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THE problems involved in preserving historical documents are
well known to the readers of this magazine. The paper on
which these documents are printed may be described under

two general classes with gradations all the way from one to the
other. Papers may be classified as "permanent," meaning, his-
torically, that they have been made from rags under such conditions
as would give them long life, and "not permanent," meaning almost
everything else; for it has been ordinarily considered that paper
made from either chemical or mechanical wood pulp and from straw
will have a shorter life span than will the well made rag papers.

Actually, the life expectancy of a sheet depends on the con-
ditions of papermaking and conversion, as well as on the original
fiber furnish. High acidity in the sheet, high rosin content, high
acidity in the inks, all combine to shorten the life expectancy even of
the so-called permanent papers. The presence of alkaline buffering
agents neutralizes the effect of the acid and lengthens the period of
service. Proper observance of the fundamental knowledge in the
field may give even the so-called nonpermanent wood pulp and
straw papers much longer than normal "life expectancy." In addi-
tion, modern pulp making and refining techniques have produced
wood pulps of high purity and greatly improved potential service.
Today, therefore, we want to know not only the fiber furnish but
also the character of the sheet before we pass judgment on its prob-
able behavior over the years.

Unfortunately, the printer, more often than not, has no idea of
the future value of the job he is printing. Handbills have been put
on the cheapest paper — municipal records on whatever was avail-
able in the print shop.

By happy circumstance, the only paper available in quantity to
the printer before the middle of the last century was made from
rags by a process which providentially yielded a first-class product.
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The combination of lime and soft water and the absence of chemical
bleaching agents gave a product which usually was left with a resi-
due of lime to serve as an acid-controlling buffer; the further pro-
cess for making the paper added little to harm the sheet. Later,
processes were developed for making wood pulp, and the residues
of cooking chemical and bleaching chemical left in the pulp (and
paper), together with the growing habit of the papermaker to use
alum freely as a cure-all for papermaking problems, resulted in the
manufacture of paper from good wood cellulose which was ill fitted
to stand exposure to sunlight, heat, humidity, or the self-degrada-
tion brought about by the undesirable residues added at one stage
or another in the process.

How to preserve this heterogeneous collection of material has
been and still is a problem. If the document itself is priceless to the
collector by virtue of its historical association, it may be preserved
by facing on both sides with cellulose acetate foil and then applying
heat and pressure. This seals the document against the harmful
gases in the atmosphere without the use of an adhesive. Other
treatments are available for handling specific problems, but it is not
the purpose of this paper to review them. The interested reader is
referred to the report on this subject from the U. S. Bureau of the
Census [Kimberly, Arthur E. U. S. Bureau of the Census. Vital
Statistics. Special Reports 3, No. 33:153-60 (August 5, 1937)].
Where the contents of the document are more important than the
document and particularly where it will be used for reference, we
have available the photographic process using either microfilm, film
slides, or photostats. Beyond that, rather fantastic devices have
been suggested as means of preserving materials for "all time,"
such as scratchings on glass, markings on porcelain, or the Digby
process of printing with platinum on thin gold foil. The justifica-
tion for resorting to such means as these must be left to those others
who are better qualified to judge.

This paper, however, is not directed to how documents may be
preserved. It is intended to point toward the researches which have
been set up to study the actual reactions involved in the aging of
paper and the conditions which initiate and accelerate such reac-
tions. Research of this type is forward looking — it deals more
particularly with the preservation of future documents rather than
with those which became historically important during some past
generation.

The preservation of records made on high-grade papers is rela-
tively simple. Paper meeting the specifications for "permanent
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Figure i
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Class B sheet
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Class F sheet
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paper" is largely cellulose. As manufactured, it is comparatively
free of the presence of the deteriorating agents mentioned earlier,
and its storage requires only that external agents of degradation be
kept from coming in close and continuous contact with the paper;
among these are air-borne acid fumes (sulfur dioxide from the
burning of coal, sulfur dioxide and the oxides of nitrogen in in-
dustrial stack gases, etc.), ultraviolet light (from the sun), excess
heat, dryness, or humidity (the combination of heat and humidity
promotes the growth of microbiological forms which attack cellu-
lose).

The results of a recent investigation of the condition of paper in
an old book will serve as an illustration of the factors favoring the
slow deterioration of even high-grade papers. The subject of the
book is unimportant. It happened to be a text in Latin on the
natural sciences; its publication date is 1576. The work was done
at The Institute of Paper Chemistry by a student [Hanson, Fred S.
Resistance of Paper to Natural Aging. Paper Ind. & Paper World
20, No. 11 :i 157-63 (February, 1939)]. In this book some of the
signatures were brown in color and weak in strength; in others, the
paper was white and quite strong. Why the difference? The fiber
furnishes of the two contrasting materials were the same — namely,
a mixture of linen and cotton with about 3% of raw linen fibers in
each. The chief chemical constituent of the fibers making up the
paper consequently was cellulose. The mechanical preparation
seemed to be about the same, for the fibers were long and consider-
ably broomed. One significant difference was found to be the ash
content; the weak brown sheet contained not more than 0.75%,
whereas the ash in the white sheet tested better than 2.5%. The
amount of iron was the same. Paralleling the difference in ash was
the difference in lime, the main constituent of the ash. Somewhat
related to the difference in ash was the difference in acidity of a
water extract of the papers. The extract from the white paper was
slightly on the alkaline side, whereas that of the brown paper was
acid. The slight alkalinity of the extract of the white paper is due
to the lime content of the ash which served to buffer any acids
formed during aging and, thus, prevented abnormal deterioration
of the paper. The samples of paper, when arranged in order of
increasing brownness, appeared exactly in inverse order of calcium
carbonate content.

Other interesting points were noted. One had to do with the
aging by the ink and its component oils and pigments. The linseed
oil in the brown sheet was shown to have been converted to organic
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acids in a highly oxidized condition. This was not the case in the
white sheet. The acids also had diffused throughout the entire sheet
in the completely brown sheets; with the partially brown sheets, the
acids had diffused through the brown areas.

This report shows the effect of at least one of the deteriorating
agents — sheet acidity. Oxalic acid was found useful as a means of
brightening the various samples; the white samples were raised in
brightness as much as 20 points, the brown samples about 5 points
through removal of iron and, probably, a conversion of calcium
carbonate to calcium oxalate.

The effect of atmospheric acids has been brought out by the work
done at the National Bureau of Standards and described in an
article by A. E. Kimberly and B. W. Scribner [Bur. of Standards,
Miscellaneous Publication No. 144 (1934). 27 pages]. These
men, in a series of systematic studies of the problem of preserving
records extending over four years, have described the effect of ex-
posing papers to atmospheric sulfur dioxide gas with the measure-
ment of the degrading effects of the gas. Experimental tests showed
that this gas could be completely removed from the atmosphere by
washing the air with an alkaline wash. The destructive effect of
light, adverse temperature, and humidity are also indicated. Many
other papers on the preservation of records and the whole problem
of permanence and durability of old papers will be found in the
reports from the National Bureau of Standards.

A variety of projects in this general field have been carried out in
the laboratories of The Institute of Paper Chemistry.

Reference was made on an earlier page to the new and highly
purified wood pulps such as those which have been sold in the past
under the name of alpha pulps. One of the first studies made by
The Institute of Paper Chemistry dealt with the relative stability
of high-grade rag stock and purified wood pulp in order to deter-
mine whether the purified wood pulp could be substituted for the
high-grade rag stock. In this project, the various pulps were de-
graded by heat, light, alkaline solutions, acid solutions, and bleach.
The rate of degradation was followed by estimating the changes in
the chemical composition of the products. The data show that high-
grade rag stocks with their higher purities resist degradation, as
measured in this way, for a longer period than do the purified wood
pulps and low-grade rag stocks. The suggestion from this is that,
all things being equal in connection with the paper manufacturing
process — such as content of alum and size and the like — the
paper from the high-grade stock would probably last longer under
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equivalent storage than would paper from either the purified wood
pulps or the lower grade rag stocks. In connection with this pro-
gram, paper was made in February, 1933 using high-grade rag stock
on the one hand and purified wood pulp on the other under similar
and optimum conditions, and this paper is now on test. After fifteen
years of aging there is very little relative loss in strength in either
type of paper. The rate of loss in folding endurance — the only
strength property to change in the fifteen years — is approximately
the same for each of the papers but, since the purified wood pulp
paper had a considerably lower original folding strength, we might
expect it to lose its fold sometime sooner than would the paper from
the high-grade rag stock. Specifications for permanent records are
directed toward insuring a sheet of high alpha-cellulose content
(resistant cellulose) and low acidity and low rosin content.

The preceding discussion relates specifically to papers intended
for permanent records. The archivist, however, may be just as
much concerned with papers of cheaper furnish — such as ground-
wood-chemical pulp mixtures. The conditions which shorten the life
of a "permanent" sheet have an even greater over-all effect on
the life-expectancy of the poorer quality papers. Free acid and
rosin in the sheet contribute to its deterioration. This is not notice-
able where the sheet is used conventionally, for the greater per-
centage of such paper today needs only a relatively short use life.

In spite of the fact that papers in general meet their principal
use requirement in terms of sheet life, appearance, and strength, the
paper manufacturer is constantly striving to improve his product.
For example, the development of a process for making a ground-
wood sheet which is stable as to color and strength would be of
very real interest provided the new process would not add too
greatly to the cost of production.

Unfortunately, not too much is known about the factors affecting
the color and strength of groundwood, particularly on exposure to
light. In order to remedy this, the Groundwood Association initi-
ated a project dealing with the nature of fading in groundwood
papers at The Institute of Paper Chemistry. "Fading" is the term
used to describe the color changes taking place in a groundwood
sheet on exposure to sunlight. Newsprint, poster paper, and the
like, after exposure, first become somewhat lighter in color; then, as
exposure is continued, they darken very noticeably. With this
change in color, there is a corresponding loss in strength. Although
the project was ended before all the answers to the question could
be obtained, some very definite steps forward were made in under-
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14 THE AMERICAN ARCHIVIST

standing the change in composition which accompanies the change
in color.

The reaction is an extremely complex one in which both light and
atmospheric oxygen play a role. Elevated temperatures and in-
creased humidities accelerate the rate of fading. The main com-
ponent of the groundwood sheet which appears to be changed by
oxygen in the presence of ultraviolet light, with subsequent produc-
tion of color, is lignin. These studies indicated a number of ways
that might possibly be used by the papermaker to improve the qual-
ities of his groundwood sheets. Some of these were tried. One was
to use a material which we call an "antioxidant" to prevent oxi-
dation. This was not successful. A second was to put in a material
which would absorb the ultraviolet light which changes the lignin;
a number of compounds were found that would do this (in part at
least), but their cost was prohibitive. This directed us toward a
third method for controlling the influence of light on the ground-
wood sheets — stabilizing the unstable color-producing components
of groundwood by modifying them. Something like this happens
when groundwood pulp is bleached with sodium peroxide. A very
much better color results, and sheets made of bleached sulfite pulp
and bleached groundwood might prove to be of interest where
records occasionally have value as archivists' items.

No attempt will be made to review in detail all the other investi-
gations made at The Institute of Paper Chemistry relating to an
understanding or control of natural aging of paper. Reference will
be made rather briefly to two.

The first deals with the effect of ultraviolet light on cellulose,
the main constituent of high-grade rag paper. From the research,
we understand better how cellulose is broken down by ultraviolet
light in the presence of oxygen. The reaction products all exhibit
the properties expected of cellulose degradation products. The
further discovery that cellulose, after irradiation in oxygen, con-
tinues to break down, even when stored in the dark, has a practical
bearing on the display of documents in museums where ultraviolet
light and air can get to them. Permanent exhibition under these
conditions may be bad, but even temporary and occasional exhi-
bition of such documents may be attended by a continuing break-
down after they are removed from the display case. This effect is
referred to as a "post-irradiation effect." [Stillings, R. A., and Van
Nostrand, R. J. The Action of Ultraviolet Light upon Cellulose.
/ . Am. Chem. Soc, 66, no. 5:753-60 (May, 1944); Heuser, E.,
and Chamberlin, G. N. The Action of Ultraviolet Light upon
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Cellulose and Cellulose Triacetate. / . Am. Chetn. Soc, 68, no.
1:79-83 (January, 1946)]. The post-irradiation effect can be
stopped by storage in the dark in nitrogen or in helium.

Still another series of investigations has been carried out in our
lignin laboratory. "Native" lignin, one form of the color-producing
lignin in paper made by the groundwood process, has been shown
to possess one reactive component which is extremely susceptible to
the action of light. When this component is protected, changes in
the color of lignin on exposure to light take place only slowly. This
is true whether the lignin is isolated or is in wood. Unfortunately,
we have not yet been able to achieve this result on a technical scale
with the lignin in paper without, at the same time, affecting certain
of the other properties of the paper.

The above discussion has related largely to studies of the mech-
anism of deterioration of paper. The archivist is also interested in
determining the age of a document and whether it is the actual
document it is represented to be. One way of checking the age is
to determine the type of pulp used in making the paper. One of the
members of the staff of the Institute has devoted the greater share
of his technical life to developing and improving the methods which
serve to identify and estimate the different pulps in the furnish.
Since the groundwood process was not introduced in Europe until
1840 and in this country just after the Civil War, the presence of
groundwood establishes the earliest possible date of manufacture.
Similarly the soda process was first used in 1863 and the sulfite
process in 1874. These three pulps are found in ordinary printing
paper. Bleached sulfate and purified chemical pulps were not used
until about 25 years ago. These can also be identified in a sheet.

This brief report should not be closed without an explanation
being given to the function of The Institute of Paper Chemistry.
The Institute was organized in 1929 shortly after the stock market
crash by nineteen pulp and paper mills of the State of Wisconsin.
This was to be a graduate school devoted to the training of tech-
nical men for the pulp and paper industry, but it was also to pro-
vide both research facilities for studying problems dealing with the
manufacture and use of pulp and paper, and library facilities.
These three functions have been carried out on an expanding scale
ever since 1930 when the first class of three students entered in
February. The Institute has grown and today receives its support
from all over the United States. The Institute of Paper Chemistry
currently is the co-operative educational expression of 107 corpora-
tions. Its physical equipment is housed in its own buildings on a
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campus of approximately 30 acres. The staff includes about 200
men and women. Its activities embrace both teaching and research
in the field not only of cellulose and lignin chemistry but also of the
other sciences on which the industry is based, such as physics and
biology which, together with chemistry, provide fundamental sup-
port for the various technologies of the industry. Its library and
editorial facilities have expanded so that today there is an Editor,
C. J. West, and members of the editorial staff, together with Miss
Edith Stroschneider, Librarian, and her library staff. The Institute
publishes a monthly technical abstract bulletin called the Library
Notes of The Institute of Paper Chemistry, a quarterly research
bulletin sent to its membership, numerous annotated bibliographies,
and a variety of technical publications in the different scientific jour-
nals.

Its research program embraces fundamental studies of the type
described above in connection with permanence and durability of
various types of paper, fundamental and applied problems in the
field of pulping, stock preparation, papermaking, conversion, and
the like. It has special research laboratories adapted for work in
studying the effect of paper mill effluents on fish life, other labora-
tories for determining the relative resistance of paper containers
to penetration by insects, laboratories for research in wood tech-
nology and bacteriology, for studies of wood waste utilization, as
well as the more conventional laboratories in chemistry and physics.

As in the beginning, its student body is limited to fifteen in a
class. The course, purely postgraduate, takes approximately four
years and leads to the degrees of Master of Science and Doctor of
Philosophy. These degrees are conferred by Lawrence College
with which the Institute is affiliated. Since the Institute opened its
doors, approximately 250 students have matriculated. Including
the graduates of June, 1948 it will have conferred 92 Doctor of
Philosophy degrees and 148 Master of Science degrees. One hun-
dred and fifty of its alumni and former students have entered, and
are actively engaged in, the paper industry. Buildings and equip-
ment could not be duplicated today for $2,000,000.

The students of the Institute are selected following the visitation
of university and college campuses by representatives of the Insti-
tute. They must have demonstrated in their undergraduate work
the ability to handle difficult technical assignments. Their prepara-
tion must have included such basic courses in chemistry, physics, and
mathematics as are ordinarily recommended by the American Chem-
ical Society and the American Institute of Chemical Engineers for
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professional training in those fields. Here an ideal combination of
academic atmosphere and tradition is blended with the atmosphere
of the industrial research laboratory. The thirty-eight men and
women who make up its teaching staff have had some contact with
the paper industry or other industries of the same general type.
From programs such as this will come the men and the ideas on
which better publication media will be built.

SUMMARY

The above paper has presented a review of those researches
which have increased our knowledge of the causes and mechanisms
of paper aging. No attempt has been made to describe the methods
which have been developed for the preservation of documents.

A considerable gap exists between our knowledge as to the causes
for accelerated aging and the application of this knowledge in paper
manufacture and paper conversion. This is due to a number of fac-
tors, but the main one is the fact that most paper as made meets its
normal use requirements, and longevity is not a normal requirement.
Only a small percentage of the paper manufactured and printed
becomes of interest to the archivist, and the problem is to manu-
facture and print all papers so as to achieve the maximum life with-
out affecting adversely the normal papermaking and printing oper-
ations. This is a real undertaking.
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