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Man and calluloss have cosxisted on this planet from
tines immenorial. Cellulose has formed the baslis of pood
1ite through its convaraion to nmany itema of utility and
luxury for the mankindg clothing, furniture raw £ilms ,
fuel and paper are some of thw examples that inmediately
epring to cnes nmind, Of late, cellulose has been replaced
by manegade polynmers, Howsver, £t is hard ¢to imagine life
without eellulose, Billions of tons of cellulose is oreated
every year by plants by photosyntheais,

Celluiose, the prime structural element of cellwalls
of trees, hicher plants, mosses, ferms, algae and fungl, owes
its name to the French agriculturist A, Poyen (Hamilton
and litchell, 1964), It is gcenerally found in associatiocn
with 1ignin, hemicelluloses etc, in varying proportioms.
Cellulose, 48 a4 complex and unique polysaccharide conaisting
of 1000 or more (depending on the source) aniydromglucose
units, joined by beta 1,4-~glucosidfs linkages (Haworth,
et al, 1527) twisted at an angle of 180° arcund the chatn
axis at the linkage (Fig. 1). Starch a close rclative of
cellulose has alpha 1,4 and 1,6-glucosidic linkages of
anhydroglucose units, The structure of cellulomss illustratos
R complex interwoven matrix with alternative haphazard
(amorphous reglon) and sequentiel (erystalline region)
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arrangement of the basic wmits (Fig.2). The thread like
Librils of celliulose are akin to patchesticks joined side
ways, whore eash of ¢ .em is stalflized by hydrogen

bonding between e QN groups of adjacent moleculas, Hence
it forms a highly extended and hydropgem donded conformation
capablo of furthor bonding into a sheoet like organizations
of ohains., Inspite of the presense of numerous hydroxyl
funoctions in the molecule, cellulose is insoludble in water
and cther organic solvenis, polar ag well as nonepolar,

Cellulose is a versutile nclocule that can undergo

oxidation, subdbstitution, hydrolysis, d.polsmrimtim eta,
to give pevoral compmunds and {ts der.wat!.wo m of prime
ioportance in several fields of hizman endnvour. Some
aile=gtones in collulose rossareh ares

1838
1875
1928

1937

15%1

1943

1956

A, Poyen coinoed the term ¢ellulose
Girard coinod the term hydrooelluloes

Mayer and Mark postulatod the erystallime naoture of
celluloaw.

Staudinger and sorkin described the dusl reaction rates
of acid attack.

Nicheraon and coworkors gpearhaaded the use 0f ecide
ferric chloride to study structure.

Davideon demonstrated the levelling-off of molecular
weight aZtor inttial acid hydrolysis.

Battista and Coppiok showed that loveil-~off wvas &
roflection of crystalline to amorphous ratio, £ixed by
past history of celluloss,

Battista and coworkers prepared MCC from woodpulp &
gotton,
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Terms commonly used in reference to celluloso are
explained belowy
T Cellulopnt A polymor of glucose in which scveral
glucose units are linked dy beta 1,4 bridge.

2e Alpha Callulose vhose averase demree of
gellulogs polymerization (i¥) is above 200 and it is
insoluble in 17.5% NaOH,

3, neta Cellulose whose average T¥ is between 10
celliulo and 200 but 4t &5 soluble in 17.5% NaCH,

Go Camas Cellulose whose T is about 10 and vhich 1is
m scluble in 1705% NaGi,

e

I, II and IIX are the deaignations used to
characterise thse physical structure of the
unit oell of the cellulosd confisuration
They vary in their ¢ell dimonaions (given
elpowhaore in the theais).

6 Bacteriadl Pure celiuloso produoed by a bactorial

Te Regenerated: Cellulose precipitated out of a solution
collnioge

P Oxy It is the product obtained £rom cellulose
SoJiRake by eny oxidising prosedure wheraby carbonyl
and/or earboxyl groups ara introduced into
the cellulose moloculs,

e Heomi- Includes lignin amd nonecollulostc doly-
pageharidoes, Sum of betas and gamrm gellulosa
which together congtitute the principel nche



10,

3.

14,

1.2

ilolo

Hydro

-l 4 t=

collulosic polyscccharice preosent in the
holocollulose,

All carbohydrate portion of collulosic raw
materials or O@ross and Bavan Celluloase
prepared by alternative chlorinations and
hot sodium sulfite extractions to renove
lignine, It includes callulose and
hemicellulosd,

Acld depolymerised cellulose,

Migrocrystal: Consists of a olustor of many long chain

Fibaous

molecules hald together laterally by none
covalent bonds, Polymer molecules are
arystallised in the foldor state, the
extended linear state (£ibrous) or
gradations there of depending on the
gonotics of the polymer precurac.

Small crystel apggregates attached =ide to
aide like matchagticks,

Lamzm Molecules folded on themselves into

lamellar like structures,

Rtre-Structyre of Colluloge

The three dimensional picture of gellulsse is given
below wvith a view to present, tho atatus of the ulire=
structure of cellulose as 4% stands today, Cartatn
Sontroversial points, rolevant to the presant thesls are
smphant sods Ambiguities in the preosent eellulose structure
models are highlighted,
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Muhlothaler (1965) with the aid of negative staining
showred that celluloso consisted of fibrillar aond narrower
structures called *elementary L2ibrilst, Thems, arc also
referred to ns 'micellar strands * by the other authors,
Elementary £ibrile (EF) having n dlamcter of 35 A, show
a tandency to aggre ante and form multiplets rmd finally a
broad ribbon wound in the form of a tight heitx (Pige3).
The molecules fora £lat ribdbons by folding back and forth
concertina fashion with the roleculer chain tiltcd at sooe
preferred angle to the rivbom axis. With tle ridbon woud
A8 & ualix the molocular chain, exis becomes parsallel to
the £1bril exis. Two glucome unfits are obsorved to be
pregent in tho folded reglon. Tho following unit cel}
dincneions havwe been proposed (Miayer - Misch, 1937) based on
Xeray diffraction and other stu'ies on cellulose
amg,35A% be10,30%cm7,94% ad P o=t
(mee Fig, 3). Elemantary £ibrils conaist of a crystalline
core flattened parallel to the (101) plane, This
orystaliline COre gosus to DO embedded In a cortex of
para crystalline collulose (101) .« An dnsufficient order of
t'® chain molacules in this cortax may be caused by the
@soaping water relsased during polymerisation of gluoose
and erystallization of chain oolecules, (Freye Lyssling,
1954), Tho eame author in the above reference states that
amorphous el paracrystalline regions are same, But at a
later stoge elmviere (Freyedyosling, 1560) the some authoe
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has menticned that clepentnry f£ibrils are highly crystalline
without a paraorystallince mantle,

Aggcording to Statton (1967), microfibrile
(apcrepgated elementary f£ibrils) do not contain amorphous
regions at least as a separate phase, Each microfidril is
really a quasl single crystal and differencos in Xeray
diffractograns of diiferant celluloses are due to lattice
imperfections and not due to amorplious and cryctalline
regioas in cellulosa,

ugld (1968) observed that no folds ocour in
¢celliulose chains. This observation contradicts earlier
obscrvation made by Muhlethalsr, Cellulose is coneidered
as o polyerystailine structure (Nickerbson,19%50) traveraing
through crystalline ond amorphous arcas, matching with the
firat obmervation of (Frey~ Wyssling, 1954). The amorphous
region as visuslised by Nickorbson may not be coxplaetely
discordsd, but may be bundles of nearly parallel chains
not wall encugh ordented to give gharp interferonce spota.
The authors opinion favours sworphous and orystallins chain
formation in cellulose without olearldy differentinting
botwoan theme

But, acCospibility mesasuromenia un amcrphous and
orystalline 0ligo-saccharides suggest that the acoessibility
may be related to the perfeution of the orystal lattice and
doos not measure the crystalline- amorphous ratio ams
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previoualy supposod (liadehra & John Manley, 1966), The
accessibility of varicus celluloses remsined constant during
V'prolonged heterogonous hydrolysis, as observed by Wadehra
and John Manley, This is at variance with the fringed
nficellar concept of the fine structure of celluloss, on

the basis of which a substanticl decrense on accesalbility
would de oxpected during hydrolysis,

As of tofay, crystalline mnd amorphous nature of
c8llulose is not clear and noeds further invescigations,
since obearvatlions pade in the past are aontradictory. At
this stage £1¢ oay be aafe to mention that cellulope has
partly erdersd and partly disordered regions without ladelling
then as orystalline and amorphous reglions respectively.
Imray diffraction, Infrared st dies and sccessibility
meamroments vouch for ordered and disordered reptions in
cellulose, If 1t 48 acceptsd that gelluliose has not
Srystalliine and amorphous regicas, the term Microwrystalline
e8llulose novds Lo be ro-exanined, A separate sud chapter
under the title "MCC or 1FC (Micro Fine Callulose/ Miaro
Fibrillated Celiulose) is inciuded in the thesis giving
experimental obseryvations ond possidle interp-etaticns.

The pressnce of olementary £ibrilae, sicrofibriis and
fidres in cellulose is well docunanted and accepted, The
Presenge of different regions, perfect and imperfect is also
felt, as the ratlio of the tvo has morked offect on strength,
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Llexibility, reactivity and moi: ture con ent of c¢ellulosa,
Presumably, due to biglozical necsasity, cellulose hae
tulltin dmperfections like ordered and disordered recions,
Liznin, a scaling wax in nlants, found in the discrdered
region of cellulose, gives the plant necespary strensth
and rigidity with sone amount of flexidbility and softneass,

1.3 [orocrystalline Cellylone

i’hen ordinary cellulose (5) was placed 4in woter it
settled down rapidly, Vhen 4t was tranted in a Waring
blender for 15 mine, a steble colloidal dispersion was
formed, The ol was opaque, tmow white and hed smooth fat
1ike gpreading properties (Dattiste, 1562), This simple
Process has béen devcloped into a new technique to give
commarcially important commodity lmown as Microerystelline
celluloss (MCC), marked under the trade neme Aviesl by MiC
Corporation, USA, Cellulose on hydrolysis wit: dilute
oineral acids and mechanicsl disintesration gives
niorogibrils (MCC) with wmeual physicowchemical properties,

Mee 4 defined as mechanically disintecrated level off
Lagree og Polymerization (LODP) celluloss, It can be prapared
from o1l forms of celluloses, natural alkall, regenerated
and dopenerated, Paw smteria) used for the preparation of
Avicel is o epuoial gradehigh alpha celluloss, LODP or IP



-t O te

cellulose is generally Popareg
purified celluloss gy 4 2. & _
T W neAs - e e e T

P wvaries 200=250 for Purified cotton to 15.30‘:,,:‘,‘,;;"
tire coxrd,

Form of Collulcae DpP Reforence
1+ Raturael fibres Battista et al,1956
Ranie hemp 300=350
Cotton purificd 200=230
2. Unbleached sulfite wood
pulpe 250400
Je Bleached sulfite wood
Pulps 200=280
be Blomched sulfite wood
Pulps 440=150
S« Morcerized cellulose
(155 NaCii,20€, 2 hrs) 70=50
Ce Vibratory milled wood
Gellulgz S0=100
7+ Ragenerated £ibres
Fortisan LOwE0
Textile yarns 3050
Tire yarns 1530
B ’ — SO T

If the hydrolysis of pure cellulose is carried to
Gomplotion, the produot would be mainly glucose, with true
limiting TP of one (Dattista et al 1936), In practice,
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hovever, tiis is not true dus to the pressnce of highly
organized (crystalline) portion in the molecule which
offers rosistence to hydrolysis, It i{s only disorganized
region widch 18 prone to acid attack ardi subsequent
hydrolysis. Once the disorganized region is knocked off,
it attainsg level. off, Cxtent of pre-swslliing of cellulose
by alkeli, severily of hydrolysls, oxtent of disintegration
are sonc of the factors thot affect the final DP, Mild
hydrolysis for examzple, favouwrs tha formation of longer,
less acid soluble crystalline chaines, In contrast,

drastic hydrolysis promotes the formation of veory shart,
pore acid soluble corystalline material, In both cases,

1 bmglucosidic linkage is broken to give lower DP maloculos.
Microfibrils =0 formed on mcchanical disintegration give

Q fibrous £re¢ slurry which on drying ylelds a fine, free
Llowing 146Ce It i observed that the degree of depolymeri-
sation, method of disintogration and drying play an
inporiant role in developing the immer giructure of MCC.
HCC microfivrils (Microcrystals) are individually distinct
Particles isolated from ccllulose matrix, So far
mlerogibrils (microcrystals) of collulvses, opyloses,
f0llagens, nyions and polyesters have been reportad
(Battista, 1975). As such MCC is not a chemical but
Physical derivative of cellulose which is very fine and
Iree Llowing.
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1.6  Aupllegtions of MCC

MCC ({inds wide applicsation in pharmaceutical and other
industries, In tablet formulations MCC is used as an inert
dilucnt, disintegrent and lubricant, Due to high bonding
nature of MCC, granulation before pume:ning of the tallots
is not required, Simple welgning, mixing ond compreasion
gives tablets of required gualiiies, MCC with slightly
larger particle size pay be used o improve flow of £ine
and very fine powdors, while MCC with lower particle size
way % used for the dircct compression of ecarscr,
granular or eryetalline materials (Avicel Bulletin plie6),
since avicel sbhows fagt wicking rafte for water compared
to storch and lagtose, teblets disintegrate in a feu
seconds (Avicel Bulletin pH=10}, MCC is & non reactive
ozgenio material with very low loevels of orguic snd
inorganic contaninants, This makes 1% compatible with
8lmogt 01l types of drugs and othor additives in dosage
formg, MCOC rence in the forpulations varies botween 1050 %
depending on the type of dosaze form,

soma applications of MCC have been tabulatad in
table 2,



"'Ie"z'lia- a
tion MO
Application Role of HCC faferences
Tablots inort binder, diluent, Walking and
dlsintegrant, lubricant, changraw, 1968
surar coating additive Sixentith,1977
Suspensions r agent, ,
stabilizer thickening Farera.kBy1977%
agent l'arshessault
et al, 1961
Esuleions Enulsifier, stabilizor Pararayii, 1977
Chromatography TL.Cy colurm ~nd ion Wolfrom ot al,
exchange chromatogravhy 19553 Wolfrom
at 31.1565
Lerivatives Controlled pe:ticle -
size of MCC
Ceramice Placticity, rapid Bonddi, 1965
prefired glaze hardening *
Food Hen nutritive filler Battista,1964
raduces oaloxrific value
Commetios Retainp volatile oot ot @l,1963
principles ¥
Paintg Flow control, brugh Avicel Bulletir

oontrol and viecost
contsol vy

Paints
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Othor applientions of MCC not listed above ares
1) To control heat shock in frozen deserts

2) In ca ned ecatvenicnce foods (meat, fish and
poultry) containing stable heat sterilized salad
dressings,

3) HCC 1c a precursor of wnique structural products
from wiich sphores or massive cardbon or graphite
structurer may e wade,

1ce 4o used in combination with ¢ (12-16%) to

produce stable susp.nsions/eels thot have phormaceutical and
other applicationg, Charactoristics of [NCC-CNMC used as food
grade nre given in tabvle 3,

AT LE=Y
Zroporiies of 'MCC~ CIC, Food Sigde

Fropertics rade 507 Grade GOV Hale e
cm&?m 89 e2 Battieta(107%5)

oe 1929 8,521
Phymical form Vhite water cispersible
Particie size{averare) posrder

oiaron: % 35
Bulk donetty ko 34
Ash o 2 2
Heavy notals, ppm 10 T
Iron, pow 5 5
P, a2y G G
Visooaity,or 12°£‘0 120340

(1.2% cone,) (2.1% conc)
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1.5 Galluloplc iegtes

A huge amount of cellulosa goes waste either in
intormediate or terminal stazoe of utilization or processing.
Further more, rany of the endenpoducts of such efforts are
themeelves ehort lived and enter the garbage heaps, Different
types of cellulosic wastes include (Reess, 1072):

hAgricultural wvastes « leaves, stalks, rice and other hulls,

barnese etc,
Food procesz'ng weatoz « frudt peels, pulp, vegetable
trionings
Wood wastes =~ chips, dbark, sav dust, rapsr nild
£inas
Municipal wvestes - 4000 of solid wasgtcs, chiefly as

gartage and waste naper.

In India the total guantity of sgricultural by products
er waptes which are colluloaic in natwre accounts for nearly
30=100 million tona per year nearldy 50/ of whioh is cellulose
(Ghopa ond Ghose, 1070), The datailed treak up of cellulosio
wastes available in Indin hos been worked out (Paul, 198%)
and {a given In table 44 The eost anelysis of the recovory
of celluiome from various wastcs has bcen Cone (Dunlop,
1974),
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TADLE = &
Cellulvgic Vagten da Indig

Cellulosic Mc.erial Millicn tons/annum
Bagasse 53
Cotton(staiks, linters ctc,.) 13.0
Forest wastes( legves, Jranch: 3.2
folled treer ete,)

Jute gticiis 25

Rice wisk 1540

Rice m‘“ 65.0

Total 05,0

- e

It is amply ovident from previous paragraphs that
huge anount of cellulosic wastes £ind way to garbage hoap,
If used pmoticulougly these wasios pay become primc rax
npaterials for further occnversion to other products of
utility to wane Cellulose recovery and conversion to
industrially important compoundis can bo profitable ventwe
Teaping rich dividonds, Some work has been done in this
direation, buts; cnly surface has been scratched, It requires
Bor'e intonsive research progranme,

It 48 rath r unfortunate that ponekind does not
Possegs the blochcemical eet up thet can degrade cellulose
inte simpler end more assinilable componente such as
glusoss and other sugars, as this could have becn an obvious
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solution tw the pressing food problem, Current researgh
effort in this direction shows promise for the conversion
of cellulose to single cell protein, raw materials for
fercentation and developnent of gellulosic substrates that

can Yo acted upon by cenzymes,

1.6 pollution:a MVenace

Enormous amount of cellulose released at varicus stages
of utilization hae caused many handling ond storage problems,
Burnin ; and dumping in rivers to case its handlin: has
reslted in air and liquid pollution, Moumtains of garbage
heaps in urban areas whils adding to the s0lid pollution
have made the life miperable. The omniproscnt natures gift,
cellulose, is howover gotting erased from the surface of
the earth due YO over usage and exploitation of ceiluloalc
Bourges, This while incrensing the strain on the ecological
balance, has made the planst pollution prone,

{ In & wa¥y the problem of pellution is not now and is
a8 olgq as the planet, The penesis of environmental problem
dates back to the ern of Adam and Eve, It was Adam, history
books say, who first poliuted this planet with the epple
sore) since then the world has deen flooded with tons and
tons of man made wastess sclid, liquid snd gaseous, not to
mention of nuelenr waste. Recently pollution menace has
Teachwd a threatening proportion due to the rapid growth in
the field of Solence and Techno.ogy and industriligation of
1ife,
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Yaste anywhere under the mm is a headeache, an
unending problem and rowing pile of garbage, Evearyone of us
throw our chare of waste in the form of newspepar, garbage,
cang, bottles and myriads of others without a second thought,
We show concern only when the waste is in owr own backyard,
Today, the problem of wasie 1s not jJust limited to backyards
but has attracted global attention,

Zecyoldng) the solution

Is there & soluticn to the problem of wastage? How can
this waste bocome a resowoe? The answer is recycling, Time
has come for every imdividual to think of vaste as a
potentigl resouwrca, Hecycling has o be our new li7e style.
Recycling societies are being formed all over the world to
educate and train people to recyele the waste, Ecologists,
Selontists and all others concerned are running from pillar
to post to check the pollution menace, As & result now
terminologios such as environmontal managenent, waste
utiltzation, rellution sbatement and recycling have found
Plage in comnon pariences

Today, One has to think twice before throwing anything
eway, Conservation and recyeling can be & boon in these days
for a1) shortages of basic needs, Few men who had the vision
to ¢all waste a regource are showin; the way not cnmly to
control pollution memace but also to make 1ife selfesu ficlent.
Those who had the temerity to conaider wasie as an ussless heap
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of garbage are ¢hanginz their opinion, becauss, recyoling
nay bring relief to environmontal polliution problems
assocliated with waste disposal,

HMany of the cellulosic wastes (nawspaper, agricultural
residues otc.) whiech were criginally dumped to pollute
the atmosphere are belns recyclsd to make itome of utility
such as hard boards, gheets, pads, file covers and
insulotion sheets,

The pressnt thocie deals with the recyeliny of
cellulonic wvastes into a commereially isportant commodity
known as MCCa Corncobe; hagunse and newsprint have heen
investigated as potential raw meterials for the purpone.

1.7 Literature surveyed

Pionecering worl: in the field of MCC 4is that of
Battista ot al (1956, 1961, 1962, 1964, 1970 and 1975), who
also coined the term MCC in 1962, MCC is marketed today in
ssveral gountries under various trade names such as Avicels,
Loba=itcC, Acno=iCC ata, HCC is gencrally prepared from high
alpha cellulosd of wood pulpe

hegently cheaper celluloaio sources have been used, An
in expensive form of MCC was preparad from cotton cellulose
and gvmluated ap a tablete excipient (Balohwnl and Cupta,
1978), Preparation of MCC fronm cotton cellulose through
the action of IiC1 and H,50, has also been studied (Bore et al,
1972), But hydrolysis with HyB0, resulted in the formation of
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sulphate esier groups on the surface of the microcrystals
{Mukherjee and Woode, 1953). HCC has been prepared from
say dust (Jacoplan et al, 1575) by two stop cooliing with
mmsoa and aguous “Vg followed by multistoze bleaching
with chlorine, extraction with alkall and bleaching with
hypochlorite, Newsprint waste vas converted intoe MCC
(Nagavi ond #Mithal, 1979) by deinking, bleaching hydrolysis
and mochanical dalnteration, The recycling of newgprint
waste into MCC (Nagavi and Mithal, 1982) was optimized to
varkout a stuple and economical process, The authors
coupared the ICC 80 produced from Newsprint waste with
zarketed verieties, Anend snd Chawla (19681) sucossafully
prepared MCC from bleached cotton hoslery waste adopting
spray drying =0t od, MCC so prepared conformed to most of the
Britiah standards, NCC was aleo prepared from fast growing
Indien plonts (Manavalan et al, 1981). Efforts to produce
MCC from other agricultural residucs such as dbagnsse and
sornccd, as éisoussed in the present thasis, hove proved

Lruitul,

Kamakuras end Xact g {1978) studled radiation induced
decomgaition and enzymatio hydrolysis of cellulose,
whargeas, Duchacek end Bludoreky (1570) investigated the
Prodbleme involved in the use of irredistion for
degradation ¢f celliulose,

Hydrolyais of eellulose und hydrodynamic
eharanteristios of eolloidal dispersions have been studied
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by Marchessault et al (1981), Hormane (1563), Edelson and
Hoerpans {1963) and Battista et al {(151). Reology of !CCe
CMC gels was investigated by Welking ond Shongraw (1968).
Soms hydrodynanic properties of neutral suspensionc of
cellulose crystalline as relat @ to size and shape we:e
studied by Herchessault et al (1961) and Falkiewicz (1979).
Flow behaviawr of mimed dispersions of bentonite and 1CC
used as t ickness and binders in suepension dosage forms

was gtudied by Schott (4970).

Crystallinity of the cellulosic matorials have been
studiod by the Lolloving wnethods, Meray diffraction
(Segnl ot a3, 1960, Segel and Comrady 1957, Lewin ot al,
1976), Infre fed Spectroscopy (Nelson and O*Connor, 1564,
Moharram and Hal:cem, 1580; O'Conror et al, 1953)3 Isot plc
exchange (Sepall and Hason, 19613 lanby, 1666 Frilette,
et al, 1045; Jelfries, 49665 Suni et el 1964); density
measurengnt® (Hermans, 1949)3 water absmption (Valontine,
1956) and iodine absorpt on (Daruvalla and Ehet, 1962).
Miaddicton and Senders (195%) gave a method for determining
whiteness of materiasls uaing spectrophotopotric technique,
It has bgen odbsorved that grinding of cellulese in vibratory
ball mg11 (O*Connor et ml, 1957) and treatment with
ethylamine results in decrystallisation of cellulons,
Crystallinit ’ and physical sharactoristics of MCC, effoct of
grinding on the physical ond chemical propertics of medioinals,
structure of ground MCC, retention of wvolstile nateriasls by
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MCC and infrared speotra of medicinals in ground nixtures
have boen thoroughly investigated by Nakai et al (1977 and
1978),

Effect of compression on particle sige, distribdution
surface aerea, disintegration ond dissclution of tablots
containing FMCC and other materials was studiocd by Sixsniih
{1977), Particle size, densities, angle of renose and
t8naile strength »f MCC have been computed by Crooke ot al
(1977) parcra (1977), Maramll et al (1972) and Marshall and
Sixsnith (1976). Comparative evaluation of various
excipisnts such as avicel (1ICC), Elcena=700 (Mierc Fine
Cellulose), STA=Rx 1500 (starch) was done by Lerk et al
(1974), Bothius et al (1973) compared MCC, starch, lactoee,
a:viose and ¢oalcium phosphate for dirsot compression,
Denclm nt al {1973) investigated the bdinding activity of
some adjuvants (MCC, (1C, lactome, ethyl cellulose, acscin,
etc,) and their influence on granular and tablet propertics.
The grrect of compressional prossure on the disintegration
of tablets containing HCC was studled by lodella (1974),
Marstall ¢t al {(1975), Rhen and Rhodes (1975), Shotton
(1976), seimeces et a) (1976), Chamlers et al (1976), Crat
and Sakr (1978) and Rayoor and Steurnegal (1978), who
coneluded that disintegretion of the tablete were pressure
dependent and honce diamolution of the active ingredient
voried with pressurs, Schwartz and Bavitz (1975) studied
the dissolution profils: ond tablute characteristios of
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timolol maleate, fdomathagin, anitryptyline and hydrochlorw
thiezide tablets prepared by direct comprossion with MCC,
Comparative evaluation of lubricants sdded to excipients for
direct compresaion was carried out by Delattre et al (1976)
and Aupgasberger and thangrow (1966). Intestinal absorption

of ground mixture of ehloramphonicol palmitate with MCC

was investigated by ¥amamoto et &l (1977). Csezodes and
Pilpel (1977) investigated the cffect of golatin and
meisture on the interzarticie attractive forces and
comprosgion behaviour of axytetracycline tablets containing
MCC and alginic acid, The penetration of ieococtanc nd
water into tablcts of 1100, spray dried maltose, dextrose

and their blendse was investigated by L rk ot al (1979)

and drug permeaticon through membranes, interaction of common
excipients, by Lowering {(1976). It was noted that INCC confera
maxioun stabllity to formulations, The effcet of lubricants
and g1icants { dneluding MCC) on ocolor atability of

Vitamin. ¢ tablets was siudied by reflectance meansuroments
(Vartz, 1967)¢ Richoan ot el (1965) used MCC to prepare
Blyceryl trinitrate sublinguel tablets, The biloavailability
of the tablots, was noted to be comparable to commereially
available hypolermic tablets, The release of amphotanine and
sodiuym phenobarbitone from tablets containing MOC was found
to be excellent by Reder nnd Changreaw (10966),
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Spheronization of MCC %o improve its £1ow and other
characteristics has been cucceosafully carriod out, Miynke
et al (1673) spheronigcd [ICC, luctose, and <Jortistareh using
d1stilled water as the bin er, MCC ig generally comaidered
ac safe (Avicel Bullotin, ph=b). The toxicity studieg carried
out on emimals indiected that it was devoid of teratogenicity
and enbryo toxicity (Ferch, 1674),

Fuc (Food and Machinary Corsoraticn), USA markcts
varicus ;rades of MCC (table=3) to meet different requirements
such ap direct compression, flow inprovement, cuspension
slability und €0 cm,

'}‘
s

ar Gra of ce
;1._ Type Charactarlistics loferencos
1.AvL not Po 550,08 direct Avicel plis6,Bubl,
et o c;mpro:m:m grade ~fe [Cw3’ =dOw
2eAvicol pi102 P o 500 gtm555 Avicel Ro=34,Bull,
large pet forr Tlow
improvenent
JeAvicel pHICDS P o 8=50 § il o o
Hiviced B Sow doluture grode
beAvicel pll105 Pa 8 20p =i £11ler w(iOw
SeAvical ¢ 611 RCCe12=15% e CMC Avicel RC=SC Bull,

Meifi, mispension grade wige RCwB0 o=

6.Avicel RC 961 HCCeT1% Na=(1iC
et suspension srade Avicel RCH554Bull.
high shear reguired
for 4lepersion

TeAvical RC 59% MCC+41% NHaw CHMC, M=l
susponsion grade,low Avicel Acw591 Bull,
shoar will disperse

(st
PaBe = practice aize in nmicrons
¥ & Molisture contont
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ihe presenmt projuct was storted with the following
four«£old objectivess
1. To produoce MCC ec-nonically

2e To evolve a motlod to convert collulopic wastes such as
cornecbs, bagasse amd newsprint into good quality MCC
comparable to marketed varieties,

De To workout o proccss for small seale imiustrial sector.

Flic, Cerporation USA movkets MCC for eommarcial
purpoces uncier the itrade name of *Avicel', In UsA, 90%
of the markoted formulalicnas have Avicel as the additive,
But in Indie, due %o the noneaveilability of good grade 19CC,
high cost of the available MCC end very high price of
Imported Avicel, MCZ fimic limited usc, Lack of swareness
0of the qualities af 'CC und 1ts advontages over other
additiveg, 1oy be one of the receons for its undor use 4in
the pharmpaceutical mmd other industries, The premont effocts
were dirgoted towards cconomical production of MCC from the
availabla, cheaper and renewable resouroes,

The comporative ssim costs of KOC available in India
are giyen in table €, The cost of MCC matnly deponds on the
oost of raw material, extant ¢f Ponversion, recovery of
chenicnls and by products, production cost cnd autometion,
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TADLEal
N L
MCC tyre Apprgx. cost/ke References
4 ]

MCC « Loba 260 -

Home =~ [MICC 150 -

MCCe JT Baker 620 -

MCCw CFX 21 -~

MOCa L] i 16 Anand and Chawla

{1s81)

MCCmC-JaiiCC,y Collulose Products of India
NCCuil 1eTilediCCy @5 onal Receareh Laboratory, Janmu
(Preparvd from hoslory waste)

The otudy was ained «t wovking out a schieme for the
panufscture of MCC from cel lulesic wautes commercially at &
sheaper yatee. Ihe achepe while producing cheaper MCC wees
thougl:t to bring relief to the poliution problems of
eellulosic westes, And tha ultimate objective was to
work cut a process sultgols for auall ssale induateian)
sector oo that "cotiaps unita” can bo set up to reoyole the
csllulosnic wamlom,

Objective was alse to test the suitablity of MCCYE
80 propared from vasics, 88 an additive in solid dosage
forms 1liie tablote and capsules, and evaluate the domage forns
for physical and bigphu: maceutical qualities, In the
courpe of the gudy, an attempt was to be made to Adentify the
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products of hydrolyels and see whether any component

of ihe hydiclysate, which aceounts for about one=fourth of
the cellulcse molecule, ¢an be simultaneously won ae a Lye
produst in the conversion of cellulosic wastes into MCCa
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CHAPT | = IT
roxinate Analyslg of Cellulogic idaotag

The  roxipate analysis of cellulosic wastice was
unde:talien to dotermine the amownt of cellulose, none
ce luloaics end other igpurities, The analysis of celluloaic
wasteg helps to deternino the potential of the waste for
regyclin: on the one hand and to work out a strategy to
get rid of the umyanted nonecellulosic componcnts on the
ether,

Various methods appear in the literature for the
proxisate analysis of cellulosic wvastes, Important
components analysed were holace lulose, slphe celluloas,
Pentogansg, lignin, ash etc, Amongst the methods
availgble for the snalyais, TAPPI (Technical Association for
Pulp and Paper Industries, 1968) mothods aro widely uscd,
due to their slmplicity and econemical anslyals with least
sophistication in terms of instruments, Most of the
analytioal methcds discussed in TAPPI (1968) are titrimetric
or gravipetric. However the range of experisental errors
13 mora, Since the quantum of analysed materials 23ike
celluloss, Jiiming pentossns ete. {s high, the errors
beccue compéritively insignificant, That is the Justificnticn
for the teria ProXximats Analysis,

A potentiometric method fe discussed in the
literature { Launer, 1963) for ¢ :.¢ determination of cellulose
content, But the method has a gerious draweback, For
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axanple, smll amounts of lignin, pentosens and othor
carbo gpcaous compounis if presont with celluloss cen
interfere, as they alpo et oxidised with celluloss giving
very high results, browaing (1967n) has discussed various
methods for the lgolation of holocellulose,

TAPPY (1968) methods were folleowad in the present
work for the onalysis, Holocellulose {total carbohydrate
content) was cestimated by acidified chlorite method in
which chlorinated 1is;nin eaeily gets separated from
holooelluloss, The reactions taking place in the agidified
chlorite sysien are temperature ond pH dependent, At 60°

the folloving reaction takoa place according to White et =&l
{1542),

ac102——>2 €10,¢ HCLO, + HCY » 1,0
At 707 ppd pli=3 following is the preedominunt reaction
(Paulmon, 1962),
10 HCMO;———> 5CL04+ 2C10, + 3CI1°
where as at 937, the following recotion has been reported,
(Hegt, 1960).
9 ng' *» 2H —> Iscma * CIY ¢ 204

In the sbove deligniticeation n ocess some amownt of
polysncchorides get degraded und lost,

Pentosan alongwith hexomans and cellulosans Are
gserally termed as henioelluloses. Pentossns mainly yleld
Xyloso sd avabinoss on hydreolysis and form furfural when
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with
adtetilled/12% {01, The reaction taking place during

digtillation is glven below, (Brownin: et al, 1967b)

-2

Pentogan Pentose Vi \
HeWem 13241 ks 15041 ¢ Newo
)7
arfural
Hat5l a1

“ho furfuraldahyde so formed may be determined by
gravinotric, ¢olorimetric or aspectrophotomatric methods
(Browming, 19670), TAPPI met w0d, followed in the prasent
thesls involves the precipitation of furfural as
Phlorogiucide with a solution of phloroglucinel followod by
aryins and weigiing, The quantitative relationship that
axists betwoen the furfural phloroglucids complex to
furfural is used ip determine the pentosan content

(Page  31)

The gemeral method used Lor the estimation of lignin
iuvolves acid hydrolysis and s~lubflizaticn of polysscchorides,
icaving behind the ingoluvle if¢nin which could de
Gotormined gravimetrioaelly. The 729 8250,‘ ueed 48 later
diluteg ant refluxed to complete the hyrolyeis. Remaining
insoluble material s weighed as lignin, The acid
Concentrotion, tine of treatrment and temperature affoct
the yield und composition of lipnin,

Saveral solubility teste are carriod out to ascess
the aifferent soluble and ingoluble commonents, Ether
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851lubllity is a moasu-¢ of phytosterols and ncnwwolatile
hydrogarbons snd to some extent waxes, fats und rasins,
8clubility &n one percent osustic soda indicateg the
reclistance of the cellulosic waste to alkali, It is also a
mgasu. ¢ of the degree o degrad-tiom by fungus or by eny
othe: memns, brocauss, degradat.on increases allald
solubility. Ach comtent 15 o oeasure of pinoral salts sac
inorgmic forelsn matter in the cellulosic wasto, It is
the resfdue le’t behind after ipmition at 575:25° for 3
hour or more to burneuff all ithe carbon,

Actunl procedures followed for the proximate analysis
of cellulosic wasies are sziven below

1« lolocelluloge (Vioe ot ol,1946)

Mosstw @ frec sarple (3g) was agitated in a 250 ml
condcal flask with about 100 ml of distilled water, 2 m}
acetic acid and 1 g sodium ohlorita and heated cm & water
bath for ebout 4 hrg until a white pulp was obtained,
Flltered tirouzh a walighed slass erucible ( Gq or 0,) and
Waghed with distilled water. Dried at 105° to constant

wolsht,

20 Alohn celluloge (TAPFI, 1960)

Holucellulose (sbove} was tranaferred to 250 ml
beaker, 75 ml of 17,5 laCil were added ond the admixture
kent for 35 minutes, Thereafter 100 ml of digtilled water
were added ond mixture vas kept agaln for 30 min,



Transferred the solution into a tared gla:s crusihle on
suction flask and wamhed wit: 25 ml of O,% NaQl and
distilled water to noutrel pl, 2fior discommectins the
suctlan avout 15=-20 ml of 2N acetic meid wna acded, and
£iltration Gona unier suction after a 5 min weit, The
residuc was washed t1ll free from acid ond dried at 405°
to consiont wedght, Absorbent cotton showed meximum ond
corncobp minimn of alpha-collulose,

3.  pentosans (TAUPY, 1968)

mom vel ht of the ample {1,53) wae distilled in a
250 m1 rourd bottom flapk with 100 ol of 12% HCl and with
a few pumice pleces to awvoid dbumping, About 400 ml of the
ai st11late wae collected in a 500 m} flask tirough &
cotton pluge The v Jume of the 12 HC1 was Zept conmstont
in the round Bottom fank by addition of uwore 12% HCL
throush an adapter ssrverating funnel, Phloroglucinel
solution (40 0l) war sdded to the distlillate and allowed to
atend for about 16 hre, The precipitate (Durfurel
phior opluctnol) was collected in e welghed orucible, washed
with cold water and dried et 1052 to constent weipht, The
Phtogan content was calouluted using the following formula

Pentoganeg = ( a ¢ 0,0052) x ¢

& = Valight of Jurfural phloroglucide in g

£ = 0,605 12 o is less than 0,03 g
0.837 12 a is betueen Ca03uld,3 14
002 4f @ 18 more than 0,5 g
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Pentosan content was lowest inm cotton and highest in
bagasse and cornoob, Hence corncob and bagasse could be
posaible sources of furfuraldshyde,

be Lizin (TAPPX, 1968)

Accurately veighed sample ( 1 g) placed in a 250 ml
beaker wvas nized with 15 ml of 72% cold Ha50,4 After
allowing the aolution to stand for 2 hras it wos transferred
to a cno 1itre i1ound bottom flask with (550 ml) dirtilled
water [ 3 aoid), It wae then rafluxed for &4 hra, cooled,
Liltered into a weiphed ciucible, washid free of acid and
driad at 1057 %0 comstunt woigite Ligain was “ound to be
highost in saw dush (3G:0) oml Jute suiaw (J2490), moderate
in other egricultural residues, 11,5% in cernechs, and
lovast 4n cetton ( 0,014}, Suw duet and Jute gtraw oan be
potentizl sowees for lignin or 2ignin baecd products such
88 vanilline Soracobs having l4ttle 1ignin could be handled
with gase £or cellulese isolation, Hance, coricod has been
extenadvely fnveatisated for I'CC preparation,

¢«  Adgohole Denzgpe Diuvack (T40PI, 1968)

Accurately woeighed ssmple ( 2g) was extracted in a
Soxhlet apparatus with (200 ml) alccholedenzene (132)
mxture for Ge8 hra, The solvent was distilled till the
volume was 1/10th of the originnl and tranaferred to &
(100 n1) weighed conical finek, Aftor reuoving th%oaolvent
on a water bath, ecuical flagk was dried at 105% constant

weighta
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6+  Ether Seluble txtract (TA PI, 1968)

insoluble saple /Hcohol-benzene extract;'was further
sxtracted with (200 ml) solvent ether in a Soxhlet apparatus
as above, After racovering 9/10th of the solvent by
distillation rest was transferred to a tared coafcal flask,
removed ether om wator bath and dried at 105° to conatant

weicht,

7.  Cold vater Solubility (7A'PI, 1968)

Accurately weighed sample ( 2g) was mixed with 300 ml
of diptilled water, kept for 48 hrs, f£iltered through a
tared orucible and drisd to constent weisht at 10%8°,

€«  Hot uwater Solubility (TAFPI, 1968)

Accurately weiched sample ( 2g) was placed with 100 ml
of diptilled watcr on a boiling water bath in a 250 ol
conical flask connected to a reflux condenscr, for 3 hrs,
Trangferred to a tared crucible and dried to conpstont
weicht at 105°,

9« 1y podium liydroxide Solubility (TAPPI, 1968)
Aceurately waig ed somple ( 2g) was placed in concact
with 100 m1 of ¥ HaCH on a water dath for 1 hr. Filtered
into a tared crucidle, washod with hot watoer, flusghod with
50 ml of 10¥ acotic acid and agein washed with hot water,
Dried at 105° to constant woight, Most of the agricultural
residues exvept cotton show high (1%) alkali solublitty
as high aps 508 in case of corncob,
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10. Ash (Tapps, 1968)

Buitable amount of the sample (1 g) was burnt in a
&1lica crucible on a burner ond ignited at 575:25° to
sonctant weight. Ash was maxiounm in cormcob and minimum
in cotton and newsprint, High content of ash, indicates the
presance of unwanisd carily materials vuch as sand otec,.

1. Loss on Dxvins
Known welicht of tho samples { 1g) was dried at 105°
to congtant weight und the difference repressn:ed the loss
on drying.
All the alpham~celluloees prepared from various
cellulosic wastes showed brightmess above 90% indicating
high grade of the irolated motarial,

Proximate analysis of cellulosic wastes is given 4n
table 7, rroximate analysis of jowar straw, wheat straw cto,
is given in table g and of various woods in table 9 for

conpartacn.
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TABLE « C
Proxjogte Annlveig of Various Strgw's
(Dhake and Khante, 19G0w81)

= VRS (DI S - — - ——

51, Material liolow Llignin Ash Soludildty in
Noe gﬂll‘ll- Cold Hot 1%
o water water HaOH
4 .Cotton 8.3 30,13 12,00 12,10 14,90 24,35
stalkn
2 JoMer 6"4.19 25.10 9.“‘ 1".39 13.38 27.30
straw
3.040e straw 65473 16,063 16,60 17,60 20,08 30,33
howWheat straw 62449 24,08 64820 13,40 18,42 23,22

g SR
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croxloote ‘nalvsie of Various Liogdp

O — - .

£1, Materin)l Cellums
No.

lone

( Doree , 1950 )

Pone
tosan

ug~
nin

=) “;' ne
Eoﬂ iiSé .Bi I §6 Adlk

watcr vae @p NalH
ter

1,Hiak 56422
.Ceuoggﬂz
(Hicoria
ovata)

2,084 wood 108.‘&5
’ (gequeta
sexpervirens)

JeTan bark 56605 -
oale

(uercus
denaifiora)

boVe stermn 57!‘”

18,22

760

1959

7e35

23464

he21

24,85

2€ 465

Le70 3,57 0463 19,08 0,65

7236 9286 1,07 20,00 0.21

4910 5,60 0,80 23,96 0,87

5e0O 5,05 4,52 20,30 0,40
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sion of MCC from Cellulpplc Wagtes

MCC was prapared from the following cellulosic wartesp
corncob, bagasa® and noweprint, In cape of corncodb and bagasse,
the importont stens involved in the preparation vere,
prehydrolysis, oultistage blcaching, hydrolysie and mechanical
disintegration, While in the cace of newsprint the steps were
deinking, multlstage bisaching, hydrolyels and mechanical
disintegration. Petalled progedures followed in case ave

discuseed below.

3¢ Preparation of [CC from gorncohs

e

2o

Je

Je

7s

Good quality corncobs were cut into small picces and
vat pulped in sprout waldron aill,

Dry pulp was treated with 0.1% and 10% sodium hydroxide
(rre-diyrolyais) sepa-ately at solideliqusd ratios of
135, 115, 148 ond 4:10 for 24 hours,

Th sanples were kept at room terperature (rt) and ?5°
Lor 24 hrs,

Vaghod free of alkall and dried,

Analysed the pulp for holocellulose, alphamcellulosec,
pentosans, 1l nin and permanganate number (Table 10),
Perpanganate Number {s dofined as the number of ml of
QI Km0, required to oxidise ¥ g of the pulp,

Bleach requirsncnt was determined on the basis of
permanganate number (Britt, 1964),

Pulp obtelned by the pre=hydrolysis with 1,08 alkall

at rt 75° at a s01ideliquid retio of 116 was chosen for
analysis,
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8¢ Abowve pulp was subjected to multistago ( 3 stage)
bloaching with godium chlorite and chilorine dioxide
with inte mittent 1% NaCH extracticn.

Se The rulp 80 odtainsd ,which was nearly wiltc was
washod free of bleaching acenta and air dricd,

10, The pulp was then hydrolysad with 0,58, 1.0N, 1.5H,
2,0l 2,5N and 5,0N HCY at 105° for 15 mimites,
(Table 41 )y at 8 s0lid=diquid ratio of 116 and P
wag dateruinod to sce laevel off 4T any.

1. The contents were waghcd free of acild and mechanically
dizintegrated in a waring blender,

12, Milky colloidal solutions were filtered and air dried
to pet cokes which wvere powdored to get m Lree
Slowing 1CC Llour,

—  Retergination of psrmancanats Hugber/Kagps iiumber

Dry prehydrolysed pulp was mixed with ( 60 ml) distilled
water in 2 ( 1 1itre) beoker with a mwognetic stirrer and (20 ml)
48 pulply-ic acid was ndded, More distilled water ( 500 ml)
was added to the mizture alomg with ( 20 ml) 0,1N potaseiun
Permancanate and nixed with the help of mapmetic stirrer,
Exaotly atter 5 min ¢ 10 secs. (16,6%) potassiun fodide
( 10 m1) gna 1% starch ( 1 o) were added, The mixture was
titrated with 0.1 N podius thiosulphate to coloriess cnde
point, The differénce betveen mma added and maszo_,, consumed
gave the volume of RMnD, utilise’ ( by the sample) which
was divided by wei ht of the sample in gm to get the
permanganate (Kappa) Number, Blessh requlroment was deternined
from the following equation,
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% Bloach Pernanganate
requirement “ m

factor+
(® factor obtained froam table based on permanganate
number),

TALLE = 19

Hydrolysis of cormcod nulp ot variocus
concen rations of iCl and determimation

o ¥
HCL come, W .24
i s AR ——cmt
Oud HAD
1.C BAD
1a5 410
ol 320
2.33 260
T T i S —————————

HAD = HO appreeiable Sepolymerisation

3,2 Prepgrotlon of MCC grop Dacnage

1« Good quality bagasse { 100 g) wae cut into small ploces
and mixad with 10¥ <1205 scdium hydroxide {baesd on
bagase®) nnd weter { 800 my),

2. The mixture was autoolsved at 120%, 25 pal for ebout
2 '8,

3« The contents wvere filtered, waghed free of alkall and
the pulp was dried ond yleld found out (Table 12),
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4,

Je

Ge

7o

Ge

e

10.

wg L2 g

Permanganate number was found out and bleach requirement
ealeculated (Tadble 13),

Amount of dlesch requirement as chlorine was divided
amongst chlorine, sodfiun chlorite and chilerine
diomide wit intermittant alkali (2% NaOH)
extraction (Table 14),

white pulp so obtained was vwaghid free of dbleaching
materials and alkali ond dried,

Pulp was hydrolysod with 2,5 N 8BC1 at 105° for 15
pinutes to actiduve lovel-oif DP, Product was filtored and
ugshed Sree of neld, Filt ate was ussd for sugar
actimation and recovery of the bYyeoroduat,

Hydr olysed cellulose wos mechanically disintegrated
in o warine blender in aquecus state.

White collcidal pateriel was filtersd, d:ried and
powdcred to zet frea Lflowing MCC,

come choragteristics of VOC preparad Iron dDagasse are
given in Tadle 15,



T/A8BLE =

Permonganate Number (P.!1) of Prehydrolysed
Dagnsee, TUlps

51 Bateh Hos MOC DITSe 81 }MCC BITS | Bleoch
No, /nalyeis B 2151 lio, requirement
1 2 ”

1.0etcht of the 0,500z 0,4302 8 1 B 6151 9,3  L.b
samplo

2.,Volume of 60 ml 60 nml 2 B 8152 11.4 55
water

3,Volume of 20 ml 20 ol 3 B 8153 11.2 De5
AIQBZSOQ

4 Volume of 500 m¥ 500 i 4 B 8154 11,2 5e5
water

Se.Volume of 20 ml 20 ml 5 B B155 10,0 44,8
0,11 Km0y,

Beidme of 5 nin & 10 pecs 6 B 8156 10,4 5,9
reaction

7.Vole0f KI 10m 10m 7 B8157 10,0 4,8
(16,657) and
starch 1% 1o 1nl

B8,V01,0f 0,11 15,7 m1 15,5 nl
Na25203

9.?01.0‘ 0.1" 6.3 ml 4.5 III].
conm‘imed
(5«&)

10, Pella=yo Eeb 1042
3! 3/

11e/varage T

12;% buzgach t a8 t’ll‘%
re men
chgori‘em = Phn0,355/factor

# Fgotor = 0,7515
*Factor « Pulp ond vaper ponufacture, Vol.t, 1017, 1950

— - -
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3.3 Preparation of ¥CC from Neyepript iastg

Te

=

Je
be

Se

7o

Oe

10.

Newsprint ( 100 g) cut into small piecces was added to
{ 5 14tres) hot water aond shreuded with a poverful
pechanical stirrer,

Washing soap, surf, (10¥ of Newsprint) was added and
stirring continued for hali an hour.

The pulp after washing with hot and cold water was dried.

Perpmanganate number waa deternined to ascertain bleach
requirenent (Table 16).

Five stage bleaching (CECED) was carried out using
chlorine, eocdiun chlerite ond chlorine dioxide, 705,
20% ond 10% respectively of the bleach requirement,
with interaittant extractions with sodium hydroxide

( 2! eoln.), lMidky white pulp obtained was f£iltcred,
waghed free of chomicals and dried by pressing betwean
a fine cloth und then in oven,

The pulp was hydrolysed with 2,5 N [IC1 for 15 minutes
at 105°. Crystalline cellulope obtained was filtcred
and waehed frec of acid.

Above paterial was mechanically diednto -rated in a
waring blender for 10 minutes with dilute
sulphuric acid ( 10 wl),

41ky white colloidal susponsion obtainod was waehod
and preseed betwsen a fine cloth to remove all the
water.

Pansed through a 16 4 sicve te get granular MCC which
vas dried in air and stored,

Saveral batches were prepared by varying deinkin;
nixturey bloaching agents and hydrolysing conditions
(Table 17«22),
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Te
20

e
ba

Se
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11, Branular MCC woo powdered and nassed through 200 #
eieve to obtain a fine pouwder.

12. Various phyeical, chemical end pharmaceutical properties
ol the ICC samples prepared was studied and compared
with marketed varieties of !CC (Chapter 4).

r & New gsprint

te Of the comple, g 0.5
Volume of wotor ml 60
Volume of &l "2803&’ ml 20
Volumo of water, nl 500
Volume of O.%1 N KlinQ,, ml 20
600

5

6+ Total volume nl

7 Time of renction min

8. Volumsz of KI and starch 10ana 5
Ye Volume of O N “agszosl h 8 1.?
10,D1ank 20 & 20
11.Permanganate number 37

12,8 bleach requirenent 24
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T4 LE w17
(Mdtigtage Bleccldns of Neemorint
[ylo (Bateh 1)

1., Sample « liavsprintepulp (deinked)
2. Initial color = Reddish browm
Je Color after bleaching « 141t yellow

4, Permonganate Nunber - 36
5. Bleach reguirement = 27,10 ¥

6. Chlorine content in stock solution = 0,31% Ci?
7. Steps in Bleaching e CEIED (5)
E. Yiold - 63
' 1 2 3 4 5
Paromete:g Chlorine 24 &N
H202 11202
Telite 0f sample 5 g from 1 from 2 from 3 from &
2.Volumg ,nl 200 200 100 200 50
B.Water. ml - o 100 & 100
l‘gpulp consio- 2.5 L - = P
tency ¥
S.pl before Te9 12,4 2.0 124 1.6
pulp addition
5.p!1 aftor Ta5 124 1.9 12.4 1.5
addition
7eTO0pDe ré 60° 1t 60° mt
E.Tlm'hz‘ 005 1'0 1‘0 t).D 12
9.;;1; of g:mad 73 BeJ Gal 743 73

ret = roon temperature (359)
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IMltictare Blenchin: of lewsnrint Pulo

- -

{3ateh 3)

1. Sample = Newsyrint nulp {(deinked)
D¢ Initial color « pale ycllow
3« Color aftor bDleachilns: - milky white
4. Permonganato Nunber e 30
5 Dlanch requiercnt « 23,108
6« Chlorine contend &n otock solution « 6 g/L
7. Stepa in bloacndngs cocilr (6)
Be Yield 5% = &0
¢e Date = 23,11.1950
1 e 3 4 S 6
a.?ammtcrs Chlo= &' LaClo, 26 HaClo, =i
2 rine  NaQHl & RaocH & - NaCH
€2y C1, HA0,

Teloomle wteys 20 from 1 from 2 from 3 from &4 from §

2, Volume ggc 3300 f‘bga - 18100 ggxmi ;8021 ml +

Ber Ulp Tl 3400 = - - e
conaslsgtoncy

4 lcupe” ret B0 vt 60 T.t 60

5 {dMOghu: 1.0 140 140 80 o0 140

rele = Troum tenporature



aaltistase Meagchin~ o

Infitial eolo
» Coio after

Vermanganuaie il
Dleuch requireent - 247
Cl, content of stock solution = GalL

=g 571 te
T2 20
- l'ale yollos

uoher - 56

Samplo e [lewsn int Hulp (dointed)

oleceiing = »Llky white

T Mewsrraimt Pri> (Medan &)

7. Staps 1n bleacliny « € 2L (6)
Da Yi“w e 62'%
9. L e 0.12":- ."'o
a1 ?ammtters Cl., 28 | 4 2% o
o, Naoi HaCl0, NaOH NaCl0. Na
& = 11202
013
1.8ample wteg 2040 fron 1 from 2 Zron 3 frond  from §
2eVolume mi GO0 1000  4geHCr 1000 2g+50 ml 1000 mis
Il.‘.'}20 b 50 ml
1[20
Jel xlp Je3 3.0 g - = -
consl ctency
4.Torm.° Fot GOm0 Tt GO=P0 1.t 6070
5'Tim.hr' 1 .0 1 .0 1 00 ’ .0 1 .0 1 ‘o
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ZABEL = 21
apdtig, o lecahiin  of Newgprint julp (Batch 5)

1.fample = MNewgprint nulp €deirdied)
2.Intti°1 20lor = Meddizh bH.oun
3.Colo aitor bleaching = milky white
e rormunrannte Nuiber - €
S5¢D1 :2¢ch: roquircicnt as chh:lorine =~ 23,100
6.,Chlorine content in stoch colution -4 gfd
7.S%cps in blogching = C (G}
C.¥1008 ¢ « OO
Dalate = 23,05=1500
10.ihitoncss - 85

1 2 3 4 5 &

1.paracters Chlorine 2%  Chlow 2% 2% NaoH +
o ¥alll rine Haok Cl0, reroxide
Tbam;;ic...tl:.s 5 £yon 1 from 2 from 3 f£roa & fro; '5 a
k.VOlumr-’ml 100 200 100 200 100 200*5 ml
3.‘#3&3&" 100 - 100 - 100 -

.?ulp 25 295 2.5 305 205 245

congietency
Sepil balove a0 11,6 1.6 1146 1.6 14,6

vulp acdition

Gopli bafowg 15 1.6 1.5 116 15 11.06

rfter

addition

7o Tomr,? st Glwl5 rat 6LeHS ot GO=E5
B.Tim.hr 0.2 1.0 0.5 7.0 0.5 10

N of - » -
© gﬁ.B?‘iugu T3 T3 Tl Te3 Te3




Mt hinz of I rint | Patgh )

1.50mple = lowsprint pulp {(deinked)
2.1nitial color = Reddish brown

FeColor after bloaching - lillky white

4, Pernanganate Hunbor « 36

5eBleach recuircoent « 23,10

G.Chlor ine contont in otock solution A /L
7.Steps in dleacking e CECEDP (6)

Ce¥Vicld = 5E°
Clata = 23,09.,1780
: v 2. : A ___ 3 . &
21 Paramaters Cilo= 24 Chloe 25 Cl0, % lAQHe
Ho rine Na0#i rine Nalii = Peroxide

1eiampla,wtez 25 from 1 from 2 from3 fromd4  from 5

2,Vol,08 812 500 100" 560 10C0 500 1000
j81: 194

3.;~Jntox'-1 al 300 - 200 - 500 -

hoPulp | 25 2,5 25 2.5 25 2.5
conc! stency

ﬁ.ﬁi bafore 107 1107 17 11.7 109 11.7
addivg pulp

Guptl after (P 117 17 1.7 1.2 11.7
adding |

7.Tanp, ,° rot GOmG5 Tt (0=05  ral GOwES

B.Tim' hr 05 1.0 (Y 1.5 b2 ¢ 240

Oepil of wagiiwd 7ol T3 Te3 Ta2 Te3 Ta3

—soluttuy M- e

1.4 = reom teuperatwe (33%)
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MCC ean be acononically produced from coracohs. Hizh
celluloes content of corheobs compared to othor agricutural
residues resulted in hicher ylelds of IMCC, Corncod contained only
11.15% 1ipnin which 48 much less than the content of other
~ sources, such as saw dust, and jute straw, having 36.,0% and
32,9% lignin respectively (Table 10). Removal of lignin and
purification was hence & almple taek as 3 stage bleaching ,,.aae
Newsprint waste required 5 stage bleaching (Nagavi and Mithal,
1979) to get pure and white cellulose,

In the preparation of MCC, a s0lid liquid ratio of 146
was found optimum, Since, the viscosity of the suspenasion,
wvhile prehvdrolysis, bleaching and hydrolysing, was noither
t0o high nor too low to handle 4ikali comcentration of 4.0%
at room Sempersture as well as 75° was found satisfactory for
prehydrolysis. Other golideliquid ratio’s and alkali
concentraticns were not satiafectory as oithor de-limmification
was incomplote Or too amall amount of corncod was handled,
Hydrolysis with 2.5 N HC1l was satisfactory, since, levelling
off was as desired, When 5.0 N HCY was used cvery orystalltne
rogion of celluloss wag hydroiysed resulting in lower lovele
off 0P (Table 11).

Characteristice of MCC were within offioisl limits
(BeC, 1973), Portiole size, bulk density, amgle of reposo,
crystallinity ond whiteness cowpared well with othoer vorioties
of Mecotg (dssoussed in Chapler 4), It may be stated that,
corneob is a cheap and b.st runcwable source for the production

¥ yield a pure and witte product,
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of MCC, A3 the procesas is simple und economical cottage units
may be sat up to recyele corbeobs into industirially important
MCC.

Bagaess wae converted to MCC. For the prehydrolystis or
mercerization, sodium hydroxide, 10%=120% (based on bagasscs)
was tried, at & s0lideliquid ratic of 1312 ond 1316 at 430°
25 pel for 1.5 to 2.0 hours (Table 12), Alkall concentration
of 40% wae found satisfactory as it was piving white product.
Lower concentration of i@ olkali were giving licht yollow
profuct and ton high concontrationa of the sane vere dissolving
and degrading cellulose., Autoclaving time of 1.5 hrse was
Zound satisfoctorye Lower solld-liquid ratfo®s (136, 136 ang
1310) which were not {riad may olso give satiefactory results,
Pormanganate number (P.N.) is the lovest In case of bagasee
(043wi1.6) amongst the three raw materials studied (Table 13),
Highor P,N, In case of cormeod and nowsprint, may be due to
other oasily oxidlieadle carbonacecus materials such as starch,
degraded cellulosd other than lignin, The fact that cormcobs
and newaprint have less alpha cellulose when cowmpaved to
bagnese and nore holocellulose in case of corngod shows that
1t hos eapily oxidisable materials, Bleach requirement was
ninimum (4,49) for bagasoe as the P.N, was low, Four and five
stage bleachings vere tried in case of bagasse and both pave
satisfactory results (Table 14), Four stage blesching will
obviously be preferred ovor five stage bleaching due %o

sconoatc coneldsrations. Bagasoe may also Yo blemched by 3
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stage dleaching, with cohlorite, extraction and shlorine
dioxide (CED) to get pood blsached product, Yield varied

from 3(0i=-40%, In all, 7 batches of MCC were prepered and
compared the characteristics with avicel pH 101 (Tabla 15)
Particlo asize, pH of 12,5% solution, bulk density and angle
of reposce were comparable to standard, In 5 of the 7 batches
of MCC prepared, DP 1s lower (219+220) wien campared to
standard, avicel pH 101, wvhose DP was found to be 3356. In two
batches DP was 240 and 290, Lowver comcentratioan of HC)

(1.5 N = 2,0 N) may bo tried to get slightly hicher DP product,
from bagacee, Alkaline depolymerisation may be taking place
during drastic mercerization and bleaching and thereby
reducing the DP of cellulose to & considerable extont, Hemoe,
wvhen hydrolyssd ¥ith 2,5 N €1, lovelling -nff takes place on
the lover side of the required range (250=350). Hevertheless,
Bagncee is yet another potential sourece for pwre cellulosa
and cellulose based products, Vary easily bagasse could

be recycled to produce commercially importent commodity,NCC.

The third source that was irfed for the preparation of
MCC was newsprint waste, Deinking to remove the umwonted $nk
particles, whioh are otherwise toxic im MCC, 48 an extra &top
réquired vhile trying to recyole newsprint waste iato MCC,
Deinking as aissussed in the literature (Duchange, 1963
Golonisein, 15788 Turai, 1978 end Tmmoda, etel 1978)
is a laborious process involving, very costly chemicala,
squipment and technical siill, Jome methods use scep formed
inesitu for removing ink particlies, while others use
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ultra=ponic techniques for ink soparation from celluloso
fibros, Yot others use sand, plass ploces eto, to 8xpoell ink
particles from adhoring csliuloss natrix of newsnrint., In
the prescent study, low coct soop (Surg) available in the
open market wvas used to crulsify, onsulf and recove ink
particles, Surf coopared well with synthetic sosp, Bodiunm
Lauryl Sulphate (ELS), Mechanicn) shredding of newsprint
in hot water while deinking v th surf (10% of neweprint)
vas effective, econonmical and simple, Deinked nowsprint
gave P36 (Table 16), murf removes ink and other carhon
particlos along with some watcr soluble impurities,

Newusprint 1o actunlly 80 pround wood and 2048 chenical
pulp and hos oany icpurities. Hultistage bloaching (S50
atops) was tried with other vordations to work out an fdoal
bleaching process. In the Ist batch (Table 17), 5 steps
involving chlorination followed by ¢ alkald extrectiom
along with percxide treatuent for simultanecus o:idation
and removal of lignin was tried, The product obtained ot tho
end of the 5th stage still had & 1ight yellow tinge,
indicating incomplete bleochings A nine gtep bleaching
(CECEDERD), which took 17 hrs for the full process was also
tried (Table 18)e« At the ond of tho process, though ths
product was milky whito, yield was substantially loss and
had token too long a timee In the other &4 botches, 6 etage
bleaching wme triod varying several parameters, In the 3rg
bateh (Table 19), at 3rd stage, 1aclo, and Cl, treatmont



vas used, whoereas in the 4th batch (Table 20), only 11aC10,
treatment was glven at 3rd stace., In 5th and 6th batchas
Cl, vas used in 3rd stage (Table 21) instead of HaCclo, with
varying reactiom times at chlorination ap well as extraction
stogos, The pulp consigtency was main ained batwoen 2,50e
3¢3:y ci:lorination was gonorally at ambient temperature 4
wherecas, nlkali extraction was at elevated teupcrature
(60+65%), cax stage bleaching (CEC P, Batch 5, Table 21)
wap found patisfactory which took mindimum timo of 4«5 luvs
Lor the wiole blogching process, Yicld was about GO% and
whitencas of tiw pulp about 8%/ (n hydiolysis white
newsprint pulp gives crystaliine celluloce which on
mechanicnl disintegration in a waring blender gives 1KC,
Granular 11CC may be prepaersd by passing the mass through a
elove { 16 #F ) ond then air dvying, Powdered MCC was
prepared fron granular [ICC, Properties of neweprint 1iCC
coppared well with standard varicties (Chaptor +),

The process of preparing MCC from newgprinte works oub
costly conpared to bagacse and corneob due to additional
deinkin; gnd rigorous blesching, Neverthelecs, vast ancunt
of newsprint refugc, anply available at throw avay price
san be pogverted to {ICC, o useful cellulomse derivative,



Radintion induced depolymerization of cellulese is well
doounentod (Lewtoun, et al, 19513 Saemon et el, 1952;
Cha lsby, 10553 iuna et al, 1972). lood and 1igno cellulosics
nave been 4 redioted by paron radiations from coGO 05137
L£foct of radintion on cellulose has been studicd by
Deardnore #t ol (1980) and Fakamuo cnd Keetsu (1978 cnd 1579)
vho reported depolywc: ication vith decreape in crystallinity
and increcce in digestibility, Ibrahinm end Fearce (1980)
studiod the offect of gounma irradiation on composition ond
inevitro dipcotibility oZ crop procucts, Han et al (1901)
and Youn ond Clegles (1962) etudied the camma ray induced
degradation of lignocellulesic bicmasng,

A dose of 1 Mrad had no effect on cellulose, while, 10
Mrad or morce coused dec:case in 0P, 500 lMrad made the
eelluloso water eoluble, According to Brenner at al (1979)

a dose of 10 Mrad vith 0,% sulphuric ecid at 450°F for 45
goconds pave maxioun of glucose, widely used sourcee of ranma
rediations ave o0 or € 137 (halrelize-30 years), ¢ 357

i85 a nuolecs wasto in pover gemeration and is birded
underground, Youn and Ctegler (1582) indicated that Col57
can be p gource of gamma radistion in the depolymerisation of
ilgno collulosios. Duchacel and Biudorsky (1979) hove

investigated tho rislke involved in gcarma radiations,
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The prescnt invewligation vas eimed at goneration of
MCC f£rom sellulosic materials by gooma radi#lysis, so that
the pollution probloms of the agricultural and nuclear
wastes could bDe met, At t(he same time MNMCOC produced by Camna
radi lyeis of celluloco is conplotoly safe as no residual
gemma radiations are left in the depolymerized cellulosa,

4.1 Copmg Irradiotions Absorbent cotion cellulose was

irradiated as such and with 1% allieli in a gammo chanber
900 (bAnc, Dombay, India) with 0060 ne the radlation source
Aadiation doses vere 6,5, 12, 34 and 57 Mrad, Corncod
cellulose vas irradi~ted as suth, doses being 3,5, 12, 26
and %6 Irad, feveral samples of lCC%s vore also ouposed

to gammn rodiotions with a dose of OO0 Mrad and degree of
Polymoripation, Coppor lumber, reducing suga's were
determined,

The procedures followod for the determinntion of Dp,
Copper Number redusing: ougars, Yeray diffraction and IR
crystallinjtias are given Lelowr

TACPT (1968) metiod was followed for the deteraminntion
of IF, The pample (250 m;) was dispolved in cupraethylonpe
diamine (25 wl) solution ond viscosity was meamied along uith
& blonk on itheo Viscometor, Relative viscosity, intrinsic
vViscosity, molecular weicht and average DP were determined,
fllasults are in Table 23,
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4,3 Copner Humbers TAPPI (1968) method was followed, Hot
pixture of Copper Sulphate ( 5 m}, 10%) and carbonatow
bicarbenate (95 ml, 12,9% and 5,0) solutioms were added to
the cellulosic sample (1.5 g) and kept for 3 hours on a water
bath, Filtered on an ashless £ilter paper and washed with
(100 m}) sodium carbonate solution (5i), Washing was continued
with (250 ml) hot water. Cellulose cn filter paper was added
to (25 ml) molydiphosphorie acid solution, Transferred to a
buchner fumel and again waghed with cold water t1ll blue
polybdenun coler was removed, After diluting the filterate
to 700 ml, it was fitrated with 0,5 N Kim0, to faint pink
color, Copper number was determined from the formula

(Clio, = 6,36 x ml KM:Q, % N/W) where N is normality of
Km0, and ¥ is weight of sample in g. Results to the nearest
0.1 are in Table 24,

4,4 Feduging Sugargs Dinitrosalicyclic acid (INSA) method
wvas followed, (Peterson and aoth, 196€). Cellulosic sample
(100 mz) srradiated and non=irradiated wae disperssd in water
( 2pl). Sodium hydroxide ( 3 ml, 3N) and INSA solutions

{( 3 ml) were added to the above dispereicn and diluted to

40 ml, Tost tubes were kept in boiling water for 15-30 minutes,
Filtered and diluted, if necessary, Absorbance vas read at

600 nm, A standard plot of varyin; concentrationc of glucose
{0e1 mig/mie0.s mg/ml) mwi abgorbance was made, The

standard plot 48 in f£igure . and the anmount of reducing sugars
in irradiated and non-irradizted samples is in Tadle 24,
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hed miay Diffraction rnd Infro-od Crvetallinitiep

ihe method of Segal (1957) wne followed, to detormine
the Xeray dilfraction crystallinity indices of Lrradicted and
noneirradicted scoples, Crystollinity index was dete:mined
by uhe Zormula

1
I.. Qe
Crystallinity index, & e A%’__-:__ x 100
002

I,,o~ Intencity of cryotalline pealk [ 26-22,57)
I, = Intensity of amorphous peak (26+16°)

X=ray diffraction mcosurcpents weie pa e on the powdor
samples om PhAlips @ray powd r diffractometer, bodedl oW
1 50 with nickel filtered CuK . racintions { 20 KV, 15 mA),
The samsles were sereonod with pcanniny speed of 29 4n 2e
por minuta, siie ratemcter and the chart speed was kept
conostant for all the rums, The A7fractograns are sivon in
£icure 7 and results are in Taxlo 24,

Infrazed eryetallinity indices wore detarmined by the
method of Nelson ond OfConnor (1964) takin: tho ratio of
abmorption at 1372 en™ and 2000 m..q. Infraved epoctrograns
wer'e talen by EDr dice method on CorleZetiss (Zopa) Specoid 74
In cpeatrophotometoer, The IR epectrogrames are in figure 6 md
9, and results arc in Table 24,
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TABIE » 23
¥ of f"ﬂ:tgl nd Cwlm;oms Irzodichal

,9,,."23 Dr?;gd &”Eﬁiﬁ& P
1. 0.0 v~ 2000 2000 040 738
Be5 330 259 3.5 771
12,0 225 220 1240 228
3he0 108 120 2440 140
55,0 co 4 3540 97
574G 22 25
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LAE = 25

Lodubilivy of Cepsdwlose(dructatod) and I'CC in ollald
5 - 21kalsy Catton yotton Avicel oo 1ce I1cec BIYS
110, §: (13060~ (irrae= pi 101 LCC Al Cot Q271

irradiated)diated)
3 E.s Tk‘&ﬁ

1 1 1:.0 15.1 25.6 30.9 33.7 1100
2 5 5.6 27.9 47,0 522 5042 205

Garym {rradiation depolymerieces cellulosc, Doses botween
5.5 lI'ratei2 tirad gave a [P of 200=300, Depolymerised celluloso
on mochand :al disintegrat an gives [ICC, lepolymerisation of
cellulooe by gonmaa dtradiation results in n v carbonyl group
formation as indfcated by imercaco in the sugar cantent ond
copper number (Table 24), the inerea:e being dependout on dose,
Lowor DP ot nigher doses chows that gommo radiations do not spare
the acid resistant orystalline reglons. This is duc ¢ the hich
nenetrating power of the sanma roys compared to aclds, to,
levolling off obsorved in acid hydrolyaisn is not seen in psanma
radinlyzie of cellulose ap indicated by continuous reduction in
P, with increasc of doge (Tablo 23),

Gomina radi~lysis of celluloce incrempep Lts polubility in
aikall (Table 25). This may be due to formntion of lover 1D
chainc, coluble in vater ond vllkaline eolutions. In addition,
irpradintion makee cellulooe suscoptible to acidie or onzymatic
hydrolycta,
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HAVTER o

Choaractorigtios of NCC

Since the ultinmnte utility of ITC depends on its

characteristics, it i3 essential to ponitor them, so as to
infupe the requirced qunlities 4in the f£inal product, MCC's

prepared fromz waste materials have been coapared with
coomercial varictiue in rospect of following
characte. istice:

Te

2o

_thysisco=ch. oloa) churagterAmtios

a, Appesrance

b, Solubility

ne Logs on drying

d, pH of 12.5% dispersion

e, TP and molucular weight

£, Test £for chlorice, milphate and areenic limits
e Particle size

he Budk denaity {merated and packed)

L. Ancle of repose

Ye Infrared Q‘ys‘tﬂumﬁ?

ce Difiuse Refloctence Lpestromeony

d, WMA Spactrossopy

¥, Flame hotometry for Nay K & Ca content of MCCls

2, Atomio Abgorption spectroscopy for Zn, Cuy Mo and
b enalyels

£e DALE pential Thormal Analysis of NCCYe

he Ovifeal and elegivon nicrogvraphs
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In the following paragraphs above characteristics have
been discussed L: essential detall,

Ehvalco-ohonical Provertics

D

De

Appearance. MCC 18 a white, free flowing, and very
£ine powdeor, In cases where cgpeciolly prepered 1C
waps granular and «aslly dispersable in water,

Solubilitys ANl the scoples of TICC were insoluble
in water, They were partislly solubls with
mrelliing in alkalies and insoluble in acids and
mont of the organic solvents,

ce Losg on Prvints Acourately weizhed (0,5 g) MOC,

e

G

transferred to e fared ( 5 ml) coniea) flask, was
drted at 105 for comstant weight. Pereentage
lossoe on d&xping were between I and S,

pil of 12,94 Dgporaions #0C (1.25 g) was disporsed
in (10 1) fiatilled water axi pH woe read on a

calilratad filoo pH meter, Values were foumd to be
betwoan Gué and 7.0

P A Vojgoudar el dite Methods used for the
deternination of degree of Polymerisation (DP) and
nolesular weicht of csiluloss or MCC can be
classlilod into three moin tppem, (Browning, 19671).
Thaee mEthods corvelate weriotion in physical and
ehexical picparties of cellulose with thoe average
mmber of gnhixlrogluocse undta,

1., Based on thermodynanic onnlysig
&y Oavotic prescure
be Light scattering
¢, Ultracentrifugation

2, Daned on hydrodmamic annlysis:
tta Viscosity

b, fedimemtation velooity
o, Diffusion
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Je Based on chemical enalysis of end groups
hydroxyl groups (primary and seocndary)
Viecosity mothod 1s the simplest and is hence usod
widely, coongst the methods listed above,

Determingtion of IP and Fio), wt.

Cellulose or MCC (250 me) was dissolved in cupraothylene
diamine (Cuon,; 25 ol)e The time tRken im seconds for the
ball Lo mundown & known distance for sample (ti) and blank
(te) vas done on a itheo Viscosimater Relative Visoosity was
deternined ( brey® t4/ty). Intrimstic visscsity ( v) )
based on relative wiscopity was read from the table of
ASTHM standerds (196C) (Table 26). Molesular welight
and DP were dotormined fronm standard equations,

wt & 4
Mol. - 5 ® a i

"2.5’10-5

D? and moleoular wel ht of diffaront celliloser wore
detarmined and ure given in Tadle 27,
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Test ror InTRINSIC Viscosity or CHLLULOSE (I 1795)

-

TABLE  “STNTRINSIC VISCOSITY, laje, AT DIFFERENT VALUES OV
RELATIVE VISCOSITY, «,., - ¢
L]E
0.00 0,04 0.02 ; 0.03 0.04 a.05 0908 6.067 0.08 l 0.09
U.0u8 | 0406 | O.11E | 0.126 | 0.134 ] 0.143 | 0.162 | 0.18 | 0.170 | 6.180
0.180 | 0.1Y8 | 0.207 { 0.216 [ 0.226{ 0.233 | 0.242 | 0.250 | 0.289 | 0_268
0.276 | 0.286 | 0.203] 0.302 | 0.310 | 0.318 | 0.326 | 0.33¢ | 0.342 { 0.560
0.358 { 0.367 | 0.375) 0.3%3 [ 0.301.] 0.309 | 0.407 | 0.414 | 0.422 | 0.430
0.437 | 0.446 [ 0.453 ! 0.460 [ 0,468 | 0.476 | 0.484 | 0.401 | 0.49% | 0.507
0.515] 0.522| 0.6291 0.536 | 0.544 | 0.551 | 0.558 | 0.566 | 0.572 | 0.580
0.587 | 0.5695 | 0.602| 0.608 | 0.615 | 0.622 | 0.620 | 0.636 | 0.642 | 0.640
0.650 | 0.663 | 0.070{ 0.677 | 0.683 ( 0.600 | 0.697 | 0.704 | 0.710 | 0.717
0.723 [ 0.730 | 0.736 | 0.743 | 0.74% | 0.756 | 0.762 | 0.760 | 0.775 | 0.750
0.788 | 0.795 | 0.802| ©.806 | 0.815 | 0.82¢ | 0.827 | 0.833 | 0.840 | 0.844
0.862 | 0.855 | 0.864 | 0.670 | 0.876 | 0.882 | 0.888 | 0.894 | 0.900 | 0.908
0,01z | 0918 | 0.924 ] 0.920 | 0.935| 0.941 | 0.048 | 0,051 } 0.959 | 0.885
0.971 | 0.076 | v.083 | 0.0%8 [ ©0.994 | 1.000 | 1.006 | 1.001 } 1.017 | 1.022
1,628 | 1.033 | 1.0890{ 1.044 | L1.050 | 1.056 [ 1.064 §1.067 { 1.072 | 1.078
1,083 | 1.080 | 1094 1100 | 1.005 [ i {16 a2 | 1a2e | 1.3
11571 1.142 | 1470 2,153 | 1.158 | t.188 | 1.160 | 1.174 [ 1.170 | 1.184
1.1¢0 | 1.196 | 1.200] 1.205 | 1.210 | t.215 | 1.220 | 1.225 | 1.230 | 1.236
1.240 | 1.245 | 1.250 [ t1.256 | 1.260 | 1.265|1.270 | 1.2756 | 1.280 | 1.285
1.200 | 1.206 | 1.300] 1.305| 1.310| 1.314 | 1.310 | 1,324 | 1.320 | 1.83s
1.338 1 1.343 | 1.348 | 1.362 | 1.357 | 1.862 | 1.367 | 1.371 | 1.878 | 1.851
1386 | 1.390] 1.305| 1.400 | 1.406 | 1.400 | L.414 [ 1.418 | 1.423 [ 1 427
1432 | 1.436| 1.441 | 1.446 | 1.450 [ 1.455 | 1.469 [ 1.464 | 1,408 | 1.478
1.477 | 1.482 ] 1.486 | 1.4p1 [ 1.496 | 1.500 | 1.50¢ | 1.608 | 1.613 | 1.617
121 | 1.626] 1.620| 1.83: | 1.637 | 1.5642 | 1.546 | 1.360 | 1.664 | 1.558
15682 | 1.606| 2.570 | 1.576 | 1.570 | 1.583 | 51.587 | 1.591 | L.546 | 1.600
1.604 | 1.608 | 1.612| 7.617 | 1.821 | 1.625 | 1.620 ] 1.833 | 1.837 | 1.642
1646 | 1.850 | 1.064 [ 1.868 [ 1.662 | 1.666 1 1.671 ] 1.6756 | 1.0679 | 1.683
1687 | 1.691 ] 1.695| 1.700 | 1.704 | 1.708 | 1.712 | 1.716 | 1.710 | 1.723
1727 | 1731 1735 | 1.739 | 1.742 | 1.748 | 1.750 | 1.754 | 1.768 | 1.762
1766 | 1.769 | r.rra | pvvz | 1.781 | 1786 | 1780 | L.792 | 1,706 { 1.Kou
1804 | 1.808 ] 1.8i1 | 1.815| 1.819 | 1.822 | 1.826 | 1.830 ] 1.833 1.837
1841 | 1.846| 1.848 | 1.852 | 1.856 | 1.860 | 1.863 | 1.867 | 1.870 | 1.874
1878 | 3.882 | 1.885 | 1.880 | 1.803 | 1.808 | 1.600 | 1.904 | 1 907 ) 1.01
1.m4 | 1.018) 1.921 | 1.025 | 1.929{ 1.932 | 1.636 | 3.030 | 1.043 | 1.040
1060 ] 1.054) 1.957 | 1.061 | 1.964] 1.968 | 1.071 { 1.076 | 1.070 | 1.982
1,086 | 1.980 | 1.993 | 1.006 | 2.600] 2.003 [ 2.007 | 2.010 { 2.013 | 2.m7
2.020 | 2.023 | 2.027 | 2.030 [ 2.083{ 2.037 | 2.040 | 2.043 § 2.047 | 2.050
20564 | 2.057 | 2.060 | 2.063 | 2.067 { 2.070 | 2.073 | 2.077 | 2.080 ) 2,083
2087 | 2.000] 2.003| 2007 | 2.100] 2.103 | 2.107 | 2.110 | 2.113 | 2,118
122 | 2.125 | 2120 2.182 | 2.185 ' 2,089 | 2,042 | 2. 145§ 2. 148
"2"}};‘,’ 3.154 2.152 2.160 | 2.064 | 2467 2.176 | 2.173 | 2.176 ; 2.1%0
2983 | 2.186 % 290 | 2.102 ) 2.196 | 2.187 2.200 1§ z.2ud 2.2{16 ! z.’m?
on12| 2.2t ] 2218 | 2,021 2,224 2,227 2230 | 2243 2.230 2 :24'!
o 513 | 2.246 | 2.240 | 2.252 1} 2.255 | 2.258 2.26i1 | 2204 | 2067 2.70
gu73 | 2.276 ) 2279 2,082 | 2.285 1 2,88 2,201 2.y | LUWT . 2,300
2 03 | 2.306 | 2.300 | 2.812| 2.318] 2.818 2,320 2.524 j 2.326 2 320
s.og | 2udb | S8 2840 234 L7 DSk skl 1 BAse 2 A
2ge1 | 2.304 | 2367 | 3.870| 2.373 | 2876 28707592 2584 2387
2390 2.393 0’95 2 400 ' 2.403 2405 2.403 7 2. 41! | 2.414 2 417
3 | ; ‘
AT o 422 | 2,495 o ogng 2 43] 2438 2446 23y v sl .. ):1
; :i"}' 2:250 2.:1;53 2.456 |' 2456 240l 2401 20T 2470 2472
2476 | 2:478 | 2.481| 2483 ! 2,488 2480 2.462, 244 2 O
Sgial SWD S.B| 2.5 TR BAo LOI8T A .30 2 A0
o 520 | 2.632 | 2.a34 ] 2.537 25401 2 a0 2545 AT 50 S
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* bwedimh Methad CGCA 28:57, Kacin Witson, Stensi: 'upperatidning, Vol &0, pp. 51

(195,

Y Detiviad frong tha equition:

st - b = gop = [nlee

X [¥)e



LE_and lolegular,

51 Sample —atdn pacs. Tean R,
1 Blank (%) 12/13 12/13 12/47 12/13  12/13

L

2-3;,“'1 pi 3B 39 3 ) 3,17
JeAvicel pH 102 22 22 22 2 1.69
G.Avicel CL 611 24 24 2, 2 2.00
5 e ACEO=H0C 25 24 2% 25 2,06
6 JICC=CPI 28 2B 28 28 233
7 HCC=RAL 25 22 22 22 1469
EJMCC BITS RBOOT 33 33 38 33 2.50
OJMCC BITE BE101 21 21 27 21 R N4
10,MCC BIT: 27 27 27 7 2625
c8209
11.:1?;00.111:- 2% 26 20 26 2,16
12.Avicel pH 101 26 20 24 26 2,00
(irrndiated

845 Mprad)




5 /¢
1418 55,720
0.580 23200
Q.78E 31,520
0S40 334,000
TeS0B 39520
0 350 234200
1,105 42y 4 200
De551 22,032
0948 37,908
0,868 I35 4520
04788 319520
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laveleoff DP of MCC is anywhere between 200300
depandin;: on the ¢e’lulose source, type -nd extent of
hydrolysis, Mild hyrrolysis results in lower DP and sovere
hydrolysis &n lower DP,

Cellulose wit: a besic DP between 2000=3000 gets
reduced to oncwtenth on hydrolyais, It is perhape the
aoorphous reglon that gets Imockadwoff lsaving bohind acid
resistant crystalline chains (microfibrils), Stadble MOC pels
may be prepcred by disperaing it in water (S«10% solsd
content) 4in a waring blender or a collodd mill,

Cenerally 2,5 N IC at 105° for 15«30 minmutes $s used
for hydrolynis, Fydrolysis with HyB0, reilts in the formation
of sulphate eccver groups on the surface of ¢ e microcrystals
and resdts in changes of dte characteristics, Amongst the
sapples anzlysed Avieal pH 701 showed maximm TP (350) ang
NCC BITS B 8101 the ninimm (130) ond rest fn betwoen thoen
two valuec. 160 1c¢ LPs in cased Avicel T 102, NOCeRAL
and MOC.HITS B £107 may be due to sevare hydrolysis of
cellulose, Moleculrr weishts ere deternined by multiplying
the 0P with 162, tha ool, wt. of anhypdroglucose unit, the

puilding dlock of CC.
£, Jogta for Chlo Qs pudobate ond groendo J4rdts
-
Mec (2g) was boiled with (20 mi) 1. vater and f£iltsred
and the £1itrate (10 md eoch) was ueed for chlorice and

sulphate limtt tecis.
Chlgridgs The filtrate (10 @1} with 1 =l 10y was diluted to
50 n1 in a Negelers Cylinde: and (9 al) Agi0y ( 9% ml) was



added and stirred, Opalescence of all the samples was lesgs
as compared to standard ( 0,001 N HCL, 1 ul),.

Sulphate: The f£iltrate (10 &1) with {1 ml) HC1 war diluted
to 50 md in a Nesglers Cyiinder (10 % 1 md) Bacl, was added
and #irred, Turbldity was less as compared to standarc
(0,01 ¥ 1,80y, 2.5 ul) for all the samples of MCC,

Argiaics MCC (5g) was nixed with Na,CO, 7nd Ar, solution
{ 10 nl) =nd evaperated on a water bath. Residue was gently
Jenited and bromimeted HCL { 17 =1} war added with (45 ml)
wnter. Nxcess btronlne was resoved by addition of ( 2ml)
ghannous chloride sclutisn,

The gope-atut ad other reagemts usod weiu as given in
B2C (13970). She above solfutism ware frensferved Te arsenie
epparvctus hoving ilg }".:'-2 zaper inotend o2 Hn(.'l_.: raper, 10}
(15 ml), pote dodide (5ml) ~nd 7ine ( 5 ghere added, After
2 hra, no stela was produoed in ssmoles ox BCC, so compared
to standard L2 whaich gtain wus sbrerved,

Chloride, eulphate and evsenic were witain official limits
for all MCC sampies.

e Eurtiche size
Perticle aize of 1CC muy be determived by sieving, eptical

mLCrOECHD Ty gedimantation, cculteruownrtar end electron
nicroggscopys The lage wve melhods give aococurale resulis with
high relsahility end reproducibliity. SZlcetron microscope apart

from determining the particle size, helps to study the surface
+ vt £ the MCC's Coulter=counter was usad in the present
exture ¢ .
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study for particle airzc analysis,

The ooul :crwooumter determines the number and mipe o2
particles suspended in gn slsstrically oconductive 1iquid, Thisn
is dene bty forsing the suspansion through a seall aperturs
baving en inasrsed electrode on elther sida ( Figeh). The
resistanse betwesn the two eloctrodes s altorsd a8 particie
passea through the aperture, This produges a voltage pulse
of short duration having s megnitude proporticnal to particle

volume,
A sontrolled external wvacuum initiates Clow frem the beaker

through agaritre and unbalances the mercury siphom. The
advancing merouwry column moies comiaot with start and stop
probes to sotivate and imsctiveis the electronis counter
respectivaly, The prodes are placed preeisely at 50, 500,
and 2000 mierolitres sway from the start probe therehy
providing constant wvoluze S4r all the omumts, In the pressnt
work 500 aterolitres probe was used, The voltage pulses are
amplified ond fed to the threshold cireuit vith mm adjustable
threshold levels IF this lewl 18 reached or sxveeded Yy a
pulee, §t $s countad, The threshold lavel is indicated on en
oncilionscape soresn by a Lrightening of the pulee segments,
above the threshold, fagilitating ths selection of sppreopriate
eounting lewvelss

By taking sdries of ponts at selscted threshold levels,
data is directly obteinod for plekting sumulative frequency
versus perticle sizes Integration of all o pprt of the resultant
curve provides & Beami® of the partiole oontent of the
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suspension. The counts are corrected for coincident particle
pasmages {(doudlets, triplcts ete,) and large mumber of
particle counts koeps the statistical deviction low,

The Inotrunemt wns calibrated with papor mulberry pollens
of known particle slze and calibration factor deternined. The
various sanples of MOC's were analysed for average particle
size distribution, Tablos 20«20 give particls size analysis,

Particle size of MCC qay be anywhere between 10 microns
to 100 microns (BePeCey 1979) and is & controllable
choracteristice It dapands on sowoe, met:od of prehydrolysis,
hydrolyals, method of size reduction cto, MCC prepared
from bagasse ghoved lowest perticle size { 11 microms) and
Avicel Cim611 bad particle eize of 35 microns. Uydrocellulose
also had a particle size of 35 mioroma, Hydrocellulose
differs from MCC only with respect to mechanical disintegrae
tion. MCC of lower particle size may be ussd for direct
conpresaion «ad FCC of higher partioie size may be used for
f£low improvement of tha fine powders,
he Dl dengllys Bulk denaily is the voight of the sample
present per unit volume ( gnfcols Two types of bulk
densitics are genorally meamumed e nerated and packed, the
Pormer for dhe 1oose and latteor for the tightly packed

samplen without volde.
tnown weisht of the sarmle { 1 g) was transferyed to a
( 10 pl) mepsuring eylinder end the volume notod. The
¢vlindor was tapped on the table till the voluoe becamd constant,
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Particle Size /nglvals by Coudtor
glgméggﬂﬂa Souree - .«.gosla& HaCl
Apesdia < 140 microms
Hane vole = 500 md Codmfactor = 13497
Ap.Resistance - 11,000 cizs Mat, siltch = 64 H Bt At -
N“.n»mm&»ﬂmwﬂ Ty = Lower thresiold Ly ® 366,121 A=2
" I = aperture cwrent for 12,5 microns
A= Amplification i
o T Vet 37V e @ L., @ Andl  Avestz m
N - x u( V T ] B
2 28 1 32 - - 80.- Nui_ﬂw 295252 WW.WMI - 2Be50 =
=y
3 2 1 16 = % 4470 16647  20.26 25.52- 1 22,07 320.%5
& 20 ¢ 8 = 283 2235 13,07 16,08 2020~ 265 18,17 4087.73
5 20 4 5 9 68 1118 10.38 1277 1640G~ 3685 14,43 5317,95
6 26 1 2 1 15720 759 8e23 10412 12,77 11752 11445 -
7 2 1 1 5 W22 220 654 8,04 1092~ = Q08  ABLT 2%
86 X 1 %21 16364 140 512 638 B0~ 644 721 -
9 20 1 ‘\P 37 o4 70 412 5407 -Wo“nwl - 573 910

< 61655k £andi=639%,48
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Avereje Pactiole Uil-e of Vorious HcClg

g:. Sacrnle Particle size in nicroms
1  Aricel PH 104 13

2  Aviesd PH 102 25

5 Avicel CL &1 5

E  MCO» . L 2B

5 ACHE = NCC 14

6 HCC - BAL 15

7 IMC 8FOB N S0G1 14
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Aerated and packed bulk densities were caloulated, The
egrated bulk deneity varied fron 0.25 « 0,78 gfce, vhereas,
paciked bulk density was betucen 0,37-0,59 gfce Tor different
MCC sanmplee (Tatle %), Hicher bulk dencity of a sample
indicates low porosity and closa poacking of the particlea,
On the other hond, lover tulk dongdty 1s a mensure of the
fibrous natiwe of the pample. Paxrticle size, porosity and
fitrosity affect the bulk density,

ie fprle of repoges It is the angle made by a laap of powder
to tho base and 18 exprosend ae & » tan™ (iYR) where , a 18
the angle of roposa, H &8s the Leipght and R the radius of

the hoop, Anglo of repose is 2 measure of intorepsaticular
friction, which should nececsarily be low when the powder
flowvs ticough a hopper into a die cavity in solid dosnge
formiations such as tatlots, capmulos elo,

Sanple was alloved to ﬂowa:hroum a anell funnel
{ 5 om ala) whose base tip wae/known h ight {H) from the
tatlee lbon the sample touched the fummel tip, circular
area ocoupied by the sample ves marked, cad the diameter
and radius of the cirecle (R) caloulated, Angle of repoee
was detaercined ualng the equatlcn given above, /Ancle of
repose varied between 45° end 52°¢or disferent semplos of

prstg (Todls 312-, MCCeCHE I
Je

Mee slepe sannot form g stable suspension, due to its
rapid settling propertys Henoe, it L& ponorally mixed with
(12«46%) CHC %0 yot gtable MCO~CIC suspensions, While



EZ;: Sacple Bulk donsity gm/co an,le of rupo‘aa.c;
asrated pached
1 Avicel FH 101 0,27 0.37 45
2 Avicel PH 102 0,38 0450 4s
3 Avisel CL 611 0,30 0.48 47
4 Aomo = MOC 0e38 059 52
5 MCCwidil, JiH 032 050 45
6 i0C= Crl 0,20 0,40 48
7 MCCaBIZS K 801 0,22 037 48
8 KC8Irs B 8101 0020 0042 46
O  MCC=BITS C 6201 Ce30 0,50 47
10 Hydro celluloss 0,27 0.45 50

< M e,

Highor the angle of reppee, roughsr and nore
irregular the surfaces ond giironger tha interpearticls

Iriotion.
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praeparing CC-CC sumpensions, @ certain anount of chear is
given in a waring blender or & colloid mill to establisgh

the gel struwture. Diring tie shear, more MCC is exposad

on which QT gets adsorbed., Equations used in the rhoolesical
studies of [1CC/IICCC1T suspensions ware, .

n = Trfor n = viscosity
Tr = shoar stregs, dynes Ima

Lo = rate of shear, sce
(obtained from table)

Tr @ 2% < 2 « cylinder ¢onstant (5,62)
~ « reading o the indicator
ingtrunment,
1ee { 1) was disporeed in distilled water (100 ml) and
subjected to eheor in a wa-ing blendex for 15 minutes,
Colloidal suspension obiteined was used for rheocloctical
gtuties on a Reotests2, rotational viecosimeter, Carboxyw
methyl eellulese (CMC, 3g) was dispersed in distilled water
(100 ml). The suspension vas warmed and mixed im a waring
blendar to ge® treseparent gel. The disporcion was used for

rhaolorical astuldles,

The digoarsior { 25 ml) vae trenaferved to a meamuing
vessel, Measuwin: system 551 vith Z = 5,62 was used, The
vessal ves cdjusted wador tie measuring oylinder. heoteste2
weas oyeroted co Mode I at gear mwos 0,10n, 1Ma ane 12 & and
~averse order, The values of < were noted ond shear
was calculated for each gear numbor while

then in
atrass (7r)
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ivsrecsing and decreasing. Nate of shear (Dr) vas read fron
the table provided with the imetrument, for each gear. Hates
of shear (i) ond shear stresces (Tr) for a 3% GQIC
suspension are given bolow (Table 32).

TADLE = 32
te e ' Stres L CNC Susnengion
8) Genr o hate of Sheaar n Sh;
No Noer sear() ool gtress o< N
1 ©Oa 243,0 13 101.2 17 955
& 110 a 5374 25 k LI6N | 24 13449
3 1 a 72940 36 20243 38 196.7

29?08 55 297;6

2
v

4 1”7 a 151240

- ——— o -

Simllor obusrvations were made on Avicel PH 101, Avicel
P 102, icne «£ilCe MCCeCIL surpensiong, .aie of shear va gheor
strecs for worilous celilulomen 48 glven In Fig.(B). Shear stresg
increcscdl propartionately as rate of shear was incrensed ond
avicel I'H 102 uhowed maxisun chear stroar stress anongst all
the mamplics studled at a rate of sheer of 700 oo™ anc abova,
AcmowliCC showed low strass ve strein profile suongst all
the pannlos, Incronning nud fed:ouaing tote of shesr is
indicated by arrcw marks showlig the direction.

s ﬂ@:gt;‘-w ke and gther Grracterigtics
Ne Yy vy AL 1* g 3
Xetoy aiezraction (XRD) measurenents were nads om the
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FIG.5.RHEQLOGY OF MCC,CMC

SUSPENSIONS.
400
JOO0 -
200-
1001 ¥ 0——0 3% CMC
/ X—x% 3% Mcc+3°{-.cr;:c
'
" ” € ——C 1% AVICEL PH 101
o y ?
" A——A %, AVICELPH 102
N—WN 1% ACME McC
T o0 600 800 1000 1200 1400

Dr
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powdered samples using FPhilips Xeray powder diffractometer,
Model FV 1350 with nicke 1 Cu=Kealpha radiations

( 30 KV, 15 pA). The sanmpies vere soanned with scanning
epoed of 2° in 26 per minute from 20 10 to 40. The rate
and ohart spcod wera kept constant for all the runs. The
diffraotosrans are given in Fimues 6 and 7,

In the Xergy diffractograms of MCC powdered three
prominont peaks are noted at 26=16, 22,5 and 34, The peak
at 22.5 is assigned for orystelline region snd one at 16 ig
asaipgned for amorphous repicn, This forms the basis of
erystallinity index determination by Segal (1960). However,
thore was no sharp difference in the Xeray diffractogreme
of pure cellulose and MCC, In prineiple, there cannot be
a peak for esmorphous ragion of cellulope as XRD is only for
erystalline samples, It is presuned that amorphous peak
should show a decline and erystalling region a rise in
intensity as the ratic of orystalline to amorphous region
incrences on hydrolysis. This aspect needs further

investigatione

Xeray orystallinity indices were determined by the mothod
of Segal and Comrad (1957) and persentage of crystalline
paterial was couputed from the reletionship given below,

Crystallinity Index % o .P%E -
1002 = Intensity of Crystalline pask {2&-22.5°)

Jon « Intensity of aporphous peak {20=16%)



a7 2
.
“
x
.( ‘.
-
) !
N

o AAT NITTACTVN

TALLINT SELLINON S

SAMMA RADATIENS

a0l
weal

pA OF PRCRICES?
JArEP miIW B A N hed

%
& i

]

« 7

J
|
i
|
l
”l
|
- |}
5 ’.“' )
Fd '.ivr' | ¢ \
|

B3

Lo



w) 2 3w

Cryetallinity Index %, for diflferent samples of }CC
and hydrocellulose, is detormined by XND and Infrared methods
are given in Table 33,

0L =03
Cryetallinity ond Whitenoss of
HCC's ond hvdrocelluloag
81 sample grystally Whitenoss  foference
1 Avicel PH 101 83,57 66467 92 Nogavi ot al
(i1982)
2 Avicel FH 102 B5.46 884,88 01
3 Avicel CL 611 85400 60,00 90
& Acmu-=liCC 84,25 066,67 86
5 MCC=IRL Bhe2s T5.,00 a9
6 MCCeCPY 81,25 72.22 e3
? MCC BITS N 8001 81.20 57419 65
8 MCC BITS B 8101 82,86 69,23 &1
9 McC BITS ¢ c201 63.96 71443 7
10 Hydrocellulose B35 92,59 7

All the samples of MCC showed orystallinity of more than
80%, Avicel PH 102 showed highast XRD orystallinity (65.46%)
and MCC prepared fros newmprint waste, the lowest (81.20%),

Though the XRD method gives only relative set of valuos, data

will b useful in rating a series of sauples with respect

to one onothers
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Miller indices ( h, k,3 wvnlues) were calculatod for
various sasples of MCC's ond celluloses, Cellulose cryatal is
a8 monoclinic systen vith am 8,2, b ® 10,3, 0 = 7.9 and
B = 82° (Mayer and Misoh, 1937), The equation used in the
deterninotion of h k¥ values was,

emae-ha(:\g,)zoszf\g,)z + 22 ( %_)2
+ 2m )-g: _/l_g: Con p*
+ 2hic ég: 4\? COﬂX*
oakz_rlg*_ {%__ Cosel.

where, a* = n"ﬁl’r!n'ﬁ"' = 0,123
bo -_% » G,007
©
e = * De1

c.-tqn P e a7
p. - 160"P = 08

sin P" « S5{n 98 = Q0,99
e ¥ =00  « 180e00
- -
sin L = sin ¥ = 5in 90 = 1
Bragz's Squntions nA =24 Sina

4= nA
8 84n @
A. 1;562‘50

“ ¥ 2 . 0,00000
2 2



A
5 = 0,097 ‘28 % n 0.0095
CooelmQy, Cos Bw= 0,139, Cos ¥ =0

Given below are wvarious values of stn‘?e calculatad by
assigning different hik! volues in the above eguntion

hkt
101 = 42 0,00890 ¢« 1 x 0,00058 ¢

2X 1% 1T X 0,0 ° % 0,057 % = 0,139
- 0.01599

002 =0+ 0+ 22 ( 0.00956 )
-0003832

hk}
107 » 1% 0,00895 ¢ 0 ¢ («1)2 x 0,00956 + 2% 1 x uf x

040948 X 00970 x = 0,139
= 0,00009 + 0,00056 + 0,00258
" 0402115
103 m 92 0,00800 ¢ 0 ¢ 9 X 000896 ¢ 2x 1% 3 x 0,0048

x 0,0979 X » 0,136
= 0,09521 -, O.W

= Q00747

Yarious valuss of ainats vers determined from the Foragy

aiZfractogransy by making use of Q's at which psaks appeared,
Mi1lor indfces, calculated ant obsorved, are given in

Tabla 54,
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a\,}f;lﬁ - &
1iller Indiceg (hkl valuos) of PCC's and
geliulosg
1, Avicel E‘g 101
s1 @ Sine sin“e Theoraw
Noe calgu- ticgl
lated sin<e hkl da I/Iy
1 70,30 0,1305 0.01703 0,01599 101 5.93 158
2 8,0 0.,1392  0.01938 0.02115 101 5.56 15,8
3 41,0 0,1908  0,03641 0.03832 002 4,04 100
4 17,0 002026  0,08530 0.08747 103 2,66 17,5
2, Avicel PH 102
7 7° 50" 0,1763  0.01638 0,02115 101 5,66 15,6
2 11,0 0,190 0.03641 003632 002 4,084 100
3 47,0 0.292%  0,08550 0,08747 103 2,64 17.8
11 ;

7 70 50t 0,1305  0.01703 0.01599 101 5491 4.0
2 11 10" 0.1937  0.9373 0.03632 002  3.98 100
347 ,0 0,22 0,0%% 0.08747 103 2.646  16.0
7 7 71 0.126 0.01568 0.01599 il 6el12 17.2
2 6100 0.1392 0.01938 0.02115 101 5.54 17.2
511,00 0,190 L0360 0,03852 002 404 100
— 5 G- )« 01599 101 6412 16,7

it 0.1200 0001566 0.0 4 o
; Z";;E: g 102 040193 0,02115 101 554 16,7
Z:;;z 0-292& 008550 0.,08767 103 2,64 18,2

» 4
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Table 3% continuedesss

6
S § g
Mo © sin @ amt:ﬁwli‘ham- ==
calou= tical
lated sinde 7o} 4 I/1%
1 70,307 0.1305  0,01703  0.01509 101 5.54 19,2
I e mmm o W e
Ze NCC=0TTE H G001
1 79,308 0,1305  0.,01703 G 17 101 5.91 1541
2 8,00 0,132  0,01938 602115 101 5.5  15.1
% 11,15 0,195  0,0380G 0403032 002  3.95 10:,
4 17,00 0,2926  0.08530 0,08747 103 2,64 13,2
; B 8101
1 7945% 0.1349  0,01020 0,02115 101 5.7  16.7
2 11'0150 0.1951 OGDM 0,03632 002 395 1(”:
3 17°15* L7 ___0.00767 103 2,00 20.C
T 79450 0,349  0.01620 0.02115 101 S.71 16,6
2 41%00 0,1906 0.03641 0403832 002 4,06 100
" Qui 01 7 103 260 20,0
1 7’150 9.1269 0.,01568 0.,01599 1°1 6s12 103
2 Ba.m 0.1592 0.01938 0002115 101 S5¢54 15:1
3 149451 041951 0,03006 0.023832 002 3.95 100
b 17 QQ'Q.&E! g.m___ml—-—m_ 2004 10,86
11, Piltor DODEE
3 o500 0,1505 009703 0,61599 101 5,93 24,4
2 62,007 0,1392 0,01935 0.,02115 101 5.54 18,9
3 110”' 0.19¢ 0.0”76 0063832 002 3.87 100
' 103 266 Ga7
12a collulose IIL
-1- 50”' 0.1M6 0.01032 0.01599 ’03“ 755 »
2 20400 0,1507 0.02271 0.02115 101 5012 -
% 10920* O A7h 0,05218 0,03832 002 4,30 100




=) 87 te

Avicel PH 101, Avicel CL G1%, MCC BITS B 8101 and
1MCC BITS 0201 showed only J peaks in thelir Zecay
diftractograns cerrespondling te 3 different 4 valuos
(Braggte equation). “hereas, othor MCC's showed & peaks
correspond ‘ng to & diZferent d wmlues, In the sapples with 3
peaks, reflsctions vere from 101, 002 arkl 103 planes, While
4n the rcmaining ones they were from 101, 101, 002 end 103
planes. An extraplans 101 ( &= 5.5+6.12), was respousible
for reflection corresponding to 6=7°,3¢ to 7°30%. For the
cellulocas cue eharp and prominent peak appeared at @ 11°150
14%30" { de40) corresponding to 002 plaone, Thin was followod
by & less prominent peaik at 7°30 rnd least prominent peek
at 17°. Theoretlcal and caloulated vaiuss of sin®e were
comparnble end hence gave gatisfactory hkl values, Filter
paper and hydrooellulose also shoved & planes of refloction
gorresponding to 101, 101 , 002 an¢ 103 planes, with slight
variations in their d valuas. On the other hand, cellulose III

pnowed only 3 peaks correpponding to 101, 101 and 002 plancs,
103 pleone wod absent in cellulose IIX,

ccts prepared from cellulonio waptss were somparable to
sarkoted varicties in (holr Xerey diffractograns, as they
gave superimposable plots and similar planes of reflection
with slight varistions 4n their @ valuss, But depending on
grain size, orystal perfectiofs orientation, absorption,
tesporature, SeSple Prepar ation for XiD, method of preparation
of MCC's, goall yariation in the planes of reflection and hid

valugs, can Ocoul's
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Infrared (IR) spectrograns were telen by KBr disc metiod
on Carlezsiss {(Zema) Specomd 71, IR Spectrophotometer, The
IR arectrograns are given in Fig. & and 9.

In the infrared speclroscopy of celluloses, important

frequencios are that of Off groups ogouring betwoan 3000w

shift 4in the position of the hydroxyl peoks of a

3500 ex™,
gpayieon to the parent molecule, indicates

compoumnd in G0
structural podirications. Infrared spectroscopy also helpa

the orystallially of tho sanple, Modifications due
chemical and physical agents, polymorphlem eto,
can also bo understood. (swyrem end Mateescu, 1970)« In vaw

a6 s in cotton linters at 3330 ca™'

cotton V., 0OV s ot 33
vharaas in chenionlldy acdisded cotton ad higher frequencies,

Characterigtic pealk

cellulomse noetates Ce
11ulobe
acetote) and acotylated ¢@

to agsops
to Helhioniings

sailulose (regencrated from cellulose
appoar at 3401, 3425,
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3497=3509, 3398, 3400 ~nd 3490 cm™ respectively, Deuteration
studies help in assessing the degree of crystallinity.,
Amorphous regions are easlly cdeuterated, whereas, in
crystalline region a small change occuras, CH2 deformation
band at 1437 cm"1 becomes stronger when the degree of

erystallinity increarcs, It vanishes on breaking., IR spactra
shows conversion of CI!ZOH of cellulose to COCH (strong peak

at 1750 en~!) and to €0 or C=0 (strong peak at 1724 co™),
Characteristic frequencies in cellulose and MCC with assignment

of peake are given in Table 35.

TABLE= 35
Characteristic Frequcneies in Cellulose and MCC
Vibration N

Cellulose frequency cm-
Free V and bonded V,g

31253571
0
?2217 gl?format!_.on W
1377 daformation
1340 In-plane deformation OH
131¢ deforpation OH or cﬂzw
1265 defor;alation OH or CHZH
; o
;‘fg"t? Not assigned
1117 Qe
1058 0=
1328 Deformat;qn cf*z“f_
oo Trequeney i
a d bonded OH
3000-3700(3350)13.9 i‘{f';;c e
$8$§ 7 Not assigned
50 M5 s W doformation
1650 cl deformation

1000_}5053 (f,'}foo) s Not assigned
B.S, = Br:)ad - sharp

v, Weak
M. S, Medium sharp

Ba Sharp
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The ratio of the penks at 1649 em™ ond 909 op™ or
2900 ¢o™' and 1372 on™! are used for the determination of

cerystallinity index, In the present study ratio of the poaks

at 2000 om™? and 1372 co™ (Belson and 0'Comnor, 1964) was

usad for the determination of erystallinity index, es the
poaks at theoe wave nuabers were sharp as compared to pesks
et 1445 and 009 co='. The remults »f IR erystallinity

index % arc given in Table 33 alon¢ with XRD crystallinity
for eomparison, IR orystallinity of hydrocelluloss was the
highest (92,59%) amonget all samples, and th ¢ of MCOC
prepared from newsprint waste the lowest (57,14%). Stnse XRD
and IR fimation on different princisles, crystallinity
obtained by theoe methods camnot Ue compared though a

relaticnashdp can be looked fore

Co  DAZfuse Reflectance Speotroscopy (Dif)

Whiteness of the powdered MCC anmples was measured

on varion UVVIS-NIR {Cary 17 D) epectrophotometor with
reflectance attophnent against Mg0 standard at 520 nm. The Dis

aspactrog ans rra given in m80100
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DRE showed whiteneas above 60/ for oll samplss of MCC,
The sanples wers scanned from 400«700 nm, Avicel PH 101 showed
highost brichtnees (G2%) and MCC prepared from peweprint
waste (MCC-3ITS N £001) the lowest (C5%) against Mg0
atandard (96%). DRE whitoness of worious samples of NCCls

is given in Table 33,

fio woik has been reported eariler about the Nuclear
lagnetic Nesonance (IMR) Spectrogoopy of cellulose and MCC,
though atiempts have beon made to study monoy di g tri -
saecha-des =od cevtain celluloss derivatives (11al1y 1964).
"Fhy CP3 coMH) war selcoted ms She

Trislw o acrtic acld £
s able to dissolve celluboses,

solvent for thé study as it wa

collulope (10=25 n:) vas disgolved in a nall
~p 4n a MM tube, famples were then

annlyscd on Varian TeGO A( GO rEiz) MR aspectroneter, with
Tetranstiyl S5ilanc (Tre) as the external standurd, The MR
plots of verious coliulones are given in FPlgwes 11 and 12,
MCC=RRL, HCC propared
a dooe of 869 Hrad gamma radiat
° 1%

Nee o
apount of (1=2 m1) OF

drradiated with
nosults are givea in rFigw

HMR taliane ik
mmtmmumu-oodpoekswp-uvdut/ *“and the
oton rempectivelys O

sthor at  4eb indicating Gig0 end G B¥
WWZ‘FA&&.WM&G!

..mtvop‘lkawumw
ponnummnnm

wotmdrﬂﬁm”md'
uawtoumd‘mm“*"

on
bo overlapping with =CH0 protons,
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overlapped by TFA pesks, Shis difforentiation moy be rossible
1 the analysis is done on a 400 111z NM,compared to the
presont 60 MHg Nille, Mut Lo comporiscn, as all the sorpies
vere glving super imposable MR plote, it is certain that
chemicelly end stracturally they arc cimilar and MCC's
prepared fros waste oceliulose are ccoparable to morketed

varictics,

e,
The uve of flang photometry for Na, X

18 well novm (Oenrien end Crabowsil, 1969). To asgess the
tion with the above jonsstanderd and

lovels of tiw cantamina
pared as below, for the analyals,

pamnle solubions were Dre
$gdium stopgords Ddesolved ( 0,2542 g) sodium chlo ide in 100 m)
of coicnized water { 1000 ppm)e Diluted the solution to get

2. t.' C"’. 8 ﬂm 10 pw.
1507 &) KC1 &n (100 ml)

Potapeiup soniards Idescdved ( O
ted to got 54 10, 20 end

deionized waver ( 1000 ppm). Dilu

40 ppm.
209 g) in detonizod

Caletun stapdasgs To caletus castonate (1

wator { 50 m1) was added conecentrated HC1 ( 100 ml) dropwige
to effect moluticn of Callse Mode up the volume o 4 litre
with deionized water { 1000 ppale piliuted the above volution

Sonple Preveration’ nicroerystal

veiched was granpforred €0 A clean
t411 the

1ine cellulose ( 40g) scourately
platinus diah and ashed in &an

°
electric oven at 570 & 2
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After cooling 6 1l 1ICd ( 5 ml) was added ond evaporated to
drynesc cn a waterb:th, Purther 5 pis of 6 N HCl were added
and agnin evoporated to drynoss on e water bath, Finally

6 1T HCL { 5 ol) was added and hetting done on a wator bath
for 5 minutes, The golution was 4rangferrcd to { 100 ml)
volumetric £lask with deionized water, diluted to volume
and usad for the analyata.

Elico flame photomgtor wag uaped for the amalysis, Various
instrumental and analytical dotails and analysis of stondard
sanples are given in Jable 36, Concdantrations of Na, K and
Ca in various samples of [CC ave given ia Tebdle 37. Standard

plots for Na, K and Ca are in Figu-e 14,
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TALE = 36
Ingtrungntal opd analytica) dotalle, and,
handardg Jor In,® and Ca analveis by
Llawe photopatey
£1 Details  Podiun Potessium caledum
1 Instrunent h -I;'J;am photono‘tar-'
2 Hode enission enssion onission
3 vave lonoth,nn 589 766 523
& Plapownas Aw\O Andi@ Amiic
5 Light sowce fole Solf 5ele
6 Sensitivity chocl: &td.plet ntdeplot S%d,plot
7 Standard sarmles NaCl KC1 B Ca
1 Feva ™ Tonn o ®
Oy 8tandard readings Eg’x;o m“ ’ e T loe- gﬁt A
2 20 5 125 5 20
6 45 10 & 1o %
6 60 20 0 x
s a8 50 100 25 100
10 100
o fmAge . Arelogivicos
QARLE =
Ne, K and Ca Content of Various MCCts
e L S L.
e T Not move than BuDel
1 Aviceld Fi! 101 0o% o3 al
n .
2 rvicel 1 991 0.1 » X
Avicel oL 611 g& 2 f1¢0
5 1t 1.8 ' 2.2
i Ut L (]
& MCC prrs It 8008 167 » 2.:
o2 B 89101 Je "

7 MCC BIZS
~SIEC BTSN _
AL = Below Deteotion Level
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Sodiim content of MCCY'e prapared from celluloaie wastos
was comperable to marketed varietios, MCO=Acme ond MCCweRAZ,
showed hirhcgt level of soMum ( & ogfz enoch) and MCls
prepa:ed Zrom newepoint ond bognsse showed lovest (2.2 ma/g
oncin), Fodium combent of Avicel PH 104 was delow detection
1imit (DDL), Potass.un contomt was bolow 0,2 ng/g for 211
the ocanplos of 1MCCe Cnlciunm conteat was maxfomm in MCCeBITS
B 2101 ( 3.7 nc/g) cnd mintmum i <3l the eamples ol avicel
(0.1 mg/g). 1'CCwAcna showed cale’un content below datecticn
lovel, The reacon for hirh content of calcium in MCCe

bagnase { 3.7 oofg) wes 20t inow.
Lo 4 tign yuectrogeony (An3) SoF s
Analysis of Zn, Cu, Mn and Fb by MBS 4s well kncul
(Chriotion ond Feldmen, 1970). Standaré samples of { ppo)
Cu ( 5 ppo) end Ma { 2 ppm) wosa prepared, MCC were prepared
08 ponticred in flese photometry ssclionfe perkineCimar 207
LAS was ugod for the study, Fov b onclysis standard solutions
vy dlsaniving lead nitrate TB(N0x)ae 0,1598 &
piluted the solution to mako
2, lc. G, 8 and 10 ppie Sauple prqpa:‘.'ztim wng made bY
divsolvins cc ( SO ng) acourately waished in a moall amount
and used

( 5 m1) of 72 HyS0,e Diluted ©0 volune with 1% 10y
.at!one Pb anslysis was

the clear suluiion for dirvct uspd!
made cn Instrusentation Latoratory an/ac spectrophotometer

were propared
in (100 ml) 17 20y ( 1000 ppm) e
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(nnL, Joomu) with aspiration rate of 5-6 mi/min at 16 paig

Inst - | .

- rumcntal and enalysical detalls, ands concontration of 2,
md in in various MCC samples are given in Table 38, Lead

standard and sample anelysis ere in Table 3t.

€1 g
Ou DEtai.ls T m m Pb
;‘ Mode abs abs nbe abs -
. % lengtiy n@ 214 525 280 217
= CEW, nm Ge7 07 0a2 045
o Flame gns FYY_ Y BT A hel\s
2s Light sowrce rord ficL HCL BCL
Ge Semsitivity oheck ppa 10 5.0 2.0 2wiC
7. Etandard sarpl , metal m cu m Pb(lw3)2
8. Error in -oading ¥ 2 2 5 2
Ye Samplc Cond sPPR
Avicel PE 101 LS b o soL®
Avicel oC 591 82 2,0 "
Avicel 21 611 1L Tei o
Ao 1CC 22 2 16
H‘tﬂ rd, g 3:2 202
BCcC 0TI5 N €001 126 4had 346
McC pxTe B 8304 140 e Je
__ _HCC OXIS K 5132 5h 2242 Ze -

aba = absorpiion
sV - 511t Band Width

HoLS « [pilow Catnode Larp
oS o fwlow Cetoevion Limit
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TA® -
Jead cnalysis by AAS = Standards and
Sanpleg £ MCC'S
Lead 022 100

¢l Standards samples T

lio Tonc,ppm 708 - B TEE
1 2 0,010 Avicel PH 101 9

2 4 0,017 Avicel Pl 102 4

3 6 0,024 Aome=liCC 10

4 8 0,0%0 e MRL 2

5 10 0,078 uee 2ITS N 2001 &

5 Mec BITS B €1 o1 3

Zine content (Tablo 38) was raximudn 4 licC BIiS B 0101

(160 pon) and minimun in Atdccl CbL 611 ( 18 opm)e Though the
Zn content of various 1CC's was comparaule, bagaste and
newenrint Mo ( § £001) contained very bhigh anountes It 0V

be due %o extornal comtamination of
tn HcCmBITS N 8009 ( Lt ppm)
pm) and wae unusmlly high io nec's

fxact reastd was not kndWle
was below daetection

was in maximum
Avicel cL 611 (1.2
prepared from celluloslc washabe
It may be due to external contanination F

1imit in ol) samples of wicels”

¢ comparable in 23}

eralysed (Table 39)« It wa
ainioun in MOCsiid ( 2 ppmle




AL =30
Lead enalysis by AAS = Standards and
sarmles of 1CCYS
Lead nee
¢l Standards Samples - Pb
lio gonc,ppm Tbs » PPR
1 2 0,010 Avicel PH 101 9
2 4 0,017 Avicel Pil 102 4
3 6 0,024 Acme«l1CC 10
L 8 0,0%0 “CC IRL >
5 10 0038 1CC BITE R 2001 4
5 14CC BITS B £101 3

——— | —

24nc content (Tablo 38) vas maxioun in ICC BIIS B 8109
(160 pon) and minfmun in Aticol CL 619 ( 12 ppm). Though the
7n oonbent of various MCC's was conparaule, bagasre and
newepcint tce ( I 0001) contained very high sacuntoe It may
be due to external contantnation of the two batches, Coppor
waa in maximn in HCC=8I7S N 8001 ( 44 ppm) snd nintuum in
Avicel CL 611 (1.2 ppm) ond wasg unuzlly hich in HCC's
prepared from celiviocic wastate Exact reascn wes not known,
¥t may de due to external contanination Mn was bolow deteotion
14mit in all samples of avicels’ It was caximum in newsprint
Mee ( 3-6 ppm)e ©0 content was cooparable in all the samples
ernnlveed (TaLle 30), It vae maxioum in Acme [CC ( 1C ppm) and

ninimum in PCC=Ud ( 2 ppm)e

HOC Y
Ee 4
Pyrolytic degradation of celiulose has been well
investisated (shafizadah, 1968) . ‘Callulom degradation,

gl dogradatici,

aoan th oush a |
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decomposition ond charring at lov temperature, and a rapid
volatalization aceoopanisd by formation of levoglucosan on
pyrolysls at hicher tecperatures, Degradation reactions include
depolymerdpation, hydrolysis, oxidation, dohydration and
degsarboylation, Degradation is obsorved to ba more in presence
of oxygcn ond loss in its absence (Major, 1958). Heating loads
to earbonyl proup formation ( SO0) as pcasured by IR
“naetroscony and stondard reducing tests for carbonyl groups
(Higzins, 1958).

Zfexential Theroel Analysis (ITA) shovws o dip. at about
200° reprecenting endothermic :oection, It rexches maxima
betwcen 320-360° ani a qudden shurp rise (xlicates exothermic
reactiua which extenl!s upto 350=500%, Therno Grovimetrio
tnalysts (WGA) in ¥ e come thermogram, shows ra-id loss in
weicht durdng endo and exotiornic reactions leaving behind a
srall a-ount of charved reaidus, During the reaction,cellulose
folloue Chrough @& concurreat ond complen mechaniom leading
to Ce0 cmd C=C bond treeking and forming B0, €0,, CO and C.

DiA of MCC's was wniertnken to study the thormograms of
different samples, to compave timnm wit! cellulose thernograns
:md 40 arpess iope 1ties and chenfeal natwe of cellulosess

mee (100120 no) acourately weighod was mixed with about
200 ng of aiunina ia a platinum crucidbles The sanple uas
heated from roon temperate te 500% at tie rate of 10%/min,
i1 presence of orygea in a Devivatogreph HGwdCD 103, for
thermal apaiyels stuliess Figuwos 15«17 give thermogrens of
Avigcel il 101, Aviceld FH 102 mxl MCC BITE N 0001, A shaxp



/./. i are and mw\cm! QMMI. gt
% O0e- L TATR TGO )

P 80 CBLBITERS Jo°y
GIUT L e -
e ecotT Juyos

one P o v

|
. '
. )
L0 s < !
\IBA -
— ! iz -8 ,
S ol T
O . Ba
- LR -
— )
" -
R
Sre o —
- ‘o i - N




- 99 te=

Aip ocewed at 320° for Avicel I 102 and lCCeBITS N 800%
and at 360° fer Avicol PM 101, Cotron collulose glves a
shaarp dip at 364° and celilulose acetate between 374«362°,

Thornoorans of the 3 somples of [MCC were comperable
and in casa of llewsprint 1%CC tie dip wag slizhily broad,

he Cuiical ond [doglren JUCrQuoOLY

£lectron microsraphs vere taiien on Jool JSH=35, with
scaming aode and optical oicrograni:s werc token an CarleZoiss
(Zenn) nlc:oscope with canera attacicent faclldty, The
Micropgraphs were talion to asceas tihe siape, slze and surface
toxture of 1CCts (Figure 1C.1=10.13). All the povles showed
rod shagzod crystulo of varylng gices, single es woid as
ascropawe Joined like patch sticka, In case of Avicol
RC 501, Aviecel CL 611, which contain 12«16 Carboxyl cethyld
celluloee (CiC) with (100, rcund ghaped cryoctals are observed
Thio 1o becpusa G forms a coalt on IMOC which whon
sugpandod in glycerol (optical nioroscopy) swxlls and gives
round and not rod shape crystals.

Optical and electron micrographs of MCCYs prepared
froa celluloasic wastep were comparable to standard variotics.

A1l the fmportand characteristics of NMCC's studied in
the procont work hove been sunmariged for casy couparison

and avaiuatioa



Fig.8,3 AVICRL CL 611 = 200 Fige 1044 AVICEL RC 501 % 400
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Fi51847 ICC = TP % 200 Fig.18.9 CC BITS B 8101 x 200

x 200

73410210 PCCe=nRITE C £201
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CHAPTER -
Aty of I 5 os30e Forme
MCC 1s extensively us.ed in s0ldid dosage forms such na
tablets, capmlcs ete, It is an inert diluent, diatntegrant
and lubricant, Lite ature (Chapter-l) give extensive raesearch
carried out on MCC as an additive in solid Gosage forma, The

aim of the nresont exerciss was to study the potential of HMCC
prepared fron cellulosic waogtes as an additive in ocolid

dosuge forms,
Frusemide (cdiuretic) tablats were propared by mixing

the drug with MCC cbtained from bagasse and corncod vastes

and the tablets were compared with the markoted tablets ¢ the

sape drug ( DIUIAL, Alemblo) for Grug content, weight vardation,

hardness, friability, disintegration time, plysaical dimensions

and defccts,

Mt hydrochleride (bronchodilator) capsules were also
preparsd by nixdng the drug with MCC and £11ling in capsules,
HLX-[CY 18 & potent bronchodilator, prepared by Ril,Jamms,
which is about 10 times potent, when compared to aminophylline,

strustres of fruscnide and RLX=HCL are in FigZ.20 and

thetr My 10 OATN NaGi md distillad vater are in Fig.z!
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Fl6.20. STRUCTURE OF FRUSEMIDE (A)
AND RLX-HC( (B)

O0M .
> NH'CH2
é)T W
”2”/L(
Ci
(A)

4-CHILOROQ,N-FURFURYL,5-SULFAMOYL,
ANTHRANILIC ACID,

@1*:/@ (8)

HCl
5-PENTA HYDRO,TROPYLIUM, QUINAZOLINE,
I1-ONE, HYDROCHLORIDE,



00f 082 0se .

0dc 08¢

02 O0pZ o022 002

(€) HOON N 1O NI3JIW3ISNYd ANV
(v] ¥ILvm NI JOH-XT4 40 xqz/\ 12914

.
4




| 102 S

Formulation of Frusnide tablotp
Fiuscnide powder ( 2g) was mixed with MCC (7.5 ).

Tablots wore punched after nixding 2% talc as ludbriocant, on

a single nunch, hand operatced tadleting mochine, Aoount of
frusenide per tablet was 40 g and 50 tablste were mmched
for agach set, Tablets oo prepared we e compared with parketed
fruseriide tablets (Diuwral, Alemtic) for drug content, weisht
variantion, physical defects, disintegration time, hardness and

friability, lesults are in table &1,

Drug_coptents Frusenide tablets (5) were powdered in a pestle
end martar, triturated with 0,7 N NaOH and diluted to ( 50 ml)
volume with O,1 N Ha0i, Filtered and diluted the filtrate
(2.5 m1) %o (50 ml) volume with O4% N NaOH solutions fRoad
absorbaence at 270 nn with 1,0 ¢ cell on Hitachi Perkine
Elmer 139 Spectropiotometer, A standard plot of frusenide,
varying concentrations vs Absorbance wos mede (Fi8e72).
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Frusenide per tablet « 40 ng

DIEOAL  Frusemide Tablots

2ablet
Amalysic Coraand Bagnsng
MCC 1icC
1 Drug content 41,00 38,00 38420
mg/tab
2 Weight vargation 176=212 125=152 150 = 190
avera e wt,mg 193 139 165
2
3 Hardness kpfon $93 188 269
o 540 540 440
b Friability,% 4,70 130 3a70
5 Disintegration 2 3 2
time, nin,
6Thiclmoess ,nm 3,0 2,0 2e5
Aanetoryom 040 10.0 $C.0
: o Collering
7 Phycical Cefecta N4l 14} SScking
) : ~ ¥ g

RLX HCY (2.5 g) vas nLimd with MCC (2.5 g) and £illed in
eapsules on a hand £1lling capsule holder, Agount of RLX
Hel per capsule vae 50 mg and 50 capsules were prepared.

Capo.los vere ammlysed for drug contegty weisht variation

and aisintegration time, from time to tioe. Results are in

Table 42,
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Ay centents Tho contents of a capsule were tremefarred to o
( 50 ml) volumotric fiask with the aid of dietiliod water

and abeorbance was read at 226 no on Pye=Unicenm SPOOTI O
photometeor using 1 em cella, & standard plot of atsorbance vs
concontration of LA-HCL in distilled vater was made (Pig.23),
Drug contont was analysod fcmediatoly after formulation and
every month for a parfod of 6 monihs, wsults are in Table 43,

T
Do coptent of (de: JIC) capsulgs enslyged every

ALY 101 per eapmule = 50 mg

£l Duration daye/ O 33 72 02 124 148

No 1iCC Type 2
2_u K. .. . C R A 5 88
1 Avicel PH 101 L6460 52459 50400 49,00 69,12 50,26
2 Avicel PH 102 8056 89,10 50400 49490 47,37 S1.14
3 Acme=liCC 46,00 47,00 50a50 50400 47,96 51,75
& MCCwiill 52,50 50,80 5014 F1.60 52,28 54,91
§ MCC BITE NoODT 484,00 49,05 49411 46,60 86,50 46,50
6 MCC BITS Bu10% 46,60 LB,30 48,62 46,60 50,80 51,75
7 MCC BITS CE201 48,30 53,083 50,64 49406 5173 49,75

Al =




Frusenide tadblets preporced from corncob and bagasse MCC
woere sallsfactory with respect to drug content, hardness and
digintesration time, whon comrared to marketed Diural tablots,
Bagnspow=1CC tablets ashowed hishor friadiity when compared
to the other two types of tablots, epart from showing cellaring
and pieting an the tablets, Friability could be reduced
by increasins the herdness from & kg/cna to 5 kg_lcna and,
picking could de overcoms by either increasing the anount
of I1CC added or by mixing a small anoumt of talo as
lubricant, Collaring was dus to wornm out die end punch,

RL =21 capemiles preparcd from standard MOC and MCC
prepared from cellulesic wastes were comparabla, After 6
ponths of formuiation drug was found intact in the capmnles

along with [CCe

jlence, NCC prepared fron cellulosic mstes such as
neveprint, bogasse and cosneob could be used as an economic
additive in solid domaga Lorms,



CUAPTLE

SUMARY  AND CONCLUSTONS

The present thesis deals with the recycling of cellulosic
wastes into commereially important MCC, The aim was to evolve
an economical method for comversion of corncob, bagasse and

newegprint into good guality MCC comparadle to marketed
varieties, Another objective was to isclate by-products sueh as

furfural and sugars,
Celluloaic wastes were snalysed nromimately for the
percentage of cellulose, lisnin and pentosans, following
TAPPI (1968) methods, Absorbent cotton, bagacse, corncob ang
neweprint had 95.8), 63,00 01.5% and 61,00 holocellulose
respectively, Pentosan content was sane for dbagasse and
corncobs (29%) but newsprint had lowv pomtosan content(17.3).
Neweprint had highest lignin (26%) amonget the above four
moteriala followed by bagasee (22/%) and corncob (11:)s Pentosen
and 1ignin contents of absorbent cotlon vere too low compared
to other cellulosic materials. Corneob has minimum lignin as
sonpared to other cellulosic wastes and could be handled easily
1solation of cellulosa and its conversion into MCC,
red from corncob, bagosse and neweprint, The
steps involved in the preparation of MCC from corncod and
olyais, multistage bleachins, hydrolysis and

bagasse were prahydr
the
meeha ical disintc gration, In the cape of newgprint stor s
hydrolysis ond mochanical

wore deinking, multistage bLleaching,

for
MCC was prepa

aigintesratiotl.
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Prehydrolyais was done with 0.1% and 1,0% alkall
sgparately at solid Liguid ratios of 125, 186, 138 and 1310
for 24 hows at room temperature and at 75% The pulp was
bleached by multistage ( 3 stages) bleaching with chlorine,
ehlorite and chloring dioxide, lydrolysis wes carricd out with
HCL (O.Tiw5,01i)s 2,0 and 2,5M were found to be satisfactory,
Bagassa prehydrolysis was done ot 130°, 25 pei for 2 hours
with 10=120¢ sodium hy rozice (baped on bagasse), Autoclaving
tine of 1,5 hours with alkoli concentrationa of 40% (based on
bagasoe) and four stage bleachin; guve satiafactory results,

Hydrolycis could be carried out with I,50, ac 1t is eaey
to separato it from other products, During hydrolysis amorphous

region gets knocked off lcaving behind acid resistant
crystalling chains,

Heweprint was deinkod with g..e powder
well vith synthetic surfactant like Bodium Lauryl Sulphote

(SLE)e Six stase bleaching (CECEDP) was satisfactorys
Hydrolysis was done with 2,58 nC1,

Ganpa irradigtion depolymerises cellulose, Dopes butween
C.5=12 Mrad gave Ip of 200=300, Conma grradiaoted cellulose
£l
HEL( 1.5 N=2,0 N) and meohanical
camma frradiation increases sugar
opper number and alknli solubility of cellulose due
Coﬂtﬂﬂt' L+ ' |
forpation of BV carbonyl groups and lower DP chainde
R e & srved in ncid hydrolyda is not soen in ganma
Earenl e of high powt!‘atm«’f power of JANMA rays.
b oceune

which compared

on hydrolysais with
aisintegration gowe MCCae

radinlyelss
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Gemna irradiction also makes cellulose susceptible to acid and

enzymatic hydrolycis,
The TP of Avicel pH 101 was found to hove the maximum 0P
of 350 and MCC BITS BO101 shoved minimum DF (136) and rest of
the samples had values between these two values, HCC prepared
from bagasee chowed lovest particle sizo ( 11 mierons) and
Avicel CL 611 had the highest particle size ( 35 microns),
Hyd: ocellulose aloo had a particlo aize of 35 omicrons, Chloride,
sulphnte and arsanic weore within pharmacopoeial limits,
Properties like bulk density, and angle of repose of standord
and prepared MCC's were comparable,
X-ray Jdiffraction (XRD) erystallinity of Avicel pH 102
was highest (65.59) and that of [ICC propered from newaprint
waste was the lowast (81.Z')s The reflections in XRD were due
to the following planes = 101, 101, 002 and 103 of which 002
plane reflection was the strangest in all the cases, All MCC
samplos had comparable hkl values (Miller indices)s Infrared
crystallinity of hydrocelluloes was the highest (92.6%6) and that
of MCC prepared from nowsprint wacte the lowest (57.1%).
pt#fuse Refloctance Spectroscopy (DRS) showed whitences above
608 for all the samples with Aficel pH 101 scowing highost ‘
(927) end MCC BITS NE0O1 the lcwast (65%) in comparison to
Mgo (969%) reforence ctandords
panples shoved superimposable ITiR. Sodiunm

108 varied fron 2,2 /& to 4.0 £¢/8 end
/¢ gor all the samplose Caloium content

A1l the MCC
content of MCC samp

potasgium vas bolow 0e2 °
— » 1) '.w. ‘v:wln

o gn rocenIe 30701 (Ze7 afg) nd desd -

wagt OO s e 1O 1{1 o ‘030‘/

(jj..'? /.) ] in A&
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detection limit, Zinc was maximun in MCC-BITS B8101 (140 ppm)
and minimum in Avicel CLG11 18 ppm), Coppor was maximun in
MeCc BITS N £001 ( 44 ppm) ond minfmum in Avicel CL611 (1.2 ppm),
Mangancse wag below detection imit in all the samples of
Avicel and 4t was maximum ip MCC DITS Ne001 (3,6 ppm). Lead
consent wae comparable in all the sapples, AcncyliCC showing the
highest ( 10 ppm) and HCC=% tho lovest ( 2 ppm), DTA Of MCC's

analysed siowed a dip botween 290m360° for endothernic
reaction followed by a sharp rire inddcating the exothernic

reaction,
In optical ond eleotron oicroscope all the MCC samples

showed rod shaped single or aggrogzated crystals of varying cizes,
In caso of Avicel CL511 and Avicel e84 round crystals are
scen, becausidy- cC is coated with CHC in these samples and

they swell in presence of polvente
de tablets and RL, 1C1 capsules prepared with MCC

wvastes pave satisfoctory remults wien analysod
sound stable efter 6 months in

Frusend

rron c@llulosic
for thelir qualities. Drug was

X K1 ocapouless

reoming furfuraldehyde ind BUGRTS can be recovered in the
of HCC from cellulosic wnolade The production does

phlatioated equipments and akilled personnol

and hences cottage units cad be set up for rveoyeling of

cellulosic waster into 1%CCe
BT e b

o T
ropont ropoarch OB ncc, has opened=up ey
stipntionte

production
not jnvolve 80

The past and D

domains for gurther inve
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How the atoms 1ie in the colecule, the molecules in the
undt cell, the unitcells in the crystallite, the erystallditos
in the micrafibril, the miciofibrils in the cellulone fibra?
Whe:e and tow are the crystalline and amorphous reglons located?
How de they differ in thel> stiructurcs? Some inter esting vork

is done in the cbove a.oas, but, only surface has been
scratched and as such intensive rescurch is posatble to unfold

angsers to those querries,
MCC can de chepically mo'i 4ed to eliminate existing

deficioncices, Topochenical derivatisntion of MCC with a
controlled degree of gubstitution to produce licroerystalling=

Carboxy Methyl Cellulose (IMCeCMC) can give a product having
qualities of CNC as well as MCC, MC=CHC combination can be a

better tablet disintegrant and puspending epent comparod to NCC
or CMC alone, Similarly spherodization of MCOC to get free

fiowins sphe-es of appropriate diameter can zive better flow
properties compa:ed to the parent MCC, Incorporating drugs

within the micclles of MCC to impr ove their stadility and
corpatibility seens another nromising aroa,
come new opplications of MCC could be tried, MCC may prove
- -—
be a potantial plaesna extender as the moleoular weight, IP
to a . |
th is co parable, Uce af MCC 4in

£ bo
and viscosity © .
noapsulation, propa ation of controlled drug delivery
microe . ¢
4{cep and coating could be other pronising area
- gtulics on gynthesis of gollulosa

t :
but not the Jeanty of
e sy throw 1ight on the moleculsr strushe
41
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