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ABSTRACT 

Various grades of record papers that had been stored under normal conditions 
for 8 years were tested and the results are compared with test values for their 
original properties and their properties after accelerated aging by heat at time of 
storage. The results agree well with a retest made after 4 years of normal aging. 
The papers had the same relative order of stability, as shown by retention of 
folding endurance, under both kinds of aging. Their stability was commensurate 
with the chemical purity of the papers, and the same kind of chemical changes 
occurred during 8 years of natural aging as under accelerated aging. The cellu
lose of the stable papers was in good condition, as indicated by high alpha-cellu
lose content, low copper number, and low or moderate acidity. 
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I. INTRODUCTION 

The results of an investigation at the National Bureau of Standards 
[1],1 in its early work relating to the standardization and classification 
of record papers, indicate that the relative stability of such papers 
under normal storage conditions can be determined satisfactorily by 
heating the papers and testing for decrease in strength and changes in 
certain chemical properties. The papers studied in that work were 
37 commercial writing and book papers representative of the various 
grades as produced at the time. The test data showed a good correla
tion between the retention of folding endurance on heating the papers 
for 72 hours at 100° O. and the chemical condition of the paper with 
respect to the purity of the cellulose, as indicated by alpha-cellulose 
content and copper number, the acidity, and the rosin content. The 
more stable papers under the heat test were characterized by a good 
condition of the cellulose as shown by a high alpha-cellulose content 
and a low copper number, by low acidity, and by low rosin content, 
although the last apparently was of minor importance. It was found 
that the papers could be grouped satisfactorily with respect to the 
degree of stability required for different record purposes by means of 
these physical and chemical data, and classifications of record papers 
based on such data have been proposed [2]. 

1 Numbers in brackets Indicate tbe literature references at the end of the paper. 
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To obtain further information, 33 of the papers mentioned were 
stored at the Bureau for testing at various periods of time to compare 
the effects of normal aging with the effects of aging accelerated by 
heating. The storage conditions are those of the average good busi
ness office practice, that is, the papers are not exposed to any abnormal 
conditions of temperature, humidity, or air pollution. The first 
retests of the papers were made after they had been stored for 4 years. 
The papers were tested for strength, alpha-cellulose, copper number, 
and acidity, >and despite the short period of aging, the grading of the 
papers for stability was very similar to that foretold by the accelerated 
aging [3J. The following is an account of retests of the stored papers 
after 8 years of aging. 

II. TEST METHODS 

As in the first retest of the papers, they were tested again for folding 
endurance, acidity (Kohler-Hall), alpha-cellulose, and copper number. 
These tests were made by the present methods of the Technical Asso
ciation of the Pulp and Paper Industry,2 which yield values com
parable with those originally obtained for the papers. (In consider
ing the results of the folding endurance tests, papers having very low 
values should not be regarded as being actually brittle, as the test 
strips are folded under a tension of 1 kg, therefore, such papers may 
still be in a serviceable condition.) In addition, tests were made for 
acidity in terms of pH, beta-cellulose, and gamma-cellulose. Suitable 
methods for these tests were not available when the papers were 
previously tested. With development of satisfaetory technique and 
equipment for the determination of pH, this has now become the 
preferred way of expressing the acidity of paper. The procedure 
employing hot extraction of paper with water, which is specified in 
the present method of the Technical Association of the Pulp and 
Paper Industry, and a cold-extraction method developed by H. F. 
Launer [4] were used. The latter method appears to be preferable, 
and its adoption is being considered by the Technical Association. 
The cellulose fractions were determined by a modified volumetric 
procedure, also developed by Launer, in which oxidation by dichro
mate is used [5]. Satisfactory determination of the beta and gamma 
fractions cannot always be made by gravimetric procedures, and the 
volumetric method has several other advantages. 

III. TEST DAT A 

Descriptions of the papers and the test data are given in table l. 
For additional information on the papers, see reference [1]. There 
are no data given herein for samples 104, 113, 122, 115, 148 (corre
sponding to Nos. 1,2,20,24 and 32 in fig . 1) included in the previous 
work, as the supply of these had become exhausted. Sample 782, a 
paper made in the Bureau mill from purified wood fibers, was added 
to include a high-grade paper of this kind. The figure of 55-percent 
retention of folding endurance on heating previously reported for 
sample 118 appears to be in error on consideration of the general 
good quality of this paper, and a retest made at this time yielded a 
figure of 76 percent. Therefore, this latter value is given in this 
report. 

J Copies can be obtained from the Association at 122 East 42d Street, New York, N. Y. 
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TABLE I.- Test data on paper 

Kind of fiber Original tcsts 'rests after 8 years of normal aging 

Chemical After heating sample at '0 .:. 
Beforo hoat treatmen t '" '" wood 100· C for 72 hours OJ) '" '" .S ~ ~ 
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" 8 -" '" '13 '" '" "0 "0 " !l Pi ~ 
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" 0 '" 0 '" ~ 0 A ~ 0 -< 5 < :;: 0 i>< c A " i>< " A " :;J .... .... .... .... 0. '" 
ALL-RAG PAPERS 

% % % Double Double 
folds folds % % % % % % 

100 0 0 1,700 440 0.10 1.4 ----- 0.014 99.0 0.30 79 0.000 1.0 0.08 91 -0.004 0.0 0.10 5.7 6.1 99.0 
100 0 0 4,700 6,200 .60 1.6 4.7 .169 95. 1 .88 76 .016 .6 .04 84 .021 -1.89 .62 4.1 4.6 96.9 
100 0 0 2,600 1,700 .M 2.4 ----- .086 92.9 1. 28 22 . 043 6.0 .46 62 .054 0. 43 .32 4. 4 5. 0 92.5 
100 0 0 3,600 2,800 .73 1.4 2.2 .090 94.4 1.11 82 .042 1.4 .26 84 .050 .64 .19 4.3 4.8 93.8 
100 0 0 3,300 1,200 .75 2.2 - - --- .138 91.1 .93 70 .045 3.4 .78 80 .012 -.55 . 27 4. 2 5. 0 91.6 
100 0 0 3,000 1,900 .80 2.3 4.6 .235 94.4 1. 23 77 .046 2.2 . 39 84 .035 .53 .77 4.3 4.8 93.9 
100 0 0 3,100 2,600 .71 2.4 ----. .120 92.2 1. 03 58 .060 5.6 / .61 81 .040 -. M .17 4.2 4.9 92. 7 
100 0 0 3,500 2,600 .77 2.5 3.5 .218 94.3 1. 12 69 .039 2.6 .16 95 . 042 -.53 . 18 4.0 4.7 94.8 
100 0 0 9 9 .82 1.7 ----. .075 83.9 2.26 63 . 056 5.7 .52 81 .045 3.93 . 04 4.6 5.1 80.6 
100 0 0 22 20 .72 1. 5 3.4 .084 86.6 2.48 53 .048 2.6 . 23 71 .036 2.77 .12 4.6 5. 1 84.2 

I 

PART-RAG PAPERS 

I 

60 40 0 lO2 71 0.48 2.7 -- - - - 0.076 82.0 3.24 24 0.051 7. 8 0. 57 39 0.044 5.61 0. 06 4.4 4.9 77.4 
60 40 0 210 110 .52 2.5 1.1 .119 81. 8 3.39 16 .043 6.3 .42 28 .021 4.52 - .09 4.3 4.7 78.1 
65 35 0 340 190 .39 1. 6 --- -- .055 79.0 2.31 15 .049 5.7 1.50 34 .035 5.95 1. 09 4.5 5.1 74.3 
65 35 0 340 220 .43 1.5 1.1 .079 80.2 3.38 17 . 047 4. 7 .53 23 .021 8.59 .12 4.5 5.2 74.3 

• Acid calculated as percentage of SO •. • Based on total cellulose. 
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TABLE I.-Test data on paper-Continued 

Kind of fiber Original tests Tests after 8 years of normal aging 

ICbemical After beating sample at '0 i;j 
Before beat treatment " wood 100° C for 72 bours .. 0. 
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PURIFIED WOOD FIBER PAPERS. 

Double Double I % % % folds fold8 % % % % % % % % lL ___ ___ __________ lOS 0 100 0 1,400 800 0.34 1.4 2.7 0.092 90.5 
1.40 I 54 0.050 1.1 0.32 40 0.038 0.55 0. 10 4.1 4.5 90.0 2.5 7.5 18 _________________ 106 0 100 0 2,500 1,600 . 51 1.5 2.4 .063 88. 8 1. 37 71 .031 1.9 .35 52 .047 2.27 .43 4.5 5.1 86.8 4.5 8.7 19 _________________ 107 0 100 0 1,900 1,200 .39 1.2 2.2 .114 88.3 1. 78 56 .028 1.9 .20 63 .036 1. 36 .12 4.2 5.1 87.1 5.3 7.e 34 _________________ 782 0 100 0 4,400 5,500 .42 1.8 --~-- .016 90.5 .67 96 ------ .4 .14 91 .004 2.43 .10 5.2 0.1 88. 3 4.9 6.8 

------------- -- ----

SULFITE WOOD FIBER PAPERS 

21. ________________ 108 0 100 0 15 17 7.12 2.2 _._-- 0.108 77.8 4.89 10 0.056 5.7 0.46 16 0.092 7. 58 0.41 4.2 4.9 71.9 17.1 11. a 22 _________________ 109 0 100 0 49 22 1. 06 2.4 ----- .084 77.2 4.78 9 . 071 4.1 .49 14 .136 5.96 . 12 4.3 4.8 72.6 16.7 10.7 23 _________________ 110 0 100 0 530 250 .60 2.8 ----- .113 81.6 3.77 1 .014 5.9 .55 14 .077 3.06 . 03 4.4 4.7 79.1 9.0 1U 25 __ • _____ ___ ______ ll6 0 100 0 500 360 .51 1.9 ----- .ll9 76.4 4.27 3 .075 7. 9 .51 8 .041 3.14 . 23 4.4 4. 9 74.0 12.6 13. 4 26 _________________ ll7 0 100 0 150 160 2.92 1.4 ----- .033 80.6 2.98 12 .023 4.3 .59 29 .067 1. 61 - .18 5.3 5.4 79.3 7.2 13.0 27 _________________ 134 0 100 0 510 190 .48 1.7 - -- -- .082 79.9 3.75 1 .058 4.1 .35 16 .068 3.75 .15 4.3 5.0 76.9 10.5 12. C 28 _________ ________ 135 0 100 ° 110 72 6.12 2.0 ----- .066 79.2 3.29 6 .031 4.1 .80 21 .034 2.02 .31 4.7 5.0 77.6 10.1 12 .• 

SODA-SULFITE WOOD FIBER PAPERS 

Ii \ 4119. ll \ 0.6\-----\0.085174. 0 1 3. 72 1 2 19.99 .8 _____ .095 63.8 5. 10 
6 17.25 .6 _____ .038 77.9 2.29 
7 15.55 1.1 _____ .031 78.8 2.55 

351°.0721 6. 8\0. 40 I 48 .067 8. 4 . 19 
64 .010 . 2 .06 
69 . 011 . 4 . 10 

46\ 0. 065 1 14. '131 0. 68 1 4. 3 \5.0 \63.1 127.519.4 50 .095 8.46 .41 4.4 5.1 58.4 31. 5 10.1 
68 .012 1. 28 .41 6. 1 6. 5 76. 9 18. 6 4. 5 
75 .009 1. 27 . 05 5.9 6. 5 77. 8 16.7 5.5 

29 __ __ __________ ___ \ 123 1 
30 _________________ 124 
31_________________ 147 
33 __________ _______ 152 01

65
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35
1 

o 50 50 ° 35 65 o 25 75 

• Fibers produced by special cooking and bleaching treatments to obtain improved quality. 
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Bursting strength , tensile strength, and tearing strength tests were 
made but the data are not included because, as found in the previous 
work, they appear to have no consistent relation to the weakening of 
paper on aging. The results of folding-endurance t ests, however, 
agree very well with the degree of stability of paper indicated by its 
chemical characteristics . 

IV. DISCUSSION 

In considering the relation of these test data to the stability of the 
papers, only fairly large differences in the values should be regarded 
as having much significance. One reason for this is that the papers 
are complex materials; they contain several components that may have 
a deteriorative effect and the interreaction of such components during 
the aging of the papers must be complicated. It is because of this 
that one cannot expect anyone component to indicate closely how 
stable a paper will be. Another variable is introduced by the non
homogeneous structure of paper. This affects the folding endurance 
particularly. It has been found that duplicate determinations of the 
folding endurance of a sample of paper may yield values differing as 
much as 25 percent or so, if the two sets of test strips are taken from 
separated areas of the sample [6]. The strips were so t aken in this 
case because it was felt that a better indication of the condition of 
the sample as a whole would be thus obtained than if contiguous 
strips were taken. Surface sizing presents another complication. 
In a Bureau study of the manufacture of writing paper from rags, it 
was found that increased folding endurance imparted to paper by 
glue or starch surface sizing was generally largely lost in the heat 
test [7]. In the present report, the glue content reported is from 
surface sizing. However, despite these adverse influences on the 
accuracy of the indicated relative stability of these papers, very good 
agreement on the whole was obtained between the results from 
accelerated aging and those from normal aging, between the chemical 
condition of the papers and their stability, and between the retests 
made after the two periods of natural aging. 

In figure 1 is shown the relation between the effects on folding en:"
durance of heating the papers and of normal aging for 4 years and for 
8 years. It will be noted that there is good agreement in the grouping 
of the papers according to their relative stability, as fOlmd by their 
retention of folding endurance after heating and after the two aging 
periods. As was to be expected, there was better agreement in this 
respect after the 8 years of natural aging than after the shorter period 
of 4 years, but the agreement, in general, between the results of the 
two aging periods is very good. On the whole, papers previously 
found to have a high retention of folding endurance showed little 
further loss of folding endurance during the additional 4 years of 
aging, but the opposite is true of the less stable papers. The com
parison of the effects of normal aging for 8 years and of accelerated 
aging is shown in another way in figure 2 in order to bring out more 
effectively the good correlation between them. 

Also, as was found in the previous retest, and as has been con
sistently found in the many other Bureau studies relating to the sta
bility of papers, there is good correlation between certain chemical 
properties of the papers and their degree of stability. As has been 
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mentioned before, a straight-line relationship between any OIle com
ponent of paper and its stability cannot be expected. Considering 
the papers as a whole, those having cellulose of good quality, as indi
cated by high alpha-cellulose and low copper number, and having a 
low or moderate degree of acidity proved to be the more stable papers. 
Of these two considerations, the condition of the cellulose appears to 
be of primary importance because generally the papers which contain 
very poor cellulose deteriorated rapidly, irrespective of the initial 
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FIGURE 1.- Compm·ison of retention of folding endltranCe of papers after normal and 
accelerated aging, in percentage of initial. 

The values for accelerated aging were obtained at the time the papers were stored, therefore, the figures 
for the 4-year and 8-year normal-aging periods bear a vertical straight-line relationship. No values are 
given for the 8-year period (or samples 1, 2, 20, 24, and 32 as these had become exhausted. No value is 
given (or the 4-year period for sample 34 as it was not tested at that time. The curves have no signifi
cance except to indicate tbe grouping o( the papers. The accelerated aging consisted in heating for 72 
hours at 100° C. 

acidity . As pointed out in the previous report, the papers made from 
soda and sulfite pulps have a better degree of stabilIty than would be 
expected from consideration of the condition of the cellulose. This 
has been found to be true, in general , for pa~ers containing soda pulp 
fibers. Such fibers are characterized by a high content of pentosans, 
which change very little under the heat test, and this may have some 
bearing on the stability of the fibers [8]. The rosin content of the 
papers is 8,pparently of minor importance, as has been found in other 
studies. 
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Contrary to the findings at the end of the 4-year natural-aging 
period, at the end of the 8-year period the papers in many cases showed 
significant changes in alpha-cellulose, copper number, and acidity. 
These same kinds of changes took place tillder the accelerated aging. 
Many of the more unstable papers showed an appreciable decrease in 
alpha-cellulose, and it is interesting to note that such papers generally 
had a high content of the beta-cellulose fraction after aging. Other 
work at the Bureau has shown that the decrease in alpha-cellulose of 
papers on accelerated aging is largely reflected in an increase in beta
cellulose with little change in the gamma portion [9]. Also in this 
connection, the results of tests of some papers from books that were 
from 150 to 200 years old are of interest. Although the papers were 
apparently composed largely of linen fibers, which are very stable under 
good conditions, several of the papers were very brittle; they cracked 
apart when creased only a few times between the fingers. Apparently 
the deteTioration of the papers had been caused by storage in a damp 
place, as there was evidence of mold, which is known to damage paper. 
These papers showed the same condition of cellulose found in the 
papers under discussion which had deteriorated considerably on heat
mg and on natural aging for 8 years, that is, a low content of alpha
cellulose and a high content of beta-cellulose, typical values being 
alpha-cellulose, 51.0 percent; beta-cellulose, 44.5 percent ; gamma
cellulose, 4.5 percent. A sample of new linen-fiber paper had the 
following values: Alpha-cellulose, 90.1 percent; beta-cellulose, 6.6 
percent; gamma-cellulose.. 3.3 percent. ~ncreases in acidity and 
copper number occurred ill most cases durmg the 8-year storage, but 
showed little relation to the initial quality of the papers. 

As mentioned in the previous reports, these papers are not rep
resentative of the average quality of such papers of current manu
facture. With the better knowledge developed during the past 
several years of the factors which affect the strength and stability of 
papers, and of technique for controlling these factors in the manufac
turing processes, considerable improvement in the quality of a,ll 
grades of record papers has been effected. 

v. SUMMARY 

The results of retests of various grades of commercial record papers 
after a normal aging period of 8 years confirm the results of a retest of 
them made 4 years ago, in that: 

1. The papers were grouped in the same relative order of stability 
by their retention of folding endurance during the natural-aging 
period and under accelerated aging by heating them for 72 hours at 
100° C. The agreement was better for the 8-year period than for 
the 4-year period. 

2. Generally, the papers which showed high retention of folding 
endurance during the 4-year natural-aging period lost little folding 
endurance during the following 4 years, but the opposite is true of the 
less stable papers. 

3. There was good correlation between the chemical properties of 
the papers and their stability. As found in many other Bureau 
studIes, the more stable papers were characterized by a good condition 
of the cellulose, as indicated by a high alpha-cellulose content and a 
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low copper number, and by a low or moderate degree of acidity. The 
rosin content proved to be of less importance. 

At the end of the 8-year normal-aging period a further correlation 
with the accelerated aging test was found, in that appreciable decreases 
in alpha-cellulose and increases in copper number and acidity took 
place in the papers of low stability. This did not happen during the 
4 years of normal aging. A further additional fmding at the end of 
the 8-year period is that the cellulose of the more unstable papers has 
a high content of beta-cellulose. Other Bureau studies have shown 
that when the alpha-cellulose fraction decreases on accelerated aging 
of paper by heating there is a proportionate increase in beta-cellulose, 
very little change generally occurring in the gamma portion. 

The ['ecent tests of the papers were made by R. W. Oan and W. K . 
Wilson and this assistance is acknowledged by the author. 
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