TR OUBLE IN STORE

TIM PADFIELD, DAVID ERHARDT AND WALTER HOPW OOD

Abstra ct. As air pollution in cities diminishes, or at least changesits
nature, the air pollution generatedwithin buildings becomesa relativ ely
more serious causeof deterioration. The low rainfall indoors allows hy-
groscopic salts to develop and remain, without ever being washed away.
Nearly airtigh t enclosurebrings the threat of damageby modern materi-
als outgassing into the air around museum objects, as well as chemicals
given o by self-destructive objects. The commonestindoor pollutants
are acid gasesfrom the decomposition of wood, cellulose acetate and
cellulose nitrate. Acid attack requires a thin watery Im on the sur-
face of the object to allow ionic processesto occur. Within showcases,
there is competition between absorption on the object, absorption on
a sacri cial absorber and vertilation out through imperfections in the
seal.

This is an illustrated version of the paper published as: Tim Pad eld,
David Erhardt and Walter Hopwood, 'Trouble in Store', in N.S.Brommelle
and Garry Thomson, editors, 'Science and Technology in the service of
Consenation', Preprints of the Washington D.C. Congressof the Inter-
national Institute for Conservation, 1982, 24{27.

1. INTR ODUCTION

Reports dating bad to the nineteerth certury record damageto objects
enclosedwithin shavcasesor storagecupboards. The causeis often corrosive
vapours emitted by the material of the shanvcaseor even by other stored
objects. On the other hand the usefulnessof enclosurefor security against
theft, dust, and extremes of relative humidity is undeniable. This article
describesour attempt to retain the advantagesand to diminish the hazards
of enclosingmuseum objects. Our approac has beento review the nature
of the damage, to investigate the patterns of air circulation within small
enclosuresto review the tests that have beenproposedto detect hazardous
materials and nally to compile lists of those materials known to be unsafe
and those thought to be safefor usewithin ill-ventilated enclosures.

2. TYPICAL CORR OSION PRODUCTS

An excellent starting point is the review by FitzHugh and Gettens ofex-
amples ofcorrosion causedby acetic and formic acids emitted by wood [1].
They describe examplesof corrosion of calcareousmaterials to form mixed
anion salts suc as calcium chloride acetate, and corrosion of lead and zinc
metals and vitreous enamelto form formate salts. The authors touch on the
probability that the reactions have beenencouragedby the prior presence
in the object of hygroscopicsalts which deliquesceat high relative humidity
to form a liquid on the surface.

We can now add to this list some more recert reports. Nockert and
Wadsten [2] identied sodium formate accunulating on the glasslid of a

cardboard box. They attributed this to reaction of the glasswith formic
1
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Figure 1. A cowrie shell, 4cm long. The closeup on the
right shows fragmerts of the original surfacelmm above the
level of the corroded parts. This is typical of marine shells
stored in wooden cabinets. The corrosion layer is calcium
acetate and calcium formate.

Figure 2. A coral brooch, 4cmlong, which had beenstored
for many yearsin an oak barrel, together with other orna-
ments made of cellulosenitrate. The white corrosionis cel-
lulose acetate-nitrate.

acid resulting from oxidation of formaldehyde emitted from the cardboard.
In this laboratory we have identi ed calcium acetate and calcium formate as
a Imme-thick corrosion crust on a cowrie shell (gure 1) which was originally
aragonite (calcium carbonate) [3]. It had been stored for v e yearsin a
box of Douglas r with a glasslid. We have also found a hydrated calcium
acetatenitrate growing on a carved coral brooch ( gure 2, 3) . The corrosion
had penetrated so deeply that whenthe salts were washedout the coral was
quite porous|[4]. Turning from carbonateto metallic shells,somelead bullets
displayed at the National Air and SpaceMuseum (gure 4) had acquired
over a period of three years a mimic accretion of bullet-shaped crystals
of lead formate over a millimetre long. A coat of varnish had provided
little protection. The badk of the casewas painted plywood, the front was
Plexiglas (polymethyl methacrylate) [5].

Leadis peculiarly susceptibleto damagein ill-vertilated enclosureq gure
5). Our most dramatic example comesnot from a showvcasebut from the
interior of the roof of one of the Smithsonian Museums|[6]. The lead roof
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Figure 3. On the left, a closeup of the brooch shown in g-

ure 2. Notice the apparertly undamagedshiny nish where
there is no covering of corrosion. The middle picture shaws a
scanning electron micrograph of the corrosion product, cal-
cium acetate-nitrate, in long needlesoften capped with at

plates (picture 200 microns across). On the right is the ap-
pearanceof the surfaceafter the brooch waswashedin plain
water. It dried out completely matt and bleated. The elec-
tron micrograph of the surface shows how the corrosion has
etched the surfaceinto pinacles, which scatter the light.

Figure 4. A showcasein the National Air and SpaceMu-
seum, Smithsonian Institution. The bullet at the top of the
fourth row is shown enlarged on the right. The millimetre
long bullet shaped crystals are lead formate. The source of
the corrosion s certainly the binder in the wood bre board
bading the case.
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Figure 5. The inscribed lead plate found on exhuming
Bishop Absalon from his grave in the Monastery Church at
Sor, Denmark. The plate, which is 30cm long, was con-
served and encasedin a brassand glassbox. This inert and
nearly airtight enclosureensuredcorrosionof the lead by oak
wood relics enclosedin the samecase,though someair must
have leaked in becausecarbon dioxide is also essetial to the
corrosion process.The closeup of the corrosion shows a var-
ied mineralogy, with somered lead oxide aswell asabundant
cerussite, lead carbonate. It is probable that a partly ef-
fective protective coating has causedthe uneven corrosion.
Compare a similar phenomenonin gure 8.

(6), after three years of exposure to the Washington weather, is covered
with a thin denselayer of lead sulphate but the inside surface has a felt of
half millimetre long crystals of lead carbonate. We deducethat acetic acid
from the plywood supporting the roof has combined with moisture from
condensationand carbon dioxide from fungal activity in the damp wood to
corrode the lead sovigorously. A nearby areaof roof of similar construction
but better vertilation has.anertirely di erent setof lead corrosionproducts.
Zinc-plated steel forming the ceiling has corroded to form a white powder
(7). Zinc is susceptibleto attack by formic acid which is releasedby wood
[7]. 'The rate of attack shavs a maximum value at a low conceriration
of formic acid with a high relative humidity. Under these conditions the
coherern layer of zinc formate is converted to a porous hydrated oxide with
releaseof formic acid.

There are other reactionsin which volatile products are produced which
in the absenceof vigorous vertilation re-attack the surface of the object.
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Figure 6. David Erhardt peelsbad a section of the one
year old lead coated copper roof of the Arts and Industries
Museum of the Smithsonian Institution. The lead was cor-
roded by the damp plywood beneathit. On the right, a scan-
ning electron micrograph (lmm across)of columnar crystals
of cerussite,lead carbonate.

Figure 7. The ceiling of the Arts and Industries Museumis
zinc coated steel. Condensation in the roof, aided by re-
proo ng chemicals, has corroded the zinc to white oxide,
accompanied by repro ong salts, ammonium dihydrogen
phosphate, borax and a reaction product koktaite (hydrated
ammonium calcium sulfate).

A silver spoon (gure 8) and a pair of cuinks on display in the Museum
of American History in Washington, DC, deweloped a magni cent dendritic
growth of silver sulphide crystals covering the surfacewith a glistening black
fur quite unlike normal silver tarnish. A closerinvestigation [8] revealedthat
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Figure 8. A silver spoon from colonial Virginia with a lux-
uriant furry growth of silver sul de crystals. To the right is
an enlarged detail. Hydrogen sul de had penetrated cradks
in the varnish and attacked the silver chloride layers formed
just below the silver surface,by underground corrosion.

active chloride corrosionwas heaving up the laminated surfacelayers of the
silver. It seemsthat hydrogen sulphide was attacking the silver chloride
which was originally formed during burial. The hydrogen chloride which
was releasedthen cortinued to corrode the silver. A layer of varnish may
have exacerbatedthe corrosionby prevening the releasedhydrogen chloride
from di using away.

3. UNUSUAL CHARA CTERISTICS OF INTERNAL POLLUTION

Showcaseshave, to use a fashionable metaphor, their own ecology The
combination of museum air-conditioning and the partial isolation of the
air in the caseexcludes most of what we may grimly call normal urban
pollution. Even a non air-conditioned room excludesmuch of the dust and
gaseouspollution from outside. Buildings alsoinject a characteristic indoor
pollution ranging from radon gas from heavy minerals in sandstonewalls
to organic plasticizers volatilizing from synthetic upholstery. Chlorine and
ammonia are lib erated from cleaning and disinfecting ageris. Presenative
chemicals sudh as formaldehyde and ethanol are important air pollutants
in biological collections, as are volatile pesticides. There are always bizarre
new phenomenaturning up: one Canadian museumtraced sadium chloride
particle pollution to exhausteddeionizersin the water supply for the air-
conditioning equipmert [9].

A characteristic feature of indoor pollution is the prevalence of hygro-
scopic salts [I0, ll]( gure 9, 16). Outdoors sud salts are quickly washed
away or drip away during periods of high relative humidity. Indoors they
persist becauseof the moderate RH and also becausesulphur dioxide is not
su cien tly abundant to form the non-hygroscopic sulphates by displacing
the other anions as volatile acids or oxides.

Mixtures of salts, and mixtures of salts with organic water-soluble sub-
stances,deliquescebelow the relative humidity neededfor either componert
alone. Hygroscopicsalts in microporous materials such as textiles and pa-
per absorbwater at an RH below the value for the salt alone (gure 11)[I2].
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Figure 9. A Daguerreotype, disassemled to show the typ-
ical method of preserting and protecting the delicate silver
image. The certre of the image is protected by the edge of
the silver plate which absorbshydrogensul de di using past
the edgeof the glass. In this example, from the Museum of
American History in Washington D.C., the interior surface
of the glasshas becomecortaminated. The droplets cortain
sadium, sulphate and formate ions, with crystals of sadium
sulphate and sodium formate. The mixture is deliquesceh
at the 50% RH of the museumenvironment

The presenceof sud liquid Ims may be at leastasimportant in promoting

chemical attack as the high concerration of corrosive vapour built up in

a closed container. These hygroscopic salts may be presen in the object

before enclosure( gure 10) or they may be formed by chemical reaction

afterwards and then sere to acceleratefurther reaction. The susceptibility

of carbonatesto attack by acid gasesformed within museum casessuggests
that carbonate-loadedpapersare probably excellert pollutant absorbersfor

con ned spaces.To decideif such a measureis practical we must look next

at the way air and pollutants circulate in enclosures.

4. AIR CIRCULATION WITHIN SHOWCASES AND AIR
LEAKA GE RATE

Showncasesand storage cabinets are typically a hundred times lesswell
vertilated than the rooms around them. The variation between dierent
designsand even di erent examplesof one designis obviously very great
sinceleakagerate is seldomde ned in speci cations for museumconainers.
Perhapsit should be, but what should we require? A perfect seal ensures
the build-up of an unpredictable array of volatile chemicals, erce ventilation
draws in dust and transmits variations in relative humidity, risking physical
damagein nitely faster than chemical damage.

A rational compromisecan only be readed if we know how air circulates
within a container. Sofar attention hasbeenconcenrated on leakagerates.
Ramer [I3] gives a leakage rate of about one air exchangein a day or two.
This was basedon the rate of lossof carbon dioxide and the rate of gain of
oxygenin a caseinitially lled with nitrogen and carbon dioxide. Thomson
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Figure 10. A Jacquard woven silk picture of Joan of Arc,
35cm high. The lower image in the certre is the ghostly
image on the glasswhich was in contact with the picture.
Above it is a raking light picture of the silk weave. Close
comparison of the images revealed that the salt is on the
glassprecisely where the cloth did not touch it. The med-
anism is shovn on the right: salt left in the picture from its
weaving has migrated as a water solution to the glass. It has
spreadout over the glasswherethe water hasevaporated and
beenre-absorbed by the silk bres. The driving force for the
processis the lower RH at which salts in absorbert polymers
becomeliquid, comparedwith the deliquescenceoint of the
salt in isolation. Even at moderate, museumRH, the salt is
partly in solution within the bres. This fascinating process
is describedin moredetail in [T.Pad eld and D.Erhardt, The
Spontaneous Transfer to Glass of an Image of Joan of Arc'.
Preprints of the Sydney Conferenceof the ICOM Consena-
tion Committee, Septenber 1987, pp 909-913]

[14] givesa rate of about a day. We agreewith theseresults. Our casewas
made of Plexiglas sidesand top cemened together to form a box which rests
on a gaslet laid on the metal base-plate. We used changesof water vapour
concernration to measurethe leakagerate (gure 12)[I5].

A leak rate of one air change per day in a caseof one cubic metre is
producedby a 30mm diameter holethrough athin wall leadingto a draught-
free room. We measuredthis by putting the hole in the lid of a smaller box
containing a large areaof desiccan. This box was put inside the larger case
to act asa sort of 'black hole' for water vapour.

Within the case,air mixes by corvection [I6]. This happensewen in a
cluttered casein a room whosetemperature is constart within two degrees
Celsiusover 24 hours. The rate of mixing is quite fast. We have usedwater
vapour asa tracer to study the rate of equilibration at various placeswithin
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Figure 11. The sorption curve of water on silk cortaining
two concertrations of sodium chloride contamination. There
is excesswater absorption at a relative humidity well be-
low the deliquescencepoint of the pure salt, at 76%RH. The
electrical conductivity is also detectable at very low RH in
salt contaminated silk. This result indicates that invisible
contamination of absorbent materials with hygroscopic sub-
stancesis likely to be a potent acceleratorof reactions which
proceedthrough ionisation in water.

an enclosure. The air in one corner of a metre cube moderately stu ed with
objects will come half way to equilibrium with air in the opposite corner
within about 20 minutes. We have detected no strati cation of air in the
case;dry air doesnot stay at the bottom nor moist air rise to the top. We
con rmed that the small density di erence betweendry and damp air is not
the causeof the air circulation by using trace gasesin air of uniform RH to
show that cornvection was still proceeding. We generatedhydrogen sulphide
at the baseof the caseby slow hydrolysis of barium sulphide. Small discsof
silver chloride were suspendedin the case. The hydrogen sulphide lib erated
hydrogen chloride from the disc. This formed a plume whosedirection was
made visible by its reaction with particles of magnesiumoxide smoked onto
glassplates. Magnesium chloride is deliquescem so a pattern of tiny liquid
droplets marked the path of the contaminated air.

Sudh rapid circulation should allow collection of pollutant gaseson a re-
active absorber placed anywhere inside the case. The problem here is that
a pollutant absorber is often no faster to react than the cherished object
it is intended to protect. The distribution of the pollutant between victim
and protector will be more or lessthe ratio of their surfaceareas. The only
certain protection is to interposethe absorber betweenthe sourceand the
object to be protected, which meanswrapping it up (in a safe wrapper!).
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Figure 12. Tim Padeld crouching behind an experimen-
tal showcase partly lled with bent wax walls to make a
labyrinth. The purposeis to investigate the air circulation

within a showcaseunder a constart indoor climate. The

persistenceof convective circulation was demonstrated by

mounting tubes containing plates dusted with hygroscopic
salt at various placesand orientations. A dish of water was
placedin the bottom of the caseand the pattern of deliques-
cenceof the salt crystals was inspected after ten minutes.
The small circles on the drawings of the plates indicate a
liquid drop, the dots indicate unreacted powder. The pat-

tern shows clear evidenceof convective movemert, as showvn
by the heavy arrows. It could be arguedthat the lessdense
moist air would rise from the dish and provoke corvection,
soa similar experiment was performedwherethe hygroscopic
processwas causedby a trace gas,without any changein the
moisture content of the air within the case. This is described
in the text.

Daguerreotypes ( gure 9) operate on this principle, shaving a tarnish on
the silver around the edgewhere the hydrogen sulphide hasforced an entry
betweenmetal and glass. The certral part of the imageis well protected for
many years.

Evenif reaction with the object is slow, alarge areaof absorbert is needed
to reducesigni cantly the time during which a pollutant moleculeremainsat
liberty. If wewant to intercept a slow acting pollutant moleculewe must aim
to reduce its residencetime in the caseto about half an hour to produce
a real reduction in the rate of attack. A large surface area is needed. If
the absorber is totally e cient sothat the moleculesnever bounceo it,
then about 1000 square certimetres is neededfor a cubic metre of case. In
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Figure 13. The Apollo 11 capsuleof the moon landing ad-
verture is exhibited in the main concourseof the National Air
and SpaceMuseum in Washington D.C. It is protected by a
close tting acrylic plastic case.At sometimes of yearit isil-
luminated by direct sunlight, which causesboth evaporation
of adsorbed water and erce corvective air movemert, which
causeswater to condensewithin the heat shield, which is al-
ways shaded. The condensedwater dissolves seasalt within
the porous structure of the heat shield, causing corrosion of
the steel parts and an ooze of brown ferric chloride solution.
The Russian manned spaceprogram brought its astronauts
down on land, thus avoiding this threat to the durability of
their relics.

practice the absorber e ciency will be much less, particularly in a closed
casewith rather sluggishair movemert. Probably a square metre, say the
whole base of the case, must be covered with absorber. Our experience
with RH-controlling materials supports this argumert; the rate of transfer
of water vapour through the surfaceof the bu er is the processcortrolling

RH changein sealedshavcasessubsequen dispersionof the water molecules
is much faster.

One nal note on pollutant absorbers: such materials should react with
pollutants, not merely absorb them reversibly as active carbon does. The
reasonfor this is that someobjects will react with such low concernrations
of pollutants that the carbon will desorbpollutant to replacethat removed
from the air by the object. We have succeededn tarnishing silver by ex-
posingit to a carbon loaded paper previously exposedto hydrogen sulphide
[I7]. On the other hand, active carbon will compete e ectiv ely for pollutants,
sudh as solvent vapours, which act by physical disruption after absorption
rather than by reaction.
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Figure 14. The lid of this silver topped decarter provides
sacri cial protection of the silver within the nedk. Even
though the lid is a simple drop t, the silver reacts so com-
pletely with hydrogensul de gasthat nonepenetratesto the
interior.

5. WHAT ARE THE POLLUT ANTS?

A sensiblechoice of reactive absorber can only be made after compiling
a catalogue of the chemicalslikely to vaporize into the case. The list will
be long. Wood, for example, releasesmany of the lower molecular weight
carboxylic acids, particularly acetic and formic acids. It also emits alcohols
sud as methanol, and esterssuch as methyl acetate [I8-2I]. The rate of
releaseis very variable, depending on the speciesof wood and how it was
seasoned,the moisture cortent and the concenration of free acid in the
wood. Among woods that have beentested [I8] the least acetic acid came
from Sitka spruce, Picea sitchenis (Bong.) Carr, Douglas r, Pseudotsuga
menziesii (Mirb.) Franco, and Parana pine, Araucaria angustifolia. Hard-
wood speciessud as birch, Betula, and beedt, Fagus, gave intermediate
amourts and oaks, Quercus,the most.

Organic surfacecoatingswill slov down the rate of emissionand by doing
sowill increasethe acidity of the wood and increasethe rate of production
of acid. The only sound treatment for wood exposedwithin shawvcasesis to
cover it with metal foil or a vapour barrier paint loadedwith ak esof metal
or mica. The end grain should ideally be exposedoutside the caseand all
outward facing wood should have a rather permeablecoating.

Modern synthetic materials alsocausetrouble by giving o solvents, unre-
acted monomers,decomposition products, low molecular weight plasticizers,
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Figure 15. This book had only been exhibited for a few
weeksin a temporary exhibition beforethe strong yellowing

of the paper wasrevealedby the paler paper presened under

transparent polyester strips which restrained the pages.The

damagecannot have beencausedby light but must be dueto

chemicalsin the air. The reactivity of the gasis emphasised
by the greater yellowing immediately adjacert to the strips

and at the edgesof the pages. A pollutant absorber discretely
placed in a remote part of the casewould not have given

protection.

oxides of nitrogen, etc. The list of damaging volatile products is long. At-
tempts to reduce the quartity of volatile residuesmay badk-re: stoved
drying oil basedpaints have beenobsenedto causemore corrosionthan the
unbaked paint [7]( gure 20).

6. CHOICE OF MATERIALS FOR SHOWCASES

Seweral authors have published simple tests to screenmodern materials
destinedto support or to decorate museumdisplays.

Weyde [22] proposeda test for oxidizing gaseswhich relied on the colour
changeof a Im of colloidal silver.

Oddy [23] and Blackshav and Daniels [24] devised a test for gasescor-
rosive to silver, copper and lead in which metal foils and a little water are
sealedup with the suspect material and heatedto 60 C for a few weeks.

Hopwood [25] used bu ered pH indicator paper instead of metal foil to
detect acid gasesemitted from materials and to give someindication of their
quantit y.

Collings and Young [26] give a test for cortact corrosion of silver that will
also detect attack by vapours.

We welcomethe publication of such useful tests but look forward to the
dewvelopmert of more comprehensie screeningtests. The foil and indicator
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Figure 16. Head of a Man, by Antoine Pevsner,in the col-
lection of the Hirshhorn Museum, Washington D.C. The rak-
ing light picture on the right shows droplets of calcium ni-
trate solution. This is the product of the reaction between
nitrogen oxides releasedfrom the decomposing cellulose ni-
trate with the calcium carbonate (chalk) ller in the white
celluloid badk plate. Calcium nitrate is deliquescei so the
water componert comesfrom the air.

tests detect only the more dramatic problems- corrosionby acid gasesvhich
causevisible, identi able and therefore publishable typesof damage. Other
gasessuch as solvent vapours may cause subtler damage just as serious
in the long run but not readily identied. The other problem with these
tests is that many organic materials such as plastics, bres and paints are
formulated with inhibitors that protect the polymers for a time, giving a
spuriously comforting result in short tests[27]. Wilson [28] shows the course
of the deterioration of plasticized celluloseacetate Im which starts slowly
then suddenly accelerates.Cellulose acetate also illustrates another hazard
in testing modern materials the enormousvariation in stability from batch
to batch. We recertly examineda roll of Im [29] which was emitting acetic
acid at a rate which neededno more sensitive analytical technique than a
noseat ten pacesand which was encrusted with crystals of the plasticizer
triphenyl phosphate. It seemshat residual acid in the Im was hydrolyzing
the cellulose acetate, reforming cellulose which was incompatible with the
plasticizer. Curiously, the metal can wasin quite good condition.
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Figure 17. Microlm in a steel can. The needle shaped
crystals growing under the gelatin layer are triphenylphos-

phate, a plasticiser di using out from the cellulose acetate
Im base. The separation rate is increasedby hydrolysis of
the celluloseacetate to cellulose. There was a strong smell
of acetic acid when the can was opened. Triphenylphosphate
also hydrolyses to produce phosphoric acid, which further

acceleratesdegradation of the Im. The decomposition of
triphenylphosphate is also catalysed by acetic acid, sothis is
an exampleof a doubly autocatalytic reaction which proceeds
ewer faster with time.

Figure 18. An unusual sourceof indoor air pollution. This
is a scanning electron micrograph of the tin-mercury amal-
gam badcing of a mirror, viewed from the side which was
adhering to the glass. The rounded depressionswere once
mercury drops, trapp ed betweenamalgam and glass. These
have slowly evaporated, leaving air lled voids. It is these
that give the characteristic tiny pricks of light which make
amalgam mirrors so attractiv e asthey gradually decay. The
white bar is 100 microns. Photo: Per Hadsund.

15
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Figure 19. The image (right) transferred to the glasspro-
tecting this posteris tiny drops of dibutyl phthalate. It must
comefrom the oil basedink of the print. The curiousthing is
that the glasswas seeral millimetres away from the paper,
yet the image is quite sharp.

Figure 20. The lock of this new storagecabinet corroded on
the inside during a few weeksof storagebeforeuse. It is likely
that the paint had beenover-baked in an attempt to remove
solvents, generating low molecular weight decomposition
products.

7. CONCLUSIONS

This brief review leadsus to put forward somerecommendationsfor mu-
seumdisplay that will minimize internal corrosion.

A leakagerate that givesabout one air changea day is about the fastest
that is compatible with e ective damping of the daily cycle in relative hu-
midity but it is also slov enoughto allow chemical damageto objects by
internal pollution. Exhibition designersshould therefore limit themsehesto
a short and inevitably constricting list of techniques and materials which
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Figure 21. Not all contamination in enclosed spacesis
causedby di usion and corvection. This acrylic glazing (left,
about 1m square) protected a confederate ag in the Battle-
eld Museum at Fredricksburg, Virginia. The strange feath-
ery deposits along the edgeare gypsum. The sourceis the
wall behind the picture. The gypsum moved in solution in
water penetrating the outer wall and migrated into the board
supporting the ag. It would have stayed there, but for the
erthusiasm of the cleaner, whose cloth generated an enor-
mous electrostatic eld where the acrylic glazing met the
metal frame (we have reproducedthis processin the labora-

tory).

are probably safe(seesection9). Until a generalpurpose,wide range, show-
casepollutant absorber is developed we recommend,asan acid gasabsorber,
carbonate-bu ered paper, laid in casesut not in contact with objects. Such

paper is, of course, not only commercially available but made in the con-
senation departments of museumsand libraries! Paper impregnated with

active charcoal and molecular siewvesis also available and useful, but it needs
to be changedoccasionally The exposedsurfacearea of absorber must be
large { a discreetly small corntainer nestling in onecorneris lesse ectiv e than

natural vertilation, which in turn is demonstrably inadequate. Finally, keep
the temperature down!

8. SOME MATERIALS KNO WN TO RELEASE HARMFUL
VAPOURS AT ROOM TEMPERA TURE

Wood, particularly hardwood, releasesorganic acids, alcohols, aldehydes,
estersand hydrocarbons. Protein-based glues and wool can releasevolatile
sulphides (re ned, photographic quality gelatin is sulphur-free). Cellulose
nitrate releasesoxides of nitrogen. Cellulose diacetate can releaseacetic
acid (seetext). Polyvinyl chloride releaseshydrogen chloride. Polyvinyl
alcoholis madeby hydrolyzing polyvinyl acetateand may cortin ue to release
traces of acetic acid. Polyvinyl acetate and its copolymers are generally
regarded as forming very stable Ims but it certainly releasesacetic acid
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from jars of enmulsion. Polyurethanesconain volatile additives. Dyes: Some
dyescontain labile sulphur - here Werner's test [30] for tarnishing silver is
appropriate.

9. MATERIALS THA T ARE SAFER

Metals, Polycarbonates, Glass, Polystyrene, Ceramics, Polyester bres,
Inorganic pigments, Cotton, Polyethylene, Linen, Acrylic polymers (solu-
tions rather than emulsions).
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