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ABSTRA INTRODUCTION AND MOTIVATION RESULTS AND DIS SION

In order to build an alkaline reserve in paper
that neutralizes acids already present and
protects against acids adsorbed in the future,
most mass deacidification processes use a
liquid carrier to deliver alkaline particles or
solutes. While certain mass deacidification
carrier fluids in use today are inert, others are
industrial solvents (heptane, hexamethyldisi-
loxane-HMDSO) that can be flammable and
odoriferous. Although vendors using more
aggressive fluids screen collections for media
compatibility, given the hundreds of thou-
sands of artifacts undergoing mass deacidifi-
cation yearly, we can expect loss of historic
and artistic content.

We have performed several experiments, tak-
ing thousands of measurements in the
CIELAB color space to quantify the color
hange of an i ingly large of rel-
evant media (highlighters, stamp pad ink,
colored pencils, markers) on relevant acidic
(book and bond) papers. Measuring before
and after mechanical action while submerged
in relevant mass deacidification carrier fluids
in use today (perfluorohexane, heptane, and
HMDSO) gauges their susceptibility to color
change during treatment. We concluded that
perfluorinated hydrocarbons seldom if ever
cause noticeable changes in color density of
even of the most fugitive media. By contrast
heptane and HMDSO ind more ch
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Acid catalyzed degradation of pap d works is a primary threat to
their preservation (1, Fig. 1). Given the importance of book and pa-
per-based collections in scholarly com-
munication and historic and artistic
works, acid catalyzed degradation is a
threat to cultural heritage as a whole.
Given the magnitude of the problem,
national librarics and archives, as well as
private conscrvation laboratories, install
mass deacidification facilitics and spray
{ systems to protect their collections or
send them to another facility. Today,

there are nine mass deacidification in-

stallations using the Bookkeeper tech-

Fig. 1. Paper brittle due to acid catalyzed

nology owned by Prescrvation Technol-

S ogies, LP (PTLP) on four continents,
with new facilities in Korca and

@ Russia built within the last two

< * ae | years (Fig. 2). PTLP also sells
Bookkeceper deacidification spray

to popular journals, with the urge
to protect cultural heritage sur-
passing the purely academic in-
terest. Topics have now moved
from the validity of the basic ap-
proach to how deacidification can
be achieved in diverse, challeng-
ing artifacts (2). Perhaps the pa-

per-based collections requiring >
the most caution are those with Fig 3. Bookkeeper Deacidification Spray System
media sensitive to water or other
solvents often used in deacidification. Certain mass deacidification pro-
cesses feature industrial solvents such as heptane and hexamethyldisi-
loxane (HMDSO) that are flammable and odoriferous (3). While
safety to persons and artifacts is the first question of owners and collec-
tions managers prior to approving
a deacidification treatment, the
cffect of mass deacidification sol-
vents on sensitive media is under-
1 in the deacidification

systems and spray dispersion
product worldwide (Fig. 3).
Q

Rescarch interest into deacidifica-

Fig. 2. PTLP global footprint. Key: Yellow pins

— sales office, red pins — corporase plants, blue pins
— national instirutions (librarics, archives,
universitis), green pins — parimerships with
private conservation laboratories

tion is similarly cxpanding. Arti-
cles now appear weekly in publica-
tions ranging from core disciplinc
physical science and cngincering

MATERIALS AND METHO!

Media selection
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noticeable to the human eye. Therefore, carri-
er chemistry is an important though underap-
preciated criterion in the selection of mass
deacidification methods.

lifies acidic papers found in records, and an acidic newsprint
stored in an office environment ca. 5 years in its original roll exempli-
fies art on newsprint. In addition, new Whatman Grade 2 Filter Paper

was added to this study to observe a simplified (pure cellulose paper)
system under all conditions.

Altogether, 21 different media were ap-
plied to the four papers named above,
creating a large sample set (Fig. 5).
These media include those about which
our customers routinely enquire to en-
sure that they are compatible with our

deacidification process. These include
red and green stamp pad ink and yellow
highlighters. In addition, several diverse
media were added that customers have not asked about explicitly, but

Fig. 5. Media used in this study
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Inking of papers

Paper samples were cut to 15.00 + 0.05 mm

x 120 mm using a JDC Precision Sample
Cutter 150M-10 (Thwing-Albert) to ensure
consistent placement within the jig (Fig. 6).
Papers were inked manually with an ink den-
sity to represent that of collections (not to
" | conform to a specific reference). For media
|| with line widths shorter than the spot size

Fig. 6. Test samples and their place-  (8mm diameter), lines were drawn close to-
ment on the measurement plasform

gether on the sample to avoid uninked arcas
but may not appear uniform across the surface. While an cffort was
made to achieve uniform ink density across the inked area, effects from
the paper non-uniformity, application method, and capillary action/

literature. In this poster we pres-
ent new results on color changes
(AE* ) induced in relevant media
on naturally aged papers by hep-
tane and HMDSO and the inert
perfluorocarbons used by Preser- g Baokkecper Mass Deacidification of books us-

vation Technologies, L.P. (Fig. 4).  ing magnesium oxide parsicles (whire) suspendied in
inert perfluorocarbon carvier fluid

edge effects are present. These factors required that each sample (hav-
ing a specific paper, ink, and carrier fluid exposure) be produced in
triplicate.

Visible spectrophotometer

All reflective colors of surfaces measure-
ments were collected using a Minolta
CR-300 Chroma Meter (Fig. 7, 8
mm-diameter measurement area, dif-
s Wbty O cariing ey
e G k) s e

corded as L*a** values (4).

Measurement technique

As explained above, samples could not 7.7 Minlia CR-300 Chroma Metr
be expected to be uniform either within "**Pldirm s sample and g
the spot size or across the inked arca despite an cffort to achieve
this. Therefore, samples were measured before and after exposure in

the same location (in the center of the inked arca) in triplicate to deter-
bili

P For cach replicate
measurement the sample and spectrometer were repositioned using a

jig (Fig. 7).

In order to rigorously assess the cffects of mass deacidification carrier

. 7 :
mine uncertainty.

fluid exposure to color change, variation in ink density across the sam-
ple set had to be taken into account. Therefore, ecach sample was pro-
duced in triplicate as described above.

Sample exposure

Samples were exposed to mass
deacidification  carrier  fluids
HMDSO, heptane, and petfluoro-
hexane (all 98+%) in 500 mL me-
dia bottles (300 mL fluid, 5 hrs.)
under uniform mechanical action
using a Roller Dog BIG24 (Fig. 8)
without heating. Samples were ex-

posed to the fluids as vended with-

- ‘ '™ Fig. 8. Samples under carrier fluid exposure
out the addition of alkaline parti- condition

cles or solutes.

Measurement uncertainty

To determine the uncertainty of the measurement technique, one
standard deviation for cach triplicate measurement of the same sample
was averaged over the entire sample set (V= 1480) in its initial condi-
tion. For the lightness and color channels, L* a* and % this gives 0.5
+£1.2,0.5+ 1.1, and 0.7 + 2.8, respectively. As described above, papers
were inked to represent collections (and not to conform to a reference)
so the samples were compared among themselves. Averaging AE*
between the Ist and 2nd, 2nd and 3rd, and 1st and 3rd replicates gives
1.4+32.

Uniformity of inking uncertainty

To add the uncertainty due to replicate sample preparation, one stan-
dard deviation for one measurement of cach of three samples was av-
craged over the entire sample set (V = 1480) in its initial condition.
For the lightness and color channels, L¥ a* and b% this gives 3.2 +
3.6, 2.4 + 3.0, and 2.9 + 4.2, respectively. To perform the analogous
color difference analysis as above, averaging AE*, between the Tst and
2nd, 2nd and 3rd, and 1st and 3rd samples gives 7.3 + 8.5. Because a
commonly accepted just noticeable difference (JND) of AE*, is 2.3
(5), on average there will be a just noticeable difference between sam-
ples of the same formulation. Nevertheless, we can observe significant
color changes induced by carrier fluid exposure, and in some of these
the difference between carriers is significant, all else being equal.

Discoloration of carrier fluid
T | First evidence of mass deacidification

carrier fluids heptane and HMDSO

to solubilize sensitive media may be

seen in figure 9, where heptane (cen-
ter), and HMDSO (right) have be-
come visibly discolored relative to
perfluorohexane (Ieft) exposed to

N

identical inked samples.

Fig. 9. Carrier fluids afier exposure, heptane
(center), HMDSO (right), and perfluorobex-
ane (leff)

Color change due to carrier fluid exposure

AE*, values were calculated from one measurement cach of all three

samples, paying carcful attention to crror propagation. Values were
lculated from the first of cach target, the sccond, and

third, to identify any measurement error. Average AE*, between the

initial condition and the exposed sample for cach sample formulation
averaged over the entire sample set is 10.6 for heptan, 7.2 for HMD-
SO, and 4.8 for petfluorohexane. In several instances, there is a signif-
icant and appreciable difference between the same sample formula-
tions exposed to different fluids. This may be scen in the results we

CONCLUSIONS

obtained for an oil pastel (Fig. 10), where the average AE* , is higher
for all heptanc and HMDSO formulations than perfluorohexane, and

ifi h in all formula-

in heptanc si ly higher than perfl
tions but one. Although there is a wider distribution in the data for an
il pain (Fig. 11) there is nevertheless a significantly higher AE*, for
HMDSO than perfluoroh and significantly higher AE*, for
heptanc than HMDSO in the alum-rosin samples. Finally, for the soft
pastels (Fig. 12) average AE*, values for all formulations are higher

than the other carricrs, and significantly higher for the Southworth
and Whatman papers.

Fig. 10. AE*,, plus and minus

o - one standard deviation, before
et i - and aféer exposure (5 hrs,) of oil

. = 8€%ab +80€ab i | 4 } | pastel on Southworth Fine Busi-

© BE*ab -SaE%ab Tt T [ ness Paper (_SW_), alum-rosin

e 3 sized paper (_AR_), Whatman

- L l Grade 2 Fileer Paper (_W.), and

newsprine (_NP_) to mass

deacidification carrier fluids

as marked

Fig. 11 AE* , plus and minus one
standard deviation, before and afier
exposure (5 hrs,) of oil paint on
Southwordh Fine Business Paper
(_SW_), alum:-rosin sized paper
(_AR.), Whatman Grade 2 Fileer
Paper (W), and newsprint
(NP_) to mass deacidification
carrier fluids as marked

%, 0, ", %0, %,
RS RSAShh
%o, %0, K0, %o, 0, (0 % Yo, %o, %0, %0, 0,

Fig. 12 AE* , plus and minus

one standard deviation, before and.
afier exposure (5 hrs,) of soft pastel
on Southworth Fine Business Paper
(_SW_), alum-rosin sized paper
(_AR.), Whatman Grade 2 Fileer
Paper (W), and newsprint
(NP_) to mass deacidiffcation
carrier fluids as may

In this study of color changes in relevant sensitive media duc to exposure to mass deacidification carrier fluids in usc today, we conclude the following:

Although hand-inked samples differed from each other (on average) more than a just noticeable difference (JND) of AE*, = 2.3, in many

samples a statistically significant color change was obscrved following carrier fluid exposure.

.

perfluorohexane.

.
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