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1t 18 well known thet scids, elkelies, and resgents of
various kinds, resct with cellulose in different weye snd to verying
degrees. However the sotion, in meny cases, is ons of "degredation”.
By the term"degredation” is meent ¢ deoresee in the polymerized or
sssoclated stete of the gellulose eggregete ss indicsted, emong other
feotors, by & decrsese in the viegosity of £ solution of the cellulose
1:1 suprammoniom hydroxide. 2 change in preoperties of the cellulosle
metorisl slways sccompenies this degredetion end the extent of the
change i.a depondent upon the extant %o a:m..eh the gellulose eggregate
is éc palmrizam
The pressnt investigation on the setion of sulphurous soid

gend bisulphites on ¢elliniose waoe sutlined with g ﬂw t0 determining
the extent of the degradetion of the sggregete snd, if possible,
to obtein an insight into the mechenism of the eulphite pulpling pro-
cess. lechanloslly, the lstter hae been developed to & high degree
of proficiency, while chemieelily, & knowledge of the resction or
regotions teking plsce ie still lecking. This knowledge will probasbly
be obteinsd through investizations slong seversl lines, of whieh,
the 1deoge maanteaﬁ;n this thesels sre but ons.

| tne of the -?mst extensive techniesl contributions on the
chomistry of the sulphite process was garried oub by Hedelllleor snd
Hells 3mmaon1 end g brief review of this work will be given. Their
idee wne to duplicste plant conditions on » omell sonle 20
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that accurate control conld be kept on sll of the variable factors
encountered such as, tempersture, preossure, composition of scid,
end wood umid. In pddition to these fectors they determined, by
sempling from timo to time, the nature end emount of meterials
that hed beon removed from the wood st different steges of the
cook end from these fpote cortein oconclusions were drawn as %o
whet took plesce in the digester.

One of the resulte of their preliminery work indissted
that, while sulphonation msy be sn ecassential pert of the 'raaation
or reactions leading to the production of pulp by the sulphite
process, it is of greeter importence, from the stendpoint of the
commercisl velue of the pulp, to meintein et the ond, condltions
fevorable to so-~called "hydrolytic resctions", nawely, & hizh
concentration of free sulphurcus seld. On the whole, in mill
prectice, the sim has beon to complete & cook with the liquor
containing little or ne free 50, and, under industriel conditions,
this hardly ever exoeeds 17 and in general is below 0.50. From
their exporimentel results, lMiller snd Swenson ocutlined & proc=
edure for an ideal oook which, in their estimation, should yleld
8 pulp comparing very favorsbly with & high grade commercisl
sulphite pulp (Gellulose 96,0567 snd lignin 1,62%.) end actually
found this to be the osse. The free 50, at the ond of thie cook
was 1l.76% The fact, on the ons hand, that e high grade pulp could
be obteined, on e leboratory scele, under conditions involving
such & high final froe 850, consentretion and, onthe other, the
position taken by meny prominent pulp spscielists that such ocond-
itions leed to merked degradation of the resuliing product pointed
to the necessity of obteining a cleerer insight into the sctusl
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effect exerted by sulpburous seid on cellulose under different
conditions of concentretion and temporature. _

It is the purpose of this resesrch, of which the present
thesis isc but a prelimin®ry contribution, to determine experim-
entally the effect of sulphurous scid firstly on pure cotton
gellulose, secondly on pulps of verious kinds, end finally to
extend the work to the more compliceted system of & sulphite
cooking liguor on the same substences, progreseing eventually to
e small scele industrisl cook. By confining the initial experi-
ments to the more or less esslly controlled system of cellulose,
gulphur dloxide,end weter, it seccmed rossonsble te expeot that
from the knowledge obtelined progress could be mede towards.a
thorouzh study of the more complicated system of calcium and
magnesium bisulphites, sulphur dioxlde and water on the ons band
and the very complex substance "wood", on the othor. |

vork of s somewhat similer neture, under the direction
of Professor Hibbort, wes commenced by . He Biraharﬂa using a
digestor slmiler to the one employed in this worke. 48 the conel-
ueions, drswn and published independently by this suther, 4o not
eppear to have been definltely osteblishoed it seemed deslrsble: 10
chegk and extend this work.

He found, smcnz other things, thet the purer the originsl
gellulose used the more it wes degraded by the sotion of sulphite
sooking ligquor. The measure of the degradetion was obtained from
the decresse in the alphe cellulcse gontent of the substance used,
For example; & commerciel slphe pulp whose alpha cellulose aontent
wes 86 was degraded to only B4¥ elphe ocellulose; whoreoas a surge
ical cotton, whose original slphs csllulose content wes 99.1%,0r
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higher, was degraded to about 707, using a commercicl eold end
& hesting oycle compersble to an industrisl sulphlte cooke.

In order to dotsrwine the degradetion of the cellulose
brought about by the sotion of the chemicsel resgents during the
cooking process, it scemed desirsble = (o first investigate the
ection of sulphurous soid on pure cotton eellulose; then oun &
eezies of pulps end to follow these by & later investigation
deglinz with the much more complicsted conditions involved in the
setion of the chemiesl reamgents on the cellulose during the sotual
"eooking process”.

In the work es ontlined it was declided Lo use, as the
initisl raw material, & stenderd grede of gurgical cottom thet
gould be sasily aépllmmé. the alphs cellulose content of such
¢ substsnge being slways over 99: and eversging about 99.2%. To
further stendesrdize the work it seemad sdvicsble to carzry out a
gsaries of experimente with the rew msterisl { esurgiesl ao'tttm )
et temperatures of 1000. 118”. end 145"', and to employ, &t each
of these seleoted tenperstures, & renge of 303 gongentrations.
Sugeoeding these experinents the degredation of cotton, ocsurting
during & temperature oycle sorresponding t¢ that used in the
manufegture of sulphite pulp, could be investigeted. 4 determine-
ation of the slphe oellulose content bofors ana after sech cook
end slso of the visocoesity of & solution of the resuliting cotton
in oupremmonium hydroxzide wore selected as comtrol methods %o
indicste the extent of the Jdograsdastion of the originsl coitton
gelliulose.

The so-called slphe e¢®llulose sontent of different
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verieties of cellulose hae been showm Lo be & purely empiricel

factor. Thet ie to say, ite velue depende entirely upon the
procodure uéed. Hecognizing this, the Cellulose vivision of the
Americen Chemicael Sooioty"s appointed a committee to investigate
the verious methods then in use. They correleted all the facts
concerning this matter from the litereature and, after extensive
experimental work, developed & method which they recoumonded a8 &
standerd procedurs.

Ag & preliminary to this investigation, the sbove proced
ure wes firet checked against the stendsrd method of the Morest
frodugts Leborstories of cmdaﬁ. The two were found to vary hj'
& constent emount {33} €or en extended series of analysés.. The
explenationfor this was found in the somewhat di:farent proged-
ures employed, actually escurringin one stage of the pothod of
The imericem Chemicel Soclety. By recognizing this feet it was
possible to alter the technique st this stago.snd then to obtain
duplicete results from the two methods. {his work is govered in
deteil in the exporimental sectlon of this paper.

vhile providing some indication of the extent of degrad-

ation, the alphe cellulose determination i8 really of very
little velue &8 a oriterion of whatever change is taking plece
in the slze or i:hyaical properties of the gelluloso aggregate.
Porhaps its weskest point lies in the fmot that the lesst change
in any of the stops, the time clement for exsmple, exerts a more
or less pronounced offect on the finel enalytical resuvlts. snoth-
er diffioulty made iteelf evident after the problem had been
started. It was practically impossible to filter the mercorised
samples of the degraded celluloses without loes of solid due to
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the colloidal nsture of the suspension. If the weshing is carr-
ied out in e centrifuge fairly good results ere obtained but even
thon it is Aiffieult to obteinm duplicate enslyses .

From these statoements the nocessity is obvious for a

sectnd oriterion for the degredetion of the cellulose.
Viscose

The viescosity of cellulose in cupremmonium hydroxide
eolutions hass been applied in reseerch end control methods in
many brenches of the cellulose industry. Thus 1t hee been used
88 & measure of the "tendering” in cotton by chemicel agannys.

4 eimple reletionship haa boen shown to exist between
the viscoeity of the originsl cellulose in cupremmonium hydroxide

solution and the viscosity of nltrsted cellulose in sulteble
solvente®s Clibbens end Ridge' have slso shown thet the fluldity
(reciprocel of viscosity) of cotton in cupreammonium hydroxide
inoreceses uniformly with deorecsse in tensile strength when the
gotton is subjested to variocus forms of chemicel stteck such a8
blesching in slkeline end neutrsl solutions.

One of the first epplicatlions of the viscosity value of
solutione of celluloss iﬁ!aupwammoainm,hydraxida was desoribed
by H. 0st® He used 1t to follow the course of the oxidatien by
bleeching egents; the effect of heat on cellulose end its morcer-

ization with elkalics,

Inwaatigatiana made hy WeHe¥ibson, L. Spencer, and
e kaOall end also work csrried out in the Hoysl irsensl &t
ioolwich “inglend, indicete thet the velue of viscositios of

cupremmonium solutions of cellulose omly yileld sstisfactory end
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comparsble results when cerried out in an stwosphere free of
oxygen end when the solution is kept in the darke. They slso
reported that He Ost's method for the preparstion of cuprammonium
hydroxide from copper sulphate is unsatisfactodrye.
Somewhat later & new apparstus was described by

11

Re 4o Joyner™™ for the preperstion of the solution of cotton

cellulose. Further investigations on the same subjeot have been

. a8 13
cerried out by Fe Do Farrow snd S ke Eealol and S. Me Nesale

The Besearch Dapartmnnt,@oeltiah;o. end Le stl‘.

The sotual experimentsl procedure sdopted in this theesis
1c en edeptetion of the method doveloped by Ls iys™® end wee
communicated to us privately through the kindness of Dre Us Se
Pokornys It will bo desoribed in detall in the experimentel part
of the papers |

From ¢ thoorsticel standpoint, the work of Jaynnrll is
interesting in thst he esteblished the fact that if the logar-
ithms . of the viewosities of various solutions of cellulose ere
plotted egainst the concentraptions af gellulose in grems per
100 ce0'se of solution, & straight line resultss In othor words
the relationship of the viecosities to thse cellulose aensan;ra#
tione mey be expressed by aa.aquatiaa of the form of the

exponential law:-
7 e be® e

This fect wae slso verified by Hehn and Brndshawls. by most of
the other workers in this field, and slso in the experimental
part of this work.

| Joyner{loce.cits) sleo investigated the effect of verying
the concentration of both the copper and the ammonis. The effect
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of exposure to light end eir on cuprsmmonium sclutions of
oolluloéa wee pointed out by H. Ost, Gibsan,‘Spenoer. end McCall,
Joyner, and Weolwich Arsensl, (loc.citc)s
Pokorny hes indiceted some of the sovrces of enelyticel

error in the progedure for messuring the viscosity of = cellulose

gsolution snd these will now be discussed., The veloecity of e
sphere felling verticelly in e viscous liquid is given by the

"Stokes Equation” :- : e-e
| v=2/9gr 5 4

it

velogity of fall.
grevitational constant.
radius of shere,
density of sphere.
density of mediuam.
viscosity of medium.

whers

ST LS

U | T (I

This equation applies only to a sphere faelling through an infin-
ite extent of liguid. According 1o K. Ladanburglﬁ two corrections
must be applied to this equation when observing the velocity of
f2ll in & viscometer tube:i- |

{a) Acorrection for well effect.

{(b) 4 correction for end effect.

Welle Gibson end L. i, Jaeabal7 investigated the sccur-
sy of the falling sphere method for messuring the viscosity of
& liguid and found thset the time oi fall, calculated for an
infinitelyleng colusm of the medium, becomes constant for wider
tubes. iowever, the visibility thrbugh the pulp solutions in
lerge tubes is limlited and, chiefly for this regsson, the meximum
bore of the tube should nol exceed < gme Dy the use of & corr-
ection feetor,{i.e. the tube constent obtsined by mesns of s
liquid of known viscosity) fairly sccurste determinstions of

gpperent or relative visgosities can be obtained.
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Sarver end Polts*® point out that solutions of
gellulose in cupremmonium hydroxide do not flow es viscous
liquids but rather as plastic solids. Mossurements, nmade at
different rates of shear with ¢ Bingham end Greon plastometer
indicete thet Joyner's lLew, s mentioned sbove, holds for the
rates of shoear studled.

On the basis of scoumulsted ovidence 1t cen bo seen that
the wethod for the catimation of viscosities of solutions of
gellulose in cupremmonium hydroxide rsnks se en oxeot one if the
inportent fectors, as mentioned ebove, effeoting & ohange in the
viscosity ere evoided. lNevertheloss other workers atill belloeve
thet the method is not entirely free fLrom sorious objootion.

Thus Clibbens end Gemke® of the Shirley Inetitute lenchester,
Snglend, after doing & large smount of work on thls subject

come to the folilowing conclusion: " The use of the falling sphere
viscome ter introduces & large wumber of unnecessery difficulties
and weste of time." Conseguently all of their work has been
carried out by wmosne of ¢ eepillary viscometer of their own
‘donign cusing lower concentrations of cotton in cuprsmmonium
hydroxide.

Their conclusions, while being Justifigble in pars,
are not entirely so. 4 cepillary viscometer, such as they desc=
rive, is applicsble only to viscositiecs of lewss then one poise
due to the length of time of flow reguired. Many timea, vhen
working with gellulose, it is desirable to determine viscosities
much higher then this end to do so the felling bell wethod must
be employed.



The "eooke” were carried out in a digester
of pyrex gless, in the shspe of & long cylindrical tube of 500 ce.0'®
cepecity.{156 inches in length end 2 inches in diamoter.) A bronze
flenge wee cemented to this, end e ocsp, Litted with two reliel
velves, & thermometer, and g pressure geuge could be bolted to thise
flenge ss illustrated in the diegram (4i)s The digester wes heated
in sn oil bath whose Stemperature wao gontrolled by meens of &
registance coll snd e 1am@ benk. The bath wea well stirrea t0 ensure
uniform heeting snd was evelly controlled aﬁsr the tam@eraturﬁ
ranges(100%-145%) desirea. .

A "gook" lested e period of nine hours, esch experiment
being cerried out at e constent temporsture of 100%. About two
hours wes required for the digester to reach this tempersture which
wae then held constent for e further 7 hours. At the end of this
time the pressure wes relossed throvugh one of the relief velves
gnd the spperstus ellowsd to cool in the bath.

For esch"cook™, 30 grame of sir dry cotton were used and
400 c.c's of sulphurous eelds Theme quentitios were employed in esch
run regardless of the strength of the sold and are merely erbltrary
figures besed on the cepseity of the dligesters The procedure
followed tér all "ocooks" was the Bemd. then the digestor hed coocled
gufficiently to sllow of its removel from the oll beth, the cotton
was teken out snd thorouzhly weshed with water in & large beaker
to remove the scld, furthor washed on & Blchner filter, end finally

the ex0gss water wes removed by suction. The cotton was dried et

* asiginally=aasignaﬁ by BePeCemaron of the Cansdien FPorest
- Products lLaborstoriess
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11,
60° in & vecoum oven for thirty hours, the average moisturc content
et the end of this time being sbout 2%, It wes then ready for the
alphe cellulose end viecosity detorminations.
(b)s rrepers

The sulphurous soid was made ap snd titrated
eccording to the method of lescss and ﬂ&aanlg. 80z, from a tenk of
the liquid substesnce, wae allowed to bubble through wster, in &
brown glese bottle, until the strength desired wae obtained. The
gold wae mede up frosh for essch run since it was found thet very
1ittle or no 30z was present in the freshly made solution but that
if it were allowed to stand for any apprecieble length of time
oonsidersble emounts of S0 _were found to be present. For the

bt
titretion, 25 ce.e'e of the moid wes sllowed to run into an excoss

of & H NaOH oonteining 2 gus. of suerose 88 & stebllizing agent.
Thie solution wae then diluted to 280 c.o's end titrated szeinet
20 geo'e of stenderd 1 I lodine solutlon. Very goad end uniform
repulte were obisined by this wmethod.

(a)e

A8 indicated In the introduction, two methods,
thet of the Americsn Chemliosl Soclety and thet of Dre Hoss of the
Cenadlan Forest iroducts Laboretories, were checked ageinsst :
esch other in order to determine & procedure best suited for the
present investigations
Nothod 7 1. (procedure of the American Ghemiaal'3ﬁaiﬁuyi;

ls Wweigh scourately epproximetely & & gren sample.
Be 444 30 cee's of 17.5 # HaOH snd sliow to stend

for b minutes.
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5. Mecerate for 10 minutes, edding 40 6.c's of 175 ¢
HeOH in 10 0+0e portions. If the determination is
being made on 8 pulp, it is esseutisl that tho
sempie be thoroughly broken up &t this point.

4« Cover with & watch gless and allow to stend for
&0 minutes. :

5o AQA 76 cec's of dlstilied weter, stir thoroughly
gnd filter immediantely.

§a dash with 780 c.0'e of distilled waters _

7« 244 40 ¢.0'e of 10 ¢ soetic sold, on the iilter,
gilow %o sosk for & minutes, and then epply
suction, _

| Be VWamek until sgid free snd then dry ot 19500. for
et leest 6 hours. wWelzh end ahan dry.to gongtant

weight.

{Porest Froducts Leuvoretories Procedure).

doeigh socurately epproximately & 345 gtaa sample.
2« A44d 70 oesc'e of 17.5 € HeOH, meeorate thoroughly
end aliow to stend for I hours,

&« PFllter on & Buchner being eareful that nons of
the fibres pass throughs s

4. Suspend in 100 e.0's of 17.56 % BelH for 50 secss,
stirring well, end filter &s before.

B« Suspend the resldiue in 200 e.c's of 25 & aeétla

goid, bring up %o the beiliﬁg point, end ezain

filter.
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Ge Haﬁh thaféaiiue with at least 1 litre of bolling
distilled water until the final washings are
noutral.
7« Dry at 108° ¢, to constent we ighte

son of the twe methods It will be noted that the two

methode differ radicelly &8 regards : (&) tempersture, (b) length
of time of mmcerstion, (o) dilution of the liquor after masceration.
1t was found thet of these three lsptors the only one causing &
merked difference in the velue of slpha cvellulose found wag that
erieing from the dilution of the liquor after mecerstlion (¢).
Allowing for this check veluss, within 17, were obtained by both

progedures.

Zolpe I & Ils These were different samples of the sswe pulp,
nguely, & bleeghed sulphite pulp made LY the Brown dompany,
Berlin, Haile

FThese wore ssuplos

supplied by Dr. Lltter of the UeSe Forest Products leborstories,
Mﬂﬁi&@n, Wigs, &nd represent the oheok samples used for control
work on the stendsrd alpﬁa geliolose detervinetion of pulpe
(method 1) |

Pulps 111 & IV. These were & Sode snd s Krelt pulp respsetively,
gnd were supplied by the Howerd Smith Company.
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94.96 72044 85,65
D450 T3eib 05,48
04,80 72560 - B85 51
94085 |
Ddotid
75.007 EE.E6
96,62 B8l.82 8659
05688 §60e 96 8655
81013 86&5&
8leb4 -

: using the prosedure of method 7 l. but omitting

inalyses were mal
step . (dilution after msceretionl.

% slphe sellulose
by mtm&s’?

“he following enslyses uﬁ!t~nné§'aﬁ samples of the different varie
etios of cellulose thet were used by the committee of the Americen
Ghemical Soplety in srriving st their standard method.
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Igblg I11.(continued).
Zulp T-500. Zulp T-600. Cotton C=100. (Colfon G=200.

88,75 85459 99.16 96,07
88656 84.06 99,05 94.97
84097 _ 9028

G5.04 99.09 26,09

A8 seen from Tables 1.&11.. good
checke cen be obisined in every case with oither mothod but the
valucs found by method #2 are inveriebly higher than those of method
#1 by about 1l-2 %, With thie fsot in mind, method ;1 was further
investigeted but step (5) wes omitted. That is to say, instead of
diluting with an egqual volume of weter afier maruerizatian. the

ness was :iltaraﬁ.imwaﬁ;aﬁ%ky.fma resulte, using this procedure,

wore uniformly higher, s shown in Table I, and epprdohed more
pearly to thosc obteined using wethod ;2. Thie increasse in slphe
gellulose content is €0 be oxpocted bescsuse, in the procedure as
ziven, instesd of filtering o suspension of cellulose in 178 &
HBeOH, due to the dilution, the liguor conteins ouly 8«9 7 LeOH and
it bas been shown by deferminsiions cerried ocut by Dre LZoss of the
Cenadian Forest Frodué:s Leboretories thet the meximum solubilisy
of sellnlbae in sodium hydroxide corrcsponds %o & sodlam hydroxide
content of 8-9 %, '

The sods pulp geve the most divergent resulte of eny of
the ssmplea tried, the second method showing ebount & ¢ more slpha
cellulose then the first method.{Tablel)s. Here egsin it wae found
thet by emitting step (5) in method ;1 higher velues were obteined
apyrd%hing those of method ,Z. They were 85ill about 5% lower howaves
In both cesce, the maceretion of the pulp after the sddition of the '
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sodium hydroxide, was very difficult end greet care hed to be taken
to insure, ea fer es possible, & complete samum of the filbers.
When following the procedure for method /1, es no'éed ebove, the
suspension in the gsustic sods solution sssumed & very geletinous-
like chareseter and wes exfremely diffioult %o filters although, |
when finally socompliched, the filtrete wes free {rom ell fibrous
substances. There 1s e possiblliy thet emough of the cellulose paBses
through the filter, in o colloldal stete, to csuss & decresse in
the sotuel welight of elphe selluloge remaining ee & resldue, Thie
- gonoliusion is substentieted by the feet that when step (b) is omitted
the pulp reteined its fibrous nsture to & greeter degree, the
filtretion is leges difficult, end the increase in glphe collulose
(3%) wes gromter then the inoresse which ocoured for tho seme
emicsion in the snelyels of the other prlps.

lo finel end specifie gonglusions can be dryswn from the
results teken 28 & wholes except the fent that mothod 2 elways gives
higher results then method 71§ the veluss of the latter sversging
from 1-2 ¥ bigher. 48 indleated, &tep (5) eéxpleins & purt of the
difforence but even with this step omitted the velues obisined by
the second wethod sre higher then those obSminad by the Lirst.
Disregarding for the mowent sny differsnce thet might be leid teo
experimental error, & pos2idble explanstion might bs drewn from the
procedure iteslf in method /2, After e definite period of mercerisz-
etion the pulp is filtered, more ceustic ies gdded, and the suspension
egein filtered. The smeetic ecid iz then edded to the pulp without
any preliminary weeshing out of the csustic. Under these conditions
e part of the sodfium hydroxide will edbere to the fiders end, upon
eddition of the scotic eoid, degreded or so-callod bets cellulose,
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which by ite dsfinitlon would be in esolution in the sodium hydroxide,
would be precipitated upon the elpbe fibers. The subsequont weshing
with water would not remove this bets cellulose snd conseguently
the velue for the elphs cellulose becowes hizhsre In method ;1 the
pulp is washed with sbout & litre of weter before the sddition of
the scetic sold. Complete removel of the sods by weter ia impossible
but the smount reméining can be redudsd Yo a.nagligihls qnanﬁ%g¢
Therefore né beta cellulose will be precipitated end the finel welight
of slphs vellulose tends to be lowers.

it wes thersfore deelded for thsé parpoes of the following
work, t0 use method 71 with step (5) eliminsted. I% wae also foumd
edvissble, when filtering off the slkelina solutionm efter the 30
minute wercerizetion period, to rmn tﬁe £iltrete through the residue
on the Blichner three times, to insure complete removel of Ghe fibora.

Thie becomes ineressingly nocessary for the "cooked” ssmples due
tc the very short length of the cotton fibors.

l,~ Vethod uped for sekins vp tho gl premuoniunm Ayarosios S0.00400e
The formule ordinemly given for thig solution is
Ca(NH, ), (OH), or OulQi)p*2NH,(H. There are severel weys in whioch it
gen be prepereds HeOst®, ome of the first workers in this field
prepered his solution from copper sulphste end smmoniom hydroxide.
However thie hse bosn shown to be en nnﬂatiafaéter? sethod due teo
the effoot of the dissolved selt on the viseosities of the solutions
of cellulose mede up leter. Using frsshly precipitated cuprie
hpdreoxide end discolving thie in smmoniovm bydroxide, & setisfectory
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sclution is obtained but with thie dissdavendage that & copper conten.
of only sbout 12 grems per litre cen be obteined. 5ince the smount “
of celluloee,that will dissolve in the solution, is e function of the
copper content it is dnniraﬁle¢ to be sble to incresse this factor.
Jo‘yuru Lound that if sir ie bubbled through & tower containing
clean coppsr tarninga'and congentrated ammonium hydroxide & solution
is obteined thst conteins 20-40 grame of obpper per litre. Veriations
of this method beve been used by most of the recent workere in this
- field end is the method employed in the present investigation.

The apperstus used, as lllustrated by the dlagrem, is a
long gless tower in whioch copper turnings sre packed, Two lliters of
congentrated smmenium hydroxide sre plsoed in the tower end air'ia
bubbled through. Sucrose is sdded to the solution se » stabelizing
agent. The exsct mature of this steblizing effect is unknown but
solutions conteining the suger will lsst longer, without precipitation
of the copper, then those which 40 not contein this substancs. ihe
amounts, which have been used in the pest, very from 1 up te 10 or £0
grems per litre. The essential fector is that the gquenbity dsclded
upon must be kept constent, from seolution to ealatien,-in sll of the
work from which compsrstive resultis are to be obtained because, a8
Joynerll'haa shown, the suger influonces the viscosity of the éolutiana
of cellulose in the ocuprammoniuom hydroxide to en epprecieble extent.
The emount usedin thie work wes 10 gremse per litre of concentrated
gmmonium hydroxide.

7he eir wes bubbled through a soclution of KUH to remove any
aaé and then paseed into the tower,snd the gee leoaving the tower

bubbled through ecid wesh bottles to collect entrained ﬁ33 fumes,
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The complete set-up was .erected in & cold room at sero degrees in
order to decresse the volatility of the xns. some nitrite formation
ies brought about due to the oxidation of the Hﬂg. the amounts
formed varying esccording to the iength of time required to make up
 the solution. It was usually found necessary to bubble eir through
the tower for a period of from 8«12 hours, this length of time
giving & copper content of S-4, ammonie 15-187, and nitrite, calou-
lated as nitrous seid, sbout l.6%s In order to shorten the length
of time required to dissolve the copper, end thus to decrease the
nitrite content, it wes found sdviseble to bubble oxygen thxough the
tower instead of aire. It is desirable to digsolve more than 30
grams of copper per litre and then to adjust the various congsnirate
ions by dilution, the finel solution being as followg:e

Coppere 3

Ammonise 16«50

Suoroses 1%

Nitrite. Not greater than l.b50 and preferably
less than 1.

Coppere The copper cen be dotermined very satisfactorly by electro-
lytic deposition or volumetrically by use of the potassium lodide-
thicsulphate method, the latter being used in this worke.

In ordexr to obtein obeok results it wes found necessary to
gonvert all nitrite to nitrate, effecting this by boiling with
concentreted H,30, end edding e emell smount of uroe. |

- Bxperimontal progodure. 4 6 ce0e sample of cupremmonium
hydroxide solution was pipetted into a L8600.¢e Hrlenmoyer fleask
conteining L6c.0'n of distilled weter. The excess emmonie is boiled
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off end the solution ecidified with concentrated H,30, end boiled
e fow seconds longers 4 small orystel of urea is then added to the
hot solution to empel eny last treces of nitrogen, The solution is
cooled snd mede beelc with smmonium hydroxide, It is then spoldified
with eoetio scid end cooled to room temperature. 2.5 grems of XKI,
diaeolved in 100.0'es of water are then sdded and the preciplieted

fodine i titrated with .1 N thiosulphete using s freshly nede
ateroh indicator. The sbove method of procedure hse beoen found to
give uniform vesulte whbich ocan be readily end aaauraéiy dupliceted.
-‘!.’hen.mnia cen be detormined 4in the nsuel way by
aietilletion into stendard scid. 4 Ho.0. sample i pipetted into
160 c.08 of cold alstlllied water, oare being teken to hold the tip
of the pipette Just undeor ths surface of the water %o pmwm the
essaps of any NH,e 4= grams of solid sodiom hydroxide are then
gdded snd the smmonie distilled through o Kjeldshl bulb into e
known exocess of stenderd soid. The omeoss ascld is tltrated and the
smmonin celoulated.
Hitrite. Nitrite content is determined as nitrous soid, the
cuprermoniom hydroxide solution being used to tit®ate e given semple
of stendard permangenate solutiom until the color juast dilseppoars.
The nitrite can be malaﬁlatad from the quanity of cuprammonium
solution required. |

When the snelyels of the sclubtion hae boeen wade, it ocan
be diluted to the deslred velueg nemely, those listed sbove. 1t is
essential thet the copper content be exeetly &X in cmoh solution
for the seke of comparison. The permissqble error in the smmonis
content ie grester beceuse this feotor influences the ultimste

visgoeities to s minor degree as coumpsred Wwith the copper content,



At verious timee throughout the course of the following
investigetion, different percontege solutions of cotton in onpramoniuﬁ
hydroxide were omployed. In cach cese, however, the weight of gotton
referred to, namely, & ¥ solution, 3% solution ete., implies the
wolight of bone dry cotton per 100 ¢.¢e of solution.

The epmples were sll prepered in sn stwmosphere of nitrogen
to eliminate sny chenges in visgosity due to oxlidetion. Because the
commercial nitrogen used slweye contsine a small emount of oxygen,
it wga mggaauxy to purify the gae by the metbod described by
Ven Brunt » The"eset-up” for the nitrogen purifior, ss illusirated
in the attached disgram, consists of & reserveir, I, whlch is & gless
bottle of sbout e litre end e half capeoity, conteining diluted
semonis~smmonium carbonste solution, meds by sdding 1380 ce.c's of
ammonium hydroxide, 8pe.g. 0.90, to 2000 c.c's of & seturnted esolution
of smmonium carbonste and diluting to a volume of four litres. (7his
solution should be renewed sfter gbout 100 determinstions). when the
nitrogen ie relessed through the velve et {K), the solution in (1) is
forced into the tower (H) conteining copper turnings. Here the oxygen,
contained in the nitrogen, unites with the copper forming copper Em
oxide which, in turn, is dlsselved by the smmonis-pmmonium cerbonste
solution leaving e fresh surface on the copper to teke up more oxygens

Begsuse of the loss of emmonle Lrom the soclution due %o
volatility, the nitrogen ges, after leeving (i), ies passed through
two wesh bottles, (G) & (7), conteining dilute and concentrated
sulpbhurie ac¢id respectively. The dilute acid should be replaced after
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asbout 20 Seterminetions. () & (J) ere mercury sefety traps teo
regulate the gas pressure in the systom, (2) conteining ebout & cm.

of mercury end [J) somewhat more.
(b)

':L‘ba semple bottle (D) ie ;t brown glass its slsze being
dependent on the size of the sample of cotton tekem,—usually,bowever,
" 4% 18 sbout 250 or 400 c.0's ocapsoityesand is fitted with ¢ two-holed
rubber stoprer. 7The one outlot is fitted with a straight gless tube
connected te & short plece of rubber tubing to which & screw clamp is
etteched. This le to comnect (D) with the burette (C) through the
three-way tep 4. The other outlet consists of a plece of glesse tubing
with & emell hole (&) in the side, (the botiom is sealed off), snd
ie used se & ges outlet, Before deteching the rubber tubing the hole
(a) ie pulled up into the stopper thersby seeling off that outlet.

The bottle (4), conteining the reserve supply of cupremmonium
hydroxide, is of brown or darkensd gless. .‘E*m complete aystenm is
kept filled with nitrogon gee gt sll times. (B) is merely a safety
trap and ie large enough to act &8 & gee cushion.

with (D) in plmce, conteining the weighed seuple of cotton,
cé.p (4) is turned to open (C) %0 (D) thus closing (3),(which is
likewise shut, Joff from (D). Tep (6) 18 turned so a8 to shut off (C)
from (2) but s0 at the seme vime o leave {(C) open %o (6)s To
evecuate the system, (6} is turned to close off (4) and (E) from (56)e
in the meantime the water pump is sterted end & vecuum crested in
(B), (1) being left open so that the pressure will register on the

menometer (L). With a1l of the teps turned correctly, (2) is
cerefully opened end all of the eir or ges 18 sucked out of the
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epparatus, being removed a® indicated by the errows. When the msximom
vaouum hes been established, as shown by (L), (Z) ie olosed. The
syatem is then resdy tobfnnod with nitrogen ges. {(6) is now turned
80 ag to olose (4) off from (5) and to open (E) to (5), nitrogen
immedistly passing into the evacueted spece. There is usually encugh
ges in the system to bring the menometer down until it registers
only 4 om. of vsouum. The valve on the nbtrogen éylinder {K) is then
opened, tape (7) end {8) being open a2t &ll times, and nitrogen
slowly filles the system.ihen nitrogen commences to bubble through
the meroury in (Ej the velve on {X) is closed. Tep (6} 1w then
turned to ite former position, i.e. cloming the connection to (5)
end opening thet to (4). The gas pressure forces the ammonip-
emmonium cerbonste solution out of (1) and up into {H), end on
olosing the valve at (K) it runs beek into (1),

The process of evacuntion end the subsequent filling with
nitrogen is reposted five timee. The £ifth timo, inetéd of oresting
the allgﬁt pregoure in the ayawm g8 indiceted by (E), the ges 18
gllowed to flow through the apperetue snd out the weter pump. This
iz sccomplished by opening {(2) s smell smount. 4 sticsm of nitrogen
ia2 koplt fliowing through in this menner for two minutee et ths end
of which time (2) 1g clomed snd the pressure orested as before. The
oyotem i eveousted snother thwee timee snd enother two minute period
as before ending with e slight pressure througzhont the entire
eppertus.



To £411 the burette (C) from (4), tap (4) is
turned so ee to commeet (3) to (C) and to close (D) from (C)e Ieeving
tep (5) in ceme position, {6) is turned to open (4) to (5) and thus
closing (4) from (E). By opening (5) the cupremmonium hydroxide
siphons over into (C)end when full (&) is closed. (B) is then turned
.elosing (C) to (6) end comnecting (C) with (1), (3), end the rubber
comnection to (D). Tap (4) is now turned eo ae to close (3) to (C)
end gt the seme time opening (C) to (D) thue sllowing the cupre
smmonium hydroxide to flow into (D)s The burette (C) used hed e
cepecity of 50 ce.c's end the quentty of solution desired . for the
wolght of semdle teken in (D), could be supplied by repesting the
procedure indicsted.

With the vequired jquenbity of cuprammonium hydroxide in (D),
the screw claup on the rvbber comnsotion is wlosed. The prossure in
the bottle st this time, belng sbout 10 ome. of Hge,1i8 cxcescive and
should be reduced to 1 om. The gless tube, with the hole (e) in the
glde, ie then drewn up inte the rubber Btopper &0 thaet {a)'ia sealed
off. |

The bottle (D) is then pleced in a vertiecal type shaker™
meking sebout 100-180 H:P:ls The time required for complete solution
varies with the viscosity cherscteristics of the materisl employed.
In order to stendardize the procedure ssch sample is shaken for 12
hours. It is asdviseble, however, to exemine the solution prior teo
its removel from the shaker in order to be quite cortein that ell
ell of the materisl in the bottle has been dissolved. lnoremse in
time of shaking did notseem to alter the viscosities apprecebly.

¥ It wee found sdviseble Lo wire tho stopper into the
bottle. ,
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The bottle,conteining the semple, is then pleced in a
constent temperature beth, kept ot £0%°, until the eolution ie free
of ges bubbleoss As with the shaking operation, the time regquired
in thie cese verles from semple to sample. Here sleo the time wase
stendaerdized at 50 hours. The sample ig then repdy for the viscosity
de terminstion.

(d) lomsy £ the viscosity

| The vieooeity wes pessured by mesns of the "falling=-
bell” method as disoussed in the introduction. in prevéous
lnvestigetions this meesurement has boosn made by delermining the time
of foll of a ball, {stesl, glass, ete.), between tuwo nmarke on a
viscosity tube. It las,powever, very difflcult Lo obsexve sccurstely
the fell of & bell through & solution of celluloss in cuprammonium
‘hydrozides “hen the per-cont cellulose is bhigh it ie alm@ét impossible
unlese s very otrong light is pleced direcotly in the line of vieion.
It has been shown by PoRorny
this alters the viscosity of the solution o definlte smount depending
on the length of tiwe ozposed.

(loc.cite) that & stronz light such ss

Jegeription of the viscometers o remove the naceseity for the
use of & light it wez declded 1o take sdventege of an 1dea suggested
by & publication from the Hersules Powder Co. Leboratoriessl, This
gonaiats in tho use of & small one-tube osclilletor and steel balls.
By aplitting the grid snd plete oolls end winding them on the vis-
cosity tube a2 c¢hange in note could be heard se the steel ball passcs

each coll. The time wes determined between these change

éonsiderable time was spent in trylug to apply the method es given
but without sugoess.
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It was found, however, that by chenging the "hook-up” a
small smount, a8 éhm in the diegram, e vory stable oscillator could
be obteined. The cepecity ecross the phones may be elther L{ixed or
variable but the latter is preferable. A note, best sulted to the
ear meking the measurement, can be obteined by edjusting the verisble
grid leak snd the cepecity ecroes the phones. When this note is
finally obteined thess sdjustments sre left permemently in plece,
the finel tuning being dene with the cepecity soross the plate coll.
By the use of & verhier the oseillations cen be sdjusted so that
they are just on the verge of stopping. Then ss the ball pesses a
coil the sound ceases sltogother end es the ball lesves the coll
the oscillation will stert up egein thus giving & distinet point
from which to time the fell. With very viscous solutions, where the
rate of fell ie extremely slow, the time should be recorded just
a8 the note stops for smoh oco0ll. The reason for this is that an
eppreciable length of time {up to 25 secs. for very viscous solutlons)
is reguired for the ball to pess through & coll. However by recording
the time just ss the sound stops, in ocsch cads, very good checks
can be obteined.

Aluminiom balls were employed for the less visoous solutions
and can be aa*aa.' with the tube illustrated, down to 1/8" in diemstor.
However the resulte with the 1/8" balls were not consistent, 1.0, the
got could be sdjusted to respond ss the ball passed & coll but the
gdjustment wes so eriticel thet the oscillations would often stop of
themselves spoiling the meesurmente 'ith sizes sbove 1/6" such as
3/16", 3/4", eto., very good resulte were obtained. In the cupramu-
onium hydroxide solutions the slurinium balls were used only onge



VISCOMETER TUBE AND OSCILLATOR

RO _@UBB(R

<X

a - 3o rmegohms /\
[ ! L I

B | %

.aooJ'MH_

e 2.2cm. ]

TSI
L
\

LY

JOoem.

-
S N

%_.OOOJ‘MF
—l
6V

YV

0005 M.

B
S e i

LEHoare




“Te
being ettacked to & slight degree by the strong base. ictuslly thelr
weights wore unchahged if they were allowed %o reomein in the solution
only o short time. Howover they were never used more then onoe.

of en 0il obteined from the U.S.Baresu of Standerds, Washington D.Ce
The date end celeulations perteining to the tube constents are
g;vcn in the experimental part.

ifter the cupremmoniom solution of the semple hes stood in
the constent tempersture bath for tue 30 hour period, as mentioned
gbove, it is ready for the actudl measurment of ita'viacasity. The
ssmple is transferred from the bottle to the tube in the following
manner:~ Cne of the outlete in the botile is replaced by & gless tube
which extends to its bottom. This is conneoted to the bottom of the
viscosity tube by mesns of & rubber connecotion snd the sample is
forsed up into the tube by attaching the  other outlet of the sample
bottle to the nitrozen pressure tenk. dhen the tube 1ls fllled to
the correct level, the rubber comnegiion is glossed with & serew
clamp and the tube is pleced in the conulent tempersture Deth. 4
holder is fixed in the bath go that when the tube is pleced in the
holder, 1t is bheld sutomsticslly in a vertiocsl position. For thie
purpose s stenderd 4 litre gradusted cylinder wase used. Hard rubber
disks were out of such & size as to Just elide into the gylinder esnd
were otmented to the tube just sbove and below ssch ¢0il s& shown
_ in the diagrsm. These disks served three purposes:
() To bold the tube in & vertical position.
{b) They soted se & protection to the coils when the tube

wes being sleaned.
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(a) The top disk served for the attachment of the binding

posts snd the four leads from the ocué.

The tube connections to the oscillator were then esesily made through
the binding posts. After £1illing, the tube wes allowed to stand
(stoppered) for two hours to bring the tempersture beck to that of
the bath (20"); Values for seversl balls were obteinmed in cech cese
and the meen velus was used to calenlate the reletive viscositye.



Lo~ Stendardlizetion of Visgogity Tubc,.
The oil used es e stenderd wes & pale yellow oil,

prosumebly cestor oil, supplied by the Ue d» Buresu of Stendards.

Density of the oil st 20° 0960
Viscosity " 20° 9,60 poises.
Viecosisy " " 25° 6054 -
Moes of fa8ll, in seconds, of the verious balls was as follows:-
Steel Bells. Aluminium Ballse
%1'3‘ g‘?‘% E—Q‘, a.; éﬁ?‘é Lég"(?)
Seb 12:0 1845 270
oO Beb 12.4 185 =68
(a) k- . = 3
(ff- e )l" | D= Viscosity of Standard.

£- Density of Bells

€ =Density of LStandard.
t=Time of fell in seconds,
f-Density of uaters

() ks k(6- G)

(o) "E" multiplied by .the time of fall, in secouds, of the ball
through the solution, whose viscosity ls beiug measured,

gives the relative viscosity of thet solutiocn.

1/8" Ball. 0775 ehaEne
g/16" ° 1.568 0.548

1/4" " 1.736 0,508



These experiments wore ell cerried out in the glases

digester as desoribed above, using & standerd grade surgical cotton
es the rew msterial,

200,

?ime required to reise the tempereture to 100% 2 hours.

Time, tempereture is held st 100% y *
Totel time of heating. B
Welpght of cotton used per cooks 25-50 grams.
Volume of sulpherous acid used per cooke 400 co.a® @

5400 8403 8362
800 8343; B4al; B3.5

The veristion in elphe oc6llulose content with the

chenge in the coneentration of the ecid is shown by greph I.
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Jdoyner's Law. The eolutions were mede in the manner
deseribed sbove, using the etenderd grede cotton. ‘hese semples
received no preliminary trestment{i.c. the cotion wae nct "cooked™
with sulphurovs geid), The viscosities were determined merely with

8 view to ghesking Joyner's law.

Be 2% 8440 L8176
6o B 66460 347020
7s &ioe 463400 445617
14 1e57ee Sedl 24176

These velues are sversge figures frcm seversl runs,
with the excepiion of Bauple Hue 14 which wes run to chsek the curve.
The velues are shown plotted on greph 11,

{b) }

The following tal_:le represente the velues obtesined for
the viecosities of the gotton in cupreammonium hydrozxide sfter it hsd

been cocked wiith variocus ememratim_ of gulipburois seide

| 156 B0 l.568{ poisse) 2.0213
24 120, 0.50 Ea0 1,910 *© 241671
Ce 156 050 70 4040 - LeER96
16e 16G. Selb 672 1e64 ” 201009

17 16G.e Oed8 200 Cedd 4 e s830


http://0he9.fr

1 de[ﬂrLam ICurw.-_.s I

s
| | '
![ { CJ | | s
‘. i / i ::
491 1 % T -
| ! l / o
| | '
40 /
rigina /
i i A c‘”ule:e;_-—r,//
| i
7 ! - A
/,
52 //
5// //
3 ... | o
. = S ; -
Q\}E\ / }ﬁ)y » 50 E
o | ,/ | /k A |
\C] ‘ 4i /4L / o /Bﬁ/ oo e
| =" :
‘ 'ﬂ / / l
i : ’// :
/6 /%”/
%/
/ 2& | ) ; 4 = = & c; s 70

[4
grs. cru:uost/ JOO C.6's SOLUTION.



1

MDBAM&O of¢ Pulp. \

_AFM.

F

9 J [
grs. ﬂntc\oun\soonnr solvtion.



&

The resulte, listed below, comprise s series of runs, of a
more or lese misgollsneous neture, mede for the sske of compariscn
with the mejor portion of the thesis. These runs indicete the lines
along which the work, sterted in thie investigation, ie to be extended.
‘het ie tc say, the effeoct of sulphurous gold on sotton cellulose is
to be studied =t 1109, 115°, 145“. end later the sotion of sulphurous
e0cld on pelps of variocue kinds will be determined ae indicated in the
introduotieon to thiz thesis.

{1). QCock 17G. 4 semple of surgicel cotton wee "gooked" with
sulphurous seid aontninlng'sglﬁ 30; at 110%, Tha detalls of the“"cook"
woere expoltly the seme as thooe given sbove for the work cerried out
et 100°%,
088 content of the degraded assmple:i-
éfﬁéﬁg 78eL%0
: .va of this semple were tried ss follows:i-
in pttempt wee made $o obisin g solution, conteining
9% of the degraded cotton, in eupremmonium hydroxide but this wes
e feilure, 4 37 eolution was then tried ond wae obteined without suy
trouble. The viscosiiy wes such, however, that it could not be
megsured by mesns af g falling balls

{(2)s Cook 14G. 4 semple of sulphite pulp, (Brown OGW 8 Alpha
' Pulp.), wes digested under the conditions ee given sbove.

salibt’ od od.
vollns oF BBLageds soia. 488 FEE®r 0.566% 30s)
Temperature. 100 degrees csntigra &e
ilpha Cellulose in original pulp. 9B6.4%; 95430,
Alphe Cellulose after "oooking”. 895503 904870
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i solution , of the untrested Brown sulpkite pulp,
in cupremmonivm hydroxide wes mede conteining 2% by weight of pulp.
The viscosity of this sample wes 4,098 poises. |
4 4.1% eolution of the"cooked" pulp wes mede, ite
viscosity being 9,88 poises.

48 indiceted sbove, the salpha geilulose determination i8
& purely erbitrery wethod of suslysis, in thet the alpha cellulose
content of & glven sellulose semple morely represents thet part of
the meterisl inscluble in 17.57 sodium hydroxide under s certein define
ite set of conditions. In spite of this owmpiriciam, howsver, if
carefully deternined this velue represente & fector, oun the basis af
which, cellulosic meteriels of varicus kinde, { eotbton, sulphite pulp,
et.), mey be compared with each other,

From the experimental work cerried out in this investigation,
it ia to be noted, thet the slpbs gelluloss coentent of the cotion,
used 28 & revw meteriel, decreesce merkedly on treatuwent with sulphurouvs
ggid, Under the conditions smployed the setion of the sulphurous scld
ligquor is spperently chiefly hydrelytic in charscier. It would scem
therefore that ae the hydrolysls procecds, the originel gelliulome
sgeregete is changed into some substenss whicb is soluble im 17.50
ceustio, the degres of solubllity inereasing with the ineresse in
hydrolysis. Accompanying this, & feirly uniform decresse in the length
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of the cotton fibres wes noted end e corresponding decrease in the
viscosity charsoteristice of & solution of the subetence in
enprtinonlnm hydroxide. This letter property will be discussed leter.
The modification of the cellulose pggregete seems to be

of the fellowing type:i- _

| ( OgHyg0p )y —> ¥l CgHypOp )x/Y  proceeding
ultimetely to complste sseohsrification, glucose being of course the
end product. The substence (CgHy00g)y iv aseumed to represent the
compound insoluble in the 17.57 sodium hydroxide., Whether the slpha
cellulose velues, obteined for the so-galled "degreded cellulose”,
represent. the per-cent of unchenged (Cghya05)y or whether some of
the substances of the formule (OgH;n04)x/Y¥ are slso insoluble,is
unknown. 1t seems herdly correct to aseume thet some of the cellulose
¢f the form of ‘ﬁeﬁic°s’x romains tatally unchanged throughout the
"gook"” but this aesnmpeicn hes to be msde unless, on the other hand,
it is essumed that cellulose of the formuls (CgHyn0p)x/Y 18 elso
1hsoluble in 17.5% ceunstie, slthough, s a matter of fact, certain
non-uniformities in the product,ee it ceme from the digester, were
noticed. However this is probably due to the method of heating rether
than snything else. The length of time of hepting and the tempereture
used ere both-ef such & nepure thet sction must teke ploce on ell of
the celluloss pressnt.’lf then thie is the case, ealiule&ia nmaterisls
of the formala (C.H, 0.)x/¥ sre elso insoluble in 17.57 sodium
hydroxide under the condltions es outlinedsbove and this method of
analysis cen be used es an indicetion of ths deoresse in ths state
of aggregetion of the cellulose molecules Hﬁwevar, at best, it is
only & gqualitative messure but it certeinly indlostes some sort of

uniform ohenge in the ¢ellulose eggrogeio.
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(v)e 2! ,
The effoct of changing the congenirstion of sulphurous
seid 1s indicated on the several grephs. 1t is to bo noted thet,
rolatively, the lower concentretions of seld heve more offect then
- the higher; that 1s to say the deoresase in alpha cellulcse content
falle off moreo rapldly 2% the lower concentrations than it does at
the highs The curve,{draph 1.), begine to flatten out et sbout
Gwd 302 but continues eteadlily dovnwaerds over sll of the veluss of
acld concentrations investigeted,

The effect of tempowrtwrs 1g te be taken up in detail
in later work snd ell thet cen bo sald heve ie thet & marked
deorcase in slpha cellulose content is noted for en inoresse of
only 8-10% above the 100° used for the work in this thesis. Ome
cook"” wes mede using 3.17 30; end inoressing the bam temporature
to 110°%, ell other conditions of the"cook" remsining se ziven ebove.
- The elphe cellulose content of this degrsded ssmple was 77.64 es
compered with 86.5% of a corresponding (8,17 80,) “eook" at the
lower tempereture. It is well known,of course, thet the tempereture
of 110° represents s critiosl phase in the preperetion of sulphite
pulp end it is hoped thet further investimstion st this temperatureg,
under the conditions gs outlinal in this paper, will throw some 1light
on the riueéa for thie eriticel point in the menufscturs of sulphite
pulpe

The effeect of ecid concentretion end tempersture on
gellulose hes been investigeted by Dr.Pokorny (loc.eite.) using
sulphuric soid es his degrading egent. The normelities, of the
gcid solutions used, and the itemperstures employed were somswhat
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different then those mede use of in the precent work. He fonnd that
~with diluted acids et higher temperatures, the stteck secemed to be
mugh fester on the surfece then comy.:tely through the fibress. That
is to say, & pertiel hydraiynu tekes place on the surface of the
fibres, and the consequent formation of celiulosic dextrine, of

some sort or other, prevents further sction of the seld, the
essumption being thet s protective coating 1s formed. vidence
eonfirning en ideas smoi es this, may be drawn from the fact that in
- many of the"geccks”, carried out in this investigation, small emounts
of a brown etsin sppesared in epote on the fibres. washing with water
removed perts of this color and it all diseppeared during the

alphs cellulose determinstion. The effeot of &ighsr tomperatures

or of & "eritical” temperature might be to remove some such protece
ting ss this, thus sllowing freer sotion of the seid to ell parts

of the gellulosic materiesls

(e)e Discussion of YLy y Viscoslties

lo= Cottons In attempting to determine the viscositlies
of solutions of the degreded oellulose in cuprammonium hydroxide,

it wee found thet the concentretion (3%) of cotton, arbitrerily
chosen gs & besis for oomparmm. gave solutions of extremely low
viscosities es compered with &% solutionsof the original cellulose,
The meximum solubility of the originsl msterdsl wes e 47 solution
whorees & &£ solution of the degraded cotton could not be wessured
with e falling belle In his work, Joyner " found that logep=6C,
whers /) = the retio of the viscosity of the solution to thet of the
solvent,©is & constent, end C the congentration of the cellulose
in the solution. This fe¢t was checked, as shown by graph 1l., over

the complete range of viscosities that could be messured with the
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lustrument aveilable, le.e. from sbout & polses to 600. These values
represented concentretions of l.5 to 4/ of the original cottom.
Thereiore, by obteining viscositics oftwohigher gongentrations of the
degreded materiel, & &4 velue could be obteinod by extrapoleting '
the corresponding Joyner Lew gurve.

Ihis procedure wes ospried out for seversel of the'"cooks"
end the curves on graph 1l. were thue obtained. 1% waes noted that all
three colneided at & common point on the serc cunventretion line.

This point 4id not check exmatly the ovune Lor the origissl scotton but
they cems very close together. The mean value does not egusl the
viscosity of the solvent howsver, which is +013 poises {slightly
higher than that of wster)s The value from the graph wes 0.284
polaes. Joyner alsa-netsd this seme f20t and he pesumes that it
probably would be incorrect Lo use the Arrhenius formulas for
extrapoleting the value for the viscoeily of the solvent, but in
this csse tba valus obtained for the serc concentration point vas

a constsnt over gounsiderable diffcronces in coucentration of the
sotton and great difier-nues ir fue visgositics of ths sclutlionse.
Joyuer obtained & valus of 0.08 poises for the viscosity of his solvent
which is lower than ihe vslue given sboves ibis disorepency arises
from the feot that *he sero consenirstion varics with the gopper
contant of the solveunt, Joyuner using a 1§5§ golution wherecs the
solvent used in the present work contained 3.0% coppers

ibs point to be noted however, is the fact thet the viscosity
ebtulined, for the solvent, by plotiinzg varyiag concontirsiions of
gotton sgalnst ths gorresponding loge, and extrapoleting the ourves
to the zero eagaanﬁration iine, ie the same for the degreied samples
ae for the origlinsl cellulose, This indicates that the velues obteined

are comperetive which, in part, wes the object of this work, i.0.
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erriving at & method for messuring the degradetion of the cellulose end
comparing the degraded semples with the originsl substemce.

From graph 1ll.,it can be seon that the initisl drop in
viscosity weo extremely great, that is to say, the drop in viecosity
of & 37 solution of the originel cellulose to thet of & &% solution
of the degraded meteriel which hed been cooked with Q.57 seid, the
latter being the lemst degraded of any of the samples. ifter this
initiel decrcemse in viscosity, the surve practicelly parzllels the
curve showing the lowering of the glpbe cellulose gontent with in-
cressed seid concentrations

In sttempting to dissoclve, or better to disperse, the
degraded cellulose in the cupremmonium hydroxide, it was found that
ebove 6-7 grame of cotion per 100 0.0's of solution it wes impossible
to completely dissolve the sample. 4t thaet concentration only & very‘i
small quentity, probebly & frection of & per-cent of the totael,
remeined undisselveds At higher concentrations {970 considersbdly
" lerger smounts remeined undissolved. Valuss for the viscosities of
these suspensions were obtained and they fitted the curves fairly
well. Vhether #r #ﬁt the valuee obtained represent trus viscosities
is of course questioneble. Clibbens snd Geake® report e similer
phenomens and they aserive it to the emount of nitridte in the
originel cuprammonium hydroxide. while the nitrite, in the solution
used, was l.5% as eenpareé'éo the 0.5 which they recommend, it is
doubtful whether or not this feotor wes the one responsible for
the ingomplete solution. For example: Two samples were mede up, one
e 37 solution snd the other & 97 solution both under identiocsl
conditions, The 3% went into solution reedily end the 97 ssmple left
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e residus. An attompt was made to f£ilter the 9% solution with very
little success but a part of the undispersed solid wes obtainsd.
Thie, when treated with fresh cupremmonium hydroxide, went into
solution without sny difficultys Joynerll showed thet the amount

of cotton dissolving depended on the munt of copper present which is
substentieted by the sbove. Thaet is to say, esch gram of copper
present will disperse sbout 2 greme of cotton snd no more regardless
of the state of polymerizetion of the .oellulusa moleoule. If then
this is tho case, and it soonms & nw@ahla gonolusion to draw, the
viscosities of these solutions, when obteined in a manner thatl
excludes extrensous verisbles such &8s the effect of oxygen, light,
etos, should provids g megsure of the state of palymrxsatiﬁn of the
callulose wolecule.

(b)e Zulpe Viscosity determinetions were made on the"cook=
ed” pulp ssmple 14G. Considering the feot thet only one run was made
nothing conclusive was shown. The value obtained however lndlcetes that
the dscoresse in viabas;ity would be lesa for o pul;# than for 8 gotton
gemple when treated similarly which is to be expected whon the
me thod of prepsretion of the sulphite pulp is considered.
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SURMARY »

{a)e Two stenderd methode for determining elphe cellulose have
been compared end after e sulteble modification of onme of them
thie wes used g8 a comparstive method of snalysis.

{(b)e 4 method for determining the viscosity of a solution of
cellulose in cuprammonium hydroxide wase investigated.

(a)s Joyner's Law was oberkaed pnd spplied to the determination
of the viseositles of degraded sellulosess

(d)e The effect of the sotion of sulpburous scid at 100° on
cotton cellulose was meesured bye
le~ The change in alphe ¢elliulose content of the ceﬂon.
2+« The decresse in viscosity of s solution of the
gotton in cupremmonium hydroxide.
(e)e The inter-relstionship of these two fsotors as a meens of
evelusting the dsgradstion of pulp ie pointed out,
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