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INTRODUCTION

Acid in paper has long been considered a factor in causing its de-
terioration. Various investigators have stated that acid in the An-
ished paper muy be doe to {I) the use of aluminum sulphate in the
sizing process, (2) a chemical reaction taking place in the paper
after manutacture, or (3) the absorption of acidic snlphur oxides
from the atmosphere,

REVIEW OF THE LITERATURE

In 1882 Ifeichtinger (7)* reported that paper containing rosin siz-
ing has an acid reaction due to sulphuric acid, which he regarded as
mjurions to the durability of paper. Wurster (79) and Herzberg
(10), on the other hand, expressed the opinion that when sodium
and calcium chlorides resulting from the use of bleaching powder
are not thoronghly washed from the pulp and aluminum sulphate is
subsequently ndded, aluminum chloride, a compound which readily
gives oft free hydrochloric acid, may be formed.  Both these authors
agreed that small quantities of hydrochloric acid attack collulose.
In 1895 the committee [Great Britain] on the deterioration of paper
in discussing the causes of deterioration of vag paper (6) said:

* % % the disinfegration may be generally referred to acidity. The ucids
may have been present in the original paper as made; o may have resalted
fromt reaclions going on in (he paper Tself after making: or Insfly may have
boen (e fo products of s contbustio.,

'Tialle numbers In parentheses refer (o Literature Clted, p. 15.
120083°—32
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Winkler (78} treated paper with diluce solutions (1:100 to
1:50,000} of hydrochloric and salphuric acids and after 314 years’
vhservation conecluded that very small quantities of mineral acids arve
injurious to paper and that sulphuric acid causes greater deteriora-
tion than does hydrochleric acid.

Edlund {(4) determined the amount of sulphuric acid present as
aluminum sulphate, mainly in papers sized with animasl sizing, by
extracting the paper with warm water and titrating the extract with
0.1 normal potassium hydroxide, using phenolphthalein as indicator,
He examined eight samples by this method and found from 0.3 to 1.6
per cent sulphuric acid. T8dlund raised the question whether the
presence of such large quantities of an acid sult, such as aluminum
sulphate, might injuriously affect the durability of paper. Lester
{Z4) treated cotton cloth with hydrochloric or sulphuric acid of va-
rious strengths and then dried the cloth by ivoning. He found that
the degrec of tenderness caused by th« *wo acids 1s about the same
and concluded that the maximum allowable in cotton cloth appears
to be 0.01 per cent of free hydrochloric acid. Coward, Wood, and
Barrett (4) did some work on the effect of vurious acids, including
hydrochlorie and sulphurie, on cotton fabries. They found that
tendering of cofton fabrics in dilute aqueous solutions of acids is
roughly parallel to the pH cf the sclution at constant temperature
and 1s a function of the temperature of the solution. Hall (9} re-
ported an investigation conducted at the Government testing insti-
tute in Stockholm, Sweden, on the permanence of paper. He con-
cluded that acidity of paper may be caused by rosin sizing and
warned against the use of an uonecessary excess of aluminum sul-
phate in making the rosin size, Iall claimed that the acid number
of rosin-sized papers ss determined by the Swedish Government Lest-
ing institute, n method now often used in this country, should not
exceed about 20, whicih corresponds to about 0.08 per cent SQ..
Hoffman (17) determined the effact of aeidity on the bursting
strength of about 24 samples of commercial papers, including wrap-
ping, envelope, and label. He concluded that the higher the acud
number of the paper and the lower the pH value of the water ex-
tract, the greater in general was the decrease in bursting strength
when the paper was artificially aged by heating for 84 hours at 85° C.
He did not determine the effect on folding endurance. Ioffrian
(11, p. 60) stated:

If the neid number of paper is helow about 25, as measured by the Swedish
Government testing institute’'s method, the paper does not decrease appreciahly
in bursting stvengih wheu heated at 85° C, for perieds us long us T2 hours,

He also concluded from his data that when the pH of the water
extract ig greater than 4.5 there is no great loss in bursting strength
when the paper is heuted for 24 hours at 85°. Hoflman, in another
article (Z%), expressed the opinion that the acidity caused by the
aluminum sulphate used to set the rosin size is an lmportant factor
in the deterioration of paper.

On the other hand, Baker (7) points out that often an excessive
quantity of aluminum suiphate is used with tub size and expresses
the opinion that it causes rapid deterioration of the paper subjected
to an accelerated uging test, us well as of paper in vegular use.
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Richter (15, p. $°1) zalls attention to the well-known fact that acids
in paper cause hydrolysis of the cellulose. He also states:

Wiien the hydrolysis is intensified by inerease io femperniure ov by increase
in concentration of acid reagent, the detevioralion proeeeds rapidly and severe
embrifilement gceurs.

All these writers agree that mineral acids are injurious to paper or
cellulose. All work on the effect of acids on paper that has come fo
the attention of the writers, however, has apparently dealt exclusively
with finished commercial papers that had been sized, or sized and
loaded and more or less calendered. In such paper there is obviously
more than one factor that may he responsible, in part at least, for
deterioration. Apparently no conclusive data have been obtained
through a systemutic investigation on the durability as measured
by folding endurance, bursting strength, and tensile strength of
unloaded waferleaf paper which has boen frested with definite
quantities of single acids or acid salts.

EXPERIMENTAL PROCEDURE

The purposes of the investigation reported in this bulletin were:
{1) To ascertuin the deterioration, as indicated by loss im strength
and discoloration, of waterleaf unloaded all-iag paper treated with
very dilute solutions of aluminum sulphate, sulphuric acid, and
hydrochloric acid; and (2) to attempt to correlate acidity with
deteriovation.

For this investigation 13 by 16 inch sheets of waterieaf unloaded
white bond paper, all of which were made at the same time on a
Fourdrinier machine in a saper mill making high-grade bond
paper, were used. Each sheet was soaked in distilled water at room
temperature for 15 minutes in order te remove any water-soluble
substances, and then dried in air at room temperature. This paper
had a relatively high folding endurance, which was not materially
decreased by heating for 72 hours at 100° C. The water extract
had an avernge pH value of 7.85. The stock was composed of new
white rags in the proportion of 75 per cent linen and 25 per cent
cotton. It was free from rosin and glue but contained 2 trace of
starch. The paper weighed 23 pounds per ream of 500 sheets, 17 by
92 inches. had a thicluess of 00045 inch, and contained 0.2 per
cent ash.

The copper number was' determined on 1.3 g of the ground
sample by the Braidy method (2), which directs that the Fehlings
solntion be replaced by a solution of copper suiphate made alkaling
with sodium carbonate and sodium bicarbonate insteud of allkaline
tartrate. The cuprons oxide was dissolved in molybdophosphoric
reagent, and the biue solution was then titrated with standard potas-
sium permanganate to a faint pink color as descvibed by Gault and
Mukerji (8}).

The alpha-cellulose was determined in § g of the ground sample
by the method described by Burton and Rasch (3}, modified by filter-
irfg through a fritted-glass Jena crucible instead of through a cotton
cloth,
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The following alpha-cellnlose and copper number results, caleu-
lated on moisture-free and ash-free basis, were obtained: Unheated
paper, 972 per cent and 0.64; paper heated for 72 hours at 100° C,,
96.5 per cent and 0.81,

Solutions of various sfrengths of chemically pure alumingm sul-
phate (AL (80,):18H.0) and sulphuric and hydrochloric acids
were cavefully prepared. These solutions were applied to the
sheets by allowing one sheet, or subsample, folded to half its ovig-
inal size, to soak for 15 minutes in 500 ¢ ¢ of the solution. The
sogking was curried on in a shallow porcelain-lined pan, and the
paper was kept completely inunersed in the solution during the
entive period. At the end of the 1h-minute period the sheet was
unfolded to its orieinal size and removed from the solution. The
excess of the treating solnfion was shaken off by gently swinging
it back and forth seversl times. It was then placed smooth on a
elass plate and allowesd to dey in o hovizontal position.  When dry
it was cub in two equal parts. Oune part of cach treated subsample
and one untreated control were placed in an eleetvic air oven and
heated for 72 hours at 100° C. The other part of each subsemple
was ground fine enough in 2 Wiley mill (/7) to pass throngh 2 sieve
having circular holes 2 mm in diameter and then placed in xampling
bottles for acidity determinations. Al heated subsamples were
conditioned for at least 48 hiours (/3) at 30 per cent relutive humic -
ity and T0° I’ Folding endurance and fensile strength in beth
directions, and bursting strength tests were then made on them.
Each result reported in the tables is an average of at least 10 tests.
The folding endurance and tensile strength tests were made with
the Schopper machines and the bursting strength with the Mullen
testor.

A measure of the discoloration of the paper was alse mude on
the heated subsamples by determining the percentage reflection of
light with refevence fo the surface of a magnesium carbonate block.
This was measured by means of a polarization photometer. The
light source was a magnesium carbonate block ithuninated symimet-
rically by fwo 500-watt kunps and viewed normally through a mono-
chromatic bloe filker. The paper to be tested was fastened over
half the magnesium carbouate biock so that it covered one-half of
the fickd of view in the photometer. Fhe angular setting for a
mateh was determined three times and averaged. The paper sample
and the magnesium earbonate block were then reversed, and the new
angle of malch was determined three fimes as before. The per-
centage reflection was then caleulated by multiplying the tangent
of the smaller angle of mateh by the eotangent of the Jarger af:g]c.

Total acidity was detormined by a modification of the Minor
methad (76), which directs that the titration with 0.01 normal
NaQH be conducted in the presence of the gromnd paper. The
details of the method used in this worle were as follows: 1 g of
the ground sample was transferved fto n 200 ¢ ¢ pyrex glass Erlen-
meyer fiask, and 100 ¢ ¢ of carbon-dioxide-free distilled water of
voom temperature and having a pH valpe of T was added. One-
half cubice centimeter of phenolphthalein (0.5 g dissolved in 100 c ¢
of aleohol) was added. und u slow stream of carbon-dioxide-free air
was allowed to Lubble into the solulion for fve minutes. TWhile o
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slow bubbling of air was continned, the solution was titrated slowly
with 0.01 normal NaOH until o definife pik color was permanent
for at least three minutes. A correction was made for a blank
determination by using water and phenolphthalein alone, Al
results, including those obtained on samples treated with hydro-
chloric acid, were calculated as parts of SO, per 100,000 parvts of
paper.

"To determine the hydvogen-ion concentration, 2% g 6f the ground
sample was transferred to 2 250 ¢ ¢ pyvex glass Iorlenmeyer fask, anrl
125 ¢ ¢ of boiling distilled water having 2 p¥ of 7 was ndded. The
flask was tightly stoppered and allowed to cool. The solation was
then decanted off, and its pH wvalue was determined. The electro-
metric method, with the quinhydzone electrode, was nsed for all
treated samples, and the colorimetric method, with ischydrie indica-
tors adjusted in steps of 0.2 pH, was used for the untreated controls.

Total acidity and pH determination on all subsamples were made
in duplicate on different days.

Each treating solution was applied to three different sheets or
subsamples at different times in the manner described. In other
words, the work was repeated twice. The subsamples having the
suffix 1 are considered as set 1. (Tables 2, 3, and 4.)  Set 2, which
15 represented by subsamples having the suffix 2, was not started
until the heating, physical testing, and acidity determinations of set
1 werve completed. Set 3, represented by subsamples having the
suffix 3, was not starvted until set 2 was completed. This procedure
of repeating the work was adopted because it was thought that the
average of the triplicate sets would be more nearly correct than if
each treatment were ran in triplicate ot the sanme time,

RESULTS

The effect of heating the wntreated control samples of paper for
72 hours at 100° C., s shown in tests on Tolding endurance, barsting
strength, tensile strength, and reflection of light, is recovded in Table
1. Six untreated sheets were nsed. IBach was heated and tested
scparately. The effect of chemicaily pure aluminum sulphate and
sulphuric and hydrochioric acids on folding endurance, bursting
strength, tensile strength, and color of the paper artificially nged by
heating for 72 hours at 100° are recorded in Tables 2, 3, and 4. The
results of the triplicate sets are given separately in these tables to
show the varialion obtained under the same conditions of treating,
heating, and testing, The effect of these chemicals on the physical
properties s nlso expressed as percentage variation from the average
strength of untreuted and heated controls,
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Tasne 1L—Wffect of heating for %2 hours al 100° €. on physical preperties und
color of untreuted wakericaf all-rag hond puper
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t AY tensile sivength iests were made on strips 16 nm wide.
1 Discoloration 18 indicated iy u decrense in the percentuge reflection of bluse light.

Tapee 2—Fffect of alwminum xuiphate on physicol propertics and cofor of
walerieaf all-rag bond puaper heated for 72 howrs at 106° ¢,
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TasLE 2——Effect of aluminum salphate on physieal properlies and color of
sraterleal ull-ray bond ptper heated for T2 hours wt 100° . —Countinved

Tensile strength affer Variation from sireneth of | Acidlty of unheated
beating hopaled controls puper

I[ Aver i gx?:tixl'ignftf-‘ ﬁggegf

Subeampls No, | Trans- | Loagi- | 0" | pording ; parts 304) pilof | blue
versa ftudinel; [ 1 ngne Burstiug | Tensile per water hght
(It.lil;)e(.- dllirngls- dirce | nnce | StEPEUN SUenBR | yganap | estract
it tions phrks

Prer cent | Pereent | Per oen .Per cent
lieated vontrol ... b - e s . 86, 1
—4.9 5.8
—47.8 - B34
—5i. 3 o] 6. 4

—35.5 . | M a9
—aL% : B
—39.4 |- ; 84.8
=357 .. . 8.2
—#.4 ER i . S
85.5
545
.6
5. 5
6.4
6. 7
5.4
4.8 LS

Lyl md
10 L9011 Bhp
® 1T 887

23,8 B 1831 &66

TABLE S—EFret of sulphuric ecid on physical properties and color of walerleaf
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TAaute 3—FEffcet of sulphurie acid on physiedl propertics und color of wateriouf
ali-rag bond paper healed for 72 howrs al 100° O —Continued
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Tantn 4.—Effect of hypdrochiorie geid on physicel praperties und color of wvater-
Teaf wllwog Uond peper heated for T2 honrs of 100° (C—antinned
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‘The total acidity Ggures are given as parts of SO, per 100,000
parts of paper, the pIl figures are values obtained on the water
extract of the paper, and the percentage reflection of light is a
measurement of the change in color of the sam)ple.

Tigure 1 shows the effect of the chemicals used on folding endur-
ance of the paper heated for 72 hows at 100° ¢, Figures 2 and 3
show the effect of the sume chemicals on the bursting strength and
tensile strength. Only the average results of the triplicate sets are
shown in the gruphs,

DISCUBSION OF RESULTS

As the results obtained on the three sets of samples treated ab
different times with the same solution are in fairly goad agreement
with respect to the eflect on the folding endurance, bursting strength,
and tensile strength, only the average of the three sets given in
the tables and graphs are considered in this discussion. .

Where the pIl of the water extract of the paper treated with
aluminum sulphate, sulphuric acid, or hydrechlorie acid is plotted
against the percentage decrease in folding endurance (fig. 1), the
curves show that the papers which were treated with aluminum
sulphate and sulphuric acid and which yielded water extracts of
the same pH valoe suffered essentinlly the same deterioration,
whereas those treated with hydrochloric acid were subject to de-
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cidedly greater deterioration for the same pH of the water extract
when the pH of the extract was below 4.80.

Where the total acidity values are plotted against the percentage
Ioss in folding endurance, bursting strength, and tensile strength
(figs. 1, 2, and 3), the curves show that hydrochloric acid causes
a greater deterioration than does sulphuric acid, whereas the tolal
titratable acidity of aluminum sulphate, as was to be expected, is
not nearly so harmfal to the paper as is the eguivalent guantity of
{ree sulphuric acid.

UNTREATED CONTROL

Table 1 shows that the pH of the water extract of the six sheets
of untreated paper ranged trom 7.60 to § and averaged 7.85.

L=}
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FieTne 1.—Eifeet of AL{S0,), H.80., tnd 101 on folding endursuce of waierleaf
paper eatod for 72 boars at 100° O,

MEGTELD COMIROL (PR CENTD

T,
g
/

LOSE IV FOLOING ENOURAMEE OGN BASTES O

The untreated control sheets showed practically no change in fold-
ing endurance, buwrsting strength, or tensile strength after bemg
ayfificially aged by heating from 72 to 336 hours at 100° C.

The average felding endurance of the anheated controls was 1,434
double folds, the average tensile strength was 6.15 kg, and the aver-
age bursting strength was 37.1 points, After the paper was heated at
180° C. for 72 hours the average folding endwrance, tensile strength,
and bursting strength were 1381 double folds, 6.35 kg, and 30.1
points. Paper heated for 336 hounrs had a folding endurance of
1,388 double folds, a tensile strength of 6.25 kg, and a bursting
strength of 40.5 points.

Heating for T2 hours caused no perceptible change in the eolor of
the untreated paper. The percentage of light reflected by the un-
hented controls ranged from 83 fo 88.2, aversging 85.6, and the
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heated contrels rvanged from 842 to 89.1, averaging.86.1, which is
practically the same us for the unheated controls.

Table 1 also shows the variation in folding endurance and burst-
ing strength that may be cxpected between the various sheets of
paper used in the experiments. The average folding endurance
of the unheated contrels ranged frem 1,300 double folds on sub-
sample ¢ to 1,363 double folds on subsample 6. and the bursting
strength ranged from 33 points on subsample 8 to 39 peints on sub-
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Frevre 2 —Eieet of Al(80;)5, L3O, nand UHCL on bursting sttength of waterleal
paper heated for T2 hours at 100° €

sample 5. The variation between the heated portions of the same
sheets was about the same as that of the unheated portion. The
average folding endurunce of the heated controls ranged from 1.151
double folds on subsample 41 to 1,501 on subsample 6-1, and the
bursting strength ranged from 38 points on subsample 4-1 to 41.2
on subsample 6-1.
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EFFECT OF ALUMINUM SULIMHATE

The results of the tests with sluminwm sulphate are shown in
I-I\ ‘)
able 2,

4 G PER LITER

The average pI value of the water extract from the subsamples
treatedd with a 0.4 per cent solution of AL (SO,}218H.O was 3.97,
and the total titratable acidity was 206G, On artificial aging by
heating for 72 hours at 100° C, the folding endurance decreased
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100 per cent, the bursting strength decreased 56 per cent, and the
tensile strength decreased 85 per cent. The percentage reflection
of light of the heated portion was 81.9. This subsample was slightly
darker than the untreated and heated controls,

2 o PER LITER

The pH of the water extract from the paper was 4.13; the total
titratable acidity was 159. The folding endurance decreased 99
per cent, the bursting strength decreased 29 per cent, and the ten-
sile strength decreased 17 per cent. The percentage reflection of
light of the heated portion was 844. This subsample was not
visibly darker than the controls.

1 G PEL LITER

The pH of the water extract from the paper was 4.21, and the
titratable total acidity, 85. The heated subsamples decreased 87
per cent in folding endurance, and 9 per cent in bursting strength.
The tensile strength remained practically the same as that of the
arttrented and heated controls.  The percentuge reflection of light
was 85.5, or practically the same as that of the controls.

i G PER LITER

The pH of the water extract from the paper was 4.53, and the
total titratable acidity was 57. The folding endurance decreased
49 per cent, but the bursting strength, tensile strength, and reflec-
tion of light remained practically the same as those of the controls.

.2 4 I'ER LITER

The pH of the water exiwract from the paper was 483, and the
total titratable acidity was 43. The folding endurance decreased
97 per cent; the bursting strength decreased # per cent, which was
well within the experimental error; and the tensile strength re-
mained the same as that of the controls. The percentage reflection
of light was 8L4,

EFk! T OF SULPHURIC ACID
Table 3 shows the results of the tests with sulphurie acid.
L 0D G PER LITER (LDl N}

The average pH of the water extract from the subsamples treated
with salphuric zcid was 8.79, and the tofal titratable acidity was 87.
The folding endurance decreased 100 per cent, the bursting strength
decreasedl 77 per cent, and the temsile strength decreased 71 per
cent when the paper was heated for 72 hours at 100° G. The
percentage. reflection of light of the heated portion was 66.7. This
portion was considerably darker then the untreated and heated
controls.
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$.2462 @ PER LITER (0,065 N.)

The pH of the water extract from the paper was 4.18, and the
total titratable neidity was 60. The folding endurance decreased
99 per cent, the bursting strength decreased 31 per cent, and the
tensile strength decreased 19 per cent upon heating for 72 hours at
100° C. The percentage reflection of light of the heated portion
was 81.9. This subsample was slightly darker than the controls,

AZZH G PER LITER (00025 W.)

The pH of the water extract from the paper was 446, and the total
titratable acidity was 47. The decrease m folding endurance was 62
per cent, but the hursting strength, tensile strength, and reflection of
Iight remained practically the same s those of the controls.

B.GGT3 G PER FLITER (000125 KN.)

The pH of the water extract from the paper was 4.79, and the total
titratable acidity was 37. The folding endurance decreased 30 per
cent, but the bursting strength, tensile strength, and reflection of
light remained practically the same us those of the controls.

0.0366 G PRI LUTER {0.0000425 N3

The pH of the water extract from the paper was 5.08, and the
total titratable acidity was 27. The decrease in folding endurance
was 19 per cent, but the bursting strength, tensile strength, and re-
flection of light remained about the same as those of the controls,

EFFECT OF HYDROCHLORIG ACID
The results of the tests with hydrochloric acid are given in Table 4.
0.1823 ¢ PER TITER (A.G05 N.)

The average pE value of the water extract from the subsamples
lreated with this solution was £.36, and the total titratable acidity
was 48.  The folding endurance decreased 100 per cent, the bursting
strength decreased OL per cent, and the tensile strength deereased
39 per cent upon artificial aging by heating for 72 hours at 100° C.
The percentage reflection of light of the heated portion was 81.6.
This sabsample was shightly darker than the untreated angd heated
controls.

HADT1E G PER LITER (00020 I

The pH of the water extract from the paper was 443, and the
total titratable acidity wns 44 The lolding endurance decreased
100 per cent, the bursting strength decrensed 38 per cent, and the
tensile strength decreased 21 per cent. The lieated paper showed
no visible discoloration, the reflection of light being Si.1 per cent.

G050 ¢ PER LITER (000125 ¥

The pH of the water extract from the paper was .67, and the total
titratable ncidity was 37. The felding endurance decreased G1 per
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cent. The bursting strength, tensile strength, and reflection of light
remained practically the same as those of the controls.

n.neng ¢ PER LITER (G.000G25 N

The pH of the water extracts from the paper was £.94, and the
total titratable acidity was 32. The decrease in folding endurance
was 22 per cent, and the hwrsting strength, tensile strength, and
reflection of -light remained practically the same as those of the
confrols.

CONCLUSIONS AND SUMMARY

Experiments were conducted to show the effect of small guantities
of aluminum sulphate and sulpharic and hydrochloric acids on the
folding endurance, bursting strength, tensile strength, and color of
waterleaf all-rag bond paper urtificially aged by heating for 7%
Lours at 106° C.

The folding endurance, bursting strength, tensile strength, and
color of the untreated paper heated for T2 hours at 100° C. remained
essentially the same nx those for the unheated paper. The differ-
ences that oceurred in these oxperiments are within the limits of
error of the method of test.

Sniall quantities of aluminum sulphate, sulphuric acid, or hydro-
chloric acid in paper caused its rapid deterioration. The deteriora-
tion increased as the quantitics of these chemicals were mereased.
Fydrochloric acid caused greater and more rapid deterioration than
did sulphuric acid or aluminum sulphate when the pIl values of the
water extract or the totul titratable acidity were the same. ,

When the pH of the water extract from the paper treated with
these chemicals was 5.10, the loss in folding cndurance on heating
was less than 20 per cent. By extrapolation 1t appears that the
loss at a pIL of 5.50 would be approximately 10 per cent.

When the total titratable acidity of the paper was less than 20
(caleulated as parts SO, per 100,000 parts paper), the loss in folding
ondurance of the heated paper was less than 20 per cent.

When the pH of the water extract from the paper treated with
aluminum sulphate, sulphurie acid, or hydrochlorie acid was greater
than 420, .40, and 4.60, respectively, the loss in Mursting strength
on heating was less than 10 per cent.

When the total titratable acidity of the paper trented with alum-
innm sulphate, sulphurie acid, or hydrochioric aeid was loss than 85,
50, and 38, respectively, the loss in barsting strength of the heated
paper was less than 10 per cent.

When the pH of the water extract from the paper treated with
aluninwun sulphate, sulphurie acid. or hydrochloric acid  was
oreater than 4.20, 430, and 455, respectively, the loss in tensile
strength of the treated paper was less than 10 per cent.

When the total titratable acidity of the paper treated with alum-
jum sulphate, sulphuric acid, or hydrachloric acit was less than 135,
55, and 40, respectively (calealated as parts SO, per 100,000 parts
paper}, the loss in tensile strength of the heated paper was less than
10 per cent.

The folding endurance, bursting strength. and tensile strength
rapidly and progressively decrensed as the pHl value of the water
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extreets of the treated samples decreased from the figures given in the
preceding paragraphs, and as the total titvatable acidity increased
from the figures given above.

The folding endurance of the paper was decidedly move affected
by acidity, whether expressed as pId of the water extract or as total
taitratable acidity, than was the bursting strength or the tensile
strength.

Of the three tests employed, folding endurance yielded the most
significant results as to the eflect of mineral acids on this paper.
It appears to be the only one of the three necessary to malke in study-
ing the deterioration of paper by acids.

An observable discoloration of this paper occurred on heating (1)
when it contained suflicient aluminum sulphate to give a water ex-
tract having a pH of sbout 3.95, {2) when it contained sufficient
sulphuric acid to give a water extract having o pH of about
415, or (3) when it contained sullicient hydrochioric acid to give a
water extract having a pIl of about 435 The paper containing
these chemicals and having o pH somewhat higher than these figures
showed no visible discoloration, wheveas the paper having a pH value
somevwhat Jess than these figures showed a pronounced discoloration,

Altheugh no relation has been establishied between the deteriora-
tion of paper under the experimental and actual service conditions,
it seems reasonable to assume that in general such a relation exists.
Acids and acid salts, even in the small proportions used in these
experiments, exert a slow deteriorating effect on paper, which may
not be observable for many years.
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