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Gm{mar IN[RoÐucÍroN

Tbe researcb fleld. cqacerned u¡lth the improvemeat and. d.evelop-

ment of bleaching processes has been one of €ireat actlvfttrI¡ and. at

present Ís still the object of a large amount of reseaccho

Ehe art of bleaahing textiles is an ancÍent one, and. vre have

ad.vanced. a long way since the elenests of sun, raln, and. wind werç

used. as bleachlng agents. îhe mod.ern ohemicaì method.s as employed.

to-clay, are d.evelopments brought out withln the last one hundred

and fifty years. Chlorine was the ffrst ehemical bleach used., but

its polsonous and objectionable od.our linited. its usen The tliscovery

of aalclun hytrrochlorite or bleaching powd.er was tbe first great

strid.e forward. toward.s the effÍclent and. opeedy metbad.s used. to-d.ay.

ÀttemBts have been matle to use other oxld.izing agents such as hydro-

gen peroxittç, and sulphur ôióxid.e, as a sub'stitute for hy¡rochlorites,

but their use nas limited. ag the demand for better girade pulps wao

mad.e.

.ê,lthougb hy¡rocblorite bleaching ls the most cormonly used.

nethod. to-d.ay, it has lts limitations Ín the productfon of high

grade pulp and. textile products. Hy¡rochlorÍtes due to their strong

oxidizing Bower will give a high brightness, but, ia d.oing so they

will weaken tbe fibre strength of the cellulose ítselfç This in-



pairs the quality of high grad.e Bulps now in demand in the pulp and.

paper industry, particularly thooe used. Ín the manufacture of rayons

and. other artifÍcial cellulose products, wh:ich require the pulp to

have high brightness along u¡ith its rnaximum strength" Thls wou1d.

suggest the use of a rnild.er bleaching agent. À possible subgtltute

1s sodium chlorite.

Sod.irrn chlorite solutions have an oxidÍzing power somewhat

below that of hypoc[Lorite, the actual d.ifferenee d.epend.ing' to a

certain extent oa the hyd.rogen isn conceotration of the rospective

solutions. Research conducted. so far ind.icates, that the oxid.izing

action of sod.ium chlorlte is high enough to remove nati.¡ral coloring

rnaterial and. other non celluLosic materials present in the pulpr

but at the same time low enough to have littte tend.ency to degrad.e

the cellulose itself.
She work outlined. ín this thesis is an fnvestigation of the

stabilÍty of sgd.ium chlorite solutlonsr B.rrd sf their effect go wood.

pulp cellulose und.er d.ifferent pH conditions.

a.
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TrEoBrlr car. Iry[P:opucT r;0N

..,'l '' , '

(al Prep-ara3lqn and._P,gope_rties of SodÍun ChlorÍte

Cb.Ioritee have been hroun as chemical compound.s for nearly
. . :.: -.,:.

one hund.red. years. Ehey were first identified. by Millon (f ) in ,,.11,;l ,,

1845 and. were obtained. by the alkaline absorptlon of the greenish 
,:.,,.;,

yeLlow gas formed. by the partial reduction of chlorate. MiIIon

believed. this gas contaÍned. chlorine trioxÍd.e of formrla t1¿0g.

However ffil].onr s f,ormulation rrras not generalþ accepted. and. in

IBBI Gar.zarolli-Thurnlackh (21 shovred. that tbe gas was really a

mlxture of cblorine d-ioxid"e and. chlorine. fhe chloríte restrlted.

fr"om the byd.rolysis of chloríne d.Íoxid.e and. gave an equímolar

mixüure of chlorite aad. chlorate, accord.ing to the equatlon.

ecIOP * eron ; KC10¿ + Kcl0g l HeO (r)

Garzarolli (el also indicated. the followíng method. of pre-

paring cblorine - free chlorites. Á. potassium hyd.roxid.e solu-

tion was treated. with a stream of carbon-d.ioxid.e - containing

chlorine d.ioxide gas protected. from the light. The chlorite

was separated. from the ohlorate by evaporation in vacuum at

45o - 5Oo C, arrd. the potasslun carbonate removed. by treating

the residue with 95% al;coinoJ. in which the chlorÍte was soluble.
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lhe pure potassium chlorite was theo gathered. by fractionaS.

crystallizatÍon"

Rechyler (gl in t90I investigating the Breparatíon and.

analysle of chlorites reported. tbe foLlowing reaction"

zCIOe * isapOt = åIda0t0¿ * 0¿ (81

His results showed. that the above reaction was instan-

taneous, whereaE the method. using potaEsium hyd.roxid,e instead.

of potasslum peroxfd.e was slow axd. the principal reactÍon was

complioated. by second.ary transformationso

c12 + 2r{0H = KCr + KoCL + Hgo (51

zCL0z=Cl*+2Oz

Excelt for tbe iuvestÍgations mentioned. above, references

to ablsri'te are few ln number prior to 1915, when 3:rrnl ad. Levi

(41 started. an investigation whlch has been camled. on by Levi

up to the present time' [his truork inolud.ed. d,escriptions of

various metallic chlorite salts' Iaboratory method.s of prepara-

tion, and. a few of their eharacteristia reactlons. LittLe ln-

formation was givea of practlcal importance ae to tbe comnercial

usefulness of chlorl.tes'

(4ì



'-:-::::.1..'...- ..'.'1'-:"-: . .... r..-'-.: .':: r"j. 1.':'.:.:. ..._'

Bruni and Levl (¿, tr, 6) prepared pure bariun chlorite by

usiae; the reaction as indicated. by Rechyler (5) using byd'ratecl

barium peroxÍde instead of spd'il¡û peroxid.e. This reactlon is

lnrportant due to the relative ease wÍth wbich one can prepare

the sh.lorite in the pure etate, She method, they usecl was ag

f,ollowg.

S. ünrent of ehlorine d,ioxid.e containing carbon d.ioxiðe

(to remove the chlorine) (?l waE passed. lnto a euspension of

hyd.rated. barium peroxid.e. To tbis eolution was ad.d.ed. three

volumes of alcobol and. an e:ccess of freshly d.istÍtled. ether.

fbls sephrated the barium chlorite which was filtered. rapídly

by suction and purified. in a vacuum desiccator" Using the

pure barium chlorite other chlorites could. be prepared. by

d.ouble d.ecorc¡lositíon witb sulphates of varioue netals (B).

Sod.iura chlorite nay exist in two sol,id. forms, tbe an-

hyd.rous (Nacloel n and. the trihydrate (macrot. ffi¿01. Soth

these forms were prepared. by Levl (Ol. Bbe triirydrate is the

stable phase in aqueoug systems at room temperature. The an-

hyd.rous fom is not bygrosoopic and. d.oes not cake in storage.

Àccording to Levi, sodiun chlorite is stable. He fouod

no chaage in I0 hours on a water bath. Àt room teqrerature it

kept the year round.r and. â. .2I$ and. '0åN sod.lum chlorite solu-

tíon was stable in the d.ark for one week. ßhe drg salt decon-

posed. at temperatures (9) from l80o - 2000 C' accord.Íng to the

5n
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equatÍon.

5lt[a0l0, = eN-aClOS * NaCI (õ]

0f the characteristia reactÍons investlgated, by Sray (101

and tevi (gl, t¡.e foltowing were the nost important as they

were d.ltectJ¡r concerned. with tÌæ method.E of analysis used. Ín

d.etemiqing chloriteE ån the presence of hypochlorites and,

chlorates.

Sodir¡m chlorite reacted. with arsenioue acfd. (nråaOr) in

a saturatç& bicarbonate solutioa accord.lng to the equetion.

cuoí+ åHsqos = ¿EsAÌ04 + erl (61

In this reaction part of the chlorite wag aIEo oxid.ized. to

ehlorate.

fod.ine reacted. with sodiun cblorfte in acfd. solutions

accord.ing to the equation.

5¡fcl0¿ + 4t + sH20 - 4ril03 + 5Hc1 (71

Sodiun thlosulphate reacted. witb a neutral chlorite solu-

tion princiBally accord.ing to the reaction'

*u*tr0, t P}IaCIO* + HpO s ÊNaCl + eI{aH,SO4 (8}
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In 1927 the research and. d.evelopment department of the

lvlathieson å.lkali Works New York started. the study of sod.lun

chlorite (l1l , with tbe aim in nind. of, investigating the

possible applieatlon of cLlorites ia ind.ustry (fgl, and.

method.s of large scale proôuctLon. Tbeir resultg were

highly successfirl and. altholgh sodium chLorlte as yet ie

not obtainable ln large quantities their patentetl process

makes the proôuctios of sod.ium chlorfte relativelry simple.

Frqm the stand.point of conrneraiaL applications, especially

in the bleaching of wood. pulps and. tex'tiles, their researoh

has been successfrll and. it is pogsÍble that within the next

few months sodium cblorlte will. be avilable in large enough

quantÍties 'üo malce possible its use in coajunctlon with hypo*

cblorites in the bleaching industry.

The investigations as to the stability of sod.ium ohlorite

conducted. by the nfiathtesoa d,Ikali Works ind.isated. that the

storage stabílity of dry sod.iutrr chlorfte is excellent. Sqmples

of both the corunercial aaÖ analytical quality sodÍun chlorite

were gtored. in both glass and. d.rum containers over a perÍod. o!

man¡r montho. [he analysis of techaical NaClO* stored. in a roetal

d.run sver a period. of one year showed. no d.ecompositlon whatso-

ever, while there was only a verTr slight d.ecomposltion when

stored. in glass containerE (flln lheir analyses were as followo,
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giving the amount of sod.iu¡n chlorÍte in peacent by weight.

TechnicaL NaCIO,

In d.rum

Ia glass

Start After oae year

82.M

8L.?ú

s2.4Oi4

8L.A{Â

.,:.,.,;';, ,.,:,

Snatysis of analytical sodium ehlorite stored. in ordinary
'':..:.1..:.::.

glass conter:inef,E over a period. of 18 nonths showed. a d.ecreas€ ,',,

of about tffi in the amount of the sod.iun cblorite"

In ord.er to study tbe effect of etevated. tenrBeratures on

tbe stabÍlity of soliat sod.ium ehlorite, portions of a product

containÍrg6ssod.irrncb'loritewereheated.inanironcrucible

placed. in aa oit bath previously brought to the desire tem-

perature. TbÍrty minutes at temperatures up to I50o C. caused.

no d.ecompssition while at A00o C. less than half the chlorite

was d.ecorrposeÖ over a period. of 50 minutes. .4. sample oontaln- 
,l;. ..,;;

fsg ?9fi sod.lum chloríte by weigTrt was rapid.\r heated in a '.", ::'

porcelain crucible. å. thermocouple placed. in the chlorite ' ',

showed. that d.econpositlon started. at 1?5o C. WÍthin a few

second.s its tenperature rose to 64S0 C., and. then tbe temper-

ature commenced. to fall. Analysis showed. that the ôeconpositlon .:',..:.:
'',:. 

.:1 
:-t :: .:

had. taken place mainly aceord.ing to the equatign,

ïil{a0l0, 
= 

2Na0I0, |. NaCt (9)
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Less than 5"Ã of the NaCIO* d.ecomposing evolved. 0¿ fn accord.ance

with the equation

NaClO^ = NaCl * 0- (r0lts2

Levi (fg) an¿ Jackson and. Pargons (141 Ehowed. that d.ilute

solutions of sodium cblorite containing .5/ sotliun lryd.roxid.e

were stabLe for several d.ays if Brotected. fron the light of'tbe

Iaboratory. Longer tests carrled. out by tbe Mathieson À.Ika1Í

tr¡Iorks showed. that no d.ecoprposition oocumed. ia Ê5 nrontbs when

sod.ium chlorite ¡qas stored. in ember bottles. lhe chlorite

conce¡¡tration ranged. f,ron "I to 4Ii and. the sod.ium hydroxld.e

froq .I to 4,n¡I at the different chlorite concentrations used¡

Tbese same solutions when stored. in clear bottles Ehowed. a

eIÍght d.ecompositlon over a periotl of Êã months (tll . Assuning

that sod.Íum chlorite could. be formed. only by the reaction of

equatlon (91 comBlete analysfs of these solutiong sbosed. th,at

oxygen probabty wae evolved. in aacord. with equatÍon (t01. It

wae notioed. that inctrease in atkalinlty rend.eretl the solutions

in clear glass bottleg more stable¿

I,feny of the applications of chlorite envolve its use in

acid. solutions, aud. experiments were und.ertaken to d.etermine

in what way sod.ium cbLorite reacted. witb acfd. (1I).

the procedure fitst usetL was to ad.d. a chlorite solutton
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slowly to the acid. while passing nitrogen gas tbrougb tbe

solution. Ehe volatile products fofiriecL were thus renoved,

anô were absorbed. in sodlr¡m hyd.roxitle. She residue left

in the reastion flaek and.'tbe absorbing solutions wêre 8Ilå-

lyze0.

[he varlous gaseÊ which might be

with caustic as followE.

CI¿ + 2Na0H = NaCI * NaClO t Hå0

Cl.O + 3Na0H = 2lrTa0t0 + HaO
a

formeö would, react

(rrl.
(12).

(151.e010p * ÊNaOH = Na0l0, * NaClO, + H¿0

Fron thie it was apparent that determination of CI?,

0C1t, CI0Ai aad. Cl0rr 1a tbe absorberE woul.d d.isclose the

corçosition of the gas¡ Þtovid,ed there was no second.arXr

reaetion in the absorbersr -- for lnstance, hytrloahlorlte

oxid.atioa of chlorite to c[Lorate. å. representatfv€ ex,-

Berinent consÍsted. of ad.d.ing a 1.5![ ch].orite solutÍoa

slow1y to a 1Ø acetie aoid. solution. Ånalysis of the

gignerator residue showed. that .02e4O mo]l of chlorite had,

beea d.ecompgseù. Ehe gas analysis showeô that the nain

protlucts were chlorite and. chlorate in equímolar amgunts.

tr*ron thls Ít is evld.ent that the €ias produoed vag almost

éotlrely cblorlne d.ioxld,e.
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Although the above e:sperlment id.entifieô tbe gaseous

products as a1moEt entlrelry ebloriue dioxiclen all the gaseous

products releaged. account for less than half the chlorite d.e-

compooeû. The llathieEon ållsali research staff then planned

f,urtber e¡¡reriments in an effort to d.etermiae the nature of,n

and. amount of non-voLatile products. The absorption methoõ

used. was similar to their previous experiment except that in

ad.èltion to usfng a sod.ium hyd.roxf,d.e absorber, they followed

it wtth an absorber oontaining a calcium peroxld.e suspension.

This aesured. tho eonplete absoqption of CLOa by convertlrg if
to chloríte without formatioa of chlorate (11), but, ae in the

previous exa¡nplen analysls shswed. that the volatÍIe produots

formed. were not equal to the chlorite d.isappearlng ùuring the

course of the react-ien. Perchlorate formation was flrst sue-

peoted., but qualitative tests d.id. not sholv ltE presênce. S.g

yet tbe nunerioal d.ifference betwee¡r the final pro&¡cte anù

tbe chlorfte d.ecoryosed. has net bÊeo explained.. ft is Bosslble

that a coneid.erable portion of the díscrepaacy can be attri-
buted. to the methotLs of a¡rô d.ifficulties of analysis and. the

problem of distin€uishí¡lg between tbe four oxÍdatÍon LeveLs of

chlorine.

Chlorite und.ergoes two lmportant reactions (11), naraety

those with bytrrochloríte and. ohlorine, botb of which have becoms
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1,2"

of cornmeîcial inportance. In solutions whose pH is fron 11

to 18, sod.ium chlorite reacts with hypochlorite as follows:

NaC10, * NaCl0 ; NaCIO, * NaCI (14) .

If the alkallnity is reduced. belorr plf II the od.our of chlorÍne 
:, .

d.ioxide graðuatly becomes perceptlble. å.s the pH ig raised. l ,'

above plf I8 the speed. of the reaction is d.ecreased. (11)' ,',:l'.

Ounningbam and. Loecb (15), by a method. now patented. d.is-

covered. that when chlorine was pasaed. into strong soùium

chlorite soluti.ong, ehlorine d.ioxld.e was formed. accord.ing to

the eouation:

äIaClO* + Cle = SNaCl + PCIOA (15).

Previous to the iesue of tbe Batent mentÍoned, above, tevi

and. Babet (f6l ind.epend.ently arrived. at the same result. If,

as the reactígn proeeed.ed. the chlorine tlÍoxide wa.s removeÖ, tbe :':,:,i,.,,.:.':.
efficiency of its proôuction was high, and. the reaetion rate ;,'; ,',;

wascont.ro].1edbytherateatwhichcbIoriae¡gasÍotroduced.into

the chlorite solution' If, on the other hand the cblorine d.io-

xld"e was not removed. as fornred. it ôissolved. ín tbe generating 
; ,.,,,,.,:l

solutíon' Und.er these cor¡d.ítions sod.ium chlorate was formed. ' ' 
'

equivalent fa gú çf tbe decomposed. chlorite"
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It appears from the reaction of sod.ium chlorito witb hypo-

chloríte or chlorine, that acid Gond.itione favor the fornratíon

of chlorine d.ioxid.e, while a1kallue conditione favor the proûuc-

tion of chlorates. These results were confirned. by Taylor,

Td'hite, Vincent, and. tunningham (ffl who found that at pII4 the

formation of ehloriue d.ioxld.e pred.ominated., while at pHrr from

g to 10 chlorates were tbe main product. îhe equation ex¡lressing

the reactÍon between chlorine and. chlortte under aUcallne cond.i-

tions is represe¡ted. as:

NaCI0,

lhe property of sod.ium cblorlte which forans the basis of

the more inæortant u6es so far d.eveloped, is lts oxid.fzing

po*er. In cold alkaline eolutlons it has only mild. oxid.izing

action, on heating or acid.ification or both, sod.iutn chlorÍte

solutions d.evelop a stronger oxidluing cond.ltion.

Some prellminarg d.eterminatíons of oxld.ation potential

have been mad.e" Ehe values obtained. for I/L42, M godlum chlo-

rite solution (I grar:n of available chlorine per litre of solu-

tion) as d.etemained. by Taylor, ltrhiteu Vincent, and. Cunni.nghalr

(tt) were found. to be .?9 volt at pHA and. n66 volt at pH9. the

oxid.ation potentÍal of sod.ium hy¡roehlorite at the sarne concen-

trations of ttavailable ehlorlnett was found. by Hlsey and. Koon

+Cl f H0=z2 NaClO 0 IÍCI
á

(ro )



14.

(fZl to vary from 1.8 volts at pH? to "95 volt at pIÍIO which

covers its oor*al bleachilg rarlg€o [he above figures show

that sod.ium hypochlorite is a stronger oxÍd.Lzing agent under

alkalíne eond.itions thar sodium chlorite is at pHA.

(bl The use of bypochlorites and. chlorites Ín bleachipg

The use of hy¡rocblorites for bleaching wood. pulp and.

textiles has not been entirely satisfectory. [hey are

strong oxidizÍng agents rnhich can attack the cellulose it-
self" Ehls und.esireÖ reaction becomes more d.ifficult to

control as the wood. pulp Ís more conpletely bleach.ed., due

to the removal of otber easily oxid,iseù products present.

Clibbens and. Ridge (fe), ln 193? und.ertook tbe lnves-

tigation of the action of hypochlorites on cotton, and. the

study of the rate of orycellulose forrnation. [heir work

was carried. out using buffered. hy¡rochlorite solutione.

Tbey carried. out their investigations withia the pH range

of 5 to 10, charaeterietíc of technical bleach liquors in

the cotton inclustry" [heÍr results shov¡ed. that the masimrm

rate of oxycellulose f,ormatios or d.egrad.ation sf th.e eellulose

occurred. at the neutral point, alsg the qualitative effects

d.id. not seem to be due to the effect of the buffer salts r>resent



in their investigation,

RecentS-y, Romanovsþ (f9l working along lÍnes simÍlar to

those of Clibbens and. Itidge, found. tbat the maxiraum degradation

on sulphite wood. pulp occurred at the neutral point. fnstead.

of using buffered. solutions, he used. a glass electrode end. the

required. hyd.rogen íon csncentration was naintained. by ad.d.ing

acid. or base as requlred..

From the work revíewed. Ít is evident that a fairly high

alkalinity rnust be maintained., if the resulting product is to
satisfy the high quality pulps d.emand.ed...

Recently sod.ium chlorite has been proposed. as a new bleach-

Íng agent for textÍIes and. wood. pulp (fel, as it offers the Þos-

sibility of seeuring high brightness in fully bleached. pulps,

with less danage to the oeIlulose than is found. with hy¡locblo-

rites'
Taylor, Tlhite, and. Vincent of tbe ilIathieson $,lkali Tüorks,

und.ertook an extensive researeh of the possible use of ssd.ium

chlorite as a bleaching agent. The results of this research

have been published. within the last year (LAr A0,l and. are of

such a guocessfuL nature, that it is likely tbat their suggestetl

method of using sod.iun chloríte as a bleachíng agent u¡ill be

accepted by the bleaching ind.ustrry"

llJhen srrggesting a rew bteaching agent, conparisons with
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method.s now irl practise Lre aecegsaÍ]rc The literature regarcl-

lng hypochlorite bleaching shows only partÍal agreemeat, as tb.e

optirnrn conditions for the bleaching stage d.epends upon tbe

species of wood., the cooking procesg, and. all the preced.ing

stages of bleach.

Tb.e folloling stand.ard. cond.itions for hypochlorite bleach-

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

the process as coaducted. by the r{atb.ieson å.lkati i'forksr researeh

staff. s.lthough tb,eir work rvas confined. maÍaly to the actlon of

hy¡rochlorites on kraft or sulphate pulp, whích sbows ress degra-

d.ation of fibre in generat than other ty¡les of pulp, the cond.i;

tione as set fortb are comparable with results obtained. oa other

types of pulp, and. with the Ínvestigations of various other ex-

perimentorsc

The lower liait recommend.ed for hy¡lochlorite bleaching is

usually pIlB (2J-, 221. Investigations cond.ucted. ind.icated. the

optimun BH range between pHB and. 9. Variatíone in temperature

showed. títtle d.ifference in the effect on cellulose, but the

recomnend.etl maxir:rum tenperature was 40o C. [bese tïqo valuee

ind.icated. above, were selected. for use when stuttyÍng the other

variable cond.Ítions such as consistency, tine of bleaching, and.

a.mount of avirable chrorfne" &haustive stud¡r of the breached

produots basing the comparÍson of results oa the physical

properties of brightness, retention of brightness, bur^sting
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strength and. tearing resistance ind.icated. that the optimrrm

cond.itions for use of hypocblorites are (fa¡,

pH value I to 9 Time 2 bourg

Consi stency 5ft .Àvailable

Eemperature 4Oo c. Chlorlne - ,s% - tfi

The more or less set nrlee whioh have become associated

with bleaching, because of tiie almost exclusive use of hypo-

chloriteg, were f oi:nd. oo longer applicable when sod.lurn shlo-

rite was substituted" f,or h¡rpochlorites (Ê0). Investigations

proved. that the best resulte were obtained. wb.ea sod.ir¡m chlo*

rite was used. i$, aa acÍd. rned.ium. It has been frequently

stated that eaid. oond.itione d.arnage pulp. These workers found.

that as far as hytrrochlorites are eoncerned the d.anage d.one to

the pulp was due, not to tbe acid. ítself, but to the hypocbLo-

rite d.gconposlng ia the Bresence of acidlg.

The ability to use chlorÍteg in acid. med.la pernf.to oxÍd.a-

tion through a wid.e range of pH valuegn Sucb a rango of selec-

tlon offers the posslbility of rigid. con-brol of qxid.izing actiono

which is not possÍble in the ease of h¡rpochloriteg. Experinents

cond.uctetl ind.ioated. tbe possible use of various pH's, but geueral

results showed. that the pE range of 5ç5 to 5.5 was the most use-

ful for bleaching Bapor pulÞ. d,ctual experimental practise

proved. that tine and. concentrations could. be lncreasedo without
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causin€; the effect kaorqn as overbleaching, corrnonly found when

tbe hypochlorite concentration was too high or when the alkali-

nlty h.ad. become too lowe

S,lthough the htgh qualfty tr¡ulp obtainetl fron bleaohing with

sodíum chlorite mertts íts use, lt 1s unsuitable yet from an

economic standpolnt as a bleaching agent alone' tr\rrther invee-

tígatíons ind.ícated. that there was an alternative method., by using

a mixture of hypochlorite and. ehlorite.

taylor, WhÍte, and. Vincent (fa¡ found that chlorite actl-

vated by hypochlorite gave more d.esirable physical propertÍes to

bleached. pulps than could be obtaÍned by using hypochlorítes

alone" [he peculiarÍty found. with thls nrethod. was that the

results were characteristio of chlorite bleacbing. Ehis effect

was believed. due to the rernoval of the hypochlorites by reactlon

with chlorite to form chlorine d.ioxid.eo In the case of hypochlo-

rites alone the more active chlorine a¡¡d. chlorine monorid.e are

releasedt

Sleachlng by tb.e hypochlorite activation of ohlorite wag

found. not to be limited. to any partÍcular pH range. In general

the same conditions suitable for hy¡lochlorÍte bleaching alone

were applicable for this method., Bhe best pulps were obtalned

v¿lthin the alkalÍne range of pHB to pH9.
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å. coraparlson of tbe experi¡nental results of the three

method.e indÍcatetl, that wben the same degree of high brÍght-

ness was attained. there w&s a loss in physical strength of

5% trcm the hy¡rochlorite-chlorite method., and..a loes of Lqø

or more from ffilochlorite bleaching as compared. to the acid.i-

fted. chlorlte process (1e, ¿0). ConçrarisonE based. on tb.e

physical propertles of brÍghtness, maximun bursting strength,

and. tearing resistaae€, üefínitely showed. the superiorÍty of

the acÍd.Ífied ohlorite method. over the alkaline hypochlorfte

method," The propertÍes of pulp bleached. by mÍxed. hy¡rochlorite

and. chlorite are in most cases comparable wfth those bleaehed,

by the acåd-chlorite process. Fig. tl) shows a graphical com-

parison between hypochlorite and. chlorlte bleachingo tbe com-

parisoa based. on maxinnim mullen strength and. brigbtneEs (P61,
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Table l" Shows a comparison of physical tests on unbleached.

aod. bleached. sulpb,i te pulps. (lP ) "

Proeeeg

Bright-

ness

sursting

Streneth

¡'otd.ing

lndurance

Tearln€;

!treneth fi scositl

Unbleached. pulp

f oní.eni na] I 52 950 51 36,4

Hypochlorite

(sinele staee) B?"5 600 no L'| .2

Chlorine-hypo-
chlorite

(e stage) 38,5 +? 9¿5 50 21.9

Chiorine-chlo-
rite

'(8 stase) JÕrÞ 49 1450 65 84.6

lhis superioríty of properties nas nob only found" in the

case of various types of ïvood. pulp, but textile chemiEts havo

founri. the same superiority extend.s to cotton and. ra¡lotlr The

resulte do not d.epend. on the exaet nature of the impuritles

and colorecl bod.ies present, but d.o d.epend. upon the inability

of chlorÍte to react with cellulosen

( c) Stgu_cture snd. d.eg.rad.at.ion gf .Ceilulos*e

In ord.er to understand. the physical and. chemÍcal proper*
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ties of cellulose, it is rreeessary to consider the nature of

cellulosen its structure, aad. the possible manner of its d.e-

gradationr

Gellulose, the chief constituent of alt living plants is

bullt up of glucose anhyd.rid.e units tC H Q ) and this suggests
6r0s

that it owes ite formation in the plant to a cond.ensation of

glucose units with loes of water" These uaits are arrar€ed. in

long chains, but the number of units in a chaia is as yet un-

hown, and. geems to vary from satryle to sanrpleo Hovrever, tbe

number is largeo end.ovrir:g this substance with a].l the Broperties

of a higb molecular weight compouud.. X-raY analysis has d'efini-

tely revealed. the crystalline nature of eellulose' ,¡riis assuaed

that withia the geometrioal unit aII the Índ.ividual molecular

chains are arranged. parallel to each other., and that this arrerge-

rnent is laterally stabilízed. by secondary valence forces exerted.

by quad.rivalent orqygen atoms" fhese chain: bund.les have varTing

lengths, and. are arranged. in units called. nricellae' fhese urice].lae

are heltl together by ntertiary" or micellar valencies to build. uB

the fibr¡tlae, the smailest constituent of the fibre rvhicb may be

d.etected. und.er the microscope le+|,

0areful d.egrad.atios of cellulose, and. chemical analysQe hare

confirmed. that the high rnolecular weíght polysaccharides are

eonstituted. on the bases of tong chaia mono-saccharÈd.e resiùues or

3 - glucose anhyd.rid.e units, and are linked together in a mod.e
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coffesponding to that of celLobiosg, rÞmely, throUgh the I and.

4 carboa atoms of the glucose units by oxygen brifu'es to fo¡:m a

prÍmary valence ohain of unstated. Iength. Figu å ind.icates the

cellulose rnolecule, and. ind.icates the I:5 internal glucose

linkage tanvlene oxid.e linlcage) and. the I:4 glycosid.ic lfnkage

between tb.e glucose units.

Tt cr. z
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Cellulose, wben zubjected. to tbe action of d.ilute mineral

acid.s und.ergoes a mod.ífication due to hyd.rolysÍs, the extent of

which d.epead.s on the cond.itions and. severÍty of the treatment.

Ilyd.rolysis cagÍed out und.er mild. cOnd.itioas lead.s to the forma-

tion of products which have und.ergone various stages of d.egrad-a-

tion, from almost untouched. oh.ains dorvn to the monomeric glucose"

These heterogleneous degrad.ation prod.ucts are clue to tbe sloumess

and. irregutarity of the hyd.rolybic process on cellulose, and. to

the fact that d.egradatlon starts on the surface of the fibre antl

wæks 1nv,'ards, Shese compleæ products of varylng chain tength

are geÐ.erally groupeù togetber und.er the name of [hyd.rocellu].ose.H

lilïren the hyd.rolytic prooess was carried. out und.er special oond.i-

tioas and reached. conryletlon, it was found that there had beeu a

conplete break-d.sns of, tbe prinary valence chains with llttle or

no oxid.atlon, end. tbe final proûuct was glucose (å4)'

lhe degiad.atlon of celluloee by oxld.ation caused. the cellu-

lose tq be irreversibly mod.ified. in such a Ìvay that its intrinsio

strength and. vigcosity in cuprammonun solutions were dscreaseÔ'

ancL chemical properties appeared, which were foreign to the naturaL

nuterial. It would. seem possible from the structurer that cellu-

Iose could. be oxid.iøed. v¡ithout the oxygen brid.ges betvreen glucose

tinbydrid.e units being ruptuaed.. Results of oxtd.atiou experiments'

however, have ind.icated. that oxíd.ation 1s normally accompanied' by
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hyd.rolysis to a gireater or leõs extent. lhe products formeÔ

consisted. of polysaccharid.es of varying' chain tengtb with an

increase in reôucine; propertÍes" These d.egrad.ation Broèucts

were classed. togetber into one grotrp a¡d. called. ttoxycelltrlosettn

Severe oxldation iloes not recult ia the formatiou of glucose,

but simpler ketonic, ald.ehyd.lc; and. carborylic materiaLs.

[he exteut of hyd.rolysís can be followed. by d.eterminatÍon

of tlre viscosity in cupranmonium sohrtion or the alpha cellulose

content of the pulp. Á.s the chaius d.ecrease in ler¡gth, the vis-

cosity dqcreases and. the pulp becomes more soluble in sod.iwn

hyd.roxid.e solutions, €;ivin€' a lor,ver alpba cellulose value. The

reducÍng poÌffer found. on the brealcd.ow:a of the structure due to

oxldation and. hydrolysis rvill be ind.Ícated. by the determination

of copper numbers¡ ioê" the reduction of copper from cupric to

the cuprous state.

.. t t . l
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DISCUSSION OF fTIE PROST.BI

It is the problem of the author to examine the d.ecomposÍtion

of sod.ium chlorite solutionsat constaat temperature, and. und.er

d.efinite pH conditions. [hroughout the course of each experiment

these eood.itions were malstaÍned. as closely as possible. .Àt various

intervals of time, d.etermination of strength was earried. out by

volumetric analysis. Once establishing the stability of sod.ium

chlorite at varíous pHrs, tb.e author und.eriook to investigate the

actioo of sod.ium chlorite on coûrnercial sulphi.te wood. pulpr und"er

the same cond.itions of pH, and. temperature used. ia tire previous part

of the work. The time of the reactÍon was set at six hours, and. at

set intervals v¿ithÍn tbis time limit sanrples of the treated. cellu-

lose were taken from the water bath and. analyzed. for alpha ce1lu-

lose content and. copper numbers, to give a measurement of the d.e-

Sradation of the'ceflulose.
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EXPERIJ.[ET{TAT

(al .Àpparatus

lhe apparatus used. consisted. of a Leed.s and. Northup Eype K

Potentiometer and. a teed.s and. Northup Galvanometer, iÏeston Stand.ard.

Cetl and. two stand.ard. glass electrod.es, one a calomel-I{Ct electrod.e,

the other a quinhyd.rone electrod.en .å.Iso a constant tomperature

water bath and. the usual stand.ard.ized. chemical analyses equipment,

burettes, beakers and. flasks.

Ihe galvanometer vras used. as a nuII poin'ü instnrment and. was

a type sensitive to .00075 nÉlliamperes"

The potentiometer used. was a standard. type K instrünent sensí-

tive to "00005 volt.

The apparatus used. in the work on the d.egrad.ation of cellulose

includ.ed. the equipment mentÍoned above, except that a Secknan pH

meter was useù instead. of the Leed.s and. Nortbup potentiometer and.

galvanoureter. The second. section of the lvork includ.ed. equipnent

suitable for mechanical stirring, and. refluxing reactions such ae

one litre round. bottom flasks aud. glass conùeasersn

The constant temperature water bath used. was a copper tank

Ínsulated. with asbestos and. controlled. by a mercury-ether therno-

regulator runniqg two 500 watt carbon filament lamps as heatíng
o

units. The batb rvas keBt at a temperature of 55 C and. the maxir¡tum

variation was f,rom 5+.gg to 55.I-o r
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The glass electrod.es used. were Leeds and. ITorthup etand.ard.

electrodes. The quinlryd.rone electrod.e v¡as nad.e up of quinhydroue

in the internal electrod.e, tbe outer pari being filled. witb tpH

hyd.rochlorlc acid. solution" [hese were renevred. every three weeksn

l¡J'hen not in usg the complete cell was kept Ínmersed. in d.istilled

waterr

The calomel electrod.e also in two parts, the outer being the

salt bridge, the lnner the calomel electrod.e which was mad'e by

putti¡rg I grarn mercury and. 0'Ê5 grams of mercurous chlorid'e and.

moÍstened. wlth saturated. potasslurn oblorid.e solution and. tboroughly

shaken tiII the mercury and. mercurous chlorld.e appeared. to be

enmlsified.. The salt brid.ge outer eection was filled. witb saturated.

potassium chlorid.e and. the ground. glass tip loosened until potassium

chloriðe d.ripped. through. The electrod.e was then read.y for uge.

Sefore usi¡g each time brid.ge was flushed. as described. above.
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(b) Staad.ard.ization of Potentiometer and. Glass Electrod.es

4,s the potentioraeter and. glass electrod.es were to be used.

for measuring'the pH of tire solutions, the instrument was stan-

d.ard.ized. against buffer solutions of known pH, prepared. by the

stand.ard- method.s given in Clarkts nÐetermlnation of Hydrogen

Ioi.tg . tr

the ty¡le of buffers used. and. their pllrs vuere as follows.

pH 6 - acid. potassiu¡o phthalate r- I{a011.

pH 7 - acid" potassium phosphate + 1{a0H.

pH B - Soric S.cid., K01 + i{a0H.

pH 9.I9 - Soric Âcid. + NaOTI.

pII 9.87 - Soric Jtcid. f NaOH.

pH 10'95 - Borie Acid. + 1{a0H.

[he potentiometer was connected. up with the electrod.es and.

the buffer solution supported. in the water bath. The electrod.es

were imrriersed. in th.e solution and. the buffer solution allowed. to

come to constant tenrperature. A series of potentiometric read.ings

were taken viith the various buffer solutions until a series of

constant results ïuere obtained.. lhe buffer solutions were lcept

in stock bottles fitted. 'wíth ground. glass stoppers. The poten-

tiometer rvas stand.ard.ized. against these buffer solutions occasion-

ally to make sure no asJnïrûetric potential was set up in the elec-

trodes.

,:.':: '.:.
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The results of the stand.ard.ization are shorvn in tabte (a) and.

grapbically in Fig. 5.

Table 2.

pH Value of
Buffer

Solution
Potentiometer

Read.ine

Calomel
Electrod.e
Polaritv

6

7

A

g. Lg

9" B?

10.93

.08e8

.0365

"0110

,067e

.105Q

"1508

-t

-f

+

+

ßhe Secluan pE meter used. in Seetion II of the experimental v¡o:rk

instead. of the Leed.s and. Nortlrup Potentlometer, was stand.ard.ized. against

a buffer supplied. with the instruüent.
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(c) Reagen_!s used. and. their standard.izatloe

In aII cases the reag'ents used. v¡ere of analytlcal quality where

possible.

l. Potassium permangantrte solution exactly .IN. This solution was

stand.ard.ized. agaÍnst l"tohrf s salt, and. r¡JaË prepared from a stock

solution of permanganate prepafed as follows. The potassium per-

manganate was mad.e up to a fairly concentrated. solution, stored in

brown glass -rlincl:ester bottles and. allowed. to stand. for two weeks

in ornd.er to allov,¡ any d.ecomposttion products to settle out. The

top layer of the solution was siphoned. off and. d.iluted. r¡iith carboa-

d.ioxid.e free water to the required. strength"

2. Sod.ium lfor'osulphate solution, exactly .l Nor¡nal. This sol"ution

was standard.ized. against a potassium permanganate solution of ls.own

strength, prepared. from the stock sslution¡

3. Potassium lottid.e) used together as external

Starch Solution ) inaicatorg

4. Femoue ammonium sulphate.

6. Silver nitrate solution of .l lTormal strength etand.ard.Ízed, against

an exactly .l Nornal potassium thiocyanate solution using ferric

ind.icator"

6. Â .IN potassiun thiocyanate solution stand.ard.ized. against sod.ium

chlorid.s of aualytical quality.
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t òl Preliminary .Invest_igations

Á pretirniaary ilvestigation was carríed. out by the author on

the anal¡'sis of chlorite by ítseIf, a:rd also in the presence of

chlorates and. chlorides, in order to establish the accuracy of

the nethod. suggested. by Sray (251 anÔ Foerster (¿01, and. to eg-

tablisb an accurate analybical tech¡lque.

Fserster Ín his regearch on the transition of hypohalites

into halates, and. the part played. by halites in this transition
,..

in allcaline bslutioa, used tbe following'method. of analysis.

Analyzing. for by¡rochlorites alone Foerster used a solutÍOn

of alkaline sod.ium ars€llitê. He found. if chlorites were present

tbis d.irect method. of analyzinC'fOr hy¡rOcblorites gave erroneous

results, because tvith tbe ad.d.ition of less than Êcc of the bi-

carbonate - containÍng arsenite solutlo[, the color arlid- smell of

cblorine d.ioxid.e occu,rred.. ThÍs formation of chlorine d.ioxid'e

was ùue to tbe reaction of the hy¡rochlorous acid. freed. by the

bicarbonate wíth the chlorite. fhis d.ifficutty was overcome by

running the þVpocblorite-chlorite solui;ion into an excess of the

arõenite solîrtion and. í¡nn¡ediately back titrating wítlr an iodine

õolutior¡" Und.er such cond.itions tbe ffirocblorous acid rvas givon

so time to react wÍth the ohtorlte, while it was taken ínto union

at a nn¡ch greater rate by the arsenious aciÖ'

$.fter the d.eterminatÍon of the hy¡lochlorite, the chlorites

were analyzed (ÊSI for by talcing the previously mentioned. solution
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and. ad.rling' 50cc of .2NK1 e,¡.d. acsid.ifVins r¡uith 2NH S0 " This solutionz4
was allowed. to stand. frsm ã-5 minutes in ord.er to allow the reaction

to reach conrpletlon. The liberated. iod.ine was then titrated. wíth

.IN sodium thiosulphate. fhe reaçtion accord"íng to Srey (Ê5] is¡

C10' + 4l -t- 4Tr' = 4l + 0I'+ eItA0 (t?l

lhe estimation of chlorates present was carried out ind.irectþ

by establishing'the total active oxygen and. subtracting that due to

chlorite and. ffilochlorite. In the abgence of chlorite the d.etermina-

tion of chlorate can be achieved by d.istíllation rvith Hcl, but in
presenee of chlorites, chlorine d.ioxide is forrned. thus rend.ering.

the d.istillation nethod. unsuitable" The method. of analysis used. ía

this case was to allow the solution und.er investigatioa to react

wíth a neutral solution of ferrous sulphate then quickly acÍd.ify,

and. titrate the excess ferrous sulphate with potassium permangaaate.

îhe author, when analyzing for chlorates using the above method.,

used a solution of ferrous sulphate instead of ind.Íviùual solid. sarnples

for each d.eterminatÍoa. lhis tvas d.one for ease of manipulatlon

d.uring' the experimento From tÍme to time a potassium pernai:ganate

titratÍon was run on the ferrous sulphate solution in ord.er to d.etect

anJr ch.¡nge of strength over a period. of tÍme. The author also fouud"

that if chlorates nere present the reaotion between the femouE

sulphate and. chlorate r¡as slovu, and. if the reaciion was carried. out
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ín the cold. it did.nf t reach conrpletion. Sest results vrere obtaineå

by heatin¿' the solution to the boiling poÍut and. gradually acid.ify-

ing after the sod.ium chlorite, sod.iurn chlorate and. iron salt had.

been aclded..

The total amount of chlorÌd.e preseat was analSrzed. for by

taking the previous solution and. ad.d.ing an excess of .fN silver

nitrate. lhe precipÍtated. silver chlorid.e was filtered. off and.

the excess silver nitrate r¡¡as titrated. with .IN potassíìJ¡n thio

cyanate usitrgi férric ind.icator"

In several preliminary ercperiments the author found. that in

the samples of sod.iunr chtorite used. tbere ü/as no sodit¡r¡ hypochlo-

rite, and. consequently in the nethod. used., analyses lvsys ¡1¿fls 6¡1rr

for ch]"orites cblorates and. chlorid.es.

In ord.er to check tlrese method.s the aui;hor carrfed" out ana-

lysis on accurately vueighed. samples of (a) socliun cÌrlorite, (bÌ a

mixture of sod.ium chlorite and. potassiun chlorate, (o) a mixture

of sod.ium chlorite, potassium ablorater ând. sod.ium chlorid.e.

Solutions of the sir:gle and. mixed salts ìÀ,ere plrepared. in the follow-

ing nanner. In the case of (a) e.tr grns' of sod.iurn chlorite were

mad.e up to one litre of solutÍon, anê tbe analysis was nad.e. on a

10cc sample of this solution" [he niirture of sod.ium chlorite and.

potassiurn chlorate (¡) sonsisted. of 5 grams of sod.ium chlorite and.

5 grams of potassiun chlorate mad.e up to one litre of solutlon, I0cc

of this solution contained .05 grams of each constituent. In the
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case of (cl 5 grarns of sod.ium chlorite, potassium chlorate, and

sod.ium chlorid.e respectively were accurately weighed. out and. rnad.e

up to one litre of solution, l0cc of this solution contained. "05.

grams of each constituent. $.s the sod.ir¡m chlorite used. v¡as 98.5{p

pure its theoretical and. analytical value was less than .05 gramg

per lQcc of solu-tioa.

The analyses for chlorite, chlorate, and chlorid.e were

carried out on duplicate 10cc samples of the solutions. fhe chlo-

rite d.eternÍnation vras carried. out on one of the two l0cc samples

by rneaus of the thiosulphate tltration, The other 10cc v¿as uEed.

to d.etermine the amount of chlorate and. cb.Iorid.e by the method.s

previousl]' indi cated."

The titration and. stand.ard.ízation values of the solutions

used. 1n the preliminary iavestigations are given ín Table 5. [he

amounts of cblorite, cblorate, and. chlortele were calculated. aad.

are ehowil in Table 4, whieh ind.icates the accuracy of the analy-

tlcal method. used."

[able 5 - [itration Values

Ex. (a) Soôiurir thlorite tsingle salt)

(f) 10cc of sod.ium chlorite solution æ

(theoretical ) required. l0 " ?cc of . 1034JrI

.å.natysis ) .

.025 x 98.5 grams

-ffi-_IrTa^S^0 . (chtorite
ä-ág

(J-l) .8544 grarÂs of Fett (solution) ad.d.ed. to d.upticate lOcc
:
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salupl€, erccess iron required. 14ã"0 cc of K.Îún0nr

lcc ]il,[n0 is equivalent to .005545 grams Fstf (chlorate *.n41.)
A

(1II) 50cc S9NOU ad.d.ed. to solution (1I), exeess "&9N0ã titrated

witb 54,9cc of KClITS.

25cc À9N0, reQuires 18.55 KCNS

',' lcc dâNO- is equÍvalent to ,00584? grams NaCf (chlorid.e Ånsl.l

': Exo (b) Nacloo * Ilcl0-::':' r -' -'_---U 
i2

(fl 10cc of solution = .05 x 9Bn5 grams l{a010- and '05 gìramsmo- -¿

1(CI0_ {tb.eoretícaI} required 2l.0Pcc of .10}6I{ NarSo0o (ch}orite
F È v Àn41.ì5 _____

(I1) .?Iå0 grams Fetr (solutfon) ad.d.ed. to duplÍcate l0oo

sample, erccess iron required. ??.90c of Tfl[n0n:

lcc lfi',úrO* is equivalent to "005845 grame Fett (chlorate Ansl.)

I (fff) PScc ÀjN0, ad.d.ed. to solutÍon (:.fl ' excess g.9N0g titrated.

with 9.8cc KCNS.

Ê5cc egNOg reeuires 16'6ãcc KCNS

lcc $NOU is equlvalent to '00525 gra.Tns NaCt. (cblorid.e ânal"!

Exo (c) NaClO* # KCro, + NaCI

(1) 10cc solutfon ; .05 x 9B'5 grans ldaClCI., and. "05 grams of--.-Ïm---z!
KCt0- and. NaCI respectively (theoretícall, required. 21.45cc of

3

.1016 N Na^S O (chlorite å.nal.):¿3,5
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{ff) 1"4PeO grams Feft (solutioa} ad.d.ed. to duplícate lOec

sample, excess iron requlred 98"4ce i$r/tn04

lcc TffVüa0n is equivalent to .0ll8Ê graû¡s Fe't (chlorate otnal")

(1Il) ãOcc AgNO, ad.d.ed. to solutioû (11) ' excesE 5'*0g
tltrated. with Ê0.lcc KCNS.

25cc ÁgNO, reguires 16.65c4 I(CNS

Iec .ÀjNoU is equivalent to .00585 gra$s Na0ln (chlorid"e Anal.)

Ehe d.etail-eù method. of calculatíry cbloritegr oblorateo, and.

chLorid.es using (al as an example was ag followse

(I) lOcc of solutÍon required. 10.?cc of "1084 N i'[a-S-O-ä7iû
'

Ånount of chlorÍte ;
10,7 x ,10&4 x ÊÊ.6155 = .42476 grar4s Naoloo
ffi
(rr) ivacro, * Atr'eson + 2¡fas04 - âFe*(s0+ls* Nacl -¡- 2H¿0

90"45 greIIE Na01CI, requires 56"84 x 4 = 22â.56 grams Ferl

I gram IrTaCIO, is equivalent to E'4688 grarns Feil

Excess Fetf required. l45ce lfifia0^

Excess Fett = L43 x .005545 
=

- .7924 grams

.061I.grams

.8555 grains

Ðifference ;
.854J- - "8535 =

Ferr redueing ltTa0l02 = .Q24'16 x 2"4688 ;

lotal

.0009 grams Fert
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Naclou + 6FeS04+ gHeSoA - 5I'ee(So+le * Idacl + 5H¿0

106.45 grems NãCIO' requires 55"84 x 6 = 595"Q+ grams Fe"

I gram l{a010o Ís equivaLent to 55.84 grams FettU T7Mã

S¡nount of chlorate -
L7.74e x .0009 ¡ .0005 grâmq lda0l0-
EE:E.4. O

(fff) SQco Å¡t{0- ad.d.ed. to (ff) , excess ¿çi'I0- required.uìÕü¡)
34"9 cc liC,î{$.

*,mount of dgliT0, required. to react with ohlorid.e reduced, from

sod.ium chlorite and sodium chlorate.

x 54"9) = å,8cc åli{Og

Icc ,4.^N0_ is equivalent to "00584? grams NaCI
JÔ

.{msuat of chlorid.e ;
P"B x .00584? = .0164_ grams NaCl.

(tv) ¿mount of chlorid.e caleulated. from chlorite and chlorate.

From T{a0l0o 58.45 x .024?6 = .0}60 grams I{aCI
90.45

I¡rorn I'{aCI0_ 58"45 x "0005 =v 106.45

Calculated. Total"

åaalysis 5

Calculated. 
=

Ðifferenee ;

50 - (¿5
ï6æ

.000I grams l{a0l

.016I grams NaCl

.0r64

.gIsr

"0009 grams NaCI
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[able 4. Check on ¡Lnalysie

SampIe
l{a0l0a
grams

KC10õ
grams

I'TaC1
grams

(a) ivacro,

(b) i{acro* + KCro,

(c) macro, + ilclo, + NacI

theoretical
3y analysis

theoretical
By analysis

theoretisel
By analysis

.0e46

.0247

.049å

"0489

,049å
,0493

.0005
as ldaCl0g)

.0500

.0504

"0500
,0508

.0005

.0007

.o5oo 
I

.0494 |
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FROCETURE

(a) Decglnpositíon of sodri.um c4toråE

,{ one pe::cent solution of sod.íum ehlorite rvas placed. in a one

lítre beaker, in the rvater bath, and. brought to tlLe required ten-

perature of 55o C. The electrod.es rvere then immersed. in thÌs

solution, and. the required. pH ad.justruent was nad.e as quickly as

possible using a .01N sod.iurû hyd.roxid.e or .0llrÏ sulphuric aeíd.

solution as the case may be. fliming vsas started. immed.iately aad.

at stated intervals tr.¡o - Êcc portions of the solution were re-

raoved and. quickly analyzed by volurnetric method.s. 3. sareful r'¿ateh

was mad.e of the solution and. the necessary ad.justrnents for the pll

value in qr¿estion nere ¡rad.e as required. The solui;ions under Ín-

vestigation especially when kept over a period. of d.a¡rs vrere kept

ia glass stoppered. bottles to prevent any evaporation"

lhe analysis of each sample ryithd.raïin was carriecl out using

the volumetrio nethods for d.eterrnination of sod.ium chloriten sodium

chlorate, and. sod.ium chlorid.e as previously ind.icated. in the section

on preliminary inveotigatÍone. Oae of the two - åcc portiono with-

d.rawn v¡as used. for the deterrrrination of sodium chlorite, the other

Êcc sarnple for the estimatÍon of sod.ium chlorate ancl sod.íum chlorid.e.

The author noted. that the alkaline solutions on long stand.lrg

turned. slÍghtly yellow, a¡.d" with the clecrease Ín alkalinity this

coloration appeared. more quiekly. This qoloration of the solution
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ind.icated. the possibilít¡' of d.ecomposition, but no ehange could. be

d.etected fn the analysis. It was first believed. that the fault was

d.ue tc the solutions being kept in sealed. bottleso thus preventing

any gaseous decompositíon prod.u.cts from escaping. fnvestigations

of solutions kept in open beakersn after noting that evaporation

rvas negligible over s. shsrt períod" of timeo showecl that no d.ecom-

position had. taken place tbat could. be d.etected by titration, although

these solutions also turned. yellow. fhere remained. the possåbility

that if d.ecomposition had. taken place, the proclucts v¡ere d.issolved

in the solution includ.irg the chlorine d.ioxid.e vhich gives the

solution its yellor.v oolor. [o investigate thÍs possibilÍty the

authsr took a soluiion ç,hích had" stood. for â00 hours in a glass

stoppered. bottle, 'l;he titration value of r'uhich r'¡as known accurately"

.S.ir was bubbled. through this solu'bion until it was free of any

coloration" Ànalysis of thie aêr¿ated. solution ehowed. a chang'e

in the titration value of about one half of one percentn

The author conclucled" that the d.evelopment of the yeltow color

in the solutÍon r,vas ind.epend.ent of the ty¡le of vessel used., and.

that the titratable concentration of the solu'tion r,¡es not affeeted.

by it'

This conq:lete proceùure of analysls v¡as earried out in duplicate

for eaeh d.etermination of pH values of 10n 9, B, ?, 6.5, 6, 5, and 4.
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[he ernou.nis of sod.iurû chlorite, sod.iun ch]orate, and. sod.iun ehlorid.e

l"¿ere calculated. and. averaged.; these. â.Tnounts were used Ín the prepara-

tioa of the follo,ring [able 5. Colunn I of Table 5 refers.to the

total $odium chLorid.e found by anatysis, and. includ.es chlorite present

in the sod.iun chlorite as an impurity, and. the chlorid.e resulting

from the rechrction of sod.íum chlorite and. sod.ium ehlorate by the feruous

salt. [hs amount of sod.iurn chlorid.e other than that fronr socliun chlo-

rite and. sod.ium chlorate vras normally + .0004 gransÇ
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cOr'IcT,usI0i,[6

Froro the lnvestigations caruied. out on sod.iurtr chlorite solutions

the author conclud.ed. the sod.Íurn chlorite was stable und.er alkalíne

and. neutral esnclitions. Und.er acid. conûitions the analyses of soclium

chlorite soluiions showed. no sigaifisant change. Although the solu-

tions gradually turned. yellown ind.icatÍng the presence of d.issolved.

cirlorine d.ioxid.e. This ind.icateø a elíght d.ecomposition into products

which remain d.íssolved., and. which have practical"þ the saroe effect on

the analytical reagents as sodium ehlorite solutions have" If the

gaseou$ d.ecomposition prod.ucts were removed. by aeration the equiri-
brium of the system would. be destroyed and. a contfnual evslution of

chlorine d.ioxid.e would. take plaee v¡ith the correspond.ing d.ecomposition

of sod.ium ehlsrite. Ttr.e author iavestigated. this by aerati¡El a solu-

tion at pH5 whicli had stood. for å00 hours and. then titrating the solu-

tioa when it was colorleEs. .anarysie shgv¡ed. a d.eeorçosition of one

half of one percent' d,lthough investigations were not carried. below

pHA, the rate of d.ecomposition increased. as aciclity increased.. Ttris was

ind.icated. by the d.eepening of the color aad. its more rapid. appearanee

unèer stronger acid.ity. Even at pI14 aaalysie sho$¡ed" a consisteacy in
titration values: frsm thís the author concl-ud.ed that under the cond.i-

tioas at which the investigations were earriecl out the chlorine d.ioxid.e

remained. d.issolved. in the solution and. its preÊence was record.ed. in the

titration values as sod.ium chloríte.
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(b) Effects of Sod.iu¡n Chlorite on CeIIuIsse

' [he eellu]-ose used Ín this part of the work was bleached. sulphite

wood. pulpo In order to nake easÍer banùLing tb,e eellulose which v¡as

in thin compressed. sheets was torn into little píeces approicimateS-y

one square inch. in size and. soalçed in water. 4¡ electrÍc eggbeater

was then used. to beat up the cellulose until it was completely broken

rrp. lhe cellulose was filtered. out on a large E¡chner firnnel and. the

Ioosely hait cellulose torn into fluffy particles and allowed. to d.ry

iu open dÍshes. fhe d.ry eellulose was then stored in large netal

capped. sealers untit required."

A, 3% ceLlulose suspension was prepared. to whieh was ad.d.ed. e weigbt

of sod.iu¡r ehlorite equal to ?5{, of the weight of celtulose usedn

To I9å5 gra¡ns of d.istilled. water, tvas ad.d.ed. 15 grams of sodium

chlorite, Bhis chlsrite solution v¡as placed. in the r'¡ater bath and

brought to the required. temperature of 55o C. Âcid. or base was then

add.ed. to bring tbe solutÍon to the required. pll. to this solutisn was

then ad.d.ed. 60 grams of air d.ried. cellulose, the moisturE content of

which was hown. [he cellulose-chlorite suspenslon was quickly and.

thorougLly mixed. with the electrÍc eggbeater and. the tir¡e was reeord"ed.

The initial chlorite solutÍotr nqas analyzed. previous to the ad.d.l-

tion of the celLulose, in ord.er to d.etermine the exact strength of the

çhlorite content. As the reaction proceed.ed 2cc of the solution were
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removed from tine to tirne and. analyzed."

Ât regular intervals a portion of the cellulose was removed..

Bo maintain the eellulose-chlorite ratlo as accurately as possible,

a portioa of the solutioa was also removed." Oellutose samples were

removed, at the eud. of flfteen minutes, one hour, three bours., and.

six hourgn

She cellulose on removal from tbe solution was poured. funnred.iately

into a large beaker of ice water to sheck the reaction. rt was then

filtered. through a Buchner fìrnnel, washed. with a weak acidified. bi-
surphÍte solution to rercve arl traoes sf ehlorite renaÍning in the

celluloseo The cellulose was thoroughl$ washeô with distilled" wates,

rernoved. from the Suchner flrunel" and" ehred.d.ed. by henü. The shred.d.ed

putp uns allowed, to d.ry in the air und.er ord.inary conclítions. [he

air d.ried" cerlulose was thea stored. in laberled moisture tight jars

for 48 hours to nake sure that any remaiaing moisture was d.istributed.

uniformllf throughout the celtulsse

This complete procedure was carried. out for each d.etermination of

pII values 10, 9, 8, ?, 61 5, and.4, respectively.
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L,tethod.s of 4¡qlysÍs

the cbenical effeet of chlorite on cellulose und.er conl¡rolIed. . ' .'

pH eond.ltions was d.etermiaed. by the use of Gopper number d.etermina-

tions and alpba cellulose eo¡rtent. The author attempted. to use silver

numbers in conjunction with the GtalVo.d.etermination, but the results were I . . ,

not satisfactory and. the method. wat aband.oned.. i: :: -: ": '

', -: :- ..

lhe method. used. for the d.etennination of alpha-cellulose content , : :: :, .,

was the method. number four approved. by the Ðivision of Cellulsse

chernistry of The ¡l.merican Chemieal Society iet). fhis methsd. wae the

result of a wid.e spread. investigatisn and. review of all eristing

literature, supplemented. by eertain e:çerimeatal r¡¡orlr on varÍableso

wíth the aim of d.rawing up a tentative stanôard methsd aecurate enough

to give results that vrould. be comparable when carried out by analystso

who are analyzing the same materials"

An approxiruately g gram sample of the treated. cellulose was weighed.
:'., :: '.;i,, :¡

eecurately in a weigbing bottle" [he saqrle was placed in a Ê50cc ;'.1::"i::
I 

',,,.
lyrelc beaker, and. 55ec of L?.5fi carbonate-free sod.ium hyd.roxÍd.e was . .,.,,,:,...,

ad.d.ed. aad. the solution allowed. to stand. for 5 ntnutes. \ïith a thick

glass rod., the end. of which had. been round.ed. in tbe flalae of e bunsen

burner, the pulp vras macerated. for l0 ninutes, add.ir€ interrdttently 
,;:,;,::.:.,,;,,:

ia lOcc portioas a total of 40ec of the L7'â% sodi¡¿m hyd.roxid.e (¿Oo C), 
'::' '

during this intervaln the beaker was covered. v¡ith a watch glass and.

the contents of the beaker were subjected. to an ad.ditional 50 minutes
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mercerizing treatment on the v,rater bath at POo C" (total mercerizatÍon

time 45 minuies). ?5ce of d.istilled water (eOo C.l were then add.ed,

a&d. the eontents of the beaker çrere flltered. by suctíon on a large

Gooeh crucible having a finely perforated. bottom, allowing the eeltu-

lose to fonn its oro¿n mat. [he filtrate vúas poured. through the mat a

seoond tirae and. a third. time if necessarxr, to catch any fÍne material.

The aellulose residue in the Gooeh crucible v¡as washed. with ?50cc

of d.Ístilled. water (¿Oo C") by mear.s'of suctiono tben the suetion tube

v,¡as d.ísconneeted., and. 40set e of LQ% acetic acíd. tåOo C.] were ad.d.ed. and.

allorryeè to esalc 5 minutes. Suetion vras again applied to rqnove the

acid, and. the fÍttrak was tested. for acid. usirg :.itmus papÊr. Íhe ae-

curately weighed. Gooch eontaining the atpha cel"Iulose was d.ried. at

1O5o Cn to a csnstant weight--that is, the first eonstaut eonseeutive

weighis sbtained. after I hour heatirqE interval followíng an ínitial
d.ryirg of at least 6 houre. The Gooch srucible aqd" contents r,'¡ere

allowed. to cool ín a d.esiccator for 50 minutes and. then weighed..

The alpba-oellulose yie1d. waE calculated. on the ove& dry weight

of the rnaterfal. (see Eable6).

Duplicate samples for noisture d.eterminations.ï¡ere weighed. out

at the sa¡ae time that the sairples f,or tb.e alphe,-cellulose d.eterm:Lnations

were taken'
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fhe rnethod. of preparing tine L?.5ÙÃ carbonate-free sodium hyd.roxide

used. in extracting the beta-ee'ì lulose aad. gamrna-cellulose from the

alBha-eellulose nq.s As foll-ows. Sod.ium hyd.roxid.e sticke were d.is-

solved. 1n an eo;ual vueight of vrater. [hÍs concentrated" hyd.roxid'e solu-

tion lvas alJotred. to gtand. I0 d.ays to give the sod.ium carbonate and. other

impurities present time to settle. Tbe clear supernatant liquid. was

d"ecaated. and. d.iluted. with carbonate free vreter until its d.ensity at

15o C. was 1.19?" This solution contained. l7'5 t 0.I greJïls of l,IaOH

per 100 grãlts ef solutÍon. To protect the solutÍon frem the air tb.e

sod.iwr hyd.ro:ciC.e container was fitted. with a siphon d.elivery tube and"

a d.ryÍng tube "

fhe copper nu.mber of aellulosåc material is d.efined. as the

weight of eopper red.ueed. by 100 gf,arûe of the sarople fron the cupric

to the cuprous oonditionc

Various method.s are referrecl to in the líterature, the most

notable being those outlined" by Schwal¡e (egl, and. Braidy (29) which

is a ¡nod.ification of the Scbwalbe method." The author used the Schwalbe

method. with some recommend.ed. mod.ifications. Even wÍth thiE nrethod,, the

resul-ts of which shov,¡ a fairly uniform eonsisteney, there are mantr

variables which can stílI þe stand.ard.ized. as the empÍrieal nature of

these measurements renÖers it hig'hly d.ependent upon the d"etails of

procedrire. Results obtaÍned by slightly differi.n€ ¡nethod.s are seld.om

compareblen
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S.pproxinnfely 5 grams of treated. eellulose was accurately l'leighed"

out in a weighiug bottle" lhis sarqrle was placed. in a I ritre rsund.

bottomed. flask fitted. with a d.oubre hored. stopper" $. short reflux

cond.enser bent at an ang'le of 45o was inserted. lihrough the corlc, the

other hole in the sork was fitteû with a pi.ece of grass tubing about

6 inches lorg and. of a d.iameter just large enough to accommod.ate the

el}aft of a glass stimer fiited. to an eleetric mototr. Ê50cc of boilÍng

d.Ístilled we,ter ïEere ruu into the flask and. brought to the boil, at the

same time stirring Fras comneneed. just fast enough to prevent burrrpln6:o

fo the boiline' water-eellulose suspension trvaÊ ad.d.ed P0ce of the tlr$On

solution and 50ee sf the alkaline ttrtrate solution, rvhich had. been

boiled. separately and mixed. just before adding to the flaeku [he

Fehlingr s solution uras t¡¡ashed. from each of the beakere with l00ee of

boilÍng water and. ad.d.ed. to the flaek, The cellulose sample was heated.

with this solul,ion on a sand. bath for 45 minutes from the tÍme bubbtee

first appear€d,o

fhe flask was then removed. and. 500ce sf ise-cold. water vrere ad.d.ed.

to prevent further reaction, and. the sorution was then lmmed.iately

f,iltered. by suction on a l?-Gg Jene gtass filter"
The materlal on the filter was then washed. with õ00ec of cold.

d.Ístilled water, then with 750cc of boiliug water, takÍng precautions

that the pulp r,vas ngt sueked. to complete dryness. i.ll fiLtrate and
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wasbilrgê were d.iscard"ed."

The contents on the filter were then treateô with 100cc of ferric

sulpbate solution, allowed to stand. ã mÍnutes e,nd. the filter sucked d.ry.

The pulp was v¡ashed" v¡ith two-I0Qce portions of e Norroa1. 
"U*OU

and f\mther

washed. with 600cc of d.istilled. water. lhe filtral and. washings were

titrated. with .085 Normal IC'[n04'

fhe copper number d.eterminations were carried. out in duplicate,

and duplicate sampleg for moisture d.eterminatÍons were rveighed. out at

the saup time as those for the actual d.etermination" (See Tab1e 6) "

fhe solutions used. and. their preparation were as follons"

ln 694.0 grams Rochelle salto

400"0 grems lSaOII"

Dlssolved. in 3 litres of dÍstilLed" water

and. filtered. throug'h glaos wool.

2o 158.6 grans CUSQ*' d.:issol"ved. in Ê litres of

d.istilled. water aud. flltered. through glass

ÌvOOl¡

5o Ferric Sulphate - I00 graÍrs in I litre of water

to this add.ed. 2P0cc of gono. HåS04. This solutlon

was boiled. 5 rninutes aad. d.iluted. to P lltres.

lhis sotution should. not reÔuce 1üfirr04.

fhe nu¡nber of grams of copper redueed. by 100 grans.of cellulose

was calculated. as followgn
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ccr c of m,î:r04 x ldornality of IüvInOA x "06357 x 100 s tu. Nen

d.ry weight of cellulose



.:.' . 11 : i: '. . ..r. .... 'i ::.

'Ïrqble 6. Res .¡ lfs sf.

fÌonner. lfi¡rmtrer.s
Tlr¡e 1 2 A.'\r. I 2 Àv.

P.fl. 10

1! mins.

I hour

, hours

6 hours

L.gg

2.00

l.g2
1 .87

l.g6
l.gg
l.g,
2.01

öra'ns

1.97

l.gg
t -97

l.g4

90.47

90.5'
88.7,

89 .86

go.?4

89.8,

89.17

90.2.6

d
lo

90.r1

90.18

8g .0,

90.06

P.8.9
IJ mins.

t hour

, hours

6 hours

l.g4
1.9'l

1 .85

l.gl

L.87

l -97

l.g,
1.82

1.88

t.97

1.Bg

1.8?

90.76

?9.26

8g.89

89.87

?0.62,

90.2,

Bg.g j
20.72

g0.69

90.24

8? .gz

g0.Q'l

P.E. 8

1! mins,

I hour

] hours

6 hours

t.7T

1.?8

t.75

1.6'l

1.65

1.76

1.1'î

1.70

1.?f
l.7T

t.7 6

t.6g

90.45

?0.2Q

g9.ra

90.24

20.78

90.67

go.2B

9Q.05

90.60

90.4I

90.29

90.L4

P.H. Z

1l mfns

t hour

7 hours

6 hou.rs

1.64

1.65

L.6g

1.?8

l.7g
l.7g
1.7'l

l.7t

f .71

r.71

t.7'
1.75

89.8t

90.50

go.g4

?0.91

89.80

ga.16

90.76

go.2Q

B9.Bo

94.57

go.B5

90.50
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Time

Copper Numbers Alpha CeLlulose

1 2 .4.v. L ?. Av.

P.H. 6

15 mins.

t hour

] hours

6 hours

t.Bt
1.62

1.85

1.8?

1.84

1 .62

1.76

l.gg

Lir€Lms

l,B,
t.62
1.80

1.90

9l-.46

91.60

9r.54

9l-.60

91.lCI

9r.4,
9r.45
gt.60

gl-.2'l

gJ-.g2

9L.50

g1.60

P.E. 5

1l mfns.

t hour

] hours

6 hours

1.44

L .60

L.65

1.4'

r.4g

1.44

L.55

1.r8

L.4'T

L.52

I .60

1"50

90.60

90.50

90.66

?0.65

90.70

90.60

91.00

go .68

90.65

94.5,
go.BB

g9.66

P.H.4
IJ mins.

L hour

J hours

6 hours

l.ro
1.53

J.40

1.55

l.rL
L.64

L.r4

1.55

1.'0
1.58

l.tI
1.55

90.6Q

g]-.2o

90.20

90.45

90.15

90.75.

90.45

9a.56

90.47

94.97

90.v,

94.50

0rùsj

t.671

!.674

1.610

r.756

l.'12'l

t.77L

I .6g8

1.?o 90.24 90.19 90.ro
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coNcrf,]-sIords

The d.ata preseated sho\,r'that througb.out tb.e pH range investigated 
,,.,,,

sod.ilr¡c chlorite has had. Iittle d.qm¡ging effect on the cellulose. [his :":"""

concluslon was dravun fron the fact that anal-yses of alpha-eellulose

contentonthevarioustreatedsamp1.esremained'practícaJ.1ythesaneas

those of the original, and. had. even a tend.ency to show a slÍght increase. ,l':,.i'."

Copler number d.eterminations showed. an increase over the origÍnal ,-i.,.,:,.:,ì:

. 

-.., 
,t,i ', , ,

on tbe alkaline side. é,lthoug'h th.is rise above the origi¡rel und"er

allcatíne condítions was d.iffioult to explain, it was due possibly to

alkalíne hyd.rolysis of non*sellulosic materials present in cellulose

fibres to give red.ucing substances" In any case it was not due to

tlegrad.atioa of cellulose as this rcould. be inèÍcateù by a d.ecrease in

alpha oellulose content, wTr:ich has remaÍned. stable" I'flthin the neutral

uone tb.e treated. and untreated. cellulose show the same approximate

oopper nwnbero while und.er acid. coad.itlons there v¡as a deoreage es-

pecially in the pH range of 4 to S. lbís d.ecrease in copper r¡umber ::,: :1:,,:j

v¡as more than likely due to the sxid.atiou by sod.irrm chlorlte of thig '"'t'

non-cerlulosic reducing nateriar, as celrurose d.egrad.atÍon was excludeel .'"""]':l'

by the stability of alpha oellulose content within this pH r8Ðg€o
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GN\TqRAJ, DISCUSSION OF RESIILTS

The chenlcal properties of treated. cellulose investigated. by the

author have a d.irect bearing on tb.e gtructure of cellulose, and. also

on the possible use of sodium chlorite in the bleaching of wood. Bulps

and" textilesn

[he quarity of wood. pulp for man¡r purposes d.epend,s on its atpha-

cellulose conteat. IIenGe, the object in pulp manufacturing procesÊes

is to remove as eompletely as possÍbte the non-cellulosie constituents

of the raw stsclc, r'ùith nininura d.amage to tþe alpha cellulose fibresç

Hypochlorite bleaching to a greater or less extent d.estroys alpha-

cellulose even when earuied. out with the utmost eare" lhis d.eetnrctioa

can be followed. by alpha-eellulose d.etesnínatioug" *{ d.ecrease ín alphe,

eeLlulose content is d,irectly coneerned. with the structure of celJ.ulose,

and. ¡seans that there hes been a rupture of the primary varence boad.s

with the eorrespond.ing shortening of the chain length. d. frrrther

ind'ication of d.egrad.ation is given by d.eterminatione of copper numbers,

which d.epend" on the reducingl propertÍes of the material. s,ny sud.d.en

rise would. ind.Ícate that reducing'groups are appearing'from the clestgrlc-

tion of the 1r4 oxygen brid.ges and the appearance.of the free ald.elyd.ic

groups and the oxidation of the primary arcohol group to ard.eryd.o.

This rise of copper number Ís sbserved. whea hy¡rochlorite bleaching is
carrÍed. too far or if the alkalinity of the solutÍon falls to unsuitabte
pll eond.itÍons.



In contrast to hy¡rochlorites, sodiun chlorÍte tend.s to d.ecrease

the copper numbers below the value d.eternrined. from the original un*

treated. pulÞ, and. to increase the alpha cellulose content. lhese ten-

d.encies indieate that the structure of the cellulose ls stilI unchanged.,

and. that the action is only a case of removing the non-cellulosic car-

bohydrates renaining irl the pulp after the initíal bleaqhing.

,{.lthough no equipment was avaÍlable to d.etermine sueh physical

properties as brightness, it was observed. that the pulp treated witb,

sod"ium chlorite uncler acid. coad.itÍone had. a brightness higher than

the oríginal u¡hieb rva6 &, commereially bleached. sulphite pulp"

These e>çeriments Lead. to the conclusion that sodium shlorite ls

a higb grad.e bleachÍng agent, In comparison to hypochLorites lt Ís far'

more stable even und.er acid. cond.itione, it hae littte or no tend.ency to

attack cellulose, a properby possibly ðue to its lower oxid.lzÍng power,

and. there is the possibility of achieving fulLy bleaebed. puLpg of high

brÍgbtness wi.thout any apparent d.anaging effect on the oelluloger
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slnü'd¿tr

I. "t Study of the decomposition of sod.lum chlorlte solutions was nad.e

und.er controlled. p I cond.itions"

2" The stabi}ity of sod.ium chLorite solutíons under alkaline con¿itfons

vrere lnd.epend.eat of their pT{ value. Und"er acid. cond.itions this gtability

was stÍtl Índ.i.cated. in solutfqns in which the gaseous prod.ucts of d.e-

compositÍ on remained. d.issolved.

ßo Soùii.l¡a chlorite solui;lons under acl.d. eonditions showed. a d.ecomposi-

tion wheu the ehlsrine dioxide v'¡aE removed. by aeratfon. fhe rate of d.e-

compositlon inoreased. r,vÍth increased acid.ity.

4. ,å. study of the effects of sod.ium chlorite on aellulose vsere nad.e

under controlLed. pH eond.i.tionso

5. ChemÍcal d.eterminations on treated. wood. pulp ind.icated. that und.er

alkaline cond.itåons the tend.ency was for the alpha cellulose to renrain '.

stabte, and. the copper numbers to lncrease¡ Étris, due to the alkaline

hl.clrolysÍs of non-eellulosic rnaterials preseat with the formatÍon of

red.ucing umtelialsc

6o Und.er acid. cond.itions the alpha cellulose tend.s to increase and. the 
,,

copper aumbers ts ùecrease. Tirese propertfes suggest the oxid.atioa

anÄ removal of the aon-sellulosic materåal preseat in tlæ cellulose flbres,
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'l n Sod.ium ehlorite offers the posslbility of securing fully bleaehed.

pulps withoui d.amage to the celluloee.
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