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ABSTRACT

Supplementing previously reported studies relating to the permanence of writing
papers used for records, an investigation of the relation of papermaking materials
and processes to the stability and other properties of book papers is in progress.
This article reports the results of tests of a number of pulps commonly used in fine
printing papers as regards the stability of experimental unsized papers made from
them. The effect of filling and sizing materials, respectively, will be reported in
subsequent papers.

The papermaking fibers used were representative commercial materials and
consisted of four kinds of purified wood pulp, soda pulp and sulphite pulp (mixed
in beater furnish), new rags (no. 1 white shirt cuttings), and old rags (no. 1 old
whites and twos and blues, blended in the beater.) The pulps and half-stuffs
ranged in quality from 78 to 93 percent of alpha-cellulose and from 3.8 to 0.4 in
copper number. The composition of the beater furnishes was 85 percent of fiber
and 15 percent of clay, which is a proportion commonly used for book papers.

The experimental papers made from the rags had the characteristics of good
book papers and showed no appreciable change in the accelerated aging (heat) test,
which indicates a very high degree of permanence. One of the purified wood
pulps produced a relatively stable sheet of satisfactory book-paper quality. The
papers made from two of the wood pulps were somewhat less stable in the acceler-
ated aging test, but that made from the remaining purified wood pulp was strong
and relatively stable. The paper produced from the mixture of sulphite pulp and
soda pulp was considerably less stable than the papers made from the purer fibers.
A close relation was shown between the cellulosic purity of the fibers and the sta-
bility of the unsized papers made from them, but only a small amount of alum and
no rosin size were used in the manufacturing process. The effect of these variables
on the stability of the papers will be studied in the second part of the investigation.
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I. INTRODUCTION

As a part of its program of research relating to the stability of papers
used for records, the National Bureau of Standards is making a study
of the relation of papermaking materials and processes to the strength,
stability, and other properties of book papers. This study is the fourth
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in a series planned to include all the important types of fibrous raw
materials commonly used in the manufacture of record papers. The
three preceding studies related to writing papers [1, 2, 3].!

A suggested classification and specification of book papers for record
purposes published by the Bureau [4] comprise four classes, ranging
from papers for permanent records to those suitable for temporary use
only. The classification and specification were based on tests of
commercial papers. The results of the tests showed that the stability
of book papers, as was found also for writing papers, is not always
commensurate with the quality of the fibers used in their manufacture.
It is believed that papermaking studies made under the carefully
controlled conditions possible with the semicommercial equipment of
the Bureau should indicate the best practice for obtaining the optimum
results with each kind of fiber and other raw materials. The commer-
cial application of such knowledge should ultimately lead to improved
quality of papers with respect to their endurance.

The study of book papers will necessarily be much more extensive
than that of the writing papers [1, 2, 3] because of the greater variety
of materials used in book papers. This is true not only with respect
to the fiber components but also to the use of filling and coating
materials. Because of the considerable time required to complete
the program as a whole, it has been divided into three subprojects.
The first is a study of the fibers commonly used. The other two will
deal with the effect of filling and sizing materials and the effect of
mineral coating materials, respectively, on the stability and strength
of book papers. The present article is a report of the relation of
chemical characteristics of fibers of different degrees of purity to the
stability of papers made from them. The alpha-cellulose content
and the copper number have been found to be closely related to the
stability of paper—high alpha-cellulose content and low copper
number being characteristics of stable paper. In this work considera-
tion has been given also to beta- and gamma-celluloses and to
pentosans.

II. FIBERS USED

It should be kept in mind that this is not a general study of the
manufacture of book papers, but is a study made primarily to obtain
information to assist in the specification of book papers for printed
records. Since the papers to be made will therefore be limited to a
sufficient number for this purpose only, the selection of fibrous mate-
rials to be employed in the investigation covered the range of those
commonly used in the fine printing papers.

The fibers were obtained from commercial manufacturers. They
consisted of four wood pulps produced with special pulping and
bleaching treatments to obtain high purity and strength; soda pulp
and sulphite pulp of the ordinary book-paper grade; new rags, the grade
known commercially as no. 1 white shirt cuttings; and two grades of
old rags, no. 1 old whites and “twos and blues.”

III. PAPERMAKING EQUIPMENT

The Bureau paper mill contains equipment for the experimental
manufacture of practically all types of paper under conditions which
in general simulate those of industrial mills. Figures 1 and 2 show

1 Numbers in brackets refer to the list of references at the end of this paper.
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Ficure 2.—Fourdrinier machine viewed from dry end.
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the experimental paper machine. A complete description and other
photographs of the equipment may be found in previous publica-
tions [5].

1IV. PAPERMAKING PROCESSES

The methods of beating and paper-machine operation followed very
closely those described in the other publications of this investigation
[1, 2, 3]. The reader is referred to them for details.

V. TEST METHODS

The physical and most of the chemical tests of the fibrous materials
and of the papers were made in accordance with the official methods ?
of the Technical Association of the Pulp and Paper Industry. An
improved volumetric method developed at the Bureau by H. F.
Launer was used to determine the alpha-, beta-, and gamma-celluloses.
In this method the fibers are treated with an approximately 2M solu-
tion of sodium hydroxide. The entire alpha-cellulose residue, as well
as portions of the filtrate, is quantitatively oxidized by dichromate,
and the proportions of the constituents in the sample are calculated
on the basis of the dichromate data alone.® The method used for
determining the pentosans (complex carbohydrates widely distributed
in plants which yield pentoses on hydrolysis) was essentially the same
as the method that has previously been regularly used. The pH was
determined electrometrically, using a quinhydrone and also a glass
electrode.

The relative stability of papers cannot be determined by analysis
of the original papers alone. Therefore, the pertinent physical and
chemical tests were applied not only to the original papers but to
samples that had been submitted to an accelerated aging test as well.
This test is made at the Bureau by heating specimens of the paper for
72 hours at 100° C and then determining to what extent the paper
has been altered in folding endurance, tearing strength, alpha-cellulose
content, and copper number. For details of this test the reader is
referred to previous discussions of the method [6].

VI. ANALYSES OF PAPERMAKING MATERIALS USED
1. FIBERS

Analyses showing the degree of cellulosic purity of the wood pulps
and the various grades of rag half-stuffs (partially pulped rags that
have been boiled, washed, and drawn out of weave) used in the manu-
facture of the papers are given in table 1. The pulps and half-stuffs
ranged in quality from 78 to 93 percent of alpha-cellulose and from
3.8 to 0.4 in copper number. The method employed in preparing the
rag half-stuffs was the same as that described in detail in an earlier
publication [3].

3 Copies of the methods can be obtained from the Technical Association of the Pulp and Paper Industry,

122 East 42d Street, New York, N. Y.
3 The method will be described in detail later in a Bureau publication on the subject.
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TABLE 1.—Chemical tesi data on fibrous materials used

Alpha- | Beta- | Gam- | po . | Copper
Fibrous material cellu- | cellu- | ma eel- Sandlf|F o= Ash | Resin

lose lose | lulose ber

% * % * % * % o 2
Purified- woodipulp A 1. _: - . oo calo 90.6 4.8 4.6 3.8 0.72 0.11 0.24
Purified wood pulp B 1. 87.8 6.7 5.5 6.0 86 .19 26
Purified wood pulp C1._ 83.0 6.2 5.8 5.6 69 .10 13
Purified wood pulp D 1. 84.1 4.7 12 10.3 w02 .16 .13
BUlbliite Dl Dt e e S s e 82.0 5.4 12.6 6.2 3.34 .26 .70
RoAN PHID: et i e et i o 78.2 18.6 3.2 21.3 3.83
No. 1 new whiterags, bleached half-stuft 93.0 6.4 .6 .8 .38
No. 1 0ld white rags, bleached half-stuff_ 90.3 8.9 8 5 .41
Twos and blues, bleached half-stuff. . __._______ 90.5 8.4 1.1 5 .49

1 These pulps were produced by special cooking and bleaching treatments to obtain improved quality.
2 Based on total cellulose.

2. CLAY

The clay used was a domestic commercial filler clay. The following
analysis * shows its composition.

70saiat il 0578@ S N1 S A 2 i cenf Al ol ekt A 0.3%.
Burtherflossfoniignition sLiait Se i I3, = i s ) VSR
SilicRf(SIONE w2 i3 - Bt s bt (el e i e e

Iron oxide (Fe;03)
ATTTR AL s o s T e e e S

Mt ol (TI08) . o 2. e il CEiaET 1.8%.
Galeivmioxide(CA@)2 el 0k iRl | s il D Not detected.
Magnesium oxidefi(Mg@)_ - . =i oo Not detected.

VII. DATA ON PAPERS MADE

The composition of the beater furnishes (materials blended in the
beater), regardliess of the kind of fibrous material, was 85 percent of
fiber and 15 percent of clay, a proportion common for book papers.
No rosin was added. Just enough alum (aluminum sulphate) was
used to clear the water in the beater in the first few runs. After the
amount required had been established the quantity was kept prac-
tically constant for the remaining runs irrespective of the appearance
of the water.

Data relative to the beater furnish and the beating time for each
paper-machine run and various measurements on the papers made are
given in tables 2, 3, and 4.

4 Made by Chemistry Division, National Bureau of Standards.
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TABLE 2.—Papermaking details and some physical properties of the book papers

w
Beater furnish 23 Tests of papers 4
=)
& 8 | & . :
iz ag | g Tensile properties
< o
=Y -
PaFer e e E 'E = =
machine Sosimadie) ] N longa-
run num- 85| | 82 e ) B{g’:g‘fg tion at
ber Fiber ! 28| 5 wg | 2 2 rupture
g% 5 |v5 |88 @ : g
S lw|lpB|s | B |85|5:|B88(38| £ |2
g |8|87 |5 % (38|25 |S55 88| 3 |8
21813 |2 5 |SE|28|SE(g8] & | &
< |8|< |B m |A5|o= |85 |o~| B |O
% | hr | pH 1b |Points?| kg | kg | % | % in. | %
110852 Purified wood pulp 4...____. 0.4 |5 | 6.7 56.3 21 13.8]|25(1.2] 4.4 0.0036 0
{1 SRR P QDN e e T 4|5 | 6.7&| 56.0 22 14.4)129(20)]59).0035 | 90
110407 Purified wood pulp B..___.. 4156 | 6.7%| 54.2 3316.8|14.0(27|6.3).0034| 8
p B 11 g | R dosaSe s e 5(6 | 6.8 56.3 40 | 8.8 | 4.5|2.6|7.9].0033 | 89
18052k 75%ofpulp A, 25%  of pulp B-| .4 | 514| 6.6| 56.5 24 (5.3)31(21]59].0037| 8
IO =k Purified wood pulp C.______ .6 | 54| 6.5 57.5 33|7.1]|4.4|25|80).0036 | 8
(1 R Purified wood pulp D-..__.. .5 | 51| 6.9X| 53.9 34 |84(57(23|7.6|.0033| 82
T1085. - -t S EEues QOSBRI SERS 5|6 6.2+ 55.4 371805925 (82](.0034 82
117 9 e 50% of sulphite, 50% of seda | .5 | 5 | 6.7%| 56.1 22(5.9(3.8|1.9)55|.0040 | 87
pulp.
bt h D IR bt 4 (0 T, T s Sl e 514 6.7k| 54.9 22155(341.5|35].0039 | 8
b i1 b RS No. lﬁ;lew white rags (half- | .5 | 5 | 6.82| 56.0 17 | 4.6 | 3.1 | 25| 5.0 | .0036 | 90
stuff).
15 b B R GO L o5 o e T 5[5 | 6.9%| 54.1 18 (4.813.0|2.0|4.5|.0035| 90
1D b e 01d rags 5 (half-stuff)._._____ 5 | 51| 6.7+| 55.8 1537|2420 4.0(.0040 | 92
113620 SR hanRe 00 aNim it U N L 5|4 6.5+| 65.9 13 |13.1]2.2|20 3.0 .0040 93

1 Beater furnish for each run was 85 percent of fiber and 15 percent of clay. By

2 Bursting pressure, in pounds per square inch, through a circular orifice 1.2 inches in diameter.
3 For test specimen 15 mm wide and 100 mm between jaws.

4 All physical tests made at 65 percent relative humidity and 70° F.

§ 50% of no. 1 old whites, 50% of twos and blues.
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TaBLE 3.—Folding endurance and tearing strength data on the book papers

Tests of heat-treated
Tests of unheated papers ? papers 3
Folding endurance ! £ g 4 ;!: & ;!;
Paper ’l‘earing1 958 | g8 K|
machine g < strengt 8 & =
mnn Fiber composition Schopper MIT 5.,6 2 5‘65‘ ‘gn_s
number el SESH R
: Beo® | B o™ £
| & = ; = . ot .| o8 . 0
Tald 1Rl N IR | 441 Rg)| gx
22 (T8 | 28 |°g |28 | o | wE | wEw | wiX
EE |92 | 55 |92 |55 | 2 | 588|588 |4585
SE |87 | B2 |87 |88 | g7 |23 | 225 | g8
i e F-te i ok | bl o8y 17 R 3]
Double| Double| Double| Double!
folds | folds | folds | folds g g
102 . Purified wood pulpA4____ 78 34 |41,675 | 4485 70 72 95 89 100
;1 s 30dee s o [, SRR S L 74 32 141,715 | 4400 66 70 3 100 85 103
16117 Ko Purlﬁed wood pulp B_____ 2,200 | 730 1,230 |%190 | 128 | 136 69 78 86
2 8 1) APl SO [ Fi =Bl SO i SRR 3,300 {2,000 {51,750 | 8 660 | 104 | 128 80 79 95
13052 220k 75% of pulpA4,25%ofpulp | 180 70 {43,000 |41,540 84 92 101 111 95
1110 Puriﬁed wood pulp C_..__ 1,760 {1,140 | 5890 | %260 | 109 96 83 78 95
07 =it Purified wood pulp D__._. 2,400 2,190 {51,510 | & 830 95| 110 87 98 104
108t fo Vs oo A0sci o ol Bt S 1,830 {3,820 (81,520 (52,020 93| 102 83 80 102
) 51 b e 50% of sulphite, 509, of 85 44 (41,120 | ¢ 395 54 60 57 68 95
soda pulp.
1§ U AR S e AORSE T S N 66 34 {41,120 | ¢ 285 53 59 55 53 94
13187 2 Noi 1 &l)eW white rags (half- 63 51 |41,250 | 4 765 98 88 130 103 97
stuff).
p b1 T AR L B 011 SO St SO e 143 65 |42, 866 41,078 95 91 105 90 104
113631 old rags (half-stuff) ..._..__ 21 10} ¢120| ¢70 63 75 95 123 95
f bl U s o BRCR s [, e ion Bl acein e i 11 8 480 | 450 66 66 109 98 98

1 Test specimen 15 mm wide.

3 All physieal tests made at 65-percent relative humidity and 70° F.
3 Samples heated at 100° C for 72 hours.

4 Tests made at 0.5-kg tension.

8 Tests made at 1-kg tension.



TABLE 4.—Chemical data on the book papers

Original papers Heat-treated papers ?
Pa;ﬁer Acidity Change in content
machine . s Alpha- Beta- | Gamma-
run i berjccmucton o pH of |celulose, |cellulose, | cellulose, | ., %‘g"
number As esin | Extract ase ase ase 2 Gam- Co
Kohler. | extract | ontotal | on total | on total | Sans | num- | Alpha-| Beta- | "1 . " | pepio- peI:
Hall | (8128 | cellulose | cellulose | cellulose ber | cellu- | cellu- | copyy. | “sang | num-
method | & ectrode lose lose Tose ber
method)
%o %01 % % % % % o % %
5 (151 A Paurified wood pulp A_____________ 0.8 | 0722| oos 6.5+ 0.2 ’3.2 66| 39| or| 02| +0.2| Co| o] +0.15
1103-- s L1 WS AR e s s a e 2 LB LY 11.5 .22 . 006 6. 5 90.9 2.7 6.4 4.2 wirl -7 +2.4 =1 T2 .13
L 0 (1, LRt Purified wood pulp B.____._._____ 10.7 .24 .011 6.4+ 85.7 6.7 7.6 6.3 .88 -2 +.2 .0 =il .29
i U S L e R 15 SR o [y A Sa P SIS S 11.4 .26 . 010 6. 84 85.2 6.2 8.6 5.6 .90 -1.0 +2.0 —=1,0 .0 il
28 130 SRR, 75% of pulp A, 25% of pulp B______ 11.0 .20 . 001 7.3+ 89.6 4.6 5.8 3.7 TL —.4 +.4 -0 bl | -7
b i U RS Purified wood pulp C.___________. 11.9 .13 .010 6.6 85.1 8.7 6.2 5.6 .81 .0 +.3 -.3 -.1 .16
OES. e e Purified wood pulp D..______..___ 12.2 .13 . 010 6.7+ 82.6 2.4 15.0 10.6 .85 —.4 +.2 +.2 +.1 .10
L e R A R do. 12.4 .13 . 008 6.7+ 82.4 3.0 14.6 10.7 .87 =10 +.8 +.5 +.1 .10
101§ T 50% of sulphite, 50% of soda pulp - 5.3 .40 017 6.2+ 77.8 14.5 iy 13.9 2.75 —.4| —=1L0] +1.4 +.1 .31
1l b o AR do. 5.7 .50 .021 6.1+ 7.7 15.1 7.2 14.2 3.02 =100 +1.2 +.3 =y .27
50 F E e No. 1 new white rags (half-stuff)..| 11.6 .24 . 004 7.0% 95.2 4.2 .6 .6 .33 +.2 =0 +.4 0 .03
J8 U e a0 s S LR ROt Shee g 11.6 .22 .010 6. 8-+ 95.0 4.2 .8 .8 .35 -2 +.2 i) -1 .04
FRh= e 0O1d rags (half-stuff) _______________ 12.7 .29 .001 7.3 92.6 6.7 N -l .43 -—.8 +.3 +.3 .0 .05
355§ i R S e (e FORSRIRER S e e e 12.5 .36 . 002 A 92.8 6.5 i 4 .8 .39 =1.0 +.9 (o | O .10

1 Acidity expressed as percent of SOs.
? Samples heated at 100° C for 72 hours.
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Purified wood pulp A.—The procedure followed in the beating treat-
ment of purified wood pulp A, runs nos. 1102 and 1103, was that con-
sidered suitable for producing a good book paper. The beaten fibers
were long but remained separate and did not ball or clot during the
beating, and screened, through 0.014-inch slots, exceptionally well for
such long fibers. The beating time was 5 hours.

Because of difficulties in adjusting the paper machine and the weight
of the paper during run no. 1102, the run was repeated (no. 1103).
The finished papers of the two runs were considered very satisfactory.
The data given in tables 3 and 4 indicate that they were also rela-
tively stable, being little changed in alpha-cellulose content, copper
number, foldlng endurance, and tearing strength after oven aging.

Purified wood pulp B —The beating treatment given the pulp for
run no. 1104 was similar to that given purified wood pulp A, runs nos.
1102 and 1103, but the beaten fibers seemed ‘‘brash” (were not soft
and pliable) and the formation of the sheet was not good.

For machine run no. 1106 the beater was furnished lighter, that is,
with lower stock consistency, to promote faster circulation of the
stock, and the beater roll was lowered more rapidly to the plate to cut
up the fibers more quickly. The pulp was beaten hard for 6 hours,
yet the fibers remained long. The stock caused no trouble on the
paper machine, and handled much better than that for run no. 1104.
The results were better with the thinner consistency, but the paper
seemed too hard and was not so well closed a sheet as is desirable for
book paper.

It is apparent that the beater roll of the Bureau’s 50-pound beater
is not heavy enough, nor the beating tackle (bars of beater roll and
bed plate) thin and sharp enough, to cut strong long-fibered pulp as
quickly as is required to produce soft, bulky printing paper. The
longer beating time required with the relatlvely light roll equipped
with comparatively blunt tackle results in a sheet that is less opaque
and harder than is suitable for book papers, but it would be satis-
factory for writing papers.

The color of purified wood pulp B was not so good as that of pulp A.
The test data on the cellulosic purity of the papers and their stability
toward the heat test show the life expectancy of that made from pulp
B to be less also.

After run no. 1104 was made it was learned that pulp B is not in-
tended to be used as an entire fiber furnish for book paper, but is
recommended as a part-furnish to increase the strength of the weaker
pulp. The following run was made from such a mixed furnish.

Purified wood pulps A and B (mized furnish).—The fibrous material

-of the beater furnish for run no. 1105 was 75 percent of purified wood

pulp A and 25 percent of purified wood pulp B. The run was made
to determine whether the addition of pulp B would strengthen the
sheet without impairing its stability. The test data indicate that the
addition of the small amount of the relatively strong pulp to the
weaker pulp of greater stability gave a stronger sheet than the weaker
pulp alone, without appreciably lessening the stability of the paper.

Purified wood pulp C.—Pulp C is recommended by the manufac-
turer for use if paper of fair strength for book purposes is wanted.
Pulp C, run no. 1110, was more susceptlble to hydration than pulp A4,
and the finished paper was harder than that made from pulp 4 (runs
nos. 1102 and 1103), but softer than that made from pulp B (runs
nos. 1104 and 1106). The color was better than that of pulp B. The
test data show the paper to be strong and fairly stable.
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Purified wood pulp D.—The beating treatment given the pulp for
run no. 1107 was the same as that given the mixture of purified wood
pulps A and B, run no. 1105. The fibers were long and clotted to-
gether even after the completion of the beating and were difficult to
separate in the subsequent operations. For machine run no. 1108 the
beater was furnished lighter to facilitate faster circulation and the
beater roll was lowered rapidly to the plate to cut the fibers and pro-
duce free-beaten stock. The pulp was beaten for 6 hours, but the
fibers still remained long. The finished papers of both runs were hard.

Again it is apparent that the beater roll and beating tackle are not
suited to the requirements of hard long-fibered pulp to get the charac-
ter of sheet for book papers. Different types of paper require differ-
ent treatment in the beater. The making of book papers, in common
with other papers requiring bulk and absorptive qualities, depends
chiefly on quick beating with sharp tackle, the beater being furnished
light and the beating being effected quickly enough to prevent ex-
cessive hydration yet producing the desired fraying and fibrillation
of the individual fibers.

The test data show that pulp D and the papers made from it were
strong and relatively stable. If the beating of the pulp could be
carried out quickly to preclude excessive hydrating, or gelatinizing,
effect on the fibers, a soft bulky sheet suitable for book paper would
doubtless be produced and would have the necessary strength for
severe service.

Sulphite and soda pulp mixture.—The pulp for the beater furnishes
for runs nos. 1111 and 1112 was sulphite and soda, mixed in equal
quantities. The beating treatment for run no. 1111 was merely a
light brushing of the pulp. The water in the beater did not clear
when the alum was added, and the machine water at the head box was
not clear, but since the present subproject is limited to the pulps,
no more alum was added. The stock was very free (drained quickly)
on the paper-machine wire.

For machine run no. 1112 the percentages of pulps and clay were
the same as for run no. 1111, but the beating was more drastic and of
shorter duration. The behavior of the clay in the beater water and
the machine water was the same as that reported for run no. 1111.

As indicated by the percentage of ash, table 4, the retention of clay
in the papers was comparatively low. With regard to retention of
filler, Steele [7] states that ‘“Pigments can be retained in paper by any
of three mechanisms, namely, filtration, coflocculation, and mechanical
attachment.” The appearance of the beater and machine waters of
runs nos. 1111 and 1112 indicates that the flocculation was very low.
Since the beater water for the other pulps was relatively clear, and
since the same amount of alum was added and the same clay was used
for all the runs, the retention of clay in the other papers must have
been due mainly to mechanical attachment. The effect of larger
amounts of alum, and of the use of rosin size, on the retention of clay
in the sulphite-soda pulp mixture will be studied in the second part of
the investigation of book papers.

The test data show that the papers were not of very high stability
as regards retention of folding endurance, although the changes in
alpha-cellulose content and in copper number were not large.

106351—36——>5
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New rags.—The rag fiber of the beater furnish for runs nos. 1113
and 1114 was half-stuff made from no. 1 white shirt cuttings. As the
severity of beating required for the new rags for book papers had not
been determined, the furnish for run no. 1113 was given a fairly hard
beating treatment. KFor run no. 1114 the beating interval was the
same as for run no. 1113, but the operation was less drastic, leaving
the fibers longer.

The papers made from the new white rags were very satisfactory
as to character of sheet and judging from the test data were of a high
degree of stability.

Old rags.—The beater furnish for run no. 1115 consisted of equal
parts of half-stuffs made from no. 1 old whites and from twos and
blues. The stock was prepared by a very mild beating action. Run
no. 1116 was similar to run no. 1115 except that the beating treatment
was of shorter duration and was more severe. The papers made were
soft and of good formation. They were excellent book papers in
appearance, and the test data indicate that they were also of good
stability.

VIII. SUMMARY AND DISCUSSION

The data show that a number of the pulps commonly used in the
manufacture of book papers are suitable for papers that must meet
specifications requiring a high degree of permanence.

The experimental papers made from the rags (no. 1 white shirt
cuttings or the mixture of no. 1 old whites and twos and blues) were
excellent in appearance and possessed the softness, bulk, and opacity
which are requisite characteristics of book papers. The ‘fact that the
folding endurance suffered no appreciable loss in the heat treatment
indicates that very stable paper can be made from this type of fiber.

Purified wood pulp 4 produced a relatively stable sheet of satis-
factory book-paper quality, although weaker than that made from
purified wood pulps B or C. The folding endurance and tearing
strength of book papers, however, are not such important factors as
in the case of writing papers, which are subjected to greater stresses,
but they are s1gn1ﬁcant in interpreting the results of the aging
treatment.

The paper made from purified wood pulp B or C used as an entire
fiber furnish was stronger but harder and less stable to the heat test
than that made from pulp A. The paper produced from purified wood
pulp D also was hard but it was strong and of relatively stable quality.
It is believed that the hardness of the papers made from these pulps
was due to the beater not being suited to the requirements of strong
long-fibered pulp to produce soft, opaque printing paper. Papers
requiring bulk and absorptive quahtles depend chiefly on quick beat-
ing with sharp tackle to prevent excessive hydration yet produce the
desired fraying and fibrillation of the individual fibers. The longer
beating time required with the relatively light roll and blunt tackle
of the beater used at the Bureau resulted in a harder and less opaque
sheet. If the beating were carried out quickly enough to preclude
excessive hydration of the fibers a soft, bulky sheet of sufficient
strength for severe service would doubtless be produced.

The paper produced from the mixture of sulphite pulp and soda
pulp was considerably less stable than that made from the purer
fibers. During the manufacturing process the water was not clear in
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the beater nor at the head box, and the retention of clay in the paper
was comparatively low, but since the next phase of the study of book
papers includes detailed investigation of the effects of larger amcunts
of alum and the use of rosin size, no further consideration was given
at this time to the behavior of the clay as regards retention.

Since clay is chemically inert, and not enough alum was used to
adversely affect the papers, any deterioration occurring under the heat
test must be ascribed to the cellulosic components. Resin is present
only in such small amounts that it can be disregarded.

The changes in the beta- and the gamma-cellulose contents of the
heat-treated papers were not significant enough to warrant the use
of these values as criteria of the stability of the papers. The present
belief that alpha-cellulose content and copper number are closely
related to stability of paper, and that high alpha-cellulose content
and low copper number, with very little change in these attributes
when the papers are heated, are characteristics of stable paper, is
supported by the data.

The pentosan content of the different papers was not appreciably
changed by the heat treatment, and accordingly will receive little
further consideration in this study

Although the cellulosic purity of the pulps and the probable sta-
bility of the papers made from them were found to be related, it
should be kept in mind that only a small amount of alum and no rosin
size were used in the manufacture of the papers. Papers made from
the same pulps may have different stabilities when quantities of these
materials are added. The effect of these variables will be studied in
the second part of this investigation.

The authors express their appreciation to H. F. Launer, E. E.
Creitz, and R. W. Carr of this Bureau for assistance in the laboratory
testing of the pulps and papers.
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