
Treatment of cotton fibres has been studied in air and oxygen plasma and the treat-
ment time, nature and flow rate of the gas, and plasma power have been varied. In
order to establish the chemical effect of plasma treatment on cotton fibres the fol-

lowing tests have been performed: Cuprammonium fluidity test, weight loss measure-
ment, determination of carboxyl groups, carbonyl group identification, FTIR analysis and
measurement of the ASTM yellowness of the untreated and plasma treated cotton fab-
rics. In addition, vertical wicking studies and the effect of ageing of the plasma treated
samples on the rate and the amount of dye uptake have been investigated. The plasma
treatments lead to surface erosion of the cotton fibres which generates a weight loss,
accompanied by an increase in the fibre carboxyl group and carbonyl group contents.
The increase in fibre carboxyl group content leads to a more wettable fibre and the rate
of fabric vertical wicking is increased. The direct dye (chloramine Fast Red K) uptake of
treated samples increases almost linearly with the increase in fibre carboxyl group con-
tent caused by plasma treatment, but progressively decreases with increase in the age-
ing time after oxygen plasma treatment. Ageing after plasma treatment also increases the
fabric yellowness.
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Low-temperature low-pressure plas-
ma treatment has been shown to be a
useful and suitable technique to
modify a polymer surface, especially
natural polymers like cellulose [1-6],
in a dry and pollution-free system
[7]. A plasma is on the average an

electrically neutral gas consisting of
free particles, in which the potential
energy of a typical particle due to its
nearest neighbour is much smaller
than its kinetic energy [8]. A simple
way to produce a plasma discharge
without the risk of damaging or
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deforming the solid material is by using strong electric
or magnetic fields [5, 9-11]. This will create highly
energetic electrons which can generate new chemical-
ly-active species of atoms, ions, and free radicals [5,
12]. The highly energetic particles produced in the
plasma chamber are only able to affect the surface of
the polymer being treated [5,13]. This report concerns
the chemical effect of plasma treatment on the cellu-
losic fibres of cotton printcloth.

EXPERIMENTAL

Materials
A plain weave, desized, scoured and bleached cotton
fabric with the following specifications was used in all
the experiments: 

- 25 ends 21 picks per cm;
- 122.2 g/cm2 weight per unit area (conditioned

65% r.h., 21°C).
The dye used in this work was chloramine Fast Red

K (Clariant-C.I.Direct Red 81) with a molecular weight
of 675, which is a class A (disazo) direct dye with poor
exhaustion and maximum affinity at 60°C [14]. Other
chemicals: Methylene Blue (BDH-C.I. Basic Blue 9),
hydrochloric acid, sodium bicarbonate, sodium chlo-
ride, anhydrous sodium hydroxide, methyl red indica-
tor, carbon dioxide-saturated distilled water, 2,4-dini-
trophenyl hydrazine, and copper sulphate and sodium
potassium tartrate crystals (Fehling’s solution).

Procedure and Equipment
The fabric samples were treated with oxygen low-tem-
perature plasma under different treatment times, at a
pressure of 9 Pa using a Chemprep 100 barrel (standard
R100 Chemex unit, Chemex Consultants, Durham)
plasma reactor, which consisted of a cylindrically
shaped reaction chamber with the following specifica-
tions; diameter: 10 cm, length: modified to 30 cm,
capacity: 2.25 L, power source: 13.56 MHz radio fre-
quency (r.f.), 140 Watts.

Test Methods
Fabric Weight Loss
Bone dry untreated cotton fabric samples were weighed
on an electronic balance, subjected to air or oxygen
plasma treatment, reweighed, and then washed at 60°C

for 60 min in distilled water at a liquor ratio of 40:1.
They were then bone dried and reweighed. The weight
loss was calculated as a percentage of the bone dry cot-
ton fabric weight.

Cuprammonium Fluidity Test
In order to establish the amount of fibre damage caused
by the plasma treatment, the changes in the cotton fibre
cuprammonium fluidity were studied before and after
different plasma treatment conditions. The fluidity
measurements have been performed using cuprammo-
nium hydroxide under standard conditions (BS 2610:
1955). The viscometer was used for diluted solutions of
cellulose in the standard cuprammonium solvent, and
as specified in BS 2610: 1955 the density of the solu-
tion was taken as constant and equal to that of the sol-
vent, namely 0.94. The density was then included in the
constants of the following equation [15].

Where, F, fluidity of the liquid; C, fluidity constant (Cí
= C/0.94); K, kinetic energy constant (which is a cor-
rection constant and has to be applied for fluidities
greater than 12 (T 200 s),  d, density of the liquid,  and
T , the value of the time of flow. In order to express the
amount of damage on the cotton samples, it was con-
sidered useful to calculate the results as the degree of
polymerization (DP) of the cotton samples by using the
following equation [16-17]:

It can also be expressed as the damage factor (S) by
using the following equation, originally proposed by
Eisenhut, to determine the degree of damage in cotton
after chemical treatment[18]:

where,  pt = DP before treatment; ptx = DP after treat-
ment; and 2000 = reference value.

Determination of Carboxyl Groups             
Methylene Blue Test
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In this test, the untreated and oxygen plasma treated
cotton samples (1 g each) were put in separate conical
flasks containing 50 mL of 1% methylene blue (BDH-
C.I. Basic Blue 9) dye solution and shaken for 5 min at
room temperature. They were then rinsed thoroughly in
tap water, air dried and their reflectance was measured
using a Colourgen CS 1100 spectrophotometer. In this
instrument the samples were irradiated with a standard
illuminate D65 (tungsten halogen lamp) 10°  observer.
Then the degree of fabric staining (K/S value), which
normally is dependent on the presence of carboxyl
groups was then calculated using the following (Kubel-
ka-Munk) equation [19]:

where,  K, the absorption coefficient, S, the scattering
coefficient, and, R, the observed reflection for mono-
chromatic light.

Sodium Bicarbonate-sodium Chloride Solution Test
In this method for determination of carboxyl group
content of cotton fibres [20], cotton samples were
extracted with dilute hydrochloric acid, washed, react-
ed with sodium bicarbonate-sodium chloride solution,
and filtered. Then the filtrate was titrated with
hydrochloric acid (0.01 M ) in the presence of methyl
red (as an indicator). The data collected from the above
test were calculated with the following formula to
determine the carboxyl group concentration in terms of
milliequivalents (meq.) per 100 g of the bone dried
treated and untreated samples.
Where:

A: volume of 0.01M HCl (mL) consumed in titra-
tion of 25 mL of the filtrate solution.

B: volume of 0.01M HCl (mL) consumed in titra-
tion of 25 mL of the sodium carbonate - sodium chlo-
ride original solution.

C: weight (g) of water in the test specimen.
M: molarity of HCl used in titration (0.01M).
W: weight (g) of bone dried specimen.
It has to be mentioned that the constant amount of

50 is the volume of the sodium carbonate-sodium chlo-
ride solution used in the test and the constant amount of
200 is derived as 2 multiplied by 100, where 2 is the
factor to account for the used volume ratio between the
sodium carbonate - sodium chloride solution and the
filtrate used in the test, and 100 is to express the results
on 100 g of specimen.

Carbonyl Group Identification
2,4-Dinitrophenyl Hydrazine Test
This method will immediately identify carbonyl groups
(both aldehyde and ketone groups) on cotton fibres.
2,4-Dinitrophenyl hydrazine in presence of carbonyl
compounds (including many quinones) gives sparingly
soluble dinitrophenyl hydrazones [21]. In this test,
0.1 g of the cotton sample was added to 3 mL of the
2,4-dinitrophenyl hydrazine solution in a glass test tube
and shaken for 10 min.

Colorimetric Test for Aldehyde Groups
In order to make sure that aldehyde groups have been
generated in oxygen plasma-treated cotton fibres, it
was necessary to perform the following test. Aldehyde
groups reduce Fehling's solution to give a precipitate of
red cuprous oxide. Therefore, the areas on the fibre car-
rying -CHO groups will be coloured pink or red and
may often be seen under the microscope [22]. A small
piece of cotton fabric sample was boiled for about 10
min in a tube containing 10 mL of Fehling’s solution.
Then the cotton sample was removed from the tube,
and rinsed well in water. The remaining solution was
filtered and the filter paper was checked for any red
precipitate remaining. The fibres were then examined
under an optical microscope. Both untreated and plas-
ma treated cotton samples were tested.

The Vertical Wicking Test
This test has been performed on untreated bone dried
(90°C) and then oxygen plasma-treated bone dried cot-
ton samples were cooled in a desiccator over silica gel
for half an hour and cut into strips (25 cm in the warp
direction and 5 cm in the weft direction). Each sample
was vertically suspended  and the test was started when
2 cm of the lower end of the fabric sample was placed
in the water container. The height of water front in each
strip was recorded as a function of time separately. The
test was carried out at room temperature and the duration
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of each test was 30 min.

Yellowing Tendency of the Oxygen Plasma-treated Cotton
In order to measure the change in yellowing tendency
of cotton fabrics caused by the oxygen plasma treat-
ment, the untreated, oxygen plasma treated, and the
oxygen plasma treated fabrics which had been kept for
a period of ageing, both for washed and unwashed cot-
ton samples, were air dried and the reflectance was
measured on the Colourgen CS 1100 spectrophotome-
ter. The results are expressed in ASTM yellowness
units and ASTM whiteness units.

FTIR Analysis
A Perkin Elmer Fourier transform infrared spectrome-
ter (FTIR) (1725X) and standard settings with a KRS-
5 (Thallium bromide-iodide) crystal were used in this
study to detect any changes in the chemical structure of
cotton at the fabric surface on untreated and oxygen
plasma treated cotton samples.

The Effect of  Ageing Period After  Plasma Treatment
In order to establish the presence and to study the sta-
bility of free radicals created on cotton fibres during the
oxygen plasma treatment, it was considered important
to investigate the effect of an ageing period on samples
after being subjected to oxygen plasma treatment just
before starting the dyeing process (Figure 1). In this
way it was possible to observe the dye uptake and the
rate of dyeing differences between samples with differ-
ent ageing periods (1, 2, 4, and 7 days). The samples
were kept in a desiccator over silica gel during the age-
ing period.

The dyeing or washing off processes were carried
out using a Rotadyer (Mark I) laboratory dyeing
machine (John Jeffrey Ltd, Rochdale). Then the sam-
ples were removed from the tubes, washed and oven
dried and the residual dye bath solutions were exam-

ined using a Unicam SP 1800 spectrophotometer at
room temperature to calculate the amount of dye
uptake in the cotton samples.

It is important to note that, because of the weight
loss of the plasma treated samples due to the etching
effect, which occurs in the plasma chamber, the weight
loss leads to the total surface area of the plasma treated
fibres being effectively changed. Thus, all the dye
uptake data on plasma treated samples have been nor-
malized to correct for the change in weight of the orig-
inal sample after plasma treatment.

RESULTS AND DISCUSSION

Determination of Carboxyl Groups
Methylene Blue Test
The calculated K/S data for the test samples are shown
in Table 1, which, surpisingly, indicate that the car-
boxyl group content of the oxygen plasma treated cot-
ton samples are less than the untreated cotton fabrics,
because the surface oxidation of cellulose is known to
generate carboxyl  groups [23]. In order to confirm this
results of the above test, it was necessary to perform a
titration to determine accurately the carboxyl group
contents of the untreated and plasma treated cotton
samples.

The results of the titration method are given in
Table 2, and they show that the carboxyl group content
of the plasma treated cotton samples is greater than that
of the untreated cotton sample, and therefore it suggests
that the results of the Methylene blue test are not valid.
This effect has been observed previously [24] on
bleached cotton fabrics. The explanation is considered
to arise from the changes in the scattering coefficient
(S) of the dyed oxygen plasma-treated cotton samples.
It seems that the scattering coefficient (S) can only be
altered as results of: (a) The surface erosion / damage
after oxygen plasma treatment; (b) the presence of
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Fabric sample

Water + chemicals
+ dye solution

Room temp.

5 min 10-60 min 60OC

LR-40:1

Figure 1. Schematic chart of dyeing processes.

Table 1. The effect of plasma treatment on the absorption of

Methylene blue on cotton fibres.

Plasma power
(Watts)

Gas flow rate
(mL/min)

Treatment
time (min)

K/S Value

Untreated

120

Untreated

30 (oxygen)

Untreated

60

5.44

3.72
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finer, and thus a greater number of fibres in the same
weight of oxygen plasma-treated and of untreated samples. 

The weight loss during oxygen plasma treatment
means that for the same weight of sample the untreated
sample will contain fewer fibres. The carboxyl group
content for oxygen plasma treated cotton fabrics
appears to be lower than that determined by titration.
Thus the Methylene blue test is not reliable for the
detection of the change of carboxyl group contents of
samples in which a fibre weight loss has occurred.

Sodium Bicarbonate - sodium Chloride Solution Test
As expected, by increasing the plasma power, changing
the plasma gas atmosphere (from air to oxygen), and
increasing the plasma gas flow rate, the cotton fibre
carboxyl group contents increased significantly. It is
shown in Figure 2 that oxygen plasma treatment results
in an almost linear increase in the fibre carboxyl group
content and the extent of fibre damage as measured by
the fibre damage factor [25]. 

Figure 3 shows that by increasing the carboxyl
group contents of the plasma treated cotton fibres, the
normalized direct dye exhaustion increases markedly
up to around 3 meq. / 100 g and then it decreases grad-
ually. Also, according to data reported in Table 2, after
an ageing period of seven days the oxygen plasma
treated cotton sample exhibits a higher carboxyl group
content and a lower direct dye uptake than a similar

plasma treated sample with no ageing period. This
demonstrates that further oxidation of the plasma treat-
ed fibres must continue in air and over the ageing peri-
od the oxidation will continue, which in turn will
increase the fibre carboxyl group content and decrease
the direct dye uptake of the fibres because of the high-
er electronegative surface potential. One explanation
for these chemical changes is to postulate that plasma
treatment leads to free radical formation in the cotton
fibres. These free radicals will react with oxygen, or the
oxygen in the atmosphere (air) to create more carboxyl
groups on the fibres and hence tend to decrease the
direct dye uptake through electrostatic repulsion of the
direct dye anions. This theory is in agreement with
Bradley's work on plasma treated polyester film 26. He
has pointed out that by storing the plasma treated sam-
ples in hot air, these tend to regain oxygen and this
would lead to a net increase in surface oxidizing
groups. But in the absence of oxygen, the surface free
radicals have time to recombine forming a cross-link,
thus decreasing the oxidizing power of the surface [26].

Carbonyl Group Identification
2,4-Dinitrophenyl Hydrazine Test
The colour of the plasma treated cotton sample, after
the test, turned reddish-yellow and a crystalline precip-
itate was formed which is an indication of the presence
of carbonyl groups on plasma treated cotton samples.

Table 2. The effect of change in plasma power, gas nature and flow rate, and the rest time after being treated on the carboxyl

group contents and the damage caused by the plasma treatment on cotton samples (dyed in distilled water, LR ~~ 40:1, at 60°C,

and for 60 min).

Dye
exhaustion

(normalized)
(%) 

Plasma power
(Watts)

Untreated

20

70

120

Untreated

30 (oxygen)

20 (oxygen)

30 (air)

30 (oxygen)

30 (oxygen)

40 (oxygen)

30 (oxygen)

Untreated

-

-

-

-

7

-

-

1.85

2.17

2.49

2.41

2.89

3.93

3.69

4.17

-

0.06

0.10

0.09

0.14

0.14

0.22

0.29

-

10.1

15.6

15.1

20.4

20.4

26.5

35.2

13.6

14.8

18.5

18.3

20.7

14.8

18.8

18.1

Plasma treatment Fibre properties Dyeing

Gas flow rate
(mL/min)

Ageing period
(days)

Weight loss
(%)

Carboxyl group
contents

(meq. / 100 g)

Fluidity test
(damage factor)

(S)



But with the untreated cotton sample, the colour
changed to faint yellow and there was no sign of crys-
talline precipitate in the remaining solution. 

The test results indicate that plasma treatment
could produce carbonyl (i.e., aldehyde or ketone or
both) groups on cotton fibres in addition to carboxyl
groups.

Colorimetric Test for Aldehyde Groups
The filter paper for the remaining solution test of the
plasma treated sample showed the presence of some
red substance. However, for the untreated cotton sam-
ple the filter paper was clear. Also the light microscop-
ic examination of the plasma treated fibres after the test
showed much more local deposits of copper oxide
granules than the untreated fibres, which suggests the
presence of more aldehyde groups on plasma treated
cotton fibres compared with untreated cotton samples. 

However, we were not succeeded to find the mech-
anism of aldehyde groups generation on cellulose by
plasma treatment in the literature.

The Vertical Wicking Test
The vertical upward wicking test was carried out on
oxygen plasma treated (70 and 120 Watts of plasma
treatment power) and untreated cotton samples using
the above test procedure. The results are recorded in
Figures 4 and 5. The higher rate of vertical wicking by
oxygen plasma treated cotton samples can be explained

by several possibilities which are:
(i) The higher level of polar carboxyl groups and

carbonyl groups generated by fibre damage during
oxygen plasma treatment, yield a more polar and more
wettable fibre surface.

(ii) The physical effect of the oxygen plasma treat-
ment which through surface erosion removes the layer
of cotton wax on the fibre surfaces may thereby render
the fibres more wettable by water.

(iii) Oxygen plasma treatment results in a fabric
weight loss as a result of surface erosion of the fibres.
Thus the shape and size distribution of the inter-fibre
and inter-yarn capillary spaces will be modified. This
may also lead to the unblocking of some capillaries,
and hence promote more rapid wicking.

Figure 4 indicates that the greater hydrophilic
nature of the cotton as a result of the increasing number
of carboxyl groups created by the oxygen plasma treat-
ment gives rise to a higher fabric wettability and hence
to a greater vertical wicking rate. This increased fabric
wettability after oxygen plasma treatment may also aid
in increasing the rate of direct dye uptake.

It is also shown in Figure 4 that the rate of vertical
wicking would be  greater with greater the applied plas-
ma power. Thus the creation of more polar hydrophilic
groups under a high power plasma treatment and / or
greater surface damage to the fibres caused by the
severe plasma treatment may lead to a higher rate of
vertical wicking.

Carboxyl group content (meq./100 g)

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

1.50 2.00 2.50 3.00 3.50 4.00 4.50

Untreated
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Carboxyl group content(meq./100 g)

14

16

18

20

22

Untreated

1.75 2.25 2.75 3.25 3.75 4.25

Figure 3. The effect of change in cotton carboxyl group con-
tents on direct dye exhaustion of the plasma treated (70 Watts
power, 30 mL/min oxygen gas flow rate, 60 min) cotton fibres
(dyed in distilled water, LR ~~ 40:1, at 60°C, and for 60 min).

Figure 2. The relation between the carboxyl group contents
of the plasma treated cotton fibres and the damage caused
by the plasma treatment (70 Watts power, 30 mL/min oxygen
gas flow rate, 60 min).
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Figure 5 reveals that there is a good relationship
between the logarithm of the vertical wicking height
and the logarithm of the wicking time for both plasma
treated and untreated cotton fabrics. This relation has
been claimed by De Boer [27] to be valid for desized
and scoured cotton fabrics and also for mercerized and
reactant-finished cotton fabrics.

Yellowing Tendency of the Oxygen Plasma-treated Cotton
From the yellowing results shown in Table 3, the oxy-
gen plasma treated samples are seen to be unstable and
change colour with increasing time of storage (ageing)
which, according to Lewin's theory [28], is due to the
creation of more aldehyde groups on the cellulosic

chain molecules of cotton fibres. This may be caused
by the unstable nature of the free radicals created dur-
ing the plasma treatment which, as Wakida has
claimed [29], can decay according to the storage time
and temperature of the oxygen plasma treated samples. 

Also, the data in Table 3 show that after washing
the samples in warm tap water for one minute, the
ASTM yellowness of the fabric decreases, and the fab-
rics then appear whiter, but are still yellower than the
original (untreated) cotton fabric (which was obtained
in the bleached state). This can be explained on the
basis that oxygen plasma treatments mostly affect the
surfaces of cotton fibres. As scanning electron micro-

Time(s)

0 500 1000 1500 2000

Plasma treated(120 Watts)
Plasma treated(70 Watts)
Untreated

0

2

4

6

8

10

12

Figure 4. The effect of oxygen plasma treatment on the vertical
wicking of cotton fabrics.

Plasma treated(120 Watts)
Plasma treated(70 Watts)
Untreated

1.5 2.0 2.5 3.0 3.5

0.0

0.2

0.4

0.6

0.8

1.0

1.2

Logarithm of time (s)

Figure 5. The relation between the logarithms of height and
time in the vertical wicking test of oxygen plasma treated and
untreated cotton fabrics.

Table 3. The effect of change in plasma power, ageing and washing off process on the yellowing tendency of the oxygen plasma

treated and untreated cotton samples.

(*) The samples were washed in warm tap water for one minute.

Plasma power
(Watts)

Gas flow rate
(mL/min)

Treatment time
(min)

Ageing time
(week)

Washing *
off

ASTM
(yellowness)

ASTM
(whiteness)

Untreated

70

120

Untreated

30 (oxygen)

30 (oxygen)

Untreated

60

60

-

-

1

4

4

4

-

-

-

-

-

After ageing

Before ageing

-

4.43

4.56

7.97

11.95

7.30

5.12

5.42

67.63

65.63

53.96

41.02

55.73

64.16

63.89

Sample treatments Test results
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graphs have shown[25], these treatments create loose
fragments on the oxygen plasma-treated cotton fibre
surface. During the washing treatment, these fibre frag-
ments may be removed and the aldehyde groups creat-
ed on their surface by oxygen plasma treatment, which
are largely responsible for the yellowing on plasma
treated cotton, will be partly washed off thereby
whitening the resultant plasma-treated samples. On the
other hand by washing the samples after the oxygen
plasma treatment and before the ageing period, the free
radicals and loose fragments are more likely to be
removed so that the fabric then appears to be more stable
in respect of its whiteness after an ageing period com-
pared with an unwashed oxygen plasma treated sample.

FTIR Analysis
The FTIR analyses were performed on the untreated,
and oxygen plasma treated cotton (70 Watts power, 30
cm3/min oxygen gas flow rate, 60 min) which had then
been stored for 4 weeks, and their corresponding spec-
tra (Figure 6) were recorded. The spectra obtained are
very similar, but the spectra for the oxygen plasma
treated cotton sample show some alteration from the
untreated cotton sample in the area of 1728 cm-1 (5.8  µm)
that represents the C=O groups in the carbonyl struc-
ture [30]. This is in agreement with the results of
Ward's work [5, 13], which have been carried out on
cotton using argon plasma and ammonia plasma treat-
ments. Also, by comparing the spectrum of fresh oxy-
gen plasma treated cotton with a similar sample after an
ageing period of 4 weeks, the height of the 1728 cm

(5.8 m) peak appears to be greater after the ageing peri-
od. This indicates the instability of the oxygen plasma-
treated samples, and the relation of the change in this
peak to the creation of more aldehyde groups (as indi-
cated by the increased yellowing observed in the previ-
ous section) through the action of free radicals and oxy-
gen on the plasma treated samples.

The Effect of  Ageing Period After Plasma Treatment
The experimental data obtained from the above men-
tioned tests are illustrated in Figures 7 and 8.

From Figures 7 and 8, it seems clear that as the age-
ing period increases, the rate of dyeing and the dye
uptake of the plasma-treated cotton samples decrease
markedly up to the fourth day of ageing, but then the
effect tends to slow down and nearly levels off. This
suggests that the stability of the free radicals generated
on cotton samples by oxygen plasma treatment depends
considerably on the ageing time before the dyeing
process, which agrees with Wakida's work on cotton
samples [29]. 

It is possible that the free radicals might decay and
convert to other chemical groups (e.g., carbonyl
groups), which also do not have an attraction for direct
dyes. In addition the cellulosic chains of the cotton
sample may lose some -OH groups and this will lead to
a decrease in dyeing rate and the final amount of dye
exhaustion at the equilibrium.

It is to be noted that the cotton fabric samples were
kept in a desiccator at room temperature during the age-

Figure 7. Normalized graph of the effect of ageing period on
2% (owf) chloramine Fast Red K (60OC) dye exhaustion of
oxygen plasma treated cotton (oxygen and air, 70 Watts
power, 30 mL/min gas flow rate, 60 min).

30
No ageing

0 10 20 30 40 50 60
0

5

10

15

20

25

Dyeing time (min)

1 day ageing

2 day ageing

4 day ageing

7 day ageing

Untreated

ν(cm-1)

A

B

C

4000 3000 2000 800 40012001600

(A) Untreated cotton

(B) Plasma treated cotton(fresh)

(C) Plasma treated cotton(after 4 weeks rest)

Figure 6. FTIR Spectra recorded from the untreated, oxygen
plasma treated (70 Watts power, 30 mL/min gas flow rate, 60
min), and aged oxygen plasma treated cotton samples.
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ing period in order to avoid moisture from the atmos-
phere interacting with the free radicals. It is known that
under higher temperatures or in a high moisture content
atmosphere free radicals could decay quite easily [29]
and conceivably the dye uptake could then be even
lower than for the untreated cotton samples.

CONCLUSION

The effects of air and oxygen plasma treatment upon
the physico-chemical properties of cotton fabric have
been studied with respect to the treatment time, plasma
power and gas flow rate. As expected oxygen plasma
treatment generates greater changes in fibre and fabric
properties under the experimental conditions used. The
plasma treatments lead to surface erosion of the cotton
fibres, which generates a weight loss, accompanied by
an increase in the fibre carboxyl group and carbonyl
group contents. The increase in carboxyl group con-
tents has been determined titrimetrically and it has
shown that measurement of K/S after dyeing with
Methylene blue does not correlate because of changes
in the fibre scattering power.

The increase in fibre carboxyl group content leads
to a more wettable fibre and the rate of fabric vertical
wicking is increased. The increase in fibre carboxyl
group content after air and oxygen plasma treatment
increases further after an ageing period of four weeks.
It has been concluded that this may occur as a result of

the action of free radicals within the fibres originally
generated during plasma treatment. The uptake of a
direct dye (Chloramine Fast Red K) progressively
decreases with increase in the ageing time after oxygen
plasma treatment. Ageing after plasma treatment also
increases the fabric yellowness, but this can be
decreased by a washing treatment before and after the
ageing period. This suggests that low molecular weight
degradation products are washed out of the fibre sur-
face, and indeed a weight loss is observed on washing.

The results of the cuprammonium fluidity test have
shown that the fibre damage factor increases almost
linearly with the increase in fibre carboxyl group con-
tent. However, the uptake of a direct dye (Chloramine
Fast Red K) first increases with increase in fibre car-
boxyl group content, but then decreases in the region
above a carboxyl group content of 3.25 meq./100g. 
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