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Comparison of Accelerated Aging of Book
Papers in 1937 with 36 Years Natural Aging *
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1. INTRODUCTION

The development of an accelerated aging procedure requires information on
the correlation between accelerated aging and natural aging. Few successful
studies of this type have been made as, 1) planning and executing an experi-
ment over a period of 20-50 years is very difficult, 2) test methods and their
significance change with time, and 3) materials of manufacture change so that
one may be evaluating the stability of materials that are no longer manufac-
tured. However, the development of information on a continuing basis, with
emphasis on, 1) the examination of characteristics of old papers and, 2) the
determination of what actually happens — chemically and physically ~ during
accelerated aging of paper under various conditions, can be very useful.

A group of commercial papers was tested at the National Bureau of Stan-
dards (NBS) before and after accelerated aging in 1929, and these papers were
retested after 4, 8, 22, and 26 years of natural aging. ! Although these data were
useful, manufacturing data on the papers were not available and, unfortu-
nately, the papers were accidentally discarded several years ago. Data on these

* A contribution of the Preservation Services Division of National Archives and Records Service
(NARS), Washington, D.C. 20408, U.S.A,, and Chemical Stability and Corrosion Division of the
National Bureau of Standards, Washington, D.C. 20234, U.S.A.

This is a revision of a technical report to NARS form NBS, NBSIR 74-632, same authors and

title, issued Dec. 18, 1974.

Restaurator 4 1980: 1-55
0034-5806/80/010001-55 $ 02.50/0 ©€) 1980 Munksgaard, Copenhagen.

1 Restaurator
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Comparison of Accelerated Aging

papers showed that an empirical correlation existed between accelerated aging
and natural aging. In general, rag papers stood up better than wood pulp
papers. Although the acidity values did not vary sufficiently to enable much of
a correlation between acidity and stability, it was obvious that some sort of
cor‘rel'ation did exist. The soda-sulfite papers were especially vulnerable to acid.
This is consistent with recent work at NBS 234 which indicated that aluminum
on the carboxyls in cellulose contribute to the degradation of paper. These
soda-sulfite papers probably had a high carboxyl content, but they are no
longer available for examination.

Most accelerated aging has been carried out in dry atmospheres, except that
which has been directed towards evaluation of brightness reversion. Work at
Nl.3$ has shown that significant differences exist between moist accelerated
aging and dry accelerated aging.#** Therefore, it is desirable to obtain as
much test data as possible on papers that are still available that were subjected

to accelerated aging several years ago.

. us . 1
Gramln.skl has made an important contribution to the aging of paper
through his extensiv

' e study of accelerated aging at various temperatures and
relative humidities.

A comprehensive literature survey of the aging of paper with a discussion of
the factors involved in aging was included in an earlier report.® Some of the
more outstanding reports in the past several years on the aging of paper have
been authored by Graminski, Browning and Wink,” Luner,® Cardwell,” and
Gray. !

.Publications dealing with comparisons of accelerated aging with natural
aging, or of the characteristics of naturally aged papers have been authored by
Barrow, ! Wilson,! Hanson, 2 Richter and Wells,!* Royen, ' and Lewis.®

In 1937 a group of book papers made in the NBS experimental paper mill
was tested before and after accelerated aging for 72 hours at 100°C in a circula-
tl‘ng oven. This work was reported in a paper by Shaw and O’Leary entitled,
Effect of Filling and Sizing Materials on Stability of Book Papers.'® Although there
was no plan to test these papers after a period, or periods, of natural aging, a
collection of some of these papers had been kept in an office for several years for
occasional evaluation, as the manufacturing history was known and the physi-
cal and chemical properties of the papers had been extensively evaluated for
that time. Out of a total of 72 papers, 18 were found that could be assembled to
form a reasonably coherent set of samples,

This probably is one of the most valuable collections of papers ever assem-
bled for comparison of natural aging with accelerated aging. Having the man-
}xfacturing details at hand, one can make observations that otherwise would be
tmpossible. In addition, extensive studics on the differences between moist and

2
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Table 1. Papermaking details on book papers made in NBS mill in 1937.1

Table 1. Détails de fabrication des papiers de librairic 4 la papeterie NBS en 1937,

Tabelle 1. Details Gber dic Zusammensetzung der Buchpapicersorten, die 1937 in der NBS-Fabrik
hergestellt worden sind.

Machine Fiber Filler Alum Rosin? pH at
Run No. Kind Added Retained Added Added Retained Headbox
% % % % %

1129  sulfite 50%,

soda 50% clay 15 11.2 2.1 0 0.2 4.2

130 clay 15 10.1 1.5 0 0.2 4.6
1133 o none - - 0 0 03 7.3
1158 calcium

carbonate 15 7.2 0 0 - 8.2
172 ' 15 11.2 1.1 2 1.6 8.0
({75 " 15 9.9 1.0 2 1.3 7.7
1161  purified

wood pulp clay 5 i1.5 0.8 2 1.6 59

1162+ t 15 1.9 .1 2 1.7 48
1163 ” 15 1.1 238 2 1.9 42
1164 " 15 12.1 0.6 1 1.1 5.6
1165 " 15 11.9 0.8 1 1.1 4.7
1166 " 15 11.2 2.1 1 1.0 4.2
1191 old rag " {5 13.9 0.7 0 0.2 6.7
192 . " 15 13.8 13 0 0.2 49
1193 » ’ 15 13.8 2.1 0 0.3 4.2
1203 " 15 13.4 4.0 2 1.5 4.0
1207« titanium

pigment 5 46 14 1 08 4.9
1208 "

’ 15 12.3 1.3 1 0.9 4.9

! Data taken from NBS Research Paper RP1149.
2 Analytical values include natural resins in pulps.

dry accelerated aging>**5 enabled certain tentative conclusions to be drawn
concerning moisture in an accelerated aging method.

2. SAMPLES
The fiber compositions fall into three categories (Table 1):

(1) 50-50 soda-sulfite
(2) purified wood pulp
(3) old rag
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Table 2. Chemical test data obtained in 1937 on book papers made in NBS mill in 1937. 'g = a RN SRV IIRNIILARRLBS
Table 2. Donnée d’analyse chimique obtenues en 1937 sur des papicrs de librairie fabriqués a la z p2
papeteric NBS en 1937, . e
Tah(‘l.l(“Z, Daten der chemischen Tests, die man 1937 von den Buchpapicrsorten erhalten hat, dic ?,) _5 A8 Ty § Py 2 § BERS 2 <
1937 in der NBS-Fabrik hergestellt worden sind. E - é O-¥aTT hl
—— — ~ — -
. AN R
Machine pH Alpha Copper Pentosans EE %
Run No. . ) ; No. T = — —~
un No cold hot Cellulose 0___,,,.,——-/ Eg & ' §§§§EQEE§§§§§,\$‘£$E§
[~ w &~ N —~ N NN
%o Yo ‘: ; [=3
&
1129 4.9 43 76.0 3.6 72
. Q¢ y = WONOON NN O QN QO QN OQ
1130 53 4.8 75.9 36 TS E 8¢.n’m'\rim+r§.nuo®m©a~w-<-¢mm
1133 6.9 6.4 758 3.2 about 11 gg A
1158 9.6 - 75.5 3.3 82 £ Oemoocin@nonin S omna @ ninwn
1172 8.9 ~ 25 6 34 8 g = R R i B B B - B o Ao A A A
]
1175 8.5 - 74.2 33 <
1161 A R B B A BA B BABAEA:
6.1 5.7 90.9 0.8 w3 3 O edd & ed NN NN NN NN NN NN
. <
1162 5.6 5.3 90.2 0.9 SEE | we
. . 2w W a0
S S &
1163 52 4.9 90.0 0.9 l about 4 gy § 5‘; A0 © O NO O MM —~ MM o O —
1164 6.0 5.7 89.8 0.9 =35 o DI B T R O e I A IR S
‘ £g )=
1165 5.6 5.0 89.9 0.8 EEE
1166 5.0 4.4 89.6 0.9 2y E "
P ] = R R B R R s I I
1191 6.8 B 92.3 0.3 .EEg g‘i P R i I N RN R IR R
v ‘A&
1192 58 ~ 91.1 0.4 T =z
. . S a =
. E kA
1193 5.1 - 91.6 0.5 none . £ a
1203 5.3 45 89.2 0.7 T3 2
1207 5.2 - 90.2 0.5 &3; A mﬂ@oqu:fg;gz:gszz
1208 5.7 - 90.5 0.4 _z%c_?j £ TR ELEBFHRBEREARBER/ BB
- < x
- ‘§ - g o0 g
! Data taken from NBS Research Paper RP1149. § - E ) o =
58% |3 &
o L 4 Z .
=5 g -
= ~ OO M~ ~n SN TN < 2
: . 14t . are ver p B = o 3 &0 o -V}
With respect o fiber and chemical treatment, these compositions are very TS £ s R82RBIXERREERIR | & H
. . . . . T~ E T o0
different. The soda-sulfitc papers contain a high percentage of pentosans 58§ L2
. T o . . 1 L g = U
(hemi-celluloses) (Table 2). The purified wood pulp papers are fairly low In N 5‘2 2
; . S 2% 2
pentosans, and rag papers contain no pentosans. As the pentosans usually A MuM S AN TOENANERE NN | B
] : : 1 expect . o & ¢ E N I I R B R B B B AR N B B B @
contain more functional groups than the cellulose fraction, one would expe 7. |8 Z
) . : . K ¥ | °
these papers, in general, to be more vulnerable to degradation. Most of the 2% |2 o o o © o o o Tm o = g_ 2
. . . . . S = v o & & DB ODHDHADDDOOM DR & 8L
" ontains | E 383 5
papers contain fillers. Number 1133 is very interesting and uscful as it contal £33 g
. . . "= o
no filler, alum, or rosin. Three papers contain calcium carbonate. Most of the A v s £
L . R . . ichis cdm'cz -EZO P e RN YNNI RE58RYSR ;%’3
papers contain clay and two are filled with titanium pigments, one of which 1s a v o Z | B2 N2 LEL022222R&E8 | 23
mixture of titanium dioxide and barium sulfate. S g ? o
Varying amounts of alum were added to the papers during manufacture.
Greater variation in amounts of alum and rosin would have been desirable, as 5
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le E t C A .
. € T 1937 on book papers i
ldl) 34 flect of accele ated aging for 72 ll()ulb at 100°C in 0O par > N

Table 4. Effet du vieill;

rable & L rillissement aceéléré pends: ¢ 5

librairic fabriqués a la papeteric NBS (:] [;:)l;(;dnl 72 heures & 100°C en 1937 sur des papiers de
Tabelle U

die Buchpa iersorten, d 137 er S-Fabr rgeste worden sind
pap ten, die 19° in d NB Fabrik he g tellt

Machine -
Run No. (:::lph]al- Copper Fold Tear

«eliulose Number Retention Retention
1129 change change? % %
1130 :;6 +06 19 58
1133 3 +0.4 56 80
1158 o —0.1 69 80
172 :2? 0 77 9
1175 1y +0.4 55 91
1161 08 +0.3 75 93
1162 3¢ +0.3 108 90
1163 _46 +0.5 97 90
1164 18 +0.7 81 80
1165 P +0.2 93 91
1166 _50 +0.4 95 80
1191 31 +0.5 62 74
1192 30 +0.1 114 97
1193 a1 +0.1 114 9
1203 ok +0.2 95 90
1207 » +0.9 100 91
1208 b +0.5 96 91

-3.7 +0.4 107 94

! Alpha cellulose € 4 € ¢

ose value based on total ana

: cell ; i i yti

2 Change in analytical value. ulose; change is decrease in analytical value.

well as informaui i
on on the natural mineral content of the pulps before they were

processed into paper. F 1
. For the time, h e i i i
e oo im0 PP , however, the amount of information availa-

3. MeTHODS oF TEST
3.1 Methods Used in 1937

Filler was d 1
etermined from the as
: ash content and by u iri
.o . “« se '
In addition, titanium dioxide and barj ! e
et e tanun > and barium sulfate were determined on the pa-
l . . ) ’

e o) gr ar(xilum plgrr.xcnt, and calcium carbonate filler was determined

procedure. Rosin, acidity, and alpha, beta, and gamma cellulose

6

4. Auswirkung der beschleuni
g der heschleunigien Alterung von 72 Stunden bei 100°C in Jahre 1937 auf

WiLLiam K. Wirson & E. J. PARks

Table 5. Effect of 36 years of natural aging on the alpha cellulose content of book papers made in
NBS mill in 1937 compared with accelerated aging in 1937.

Table 5. Effct de 36 années de vieillissement naturel sur la teneur en alfacellulose de papiers de
librairie fabriqués a la papeterie NBS en 1937 comparé au vicillissement accéléré en 1937,
Tabelle 5. Auswirkung der 36 Jahre langen natirlichen Alterung auf den Alpha-Zellulose-Gehalt
der Buchpapiersorten, die 1937 in der NBS-Fabrik hergestellt worden sind, im Vergleich zu der

beschleunigten Alterung von 1937.

Machine Alpha S, % Change?, %, After:
Run No. Cellulose, % 1973 data 36 Years Accelerated
1937 1973 Natural Aging Aging
1129 76.0 59.3 1.0 16.7 7.6
1130 75.7 62.3 0.8 13.4 3.3
1133 75.8 73.6 0.5 2.2 +0.1
1158 75.5 68.6 0.3 6.9 0.4
1172 75.6 70.2 0.6 54 2.1
1175 74.2 67.8 1.4 6.4 3.3
itel 90.2 86.3 0.4 39 0.8
1162 90.2 84.4 0.4 58 3.6
1163 90.0 77.1 0.7 12.9 4.6
1164 89.8 85.8 0.7 4.0 1.8
1165 89.9 77.8 1.9 12.1 2.9
1166 89.6 76.0 0.7 13.6 5.0
1191 92.3 85.3 1.0 7.0 3.1
1192 91.1 83.1 1.1 8.0 3.0
1193 91.6 76.5 1.5 15.1 8.1
1203 89.2 72.7 1.3 16.5 96
1207 90.2 8.1 0.4 9.1 44
1208 90.5 79.8 0.8 10.7 3.7

1 Standard deviation. Three specimens for 1158; ¢ for all others.

2 Decrease in analytical value.

were determined by methods developed by Launer. 171819 pH at the headbox
was determined by the Quinhydrone method except for the runs containing
calcium carbonate for which a glass electrode system was used. Ash and copper
number were determined by TAPPI methods that have not changed appreci-
ably since that time. Physical test data including weight, bursting strength,
tensile properties (pendulum tester), thickness, sizing value, opacity (contrast
ratio), Schopper fold, MIT fold, and tearing strength were obtained using
TAPPI methods. These methods have not changed substantially since 1937.
MIT fold was performed at 0.5 kg tension. All physical tests were made at 65%

relative humidity and 21°C.
The papers were aged for 72 hours in a circulating oven maintained at 100°C.

7
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Figure 1. Decrease in alpha cellulose: natural a

Figure 1. Baisse du taux d’

ging for 36 6ears vs. accelerated aging in 1937.

alfacellulose: vieillissement naturel pendant 36 années contre vieillisse-
ment accéléré en 1937,

Abb. 1. Abnahme der Alpha-Zellulose: natiirliche Al

ter Alterung im Jahre 1937,

terung von 36 Jahren gegeniiber beschleunig-
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Table 6. Effect of 36 years of natural aging on the copper number of book papers made in NBS mill
in 1937 compared with accelerated aging in 1937,
Table 6. Effct de 36 années de vieillissement naturel sur lc taux de cuivre de papicrs de librairie

fabriqués i la papeterie NBS en 1937 comparé au vieillissement accéléré en 1937.
Tabelle 6. Auswirkung der 36 Jahre lan,

piersorten, die 1937 von der NBS-Fabr
nigten Alterung von 1937,

gen natitrlichen Alterung auf die Kupferzahl der Buchpa-
ik hergestellt worden sind, im Vergleich zu der beschleu-

Machine Copper No. 81, Cu No. Change? After:
Run No. 1937 1973 1973 data 36 Years Accelerated
Natural Aging Aging
1129 3.6 4.8 0.14 1.2 06
1130 3.6 44 0.05 0.8 0.4
1133 3.2 3.2 0.14 0.0 0.1
1158 3.3 3.9 0.14 0.6 0.0
1172 3.4 4.2 0.17 0.8 0.4
175 3.3 4.1 0.22 0.8 0.3
1161 0.8 1.8 0.05 1.0 0.3
1162 0.9 2.1 0.10 1.2 0.5
1163 0.9 2.8 0.07 19 0.7
1164 0.9 1.7 0.06 0.8 0.2
1165 0.8 24 0.07 1.6 0.4
1166 0.9 26 0.07 1.7 0.5
1191 0.3 0.9 0.04 0.6 0.1
1192 0.4 1.1 0.02 0.7 0.1
1193 05 1.6 0.12 1.1 0.2
1203 0.7 23 0.07 1.6 0.9
1207 0.5 1.5 0.07 1.0 0.5
1208 0.4 1.7 0.04 1.3 0.4
1 Sl:ndard deviation. Five specimens for 1129, 1130, and 1133; 2 specimens for 1158; 4 for all
others.

2 Increase in analytical value.

3.2 Methods Used in 1973

Tests that were repeated in 1973 were made under the same conditions, as well
as could be determined, as the tests in 1937. Wet tensile properties (paper

thoroughly wetted before testing) were measured by TAPPI Method T 456.2°

Zero span tensile was measured using a commercial testing made especially for

the purpose. In this test the Jjaws of the tensile tester actually touch at the
beginning of the test, and the values are considered to be a function of fiber
strength. Moisture regain (moisture content based on the dry weight of the

10

_ measurements (X1, X2, « « - Xn)
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Table 7. Acidity (pH) and hydrogen ion concentration [H*} of TAPPI extract in 1937 and again in
able 7. Aci

i ill in 1937.

book crs made in NBS mill in ) ’ o ’ -

'11?731 Og /(\)(c)idipt:p(pl-l) et concentration en ions hydrogéne (H*) d’extraits T APPllggl;'ectues en
2 ¢ ) . v ’ - . .
et renouvelés en 1973 de papiers de librairie fabriqués a la pa(;l)_;tie)n‘;: N’I;[S\ ;;I T s im Jabre
i es
iditat (pH) und Wasserstofﬁonenkonzentrauo.n .
T;;enc (71.'Azf]dal::; (11)971)3 von Buchpapiersorten, die 1937 in der NBS-Fabrik hergestelit worden
und im

sind.
H pH {H*] X 1077 calculated from extract pH
R N, g Hot Extract
t Hot Extract Cold Extract
fon No (f;:; E":‘;‘; 1937 1973 1937 1973 Change 1937 1973 Change
1129 4.9 4.5 4.3 4.1 126 316 190 501 794 Zz(?;
1130 5'3 4.8 48 4.4 50 158 108 158 3{;&; 75
1133 6.9 53 6.4 5.1 1 50 49 4 ’ 5
1158 9.6 - - - : : i i i} §
1172 8.9 8.4 - 3(7) - - - -
8.5 8.2 - . - -
::ZS? 6.1 5.0 5.7 4.8 8 100 92 20 ;gg ;ii
162 5'6 4.7 5.3 4.4 25 200 175 50 e
: 163 5‘2 4.6 45 4.1 63 251 188 316 794 o
1164 6:0 5.0 5.7 4.7 10 100 90 20 z(;(‘) 5
1165 5.6 4.6 5.0 4.2 25 251 226 100 o
1166 5.0 4.6 4.4 4.2 100 251 151 398 63‘15 2
. . 3 - -
1191 6.8 6.3 - ;53 "25 7.’; o - ™ -
5.8 5.1 - . -
]:3125 5.1 49 - 4.4 79 126 47 - 398 o
:203 5.3 4.8 4.5 4.3 50 158 108 316 501
1207 5.2 4:9 - 4.5 63 126 63 - 2;(‘3 :
1208 5'7 49 - 4.6 20 126 106 -

] 1 .
i ive humidity and 23°C.?! Brightness
i s determined at 50% relative : -
zfe;::tz:)ccw:sing a blue filter with peak transmittance at 457 nm) was deter
efle

mined by TAPPI Method T 452.%

3.3 Statistical Treatment of Dala

. . . o
The standard deviation, s, is a measure of dispersion of the data obtained for
" of the sample, and is estimated by means of the

expression:

=(x—x)?
s = n—1
Where % is the arithmetic mean of n measurements.

11
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Figure 3. Decrease in alpha cellulose after 36
extraction, in 1937,

Figure 3. Baisse du taux d’alfacellulose a
de Pextrait 3 froid en 1937,

Abb. 3. Absinken der Alpha-Zellulose
PH, Kaltextraktion, im Jahre 1937,
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Correlation coeflicients were calculated according to the following formula:

IxZy

Zxy -

Tx? — (Ex)? 2 _ (Zy)?
X . Zy :

Where x and y are measurements from two sets of data, and N = ny + ny

The slope m of the regression line was calculated from the formula:

_ XxZy
. Zxy -
Ix? ~ (Zx)?
N

2
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Figure 4. Increase in copper number after 36 years natural aging as a function of pH, cold

extraction, in 1937.
Figure 4. Accroissement du taux de cuivre aprés 36 années de vicillissement naturel en fonction du

pH de 'extrait a froid en 1937.
Abb. 4. Ansteigen der Kupferzahl nach 36 Jahren natiirlicher Alterung als Funktion von pH,

Kaltextraktion, im Jahre 1937.
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A correlation coefficient is valid only if the data come from the same statistical
population. The latter varies according to the test. For example, if thickness
were the only important variable pertaining to a group of samples of paper, the
thickness would determine statistical populations. Reflectance might vary
enormously, but as long as thickness is maintained within allowable limits, the
sample would be from a given statistical population. On the other hand, if the
group of papers contained newsprint and a bond paper, introduction of this
second variable would mean that there would be at least two statistical popula-
tions with respect to reflectance. In the set of 18 papers discussed in this report,
there are three subsets with respect to fiber composition. Each subset usually
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Table 8. Effect of 36 years of natural aging on the tensile strength of book papers made in NBS mill
in 1937.

Table 8. Effet de 36 années de vieillissement naturel sur la résistance A la traction de papicrs de
librairie fabriqués 4 la papeteric NBS en 1937, ‘
Tabelle 8. Auswirkung der 36 Jahre langen natiirlichen Alterung auf die Zugfestigkeit von Buch-
papiersorten, die 1937 in der NBS-Fabrik hergestellt worden sind.

Machine Tensile Strength Standard Retention of Tensile ~ No. of
Run No. kg Deviation, kg! After Natural Specimens
1937 1973 1973 data Aging, %
MD CD MD CD MD CD MD CD Ave

1129 57 33 44 25 028 0.18 77 76 76 10
1130 55 37 47 29 029  0.09 85 78 82 10
1133 76 46 54 3.2 049 035 71 70 70 9
1158 53 31 51 29 049  0.00 96 93 95 4
1172 42 26 45 25 020  0.06 107 96 102 10
1175 50 33 51 3.1 033 023 102 94 98 10
1161 50 25 48 25 043 025 96 100 98 10
1162 48 26 49 26 047 0.4 102 100 10! 10
1163 53 27 50 26 023  0.10 9% 9 95 10
1164 52 26 50 28 047  0.10 96 108 102 10
1165 51 26 45 27 049 014 88 104 96 10
1166 53 25 42 24 023 017 79 9 88 10
1191 33 22 33 21 023 008 100 95 98 9
1192 32 22 32 21 031 007 100 95 98 10
1193 34 22 32 21 028  0.06 94 95 94 10
1203 30 22 32 21 0.16  0.09 107 95 101 10
1207 3.7 27 39 25 016  0.12 105 93 99 10
1208 3.1 22 32 21 0.19  0.12 103 96 100 10

! 1 kilogram force = 9.80665 newton.

can be treated as belonging to the same statistical population. In order to
maintain a given statistical population, one or more papers must be eliminated
with some tests, before the subset can be treated as a separate statistical entity
There is considerable scatter in most of the plots, possibly because several
concurrent relationships result in deviation from a net straight-line relation-
ship; without complete identification of all variables, straight-line relationships
must be assumed in calculating correlation coefficients.

A complex situation undeniably exists with respect to interactions among the
various physical and chemical properties of paper. Correlation coefficients are

useful as a rough guide in identifying unusual situations, and indicating trends
in the data.
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Table 9. Effect of 36 years of natural aging on the elongation of book papers made in NBS mill in
1937.

Table 9. Effet de 36 années de vieillissement nature} sur Uélongation de papiers de librairie
fabriqués  la papeterie NBS en 1937.

Tabelle 9. Auswirkung der 36 Jahre langen natiirlichen Alterung auf die Dehnung von Buchpa-
piersorten, die 1937 in der NBS-Fabrik hergestellt worden sind.

Machine Elongation, % Standard Retention of No. of
Run No. Deviation, % Elongation After Specimens
1937 1973 1973 data Natural Aging, %

MD CD MD CD MD Cb MD CD Ave.

1129 1.7 4.6 1.0 2.6 0.07 0.29 59 57 58 10
1130 1.8 5.0 1.2 3.2 0.08 0.32 67 64 66 10
1133 290 5.5 1.3 2.6 0.19 0.63 65 47 56 9
1158 3.0 5.0 1.5 5.0 0.25 0.29 50 100 75 4
1172 1.5 3.0 1.4 3.9 0.08 0.37 93 130 112 10
1175 1.0 4.5 1.4 4.7 0.11 0.66 140 104 122 10
1161 2.5 5.5 1.8 54 0.22 1.02 72 98 85 10
1162 20 5.5 1.5 5.1 0.25 0.56 75 93 84 10
1163 2.5 6.0 1.5 50 0.14 0.44 60 83 72 10
1164 2.5 6.0 1.7 5.8 0.22 0.50 68 97 83 10
1165 3.0 5.5 1.4 4.8 0.24 0.64 47 87 67 10
1166 3.0 6.0 1.4 4.7 0.12 0.69 47 78 62 10
1191 2.5 4.0 2.0 4.6 0.32 0.71 80 115 98 9

1192 2.0 4.0 1.9 3.8 0.16 0.42 95 95 95 10

1193 2.5 4.5 1.9 3.8 0.27 0.28 76 84 80 10

1203 2.5 4.5 1.9 3.6 0.13 0.32 76 80 78 10

1207 2.5 5.0 2.1 4.2 0.18 0.53 84 84 84 10
1208 2.5 5.0 2.1 4.2 0.22 0.26 84 84 84 10

3.4 Sampling

Sheets were selected at random from the supply of paper at hand to create the
sample. Unfortunately, sample size frequently was limited and most of the
available paper constituted the sample.

4. ResuLTs AND DiIscussioN

For convenience, original data are given in appropriate tables. Papermaking
details on the papers, made in the NBS mill in 1937, that are included in this
report, are given in Table 1. Chemical and physical test data obtained in 1937
are given in Tables 2 and 3, respectively. Data obtained in 1937 after acceler-
ated aging for 72 hours at 100°C are given in Table 4.
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Table 10. Folding endurance (MIT, 0.5 kg at 65% relative humidity), measured in 1937 and in
1973, of book papers made in NBS mill in 1937, and retention of fold after accelerated aging in 1937
for 72 hours at 100°C and after 36 years of natural aging.

Table 10. Résistance au pliage (MIT, 0,5 kg 4 65% d'humidit relative) mesurée cn 1937 et en
1973 de papiers de librairie fabriqués a la papeteric NBS en 1937 et rémanence du pli aprés un test
de vicillissement accéléré effectué en 1937 pendant 72 heures i 100°C ct apris 36 années de
vieillissement naturel.
Tabelle 10. Falzfestigkeit (MIT, 0,5 kg bei 65% relativer Feuchtigkeit), gemessen im Jahre 1937
und 1973, von Buchpapiersorten, die 1937 in der NBS-Fabrik hergestellt worden sind, und Beibe-

haltung des Falzes nach beschleunigter Alterung von 72 Stunden bei 100°C im Jahre 1937 und
nach 36 Jahre langer natiirlicher Alterung.

Machine Folding Endurance Standard Retention of Fold Retention of
Run No. Deviation After Natural Fold After
1937 1973 1973 data Aging, % Accelerated
Aging in 1937,
%
MD ¢ MD Ccp MD cp wMD CD  Ave Ave.
1129 599 140 96 93 9 7T 4 16 10 19
130 548 423 99 56 34 g 17 13 15 36
133 2828 1228 2446 1158 911  3g 94 87 9 69
H58 644 150 387 104 134 96 60 69 64 77
172250 122 12t 75 39 95 48 61 55 35
W75 445 135 311 135 163 59 70 100 85 75
N6L 9270 474 2720 596 967 999 120 11 ns 108
1162 1734 428 1130 291 794 212 65 68 66 97
163 2328 536 570 (54 901 45 94 28 26 81
164 3506 487 2400 315 1410 160 7 65 68 93
1165 2480 592 347 305 159 105 14 51 33 95
166 2646 696 306 151 135 49 12 22 17 62
119) 71 55 62 4 20 8 87 80 84 114
1192 66 48 55 35 16 4 83 73 78 114
1193 76 53 45 27 10 5 59 5] 55 95
1203 64 37 35 21 7 3 5 57 56 100
1207 217 113 148 68 98 14 68 60 64 96
1208 94 47 & 36 18 4 66 77 72 107

Data on the effect of natural aging on alpha cellulose, copper number,
acidity, tensile strength, elongation, folding endurance, and internal tearing
resistance are given in Tables 5,6,7,8,9,10 and 11, respectively. Summaries
of retention of various chemical and physical properties after 36 years of natural
aging and after accelerated aging are given in Tables 12 and 13, respectively.
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Table 1t. Internal tearing resistance, measured in 1937 and again in 1973, of book Eap‘crs made in
NBS mill in 1937, and retention of tear after accelerated aging for 72 hours at 100°C in 1937 and
after 36 years of natural aging. . o
Table 11, Résistance interne au déchirement mesurée en 1937 et en 1973 de papiers c?e'lxbramc
fabriqués 1 la papeterie NBS en 1937 et rémanence au déchirement aprés un test de vieillissement
accéléré de 72 heures 3 100°C en 1937 et aprés 36 années de vieillissement naturel. . '
Tabelle 11. Innere Reissfestigkeit, gemessen im Jahre 1937 und 1973, von B.uchpszlelrsortcn, die
1937 in der NBS-Fabrik hergestelit worden sind, und Beibehaltung der Reissfestigkeit m.xcl.\ be-
schleunigter Alterung im Jahre 1937 (72 Stunden bei 100°C) und nach 36 Jahre langer natiirlicher
Alterung.

Machine Tearing Resistance Retention of Tearing Resistance, %, after
Run N 36 Years Accelerated Aging
n No. .
1937 19731 Natural Aging
MD MD MD Ave. MD & CD

1129 46 20 43 ;g
1130 48 25 52 o
1133 55 29 53 o
1158 51 - - o
1172 50 38 76 o
1175 45 34 76

1161 82 49 60 o
1162 79 44 56

1163 77 35 45 o
1164 79 45 57 -
1165 83 33 40 .
1166 75 29 39 ”

1191 55 - -

1192 57 38 67 z(’.;
1193 56 32 57 o

1203 54 31 57 o

1207 60 41 2;3 ot
1208 54 35

! No standard deviation is reported because all available plies of a given paper were torn together

in a single test.

Zero span tensile and moisture regain are given in "Ijablc.H, and dlz;ta on wet
tensile properties in Table 15. Brightness data are given in Tab.le ! -

As the original data on individual specimens are no longe.r ava.llab ¢, it is not
possible to calculate standard deviations for the data obt:Tm.Cd in 1937. How-
ever, some data are available showing that sta?:iard devx'atlons for aged .and
unaged papers are not appreciably different.?*** Correlations among various

Properties are given in Tables 17-21.

17
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T;;;lca:i'rsg‘;m:‘::y of Cha:\gﬁ in various chemical properties of book papers made in NBS mill in
Table 12 Résfxmésdnam;a aging amjl after accelerated aging for 72 hours at 100°C in 1937.
librairie t;abr;qués a l:s Ca a:tgc'm(;;;; intervenus dans diverses propriétés chimiques de papicrs de
test de vieilissement azc?)' C’l’l: S en 1937 aprés 36 années de vieillissement naturel et aprés un
Tabelle 12. Zugnn fc €ré de 72 heures & 100°C effectué en 1937.
von den B\;chpapic:;:‘:ss:r?g 1der Vcrﬁndcrungcn der verschiedenen chemischen Eigenschaftcn
natirlicher AL n, die 1937 von ficr NBS-Fabrik hergestelit worden sind, nach 36 Jahren
erung und nach beschleunigter Alterung von 72 Stunden bei 100°C im Jahre 1937.

Machine

Run No, Natural Aging, 36 Years Accelerated Aging
Increa in 1937

in [H 0 Alpha Copper Alpha Copper

Cold ]H Cellulose, Number, Cellulose, Number,

ot Decrease Increase Decrease Increase
::29 190 293 16.7 1.2 7.6 0.6
“2(3’ 108 240 13.4 0.8 33 0.4
1o * 75 22 0.0 +0.1 -0.1
172 _ - 6.9 0.6 0.4 0.0
1175 - 5.4 0.8 2.1 0.4
- - 6.4 0.8 0.3
::gé 92 138 3.9 1.0 3'3 0.3
175 348 58 1.9 3.3 0.5
: :gi 188 478 12.9 1.9 46 0.7
Hes 90 180 40 0.8 18 0.2
226 531 12.1 16 99 0.4
::g‘; 151 233 13.6 17 50 05
1192 62 - 7.0 0.6 3.1 0.1
1193 o - 8.0 0.7 3.0 0.1
- 15.1 11 0.2

1203 o8 - . 8.1 .
16.5 1.6 9
12 . 9.6 0.

12217; 132 - 9.1 1.0 44 0.5
- 10.7 1.3 3.7 0.4

.Datz‘a in Tables 4-6 are plotted in Figures | and 2. Few of the correlations
given in Tablc 17 show a close and direct relationship between the extent of
changes in alpha cellulose and copper number after accelerated aging and
natural aging. The correlations are calculated for the collection of 18 papers
z:::natl:o for sub_scts of papers. The subsets usually show higher correlations
o e ;:)orrelatlons for tbe complete set of [8 papers. This suggests that either

e number of samples is less than adequate to provide a valid statistical
populauon. or the accelerated aging method used in 1937 does not fully simulate
natural aging, or both. However, the fact that changes in alpha cellulose and in
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Table 13. Summary of retention, %, of various properties of book papers made in NBS mill in 1937
after 36 years of natural aging and after accelerated aging in 1937.

Table 13. Résumé de la rémanence en % des diverses propriétés de papiers de librairie fabriqués a
ia papeterie NBS en 1937 aprés 36 années de vieillissement naturel et aprés un test de vieillissement
accéléré effectué en 1937,

Tabelle 13. Zusammenfassung der Beibehaltung in % von verschiedenen Eigenschafien der Buch-
papiersorten, die 1937 in der NBS-Fabrik hergestellt worden sind, nach 36 Jahre langer natiirlicher
Alterung und nach beschleunigter Alterung im Jahre 1937.

Machine Natural Aging Accelerated Aging

Run No. Fold Tear Tensile Elongation Fold Tear
Ave. MD Ave. Ave. Ave. MD

1129 10 43 76 58 19 58
1130 15 52 82 66 56 80
1133 90 53 70 56 69 80
1158 64 - 95 75 77 92
1172 55 76 102 1 55 91
1175 85 76 98 122 75 93
1161 115 60 98 85 108 90
1162 66 56 101 84 97 90
1163 26 45 95 72 81 80
1164 68 57 102 83 93 91
1165 33 40 96 67 95 80
1166 17 39 88 62 62 74
1191 84 - 98 98 114 97
1192 78 67 98 95 114 92
1193 55 57 94 80 95 90
1203 56 57 101 78 100 9]
1207 64 68 99 84 96 91
1208 72 65 160 84 107 94

copper number follow the same trends is reasonable evidence that these are
suitable chemical tests for aging.

Figures 1 and 2 show that the decreases in alpha cellulose and increases in
copper number are much greater during 36 years of natural aging than during
three days of aging at 100°C. It is undesirable to calculate the number of years
of natural aging that is equivalent to three days of oven aging at 100°C. These
values inevitably would be quoted out of context, and they differ with different
tests.

The slopes of the subsets of papers in Table 17 show considerable variation.
From this it is obvious that these subsets do not belong to the same statistical
population. The slope of the straight line from regression analysis is a result of

2% 19
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Comparison of Accelerated Aging Table 14. Zero span breaking length and moisture regain of book papers made in NBS mill in 1937
after 36 years of natural aging.

Table 14. Allongement i la rupture a tension nulle ct réhumidification de papiers de librarie
fabriqués a la papcteric NBS en 1937 aprés 36 années de vicillissement naturel,

Tabelle 14, Null-Spannung-Reisslinge und Feuchtigkeitswiedergewinnung von Buchpapiersorten,
die 1937 in der NBS-Fabrik hergestellt worden sind, nach 36 Jahre langer natiirlicher Alterung.

Figure 5. Retention of fold: natural aging for 36 years vs. accelerated aging in 1937.

Figure 5. Rémanence du pliage: vieillissement naturel pendant 36 années contre vieillissement
accéléré en 1937, )
Abb. 5. Bewahrung der Falzfestigkeit: natiirliche Alterung von 36 Jahren gegeniiber beschleunigter
Alterung im Jahre 1937.

1 ‘ ——T S Machine Measured Standard Fiber Zero Span Moisture
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Z 80 { 1192 & 7 km km % km %
g 1166 @ 1500 4 MD CD MD CD MD CD
¥ - 1162 : 1129 8.36 6.00 0.39 0.23 88.3 9.47 6.80 6.22
2 6o b 1158 © 1200 B 1130 8.97 6.98 0.58 0.27 89.5 10.02 7.80 6.30
& une 1193 4 B1203 1133 11.61 8.81 072 0.27 99.7 11.64 8.84 6.89
< | . 1158 10.84 7.24 049 034 91.2 11.89 7.94 6.36
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g 40 -1 1175 11.02 8.28 073 034 88.7 12.42 9,33 6.45
H @ 1165 116! 11.33 7.71 113 0.43 87.8 12.90 8.78 6.26
5 i 163 @ ) 1162 11.55 1.60 0.55 0.6l 87.6 13.18 8.68 6.26
g o L ] 1163 10.34 6.79 0.64 0.42 88.4 11.70 7.68 6.09
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—— L 191 1010 777 066 035 855 118! 9.09 5.27
RETENTION OF FOLD, 7, AFTER ACCELERATED ARING IN 1937 1192 9.12 7.56 0.44 032 85.7 10.64 8.82 5.33
1193 8.76 6.43 0.47 0.28 85.7 10.22 7.50 5.26
Fi . . X (o in 1037 1203 8.50 6.49 0.60 0.33 86.0 9.88 .55 5.23
igure 6. Retention of fold after 36 years natural aging as a function of pH, cold extraction, i 1207 14.62 10.93 0.68 068 95.0 15.39 1151 5.20

Figure.ﬁ, Rér.nanencc du pliage aprés 36 années de vieillissement naturel en fonction du pH de 1208 13.30 10.22 042 039 86.7 13.34 11.79 5.27
I'extrait a froid en 1937,

Abb. 6. Bewahrung der Falzfestigkeit nach 36 Jahren natiirlicher Alterung als funktion von pH,
Kaltextraktion, im Jahre 1937.
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° g cowo oo Table 16. Brightness of NBS mill papers after 36 years of natural aging.
;2 §_ - - Z22e2eeeecaoceoe o Table 16. Brillance de papicrs NBS aprés 36 années de vieillissement naturel.
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s £ & |8233838%32583zn52222
g s ° - =2 S =G - = R ]
a é’ a g 2 - Machine Run No. Brightness % Standard Deviation?
v © i~
1]3% 3 |92225zcosac-
s =4 & zgmmo@m@ézgﬂggg’?f:g; 1129 60.9 1.6
= = -=== 1130 61.0 2.9
g . . 1133 60.0 0.9
- - I AN R 1158 67.1 17
£ |8z g~ Q 1172 67.1 0.42
8 - 1161 72.4 2.8
@ | g, Bvoe oo 1162 73.7 2.0
815§  |ORRIRSRSISNGLASRNIE 1163 2 13
£ 8% ~ 14 1164 75.6 1.0
. X NN n o
55 |~ SNSRERERIB2SsLTBRISR 1165 74.3 25
e s - - 1166 74.1 1.4
c S e a 1191 79.7 0.49
v o .8 ey NN QN o : -
By |Z85%%8 CorYdcdandan 2R dsaa 1192 80.2 1.9
A I - L 1193 80.2 0.6
£ I e R B e R i B 1203 73.5 0.9
£ 3 L en O F o+
N & 2 Q_; a N 1207 78.6 0.5
[5n) —
932": 'g,é 5 Oimom'&g@,':;ofgmm;mmgg 1208 789 0.7
z :—“—‘ % “ £ 5 8~ N 0O [ =3)
f)\gg S-N-SRESRRIYoLYEN 1 Ten specimens.
2 gk s £ o
zZ: 0§ & |B8I382%853885%858522¢
.sfé m,gog,,ae Socdococ s oSS o o
TE 5 = . .. . - .
g3 £ e @ § E § =828zt eoat = It is not surprising that an alkali solubility test appears to be useful in
5 & SSSdddddcocaags o i : e
£= 8] . ©SsssdesIScS o evaluating the stability of paper. Alkali solubility is a measure of the
: . - . .
g% S § 3 gxsnsn VrNCRWOR oo * short-chain material that goes into solution during the test. The amount of
[ < - NS en en S e H L K K K .
§ -%i § %b 2 * AR AR carbohydrate material dissolving depends, among other things, on the strength
ol S § 2o NR T NO O~ NN of alkali and on whether the chain break occurs near enough to the end of a
=} DO = e o . S e o . v .y .
¢ ': S § a ° oo chain for the fragment to become soluble. Any alkali solubility test is largely
‘S - -—
qu_g TiE w OR=Z2z2ggogRonenono empirical.
B > - - -— - . .
£ 2 % &% % g R N N By today’s standards, these tests are considered to be archaic. Alpha cel-
Lokl w A PR+ ATTREY lulose?® has been supplanted by other more convenient and supposedly more
@y £ VO R e . .
§2E |3 _‘% w | CEREE R =28 IRRE83238 meaningful alkali solubility tests. The copper number test2% is not widely used.
e v N = — . M
3 55 @ § § § SIXQNREN]D : : - : ~ Copper numbers are propomonal to aldehyde content for specific types of
5 bl Iy — — . . . . . .
B = | Y SENYTBYRRYRS5IT S oxidation, but the slopes of the lines relating copper number to oxidation level
- T = . . . : . 27
 ERRE E SRRBRLTUVISEs s 2 varies with the location of the aldehyde group in the anhydro.glucosc ring. I.n
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23

N



Comparison of Accelerated Aging

Table 17. Correlation of changes in alpha cellulose and copper number due to natural aging with
(1) changes due to accelerated aging and (2) pH, cold extraction, of papers in 1937.

Table 17. Coefficients de corrélation des changements du taux d’alfacellufose et des taux de de
cuivre dus au vieillissement naturel ¢t 1) des changements dus au vicillissement accéléré, 2) du pH
de Vextrait a froid de papiers mesurés en 1937.

Tabelle 17. Korrelation der Verinderungen in der Alpha-Zeilulose und der Kupferzahl auf Grund

der natirlichen Alterung mit (1) Verinderungen auf Grund der beschleunigten Alterung und (2)
pH, Kaltextraktion, von Papier im Jahre 1937.

Correlation Variables Papers Included in T, R
Calculations Correlation Slope
Coeflicients
X alpha-natural aging all 0.86 0.49
Y alpha-accelerated aging soda-sulfite 88 45
purified suifite .82 29
rag 97 .70
X alpha-natural aging all -0.57 -0.18
Y pH, cold, 1937 all except alkaline -0.8! -0.10
soda-sulfite -0.70 -0.26
soda-sulfite: 1129, 1130, 1133 -0.99 -0.14
purified sulfite -0.89 ~0.08
rag -0.69 ~0.11
X copper no.-natural all 0.82 0.44
Y copper no.-accelerated soda-sulfite 0.91 0.62
purified sulfite 0.86 0.35
rag 0.87 0.72
X copper no.-natural all -0.55 -1.67
Y pH, cold, 1937 all except alkaline -0.72 -0.90
soda-sulfite -0.28 -1.37
purified sulfite —0.88 -0.88
rag -0.64 ~1.07

Tensile strength

Tensile strength is not a particularly sensitive method for detecting changes in
paper after natural aging. This is what one would expect from an examination
of load elongation curves for unaged and aged papers. Until the reduction in
elongation reaches the yield point, most of the deterioration shows up as a
reduction in elongation. An examination of the data in Tables 8 and 9 shows
that the retention of elongation with natural aging is appreciably lower than the
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Table 18. Correlation of retention of folding endurance after 36 years natural aging v.vith )
retention of folding endurance after accelerated aging, (2) pH, cold cxtractior{, of pap‘crs n 1.937,
(3) retention of folding endurance as a function of alum added, percent, minus rosin retained,
percent, and (4) retention of elongation after natural aging. .
Table 18. Cocfficients de corrélation de la rémanence de la résistance au pliage aprés 3.6. a'nnees de
vieillissement naturel et de 1) la rémanence de résistance au pliage apres un t'est de vnellhs‘scmem
accéléré, 2) pH de P'extrait a froid dc papiers en 1937, 3) rémanence de la résistance du pliage en
fonction de I’alun ajouté, du pourcentage déduction faite de la collophane retenue, du pourcentage
et 4) de I'élongation apres vieillissement naturel. o

Tabelle 18. Korrelation der Bewahrung der Falzfestigkeit nach 36 Jahre langer n‘aturhcher A.]tc-
rung mit (1) Bewahrung der Falzfestigkeit nach beschleunigter Alterung, (2) PH, K altextraktion,
der Papiersorten von 1937, (3) Bewahrung der Falzfestigkeit als eine Funktion des zugesetzten
Alauns in Prozent, minus verblicbenes Harz in Prozent und (4) Bewahrung der Dehnung nach
natiirlicher Alterung.

Correlation Variables Papers Included in o i o
Calculations Correlation Slope
Coeflicients
0.54
X fold retention after natural all 0-6:: 0.60
aging all except alkaline 0.7 0-41
Y fold retention after accelerated  all except 1129 and alkaline 0-62 0.50
aging soda-sulfite 2;3 0.36
ified sulfit ’ |
f::ﬁc sullite 0.92 0.67
0.02
X fold retention after natural all 0;; 0.01
aging all except alkaline 0.69 0.04
Y pH, cold, 1937 soda sulfite ?)'88 0'01
p:griﬁcd sulfite 0.89 0.05
e
-0.50 -0.02
X fold retention after natural all -0.98 ~0.02
aging soda sulfite: 1129, 1130, 1133 -0‘82 0.02
Y alum added, %, minus rosin purified sulfite _0'73 -0.05
retained, % rag .
0.52 0.31
X retention of fold after natural all 0.40 0.33
aging soda sulfite 0.87 0.23
Y retention of clongation after purified sulfite 0'95 0.65
Natural aging rag .

llulose
retention of tensile strength. This is generally true of polymers, and c¢

acetate is a specific example.?®

d, but
The three alkaline soda-sulfite papers, 1158, 1172, and 1175, show goo
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Figure 7. Retention of fold afier 36 years natural aging as a function of alum and rosin added during
manufacture.

. - . P IDRIT T M P ’
Figure 7. Rémanence du pliage aprés 36 années de vieillissement naturel en fonction du taux d’alun
et de collophane ajouté durant la fabrication.

Abb. 7. Bewahrung der Falzfestigkeit nach 36 Jahren natiirlicher Alterung als Funktion des
withrend der Produktion zugesetzten Alauns und Harzes.
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RETENTION OF TEAR, X, AFTER ACCELERATED AGING IN 1937
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i ith (1) retention of
Table 18, Correlation of retention of internal tear after 36 years natural aging w (

; f papers in 1937.

internal tear after accelerated aging and (2) pH, cold ex"a,c:?n’ OenF: :,wme aprés 36
Table 19. Coefficients de corrélation de la rémanence au déc ’1rc'm ent interne aprés un test de
vieillissement naturel intervenant avec 1) la rémanvenct’ du q“h::nll%?.
vieillissement accéléré et 2) le pH de Pextrait 2 froid dt‘. PaP‘frs it nach 36 Jahre langer natirli-
Tabelle 19, Korrclation der Bewahrung der inneren R.CIssf‘csugkc: . hleunigter Alterung und (2)
cher Alterung mit (1) Bewahrung der inneren Reissfestigkeit nach besc

pH, ‘Kaltcxtraktion der Papiersorten im Jahre 1937.

années de

m
. T, s
Correlation Variables Papers Included in Correlation Slope
Calculations Coefficients
0.76 0.62
]
X tear retention after natural all! except 1158 and 119
i 47
aging all except 0.84 0.
Y tear retention after 1158, 1191, and 1129 o 0.90 0.83
accelerated aging soda-sulfite except 115 0.96 0.73
purified sulfite 051 0.14
rag except 1191
0.68 0.07
X tear retention after natural all except 1158 andl :;:l 0.95 0.11
aging soda-sulfite except 082 0.04
Y pH, cold, 1937 purified sulfite 0.54 0.03
rag except 1191
0.88 1.69
X tear retention, MD, after all except 1158 158 0.86 1.90
natural aging soda-sulfite except 1 0.05 1.27
Y retention of elongation, MD, purified sulfite 0.82 1.19
after natural aging rag except 1191
* No sample available for 1158 and 1191.
compared with the other 15

Dot outstanding, retention of tensile strength, Whetl]
Papers. The three acid soda-sulfite papers, 1129,
Paratively poor tensile retention (70-85%, MD).
(79%, MD) all of the other papers show ’“”;: 'Ot
umber 1133 is a very slightly acid, waterleaf, shor

ondin
strength did not deteriorate (shown later), the b
With time,

130, and 1133, exhibit com~
With the exception of 1166
n values of %% or above.
fibered paper. As t}.xe fiber
g must have deteriorated

Elongation :_ht be more valuable if
— might

The data on elongation after natural aging in Table ?n v%ere available. Several

data on retention of elongation after accelerated 1gl ign are discussed in con-

correlations of changes in elongation with natural aging
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Table 20. Correlation of (1) zero s

. an ¢ i .
cold extraction, of papers in 1937p ensile, MD), and (2) retention of elongation, ave., with pH,

Table 20. Coeffici ‘
. Coeflicients de lats P
gation, moyenne s ]c corré ldt‘mn de I'élasticité A tension nulle, MD ct 2) rémancnce de Pélon-
¢ le pH de Pextrait & froid de papicrs en 1937 ¢

Tabelle 20. Korrelatio
. n der (1) Null-Span y
PH, Kaltextraktion von Papiersorten irpix j:::eg’lgg;) e (8 Beabrung der Detmang v, 7

Correlation Variables

Papers Included in r m
Calculati ' :
culations Correlation Slope
Coefficient
i]( zero span tensile, MD all
pH, cold, 1937 -
all except 1207 and 1208 8i§ gg(;
soda-sulfite 0.91 ! .48
purified sulfite 0.82 0.26
ra; ’ .
rag ‘ ~0.02 -0.01
g except 1207 and 1208 0.96 0.87
X elongation retention after all
natural agi
Y oH, ool K;;§7 soda sulfite 8(53; gg:
purified sulfite 0.81 0.04
12} ‘ .
g 0.86 0.07

nection with oth ) .

are given in Tal:lre t;;tskﬁarre]a“ons of retention of elongation with cold pH

correlation coef’ﬁcients.for thouih the correlation for all 18 papers is low, the

a fairly sensitive meas ¢ three subsets. are somewhat higher. Elongation is
ure of the degradation of polymeric materials, but this

Wwas not g nerany H i
¢ CCOganCd h n the or i i“ l i
. € whe g a tCStlng was dOHC on

Folding endurance

Data on foldi .
because of th:ghierl‘ld:trance N Ta'b)e. 10 are not as useful as they might be
desirable but sumfiem andard deviations. More specimens would have been
endurance after natura?aamPlCS Were not available. Data on retention of folding
in 1937 are plotted in Fi gmg5 against retention of fold after accelerated aging
subsets are fairly good bguutre - The correlation coefficients in Table 18 for the
indicate that the subs;t b ‘;01 o ‘h? group of 18 papers. Differences in slopes
Retention of fold at"ts Con dl.ﬁ‘erem statistical populations.
plotted in Figure 6 ander natu.ral aging as a function of cold extract pH is
alum and rosin ad.dod dl:‘c.tcntlon of fold after natural aging as a function of
coeflicients in Table 18 h”ng manufacture is plotted in Figure 7. Correlation
show that correlations for the subsets are much higher
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Tab} : .
Tab]c g: Corrcla.mon of wet tensile properties with pH, cold extraction, in 1937.
iy e 2. Coefficients de corrélation des propriétés élastiques 3 Pétat humide et du pH de I'e
roid en 1937,
Tabelle 21, K ;
- Korrelat i i i
Jahse 1937, ion von Dehnungseigenschaften im nassen Zustand mit pH, Kaltextr

xtrait a

aktion im

Correlation Variables Papers Included in r m,
Calculations Correlation  Slope
Coeflicient

3 “:L 2¢ % of DBL, MD all -0.75 039
PH, cold, 1937 all except alkaline -0.74 -0.18
soda-sulfite -0.72 -0.70

soda-sulfite:
1129, 1130, 1133 -0.99 -0.41
purified sulfite -0.96 -0.16
rag -0.90 ~0.35
:z( Vel energy at break, CD all -0.56 -0.04
PH, cold, 1937 all except alkaline 0.56 -0.02
soda sulfite -0.62 -0.10
purified sulfite ~0.72 -0.02
rag -0.89 -0.05
)Y( w;; extensional stiffness, MD all 0.26 0.0}
PH, cold, 1937 all except alkaline -0.54 0.0t
soda-sulfite -0.57 -0.04
1129, 1130, 1133 -0.99 -0.03
purified sulfite -0.82 -0.02
-0.79 -0.04

rag

ber lengths and the chemistry of

th .
an correlations for the set of 18 papers. The fi
ould be ex-

;’ZZt::[rie paper S'ubsets are quite different, so the three subsets ¢
C 0 react differently.

minz:r:(l)a_"ons il‘1 the paper subs.cts of fold retention as
50 good fsm rel'amcd are surprisingly go.od for the soda
first ang 0; purified sulfite and rag. Dfxr.mg manufa?tur.e, e e e
would alum was added later to precipitate the rosin size ontl(zit e t ha‘;c e
opport eXpect _‘hat carboxyl groups in the ccllu.lose‘ would no i
€Xcess ul;lty to interact with aluminum until the rosin S1Z€ had' reacte nd a0
carboxol alum was available. The reactions of alum with rosin sxéchz?nmetric
Subzraz 8groups in cellulose are quite complex and prob?.bly nonstoic '“;1 iomct:
fie ting the weight of rosin from the weight of alum is kardly a stoichiomt

approach, but without information on the composition of the rosin size

function of alum added

-sulfite papers, but not
rosin size was added
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Table 22. Arbitrary definitions of stable
properties in 1973,

Table 22. Définitions arbitraires de papicrs stables basées su
maintien de ces propriétés en 1973,

papers based on 1937 data compared with retention of

r des données de 1937 comparées au

Arbitrary definitions of stable papers based on pH, cold extraction, and changes?® in propertics after
accelerated aging in 1937

Machine pH pH pH >55 pH>6.0 Retentions?
Run No. >5.5 >6.0 Alpha <4.0 Alpha <40 I  Rank
Fold >80 Fold >80
1129 131 18
1130 258 14
1133 1133 1133 1133 1133 349 5
1158 1158 1158 365 2
1172 1172 172 280 12
1175 1175 175 301 8
1161 1161 1161 1161 1161 357 4
1162 1162 1162 29¢ 10
1163 235 15
1164 1164 1164 1164 1164 343 6
1165 1165 1165 300 9
1166 229 16
1191 1191 1191 1191 1191 368 ]
1192 1199 1192 364 3
1193 279 13
1203 191 17
1207 286 1
1208 1208 1208 318 7

! Decrease in alpha cellulose,

increase in copper number, percent retention of tear, and percent
retention of fold.

cellulose and copper number were obtained by

retention, no change as 100 percent retention,
extremes.

expressing maximum change as zero percent
and normalizing the changes between these

precipitate (highly variable), metals on the carboxyls, compasition of the

natural resins in the pulp, and ratio of free rosin size to rosin sodium salt in the
size solution, nothing more is warranted,

The pulps used in preparing the alkaline filled papers first were sized {except
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. dlage von Daten von
Tabelle 22. Arbitrire Definitionen von stabilen Paplcrs:ortcn auflg;; Grundlag
1937 im Vergleich zur Beibehaltung der Eigenschaften im Jahre 1373.

/
i ies after 36 years of naiura
Arbitrary definitions of stable papers based on changes! in properties a

aging

%  Retentions?
Tear >509% Tear >50% Tear >50% Tear >50% Tear >50%

£  Rank
o Fold >50%

F >80% Fold >50%

old >50%  Foid >70%  Fold >80% Alpha <10%  Alpha <7.3

90 17
145 13
1
1133 330
1133
1133 1133 1133 e 1158% 255 ‘;
11583 1172 1172 2:; )
117 2
“7§ 1175 1175 1175 1175 oo .
1161
1161
1161 1161 1161 62 1162 224 10
1162 i 94 16
7
1164 259
1164 1ok 15
86 18
3
1913 294
19y 1913 1913 119;’ : 260 6
1192 1192 119 66 12
1193 130 4
9
1203 225
1207 1207 205 1l
1208

. 1158, 64%, 1191,
3 1 med to be same as for fold: 1
Tear data not available in 1973, but retention assu
849,
jcium carbonate was

ca
1158, which has no sizing) with rosin and alum before ing retention of fold,

added. None of the three alkaline papers shows ;’“[5:; iging (85-75%). Sev-
either afier natural aging (55-85%) or after accelera - ccelerated aging in 1937
€ral papers showed much better retention of ﬁ’k.i aft:: three alkaline papers, as
than the three alkaline papers. After natural agmglteleshows 115% retention of
3 group, are good, but not outstanding. Number ! well in both accelerated
fold afier natural aging. Number 1191 also shows Ul: neutral, although small
and natyral aging. Both of these papers are almes facture.

Uantities of alum and rosin were used during manu 31
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Figure 9. Retention of internal tear after
in 1937,

Figure 9. Rémanence du déchireme
du pH de Pextrait 3 froid en 1937.
Abb. 9. Bewahrung der inneren Reissfe:
von pH, Kaltextraktion, im Jahre 1937

36 years antural aging as a function of pH, cold extraction,
nt interne aprés 36 années de vieillissement naturel en fonction

stigkeit nach 36 Jahkren natiirlicher Alterung als Funktion
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-span breaking length, calculated to 100% fiber, in 1973 vs. pH, cold extrac-
pture A tension nulle rapporté 3 100% de fibre en 1973 contre le pH
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pH OF PAPER, COLD EXTRACTION, IN 1937
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ent
k of experimental handsheets, as perc
ca

i idity.
9 0% relative humi '
. OI: 1 oruptun: de feuilles de papler
emps i lairou a

Table 231, Load ay break (kg) and retention of load at br
of unaged paper, with time at 90°C in air or nitrogen at 50
Table 23, Charge a la rupture (kg) ct rémanence de l.a char, mps de séjour 3 90°C
eXpérimental en pourcentage du papier neuf en fonction du temp

l’azote, 350 ou 4 0% d’humidité relative. be
Tabelle 23, Belastung bei Bruch (kg) und B'c-ibcha-ltu.ng der 'B:)l::;‘:)’:(gj "
Handbégen als Prozent von ungealtertem Papier mit ciner Zeit bei S

50% oder 0% relativer Feuchtigkeit.

i Bruch von Versuchst
Luft oder Stickstoff bei

- N Aging Pcriod,4days 1 6 12 2%
p ging 6 12 2 on. ¥
%
Treatmen; Atmosphere 0 Brlcaking Load, kg? Retention, ™
99 100
883 97 %
Untreated Dry air 883 855 830 873 922 97 95 9 103
0 y ai 896 870 853 875 791 96 93 9 84
H:‘Ymr:;tr;zicn 862 825 804 825 8. j2 103 100 98 96
Humid nitrogen 845 869 846 82¢ & 106 97 93
7.66 100
Deasheqd Dry air 823 82l g;g ;gg 788 101 9 513)673 g(;
. 19 827 . ’ 3 5l
gry r?:ro'gcn g 17 758 419 299 §§§ 35 g2 64 32
HS:;d :i:rogcn 257 12 619 48 99 98 93 9
7.30
Aluminum Dry air 792 781 ;:2 ;Tg 668 98 101 217 2(5)
! 731 7. ‘ 50
treated gry nitrogen ;;3 797 363 228 181 100 2 57 48
umid air : '

9
423 3.54
Humid nitrogen 745 7.00 590

. Data from Table 5, NBS Report 10 628.
1 kilogram force = 9.80665 newton.

tability of paper 'fmd t;l::
d of measuring dcgradatlon.h ol
would have expected the thr

e

indi fs
The data show that pH is not the only indicator 0

. _ .
fOId"‘S endurance is not a universal meth

Xample, using pH as a criterion of stability, on e of their nitial folding
alkaline papers to retain a much higher percentag

ion, so it has
. nce retention,
¢ndurance Number 1161 has a very high folding en;jtu:)ul d appear that some
oained its bonding and fiber strength .wnh u.m © endurance with time even
siZi"g material is desirable to maintain folding

though the acidity may be higher.
y may be hig ur '
Data in Table 18 on correlations of fold afterdmflor purified sulfite and rag
tlongation after natural aging are very goo

is would
tine test. This w
longation probably could be used in place f’f fold asua n: “;“g rest and, 2) clo.nga-
T ectally desirable as, 1) fold is @ very nmc-r‘:;::tion of tensile properties.
. er
tion usually is determined as a part of the dete .

al aging with retention of

3 Restauraror



Comparison of Accelerated Aging

Table 241, MIT folding endurance and retention of folding endurance of experimental handsheets,
as percent of unaged paper, with time in air or nitrogen at 90°C and 50% or 0% relative humidity.
Table 24. Résistance MI'T auy pliage ¢t rémancnce de
expérimental exprimées en pourcentage du papicr neu
Yazote & 90°C et 2 50 ou 0% d’humidité relative,
Tabelle 24. MIT Falzfestigkeit und Bewahrung der Faizfestigkeit von Versuchs-
Prozent von ungealtertem Papier, mit einer Zeit it
relativer Feuchtigkeit.

la résistance au pliage de feuilles de papier
. .. S Py
f. en fonction du temps de séjour a Fairou a

Handbégen als
1 Luft oder Stickstofl bei 90°C und 50% oder 0%

Pulp Aging Aging Period, days
Treatment Atmosphere 0 1 6 12 24 16 12 2
Number of Folds Retention, %
Untreated Dry air 2102 2108 2087 1972 1767 100 99 94 84
Dry nitrogen 21261953 1926 2044 1839 92 91 96 87
Humid air 1920 1776 1382 1392 483 93 72 73 25

Humid nitrogen 22152065 1722 2102 1761 93 78 95 80

Deashed Dry air 1678 1721 1523 1352 1299 103 91 81 77

Dry nitrogen 1768 1541 1484 1448 1351 87 84 82 76
Humid air 1701 737 0 0 0 43 0o 0 0
Humid nitrogen 1838 1214 |50 5 2 6 8 0 0
Aluminum Dry air 1622 1469 1173 925 705 91 72 57 43
treated Dry nitrogen 1980 1492 1100 1076 699 75 56 54 35
Humid air 1923 823 0 0 0 43 0o 0 0
Humid nitrogen 1451 996 75 1 0 69 5 0 0

! Data from Table 2, NBS Report 10 628.

Internal tearing resistance

Data on retention of internal tearing resistance* after 36 years natural aging are
given in Table 11. These data are plotted against accelerated aging data in
Figure 8 and against PH in Figure 9. Two of the alkaline papers for which data
are available (insufficient sample (o test 1158) are superior to all others. Again,
1133 is somewhat exceptional, as one would expect a paper that has maintained
its fiber strength and folding endurance to have maintained its tearing strength.
Obviously, the bonding strength has deteriorated. Some papers at the bottom
of Figure 11 are somewhat acid and show very poor retention of tear. However,
several other papers in the same acidity range retained a much higher percen-
tage of their tearing strength.

—_—
*As the name im lies, internal tearin
p

g resistance js the energy required to tear a specimen, under
specified conditions, after the tear ha

s heen started.
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. . |
and retention of tearing resistance of experimenta

Table 25!, Internal tearing resistance (g) r or nitrogen at 90°C and 50% or 0%

handsheets, as percent of unaged paper, with time in ai

T R e i ) Gl
. icr expérimental exprimées en > .

:-:;:::s:l(::;:[::;r; ;(‘z(z‘:;,l::(a 9.0 OC-N 2 Son(:iuBOe‘:/:l)a(:l’r}::\r;l::rcl{:::st;‘::t'igkeil von Vcrsuihs-H;nsd(l))s-

:;anb:lllselfrs(;zi:lte\rlgz ]:::::if;lr%::lé:;i:r, mit einer Zeit in Luft oder Stickstoff bei 90°C un °

oder 0% relativer Feuchtigkeit.

e la résistance au déchirement de

Aging Period, days

T Ao 0 1 6 12 24 1 6 ‘ 12o 24
s Aumesphere Tearing Resistance, g Retention, %
94 102 9% 99
i 932 874 950 874 920 e
e oy it 96.0 980 950 908 101 oo
o n:i"o'gcn 87.0 832 807 772 604 96
Humid air .

97 99 81 91
Dry ai 910 884 900 734 173257.2 o . 8 8
Deashed v 952 87.8 938 790 2 72 16 8 6
gry Tit m'fcn 914 654 146 76 52
umiqa ai

708 462 280 164 85 49 30 18

91 78 65 65
Aluminum Dry air 980 896 ;g-g 23'2 232 97 78 70 70
) 994 96.6 : : : s 4
(reated Dry 'f:;m.fc" 938 720 130 5.0 :;.: ;; ;; oo
1 5
:umfd ,ammgm 922 786 416 108
umi

Humid nitrogen 93.4

! Data from Table 3, NBS Report 10 628.

i i ers
| tear after natural aging with other paramet

Correlations between interna er, 1) accelerated

i tentton aft
are given in Table 19. Correlations between teari arlely o, bur e e for
i ion, are not espec ) o
aging and, 2) pH cold extraction, ' o ood. Corrclation
t}i SgOda-S’UIétz and pruiﬁed sullie POPUI'a“O“Sdarr:t:mi;'ngof elongation after
i atural aging an
between retension of tear after n

natural aging are surprisingly good-

C in acidit
hange in acidity calculated from pH values, and

. i H+) .
PH values, hydrogen ion concentrations ( aging are given in Table 7. It is

ural
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Table 261, Paper acidity (cold extraction PH) and hydrogen ion concentration {[H*)) after acceler-
ated aging in air or nitrogen at 90°C and 50% or 0% relative humidity,

Table 26. Acidité du papicr (pH de Pexurai 3 froid)
apres un test de vieillissement accelerd alair ou a Vaze
Tabelle 26. Papieraziditat (Kaltextraktion pH)
schieunigter Alterung in Luft oder Stickstoff by

et concentration des ions hydrogene (HY)
e & 90°C et 2 50 ou 0% d’humidité relative.
und Hydrogenionenkonzentration (H*) nach be-
¢l 30°C und 50% oder (% relativer Feuchtigkeit.

Pulp Aging Aging Period, days
Treatment Atmosphere 0 1 6 12 94 ¢ ! 6 24
pH [H*] x 107

Untreated Dry air 634 624 625621620 5 6 § 6 6
Dry nitrogen 629 636 634 630 622 5 4 5 5 6
Humid air 6.58 644 6.10 597 5235 3 4 g 11 59
Humid niogen  7.05 6.70 6.7 6.73 636 | 2 2 2 4

Deashed Dry air .32 508 504 497 488 48 8 91 107 133
Dry nitrogen 311505 480 497 494 77 90 159 107 115
Humid air 482 444 395 387 3.86 151 363 1120 1350 1380
Humid nitrogen  5.10 4.94 4.50 4.35 4 19 80 115 302 447 759

Aluminum Dry air 5.14 520 492 4.96 488 73 63 121 110 132

treated Dry nitrogen 5.24 489 493 507 487 58 120 117 85 15
Humid air .01 453 402 186 3.78 98 295 955 1380 1660

Humid nitrogen  5.36 4.87 446 429 425 44 135 347 513 562
—_—

! Data from Table 1, NBS Report 10 627.

amounts of acid were not generated during natural aging. Correlations between
acid generated and initial pH are very poor except for the three acid soda-sul-
fite papers. These correlations are not shown. Poor correlation between initié'il
PH and generation of acid is not surprising. The acid may arise from hydrolysis
of aluminum on the carboxyl groups in cellulose or rosin, from hydrolysis of

excess alum that may be in the paper, from carboxyl groups, from acid-lignin
resudues, from oxidation of cellulose, and probably other causes.

Zero span breaking length
Zero span breaking stren

fibers in a paper. It is ¢
breaking length by

gth is considered to be a function of the strength of the
ommon practice to convert breaking strength data to
factoring in the basis weight of the paper. Breaking length is
gth that would cause the specimen to break under its own
Zero span tensile was not measured in 1937, differences
subsets, obtained in the current testing program, may be

weight. Although
within the paper
meaningful.
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. . I
ted aging of experimenta
Table 271. Ch in hydrogen ion concentration ([H*]) after accelerated ag
able 27°. Changes 1

0% relative humidity. ieillissemnent
in ai i at 90°C and 50% or R + &s un test de vieillisseme
handsheets in air or nm(;ic:(mcen(ra‘i"" en ions hydrogene (H );l;rés L3 50 ou 0% d’humidité
p ; ents s s 3 el

Talflll: 27d (fha'r;fm:v papiers expérimentaux, a I’air ou a {’azote, &
accéléré de feuilles
relative. R trati
Tabelle 27. Verinderungen der Hydrogen-fonen Konzen

i i ff bei 9
terung von Versuchs-Handbégen in Luft oder Sticksto

on (H*) nach beschleunigter ‘Al-
0°C und 50% oder 0% relativer

Feuchtigkeit.
Aging Period, days o4
i 12
Pulp Aging , 6 7
Treatment Atmosphere Change in [H 1% 10
i 1
1
. 1
Untreated Dry air a 0 0 N
Dry nitrogen . 5 8 .
Humid air : ) 1
Humid nitrogen , 5 e
. 34 4 2 18
Deashed Dry air 13 82 e
Dry nitrogen 912 969 1199 229
Humid air 25 999 367
Humid nitrogen » 5 50
-10 o3
Aluminum Dry air 7 59 1222 o
treated Dry nitro.gcn 197 857 s
Humid air 91 303 469

Humid nitrogen

7.
! Data from Table 1, NBS Report 10 62

data obtained after 36 years natural aging (Table
ata

measured in 1937 (Figure 10). The
oo asai“St_ C?Il:l;’:;?)c:hi:’that it 1s fruitlt?ss to try to :)::: :}1110(:5
the papes Cocmaem's mt the same statistical population. The suUbset no
the papers as belongmg ORemoval of 1207 and 1208 t."rf)m t.hc rag : 0 Co,rrda-
S(f)"me dehgree Of'cort".fli‘if: pigment, results in a surprising 1ncreas
of which contain tita

i n
tion for this subset. ests that the high zero spa
. i rocedures sugg
- exa";(’)‘;‘“o'; (;gggp;:;a;:?gdpicative of stable papers. The first three rag
values of | an

m, but no rosin. Number 1203 contains
s i et S,
2% rosin and a large am? stoichiometric amounts of alumb(W Is in the first
rosin and probably nearly n opportunity for some of t.h € o leythat the car-
rosin). Therefore, there s acd with aluminum, but it is unlike yld except the
:?ur rag p?gg;s todbi:ztgév‘:re covered with aluminum. One wou
oxyls in an

Zero span breaking length
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Table 28'. Zero span breaking load (kg) and retention of breaking load of experimental handsheets,
as percent of unaged paper with time, at 90°C in air or aitrogen at 50% or 0% relative humidity.
Table 28. Charge de rupture a tension nulle (kg) et rémanence de la charge de rupture de feuitles de
papiers expérimentaux exprimées cn pourcentage du papier neuf, en fonction du temps & 90°C €t 2
50 ou 0% d'humidité relative.

Tabelte 28. NU”-Spannungs-Bruch~Betas(ung (kg) und Bewahrung der Bruchbelastung von Ver-

suchs-Handbbgen als Prozent von ungealtertem Papier mit einer Zeit bei 90°C in Luft oder
Stickstoff bei 50% oder 0% relativer Feuchtigkeit.

————

Pulp Aging Aging Period, days

Treatment Atmosphere 0 i 6 12 24 | 6 12 %
Breaking Load, (kg)? Retention, %
Untreated Dry air H4 N4 112 1o 1we 00 98 9% 93
Dry nitrogen 102105 107 109 104 103 105 107 102
Humid air 91 96 96 84 9g 105 105 9 9B
Humid nitrogen 106 93 90 88 87 88 85 84 B2
Deashed Dry air s 1y 1 124 17 97 97 109 103
Dry nitrogen 4 114 109 120 111 w00 96 105 97
Humid air 139 124 64 30 22 95 49 23 17
Humid nitrogen 152 144 122 84 64 95 80 55 42
Aluminum Dry air L1 101 94 94 104 o1 B85 85 9%
treated Dry nitrogen 106 100 99 110 103 94 93 104 97
Humid air 155 139 52 24 13 90 34 15 8

Humid nitrogen 145 152 106 66 61 105 73 46 42

! Data from Table 6, NBS Report 10 627,
? 1 kilogram force = 9.80665 newton.

latter two papers 1o be more stable than the other four, if an excess of aluminum
sulfate effects destabilization. This is indicated by the much higher zero span
tensile strength of these papers. The papers that contain alum alone, and no
rosin, (1129, 1130, 1191, 1192, | 193) or an excess of alum (1203) exhibit lower
zero span tensile strength than the other papers in the subsets. Another factor
that could be of paramount importance is that aluminum is strongly sorbed by
titanium dioxide filler.2%*

The three alkaline papers are somewhat higher in MD zero span tensile than
the ather soda-suifite papers. Data on zero span breaking length were plotted

(not shown) against acid generated after 36 years of natural aging, but no
relationship was apparent.

*This was pointed out to me by Dr. E. L. Graminsks, Nationa! Bureau of Standards.
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Table 291, Wet breaking load as percent of dry breaking load of experimental handsheets after
accelerated aging at 90°C in various atmospheres. . .

Table 29, Charge a la rupture a I'état humide en pourcentage de la charge a la ruptur\c a sgtc de
papiers expérimentaux aprés un lest de vicillissement aceéléré & 90°C dans des atmosphéres diver-
ses.

Tabelle 29, Bruchbelastung im nassen Zustand als Prozent der lrock‘encn Bruchbclastjmg von
Versuchs-Handbégcn nach beschleunigter Alterung bei 90°C in verschiedenen Atmosphiren.

Pulp Aging Aging Period, days

Treatment Atmosphere 0 1 6 12 24

Untreated Dry air 0.8 1.5 1.7 2.8 3,Z
Dry nitrogen 0.7 1.3 2.1 2.5 3.
Moist air 08 1.3 2.0 29 4.8
Moist nitrogen .1 1.1 1.8 2.2 3.1

Deashed Dry air 14 2.8 3.7 8.1 13.2
Dry nitrogen 1.3 2.8 4.2 7.? )
Maist air 2.2 5.5 9.7 7.9 6.1
Moist nitrogen 1.6 4.0 44 9.0 8.8

Aluminum Dry air 1.3 4.1 9.4 12.7 ::;

treated Dry nitrogen 2.0 4.3 8.1 11.3 .
Moist air 1.8 4.7 9.7 6.6 4.9
Moist nitrogen 1.1 3.7 74 9.0 9.1

! Data from Table 2, NBS Report 10 627, and Table 5, NBS Report 10 628.

Tensile properties of wetted specimens

Measurement of specimens in the wet state gives an indication lﬁ)fk.thc
: t i n
crosslinking that occurs in the aging of paper. Paper in which no crosslinking

has occurred has a very low strength when wet. ‘
Data on wet breaking load as a percent of dry breaking load (Table 15) are

plotted against cold pH, 1937, in Figure 11. As indicatc.d in Tablc. 21, corre.la-
tions within subsets are much better than the correlation coefﬁmct}t that.1n~
cludes all of the papers. As the development of st.rength of wet specimens is a;
function of initial acidity,® fairly good correlations of the developmem]o
breaking strength of wet specimens with ini‘tial pH afc to be expected. Cor.re al-
tions between energy at break of wet specimens (Figure 12} and extens;ona
stiffness of wet specimens with initial cold extract p.H show the same trends as
correlations between breaking strength of wet specimens and pH (Table 21).

Moisture regain

Papers within each fiber subset (Tables 14 and 15) exhibit very similar mois-
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Table 30!. Percent moisture regain and change in moisture regain for experimental handsheets
aged in air or nitrogen at 90°C and at 50% or 0% relative humidity.

Table 30. Taux de réhumidification en pourcent et changement du taux de réhumidification de
papiers expérimentaux vieillis en atmosphére d’air ou d'azote, a 90°C et a 50 ou 0% d'humidité
relative.

Tabelle 30. Prozentuale Feuchtigkeits-Wiedergewinnung und Verindesung der Feuchtigkeits-

Wiedergewinnung von Versuchs-Handbégen, die in Luft oder Stickstoff bei 90°C und bei 50% oder
0% relativer Feuchtigkeit gealtert sind.

Pulp Aging Aging Period, days
Treatment Atmosphere Q i 6 12 24 1 6 12 ¢
Moisture Content, % Change, %*

Untreated Dry air 722 70 70 69 10 02 02 03 02
Dry nitrogen 74 70 69 68 70 02 03 04 0.2
Humid air 72 66 65 62 60 06 07 10 1.2
Humid nitrogen 72 67 65 65 62 05 07 07 1.0

Deashed Dry air 71 68 69 67 67 02 o1 03 03
Dry nitrogen 70 69 68 66 67 01 02 04 03
Humid air 70 63 53 49 43 07 17 21 27
Humid nitrogen 68 66 58 54 51 04 12 16 19

Aluminum Dry air 720 71 68 67 66 00 03 04 03

treated Dry nitrogen 71 70 68 68 67 01 03 03 04
Humid air 72 61 53 47 46 10 18 24 2.5
Humid nitrogen 71 64 60 54 47 07 11 17 24

! Data from Table 5, NBS Report 10 687.

2 . . . .
Decrease in analytical value for zero time of aging, average values of 7.2% for untreated, 7.0 for
deashed, and 7.1 for aluminum treated papers were used.

ture regains. Moisture regain of the rag papers averages about 1% lower than
moisture regain of the wood pulp papers. This is in keeping with differences in
crystallinity between wood fibers and cotton fibers. The data show no correla-
tion between wet breaking load as a percent of dry breaking load and moisture

regain. This is in keeping with data already reported4 for dry aging of hand-
sheets.

pH at head box

Graminski®® has found after reviewing the data in this report that high correla-
tions exist between, 1) head box pH and changes in folding endurance after
natural aging and, 2) head box pH and wet strength as a percent of dry
strength after natural aging. It is anticipated that this will be included in 2
publication by Graminski, which is in preparation.
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Figure 11. Wet breaking load as percent of dry breaking load in 1973 as a function of pH, cold
extraction, in 1937. 3 a
Figure 11. Charge 4 la rupture & I’état humide en pourcentage de la charge a la rupture a sec €n

fonction du pH de lextrait & froid en 1937. .
Abb. 11. Bruchbelastung im nassen 7Zustand als Prozent der Bruchbelastung im trockenen Zustand

im Jahre 1973 als Funktion von pH, Kaltextraktion, im Jahre 1937.
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5. RELAT]ONSHlP TO SPECIFICATIONS

ers should include tests that indicate
nd tests that indicate the longevity
ein 1937 were

Specifications for permanent record pap
the quality of the paper for immediate use, 2 .
of the paper. Assuming that the physical and chemical t?sts ma.d
adequate to indicate the performance of the paper for 1mn?ed1a.te usi; we a'ri
concerned today only with the retention of propertics with time. t‘otentla.
indicators of retention of propertics with time are PH and reter'mon o frop(;r'
ties after accelerated aging. On the basis of experience, on¢ rr.nght make arbi-

.. o o tion of properties
trary decisions about minimum initial pH values and reten prop

TH re
with accelerated aging as indicators of stability, and thus select one or mo

indicators as requirements for a specification.
In Table 22 four categories have been arbitrarily selected, based on pH data

and changes after accelerated aging, for possible specification requircfn.lcnts.
The degree of success depends on the restrictions plac<?d on the definition of
stable paper after natural aging as shown in the right side of Table 22. From
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these data it is obvious that one could have selected stable papers in 1937 with
considerable success.

The ranks of the summations of retentions of properties after accelerated
aging and after natural aging (Table 22) suggest that some relationship exists
between the dry oven accelerated aging procedure and natural aging. The
correlation coefficeint is 0.79. Retentions for alpha cellulose and copper number
were obtained by expressing maximum change as 0% retention, no change as
100% retention, and normalizing the changes between these extremes. Reten-
tions for alpha cellulose, copper number, fold and tear were totaled to obtain Z
of retentions.

The correlation coefficient (0.79) or the ranks in Table 24 can not be consi-
dered conclusive, as uncertainties in sampling and uncertainties in laboratory
technique spanning almost 40 years must be kept in mind. The overall picture,
however, indicates that accelerated aging is a potentially useful ool in the
selection of stable papers for permanent records. On the other hand, it is not
claimed that the accelerated aging procedure used in 1937 is necessarily the
best available at present. More extensive changes occurred during natural
aging than during dry aging in 1937. Dry oven aging excludes the chemistry of
carbohydrate hydrolysis which appears to be a significant factor in natural
aging. This is taken up in detail in the next section,

6. SHOULD AN ACCELERATED AGING ATMOSPHERE BE MoisT or DrY?

The object of this section is to develop information on whether an accelerated
aging atmosphere for paper should be dry or moist, and if moist, some idea of
the amount of moisture. It is not the purpose of this paper to recommend
specific aging conditions. Enough data probably are available to do this, but 2
thorough analysis of the data from several publications will be required. Such
an effort is beyond the scope of this publication.

Data on accelerated aging of handsheets at 90°C and at 0% and 50%
relative humidity already have been reported.?>* Part of the data in thes¢
reports, some of which have been recalculated to a different form, are repro-
duced in Tables 23-31. In the three groups of handsheets (untreated, deashed,
and alum-treated), those made from deashed pulp were much less stable, and
those made from alum-treated pulp were somewhat less stable than the
deashed. Different tests responded differently to moist and dry aging, but moist
usually resulted in much greater and more rapid changes than dry aging. It is
not possible to draw definite conclusions from these data and the data obtained
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Table 311, Percent blue reflectance and change in blue reflectance of experimental handsheets with
time in air or nitrogen at 90°C and 30% or 0% relative humidity.

Table 31. Pourcent réflecteur blen et changement du pourcent réflecteur bleu de feuttles de papier
expérimental en fonction du temps de contact & l'airou a P'azote a 90°C et & 50 ou 0% d’humidité
relative,

Tabelle 31, Prozentuales Blau-Reflexionsvermogen und Verinderung des Blau-Reflexionsvermo-
gens von Versuchs-Handbigen mit einer Zeit in Luft oder Stickstoff bei 90°C und 50% oder 0%
relative Feuchtigkeit.

Pulp Aging Aging Period, days
Treatment Atmosphere o 1 6 12 2 1 6 12 %
Blue Reflectance, % Change, %?

Untreated Dry air 820 B804 805 796 782 16 15 24 38
Dry nitrogen 825 803 789 794 772 22 36 31 53
Humid air 790 741 704 67.7 571 49 86 (L3 219
Humid nitrogen 849 79.1 741 717 669 58 108 132 180

Deashed Dry air 5.2 829 816 811 787 23 36 41 63
Dry nitrogen g6l 828 802 789 753 33 59 72 108
Humid air 86.9 72.6 523 449 38.7 (43 346 420 482
Humid nitrogen 6.1 746 576 545 458 115 285 31.6 40.3

Aluminum Dry air 865 844 832 812 803 21 33 33 62

treated Dry nitrogen 86.1 846 828 809 779 15 33 32 82
Humid air g6.4 785 57.5 420 27.7 79 289 444 587

Humid nitrogen 859 78.1 660 573 497 78 199 286 362

! Data from Table |, NBS Report 10 687.
? Decrease in measured value.

on the 36 years papers regarding an accelerated aging atmosphere, but a trend

is obvious.

In comparing the four sets of data: 1) from natu
aging in 1937, 3) from dry accelerated aging at 90 . :
aging at 90°C and 50% relative humidity, some judgement is necessary .thh
respect to the aging times in (3) and (4) to use in the comparisons. Direct
comparisons are possible between (1) and (2) and between (3) and (4}, but not
between (1) and (3) or (1) and (4) or between (2) and (3)'or (2) al:ld (4). Only
the type of change can be categorized, and not always with certainty.

ral aging, 2) from accelerated
°C, and, 4) from accelerated

Tensile strength

The data in Table 23 show that aging at 50% relative humidity at 90°C
seriously degraded the tensile strength of handsheets made from de?\shed and
alum-treated pulps within 6 days. Very little degradation occurred in 24 days
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during aging in dry atmospheres and the handshects made from untreated
pulps were especially stable. The data in Table 8 indicate that the degradation
in tensile strength that occurred during 36 years of natural aging more nearly
approximate dry accelerated aging than accelerated aging at 50% relative
humidity. A clear cut decision is not possible, but it would appear that a small
amount of moisture should be present in an accelerated aging procedure.

Folding endurance

The data in Table 24 on changes in MIT folding endurance with time of aging
show that accelerated aging in a moist atmosphere is devastating, even after
one day of aging. On the other hand, even the alum-treated samples did not
degrade as much during dry accelerated aging as the NBS mill papers after 36
years of natural aging. From this it appears that some moisture in an acceler-
ated aging procedure is indicated but that 50% relative humidity at 90°C may
be excessively severe.

Internal learing resistance

The data on internal tearing resistance in Tables 11 and 25 lead to the same
conclusion as with the folding endurance data.

Change in acidity

Data in Table 7 show that large amounts of acid were not generated during 36
years of natural aging. The data in Tables 26 and 27 show that little acid 1
generated during dry aging, but massive amounts of acid are generated during
extended accelerated aging at 50% relative humidity. Again this indicates that
some moisture is desirable in an accelerated aging atmosphere but that pro-
longed aging at 50% relative humidity at 90°C is excessive.

Zero span breaking length

Data on zero span breaking length in Tables 14 and 28 cannot be conclusive
because zero span data were not obtained in 1937. The data in Table 28 show
that the changes that occur during accelerated aging in a dry atmosphere are
not great, but the changes that occur at 50% relative humidity are consider-
able. The only way one can draw inferences from the data in Table 14 is to
compare papers in the same subset. Number 1129, a very acid paper in the
soda-sulfite subset, is decidedly lower in zero span tensile than the other papers
in the subset. Number 1130, also an acid paper, is somewhat low. The three
alkaline papers, 1158, 1172, and 1175, are the highest in the group. Number
1133, a slightly acid paper, lies between the alkaline papers and the two acid
papers. The average machine direction breaking length of the three alkaline
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papers is about 12 km. The breaking length of 11.29 is abo:n 80% of tfn;
average value. A value this low does not appear in Table 28 except wit
samples aged at 50% relative humidity. Again, it appears that some moisture is
desirable in an accelerated aging atmospherc.

Number 1166 in the puriﬁid sulfite subset is an a‘ci‘d paper. Nthxmbcrs 1161
and 1164 in the same subset are only slightly acidic, and their zero span
breaking lengths in the machine direction are about 12.9 km. The zero span
breaking length of 1166 is about 75% of 1161 and 1164. s

The zero span breaking length data for the six rag-pa.pers ar.c very u:mts -
ing. The first three papers (1 191, 1192, 1193) con.tam ;ncrea'smg amo -
alum, but no rosin. The fourth paper, 1203, contains 2 Y% rosin t.)u( 'a mass.
amount (4% ) of alum. The zero span breaking lengths dt':creasc w1tt/1n?rf:s:2gf
amounts of alum from 1191 to 1203. The value for 1203 is about 83% o ' ah )
1191, Numbers 1207 and 1208 are different from‘ the ot'her Fag papers in ts Zf
they contain titanium pigments and were sized with r(?sm wnthtl)lut ;nszac;; o
alum. They have outstandingly high zero span br‘eakmg. lengths. o
difficult (o attribute this to the presence of titanium pigment. On the o

hand, these two papers were sized by a procedure that was not likely to allow

3
appreciable attachment of aluminum to carboxyls. Numbers 1191, 1192, 1193,

and 1203 could have aluminum attached to the carboxyls. Therefore, t}:}:{alui
for 1207 and 1208 may indicate the values that the.se rag papers woulb a:;anx
they were manufactured strictly with stability in mind. z‘he zero span brea lui
length values for 1191 through 1203 range about 65-75% Of_[he avF rage ::ar
of 1207 and 1208. In any case, the data indicate that some moisture is nece y

to produce the changes that occur during natural aging.

Breaking strength of wet paper |
ercent of dry breaking load in

: imens as
Data on breaking load of wet specime ps of wet specimens in Table 29,

Table 15, when compaf@d with tensile propertie
are not definitive.

Moisture regain

: ; ent occurred
The data in Table 30 show that great changes in moisture cont

. r
during moist accelerated aging, but very little change Zcicnmi;e; d-;::i, :is)i
accelerated aging. Moisture regain data were not obtaine o .within each
ture regain on the 36 year papers in Table 14 show that- vari o imental
of the three subsets is not at all large, and pro.bably s wit “;' taF;)ilit one
error, As each subset contains papers with a wide sPccuu:l nocosmparecyl’with
would expect much greater variation than the data show ,dw five of that which
the data in Table 30, if moist accelerated aging Were mndica
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occurs during natural aging. In terms of moisture regain, one can conclude that
the atmosphere should either be dry or contain only a small amount of mois-
ture.

Brightness

Data on changes in blue reflectance (brightness) of experimental handsheets in
Table 31 show very definite differences between moist and dry accelerated
aging. The changes that occurred during dry accelerated aging arc compara-
tively minor but the changes that occurred during extended periods of moist
aging are massive. Data on brightness of the 36 year papers in Table 16 are
confused by the fact that, 1) brightness data are not available on the original
papers and, 2) the presence of fillers in some of the papers. Comparisons within
subsets of the same fiber composition show that differences in brightness are
minimal, and that changes due to differences in stability are more indicative of
dry accelerated aging than moist accelerated aging.

7. ACCELERATED AGING AND PREDICTION OF PERMANENCE

Prediction of the permanence of paper is not an exact science, but several
investigators have directed their efforts toward approaching this goal-'ﬂ The
usual approach is to determine rates of degradation at several temperatures
and apply some form of the Arrhenius equation to an evaluation of the data.
Graminski has published the most recent work on this subject,® and his work
includes extensive data on the effect of moisture on the aging of paper.
Application of the Arrhenius equation presumes that plotting a function of
degradation during accelerated aging against the reciprocal of the absolute
temperature gives a straight line. This, in turn, implies that the same reaction,
or reactions that occur at room temperature (or temperature at which the
material is used) also occur at the elevated accelerated aging tempcrature, of
temperatures. As one can write down about twenty variations of the anhydro-
glucose ring in cellulose, and as the physical structure of various papermaking
fibers varies over a wide range, the likelihood of this happening for a wide
spectrum of papers on an Arrhenius plot is somewhat remote. To this must be
added another variable. Assuming that chain scission occurs in positions that
cause the greatest damage, a sheet of paper could be reduced to powder by
breaking less than 1% of the bonds between the anhydroglucose units. As chain
scission probably would be random in the amorphous areas, the percentage of
bonds that must be broken to render a paper useless might be larger than one,
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H, cold extraction, in 1937.
upH de Pextrait a froid en 1937.
ion von pH, Kaltextraktion, im

ngurc 12. Wet energy 1o break in 1973 as a function of p .
Figure 12, Energie de rupture a I'état humide en 1973 en fonction d
Abb. 12, Nasse Energic gegeniiber Bruch im Jahre 1973 als Funkt
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but it still would be small. Now when we use 2 test, physical or chex.m;al, this is
a function of the chain scission reaction and w.e h;’ive anothberdv'afr:vae r:.cognize
It is the opinion of the authors that the situation is not all ahx e recogni
the limitations of accelerated aging and not place t(fo muc 1coh dence
complicated mathematical treatments of data Fhat inherent yr ; i
Breater variablility than a statistical analysis is likely tlo uncover.
rDHOWi"g conditions, accelerated aging should be useful:
(1) Use accelerated aging only for ranking the st
relative to each other.

(2) The papers should be similar. Althou ; . er, com-
Comparing, for example, the stability of a newsprint against a rag paper,

i i f credibility.
Parisons of similar papers should have a higher d?g‘fee Ot ot to mply that
(3) Don’t try to predict permanence in years. Thxs is no e authors fel
one cannot predict permanence in an absolute time frame,

. L
that the precision of such an exercise is not very grea

ability of a group of papers

gh useful data may be obtained by
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(4‘) Althou
: gh a one-poi .
.ple'POmK test that will Zumt (one aging time) test may b ;
information. A multipl (fW the calculation of a slo v oe .useful, a multi-
lime-consumin p €~m.ne, multiple-tem pe Proyldes much more
518 g and expensive perature test is desirable, but
ome moisture sh . ’
humidity ; ould be included i
y in thera ed in the agi
Graminski, 5® nge of 10-25% might be selecte:gl'lnfx'a;moiphem‘ A relaiive
(6) The mois - This has been discussed by
. ture content of
cisely, as the rat of the atmosph
) e of de L sphere should b
content of the Sbgradduon of paper is grea ¢ controlled very pre-
(7)1 paper. greatly dependent on the moisture
t appears that Gramj
raminski®® has d
efined the rol .
e of moisture in the agi
ging

Of pap a R
3 p { t I h( dp
(91 lld [lle llIlpOr(all( aram T r¢
ete 1S moistu conte
. nt ot t p g

does n
ot completel
. y solv
moisture. contents undee t:e problem, for different pap "
r the sa ers will have different

requires fur , me natural agi .
ther attention. l agmng COndntions. 'Fhis si{ua(ion

(3) IIC'E than one test Sl 0 l!d l:E uSCd ine

accelerated agi
ging,
the product, g, and the tests should be

aluati .
Iy dUd.tmg Changes in paper after
lated, if possible, to the end use of

.
M I R FU HER W
COMMENDAT ONS FQO RTHE ORK

(1) Old
papers that ha .
hundred years Shou}dvbeebeen in storage from a few (about
which some original d examined. Preference should b tefl) years to severs
ata are available. Papers that havedgwen O P ald
e deteriorated should

yield useful i .
nformation. Old
no origi . : €r paper .
riginal data would be avail:ri)b]}:, s would require more intensive study, as
N ~ g o

(2) An in-d v \%
-de i h
r pt'h review of the literature
swo kl of Graminski® and of Parks, 34 bined
hou .
d enable one to arrive at a re’com

combined P*‘,S;“‘; years, especially the
with the data 1 H

ated agin mendati a in this report,

a .
arbitrary ;gm)():lrotced“re for paper. The selecttilon f(:'r conditions for an acceler
, to some . Jection ot a
¢ extent, subjective. As much unyf Pl“;CCdure would ¢
seful data have become

available in
the last fi
’ ew
foundation. years, such a selection should h
ave a fairly secure

9. AcknN
ACKNOWLEDGEMENTS

The authors are i
re indebted .
{deceased), of to the write
, of the origin: ¢ writers, Merle B. Sh :
iginal publication, Effect Osz'llz’nga::,n:r? MZL N
izing Materials on

48

WirLiam K. WILSON & E.]J. Parks

Stabiliy
ty of Book Papers. Their outstanding work and detailed reporting made this

"eport possible

he auth

National A °;§ are grateful to Dr. James E. O’Neill, Acting Archivist of the

vation Servr'c tves a'n'd Records Service, James L. Gear, Director of the Preser-

nest Amblc:Ce[:D‘V'SIOn, National Archives and Records Service, and Dr. Er-
, Director, National Bureau of Standards, for permission to publish

this paper.

10. ABSTRACTS
Compari

artso . . .
Ag ing n of Accelerated Aging of Book Papers in 1937 with 36 Years Natural
ndards expcrimcntal paper
for 72 hours at 100°Cin a circulating oven. Some
n 1973 it was possible to assemble 18 of

h fiber group. Most of the papers were

In 1937
a
group of 72 book papers made in the National Bureau of Sta

mill w,

of thcsissf::c? before and afier accelerated aging
these p, 3pcrspr:s were retained for occasional testing,
sized with rOSi:m three fiber sources with 6 papers in cac

These 18 pa and alum, and some contained fillers.
accelerated ai;i:crs were retested in 1973. Within the
Y Rcasonahlg (defined here as 72 hours at 100°C),
in 1937 ang aft c)rl g‘éod correlations exist between changes ina

(2) The same j years of natural aging.

(3) Correlati is true for copper number.
cellulose, co ions between cold extract pH in
of stability. pper number, fold, tear and elongation in

4
of Eir)yl::f:;’:’ l:’ om data after natural aging that z¢ro sp

Data on the should be useful criteria.
been comParedaCFd"ﬂlcd aging of handsheets
that an accele with ch:angcs in these 18 book papers 2
relative hun;idr-?(ed 3g|°ng afmosphcre should contain some
relative hum'df y at 90°C. The data recent

The followl‘ ities support this conclusion.®
alkalj Solubi;i':g tests are potentially useful in eva
strength, and y, reducing power, pH, internal t

’ strength when wet as a percentage o

and i

extensive limitations of the significance of
the following conclusions may be drawn:
Ipha cellulose after accelerated aging

natural aging in alpha

1937 and changes after
asonably good criterion

dicate that pH is 2 7€
an tensile and wet strength as a percent
o relative humidity have
g, and it appears
s much as 50%
re and

at 90°C at 0% and at 50
frer 36 years of natural agin
moisture, but not 2
ly obtained by Graminski at various temperatu
at occur in the.aging of paper:

luating changes th
zero span tensile

caring strength, clongation,
f strength when dry.

Comparai

’ ar Py ; rpr 2 . .

viei[{: aison du vieillissement accéléré de papiers pour lipres datant de 1937 au
ssement naturel durant 36 années.

peterie du National Bureau

oduits par la pa
00°C dans une

En 1937 )
, une série de 72 types de papiers de Jibrairie pr
t accéléré de 72 heures 3 1

of Sta
ndar
ds ont €1€ testés avant ct aprés un vieillisscmen
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étuve A circulation d'air. Certains échantillons ont éé conservés a fin d'essais sporadiques et, en

1973, 18 papiers provenant de 3 types de fibre ont pu étre regroupés i raison de 6 types de papiers
par type de fibre. La majorité des papiers avait eté apprétée a |

a collophane et A I'alun; certains
papiers contenaient des charges.

Ces 18 papicrs ont fait objet de nouveaux essais en 1973, Dans le cadre des limitations de
signification présentées par la technique du viellissement accéléré correspondant dans ce cas a 3

Jjours & 100°C, les conclusions suivantes ont pu étre effectuées:

1. Un niveau assez bon de corrélation existe entre les changements de I'alfacellusose constatés sur

un test de vieillissement accéléré en 1937 et a Pissue
ans.

d'une période de vieillissement naturel de 36

2. Mémes constatations dans le cas du taux de cuivre.

. Les corrélations existant entre le pH de I'extrait i froid mesuré en 1937 et Jes changements

intervenus aprés un vieillissement naturel au niveau de Palfacellulose, du taux de cuivre, du

pliage, du déchirement et de I'élongation indiquent que e pH représente un critére de stabilité
assez valable.

. Les données observées révetem que tors du vieillissement naturel, I'élasticité a tension nulle et 12

résistance 3 ’é1at humide cxprimée en pourcentage de la résistance A sec devraient représenter
des critéres utiles.

Les données concernant Je vieillissement accéléré de feuille

s de papier a 90°C sous une humidité
relative de 50%

ont été comparées avec les changements intervenus au niveau des 18 types de
papier aprés 36 années de vieillissement naturel et il s’avére que Patmosphére utilisée lors du
vieillissement accéléré devrait contenir une certaine humidité, inféricure 3 50% 4 90°C. Les donné-

s presentées récemment par Graminski i des températures et A des humidités relatives diverses
viennent corroborer cette conelusion.’

Les tests suivants présentent une utilité potentielle dans Pévaluation des changements survenus

lors du vieillissement du papier: solubilité alcaline, pouvoir réducteur, pH, résistance interne au
déchirement, élongation, coefficient d’élasticité & tension nulle et résistance a état humide expn-
mée en purcentage de la résistance i sec.

V;rg]eic/é Qwischen beschleunigter Allerung von Buchpapier im Jahre 1937 und 36 Jahre
langer natiirlicher Alterung.

1937 wurde eine Gruppe von 72 Buchpapiersorten, die in der Versuchspapierfabrik des National
Bureau of Standards hergestellt worden waren, vor und nach der beschleunigten Alterung von 72
Stunden in einem Umlaufofen bei 100°C getestet. Finige dieser Muster wurden zu spiteren Tests
bewahrt, und im Jahre 1973 war es méglich, 18 dieser Papiere aus drei Faserquellen mit 6 Papieren
in jeder Fasergruppe zu sammeln. Die meisten Papiere waren mit Harz und Alaun planiert,
wihrend andere Fiiller enthielten.

Dise 18 Papiere wurden 1973 erneut getestet, Innerhalb d
Aussagekraft der beschleunigien Alterung (
de Schlussfolgerungen gezogen werden:

1. Zwischen den Veranderungen in der Alpha Zellulose bestehen nach der beschleunigten Alte-
rung im Jahre 1937 und den 36 Jahren natiirlicher
2. Das gleiche gilt fiir die Kupferzahi.

er umfangreichen Begrenzungen der
hier definiert als 72 Stunden bei 100°C), kénnen folgen-

Alterung recht gute Korrelationen.
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i sanderungen nach natiirli-
3. Die Korrelationen zwischen Kalt-Extrakt pH im J;h:ef19?7k|::1[d;:i:::.nusd Dihnungsrcsﬁgke“
i Kupferzahl, Falzfestigkeit, Reiss- umy
cher Alterung in der Alpha-Zellulose, . igkeit, Bere o0
deuten darauf hin, dass pH ein durchaus geeignetes Stablluztsl;rldie B enaung Dehnug
4. Es zeigt sich an Hand der Daten nach natiirlicher Alt;rur?gk ?‘s e N en damielen
e igkei der trockenen Festgke
und die nasse Festigkeit als Prozent

sollten. . - ane i 50% Feuchtigkeit sind
Die Da(l‘:n iiber die beschleunigte Alterung der Handbogen bei 90 und be: X

iirlicher Alterung verglichen
. h 36 Jahren natiirlic 1enet
it a in diesen 18 Buchpapieren na(f : twas Feuchtigkeit
:'1;’::: \Ig:::ic;:;;if:i:; dass die Atmosphare fir die bcschli‘é"'gl;f All)w:::g ;ie Graminski vor
. a s o . a
bet 90°C. Ihe s A
j iger als 50% Feuchtigkeit X igkeit erarbeitet hat,
Emhah;“.s‘:)“fc' JPd(}:?hd “r,::El:mperaturcn und unterschiedlicher Luftfeuchtigkeit e
urzer Zeit bei verschiede
unterstiitzen diese Konklusion. o
Die folgenden T'ests sind besonders fur <.i|c !
Alterung von Papier vor sich gehen: Alkali-Los d Festigkeit im nas
stigkeit, Verlingerung, Null-Spannung-DchnunS un

Festigkeit im trockenen Zustand.

Bewertung der Verinderungen niitzlich, die bei der

ihigkei i reissfe-
lichkeit, Reduzierfahigkeit, pH, mtcr'ne Zer
, sen Zustand in Prozent zur

9 !, NG
I1. SummaRiEs %‘*D ¢ L’ “

1937 with 36 Years Natural ging.

. o ¢
n coeflicients, discussed in 3.3, and the. Ilml‘tauons (?
ferences may be drawn from the data in this rcr:or:(.:
i t
i d aging for threc days a
ed during accelerate .
Pl ¢ that occurred after 36 years of natural a.gu;f.
ent alkali solubility method, should be suitable

Comparison of Accelerated Aging of Book Papers t

Keeping in mind the limitations of corrclauf)
accelerated aging procedures, the following in
1. The changes in alpha cellulo
correlated well with changes in alpha C"""los.
Alpha cellulose, or perhaps some more convent

ing.
iteri i 1o accelerated ag .
2> @ criterion of resistance occurred during accelerated aging for thr

36 year of na
i i that occurred after
e iom of i mpzer ance after natural and accelerat only: X'
. ) . . .
et ol o”()ldmf ‘::iol:l method after accelerated aging shbuld ngt rely & 7 y
Although fold is useful as an evalu | ?
. had fo
Conuion t better|thal
4. Correlations of internal tear after natu
in zl(gla cel-
. crite-

2. Changes in copper number that ”
; P ere fair only.

ral and accelerated aging were

folding endurance, but still not highi{ in 1937 and changes after natur
i .
5. Correlations between COIddcx‘::ﬂa‘:;d elongation indicate that pH is a r

lulose, copper number, fol

. easons. ]

rion of stability, possibly for complex r clated well with retention of elongat
ing COTT

Retention of tear after natural aging

aging, except for rag papers.
7. Retention of fold after natural agmg c
but not as well as tear and clongation, e
an
8. Correlation between pH and zero sp
ted into statistically homogeneo
ng load of wet pap!
y. When the data were separ

o

i al agin
orrelated fairly well with elongation after natural aging,

- e papers.
except for soda sulfite pape o very poor,
le data for all 18 papers w . poo! e
us subsets, the correlations were :
er as a percent of breaking load when
ated into statistically

but when

the data were separa W
9. The correlation between pH am: t'manl
o
dry for the 18 samples was lair .
homogeneous subsets, the correlations were bct‘;rfor wet paper was fair only.
10. The correlation between pH and energy at brea
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c -
) om?le tenu des limitations inhére
dffS limitations des processus de

€duites des données présentées d

1

fad

@
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. Le i
s coefficients de corrélation entre le

L . P
¢ coeflicient de corrélation entre le

. Le ? élati
Le caefficient de corrélation entre le pH et

- 1t appears that pH, and changes
accelerated aging for 72 hours at 10
but not as useful.

R appears fy er tural agin ihaz g 7 b when wet a
om dala aft na 1
{ P tar a
‘ f ging 2erg Jﬂdll lenstle elo !
- A ) . : : s ngalxon, and ht mgl ) A
. a in this epare are ¢ A a ' w sheets TO
hen at. r omp red with da i
&3 (lhlﬂlﬂ(‘d ith h
and s ht‘ s at (¥
d h r s 90°C and z¢

and 50% R. H., i
- £, it appears that
an accele et
ture, but not as much as 5% relativ :\)( fa(;‘d agmg atmaosphere should contain some meis
¢ humi i;y at 90°C $ 8-

in atkali 1 }
e :c:il:b:hgy, 'redn.wmg bower and tearing strength after
nable indicationg of stability. Fold is sensitive,

ntes aux coeffici
- P .
el o tents de corrélation discutds ay paragraphe 3.3 et
n[ I VN4 . )
. accélér] les conclusions suivantes é
-es modificatio ’ A o
o ot ns de Palfacellulose survenus durant {
ours 3 °, é e e
J 2 100°C présentent une bonne cocrélati
ation a

I

processus de vieillissement accéléré
vec les changements de Palfacellulose

Cuvre survenus aprés 36 g

LCS cQ ie corrélation du maintie € res
etlicients de O i
i .
intien d fa .istancc au p]iagc apré ieillisseme
8 Vieliisss

nature} €t accéléré né sont qu'accepl bl B
ptables, Bi I i
en qL\Q ie phagc 501t Lll“t €N tant que l“élh(

d’évatuati
Alon aprés un vieillj
A n vieilli &lére 3
séin ssement aceéléré, i ne représente pas un p
arameire complétement

LCS coeff iel e carrefation de eme aturel e ’
1cient d arréfati 13 n
dCChil'Em t é élaleln
ent aprés ViClni
8 naty ’ t a i
ccélér

quoigue légérem éri
€Nt sy a fsi
perieurs a la résistance ay pliage, toujour. faib

: f s trap faibles

tio PH d'vp extrai é & froi '

1 par vieillissement naturel dy niveau d’aifa ’i‘l"?u CTpctué & roid en 1987 et les moifc:

ceflulose, d @ ési

» du (aux de cuivre, des résistances au

pliage, au Qéchire
ment et du ¢ i .
relativement valable d . ?t:fﬁczcm d’élongation indiguent que le pH ;
e stabilité et ce, du fait de rai PH représente un critére
sons complexes.

teillissem P
et ;’;:‘;laxu,.d’ inférieure toutefois 3 fa corrélation
é i .
ongation, 4 I'exception des papiers alcalins

fare Sals srd H et Pélasticité 3 .
papiers €rait trés bas, mais une foig les Sonne Pélasticité A tension nulle de Vensemble des 18
s regroupées en de
S SOUs-groupes présentant une

certaine homogénéité o’
€it€ d’ordre stayj
1 :
les coefficients de corrélation étaient meilliurs
la charge 3 .
e s lgaczf la ru?ture de papier hunside exprimé en
fchantillons était assez bon. Lorsque les

sliquc,

pourcentage de la charge de rapture 3

.

12.

Vergleich zwischen beschleunigter Alterung von Bu
langer natiirlicher Alterung.
Unter Beachtung der Begrenzungen der

werden, sowie der Begrenzungen von besc
dieses Artikels folgende Schiussfolgerungen gezo

1

~

- Les données de vieillissement natd

. Lorsque les données de ce rapport sont €@

. Bie Korrelationen der Beibehaltung

. Die Korrelationen von innel

. Die Korrelation zwischen Kalt-Extrak! p

. Die Beibehaltung der Reissfesti

. Die Korrelation zwischen
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données ont £1é regroupées en des sous-groupes présentant uac certatne homogénéité d’ordre
statistique, les coefficients de corsélation étaient meilieurs.

Le coefficient de corrélation entrele pHetla force de rupture du papi

assez bon.
Le caeflicient de corrélation entre je p¥l et {’allonge!
faible. Lorsque les données étaient regroupées £n sous
statistigue, les corrélations étaient assez bonnes.

(6 réductrice et de résistance au

Y1 s’avére que le pH et les changemeats de solubilité alcafine, de cagact
déchirement aprés un 1est de vieillissement accéléré durant 72 beures 3 100°C représentent des

critéres raisannables indicatifs de la stabilité, La résistance au pliage est un paramétre sensible

mais dont utilité n’est pas comparable.
re} telles que/

er humide était seulement

ment élastique du papier humide était trés
-groupes d’une certaine homogénéité

lasticité @ lension nuble, Vilongation et la résistance
a lo rupture mesurées & [état fumide en pourcenlage des valeurs d sec devraient étre des critdres

d'évaluation utiles.
rées aux données obtenues avec des feuilles
il s’avére que 'atmosphére utilisé

dité, inférieure 3 50%

mpa
de 0 et 50%,

traitées & 90°C sous une humidité relative
tenevr en hum

durant fe vieillissement accéléré nécessite une certaine
RH 3 90°C.

chpapier im Jahre 1937 und 36 Jahre

die in Punkt 3.3 beleuchtet

K orrelations-K oeflizienten,
kénnen aus den Daten

hleunigten Alterungsverfahren,

gen werden:
die sich bei der peschieunigten Alterung von drei

n Verinderungen der Alpha-Zellulose iiberein,
Die Alpha-Zeliutose, oder vielleicht eine
gegeniiber beschleu-

Die Verinderungen der Alpha-Lellulose,
Tagen bei 100°C zeigten, stimmten gut mit de
die sich nach 36 Jahren natorlicher Alterung zeigten.
geeignetere Alkali-Loslickkeits-Methode, sollte als Resistenzkriverium

nigier Aherung geeignet sein.

Die Verinderungen der Kupferza
bei 100°C zeigten, stimmten gutmit den Veranderungen

36 Jahrea aatliclicher Alterung ergeben hatten. _
atiirliches uud beschleunigter

der Falefestigheit nach m
der Falz als Beurteilungs-Methode nach beschleuigter

n verlassen.
+ und beschleunigter Alterung waren

beschleunigten Alterung von drei Tagen

hl, die sich bei der
des Kupferzahl iiberein, die sich nach

Alterung waren nur gering. Qbwohl ;
Alterung niitalich ist, sofhe man sich nicht ganz auf ib
ren Rissen nach natiirliche

sie waren jedoch nicht hoch.
H im Jahre 1937 und Verindesungen nach natiirli-
¢, Kupferzahl, Falzfestigkeit, Reiss- und Dehnungslestig-
durchaus geeignetes Stabilititskriterium ist.

ficher Alterung stimmte gut mit der Beibehal-
abgesehen von Hadernpapier.
Alterung entsprach der Dehnung
Reissfestigkeit und Dehnung,

etwas besser als bei der Falzfestigkeit,

cher Alterung in der Alpha-Zellulos

keit deuten darauf hin, dass pH ¢in
gkeit nach natii

der natiirtichen Alterung iberein,
ket nach der natiirlichen
jedoch nicht so gut wie

tung der Dehnung nach
Dic Beibehaltung der Falafestig
nach der natiirlichen Alterung recht gut,

abgesehen von Soda-Sulfit-Papier.

pH und den Null-Spannungs-Dchnungs-Datcn war fii alle 18 Pa-
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pierarten nur gering. Nach einer Einteilun

g der Daten in statistisch homogene Untergruppen
waren die Korrelationen besser.

irlicher Alterung, dass die Spannungs-Dehnungs-

tim nassen Zustand in Prozent zur Festig-
keit im trockenen Zustand wertvolle Kriterien sind

14. Wenn in diesem Artikel die Daten mit
90°C, Null und 50% Feuchtigkeit erre
beschleunigte Alterung etwas Feuchtj

den Daten verglichen werden, die durch Handbogen bet
icht werden, so zeigt sich, dass die Atmosphiire fiir eine
gkeit enthalten sollte, jedoch weniger als 50% bei 90°C.
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Conservation and Restoration of Manuscripts
and Bindings on Parchment

by M. V. YUSUPOVA

Parchment is an extremely durable material which has made it possible to
preserve early manuscript books and documents (acts, deeds, diplomas,
office patents) up to the present time. These materials usually pertain to the
most ancient part of a collection and have great scientific, cultural, historic and
artistic value.

The physical condition and preservation of manuscripts and manuscripts on
parchment are, to a large extent, determined by the nature and specific
physico-chemical properties of this material. Parchment is untanned Jeather of
special dressing, which possesses some alkalinity. The latter property Jendsita
certain resistance to the effect of acid components of air and creates a certain
protection against Microorganisms, which prefer a lightly acid substrate.
Nevertheless, its extremely high hygroscopicity substantially diminishes the
stability of this material: moisture content in it fluctuates from 10% to 40%, the
changes in the relative humidity of the ambient air ranging from 40% to 80%.°

When preserved in an atmosphere of relative humidity of 40% and less,
parchment undergoes deformation and becomes stiff, its surface decreases ap-
preciably and the ink and dyes can fall ofl. Yet greater deformations and
crumbling of leaves are brought about when manuscripts are preserved in
conditions of high humidity as parchment is an anisotropic material and ad-
sorbed water spreads unevenly on its surface and in volume. In a bound manu-
script, kept in a damp place for some time, the edges of the feaves, which absorb
atmospheric humidity most heavily, become so deformed that the edge area
increases to a significant degree with the result that it is not always easy to close

the book.
In this way the most wid

kinds of deformations. This is precise
to softening and straightening,

ely spread damages of parchments are different

ly why the main attention in restoration
practice is paid i.e. the elimination of deforma-

tions.
To other frequently encountered damages belong: decay and deterioration of

1 acid ferrogallic inks; fading of non-water-resistant and
ling off of texts and colour layer of miniatures; appear-
; pigment spots of different colour and inten-
d cuts. The elimination and prevention of

manuscripts, written i
ferrogallic texts; the fal
ance of fragility and transparency
sity, different losses, ruptures an
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developme .
cont pment of damages of different kinds make up the main problems of
emporary restoration and conservation of parchments

1. ExamIiNAT

. B 10N

OF PARCHMENTS IEFTREASONS LEADING TO THE HEIGHTENING OF TRANSPARENCY
HE COURSE OF ELIMINATING DEFORMATIONS AND SOFTENING

The softeni ai :
researCherSniizdritsr‘:ihtex;mg of Parchments is a difficult problem, and many
Compositions recommcr::i da;,e given much time and effort to its solution.
are different emulsi ed for softening are many and varied. Among them
s ; isions such as spermaceti,’’ stearic,’? castor,'? lanolin !
P'flf:lacell-ll.anolm“ and egg emulsions, 113 ’ ’ ’
e ; L

is spread on a small areaqofet}(: their use is pr.actica[ly invariable. The emulsion
area should, as soon as pos 'b(; parchment with a tampon or soft brush and this
is removed with a gauzepta sible, be smoothed out. The surplus of the emulsion
iron heated up to 45—50°Cm£01n and filter paper, which is then pressed with an
effects of the tampon or bru;h : ?rder v protect the text against mechanical
sheet of long-stapled paper I»I(EC 1mp‘regnauon should be made through a thin
pensates the fatty substaic. hf.nuls,On treatment, to a certain degree, cOmM~
of natural ageing and re:s w _‘Ch were lost by the parchment in the process
the use of emulsions is l}i)mitzzv?)non in unfavourable conditions. Nevertheless,
softening effect and frequent| ;CaUSC they .do not always ensure the necessary
their application leads ?o th Y, aue to the difficulty in determining the dosage
ration practice and later re e stxchkmess and t.ra.nsparency of parchments. Resto-
straightening with the h ]scarf? show that it s feasible to do the softening and
The efficiency of their e of water and some water-containing SYStcms'Mo
optimal moisture conteicttfndlg?’ appart‘tmly, stipulated by the restoration of
ments. Among wa'er‘COmai:- its sufficiently even distribution in the parch-
sium acetate, and gelatins "“ghSYSlCms, 2queous solutions of glycerine, potas
solvent are especially well ‘;‘(’" Sm7a21(1) additions of spermaceti in an organic
aqueous-alcoholic soly N, z. Yet the most popular substances arc
softening the Parchr’: “oni)d urea, a,"d the most approved method is that of
parchment is either mCr?t y moistening it.#%71%13 When urea is used the
after which it is simuﬁl:;zr;iil;hzrr?:dgl:ydor diPped‘in its 5%-10% solution
parchment has partly dried additi . pl‘essed. in wax paper. tAfter the
suspension of spermaceti i onal trcaxtmem with 1-2% alcoholic benzol
the deformed parchment S; recommended. ' In cases of moistening with water
permanent control in a ‘ht‘f‘l > faswn.e d tfl()Ck is held for some hours under
humidicy. When th ermostat th.h indoor temperature and 90-98%

Y n the parchment has sufficiently softened it is recovered from the
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thermostat, carefully smoothed out and dried ina press. > 1% Similar results

can be attained more rapidly if the parchment is placed between moist sheets of
filter paper. The paper is moistened with a piece of cloth either with water or
50% ethyl alcohol.>” The softened parchment is also dried in the press. Filter
paper or a piece of cloth, which should be regularly changed, is used as a pad.
Moistening with water is usually recommended for parchments with water-
proof texts.

The mechanism of moistening in water or in urea seems to be the same as the
water, present in both softening systems, and should adsorb on the hydrophilic
surface of the parchment mainly due to its high surface energy. Urea solutions,
the main reaction of which is weak, are, probably, capable of provoking an
additional effect: partial hydrolysis of collagen (the main protein of which
parchment is composed). Probably, it is precisely this phenomenon that en-
sures the quick ungluing of some fastencd manuscripts with the help of aque-
ous-alcoholic solutions of urea. Nevertheless, both methods have a serious
drawback as after restoration, transparency can increase and sometimes the
outward appearance of parchments suffer. In order to find out and eliminate
conditions which bring about the appearance of transparency, we carried out a
comparative analysis of methods of softening with the help of water and urea
and examined the effect of pressure, padding material and different reagents on
the physico-mechanical and physico-chemical properties of parchments under
conditions of natural and accelerated ageing. The subjects of study were
binder’s parchments of the 17-19th centuries and writing parchments of the
19¢th century. The effects of different methods and conditions of restoration
were assessed by the changes in transparency (light transmission coefficient
with the effective wave Jength of 633 mm), elasticity (of the specific elongation),
hygroscopicity, moisture yield, porosity and the value of the pH of parchment.
The transmission coefficient was also measured with a universal photometer.
All the other characteristics were determined according to standard methods
used for leather. Samples for the assessment of durability and elasticity were
prepared by the asymmetric fringe method. Accelerated ageing was produced
by ultraviolet illumination during 200 hours. In these conditions the appreci-
able fall in durability and porosity and the heightening of the transparency of
parchments discovered in special experiments are all indications of ageing

{destruction).
In order to det
which varied greatly (from dozens

ermine transparency dependence in relation to the pressure,
of kgf/sec/m? to pressures, developed in a

squeezing binder’s press) samples of two types were used, the first of which
were earlier kept in natural conditions and the second aged under the action of
ultraviolet illumination. Some control samples of each type were only pressed
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while oth :
ers were moistened (water and 50% ethyl alcohol) or treated with

urea (moistenin ipDI
: g or dipping in a 10%
a - i .
discovered that transparency dcpmd(mn:(, queous-alcoholic solution). It was

fest i i

tin the region of pressures in the orde
transparency was obse
either subjected to trea

in relation to the pressure was mani-
rved not only i r of hundreds of kgf/scc/m? Increase in
tment or w y 1n samples of the first type, which were
cases with the heightening of ere softened by moistening. In the rest of the
when urea was used. Th 8 " pressure the transparency increased, the more sO
equal level, after Pr.CSsi ¢ transparency of artificially aged samples,grows on an
ageing of writi ng and after softening. Optimal pre for artificial
ren d§ ng parchment, which does not provok pressure fof
cy and frequen . voke
kgf/sec/m?2 Inqa n:::']bznsu;es a satisfactory quality of pressure, is 130-150
. ’ r of cases an i . &
brin . ) n increase in . .
Ags. about a heightening of transparency the duration of pressing also
S 1t turned out, th .
» the degree of ch
a
depends on the character of the
Wax("d pap(,

an increase of transpa-

d _nge In transparency also signiﬁcantly
r, kapron cloth in mpab(-i],ng. male.ria] used in pressing. Filter, Of
were used as padding material mbinaton with filter paper and broadcloth
level of pressures in th tals. The effect of the pad was discovered on the

e order of hundreds of kgf/sec/m? and was connected

with the previ
ous trea
tment of parchment. With the use of all padding materi-

als the tran .
sparency in
Yy Increases, but when urea and not moisteni g with water is
n

applied the tra .
transparency isnlse}::r:t::yk 1(rjlcreases stll more strongly. The heightening of
. rke h . ’
ka¥T0n with filter paper when parchment is pressed in broadcloth and
he method of softening wi
cleansing with wat:: ;er;;ng e urea consists of a number of operations:
wed by rapid drying with ethyl alcohol, treatment

with aqueous .
-alcoholic ;
pension of : solutions of urea, treat . .
n of spermaceti. ) ment with alcoholic-benzol sus-

ration is not excluded
nents (

1 B .

ut the incr
and therefor. ease of transparency at all stages of resto-
€ we studied the effects of different compo-

water, ethyl spiri
t, aqueous, al :
. coh . .
urea of different concentrations ’ olic and agueous-aleoholic solutions of

: benz ;
maceti) ’ ol, alcoholic-benzol suspension of sper-

, used in accordance wj .
parency of parchments. It w:,;t?s:h:) e r'nethod, on the softening and trans-
ing resulted only when water and ablished in an organoleptic way that soften-
ous-alcoholic solutions of yre Systems containing water: aqueous and aque-
that suspension of spermac 4, were used. Photometric measurements showed
do not affect the transpare eti, benzol, alcohol and alcoholic solutions of urea
leads to its slight growth n;y and only alcohol diluted with water (1:1 ratio)
change the transparency i.t isﬂ;l though treatment with spermaceti does not
uneven white coating which requently accompanied by the formation of an
for it is merely the surply {Can’ nevertheless, be easily removed with benzol
pus of spermaceti. Water and aqueous solutions of urea,
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while not raising the transparency during moistening to any significant degree,
increase it 1.5-2 times when parchments are soaked in them for half an hour.
Aqueous-alcoholic solutions of urea provoke a larger increase in transparency.
Nevertheless, precisely these solutions were recommended for restoration as it
was assumed that the presence of alcohol in them should favour the fixing of
texts. !

The increase of transparency in cases when urea was used was probably
stipulated by structural and mechanical changes and partial hydrolysis of col-
lagen, though substantial changes of pH were not discovered. The observed
substantial decrease (1.5-2 times) of their porosity alone, speaks of structural
changes. When gradually moistened with water or 50% alcohol, the transpa-
rency and porosity remain unchanged, a fact which makes it possible to assume
the absence of structural and chemical changes in parchments under such

conditions of softening.
Physico-mechanical tests show

limit of durability in relation to ex

ed that when softened by water and urea the
tension and the hygroscopicity of parchments

do not change. Relative extension, characterizing elasticity, in the case when
water is used, appears to be somewhat lower than in the case of urea.

Nevertheless, this fault is compensated by a less than half water yield, i.e. the

capability of parchments to bind water more durably and, apparently, remain

in a softened state longer.
In this way the results of resear

reliable to perform the softening an
manuscripts and bindings by gradually moistening them with water
moistening). The use of aqueous-alcoholic solutions of urea should, probably,

be limited to cases of ungluing of fastened manuscripts, the parchment of which

has already become transparent in the process of ageing.

ch show that it is simpler, easier and more

d straightening of deformed parchment
(“remote”

aL OF GENERAL SOILING AND PIGMENT SpOTS FROM PARCHMENTS

Frequent damages of parchments include general soiling and pigment spots of
microorganisms. There are comparatively few works devoted to cleaning and
they usually contain the most general recommendations which lack the neces-
sary methodological instructions. In particular, these works suggest that spots
from thin parchments of bindings can be removed by cleaning them with a
sponge wetted in water with a slight addition of glue,” but the concentration
and nature of the glue are not mentioned and it can only be supposed that what
n aqueous solution of gelatin. If parchment is soiled by mineral or
ded to clean it with water, '’ soap alcohol,'®a
solution of the mixture of borax and boric

2. Remov

is meant is a
organic substances it is recommen
weak solution of soap,” or an alcohol
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acid with a slight addition of the antiseptic —nipagin.*® In cases where there are
yellow and brown spots some authors suggest that parchment should be care-
fully treated with hydrogen peroxide,! an aqueous solution of alum or chlorine
water’ followed by careful washing and neutralization of whitening agents. All
surface soils in the form of mycelium and spores of fungi, adipose matter and
other substances are carefully removed mechanically’ and then disinfected.
Large-size documents are padded by paper sheets of appropriate size, impreg-
nated with fungicide. This method is particularly useful in cases when manu-
scripts need constant protection for a long period of time.®
Analysis of literature shows that works dealing with the removal of soil from
parchments are, as a rule, purely practical and do not contain suflicient infor-
mauorl on structural anfl me.clTamcal and physico-chemical changes of the
material to be cleaned. Since it is necessary to establish reliable scientifically
grounded restoration methods, we have explored the possibility of performing a
general cleaning and the removing of pigment spots of a microorganism nature
from parchment manuscripts and bindings.
Subjects of i tigati indi
Jects ol investigation were parchment bindings of the 17th-19th centuries
made in different ways, and old parch i i ’
wa parchments with texts. Since all parchments
possess some alkalinity, the choice of cleanin d whiteni
extent depended on their hydroge ’ i“ e g Systems Lo grcat
v : *n content, the change being allowed withi
the 7-10 range. The followin ; B o wchin
g substances were tested as cleanin d whiteni
o : hitenin
agents: water, suspensions of sub i ssolve N ;
00 wthm] Aot s ubalkali soap (5 and 10%) dissolved in 50 and
ot (the Composit. folinponent paste for removing spots of unknown
ion of the paste: a i %) - ; chi
kel soap — 15 s bore e p hmmoma (10%) — 80 ml; chipped sub-
) 6100 war o ™ h?m, ethyl alcohol (96%) — 6,2 ml, water — 120
; ot chloramine B. (It i i i
chloramine in 90 ml. of water. The solution s(}llt lsl(linzd(;'lby dldssolvmg e
o : ould be filtered through a paper
i ’;;le p;:z:ns;;arenlhﬁltrate 15 used for whitening.) S
s of parchments t i
s that had been soiled were treated with appropriate

cleanin means, after whi he
g s hich they were washed with water or alcohol; t
’

treated samples we ied i
r . p
p ¢ dried in a press. To remove spots, the parchment was

laced on gla i

f)ion, o gtw(S)S,OilCtirrl:d lwnth a gauze tampon wetted with a chloramine solu-
polyethylene il alos ¢ ad)’CrS of gau?c, also impregnated with chloramine,
Spots 2 compren ,Wgas sand a small‘ weight placed on it. In the case of through
was again et i [hzut on both sndf:s of the parchment. When needed, gauze
amounted t 1.5 o p(;‘:cess ‘_)f whitening. The overall duration of whitening
ing material, the intcn;i( Pe;ldmg on the thickness and quality of the whiten-
degree of cleaning. The cly ° the spot or soiling and demands made on the
sed in an organolepti €aning and whitening effect of the systems was asses-

ptic way. The protection of texts and fixing of borders of
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- cleaned areas were ensured with the help of the same polymer materials, which

are suitable for the fixing of non-water-resistant and crumbling texts, alcoholic
solution of vinyl acetate copolymer with ethylene and fluorolon H6 mixed with
organic solvents. '®

Water, alcohol suspensions of soap and ammoniacal-alcohol soap paste with
a small addition of borax are inactive enough towards parchment, the prob-
ability of their affecting the parchment properties being practically the same
because the use of the two latter systems shall be followed by water or alcohol
washing. The use of chloramine naturally presupposes the possibility of
physico-mechanical and physico-chemical changes in parchment as prolonged
action of the alkali system can lead to hydrolysis of collagen, the main albumen
making up any leather, and parchment in particular. In this connection we
studied the effect of whitening with chloramine on tensile strength, elasticity
(relative elongation), hydroscopicity, moisture yield and acidity of parchments
both immediately after treatment and after artificial ageing. The characteristics
of parchments were determined in accordance with standard methods used for
leathers. Accelerated ageing was effected with ultraviolet illumination during
9200 hours. The investigation showed that all the tested systems can be used for
general cleaning of parchments, the most effective being paste and chloramine.
After being treated with paste, parchments acquire a lighter colouring. If

cleaned with chloramine the colouring becomes still lighter.
In the case of prolonged treatment with chloramine (whitening), intensely

* coloured, through pigment spots can be removed; if texts are fixed beforehand,

general soiling of bindings and manuscripts can also be removed. Whitening
with chloramine practically does not effect physico-chemical properties or the
value of pH of parchments either in ordinary conditions or in the case of
accelerated ageing. This testifies to the fact that various soiling of parchments
can be removed, their durability remaining unchanged.

In conclusion it should be pointed out that in view of the great variety of
parchments and of the nature of their soiling, a differentiated approach to the
choice of means and methods of cleaning should be adopted. A preliminary
sample should be made for each parchment document to be restored, as the
materials ensuring the positive effect in a certain case can lead to undesirable
results in another one (for instance, some parchments can turn yellow due to

the effect of chloramine).

3. Fixing oF TExTs AND ELIMINATION OF MEcCHANICAL DAMAGES OF PARCH:

MENTS.

In the course of natural ageing and particularly in unfavourable conditions of
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plescrva(ion many parch"le“t manuscr orate an
. . l

of certain fragments, b
, breaks, cuts, lace-lik i
-like falling ou i
ferrous-gall texts, crumbling of texts scattering e
3

layer of miniatures. g and crumbling of the paint

Problems of eliminati
cern the fixing ofm:rml[]xon of such damages and particularly those which con-
a subject of rcscar;chc fment, conservation and restoration of losses have been
or many years n ini
deteriorated i ow. In our opinion the spraying of
known methP:rC‘;m"“‘S with parchment glue?! is one of the oldcs}l) a,fd iest
ods. i - '
makes it possible toC;ordmg to the opinion of some restorers this treatment
tures. The drawback le n}?'t only parchment, but also the paint layer of minia-
lack of a universal 'mzar[ls 1: ":;’thod is the vague composition of the glue to the
) nd raw materials for i i
It is recomm als lor 1ts preparati
ende P on-
parchments 1o imprc(;nf:); l[)}:‘rPOSCS of conservation of burnt and lace-like

. em with a d i
solution of methvl ' ammar wax paste, 1-3% alcoholic
spermaceti in beizﬂfgl}?fmdr PFE 2/10 or a mixture of m::lled amber with

i . 15 also i
paint on parchment.® In ¢ possible to use PFE 2/10 for fixing texts and
fixing, solution PFE‘2/10 -ases Wh?n only a part of the text on the sheet needs
letters and miniatures th s laid Wth a brush on the arca and separate capital
film of PFE 2/10. 4 st ?‘ need fixing.'® Nevertheless, practice shows that the
mediately after it,ha}:at:t rom le"d"?g a gloss to the documents well nigh im-
very difficult to remoy Ce:lald on, 1s apt to become yellow with time and it is
ably, be rejected as a ¢ this )’.Cllowness. This is why PFE 2/10 should, prob-
spermaceti _conserving and fixing material. The use of amber with

o 1in benzol is also not recommended

e recipe for fixin . )

T g suggested by German restorer The Cl
mention. 2° It includes cas: storer Thamm deserves special
hexan, water, alcohol andSCln, borax, acid ammonium carbonate, cedar-nut oil,
qualitative assessmen: of a Sma?l dose of the antiseptic - nipagin. But since the
components are baog hlts fixing effect and the principle of selection of the

There are very m ng tde compound should be used with caution
an .
fixing (imprcgna[ion) )’r lﬂterc.nt compounds that are recommended for the
substances of organic OdPalntmg on parchment. All of them are based on
gelatin, shellac Canaadn' synthetic origin. The best known impregnators are:
(Microcrysral v:,ax mix1lan bafls:m, starch, latex and paraffin emulsions, '
. ’ ure of bees wax with : i i
tacr?}llo paste, polyvinylacetate, ' soluble nylon ld7ammar [5:4 ratio]), wax-pis-

e gelatin is pr L :
40-50°C. Before uzeq:;;e? l}“ l.he form of a 1-2% solution in a water bath at
 a weak solution of;)arac;)ﬂ owing components are added: antiseptic (1:3 ratio)
with a small addicicr o1 ormcta.cresol or 2% ethyl alcohol solution of thymol

peppermint or clove oil. Sometimes 1-2% of neutral
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softening agent. The object is impregnated with the
d on with a brush or roller. The surplus of
gnator is suitable for

untinted soap is added as a

solution by dipping; it can also be lai
the solution is removed with a roller. The gelatin impre
one-sided and two-sided objects. Its main drawbacks are: hygroscopicity and

difficult proportioning as a surplus of gelatin provokes the formation of glossy

spots and the darkening of paintings.
Shellac in the form of an aqueous solution and Canadian balsam, dissolved

in benzol, is sprayed with a sprayer a number of times. Like gelatin, these
substances should be used in moderation. They are suitable for the treatment of
two-sided parchments. According to Farmakovsky, !* Canadian balsam is the
best impregnator. When fixing the paint layer with wax or wax resins it is
necessary to quickly remove the surplus of the impregnator in order to prevent
the appearance of transparent spots on the parchment (the surplus is usually
removed with a tampon wetted with gasoline).

The starch impregnator is prepared by dissolving corn starch in cold water
which is then warmed in a water bath, and a hot solution of antiseptic (Para-
chrolmetacresol, for instance) is gradually added. Soap can be used as a
softening agent. Starch glue is laid on in the same way as gelatin, but unlike the
latter it is used for the treatment of one-sided parchments only as it overshades
the text. Latex and paraffin emulsions are also used for one-sided documents

for the same reason.

According to V. Filatov, polyveny
paint layer as its film is not too glossy.
and should not damage paints and in

failed because a tinted film, which was di
in data?” only an alcoholic so

lacetate is suitable for the fixing of the
It is soluble in organic solvents (acetone)
ks. Attempts to use water-soluble nylon
fficult to remove, appeared.’ Ac-

cording to certa lution of nylon of a special brand

has a positive effect.
In order to fix a peeling and crumbling paint layer synthetic polymers —

aqueous dispersion of copolymer of polylacetate with 2 ethylhexilacrilate and
organic solutions of fluorolons — have become particularly popular in recent
years. ¥ Among materials recommended and suitable for restoration and con-
servation of parchments, synthetic polymers seem to be extremely promising
because they can form colourless, elastic, water-proof films with good adhesion,
high chemical stability and resistance to light ageing; they can also be easily
removed. Nevertheless, a universal material which would fully satisfy the com-

plex of the listed demands has not yet been found. '
In cases when it is necessary to restore lost fragments of parchments m order

to supplement the lacking parts, as for gluing, many different materials are
used. Formerly paper, cloth, caecum of animals, casual parchment and parch-

ment shavings were used; cuts were sewed up with flax and silk thread. In
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recent years some wor
subsitute is made of prli(rsltli(:lzs };aVe t}egun to use substitute parchment.® This
methylolpolyamide PFE 2/18 per impregnated with an alcoholic solution of
opposed to materials known ea ]-w“h 'ﬁller (chalk) under low pressure. As
kinds of parchments in colourr l;.r this substitute coincides well with different
storing parchment documems, thickness and texture. Nevertheless, when re-
value, it is better to use parchm and manuscripts, which are usually of high
have begun to manufacture a:':- Recently some Soviet industrial enterprises
For the gluing of Parchme}r)\( Chmcnt cs[.)eda“y intended for restoration. '*
gluel,l2 aqueous solution of acetsi: :c{;)l];):]l‘ng substances are used: parchment
small quantity of a s d,” mixture of gelatin, aceti i é
addition Offor);nalinl:;)f;(:]l,amf:om;pmtlon of animal glue ;nd »:Zt:rcu\i';:da:
and rosin in carbon bisulphidlseptllc’-a composition made up of rubber, shellac
Nevertheless, all these glues li’ solution of celluloid and citric acid in acetone.”
an indefinite character of com aVC' beStamial shortcomings among which are
parchment (acetic acid, ¢ position (parchment glue), chemical effect upon
» composition with formalin), toxicity and inflamma-

bl ( S1t) S \Nlth Carbon b] "1 hlde and Ce“"] |d Ill thls “a)
p 1
1 lly compo on S p .
allalySlS ()‘ llt( rature ShOWS [ha‘ HOththlan‘d ng a . ) r
bl 1 g

dations, satisfactory materials and
:‘o p;irchment have not yet been discr:s;lr]:
C:t::m }:)lf npe:iorming work of this kind,
crumb g )'(ts of manuscripts and the
ynthetic polymers.
The subject of study was a one

written in soot
copol ot ink. Of polymers

fair amount of recommen-
ds of removal of mechanical damages
d. Nonetheless, in connection with the
we .examined the possibility of fixing
gluing of parchments with the help of

-sf;dcd manuscript on smooth parchment,

ymer vinylacetate with ethyleneuio oo IHG’ dissolved in acetonc and

used. Special interest j n an aleoholic solution — CVEB were

ethyl alcohol beca\fssc lal;c(o:}:”lm was stipulated by its capability of dissolving in

necessary to remove the polo doesr;m[ Practically affect old inks and when it is

. . X ymer film there i : .

intensity of t Te 18 no risk th i

diffcrenf conc}:::trr C(_>louf_ Fluorolon and CVEB in thea tf:)}::rsl ‘:,)lf“ wrilfoe:st};?

times. The effect 0?;;2?5 (1-10%) were laid on the parchment ascr)uilnllbcr of
INg was assessed either by the presence or the intensity of

the imprint o
n filter
parchment i paper, or after remote moisten; X
ent in water for 30 minutes stening or after keeping the

In order to characterize the

properti . .
methods accepted for leathers perties of parchments in accordance with
b

. thei i .

e_10nganon), hygroscopicity mois(t?::r::j U{”alt:hty ensile test), clastiity (relative

tions of usual preservati ) yield, value of pH and . )

: tion and acce] . porosity in condi-
ageing was accompli erated ageing were tested

The cxperimcnlps:::(:(; ht:)ugf}ll ultraviolet illumination de:rfné Q)i)c‘:zf;?d

at tluorolon and CVEB ,

are capable of ensuring
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satisfactory fixing of soot-ink texts, which, in cases when polymers were lack-
ing, immediately fell off when the samples were dipped in water. With the
increasing of the concentration of polymers the quantity of impregnators
needed for fixing diminished. The physico-mechanical indices of the value of
pH of parchments, when films were laid on, did not change even in conditions
of artificial ageing. Nevertheless, in cases when remote moistening was used
fluorolon showed a higher adhesion to parchment as compared to CVEB, the
films of which frequently came off in one piece after moistening. For this reason

when fixing crumbling texts it is better to use fluorolon H6.
In order to weaken the gloss, which films made up of highly concentrated

solutions of polymer impart to parchment, it is recommended to select the
optimal concentration of a solution and the necessary quantity of impregnators

in each separate case. In cases W y can be removed
(entirely or partially) with filter pap

for example).

The materials we chose for gluing in our re
the 17th-19th centuries, writing parchment o
contemporary parchment, The gluing substances we t
solution of methyl polyamide PFE 2/10 (29.4%), which we compared with a

10% aqueous solution of acetic acid. We chose PFE 2/10 by reason of its
capability of forming water-proof films, possessing high adhesion to parchment.
These films do not lead to the deformation of parchment, which is also its

hen very glossy films form the
er, wetted with an organic solvent (acetone,

search were binding parchment of
f the late 19th century and new
ested were an alcoholic

positive characteristic.
The gloss and yellowness of films that impede the use of P

fixing texts and ink do not, apparently, in the case of gluing,
importance. The comparison of the gluing action of PFE 2/10 and ac
explained by the satisfactory durability of the glued places, ensured by acetic
acid, due to the simultaneous hydrolysis of collagen, the main and additional

material.
The gluing was carried out in
and patches were ground off wit

FE 2/10 when
have much
etic acid is

the following manner: the edges of cuts (holes)
h a sharp scalpel or abrasive paper. We then

moistened them with glue, fitted the pieces together and padded them with
filter paper and put them in the press to dry. After drying, the place of gluing
was brought to the needed thickness with the help of pumice or abrasive paper.
When removing small punctures, particularly fall-outs under the acidic text,

parchment shavings mixed with a small quantity of glue, were used. .
Tests showed that methylolpolyamide PFE 2/10 ensures reliable gluing of

parchments. Moreover, the parchments do not become deformed and do not
call for additional limitations when moisture treated (remote moIstening, for
instance). Neither do they become yellow or transparent in glued-up areas. Itis
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much more difficult to stick the pieces together as reliably and neatly when
acetic acid is used. Yet another drawback here is that patched-up areas always
prove to be transparent. In this way methylpolyamide has important advan-
tages over acetic acid and other systems suggested earlier. Apparently it can be

recommended as the best glue to use when missing parts of parchments arc
added.

ABsTRACTS

Conservation and Restoration of Manumrz'pls and Bindings on Parchment

This article contains short descriptions of the main d
parchment. Literature dealing with problems of their ¢

Reasons of increase in transparency of parchments,
tions and softening, are examined. The
for the effective removal of different sojli
of parchments are suggested.

amages of manuscripts and bindings o7
onservation and restoration is ana’)’"d’

which is the result of removal of deforr'nﬂ'
possibility of eliminating this fault is discussed. Materials
ng, the fixing of texts and elimation of mechanical damages

Conservation et restauration de manuscrits et de reliures sur parchemin

Cet article comporte une série de descri
scrits et aux reliures sur parchemin. Le
restauration font P'objet d’une analyse.

. R . ) Py ion Qes
Les raisons de Paccroissement de transparence des parchemins résultant de I’élimination
déformations et de Iassou

i T St ces
plissement sont passées en revue. La possibilité d’élimination de :
défauts est discutée. Les produits d’élimination efficace de divers souillants, fa fixation des text€s
Pélimination des dégits d’ordre mécanique survenus 3 des parchemins sont suggérés.

: ion T anu-

ptions bréves des dégits principaux survenant aux i i
o . jon €t

s publications traitant des problémes de conservation

Konservierung und Restaurierung von Manuskripten und Einbinden auf Pergament

Dieser Artikel enthilt eine kurze Beschreibung der wichtigsten Angriffe, denen pcrgamcmmﬂ““‘;
skripte und -einbinde ausgesetzt sind. Die Literaturquellen, die sich mit der Konservierung un
Restaurierung von Pergament befassen, werden analysiert, .

Die Ursachen fiir das Anwachsen der Transparenz von Pergament als Ergebnis der Beseitiguné
von Verformungen und Weichmachung werden untersucht. Die Maéglichkeit, diesen Fehler 2u
vermeiden, wird diskutiert, Es werden Materialien fiir die effektive Entfernung von vcrschicdcniﬂ
Verunreinigungen, die Haltbarmachung der Texte und die Beseitigung von mechanischen Besch-

digungen von Pergamentseiten vorgeschlagen.
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tability of Library

Biodeterioration and Bios
Materials

by J. P. NYUKSHA

;Elterc are over 300 sp‘ccies of fungi causing damage 1o library s((?cks. Owing to
process of evolution, the fight against their destructive action is growing
more and more complicated. A differentiated system of protection has been
worked out to make prints and manuscripts less vulnerable to biological attack:
a) conservation in the usual storage conditions; b) protection from the effect of
te_mporar}' increase in humidity and temperature; c) the imparting of greater
biostability during exposure to prolonged unfavourable influences. In selecting
the preservatives, account is taken not only of the commonly accepted require-
ments, but also of the capacity of biocides to combine with other materials to
provide durability of paper, and of the changing microstructure of the paper
“nd.er the influence of these compounds, and of their specific influence on the
various microfungi, etc. Preference is given t@ polymeric substances. In the
USSR a new polymeric antifungal substance is being symhesized —a guanidine

derivative which has been tested exhaustively in the jaboratory of the Sal-
tykov-Shchedrin State Public Library, Leningrad. Its advantages as a preser-
ifferent toxicity de-

vative have been proved.** Guanidine preparations have di

pending on their chemical structure. The preparation which we use, polyhexa-
mefhyleneguanidine, was synthesized in the USSR and was subjected to careful
toxicological, medical and hygienic testing. It is considered to be harmless 0
W.al”m-bloodcd animals, so its use€ in medicine is allowed. For instance, for
disinfection of surgeon’s hands, in paper for sanitary and hygienic purposes,

etc. The evaluation of the preparation is made by the Institute of Disinfection
and Sterilization of the Academy of Medical sciences of the USSR. The subject
of this paper is the use of this substance for the protection of library materials.

Books and documents are complex chemical combinations of both natural
origin and of artificial and synthetic polymers. During s

torage they undergo the
processes of aging, alteration and destruction. This leads to the appearance of
in their composition.

new destructive substances !

Books undergoing restoration are combined with materials that are more or
less similar to the original. With the years, more and more techniques appear,
using new chemically symhesized polymers to restore the lost properties of the
objects in question, and to imbue them with new properties. This corresponds

to the general trends in contemporary restoration.
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Biodeterioration and Biostability of Library Materials

The restorer, none

interfering as l%ttle asth:(l)ZZisl’)lah'vays Pl‘efers using natural materials and of
ancient books. Many of the . t.he original structure of manuscripts and
aqueous systems, in which th materials used, particularly the adhesives, are
accordance with the level of CICC?ntent ar'xd form of the water changes easily in
use of hydrophilic COmpOun(;: fltxvc humidity of the air. In restoring paper, the
its colloidal system. It i a.s proved to be reliable, being compatible with

. is mainly these compounds that are subject t0

b OdCtCl loration. Ihe(ct()((: the I“()hle"l ()i USCe “blhty pl otection
1 h
sus p )

However ys takes first priority with researchers.

, it can never
reasons: one, the fact tha‘te[hSOlved C_Omple(e[y or simply. This is due to two
als containing antifungal € organisms adapt themselves to living on materi-
so far, not succumbej al substances, and that this process is endless and has,
quired for biostabilit to prognosis; and two, more and more efforts are e
used for restoration Y 26 & result of the constant widening choice of chemicals
preservation of the ﬁfsltlrp;;esz The history of restoration records the fact that
the work was going on ; bCSIVes was only required to act for a few days, while
to give protection not. 0:] sequently the task was complicated by the necessity
stored. This led to the us )’f to the adhesive, but also to the objects being re-
to the rejection of some Cthhlgher concentrations of antifungal substances and
substances to be used foO them. L.atcr on, rigid standards were established for
while, things were hanenins (o5 o Jable manuscripts and prints. Meat
world, At the same timppt;nmg that influenced restoration work in the whole
of cultural value was :i:i;ir a“g;zfaCtiVity in the field of protection of objects
. ng. e sys . . .
divided along three main lines: ystem of biological protection was sub-
L. Conservati .
: tion of .
most susceptible to t:;eaifirots Offtht? objects (these parts are mainly adhesives)
. n of microorgani .
thei ion . ganisms, for
2r éonservatxon in ordinary storage COnditionsj the purpose of ensuring
. Conservation i . . )
when some accidc:tftobjeas W}th a view to protecting them in an emergency,
3. Gonservatio en'lporarxly upsets normal storage conditions;
: n pr 1 .
posure to damaging ;Z:’;gtsfor :ih: protection of objects from pr;longcd ex-
. : sudden chan ; . qs
repeated ; ges 1n temperatur
};n prac}t)'e r“zﬁs of high temperature and high humidi[iy e and humidi
ice there is, naturall :
no su ict di L .
systems are transitional. v ch strict differentiation. Many protection
In the new iti
conditions i
ment restoration and C(f(:]r llbraf‘y economy we consider it advisable to imple-
problem of durability. b Servation processes that simultaneously solve the
Y, biostability and resistance to wear. From this point of

view optimal resu .
compatible wi lts can be achieved by the use of mainly pol
patible with material of natural origin Y potymer compounds

72

- €guanidine has a fungicidal and fungistatic e

J. P. NYUksHA

ymerous guanidine

Our work may serve as an example of this. We used pol
f manuscripts and

colepounds for the protection of adhesives and the paper O
prints,

Guanidines are derivatives of imino-urea. The formula for guanidine is
—~NH,

ght as NaOH. One of the guanidine

Iti )
Is a strong base, it has the same stren i
The formula for natural guanidine

derivati .. ] i

d TVatwes’ arginine, occurs in protein.

erivative (i . A
ivative (isoamilene-guanidine) is

H
HN=C~ 2
~NHCH,CH =C (CH3)s

The seeds and leaves of broom contain it.

Polymerous guanidine compounds are more
3 number of useful properties. Some of the
USSR2 F or example, polyhexamethylencguani
of the kation type. Its chemical structure is

stable than monomers and have
m have been developed in the
dine — a water-soluble polymer

NH, [(CHZ)(,NHCNH ] H n=42%6
“NH.HCl{ n

This substance

among them lauric acid.
g temperature

'HCl may be replaced by other acids,
I8 a transparent, hard, yellowish, odourless resin with a softenin
of 80-100°C. The resin is hygroscopic, watersoluble, any concentrations are
possible and is in a 1% water solution of polyhexamethylcncguanidine, has pH
8-10, stable in storage. Alkaline pH is caused by basic groups NH. Wh('en
heated for a short time and exposed to sunlight the polymer does not change 1ts
Properties. In decomposition polymerous carbamide (urea) (NH, - CcoO -
NH,), and NHC! are formed. Thus polyhexamethylencguanidinc does not
havF a bad influence on the physical and chemical state and properties of paper
during artificial aging and prolonged storage- Owing to its polymerous sfru(':-
ture and kationic properties polyhcxamethylencguanidine is regularly dlst.rl-
buted in the material. A microexamination of paper impregnated with
polyhexamethyleneguanidine shows that the substance fills the spaces between
fibers evenly and covers the fiber surface completely. Polyhexamethylen-
ffect on book-damaging fungi®.
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todeterioration and Biostability of Library Material
tals

ThCSC fun M

gl dO not
Chaetomium globosum Kugnr:W on paper which contains 1% of the substance:
Thom, Sporotrichum bomb ; ex Fr., Penicillium cyclopium Westling, P. roquefortit
(Mang.) Thom et Churc{, ’I‘/"m'(.]c!a., Aspergillus terreus Thom, A. amstelodami
Berk., Stachybotrys chartaru , gtm”mm tenerum Nees ex Lk., Myxotrichum deflext™
lium purpurogenum Stoll Tm'(h hr. ex Lk.) Hughes. The conidio spores of Penicil-
Ehr. ex Cda., Asper ill’ richoderma viride Pers. ex Fr. perish. Rhizopus nigricans
rucaria  (Alb. et égchtj {Za’gf Lk. ex Fr., A. niger v. Tiegh Myrothecium 16

: itm. ; "
po};::x:;nelhylmeguanidine, up toe)l( 53;./0 I:lej hlg};eo; concentrations  ©
per sam l M .' even .

level 8.5 showed tg;sxslzpregnatt'zd with a 2% solution ot:)the polymers at pH
tive humidity of 100% vazsfungl-res.istant under controlled conditions at rel-
dent conditions. protection of the materials is ensured under acci-

A valuable

property of
other polymers iﬂl::lu;i:: POthf:xamethyleneguanidine is its compatibility with
1.5-2 times. While itgipr(l)(tems. The latter reduce the fungi static effect only
(monomeric) substances rsed nown ,that in the presence of proteins other
nection with this the use of lusce Telr antifungal effect dozens of times. In con-
water compositions Conlaini.n g-2 :o plfeparation is advisable for conservation of
stoll;e(ij with this adhesive is 5_5p50tcm and starch, The pH level of paper .
(o] ymerolls u .. ] . X .
strengthen the ia;r;d::l‘:id'erlvatlvcs are compatible with the polymers which
polyamidamine, polyacr 1lmp.art“h)'drophobic nature to it: POlyethylcnimine ,
trolytes. The latter forrz amide*, and other modifications of these polyelec”
guanidine. This improves t;’lmplexes with cellulose and polyhexamcthylenc-
i € retentio : :
mc();:il;xng and wa(lter processing during“r::t:)l:;iszbstance in the paper during
paper (48° S . n.

pOIthxamethylenegua(tzllilc(i)iiier-Rllegler freeness, mass of 40 g/m?) containing
in the laborator , polyamidamine and pol .
i y. The st polyacrylamide was made
in Table 1. ructure and test results of the paperysamples are shown

The results summari

m .
made paper is CQUalat:zgdo:n '::able 2 show that pH level of the laboratory-
reaction of a 1% initjal ProdUZt ;::e bit more. In spite of the distinct alkaline
the suggestion . ution the lo A
of binding i ; w pH of th that

PolyhexamCth)’lenegu::l(iicll?fc l(ts amine groups with ici?&irs;n(ii;cazisrrcct.
paper. In the pres samples 1 and 2) does not i ility to
4) folding Strc}:lgt:r;ng:i:) 0]yacryl.amide and polyamidar:\zia:a(:l"?zg )zlmd
than other samples shOW)?ST?}:Z lt)n.mes, %)i.ostability being satisfactcf)ry (better
cellulasae of Trichoderma viride. lostability was evaluated by means of the

Polyhexa
methyleneguanidi
i i .
guanidine did not increase moisture content of paper
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T .
T:::c 1: Paper composition.
Tab:;]l'. Composition du papier.
e 1. Zusammensetzung des Papiers

P()lymcr
Number of paper samples
Name
Concentration,

% 1 2 3 4 5 6 7 8 9

P
olyhexamethyleneguanidine ) . x

2 X x X

3 x
Polyacrylamide | R} . i}
Polyamidaminc 1 % X "

Table 9- .

Tab:: ; ltropcrlles of paper samples

Tabel '2("3l'.3Ctéristiqurs des échantillons de papier.
e 2: Eigenschaften der Papiermuster

pH 66 66 66 63 65 64 64 63 63

Foldi
ding strength, number of double

fold
° o8 31 168 215 186 223 938 256 16

Bio,
proofiness, relative retain

of R
strength, div. ; 2 5 6 1 87 g !

Moj
Oisture content, % 4.4 4.7 5.0 4.9 4.) 48 4.2 4.2 4.7

5% polyhexamethylcneguanidine solu-
t from 46.7% to 17.7% at air tH of
{ the air is 45-50% the moisture
pased on NaCMGC, polyvi-
polyhexamcthy—

z:: lzgetf paper impr.eg.nation‘ with 1
100% . ; ° aBdC.Crcasc in its moisture c.:o.ntcn
mme;“ '; ‘ times. When the humn.dnty of th
nylalcohul t 1sl paper impregnated with adhcsnvc§ :
leneguanid’ipo yvmylacctate became .l(?wer after introducing
™ ne into th'e paper composition.

impreeg ::?Sldcra.bk increase of durabilify wa
mCthylenemn \.'vx.th a ]"{o p'olyac'rylamxdc $0
more 4 guanidine solut.xon in strict succession.

urable and obtained biostability. If pa

s achieved by means of paper
lution and a 2% polyhexa-
The paper became 20 times

per contains even 5% of
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polyhexamethyleneguanidine the character of its luminescence under the mﬂl(li-
ence of mercury line radiation with wave-length 365mm remained unchanged.

Polyacrylamide and polyamidamine impart luminescence of a dingy-pink tint
to paper.

SUMMARIES

Biodeterioration and Biostability of Library Materials

The antifungal substance polyhexamethyleneguanidine has been proved safe for paper and may be
used for restoration of library materials of any value. Polyhexamethylencguanidine has an evenly
spaced distribution in paper. It does not increase paper moisture content. The substance Suppors
biostability of paper and of natural compositions containing protein and starch for 2-3 years. It ?s
notable for its specific action on cellulose-deteriorating fungi and inhibits the activity of th(’.lf
cellulases. At the same time it does not inhibit the effect of proteinase and amilase which are used. n
restoration. Polyhexamethyleneguanidine does not change paper durability, but in combination
with polyacrylamide and polyamidamine it increases paper permancnce and resistance 0 wear
considerably. Content of the antifungal substance does not prevent subsequent optical and phofo'
graphic researches of documents. Labour and health protection of those working with
polyhexamethyleneguanidine or using the documents processed with it is guaranteed.

Deterioration et stabilite biologiques des materiels de bibliotheque

La polyhexaméthylineguanidine, substance i caractére fongicide, s'est avérée étre un agent U
pour le traitement du papier et elle peut étre utilisée pour la restauration de documents .dc
bibliothéques de valeur, La polyhexaméthylineguanidine présente un degré de répartilion l‘éSu"c'r
dans le papier et n’accroit pas le taux d’humidité du papier. Cette substance maintient la biostabi-
lité du papier et des composés naturels contenant des protéines et de 'amidon pendant 2 3 3_3.“3'
Propriété remarquable d’action spécifique sur les champignons dégradant la cellulose et inhibition
de l'activité de leur cellulases. Concomitament, ce produit n’inhibe pas I'effet des protéinases €t des
amylases utilisées dans les travaux de restauration. La Polyhexaméthylineguanidine n’altere Pil.s la
durabilité du papier, mais combinée i la polyacrimide et 4 la polyamidamine elle accroit conside-
érablement la stabilité et la résistance du papier a usure. La teneur en substance fongicide n’allél’le
pas les travaux de recherche ultérieurs optiques et photographiques sur ces documents. Les condi

tions de protection sanitaire des personnels travaillant avec la polyhexaméthylineguanidine oU
utilisant des documents traités avec ce produit sont garanties.

Biodeterioration und Biostabilitit von Bibliotheks- Materialien

Die Anit-Pilz-Substanz Polyhexamethyleneguanidin ist nachweislich sicher fir Papier und kann
zur Restaurierung von Bibliotheks-Materialien, auch von sehr wertvollen, verwendet werden.
Polyhexamethyleneguanidin verteilt sich gleichmissig in dem Papier. Es erhoht den Feuchtigkeits-
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Fellowship Offered by the Smithsonian
Institution

The Smithsoni
sonian Instituti : .
stitution is offering a one year fellowship in materials

analysis in residence

N at the Smithsoni .

techniques of th . ) sonian, dealing with th ication of

archeology and ihth~Slcal sciences to problems in art histor; Zi?:fflzg;

Ph.D. in a relevant sciles::\ot?‘/ of technology. Requirements for ;ligibilit;} are z;.

artifacts or art objects Siielsc- f;eld- (}),r Ny fiegrec/ certificate in the conservation of

of Anthropol . + Smithsonian conservation faciliti

tory. The };e;)gl);;chmeml 15 ciences at the National Museur;‘zsf’ ;}iz}t)j::ln;lni:s

or application is J ]

an award of anuary 13, 1981. Th i i

of $14,000 plus allowances. For more informatioi fcn?twshxp carries
write:

?mithsnnian Institution

)'mco of Fellowships and Grants {Desk E)
L’Enfant Plaza, Room 3300

Washington, DC 20560, U.S.A.
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Special Conference on Fumigants

- . nizations
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. : i 8 ‘
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Fditorial Notice

YESTAURATOR. International Journal for the Preservation of Library and ‘ﬁrrhzva‘lh.'\Ial‘rrytal( ]
vill bring original papers on the subjects mentioned in the t.nl«-§ (mrludmg (‘l( mg'sA.;r:‘
ngravings). as well as reviews and news of interest to scientists. conservators, arch
‘ists, and librarians,

“ontributions will be accepted in English, French, or German. 4/\.|)sn“;u‘ls a-nd ﬁgﬁr‘(t
egends will be printed in these languages. Contributors not writing 1n their mother

iongue are particularly asked to have their manuscripts checked for linguistic and
stylistic ervors.

Manuscripts should be original typescripts (not carbon c:opics). in dou_hl(- spacing u’nd
on one side only of the paper. They must be carefully r(-vm(:d, as allcruunni m' p‘r‘mt .n’fc-
expensive. ‘The paper used must be non-absorbent. Author’s name should be accompa
nied by the title, position and working place of the author.

An abstract of no more than 200 words should be sent with the manuscript. The ‘fhs‘,m”
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All graphs, drawings, or photographs are to be referred to as figures (abbr. Fig.) .and
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Authors should indicate in the manuscripts the approximate position of text hgures.

Italics only are used for emphasis, especially for distinguishing titles of books and
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