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ABS TRACT

Pol y(aerylonitrile) and pol y(nethyl nethacrylate)
were grafted onto standard and chemcally nodified
cel l ul oses under various conditions using Ceric IV ion
as a catal yst.

The effect of grafting on the tensile strength,
crease resistance and the dye affinity of the cellul ose
substrates were investigated. Chemcally nodified
cel l ul oses were obtained by oxidation and cross-|inking

wi th various agents using standard procedures.

Dyeing properties of the standard and nodified
cel lul oses were obtained using purified Chlorazol Sky
Bl ue FF.

It has been observed that:

a. xi dation and cross-1inking deoreased the tensile
strength of the fabric,

b. Met aperi odat e oxi dati on inproved fabric crease
resi stance whereas other forns of oxidation

tended to decrease the sanme property,



Xi .
O oss-linking and grafting decreased the tensile
strength of the fabric,
Gafting increased the tensile strength of
f or nal dehyde cross-Ilinked standard cell ul ose,
di met hyl ol -urea cross-linked chromc acid
oxycel | ul ose and hypochl orite oxycel |l ul ose,
but it decreased the tensile strength of
standard cel | ul ose, netaperi odate oxycel | ul ose,
f or mal dehyde cross-1inked metaperi odate oxy-
cel lul ose and di net hyl ol -urea cross-1|inked

hypochl orite oxycel | ul ose, and

Gafting increased the dye affinity of fornal-
dehyde cross-1inked metaperiodate oxycell ul ose,
di met hyl ol -urea cross-1inked standard cel |l ul ose,
but it decreased the dye affinity of standard
cel | ul ose, dinethylol-urea cross-Ilinked standard
cel |l ul ose, chromc acid oxycel | ul ose, netaperi o-
date; oxycel |l ul ose, hypochlorite oxycellul ose and

f or mal dehyde cross-1inked hypochl orite oxycell ul ose.



s CHAPTER ONE

1.1 INTRODUCTTION

Cellulose fibres are of great importance in textiles
and in allied fields due to their inherent properties
such as reasonable tensile strength, water imbibition

and high degree of crystallinity,

In order to enhance these natural characteristics
and in some cases to impart other new properties,
several attempts have been made to modify the structure,
Cellulose fibres do not shrink but their disadvantage

is that fabrics made of them creasc badly.

Yhexecas protein fibres resist creasing because
their molecules are cross-linked together by primary
chemical bonds, the weaker Van dexr Waals' forces and

hydrogen bonds in cellulose fibres are incapable of

retracting the cellulose chains back to their original
positions. It has been proposed that if the amorphous
regions could be cross-linked the fibres would become more

rigid and slippage of molecules would be minimized.



The first patented cross—lihking process by Tootal,
Broadhurst, Lee and Co,, Foulds, laxrsh and Wood involved

urea and formaldehyde (1),

Crease resistance and dimensional stability are
iﬁparted by polymer network formation within the fibre
and by cross-linking adjacent cellulose chains, It is

now recognized that application of cross-linking agents
to a cotton fabric leeds to decrease in dyeing with

direct dyes (2},

Accoxrding to the generally acceptied concepts of
dyeing process, vractical lack of dyeability may be due

tos _ _ ' - B

1, lack of affinity of the dye to the fibre,

e
F.
L |

slow rate of diffusion of the dye in the fibre,

iii, inaccessibility of the dye to the fibre,

In order to improve the dyeability and other
desirxable properties of the cellulosic fabric graft
copolymercization of some vinyl polymers onto cotton

substrates has been investigated.



1,2 Structure of Cotton Cellulose

I+ is now generally accepted that cellulose is
polymeric with structure shown in Fig. I.
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Fig, I Cellobiose unit

/ O S BN

-...-.;— -

S

P

iy

-3

&
--’-&1—-# -

"’:é.

D e e N ool



4y

Confirmation of the above structure was obtained by

analysis of the cellobiose unit using X-ray diffraction.

Preston et al (3) have shown that cellobiose
consists of two @ - glucose molecules that are linked
at the 1, 4 carbon atoms., The primary hydroxyl group
on C«6 atom is most readily accessible for reactions.
Variation in the physical properties of cellulose is
attributed to the differences in the degree of crysta-
1linity, Crystallinity is in turn attributed to dimen-
sional regularxity imparted to cellulcse chain by
spatial distribution of the hydroxyl groups., These
hydroxyl groups enhance lateral association of cellulose

chains by hydrogen bonding (4,5,6),.

Cotton fibres are now believed to be composed of
long range oxder of crystalline regions and amorphous :;¥ 
regions where the chain molecules are in random orien- |
tation. 7There is also a gradual transition between the
highly ordered regions and the completely unorientated
regions with no marked boundaxy between the two regions
(7). X-ray patterns of cellulose reveal four types of

crystal lattice arrangements which are designated



Cellulose - f, Cellulose - 1II, Cellulose - III and
Cellulose - IV, Classification is based on axial dimen-
sions of tiae cry:talline lattices, and the value of

P - angle of the lattices. These crystallites cons-
titute the fine cstructure. The fringed fibrillar con-
cept prooosed by Hearle (8) regards the crystalline
region as a continuum that trespasses the non-crysta-
lline region to join another fibril. This concept has
been confirmed by electron and light-scattering micros-

copic exaninations of highly swollen cotton fibre (9,10).

1.3 Oxidation of Cotton Cellulose

1.3,1 letaperiodate oxidation

Oxidation of cotton cellulose by metaperiodate
under suitable conditions leads to the conversion of
anhydro-D-glucose units to dialdehyde units. Meta-
periodic acid oxidation has been shown by Jackson and
Hudson (11) to follow the normal lMalaprade course where
each chain unit converts to 2,3 dialdehyde unit:

H,OH




The oxygen consumption of metaperiodate oxycellulose is
equal to the nexcentage of the chain units that have

been oxidized, according to equation of the oxidation
reaction. The mechanism gxidation of cellulose by
metaperiodate is believed to consist of a rapid for-
mation of a univalent anionic ester VIII which is readily
dehydrated to IX, IX structure decomdoses slowuly and

unimolecularly to the final products by intramolecular

rearrangement:
R:i?_ou * HI0.” -—EEEEL . \H‘104H2 + H0
ReCH-OH R-c: x..o/
VIII

2R.CHO + 10, SO0 slow :
:> ‘+ Hy0
aldehyde

Exhaustive studies of properties of metaperiodate oxy=-
cellulose by Davidson (12) reveal the presence of
aldehyde groups in the oxidized chains due to their high

copper reducing power and extreme al*aline sensitivity.

1.3.2 Chxomic acid oxidation

The mode of attack on cellulose by metaperiodates



and nitrogen dioxide has been found to be reasonably
specific (13), They are able to react with both amor-
phous and crystalline regions of the material without
destroying its fibrous form, Results obtained from
these specific reactions are applied in the interpre-
tation of the more complicated reactions that are
associated with such industrially imoortant oxidants

as hypochlorites and chromic acid, Oxidation of
cellulose by a ueous chromic acid (dichromate in dilute
sulphuric acid) leads to a progressive increase of both
reducing and acidic properties (14). Uronic acid
determination (15) suggests that the majority of the
carbo:tyl groups formed are at C-6 atom. Chromic acid
oxycellulose differs from most other oxycelluloses in
that they retain much smaller mechanical properties,
Chromic acid orycellulose is therefore characterised

by high copper number and low methylene bmlue affinity,

which indicate high aldehyde and low carboxyl contents,

1.3.3 Hypochlorite oxidation

(ecidation of fibrous cellulose by hypochlorite
has been shown by Clibbens Et al (16) to depend on the

pH of the solution. 1In alkaline solution where the



effective oxidant is the hypochlorite ion, the reaction
is very slov, and it gives rise to acid oxycelluloses

of low reducing power. In mildly acidic solution

(pH 3-5) in which the effective oxidant is undissociated
hypochlorous acid, the reaction is also slow but it

gives rise to highly reducing oxycelluloses which contain

few acid groups.

In neutral (or nearly neutral; pH 7.4) solutions
which contain both hypochlorite ions and hypochlorous
acid, the oxidation is maximum and oxycelluloses with

both acidic and reducing properties are produced (17).

1.4 Theories on Cross-linking

Although the mechanism of cross-linking of cotton
cellulose with resins is not fully understood, the
process is based on the presence of the hydroxyl groups
on each of the anhydro-D-glucose unit. If the bifunc-
tional cross-lini"ing agent is represented by the formula
X=-R=X, where X is the cellulose reactive group, then the
crosse=lining reaction may be represented by the

equation: 2Cell-Cl + X~R=-X49Cell=0-R=0=Cell + BH-X



{).

Because of the usual slow rate of cross-linking reactions
in al:aline medium, the reactions are acid-catalysed.

For cross-lin''ing reaction of formaldehyde with cellu-
lose under acid conditions, Barer (1l3) proposed the

following mechanism:

HOGLOH « H' gt Nl O'H,

HOCH,OH, &= - ziéicr-::_z + Hy0

HoE:::_2 a- » H6=CH2 (1)
CellOH H‘:';‘:..'Hz == Cell-0-CH,0H + H"
Cell~OCH,0H + H' gm——===2" ':'.:e11-0-(:1—12;:3::}{2
c‘el1--0--0}{23:-::1{2 > Cen-o.-&{z + Hy0

+
Cell-O-CIl? + Cell=OH ——% Cell-O—CHz—O-Cell + H' (2)

The exictence of the resonance stabilized carbonium

ion (I) ma“es this proposal more acceptable than that

of Paril*h (12), The general expression for cross-linking
reaction between dimethylol-urea (DiU) and cellulose

in acid wmedium is as shown:
HOCI-!2 of Z[!-E—I»II-I.CHzOH + 2Cell-Cii

— 1 ce11-0- CH E-gﬁ O0=Cell + H,O
=NeCall=CH,= O=Cell + H,
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1.5 Theories on Grafting

ﬁ$ﬁ?

It has been recognized that ceric salts form
effective redox systems in the presence of organic
reducing agents such as alcohols, thicls, glycols,
aldehydes and amines {20), The oxidation-~reduction
produces Cexous jons and transient free radical species -
capable of initiating vinyl polymerization.

Duke et al (21, 22) have shown that Ceric salts
form complexes with alcohols and glycols,and that the
disproportionation of these complexes 1is the rate .

determining step of the reaction,

Mino and co-worlers (23,24) have observed that
Cl--C2 bond in the glycol is cleaved during oxidation
reaction with Ce IV ion, and that grafting onto cellu~

lose involved cleavage of the C2-C3 glycol bond,

Terasaici and Matsuli (25), Cumberbirch and Holker
(26), and Axthur et al (27) have also postulated glycol
bond cleavage in cellulose grafting initiated by Ce IV

ion. For alecohols (20, 28, 29) the mechanism of reaction

44 3

is generally expressed as: Ce * 1t +REHOH

+ RCHQOH;_& BCe



where Ce™" represents the Ceric complexes as they exist
in acucous scolution, B the Ceric-alcohol complex, and .
RCHOH a free radical. The important feature of the
dxidation with Ce IV ion is that it proceeds via a
gingle electron transfer with formation of a free
radical on the reducing agent. If the reducing agent

is cellulosic matexrial and the oxidation is carried out
in presence of a vinyl monomer the free radical prﬁ—:
duced on the polymeric cellulose backbone initiates

'graft polymerization (30).

Reports by Mino and co-wor'-ers (23, 24), and Yatai
{31) support free-radical mechanisns based on the
oxidation of glycols for initiation of graft copolyme-~

rization reactions of celluleose by Ce IV ion,

Axthur, Baugh and Hinojosa (27) have suggested
that the Cexic ion would form a chelate with cellulose
molecule, possibly through C, and C5 hydroxyl groups as

shown in reaction I

&

! _ ’0 o
HO-CH,-CHl  HC-OH ———P HO-~CHwGH  HC-
N | TN

wllo
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Thexre would follow a transfer of electrons from the
cellulose molecule to Ceric ion which would result in
its reduction to Cerous ion, breatage of C,-C, bond,

and formation of a radical site as shown in reactions IIX

(‘) I'(‘/\/Cezv 'O TN GITT gy
HO=CH, - \n : Ho.cnzsa-u\ /?'E’/
C=H C-HH

° - 34 T11
l ) >CeI 11 l & Ca ™
HO-CH,=Cel €0 "'Ho-a-lz-c-u C=0
H /
C=H H

free radical




Srafting of the vinyl monomer onto cellulose chain
involves addition of the monomer to the free radical

sites along the chain length as shown in IV,

}..H R é’LH

P . .
A x }1(
/C\\é-o‘ f | é \é{-l(i:l-c'; g-c.
* 4 nH,C=C-Y / 20 IR
HO-CH,-C-I! (=0 .2, HO—CIIz-C—H £=0 n-l
\\.//u \»K/E H
C-i‘; _J-IE

T ‘% _—1V
vhere X may be hydrogen or methyl group, and y methyl

carboxylate or cyanide group.

The decay of radical sites on cellulosic material
has been suggested by Martel and Calvin (32), On |
initiation of graft copolymerization at this site, as..
shown in reaction IV, additional Cexic ion could chelate
with cellulose forming additional free radical in the
manner described, Then termination of radical sites
could result in the subsejuent reaction of Ceric ion with

the radical as shown in V.
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;\g_.. . S ﬁo/c{_ﬂe

+C 4+ : +Ce:-!-!-

HO-CI1, ,-H C.-o —> HO~CH,~G—H (‘:=0

VR Ve

Termination of propagating vinyl polymer may be effec-
ted either by exhaustion of initiatoxr, exhaustion of the
monomex or by a chain transfer agent, Termination is
diffusion - contxolled, that is, it is governed by the
rate at which the reactive. sites in growing radicals

can come together ratherxr than by chemical factors.

1.6 Theoxies on dyeing

Dyes are surface-active agents, When dissolved
in water dye molecules tend to concentrate more closely
together at a surface than in the body of the solution.
Direct dyes in particular are aromatic compounds with
azo-linzages, of extended X ~electron system, with
polar substituents, and with water sclubilizing groups

(e.ge = 5O; , = COO™),
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In solution the forcés which hold dyestuff to
textile fibres are complex, and the proéess of dyeing
consists ¢of three stages:

i. migkation of the dye from the solution to the
fibre surface, and

ii, adsorption of the dye onto the surface of the
fibre,

iii. diffusion of the dye from the surface fowards

the centre of the fibre.,

The adsoxption of dye molecules onto the fibre
surface is governed by electro-potential forces, tempera-

turce and agitation, . : S

Cellulose textile fibres carry a nett negative
éharge when immersed in agqueous solution (33, 34), Most
dyes when in solution exist in molccular ox partially
ionized state. In the direct dyes, the chromophore-
containing ions bear negative charges that are repelled
by the zeta-potential of the cellulose fibres, Migration
of dye molecules to the surface of the fibre is accele-~
rated by increasing the temperature of the dye-bath to

promote vibrational activity of the dye molecules, .
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Addition of electrolytes counteracts the effect
of the negative zeta potential. The diffusion of dye
molecules in isotropic medium tovards the centre of the
fibre is governed by Fick's law (35) thich states
that the rate of transfer of a diffusant through a
section of a unit area is proportional to the concen=~
tration gradient measured normal to the section,

Expressed mathematically the statenent is,

P 2 =D %
whexre F = rate of transfer pexr unit area of
section,
C = concentration of the diffusing
substance,
X - space co-ordinate measured normal to

the section.

o

= diffusion coefficient (with the

dimension of 1ength2 tim@_l)

D is therefore a measure of the ability of transfer in
a steady state of flow across the section when the

concentration gradient is constant,
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In an anisotropic medium sudh as most fibres,
the diffusion properties depend on the direction in
which they arxe measured, Fick's second law which is of
morce fundamental consecuence applies to non-~steady
state conditions, It describes the accurmlation of dye
C in a medium at a given point X, as a function of time
t, and it is generally expressed as, .
A . D ¥c
dt I -3
In a non-steady state diffusion, concentrafioﬁ.
varies in a non~linear mannex with the penetration
distance., The total amount of dye adsorbed at any
instance therefore may be represented by a concentration
gradient which indicates the presence of strxong or wehk

adsorption forces between the dye and cellulose fibres

{35).
Other paraneters which influence the rates of

dyeing at microscopic level have been summarized (37) as:

i variations in the nature and concentration of
ionizable groups both in the dye and in the

polymer substrate,



18.
ii, interactions between all Speciés in both phases,
134, changes in physical structure of the substrate
and the release and formation of stresses togee
ther with changes in amorphous regions,
iv, changes in structure and molecular orientation of

the dye in both phases and in boundary layexs.

In most dveing progesses in solution phase, the
free energy of the dye solution is initially greatex
than that of the fibre phase, This difference in
free enexrgy accounts for transfer of the dyve to the
fibre until e¢uilibrium is attained vhen the free

energy in the lijuid and solid phases are equal. = &

The effect of temperature on the activation of
molecular vibrations of the solute until it excceds
the critical energy for it to migrate from solution to
fibre has been summarized by this foxm of Arrhenius
equation:
o o -~E/0T

T Do SRR

0o

D
"where DT = diffusion coefficient at .

temperature T,.



1,

o = a constant

o . i
B = Activation encrgy
R. = Gas constant, and

7T =  thermodynamic temperature.

From the logarithmic form(i.e‘. log DT = log Do
-« E/RT), it is possible to determine the activation

enexgy of dyeing Z, by plotting log D, against I/T

T
Heat of dyeing /\ H°, is a measure of the strength
of the bonds by vhich the dye is held to the fibre and

it is generally expressed as: o

Ao =<é_&.° ) ANf{i o
o Ty T J\T 5

where A E° = heat of dyeing,

= difference in standard

Arl' =
' potential at Tl '
&r‘z = difference in standard

potential at '}.‘2
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s

The concept of dye.béingrdissolﬁeé in a solid.is.
thought to he a confusion of solution with adsorption
by some colourists., Adsorption isotherms are obtained
by plotting values of concentration of dye per unit
weighf of the solid Dg, against the values of concen-
tration of dye in solution after dveing D 4 at conw
5tant temmerature, Dyeing processes are characterized
by three categories of adsorption isotherms: Nexnst,

Langmuiy and Freundlichy

S
The Freundlich isotherm best describes the adsore
ption of direct dyves on cellulose substrates, The
classical work of Freundlich (38) on adsorption shows
that the ratio of the amount of adsorbed dye on a given
amount of solid to the concentration of dye in solution
is not a constant at different concentrations of the dye-
bath. The DE/Df curve therefore is not a straight line
nor does it reach a point at which it becomes parallel

to horicontal axis, as shown in Fig.2.

The moxe generalized form of Freundlich adsorp-

tion isotherm, Dd = K Dg'x



Dg
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states that if ¢ is raised to a power x(of the ordex
0.5), then Dg,/Dé ¥ is a constant at a given tcmpera-
ture (3%9). T[Prom the logarithmic form of Freundlich
adsorption isotherm,

log Dg = log ¥ + Xlog D&

a plot of log Dg against log D¢ is expected to be a

straight line, of the form shown in Fig. 3.

The nature of affinity of cellulose substrates
for direct dyves has only been explained recently, Since
cellulose has no nolar groups capable of forming salt
linkages, it was assumed that the binding forces were
purely physical, In 1928 Meyer (40) expressed the view
that substantivity was associated rith extended linear
structure of the dye so that it could align itself on
the fibre suxface, In formula (a) for example, the dye
molecule is linear in the direction Of AsseeseseeB,
whilst the bisazo compound, formula (b) bas no such con=-

figuration and is non=-substantive:

/¥N~N
) ——QSDPJQ
Formula (a)

FIO



. 5103:\1::1 - '_ | | .
- <: >H_N_N“‘ 22,
E | | SO, Na - o
OH N
1i
N
\ .
. ?‘“bOENq

N H)‘ Formula (b)

When this ooncept is applied to the molecules of
azo dyes, it would appear that only the trans isomexs
are substantive, but commercial dyes are equilibrium
mixtures of both trans and cis forms, It is believed
that the cis‘form is transformed to the trans confi=-

guration as the later is adsorbed by the fibre,

Further contributions to the theory of relation-
ship between structure and substantivity were made by
Hodgson {41} and Hodgson and Marsden (42}, They postu-.
lated that not only must the dye molecule be linear

but the benzene nuclei must be coplanar,

Schirm (43) attributed substantivity to a sysgem

of conjugated double bonds,

Préston (44) also suggested that molecules of

substantive dyve attached to cellulose chains should be -
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predominantly orientated parallel to the fibre and should

exhibit dichroism,

Leed (45) suggested that affinity of direct dyes,
to cellulose substrates might be due to the interaction
between electrons in an extended conjugated system and
the hydrogen atoms of the hydroxyl cgroups of the
cellulose substrates. Groups like -OH, -NH,, and
=-N=N- in the dyestuff molecules as in (c¢) and (d)
respectively are capable of forming hydrogen bond with

hydroxyl groups of cellulose fibres,

R“IT"H.[...O"Cell R-Il‘IQ.!...Ii"O-cell
|

H 3] NR
(e) (a)

1.6.,1 Effect of additiogdééectrolxies on_dyeing of

ce;;ulose_;ibrics

Addition~of electrolytes to dye liquor tends to
promote exhaustion of direct dyes although the effect
varies considerably with dyestuffs, Cellulose fibres

which assune a negative charge when immersed in agueous
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solution, repel similarly charged ions of the direct
dyes, Electrolytes reduce or extinguish the charge on
the fibre, thus facilitating the apnroach of the dye

ion to the range at which hydrogen bonding or Van der
Waals' forces can be effective (46), It would therefore
be expected that the effectiveness of electrolytes in
promoting exhaustion vary directly with the molecule of
the dye., !ence Chlorazol Sky Blue FF with four sulphonic
acid groups in the molecule only stains cotton fabric

until electrolyte is added after which it exhausts well,

NH}. S OC.H c)rﬂJ OH NH2

S0, | /L_\ £

N=N— N N-k/] 3

SO.” -
2 50_5

Chlorazol Sty Blue FF (C,I, Direct I) anion
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1.6.2 Effccts of temperature, concentration, and pH of
dyve-bath on dyeing of cellulose fabrics.,

Increase in temperature of the dyebath decreases
the amount of dye molecules adsorbed at equilibrium,
Increase in kinetic energy of the dye molecules by
increase in temperature hastens the speed at which

ecuilibrium is attained at that temperature.

A typical ®reundlich isotherm for a direct dye
indicates that pcxcentage exhaustion increases as the
concentration of the dye in the solution becomes greater.
Dyeing in short=liquor ratio will enhance heavy shades

for direct dyes,.

Direct dyes are invariably applied to cotton
fabric from peutral solutions No advantage seems to
be gained by addition of acidj mild alkali has a

retarding effect on the rate of adsorption,

1,6.3 Effect of agitation on dyeing of cellulose fabrics,

hen the amount of dye in the solution is limited,
the diffusion of the dye molecules into the fibre
could be nore rapid than the assembly on the surface,

and agitation will then become a significant factor.
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Alexander and Hudson (47) have shown that the
rate of diffusion of dve molecules into fibre is
dependent on the concentration.of dye molecules in the
interfacial layer, and is influenced by the degree of
agitation which leads to much greater decrease in time

4

of half-dyeing.

Gtirring of dye-bath in dyeing process is essen-—
tial in order to maintain high concentration of the dyein
. the intexrfacial laver, and to decrease the time of half-

dyeing.

1,7 Scopeg of Iresent Investigation

Cellulose fabrics have been industrially treated
with bifunctional reactants derived from formaldehyde
to imnart dimensional stability, wxinkle recovery and
other desirable properties. However it is now recogni-
zed that as a result of cross-linliing the cellulose
chain; the fabric becomes difficult to dye with direct
dves., Grafting of vinyl polymers onto the cellulose
structure is now being investigated as a means of
improving the desirable characteristics but little has

been xreported.
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This investigation deals with the study of the
effect of grafting specific polyvinyl compounds onto
standard and modified celluloses., The cellulose
structures were modified by oxidation with various
oxidizing agents, followed by cross«lin«ing with dime-
thylol-urea and formaldehyde, The effect of grafting
on the affinity of Chlorazol Sy Blue 77 to these

substrates has also been investigated,

It is hoped that this investigation will not only
provide further insight into the grafting process but
also that the physical and dyeing pxoperties of

cellulose will be improved by the varxious processes.



CHAPTER TVIC

BEEERTMENTAL METHODS AUD RESULTS

2,1 Standaxd Cellulose

The cotton fabric 22 picits/cm and 24 ends/cm in
the weft and warp directions respectively (from Xaduna .
Textiles, Limited) was scoured, bleached and partially
mercexiced by standard method (48), The purified
material was used as standard cellulose, and it has :
the following properties:
Copper numbex 0.0é; carboxyl confent 0,783
nEqg CO0H/1C0g of bone~dry ccllulose; and moisture
content 6,1% at 65% R.H. These properties were
determined by the various standard methods des-

cribed elsewhere (49, 50, 51),

N
[v]

Resins

The resin, dimethylol-urea (DIU) was prepared
by mixing 60 parts of urea (1 mole) and 170,3 parts of
37% (AIIALAR grade) agueous formaldehyde (2 moles) and

reacting for 15 hours at 289C in constant temperature



water-bath, 7The pH range of 7-8 was maintained by
addition of monosodium phosphate as buffer (52). The
resulting dense precipitatc of dimethylol-urea was
filtered, .ashed w7ith anhydrous alcohol and vacuum

dried,

Ecuation foxr the reaction is as shown:

0 O
1 ' it
HQN—C-I IH? - 2CH20 et 3 HOCH::.,HI-I—-C-NHCHz()H
urea (1 mole} formal- Dimethylol-uxrea

dehyde
(2 moles)

zg.l. . .,

The formaldehyde resin was preparcd by diluting

37% (ANALAR grade) acueous formaldehyde to 14,5%

aqueous solution with distilled water,

2,3 Frovaration of Oxyvecclluloses

All oizyeclluloses prepared in this investigation

were limited to oxygen consumption of 5{53),

2_

2,3,1 Chromic acid Oxycellulose (CrO,~ - Oxycell,)

10.2g of standard cellulose was treated with 6,1N

potassium dichromate solution acidified with 0.2N



sulphuric acid, for <8 hours in a 2«litre quick-~fit
flas: at 20°C., The material to licuoxr ratio was
maintained at 1:50 (15). After oxidation, the fabric
was washed liberally with distilled vater, and dried

in air.uxygen consumption of the standard cellulose was
determined volumetrically by measuring the fall in con-
centration of the acidified dichromate solution (54),.

2.3.2 letaperiodate Oxycellulose (10, = oxycell)

12,5g of standard cellulosc vias treated with
0.,01M sodium metaperiodate solution for 24 hours in an
amber-coloured bottle in darkness at room temperature,
in material to liquor ratio of 1:50, At the end of the
oxidation period, the oxyccllulose was ashed with
distilled watexr and dried in the air (55). The fall
in metaperiodate concentration, a measure of oxygen
consumption, was determined by the method of Muller and

Freidboerger (56).

2,3,3 Hypochlorite oxycellulose (OCl — oxycell,)

0469 of standard cellulose was treated with 0,04 N

sodium, hynochlorite at pH 7.4, at 23°C, with shaking



for 12 hours, laterial to lijuer ratio was maintained
at 1:50, After oidation period, the oxycellulose was
steeped with 0,1 hydrochloric acid, washed free of the

acid and then dried in air (16),

Ozygen consumption of the standard cellulose was
determined by measuring the fall in hypochlorite con-

centration due to oxidation,

2.4 Cross~linking Cellulose Samples with Resins,
24441 Cross=linking with Dimethylol-urea (DMU),

Standard and oxidized celluloses were treated with

dimethylol-urea (DMU), In all cross-linking reactions
with dimethylol-urea, the bath was made up of 3%
dimethylol-urca on weight of fabric (Ovf), 1% Teepol-X
on weight of fabric (Owf), and was acidified with 12.,5%
hydrochloric acid (pHS5.,6)., The matexrials were padded
with the resin solution, centrifuged to maximum wet
pic-up, dried in oven at 150°C for 2 minutes and con-

ditioned at 655 Relative Humidity foxr 7 hours (57.)



32,

2.,4,2 C oss-lig&énq with Formaldchvdide (Pad-Jct Batch

’rocess }

In all fornmaldehyde treatments, the cellulose
materials vere immersed in 11,8% asueous formaldehyde
in 50, phosnhoric acid (pH 5,6), After thorough wetting
out to a mrciinam wet piclt-up, the samnles were stored
for 2 hours in nolythcne satchets after vhich they
were neutrali-cd with 2% sodiun carbonate solution,
vashed thorouchly with distilled wator and dried in air

at room tcuperature (55).

Percentage add-on values of dinethvlol-urea and
formaldehvdae to standard and oxidizod celluloses are as

shown in Tables 1 and 2 reshectivel.,

2.5 curification of lignomers

2+5.1 ethyl methacrvlate [MMA

Vethyl methacrylate (BDH reagent grade) was
vigorously shaken with 10% sodium hydroxide (for removal
of hydro:iszy-cuinal stabilizer) and vashed with distilled
water, The purificd monomer was dried by storing over

anhydrous calcium sulphate, at 20°¢,
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2.5.2 Acxylonitxile (AN)
Acrylonitrile was purified by distillation at
reduced pressure (for separation of methoxy-quinol
stabilizer), Tha freshly distilled monomer rac stored

in a 250en” stoppered Erlenmeyer flask, at 28%,

2.6 Grafting of Cellulose samples with lMonomers

(Colution Technique)

The grafting reactions were carried out as follows:
0,01!! Cexric ammonium nitrate (BDH reagent

grade), in 0,1M nitric acid was introduced into
250 cm3 Exrlenmeyer flask and kept in a ther-
mostat for 10-15 minutes, The material to liquor
ratio of the sample to Ceric solution was
maintained at 1:30, The reruired amount of
mononer was added in the matexial to monomer
ratio of 1:1 weight for weight (W/W); and 5 g

of sample vas immediately introduced, The flask
was stoppered, and the contents stirred occa-
sionally during the polymeri-ation, After one
hour, the sample was washed thoroughly with

hot soan solution (to remove loosely adhering

homooolymer) and then with distilled water
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and dried,

For grafting with acrylonitrile (AN), it was
observed that cxtraction of grafted samples with
dimethyl formamide (DMF), caused negligible loss in
weight, Removal of homeopolymer was carried out with
thorough soaping and washing; solvent extraction was
not considered necessary. In the case of methyl
methacrylate (IMMA), the grafted samples were extracted
repeatedly wvith dry acetone to a constant weight (58),
Calculation of the graft yield valucs of poly (methyl
methacryvlate) and poly(acrylonitrile) on the cellulose

samples are as shown in Tables 3 and 4 respectively.

2.7 leasurcment of Crease Recovery and Tensile Properties

2.7.1 Crease Recovery ingle Measurcment.

Rectangular fabric samples (5cm & 2,5 cm) were
cut parallel to #he warp and weft directions from pre-
conditioned samples, For each sample, six specimens
were cut with care to avoid selvedges, end pieces and

crcased places,
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HEach specimen was folded into tiio-halves so as to
give a crease of 2,5 cm length, and was placed under
2 lrg weight for " minutes aftexr which it was transfered
to the Shirley Creasc Recovery /ingle tester. The crease
recovery angle was measured after the sample was hung
freely for 2 minutes, Six measurements were taken for
each fabric sample in the warp direction only, and the
average crease recovery angle (w“) was determined, All
measurements were made at ZBOC, at 657% Relative

l‘easured crease recovery angles for the samples

are shovn in Table 5,

2,7.2 leasurenent of Tensile Propertics

Tensile properties of the fabric samples were
measured with Instron tensile machine, model 1026,
Measurements vere performed on 1,0 cm strip of samples
at cross-~head sneed of 50 mm/min, and at chart propor-

tional drive of 1l:5.

A gunge length of 5,0 cm test samples was used

on a 1026 @M load cell of 0-50 g range, Six
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measurements wvere taen for each sample, and average

breal'ing load was determined,

Specific stress-strain chart nrofiles for the fabric
samples are as shown in the series of comparative plots
for standarcd cellulose, modified and grafted cellulose

substrates in Figs ta to 4d,

Values of measured tensile properties like initial
modulus, breaking stress, and extension at break are

shown in Table 5,

2.8 Dyeing L xXocess
2,8,1 Purification of Dye

Chlorazol Cky Blue FF was purified by the method
of Robinson and Mills (59). Baiely concentrated solution
of the dyc was prepared in cdistilled water, and pure
crystals of sodium acetatev.ecxe added to salt out the
dye, followed by filtration, The filtered dye was again
dissolved in distilled water and salted out with sodium
acetate crystals. The secquence was rxepeated five times,
The final filtcred dye containing sodium acetate was
extracted with absolute alcohol in a Soxhlet extractor

to remove sodium acctate, The dye was filtered and
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then crystallized from 50/50 ethanol/vater mixture,

The purified dye was stored in a dessicator over
phosphorus pentoxide., The melting point was found to

be in the range of 620- 61°¢c,

2.6.,2 Standardization of Chlorazol sky Zlue FF

fbsorbances of known concentrations of Chlorazol
Sky Blue FI in 255 aqueous pyridine solution (concen=-
tration rance of 100 to 500 mg cm"s(x 10"3) were meas
sured at wavelength of 630 nm with Beckman KD=2A
spectrophotometex, ith 25% acueous pyridine solution
as reference, A plot of absorbance against concentra-
tion showed compliance with Beer's Law, as shown in

Fig. 5,

2.9 Dyeing of Samples

The samnles were dyed by the method of Ibe and
Vallo (60), The samples to be cyed vere exposed for 6
hours in thg stixrred dye-bath. The initial dye concen-
tration in the dye-bath was varied in the range of
100-500 ng(:z 19"3¢m~3], and the dyeing was carried out

in the prasence of sodium chloride (5,09 10"'3 cm'a),
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at 95°C, keeping a liquor ratio of 1:50 (61). After
6 hours of continuous dycing, the dyed samples were
removed, plunged in ice-cold waterx, blotted between

filter paper and dried,

2,10 Determination of Pd and D§

The dye adsorbed by samples of known weight was
extracted with 257 ajqueous pyridine solution, A
complete cirtraction was accomplished at room tempera-
ture by leaving the samples in acucous pyridine solu-
tion for 2< hours, Concentrations of the dyc extracts
Dg, were determined with Beclman KD-2/4 spectrophotometer
at 630 nm wavelength, and interpolating the value of D¢
from the calibration curve for €hlorazol Shky Blue FF in
25% aqueous pyridine solution,

Heasured dye concentrations in the fabric samples
Dg and dye concentrations in the bath after dyeing Dg at
various initial dye-bath concentrations are shown in Table
6., A series of plots of log DF against log Dg (Fig.6)
for somec cellulose substrates showed compliance with the

expression,
log D4 = log K + x log D .
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Table 1: Cross-~lin ing Standard Cellulose and Oitycelluloses

with Dimethylol-urca (DrUY

Bath Composition: 3% DMU Owf
1% Teepel - X Orf

12,5% HCl (pH5.6)

nubstrate % DIUJ Hdd-on
Stancard Cellulose 2,72
-~ _
CrO’ ~ o ycellulose 3.1
107 - oxyecellulose Dedil

OC1™ = oizycellulose 5,32




TABLE 2: Cross=l1lialing Standard Cellulose and

Cxycelluloses with Formaldehyde

Bath Comuositiont 14,3% Formaldehyde Owf

50% Phosphoric acid (pH 5.6)

Cubstrate  Cil,0 Add-on
Standard Cellulose 9,61
CrOf- - oizycellulose 4,32
IOE - oxycellulose 4431
OC1™ =~ oyecellulose 6.69




TABLE 3: Graft Vield of Poly(acrylonitrile) (IAN) on

Cellulose Smles

Substrate % PAI! graft yield
Standaxrd Cellulose 3546
CHQO - std, cellulose 30,5
DMU = std,., cellulose 31.6
CrO_:i-— oxtycellulose 25,2
CH,O = Croi" - oxycell, 11,1
DU = Crei' - orycell., 849
IC_E' ~ oxycell, 30,5
CHQO - 1'0:; - oxycell, l2.8
DMU = IO:,: - oxycell, 14,
OCI =o:ycell, 36.1
C}-120—001"-o::ycell 24,0
DMU=OCL ™ =0xycell. 19,5




TABLE “: Graft Vield of Poly(methyl nethacrylate)

FLMA Cellulose Samples

42.

Substrate

% PLTMA graft yield

Standaxd Cellulose
CHQO-std. cellulose
DU = std, cellulose
CrO?— - oxycellulose
CH2O—Cr0i-—oxyccll.
DMU - c:oi'— oxycell.
IOZ - orcycell.
CH,0=I0, = oxycell.
DMU=I0 ~oxycell,

0C1 " =oxyeell,
CH,,C=CC1l ™ =o3tycell,

2
DIMU=OCI=oxyccll,.

22,9

22,3
30,3

28,3
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TABLE 5
Initial Brea'sing Extension CRA (wo)
lModulus Stress at Brea! in Warp
Substrate gf—tox-l gf-teg“l (%) Directiorn
x 10° x 10~ oniy
1.] Standard Cellulose 0.213 2153 33 63
2. PMMA g=std Cellulose 0,027 12,87 68 a7
34 PAN ge=std Cellulose 0,052 19,1¢ 72 66
4. CH20—Std Cellulose 0,00 12,79 63 A
. 5. PMMA g-Cl,0mstd Cell 0.058 16,14 51 Bl
6. PAN g-CHZO-std Cell, 0.128 17.26 45 58
7« DMU=std cellulose 0,020 8,20 60 71
8. PMMA g-DMU—std.Cell. 0,067 13,72 40 75
9,.] PAN g=DMU=std Cell. 0,040 8,69 58 69
10, c:rof“-oxycell. 0.500 10,33 6 54
11.] PMMA g-CrOf'—oxycell. 0,060 9,98 37 a2
12,] PAN g-CrOﬁ"—oxycell. 0,043 11,09 il 78
13. CH20-CrO§"-oxycell. 0,153 10,31 68 64
14, DMUnCrOf--oxycell. 0,021 6,16 50 75
15, PMMA g-CHQO-CrOi-- 0,172 10,45 22 75
oxycell- 2;
16, PAN g=CH O—CIO..I - 0,135 0.37 24 68
oxycell, )




TABLE 5 (CONTD,)

44.

Initial | Breaising | Extension| CRA(W®)
Substrate = . Mbdulusl Stressl at Breal | in Warp
o gf-tex | gf-tex (53) Direction
x 10° x 10° only

17.] PMIA g-DMU-Cr0° - 0.122 6.75 23 72
oxycell, 2;

18, PAN g-DMU~CE0% "~ 0,100 11.35 18 53
oxycell. )

19.} 10 ~oxycell. 0.022 15,83 33 97

20, PMMA g-I0.-oxycell, 0.027 8.55 62 67

21.} PAN g-I10)-oxycell, 0,067 12,23 32 52

22. CHQO-IOZ-oxycell. 0,054 5,5 26 82

23,| DMU-T0, ~oxycell, 0,044 6,89 44 90

24,1 PMMA g-CHZO-IOﬂ-— 0.025 4,09 52 58
oxycell, _

25,] PANg-CH,0-~107 - 0,045 148 38 55
oxycelll T

26.) PMMA g-DMU-IO, -~ 0,088 4,13 38 79
oxycell, o

274 PAN g-DMU-IC; = 0.042 4,38 31 58
oxycell,

28,] OC1 -oxycell. 0,034 5,65 59 43

26,) PMMA g~0Cl ~oxycell,| ©.029 13.00 76 68

304 PAN ¢g-0C1l =oxycell, 0.041 13,36 71 61

31. CH20-0c1‘-oxyce11. 0,060 12,97 38 60

324 DMU-0C1 —oxycell, 0,020 2.26 58 71




TABLE 5 (COLTD,)

Initial Breal:ing Extension | CRA (%W°)
v S 5 58 ! in V .
SubStiate Hodulu:l Stre o'y at Brea in Warp
gf=tex gf=tai (%) Direction
iz 3
x 10° X 10* only
33,.} PMMA g-cu20-001"- 0,036 1455 60 85
oxycell,
32 | PAN g=-CH,0-0C1 = 0.070 8.3" .5 52
oxycell,
35,] PMMA g=DMU=0OC1" - 0,073 6,62 28 72
oxycell, _
36,.| PAN g=DMU=OCl = 0,020 7.12 42 58
r oxycell,
TABLE 6
D4 _and D VALUE®
Initial Dg log D¢ D, log Dy
Dye-bath | , -1 om™3
Substrate Conc, 9«70 e
gem™3 (x 10™2)
(x lO~3)
0l 14,5 14161 0,095 -1,022
1,.] Standard Cellulose 0.3 38,0 1.580 0,295 -0 4532
0.4 17«3 1.675 0.308 -0,101
OIS 55.7 1.1’;04 0.‘1‘35 -O. 3(\5
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TABLE 6 (CONTD

Initial D¢ log D@ D¢ log Dy
Dye-bath| , =1 s
Substrate Conc, 70 C( . )ccml o=3 ]
gecm _ 4
(x 107 7)
0.1 8,0 0,903 0,085 -1,071
0,2 18,0 1,225 0,190 -0,721
PMMA g=-std Cell. 0,3 2740 1.432 0,290 -0,538
0,4 35,0 1,544 0,390 «0,115
0.5 42,6 1.629 0,495 -0,305
O.1 11.0 1,041 0,088 -1,058
0,2 22,7 14356 0,188 -0,727
FAN g-std Cell. 0,3 33,0 1.520 0,290 -0,538
Q.4 42,0 1.623 0,390 -0,409
0.5 49,8 1.679 0,494 -0,306
O.1 17.2 1,236 0,096 -,018
0,2 33.0 1.519 0,193 =-0,715
CH20—Std Cell, 0.3 44,3 1.626 0,295 -0,530
0,4 54,0 1,732 0,398 =0 ,400
0.5 63.7 1.804 0,495 =0,305
0.1 12:5 1,097 0,093 -1.,034
0.2 22,5 1.352 | 0,192 | -0,716
PMMA g—CHzo- std cell} 0.3 20,2 1.465 0,294 -0,532
0,4 3445 1.538 0,395 0,403
0.5 38,9 1,590 0,497 -0,304




TABLE 6 (CONTD, ) aid
Initial D4 log Dg Dg | log Dg
Dye=bath =1 -3
Substrate Conc, e pasin
g.cm-f3 (x 10'3)
(x 10
0.1 16,0 1,204 0,095 | -1,022
0,2 30,0 1477 0,198 | =0,704
6* PAN g=-CH,0-ctd cell, 0.3 42,0 1,623 0.268 | =0,527
044 51,0 1,714 0,395 | -0,403
0,5 60,0 1,780 0,494 | ~0,306
0.1 14,8 1,170 0,093 | -1,034
0.2 28,2 1,450 0,193 | =0,710
‘.-7. DMU-std cell, 0.3 39,2 1,593 0,293 | 0,534
0.4 49,0 1,690 0,391 | ~0,406
0.5 5749 1,763 0,495 | -0,305
0.1 944 0,973 0,002 | -1,036
0,2 17,0 1,230 0,193 | -0,716
8. PMMA g=DMU=-std cell, 0.3 23,4 1.369 0,293 | «0,531
0.4 28,8 1,459 0,393 | -0,406
0.5 33.4 1,524 0,49 | =0,305
0,1 9.8 0,991 0,090 | -1,046
0.2 19,0 1,279 0,180 | =0,745
9, PAN g=-DMU~5td cell, 0,3 29,0 1,462 0,293 | -0,534
0.4 37.0 1,549 0,385 | «0,415
0.5 45,5 1,658 0,495 | -0,305




TABLE 6 {CONTD,)

48.

Initial D¢ log Dg D~ log De
Dye=~bath D | -
Substrate Conc, ge 9 gecH
gecn™3, (3 1072
(x 10 ™)
041 13,5 | 1.130 | 0,093 | -1.034
0.2 2645 | 1,423 | 0,193 | -0.716
10,{ €ro’-oxycell, 0.3 37,5 | 1,574 | 0.205 | -0.530
0.4 47,0 | 1.672 | 0.380 | -04420
0.5 58,8 | 1,770 | 0.497 | -0.497
041 11,5 | 1,061 | 0,098 | -1,011
0.2 22,0 | 1.242 | 04195 | -0.710
11,.} PMMA g—Crofzoxycell. 0.3 31.0 1.491 0,295 | «0,530
) 044 40,0 | 1.602 | 0.383 | -0,417
0.5 48,3 | 1.684 | 0.195 | -0.305
0.1 8.5 | 0.020 | 0,005 | -1,022
0.2 17,0 | 1.230 | 0,185 | -0.733
12 AN g-Cr05 ~oxycell, 043 26,5 | 1.423 | 0.205 | -0.530
0v4 1.5 | 1.538 | 0.395 | -0,403
045 12,2 | 1.625 | 0,495 | -0.305
0.1 0,4 | 0,073 | 0.003 | -1.034
0.2 17.8 | 1.250 | 0.195 | -0.716
13| CH,0-Cx0% ~wiycell, 0.2 24,5 | 1.380 | 0.203 | -0.531
0u4 30,4 | 1.483 | 0.385 | -0.415
0.5 35,8 | 1.554 | 0,497 | -0.304
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TABLE 6 (CONTD,)
Initial | Dg _,| log D¢ D¢ log Dg
Dye-bath| g.kg -3
Substrate Conc. PeCR
geem™2, (x 1077)
(x 30}
0,1 a.ﬁ 0.,903| 0,090 -1,034
0,2 16,0 1,204 ] 0,190 ~0,721
14, DMU-croi‘-oxycell. Q.3 23,0 1.362| 0,290 -0,538
0.4 29,0 1.474 | 0,395 ~0,403
0.5 35,2 1,547 | 0,496 -0,305
k——_——-.— SR — - o
031 13,5 1,113} 0,093 -1,034
% . 0.2 26,8 1,428 | 0,193 -0,716
154 PMMA g=CH,0=Cx0O, "= 0.3 37.5 1,574 | 0,293 -0,534
oxycell. 0.4 47.0 1.672| o0.385 | -0,415
0,5 57.3 1.758] 0,495 -0,305
0.1 11,6 1,064 | 0,083 -1,064
0.2 21,8 1.334] 0,185 -0,732
16.| PAN g~CH,0-Cx0; - 0.3 31.0 1.574 | 0.203 | -0.534
cxyoell.. 0.4 40,5 1,607 | 0,393 | -0.406
0.5 47,7 1,679 | 0,496 -0,305
0.1 12,8 1,107| 0,095 -1,022
0.2 23,2 1.365| 0,193 -0,716
17.] PMMA g-DMU-Croﬁ'- 0.3 33,0 1,519 | 0,290 | -0,538
oxycell, ‘ 0.4 42,0 1.623| 0,390 ~0,409
0.5 50,4 1,702 | 0,496 ~0,305
— i




TABLE 6 (COIITD

Initial 1574 log D4 Dys log Dyl
Dye=bath 7. =1 -3
Substrate Conc, 959 Watn
g..-cn*."'f3 (x 10™3)
(x 10 ™)
5:1 17.3 1,238 0,000 |=1,016
0.2 32,0 1,505 0,188 |=0,727 |
13, PAI g-DMU—CrOE-- 0.3 45,0 1.653 0.285 |=0,545
oxycell. ' 0.4 57.0 | 1,756 04390 | =0,209
0.5 68,1 1.833 0.492 |-0.308
0.1 10,5 1,021 0,088 |-1,058
0.2 21,0 1,322 0,190 |=-0,721
19, Io: ~oxycell 0.3 30,0 1:477 0,290 |-0.538
0.4 33,5 1590 0,390 |-0,412
05 4745 1,677 0,497 | =0,304
0.1 745 0,875 0,095 |=-1,022
0,2 15,0 1,176 0,195 |}-0,710
20, PMA g-IC] ~oxycell, 0.3 22,0 1,342 0,295 |=-0,530
' 0. 28,0 | 1.447 0.390 |=0,100
0,5 33,1 1,519 0,496 |=0,305
0.1 14,5 1.161 0,095 |=-1,022
0.2 26,0 1,115 0,195 }|-0,710
21,| PAN g-IOZ-oxycell. 0.3 35,0 1,544 0.295 |=0,530
0,4 42,0 1,623 0,385 |=0,%14
0.5 47 o4 1,676 0,499 |-~0,302




TABLE 6 (CONTD,)
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Initial Dg log D¢ Dy~ log De
Dye=bath ) =3
Substrate Conc. ek e
g.cm-§3 (x 10-3]
(x 10 ™)
0.1 12,0} 1.079 0,095 { -1,022
0.2 22,0 1,342 0,190 | =0,721
22, cmzo_xog - oxycell, 0.3 30,0 | 1,177 0,285 | =0,545
O¢t 37.0] 1,568 0.390 | ~0,409
0.5 43,6 | 1,640 0,497 | ~0,304
0.1 13,0 | 1.114 0,090 | -1,046
0.2 24,71 1.393 0.185 | -0,732
23,] DMU~TI0 ~oxycell, 0.3 33.01 1,519 0,280 | ~0,553
' 0.4 41,0 1.613 0.395 | -0.403
0.5 A7.2 ] 1,672 0,497 | =0,304
O.1 13,8 1,274 0,090 | =1,046
0.2 31,0 1.491 0,185 | =0.732
24, PMMA g-CHzo-Io; - 0,3 42,0] 1,623 0,285 | -0,545
oxycell. 0.4 52,0 1.716 0.390 | -0.409
0.5 50.5] 1.774 0,493 | «0.307
0,1 175} 1,243 0,005 { -1,022
0.2 30,0} 1,478 0.190 | -0,721
25, PAN g=CH 0-105- 0.3 40,0 1,602 0,290 | -0.53¢
oxycell. 0.4 48,0| 1.681 0.383 | -0.406
0:5 56,0 1.755 0,297 | «0.304




TABLE 6 (COI'TD,)
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Initial | D¢ log Dg D¢ log Dy
Substrate ggzg?ath'g'kg_n g'cm_fB
geom™3, (x 1077)
(x 1077)
0.1 9,5 0,973 0.09C | =1,046
0.2 18,0 1.255 0.180 | -0.745
26,| FMMA g=DIU=T0,, = 0.3 27,0 1.431 0.2905 | =0,530
oxycell ' 0.4 |38.6 | 1.587 04385 | =0,415
0.5 49,0 1.690 0,496 | -0,305
0.l 16,0 1,204 0,090 | =1,046
0.8 28,0 1,477 0,185 | =0,732
27 .1 PAN geDMU=IOT - 0,3 33,0 1.579 0.290 | =0,538
oxycell, : Oe1 47,0 1,679 0.393 | =0,206
0.5 56,0 14749 0,496 | -0,305
0.1 8,0 0,903 0,085 | =1,071
0.2 1739 1,230 0.190 | -0,721
20 .| 0C1 =oxycell, 0.3 25,0 1,398 0.393 | =0,537
0.4 31,0 1,491 0.380 | =0,420
0e¢5 38,3 1,582 0,498 | =0,303
0.1 10,0 1,000 0.095 | -1,022
0.2 18,8 1,274 0,195 | =",710
29,1 PIMMA g=CCl  =aizycell, 0.3 23,6 1.373 04295 | =0,530
0,4 29,0 « 262 0,395 | -0,403
0.5 32,3 1,508 0,496 | =0,305




53..
TABLE 6 (CONTD,)
Initial D log D¢ D¢ log Dy
Dye-bath -1 -3
Substrate Conc, gekg gasm
g.,c:n’z"'f3 (x 10-3
(x 10 7)
0.1 10,0 | 1.000 0,085 | =1,071
0.2 19.0 | 1,279 0,185 | =0,732
304 PAN g-OCl™=oiycell, 0.3 26,0 | 1.415 0,285 | =0,545
0.4 30,0 | 1.477 0.385 | -0,415
0.5 33,2 | 1.521 0,496 | -0,305
P 0.1 13,6 | 1.134 0,095 | -1,022
0.2 24,0 | 1,280 0,190 | =0,721
314 CH,0-OC1™=cycell, 0.3 31,0 | 1.491 0,285 | -0,525
0,4 37,0 | 1,568 0.380 | =0,420
0.5 41,7 | 1.620 0,497 | =0,304
0.1 12,2 | 1,086 0,090 | =1,046
0.2 22,0 | 1,342 0,180 | -0,745
32,] DMU~OC1 ™ =oxycell. 0,3 29,0 | 1,462 0,280 | -0,553
0.4 35.0 1.544 0.390 -0'409
0.5 38,9 | 1,591 0,497 | -0,304
0.1 12,0 | 1,007 0,080 | =1.097
0.2 165 | 1,204 0,190 | -0.721
33,] PMMA g-cnzo-061'~ 0.3 21,0 | 1,322 0,275 | =0,561
xycell. 0.4 25,0 | 1.398 0.380 | ~0.420
0.5 28,3 | 1,452 0,497 | -0,304




TABLE 6 (CONTD,)
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Initial Dy log D¢ Ds log Dy
Substrate gyo$1;?ath 9. 1_:,9"1 Qe Cm_B
g.cm'f:,' (% 10"3)
(x 10 ™)
0.1 1445 1,164 0,090 | =1,046
042 26,5 223 0,195 | =0,721
34.] PAN g—CﬂéO—OC1-- 0,3 35,0 1,544 0,295 | =0,530
oxycell 0.4 38,0 1,520 0,395 | ~0,403
0.5 4046 1,608 0,495 | ~0,305
Osl 13,5 1,120 0,090 | -~1,046
’ 0,2 16,0 14204 0,175 | =0,757
35,] PMMA g=DMU=OC1" = 0,32 23,0 14362 0,290 | =0,538
oxycell. Oed 26,0 | 1,415 0,390 | =0,409
O¢S 29,9 1,475 0,497 | =0,304
0.1 12,0 1,079 0,095 | -1,022
042 2143 1,326 0,195 | -0,710
36,.] PAN geDMU=OCl ™ = 0.3 24,4 1,330 0,295 | =0,530
oxycells 0.4 32,0 | 1,505 0,395 |=0,403
0¢5 34,4 1,537 0,497 | ~0,304
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CHAPTER THREE

DISCUSSION

3.1 Cgoss-linﬁing;

Cross=linking of cellulose substrates in the
swollen state has been observed to decrease with de~
creasing amount of sccondary hydro:ryl group or increase
in the number of carboiyl groups but is independent of
the numbexr of primary hydroxyl groups in the cellulose,
As a result of this observation it has been proposed
that most cross-linliing oceur in the amorphous regions
between secondary hydroxyl groups and the cross-linling

agents {62),

B

In Table 1, percent&ge add-on of formaldehyde
decreaces for all modified celluloses hen compared
with the standard cellulose, The decreases observed
in the add-on value of formaldehvde to orzyveelluloses
support the proposition that presence of secondary
hydro:yl groups influence crosc-linXking since oxidation
of cellulose decreases the available hydroxyl groups

by conversion to aldehyde and carbozyl groups,
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In Table 2, the add-on of dimethylol-urea to
modified celluloses is also shown to be less that for
skandard cellulose., This is in line with the above
proposal. Again, losses in hydroxyl groups of the oxy=-
celluloses account for low add-on values of the resin
to oxycelluloses, From Tables 1 and 2, it appears that
hypochlorxite ocizycellulose retained more hydroxyl groups
than chromic acid and metaperiodate oxycelluloses
after oxidation since add-on values of the cross-linking
agents to hypochlorite oxycelluose are higher than the

add~on values of the other oxycelluloses,

3.2 Grafting

Generation of free radicals by reaction between
secondaxy hydroxyl groups of tpe cellulose and Ceric
IV ions initiates grafting. The presence of hydroxyl
groups along the cellulose chain is therefore a major
factor in determining the graft yield of poly(acryloni=-
trile) and poly(methyl methacrylate) onto cellulose,
Table 3 chows that grafting of poly(acrylonitrile) onto
oxidized celluloses was less than grafting onto standard

cellulose, This is consistent with theory., Table 4 also
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shows that grafting of poly(methyl methacrylate) onto
oxidized celluloseés was less than grafting onto stan-
dard cellulose, Cross-linking of standaxd and oxidized
celluloses further decreased graft vield of the poly-
mexrs on the substrates due to disappearance of more

hydroicyl groups by cross-linking,

3,3 E ts of tin f P ac onitrile) and
r neth methac ate n 1 £1 Cellulose
n the C ) nsi P, i e
Subs es,

3.3.1 Effect of Ocidation.

Ozidation of cellulose by various oxidants leeds
to general losses in tensile strength as shown in Table
5. The observed loss in tensile oroperties is due to
the fabric degradation during oxidation, Apart from
penetration and reaction of the oxidants with the
crystalline and amorphous portions of the fabric resule
ting in cleavage of the 2,3 C~C bond of the anhydro~D-
glucose unit, the ether linkage in the »nyranose ring

easily cleaves by hydrolysis, During this process the
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degree of polymerization of the cellulose is reduced,

Comparism of crease recovery angles of oxycellu-
loses indicates that oxidation of fabric with various
oxidantc did not improve fabric crease resistanee,
except metaneriodate oxycellulose, The higher crease
recovery angle values observed in metaperiodate oxyce=
llulose have been attributed to structural changes
that occurred as a result of the oitzidation, In meta-
periodate oxycellulose, the anhydro-D-glucose of the
cellulose chain is oxidized and a dialdehyde is produ-
ced at the 2 and 3 positions. The aldehyde groups
from one chain could react with hydroxyl groups from
another chain leading to hemiacetal cross-~linking that
increases the ability of the fabric to resist creasing

(63).

3.3.,2 Effect of Cross=linking

Locses in tensile strength of cross-~linked cellu=-
loses may arise as a result of hydrolytic degradation

by the acid used as a catalyst,
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Table 5 indicates that reduction in tensile strength
for dimethyd-urea cross~linked substrates is greater

than losses in formaldehyde cross~linked substrates.

It has been shown that dimethylol-urea cross-links
both intramolecularly and intermolecularly to form a
rather rigid three-—dimensional network within the fibre,
Such rigid netior’: makes the fabric brittle and hence
the greater loss in tensile strength, This also explains
why dimethylol-urca seems to improve crease resistance

of cellulose fabric more than formaldehyde,

3.3,3 n the Pro ties of

S5 Se

Grafting polymers with polar groups onto cellulose
is expected to modify the mechanical properties of the
substrates by increasing interchdin polar bonds in the
accessible region of cellulose substrates, The tensile
properties will be affected as a result of these cross-links,
The obsexrved increase in breaking stress of modified
celluloses (Table 5) derives from the abundance of

hydrogen bonding between polar groups in the grafted
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polymers and the hydroxyl groups in the cellulose

substrates,

Grafting of poly(acrylonitrile) and poly(methyl
methacrylate) onto standard cellulose, metaperiodate
oxycellulose, formaldehyde cross~lini-ed metaperiodate
oxycellulose, and dimethylol-urea cross-lin<ed hypoch~
lorite oxycellulose appears to decrease the tensile
strength of the substrates, It is believed that these
losses in tensile strength resulted from oxidative
ring fission of glucose units by fraee radical mechanism
during generation of free radical sites for grafting
(31, 64)« From Table 5, it does not appear that grafted
poly(acrylonitrile) and poly(methyl methacrylate)
altered the tensile properties of-.chromic acid - and

formaldehyde cross-linked chromic acid oxycelluloses,

Grafting onto formaldehyde cross~linked standard
cellulose, dimethylol-urea cross-linted chromic acid
oxycellulose and hypochlorite oxycellulose is observed
to improve the crease resistance of the substrates.
Increases in crease recovery angles of the grafted

substrates (Table 5), may have resulted from binderance
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of relative movemants of cellulose chains during C
deformation by bending due to size of pendant groups in

the grafted polymers,

Highexr cxease recovery chserved in poly(methyl
ﬁethacrylate) grafting than in poly{acrylonitrile)
grafting of the cellulose substrates may have occurred
because of the molecular size of poly (methyl metha-
crylate) which contains methyl and methyl carboxylate
groups, The smaller size of poly (acrylonitrile)
accounts for lower crease resistance that was shown by

poly(acrylonitrile) grafted substrates;

344 Effec ting Polv(ac onitrile) and

P meth methac ate) on Hogdified
uloses o eing.

It has been establishéé fﬁat.dfe exhaustion on
celluloses depends on the nature of the substrates
(65, 66}, From Table 6, it is observed that affinity
of crosselinked celluloses for Chlorazol Sky Blue FF is
low, while wiycelluloses show lower dye affinity than

standard callulosgs These results indicate that conversion
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of hydroxyl groups to aldehydes and carboxyl groups,
and loss of hydroxyl groups by cross-lin'ving led to
reduction of dye affinity of substxates (67, 68, 69).
Negatively charged carboxyl groups on the fabric repel
similarly charged dye molecules, vhich decreases dye
affinity of the fabric, Dye affinity which depends on
availability of ohydroxyl groups for hydrogen bonding
with dye molecules is greatly affected by chemical
changes in structure of cellulose due to oxidation,
cross-linlting and grafting, From Table 6, grafting of
poly (acrylonitrile) and poly(methyl methacrylate)onto
formaldehyde cross=linked hypochlorite oxycellulose,
dimethylol-urea cross-linked standard cellulose and
formaldehyde cross-linled metaperiodate oxycellulose
appears to increase the dye affinity of the substrates,
The polarity of the cyanide and methyl carboxylate
groups in the grafted polymers greatly reduced the
negative surface potential of the cellulose chain so
that similarly charged dye molecules are within the
range at which dye-fibre bonding may be formed, Grafting
of poly(acrylonitrile) and poly(methyl methacrylate)
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onto standard cellulose, formaldehyde cross-linked stan-
dard cellulose, dimethylol-urea cross-linked standard
cellulose, chromic acid oxycellulose, metaperiodate
oxycellulose, hypochlorite oxycellulose and dimethylol-
urea cross~linked hypochlorite oxycellulose is observed
to decrease the dye affinity of the substrates from

Table 6,

Higher dye affinity values that are observed in
poly(acrylonitrile) grafted substrates than in poly(methy
methacrylate) indicate that the more polar cyanide
group in the grafted polymer is more effective in
stabilizing dye-~fibre bond than the methyl carboxylate
group in the poly(methyl methacrylate), Steric
hinderance to migration of dye molecules towards the
fibre surface due to over-crowding by pendant groups in
the grafted polymer appears greatexr in poly(methyl
methacrylate) than in poly(acrylonitrile),

These variations in the physical and dyeing
properties of grafted modified celluloses have been
explained by considering the polarity of the substi-

tuted groups in the grafted polymer (70), molecular



64,

weight and molecular weight distribution of the graft

as well as the frecuency of the grafted chain,

4;

warlk:

ii.

iii,

iV,

CONCLUSSION

The following conclussion ma& be"dfawn from this

Cecidaton and cross—linking decxreased the tensile
strength of the fabric, :

Metaperiodate oxidation improved fabric crease
recsistance whereas other forms of oxidation
tendded to decrease the same property,
Cross-~liniing and grafting increased fabric crease
resistance of all the cellulose substrates,
Grafting increased the tensile strength of
formaldehyde cross-linked standaxrd cellulose,
dimethylol=urea cross-linked chyromic acid oxy=-
cellulose, and hypochlorite oyveellulose but it
decreased the tensile strength of standard cellu-
lose, metaperiodate oxycellulose formaldehyde

oross-lin<ed metaperiodate oxycellulese and



dimethylol-area cross-~linked hymochlorite oxycee

llulose,

Vs

Grafting increased dye affinity of formaldehyde

- cross=lin'~ed metapericdate oxycellulose, dime=

thylol;urea cross-linked standard cellulose, and

- hypocHorite oxycellulose but it decreased the

dye affinity of standard celliubse, chromic acid

oxyoellulose, metaperiodate oycellulose, hypow

| chloxrite oxycellulose and formaldebyde cross-

linzed hypochlorite oxycellulose,
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