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GENERAL INTRODUCTION

The research field concerned with the improvement and develop-
ment of bleaching processes has been one of great activity, and at
present is stiil the object of a large amount of research.

The art of bleaching textiles is an ancient one, and we have
advanéed a long way since the elémenﬁa of sun, rain, and wind were
uged as bleaching agents. The modern chemical methods as employed
to-day, are developments brought out within the last one hundred
and fifty yearse Chlorine was the first chemical bleach used, butb
its poisonous and objectionable odour limited its use. The discovery
of calcium hypochlorite or bleaching powder was the first great
gtride forward towards the efficient and speedy methods used to-days
Attempts have been made to use other oxidizing agents such sas hydro-
gen peroxide, and sulphur dibxide, as a substitute for hypochlorites,
but their use was limited as the demand for better grade pulps was
madee

Although hypochlorite bleaching is the most commonly used
method to-day, it hag its limitations in the production of high
grade pulp and textile producis. Hypochlorites due to their strong
oxidizing power wiil give a high brightness, but, in doing so they

will weaken the fibre strength of the cellulose itself. This im=-
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pairs the quality of high grade pulps now in demand in the pulp and
paper industry, particularly those used in the manufacture of rayons
and other artificial cellulose products, which require the pulp to
have high brightness along with its maximum gtrengthe This would
suggest the use of a milder bleaching agente. A-possible subgtitute
is sodium chlorites

Sodium chlorite solutions have an oxidizing power somewhat
below that of hypochlorite, the actual difference depending to a
certain exbtent on the hydrogen ion concentration of the respective
solutions. Research conducted so far indicates, that the oxidizing
action of sodium chlorite is high enough to remove natural coloring
material end other non cellulosic materisls present in the pulp,
but at the seme bime low enough to have little tendency to degrade
the cellulose itself.

The work outlined in this thesis is en investigation of the
étabiiity of sodium chlorite solutions, and of their effect on wood

pulp cellulose under different ng conditionss
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THEORETICAL INTRODUCTION

(a)

Preparation and Properties of Sodium Chlorite

Chlorites have been known as chemical compounds for nearly
one hundred years. They were first identified by Millon (1) in
1843 and were obtainéd by the alkaline absorption of the greenish
yellow gas formed by the parbtial reduction of chlorate. Millon

believed this gas contained chlorine trioxide of formula ClgOgz®

However Millon's formulation was not generally accepted and in
1881 Garzarolli-Thurnlackh (2) showed that the gas was really a
mixture of chlorine dioxide'and chlorine. The chlorite resulted
from the hydrolysis of chlorine dioxide and gave an equimolar

mixture of chlorite and chlorate, according to the equation.

2010, 4 2K0H =« KC10p + KC10z ¥+ Hg0 (1)

Garzarolli (2) also indicated the following method of pre-
paring chlorine - free chlorites. 4 potagsium hydroxide solu-
tion was treated with & stream ofAcarbon—dioxide,- containing
chlorine dioxide gas protected from the light. The chlorite
was separated from the chlorate by evaporation in vacuum at
450 - 500 ¢, and the potassium carbonate removed by treating

the residue with 95% alcohol in which the chlorite was solublee.
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The pure potassium chlorite was then gathered by fractional
crystallization.
Rechyler (3) in 1901 investigating the preparation and

analysis of chlorites reported the following reaction.
20102 + Nazoa = 2N30102 + 02 (2)

His results showed that the above reaction wag instan=
taneous, whereas the method using potasgium hydroxide instead
of potagsium peroxide was sglow and the principal reaction was

complicated by secondary transformationse

Clz + 2KOH = KCL + KOCL + H20 (3)

20102 = 012-+ 202 (4)

Except for the investigeations mentioned above, references»
to chlorite are few in number prior to 1915, when Bruni and Levi
(4) started an investigation which has been carried on by Levi
ﬁp to the present time. This work included descriptions of
various metallic chlorite salts, laboratory ﬁethods of prepasra-
tion, and s few of their characteristic reactions. Little in-
formation was given of practical importance ag to the commercial

usefulness of chloritese
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Bruni end Levi (4, 5, 6) prepared pure barium chlorite by
using the reaction as indicated by Rechyler {3) using hydrated
barium pefoxide instead of sodium peroxide. Thisg reaction is

important due to the relative ease with which‘one can prepare
the chlorite in the pure gtate. The method they used was as
follows. |

A Current of chlorine dioxide containing carbon dioxide
(to remove the chlorine) (7} was passed into a suspension of
hydrated barium peroxidé. To this solution was added three
volumes of alcohol and an excess of freshly distilled ether.
This separated the barium chlorite which was filtered rapidly
by suction and purified in a vacuum desicceator. Using the
pure barium chlorite other chlorites could be prepared by
double decomposition with sulphates of various metals (8).

Sodium chlorite may exist in two solid forms? the an-
hydrous (NaClOzl, and the trihydrate (NaClO,. 3’&20). Both
these fofms were prepared by Levi (6); The trihydrate is the
stable phase in agueous systems at‘rbom temperature. The an-
hydrous form is not hygroscopic and does not cake in sforage.

According to Levi, sodium chlorite is stables  He found
no chenge in 10 hours on a water bath. At room temperature it

kept the year round, and a .2N and 02N sodium chlorite solu-
tion was stable in the dark for one week. The dry salt decom-

posed at temperatures (9) from 180° - 200° C. according to the
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equation.
3Wallo, = 2Na0105 + NaCl (5)

O0f the characteristic reactions investigated by Bray (10)
and Levi (9), the following were the most important as they
were directiy concerned with the methods of analysis used in
determining chlorites in fhe presence of hypochlorites and
chlorates.

Sodium chlorite reacted with arsenious acid (HSﬁﬁos) in

a gaturated bicarbonate solution according to the equation.

P ‘ Ve
: = Gl
ClO2 + ZHsﬁﬁos = 2$3A§04 + (6)
In this reaction part of the chlorite was also oxidized o
6hlorate.

Iodine reacted with sodium chlorite in acid solutions

according Lo the equation.
5H0102 + 41+ 2H20'= 41105 + SHCL (7]

Sodium thiosulphate reacted with a neutral chlorite solu-

tion principally according to the reaction.

Na S 0 + 2NaCl0 + H O =~ 2NeCl + 2NaHSO {8)
2235 2 R __ 4 |




7e

In 1937 the research and development department of the

Mathieson Alkali Works New York started the study of sodium

chlorite (11), with the aim in mind of invesgtigating the
possible appiication of chlorites in industry (12), and
methods of large scale production. Their resuits>were

highly successful and although sodium chlorite as yet is

not obtainable in large quantities their patented process

makes the production of sodium chlorite relatively simples
From the standpoint of commercial applications, especially
in the bleaching of wood pulps and textiles, their research
has been successful and it is possible that within the nex}
few months sodium chlorite will be avilable in large enough
quanxities to make possible its use in conjunction with hypo~-
chlorites in the bleaching industry.

The investigations as to the stability of sodium chlorite
conducted by the Mathieson Alkeli Works indicated that the

gtorage stability of dry sodium chlorite is excellent.. Samples

of both the commercial and analytical quality sodium chlorite
were stored in both glass and drum containers over a period of

many months. The analysis of technical NaClO2 stored in a nmetal

drum over a period of one year showed no decomposition whatso-
ever, while there was only a very slight decomposition when

stored in glags containers (1l). Their analyses were as follows,
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giving the amount of sodium chlorite in percent by weight.

Technical N’aClO2 Start After one year
In drum 82.40% 82.40%

In glass 81.78% 81.02%

Analysis of analytical sodium chlorite storéd in ordinary
gléss containers over a period of 18 months showed a decrease
of about 14 in the amount of the sodium chlorites

In order to study the effect bf elevated temperatures on
the stability of solid sodium chlorite, poritions of a product
éontaining 68% sodium chlorite were heated in an iron crucible
placed in an 611 bath previously brought to the desire tem-
perature. Thirty minutes at temperatures up to 150° C. caused
no decomposition while at 200° G. less than half the chlorite
weas decomposed over a period of 30 minutes. A sample contain-
ing 79% godium chlorite by weight was rapidly heated in a
porceléin crucible. & thermocouple placed in the chlorite
showed that decomposition started at 175° C. Within a few
seconds its temperature rose to 540° Ce, and then the temper-~
ature commenced to fall. A4naslysis showed that the decomposition

had taken place mainly accbrding Yo the equation.

3Na0102 = 2Naclos + NaCl (9)
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Less than 5% of the NaCl0, decomposing evolved 0, in accordance
2 2

with the equation
Nacloa = NaCl + O2 (10)

Levi (13) and Jackson and Parsons (14) showed that dilufe
solutions of sodium chlorite containing 6% sodium hydroxide
were stable for several days if protected from the light of the
laboratory. ZLonger tests carried out by the Mathieson Alkali
Works showed that no decomposition occurred in 23 months when
godium chlorite was stored in amber bottles. The chlorite
concentration ranged from .1 to 4N and .the sodium hydroxide
from o1 to 4M at the different chlorite concentrations used.
These same solubions when stored in clear bottles showed a
slight decomposition over a period of 23 months (1l). Assuming
that sodium chlorite could he formed only by the reaction of
eqﬁation (9) complete analysis of these solutions showed that
oxygen probably was evolved in accord with equation (10). I%
wag noticed that increase in alkalinity rendered thersolutions
in clear glass bottles more stablee

Meny of the applications of chlorite envolve ifg use in
acid solutions, and experiments were undertaken to determine
in what way sodium chlorite reacted with acid (1l).

The procedure first used was to add a chlorite solution
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slowly 0 the acid while passing nitrogen gas through the
solution. The volatile products formed were thus removed
and were absorbed in sodium hydroxide. The residue left
in the reaction flask and-the abgorbing éolutions were ana~
lyzed.

The vérious gases which might hg formed would react

with éaustic as follows.

C1, + 2NaOH = NeCl + NaClO + H,0 (11).
C1,0 + 2NaOH = 2NaClo + Hao‘ | (12).

2010, + 2NeOH = NaCl0 + NeCl0, + 0  (13).

R .
From this it was apparent that determination of €1°%,
001!, C10,' and CL0.' in the absorbers would disclose the
céméositioﬁ of the gés, provided there was no secondéry
reaction in the absorbers, -- for instance, hypochlorite
oxidation of chlorite to chlorate. 4 representative ex-
periment consigted of addihg a 1«38 chlorite solution
slowly to a 10% acetic acid solution. Analysis of the
generator residue showed that 02240 mol. of chlorite had
been decomposed. The gas analysis showed that the main
products were chlorite and chlorate in equimolar amounts.
From this it is evident that the gas produced was almosh

‘entirely chlorine dioxide.
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Although the above experiment identified the gaseous
products as almost entirely chlorine dioxide, all the gaseous
products released account for less than half the chlorite de-
composed. The Mathieson Alkali research staff then planned
further expériments in an effort to determine the nature of,
and amount of non~volatile products. The sbsorption method
uged was similar to their previous expériment except that in
addition to using a sodium hydroxide absorber, they followed
it ﬁith an absofber containing a calcium peroxide suspension.
This assured the complete absorption of GlO2 by converting it
to chlorite without formation of chlorate (1l), but, as in the
. previous example, analysis showed that the volatile products
formed were not equal to the chlorite disappearing during the
course of the reaction. Perchlorate formation was first sug-
pected, but qualitative tests did not show its presence. Asg
vet the numerical difference between the final produqts and
the chlorite decomposed has not been explained. It is possible
~ that a considerable portion of the discrepaﬁcy can be attri-
buted to the methods of and difficulities of ansalysis and the‘
problem of diétinguishing between the four oxidation levels of
chlorine. |

Chlorite undergoes two imporbant reactions (11}, namely

those with hypochlorite and chlorine, both of which have become
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of commercial importance. In solutions whose pH is from 11

to 12, sodium chlorite reacts with hypochlorite as follows:
Na0102-+ NaCl0 - NaGlO3 + NaCl (14).

If the alkalinity is reduced below pH 1l the odour of chlorine
dioxide gradually becomes perceptiblé. As the pH is raised
above pH 12 the speed of the reaction is decreaséd {11)
Cunningham and Lesch (15), by a method now patentéd dig=-
covered that when chiorine was pagsed into strong'sodium
chlorite solutions, chlorine dioxide was formed according to

the equation:

ZNaCl0, + Cly = RNaCl + 20102 (15).

2 .
Previous to the issue of the patent mentioned above, Levi

and Tabet (16) independentlﬁ arrived at the same result. if,

aé thevreactién proceeded the chidrine dioxide was removed, the

efficiency of its production was high, and the reaction rate

was controlled by the rate at which chlorine was introduced into

the chlorite solution. If, on the other hand the chlorine dio-

zide was not removed ag formed it dissolved in the generating

solution. Under these conditions sodium chlorate was formed’

equivalent to 30% of the decomposed chlorites
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It appears from the reaction of sodium chlorite with hypo-
chlorite or chlorine, that acid conditions favor the formastion
- of chlorine dioxide, while aslkaline conditions favor the produc-
tion of chlorates. Thege results were confirmed by Taylor,
White, Vincent, and Cunningham (11) who found that at pH4 the
formation of chlorine dioxide pfedéminated, while at pH#' from
8 to 10 chlorates were the main produét. The equation eipressing
the reaction between chiorine and chlorite under alkaline condi-

tions is represented ag:
NaCl0 4+ ClL 4+ H O = NaCl0 & HCL (16)
8 2 2 3 o

The property of sodium chlorite which forms the basis of
the more important uses so far developed, ig its oxidizing
powei. In cold alkaline sblutions it has only mild oxidizing
action, on heating or acidification or both, sodium chlorite
solubtions develop a stronger oxidizing conditioﬁs

Some preliminary determinations of oxidation potential
have been made. The values obtained for 1/142 M sodium chlo-
rite solubion (1 gram of available chlorine per litre of solu-
tion} as determined by Taylor, White, Vincent, and Cunninghsm
(11) were found to be .79 volt et pH4 and .66 volt at pH9. The
oxidation potential of sodium hypocﬁlorite at the same concen~

trations of Yavailable chlorine” was found by Hisey and Koon
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(17} %o vary from 1.2 volts at pHY to .95 volt at pHLO which
éovérs its normal bleaching rangé. The above figures show
that sodium hypochlorite is a stronger oxidizing agent under

alkaline conditions than sodium chlorite is al pH4.

The uge of hypochlorites and chlorites in bleaching

The use of hypochlorites for bleaching wood pulp and
textiles has not been entirely satisfactory. They are
strong oxidizing agents which can atback the cellulose it-
selfes This undesired reaction becomes more difficult o
controlbas the wood pulp is more completely bleached, due
to the removal of other easily oxidiged products.present.

Clibbens and Ridge (18}, in 1927 undertook the inves-~
tigation of the ection of h&pochlorites on cotton, and the
study of the rate of oxycellulose formation. Their work
wag carried out using buffered hypochlorite’soiution89
They carried out their invesiigations within the pH range
6f 5 %o 10, characteristic of technical bleach liguors in
the cotton industry. Thelr results showed that the maximum
rate of oxycellulose fbrmation or degradation of the cellul&se

occurred at the neutral point, also the qualitative effects

did not seem to be due to the effect of the buffer salts present
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in their investigation.

Recently, Romanévsky (19) working along lines similar %o
those of Clibbens and Ridge, found that the maximum degradation
on sulphite wood pulp occurred at the neutral point. Instead
of using buffered solutions, he used a glass electrode and %he
required hydrogen ion concentration was maintained by adding
acid or base as required.

From the work reviewed it is evident that a fairly high
alkalinity must be maintaired, if the resulbing product is to
satisfy the high quality pulps demanded.'

Recently sodium chlorite has been proposed as a new bleach-
ing agent for textiles and wood pulp (12), as it offers the pog~
sibility of securing high brightness in fully bleached pulps,
with less damage to the cellulose than is found with hypochlo-
rites.

Taylor, White, and Vincent of the Mathieson Alkali Works,
undertook an extensive research of the possible use of sodium
chlorite as a bleaching agent. The results of this research
have been pﬁblished within the last year {12, 20,) and are of
such a successful nature, that it is likely that their suggested
method of using sodium chlorite as a bleaching agent will be
accepted by the bleaching industrye.

When suggesting a new bleaching agent, comparisons'with
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methods now in practise are necegsary. The literature regard-

ing hypochlorite bleaching shows only partial agreement, as the

optimum conditions for the bhleaching stagg depends upon the
gpecies of wood, the cooking process, and all the preceding
stages of bleach.

Thé following standard conditions for hypochlorite bleach~

ing as given below, are the results of an exhaustive study of

the process as conducted by the Mathieson Alkseli Works' research
gstaff. Although their work was confined msinly to the action of
hypochlorites on kraft or sulphate pulp, which shows less degra-
dation of fibre in general than other types of pulp, the condi~

tions as set forth are comparable with results obtained on other
types of pulp, and with the investigetions of various other ex-~

perimentorss

The lower limit recommended for hypochlorite bleaching is

usually pH8 (21, 22). Investigations conducted indicated the

optimum pH range bebween pHS and 9. Variations in temperature
- showed little difference in the effect on cellulose, but the
recommended maximum temperature was 40° C. These two values
indicated above, were selected for use when studying the other
variable conditions such as consistency, time of bleaching, and
amount of avilable chlorihe. Exhaustive study of the bleached
products baging the comparisoﬁ of results on the physical

properties of brightness, retention of brightness, bursting
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strength and tearing resistance indicated that the optimm

conditions for use of hypochlorites are (12):

pH vealue 8 t0 9 Time 2 hours
Consistency 5% Available
Temperature 40° C. Chlorine - 5% - 1%

The more or lesgs set rules which have become associated
with bleaching, because of the almost exclusive use of hypo-
chlorites, were found no longer applicable when sodium chlo-
rite was substituted for hypochlorites (20). Investigations
proved that the best results were obtained when sqdium chlo~
rite was used in an acid medium. It has been frequently
stated that aéid conditions damage‘pulp. These workers found
that as far ag hypochlorites are concerned the damege done to
the pulp was due, not to the acid itsgelf, but to the hypochlo=-
rite @ecomposing in the presence of acids.

The ability to use chlorites in acid media permits oxida-
tion thrdﬁgh a wide range of pH values. Such & range of selec~-
tion offers the possibility ofvrigid control of oxidizing action,
which is not possible in the case of hypochlorites. Experiments
conducted indicated the possible use of various pH's, but general
results showed that the pH range of 3¢5 10 5.5 was-the most use-
ful for bleaching paper pﬁlp. .Actual experimental practise

proved that time and concentrations could be increased, without
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causing the effect known as overbleaching, commonly found when
the hypochlorite concentration was too high or when the alkaliw
nity had become t00 lows

Although the high quality pulp obtained from bleaching with
sodium chlorite merits its use, it is uunsuitable yetvfrom an
economic standpoint as a bleaching agent alone. Purther inves~
tigations indicated that there was an alternative»method, by using
a mixture of hypochlorite and chloritee

Taylor; White, and Vinecent (12) found that chlorite acti-
vated by hypochlorite gave more desirable physical properties %o
bleached pulps than could be obtained by using hypochlorites
' alones The peculiarity found with this method was that the
results were characteristic of chlorite bleaching. This effect
was believed due to the removal of the hypochlorites by reaction
with chlorite to form chlorine dioxidee In the case of hypochlo-
rites alone the more active chlorine and chlorine monoxide are
releageds

Bleaching by the hypochlorite activation of chlorite was
»found not to be limited %o any particular pH range. In general
the same conditions suitable for hypochlorite bleaching alone
were applicable for this method. The best pulps were obbtained

within the alkeline range of PHS to THI.
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A comparison of the expérimental results of the three
methods indicated, that when the same degree of high bright-
ness was atbained there was a loss in physical strength of
5% from the hypochlorite-chlorite method, and a loss of 10%
or more from hypochlorite bleaching as compared to the acidi=-
fied chlorite process (12, 20). Comparisons based on the
physical properties of‘brightness, meximum bursting strength,
and tearing resistance, definitely showed the superiority of
the acidified chlorite method over the alkaline hypochlorite
method. The properties of pulp bleached by mixed hypochlorite
and chlorite are in most cases comparable with those bleached
by the acid-chlorite process. Fig. (1) shows a graphical com-
parison between hypochlorite and chlérite bleaching, the com~

parison based on meximum mullen strength amd brightness (23).
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Table 1. Shpws a comparison of phyéical tests on unbleached

and bleached sulphsite pulps. (12},

right~- [Bursting | Folding | Tearing
Process ness Strength Endurance Strength Viséosity
Unbleached pulp
_(original) 64 52 950 51 8604
Hypochlorite
(single stage) [87.5 44 600 49 172
Ghlorine-hypo-
chlorite
(2 gtage) 88.5 47 925 50 21.9
, Chlorine-chlo- |
rite
(2 stage) 8846 49 1250 65 8446

This superiority of properties

was not only found in the

case of various types of wood pulp,'but textile chemists have

found the same superiority exbends towcotton and rayon. The

results do not depend on the exact nature of the impurities

and colored bodies pregent, but do depend upon the inability

of chlorite 40 react with celluloses

Structure and degradation of Cellulose

In order to understand the physical and chemical proper-
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ties of cellulose, it is necessary to consider the nature of

cellulose, its struchbure, and the pogsible manner of its de-

gradatione
Cellulose, the chief constituent of all'living plants is
built up of glucose anhydride units {(C H 0 ) and this suggests
.6 105

that it owes its formation in the plant to a condensation of

glucosge units with loss of water. These units are arranged in

long chaing, but the number of units in a chain is ag yet un-
known, and seems to vary from sample to sample. However, the
number is large, endowing this substance withnall the properties
of a high molecular weight compound. X-ray analysis has defini-
tely revealed the crystalline nature of cellulose. PFis assumed
that within the geometrical unit all the individual molecular
chains are arranged parallel to each other, and that this arrange-
ment is laterally stabilized by secondary valence forces Qxerted
by quadrivalent oxygen atoms. These chain: bundles have varying

lengths, and are arranged in units called micellaes These micellae

are held together by "tertiary" or micellar valencies to build up
the fibrsllae, the smailest conétituent of the fibre which may be

detected under the microscope (24).

(areful degradation of cellulosge, and chemical snalysés hage
confirmed that the high molecular weight polysaccharides are
constituted on the bases of long chain mono-saccharide residues or

B - glucose anhydride units, and are linked together in a mode
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corresponding to that of cellobiose, namely, through the 1 and
4 carbon atoms of the glucose units by oxygen bridges to form a
primary valence chain of unstated length. Fige 2 indicates the
cellulose molecule, and indicates the l:5 internal glucose
linkage (amylene oxide linkage) and the l:4 glycosidic linkage

between the glucose units.
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Cellulose, when subjected to the action of dilute mineral
acids undergoes a modification due to hydrolysis, the extent of
which depends on the conditions-and severity of the treatment.
Hydrolysis carried out under mild conditions leads to the forma-
tion of products which have uﬁdergone various stages of degrada-~-
tion, from almost untouched chains down to the monomeric glucose.
These heterogeneous degradation products are due to the slowness
énd irregularity of the hydrolytic process on cellulose, and to
the fact that degradation staris on the surface of the fibre and
works inwards. These complex products of varying.chain length
are generally gréuped together under the name of "hydroceilulOSe."
When the hydrolytic process was carried out under"special condi= 7
tiong and reachéd completion, it was found that there had been a
complete bresk-down of the primary valence chains with little or
no oxidation, and the final product was glu00sé (24),

The degradation of cellulose by oxidation caused the cellu~

lose to be irreversibly modified in such a way that its intrinsic

strength and viscosity in cuprammonum solutions were decreased,
and chemical properties appeared which were foreign t0 the natursl

meteriale. It would seem possible from the structure, that cellu-

lose could be oxidized without the oxygen bridges between glucose
anhiydride units being ruptured. Results of oxidation experiments,

however, have indicated that oxidetion is normally accompanied by
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hydrolysis to a greater or less extent. The products formed
consigted of polysaochafides of varying chain length with an
increase in reducing properties. These degradation products
were classed together into one groﬁp and called "oxycellulose',
Severe oxidation does net result in the formatioﬁ of glucose,A
but simpler ketounic, aldehydic, and carboxylic materialse.

The extent of hydrolysis can be followed by determination
of the viscosity in cuprammonium so;ution or the alpha cellulose
content of the pulp. A4s the chaing decrease in leﬁgth, the vig=-
cogity decreases and the pulp becomes more soluble in sodium
hydroxide solutions, giving a lower alpha cellulose value. The
reducing power found on the breakdown of the structure due tb
oxidation and hydrolysis will be indicated by the determination
of copﬁer numbers, i.es the reduction of copper from cupric to

the cuprous statee.
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DISCUSSION OF THE PROBLENM

It is the problem of the author Ho examine the decomposition

of sodium chlorite solutionsat coastant temperature, and undex

definite pH conditions. Throughout the course of each experiment
these conditions were maintained as closely as possible. AL various
" intervals of time, determination of strength was carried out by

volumetric analysiss Once establishing the stability of sodium

chlorite at various pH's, the author undertook to investigate the
action of sodium chlorite og commercial sulphite wood pulp, under
the same conditions of pH, and temperature used in the previocus pard
of the work. The time of the reaction was set at six hours, and at
set intervals withih this time limit samples of the treated céllu—
lose were taken from the water bath and analyzed for alpha cellu-
lose content and copper numbers, to give a measurement of the de~

gradation of the cellulose.
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EXPERINVENTAL

{a} Apparatus

The apparatus used consisted of a Leeds and Northup Type X
Potentiometer and a Leeds and Northup Gélvancmeﬁer,Wéston Standard
Cell and two standard glags electrodes, one a calomel-KCL elecirode,
the other a quinhydrone electrode. 4lso a constant temperature
water bath and the usual standardigzed chemical analyses equipment,
burettes, beakers and flasks.

The galvanometer was used as a null point instrument and was
a type sensitive o 00075 milliampereg.

The potentiometer used was a standard type ¥ instrument seansi-
tive to .00005 volt.

The apparatus used in the work on the degradation of cellulosge
included the equipment mentioned above, except that a Beckman pH
meter.was used instead of the Leeds and Northup potentiometer and
galvanometer. The second secﬁion of the work included equipment
suitablé for mechanical stirring, and refluxing reactions such as
one litre round bottom flasgks and glass condensers.

The constant temperature water bath used was a copper bank
insuléted with asbestos and controlled by a mercury-ether thermo-
regulator running two 500 watt carbon filament lamps as heating

)

units. The bath was kept at a temperature of 35 C and the maximum

variation was from 54.99 to 55.19 N
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The glass electrodes used were Leeds and Northup standard
electrodes. The quinhydrone electrode was made up of quinhydrone
in the internal elecirode, %he outer part being filled with 1pH
hydrochloric acid solution. These were renewed every three weekse
When not in use the éomplete cell was kept immersed in distilled
waters

The calomel electrode also in two parts, the outer being the
salt bridge, the inner the calomel electrode which was made by
putting 1 gram mercury and 0.5 grams of mercurous Chloride and
moistened with saturated potassium chloridé solution ahd thoroughly
shaken $ill the mercury and mercurous chloride appeared o be
emulgifieds The salt bridge outer seection was filled with saturated
potassium chlbride and the ground glass tip loosened until poftassium
chloride dripped through. The electrode was then ready for use.

Before using each time bridge wags flushed as described aboves




{b) Standardization of Potentiometer and Glass Zlectrodes

As the potentiomeber and glass electirodes were Lo be used
for measuring the pH of {the solutions, the instrument was stan-
dardized against buffer solutions of known pH, prepared by the
standard methods given in Clark's "Determination of Hydrogen
Ions."

The type of buffers used and their pH's were as followse

pH 6 - acid potassium phthalate + NaQH.
pH 7 - geid potassium phosphate + NalH.
PH 8 - Boric Acid, KC1l + NaQH.

pH 9.19 ~ Boric 4Acid + NaOH.

PH 9.87 - Boric Acid + INaOH.

pH 10.93 =~ Boric Acid + NaOH.

The potentiometer was counnected up with the electrédes and
the buffer solubion supported in the water bathe The electrodes
were immersed in the solution and the buffer solution allowed to
come to oonstaﬁt temperature. A series of potentiometric readings
were taken with the various buffer solutions until a series of
constant results were obtained. The buffer solutionsg were kept
in stock bottles fitted with ground glass stoppers. The poten-
tiomeber was standardized against these buffer sclutions occasion-
ally to make sure no asymmetric potential was set up in the elec-

trodes.

28.
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The results of the standardization are shown in table (2) and

graphically in Pig. 3.

Table 2.
pH Value of Calomel
Buffer Potentiometer . Electrode
Solution Reading Polarity
6 .0828 -
7 0365 -
8 0110 -+
9.19 .0672 -+
9.87 { - 1030 +
10.93 . .1508 o +

The Beckman pH meter used in Section II of the experimental werk

instead of the Leeds and Northup Potentiometer, was standardized against

a buffer supplied with the instrument.
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{e) Reagents used and their standardization

In all cases the reagents used were of analytical quality where
possiblee
le Potassium permanganate solution exactly .IN. This solution was
standardized againét Mohr's salt, and was prepared from a stock
solution of permanganate prepared as foilows. The potassium per-
manganate was made up to a fairly concentrated solution, stored in
brown glass Winchester bottles and allowed to stand for two weeks
.in order to allow any décomposition products to settle out. The
top layer of the solution was siphoned off and diluted with carboun-
dioxide free water to the required sfrength.
2. Sodium Throsulphate solution, exactly 1 Normal. This solution
was stendardized against a potassium permanganate solubtion of known
gtrength, prepared from the stock solution.
3. Potassium Iodide) used together as external

Starch Solution ) indicators

4. TFerroug ammonium sulphatee.

5. Silver nitrate solution of .l Normel strength standardized against

an exactly .1 Normal potassium thiocyasnate solution using ferric
indicatore.
6. A JIN potagsium thiocyanate solution standardized against sodium

chloride of analytical qualitye
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{d) Preliminary Investigations

A preliminary investigation was carried out by the author on
the analysis of chlorite by itself, and also in the presence o?
chlorates and chlorides, in order to establish the accuracy of
the method suggested by Bray (25) and Foerster (26), end to es-
tablish an accurate anaiytical téchnique. 4

Toerster in his resgearch on the transition of hypohalites
into halates, and the part played by halites in this transitibn
in alksline golution, used the following method of analysise

Analyzing for hypochlorites alone Foerster used a solution
of alkaline sodium arsenite. He found if chlorites were present
this direct method of enalyzing for hypochlorites gave erroneous
results, ‘because with the addition of less than acc of the bi-
carbonate -~ confaining arsenite gsolution, the color amd smell of
chlorine dioxide occurred. This formation of chlorine dioxide
was due t0 the reaction of the hypochlorous acid freed by the
bicarbonate with the chlorite. This diffiéulty was overcome by
running the hypochlorite-chlorite solution into an excess of the
arsenite solution and immediately back titrating with en iodine
solution. Under such conditions the hypochlorous acid was given
no +time to resct with the chlorite, while it was taken into union
at & much greater raté by the arsenious acid.

After the detéfmination of the hypochlorite, the chlorites

were analyzed (25} for by taking the previously mentioned solution
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and adding 50cc of .2NK1 and accidifying with 2NH2804. This solution
was allowed %o stand from 3-5 minutes in order tb allow the reaction
to reach completion. The liberated iodine was then bitrated with

+IN sodium thiosulphate. The reaction according to Bray (25) is:

CIOé + 41+ 4H° z 4l + O+ 2H20 {17}

The estimation of chlorates present was carried out indirectly
by establishing the total active oxygen and subfracting that due to
chlorite and hypochlorite. In the absence of chlorite the determina-
tion of chlorate can be achieved by distillation with Hel, but in
presence of chlorites, chlorine dioxide is formed thus rendering .
the distillation method unsuitable. The method of analysis used in
this case wag to allow the solution uhder iﬁvestigation to react
with a neutral solution of ferrous sulphate then quickly acidify,
and titrate the excess ferrous sulphate with potassium permanganate.

The author, when analyzingvfor chlorates using the above method,
used a solution of ferrous sulphate instead of individual solid sampleé
for each defermination. This was done for ease of manipulation
during the experiment. Ffom time to time a potassium permanganate
titration was run on the‘ferrous sulphete sclution in order to detect
any change of strength over a period of time. The suthor also found
that if chiorates were present the reaction bebween the ferrous

sulphate and chlorate was slow, and if the reaction was carried out
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in the cold it didn't resch completion. Best resulis were obtained
by heating the solufion to the boiling point and graduslly acidify-
ing after the sodium chlerite, sodium chlorate and iron salt had
been added.

The total amount of chloride present was analyzed for by
taking the previous solution and adding an excess of .IN silver
nitrate.-’The precipitated silver chloride was filtered off and .
the excess.silver nitrate was'titrated with -IN potassium thie
cyanate uging ferric indicator.

In several preliminary experiments the author found that in
the samples of sodium chlorite used there was no sodium hypochlo-
rite, and consequently in the method used, analyses were made only
for chlorites chlorates and chlorides.

In order to check these mefhods the aubhor carried out ana-
lysis on accurately weighed samples of {a) sodium chlorite, (b} a
mixbure of sodium chlorite and potassium éhlorate; {e) a mixture
of sodium chlorite, potassium chlorate, and sodium 6hioride.
Solﬁtions of the single and mixed salts were prepared in the follow-
ing manner. In the case of (a} 2.5 gms. of sodium chlorite were
made up to one litre of solﬁtion, and the analysis was made O0n &

. 10cc sample of this solution. The mixture of sodium chlorite and
potassium chlorate {b) consiste& of 5'grams of sodium chlorite and
5 grams of potassium chlorate made up to one litre of solution, 1l0cec

of this solution contained .05 grams of each constituent. In the
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case of (c) 5 grams of sodium chlorite, potassium chlorate, and
sodium chléride respectively were accurately weighed out and made

up to one litre of solution, 1Ccc of this solution contained .05.

grams of each constituent. As the sodium chlorite used was 98.5%
pure its theoretical and analytical value was less than .05 grams
per 10cc of solutione

The analyses for chlorite, chlorate, and chloride were

carried out on duplicate 1lOcc samples of the solutions. The chlo~-

‘rite determination was carried out on one of the two 1lOcc samples
b& means of the thiosulphate titration. The other 10cc wasg uged
t0o determine the amount of chlorate and chloride by the methods
previoﬁsly indicated.

The titration and standardization values of the solutions
used in the preliminary invesiigations are given in Table 3. The
amounts of chlorite, chlorate, and chloride were calculéted and
are shown in Table 4, which indicetes the accuracy of the analy-

tical method ﬁsed.

Table 3 =~ Ditration Values

Ex. (a) Sodium Chlorite (single salt)

-(1) 10cc of sodium chlorite solubion = 025 x 98.5 grams
100

0 . {chlorite
23 :

(theoretical) required 10.7cc of .1024N Nazs

Analysis).

(11} .8544 grams 6f Fe" (solution) added to duplicate 1l0cec
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sample, excess iron required 143.0 cc of K.Mh04:
lec KMhOé is equivalent to .005545 grams Fe" (chlorate Anals)
(111) 50cc 4gNO, sdded to solution (11), excess AgNO_ titrated
with B4.9cc of KCNS. ' '
25cc AgNOs requires 18.53 KCN3

lce AgNOs is equivalent to .005847 grams NaCL (chloride Anal.)

Exe (D) NaOlOz + KElOs

{1} 10ce of solution = .05 x 98.5 grams NaOlO2 and .05 grams

T 100

KClO5 (ﬁheoretical) required 21.02cc of «1016N Na,S50 {chlorite

5 Anal.)
{11) .7120 grams Fe" (solutiqn) sdded to duplicate 10ce
sample, excess iron requifed 77.9¢c of KMh04:
lece KMn04 is equivalent %o ¢005845.grams Fe' {chlorate 4Anal.)
(111) 25cc agNo, sdded to solution (11), excess AgN0y bitrated
with 9.8cc KCNS. B
25cc A0z requires 16.63cc KCNS

lec A@Nos is equivalent %o 00525 grams NaCl. (chloride Anal.)

Ex. (¢} NaClOa#- KCILO3 + NaCGl

(1) 10cc solution = .05 x 98.5 grams NaClOa, and 05 grams of
100
KClO5 and NaCl respectively (theoretical), required 2l.45cc of

.1016 N.Na28205 " ” | (chlorite Anale)
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(11) 1.4220 grams Fe" (solution) added o duplicate 1Ocec

samplé, excess iron requiréd 98.4cc XMnl,

4

lcc Km0, is equivalent to 01182 grams Fe" (chlorate Anal.)

(111) 50cc 410, added o solution (11), excess g0,

titrated;with 20.1lcc KCNS.

25ce AgNOs requires 16.63cc KCNS

lce A@NOS is equivalent to 00585 grams NaCl. (chloride Anal.)

The detailed method of calculating chlorites, chlorates, and

chlorides using {(a) as an example was as followse

{1} 10ce of solution required 1l0e.7cc of +1084 N Nazs 0

Amount of chlorite =

10.7 x 01024 x 2206135 = .02476 grams NaClOy
1000 .

R 3

‘;l) NEClOz + 4Fe804 + 2H SO0, =~ 2Fe2(504)5 + NaCl + 2H20

2 4 -

90.45'grams NaClOz-reQuires 55»84"x 4 = é25056 érams Fe"

1 gram NaClOz

Excess Fe" required l43cc KMhoél;
Excess Fe" = 143 x 005545 =

Fe" reducing NaClOy = 02476 X 2.4688 =

o ‘ Total

Difference -

08544 ~ 8035 =

is equivalent to 2.4688 grams Fe®

« 7924 greams

0611l grams

« 8535 grams

«@009 grams Fe®




+ - +
NaClO5 636304-# 5H2504 = 5Fez(304)2 + NaCl 5H20

106+45 grams I\'i'aClO3 requires 55.84 2 6 = 535»04 grams Fe®

1 gram N’aClO5 is equivalent to 55.84 grams Fe"
17.7482 o

Amounf of chlorate =

17.742 % 0009 = 0003 grams Na0105
55,84

(111) 5Qce AgN05 added to (1l), excess A3N05_required
34.9 cc KCNS. '
Amount of &gNOg required 0 react with chloride reduced from
sodium chlorite and sodium chlorate,

BO - (25 % 34.9) = 8.8cc A0
18.55 , 4%

lec &:NO_ is equivalent o .005847 grems NaCl

Amount of chloride

11

268 x 005847 = 0164 grams NaCl.

i

.87,

(1v) Amount of chloride calculated from chlorite and chlorate.

From NaCl0_ 58.45 x .02476 = : .0160 . grams NaCl
2 a——————s
90.45
From NaClO 58645 x 0003 = Q001 . grams NaCl
106.45
Calculated Total 0161 gramg NaCl
dnalysig = 00164
Calculated = «0L6l

Difference = «0003 grams NaCl
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Table 4. Check on Analysis
NaClQ‘2 KC10z HaCl

Sample gramg|{ grams gramsg
{a) Na0102 theoretical | .0246

By analysis .084% 0003

. as NaClOs) .Q003
(B) Na0102 + KCZLC)5 theoretical | .0498 | .0500

By analysis | 0483 | .0504 -0007
{c) NaClOg + KC10z + NaCl -[theoretical | .0492 | .0500 .0500

By analysis 0493 | 0508 « 0494
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PROCEDURE

| {a) Decomposition of sodium chlorite

A 6ne percent solubtion of sodium chlorite was placed in a one
litre bea;er, in the water bath, and brought to the required tem-
perature of 550 C. The electrodes were then immersed in this
golution, and the required-pH adjustment was made as quickly as
possible using a 01N sodium hydroxide or .OLN sulphuric acid
solution as the case may be. Timing was started immediately and
at stated intervals two‘— 2cc portions of the solubtion were re-~
moved and quickly analyzed by volumetric methods. A careful watch
was made of the solution and the necessary adjﬁstmenxs for thé vH
value in question were made as required. The solubtions undef in=-
vestigation especlally when kept over a pefiod of days were kept
in glaés stoppered bottles to prevent ény evaporatione

The analysis of each sample withdrawn was carried out using
the vblumetric methods for determination of sodium chlorite, sodium
chlorate,‘and sodium chloride as preyiously indicated in the section
on preliminary investigations. One of the two -~ 2cc portions with-
drawn was used for the determination of sedium chlorite, the other
2cc sample for the estimation of sodium chlorate and éodium chloride.

The author noted that the alkaline solutions on long standing
turned slightly yellow, and with the decrease in alkalinity this

coloration appeared more gquickly. This coloration of +the solution




indiceted the pogsibility of decomposition, but no change could be

detected in the analysis. It was first believed that the fault was
due tc kthe sclutions being kept in sealed bottles, thus preventing
. any gaseous decomposition products from escaping. Investigations
of solutions keptiin open beakers, after noting thaﬁ evaporation
was negligible over a short period of time, showed that no decom-
position had taken place that could be detected by titration, although
these solutions also turned yellow. There remeined the possibility
fhat if decomposgition had taken place; the products were digsolved
in the golution including the chlorine dioxide which gives fthe
soiution its yellow color. To investigate this possibility the
author fook e solution\which'had stood for 200 hours in a glass
stoppereq bottle, the titration velue of which was known accurately.
Alr was bubbled through this sgolution uniil it was free of any
coloration. Analysis of this asérsated solubtion showed a change
in the titration value of aboubt one half of one percent.

The author concluded that the dévelopment of the yellow color
in the solution was independent of the type of vessel used, and
that the titratable concentration of the solution was not affected
by ite

This complete procedure of analysis was carried out in duplicaté

for eéch determination of pH values of 10, 9, 8, 7, 6.5, 6, 5, and 4.
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The amounts of sodium chlorite, sodium chlorabe, and sodium chloride

were calculated and averaged; these.amounts were used in the prepara-

tion of the following Table 5e Column 9 of Table 5 refers-to the ERS
total sodium chloride found by analysis, and includes chlorite present
in the sodium chlorite as an impurity, and the chloride resulting

from the reduction of sodium chlorite and sodium chlorate by the ferrous

salt. The amount of sodium chloride other than that from sodium chlo=-

rite and sodium chlorate was normally * .0004 gramss
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CONCLUSIONS

'From the investigations carried out on sodium chlorite solutiong
the aﬁthor concluded the sodium chlorite was stable under alkaline
and neutral conditions. Under acid conditions the analyses of sodium
chlorite solutions showed no significant chenge. Although the solu=
tions gradually turned yellow, indicating the presence of disgsolved
chlorine dioxide. This indicates a slight decomposition into produchs
which remain dissolired9 and which have practically the same effect on
the analytical reagents as sodium chlorite solutions have. If the
gaseous decomposition products were removed by aeration the equili-
brium of the system would be destroyed and a continual evolution of
chlorine dioxide would take place with the corresponding decomposition
of sodium chlorite. The author investigated this by aerating a solu-i
tion at pHE which had stood for 200 hours and then titrating the soluw=
tion when‘it was colorless. JAnalysis showed a decomposition of one
half of one percent. A&lthough investigations were not carried below.
pH4, the rate of decomposition increased as acidity increased; This was
indicated by the deepening of the color and its more rapid appearance
under stronger acidity. ZEven at pH4 analysie showed a consistency in
titration values: from this the aﬁthor concluded that under the condi-
tions at which the investigations were carried out the chlorine dioxide
remained dissclved in the solution and its presence was recorded in the

titration values as sodium chlorite.
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(b) Effects of Sodium Chlorite on Cellulose

- The cellulose used in this part of the work was bleached sulphite
wood pulp. In order to make easier handling the cellulose which was
in thin compressed sheets was torn into little pieces approximately
one sguare inch in size and goaked iﬁ water. An electriec eggbeatef
was then used to heat up the cellulose until it was completely broken
up. The cellulose was filtered out on a large Buchner funnel and the
loosely knit cellulose torn into fluffy particlés and allowed to dry
in open dishes. The dry cellulose was then stored in large metal
capped sealers ﬁntil required.

A 5% cellulose éuspenéion was prepared to which ﬁas added a weight
of sodium chlorite equal %o 25% of the weight of cellulose used.

To 1925 grams of distilled water, was added 15 grams of sodium
chlorite. This chlorite solution was placed in the water bath and
brought to the required temperature of 35° C. 4cid or base was then
added to bring the solution to the required>pH. To this solution was
then added 60 grams of air dried cellulose, the moisture content of
which was known. The cellulose-chlorite suspension wag quickly and
thoroughly mixed with the electric eggbeater and the time was recorded.

The initial chlorite solution was analyzed previous to the addi-
tion of the cellulose, in order bo determine the exact strength of the

chlorite content. As the reaction proceeded 2cc of the solution were




removed from time to time and analyzed.

At regular intervals a portion of the cellulose was removed.
To maintain the cellulose~chlorite ratio as accurately as possiﬁle,
a portion of the solution was also removed. Cellulose samples were
removed at the end of fifteen minutes, one hour, three hours, and

six hourse.

The cellulose on removal from the solution was poured immediately -

into a large beaker of ice water to check the reaction. It was then
filtered through a Buchner funnel, washed with a weak acidified bi-
sulphite solution to remove all traces of chlorite remaining in thé
cellulose. The cellulose was thoroughly washed with distilled water,
removed fromvthe Buchner funnel and shredded by hand. The shreddsd
Pulp wag allowed to dry in the air under brdinary condifions. The
air dried cellulose was then stored in labelled moisture tight jars
for 48 hours to mske sure that any remaining moisture was distributed
uniformly throughout the cellulose.

This complete procedure was cerried out for each determination of

TH values 10, 9, 8, 7, 6, 5, and 4, respectively.
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Methods of Anslygis

The chemical effect of chlorite on cellulose under contrqlled
pH conditions was determined by the use of'copper number determina-
tions and alpha cellulose content. The author attempted to use silver
numbers in conjunction with the Céiﬁb-determination, but the resulbs were
not satigfactory and the ﬁethod was, abandoned.

The method used for the determination of alpha-cellulose content,
was the method number four approved by the Division of Cellulose
chemistry of The American Chemical Society (27). This method wasg the
regult of a wide spread investigation and réview of all existing
literature, supplemenied by ceritain experimental work on variables,
with the aim of drawing up a tentative standard method accurate enough
to give resulis that would be comparable when carried out by analysts,
who are analyzing the same materials.

An approximately 3 gram sample of the treated cellulose was weighed
accurately in a weighing bottle. -The sample was piaéed in a 250cc
pyrex beaker, and 35¢c of 17.5% cafbonate—free sodium hydroxide was
added and the solution allowed”to stand for 5 minutes. With a thick
glags red, the end of which had been rounded in the flame of a bunsen
burner, the pulp was macerated for 10 minutes, adding intermitiently
in 10ce portions a total of 40ce of the 17.5% sodium hydroxide (20° ¢},
during this intervals The beaker was covered with a watch glass and

the contents of the beaker were subjected 4o an addiftional 30 minutes
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mercerizing treatment‘on the water bath at 20° C. (total mercerizatibn
.time 45 minutes). 75cc of distilled water (20o C.} were then added,
and the conﬁénts of thé beaker were filtered by suchtion on a large
Gooch crucible having a finely pe?forated bottom, allowing the cellu=-
lose to form its own mat. The filtrate was poured through the mat a
second time and a third time if necessary, to calch any fine material.

The cellulose residue in the Gooch crucible was washed with 750ce
of distilled water (20O Ce) by means:of suction, then the suciion tube
was disconnechted, and 40cc's of lo%}acetic acid {200 ¢.) were added and
allowed to soak B minutes°> Suctioﬁ'was again applied té renove the
acid, and the filtralewas tested for acid using l#tmus paper. The ac-
curately weighed Gooch containing the alpha cellulose was dried'at
105° ¢. o a constant weight--that is, the first constant consecutive
weights obtained after 1L hour heating interval following an inifial
drying of at leagt 6 hours. The Gooch erucible and conbents were
allowed %o cool in a desiccatbr for Solminutes and then weighed.

The alpha=-cellulose yield was calculated on the oven dry weight
of the material. (see Table6).

Duplicate saﬁples for moisture determinations were weighed out
at thé same time that the samples for the alpha-cellulose determinations

were taken.
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The mebhod of preparing the 17.5% carbonate-free sodium hydroxide
used in extracting the beta—cellulose»and gamma-~cellulose from the
alpha-cellulose was as follows. Sodium hydroxide stecks were dis-
solved in an equal weight of water. This concentrated hydroxide solu-
tion was allowed to stand 10 days to give the sodium carbdnate and other
impurities present time to settle. The clear supernatant liquid was
decanted and diluted with carbonate free water until its density at
15° ¢. was 1.197. This solution contained 17.5 * 0.1 grams of NaOH
per lOOlgrams of solution. To protect the solution from the agir the
sodium hydroxide container was fitted with a siphon delivery tube and
a drying tubee

The copper number of cellulosic material is defined as the
weight of cop?er reduced by 100 grams of the sample from the cupric
to the cuprous conditione

Various methods are referred to in the literature, the most
notable being those outlined by Schwalbe (28}, and Braidy (29) which
is a modification of the Schwalbe method. The author used the Schwalbe
method with some recommended medifications.' Even with this method, the
results of which show a fairly uniform consistency} there are many
variables which can still be standardized as the empirical nature of
these measurements renders it highly dependent upon the details of
procedure. Results obbained by slightly differing methods are seldom

comparables
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Approximately 3 grams of treated cellulose was accurately weighed
out in a weighing bottle. This sample was placed in a 1 litre round
bottomed flask fitted with é double holed stopper. A& short reflux
condenger bent at an angle of 45° was ipserted through the cork, the
other hole in the cork was fitted with a piece of glass tubing about
6 inches long and of a diameter just large enough to accommodate the
shaft of & glass stirrer fitted to anm electric motor. 250cc of boiling
distilled water were run into the flask and brought to the ﬁoil, at the
same time stirring was commenced just fast enough to prevent humping.
To the boiling water-cellulose suspension was added 20cs of the Cu304
golution and 30ce of the alkaline te&rtrate solution, which had been
boiled éeparaﬁely and mixed just before adding to the flagk. The
Fehling's solution was washed from each of the beakers with lOOcc of
boilingywater and added to the flask. The cellulose sample was heated
with this solution on a sand bath for 45 minutes from the time bubbles
first appeared.

The flask was then removed and 300cc of_ice—cold water were added
to pré?ent further reaction, and the solution was then immediately
filtered by suction on a 17-G3 Jena'glass'filter.

The meterial on the filter was then washed with 300ce of cold
distiiled water, then with 750cc of boiling water, taking precautions

that the pulp was not sucked to complete dryness. All filtrate and
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washings were discarded.

The contents on the filter were then treated with 100cc of ferric
sulphéte solution, allowed to stand 5 minutes and the filter sucked dry.
The pulp was washed with two-100cec portions of 2 Normal H S50 and further

P
, 4&
washed with 300cc of distilled water. The filtral and washings were

titrated with 025 Normal KMh04.

The copper number determinations were carried out in duplicate,

and dﬁplicate samples for moisture determinations were weighed out at
the same time as those for the actual determination. (See Table 6).
The solutions used and their preparation were as follows.
Le 692.0 gramsg chhelle galte
200.Q grams NaOH.
Dissolved in 2 litres of distilled waber
énd filtered through glass woole
2e 138+6 grams CuSQé, dissolved in & litres of

distilled water and filtered through glass

wWoOole

3. Ferrie Sulphate = 100 grams in 1 litre of water

to this added 220ce of Conc. H,80, -

was boiled 5 minutes and diluted to 2 litres.

This solution

This solution should not reduce KinQ,.
The number of grams of copper reduced by 100 grams.of cellulose

was célculated as followsgs



ec's of KI\J]'J:LO4= x Normality of KM’QO4 X 06357 x 100 = Cu. Noe.

dry weight of cellulose




Jable 6. Results 55.
Copper . Numbers Alpha Cellulose
Time 1 2 Av. 1 2 AV,
Grams 1
P.H. 10 o
15 mins.| 1.99 1.96 1.97 90 .43 90 .24 90.33 e
1 hour 2.00 1.99 1.99 90.53 89.83 90.18
3 hours 1.92 1.93 1.93 88.73 89.33 89.03 | ,
6 hours | 1.87 2.01 1.94 | 89.86 | 90.26 | 90.06
P.H. 9
15 mins. 1.94 1.83 1.88 90.76 90.62 90.69
1 hour 1.97 1.97 1.97 90.26 90.23% 90.24
3 hours 1.85 1.93 1.89 89.89 89.95 89.92
6 hours 1.91 1.82 1.87 89.83 90.32 90.07
P.E. 8
15 mins. 1.77 1.65 1.71 90 .43 90.78 90.60
1 hour 1.78 1.76 1.77 90.20 90.63 90.41 eﬁ;
3 hours 1.75 1.77 1.76 90 .30 90.28 90.29
6 hours | 1.67 1.70 1.69 90.24 90.05 90.14 1
P.H. 7
15 mins. 1l.04 1.79 1.71 89.81 89.80 89.80
1 hour 1.65 1.79 1.71 90.50 90.56 90.53
3 hours 1.69 1.77 1.73 90 .94 90.76 90 .85
| 6 hours 1.78 1.73 1.75 90.91 90.20 90.50
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Copper Numbers

Alpha Cellulose

1.698

Time 1 2 Av, 1 2 Av.
T Grams 1
P.H. 6
15”mins. 1.83 1.84 1.83 91.46 91.10 91.27 .-
1 hour 1.62 1.62 1.62 91.60 91.45 91.52
3 hours 1.85 1.76 1.80 91.54 91.45 91.50
& hours 1.87 1.93 1.90 91.60 | 91.60 91.60 .-
15 mins.| 1.44 1.49 1.47 90.60 90.70 90.65
1 hour 1.60 1.44 1.52 90.50 90 .60 90.55
3 hours | 1.65 1.55 1.60 90.66 91.00 90.88
6 hours 1.43 1.58 1.50 90.65 90 .68 90.66
| 15 mins. 1.3%0 1.31 1.3%0 90.60 90.35 90 .47
1 hour 1.53 1.64 1.58 91.20 90.75. 90.97
3 hours | 1.40 1.34 1.37 90 .20 90.45 90.33 -
g 6 hours | 1.55 1.55 1.55 90.45 90.56 90 .50 fﬁ;
| Original
] 1.70 90.24 90.39 90.30
1.673 o
1.674
1.630
1.736
1.727
1.731



B7.

CONCLUSIONS

The data presented show that throughout +the pH range investigated

godium chlorite has had little damsging effect on %he cellulose. Thisg
conclusion was drawn from the fact that anslyses of alpha-cellulose

content on the various ftreated samples remained practicslly the same ag

those of the originsl, and had even a tendency to show a slight increase.

Copper number determinations showed an increase over the original

on the alkaline side. 4lthough this rise above the original under
alkaline conditions was difficult o explain, it was due possibly teo
alkaline hydrolysis of non-~cellulosic materials present in cellulose
fibres tc give reducing substances. In any case it was not due o
degradation of cellulose as this would be indicated by & decrease in
alphsa cellulose content, which has remained stable. Within the neutral
zone the treated and untreated cellulose show the same spproximate
copper number, while under scid conditions there was a decrease es-
pecially in the pH range of 4 to B. Thisg decrease in copper number

was more than likely due to the oxidabiom by sodium chlorite of this

non-cellulosic reducing material, as cellulose degradabion was excluded

by the stability of alpha cellulose content within this pH range.
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- GENERAL DISCUSSION OF RESULTS

The chemical properties of treated cellulose investigated by the
author have a direct bearing on the structure of cellulose, and also

on the possible use of sodium chlorite in the bleaching of wood pulps

and textiless

The quality of wood pulp for many purposes depends on its alpha-

cellulose content. Hence, the object in pulp manufacturing processes
is to remove as completely as possible the non-cellulosic constituents
of the raW'stock, with minimuim demage to the alpha cellulose fibrese

. Hypochlorite bleaching to a greater or less exbtent destroys alpha-
cellulose even when carried out with the utmost care. This destruction
- can be followed'by alpha~celluloge determinations. A décreaSe in alpha
cellulose content is directly concerned with the structure of cellulose,
and means that there has been a rupture of %he primary valence bondsg
with the corregponding shorﬁeniﬁg of the chain length. A further

indication of degradation is given by determinations of copper numbers,

which depend on the reducing properties of the material. Any sudden
rise would indicate that reducing groups are appearing from the destruc-

tion of the l:4 oxygen bridges and the appearance of the free aldelydic

‘groups and the oxidation of the primary alcohol group to aldelyde.
This rise of copper number is observed when hypochlorite bleaching is
carried too far or if the alkalinity of the solution falls to unsuitable

PH conditionse
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In contrast to hypochlorites, sodium chlorite tends to decreasge
the copper anumbers below the value determined from the original un-
treated pulp, and to incresse the alpha cellulose contente. 'These ten-
dencies indicate that the structure of the cellulose is stili unchanged,
and that the action is only a case of removing the non-cellulesic car-
bohydrates remaining in the pulp after the initial bleaching.

Although no équipment was available to debtermine such physical
properties as brightness, 1t was observed that the pulp treabted with
sodium chlorite under acild conditions had a brightness higher than
the original which was a commercially bleached sulphite pulpe.

These experiments lead 4o the conclusion that sodium chlorite is
a high grade bleaching agent. In comparison to hypochlorites it is far
more stable even under acid conditiong, it has little or no tendency to
attack cellulose, a property possibly due to its lower oxidizing power,
énd there ig the possibility of achieving fully bleached pulps of high

brightness without any apparent dameging effect on the cellulose;
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SUMMARY

le A Study of the decomposition of sodium chlorite solutions was made

under controlled pH conditions.

2. The stability of sodium chlorite solutions under alkaline conditions
were independent of their pH value. Under acid conditions this stability

was s%ill indicated in solutions in which the gaseous products of de-

composition remained dissolved.

3. Sodium chlorite golutions under acid conditions showed a decomposi-
tion when the chlorine dioxide was removed by aeration. The rate of de-

composition increased with increased aclditye.

4. A study of the effects of sodium chlorite on cellulose were made

under controlled pH conditionse

5. Chemical determinations on treated wood puly indicated that under

alksline conditions the tendency was for the alpha cellulose to remain

" stable, and the copper mumbers to increase: Phis, due to the alkaline

hydrolysis of non-cellulosic materials preéenﬁ with the formation of

reducing materialse

6. Under acid conditions the alpha cellulose tends to increase and the
copper numbers to decreage. These properties suggest the oxidation

and removal of the nonwcellulbsic material present in the cellulose fibres.
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7. Sodium chlorite offers the possibility of securing fully bleached

pulps without damage to the celluloss.
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