figure by using a thermometer which only reads to 1 degree so that 201 looks like 20 we
will even then never get the same figure twice.

This is a situation typical of exponential decay. We might persist, however, intuitively
realizing that some measure of the time involved in cooling would be useful. And indeed
this is so. What we do is to measure the time taken to reach half way. The starting tempera-
ture is 1007, the equilibrium temperature is 20°, and the half-way temperature is the average
of these two: 60°. We therefore measure the time taken to cool from 100° to 60°, and we
call this the half-time.

A particularly useful property of the half-time is that we can start taking our measurement
any time we like. Time zero need not be at 100°, Suppose we cool from 100° to 60° and
find that this takes 5 minutes, making the half-time 5 minutes. We can immediately check
this measurement by making our new time zero at 60° and timing the cooling to the new
half way point, (60 + 20) = 40°, We will find that the cooling from 60° to 40° also takes
5 minutes although this is a fall of only 20° as opposed to the first reading over 40°,
Similarly the time for cooling from 40° to (40 + 20) = 30° is also 5 minutes, and so on.
The half-time will always be 5 minutes for this particular cup of coffee.

The best-known example of half-time measurement is radioactive decay. A radioactive
atom is matter in disequilibrium. It reaches equilibrium by disintegrating into stable atoms.
Whether it does this within the next second or next year is a matter of chance. Because of
these constantly occurring disintegrations a mass of radioactive material is never pure, so
that we can never get an absolute time zero from which to start measuring its rate of decay.
This is of no consequence, however, because the decay is exponential: its rate (number of
disintegrations per second) is proportional to the number of radioactive atoms in the
material, which is itself a direct measure of the amount of departure from equilibrium,
just as much as the excess temperature of the coffee was. To measure the half-time, here
usually called the half-life, of a radioactive element, we count the number of disintegrations
per second at the start, at a time designated zero, and wait until the disintegration rate has
dropped to half the rate at time zero. In practice there isa mathematical device for calculating
half-time from any two count-rates and the time between them (see p. 96).

Our third example of exponential decay directly concerns the matter in hand: RH in an
exhibition case.

If we could ensure by cheap and simple means, and without using machinery, that the RH
in an exhibition case remained within a safe range right through a winter heating period
or right through a tropical monsoon period, we could at a stroke make an important
advance in conservation.

The purpose of this article is to show that an understanding of what might be called the
hygrometric half-time of the exhibition case and its contents is a necessary step to the
solution of this problem.

2.2, The Hygrometric Half-time of an Exhibition Case

An exhibition case holds water in the air within the case, in the contents of the case and in
the materials used in making the case. To simplify our thinking let us consider a case,
either made of metal or lined with a moisture-barrier. We then need only consider the
water in the case air and in its contents.

The case is not sealed in any special way.

Now experience has shown us that if we place objects carefully seasoned to 55 % RH in the
case, close its lid and then proceed to subject it day after day to a much lower external RH,
as during winter heating, the RH in the case will drift lower and lower, and the moisture-
content of its carefully-seasoned contents will fall in consequence, though more slowly than
if not protected by the case.

The reason for this is, of course, that the case does not constitute a complete barrier for air
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and moisture. Air and water vapour can exchange in this way by three mechanisms:
temperature change, pressure change and simple diffusion. Padfield, in an important article
that covers a great deal of ground [2], has shown clearly that both temperature and pressure
changes in museum conditions are relatively unimportant. The important cause of RH
change within a case is diffusion of air, mainly through cracks in the unsealed case, but
also through wood and even certain plastics used for glazing.

But, whatever the mechanism, the change in RH is one of exponential decay, and can
therefore be characterized by a half-time. We measure the RH inside the case at time zero,
and the room RH, which must be considered constant for simplicity (though a varying
room RH can also be dealt with). Then the hygrometric half-time for the case with its
contents is the time taken to reach the half-way RH state: }(case RH at time zero + room
RH).

This hygrometric half-time will depend on two chief factors: (1) the air leakage rate of the
case measured, say, as number of air changes per day, and (2) the buffering material in the
case.

In this context a buffering material is any material which contains exchangeable water,
that is to say any material which contains more water at high RH than at low. Wood,
natural textiles, paper and silica gel are all buffering materials.

If there is absolutely no buffering material in the case—a rare situation—then its half-time
will be precisely the time taken for half an air change, since a mixture of half outside and
half inside air gives an RH halfway between the two. When we realize that even a well-fitting
case might undergo one air change per day we see that this is a hopeless situation, and so
buffering becomes very important.

Our primary objective might now be defined as follows: to make a case which does not
require any elaborate sealing or unusual technology, and which contains enough buffering
material to keep its contents safe through the dangerous part of the year.

We cannot hope for absolutely constant RH, since the buffering system cannot reverse a
trend in RH, it can only slow it down. Taking 55% RH as the starting level, a winter
heating RH of 309, and a monsoon RH of 809, the half-way RHs would be 42-5% and
67-5 %, respectively. If we could accept these as the danger levels, then the half-time of case
and contents is likely to be roughly the same as the danger period. Looking ahead (Figs.
2-4) it appears that a half-time of 150 days or about half a year would keep RH variation
without about + 8%, while buffering all sharp changes. This should cover many situations,
and is enough to clarify our objective for the moment: a half-time of about half a year.
However it should be realized that, if our system is really going to work unattended year
in and year out, smoothing out seasonal differences, it will find its own average RH, which
may be different to the RH we chose at the beginning, and will in fact be the average indoor
RH of the room in which the case stands. If this is too low, then some crude winter humidi-
fication of the room may become necessary, merely to bring up the annual average, and
conversely for humid climates.

2.3. Extending the Half-time of a Case to 150 Days

There are two main things we can do to extend the half-time of a case: firstly we can reduce
its leakage rate as far as possible, and secondly we can add buffer. (The use of stabilizing
salts is a further possibility not discussed here since it poses certain maintenance problems.)
To seal a case hermetically is more difficult than most people imagine, and makes it very
difficult of access. But it is reasonable to expect a well-made case with snugly-fitting un-
warped closure and a moisture-barrier to any wooden sides, to have a leakage rate of not
more than one air change per day [2] (e.g. Case 2 of Fig. 6).

To estimate the amount of silica gel needed we must make use of the formula derived in
Section 3:
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N, = 4 MB (approximately)
N, is the number of air changes to the half-way stage. With one air change per day, N, =
half-time in days. If we are aiming at half a year, N, = 150,
B is the amount of buffer in the case, measured as the dry weight of buffer in kilograms
per cubic metre of case volume.
M characterizes the moisture-holding properties of the buffer, and can be called its ‘specific
moisture reservoir’. If one kilogram of the buffer loses M grams of water when the RH
falls by 1%, or vice versa, then its specific moisture reservoir is M.
Table 4 shows that M for silica gel is dependent on RH. In the middle of the range, M = 2.
Therefore 150 = 4 x 2 x B, and B = about 20 kg silica gel per cubic metre.
We therefore need 20 kg of silica gel per cubic metre for a case which undergoes one air
change per day, if it is to have a half-time of about 150 days. This is a not unreasonable
amount, as Figure 6 shows. Of course any wood in the case, including the wood of the
exhibits, will contribute to the buffering, but we can regard this as a bonus contribution to
stability and retain our 20 kg/m? of silica gel.
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Washington 19 21 27 38 52 61 67 65 56 41 28 20 % RH
Ottawa 10 10 16 27 46 62 66 59 45 32 20 13 %RH
London 31 30 31 37 53 62 63 67 62 48 37 32 %RH
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