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 The results of a famous investigation
conducted by William J. Barrow and pu-
blished in 1974 leave it in no doubt that
acidity is the main reason for the unwel-
come changes which occur in paper du-
ring its natural ageing process. Acidic
paper becomes fragile and brittle during
lengthy storage in archives and libra-
ries until it finally disintegrates, destroy-
ing written documents and printed pu-
blications alike [1].

In his 1996 paper, presented at the 23rd
IPH Congress in Leipzig, Timothy Bar-
rett summarised previously-published
data by the author and his colleagues
[2]. Using a modern and chiefly non-de-
structive method of analysis, Barrett
was able to demonstrate the important
role played by the amount and condi-
tion of the gelatine in gelatine-sized pa-
pers (1400-1799) in relation to their
strength and permanence. Barrett also
showed that the oldest (fifteenth-cen-
tury) papers, still in good condition, had
levels of magnesium, calcium, manga-
nese and zinc that were higher than tho-
se in younger papers. In his view, cal-
cium is particularly significant, and he
was able to report a relationship betwe-
en low calcium content and low (i.e. aci-
dic) pH values; after further research
this may one day allow us to predict -
using non-destructive methods - a gi-
ven paper's probable pH from its cal-
cium data [2].

 Barrett's results confirm Barrow's earlier
work, and his new point of view on the
role played by gelatine in the permanen-
ce of historical papers is an important
contribution. Certainly modern analyti-
cal methods are valuable tools enabling
us to decode the messages concealed in
the make-up of old papers, but Barrett's
explanation of the alkalinity of early Eu-
ropean papers is inconclusive. He wri-
tes: "It is not clear if this resulted from
papermaking practice (the addition of
chalk to keep the paper colour whiter) or
by chance (such as a mill water supply
that happened to be naturally high in

calcium or magnesium carbonate)" [2].
Moreover, gelatine, as a proteinaceous
substance, is very sensitive to attack
by micro-organisms, and we need an an-
swer to the question 'why has not the
gelatine degenerated over the centu-
ries?'

The genuinely European technique of
making paper by hand was developed
in Fabriano, after paper-making was in-
troduced to the town in the second half
of the thirteenth century. Later it spread
to other parts of Italy, and then to other
countries. However, recent publications
dealing with the beginnings of paper-
making in Fabriano [3], or with the Ita-
lian technique of the craft [4], do not
provide any basis for discussion of the
above questions. Moreover, according
to Dard Hunter, the first documented use
of filler (china clay) in European paper-
making took place in England in 1807
[5], and - curiously - both Barrow's and
Barrett's data strongly suggest that ear-
ly European papers, made by hand ac-
cording to the Italian method, contain
carbonate pigments. These pigments are
alkaline, and as such need a neutral or
alkaline medium because otherwise the
acidity of the paper would break them
down yielding carbon dioxide. We may
therefore conclude that the early Italian
craftsmen 'invented' alkaline paperma-
king, as well as the unlikely process of
filling the paper with carbonate pigments
- without, however, adding the pigments
to the fibrous slurry before the forming
of the paper, i.e. the typical process of
paper-filling.

To the memory of Georg Thomas Mandl (1923-1997), an experienced paperma-
ker, the Vice-President of the International Association of Paper Historians (IPH),
and Friend.
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Abstract
An investigation into (and explanation for) the remarkable permanence of early European
papers made by hand in accordance with Italian practice is presented. The use of added lime
("addita calce") during the beating process (referred to by F.M. Grapaldo in his description
of the Italian technique, c.1494, and in the late sixteenth-century Regensburg Regulations) is
shown to be the responsible cause. The early Italian technology is described and comparisons
are made with modern machine-production of permanent papers.

Key words: paper permanence, alkaline beating, fibre loading, gelatine and lime, craft
technology, machine-made paper.
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Probably the first reference to the pre-
sence of calcium carbonate in old Euro-
pean hand-made papers was published
in 1935 by W�odzimierz Budka in his ar-
ticle on the Balice paper-mill near Cra-
cow [6]. In addition to historical infor-
mation about the mill (established in
1518-21 by Seweryn Boner) and its wa-
termarks, Budka reported the presence
of calcium carbonate at values of 3.0 and
3.7 per cent in two samples of paper
made at the Balice mill and dated 1535
and 1553 respectively.

Better known is a publication by Fred S.
Hanson of 1939 [7]. Hanson found that
a book published in 1576 was made from
various papers, some of which had aged
badly, while others were in a good state
of preservation. He showed that the
well-preserved papers contained at le-
ast 2 per cent calcium carbonate and had
a slightly alkaline pH. Hanson conclu-
ded that these characteristics were a re-
cipe for permanent paper. His investiga-
tion is of great importance, for the book
which he analysed included different
papers, and this implies that the compo-
sition of each individual paper-stock was
decisive for its condition, and not the
storage regime. However, in a recent ar-
ticle Hanson's contribution is referred
to as an example of "the relative impor-
tance of anecdotal, historical, and scien-
tific evidence relating to paper-ageing
and paper permanence" [8] - a comment
which suggests a not uncommon lack
of knowledge about technological
aspects of the historical European pa-
permaking craft.

Papermaking technology changed over
the centuries, but the original Italian me-
thod involved technological aspects
which are critical to paper permanence.
The excellent survival record of early Eu-
ropean papers made in accordance with
the Italian method is well known, and
our study is intended to elucidate this
phenomenon alone. Further changes in
technology are outside our scope, and
our data relating to machine production
of permanent papers is included only for
purposes of contrast with early craft
technology.

��	������
���	��������	����	�
�������������������������
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An outline of the early Italian technolo-
gy of papermaking was included in a

book published in Warsaw in 1991 enti-
tled �������	�� Papiernicze (The Paper-
making Craft). This was based on the
technological data included in early de-
scriptions. It is clear from these that the
genuinely European art of papermaking,
as invented in Italy, formed paper under
alkaline conditions. Lime (calcium hydro-
xide) introduced during the stamping
process created these conditions, and
the calcium hydroxide retained in the
paper must have reacted with atmosphe-
ric carbon dioxide to produce particles
of calcium carbonate even though no
pigment as such was used [9]. A deta-
iled discussion of the above technical
remarks is presented below.

The specific use of lime in the stamping
process of paper manufacture must first
have been mentioned in a work (De par-
tibus aedium; GW 11331) printed in Par-
ma probably in 1494. Its author, France-
sco Maria Grapaldo (1460/2-1515), be-
longed to a family established in Parma
since the fourteenth century1.). Grapal-
do's book, the De partibus aedium, was
often reprinted during the first half of
the sixteenth century, this in spite of the
fact that the book is more concerned
with the theoretical views of classical
authors on buildings rather than with
the more practical aspects of archite-
cture2.). Nonetheless Grapaldo's account
of papermaking which he includes in the
ninth chapter of the second part of his
book ('Bibliotheca') shows a very hands-
on acquaintance with details of the craft
which he presumably acquired at his lo-
cal, Parma, paper-mill - established in
1451 and noted for the fineness of its
product [10]. The relevant passage runs
in English translation (the Latin original
is at Appendix A ):

"Nowadays we make paper from linen
scraps and hempen strips of old and worn
material. These are cut into small pieces
and water is added to them and they are
soaked for eleven days; then, after ma-
ceration with metal-shod hammers in wa-
ter-filled mortars they are transferred to
another mortar after the addition of lime
["addita calce", our italics]. They are
then removed and placed in a vat in
which they dip meshed forms and extract
single sheets. These they interleave with
felts and place in a press; then they dry
them in a well-ventilated building. Later
they are steeped in glue made from the
waste scraps which tanners and parch-
menters save for this purpose; they are
hot-dipped, dried, and glazed, rendering

them apt to take the pen and not to soak
up the ink. In this matter Parma papers
are unrivalled, whereas Fabriano papers
are distinguished for their whiteness. For
the first requirement of a paper is that it
be non-absorbent and does not suck in
the ink, for if it does, one must dry the
writing to prevent blots occurring."

The second early reference to the use of
lime occurs in the Regulations of the Re-
gensburg papermill which was establi-
shed in 1539 [11]. These were located
by C.M. Briquet in the Regensburg Ar-
chive in 1898, and the original German
text (with a French translation) was pu-
blished in 1900 by Augustin Blanchet
[12]. The document is undated but it is
probable that it dates from the second
half of the sixteenth century. The impor-
tant technical information about lime is
included in the detailed description of
the duties of the craftsmen who worked
at the Bavarian mill. Incidentally, details
of this kind are not included in the older
and higher-grade document regulating
Polish papermaking, approved by Sigi-
smund the Old, King of Poland, in Cra-
cow in 1546 [13].

The technical details in the Regensburg
Regulations show that papermaking at
the mill was carried out in accordance
with the Italian technique - as described
by Grapaldo. At Regensburg the rags
were cut into small pieces before the fer-
mentation process. The duration of the
process is not specified, but the Regu-
lations require that both the master and
the stamper-hand should be careful not
to over-extend the process. The fermen-
ted rag-scraps were de-fibred in the
stamper for twelve hours and the fibres
were later beaten in another water stam-
per for twenty-four hours. The master
was also to be responsible for testing
the stuff by pouring a sample into a ves-
sel, and the stamper-hand was to beat
the fibres until the master's test yielded
a positive result.

The important piece of information abo-
ut the addition of lime to the rag fibres
during the beating process (reported by
Grapaldo) is also referred to in the Re-
gensburg Regulations: it is in fact men-
tioned twice (as 'gekalcht' and 'kal-
chen')3.) - in connection with the duties
of both the master and the stamper-hand.
The Regulations record that after a week,
i. e. six working days, nine hundredwe-
ight of rags should be processed into
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three bales and six reams of paper (thir-
ty-six reams). At another point in the
Regulations it is stated that one and
a quarter hundredweights of animal glue
is used in the production of seven bales
(seventy reams) of writing paper. On this
basis, consumption of animal glue for
paper-sizing stood at a level of seven
per cent by mass of the rags used in the
papermaking process. Taking into acco-
unt the loss of mass during the fermen-
tation of the rags, we can estimate that
the animal-glue content in writing-paper
made at the Regensburg mill stood  at
about ten per cent. Indeed, the paper
probably contained an even higher per-
centage of animal glue, because the Re-
gulations recommended that the animal
glue used for sizing should not be stin-
ted. It should also be noted that the use
of alum is not mentioned in the Regula-
tions.

���������	��� �������������
�������

The technological details in the sources
reveal aspects which throw light on the
permanence of early European papers
manufactured according to the Italian
method. The important operation was
the fermentation of the rags. This
helped their disintegration and accele-
rated the subsequent beating process
thanks to the activities of cellulotic mi-
cro-organisms, fungi, and bacteria. In the
modern pulp and paper industry, the ap-
plication of enzymes produced by the
micro-organisms is studied instead of the
more troublesome fermentation process.
The enzyme treatment of pulp results in
an improvement in its beatability as well
as in a reduction of strength properties
as regards both fibres and paper. It is
accompanied by a degradation of the
cellulose, indicated in the measurement
of pulp viscosity [14]. One could there-
fore conclude that fermentation should
have a negative effect only on paper per-
manence. In the historic papermaking
technique, however, immediately after
fermentation the rags were de-fibred in
a water-powered stamper to form "half-
stuff". The wooden hammers of the
stamper were shod with spikes and each
trough was supplied with clean water.
During the disintegration process the rag
fibres were thoroughly washed and the
water, together with any impurities, was
filtered out. The rag fibres were accor-
dingly purified, and the products of the
degradation of the cellulose (and also

any other easily degradable substan-
ces) were removed from the fibres du-
ring a process which lasted for twelve
hours (if we are to believe the Regens-
burg Regulations). Consequently,
the fermentation process (which lasted
for eleven days if we are to believe Gra-
paldo) together with the subsequent
disintegration of the rags and their tho-
rough washing in the first stamper seem
to have led to a significant upgrading of
the rag fibres, and should also have had
some positive influence on paper per-
manence.

In the next stage, the fibrous slurry was
beaten with wooden hammers working
in the trough without a flow of water
through it. The addition of the lime
(which is rather a strong base) to the
slurry reinforced the beating action
upon fibres which swelled better in an
alkaline medium. During the beating,
which according to the Regensburg Re-
gulations lasted for nearly twenty-four
hours, the rag fibres underwent thoro-
ugh disinfection and any cellulolytic
micro-organisms were neutralised.

After the beating was completed, the al-
kaline "whole stuff" was poured into the
vat. Its dilution with water produced a
fibrous slurry which was slightly alkali-
ne and suitable for moulding paper by
hand. "This white linen's pure child" (as
Francesco Stelluti (1577-1652), a native
of Fabriano, wrote in his Sonetto sulla
carta) was brought forth in pure condi-
tions [15]. Later on, the newly-formed
sheets were couched, pressed and
dried. When drying was completed the
paper was dipped in a solution of animal

glue. The sheets were then pressed to
remove the superfluous gelatine, and
then were again dried. Each sheet was
burnished by hand using a glazing-sto-
ne. The paper was then fit for writing or
printing.

In the Italian method the lime retained in
the paper produced an alkalinity. Lime
or slaked lime is the product of the reac-
tion of water with quicklime, i.e. calcium
oxide. The latter is made by burning li-
mestone, i.e. calcium carbonate, in which
there may be some admixture of magne-
sium carbonate. Consequently in the lime
retained in old papers some admixture
of magnesium hydroxide may occur. The
lime easily reacts with atmospheric car-
bon dioxide to produce calcium carbo-
nate, sometimes with elements of magne-
sium carbonate. This reaction of carbon
dioxide with the lime present in paper
was a protracted process which slowly
neutralised the alkalinity of the paper.

In studies on the technology of hand-
made paper for conservation purposes
carried out in the Pulp and Paper Rese-
arch Institute (ICP) at 
��� in Poland,
attempts were also made to investigate
this reaction. The papers involved were
formed from cotton linters beaten in
water with added calcium hydroxide [16].
Our Figure 1 shows an X-ray trace of a
paper4.) which before the X-ray diffrac-
tion was kept for one week in an atmo-
sphere of pure carbon dioxide. The
X-ray trace contains the strongest cha-
racteristic peaks of crystalline form of
cellulose (at angle 2 theta of about 15
and 23 degrees) as well as of calcite, i.e.
calcium carbonate (at angle 2 theta of

Figure 1. X-ray trace of paper formed in the laboratory from cotton linters beaten in water with
a calcium hydroxide blend, which before the X-ray diffraction was kept in an atmosphere of pure
carbon dioxide for one week.
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about 30 degrees). The latter can only
be the result of the reaction between the
calcium hydroxide retained in the paper
and the carbon dioxide, because no cal-
cium carbonate was present in the fibro-
us slurry used for making the sample.
However, some of the calcium hydroxi-
de was preserved in the paper in the cry-
staline form of portlandite, whose cha-
racteristic peak (at angle 2 theta of abo-
ut 34 degrees) is visible in the X-ray tra-

ce shown in Figure 1.

The ICP experiment seems to provide
evidence for the very slow neutralisa-
tion by atmospheric carbon dioxide of
the lime-residues in old papers, altho-
ugh we should bear in mind the very
restricted access of the gas to the inter-
nal structures of the papers when in
book-form as well as the very low con-
centration of atmospheric carbon dioxi-
de (about 0.05 per cent by mass). But it
could work, and centuries later calcium
carbonate (sometimes with an admixtu-
re of magnesium carbonate) can be de-
tected in old papers made in accordance
with the Italian method. The technolo-
gy involved particles of the carbonate
pigments developing in the paper witho-
ut having been present in the original
papermaking process but arising natu-
rally much later.

The lime retained in the paper probably
also played a role in stabilising the ani-
mal glue in old papers. The content of
animal glue in the writing-papers produ-
ced in the Regensburg mill was estima-
ted above as being in the area of 10 per
cent or more. This figure agrees well with
modern determinations (10-12 per cent)
of the gelatine content of well-preserved
historical papers [17]. It is obvious that
such a high animal-glue or gelatine con-
tent not only diminished the porosity of
the paper - which was important for its
sizing - but the animal glue, as a strong
adhesive, also strengthened the paper.
Having impregnated the fibre wall, the
gelatine fortified the fibre itself as well.
However, neither Grapaldo nor the Re-
gensburg Regulations (a detailed sour-
ce) refer to the use of any additive in
order to improve the resistance of the
gelatine to microbiological attack. We
can conclude that the Italian technolo-
gy added alum to the animal glue only in
small quantities (if at all) and that the
lime retained in the paper played an im-
portant role in stabilising the glue.

In modern papermaking, not so long
ago, casein and satin white were used
for paper coating, among other binders
and pigments. Satin white is the product
of the interaction of slaked lime and alu-
minium sulphate; it is an alkaline pig-
ment, even small amounts of which im-
prove water-resistance in a casein or
protein-adhesive coating [18,19]. Proba-
bly a residue of the lime or calcium ions
in satin white are able to cross-link the
proteinaceous chains of the binders,
and thus add water-resistance and wet-
strength to the coating. Similarly, the lime
residue in paper will react with the ani-
mal glue which is added to the paper
during the sizing process. This interac-
tion should result in the insolubility of
the animal glue and in a reduction of its
hospitality to micro-organisms.

The interaction of animal glue and lime,
however, may be quite complex. Figure
2 shows an X-ray trace of a paper dated
1508 [16]. There are no peaks characteri-
stic of calcite, i.e. calcium carbonate, but
in addition to the peaks of cellulose, the
peak characteristic of portlandite, i.e.
calcium hydroxide, is visible at angle 2
theta of about 34 degrees5.). The peak
characteristic of portlandite, at angle 2
theta of about 34 degrees, is also pre-
sent in Figure 3 showing an X-ray trace

of a paper dated 1509/1510 which was
additionally examined.

Curiously enough, residues of the lime
used in making the studied papers can
still be detected in the X-ray trace, al-
most five centuries after they were made.
This seems to demonstrate an interac-
tion between lime and animal glue in
papers made in accordance with the Ita-
lian method - an interaction which dese-
rves closer investigation.

The papers analysed above are still in
good condition, and in their structure
the watermarks are clearly visible, which
depict the double barred cross (1508) and
a bull's head surmounted by a shaft with
double horizontal bars at the top and an
entwined serpent (1509/1510). The wa-
termarks were used in the Prdnik Czer-
wony mill, established in 1491 and now
within the boundaries of Cracow [20,21].

The addition of lime during the beating
process may be considered to be the
main 'secret' of early European paper-
making carried out in accordance with
the Italian method [22]. This 'secret' was
first revealed c. 1494 in Grapaldo's book
and was confirmed by the results of
modern analysis of early European pa-
pers: it provided an explanation of their
permanence. The fact that these papers
were made from rag-stock cannot alone
account for this, since it was shown
some forty years ago that during an ac-
celerated ageing process chemical kraft
wood pulps, whether bleached or unble-
ached, were as stable as rag-pulps pro-
vided that their initial degree of cellulo-
se-polymerisation was high (1000-1200
plus) [23]. Rags and animal glue are of
course no longer used in large-scale ma-
chine-production of paper, and alkaline
papermaking is still very important for
the machine production of wood-free
printing and writing papers.

!��	���
������	������
����

�����
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Economics has been the main conside-
ration driving papermakers to make prin-
ting and writing papers under neutral/
alkaline rather than acidic conditions,
although enhanced permanence has also
been seen as a valuable selling-point. In
Europe, carbonate fillers are both che-
aper and less abrasive to screen-wires
than kaolin, and research in this field
began in the 1950s. This research led to

Figure 2. X-ray trace of the historical paper
dated 1508.

Figure 3. X-ray trace of the historical paper
dated 1509/1510.
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a shift to neutral/alkaline papermaking.
In North America kaolin remained che-
aper than carbonate fillers until the 1970s,
when precipitated calcium carbonate of
an extremely high brightness (and com-
petitive price) was introduced [24]. Re-
search on the manufacture of acid-free
printing paper with a carbonate filler star-
ted in Poland as early as the 1960s, car-
ried out by Edward Szwarcsztajn (1909-
1994) [25], an outstanding Polish scien-
tific papermaker [26]. Pressure from ar-
chivists and librarians has resulted in
the development of standards such as
ANSI/NISO Z 39.48 -1992 and ISO
9706:1994, which lay down the require-
ments that permanent papers must meet
[27]. When these standards were issu-
ed the leading papermaking countries
were already manufacturing carbonate-
loaded printing papers sized in neutral
or alkaline media. The only thing that
needed to be done was to adjust exi-
sting paper properties to meet the requ-
irements of the standards. Modern alka-
line papermaking, however, is based on
the alkalinity of the carbonate filler-di-
spersion which is added to a beaten fi-
brous slurry before the paper is formed.
The use of lime as an additive during
the beating - the most important process
in papermaking - shows that the Italian
technology of early European paperma-
king was fully alkaline. This is the signi-
ficant distinction between the ancient
and modern approaches to the techno-
logy of permanent writing and printing
papers [28].

Following the shift to the acid-free tech-
nology of writing and printing papers,
scientific papermakers have quite recen-
tly re-discovered the stock preparation
for papermaking with a calcium hydroxi-
de blend. On a laboratory scale, lime was
added directly to chemical kraft wood
pulp stirred with water [29]. In semi-com-
mercial trials the pulp, water, and calcium
hydroxide blend passed through a disc
refiner using its refining plates to mix
and refine simultaneously [30]. Carbon
dioxide was injected to the stirred or
beaten fibrous slurry to speed up the
precipitation of calcium carbonate. Ac-
cording to the authors of the reports,
calcium carbonate is precipitated main-
ly within the fibres, so what was invo-
lved was a loading of the fibres with cal-
cium carbonate particles [29,30]. This
means that calcium hydroxide, in view
of its low solubility in water, is able to
penetrate the fibre cell walls. It is proba-

ble that while the rag fibres were beaten
in water with an admixture of lime in the
second stamper for twenty-four hours,
a thorough penetration of the fibre wall
by lime also took place. A further reac-
tion with atmospheric carbon dioxide
outside the mill led to the precipitation
of minute particles of calcium carbonate
at the points where the lime had been
located, i.e. mainly within the fibres. It is
highly probable that the fibres of early
European papers made in accordance
with the Italian method were loaded with
minute particles of calcium carbonate.
Detailed studies of this aspect of the old
technology are required.

In the modern trials, however, the fibre
loading is accomplished in fibrous slur-
ry before the forming of the paper, and
therefore, the lower bonding ability of
the cell wall loaded fibres results in a
paper with lower strength [29,30]. This
differs by comparison with the ancient
Italian practice, in which the fibre loading
process began after consolidation of the
paper structure, without damage to its
strength. This kind of alkaline paperma-
king - invented in medieval Italy - has
laid a solid foundation for the success-
ful development of the European paper-
making craft. From the evidence of Gra-
paldo (and the Regensburg Regulations)
it is clear that it was regular paperma-
king practice to beat the fibres in water
with a lime blend.

What goes on in the fibre-wall is decisi-
ve for paper permanence during its na-
tural ageing, but the pH measurements
do not precisely evaluate the situation.
The pH value indicates the concentra-
tion of hydrogen ions in solution; ho-
wever, the pH value of the water extract
of paper always turns on the evenness
of the distribution of hydrogen ions be-
tween the external liquor and the fibre-
wall, which may be altered by the use of
the neutral salt-solution, such as potas-
sium or sodium chlorides, instead of
water. Thus the results of the pH me-
asurement alter also, and lower values
are reported (in the glass electrode spot-
test about 0.4 pH units lower [31]), and
there is an even greater difference in the
pH measurement of paper dispersed in
the salt solution [32], by comparison
with the pH values measured using di-
stilled or de-ionised water. Bearing in
mind the relativity of pH measurements
in paper testing, it is somewhat uncerta-
in whether the pH measurement could

clearly differentiate papers carrying iden-
tical carbonate pigment contents intro-
duced by fibre-loading or paper-filling.
Nevertheless it seems clear that the par-
ticles of calcium carbonate (the so-cal-
led alkaline-reserve) present in the fibre-
wall protect the fibre against acidifica-
tion during storage more effectively than
the particles located between the fibres
during a typical filling process. The lat-
ter case is characteristic of modern pro-
duction of machine-made permanent pa-
per, and the former seems to be peculiar
to the ancient craft technology.

"������	���

The genuinely European art of paper-
making, invented in medieval Italy, for-
med paper under alkaline conditions.
Lime or calcium hydroxide added to the
beating of fibres created those condi-
tions. The use of lime by Italian paper-
makers is first reported by Francesco
Maria Grapaldo, probably in 1494. This
Italian technique provided a sound ba-
sis for the further development of Euro-
pean papermaking since it was later ad-
opted in other countries; for example,
the use of lime in the beating process is
referred to in the second half of the si-
xteenth century in the Regensburg Re-
gulations.

Lime created alkaline conditions during
paper moulding, and its residue in the
paper would react with the animal glue
used for sizing, making its proteinace-
ous substance much less accessible to
micro-organisms. The lime also reacted
with atmospheric carbon dioxide to pro-
duce particles of calcium carbonate, even
though no pigment was used: most pro-
bably it was due to a loading of the fi-
bres with the particles.

We neglect the technological data pre-
sent in historical sources at our peril.
Interpreted through the mirror of paper
technology, such brief remarks may cast
light on the results of modern analysis
of early European papers and also bro-
aden our knowledge about paper per-
manence in general. The permanence of
papers manufactured in accordance with
old European craft-methods is not acci-
dental: the contents of archives and li-
braries provide overwhelming evidence
for this.
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