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INTRODlJCTION 

Acid ill paper has long bel"l conHiderell a f.lctor in causing its de
terioration. '~ariouH investigators han~ stated that (tcid in the fin
ished paper may be due to (1) the UHe of aluminum sulphate in the 
sizing process, (:2) a chemical renction taking place in the paper 
after manufactul'e, or (!l) th(' abt;orption of acidic sulphur oxides 
from the nhnosplwl'e. 

REVIEW OF nm LITERATURE 

In 188~ }'eichtillger ('7) 1 l'eporte(l that paper containing rosin siz
ing has an acid reaetioll due to sulphuric acid, which he regarded as 
inJurious to the durability of paper. Wurster (if}) tllltl Herzberga... 	 (10), on thr othel' hamI, expressed the opinion that when sodiumw 

CI) 	 and calcium chlorides resulting from the use of bleaching powder 
are not thorough1r wnshed frol1l the pu] p all(1 aluminulll sulphate is 
subsequently addell, alumillum ehlOl'ide, n compollnd which rea.dily 
gi ,'es oif fl'rC' hyc1 l'ochlol'ic acid, may be' formed. Both these authors 
agreed that sJllall qnantities of hydrochloric acid attae\t c(lllnloHe. 
In 18UH the committee' [Great I3ritain] on the deterioratioll of paper 
in discussing the ('tl1lHPH of deterioration of rag paper (en said; 

* * >I< the> disintegration ma~' he gel1et':tlly referred to a('idit~·, '.rhe acids 
mas' ha,'e !)('ell present ill the original ll:l[Jer aH Illude; OJ' muy hnve l'('sultp(] 
from I'pactions /ruing Oil in the ]HlPPl' it~{'lf n1'tPl' lllHldng-; or lu:<Uy may hal'l~ 
heen (Iu(' to Pl'o\llH'I's ,)r p;as eOllllms1:ioll. .._-_..._-_._-------- 

'Tlnllc ulIlJIlJers In [1llr('nl'lwses r('fpr to I,it('I'Ili:ln',' Cited, [1. Hi. 

12[101l3°-32 
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1Yinkler (18) treated paper with dilute solutions (1: 100 to 
1: 50,000) of hydrochloric and salphuric acids and after 3% years' 
ubseryation concluded that yeJ.']r small quantities of mineral acids are 
injurious to 'paper and that sulphuric acid Cftuses greater deteriora
tion than does hydrochloric acid. 

Edlund (5) determined the lllllOunt of sulphuric acid present as 
aluminum sulphate, mainly in papers sized with animal sizing, by 
extracting the paper with I'mI'm water and titrating the e~'iruct with 
0.1 normal potassium hydroxide, using phenolphtlmlein as indicator. 
He examined eight samples by this method and found from 0.3 to 1.6 
per cent sulphuric acid. Edlund raised the question whether the 
presence of such hU'ge quantities of an acid salt, such as aluminum. 
sulphate, might injuriously afi'ect the durability of paper. Lester 
(14) treated cotton cloth ,vith hydrochloric or sulphuric acid of va
rious strengths and then dricel the cloth by ironing. He found that 
the degree of tenderness caused by th' 'wo acids is about the same 
and concluded that the maximum allowable in cotton cloth appears 
to be 0.01 per cent of free hydrochloric acid. Coward, ,Yood, and 
Barrett (4.) did some work on the efrect of various acids, including 
hydrochloric and sulphuric, on cotton fabrics. They found that 
tendering of cotton fabrics in dilute aqueous solutions of acids is 
roughly parallel to the pH of the solution at t;:onstant temperature 
and is a fundion of the temperature of the, solution. Hall (.9) 1'e
po1'tetl an inveatigatioll conducted at the Gove~'nment testing insti
tute in Stockholm, Sweden, on the permanence of paper. He con
cluded that acidity of paper may be caused by rosin sizing ancl 
warned a,gail1st the use of an unnecessary excess of aluminum sul
phate in making the rosin size. Hall claimed that the acid number 
of rosin-sized papers as cletC'l'lnim'(l by the Swedish Government test
ing institute, a method now often nsed in this country, should not 
exceed about 20, whicil corresponds to about 0.08 per cent S03' 
Hoffman (11) determined the efrect of acidity on the bursting 
strength of about 2'l samples of commercial papers, including wrap
ping, envelope~ anel label. He concluded that the highel' the aci(l 
number of the paper and the lower the pH value of the water ex
tract, the greater in general was the clecl'C'ltse in bursting strength 
when the paper was artificially aged by heating for ~4 hom's at 85° C. 
He did not determine the effect on folding elHlul'ance. Hoffman 
(11, p. 60) stated: 
If the ucid number of DUDer is helow about 25, as measured by tlle Swedish 

Government testin!{ inRtitnte's method. the )lI\Der does not decrl'usc aDpreciably 
in bursting stl·engtl.t when IlCateLl ut 85° C. fur periou;; as 10llg us 72 hours. 

He also concluded from his data that when the pH of the water 
extract is greater than 4.5 there is no gL'eat loss in bursting strength 
when the paper is heated for 24 hours at 8;)°. Hoffman, in another 
article (lf3), expressc(l the opinion that the acidity caused by tIle 
aluminum s1.11phaw used to set the rosin size is an important factor 
in the deterioration of paper. 

On the other hand, Bakel' (1) points out that often nn excessive 
quantity of Illumlnlll1l sulphate is used with tub size and expresses 
the opinion that it canscs rn.pid deterioration 01' the papcr subjected 
to tm accelerated aging test, liS well as of paper in regular use. 
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Richter (10; 1). 3'''1) (!alls attention to the well-known fact that acids 
in paper cau.se hydrolysis of the cellulose. He also states: 

'Vhen the hydrolysis is intensified by increase in temperature or by increase 
in concentration of !lcid reageut, the deterioration pl'oceeds l'apidly !lud severe 
embrittlement OCCUl'S. 

All these writers agree that mineral adds are injurious to paper 01' 

cellulose. All work on the effect of acids on paper that has come to 
the attention of the writers, however, has apparently ~lealteL:clusively 
with finished commerdal papers that had been sized, or sized and 
loaded:md more or less calendered. In such paper there is obyiously 
more than one factor that lllay be responsible, in part at least, for 
deterioration. Apparently no conclusive data have been obtained 
through a systematic investigation on the durability as measured 
by folding endurance, bursting; strength, and tensile strength of 
unloaded waterleaf paper whIch has been treated with definite 
quantities of single acids or acid salts. 

EXPERIMENTAL PROCEDURE 

The purposes of the inY('stigation reported in this bulletin were: 
(1) To ascertain the deterioration, as indicated by loss in strength 
and discolomtion, of ·waterleaf unloaded all· lag paper treated l!ith 
very dilute solutions of aluminum sulphate, sulphuric acid, and 
hydrochloric acid; and (2) to attempt to correlate acidity with 
deterioration. 

For this investigation 13 by 16 inch sheets of waterieaf unloaded 
white bond pllper, all of wbich were made at the same time on a 
Fourdriniel' machine in II mper mill making high-grade bond 
paper, were used. Each sheet was soaked in distilled water at room 
temperature for 15 minutes in order to remove any ·water-soluble 
substances, and then dried in ail' at rooUl temperature. This paper 
had a relatively h~gh ~old0g endurance, which was not materially 
decreased by heatmg for {2 hours at 1000 C. The water extract 
had an average pH value of 7.85. The stock was composed of new 
white rags in the proportion of 75 per CE'nt linen and 25 per cent 
cotton. It was free from ronin and glue but contained a trace of 
starch. The paper weighed 21 pounds per ream of 500 sheets, 17 by 
22 inches, had a thiclmess of 0.0045 inch, and contained 0.2 per 
cent ash. 

The ('opper number was' determined 011 1.5 g of the ground 
sample by the Braidy method (f2), which directs that the Fehlings 
solution be replaced by a solution of copper SUlphate made alkaline 
with sodium carbonate and sodium bicarbonate instead of alkaline 
tartrate. The cuprous oxide was dissolved in molybclophosphoric 
reagent, and the blue solution was then titrated ·with standard potas
shun permanganate to a fai.nt pink color ns described by Gault and 
Mukel'ji (8). 

'.rhe alpha-cellulose was detenninec1 in 5 g of the O'round sample 
by the method described by Bmton and ~nsch (3). nlodified byfi1ter
ing through a fritted-glass JClla crucible instead 0'[ through It cotton 
cloth. 
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The following alpha-cellulose and copper number results, calcu
lated on moisture-free and ash-free basis, were obtained: Unheated 
paper, 97.2 per cent and 0.64; paper heated. for 72 houn; at 1000 C., 
96.5 per cent and 0.81. 

Solutions of various strengths of chemically pure alumiuuUl sul
phate (A12(SO'l)3.18H~O) and sulphuric and hydrochloric acids 
were ct1,refully prenared. These. solutions were applied to the 
sheets by allowing one sheet, or subsample, folded to half its orig
inal size, to 'Soak for 1;') minutes in 500 c c of the solution. The 
soaking ,\vas carried on in a shallow porcehtill-lined pan, and the 
pa,per was kept completely immerscd in the solution during the 
entire period. At the end of the 15-minute period the sheet was 
unfolded to its original size and ren10ved from the solution. TIll' 
excess of the treati:i1g solution vms shakl'n off by g('ntl~· swinging 
it back amI forth SP\'eru 1 time:.;. It was tllPn placed smooth on a 
glass plate and allowcrl to dry in H horizontal position. ,Vhen dry 
it was cut in two equal parts. One part of rneh treated substlmple. 
and one imtreatetl contt'Ol were placed in an electric air (lyen and 
he.ated for 72 hours at 100 0 C. 'I'll(' other part. of each SUbsllIDplr 
lYas ground fine enough in a ,Viley mill (17) to pnss through n. sieve 
haying eircular holes 2 lllm in lliametcr and then placed in sampling 
bottles for acidity d!'b:'rminations. AU heated :mbsamples were, 
conditioned fol' at least 48 houl's (1.1) at 50 pCI' CCilt relative humif. 
ity and 70° li'. Folding emluraI1cc and tensile strength in both 
(lirections, and bursting strength test3 were then made on them. 
Each l'l'sult reported in thC' tables is an averng'e of at least 10 tests. 
The 'folding cndurance and tpllsile str!'ngth te.:;ts were made with 
the S('hoppe'l.' :nachines and tlH' bllrsting strength with til(' Mullen 
tes/'C'r. 

A l1lemiUre of the discoloration of the paper was also made on 
tIw lwated subsumples by tietermini:lg the percentage l.'efiection of 
light with reference' to the surface of a magnesium carbonate block. 
This was measured by means of a polarization photometer. The 
light source was ~1, magnesiulll carbonate block illuminated symmet
rically by two 500-watt lamps nml yiewul normally through It mono
chromatic blue IUter. The paper to be tested was f::t:.;tenl'cl over 
half the magnesium carbonate block so that it covered OJ1('-half of 
the field of yiew in til<' photometer. The nngulnl' setting for a 
match was determilll·tl thJ'('e tim('~ and ayeraged. The paper sample 
and thl' maglH'siulll carbonute block wel'e then reversed, mi.d the new 
angle of 111a1'('h was drtl'rmined tln'!'e times as before. The per
eentage reflection was. thrJl eakuln trd by multipl~·jng the tangent 
of the smalll't· angle of match by the' cotnngC'nt of the larger llnglr.. 

Totul acidity was determined by n. motlifieation of the l\firior 
lllethoc1 (16),' "'hich eli reds that -the titration 'with 0.01 normal 
NaOH be ('ontlude<l in the pl'est'llce of the gronnd paper. The 
details of the mrthod lIs('(l ill this "'ode were as follows: 1 g of 
the ground sample was trans:[('rrell to [1, 200 c c pyrex glass Erlen .. 
meyer flask, and J00 e (' of cal'boll-dioxide-free distilled ,Yater of 
room templ'rature and haVIng a. pH yalue of '( "'as added. One
half cubic centimeter of phenolphthalein (0.5 g dissolved in 100 c c 
of alcohol) WllS addl'd. and. a slow strram of carbon-dioxide-free ail' 
wns allowed to bubble into the solution for five minutes. While (L 
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slow bubbling of ail' was continueu, the solution v.as titrateu slowly 
with 0.01 normal NaOH until lL uefiuite pi'lk color was permanent 
for at least three miflutes. A correction was made for a blank 
determination by using 'water and phennlphthiLlein alone. .All 
results~ including thos!;: obtained on samples treated wiih hycb:o
chloric aci d, were calculat~d as parts of S03 pel' 100,000 parts of 
paper. 

To determine the hydrogen-ion concentration, 2% g of the ground 
sample was transferred to a 250 c c pyrex glass Erlenmeyer flask, and 
125 c c of boiling distilled wdter having Q pH of 7 wus added. The 
flask was tightly stoppered and allowed to cool. The solution WitS 

then decanted off, and its pH value was determined. The electro
metric method, with the quinhy(hone electrode, was used for aU 
treated samples, and the colorimetric method, with isohydric indica
tors adjusted in steps of 0.2 pH, ,YUS used for the untr13ated controls. 

Total acidity and pH determinution on all subsamples were made 
in duplicate on difrerent days. 

Each treating solution was applied to three chfferent sheets or 
5ubsamples at clifl'erent times in the manner described. In other 
words, the work was repeatr.d twice. The subsllmples having the 
suffix 1 are considerecl as set 1. (Tables 2, 3, and 4.) Set 2, which 
is represented by subsamples having the suffix 2, was not started 
until the heating, physical testing, lWcl acidity determinations of set 
1 'were completed. Set 3, represented by suhsamples having the 
suflix 3, was not startell until set 2 was completed. This procedure 
of repeating the work was n.c1opte(l because it wns thought that the 
average of the triplicate sets would be more nearly correct than if 
each treatment WCre run in triplicate at the sume time. 

tiESULTS 

The effect of heating the untl'eatecl control samples of paper for 
72 hOlirs at 100° C., as shown in tests on folding endurance, bursting 
strength, tensile strength, and reflectioll of light, is recorded in Table 
1. Six untreated sheets ,,'ere used. Each was heated and testell 
separately. The effect of chemically pure aluminum SUlphate al1(l 
sulphuric n.nd hydrochloric acids 0::1 folding endurance, bursting 
strel~gth,. tel~sile strength, and color of the pa.per artificially aged by 
heat1l1g for 12 hoUl's at 100° are recorded in Tables 2, 3, and 4:. The 
results of the tri plicate sets are given separately in these tn bles to 
show the variation obtained under the same conditions of treating, 
heating, anel testing. The effect of these ehemicals on the physical 
propel-ties is also l'x[lressp<\ as pereentage variation from the average 
strength of uutreated and heated cOlltl'olci. 
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TABLE i.-Effect of heating for "/2 ltO'ltr8 at 100 0 O. Oil physicol llro/lel'lies alld. 
color of 1mtreatecL 'l!'atcrlcaf oll~ra{J bOllcL paller 

KOT lJEATED 

Folding on~urnnce Tensile SLr~ngLh I iv~~i~~g~ai~r~g~~~fsth .t~t~.~- Re

Subsam- 'l'rans- Lon~l- AY~r- Bursting 'frans- LOII~I- Ayer- pH .llec-I
' tudl- ago "I _ tudl- age Fold- [ LIOn ofI N 

I
pea. v.erso n,ll both streng. 1 , !,rse nnl hoth jng 13tlrstlng Tensile.1l blue 

di{oe~- di.r9C- d!ret- (WOel~- direc- d!rec- endur- etrength strelll(th.~'~~:~t light' 
tlOn tlOns bon LIons nuce. I 

---- lJollblc Double Double ---,--- ----- ---;;-1--- ---1-- -P;
folds fo!d. folds Po~~~ts,; Ky Kg, Kg cellt I Prr cent Per CC.lt I __ cent

1.________ 579 2.330 1,455 .. , ....__ .... ,. ___ . ., ..•. _.. _•• ____ •• _ . __ ... _____ .• I. ,0 83.5 

2_._._____ 875 2.,0.33 1,454 31i.~ .---·_·1· __ ·___ :_· __ ... -...-".'.-.--.--'..-..---.. 7.80 87.0
3._.._. __ ., 604 2, 33 1,519 37.5 ...... - --.----;---.--., •. - ........ -- ... __ • __ •.•.1 8.00 83.0 

4. ____._.. ·103 2,107 1,300 37.6 _____ ••••____ .i..._._., .....__ ,_ •• ___ •• .1._....... 7.60 85.4 

5__.•_. __ .\ 6401 l,gSI 1,313 39.0 ........____ •.:•• ____ -'1.._.... :... ______ :. __ .. _. __ 1 R.OO 88.2 

6.,______ •• 734 2,300 1,585 1/5.0·.. ____ • --- ....1....... _...... L. __ ._. _______ ..._. 8.00 SC,,6 


Averager"'li552.2i3l,43.l.----:i7.l--:t2j8.1IIJ.1'5~·------~!~'85:6 

IlEATED 

1-1..._... 7S~02.127 1,455' 38.3 .•____ j... 1 .. 0 +2.11 ... ' 84.8 
2-1.....__ DO:l 2,358 1,481 39.7 '........... __ f .• +1.9 +10.6". __ __ 86.0 
3-1. __.... U30 2,313 ',.J72 3s.6 1--.----I.-- ___ I .. ____ -3.1 +2.9\" .... __ + __ ... 84.2 
4-1. ___••• 5S'} 1,717 1,151 38.01"•.•••----.-- '''' -11.5 +1.1 -----1 .. __ 87.8 
5-1..__ •• _ 7~\\ 1,726 1,220 38.6 __ • __ •.. ___ •• _____ ' __ -(j.O -1.U . ._ ____ 1 ____ •• 85.1 
(H....._. 5if 2,425 1,501 '11.2 ;. __ •• _, ____ .... __ . "1 -4.1 +17. 7 _ __ 89.1 

J\ "croge 050 ,2.1i11.381faiJ.J!4:6,lU ---;).35,--=3.71+5.4i~1'==SiD 
I All tensile strength tests were mnde on strips 15 nun wirle. 
, Discolorotion is indicated by u decrease in lho percentnge reOcctioll of blue light. 

TAm_E 2.-FJffeot Of almnillllJll- .~1I1ph(lte on ph?l8icoJ l>ropertieN amI. col'or of 
lcl£terie(lf all·rog bOlla poper healed tor 72 71.0111'8 (It }OOO C. 

' I: FoldIng cndurllnre nfl~r 
henting J,tlrsting

j Strenl(th of pIl .of strength
SnbsnmpJo Ko. Al2\SO.),ISU,O ~~~:;g~~ 'rrnns· ILo~git\l' Average nft~r 

) "verse dwtll hoth heatmgI
t 

I 
'I direction IdIrection directions 

---------1----1-----
I 1 DOllblt Double DoubleI

I
Oram. per liler, folds joid.. folds 

I 
Poi Ill.• 

Heated ~ontroL. ____ •••_..._................ -- ... -- --'r~~~-~
-----_.!--
A-I •••• ____ ._. ___ •••. ___ ...____.•_.. ,} {..... __ . 0 0 0 15.3 
A-2__ ••• _____•____ •••••_........... ,I __ .. ____ I II! 20.4 
A-3 .. _............_...........__ .... ..,._ • . 0 0 0 10.6 

Average................ ,...... oj !~'!..I___o_.____o_____o_1 17.4 


oB-1 -- •• -............... -----.......,} ---
Ii' '--='r-- o --OI--;g:Q13-2 .. __ ........ ___ ........ __ ._ .. .1 2 l _ ______ JI • 22 17 27.2 
B-3. '"'' •.••• __ •••••• _.... _......~I -.. II: 22 17 20.7------------,--------

Average... __ ... __ ....... .... 2 L_3:":~.J 10 18 /___ 1'_1.~ 


C-I ... ______•• __ .• __ •• _• •••• --.-- •. ~ IJ·.......! no 150I-li'O---aI.5 
C-2...... ____ ••• __ • __ .•• __ ... __ .... 1 l .. _···l ;~ 207 173 36.0 
C-3 __ • _____ • ________ ...... __ .......1 I - --, 1!13 286 240 3U.3 


Avemge________ • ___ .• ___ ...... , 1 W 3.8U!. 113 281 171 35.6 

D-l...... __ •• ____ ._ ... ____ • __ ....... ,} { __ I 347 7111 5!i9 :;8.4

D-2___ •____ ........... __ •• _••••• __ ' 0.-1 . 503 1,050 777 39.0 

1)-.1..........____ ....... _..... . .' , _ ; aBg 1,151 7(iO 39.0 


Asernge.____ •• ____•___ ..... __ .:-----.4-t--4'00:-----:;OO ----n!i7 -m; -38.8 
. t == ~-L ...... _..... __ ....... - ...------r 1· .. -.._. 3~7 I, 70~ 1,075 :lti.8 


~~t:~;:~:~;,~~::::::::::::::~~~::::l :: 1~~I~~~ 
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TAlILE 2.-Effect of almnin·ulIl. sulphate Ol~ phyMca.l. properties (md. Co~or of 
·lrMerlea.f all-rag lion(l II(tller /!C(I.tcti f01'12 ho",·.~ at 100 0 O.-Continued 

Tensile strength after 
beating 

VarillLion from 5tren~th of 
beated controls 

•Acidity of unheatcd I 
puper 

Reflec
tion of 
hlue 
lIght 

T.\BU:: :l.-B{fcC't of .~ulllhu·riC' (lcid on l)hy.~icaL propcrties o/lll colo I' of 1palctlca{ 
o/l-rao boml papcr hcalcd for 12 /tOUtS (I,tliJO a e. 

Folding enduram'c after ,I 'j"'llsiic strength after 
i heating nursling heating 

Subsample No. !Strength' strength I ,..----
Iof ]J,SO, J Trans· I Lon.gi. A,·erage. h~~~~r Trans· ILongi· A"erage 

, Ycrso di· ltulinal hoth i • tng "erse uf- tudinal both 
i rcetioll . dirct'tion direCtiOlls, ____. rertionJ direction directions 

-------------:----- I ii Oru'lll.. DouMe Double Doubl, ' . : 
I 1JCT liter' jolds [ol<is. [oltls l'uilli., Ku. KU : Kg

Heated controL __ " __ I~ 650 2. 111 ! I. :IHI _ :I!I. 1 01. Ii !_ s. I 1 n.35 

}<'-1. •• ___ .._. ____ ••.• } { 0 0 I 1/ lu.a ....... :.. -- .. ----. 
1"-2____ ..... _.. . ... i U"WO·! IOU ~) ~.H i --.--.-- ..... ;...... 
F-3__________________ 1 ' () fJ ./ KO I .,,-- ' . 00' • •• 

tAverage.___ ....1 .•mol.l, n-o . __ n lt~c! 1.1;:,_._2.1 I.S5 

O-I......... _...... __ I} I{ S l:l II 25.2 __ . ... .---.. 

0-2........____ • __ .", .2·152 21 31 26 3tO __ .' .1.. . " .. . 
0-3. __ .._•••••• ____ ..1 I 1 I ' 1 2r..O . . • . __ : ...... . 

Average.... __ •• I_ .2·Jr.2 i 10- 15 1 I~ 2,.1 3.:1-; 7.01- 5.15 

rr-I._ ... _ .. .... _ 3·IS__ .•.'}----.-{ -----us:r---Wlt-l----:ill.2 =---:1-._-.-.--.'~
1I-?_____ ._...__ ._.... : .1226 I 272 q6'r: .j,C1 30.0,' ____ . .:--.-- --, -- ....-
H-3.__ ...._. _________ • i lUS . hil-I ·131 ·IU) . ' " "00_ 

·D. ~---·'-?-I---·'--·-~~ -----·'·-1--·--- ----.----.-.-) ~---'-Q-r.A~ ...rngO~___ .. ___ .1_..6 1::--"-_ _ 13 , 1- _ 'J...,i.. 3U" !_~4-_ ,\oj. _ : h. _01f 

f-l_. ___ • __ ._.. ______ .:} I{ 4115 l,f>I~ I I,UO, ·m.oJ!. . ... ;. 00 ••• - 

1-2.._.........____ •• _ .0013 I 52·1 1,[,~9 1,05, :lo.n 1'-- --. ," ..----. 

1-3 ___ ._._ ••.___ • ___ .. 300 ,1.2115 H:1I 'lO.n. ." ____ .... 

Average__ ... ___ .: ~oOJa' .Hi2 
11=-," 1.4i7 _ tUm I aO.fl I~. K:! 6.30 

J-L..... __ ............-}----{--50T-l,1f.is~'i I-:RT.' -.-.-.- --.--.-.'--.-.-.. 

J-2•• ___..........._.. .0300 I .187, J,Q55 I 1,071 3\1.~... --.. ---- .••••

J-3....._._._.____•__., I 4110 I, ,00 1.1001 '10., .. ... .. ___ _ 

. _~\:~~!~~e----.i~I---o\-u6-~~I-----:ru:o ~ --s:2;-----0.25 

http:s:2;-----0.25
http:7.01-5.15
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TABLE 3.-Effect of .~u.1Jl7/Ju.ric acirl on. ph11sical llrOpcrlie8 (I/t(L ('ala/' of 'lGllterlcaf 
a,ll~rau /Jond paller hC(I,t('u, fm' 72 hou/'.~ (It JO{)o C'.-Contil1ul'(] 

i 'rotol Reflec· 
lcalculntecJ tion orSubS8mpie No. ,Folding pIT or blueBursting 'rensile ~ parts wnlpr light 

anrl! • 100,000 cxtrn~t 
ollrlur glr~nglh sl rength •. 0, perI. pnrl~ 

1,nper 

J1~ated contrOL ••••• __••••_._ •••_.____ ._.J;-~~r ~~~~ ~~:~:t~':./~lIt~.. ~. . 7: ~ Per c&!\ 
F-1. ....__ ... __ • __ ... __ • _______ • __ • __... __ • -100.0 -73. I .......... [ 10·1 :1. 65 72.2 
F-2...___ •______..._.. ___........ __ ...... -100.0 -77.5...... .... 74 3.05 00.6 
F-3 ........... ______ ... ____...... __ ..... __ -100.0 -79.5 .......... 81 3.76 67.2 

Average... __ .......______ ....... __ .. -100.0. -:.7~.~ -~~!I.--'. 8;_~~ 


8=L::.=:::::'::::::::::::::::::::::::::: =~~: i I :~~: ~ I·::· :::...\ ~~ , :U§ ~b
0-3 ........... __ ......________________ ... -OO.O! -36.1 .......... no 4.16 1>1.0 


Nt:':·~~:;:::::::::::::::: ..·~~tFIf-TO! ~ -~~ 

A\'cnl~~.......------. __ .. __ ...... I -f>2.1 +1.5 --·-=-liJi---.-j7-~fl- S4.5 


"'T'==' . _ ... '" ~-~=~.....= .....,
+.st~:::::::::::::: ::: :::::::::::::..-:::.J :5~: ~ -.a 

1-3 -30. X +2.3 -.-. 
.\wrare -311, I +1.1I 

I-I. -J4.0 -1.3 
J-2. -22.·1 +1.3 
J-3. -211.1 +1.1 

-HI. I 

'l'.\ULEl ·I.-Bffl'ct of h]Ic/l'fJcltloric ad(l Oil )Jh/l,~ic'(/l Jlro/i('rtie.~ alia. color of 'Water
/('at all-rag /JOnd, 1I0per hClll('d for 72 hOllr8 01 II}O" O. 

H~ntod ('lIntrnl .. 
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TABLEl 4.-Effcct of hl/(l/'ochlOl'io acid on fJhJf.~i~al Pl'Opc/'tic.~ and color of watel'
leaf nil-rag bOlla lJ(1PCI' 1wate(I. {or 12 1/{1lt/'.~ at 100 0 O.-Continued 

\'lIriation (roIll strength or ji Acidity o( nnheated paper
heated controls , 

'/'otnl (:nknillteci 85- Reflec·8u!JsampJe No. tion of 
pU o( blue lightFolding Bursting 'rensile Ports Parts watere~;:~~. strength strength UC'I per SO, per extract.100,000 100,000 

pllrts parts
I paper paper 

, I ----

ITeated t'OntroL. ______________I.::.~.~~:,~~r.~~~:: :::.~r.~~~:.I_........."........:.1. i.85 Per c~.t1 


K-l •• ________ ....._____..______! -100.0 -63"1 .......... , 171 52 ~1.24 81.0

K-2 •• __ •_______ • ____ • ___ • __ .___ -100.0 -01. 6 .......... ' 51 liO .1. 3& 78.0 


K.-3 •.•••••-.--------.------••••, -100.0 -[,~.6 .......... j__3_3.1---:,3,~ .I.~ __~~ 
Average•••••• __... __ ••..• ; -100.0 ~1:..:.--=-3D..:.<__ __4_H ~~"_.II----..:. 

1.,.·1..______ .........__ . ______ ••. 1· -!Xl.• -.10.0, ........ 1 30,! 3n ,,,.:17 83.1 

L-2.._____________ • __ .. __ ..... __ -!Xl. 6 -2:l.3 i ........., -In ·14 ·1.4-1 85.7 

1,-3_........_______•• _... __ ..... --nn. \) -·la.7 !........ -\-I , IS .\. -Ii 8.1.6 


A,erage _____..__ •__ ......l -!Xl.7 -=~'~I- -21.3 _ 4~- +1{~=-i.13 8-1.1 

:M-l. .. _...____ ...... __ .........f -62.4 -7.21 .......1 36 31) j ·1.66 80.5 

1\'[-2.......... __ ................ < -61.7 -5.·( .. _....... , 35, :lS .1. OS 83.1 

:M-3. __....____................. ~1~ :':.:"= __3_1 __ ~_~~ 


,\ "erago... , .............. -130.5! -2. r, -2..( 34 I 37 I .1. 67 &1.S
< 

N-I. ..._.......................)~----:;~;; '--.-..-·j----;nl·--a2-'--:U;O-----s7.0

N-2.............................. -30.6 -.:1 _ .. __ .. , 33 an 4.92 83.7 

N-3............................. , -H.O: -.3 ,........ / 2t) 2Q I 5.04 87.3 
,___,_- - ------.- ---1-------

Averngo_ ................ .! -22.2: -." -.,,: 2!l 321 ·1.94 86.0 


The total acidity figures nrC' gh-cn as parts of 803 pel' 100,000 
parts of paper, the pH 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 sampk 

Figure 1 shows the elIed of the chemicals 11se<1 on foJLling en elm
:mce of the pn per heated for 72 hours at 1000 C. Figures 2 anel g 
show the eifrct of the same chemicals on the bursting strength and 
tensile strength. Only the average results of the triplicate sets an' 
shown jn the graphs. 

DJSCUS8TO)i OF RESULTS 

As the results ohtainrd on thE' thr('C' SE'[S of samples treated at 
different times with tlu' salll(' solution nrC' in fairly good agreement 
,nth respect to the C'ifect on the folding endurance, bursting strength, 
:mel tensile strength, only the average or the three sets given in 
the tables and graphs are considered in this discussion. . 

'Where the pH of the water ('xtmct of the pnper treated with 
aluminum SUlphate, sulphuric acid, or hydrochloric aciel is plotted 
against the percentnge deel'C'as(' in folding endurance (fig. 1), the 
curves show that the papers which were trented with aluminum 
SUlphate 11m1 sulphuric Heid and which )Tielcleel 'vater extracts of 
the same pH val ue sufi'erecl l'ssen6ally the same deterioration, 
whereas those treated with hyr.ll'ochlol'ic acid were subject to de

http:4~-+1{~=-i.13
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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 itre plotted against the percentage 
loss in folding endurance, bursting strength, and tensile strength 
(figs. 1, 2, ar.d 3), the curves show that hyclrochloric acid causes 
a. grea.ter deterioration than does sulphuric acW, whereas the total 
titratable acidity of aluminum sulphate, as waS to be expected, is 
not nearly so harmful to the paper as is the equinlJent quantity of 
fl'ee sulphuric acid, 

UNTREATED CONTROL 

Table 1 shows that the pH of the water extract of the six sheets 
of untreatl'd paper rungl'd from 7.GO to 8 and aVl'ragl'd 7.85. 

0 

/0 

0.20 

~ 0 ~" ~ 

\~ I\~~ 0 

\ ~ \ ~ 17 

'\ '\ 
Go 1 \ ~ ~ 

\ --\~ ~ 70 
~ If,l. 

\~ \-\€w~~ ~ \ ~ I» 
00 

1\ 1\ 1\ \ ~\t) 

\ \ ~ \;\ 
J./17 4.917 ....70 ....00 ....so ~/t7 

;ON 17-""ffA'TL':"R L':"XTR"';CT 

FIGURE l.-Elfcct of Al.(SO.)" U.~o,. and HCl on folding ~ndUrt\Ilce of wutcrlcu(
pltper h('llt~<l for 72 hours Itt 100· C. 

The untreated control sheets showed practically no change in fold
ing endurance, bUl'stinp; strength, or tensile strength after being 
artificially aged by heatlllg from 72 to 33G hoUl'S at 1O(}0 C. 

The a\rerage folding endurance of the unheated controls was 1,434 
double folc1s~ the average tensile strength was G.15 kg, and the aver
g,ge bursting strength was ai.l points. Aftl'l' the paper was heated at 
100 0 C. for 72 hours the average l'olding endUl'ance, tensile strength, 
and bursting strength were 1,381 double folds, G.a5 kg, und 39.1 
points. Paper heated for 33G hours had folding endurance of[l 

1,338 double rolds
1 

a tensile strength of 6.25 kg, and a bursting 
strength of 40.5 pomts, 

Heating for 72 hours cuused .no perceptible chHllge in the color of 
the untreated paper. The percentage of light reflected by the UJl
heated controls ranged from 83 to 88.2, Hvernging 85.G, and the 
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heated controls mnged Trom 84.2 to 89.1, averaging.86.1, which is 
practically the same as for the unheated controls. 
. Table 1 also shows the variation in folding endurance and burst
ing strength that may be expected between the various sheets of 
paper used in the experiments. The a:verage folding endurance 
of the unheated controls ranged from 1,300 double folds on sub
sample 4 to 1,:>6,,) double folds on subsample 6, and the bursting 
strength ranged from 35 points on subs ample 6 to B9 points on 8ub

... 
0- -<l. 

1\ \...-'Ii r--- ! i""-:r\ Th I ! 
10 

i\ I 
~ --~~I 

zo 

\1\~ 	 r--:_
I~. 

'".70 

0 
,\ \'1':it. I I 


I \ \ 

$17 

\~ 1\ ! 	 \ ~ 
60 	

\ 
70 	

\ 
-. 	 .. 60" 

FIGt;IUl 2.-1ilffect of Ab(SO,h H ..SO" lind fIel on burstIng strell~tll of watcrlcr.r 
pdp('r ht'!! tt'il for 72 hours at lOlle C. 

sample 5. The nU'jatioll between the heated pottions of the same 
sheets was about the same as that of the unheated portion. The 
avel'llge folding endurance of the heated controls ranged from] .151 
double folds on subsample 4-1 to 1,:')01 on subsample 6-1, and the 
bursting strength ranged from 38 points on subsample 4-1 to 41.2 
on subsample 6-1. 

or 
" 1 1-~~ 1\ I"" \10 

I~ \l 	 ~ N,t I 
! 1 ~\ I'~, 	 .~ 

" 
\ I 	 I ~ \~ 

\ I 	 \ 

1\ 	 I 
Iro \ 	 tf 

.L.-1 __ l _"-_" __ J____
"" :;;r",w;,.i ~J_ · ... ,"",J04,~")"J' 

FIGl!ItE a.-Effect of AI.(SO.J:., H"SO." 1111(1 Hel on tens II!' strength of wnterlcnf 
pnMr )ll'llt(·!! for 7:! hOll!'>; Ilt 100· C. 

EFFECT OP ALUMINUl\[ SULPHATE 

The results of the tN;ts "'ith n.iUl1LinUIll sulphate are shown m 
Table 2. 

,I G PElt Ll'rElt 

The average pH vnlne of the water extract from the :mbsamples 
treated ·with a· 0.4 per cent solution of A12 (S04)a-18H!!O was 3.97, 
and the total titrntable acidity was 2DG. On artificial aging by 
heating for 72 hoUl's at 1000 C, the folding endurnnce decreased 



12 TECHNICAL BULLETIN 334, U. S. DEPT. OF AGRICULTURE 

100 per cent, the bursting strength decreased 56 per cent, and the 
tensile strength decreased 35 per cent. The percentage reflection 
of light of the heated portion '.vas 81.9. This subsample was slightly 
darker than the untreated and heated controls. 

2. G rEH T...I'I'KH 

The pH of the water extract from the paper was 4.13; the total 
titratable acidity was 159. The folding endurance decreased 99 
per c0nt, 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 84.4. This subsample was not 
visibly darker tluln the controls. 

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 
untreated and heated controls. The percentage reflection of light 
was 85.0) or practically the same as that of the controls. 

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 fitrength, and reflec
tion of light remained practically the same as those of the controls. 

n.~ a rER LITER 

The pH of thc ,Yater eY~ract from tiw paper was 4.83, and the 
total titratable acidity was 40. The folding endurance decreased 
27 per cent; the bursting strength decreafied 4: per cent) which was 
well within the experimental error; and the tensile strength re
mained HlP snnw as that of the controls. The percentage reflection 
of li:rht was HHi. 

EFJ. .cT OF SULPHURIC ACID 

Table :i shows tbe result::; of the tests with sulphuric add. 

. n.·IU!).! G l'~m UTI':\: (0.01 ;so.) 

The avera:re pH of the water extrnet from the subsamples treated 
with sulphuric acid was 3.79, and the total titratable acidity was 87. 
The folding endurance decreased 100 per cent, the bursting strength 
decreased '77 per cent, and the tensile strength decreased 71 per 
cent when the paper was heated for 72 hours n.t 100° C. The 
percentage~reflection of light of the heated portion was 66.7. This 
portion was considerably darker than the untreated anel heated 
controls. 
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0.24G2 G PEU LIT1m (0.00r. N.) 

The pH of the water' extract from the paper was 4.18, and the 
total titratable acidity was GO. 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 
1000 C. The percentage reflection of light of the 11eated l)ortioll 
was 81.9. This subsample was slightly darker than the controls. 

fI.12~G <: l>EU T-JrrJ!!R (0.0025 N.) 

The pH of the water extraet from the paper 'was 4.4:G, and the total 
titratable acidity was 4·7. The decrease in folding endurance 'Nas 62 
pe:r cent, but the bursting strength, tensile strength, and reflection of 
light remained practically the same as those of the controls. 

O.OG1~ G l'EU I,ITEll (O.0012~ N.) 

The pH of the ',ater extract from the paper was 4.79, and the total 
titratable acidity was ~7. The foMing endurance decreased 30 per 
cent, but the bursting strength, tensile strength, and reflection of 
light remained practically the same as those of the controls. 

O.O:lOIJ G 1'1~H LlTI'R (0.0001125 N.) 

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 thof,e of the controls. 

EFFECT OF HYDROCHLORIC ACID 

The results of the tests with hydrochloric acid are given in Table 4. 

0.1823 G PEU J.ITElt (O.OOG N.) 

The average pH value of the water extract. from the subsamples 
treated with this solutie-n was +..36, and the total titratable acidity 
was 48. The folding endurance c1ecl'easec1100 per cent, the bursting 
strength decreased 61 pel' cent, and the tensile strength decreased 
3D 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 subsample was slightly darker than thE: untreated and heated 
controls. 

The pH of the water extract from the paper was 4".1:3, tUl(l the 
total titratable acidity. was '~4. The folding cndul','mce decreased 
100 pel' cent, the burstmg strength decreased 38 per cent, and the 
tensile strength decreased 21 pel' cent. The heated pavel' showed 
no visible discoloration, the reflection of light being 8+'.1 pel' cent. 

O.o·! un c: I'I~J{ UTEIt (O.OOl~fi N.) 

The pH of the water extr'nd from the pa.per was 'tGT, :I1l(1 the total 
titratable acidity vms 37. The folding endura1lce decreased 01 per 
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cent. The bursting strength, tensile strength, un(I reflection of light 
remuined practically the same as those of the controls. 

0.0228 (} l'Elt LITElt (O.O()OG2~ N.) 

The pH of the watC'r extracts from the paper was cI:.DcI:, and the 
total titrata,ble acidity \vas :32. The decrease in folding endurance 
was 22 per cent, anel the bursting strength, tensile strength, anel 
reflection of 'light renulined practically the same as those of the 
controls. 


CONCLUSIONS AND SUMMARY 


Experiments 'wC're conducted to shO\y the effect of small quantities 

of aluminum sulphate a,nel sulphuric lWc1 hydrochloric acids on the 

foldiJJg endurance, bursting strength, tC'I1sile strength, and color of 

waterleaf all~rag bon(l paper artificially agecl by heating for 72 

hours at 1000 C. 

The folding el1l1urallcC', bursting strength, tensile strength, llIld 
color of the untreated paper heate(l for 7~ hours at 100 0 C. remained 
essentially the same as those for the unheatecl pap(>l·. The cliffer
ences tha,t occurred in tlH'se experiments are within the limits of 
error of the method of test. 

Small quantities of aluminum sulphatC', sulphuric acid, or hydro-
ChlOl'ic acid in paper caused its rapid deterioration. The cleteriol'll
tion increasecl as the quantities of these chemicals ,yere increasecl. 
Hyclroch10ric acid causetl greater and more rapid deterioration than 
did sulphuric acid or aluminum sulphate when the pH yalues of the 
water extract or the total titl'lltable acidity were the same. . 

'When the pH o-r the wtlter extract -rrom the paper treated with 
these chemicals was 5.10, the loss in fohling endurance on heating 
was less than 20 pel' cent. By ext~·:tpolatioll it appears that the 
loss at l1, pH of 5.50 would be approxllntltely 10 per cent. 

'~'{hen the total titratable acidity of the paper was 1('1'5 than 20 
(calculatecl as parts 80a pel' 100,000 parts paper), the loss in -rolding 
endurance of the heated paper was less than :20 pel' cent. 

"Then the pH of the water extract from the pl1per tre:lted with 
aluminum sulphate, sulphuric acid, or hydrochloric acid was greater 
than 4.?0, '1:.40, and 4.60, respectively, the loss in '~Ul'5ting strength 
on heatmg was less than 10 per cent. 

'When the total titrlltable acidity of the paper treatecl with alum
inum sulphate, sulphuric acid, or hyclrochloric acid was less than 85, 
50, anel 38, respectively, the loss in bursting strength of the heated 
paper was less than 10 per cent. 

'Vhen the pH of the water extract from the papet· treated with 
aluminum sulpbate, sulphnric acid. OL' hydrochloric acid was 
greater than 4.20, 4.:10, a1ld 4.55, l'('spectiYely, the loss in tensile 
strength of the trellted paper was less than 10 per cent. 

'Vhen the total titratable aciclity of the paper treated with alum.
ium, sulphate, sulphuric aciel, or hydrochlol'ic aeir1 waS l('ss than 135, 
55, and {o, respectively (ealeulated as parts 803 per 100,000 parts 
paper), the loss in tensile steength of the heate(l pap('l' wus less than 
10 per ('ent.

Th(' folding ('ndm'ancl', bUI'sting strength. uncl tensile str('ngth 
rapidly and progrcssi "ely decreased as th~ pH value of the water 
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extracts of the treated samples decreased from the figures given in the 
preceding paragraphs, and. as the total titratable acidity increased 
fronl the figures given above. 

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

Of the three tests employed, folding endurance yielded thl') most 
significant results as to the effect of mineral acids on this paper. 
It appears to be the only one of the three necessary to make in study
ingthe cleteriomtion of paper by acids. 

An observable c1iscoloratlOn of this paper occurred on heating (1) 
when it contained sufficient altuninulU sulphnte to give a water ex
tract having a pH of about 3.%, (2) when it contained sufHcient 
sulphuric acid to give a water extract having a pH of about 
4.15, or (3) when it contllined sufficient hydrochloric acid to give a 
water extract having a pH of about 4.3;). The paper containing 
these chemicals and having a pH somewhat higher than these figures 
showed no visible discoloration, 'whereas the paper having a pH value 
somewhat Jess than these figl1l·eR showed a pronounced discoloration. 

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