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Some Special Cases of Biological Deterioration
of Books

by YU. P. NYUKSHA

Fungi are exceptionally abundant on the Earth. They have a variety of fermen-
tive complexes and high ccological adaptability which gives them the leading
place in damaging library and archives materials. Our knowledge of the
biology of fungi which attack materials allows a conclusion about the role of
separate representatives in their growth in book stacks. We have shown this,
using as the example Aspergillus flavus Lk., whose participation in the destruc-
tion of various book materials has been confirmed by many facts, observations
and investigations.

According to Raper and Fennell,! the Aspergillus flavus group of the genus
Aspergillus includes the following 9 species: A. flavus Lk., A. parasiticus Speare,
A. orpzae (Ahlb.) Cohn, A, zonatus Kwon et Fennell, A. clavato-flavus Raper et
Fennell, A. tamarii Kita, A. flavo-furcatus Batista et Maia, A. suboltvaceus Raper et
Fennell, and A. avenaceus G. Sm.

The fungi of the A. flavus group have been known as the inhabitants of soils in
arid climatic zones. Indoors, their spores on paper germinate at a relative air
humidity of 60-80% when the moisture content of the substrate hardly reaches
8%. A flavus is characterized by good viability in latent state and under condi-
tions of inereased temperature and osmotic pressure. The viability of the con-
idia of this fungus on paper indoors has been known to last for 12 years. The
fungus did not dic in salt solutions of high concentration and grew at a temp-
crature of 45-48°C..

A. flavus is characterized by a comparatively rapid growth and spreading on
the material. This feature of the species determines its abundance and high rate
of book destruction. An investigation of book stacks, paper-making works and
stores has indicated the highest percentage of attack by this species of fungi. In
basements during WW 11 A, flavus was observed to have attacked the entire
book stacks including not only books, but also metal shelves. Espccially serious
damage to materials caused by A. flavus and A. oryzae has been noted in books,
files and boxes made using gluc from wheat flour or hide glue. In the case of
poor drying of materials A. flavus covered all surfaces entirely despite the fact
that the relative air humidity in the room was not higher than 45%.

These fungi are distinguished by a high biological activity. A. flavus forms
amylases, proteases, €S1Erases, pectinases, certain cellulases and other fer-
ments. More than 20 metabolites of these fungi have been studied and chemi-

Restautator & 177- (82 € 1983 Munksgaard, Copenhagen. 177

12 Restaurator



Some Spectal Cases of Binlogical Detertoration of Buoks

cally identified.2 Among them are many acids and their derivatives. several
nitrogen-containing cyclic compounds including amino compounds, uric and
aspergillic acids and their derivatives, flavocol, acid-containing flavotoxins,
penicilling, and many others. This biochemical acuvity is an adverse property
enhancing the effect of damage to books and archives in the case of long-term
storage,

Protease activity of A, flavus vepresentatives isolated from paper has been
studied. It proved to be almost independent of the pH level and is exhibited on
many protein materials. For example, gelatine is liquetied by the fungus at a
high rate: the process develops almost in a straight line at an angle of 6O-70° 10
the abscissa axis carrying the time dimension. Hydrolysis of potato starch is
performed by A, flavus with production of g of maltose per 10g of starch, A
culture medium of the fungus reduces by 50% the viscosity of a 0.5% solution
of natrium carboxymethyl cellutose. These properties enhanee the viability of
A. flavwsy in communities with other fungi having endoglucosidases vesponsible
for the_primary breaking down of cellulose. Because of the hiological activity
d‘_m‘jn’g"cwhabitzuion A._ﬂ(lvba aflects the growth of other tungi.? For example, 1t
Kt‘()ywv stunulates pigmentation in Myxotrichum deflexum on paper and sup-
"})r‘?{jsvs the growth of Verticillium tenerum, Stachybotrys chartarum and other
fugi. Q9 (4

A flavus uses inaccessible sources of carbon including synthetic and natural
complex cthers, and carbon chain polymers (polyvinyl acetate, polyvinvi
chl()ride,.p()lyvinyl alcohol, polyethylene and other polyoletines).** The tungus
grows on dispersions of polyvinvl acetate, polymethylmethacrylate, polyethy-
leneson film coatings of cellulose acetate and of methyleellulose and car-
boxymethyl cellulose. Paper |
HHO°C s attacked by A, flaves. The fungus spreads r
the binding made from leather, cloth and polyviny! chloride. 1t is very danger-
ous for products containing natural beeswax and paraflin. ®’

Paraffined paper which is widely used in many technological processes dur-
ing restoration of books is readily affected by A. flavus, loses
property and becomes yellowish. Commercial paraffined ¢
destroyed because of fungal growth, The fungus is w
fected technical cotton and other materials,

its water-repellang
alico tape is rapidly
idely know o have af-

Characters and embossed work on waxen boards
the action of A _flavus which converts them mneo w
bread crumbs. Medieval seals were made

and seals (lisuppv:n‘ under
hitish powder resembling dry

resinous powder. They were protected against damage by the

colouring sub-
stance called verdigris (main COPper acetate)

and cinnabar (mercuric sul-

phide). With time, these conserving agents deteriorated and the boards and

178 / |

aminated with polyethylene an temperature of

apidly over the surfaee of

from beeswax with the addition of

™~

15K ¥ a9

»

Fig. 1. Scanning electron micrographs of beeswax surface. 1a: x 720, 1b: x 2000.

Fig. 1. Microphotographies prises au microscape électronique & balayage de la surface de cire
d'abeille.

Abb. 1. Abtasten einer Bienenwachsflache mittels elektranischer Mikrobilder.
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Fig. 2. Scanning electron microgra
phs of beeswax surf
2b: x 2000. ace. dama

ged by Aspergillus flavus. 2a. x 720,

Fig. 2. Microphotographies prises au microsc i
i ' ope électronique A b
d'abeille endommagée par Aspergillus Flavus. ! ayage de la surface do ciro

Abb. 2. Abtasten einer Bienenwachsflache, di
. : . die vom As i art i i
nischer Mikrobilder. pergillus flavus zerstort ist, mittels elektro-
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seals began to be covered by a web of mycelium of A. flavus which in this case,
almost, does not yield sporulation. The embossed lines on wax disappear and
the wax loses its lustre, becomes glossy and whitish and begins to crumble.
(Fig. 1,2) It is now possible to cstablish that during cultivation of A. flavus for
three months, the beeswax loses over 20% of its original mass.

The fungus not only deteriorates materials, but it is also dangerous to the
health of man.® This complicates work with materials attacked by the fungus
and calls for special safety precautions. Special difficulties arise when protec-
tion against damage caused by 4. flavus is effected using fungicides. This fungus
has revealed a high staying power to the presence of doses of pen-
tachlorophenolate (about 1%), salicil anilide (about 6%), polyhexamethylen-
guanidine (1.5%), benzalconiumchloride (1%), oxyquinoline (1.5%), and
others, lethal for many fungi.

To prevent book destruction by this fungus, it is necessary to increase the

doses of tungicides.

ABSTRACT
Same Special Cases of Biological Deterioration of Books

It is proved that owing to its high ecological adaptability, survivability and variety of fermentative
complexes Aspergillus flavus Link is a widely distributed species of fungi. It deteriorates many
materials of books including paraffined paper, paraffined calico tape, beeswax medieval seals and
boards. The fungus is dangerous to the health of people as well. To prevent book deterioration by

this fungus it is necessary to increase the doses of fungicides.

RESUME

Quelques cas spéciaux de destruction biologique de livres

1l est prouvé que, du fait de sa faculté d’adaptation écologique importante, de sa capacité de survie
¢t de la variété de ses processus fermantatifs, I'Aspergillus Flavus Link est un type de moisissure
trés répandu qui contribue & la détérioration de nombreux matériaux de livres a Pinclusion des
papicrs paraffinés, des rubans calicot paraffinés, des sceaux ct des cartonnages médiévaux a la cire
d'abeilie. Cette moisissure représente aussi un risque au niveau de la salubrité publique. Le

traitement préventif des livres contre les effets de cette moisissure implique un accroissement des

doses employées de fongicides.
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RESUMEE

Fanige spezielle Fille der brologischen Verschlechterung des Zustandes von Biichern

Es ist erwiesen, dass die Verbindung Aspergillus flavus aufgrund ihrer hohen dkologischen Anpas-
sungsfithigkeit. Uberlebenstihigkeit und Vielzahl an Fermentkomplexen eine weitverbreitete Pil-
zart ist. Diese verschlechtert viele Materialien, die tir die Herstellung von Biichern verwende
werden, und zwar 2.B. parafliniertes Papier, parafliniertes Kalikotape, mittelalierliche Siegel und
Tafeln aus Bienenwachs, Dazu kommt dass der Pilz auch fir die Gesundheit des Menschen
schiidlich ist. Um zu verhindern, dass Bicher von diesem Pilz angegriffen werden, muss die Dosis

der Fungizide erhOht werden.
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Electron Microscopy of Parchment

by N.L. REBRIKOVA & P. YA, MULDIYAROV

To provide optimal conditions for storing old manuscripts, it is important to
know the causes leading 1o the destruction of parchment, the latter having
served as the most wide-spread material for writing in the Middle Ages. Tt was
manufactured of animal skins, mostly those of calves, goats and sheep. Physical
propertics of parchment mainly depend upon supramolecular collagen s.lru(‘-
tures which are tamous for their stability towards the influence of environ-
mental factors. At the same time, changes in physico-mechanical and
physico-chemical properties (mechanical strength, hydrothermic shrinkage,
nuﬁstun- absorbtion) of mediacval parchment, even of that stored under
favourable conditions, are well known. The present investigation was aimed at
studying the ultrastructure of parchment and defining its submicroscopic

changes which could be responsible for the lowering of mechanical strength,

MATERIALS AND METHODS

Samples of TP 19" century parchments as well as those of modern parchment
made of calfskin at the *Moskozhobyedinenie™ enterprise for manusceript resto-
ration have been studied. General characteristics of the samples are given in
Table 1. .

Fragments not larger than 1 sq.mm were fixed tor 2 hours m 2% ()S()‘.‘ on
0.1M cacodvlic buffer pH 7.3 and then dehydrated inascendimg concentrations
of ethanol. l(n addition, some samples were successively fixed with 3% glutaral-
dehyde on L1 M phosphate bufler and 1% OsQOy4 by Coulfield. In the process ()I:
dehydration the samples were treated with 3% uranium acetate (on the stage of
7()“/(') ethanol, 16 hours). To ensure a selective staining of proteoglycans, one part
of the samples was fixed in the solution of OsOs with addition of ruthenium red
of 0.0005% concentration. The dehydrated samples were embedded in Aral-
dite. The ultrathin sections were stained with 30% aqueous phosphotungsten
acid and with lead citrate by Reinolds and examined with an JEM-1008 clec-
tron microscope at an accelerating voltage of 80kv.

Resurrs
The sample of modern parchment presented a leaf with a rather smooth surface

consisting of closely packed collagen fibrils immersed in interfibrillar amorph-
ous substance of moderate electron density. The collagen fibrils are straight,
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Electron Microscopy of Parchment

Table 1. Samples under research and their Macroscopie Characteristic
Table 1. Echantillons faisant F'objet de recherches et leurs caractéristiques macroscopiques.

Tabelle 1. Muster, die untersucht werden und deren makroskopische Eigenschaften.

N of sample Origin Condition of samples
1 Madern manuscript Excellent
] Byzantine manuscript, Saustactory

Hith cent, 1202

3 Byzantine manuseript,

Bad: the page is heavily thinned,
Lth cent., 1. 203

its wholeness damaged

4 Ly ] 2 P T s N
Byzantine manuscript, Bad: the page is heavily thinned
12th cent. and deformed

f') (\ . o P - S o

K FeTMan manuscript, Good

carly 13th ¢ent.

6 German manuserip, Satisfactory
I4th cent. '
7 Old Russian manuscript, Gospels, Bad: the fold is fragile

14th--15¢h cent. with pink pigmentation

8 West-European charter, Good
17th--18th ¢ent.

9 Torah, Good
18th~19th cent.

and actually form a solid mass in which collagen fibril fasciles turned in various
directions are discernible.

At great magnifications, longitudinally sectioned fibrils showed distinet
transverse striation with typical periods and subperiods (Fig. 1a). Levels of the
periods of adjacent fibrils coincide infrequently. The thickness of fibrils wis
about 80-90nm. Transverse sections of fibrils are rounded. In some places the
outlines of transverse sections, periods and, particul

tinct.

In the samples fixed with the addition of ruthenium red the

arly, subperiods are indis-

clectron density
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of interfibrillar component is higher than in preparations treated without
ruthenium. The borders between fibrils as well as dark subperiods are more
disunct (Fig. Ib).

Well-preserved samples (5,8,9) of old-time parchments are close, as re-
gards their ultrastructure, to the samples of modern parchment (Fig. 1¢). But
stronger roughness of page surfaces caused by protruding ends of collagen
fibrils (“fraying”) attracts attention. Slotlike cavities and those of irregular
shape occurred between fibril fasciles in the thickness of a leaf. Not infrequently
they communicate with the surface. In sample 8, streaks of amorphous material
were found between collagen fibrils (Fig. 1d). On the surface of some samples
there were, though not numerous, microorganisms which in some places did
not eome into direct contact with it.

The same structure is observed in satisfactorily preserved samples (2,6), but
in some places the collagen fibril fasciles diverge in such a way that some parts
of ultrasections look as if they were formed by isolated *‘islands” of collagen
fibrils fasciles (sample 2). But for the most part, cracks spreading from the
surface into the thickness of a page arc observed (Fig. 2a). The surface of
parchment is in some places smooth but mostly it is fringy. In sample 6 we
found a colony of microfungi where cells with cellular wall, cytoplasmatic
membrane, nucleus and nuclear membrane could be observed (Fig. 2b). The
cells are heavily deformed, intercellular spaces in the colony are filled with
amorphous material of moderate clectron density. Rare microorganisms were
sometimes seen on the surface of samples and inside the slots.

Longitudinally sectioned collagen fibrils in well and satisfactorily preserved
samples show a typical periodicity, with distinct subperiods, particularly after
treatment with ruthenium red. Nevertheless, parts, where periodicity of
fibrils manifests itself weakly, occur here more often than in modern parch-
ment. Interfibrillar amorphous material in the surface layers of a page shows a
pronounced rhuteniophilia which decreases cither sharply or gradually while
deepening into the thickness of the parchment. In some places the abundance
of rhuteniophilic substance shades the periodicity of fibrils. N

In badly preserved samples (3,4,7) parchment looks in ultrascc‘tions as if it
consisted of fragments with very irregular surfaces. In some cases it represents
aun unbroken page but having a strongly
s. Lots of microorganisms of rounded and
eroded surface and in slots. Many of

“ecaten up” surface and numerous
small and large cracks and cavitie
polymorphic shape are deposited on the .
them retain only a cellular wall and plasma membrane. Microorgamsm‘s‘terfd
to gather in chains inside slots, but on eroded surfaces and in large cavities in
the thickness of a page they form irregular clusters (Fig. 2¢ and 2d).

Here and there accumulations of amorphous material, as well as collagen
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Collagen fibrils of parchment
Fig. 1a. Transverse strokes in fibrils of modern parchment, x 63000. Fig. 1b. Fibrils of modern parch-
ment after being fixed with addition of red ruthenium: rhuteniophil dark stripes are seen distinctly, x
61800. Fig. 1c. A well preserved 13th ¢. parchment, periods with 10-12 subperiods are seen distinctly,
X $5900. Fig. 1d. Rhuteniophil amorphous material between collagen fibrils (arrows), x 20800.

Fibrilles de collagéne du parchemin

Fig. 1a. Structures transversales de fibrilles de parchemin moderne, grossissement x 63000. Fig. 1b
Fibrilles de parchemin moderne aprés fixation par addition de ruthénium rouge; les bandes sombres
ruthénophiliques apparaissent nettement, grossissement x 61800. Fig. 1c. Parchemin bien conservé
du 13&me siécle. Des séquences comportant 10 & 12 sous-sé
sissement x 55900. Fig. 1d. Présence de matiére amor
géne (arcs), grossissement x 20800.

quences apparaissent nettement, gros-
phe ruthénophiligue entre les fibrilles de colla-

Kollagen-Fasern von Pergament
Abb. 1a. Quer verlaufende Linien in Fasern modernen Pergaments, x 63000. Abb. 1b. Fasern moder-
nen Pergaments nach der Fixierung durch Zusatz von rotem

Streifen sind deutlich sichtbar, x 61800. Abb. 1c. Ein gut erhaltenens Pergamentstiick aus dem 13.

Jahrhundert, Perioden mit 10-12 Subperioden sind deutlich sichtbar, x 55900. Abb. 1d. Rhuteniophi-
les amorphes Material zwischen den Kollagen-Fasen (Pfeile), x 20800.

Rhutenium; die dunklen Rhutenium-
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Destruction of parchment N .
Fig. 2a. Cracks between collagen fibril fasci e;
' i f microfungi,
10100. Fig. 2b. A part of colony o .
tasciles, x 20800. Fig. 2d. A chain of bacteria on an eroded p

on a satisfactorily preserved part of parchment., x
x 9800. Fig. 2c. Bacteria in a crack between fibril
art of parchment; some bacterial cells are

Vi n ongitudi cti caying € fibrils,
i Fi dinally sectioned decaying collagen

i m d, x 11000. Fig. 2e. | it

devoid of cytoplasm and ucleoid,

x 33800. Fig. 2f. star-like transverse sections of decaying fibrils, x 24700.

i min i ) i de
DES‘;ucn(?n dusiasrcsri‘tiées entre les fasciles de fibrilles de collagéne d'une partie de parchemin
Fig. 2a. Crevas:

i j . Partie d'une colonie de microchampig-
Conservatior? ot goro?sszr:e;ta:tél?(:soznzfészlns une crevasse entre des fasciles f:le
nons, ngSISS.emem " 982008‘00 gt-=ig éd. Chaine de bactéries sur une partie érodée de parchemln.
rorta 9'055'559m°“té>f nnes éont ;iépourvues de cytoplasme et de nucléotldes,' grossussementI X
Ce"a‘"? CZ"U':;;’E:; ::érées de collageéne, grossissement x 33800. Fig. 2. Sections transversales
11000. Fig. 2e.

i 700.
en étoile de fibrilles altérées grossissement x 24 00

Zerstérung von Pergament

i b.
R B i haltenen Pergamentteils, x 10100. Abb. 2
i i _Faser-Biindeln eines gut er! P
Abb. 2a. Risse in den Kollagen

i kterien in einer Spalte in Faser-Bundeln, X

il @i i i ilzes, x 9800. Abb.2c. Ba einer : : ‘

Toul cines Coleny eme's Mi:k:tc:apin einem zerfressenen Pergamentteil; einige Bakterienzellen sind frei

20800. Abb. 24 BaEED ed 11000. Abb. 2e. der Lange nach geteilte, zerfallende Kollagen-Fasern,
, X . .2e.

von Zytoplasm? und Nukleo {aufende Teile von zerfallende Fasern, x 24700.

x 33800. Abb. 2f. sternférmig querver
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fibrils on different stages of degradation, were observed next to the colonics of

ml?r(?organiéms. The decay of fibrils takes place in the stage of microfibriilar
splitting. Microfibrils are clearly seen on longitudinal se‘ctions of decaying
collagen fibrils (Fig. 2e). Transverse sections of fibrils are of star-like or irrz'/ ug-
lar shape (Fig. 2f). Places where fibrils have distinct periods and subperiods fn‘
seldom observed in the samples of badly preserved parchment Signiﬁ‘("‘ml
parts of parchment consist of fragments of collagen fibrils mati (

. . alternating with
microorganisms and flakes of amorphous material ‘

Discussion

Methods of e
treatment of preparations for electron microscopy of human and

animal connective ti : i i

e ctive tissue have proved to be quite suitable for samples of modern
and old parchments. In all samples more or le
fibrils with subperiods can be variously obs
ciles are situated closer in parchme

ss distinct striation on collagen
erved. Fibrils in collagen fas-
nt than in preparations of anim: is
i . ¥ par p ns of animal dermis
((:lcm)ents o t[(})1 1'dent1fy In parchment samples cither elastic fibres, cellular
clemen €I remnants or remnants of epidermis, blood-vessels. hair
oflicules, sweat- or sebaceous glands have failed ’
A typical ( ils was
- );{)d :ltras(ructure of collagen fibrils was observed in the samples of
« F i ‘

o dnf modern parchment with the exception of heavily damaged
p ment of the 11th c. Byzantine manuscript. In most cases, visu

of ) - L .
the parchment condition coincided with that observed in the
croscope.

al definition
clectron mi-

All sampI(‘fS of parchments contained some rhuteniophilic material, its
amour.u varying significantly in different places of the same preparation "l‘hil'
materm.l is closely connected with collagen fibrils and forms, on their ‘ f: "h
something similar to belts repeating themselves with pe : st
.for collagen fibrils. Rhuteniophilic material is also prc‘
interfibrillar component of parchment. '

The data found by us indicate that supramolecular collage
grea.ter stability in the course of time. In some samples ‘of old manuscri
lon.glFudinally sectioned collagen fibrils manifested an ultrastruclm‘“‘m?('npls‘
teristic for undamaged fibrils. However, various destructive char u" *‘(h“"“"
observed in other samples of the parchment of old man;lscri ts e could be

We noticed two types of parchment changes. Change 1 12 r'c resented |
cracks. We could not find out why they had emerged. It may be sﬁ l‘]'(l( h')y
.the cracks C(.)uld appear in overdried samples. Change 11 is (hcpfpob(f o
1rr‘egular ca.v1ties in the thickness of parchment as a reéult of lytic :::Imntg ()ff‘
microorganisms among which we noticed bacteria and microfungi (only“i/rll )(])l(l)(’

nodicity characteristic
sent in the amorphous

n structures are of
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of the samples). A significant deformation of cells and absence of cytoplasm and
nucleoid in some of them indicate that these cells are most probably not viable.
It is close to the accumulations of microorganisms situated in the thickness of
badly preserved parchment that small foci of collagen fibril decay are revealed.

Judging by appearance of longitudinally and transversely sectioned degrading

fibrils, their microfibrillar splitting precedes lysis of fibrils. We have never seen
this in the samples which do not contain microorganisms.

In most cases both types of parchment changes, i.c, forming of cracks and
fibril decay in the presence of microorganisms, accompany one another. How-
ever, there are samples which have only cracks but no accumulation of mi-
croorganisms in the thickness of parchment. It is possible that the forming of

cracks precedes and promotes the penetration of bacteria.

CONCLUSION

Electron microscopy of the samples of 11th=19th century parchment compared
with a similar investigation of modern parchment gave an opportunity to reveal
two types of changes, viz, forming of cracks between collagen fibril fasciles and
decay of collagen fibrils as a result of lytic activity of microorganisms. The data
an opportunity to suppose that forming of cracks precedes the

obtained give
thickness of parchment, thus promot-

penetration of microoorganisms into the

ing its destruction.

ABSTRACT

Electron Microscopy of Parchment

of ultrastructure of 1 1th-14th c. parchments {on various grades of preservation) in

An investigation ‘
as been carried on and showed that parchment consists of

comparison with modern parchment h « par
s with typical periods and subperiods. Fibrils are cemented by

closely packed collagen fibril fascile . cemer
material containing rhuteniophilic com-

amorphous interfibrillar {apparently, of protein nature) !
pounds as well. In parchment samples which have undergone apparent changes two following ones
have been found: forming of cracks between fibril fasciles and decay of fibrils as a result of lytic
activity of microorganisms. The forming of cracks, most probably, promotes the penetration of

microorganisms into the thickness of parchment, thus destroyingat.

RESUME

Microscopie électronique du parchemin

cherche minuticuse de T'ultrastructure de parchemins datant du lléme au 14&me siecle
comparée a du parchemin moderne a été entreprise et
dense de fibrilles de collagéne avec des séquences

Une re
(présentant divers dtats de conservation)

montre que le par(‘hvmin consiste en un reseau
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pnm’élres et secondaires. Les fibrilles sont liées par un matériau amorphe intertibrilaire (de nawre
pm(exqucj apparamfncm) contenant aussi des composés rhuteniophiliques. Les ('vhumillm(ml(l:'
parchemin ont subi deux types de modifications successives visibles, 2 savoir la formatic \ {e
crf*,vasses er.ure les fasciles de fibrille et dégradation des fibrilles du fait de Paction | '(2( u)‘“ l(‘(‘
mlcrof)rganlsm(*s. La formation des crevasses favorise vraisemblablement la pénétratio )i -'I (' ('(s
organismes dans I’épaisseur du parchemin conduisant a sa destruction ' e

RESUMEE

Elektronenmikroskopie von Pergament

Eine Untersuc a8
schiedlichc: (;}r‘::fn (i;:r l}f]l”:dlstruktu'r von P&‘rga.mvnu-n des 11.—14. Jahrhunderts ( in unter-
worden. Dabei hat sich gez‘ei a[ t:ng)dlS[ durchgefiihrt und mit modernem Pergament verglichen
mit typischen Perioden und gl;b o das Peramanct aus dicht gepressten Kollagen-Faser-Biindeln
Bestandieilen {mit offensichdl :crlop en l?estcht. Die Fasern sind mittels amorphen interfibrillen
Verbindungen cnthalten. In d; ;r) 'rotem-BeschafTen.heit) verbunden, die auch rhuteniophile
fen waren, sind die bdd;m o d( rg(,l;’nemmustern, die offensichtlich Verinderungen unterwor-
und Aufldsung der Biindel au? . i{g(il-undel.l ‘Wf)rden; Bildung von Rissen in den Faser-Biindeln
fordert héchs;wahrscheinlich gruﬂ ¥ (rll\kuvnax von Mikroorganismen. Die Bildung von Rissen
as Eindringen von Mikroorg

ame . anismen i . Chtecten et .
Pergaments, wodurch dieses zerstért wird in den dichtesten Teil des
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Survey of Research at the NBS on Materials for Archival Records

1. INTRODUCTION

The history of research on conservation and stability of records materials at the
National Bureau of Standards (NBS) spans more than half a century, and
research on the stability of materials related to records is still in progress. As
the number of materials used in the generation of records, and in their conser-
vation, has eéxpanded, so has the number of problems. Our knowledge of
polymer degradation mechanisms has greatly increased, allowing us to better
cope with these problems, but stability of materials has been found to be far less
simple than envisioned in 1925.

The definitions of the National Conservation Advisory CouncilE-'* are fol-
lowed here, where conservation is a general term that includes preservation and
restoration. Preservation includes security and environmental factors such as
temperature, light, humidity and atmospheric pollutants. Restoration includes
techniques of repair such as lamination, encapsulation, repairing tears in
paper, etc. Not included in the definition of conservation, but of great impor-
tance to it, is the stability of materials that are used in the generation of records.
This is the area in which NBS has made the greatest contributions.

Most of the work on stability and conservation of records was performed in
the Paper Section and the Photographic Technology Section. These sections
were created ca. 1921. The Paper Section ceased to exist as an organizational
unit in 1975, although research on paper is still in progress in the Polymer
Division. The Photographic Technology Section, later named Image Optics
and Photography, ceased to exist ca. 1973, but the work i
Radiometry Division. Work on stabilit
the Polymers Division.

From the monthly reports of the Paper Section® it appears that stability of
paper as a problem and potential area of research surfaced (ca.) 1925. Mr.
Gosta Hall, of the Royal Technical University of Sweden, spent the month of
June, 1925 in the Paper Section, and he had just completed a special study for
the Government Testing Institute in Sweden on the permanence and durability
of paper. Mr. Hall was of great assistance to NBS scientists, and he influenced
the direction of research on stability of paper for many years to come. Mr. Hall
suggested that acidity derived from alum used in the sizin
important part in stability, and a variation of a method for determining titrata-
ble acidity in paper is a standard TAPPI method today®2. He also developed
the dry accelerated aging method that still is a TAPPI standardE-3

s continuing in the
y of polymers is currently in progress in

g of paper played an

, and recent

* Letters and numbers refer to references in Section 5.
1. On file at National Archives and Records Service.
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work shows a correlation between his aCC.ClCl'Z.ith z;g;g% Prgic:i:r:hi?(i:z:l:‘-l

aging®72, (Recent publications by Gf'ammSk" et al. N

erated aging procedure should contain some moisturc) 1926 that NBS should
Representatives of the paper indusFry suggesF e " h fiber as a paper-

evaluate a special purified wood fiber in cqmparlson wit (riag Februarv. 1928

making raw material, and a research associate cntcred. on l;tYh Ra g;ntent

for this purpose. In October, 1928, a research associate of the Rag

iati r Section to work on the perma-
Manufacturer’s Association came to the Pape

nence of fine writing papers. In 1929 the active cooperation of D. A. Clibbens,

iti iati as reported.’
British Cotton Industry Research Association, w -
r;:August 1927, a representative of the New York Public llerzry 'a}[:c:ha
v , 1 isited NBS, having been cleared with the
representative of the paper industry visl ‘ . N
Seiretary of Commerce (parent agency of NBS), conceml‘ng potcnu:l r:c:lcm
at NBS on conservation and stability of records. This r('esearcL .bp g am
materialized a year later with the cooperation of 'the Amerl(fan }: rari/l >
sociation and with funds provided by the Carnegie Foundation throug
National Research Council. o )
In April, 1929,2 the following research program was oytlmed.. (L) t;ts)ts ;)S
the current, commercial rag fiber and wood fiber products including the '1“1'0 ;
raw materials, (2) tests of similar papers mad(? in the‘ Bureau paPer r;u aa:rs
therefore having a definitely known history, (3) mspccm.)nﬂand tezn;:)i roldpt : -
| ing influence
4) a study of means of overcoming '
zfa:(mn;")\:: r:oatiee,li(fe)of papers, and (5) research to find the nature of the reaction
lluloses to deteriorating influences™. . .
o Ip: pct;r CICQQlE)OSIfIBS acquired an experimental paper machine w1tl} abo;;.l .:
’ ’ . . . l
30-inch trim, which probably was unique 1 thft U.S.f'\.. at t?atmnt:zting i
enabled the manufacture of paper under typical mlllhcondmc?ns‘, rof  beatng o
i ith known characteristics, fo -
Ip th h to the finished paper, wi 1
g\li'giaten::s%ing and setting aside of samples for study of the effects }(:f naturz:-
a in Due to organizational and personnel change's over the y?a]rs, the conse
vgtiogr; of sémples for natural aging was only partially successful. -
In 1939 ScribnerC” reported on the results of the research program a
n
o i ion of rds has been
he preservation of reco
“Acti h roblems relating to t .
i Am::::sr:et?:p::ef section of the National Bureau of Standard.s s;‘r;ce 19?3;
ro
1Fhlzs »%ork has dealt with the properties of papers and photographic films wi

1 ith means of
particular reference to their stability and strength, and wi

2. Monthly report of the Paper Section, NBS.
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minimizing extraneous deteriorative influences during the storage and use of
these materials.

‘““The work has been conducted with the assistance of an advisory committee
appointed by the National Research Council, and representative of library,
archival, and manufacturing interests. In addition to funds of the National
Government, the Bureau has received the financial assistance of the Carnegie
Foundation of New York, and of manufacturers of the materials.

“The research related to the preservation of records contained on paper
resulted in a recommended classification and Fpeciﬁcation of papers for the
various classes of records, in inforfnation which assists the papermaker in
choosing his raw materials and making the best use of them in manufacturing
record papers, and in recommendec} stox.fage Condltlon.s for their preservation.
The results of this work are summarized in a report (Miscellaneous Publication
M154) similar to this one.A?*

“Research on the use of photographic films was undertaken in 1935. For this
work, in addition to funds from the Camcgic Foundation, the Bureau’s funds
have been supplemented by those of three other Government organizations —
The National Archives, the Department of Agriculture, and the Social Security
Board - and by a fund depositied with the National Research Council by
several manufacturers of photographic films and equipment. Also, helpful ad-
visory assistance was given by a committee representative of these interests”,

This somewhat tortuous introduction to the beginnings of research on record
materials at NBS shows the following: (1) the need was genuine; (2) the interest
was high level; (3) cooperation was international; (4) with the exception of the
work in Sweden, a vacuum existed with respect to organized research in this
area; (5) outside financial support of records research catalyzed the channeling
of some NBS funds into this area; and (6) many U.S. Government and State
agencies and the paper industry were interested. It is obvious that the need has
been great, or financial support would not have been available, albeit intermit-
tently, for over 50 years.

Determination of the properties of materials was included in the Act of
March 3, 1901 establishing the National Bureau of Standards®*, and the Act
directed NBS to *“ ... exercise its functions for the Government of the United
States...” As interest in the stability of record materials extends far beyond
this central continuing mission of NBS, most of this research has been sup-
ported by other agencies.

There has been a marked change over the past 20 years from sponsored
research by records institutions to in-house research,
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2. DEscripTION OF WORK IN RELATION TO TECHNICAL AREAS

2.1 Accelerated Aging

In order to predict the stability of any given mater.ial, itis necessary to }(li.evelop
a meaningful accelerated aging procedure for this ma.lt'enal. To do this, (()ir:
must develop information on the environmenfal condmons‘that ;.)r.omote -
gradation, the specific chemical entities (functional groups, 1mpur1t|es,dmi\.ix:)n
facturing details) that lead to instability, and ‘thc mec.hams.ms of de;gra fibcs;
The end product for the archives and libraries isa specification that descri
stable material for the generation or conservation of records.

The stability of materials to be used at .almblcnt temPcratures i;ﬂ)lr'esenttlsuz
unique problem in polymer degradation studies. An extensive body of litera
exists on the thermal stability of polymers®*®7 but most of these papers
describe pyrolytic degradations at elevated temperatures. Acc;lcratcd a;gluzlg1
procedures are needed that take into account the chemistry of t e materi
relation to the service and storage environment. Accelerated agnfg procedl;lres
usually, but not always, have included an elevated temperature, high enoug d;o
increase the rates of reactions that occur at room temperature, but supposedly
not high enough to initiate other pyrolytic reactions. Th.cre hav;:: beenl::aarz
exceptions in which elevated temperatures were not apphcal;li. xa|2116;;) are
the stress-cracking of rubber by ozone at room ter.nper.atur.e ,f(p. bd S,UIfur
the enhanced degradation of cellulose by the catal)_':lc ox1dat10n-o sorbe ulfor
dioxide to sulfur trioxide by certain metalsE® A4 In these situations, s res
accelerated aging conditions are imposed with'out an' elevated tempe?'aturc.f \ hl:
obvious that accelerated aging requires consideration of the chemistry o
materials and situations involved. )

The first accelerated aging method for paper was developfd t'>y Gos'ta I*]I:tlilnof
Sweden® and the procedure used by NBS '(72 h at 100°C 1(;1 a c1rc;1 . i
oven) was derived from Hall’s work. Hall attrl.butfed‘ the degra, atx;nlompdges
principally to the presence of alum used in rosin smfxg. The use ;)1 : ul o
produce an acid situation in paper, but not necessarily from the ill roLy >of
aluminum sulfate, as popularly believed (but not stated by Ha )i) at; o
showed that aluminum was selectively sorbed fror‘n .alum.solutnolr: yepr e};c_
pulp, but sulfate was not selectively sorbf:d"‘ao. This is ar;. ":.’-ex‘.: anag e
tion. In addition, both aluminum and acid p.roduce crosslin ;ng mr;:ir}r)lilar t(;
and crosslinking produces changes in the physical properties of pape
changes produced by hydrolysis. o ‘ .

Thgus, rt)he net resu);ts of dry accelera;ted a:gmf, (;.ae).’ d;i?i:;?:s:)(f) fl')::lp:cr;:t

t broader explanation today. : ‘
:rfarzzge:g?nags ?ni(:lr:grh:owever, is how well it correlates with natural aging.
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Although the concept of this comparison is simple, execution is difficult, and
only a few such comparisons have been reported. Two such comparisons have
been made by NBSA*772 Very few organizations can maintain the continuity
necessary to complete a project that spans 25-50 years, especially when there is
no pot of real gold at the end of the trail. And as science marches on during this
long period of waiting, one may find that comparisons are based on analytical
procedures that do not tell the same story told by the obsolete methods of 50
years earlier.

The first comparison of accelerated aging (72 h at 100°C) with natural aging
was started in 192841, A group of commercial papers was tested before and
after accelerated aging, and samples of these papers were retested after four®™!?,
eight®32 and 26 years.A"*” After 26 years it was concluded that a “fair” correla-
tion existed between natural and accelerated aging. It was also concluded that:
“While this is qualitatively a valuable conclusion, no quantitative conclusions
can be drawn from this experiment since the manufacture and testing of paper
had not progressed far enough in the late twenties to permit the proper control
of variables in the selection of samples, and since the relation between acceler-
ated aging and natural aging is, in all likelihood, a function of these variables”.

A far more meaningful comparison between accelerated aging and natural
aging was made with a group of 18 book papers made on the small paper
machine at NBS in 1937429, Although originally there was no plan to test these
papers after a period of natural aging, they were representative of a larger
group retained for several years for other purposes. As their manufacturing
history was known and the papers had been extensively evaluated for the time
of manufacture, these 18 papers were assembled into a reasonably coherent set
of samples*”2. Three fiber compositions were available in this set of papers:
50-50 soda-sulfite, purified wood pulp, and old rag. The soda-sulfite papers
contained a high percentage of hemicelluloses (measured as pentosans), the
purified sulfites a low percentage of hemicellulose, and the rag papers none.

Keeping in mind the limitations of accelerated aging procedures, the follow-
ing inferences may be drawn from the data in this report:

(1) The changes in alpha cellulose that occurred during accelerated aging for
three days at 100°C correlated well with changes in alpha cellulose that
occurred after 36 years of natural aging. Retention of high alpha cellulose
content, or perhaps some more convenient alkali solubility method, should
be suitable as a criterion of resistance to accelerated aging.

(2) Changes in copper number that occurred during accelerated aging for

three days at 100°C correlated well with changes in copper number that
occurred after 36 years of natural aging.
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(3) Correlations of retention of folding endurance after natural. and ac}clelgra;;?
aging only were fair! Although fold is usefu'l as an evaluation method a
accelerated aging, one should not rely on it completely. i

(4) Correlations of internal tear between natural and after a‘ccelerat.e aging
were somewhat better than for folding endurance, but still not high. 1

(5) Correlations between cold extract pH in 1937 and changes after‘mcii;:;?e
aging in alpha cellulose, copper number, fold, tefn.', and el(?ngat;on in o
that pH is a reasonably good criterion of stability, possibly for comp

(6) ;:?(;nns(.i changes in alkali solubility, reducing power and tearing st‘rengthf
after accelerated aging for 72 h at 100°C are reasonable mdlclatlor'lsd(.)
stability. Fold is sensitive to accelerated aging, but not as useful an indi-

(7) gzi(t)ariobtained after natural aging indicate that zero span tensile, elongfa—l
tion, and strength when wet as a percent of strength when dry are usefu

(8) i:’lltli:a;iata in this report are compared with data obtained frorz ha.nd
sheets at 90°C and 0% and 50% R.H., it appears that an accelerati/ aélll;g
atmosphere should contain some moisture, but not as much as 50% R.H.

at 90°C.

Prediction of the permanence of paper from a'ccelerated aging data is n(;)tt;i:
exact science, but several investigators ha‘vc directed their efforts .towa:ﬁ | his
goal® ' The usual approach is to determine the rates of d;grz:ldatiluosneouadon
property at several temperatures and apply some form'of the Arr en qu ation
to an evaluation of the data. This presumes t.hat plotting a function of deg e
tion during accelerated aging against the reciprocal of.the absolute tin:}}:::mp_
gives a straight line. This implies that the same reaction occurs ove

i iati of the
erature range in question. As one can write down ca. 20 vanations

i ikeli is happening for a broad
AN Ce”ulosrel,i:?;ltl:?llls](())r(:l(it\:/)fl:tu:e:lorzz Angther factor is
that the breaking of only 1 or 2% of the bonds between the anhydroghluci(;zti
units in the cellulose in a paper can render the paper useless. ’}ll"hus,}ilg)r Z:(in
property (fold, tear) might be reduced from full 'value to zero th rotuhg dat(; frofl
oo B e and mfeeuir wight dtsbuton

i olecular wei
ft‘:::;u:tl:\iltyaz:ieascfyu\?:rtil:tr:]:.f;nnd we have not mentioned the contribution of sheet

spectrum of papers on an Arrhe

formation to physical properties. '
In spite of the complexities, and in view of the need, the authors feel that

accelerated aging can be useful under the following conditions:
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(1) For ranking the stability of papers in a group relative to each other.

(2) For comparing papers that are similar in composition and manufacturing
history.

(3) For estimating rough categories of permanence in years: up to 50 years;
50-100 years; or several hundred years. This is done in the four ASTM
specifications for permanent recordsE-12,

(4) Provided that more than one test is used in evaluating changes in paper
after accelerated aging, and the tests are related, if possible, to the end use
of the product.

(5) Provided some moisture is included in the aging atmosphere, as discussed
below.

As part of the long-range research program for NARS 1966-1978, an extensive
evaluation of the stability of laboratory handsheets was carried outB-13:1415,

The attitude was taken that testing of commercial papers, while valuable for
some purposes, was of limited utilit

y for evaluating parameters of importance
in the stability of paper.

One of the parameters of interest was the metal salt of the cellulose car-
boxyls. Sihtola®*3has shown that the metal on the No. 6 carboxyl in cellulose
can have a great effect on yellowing during accelerated aging. The same effect
was also observed for dicarboxyl oxycellulose®'*15_ For this reason, it was
concluded that an investigation of aluminum, a metal that might become at-
tached to the carboxyls during sizing, would be of interest.

The effects of moisture and of oxygen were determined qualitatively by
carrying out accelerated aging procedures at 90°C in (1) dry air, (2) dry nitro-
gen, (3) moist air (50% R.H.), and (4) moist nitrogen. The changes in dry air
and dry nitrogen usually were negligible to moderate, depending on the prop-
erty measured.

Samples treated with aluminum ion proved to be unstable during accelerated
aging at 90°C, and handsheets made from the deashed modification (metals
completely removed by several treatments with acid) proved equally unstable.
Handsheets made from the unmodified pulp were comparatively stable.

A reversal of the effect of moisture was noted in wet breaking load as a
function of dry breaking load. Although this property increased with time of
aging for both moist and dry aging, the effect was far more pronounced for dry
aging. In addition, wet breaking load as a percent of dry breaking load went
through a maximum during moist aging, but continued to rise during dry
aging. It would appear from this that crosslinking occurs during both moist and

dry aging, but a competing reaction tends to destroy crosslinks formed during
moist aging®72,
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i ing load. Al-
Moisture regain presents an interesting contrast to wet breaking

though moisture regain decreases slightly during dry ?g,tlnrgé t:::e :iencr::s;ilrl;:ﬁ
moist aging is pronounced. One would e.xpe'Ct moistu assofiation. It would
during crosslinking, but apparently there > llttle. or e ist aging is due to an
appear that the decreaielinl;(r;)i(sturcg;eggaglg) during mo g

i » in crystallinity=—> pp. 39, : . . .
mcl\r;(?iss(; ;nging was deZastating to blue reflectance, hmtf;m:Icl:?;l;fo;s:;?::é
folding endurance and load at break. As cxPectcfd, the ¢ ;1 tgsubstamial change
more pronounced in moist air than in moist nitrogen, bu

. . . g
i iSt nitrogcn ConSld(:l al )le Cllallge occurr ed mn aCldlty as
occur I‘ed n mo .

: tracts. Changes in
i centration of the paper ex
measured by the hydrogen 1on con i f the changes
moist nitrog);n were about one third to one half of the magnitude o! g
in moist air. . erature and
Graminski*7® made a systematic study of the effe}c!ts ;)f hterrtlsp e
. i shee
moisture on the accelerated aging of paper u;-lng a:;ed from 60° to 90°C,
r
temperatures studie ’
deashed (metal-free) pulp. The X n rate of
edst; }({ H. from 0°Z to 90%. Graminski concluded that degradatnc; e
an € NI, ’ ater boun
paper at elevated temperature is dependent on the‘ar‘noun’t of{r;though b i
the cellulose, and that a fraction of the bound water 1; ma?l:"c- content, prefer-
) L i oisture )
tion is a function of m
not conclude that paper degrada . - i m plots
ot © the ter mpwgound water”, calculation of activation energies fro 'ptem
ring to use the te . re consis
fgegradation rates against moisture content grves values tllmlatl a
o : in cellulose.
with the degradation reactions that mlg}:jt > Explf:;liga'“'“’ls some of which
i ckiA-79 and earlier data by i
Graminski®™'" an .. cel-
o dzl“alof d to different formsA?7, were used to select condm(l)ns fO(l; aCing
was recalculate elerated a
erated aging of paper in a moist atmosphere. A procedure f;r aSccbcommmegc A
bl
at 90°C ind 95% R.H. has been prepared and approved ; ; board, which
- - rbo
Testing Methods and Quality Specifications for Paper and PaPe board’ of the
S . aper
oPcratgs under Technical Committee 6, Pulp, P;lper an ingpprocedure is a
i oot Any accelerated ag
. ards Organization. .
International Standa ’ ofg[he information needed to write an accell(:raleg
a . : P n
. m Parks a
. edure is never available. The available mformatlo.n fro .
aging proc n ac
Ggrarii}:]ski indicates that some moisture should be Prcsen}: l2[;:/l was taken as
aging procedure for paper; but that 50% R.H. was too much. 25%

a compromise.

compromise, because

22 An Anal fl'j 0 the A l‘ﬂ 0 Pa[)ﬂ
) )’ f g g f ‘
.
ilsoll haS l(rViCW(:d thC var iOUS Chemical and phySlCal Challges that "llght
WOCCU' i" papel and th(! plobab]e Cffects Of thesc ChallgCS on measur able pl OPCI‘
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ties of paper. Among the changes that might occur in cellulose and paper are
hydrolysis, oxidation, crosslinking, changes in lateral order and, under some
conditions, thermal decomposition. These changes will result in changes in
chemical and physical properties of paper, and the kinds of changes will be
dependent to some extent on the starting material. Photolysis of a paper made
from “‘pure’’ cotton fiber would cause some chain scission and a little yellowing
(in air) with a very low quantum yield. Photolysis of newsprint would cause
considerable chain scission and massive yellowing with a much higher quan-
tum yield.

Crosslinking in cellulose has been recognized for many years as a procedure
for stiffening fiberboard with acid and certain metal saltsE-1.18,19. Apparently
Graminski was one of the first to recognize that crosslinking might be one of the
factors in the natural aging of paper®2 This was not recognized earlier, as
both crosslinking and hydrolysis result in a decrease in folding endurance, the
principal test to measure deterioration in paper.

The following tests should be useful in determining what happens during the
aging of paper®7}:

(a) Zero-span tensile (fibre strength)

(b) Wet tensile as a percent of dry tensile (crosslinking)

(c) pH (generation of acid)

(d) Alkali solubility (chain scission and alkali sensitivity)

() Functional group content (oxidation and hydrolysis)

(f) Molecular chain length distribution (
chain scission),

The following tests should be useful for detecting changes during the aging of

paper, but are not particularly useful for identifying the chemical and physical
processes involved in the change:
(a) Folding endurance

(b) Tearing strength

(c) Elongation

(d) Tensile energy absorption
(e) Alkali solubility (in this group if no other information is available)
(fy Copper number

(g) Viscosity

Several specific situations related to the aging of paper deserve special atten-
tion, such as the catalytic action of metals, generation of acid from unsus-
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pected sources, and the potential of air pollutants for causin.g damage t.o PaPFr.
These situations can only emphasize the fact that there lS- no substitute for
developing as much information as possible on the chemistry of th;elosjiﬂer
under study. Metals arc especially troublesomfa as they can c‘auit; Y(; sulff;
promote crosslinking, and catalyze the oxida‘tlon 'of sulfur dioxi c;l ofrect "
trioxide. With the exception of sulfur dioxide, little 1s knpwn ab?ut t le e oot
air pollutants on paper. Presumably ozone is not ctor as tt only a. o
moist celluloseE2°, Oxides of nitrogen in the aj ag@, o g?tors “"1

degradation of paper.

2.3 Rag Paper vs. Wood Pulp Paper

.’ N . N b.l.t
Fifty years ago wood pulp papers did not enjoy the replfta'gﬁ)/r:urjo.le l t)sr
and pfrmanéncc that rag papers enjoyed. One of theearliest rgsearch proj

i info ron on the perma-
on permanence of paper was initiated to develop .informaton on ]la e
and this required the refinement of the acceler .
i i i d 2.1).

aging procedure introduced by Hall (mentioned in sections 1 an

i i d pulp that had
A-1,7 . rs from highly purified wood p '
s was able to make pape ding the strength requirements of the high-

he U.S. Government Printing Office
A7
nited States Currency” ™"

nence of wood pulp papers,

excellent strength properties, “‘excee
est-grade bond papers purchased by t

and ... the strength requirements for U > .
Rasch C:Znsﬁrmfd theqﬁndings of Hall that the stability of rosin-sized papers

he pH at the head
i impai : ess alum was used. When the p

o reaaon high level, a stable paper was produced.
on some of the 36-years old papers.
d only a small amount of alum, and

box was maintained at a reasonably '

This is in keeping with the data obtal.ned

One of these papers was sized with rosin an )

the stability toward natural aging was outstanding. morove stability.
Rasch also found that a surface size of glue appea‘re.d t.O ‘(;“F;l fTeet of the

The glue, of course, acted as an acid acceptor and minimized the €

alum.

in Rasch’s first paper in
It is interesting that pH data are not reported in R p

i itrati after heatin
192941 Titratable acidity, determined by titrating watcr' extracts ;_I e ﬁrsgt
for 1 h at 100°C, was used as a measure of acidity. For this reasgnfi P s frs
. i ore me -
' to room temperature be
determined on such an extract, C(.)Olll'lg. e derermined pH
ment. This hot extraction method is still in use today ™.

o A7
using isohydric indicators and reported the data in his 1931 pape:ld l.)e -
Rasch was able to show that permanent and durable papers co

from purified wood pulp. Today most papermakers probably would agree tha(;
both Fag papers and wood pulp papers cover the spectrum of permanence an
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durability. In the market place it becomes a matter of choosing what is availa-
ble, or specifying what is needed, and paying the price.

2.4 Relation of Ink to Stability of Records

For hundreds of years writing inks contained ferrous sulfate, tannic acid and/or
gallic acid and gum arabic, Many of these ink formulations from the colonial
period also contained alum®22 These inks were acid because the reactions in
the inks themselves would produce more or less acid, and the alum, if present,
would produce an acid state. BarrowE?%23 determined the pH values of inked
areas and uninked areas of several old papers, and the values from the inked
areas were substantially lower. It is not surprising that the inked areas in many
old papers are badly deteriorated.

In 1935 NBS published a paper authored by Zimmerman entitled Relation
of Ink to the Preservation of Written RecordsA! All of the inks studied con-
tained an iron salt, and most of them contained sulfuric acid, hydrochloric acid
or oxalic acid. The GPO standard at that time included 25¢g of dilute hy-
drochloric acid per liter. Two of the experimental inks studied by Zimmer-
man®?! were made from ammonium ammoniumoxyferrigallate, a compound
first discovered by Silbermann and Ozordwitz (oxy in early German literature
means Aydroxy)E-2425,

Using the accelerated procedure developed by Rasch®® Zimmerman de-
termined the effect of these inks on several papers. The inks containing acid
greatly accelerated deterioration. The am
inks had very little effect.

This alkaline ink is somewhat difficult to make, especially in large quantites,
but this problem was solved by KantrowitzE?%, It was available from the
Government Printing Office for many years,

A wealth of information on writing inks and several specialty inks for 1940
and earlier is contained in NBS Circular C426 by C. E. Waters, published in
1940.

A total revolution has occurred in writing inks and writing instruments in the
past 40 years. The ball-point pen has taken over almost completely, with some
competition from felt tips. Although not quite dead, the fountain pen essentiafly
has joined the ranks of the quill and the steel dip-pen. Very few of the manu-
scripts prepared using iron gallate inks have entirely faded, but we have litile
information about what to expect from the modern ball-point pen. The
operation of this pen essentially dictates the use of 2 d
No published data on the colorfastness of d
come to the attention of the authors,

monium ammoniumoxyferrigallate

ye instead of a pigment.
yes used in ball-point pens have
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ithin the

A similar revolution in office copying technology has l:)'(:l:i‘zio\lvt::ion has
same time frame as the ball-point pen. A revol'utmr} V;/llthlu 2 oty ofoffce
occurred within the past 10 years with the exP1051on of t eitcrgs o ] to
copying machines, not to mention the evolution of type\):'TSis * 1 raicker and
electric to the sophisticated word processor. The emp aworld For example,
cheaper”” has left its mark in many places in the prm?ngcr on a printed area
one cannot hold many magazines with a thumb”Or ]enfritcr paper and ‘‘cor-
without smudging. The introduction of “erasablf? ‘ ‘ypfoﬂice procedures with
rectable ribbons” are mixed blessings — strea:nlmmg 0 ds of our sodiety, the
the potential risk of less durable copy. For 99% of tll)lle nCSC o those. who need
new technology is a blessing. It has created problem

er nt and durable copy. ification for
copies from office copying machines was developed™. w,:lerc included, and
Paper and for the durability and pcrmanence“of ?he‘ C()’l:’”i,ncluded an abrasion
one of the test procedures for durability of the P“;‘“}:"g coocification was per-
test. The laboratory work for the development o lt lts dpb ASTM in 1975.
formed in 1973 and the specification was promu gate ]9);30 the office copy
When the specification came up for automatic rc}lle-w m_. all l’lad changed so
field, the word processor, and other types of prt‘”rtf‘rfnting” passed the test.
drastically that only practically obsolete types © Pts serious attention.
This problem has not yet been resolved, and 1t merl A

2.5 Analytical Methods )
. ble for the evaluation of cellulose and paper in
dards. This is understandable, for the concepts
ers ersity laboratories at that

The analytical methods availa
1930 are archaic by today’s stan

f univ i
of polymer theory had not seeped ;ery f;;;:lt:n: Carothers, Flory, Huggins,
. 1 su s
time. “Staudinger pioneered in the

in obstacles in a series of
ny of the main o
nd others surmounted ma_ . e alone
xﬁfiﬂiﬁi beginning in the 1920's"572¢. The crystall::: natu o
apparently was first recognized by Nigeli in the last century "',

th
wa";}:]o:jaccfptedént of the nature of cellulose from 1920-1950 paralleled the
e developm

l . . . .
t Of polymer Chemistry and any m CStlgatOrS Ci
evel()pm(fn m \' ()ll‘l]h\“e(l to (hls

. recog-

develo Only a few highlights are mentioned. Herzog an(? jzlm((:::(cs[a“i fe
L copment. I f widely different sources had x.dentlca Yh |
nized tha; 2c: lulose I“O;“ Mark, and coworkers, did extensive v'vork on’t e un '
siractres © .M?XSOZ?N Nici(erson reported on the “leveling-off” rate o

cell of cellulose® 33 and the “leveling-off” degree of polymerization
3,

hydrolysis of cellulose®
' ' 203



Survey of Research at the NBS on Materials for Archival Records

during hydrolysis®*. Howsmon £-35 made substantial contributions to an un-
derstanding of the crystalline and amorphous nature of cellulose, and to
changes in crystallinity that occur during hydrolysis.

In 1930 it was believed by many that the permanence of paper was a function
of the purity of the cellulose from which it was made, and alpha cellulose and
copper number were the tests most commonly used for the determination of
purity. The alpha cellulose test is one of the many alkali solubility tests used for
cellulose. All of these tests are empirical in nature, and the solubility depends in
part on the strength of the sodium hydroxide solution used in the test. It was
believed that unmodified cellulose was insoluble, but we now know that the
short chain material dissolves and the solubility may or may not be a function
of cellulose modification. Rasch modified and improved a gravimetric method,
but made no provision for correcting for rosin, starch, glue or other materials
that might be in paper. One of his principal contributions was the use of a
grinder, designed by Gésta Hall, similar to the one used by the Swedish Gov-
ernment Testing Institute®1?, This grinder disintegrated the paper to a cot-
ton-like material that was readily accessible to reagents,

Launer later modified the gravimetric method, to us a much smaller test
specimen (0.3 g vs. 5.0 8), and determined the cellulose fractions by oxidation
with dichromate. Correction factors were worked out for rosin, glue and
starch?-27:28

Rasch also worked out the details of a procedure for the
copper number®®. Copper number is a function of the re
cellulosic materials with respect to alkaline copper solutions.
has been a very useful determination, but it is empirical in

lationship between copper number and carbonyl content as
borohydride method is linear, but the

content ratio was different for various t

determination of
ducing power of
Copper number
nature. The re-
determined by a
value of the copper number/carbonyl

ypes of modified cellulosesE2¢. Wilson
and Padgett**¢ used sodium chlorite solutions at pH 3.5 to oxidize

modified cellulose, and a procedure based on this ox
approximate aldehyde values.
rates, and different cellulose mo

aldoses and
idation was used to obtain
Different aldoses reacted at greatly different
difications also reacted at different rates. This
approach can be used to obtain information on the various modifications of the
anhydroglucose ring in cellulose.

Launer developed a procedure for the determi
obtained information on the sorption of alumi
profound effect on pHA3. Before the determination of pH, as noted in 2.3,
acidity in paper was measured by titrating the hot water (cooled to room

temperature) extract of paper under standard conditions. When procedures for
the determination of the pH of Paper extracts became availabl

nation of pH of paper®-3! and
num by cellulose which has a

€, it was natural
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ition that heating was
to start with this hot water extract. Launer took the position

i f paper by
unnecessary, and developed a procedure based on extraction (;)f lnlesg Zrep TPAPPI
70 ml of wz;tcr for 1h. Both hot and cold extracton procedu

methods F-2:21

Differences exist between hot and ¢ ined by a hot extraction procedure
not always predictable. Usually, pH determined by tion procedure. Launer
is lower than a pH value obtained by a cold ex";C to show experimentally
attributed this to the hydrolysis of alum, and was a : t aluminum was selec-
that this occurred. However, Launef also s.ho'wedftth?:3 precision of the meas-
tively retained by cellulose and, within the limits o]d attribute the sorption of
urements, sulfate was not sorbed. Today we wou

i i | groups in cellulose.
o o g ot Carb(o)xt);legpaper industry about 40 years

old extraction, and these differences are

Wt strenh resins were immdlr c'ziqﬂE nce in hot extraction pH and cold
: iffere
ago. It was soon discovered that the

ins i in. If the paper
extraction pH was much less for papers cont'ammg mf‘:::;:; ;e}; actually could
contained large amounts of wet strength resin, hot e); ra D e study of the
be higher than cold extraction pH. Wilson, et al. maAgg y
effect of melamine resin on chemical tests of paper | . e group of papers by
Flynn and Smith determined the pH values of a azg) SgPOt test with water
three different procedures: (1) TAPPI cold extfaCtg”l‘,N KCl as the contact
as the contact medium, and (3) spot test with ‘f cold extract pH against
medium*-$2, Although one could say from plots nothe two methods, the data
“water spot pH” that a correlation CXIS[C'd betwee
are too erratic to draw any solid conclusions. hod can lead only to empirical
Determination of the pH of paper by any metio of the extract of the paper
data. A pH test indicates the hydrogen ion écuvnythe hydrogen ion activity in
secimen, but it does not give direct inform?tlonhonmoiéture content. Wakeham
o Faper itslf and ihis plFObabtl)]y v;;lf:e‘:;:lritn; the pH of textile materials ;t
and Skau ¢ oached this problem . he data to the
Se\ira];d:if?sri:na ratios of fabric to water, 'and ;T:g Sziiaggso R.H. (standard
amount of moisture the sample would contain . h has never been used for
testing atmosphere)£7. Apparently this approac
i adings de-
pagzii(sn'z‘ demonstrated substantial differences in apparent pH reading

.. th
i intimate contact wi
Pending on whether or not the paper test specimen m;;it;) e e oean.
the electrodes of a pH meter. He recommended that p

tates rather than on paper suspensions.
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2.6 Environmental Considerations

One of the early tasks in research on the conservation of records at NBS was “‘to
ascertain the kind and amount of equipment which libraries have available for
the protection of records in their charge, and to get information about the
visible effects of light, dust, dampness, and similar factors” 424, The following
is 2 summary of the findings:

(1) About one third of the libraries surveyed had equipment for removal of
dust from air in the ventilation systems.

(2) About one third of the libraries surveyed could control the humidity.
(3) Light protection, in general, was excellent.

(4) Cleanliness and ventilation were well maintained and little difﬁcully was
experienced with pests.

The original paper on which these
Kimberly and HicksA-1!.

Kimberly studied the effect on various papers of a few parts per million of
sulfur dioxide in the laboratory at 30°C and 65% R.H.A-13, Exposure to sulfur
dioxide for 10 days caused large increases in acidity, but only nominal changes

conclusions were made was authored by

, folding endurance and fiber
content. The following conclusions were drawn from this work:

(1) The paper in books in relatively unpolluted areas was always in better
condition than paper in books stored in polluted urban areas,
(2) The greater deterioration of bo

oks stored in large cities was attributed to
air pollution.

WiLLiam K. WiLsoN anp Epwin J. PARks

s ood were in poorer
(3) Papers containing appreciable quantities of ground w

. ical wood.

condition than those containing 'rag and chcmljainvrhe e book
(4) Papers of different quality sometimes were used | traries appeared (0
(5) The acid contents of identical books stored in various

be a function of air pollution.

m

(6) The same was truc for alpha cellulose a.nd colpi’ere“u

are very useful for indicating changes in cellulose.

ber. These two tests

ies, have shown experimentally
14

Hudson®-39 ithE#® in more recent stud ol-
and Smit , p

in libraries in

that substantial differences exist in the condition of b;Ok:, ;:g:lr:z; 14 books
luted and non-polluted areas. JarrellE#! showed that the and contained more
and magazines were deteriorated more thar'l the ccnters,not Gegraded, but the
acid. A book made from paper with an alkaline filler w}z:s ot
Margins contained more water-soluble sulfates than tl ;1 e ide from library

Kimberly and Emley investigated the removal of'su
airA-18 55 the final step in the study of the effect Ofalf‘ po \ completely remove
found that an air washer using untrcated. water dldb r:Zn(ially eliminated by
sulfur dioxide from library air. Sulfur dioxide was S(;l s the range 8.5-9.0. The
Washing with water in which the pH was maintainee in ditioning equipment,
alkaline material, recommended by 2 su ppllfff of alf'i;’l:m hydroxide, sodium
Contained the following ingredients: sodlur'n silicate, s;‘)ate
Carbonate, sodium dichromate and triso.dlum phosp. . : 25 chamber in which

Jarrell, et al., 42 studied the deterioration ofPal_’er ": egrccntagc of oxides of
the burning of illuminating gas produced 2 ConSI.Steg ;1) A-14 Apparently Jar-
sulfur. His conclusions were similar to those of Kim f;r)t' o ;ulfur dioxide on
rell and his coworkers initiated their work on the Cbl;?:th until 1936541 and
Paper before Kimberly, but their results were not pu

1938E-42, ous fumigants on paper, and con-
- : f various fu re
Weber, ¢t al. A2° sudied the effects o ed we

fumigants studi
cluded that fumigants caused no damage. Among ttfm tetfachloride, carbon
hydrogen cyanide gas, ethylene chloridc. with car o emate with carbon
disulfied, ethylene oxide with carbon dioxide, and methy

dioxid N . . R nd “Winter
In 16931 Wilkie published a report on an mve?tlga‘:": c(:)full?iubc prlie d to
damage” which contains some valuable information tha

erlooked by the preser-
Paper, and apparently this report has been generally ov 4 e

mage t
ation community* This report covers 2 swdyl:f):awintger, i.e. the damage
that were allowed to dry outside in d.lc New England It was determined thét
Occurred only in the winter and only in New Er-‘g f :c,ulfur dioxide in the air
damage was a function of the high concentration 0
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from the burning of fossil fuels, and that the oxidation of sulfur dioxide to sulfur
trioxide was catalyzed by iron and possibly other metals. An alkaline rinse that
included some calcium bicarbonate, formed from the reaction of calcium
chloride with sodium bicarbonate in the rinse solution, cured the problem.
The catalytic action of iron in the oxidation of cellulose was known at least as
early as 19205 It is possible that the effect of iron in catalyzing (1) the
oxidation of sulfur dioxide to sulfur trioxide and (2) the hydrolysis of cellulosc,
is much more important in the long-term stability of paper than was realized.
The degradation of the cellulose in cellulosic materials by light is influenced
by three principal factors: sensitizers, oxygen and moistureE-17 (L. F. McBur-
ney, chap. IIL.C.4). Cellulose is transparent to visible and near-ultraviolet
light, but a sheet of paper appears practically opaque because of light scatter-
ing. As record materials contain many non:cellulosic materials, there is the
possibility of direct photolysis, or of these materials acting as sensitizers, Many
dyes and pigments act as photosensitizers by absorbing the light directly and
transferring it to cellulose with degradation. The presence of oxygen is required

for the photosensitized degradation of cellulose, and m
hance degradation.

During the early 40

oisture appears to en-

s Launer made an extensive study of the effect of light on
paper. Recognizing that much of the data in the literature was questionable due
to inadequate temperature control, he devised and built an apparatus that
maintained the temperature of the irradiated sheet

within one or two degrees of
the control temperature

A-33
- He was able to show that the temperatures of

sheets that were not thermostated were so high that valid photochemical study
was out of the question.

Although Launer used a carbon arc lamp, he used a filter that removed most

of the infrared, and practically all of the energy below 320 nm. About 80% of
the filtered arc light lay between ca. 330 and 440 nm. This is the part of the
spectrum most likely to cause damage to Paper in archives and libraries™3, as
window glass cuts off everything below ca. 330 nm, The usual conditions of
irradiation were 30°C and 58% RH, although other conditions were used for
certain purposes.

A summary of the principal findings of Launer’s work is as follows:

(1) Papers that do not contain lignin normally are bleached by light in the
absence of heat effects. This phenomenon had been reported earlier for
specific experimental conditionsE3,

(2) Photo-oxidation is the principal reaction(s)
degradation of cellulose.

(3) A post-irradiation effect occurs in which papers are bleached during ir-

that occurs during the photo-
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radiation and then darken during storage in the dark. This effect has been
noted by others®®, (p. 143). ‘ N . —

(4) Photo-oxidation causes an increase in acidity, an increase in reducing
power and a decrease in degree of polymerization.

(5) Lignin is extensively degraded during photo-oxidation. The analytical

value for lignin in newsprint decreased from about 19% to about 14%

during 17 h of irradiation. ' . .
(6) Lignin either acts as a sensitizer in newsprint, or 1ts degradation products
help degrade the cellulose in newsprint, or both.
(7) Newsprint is bleached by light in the absence of‘oxy.gen. ' '
(8) Newsprint is greatly stablized against photo-oxidation by impregnation
with sodium bicarbonate. .
(9) Papers impregnated with acid were less stable toward light.

Although these data are empirical in nature and tell nothing definite a‘bf)ut th;
actual mechanism of photodegradation, their usefulness for the archivist an
ibrari r been surpassed. '
hb;‘zll;:: s}zzf:lil;(eivfhe degradart)ion of dried, purified cellulose in a vacuum “-,:;h
far-ultraviolet radiation (253.7 nm)A-8:4%5657 Hydrogen, carbon monoxide,
and carbon dioxide were evolved, aldehyde and carboxyl groups were .p'roduced
in the cellulose, and the degree of polymerization dec'reas.cd. The initial r;a'c-
tions were direct photolysis rather than the photo-.omda.tlon that occurre 11n
Launer’s work, but a post-irradiation eﬂ'ec.t was still e\fldent. Most of theba -
dehyde group formation took place dur.mg photoly.ms. Hydrogen, ch;l on
monoxide and carbon dioxide evolutions increased with temperature. a;]n
scission and carboxyl group formation occurred to a'la‘rge ext?nt during ; e
post-irradiative oxidation of long-lived oxygen-containing radicals. The do-
minant reaction appears to be the photolysis of alcohol groups.

2.7 Thermal Analysis

Differential thermal analysis (DTA) and thermogra\timetric :jmalysis (TGA)
were used at NBS as screening tests for developing mforrTlatlon on the cond-
tributions of selected variables to the stability of papers. This approach prove

to I) evera i i i i d that later
e Vi i g l lmportant Varlables were ldentlﬁc
ery rcwardln a.nd S 65,67, )

‘ng at 90 C and belOW .

i lerated agi

roved to be important to acce . )
° DTA is a technique for studying the thermal behavior of materlals. as they
undergo physical and chemical changes during heating. Differences in temp-
erature between a sample and an inert material, as the two are heated at a

constant rate, are plottcd automatically on a chart. These temperature differ-
b
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ences were used to fingerprint the relative thermal decompositions of various
samples, as the temperatures at which various exotherms (evolution of energy)
and endotherms (absorption of energy) occurred could be interpreted in rela-
tion to stability.

TGA is a technique for measuring the weight loss of a material during
heating. TGA can give information on the relative thermal stability of cellulose
modifications and on reactions that occur during heating.

As cellulose never emerges unscathed from the isolation and bleaching
treatments it receives during processing, it will contain added aldehyde, ketone
and carboxyl groups in various locations in the chain and in the anhydroglu-
cose ring, depending on the type of isolation and type of bleaching. Aldehyde
was found to contribute substantially to the thermal instability of cellulose. For
carboxyl the trend was the same but not nearly as great as for aldehyde.

The most important contribution that the carboxyl group makes to stability
is the final form in which it exists in paper. Carboxyls in cellulose almost always
exist in the form of a salt, and the metal on the carboxyl contributes heavily to
the stability (or instability) of paper. Stability is enhanced when the carboxyls
are in the form of the calcium salt, but the aluminum salt form is unstable.

The mechanism of this effect is unclear. It may be nothing more than the
greater acidity that exists in the aluminum modification. Also, the probability
of one aluminum being attached to three carboxyls is vanishingly small. Some
of the complexities of aluminum chemistry in relation to sizing have been
discussed by othersE#4:45.46

It is generally assumed that a major source of instability in paper is sulfuric
acid generated from the reaction of water with papermarkers alum. If this is
true, a sample of cellulose treated with alum should give a DTA plot similar to
a sample of cellulose treated with sulfuric acid. These two plots are distinctly
different, suggesting that acid produced from the reaction of alum and water is
not the only factor in the degradation of paper by alum. These two plots also
are different from a DTA plot of cellulose in which the carboxyls are covered by
aluminum.

TGA plots of cellulose containing sulfuric acid showed that the residue re-
maining after the temperature had reached 500°C was much greater than
without acid. This is an indication that crosslinking reactions had occurred
during the heating.

DTA and TGA data were obtained on a group of 14 papermaking pulps with
varying amounts of hemicellulose and of carboxyl contents. The calcium,
aluminum and free acid modifications were prepared for evaluation. The data
show that pH is a function of the carboxylic acid content, and that the DTA
decomposition plots are related to pH. The calcium modifications were always
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m modifications. There was some evidence that
but this was inconclusive.
e contents of the

more stable than the aluminu L
hemicelluloses have an important bearing on stability, .
The carboxyl contents were closely related to the hemicellulos

ulps. o
’ ]§TA and TGA techniques show some promise of development ;m}(: q1:;)cel;e
accelerated aging methods. It is questionable, howcve'r, whet ni; hese
techniques ever would become standard methods, as the mlstrum;:lile on s
changing so rapidly that a method could be rendered obso eites \:Sed it s
winding its way through the standards process. The apparatu

work, ca. 1970, is already out of date.

2.8 Preservation and Restoration

i f
In this area NBS has published on preservation of newspaper records, care o

inati ervation of
filmslides and motion picture films, lamination of documents, prf:snd .
the United States Constitution and Dcclaratlon. (?f Independcncer, ;Ooklet pre-
paration of material for cornerstoncs. In addition, a consume

published on conservation of records™°.

In 1934, Scribner published a report on p(rie
cordsA™'8. Prior to 1868 newspapers were printe '
duction of ground wood pulp changed this, and most nersia’??rse;ni :ittci)::(;g(;e
beyond that date are in poor condition. In. .1927 the'New :r ! 1:: P
the practice of printing part of its daily edition on high gra e p‘p o P
nent files in libraries, and other newspapers adopted this pra'c;ictet.le cpopmirlg g
this practice was discontinued many years ago, probably wit e of
World War 11, and the practice of microfilming newspapers 1o

i i is practi ary.
his practice unnecess .
T Remmooeron in be the ideal means of preserving

from Scribner referred to ... mak!ng
ent slides and projecting

servation of newspaper re-
on rag paper, but the intro-

newspaper records”. This quotation o
. i .
minjature prints of newspaper records on transp

‘ i l‘ i ot p i t d n SpCCi l papcr thc NCW (¢} k
‘0 € ed O a , Y or

i h sheet with a
ic Li i i ted to both sides of eac

Public Library used japanese tissue pas ith &
i ractice o

mixture of rice starch and tapioca dextrinE?”. Unfortunately, the p
' i i e.
Aeacidification was S0 e ye'arsl'm th'e f;‘égg for the care of filmslides and
i blished guidelines 1n ' :
e o ; C-2 re presented on the moisture con
motion picture films in libraries©™. Data were p R e o e

tent of cellulose acetate and cellulose nitrate films as a functio

i moisture
humidity. It was shown that the folding endurance decreased as the

i i imensional
content decreased and that changes 1n moisture content caused d
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changes in filmslides and motion picture films. These changes usually were
unimportant, but the curl resulting from uneven expansion of the film base and
the gelatin layer could be troublesome. It is interesting that carbon tetra-
chloride was recommended as a cleaning fluid for filmslides, although its to-
xicity was recognized. It is unlikely that carbon tetrachloride, a carcinogen,
would be recommended today.

The use of cellulose acetate film for protection of documents by lamination
was first reported by Scribner in 1934 as a means of strengthening newspaper
records*"'®. It was determined only that the procedure was feasible. Scribner
reported in 19404* an extensive evaluation of several cellulose acetate film
and paper combinations, some of which were laminated by means of heat and
pressure and some through the use of adhesives. The acetate films applied with
heat and pressure were more stable toward accelerated aging than the ones
applied using an adhesive. Extreme changes in relative humidity did not affect
the laminations, and the process did not distort printing or writing. Although
the work was well done for the time, the accelerated aging test was inadequate
for cellulose acetate, and no work was done on the interactions of cellulose
acetate and plasticizer with respect to stability, and to performance in lamina-
tion.

A project on preservation of documents by lamination was initiated in 1954
and NBS monograph No. 5 on this subject was issued in 1959451 The work
was divided into the following tasks: (1) stability of cellulose acetate films, (2)
plasticizer loss of cellulose acetate films, (3) degradation of film and paper
during lamination, (4) tissue reinforcement, (5) deacidification, (6) special
laminating methods, (7) preliminary study of films other than cellulose acetate,
and (8) specifications for archival laminating film formulated from cellulose
acetate. The principal objective was to develop the information necessary to
write specifications for cellulose acetate film of commercially practicable qual-
ity that would have maximum stability and suitable physical properties.

An ideal laminating film could be described as having the following proper-
ties:

(1) It should be sufficiently flexible to withstand the flexing and folding re-
quired of a paper during use.

(2) It should be considerably stronger than the paper it protects.

(3) It should have the proper rheological properties. Within 2% elongation,
the probable elongation of most papers, the film should show satisfactory
strength at an elongation of much less than 2%.

(4) It should have considerable elongation beyond the yield point on a
load-elongation curve, as this is associated with high edge tear.
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(5) It should be resistant to abrasion. ' '

(6) It should be stable over a long period of time, preferably' centuries. .

(7) Lamination should be a simple process, preferably without expe
equipment. . )

(8) I?shP())uld be possible to remove the film, if this becomes necessary, easily
and without damage to the paper. B _

(9) The film should be transparent to visible light.

irements.
There is no film on the market today that meets all of these r.eqltn(rje s
A cellulose acetate film without plasticizer cannot be laminate paper.

The proper kind and amount of plasticizer must be incorporated in the film in

ire ich is about
order to lower the softening point to the required temperature which
115°C
. ility: -ester pla-
The specific plasticizer is very important to s'tabxllty. :‘he }(:;}tl:rs t(;sbilizgs -
sticizers cause a film to be very unstable, while lnphen?'l phosp SR
film. In addition, it is desirable to add to the formulation an Zc; ) abozt d,lrcc
antioxidant and an ultraviolet absorber. Such a film survived lo

gradation in moist oxygen at 124°C. Another

months without appreciable de r hours under

experimental film with an ether-ester plasticiz'cr was uselc.ss in fol'l b
the same conditions. The degradation was principally oxldathC: m[ in an;)ther
degradation of cellulose acetate films is discussed more extensively
ublication-59, inati i
i A ;otp(z)xlar misconception about cellulose z?cetate lamma.tmg tiirglrl: ﬁtzrant
plasticizer loss will cause the film to become brittle. AT cXPC”(;':i: retained its
which the plasticizer had been removed by a SPCCIa-bl;m’;‘ChCSe films are one
flexibility. Films cast without plasticizer also werfz ﬂex'lﬂ e. T
mil thick, and appreciably thicker films would give di erefr}l . 1;\minating
In order to check the degradation of cellulose acetate films

ere passed through 20 typical laminating cycles

presses, two commercial films w e viscosity of

in th
in three presses in the Washington area. There was no change in
the film. |
A rag paper with a pH of 4.9 was given

occurred, and distinct lowering of viseos! he flatbed press, caused more
ses, which operate at higher temperatures than the fla press,
3

i that
pronounced changes. This was especially true fo.r a sample of t:lsthiapil;ssc‘:.
had been treated with alum solution before being run throug ted \‘:/ithout
These results indicate that paper normally should not be lamina
prior deacidification.

i he physical pro
i i improved most of t .
ossue reinforcement P ernal tear. Edge tear was somewhat different.

the same treatment. Some yellowing
y was evident. The cylindrical pres-

perties of two ex-

perimental papers, especially int
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Edge tear was greatly improved when paper was laminated with film only, but
the improvement was not spectacular when tissue was added to the lamination
sandwich. It appears that tissue reinforcement could be omitted unless the
document in question is in especially poor shape. This is a decision for the
conservator.

The study of the effect of deacidification was not extensive, but it did show
that deacidification nullified the effects of acid during accelerated aging. Data
on the effect of washing and deacidification on the physical properties of two
old all-rag papers showed that neither treatment damaged the papers.

Kathpalia®*® reported in 1958 on a solvent lamination technique that does
not require a laminating press. A lamination sandwich of tissue, film, docu-
ment, film, tissue is assembled on a flat surface, and acetone is applied with a
non-linting cloth, starting at the center and wiping toward the edges. The
sandwich is then turned over and the process repeated. The physical properties
of this laminate compared favorably with those of laminates from a flatbed
press.

A desk review of plastic films other than cellulose acetate that might be used
for lamination did not turn up any serious contenders. At that time the concept
of encapsulation had not surfaced.

Both composition and performance specifications for a cellulose acetate
laminating film were prepared and included in NBS Monograph No. 545! but
were not submitted to a standards organization. This probably should have
been done. Only one film on the market could pass the specification require-
ments. This film no longer is a regular production item, but is made on special
order when the accumulation of requests is sufficient to warrant the effort.

Although lamination is a valid conservation technique when preceded by
deacidification, encapsulation probably will be used more and more where
lamination formerly was used.

At the request of the Librarian of Congress, NBS prepared recommendations
for the preservation and display of the Constitution of the United States and the
Declaration of Independence, and these were submitted on March 16, 1940440,

*“It is recommended that both Documents be enclosed within sealed recepta-
cles, and that the air within these receptacles be replaced with a chemically
inert gas, such as nitrogen, helium, or argon, the gas to contain approximately
4 grains of moisture per cubic foot. By thus sealing the receptacles, the absolute
humidity would be kept constant and low enough to avoid all possibility of
excessively high relative humidities for the temperature range encountered.
This would eliminate the danger of having excessive moisture in the Docu-
ments at any time. Storing the Documents in an inert gas will remove the
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idati i is resultin
possibility of deterioration from oxidation, or from acid hydrolysis re g

r?
from absorption of sulphur dioxide from the atmosphere - i st for cen.
These documents were made of animal parchment, which will las
turies with proper care.

i .In
Helium was selected as the inert gas in the enclosures for the documents

ic life, 1 i ivit
addition to not supporting organic life, it has a high thermal conductivity

relative to air. For this reason, a thermal conductivity' type of .lea'k detector was
built into the enclosures. These leak detectors are still functioning after more
thaA: ?\?BY; 2::(.1 done considerable work on the cffe'ct of moisture on lcath'cdr, it
was a simple matter to suggest an amount of moisture that woul: pri)twC keoi}
R.H. of 25 to 35% at room temperature. A high RH can allow the ata?n oo
micro-organisms even in the absence of air, and if the enclosu;es cot;or " 100
much moisture, condensation can occur if the temperature drops
rcz};;’lz'enclosurcs for the documents must be airtight, chemically l1)ncrt, str?vrvlg
and transparent. For these reasons, the documents were enclloseda l::(fivesetrrlip "
sheets of tempered glass and the edges were Sf:alcd by soldc}?ng e
the glass, which had a special metallic coating to allow this op: :

d by Libbey-Owens-Ford Glass Company, and their

ere supplie
chclosures were Supp The enclosures were flushed for

scientists performed the sealing operations. ' .
several da};'s with humidified helium before the final sealing operation.

i and
The documents were backed with sheets of paper made.fromd.cot.t;):, and
i 1 ide.
containing small amounts of calcium carbonate and titamum .10):0 sy
i isture reservoir
i er mill, serves as a mois !
paper, made in the NBS pap ill ro
out” any changes in relative humidity caused by temperature vanat .
Damage from the lights used to illuminate the documents was }:;elvcn " ym
. . o
filter laminated between sheets of glass, and essentially no light below
reaches the documents. ‘ ol
After NBS and the Library of Congress brought this task toha} succes;‘,)

i n De-
conclusion, the documents were transferred to the Natl(.)nal Archives o De
cember 13, 1952. They are on display in a suitable shrine, and ahmotorl ed

' i
mechanisn; enables their transfer to a vault below the floor when the occas
warrants.

ning the storage of appro-
requests over the years concer :
e o finite guidelines have never been

i i es. Although de
priate documents in cornerston g B o oo

i i hat
written down, the following are some suggestions t
individuals who have asked for advice:
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1. Contents of box
(a) New paper records should be made on paper containing an alkaline
filler.
(b) Records already made on paper should be deacidified. Newspaper
copies especially should be deacidified.
(c) Permanent inks should be used for making records although, to our
knowledge, no specifications exist for permanent inks.
(d) Ordinary black and white photographs should have been thoroughly
washed to remove residual hypo.
(e) Manfacturers of magnetic tape should be consulted for recommenda-
tions concerning tape that should be used.
2. The cornerstone box
(a) This should be a box within a hox with space between the inner box and

outer box of at least one inch, preferably two inches, of fiberglass insu-
lation.

(b) The boxes should be made of copper.
(c) The boxes should have inlet and outlet tubes {copper) for flushing with
helium or nitrogen gas.

(d) The lid of the inner box should fit as tightly as possible, as it will not be
welded shut.

3. Flushing and sealing the boxes

(a) The inner box should be loaded with documents and flushed with dry
helium or nitrogen for about one day.

{b) The inlet and outlet tubes should be crimped shut at once, the box
wrapped with fiberglass and placed in the outer box, the helium (or
nitrogen) connected at once, and the outer box copper-welded shut.

(c) The helium (or nitrogen) flushing should be continued for about an
hour, and the tubes crimped and welded shut.

As there have been no controlled experiments in this area, onc cannot guaran-
tee results. This process will remove most of the air and most of the moisture
from the boxes. This will prevent oxidative degradation, degradation due to
moisture, and condensation of moisture on the records. Degradation of paper
due to acid will be prevented by starting with stable paper.

2.9 Photographic Records
NBS has been active in two photographic areas in research on conservation of

records: stability of motion picture film in the 1930’s, and a study of microfilm
blemishes in the 1960's,
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e 1930’s is that the term “micrf)ﬁlm”
the title of a publication by Hill and

tion Picture Film for Permanent Records.
prob-

A confusing feature of the literature of th
apparently had not surfaced. For example,
Weber in 1937€ is entitled Evaluation of Mo

This is understandable, for the first use of photography for this purpose

. ; i with the
ably was with a motion picture camera, using motion picture film,

operator hand-cranking the film one frame a.t a tm.le- e s no doubt
The following quote from a paper by Scribner in 1939 caw::t o ity
about the situation, and in addition, except for the f?rml?owghy, l t decade
accurate description of the world of microfilm today: ‘‘During .t i}iaziocumen.’
Photographic films of the motion-picture type have assumc: in e terials
tary field a position commensurate with that of paper. Oflt . ‘f‘aa? hide, and
used for conveying information, such as stone, clay, metal, amm )

. - hi
Papyrus, paper first permitted the wide dissemination of knowledge at such low

the lCaCh OfeVer ne in
l I nted matter ultlma‘el bccamc Wlthln (&)
th pl‘lntlng, becam(: a prlme

civilized countries and thus paper, together wi ial has now be-
mover in the advance of civilization. But documentary matera as 1 d on
come so voluminous that it is neccessary to condense it; much l; Co[::l?: er-
impermanent paper and, therefore, must be presef‘ved by rep;”)o u':nlovc d ffom
manent form; it is desirable to render records which cannot be I¢ - and it is
reproducing them for dl?n?lb‘;nzn’hzr:)dling
desirable to reproduce records to minimiz.ze wear of the .onglmabse . :usc " the
The photogr aphic films fulfill the requxre@cnts admire ()i, the great reduc-
simplicity of the process of reproduction and its low cost, an g

tion in the size of the record.

“Special cameras have been developed wthh. ter as fast as they can
films successive images of pages of printed or written matte

be passed before the lens. Various forms of reading ‘dcvnccs have bicnr‘(i:;icc:s’
ranging from the small hand lens for direct reading to CO;n P?;f\ Czn\fenicnt
which place the magnified image of the record before th(? re{a‘ ! err e i roct
form for reading at a desk, and which have means of turning ; mbz()k
form to any desired image as readily as turning the pages of a r;emjnent.
“In the conservation of storage space for records, the films mg ing dupli-
At the U.S. Census Bureau, where all of the census records are euslgace I-;re
cated on film, the data on cards requiring 7,000 square feet of ;Itoraiz rl}: o Ll
now contained on film requiring only 50 square feet. {\t the czwics : storage
Library, one year’s bound issue of the New York T;mes - g to 1/3 cubic
space of 108 cubic feet; duplicated on film the space s decréasc? 1€ ' 0
foot. The cost of reproduction is very low, pamcul.ary' 0 i
operations. Many of the leading libraries, and other organizations,

depositories more accessible by

automatically photograph on
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copies of records on order at very small cost; as low as 1| cent or less per page for
large orders.

“It is for these reasons that films have become a widely used record material.
Nearly all of the larger organizations of the National Government make exten-
sive use of them, the use of them as a part of library service has been mentioned
and they are used extensively for the records of department stores, banks:
insurance companies, and many other commercial activities which require the
keeping of extensive records. Several of the leading newspaper publishers are
having issues that are printed on the usual impermanent paper filmed for
storage”’.

We normally think of microphotography as an invention ca. 50 years old
and, from a commercial point of view, this is not far wrong. The first microfilm
camera for filming bank checks during the clearing process was installed in
1928, and a reader was supplied for reading microfilm copy. A system for
microfilming newspapers was offered in 1934549,

The first microphotograph on a daguerreotype plate — at 160x reduction —
was made by Dancer in 1839, and in 1852 Dancer made the first collodion
mlc.roﬁlms. Microfilm remained a novelty except for the ‘‘pigeon express”
dur}ng the Franco-Prussian war of 187071, the microfilming of the records of
a;;;;s:(r)fmce company in 1871, and of the manuscripts of a Paris publisher in
O;: JV};CS ICZ?;(:; I:Ivlliti evaluated two types olj films for use as permanent records.

‘ ' a photographic emulsion, and the other had a light-sensi-
tive dye incorporated in the base for forming the image. Cellulose acetate and
cellulose nitrate were available at the time as bases for the emulsion type, and
cellulose acetate and viscose sheet were available as bases for the d ZF: ’ e of
ph(?tographic film®*%67 The nitrate film, because of the fire hz.za:lc? as-
iocxac:fic‘! 'with'its use and storage, was rejected as a permanent record material.
S?a ba“it;t.lon, it failed all of the tests that were devised to estimate probable

.It was concluded that cellulose acetate was the best film base, and that
viscose base was acceptable for temporary records, but not permane;)t records
It was demonstrated (using the tools of the 1930’s) that acetate films of both th<;
emulsion type and the dye type were suitable for permanent records, if properl
made for the purpose. Several tests were developed for evaluation of,thcse f}'l)lmsy
including semimicro tests€5. It was concluded that the hypo content of de:
veloped films should be very low to avoid yellowing at a later date

The accelerated aging method that was developed for paper (.72 hin a
circulating oven af 100°C) also was used in estimating the relative stability of
motion picture films. Other tests are under active development today.
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For storage of film records, a R.H. of ca. 50%, a temperature range of
70°—80°F and removal of acidic gases and dust was recommended. A lower
R.H. and a lower temperature range would be recommended today.

In the 1960°’s NBS conducted a research program on the nature and preven-
processed microfilm. The first step was to make a

n several U.S. Government repositories, and the
ted in NBS Handbook 961, Six types of aging
pparently developed two to twenty years
port describes these blemishes as well as

tion of microscopic spots in
survey of the microfilm stored i
results of this survey were repor
blemishes were reported, and these a
after the films were processed. This re

the methods used to inspect, sample and report data.

Henn and Wiest have reported on the nature and prevention of spots in
microfilmE-S? and on the properties of gold-treated images® 2. The gold treat-
ment was developed to prevent the formation of micToscopic spots or aging
blemishes that sometimes occur in stored procc'esscd {Tllcroﬁlm.

Berg and Frei®® have credited Reinders with being the first to study the

. E-53 D) i in film, which was ascribed
redox-stability of the latent image -~ Dichroic fo% ,1;_15;. m

i ly as 192
to faulty processing, was reported as €ar oo '
A Surfmr;ary of the’ conclusions reached by McCamy and Pope©*” concerning

. : i follows:
steps to be taken to prevent the formation of microfilm blemishes are as follo

rd film as specified by ANSIL

(1) Use safety base permanent reco : . urposes.
Use no higher densities than are required for the intended PurPo

. microgram per
Residual thiosulfate concentration should not e;(ceed one g p
: : Zero.
square centimeter, but 1t should not be reduced to

(4) Keep processing machinery and fi
(5) Avoid scratching the film.
(6) Store films in containers made ©
plastics.
(7) Storage temperature should not exceed 70°F and
40%. (Henn and Wiest suggest that R.H. Tay
that the temperature may be lowered to 33 F). o
(8) Avoid wide-range cycling of temperature and humidity.
(9) Inspect films on a regular basis.
(10) Maintain records of processing an
archivists will be able to act on th

P
W N

Im clean.

f inert materials such as metals or some
R.H. should not exceed
be lowered to 20%, and

d storage so that the next generation of

e basis of firm data.

. i i ut at least
One cannot say that the subject of microfilm blemishes is closed, b

some guidelines for preventing the blemishes have been developed.
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2.10 Magnetic Tape

The research effort on magnetic tapes has been exploratory, and confined to
qualitative wet chemistry involving a correlation of colorimetric changes with
accelerated aging. While modern instrumental methods probably would be
more sensitive, with or without chemical derivatization, the aging procedures
still should be applicable®!.

Modern magnetic tapes usually consist of two discrete strata termed backing
and binder, with the magnetic particles (iron oxide) dispersed in the binder.
Typical backing materials, such as polyethylene terephthalate, are relatively
inert; failure occurred during accelerated aging as a separation of backing and
binder. As with any other organic macromolecule that degrades with time, the
binder could be expected to degrade as a result of hydrolysis and oxidation
(probably with synergesis). The measurable changes include depolymerization,
crosslinking, and/or increases in concentration of functional groups — al-
dehydes, ketones, carboxylic acids, for example — and possible formation of
shortlived peroxide intermediates. The net result is a change in physical prop-
erties of the composite tape, and at some point the tape will begin to lose
information.

The situation with magnetic tapes is simply an example of the gencralized
problem with archival materials in estimating and measuring longevity. The
ﬁr‘st‘step is to devise accelerated aging procedures that effect degradation
'wu?un a reasonable period of time. The second step is to develop information
indicating the chemistry and rate of the degradation processes. The third step is
t.o extrapolate the results, if possible, to the conditions under which the tape is
likely .to be storef‘l. Aging atmospheres of moist air, dry air, moist nitrogen, and
'dry mtr(?gen (with moist defined, for example, as 50% R.H.) encompass an
wformatwe range of aging conditions. A temperature of 90°C is reasonably
likely to provide rapid acceleration of normal ‘“‘aging” processes,

. Physical tests such as load clongation may be used to monitor the degrada-
tion of backing. The preliminary study indicated, however, that a combination
of sensitive chemical and physical tests is required to predict probable failure.
A highly sensitive technique for characterizing macromolecular species in di-
lute solution, including organometallic polymersE=%-52 consists of size exclu-
sion chromatography (SEC) coupled with selected detectors (element specific
graphite furnace atomic absorption (GFAA) spectroscopy, functional group
sensitive ultraviolet or infrared absorbance, mass sensitive differential refrac-
tive index, etc.). SEC-GFAA, coupled with one or more optical detectors, has
the potential to fractionate binder materials, determine the molecular weight of
the fractions, detect any changes in the association of iron or other metals with
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relate changes in functional group concent‘ra-
) with changes in the molecular properties.
uggests its application to the
mical changes necessary to

macromolecular species, and cor
tion (found in the preliminary study
The versatility and simplicity of the technique s
simultaneous detection of molecular and che
characterize the accelerated aging of magnetic tapes.
After some parameter of accelerated aging has bc'en identified, dlata Zn t:;
change of this parameter with time of accelerated aging can be dev‘e 0}: ,a i
the point at which the tape begins to lose information or 0therw¥se 'ecomed
useless, can be identified. Blank tapes can then be stored for mon'ltormg, an
the information on similar record tapes can be copied at the time wl.len a
physical or chemical change detected in the blank presages catastrophic de-
terioration.
The approach described above was started \'«vith a group of f;our sama;;ltei:l;)f
magnetic tape, of which the binders were proprietary secrcts..A] were [})1 i ey
soluble in hexane. Chromatographic methods were not available at the t;mh,
but changes in carboxyl content and peroxide content were noted.‘ One o tl t;
tapes exhibited a definite oxygen absorption at 90°C. A few cxgenm«;n;s w "
differential thermal analysis indicated differences in the mechanism o tbcrtmno
decomposition between tapes obtained from different manufacturers, bu

definite correlation with accelerated aging. .
Although the preliminary report was very promising,

pursue the project.

it was not possible to

2.11 Development of Standards
cientific research on problems such as the

conservation of records is the use of these data to the maximum t':xte‘m po;s:blc
for the development of standards through 2 'standards orgamz.atloln. c:ie:
diversity of reasons, this has not been fully lr)eahzed :nd properly implem
in t iderable progress has been mace. '
Oh:clz)afstt},]:) fl;:siool}stl:esc sta:)dargds was a test methqd for accelerated aging of
paper for 72 h at 100°C. On the basis of work done in the Paper Secuo;, tes
methods for the determination of alpha cellulose, co!)per‘nurnber, pH z;:lPIromg
were developed. All of these methods were adopted in principle by TAPPI, an
revisions of these methods are still extant as TAPP1 ‘stz.mdards. . "
Some of the work on the stability of paper in the Fhlrtlcs en(%ed up mPs;.)ec.l i
cations promulgated by the U.S. Congressional.‘]om‘t Committee onfb:rnct:f
for paper for permanent recordsE-°. These specifications emPhasne i vt
tent, “cellulose purity” (low alkali solubility and low reducing pov;'cr ) and &
high pH (5.5, hot extraction), and are still in use today. Unfortunately,

The key to utilization of results of s
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this information was used to develop standards through a non-government
standards organization.

On the basis of the work done at NBS, Congress assigned to NBS in 1940 the
responsibility for maintenance of standards for reproduction of U.S. Govern-
ment records prepared by photographic and microphotographic means. This
task was assigned to the General Services Administration in 1957€'2. Much of
the information developed at NBS found its way into ANSI standards.

As indicated in 2.8, both composition and performance specifications for
cellulose acetate laminating film were prepared, but these were not submitted
to a standards organization. If promulgated by a standards organization they
would have had far greater dissemination, and would have been revised at
regular intervals.

“Guidelines for the preservation of the Constitution and Declaration of In-
dependence” is an example of a document that required the best scientific and
technological talent available, but collaboration with a standards organization
for its preparation was neither necessary nor desirable. Other states and coun-
tries may have similar problems (one such problem occurred recently), but
each one should be approached with the best expertise available, using the
U.S.A. experience, and any other, as a guide. Obviously, this sort of situation
does not occur often.

One of the principal tasks in the development of specifications for permanent
recor(% papers (NARS program, 1966-78) was the generation of data necessary
to write an accelerated aging method. As mentioned in 2.1, a draft of an
accele.rated aging procedure in air at 90°C and 25% R.H. has been approved by
Working Group 12, Subcommittee 2, of ISO Technical Committee 6, and was
accepted by SC 2 at a meeting in Atlanta in October, 1981, This procedure is
based on the data obtained on accelerated aging at various R.H., and data from
the comparison of accelerated aging with natural aging for 36

A-72,B-13,14,15 : .
years - This procedure has been written in TAPPI format and
submitted to the proper committee for consideration.

A.lfirge body of'data has been accumulated over the years showing that the
stability of paper is at least an approximate function of the PH of the paper.
Therefore, it was possible to write specifications for papers for permanent
records based on pH. This was done as an interim measure (NARS program,
1960-78) until an accelerated aging procedure could be developed.

Four specifications for permanent record papers, based on pH, were de-
veloped and coordinated with ASTM. Three levels of permanence are de-
scribed: maximum permanence, high permanence and medium permanence.
For maximum permanence, an alkaline filler of calcium and/or magnesium car-
bonate is required. Such a paper is expected to last several hundred years. A
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has a life expectancy in excess of

5. A medium permanence paper is
100 years, and must have a

high permanence paper is defined as one that
100 years, and has a pH in the range of 6.5-8.
expected to last at least 50 years and up to

E-21
ini i ethod™™".
minimum pH of 5.5, hot extraction m
i i a €.
There are several reasons for including more than one level of permanenc

In the first place, the maximum in stability is not a‘lways nee'(:ed. As dth;
maximum usually is more costly, it is not good economics to specify ffEmhne-eh:;f
quality. Secondly, a paper with a minimum pH of 5.5 t'xsually 15;111 (1)‘ -t.t cds !
item. As the availability of alkaline papers in the U.S. is somew at 1m1l ef, he
choice may be one of getting a “degree” of p(?rma.ncnc.e or havmf to Zeft; :C:: o
unacceptable level of permanence. The situation is somewhat ditle

Europe where about 50% of writing an ' :
with alkaline fillers, for the latter are readily available.

d printing papers are manufactured

3 PRESENT STATUS OF RECORDS MATERIAL RESEARCH At NBS

ili i d as a substrate for
i ing the stability of polyester film that is used as :
e ) Im. The correlation between acid content and

magnetic film and for microfi ‘
; s is being examined as well as the effect of air

degradation of physical propertie
pollutants on stability.

NBS is also designing a statistical survey pro
the condition of paper records at NARS. This is n
tive data are almost impossible to develop, and ap

procedure that is meant to evaluate
ot an easy task, for quantita-
praisals must contain a high

component of subjectivity.
Both of these projects are sponsored by NARS.

4. A LOOK INTO THE FUTURE STANDARD

for their accu-
Predictions concerning the future of technology are not noted to

i locomotives said
ident of a company that built steam

T I O e ey Nim years later a new president of the comp;:ly
announced that they no longer were making steam locomot:jves, (lpd. }?01) n);

i i he had discovered would have a

i hink that the wireless waves . :
Hentzic(:ldanmlitca:gon (p. 549)%°". Vannevar Bush (1945) was very 1mpf1t11cnt
Svr:; €0 15 I\)Nho beli;ved in the potential feasibility of mtcr‘contmental missles,
(p 43?4)‘?"’1 Although we cannot predict the future, a review of the past may

steam was here to stay. Nine
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ut some old an .
glan for the futu(ies,ome new problems in perspective, and enable one to better
A review
research efﬁ;)rf;til:let: Z:;:;l?lls (l; X (tjhat more effort should have been made to direct
work in the 1930’s on thr ° CV.e.loped through standards organizations. The
example is the outstandi ¢ stability of paper is a prime example. Another
ginia, no longer in existe;1 g work of the Parrow Laboratory (Richmond, Vir-
bookbinding®2, This wace) on thc stability of polyvinyl acetate adhesives for
organization, so the infor; "t‘-'_’ t written as a specification through a standards
It appears to the authorsatlton ever has been implemented.
ments that will provide the d at we should look to the future to devise experi-
tions that occur durin the e for an UndF rstanding of the solid-state reac-
another to practicall fvcrc agllzlg of materials. This is basic in one way or
progressed to the PO)i’nt wli, task in conservation of records. Science now has
approaches (e.g. Arrhenius erle e should be placing less cffort on empirical
trying to determine the si n-{r‘) ots), as u‘sefu] as they have been, and more on
zation., gnilicant chemistry underlying instability and stabili-
One of the . .

should be pur:;zs(; ::lg)c:ss of lr}formatlon and ideas concerning projects that
concerned with the day- cervation of records s the conscrvationists. They are
€ day-to-day problems and, over a period of years, have made

observations on th i
. e basis of natural agi .
scientist. aging that are indeed valuable to the

This is not a li i
st of references in the usual sense. The first four sections refer to

NBS publications and re
) ports and the fifth ion i
non-NBS publications. The division is as f;llo»j:.cnon includes references to

A. NBS publications on stability and conservation of paper

B. NBS technical re 0
ports on stabilit :
NARS 1966-1980. ity and conservation of paper submitted to

C. NBS publications and techni

cal report i i
D. NBS technical report on magnetic l:apt:S o photographic materals.
0 .

. Non-NBS publications pertinent to NBS records research

A few technical reports are included in 5 A

Only a fraction Of the researc y 6—7 has been l)lll)
. ) a h Sup ort d b
h ; ; p € NARS 196 8 =
Slled n the Open htera[ure, SO a llst Of teChnical leOI ts cover ing th t 1 d i
a pCrlO 1S
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included in 5 B. Most of these reports are available from the National Techni-
cal Information Services (NTIS), Springfield, Virginia 22151, US.A.

The references in 5.A through 5.D are listed in chronological order. The
references in 5.E are listed in order of their appearance in the text.

Most of these publications are out of print, but probably can be found in
large technical libraries. As the information in earlier publications is sum-
marized in this paper, and as research techniques and methods of evaluation
have changed over the years, the need to consult earlier papers is minimal.

Not every publication relevant to records reseach at NBS has been refer-

enced.

A. PuBLICATIONS FROM NBS ON STABILITY AND CONSERVATION OF PAPER

1. Rasch, Royal H.: 4 study of purtfied wood fibers as a paper making material. Research Paper No. 107.

h of the National Bureau of Standards (1929): 469-506.
Address at meeting June 9-12,

f Mechanical Engineers.
1930 Pacific Coast Section of

Journal of Rescarc
2. Scribner, B. W.: Permanence standards for printing and writing papers.

1930 before Printing Industries Division of American Society o
3. Scribner, B. W.: The deterioration of paper. Address October 11,
TAPPI, Portland, Oregon.
4. Wilkie, John B.: Laundyy winter damage. Research Paper No.
National Bureau of Standards 6 (1931): 593-602.
. Rasch, Royal H.: Accelerated aging test for paper. Research Pap
the National Burcau of Standards 7 (1931): 465-475.
Scribner, B. W.: Report of Bureau of Standards research on preservation of records.

(1931): 409-420.
7. Rasch, Royal H., Shaw, M. B. & Bicking
material. Research Paper No. 372, Journal o

(1931): 765-782.
8. Burton, John ().: Permanence studies of current commercial book papers. Research Paper No. 349.

Journal of Research of the National Burcau of Standards 7 (1931): 429-439.

9. Burton, John Q. & Rasch, R. H.: The determination of the Alpha cellulose content and copper number of
paper. Rescarch Paper No. 295. Journal of Research of the National Bureau of Standards 6
(1931): 603-619.

A. E. & Hicks, J. F. G.: Light sensitivity of rosin paper-sizing materials. Research Paper

h of the National Bureau of Standards 6 (1931): 819-827.

of storage conditions in libraries relative to the preservation

Publication No. 128, 1931.

by heating. Paper Trade Journal,

294, Journal of Research of the

or No. 352. Journal of Research of

w

Library Quarterly 1

. G. W.: Highly purified wood Sfibers as paper-making
f Research of the National Bureau of Standards 7

10. Kimberly,
No. 307. Journal of Researc

11. Kimberly, A. E. & Hicks, J. F. G.: A survey
of records. National Bureau of Standards Miscellaneous

. Rasch, R. H. & Stone, Gordon O.: Estimating stability of paper

95: 4 (1932): 28-30.
13. Kimberly, A. E.: Deteriorative effect of sulfur dioxide upon paper in an atmosphere of constant temperature
and humidity. Research Paper No. 407. Journal of Research of the National Bureau of Standards

8 (1932): 159-171. . .
of the deterioration of book papers in libraries. National

14. Kimberly, A. E. & Emley, A. E.: A study
Bureau of Standards Miscellaneous Publication No. 140, April 6, 1933.
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15.

16.

21.

22.

23.

24.

25.
26.
27.

28.

29.

30.
31.
32.
33.

34.
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Kimberly, A. E. & Eml ;
National Bureau of Stm ;y, Addélde L. A study of the remoual of sulfur dioxide from library air
Rasch R H._ Sh ;;1 Bards Miscellaneous Publication No. 142, October 17, 1933 .
s . .y aw, . B. & PR R . L] > .
stability of experimental papers made};:zrl: rtlj; :;.O’WNIA ; "I:d), of some factors influncing the strengik and
: erent sulphite pulps.
of Research of the National Bureau of Standards lpl l(elg';:f; ;{C;;amh Paper No. 574. Journal

. Rasch, R. H. & Scrib : 1
ner, B. W.: Comparison of natural aging of paper with accelerated aging by heating.

Research Paper No. 620. Jo
. . 11} .
127730 Journal of Research of the National Bureau of Standards 11 (1933):

Scribner, B W.: ! resery 11 pl records Natio a, ur a iscellaneous
rib y D. . ation Qf’l wsprint
. nal B eau of Stand rds M > ¢

. Kimberly, A. E. & Scribi
ner, B. W.: Summary report of Bureau of Standards research on preservation of

- .
records Nanonal Burcau of Standards Miscellancous Publication No 144 May 9, 1934
. ) » N

. Weber, C. G., Shaw, M. B
» M. B. & Back, E. A.: Effects of fumigants on paper. Journal of Research of

the National Bureau of Standards 15 (1935): 271275

Zimmerman, E. W., W
, E. W., Weber, C. G. ; .
T G. & Kimberly, A. E.: Relation of ink to the preservation of wrilten

records. RCSCalCh lapCI No. 779. ournal of Re rc
( ) J search of the Natl(mal Bureau of Sta“ddlds 14

Shaw, M. B., Bickin:

’ B g2, G.W. & O'Leary. M. } -

to the strengt i . Ys M. ). A study of the relati ;

Res ,e:g h and .\'tab'.l‘t) of experimental papers made from them. Rese M }:f ;"”“ propertes of lon T
earch of the National Bureau of Standards 14 (1935): 649—63(22 aper No. 794 Journalof

Shaw, M. B. & O Leal y M. , tudy o {4 er amponm s on the tabll"v of book Paﬂ‘ §

Research Paper No. 949
paocare! . Journal of Research of the National Bureau of Standards 17 (1936):

Kimberly, A. E. & Scri

, A. E. ibn :

et of e :ari :;lrW.. Summary report of National Bureau of Standards research on
o eau of Standards Miscellaneous Publication M 154, March
ScribAner, B. W.: Air treatmen: Sor
(April 1937).

Launer H. F.: Si Pl!ﬁ. 7 7
) N i ed delermmation 0, in o
l | m l (l f esin ﬁapﬂj and ﬁulﬂj’. Journal of RCS(’a rch of the

Launer s Ay !mﬂ ifie volumelrs, erminalion o, a a, a amma cellulose in pulﬂl and
f etric det ination f ﬂ {1 nd ( ]
a H. F S lifi d vol ! Alph s Bet R z etiulos

papers. Journal of Research of i
the National B 5

Laur.w.r, H‘. F Volumetric determination of Alph:-re::t:-fbmndards e 5%
containing sizing, filler, and other materials Jour ’l
dards 20 (1938): 87~95. ' netor®
Shaw, M. B. & O’Leary, M. J.: Effect
search Paper No. 1149, jou

. . 1
o Journal of Re

Launer, H. F.: Retention of : n 62
s . aluminum ion and h gen ion in pap Research Paper N
hydroge
Journal of Research of the National Bureau of Stand:;d; 23 (:;I:;g) ;6;—674 e 1%
: .

Launer, H. F.. Determination
s : of the pH value o
geslt;)arch (]);’ t‘l; National Bureau of Standard{;;p('lr;'b’;{)es;;;cgﬁpapﬂ No- 1205 Journal o
cribner, B. W.: 4 comparison of acceler ! : e
ated aging of r : i
{(:lr::: c;iR;sc;rch of the Natonay pre o OfgS{; :;t::dgagn( ;;:3:}91 )M:g;i aging for eight years.
CH. ara : 413.
1300. Journai of f:es’;:z{wfm:\ o ffthe p holochemistr) of sheet materials. Research P N
ol o R o .t € National Bureau of Standards 24 (1946 AR
o » B W.i The protection of documents with cellulos i
andards Miscellaneous Publication No. 168 1940 ¢ ootate

. . Lo
preservation of records in libraries. Refrigerating Engineering

» and Gamma-cellulose in pulps and in paper
esearch of the National Bureau of Stan-

s"f ﬁlll:'ng and sizing materials on stability of book Papers.Re-
earch of the National Bureau of Standards 21 (1938):

eeting. National Bureau of

35.

Journal of Research of the National Bureau o
36. Launer, H. F. & Wilson, W. K. Photochemical stability

Journal of Research of th
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Launer, H. F.: Reflection-transmission relationships in sheet materials. Research Paper No. 1430.
{ Standards 27 (1941): 429-442.

of papers. Research Paper No. 1517.
0 (1943): 55-74.

¢ National Bureau of Standards 3!
Effects of water vapor and oxygen in the

37. Launer, H. F. & Wilson, W. K.: The photochemistry of cellulose.
Chemical Society 71 {1949): 958-962.

39.

40.

41,

42.

43,

4.

45.

46.

47,

48.

49.

50.

31

52.

33.
54,

55.

56.

57.

58.

Jar and near ultraviolet regions.
38. Launer, H. F. & Wilson, W. K.: Preparing cuprammonium so

Journal of the American
{vent and cellulose solutions. Analytical

Chemistry 22 (1950): 445-458.
Wilson, W. K., Harvey, J. L. & Padgett, A. A
TAPPI 34 (1951): 410-415.

NBS Circular 505, Preservation of the Declaration of
States: A Report by the National Bureau of Standards to the Library of Congress, J uly 2, 1951.

Launer, H. F., Wilson, W. K. & Flynn, J- Hu Determination of glucose by means of sodium chlorite.

Journal of Research of the National Bureau of Standards 5] (1953): 237-245.

NBS Circular 538, Protective display lighting of historical documents: A Report by the National
Bureau of Standards to the Library of Congress, April 1, 1953.
| Bureau of Standards Report No.

Judd, D. B.: Radiation hazard of museum light sources, Nationa
2254, 1953.

Effect of Melamine resin on chemical tests of paper.

Independence and the Constitution of the United

groundwood papers. TAPPI 36 (1953):

Wilson, W. K. & Harvey, J. L.: Effect of light on coated
459-461.
Wilson, W. K.: Delermination of aldchyde in cellulose — A review of methods. TAPPI 38 (1935):
274-279.
hlorite with some aldoses and modified celluloses.

Wilson, W. K. & Padgett, A. A Reaction of sodium ¢
TAPPI 38 (1955): 292-300.
Wilson, W. K., Harvey, J. L., Mandel, John & Worksman,

papers compared with normal aging. TAPPI 38 (1955): 543-548. ' _
Flynn, ]. H., Wilson, W. K. & Morrow, W. L.: Degradation of cellulose in a vacuum with ultraviolet

light. Research Paper No. 2841. Journal of Research of the National Bureau of Standards 60

(1938): 229-233.
Flynn, J. H.: An equation for ¢alcu
solid polymers. Journal of Polymer Scienc
Wilson, W. K. & Forshee, B. W.: Degra
146-156.

Wilson, W. K. & Forshee, B. W. Preservation of documents by lamination. N
Standards Monograph No. 5, October 30, 1959. A
Flynn, J. H. & Smith, L. E: Comparative pH measurements on papers by waler extraction and glass
electrode spot tests. TAPPI 44 (1961): 223-227.

Wilson, W. K. & Mandel, John: Determination of carboxyl in cellulose,
Plity, K. F. & Toner, S. D.: A study of the fluorescence of cellulosic polymers.
Polymer Science 5 (1961): 534-538.

Toner, S. D. & Plitt, K. F.: Spectrophotofluorometri
(1962): 681-688.

Flynn, J. H. & Morrow, W. L.
A 2 (1964): 81-89.
Flynn, J. H. & Morrow,

Thelma: Accelerated aging of record

lating the number of chain scissions in the photochemical degradation of

e 27 (1958): 83-86.

dation of cellulose acetate films. SPE Journal 15 (1959):

ational Bureau of

TAPPI 44 (1961): 131-137.
Journal of Applied

¢ studies of degraded cotton cellulose. TAPPI 45

: Photolysis of cellulose in a vacuum. Journal of Polymer Science, Part

W, L.: Effects of dewteration and temperature upon the photolysis of cellulose tna

vacuum with 2537 A light, Journal of Polymer Science, Part A2 (1964): 91—103,
Hebert, R. L., Tryon, Max & Wilson, W. K.: Differential thermal analysis of some papers and

carbohydrate materials. TAPPL 52 (1969): 1183-1188.
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59. Luner, P.: Paper permanence. TAPPI 52 (1969): 796~805.

60. Wilson, W. K. & Hebert, R. L.: Evaluation of the stability of record papers TAPPI 52 (1969):
1523-1529.

61. Wilson, W. K.: Reflections on the stability of paper. Restaurator 1 (1969): 79-86.

62. Graminski, E. L.: The stress-strain behavior of accelerated and naturally aged papers. TAPPI 53 (1970):

406-410.

Wilson, W. K. Discussion of paper by Richard D. Smith, new approaches to preservation. Library

Quarterly 40 (1970): 171-175,

64. Wilson, W. K.: Record papers and their preservation. Chemistry (Wash.) 43, 3 (1970): 8-12.

65. Parks, E. J.. Thermal analysis of modified cellulose. TAPPI 54 (1971): 537-544,

66. Wilson, W. K. & Gear, J. L.: Care of books, doecuments, prints, and films. National Bureau of
Standards Consumer Series No. 5, December 197].

67. Parks, E. J. & Hebert, R. L.: Thermal analysis of ion exchange reaction products of wood pulps with
calcium and aluminum cations. TAPPY 55 (1972): 1510-1514.

68. Wilson, W. K. & Hebert, R. L.: Evaluation of the stability of manifold papers. TAPPI 55 (1972):
1103-1107.

69. Wilson, W. K.: Test methods for determining the ¢ffect of various treatments on paper, in Conservation
and Restoration of Pictorial Art, Pp- 210-219. Edited by Brommelle and Smith, Butterworths,
London 1976. Papers presented at 1IC meeting in Lisbon, October 1972.

70. Graminski, E. L., Parks, E.J. & Toth, E. E.: The effects of temperature and moisture on the accelerated
aging of paper. American Chemical Society Monograph Series No. 95, Durability of Mac-
romolecular Materials. R. K., Eby, Editor, 1980, 341-355.

71. Wilson, W. K, & Parks, E. J.: 4n analysis of the aging of paper: passible reactions and their effects on
measureable praperties, Restaurator 3 (1979): 3761,

72. Wilson, W. K. & Parks, E. J.: Comparison of accelerated aging of book papers in 1937 with 36 years
natural aging. Restaurator 4 (1980): 1-55.

_—

63.

o

B. TECHNICAL REPORTS ON STABILITY AND GONSERVATION OF PAPER SUBMITTED
TO0 NARS 1966-1978

1. Dahl, S.: The yellowing of paper. National Bureau of Standards Report No. 9659, December 15,
1967.

2. Dahl, S.: The effect of laboratory aging on the reactivity of papers with blue tetrazolium. National Bureau
of Standards Report No. 9675, January 29, 1968.

3. Dahl, S.: The reaction of alum with paper pulps. National Bureau of Standards Report No. 9847,
May 24, 1968.

4. Hebert, R. L., Tryon, Max & Wilson, W, K. Differential thermal analysis of some papers and
carbohydrate materials. National Bureau of Standards Report No. 9939, November 1, 1968. (Pub-
lished in TAPPI, ref, A-58).

5. Graminski, E. L.: The stress-sirain behavior of laboratory and naturally aged papers. National Burcau of
Standards Report No. 9940, November 1, 1968. (Published in TAPPI, ref. A-62).

6. Wilson, W. K. & Hebert, R. L.: Evaluation of the stability of record papers. National Bureau of
Standards Report No. 9941, November 1, 1968. (Published in TAPPI, ref. A-60).

7. Wilson, W. K. & Hebert, R. L.: Evaluation of the stability of manifold papers. National Bureau of
Standards Report No. 9959, December 2, 1968. (Published in TAPPI, ref. A-68).
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ards Report No.

®

Parks, E. J.: Thermal analysis of modified cellulose. National Bureau of Stand
10-113, October 27, 1969. (Published in TAPPI, ref. A-65). s
9. Dah, S.: The reaction of alum with cation exchange cellulose. National Bure:

No. 10~154, January 23, 1970. .
10. Dany,s . Evaluation of condition of manifold papers tn file. Nationa
10-429, June 7, 1971,
1. Wilson, W. K.: Interim specifications for manfold papers Jor

Standards Report No. 10-518, June 30, 1971. o o
2. Parks B §., Hp:')bert, R. L. & Coughenour, Katherine N:: Thermal analysis of t:'n ::;h«;:cg;;‘:e:c I‘;o‘
Products of wood pulps with calcium and aluminum catsons. National Bureau of Standa
i i i . A-67). .
10-590, April 23, 1971, (Published in TAPPI, ref. A . - widin, fiber
3. Parks, E. J. & Hebert, R. L.: Accelerated aging of laboratory kaudt(l;e_‘tsl;‘,ch;:f:; t;cr o )lg{] !
strength, and et strength. National Bureau of Scandards Report No. | : mu,im g xlurance,
4. Parks, E. J. & Hebert, R. L.: Accelerated aging of laboratory handsheets: re

i ds Report No.
internal tear, bursting strength, and tensile strength. National Bureau of Standards Repo

10-628, December 1, 1971. o ‘ © modalas
15. Parks, E.}. & Hebert, R. L.: Accelerated oging of laboratory handsheets: M;um]re nga;n, ;:::::uary v

and differential thermal analysis. National Burcau of Standards Report No. 10-687,

Pk {fication r storage
16. Parks, E. J., Hebert, R. L. & Limparis, G. H.: Development of.witf . fb{:;{'lltﬁ;gi;';ﬁ g

of permanent records, National Bureau of Standards 'llfpor‘t No. afo-s: _,‘fw e pers
17. Parks, E.J., Hebert, R. L. & Limparis, G. H.: Develot of;lpe / orey 1. 1972,

Jor permanent records. National Bureau of Standards Rcyoﬂ o. 0-344', O e i i
18. Parks, E. J. & Wilson, W. K.: Evaluation of archival stability of copies from repr

. 74-498(R), April 30, 1974.
machines. National Bureau of Standards Report f::‘g q/ (: p),,m'bk 30, VT8 i offcts o

19. Wilson, W. K. & Parks, E. J.: An analysis of the 4 posible s and bl i o
measurable properties. National Burcau of Standards Report No. .

\ AT ; ! ith 36 years
20 :;i::'::‘)r‘:v refK A& P)arks E. J.: Comparison of accelerated aging of book pa:ml:; 1123774 w(zpub' ii:, "
natural f;ging-. N.azional Bureau of Standards Report No. 74-632, December 15, .

in Restaurator, ref. A-72). tovminations: contact belween paper
; { extract pH deter
21. Parks, E. J. & Hebert, R. L.: A source of error md::f;: Report No. 75-915, January 31, 1976.

de. National Bureau of Stan , .
2 g:{a:‘fi::':i' g“:’ Parks, E. ]. & Toth, E. E.0 The ¢ffects of temperan;n ;;d m;m;;;; ;n e
: y Lo Loy s Koo Jo o ‘
aging of paper. National Bureau of Standards Report No. 76-1443, Mar

au of Standards Report
1 Bureau of Standards Report No.

permanent records. N ational Bureau of

ATERIALS
C. PUBLICATIONS AND TECHNICAL REPORTS ON PHOTOGRAPHIC M

: deciphering charred
1. Davis, Raymond: Action of charred paper on the plwtographzc plate and a method of deciphering

Mﬂldj Bureau of Standalds Scie ﬂ‘ peu S454 9 : 445,

ien fic Fa (l 22). ' ) ) )
W ' C i : f 7 ! f . lo
4 CbCl, .G. & lh“, l. R‘. Care o ﬁlﬂuhd(‘ M molton plclun iims in Ilb'ﬂm! ’ourna {

: 760.
i u of Standards 17 (1936): 753-' ‘
3 f;;lc}“: o&r (xc::mcmcl: 'B;::;ilily of motion picture films as determined by accelerated aging, Journal
" of Rescar ationa 36): 871-881.
ional Burcau of Standards 17 (19 .
4 :{.:c‘; c:c; o\:nV[chk:crN :J“oga' [Evaluation of motion picture  film for permanent records. National Bureau
" 1, §. X y L Wl

of Standards Miscellaneous Publication M158, July 16, 1937.
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5. Gibson, J. E. & Weber, C. G.: The evaluation of motion-picture films by semi-micro testing. Journat of

Documentary Reproduction | (No. 3, 1938): 282-288.
6. Sookne, A. M. & Weber, C. G.: Stability of the viscose type of ozaphane phatographic film. Jou
Research of the National Bureau of Standards 21 (1938): 347-353.
7. Scribner, B. W.: Summary Report of Research at the Nationat Bureau of Stand
stability and preservation of records on photographic film. National Bureau of Standards Miscellaneous
Publication No. 162, 1939,
8. Pope, C. L.: Formation of silver sulfide in the photographic image during fixation. Journal of Research of
the National Bureau of Standards 64C (1960): 65.
9. Pope, C. 1.: Stability of residual thiosulfate in processed micrafilm. Journal of Research of the National
Bureau of Standards 67C (1963): 15.
10. Pope, C. L.: Delermination of residual thiasulfate in processed film. Journal of Research of the Natio-
nal Bureau of Standards 67C (1963): 237.
1. McCamy, C. S.: Inspection of processed photographic vecord films for aging blemishes. National Bureau
of Standards Handbook 96, January 24, 1964.
12. McCamy, C. S. & Pope, C. 1.: Summary of current research on archival microfilm. National Bureau of
Standards Technical Note 261, April 16, 1965.
13. McCamy, C. S. & Pope, C. L. Current Research an preservation of archival records on silver-gelatin Ope
microfilm in roll form. Journal of Research of the National Bureau of Standards 69A (1965):
385-395.
14. McCamy, C. S.: Photographic standardization and research at the National Bureay of Standards. Applied
Optics 6 {1967): 27. ]
15. McCamy, C. S. & Pope, C. L: The stability of silver-gelatin smages. Bericht iiber den Zweite
Internationalen Kongress fiir Reprographie, Kéln 25-31 Oktober, 1967, Verlag Dr. Othmar
Helwich, Darmstadt und Wien, 1969.
16. Pope, C. 1.: Blemish formation in processed microfilm. Journal of Rescarch of the National Bureau of
Standards 72A (1968): 251-259.

17. McCamy, C. S., Witey, 5. R. & Speckman, J. A.: A survey of blemishes on processed microftlm.
Journal of Research of the National Bureau of Standards 73A (1969): 79-98.

18. Pope, C. L.: A simplified method for determining residual thiosulfate in processed microfilm. Photographic
Science and Engineering 13 (1969): 278.

19. Pope, C. 1. Blemish formation in processed microfilm 11. Journal of Research of the National Burcau
of Standards 74A {1979): 31-36.

20. McCamy, C. S. & Pope, C. L: Redox blemishes — their cause and prevention. Journal of Micro-
graphics 3 (1970): 163.

21. Pope, C. L: A new method of determining residual thiosulfate in processed photographic film. Journal of
Research of the National Bureau of Standards 75C (1971): 19.

rnal of

ards on the

D. TECHNICAL REPORT ON MAGNETIC TAPE

1. Parks, E. J.: Development of methods for evaluating the stability of magnetic tape. National Bureau of
Standards Report No. 9934, issued October 4, 1968,
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E NON-NBS rererences

1. Navional Conseyvation Advisory Council, Conservation
1976, p. 31 Project sponsared by the National Museum
Institution, Washington, D. C.

g. ;::P I* Method T 428: Hot waler extractible ocidity of paper.

. PU Mcthod T 453: Heat test_for relative stabilily of paprr.

‘ Cochrane, R. (- Mowur, Jor Pm‘{r ess: A History of the National Buveay of Standards. U.S. Depart-
ment of Commerce 1966, p. 541.

5 Wall, L. A g& Flynn, J. H.: Degradation of pohymers.
(1962); 1157~1221. don, 1936

8. Grassie, N : The Chemistry of High Palymer Degradation Processes. B\uttcrworths, Lon ;J;:;,} .
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6. SUMMARIES

Historical Survey of Research at the National Bureau of Standards on Materials for
Archival Records

Records at the National Bureau of Standards (NBS) show that interest in the stability of paper as a
.research area surfac.ed there about 1925. Work began about 1928 and this later was cxpanded to
mclude. photographic materials as well as polymeric materials of interest in the rotfuction or
prot.ectxon of r?cords. Most of this research has been funded by government agenczzs (especially
Nauonal Archives and Records Service (NARS)), by archival and library organizations and by
industry, through trade organizations. With the exception of work in Sweden, which was of consid-
erable help to NBS, little research on the stability of records was in pro, rcs,s elsewhere
Research at NBS on stability of record materials has resulted in the fgllowing: ‘

(;) Dcvclopment. o.f two procedures for the accelerated aging of paper.
(3) l;roof that acndlt)" in paper is the principal cause of degradation.
(3) Proof tha.t a calcium carbonate filler contributes to the stability of paper
(4) Information on condition of books in libraries. .
(5 Spccxﬁcat.ions for paper for permanent records.
(6) Informatfon on the effects of fumigants on paper.
(7) Information on the effect of sulfur dioxide on paper.
8) A methoc.l for removal of sulphur dioxide from library air.
(9) Informat{on on lamination of paper with cellulose acetate film
(10) Information on stability of microfilm. .
(11) Information on the effect of light on paper
(12) Information on the nature and jon of mi
| prevention of i i
(15) Data showing tha miCrospots in processed microfilm.
(a) Degradation appears to be a function of moisture content.
(b) Degradation is affected by aluminum.
{c) Degradation is partly oxidative.
(d) Although there is a good correlation between natural aging and dry accelerated aging at

100 C, it appears that an € i roceaur Ve some moisture in the
accelerated aging proc dure sh i i

X ould ha (A 0)

aging atmospherc.

NBS ha's made tv'vo comparisons of natural aging with dry accelerated aging. The first study was
started in 1928 with 3 group of commercial papers, and the lst tess were made 26 years late. AS
the ?mp'les did not cover a broad spectrum of variables recognized today to bcy?::s :t:n't to
Stéblhty’ it was concluded only that there was a “fair” correlation between ac);elcrate(; a::‘ch natural
aging. The second study was made with a group of papers made in 1936 in the NBS experimental
paper mill and tested 36 years later. It was concluded that pH, alpha celtulose, coPPerem;:mber e
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tearing strength after accelerated aging at 100°C for 72 h were reasonable indicators of stability.

When those data are compared with data from accelerated aging of handsheets at 90°C, and 0%

and 50% R.H., it appears that an accelerated aging atmosphere should contain some moisture.
A systematic study of the aging of handsheets at several temperatures and relative humidities

indicated that degradation is a function of moisture content. It was found that the metal on the

carboxyls was important to stability, and that aluminum was especially detrimental. As the wet

strength increased during aging, it appears that crosslinking occurs. There is a pronounced de-

crease in moisture regain during moist aging, but only a slight decrease during dry aging. This
decrease during moist aging is interpreted as an increase in crystallinity. From the extensive data
generated on accelerated aging, it was concluded that aging at 90°C and 25% R.H. would best

correlate with natural aging in a temperate zone. This procedure is in the process of becoming an

ISO method.

Fifty years ago rag papers enjoyed a superior
opinion is retained to this day. NBS was able to
pulp had excellent strength propertics. It is now
broad spectrum of stability and durability, and it be
market place.

In the thirties NBS showed that inks made from ammoniu
cause instability in paper. As fountain pens are almost obsolete,
ballpoint, this information is of little value today. A study of the permanence of writing made with
baltpoint pens has not been made by NBS.

NBS improved many of the analytical methods for evaluation of cellulo
alkali solubility and reducing power.

NBS made many studies of environment

reputation for durability and permanence, and this
show that papers made from highly purified wood
known that both rag and wood pulp papers cover a
comes a matter of proper selection in the

m ammoniumoxyferrigallate did not
due to the widespread use of the

se and paper, such as pH,

al factors of importance to preservation, such as light,
temperature, relative humidity and atmospheric contaminants. A study of the condition of books in
libraries showed that the condition of the holdings was partly a function of air pollution. It was
shown that an alkaline wash removed most of the sulfur dioxide from library air. A study of the
effect of light, similar in spectral distribution to that passing through a window, showed that (1)
papers usually are bleached during irradiation, (2) the principal reaction is photo-oxidation, and
(3) a post irradiation effect occurs in which paper darkens during storage in the dark after irradia-

tion.
Thermal analysis (differential th
was used successfully as a screening procedure

ermal analysis (DTA) and thermogravimetric analysis (TGA))
for the relative stability of various cellulose modifi-
cations. The importance to stability of the metal salt form of the cellulose carboxyls was developed
using thermal techniques. DTA might be useful as a quick accelerated aging method, but in-
strumentation is changing so rapidly that the probability of the development of a standard method
is rather small.

The most important NBS work on preservation and restoration has been on lamination,

deacidification, preservation of the United States Constitution and Declaration of Independence,

and the development of guidelines for storage of records in cornerstoncs. In developing specifica-
it was shown that the selection

tions for an archival laminating fiim of plasticized cellulose acetate,
of plasticizers was crucial to stability, and that the film should contain an antioxidant, an ul-
traviolet absorber and an acid acceptor. Loss of plasticizer did not lead to embrittlement of the film.

Deacidification enhances the stability of paper and, as comparatively high temperatures are
ble to laminate without deacidification.

reached in laminating presses, it is not advisa
Based on work done in the thirties, NBS concluded that microfilm was suitable for permanent

records, and in the sixties recommendations were made, based on extensive laboratory work, for

the prevention of formation of microspots in microfilm.
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o ,:tl;:;:;tihotfh;;vgonr:li\:atsag:t;:;c::,\:;oe;(:gh to lead to standards, an approach to the estimation
Go\f:/clrt:n::;:esc:a;(;::g:izrds, NBS developed the information for writing (1) the present U.S.
o Standar;sF;Z:li:f,?:lol;czrd papers,- (2)A four ASTM standards for permanent
e e cetate laminating film and (4) several ANSI standards
NB.S presently is studying the stability of polyester il i i i igni
i:::;::;lins;:)::::ﬁzrno;idurc for cval'lx'f\ti()nlz?f );hc conc;]til:: tol: ::::-rmr:‘:zf:: l::x [;p/:i((:s;gr::n::
o by NARS cessary to writing guidelines for storage of records. All of these projects are
imlot :; :odr:/l:lt(l);i\ tehnatt (:?Zl\::(ril; r(;fs r:}slearc};‘ laboratories shauld be channeled as much as possible
possble technine. o Aoniard onersoutia‘awsitlalmt‘iards organization. Also, we need to examine
reactions that occur during the aging 0;' record mi:::i:lss.a peer mdesanding of the sl

A N
pergt historigque .des recherches effectuees au National Bureau of Standards sur les
materiaux des registres et des archives

Les archives d i
4 u National N ; Q
recherche oomeorog 1o l:‘ll:(“au of Standards (NBS) montreat Vintérét porté au domaine de
débuté aux environs d ::;“281 € du papier qui remonte 4 I'année 1925 environ. Les travaux ont
e et ce domaine s’est é H .
R étendu aux matéri h i
polyméres offrant un intéré . riaux photographiques et aux
s recheothen o ntérét dans la production ou la protection d’archives. Une part importante de
es a été financé A B antede
and Record Services (NX;:; Paldr des organismes gouvernementaux (notamment National Archives
par Iindustrie par I'int ;) : € m,fml‘ q!fc par des organisations d’archives et de bibliothéques ot
o Sutd ] ntermédiaire d’organisations commerciales. A I'exception de travaux eflectud
g € representant un apport considé ' o
nsidérable pour le NBS, r étai
effectué . i~ 3, rares étaient les travaux de recherche
§ tués par ailleurs sur la stabilité des documents et des archives de recherch
es recherches du NB : ilité - :
- S sur la stabilité des matériaux d’archive : i X
suivants: s ont conduit aux résultats

I . .
2) [l:/:w;rau point de deux processus de vieillissement accéléré du papier
! };r:u‘::s(::];nftrdtcdl,cﬂc( (::e Iacidité du papier comme cause principale de dégradation

cllet d'une charge de carbonate de calcium i . .

‘ ! C t A 14 P lite g M

4) Informations sur Vétat des livres entreposés en hiblio(hé::cs“buam o sl d papie
: .
6) Informations sur effet des fumigations sur le papier
7) Informations sur l'effet de I'anhydride sulfureux sur e papier
8 Mc:hodc.d élimination de "anhydride sulfureux de I'air des bibliothéques
9) lnformatfons sur le laminage du papier 2 I'aide d’un film d’acétate de ¢ ll. |
10) Informations sur la stabilité des microfilms. l C e
11) Informations sur I'effet de la lumiére sur le papier

12

— =

Spécificati . -
pécifications du papier servant i I'établissement de registres permanents

=

=

Informations sur i
‘ ns sur la na'ture et la protection contre les micro-taches apparaissant sur les cliché
de microfilms reproduits. rles chiches §

13} Données prouvant que
a) La dégradation semble étre fonction du taux d’humidité

b) La dégradation est influencée par ’aluminium.

~
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) Les phénomines de dégradation sont partiellement oxydatifs.
d) Mémesile degré de corrélation entre le vicillissement natural et le vieillissement accéléré a
sec A 100°C est élévé, il semble qu'un processus accéléré de vieillissement devrait faire

intervenir une certaine quantité d’cau dans 'atmosphére ambiante servant au vieillisse-

ment.

NBS a procédé aux comparaisons du vicillissement natural et du vieillissement accéléré a sec. Les
premiéres études ont é1é entreprises en 1928 et portent sur une série de papiers de type commercial,

les dernieres mesures ayant été effectuées 26 ans aprés. Du fait que les ¢échantillons ne couvraient
Pas une gamme importante de facteurs dont 'importance sur la stabilité est reconnue a 'heure
actuelle, on conclut simplement que la corrélation entre le vieillissement accéléré et le vieillissement

naturel était »valable. Les deuxiémes études entreprises portérent sur une série de papiers produ-
its en 1936 4 la papeteric expérimentale du NBS et testés a P'issue d’une période de 36 ans. Il a été
conclu que le pH, la tencur en cellulose alfa, le taux de cuivre et la résistance a la déchirure aprés
un vieillissement accéléré 3 100°C: pendant 72 heures représentaient des indicateurs raisonnables de

stabilité, Lorsque ces données sont comparées aux résultats de vieillissement accéléré de feuillets
des humidités relatives de 0% et 50%, il semble que

céléré devrait contenir une certaine humidité.
Une étude systématique du vieillissement des feuillets A des températures et des humidités

relatives diverses a indiqué que la dégradation est fonction de la teneur en eau. Il est prouvé que la
es carboxyliques joue un rdle important sur la stabilité et que

Faluminium exerce un effet spécialement préjudiciable. Du fait que la résistance 4 I'état humide
des liaisons transversales s'éstablissent. Une perte notable du
me paramé-

soumis 4 une température de 90°C et @
\ A o rane
Patmosphére servant au vicillissement ac

présence de minéraux sur les group

s‘aceroit durant le vieillissement,
degré de réhydratation a licu durant le vieillissement en phase humide alors que ce mé

tre est modéré durant le vieillissement a sec; la chute notée durant le vicillissement en environne-
tée comme une augmentation de la tendance a la formation de cristaux.

Les données nombreuses acquises sur le vieillissement accéléré ont permis de conclure que le
95% d’humidité relative aurait le meilleur degré de corrélation avec le
tempérée. Cette procédure est sur le point d’étre adoptée comme

ment humide est interpré

vicillissement a 90°C et A
vicillissement naturel en zone

méthod 1SO).
Il 'y a cinquante ans, les papiers de chiffons jouissaient d’une réputation de durabilité et de
stabilité¢ supéricure et cette opinion persiste de nos jours. NBS a pu démontrer que les papiers
s caractéristiques excellentes de

produits a base de pulpe de bois hautement purifi¢e présentaient de¢
a base de chiffons et de pulpe de bois

résistance. A Pheure actuelle, nous savons que les papiers
que le probléme consiste a procéder &

couvrent une gamme étendue de stabilité et de durabilité et
une sélection adéquate sur le marché.

Durant les années 30, NBS a prouvé que le
um-oxy-ferrique ne causent pas d’instabilité du papi
graphes et de Putilisation éendue des stylos A bille, cette in
valeur réduite. Une étude portant sur la stabilité des écritures au stylo a

par le NBS.
NBS a amélioré de nombreuses méthodes analytiques d'évaluation de la cellulose et du papier,
telles que le pH, la solubilité aux alcalins et le pouvoir réducteur.
NBS a procédé & de nombreuses études des facteurs de 'environnement présentant une impor-
tance pour la préservation, tels que la lumiére, la température, "humidité relative et les polluants
es livres dans les bibliothéques a prouvé que I'état des stocks

atmosphériques. Une étude de I'état d
0 ’_r P4 ra ¥ .
dépendait en partic de la pollution atmosphérique. I1 a été prouve quun nettoyage alcalin permet-

tait d'é¢liminer la quasi-totalité de I'anhydride sulfureux de I"air des bibliothéques. Une étude de

s encres & base de gallate d’ammonium/ammoni-
er. Du fait de la quasi-disparition des stylo-
formation présente aujourd’hui une
bille n’a pas été effectué
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Peffet de la lumiere, 4 ré
miére, a répartiti
les papiers sont s lP mon‘spectrale analogue 3 la lumiére d’une fené 3 A
ormalement décolorés par Iirradiati ¢ fenétre, a démontré que (1)
ion,

photo-oxydation, ( (2) la réaction principale est du type

3) un effet post-irradiatif s°
dulrfnt lle stockage dans pobscﬁi:é“::f;:ti:_ : :i);etli*zz conduisant A un assombrissement du papier
analyse thermique (an e
(ATG)) a permis dci précéiisz ::irml()dlfrerm.ne“e (ATD) et analyse thermogravimétrique
modifications de fa cellulose. L’impor classification valable de la stabilité relative des diverses
des groupes carboxyliques de la Cp”'ilmce de»la} stabilité des dérivés sous forme de sels minéraux
L’ATD peut s’avérer utile comme r;é:lhoj : etff ré_\'élée en utilisant des techniques thermiques.
mentation se développe si rapidement ode de Vlenlhis%emem accéléré, mais le domaine de instru-
estLrelativemcm faible. que fa probabilité de mise au point d’une méthode standard
< travaux les plus importants du N
laminage PR, u NBS sur la pré i
la Déclir;lt?o:ezav;;c:;g;:;:;’:r’lla préservation/ consefv:tsii)rr\: Z::';;C‘ul;::;a;; 2]“""2‘ - 'por’té Surdlc
types de stockage des docum e« des Etats-Unis et le développement de mé o “f"s“"“"f’“ des
films de laminage d’archi ‘Ems dans des écoingons. Lors de la mj ‘ m'CthOdS md‘]ca""ccs -
plastifiants étaj L 1ves & base d’acétate de cellulose plast rrm.se yau point de spécifications des
alt un élément crucial de stabilité et que l: lt)'laSt:iﬁe) i estavéré que a sélecion ¢
ilm devait contenir un anti-oxydant, un

produit absorban
t dans P'ultravi
aviolet et 3
’a pas conduit 3 . un systéme ré .
duit & un accroissement de fragilité du ﬁ[eCC;Lleur d’acidité. La perte du film protecteur
m. L.a

papier et du fait bxacid: .
que des températures assez élevées désacidification accroit la stabilité, d’un
sont o

b i i
tenues dans les presses de laminage, il

et, duran i
’ t les années 60, des recommandations ont

>

été faites basé
asces sur des t
ravaux de lab i
oOratoire impor
tants tendant A préveni i
prévenir la formation de

mlfcir.otaches sur les microfilms
len que les tra jent,
vaux n’aient été

e les rav 1ent pas été suffisamm é

Dans le dfstl"'{atlon préliminaire de la stabjl s banes magattigues 5 6 ioe ot
g omaine des normes, NBS 5 mi
o ecn'ture: (1) 1a norme actuell o

enregistrement permanent (2)

)

ité dCS ba P
u point | .ndes magnétiques a été mise au point.
es : ; . .
e du gouvernement d informations nécessaires dans le domaine
es Etats-Unis concernant les papiers a effet

quatre normes ASTM
S M . .
ur les papiers i effet d’enregistrement

( )

» 1

t, (3 ) 1lul t (4) dive

permanen normes s app iquant a un hlm lamme d acéta(e de cellu 0se ¢ ( ) ¢ ’

A T’heure actuelle
. ) NBS procéd s P2
e a étude de la stabilité du film polyester utilisé¢ dans | bandes
d ans les bande

édure d’étud ..
€ s
. Le NBS met atah'suun permettant 'évaluation de létat des
u : .
a suivre lors d ssi au point les informations nécessaires afin
u stockage de documents. I.’enscmble de ces

docu’m.ents a base de papier ay NARS
de Tedlger les indications principal
projects est financé par le NAR;) N
El:l conclusion, les travaux de; lab:
possible vers la mise au point de n .
La nécessité d’examiner des techn(;":e
confére une meilleure compréhensiq ;
ment des matériaux d’enregistreme(::

oratoires

sparl’inti;;ci:;l:g? devraien't &tre orientés autant que

s potentielles ou de co “ne organisation traitant des normes:

des réaction 3 I'¢ nc.c"o" des techniques nouvelles nous
état solide se déroulant durant le vieillisse:
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Historischer iiberblik iiber die Forschungstitigheit des » National Bureau of Standards«

in verbindung mit stoffen fiir Archivaufzeichnungen

zeigen, dass das Interesse an der Stabilitit von
a im Jahre 1925 auftauchte. Die Arbeit begann etwa 1928 und
Materialien, die bei der Herstellung oder fiir den
¢ Teil der hiermit verbundenen For-
(vor allem soll hier der »National
n Archiv-

Akten des »National Bureau of Standards« (NBS)
Papier als Forschungsgebiet hier etw.
umfasste spiter auch fotografische und polymere
Schutz von Aufzeichnungen von Interesse sind. Der grosst
schungsarbeiten wurde von staatlichen Behorden getragen
Archives and Records Service« (NARS genannt sein). Des weiteren wurde die Arbeit vo
u.nd Bibliotheksorganisationen sowie der Industrie gestiitzt. Mit der Ausnahme von Schweden, wo
die Forschungstitigkeit auf diesem Gebiet eine bedeutende Unterstiitzung fur NBS darstellte,
wurde in anderen Lindern der Erforschung der Stabilitit von Aufzeichnungen kaum Bedeutung

beigemessen.
Die Forschung des NBS auf dem Ge
Ergebnissen gefiihrt:

biet der Stabilitdt von Archivmaterialien hat zu folgenden

Alterung von Papier.
ursache fiir den Qualititsabbau ist.
Stabilitat von Papier beitragt.

1) Entwicklung von zwei Verfahren zur beschleunigten
2) Beweiserbringung, dass die Sdure in Papier die Haupt
3) Beweiserbringung, dass ein Kalziumkarbonat-Fﬁllstoﬂ' zur
4) Informationen iiber den Zustand von Biichern in Bibliotheken.

5) Papierspezifikationen fir bleibende Aufzeichnungen.

6) Informationen iiber die Einfliisse von Desinfektionsmitteln auf Papier.
7) Information iiber die Einfliisse von Schwefeldioxid auf Papier.

8) Entwicklung einer Methode zur Beseitigung von Schwefeldioxid aus der Luft in Bibliotheken.
9) Informationen iiber die Beschichtung von Papier mit einer Zelluloseazetat-Schicht.

10) Informationen iiber dic Stabilitdt von Mikrofilmen.
11) Informationen iiber die Auswirkungen von Licht auf
12) Informationen iiber die Beschaffenheit und Verhiitung von

krofilmen.

Daten, die beweisen, dass

a) Qualititsabbau eine Folge von

b) Qualititsabbau von Aluminium beeinflusst

¢) Qualititsabbau teilweise oxidativ ist.

d) Obgleich zwischen natiirlicher und trockener beschleunigter Alterung bie 100°C eine gute
Korrelation besteht, erscheint das Vorhandensein von etwas Feuchtigkeit in der Alterungs-

atmosphire angebracht.

~ <z
~— = >

Papier.
Mikroflecken in entwickelten Mi-

13

~

Feuchtigkeitsgehalt ist,
wird,

rockener beschleunigter Alterung zwei Vergleiche durchge-
hre 1928 mit einer Reihe handelsiiblicher Papiere
begonnen, die letzte ossen. Da die Muster nicht das breite Spek-
trum an Variablen umfassten, die heute fir die Stabilitit als wesentlich bekannt sind, wurde
lediglich die Schlussfolgerung gezogen, dass zwischen beschleunigter und natiirlicher Alterung
»eine Beziehung« besteht. Die zweite Untersuchung umfasste eine Reihe von Papierqualititen, die
1936 in der Versuchs-Papierfabrik des NBS hergestellt und 36 Jahre spiter getestet wurden. Aus
s warde die Schlussfolgerung gezogen, dass pH, Alfazellulose, Kupferzahl und Zer-
erung unter den Bedingungen 100°C und 72 Stunden akzep-
d. Werden diese Daten mit Daten vergleichen, die sich aus
bei 90°C sowie 0% und 50% relativer Feuchtigkeit erge-

NBS hat zwischen natiirlicher und t

fihrt. Die erste Untersuchung wurde im Ja
n Tests 26 Jahre spéter abgeschl

diesen Test
reissfestigkeit nach beschleunigter Alt
table Indikatoren fiir die Stabilitat sin
der beschieunigten Alterung von Bogen
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ben, so kan daraus gefolgert werden, dass eine beschleunigte Alterungsatmosphire ctwas Feuch-
tigkeit enthlaten sollte.

Eine systematische Untersuchung der Alterung von Papierbigen bei verschicdenen Temperatu-
ren und relativer Feuchtigkeit zeigte, dass der Qualititsabbau eine Folge des Feuchtigkeitsgehaltes
ist. Es wurde festgestellt, dass das Metall der Carboxyle ausschlaggebend fiir dic Stabilitit ist,
wobei sich Aluminium als besonders schidlich erwies. Da die Nassfestigkeit wihrend der Alterung
zunahm, kann hieraus die Bildung von Querverbindungen gefolgert werden. Bei feuchter Alterung
ist eine ausgeprigte Reduzierung der Feuchtigkeitswiedergewinnung zu konstaticren, wihrend bei
der trockenen Alterung nur eine geringe Reduzierung festgestellt werden kann. Die bei der feuchten
Alterung festgestellte Reduzierung wird durch die steigende Kristallisierung erklirt. Aus dem
umfangreichen Datenmaterial, das aus der beschleunigten Alterung gewonnen wurde, ist die
Schlussfolgerung gezongen worden, dass eine Alterung bei 90°C und 25% relativer Feuchtigkeitam
besten der natiirlichen Alterung in einer gemissigten Zone entsprechen. Dieses Verfahren ist im
Begriff, sich als ISO-Methode zu entwickeln,

Vor 50 Jahren genoss Hadernpapier wegen seiner Haltbarkeit und Bestindigkeit das hochste
Anse‘h.cn; diese Ansicht besteht auch heute noch. NBS konnte beweisen, dass Papicr, das aus vollig
gereinigter Holzmasse hergestellt wird, {iber eine ausgezeichnete Festigkeit vcrﬁ'xg‘t. Es is t jetzt
bekannt, dass sowohl Hadern- als auch Holzmassepapier iiber eine gute Stabilitit und Haltba;kci(
verfigen. Die. jeweils vorzuziehenden Eigenschaften sind vom Verbraucher genau zu wihlen.

ln.qef\ dreissiger Jahren bewies NBS, dass Tinte aus Ammonium Ammoniumoxyferrigallat dic
Stabllnaf V()I.l Papier nicht negativ becinflusst. Da Fiillfederhalter jedoch kaum noch verwendet
w.erden, ist diese Tatsache heute von wenig Wert. NBS hat die Stabilitit der Kugelschreiberschrift
nicht untersucht. Relscrabert
dal\\j(ﬁlssz;:r: 1;: d:';]:;i‘g::;::: '1:4(‘“:10‘::“ o Bt.?w‘crtu.ng von Zellulose und Papier verbessert,

NBS hat viele‘ Untersuchungeil ﬁl:)r:rr Ueduzll:r&h‘gke“ Benannt Wl‘rd(‘h‘-

Bedcutung sind, so z.B. licht, Te : mee }Jngsfakt()rf-ll ifngestcllt, die fir den Schutz v“"‘
gung, Eine Um;rSUChun ) , ’ mperatur, rcla}we Ft.?uchtlgkelt und atmosphirische Verunreini-
iiesténde ek v o LS fCS usténfics der Bl{che.r in Bibliotheken zeigte, dass der Zustand der
Wiische den sriwsten T lfl“(';run‘rﬂmgung al?hanglg war. Es wurde bewiesen, dass ein alkalische
Um”smhunggd" Einw.ﬂk es Schw?feldl()xldf aus der Bibliotheksluft entfernen konnte. Eine
durch das Fenster eint 't“’ ne von Licht, da.s " der spektralen Verteilung dem dhnlich ist, das
(2) die hauplsichlichcr;é:f::f:s ESIJ'PC::‘SS ?apf" n der chcl W:Qihr('f\d d.er Bestrahlung vcrhlci(:hh

: : : oto-Oxidation, danach (3) tritt cin Nachbestrahlungseffekt
cin, d.h. Papier wird dunkler, wenn es nach der Belichtung im Dunklen gelagert wi

‘Thermische Analysen (thermische Diff jalan: K une o BOAR r.t wird.

s (TGA)) haben sich al e i erentialanalyse (DTA) und thermogravimetrische Analy-
ellulosenrten als z::(‘k;;sz;r::l.:f;’)@rﬁbrPn. fur die rclal.ive Feuchtigkeit von verschiedenen

. T : . Mit Hilfe von thermischen Verfahren wurde die Wichtig-
keit der St'ablh(at der Metallsalzform von Zellulose-Karboxylen entwickelt, DTA kann als schnell
bt‘;ch:;’uglgledéllel:mgsmcfh(?dc niitzlich sein, die Messmethoden cmm"ickcln s‘ich ‘i(:d;u‘h S0
i,cerr;c;n, k::: ie Wahrscheinlichkeit sehr gering ist, dass hier cine Standardmethode entwickelt
Die bedeutendste E.rhallungs- und Restaurierungsarbeit des NBS war die Laminicrung, Entsiu-
erung und .Kon?ervlcrung der Verfassung und der Unabhingigkeitserklirung sowie dic ‘Fntwick-
lung -von l'hchtlmien fir die Lagerung von Aufzeichungen in Ecksteinen. Bei d;-r Fnlwickl‘ung der
Spezifikationen fiir eine dauerhaltbare Laminatschicht-Herstellung aus plasxizir‘m-m Z.ellulose-
azetz%l‘wurde gezeigt, dass die Auswahl des Weichmachers einen entscheidenden Fiuﬂus‘s auf die
Stablluét hat und dass die Schicht einen Antioxidanten, einen ultravioletten Ahsorl;(-r snlwi(- cinen
Saureakzeptor enthalten sollte. Verlust an Weichmacher verursachte nicht (-in(: sprodere Schicht.
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Eine Entsiucrung verbessert die Stabilitdt von Papier und da in Laminatherstellungspressen rela-
tiv hohe Temperaturen crreicht werden, ist eine Laminatherstellung ohne Entsduerung nicht
ratsam.

Auf der Grundlage von Untersuchungen, die in den dressiger Jahren ausgefiihrt worden warer,
kam das NBS zu der Schiussfolgerung, dass Mikrofilme fiir dauerhafte Aufzeichnungen geeignet
sind. In den sechziger Jahren wurden diese Untersuchungen durch Empfehlungen erginat, wie die
Mikroflecken in Mikrofilmen vermieden werden kdnnen. Diese Empfehlungen beruhen auf um-
fangreichen Laboratorienversuchen.

Man niiherte sich auch der Einschitzung d
diese Acbeiten nicht umfassend genug waren, um zu normen zu fithren.

Was die Normen betrifft, so hat NBS die Information zum Schreiben (1) der Normen der
Jjetzigen Regierung der USA fur dauerhafte Aufzeichnungspapiere entwickelt, (2) vier
ASTM-Normen fiir dauerhafte Aufzeichnungspapiere, (3) Normen fiir eine Laminatschichther-
stellung aus Zelluloseazetat und (4) verschiedene ANSI-Normen auf dem fotografischen Gebiet.

NBS untersucht zur Zeit die Stabilitdt der Polyesterschicht, die in Magnetbindern verwendet
wird, erarbeitet ein statistisches Priifungsverfahren zur Einschitzung des Zustandes, in dem sich
Papieraufzeichungen im NARS befinden, und entwickelt die notwendigen Richtlinien fiir die kor-
rekte Aufbewahrung von Aufzeichnungen. Die genannten Projekte werden vom NARS getragen.

Man kommt zu der Schlussfolgerung, dass die Arbeit von Farschungslaboratorien so weit wie
méglich durch eine Normorganisation in die Richtung gelenkt werden soll, wo Normen entwickelt
werden. Dariiber hinaus miissen wir mogliche technische Verfahren untersuchen oder neue erfin-
den, die uns cin besseres Verstindnis {iber die Vorgéinge im Zusammenhang mit der Alterung von

Aufzeichnungsmaterialien vermitteln.

or Stabilitit von Magnetischen Bindern, obgleich

Edwin J. Parks

Inorganic Materials Division
Center for Materials Science
National Bureau of Standards
Washington, DC 20234
US.A.

William K. Wilson

Preservation Services Division
National Archives and Records Service
Washington, DC 20408 U.S.A.
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Nuclear Magnetic Resonance Study of
Parchment and Leather

by YU. P. PETUSHKOVA & G. M. NIKOLAEV

f‘\ knowledge of the condition and water content in parchment and book-bind
ing Ica(h.('r of different origins is important for solving the problems )(ft” ‘)‘l'n( :
ing m.rdu-val parchment and leather book-bindings. Wafer c e 'p" S;lrv-
matcrials depends not only on ambient humidity and tem (-ralzlrnﬂl;l "'11(‘ o
thc. stru('lurc-‘ of their protein macromolecules, primarilypthe C(:l‘ly' u't Affl” (‘m
w:hl(‘!\ (‘nn‘su.luu‘ (‘hc base of the material. Nuclear magnetic ﬁ*siﬁlﬂ t)'r(ii‘
(‘d.l()rlm(‘ll'l(‘ .lnv(-snga(inns have demonstrated that the hydration sh ?l“ f‘“;l g
:r:ph}::hd'; of ;‘:!lagrn is heterogeneous and includes three w:tesr ;rac(t)i()ln:
.c. . > “rigi » d
b proein mac::lm“l, ‘a‘nld“ l:lgl(‘"y bou'nd’ . Investigations of water hydrated
oy protein m decules could provide a clue to understandi h -
of surface protein structures. "k fhe propet
In the work repo

technique for mcz(s:r:(:n::\::‘(:;:cll‘:ijt::; nll:dear "na'gnﬂic T i,
layer in saimoien of N charateristics of the outer hydration
p medieval and modern book binding parchment, as well as in

e - N att p
]fal)l T b()()k Covers a"d W()()' (llf l €I bclng uscd f(" comparison f(" tl“

MATERIALS AND METHODS

Fragments of several parchments book-bindin

were freeze-dried under vacuum (1072 g leather and wool, 0.5 g cach,

siccator Hg mm) for 10-15 h, th i
desiccator and kept at a given relative humidity and a temPt’,ratuerr:‘ F:T:Ed f":' ;
)] O

‘ \ ‘v' ] v, - M .
days. Saturated salt solutions with excess solid phase? i
phase® were used to obtain

desired R.H. Wate i

o o o, nir proton relaxation characteristics of samples with different
. ening were measured i

“ ! ols on a modified NMR

vided with digita - spectrometer pro-
Viaed wih l;z “lHrc‘a(:‘(l)ut and data storage facilities®. Proton resonance Iivas

MHz. }

o it ot by };‘asurrments of proton spin-spin relaxation times (T3)
R y the Hahn two-pulse method*. Estimation of T, values from
NS Frﬂ::i:jy ryc.urvcs was done by a method described in Aksenov &
h . -drying was used for th i i
. g . e c

equilibrating weighing. medho stimation of water content by an

Resanrator 5 242-248 € 1983 Munksgaard, Copenhagen

REsULTS

Relaxation characteristics of water protons are a direct reflexion of their mo-
They are different for water fractions having different de-
cules. For free water, the proton spin-spin
¢ water, Ty is about 107%s.

bility in a sample.
grees of binding to protein macromole
relaxation time, Ty, is 2-3 s. For protons of frozen fre
Values intermediate between these two correspond to water fractions with
different degrees of motion and different degrees of interaction with the polar
groups of the proteins. Strongly bound (**hydration layer™) water is an integral
tructure and has an ice-like rigid lattice configuration®. This

part of collagen s
measurement range of

water, for which T is about 10-5-10%s, is outside the
which can register times as short as 107* s minimum. The

our equipment,
he number of protons

amplitude of the spin-echo signal is a dircct measure of t
contributing to the resonance. Using the spin-echo amplitude value, the water
content in a sample can easily be calculated.

In the work reported here, we measured relaxation characteristics of the
hydration water layers of medieval (X1V century), modern (XX century) and
book-binding (XV1I century) parchments, a X1X-century leather book-bind-
ing fragment and a wool (XIX century) sample, moistened to a varied extent
by equilibrating the sample with the desired relative humidities.

Placing the samples under high humidity conditions (86%, 95%, 98%,

Table 1. Water content (%) in parchment, leather and wool samples cquilibrated with different ambient
relative humidities as determined by NMR (1) and “equlibrating weighing” (2) methods.

Table 1. Tencurs en cau (%) du parchemin, d'échantillons de cuir ct de laine mis en équilibre 2 différentes
humidités relatives ambiantes: détermination par méthode RMN (1) et par méthodes de «pesées a I'équi-

libre» (2).

Tabelle |. Wassergehalt (%) in Pergament-, Leder- und Wollsticken, die bei untenschiedlicher relativer
Umgcbungsfeuchtigkeit im Gleichgewicht gehalten werden, wie dieser durch NMR- (1) und »Ausgleichs-
Wiege-« (2) Methoden bestimmt worden ist.

New

modern Medieval Book-binding Book-binding Wool

R.H. (%) parchment parchment parchment leather tissue
55 11408 14£1.0 11208 t61.1 5404 11208 4+03 7105 11108 9106
65 13+0.9 19+1.3 12:08 2115 9406 1813 7405 13£09 610.4 11208
75 15+1.0 21+1.5 14%10 24+1.7 11208 20+1.4 8106 14210 8+0.6 12108

18+1.3 23216 19413 2518 16%1.1 2014 11108 13+09 12208 13
95 20%+1.4 2618 21+1.5 28120 19+1.3 2417 11208 14210 9406 14210
18413 2618 18%13 29+2.1 16%1.1 23216 11£0.8 1621.1 9406 1410
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of water protons in parchment, wool and leather

Table 2. Spin-spin relaxation time T, (ms)

samples equilibrated with different relative humidities.
Table 2. Temps de relaxation spin-spin T, (ms) des protons de {'eau dans des échantillons de

parchemin, de laine et de cuir mis en équilibre 4 différentes humidités relatives.
Tabelle 2. Spin-spin-Abklingzeit T,(ms) Wolle-, und Leder-
stiicken, die bei unterschiedlicher relativer

der Wasserprotonen in Pergament-,
Feuchtigkeit im Gleichgewicht gehalten werden.

New

modern Medieval Book-binding  Book-binding Wool

RH. (%) parchment parchment parchment leather tissue
55 0.18+0.02 0.21£0.02 0.20£0.02 0.19£0.02 0.16+0.02
65 0.19£0.02 0.24%0.02 0.22+0.02 0.24%0.02 0.20%0.02
75 0.25%0.03 0.33£0.03 0.33£0.03 0.28+0.03 0.2210.02
86 0.26+0.03 0.3810.04 0.32£0.03 0.29+0.03 0.25+0.03
95 0.27£0.03 0.45£0.05 0.37£0.04 0.3210.03 0.27£0.03
98 0.33£0.03 0.53£0.05 0.58+0.06 0.42£0.04 0.3240.03
0.52£0.05 0.38%0.04

100 0.38+0.04 0.73£0.07 0.76+0.08

echo signal, which means an increase in water

content (Table 1). Comparison of the water content estimations made by the
NMR and “equilibrating weighing” methods shows that the NMR measure-
ments give somewhat smaller values. This is because the equilibrating weighing
method includes both the bound and “hydration’ water fractions, whereas the
latter escapes detection in N MR measurements because of resticted measure-
ment range of the equipment used. Both methods show, however, that in
collagen-containing materials the water content increases by an order of 2-4, as
the R.H. is increased from 55% to 100%. Compared with these, the moistening
of wool, which contains keratin, occurs to 2 much lesser extent under such

humidity conditions.Note that the proton spin-echo relaxation decays observed
ponential in character and are, hence, a single

Fig. ] represents a semi-logarithmic plot of spin-
dieval and modern parchment. A similar single
bserved in all of the samples under investi-

100%) gives rise to the spin-

in our experiments are €X
component. As an example,
echo decay curves for a me
component behavior pattern was 0
gaton.

At humidities of 55% and 65
time of protons responsible for r
2), a value characteristic of bo

the spin-spin relaxation
esonance was found to be about 0.2 ms (Table
und water with restricted motions. With the
ambient humidity increased to 98% and 100%, the samples show significant

differences in T,. The modern parchment, Jeather and wool samples exhibit T,
of about 0.4 ms, whereas the medieval (XIV century) and book-binding (XVII
century) parchments have T, two times higher (0.7-0.8 ms). Thus, in modern

%, in all the samples
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Table 3. Effects of “‘distant”

moistening treatment i
on isti ;
XVI® century chart, relaxation characteristics of water protons in

Table 3. Effets du trai
. raitement d’ idi : . K
relaxations d t d’humidification (type & «distension») sur les caractéristi d
s des protons de I’eau d’une carte du XVIeme siecl acteristiques €€
cle.

Tabelle 3. Auswirkungen der Beh
andlung durch »F i inget
von Wasserprotonen in einer Karte aus dem X\;[.c;:;:r::'::::lltung sl dic Abkingegenschafir

Sample
p Spin-sApin relaxation Water content
time (ms) (%)
Control
(without treatment)
After treatment by e ’
*distant” moistening
method
0.14 22

and mediev
different rel::l(a‘::)r:hbr:;m?’ the profons of water bound to collagen exhibit
probable explanation foarvizf o.nly at high R.H. (98% and 100%). The most
occur only with relativel h,ls 18 t}“at P.hase transitions in the collagen lattice
protein matrix constit ty lg.h moistening’. Since the water adsorbate and the
collagen structure cau:ee a:‘“glc‘hetemgmcom molecular phase, changes in
probable that the ap eaf‘l change in the state of the bound water fraction. It is
been observed in thc]::ned?:\f:l ofa‘:’il:er wi"h relatively high mobility that has
Sur‘,f;i}l:calla)’er of‘tl(;c parchment,pcaljse[:el?; :r:lr::gg:dt satt())(::;cby chanes in the
SO carri . :
which was aim:d ::" NMR PTObmg of a fragment of a XVI century chart,
restoration. Treatment of deformed parchments is ac-

COmpllSth by ‘he method Ofd stant Ta was ()l inter eSt‘
ist .

water in it after it had been straj
ment, without performing straigh

A parchment moistening and the state of
tg t.ened out. A fragment of the same parch-
‘ : e
e oning T eriorming 3 ning, served as a control. Following distant
moise mcasuremems; damp]e was placed under a press for 10 days to dry.
MR measurcments ;;:ch(::e un:er dry air conditions (R.H. 65%, 20°C). As
: s ent does not sh i
able change in T, whie: show, after treatment, any appreci-
e zt; b ::h is c.losc to T, of water with little mobili,ty‘ ')Il'h:) Fv)vatcr
content appears (o i ;ase ;n a str.alghtcned chart sheet, compared with the
O s angd U a:; .a ter moistening, the adsorbed water binds to the
, 1S reason it ig
P ter s s o . not removed by subsequent drying
crease In water content with restricted mob(i]lity explains

the fact that after di i i
f d distant moistening treatment th i
softness and elasticity. " parchment resumes
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SUMMARIES

Nuclear Magnetic Resonance Study of Parchments and Leather

The NMR technique was used for probing relaxation characteristics of water in the outer surface
Jayer in samples of medieval and modern parchment, book-binding parchment, leather, and in a
fragment of a wool tissue, which were equilibrated with different R.H. — 55%, 65% 75%, 86%,
95%, 98%, 100%.

On moistening the sample (with R.H. of the ambien
of the NMR spin-echo signal increases to a greater extent in collagen-
ments, leather), compared with wool, which contains keratin.

Modern and medieval parchments show different spin-spin relaxation times under high humidity

conditions (98% and 100%). After straightening out the ancient parchment by the method of
the water content in the parchment is increased, with the relaxation time

¢ varied from 55% to 100%), the amplitude
containing samples (parch-

‘distant’ moistening,
remaining without change.

Etude de resonance magnetique nucleatre de parchemins el de cuir

tiques de relaxation de P’eau de la

La techniqgue RMN a été utilisée pour démontrer les caractéris
de parche-

couche superficielle externe d’échantillons de parchemins moyennageux et modernes,
min et de cuir utilisé en reliure de livres et d’un fragment de tissu laineux qui ont été mis en
équilibre 3 différentes humidités relatives — 55%, 65%, 75%, 86%, 95%, 98%, 100%.

Lors de I'humidification de Péchantillon (3 une humidité relative ambiante variant de 55 a
100%) Pamplitude du signal de I'écho-spin RMN augmente dans des proportions accrues dans les
échantillons contenant du collagéne (parchemin, cuir) comparé a la laine qui contient de la
kératine.

Les parchemins modernes et moyennagcux donnent des durées de relaxation spin-spin dif-
férentes dans des conditions d’hygrométrie ¢levée (98 2 100%). Aprés redressement du parchemin
ancien par la méthode d’humidification avec distension, la teneur en eau du parchemin est accrue

sans modification de la durée de relaxation.

Nuklearmagnetische Resonanz-Studie von Pergament und Leder

Dic NMR-Technik diente der Untersuchung der Abklingeigenschaften von Wasser in der Oberfla-
chen-Schicht von Pergamentstiicken aus dem Mittelalter und der Gegenwart, von Buchbinderper-
gament und Leder sowic cinem Stiick Wollgewebe. Die genannten Stiicken wurden bei unter-
schiedlicher relativer Feuchtigkeit im Gleichgewicht gehalten - 55%, 65%, 75%, 86%, 95%, 98%
und 100%.

Sofort nach dem Befeuchten cines Stiicks (bei ciner relativen Feuchtigkeit der Umgebung von
55% bis 100%), steigt die Amplitude des NMR-Spin-Echo-Signals mehr in kollagenhaltigen
Stiicken (Pergament, Leder) als in Wolle, dic Keratin enthilt.

Modernes und mittelalterliches Pergament weisen bei einem hohen Feuchtigkeitsgehalt unter-
schiedliche Spin-Spin-Abklingzeiten auf. (98% und 100%). Nach dem Glitten des alten Perga-
ments mittels der »Fern« Befeuchtung steigt der Wassergehalt im Pergament, dic Abklingzeit

bleibt unverandert.
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