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Synopsis

Gamma radiation-induced graft copolymerization of either acrylic acid or styrene onto un-
treated cotton, alkali-treated cotton, and carbamoylethylated cottons having 0.392% N, 0.524%
N, 0.725% N, 1.379% N, and 1.546% N was investigated under different conditions. Moisture
regain and dyeability of these substrates before and after copolymerization were also examined.
It was found that the graft yield increases by increasing monomer concentration and radiation
dose irrespective of the monomer or substrate used. Using water-ethanol mixtures as poly-
merization media are advantageous for grafting of styrene. With both monomers, however,
the graft yield for the modified cottons are substantially higher than untreated and alkali-
treated cottons, indicating that the presence of carbamoylethyl in the molecular structure of
cotton cellulose affords additional sites for graft copolymerization. Copolymers obtained using
acrylic acid show much higher moisture regain that the ungrafted substrates, particularly
when the carboxylic groups of the graft were in the sodium form. The opposite holds true for
copolymers brought about by grafting with styrene. The color strength of all substrates dyed
with a direct or a reactive dye decreases significantly after copolymerization with poly(acrylic
acid) prior to dyeing. On the other hand, this copolymerization improves the affinity of the
substrates for the basic dye and brings about perceptible shade. Copolymerization of the
substrates in question with poly(styrene) improves the color strength of these substrates when
dyed with direct, disperse, and basic dyes but decreases the color strength upon dyeing with
a reactive dye.

INTRODUCTION

Vinyl graft polymerization onto cellulose and chemically modified cel-
luloses using different physical as well as chemical means for initiation has
been extensively studied and the subject reviewed elsewhere.! Studies deal-
ing with graft polymerization of acrylonitrile onto carbamoylethylated cel-
lulose using the ceric ion as initiator have disclosed that the graft yield
obtained with this modified cellulose is substantially higher than that of
the unmodified cellulose.?

The present work aims at studying (1) graft polymerization of acrylic acid
and styrene onto carbamoylethylated cottons using gamma radiation and
(2) moisture regain and dyeing properties of the cotton copolymers so ob-
tained.
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EXPERIMENTAL
Materials

Cotton Fabric

Mill-desized, scoured, bleached, and mercerized plain weave (31 picks and
36 ends/cm) supplied by El-Nasr Spinning, Weaving and Knitting Co.
(Shourbagi) was used.

Carbamoylethylated Cotton

Carbamoylethylated cotton was prepared according to a method described
by Frick et al.® The fabric was treated with solution containing different
concentrations of acrylamide and 5% sodium hydroxide as a catalyst. The
treated fabrics, after being squeezed to a wet pickup of about 85%, was
heated in an oven at 125°C for 6 min, then washed thoroughly with water
and dried at ambient conditions.

Alkali-Treated Cotton

A control sample, namely, alkali-treated cotton, was prepared as described
above but in the absence of acrylamide.

Dwestuffs

Four dyestuffs belonging to different classes were used. These dyes were
a direct dye, Diamine Supra Turquoise Blue GL supplied by Cassela, Italy;
a reactive dye, Remazol Brilliant Green CB (C.I. reactive green 14), supplied
by Hoechst, West Germany; a basic dye, Sandocryl Orange B-3RLE (C.I.
basic orange 39), supplied by Sandoz, Switzerland, and a disperse dye, Sa-
maron Pink FRL (C.I. disperse 91), supplied by Hoechst, West Germany.

Graft Copolymerization Procedure

Copolymerization with Acrylic Acid

Samples of cotton and modified cottons were grafted with acrylic acid
using the mutual irradiation technique; that is, the samples were immersed
in the monomer solution and exposed to gamma radiation. Five concentra-
tions of acrylic acid, 4, 8, 12, 16 and 20% in water, were prepared. The
monomer solutions containing samples were irradiated to 0.5, 1.5, and 2
Mrad. Irradiation to the required radiation dose has been carried out in
the cobalt-60 gamma source (3600 Ci) of the National Centre for Radiation
Research and Technology. The untreated monomer was removed by washing
with water. The samples were then extracted with boiling water to remove
homopolymer followed by drying. Extraction and drying were repeated,
until constant weight was achieved. The graft yield was expressed as
milliequivalent -COOH groups per 100 g cellulose.
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Copolymerization with Styrene

Samples of cotton and modified cottons were grafted with styrene under
different conditions, including monomer concentration, radiation dose, and
solvent composition. Three monomer concentrations, 5, 10, and 20% were
used. Different methanol-water compositions (100% H,0, 20:80 MeOH-H,0,
60:40 MeOH-H,0, and 100% MeOH) were employed. Samples immersed in
the solvent-monomer mixtures were irradiated at 0.5 and 1.5 Mrad. The
irradiated samples were first washed with water to remove the unreacted
monomer, followed by air drying. The styrene homopolymer was removed
by benzene extraction for 40 h. The graft yield was calculated as

wt of grafted sample — wt of ungrafted sample

il _
Graft yleld% wt of ungrafted sample

X 100

Dyeing Procedures

Dweing with Basic Dye

The dyeing process was carried out by pasting 4% of the dye with 1%
acetic acid (based on the sample weight) and then dissolved in boiling water.
The dissolved dye was added to the bath at 60°C, and the temperature was
then raised slowly to the boil at the rate of 1°C per 3-4 min. The dyeing
- was continued for 60 min during which Glauber salt was added for complete
exhaustion. The dye bath was cooled to 60°C, and then the samples were
rinsed with cold water. The samples were then soaped with a solution
containing 5 g/L Na,CO; and 1 g/L detergent, washed with hot and cold
water, and air dried.

Dyeing with Reactive Dye

The reactive dye (shade concentration, 4%) was first dissolved using boil-
ing water. Samples were introduced into the bath (1:20) containing the salts
(80 g/L Glauber’s salt and 5 g/L NayCO,) at 25°C for 10 min. The dissolved
dye was then added to the bath. After 15 min the temperature was raised
to 60°C over a period of 30 min. The dyeing was continued for 30 min, and
then the alkali sodium hydroxide (1 ml/L of 32.5%) was added. Again, the
dyeing was continued for 30 min. Samples were rinsed with cold water and
acidified with 1 ml/L acetic acid (60%) at 40°C. The samples were then
soaped with an aqueous solution containing wetting agent (0.25 g/L) for
10-15 min. Finally, the samples were rinsed with hot and cold water and
air dried.

Dyeing with Direct Dye

The direct dye was pasted with cold water by the aid of an nonionic
wetting agent (Hostapal, Hoechst), and sufficient boiling water was added
with constant stirring to bring it into solution. The dissolved dye was added
to the bath (1:30). The salt (sodium chloride, 20%, based on sample weight)
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was then added to the bath. At this end, sample was introduced into the
bath at 40°C. The bath was raised to the boil over a period of 30-40 min,
and dyeing was continued for 45-60 min. The sample was then soaped with
a solution containing 5 g/L sodium carbonate and 1 g/L detergent, washed
thoroughly, and dried at ambient conditions.

Dyeing with Disperse Dye

The dye bath was prepared by addition of the disperse dye (shade con-
centration, 4%) to hot water, and the pH of the bath was adjusted at 4.5—
5 with acetic acid. Samples were introduced into the bath (1:20) at 60°C
and held for 10 min. The temperature of the bath was raised to dye tem-
perature 90-100°C over a period of 40 min. The dye bath was cooled to 60°C,
and then samples were rinsed with hot water followed by cold water. The
samples were soaped and washed as mentioned above for the basic dye.

Testing and Analysis

The carboxyl content was estimated according to a reported method.* The
nitrogen content was estimated according to the Kjeldahl method. Moisture
regain was determined by the vacuum desiccator method with sodium ni-
trite to give 65% relative humidity (RH) at 21 + 1°C.

The color strength of the dyed samples was measured according to a
reported method.? In this method, the reflectance measurements of the dyed
samples were done on an automatic filter spectrophotometer. The relative
color strength (expressed as K/S values) was determined by applying the
Kubelka-Munk equation®:

(1—RE (1—RJP
K/S = 2R~ 3R, = AC

where R is the decimal fraction of the reflectance of the coloured samples,
R, is the decimal fraction of the reflectance of the uncoloured fabric, K is
the absorption coefficient, S is the scattering coefficient, C is the dye con-
centration, and A is a proportionality factor.

RESULTS AND DISCUSSION

Gamma ray-induced graft polymerization of acrylic acid and styrene onto
carbamoylethylated cottons having different carbamoylethyl contents, ex-
pressed, as %N, was studied with a view of clarifying the effect of the
introduction of the carbamoylethyl groups in the molecular structure of
cotton cellulose on the susceptibility of the latter toward grafting. To achieve
the goal, unmodified cotton (substrate 1), alkali-treated cotton (substrate II),
and carbamoylethylated cottons having 0.392, 0.524, 0.725, 1.379, and
1.546% nitrgoen (substrates III, IV, V, VI, and VII, respectively) were graft
polymerized with either acrylic acid or styrene using different monomer
concentrations and radiation doses.
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Copolymerization with Acrylic Acid

Carbamoylethyl Content

Table I shows the effect of the carbamoylethyl content of the modified
cotton on the graft yield. The graft yield was determined analytically and
is expressed as milliequivalent-COOH groups per 100 g cellulose. It is seen
that, for a given radiation dose and monomer concentration, the graft yield
increases substantially by increasing the carbamoylethyl content within
the range studied. It is also seen that the graft yields for carbamoylethylated
cottons are much higher than the corresponding yields obtained with un-
modified cotton and alkali-treated cotton. The graft yields follow the order

Carbamoylethlated cottons > alkali-treated cotton

> unmodified cotton

It is understandable that the higher graft yield obtained with alkali-treated
cottons compared with the unmodified cotton is due to increased accessi-
bility of cotton by the alkali treatment under the conditions used. On the
other hand, the superiority of carbamoylethylated cottons suggests that the
presence of carbamoylethyl groups in the molecular structure of cotton
cellulose affords additional sites for graft polymerization. It is logical that
that presence of —CONH, favors the abstraction of hydrogen from the
carbon atom next to the —CONH, group, as detailed elsewhere using the
ceric ion method.? In accordance with this are also the results of radiation-
induced graft polymerization onto cotton cellulose bearing cyanoethyl
groups.” The —CN group, by virtue of its negative induction effect, has been
reported to facilitate hydrogen transfer, thereby affording additional sites
for grafting.

It is as well to note that irradiation of the seven substrates under inves-
tigation in the absence of acrylic acid causes enhancement in the carboxyl
content (Table I). The carboxyl contents of carbamoylethylated cottons (sub-
strates III through VII) are higher than those of alkali-treated cottons
(substrate II) and untreated cotton (substrate I) when the original value of
the carboxyl content of each substrate was subtracted from the correspond-
ing value after irradiation. This is in accordance with previous reports,?®
which ascribed the higher carboxyl content of alkali-treated cotton com-
pared with the unmodified cotton to higher accessibility of the former and,
therefore, higher susceptibility to radiation. In the case of the carbamoyl-
ethylated cottons, on the other hand, it is likely that, beside oxidation of
the carbamoylethyl groups are converted to carboxyethyl groups under the
influence of irradiation.?

Monomer Concentration

The effect of acrylic acid concentration on the graft yields obtained with
unmodified, alkali-treated, and carabamoylethylated cottons is shown in
Table I. It is obvious that, for a given radiation dose, increasing the monomer
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concentration is accompanied by a significant increase in the graft yield
regardless of the substrate used. This may be interpreted in terms of the
availability of monomer in excess to diffuse into the structure of the sub-
strate and thus increase the chance to interact with the active sites on the
substrate backbone.

Radiation Dosage

Table I shows the effect of radiation dose on the graft yields obtained
with the seven substrates under investigation. As is evident, increasing the
radiation dose from 0.5 to 2.0 Mrad brings about a substantial increment
in the graft yield irrespective of the monomer concentration used. This
could be associated with formation of larger number of active sites on the
substrate backbone at higher radiation doses.

Based on the above, it is evident that the graft yields of unmodified cotton
(substrate I), alkali-treated cotton (substrate II), and carbamoylethylated
cottons (substrates III through VII) are dependent upon the acrylic acid
concentration and radiation dose. However, carbamoylethylated cottons
show higher graft yields that substrates I and II due to the presence of the
carbamoylethyl groups, which seem to afford additional sites for grafting.
Carbamoylethyl groups may also contribute in improving grafting of cotton
through opening up the cellulose structure, thereby facilitating diffusion
of the monomer inside the structure of cotton. This is substantiated by the
finding that, although alkali treatment of cotton under conditions similar
to those of carbamoylethylation enhances the susceptibility toward grafting
through increased accessibility, the graft yields obtained with alkali-treated
cotton (substrate II) are lower that their mates for carbamoylethylated
cottons (substrates III through VII). Similar observations were reported for
cyanoethylated cottons” when used instead of carbamoylethylated cottons.

Moisture Regain and Dyeability of Poly(acrylic Acid)-
Carbamoylethylated Cotton Graft Copolymers

Moisture Regain

Table II shows the moisture regain of unmodified cotton (substrate II),
alkali-treated cotton (substrate II), and carbamoylethylated cottons having
0.392, 0.524, 0.725, 1.379, and 1.546% N (substrates III, IV, V, VI, and VII,
respectively) before and after these substrates were copolymerized with
poly(acrylic acid). It is observed that, before copolymerization, the moisture
regain of the seven substrates varies substantially. Substrate II acquires
higher moisture regain than substrate I by virtue of greater accessibility
of the former than the latter. It is understandable that alkali treatment is
accompanied by enhancement in the accessibility of cotton cellulose. A
similar situation is encountered with carbamoylethylated cottons (sub-
strates III through VII). Besides increasing accessibility of cotton under the
influence of the alkaline environment of carbamoylethylation, introduction
of carbamoylethyl groups in the molecular structure of cotton cellulose acts
as spikes, preventing molecular association: As a result, the cellulose struc-
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ture is held open and thus permits more moisture accommodation. It should
be noted, however, that increasing carbamoylethyl groups tends to decrease
the moisture regain by virtue of its hydrophobic nature. The moisture regain
of carbamoylethylated cotton having the highest nitrogen content (substrate
VII) is not only lower than substrate III with the lowest nitrgoen content
but also lower than alkali-treated cotton (substrate II).

Table II shows that the moisture regain values of substrates I through
VII exhibit substantial improvement after copolymerization with
poly(acrylic acid). Nevertheless, the magnitude of moisture regain depends
upon the percentage of graft and its form, as well as the original nature
of the substrate. The moisture regain increases by increasing the level of
grafting within the range studied. Also, the sodium salt of the graft induces
much higher moisture regain compared with its hydrogen form. This is
observed irrespective of the substrate used. However, both effects, that is,
the level of grafting and the form of the graft, are more pronounced with
the carbamoylethylated cottons (substrates III through VII) than the un-
modified and alkali-treated cottons (substrates I and II). Furthermore, the
moisture regain is higher the higher the carbamoylethly content of the
modified cotton.

Enhancement in moisture regain by introducing poly(acrylic acid) in the
molecular structure of cotton cellulose is a direct consequence of the hy-
drophilic environment created in the cellulose structure by the graft, par-
ticularly when the latter is in the sodium form. Attachment of the graft
to the carbamoylethyl groups in case of the carbamoylethylated cottons
(substrates III through VII) perhaps reduces the hydrophobic nature of these
groups and helps establish more favorable resting places for water mole-
cules. Indeed, at a roughly equal grafting level, the moisture regain tends
to be higher the higher the carbamoylethyl content of the modified cotton.

Dyeing with Basic Dye

It is well known that cotton cellulose has no affinity for basic dyes because
it contains no acidic groups required for reaction with the cationic groups
of the basic dye. Table III shows the color strength, expressed as K/ S, of
the seven substrates in question before and after graft copolymerization
with poly(acrylic acid) when these substrates were dyed under identical
conditions with a basic dye, namely, Sandocryl Orange B-3RLE.

It is observed (Table III) that before graft copolymerization all the said
substrates show no significant perceptible shade since the color strength is
quite poor. Nevertheless, mention should be made of the higher color strenth
obtained with carbamoylethylated cottons (substrates III through VII) as
compared with the ungrafted and alkali-treated cottons (substrates I and
II). This could be ascribed to the presence of carboxyethyl groups formed
via partial hydrolysis of the carbamoylethyl groups during preparation of
the carbamoylethylated cottons. It is also likely that the latter acquire high
affinity for the dye since the color strength is higher the higher the car-
bamoylethyl content of the modified cotton.

Graft copolymerization of substrates I through VII with poly(acrylic acid)
not only improves their affinity for the dye in question but also brings about
significant perceptible shade. As is evident (Table III), the magnitude of
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color strength is quite substantial regardless of the substrate used. Fur-
thermore, the magnitude of grafting seems to be the essential factor that
determines the value of color strength. This is expected, since the presence
of the graft containing carboxylic groups in the structure of cotton cellulose
would permit the latter to react with the dye via an ionic bond. Carba-
moylethylatin of cotton prior to its copolymerization with poly(acrylic acid)
seems to have a slight favorable effect on dyeing of the copolymers with
the basic dye.

Dyeing with Reactive Dye

Table IV shows the color strength for a reactive dye, Remazol Brilliant
Green CB, on unmodified cotton (substrate I), alkali-treated cotton (sub-
strate II), and carbamoylethylated cottons (substrates III through VII) be-
fore and after these substrates were graft copolymerized with poly(acrylic
acid). It is clear that all the substrates in question exhibit substantial color
strength by virtue of the good affinity and reactivity of the dye for cotton.®
However, the color strengths of the seven substrates differ substantially.
Based on the color strength obtained, the susceptibility of the seven sub-
strates toward dyeing with the said dye follows the order

Substrate VII > substrate VI > substrate V >
substrate IV > substrate III > substrate IT >

substrate I

The order imples that (1) the susceptibility of cotton toward the dye is
enhanced by alkaline treatment, (2) this susceptibility is enhanced also by
carbamoylethylation, and (3) the susceptibility is higher the higher the
carbamoylethyl content of the modified cotton. Enhancement in color
strength brought about by alkali treatment of cotton prior to dyeing could
be interpreted in terms of greater accessibility of the alkali-treated cotton
(substrate II) than the unmodified cotton (substrate I). On the other hand,
the increment in color strength brought about by carbamoylethylatin could
be associated with (1) opening up the cellulose structure by the presence
of the carbamoylethyl groups, thus facilating diffusion and adsorption of
the dye, (2) increased accessibility of cotton cellulose under the influence
of the alkaline carbamoylethylation medium during preparation of carba-
moylethylated cotton, and (3) formation of —CONH,, groups — with greater
reactivity with the dye— in carbamoylethylated cotton via partial hydrol-
ysis during its preparation and/or dyeing.!!

Table IV shows that when the seven substrates were copolymerized with
poly(acrylic acid), their color strength decreases significantly but still persist
in the above order. This could be attributed to ionization of the carboxylic
groups of the graft during dyeing. Ionization results in substrates with
negative surfaces that repel the similarly charged dye ions. However, this
phenomenon is much less pronounced in the case of poly(acrylic acid)-car-
bamoylethylated cotton graft copolymers, particularly those having high
carbamoylethyl contents.
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Dyeing with Direct Dye

Table V shows the color strength of a direct dye, Diamine Supra Turquoise
Blue GL obtained with unmodified cotton (substrate I), alkali-treated cotton
(substrate II), and carbamoylethylated cottons (substrates III through VII)
before and after copolymerization with poly(acrylic acid). It is evident that
the color strength of the seven substrates before compolymerization varies
considerably. The color strength for the unmodified cotton is much higher
than that for the carbamoylethyl contents. Alkali-treated cotton, on the
other hand, acquires a color strength very close to the strength of the
unmodified cotton, indicating that increased accessibility of cotton by alkali
treatment has practically no effect on dyeing with this particular dye.

Since the binding forces in dyeing with direct dyes are purely physical,
with the certainity that the cellulose hydroxyls play a significant part,©
current data (Table V) suggests that the presence of carabamoylethyl groups
along the cellulose chain molecules reduces the affinity of cellulose for the
dye. Carbamoylethyl groups seem to reduce the physical forces holding the
dye and the cellulose and impede intimate association of dye molecules with
the fiber by virtue of the hydrophobic nature of these groups, thereby giving
rise to lower color strength. In combination with this is the presence of
carboxyethyl groups along with the carbamoylethyl groups, which are most
probably formed via hydrolysis of the latter during preparation of carba-
moylethylated cottons, as reported earlier.? Ionization of these carboxyethyl
groups brings about a negatively charged fiber surface that repels the sim-
ilarly changed dye anion. It is the same reason that accounts for the sig-
nificant decrement in color strength when the seven substrates were graft
copolymerized with poly(acrylic acid). As is evident, the color strength de-
creases drastically by introducing a graft containing ionizable carboxylic
groups in the molecular structure of cotton and modified cottons. As ex-
pected, the color strength decreases as the graft yield increases, although
most of the decrement in color strength is caused by merely producing a
relatively small amount of the graft in the molecular structure of the seven
substrates in question.

Copolymerization with Styrene

Carbamoylethyl Content

Table VI shows variations of the graft yield with the carbamoylethyl
content of the carbamoylethyl content of the modified cotton (substrates
11T through VII) when the latter were graft copolymerized with styrene. It
is observed that, for a favorable set of polymerization conditions, for ex-
ample, 20% styrene in methanol-water mixture at a ratio of 60:40 and a
radiation dose of 1.5 Mrad, the graft yield increases by increasing the car-
bamoylethyl content within the range examined. The graft yields, for car-
bamoylethylated cottons are also higher than the corresponding yields
obtained with unmodified and alkali-treated cotton. This is in accordance
with the results obtained with graft copolymerization of acrylic acid dis-
cussed above and could be explained on a similar basis.
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Monomer Concentration

Table VI depicts the effect of styrene concentration on the graft yield.
As is evident, increasing the styrene concentration is accompanied by a
significant enhancement in the graft yield irrespective of the substrate,
polymerization medium, and radiation dose used. However, the nature of
the substrate does affect the magnitude of grafting, as indicated above, and
so also do the polymerization medium and radiatin dose, as shown below.

The enhancement in graft yield by increasing styrene concentration could
be interpreted in terms of gel effect brought about by the solubility of
styrene in its own monomer as the styrene concentration increases.!? The
consequence of the gel effect is to hinder termination of the growing grafted
chain radicals by coupling, thereby giving rise to increased grafting.

Radiation Dosage

Table VI shows the graft yield obtained when styrene was grafted onto
substrates I through VII at two radiation does 0.5 and 1.5 Mrad. It is clear
that the graft yields at 1.5 Mrad are higher than those at 0.5 Mrad. This
is observed regardless of the other factors studied that affect grafting, such
as the polymerization medium, monomer concentration, and the nature of
the substrate. However, such factors determine the magnitude of the graft
yield at the two radiation doses examined by virtue of their influence on
(1) introduction of free radicals in the structure backbone, (2) swellability
of the substrate, (3) mixability of styrene in and its diffusion from the
polymerization medium to fiber phase, (4) adsorption of styrene onto the
substrate matrix-containing free radicals and/or available to their forma-
tion, (5) ability to promote the phenomenon of gel effect, and (6) rate of
grafting vis-a-vis the rate of homopolymerization. This seems to account for
the significant differences between the graft yields obtained upon using the
two radiation doses in some cases and the smaller differences in other cases.

Polymerization Medium

Previous reports'® have dealt with the role of solvents in mutual irra-
diation grafting of vinyl monomers onto cellulose. It has been disclosed that
the presence of solvent results in a substantial enhancement in the graft
yield when compared with irradiation of cellulose and monomer alone.

Table VI shows the graft yields obtained with the seven substrates under
investigation when they were grafted with styrene in water, methanol, or
water-methanol mixtures. It is seen that, for a given radiation dose and
monomer concentration, the graft yield obtained with a water-methanol
mixture at a ratio of 80:20 is much higher than that obtained in the aqueous
polymerization medium irrespective of the substrate used. Further im-
provement in the graft yield could be achieved upon using a water-methanol
mixture at a ratio of 40:60. Using only methanol as the polymerization
medium causes more significant enhancement in the graft yield provided
that styrene is employed at a concentration of 20%. Below this concentra-
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tion, the graft yields are lower than their corresponding yields for water/
methanol mixtures.

The favorable effect of methanol on the graft yield has been explained
earlier.”'3 Methanol seems to interact with both styrene and the activated
cellulose, and as a result, the accessibility of activated sites to styrene
increases. In other words, more free radicals are produced in methanol than
in styrene, and the interaction of activated methanol with styrene may
have increased the effectiveness of styrene. This situation seems to be valid
at all styrene concentrations in water-methanol mixtures and only at the
highest styrene concentration (20%) in 100% methanol. Using the latter
along with lower concentrations of styrene seems to offset the effectiveness
of styrene through abundance of methanol free radicals, which may par-
ticipate in termination processes rather than activation processes.

Moisture Regain and Dyeability of Poly(Styrene)-
Carbamoylethylated Cotton Graft Copolymers

Moisture Regain

Table VII shows variation of the moisture regain of substrates I through
VII with the graft yields. It is seen that moisture regain decreases as the
graft yield increases irrespective of the substrate used. However, at roughly
equal graft yield of about 13% there is a tendency that the decrement in
moisture regain by increasing the graft yield is less pronounced in the case
of carbamoylethylated cottons than unmodified and alkali-treated cottons.
This tendency could be associated with differences in nature among the
substrates under investigation. Such differences would be reflected in mo-
lecular weight and molecular weight distribution of the graft, as well as
frequency of grafting, which in turn affect the accessibility of cotton cel-
lulose. At any event, however, the observed lower moisture regain could be
associated with the hydrophobic environment brought by the presence of
polystyrene graft in the structure of cotton cellulose.

Dyeing with Basic Dye

Table VIII shows the color strength, expressed as K/S, of substrates I
through VII before and after copolymerization with poly(styrene) when they
were dyed with a basic dye, Sandocryl Orange B-3RLE. Obviously,
copolymerization with pely(styrene) makes the seven substrates amenable
to dyeing with the basic dye since the copolymers exhibit substantial color
strength. It is also seen that the color strength increases as the graft yield
increases. This is observed regardless of the substrate used. The nature of
the substrate seems to play no significant role because at roughly equal
graft yield the color strength values of cotton (substrate I), alkali-treated
cotton (substrate II), and carbamoylethylated cottons (substrates III through
VII) after subtracting the corresponding color strength values before co-
polymerization are very comparable. Hence, the ability to dyeing is solely
due to the presence of the poly(styrene) graft.
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Dyeing with Disperse Dye

Table IX shows the color strength obtained with unmodified cotton, alkali-
treated cotton, and carbamoylethylated cottons before and after copoly-
merization with poly(styrene) when these substrates were dyed with a dis-
perse dye, Samaron Pink FRL. It is observed that, before graft
copolymerization with poly(styrene), none of the substrates used acquires
practically acceptable color strength. This is rather expected since cotton
has no affinity for disperse dyes. On the other hand, all the substrates show
substantial color strength after graft copolymerization with poly(styrene).
Furthermore, the color strength is higher the higher the graft yield. An
indication of this is that the presence of the poly(styrene) graft in the
molecular structure of cotton and carbamoylethylated cottons induces cer-
tain affinity for the disperse dye.

Dyeing with Reactive Dye

Table X shows the color strengths obtained with unmodified cotton, alkali-
treated cotton, and carbamoylethylated cottons when they were dyed with
a reactive dye, Remazol Brilliant Green CB. As is evident, copolymerization
of unmodified and alkali-treated cottons with poly(styrene) is accompanied
by a decrement in color strength. The same holds true for carbamoylethy-
lated cottons. Nevertheless, the decrement in color strength brought about
by the copolymerization of the carbamoylethylated cottons is more signif-
icant than that of unmodified and alkali-treated cottons, reflecting the effect
of original nature of the substrate in determining the characteristics of its
copolymer. At any event, however, the decrement in color strength brought
about by introducing poly(styrene) in the molecular structure of the sub-
strate is a direct consequence of blocking some of the cellulose hydroxyls
(reactive centers for the dye), as well as the creation of a hydrophobic
environment unfavorable for dye affinity.

Dyeing with Direct Dye

Table XI shows the effect of the introduction of poly(styrene) in the mo-
lecular structure of the seven substrates in question on their dyeability
with a direct dye, Diamine Supra Turquoise Blue GL. Data of the color
strength signify that the latter increases by increasing the graft yield up
to a certain limit, then tends to decrease by further increasing the mag-
nitude of grafting. Nevertheless, within the range studied, the graft co-
polymers acquire higher color strengths than their corresponding substrates
before copolymerization, indicating that the presence of poly(styrene) in the
molecular structures of the substrates under investigation enhances their
dyeability with the direct dye. Enhancement in dyeability could be inter-
preted in terms of molecular disruption by the graft since there is no reason
to believe that these copolymers possess a higher affinity for the dye. Once
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this disruption occurred, more resting places for dye molecules and/or ag-
gregates could be created in the interior of the fiber.

References

1. A. Hebeish and J. T. Guthrie, The Chemistry and Technology of Cellulosic Copolymers,
Springer-Verlag, (1981).
2. Kantouch, A. Hebeish, and M. H. El-Rafie, J. Appl. Polym. Sci,, 15, 1924 (1971).
3.J. W. Frick, W. A. Reeves, and J. D. Guthrie, Text. Res. J, 27, 294 (1957).
4. O. Samuelson and A. Wennerblalu, Sevensh. Paepperstidn., 58, 713 (1955).
5. D. B. Judd and G. Wyszecki, Colour in Business, Science and Industry, 3rd Ed., John
Wiley & Sons, New York, (1975).
6. P. Kubelka and F. Munk, Z. Technol. Phys., 12, 593 (1931).
7. A. Hebeish, A. H. Zahran, A. M. Rabie, and A. M. K. El-Naggar, Angew. Makromol.
Chem., (accepted for publication)
8. A. Hebeish, A. H. Zahran, and A. M. K. El-Naggar, Angew. Makromol. Chem., (sent for
publication).
9. A. Hebeish, A. H. Zahran, and A. M. K. El-Naggar, J. Appl. Polym. Sci., (accepted for
publication).
10. E. R. Trotman, Dyeing and Chemical Technology of Textile Fibres, Charles Griffin &
Company, London, 1975, p. 489.
11. M. Kamel, A. Hebeish, and A. Z. Moursi, J. Soc. Dyers Col., 90, 352 (1974).
12. J. T. Guthrie, M. B. Huglin, and G. O. Phillips, J. Appl. Polym. Sci., 16, 1017 (1972).
13. S. Dilli, J. L. Garnett, E. C. Mortin, and D. H. Phuoc, J. Polym. Sci., C, 37, 57 (1972).

Received May 6, 1985
Accepted July 6, 1985





