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SU M M A R Y

W hen ju te  is treated w ith  th e chem ical reagents em ployed in textile  
purification and bleaching processes the lignin, hem icellulose and other 
incrusting substances are a ttacked  and to some exten t rem oved. The 
greater the extent of this rem oval the m ore is the strength of the ju te  
diminished, particu larly  when the m aterial is tested in the w et state. 
Rem oval of substantially  all the lignin w ith  retention of hem icellulose, 
or of hemicellulose w ith  retention of lignin, results in low w et strength 
although d ry  strength is b u t little  affected. Treatm en ts th a t result in 
th e partial rem oval of both  these incrustants usually  reduce both  d ry  and 
w et strength, although in hot alkaline steeps such as are given  in peroxide 
bleaching, where fibre swelling can occur and there is no pronounced rem oval 
of incrustants, d ry  strength m a y be increased above the original value 
owing to the closer setting of fibre on fibre th a t occurs as a consequence 
of swelling and subsequent dryin g. B oilin g under m oderate pressure w ith  
sodium hydroxide solution rem oves sub stantia lly  all the hem icellulose 
but little  lignin, w hilst treatm en t w ith  acid  chlorite solutions and then 
neutral sulphite liquor rem oves the lignin b u t not the hemicellulose.

The incrustants in ju te  resem ble in their behaviour the starch size on 
a low -tw isted sized cotton yarn  and w hile th ey  them selves h ave little 
tensile strength th ey  contribute in m arked m anner to  the strength of the 
ju te  b y  cem enting together the u ltim ate cellulose fibre bundles on w hich 
the strength fundam entally depends. In  oxidation treatm ents com m only 
em ployed in technical bleaching th ey  appear to have a protective action 
on the cellulose.

A lkalin e hypochlorite has m ainly an oxidising, and acid  hypochlorite 
a chlorinating action on jute, and use of the latter in conjunction w ith  a 
pressure boil w ith  sodium hydroxide and a final oxidation bleach w ith  
alkaline hypochlorite prom otes a tta ck  and rem oval of lignin and fa irly  
readily allow s pure w hite cellulose to  be isolated. If  the prelim inary 
chlorinating treatm en t is not given, more drastic boiling at high pressure 
is necessary and m ore than one boil m ay be required. T h e characteristics 
of the ju te  cellulose are such as to • uggest th at the product can be used 
satisfactorily for the m anufacture ot viscose, cellulose com pounds and 
white papers.

The “  browning ”  o f bleached ju te  th a t occurs when this m aterial is 
exposed to sunlight can be prevented only when the conditions of purifica­
tion are such as to ensure th at no lignin remains, and it  appears th at 
lignin itself is the product responsible for the browning effect.

IN T R O D U C T IO N
R a w  ju te  consists of fibres varyin g in length from  about 4 to  8 feet 

obtained from  the outer sheath o f the p lant stem  b y  a w ater rettin g process. 
The individual fibre is composed of elem entary cellulose units of v e ry  short
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length (roughly of the order 2 to  5 mm.) surrounded and cem ented together 
b y  a com plex structure of hem icellulose, lignin and other p lant substances, 
and owing to  the shortness of these cellulose units it is evident th a t the 
strength of the fibre (which as in other n atural vegetable fibres depends 
m ain ly on th e cellulose), m ust be determ ined largely  b y  the extent to  which 
tne incrustants are capable of cem enting them  together. I t  is to be expected 
therefore, th at in com parison w ith  cotton, linen and other bast fibres 
possessing longer cellulose ultim ates, ju te  w ill be adversely  affected to a 
more m arked exten t b y  a n y  chem ical or physical action tending to  rem ove 
the cem enting substances or even to loosen their adhesion to the cellulose.

F o r textile  purposes it is often necessary to  im prove the appearance, 
softness and other properties of vegetable fibres b y  bleaching their coloured 
im purities and rem oving gum s, resins, fats, w axes and non-cellulose materials 
th a t m a y  render less efficient the norm al operations of chem ical or even 
m echanical processing, b u t it is usually undesirable to  treat the m aterial 
in such a m anner th a t its loss of w eight becomes considerable, and, above 
all, strength m ust be conserved to  the m axim um  exten t consistent w ith 
the obtaining o f the other desired effects. M ethods for the purification 
of cotton  and linen have already been fu lly  investigated b u t hitherto no 
system atic exam ination has been m ade of the conditions under w hich 
th e common textile  purifying treatm ents m ay be safely  applied to jute, 
or under w hich the best com prom ise between loss of strength or weight 
and lightening of the shade m ay be achieved.

In  the lim it, the whole of the incrustants, am ounting to about 40 per 
cent, of the w eight o f the ju te  m a y be rem oved, and the residual m aterial 
then consists only o f the extrem ely short fibres of cellulose or modified 
cellulose. Such h igh ly purified m aterial is necessary if it is intended as 
a source of cellulose for the m anufacture of rayon, cellulose esters or ethers 
or w hite papers, b u t where the original fibre structure m ust be retained, 
and the ju te  is to  be em ployed in spinning and w eaving, only com paratively 
m ild treatm ents m ay be given.

In  the present w ork an exam ination has been m ade of the behaviour of 
ju te  yarn  and fibre tow ards reagents th a t are com m only em ployed in the 
purification and bleaching of vegetable fibres and the effects on y a m  strength 
of the progressive rem oval of th e incrusting substances have been investi­
gated. T h e conditions have also been explored under w hich yellow ing or 
brow ning of bleached ju te  occurs when the m aterial is exposed to light, 
and the exten t to  w hich purification is necessary if such discoloration is 
to  be prevented has been defined. F in a lly , observations are recorded 
dealing w ith  the isolation of cellulose from  jute and w ith  the su itab ility  of 
this cellulose for use in the m anufacture of rayon or com m ercial cellulose 
com pounds.

The Action of Alkalies, O xidising and Reducing Agents on Jute

T he com m on m ethod of purifying and bleaching m ost vegetable fibres 
com prises boiling them  w ith  dilute alkali m etal hydroxide or carbonate 
solutions, follow ed b y  steeping in dilute m ineral acid and treatm ent w ith  
hypochlorite, peroxide or other oxidising agents or w ith reducing agents, 
and one or m ore of these operations m ay be repeated as required.

T h e object of the “  alkali boil ”  is efficiently to w et out the m aterial, 
to  saponify or em ulsify resins, fats and w axes, and to rem ove them  together 
w ith  pectin and cell-wall polysaccharides th at are soluble in hot dilute 
solutions of alkalis b u t not in w ater. R em oval of these substances does not 
im pair the strength of cotton or linen yarns because th e y  are composed 
of relatively  long u ltim ate cellulose units or cell bundles th a t overlap to an 
exten t th a t allow s a com paratively  large proportion of their individual 
strength to  be realised when th e y  are tw isted together. W ith  jute, how­
ever, owing to the shortness of the cellulose ultim ates on which strength
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so much depends, conditions of alkali treatm ents th at are satisfactory 
for cotton and linen m ay be expected to  have harm ful effects because the 
removal of the cem enting substances is capable of loosening the fine fibre 
structure in such a w ay  th at cohesion between the v e ry  short cellulose 
ultimates is weakened.

The acid steep serves to elim inate inorganic and other substances th at 
are soluble, w hilst the oxidising treatm ents are usually  essential for the 
production of bleached effects.

N ot only the alkali, b u t also the oxidising treatm ents are capable of 
m odifying the incrusting substances. F or exam ple, N orm an1 states th at 
“  Lignin- is curiously unstable tow ards oxidising agents such as hypochlo­
rites, hydrogen peroxide, perm anganate and ozone, and if the reaction 
is allowed to proceed to com pletion only the sim plest degradation products 
such as the lower fa tty  acids and dibasic acids, such as oxalic and succinic 
can be found.” Furtherm ore such agents are capable of a ttack in g hemi- 
celluloses, and even if lignin and hem icelluloses are not a ctu ally  rem oved 
it is to be expected th at such chem ical m odification w ill adversely  affect 
their cem enting action tow ards the cellulose ultim ates and so cause reduc­
tion of strength.

The Action of Hot Alkaline Solutions
T he conditions of hot alkaline treatm en t norm ally em ployed for vegetable 

fibres v a ry  in severity  from  boiling under excess pressure w ith  sodium 
hydroxide solutions to  m ilder steeping at atm ospheric pressure in sodium 
carbonate solutions either alone or containing a sm all proportion of an 
oxidising agent such as peroxide.

The effects of such treatm ents on the loss of w eight and strength and 
on the lignin contcnt of ju te  yarn  are shown in T ab le  I. I t  is seen th at 
boiling under excess pressure w ith  a i  per cent, solution of sodium  hydroxide 
for several hours results in a high loss of W'eight (23 per cent.) actu ally  
tw ice as great as th a t occasioned b y  treatm en t under atm ospheric pressure 
at a tem perature near to the boil w ith  either sodium  hydroxide or carbonate 
solutions. Steeping in a sodium  carbonate solution at m uch lower tem ­
perature (65X .) for tw o  hours gives a m uch sm aller loss as w ould be expected, 
but if  the carbonate liquid contains also sodium  peroxide and silicate the 
loss realised is not greatly  different from  th a t obtained w ith  carbonate 
alone at the boil. T he sm allest loss of w eight is obtained after a steep in 
hot w ater alone.

T h e percentage losses of lignin under these conditions, based on the 
original ju te  after takin g into account the corresponding losses of w eight, 
are given  in column 3. T h ey  are shown to  diminish w ith  decreasing severity  
of treatm ent, but nevertheless are in all cases com paratively  sm all so th a t 
although hot alkaline liquids som etim es cause considerable losses of w eight 
th ey  h a ve  relatively  little effect in rem oving lignin. W hen peroxide is 
present in sodium carbonate solution (No. 6) some oxidation of non­
cellulose constituents m ay occur but this effect is not pronounced because, 
for exam ple, the loss of lignin is not m arkedly higher than when peroxide 
is absent.

T he last colum ns of this table show the effect o f the various treatm ents 
on the dry- and w et-strength of the yam s. In no case is a n y  v e ry  serious 
loss of dry strength recorded, but on the other hand the strength of the 
w et yarns is sometim es considerably reduced.

Comparison of the various properties m easured reveals some inter­
esting results. I t  is seen, for exam ple, th a t the v e ry  m ild treatm ent N c. 4 
causes v e ry  little  loss of w eight or of lignin and has little  effect on either 
the d ry  or w et strength o f the yarn. The m ost severe treatm ent however, 
w ith sodium  hydroxide under pressure has rem oved 23 per cent, of 
w eigh t and although the d ry  strength of the yarn  is not seriously affected,
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its w et strength is reduced to  a v e ry  low  value. U nder these severe condi­
tions the long chain m olecules of the cellulose m aterial m ust rem ain to  a 
great exten t unaffected in the sam e w a y  as cotton  rem ains re lative ly  un­
affected as a result of technical boiling in the kier, but pressure boiling 
of this kind favours the rem oval of the shorter chain polysaccharides, and 
as the lignin content still rem ains reasonably high the reduction o f w et 
strength m ust be due largely  to the rem oval of hemicellulose.

U nder the m ilder conditions of open boiling illustrated b y  treatm ents
2 and 3, it is seen th a t d ry  strength is also sa tisfactory  and th at although 
the w et strength is reduced, the values are higher than  those for the pressure 
boil. T his behaviour is consistent w ith  less com plete rem oval, or m odi­
fication to  a lesser degree, of the cem enting m aterial than occurs in pressure 
boiling. W hen peroxide is used in w hat w ould otherwise be a v e ry  m ild 
alkali treatm ent (No. 6), d ry  strength is also retained b u t th a t there is some 
action on the cem enting m aterial is again indicated b y  th e loss o f strength 
on w ettin g the yarn.

T h e effect of a  hot w ater steep (No. 5) is ve ry  m ild indeed and here 
the breaking loads should be noted because th ey are higher than those 
for the untreated yarn. These higher values m ay be ascribed in part, 
though prob ab ly not entirely, to  m echanical rem oval of “  batching ”  oil 
th a t otherwise acts as a  lubricant and prom otes fibre slippage. A  sim ilar 
increase is obtained in fact if the oil, fa t and w a x  present is rem oved from 
the yarn  b y  extraction  w ith  an organic solvent. For exam ple, a hank of 
th e yarn  w as re-wound, tied tw ice a t opposite points to  retain  tw ist, and 
divided into tw o portions, one of w hich w as extracted  three tim es w ith 
trichlorethylene w hile the other remained untreated. T he loss of weight 
on extraction  w as 5 per cent, so th at actu ally  m ore soluble m atter was 
rem oved than b y  the hot w ater steep No. 5. B reaking load measurem ents 
were m ade after conditioning both portions and the results were :

D ry  untreated 8-5 lb. D ry  extracted  9-6 lb.
W et „  8-i „  W et „  8-5 ,,

From  the low value for loss of w eight (2 per cent.) it is obvious th a t the 
hot w ater treatm ent has no significant action on hem icellulose or lignin 
and the w et strength of the treated  yarn  is high, although not equal to 
the d ry  strength.

Table I
Effect of Hot A lkali Treatm ent on the Loss of W eight, Lignin Content and 

Strength of Jute Yarn



It follows from the results recorded th at im portant loss of strength 
occurs only when there is significant rem oval o f incrustants, and even 
then this loss is realised to  a m arked exten t only when the yarns are tested 
in the wet state. W ettin g  an otherwise untreated yarn  causes a loss of 
strength of the order 10 per cent, due probably to the softening effect of 
water on the individual fibres or their incrustants and to  the lubricating 
action th a t prom otes fibre slippage. Reference to  the effect of the non­
cellulose im purities on strength is m ade again in a later section.

The Action of Oxidising Agents

Hypochlorite Solutions.
It  is obvious from the chem ical structure of the ju te  fibre and from the 

variation  th at occurs in the properties of hypochlorite solutions w ith  change 
in acid ity  or a lk a lin ity  in the neighbourhood of the neutral point, th at very  
different effects are to be expected according to the pY{ of the solutions w ith 
which the ju te  is treated.

The im portance of />H in the rate of oxidation of cellulose b y  h yp o­
chlorite solutions w as abun dan tly  dem onstrated several years ago b y  
Clibbens and R id ge2 w ho showed the extrem e a ctiv ity  of neutral or nearly 
neutral solutions. Since, how ever, the ju te  fibre is com posed of lignin and 
hemicellulose as w ell as cellulose, and since lignin is v e ry  sensitive to both 
oxidation and chlorination, w hilst the polysaccharides other than cellulose 
are also attacked  b y  hypochlorite it is clear th a t if undue m odification of 
the structure is to be prevented conditions m ust be chosen so th at both 
the cellulose and the non-cellulose constituents are affected as little  as 
possible.

It  is also fa irly  common practice in purifying and bleaching other vegetable 
m aterials to steep them  in a hot solution of an alkali or in an alkaline peroxide 
liquid after a hypochlorite treatm ent. Here the effect of the alkaline solutions 
is to dissolve and rem ove lignin th a t has been m odified b y  chlorination 
and also to  rem ove hem icellulose, and the greater the degree of chlorination 
and of oxidising a tta ck  of these substances the greater is the effect of alkali 
in prom oting their dissolution. T he extent to  which such liquids have a 
disintegrating action on jute therefore also depends on the precise condi­
tions of the previous treatm ent w ith  hypochlorite and for this reason also 
it is im portant to ensure th a t the conditions of use of the hypochlorite 
solutions are such as to minimise an y undesirable effects of subsequent 
w et processes.

The Effect of pH on the Course of the Reactions between Hypochlorite Solutions
and Jute
It  is already well known th at under certain conditions of pYi h yp o­

chlorite solutions can exert a chlorinating, and under others, an oxidising 
action, b u t no quan titative expression of the exten t to which these effects 
are obtained has yet been given. From  w hat is known of the effects of such 
solutions on cotton and linen cellulose, oxidation  of the cellulose and 
polysaccharide constituents of ju te  can no doubt occur, though at varied 
rates, throughout the p\{ range, b u t, for a given  concentration of hypo­
chlorite, chlorination of the lignin or other im purities should be controlled 
largely b y  the exten t to  which hypochlorous acid  is present, and should 
therefore take place to an appreciable exten t only when the p H  of the liquor 
is such as to perm it of the existence of this acid  in significant proportion, 
nam ely within the range about p H  7 to 23.

I f  hypochlorite acts solely as an oxidising agent, the to ta l salt con­
centration, m easured as chloride, o f a  solution used in bleaching should 
not change greatly, as the reaction should be in its sim plest terms,

N a O C l --------------------- > N aC l +  O
or H O C1 --------------------- >H CL +  0

the chlorides rem aining in the solution.

Fibre and Yarn Strength— R idge, L ittle  and W harton  T 9 7
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^ W h e n  chlorination occurs, chlorine is rem oved from the solution into 
the m aterial and the to ta l salt concentration as chloride m ust fall. For 
sim plicity this effect m a y be represented thus,

N aO C l + H - R ----------- ---------> N a O H + C l-R
or H O C1 + H - R --------------------->HOH + C 1- R

A  considerable fall in the total salt concentration as chloride m ay there­
fore be taken to indicate chlorination even though oxidation m ay also occur 
during the bleaching.

From  experim ents in w hich the change in salt concentration was followed 
when ju te yarn  w as treated under standard conditions, it has been estim ated 
th a t between p H  11-5 and 9 the fa ll is approxim ately one-fifth of the change 
in hypochlorite concentration and therefore in this range the hypochlorite 
functions as an oxidising and not to an y im portant exten t as a chlorinating 
agent. U nder neutral conditions the corresponding fa ll w as about 46 per 
cent, and in acid solution (pH  about 5) approxim ately 85 per cent, of the 
change in hypochlorite concentration. In neutral solutions therefore the 
hypochlorite functions both as an oxidising and a chlorinating agent, whilst 
under acid conditions the effect is essentially one of chlorination.

The Action on Yarns of Hypochlorite Liquors of Different pH.
In  order to exam ine the effects of hypochlorite liquors of different pH 

values, hanks of the standard y a m  were prepared, w etted  out in a cold 
0-25 per cent, solution of Calsolene O il and hydroextracted. T h ey were 
then entered separately into hypochlorite solutions of the concentration 
and p H  specified below, using a liquor/yarn ratio of 15 : 1, and treated for 
the stated  tim e. A fterw ards th ey  were rinsed, antichlored in a 1 per cent, 
solution of sodium bisulphite, washed thoroughly and dried.

T he liquors em ployed were prepared b y  suitable dilution of a concen­
trated  stock solution of bleaching powder or sodium hypochlorite, and wen; 
buffered to  p H  11  b y  addition of sodium carbonate, p H  7  b y  addition of 
sodium  bicarbonate, and p H  4-2 b y  addition of alum inium  sulphate3. 
The concentrations of available chlorine were nom inally 3, 5 and 7 g. per 
litre a t the start and treatm ent was continued for respectively 15, 30 and 
60 m inutes at room tem perature (about 17 to  i9°C.)

T able II  shows the fall of concentration of available chlorine in the 
liquors during the treatm ents.

From  these figures it is evident that the consum ption of available chlorine 
in a given tim e is least for the alkaline liquors, greatest for neutral ones and 
interm ediate for the acid solutions, although the difference between the 
consum ptions under acid and alkaline conditions is not very  pronounced.

In  the next Table, III , are recorded the percentage consumptions of 
chlorine based on the weight of yarn, and it is shown that w ith the neutral
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solutions the percentages are at least 50 per cent, higher than for the other 
solutions. It  is notable in fact th at w ith  a neutral liquor of in itia lly  7 g. 
of available chlorine per litre the ju te  yarn  is seen to  have consum ed 7 per cent, 

-of its weight of chlorine in 15 m inutes and over 9 per cent, in 60 m inutes. 
For comparison it m ay be stated  th a t the proportion of available chlorine 
consumed in 30 m inutes b y  brown linen y a m s from  a neutral hypochlorite 
solution of original concentration 5 g. per litre, is on ly  about 3 to  3-5 per cent., 
but it m ust be remembered th a t the lignin content of ju te  (12-14 Per cent.) 
is ve ry  m uch higher than th at of linen (3-6 per cen t.19) and th a t m uch of the 
available chlorine is probably used up in chlorinating and oxidising this 
substance.

Table III

In  th e same T able II I , are shown the mean breaking loads of the yarn  
treated  under the three conditions o f p H .  A fter  the alkaline treatm ents 
the strengths of the yarns are good for a ll concentrations em ployed, whilst 
for the neutral conditions th e y  are good for the low est concentrations (3 g/1) 
of available chlorine but the loss is greater w ith  increasing concentration. 
I t  w ill be observed th at th e percentage consum ption of available chlorine 
b y  the ju te  is roughly the same for the treatm ents w ith neutral hypochlorite 
of 3 g. per litre concentration as for the corresponding ones w ith alkaline 
hypochlorite o f 5 g/1 concentration, and th a t the yarn  strengths for these 
tw o conditions are approxim ately the same.

A  m arked fall of strength is to  be noted for the treatm ents w ith  the 
acid hypochlorite liquors, p articu larly  a t the high concentrations, and it 
is clear therefore th a t whereas under practical bleaching conditions alkaline 
solutions m ay be used w ithout detrim ent to  strength, and neutral liquors 
are safe in relatively  low  concentration, the use of acid  solutions should be 
avoided. It  is shown later th a t the undesirable effects of acid  hypochlorite 
are even more pronounced if the treatm ent is followed b y  a steep in hot 
alkaline solutions.

A p art from  chlorine consum ption and yarn  strength, the colour of the treated  
jute also varies to a m arked exten t w ith  change of p H  of the hypochlorite. 
Acid solutions lighten the shade to  some exten t but also im part a yellowish 
brown tone, neutral liquors g ive a  slightly  better colour but the shade is
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only lightish brown and the bleaching effect m ust be considered poor even 
for the m ost severe treatm ent for one hour w ith  a solution of 7 g. of available 
chlorine per litre. A  v e ry  m arked difference is shown how ever for the 
treatm ents in alkaline solutions where a m uch lighter shade corresponding, 
to  a  “  half w hite ”  is given. T he im provem ent w ith  increasing concentra­
tion of available chlorine from  3 to  7 g. per litre is on ly slight and the bleach­
ing effect is good even at the lowest concentration.

N o ve ry  close approach to  a w hite can be obtained b y  means of h yp o ­
chlorite alone, even w ith  alkaline solutions, and the ju te  m ust receive 
additional treatm ent if b etter bleaching is to  be obtained.

Change of pH of Alkaline Hypochlorite Liquors and its Effect on the Properties 
of the Yarn

W hen ju te  is treated w ith  alkaline hypochlorite liquors, a fall of p H  
takes place unless precautions are taken b y  the addition of buffer salts to 
m aintain  the a lkalin ity , and the colour, w eight loss and strength of the 
bleached m aterial m a y v a r y  according to  the p H  conditions governing the 
course of the treatm ent. F or exam ple, if the p H  falls from  a high value to 
near to  the neutral point th e colour of the bleached yarn  m a y be better or 
worse than  th a t of a sam ple treated  under conditions such th a t no great 
change of p H  is possible. In  order to  exam ine these effects, sam ple bundles 
o f the ju te  were w etted  out and treated  in hypochlorite solutions a ll of the 
same original concentration (5 g/1) o f available chlorine for 30 to  60 m inutes 
a t 15 : 1 liquor ratio  b u t under different conditions of p H  control. T h ey 
were afterw ards antichlored, w ashed, dried, com pared for colour and other­
wise tested.

T h e experim ental conditions and th e results are recorded in T able IV .

From  the results it is evident th a t the fall of p H  is greatest for the un­
buffered bleaching pow der solution, w hich contains only a sm all reserve 
o f alkali determ ined largely  b y  the solubility  o f lime and the tem porary 
hardness of the w ater used in preparing the solution. W ith  the sodium 
hypochlorite solutions, w hich contain a greater reserve of a lkali, the fall is 
re latively  less, b u t even the addition of 10 g. of sodium carbonate per litre 
fails to  m aintain  the p H  a t its original valu e. T his effect is to  be expected 
because the buffering effect o f sodium  carbonate is not particu larly  good in 
the neighbourhood of p H  11-5 . N evertheless in trial 6, where this q uan tity  
w as added the p H  did  n ot fall below 10, and the colour of the bleached ju te  
w as better than th a t in an y of the other experim ents. The effect shown in 
experim ents 5 and 6 of prolonging the tim e, and probably also of increasing
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slightly the tem perature of the treatm ent, in producing better bleaching 
should be noted. W ith  longer tim e there is also greater un iform ity of colour 
throughout the m aterial, although a t the sam e tim e there appears to  be a 
small increase in the loss of weight.

Hot Alkaline and Peroxide Bleaching Treatm ents follow ing Treatm ent with  
Hypochlorite

A s already stated it is common practice in purifying certain vegetable 
m aterials (for exam ple linen) to  follow  a hypochlorite treatm ent b y  a steep 
in a hot solution of sodium carbonate for the purpose of rem oving coloured 
and other im purities rendered soluble in alkali as a result of their m odifica­
tion b y  the hypochlorite. I t  is also known, particu larly  in linen bleaching, 
th a t a treatm ent in hot peroxide solution following a hypochlorite bleach is 
capable of giving a good w hite w ithout significant chem ical degradation 
of the m aterial4, 5. T he effects of such after-treatm ents on ju te  are shown 
b y  the results in Table V.
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Sam ples of the ju te  yarns bleached w ith  alkaline neutral and acid hypo­
chlorite as already described were treated further as follows, using again a 
liquor/yarn ratio  of 15 : 1.

(a) Steeped in 0-5 per cent, solution of sodium  carbonate a t 6o-65°C. 
for one hour.

or (b) B leached for tw o hours, a t 65°C. in a solution containing sodium  
peroxide, sodium  bicarbonate, and sodium  silicate.

R esults of tests on the peroxide liquor were,

Cone, of Peroxide A lkalin ity
g /1 N a20 2 (Normality)

S ta rt ... ... ... ................ 2-14 0-18 N .
A fte r  30 m inutes ... ................. i -95 0-18 N .
A fter  2 hours ... 1-30 o-io  N .

A lthough the breaking load results are som ewhat irregular, it is possible 
to  draw  the following significant conclusions, n am ely,-

(1) T he effects of either a steep in hot sodium carbonate or in dilute alkaline 
peroxide are sm all if in the first place the yarn  has been treated w ith 
alkaline hypochlorite, and this statem ent obtains for all the concentra­
tions of the hypochlorite solutions exam ined and for treatm ents up to 
one hour’s duration.

(2) A fter  a neutral hypochlorite treatm ent, the losses of strength are 
relatively  sm all for the lowest concentration (3 g/1) of available chlorine, 
but for higher concentrations both the sodium carbonate and peroxide 
solutions cause appreciable further losses of strength.

(3) A fter acid hypochlorite both the sodium carbonate and the peroxide 
treatm ents reduce strength v e ry  considerably particularly  where the 
higher concentrations of available chlorine and the longer tim es are 
concerned. T hus the effect of hot sodium carbonate following a treat­
m ent for 1 hour w ith an acid hypochlorite liquor of 7 g. of available 
chlorine per litre is so severe th a t strength m easurem ents can be m ade 
on ly w ith  difficulty.

It  follows therefore th at whereas after alkaline hypochlorite hot alkaline 
treatm ents m ay be given  w ithout serious effect on strength, th ey m ust be 
avoided when an acid solution has been used, but are permissible after 
neutral hypochlorite provided th at the concentration of available chlorine 
in this solution does not greatly  exceed 3 g/1 at the stated liquor/yarn ratio.

The sodium carbonate steep following treatm ent w ith  alkaline hypo­
chlorite causes a further slight im provem ent in colour w ith  a  change from 
a  yellow ish to  a  greyer tone. A fter neutral hypochlorite it gives no signifi­
cant im provem ent but again a slight alteration in tone, w hilst after an acid 
solution the colour, w hich w as already bad, is if anything worse.

A  m ild peroxide treatm ent under the conditions stated im proves con­
siderably the appearance of yarn  previously bleached w ith alkaline hypo­
chlorite, and after this treatm ent there is some approach to  white.

A fter neutral hypochlorite there is also some im provem ent, although 
under the conditions em ployed the colour is not as good as th a t given  b y  the 
above alkaline sequence, but after acid hypochlorite the effects of the per­
oxide are still v e ry  poor and the yarn  still remains brown in colour.

The Effects of an O xidising Steep and of Subsequent Hypochlorite and Peroxide 
Treatm ents.

T he presence of a sm all proportion of peroxide in a sodium carbonate 
steeping liquor has a m arked effect on the colour of ju te  and enables better 
shades to  be obtained after subsequent treatm ents w ith  hypochlorite and 
peroxide. T he effects obtained b y  com bining such a treatm ent w ith  other 
bleaching operations are illustrated b y  the results of the following trials.
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A  batch of ju te  yarn  w as steeped for tw o hours at 65°C. in a solution 
containing per litre 9-5 g. of sodium carbonate, 8-5 g. of sodium silicate 
and 1 g. of sodium  peroxide. The colour obtained w as light fawn, 
considerably lighter than when the liquor contains no peroxide. Portions 
of this m aterial w ere treated  w ith  neutral or alkaline hyoochlorite solutions 
of the concentrations and for the tim es stated in T able V I , and portions of 
these sam ples again were subsequently im m ersed for one hour a t 65°C. in 
a solution containing per litre 8-5 g. o f silicate, 3 g. of sodium  peroxide, 
and the equivalen t of sodium  bicarbonate (see section on Further E xp eri­
m ental D etails).

F or comparison also, a further batch  of yarn  th at had received no steep, 
w as treated  first w ith  alkaline hypochlorite and then w ith  peroxide under 
conditions already used for the previous steeped yarns (see No. 9, T able V I).

The liquor/yarn ratios throughout were approxim ately  15 : 1 and hand­
ling was avoided as far as possible until the yarns were dry.

The results obtained are collected  in the follow ing T able V I.
Table V I

T rea tm en t
% L oss 
of W t.

B.L.
Colour

D ry W et

I. Original yarn — 8-1 7 1
2. Oxidising steep  a t  15 : 1 ra tio  for 2 hours 

a t  65°C.
6-0 8-G 6-7 Slightly  ligh ter th an  

1.
3. Oxidising steep , N eu tra l hypochlorite  

2 g. Av.Cl/1 20 m inutes
7-4 8-4 5-6 L ighter th a n  2.

4. Oxidising steep , alkaline hypochlorite  
2 g. Av. Cl/1, 20 m inutes

6-9 8-4 6-0 L igh ter th an  3 
(fair b leach ).

S. Oxidising steep, alkaline hypochlorite  
3 g. Av. Cl/1, 30 m inutes

6-5 9'8 6-7 L igh ter th an  4.

6. As (3 )+perox ide b leach  3 g/1 N a20 2, 6-6 
g/1 NaHCOj, and  8'5 g/1 of Silicate

9-8 8-8 1-9 C onsiderably b e tte r  
th a n  5—good 
bleach.

7. As 4 th en  peroxide b leach as G 7-0 8-9 4 1 S lightly  b e tte r  and  
m ore lustrous th an

8. As 5 th en  peroxide b leach as 6 8-0 9'5 4-2
0.

V ery slightly  b e tte r  
th an  7.

9. No steep, alkaline hypochlorite  3 g. Av. 
Cl/1, for 30 m inu tes th en  peroxide 
bleach as 6 

1A, No. 1, a fte r ex traction  w ith  
T rich lorethy lene 

2A, No. 2, do.
5A, No. 5, do.

9 5

8-6

8-8
9-5

5-2 In te rm ed ia te  in col­
our betw een  6 and 
7.

It w ill be observed th at for a ll the conditions of treatm ent the losses of 
weight o f the yarns are low, the highest value being g-8 per cent, for sample 
No, 6, given  the neutral hypochlorite treatm ent before peroxide, b u t w ith  
this solution chlorination as w ell as oxidation can occur as a lready shown. 
The strengths of the d ry  yarns m ust also be regarded as good throughout. 
I t  is noticeable th a t th e y  are in all cases higher than  th a t of the original 
yarn itself, and w ith  one exception, th ey tend to  be higher a fter the peroxide 
stage than after the hypochlorite treatm ent.

A t  the end of the table, values are given for certain  of the y a m s th a t were 
extracted  w ith  trichlorethylene for the purpose of rem oving oil th a t m ight 
have acted as a lubricant. I t  is seen th a t the breaking load of the untreated 
yarn  N o. 1 is raised to some exten t as a result of this extraction  (from 8-i 
to 8-6), but not to a value as high as those for the peroxide bleached yarns. 
In other words, the increase of strength cannot be ascribed m erely to rem oval 
of lubricant. On su itab ly  staining th e yarns, a ll fa t and w a x  w as seen to 
be rem oved from  those th a t had had the final peroxide bleach but not from
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those th at had received only an alkaline steep or a steep and hypochlorite 
treatm ent. I t  w as also noticeable th at the peroxide bleached yarns were 
m ore com pact than the un treated  or steeped yarns, and it w ould seem 
therefore th a t the increase o f strength observed is to be attribu ted  to an 
increase in the internal friction in the yarns between the fibres them selves, 
occasioned b y  both the rem oval of lubricant and b y  closer setting of fibre 
on fibre after the swelling in the hot solutions and subsequent drying.

W hen single fibres or short lengths of yarn  from  unbleached and bleached 
m aterial were im mersed in w ater it w as seen th a t w hilst the former remained 
alm ost m otionless, the latter showed a live ly  un tw isting effect closely 
resem bling the liveliness of a viscose crepe yarn  under the same conditions 
of treatm ent. This effect m ay be taken as evidence th a t the jute material 
had been previously dried w hilst in a strained, or m ore closely packed, state. 
A n  increase in the tw ist of the yarn  caused b y  shrinkage of the treated hanks 
can also increase strength and contribute to this liveliness, but here although 
the shrinkage w as actu ally  greatest for the yarns th a t had received tw o 
hot treatm ents and showed the highest d ry  strength (Nos. 6, 7  and 8 of 
T able V I) the am ount of such shrinkage (about 2 per cent.) w as ve ry  sm all 
and its effect in increasing tw ist could therefore also have been only small.

T h e values for Nos. 2A  and 5A  in T able V I  are n ot significantly different 
from  those for the corresponding treated b u t unextracted yarns 2 and 5, 
so th a t here the rem oval of an y residual m aterial soluble in the organic 
solvent has had no effect in further increasing the strength.

The w et strengths in T ab le  V I  show a reduction for each of the successive 
stages of the w et processing, and this reduction is greatest for the yarns that 
were subm itted  to a ll three stages, n am ely steep, hypochlorite and peroxide 
bleach. E ven  under the careful conditions em ployed in the trials now 
sum m arised the loss of w et strength is considerable and it thus appears 
th a t such loss is an unavoidable accom panim ent of the bleaching processes. 
The greater loss atten ding the peroxide stage is probably due in p art to  the 
fa ct th a t m odification of lignin and hem icellulose b y  the action of the h yp o­
chlorite liquors yields products th a t are soluble in the hot alkaline peroxide 
solutions and th a t dam age already laten t in the p a rtly  bleached ju te  is 
realised on ly  a fter the final h ot alkaline treatm ent. T hus when yarn  from 
samples 3 and 5 of T able V I  w as further treated  for tw o hours at 65°C. in 
one case (a) w ith  a peroxide liquor o-2N in excess alkali and in the other
(b) w ith  0-2N. alkali in th e absence of peroxide the following w et strengths 
were obtained.

W et B .L. lb.

Sample  3.
A lkali S teep  and 
N eu tral hypochlorite

th en  (a) 
Peroxide 0 2 N  

in Alkali

or (b) 
0-2X Alkali

5-6 1-3 ■2-r,

Sample  5.
A lkali S teep and 
A lkaline hypochlorite 0-7

i
3'25 j 3-7

From  these values it is obvious th a t treatm ent w ith  the hot dilute alkali 
alone reduces the w et strength v e ry  considerably although the loss is greater 
if peroxide is also present. A lthough the m echanism  m ay not be the same, 
it m a y  be recalled th a t laten t dam age in overbleached rayon and other 
cellulose textiles is fu lly  realised only a fter treatm ent of the m aterial in hot 
alkaline liquids.6

T h e com m ents in the last colum n of T ab le  V I  indicate the degree of 
bleaching to be obtained b y  the different treatm ents listed. The colours
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of samples 6, 7, 8 and 9 th a t had received a final peroxide treatm ent were 
pale cream and m ust be considered to represent good bleaching for ju te 
yarns.

Although the three-stage processes in w hich alkaline h ypochlorite w as 
used gave perhaps sligh tly  better results than when a n eutral solution was 
employed in otherwise the same sequence, the differences in colour, strength 
and loss of w eight were not pronounced, so th a t either sequence m a y be 
used satisfactorily  under the conditions stated. W hen no steep w as given 
(Sample 9, T ab le  V I), the bleaching effects of alkaline hypochlorite followed 
b y  peroxide were also good.
The Importance of Liquor/Yarn Ratio

In  other experim ents sim ilar conditions were em ployed but the ratio  
of liquor to  yarn  in all the operations w as tw ice th a t used for th e yarns 
treated as in T able V I. The conditions for the oxidising steep and the 
peroxide bleach were the same as before and the neutral and alkaline h yp o­
chlorite solutions of 3 g. of A v . Cl. per litre were used for 30 m inutes. The 
results of tests on the yarns are given  in T able V II.

T able V II

T rea tm e n t Loss of 
W eight

B .L.
D ry

lb.
W et

Colour

1. Oxidising steep  only 8-0 4-7 L ig h t brow n
2. Oxidising steep, Aik.

hypochlorite, Antichlor. 11-4 7-0 4-5 Good colour (yellow)
S. O xidising steep, Aik.

hypochlorite, Peroxide 121 8-0 3 4 Good w hite
4. Oxidising steep, N eu tra l

hypochlorite, A ntichlor. i2-r> 8-0 3 0 L ig h t brow n
r>. Oxidising steep, N eu tra l Too Alm ost pure wrh ite , slightly

hypochlorite, Peroxide 25-0 4-4 weak
to

b e tte r  th a n  (3)

m easure

W ith  this higher ratio the losses of w eight are seen to  be greater than 
for the 15 : 1 ratio, and for th e sam ple N o. 5 treated w ith  neutral h yp o­
chlorite in the interm ediate stage th e v e ry  high value of 25 per cent, was 
realised. T he “  d ry  strengths ”  are satisfactory excep t for N o. 5 again, 
for w hich a serious loss is shown, w hilst in the w et state this yarn  w as 
extrem ely weak, owing to the excessive rem oval of incrustants.

T he colour of the yarn  No. 2 steeped and treated w ith  alkaline h yp o­
chlorite w as good, w ith  a yellow ish shade, whereas the corresponding yarn  
N o. 4 treated w ith  the neutral solution, w as only light brown. A fter  the 
final peroxide bleach how ever this order w as reversed, the b etter w hite 
being obtained w ith the sam ple treated w ith  neutral hypochlorite. T his 
particular yarn  was almost pure white.

The corresponding “  alkaline hypochlorite ”  sam ple N o. 3 w as only 
slighter darker in colour than N o. 5, and had retained strength satisfactorily, 
and the inference to  be drawn is th a t if strength is to  be conserved, alkaline 
hypochlorite solutions are to  be preferred to neutral ones, in the sequence 
oxidising steep, hypochlorite, peroxide bleach, when high liquor/yarn 
ratios are em ployed.

In  the bleaching of cotton m aterials it is know n th at good results can 
be obtained b y  peroxide treatm ents w ithout an interm ediate stage. T he 
usual two-stage bleach com prises first a steep in a hot solution of sodium 
carbonate containing a  relatively  sm all proportion of peroxide and then a 
second treatm ent in an alkaline b ath  containing more peroxide. E xperim ents 
illustrating this m ethod are described below.

Jute yarn  w as steeped for tw o hours at 65°C. in a solution containing 
per litre, 8-5 g. of sodium  silicate i-o  g. of sodium peroxide, and 2-2 g. 
of sodium bicarbonate.
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It  w as washed w ith  w ater, the b atch  w as divided and th e various equal 
portions were treated for tw o hours a t 65°C. in solutions of the same initial 
concentration of peroxide (about 3 g /1 as N a20 2) but of different a lkalin ity. 

T ests on these solutions and on the yarns gave the following results :
Table V III

Tim e Peroxide
( g / l N a A )

A lkalin ity B.L
D ry

lb.
W et

Steep only 6'2 3-9
1. S ta r t 2-88

2 hours 1-05 0 2 1  N. Steep and  peroxide 5-8 3-4

2. S ta r t 2-88
2 hours 1-23 0-15 N. 6-2 3-4

3. S ta r t 2-84
2 hours 1-33 O 'l lN . 6-4 4 1

4. S ta r t 2-88
2 hours 2-13 0-05 N. 5'6 3-8

I t  is evident th a t a fter the hot steep the peroxide treatm ents have little 
further effect on either d ry  or w et strength b u t the relatively  low values 
for the latter indicate th a t the incrustants are modified to  a considerable 
extent. T he fall of concentration of peroxide is seen to  be greater the 
higher the concentration of alkali b u t the variation  in shade of the yarns 
w as only sm all and the m aterial treated  w ith  the solution of highest akalin ity  
w as only slightly  w hiter than  th a t treated  w ith  the solution of lowest alka­
linity.
Chlorine Peroxide and Sodium  Chlorite

U n til recently  little  interest has been shown in chlorine peroxide or 
chlorite solutions, and these substances have been considered more as inter­
esting rare chem icals than as techn ically  useful reagents. Their oxidising 
and bleaching properties have been known for some years and on the labora­
to ry  scale th e y  h ave been used for a few  purposes. F or exam ple, Sarkar7 
has m entioned the com plete rem oval of lignin from  ju te  b y  treatm ent of the 
m aterial w ith  chlorine peroxide in the presence of m oisture and Speakm an8 
has shown th a t the same product is capable of im parting a non-shrink finish 
to  w ool when used in carbon tetrachloride solution. In Am erica, however, 
atten tion  has been directed tow ards the technical use of chlorite solutions 
for textile  bleaching purposes and claim s have been m ade in patent specifica­
tions and in technical literature th a t this product is unique am ong textile  
bleaching agents because it  enables bleaching to  be done in acid solution 
a t elevated tem perature w ith  no significant a tta ck  of cellulose m aterial 
even if m etals are present th a t com m only are capable of catalytic  action.9

In  the present investigation  it has been considered of interest to exam ine 
the effects of these reagents and to  com pare their behaviour w ith th at of 
some of the other substances em ployed. T he trials m ade and the conclu­
sions drawn from  the results are discussed below.

A  sm all hank of ju te  yarn  previously m oistened w ith  w ater w as exposed 
to excess of chlorine peroxide gas for four hours a t o°, to 7°C. A  change 
in colour to  yellow ish brown occurred fa irly  q u ick ly  b u t no significant further 
lightening of the shade w as apparent after 2,\ hours. In order to find the 
exten t to w hich lignin had been m odified, the sample w as extracted  for i |  
hours w ith  an alkaline sulphite solution containing 10 g. of the sodium salt 
per litre. T h e loss of w eight after th is extraction  w as 16-5 per cent, whilst 
the lignin content w as reduced from 13-8 per cent, to 6-1 per cent. I h e  
d ry  strength, originally 8 lb., w as 5-0 lb. and the w et strength too low to be 
measured.

W hen chlorine peroxide is passed into w ater to  saturation, a below
3 is obtained. Such a solution bleaches only slow ly at ordinary tem pera­
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ture, whilst if the tem perature is raised a considerable loss of gas occurs. 
On the other hand good bleaching is realised if the solution is buffered to 
pH  5 and the ju te  is treated  near to the boil. T h e results of experim ents 
made under different conditions w ith  solvent extracted , b u t otherwise 
untreated ju te  yarn  are given in T ab le  IX .

Table IX

%  Lignin
No. T rea tm en t Tem p. Tim e %  Loss C onten t of Colour S tren g th

hrs. of w t. residual
m ate ria l

D ry
lb.

W et
lb.

Original yarn — — — 13-8 — 8T 7-1
1. C102 6g/l a t  p H  3-2, 

Liq. ra tio  20 : 1
0°C. to  

6°C.
70 3 1 7-25 Golden

Yellow
7-8 6 1

2. C102 5°4g/l, p H  5T, 
Liq. ra tio  15 : 1

85°C. 1 3-2 10-2 F a ir
w hite

7-9 6 9

3. As 2 b u t a t 1(>°C. 24 3-0 l l o Golden
Yellow

8-3 7-9

4. No. 1 ex trac ted  twice 
w ith 2%  n eu tra l su l­ 85° to
p h ite  liquor a t 90°C. 1 9-5 1-7 Pale 8-4 1-2
(Total loss of w eight fawn
and lignin c o n te n t of
(4) based on original 12-3 1-5
yarn)

It  is seen th at at p H  5 and 85 C. a fair b leach w ith  low loss of w eight m ay 
be obtained in one hour, whereas at lower p H  and low tem perature only a 
golden yellow  colour is reached after m any hours.

The effect of treating sam ple N o. 1 w ith  a neutral sulphite liquor to 
rem ove lignin after the C102 treatm ent is interesting because the to ta l loss 
of w eight after both treatm ents (12-3 per cent.) is the sam e as th e loss of 
lignin (13-8— 1-5 per cent.) w hich indicates th a t substantially no hem i­
cellulose, b u t only lignin, is thus rem oved.

T h e close agreem ent shown is of course to  some exten t accidental because 
the m ethods em ployed for determ ining both  lignin and loss of w eight are not 
highly accurate. M oreover the precise significance of the results of lignin 
determ inations is unknown and the m aterial actu ally  w eighed as lignin is 
probably a chem ically m odified substance rather than true lignin as it exists 
in the original fibre. N evertheless the approxim ate agreem ent between 
these values has been substantiated  in other experim ents and the m ethods 
of treatm ent m ay be of some an alytica l im portance. It  has been observed 
th at when alkaline instead of neutral sulphite liquors are em ployed higher 
losses o f w eigh t are obtained.

Sodium Chlorite

From  other w ork on textile  m aterials it is known th at chlorite solutions 
bleach best at a p H  of about 5 and under boiling or n early  boiling condi­
tions. These conditions were accordingly used in exam ining the behaviour 
of chlorite solutions tow ards jute. A  concentrated solution of sodium 
chlorite previously prepared in the lab oratory w as su itably diluted w ith  
acetic acid-sodium acetate buffer liquid, adjusted  to give an initial p H  of 
5-2, and samples of ju te, previously w etted  out in a 0-5 per cent, solution 
of Calsolene Oil were treated  as in T able X . In  order to  g ive  a direct com ­
parison between C102 and chlorite, further experim ents were m ade in w hich 
equivalent solutions of these reagents were buffered to the same p H  (5-1) 
and sam ples of ju te  y a m  w ere treated w ith  them  under identical conditions 
of tem perature, tim e and liquor ratio. T h e results of these experim ents 
are also included in Table X  (see Nos. 5 and 6).
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From  experim ents i  and 4 it is seen th a t good colours m ay be obtained 
w ithout serious loss of w eight and strength b y  bleaching w ith  hot chlorite 
solutions a t p H  5 for com paratively  short times.

E xperim ents 5 and 6 show as would be expected  th at chlorine peroxide 
and sodium  chlorite solutions o f equivalent concentration give identical 
effects under the sam e conditions stated. T he results o f other experim ents 
in Tables I X  and X  are referred to in the subsequent section. 
Non-cellulose Im purities and the Strength of Jute Yarns

T h e experim ents w ith  chlorine peroxide and chlorite solutions enable 
certain  conclusions to  be draw n regarding the im portance of the non­
cellulose im purities in contributing to the strength of ju te  yam s. Thus 
experim ent 4 of T able  I X  shows th a t a yarn  from w hich substantially 
all the lignin has been rem oved, but which retains practically  a ll its hemi- 
cellulose, has a ve ry  low  w et strength although its d ry  strength is still high. 
In  experim ent N o. 1 of T able I, it is shown on the other hand th a t a yarn 
th a t retains m ost of its lignin b u t loses its hem icellulose (as shown b y  the 
high w eight loss of 23 per cent.) also has a low w et strength although again 
its d ry  strength is relatively  high. A gain  if N o. 3 of T able  X  is compared 
w ith  N o. 4 of T able I X  it is seen th a t the total losses of w eight in the tw o 
cases are roughly the sam e (10 to  12 per cent.) b u t the latter m aterial w hich 
has lost alm ost a ll its lignin has a v e ry  low  w et strength, w hilst the former 
w ith  a m uch higher lignin content has also a higher w et strength.

If both lignin and hem icellulose are rem oved com pletely b y  careful 
treatm ent of ju te  yarn  w ith  acid hypochlorite and then boiling caustic soda 
under conditions th at have b u t little  effect on the cellulose (see T ab le  X I  
N o. 10), the m aterial is reduced to  a  fibrous mass having no strength a t all 
as yarn. H ence, in order to retain d ry  strength it is necessary to  have 
present at least part of the non-cellulose incrustants to act as a cem enting 
m aterial between the cellulose ultim ates, and apparently it does not m atter 
greatly  w hether lignin or hem icellulose predom inates.

I f  high w et strength is to be m aintained, a considerable proportion of 
both  these incrustants m ust be present, and as shown b y  other results in 
the various tables the greater the extent to  which both are retained the 
higher is the w et strength.
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It is a m atter of common knowledge that ju te  yarns become w eaker on 
wetting with w ater, and in this respect they m ay be com pared w ith  sized 
soft-twisted cotton yarns which in the d ry  state have a tensile strength 
considerably in excess of that of the corresponding unsized yarn. Since the 
strength of the size film is low, and th is film b y  itself contributes little  to 
the strength of the in d iv id u a l cotton hair, its effect is to increase b y  its 
adhesive properties the internal friction existing in the yarn  between adjacent 
and overlapping cotton hairs, thus perm itting a greater proportion o f their 
individual strength to be realised than is possible when slippage can occur. 
In their w ork on the effect of hum idity on cotton yarn, Pierce and Stephen­
son10 showed that under equilibrium  conditions above 80 per cent. R .H . 
starch size rapidly loses its strength and resilience and the strength of the 
sized yarn falls with further increase of hum idity  un til at 100 per cent, 
corresponding to saturation of the m aterial it becom es identical w ith  that 
of the original unsized yarn. Furtherm ore the exten sib ility  of a dry sized 
cotton yarn of low tw ist is m uch less than th a t of the corresponding unsized, 
but w ith increase of hum idity  and consequent softening of the size film 
I he extensibility of the sized m aterial increases (in some cases b y  as much 
as 30 per cent.) until at its m axim um  it is identical w ith  th a t of the unsized 
yarn. T he higher strength of the sized cotton yarn  is due to the fact that 
slippage of the com paratively short cotton hairs, w hich in unsized yarns 
is a. very  im portant factor in determ ining tensile strength, is prevented.

In ju te  yarns the fibres are norm ally v e ry  long com pared w ith cotton 
hairs, so that fibre slippage is relatively  unim portant. On this account 
for present purposes of comparison a ju te  yarn  maj^ be considered to  be 
composed essentially of the very  short cellulose ultim ates resem bling the 
hairs of the cotton yarn, surrounded b y  the hemicellulose, lignin and other 
incrustants that m ay be com pared w ith  the starch size. A s w ith starch, 
these incrustants of them selves have relatively  little strength. A c tu a lly  it 
m ight be considered more apposite to com pare a  ju te  fibre w ith a cotton 
yarn, but since the ju te  fibres in the y a m s are ve ry  long so th at slippage 
and yarn  structure can be ignored, the behaviour of the yarn  is governed 
essentially b y  th at of the individual fibre, and the yarn  to yarn  comparison 
is therefore permissible for purposes of illustration.

B arker11 has recently stated  th a t the torsional rig id ity  of the w et ju te 
fibre is only one-fifth to  one-sixth that of the corresponding dry fibre, and 
M acm illan30 has shown th at m axim um  swelling is attained when the m oisture 
regain has reached about 32 per cent, and th a t then the fibre is in a com ­
pletely plastic condition. Furtherm ore, mean exten sib ility  results 011 dry 
and w et unbleached ju te  yarn  observed during the course of the present 
w ork gave the values, dry 2^05 per cent, and w et 3-3 per cent, and on the 
same yarn  bleached, d ry  2-8 per cent, and w et 3-5 per cent, thus revealing 
a m arked increase on w etting the yarn. Hence the effects of w ater on the 
starch size and on the jute incrustants are similar.

Brown, Mann and Peirce12 h ave shown th at an increase in the equili­
brium hum idity from about 70 per cent, to 100 per cent, has only a small 
effect on the strength of cotton hairs, although the effect a ctu ally  observed 
is one of increase and not decrease of strength, and b y analogy it m ay be 
argued that no dim inution of tensile strength of the cellulose ultim ates 
of ju te is produced b y w etting the fibres. From  these observations it m ay 
be postulated th at the decrease of strength shown on w ettin g yarn s is due 
not to weakening of the cellulose ultim ates but to a swelling and softening 
action of the w ater on the non-cellulose incrustants in the same w a y  as that 
of a sized cotton yarn is due to  softening and loss of resilience of the starch size.

The Yellowing of Bleached Jute on Exposure to Light
A  well-known d isadvan tage of p a rtly  bleached ju te  is that on exposure 

to sunlight it becomes discoloured in a ve ry  pronounced m anner to a yellow ­
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ish or brown shade. A  sim ilar effect is shown b y  newspaper, which, since 
it contains a high proportion of ground wood also has a relatively  high 
percentage of ligneous and other non-cellulose impurities. P ure cellulose 
as typified b y  cotton carefully bleached to a low fluidity and copper number 
is resistant to  the discolouring effects of light, and since it has been shown 
earlier in this paper th at bleaching, unless of a ve ry  drastic nature, fails to 
rem ove m uch of the non-cellulose im purities of ju te  it is reasonable to 
assume th at the yellow ing of this fibre is connected w ith its residual non­
cellulose constituents and not w ith the cellulose itself.

In order to exam ine the factors contributing to the discoloration of 
ju te, the m aterials described in T able X I  were prepared and exposed under 
the same conditions for five hours to  the light from a high intensity arc. 
The inten sity  of the light on the samples w as about 200,000 foot-candles, 
th at is, approxim ately 20 tim es the inten sity  of noon-summer sunlight, 
w hilst the tim e allowed w as roughly equivalent to 75 hours exposure to 
the standard C .P .A . lam p. A ll the sam ples were cooled during the exposure 
b y  m eans of a blast of cold, filtered humidified air.

The first seven samples form a series in which the lignin content of the 
ju te  yarn  decreases progressively from 13 per cent, to about 2 per cent, 
and the rem oval o f lignin w as effected b y  various m ethods com prising mild 
alkaline steeps, hypochlorite, chlorite and reducing treatm ents. No. 10 
represents ju te  fibre from which lignin and hem icellulose had been removed 
as com pletely as possible b y  means of acid hypochlorite and sodium hydroxide 
solution, w hilst No. i r  w as a cu ttin g of jute-cotton  fabric boiled under 
pressure and bleached w ith hypochlorite by the usual cotton process. Nos. 
14 and 15 were samples of linen yarn  bleached to respectively 3/4 and 4/4 
w hite. T h ey  still contained some hem icellulose although their lignin con­
tents, as indicated b y  q u alitative  tests, were nil. N o. 16 w as a fu lly  bleached 
E gyp tia n  cotton yarn  of low flu idity and m ay be regarded as wholly pure 
cellulose.

From the last column of T able X I  it is seen th at sam ples 1 to 7 all yellowed 
to m arked degree, w hilst from visu al exam ination of the exposed portions 
it w as impossible to differentiate am ong them . In other words there was 
no decrease in the inten sity of the yellow ing w ith  decreasing lignin content, 
and No. 7 w ith  a very  low  lignin content was as cleepl}' yellowed as the rest.

A s expected, the cotton and linen yarns remained unchanged, even 
though the latter contained residual hemicellulose. T he “  delignified jute 
fibre ”  and the jute-cotton  cloth were both unaltered, and w hile the result 
w as anticipated  for the fibre sam ples in view  of the severity  of their treat­
m ent and their high losses of w eight, it w as rather surprising to find that the 
cloth sam ple did not yellow . Subsequent exam ination of the ju te  w eft 
revealed how ever th at it had been bleached before being woven into the 
cloth and this pretreatm ent com bined w ith  the “  cotton bleach ”  was 
eviden tly  sufficient to rem ove im purities th at would otherwise cause yellow ­
ing.

From the results recorded it is seen that ordinary bleaching treatm ents, 
even if  rather severe, fail to elim inate com pletely the constituents respon­
sible for th e yellow ing, and that yellow ing occurs when lignin is present even 
though the residual proportion is v e ry  sm all. Thus N o. 8 still showed 
slight discoloration y e t its lignin content w as only about o -i per cent.

Sam ple No. 13 represents hem icellulose isolated from bleached wood 
pulp and washed thoroughly to ensure freedom from  chem icals. It con­
tained no lignin. A lthough it m ay perhaps differ from the hemicellulose 
present in ju te  it is significant that it remained unchanged on exposure 
and from this result and from th a t on the linen yarns Nos. 14 and 15 which 
also contained hemicellulose, it appears th at this substance does not con­
tribute to the yellow ing. T h e only sam ples of ju te  th at remained unaltered
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Table XI

No. M aterial T rea tm en t
%  Lignin 
C on ten t

% Loss 
of w t.

R esults of 
E xposure

1. Ju te  Yarn Oxidising steep 131 f, Marked
yellowing

0 " Oxidising steep , neu tra l 
hypochlorite

11-4 7*5 ■■

:i. ,, Chlorite 13 0 /1  a t  pH  5, 
45 min. a t  boil

0-7 9

4. " Oxidising steep . Alkaline 
hypochlorite, Peroxide and 
hydrosulphite  trea tm e n ts

!)-5 9 ”

ft. Oxidising steep, neu tra l hy p o ­
chlorite, peroxide

7-9 ID ■■

Press, boil 1% N aO H , NaOCl. 
4g. Av.Cl/1.

2-3 Slightly yellow

7 . ClOj solution, 711 hrs. a t  onl. 
tem pera tu re .
E x trac ted  tw ice w ith hot 
(neutral) su lph ite  liquor

!>■(( 12 M arked
yellowing

s. Acid hypochlorite  (5g. Av. 
Cl/1) 1% sodium  sulphite  hoi 
(Twice) followed by 1% NaO l 1 
pressure boil

abou t
0-1

V ery slightly  
yellow, hard ly  
noticeable

0. Chlorine peroxide and sulphite  
th en  press, boil 1% N aOH

Nil No discolour­
ation

10. Ju te  fibre Delignified w ith Cl and N aO H N ot
d e tec t­

able

43 '1

1 1 . J u le-cotton  
c lo th

Boiled w ith  NaOH u n d e rp re s ­
sure and bleached w ith hypo­
chlorite

” 11

12 . Bleached 
hessian cloth

Previously browned by  e x ­
posure to  ligh t and then  re­
bleached with hypochlorite

Brown re­
developed

13. Hemicellulose 
isolated from  
bleached wood 
pulp.

Nil No discolour­
ation

14. l.inen  yarn Bleached to 3/4 w hite N ot de- 
tec table

ab t.
10%

in. ,Linen yarn Bleached to  4/4 w hite
Hi. ligyp tian  

co tto n  yarn
Bleached to  full w hite " (i "

17. R etted  F lax  
fibre

U nbleached — — Colour
lightened

18. U nretted  
flax fibre

U nbleached — — ■■

IB. Coir fibre Bleached w ith peroxide — — Yellow
20.
21.

Sisal fibre 
Cellulose 
isolated from  
sisal

U n trea ted
N ot

d e te c t­
able

No discolour­
ation

were those in which lignin could not be detected and it is concluded that 
yellowing on exposure to  light can be avoided only if the conditions of 
purification are severe enough to ensure th a t all lignin has been elim inated.

A  necessary accom panim ent of such severe treatm ent is th at the jute 
is reduced essentially to pure cellulose of v e ry  short ultim ate fibre length 
and consequently the strength of the treated yarn  is v e ry  low indeed.

Sam ple N o. 12 w as a hessian cloth that had been bleached w ith  peroxide 
to a v e ry  pale cream  and then browned b y  exposure to light. T h e original 
cream colour w as restored b y  bleaching the fabric in a dilute solution of 
sodium hypochlorite and the dry m aterial w as afterw ards re-exposed under 
conditions sim ilar to those used for the other sam ples. It  is seen th at the 
discoloration reappeared after this exposure and in some m easure the effect 
therefore appears to  be reversible.

In contrast to ju te, unbleached retted and unretted  flax fibres becom e 
lighter on exposure, and th is effect is perhaps to be expected in view  of the 
bleaching th a t occurs on exposure of linen y a m s or fabrics to  light in the
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old established practice of “  grassing.”  U nbleached linen has a lignin 
content estim ated a t 3 to  6 per cent19 and if lignin is the prim ary cause of 
yellow ing it m ight be thought th a t raw flax fibre would become discoloured, 
but here it is conceivable th at both yellow ing and bleaching occur and that 
the la tter  effect predom inates. T he chem ical treatm ents norm ally given to 
linen m aterials th a t are subsequently “  grassed ”  are probably sufficient 
either to  elim inate lignin or to reduce it to a very  small proportion and 
w ith  such m aterials the exposure effect is presum ably one of bleaching only.

Coir, w hich in its norm al state is stated to  contain about 30 per cent, of 
lignin, yellow s b ad ly  even after a peroxide treatm ent, w hilst sisal fibre 
w ith  a  content of about 6 per cent, also yellows. Lignin-free cellulose isolated 
from  sisal b y  treatm ent w ith  acid hypochlorite and hot sodium hydroxide 
solution, however, shows no discoloration.

W ith  the exception of linen (where perhaps the effect m ay be masked) 
yellow ing occurs w ith  all the fibres exam ined th at contain lignin and it is 
probable therefore th at lignin itself is the constituent o f the bast fibres that 
is d irectly  responsible for the discoloration in the presence of light.
Jute Cellulose

F airly  pure cellulose m ay be isolated from ju te  b y  m ethods not involving 
boiling under pressure w ith alkali, for exam ple b y  treating it w ith  chlorine 
peroxide and then extractin g w ith  an alkaline sulphite solution, or by 
using first an acid hypochlorite treatm ent and then a hot extraction with 
alkali or alkaline sulphite followed b y bleaching w ith alkaline hypochlorite 
or peroxide, b u t it is advisable to use conditions of pressure boiling with 
sodium  hydroxide if the best effects are to  be secured.18

D ifficu lty  in obtaining a uniform ly pure w hite cellulose lies m ainly in 
the resistance to  a tta ck  afforded b y  the dark root ends of the fibre and by 
residual fragm ents of bark. F or this reason a chlorinating treatm ent with 
acid  hypochlorite before boiling the m aterial under pressure has advantages 
because then the lignin is attacked  and disintegrated and the incrustants 
are more readily rem oved. If the prelim inary acid hypochlorite stage is 
not em ployed, and the m aterial contains m uch bark and dark coloured 
fibre it is generally impossible to obtain a clean w hite product b y  giving a 
single boil at 20 to  30 lb. pressure and then bleaching w ith  alkaline h yp o­
chlorite. G enerally m ore than one boil m ust be given although better 
results are obtained by cuttin g up the ju te  and b y  boiling at high pressure 
(55 lb./sq. in or over) preferably in a rotary vessel.

Since the incrustants in ju te  consume alkali in considerable proportion 
it is necessary to ensure th at sufficient is present at th e beginning of the 
boil. F o r exam ple, batches of red and grey 'fo ssa  fibre w ere treated at 25 : 1 
liquor ratio for one hour at p H 4 w ith  hypochlorite solution containing 
7 g. of A v.C l/1, boiled at 20 lb. excess pressure for five hours in a 1 per 
cent, solution of sodium hydroxide, washed, bleached for one hour w ith 
alkaline hypochlorite (5g. of A v.C l/1) and again w ashed. The product 
obtained w as only cream y w hite in colour and still contained dark fibre 
and bark  w hilst exam ination of the liquor at the end of the boil showed 
th a t the sodium h ydroxide w as ahnosy com pletely consumed and th a t the 
initial concentration w as therefore too low.

B y  using the same sequence, but w ith  a 3 per cent, solution of sodium 
hydroxide, good effects were secured and approxim ately one third of the

Table X II

M aterial
T otal 

loss of w 1.
°//o

J-ignin
%

-cellulose
°//u

Ash
1- luidity

(0'5%  soln.

G rey Tossa 43 __ 94 1 -03 9-5
Red 4 :! — 02 0-79 10-9

(Cut: up) Not
detected

94 O '18 7-7

w ith  add itional b i­
su lphite  ex tractio n

44-J ■■ ( I I 1 91
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alkali remained at the end of the boil. R esults obtained b y  this treatm ent 
are given below, and it is shown also th a t a steep in hot bisulphite solution 
after the acid hypochlorite stage and before the b o il is not necessary for 
the purpose of rem oving more of the incrustants.

The effects of using more drastic conditions of boiling are shown b y  
the following experim ents in w hich no prelim inary acid hypochlorite tre a t­
ment w as given. Here the m aterial em ployed w as an a ll-jute sacking fabric
cut up into  roughly 3-inch squares.

T re a tm e n t
W/o

Lignin
F lu id ity  

0*5% soln.
0//°

Loss of w t. Colour

Boil 1%  sodium hydroxide 3 
hours a t  28 lb. pressure 
Aik. H ypochlorite 5g. Av.Cl/1 
21 hours
As above b u t 3%  solution of 
sodium hydroxide a t  55 lb. 
pressure

4*4

1-4

180 

15-4

ab o u t
ar>

50

L ig h t brown 

F a ir w hite

It  is seen that w ith the m ore severe conditions the lignin content of the 
residual m aterial is lower, w hilst the loss of w eigh t is higher. On the other 
hand, a fair w hite instead of only a brown colour is obtained.

From  the various figures recorded above it is seen th a t the loss of w eight 
to be expected in obtaining pure cellulose from  raw  ju te  is of the order 
40 to 50 per cent., but the a-cellulose content of the product is high. Values 
for ash contents are reasonably low and could no doubt be dim inished by 
careful attention to rinsing after the steep in dilute acid th at is custom ary 
in technical practice after bleaching cellulosic fibres.

The fluidity values for the m aterial boiled after an acid hypochlorite 
treatm ent show th at the processes em ployed did not result in undue a tta ck  
of the cellulose, and if the values are converted to viscosities in centipoises 
of 1 per cent, solution direct comparison m ay be m ade w ith  values recorded 
b y  H ebbs13 for wood pulps suitable for the m anufacture of viscose rayon, 
th u s :—

Cupram m onium  V iscosities (1%  Soln.)
Ju te  Cellulose from Tossa fibre 24 37'2 42'7 55'0 58'9 77’6

Low V iscosity M edium Viscosity H igh V iscosity 
W ood Pu lp  from Mill A ... ... 17-5 21‘3 27'6 

, , ___ ,, ■■■ 10,1 _  12-0 ________ 14 9

The viscosities o f the cellulose products isolated from ju te  are higher 
than those for the com m ercial wood pulps, and judging b y  this property 
and the high alpha-cellulose and relatively  low ash contents there should 
be no great difficulty in obtaining ju te  cellulose suitable for viscose rayon, 
white papers, and perhaps some kinds o f cellulose esters or ethers (see also 

l8)'
Methods sim ilar to  those m entioned above m ay be used for the isolation 

of cellulose from other lignified fibres. F or exam ple Sisal yields a w hite 
m aterial of good q u ality  if the original fibre is boiled for fiv e  hours a t 55 lb. 
excess pressure w ith  a 3 per cent, solution of sodium hydroxide a t 8 : 1 liquor 
ratio and is then bleached w ith  alkaline hypochlorite of 5 g. o f A v .C l/1 for 
about tw o hours. Coir however, in view  of its very  high lignin content, 
requires in addition to  these treatm ents a second boil in 1 per cent, sodium 
h ydroxide solution and a final bleach in a m ore dilute (3g. of A v .C l/1) alkaline 
hypochlorite solution.

Material F U R T H E R  E X P E R IM E N T A L  D E T A IL S

Unless otherwise stated, the m aterials em ployed in the experim ental 
work described were 8 lb. warp yarns o f fa irly  dark colour. T h ey  were 
chosen as being of medium bleaching q u ality  and representative o f average 
rather than very  good grades.
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Preparation of Solutions
F or m aintaining hypochlorite solutions substantially a t  the neutral 

point p H  7, sodium bicarbonate w as added in the proportion 5 to 10 g/1, 
depending on the concentration o f available chlorine in the liquor. For 
acid solutions the usual acetate buffers were em ployed or for p H  values of 
approxim ately 4-1 alum inium  sulphate w as added to  dilute h ypochlorite 
in the proportion about 8 g/13.

E xcep t for the conditions of varyin g a lka lin ity  referred to in Table 
V III , the peroxide solutions were a lw ays approxim ately o-2oN in excess 
alkali and (unless otherwise stated) of a peroxide concentration equivalent 
to about 2-3 g. of sodium peroxide per litre. F or these conditions the 
required am ount of sodium peroxide is dissolved in w ater containing the 
chem ically equivalent proportion of sodium bicarbonate. (39 N a20 2 = 
84 NaHCO.i, i.e. N aH C0 3/Na20 2 =2-2 approxim ately), and 8-5 g. of sodium 
silicate (I.C.I. grade J.81) per litre is added. N eutralisation  of the sodium 
peroxide to the carbonate stage in this w a y  enables advantage to be taken 
of its a lk a lin ity . Tn some cases hydrogen peroxide w as em ployed with the 
necessary higher concentration of added sodium carbonate.

Solutions for the oxidising steep were prepared sim ilarly from sodium 
peroxide, bicarbonate and silicate, or w ith  hydrogen peroxide, and differed 
from the corresponding bleach liquors only in their concentration of peroxide 
(ig . of N a20 2 instead of about 2-9 g/1).

In order to increase the stab ility  of the peroxide solutions, magnesium 
sulphate in the proportion 0-25 g/1 w as usually added.

Solutions of chlorine peroxide were prepared b y  the m ethod described 
b y  D oree14 using potassium  chlorate, oxalic acid and sulphuric acid, whilst 
chlorite solutions were subsequently obtained from them  in known manner. 
Testing  

Lignin Content
F o r the determ ination of lignin content the sulphuric acid m ethod w as 

em ployed essentially as described b y  Shorger15. T h e cut-up m aterial was 
first extracted  w ith  an alcohol-benzene solution and 2 g. samples were 
treated w ith  72 per cent, sulphuric acid for 18 hours to isolate the lignin. 
A ddition al prelim inary extractions first w ith  hot w ater and then with 1 per 
cent, hydrochloric acid as recom m ended b y  Phillips and Goss16 were not: 
given. Since insufficient inform ation is so far available about the consti­
tution of lignin itself and the effects upon this substance of the various 
m ethods of isolation and purification th at have hitherto been proposed, 
all m ethods of determ ination m ust be considered to  be to  some extent 
arbitrary and liable to error. The m ethod now used, however, is analytically 
convenient and at least allow s for progressive rem oval o f lignin to be followed 
in such a w a y  as to show how the content is affected b y  the various treat­
m ents given.

Tf the b u lky  flocculent precipitate o f lignin obtained after the extraction 
of the jute m aterial w ith  sulphuric acid in this m ethod of estim ation is 
treated w ith dilute (N/25) sodium h ypochlorite solution the lignin is readily 
a ttacked  and dissolved, and it is usually found th a t a sm all residue of w hite 
fibrous cellulose remains. W ith  both unbleached and m oderately well 
bleached ju te  the am ount is approxim ately 0-5 per cent, on the w eight of the 
original untreated yarn.

I. oss of Weight
In assessing loss of w eight, the sam ples were carefu lly  conditioned before 

and after the chem ical treatm ent in an atm osphere o f 64-65 per cent. R .H ., 
and at i8 -i9 °C ., and were then weighed on a sensitive balance. Check 
w eighings after further conditioning were m ade when necessary to ensure 
that equilibrium  had been reached.

Assessment of Chemical Damage
In assessing dam age to the ju te  yarns resulting from the chem ical treat­

m ents given, reliance has been placed on determ inations o f tensile strength.
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Chemical methods such as the flu id ity  in cupram m onium , solubility 
number or copper num ber, g ive no simple relations for ju te  th a t enable 
the degree of chem ical degradation to be determ ined because these tests 
apply substantially to  cellulose or modified cellulose. E ven  w ell bleached 
jute, however, contains, besides its cellulose, a considerable proportion of 
hemicellulose and lignin, and these im purities interfere in the tests or in their 
interpretation. If  all the non-cellulose im purities are carefully rem oved, 
the m ethods m ay be em ployed in the usual w ay  for assessing the dam age 
to the cellulose itself, but where the exact proportion of cellulose in any 
sample of ju te  taken for exam ination is unknown, separate determ inations 
of this proportion are necessary before the test results can be interpreted 
in the light of their known behaviour w ith cellulose itself.

Boiling with caustic soda solution, which is recom m ended1* before 
determination on cotton and other cellulose m aterials, does not enable 
satisfactory fluidity results to be obtained w ith ju te  because (as shown in 
Table I) it fails to rem ove the lignin, and not only does this lignin “ dilute ” 
the cellulose to an unknown extent but it remains insoluble in the cupram ­
monium liquid and m ay interfere w ith the normal determ inations of 
viscosity. The lignin and other non-cellulose im purities already possess 
reducing properties so th at in the copper num ber determ ination a high 
valu e m ay be due to residual non-cellulose im purities or to chem ical attack  
of the cellulose itself or to both, and the effect on the cellulose cannot be 
accurately  assessed un til that due to  the im purities is known or has been 
avoided.

In  attem pts to determ ine w hether bleaching treatm ents cause undue 
a tta ck  o f the cellulose, the following additional experim ents were made.

Sam ples of unbleached and bleached ju te  yarn, previously cut up into 
short lengths, were treated at 50 : 1 liquor ratio for 30 m inutes in a h yp o­
chlorite solution of 5 g. A v .C l/ i a t p H  4-5, filtered, washed and antichlored. 
T hey were then boiled under reflux w ith  2 per cent, sodium hydroxide solu­
tion, acidified and w ashed. T he resulting w hite fibre w as dried to constant 
w eight in a desiccator over sulphuric acid and used for fluidity m easurements 
011 0*5 per cent, solutions in B .C .I.R .A . standard cupram m onium . The 
following results were obtained :

K.'q).
N'o.

Sam ple of 
Cellulose from

%  Loss 
of \vt.

Mean
M uiditj

J. U ntreated  |u te 41! 1 ISO J u te  yarn bleached by the  sequence oxidising 
steep, 3g Av.Cl/1 alkaline hypochlorite, peroxide

As 2, bu t with 2g. Av.Cl/1 n eu tra l in stead  of 
alkaline hypochlorite

42 I2 'S

From these values it  is evident that the bleaching treatm ents given, 
which correspond to those already described in an earler section, have 
on ly  a slight effect in increasing the flu id ity, and dam age to the ju te  cellulose 
itself resulting from such bleaching is, therefore, sm all. Hence in bleaching 
processes the losses o f strength that are encountered appear to be due much 
m ore to attack of the non-cellulose constituents of the jute than to attack  
of tho cellulose, and the incrustants can be regarded as having a protective 
action towards the cellulose w hilst th ey  them selves rre degraded.

From  preliminary experim ents it seems likely  that m ore satisfactory 
separation of cellulose from the other constituents of ju te  can be m ade b y 
atta ck in g  the lignin with a solution of chlorine peroxide and then rem oving 
the m odified lignin and the hem icellulose by sulphite and alkaline treat­
m ents. B y  this method less chem ical dam age to the cellulose occurs than 
when acid hypochlorite is em ployed. A fter  such treatm ent the cupram m onium  
flu id ity  o f ju te  cellulose has been estim ated to be about 5 to 6 units but 
further w ork on the method is necessary before reliance can be placed on 
such results.
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Breaking Loads
Strength tests were m ade on a standard Goodbrand Single Thread 

Tester after conditioning the y a m s a t 65 per cent. R .H . and 18 to 19 X . 
T he length of the specimens between grips w as not less than 10 inches. In 
some cases the cut-skein m ethod17 w as used for preparation of the speci­
mens actu ally  em ployed in testing, the skeins being taken from hanks chosen 
at random from  the m ain batch  of yam s. One portion, or more, of the cut 
skeins w as reserved as original untreated y a m , the rem aining portions were 
subm itted to the chem ical treatm ent, and all sets were afterwards tested. 
For the m ain bulk  of yarn  used, grand means for the dry and w et strengths of the 
original unprocessed yarn  were obtained from the results of hundreds of breaks.

In determ ining the d ry  strength of the original yarns, the test specimens 
were first w etted  thoroughly w ith  w ater to rem ove laten t strain and to render 
th e yarns m ore strictly  com parable w ith  the corresponding chem ically 
treated ones, then dried and conditioned. W et strengths were determined 
in the usual w a y  b y  w etting the threads com pletely in w ater and keeping 
them w et during the testing.

O w ing to the high va riab ility  of ju te yarns, which would necessitate 
an inordinate am ount of testing if mean values of great accuracy were to 
be obtained, no precise significance attaches to sm all differences between 
values in the Tables, and the recording of standard deviations has been 
considered unnecessary since only general and obvious deductions have 
been m ade regarding the effects on strength o f the various treatm ents given.

A s an exam ple, however, standard deviations have been calculated for 
the yarns from one experim ent in which, of tw o test bundles obtained by 
the cut skein m ethod from one and the same re-wound hank of unbleached 
jute yarn, one bundle w as w etted  and redried before testing w hilst the 
second rem ained untreated. The results were as follows :—

T a k in g  d if fe re n c e s  g r e a t e r  t h a n  tw ic e  t h e  s t a n d a r d  e r ro r  o f  th e  m e a n s  
a s  b e in g  s t a t i s t i c a l ly  s ig n if ic a n t,  i t  is fo u n d  t h a t  th e  d if fe re n c e  b e tw e e n  
th e  m e a n  b r e a k in g  lo a d s  is in  t h is  c a se  n o t  s ig n if ic a n t.

R E F E R E N C E S
I N orm an, “ The B iochem istry  of Cellulose, e tc .” Oxford, 19 3 7 , p. i 6C>.
- C libbens and  R idge, J .  Text, hist.,  192 7 , X V III ,  t i 35-1 6 7 .
3 R idge and  L ittle , J .  Text. Inst. ,  1942 , X X X 11I, T4 4 .
4 B .P. 489496 (and allied p a ten ts) B u tte rw o rth  and  R idge, F razer and H aughton

L td ., and  LC .I. L td .
5 B u tte rw orth , J .  Soc. Dyers and Col., 1 9 3 9 , 5 5 , ( 12 ), 589 .
6 R idge and Bowden, / .  Text. Inst.,  1932 , X X III , 7 3 1 9 -306 .
7 Sarkar, / .  Ind. Client. Soc., J9 3 5 , X II , 26 .
8 Speakm an, J .  13., Nature,  1938 , 142, 3606 .
5 D ubean and o thers, Amer. Dves. Rep.,  1939 , 28, (20), 590 , and B.P. 380488.

111 Peirce and S tephenson, J .  Text. Inst. ,  1926 , X V II, T305 .
II B arker, S. G., J .  Text. Inst.,  1939 , X X X , P299 .
12 Brown, M ann and Peirce, J .  Text. Inst.,  1930 , X X X I, t i 80.
13 Hebbs, J .  Text. Inst., 1936 , X X V II, p i 73 .
11 Doree, “ M ethods of Cellulose C hem istry ,” London, 1933 .
15 Shorger, " C hem istry  of Cellulose and W ood,” London, 192 6 , p. 5 2 4 .
15 Phillips and Goss, J .  Assoc. Off. Agr. Chem. 1936 , X IX , 350 .
17 M idgley and Peircc, J .  Text. Inst., 1926 , X V II, 13 0 6 .
18 Ridge and L ittle , Proc. Tech. Sect., Paper Makers Assoc., 194 1 , pp. 53-75  and 228-229.
1 ■' B arker, S. G., 11 R esearch  in th e  Ju te  In d u stry , 1935-1936  ” or J .  Royal Soc. Arts, 

1938-1939.
20 M acm illan , J .  Text.  In s t . ,  19 3 9 , X X X , p. 30 5 .

T he in form ation  in th is p ap er is published by  perm ission of the  D irectors of 
Im peria l C hem ical In d u stries  L td ., to  whom  th e  a u th o rs’ th an k s  are due.

A cknow ledgm ent is also m ade to th e  B ritish  C otton In d u stries  R esearch Associ­
a tio n  for th e ir  valuable assistance in  exposing th e  sam ples of ju te  an d  o th er m ateria ls 
to  th e  lig h t of th e  s tan d ard  high in te n s ity  arc in th e  Shirley In s ti tu te  Laboratories.

U ntreated 

7-70 lb.
t  • n '7

W etted  and 
redried

Mean of 100 breaks 
Standard  D eviation  
Standard E rror ...


