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x.   njTOppgpoif : 

In contrast to paper pulp« , dissolving pulps art 

subjected to ssveral chemical treatments with the object of 

Converting then to different cellulose derivatives.    These 

derivatives , unlike cellulose itself , are soluble in dilute 

alkalies ,  cheap organic solvents or even water.   In several 

industries ,  cellulose and cellulose derivatives are regenerated 

from solutions in the fora of fibers , films , or sheetings. 

Solutions of cellulose esters and ethers are the bass« for 

several lacquer formulas and surface coatings.   One of cellulose 

derivatives aaaely nitrocellulose ( cellulose nitrate ) Is used 

at well, in explosive industries«   The water-soluble sodium 

salt of carboxynsthyl cellulose is used as a siting agent In 

textile Industry ( as a substitute for starch   )  , as adhesive 

in papsr making or as thickening agsnt in food and cosmetic 

industries.    The first known plastlos were manufactured from 

cellulose derivatives. 

In the early stages of cellulose industries i.e. in 

the last decade of the 19th. Century .purified cotton lintera 

were the main source of cellulose products.   High alpha-cellulose 
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pulps i.«,  dissolving pulps produced from wood have then steadily 

replaced Unters «specially in viscos« rayon  industry*    Softwoods 

were the first raw materials used for production of dissolving 

pulps.    Later on , hardwoods found their way to dissolving pulp 

industry.    From non-wood raw materials , only reeds have been 

used for some times in a few countries as Italy and Romania^ 1.) 

Nevertheless , reed pulp constituted a negligible fraction of 

dissolving pulp production.    It was reported that wheat straw had 

been used in Germany on an industrial scale for dissolving pulp 

manufacture during world war XX(l.).     * tremendous number of 

research articles , reports ,  and studies on exotic raw materials 

as sources for dissolving pulps have been published is the last 

30 years.    Just to give the references of these articles would 

fill a great number of pages.    In this paper only a review of the 

most important articles relating to the basic features of the subject 

would be refered to as far as possible.    Most of the studies on 

exotic raw materials ceased at the point where pulps of high alpha- 

cellulose content were obtained and analysed.    Continuation 

of the studies to preparation of cellulose derivatives till the end 

product in a manner which simulates the industrial processing is 

usually not undertaken becauoe of the relatively high costs and 

efforts.     Chemical end physical analytical data are not  sufficient 

for evaluating dissolving pulps.    Such data give only a preliminary 

idea but cannot predict the behaviour of the pulp during the many 

operations to which it is subjected    till the end product say viscose 

rayon filaments are produced.    Several standard tests have been 



- 3 - 

proposed for «valuation of dissolving pulpa , but theae are not 

always correlated to pulp bahavJLour during the différant manufacturing 

operations.    The last word for pulp evaluation la «till the result 

obtained from the simulation of all industrial preparation and 

treatment operations.    Snail scale pilot units have proved to be 

sore or less satisfactory. 

To start dlsousslng the suitability of exotio raw aa te ri ala 

for the aAnufacture of dissolving pulps it is felt necessari to five 

at first a brief account of the  different gradee of dissolving pulpa. 

As before mentioned , dissolving pulps are used for manufacturo of 

a great variety of cellulose products ranging from cosmetica to 

explosives.   Therefore it is natural that there ara different 

•pacifications for dissolving pulps according to the purpose for 

which they are used« 

IX.    «MPS» Of PTSfiOLVINQ PPLPfl t 

1.    Viscose «rade^oulpi 

Pulpa to be used for viscose rayon manufactura' .should 

poaaeae relatively high alpha-cslluloee content,    The proaenee, however 

of a considerable percentage of Henicelluloses la permissible.    The a« 

ara removed to a great extent during nerceri*ation and 

pressing of the pulp while preparing alkali cellulose in the viscose 

factory Itself.    Table 1 represents general chemical and physical 

analytical data which are requested in viscose pulps ( 2    )• 

alpha-celluloee could be as low as 88% in these pulps«    as regards 

aah  , some of its constituents aire 



* k - 

Silica i j almost the main nega tve factor.    The píesenos of 

•ore than 0.05 % silica in pulp leads to clogging of the filter 

cloth while filtering viscose ( 3 )•    Especially pulps obtained 

fron non-wood raw materials are characterized by high ash content 

and in several cases silica makes up more than 50 % of the ash# 

2. acetate grade pulp : 

Pulps to be used for cellulose acetate manufacture should 

possess higher alpha-cellulose than viscose pulps.    Ins alpha-cellulose 

content is usually higher than 97 % »    Non celluloaic components such 

as Healcelluloees , ash  , and silica    should be much lesser than  for 

specifications of visco3« pulps ( 4 )•    Cellulose acetate im used 

for production of rayon as well as films ,  lacquers ,  and plastics. 

The non-celluloaic impurities cause insoluble residues leading to 

haze which are objectionable especially in films and lacquers« 

Viscosity of acetate pulps should be lower than that for viscose 

pulps, but this can be easily adjusted during pulp manufacture, 

3. yitrate grade pu^p : 

Generally speaking nitrate pulps should possess am high 

alpha-cellulose as acetate pulps.    However higher ash and silica 

contents are permissible as far as the prepared cellulose nitrate 

is not used for filos and lacquers, 

¿t.    Ether grade pulp : 

This pulp grade should be of more or less the same purity 

as acetate pulps.    However for the specific case of the sodium 

salt of corboxymethyl cellulose   ( la CMC ) much lower pulp purity 
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is tolerated.    Thle water-soluble ether ( Na CMC ) ia not used 

in films , lacquers , or plastics.    It is used in the for» of aqueous 

solutions for drilling purposes even without eliminating the 

byproducts formed during the preparation of this derivative from the 

pulp.    For the use of Na CMC as a sizing agent in textile industry 

or as adhesive in paper making , the presence of inorganic residues 

or Hemicelluloses would apparently cause no difficulties. 

Summing up , viscose grade pulps and carboxymethyl grade 

pulps do not require high purity as those necessary for acetate or 

nitrate pulps.    Nitrate pulps for explosives industry could contain 

somewhat highor inorganic residues than acetate pulps. 

III.   pmenattifiiTE or DISSOLVING PüLP AS A cmuim« w^TApt 

Pulp.ooneists of different oell types which may vary 

much ip their chemical composition.    Accordingly , the analytical 

chemical data given in Table 1  for a viscose pulp 

represent only an overall avéra**.   Jt thus beoomes evident that 

a pulp does not represent, a pure cellulose reactant with constant 

chemical data but rather a heterogeneous mixture of reactants. 

What makes the picture more complicated is the fact that also 

the f^.ne or micro structure of different cell types show much differences. 

By fiber fine structure is generally meant " the microstructure of 

the cell wall •• or in other words the degree of packing or adhesion 

of the elementary fibrils within the cell wall as well as the degree 

of packing of cellulose molecules within the elementary fibrils. 
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Table 1 t Ohanioal requirements of a suitable rayon 
grada pulp. 

ilpha cellulosa, % 

Solatia in alcohol bansana % 

Panto«an» 

Ash, 

Lignln, 

Briftotnea«, 

Ylseosltj (Tappi)f 

Qraatar than 86*0 

Lass than 0*5 

Laes than 5*0 

Lass than 0*15 

Laaa than 0*10 

Qraatar than 65.0 

1 to 25 
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Th« fine structure of pulp titer» depende upon the raw «itcri id  , 

the pulping procces ueed ,  nuriiicattona conditions t   «ad úxyl*£ 

condition«.    Fiber fine structure affecta.the diffusion re si titanic 

of the cell vali  co chemical reagents i.e.  affect« «vellaoility or 

rats and extent of exposure of cellulose  turface» and hence reactivity. 

Most cellulose industrial reactions belong to the the hoverogea«ou« 

type at least in the early reaction stags «hers cellulose is still 

retaining its fibrous structure,    AS 1B all heterogéneo«» re as Usas 

ta« reagent aoleculee hare at first to diffuse lato tè« alsrs «ala« 

and capillaries of the fiber till they esa reaeh esllulsss «arfas««. 

Thus the innermost surfaces «111 react at last.   Th« «AffM&sm rat« 

in «jo«t of such reactions 1« lo war ta«* ta« rat« of tu« e«—Issi 

rssstlon proper ( 5 ).   Therefore it 1« the diffusi«» rat« «mise 

governs the overall reacUoa rat«,   8iao«  «lffereat «ais« asé 

different cell types la a pulp possess diff«rent CU« «tratar» 

therefore they possess different diffusion realstaaee is reaga«*«. 

Bsspectlvely the different pulp« sad diffsrsmt cell types la «a«a 

pulp rsact at different rate« ,  aad after a «ertala tlae pari*« they 

«how différent degrees of substitution ( D.S. ) «f ta« celiai««« 

fttuctional hydroxyl groups.    Fox instance , «pon xaataatlsa of 

alkali esllulo«« with C9¿ , l«s» than I/3 of tas hydroxyl grsups «f 

cellulose ars «ufficxent to be substituts* to ostala «ola *i lit» 

la dilute alkali to give viscose ( 6 ).    If the pal* Is too 

h«t«rog«neou« ,  the ao«t reactiva call types will ooa«u«e «or« 

Ca2 ( 1.«. «ill be over-xsothated )     aad hence the l«a«t r«a«tlw« 
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fibers vili be Insufficiently xanthated and do not go properly 

in solution. 

Softwood pulpa are composed of almost on« type of cells 

namely trachiede of similar chemical composition and similar 

micro at rite ture.    Therefore high alpha-cellulose softwood pulp 

represent one of the most homogeneous celluloses.    Accordingly , 

softwood pulps are - beside purified cotton linter s - the best 

suitable for industrial dissolving pulps«    Kardwoods possess a mora 

heterogeneous anatomical structure than softwoods.    In other words 

hardwood pulps contain more different types of cells.    As befors 

mentioned this pulp heterogenity could lead to som« difficulties 

during the manufacture of cellulose derivatives«   Ion-wood raw 

materials are still more heterogeneous in anatomical nature and 

generally speaking these materials would be of less suitability 

for dissolving purposes than wood« 

In the foregoing it was explained why the pulp analytical 

chemical and physical data alone are far from being sufficient for 

eraluating pulp suitability for different   oellulose industri««. 

This fact led a tremendous number of research workers to look 

for standard teste depending upon reactivity measurement of the 

pulp towards specific  refccUoas.     Such methods imply measuring 

the reaction rate by determinine ths D.3.  and /or solubility 

till equilibrium is reached( e.g. 7   ).    Reactivity aeasurements 
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although represent a step further    - than just pulp chemical 

analysis - towards pulp evaluation yet they still do not stand 

In a clear-cut relationship with what really happens during the 

industrial working up of the pulp.    Therefor the final and conclusive 

•valuation of a pulp respectively a raw material for a certain 

cellulose industry is delivered by simulating all manufacturing 

operations on a small scale in the laboratory and testing «ach 

operation and each cellulose Intermediato till the end product 

itself is obtained. 

Such methods are described in brief in the following. 

IV. HMUJATION TESTS OF DISSOLVING PULPS BY PARTIAL 08 »TAL OONVEBSIOM 

ITO TB B«P PRQPPST ÏÏHDER SIMULATION OF MAltDFAOTüRlNQ OPERATIONS t 

*•    fMtt for viscose grade nulna : 

In viscose rayon or cellophane manufacture , pulp in the 

for« of sheets is soaked in 17.5 % NaOH solution.    Ths soaked pulp 

is pressed to a certain press ratio to eliminate the excess sodium 

hydroxide solution.    In anothsr method the pulp is treated in a slurry 

for«.    The formed alkali cellulose Is shredded , aged ,  then xanthated. 

Ths xanthate is then dissolved in dilute sodium hydroxide solution 

to deliver viscose.    Ths produced viscose can be tested for several 

properties as content of gel particles ,  turbidity ,  ..etc. 

However the moat Important technical property of viscose Is its 

fil ter ability.    During manufacture , viscose is filtered In filter 
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presco3 £*¡ad it lu uà. &*:.<.&? j   Uu I th« filter clci.ii does not get 

clogged quickly.  In this respect a standard method for determining 

the decrease in filteration rate has been developed.    By measuring 

the rate oí filteration over a relatively ehort  time period , a constant 

termed filter clogging constant or v Kw )   can be found out ( 8 )# 

The smaller the magnitude of Kw ,   the better is the fil ter ability. 

In the present paper ,   the reported data of Kw are the resulta of 

experiments carried out in a £*mall viscose pilot plant ( 9 ).    The 

used oaten is about 100 grans pulp U-.D.).    The viscose after filteration 

and ripening can be spun into  continuous filaments which are then to 

be tested and compared with commercial r&yon. 

2,    Testa for acótate _ grade.jtuljps : 

In acetate rayen manufacture ,   the pulp is at first steeped 

in glacial  acetic acid which has r.ore swelling effect on fibere than 

the acety^ating mixtum iteúr.     ïo the pretreaAod pulp an excess of 

glacial acetic acid ana acetic anhydride is added into a closed 

vease?.  fitted v:ith a stirrer in the presence of sulphuric acid as 

catalyst.    The reaction mixture is left for several hours at 25-30 *C. 

The mass becomes ßolatincus and the pulp dissolves almost completely 

and at the end of the reaction ,  cellulose is converted to the 

triacetate.    The triacetate is then   transformed it to  the acetone- 

soluble diacetate through hydrolysis by adding water to the mixture. 

The whole mixturo is then poured into excess of water where the acetate 

precipitates into the form of chelky flakes.    These are ground, 
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dissolved in acetone and spun to rayon« 

Sevearl tests can be carried out tooheck each of these 

preparation steps,    one test depends upon determining the residue 

and turbidity of the acetylating mixture at the point when the pulp 

has been completely converted to the triacetate.    In the present 

paper the results given are according to the method of Jayme aal 

Schenck CIO).    The turbidity was estimated also after centrifugiûf 

the solution by a flilfer-Speker Absorptiometer and flourimeter with 

pair of neutral filter for turbidity measurements.   It is more 

Informative to go a step further and prepare the diacetate and 

test it.    For diacetate preparation , the method of Sieber (11) 

was used in the experiments reported in this present paper.    The 

precipitated diacetate was stabilized by boiling with water containing 

0,015 % sulfuric acid for 5 minutes then ball milled after being dried» 

According to standard specifications (12)   ,  the diacetate should 

possess ash content lower than 0,2 %,    Acidity calculated as free 

acetic acid should not exceed 0.01 % by weight.    Stability as 

liberated acetic acid should not exceed 0,5 % by weight.    Charring 

point should not be lower than 200°C.  1 however ,  the higher the 

better ) and solubility in acetone not lower than 99.9 %• 

3«    Tests for nitrate grade pulps ; 

For the manufacture of cellulose nitrate , the pulp is 

treated with ni trie-sul furie acid mixtures of different compositions 
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«fpending upon the required nitrogen content in the ni traf.    ne 

nitrate i. then stabilized and tested for different «reparti... 

The «oat important property , however ,  is the stability and 

aolubility in ether-alcohol mixtures.    A« far as the nitrate la 

not intended to be used for fila« or lacquer* ,  the stability 

teat would be sufficient. 

*'    T*sta for other ffrad« pi.ip, t 

The teste given here are for apecific ether derivativa 

a-ely the aodiua salt of CMC.   There ara aavaral »ethod. for 

««ufacturing this derivativa,   m on. »ethod the pulp is tra.t.d 

»ith eodiua hydroxide solution of higher concentration than that 

used for »ercerization in the viscose proce...    After raaovin« the 

the excess alkali , the formed alkali cellulosa is ehredd.d 1th 

aonochloroactic acid or sodiua chloroacatat. and the reaction 

ia carried out to the desired   .s.     Usually a D.s. 

of at least o.* is necessary to obtain a water-soluble product. 

Beside the formation of NaCMC , sodiu» chloride and sodiua 

Circolata are foraed as byproducts.    Ths whola reaction »as« 

can directly be applied without purification in the case of 

¿rilling operations.    However , for other purpose, the r.actio. 

products are disolved in dilute sodiu* hydroxide solution then 

filtered.     The filtered solution Is neutralized with 00., to 

exhaust   the free al^u.    ïhe futarability of  the solution 

can be tested as in the e«aa of viscose by deteraining Kw. 
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The neutralized solution is again filtered and NaCMC is precipitated 

by methanol.    The purified sample is tested for D.s.    Since this 

derivative is applied in the  form of concentrated aqueous solutions 

e.g.  for textile sizing or as paper binder ,  therefore it is 

necessary to determine the flow or Theological properties(such 

as structural viscosity ) of these solutions. 

V#    «XÖTIC »A» MATERIALS AS A SOUflCE FOR DISSOLVING PITps j 

Exotic raw materials may he defined as those raw materials 

which are strange to the industry of dissolving pulp.   in this 

respect all non-wood raw materials except reeds can be considered 

as exotic raw materials.    Examples of non-wood raw materials which 

art abundant in many countries axe sugar oane, bagasse and 

agricultural residues such as straws.    A tremendous amount of 

research work has been done on non-wood plants and « huge number 

of articles have been published about this topic.    However most 

of the articles suffer from the fact that they are restricted 

to pulping , bleaching and refining processes.    Further investigations 

on the conversion of the obtained pulps to different cellulose 

derivatives are scanty.    On the other hand ,  some abundant exotic 

raw materials as cotton stalks ,  palm leaves and corn cobs have 

been almost neglected in the literature regarding their use for 

dissolving pulps,    in the present paper it ic Impossible to give 

a review of all articles about oxotic raw materials.    Only the 
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most important literature and the basic features of the subject 

will be discussed 

The present paper will be confined to straws ,  sugar 

cone bagasse  ,  cotton stalks ,  palm leaves ,   and corn cobs. 

Reeds are also included in the present study due to similaritiee 

with several other exotic raw materials.    It is around these 

materials that the author gained experience in the last twenty 

years.    The study will concentrate on the problems of these 

raw materials as a source for production of dissolving pulps, 

la other words ,  the difficulties in preparation and purification 

of these pulps as well as technical difficulties during conversion 

of the obtained pulps into different cellulose derivatives will 

be stressed.    Ways for more or less reducing these problems and 

difficulties are described or suggested. 

In fact ail raw muu«riaitì considered in this paper are 

generally speaking cWacteriaaa by a more heterogeneous «n«to«ic«l 

•truoture than aoftwooda and hardwooás.   Great difference! in 

chemical composition and fine structure of cell types are 

encountered.    For instance ,  epidermis cells which are found 

in non-wood raw materials contain much higher ash and silica 

content than other cell types.     The differences between cell 

types is however not an much as that in the case of flax where 
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each of the bast fiber portion and the woody portion has to be pulped 

separately.    But anyhow ,heteroginity la 

structure of most exotic raw materials cause several difficulties 

for production of dissolving pulps as will be shorn later. 

A general ohaxact eristic of these raw mat «rial e is thuir 

overall high ash content if compared to soft or hardwoods. 

In some cases more than 50 * of the ash ia made of silica.    Straws 

and bagasse possess lower lignin than woods.    It Is easy to obtain 

pulps of high alph-cellulose from straws and bagassa by applying 

more reduced pulping conditions than those used for wood. 

Nevertheless it is difficult to reduce the amount of silica 

to values permissible for dissolving pulps.    A more or learn 

sufficient reduction of silica usually takes place at the cost 

of the^pulp yield. 

Practically all pulping processes practiced in manufacture of 

dissolving pulps from wood have been tried in the case of exotic 

raw materials.    Also specific pulping processes such as Pomilio- 

Celdecor process have been developed for non-wood raw materials. 

Different bleaching and refining processes have also been applied. 

Optimum conditions for production of pulp with best purity have 

been given.    However this depends upon variety , location , and 

storage.    Most of the articles demonstrated that Prehydrolysis- 

sulfate is the most suitable method for preparation of dissolving 
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pulpo from erotic "hi*«rials. 

The raw materiale considered in the- present paper 

although they share gome characteristics    yet they vary In others. 

Therefore they are classified here in groupe according to common 

specific problems ae far as  dissolving   pulp is concerned.    Eaofe 

group will be discussed in detail as followss- 

1. Viscose grade pulpg : 

Heeds : 

Simionescu (13; in his book on reeds gave a review of 

all articles published on this subject till 1965.    Among reeds , 

Arundo Duaax has been used for some tiaes in Italy for 

production of viscose pulps.    Calcium bisulfite process was applied 

to arundo  ,  using pulping conditions similar to conditions used 

for spruce (1).   Another    abundant reed is Phragmites Communia« 

In phra0jiteG the leaves   com .itutes   18 % of    ne whole  raw material 

while in Arundo leaf content is about  10 %.    Leaves contain much 

higher a3h and  silica than stems.    Therefore it is recommended 

to remove the leaves before   pulping.    The ash in Arundo stem« 

(   an Egyptian species ;  is about 4.5 %,     Silica in ash is ¿|0 %. 

Deleaved Egyptian phrapraites contains about 6.9 % ash of which 

25 % is silica.    Unbleached pulpe obtained from reeds by the 

bisulfite méthode contain still hi^h ash and silica.    By refining 

with sodium hydroxide before or during bleaching it is possible 
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to obtain dissolving pulps with low silica. 

It is worth mentioning that other non-wood raw sat eri al s 

such as bagasse and wheat straw contain less silica than reeds. 

However when pulped by the bisulfite process these raw materials 

deliver pulps in which the silica cannot be reduced t<* permissible 

values even after intensive   alkali refining .    This demonstrates 

that silica is found in different foras in different raw materials. 

This could be a point of further research. 

In other investigations in this laboratory it has been 

shown that reeds can be well cooked by the calcius bisulfite 

process under much shorter pulping cycles than those used for 

wood (llf).    A total pulping cycle of five hours was sufficient 
\ 

to obtain well cooked pulp of high alpha-cellulose«    Since reduction 

of silica in the unbleached bisulfite pulps necessitates an 

Intensive alkali refining before or during bleaching , therefore 

in one experiment the pulping chemical ratio as well as pulping 

cycle were both reduced.   Practically speaking a semlchemical 

pulp of 53 % yield and low alpha-cellulose was obtained.   However 

after alkali refining followed   by bleaching a high alpha-cellulose 

content of 9^.7 % vas reached.    The results are shown in Table 2* 

In other experiments refining was done in the second stage of bleaching 

by raising the concentration of sodium hydroxide In this alkali 
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waahing «tag«.    Also successful retalia «ara 

obtained.    In further experimenta the calcium «me replaced by 

other   oat Iona but tba pulping cordi tlona men held eonstamt 

and equaled thoaa ussd for producing the calcium biaulflte 

pulp Ho,1 in Table 2.    The alkali refining «a« dona aa the 

aeeond «tage of bleaching by usimg 16 % laOI ( baaed on palp ) 

for 2» hours at 93^5.    Tbe re eulta are given lm Tabla 3.    fbr 

the sake of comparison two prehydrolysis-sulrmte oooka «are oarried «mm* 

For preparing pulp Io .8 , 6 % Jl^X). baaed on raw material mm ma»* 

in the prehydrolyaie atep.    Liquor ratio «as 7:1  > maximum 

temperature 125 tí. snd duration at maximum temperature 170 minutas« 

In the pulping precoma , 21.5 % BmOH and 5.3 % WaJI ( basai OB 

prehydrolysed   material ) «ere naed at a liquor ratio of 5«1. 

Maximum, temperature «ma 160 tï. and pulping period at maximum 
S 

temperatura «aa 3 hours.    The natural chlorine requirement for 

the sulfate pulps «as about \% «hile it amounted to about 4|jt la 

abort cycle bisulfite pulpa and about 2-5 % in long cycle biaulflte 

pulpa.    From Table 3 it is evident that the prehydrolysle- 

aulfate proceas deliver pulpa «1th loveat ash and ai Ilea,    levava« 

Kv of the vlacosea obtained from several biaulflte pulpa «are   not 

inferior.    This again demonstrate* the abaence of a clear-cut 

relationship between pulp analytical data and viecose K*.    It im 

worthwhile to mention that Kv   of viacoaea obtained from 
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average grade commercial hardwood dissolving pulpB under same 

testing condition» amounted to 200. 

Summing up Arundo donax is one of the few non-wood materials 

which give suitable viscose pulps by the bisulfite as well as 

by the prehydrolysia-sulfate method. 

In the fore going experiments reeds were deleaved 

before pulping.    It is known that the objectionable high ash 

sad silica content in leaves is almost confined to the 

epidermis layers on the surface of the leaf.   Other cell types 

of the leaves would not be objectionable for dissolving pulps. 

It is difficult to separate the epidermis cells from other  sells 

e.g. 0-flber or fines suoh as parenchyma celle ani to study the 

behaviour of each type alone.    However it was noticed that 

after hydrolysis of reeds   (as well as straws), the epidexais 

cells which form the superficial layers of the leaves are more 

or less dissociated from the body of the leaf and split easily 

upon mechanical stirring to email particles which can be 

removed through screening (15).    Tha whole process can be dome 

in a hydra-pulper with false bottom.    In this way most of the 

epidermis cells of the leaves can be eliminated while other 

cell types are retained to be utilized in pulping.    After 

pulping of the prehydrolysed Arundo which has been screened 
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after pr -hydrolysis , the ash and silica was etili higher 

than in the case of pulps obtained from completely deleaved material 

( i.e. stems )   and the Kw of  the viscose was respectively inferior 

(   compare experiment    No.6 and No.? in Table k) (15).    In  the case 

of phragmites communis ,  screening after prehydrolyaie of the 

whole plant (   stems * leaves  )  led to a pulp with almost same 

ash and silica content as that obtained from stems alone but 

with much better viscose filterability I  compare experiment Ho.If 

«id Ho.2 ).     This proveB that  fiMS ( other thaB epidemi. ) improve 

the filterability of viscose.      Pulp No. 5 was onoe soreened before 

bleaching to remove the 0-fiber fraction  (  experiment Mo.3 ) and 

Kw of its viscose determined.    The Kw decreased due to this treatment, 

Again it is seen that as far as the epidermis cells are removed 

to sufficiently reduce ash and silica in pulp , other 0-fiber 

fractions or fines do not deteriorate pulp quality.    They even 

improve the filterability of viscose tremendously.   Of course 

the presence of more 0-fiber  fraction in the pulp increases the 

degree of heterogenity of the pulp,    as mentioned before it is 

believed that the more the heterogenity   of the pulp the lower 

will be its suitability for cellulose conversions.   However in 

this specific case it is shown that the presence of more fines 

(   except epidermis cells )    does improve viscose filterability.   It 



•i 
- 83 - 

4> 
H 

18 
.? a 

\o 3 

US 

ñffi 
-• i • Ö *o 

íIIM 

!i 

§ §    s § 
¿<i   g   ¿   ó   g 

?   i 8 5 •   •        • • fc   «•   g   o o 
€0 * 

8 %     % •      « •    I 
fc °»   R ° 

co 

8 8     f § 

$ 

•    • •    • 

M\ 

9i UN 

34» 

Pi 

1 

* * § *61 

111*1 X 

M SS »a ss 
* w R ° « * 

00 H 

S g g * 

! ! 1 

1   1 
«0 tf\ 

I,    . 
11 ¿ - ^ 
3   o,    p   3   3   fi 



mmm mmmmm^ 

- 24 - 

might be that such fines give viscoses with better state of 

solutions.    This point however needs further 

research work to be clarified. 

Straws : 

In wheat straw the leaves amount to about 35 % of the 

whole straw.    In rice straw the percentage of leaves is as hi«* 

as 65 % of the whole raw material .    in Egyptain wheat straw the 

ash and silica contents are about 6 and 2.5 % respectively in stems 

and 15 % and ? % respectively in leaves.    In rice straw the stems 

contain 13 % ash and 8 % silica while leaves contain ZZ % ash 

and 17 % silica.    In this respect the leaf blade contains 

considerablely higher ash and silica than the leaf sheath. 

It becomes evident that the leaves have to be removed from 

straws before pulping so as to obtain pulps with low ash and 

silica contenta.     Jayme obtained pulps from deleaved wheat straw 

which were suitable for acetate grade.    However there is no 

mechanical device which could deleave straws completely.   Furthexmore deleawiag 

of straws - in contrast to reeds - causes about 50 % loss of the 

raw material.    In one of our papers this problem has been practically 

solved by the technique described before in the case of reeds. 

In fact this technique was first developed by us for straw* and 

then applied to reeds.    After prehydrolysis of straw , a considerable 
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part of the epidermis cells were removed by screening before pulping. 

The leaf blades become brittle upon hydrolysis ani 

especially the surface layer of epidermis cells dissociate to 

small particles which can be easily screened»    The removal of only 

8 % of hydrolysed material which is equivalent to 12 % of the 

whole raw material resulted in an enormous reduction of ash and 

silica in pulps.    However application of conventional conditions 

of alkali pulping to the hydrolysed straw especially rice straw 

delivered pulps with higher ash and silica than permissible for 

viscose pulps.    Therefore a systematic study of pulping condition« 

wae done.    It was found  that silica redeposits   continually in 

great amounts during the early stages of pulping while lignin 

is still being more or less eolubliaed.    Therefore it is necessary 

to apply very short pumping cycles.   Even pulping for 

5 minutes at maximum temperature could be sufficient to deliver 

high alpha-cellulose pulps with low ash and silica content and 

which can be easily bleached (   16 ).    In further experiments alkal". 

refining was intensified   and the silica was reduced to 0.05 % 

a value similar to that for purified cotton Untere.    The Kw of 

the viscoae prepared from this pulp is shown in Table 5    (   17 J. 

It becomes evident that it is possible to obtain suitable viscose 
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pulpa from practically the mo4,t inferior non-wood raw material« 

i.e. rice straw.    Of course the yield of auch pulpa are lower 

than in case of woods.    Bisulfite pulping was insucceaaful for 

straws. 

Sugar Cane Bagasse : 

Sugar cane bagasse consists ,  generally speaking , of 

two fractions ,  fibers and pith.    The pith constitutes about 25 % 

of the raw Material and contains somewhat higher ash and silica 

than the fibers.    There are sevearl methods which have been 

developed for the removal of pith.    To discuss these methods 

in details is ont of the scope of this paper.   Depithing is usually 

applied to bagasse in the wet state or in slurry.   Depithing is 

necessary for paper making since if the pith exceeds a certain 

percentage in the pulp then it will  deteriorate  paper strength. 

For dissolving pulps , it is i cessary of cour, t to remove the 

silica-rich cells but it is not necessary that the pulp be of 

fibrous nature.    In fact it has been shown that it might be 

•ufficient - for dissolving pulp preparation - to remove enly 

the loose pith cells which are contaminated with dirt and dust« 

Dry cleaning of bagasse by compressed air removes about 5 % of 

the raw material.     Screening the bagasse after hydrolysis 

to remove again about 5 % based on raw material is sufficient to 
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reduce the aah contort*:   (   18 )»    Further depithing do»« not result 

in any improvement in pulp quality.    The prehydrolysls-eulfate 

method when applied to bagasse delivers pulps of high alpha» 

cellulose content and of viscose,filterability more or less 

comparable to reeds.    Bagasse is an easily pulpable material. 

It can be even pulped at 100°C. to give high alpha-cellulose 

pulps (  18 ).    Although bagasse contains lower ash and silica 

than reeds yet it ie difficult to obtain suitable pulps from it 

by the bisulfite method which is successful in the case of reeds. 

Cotton Stalka : 

The bark makes up about 20 % of cotton stalks.    Cotton 

stalks also contain a considerable amount of pith.    Due to the 

thin and branched, nature of cotton stalka it is difficult 

to remove the bark totally by mechanical means.    Even those 

debarkiuj devicee which are e.tra  designed for cotton 

stallte leave about 8 % bark { baoed on raw material )  still 

attached to the stalks.     If the rest of the bark is manually 

removed ,  cotton etalks can be easily pulped by the bisulfite 

procesa by applying conditions similar to those used for reeds 

ao before mentioned.    The   obtained   pulps can be easily bleached 

to  high alpha-celluloae  content and high  brightneos.    However 

the presence of residuc/s of bark interfer with bisulfite pulping. 
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Bark parts do not desintégrate completely during pulping and 

many very thin tissues  of big size and dark colour remain in 

the pulp and are difficult to be removed by screening or 

rentricleaning.    On the other hand ,  the prehydrolyais-sulfate 

method leads to complete désintégration of the residual bark and considerable 

dissolution of the coloured matter of the bark.    Thus the bast 

fibers in the bark are easily released and contribute to the pulp. 

Practically speaking the undebarked cotton stalks can be used 

in  the prehydrolysis sulfate pulping ;  but in this case bleaching 

is too difficult.    In Table 5 , properties of a prehydrolysis- 

aulfate pulp are given(  17 ). 

Palm Leaves : 

The palm leaf consists of Biddle rib and leaflets. 

The middle rib contains somewhat higher cellulose but lower ash 

than the leaflets.    Ash In the middle rib is about 5.8 % while 

in leaflets it amounts to 3,7 % in an Egyptian species.    Average 

conditions of prehydrolysis-sul fate pulping delivered pulps of 

le ss than 83 % alpha-cellulose and considerably 

high ash content fro-n leaflets ; but better pulps were obtained 

from middle ribs.    Therefore the leaflets have to be discarded 

aa a source for dissolving pulps (19).    Middle ribs give pulps 

of suitable analytical data and the viscose obtained therefrom 

possessed Kw comparable to that obtained from softwood pulps 

(  1'able 5 ). 
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Corn Cobs : 

Corn cobs possess the lowest ash concent among the 

non-wood materials discussed in this paper. • The ash is about 

1.2 %,    Therefore it dpes oot cause any problem , but corn coba 

contain soaewhot higher pentosans than palm leaves or cotton 

stalks,     corn cobs can be pulped by the prehydrolysis-sulfata 

method   under more reduced conditions than all other agricultural 

residues.    After prohydrolysiñ with k % H-SO,   ( On raw matérial    ) 

at  120°C.   for 3 hours ,   it was sufficient to use 15 % MaOH (on 

prehydrolysed material  )   for pulping at 160°C.  for 1 hour.    Tha 

natural chlorine requirement of the obtained pulp was 1.01* %, 

The Kw of the obtained viscose was lower than values for viscoses 

obtained from all other pulps even softwood pulp (See table 5).   Since corn 

cobs pulps consist almost of 0-fiber fraction , it becomes evident 

that the fines as far as they are not rich in a3h and silica 

could de! .ver better viücoses   han that obtain' 1 from fibers. 

However many difficulties were encountered through washing of 

corn cobs pulpe nine e  they are powdery in nature.    Also it is 

known that in some processes fines could lead to 

troubles during pressing of alkali cellulosa. 

2.    Acetate grade pulp  : 

Acetate grade pulpo require the highest purity a:nong 

dissolving pulps.    In the prosent work only sugar cant bagassa 
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and flax bast fibers ( residua« of of particle board sills ) 

were investigated«    It it I-no*n th*t flax baet fibers due to tfeelr 

relatively high celluiose content ,  can be purwied under reduced 

conditions and give high yields.    In the case of sugar cane bagassa 

several pr©hydrolysis, , pulping and refining   experiments were 

carried out using an industrially depithed aaterial.    The yields 

ranged from 31*36 $ ,   Healeelluloses from 1.3-3 % ,  Alpha-cellulose 

from 96-98 * ,  and the aah was lower than 0.10 %.    The initial 

and final   turbidity of the acetyl atine mixtures  in 

case of bagasse pulps were In all casse lower than turbidities 

of acetylatlng mixtures in case of a commercial acetate-grade 

cotton untere samples    despite similar P.P.  and    carboxyl oestes* • 

However the undissolved residue was higher in the case of mixtures 

obtained from bagasse pulps.    In Tabls (> ,  the properties of 

the dlacetates are given (  20 ).    h Ì3 clear that only bagasss 

pulp Ho.5 is competitive with commercial cotton Unters except 

higher ae'i content of the acet te.    This bagas* » pulp   was 

prepared under the following conditions »- 

Prehydrolysis was done with 2.5 % H-flO.   i On raw mwtsrlal ) st 

120°C for 2 hours.    Pul pin;; was done with 23 % *«0H ( On hydrolyse* 

material  )  at 165°C.   for' 2-J hours.    Bleaching was carried out in 

if    stages:-   Chlorl nation with  1.8 %   ohi ori M ( based on pmlp ) , 

alkali  treatment with  18 % HaOH at 50°0.  for 1.5 hours,   then 

followed a mild hypochlorite and chlorite stages. 
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Flax pul, a in general gave dit .¡etat« of better properties than 

those iron bagasse. 

3. Mitrate grade pulp» t 

As mentioned before if the cellulose nitrate 

is not intended to be used for dissolving end regeneration purposes , 

•ore ash can be tolerated in the pulp than in the case of pulps   of 

acetate grade , as far as the ash does not lower the  stability 

of the nitrate .    Therefore non-wood raw material could be suitable 

for this purpose.    Preliminary experiments showed that cotton 

•talks and bagasse could deliver cellulose nitrates of fair stability« 

Zther grade pulpo should be of high purity*    The 

use of caverai non-wood raw materials for this purpose would be 

questionable.    However for the specific case of Na CMC , criteria 

slallar to those of average grade viscose pulps are sufficient, 

tills water-soluble derivative can be even used In * crude state 

for some purposes as mentioned before. 

Investigations on several non-wood raw materials showed that by 

varying pulping conditions ,  the reactivity of pulps towards 

carboxyraethylatlon can be easily changed (21). Thus conditions 

tor optimum reactivity could be easily adjusted.    It was noticed 

that most non-wood pulps require higher D.S. than wood pulps to 
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achieve ocnplete water solubility of the MaÜMC.   The flow 

properties   of the obtained solutions depend upon many factors« 

Beside the raw material   used , the pulping cycle played 

a considerable role \ZZ).    In other words the requested flow 

properties can be mors or less adjusted by varying pulping 

and refining conditions. 
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CONCLUSIONS 

Bisulfite pulping suits a few number of exotic raw 

materials.    It leads to pulps with high ash and silica 

contents in most c ases.    Further intensive alkali refining 

fails to reduce the  silica sufficiently.    Traces of bark 

in raw material such as in the    case of cotton stalks 

cause difficulties in bisulfite pulping.    3ark parts do 

not desintégrate easily and give dark unbleachable thin 

tissues which cannot be    tasily removed by screwing or 

centricleaning. 

Among all pulping processes, the prehydrolysis- 

sulfate process is the most suitable for producing pulp» 

from exotic raw materials,    it  is easy to obtain high alpha 

cellulose pulps by this process.    The residual ash and 

silica t.-e lower than in th   case of bisuì. ite pulps. 

However the contents of these impurities «re usually still 

higher than permissible for the lowest grades of commercial 

wood pulps.    Therefore it is necessary to remove plant 

portions rich in silica, coapletely or partially, before 

pulping«    These portions are leaves in the case of reed«, 

leaf blades in case of straw,  leaflets in case of pain 

leaves,  and pith in case of    sugar cane bagasse.   Itoleaviaf 

of r—am   represents no problem.    Leaves constitute only 



-36- 

10-18% of the whole raw aateiial and can be totally and 

easily removed.    In straws, on the other  hand, leaves 

constitute 35-65% of the raw material; moreover there 

is no mechanical device for complete   deleaving of straws. 

However, it was found that after prehydrolysis of straws, 

the epidermis surface layers split easily from the body 

of the leaf especially the blade.    It is in these layers 

where the silica is    concentrated.    After mechanical 

stirring of the prehydrolysed leaves in water, the epiderniis 

layers dissociate into small particle which can be easily 

removed by screening.        The loss in yield due to this 

operation is only 12% (based on raw material) in the case 

of rice straw,    i'his leads to an enormous reduction of ash 

and silica contents of pulps. A further reduction of silica 

can be affected   by carefully adjusting pulping conditions« 

Silica Etions a unique behaviour during pulping of raw materials. 

Silica disfiolvee very quickly in the early stages of pulping 

then redeposits on  fibers   at a great rate.    By applying short 

pulping c.rcles t'ae problem of silica redepoaition can be 

solved.    C-fiber fraction oi;her than  suiderais cells ie usually 

poor in silica.       Such fraction Mat found to iaprov« viscose fi Iterabili* y 

in Mveral cases.    However this point needs further research. 
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In the case of bagasse it was also found that it is suffic- 

ient  to remove a small fraction of the'pith,  namely only 

the loose fraction contaminated with dust and dirt. 

Another way leaain^ to improvement of viscose filterability 

Ì3 by reducing the D.P«  of the pulp during pulping and 

bleaching  to an extent which eleminates the aging of alkali 

cellulose  (¿2).    Thin   point al3o needs further research« 

Viscose additives might be  helpful«    Rayon filaments 

obtained from several non-wood raw materials were not bad« 

It becomes evident  that by taking several measures   , it 

is possible to obtain suitable viscose ¡jxade pulps from 

almost all exotic raw materials«    These pulps are equivalent 

to some commercial pulps«    On the other hand it is difficult 

to obtain acetate,ether, or nitrate grade pulps from many 

exotic raw materials.    It  is extremely difficult to reduce 

the ash residues to values permissible for such grades«    If 

such purification is achieved, it is usually at the cost of 

pulp yield«    The diacetate obtained from most non-wood raw 

materials  are inferior in quality to coauiercial samples« 

However pulps fron non-wood raw materiale could be suitable 

for cellulose nitrate manufactures for purposes where 

dissolution and regeneration of the nitrate is not practiced« 

Por the specific ether, sod« carboxytaethyl cellulose it is 
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not necessary to u8e pulps of high degree of purification. 

Accordingly exotic raw materials can aLso be utilised for 

this purpose« 

Non-wood pulpe in cenerai are sensitive to drying. 

If not certain precautions are taken, the pulps could be 

passivateci toward« cheaical reactions. 
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