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Film archivists have the option of storing film in a climate-controlled macroenvironment or in a microenvironment. This research
evaluates the effectiveness of the latter to control the stability of cellulose triacetate base film in roll form. It does not consider other
factors such as equipment cost, maintenance, labor expense, and accessibility. The use of vented cans to reduce the acidity of degraded
film was not effective in controlling “vinegar syndrome.” The addition of buffered cardboard disks to adsorb acid is not recommended.
Microenvironments in which the film was previously moisture-conditioned to a low relative humidity or the addition of desiccants
such as molecular sieves or silica gel did retard further degradation. The improvement obtained with molecular sieves and silica gel
was owing to both their moisture adsorbing and acid adsorbing properties. However, neither material was effective at reducing the
acid level of already degraded film. Macroenvironments have the potential to be of much greater benefit for film stability than the
microenvironments evaluated in this study. Microenvironments are of great value when it is not possible to obtain humidity control of

the storage area.
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Introduction

This study investigates the impact of enclosures and vari-
ous microenvironmental alternatives to macroenvironment
control in minimizing degradation of acetate film base.
This three-year research project was funded by the Na-
tional Endowment of Humanities, Division of Preserva-
tion and Access. Microenvironment situations that were
evaluated include specific enclosure designs, the use of
silica gel or molecular sieves, and moisture conditioning
of film rolls in sealed containers.

Background

In the 1930s the increasing use of photographic film
for archival records and the expanding entertainment
industry stimulated interest in the issue of permanence.!
Cellulose triacetate (CTA) film base, first introduced al-
most 50 years ago® marked a major advance over nitrate
because of its lower flammability. However, more recently
the rather poor chemical stability of CTA film base has
become a preservation challenge for the film archivist.®*
The importance of chemical stability prompted early com-
parative study of nitrate and acetate film supports® using
accelerated aging. A predictive approach was developed
during further studies of the stability of CTA and poly-
ethylene terephtalate (PET).5®

During the past decade, the recognized chemical insta-
bility of CTA film base prompted numerous investigations.
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These studies focused on the impact of either intrinsic fac-
tors (e.g., composition and nature of the plastic) or extrin-
sic factors (e.g., climate conditions, enclosures).

Among the various intrinsic factors, the contribution of
the components of the photographic film such as the gela-
tin emulsion, the subbing layer (containing traces of cel-
lulose nitrate) and the use of plasticizers in the base
composition has been addressed in several papers.”* The
degradation mechanisms of CTA film base were reviewed
and the importance of the acid-catalyzed hydrolytic mecha-
nism was emphasized.®1*16

These contributions added greatly to our understand-
ing of film preservation, but they did not address the con-
trol of extrinsic factors to extend film life. Subsequent
large-scale studies quantified the relationship between
climate conditions (i.e., temperature and relative humid-
ity) and chemical stability of cellulose acetate base.®'"
These findings suggested two basic preservation strate-
gies: The first reduces the rate of the chemical decay by
controlling temperature and relative humidity.'® The sec-
ond is based on the removal of the reaction catalyst (i.e.,
acetic acid). Recognize, however, that the latter is only rel-
evant once the degradation process has already started.

In practical terms, these two routes may be implemented
either by controlling the macroenvironment or by creat-
ing a favorable microclimate. The microenvironment prin-
ciple is that at constant temperature the permanence of
photographic film depends in large measure on the na-
ture of the air immediately surrounding it. Both options
require the control of temperature, but the implementa-
tion of a moisture-controlled microenvironment might re-
place costly dehumidification equipment. Removal of the
acid catalyst by an acid-scavenger inside a sealed film
might be more effective than macroclimate measures that
benefit the overall storage areas, such as increased venti-
lation and acid vapor adsorption (e.g., using activated char-

155



coal filters). Theoretically, by using sealed containers in
conjunction with moisture/acid adsorbing materials or by
selecting appropriate enclosures, the shelf-life of acetate
film base might be significantly extended.

Several microenvironmental approaches have been sug-
gested. More than 50 years ago the use of desiccants (e.g.,
activated silica gel) to control the moisture content of
nonprocessed photographic film was investigated.' Al-
though never widely used, this was recommended as a
preservation practice for motion-picture film and proce-
dural guidelines were provided to film archivists.?’ In
1981, the Swedish Film Institute proposed a condition-
ing apparatus (FICA system) that combined the merits
of establishing a low moisture content in the film with
cold storage temperature. This was accomplished by
freezing the film after it was vacuum-sealed in moisture-
proof packaging.?! In 1993, Eastman Kodak Co. intro-
duced the use of molecular sieves as an aid to control the
so-called “vinegar syndrome.”? Although the interest in
such crystalline molecular “cages” using natural or syn-
thetic compounds to adsorb gaseous components selec-
tively dates®*2 to the 1960s, their ability to trap moisture
and acetic acid vapor from cellulose triacetate film base
prompted a renewed interest in microenvironmental ap-
proaches for film preservation.

While the merits of low-temperature and dry conditions
have been clearly identified and assessed,® very few stud-
ies have investigated the role of microenvironment alter-
natives to control acetate film stability. The considerations
for enclosure design have been based either on common
sense (open systems should promote acid removal from
the film) or upon experimental data obtained under exag-
gerated situations.”'*!* For instance, the harmful effect of
acid-trapping was documented by measuring the degra-
dation rate of free hung film samples compared to samples
kept in the worst situation—i.e., samples in vapor-proof
packaging.!” However, these data did not quantify the im-
provement that might be obtained under various real-life
storage situations.

The main thrust of this article is to evaluate various mi-
croclimate situations for roll films including several alter-
native enclosure choices, the use of additional materials
inside sealed containers (i.e., molecular sieves, silica gel,
buffered cardboard) and moisture preconditioning prior to
sealing the film in a microenvironment. This article pre-
sents the experimental procedure, results, and the impli-
cations for current strategies in acetate film preservation.

Experimental

The experimental approach was aimed at determining
effectiveness of various storage configurations in minimiz-
ing further degradation of pre-incubated (and partially
degraded) CTA film base. Film in roll form was used to
reflect as closely as possible real-life storage situations.
Because moderate temperatures were used (40°C, 35°C
and 21°C), the film was brought to the onset of vinegar
syndrome prior to the experimentation. This approach had
two advantages: (1) significant acidity changes could be
observed in less than 2 years even at those moderate tem-
peratures and (2) the initial free acidity in the base pre-
sented a situation where we could evaluate the
effectiveness of acid-scavengers.

Film Sample. Fujicolor Positive Film (Type 8816) on
CTA base was used for this study. After standard Eastman
Color Print (ECP-2) processing, the film was first pre-de-
graded to bring the material to the onset of vinegar syn-
drome. This was achieved by incubating 1000-ft rolls in
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heat-sealed aluminum foil bags for a pre-determined pe-
riod at 90°C 50% RH. Subsequently, 100-ft rolls of this
pre-degraded film were prepared as sample units for sub-
sequent studies.

Enclosures. The impact of various enclosures was stud-
ied by placing 100-ft pre-degraded film rolls in one of the
five following containers: buffered cardboard box, untaped
metal can, metal can without lid, untaped plastic micro-
film box, and a drilled plastic microfilm box.

Microenvironments. These were obtained by the use
of sealed metal cans. Three basic approaches were tested:
(1) moisture control by use of a desiccant or by moisture
pre-conditioning, (2) acid removal by the addition of an acid-
scavenger, and (3) acid neutralization by the introduction
of cardboard containing calcium carbonate buffering. These
three mechanisms may be additive in some situations.

Silica gel grade 43 (14 to 20 mesh) with color indicator
was used for its moisture adsorption property. Prior to use,
individual packets of silica gel were reactivated in a dry
oven at 110°C for 24 h. Molecular sieves (zeolites) pro-
vided by Eastman Kodak Co. have the property to adsorb
both moisture and acetic acid vapors. This feature of a
carefully chosen type of zeolites?® has been reported to
minimize further deterioration of acetate film base cata-
lyzed by the acidic by-products. Cardboard disks contain-
ing 5% by weight of calcium carbonate (and some also
containing zeolites) were included to evaluate the contri-
bution of a common buffer in neutralizing the generated
acid vapors. This aspect was also explored in a parallel
study on acetate-base sheet films.*

Measurements. The chemical decay of the film was
determined by measurement of film acidity. Early studies
showed that free acidity is the most sensitive indicator of
acetate degradation.’® A method based on water-leaching
was used exclusively during this study.? Duplicate deter-
minations were made on three locations along the length
of the 100-ft roll (10, 50, 90 ft). Separate film rolls were
used for each pull time. When appropriate, analysis was
augmented by monitoring the moisture content (for film
and desiccant) using a gravimetric approach.

Results

Acid Diffusion Rate. Fundamental to the control of
vinegar syndrome by means of catalyst removal is the rate
of acid diffusion from the degrading film to the surround-
ing environment. In an earlier study, cellulose acetate
butyrate sheet films were incubated at 50°C 50% RH in
contact with interleaving nonbuffered paper. After 1 year,
it was found that less than 20% of the acid generated in
the base had migrated into the adjacent paper receptor.*
These data suggested a slow acid diffusion rate compared
to the degradation rate, even when the contact area be-
tween the sheet film and paper receptor was optimized
and the temperature was elevated.

Film rolls have a less advantageous situation compared
to sheet film. The exposed area of the film is physically
limited by the shape of the roll. Figure 1 illustrates the
impact of film configuration on the acidity loss when de-
graded CTA film was exposed at 21°C 50% RH. The film
was pre-degraded to an acidity level of 0.4 (mLL NaOH 0.1
M/gram of film) prior to exposure in two distinct formats—
i.e., in strips and in a 100-ft roll. The acid diffusion rate
was significantly slower for the film roll compared to the
strips. After 3 months at 21°C 50% RH, the acidity level
remained the same in the roll, whereas a significant de-
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TABLE I. Free Acidity Level (in mL NaOH 0.1 M/g of Film) of CTA Film Rolls Stored in Various Containers at 21

°C 50% RH; Acidity

Values Were Determined In Duplicate on Three Locations in the Roll (10, 50, 90 ft)

Enclosure and initial acidity range 3 months 6 months 10 months 15 months 20 months 24 months
Taped Metal can 0.55-0.65 0.59 0.66 0.71 0.82 0.63 0.67
0.62 0.67 0.69 0.80 0.64 0.63
0.58 0.67 0.72 0.88 0.66 0.67
Metal can w/o a lid 0.35-0.50 0.36 0.37 0.40 0.46 0.47 0.54
0.40 0.42 0.43 0.48 0.50 0.44
0.40 0.41 0.44 0.45 0.51 0.41
Cardboard box 0.35-0.45 0.43 0.37 0.39 0.42 0.33 0.46
0.48 0.48 0.40 0.51 0.46 0.33
0.48 0.48 0.41 0.46 0.48 0.49
Taped Plastic box 0.40-0.60 0.60 0.52 0.54 0.61 0.67 0.77
0.55 0.49 0.55 0.60 0.69 0.64
0.57 0.48 0.54 0.62 0.67 0.75
Roll in drilled plastic box 0.55-0.65 0.55 0.65 0.68 0.77 0.53 0.98
0.56 0.65 0.70 0.77 0.83 0.76
0.54 0.66 0.71 0.76 0.70 0.90
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Figure 1. Acidity of degraded CTA film when exposed at 21°C
50% RH in two film formats (i.e., strips and roll).

crease was observed for the strips. These data prompted
two conclusions:

1. Diffusion of acid from the film must occur first to re-
alize benefit from vented enclosure designs or acid ad-
sorption effects provided by any housing system.

2.Because the acid diffusion from a roll is so slow, the
effectiveness of ventilation or acid adsorption depends
on the rates of both acid generation and acid diffu-
sion. It is important that the experimental conditions
produce the same relative rates between these two
processes as found under practical conditions. For this
reason, the possibility exists that high-temperature
incubation may lead to suspect conclusions. Conse-
quently, the incubation temperature should be as low
as possible and therefore, temperatures between 21°C
and 40°C were chosen in this study.

Effect of Enclosure Design. This part of the study
compared the behavior of different enclosure materials
(tin-plated iron, polypropylene, buffered cardboard) and
design. Figure 2 illustrates the acidity of 100-ft film rolls
kept in various enclosures after 8 months at 40°C 50%
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level (0.1 to 0.2) was observed for the tightest sealed en-
closure (i.e., untaped plastic box), whereas the buffered
cardboard box displayed the lowest acidity level. This can
be attributed to the porosity of the cardboard, allowing
acid escape. In this case, as for the can without a lid, it
seems that the “ventilation effect” reduces the acidity lev-
els at 40°C. It also seems that tighter enclosures lead to
higher acidity levels. These observations are consistent with
previous analysis;'” however, further monitoring is still in
progress. It is not known if the “ventilation effect” improve-
ment is significant at room temperature because a higher
temperature (40°C) promotes greater acid diffusion from
the film than would exist under normal conditions.

At 21°C, similar experimental configurations (taped
metal can and plastic box) did not display significant dif-
ferences after 2 years of monitoring (see Table I). This data
showed that open enclosures did not have a significant
impact in lowering the acidity of the pre-degraded film.
This study at 21°C is continuing.

Effect of Cardboard Addition to Microenviron-
ments. Pre-degraded 100-ft film rolls were first condi-
tioned to 21°C 50% RH prior to incubation at 40°C in
sealed metal cans with (1) cardboard containing 5 wt %
calcium carbonate, (2) cardboard containing calcium car-
bonate and zeolites, and (3) molecular sieves. Figure 3
illustrates the benefit obtained using 5 wt % molecular
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Figure 3. Effect of cardboard disks in sealed cans on the acidity
of degraded CTA film rolls after 8 months incubation at 40°C
50% RH. Disks (A): cardboard with CaCo, and zeolites. Disks
(B): cardboard with 5 wt% CaCo,.

sieves, whereas both types of cardboard caused a signifi-
cant increase of film acidity. This behavior is explained
by the fact that molecular sieves adsorbed moisture, but
the cardboard disks introduced extra moisture into the
sealed can. The latter detrimental effect has been docu-
mented in an earlier study.* It is interesting that the same
buffered cardboard (5% CaCO,) used either as an enclo-
sure material or as additional disks inside the sealed film
container led to opposite behaviors. When buffered card-
board was used as enclosure material the “ventilation ef-
fect” dominated and when used as additional disks inside
the sealed container the result was increased moisture.
The benefit obtained with 5 wt % molecular sieves en-
couraged further study on this microenvironment option.

Effect of Molecular Sieves, Silica Gel, and Mois-
ture Pre-Conditioning. Seven different microenviron-
ments were subsequently investigated. They correspond
to three alternative approaches: (1) moisture control and
acid adsorption by using molecular sieves, (2) moisture
control by the addition of activated silica gel, and (3) mois-
ture control by moisture pre-conditioning at low RH.

The 100-ft film rolls were first conditioned to 21°C 50%
RH prior to being sealed in metal cans. For each adsor-
bent, two percentages were tested (i.e, 2.5 and 5 wt % of
molecular sieves; 1.8 and 3.6 wt % of silica gel). Film rolls
were also pre-conditioned to 50, 35, and 20% RH at 21°C
prior to being enclosed in sealed cans without additional
materials. Separate film rolls were used for each pull time
and incubation extended for 18 months at 35°C. The deg-
radation rate was determined by monitoring the acidity
of every roll at three locations for each pull time as previ-
ously described.

Figure 4 illustrates the effect of the various microenvi-
ronments on the stability of degrading CTA film base. By
comparing the acidity changes to the control curve (i.e,
film conditioned to 21°C 50% RH incubated without ad-
sorbent), one can evaluate the relative benefit of each con-
figuration. Film conditioned to a lower RH than 50% or
stored in the presence of silica gel and molecular sieves
displayed an improved stability to various degrees.

Increasing the percentage of molecular sieves (from 2.5
to 5 wt %) had a marked impact. The same behavior was
observed with silica gel. Also of interest is that two basi-
cally distinct options (i.e., pre-conditioning to 21°C 20%
RH and addition of 5 wt % of molecular sieves) led to a
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Figure 4. Acidity of 100-ft CTA film rolls incubated at 35°C in
various microenvironmental alternatives.
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Figure 5. Moisture equilibrium curve for 35-mm motion-picture
film on CTA base and determination of equilibrium RH obtained
by use of molecular sieves and activated silica gel.

similar stability improvement. Neither configuration dis-
played any significant acidity increase. However, the ben-
eficial mechanisms involved are different. The moisture
pre-conditioning procedure reduced only the percent mois-
ture content of the film. Molecular sieves altered the microen-
vironment by adsorbing both moisture and acid vapors.

Mechanisms Involved in Microenvironments. To
understand the relative importance of moisture level and
acid adsorption on reducing the acidity level, the per-
cent equilibrium moisture content (%EMC) of the photo-
graphic film was determined gravimetrically. A 100-ft film
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Figure 6. Weight change for a 100-ft 35-mm motion-picture film
roll on CTA base initially conditioned to 21°C 50% RH then en-
closed in sealed cans with desiccants.

roll was conditioned successively to different relative hu-
midities at 21°C, and the weight increase over film that
was oven dried was plotted as a function of relative hu-
midity. The resulting moisture equilibrium curve (see Fig.
5) was then used to determine the equivalent equilib-
rium RH of each experiment discussed in the previous
section. This was accomplished by measuring the weight
of moisture extracted from film rolls at 21°C 50% RH
that had been conditioned inside sealed cans with the
same levels of each desiccant. Figure 6 reports the weight
loss for rolls conditioned with these desiccants for a 5-
month period. Moisture equilibrium was reached in less
than 1 month and the magnitude of the weight loss de-
pended on both the nature and percentages of the desic-
cant. Based on these weight losses (in Fig. 6), the weight
percent moisture was calculated. These values were then
translated into an estimated equilibrium RH for each
desiccant experiment using the moisture equilibrium
curve of Fig. 5. For example, 2.5 and 5 wt % of molecu-
lar sieves resulted in, respectively, 40 to 45% and 30 to
35% equilibrium RH for the film. The equilibrium RH
estimation was confirmed experimentally by using a
temperature/relative humidity sensor inserted into the
film can.

Based on the above approach, the acidity levels reached
after several incubation times were plotted against the
equilibrium RH of the film. Figures 7 and 8 illustrate the
results after 12 and 18 months incubation at 35°C. The
line identified as “without additional material” shows the
beneficial effect of only lowering the humidity (the data
obtained from Fig. 4). The impact of acid adsorption is
determined by comparing the acidity level obtained by the
bars representing the different weight percent desiccant
to the acidity obtained without additional material.

Based on Figs. 7 and 8, the advantages of molecular
sieves and activated silica gel appear to result from both

Use of Microenvironments for the Preservation of Cellulose Triacetate...Film

2.5
2
w/o additional material
1.8 wt % silica gel

1.5
fn
5
§3]
g 2.5 wt % mol. sieves
L
& T

36 wt % silica gel
0.5 J L/

Swt%
mol. sieves

0 10 20 30 40 50 60 70 80 90 100
% RH

Figure 7. Acidity of CTA film rolls after 12-month incubation at
35°C in sealed cans with various desiccants.

moisture and acid adsorption. However, recognize that this
experiment was made at 35°C, which is considerably
higher than room conditions. For this reason, the same
experimental approach was repeated at 21°C. This tem-
perature reflects practical conditions. However, this has
the disadvantage that the acidity changes are small over
the same period of time.

The separate film rolls used for each pull time had been
pre-incubated to an acidity level of approximately 0.4.
However, because the initial acidity levels were not abso-
lutely identical and the changes observed were small, all
acidity values were corrected for the initial level deter-
mined on the same film roll prior to incubation. The acid-
ity increase over the initial stages of degradation is
sufficiently linear with time to justify this correction. Con-
sequently, the data reported in Table II are acidity changes
that cover a 20-month period of storage at 21°C. The film
rolls pre-conditioned to 35 and 50% RH then sealed with-
out additional material showed a consistent acidity in-
crease. A similar trend was observed for the film stored
with 1.8 wt % of silica gel although the differences were
rather small. Film rolls pre-conditioned to 21°C 20% RH
and stored with 3.6 wt % silica gel or 2.5 and 5 wt % mo-
lecular sieves remained at their initial acidity level. By
comparison to the 50% RH control, the merit of molecular
sieves and moisture pre-conditioning to 20% RH may be
significant in postponing further degradation of the film.
In other words, these levels of silica gel and molecular
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TABLE Il. Free Acidity Change (in mL NaOH 0.1 M/g of Film) of CTA Film Rolls Stored in Sealed Cans at 21

°C in Various Microenvi-

ronments; Acidity Values Were Determined in Duplicate on Three Locations in the Roll (10, 50, 90 ft)

Microenvironmental alternatives 3 months 6 months 10 months 15 months 20 months
2.5 wt % molecular sieves +0.02 0 0 +0.05 +0.09
+0.02 +0.05 +0.05 +0.06 —
+0.01 +0.02 +0.01 —0.04 +0.10
5 wt % molecular sieves 0 +0.02 +0.03 +0.02 +0.01
—-0.01 +0.02 —0.02 +0.01 —
+0.02 +0.02 +0.02 +0.02 +0.03
1.8 wt % silica gel +0.01 +0.05 +0.04 +0.07 +0.12
+0.01 +0.05 +0.06 +0.07 —
+0.02 +0.04 +0.04 +0.12 +0.15
3.6 wt % silica gel -0.01 - 0.04 +0.02 +0.12 +0.03
-0.02 -0.01 +0.02 +0.02 —
+0.01 —-0.04 0 +0.04 +0.03
Pre-conditioning to 21°C 50% RH +0.03 +0.06 +0.13 +0.16 +0.29
+0.03 +0.07 +0.12 +0.15 —
+0.04 +0.07 +0.10 +0.15 +0.37
Pre-conditioning to 21°C 35% RH +0.04 +0.03 +0.07 +0.17 +0.16
+0.07 +0.04 +0.08 +0.08 —
+0.05 +0.03 +0.11 +0.14 +0.16
Preconditioning to 21°C 20% RH 0 -0.01 +0.01 +0.03 +0.02
+0.01 +0.01 +0.01 +0.05 —
+0.07 -0.01 +0.01 +0.02 +0.03
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Figure 8. Acidity of CTA film rolls after 18-month incubation at
35°C in sealed cans with various desiccants.

sieves appear effective in retarding further degradation,
comparable to moisture conditioning at 20% RH. However,
these data also indicated that acid-scavengers did not have
a significant impact in lowering the acidity of the pre-in-
cubated and slightly degraded CTA film. This latter ob-
servation casts some doubt regarding the effectiveness of
molecular sieves for curative purposes. The experiment
at 21°C is continuing.
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Curative Applications for Acid Adsorbers. While the
previous experiment indicated that acid adsorbers offer
advantages in retarding further base degradation, they do
not lower the acidity of already degraded film to an accept-
able level. To further evaluate possible curative applica-
tions, a very seriously degraded film with an acidity level
of 1.6 was exposed in a sealed container in the presence of
molecular sieves. In this experiment, the diffusion rate was
optimized by placing the film on a processing reel that al-
lowed total exposure of both sides. Although this configu-
ration did not reflect the reality of a film roll, it served the
purpose of this experiment. Figure 9 reports the acidity
change of 10 g of pre-degraded film. The addition of 10 wt
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Figure 10.Acidity of 10 g of degraded CTA film exposed on reel
for 2.5 months at 21°C with 12.5 g of molecular sieves and 12.5 g
of activated silica gel inside sealed cans.

% molecular sieves produced only a small decrease in acid-
ity even after 1 year.

The same experimental approach was repeated using a
much higher percentage of molecular sieves and activated
silica gel, namely, 12.5 g of adsorbent and 10 g of degraded
film inside a sealed can. In addition, the “ventilation ef-
fect” offered by the film without an enclosure and the im-
pact of a Tyvek® packet was also tested. The results are
reported in Fig. 10 and showed a similar acidity loss when
the film was either in the presence of molecular sieves or
activated silica gel. This confirmed that silica gel may also
play a role as acid-scavenger as indicated by Figs. 7 and
8. The greater acidity decrease obtained when the film
was stored without a film can was not surprising because
a very high surface area was exposed and the film acidity
level was very elevated. Under these exaggerated condi-
tions, the molecular sieves and silica gel displayed some
acid-trapping capacity, but the acid levels remained rela-
tively high. This suggests that the use of acid-scavengers
even in large amounts cannot reduce the acidity of de-
graded CTA film to acceptable levels.

These studies are all consistent and indicate that acid
adsorption does not offer a practical method of reducing
the acidity of degraded CTA film.

Implications to Current Strategies

Enclosures. The information gained during this study
documented the detrimental effect of tight enclosures.
However, an improvement using “vented” enclosures was
not observed at 21°C even after 2 years. This suggests that
film enclosure design has only a secondary role compared
to the marked effect of temperature and relative humid-
ity in controlling the stability of CTA film base.'®

Microenvironments. Aside from considerations of
equipment cost and power expenses for use of macroen-
vironments and labor costs associated with microenviron-
ments, the archivist must consider the benefit associated
with each alternative. The option of using microenviron-
ments featuring molecular sieves, silica gel, or moisture
pre-conditioning at low RH should be compared to the ben-
efit of the macroenvironmental approach. Based on the
information obtained at 35°C reported in Fig. 4, the effect
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of 2.5 wt % molecular sieves can be estimated. By choos-
ing an acidity end point of 1, the addition of 2.5 wt % mo-
lecular sieves improved the base stability by approximately
afactor of 2 (i.e., from 10 to 20 months). Based on Arrhenius
predictions, only a 5°C decrease at 50% RH should have a
similar effect.'® In the future, additional data may pro-
vide a better quantitative assessment of the respective ben-
efit in terms of life expectancy. However, the benefit of
low-temperature macroenvironment storage far exceeds
that of microenvironmental storage at room temperature.
However, microenvironments are viable options for con-
trolling the moisture content of film in sealed cans as a
substitute for dehumidification equipment.

Conclusions

1. At 40°C, the detrimental effect of vapor-tight enclo-
sures on the stability of cellulose triacetate base film
was documented. After 2 years at 21°C, however, the
merit of open enclosures in lowering the acidity of de-
graded CTA film was not demonstrated.

2. The use of buffered cardboard disks in sealed film cans
is not recommended based on detrimental effect at
40°C.

3. Microenvironments creating a lower film moisture
content benefit the stability of cellulose triacetate base
film. This can be obtained by pre-conditioning the film
to 21°C 20% RH or by the addition of molecular sieves
or silica gel.

4.The acid-adsorption property of 5 wt % molecular
sieves made a significant contribution in minimizing
further degradation of cellulose triacetate base film
at 35°C. This preventive benefit was also observed
after 20-month storage at room temperature, compa-
rable to that obtained by lowering the equilibrium RH
to 20%.

5. Molecular sieves had minimal impact on reducing the
acid content of cellulose triacetate base film that had
already started to degrade. In such situations, cold stor-
age is recommended until the film can be duplicated.

6. The use of microenvironments is highly recommended
when it is not possible to control the macroenviron-
ment. However, the benefits obtained by microenvi-
ronments do not equal those obtained by temperature
and humidity control of the storage area. &
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