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ABSTRACT.

The present study deals with the reactions of
formaldehyde, dimethylol urea and two commercial resins,
aimethylolethylene urea (ARK NG and a bis-carboamate
derivative (ARK CA) with standard cellulose and various
oxycelluloses under varying conditions and the effect of
these reactions on the crease recovery and tensile

strengths of these celluloses. It has been found that:-

(a) The % add-on of formaldehyde and the other resins
to standard and. nitrogen dioxide oxycellulose depend very
much on the catalyst used. The efficiency of the
catalysts decrease in the order HCI>M(gCl,.6H,0>
Zn(NO3),.6H,0 which is related to the acidity of their
solutions. It has also been found that divalent metal
salts which are generally used as catalysts release
hydrogen ions by the binding of the metal ion to the
carboxyl groups in cellulose. T he loss in tensile
strength is maximum for hydrochloric acid catalyst

probably due to hydrolytic degradation.

(b) Oxidation of the cellulose structure with nitrogen
dioxide leads to decreases in % add-on of formaldehyde

and various other resins. Losses are also observed in



crease recovery angle values and tensile strengths.
However, addition of sodium chloride even of as small

a concentration as 0.00IM to the reaction bath increases
the add-on of formaldehyde to both standard and

oxycellulose,

(c) Oxidation of the cellulose structure with sodium
metaperiodate results in an increase inCRA value even
without resin treatment. Higher increase in (RA value
is observed when such an oxycellulose was cured at 150° C
than when it was "boiled in water. It is thought that
cross-1linking occurs through hemiacetal bond formation.
Loss in tensile strength is relatively lower than for

nitrogen dioxide oxycellulose.

(d) Cross-linking periodate oxycellulose with various

resins leads to further increases in CRA values.

(e) Borohydride reduction of periodate oxycellulose

produces an increase in resin add-on as would be
expected from the increase in available hydroxyl groups.
However, decreases in CRA values and tensile strengths

were observed.



(f) Mog of the above results are interpreted in terms
of electrostic forces between positively charged cellulose
substrate and similarly charged cross-linking resins.

(g) It has also been found that oxidation of the
cellulose structure in combination with resin treatments
produce fabrics with very highCRA values and accetlble
tensile strengths which are also resistant to alkaline
degradation. It mey be necessary to carry out investi-
gation on a pilot plant scale before any commercia
possibilities is exploited.



Chapter 1
INTRODUCGCTION

Native cottons when woven into fabric have a
tendency to lose shape and elegance after a single wear
and usually do not have good dimensional stability.

In an age where smartness and neatness are essential

for business and social life and where there is a
growing competition from man-made fibres such as nylon,
terylene etc, it 1is natural that attention should be
directed to devising ways of obtaining cotton fabrics
that combine desired properties with the;natural
toughness of cotton. The first commercially useful
mrocess was perfected by the Tootal Broadhurst Lee Co.

in 19321. In this process cotton fabrics were reacted
with formaldehyde-urea resin at high temperatures,

It was found that these reactions enhanced the ability

of cotton fabrics to resist creasing. It was however
realized from the ona:t that crease-proofing of fabrics
leads to losses in tensile strength and abrasion
resistance., Other problems encountered in these
finishing processes is the unpleasant chlorine retention.
This problem is common since nitrogeneous resins are used
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as finishing agents. Chlorine, usually from bleaching
agents and water recactswith primary and secondary
amines to form unstable chloroaminés. When such
chlorognines containing fabricg are heated as by
ironing the fabric, the chlorogmines decompose and give
off nascent oxygen, This degrading agent can destroy

cotton in a single ironing process,

/CH20H
HOCH2 NH,C0o,NH CH20H + HOC1 HOCHQNH.GON\ + H20
Ci1
bleaching agent.
*ironing
W
/GHQOH
HC1 + 0 + HOGH2NHCO.N\
H

Regearch efforts have since been directed to
improve Dboth dry and wet wrinkle recovery while mini-
mizing the mechanical strength losses. Dry crease
recovery is the ability of fabrics to recover from creases
in the dry state, This is usually achleved by reacting
fabrics with resins at very high temperatures, Wet
crease recovery property which allows fabrics to recover
from creases in the wet state is achieved by carrying

out the process in a swollen collapsed state.



The increase in wet crease recovery is essential for
good self-~smoothing properties of the fabric in the vet
state.

Some articles such as curtaine are not expesed
te rough usage and therefore it is sufficient if they
have good drip-dry properties i.e. good wet wrinkle
recovery. Zn improvement in wWet recovery has hardly
any serijious infl uence on tensile strength and abrasion
resistance,

An ideal crease-proofing agent should have the
following pr0perties2: water-goluble for esage of
application, non-toxic, non-chlorine retentive, durable
to extremes of washing and produces both wet and dry
creasé recovery and economically attractive,

Barlier, it was thought that these substances
deposit as polymers Within the fibre structure thus
increasing the crease resistance, It is now recognised
that in addition tc polymer deposition these resins
actvrally form true chemical reactions with the cellulose
chains. This meane that the finishing effect obtained
would be related to the structure and state of the fabric
during and after procegsing. It is thus appropriate to

discuss the structure of Cellulose and the current
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theories concerning the finishing process as it relates

to the Cellulose Structure,

1.2 Strmcture of Cotton Cellulose

According to concepte generally accepted, cellulosge
consists of long homogeneous chaing of B - D glucose

wmits linked together by 1,4 glycosidic linkage -
e — i
CHaOH H o om SHani ;i "
H /l.,...__,_J ,H H. I “-o\ :"—' (|

H o ) 1

}::;E§:~. I r\‘ H" H‘\f ! o H
o W]

OH H OH

CH2OW S L
- —n

There is no evidence that the cellulose structure
is branched, The primary hydroxyl group on the sixth
carbon atom is most readily available to reagents,

The end glucose units are of two types. One contains
a hemiacetal group (at the right of the formula) and
the other has four hydroxyl groups. The hemiacetal
group is a potential aldehyde which can be oxidized to
carboxyl group. The anhydroglucose units have a
B-configuration, The native cellulose is a family of

polysacchrides rather than a single molecular gpecies,
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It is a mixture of a-f and ycelluloses,with different
proportions of these in different celluloses; a~Cgllulose
with the lhighest molecular weight fraction is inscluble
after treatment with caustic soda of mercerising strengthe.
The alkali soluble fraction which is reprecipitated on
acidification is referred to as B=Cellulose while
Z-Cellulose is not precipitated even on acidification.

The macromolecular structure describes the entire
polymer molecule or family of molecules in terms aof
chain length, chain length distribution, chain confor-
mation and chain stiffnesss However, the molecular
weight and its distribution depends largely on the
gource, purity of the cellulose and to some extent on
the method of determination,.

While different samples of cotion cellulose nay
have the same organochemical structure :“the sane
degree of polymerization yet they may have different
rhysical properties which are due to the difTerences
in the arvangemaits of the molecules in the T ibre
substances i.,e, de to differences in the degree of
cryetallinity. Orystallinity is attributed to three
dimensional regularity imparted to cellulose by the
gpatlal distribution of the hydroxyl groups wWhich makes



1t pessible for the chains to associate laterally by
hydrogen bonding. As early as 1920 Herzog and Janoke3
recopgnised that cellulose gave X-ray patterns. The
first unit cell dimensions to he accepted were calcu-

m

lated by Polanyi  who postulated a Rhombic Unit Cell

with dimensions 7.9 x 8,45 x 10.23. A geries of

5 led to the

investigations by Meyer and coworkers
presently accepted monoslinic unit cell with axis

a = 8,358, b = 10.308, C = 7,908 and engle B = 84°,

The unit cell probably belongs to the space group P2

sgnd contains four glucose residues, This structure was
confirmed by Gross and Clarks. The planes of the glucose
units lie in the ab plane and the axis of the cellobiosce
units are parallel to the b axis of the unit cell. The
it cell is composed of two sets of chains each chain
having a two fold screw aXis parellel to the b axis of
the cell and the set of chains running through the Tace

a¢c is displaced along the b axis so that one glucose

wnit occurs in approximately the centre of the celi-



Pig B @Buiose e Moy or and Miseh #

The picture which emerges is that cellulosic
fibres are composed of long-range order crystalline
regions and amosphous regions where the chain molecules
are present in random orientation. A gradual transition
between the highly ordered regions and the completely
disorientated regionswith no lines of boundry has bheen
indicated by the results of several investigators7.

The X-~ray patterns of different celluloses depend on
the source and histsory of the samples and at present

the following types of X~ray patterns corresponding %0
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four types of crystal lattice arrangements have been
reported. The four crystalline forms of cellulose are

designated as cellulose I, II, IITI and IV.

Table T
Axis Celivlose Cellulose Cellulose Celluloss
I II 11T IV
a 8.35 & 8.10 774 8,11
b 410.30 10,30 10.30 10.30
Qe 7.90 9.10 9.90 7.90
Angle g au° 62° 58° 90°

The nature of the crystallites and the manner in
which they are built into the fibre constitutes the fine

structure discussed below,

1.3 PFine Structure

In cellulose fibre the three dimensional Unit Cell
arrangement of celloblose unit is repeated in all
directions to build up a crystalline region, A cellulose
fibre however is not a single crystal; it is a poly-
erystalline aggregate consisting of small crystalline
reglons separated by amorphous or inter-crystalline
regions, The term crystallinc is used without comnoting

amy perticular size, shape, or nature of the boundaries
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between cryetalline regions, Many theories have been
advanced to explain the nature of the crystallites
and the manner in which it is built into the i‘ibrea’9’1o.
The presently accepted theory is the fringed fibrillar
concept proposed Ly Hearl11. This regards the crystalline
region as continuous fringed Tibrils made up of molecules
diverging from the fibrils at different positions along
their lengths. Thus the molecules diverge from their
criginal fibrils, pass through a non-crystalline region
and fufther on get incorporated into @mmother crystalline
fibril, Puring secondary wall development in cotton,
fibrils are deposited in a helical manner with constant
helical angle with respect to the length and c¢ross-section
of the fibre. The presence of these fibrils has been
demonstrated by electron microscope12. A 1light
zesr.:ad;’ct'srin@;"3 microscopic exanination of a highly swollen
fibre has also revcaled a lamellar arrangement of these
fibrils in the secondary wWall. The angles of the helix
which the fibrils make with the fibre axis is referred

to as fibrillar orientation and may vary from 20 - 4o°.
Though the direction of the helix remains constant

in all layers at a given point along the fibre

lengths, 1ts sense reverses from 30 = 100 times
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along the entire lengths of the fibre and this may lead
to the numerous convolutions observed and for the

extensibility of cotton.
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1.4 Siructure and Finishing Process

One of the major problems encounteéred in easy-care

finishing of cotton is the loss in mechanical properties
such as tensile strength and abrasion resistance,

It is then imperative to understand how the structure of
cotton cellulose is linked to the finishing process,

From the point of view of the finishing process; the two



important aspects of sturcture are:

11

(a) The prescnce of the hydroxyl groups on each

glucose unit in the organochemical structure., These

play the central role in the cross-linking process,

A bifunctional or multifunctional c¢ellulose reactive

agent is usually employed. If the cross-linking

ggent be represented by X -~ R - X where X 15 the

cellulose reactive group tlen the cross~linking step can

e represented by tle equations
20ell-0H + X =« R =« X = Cell ~ ORQ - Cell + 2%H

For rormaldehyde treatment under acid conditions,

B‘-,nc-ker“‘L proposed the following mechanism of reaction:
FOCH,0H + HY p—— HOCH,, 1, e (1)
HOCH,,0H, ——= #HodH, + HO ceeees (2)
HoCi, — # — cH, NS
Cell-0H + Hoéﬁe == Cell0CH,0H + Y o eees (W)
Col10CH,OH + HY —=3 Ce1100H,0H, ciernss (5)
CellOCHQSHz - GelloEHQ + Hy0 ceonsne (6)
Ce1100H, + Cell-OH == Gel1-0CH,0 - Cell ... (7)

The existance of the regonance-stabilized carbonium ion

(eq. 3) found in this sequence has made this mechanism

s 2O .

S
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nore acceptable than the other one proposed by
Parikh15. In N-Methylol treatments a similar resonance

stabilized intermediate is formed

R(c0) WéH, ——  R(Co) IR == Ci,

It had been shown that the hydroxyl groups on the
gecond and sixth carbon atoms of the glucose wnits are

the most reactive in the cross-linking process

(b) Many properties of cotton fibres especially
the mechanical properties e,g. deformation, tenacity
and abhraslon resistance are due to the fine structure
of cellulose, A high degree of fibrillar orientation
means high tensile strength and work recovery, The
eggenticl feature of the structure of cellulose on
which its mechanical properties depend is the net work
structure formed by bundles of chain molecules in the
non-crystaline regions which link together the crys-
tallites. These crystallites act as "spot welds" and
though they contribute to high tensile strength, the
characteristic mechanical properties are determined
mainly by bond stretching in the non-crystalline regions
of cellulose, The relation between orientation and

mechanical propertiés has been analysed mathmetically
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and tested experimentally by Iierma:n16. The overall but

general classificatlion into c¢rystalline and amorphous
regions can be used to exXplain such properties as
moisture sorption, dyelng and swelling. Irom the point
of view of the finishing process accessibility of the
cellulose structure to the large cross=linking agent
molecules is very important. If the cross-linking agents
are unable to penetrate uvniformly, it will lead to
cross~links in only a small region, This destroys
flexibility and extensibility of the fibre leading to
brittleness and general mechanical strength losses,

It is desirable thus to partially open the crystallites
by destroying some of the hydrogen bondes s0 as to

achieve a more even distribution of cross-links.

21 Theories on Crogs—linking of Celluloses,
Cross=linking cellulose chain moléecules With bl =

and poly-functional reagents lLias become the most
important process to impart wash-wear, durdble press
behaviour to cotton fabricse It 1s now generally
accepted that the reactions involved in these treatments
cause true chemical cross-linking, although there are

very few experimental invesiigations which prove the



chemical nature of the ge react
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methods of application (block 2). It has only been
recently recognised that changes in the textile mechanical
properties are not dir ectly related to the methods of
application and constitution of the cross-linking

agents but that these two factors are linked to other
areas of problem. The chemical constitution of the

fibre after cross-linking (block 3) and the location of
the cross-links within the microscopic and submicroscopic
structures of the fibre (block 4). The following

problems belong to block 3:

{(a) Investigation of the reaction between
crogs-linking agents and the hydroxyl aroups
of Cellulose.

(0) determination of the lengths of the
crose-links and their effects on the

mechanical properties.

(c} daifferentiation between grafiing and
cross-linking and between inter - gnd intra

molecular cross-links.

Intramolecular cross-~links between two hydroxyl
groups of the same unit belong to block 3 while

cross~links Letween two adjacent or more remote
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anhydroglucose units as well as intermolecular reactions
are part of the topochemistry of cotton finishing block U4,

It had been shown that the macromolecular structure
of cotton can be divided into amorphous and crystalline
regions, The crystalline region confers on cotion
its toughness while the amorphous region gives it
elongation, flexibility, creep and relaxation properties,
Because of its greater acceggibility most cross-linking
occurs in the amorphous region of cellulose,

In the diagram below (a) it is shown that long=-chain
cellulose molecules are held by strong hydrogen'bonds(HG)
in certain crystalline regions, There are other regions
having no crystallinity, It had been poatulated17 that
when chain slippage occurs as in forming wrinkles the
gtructure (a) is incapable of recovering completely to

its original state and permanent deformation occurs,
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In normal processsof treating cotton With cross<linking
agents only about 10% to 45% of cellulose roughly
corresponding to the amorphous region is accessible to
the rearent, This limited accessibility resultis in
eross-links being concentrated in the flexible region as
is shown in (b). While this is desirable for preventing
chain slippage and thus producing wrinkle resistance it
ie on the other hand undemsirable for maintaining
toughness, Now the original flexible region has become
brittle and rigid., Under stressthis brittle joint 1s

incapable of distributing an applied load amoung the
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various structural elemente and this brings sbout a
lowering in tensille strength. .'I‘his leads to a consi-
derable loss in wear life of the fabric,

In 1963 Chipalkatti and c::\'nrcr}f:e:rE;la noted that
"the problem of tensile sirength and abrasion losses
remains unsolved", The same conclusion was reached

19 in an exhaustive review of the

20

earlier by Tovey
literature, Gordon and Steele noted that in most
rubber-like polymers tensile gtrength rises, passes
tlrough a maximum and then falls as the degree of
cross-linking increases., Cotton in tleir opinion has
already passed the point of maximum strength obtainable
from cross-linking because of ite high degree of crystal-
1linlty arising from hydrogen bonding. However, HMurphy
arnd ooworlcersﬂ have shown utlhe virtual elimination of
break ana tear strength losses in eagy care and perma-
nent press cotton by crosgs~linking slacke-mercerised
cotton fibre partially rcsiretched while in mercerisation
alkali , This shows that elements of the cotton fibre
wvhioh normally undergo strength losses during cross-
linking are greatly affccted by orlentation treatments
and are thought to be the helical fibrils which make up

the windings of the secondary wall, Tensile strength
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losaes are thus related to thc phy3ic0;chemica1 state
of the ¢ellulese, . |

Gagliardail and'Wehner22 proposed. that the problem
of tenslle strength losses can be solved by introducing
bulky side groups and finally cross-linking. By
Increasing the site available for cross-linking there
should result a more even distribution of cross-links
in the celluloseé net work. Secondly the presence of
bulky side groups should provide an internal plasticizing
effeet and further mininize localized stress accumulaition
in the fibre, They postulated that it is essential to
£ind a suitable pair of moncfunctional and ditunctional
oellulose reactive and swelling compounds such as R - X
and ¥ « R - Y where X and Y are fuwnectional groups that
can react with eellnlose. In smother paper23, they
reported their results on using N-lethylol ethylene urea
and increasging smounts oY the monofunctional N-methylol
acetamide (MMA). Satisfactory results were reported.

Meimoun and Parisotgu

proposed a topochemical introduction
of a polymer into the fivrillar structure of cellulose,.
The polymer must be elastic, its modulus of elasticity
must be leas than the initial modulus of the fibre in

order not to slter the feel of the fabrie., It must not
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penetrate the macromolecular structure, and it should
preferably be 1linked to tie curface of the elements
between which it is able to penetrate. Among the
polymers tried, butadienc and isoprene gave satls-
factory results. Other worksin this field have also

peen reportealr 265 27, 28, 29, 30,

2.3 The Role of Catalysts.

In resin finishing of cellulosic fabiries catalysts
play a very important role. The more important fequire-

ments of these catalysts arc briefly indicated bel ow:

(a) The chemical characteristics of the resin
precondensate/catalyst mixture should not
change significantly for a period of at least
a few hours, This implies that the catalyst
should not rcact with the resin at this stage
nor the pH of the mixture be so low that
premature polyncrization or loss of methylcl
groups take place. The catalyst shonld also
be compatible with a variety of textile

auxiliaries such as softener and wetting agents,

(b) The catalyst muat be capable of producing
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adequate fixation of' the resiﬁ during curing
operations, At the same time glight variation
In curing cond it ions should not seriously
influence tre final properties of the treated
fabric. The catalyst which is used must not
give rise to ob jectionablc by-products

either in the foria of odour or coloured

regidues or causc ydrolytic degradation.

The emergence of the so=called "phase-separation
catalysts"31 has led +to an insight into the role of
group II metal salts used as catalysts in the cross-
linkiing of cellulose, These catalysts are group II
salts such as magnesium dihydrozen phosphate, calcium
hydroasen malonate arnd zine hydrogen tartarate at high
temperature, The use of nineral acids such as hydro-
chloric acid may lead to strength losses due to the
degradation of cellulose, In sane industrial processes
neutral group" metal salts such as MgCla.HQO and
Zn(N03)2 are used as catalysts., In the case of these
neutral salt catalysts results indicate strongly that
the mechanism of catalysis involves the release of acid
at temperatures higher than 140°%, This was confirmed

by experimets in which strong concéantrations of these
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catalysts completely destroyed cottoq fabric samples
when dried and cured for 5 minutes at 17000. A recent
discovery is the use of mixed catalysts such as the dual
mixture of magnesium chloride and sodium fluoroborate.
It is proposed that BF3 is released in the dual system

which then acts synergically with M32+ cation to catalyse

the reqctiqnsg.
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SCOPE (OF PRESENT TINVESTIGATION

Cross-linking Cellulose with resins, apart from
its chemical interest has become the most important
technological proceass for imparting to cotton fabric
durdble-~press and easy-corc properties. Research has
mcatly been concentrated in developing efficient cross—
linking agentis, optimization of desirable meéchanical
properties and chemistry of the procesgs. Little
attention has however been given to cross-linking
modified celluloses. The present work deals with the
study of the effect of oxidizing the cellulose, structure
both prior and after resin treatment, on its crease ..
recovery and tensile sirength properties, Cellulose is
oxidized with various oxidizing agents that are fairly
specific in their renctions, The effect of oxidation
of hydroxyl groups in cellulose to aldehyde groups and
the reduction of aldehyde to hydroxyl on its crease
recovery and tensile strength properties is studied.

It is hoped that these studies may throw some light on
the mechanism of resin finish and also make improvement
on the conventional procesc, No attempt was made here
to investigate the ytility ol tle results obtained on

commerelal scale which should require further investi-

gation on a pilot plant scalc.



Chapter 2
EXPERIMENTAL HETHODS AND RESULTS

2.1 tand € 086

The cotton fabric, 26 picks in the weft and 32 ends
in the warp directione per centimeter, was provided by
Arewa Textiles Co. It was scoured, bleached and
partially mercerised using standard procedurBBB. The

purified material is refered to as standard cellulose,

2,2 Regins
out
Through,the se experiments 37% ANALAR grade agueous

formaldehyde stabilized with methyl alcohol was used.

The resin dimethylol urea (DHU) was prepared by mixing
elxty parts of urea (1 moles) and 170.3 parts of 37%
formaldehyde (2 moles) and reacting for 15 hours at 28°C.
The pH between 7-8 was maintained by adding sodium
hydroxide and buffering with mono sodium phosphate.

The resulting dense precipitate of DMU was filtered,
washed with anhydrous alcohol and vacuum dried. The

equation for the reaction is:

NH NHCH.,OH
| 2 . | €
C]: = 6 + 2HCHO —— C =0
|
NH, NHCH,,OH.

24
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The resin dimethylol dihydroxyethylene urea

(ARIZ NG) with the structure:

c,-:ﬁo

T
HOCHQN" ~\\NU
! |
HC——————?H
! '
OH OH

and a modified form ARK NGA, together with dimethylol

derivative of bis-—carbgmate with structure:

HOCH,. NH, COO(GH2).O.CO.NH.CH20H
which were supplied by the Hoeschst AG Chemicals
Limited Germany were also used in these investigations.

A1l other chemicals used were reagent grade,

2.3 Preparation of OxyCellulose Samples.
2.3:1 Nitrogen Dioxide Oxycellulose:

The main reaction that occurs when cellulose is
alloved to react with Nitrogen dioxide is oxidation
of the primary alcohol groups to carboxyl groupSEM.
On the basis of oXygen consumption during the reaction
Neve135 has shown that a small amount of aldehyde
groups are also produced by oxidation of the 2:3 glycol

group to a dialdehyde,



26

A golution of Nitrogen dioxide in carbon
tetrachloride in the ratio of one of the Tormer 1o
elght of the latter was used. The nitrogen dioxide
reguired I'or the process was ¢btitained by heating lead
nitrate snd collecting the gas in a freezing mixXture,
Standard cellulose cut into 12,5 x 15 em pieces and
welghing about 5 grams were treated with the Nitrogen
dioxide seclutlon in a 2 litre quick fitt flask. The
material to ligquor ratic was maintained at 1:20, The
gtoppered Ilasks were mechanically agitated for
different lengths of time (see table 2). The oxidized
product was separated from the oxidizing mixture, hlown
with air %o remove volatile products, washed twice
with carbon tetrachloride and then soaked in frequent
exchanpges of distilled water until the Tinal washing was
neutral to bromothymol blue indicater. It was then
carefully dried and canditi oned at 65% RH at 28°C,

The ecarboxyl content ol each sample wag determined
ag outlined in section 2,3:2 and the results of

carboxyl content shown 1in table 2.
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Table 2
Weight of fabric Tims ol oxidation Carboxyl Content
Oxidized g s m eq/100g Cell.
29.95 24 | 8.60
30,03 b8 20,00
30.04 . L8 20,11
30.03 L3 20,08
30.11 L8 | 20.30

It can be seen from theas values that reproducible
resulis were obtained and it could be safely assumed
that oxidation was unifprm. All subsequent samples were
oxidized for 48 hours using the same material to liquor

réatio,

2.3:2 Determination of Carboxyl Content:

The carboxyl groups in oxycellulose can react
with the galts of weak acids by an exchange process to
releasa an equivalent amount of the weak acid which can
be titrated by sodium hydroxide3h. _
2Cell -~ COOH + (GH3GOO)2C‘A—-——% (Cell ~ CO0) OO + 2CH;COOH
30 mls of O.5m calcium aocetate was added to
0.5 grams of oxidized cellulose in 50 mls of carbon
" dioxide free distilled water, The resulting mixture

was shaken vigorously for 12 hours to ensure the
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completion of exchange process, 30 mls aliquot$ wewe
titrated with O,1N sodium hydroxide, The carboxyl

content was determined using the formula derived by

Kenyonfg
% COo0H = Volume 0.1 NsaOH x 0,0045 x 100 X 8
(by weight) Sample weight X *5

2.3:3 ZIeriodate Oxy Cellulose
Cellulose can be oxidized by periodate ion, the
reaction following the normal malaprade course aach

unit converted to dialdchyda36’ 37.

CHLOM C HaOk
WON s T
OK NA 0 =2 \ yar

_ﬂ/ " cna  CHO

M OH

Standard cellulose cut into 12.5 x 15 cm pieces of
ghout 5 grams were treated with 0.5M solution of

sodium me taperiodate at 2800 at certain time interval,
At the end of tle reaction the oxycellulose obtained
was waghed with distilled water till free from acid and
vacuun dried., Several samples of oxycellulose were

mepared uvaing varying concentrations of periodate
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solution and times of treatient. .The periodate
coensunption wag de'bermined-by neu_tralizing the
oxidizing solution with sodium bicarbonate and treatiné :
with excess standard sodium arsenite solution, 10%
aqueous potassium iodide was added and the excess
arsenlte solution was tltrated agalnst standard iodine
solution. The amount of periodate consumed was deter-

mined sinco38

ICC of Q.1H sodium arsenite = 0,0107g I\IaIOLL
from which the percentage oxldation 1s determined since
ane snhydroglucose unit reacts with one molecule of

periodate.

2.3:4 Oxidation of Periodate Celluloge with NaCl0,
; Perilodate Oxycellulose containing aldehyde groups

can be oxidized to carboXyl groups using Na010239

|€H20H - ,CHZOH

Coox  COOMH
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30 grams of periodate oxycellulcse was treated
with O0.1N solution of sodium chlorite in 0.5M acetic
acid for 72 houra. The flask ard content was constantly
agitated. The oxidized aample was washed with distilled
water, air dried and conditioned at 65% RH at 28°C.

'2.,3:5 Reduction of Periodate Oxycellulose with
Borohydridg:
The 2:3 dialdehyde groups of periodate Oxycecllulosc

can be reduced to hydroxyl groups by means of an
4o

alkaline solution of potassium or sodium borohydride™ .

4 R1RC = 0 + BHA + 2H2 gttt

30 grams of periodate Oxycellulose were treated with

0-“*%4R1ROH0H + BO

0.1¥ agueous solution of sodium borohydride in 2 litro
quickfit fiask. The product was washed dried and
ther conditioned at 65% RH at 28°C. ’

2,4 Binding of Magnesium to Standard and Oxygellulgse

Magneslum and other divalent metal sults are
frequently ueed as catalysts in creoas-linking cellulese
with resins. The extent of magnesium binding tco carbo-
xyl groups is investigated to find whether this affects

1ts catalytic action since cach atom of maghesium
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releases two hydrogen atoms, 10 mls of O.1M me

of llagncsium Chloride was added to 0.1 gram of

Oxy cellulose. This was made up to 50 mls with

distilled water and allowed to stand for 12 hours and

then titrated potentiometrically with 0.1N NeaOH using

a Beclman pH meter, The experiment was repeated using

standard Cellulose both in the presence and abgence of

magnesium ions. The titration curves are shown in Fig.7.
Tt can be seen that the presence of magnesium ions

lead tc the lowering in pH for both types of Celluloses,

2.5 BEguillibrium Sorption of Formaldehyde

The time required for maximum formaldehyde
uptake at 28qG was determined {or two different
concentrations of formaldehyde in the reaction bati by
placing 1,.,1g of standard cellulose in each of the reaction
baths. After the required time elapsed the sample was
taken out of the bath, washed with sodium carbonate to
neutralize excess acid and washed in several portioms
of distilled water to remove umbound formaldehyde.
For each bath composition the experiment was repeated
for different time intervals, The amount of formaldehyde
bound in each case was determined as described below and

the results are illustrated in Fig, 1.
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Table 3

Variation of formaldehyde add-on
to standard cellulose with time of treatment.

Bath composition: HCHO 11.1g/100 mls
HCL 1. 74

Total Volume of bath = 100 mls (Uwof')

Time(;£n3€§:§ment % ADD-ON

5 0.03
10 0.09
15 0.37
20 0.79
20 0.79
LO 1.01
50 1.24
60 11.53
70 1.71
80 1.80
90 2425
180 3.26
360 5.25
720 5.48
1080 5.70
1440 5 .86
2160 5.85
2880 5.86
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Teble 4

Variation of Formaldehyde Add-on t0 Standard
Cellulose with Time of Tpeatment

Bath composition HCHO 14.8g/100 mls
Total Volume of bath = 100 mle (Uwof)

-

e ey % app-ox
5 0.18
10 0.40
15 1.94
20 1.01
30 1.48
L0 1.82
50 2.27
60 2.148
70 2,81
80 - 3.02
90 : 3.46
180 - 5.04L
360 5.47
720 6eltt
1080 6.84
o 6.86
2880 Ga 86

33
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2.6 Determination of Bound Formaldehyde

The amount of formaldehyde that reacted with cotton
fabric was determined by hydrolysiam. About 1.1g of
formaldehyde treated sample was placed in a distillation
flagk containing 200 mls of no solution of 5% stou
and, 5% NaQSOLL' 150 nls of distillate waa collected in
each case. To a 30 ml sample of distillate was added
gbout 10 mls of Schiffs reagent. After standing for
2 hours the formaldehyde was colorimetrically determined
by taking the optiecal density ot 550 mp snd comparing
with a c¢alibration curve constructed using pure
formaldehyde. The Schirfs rcagent was prepared by
dissolving 0.2 of rosanaline Lydrochloride in 120 mls
of hot digtilled water, cooling and adding 2.0g
anhydrous Na2803 dissolved in 2 mls concentrated
hydrochloric acid. The amount of formaldehyde bound to
100g cellulose sample (% ADD-ON) was then calculated

in each case,

2,7 Xinishing Standard and Oxycelluloseswith
Various Resins.

Oxiaized and standard celluloses preparced as above
were treated with the resins ARK NG, ARENGA ARK CA
and dimethylol urea (DMU).
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The materisls were pedded with rcsin solution,
together with a wetting agent Velustrol, centrifuged
for 1 minute to give about 704 wet plck-up, dried in
an oven at 110°%C for L minutces and then cured at 15000
far 3 minutes, The materials were then corditioned at
65% RH at 28°C and the crease recovery amgle (CRA)
and tensile strength were determined, All rcsin
treatments were performed using the same methods under
the same¢ conditions. The content and concentrations of

cach padding bath is shown in the appropriate table,

2.8 Dry Orease recovery anplc gnd tensile strensth
Meagurements :

Rectangular speeimens Sem by 2.5cm were cut from
preoonditicned fabric to be tested., The specimens wers
cut parallel to the warp ond weft directions, Ten
specimens were cut and care was taken to avoid selvedges,
end pleces and creased or folded places, The specimen |
was folded precisely in half so as to give a ercase
2.5 em long and wag placed under a weight of 2 kilo-
grams T 2 minutes. 7The specimen was transfered to
the Bhirley CRA tester, The CRA was measured after the

sample was hanged freely far 2 minutes,
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Ten measurements were taken for each fabric sample
in the Wel't and warp direction, The average CRA
(w+7)° was determined. All measurements were taken
witii the sghirley CRA tester in a specially coustructed
cabinet which maintains the testing atmosphere at 65%
RH,

Tensile strength meagsurements were performed
usging Instron machine model 1026. MNMeasurements were
performed on 2.5 cm strip at cross~head speed of
50mm/min, chart speed 100mn/min at gauge length 12,5¢n
using load cell 1026 CM with range 0-50 XKg, Ten
measuremcnts Were performed for e€ach specimen and the
average break load calculated, Results for CRA and

bresking loads are given in approprlate tables.



Tgble 5

affect of External bath Concentration of
Formaldehyde on its Add-on to Standard
Cellulose using different Catalysts

(a) Catalyst 1.74M HC1
HCHO Concentration g/100 mls % ADD-ON

Jef 1 4k
Gely 3.49
1441 L3
14,8 5.65
18.5 Te13
22,2 8.61

(b) Catalyst 2.5% Mg012.6H20

— e — - —

HCHO Concentration B/100 mls % ADD-ON

- -

3.7 0.30 :
6.4 0.1
& P 0.64
4.8 0.91
18,5 1.11

- 22,2 1.45

37



Table 5(c¢)

Catalyst 2.5% Zn(N05)2.6H20

HCHO Concentration & 100 mls % ADD-ON
3.7 0.1L
6.4 0.25
1.1 0.45
14,8 0.60
18.5 0,60
22,2 0,91

38
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Table 6

uffect of External Bath Concentration of
formaldehyde on its Add-on to Nitregen
Dioxide Oxycellulose using different Catalycts

(a) Catalyst 1,74M HC1

HCHO Concentration g/100 mls % ADD=ON
3¢7 1.16
6oLy 1463
11.1 3. 89
14.8 4.85
185 5.99
22.2 6.93

(b) Catalyst 2,5% MgCl,.6H,0

HCHO Concentration g/100 mls % ADD-ON
37 0.32
6.4 0.35
1.1 0.50
14.8 0.61
18.5 0.80
22,2 0.93




Table 6(c)
Catalyst 2.5% Zn(N03)2 64,0

b . -

H0HO0 Canecentration g/100 mils % ADD-ON
3.7 0.24
6al4 0.54
11 .1 0.8
14.8 0.75
18.5 1.03
22,2 1.85

4o
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P13, 5 % Formaldehyde Uptake by Standard and
Oxycelluloses using magnisium Chloride Catalyst.
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Table 7

Iffect of External Bath Conceniration of
Pormaldehyde on its Add-on fo
KO,~0xycellulose in the presence O,1N NaCl
Using different Catalysts

(a) Catalyst 1.74M HC1

HCIID Concentration g/100 mls % ADD-ON

3.7 2.0t
6.4 - 4,03
11 .1 6.0L
14.8 8,21
18,5 10.15
22,2 14,95

(b) Catalyst 2.5% MgCl, . 6H,0

HCHO Concentration g/100 mle % ADD-ON

*3'7 . 00’-‘-8‘
6.k 1.12
11,1 1.63
14,8 2.37
18.5 2.55

22.2 3026




% ADD - ON

FIG, 6 % FORMALDEHYDE ' UP-TAKE BY STANDARD AND
OXYCELT,ULOSES USIN3 ZINCG NITRATE CATALYST.

/ ] !

Oxycell, (0.1N NaOl)
Oxyecell, (0. 2171 Nall)
Standard 3&11‘

Oxycell.

! i L

L

6 12 18
SONGENTRATION HOHO IN PATH x 102 gm !

2l
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Table 8

Cross-~linking Standard and NO,~- Oxycellulose

with Dimethylol uref INU
Bath Composition: DMU 3% Owf.,
Vel,1%

Dried 110°C/L min Cured 150°C/3 nin

- -

CRA Breaking

Type  Catalyst % % ADD-ON (@ 12y Load Ig.
Standard
Cellulose HC1 12.5% 6.25 254 .1 5,10
MgC1 2.5% 3,28 214.5 12,50
Zn(NOg), 2.5% 4.0l 210.5 13,25
Control 159.2 15.22
HC1 12.5% 3.98 230.6 3492
OxyCell, MgC1, 2,5% 2,10 208.1 2,88
Zn(rcrcoj)2 2.5% 2,18 198.5 2,60
HC1 12,5¢ 12.10 237 .1 1,03 :
OxyCell, MgC1, 2.,5% 8.00 210,7 2.92
0.1 NaCl Zn(lm3)2 2,5% 9,01 207.1 2,88
Control 151.8 3.86

— IFIPREN—



Tgble 9

Cross-linking Standard and NO,~
Oxycellulose with ARK NG

bBath Composition

AR NG

vel.
Dried 110°C/L nin Cure 150%/3 nin

10% owf,

L3

Type Catalyst % % ADD=ON (%E%f) %zggkiﬁg
[ e o
Standard
Cellulose  HC1 12.5% 9,00 292,2 5639 |}
MgCl, 2,5% 5.32 271.7 8,36
Zn(NOz) 2.5% 4.32 257.3 8,56
Control 159,2 15,22
Wiy —
Oxycell, HC1 12,5% 8.50 260.1 1.58
MgC1, 2.5%  3.97 239.9 3400
Zn(NO3) 2.5% 3,31 221.8 3.75
Control 151.8 % .86
Oxycell, HC1 12.,5%¢ 16,51 278.0 1,67
0.1N IlaCl  MgCl, 2.5% 11.31 262.6 2,56
Zn(N03) 2.5% 10,41 232,1 2.15__J




Table 10

Cross-linking Standard and N02
Cellulose with ARK CA

Bath Composition ARK CA 10% Owf
vel 1% *
Dried 110°C/4 min Cured 150°C/3 min

r_...-_-s._ R - -—-—-.-—'
Type Catalysth % ADD-ON (%E;)o Br a%"l@ Lood
| g —
Standard
Cellulose HC1 12,5% 12,30 255.1 1.48

MgCl, 2,5 7.13 248,3 L1+ 95
Zn(NO3)2 2.5 5.21 233.0 5068

Control 159.2 15,22

Oxycellulose HC1 12.5% 5.60 220,.4 1.7h
MgCl, 2.5% Le72 215.3 2454
Zn(NOg), 2.5%  L.38 202.5 3,68

Control

Oxycellulose HC1l 12,58 17.31 233.7 1463

O.1N HaC1 MgCl, 2,56 11.96 228.0 2,63

Zn(I'IO3)2 2.5% 10,89 214 3.58

- B e —
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Table 11

Cross~linking Periodate Oxycellulose
with Formaldehyde

Catalyst 2.5% ug012.6320 (owt)

e -

HCHO Concent. Breaking T.oad
/100 goln. % ADD-ON CRA Kg

—

367 0,03 231.4 8.70
6.4 0.03 230.2 8,46
1141 0,02 237.9 8,32
14.8 0.03 2327 8.56
18.5 0.04 231.2 8,53
22,2 0.06 230.4 8.26

Control 231.9 8.74

o




Table 12

Effect of boiling and curing Periodate
Oxyecellulese on Mechoanical Properties

L6

% Oxidation

Process CRA (W+F)° Breaking Load Kg.

Cellulose

10 Boiled 225.5 5021

10 Cured 230L,2 8.36
Control 233.9 8.97

Boiled 215.0 7.27

4.5 Cured 248,0 10.86
Control 236,0 10.28

Beoiled 200.7 12,32

1.0 Cured 209,53 12,44
Control 188,8 12,58

8tandard 159,2 45,22
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Table 13

Effect of Cross-linking different
Cellulose with DMU,

Bath Compesition 3% DMU
1% Velustrol
Dried 110°¢/L min. Cured 150°C/3 min.

Catalyst 2.5% MgCl, 6H,0

CRA Breaking

Type % Add-on (W+F)® Load Kg.
Na Oxycellulose (Control) 182,7 5429
Na Oxycellulose (DMU) 4,8 198,8 6.79
NO,, Cellulose 153 .2 3,80
Periodate Cell (Control) 23%.9 7.85
Periodate Cell (DMU) 26,8 8.37
Borohydride Reduced
Oxycellulose ;Control 145.0 3.92

i DMU 212,.0 L, 89

Standard Cellulose 159.2 15.22
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Table 14

Iffect of Cross-linking different
Cellulose with ARK NG

Bath Composition 10% ARK NG
1% Velustrol
Dried 110°¢/4 min, Cure 150°C/3 min.

Catalyst 2.5% MgCl,.6H,0

CRA Breaking

Type % Add-on (W’+F)o Load Kg
Na Oxycellulose (Control) 182.7 5429
Na Oxycellulose (ARK NG) 13.14  202.6 5429
Periodate Cell (Control 233,9 7.85
Perlodate Cell (ARK NG) 9,49  272.6 8.71
Borohydride Reduced 5
Oxyoellulose gcontzol 145.1 3.92
" (ARK NG) 16.45 225.1 730




Table 15

L9

Effect of ARK NG Cross-—linking on

Periodate Oxyccllulosec

Bath Composition

Dried 110°Q/u min

10% ARK NG

Velustrol

cured 150°C/3 min

Catalyst 2.,5% MgCl,.6H,0

Type

CRA o Breaking
(W+F)~ Load Kg.

Standard Cell,
Standard Cell. (ARK NG)

159.2 154282

Periodate (0,01M/4 hr) Cellulose

196,78 11.45

" 1 (ARK NG) 26,7 10.54
Periodate (0.05M/3 hr) Cellulose 211 ,6 10,28
" " (ARK NG) 294, 1 9.54
Periocdate (0,05M/6 hrs) Cellulose 233,9 10.15
2 " (ARK NG) 2973 9,72
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Table 16

Effect of degrce of Oxidation on ARK NG
Crogs~linked Cellulcse Using
2.5% M3012.61~12 Catalyst

{(a) Oxidized with C,01M Nal0), for 6 Hours

% ARK NG in Bath CRA (W+F)° Bredcing Load

e

15.0 268.5 - 11,76

10.0 27549 11.54

75 295.5 9.66

5.0 279.0 9.10

2.5 249 .3 10452

1.0 2001,6 11.58
Control 198.8 12,58

(b) Oxidized with 0,03M Nalo), for 6 Hours.

% ARK NG in Bath CRA (WaF)° Breaking Load

Ega
15,0 211.8 8.95
10,0 23%7.6 9,33
745 280.5 8.71
5.0 _ 273.6 9,04
2.5 | 25345 9,40
1,0 2L7 1t 9.90

Control 219.,8 10,28 |



"

Teble 16¢ 0Oxidized with 0,05M Na:toLL for 6 Hours.,

% ARK NG in Babh CRA (wa)° Breakégg Load

15,0 253,5 8,71

10.0 2614..9 8,66

7.5 283.4 7,98

5.0 281.4 8.43

245 276.9 8.79

1.0 252,0 8.98

0 233 .9 9.47

() Oxidized with 0,10M NaIQ, for & Hours

% ARK NG in Bath CRA (W+F)° Break;zg Load
15.0 2548 8454
10,0 300.0 8.1l
75 308.0 7.16
5.0 302,0 8.42
245 29741 8.63
1.0 261 o1 8,89

Control 2434 9.08
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Table 17

Effect of Alkaline treatment on Resin
Finished Periodate Oxycellulose

Periodate Cellulose Oxidized 0,05M/6 Hours
Bath Composition 10% ARK NG

1% Velustrol

245% MgClg.6H2O

Dried 110°%/Y4 min Cured 150°C/3 min.
Concentration Na,CO4 CRA(W+F) ° Breaking Load

Kg.

10% 269 .4 8.69

5% 262 .1 8,72

1% 26541 8.59

Control 264.9 8.66
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Reaction between formaldehyde and cellulose can
oeccur under two different conditions:-= (a) When
cellulose is in a collapsed state. In this case
cellulose is impregnated with formaldehyde in the
presence of o ¢atoalyst, dried, and cured in an oven at
high temperature of about 150°C and (b) in the swollen
state, This is when cellulese is simply immersed 1in
acid solution of agueous Tormzldehyde for a ceéertaln
time md temperaturc, Some work has been reported on
sorption of formaldehyde by standard and modified cellue
losea,. Belt‘.zt%:ru2 has obaerved that oxycellulosas s@bsorb

L3 studied

large quantities of formaldehyde. Roff
sorption of formaldehyde by standard cellulose from its
agueous solution and concluded that reaction between

cellulose and formaldehyde is governed by pH, concentra-
tion, temperature ard the time of imme€rsion, Datye amd
niH

Nabar Investigated sorption of formaldehyde by

various celluleoses =nd abgerved that it decpreasss with

53
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decreasing amount of asecondary hydroxyl groups and
inerease in the number of cafbdxyl groups but 1=
independent of the number of primary hydroxyl ond alde-
hyde groups in the celluloce., None of the workers have
however correlated the formaldehyde sorption behaviour
of cellulose to crease recovery cngle and other
me€ehanical properties., [Fig, 1 shows the uptake of
formaldehyde with time of treatment, Two different
concentrations were used., It can be seen that in both
cages formaldehyde uptake increases rapidly at first
followed by a slow increage until o maximum 1s reached.
After dbout 2L hours no change of add-cn with time is
observed. The Initial ropid add-on may correspond to
reaction in the more accescible region. The subseguent
8low incrcase may be due to reaction in dilfficultly
agcessible regions, It can also be seen that no dderease
in add-on is observed with length of treatment. This
clearly shows ttet no acid hydrolysis of celluleose takes
pPlace during this time ns otherwise the amount of the
accessible fraction wonld TLe decreased thereby decreasing
the add-on with time of treatment,

Fig. 2 ond PFig. 3 shows the varliation of percentage
add~on of formaldehyde to standard and nitrogen dioxide
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oxycellulose with concentration of formaldehyde in the
reaction baths. Oxidation of the cellulose with
nitrogen dioxide mainly converts the hydroxyl groups
on the sixthg carbon atom to carboxyl groups.
CO0H 00N

2 o h e

J(on Hi)f +NOJ.~——%J ' |
!

\f, ’ - OH
H GH H DH

L5

However, Nevell has shown that in tle formation ot
oxycelluloses containing oné carboexyl group per unit
chainj 2,35 atoms of oxygen per unit chain were
consumed instead of the expected 2 atoms. It was
postulated that the extra 0.35 atom of oxygerf per unit
represents oxidation of the 2:3 glycol groups to
dialdehyde. Thus Nitrogen dioxide oxycellulose contains
a siudll but definate amount of &l dehyde groups. The
oxyeellulose used contalns 20 m moles of COOH per

100 grams cellulose (see section 2'3:1 ). On the bages
of 2,35 atoms of oxygen consumption per chain unit,

the oxycellulose should contain 7 m mecles of aldehyde

groups per 100 gram celluloses.
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Comparing Fig. 2 and 3 shows ;hat nitrogen dioxide
oxidation leads to sbout 15,6% decrease in formaldehyde
uptoke as compared with standard cellulose when hydro=
chloric acid is used as catalyst. The same order of
deécrease is also Shserved when magnesium chloride and
zine nitrate are used as catalyst. Datye and NﬁbaruG
have attributed the decrease in formaldehyde uptake to
the decrease in the number  secondary hydroxyl groups.
However, calculations based on the present work show the
decrease in hydroxyl content to be of the order of 41.2%
which cannot explain the obssrved loss in add-on of
15.68., It appears that this decrease can be explained
on the basis of an electrostatic effect. In acid solutions
aldehyde groups from oxidized celluloses can acquire a

proton which is resonance stabilized

gt +
Cell - CHO —~~» Cell -~ GH = OH

J
Cell ~ QH - OH

It 18 alsc known that hydrated formaldehyde and
hemiformals obtained by reaction between formaldehyde
and methyl aleohol

GH30H +  HCHO —— CH3OGH20H
U7, L8

also acquire protons in acid solutions
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Thus we now have the Bitu:tion in which both a rela-
tively rigid substhte (oxycellulose) and the f armaldehyde
or hemiformal moities are positively charged. Thus in
the absence of any counterions the absorption of

form aAldehyde molecules would be retarted due to electro-
static repulsion between them, :owever, in the presence
of added counterions tlere should be an incerease in the
sorption of formaldehyde, A counterion such as C1- ion
would surround the positively charged groups in cellulose
thus shielding them from the apprcaching HOCHSH2 and
thereby facilitating sorption. The results in Fig. 4
seem to agree with this postulate. It can be seen that
there is a dramatic increase in about 20,2% and about
LYe7% in add-on when in the presence of 0,001 and O41N

sodium chloride. Roffus

also observed this phenomena
when reacting formaldehydc witlh standard cellulose in the
presence of neutral saltis., fle observed that the increase
in add-on depends on the cancentration of the added
neutral salt. Rof'f attributed this increase as due to
unspecified physical cnuscse Similar increanse in add-on
of DMU and ARK NG by oxycelluloses in the presence of

added neutral salta guch os eodium chloride were also

obeerved as cnn be seen {rom datn in tables 8 = 10.
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These results are discussed-latcr; It can ﬁe seen
further that the % addeon depends on the catalyst used,
Hydrochloric ocid is tle wmost efficient since it leads
to lorge formaldehyde uptake, The order of relntive
efficiency is HC1l7 MgCleyzn(NOB)Q. However becnuse of
the possibility of acid hydrolysis divalent metal ions
could be better catalysts.

3+2 Bilnding of Mgggesium_igmpe;lu;osel.

Divalent metal salts particularly magnesium
chloride are generally uscd as catalysts in cross-linking
oellulose with formaldehyde and other resins, Since
these reactions are acid catalysed the study of
Pinding of mognesium to sbandard and oxycelluloses with
subsequent relense of hydrogen 1s of interest.

Nitrogen dioxide oxycellulosse contalns earboxyl groups
on the sixth carbon atom ard standard ccellulose acguires
carboxyl groups during the process of purification by
scouring and bleachinghg. HMagnesium may bind to

carboXxyl groups according to tle reactions:
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2 Gell - COOH + Mg®* -3 Ce1l - 0#° ,
\Mg + &H
o
Cell ~ G
Yo
and

Cell - COOH + Mg®t ——) Cell - c”o + M
N omg*

Pig., 7 shows the titration curves for standard and
nitrogen dioxide oxycellulose in the preésence and
absence of magnesium chloride. The addition of magnesium
lowers the pd for both types of celluloses, However,
the pi was lowered t¢ a greater extent in the case of
nitrogen dicXide cellulose probably due tc the greater
nunmber of carboxyl groups. The mechanism by which
divalent metal lons catalyse the cross-linking of
cellulose is not clear, Since cross-linking of cellulose
with reains has been accepted ae acld catalysed, most
warkers have suggested that divalent metal ions
somehow release acids under curing conditions of ahout
150°C. Mehta and Gupta”® have shown that mixed
catalysts of dicarboxylic acide and neutral salts such
a8 magnesium and sodium chlorides relase mineral acids

at high temperatures which would then catalyse the
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reaction, They sugrested the reaction as .

COQH Coo

! |

R + MgCl, —-2 R /’fMg + 2HC1
L.

COOH Co0

in which the higher volatility of halogen acids
compared tc those of organic ccids 1s reponsible I or
their displacement. This work suggests that Linding of
magnesium ions to cellulose chains may ontribute to
001d release charactepistic of metal salts that are
generally used as catalysts. Moagnesium ions can also
réagt with dimethlol resins that are used as cross-
linking agents. Dimethylol urea for example could

undergo the followilng types of reactions at hilgh

temperatures,
N, CH,0H NILCH, Mg
: b
Co + Mgll,—3 Co + HC1
5 f
NH. CH,0H N#.CH,O0H
or the Gyclic product
NH,CH,,0H NH,.CH,O
P |2\,
?O + M3012 —3 CO Mg + 2HC1
. ]
NH.CH,OH NH.CH,0

which of these reactlions taltes place in preference to
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the other and to what extent‘is difficult to say.

3.3 Zffect of modifying the structure of Cellulose on
iks Cregse precovery and Mechsnical properties

3341 Effect of Nitrogen dioxide Oxidation on Regin
Finishing of Cellulose:

It is well known that the final properties of
Cellulose after Cross~linking depends on its atate and
structure after and beforec cross~linking. In an explo=
ration of the relation between structural features and
performance Qualities of a fabric, Rowland and Bullock51
enphasized the importance of the structure of the
reaction resgidues after ceross-linking., Bulloek and
Guthrie52 provided data indicating that an increase in
conditioned crease recovery nngle occurs when c¢arboxy-—
methyl cellulese (D.S 0.05-0,10) as cross-linked with
formaldehyde in the vapour state. Mackelvey and

oow0nK6r553

have also shown that substitution of cellulose
structure with various acyl groups produced fabrics

with increased wet and dry CRA values, They atitributed
this to internal plasticizing effect of the long acyl

gI‘OU.pB.
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However little work has been reported on the effect
of oxidizing the cellulose structure before and after
cross-linking, Toable 7 shows the effect of oxidizing
the cellulose structure with nitrogen dioxide prior to
eross~linking with diemthylo uvrea (DMU). There is a
general direct relationship betwecn the percentage
add-on of DMU amd the crease recovery angle, The crease
recovery angle is highest when hydrochloric acid is
used as the cntalyst. Datn also show that increases in
% nddeon and CRA generally lend to losses in tensile
strengths, It further shows that oxidation of cellulose
leads to a considerable lowering of % add-on "nd o
drostic loss in tensile strengih. The decrease in
add-on is in agreement with similar decreases observed
in formaldehyde nbsorption, The loss in tensile strength
however could not be altogether due to stiffening of
the structure due to resin treatment as the values for
control in the dbsence of resin also indicate a very
large losse A plausible explonation of this large loss
may be hydrolysis of the ocelluloseé by nitric aecid which
could be produced from nitrogen dioxide oxidant and
meisture from the fabric, Results in table 7 show that
addition of O0.,1M sodium chloride leads to an increase
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in add-en but without inerease in CRA values. The
increase in add-on could be due to shielding by CL™
icns of the positively charged groups as proposed and
eXplained in the previous sections. Increase in add-—on
ghould have shown a corpresponding increase in CRA
values, This however is not cobserved. This suggests
that intramolecular ieaction hetween resin and hydroxyl
groups on the same chaln could be significant, The
resins could also be deposited in the accessible

region of the fabric causing brittleness and loss of
fabric astrength, Both the above modes of reaction while
leading to increase in edd-on will hardly affect tle
CRA, Results in Table 3 and 9 show simllar behaviour
for commercial resins ARK NG and ARK CA, These commer-
cial resins lead to greater add-on than DMU, This may
probably be due to differcnces in melecular sizes of

the variocus resins and also the difference in concentra-

tions used,

3,342 BEffect of perilodste Oxidation opn resin finishing
of Celiulose:

Oxidation of the Gellulose structure with nitrogen
dioxide leads to a deorease in CRA values and tensils

strength. It had been postulated that these logses may
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be due to hydrolysis of the celluloses In this section
the effect of oxidation of the cellulose structure with
sodium metaperiodate is considered. Oxidation of the
Cellulose structure with sodium metaperiodate leads to
the breaking of the 2:3 bonds and production of
dialdelyde in these positions. The aldehyde groups from
one chain could react with hydroxyl groups from anocther
chaln leading to hemiacetal crosgs=linking which may
lead to increase in the ability of the fabric to
recover from creases. In order to investigate this
"uilt in" cross-links in oxycellulose, cellulose
oxidized to varying degrees was boiled in water far
30 minutes or dried and oured for 4 minutes at 15C°G,
and the CRA and tensile strength were determined. The
results are shown in Table 12, It can be seen from the
values of the control that exidation with sodium
metaperiodate leads to increase in CRA values, The
higher the state of oxidation the greater the CRA
values but there seems to be a levelling off at higher
degree of oxidation. Ceneral losses in tensile strengths
which increase with increase in the state of oxidation
is also observed. These results also show that curing
the periodate oxycelluloge at 15000 even in the absence

of cross-linking agents leadsto very high CRA values,
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whigh increase with the degres of oxidation, The CRA

and tensile strength values for boiled oxycellulose are

lower than those for the cured samples, This clearly

indicates that more hemiacetal creoss~llnks between

ad jacent chains are formed under dehydrating conditions.
OH

!
Cell « OH + Cell « CHQ —2» Cell -~ CH - Q Cell

Lower tensile strength values are observed for boiled
gamples 1nspite of lower CRA velues., This may be due to
hydrolytic degradation under boiling conditions. Losses
In tensile strength in periodate oxycelluloses are
comparatively lower than thess of nitrogen dioxide
oxycellulose. While tensilc strength loss 1s apparently
inherent in the oxidation process its actual value is
probably inereased by easing of the strain due to
opening of the smhydreoglucese unit as a result of
oxldation,

Tables 13 and 14 show results of inwvestigantion on
various modified celluloses. The sodium carboxyl
cellulose was prepared by reacting nitrogen dloxide
oxXyeellulose with sodlium hydroxide,



H a, —0— *"/{H——c\,—-a-

+ NoOKH — oy M + Ho0
” .

H X
. \/E’.'____”‘/ #
H oH H oH

The sodium carboxy-cellulose will be fully ionised as

a result of which an overall negative charge will be
carried by the cellulose chain, However, since in
resin finishing acid liberating catalysts are used it is
doubtful how much of this negative charge would be
retained by the fabric, but clearly the nett positive
charge as a result of protonation of the aldehyde groups
on the fabric would be much less than it would have been
in the absence of carboxylate anions prior to resin
treatnent. This could result in reduction of repulsive
forces hetween cellulose choin and the positively
charged cross-linking moieties, leading to an increase
in add-on., Results in Table 13 show that % add-on of
both DMU and ARK NG are higher for COONa oxycellulose
than COOH oxycellulose, This increase is al so reflected
in high CRA values of the sample. However, no signi-

ficant change in tensile strength is observed.
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Periodate oxyeellulose was reduced by boroﬁjdride
treatment and Wwas then cross-linked with various resins,
The aldehyde groups nrc reduced to hydroxyl groups,

the rgacgtion c¢on be represented as:
cHaoH

skt —~o-

l J I <> -

e HO Cxo

The resultsof crogs-linking borohydride redpced OXy=-
cellulose are given in Tables 13 and 14. For ARK NG
cross-linking, the % addeon is 16.45 as compared to 9.49
for periolate oxyeellulose, Increase in adde-on could be
due to inerease in hydroxyl groups as o result of reduc-
tian, the accessible hydroxyl groups can now react with
resins. bMoreover conversion of aldehyde groups 1o
hydroxyl gﬁoﬁps which are leéss readily protonated should
lead to a decrease in clectrostatic repulsion and hence
an inorease in edd-on, Crense recovery angle values
increased from 145,1° to 225.1° for borohydride
oxyecéllulose while the inecreoase Cor periocdate oxycellulose
is {rom 233.90 to 2?20. Bimilar results are obtained for
DMU treatment., The higher ndd~on of both DMU and ARK NG

by borohydride trented oxycellulose does not seem to bhe
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In tune with the CRA which are lower than those for
periodate oxycellulose. It is thus clearly apparent that
the periodate oXycellulose nequires cross-links other
than from resin treatment., Thesce ar explained earlier
eould be hemiacetal links. No significant change in
tensile strength is observed as a result of cross-linking
borchydride reduced oxycellulose but the actual process
of ¢onverting the aldehydc groups to hydroxyl groups
leads to substrantlial loss in tensile strength which is
apparently due to hydrelytio degradation.

Celluloses of different degrees of periodate
oxXidation were prepared and then treated with ARK NG
and 2,5% magnesium chloride catalyst. Results are
shown in Tdble 15, The results indicate increases in
CRA values of both resin treated and untreated somples.
Oxidation with 0.05M dodium periodate foar 6 hours gave
CRA viiue 233° which increased to 297,33 after treatment
with the resin. The breaking load dropped from 10.15kg
to 9.72kg after treatment with resin. Ordinarily
such a high CRA value (297,3) should have led to high
loss in tensile strength., This shows that oxidation of
the cellulose structure prior to cross<linking brings

some release of strain in the cel lulosic chailn molecules.
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Te study this effect of release ih strain on mechanical
properties ond CRA vnlues cellulose fabrics were treated
with ARK NG of various concentrations from:d-15%,
The fabrice were prepared by the pad-dry-cure method and
then oxidized with sodiun metaperiodate of varying concen-
trations to bring about dif ferent degrecs of oxidations.
Results are given in Table 16, In all cases CRA values
Increase as ARK NG concentratlons increase reaching a
maximum at sbout 7.5%. Oxidation leads to increase in
CRA values, Such high CRA values unavoidably
should have resulted in much lowering of the tengile
strength, This is not the case, It thus appears that
oxidation leads to removal of straln from the fabric.

It is well known thal oxidaotion of cellulose with
pericdate leads 1o produects which are easlily degraded by

54

oglkaline treatment. Paseu has ehown tlhe machanism of

this degrodaotion involving the formatlon of intermediary

SHOH H ¥
LA R I M
on H |
M (" i o o
OH - CHaOH
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ClI,0H
] /
Cil0H 0 Cl-OH
G - OH ¢ - OCH )
H\_ /' /7 5\ P—.O-
¢ "1 + oHn CHo ¢ RO
RN o
o) CHO

]

d.‘j vadalon Pr oducts
Cellulose fabric is subjected various times during its

1life to such alkaline treatment duwring laundering ste.
Celliulose fabrics oxidized with 0,05 sodium periodate
for 6 hours and cross=linked with 10% ARK NG solution
dried and cured were subjected to alkaline treatment to
Iinvestigate the effect if any of sdlkallne degradation.
They were boiled with Na2005 solution of wvarious strengths
ranging from 1% to 10% For 5 minutes and the CRA and
breaking lnads were determined, Results are shown in
Table 17, It can be seen that CRA values are not
altered'byvalkaline troatment and further the strength
ol' the fabries were not affacted., This shows that
cross--linking due to hemiacetal and resing are fast to
laundering. But the most interesting result of cross—
linking with resin is to produce stable periodate
oxycellulose. It therefore can be concluded that resin

treatment in combination with periodate oxidation gives
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fabric with higher crease pecovery which is fast to
laundering and the fabric resistant to alkaline
degradation,

It must be admitted that resin treatment of fabrics
to improve their desipable qualitles is a complex
process depending on the type of resin, state of the
cellulose fabric before and after treatment ond also on
other auxiliaries such as catadlysts and wettlng agents.
It hoad been found during the course of this work that
oxidizing the c¢ellulose structure using voaricus oxidizing
agents has profound effecis on meclionical properties.
Periodate oxidationa generally lead to increases in CRA
values probably due to hemlacetnl formation while other
types of oxidation prciuce lowering in CRA vilues. It
is also observed that most processes of oxidation praﬂucé
substantial lesses in tenslle strsngth. It might be
worthwhile to discuss two conflicting theories pertaining
to the mechanism of celluloce croses-linking. Parikh15
has suggested that the mechanism involves protonation of
the cellulose hydroxyl groups:

Cell - O + H® ==2 Cell{OH,)*

== Cellw0~CH,OH

2)p == 2
Cell(OHy)h + Cell-0-Cil,0H—} GCell=0CH,0~Cell

+ .
Cell(OHz) + GHz(O.rI
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Barker1 b

has however Buggested that the mechanism
involves protonation of the resin which can be resonance
stabillzed

HOCHQEH + HY go== HOEHngz

[O— *

= 2 gt
HOCH, F===  HO = CHy

The present investipgation seems in line with the
Barkey mechamism, It however appears that the cellulose
chain alsgo carries positive charges not as suggested by
Parikh but mainly dus to protonation of the aldehyde
groupg which cellulose acquires in the process of
purification or deliberate oxidation. This is indicated
by the increase in add-on when sodium chloride is added
to o reaction bath, Parikh armd coworkers have not given
a specification of their standard cellulcse regarding
CHO and COQH content, It is likely that the farble used
by Parikh had high aldehyde content and therefore his
hypothesis that celluloese is positively charged may be
Justified. Barker 4id not ohsgerve any add-on with

ethylenc glycol as was expected from the Porikh model.’
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