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Discussion and Review of Chemical Finishing of Cotton,
1. Flame Retardancy, Soiling and Soil Releasec, Cotton
Batting, Other Techniques in Cotton Finishing

Gcorge L. Drake, Jr.
Rescarch leader, Protective Finishes Research
Southern Regional Rescarch Center
1,S. Department of Agriculture
New Orleans, louiciana

INTRODUCTION

I am indced grateful for this privilege of being a part of this NRC/ACS Chemistry Work-
shop and for the opportunity to discuss some of the cotton utilization research being done
in our country, which we hopc will, by transfer of technology, lead to the deveclopment of
new or improved products and processes that will increase the utilization of cotton. Many
textile fibers compete with cotton, primarily because they have attractive and uscful prop-
erties not nossessed by cotton in its natural state. The consumer has alrcady demonstrated
that he will pay reclatively high prices to ohtain the fibers. It is essential to find
means of giving cotton these new and improved properties which only utilization research
can provide. The importance of this area of rescarch to cotton cannot be overemphasized,
since cotton in the bale is of little value to the consumer unless it can be made into use-

)

ful textile products having properties that are competitive with other textile fibers.

Textile finishing today tends to impart functional qualities that provide consumers
with materials having improved performance characteristics. In many cases, finishes are
applied for acsthetic effect or for convenience, but in other cases protection of the con-
sumer is the goal., Finishes that have no protective or safety aspects need only to meet
vague performance standards that satisfy the individual consumer. A finish designed to pro-
tect the user must meet rigid legal standards to provide a margin of safety under extreme
conditions of usc,

The first topic I will discuss will be flame retardancy, since flame resistance is the
protective finish that is receiving the most widespread attention by the textile industry,
The remaining topics to be discussed will be confined to chemical or finishing areas of
utilization resecarch.

FLAME RETARDANTS

Nature of Cotton Cellose and Approaches
"~ for Achieving Flame Retardancy

Cotton in the form of fabric is s.bjected to flame-retardant chemicals for reaction to
impart flame resistance. The physical state of the fiber has a very definite bearing upon
the depree of flame resistance one can obtain. Rowland has published a good description
of how cotton undergoes chemical modification (1).

The cotton fiber is a complex, well-ordercd unit that is gencrated during the growth
cycle of the cotton plant in the form of a long, hollow tube, approximat:ly 20 microns in
width by 25,000 microns (1 inch) in length., Fach fiber has a twisted convoluted ribbon-
like structure, with a somewhat furrowed surface, a section of which is shown in A of
Figure 1. It is composed of a multitude of microstructural units which are packed in close
proximity and arc microfibrils; thesc units become evident when an expanded portion of a
cross section of a cotton fiber is examined under high magnification, as in electron micro-
graphs B and C of Figure 1. The surface of a slab torn out of the cotton fiter (D of
Figure 1) shows the microfibrils, at high magnification, in an arrangement which they have
in the fibcr. These microfibrils are composed from cellulose molecules, which in turn con-
sist of more than 3,000 D-glucopyranosyl units, such as shown in E of Figure 1, joined in
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a linear chain.

The hydroxyl groups in cotton vellulose, upon which we depend for the cross-linking
reactions and for the development of performance properties, arc buried in a catacombt-like
labyrinth in the cotton fiber. Only a fraction of thesc potential sites for chemical re-
action are actually accessible to the reagent in conventional finishing operations. More-
over, there are two different types of hydroxyl groups in the fibers of cotton cellulose,
i.c., secondary hydroxyls at carbon atoms 2 and 3, and primary hydroxyls at carbon atom 6
of cach D-glucopy.anosyl unit (E of Figure 1). Thesc three hydroxyl groups recact at
different rates, and the linkages developed exhibit difrerent stabilitiecs.

How docs the chemical veagent reach the hydroxyl grouns in the bulk of the fiber?
While the cross scction of the native fiber., or a mercerized fiber, shows no pores or
channels cven at the high magnification of an clectron micrograph, the cross section of a
fiber, swollen as a result of wet embedment in methacrylate polymer (2), cxhibits a selcc-
tive concentric expansion with the development of a pattern such as shown in B of Figure 1.
The expansion and pore development that the fiber undergoes in aqueous solutions of crose¢-
linking agcnts arc probably of this same type but considerably lesser in degrce. The pores
of decrystailized ccllulose have been estimated by gel permecation chromatography to accom-
modate molecules of sugars having molecular weights ranging downwards from approximately
1800 3). Sugars having molecular weights slightly below 1800 find very few pores of ade-
quatc sizc; however, with decreasing molecular weight of the sugar, an increaring number
or volume, of pores becomes available to accommodate the sugar molecules. Preliminary
assessment of pores in fibrous cotton by the same method has indicated a nerimeability in
the range of 2800, It is quite evident, then, that the normal type of cross-linking flame-
retardant agent, which has a molecuiur weight in the range of 100 to 200 finds many pores
or channcls through which it may reach the hydroxyl groups of the cellulose molecules in
the microstructural units.

Application of Durable Flame Rctardants ana Commercial Finishes

There are four basic techniques used in the application of a flame retardant to cotton
fabric. They arc:

l. Direct reaction with cotton cellulose

2. The usc of a thermoplastic polymer to coat the fibers
3. The use of a flame retardant polymer for deposition within the fiber
4. A combination of ccllulose reaction and internal deposition of a polymer

The first technique has not been useful in obtzining durable flame retardancy, because
it is often difficult to react cnough of the hydroxyl groups of ccllulose in order to ob-
tain a high add-on. Also, compounds such as C1CH2P (0) (O1!),  which have been used in sub-
stitution rcactions with cellulose, are subjcct to ion exchange and therctore lose flame
retardancy during laundering. Likewise, the second technique has not been uscful in the
production of durable flame retardancy, because this technique will usually impart stiff-
ness to the fabric since the polymer is located on the surface of the fibers. Therefore,
techniques 3 and 4 are the ones most commonly used today for imparting durable flame re-
sistance to cotton fabhric.

To date, all successful flame retardants for cotton have been compounds containing
the element phosphorus. Generally, the phosphorus compound is used in combination with a
nitrogenous resin which polymerizes with the phosphorus compound and helps to bind the
flame retardant to the fabric. In some cases, matevials containing brominc or chlorine
arc also incorporated in the formulation, and the amount of phosphorus compound can be re-
duced. Thercfore a typical flame rectardant formulation will contain:

1. Reactive phosphorus compourd

2. N-methylol compound
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3. Catalyst and/or buffer
4. Softener and wetting agent (auxiliaries)

Durable flame retardants are mostly used for apparel, houschold goods, and some special
items for military and industrial purposes. There are innumerable experimental flame ve-
tardant finishes, a fow of which are being evaluated for commercial use. However, the best
known durable flame retardant systems used commercially for cotton fabric are Pyrovatex CP,
Fyrol 76, THPOH-Amide, Proban, and THPOH-NHz. *

Pyrovatex CP is a finish Jdeveloped by Ciba-Geigy (4) and is a typical flame retardant
system as described above. ‘The reactive phosphorus compound in this finish is a N-methylol
dialkyl phosphonoprionamide, (RO) 2P(0)CaH4C(O)NHCHCH. A typical formulation consists
of 40% Pyrovatex, 5% methylol melamine resin, 1% ureca, 1% softener, 0.1% wetting agent, and
approximately 0.5% of an ‘cid catalyst such as phosphoric acid. This formulation is applied
from a water solution by the conventional pad-dry-heat curc method. As in most chemical
finishes, the treated fabric is given an afterwiash to remove unrcacted chemicals. This
finish is low in toxicity and, when properly applied, gives an excellent hand to the fabric.
The breaking strength of the fabric is reduced about 25%, and the tecaring strength is re-
duced about 30%. This finish is durable to home laundering and has been used primarily
in the production of children's flame-retardant cotton slecpwear, sizcs 0-6X.

Fyrol 76 is a flame-rectardant finish recently developed for cellulosics by Stauffer
Chemical (5). The reactive ingredients in this formulation are shown in the equation:

0] 0]
" " Kzszog
-0-1-0R- + Cl!z'—*CH-C-NH-CHZ-OH ——————— polymer
'
LH=LH2 X

The vinylphosphonate monomer contains 22,5% phosphorus and is used in 20% concentration in
the formulation. Approximatecly 22% methylolacrylamide, 0.5% potassium persulfate, 4%
auxiliary agents, and water make up the remainder of the formulation. This formulation is
also applied by the pad-dry-heat cure process in which curing is accomplished by a free
radical mechanism. Reaction also occurs with the cotton cellulose which helps to make the
finish durable to laundering and also makes the fabric wrinkle resistant. The treated
fabric has a good hand, with about 15% loss in breaking strength and about 35% loss in tear-
ing strength, A chemical add-on of 25-30% is neceded to pass the DOC FF-3-71 standard for
children's sleepwear,

The last three flame retardant finishes, THPOH-Amide, Proban, and THPOH-NH3, all use
the same reactive phosphorus compound, tetrakis (hydroxymethyl)phosphonium chloride (THPC).
However, formulations of these processes differ in the use of the nitrogen compound and/or
in pracessing techniques. THPC is produced by Hooker Chemical Co., Aceto Chemical Co.,
American Cyanamid Co., and Albright and Wilson, Ltd., England. The term THPOH is applied
to the product obtained from the ncutralization of THPC as shown in Figure 2, The neutra-
lization of THPC has been the subject of great controversy and is adequately explained by
Ellzey, Connick, and Boudreaux (6). Both THPC and THPOH will react with nitrogen compounds
to form highly complex polymers. Many experimental flame rctardant finishes based on THPC
are thoroughly reviewed by Reeves and Drake (7).

The initial! research on the development of the THPOH-Amide finish was conducted at
SRRC (8). A standard formulation for use on an 8-o0z. cotton fabric contains 17% THPC, 2.2%
sodium hydroxide, 10.5% urea, 9.5% trimethylol meclamine (TMM), about 1,5% auxiliaries, and
the remainder water. The solution is prepared by adding dilute sodiua hydroxide to a water
solution of THPC to pH about 7. The other chemicals are added, and the fabric is treated

* Use of a company or product name does not imply approval or recommendation of +lie pro-
duct to the exclusion of others which may also be suitable.
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by the pad-dry-heat cure process. A catzlyst is not necded, since TMM is sufficiently re-
active without it. The strength properties of treated fabric are about the same as with
Pyrovatex or Fyrol 76, but wrinkle rccovery is better. Because this finish gives a slightly
stiffer hand than the other finishes, it has been used primarily on heavier weight fabrics
such as that used for work clothing, tent lining, and curtains.

The Proban finish is based upon a precondensate of THPC and urea and is sold as such
(8). The original Proban finish (beforc 1960) was also based on a heat cure process to
fix the precondensate onto cotton cellulose. The process has since been modified by re-
placing the heat cure with an ammonia gas cure (10), which has resulted in better cfficiency
and strength properties of the treated fabric. The fabric is impregnated with the precon-
densate solution, dried at about 90° C., exposed to ammonia gas for approximately 20 scconds,
and finally trecated with an ammonium hydroxide solution to ensurc complete reaction and
fixation of the polymer on the fabric. The Proban finish is used primarily in Europe, and
in 1973 more than 5 million yards were produced.

The THPOH-Nll3 process was developed by researchers at SRRC (11). It is not a typical
flame retardant finish in that it does not use a N-methylol resin, it does not require a
catalyst, and it does not usc a heat cure. As a result, fabrics treated by the THPOH-NHgz
process have a jood hand and very good strength properties. A schematic diagram of the
process is shown in Figure 3. Fabrics are usually treated with a 30-35% solution of only
THPOH plus 1uxiliary agents. After padding to approximately 80-90% wet pickup, the fabric
is dried to about 5% moisture an< then exposed to ammonia vapor to produce a polymer with-
in the cotton fiber. The fabri-. is then oxidized to improve durability, eliminate odor,
and improve color. A final af‘er-wash, to remove unreacted material, is preceded by a
final drying step.

The polymer produced frem the THPOH-NH3 process differs from the polymer in the Proban
finish in that the phosphorus to nitrogen weight ratio is approximately 2:1 in the former
and approximately 1:1 in the latter. Because of the higher percent phosphorus in the pely-
mer, the THPOII-NH3 polymer is a more efficient flame retardant per unit weight of polymer.
The THPOH-NHz finish is now used commercially in the U.S. for children's sleepwear and other
wearing apparel,

Factors Aflccting Flame Resistance of Fibers

While phosphorus-containing flame rectardants have some unique features such as glow
resistance, these retardants require proper application and care to assure maximum cffi-
ciency and durability. Alkali and alkaline earth metal ions reduce or inhibit the flame
resistance contributed by phosphorus. These ions nced not be in direct union with the re-
tardant to exhibit their effect; mere presence in the fiber or fabric is adequate. Calcium
acctate is more detrimental to flame retardants than calcium phosphate. Calcium and mag-
nesium can be picked up by flame-resistant fabric from wash water during laundering. This
pickup can occur through ion exchiange properties of the retardant and through precipitation
in the fiber by comhining with phosphate from detergents or fatty acids from soap. The
amount of phosphate salts picked up by the fabric depends on the nature of the flame re-
tardant and thc amount of phosphate and calcium (or magnesium) in wash water. Pickup of
these phosphates can lead to erroneous results when the phosphorus content of fabric is
used as a measure of durability of the flame retardant. Calcium and magnesium soaps in a
fabric similarly can offset flame tests that are often used to measure durability. The
adverse effects of the foreign materials can be eliminated by rinsing the laundered fabric
nccasionally in dilute acid (Figure 4). Pickup of copper ions from solution has little
effect on flaz. resistance.

The oxidation state of phosphorus in the finish affects the durability of flame re-
tardant fabrics. THPC retardants with trivalent phosphorus are less durable to laundering
than are the retardants that contain the corrosponding phosphine oxide structure. Thus,
the application of THPC-type retardants should include an oxidation step.

Retardants are generally degraded, at least to a small extent, when exposed to sun-
light. This degradation becomes a significant problem for some retardants when the treated
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fabrics are laundered and line dried. The unoxidized retardant based on the reaction of
"THPOH" with ammonia is particularly sensitive to sunlight. A small amount of pigment cin
protect some flame rctardants from ths destructive action of sunlight. Pressing, which iz
sometimes part of the laundry cycle for apparel and household goods, also decreases the
effectiveness of some flame retardants. The ester groups of alkyl phosphonates are hydro-
lyzed at the pressing temperature to produce sites for ion cxchange, which is detrimental
when the fabrics are laundered. Another factor affecting the durahility of flame-retard-
ant finishes is bleaching. None of the known commercial flame-retardant finished fabrics
can pass the DOC FF-3-71 test after being bleached 50 times with hypochlorite blecaches.

SOIL RESISTANT FINISHES

The soil release problem attained considerahle attention after garments made from
durable-press fabrics had become established on the market. Most durable-press garments
depend upon blending with man-made fibers and resin treatment of cotton fibers. Although
the synthetic fibers are implicated most heavily, other factors are involved; that is,
durable-press resins, softencrs, catalysts, and even fabric geometry. Basically, textile
scientists are trying to develop and refine chemical processes that overcome the hydrophobic,
oleophilic, and electropositve properties of the chemically finished fabrics. A hydrophobic
fabric prevents wash water from entering the spaces between the yarns; the fabric's posi-
tive charge attracts the negatively charged dirt particles; and the oleophilic nature of
the material draws grease not only during wearing but also scavenges water-borne oils that
accumulate during laundering. Other factors involved include the type and hardness of the
finish, the naturc of the soil, the mcthod of soiling, the cleaning agent, the manner in
which tie soil is removed (laundering or dry cleaning), fabric structure, and the efficiency
of det rgent used. Unfortunately, in the late 1940's and carly 1950's, the soiling problems
grew because of two concurrent factors: (1) the greater cleaning problem of the resin-
treated cotton in cotton/synthetic blends, and (2) the fall of efficiency of the homemaker's
detergents. The newer synthetic detergents were much less effective at soil removal and
coil suspension than the old-fashioned soap, so that other agents such as soil suspenders
anc. optical bleachers had to be added.

Introduction of Durable Soil Resistant and Soil Relcase Finishes

It had been known for many years that carboxymethyl ccllulose (CMC) could make soil
removal from cotton fabric easier. This was accomplished by adding CMC to the last rinse
water used in the laundering procedure. In that manner, 1% or 2% CMC was deposited on
the surface of the fiber. According to earlier theories, the soiled fabric laundered
casier because the CMC rcadily flaked off the surface of the fiber, carrying with it par-
ticles of soil. The loss of CMC from the surface of the fibers was considered a very im-

portant factor in the soil removal process.

Studics at SRRC revealed that CMC need not be removed from the surface of the fabric
to provide casc of soil removal (12). It was found that the charge on the surface plus
the hydrophilic nature of the CMC were the important factors contributing to the ease of
soil removal. That it was not nccessary for the CMC to be removed to be an effective soil
release agent was demonstrated by bonding CMC to the surface of cross-linked cotton fabrics.

In studies with CMC as a durable soil release agent, cotton fabric was padded with
an aqueous solution containing a cross-linking agent and CMC, then cured at about 150° C.
The CMC, which contains cellulosic hydroxyl groups, remained mostly on the surface of the
fiber because of its high molecular weight. The small amount of cross-linking agent normally
present on the surface of the fibers after padding with a cross-linking agent reacted with
the CMC and with the cotton, thus binding CMC to the cotton through a durable covalent
cross-link. The wrinkle recovery angles of the treated fabrics ranged from about 260° to
290° (W + F) (12).

The resistance to aqueous soiling of untreated cotton was compared to that of cross-
linked cotton and to cross-linked cotton that contained CMC fixed on the surface of the
fibers, Samples were treated with DMEU-CMC and triazine-CMC solutions containing 5%
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monomer, 2% CMC, and 1.5% Catalyst H-7. These treated fabrics along with DMEU and tria-
zine treated controls and an untreated printcloth control sample were subjected to 25
laundering cycles. Samples of cach fabric were taken from the washing machine after 5, 15,
and 25 laundering cycles, and air-dried. Eack sample was then padded through aqueous and
oily carbon black soil dispersions and air-dried. Reflectance values of samples soiled
after multiple launderings up to a total of 25 cycles are shown in Figures 5 and 6. The
treated samples containing CMC were significantly more resistant to aqueous and oily soils
than were the DMEU and triazine treated controls through 25 launder.ng cycles. Soil re-
sistance of these samples closely resembled that of the untreated control fabrics.,

Another sct of samples, prepared cxactly as those mentioned above, along with un-
treated control samples were evaluated with respect to soil removal through extended launder-
ing. Refle:tance measurements were made on these samples after soiling with aqueous and
oily carbon black dispersions. The soiled samples were then laundered 25 consecutive times.
After 1, 5, 10, 15, 20, and 25 laundering cycles, samples were taken from the washing
machine, air-dricd, and reflectance valaes were recorded for cach, Figure 7 shows % re-
flectance of aqueous soiled samples through 25 launderings. 1t is rcadily seen that the
triazine-CMC finished sample was best. llowever, aqueous soil was rcadily removed from
fabric treated with triazine only. Both of these treated fabrics had higher reflectance
values than the untreated cortrol fabric through 25 launderings. Considerahly higher re-
flectance values were measurced for the CMEU-CMC samples in comparison to the DMEU treated
fabrics. These data clearly indicate that soil removal from DMEU and triazine resin
treated fabrics was improved when 2% CMG was incorporated in the treating solutions.

Vigure 8 shows the results of laundering those samples soiled in oily carbon black
aispersions. Again, the treated fabrics containing CMC had higher reflectance values
through 25 laundering cycles, indicating better soil removal from these samples, Oily soil
was more readily removed from the DMEU-CMC treated fabric than from all others,

This study demonstrated (a) the soil resistance imparted by CMC when bound to the
coiton fiher, and (b) the good durability of the CMC to repeated laundering.

In & third comparison of this scrics of fabrics, 2% CMC was add.u to the cross-linking
formulation to impart soil resistance and casc of soil removal properties. The reflectance
values for these fabrics show that CMC imparted some soil resistance and significant improve-
ment in casc of s0il removal to the various fabrics and that the CMC is more effective
on the resin-treated fabrics which contain the highest percentage cotton.

Effect of Surface Properties on Soiling and Soil Removal

Experimental cotton fabrics were prepared having a wide range of surface properties.,
This was accomplished by cross-1linking with formaldchyde, chemically modifying to add
anionic, cationic, or nonionic groups, or treating with various finishes. Additional
fabrics were prepared by various combinations of cross-linking treatments, chemical modi-
fications, or surface finishing.

The fabrics included in this study were desized, scoured, hleached cotton printcloth;
cotton formaldchyde-treated in the "dry" state (Form D); and treated in the wet or swollen
state (Form ). Thirtcen chemically modificed fabrics were also evaluated; these included
cach of the three basic fabrics mentioned above that were phosphonomethylated, aminized,
sulfoethylated, or carhoxymethylated. The untreated cotton was also hydroxycthylated.

A1l of the basic three fabrics were treated with the following: four acrylic finishes
of varying hardnesses, two acrylic finishes with cationic groups or anionic groups; two
fluorochemical finishes, fluroacrylate, or chrome complex of perfluorooctanoic acid; a hy-
drophilic finish, carboxymethyl cel ulose; and an insoluble inorganic salt. The chemically
modified cotton fabrics were also finished with a hard acrylic anl fluoroucrylate. The
phosphonomethylated cottons that had been cross-linked with formaldehyde (Form D and Form W)
were also treated with the hard acrylic and fluoroacrylate finishes.

Studies were made of the soiling characteristics of thesc fabrics in both aquenus and
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drv cleaning solvent media.

In an aqueous medium it was found that a high energy interface between the fiber sub-
strate and water caused the deposition of oily soils onto the fabrics. Soft polymeric
finishes on cotton werc found to contribute to wet soiling, especially if they were thermo-
plastic and softened still further at elevated laundering temperatures. Fibers and finishes
having rositive zeta potentials in water were found to be associated with high levels of
soiling. Thus, in water, the preferred fabric surface from the point of view of resistance
to soiling and easc of soil removal would be a thin, hard hydrophilic, negatively charged
surface (13).

Soiling in Stoddard solvent revealed:
1. Most of the finishes investigated increased the degree of soiling.

2. There appeared to be a definite trend toward increased soiling with charged groups,
both cationic and anionic. The only exception was the aminized cotton, which
soiled to the same cxtent as the unmodified control in Stoddard solvent.

3. There was a slight but definite trend towards greater soiling for cottons cross-
linked with formaldehyde, especially in the "dry" state, when compared with the
untrcated control.

4. Of the thrce factors in combination trcatments, the type of chemical finish, the
character of the chemical modification, and the cross-linking with formaldehyde,
the one having the largest effect on soiling was the type of finish.

5. The naturc of the soil was important; there was more soiling with dry iron oxide
than with oily iron oxide or vacuum cleancr dirt.

6. The hardness of the finish was a factor only with very soft finishes.

Under most conditions, the easec of soil removal was inversely related to the degree
of soiling, i.c., those fabrics which soiled heavily retained a larger percentage of the
soil during cleaning than those that were lightly soiled,

In all cases studied, much less soil was removed by dry cleaning than by laundering.
Onc reason for this is that the aqueous detergent solution has much better antiredeposition
propertics than does the dry clcaning bath. This was demonstrated by the much larger amount
of soil deposited on clean swatches (redeposition) during dry cleaning than during launder-
ing. Another factor contributing to this may be the smaller size of the soil particles in
dry cleaning solvent.

On the basis of the results of these studies, it was concluded that the treatment or
modi fication of cotton to produce a fabric of low soiling characteristics should have the
following properties: (1) thin, hard, nonswelling finish; (2) hydrophilic surface;

(3) olcophobic surface; and (4) small negative surface charge, or small negative zeta
potential,

Oleophobic-Hydrophilic Finishes for Soil Release

Fluorine-containing polymers have been used in large quantities over the past several
years for treating textiles to impart water and oil resistant properties.  These provide
resistance to oil soils and stains, but once the oily soil or stain is rubbed in, it is very
difficult to remove. As a result of the previous studics using CMC to incorporate a hydro-
philic surface to the cotton, and of the soiling characteristics of fabrics having various
surface properties, it was theorized that removal of the rubbed-in soil and most other
types of soil would be easier if the finish had hydrophilic as well as hydrophobic proper-
ties. The idea was that the aqueous laundry detergent would wet the soiled areas in the
more hydrophilic fabric and thus do a better job of cleaning the fabric. In 1966, Ellzey
of our laboratory reported on the synthesis of some fluorocarbon finishes which, when
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applied to cotton fabric, produced high oil repellency ratings of 100-120 but little water
repellency instead of the usual 90-100 spray ratings exhibited by conventional fluorocarbon
finishes. Since then, more complete studies have been conducted on the performance of
these finishes with high oil repellency and low water repellency (15).

Onc of the finishes reported is based upon the recaction of ethyl perfluorooctanoate
with ethylenenimine (EPO-EI) (16). This finish, when applied to fabric from an aqueous
emulsion and dried at about 100° C., forms an insoluble polymer on the surface of the
fiber. The trcated fabric cxhibits 3M oil ratings of 100-120 and spray rating of about 50
with a 2% add-on of the polymer. For comparison, untreated printcloth and printcloth
trcated with three commercial fluorocarbon finishes, and the EPO-EI finish were examined
for oily soil rclecase and oily soil redeposition propertics.

In the soil release experiment, all of the fabrics were soiled with oily carbon black.
After being laundered five times in separate Launder-O-Meter cups, fabrics with the three
commercial fluorocarbon finishes were still heavily soiled. The EPO-EI treated fabric
was only lightly soiled, and the untrecated cotton fabric was cssentially frece of soil.

To determine soil redeposition properties of the experimental fluorocarbon finished
fabrics, cach nonsoiled sample was placed in a Launder-O-Meter cup with an oily-soiled
cotton fabric. After five laundry cycles, two of the commercial fluorocarbon finished fab-
rics were heavily soiled, and onec was moderately soiled, whereas an untreated cotton and
the EPO-EI treated fabric were slightly soiled. These cxperiments indicated the potential
value of imparting hydrophilic character to the oleophobic fluorocarbon finishes.

Another new fluorocarbon finish for cotton was based on the formation of a highly in-
soluble fluorinated bis-ureca (31). The FEMU (fluorinated ethoxymethylurea) was applied
from an ethanolic sclution or an aqueous dispersion to give high oil repellency and moder-
ate water repellency. Durubility of oil ratings to laundering was better than that for
the commercial fluorochemical finishes tested at comparable solids levels. Co-application
with PR-183 (Permafresh Reactent 183) from cthanol-water solution additionally imparted
wrinkle recovery properties of abovt 300° conditioned and 279° wet.

The TEMU finish had good stain resistance and offered easy rcmoval of several common
stains. Oily soil redeposition was intermediate between older commercial finishes and a
newer commercial fluorocarbon soil release finish.

Ellzey and coworkers also rcached THPC and 1,1-dihydroperfluorooctylamine (POA) in a
1:1 molar ratio, which when applied to cotton fabric from aqueous emulsions imparted a low
degree of water repellency and high oil repellency after curing with gascous ammonia (14).
The oil repellency was not very durable to perchlorocthylene extraction, but durability to
home laundering was quite good. Using a simulated soiling procedurc, the POA-THPC finish
was about as cffective as three commercial fluorochemical finishes tested in aqueous soil
release and aqueous redeposition propertics, although it was generally inferior in initial
aqueous soiling, 1In oily soiling tests, the new finish had greater oily soil repecllency,
suffered less vily 501l redeposition, and had slightly better oily soil release character-
istics,

The POA-THPC forimilation was combined with a typical permanent-press agent (again
PR-183).

Fabric treated with the combhined finish had good conditioned and wet wrinkle recovery
in addition to high oil repellency and low water repellency. Soiling properties were
approximately the same as those of the POA-THPC or PR-183 finishes alone. The combined
finish behaved somewhat poorer in o.iy soil redeposition tests. Certain properties, notably
tearing strength and abrasion resistance, were improved by adding the POA-THPC formulation
to the permanent-press agent (15).

Research at SRRC, in industry, and in other research organizations continues toward
a better understanding of the principles involved in soiling, soil release, and soil redepo-
sition and toward the development of new formulations and processes for the production of
the ideal soil release durahle-press fabric. As with the flame retardants, therc is now
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no one soil release finish that is suited to all fabrics and to all end uses.

COTTON BATTING: A NEW NONWOVEN CUSHIONING MADE WITH LOW GRADE FIBERS

Commercial production of a new nonwoven product--an improved cotton batting--for
cushioning uses has been made possible by the Cotton Flote process.

Experiments conducted by the U.S. Department of Agriculture's Southern Regional
Research Laboratory in New Orleans show that the process permits profitable employment of
low grade cotton fibers--a blend of first cut cotton linters and a mixture of textile
wastes (60% linters--40% textile waste).

The fibers can be used as received without costly preprocessing (scouring, bleaching)
even though they may be highly contaminated with waxes, pectins, oil, and other extraneous
foreign matter.

This new nonwoven product can be produced in conventional cotton batting processing
lines by adding two new unit operations--spraying and drying-curing.

In essence the Cotton Flote process involves spraying on a web of cotton fibers a
formula containing hoth thermoplastic and thermosetting resins, a catalyst, and a buffer.
After this, the spray-damp webs are lapped or laminated to the desired thickness and then
the product is dried and cured.

The key feature is the simultaneous application of both thermoplastic and thermosetting
resins from a single solution. Such an arrangement improves the resilience of the fibers
and bonds the fibers together at points of contact to enrhance dimensional stability, ten-
sile strength, and integrity.

The spray in the laboratory's experiments was applied immediately following garnetting
and preceding lapping. The treating formulations used for products with nominal density
of 2 pounds per cubic foot consisted of about cqual proportions of thermosetting resins of
the urea-formaldchyde, melamine, or imidazolidone types with thermoplastic resins of the
vinyl acetate, vinyl acrylate, or styrene butadiene types. The optimum solids concentra-
tion in the formula is 20% and the wet add-on is 100% by weight of the cotton fibers being
treated.

Adequate but not cxcessive curing is needed to assure best product performance char-
acteristics. TInadequate or overcuring can result in the formation of odorous by-products
that would be objectionable in automobile seat cushions, furniturc, or mattresses. The
use of buffers or formaldehyde acceptors in the treating solution practically eliminates
the possibility of odors in the product if they are properly cured,

Because the process is versatile, a wide range of products cxhibiting varicus degrees
of resilicnce, tensile strength, dimensional stability, and integrity can be engineered to
meet end-use requirements for specific applications by altering one or more process condi-
tions.

Density can be controlled over the range of 1.5 to 6 pounds per cubic foot or higher
by varying the web weight, the speed of the lapping conveyor, the number of webs, the ratio
of thermoplastic to themmosetting resin, and the amount of compression exerted on the pro-
ducts by the hcld-down conveyor during drying and curing. In addition, such characteristics
as hand can he varied by controlling thc drying conditions. Where a harsh skin effect is
desired, it can be achieved by providing conditions conducive to resin migration. Such
conditions include drying air temperatures in excess of 225° F. at a humidity of less than
5% at velocities greater than 200 feet per minute during initial phases of drying.

For a soft hand, the following conditions (under which practically no resin migration
occurs) would be appropriate: air temperatures of 180° F., a humidity of greater than 10%
and air velocities up to 150 cubic feet of air per square foot per minute (17-20).
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Cotton Batting Products that Comply with the Mattress Flammability Standard
and the Proposcd Upholstered Furniturc Flammability Standard

On June 7,1972, the U.S. Mattress Flammability Standard FF 4-72 issued. Legal and
other considerations delayed the implementation of the standard until December 22, 1973.
At present, a proposed standard for the Flammability of Upholstered Furniture is being con-
sidered by the U.S. Consumer Product Safety Commission. While the titles of these stand-
ards imply that the products resist flaming combustion, they only require that mattresses
and upholstered furniturc resist ignition by lighted cigarettes. Research at the Southern
Regional Rescarch Center disclosed that cotton batting products that had been impregnated
with classical flame retardants, both inorganic and organic types, and which could easily
pass a vertical flame test, would fail when installed in mattresses and subjected to a
test where lighted cigarettes were the igniting source.

There are fundamental differences in the mechanism of oxidative degradation that re-
sults from open flame ignition and flaming combustion, and thc mechanisms smoldering com-
bustion that follows the cigarette induced combustion of mattress structures.

Flaming combustion is characterized by a rapid oxidation of degradable material. Flam-
ing takes place in the gascous phase. It involves the combustion of gaseous by-products
from the degradation of the material and is visually observed by the light generated.
Classical flame rctardance theory envisions an interference with the course of pyrolysis
by reducing the amount of flammable gases produced and concurrently increasing the amount
of solid by-products such as char. Because the flaming reaction provides hcat to degrade
the material, suppression of the production of combustible gaseous by-products reduces the
production of thermal energy. The combustion subsides, since there is insufficient thermal
cnergy to sustain it,

Smoldering combustion is characterized by a direct oxidation of solid material in
the solid state. It proceeds at a very slow rate in comparison with flaming combustion.
In smoldering combustion, very little visual light is generated. The temperatures at which
smoldering combhustion takes place are usually about 200° F. higher than occur in flaming
combustion,

It is important to rccognize that the terminology applied to pyrolysis and combustion
is sometimes misleading. For example, the term "afterglow" is frequently applied to smolder-
ing combustion. This implies that smoldering combustion is a sequel to flaming combustion,
whereas smoldering combustion is different from, and unrelated to, flaming combustion.
Where smoldering combustion becomes apparent after flaming subsides, the flaming reaction
simply provided the cnergy to initiate smoldering. Smoldering could be induced by a ciga-
rette, an clectrical probe, or other flameless source of thermal encrgy.

Chemical treatments that impart flame retardance hy changing the course of pyrolysis
to yicld increased amounts of char and solid bv-products are ineffective in the prevention
of smoldering as it occurs in cotton mattresses. The inability to inhibit smoldering is
duc to the fact that such flame . tardants provide more solid fuel for the smoldering
combustion reaction,

When a lighted cigarette is placed in contact with a cotton mattress and ignition
occurs, the combustion is of the smolac.ing t,jc. Smoldering combustion in mattress struc-
ture is sclf sustaining in atmospheres concaining as little as 1% oxygen if the temperature
within the structure exceeds 750° F. This temperature is casily attained. In fact, local-
ized temperatures in mattresses undergoing smoldering combustion frequently exceed 1100° F.,
even where conventional flame retardants have been used to treat the batting. Such high
temperatures arc sustained for long periods of time, hecause the mattress structurc con-
sists of an cxcellent insulator, the cotton hatting, and the ticking cover which further
reduces convection, conduction, and radiation of heat. Wherc the temperatures within a
mattress undergoing smoldering combustion are consistently above 750° F., most conventional
phosphorus-containing flame retardants arec broken down chemically. Thus, they are unable
to provide smolder or glow resistance. The ticking per sc usually plays little part in
the ability of a mattress to resist cigarette ignition. Certain polymers used as back-
coatings for ticking fabrics can improve the resistance of the mattress structures
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to cigarette ignition, particularly where treatment for the filling batting is merginal.

Thermal analysis and minimattress evaluations on cotton batting treated with chemical
systems containing boric oxide donors showed that such compounds would impart smolder resist-
ance to cotton batting sufficient to pass FF 4-72. An add-on of about 4% by weight of boric
oxide was nceded. Boric oxide is generated by the thermal degradation of such compounds as
sodium borate (borax), boric acid, ammonium pentaborate, or zinc borate. Subsequent research
showed that the use of borax (sodium borate) was undesirable, because the sodium ijons catalyze
the oxidation of carbon in thc solid state, and that boric acid was the trecatment of choice.

A continuous wet-pad-dry process to impregnate fibers was developed.,

Processing research showed that where the boric oxide donor was applied from a wet sys-
tem, the drying operation was critical. The criticality of the drying operation stems from
the relationship of the vapor pressure of the boric oxide donor (especially boric acid) to
the humidity and the temperature of drying. For this reason, solvent systems using alcohols
or alcohol-water mixtures were evaluated as a means of impregnating the fibers with boric
acid. Methanol, ethanol, isopropanol, and glycerol as pure compounds or s water mixture were
used as the solvent for the boric acid. The formulations were padded onto the rawstock or
the finished batting and then dried, or alternatively the formulations were sprayed onto webs
from garnetting which were lapped into batting and then dried. Problems were again encount-
ered in the drying operation because of the formation of volatile borate esters.

An examination of the chemistry involved disclosed that boric acid readily forms highly
volatile csters with both ethanol and methanol. Calculations showed that the losses of boric
acid during the drying of batting treated with formulations containing methanol or ethanol and
boric acid were probably due to the formation of esters which were in effect distilled off
during the drying operation. This analysis of the physical chemistry provided a basis for
the hypothesis that it might be possible to climinate the wet processing of the fibers simply
by exposing them to the vapors from methyl or cthyl borate and utilizing the reversible nature
of the chemical reaction to accomplish the deposition of boric acid on and within the cotton
fibers.

This concept was proved viable and feasible whon samples of cotton batting or cotton
batting rawstock werc exposed to the vapors emanuacing from cither methyl or ethyl borate
formed by dissolving boric acid in either methanol or cthanol. In this procedure, the fibers
were suspended above the solution that supplied the vapors. At no time were the fibers in
contact with the liquid; consequently, no drying was neceded. The boric acid add-on achieved
by exposure of the fibers to the vapors of methyl or ethyl borate was found to be dependent
upon their moisture content when they were first exposed to the vapors. Increasing the tem-
perature of the vapors did not significantly improve the efficiency of the conversion of
methyl borate to boric acid and methanol when the vapors contacted the moicture in the fibers.

‘Ine Latch vapor phasc procedure to impregnate cotton batting with boric acid was con-
verted to a continuous process. A pilot plant processor was designed, constructed, and test
operated. For continuous opcration, methyl borate was found to be the most suitable source
of vapors. Products containing 5% boric acid add-on obhtained by the vapor phase process
consistently pass FF 4-72. Conditions for this add-on at ambient temperature and pressure
scem to require 0.149 gm./1. volume of boric acid in the vapor, a vapor velocity of 100 ft./
min., an initial cotton moisturc content of about 8 to 10%, and a residence time of about
2.4 minutes. Additional resecrch is under way tc investigate other process variables and to
reduce the residence time.

Continuous treatment wa. carried out on hoth cotton batting and roughly opened rawstock.
Boric acid add-on obtained was dependent upon exposure time, initial moisture content of the
fibers, vapor concentration of methyl borate, and the amount of fibers being prccessed at
any given time. Somc gradient in the add-ons obtained were found with add-ons decreasing in
the path of the vapor flow through the fibers being treated. If rawstock is treated the
mechanical manipulation of the fibers will tend to even out the nonuniformity in add-on (21,
22).
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JUHER TECHNIQUES IN COTTON FINISHING

Techniques for finishing cotton are too numerous to cven try to mention in this short
spiace, so I wiltl limit my comments to four arcas of finishing resecarch: (a) mildew and
rot resistant cotton, (h) stret:h cotton yarns and fabric, (¢} oxidation, and (d) multi-
functional finishing.

Althoupgh we already have manv mildew and rot resistant finishes, thev have weaknesses
or limitations. Some are verv expensive; some have disagrecable odors; some are not
effective cnough.  Therefore, we have undertaken a study to develop better mildew and rot
resistant finishes which are necded for manv products used outdoors such as tents, tarpau-
lins, and awnings,

We have recently found that certain zirconium compounds can solubilize many normally
insoluble antimicrobial acents,  For best mildew and rot resistance these agents must be
put into the cotton fabric in o form that resists removal by leaching, Thus, the antimicro-
bial agent is dissolved in an oagueous zirconium solution. padded in fabric. and finally
heated to about 1157 €. to decompose the solubilized compound and to deposit the antimicro-
bial agent and Circonia as an cssentiallv insoluble product. This process has been used to
trecat cotton fabrics with sceveral antimicrobial agents. The technigque appears to have
opened a new and attractive approach for finishing cotton fabrics,

Fabric rreated with zirconvl ammonium carbonate and copper borate and subjected to
weathering retained over 50% of its strength after 12 months cexposure and was essentially
free of mildew. [Incorporation of this finish with a water repellent and suitable light-
screening pigments should give outstanding weather resistance.  The chemical cost of this
finish has been estimated to be about onc-third of the cost of a commonly used finish,
copper 8-quinolinolate, and it is just as effective and just as casily applied. The market
potential for cotton fabrics finish~d with antimicrobial agents is estimated to be equiva-
lent to 265,000 hales of cotton  The major potential is for tarpaulins, shoe linings, and
tents,

streteh Fabrices

We have conducted rescarch in o very broad spectrum with respect to both yarns and
fabrics. I shall limit this discussion to only one approach for making varns and onc for
fabrics., Streteh yarn is produced by wetting the original plied yarn with an aqueous solu-
tion of a crosslinking agent used to produce wash-wear propertics, twisting the yarn to a
very high degree, then heating to promote reaction of the chemicals with the cotton.
Finally, the yarn is backtwisted to a considerable degree,

This stretch yarn can he woven into fabrics, Woven fabric can have about 70% stretch
with good rcecovery, Such falirics compete favorably with high stretch fabrics made from
textured synthetic fibers. labries woven from cotton stretch yarn have large potential
market, Most of this potential is in apparel goods, although a small amount would go into
houschold and industrial uses,

Now we shall discuss o process for treating fabric to impart stretch. ‘This process,
called slack or tensionless mercerization, is a sy simple technique--at least it can be
described very simply.  The process amounts to immersing cither woven or knit goods in a
solution of sodium hydroxide of abont 23% concentratio-, allowing the material to shrink,
then washing and drying it at constant dimensiors, ‘The amount of shrinkage that occurs
during the caustic treatnent is closely related to the streteh propertices that are later
ohserved in the fabric, It is easy to get shrinkage; it's casy to get stretch; the diffi-
culty i, in producing a stretch fabric having goed recovery propertics. In other words,
reccovery is the important thing that had to be accomplished through rescarch.  This has
been accomplished for woven cotton fabrics throngh use of the proper yarn and fabrice struc-
tures and suitable processing,
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Some of the more important points to keep in mind for the production of onc-way
stretch fabrics include the following:

1. Use singles yvarn in preference to plied yarn.

2. Use high twist yarn in preference to low twist,

3. Reed out fabric 5-20%.

4. Increase the number of yarns Jer inch in the filling, rather than decrease.
5. Use larger warp varn than filling yarn.

6. Usc 23% NaOll at less than 50° C.

7.  Maintain warp tension through the wet processing.

8, After mercerization, wash and dry fabric at constant dimension.

Stretch fabrics made by slack mercerization generally are significantly more resistant
to abrasion than similar nonstretch cotton fabric--as much as a fourfold increase for some
fabrics. However, tensile and tear strengths are generally unchanged by the slack merceri-
zation process. For most apparcl uses, a wash-wear finish must be applied to the stretch
fabric not only to impart wash-wear properties but also to improve the recovery properties.
On the average, apparcl-type fabrics have about 15% stretch after slack mercerization and
the application of a wash-wear finish. The term "stretch' is the clongation obtained when
a 2-inch strip of the fabric is loaded with a 4-pound weight.

Total operating costs for producing fabrics with filling stretch have been estimated
at about one cent per squarce yard while two-way stretch fabrics are estimated to cost abhout
four cents pcr squarc yard. ‘these figures include direct costs. indirect costs, fixed
costs, and general expenses bused on an annual production of 20 million yards of filling
stretch fabrics and 5 million vards of two-way stretch fabrics,

All-cotion stretch hose can be made by slack mercerization. The method being investi-
gated consists of slack mercerizing very loosely knit hose. The hose are knit about twice
the normal length but with the same number of courses. For best results, the hose should
be knit on a cylinder approximately 25 to 30% narrower than normally used, as therc is
little or no shrinkage in the width of the hose during slack mercerization. The loosely
knit hose is then slack mercerized, blcached, and dyed. A softer hand is obtained by
mercerizing in 15% caustic and by applying a softener after dycing. Low twist yarns spun
from long staple cotton arc also rccommended to give a softer hand. Approximately 50%
shrinkage in the length occurs during mercerization of grey hose.

These cotton socks have the properties of a good cotton. They are absorbent; they
feel good; they do not bind the leg: they mercly cling lightly to the leg. The socks grow
somewhat during the day's usc but it returns to its original size each time it is wushed.

Sculptured cotton lace can also be prepared by the differential shrinkage treatment
using slack or tensionless mercerization (24, 25, 26). Almost all laces with any raised
or three-dimensional cffects are made by first weaving the design in a flat figured fabric
and then reworking by hand or machine with thread, cord, tape, ribbon, etc., over parts of
the design. This is an expensive process, adding considerably to the price of the finished
lace, but necessary for the rich, three-dimensional effect,

The results of recent rescarch at this laboratory show that heavy three-dimensional
laces with a rcembroidered, textured appearance may be produced from relatively flat in-
expensive laces hy differential shrinkage treatments. This should be of great importance
to the high fashion lace industry. In addition to having a richer, handsomer. and more ex-
pensive apperrance, the laces have increased toughness, improved dimensional stability, and
comfort stretch propertics,
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The basic requirement of the slack mercerization process is that the lace be permitted
to shrink in both lengthwise and widthwise directions without restrictive tensions. lLace
is permitted to shrink in a 22-25% NaOH solution at 110° F, for 3 to 5 minutes and washed
to remove the caustic.

In wearing apparel, most laces can only be dry cleaned, and for lace this is an expen-
sive process. Laundering is preferable for cotton laces but can very rarely be done without
irreparable damage due to shrinking. However, a slack mercerized, resin-finished cotton
lace garment can be safely home laundered.

Oxidation

Since the discovery hy Cricgee that saturated alcohols arc oxidized by lead tetra-
acetate, this rcaction has been applied intensively in the field of carbohydrate chemistry
(23). lHowever, very few oxidations of polysaccharides with lcad tetraacetate are reported
in the literature, and in all these cases the consumption of the oxidant was very small.

By optimizing the reaction conditions, we have increased significantly the rate of oxidation
of cotton by lecad tetraacetate. Acetic acid solutions of lead tetraacetate arc very stable
under the conditions uscd. lsc of sodium acetate as catalyst, clevation of the temperature
at which the rcaction was carried out, and increasing the concentration of lead tetraacetate
increased the rate and amount of oxidation of the cotton (from 1.1% to as high as 33.5%
oxidized). Samples which were 13% oxidized were completely soluble in 10% aqueous NaOH,
This could be done in within 15 minutes. Oxidized cotton samples, after treatment with 3%
NaBHy which converts carbonyl groups to hydroxyl groups, showed no ion exchange capacity.
The solubility of the fabric is attributed to the presence of aldehyde groups with con-
current carbon bond scission in the cellulose. In contrast to periodate oxidation of
cotton, the fabric imparted no increase in dry wrinkle recovery angle. The wet wrinkle-
recovery angle for the oxidized cotton was 38 to 40° higher than the control (27).

Multifunctional Finish for Cotton

A simple mcans of combining color and crease resistance to cotton fabric using conven-
tional dycing or finishing equipment has been the object of several recent investigations.,
We have found that color and wrinkle resistance, which is not removed by acid or alkaline
treatment, can be imparted to cotton simultancously by treatment with aqucous solutions of
compounds containing aziridinyl groups and mono- or dichlorotriazine dyes. The reactions
take place in an acid system, and the reaction with aziridinyl derivatives is believed to
be in two steps. One involves the formation of an immonium ion by protonation, and in the
sccond step the ring is opened by a suitable nucleophilic agent yielding the colored
addition product. Simultancous application of the dye and the crosslinking agent, both in
the laboratory and the pilot plant, has resulted in brightly colored crosslinked fabrics
which have durable colorfastness and wash-wear propertics.
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Figure !

Features of the cotton cellulose fiber that arc involved in the
cross-linking reaction: A--a scction of a fiher; B--an clectron
micrograph of an expanded cross section of a cotton fiber; (--a
portion of the cxpanded cross section under highest magnification;
D--an electron micrograph view of the longitudinal structure and
microfibrils in a slab torn from a cotton fiber; and LE--two D-
glucopyranosyl units which constitute a portion of the molecular
chain of cellulose,



19

(HOCHz)ZPCHzﬂGHZOH
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Figurce 2. Neutralization of THIPC,
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Figure 4. Flamc resistance of three cotton fabrics after re-
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Studies on Chemically Modified Celluloses

Dr. A. Hebeish
Textile Research Division
National Research Centre

Chemical modification of cotton to impart new and improved properties to it while
retaining its fibrous character has long been the objective of many investigators. This
rcport presents a summary of and main conclusions arrived at from the major studies on
chemical modification of cellulosc that have been carried out in the Textile Research
Division, National Rescarch Centre, during the past 15 years.

PARTIAL CARBOXYMETHYLATION

Semicontinuous and continuous methods (1-3) have been introduced for the preparation
of partially carboxymethylated cotton (PCMC) with adequatc degree of substitution (DS).
The general procedure involved padding with chloroacetic acid or sodium chloroacetate
followed by padding with sodium hydroxide. Thus, the dry cotton fabric was padded with
chloroacetic acid or its sodium salt of specified concentration (0.5-6N) to a wet pickup
of about 75%. The fabric was padded again with sodium hydroxide solution of different
concentrations (9, 12, and 16N) to a wet pickup of about 140%. Completion of the reaction
was achicved by any of the following methods: (1) the padded fabric was rolled and stored
at room temperaturc for varying periods (1-24 hrs.); (2) the padded fabric was wet steamed
for 5 min., the other conditiouns being the same as in method (1); (3) the fabric was given
the same trecatment as in (2) but was uscd as such without storage; (4) the fabric after
storage for varying periods was placed between two hot plates and then kept at 100°-160° C.
for 5 min.; (5) the fabric was subjected to the same treatment as in (4) but was used as
such without storage; (6) the fabric was padded with chloroacetic acid as in (1-5) and
then treated in a laboratory jigger with sodium hydroxide solution (material-liquor ratio
1:25) for 1 hr. at room tempecrature. The fabric was then squeezed, washed, neutralized
with 1% HC1 for § min., washed, treated with 2% NaHCO3, washed again to neutrality, and
finally dried.

Factors affecting the partial carboxymethylation of cotton were investigated (4).
The DS of PCMC increased by increasing the chloroacetic acid concentration up to 3N. Be-
yond this no increasc in DS was observed. In contrast, the DS increased by increasing
sodium chloroacetate concentration. The cffect of increasing sodium hydroxide concentra-
tion was to bring about considerable cnhancement in DS of PCMC. The DS was also dependent
on the method used for preparation of PCMC.

The cffect of the nature of the padding techniques followed and the different vari-
ables involved (concentration of reagents, duration of storage, and temperature) on the
degradation of cotton ceilulosc during its partial carboxymethylation have been investi-
gated, taking the degree of polymerization (DP) and copper number as the criteria for the
extent of degradation (5). Whatever the padding technique followed, therc was a slight
decrcasc in the DP and slight increase in the copper number of PCMC. Increase in sodium
hydroxide concentration cansed a decreasc in the DP and an increasc in the copper number.
Increase in chloroacetic acid and its sodium salt concentrations was accompanicd by a
slight increasc in the DP and a slight lowering in the copper number. Increasing the stor-
ing period was accompanied by a gradual decrease in the DP and a gradual increase in copper
number. Baking temperaturc had practically no cffect on the DP and copper number values.,

partial carhoxymethylation of a polyester/cotton blended fabric was studied under a
varicty of conditions using the padding techniques and aforementioned methods (6). Partial
carboxymethylation was accompanicd by a decrease in the polyester component of the blend.
The decrcase was influenced favorably by the increase in the concentration of
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carboxymethylating agents, storage time, and conditions of baking. The modified blend
fabric showed a significant improvement in moisture regain and a substantial loss in
tensile strength (6).

Trials have been made to introduce the partial carboxymethylation in the wet pro-
cessing of cotton fabrics with a view of omitting desizing and mercerization and there-
by reducing conventional operations commonly used in the wet processing (7). Furthermore,
partial carboxymethylation of scourcd cotton fabric was carried out so as to give PCMC
having different DS's. Thesc modified cotton samples were blcached with sodium hypo-
chlorite and sodium chlorite and compared with blcached scoured and alkali-treated con-
trols. The blecached substrates were analyzed for total size, carboxyl content, copper
number, DP, tensile strength, clongation at break, degree of whiteness, and wettability.
The comparison indicated that the propertics of PCMC werce comparable, if not superior, to
alkali-trcated control. The same situation was encountered with respect to dyeing with
reactive dyes and easy care finishing with dimethylol ethylene urca (8).

The behavior of PCMC towards acid hydrolysis, oxidation, acetylation, and nitration
was studied (9). PCMC resisted acid attack to a greater extent than alkali-treated con-
trols, and the resistance to acid attack increased with increase in DS. Acid hydrolysis
of PCMC was accompanied by a decrcase in the carboxyl content, which increased with the
increase in the duration of hydrolysis. The resistance of PCMC samples to oxidation by
sodium metaperiodate was more than that of alkali-trcated samples; oxidation by sodium
metaperiodate did not affect the carboxymethyl content of the samples. The carboxyl
content increascd to the samc cxtent in both modified and alkali-treated controls for
the same amounts of oxygen consumed. The rate of acetylation of PCMC was much lower than
that of alkali-trecated control. ‘The extent of esterification of PCMC decreased with in-
crcase in DS. Nitration of PCMC was accompanied by a decreasc in its carboxyl content,
but acctylation had no such effect. The decrcase in carboxyl content of PCMC as a result
of nitration was explained on the basis of decarhoxylation reaction.

ACRYLAMIDOMETHYLATION

The pad-dry-cure method and the pad-wet-batch method have been applied to prepara-
tion of acrylamidomethylated ccllulose (AMC). The latter was prepared by reacting cotton
cellulose with N-methylolacrylamide or its cthers in acidic medium under a variety of
conditions (10). The extent of the reaction, expressed as a molc double bond per 1g
cellulose, increased by increasing the concentration of N-methylolacrylamide or its
cthers. However, the pad-dry-cure technique produced AMC with greater amounts of double
hbonds than the pad-batch technique. Also, the recactivity of the etherifying agents
follow the order N-methylolacrylamide > N-methoxymethylolacrylamide > N-methoxymethyl-
methacrylamide,

The behavior of AMC in necutral, alkaline, and acidic media was studied (10). No
change in the amount of the pendent double honds of AMC occurred in ncutral medium regard-
less of the conditions employed., On the contrary, disappearance of the double bonds took
place in alkaline medium, The cxtent of disappearance depends on the kind of alkali used
as well as on the conditions implemented. It was disclosed that consumption or the pen-
dent double bonds of AM( occurred mainly via addition of the cellulose hydroxyls to yield
a crosslinked cellulose. ‘Treatment with hydrochloric acid, on the other hand, resulted
in partial splitting of the acrylamidomethyl groups as well as addition of the acid on
the pendent double honds of AMC.

ACETYLATION

Fibrous acetylation of the cotton component in the polyester/cotton blend was carried
out at room temperature using a mixture of acetic anhydride and benzene (6:94) for 1 hr.
and a liquor ratio of 1:30. Perchloric acid in glacial acetic acid (1%) was used as
catalyst (11). ‘The modified substrates werc dyed under various conditions with a number
of dispersc dyes by either the exhaustion method or the pad-thermofixation method. It was
found that the values of color strength for the modified substrate were much greater than
the corresponding values for the unmodified blend. The overall fastness properties of the
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dyed blend before and after modification were comparable, indicating that acetylation
prior to dyeing had practically no adverse cffect on the fastness properties of the
dyed goods,

INTRODUCTTON ON AROMATIC AMINO GROUPS

A novel method for preparation of cellulose bearing aromatic amino groups by reacting
cotton cellulose with 2,d-dichloro-6-(P-nitroanilino)-S-triazine in presence of alkali and
subsequent reduction of nitro groups to amino groups was described (12). The technical
procedure adopted was as follows: The cotton fabric was padded in an acetone solution
containing 1% of the triazine and 2% NaOlf to a wet pickup of about 80%. The fabric was
then heated for & min. at Y0° €. After being thoroughly washed and dried, the fotric was
treated with thiourea dioxide (5%) at pH 8 at room temperature. The temperature was then
raiscd to 80° C. and the treatment was continued at this temperature for 5 min. The fabric
was then thoroughly washed, driced at ambient conditions, and analyzed for nitrogen.

Factors affecting the extent of the rcaction, expressed as percent nitrogen, were also

studied.  The extent of the reaction was found to depend upon alkali conceniration, dura-
tion of heating, and reaction temperature as well as reaction medium.

INTRODUCTION OF CARBAMATE GROUPS

Cellulose carbamate was prepared by reacting urea with cotton cellulose (13). Cotton
fabric samples were impregnated in aqueous urca solutions (5-80%) for 10 min. at room
temperature using a liquor ratio of 1:30. Following this, samples were squeczed to give
a wet pickup of about 100%. They were then air dried and subjected to heat trcatments
(80-180° C.) for 30 min. After that period, the samples were thoroughly washed and dried.

The behavior of eellulose carbamate toward acid, alkali, and thermal treatments was
examined (13). Cellulose carbamate having a nitrogen content of 1.6% withstands boiling
in 2% sulfuric acid for up to 2 hrs. and was stable to thermal treatment at 180° C. for
up to the same time. In contrast, boiling in dilute alkali causes hydrolysis of the
carbumate groups. The cxtent of hydrolysis depends on alkali concentration and temperature
of the treatment.

Reaction of cellulose carbamate with p-nitroaniline was investigated by adopting three
techniques (13).  The first involved padding of cellulose carbamate with p-nitroaniline
dissolved in acetone and then drying and baking at 180° C. The sccond entailed padding
cotton fabric in an aqueous arca solution, drying, then padding in a solution of p-nitro-
aniline in acctone, drying, and baking. The third technique consisted of padding cotton
fabric in « solution containing urea and p-nitroaniline dissolved in an acetone/water mix-
ture, then drying and baking. The three techniques were found to bring about identical
extent of reaction.  The latter relics on concentrations of ureca and p-nitroaniline as well
as on the temperature and duration of baking. While a concentration of 60% constituted the
optimal urca concentration, the extent of the reaction increased as p-nitroaniline concen-
tration increased. No reaction occurred below a temperature of 120° C. Above this the ex-
tent of reaction increased by raising the baking temperature to 180° C., which was the high-
est temperature usced. The same holds true for reaction time, except that the rate of the
reaction does slow down with time. A tentative mechanism of the reaction was suggested.
Reaction of cellulose carbamate with p-nitroaniline seems to occur via direct condensation
of the amino group of p-nitroaniline with the carbamate groups of cellulose carbamate.

The reaction product of cellulose carbamate with p-nitroaniline could be uscd to bring
about a sct of different colors by subjecting it to reaction, diazotization, and coupling
with different conplbing agents.  Trials to replace p-nitroaniline with o-nitroaniline and
aniline were also made (13). - -
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GRAFTING

Work on vinyl graft polymerization onto cotton and modified cottons deals with the
following aspects:

1. Effect of the fine structure of cellulose on the grafting reaction,
2. Effect of changes in the physical and/or chemical structure of cotton
ccllulose brought about by etherification, esterification, crosslinking,

and oxidation.

3. Feasibility of a number of initiators which have been suggested or actually used

for vinyl polymerization in inducing graft polymerization of vinyl monomers onto
cotton and modificd cottons.

4. Characterization and properties of cellulose graft copolymers.

Fine Structure

The cffect of the fine physical structure of cellulose on the general kinetics of the
grafting rcaction has been studied (14-15). No direct relation could be obtained between
the accessibility of cellulosc and the graft yield per cent when grafting was induced by
hoth the chemical (15) and the radiation method (17). A lincar relation could only be ob-
tained by suitably modifying the grafting method to suppress homopolymerization.

Substratc Structure

The behavior of chemically modified celluloses, brought about by etherification,
esterification, crosslinking, and oxidation toward grafting was shown to depend essentially
upon the influence of newly created or introduced groups on the properties of cellulose,
Among these are:

A. Variation in thc fine structure (perhaps the cecllulose is held in an open state).
B. Swelling of cellulose.
C. Availability and accessibility of the cellulose hydroxyls to reaction.

D, Reactivity of the cellulose hydroxyls in the presence of the newly crecated or
introduced groups.

E. Specific localization of the newly created or introduced groups on thec anhydro-
glucosc unit of cellulose.

F. The type of recaction between the cellulose and initiator (whether specific or
or nonspecific).

G. Recactivity of the introduced group with the initiator.
H. Affinity of thc monomer to modified cellulose.

In general, if the introduced groups increase the magnitude of A, B, C, and D or if
they act as additional sites for grafting (i.e., G), grafting would be grcatly cnhanced.
Among the modified cottons which constituted ecxamples of this were partially carhoxymethy-
lated cotton (PCMC) (18, 19), cyanoethylated cotton (19, 20), carbamoylethylated cotton
(19), and cellulose carbamate (21)., Conversely, lower grafting would occur if the intro-
duced groups adverscly affect the reactivity of cellulose hydroxyls. The same situation
would be encountered if the groups of the chemically modified cellulosc take place at the
same carbon atom in the anhydroglucose unit of cellulose, the hydroxyl groups of which are
liable to react specifically with the initiator. These were cxemplified by grafting on
acetylated cellulose (22), crosslinked cellulose (23), as well as acrylamidomethylated
cellulose and its reaction products with mercabtoethanol or hydrogen sulfide (24).
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Vinyl graft polymerization onto modified ceiluloses has evoked considerable interest
in the graft yield. TIndeed, grafting of synthetic polymer chains onto the modified
celluloses has proved of valuc in getting a good understanding of the kinetics and
mechanisms of grafting as well as in obtaining basic information needed for improvements
to be made in the properties of the product. Somewhat detailed information about the
susceptibility of modified cottons to grafting using different initiators are given below.

Initiators

The capability of a number of initiators to initiate vinyl graft polymerization onto
cellulose and modified celluloses has been investigated. Among thesc initiators were
ceric ammonium nitrate, ceric ammonium sulfate, potassium permanganate, azobisisobuty-
ronitrile, potassium bromate-thiourca, dimethylaniline-benzyl chloride mixture, dimethyl-
aniline-cupric ion, and hydrogen peroxide-thiourca dioxide.

Ceric lon (Celv). Ce'V-oinduced graft polymerization of various vinyl monomers on
cotton and modificd cottons under different conditions has been extensively studied (14-16,
18-20, 23, 25). Graft yicld and monopolymer formation as wcll as ceric consumption during
grafting and oxidation were found to depend upon the nature of the substrate, concentration
and reactivity of monomer, concentration of Ce!V, rcaction temperature, and recaction time.
By way of example, mention is made of the following:

Grafting of PCMC with acrylonitrile, methyl methacrylate (MMA), and acrylamide was
effected using CelV as the initiator (18). Under similar rcaction conditions, the graft
yicld increased by increasing the DS of PCMC up to 0.124, beyond which the grafting de-
creased. However, the graft yields for PCMC were significantly higher than those for
native cotton and alkali-trcated control. Reactivities of monomers were in the order
ANIMMAPAM,  Increasing the monomer concentration causcd a substantial increasc in the
graft yields. The same cffect was found with initiator up to a certain concentration,
but beyond it there was a reversal. The CelV consumption during grafting increased with
rising concentration of CelV but decreased with rising monomer concentration. Comparison
of CelV consumption during grafting and oxidation showed that their magnitudes depend on
the nature of the substrates, monomer, and initiator as well as the reaction condition.
Grafting had practicallv no effect on the carhoxvmethyl (expressed as carboxyl group) of
modified cotton.

CelV-induced grafting of MMA and AN on cellulose bearing different substituents was
investigated (19). While cellulose bearing either cyanoethyl ur carboxymethyl groups
showed higher graft yields, cellulosc bearing both groups showed lower yields. Presence
of acrylamidomethyl groups in the cellulose molecules reduced its reactivity to grafting.
The same holds true for cellulose bearing acrylamidomethyl groups along with carboxy-
methyl groups. On the other hand, introducing carbamoylethyl groups in the cellvlose
molecule enhanced significantly the susceptibility of ccllulose to grafting. This was also
observed with cellulose bearing cyanoethyl and carboxyethyl groups. Treating cellulose
with N-methylolacrylamide in alkaline medium scemed to produce a crrsslinked cellulose
with lower reactivity to grafting. The results obtained with the different substrates
were discussed on the basis of the change in the physical and/or chemical structure of
cellulose brought about during its modificniion as well as on the nature of the sub-
stituent groups introduced. The mode of CelV attack on cellulose was also clrssified.

celV- induced grafting of MMA and AN to cotton celltlose crosslinked in either the
wet or dry state has been also studied (23). It was found that the graft yields obtained
with dry crosslinked cellulose were much lower than those of the control, whereas the
yield obtained with wet crosslinked cellulose and the control were comparahle. Dry
crosslinking prior to grafting seemed to cause a significant structural changc, parti-
cularly in the disordered region, reducing the accessibility of these regions to graft-
ing. Wet crosslinking, on the other hand, appeared to stabilize the uncollapsed state
of the cellulose, thereby leaving its susceptibility toward grafting practically un-

altered. The consumption of celV during grafting was higher than that during oxidation,
probably because of omopolymer formation. This was observed with the cross inked

cellulose as well as with the controls. The CeV consumption during oxidation of cross-
linked cellulose was comparable to that of the controls regardless of the crosslinking
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method. The bound formaldchyde in crosslinked cellulose decrecased after CelV treatment,
indicating some cleaviage of the crosslinks, '

Mangancse {iv). The ability of potassium permanganate in the presence of different
acids to induce grafting of MMA and AN onto sodium hydroxide-treated cotton (control)
PCMC partially cyanocthylated cotton, and partially acetylated cotton was investigated
(20). The copolymerization reaction was carricd out under a variety of conditions. 'The
graft yields were greatly enhanced by increasing concentration of monomer, rcaction time,
and temperature.  The opposite holds true for initiator at higher concentrations. The
etftectiveness of the acids was nitric acid » sulfuric acid 3 perchloric acid  hydro-
chloric acid.  The chunge in the physical and/or chemical structurc of cellulose by its
modification via ctherification reaction or esterification reaction had a significant
effect on the susceptibility of cellulose toward grafting, While partial carboxymethyl-
ation or partial cvanocthylation of cellulose prior to grafting increased the graft yield
partial acetyvlation caused o decrease.

Acobisisobutyronitrile (AIBN}. CGrafting of MMA on cellulosic materials by chain
transfer under the catalytic influence of AIBN was extensively studied (27). The graft
vield was influcnced by reaction time, temperature, monomer and initiator concentration,
rcaction medium, and nature of the substrate.  In gencral, the grafting recaction showed
an induction period after which the polymerization nroceeded rapidly. The graft yield
increased and the induction period decrcasced by rising the rcaction temperature from 50°
to 70° C. This was ualsc the casce when the monomer concentration was increased from 2 to
6%.  Increasing the AIBN concentration up to 0.01M caused a significant cnhancement in
grafting, whilce further increiise brought about a marked fall in the graft yicld. Of the
reaction media studied, o water/solvent mixture containing 25% of methanol, cthanol,
propanol, butanal, or acctonc scemed to constitute a recaction medium where the monomer
and initiator were completely miscible and the swelling of cellulose by water was not
hindered by the presence of the solvents.  Increasing the solvent ratio in the water-
solvent mixture caused 4 considerable decrecase in the graft yield, The polymer content
of the cellulosic materials, i.e., the graft yiceld, followed the order PCMC » cotton
treated with 12N sodium hydraxide >  cyvanocthylated cotton ¥ cotton treated with 0,5N
sodiwe hydroxide » purificd cotton, In addition, proof of grafting was provided by the
fractional precipitation method,

Dimethyvlanilinc (ll.\ll\)-(qu+ fon. Graft polymerization of MMA on viscose fibres in-
duced by the DMA-Cus® jon system was investigated under different conditions (28).
Variables studicd included concentration of DMA, Cult ion, and MMA, rcaction times and
temperaturce.  There were optimal concentrations of DMA and Cu”* ion. Below or above these
concentrations, lower grafting occurred.  Within a reaction time of 4 hr., the grafting
reaction showed an initial fast rate followed by a slower one at 80° C. At 70° C., on
the other hand, the praft yicld increased in proportion to the increase in reaction time.
Increasing the monomer concentration did not have a significant effect on the graft yield
during the first 153 min. of ccuaction. Beyond this, the effect of monomer concentration
was marked,

Dimcthylaniline - ) i 1. The feasibility of DMA-BC mixture to
initiate graft polymerization of MMA on PCMC was cxamined (29). The graft yield relied
on the naturc of solvent usced along with water. Ethanel proved to be the best at a water:
cthanol ratio of 90:10. Considerable grafting occurred in presence o acetic acid at a
concentration of 200 m mole/t. Higher concentrations of this acid de:recased the grafting
significantly. ‘he graft yicld obtained in the presence of formic acid was much lower
than acetic acid, whercas inclusion of hydrochloric acid or sulfuric acid in the graft
polymerization system prevent prafting., DMA-BC mixture at a concentration of 0.08:0.087
mole/1. constituted the optimal concentration for grafting., This contrasted with
0.32:0.35 mole/l. for total conversion. The rate of grafting increased by raising the
polymerization temperature from 50° up to 75° (. Furthermore, increasing the monomer
concentration caused a significant enhancement in the graft yield and total conversion.
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Hydrogen Peroxide-Thiourea Dioxide. Cotton ccllulose was independently oxidized with
potassium periodate, potassium dichromate-sulfuric acid, and potassium dichromatc-oxalic
acid and the resulting oxidized celluloses were further modified by treatment with chlorous
acid or sodium borohydride. The various modificd celluloses so obtained were grafted with
2-methyl-5-vinyl pyridince using thiourca dioxide-H20, redox system (30). It was found that
the initiation characteristics of the cellulose samples varied widely with oxidizing agent
used. Further modification of the oxidized celluloses by trecating them with chlorous acid
enhanced considerably their susceptibility toward grafting. ‘The opposite held true when
these oxidized celluloses were modified by sodium borohydride trecatment. Excluding thio-
urca dioxide trom the polymerization system offset grafting into cellulose, while consider-
able grafting took place on the various oxidized celluloses and their further modified
samples. The work was also extended to study the factors which affect the graft yield,
homopolymer formation, and total conversion. In addition, the rcactions involved in
initiation of grafting were clucidated.

Characterization and Propertics of Cellulose Graft Copolymers

Various cellulosic substrates, v.z., native cotton, sodium hydroxide-trcated cotton,
viscose, and ramic were prafted at 20° €. with AN by the Ce!V method. Ramie was also
grafted with the same monomer at 10° C. and 60° C. [Isolation of PAN side chains of the
graft copolymers was performed by acetolysis of the cellulose backbone. Number average
moleccular weight (Fm) of the graft as well as the homopolymer was determined viscometric-
ally (31). It was found:

A. That Mn of homopolymers were considerably higher than thosc of grafted pulymers.

B. That Mn of the grafts as well as homopolymers depended upon the nature of the
substrate and followed the order Native cotton ) viscose )» sodium hydroxide-
treated cotton > ramiec.

C. ‘That Mn of grafted polymers were comparable at 20° C. and 40° C., while at 60°
C. they were significantly lower.

Determination of moisture regain of grafted products was also carried out (31). The
moisture regain of polyacrylonitrile-cellulose graft copolymers was less than the theo-
retically calculated value of physical mixture of cellulose and PAN. Also, the moisture
regain values based on weight of cellulose content only were less than those of untreated
celluloses.,

The mechanical propertics of cotton fabrics grafted with methyl acrylate, MMA, AN,
and mixturc of these monomers were cxamined (32). Properties examined included tensile
strength, breaking clongation, tear strength, abrasion resistance, creasc recovery,
flexural rigidity, and tensile reccovery., It was found that somec of these properties were
improved by grafting, some were unchanged, and others were slightly deteriorated, the
changes being dependent on the nature of polymer and extent of grafting.

The behavior of cellulose grafted with poly(MMA) and poly(AN) toward some direct and
reactive dyes was investigated (33). Exhaustion rate of the dyc onto fibers was governed
by the amount and naturc of the polymer grafted. In general, the dyc affinity for cellu-
losc¢ and dye exhaustion onto fibers decrcased as the graft yield increased. Dye affinity
for the PAN-ccllulose graft copolymers was greater than that found with PMMA-cellulose
graft copolymers. [Except in few cases, the tendency of cellulose graft copolymer of about
13% graft to accept direct dyes was more than that of the untrcated cellulose, whercas the
affinity of recactive dyes for cellulose graft copolymers of up to about 43% polymer was
more than that of the untreated cellulose. The dye fixation, based on the weight of cellu-
lose component, increased as the graft yicld increased.



31

Dyeing of modified celluloses and their corresponding controls (unmodified cellu-
loses) was pertformed under identical conditions using some rcactive dyes (34). The
modified celluloses examined were partiaiiv acetylated cellulose, partially carboxy-
methylated cellulose, cyanocthylated cellulose, carbamoylethyl cellulose, and PAN-
ccllulose graft copclymers. Partial acetylation up to 7% combined acetic acid prior to
dycing caused an enhancement in dye fixation. Above this value, no perceptible shade
could be obtained. A decrease in dye fixation was obscrved with partially carboxy-
methylated celluiose and PAN-cellulose graft copolymers, particularly at higher extents
of modification. On the other hand, increasing the extent of chemical modification via
cyanocthylation or carbamoylethylation was accompaniced by an increase in dye fixation.

Fading studies (34) revealed that at the same dye concentration on partially
acctylated cellulose and its corresponding control, the former showed decrcased fading.
The opposite holds true for partially carboxymethylated cellulose, cyanocthylated cellu-
losc, carbamoylethyl cellulose, and PAN-cellulose graft copolymers. It was also found
that chemical modification of cellulose prior to dycing did not alter the fading order
of the dyce. Furthermore, the characteristic fading curves of the recactive dyes on the
modified celluloses and the controls showed that chemical modification of cellulose prior
to dycing had no significant effect on the change of the dye distribution with its
concentration on the substrate,

Similar studics have been carried out using some direct dyes (35, 36).

CROSSLINKING

The literature relevant to casy carce cotton finishing has been reviewed (37, 38).
A new catalyst system basced on a mixture of boron trifluoride-acetic acid complex
(BF3-2CH3C00H) and magnesium chloride hexahydrate (MgCl2-6 H20) has been examined (39).
It provides strong catalysis in crosslinking cotton with a scries of N-methylol finishing
agents when the pad-dry-cure process was applied.  Curing could be carried out at a
temperature of 130°-150% €. for a period of 1-3 min. depending on the temperature used.
The resilience and abrasion resistance as well as the degree of polymerization (DP) of the
crosslinked cotton so obtained were equivalent or slightly better than those of cross-
linked catialyzed by conventional catalysts. ~The influence of the new catalysts as well
as a number of conventional catalysts (viz., ammonium chloride, ammonium dihydrogen phos-
phate, magnesium chloride hexahydrate, and zine nitrate hexahydrate) on some properties of
cotton was also investigated., The behavior of these catalysts in the presence of the
N-methylol finishing agent was quite different from their behavior in its absence. With
the exception of ammonium salts, the DP of crosslinked cotton was much higher than that of
cotton treated with the catalyst only. The opposite holds true for the abrasion resistance.

CONCURRENT DYEING AND FINISHING

Preparation of a methylolated dye that could react with cotton cellulose under acidic
conditions was wescribed (40),  This dye was applied to cotton fabric by continuous and
semicontinuous methods, Optimal conditions for application were examined. Incorporation
of N-methylol finishing agents in the dyeing bath to establish a one-step process for dye-
ing and finishing was ontlined. Evaluation of dyeings and dyecd-finished goods were
assessed hy determination of dye fixation, crease recovery, tensile strength, and the
overall fastness propertics,

bDycing of polyester-cotton hlend with reactive-disperse dyes and finishing with N-
methylol compounds in the presence of MgCla-6 120, NHqCl, or NHgllpPO4 as the catalyst has
been successfully carried out in a single step process (41, 42), Properties of the
simultincously dyed and finished fabrics reliced on concentration and nature of both the N-
methylol finishing agent and the dyce mixturc, concentration and type of catalyst, and the
conditions of curing. Color strength, crease recovery, tensile strength, and the overall
fastness propertics were comparable to or better than those of fabrics dyed and finished
in two separate steps.
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Recaction of rcactive dyes with cellulose in alkaline medium is well-known, but re-
action of N-mecthylol finishing agents with cellulose is still obscurc. That is why dye-
ing and finishing arc usually carried out in two scparate steps becausc the finishing
agent requires an acid catalyst. Recent reports, however, postulate that rcaction of
N-methylol compounds with cellulose is possible provided that the former arc able to
form activated imines., Work (13, 44) in this division offers cxperimental results which
confirm the proposed mechanism and signify the advantages of simultancous dycing and
finishing under the influence of aikaline catalyst. Three N-methylol compounds (viz.,
monomethylol urca, dimcethylol urca, and N-methylol acrylamide) were independently in-
corporated in a dycing bath containing reactive dye, urca, and alkaline catalyst. Cotton
fabrics treated with such solutions by applying the pad-dry-curce method or pad-cure
method showed dye fixations which werc higher than those of fabric dyed in absence of the
finishing agent. Dye fixation, crease recovery, and tensile strength were governed by
the nature and concentration of the N-methylol compeund, of the dye, and of the catalyst
as well as by the conditions of curing. The simultancously dyed and finished fabrics
showed considerable improvement in conditioned crease recovery and outstanding cnhancement
in wet crcase recovery, Their losses in tensile strength and elongation were not so strik-
ing, and their fastness to washing and to light were comparable to those of dyed fabrics.

A new approach for simultancous dyeing and wash-wear finishing of textile materials
by using acrylamidomethylated ceiiulose has been reported (45). Excellent dye fixation
and wash-wear propertics could be achieved with dyes containing nucleophilic groups as
well as reactive dyes. In alkaline medium, presence of acrylamidomethyl groups allowed
fixation of dyes containing nuclcophilic groups as well as crosslinking of cellulose.
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Discussion and Review of Chemical Finishing of Cotton

IL. Durable Press; Differential Dyeing and Printing;

Practical, Simplified Bleaching; Degradation of Mercerized Yarns

Dr. J. David Reid
Consulting Chemist
New Orleans, Louisiana

INTRODUCT ION

I have spent 15 years of my life in the ficld of textile research, and it is a real
pleasure now to discuss such rescarch in the land which was th- birthplace of textile
chemistry. The ancicent Egyptians had woven cloth when the Europcans were still running
around in animal skins. The first dyer was probably an Egyptian who began his career by
daubing colored berry juice onto a linen fabric.

The textile chemist who does resecarch on cotton has onc important factor working in
his favor and that is that cotton is of universal interest., Cotton is used by cveryonc
from the cradle to the grave. What the chemist does to cotton affects everybody without
exception. There are so many millions of yards of cotton used that a very slight decrease
in cost per yard is multiplied millions of times to total great savings.

In any discussion of rescarch on textiles, we find that there is often a considerable
variance in emphasis from country to country, depending upon the availability of cotton
compared to other fibers, cconomic considerations, and political considerations.

For my first and principal subject, I plan to discuss what we call "durable press" or
"permancent press.' In the past, it was called '"wash-and-wear," 'no iron," "smooth drying,"
and similar names. As you know--aside from the dyeing of textiles--durable press is the
most important textile chemical modification in the United States and probably in the
world. In our country, about 60% of the adult women do some type of work outside of the
home in offices, schools, or factories. Garments which do not neced ironing after launder-
ing effect a savings of about onc day of labor per family per week--the labor of ironing
clothes. This represents a tremendous savings per year of labor which otherwise would
reduce our gross national product,

Ironing is the houschold chore which is most disliked by housewives, and it is
difficult to scll a parment in the United States which requires ironing. This requirement
that a garment be smooth drying after laundering has greatly affected our development of
textiles. For example, there has heen a tremendous acceptance by the consumer of knit
garments, not only of cotton and wool but especially knit fabrics made of polyester fivers.
Because of this casy-care feature, semitransparent knit garments are acceptable today which
would have been rejected only a few ycars ago.

J. T. Marsh has estimatced that there arc more than 7,000 publications and 3,000
patents relating to durable press. Considering the high quzlity of Egyptian research, it
is probable that Egyptian textile chemists arc more familiar than I am with the details of
many of the processes covered. [ have decided, therefore, to discuss durable-press re-
search in a morc gencral manner, with my main emphasis on points that I consider to be
important. Furthermore, I shall use the story of the development of durable press in our
country to illustrate some of my comments on our philosophy of research.

URABLE PRESS

The research leading to the present stage of development of durable press started
approximately 50 years agzo when Foulds, Marsh, and Woods, working for Tootal Broadhurst
Lee Co., Ltd., in Manchester, England, began investigating means to give cotton the crush
resistance of wool (1). By 1940, the process was a mild commercial success in several
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arecas of the world, but interest in such finishes in the United States was largely limited
to methods of producing shrink resistance in cotton during finishing. That is, the greater
yardage production in the mill more than offset the cost of the shrink-resistance treat-
ment. tHowever, the introduction and popularity of nylon no-iron garments gencrated
interest in no-irvon cotton among textile finishers.

By 1955, considerable yardage of wash-and-wear fabrics was being sold, but the product
was in great difficulty in the American market because it was not able to withstand the
prevalent rigorous laundering procedures--that is, chlorine blcaching in the home and acid
souring in commercial laundries. Chlorine bleaching caused formation of an acid which de-
graded the cloth. Garments were sent occasionally to commercial laundries, and the acid
souring removed the no-iron finish. Furthermore, most of the fabrics also had a very bad
soiling problem in that theyv scavenged soil particles from the wash water during launder-

ing (2).

I joined the staff of the Southern Regional Research Laboratory when it was
established in 1940 in New Orleans, louisiana. A main objective for the establishment of
this laboratorv--now known as the Southern Regional Rescarch Center--was to do rescarch to
increase the use of cotton and, thus, to help the American farmer by providing him with
new markets. It was obvious to us at the laboratory that more satisfactory no-iron cotton
garments would greatly increase the use of cotton. An extensive program of resecarch was
begun to aid industry in both the practical and thcoretical aspects of the work. One of
our first napers relating to creasceproofing was published in 1952 by Daul, Reinhardt, and
Reid (3).

Achievements in Fundamental Rescarch

In attacking a problem such as the development of durable press, the textile chemist
must choose whether his rescarch will be fundamental or applied. Fundamental or theoret-
ical rescarch can be subdivided into several catcgories. One of the most important of
these divisions is fundamental research to explain why a reaction works. For example, in
the early days of no-iron cotton, most chcmists were thoroughly convinced that the no-iron
feature was due to what was called then--and still is in a colloquial manner--the ''re-
sinification" of the cotton. ‘hat is, they believed that the fabrics returned to their
smooth state after washing because ureca-formaldehyde or some other polymer had been re-
sinificed (polymerized) inside the fiber. They thought the fabric had been given what
amounted to a sort of permanent starching. Or, to put it another way, if a hollow straw
is filled with sand, it will resist bending. We showed that this idea was not right. We
supported the hypothesis that crosslinking of the cellulosc molecules was the cause of the
permanent sct of the fibers,

The average cotton fiber in th~ U.S. is ahbout 1,500 times as long as it is wide. It
is made up of thousands of fibrils composed of long chains of scveral thousand anhydroglu-
cosc units cach. Some chains lie parallel to cach other in a crystalline arrangement, so
that it is almost impossible to cause reaction in these arcas because rcagents cannot
penetrate these areas. In other arcas of the fiber, chains are jumbled together in a
random arrangement which gives flexibility to the fiber and accessibility of that arca to
chemical agents. It is in these accessible arcas that reaction can take place. When water
entered these arcas, as in laundering cotton clothes, the accessible arcas became swollen
and the long moleccules could slide by cach other, When the fiber dried, hydrogen bonding
occurred and wrinkles hecame fixed in the fiber, [If cotton cloth is smooth and kept
completely dry in i desiccator, it has remarkable resilience and is difficult to wrinkle.
When cloth is moistened and then ironed, the cloth can he made smooth.

The crosslinking theory mentioned above held that, if the chains were permanently
crosslinked to cach other throagh chemical bonding, there would be no slippage during
laundering, and cach individual fiber would retain its original contiguration which it
would return to after washing and drying,

We showed (4) that crosslinking was the mechanism by which the cloth was made crease
resistant by reacting both a monofunctional and a difunctional derivative of cthyleneurea
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with cotton. At that time, dimethylol cyclic cthylenurca was heing used commercially to
make cloth crecase resistant. Reaction of 3% of this rcagent with cotton gave excellent
wrinkle resistance to the fabric. However, the rcaction and addition of twice as much of
the monofunctional reagent gave practically no change in the properties of the fabric.
This showed that crosslinking and not resinification was the basis for wrinkle resistance.

It is obvious that fundamental rescarch such as this to establish the theoretical
basis for wrinkle resistance greatly accelerated the practical development of finishes.
There is a second arca in which fundamental work is often of great value. In this area,
the theoretical chemist dcvelops a hypothesis that something can be donc and then does re-
search to prove the validity of his hypothesis. That is, the chemist is carrying out re-
actions which he considers might conceivably occur to yicld a new product. Most original
synthesis results from this type of fundamental research.

For example, we thought that a certain compound would be a good crosslinking agent
for cotton (5). This was 1,3-bis(hydroxymethyl)-tetrahydro-2(1H)-pyrimidone, a compound
which is knewn more simply as dimethylol propylenurea.

e
“OHZC_N-L_-T-CHZC“
H,C cH
s
2 Ne
H2

2

As we had anticipated, this was an excellent crosslinking agent with many good proper-
ties except that it cost about $500 per pound because of the high cost of the diaminopro-
panc from which it was made. At that price, our work was definitely fundamental rather
than practical. However, we described our work in a publication (5). The German company
Badische Anilin- und Soda-Fabrik picked it up and sold the agent all over Europe because
it had an inexpensive way to make the diaminopropane. It called it '"Fixapret PH" (PH for
propylenc harnstoff). This is an example of fundamental work which was apparently im-
practical but became of commercial use because of further devclopmental work.

I shall give onc morc cxample of this type of fundamental work which was not success-
ful. We made some partially carboxymethylated cotton fabric. That is, acid carboxyl
groups were attached here and there along the cellulose chain, but the modified cotton re-
tained its fabric propertics. We knew that some metal salts, such as thc aluminum salt of
carboxymethylcellulose, are almost insoluble. We wondered if we could add aluminum to link
the carboxyl groups together and thus crosslink the cellulose chains to make the fibers
wrinkle resistant. It didn't work. The product was not wrinkle resistant.

It is possible that we might have anticipated this failure if we had donec a consider-
able amount of theoretical calculation. However, I have observed that it is often much
more cconomical to do a short pilot experiment than to attempt to make a decisior based on
theory. For cxample, 1 have scen projects fail which were apparently sound, and conversely
I have scen successful projects which appeared to be unsound.

There is a third area of fundamental research which consumes many more hours of re-
scarch time that it should. This is the arca where the chemist is pursuing rescarch which
has the single objective of producing a publication for that chemist. The product of the
research can have no conceivable use except for extending human knowledge an infinitesimal
bit. Sometimes there is a very narrow linc between research that is useless and that which
is potentially useful. I said I would use durable-press research for examples, but this
time I am not going to cmbarass researchers--myself included--by spotlighting cxamples of
this type of rescarch. llowever, I have tried to avoid this type of rescarch. We were paid
by public tax money, and [ felt that the country could not afford the luxury of paying
chemists to follow their own hobbies without regard for the production of useful knowledge.
Surely these chemists could utilize their time to hetter advantage.



Achievements in Applied Rescarch

We come now to the other type of rescarch--applied or developmental research., Some-
times it is called practical research. 1In general, this type of rescarch has one of three
objectives:

A, To make a specific product for less cost.
B. To make a better product for the same cost.

C. To develop methods of manufacture for a new product. (The new product may
have been the result of fundamental research.)

I mentioned the soiling problem in which no-iron clothes scavenged dirt particles from
the wasi. water during laundering. This drawback could have retarded the whole durable-
press development for several years if it had continued, because housewives who encountered
this phenomenon became highly prejudiced against the development. White shirts became a
dingy gray which got worse with each laundering. Fortunately, we observed this fault very
early in the game.

The problem was due to the softener used. When cotton is crosslinked, the treated
fibers have an unpleasant hand because of their crispness. Thercfore, an additive softcner
is used which not only improves the feel of the fabric but also lubricates the fibers so
that they slide more casily one on another. This improves both crease recovery and tearing
strength. In those first no-iron shirts, a softener was used which was a mixture of an
acrylic polymer and a siliconc. Only 2 or 3% was used, but the large polymers filtered out
on the surface and completely covered each fiber. Through microscopic examination we
determined that the soiling was due to black particles which adhered firmly to the softener
on the surfacc of each fiber. Through experimental work, we determined that both the sili-
cone and the acrylate became tacky at laundering temperatures and picked up the soil parti-
cles which then could not be removed by laundering, bleaching, or drycleaning (2). We
suggested that cmulsified polycthylenc be substituted as the softener, and the problem was
solved. Also, the polycthylene cost less than the previous softcners, so the textile
finishers were very willing to adopt its use.

We obtained a United States public service patent on this development (6). This
patent is intcresting becausc in it we described the durable-press trecatment of a garment
rather than the cloth before the garment was made. That is, we would soak a cotton shirt
or trousers in the crosslinking solution, centrifuge it, and then iron it dry on a commer-
cial press. After that, .s#¢ would cure the garment in an oven. In this manner, secams,
pleats, and trouser creases were sct into the finished garment. Later, a patent issued
which superscded ours because it had been filed at an ecarlier date. However, there were a
considerable number of garment. trcated in this manner for a number of yecars in the United
States and in Great Britain,

Development of Carbamate Agents

To return to the discussion of types of applied research, it can be scen that in the
example just given we accomplished the first two objectives listed; that is, we made a
better product at a lower price.

As an example of the development of a new product, I will describe our development of
the carbamate finishing agents.

A considerable number of types of crosslinking agents for cellulose have been tried
and used for the commercial production of no-iron cotton. For example, these include
formaldehyde, epichlorhydrins as in the Belfast process, disodium trissulfatocthylsulfonium
inner salt as in the Tebexel process, divinyl sulfone as in the Ganalok process, and other
unusual compounds, However, commercial processes in the United States almost always use
some type of nitrogenous crosslinking agent. An example of such crosslinking with di-
methylolurea is shown in the following equation which portrays a simplified, idealized



representation of the reaction:

2 Cell-Of + 11OCH,NII-CO-NHCIL,OH —Z%‘W Cel1-0CH,NI-CO-MICH,0-Ce11 + 2 H,0

Many other nitrogenous compounds such as cyclic ethylencureca, triazone, melamine,
uron, dihydroxyethylencurca, alkyl carbamates, and others are employed as their formal-
dehyde adducts in durable-press finishing. Many factors hear upon the finishing agent
selected, such as cost, difficulty of application, formaldehyde odor evolved, suscept-
ibility to chlorine bleach, hydrolysis during use, yellowing with chlorine, and degrada-
tion becausc of difficulty in crosslinking.

The carbamate class of finishing agents was developed at the Southern Regional Re-
scarch Center and first introduced to industry in 1961 (7). Formaldchyde was reacted
with a carbamate such as methyl carbamate to give the dimethylol compound. These
dimethylol compounds are extremely difficult to isolate, but they do exist in solution.

2 HCHO + CH30COCONII _— CH.;OCON(CH70H)2

2

The crosslinking of ccllulose proceeds through a condensation reaction as follows:

Ccll-()-CH2
CH_;OCON(CIIOOII),, + 2 CellOH — N-COCH3 + 2 H,0

(.cll-O-(.H2

The finish imparts wrinkle-resistance properties and is resistant both to chlorine
bleaching and to mild acid hydrolysis. At present, carbamate agents are used mainly on
fabric for sheets and pillowcases because of the resistance of the finish to the hard
laundering these items receive (8).

Shortly after introducing the carbamate agents to industry, we carried out toxicity
tests and cautioned that dimethylol ethyl carbamate should not be used because ethyl
carbamate itself produces lung cancer in mice (9). Methyl and hydroxyethyl carbamates
have been used commercially, but the present choice of agents appears to be dimethylol
isopropyl carbamate and dimethylol methoxyethyl carbamate.

The development of the carbamate agents illustrats the point I made previously about
the difficulty of predicting reactions with cotton cellulose. The fact that the mono-
methylol methyl carbamate is a crystalline solid while dimethylol methyl carbamate was un-
known at that time might well have discouraged us from trying to make it. Furthermore,
it would scem logical that, cven though it were formed in solution, it should break up when
the solution was dried and heated on the fabric., Also, all other nitrogenous agents, with
the possible exception of certain melamines, crosslinked cellulose through substituents on
scparate nitrogens rather than through two methylol groups on a single nitrogen atom. When
the work was first presented, some chemists doubted that the bond existed. They insisted
that it must be a simple formaldehyde methylene crosstink with the carbamate agent merely
serving as a formaldehyde donor, lowever, we showed Jater that the crosslink through a
single nitrogen did exist. The practical man in the textile finishing plant, of course,
did not care about the theoretical basis as long as the finishing agent gave a superior
product at a satisfactory price.

dhe Role of Catalysts

The selection of catalysts is very important in durable-press finishing. Catalysts
have always fascinated the chemist, and the work done at the Southern Laboratory on
catalysts to promote the crosslinking of cotton would fill a small book. These catalycts
are generally acidic. The more acidic they are, the more efficient the recaction is but
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also the more that degradation occurs. Similarly, both rcactions are morc complete at
higher temperatures. The fascination occurs because there is always the hope that the ideal
catalyst will be found--one that causes crosslinking to take place at a low temperature
with no degradation of thc cellulose.

One of the most interesting catalyst systems is the phasc-equilibrium catalyst of
Tootal Broadhurst lee. 1In this system the bath is only slightly acidic with a solution of
magnesium dihydrogen phosphate. However, as the solution drics on the fabric, full acidity
is developed by the deposition from solution of the less acidic salt (10).

In the United States, magnesium chloride, zinc nitrate, and zinc chloride were popular
catalysts with the curce temperature in the range of 150°-160° C. However, three factors
have effected changes in the choice of catalysts. First, the introduction of polyester and
cotton blends has allowed the use of a more active catalyst, because there is not so much
concern about slight degradation of the cotton. That is, the strength of the fabric lies
mainly in the polyester. Seccondly, concern about the cost of energy has led to studies of
activated catalysts which allow the curing to procced at a lower temperaturc. For cxample,
a 1:1 molar mixturc of citric acid and magnesium chloride hexahydrate has been found to
provide such catalysis (11).

The third factor, morc lately, has been the discovery of trace amounts of bis(chloro-
methyl) cther--a powerful carcinogen--in the vapors above some pad baths. This is presumed
to come from the interaction of formaldehyde and hydrogen chloride. Becausc of fear of
legal action by employces, some companies have banned the use of magnesium chloride or any
other chloride in their opcrations. However, Bernard North of Sun Chemical Co. recently
has examined a considerable number of crosslinking agents and determined the amount of
formaldehyde recleased during curing with various catalysts. lle concluded that the low
levels of formaldchyde which would be expected when the released formaldehvde is diluted
with the air in the ovens may be the reason that recent tests show no bis(chloromethyl)
cther in textile finishing plants (12).

The three factors mentioned above have fostercd a deepened interest in new catalysts
throughout the world. At the Southern Regional Research Center, studies have been carried
out that indicate the usefulness as catalysts of hydroxymethanesulfonic acid (the adduct
of formaldehyde, sulfur dioxide, and water); certain of its salts; salts of other alkyl
and arylsulfonic acids; aluminum chlorhydroxide (AIZ(OH) Cl); combinations of Al,(OH)SCI
and various salts, organic acids, inorganic acids, find péroxides; mixtures of amfoniuf
chloride and phosphoric acid or certain organic acids; strong Lewis acid salts, in
particular various aluminum salts; aluminum phase separation-type salts, such as aluminum
dihydrogen phosphate, aluminum hydrogen tartrate, and the like; moderated mineral acids;
and zirconyl hydroxychloride. An incxpensive, halide-free, heavy metal-free catalyst which
is effective at lower-than-conventional curing temperatures is sodium bisulfate. Magnesium
and aluminum bisulfates are even stronger and, as such, require more careful control in
finishing. A rccent publication (13) describes a systematic study of pad-dry-cure finish-
ing with a variety of salt catalysts and details the factors that contribute to and control
catalytic activity.

Biends for Durable Press

I wish now to discuss the present situation in the United States with regard to durable
press.

In the early days of durable press, we found that 100% cotton fabric could be treated
to give a smooth drying garment with excellent appearance. There was some trouble at first
with scams shrinking and puckering, but the garment manufacturers soon developed techniques
which produced smooth scams after laundering. However, the garment showed cvidence of
abrasive wear after 20 to 30 launderings. The strength of the cotton had been reduced to
about 60%, Secams, cdges of creases and plecats, and collar points wore out first. There-
fore, most garments in the Unitced States today are made from fabric with a blend of poly-
ester fiber and cotton to give sufficient strength for good wear life. Woven fahrics of
100% polyester are not comfortable and do not present a good appearance if they are ironed.
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The blends are best. Cotton, Incorporated, a research agency to promote cotton, rccommends
what it calls the "natural blend" of 60% cotton and 40% polyester. Although we did much
rescarch to producc a durable-press all-cotton fabric, we were not ahle to overcome the
problem of scverely reduced strenpth and abrasion resistance. Certain finishing formulations
and special weaves gave fabrics with moderate wear life, but we were not able to compete in
cost with the use of blends.

Because of the shortage of oil in our country, the raw ingredients and the energy re-
quired for miking polyester fiber have increased in price. However, in a paper by T. E.
Miller and H. L. Hergert, presented at the 1977 Chicago mecting of the American Chemical
Society, it was estimated that the petroleum required for $5 worth of gasoline could be
made into polyester fiber worth $76 which, in turn, could be made into garments worth $500.
So, it is evident why polyester is still a very popular fiber in the United States and re-
scarch continues on the treatment of cotton-polyester blends.

To look at the picturce more broadly, India, for example, is short not only of oil to
make polyester fiber but is short of cotton as well. Therefore, India has decreed that
output of all cotton mills must contain 10% of rayon fiber. This has created problems for
the textile chemist, particularly when ordinary viscose rayon is used. Polynosic rayon is
preferred. It has been necessary, then, for the Indian textile chemist to modify his re-
scarch to fit this new picture.

At the Chicago mecting mentioned above, there was speculation that, as the population
continued to increasce in countries such as India, farm acrecage now used to grow cotton will
have to be devoted to the production of food. Speculation was that woods will be raised in
tropical countries to make rayon. It is possible that in the future, then, textile re-
scarch must be tailored, country by country, to support those goals that will be most bene-
ficial to the needs of that country,

In the United States many farmers arc changing from growing cotton to growing soy
heans, because they find that soybean oil and meal is more profitable than cotton grown on
the same acreage,

Rescarch at _Southern Regional Rescarch Center

There is no time here to review all the work which has been done at the Southern

Regional Rescarch Center. | myself have approximately 115 articles and 16 patents on the

subject. Ilowever, as a reminder for you, 1 shall list some of the main areas of durable-
press work with which [ have been concerned:

e Development of detailed practical information for industry on crosslinking
agents and their use.

¢ Fundamental information on crosslinking agents and processes.

e Trcatment of cotton garments in the laboratory and in commercial dry-
cleaning plants,

e Wet soiling studies and methods of avoiding soiling of DP garments during
laundering.

e \fter mercerization of DP ¢otton to imnrove resistance to abrasion,
e Chlorine resistant blends of triazone and urca for DP usec,

e Release of formaldchyde from DI treatments and control of release from garment
and fabric.

e Dbevelopment of new finishing agents, including alkyl and hydroxyalkyl carba-
mates, urons, propylencurea, triazones and triazines.

o Finishing of cotton with formaldchyde.
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e Effccts of mercerization and tension on the properties of DP cotton fabric.
° Effects of structure of agents on acid hydrolysis of DP cotton.

e Effect or additives such as polymeric agents or reactive softeners on abrasion
resistance and other important properties of DP cottons.

e DP by wet fixation,
° Stabilization of knitted cotton fabrics.
° Viapor cure finishing systems,

° A mild cure process (essentially a more rapid version of the Europcan moist
crosslinking process).

] Mixed catalysts,

° Low cnergy catalysts.

e Steam curing and steam fixation,
° Solvent finishing systems,

e Curing creasing techniques,

In addition to the above, other rescarch groups at the Southern Regional Research
Center have investigated many other phases of DP trecatments of cotton.

Recent Advances in burable Press

I shall conclude my remarks on durable press rescarch at the Center by a brief
description of two projects which have been prescnted recently.

At the Chicago 1977 meeting of the American Chemical Socicty, a paper was presented
which was co-authored by R. M, Reinhardt and J. C. Arthur. It was entitled, "Photo-
initi *ed Grafting of N-Mcthylolacrylamide with Cotton in a Process for Producing Wrinkle
Resistint lahrics.' N-methylolacrylamide (CHy= CHCONICH,OH) was grafted to cellulose
rapidly and efficiently with ultraviolet light as the radical initiation source. There
wias little or no dry-crease resistance. However, high levels of dry wrinkle resistance
were achiceved in processes that included a catalyst and heat treatment to react the
methylol group with the cellulose. This fundamental work is continuing in an cffort to
develop pilot plant photoinitiation,

Practical arcas of rescarch which are being investigated at the Center are those which
lead to savings in energy, as announced May 4, 1977. A very promising approach is that of
using minimum moisturc application techniques for applying chemical to cotton and thus sav-
ing energy because there is less wiater to cevaporate during the drying step,  Such methods
have been reviewed by Schwemmer, Bors, and Gotz (14).

At the Center it has been found that transfer padding techniques can he used to prepare
durable-press fabrics which are cquivalent in performance to conventionally finished fabric,
The wet pickup could be greatly reduced with consequent savings of energy.  ‘The work has
been described by Dr. Harper and his associates (15). Modifications of the standard kiss-
roll technique have been used as illustrated in the Figure 1 entitled "Various Indirect
Padding Techniques.'  The method shown in A is cssentially a controlled kiss-roll technique,
The second application method, illustrated in B, is called a loop transfer method. A more
sophisticated approach, shown in € and D, controls the wet pickup more closely and gives a
more even distril tion, The pressure between rolls 1 oand 2 and between rolls 2 and 3 cian
be individually controtled, thereby achiceving a wide range of pickups.
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Figure 2 shows a pad transfer method in which the fabric being treated provides its
own loop. The fabric has the advantage of being fully padded.

These minimum moisture applications would seem to be applicable in many arcas besides
that of durable press.

DIFFERENTIAL DYEING AND PRINTING

For the chemist who thinks in a creative manner, it is often possible to adapt the
techniques used in one ficld of textile chemistry for use in another ficld of textile
chemistry. Obscrvations made on the crosslinking of durable-press cotton have been used
in the development of techniques for dyeing and printing cotton.

As an example of the benefits of DP rescarch in another textile fiecld, let us consider
the use of active catalysts in saving energy in pigment dycing.

This particular work was done by Dr. D. V. Parikh--who worked with my group for 2 1/2
years before returning to India.  While there, working at Kesoram Industries of Calcutta,
he utilized the citric acid-magnesium chloride hexahydrate active catalyst in pigment
dyeing.  The work is so new it is still in press (16).

Pigment dveing has captured 60-70% of the Indian textile market and is still gaining
in popularity because of the low cost of dyeing and the casc of coloration. Pigment dyes
are fixed to the cloth by means of a resin system which holds the dye to the fiber. Thus,
the fastness of the dye depends upon proper curing and stability of the resin. With the
usual catalyst of diammonium phosphate or ammonium chloride, a cure of 3 mins. at 140°-
I50° C. is required. By substitution of an cquimolar mixture of citric acid and magnesium
chloride hexahydrate, the time could be reduced to 40 sec. and the temperature of cure to
85°-95° (. Furthermore, it was possible to use cconomical steam drying cans for the cure.
Fastness propertics such as wash fastness and wet and dry crock fastness were not impaired.

At the Kesoram mills, Dr. Parikh was able to achicve a considerable savings in the
cost of pigment dycing by use of the active catalyst. It was also possible to combine a
durable-press finish with the pigment dyeing by a one-bath, one-step operation through a
tenter frame. In this case, drying was done on a tenter frame and curing was accomplished
on drying cans as bcefore.  Of course, this meant that clip marks would show on the finished
sclvedge, but the scelvedge is normally discarded anyway. Ordinary finishing could also be
accomplished in the same manner, cexcept that starch is not compatible with the finish.

[ quotc this as a commercially successful cexample of the adaptation of knowledge from
onc ficld of textile chemistry to another.

In another example of the nsce of durable press-techniques, differential dyeing of
cotton hus bheen achiceved to give special effects and novelty fabrics. It is well known
that the crosslinking of cotton changes its dyeing characteristics, so that the crosslinked
portion of the cloth will resist dycing with many dyes.

In my group at the Center, Blanchard, Harper, Bruno, and Gautrcaux (17), produced
multicolored cotton pile fabrics by dyc-resist techniques. A crosslinking formulation
containing dimethylol ethylencurca (DMEU) and catalyst and thickened by a suitable agent
such as hydroxycethyl cellulose or alginate was appliced to one side of a towel fabric and
the fabric dried and cured, Tt was then dyed with a reactive dye, such as Procion Orange
M-2R, or with a comhination of vat and naphthol dyes. ‘The DMEU was then removed by mild
acid hydrolysis and the fabric overdyed with a lighter shade such as Procion Yellow MX-8G.
An attractive bicolored fabric was produced,

Other work in this arca has been done lately. For example, an cconomical kiss-roll
padding has bheen developed to apply the thickened crosslinking solution to one side of the
fabric (18).
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At the October 1977 National Mecting of the American Association of Textile Chemists
and Colorists, a paper was presented in which a chambray cffect was obtained by preparing
fabric with dyc-resist filling varns. The dye-resist in this case was obtained by phos-
phorylating the filling yarns prior to weaving with, for example, dibasic sodium phosphate
(Na,HPOd). The chambray cffect was obtained because only the untreated yarns absorbed dye.
This method allows production of chambray by picce dyeing of trecated fabric, a less expen-
sive process than warp beam dyeing (19).

An cconomical variation of the above-mentioned dye-resist principle has been used
commercially in India to produce beautiful tonc-on-tone cotton fubrics in various patterns.
A fabric is printed with designs in the usual manner, except that a small percentage of
crosslinking agent with catalyst is used in the printing paste, and the fabric is dried,
cured, and washed. When the fabric is dyed in the usual manner, the pretreated areas dye
a lighter shade than the untreated arcas. Thus, an attractive two-tone effect is achieved.

Before 1 leave the subject of dyeing and printing, | would like to comment on the sub-
ject of printing cotton-polyvester blends,

The introduction of polvester fabric into the United States caused problems in dycing
and printing, because the relatively inert, solid, plastic fiber did not react with or ab-
sorb dves as cotton and wool do. In general, this problem was solved by application of dyes
with a very brict, high temperature heating period which caused the surface of the polyester
fiber to soften so that the dye could be absorbed or dissolved in the softencd surface layer
of the individual fiber.

An interesting variation of this method is the process known as heat transfer contact
printing. This method of printing has increased greatly since commercial transfer printing
was introduced in 1963, At present, it has captured approximately 19% of the printed
fabrics market in Great Britain, and it is estimated that transfer printing will account
for 16% of the total world market by the carly 1980's.

In this method of printing, a roll of paper is printed cconomically with the desired
pattern in much the same manner as magazines are printed with colored pictures. ltlowever,
certain disperse dyes are used instead of the usual printing colors. These dyes arc ones
which sublime at a high temperature, say 200° ¢, When the paper and cloth are pressed
together and run through hot rollers, the dye sublimes directly from paper to fabric. This
technigue allows beautiful and complicated, clear, sharp patterns to be printed. Further-
more, short runs of fabric can be made which would be uncconomical if the usual expensive
cngraved printing rollers were necessary.

ilowever, this process was not applicable to cotton or cotton-polyester blends because
the sublimed dyes washed off of the cotton. Therefore, a project was initiated at the
Center to modify the cotton, so that cotton or cotton-polyester blends could be transfer
printed.  Cotton and cotton-polyester blends were chemically modified to allow transfer
printing with disperse dyestuffs (20).  Successful treatments included the use of glycols
with crosslinking apents to attach them to the cellulose, interfacial polymerization tech-
niques for in situ polymer formation, and acetylation of the cotton. The most ecffective
method for achieving cxcellent prints with pood print durability to laundering was through
partial acetylation,

Transfer printing of cotton textiles has been investigated further, and the results
have just been reported as the subject of a Gulf Coast Section contest paper at the October
ANTCC meeting referred to above,  The paper is by George L. Drake, et al, and the paper was
presented by Fugene J. Blanchard (21). It was found that the affinity of disperse dyes
for acetylated cotton vary greatly. Alihough acetylation improves the affinity of ccllulose
for disperse dyes, the washfastness is insufficient for high-quality transfer prints. The
durability can be improved substantially by treating acetylated fabrics with 5% of hexa-
methoxymethyl melamine crosslinking agent using 0,05% of p-toluencsulfonic acid catalyst.
The resin shows good affinity for disperse dyes and does not yellow, even at the 200° C.
transfer printing temperature,
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PRACTIC IMPLIFIED BLEA G

As T have indicated previously, 1 believe the rescarch scientist should devote at lcast
part of his cffort toward resecarch benefiting the pecople or industry of his country. There-
fore, 1 would like to devote part of my discussion to a subject which may be of special
interest and benefit the textile finisher who has grey fabric to bleach. At many mills
in the United States, bleaching is carried out at high speeds, perhaps 200 yards per minute
with several strands of cloth treated simultancously in what is called a high speed, con-
tinuous process. However, not all mills have the expensive machinery nceded, and many mills
in the U.S. and around the world use a variation of the older discontinuous process which
may require from three to scven days to complete.

In India, it is very difficult to receive permission to spend money for expensive im-
ports such as cquipment for continuous bleaching. [ would like to give you a brief descrip-
tion of how onc Indian mill has modified its desizing and bleaching process from the old
fashioned slow process to tuke advantage of newer methods without investment in new equip-
ment. This work is described in a paper by Dr. D. V. Parikh (22). It is so new that it
has not vet been published bur it has been submitted to one of the Indian textile journals
for publication,

This work was done at the Kesoram Cotton Mills, Ltd., Calcutta, India, which mill
processes about 200,000 yards per day. The savings in desizing and bleaching were from
20 to 0%, which amounted to about 50,000 rupees or about $6,000 per month, with very
little investment in new cquipment. The improvements were high-speed production, faster
movement of goods, less stock in the bleachery, and significant savings in chemicals, water,
steam, power, and lahor,

In general, bleaching of cotton consists of three major phases: (a) a pretreatment of
desizing and possibly mercerizing, (b) scouring, and (c) bleaching. FEach of thesc steps
consists of three parts: (a) saturation, (b) storage during recaction time, and (c) washing.
All are batch operation.

In sizing cf yarns, there is some modern use of polyvinyl alcohol or carboxymethyl-
cellulose, and such fabrics necd only be washed to remove the size. However, starch is
still the major sizing agent, and this fabric must be desized. At the Kesoram mill, instcad
of an 8 to 24-hr. treatment with cnzyme, desizing is done by passing the fabric, directly
after singeing, into a quench box containing about 8 to 9 grams per liter of hydrochloric
acid.  After 2 hrs, the cloth was thoroughly washed throupgh a pair of synchronized washers.
The washers were synchronized as closely as possible, but about 250 meters of cloth were
altowed to pile up between the washers to allow for errors. Reaction time varied from
P I/2 hre in summer (30-353° €.) to 2 1/2 hr. in winter (20-25° C.). 1If some type of J-Box
were constructed, the process could be made continuous by clevating the bath temperature
to 157-50° (. and allowing only a fcew minutes reaction time. There must, of coursc, be no
drying of the fabric at any time hefore afterwashing because of the acid on the cloth. How-
cver, acid desizing was used at Kesoram Mills for 20,000 pounds per day of grey fabric for
cight months without a single instance of degradation. The mill then planned to expand acid
desizing to its total production of 36,000-40,000 pounds per day. Advantages are savings
in time, the cloth is partially cleaned, it is cconomical, metal contaminants are removed,
factory inventory is cut down, and a uniform product is obtained which lessens defects
during dycing.

br. Parikh describes a number of operations in which synchronized washing machines can
be used to cffect savings in time and labor with increased production. le recommends short
sequence weak hypochlorite bleachings with about 0.5 to 1 gram per liter of available
chlorine,

In Indian mills an open peroxide boil is often used. However, greater cconomies can
be obtained by use of 4 pressure boil, provided air is properly and completely removed,  Of
course, safety precautions must be observed to make sure that the kier boiling cquipment
can safely withstand a pressure of about 15 to 20 pounds per squarce inch.
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Removal of air is extremely important, and it must be properly done to avoid air pockets
in the cloth. One method recommended is to give the load a "rest pause" of 10 min. after
it has been heated to 60-65° C. and another pausc at 80-85° C.

The above is only a summary of Dr. Parikh's paper. Through the courtesy and coopera-
tion of Dr. Parikh, I shall be glad to attempt to furnish more explicit details of what he
calls an "intermittingly continuous process."

I think the rescarch chemist should give consideration to standard processing methods
with the objective of improving them in the light of modern knowledge. The above example
shows how a well-trained, modern chemist has modificd an ancient process with considerable

savings in time, energy, and money.

DEGRADATION. OF MERCERIZED YARNS

My last subject is concerned with the degradation of mercerized yarns. In the prelim-
inary notes on this workshop, a question was asked as to "resolving the apparent contradic-
tion in why treated cotton retains more strength than untrecated cotton such as before and

after mercerization."

In 1941, in my first work at the Southern Lahoratory, I treated mercerized and unmer-
cerized cotton yarns with formaldehyde in acetone for 20 hr. at 40° C. with use of a sul-
furic acid catalyst. 1 noted that there was considerably less loss of strenth in the mer-
cerized yarns.

At that time the Laboratoy established a research suggestion system that I recommend
very highly to you for conside *ation in your own organization. Anyone who had a suggestion
for future rescarch on any aspcct of the Laboratory's program was encouraged to describe
the idea briefly in a written report and submit it to the Director's office. The suggestion
wias reviewed, revised, given a number, and copies of it were sent to research leaders for
filing. The person submitting the suggestion received credit for it and, if the idea were
activated, received further acknowledgment. Lventually, the book of suggestions became
very large, and a system was developed to modernize and combine similar suggestions, This
book often furnished ideas for new rescarch and proved helpful in sctting up new rescarch
projects.

I submitted a suggestion about the mercerized and unmercerized yarns and forgot about
it until onc day, abonut 25 years later, [ received a notice that I had been appointed
sponsoring scicentist on the subject on a PL-480 project which had been granted to India.
You may know that PL-480 funds were blocked funds which could be used to support rescarch
projects in that country. These funds are now called "SFC" for special foreign currency
funds,

The project was numbered UR-17-(20)-227 and was granted to Shri Ram Institute for
Industrial Rescarch, Delhi, India, and it was activated on Octoher 8, 1970. The project
title was "Fundamental study of differences in degradation and reason therefor between
mercerized and unmercerized cotton in the presence of acid and basic catalysts to provide
hasic information nceded to improve durable press finishes for cotton fabrics and to in-
creasce the utilization of cotton".

A final report of about 100 pages on this project was submitted in October 1977. It
is, of course, impossible to give all the details in this space. Briefly, however, a com-
prchensive study was miade of the effect of various types of mercerization, including ten-
sion-mercerized, slack-mercerized, slack-mercerized and restretched, mercerization with
simultancous steaming, and a comparison of caustic soda and ammonia mercerization.

Tensile strengths were determined, x ray diffraction diagrams were made to determine con-
version of cellulose | to celiulose 11, barium numbers were used to determine absorption,
and fluiditics run to determine degradation. Yarns and fabrics both were studied, and some
knitted fabrics were examined,  Woven fabrics of different constructions were used, and
these fabrics and the knitted fabrics were treated to make them crease resistant.
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Very briefly, it was found that although mercerized cotton undergoes higher chemical
degradation, it retains higher tensile strength as compared to unmercerized cotton for
identical treatments such as acid hydrolvsis, thermal degradation with or without basic
catalysts, and resin treatments for imparting durable-press finishes. Furthermore, among
the mercerized yarns, the slack-mercerized and restretched yarns retain higher strength
than the normal tension-mercerized yarns. The susceptibility to chemical degradation
was found to decrease with the increase in tension appliced during the stretching of the
slack-mercerized yarns bevond their original length,

To quote from the report:

"The results of the degradation studies on mercerized yarns clearly bring out the
anomalous behavior of mercerized and unmercerized yarns toward chemical degradation. The
mercerization treatments have increased the accessibility and reactivity of the cotton and
this increased reactivity is shown by the higher values of fluidity, bonds broken and higher
rates of hydrolysis in case of all mercerized yarns. The better retention of strength
properties has been attributed to certain supermolecular changes brought about by merceriza-
tion treatments. Corrclation of x ray data with the retained breaking strength values
shows that of all of the chinges brought about by mercerization, increasc in the orientation
of the crystallites along the fiber axis is the single factor largely responsible for the
retention of higher strength by mercerized yarns after degradation. Thus the yarn with an
orientation factor of 0,069 vetains as much as 86% of breaking strength even after 64 hours
of hydrolysis as comparcd to only 66% strength retention in the case of yarns with an ori-
entation factor of 0,058,

"Thus, the slack mercerized and overstretched yarns (stretched beyond their original
length) have reduced susceptibility to degradation as a result of the increased orientation
which increases with increasing strength. The higher degree of orientation has possibly
helped in reducing the size of the crystallites and in making thesc crystallitcs more
crystalline in nature. The voids in between the crystallites will also be reduced."

The Indian rescarchers were very interested in the improvement in mercerization when
the fubric was steamed during the first stage of mercerization. They found in the labora-
tory and in the mill that this treatment was beneficial in giving an acid resistant fabric
and that it minimized strength loss substantially when the fabric was given a durable press
treatment. They recommended that further work be done along these lines,

[t now appears that further work on this project will be done in Egypt in the Textile
Research Division of the National Rescarch Centre by Dr, A. A. Hebeish. The Sponsoring
Scientist at the Southern Regional Rescarch Center will be Dr. Stanley P. Rowland. The
project is titled, "Mechanism of degradation of cotton and mercerized-stretched cotton.'
Degradation by ultraviolet light, hypochlorite blcach, acid hydrolysis, thermal exposures,
and weathering will be studied.
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Radiation--Chemical Modification

of Cotton and Itc Blends

Husscin I, Nasr
Associatc Professor
Textiles Research Department
vational Research Centre

INTRODUCTION

The application of high cnergy radiation has been successfully developed in several
industrial processes during the past decade. In the textile industry, electron acceler-
ators arc currently being used in a process which imparts durable-press and stain-relcase
properties to a polyester-cotton blend fabric. For this, Deering Milliken Co. is apply-
ing a continuous delayed-heat cure/mutual irradiation process using five ICI-500 clectron
accelerators for the finishing of millions of yards per year (1, 2), while Cone Mills
produces the same type of finish through a delayed radiation-cure/mutual irradiation
process based on the work of Walsh and Rutherford of North Carolina State University

(3. 4).

It should be emphasized that the application of high encrgy radiation to textiles is
essentially concerned at this time with the efficient utilization of the free radicals
that result from the radiolysis to promote rcactions which lcad to bencficial property
changes in textile f.bers. Radiation-induced graft copolymerization of many different
vinyl monomers with polymer fibers constitutes by far the largest volume of the research
publications in the ficld of radiation modification of polymers to obtain new and
interesting properties lcading to better performance. These properties, which can in
principle be built into a fiber by radiation grafting include crease recovery (5, 6),
better wettability and adhesion, stain-rclease (7), dyeability (8), antistatic behavior,
increased comfort, rot and mildew resistance, high thermal stability, nonflammability
(9), and others.

RADIATION- INDUCED FINISHING OF TEXTILES AT NRC

To keep pace with recent advances in science and technology, a group of research
scientists was reccently formed in  the textile department of the NRC to study the
application of high encrgy radiation in textile finishing operations. The team tackled
finishing aspects of importance dealing with different textile substrates, mainly cotton,
cotton/polyester, wool, wool hlends, polyester, and polyamide. Results are summarized
in the following abstracts.

RADIATION MODIFICATION OF COTTON FABRICS
PART I: CROSSLINKING COTTON USING MULTIFUNCTIONAL MONOMERS (5)

Ionizing radiation (gamma rays from a Co-60 source) combined with a chemical treatment
using two multifunctional monomers (HHTAT and N-methylol acrylamide) successfully cross-
linked cotton cellulo ¢, thus imparting casy-carc propertics. Improvements of 50% werc
obtained in both dry : «d wet crease recovery when irradiating fabrics in a single monomer
system. In mixed mono. 2r systems, irradiation followed by a declayed heat cure plus
chemical catalysis gave cotton an casy-carce finish with a 72% improvement in the dry crease
recovery and a 70% improvement in wet crease recovery properties. All fabrics finished in
the foregoing manner remarkably retained their tensile strength in contradiction with great
losses encountered with conventional chemical crosslinking type of finishes.
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PART IT: CATALYTIC EFFECT OF GRAFTED ACIDS (6)

This paper reports the catalytic cffect in crosslinking reactions of grafted acids
as substitutes for conventional inorganic ones.

Unsaturated mono- and/or dicarboxylic acids were radiation-grafted on cotton
cellulose during crosslinking using multifunctional monomers. In a delayed heat cure,
the grafted acids catalyzed the condensation of available cellulose hydroxyls with the
methylol groups of grafted polymethylol acrylamide. This further crosslinking gave an
additional improvement in wrinkle resistance with negligible loss in tensile strength.
The catalytic cffect of used acids was studied singly or/and combined.

GAMMA RAYS FOR THE PRODUCTION OF AMPHOTERIC COTTON
WITH IMPROVED DYEING AND WRINKLE-RESISTANCE PERFORMANCE (10)

Gamma rays successfully grafted a copoly (acrylic acid + allylamine) on the cellu-
losic chains of cotton fabrics. This radiation-chemical modification of cotton imparted
to it new, valuable propertics by introducing an amphoteric character through the fixa-
tion of both carboxylic¢ and amino groups permitting cotton to be dyed with both basic and
acid dyes to which originally it has no affinity. In addition, the radiation/chemically-
treated cotton fabrics gained a significant improvement in wrinkle or crease-rccovery
performance through formation of crosslinks between cellulose chains.

Paramcters dealt with in this investigation are radiation dosc, composition of treat-
ing monomer systems, cffect of pH, and effect of type of necutralizing acids. Textile
cvaluations investigated for the radiation-produced ampholytic cotton are dyeing affin-
ity, crease resistance, and tensile strength.

COTTON/POLYESTER BLENDS WITH IMPROVED DYEABILITY AND
PHYSICAL PERFORMANCE VIA GAMMA RAYS (8)

A cotton/polyester blend is radiation grafted with a copolymer (allylamine + acrylic
acid) to varicd add-ons at different doses of Co-60 gamma rays. ‘The amphoteric character
imparted to this radiation/chemically-trcated blend is due to the fixation of carboxyl
and amino groups on the polyester and cotton cellulose chains by a radiation-induced free
radical mechanism. The treated blend acquires new, remarkable dyeing affinity toward
basic dyes, to which originally the untrcated blend components both have no affinity.
Hlence, dyecing the blend with a single dye to a desirable solid color by a one-bath process
is feasible. Morcover, an additional improvement in the wrinkle-resistance performance
of the trcated blended fabrics is retorded because of the formation of crosslinks between
the components chains accompanied by a significant increcase in tensile strength and elon-
gation at break.

Paramcters investigated during this work are radiation dose (0.2-1.6 Mrad, for 1 to
4 hr.), composition of trcating monomer solutions, cffect of pH, and role of ncutralizing
acids, ‘Textile evaluations reported are visual dyeing affinity, creasc rccovery, tensile
strength, and clongation at break.

FLAME-RETARDANT COTTON FINISHING THROUGH GAMMA RAYS (9)

Co-60 gamma rays were used to radiation-cure a flame-retardant finish on a drill-type
cotton fabric to impart the property to the substrate. The radiation-induced grafting of
flame-retardant components was cffected via two methods. Method A involves the grafting
of 3-methyl-5-vinylpyridine (MVP) onto cotton fabrics followed by rcacting the formed
polypyridinomethyl cellulose separately with three phosphorous compounds; namely, ortho-
phosphoric acid (OPA), B-chloroethylphosphonic acid (CPA), and tetrakis (hydroxymethyl)
phosphonium chloride (THPC). In Method B, equimolecular mixtures of MVP and cach of the
threc phosphorous compounds were prepared followed by radiation grafting of the mixtures
on cotton through a mutual technique.
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Method A resulted in cotton with durable flame retardancy (in case of CPA and THPC)
accompanied by acceptable loss in tensile strength and elongation at break. Method B
led to fabrics with better performance in both flame retardancy (10-25% improvement) and
tensile strength (22-136%) when compared to Method A. The durability of the finish be-
ing as with Method A,
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Sonic Commercial Successes and Failures

in Chemical Modification of Cotton

Dr. J. W. Wecaver
Professor of Textiles and Fiber Science
University of Delaware
Newark, Declaware

Those of us who have had industrial experience would define "successful" research
as that rescarch which results in a product which can be produced in commercially accept-
able quantities. Generally, economics is the important issuc. Is the product desired,
i.e., is there a market or must onc be created? Is the result of the process worth the
cost? These are simple questions and quite obvious, but sometimes we overlook their im-
portance in our cuthusiasm for our successes in the laboratory. I would like to discuss a
few chemical modifications of cotton which were successful in the laboratory and pilot
plant and which did not always succeed in commercial development.,

Cellulose has long been an interesting chemical raw material, and over the years we
have studied many of its rcactions. However, cotton is a rclatively expensive form of
cellulose. and the only kinds of chemical modification which would be of value would be
thosc in which the fibrous form of the cotton was preserved and required. T1f we agree
that the fiber must be preserved, we can consider threc stages where the proposed modifi-
cations might take placec.

First, we may carry out the chemical trcatments in the fiber form. Some of the early
cyanocthylation work was donc in a stock dyeing machine (1, 2, 3) but the kind of equip-
ment needed is seldom available in mills and is usually not readily adapted to chemical
treatment. Laboratory or small scale units were devised for the production of cyanoethyl-
ated and hydroxyethylated linters (4), but the processes werc not commercialized. In any
cvent, the most prominent reason why such systems are not popular is the difficulty in
getting the modified fihers through the normal mechanical processes such as carding, draw-
ing and spinning,

The sccond stage «ut which treatments might take placc is when the cotton is in the
form of sliver, roving, or yarn. Of thesc three, yarn is normally preferred. Cyanoethyl-
ation of yarns was carried out on a large scale in package dyecing machines (1, 2, 3) and
on a small scale in a continuous system (5), and although the process appeared to be
commercially successful, there was no demand for the product, which will he discussed
later,

Some other yarn processes which cither failes or had very limited success might bhe
mentioned. Soluble yarns to be used as stuffing yarns in towcl borders were prepared in
package dycing machincs by reaction with acrylamide, but rayon proved to be a better sub-
stratce than cotton. Ultimately, the small demand did not make the process worthwhile, and
readily avaijlable alginate yarns were successfully substituted. Carboxymethylated cotton
yarns met with some limited success, and I am certain that you will hear more about this
from one of the cther speakers. Also, there was some interest in yarns which were resin-
treated and then untwisted to provide a kind of texturized yarn, but the process was never
utilized on a commercial scale.

FABRIC TREATMENT

The third approach to chemical modification of cotton is the most popular--the treat-
ment of fabrics. Certainly the popularity of this approach is based on the availability
and flexibility of cquipment found in most chemical finishing plants, and the majority of
our successes and failures have taken place in the fabric form, Thercfore, I would like
to examine a few of these processes in depth.
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One of the carliest attempts at the Southern Regional Rescarch Laboratory of the U.S.
Department of Agriculture dealt with partial acetylation of cotton fabrics to produce
products which were heat- and rot-resistant (6). Some intcrest was shown in this fabric
for covers for steamhcated presses in the apparel and laundry industries. Although the
acctylated fabrics were shown to have a much longer life than thosc untrecated fabrics
normally used, press operuators clected to continue using untrecated fabrics rather than pay
the necessary increase in cost or to use more cxpensive man-made fibers with even longer
life.

Partial cyanocthylation has alrcady been mentioned. One property of this modified
fabric which aroused the most interest was its resistance to rot or microbial attack. 1In
spite of this interest, no commercial products resulted except a brief output of fabric
for the manufacture of sandbags for the crection of protective barricades. This sandbag
market was cventually taken over by man-made fibers which were inherently resistant and
were lighter (which resulted in casier transportation of the empty bags).

Partially carboxymethylated cotton was used for a while in scaffolding fabrics for
Schiffli cembroidery, but thesc have been replaced by fabrics of oxidized cellulose.

A good cxample of how unforeseen cvents can affect a market is the failure of Deering
Milliken's "Belfast" trcatment for wash-wear cotton fabrics. You will remember that this
involved the formation of a bis cther from dichloropropanol and cellulose in the presence
of concentraterd sodium hydroxide.

Ce11-0-CH,-C (0l -1, -0-Ce 11

Since the cross-link was established in the wet condition, the fabric had good wet
wrinkle recovery, but this required that the fabric be hung to dry in the wet condition,
i.e., it had to be "drip dried.” The hand of the finished fabric was silky, and the re-
sistance to chlorine bleach made the product attractive. Shortly after this finish was
introduced commercially, however, tumble dryers for home use became popular in the U.S.,
and "drip dry" finishes would not perform satisfactorily in thesc appliances. The finish
quickly disappeared from the marketplace.

RADIATION CURING

A more claborate scquence of cvents first stimulated our interest in radiation methods
for producing durable-press apparel and then destroyed it.

In 1964, fevi Strauss Co. built the first oven for commercializing the Koret patent
which had been issued to Warnock and Huebener on March 14, 1961. This patent dealt with
the delayed cure concept in which a fabric was treated with a cross-linking agent and a
catalyst, driad, cut, and assembled into a garment which was shaped and finally cured in
an oven (7). Becanse the use of the patent required a fee and royalties, searches for
alternate methods were conducted on many fronts. ‘Iwo of these alternates involved the usc
of radiation with clectron beams (8).

Deering Milliken Co. had devised a method for grafting N-methylol acrylamide onto
cotton presumably through the unsaturated segment of the molecule by the use of radiation,
The grafted fabric which contained a normal Lewis acid catalyst could then be cut, sewn,
shaped, and cured to give durable-press apparel. This was considered to he substantially
different from the specifications of the Koret patent which prescrihed the kinds of cross-
linkers to be nused.  The DM fabric also had soil-releasce properties.

Bburing the same time, rescarchers at North Carolina State University had been working
on a similar process (9, 10). ‘The NCSU process was reversed, however, That is, the N-
methylolacrylamide was applied to the fabric with a catalyst and thermally cured., 'The
fabric was then washed and sent to the apparel manufacturer who was expected to cut, scw,
and shape the garment and then complete the cross-linking by means of clectron beam radia-
tion. This approach met with substantial resistance on the part of the apparel manufac-
turers, who objected to the cost of the irradiation equipment, and the process was never
commercialized,
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Meanwhile, complicated legal proccedings were developing which culminated in a long,
multifaceted trial in the U.S. Federal Court in San Francisco in 1973, The trial in-
volved two textile manufacturers, at least a dozen apparel manufacturers, and Koret Co.

The court's decision in 1974 upheld the validity of the Koret patent but confined the
coverage only to the precise wording in the patent claims '"...the fabric (is) partially
dried at a temperaturc below the polymerization temperature of the resin so as to maintain
the contained resin in an unpolymerized state and approximately 2% to 8% of moisture is re-
tained in the fabric..." This confinement liberated the apparcel manufacturers from the re-
straints of the patent, because they had been using partially or lightly cured fabrics all
along (which they preferred becausce of their improved stability during the manufacturing
process). Therefore, they were free to use these fabrics already available to them and
cure them in their ovens without paying royaltics,

The interest in radiation curing disappearcd overnight.

RESISTANCE TO FLAMMABILITY

Nevertheless, this carly experience in radiation curing of textile finishes prepared
us for a morce recent development.  Flammability legislation has promoted our interests in
flame-retardant finishes for cotton, amd it has now been shown that Fyrol 7¢, a finish
which we will discuss later, can be successfully grafted onto cotton to produce durable
flame-retardant products with good hand, strength retention, and resistance to culorine
bleaching (11).

Flimability legislation, which we just mentioned, led to a commercial failure for
reasons which we did not anticipate and to two successes which required considerable

development,

First, let me discuss the failure. Pyrovatex CP (12) was introduced to textile
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finishers in 1967, By the middle of 1968, development had procceded to several pilot
plant trials of a few hundred yards cach. A major apparcl retailer decided to test market
the finirsh on cotton flannel sleepwear, and a substantial order was placed for delivery of
treated fabric in late 1968, When the mill began to process the order on continuous pad-
dry-cure equipnent, an unforscen prohlem arose.  Some kind of adhesive substance collected
on the rollers in the curing oven and gradually built up to the point where the range had
to be shut down for cleaning,  Since this happened every 10,000 yards or so, the processing
time was cxcessive and the production cffort was abandoned., A sccond mill succeeded in
completing the contract by using a loop, or festoon dryer, for curing instead of a roller
oven (135).

This retail offering of FR sleepwear, although it was rejected by consumers because
of higher cost, probably convinced government agencics that flame-retardant children's
sleepwear was possible, and the first law covering sizes from 0 to 6X was issued in 1971,
Meanwhile, difficulties with Pyrovatex CP continued. This time, the problem was unreli-
ability, probably causcd by the poor shelf tife of the finish,  Since it was produced in
Switzerland (for patent reasons), substantial time clapsed between the time of manufacture
and the use of the reagent,  Apparently, the anstability was caused by cleavage of the
methyl ester to produce a free acid with subsequent lowering of the pll and an increascd
rate of decomposition,  These new problems led to abandonment of the finish, to be revived
only when no other substitute was available in 1973 when the sleepwear law became fuliy
effective. By 1979, more reliable substitutes were offered for development, and by 1975
the use of Pyrovatex had sharply declined,

buring the developnent period between 1971 and 1975, the unpredictable results from
Pyrovatex CP, conpled with the difficulty in applying it to cotton fabrics becanse of the
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sticky residue and the interference with stabilization of cotton knits, led to a decline
in cotton's share of the 50 million pounds-per-year children's sleepwear market. In 1967,
87% of this market was cotton. By 1973, it was 19%, in 1974 13%, in 1975 11%, and in 1976
it was 10% (14).

It is important to notc that one of the unforseen events which contributed to the de-
cline in the use of FR finishes for cotton was the requirement that the product be tested
for flammability before and after 50 mechanical wash-and-dry cycles, Fibers considered
to be "inherently flame retardant," such as modacrylics, do not require such durability
tests. The long delay before goods could be shipped--more than a week in a one-shift
laboratory--made these products unpopular in the finishing plant.

Currently, attempts arc underway to produce a more stable version of Pyrovatex in
order to recapturc the market which it helped to create, but for the moment this process
must be considered a short-lived success but a long-range commercial failure.

Although knitted cotton sleepwear for children almost entirely disappeared in 1973
and is only now beginning to return to the marketplace, woven fabric still required FR
treatment and Pyrovatex CP was replaced by two newcomers which so far have divided the
cotton slecepwear market almost equally between them.

The finish which took longer to develop was somewhat different from conventional
finishes, which depend on a chemical bond to cellulose and may therefore be considered
a chemical "modification." This process, THPOH-ammonia, depended on the deposition of an
insoluble substance inside the fiber--somewhat like the formation of napthol dyes. The
idea of using gascous ammonia originated in Southern Regional Rescarch Laboratory around
1956 (15), but tomething like 10 years pissed before attempts were made to commercialize
such a finish. In 1967, pilot plant trials indicated that the trcatment was feasible, but
development was difficult. The primary obstacle was the control of the diffusion of the
ammonia gas into the fiber, and there were many false starts until successful systems were
devised around 1974 or carly 1975. The deposition of the polym:r inside the fiber without
chemical attachment to the cellulose bulks the fiber but does not cause reduction in its
strength.  In fact, there is a slight incrcase in the breaking load. Bulking of the
amorphous regions does lcad to some rigidity and a loss in tearing strength but not as
much as is normally experienced with cross-linkers. Unfortunately, these good strength
characteristics are paid for by a lack of wash-wear or smooth drying ability.

The other successful FR agent also depended on a new approach, vinyl polymerization.
When Tyrol 76 was introduced commercially by Stuaffer Chemical Company in 1974, the struc-
turce was revealed as (16):
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Later, the structure was modified to reduce the number of vinyl groups and therefore
the number of bonding sites, which gave improved strength retention (17):
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This finish is made durable by polymerization of the vinyl group brought about by
peroxide catalysts. Attachment to cellulose can be achieved by including a co-recactant,
usually N-methyloacrylamide, which provides a vinyl group to rcact with Fyrol 76 and a
methylol group to recact with the cellulose. Fyrol 76 can also be applied as a homopolymer
which presumably is bulked inside the fiber like the 'THPOH-ammonia product with the same
results; that is, better strength retention at the expense of wash-wear appearance.

An added benefit of this homopolymer is its resistance to chlorine bleach, probably
because of the absence of basic nitrogen groups, which requires a higher phosphorus con-
tent.

Both of these systems with insoluble polymers and un absence or minimum of crosslinks
give fabrics which have better sewability; that is, with less needle heating and less
necedle cutting of yarns.

A final success story is more recent: the commercial production of cotton fabrics
"mercerized” in liquid ammonia. Southern Regional Research Laboratory has studied the
transformation from Cellulosce | to Cellulose 11 and II1 for more than a genecration, and a
recent paper (18) outlines some of this work and indicates these new interests. This pro-
cess has been commercially successful for more than a year in an arca that we would not
have predicted from laboratory studies on 12-to-ld4-ounce denim., This cloth usually comes
off the loom with about [4% shrinkage in the warp dircction, and this ¢ nount of shrinkage
cannot bhe eliminated in one pass through a Sanforizer or other compactor. Ammonia mercer-
ization climinates about 0% of this shrinkage in ld-ounce denim, less in lighter fabrics.
The remaining potential shrinkage can then he handled by conventional means. In addition,
the treatment appears to eliminate progressive shrinkage.

As a bonus to shrinkage control, the swelling of the fibers gives a fabric which dries
almost as smooth as one which is resin treated, without the usual loss in tearing strength.

The financial success of one large apparel producer last year (19) was attributad
largely to this process, and several of its competitors have now adopted it. Other major
apparel manufactur.es are depending on a small amount of polyester to produce a competing
product, and an in:--esting commercial battle is taking place.

ENVIRONMENTALISM

I cannot cad this discussion without mentioning some influences in the U.S. which may
create new opportunities for chemical modifications of cotton but will probably cause a
large number of commercial failures of successful laboratory processes. As you know, we
have entered an age of "consumerism' and "environmental protection.' In 1969, the U.S.
Congress endorsed the National Environmental Policy Act which led to the establishment of
several agencies cmpowered to restrict or prohibit any agent which might interfere with
acceptable environmental qualities.

One of these agencies is the Environmental Protection Agency, whose main efforts have
been in the arcas of air and water contamination. Clearly, its regulations can control
the use of many chemical rcagents now heing used or proposcd for usc on cotton,

The specific impact of chemical reagents on the worker falls under the authority of
the Occupational Safety and Health Administration. One of its concerns has been the
cancer-causing potential of materials used in manufacturing. Textile people in the U.S.
are well aware of the problems caused by the possibility of bis-chloromethyl cther in
finishing baths and of the restrictions put on cxposure to vinyl monomers. Proposed
regulations on noise and dust in cotton mills are cxpected to increase the cost of manu-
facture of cotton fabrics by some 20%,

The Consumer Product Safety Commission has focused attention on the effect of chemi-
cal reagents on the consumer. Its most widely publicized effort has been the so-called
"Iris" incident in which tris{dibromopropyl)phosphate was banned from use as a flame re-
tardant in polyester and acctate fibers because it caused cancer in animals.
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A new addition to the many government controls is the Toxic Substances Control Act,
a blanket law which "clearly places the burden of proof on the manufacturer that a
chemical will not lead to significant adverse effects to hcalth or the environment" (20).

Six wecks ago, several spcakers at the annual Technical Conference of the American
Association of Textile Chemists and Colorists speculated on the future. Onec of them (20)
said:

Because textiles rank with food, drugs and cosmetics in human exposure,
it is foresccable that the EPA, as well as public interest groups, will spend
an increasing proportion of their resources on close scrutiny of textile
fabrics as possible vehicles for public exposure to toxic materials.

In spitc of these dismal prospects I am, like most of you, still infatuated with
cotton 40 yecars after my first exposure to cellulose chemistry. I don't believe that
cotton will disappear from the Universe, nor do I believe that the science of chemistry
will be abolished. My logical conclusion is that cotton chemistry will survive.
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Chemical Modification of CMC:

Possible Paste for Printing with Recactive Dyes

I[. Abd El-Thalouth
Textile Rescarch Division
Naticnal Research Centre

Carboxymethyl ccllulosc in the sodium form (CMC) is onc of the most important
materials usced in the printing pastes of pigments, vat dyes, and dispersed dyes.
In printing with reactive dyes, which combine chemically with cellulose, one of the
first problems cncountered was that of finding a suitable thickener. Since it was
reported that most of the common thickening agents arce carbohydrate, it is only to he
expected that under any conditions which will lead to fixation of these dyes
on the fiber, reaction with the thickener will also occur. This is, in fact, observed.
The effect is cither to give a poor color yicld, since some of the dye is not available
to combine with the fiber and is removed in a bound form when the thickener is washed
off, or clsc to insolublize the thickener, so that it cannot be rcadily rcemoved from
the fabric and gives prints with a harsh, stiff hand (1, 2, 3).

The absence of any reaction between sodium alginate and reactive dyes for cellu-
losic fibers makes it the most suitable thickener for usc with these dyes (1, 2, 3, 4,
5, 6). The obscrvation that sodium alginate does not react with reactive dyes has been
interpreted as cevidence that the secondary hydroxyl groups of ccllulose do not react
with these dyes. llowever, experiments on the dyeing of oxidatively degraded cellulose
indicatc that both primary and sccondary hydroxyl groups undergo recaction (2, 7). The
rcason for the nonrcactivity of sodium alginate toward reactive dyecs is not fully under-
stood but is probably a conscquence of the ionized groups in the alginate. It scems
probable that the value of this product lies in the carboxyl groups in the polymer,
which ionize and repel the similarly charged dye ions and so prevent reaction. This ef-
fect will also promote the transfer of the dye from the thickener into the cellulose.
With some dyes, an alginate gives a better transfer of color from the paste to the fabric
than other materials. This again is attributed to the negative charge on the alginate
ion (8).

However, it was found that solid calcium alginate reacts with reactive dyes of the
triazine type. The reaction product is readily decomposed with alkali washing treat-
ments (2), ‘The fact that viscous solutions of sodium alginate form, in the cold, primary
valence bonds with reactive dyes in the presence of OH™  was proved by dyeing tests
followed by oxidative cleavage, diazotization, and coupling with a phenol before and
after precipitation of the acid with Ca(OAc)2(9).

Although i1t is generally known that the failure of employment of CMC in the printing
paste of rcactive dyes could be traced back to the recaction of CMC hydroxyls with re-
active dyes (1, 2, 3), yet no systematic study has been carried out so far on the extent
of reaction of reactive dyes with (MC. It is believed that such studies would be quite
uscful to find out whether CMC could under certain conditions be used for the printing
paste of reactive dyes without impairing the prints,

The work carried out in this division (10, 13-18) aims to fill this gap and presents
the results of investigations on possible use of CMC in reactive dyes print paste.

Judging from what is revealed in the literature (loc. cit,) and from experimental
results obtained in this laboratory (10}, it is certain that carboxymethyl cellulose re-
acts with Cibacron Brilliant Red B, Yet, it is likely that in presence of cellulose,
CMC may react with the reactive dye as well as may act as a transferring medium for the
dye, therchy facilitating its penctration to the cellulose for a reaction to occur, In
order to check the validity of this and in order to ascertain whether the amount of the



62

dye which rcacts with CMC in absence of cellulose would be influenced by its presence,
two parallel experiments were carried out under sinilar reaction conditions using the
same paste. In the first experiment, the reaction was conducted, as previously de-
scribed, by making a thin film of the paste on a glass plate. This is followed by dry-
ing and thermofixation at 150° C. for 5 minutes. Thesc operations constitute the steps
of the sccond experiment except that the glass plate was replaced by a cotton fabric.
The latter, after being trcated, was washed with cold water to remove the thickener,
which was then precipitated, purified, and dried. The cellulosic fabric was soaped at
the boil with an alkali soap solution (pH 11) to remove the looscly adhering dyed CMC.

The data reveal that CMC reacts with Cibacron Brilliant Red B in the presence and
absence of cellulose. tlowever, the extent of reaction is much lower in the presence
of cellulose. This is expected, since reactive hydroxyl groups are available along the
cellulose chain molecules, so that reaction of the dye with cellulose is possible in
addition to the normal reaction bhetween the dye and CMC. This is substantiated by the
significant amount of the percentage of reacted dye observed with the cellulose. Thus,
during printing of the cotton tabric with the reactive dye in question using CMC as a
thickener in the print paste, there are two rcactions which operate simultancously.
The first rcaction is responsihle for the significant amount of percentage rciacted dye
obscerved with the thickener, i.c., CMC, whereas the second reaction accounts for the
substantial amount of percentage of reacted dye obtained with the cellulose. In other
words, CMC in the print paste reacts with the dye as well as behaves partly as a thick-
ening agent, depending on the nature of CMC used. Evaluation of CMC as a thickener will
he discussed later.

(CMC VERSUS SObDIUM ALGINATE

It has been shown from the experimental results that CMC is able to act as a thick-
ener in the print paste which can be used in printing of cotton fabric with Cibacron
Brilliant Red B. It is therefore of interest to study the efficiency of CMC as a thick-
ening agent in the print paste.  For this purpose, pastes containing different CMC samples
and another one containing sodium alginate, as thickeners, were prepared under identical
experimental conditions. The pastes were applied to the cotton fabric either by just
making a thin film or through a screen, i.e., screen printing.

Results from these cxperiments may be summarized as follows:

A.  The perceentage of dye rcacted with cellulose when the printing paste was
applied as a thin film is marginally higher than when the paste was
applied through a screen. This is observed with both CMC and sodium
alginate.

B. The percentage of dye reacted with cellulose is ncarly equal for the paste
of commercial CMC (D.S. = 0.62) and of sodium alginate. lowever, the samples
which have been printed with CMC have a harsh hand, while those which have
been printed with sodium alginate have soft hands.

.. It is believed that the harsh hand of the samples which have been printed
with CMC is probably due to the adherence of some dyed CMC on the cellulose
which cannot he removed by washing.

It is clear now that the problem of using CMC in printing cellulose with reactive
dyes is the harsh hand. Hence, it is betieved that the oxidation of CMC would reduce its
reactivity toward rcactive dyes by oxidizing some of the -0l groups and increasing its
solubility via glycosidic bond cleavage., This may improve the hand of the printed goods.
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OXIDATION OF CMC WITH SODIUM HYPOCHLORITE

A number of patents (11, 12) have outlined the utilization of sodium hypochlorite
as a bleaching agent for CMC. These patents disclosed that CMC treated with hypochlo-
rite showed lower viscosity than similar but untrcated one.

A detailed study of the action of sodium hypochlorite on water-soluble CMC was
carried out in this laboratory (13). It is believed that the results of this investi-
gation would prove of value to the utilization of oxidized CMC in the printing paste
of rcactive dyes.

To start with, oxidation of CMC having D.S. 0.62 with sodium hypochlorite was
examined under a variety of conditions. Variables studied include concentration of
the oxidant, pH of the oxidizing medium, and temperaturce of the reaction. The influence
of a catalyst with the oxidant was also investigated.

[t has been found that increasing the hypochlorite concentration and/or the re-
action tempcrature favorably affects the rate of oxidation. The latter is very slow in
alkaline solution, while it is only slow in the carlier stages of the reaction when the
oxidation was conducted in acidic medium. On the other hand, the ratc of oxidation is
very rapid in ncutral medium,

By carcfully controlling the oxidation process, it has been possible to prepare
oxidized CMC which has a viscosity suitable for usc in the printing pastes of reactive
dyes. The printed goods acquire a soft hand with a color yicld equal to that obtained
when alginate was used as a thickener (14),

Furthermore, CMC with D.S. 3 was also prepared according to a method described else-
where.  This sample is not soluble in water. However, it was solubilized by oxidation
with hypochlorite solution (13). Usc of the oxidized product as a thickener in the
printing paste of reactive dyes produces printed goods with excellent results in respect
to color yield and hand. The thickener does not also react with Cibacron Brilliant Red
B (14).

Furthermore, the suitability of oxidized CMC as a possihle base for recactive dye
print pastcs has been technologically evaluated (15). The color yields and overall
fastness of prints arc somewhat comparable to those thickencd by sodium alginate. Oxi-
dized CMC has been successfully applied on a semi-industrial scale using both roller and
screen printing methods. Furthermore, storage of oxidized CMC in paste form has
practically no effect on printing efficiency (15).

CYANOETHYLATION OF CMC

The cyanocthylation of {MC in aqueous sodium hydroxide solution was investigated
(16). The extent of reaction, cxpressed as nitrogen content, increases by increasing
the concentration of acrylonitrile and then levels off, whercas the percent nitrogen
decreases by incrcasing the cyanocthylation temperature. Cyanoethylated CMC samples
arc water-soluble, and their viscosity depends upon the degree of cyanoethylation.

Cyanocthylated CMC of different degrees of cyanocthylation was reacted with a re-
active dyc, Cibacron Brown 3 GR-A in the presence and absence of a cotton fabric (17).
The extent of the reaction is much greater in the absence than in the presence of the
fabric. The degree of cyanocthylation does affect the magnitude of the color yield on
the thickener (modificd CMC) as well as on the fabric. (Generally, increasing the degree
of cyanocthylation is accompanicd by a decreasc in the color yield on the fabric.

Screen printing was performed by making usce of pastes containing cyanocthylated CMC.
The prints showed appreciable color yicld and soft hand, rcflecting the potential value
of using this modified CMC in printing with rcactive dyes.

Finally, the suitability of cyanoethylated CMC as a thickener for printing with re-
active dyes has been technologically cvaluated (18). The color yields and overall fast-
ness of the prints arc somewhat cemparable to those thickened by sodium alginate.
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Chemical Medification of Cotton (Cellulose)--Carboxymethylation

G. C. Daul
Manager
Eastern Rescarch Division
ITT Rayonier Inc.
Whippany, New Jersey

My introduction to cecllulosc chemistry hegan in 1945 when I joined Dr. J. David Reid's
Chemical Properties of Cotton Scction at Southern Regional Research Laboratory (now Southern
Regional Resecarch Center, U.S. Department of Agriculture) in New Orleans. The primary mis-
sion of this laboratory was to increcasec the utilization of cotton and cotton products.

The first assignment Given to me by Dr. Reid was to find a different approach to making modi-
fied cotton which would be swellable in water while retaining its fibrous state.

Goldthwait (1), a SRRL scientist at the time, had patented a treatment for cotton
which involved impregnation with the alkali-soluble water-insoluble hydroxyethyl ether of
ccllulose. The object was to make a cotton substitute for linen fire hose because of the
shortage and high price of linen during World War II. While Goldthwait's sclution to the
problem involved a surface application with no chemical modification as such, work by
Stallings (2) followed with the same objective, which involved true chemical modification
with acrylonitrile in the presence of sodium hydroxide. This treatment gives a partially
substituted carboxyethyl cther of cecllulose which yields swellable fibers and according to
the patent fire-proof, lcak-resistant fire hose. Why such a product would be cxpected to
be fire-proof is not apparent, unless sufficient meisture is available from the hose to
prevent ignition (a wet fire hosc wouldn't burn!).

Our approach was similar to Stalling's except the mechanism would be carboxymethyla-
tion. The preparation of carboxymethylcellulose, using chloracetic acid and sodium hydrox-
ide had been patented in Germany in 1921 (3). Lilienfeld (4) then patented the treatment
of cellulosic fabrics with chloracetic acid followed by mercerization to obtain different
finish and dycing cffects.

Our experiments were performed first on purificed cotton fibers, then yarns, and finally
fabrics. Although a single-stage treatment using sodium chloroacetate in sodium hydroxide
appecared more logical, the problem of insolubility of the former in strong sodium hydroxide
and its rapid hydrolysis led to the use of the treatment of cotton with a solution of chloro-
acetic acid followed by impregnation with sodium hydroxide. It was found that by varying
the concentration of these two reagents, rather good control over the substitution of the
hydroxyls in cotton by carboxymethyl groups could be obtained.

The initial objective being swellable cotton fabric as a substitute for linen, par-
tially carboxymethylated cotton yarns were woven into fabrics and tested for water holding
capacity. It was found that while the desired swelling was evident, most of the water
transferred through the fibers in the fabric, not necessarily through the interstices which
had been scaled effectively. So the original purpose of the research was not successful.

Since rescarch must never be discouraged by initial failure, other possibilities for
the PCMC reaction with cotton were investigated. The initial work involved in making
cotton more swellable resulted in two publications and a patent (5,6,7) which described the
conditions necessary to obtain the desired cffects. Also resulting from this rescarch were
rapid methods for estimating the degree of substitution; converting to heavy metal-COOH
salts, some of which conferred a degree of rot resistance; a stiffening surface cffect re-
sembling starching (which was not fully cxploited); and highly absorbent material for usces
such as kitchen towels.

To test the potential for commercialization, full width 80-square cotton cloth was
padded on pilot plant equipment with 17.6% MCA and a wetting agent, followed by padding
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with 42% NaOH. The fabric was collected on a roll, allowed to stand for 45 min. and then
washed free of excess NuOH and dried on cans. CM-substitution was 1 cm group/15 anhydro-
glucose units and found to bhe very uni form.

This PCM fabric was characterized as heing more water absorbent, having increased re-
sistance to soiling and casc of soil rcmoval, heing casier to iron and having a starched
feel after ironing, offering improved light-fastness with azoic dyes, and having altcred
dye acceptance with substantive and vat dyes. While I am not aware of any prescnt commer-
cialization, it was reported by Decossas (8) in 1960 that CM-cotton was in production in
the U.S. on a commission basis. It is interesting to note that monochloracetic acid was
quoted at 19¢/1b. and NaOll at 2.8¢ at that time. No comment is nceded as to the effect

inflation has had on those prices since 1960.

As most rescarchers must agree, one never knows where a project will lead if time,
money, and an understanding project director are present. In our case, the rescarch led
rather far aficld of the original intent. Interest turncd to the possibility of producing
alkali soluble varns which might compete with the rother expensive soluble alginate fibers
produced in England. These fihbers (yarns) were used for special effects in weaving,
knitting, lacc making, or for any product in which a thread is needed only temporarily and
can be readily removed at some later stage of processing, such as in string-sock-knitting.

Attempts were made to duplicate the claim of Dreyfus (9) that by carboxymethylating
cellulose to a D.S. of 2, acctone solubility could be obtained. The cxact procedures of
Dreyfus' patent were used without success, and multiple trcatments of PCMC and commercial
CMC were necessary to obtain this degree of substitution. The free acid of CMC with a
D.S. of 2.05 was not soluble in acctonc as claimed by Dreyfus. Unless 1 have missed some-

thing in the literature, I don't believe an acctone-soluble CMC has ever been produced,
and | wonder if onc should expect the carboxyl group on cellulose to impart such solubility.

Two approaches were used to imitate the properties of alginate fiber. In one, commer-
cial water-soluble Na-CMC was used to make solutions which could be spun into metal-salt
baths to produce filaments which, considering the crude mcthods used, were surprisingly
strong (10,11). Blend fabrics of cotton and CMC yarns wcre made again in an attempt to ob-
tain swellable structures or to dissolve the metal-CMC yarns to make lack-like materials.

[ am grateful to Lr. Reid and Dr. Ward (another member of the American tcam) that this new-
comer to research was not ordered to discontinue this line of endeavor, since it was highly
unlikely (on reflection), that it would ever lcad to increased utilization of cotton. It
was, however, intensely interesting and fucled the fires of the imagination which persuaded
me that rescarch on cellulose could be exciting.

Almost simultancously with the fiber spinning project, it was found that cotton yarns
could be carboxymethylated in two stages to impart water-solubility (12,13). The success
of this development depended upon two properties of the finished product -- insolubility
in strong alkali and in alcohol. CM-cotton yarns were produced which retained most of
the tensile strength and other physical propertics and yct would disintegrate in water.
This development achicved more publicity and commercial interest than any prior work the
author had done. Samples of CM-cotton yarn werc supplicd to shirt manufacturers, lace
makers, meat packers, sock knitters, and placed in science kits which were widely dis-
tributed. Newspaper publicity queried whether the inventors had thought of making bathing
suits from soluble cottons (we had, but only in jest). Unfortunatcly the interest waned
when costs of production were considerced (estimated at 40-50¢/1b.)

To me, onc of the more interesting properties of CM-cotton is its ability (in the
acid form) to self-catatyze cross-linking agents.  Dr. Reid has described the development
of durable press in the United States and the important contributions made by the Southern
Regional Rescarch Center.  Recently, however, the "Environmentalists' in the U.S. have
heen getting wide publicity by casting suspicion on the morc important reagents being
used to make cellulosic durable-press fabrics as heing carcinogenic or mutagenic. Several
of the most important chemicals used as finishing agents have been cited as being under
suspicion (14). They arc formaldchyde, trimethylol mclamine, tri-cthylene melamine, epi-
chlorohydrin, dl-Dicpoxybutanc, acrolein, glycidol, di(2,3 opoxypropyl)cthcr, aceteldehyde,
dicthyl sulfate, and others. To meet stringent restrictions on these chemicals will mean
vast outlays of moncy to protect workers and the environment or discontinuation of their
commercial usc. Substitutes would thercfore have to be found.



67

In preparing for this presentation, I found an old notebook in which I had recorded
(on 2/10/49) the idea for sclf catalysis of cross-linking resins by the COOH group in CM-
cotton and a footnote, "it will probably work on phosphorylated cellulosc also." Attached
to the notation was the first picce of CM-cotton which had been treated with dimethylol urea
resin without a catalyst. At that time the methylol resins were notably unstable in that
their molecular weight increased on standing and especially in warm, acid-catalyzed pad
bath. They were, however, successfully used on rayon fabrics or for stiffening agents
(hand-builders) but were not especially good for cotton because the large molecules could
not penetrate sufficiently the multiwalled layers of ccllulose in the cotton fibers. With
CM-cotton, however, there arc two advantages: higher swellability and absorptivity of the
larger molecules and a sclf-contained acid environment (the CHCOOH group) which might
possibly cross-link the resin with the cellulose. 1t had been determined by Hoffpauir
and Guthrie (15) that the pH at half capacity of CM-cotton in the acid form is 3.65. This
was expected co be more than adequate for the cross-linking reaction with amino resins.

When laboratory-prepared dimcthylol urea and methylol melamine (Resloom [IP) were applied
respectively to CM-cotton fabrics and dried and cured, it was found that the finished, once-
washed crease resistant fabric retained over 80% of its breaking strength, compared to 65%
for the catalyzed resin treatment of mercerized cloth. In later experiments, improvements
in tear strength and abrasion resistance were found over mercerized control fabric treated
to cquivalent resin contents.

This work was cxtended to phosphorylated cotton (16), which was made by the reaction
of urea and phosphoric acid with cotton fabric. After conversion to the acid form, it was
resin treated without catalyst. In this case, a rather good degrce of fire retardancy was
also obtained in addition to crease resistance.

My personal involvement in the research work at SRRL came to a conclusion in 1953 when
I accepted a position with Courtaulds (Ala.) to do research on rayon modifications. How-
ever, the interest in PCM-cotton continued at SRRL and rescarch on this subject was con-
tinued by my friend and co-worker, R. M. Reinhardt, and others

The nonaqueous carboxymethylation of cotton was described by Reinhardt and co-workers
(17) in 1937. By using solvent exchange techniques to increase accessibility to reactivity,
optimum conu' *ions were obtainced when prepared cotton was soaked in 5% monochloroacetic
acid in is.p -anol, take-up adjusted to 100%, and then treated to reflux with 0.3% ex-
cess of NaOn, a mixture of 12.5% methanol -- 87.5% isopropanol. A DS of about 0.075 was
rcached. With this trecatment, however, some loss in breaking strength was obtained.

As a side obscrvation of this work, they found that different varicties of cotton re-
sulted in different degrees of substitution. This corrclated very well with the Micronaire
fineness of the cotton -- the tower the Micronaire the more substitution occurred. For
cxample, SxP cotton gave twice the reactivity of Rowden 41B (fineness 3.85 and 6.07 respect-
ively). This probably rerlects the higher surface arca of the finer cotton.

When compared with the aqueous trcatments with higher concentrations of acid and alka-
1i, however, the nonaqueous treatment gave less uniform carboxymethylation, as cvidenced
by dyeing with methylcene blue. This was attributed to the comparatively lower amount of
swelling in alcohol.

A rather extensive study on the effects of partial carboxymethylation on the physical
properties of chemically modified cottons was done by Grant and co-workers (I8). Six
different varicties of cotton were used (Acala 1517, Coker 100 wilt, Deltapinc 14, Rowden
418, Stoneville 2B, and $xP) to detcermine the degree of CM-substitution obtained from
identical (aqueous (M) treatments, and the cffects of those treatments on such physical
paramcters as density, moisturce regain, fiber length, lincar density, breaking load and
tenacity, clongation, and sccant modulus. Fibers, fiber bundles, and yarns were used and
untrcated and mercerized cottons served as controls.

As in the Reinhardt study mentioned above, significant changes in physical properties
were found for the six different cotton varictics investigated, with some giving larger or
smaller changes from the untrcated and control cottons. Density and moisture regain
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increasced, the latter to about twice that of normal untreated cotton. Fiber length was
shortened and linear density increased, as did cross-sectional area and moisture absorptive
capacity. Breaking loads of yarns increased more than that of individual fibers, and tena-
citics of both fibers and yarus were increascd but not to the same extent as the breaking
load. The smallest change was found in elongation at break. 'This is attributed to the
usc of controlled tension during the caustic soda trcatment, following MCA or for the con-
trols.

Of the six cotton varictics studied, the largest percentage of increases in breaking
loads, tenacity, and clongation at break werce found for the Stoneville cotton. The smallest
increases in breaking load and tenacity and the largest decrcase in clongation at break
were found for the SxP sample.

These studies on different variceties of cotton indicate that one might pay some atten-
tion to the sclection of cotton used for chemical trecatment or that the cotton gencticists
might be encouraged to develop cotton varictics with enhanced propensity for chemical treat-
ment, including resin finishing.

In an investigation which might be termed rather more fundamental rescarch than prac-
tical, Reinhardt and co-workers (19) described the posttrcatment of partially carboxymethyl-
ated cotton to determine whether the unique physical and chemical properties of this ma-
terial would contribute to sccondary rcactions of chemical reagents with the cellulosic
hydroxyl or with the carboxy groups. Some of the sccondary trcatments involved use of
phenylmercuric and mercuric salts to give bactericidal and fungistatic activity, beta-
propiolactonc to introduce carboxycthyl, hydroxypropionic acid ester, and graft polyester
substituents; cyanocthylation with acrylonitrile; cross-linking with a diepoxy finishing
agent without added catalyst; a triaziridinyl compound to impart flame resistance; and
oxidation with chremic acid or nitrogen dioxide to yicld fibrous products with alkaline
solubility. Results showed that the CM pretrcatment of cotton cnhanced the rate and extent
of many of the subscquent reactions as compared to native or mercerized cotton.

Another fundamental study was conducted by A.C. Bullock, ct al (20), in which cross-
linking by vapor-phase formaldehyde was carried out on cotton fabric before and after
partial carboxymethylation. The major conclusion reached was that the location of the cross-
links was different in the two sample fabrics. Differences were noted in the water of
imbibition (water retention) and in the ratios of wet-to-day crease recovery angles.

To improve the commercial viability of the PCM-cotton process, Reinhardt and Fenner
(21) took a diffcerent approach which more closely approximated techniques used for textile
finishing. They found that application to cotton fabric of a solution about 25% MCA and
only 5% NaOH followed by tenter-frame drying, and haking at 140° C. would give a D.S. of
(.11. Breaking strength of the etherified cotton was about the same as that of the untreated
fabric, but tearing strength was lower. In addition, they found that other strong alkali
and ctherifying agents (o halocarboxylate salts) could be used as well to give the corre-
sponding cthers.

MORE RECENT RESEARCH ON CARBOXYMETHYLATION OF CELLULOSE

It would be presumptious of me to try to describe here the many contributions to
science on this subject by Drs. Fahmy, Hebeish, Kamel, Mansour, E1 Thalough, and their
co-workers. Somc of them will no doubt have the opportunity to do this during our panel
discussions.

There has been some more recent work than I have alrcady mentioned in the U.S. and
other countrics as well which should bring this review as up-to-datce as our receipt of
publications allows,

Perrier and Benerito reported (22) and recently patented (23) a rather involved but
unique serics of steps to produce (M-cotton in nonaqucous media. The chemical and physical
propertics of this material are different from those of the (M-cotton fabric prepared in an
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aqueous system. The seriecs of steps involved arc:

<0

1. Swelling (mercerization) with 23% NaOtl,

2. Solvent cxchange by neutralization, washing with water and then with anhydrous
methanol.

3. Rcaction with 2M sodium methoxide solutions in anhydrous methanol to form sodium
cellulosate.,

4. Wash with anhydrous t-butanol to rid cxcess sodium methoxide.

5. React with 2.5% sodium monochioroacetate in DMSO at room temperaturc under agita-
tion with N» gas for 0.1 to 24 hours.

6. Wash in excess DMSO, then with deionized water.

7 fron dry and air cquilibratce.

After 20 hours of reaction time at 25° C., a D.S. of 0.30 was recached. At 60° C., a
D.S. of 0,24 could be rcached in 2 hours. Wet wrinkle recoveries of these fabrics were
275° and 289° (WxF). Surprisingly, the CM fabrics did not become gelatinous or dissolve
as would be expected from multiple treatments by aqucous methods. It is entirely possible
that the €M substitution occurs at different C-positions in the two different rcaction pro-
cedures.

The treated fabrics could bhe converted to the free acid form at pH 2.5 and used for
the sclf-catalysis of cross-linking resins described carlier.

As an cextension of this development, Ward, Benerito, and Perrier (24) patented the
reaction of propylene or ethylene carbonate with CM-cotton prepared by the above nonaqueous
procedure to give fabric with high conditionced- and wet-wrinkle recovery by ester cross-
linking. When this process was usced on aqueous reacted CM-cotton, only the cenditioned
wrinkle recovery was improved,

Whilc the above developments leave much to be desired by way of practical application,
they do show that it is possible to get good wrinkle recovery in cellulosic fabric without
the use of formaldehyde-basced resins or any of the environmentally hazardous catalysts.

To show that interest in carboxymethylation of cotton is not confined to the United
States and Egypt, two references to work done at Kyoto University (25, 26) were found but
unfortunately only title descriptions were available in the retrieval. They are simply
"Carboxymethylation of Cotton Fahrics hy Glycolic Acid" and "Carboxymethylation of Cotton
Fabrics by o One-Step Method. !

POSSTBILITIES FOR FHTURE WORK

In the original discussion of workshop topics, the question was asked "whether it
would be possible to carry out the partial carboxymethylation process in a manner similar
to mercerization." To address myscelf to this question, [ would say not on a conventional,
continuous mercerizing range in which large volumes of caustic soda are used with multiple
padding operations. It would be more cconomical to use techniques sach as those described
by hr. Reid an his carlier presentation, using indirect padding techniques or perhaps
hetter to use the pad transfer technique for the mercerization step to use only the amount
of caustic soda nccessary and not contaminate a large volume of liquid.

When a wetting agent was used with the monochloreacctic acid, we found rapid and com-
plete penctration by the caustic soda. At the time of my work, we did not thoroughly in-
vestigate the effect of initial temperature of the alkali on the reaction, It wus rather

ohserved that a temperature of 50° €. was reached in the rolled np CM-fabric during reaction,
It is of course necessary to prevent alkaline hydrolysis of the chloroacetic acid, and



70
this reaction is more rapid at higher temperatures. However, if proper precautions arc
used, as mentioned in the report on the pad-dry-bake method of Reinhardt, ct al (mentioned
above), this effect can be minimized. It would be of interest to usc NaOH at less than
amvient temperatures, and perhaps lower concentration than used in the earlier work might
be as effective,

Heretofore, ! have avoided those reactions which did not involve cotton or which rc-
sulted in a completely water-soluble CMC such as is used extensively in commerce. lHowever,
a worldwide interest in finding new routes to dissolving cellulose has been developed as a
result of environmental difficultics with the viscose process. Among the more interesting
of the new solvent svstems involves DMSO and HCHO which gives very clear solutions in a
short time. D. €. Johnson deseribes the mechanism as a methylolation of the cellulose.

At the recent ACS mecting in Chicago (27) he described a rather exotic method of pre-
paring CMC from solutions of methylol cellulose in DMSO, using sodium hydride and mcthyl
bromoacetate. He explains the reacvion as the hydride promotes the loss of methylol groups
which in turn liberates nucleophilic cellulose anions. Subsequent ctherification with
methyl bromoacetate leads to a homogencous solution of CMC followad by precipitation of
the salt form.

By analvsis, Johnson showed that much of the CM substitution occurred at the -3 posi-
tion, indicating that the C-6 had previously been occupied by methylol groups.

On the other hand, when he used a solution of cellulose in N-methyl morpholine oxide
diluted with DMSO, he achicved carboxymethylation using sodium hydride and methyl c¢™loro-
acotate at 70° €. In this case, most of the €M substitution occurred at the C-6 pos.*tion.
[t would, of course, he of interest to sce whether (M-substitution at (-0 would confer
different propertics to M cellulose than at other substitution sites,

Russian scientists recently described (28) the reacron of CMC with the enzyme urca
in the presence of NN, dicycelohexyl] carbodiimide as a catalyst. The enzymatic activity of
the CNC-urease was 12 to 855 of the natural enzyme, depending on the amount of rcaction
ohtained. there may be potential uses for this CM-enzyme derivative in cotton fabric form.
Other enzymes may be suited to this type of reaction using (M-cotton fabric as a substrate.

As one who thought back to his carly work on carboxymethylation in 1945, that surely
most of the "ercam had been shimmed off the milk," after his cight yecars at SRRL, you can
see from this report that [ have been badly mistaken, and there is still a lot of research
to do on this and other cellulose reactions. Cellulose being nature's only large-scale
rencwable polymeric resource, we cannot, as scientists, overlook any road which leads to
new knowledge or new usces for old knowledge about this fascinating material.

! am deeply honored to have been invited to participate in this workshop and thank
vou for your kind attention.
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Studics on Fixation of Different Dyes

Using llexahydro-1,3,5,-Triacryloyl-s-Triazine

Dr. N. Y. Abou-Zeid
Textile Rescarch Division
National Research Centre

Dye fixation by means of polyfunctional crosslinking agents is a relatively new
principle in dyeing practice, since the first articles relating to this process appcared
in the 1960's (1, 2). A range of dyes applying this principle has become available
commercial ly under the name Basazol dyes (BASF), while the crosslinking agent is known
as fixing agent P1O0 (hexahydro-1,3,5-triacryloyl-s-triazine (I). These dyes and the new
method of application are employed primarily in textile printing. The majority of these
dyes possess only slight substantivity and consist mostly of 1:2 metal complex dyes.

Although in the dyeing scctor several patents appeared describing methods for the
application of the new principle using direct dyes (3) and acid dyes (4, 5), no system-
atic study has been published pertaining to the feasibility of these methods. To fill
this gap, members belonging to direct dyes, acid dyes, and reactive dyes have been chosen
for this study.

Direct Dyes

C.! 22150 Benzo Congo Rubine

C.I. 29160 Chloramine Scarlet SE
C.I. 24555 Coprantine Pure Blue 2RLL
C.I. 25200 Posanthrene Orange P

Acid Dyes

C.1 17770 Supramine Orange R
C.I1. 42080 Xylene Blue AS

C. 1. 22895 Supranol Orange G

C.1I 61570 Alizarine Fast Green G
C.1 18065 Kiton Fast Red B2R

Reactive Dyes

C.I. 18165 Cibacron Brilliant Red B

C.I. 13245 Cibacron Yellow R

C.1 18157 Cibacron Violet 2R
Cibacron Brilliant Blue C4GP

Hydrolyzed Reactive Dyes

Hydrolyzed Cibacron Brilliant Red B
Hydrolyzed Cibacron Yellow R
llydrolyzed Cibacron Brilliant Blue C4GF

Bazasol Dyes

Basazol Red Brown PL
Basazol Bordeaux B
Basazol Brilliant Blue R

The following three compounds were used as polyfunctional crosslinking agents: I,
hexahydro-1,3,5-tris ( @ -chloro-propionyl)-s-triazine (II), and the addition product
of diethylamine with 1 (III).
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Two methods for application were used: the padding method and the application of
(I as an after-treatment tor direct dyes. For experimental details see Reference 6.

FIXATION OF DIRECT DYES

To improve the washfastness propertics of this class of dyes, several methods are
common, including after-treatment with metal salts, HCHO, or synthetic resins., It is
possible to achieve the same goal with excellent results by applying the new principle of
dve fixation using I, 11, or 11l as additives to the padding liquor or as an after-treat-
ment.  After such a treatment, the washfastness at the boil is always 5, compared with
gradings 1-2 for dyveings withont any after-treatment. The improvement in washfastness
propertics renders these dveings comparable to reactive dyeings. It was also found that
the percentage of dve fixation after soaping depends upon several factors, including the
type of dyve, type of fixing agent, and method of application. These factors will be dis-
cussed later in more detatl,

FIXATION OF ACID DYES

Although it is generally Known that acid dyes have little or no affinity for cecllu-
lose fibers, several trials were undertaken to apply them on cotton (7-10). Kamel, et
al (11} ualso described a new method of dyeing cotton fabrics using some acid dyes and
resin precondensate in one buath,

An attempt was undertaken to hind some selected acid dyes on cotton using the
previousiy mentioned polyfunctional crosslinking agents. Dyeing experiments have rcvealed
that the acid dyes used can be classified into three main categories as far as color yield
is concerned when the new method is applied:

A, Dyes which give high color yield, c.g., Supramine Orange P.
B. Dyes which can be moderately fixed on cotton, e. g., Xylene Blue AS,

C. Byes which cinnot cither be bound to cotton or which give very poor color
vicelds (below 10%), c.g., Alizarine Fast Green G and Kiton Fast Red B2R.

It is believed that the high fixation of Category A is duc to their moderate affinity
to cellulose as well as to the presence of certain groups which react readily with the
polyfunctional crosslinking agents, as will be shown later.

Trials to increase the percentage dye fixation of Category C by addition of NaCl to

increase dye exhaustion or by addition of Levalin CB, which is known to increasc diffusi-
bitity of dves, failed.

REACTIVE DYES

Cibacron Dycs. Covalent bonds linked between carbon atoms of the reactive dyes and
the oxygen atoms of cellulose in alkaline medium, It must be considered that the aqucous
alkaline solvent also provides hydroxyl groups which take part in the dyeing process. As
a result of this reaction, some of the dye is hydrolyzed in the course of the process, the
extent of the hydrolysis reaction being dependent on the structure of the dye. It has
heen reported (12) that up to 0% of the dye may be lost in the dyeing process.

In view of these considerations, it was thought that it would be interesting to try
the addition of 1 to the bath of reactive dyes with the objective of fixing the hydrolyzed
dye via the crosslinking agent,

The addation of the polyfunctional crosslinking reagent does in fact cause an increasc
of the color yield which amounts sometimes to an increase from 66 to 99.5%.  As a result
of this, the soaping process which constitutes an essential step in normal reactive dycing
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can be cither simplified or in some cases completcly eliminated, since the hydrolyzed
dve could also be made fast to washing at the boil.

In the light of these rvesults and in order to prove whether the main dye fixation is
due to normal covalent bonds ov to crosslinking via the fixing agent, the Cibacron dyes
were first hydrolyzed and then applied by the padding procedure, It was found that the
principal dye fixation in the case of monochlorotriazinyl dyes applied by the new pro-
;g?urc is due to the covalent linkages formed between the unhydrolyzed dye the the

ibers,

Basazol Dyes, This runge of dyes is considered here as recactive, since dye fixation
using 1 is the usual practice in their application. The color yield in this case reaches
59.0 to 83.2% after extraction.

A consideration of the above results reveals that two factors related to the struc-
ture of the dyes are decisive regarding the degree of fixation after soaping; namely,
affinity to the cellulosic fibers und the presence of suitable nucleophilic groups.

A moderate affinity is an cssential prerequisite for high color yield after soaping
by the new method., The low color yields obtained in case of most acid dyes as compared
to dircct dyes can undoubtedly be explained on this basis.

Another important condition for high dye fixation is the prescnce of certain nucleo-
philic groups suitable for reaction with the crosslinking agent. It was previously shown
by Iitzel (2) that polyfunctional crosslinking agents (e.g., I) contain several rcactive
groups are capable of forming stable chemical bonds with both the cellulose and the dye
molecules under alkaline conditions. The reaction is of the following type:

- +
Dye-Nu C Dye-Nu-C N

N
+ X —> X
7/

Cell-0" *c Cell-0-C

Where Nn = a nucleophilic group

X

[}

a polyfunctional crosslinking agent

It is now found that aromatic amino groups (c.g., Bonzo Congo Rubine), aromatic secondary
amino groups (c.g., Chloramine Scarlet SE), -CO-NH- and hydroxyl groups (e.g., Rosan-
threne Orange R) are effective in this type of fixation., The increase of number of
nucleophilic groups seems also to favor this type of rcaction.

The high color yields of the acid dye Supramine Orange P is undoubtedly due to the
presence of the reactive -NHCOCH,CL group. Increasc in percentage of dye fixation in the
case of the reactive dyes (CibacTon Brilliant Red B, etc.) should also be attributed to
a similar reason. However, other factors related to the structure of the dye molecule as
4 whole such as steric configuration and diffusibility should not be excluded.

In order to gain more information on the role played by the basic skeleton of the
molecule, the type, and the number of nucleophilic groups, Amin, Hashem and Kamel (13)
first synthesized the similar compounds 1V-VII representing simple
benzene and which differ only in the type of nucleophilic groups:



NaOss—O—N=N—- 7N O-N=N

S0zNa
R = -N(CH,), v 3
= -NH, v VIII
= -NH-Ph VI
= -ON VIT

The first example, IV, is devoid of active hydrogen atoms and thus would be expected to
be inert in the process. In fact, this was found to be the case, :hus confirming the
assumption that dye fixation takes place by covalent bonds. Compound VIII was chosen to
reveal the effect of an ortho-hydroxy-azo group. The results of dye fixation after soap-
ing and after trecatment with 50% dimethylformamide (DMF) indicate that fixation of dyes
IV-VII depends upon the type of nucleophilic group and follows the order -NH, > -NH )
-OH. However, it is found that no fixation takes place in case of VIII. This is un-
doubtedly due to the hydrogen bonding between the OH and the o-azo group (14) which re-
sults in the difficulty of rcmoval of the proton from the OH group and formation of the
nucleophilic anion as well as the steric hinderance caused by the bulky ortho -N=N-R
moiety.

It can generally be stated according to the tables in Reference 13 that the presence
of onc nucleophilic group seems to be incapable of yielding a high degree of fixation.
So, IX-X and another 14 compounds were synthesized with the objective of revealing the
effect of presence of two nucleophilic groups (-NHZ, -0H, heterocyclic imino, and/or
-SO,NH,) : R

NuOSSO' N=N- @- R

Where R = R!

(1]

]
4
=
=

IX
= -0H X

The results of fixation of these dyes indicated that the presence of two nucleophilic
groups generally incrcases the percent fixation of dyes, and in some cases as high as 86%
fixation is obtained. The overall structure of the molecule (type and position of the
nucleophilic groups) was found also to play a significant role in the percent of dye
fixation (13).

If the number of nucleophilic groups was increased to three, still higher values of
dye fixation were obtained. In this connection, higher values of fixation obtained with
some direct dyes (c.g., Benzo Congo Rubine, etc.) can be attributed to the presence of two
or three nucleophilic groups in the molecule.

EFFECT OF THE CHEMICAL STRUCTURE OF THE CROSSLINKING AGENT

This factor scems also to play an important role, Compounds I and Il give comparable
results of dye fixation in most cases (15). On the other hand, the dicthylamine addition
product III usually gives lower color yields., This may be attributed to the fact that the
reactive groups in the latter compound are partially (or totally) saturated with the



strong nucleophilic diethylamino groups which are not easily eliminated under the
conditions of alkaline fixation.

NATURE OF REACTIONS INVOLVED

The chemical processes involved in dye fixation using I are expected to be very
complex in nature, since the three acryloyl groups of this compound have three co-
reactants: dye, cellulose, and water. In addition, the compound itself may undergo
polymerization (16) and/or hydrolysis recactions. In fact, it has been proved by Valk,
Kamel, and Abou-Zeid (17) using thin layer chromatographic analysis that the hexahydro-s-
triazine ring is hydrolyzed under alkaline conditions to give a series of products in-
cluding acrylamide, N-methylolacrylamide, and N,Nimethylene-bis-acrylamide in addition
to ammonia and formaldchyde.

Evidence that hexahydro-1,3,5-triacryloyl-s-triazene under the conditions of dye
fixation can react with dyes containing active hydrogen is now furnished by the fact that
it reacts with Posanthrence Orange R, as also proved by thin layer chromatographic
analysis.

Similarly, the possibility that I can be chemically fixed on cellulose is proved by
the fact that when cotton is trcated with this recagent under conditions similar to dye
fixation for different baking times at 150° C., the obtained fabric contains nitrogen
values which arc only slightly lowered by extraction with 50% DMF. This reaction seems
to depend upon temperaturc and attains a maximum at 170° C.

It was proved (17) that I can rcact with cotton in 2% NaOH solution at 40° C., as
proved by the increasc in wet wrinkle recovery of the fabric as well as by the fact that
on hydrolysis of the treated fabric using 72% H,SO4 followed by thin layer chromatographic
analysis, O-glucopronionic acid is among the hyﬁrolysis products.

Recently, Kamel, Abou-Zeid, Amin, and Hashem (18) studied the mechanism of reaction
of cotton with I and proved that the reaction between I and cotton cellulose in the
presence of aqueous sodium hydroxide solution may proceed in two steps: (a) hydrolysis
of I in this medium to give an equimolecular mixture of acrylamide, N-methylolactylamide,
and N,N-methylene-bis-acrylamide followed by (b) an ip sity polymerization of the latter
mixture inside the fabric to yield an insoluble, high-molecular-weight product containing
frece double bonds.

In order to gain more insight into this complex problem, the dyed and soaped samples
were extracted with 50% DMF, The results obtained indicate that, in contrast to normal
reactive dyes, the percentage of dye fixation after soaping using I or its derivatives
is composed of two values:

'A. A value which represents the covalent dye fixation via the crosslinking agent.

B. A valuc which represents a fixation resistant to soaping but not to extraction
with DMF (no covalent linkage).

The question as to whether one or the other of these two values predominates depends
undoubtedly as already mentioned on the structure of the dye molecule as a whole, since
substituents, steric configuration, and diffucibility play a large role.

The percentage of extracted dyes represents that fraction of the dye which has re-
acted solely with the fixing agent or its rcactive decomposition and/or partially poly-
merized products. As a consequence of this reaction, the new complex, bigger molecules or
aggregated molecules formed are reclatively less mobile, causing the increased stability to
soaping at the boil. This decrecased mobility, however, lowers the probabilities of the
reaction of the dye-fixing agent complex with cellulose. This holds true if the dyeing
process is carried out in two steps instead of onec (19). In this case, I is let to react
with cotton ccllulose in the presence of NayCOz at 60° C. for 1 hr. to yield reactive
cotton cellulose containing reactive double bonds. When the latter was dyed with some
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selected dyes (19) using the pad-dry-cure method, the fixation percentage of these dyes

was found to incrcase by incrcasing the double bond content on the fabric. This

indicates that here, too, a nuclcophilic addition of the dye with the active hydrogen

on modified fabric takes place. A comparison of dyc fixation using the onc-step and the
two-step method has been carried out (19). From this study, it was found that fixation

of the dyc in a one-step process is much higher than that in the two-step process., This
could be cxplained on the assumption that in the one-step process the polymerized hydrol-
ysates of I and the dyes arc both in solution and therefore their ability to react together
is higher compared to the two-step process where the dye reacts with the solid polymer in-
side the fibers.
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