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It is wall known that sci&a, elkaliea, and reegenta of 

various kinde, reset with cellulose in different ways end to varying 

degraea. However tha action, in mm$ e&eea, is on® of "degradation** 

3y the term^degradaticn1 is ma ant a deoreaae in tha polyo&riaad or 

asaooiated state of the eelloioae aggregate aa indicated, among othor 

faotore, by a decrease in the viaeoeit? af a eolation of the oalloloaa 

in oupramonioEi hsrdrosdLde* A change in properties of the eelluloaie 

oaterial alwaya acceap&niea this aggradation and the extent of tha 

change is dependent upon the extant to v/aleh the cellulose aggregate 

is dcpcl^aorisGd. 

The presant investigation m the action of sulphurous aold 

&n& biaulphitea on cellulose was oatllned with a view to determining 

the extent of the degradation of the aggregate and, if poaeifcle* 

to obtain an insight into the sssaehaniam of the aalphita pulping pro-

COBS. Jfcchanioally, the latter has been developed to a high $Mgv&$ 

of proficiency, while ohemie&il^, I knowledge of the reaction or 

reactions taking place ie atill lacking. -his knowledge will probably 

be obtained through investigations aloa^ several lines, of whlah, 

the idcae preeented in thia thesis are but one* 

One of the most extensive technical contributions on tha 

chemistry of the aolphite process was carried out by ji»IUMlller and 
1 

I»E«3wana421 trA a brief review of this work will be given* I'heir 

idea waa to duplicate plant conditions on a assail acale ao 

/ 



that accurate control could be kept on all of the variable factora 

encountered each as, temperature, pressure, composition of acid, 

end wood used. In addition to thaae faotore they determined, by 

sampling from time to time, the nature and amount of materials 

that had been removed from the wood at different stages of tha 

oook and from theaa faot© certain conclusions were drawn aa to 

what took place in the digester. 

On© of the re suite of their preliminary work indicated 

that, while eulphen&tlon msy be en essential part of tha reaction 

or reactlone leading to the production of pulp by the sulphite 

process, it is of greater importance, from the standpoint of tha 

commercial value of the pulp, to maintain at the &n6.9 conditions 

favorable to so-called "hydrolytio x*eactions", namely, a high 

concentration of free sulphurous acid* On the whole, in mill 

practice, the aim ha© been to complete a cook with the liquor 

oontoining little or no free SO> and, under Industrial conditlona, 

thie hardly ever exceeds Ijf mit in genera! ia below 0*5#« From 

their experimental result®, Millor and Sw&nson outlined a proc­

edure for an ideal oook ??hieh, in their estimation, should yield 

a pulp compering r®r$ favorably with a high grade commercial 

sulphite pulp (Selluloae 96*05^ and llgnin 1*6&;1,} BIX& actually 

found this to be the ease* 2ha free 30^ at the end of this cook 

wae l*75fS, 0?he fact, on the one hand, that a high grade pulp could 

be obtained, on a laboratory scale, under conditlona involving 

suoh a high final free 3G£ concentration and, ontha other, the 

position taken by many prominent pulp specialists that such cond­

itions lead to marked degradation of the resulting product pointed 

to the necessity of obtaining a olearer insight into the actual 
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effect exerted by sulphurous acid on cellulose under different 

conditions of concentration end temperature* 

It is the purpose of this research, of which the present 

thesis is but a preliminary contribution, to determine experim­

entally tha affect of sulphurous acid firstly on pure cotton 

cellulose, secondly on pulps of various kinds, and finally to 

extend the work to the more complicated system of a sulphite 

cooking liquor on the same substances, progressing eventually to 

a small scale industrial cook* By confining the initial experi­

ments to the more or less easily controlled system of cellulose, 

sulphur dioxide,end later, it seemed reasonable to expect that 

from the knowledge obtained progress could be m&da towards...a 

thorough study oi the more complicated system of calcium tm<k 

magnesium bisulphites, sulphur dioxide mvi water on the ono hand 

and the mry complex substance (,wood% on the other* 

work of a somewhat similar nature, under the direction 
% 

of Professor fiibbort, was commenced b^ $j E* Birohard using a 

digester similar to the on© employed in this &ork* M the concl^ 

usions, drawn and published independently by this author, do not 

appear to have bB^n definitely established it seemed desirable to 

check &n& extend this work* 

He found, among other things, that the purer the original 

cellulose used the more it was degraded b^ the action of sulphite 

cooking liquor• The measure of the degradation was obtained from 

the decrease in the alpha cellulose content of tha substance am&* 

7or example; a commercial alpha pulp v«hose alpha cellulose content 

was B6;J was degraded to only 00 alpha cellulose; where&a a surg­

ical cotton, whose original alpha cellulose content was 99*1^,or 
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higher, as degraded to about 70 C, using a commorcit:! &oid end 

a heating cycle comparable to an industrial sulphite uuok* 

•},:, . , .;,,: ., ;• 
«iin»iiii m » > i m m i I H i» m m n •• 

In order to determine tho degradation of the oolluloae 

brought about by the action of tho chemical reagents during tha 

cooking prooeaa, it seemed desirable to first investigate tha 

action of sulphurous soil on pore cotton cellulose; than on a 

aeries of pulpa and to follow these b^ a later investigation 

deelii* ith she much more complicated oonditions involvod in tha 

action of the afcwAtal reagents on the oeilaloaa during the actual 

'tfrtrtug process". 

In the v©r& M outlined it mM decided to use, as the 

initial raw material, a standard grade of surgical cotton that 

could be easily duplicated, the alpha cellulose content of ouch 

a substance baing always over 99.- &&& averaging about 9t*Sjlt i'o 

further standardise the work it seeined advisable to o&rry out a 

series of experiments with the raw material ( sttrgioal cotton ) 

at temperatures of 100 , 116°, ®n& 145°, and to employ, at each 

of these ©elected temperatures, a range of 30, concentrations. 

:coeedin? thaso experiments the degradation of cotton, occurring 

during a temperature cycle oorres^ondiiug to that used in the 

manufacture of sulphite pulp, could be investigated* A determin­

ation of ̂ he alpha oolluloso content before ana after each cook 

Bn& also of the viscosity of a solution o£ the resulting cotton 

in ouprammoniiaa hydroxide wore selected s© control methods to 

indicate the extent of the degradation of the original cotton 

oelioiose* 

The so-called alpha aallulose content of different 



varieties of cellulose has bean show* to bo a purely ompirical 

factor* -hat is to say, its value depends entirely upon the 

procedure used* Recognising this, tha Cellulose division of tho 

American Chemical oooiety0 appointed a committee to investigate 

the various methods than in use* I'hoy correlated all the facts 

concerning this matter from tho literature and, after extensive 

experimental work, developed a method which they recommended aa a 

standard procedure* 

Aa a preliminary to this investigation, the above procod 

uro was first checked against the standard method of tha Forest 

-relucts Laboratories of Canada • i'he two were found to vary by 

a constant amount {£$J for an extended aeries of analyses i Tho 

exi lanationfor this was found in the somewhat different proced­

ures employed, actually accurringin one stage of the $®thod of 

The American Chemical society* By recognising this fact it was 

possible to alter tho technique at this stage and then to obtain 

duplicate results from the two methods* ihia work is covered in 

detail in tha experimental section of this paper* 

^hile providing some indication of the extent of degrad­

ation, the alpha cellulose determination is really of vary 

little value aa a criterion of whatever change is taking place 

in the also or physical properties of the cellulose aggregate* 

Bsrhaps its weakest point lies in the fact that the least change 

in any of the stops, tha time element for example, exerts a mora 

or less pronounced effect on the final analytical results* Anoth­

er difficulty made itself evident after the problem had been 

started* it was practically impossible to filter the mercerised 

samples of the degraded celluloses without loss of solid duo to 
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the colloidal nature of the aaapension* if tho washing is carr­

ied out in a centrifuge fairly good results are obtained but even 

then it is diffiault to obtain duplicate analyses 

Prom these statements the necessity is obvious for a 

second criterion for tne degradation of tha cellulose* 

Ylsppftlty of sp^utions of pe^u^se in cupr^ampnlqa hydro^da, 

as a oQfltrol̂  f pe^or* 

The viaooaity of cellulose in cuprammonium hydroxide 

solutions has been applied in research end control methods in 

many branches of the cellulose industry* ^hus it has b^^n uaed 

aa a measure of the rttendering51 in cotton by chemical agency • 

A simple relationship has b^en shown to exist between 

the viscosity of the original cellulose in oupremmonium hydroxide 

solution and the viscosity of nitrated cellulose in suitable 
6 7 

solvents i Olibbena and Eidge have also shown that the fluidity 
(reciprocal of viscosity) of cotton in euprammonium hydroxida 

increases uniformly with decrease in tensile strength wheja tha 

cotton is subjected to various forms of chemical attack such aa 

bleaching in alkaline and neutral solutions* 

One of the first applications of the viscosity value of 

solutions of cellulose in eaprammonium hydroxide was described 
8 

by H. Ost * He used it to follow the course of the oxidation by 
bleaching agents; the effect of heat on cellulose m& its mercer-

isation with alkalies* 

Investigations made by *.'*H**lb8on, L* Spenser, and 
9 

-i* &oGell and also work carried out in the jxoyal Arsenal at 
10 

»oolwioh England, indicate that the value of viscosities of 
euprammonium solutions of cellulose only yield satisfactory and 
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comparable results when carried out in an atmosphere free of 

oxygen and when the solution is kept in the dark* i.'hey also 

reported that St Ost's method for the preparation of cupr ammonium 

hydroxide from copper sulphate is unsatisfactory* 

Somewhat later a new apparatus waa described by 
11 

fi* A* Joyner for tha preparation of the solution of cotton 
cellulose, further investigations on the same subject have been 

1^ 13 
carried out by J** A)* farrow and S« M* He ale and £• ...* leala , 

10 1^ 
The £eaoarch Department, .ool*ich, and L* ivys • 

The actual experimental procedure adopted in this thesis 
14 

is an adaptation of the method developed by X** iiys en& was 
communicated to ua privately through the kindness of Dr* 0* 3* 

Pokomy* It will be described in detail in tho experimental p&rt 

of tha paper* 
11 

from a theoretical standpoint, the work of Joyner is 
interesting in that he established the fact that if the logar­

ithms of the visaosities of various solutions of cellulose are 

plotted against the concentrations of cellulose in grams par 

100 e*o*a* of solution, a straight line results* In other words 

the relationship of the viscosities to the cellulose concentra­

tions may be expressed by an equation of the form of tha 

exponential law:-
^ c b e ^ 4> 0 

This fact was also verified by Eahn and Bradahaw2,5, by most of 

the other worfcara in this field, and also in the experimental 

part of this work* 

Joyner(loe*oit*) also investigated the effect of varying 

the concentration of both the copper and tho ammonia* "he effect 
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of exposure to light end eir on cupranmcnium solutions of 

cellulose m a pointed out by H* Oat, aibson, Spencer, and. McCell, 

Joyner, and /.oolwlch Arsenal, (loo*cit*)« 

Pokomy has indicated some of the sources of analytical 

error in the procedure for measuring the viscosity of a ooilulosa 

solution and these will nom bo discussed* The velocity of a 

sphere felling vertically in a viscous liquid is given by the 

'Stokes liquation" :- ,, e{-e>. 
v « fc/f g r" (-rp) 

where r* velocity of fall* 
S - gravitational constant* 
r-- radius of share* 
fi s density of sphere* 
g * den8 i ty of me di urn, 
J)* viscosity of sodium. 

This equation applies only to a sphere falling through an infin-
1 6 L * 

ite extent of liquid, ikeeording to £* Ladenburg two corrections 

must be applied to this equation when observing tat velocity of 

fall in a viscometer tube:-

{&.) /correction for wall effect* 

ib) A correction for end effect* 

17 
•..'"•H* Gibson &n& m Hi Jacobs investigated the accur­

acy of the falling sphere method for measuring the viscosity of 

a liquid and found that the uime of fall, calculated for an 

infinitely long column of tha medium, becomes constant for wider 

tubes* uo%aver, tho visibility through tho pulp solutions in 

large tubes is limited and, chiefly for this reason, the maximum 

bore of the tube should not exceed 8 cm. Uy the use of a corr­

ection factor, (i.e. the tube constant obtained by njeans of a 

liquid of kno\sn viscosity) fairly accurate determinations of 

apparent or relative viscosities can be obtained. 
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Carver and JFolta18 point out that solutions of 

cellulose in ouprammonlum hydroxido do not flow aa viscous 

li]iiidj but rather aa plastic aolivls* Measurements, itiade at 

difforont ratea of ahear with a Bingham and Orocn plastooeter 

indicate that Joyner's Lew, aa mentioned above, holds for tha 

rates of shear studied* 

On the basis of accumulated evidence it can be soon that 

the method for the estimation of viscosities of solutions of 

oelluloso in ouprax&monluc» hj iroxiae ranks as tin amtt one if tha 

important factors, aa mentioned above, effecting a change in the 

viscosity are avoided* Nevertheless other workers still beliuve 

that the method is not entirely free from serious objection* 

.us Cllbbens and Geakey of the Shirley institute Manchester, 

ngland, after doing a large amount of work on this subject 

come to the following conclusion: !• The use of tho falling sphere 

viscometer Introduces a large number of unnecessary difficulties 

and waste of time.'1 Consequently all of their work has beon 

carried out by means of r capillary viscometer of their own 

design using lower concentrations of cotton in ouprammonium 

hydroxide* 

fheir conclusions, while being justifiable in part, 

are not entirely so* A capillary viscometer, such as they desc­

ribe, is applicable only to viscosities of less than one poise 

due to the length of time of flow required* i&uiy uixs»o«st -hen 

working with cellulose, it is desirable to determine viscosities 

auoh higher than this and to do so the falling o&ll method must 

be employed* 
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i- ir;».amaH of Agg^jua MO icato^ af g*oci?m?AS. 

(a)* Mgeater* 
Xha "eooke" wore carried out in a digester 

of pyrex glass, in tha shape of a long cylindrical tube of §00 c*ofs 

oapacity*(15 inches in length and B inches in diameter*) A broaaa 

flenga was cemented to ttus, end a cap, fitted with two relief 

valves, a thermometer, tmi a pressure gauge could be bolted to this 

flenga aa illustrated in the diagram U)» Xtaa digester was heated 

in an oil bath whose temperature was controlled by means of a 

resistance coil and a lamp bank* fhe bath was well stirred to ensure 

uniform beat lag and was easily controlled over the temperature 

ranges?1OO°~140°) desired. 

A "oook" lasted a period of nine hours, each experiment 

being carried out at a constant temperature of 100°* About two 

hour© was required for the digester to reach thia temperatura which 

was than held constant for a further 7 hours* At tha and of thia 

time tha pressure was released through one of the relief valvaa 

end the apparatus allowed to cool in the bath* 

for eaohs,eoek"» 30 grama of air dry cotton mm used and 

400 c*c* a of sulphurous acid* fbaaa quantities ware employed in each 

run regardless of the strength of the acid and ara »rely arbitrary 

figures based on tho capacity of tha digester* ?ha procedure 

followed for all "cooks* was the same* *han the digester had cooled 

sufficiently to allow of its removal from the oil bath, the cotton 

waa taken out and thoroughly washed with water In a large be&kar 

to remove tha acid, further washed on a BUchnar filter, and finally 

the excess water was removed by auction* fhe cotton was dried at 
* Originally designed by EUP.Qsmeron of tha Canadian Poreat 

^Products Laboratories* 
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60° in a vacuum oven for thirty hours, tho average moiature content 

at the ^ni of thia time being about 2$* it was then ready for tha 

alpha cellulose and viscosity determinationa* 

<*>>« r̂opfirfitlofi of tfe* ̂ uj^hurQue A<?Ad* 

fha sulphurous acid was made up and titrated 
19 

according to the method of Maasa and Maass * 4Q^9 from a tank of 
the liquid substance, was allowed to bubble through water, in a 

brown glaae bottle, until the strength desired was obtained* fhe 

acid was made up fresh for each run since it was found that ve~y 

little or no £0$ was present in the freshly made solution but that 

if it were allowed to stand for any appreciable length of time 

considerable amounts of 30_m*o found to be present* For the 

titration, Zb e*e*s of the acid was allowed to run into an excess 

of d U laOH oontalnin gma* of sucrose as a stabilising agent* 

is solution was then diluted to ^50 a*a*s &B& titrated against 

d& a*<3* s of standard #1 U iodine aolutlo *Hxy good and uniform 

results were obtained by this method* 

(o)« Determination o;: alpha cellulose* 

As ' iated in the introduction, two m I sff 

thr-.t of the American Chemical society and that of i>r» *-*oss oi the 

Canadian Forest Products .Laboratories, were checked against 

each other in order to determine a procedore beat suited for the 

present Investigation* 

Liethoci ,•/ 1* (procedure af the Aiaerioan Chemical Society}* 

1* aeigh accurately approximately a $ ,>TU sar&ple* 

&* M o*c's of l?*i} i 8a and allow to etaud 

for 6 minutes* 
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3* Jteoerate for 10 minutes, adding 40 co'a of 17»; 

BaOH in 10 c*o* portions. If the determination la 

being made on a ulp, it ie essential thtt the 

sample be thoroughly broken up at this point* 

4* Cover with a watoh glass and alio stt for 

30 minutes* 

5* A&H 75 c*c'a of distilled water, stir thoroughly 

atid filter immedistely* 

6* -ash with 750 $*#** of distilled irater* 

7* Add 40 e*afe ox 10 soetie noid, on the filter, 

allow to soak for 6 minutes, and then appl# 

suction* 

8* -ash until acid .free and then Ary at 10$ 0* for 

at least 6 hours* **eigb an., when dry to constant 

.weight* 

&sthod .-. £• {Forest Products Lac-oratorio a froe- s)« 

1* h accurately approximately I lil ffssi ©ample* 

dm Add 70 c*cf© of 17* - I IftO®, S&t*¥*t* thoroughly 

and al ow to stend for S hoars* 

li liter on a Buehner being careful thtt a of 

the fibres pass through* f 

4* Suspend in 100 o*ofa of 17*1 for SO sacs*, 

stirring ©all, and filter as before« 

5* Suspend the re si sue in :0 o-u's of acetic 

acid, bring up to the boiling point, and again 

filter* 



is, 
6* -^h tho r sie with at loast 1 litre of boiling 

distilled watar until tho final washings are 

neutral* 

7* at 105° Oi to oc at* 

Jompprtspp 9* the frwp me^ods* It wUl be noted that the two 

methods differ radically aa regards s (a) temperature, ib) length 

of time of maceration, fc) diluti of the liquor after maceretion. 

It was found that of these three factors the only one sausing a 

mar&ed difference In the value of alpha cellulose found was that 

arising from the filiation of the liquor after maoerrsian (c)« 

Allot;,i or this oneek values, within 1 , wars Obtained by both 

procedures* 

fulps I & II* These were different samples of the same pulp, 

namely, a blotched sulphite pul-; made uy the Brovm Compaq,., 

Berlin, 

ralpa OVfrQO, ->600} gotten 0 ~IOQti ̂ Q Q * '^ese were samples 

supplied by Or* fitter of the U*i. orest iroduota Laboratories, 

ladLson, .is*, and represent the check sa. S used for control 

work on the standard alpha cellule L. ; blot) of pulps 

(method 1), 

Pulps 111 & .IV, Jheae © a Soda and a Kraft palp respectively, 

and were supplied by the rd Smith Company* 
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*Mlvm 9f W * W PtfJrPff, jffff fill 

Teble 1. 

PglpI* - ulp 11* 
(tjulphite) (sulphite) 

% alpha cellulose 
94*98 

94* 
94*90 
94*85 
94*64 
96.1. Mean value 

C a f f J W C T m n J iMffiTT.^SS. 

v5 20HE£ 

% alpha cellulose 
i »iiiiil*TO«*iffiT>»riw i ffmiMh « 

AabJmSwMfia 

95*57 
96*28 
95*76 
95*85 
06*1 WBk 

95*63 
95* 8& 

H2Z 

uJodaT 

7a* 44 
73*^6 
7^*50 

Analyses wars made using the procedure 

step 5* {dilution after maceration}* 

$6 alpha cellulose 
by method I 1* 
11*1*1 ffinTiiftiii»rwMMiiilSiiiiiiiwftraffM Sift> wTiTiffi*«ti« 

81*8^ 
80* 96 
81*13 
01*54 

of method 

MM 

94*94 

Liiim* mil 

75*19 
76** 
?Jbu 

(kraf t) 

85*65 
85*48 
B£>*51 

36*39 
86*^. 
86*50 

1* but omitting 

Tha following analyses «er# laade on maples of the different varl«-

atlas of cellulose that were used by tha ooBnlttee of the dnsrlosa 

Shemlcal Society in arriving at their standard taethod* 

frani»rii8ffMra 1 i»ri> iffii 

gtf.g. ?,-
• 

fffffl^.fi*J?B7tfj 
./A«C»t3*Q0ESS* J.V* 

GG.0 
87*09 

&6*c<6 

83*41 

0 imuliifrill 

fJ 9 * M1** 
99*25 
•wiiijiii linn 

*^4 

*»10Q I Cotton S>pQ« 

Hoi 
91*94 m»m;nf jiiiiwua 
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JJ *{ continued}* 

.ulp T-gQQ. ulp T-ftftg* ppttQB y~tQfi« fottm «.-

^ ^ ^ f l t 86*75 85*£9 99*16 96*07 
88.56 Bd+64 99.03 94.97 

64*97 95* 

iiefiix v^ue* M M W m ttafil teftiffi 

A comp^r^on 9f tfre, refsu^tf* As seen from Tables i*<&ii*, good 

checks can be obtained in every case aith either method but the 

values found by isethod #8 are invariably higher than those of method 

1 by about 3W8 .-* itb this fact in mind, ss&thed #1 was further 

investigated but step (5) was omitted* 'lhat is to say, instead of 

diluting with an equal volume of water after mercerisetion, tha 

©ass was filtered isaaadiately, ihe results, using this procedure, 

were uniformly higher, as shown in fable I, and apprcfehed more 

nearly to tfcaae obtained using isethod %% £his increase in alpha 

cellulose content is to be axpocted because, in tho procedure aa 

given, instead of filtering a suspension of cellulose in 17*6 % 

3&QE, das cc dilution, the liquor contains only 8-9 % laQE and 

it has bzm shovm by da terminations carried out by i>r* E M S of tha 

Canadian Jorest Products Laboratories that the mxirnm. solubility 

of cellulose in sodium hydroxide 8QZ¥0&pon&& to a sodium hydroxide 

content of 8-9 %% 

2he soda pulp gave the moss divergent results of my of 

tha samples tried, the second saothod showing £bout b oro alpha 

oslluloso than the first method.f i'ablel}* Here again it was found 

that by omitting step {£) in la&thod #fc higher values war© obtained 

approving those of method It* ?hey were still about 0 lower howsvss 

In both caaas, the maceration of the pulp after the addition of tha 
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sodium hydroxide, was very difficult and great care had to be taken 

to insure, aa far as possible, a complete separation of the fibers* 

;hen following the procedure for aerthod /I, as noted above, tha 

suspension in tha caustic soda solution aaacaa&d a rory gelatinous-

like character and was extremely difficult to filter, although, 

when finally accomplished, tho flitraos £r%® from all fibrous 

substances* There ia a poucibilty fetatt enough of the cellulose passes 

through the filter, in a colloidal state, fco cause a decrease in 

the actual w*igfr& of slphe> cellulose rsiaainiatfg as a residue* lfhis 

conclusion is substantiated by the fact thafc whan step (5) is omitted 

the pulp retained its fibrous nature to a greater degree, the 

filtration Is less difficult, end the increase in alpha cellulosa 

{a;.*} was gr^^t^r than the increase which oosured for tho same 

omission in the analysis of the other pulps® 

He final &%& specific conclusion® can be dram from tha 

results taken as a whole except the t^nx. fefcat fi&thod 0 always gives 

higher results than method If the values of the latter mmr&gtjag 

from 1*2 % higher* in indicated, step (0) explains a part of tha 

difference but eren with this step omitted the values obtained by 

tha second a^thod are higher then those obtained by the first* 

Disregarding for the moment any difference that might be laid to 

experimental error, a possible explanation mi^ht be ftx&m from the 

procedure itself in method >£* After a definite period of n&roeris-

ation the palp is filtered, more caustic is added, and the suspension 

again filtered* The acetic sold is then B&&$& to tha palp without 

any preliminary washing out of the caustic* Un^&r these conditions 

a part of the sodium hydroxide will adhere to the fibers %n&9 upon 

addition of the acetic said, degraded or so-called beta cellulose, 
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which by its definition waold be in solution in th sodium hydroxida, 

would be precipitated upon the tlpha fibers* Tha subsequent washing 

with water would not remove this beta cellulose tm& consequently 

the vcluo for the alpha cellulose becomes higher* In method 1 tha 

pulp is washed r/ith &bout a litre of water before the addition of 

the eoetio ?>cld* Complete removal of the soda by water «s impoasiblo 

but the amount remaining can be reduced to a negligible qnar/ti , 

i'hsrofcre na beta cellulose will be precipitated and tho final weight 

of alpha cellulose tends to hi lower** 

It was therefore decided fox tha purpose of the following 

work, to use method yl with step (6) eliminated* it was? also fosnd 

advisable, when filtering off the alkslisa solution after the 30 

minute xaeroarlsatlon period, to run the filtrate through the residue 

on tiieB&ohner three tieaes, to insure complete removal of the fibers* 

M i becomes increasingly necessary for tha f,cool&edrt samples due 

to the r%xy short length of the cotton fibers* 

fhe formula erdineo&T. given for this solution is 

Ou(IH4)g(aE}4 or 0u{Qe)3*&HE4cm» fteso are several ways in which it 

can be pr®$$m&* H*0@t8, am of the first worfears in this field 

ppsysmd his solution from copper sulphate and ammonium hydroxida* 

However this has bassa shown to be an unsatisfactory method due to 

the affect of the dissolved salt on tha viscosities of tha solutions 

of cellulose made up later* Using freshly precipitated cuprio 

hj^roxlde and dissolving this in ammonium hydroxide, a satisfactory 
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solution is obtained but with this dlsaavantags that a copper content 

of only about 12 grams per litre oan be obtained* oince the amount 

of osllulose,that will dissolve in the solution, is a function of tha 

copper content it is desirable to be able to increase this factor* 

Joyr-er found that if air is bubbled through a tower containing 

clean copper turnings and concentrated ammonium hydroxide a solution 

is obtained that contains 30-40 grams pf copper per iltra* Variations 

of this method have been used by moat of toe recant workers in this 

field and is tha method employed in the present investigation* 

The apparatus used, as illustrated by the diagram, is a 

long glass tower in which copper turnings are pecked* Two liters of 

concentrated ammonium hydroxida are placed in the tower and air is 

bubbled through* Sucrose is added to the solution as a stabilising 

agent* i*he exact nature of this stabilising effect is unknown but 

solutions containing the sugar will last longer, without precipitation 

of the copper, than those which do not contain this substance* ihe 

amounts, which have be&n used in the past, vary from 1 uo to 15 or dQ 

grams per litre* fha essential factor is that tha quantity decided 

upon must be kept constant, from solution to solution, in all of the 

work from which comparative results are to be obtained because, as 
11 

Joyner has shown, the sugar influences the viscosity of the solutions 
of cellulose in the cuprammonium hydroxide to an appreciable extent* 

£he amount usedin this work was 10 grams ^x litre of concentrated 

ammonium hydroxide* 

rhs air as bubbled through a solution of £QE to remove any 

00 and than passed into the tower,Mid the gas leaving the tower 

bubbled through acid wash bottles to collect entrained M,? fumes* 
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-he complete set-up was erected in a cold room at aero degrees In 

order to decrease tha volatility of the tfH,. ;>omo nitrite formation 

is brought about due to the oxidation of tha mi,, the amounts 

formed varying according to the length of time re mired to make up 

tha solution* It *ae usually found necessary to bubuio air through 

the tower for a period of from 8*18 hours* this length of time 

giving a copper content of 3*4$, ammonia 15-16 , and nitrite, calcu­

lated as nitrous acid, about 1*5, * in order to shorten the length 

of time required to dissolve the copper, and thus to decrease the 

nitrite content, it was found advisable to bubble oxygen through tha 

tower instead of air* It is desirable to dissolve more then kJQ 

grams of copper p&r litre and than to adjust the various concentrat­

ions by dilution,, tho final solution being as follows:-

Copper* - • 

Ammonia* 16* 5. • 

Sucrose • 1; *• 

Nitrite* Hot greater than l*5>i m^L preferably 
less than 1, « 

Jopper* The copper oan be determined very s&tisfsctorly by electro­

lytic deposition or volumetrieslly by use of the potassium lodlde-

thlosulphete method, the latter being used in this work. 

In order to obtain check results it was found necessary to 

convert all nitrite to nitrate, effecting this by boiling with 

concentrated H^aO^ and adding a small ©mount of urea* 

Experimental procedure* A 5 c*o* sample of cuprammonium 

hydroxida solution was pipetted into a ^50c*c* ^rlenmayar flask 

containing £5e*o'o of distilled water* The excess ammonia is boiled 
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off and the solution aoidlfled with concentrated H ^ 4 cud boiled 

a faw seconds longer* A small crystal of urea is then added to tha 

hot solution to carpel any last traces of nitrogen* The solution is 

cooled snd made basic with anaaonium hydroxide* It is then acidified 

with acetic acid end cooled to room temperature* £*5 grans of &X, 

dissolved in 100,0*0 of water are than added and the precipitated 

iodine is titrated with *1 U thiosulphata using a freshly made 

sterch indicator* Sha above method of procedure has been found to 

give uniform results which osn be readily and accuratlv duplicated, 

Ammonia* f&a assaonia can be determined in the usual way by 

distillation into standard acid* 1 5c*o* sample Is pipetted into 

150 0*01 of cold distilled water, euro to lug tnJmn to hold the tip 

of the pipette Just under the surface of the wmter to prevent tha 

escape of any SB** 4-i grams of- solid ©odium hydroxide are then 

added and tha. ammonia distilled through a gjsld&hl bulb into a 

known excess of standard acid* fta oatcoes acid is titrated «md tha 

ammonia calculated* 

Iltrlte* litrite content is determined as nitrous acid, tha 

oaprsmmoniu® hydroxide solution being um& to titfmts a glvan sample 

of standard permanganate aolutlom until tha color just disappears* 

the nitrite can be calculated from the ^uanlty of oupramoniom 

solution re quired* 

Whan the analysis of U ..ion tea bean mads, it -mn 

be diluted to tha I ' I velae^ nemely, those listed above* It is 

essenti&l that the copper content be exactly 3^ in each solution 

for the safcs of comparison* The permissible error in the ammonia 

content is greater because this feetor influences the ultimate 

viscosities to a minor $®grm as compared with the oopper content. 
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- Je termination of viaco^y* 

(a) inscription of apparatus used in making up tho sample* 

At various times throughout the course of tha following 

investigation, different percentage solutions of cotton in ouprsmmonAum 

hydroxide were employed* in each case, however, tha weight of cotton 

referred to, namely, a V$ solution, 3;C solution etc*, implies tha 

weight of bone dry cotton per 100 c«c» of solution* 

The samples were all ̂ r^-g^xot in an atmosphere of nitrogen 

to eliminate any changes in viscosity doe to oxidation* Because tha 

commercial nitrogen used always contains a small amount of oxygon^ 

it was necessary to purify the gas by the method described by 
Zl 

Yon Brunt * 2hs'*set-up5t for the nitrogen purifier, as illustrated 
in the attached diagram, consists of a reservoir, I, which la a glass 

bottle of about a litre m& a half capacity, containing diluted 

ammonia-ammonium carbonate solution, made by adding 1380 0*0*0 of 

ammonium hydroxida, ®$*g* 0.90, to 3000 c.c*s of a saturated solution 

of ammonium carbonate and dilutisg to a volume of four litres* ffhis 

solution should be reaewed after about 100 determinations}* whan tha 

nitrogen is relaasad through the valve at {&}, the solution in {15 is 

forced into the tower (E) containing oopper turnings* Here tha oxygen, 

contained in tha nitrogen, unites with the oopper forming copper mm 

oxide which, in turn, is dissolved by tha asimonla~&$monium carbonate 

solution leaving a fresh surface on the copper to talis u^ more oxygen* 

Because of the loss of ammonia from tha solution due to 

volatility, tha nitrogen gas, after leaving (II), is p&Bm& through 

two wash bottles, IQ) & (^), containing dilute and concentrated 

sulphuric acid respectively. The dilute acid should be replaced after 
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about 86 determinations* ( >) L (J) are mercury safety traps to 

regulate the gas pressure in the system, (9) containing about 0 cm* 

of mercury end (J) somewhat more* 

'*> ^placement of air in tho.dissolving bottle by nitrogen* 

The sample bottle (D) la of brown glass its alse being 

dependent on the else of the sample of ootton tftteea»-asually*howevere 

It is about -50 or 400 e*o*a oapaoityfand is fitted with a two«hole& 

rubber stopper* The one outlet la fitted with a straight glass tube 

connected to a short piece of rubber tubing to «*hieh a screw clamp is 

attached* Ihis is to connect (i)} with the burette (0) through the 

three-way tap 4* The other outlet consists of a piece of glass tubing 

with a small hole (a) in the eidat {the bottom is sealed off )<> and 

is used as a gas outlet* Before detaching the vubb^v tubing the hole 

(a) is pulled up into the stopper thereby sealing off that outlet* 

Xhe bottle (/.)» containing the m&®rvo supply of cupramiaonium 
» 

hydroxide, is of brown or darjeened glass* fhe complete system is 

kept filled with nitrogen gas at all times* (3) is merely a safety 

trap and is large enough to act as a gau cushion* 

. ith (D) in place, containing the weighed sample of cotton* 

tap (4) is turned to open (0) to (D) thus closing (2)9(which is 

likewise shut, )off from {D}# 2ap {§} is tamed so as to shut off (0} 

from Id) but so at the same uime to leave (0) open to (0)» To 

evacuate the system* ibj is turned to close off (A) BM. (£} from {§)* 

In the meantime tho irater pump is started m^ a vacuum created in 

(B), (1) being left open so that the pressure will register on the 

manometer (1)* /.ith all of the taps turned oorroctly, id) is 

carefully opened and all of the air or gas is sucked out of the 
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apparatus, being removed as indicated by the arrows* .-hen the maximum 

vacuum has been established, as sho&n by (X»), id) is closed*-She 

system is then ready to %ftlled with nitrogen gas* (6) is now turned 

so as to close (A) off from (5) and to open (?.) to (5), nitrogen 

immedlatly passing into the evacuated space* inhere is usually enough 

gas in the system to bring the manometer down until it registers 

only 4 cm* of vacuum* The valve on the nitrogen cylinder i&) is then 

opened, taps (?) and (8) being open at all times, and nitrogen 

slowly fills the system*^hen nitrogen commences to bubble through 

the mercury in (B) the valve on (K) is closed* fsgi (&) is then 

turned to its former position, i*e« closing the commotion to ib) 

and opening that to CJU* 'ffae gas pressure forces the ammonia™ 

ammonium carbonate solution out of (1) and up into (E), ®n& on 

closing the valve at (K) it runs back into {!)* 

The process of evacuation and the subsequent filling with 

nitrogen is repeated five times* %h® fifth time, instecL of creating 

the slight pressure in the system as indicated by (E), the gas is 

allowed to flow through the apparatus and out the water pomp* 'Ibis 

is accomplished by opening id) a small amount® A stream of nitrogen 

is kapfc flowing through in this manna? for ttfe minutes e& tho BZ^A 

of which time id) la closed m& the pressure created a© before* fhe 

system is evacuated another tharee times and another two li&nute period 

as before on^ing with a slight pressure throughout tho entire 
q 

appartus* 
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(*> Filling tho dissolving bottle with ouprammonlum solution* 

To fill the burette (0) from (A), tap (4) is 

turned so as to connect <3) to (C) ana to close {!>} from (O* leaving 

tap (£} in same position, (6} is turned to open (A) to (5) and thus 

closing (A) from (JJ)* By opening i'd) the cû rcxnaonium hyoro;:ide 

siphons over into (C)and when full (3) is closed* (5) Is then turned 

closing (0) co (6) and connecting (0) with (1), {3}, &xvl the rubber 

connection to il))* fi?ap (4) Is now turned so as to close (3) to (G) 

and at the same time opening iQ) to (D) thus allowing the cupr** 

ammonium hydroxide to flow into (i))* The burette (C> used had a 

capacity of 50 a*c*s ®n& tho quantity if solution desired for the 

weight of stmjle taken in fl>), could be supplied by repeating the 

procedure indicated* 

With the required quantity of ouprammonium hydro^ido in (D), 

the screw clamp on the rubber connection is sleaod* $fe§ pressure in 

the bottle at this time, being about 10 as® of Eg*,is $:&oesBiv$ and 

should be T®&mQ& to 1 cm* t\m glass tabs, with the hole la) in the 

side, is then drawn up into tho rtibhuz stopper so that (a) is sealed 

oiU'* 

The bottlo (J)} is then placed in a vertical typo shaker* 

making about 100-150 E*f«& The tins required for complete solution 

varies with tha viscosity characteristics of the material employed* 

In order to standardise the procedure each sample is shaken for Id 

hours* It is advisable, however, to examine the solution prior to 

its removal from the shaker in order to be quite certain that all 

all of the material in the bottle has been dissolved* increase in 

time of shaking did notsoea to alter the viscosities appreciably* 

* It was found advisable to wire the stopper into the 
bottle* 
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The bottle,containing the sample, is then placed in a 

constant temperature bath, kept at i-0°, until the solution is free 

of gas bubbles* As with tho shaking operation, the time required 

in this case varies from sample to sample* M T O also the time was 

standardised at 80 hours* The sample is then vvz&y for the viscosity 

determination* 

<*) IfaM^M^LJL E*y yl^peit;y* 

!The viscosity i mreared by mem of the "falling-

ball" method as discussed in the introduction* In prc-vdous 

investigations this measurement -jae been made by determining the time 

of fall of a ball, (steel, glass, etc*), between two marks on a 

viscosity tube* It la,fcowever, very difficult to obaerve accurately 

the fell of a ball through a solution of cellulose in oupr&fczaonlum 

hydroxide* *.fa*n tha p*r«eent cellulose ia high it is almost Impossible 

unless a very strong light is placed directly in the line of vision* 

It has been shown by Po&orny (ioc*cit*} that a strong light uuoh as 

this alters the viscosity of the aolution r definite amount depending 

mi the length of time opposed* 

Description of the viscometer* To remove tho necessity for the 

use of a light it was decided to take advantage of an idea suggested 

by a publication from the Hercules ?owdar Co* Laboratories^-* £his 

consists in tho use of a small one-tube oscillator and stool balls* 

£y splitting the grid and plate colls and winding thorn on the vis­

cosity tube a change in note could be heard as the steel ball passes 

each coil* The time was determined between these change8 in note* 

Gonaiderable time was spent in trying to apply ths method as given 

but without success* 
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It was found, however, that by changing tha hook-up" a 

small amount, as shown in the diagram, a very stable oscillator could 

be obtained* The capacity across the phones may be either flaced or 

variable but the latter is preferable* A note, best suited to the 

ear making tha measureiasnt, can be obtained by adjusting the variable 

grid leak and the capacity across the phones* ./hen this note is 

finally obtained these adjustments are left permanently in place, 

the final tuning being done with the capacity across the plate coil* 

By the use of a vernier the oscillations den be adjusted so that 

they are just on the ver^ of stopping* Then as the ball passes a 

coil the sound ceases altogether and as the ball leaves the coll 

the oscillation will start u^ again thus giving a distinct point 

from which to time the fall* with very viscous solutions, where the 

rate of fall is extremely slow, the time should be recorded just 

as the note stops for each coll* The reason for this is that an 

appreciable length of time (up to if sees* for rory viscous solutior 

is required for the ball to pass through a coll* However by recording 

the time just as the sound Steps* in each case, very good checks 

can be obtained* 

Aluminium balls were employed for the 1mm viscous solutions 

and can be used, with the tube Illustrated, down to l/3" in diameter* 

However the results with the l/i* balls were not consistent* i*e* the 

set could be adjusted to respond as the ball passed a coil but the 

adjustment was so critical that the oscillations would often stop of 

themselves spoiling the measurment* ..ith slses above 1/8" such as 

a/16", 1/4% etc*, very good results were obtained* In the cupramm-

onium hydroxide solutions the adLwlnium balls were used only once 
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being attacked to a slight degree by tho strong base* otually their 

weights were unchanged if they were allowed to remain in the solution 

only a short time* However they were n»ror used more than once* 

Use of the apoarfrus in maaaarina the viscosity of a ovvvmmot&m 

hydroxide solution* The viscosity tub© was standardised by means 

of an oil obtained from the U*J*B*reau of Standards, Washington D*G« 

The data and calculations pertaining to the tuba constants are 

given in the experimental part* 

After the cuprammonlom solution of the sample has stood in 

the constant temperature bath for toe 30 hour period, as mentioned 

above, it is ready for the actual measuj&ant of its viscosity* The 

sample is transferred from the bottle to the tube in the following 

manner:* One of the outlets in tho bottle is replaced by a glass tube 

which extends to its bottom* this is connected to the bottom of the 

viscosity tube by means of a rubber connection mA the sample is 

forced up into the tube by attaching the other outlet of the sample 

bottle to the nitrogen pressure tank* nhen the tube is filled to 

the correct level, the rubber connection is closed with a screw 

clamp ml the tube is placed in the constant temperature bath* A 

holder Is fixed in the bath so that when the tube is plseed in the 

holder, it is held automatically in a vertical; position* for this 

purpom a standard 4 litre graduated cylinder was used* lard rubber 

dlefcs were out of such a else aa to just slide into the cylinder and 

were cemented to the tube just above and below each coll as shown 

in the diagram* These disks served three purposes: 

(a) io hold the tube in a vertical position* 

(b) Ihey acted as a protection to the colls when the tube 

was being cleaned* 
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(o) The top disk served for the attachment of the binding 

poets and the four leads from the coils* 

The tube connections to the oscillator were then easily made through 

the binding posts* After filling, the tube was allowed to stand 

(stoppered) for two hours to bring the temperature back to that of 

the bath (20°), Values for several balls were obtained in each case 

end the mean value was used to calculate the relative viscosity* 
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2he oil used as a standard was a pale yellow oil, 

presumably castor oil, supplied by the U* ft* Bureau of standards* 

i)ensity of the oil at dQ° 0.960 

Viscosity • 5T 20° 9*60 poises* 

Viscosity * • 85° 6*54 * 

îrnes of fall, in seconds, of the various balls was as follows:-

oteel Balls* ^uii&iflum &#U&* 

w m~ & y& mi m\» 
7*0 5*5 1S»0 10*5 /*0 
7*0 S*6 1£*4 18*5 ~6*B 

O^ul^tlon of, ?ube..SaaSiSat* 
0 

(a) k- 7^—TTw- £ = Viscosity of Standard* 
fi Density of Ball* 

i n a\ d=Density of standard* 
(b) 1* k(e,-e3) * 

t-fj!lm of iail in seconds* 
fa* malty of iftttffi 

(c) if&*? multiplied by .the tim© of fall, in ©eeends, of the ball 

through tho solution, whose vi^coslt./ is b®ixtg laeaaured, 

gives the relative viscosity of that solution* 

V ^ o e ^ f o r ^ ya follows:-

Steel* .J.uninluB* 

l/8n Ball* G.?7~ 

§frP " 1.S65 0.. 

1/4" 8 1.735 0.508 

****.*«,<*•*. 
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These experiments wore all carried out in the glass 

digester as described above, using a standard grade surgical ootton 

as the raw material. 

x'loa required to raise the temperature to 100°* & hours. 

Time, temperature is held at 100°* ? * 

eotal tim® of heating* I * 

weight of cotton used per eoolu 

Volume of sulphurous acid used p^r cook* 

£§«30 grams* 

400 e*e*®* 

IBBtfBg»Miiigi&ffiiilninMfffffiSLi i *^'»ffiii<TOife&* 

^•""mMiilfJr/ 

12^* 

10a* 

ita* 

soa, 

0*40 

0*00 

1*H7 

3*10 

5*00 

S *4§ 9£*<5 

U ***, 93*6 

-* 

*4; 90*0 

aa*^i 86*9 

84*0; 83*3 

85*3; 84.1; S3*§ 

V',|W* V *w 

The variation in alpha cellulose content with the 

change in the concentration of the acid is shown by graph 1* 
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yiggppUy >e^ermin^tiony* 

(a) Jaterainytlons isfdojm, thq, original cotton tp 0he9.fr 

JoynQr* s Law* The solutions were made in the manner 

described above, j tho s&and&ri lo cotton* i-'heee samples 

received no preliminary treataent{i*e* Iks cotton was net "cooked*1' 

with sulphurous rcid)* viscosities wore determined merely with 

a view to checking Joynor*s ̂ au* 

agmplej^. I genulose, \n thg Viooc§£,££• j££ 4r 
poluUon* (poiooo/ y 

8* § & S*40 -.8176 

6* *£» 6S.60 3.7030 

7* 4 & 463*00 4*5617 

14. U0* 5.41 *'*4176 

ihese value© are average figures from, several rune, 

with the exception of ia&ple X̂ o* 14 which was run to ehaok the curve. 

The values are shown plotted en graph II* 

**> Vjlsoq̂ lty detey^ati^s on d̂ rftdefr c^iulepe. 

The following table represents the values obtained for 

the viscosities cf the cotton in euprsmmonlum hydroxide after it had 

been cooked with various concentrations of sulphurous acid. 

r:i^,,4o 

1. 
a. 
^ . 

16. 
17. 

-?0. 

?&*•• 

IBS* 
JU*yr* 

165* 
160. 

!£• ' MM2M <r 

1*3£ 
0.50 
Q.&0 
5.15 
t>*l& 

o7 

5.0 1**>6OIpoises) &*8£13 
5.0 1*910 ,*lu71 
7.0 4.40 ^.6^96 
6.7E 1*64 T ^*1009 
9.00 *14 * *3B30 
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The results, listed below, comprise a series of runs, of a 

more or less miscellaneous nature, made for the sake of comparison 

with the major portion of the thesis* Xhese runs indicate the lines 

along which the work, started in this investigation, is to be extended* 

That is to say, the effect of sulphurous acid on cotton cellulose is 

to be studied at U 0 ° , 115°, 146°, &n& later the aotlon of sulphurous 

acid on ptlps of various kinds will be determined as indicated in the 

introduction te this thesis* 

{*)• Oook 170. A sample of surgical cotton was !fcooked'' with 

sulphurous acid containing 3*1$ 30^ at 110°* The details of theucook" 

were exactly the same as those given above for the work carried out 

at 100°* 

alfitefl- g»M»lftM& oontent of tho degraded sample :~ 

7f*0^; 78*E£* 

Tlsoosltles of this sample were tried as followss~ 

An attempt was made to obtain a eolation* containing 

9^ of the degraded cotton, in euprammonium hydroxide but this was 

a failure* A 3;S solution was then tried and was obtained without any 

trouble* The viscosity was such, however, that it could not be 

measured by means of a falling ball* 

1%U Sfi£lLiM« * sample of sulphite pulp, {Brpwn attpftytg Alpha 

Palp*), was digested under the conditions as given above* 

weight of pulp used* SO grams* 
Volume ox sulpuarous acid* 400 fl*S* i 0*566. ) 
Temper&tam• 100 degrees centigrade* 
Alpha Cellulose in original pulp* 96*4>C; 9§*3,!* 

Alpha Cellulose after "oooklntf"* 89.8JS; 90*8^* 
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(•)• V^qpftl^y fcfoyqinf^ons* 

A solution , of the untreated Brown sulphite pulp, 

in ouprammonium hydroxide was made containing 9$ by weight of pulp* 

The viscosity of this sample was 4*095 poises* 

1 4*1$ eolation of theflcoofced" pulp was made, its 

viscosity beicg 9*63 poises* 

(a)* ^yftyps^ffl tf ^Iphfi 9ffJA^^W *»afoA*« 

AS indicated above, the alpha cellules© determination la 

a purely arbitrary method of analysis, in that the alpha cellulose 

content of a given cellulose sample merely represents that part of 

the material insoluble in 17*6^ sodium hydroxide m&ot a certain defin­

ite set of conditions* In spite oi this empiricism, however, if 

carefully determined this value represents a factor, on the basis of 

which, colluiosic materials of various kinds, { cotton, to pulp, 

etc*), amy be compared with eaoh other. 

From the experimental work carried out in this investigation* 

it is to be noted, thct the alpha cellulose content of tho cotton, 

used as a raw amterlai, decreases markedly on treatment with sulphurous 

acid* Und^T the conditions employed the action of the sulphurous acid 

liquor is ^m^^txtly chiefly hydrolytlc in character. It would seem 

therefore that as the hydrolysis proceeds, the original cellulose 

aggregate is changed into so&e substance which is soluble in 17 *§^ 

caustic, the degree of solubility increasing with the increase In 

hydrolysis* Accompanying this, a fairly uniform decrease in the length 
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of the cotton fibres wa& noted and a corresponding decrease in tha 

viscosity characteristics of a solution of the substance in 

cuprammonium hydroxide* This latter property will be discussed later* 

The modification of the cellulose aggregate seems to be 

of the following type:-

( O^QOg ) x * Y( C£Hi005 )x/¥ proceeding 

ultimately to complete saccharificatlon, glucose being of oourse the 

end product* The substance (OgH^QOg)* is assumed to represent the 

compound insoluble in the 17*5?' sodium hydroxide* whether the alpha 

cellulose values, obtained for tho so-called "degraded cellulose", 

represent the per-cent of unchanged (C^E^Oa)^ or whether soma of 

the substances of the formula (C^E^QO^Jx/f are also insoluble,Is 

unknown* It seems hardly correct to assume that some of the cellulose 

of the form of COeH10°5^x r@ffieins totally unchanged throughout the 
Tcook" but this assumption has to be made unless, on the other hand, 

it is assumed that cellulose of the formula ( C ^ Q O ^ X A is also 

insoluble in 17*6$ caustic, although, as a matter of fact, certain 

non-uniformities in the product,as it cams from the digester, were 

noticed* However this la probably due to the method of heating rather 

than anything else* The length of time of heating and the temperature 

used are both of such a nature that action must take place on all of 

the cellulose present* If then this is the case, collulosle materials 

of the formula {C.E-o0~}xA are else insoluble in 17*6/1 sodium 

hydroxide under the conditions as outlinedabove and this method of 

analysis can be used as an indication of the decrease in the state 

of aggregation of the cellulose molecule* However, at best, it is 

only a qualitative measure but it certainly indicates soma sort of 

uniform change in the cellulose aggregate* 
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<*)• ffffffP* of icid ftpnffQfttret.JLon ffld, reffip̂ yfitû ,* 

The offoct of changing tha cona-Hwrrtion of sulphurous 

acid is indicated on the several graphs* It is to bo notod that, 

relatively, the lower concentretions of ecid have more effect than 

the higher; that is to say the decrease in alpha cellulose content 

falls off moro rapidly at the lower concentrations than it does at 

the high* The curve,(Sr&ph I*), begins to flatten out at about 

**£ 30 but continues steadily do Is over ell of tho values of 
• 

acid concentrations Investigated* 

The effect of temporr.ture is to be taken ap in detail 

in later work and all that can be said here is that a tmr)m& 

decrease in alpha cellulose content is noted for en increase of 

only 8-10° above the 100° used fo# the work in this thesis* One 

,?cook'f was made using &*%$ 3dg and increasing the bath temperature 

to 110°, all other conditions of the"oook" remaining as given above* 

'fh© alpha cellulose content of this degraded sample was 77*6*1 as 

compared with 86»S$S of a corresponding (8*1:5 30.,) feook,f at the 

lomr temperature* It is well known,of course, that the temperature 

of 110 represents a critical pha^e in the preparation of sulphite 

pulp md. it is hoped that farther investigation at this temperaturf, 

under the conditions as outline! in this paper, will throw soms light 

on the reason for this critical point in the manufacture of aulphite 

pulp* 

The effect of acid concentration $n& temperature on 

cellulose has b^on investigated by Dr.Pokorny deceit*) using 

sulphuric acid as his degrading agent. 7he normalities, of the 

acid eolations used, and the temperatures employed were somewhat 
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different than those made use of in the present work* He fennd that 

with diluted acids at higher temperatures, tha attack seemed to be 

much faster on the surface than oo .jiy through the fibres* rhat 

is to say, a partial hydrolysis takes place on the surface of the 

fibres, and the consequent formation of celluloelo dextrine, of 

some sort or other, prevents further action of the acid, the 

assumption being that a protective coating is formed* Evidence 

confirming an idea such as this, may be drawn from the fact that in 

many of the "cooks", earried out in this investigation, small amounts 

of a brown stain appeared in spots on the fibres, cashing with water 

removed part* of this color and It all disappeared during the 

alpha cellulose determination, rhe effect of higher temperatures 

or of a "critical" temperature might bo to remove some such proteo-

ting as this, thuB allowing freer action of the acid to all parts 

of the cellulosic material* 

(c). p^squ^slon of Oupraf#onium V^ecosJLtl^s* 

le~ Ootton* In attempting to determine the viscosities 

of solutions of the degraded cellulose in cuprammonium hydroxide, 

it was found that the concentration tW$i of cotton, arbitrarily 

chosen aa a ba^is for comparison, gave solutions of extremely low 

viscosities as compared with ft$ solutlousof the original cellulose. 

The maximum solubility of the original material was a 4ff solution 

whereas a #* solution of the degraded cotton could not be treasured 
11 

with a falling ball* In his work, Joyner found that log*£^C, 
where f) - the ratio of the viscosity of the solution to that of the 

solvent, £ is a constant, and C the concentration of the cellulose 

in the solution* M e fact was checked, aa shown by graph II*, over 

the complete range of viscosities that could be measured with the 
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instrument available, i*e* from about • poises to M0t -hsae values 

represented concentrations of 1*1 to 4$ of the original ootton* 

Therefore, by obtaining viscosities of two higher concentrations of the 

degraded material, a dr< value could be obtained by extrapolating 

the corresponding Joyner Law curve* 

.his procedure was carried out for several of the"cooks1 

and tha curves on graph XI. were thus obtained* it was noted that all 

three coincided at a common point on the sero concentration line* 

This point did not check exactly the one for the original cotton but 

they came rory close together* The mean value does not ejual tha 

viscosity of the solvent however, which is *Qi£ poises (slightly 

higher than that of mater}* Tha value from the graph was 0*244 

poises* Joyner also noted this sense fact and he assumes that it 

probably would be incorrect to use the Arrhenlus formula for 

extrapolating the value for the viscosity of tho advent, but in 

this case tha value obtained for the aero concentration point was 

a constant over considerable differences in concentration of the 

cotton and great differences is the viscosities of the solutions. 

Joyner obtained a value of 0*08 poises for the viscosity of his solvent 

which la lower than Lae given above* Xhis discrepancy arises 

from the fact that the aero concentration varies with the copper 

contant of the solvent, Joyner using u 1* solution whereas the 

solvent uaad in the present work contained *>*0;£ copper* 

Tha point to be noted hoover, is tha fact that the viscosity 

obtkinad, for the solvent, by plotting varying concentrations ot 

cotton against tha corresponding log*, , extrapolating the curves 

to the aero concentration line, fee the same for the o&$x&x&& samples 

as for the original cellulose* ihis indicates that the values obtained 

are comparative which, in part, was the object of this work, i*eQ 
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arriving at a method for measuring tho degradation of the cellulose and 

comparing the degraded samples with the original substance* 

From graph 111.,it can be seen that tho initial drop in 

viscosity was extremely great, that is to say, the drop in viscosity 

of a 3;' solution of the original cellulose to that of a 3$ solution 

of the degraded material which had been cooked with 0*5^ acid, the 

latter being the least degraded of any of the samples* after this 

initial decrease in viscosity, the curve practically parallels the 

curve showing the lowering of the alpha cellulose content with in­

creased acid concentration* 

in attempting to dissolve, or better to disperse, the 

degraded cellulose in the ouprammonlum hyaroxlde, it was found that 

above 6«7 grams of cotton per 100 0*0*3 of solution it was impossible 

to completely dissolve the sample* At that concentration only a very 

small quantity, probably a fraction of a per-oont of the total, 

remained undissolved* it higher concentrations (9,.$ considerably 

larger amounts remained undissolved* Values for the viscosities of 

these suspensions were obtained and they fitted the curves fairly 

well* ..bather or not the values obtained represent true viscosities 

is of course questionable* Olibbens mi Osaka report a similar 

phenomena and they asoribo it to the amount of nitrite in the 

original ouprammonlum hydroxide* <*hile the nitrite, in the solution 

mo^9 was 1*5£ as compered to the 0*5, • which they recommend, it is 

doubtful whether or not thia factor was the one responsible for 

the incomplete solution, if or examples Two samples were made up, onm 

a 3>v solution and the other a 9,- solution both under identical 

conditions. Tha 3$ went into solution readily and the 9 sample left 



«uch point represents a 3$ solution 
of cellulose in oupremmonium hydroxide. 

The viscosity of a 3$ solution of the 
original cotton equals £6.60 poises. 
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a residue. An attempt was made to filter the 9$ solution with very 

little success but a part of the undispersed solid was obtained* 

This, when treated with freoh ouprammonlum hydroxide, went into 

solution without any difficulty. Joynor1* showed that the amount 

of ootton dissolving depended on the amount of copper present which is 

substantiated by the above* That is to say, each gram of copper 

present will disperse about d grams of cotton and no more regardleas 

of the state of polymerisation of the cellulose molecule* If then 

this is the case, and it seems a reasonable conclusion to draw, tha 

viscosities of these solutions, when obtained in a m&nmx that 

excludes extraneous variables such as the effect of oxygen, light, 

etc*, should provide a measure of the state of polymerisation of the 

cellulose molecule* 

f*)« *oln« Viscosity determinations were made on the"cook* 

ed? pulp sample 140* Considering the fact that only on© rim was made 

nothing conclusive was shown* The value obtained however indicates that 

the decrease in viscosity would be less for a pulp than for a cotton 

sample when treated similarly which is to be expected when the 

method of preparation of the sulphite pulp is considered* 
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fOMaflb 

(a). Two standard methods for determining alpha cellulose have 

been compered and after a suitable modification of one of them 

this was used as a comparative method of analysis. 

(b). A nmthod for determining the viscosity of a solution of 

cellulose In cuprammonium hydroxide was investigated* 

(c)* Joyner*s lew was eb*?ksd and applied to the determination 

of the viscosities of degraded celluloses* 

(d)* The effect of the aotion of sulphurous acid at 100° on 

cotton cellulose was measured by* 

1*- The change in alpha cellulose content of the cotton. 

g*~ 2he decrease in viscosity of a solution of the 
cotton in ouprammonlum hydroxide* 

(a), The interrelationship of these two factors as a means of 

evaluating the degradation of pulp la pointed oat* 
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