[image: image113.png]o, ‘yoeNs go





An Evaluation of the Bookkeeper Mass Deacidification Process
Technical Evaluation Team Report For the Preservation Directorate, Library of Congress
Pittsburgh, PA
October 1994
Table of Contents
Page
Summary

Introduction
.
'.
1
Technical Evaluation Team
1
History of Mass Deacidification
2
Evaluation Project
2
Selecting Materials for Testing
3
Processing Test Materials
.•
 3
Evaluating Processed Materials
 4
Library of Congress Specifications
4
Efficacy
4
Completeness of Deacidification
4
Alkaline Reserve
5      
No Damage to Processed Materials and Media

5
Potential to Treat Books on a Mass Scale
6
Conclusions
7
•    Reports
Technical Evaluation of PTI Mass Deacidification Technology
Michael M. Domach, Ph.D
9
Evaluation of Bookkeeper Process Chemistry
Paul M. Whitmore, Ph.D
13
A Paper Conservator's Evaluation of the Bookkeeper Deacidification Process

Wendy Bennett
23
Mass Deacidification in the Library: A Rare Book Librarian Considers Bookkeeper
Charlotte Tancin, M.L.S
29
Appendices
A Report of the Institute of Paper Science and Technology, Inc.
B Report of the Environmental Protection Agency

C Description of the Twenty-Five Additional Test Books

 Summary of the Tests Performed

E Report of Preservation Technologies, Inc.
Section I Summary 
An Evaluation of the Bookkeeper Mass Deacidification Process Technical Evaluation Team Report
Introduction
The Technical Evaluation Team established by the Library of Congress has evaluated the Bookkeeper deacidification process and unanimously concludes that it demonstrates the potential to meet the requirements for mass deacidification as defined in the RFP issued in
1993
by the Library of Congress (Library). The Team
also recommends that Preservation Technologies, Inc.,
(PTI) of Glenshaw, PA, be supported for further
research and development by the Library.
Bookkeeper has already met many of the Library's specifications. The process deacidifies books, leaving an alkaline reserve, without decreasing paper strength. There is potential for scaling up for mass treatment, and the costs of doing so are not excessive. Neither human health nor environmental safety is com​promised. The minor physical damage caused will be acceptable for most research collections. As was expected, there were problems and concerns identified as a result of the test procedures, conducted in August 1993, that suggested the advisability of additional research and testing.
Team members have written individual reports following this summary which are the body of the evaluation and report to the Library. It is important to note that research and development have continued over the past year since the initial test at the PTI facility. PTI has worked to refine and develop both its process and its technology, and observers would find in September
1994
a different environment than that described by the
Team members in their reports. PTI's report is included
as Appendix E.

Technical Evaluation Team
.
The Pittsburgh-based Technical Evaluation Team was appointed in 1993 to work with the Library and PTI to assess Bookkeeper and its potential to meet the Library's specifications. The Team had the respon​sibility to establish a testing protocol based on the guidelines in the RFP. The charge to the Team was to evaluate Bookkeeper's effects on test materials at a specified period of time and to report on those results to the Library of Congress and the library and archive communities at large.
Sally Buchanan was asked to chair the Techni​cal Evaluation Team. The remaining members of the Team, selected in recognition of the multi-faceted nature of the evaluation process, included Wendy Bennett, Michael Domach, Ph.D., Susan Melnick, Char​lotte Tancin, and Paul Whitmore, Ph.D. Because of the range of expertise represented by the Team, the consid​eration of Bookkeeper was able to proceed on a number of levels.
The work of the Team was to culminate with a
fully documented report on the efficacy of the Book​
keeper process. This report is the result. It will be
published by the Library for public information and
education. Kenneth E. Harris, Preservation Projects
Officer for the Library of Congress, represented the
Library in the endeavor. Chandru Shahani, Ph.D.,
Preservation Research Officer for the Library, worked
with the team during the evaluation process. PTI has
made all relevant proprietary information available to
the Team as well as the time and expertise of its research
staff. The cooperation of the staff of the Library of
Congress, Preservation Technologies, Inc., and the
Technical Evaluation Team members made this report
possible.
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The Library also contracted with the Institute of Paper Science and Technology, Inc. (IPST), in Atlanta, GA, to run independent tests on books treated by the Bookkeeper process. The detailed report from IPST is found in Appendix A.
History of Mass Deacidification
Mass deacidification is a tool that many librar​ians and archivists had anticipated could be used to help combat the serious problem of the acidic collections in the nation's libraries and archives. While brittle materials were being identified and reformatted for preservation, there was also the troubling question of what to do about the millions of acidic but not yet brittle books and records inexorably deteriorating in the retrospective collections.
The Library of Congress responded over a de​cade ago by developing the DEZ process. Its potential seemed highly promising. Testing and experience, however, taught that it had drawbacks which required further research. Other deacidification technologies also showed potential, but none met all the needs or the expectations of the library and archival communities. Many had hoped that any process marketed would be totally effective, safe for users and environment, univer​sally acceptable for collection materials, and cost-effec​tive. Despite these expectations, it is unlikely that one process will ever be appropriate for all library or archi​val materials. Selection may depend upon process parameters, specific collection needs, and types of ma​terials to be deacidified.
Further, different kinds of decisions related to acidic collections may have to be made by collection experts. For instance, is mass deacidification, which significantly slows the degradation of paper, the best solution even though it may result in some physical changes to the book or paper? Is controlled environmental storage, which causes no visible physi​cal change in paper or books but is less aggressive in slowing deterioration, a better choice? The likely event is that librarians and archivists will make use of all possible options to ensure the preservation of the national collections.
Over the past five years there have been useful and reliable tests conducted on most available mass deacidification processes by conservators and scientists from several countries. Gradually, the growing body of knowledge has made it possible for librarians and others

to begin to make the informed decisions necessary to protect as well as preserve collection materials.
The Library mass deacidification program has been pursuing two initiatives over the past 1993-94 year. One was to continue to work with the Akzo Chemical Company in Texas on refinement of the DEZ deacidifi​cation process. This came to an end when Akzo made a decision in December 1993 to withdraw from the de-acidification business.
The second initiative sought to encourage and evaluate the development of other technologies. In keeping with itscongressionally approved plan to assist the development of emerging processes that have the potential to preserve its collections, the Library pub​lished the RFP in 1993. PTI, the sole respondent to the Library's advertisement of the availability of its evaluation and testing program, submitted Bookkeeper, originally developed by the Koppers Company, Inc., and patented in 1985.
Evaluation Project

The Technical Evaluation Team began work in May 1993 to create a schedule, to define the testing protocol, and to decide upon appropriate test materials. The schedule established by the Team acknowledged both the requirements of the Library and the needs of PTI which, during the summer of 1993, was installing the new technology that was to be used for the test run. As first planned, the work of the committee was to be finished by the end of 1993, with the report available for distribution in early 1994. Due to the time required for contract procurements, the independent testing by IPST of the deacidified books, and other responsibilities of the Team members, publication of the report was delayed.
Team members, according to their respective expertise, assumed responsibility for separate aspects of the review process. The Team defined the testing protocol in terms of three screens, as explained below, through which Bookkeeper would have to pass.
1. First, and most important, the mass deacidification process had to meet the Library of Congress specifications for efficacy, alkaline reserve, and completeness of treatment. Paul Whitmore had responsibility for definition of tests to be done, in addition to those required by the Library, as well as for the interpretation and discussion of the data resulting from those tests.
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2. Second, the process had to meet specifications
applicable to process engineering criteria, its ability
to be scaled up, and its environmental impact, tox-
icity, and health effects.   In his report, Michael
Domach reviewed the Bookkeeper process tech​
nology as it existed at the time of testing. The EPA
report is included in Appendix B.
3. Third, in order to be considered safe for library
materials, the process could not result in any harm​
ful or unacceptable side effects. The evaluations of
this third screen were designed to detect odor,
discoloration, distortion of paper and textblocks, as
well as any other unwanted reactions caused by the
process.    Charlotte Tancin and Wendy Bennett
addressed these issues in their reports. The Team
wanted to identify those properties of library
materials which might be adversely affected by
deacidification. In the development of this set of
parameters for consideration, the Team polled the
preservation and conservation communities via the
Conservation DistList, an online forum in which
members can communicate through the Internet.
Respondents suggested areas of concern related to
mass deacidification.
Selecting Materials for Testing
The Library has focussed its testing of mass deacidification processes on bound materials and has created the LC blue test book as a standard unit for evaluation. Unlike ordinary books, these volumes con​sist of bound blank sheets of a variety of paper types.
Because other deacidification methods have caused a variety of undesirable side effects1, and in response to concerns raised through the Internet inquiry, the Team expanded the original test batch beyond the mandated LC blue test books. Members decided to consider the effects of Bookkeeper treatment on a collection of books which represented a "typical" li​brary collection. The Team selected twenty-five used books, collected from various libraries, to be added to the test batch. These books presented a range of publi​cation dates, countries of origin, paper types, ink colors, binding methods, plate types, and other physical compo​nents. A list of these books can be found in Appendix C. These materials were not sent to IPST for testing after treatment.
1 Anne Lienardy, "Evaluation of Seven Mass Deacidifi​cation Treatments," Restaurator 15:1-25, 1994.
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The treated and untreated halves of the bisected volumes were placed together for comparison.
Processing Test Materials
On August 30,1993, the entire set of test mate​rials, both the LC blue test books and the twenty-five additional books, were processed by PTI in the presence of the Technical Evaluation Team. Each of the twenty-five used library books had been cut in half, perpendicu​lar to the spine. One half of each volume was to be processed, and the untreated half was retained as a
control.
The LC blue test books and both halves of the library books were transported to PTI where they were unpacked in the Bookkeeper plant. The half of each library book to be treated was labelled with the Book​keeper label. The Team had, for testing purposes, placed a variety of items in the books. The Team also marked some of the books with a variety of markers, pens, and pencils, in order to observe any effect of the Bookkeeper process on these markings.
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After the materials had been deacidified, the treated and untreated halves of the bisected volumes were placed together for comparison. They were also photographed for documentation.
& Evaluating Processed Materials
The LC blue test books were sent to the Library of Congress for limited testing and aging and were then forwarded for independent testing to the Institute of Paper Science and Technology, Inc., Atlanta, GA. A list of tests is provided in Appendix D.
The twenty-five bisected library books were scrutinized by committee members. The treated halves were compared with their untreated halves in an effort to detect side effects of the Bookkeeper process. After this initial examination, the twenty-five books were sub​jected to further testing by Paul Whitmore. In Decem​ber, several books were also taken to the Graphic Arts Technical Foundation, Pittsburgh, PA, for abrasion test​ing of printed plates on coated paper on the Gavarti Comprehensive Abrasion Tester, according to ASTM D518191.
While waiting for test results, the Team served as a liaison between the Library and PTI. The members worked with PTI, explicating areas appropriate for re​search and development which had become apparent during the evaluation process. Issues of importance to the preservation and conservation communities were also communicated to PTI. Then, as the testing and evaluation data became available, each member of the Team addressed the relevant data in a section of the report related to that individual's area of expertise.
Library of Congress Specifications
The charge from the Library to the Technical Evaluation Team was to evaluate the Bookkeeper de-acidification process to determine if it had the potential for meeting the technical requirements for deacidifica-tion set by the Library of Congress. Among these requirements are the following:2
2 Library of Congress, Test and Evaluation of the Book​keeper Deacidification Process in Support of the Li​brary of Congress' Research and Development Efforts for a Mass Deacidification Process. Contracts and Logistic Service, 1993.

1.
Efficacy
Through neutralization of acidic paper and in​corporation of a suitable permanent alkaline reserve, the rate at which paper loses strength upon accelerated aging at 90 C/50% RH for up to 30 days, shall be decreased by at least a factor of 3.0, when the logarithm of the folding endur​ance is plotted against time in days. [RFP80-21 Requirement - C.2.I.4.]
The permanence of the treated paper shall be increased byafact9rof300%.
Findings
a) Treated papers showed less degradation of
mechanical properties than did untreated during accel​
erated aging. Treated papers from the test books gener​
ally retained their desirable performance properties for
2-4 times longer in oven-aging, comparable to the factor
of 3 required in the Library specifications.   Overall
performance in the oven tests show benefits of the
treatment.
b) The treatment did not measurably affect the
physical appearance of the papers in the Library test
books.
2.
Completeness of Deacidification
After treatment, the average pH value will be between 6.8 and 10.4. Deacidification shall be demonstrated within each page, each book and throughout all books in a treated batch. [RFP90-21 Requirement - C.2.1.7]
Findings
   
a) Treatment of all the paper types in the
Library test books raised the pH of the sheets from a
moderately acidic pH of 5.7-6.5 to alkaline levels rang​
ing from 9-10.  Subsequent oven-aging of the treated
sheets caused the pH to fall slightly to 8.0-9.5.
b) Treatment which neutralized LC blue test
books did not completely deacidify several of the old
library books that originally may have been very acidic.
Limited testing of the twenty-five library books selected
by the Team revealed that Bookkeeper deacidification
of highly acidic, older collections may require addi​
tional research into the process technology and some
stricter bench marks for treatment.
5
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Leather bindings appear to be undamaged by treatment.
3. Alkaline Reserve    
Uniformity for a given paper type shall vary
Hi-Hoi
from specified optimal concentrations by no
more than 20% between books and by no more

than 20% between and within individual pages.
[RFP90-21 Requirement - C.2.1.8]
Alkaline reserve amount is not decreased by more than 0.5% calcium carbonate equivalent after aging for 30 days at 90° C/50% RH. The minimum amount of alkaline reserve shall be 30 milliequivalents per l00g (1.5% calcium car​bonate equivalent.) [RFP90-21 Requirement -C.2.1.8]
The process will result in an alkaline reserve of not less than 1.5% with stable and uniform distribution.
Findings
a) Alkaline reserves were some​
what lower than the Library's specifica​
tions (1.5%), but the initial value of the
reserve did not fall during 30 days of oven
aging. On some papers, alkaline reserves
must be improved.
b) It would appear that the most
immediate shortcoming of the Book​
keeper     process     involves     the
nonuniformity (as demonstrated August
30, 1993) of the treatment chemical to
book materials rather than in the technol​
ogy itself. Test results indicate that the
Library test book papers contain an over​
all uniform deposit of magnesium oxide
across the entire sheet with the exception
of the gutter areas where only 30-50% of the average loading took place.
4. No Damage to Processed Materials and Media
No process-related damage to books. [RFP90-21 Requirement -C.2.1.10, C.2.1.11,C.2.7.12]
The processed books will be evaluated for damage to the dyes, inks, or adhesives, for any process-induced odors, for loss of strength, or for significant change of color or degree of photosensitivity to the book paper as a result of treatment.

Findings
;
a) The treated books had no odor.   Those
demonstrating a pretest musty odor lost that odor during
the treatment process.
b) There was no observable adhesive loss or
damage on book spines or to shelf labels, security strips,
book pockets, or plates.
c)
There was no damage to book cloth or other
covering material. A typical plastic book jacket
acquired a light dusting of magnesium oxide. There was
no softening of plastic or change of color. There was no
damage to pamphlet binders. There appeared to be no
damage to the leather on the two leather bound books.
d)
There was no change of dye color in book
cloth or in printing ink, internally or externally. There
was no damage to gold tooling or gilded edges. Marker
ink used for underlining text did not change color or
bleed, with the exception of a pH sensitive marking pen.
The Team noted there was some rub-off of colored inks
from printed plates on coated stock. The inks did not
transfer to hands or to adjoining pages but was discov​
ered as result of abrasion tests.
e)
There was no cockling of paper or distortion
of boards, pamphlet binders, or textblocks.
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f) There was some observable change in the
untreated papers from the LC blue test books aged in a
humid oven, causing some to darken and become less
translucent. The Bookkeeper-treated book paper, aged
in a humid oven, did not differ significantly. Color and
translucency were neither better nor worse.
g) Slight chalking or white residues could be
seen and felt on coated stock and detected by Team
members on some other papers.  This was not found
instrumentally on the unprinted white papers of the
Library test books.
h) The physical and mechanical actions in​volved in the Bookkeeper deacidification process did no harm to books, documents, or fragile bindings except for clamp marks that were detected on some covers.
i) Some books from the Team's set of twenty-five were "cleaned" during the deacidification process. Surface dirt and debris such as dead insects floated to the surface of the treatment tank. There was no effect from rubber bands and paper clips placed in the books before treatment.
j) Pretreatment drying or other conditioning of materials is not necessary.
5. Potential to Treat Books on a Mass Scale
The deacidification process and production fa​
cilities demonstrate potential for scale-up to a
mass deacidification process. [RFP90-21 Re​
quirement - C.3]

In addition, there were to be no health hazards or any serious environmental impact from the process.
Findings
a)
The treatment technology observed in Au​
gust 1993 was not designed as a mass process.   A
detailed description of the process and equipment can be
found in the Domach report. There is reason to believe
that scaling up should not be a mechanical problem.
New equipment has been designed and is being tested.
b)
A distinct advantage of the Bookkeeper
process as compared to others is the modest estimated
start-up costs for a new treatment facility.
c)
Because the treatment process is not hazard​
ous, a facility could be located in a local institution, a
business, or a regional center, or it could be portable and
delivered on site to treat collections.


d) The issues of shipping, receiving, handling,
and packing collections must still be addressed.
e) The selection of appropriate materials for
mass deacidification of research collections must be
considered by librarians and archivists. Education is in
order so a common understanding of needs, costs, and
ability to support mass deacidification is reached. That
mass deacidification is not an appropriate process for
brittle, rare, or special collections must also be under​
stood by librarians. Archivists will have different selec​
tion criteria as most of their collections are unique.
f) The EPA evaluations of the process find no
serious health hazards or negative environmental im​
pact. (Appendix B)
The Team agreed, based on their findings, that Bookkeeper has potential to meet the Library' s specifi​cations. At the same time, however, Team members identified areas which may be appropriate for further research and development by PTI, such as those men​tioned by Bennett, Domach, and Whitmore. Those specified by Tancin will be of particular interest to librarians who are considering mass deacidification for their collections. 
Domach discussed the factors which may con​tribute to nonuniform distribution of MgO particles throughout the text during treatment. Whitmore agreed that problems of controlled application had not been solved in August 1993. Because older library books which may have been very acidic before treatment were not satisfactorily neutralized, he also suggests that older and acidic papers, rather than the less acidic papers of the LC blue test books, be used to set bench marks for developing conservative process parameters.
As a conservator, Bennett remarked on the palpable residue that she found on some treated papers. Her observations that, following treatment, colored inks on coated stock showed a slightly increased tendency to rub off were supported by further testing on the Gavatri Comprehensive Abrasion Tester.
Librarians, if they are to exploit fully the poten​tial benefits of mass deacidification, according to Tancin, must be prepared to structure guidelines for pretreat-ment selection and for care and handling of materials during treatment. She also emphasized need for the establishment of protocols for pretreatment testing and posttreatment monitoring of collections. These contri​butions, among the others found in the individual re-
ports, should provide PTI, the Library, and the library and archival communities with direction for improve​ment and use of mass deacidification in general and Bookkeeper in particular.
Conclusions
The PTI Bookkeeper deacidification technol​ogy meets the criteria set by the Library of Congress for a process which shows potential for meeting their speci​fications. Problems identified as a result of IPST testing or the Team's observations can be addressed as part of the ongoing research and collaboration. The process is a clean one causing harm neither to the environment nor to materials tested. Questions which arose during the testing procedures remain to be answered. The library and archival communities may find that a choice has to be made between a less aggressive mass deacidification process that results in little or no physical damage or other undesirable side effects and one that is chemically more aggressive, causing some observable physical damage. Preservation and collection experts may take advantage of both, based upon condition assessment, the importance of physical appearance, and tolerance for specific technological strengths and weaknesses.
The chemistry of mass deacidification, its sci​entific value, and the solution of problems resulting from treatment are critical topics in the quest to find an answer for the dilemma posed by the millions of acidic books and records in this nation's libraries and archives. The significant part that acidity plays in the rapid dete​rioration of paper has long been recognized. Deacidifi​cation as a potential solution has been scientifically investigated over the last fifty to sixty years in several countries. Indicative of the effort made to understand and resolve the challenges raised by acidic paper and to exploit the potential of deacidification as an answer is the existence of the large body of literature on the subject.
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Section II Reports
Reporting on the process technology and the ability of PTI to scale up in response to the Library specification for a mass treatment facility required the expertise of a chemical engineer. He also commented on the process chemistry; and his questions related to health effects, toxicity, and environmental safety were forwarded to the Environmental Protection Agency.
The charge, made by the Library to the Team, to assess Bookkeeper at the time of the August 1993 test run,
had to be balanced with the Team's realization that new developments would make some of their comments obsolete.
The Team found itself playing two roles. While preparing and writing a report for the Library, the Team was, at the
same time, serving as a communications link among PTI, the Library, and the outside library and archival
communities. As PTI continued research and development, incorporating feedback and ideas from the Team and the
Library, it was essential that progress be monitored and described to the other Team members by the chemical
engineer. His interactions with the PTI staff enhanced the Team's understanding of increasingly complex technology
and process chanses.

Technical Evaluation of PTI Mass Deacidification Technology
Michael M. Domach, Ph.D.
This report is based on the status of process development at the time (August 1993) the test books were subjected to treatment by the Bookkeeper Pro​cess. At that time, some issues were identified that were thought to be of interest to the library and technical communities. These issues were pursued by requesting that a number of tests be performed on treated test books. The main driving force behind these requests was antici​pating potential users' questions and bench-marking efficacy. Finally, the reader should note that PTI is actively engaged in continually assessing and improv​ing the Bookkeeper process. Thus, this section should be viewed as a review of the process' principles and a "snapshot" of its capabilities at the time the test was conducted on August 30, 1993.
This review begins by providing a technical overview of the process. Thereafter, the processing aspects that generated some of the analytical requests are noted to provide the reader with a broader context for reaching conclusions from the results presented else​where in this report. This review concludes with com-

ments on process capacity and control and outlines the directions PTI was pursuing at the time of evaluation. The appendices contain a statement written by PTI that describes recent process modifications in more detail.
Overview of PTI Process
In this overview, what a typical hard cover book experiences in the Bookkeeper process is described. Overall, the aim of the process is to impregnate the text's pages with alkaline, submicron MgO particles. The MgO particles are dispersed in a perfluorocarbon carrier fluid by using a surfactant. The carrier now in use replaces the CFC compound originally used; the new carrier was adopted to minimize environmental impact. The surfactant is used to prevent the aggregation of particles. If aggregation occurred, particle penetration into the paper' s fibrous structure would be reduced. The surfactant contains a perfluorocarbon-functionality which endows it with solubility in the carrier fluid.
10
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Texts were attached to a platform for v-shaped treatment.
The texts to be processed in the batch are first attached to a horizontal, V-shaped platform. Attach​ment is accomplished by clamping the binding's comers to the platform surface. Thereafter, the platform bearing its load of texts is immersed into the MgO suspension. Immediately after the load is immersed, the air from between the pages and binding exits. The high specific gravity of the carrier fluid (1.7) fosters flotation result​ing in the opening of the text's pages. At this point, a text appears to be half open with the fanned out pages supported by the dense carrier fluid. Often, dirt and debris from the books floats to the top of the bath thereby providing some cleaning.
Apart from the materials used, another key component of the Bookkeeper process is the agitation a text experiences following immersion. MgO particle penetration is aided by establishing convective mass transfer. This means that the carrier fluid flows over the opened pages. Such motion is intended to increase the rate and extent of contact between the pages and MgO suspension. Carrier fluid motion is induced by moving the platform back and forth in the horizontal plane;

motion occurs parallel to the text's spine. This motion establishes mild fluid circulation in the immersion bath. Adjusting the range of platform motion is possible prior to operation. This adjustment regulates the period and phasing of the circulation. The motion combined with the high specific gravity of the carrier fluid causes the pages to fan as the platform moves. The motion of branched kelp in a gentle tidal flow is reminiscent of what is observed. As the flow passes by and recedes, the kelp's branches move laterally back and forth.
Following impregnation for ca. 12-15 minutes
in a bath containing 2.5 g MgO/1, the platform is raised
above the immersion bath and excess carrier is allowed
to drain. Thereafter, the platform and attached books are
transported to an evaporator chamber. There, the carrier
fluid is evaporated at approximately room temperature
conditions. The evaporated carrier is collected and
condensed so that it can be recycled. The normal boiling
point of the carrier is 80° C; hence, the evaporation
process for a ca. 200 page text is complete in less than ca.
16 h based on gravimetric criterion. Carrier recovery
observed in the August 1993 process is less than 100
percent.
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Main Process: Issues Relevant to Efficacy
Penetration & Uniformity ofMgO Distribution Apart from the type of paper, the operation of the equipment (e.g. duration of immersion), and size of the text, the shadowing effect of neighboring texts could conceiv​ably affect the treatment a book experiences in a batch. If these effects occur, then the MgO panicles could prove to be not uniformly distributed on a page or throughout the text.
PTI has considered the MgO distribution issue. At the time of Library-sponsored study, PTI staff uti​lized alkaline pH indicators to determine if treatment confers alkalinity to all areas of a given page as well as to all pages in a text. Supplemental information in the form of scanning electron micrographs was also pro​vided to the Technical Evaluation Team. The micro​graphs indicated that particles are adsorbed on cellulose fibers. Elemental analysis via energy dispersive x-ray analysis is also claimed by PTI to confirm that the particles observed in micrographs are indeed MgO. Overall, the operational parameters (e.g. immersion time, platform motion range) used in this study were based on PTI's prior videotaped motion studies and analyses (e.g. pH indicator studies) of their own test books. The results of fold endurance and other tests which bench-mark efficacy are discussed by Paul Whitmore.
Process Control & Quality Assurance The treatment is a batch process. Thus, as time elapses, MgO concentra​tion in the bath may potentially change due to uptake by texts or carrier fluid evaporation. The former would reduce MgO concentration while the latter effect would increase concentration. At the time of the test, once the range of platform motion was set, the main method of controlling the process entailed periodically withdraw​ing a bath sample for analysis. The control strategy involved maintaining the MgO concentration at the level anticipated to yield the desired alkaline reserve for the treatment times used.
Assessing the extent of treatment for actual circulating books is not straightforward. Using pH indicators is obviously undesirable due to the staining; hence, selected surface pH electrode measurements would have to be performed. Alternately, representative samples of low value books could be inserted in a batch and subjected to destructive testing. Relying on histori​cal data and limited analyses is an omnipresent chal​lenge in the majority of deacidification processes.

Process Capacity and Availability 
Process Capacity and Scale-Up Potential At the time
the tests were conducted, PTI had one immersion bath
and one drying chamber. Both units can be regarded to
be pilot or semi-works scale. The bath was capable of
processing 3-5 books per cycle. The drying chamber
was multi-tiered and could handle the product from
numerous batches.

We observed that the process has two labor-requiring steps that contribute significantly to cycle time. First, the attachment of the books to the platform consumed 10-30 minutes. The loading of conventional sized hard cover books with reasonably intact bindings was fairly straight forward. Books with weakened bindings required special handling and the use of addi​tional supports. The second labor-intensive step en​tailed transferring the books from the bath to the drying chamber (ca. 15 minutes). For one treatment bath of the scale demonstrated, we estimate that 125-175 books can be treated per 24 hour day.
Adding more treatment baths and increasing bath and drier capacity would raise throughput and transform the operation to semicontinuous. If the scale-up of the treatment tanks was considerable, then the relationship between range of platform motion, inter-book distance, and treatment efficacy would have to be assessed to ensure that the relationships established from pilot studies hold. PTI has acquired some experi​ence with this optimization problem. Drying at a larger scale would require a shift in how treated product is inventoried as well as an increase in carrier recovery capacity (e.g. chilled condenser) beyond that currently available.
Availability of Process' Materials One key component of the PTI process is the surfactant obtained from an off​shore, Italian vendor. Because this source is presently unique, the process may be vulnerable to vendor stabil​ity or whims unless substitutes or other sources can be identified. Alternately, an inventory strategy must be developed.
To address this concern, PTI has obtained a letter of commitment from the vendor that states that the likelihood is very low that the product line will be discontinued in the foreseeable future. Additionally, PTI has been in communication with 3M Company on manufacturing a perfluorocarbon surfactant. Such a development would represent increased vertical inte-
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gration of product lines for 3M because they also vend the carrier used in the Bookkeeper process.
Agenda for Process Refinements
At the time of testing, PTI was considering different means for increasing treatment capacity. Additionally, implementing additional process control strategies was under discussion. One potential control strategy entails installing an optical sensor in the bath to monitor continuously the MgO concentration.
Conclusions
From the processing standpoint, the Bookkeeper
process has the advantage of simplicity. Essentially,
two components are required: a controlled solid-liquid
contacting system and a volatile liquid recovery/recycle
system. Many aspects are amenable to optimization
which, in turn, would lower costs and increase through​
put. Increasing the utilization of bath volume and the
recovery of carrier, for example, would conceivably
reduce the cost per batch.

A statement provided by PTI on current work can be found in Appendix E. Overall, the materials and requirement of fluid motion relative to the text will be fixed characteristics. The statement, however, will allow the reader to gauge how capacity and other fea​tures may change over the next year.
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Many of us think that science can resolve almost any problem if given enough time and funding. Our expectations are high, and we demand perfection. Several deacidification processes have been developed over the past decade. Over and over again, librarians were assured that the newest process was the ideal solution they had been waiting for. Further testing and research inevitably revealed otherwise. All processes have had drawbacks; some were totally unacceptable; others showed potential. Clearly, however, compromises will have to be made. It is important for those involved to understand treatment chemistry, to educate themselves about collection conditions, and to make informed decisions.
This report, written by a paper chemist, contributes to the continuing discussion and analysis of Bookkeeper.
Using the data generated through extensive testing in his own lab, by the Library, and by IPST, he has provided insight
into the potential of this process to meet the Library's specifications and to serve the needs of the library and archival
communities. 


Evaluation of the Bookkeeper Process Chemistry
Paul M. Whitmore, Ph.D. 
This section of the report summarizes technical data which should be useful criteria by which to judge the performance of the Bookkeeper process and its prospects to meet the needs of the Library of Congress. Because of the very limited set of sample materials, it is premature to consider the results of these evaluations to be typical or to represent the fullest capability of the technology. Instead, these examinations should be taken as a screening, to highlight successful perfor​mance or failures for these particular materials and to target important process performance tests that should be considered in future, comprehensive evaluations.
This section of the report addresses four key issues:
1)
Process technology   What is the Book​
keeper process designed to do?
This includes an overview of the treatment process and the deacidification chemistry as it is de​signed to work. Experimental evidence to verify the intended process chemistry is summarized and assessed, and particular benefits or risks associated with this process chemistry are explored.
2)
Process performance What actually results
from the application of the treatment?
The results of the technical evaluations of the treated test books are examined. Was the application



process successful in depositing the alkaline agent uni​formly and in the desired quantity into these materials?
3)
Process efficacy Is the treatment effective?
This section compares the performance of treated and untreated pages from the LC blue test books during humid oven aging. Did the deacidification succeed in slowing the deterioration of the papers in the aging test?
4)
Process side effects What does the treatment
do besides the intended deacidification?
Alterations in appearance and inks in the twenty-
five book test lot are addressed in other sections of the
report. This section will address changes in the LC blue
test book pages.

Process Technology
According to the vendor, the Bookkeeper pro​cess is based on the application of fine magnesium oxide particles into the paper sheet. These particles are applied by immersion of the book into a suspension of the magnesium oxide in an inert fluid carrier, chosen to minimize possible interactions with the book materials. Mechanical agitation of the text allows the slurry to penetrate the book structure and deposit MgO on the surfaces of and within the pages. Removal of the book from the reactor followed by evaporation of the carrier fluid completes the treatment, and only then is the
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According to the vendor, the Bookkeeper pro​cess is based on the application of fine magnesium oxide particles into the paper sheet. These particles are applied by immersion of the book into a suspension of the magnesium oxide in an inert fluid carrier, chosen to minimize possible interactions with the book materials. Mechanical agitation of the text allows the slurry to penetrate the book structure and deposit MgO on the surfaces of and within the pages. Removal of the book from the reactor followed by evaporation of the carrier fluid completes the treatment, and only then is the
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neutralization of the paper acidity thought to begin. The magnesium oxide particles rapidly absorb water and form magnesium hydroxide, which is claimed to be the active alkaline agent in this treatment. This alkaline salt being sparingly soluble in water, the paper acidity must migrate to the solid particles and react to form the neutralization products.
The Bookkeeper process is exceptional in two respects. It is by its nature "clean," introducing only very pure magnesium oxide into the paper and exposing the book to relatively unreactive fluids and surfactants. It also does not subject the books to "preconditioning" treatments which may risk incidental changes to the book materials or structure. The process as it exists today (in August 1993) also has the advantage of using materials which are not likely to become subject to environmental regulation. A second key feature of the process is the inherent simplicity of the treatment. No chemical reactions are necessary to produce the desired combination of ingredients in the paper, and conse​quently the treatment is unlikely to create an unexpected outcome due to poor process control. This treatment puts magnesium oxide into paper, and the only apparent variability in the treatment application is the quantity and distribution of the magnesium oxide deposited in the book.
At the same time that the process enjoys advan​tages of simplicity and safety, it also has two intrinsic problems. The first is the application of the particles to the paper by transfer from a fluid suspension. This procedure relies both on the fluid transport through the book structure and on the sticking efficiency of the particles on a sheet to determine the amount, distribu​tion, and rate of particle deposition. Both of these factors depend on characteristics of the individual books and remain poorly understood; more research is needed before the treatment process will be able to guarantee that a particular specification can be met for every treated volume. The operation as it exists (in August 1993) has almost no control over the outcome of the process (i.e., the deposition in each book), but only over the external variables such as the suspension formula​tion and processing conditions. While this may be typical for "mass" treatment services in general, only after more experience with the current technology will the vendor be able to identify useful bench marks, such as difficult-to-treat materials, which should be used to develop conservative processing parameters.

The second inherent problem facing this pro​cess (although not necessarily peculiar to this process) is the fact that the chemistries leading to acid neutraliza​tion are poorly understood and occur over some indefi​nite time period following the treatment itself. The formation of active alkaline agents and their reaction with the resident paper acidity are left to the forces of thermodynamics to carry out; there is no control over, and very little current evidence to indicate, when the proximity of alkaline particles and diffusing acidity will achieve the desired neutralization. The vendor's claims that such reactions will occur are plausible, but at issue is whether, for a variety of papers in ambient environ​ments, acids will be neutralized faster than they will degrade the papers. The uncertainty surrounding this issue is no different than the uncertainty, that some paper chemists raise, that alkaline reserves will actually pro​vide substantial benefits. However, unlike some pro​cesses which promise some neutralization chemistry during the treatment, the Bookkeeper process is utterly dependent on these slow, uncontrolled chemistries.
There are two separate chemistries which must be established to have a needed understanding of the process capabilities and risks. The first is the formation of the various alkaline salts which will react with the paper acidity; the second is the neutralization reaction itself. The first type of chemistry is relatively well established, and the oxide will probably react with ambient water and carbon dioxide to form the basic hydroxides and carbonates which will be the active alkaline agents. The eventual formation of the carbon​ate salts may be likely. It should be noted that the higher solubility of these carbonate salts may greatly affect the rate and efficiency of the neutralization chemistry. To date it is unknown how quickly these transformations will take place. Evidence is needed to support the vendor's claims of what magnesium species are finally formed in the paper.
Similarly, evidence is so far lacking to support PTI' s claims that acid neutralization is a rapid process in treated paper. In ordinary paper at ambient conditions, the transport of acidity to the insoluble magnesium salts, or the migration of solution phase acidity and alkalinity, will control the rate of neutralization. Conventional "proof of acid neutralization, such as pH or alkaline reserve measurements, require adding copious amounts of water to the sheets, and this will greatly facilitate the progress of the acid-base chemistries. In fact, these measures can only serve to demonstrate that the ingre-
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dients necessary to achieve neutralization are present in the paper. To date, there is no direct evidence to demonstrate the rate of neutralization in a treated sheet at normal conditions. Furthermore, for a process which can probably only deposit alkaline agents on the sur​faces of heavily sized or calendered paper fibers, the effectiveness of this treatment in rapidly neutralizing acidity present in the interior of the paper fibers is unknown.

Without the detailed information about the spe-
cies formed in treated papers, it is not possible to make definite claims about other issues relevant to this pro​cess. For example, the risk of damage to the paper or other book materials from excessively high pH (above pH = 9 or so) is difficult to assess without knowledge of the salts present. The hydroxide, which is probably formed rapidly (at least on the surfaces of the oxide particles), has a relatively highpH in a saturated solution (10.4) which may be cause for concern. Conversely, if the carbonate species are the major alkaline agents eventually formed, the pH of their solutions will tend to be lower and the risk of alkaline reactions less.
Another concern for this process which cannot be resolved with current information is the nature and fate of the reaction products formed from the neutraliza​tion. Since neutralization only takes place following the completion of the treatment, there is no opportunity to remove the magnesium salt neutralization products from the paper, and the consequences of their incorporation into the papers must be addressed. Unfortunately, very little is known at present about such salt additions on paper properties or aging. One would expect that the reactions of hydroxide and carbonate salts have an intrinsic advantage in the release of some of the neutral​ization products (water and carbon dioxide) which will tend to encourage the reactions to proceed to completion rather than stop at some equilibrium mixture which remains acidic. The use of magnesium salts for the alkaline agents will create neutralization products such as magnesium sulfate or nitrate which tend to be soluble (so they may not inactivate the salt by forming a barrier crust on the particle surfaces), pH neutral, and have no known adverse reactions on paper strength properties.
Until more materials have been tested, the pos​sibility of any adverse interactions with inks, sizes, glues, or other book materials can not be eliminated. The fluid carrier used has a low solvent power for most of the commonly encountered book materials, and it may be the lowest risk of the available alternatives.

However, the solvent power of the surfactant/carrier mixture is not documented, and as a result there could be a risk for solubility of some book materials. Similarly, while the chemical stability of the fluid carrier is great enough that the risk of interactions of the residual fluid in the book may be low, the immediate consequences of the surfactant absorption into the book materials and its long-term aging behavior are unknown. 
Process Performance
The focus of this evaluation is to assess whether the current process parameters are appropriate to achieve the immediate objective of the treatment: to deposit adequate alkalinity uniformly across the pages of all the books included in the study. All the books were sur​veyed using a pH indicator (0.04% chlorophenol red) to test for the presence of enough alkalinity to produce an alkaline reaction of the indicator. For the LC blue test books, individual pages were also examined by scan​ning electron microscopy, to estimate the concentration of magnesium salt particles across the page and within the paper web, and by ICP/mass spectrometry, to quan​titatively measure the local salt concentration deposited across the sheets. Cold extraction pH and alkaline reserve measurements were also done to compare the page-average particle loading to the Library specifica​tion. These measurements were also performed on those books in the test batch which seemed to contain an inadequate alkaline deposit as measured by the pH indicator, so that it could be determined whether the particle loading was insufficient, or whether the loading was typical but overwhelmed by abnormally high paper acidity.
Because of the large number of materials to be tested, application of pH indicator solution was chosen to provide a rapid qualitative screening for "alkalinity" of the book pages. This test serves two functions: 1) where the color reaction differs after treatment, as a measure of the completeness of the deposition over the sheet area; and 2) where the solution reflects alkalinity, as an indication that the local area now contains enough MgO to render the pH alkaline. An acid indication on a treated page can result from either no particle deposition or a deposit so small as to leave the pH acid after the neutralization reaction has progressed as far as possible. This indicator test alone cannot determine whether there are any particles deposited on apparently incompletely treated areas. For some materials, particularly newsprint
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or coated papers, the indicator color was often not easily determinable because of rapid color shifts between acidic and alkaline response as the indicator solution dried. For papers containing an alkaline coating over an acidic core, such color reactions may indicate the slow penetration of the solution and eventual neutralization reaction. For treated sheets, it is not known if this occurrence also indicates zones where the local pH varies, or if the process chemistry itself is being altered as the indicator solution carries alkaline salt into regions of poorly accessible acidity. In any event, results are reported only for those tests where the color of the indicator was definite and unchanging.
treatment application over the rest of the pages was apparently complete. For the newsprint pages, the color change of the indicator was not the instant conversion to purple but rather a rapid color shift between acidic and alkaline response, which eventually indicated alkalin​ity. Since this color shift was not apparent in the untreated newsprint, the treatment is judged to have affected the entire page surface. However, because of the complex color indication, it could not be determined whether this resulted in an alkaline pH over the page. Based on its performance on these LC blue test books, the treatment seems to be reaching most of the page surfaces, but there seems to be some difficulty in con-
[image: image5.png]



trolling the treatment in the gutters. There does not seem to be a trend in the locations in the books where deposition in the gutters is poor. Oven-aged, more acidic materials also seemed to be treated adequately (with the exception of some gutters).
LC blue test books are used to evaluate mass deacidification

processes.
The deposition of magnesium oxide particles on the surfaces and interior of the papers in the LC blue test books was exam​ined directly in a scanning electron micro​scope. The surfaces of all of the papers tested (Clear Spring Offset, alum/rosin-sized, newsprint, alkaline-sized, Sterling litho gloss, and supercalendered) showed evidence of the deposit of fine particles distributed rather uniformly on the fiber surfaces and in the interstices between the fibers. The images of the cross-sections of the sheets, however, showed no obvious
The pH indicator test was performed on all the paper types included in the LC blue test books. In addition, LC blue test books which had been humid oven aged for 1 and 2 weeks prior to treatment were also surveyed. Of the six paper types included in these books, only the Clear Spring offset, alum/rosin-sized, and newsprint pages tested definitely acidic prior to treatment. Single pages of the Clear Spring offset paper and the alum/rosin-sized paper from all three treated books (oven-aged for 0 weeks, 1 week, and 2 weeks prior to treatment) tested alkaline across the entire page, except for the gutters of the Clear Spring offset in the unaged treated book (patches comprising about half the total gutter area tested acidic); the alum/rosin-sized page from the book oven-aged 1 week (40% acidic in patches in the gutter); and the alum/rosin-sized page from the book oven-aged 2 weeks (about 5% acidic in the gutter). With the exception of these gutter areas, the

signs of particle deposits in the interstices within the sheets. It could not be determined from the photomicro​graphs how deeply the treatment was able to penetrate into the paper web. The x-ray fluorescence spectra, which provide semi-quantitative elemental analyses for the areas pictured in the SEM images, are generally consistent with this visual observation. All the surfaces of the treated papers show evidence of the presence of magnesium, but none of the analyzed areas of the interior of the papers, with the possible exception of the newsprint interior, indicate the presence of magnesium. (It should be noted, however, that this x-ray fluores​cence analysis is not well suited to detect interstitial materials in cross-sectioned samples, for it will tend to probe the fiber cross-sections which make up most of the imaged surfaces rather than the interstices where the magnesium oxide would be present. A better approach for future analyses might be to analyze the fiber surfaces
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revealed in the interior of split sheets rather than cross-sections of papers.)
The quantitative measure of the distribution of magnesium salts across the pages of these test papers was provided by the ICP/mass spectroscopic analysis. These data for the six paper types (Clear Spring offset, alum/rosin-sized, newsprint, alkaline-sized, Sterling litho gloss, and supercalendered) illustrate the ability of the process technology to apply the magnesium oxide uni​formly and thoroughly across the pages. The results are consistent with the findings from the pH indicator tests. Most of the papers contain an overall uniform deposit of magnesium oxide across the entire sheet, with the ex​ception of the gutter areas, which generally have less (about 30-50% of the average loading). The exception was the alkaline-sized sheet, which had slightly smaller loadings on both the gutter area and the "top edge" of the sheet (i.e., the area of the sheet near the nominal top of the book). The other remarkable result of these analyses that was not apparent from the pH indicator testing was the variability of the loadings for the different sheets. The average loadings ranged from a high of 0.48% MgO for the newsprint, to about 0.2-0.3% for the three sized papers (Clear Spring offset, alum/rosin-sized, and alka​line-sized), down to 0.15% for the supercalendered sheet and 0.06% for the Sterling litho gloss sheet. This trend suggests that the smoother calendered and coated sheets may have a lesser tendency to adsorb the particles during the treatment, or the particles may be more easily detached from these sheets in subsequent handling. It is also possible that the observed variability in the particle loadings is related to the book structure (i.e., the position of the papers in these test books) rather than on the properties of the papers themselves. More testing is needed to determine if these types of sheets are inher​ently more resistant to treatment.
Evaluation of the twenty-five book test batch provided a better opportunity to assess the process performance on a wider variety of paper types, sizes, and book structures. As with several papers in the LC blue test books, five of the books in the test batch contained alkaline papers which could not be used to measure the process performance by a pH change from acidic to alkaline. As judged by the pH indicator color, in twelve of the remaining twenty books (60%) the pages were treated completely, and in four of the twenty (20%) the pages were treated completely except for about 1" in the gutter. In another four of the twenty (20%) larger areas of the pages (up to 95% of the page area) were left

incompletely treated, and these page areas also tended to be toward the gutter. The ICP/mass spectroscopic analyses of pages from these last four books were performed to determine the magnesium particle distri​butions on the pages. They generally indicate the low particle loadings in the gutters of the books. More significantly, though, these analyses show that the edge areas of each of the tested pages had sizable particle loadings comparable to those obtained for the pages of the LC blue test books, about 0.3-0.75% MgO. Because the pH indicates acid conditions even in the presence of this particle loading, it suggests that these book papers may have been very acidic originally and that the treat​ment process parameters that were able to satisfactorily neutralize the LC blue test books papers may have been insufficient to deacidify these very acidic papers. This possibility suggests that such old, acidic papers may be more realistic bench marks for developing conservative process parameters than the less acidic papers of the LC blue test books. More experience should be gained with such old book materials in order to judge the likely outcome on more typical library holdings.
Process Efficacy
The focus of this evaluation is to attempt to answer the broad question of whether application of this treatment is effective in prolonging the useful service life for books. This seemingly simple objective is not so straightforward, however, for it requires both the speci​fication of the quantifiable desired properties which denote "useful service life," and the choice of how to predict the future performance of the treated books. No attempt has been made to resolve these issues, which continue to elicit debate. Instead, the test protocols which the Library of Congress has chosen to perform in evaluating other deacidification processes have been followed here, with some minor additions, for these probably represent the current state of understanding of how to test for future paper performance. The three acidic papers in the LC blue test books (Clear Spring offset, alum/rosin-sized, and newsprint) were exam​ined, and their physical properties (MIT fold endurance, zero-span tensile strength and finite-span tensile strength/ stretch/stiffness/energy absorption, and internal tear resistance, each measured in the machine and cross directions of the paper), appearance (brightness, opac​ity, L/a/b color), and indicators of cellulose chemistry (extraction pH, alkaline reserve, hot-alkali solubility, viscosity DP) were monitored as the papers were aged in
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a humid oven. Since the changes in the measured properties did not usually occur linearly with time, linear rates calculated for the data are not particularly relevant. Instead, the oven-aging times required for the treated and untreated papers to reach equivalent values were used as approximate measures of the relative degradation rates for that particular property.
With the exception of the tensile stiffness which remained essentially constant, all of the other physical properties measured for the untreated papers declined during the thirty day humid oven treatment. Treated papers generally tended to show less degradation of mechanical properties than untreated. The most pro​nounced differences were observed in the fold endur​ance, which declined about 2-3 times more slowly for the treated sheets of all three paper types. Finite-span and zero-span tensile strengths also declined 3-4 times more slowly for the treated alum/rosin-sized and Clear Spring offset papers, and the other tensile properties (stretch and tensile energy absorption) also showed comparable factors of 2 differences between treated and untreated sheets. For the newsprint, the changes in tensile properties tended to be smaller and less precise, and determining significant differences between treated and untreated sheets was more difficult. However, the overall trend seems to be a slight (factor of 1.5-2) decrease in the rate of decline of these properties for the treated newsprint. For all three paper types, tear strengths for all the treated sheets showed small decreases in degradation rate (factor of 1.5-2) compared to untreated pages.
Aging of these papers in a humid oven changed their appearance, causing them to darken (decrease in measured brightness and lightness parameters) and be​come less translucent (increase in opacity). The Book​keeper treatment had no significant effect on these appearance changes, with the possible exception of the Clear Spring offset paper, which seemed to darken slightly less rapidly (by a factor of about 1.5) following treatment.
These measures of mechanical properties and appearance are the quantities which describe the desir​able characteristics of the paper, and slowing the rate of their decline is an indicator of the long-term benefits resulting from the treatment. However, addition of the treatment process chemicals can potentially alter not only the rates of reactions but the overall degradation chemistry itself. Should this occur, the premise of these oven-aging comparisons—that treated and untreated

sheets are degrading by the same process, so relation​ships observed at oven temperatures will also apply to room temperature aging—would be rendered invalid. Unfortunately, there are no probes which allow precise characterization of the degradation chemistries in aging paper. The chemical measures employed here, viscosity and alkali solubility, are very crude monitors of the cellulose component of the paper. Viscosity monitors the molecular weight of the cellulose, or the average length of the cellulose chains. Alkali solubility is also a measure of molecular weight, increasing as the number of chain ends increases (i. e., as the molecular weight decreases), but it is also a measure of oxidation of the cellulose polymer, increasing dramatically as the cellu​lose chains become oxidized. Taken alone, alkali solu​bility cannot confirm or disprove cellulose oxidation, so this quantity for now is merely compared during the aging of untreated and treated papers.
The changes in viscosity and alkali solubility have been measured during the humid oven aging of the papers in order to confirm that the changes in these chemical properties are also slowed by the application of the deacidification treatment. The measured cellu​lose viscosity decreased and the alkali solubility in​creased for both treated and untreated sheets of all three paper types, which indicates that the molecular weight of the cellulose was decreasing during the aging. This is to be expected, for it is this chemical change in the cellulose that is thought to result in the loss of strength and elasticity of the paper. Unfortunately, with the amount of paper required for each of these measure​ments, statistics are poor. The alkali solubility measure​ments appear very scattered and show no significant differences between treated and untreated pages, except for the Clear Spring offset paper whose alkali solubility may have increased slightly less rapidly for the treated than untreated sheet. However, the general trend for the viscosity data seems to be a viscosity loss which occurs about twice as slowly for the treated papers as for the untreated. It is worth noting that this difference in the rate for the cellulose degradation following treatment is approximately the same as that observed for the deterio​ration in physical properties.
The other two chemical measurements per​formed during the oven aging of these papers were sheet-averaged extraction pH and alkaline reserve. These quantities were monitored because they are believed to be measures of the protection afforded against future acidity, either formed in the paper or incorporated from
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external sources. For all the paper types, the untreated sheets were moderately acidic (pH of 5.7-6.5) and became slightly more acidic during the oven aging (pH of 4.1-5.6). Treatment of all the paper types raised the pH of the sheets to alkaline levels, about 9-9.5 for the alum/rosin-sized and Clear Spring offset papers, and about 10 for the newsprint. Subsequent oven aging of the treated sheets caused the pH to fall slightly to about 8 for the alum/rosin-sized and Clear Spring offset papers, and about 9.5 for the newsprint. It is not known whether the slight pH decreases occurring during the aging of the treated sheets are a result of further neutralization of paper acidity or merely the conversion of the magne​sium salts from more alkaline to less alkaline ones.
The alkaline reserve measurements indicate this treatment process introduces excess alkalinity which persists essentially unchanged throughout the oven ag​ing. The magnitude of the sheet-averaged alkaline reserve is somewhat low, with the alum/rosin-sized paper and the newsprint showing an alkaline reserve of about 1% (CaCO3 equivalent), the Clear Spring offset paper about 0.7% after treatment. There are reasons to view these data with some caution, however. There is considerable scatter in the data, and the acidic (by pH determination) alum/rosin-sized and Clear Spring offset papers produced measurable alkaline reserves. Alkaline reserve measurements were repeated on a separate set of unaged papers that were taken from another LC blue test book that had been treated with the same process equip​ment. These results were very similar to the original data (with the exception that the acidic papers had no measured alkaline reserves), and they showed the news​print with an average alkaline reserve of 1.5%, the alum/ rosin-sized about 1.2%, and the Clear Spring offset paper 0.5%.
While the overall performance in the oven tests show benefits of the treatment, it is noteworthy that for decreases in average acidity by factors of 100-10000 (increases of 2-4 pH units), the measured degradation in the oven slowed by factors of 2-4. While this could be evidence that other processes are participating in the degradation that are not slowed by, or may even be aggravated by, alkalinity, it is more likely that this behavior is a reflection of the damage done by local acidity within the fibers before those acids can migrate out to the magnesium salt particles where they can be neutralized. This technology is similar to others in the apparently slight effect it has on paper aging. This effect deserves closer scrutiny, for it calls into question two

central issues in this field—the efficacy of such exter​nally situated alkalinity in alleviating internal acid at​tack, and the reliability of these humid oven tests in accelerating the migration processes as well as the chemical degradation processes.
Process Side Effects
Comparison of all the physical and appearance properties measured before oven aging for the untreated and treated sheets in the LC blue test books indicates that none of the quantities were affected significantly as a result of the treatment. That is, no detectable changes in the papers' mechanical properties or appearance were produced by this treatment, which is consistent with the general lack of side effects and interactions found in the qualitative and visual evaluations described elsewhere in this report. Even the slight chalking or white residues noticed on some treated books in the twenty-five book test batch were not detected instrumentally, probably because sensing of such appearance changes on the unprinted white papers was more difficult than observations of such alterations on glossy, darkcolored materials.
While this process appeared to be free of side effects immediately following treatment, it is likely that the full effects will not be observable until the process chemistry has had the chance to progress, at least as far as the conversion of the magnesium oxide to the active alkaline agents. Since the time when this conversion occurs is not known, it is also unknown whether the evaluation for treatment side effects reported here, oc​curring several months after the treatment, is adequate to assess the full extent of risks. As a first effort to probe the long-term changes which might accompany this treatment, samples of papers from the treated LC blue test books were exposed to high humidity by suspending them over a water bath in an closed container for 24 hours. A slight but noticeable darkening of the treated newsprint occurred, darkening which seemed more se​vere for the newsprint samples which had been oven aged prior to treatment. This darkening of deacidified newsprint is a side effect frequently encountered in other treatment processes, but it only occurred follow​ing the humidification of the Bookkeeper-treated sheets. While this should not be construed as an accurate appraisal of the potential for such belated after-effects, this observation points out the need for more critical consideration in deciding when and how to assess these risks.
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None of the technical evaluations performed here showed clear indications of serious side effects from the high pH values expected for the magnesium salts applied in this process. If there is alkaline damage occurring in the treated papers, the net result of the treatment on the aging behavior still seems to be a net benefit, with the loss of desirable performance proper​ties slowing down after treatment. It should be noted, however, that more thorough study, looking specifically for chemical changes in inks, adhesives, covers, etc., is required to assess fully the possibility of alkaline reac​tions in these book materials.
Summary

This mass deacidification technology has ad​vantages of simplicity of design in the treatment pro​cess, and the results of the treatment are reasonably well-characterized. While the claims about the exact nature of the process chemistry seem plausible, they should be viewed with circumspection until further research has established the nature and rates of the salt conversions and neutralization chemistries in a variety of materials. In fairness, many of these issues—the identity of alka​line agents formed, the nature and fate of reaction products, the effectiveness of alkaline salts in neutraliz​ing acidity which is not in proximity to the alkali—are no less well understood for this treatment than for any other. Nevertheless, the answers to these questions will provide a better basis by which to judge the viability of this process and the risk of other unexplored side effects. It remains incumbent on the vendors to continue these efforts to provide evidence in support of their claims.
Clearly the most immediate obstacle to the success of this technology is its inability to control the application of the treatment to all book materials, and only further experience with the current equipment will clarify its capability. As the treatment was applied to these test materials, the uniform application of adequate alkalinity, especially in the gutter of the book, was not assured. Particle and magnesium salt concentration sur​veys indicate that deposition does not occur uniformly across pages. While process parameters seem to be adequate for providing overall neutralization of pages in LC blue test books, page-averaged alkaline reserve measurements suggest that even greater particle deposi​tion is needed for these books, for the values attained fall short of the 1.5% alkaline reserve of the Library speci​fication. Performance on the wider variety of book

materials in the twenty-five book test batch indicates that the process parameters used may not be conserva​tive enough to deal with more difficult, but nevertheless typical, books.
It is impossible to determine whether the insuf​ficient particle loadings in some books can be rectified with the technology used in August 1993. Some books may simply be much more acidic than the LC blue test books, and may require greater particle loadings. It is also possible that fluid flow through some book struc​tures and/or sticking efficiency of the particles on the paper may be the limitation in particle deposition, in which case it may not be possible to assure adequate treatment by realistic adjustment of the process param​eters. Further examination of such difficult book struc​tures (e.g., small, tightly bound or oversewn books whose pages resist fanning) or paper types (smooth, coated, or highly acidic papers) should be helpful in determining whether this problem can be corrected. Only when the process parameters have been adjusted to meet the Library specifications can realistic projections be made about the potential for scaling up to address mass treatment needs.
•
With the exception of the low particle loading
(and consequent nonuniformity of treatment and low average alkaline reserve), the overall performance of this treatment is comparable to that required in the Library specification. The treatments did not measur​ably affect the physical or appearance properties of the papers in the LC blue test books. The oven-aging tests generally indicated some long-term benefits to the paper as a result of the treatment. Treated papers generally retained their desirable performance properties for 2-4 times longer in the oven, which is comparable to the factor of 3 improvement required in the Library specifi​cation. As noted above, initial alkaline reserve values were somewhat lower than the Library specification, but the initial value of the alkaline reserve did not fall during the 30 days of humid oven aging.
In summary, it would appear that the most immediate shortcomings of the process involve the application of the treatment chemicals to book materi​als, rather than the process technology itself. These shortcomings may be remedied by changes in the pro​cess parameters or by modifications of the equipment. At this stage the Bookkeeper process should continue to be viewed as a potentially viable candidate for mass deacidification technology while its performance in
treating a variety of library books is evaluated. Rather than focusing so narrowly on the performance on the LC blue test books, particular attention should be paid to developing conservative process parameters to ad​equately treat "difficult" book papers and structures, so that the capabilities and limitations of the process can be better defined. Further research should also be devoted to supporting the claims of the process chemistry which occurs at ambient conditions.
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 The physical appearance and condition of collections following mass deacidification are as important to those whose responsibility it is to ensure longevity and access as are chemistry, health and safety, and environmental impact. It was critical, therefore, to include the expertise of a paper conservator in the evaluation process.
Guided by the conservator, and the questions submitted in response to an invitation issued to the library and archival communities through the Conservation DistList, the Team decided to focus on the following potential problem areas: posttreatment color changes of paper and binding materials; instability and color changes of the inks; distortion of the textblock or the paper; residual effects such as chemical rings or blemishes; damage to adhesives; damage to labels, pockets, or security tags; distortion or damage to plastics or binders; damage to case bindings, covers, book cloth or leather; and noticeable odors.
Twenty-five books, in addition to the mandated LC blue test books, were selected to provide a range of
ordinary materials similar to that found in libraries. After they were cut in half, the Team inserted rubber bands, paper
clip, and staples, and marked them with a variety of inks, pencil marks, and marker pen colors. Each Team member
used a form designed by the Team to record observations resulting from a comparison of the treated with the untreated
half. This report is based on the conservator' s expertise and the Team evaluation. The questions she poses for PTI result
from this work.
,

A Paper Conservator's Evaluation of the Bookkeeper Deacidification Process

Wendy Bennett

The Bookkeeper deacidification process is assessed by a paper conservator. The treatment is impressive for the minimal preselection of materials, improvement in general cleanliness of the books, lack of observable color changes in all book components, lack of discernible odor, and absence of physical distortion of the book block. The presence of small clamp impres​sions in several of the book covers, the slight chalky feel of some of the book pages, and an increased tendency of the printing inks on coated paper to rub off slightly are the less desirable qualities of this deacidification pro​cess as it was tested in 1993. It should be noted that PTI has been continuing to develop and improve their prod​uct since the time of the test.



Introduction
This section of the report presents an evaluation of the Bookkeeper deacidification process from the point of view of a conservator. Typically, the treatment of acidic paper materials accounts for a large percentage of a paper conservator's workload. Some of this time is spent in an effort to deacidify and stabilize papers damaged by the destructive process of acid degradation. This gives the paper conservator a unique perspective from which to evaluate a mass deacidification process such as Bookkeeper.
There are two main contributors to the making of an acidic paper: one is airborne pollution and the other is "inherent vice," i.e., the original materials composing the paper (chiefly lignin and alum-rosin sizing) are inherently poor quality. In addition to acidity from atmospheric pollution and the manufacturing process, acidity in paper can be the result of proximity to poor quality secondary materials such as ground wood pulp cardboard, wooden backings and cross-linked glues or pastes. Heat and moisture tend to catalyze the degrada​tion process, i.e., unregulated temperature and humid​ity, a situation common in many libraries, historical
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societies and archives, speed up deterioration. If the acidic process is allowed to continue unchecked, origi​nally flexible papers will readily break apart with even the most gentle handling. If paper is acidic, because of internal or external factors, conservation procedures can never completely reverse physical deterioration but can slow it down.
Paper conservators generally counter the ef​fects of acidity in paper by raising its pH to about 8.5-9.0 by means of a final aqueous bath or aqueous spray application. Solutions of earth metal salts of calcium or magnesium such as calcium hydroxide, calcium carbon​ate, or magnesium carbonate are commonly chosen for the job. The alkaline reserve helps to neutralize the acidity in the paper and counters future reacidification from the storage environment.
This process is similar to what Bookkeeper is attempting to do on a mass scale, although rather than using water, the carrier fluid for the MgO is a perfluorocarbon suspension in a surfactant. The pres​ence of the surfactant combined with the agitation process ideally allows dispersion of the MgO to all parts of the books. Because other sections of this report feature the actual mechanics (Domach) and chemistry (Whitmore) of the Bookkeeper process, this section will focus on the look, feel and smell of the treated books and note how they compare with the control samples.
Testing
Twenty-five test books were cut in half. One half of each was labeled and dipped in the Bookkeeper solution at the PTI facility. The books ranged from pulp paper pages with newsprint covers and stapled bindings to engraved plates within a gold-tooled leather cover. A brief visual description of each book can be found in Appendix C. Additionally, marker pen was applied to several books, and post-it notes and paper clips to several others, to see how these three types of materials often found in libraries and archives would perform with Bookkeeper.
A condition evaluation checklist was drawn up. Treated and untreated book halves were compared for mechanical and cosmetic differences as well as for odor, abrasion testing, and the existence of surface deposits.

Observations and Questions from Empirical Testing      
Cleansing Action and Odor When the data was com​piled from the empirical tests, it was noticed that items showing surface grime emerged slightly cleaner from the tank. In addition, in at least four instances, the treated book half was lacking the musty odor of the untreated half which suggests that though not water-based, the Bookkeeper solution somehow physically refreshes the books. The cleansing action of the surfac​tant would probably account for this situation. As a result of this occurrence, questions arose for the Team. What became of the dirt that was rinsed away from these materials? How often is the Bookkeeper solution filtered and recycled? Is the solution filtered completely enough to avoid deposition of dirt on other materials? The fact that the books emerged cleaner and free of odor is interesting and reassuring for both librarians and archivists.
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Marker pen was applied to several books.
Post-it Notes, Paper Clips, and Marker None of the post-it notes or paper clips showed any change in ap​pearance between treated and untreated book halves. None of the ordinary underliner marker inks changed colors. There was a change in the ink of a blue felt tip marker applied to the text previously (not by Book​keeper evaluators) which turned green on the test half of book. It was discovered that this marker was pH sensitive. Consequent testing revealed that the color change was common when this ink was exposed to alkaline materials, in general, and not to the Book​keeper product, in particular. It should not be consid​ered a problem except, possibly, for other pH sensitive pigments or inks.
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High pH Although the deleterious effect of a low pH on paper is commonly acknowledged, aside from possible changes to inks and media at pH levels past 10, the effects of too high a pH seem less clearly agreed upon and understood. Apart from concerns about media, Some1 believe that cellulosic materials might be dam​aged by high alkalinity (pH 9.5 and above) while others2 feel that it is not paper degradation but the possibility of color change that presents the most risk at elevated pH levels. Conservators have noted color changes to pig​ments, dyes, and inks at pH levels higher than 10.0 as well as deterioration of the paper supports, especially those containing ligneous wood pulp. Therefore, a critical eye was turned to the test books with regard to color change. The empirical testing revealed that none of the Bookkeeper treated materials showed any ob​servable color change whatsoever, except for the afore​mentioned pH sensitive marker.
In regard to concerns about possible damage to cellulosic materials from the high pH, it was noted on visual inspection that none of the tested book papers or covers exhibited physical degradation or damage. Sev​eral questions come to mind concerning the high pH created by any deacidification process. Is pH exceeding 9.5 too high for book papers? Is the sudden change from an initial pH, possibly as low as pH 3, to one as high as pH 10 too drastic a shift? What are the long-term effects, if any, on library and archives materials from the mag​nesium compounds used to achieve the pH seen in the Bookkeeper process? These are questions that should be asked of any deacidification agent and that can be addressed in further studies.
Alkaline Reserve The Library of Congress requires a permanent and stable alkaline reserve meeting a mini​mum amount of 1.5% CaCO3 equivalent. They will also consider processes which introduce a lesser concentra​tion of alkaline reserve provided that they offer equal protection against atmospheric pollution. However, Bookkeeper does meet the Library's minimum specifi​cations. In sixteen out of twenty-five treated books, the physical presence of the alkaline reserve was noted by empirical testers, who characterized it as variably

"gritty" or "chalky." This phenomenon was especially observed in books and book covers made of coated papers. Even though examiners did not, at any time, feel compelled to leave the testing room in order to wash hands, in retrospect, it might have been helpful to clean hands after handling a book so as to get a "fresh feel" of each subsequent book.
The presence of the alkaline reserve was subtle but nonetheless noticeable to the committee members on 64% of the books. This raises the question of whether the alkaline reserve could be adjusted slightly to retain more of the original "hand" of the paper while still meeting the Library's specifications. Aside from the aesthetic concern of how the alkaline reserve affects the feel of the paper, the Team raised issues of health and environmental safety which were referred to the EPA.
The Bookkeeper vendors stated that the MgO does not pose a health risk. PTI characterizes magne​sium salts as "practically non-toxic by oral administra​tion,"3 though they do report that acute exposure to large amounts of MgO in a particle size exceeding the one used in Bookkeeper can cause respiratory tract irrita​tions. Karl P. Baetcke, Chief of Toxicology Branch I, Health Effects Division, EPA, states that in "...addressing] the use of MgO...no concerns were expressed."4
Rub-off and Abrasion Testing When a soft cotton ball was rubbed gently in a circular motion on the treated book papers, a few of these materials, particularly col​ored plates on coated papers, showed more rub-off of some colors of ink than seen in the corresponding control group. Furthermore, the pressing of a finger to the surface of the dark-colored plates on treated, coated paper left an impression, but the inks above the surface did not smear or show softening when in contact with bare fingers. Deciding that this development required more systematic testing, the Team took a selection of books to the Graphic Arts Technical Foundation (GATF) in Pittsburgh, PA, for further evaluation.
1
Ann F. Clapp.   Curatorial Care of Works of Art on
Paper, 3rd edition.  (New York:  Nick Lyons Books,
1987), 25.
2
Chandru Shahani, Ph.D., interview by author, 17 May
1994.

3
Preservation Technologies, Inc., "Health and Environ​
ment Issues" (Unpublished report, August 1993), 2.
4
Baetcke, Karl P. Letter to Kenneth E. Harris, Septem​
ber 12,1994. Review of toxicological data submitted in
support of Preservation Technologies, Inc., proposal for
a mass deacidification process.
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Five books were selected for abrasion testing. A variety was sought, including several printed on the coated paper stock that presented the most problems in initial rub-off tests. In one case, the color on the cover of a book showed posttreatment color transfer, but because the cover was too thick for placement on the testing apparatus, this book could not be tested. The books that were selected are as follows:
· #4 text block ink on noncoated paper
· #9 colored plates on coated paper; black and
white text
· #19 color plates on coated paper; black and
white text/plates on coated paper
· #21 black and white illustrations/text on coated
paper
· #24 color plates on coated paper.
The Gavarti Comprehensive Abrasion Tester (ASTM D5181 -91) was used to analyze the rub-off. In this test, a four-inch square sample of 20# bond paper was placed facing an identically sized sample from each of the test books. These materials were held rigidly by the machine's instrumentation while moving them rap​idly up and down for twenty-five seconds. The 20# bond paper was then examined for offsetting of inks. In a few test cases, a density meter was employed to determine the relative lightness value of the abraded samples. Because the density meter was not sensitive enough, all colors registered at approximately the same value. (Black/cyan/magenta/yellow all registered approxi​mately 1.5.) For this reason, testing of lightness values was discontinued.
In each case, the rub-off from the treated samples of coated papers was visibly darker than those of the untreated controls. Although the noncoated papers fared better, decreased rub resistance was also noted in the selected posttreatment noncoated papers. Since there is currently no way to scientifically quantify the extent of the rub-off by the Gavarti tester, it was, by visual examination alone, noted that the samples treated by the * Bookkeeper process displayed approximately two to three times as much rub-off as did the controls. In addition, there was perceptible abrasion to the samples as a result of the testing that took the form of tiny striations on the surface of the paper. These interrup​tions to the printed surface of the paper were present in the control samples as well but were slightly more

obvious in the treated samples, suggesting that the particles of magnesium oxide may have abraded the surface coating of the paper and taken some of the ink along with them. It is important to note again that no smearing of inks was observed, but rather it was the friction of the magnesium hydroxide particles against the surface coating of the paper that in all likelihood caused the rub-off. Granted, library books in general circulation will not be subjected to the strong friction of the Gavarti apparatus, but the question arose in the Team of what the long-term effects could be of more subtle actions such as page turning and photocopying? If the process seems to cause abrasion to the surface of coated book papers, is the process at all microscopically abra​sive to the paper below the coating? Would there be any potential for damage to the sizings, adhesives, glues, thread, and other binding components found in library materials? It should be noted that the grittiness or chalkiness commented on previously is probably the same phenomenon causing this rub-off. Clearly, this is an area that may call for further research and testing.
Impressions from Clamp Another posttreatment phe​nomenon was the appearance of small indentations visible on the comer edges of the covers of seven books. This apparently occurred because the clamps used to fasten the books to a dot-perforated grid left two thumb​nail-shaped impressions on either side of the cover. Though changes such as these to the original appearance of an object are unacceptable from a conservation point of view and are grounds for complaint, the problem has been addressed in the latest version of the Bookkeeper process. Because the new development falls outside the time frame of the current report, future testers should pay attention to the possibility of impressions caused by equipment.
Summary
If chemical and physical testing reveals that the Bookkeeper process successfully and safely deacidi-fies books, the concerns raised here do not warrant rejection of the process. The book halves in the study that were treated by the Bookkeeper solution were impressively similar to the untreated halves in almost every way. True, some of the treated halves do feel slightly chalky, but this phenomenon seems to be the baseline for materials deacidified with magnesium com​pounds when used in a nonaqueous suspension. Further testing will determine if the clamp impressions and decreased rub resistance seen in test books treated in August 1993 are present in materials processed using the latest Bookkeeper technology. Since the vast ma​jority of general circulating library materials, such as those represented by our test batch of twenty-five books, does not include rare or special collections material, the Bookkeeper process does represent a viable solution to the rapid physical deterioration plaguing most library materials today.
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Some of the most pressing issues to arise from the consideration of the Bookkeeper deacidification process are those related to library and archival preservation and collection management. No deacidification process will be effective or suitable for all collection materials. Those librarians who choose to make use of mass deacidification, one of many viable choices for preserving collections, must understand the process and have realistic expectations about its capabilities and its effects. In her effort to address these issues, the rare book librarian has pointed out the need to communicate, evaluate, and to work in partnership with the process vendor to ensure the best possible outcome.
Issues to be addressed include the appropriate selection of material for treatment, the logistics of shipping and receiving, the care and handling of collections during treatment, and the examination and monitoring of treated items by libraries or archives.
Additional opportunities for cooperation and dialog among vendors, librarians, and scientists are apparent. How will libraries pay for deacidification? Should there be a coordinated effort nationally to deacidify primary resources as well as those important to local collections? What scientific issues related to deacidification remain unexamined? In what venues might materials be treated to ensure cost-effectiveness, i.e., regional centers, library binding companies, individual libraries, or archives?
The following report raises and addresses many of the issues important to librarians and archivists. It is hoped that the larger conservation and preservation communities will consider them and the others which will arise.
Mass Deacidification in the Library: A Rare Book Librarian Considers Bookkeeper
Charlotte Tancin, M.L.S.


This report includes a rare book librarian's observations on the issues of handling and logistics, as well as on observed side effects which may suggest guidelines for selection of library materials for mass deacidification. As with any mass treatment process, Bookkeeper is recommended for circulating and re​search collections rather than for rare book and other special collections. Although only bound, published material was treated and evaluated in these tests, the Technical Evaluation Team recognized that archival collections would also benefit from the development of a reliable mass deacidification process.
Twenty-five treated items were subjected to empirical testing for the presence of visual, tactile, and olfactory side effects resulting from processing by Book​keeper. A checklist was developed and used for the evaluation. Many of the negative side effects seen with other treatments are not in evidence with the Book​keeper process.



Empirical Evaluation
Beyond determining what the Bookkeeper pro​cess does to benefit paper—how, whether, and how well the treatment works according to Library specifica​tions—the Technical Evaluation Team also tried to ascertain what the process does to paper (as well as to ink, adhesive, cover material, and other book compo​nents) and whether any discernible changes resulted. In particular, the Team wanted to respond to the concerns of the preservation and conservation fields related to specific undesirable side effects. Empirical tests were added so that Team members could look for potential problems in a variety of typical library materials.
In addition to the testing done by the Institute of Paper Science and Technology on the LC blue test books fabricated and supplied by the Library of Congress, empirical tests were also performed by the Team on another, supplemental test batch of twenty-five items which were collected from local libraries. Each of the items was cut in half. One half was treated and the other half retained as a control. The twenty-five treated halves were not subjected to laboratory testing, but instead
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Twenty-five "typical" library books were included in the test batch.
were examined by Team members who compared them with the control halves for perceptible side effects such as color changes, physical deterioration, odor, and sur​face deposits. This small sample, which was represen​tative rather than comprehensive, included materials typically found in circulating and research collections.
Observable Effects
In most cases, few perceptible side effects on treated material were observed. Test items sometimes emerged from treatment cleaner than the corresponding untreated halves. No odor was perce'ved after the treatment. In fact, in some cases, amusty smell, obvious in the control half, was removed by the treatment. The clamps used to hold test materials in the August 1993 tests left impressions on the covers of some of the books.
There was a chalky deposit, visible or, more commonly, palpable, observed in several cases. No color change resulted from treatment, except in the case of a pH sensitive marker, and no feathering of inks or pigments was observed. When illustrations on coated paper were rubbed with cotton balls, slight rub-off was observed in some cases. This ink did not come off on fingers, nor did it offset onto facing pages.

No effect on the call number labels and bar codes affixed to book covers in the selected library test batch was noted. There was no blistering, lift-off, or damage. This is good news from the point of view of posttreatment library processing. Treated books dis​played no color change on their covers or damage to adhesives.
Following treatment, the test books exhibited no evidence of blocking, sticking, swelling, cockling, or any other distortion which would make the treatment less acceptable to librarians. From the empirical per​spective, Bookkeeper is in many ways an attractive process because it eliminates undesirable side effects.
Selection        
Once the efficacy of the Bookkeeper process and its relatively benign nature have been determined through laboratory and empirical testing, it is important to consider what type of collection materials are appro​priate to select for mass deacidification. The potential effects of the mechanics of the treatment process on the material, as well as the effects and side effects of the deacidification process itself are factors in this decision-making.
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As with any mass deacidification process, the items chosen for treatment should be limited to main-streamresearch or circulating collection materials. These collections, determined to be of long-term value, are good candidates for treatment before they become brittle. Many archival collections may also be appropriate for mass deacidification. However, archival materials were not tested as part of this project. Interested members of the archival community may wish to be involved in future testing.
Faced with difficult questions such as whether to concentrate on deacidifying new acquisitions or rather on those books already at risk, librarians will need to set priorities carefully based on local collection risk and use. The simplest and ideal solution would be to mass deacidify entire collections with no preselection, except perhaps for those items obviously too fragile or deterio​rated to treat. Librarians should assume the presence of materials in every collection which are not appropriate for treatment. Few libraries, of course, except the Library of Congress, have the financial resources to contemplate treatment of entire collections. The rest of us will be faced with the need to set priorities among our collections.
The establishment of local guidelines will make possible the identification of materials appropriate for mass deacidification as well as of those items which should never be treated. Because there are a number of idiosyncratic issues relevant to preselection decision-making, some libraries will have few items to be de-acidified, while others may invest significant time in establishing procedures to exclude materials from mass deacidification.
Special Collections Special collections in general should not be treated in a mass process. Although little damage to materials was observed in these tests, special collec​tions and rare, unique, or exceedingly valuable items should be assessed individually by a conservator who will be aware of potential effects of deacidification and handling as well as the special needs of those materials. The conservator can then make recommendations or perform treatments as appropriate. Items having artifac-tual value (that is, they have value as objects beyond their information content), warrant extra care in han​dling. The library's guidelines for preselection must reflect these issues.

Brittle Paper Because no deacidification process can restore brittle paper, books whose paper is already embrittled are inappropriate for mass treatment. If items are fragile or deteriorated to the extent that handling would harm them, they, also, should not be sent for mass treatment.
Working with the Vendor
The librarian contemplating mass treatment will want to establish a dialogue with the vendor. Through this communication with prospective clients, the vendor can contribute to the development of selection guide​lines and of a framework within which to discuss the special needs and concerns of the library. Mutual understanding will simplify procedures for both the vendor and the customer. For example, because of the necessary unpacking and repacking of books from the boxes which are used to transport the materials to and from the treatment facility, guidelines should be devel​oped for packing and shipping. Librarians will want to ensure that there will be specifications for appropriate care and handling of the materials at the treatment facility.
PTI may wish to consider consulting with pres​ervation experts to develop selection guidelines for treatment and for handling of materials sent for treat​ment once the process has been scaled up. The guide​lines would address routing and handling of materials through the physical plant, the mechanical process, treatment work flow, and other issues. Such guidelines will be useful to customers who are choosing and sending collection items for treatment. They would also assist PTI staff in making decisions about items submit​ted for treatment which may be too fragile or damaged to treat.
Some potential issues were not addressed in the course of the testing, but could easily be explored. The physical process of immersion and mild, continuous agitation which characterizes the Bookkeeper process could dislodge or damage loose sheets or other material during treatment. However, no floating loose pages, unfolded maps, or damage to mounted plates were observed during the processing of the test batch. Only a few mounted plates and folded maps were included in the test batch. Evaluation after treatment of folded paper charts and maps in book pockets or of mounted plates and maps will indicate whether there is any damage or problem related to complete treatment.
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No damage to folded maps was observed after treatment.
None of the test books had pockets containing supplementary material in nonpaper formats such as microfiche, plastic overlays, or computer disks, but the growing presence of these formats presents yet another challenge. In some library collections such supplemen​tary material is stored separately, while in others it is left in the pockets in which it was originally contained. Although not of primary importance to all collections, it will be a matter of interest for some librarians. Guide​lines for treatment and handling will help highlight potentially problematic areas and create awareness for new users.
Logistics   
In addition to the mechanics of the treatment process, the logistics of the Bookkeeper process are of interest to librarians. Books to be treated would be unpacked from the boxes they were shipped in, opened and individually fastened to the racks for treatment, removed from the racks after being treated and dried, and repacked for return shipment. This handling should present no problem for books in good condition from circulating and general research collections, and, in fact, would probably produce no more stress on such books than they would sustain through normal use, circulation, photocopying, and interlibrary loan. '

In August 1993, the PTI personnel involved in the treatment exhibited care in the handling of the test materials. However, as the process is scaled up, training for PTI staff will become increasingly important. Train​ing would introduce the staff to the appropriate handling of library materials, according to preservation stan​dards. This will enable them to recognize preservation concerns which might arise in the wide range of materi​als that make up typical library collections. By making available staff training, seeking advice, and/or adding persons with appropriate knowledge and training to the treatment staff, PTI can minimize potential damage to the materials and alleviate any concerns of librarians.
One further matter of logistics should be men​tioned. Librarians opting for mass treatment should be prepared to monitor the pH of their collections after treatment just as they monitor the results of other pres​ervation activities. Pretreatment pH testing by the library is recommended not only to determine how much of the collection warrants treatment, but also to provide a baseline of information against which to assess and monitor treatment efficacy. After treatment, an ongoing program of random retesting is recom​mended to check treatment results and to monitor pH. And, as with all such collection assessments, keeping statistics is recommended to make sense of the data as well as to exploit fully its usefulness.
Conclusion

In conclusion, aside from the few effects noted in this report, little physical change in treated items was ob​served, making the Bookkeeper process a good poten​tial option for deacidifying mainstream circulating and research collections. As noted above, rare books and special collections should be considered separately be​cause the librarian must consider how treatment could affect value. The safest approach is the individual treatment of any items of artifactual value which warrant deacidification.
Books are such complex, composite objects that it would be difficult to ascertain in advance and guarantee with absolute certainty that a given book will sustain no undesirable effects from mass treatment. One can, however, get a feel for the odds, weighing positive results against potential side effects in order to make a decision. Based on examination of the limited test materials treated in August 1993, it seems likely that library materials of the type included in the test batch will sustain no damage.
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Addendum Report

INTRODUCTION
The Summary Report (April 4, 1994) on IPST Project 3875 gives the    results of tests on control and treated papers.  Results are included for unaged samples, and for samples which had been subjected to accelerated aging for various periods up to 30 days.  The MIT Fold results in the Summary Report are for specimens which had been     ' subjected to a tension of 1 kg. during the test.  This Addendum Report gives MIT Fold results for specimens which had been subjected to a tension of 1/2 kg. during the test.            
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TABLE I
MD MIT FOLD DATA (double folds) AT 1/2 KG TENSION Aging
Time,     Test days       No.     ARC    ART    CSC    CST    NPC    NPT    ASC    AST
0     Average   997    952   1185   1194    707   1302     N      N Std Dev   202    204    221    219    348    438
O      O
3     Average   555    681    666    689    792    964 Std Dev   143    172    133    158    354    363
6     Average   362    466    364    955    490    839     S      S Std Dev    78     96     85    197    183    347
A     A 10     Average   190    474     64    725    242    796
Std Dev   101    143     28    121     90    245     M     M
13     Average    43    365      9    525    205    498     P      P Std Dev    18    125      1    132    118    195
L      L
17    Average    12    318     5    488    310    605
Std Dev     3    145      1     73     98    255     E      E
25     Average     3    196      1    372     46    362 Std Dev     1     54      0    116     21    206
31    Average     1    203     1    150    47    271 Std Dev    1    66     0    50     21    121
REGRESSION STATISTICS (based on log fold data)
R Squared
0.982  0.925  0.915  0.886  0.900  0.947
Coefficient
-0.103 -0.021 -0.110 -0.024 -0.042 -0.021
Std Err
0.0057 0.0025 0.0138 0.0036 0.0058 0.0020
Constant
3.06   2.88   2.94   3.06   2.94   3.07
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TABLE  II
CD MIT FOLD DATA (double folds) AT 1/2 KG TENSION Aging
Time,     Test days       No.     ARC   ART    CSC    CST    NPC    NPT    ASC    AST
0     Average   281    371    358    304    220    235     N     N Std Dev    98    108     99     77    166    115
O      O
3     Average   225    289    254    248    159    294 Std Dev    59     90     43     73     61    200
6     Average   266    232    166    359    101    340     S      S Std Dev    64     41     41     49     69    202
A     A 10     Average    88    199     83    183     85    179
Std Dev    23     47     15     61     62     87     M     M
13    Average   72   179    32   186    63   173    P     P Std Dev    38     69      7     52     29     66
L      L
17    Average   34   183    30   176    51   154
Std Dev     9     61      5     61     19     99     E      E
25    Average    4    77     7   151    16   131 Std Dev    2    46     5    32     6    59
31    Average    3   102     2   113    11   138 Std Dev     1     30      0     21      3     76
REGRESSION STATISTICS (based on log fold data)
R Squared
0.962  0.888  0.988
0.808
0.986
0.697
Coefficient
-0.072 -0.020 -0.074
-0.014
-0.042
-0.012
Std Err
0.0058 0.0028 0.0034
0.0027
0.0021
0.0032
Constant
2.65   2.52   2.62
2.48
2.33
2.44
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Fig. 1-AR  Effect of Aging Time on log MD Folding Endurance.
Alum Rosin Sized Paper
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Fig. 2-AR  Effect of Aging Time on log CD Folding Endurance.
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Fig. 1-CS  Effect of Aging Time on log MD Folding Endurance.
Clear Spring Offset
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Fig. 2-CS  Effect of Aging Time on log CD Folding Endurance.
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Fig. l-NP  Effect of Aging Time on log MD Folding Endurance.
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TABLE I
MD MIT FOLD DATA (double folds) AT 1/2 KG TENSION Aging
Time,     Test days       No.     ARC    ART    CSC    CST    NPC    NPT    ASC    AST
0           1    805
960.
1083
1196
604
1340
N      N
2
974
805
1580
779
211
1863
O      0
3 1175
792
1287
1450
511
454
4 1147
1260
787
1393
1021
1160
S      S
5 1424
844
1185
933
464
1486
A      A
6
802
1089
942
1199
736
1238
M      M
7
1018
829
1468
974
313
1464
P      P
8
709
805
1253
1227
1262
940
L      L
9
1031
766
1177
1382
697
1013
E      E
10    889
1367
1085
1411
1252
2065
Average  997
952
1185
1194
707
1302
Std Dev   202
204
221
219
348
438
CD MIT FOLD
DATA
(double
folds)
AT 1/2
KG TENSION
Aging
Time,    Test
days       No.     ARC
ART
CSC
CST
NPC
NPT   ASC   AST
0           1    348
493
314
214
154
286
N      N
2 361
278
466
387
91
246
O      O
3 395
349
282
379
225
46
4 139
311
336
406
152
384
S      S
5 240
176
333
329
216
280
A      A
6 340
446
603
306
81
223
M      M
7 266
546
316
295
465
335
P      P
8
84
430
244
147
117
367
L      L
9
371
406
384
250
95
111
E      E
10    263
273
306
322
601
71
Average   281
371
358
304
220
235
Std Dev   98
108
99
77
166
115
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TABLE I
(cont)
MD MIT FOLD
DATA
(double
folds)
AT 1/2
KG TENSION
Aging
Time,     Test
days       No.
ARC
ART
CSC
CST
NPC
NPT    ASC    AST
3            1
459
487
666
561
534
382      N      N
2 742
615
770
609
450
750
0      0
3 473
400
657
596
• 1260
1427
4 429
887
691
1072
667
455
S      S
5 456
808
438
616
617
1209
A      A
6 876
997
658
541
355
975
M      M
7 622
579
430
778
499
1382
P      P
8 458
689
803
556
1038
900
L      L
9
577
732
859
818
1101
768
E      E
10
454
612
685
743
1400
1389
Average
555
681
666
689
792
964
Std Dev
143
172
133
158
354
363
CD MIT FOLD
DATA
(double
folds)
AT 1/2
KG TENSION
Aging
Time,     Test
days       No.
ARC
ART
CSC
CST
NPC
NPT    ASC   AST
3            1
190
76
257
335
168
126      N      N
2 211
274
208
334
52
293
O      0
3 213
260
333
277
133
117
4 251
438
248
318
210
398
S      S
5 188
372
187
143
100
328
A      A
6 187
342
249
290
185
170
M      M
7 190
323
226
133
230
410
P      P
8 393
272
275
168
166
195
L      L
9 221
252
234
246
254
103
E      E
10
202
279
319
236
93
/ 796
/
Average
225
289
254
248
159
294
Std Dev
59
90
43
73
61
200
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TABLE I
(cont)
MD MIT FOLD
DATA
(double
folds)
AT 1/2
KG TENSION
Aging
Time,     Test
days       No.
ARC
ART
CSC
CST
NPC
NPT    ASC    AST
6            1
269
453
355
1313
531
376      N      N
2 324
466
398
1167
438
323
0      0
3 310
468
218
798
862
1394
4 449
480
332
898
303
938
S      S
5 322
330
529
635
444
914
A      A
6 475
482
295
963
201
794
M      M
7 355
667
355
728
698
1413
P      P
8 301
400
286
1105
403
612
L      L
9
314
574
418
1038
615
733
E      E
10
502
337
449
908
408
891
Average
362
466
364
955
490
839
Std Dev
78
96
85
197
183
347
CD MIT FOLD
DATA
(double
folds)
AT 1/2
KG TENSION
Aging
Time,     Test
days       No.
ARC
ART
CSC
CST
NPC
NPT    ASC   AST
6           1
209
191
152
363
59
180      N     N
2 349
241
143
377
65
661
O      O
3 298
283
238
489
112
97
4 307
147
171
328
85
66
S      S
5 175
243
222
350
277
212
A      A
6 362
274
122
342
37
513
M      M
7 274
268
107
305
100
381
P     P
8 225
192
174
366
170
650
L      L
9
176
254
131
311
61
340
E      E
10
282
226
200
362
47
298
Average
266
232
166
359
101
340
Std Dev
64
41
41
49
69
202
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TABLE I
(cont)
MD MIT FOLD
DATA
(double
folds)
AT 1/2
KG TENSION
Aging
Time,     Test
days       No.
ARC
ART
CSC
CST
NPC
NPT    ASC    AST
10            1     65
556
42
550
176
816
N      N
2
264
445
65
557
250
1070
0      0
3
85
592
45
868
293
511
4 154
371
109
884
107
984
S      S
5 301
507
82
635
324
399
A     A
6 149
350
41
848
146
625
M      M
7 260
224
30
786
336
1183
P      P
8 130
466
103
806
132
981
L      L
9
107
444
34
661
287
608
E      E
10
388
780
86
656
371
780
Average
190
474
64
725
242
796
Std Dev
101
143
28
121
90
245
CD MIT FOLD
DATA
(double
folds)
AT 1/2
KG TENSION
Aging
Time,    Test
days       No.
ARC
ART
CSC
CST
NPC
NPT    ASC    AST
10            1     59
234
109
157
39
264  \   N
N
2
64
168
66
148
39
162
O      O
3
114
233
91
136
42
235
4
91
177
73
151
100
82
S      S
5 116
176
99
113
54
229
A      A
6 117
95
57
225
31
350
M     M
7
73
226
87
237
124
197
P      P
8
105
198
88
122
34
119
L     L
9
56
213
84
310
187
64
E      E
10     86
274
75
231
201
92
Average   88
199
83
183
85
179
Std Dev    23
47
15
61
62
87
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TABLE I
(cont)
MD MIT FOLD
DATA (double
folds)
AT 1/2
KG TENSION
Aging
Time,     Test
days      No.
ARC
ART
CSC
CST
NPC
NPT   ASC   AST
13            1
53
280
8
434
265
326      N      N
2 50
497
9
642
251
524
O      0
3 28
330
9
356
217
366
4 47
274
9
697
127
637
S      S
5 59
670
8
439
340
416
A      A
6 20
229
8
391
442
326
M      M
7 31
377
8
632
72
250
P      P
8 40
332
9
628
42
483
L      L
9
23
268
8
365
178
816
E      E
10
83
394
9
668
114
834
Average
43
365
9
525
205
498
Std Dev
18
125
1
132
118
195
CD MIT FOLD
DATA (double
folds)
AT 1/2
KG TENSION
Aging
Time,     Test
days       No.
ARC
ART
CSC
CST
NPC
NPT   ASC   AST
13           1
58
98
47
149
56
258      N     N
2 41
138
29
147
56
81
0      O
3 73
276
34
124
78
76
4 41
190
30
104
79
227
S      S
5 67
263
37
241
120
150
A      A
6 115
128
33
272
21
275
M     M
7 157
294
19
229
77
227
P      P
8
37
136
27
204
26
151
L      L
9
32
112
36
177
82
141
E      E
10
95
159
26
212
36
144
Average
72
179
32
186
63
173
Std Dev
38
69
7
52
29
66
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TABLE I
(cont)
MD MIT FOLD
DATA (double
folds)
AT 1/2
KG TENSION
Aging
Time,     Test
days       No.     ARC
ART
CSC
CST
NPC
NPT    ASC    AST
17            1
14
287
8
536
270
368      N      N
2 13
279
6
491
413
1031
O      0
3 14
243
6
606
259
414
4
9
328
4
580
300
183
S      S
5 10
198
5
483
137
733
A      A
6 11
347
4
337
398
472
M      M
7 15
290
4
428
364
918
P      P
8 11
734
4
499
230
539
L      L
9 19
221
4
464
248
548
E      E
10      7
255
4
456
484
847
Average
12
318
5
488
310
605
Std Dev     3
145
1
73
98
255
CD MIT FOLD
DATA (double
folds)
AT 1/2
KG TENSION
Aging
Time,    Test
days       No.     ARC
ART
CSC
CST
NPC
NPT    ASC   AST
17           1
47
301
30
171
51
47      N     N
2 27
278
25
195
50
212
O      0
3 44
167
31
110
16
56
4 26
161
40
107
45
101
S      S
5 38
109
36
320
42
83
A     A
6 30
155
25
211
49
112
M     M
7 33
212
31
160
86
360
P      P
8 49
197
26
183
78
108
L      L
9
24
115
26
106
58
" 295
E      E
10
24
136
25
198
37
161
Average
34
183
30
176
51
154
Std Dev     9
61
5
61
19
99
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TABLE I
(cont)
MD MIT FOLD
DATA (double
folds) AT 1/2
KG TENSION
Aging
Time,     Test
days       No.     ARC
ART
CSC
CST   NPC
NPT    ASC    AST
25            1
2
98
1
415
26
490      N      N
2 3
130
1
344
49
77
00
3 3
224
1
279
45
274
4 3
245
1
249
45
138
S      S
5 4
280
1
672
23
128
A      A
6 3
222
1
330
48
290
M      M
7 3
139
1
343
91
751
P      P
8 2
209
1
462
30
476
L      L
9
2
187
1
299
77
563
E      E
10
2
222
1
329
27
429
Average
3
196
1
372
46
362
Std Dev
1
54
0
116
21
206
CD MIT FOLD
DATA (double
folds) AT 1/2
KG TENSION
Aging
Time,     Test
days       No.     ARC
ART
CSC
CST    NPC
NPT    ASC   AST
25           1
5
73
6
140
16
52      N      N
2 3
200
8
150
20
30
0      O
3 3
57
9
110
11
179
4 3
89
16
158
30
189
S      S
5 4
51
13
106
20
71
A     A
6 6
35
2
132
8
148
M      M
7 3
92
2
186
11
173
P      P
8 4
88
2
139
12
116
L      L
9
8
47
4
208
19
215
E      E
10
5
40
6
184
12
132
Average
4
77
7
151
16
131
Std Dev
2
46
5
32
6
59
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TABLE I
(cont)
MD MIT FOLD
DATA (double
folds) AT 1/2
KG TENSION
Aging
Time,    Test
days       No.
ARC
ART
CSC
CST    NPC
NPT    ASC    AST
31           11
183
1
157
64
303
N      N
2 1
108
1
123
22
247
O      O
3 1
188
1
170
22
239
4 2
101
1
139
24
149
S      S
5 0
151
1
267
45
457
A      A
6 1
223
1
82
48
458
M      M
7 0
291
2
154
60
201
P      P
8 2
303
1
88
46
142
L      L
9
1
241
1
134
93
119
E      E
10
1
244
1
181
49
391
Average
1
203
1
150
47
271
Std Dev
1
66
0
50
21
121
CD MIT FOLD
DATA (double
folds) AT 1/2
KG TENSION
Aging
Time,     Test
days       No.
ARC
ART
CSC
CST    NPC
NPT    ASC    AST
31           14
144
2
111      9
148
N
N
2 3
93
2
125
11
150
0      O
3 3
117
1
127      8
330
4 2
152
1
138
12
185
S      S
5 2
66
1
98
12
71
A      A
6 3
89
2
143      8
119
M
M

7 2
125
2
123      9
73
P
P

8 2
60
2
104
10
154
L      L
9
3
92
2
77
19
97
E      E
10
2
77
2
84      7
50
Average
3
102
2
113
11
138
Std Dev
1
30
0
21      3
76
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INTRODUCTION
Four grades of treated and untreated papers were subjected to acceler​ated aging by the Library of Congress.  Aging periods were 0, 3, 6, 10, 13, 17, 24, and 30 days.
The samples were then tested at the Institute of Paper Science and Technology for MIT folding endurance, tensile strength, stretch, tensile energy absorption, tensile stiffness, zero-span tensile strength, internal tear resistance, cold extract pH, alkaline reserve, hot alkali solubility, viscosity, brightness, opacity, and Lab color.
The individual test results for each aging period are given in Progress Reports One through Eight.  This Summary Report includes averages and standard deviations for each property and aging period, plots of each property versus aging time, and calculated degradation rates.
SAMPLES
Samples submitted by the Library were identified as:
ARC-3
CSC-3
NPC-3
ASC-3
ART-3
CST-3
NPT-3
AST-3
In the samples codes, the first two letters identify the grade of paper,
(AR = alum rosin sized paper    CS = Clear Spring Offset)
(NP = newsprint        AS = alkaline sized paper)
the third letter indicates either a Control or Treated sample, and the number is the days of accelerated aging.
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TABLE I
MD MIT
FOLD DATA (double folds)
Aging
Time,     Test
days       No.     ARC    ART
CSC
CST
' NPC
NPT
ASC
AST
0     Average 129.7   92.6
107.1
120.3
89.1
72.5
42.9
38.3
Std Dev  39.5   22.7
14.0
24.9
33.1
25.6
4.0
6.8
3     Average  60.8   55.8
74.0
79.1
74.3
84.2
28.6
37.3
Std Dev  21.7   17.8
8.9
11.5
27.9
16.7
4.6
5.8
6     Average  37.3   61.8
44.4
71.5
41.8
52.3
24.7
26.2
Std Dev  10.1   12.9
8.9
11.3
11.4
12.4
4.8
5.9
10     Average  22.8   39.0
24.4
55.9
29.0
54.6
30.5
28.3
Std Dev   7.0    6.3
4.0
8.6
11.5
19.1
2.9
3.6
13     Average  14.7   33.3
11.8
53.6
17.6
38.1
26.7
23.5
Std Dev   4.9    7.8
2.6
9.6
6.6
17.3
4.8
3.7
17     Average   8.1   36.7
4.9
53.7
9.1
35.2
32.8
26.8
Std Dev   2.6   13.0
1.0
7.5
4.1
17.7
4.0
3.7
24    Average   2.9   18.3
2.7
30.8
5.7
24.0
18.8
26.3
Std Dev   0.7    3.6
0.7
7.0
1.9
12.0
1.8
3.3
30    Average  2.9  15.1
1.5
14.2
2.5
12.4
17.0
19.6
Std Dev   0.7    4.2
0.5
3.9
0.8
7.9
2.3
3.0
REGRESSION STATISTICS
R Squared    0.961  0.941
0.978
0.924
0.989
0.944
0.647
0.691
Coefficient   -0.057 -0.025
-0.065
-0.026
-0.053
-0.025
-0.010
-0.008
Std Err   0.0047 0.0692
0.1100
0.0031
0.0022
0.0025
0.0030
0.0021
Constant     1.96   1.90
2.00
2.05
1.96
1.93
1.56
1.54
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Alum Rosin Sized Paper
2.5 I0
5
10
15
20
25
30
Aging Time, days Control  Treated
Fig. 1-AR Affect of Aging Time on log MD Folding Endurance.
Clear Spring Offset
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Fig. 1-CS Affect of Aging Time on log MD Folding Endurance.
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Fig. 1-NP Affect of Aging Time on log MD Folding Endurance.
Alkaline Sized Paper
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Fig. 1-AS Affect of Aging Time on log MD Folding Endurance.
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TABLE  II
CD MIT
FOLD DATA (double folds)
Aging
Time,    Test
days       No.     ARC
ART
CSC    CST
NPC
NPT
ASC
AST
0     Average  25.7
24.3
29.3   24.3
10.2
9.1
33.9
30.8
Std Dev   6.2
4.7
5.5    4.1
4.2
3.1
3.6
4.1
3     Average  20.1
17.9
23.9   26.7
8.8
9.6
30.0
29.9
Std Dev   4.0
2.3
2.2    2.5
2.3
3.0
3.0
5.4
6     Average  17.3
18.8
20.6   21.7
7.9
7.2
30.9
28.6
Std Dev   3.5
2.3
4.5    3.7
2.2
1.9
7.1
3.7
10     Average  12.5
18.1
14.3   22.0
4.5
7.2
29.9
32.8
Std Dev   4.9
. 5.9
1.6    3.4
1.0
1.5
4.0
3.6
13     Average   8.3
17.1
12.1   23.0
4.1
9.5
32.9
31.7
Std Dev   2.0
3.0
2.3    3.5
0.7
2.6
6.9
4.4
17    Average   6.7
12.7
9.9   17.0
4.5
6.8
30.3
30.5
Std Dev   0.8
2.7
1.2    3.0
1.8
1.7
3.9
4.5
24     Average   3.7
9.8
4.8   15.9
2.2
4.6
27.3
27.3
Std Dev   0.9
1.5
1.3    3.1
0.6
0.8
2.7
3.4
30     Average   2.6
9.4
2.5   13.4
1.6
4.7
26.9
25.0
Std Dev   0.7
2.5
1.4    2.8
1.1
0.8
3.4
3.4
REGRESSION STATISTICS
R Squared    0.994
0.923
0.985  0.886
0.959
0.747
0.634
0.462
Coefficient   -0.034
-0.014
-0.035 -0.009
-0.027
-0.011
-0.003
-0.003
Std Err   0.0011
0.0016
0.0018 0.0014
0.0023
0.0025
0.0008
0.0011
Constant     1.41
1.36
1.51   1.42
1.01
0.99
1.51
1.50
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Fig. 2-AR Affect of Aging Time on log CD Folding Endurance.
Clear Spring Offset
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Fig. 2-CS Affect of Aging Time on log CD Folding Endurance.
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Newsprint
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Fig. 2-NP Affect of Aging Time on log CD Folding Endurance.
Alkaline Sized Paper
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Fig. 2-AS Affect of Aging Time on log CD Folding Endurance.
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TABLE III
MD TENSILE
DATA (kN/m)
Aging
Time,     Test
days       No.     ARC
ART
CSC
CST
NPC
NPT
ASC
AST
0     Average  5.08
4.97
7.99
7.82
2.71
2.63
4.94
5.37
Std Dev  0.25
0.41
0.13
0.23
0.13
0.14
0.64
0.11
3     Average  5.11
4.69
7.76
7.98
2.56
2.55
5.26
5.42
Std Dev  0.26
0.30
0.42
0.26
0.29
0.18
0.19
0.09
6     Average  4.79
5.02
7.71
7.82
2.71
2.66
5.35
5.38
Std Dev  0.37
0.32
0.15
0.31
0.14
0.12
0.19
0.19
10     Average  4.92
42.90
7.30
7.74
2.66
2.62
5.25
5.17
Std Dev  0.25
7.18
0.20
0.33
0.15
0.17
0.19
0.08
13     Average  4.63
4.70
7.09
7.75
2.60
2.60
5.17
5.28
Std Dev  0.22
0.15
0.31
0.27
0.17
0.18
0.21
0.12
17     Average  4.40
4.74
6.70
7.53
2.39
2.68
4.98
5.26
Std Dev  0.29
0.29
0.34
0.22
0.14
0.19
0.17
0.13
24     Average  4.24
4.68
6.41
7.62
2.29
2.64
5.11
5.29
Std Dev  0.25
0.46
0.22
0.37
0.11
0.29
0.23
0.12
30     Average  3.93
4.34
5.94
7.22
2.25
2.40
4.96
5.21
Std Dev  0.20
0.33
0.59
0.27
0.15
0.32
0.12
0.14
REGRESSION STATISTICS
R Squared    0.948
0.641
0.989
0.805
0.823
0.233
0.157
0.414
Coefficient   -0.040
-0.016
-0.069
-0.020
-0.016
-0.004
-0.006
-0.005
Std Err   0.0038
0.0049
0.0029
0.0040
0.0031
0.0031
0.0056
0.0026
Constant     5.15
4.94
8.00
7.94
2.73
2.65
5.20
5.37
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Fig. 3-AR Affect of Aging Time on MD Tensile Strength.
Clear Spring Offset
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Fig. 3-CS Affect of Aging Time on MD Tensile Strength.
Project  3875
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Fi9- 3-NP Affect of Aging Time on MD Tensile Strength.
Alkaline Sized Paper
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Fig. 3-AS Affect of Aging Time on MD Tensile Strength.
Project  3875
-13-
Summary Report
TABLE  IV
CD TENSILE
DATA (kN/m)
Aging
Time,     Test
days       No.     ARC
ART
CSC
CST
NPC
NPT
ASC
AST
0     Average  2.05
2.04
2.74
2.64
1.00
0.97
3.69
3.72
Std Dev  0.10
0.08
0.17
0.16
0.02
0.04
0.18
0.33
3     Average  1.99
2.05
2.66
2.84
0.97
0.99
3.42
3.71
Std Dev  0.11
0.08
0.22
0.08
0.05
0.02
0.10
0.10
6     Average  1.97
2.13
2.62
2.75
0.98
0.95
3.39
3.71
Std Dev  0.09
0.11
0.17
0.18
0.04
0.06
0.11
0.13
10     Average  1.93
2.00
2.64
2.76
0.93
0.98
3.44
3.43
Std Dev  0.06
0.14
0.12
0.17
0.06
0.03
0.14
0.21
13     Average  1.86
2.03
2.52
2.69
0.97
0.98
3.46
3.52
Std Dev  0.07
0.11
0.15
0.12
0.03
0.03
0.18
0.19
17     Average  1.87
2.02
2.40
2.75
0.95
0.93
3.42
3.64
Std Dev  0.07
0.13
0.14
0.14
0.05
0.03
0.11
0.11
24     Average  1.77
2.03
2.45
2.72
0.87
0.92
3.38
3.70
Std Dev  0.06
0.08
0.14
0.17
0.05
0.04
0.09
0.13
30     Average  1.78
1.96
2.41
2.62
0.83
0.92
3.47
3.61
Std Dev  0.10
0.08
0.20
0.15
0.03
0.03
0.16
0.13
REGRESSION STATISTICS
R Squared    0.936
0.432
0.820
0.149
0.840
0.650
0.153
0.032
Coefficient   -0.009
-0.003
-0.011
-0.003
-0.005
-0.002
-0.004
-0.002
Std Err   0.0010
0.0014
0.0021
0.0025
0.0009
0.0007
0.0035
0.0041
Constant     2.02
2.07
2.70
2.75
1.00
0.98
3.51
3.65
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Fig. 4-AR Affect of Aging Time on CD Tensile Strength.
Clear Sorina Offset
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Fig. 4-CS Affect of Aging Time on CD Tensile Strength.
Project  3875
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Fig. 4-NP Affect of Aging Time on CD Tensile Strength.
Alkaline Sized Paper
[image: image32.png]CD Tensile Strength, kN/m

»
o

s

Lod
@

o4
@

L
Y

w
Y

w

~
53

—
0 10 15 20 25

Aging Time, days
- Control = Treated

30




Fig. 4-AS Affect of Aging Time on CD Tensile Strength.
Project 3875
-16-
Summary Report
TABLE V
MD STRETCH DATA
(%)
Aging
Time,    Test
days       No.     ARC
ART    CSC    CST
NPC
NPT
ASC
AST
0    Average  1.78
1.64   1.71   1.64
1.31
1.24
1.95
2.21
Std Dev  0.13
0.18   0.08   0.11
0.09
0.10
0.49
0.05
3    Average  1.59
1.52   1.56   1.66
1.10
1.21
2.05
2.11
Std Dev  0.07
0.15   0.13   0.11
0.20
0.09
0.10
0.08
6    Average  1.40
1.58   1.56   1.60
1.16
1.19
2.16
2.06
Std Dev  0.17
0.10   0.06   0.10
0.08
0.11
0.08
0.11
10     Average  1.38
1.45   1.40   1.53
1.08
1.15
2.03
2.09
Std Dev  0.07
0.12   0.08   0.13
0.11
0.12
0.07
0.07
13     Average  1.24
1.43   1.27   1.52
1.00
1.12
1.97
2.01
Std Dev  0.07
0.09   0.10   0.13
0.11
0.13
0.14
0.09
17    Average  1.20
1.45   1.17   1.48
0.92
1.13
2.03
2.05
Std Dev  0.07
0.06   0.11   0.06
0.08
0.09
0.10
0.13
24     Average  1.11
1.40   1.04   1.44
0.87
1.07
1.98
2.04
Std Dev  0.08
0.12   0.05   0.14
0.09
0.14
0.08
0.13
30    Average  1.02
1.31   0.95 r 1.32
0.90
0.96
1.99
2.03
Std Dev  0.06
0.13   0.16   0.09
0.09
0.16
0.09
0.10
REGRESSION STATISTICS
R Squared    0.889
0.850  0.972  0.964
0.818
0.943
0.080
0.534
Coefficient   -0.023
-0.009 -0.026 -0.011
-0.013
-0.008
-0.002
-0.004
Std Err   0.0033
0.0016 0.0018 0.0008
0.0025
0.0008
0.0025
0.0017
Constant     1.63
1.59   1.66   1.66
1.21
1.24
2.04
2.13
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Fig. 5-AR Affect of Aging Time on MD Stretch.
Clear Spring Offset
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Fig. 5-NP Affect of Aging Time on MD Stretch.
Alkaline Sized Paper
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Fig. 5-AS Affect of Aging Time on MD Stretch.
Project  3875
-19-
Summary Report
TABLE VI
CD STRETCH DATA
(%)
Aging
Time,     Test
days      No.     ARC   ART
CSC   CST
NPC
NPT
ASC
AST
0     Average  3.39   3.19
4.48   4.38
2.46
2.31
4.28
3.91
Std Dev  0.26   0.41
0.48   0.54
0.16
0.22
0.57
0.86
3     Average  3.21   2.84
4.11   4.56
2.17
2.16
5.05
4.10
Std Dev  0.30   0.45
0.29   0.33
0.21
0.20
0.39
0.38
6     Average  2.79   2.93
4.01   4.27
2.05
2.00
4.91
3.86
Std Dev  0.30   0.46
0.25   0.51
0.19
0.27
0.38
0.32
10    Average  2.34   2.48
3.76   4.16
1.78
2.00
4.81
4.46
Std Dev  0.26   0.44
0.19   0.40
0.21
0.08
0.40
0.49
13     Average  2.26   2.59
3.60   3.93
1.79
1.91
4.78
4.69
Std Dev  0.27   0.38
0.48   0.38
0.18
0.12
0.51
0.38
17     Average  1.96   2.46
3.17   3.84
1.57
1.89
4.98
3.80
Std Dev  0.21   0.38
0.43   0.38
0.20
0.15
0.40
0.32
24     Average  1.88   2.30
2.75   3.77
1.46
1.80
4.63
3.84
Std Dev  0.19   0.29
0.29   0.29
0.23
0.23
0.34
0.38
30    Average  1.72   2.18
2.51   3.39
1.29
1.74
4.64
3.63
Std Dev  0.17   0.21
0.44   0.44
0.14
0.14
0.42
0.59
REGRESSION STATISTICS
I
R Squared    0.883  0.863
0.987  0.925
0.933
0.876
0.001
0.119
Coefficient   -0.056 -0.030
-0.066 -0.035
-0.036
-0.017
-0.001
-0.012
I         Std Err   0.0084 0.0049
0.0031 0.0041
0.0040
0.0026
0.0097
0.0134
I        Constant     3.17   3.01
4.40   4.49
2.29
2.19
4.77
4.19
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Fig. 6-AR Affect of Aging Time on CD Stretch.
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Fig. 6-NP Affect of Aging Time on CD Stretch.
Alkaline Sized Paper
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Fig. 6-AS Affect of Aging Time on CD Stretch.
Project 3875
-22-
Summary
Report
TABLE VII
MD TEA DATA (J/sq m) Aging
Time,    Test
days       No.     ARC
ART
CSC    CST
NPC
NPT
ASC
AST
0     Average  58.2
52.3
88.3   82.5
21.0
19.3
67.2
81.5
Std Dev   6.8
9.9
5.9    7.9
2.8
2.6
21.6
2.7
3     Average  51.2
44.5
77.3   84.9
16.3
17.7
74.0
78.8
Std Dev   4.6
7.6
11.3    9.3
5.1
3.1
5.6
2.5
6    Average  42.4
50.8
77.0  80.2
17.9
18.3
79.6
75.3
Std Dev   8.9
6.3
4.6    8.6
2.1
2.8
5.2
5.8
10    Average  41.9
42.9
64.1  76.0
16.0
17.3
72.5
74.2
Std Dev   4.5
7.2
6.0   10.4
2.5
3.0
3.7
3.6
13     Average  35.4
42.3
56.0   75.2
14.3
16.4
70.1
73.0
Std Dev   3.7
3.1
6.9    9.5
2.7
3.3
7.3
3.8
17     Average  32.5
43.7
48.9   71.0
12.3
17.5
69.1
74.3
Std Dev   3.8
4.6
7.7    4.3
1.8
3.0
6.0
6.3
24     Average  28.6
40.9
39.8   69.2
10.9
15.8
69.3
74.1
Std Dev   4.1
7.4
3.4   10.7
1.7
3.9
5.8
6.9
30     Average  24.1
35.7
33.5   59.1
10.7
13.0
67.7
72.5
Std Dev   2.9
6.7
9.2    6.3
1.8
4.0
4.0
4.6
REGRESSION STATISTICS
R Squared    0.916
0.746
0.966  0.943
0.869
0.833
0.185
0.619
Coefficient   -1.061
-0.443
-1.846 -0.779
-0.322
-0.170
-0.170
-0.235
Std Err   0.1311
0.1053
0.1420 0.0780
0.0510
0.0311
0.1458
0.0753
Constant     52.9
49.8
84.4   84.8
19.1
19.1
73.4
78.5
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Fig. 7-AR Affect of Aging Time on MD Tensile Energy Absorption.
Clear Spring Offset
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Fig. 7-CS Affect of Aging Time on MD Tensile Energy Absorption.
Project 3875
-24-
Summary Report
,
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Fig. 7-NP Affect of Aging Time on MD Tensile Energy Absorption.
Alkaline Sized Paper
[image: image42.png]MD TEA, J/isqm

0

80 e

70?4\‘\"*‘<ur+

ol
so |-
wl

o}

20

o
ES

10 15 20
Aging Time, days
- Cantral o= Traated

28

30




Fig- 7-AS Affect of Aging Time on MD Tensile Energy Absorption.
•
Project 3875
-25-
Summary Report
TABLE VIII
CD
TEA DATA (J/sq m)
Aging
Time,    Test
days       No.     ARC
ART
CSC    CST
NPC
NPT
ASC
AST
0    Average 54.8
51.1
101.4  95.3
17.0
15.6
120.3
112.2
Std Dev   5.9
7.5
14.3   12.9
1.4
2.2
17.5
29.3
3     Average  50.5
44.4
90.3  107.3
14.1
14.3
135.2
116.4
Std Dev   7.9
9.1
8.0    7.8
2.3
1.9
13.0
11.5
6     Average  43.3
47.9
87.8   97.8
13.5
12.6
130.3
109.2
Std Dev   6.3
7.6
8.4   15.2
1.9
2.7
13.4
10.2
10     Average  34.3
38.0
82.7   95.7
10.8
13.2
129.3
119.5
Std Dev   4.2
8.9
6.3   13.4
2.3
0.9
14.2
14.0
13     Average  32.2
39.9
74.1   88.1
11.4
12.3
130.2
129.9
Std Dev   5.1
8.2
7.9   10.0
1.8
1.4
18.4
14.3
17     Average  27.4
38.3
62.5   87.2
9.7
11.8
134.0
106.2
Std Dev   4.1
7.9
11.4   11.2
1.6
1.0
12.6
8.4
24     Average  24.7
35.5
54.1   85.8
8.3
11.1
123.0
109.1
Std Dev   3.7
6.4
5.3   11.2
1.8
2.0
11.5
12.3
30    Average  22.5
32.1
49.6  72.6
6.5
10.4
126.9
100.9
Std Dev  3.2
4.2
13.4   10.9
1.1
1.3
15.7
19.4
REGRESSION STATISTICS
R Squared    0.885
0.842
0.968  0.795
0.934
0.878
0.012
0.203
Coefficient   -1.095
-0.568
-1.752 -0.886
-0.315
-0.153
-0.055
-0.389
Std Err   0.1610
0.1006
0.1301 0.1835
0.0342
0.0233
0.1989
0.3144
Constant     50.3
48.2
97.9  102.6
15.5
14.6  129.4
117.9
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Fig. 8-AR Affect of Aging Time on CD Tensile Energy Absorption.
Clear Spring Offset
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Fig. 8-CS Affect of Aging Time on CD Tensile Energy Absorption.
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Fig. 8-NP Affect of Aging Time on CD Tensile Energy Absorption.
Alkaline Sized Paper
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Fig. 8-AS  Affect of Aging Time on CD Tensile Energy Absorption.
Project 3875
-28-
Summary Report
TABLE IX
MD TENSILE STIFFNESS DATA (kN/m) Aging
Time,     Test
days       No.     ARC
ART
CSC    CST
NPC
NPT
ASC
AST
0     Average   606
614
937    933
330
331
615
619
Std Dev    14
20
9     18
10
9
22
14
3     Average   623
596
936    935
341
321
625
631
Std Dev    23
15
14     11
12
12
17
23
6     Average   636
617
941    948
344
334
628
631
Std Dev    14
25
17     18
11
9
18
17
10     Average   652
613
945    943
349
333
630
611
Std Dev    20
38
10     17
11
8
21
15
13     Average   656
621
973    964
360
342
636
642
Std Dev    19
25
18     14
11
4
23
19
17     Average   642
617
959    953
345
340
608
626
Std Dev   25
29
12    24
12
7
14
12
24     Average   632
617
950    951
341
344
612
616
Std Dev    25
33
7     20
24
14
21
13
30    Average  624
604
966   965
348
345
610
627
Std Dev   22
21
20    22
14
13
12
20
REGRESSION STATISTICS
R Squared    0.041
0.002
0.493  0.617
0.128
0.071
0.242
0.003
Coefficient    0.324
0.031
0.930  0.898
0.296
0.657
-0.501
-0.048
Std Err   0.6389
0.3235
0.3848 0.2892
0.3156 0.1703
0.3618
0.3894
Constant      630
612
939    938
341
328
627
626
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Fig. 9-AR Affect of Aging Time on MD Tensile Stiffness (Et;
Clear Spring Offset
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Fig. 9-CS Affect of Aging Time on MD Tensile Stiffness (Et) .
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Fig. 9-NP Affect of Aging Time on MD Tensile Stiffness (Et) .
Alkaline Sized Paper
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Fig. 9-AS Affect of Aging Time on MD Tensile Stiffness (Et) .
Project 3875
-31-
Summary Report
TABLE X
CD TENSILE STIFFNESS DATA (kN/m) Aging
Time,    Test
days       No.     ARC
ART
CSC    CST
NPC
NPT
ASC
AST
0     Average   263
266
339    330
95
95
396
410
Std Dev    11
13
18     17
3
5
17
17
3     Average   257
268
335    348
94
96
368
406
Std Dev    9
7
24     12
3
3
9
11
6    Average  264
277
337   344
98
95
371
413
Std Dev    12
18
18     18
4
3
7
12
10     Average   269
268
346    345
95
98
372
382
Std Dev    10
7
10     15
2
3
11
16
13     Average   269
275
341    348
101
100
383
391
Std Dev    9
10
24    14
3
4
4
14
17     Average   281
277
337    355
105
94
372
413
Std Dev    7
10
16     14
9
5
14
13
24     Average   269
279
347    347
100
94
371
409
Std Dev    8
6
16     18
8
3
8
13
30     Average   277
276
358    343
104
97
388
417
Std Dev    13
13
18     22
5
5
9
11
REGRESSION STATISTICS
R Squared    0.570
0.530
0.646  0.154
0.640  0.000
0.000
0.061
Coefficient    0.555
0.350
0.582  0.268
0.327 -0.000
0.019
0.292
Std Err   0.1967
0.1347
0.1758 0.2568
0.0999 0.0805
0.3962
0.4663
Constant      261
269
335    342
95
96
378
401
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Fig.lO-AR Affect of Aging Time on CD Tensile Stiffness (Et) .
Clear Spring Offset
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Fig.10-CS Affect of Aging Time on CD Tensile Stiffness (Et} .
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Fig.lO-NP Affect of Aging Time on CD Tensile Stiffness (Et).
Alkaline Sized Paper
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Fig.l0-AS Affect of Aging Time on CD Tensile Stiffness (Et).
Project 3875
-34-                    Summary Report
TABLE XI
MD
TEAR DATA (mN)
Aging
Time,    Test
days       No.     ARC
ART
CSC    CST
NPC
NPT
ASC
AST
0     Average   347
365
785    802
196
180
610
569
Std Dev    13
30
35     52
9
12
11
16
3     Average   304
328
700    732
165
166
592
555
Std Dev    14
13
31     44
10
12
12
23
6     Average   288
304
614    720
147
173
590
575
Std Dev   19
10
19    21
10
12
14
13
10    Average   261
300
524    714
122
159
549
549
Std Dev     9
23
31     21
8
11
13
13
13     Average   222
267
479    598
98
118
549
577
Std Dev    13
21
17     21
9
0
29
21
17    Average   218
271
426    602
78
127
577
543
Std Dev   17
33
13    13
0
10
10
23
24     Average   182
241
310    526
78
100
514
534
Std Dev    16
19
15     24
0
6
20
12
30    Average   167
235
288   510
63
98
530
518
Std Dev   10
0
9    16
8
0
23
17
REGRESSION STATISTICS
R Squared    0.940
0.893
0.951  0.926
0.881
0.887
0.746
0.656
Coefficient   -5.836
-4.011
-16.66 -9.849 -4.290 -3.020 -2.799 -1.619
Std Err   0.6019
0.5677
1.5370 1.1339 0.6437 0.4410 0.6671 0.4787
Constant      324
340
730    777
174
179
600
573
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Fig.ll-AR Affect of Aging Time on MD Tear Resistance.
Clear Spring Offset
[image: image56.png]300

200

10 15 20
Aging Time, days
-« Control —= Treated

28

30




Fig.ll-CS Affect of Aging Time on MD Tear Resistance.
Project 3875
-36-
Summary Report
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Fig.ll-NP Affect of Aging Time on MD Tear Resistance.
Alkaline Sized Paper
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Fig.ll-AS Affect of Aging Time on MD Tear Resistance.
Project 3875
-37-
Summary Report
TABLE XII
CD
TEAR DATA (mN)
Aging
Time,     Test
days       No.     ARC
ART
CSC    CST
NPC
NPT
ASC
AST
0     Average   408
422
889    924
288
282
561
575
Std Dev    12
14
19     35
13
19
10
13
3     Average   367
398
830    851
237
243
549
545
Std Dev    15
16
25     32
6
10
26
12
6     Average   355
381
732    816
231
237
579
543
Std Dev    17
10
31     36
8
6
32
19
10     Average   314
367
620    832
204
233
553
581
Std Dev    9
13
10    26
10
6
20
25
13     Average   261
326
555    759
153
190
504
494
Std Dev    9
10
16     23
8
13
16
15
17     Average  253
312
514   679
131
194
522
512
Std Dev    11
11
12     17
9
6
14
6
24     Average   228
302
379    647
118
165
522
508
Std Dev   10
14
13     21
0
10
17
30
30     Average   200
273
324    602
112
157
512
522
Std Dev    8
11
10    13
9
0
14
21
REGRESSION STATISTICS
R Squared    0.932
0.947
0.969  0.945
0.885
0.911
0.554
0.391
Coefficient   -6.889
-4.882
-19.26 -10.49 -5.909 -3.979
-1.896
-1.897
Std Err   0.7575
0.4732
1.4133 1.0299 0.8715 0.5079
0.6950
0.9657
Constant      387
410
853    899
260
264
562
559
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Fig.l2-AR Affect of Aging Time on CD Tear Resistance.
Clear Soring Offset
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Fig.l2-CS Affect of Aging Time on CD Tear Resistance.
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Fig.l2-NP Affect of Aging Time on CD Tear Resistance.
Alkaline Sized Paper
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Fig.12-AS Affect of Aging Time on CD Tear Resistance.
Project  3875
-40-
Summary Report
TABLE XIII
MD ZERO-SPAN DATA
(kN/m)
Aging
Time,    Test
days       NO.     ARC    ART
CSC
CST
NPC
NPT
ASC
AST
0     Average  8.65   9.00
12.90
13.13
6.38
6.33
10.15
10.11
Std Dev  0.45   0.42
0.35
0.10
0.11
0.36
0.46
0.43
3     Average  8.62   8.42
12.19
11.89
6.07
5.97
9.48
9.84
Std Dev  0.51   0.51
0.51
0.62
0.27
0.31
0.25
0.41
6    Average  8.45  8.72
12.39
13.10
5.90
5.91
9.63
10.27
Std Dev  0.42   0.59
0.56
0.31
0.48
0.31
0.49
0.49
10     Average  7.94   8.33
11.73
12.80
5.51
5.61
9.69
9.87
Std Dev  0.41   0.33
0.26
0.16
0.21
0.23
0.38
0.23
13    Average  7.63   8.56
11.20
12.47
5.17
5.78
9.48
9.59
Std Dev  0.56   0.43
0.33
0.39
0.31
0.43
0.56
0.52
17    Average  7.23   8.34
10.25
12.50
5.16
5.60
9.57
9.62
Std Dev  0.46   0.47
0.51
0.46
0.34
0.27
0.50
0.50
24     Average  6.91   8.20
9.89
12.07
4.74
5.30
9.55
9.44
Std Dev  0.48   0.37
0.45
0.24
0.21
0.33
0.39
0.33
30     Average  6.49   7.77
9.01
11.86
4.91
5.62
9.01
9.67
Std Dev  0.28   0.29
0.50
0.22
0.17
0.21
0.54
0.47
REGRESSION STATISTICS
R Squared    0.977  0.768
0.970
0.379
0.873
0.659
0.573
0.529
Coefficient   -0.078 -0.031
-0.129 -0.030
-0.053
-0.024
-0.023
-0.020
Std Err   0.0049 0.0069
0.0092 0.0158
0.0082
0.0071
0.0080
0.0075
Constant     8.74   8.82
12.86
12.87
6.16
6.08
9.87
10.05
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Fig.l3-AR Affect of Aging Time on MD Zero-Span Tensile Strength.
Clear Spring Offset
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Fig.13-CS Affect of Aging Time on MD Zero-Span Tensile Strength.
Project 3875
-42-
Summary Report
Newsprint
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Fig.l3-NP Affect of Aging Time on MD Zero-Span Tensile Strength.
Alkaline Sized Paper
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Fig.l3-AS Affect of Aging Time on MD Zero-Span Tensile Strength.
Project 3875
-43-
Summary Report
TABLE XIV
CD ZERO-SPAN DATA (kN/m) Aging
Time,    Test
days       No.     ARC
ART
CSC   CST
NPC
NPT
ASC
AST
0     Average  5.39
5.17
8.46   7.95
2.92
2.83
8.40
8.95
Std Dev  0.27
0.47
0.39   0.69
0.22
0.17
0.16
0.27
3     Average  5.38
5.16
7.51   8.21
2.84
3.09
8.62
9.16
Std Dev  0.50
0.16
0.36   0.31
0.21
0.22
0.54
0.18
6     Average  4.63
4.69
7.14   7.79
2,59
2.75
7.87
8.59
Std Dev  0.33
0.34
0.33   0.31
0.16
0.21
0.28
0.28
10     Average  4.61
4.90
6.74   7.79
2.61
2.83
8.16
8.22
Std Dev  0.20
0.27
0.13   0.23
0.18
0.25
0.17
0.35
13     Average  4.59
4.96
6.92   7.48
2.51
2.84
8.54
8.89
Std Dev  0.27
0.31
0.32   0.35
0.11
0.21
0.26
0.63
17     Average  4.50
4.94
6.17   7.42
2.47
2.51
8.22
8.63
Std Dev  0.22
0.22
0.28   0.40
0.18
0.25
0.22
0.33
24     Average  4.04
4.79
5.59   7.08
2.28
2.46
8.50
8.19
Std Dev  0.17
0.25
0.32   0.36
0.20
0.23
0.32
0.20
30    Average  3.96
4.69
5.77  7.34
2.16
2.45
8.43
8.87
Std Dev  0.26
0.33
0.17   0.35
0.22
0.23
0.29
0.26
REGRESSION STATISTICS
R Squared    0.866
0.451
0.868  0.771
0.945
0.719
0.028
0.120
Coefficient   -0.047
-0.012
-0.085 -0.031
-0.024
-0.018
0.004
-0.012
Std Err   0.0076
0.0055
0.0136 0.0069
0.0024
0.0047
0.0096
0.0128
Constant     5.25
5.07
7.88   8.03
2.85
2.96
8.29
8.84
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Fig.l4-AR Affect of Aging Time on CD Zero-Span Tensile Strength.
Clear Spring Offset
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Fig.l4-CS Affect of Aging Time on CD Zero-Span Tensile Strength.
Project 3875
-45-
Summary Report
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Fig.l4-NP Affect of Aging Time on CD Zero-Span Tensile Strength.
Alkaline Sized Paper
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Fig.i4-AS Affect of Aging Time on CD Zero-Span Tensile Strength.
Project 3875
-46-
Summary Report
TABLE -XV
OPACITY DATA (%) Aging
Time,     Test
days       No.     ARC
ART
CSC    CST
NPC
NPT
ASC
AST
0     Average  85.9
88.9
93.1   94.3
88.3
88.6
94.0
94.1
Std Dev   0.7
0.5
0.3    0.5
0.7
0.4
0.2
0.1
3     Average  87.7
88.9
94.1   94.2
89.6
90.2
94.1
94.4
Std Dev   1.3
1.0
0.6    0.3
0.9
0.5
0.3
0.3
6     Average  89.3
89.0
93.5   93.8
90.8
90.5
93.7
94.0
Std Dev   0.8
0.6
0.3    0.5
0.6
0.7
0.2
0.4
10    Average 87.8
90.1
94.1  94.1
90.8
90.7
94.0
94.4
Std Dev  1.2
0.7
0.6   0.5
0.8
0.6
0.2
0.4
13     Average  89.4
90.8
94.4   95.1
91.4
92.0
94.2
94.0
Std Dev   0.8
0.5
0.5    0.3
0.5
0.5
0.3
0.3
17     Average 88.1
90.8
94.7   94.0
92.9
90.4
94.1
94.8
Std Dev  1.2
0.4
0.3   0.4
0.3
1.0
0.3
0.2
24     Average  90.8
91.0
95.3   95.2
91.4
91.9
94.6
95.4
Std Dev   1.4
0.5
0.3    0.2
0.4
0.3
0.4
0.2
30     Average  91.7
92.3
95.1  95.3
92.4
93.3
95.1
95.4
Std Dev   0.8
0.5
0.3    0.3
0.5
0.3
0.2
0.2
REGRESSION STATISTICS
R Squared    0.755
0.922
0.824  0.537
0.667
0.769
0.749
0.738
Coefficient    0.153
0.113
0.066  0.043
0.117
0.120
0.037
0.048
Std Err   0.0357
0.0134
0.0124 0.0163 0.0338
0.0269
0.0088 0.1169
Constant     86.9
88.8
93.4   93.9
89.4
89.4
93.8
93.9
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Fig.l5-AR Affect of Aging Time on Opacity.
Clear Sprinq Offset
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Fig.l5-CS Affect of Aging Time on Opacity.
Project 3875
-48-
Summary Report
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Fig.l5-NP Affect of Aging Time on Opacity.
Alkaline Sized Paper
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Fig.l5-AS Affect of Aging Time on Opacity.
Project 3875
-49-
Summary Report
TABLE
XVI
BRIGHTNESS
DATA
(%)
Aging
Time,     Test
days       No.     ARC
ART
CSC
CST
NPC
NPT
ASC
AST
0     Average  79.4
80.3
77.8
78.6
45.2
46.8
86.5
85.4
Std Dev   0.5
0.1
0.1
0.5
1.0
0.6
3.2
0.2
3     Average  74.5
74.7
74.7
75.8
40.5
42.2
84.6
83.3
Std Dev   0.2
0.7
0.1
0.2
0.9
0.3
3.2
0.3
6    Average 72.2
72.9
72.7
74.2
38.3
39.2
82.6
82.2
Std Dev   0.7
0.5
0.4
0.3
0.6
0.9
0.1
0.4
10     Average  69.5
70.0
69.7
71.8
34.7
38.0
81.8
80.9
Std Dev   0.4
0.7
0.5
0.3
0.9
1.2
0.1
0.6
13     Average  67.1
66.9
68.1
70.6
33.8
36.5
81.1
80.0
Std Dev   0.6
0.8
0.2
0.3
1.5
0.9
0.1
0.1
17     Average  64.8
66.2
65.6
68.8
31.3
33.5
80.1
79.7
Std Dev   1.2
0.9
0.5
0.5
1.3
0.7
0.1
1.2
24     Average  60.8
62.8
60.8
65.5
30.4
32.0
77.3
75.6
Std Dev   0.6
1.2
0.3
0.5
1.1
0.8
0.6
1.0
30     Average  61.2
60.9
58.6
64.8
28.2
30.9
77.1
75.5
Std Dev   0.9
0.9
0.3
0.5
1.3
1.1
0.1
0.4
REGRESSION
STATISTICS
R Squared    0.920
0.926
0.990
0.964
0.891
0.900
0.948
0.960
Coefficient   -0.602
-0.598
-0.638
-0.458
-0.518
-0.491
-0.307
-0.326
Std Err   0.0724
0.0688
0.0268
0.0361
0.0739
0.0667
0.0294
0.0272
Constant     76.4
77.0
76.7
77.1
42.0
43.7
85.3
84.5
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Fig.l6-AR Affect of Aging Time on Brightness.
Clear Sprinq Offset
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Fig.l6-CS Affect of Aging Time on Brightness.
Project 3875
-51-
Summary Report
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Fig.l6-NP Affect of Aging Time on Brightness.
Alkaline Sized Paper
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Fig.l6-AS Affect of Aging Time on Brightness.
Project 3875                     -52-
Summary Report
TABLE XVII
COLOR DATA (L) Aging
Time,    Test
days       No.     ARC   ART    CSC    CST
NPC
NPT
ASC
AST
0     Average  90.6   91.0   89.8   90.3
74.8
75.2
95.2
95.1
Std Dev   0.2    0.0    0.0    0.1
0.2
0.3
0.1
0.1
3     Average  89.5   89.6   89.3   89.7
72.2
73.2
94.5
94.2
Std Dev   0.1    0.2    0.1    0.1
0.5
0.2
0.1
1.0
6     Average  88.6   89.0   88.6   89.2
71.3
71.8
94.0
94.0
Std Dev   0.2    0.1    0.1    0.1
0.4
0.5
0.0
0.1
10     Average  87.9   88.2   87.8   88.6
69.5
71.4
93.8
93.6
Std Dev   0.2    0.2    0.2    0.1
0.7
0.7
0.0
0.1
13    Average  87.1  87.2   87.3   88.2
68.8
70.7
93.6
93.3
Std Dev   0.2    0.3    0.1    0.1
1.1
0.6
0.0
0.0
17    Average  86.2   86.9   87.5   87.8
67.7
69.1
93.2
93.1
Std Dev   0.4    0.3    3.2    0.2
1.0
0.5
0.1
0.3
24     Average  84.9   85.7   84.8   86.8
67.2
68.3
92.4
91.9
Std Dev   0.2    0.5    0.1    0.3
0.9
0.7
0.2
0.3
30     Average  85.0   85.1   84.0   86.5
65.9
67.8
92.2
91.8
Std Dev  0.3    0.3    0.1   0.2
1.2
1.0
0.1
0.1
REGRESSION STATISTICS
R Squared    0.946  0.957  0.962  0.978
0.894
0.913
0.966
0.953
Coefficient   -0.193 -0.187 -0.193 -0.126
-0.267
-0.231
-0.096
-0.106
Std Err   0.0188 0.0161 0.0156 0.0076
0.0375
0.0291
0.0074
0.0096
Constant     89.9   90.2   89.9   90.0
73.1
73.9
94.8
94.7
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Fig.l7-AR Affect of Aging Time on Color (L).
Clear Spring Offset
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Fig.l7-CS  Affect of Aging Time on Color (L) .
Project  3875
-54-
Summary Report
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Alkaline Sized Paper
[image: image82.png]Color Data (L)

96

90

0 5 10 5
Aging Time, days
~=-Control — Treated

20

25

30




Fig.l7-AS Affect of Aging Time on Color (L).
Project 3875'
-55-
Summary Report
TABLE XVIII
COLOR DATA (a) Aging
Time,    Test
days       No.     ARC
ART
CSC
CST
NPC
NPT
ASC
AST
0     Average  0.30
0.35
-0.04
-0.02
2.09
1.94
-0.31
-0.27
Std Dev  0.07
0.06
0.06
0.25
0.11
0.13
0.04
0.04
3     Average  0.38
0.29
0.25
0.13
3.20
2.79
-0.16
-0.18
Std Dev  0.03
0.08
0.11
0.05
0.11
0.15
0.04
0.03
6     Average  0.87
0.85
0.96
0.73
4.20
3.86
0.46
0.43
Std Dev  0.05
0.09
0.09
0.22
0.15
0.16
0.03
0.04
10    Average 1.02
0.92
1.20
1.01
4.69
4.04
0.53
0.51
Std Dev  0.05
0.07
0.10
0.10
0.28
0.28
0.03
0.03
13    Average  1.06
0.91
1.30
0.98
4.86
3.99
0.57
0.49
Std Dev  0.06
0.07
0.10
0.10
0.45
0.21
0.04
0.04
17    Average  1.19
0.96
1.46
0.91
5.27
4.57
0.62
0.59
Std Dev  0.08
0.05
0.09
0.17
0.28
0.16
0.04
0.06
24     Average  1.30
1.07
1.56
1.01
5.54
4.73
0.57
0.54
Std Dev  0.08
0.05
0.07
0.16
0.22
0.26
0.10
0.06
30     Average  1.42
1.23
1.84
1.25
5.84
4.87
0.76
0.70
Std Dev  0.05
0.07
0.10
0.15
0.22
0.25
0.05
0.08
REGRESSION STATISTICS
R Squared    0.843
0.777
0.828
0.699
0.818
0.777
0.647
0.648
Coefficient    0.036
0.028
0.057
0.036
0.110
0.086
0.030
0.028
Std Err   0.0064
0.0061
0.0106
0.0098
0.0212
0.0188
0.0091
0.0085
Constant     0.47
0.46
0.33
0.28
3.04
2.74
-0.01
-0.01
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-56-
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Alum Rosin Sized Paper
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Fig.l8-AR Affect of Aging Time on Color (a).
Clear Spring Offset
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Fig.l8-CS Affect of Aging Time on Color (a).
Project 3875
-57-
Summary Report
Newsprint
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Fig.l8-NP Affect of Aging Time on Color (a).
Alkaline Sized Paper
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Fig.l8-AS Affect of Aging Time on Color (a).
Project 3875
-58-
Summary Report
TABLE
XIX
COLOR DATA (b) Aging
Time,    Test
days       No.    ARC
ART
CSC
CST
NPC
NPT
ASC
AST
0     Average  2.19
2.07
2.83
2.78
10.76
9.76
4.25
4.28
Std Dev  0.19
0.08
0.04
0.21
0.80
0.14
0.04
0.07
3     Average  4.62
4.60
4.46
4.19
11.87
11.45
4.70
4.94
Std Dev  0.06
0.30
0.03
0.04
0.38
0.12
0.05
0.10
6     Average  5.31
5.34
5.18
4.77
12.89
12.65
4.86
5.05
Std Dev  0.21
0.23
0.18
0.08
0.11
0.33
0.03
0.14
10    Average  6.50
6.51
6.43
5.84
14.26
13.32
5.12
5.54
Std Dev 0.12
0.33
0.21
0.05
0.15
0.41
0.04
0.24
13     Average  7.48
7.75
7.16
6.37
14.40
13.91
5.37
5.85
Std Dev  0.22
0.33
0.08
0.09
0.28
0.30
0.03
0.02
17    Average  8.17
7.94
8.08
7.17
15.56
15.03
5.67
5.92
Std Dev  0.46
0.31
0.14
0.18
0.10
0.10
0.07
0.42
24     Average  9.77
9.33
9.81
8.60
16.02
15.63
6.65
7.36
Std Dev  0.23
0.46
0.11
0.15
0.26
0.10
0.19
0.42
30     Average  9.54
9.95
10.48
8.75
16.67
16.17
6.50
7.26
Std Dev  0.34
0.33
0.06
0.19
0.11
0.06
0.03
0.21
REGRESSION STATISTICS
R Squared    0.894
0.903
0.973
0.954
0.919
0.909
0.953
0.949
Coefficient    0.236
0.239
0.250
0.198
0.192
0.200
0.080
0.102
Std Err   0.0331
0.0320
0.0170
0.0179
0.0233
0.0258
0.0073 0.0096
Constant     3.66
3.60
3.58
3.51
11.58
10.91
4.36
4.46
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Alum Rosin Sized Paper
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Fig.l9-AR Affect of Aging Time on Color (b) .
Clear Soring Offset
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Fig.l9-CS Affect of Aging Time on Color (b) .
Project  3875
-61-
Summary Report
TABLE XX
HYDROGEN
ION CONCENTRATION (pH)
Aging
Time,    Test
days       No.     ARC
ART
CSC
CST
NPC
NPT
ASC
AST
0     Average  6.52
9.32
5.88
9.10
5.70
10.27
9.42
10.50
Range  0.03
0.03
0.08
0.12
0.12
0.12
0.04
0.09
3     Average  6.35
8.79
5.62
8.87
5.28
10.03
9.18
9.99
Range  0.02
0.07
0.08
0.09
0.01
0.00
0.03
0.03
6     Average  5.64
8.44
5.12
8.29
4.67
9.57
8.87
9.67
Range  0.03
0.03
0.03
0.25
0.02
0.06
0.04
0.02
10     Average  5.80
8.33
4.65
8.21
4.52
9.45
8.84
9.72
Range  0.07
0.05
0.07
0.13
0.12
0.03
0.06
0.03
13     Average  5.59
8.20
4.81
8.00
4.28
9.48
8.85
9.58
Range  0.02
0.03
0.04
0.04
0.01
0.01
0.02
0.01
17     Average  5.75
8.13
4.65
7.89
4.30
9.34
8.75
9.50
Range  0.00
0.02
0.08
0.09
0.05
0.01
0.05
0.07
24     Average  5.60
8.00
4.63
7.80
4.08
9.37
8.94
9.56
Range  0.01
0.04
0.00
0.02
0.02
0.01
0.00
0.02
30    Average  5.64
8.01
4.65
7.75
4.16
9.31
8.67
9.63
Range  0.03
0.01
0.01
0.09
0.02
0.05
0.01
0.05
REGRESSION STATISTICS
R Squared    0.501
0.727
0.642
0.788
0.725
0.655
0.549
0.475
Coefficient   -0.025
-0.037
-0.038
-0.043
-0.047
-0.028
-0.017
-0.022
Std Err   0.0101
0.0093
0.0117
0.0091
0.0119
0.0082
0.0065
0.0094
Constant     6.18
8.88
5.49
8.79
5.23
9.96
9.16
10.05
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Summary Report
Alum Rosin Sized Paper
[image: image89.png]10

Aging Time, days
-»Control —+ Treated

o @ ® ~ ©

) {Hd) uopeuesuey uo| ueBoipAH

[




Fig.20-AR Affect of Aging Time on Hydrogen ion Concentration (pH).
Clear Spring Offset
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Fig.20-CS Affect of Aging Time on Hydrogen ion Concentration (pH).
Project 3875
-63-
Summary Report
Newsprint 
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Fig.20-NP Affect of Aging Time on Hydrogen ion Concentration (pH) .
Alkaline Sized Paper
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Fig.20-AS Affect of Aging Time on Hydrogen ion Concentration (pH).
Project 3875
-64-
Summary Report
TABLE XXI
ALKALINE
RESERVE DATA (% CaCO3)
Aging
Time,    Test
days       No.
ARC
ART
CSC
CST
NPC
NPT
ASC
AST
0     Average
0.52
0.71"
0.00
0.63
0.14
0.72
8.21
8.50
Range
0.01
0.15
0.00
0.11
0.05
0.13
0.19
0.10
3     Average
0.45
1.33
0.08
0.73
0.00
0.95
7.97
8.46
Range
0.05
0.06
0.16
0.10
0.00
0.01
0.33
0.06
6     Average
0.42
1.12
0.11
0.54
0.00
0.86
8.09
8.33
Range
0.01
0.17
0.11
0.05
0.00
0.06
0.05
0.01
10     Average
0.49
1.15
0.08
0.57
0.03
0.97
8.23
8.48
Range
0.05
0.06
0.05
0.09
0.05
0.15
0.11
0.00
13    Average
0.52
1.28
0.37
0.65
0.00
1.29
8.13
8.86
Range
0.00
0.05
0.11
0.06
0.00
0.14
0.06
0.11
17    Average
0.47
1.10
0.05
0.71
0.00
1.08
8.00
8.57
Range
0.11
0.11
0.10
0.05
0.00
0.05
0.00
0.13
24     Average
0.49
1.29
0.10
0.86
0.08
0.86
8.11
8.76
Range
0.04
0.10
0.10
0.05
0.05
0.06
0.12
0.04
30     Average
0.60
1.30
0.24
0.78
0.00
1.02
8.04
8.80
Range
0.05
0.02
0.05
0.00
0.00
0.13
0.06
0.07
REGRESSION STATISTICS
R Squared
0.360
0.299
0.191
0.455
0.062
0.125
0.057
0.529
Coefficient
0.003
0.011
0.005
0.007
-0.001
0.006
-0.002
0.013
Std Err   0.0018
0.0067
0.0042
0.0032
0.0019 0.0063
0.0035 0.0051
Constant
0.45
1.02
0.06
0.59
0.05
0.89
8.12
8.42
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Summary Report
Alum Rosin Sized Paper
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Fig.21-AR Affect of Aging Time on Alkaline Reserve (% CaCO3).
Clear Spring Offset
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Fig.21-CS Affect of Aging Time on Alkaline Reserve (% CaCO3).
Project 3875
-66-
Summary Report
Newsprint
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Fig.21-NP Affect of Aging Time on Alkaline Reserve (% CaCO3).
Alkaline Sized Paper
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Fig.21-AS Affect of Aging Time on Alkaline Reserve (% CaCO3) .
Project 3875
-67-
Summary Report
TABLE XXII
1% NaOH SOLUBILITY DATA (%) Aging
Time,    Test
days       No.
ARC
ART
CSC
CST
NPC
NPT
ASC
AST
0     Average
16.04
15.87
7.71
9.82
4.14
7.75
15.25
14.47
Range
0.66
1.48
0.59
1.00
1.66
0.60
0.09
0.42
3     Average
17.07
16.60
10.67
8.93
7.36
7.79
15.76
15.87
Range
0.83
0.12
0.92
0.10
0.08
0.10
0.31
0.20
6     Average
17.64
17.74
11.55
9.93
10.13
11.21
16.36
16.47
Range
0.26
0.16
0.50
0.82
0.56
0.26
0.07
0.24
10     Average
19.40
18.98
11.68
12.33
12.03
9.78
15.80
15.61
Range
0.32
0.21
0.29
0.03
2.84
1.13
0.76
0.29
13     Average
19.48
19.05
13.21
11.72
13.38
11.11
15.45
15.40
Range
0.10
0.46
0.25
0.24
1.06
0.76
0.17
0.16
17    Average
19.28
18.20
14.27
11.30
12.21
9.88
15.71
15.98
Range
0.05
0.39
0.33
0.13
1.16
1.72
0.14
0.03
24     Average
20.35
20.39
15.42
12.59
14.43
12.97
16.38
16.48
Range
0.03
0.05
0.26
0.08
0.06
1.69
0.07
0.04
30     Average
21.20
20.45
17.05
13.33
17.19
15.39
16.60
16.41
Range
0.31
0.15
0.48
0.04
1.40
0.26
0.14
. 0.10
REGRESSION STATISTICS
R Sguared
0.892
0.840
0.936
0.766
0.860
0.811
0.451
0.391
Coefficient
0.158
0.146
0.274
0.130
0.368
0.223
0.031
0.041
Std Err   0.0224
0.0260
0.0292 0.0294
0.0606
0.0440
0.0141
0.0210
Constant
16.77
16.53
9.16
9.57
6.63
7.86
15.51
15.30
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Alum Rosin Sized Paper
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Fig.22-AR Affect of Aging Time on 1% NaOH Solubility.
Clear Spring Offset
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Fig.22-CS Affect of Aging Time on 1% NaOH Solubility.
Project 3875
-69-
Summary Report
Newsprint
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Fig.22-NP Affect of Aging Time on 1% NaOH Solubility.
Alkaline Sized Paper
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Fig.22-AS Affect of Aging Time on 1% NaOH Solubility.
Project 3875
-70-
Summary
Report
TABLE XXIII
VISCOSITY DATA (mPa.s) Aging
Time,     Test
days       No.
ARC
ART
CSC
CST
NPC
NPT
ASC
AST
0     Average
5.74
5.57
13.46  11.74
4.56
4.16
6.94
6.16
Range
0.12
0.21
0.07
0.21
0.47
0.10
0.05
0.10
3     Average
4.48
4.71
7.75
9.03
3.35
3.58
5.74
5.93
Range
0.04
0.09
0.15
0.02
0.17
0.00
0.04
0.01
6     Average
4.07
4.43
6.33
7.86
2.79
3.12
5.79
6.34
Range
0.10
0.02
0.08
0.02
0.02
0.02
0.07
0.04
10     Average
3.63
4.14
5.54
7.02
2.43
2.95
5.74
5.90
Range
0.01
0.04
0.03
0.00
0.04
0.05
0.05
0.12
13     Average
3.41
3.80
4.72
6.23
2.64
2.43
5.71
5.44
Range
0.03
0.02
0.07
0.12
0.01
0.00
0.12
0.02
17     Average
3.21
4.15
4.33
5.73
2.40
2.91
5.01
5.09
Range
0.01
0.05
0.31
0.03
0.02
0.05
0.06
0.09
24    Average
2.98
3.43
3.93
4.71
2.21
2.45
5.31
4.92
Range
0.02
0.01
0.02
0.13
0.01
0.02
0.02
0.09
30     Average
2.82
3.30
3.71
4.61
2.19
2.43
5.14
4.84
Range
0.01
0.01
0.07
0.03
0.06
0.04
0.00
0.00
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Alum Rosin Sized Paper
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Fig.23-AR Affect of Aging Time on Viscosity.
Clear Sprinq Offset
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Fig.23-CS Affect of Aging Time on Viscosity.
Project 3875
-72-
Summary Report
Newsprint
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Fig.23-NP Affect of Aging Time on Viscosity.
Alkaline Sized Paper
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Fig.23-AS Affect of Aging Time on Viscosity.
Project 3875
-73-
Summary Report
THE INSTITUTE OF PAPER SCIENCE AND TECHNOLOGY
Submittted by:
Roger H. Van Eperett Group Leader Paper Analysis
Wolfgang Schmidl Group Leader Analytical Chemistry
Approved by:
WayneB. Robbins
Director
Research Services Division
Preservation Research and Testing Office of the Library of Congress
Magnesium content (% MgO) in different parts of papers from a Blue Test Book treated by the Bookkeeper process on 8/30/93
Analytical technique. ICP spectrometry
Sample preparation: Paper sample dissolved in nitric acid by microwave digestion.
	Paper ID 
	Paper 
	Untreated page center 
	Center of page 
	Outer edge 
	Bottom edge 
	Top edge 
	Gutter 

	C/G/R 
	Clear Spring Offset 
	0.01 
	0.24 
	0.23 
	0.26 
	0.24 
	0.09 

	E/H/P 
	Alum-rosin-sized 
	0.05 
	0.31 
	0.31 
	0.30 
	0.31 
	0.18 

	I 
	Sterling Litho Gloss 
	0.04 
	0.06 
	0.07 
	0.08 
	0.07 
	0.02 

	J 
	Super calendered 
	0.07 
	0.15 
	0.17 
	0.14 
	0.12 
	0.04 

	K/L 
	Alkaline-sized 
	0.04 
	0.27 
	0.21 
	0.21 
	0.13 
	0.13 

	M 
	Newsprint 
	0.01 
	0.48 
	0.49 
	0.51 
	0.57 
	020 


Preservation Research and Testing Office of the Library of Congress
Comparison of percent magnesium oxide near the outer edge
and binding gutter of selected sample book papers
treated by the Bookkeeper process on 8/30/93
Analytical technique: ICP spectrometry
Sample preparation: Paper sample dissolved in nitric acid by microwave digestion.
	Book No. 
	Book Title 
	Percent MgO Outer edge 
	Percent MgO Gutter 

	14 
	Geography of Alaska 
	0.30 
	0.22 

	19 
	Product Information 
	0.48 
	0.012 

	21 
	Senatorial Privilege 
	0.75 
	0.046 

	22 
	Buddha in the History of Civilization 
	0.22 
	0.026 


Preservation Research and Testing Office of the Library of Congress
Alkaline reserve in papers from a Blue Test Book treated by the Bookkeeper process on 8/30/93
Analytical method: ASTM D4988
	Paper ID 
	Paper 
	Treated
(Yes/No) 
	AlkRsrv (meq/lOOg) 
	AlkRsrv (% MgO) 
	AlkRsrv
(%CaCO3) 

	C/G/R 
	Clear Spring Offset 
	N 
	0 
	0 
	0 

	C/G/R 
	Clear Spring Offset 
	Y 
	9.92 
	0.200 
	0.497 

	H 
	Alum-rosin-sized 
	N 
	0 
	0 
	0 

	H 
	Alum-rosin-sized 
	Y 
	24.4 
	0.493 
	1.22 

	I 
	Sterling Litho Gloss 
	N 
	174 
	3.51 
	8.71 

	I 
	Sterling Litho Gloss 
	Y 
	183 
	3.68 
	9.14 

	J 
	Super calendered 
	N 
	319 
	6.77 
	16.0 

	J 
	Super calendered 
	Y 
	324 
	6.52 
	16.2 

	K/L 
	Alkaline-sized 
	N 
	151 
	3.04 
	7.56 

	K/L 
	Alkaline-sized 
	Y 
	163 
	3.28 
	8.14 

	M 
	Newsprint 
	N 
	0 
	0 
	0 

	M 
	Newsprint 
	Y 
	30.7 
	0.619 
	1.54 

	N 
	Whatman 
	N 
	0 
	0 
	0 

	N 
	Whatman 
	Y 
	39.9 
	0.804 
	2.00 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
WASHINGTON, D.C. 20460
September 3, 1994
OFFICE OF
PREVENTION, PESTICIDES AND TOXIC SUBSTANCES
Kenneth E. Harris U.S. Library of Congress Preservation Directorate, LM-G21 Washington, D.C. 20540-4500
Reference:  Review of Bookkeeper Deacidification Process for Library of Congress Holdings
Dear Mr. Harris:
Per your request for the Library of Congress (LOC), attached is the review of the potential environmental effects from the revised environmental evaluation, dated June 30, 1994, of the application by Preservation Technologies, Inc. (PTI) for using their Bookkeeper process for the mass deacidification of the LOC holdings.
The attached evaluation focuses on the proposed volume of chemicals used in the Bookkeeper process and the mass balance waste stream approach for these chemicals and finds that, due to low exposures, the proposed process appears unlikely to impact organisms in the environment.  Also included is a QSAR screening of the ecotoxicity for the only one the perfluorocarbons for which a structure could be determined.
Sincerely,
Maurice Zeeman Chief
Environmental Effects Branch Health and Environmental Review Division (7403)
cc:  Joe Merenda Vanessa Vu Karl Baetke
[image: image106.png]



Recycled/Recyclable
Printed with Soy/Canola Ink on paper that contains at (east 50% recycled fiber
Evaluation of the Bookkeeper Process for Mass Deacidification of Library of Congress Holdings: Revised Environmental Impacts Report
Maurice Zeeman, Ph.D.; Office of Pollution Prevention & Toxics U.S. Environmental Protection Agency, Washington, D.C. 20460
Background
The U.S. Library of Congress (LOC) has been evaluating the effectiveness of various deacidification process(es) that would allow treating large numbers of books and papers in their collections.  The LOC is also committed to using a process that is of acceptable risks to humans who use and handle the treated books (being dealt with by Drs. Vu and Baetke), and that results in minimal impacts on the quality of the Library environment (RFP 90-21, LOC).
It is important to remember that the original Library of Congress (LOC) plan for deacidification of their collection called for starting with a small scale pilot project and to ultimately phase in increasing treatment of books to deal with the backlog of millions of books that require deacidification. The scope of the original LOC plan was to start a pilot at about 50,000 books, and then move up to a 5 year interim phase that had an initial treatment rate of 300,000 books/yr, with the long-term LOC goal to be treating 1,000,000 books/yr for an extended period.
The revised proposal by LOC, dated June 30, 1994, prepared with Preservation Technologies, Inc. (PTI), states that current fiscal realities limit their projections to a research and development effort where PTI would be required to treat up to 25,000 books next year.  Providing the R&D effort occurs and is successful, there is a goal of possibly treating 100,000 books/year within the next several years.
The reason for this review was to put into proper perspective the comments made about how little impact the Bookkeeper process and its major components, perflourocarbons (PFCs), would have on global warming potential (GWP) because of the small quantities of PFCs that are expected to be made and emitted.  The same type of argument could also expect to be made for any other GWP compound, even those with high GWP potential, that also was initially being produced and used in low volumes.
Mass Balance for PTI Bookkeeper Chemicals:
As was originally mentioned in 1991 on other possible deacidification processes, and was repeated in our May 3, 1994, comments, PTI needed to consider adequately demonstrating, supporting and verifying, how much of each chemical will be used
-2-
and emitted (into air, water, or as solid wastes) from each of their waste streams, i.e., to do mass balances for all chemical inputs, outputs, and recovery/recycling effectiveness.  This is something that they attempted to provide (see below) in their latest revision.
Mass Balance for 100,000 Books/yr Plant Capacity
(Units = Lbs)
Material       Used      Recovered      In Books    Lost to
Environment
MgO
24,625
23,155
1,470         0
Water
0
2,587
0       2,587
Perfluoro-
15.4xl06
15.4xl06
0       2,491
hexane
Surfactant*
6,156
5,783
368          5
* Perfluoropolyoxyetheralkanoic acid
PTI noted that their new system is designed to be totally closed, with perfluorohexane losses projected to be only 2,500 lbs /yr (<0.002%).  PTI then says that 3M has stated that "the contribution to [global] warming due to all anticipated uses of PFC's (20 million pounds per year over 30 years) is calculated to be approximately  0.001°C, and that this amount is analytically indistinguishable from no warming."  PTI then concludes that "the contribution to Global Warming from the Bookkeper treating process would therefore be negligible."  If the statements made above are accurate, we would concur with that assessment.
Therefore, the exposures to organisms in the environment may be expected to be minimal.  However, if subsequent scenarios change these predicted exposures, we have provided the following assessments of the potential toxicity of these compounds to organisms in the aquatic environment.
Ecotoxicity
1.  Magnesium oxide - CAS 1309-48-4 (deacidification agent)
Although no ecotoxicity data were provided for the parent compound (MgO), MgO is expected to be of low ecotoxicity concern, as is the magnesium sulfate (epsom salts) that is the product of the neutralization of acids in the paper.
-3-
2.
Polyoxyperfluoroalkanoic acid (surfactant)
No ecotoxicity data were provided for these compounds. We now know that the surfactant has a number average MW of ca. 650, and the ratio of n to m is >100.  However from the general molecular structure provided for these compounds, it is not possible to estimate their ecotoxicity.  Based on chemical analogs used in assessing new chemicals, the toxicity will not only depend on the number for n and m, but whether or not possible reactive groups are chemically blocked or are randomly reacted.  However, as only 5#/yr are predicted for potential releases from the 100,000 book predictions, this small quantity does not appear to be likely to result in exposures of concern to organism in the environment.
3.
Perfluoroalkane - CAS No. 86508-42-1 (carrier fluid)
We note that there are two different MSDS sheets with different dates of issuance for this one CAS Number.  One is for perfluoro compounds primarily with 6 carbons, and the other is for those with mixtures from C5-18.  The physical/chemical properties listed here are very different for the two sets of compounds covered by the two MSDSs, although the environmental data given on them are basically equivalent.  We now know that the chemical of choice will be perfuorohexane.
Based on the simple description provided, it is not possible to determine whether or not the environmental fish toxicity data presented here are valid.  It is likely that these test results were presented as nominal concentrations and not as mean measured concentrations.  Such data are of questionable validity.
The reported fathead minnow LC50 > 1000 mg/L cannot be confirmed by the use of OPPT quantitative structure activity relationships (QSARs) (Clements et al., 1988).  The aquatic toxicity of the six carbon (and 14 fluorine) compound was estimated using our neutral organic QSAR equations to estimate its acute and chronic toxicity to fish, Daphnids and algae.
QSAR
Toxicity (mg/L)
Fathead minnow 96-hr LC50 = 35.7 Sheepshead minnow 96-hr LC50 = 12.6 Fathead minnow 28-day chronic = 5.3
I        Daphnid 48-hr LC50
=   40.7
j        Daphnid 16-day chronic (repro)=    3.1
Green Algae 96-hr EC50 = 26.8 Green Algae 96-hr NOEC = 4.5
_4-
Based on these estimations of toxicity to aquatic organisms, this material is of moderate concern (aquatic toxicity between 1 and 100 mg/L) to organisms in the aquatic environment.  Applying an uncertainty factor of 10 to the lowest concentration expected to impact aquatic invertebrates (Daphnia = 3.1 mg/L = 3.1 ppm) , yields a concern level or concern concentration of 0.3 mg/L (3.1/10 = 0.3 mg/L).  Levels substantially below 0.3 mg/L (0.3 parts per million) are unlikely to be hazardous to the types of aquatic species for which toxicity was estimated in this hazard profile for C6 perfluoroalkanes.
Reference
Clements, R.G., Ed., Johnson, D.W., Lipnick, R.L., Nabholz, J.V., and Newsome, L.D., 1988, "Estimating Toxicity of Industrial Chemicals to Aquatic Organisms using Structure Activity Relationships," EPA-560-6-88-001, U.S. Environmental Protection Agency, Office of Toxic Substances, Health & Environmental Review Division, Environmental Effects Branch, Washington, DC, 286 pp.
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
WASHINGTON. D.C. 20460
September   12,    1994
OFFICE OF
PREVENTION, PESTICIDES AND TOXIC SUBSTANCES
Kenneth E. Harris U.S. Library of Congress Preservation Directorate, LM-G21 Washington, D.C. 20540-4500
Reference: Review of Toxicological Data submited in support of Bookkeeper Technologies ,Inc. proposal for a mass deacidification process.
Dear Dr. Harris:
I reviewed the material submited on PF-5060 and prepared a response (attached) addressing the toxicological data base on the chemical. My remarks are confined to PF-5060 and do not include comments on PF-5070 since it is the former chemical that is to be used for full production. Also, since we previously addressed the use of MgO,* (no concerns were expressed) a discussion of that chemical is not included in the current review.
With respect to the information submited on PF-5060, the animal studies were performed by reputable laboratories following what appears to be acceptable practices. One exception is an acute inhalation test which was performed by IBT, a laboratory whose reports have been found invalid for many studies. However, since there are more recent, longer term inhaltion studies on the chemical, this deficiency does not affect the overall conclusions regarding the toxicity of PF-5060.
Sincerely
Karl P. Baetcke Chief Toxicology Branch I Health Effects Division 7509C
Please do not hesitate to contact me if you have question on my review. I
[* Concerning magnesium oxide, EPA indicated earlier that health problems were not known to result from user exposure to magnesium oxide (the deacidification agent), including small amounts of MgO dust that could remain on some papers after treatment. ]
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TOXICOLOGY OF PF-5060
SUMMARY
PF-5060 is a perfluoro compound containing primarily a 6 carbon chain. There is an extensive data base on the compound which, in totality, indicates that PF-5060 is virtually non-toxic when administered to test animals.
Acute studies show that when PF-5060 is administered to rodents at a limit dose (5gm or greater) by the oral route, the chemical produces no toxicity. Similar results were obtained in short-term (28 day) oral studies.
When administered to rats by the inhalation route at near saturation atmospheres (up to 50,000 ppm), for one, fourteen, thirty, or ninety days, PF-5060 elicits no untoward effects based on clinical, necropsy, and pathological examinations.
PF-5060 is not a cardiac sensitizer based on results obtained when the compound was administered to beagle dogs at a maximum concentration in air.
PF-5060 is minimally irritating to the skin, is not an eye irritant, and does not appear to be genotoxic.
Based on information provided by Bookkeeper Preservation Technologies, . it appears the single relevant exposure to individuals using treated books would be dermal contact. It is unlikely that any adverse reactions would be experienced by users of treated books but, as with any chemical, the possibility of an adverse response by a highly sensitive individual can not be ruled out. However, when viewed in conjunction with other contaminents present in paper, it is reasonable to assume that even a hypersensitive person is less likely to respond to PF-5060 than the other chemicals present.
Description of the Twenty-Five Additional Test Books
1. gold-tooled leather; gilt-edged; foxing on engraved
plates; interleaved foxed, acidic tissue
2. Australia; fold-out, color-printed maps on hard-
finish tissue; coated paper: yellow highlighting top/
bottom on page 15
3. plastic book jacket; paper jacket; pyroxyline-coated
publishers' binding
4. foil stamping on blue cover; typical size and publi​
cation date; marked with felt-tip marker and
highlighter
5. red cloth binding; coated paper; gold tooling on
spine; black and white plates; signatures
6. Eastern Europe; stapled; pulp paper; journal; rough
paper cover
7. stapled; mimeographed
8. clear plastic cover; plastic spiral bound; plastic
adhesive label on spine; photocopy
9. large size; black and white illustrations on text
paper; color plates on coated paper, spine label;
coated cloth binding
10. Gaylord pam binding; brown tinted ink; selin label;
date-due pocket; book plate
11. India; journal; green paper cover; lavender-tinted
paper; plates on white coated paper; sewn binding
12. sewn; plasticized cover; color illustrations; coated
paper
13. China; journal; poor pulp paper; colored illustra​
tions on coated cover paper
14. sewn; brittle; calendered; remainder of paper cover
on spine; no other cover
15. South America; adhesive binding; blue-coated pa​
per cover, good pulp paper
16. Jordan; stiff green paper plasticized cover; adhesive
binding; calendered paper for text; black and white
illustrations on coated paper
17. paper dust cover; cloth book tape spine; paper-
covered boards; plain paper


18. bright blue cover; gold tooling on spine; colored
maps on end papers
19. red paper cover, gold tooling; deteriorating tape on
spine; bar code; color illustrations on coated paper;
tinted pages and nontinted newsprint; thick large
book; adhesive binding
20. Western Europe; mutilated; black cloth cover; gold
stamping on spine; selin label; bar code; pulp paper;
date-due pocket; stamped with red ink
21. typical trade paperback; thick; adhesive bound;
plates on coated paper
22. badly repaired and falling apart; black cloth bind​
ing; clear adhesive tape on spine; bar code; block of
plates on coated paper: maps on endpapers, stamped
with red ink; gold tooling on front cover is worn off

23. thick paper back; paper cover; signatures; adhesive
spine
24. portfolio style; collection of color prints on coated
paper mounted on one edge on calendered paper;
boards exposed along spine; book cover is torn
25. plastic spiral bound; hand covered with brown pa​
per wrapper; hand written title in black ink; bar
code; call number label, date due pocket; original
cover has mounted color illustrations; color plates
on coated paper mounted on black paper; black and
white illustrations and text on coated paper; ex​
posed boards are faded black
Summary of the Tests Performed
A.
Tests of process results: amount and distribution of applied particles
1. SEM pictures of deposited particles and uniformity of deposit on paper surfaces and interiors
2. X-ray fluorescence spectra for semi-quantitative measure of magnesium particle location
3. ICP/MS analysis to determine total particle deposit and uniformity of deposit (Also done on 4 library
books which failed pH spot tests)
4. Cold extraction pH
5. Alkaline reserve
6. "Completeness of deacidification": indicator spot tests with 0.04% chlorophenol red
B.
Tests of efficacy in oven aging
1. MIT fold endurance
2. Tensile properties (tensile strength, stiffness, stretch, tensile energy absorption)
3. Internal tear resistance
4. Zero-span tensile strength
5. Opacity
6. Brightness
7. Color (L*. a*, b*)
5. Retention of alkaline reserve
6. Viscosity DP
7. Hot alkali solubility
C.
Tests of side effects
1. Measured properties above for unaged papers, treated vs. untreated
2. "Condition evaluation"
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Progress Statement of PTI's Research and Development Since August, 1993
In March, 1993, PTI entered into a contract with the Library of Congress to test the Bookkeeper deacidification system. The purpose was to determine if PTI could meet the LC's requirements set forth in Request for Proposal 90-21, dated September, 1990. LC appointed an evaluation committee. In August, 1993, PTI treated a set of test books for the committee and LC. Shortly thereafter, the committee asked if we would be willing to expand the investigation by doing additional tests. PTI agreed to this. In the year that has elapsed, PTI has improved the Bookkeeper system by doing additional development work, some of which was inspired by the committee's questions or was done by PTI on its own initiative. What follows is intended to bring the reader up-to-date on the most recent improvements in the process and our expanded knowledge of the deacidification process. We are indebted to the committee for their comments regarding the process and feel that we have made great strides in addressing them.
Background:
The Bookkeeper process was developed with research work done by the Koppers Company Inc. beginning in early 1982. Koppers Company had been involved with the preservation of cellulosic materials for many decades, including preservation of wood from biological attack and thermal degradation. The possibility of protecting paper from acid degradation was believed to be a significant and attainable objective.
A thorough review of the literature identified the known causes attributed to the problem. The acid catalyzed degradation of paper produced since the mid-1800's is initiated by acid species introduced into the paper during production. Impurities such as lignin, hemicellulose and hydrolyzed cellulose oxidize and produce substantial amounts of acidic degradation products. Alum-rosin sizing [A12(SO4)3 • 18H2O] added during the paper making process is a prime source of acid. There are also acidic gases and pollutants from the atmosphere such as sulfur dioxide that forms sulfurous acid and nitrogen dioxide that forms nitric acid.1 These acids break down the cellulose, hemicellulose and lignin in the paper and form additional acids as by-products. These acids, in turn, catalyze further degradation and therefore this process is termed autocatalytic. This shortening of the average chain length of these paper components leads to a catastrophic loss of paper strength. It has been estimated that when 0.5 to 1 percent of the bonds are broken the paper will be virtually useless.2
Prior technology seemed focused on two approaches. In one, the alkaline agent was chemically modified to make it soluble in an organic solvent, and the resulting solution was used to treat bound volumes. Alternatively the alkaline agent was modified to convert it to a gas that could be used in a vapor deposition process. In both approaches the modified alkaline agent reacts either with residual water in the paper or with components of the paper so that it is converted back to the necessary alkaline agent.
In the Bookkeeper process, the alkaline agent is used directly, without chemical modification, and no chemical reaction is necessary during or after treatment to convert it to an alkaline oxide. It is a dispersion-based, liquid process that deacidifies paper based materials by depositing submicron sized particles of magnesium oxide on and within the paper structure. This oxide is converted to an alkaline agent, magnesium hydroxide [Mg(OH)2] according to the reaction:
MgO + H2O -> Mg(OH)2
No solvents are used in the process, no reactions occur during the treatment, and temperatures are maintained below 120°F throughout the process. This greatly reduces the chances of any unwanted side reactions or any damage to materials being treated.
The intrinsic size of paper components are very open in the range of submicron dimensions, and the particles of MgO being small enough to thoroughly impregnate paper, penetrate to the core of the paper. The submicron particles have a very high surface area, typically 170 - 180 m2/g, and are highly surface active. Electrostatic forces that work within this size range hold these particles tightly to the paper. These particles are small enough that they cannot be seen and do not affect the image on the paper.
During the optimization of dispersion concentrations several effects were noted. In treating an absorbent material such as paper with a liquid dispersion, one would surmise that the level of treatment would depend more on the concentration of the dispersion and not on the time of immersion. The particles should be deposited as the paper absorbed the liquid and additional deposition would not take place once the paper was wetted. Early however it was observed that the treatment was by a much different mechanism than that of conventional solution treatments. The dispersion acts in a more active manner, in that paper that is fully saturated with an inert carrier can still be successfully treated. It was found that surface potential and charge effects continue to provide active deposition of MgO.
Controlling Alkaline Reserve:
Since the deposition of magnesium oxide is concentration and time dependent, it can be controlled to provide uniform coverage of bound materials and virtually any level of alkaline reserve desired. An experiment was designed to measure the total alkaline reserve as a function of treatment time. Eight books were selected from a series of Funk & Wagnell's New Encyclopedia. This set of books was selected because of the nature and size of the book paper. All conditions were constant with the exception of treating time. The following table shows alkaline reserve (expressed as % CaC03) for each length of treatment and highlights the flexibility of the Bookkeeper process.
Treatment Time (mins.)
Average Alkaline Reserve
0
0.00
5
1.15
10
1.19
15
1.70
20
2.00
During this evaluation we have also noticed that a great deal of variation exists in the values obtained from alkaline reserve measurements between laboratories. Our values for alkaline reserve for the various paper types evaluated, taken from an LC Blue Test Book treated along with the test books sent for this evaluation, differ markedly from those reported by the Institute of Paper Science and Technology. A table comparing our values and those reported by IPST are shown below along with values reported to us by LC for this test book:
—Weight Percent Calcium Carbonate-​
Paper
Section
PTI
IPST
LC
Clear Spring Offset
G
0.92
0.75
0.82
Alum Rosin Sized
H
2.03
1.10
1.90
Newsprint
M
2.87
1.19
1.59
The values obtained at PTI were determined using ASTM D-4988 with the exception that the endpoint of the titration was taken at a pH of seven using a pH meter. The ASTM method uses a methyl red indicator to determine the endpoint, giving a higher number for alkaline reserve than the pH meter. We also measured alkaline reserves using a European standard and found that it agreed very well with our values reported above. It is evident from these results that a standard method needs to be agreed upon and adopted.
Rate of Deacidification:
We have investigated the reaction rate involved in the conversion of MgO to Mg(OH)2 to get some idea of the time needed to deacidify a typical book. Two samples of heavily treated paper were examined by X-ray Diffraction for crystalline phases present. Both samples were treated with a dispersion containing 4 g/1 MgO by spraying. The diffraction pattern of Sample A was taken within four hours of treatment. Sample B was treated in the same manner and then conditioned in a 52% relative humidity chamber for 21 days. The diffraction pattern for this sample was taken within 24 hours.
Sample A -    I/Io 100 lines of MgO (2.106) and Mg(OH)2 (2.365) were evident in this sample. No other compounds could be identified.
Sample B -     2.106 line of MgO was not detected.  Sample identified as Mg(OH)2
This data indicates that, for this sample and environmental conditions, all of the magnesium oxide was converted to magnesium hydroxide within 21 days.
In a second test a sample of MgO was placed in a porcelain crucible and weighed at intervals to find the rate of water pickup in a 52% relative humidity atmosphere at ambient temperature ( — 68 °F). The following table shows the weight of the sample over a 28 day period.
Weight of MgO            •
Time (hours)
Weight Gaii
4.6756
0
4.7289
8
.0533
4.9647
24
.2358
5.0189
30
.0542
5.1501
48
.1312
5.1833
54
.0332
5.2821
73
.0988
5.3325
97
.0504
5.4709
168
.1384
5.6303
271
.1594
5.8571
680
.2274
This sample data shows that enough water is picked up in 28 days to completely convert MgO to Mg(OH)2. The original MgO showed a weight loss of 13.31 % weight loss when calcined at 950 °C, which means that the above sample would be completely converted to the hydroxide when its weight reached 5.8562 grams. It is obvious however that deacidification is possible when enough water is available to begin conversion of MgO. Complete neutralization can occur when the amount of Mg(OH)2 needed to neutralize the original acid in the book is present. Additional conversion leads to the buildup of alkaline reserve material in the book and does not affect the time required to neutralize the acids initially present in the book. These tests confirm that complete conversion occurs within weeks of treatment depending upon environmental conditions.
Deacidification Chemistry:
The acid species in books, being mobile, migrate to the small particles of magnesium hydroxide where they are neutralized. Deacidification reactions that occur are typically described as those of a strong acid and a weak base as illustrated below:
Mg(OH)2 + H2SO4 -> MgSO4 + 2H2O
The rate of this reaction is dependent upon the mobility of the acid species present in the paper and the ambient temperature and humidity. This acid migration, i.e., the ability of acid to transfer from an acidic material to adjacent less acidic material takes place either through direct physical contact or through vapor action. 3 For the case of reactions in a solid, rates are controlled by the spatial coordinates of the system in question, and depend upon the movement of mass between solid phases. Two fundamental processes are involved in solid phase reactions: (1) the chemical reaction itself, i.e., bond formation and/or bond breaking, and (2) the transport of the material to the active reaction zone. The rate of the latter process depends upon factors that are unimportant in reactions between fundamental particles in the gaseous or liquid phase. Two very important factors are the mean length of the diffusion path that must be traversed and the rate of diffusion within the solid.
For the reaction of paniculate magnesium oxide/hydroxide with acidic species within the structure of the paper, two major factors must then be considered:
Particle Size
The smaller the particle size of the magnesium oxide/hydroxide and the better the distribution of the particles within and on the structure of the paper, the smaller the mean length of the diffusion path that must be transversed in order for reaction to occur.
Moisture Content
The higher the equilibrium moisture content of the paper, the faster the diffusion rate of both species related to the acid base neutralization reaction desired. Generally, the completion of acid base neutralization reactions in aqueous solutions can be measured in microseconds or less. In dry solids, the rate of diffusion within the solid is typically about 10-6 times the rate of diffusion in a liquid or gas at the same temperature. Thus, the presence of water in the composition of paper is an important factor in reducing the time necessary for neutralization to take place. However, it is important to note that the reaction will take place at a measurable rate even in the absence of moisture. This is an important consideration in the bulk deacidification of cellulosic materials with the Bookkeeper process. The question is not whether the neutralization will take place, but will it occur in minutes, hours, weeks or months. To a large extent, the answer to this question lies in the moisture content of the particular paper type. It does however occur slowly enough (a period of days) that no measurable heat is generated and no damage is done to paper or bindings.
Completeness of Treatment:
One of the first problems we investigated was that of the small area toward the spine of the book that was occasionally low in buffer material after treatment. We felt that this area was low in alkaline reserve due to the fluid mechanics involved with certain types of paper and sizes of books. Due to the gentle motion imparted to the book, it is sometimes found that the flow is restricted by the flimsiness of the paper and flow is dissipated before it can reach the center of the book. It is felt that there are two main causes of this situation. The first is that when books are initially placed in the dispersion, it takes a considerable amount of time to expel air from between and within the pages. The other problem is that the buoyancy of the pages resists the natural fanning motion. Experimentation showed that by changing the orientation of the treating cylinder from horizontal to vertical that there should be considerably better flow of the dispersion through the pages of the book. Treating with the spine of the book held vertically also removes the effects of buoyancy and helps to fan the pages. It is also felt that the addition of a vacuum pretreatment step will mitigate this problem by reducing the amount of time necessary to remove air from the book.
Efficacy:
The results obtained from the Institute of Paper Science and Technology show that the BOOKKEEPER Process does provide the degree of life extension specified in RFI 92-4, although the regression lines were not calculated according to RFP 90-21. When the results are calculated in the correct manner by eliminating double folds of 0, 1 and 2 from the linear regression, life extension values are seen to be between two and six times the controls.
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It is also very difficult to explain the fact that the life extension of newsprint is lower in the machine direction than in the cross machine direction. Typically, the cellulose fibers are aligned in the machine direction and any chain scission should affect this direction more than the cross machine direction where inter-fiber bonding predominates. This phenomenon is evident in the other two paper types, but not for newsprint.
During this evaluation the evaluation committee noted that in some types of books dust was observed on the surface of coated and highly calendared paper. This dust is made up of larger particles of MgO that were unable to penetrate the paper web. We felt that the only way to solve this problem was to have these particle sizes removed either by classification or by grinding them to a smaller size. After investigating many different suppliers of Magnesia, we selected a special grade with a particle size of essentially 100% less than two microns. The particle size of this magnesium oxide has been verified by scanning electron microscope. The change to this material has considerably reduced the amount of dusting that occurs, with the exception that highly coated papers retain some particles on the surface. Scanning electron micrographs of Clear Spring Offset paper treated by the Bookkeeper process are shown below:
[image: image110.png]



SEM Photomicrograph of the surface of a treated Clear Spring Offset Paper at 4,500 magnification.   10 KV accelerating voltage
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SEM Photomicrograph of the interior of a treated Clear Spring Offset Paper at 1,500 magnification.   10KV accelerating voltage
These micrographs also clearly indicate that the particles of magnesium oxide are distributed throughout the paper matrix and are firmly attached to the paper fibers.
in many anti-acid products and is safe for human exposure. The carrier, Perfluoroalkane, is a clear odorless liquid which is very inert. When a treated material is exposed to air, the liquid carrier evaporates and the magnesium oxide particles remain in the paper.
Due to its inert nature, perfluoroalkane is not flammable, has zero ODP (Ozone Depletion Potential) , and is classified as a zero VOC (volatile organic content). The dispersant is chemically associated with the magnesium oxide particles and remains in the book. Experiments have shown that the dispersant can not be removed from a treated piece of paper at temperatures below 200 °F. The only contact users might have would be through hand contact with the magnesium oxide particle/dispersant combination. The formula provides that there is eight times more MgO than dispersant so that no unassociated dispersant is present.
The operation of the Bookkeeper III equipment also minimizes worker exposure. The vacuum drying process provides for complete recovery of the perfluoroalkane carrier. Process losses are estimated to be less than 0.5%. The only "waste stream" generated by the process is the small amount of atmospheric moisture trapped by the system and the water removed from the treated books. This recovered water will be disposed of by evaporation and not be discharged from the plant. Any contaminants in the water would be those volatile materials, soluble in water, removed from the book during the drying cycle, and would mainly depend upon the prior storage environment of the books. Any solid contaminants extracted from the books during treatment are removed from the carrier before any cross contamination occurs, by passing the depleted carrier through a series of filters after each cycle. These filters are designed to remove any contaminants having a particle size greater than three microns.
Other Considerations:
In the past year we have also investigated some of the other points regarding the treatment of paper based materials brought up by the evaluation committee. Many of their questions have not been completely resolved to our satisfaction at this time. We are currently looking for ways to investigate the following comments from the committee:
1.        Decreased abrasion resistance of colored inks on coated paper.
We have determined that the carrier-dispersant combination has no effect on these colored prints. It appears that the problem only becomes evident when MgO is deposited on the print. This leads us to believe that the inks are not softened but that the high surface area of the MgO causes the top layers of ink to be strongly attached to the MgO particles and then removed from the paper surface by rubbing with a cotton swab. There is no transfer of inks because the ink-MgO combination is not attracted to the paper and is easily picked up by the swab. If the swab is used to rub the surface of the paper, the particles tend to act as an abrasive and continue to remove more ink and paper. There is no evidence to show that treated books suffer any adverse physical degradation under normal use.
2.
Determination of the alkaline reserve level necessary to provide optimum life extension
as' defined by the MIT double fold endurance test under conditions of accelerated aging.
We are currently treating for a sufficient time period to provide an alkaline reserve level of 1.5 weight % as CaC03 which is the Library of Congress standard. It may be possible to treat to lower levels of alkaline reserve while maintaining life extension and we are currently investigating this possibility.
3.
Determination of the nature of the reaction products formed in the deacidification step.
There are a great many possible acids that may contribute to the degradation of paper, and an equal number of magnesium salts formed in the deacidification step. It is possible that many of these salts may be able to be identified in an appropriately aged sample, in an effort to more fully characterize the deacidification chemistry of the Bookkeeper process. It is clear however that the Bookkeeper process does neutralize all acid species present.
We appreciate the chance to work with the talented and very professional group of people appointed to the evaluation committee by the Library of Congress. We have learned a great deal from them, not only about our process but also about the operations of libraries and conservators in general. We believe, that with their help, we have made some significant improvements to our process in the past year and believe we are well on our way to further improvements.
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