Some Notes on Paper and Papermakmg
in Europe from the
Fourteenth to the Nineteenth Century

The rapid development and spread
f the art of printmaking and printing
1 the early fifteenth century would not
ave been possible if a suitable ma-
>rial had not been available. Paper
/as not produced in large quantities in
urope until the fourteenth century, and

is certainly no coincidence that the
reat production of woodcuts began at
nat time.

The early papers were mainly made
-om linen and cotton rag, whereas the
hief source of paper fibers today is
rood. It was not until after 1840, when
1e invention of a wood grinding ma-
hine made production of wood pulp
conomically feasible, that wood-pulp
aper was made on a large scale. The-
asic constituent of both types of paper
5 cellulose. Paper made of wood pulp
5, however, not as durable as that
1ad rag. The presence of lignin in
/00. ers is one of the main causes
or the degradation of papers made
f such fibers. There are other equally
nportant factors affecting the durabil-
iy of paper, such as the use of bleach-
ng agents, fillers, and of alum, that are
esponsible for the lesser quality of
rodern papers, both machine and
iandmade.

The sources of papermaking fibers
:an be divided into four groups: (1) cot-
on (cotton, linen, ramie, and hemp);
2) woodpulp (mechanical, and chemi-
:al sulfite, sulfate soda); (3) grass (in-
:luding esparto and bamboos); and (4)
ope.! | shall only discuss the two more
:ommon groups, cotton and wood. The
ibers of the cotton group are quite
ong (linen: from 25-30 mm; cotton:
rom 20-40 mm), and make the strong-
:st and most stable papers. The fibers
»f the woodpulp group are shorter, their
ratural full length is about 3 mm.* They
ire poor in strength in comparison to
he fibers of the cotton group, and more
ipt to deteriorate since they are more
sasily hydrolized and oxidized.?

Not only the nature of the fibers, but
ilso the way in which they interlock
:ontsmute to the strength of paper.
dan le papers are equally strong in
sach uirection of the sheet, since the
ibers are distributed at random. The
strength of machine-made papers is
nuch greater in the machine direction
han across it, and it is unequal in
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1. Vatman about to place deckle on mold,
J. Barcham Green, Ltd., Kent, England

stretch. The paper machine was not in-
vented until the last decade of the
eighteeenth century, at about the same
time that the early experiments with
wood pulp were made. As in the case
of the wood pulp, this invention did
not become popular until after the de-
velopment of the Foudrinier machine in
1807 made papermaking by machine
practical and profitable.

The introduction of new machinery,
together with the practice of bleaching
and the use of rosin size in the early
part of the nineteenth century, created
many problems. The papers of this per-
iod are usually of poor quality and not
suitable for artists’ work such as intag-
lio and relief printing. A paper to be
“printable” has to have certain optical
and mechanical properties. These are
uniformity, smoothness, opacity, and
ink receptivity (evenness of absorption
of ink),* the paper should also be
strong and durable. Rag paper, espe-
cially when made by hand, is superior
to paper made by any other method.

Konstanze Bachmann
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Printmakers and artists throughout the
centuries have been aware of this fact
and have tended to use only rag paper
in their work.

The manufacture of handmade rag
paper in the fourteenth century and to-
day is essentially the same. The first
step is the preparation of the pulp. The
raw materials must be reduced to fibers
that are then suspended in water and
deposited into a thin, compact web.
During the early days of papermaking,
the rags immersed in water were

2. Vatman dipping mold,
J. Barcham Green, Ltd., Kent, England

pounded in log or stone troughs by
rows of wooden hammers until they
were reduced to pulp. Into this beaten
pulp the vatman d:pped his mold, a
wooden frame with a wire screen which
collected the pulp and allowed the
water to run off. The vatman then shook
the mold from right to left and from
back to front. These motions cross and
mat the fibers and make the papef
equally strong in both directions. A
second wooden frame, the deckle, lies
on top of the mold and serves to keep
the pulp from running off the edges.
The uneven edges of handmade paper
are a result of the uneven distribution
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3. Vatman lifting mold out of vat,
J. Barcham Green, Ltd., Kent, England

of the pulp along the sides of the
deckle. Once the pulp has dried suffi-
} tiently on the mold, the sheet was put
o a smooth piece of material, called
felt. This process was repeated until a
stack of 144 sheets, a post, had accum-
Uated. The post was then taken to be
Pressed to expel the excess water from
he sheets. After pressing, the sheets
. ¥ere hung up to dry, four or five sheets
~ “gether to prevent warping.

- European papers from the thirteenth
' the middie of the eighteenth century
e characterized by the chain and laid
"es. They are a direct result of the
fonstruction of the mold. The chain
"es are more prominent and usually
" parallel to the short side of the
Per. They are spaced farther apart
..an the laid lines, usually at the dis-
2ce of about an inch. The spacing in
‘Per made prior to 1500 varies from
senty-eight to forty millimeters; there-
J & chain lines were eighteen to
: five millimeters apart.* The laid
es are caused by fine wires which
¥ laced to the chain wires and run
wPendicular to the chain lines. From
arly times, the number of these wires
? the inch was gradually increased.
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Thus, the paper on which the Guten-
berg Bible was printed had only twenty-
eight laid lines to the inch.

Until the latter part of the eighteenth
century the laid wires had been at-
tached directly to the wooden ribs

" which act as supporting struts or beams

for the mold frame. The extra width of

-the wooden ribs tended to retard the

heavy drainage of water on either side
of the chain wires so that more pulp
collected there. This “antique laid"” was
eliminated by attaching the laid wires
to wires running above and parallel to
the wooden supports. After the middle

- of the eighteenth century another type

of screen was introduced by John Bas-
kerville. The laid and chain wires were
replaced by a woven Screen, similar to
modern mosquito screening. This wove
type of mold produces a much smooth-
er paper and leaves only a very in-
distinct, fabriclike impression on the
Paper. Wove paper was first made in
England in the 1750s and in France in
1782.

Another variable in the manufacture
of paper is the preparation and quality

4. The sheet as it comes out of the vat, J. Barcham Green, Ltd., Kent, England

of the pulp used. Until about 1780, pa-
per usually assumed the same tone as
the material from which it was made.
It varied from a creamy white for high-
grade paper to a light coffee tone and
even gray in paper made from poor
quality rags. With the discovery of chlo-
rine in 1774, it became possible to ob-
tain white paper even from poor ma-
terials. Bleaching, which is not abso-
lutely necessary in the preparation of
rag pulp, is essential to the preparation
of wood pulp. This is a distinct disad-
vantage, since paper will soon become
brittle and perish if traces of the bleach-
ing solution remain in the pulp. The
shade or tint of early paper was also
affected by the water used in its pro-
duction, since any impurities contained
in it would be imparted to the pulp.
The color of the early papers could
also be affected by the process of fer-
mentation, which served to weaken the
structure of the rags prior to macera-
tion. In the sixteenth century when
printing became more widespread, the
demand for Paper increased and the
treatment of materials was often hur-
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ried up by addition of lime water (lime

~~mwater had already been in use much

)arlier). Paper made from rags pre-
pared in this manner is not as strong
as naturally fermented paper, and it has
been suggested that the yellow tint es-
pecially of sixteenth-century paper is a
result of the treatment with lime.* An-
other undesirable result of fermentation
with lime is the appearance of rust
colored spots; these are seldom found
on paper made before 1500.¢
Fermentation with lime water was
later abandoned because of better
beating methods. The Hollander, which
replaced the old pulp stampers by the
early eighteenth century, was invented
around 1680; it must have existed in a
primitive form before 1673. The early
Hollander was quite simple, a wooden
cylinder with thirty or more blades ro-
tated in an oblong tub that ground the
rag material against a stone or metal
bedplate. This process eliminated the
need to ferment the rags and was also
much more efficient than the stampers.
The advent of a more mechanized pulp-
ing process brought with it other prob-
lems. As the teeth of the cylinders dis-
integrated with time, small particles of
metallic iron become embedded in the
pulp and eventually cause rust spots to
appear on the paper. Furthermore, the
fibers of the rags when subjected to
Hollander beating were shorter than
those produced by the old wooden
stampers, and the resulting paper was
not as strong as the earlier papers.
The surface texture of fifteenth-cen-
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tury papers was relatively rough, since
it received little finishing after it had
dried. Impressions of the material of the
felts are quite obvious on ltalian and
Dutch papers made before 1500.” Be-
ginning with the sixteenth century, the
felts were removed after pressing, and
the sheets were pressed again and
again until the surface of the paper was
of the required finish. This process was
called sweating. Most of the paper for
printing was also burnished by hand
with a smooth stone after it had been
sized. Burnishing by hand could resuit
in an uneven streaked surface. After
1600, the pressing hammer replaced the
manual process and paper finished by
this mechanical method had a more
uniform and smooth surface. The paper
hammer is an invention of the early six-
teenth century, and therefore both types
of finishes can be found in early paper.
For this reason, the presence of streaks
is not useful for the dating of old paper.
Later on, the hammer was replaced by
the calender roll.

Before paper was burnished it usual-
ly was sized to make it less absorbent
to ink, especially in the case of writing
paper. From the fourteenth century on,
animal glue was used in Europe for the
sizing of paper. After the sheets had
dried, they were dipped into a bath of
gelatin and then hung up to dry. A low
grade of size may produce discolora-
tion upon exposure to light. Animal size
can also aid the development of mold
and microorganisms which produce
brown stains in paper. Animal size was

used in papermaking exclusively untj
after 1806, when the discovery of rosijp
sizes made sizing in the vat possible»
It seems to be generally agreed that
rosin has a bad effect on paper fibers
Most modern papers contain sufficieni
quantities of rosin to seriously affegt
their lasting quality.®

Rosin is soluble in water; in order tg
coat the paper fibers and adhere to
them it has to be made insoluble. For
this purpose alum (aluminum sulphate)
is added to the pulp in papermaking.
The proportions of alum to rosin must
be carefully controlled since an excess
of the slightly acidic alum causes paper
deterioration. Cellulose is attacked by
acid, even under the most favorable
conditions, and becomes discolored,
fragile, and brittle. This effect is even
more pronounced if chlorides are pres-
ent in the pulp from the bleaching pro-
cess.

Another cause for paper deterioration
is the use of fillers, a common practice
in the early nineteenth century when
paper began to be sold by weight.
Fillers used were chalk, china clay, and
gypsum. This practice, as so many
others of early nineteenth-century pa-
permaking, can be detrimental to the
strength and quality of the paper, since
an excess of filler in paper weakens its
fibrous structure. Fortunately the use of
fillers in handmade paper is rare.

The presence of chlorides, rosin, fil-
ler, and alum in paper can be chem-
ically tested. Such tests might be help-
ful in detecting forgeries, at least in
cases where the print in question was
made before the first use of the re-
spective substances in papermaking.
However, they would not furnish con-
clusive proof, since most old prints are
likely to have been treated with one or
the other substance to conserve, repair,
or clean them.

Most of the inherent faults in early
paper are due not so much to chemical
reactions, as to mechanical factors. (o][¢]
paper when held up to the light often
reveals round semitransparent spots
about the size of a dime. They were
caused by drops of water falling from
the worker’s hands onto the moist sheet
after dipping. These spots usually occur
along the sides of the sheet and can
also be found in modern handmade
paper. There can also be seen in old
papers ruffled or blurred chain and laid
lines; they occurred if the coucher h‘fld
let the mold slip with its thin, still moist
deposit of pulp. Sometimes a fine line
shows across the middle of a fifteenth-
or sixteenth-century sheet. These lines
were caused by the hair ropes on which
the paper was hung to dry. Another de-
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fect, encountered usually in old paper,
is a peppered appearance throughout
the sheet; it is due to the knotting of
certain of the fibers. It is also not un-
common to find hairs, wood, silk, and
other fine extraneous matter embedded
in handmade paper.

Yet another means to identify old and
new paper is the watermark. Its first
documented appearance in Europe is
in Italian papers of the late thirteenth
century; by the fifteenth century it ap-
pears on most of the paper produced
in Europe. There is evidence that in
Switzerland, paper without watermarks
was quite common until the 1540s,1
and this may be the case for other
countries. Whatever their origin, it
seems that by the sixteenth. century
watermarks served solely to indicate
the quality and/or size of the paper
they marked.’? On paper dating after
the middle of the sixteenth century, a
subsidiary watermark, the countermark,
can be found. It was placed in the mid-
dle of the sheet, but-opposite the main
mark. As a rule, it shows the name or
initials of the maker. Venetian paper is
one early exception; by 1483, the ini-
tials were separated from the main
mark and put on the bottom or top cor-
ner of the sheet.12

The value of watermarks in the au-
thentication of prints is limited, and
most writers who have dealt with the
problem agree that they are of little
help in the exact dating of prints. Nor
are watermarks useful in determining
the place of origin of a given print. The
reasons are obvious: watermarks can
and were easily imitated, old molds
are known to have been reused,!* and,
even if one could establish the date of
a paper through its watermark, there is
no guarantee that it was used for print-
ing at the time and place of its manu-
facture, especially since often the paper
was imported and not locally produced.
We know that Rembrandt, for example,
used paper from Germany, Switzerland,
and France, he even used oriental
Paper.’s This kind of knowledge is
meaningful only if one could establish
éxactly who imported paper of a given
kind, as well as where and when it was
Made and sold.

There is little published on the paper
trade in Europe from the fifteenth to
the seventeenth century. The following
is a rough outline of the general trends
of European paper trade during that
Period. The first documented paper
mill in Europe, outside of Spain, is that
of Fabriano, ltaly, in 1268. By the mid-
dle of the fourteenth century, France
had its own papermills,’® and at about
the same time the first mills appeared

6. A post of felts and paper after pressing, J. Barcham Green, Ltd., Kent, England

in south Germany.!? The first document-
ed papermill in Germany is that of
Ulmer Stromer in 1390 at Nuremberg.!s
Blum in his Origin of Paper states that
Germany was one of the greatest paper
producers in the fifteenth century.1®
However, at Augsburg the majority of
incunables of the early part of the cen-
tury was still printed on lItalian paper.2°
This practice seems to me to contradict
Blum’'s observation. It is reasonable to
assume that German paper mills could
meet the demands of the local markets
by the end of the century, since export
to Switzerland begins early in the fol-
lowing century.2

By the second half of the seventeenth
century, German papermakers were or-
ganized in guilds; their laws, however,
were kept secret, and they seem to
have kept themselves apart from other
trades. There are some parallels to Ger-

man customs in Holland in the rules
pertaining to the conduct of appren-

tices. In other respects, the develop-
ment of guilds in the various European
countries probably followed local pat-
terns. The tendency towards secrecy,
especially in Germany, seems to have
stemmed from the early days of the
trade when few people outside Italy
knew how to make paper.2:

In Switzerland, too, the “secret” of
Papermaking was obtained from Italy.
The mills of the early fifteenth century

7. A layer throwing felt over a sheet
of newly-made paper.
J. Barcham Green, Ltd., Kent England

were established near the borders and
depended largely on ltalian labor. Inter-
estingly enough, most of the major
Swiss mills of the sixteenth century
still had at least one Italian working
for them. Before the national produc-
tion in Switzerland, paper was imported
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8. An antique laid mold with watermarks, J. Barcham Green, Ltd., Kent, England

from ltaly and France, and in the early
sixteenth century some paper was ob-
tained from the mills of south Germany.
With the growth of its own paper in-
dustry, Switzerland began to export
paper, and by the seventeenth century
Basel had become an important sup-
plier of paper for the Dutch.23

In Holland, papermaking on a larger
scale began in 1586 when Jan Luipart
and Hans van Aelst were authorized to
manufacture paper near Dordrecht. Un-
tit then, paper had been mainly im-
ported from France, but also Italy, Swit-
zerland, and Germany. The wars from
1568-1648 curtailed these relations, and
the Dutch had to look for paper else-
where. They began to import their pa-
per from Basel, and until the first half
of the seventeenth century the greater
quantities of paper were imported from
there.?* It is also in this period that
Indian and Japanese papers were first
imported into Europe via the Dutch
ports.??

Paper was also imported from Ger-
many; the German mills were, however,

18

mostly destroyed during the Thirty
Years’ War (1618-48). By the middle of
the century, the Dutch import of Swiss
and German paper declined, and paper
was again imported from France, where
it was made expressly for the Dutch.
By this time, the invention of the Hol-
lander had boosted the national paper
production, and Holland became fam-
ous for its fine, white paper. The Dutch
were the chief suppliers of fine white
paper for England until the eighteenth
century; they also supplied biue, gray,
and brown paper for the English mar-
ket.2¢ England’s first paper mill had
been established in 1495 by John Tate
and John Spillman’s was established by
1588. But it wasn’'t until the middle of
the eighteeenth century when the What-
mans began making paper that English
paper production became really signi-
ficant.

Konstanze Bachmann is a print and pa-
per conservator who received her con-
servation diploma from the Conserva-
tion Center at New York University.

9. The antique method of macerating paper
at the Musée Historique du Papier Au Moulin
Richard-de-Bas, Ambert, France (founded 1326 A.D)
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