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Abstract

The present investigation was carried out to study the response
of six Egyptian extra long staple cotton varieties and three grades from
each to mercerization under tension treatment. Samples were spun
carded and combed (20%) to produce yarns of 60's count at 3.6 twist
factor. Carded and combed slivers were tested to determine fiber prop-
erties before and combed slivers were tested to determine fiber proper-
ties before spinning and mercerization. Mercerization under tension was
carried out by caustic soda solution (NaOH) 20% w/w.

The results showed significant differences in single yarn strength.
The highest value of increase for carded yarns was obtained for Giza 45
variety grade FG (13.11%) while for combed yarns the highest value
was obtained for Giza 76 variety grade FG (17.95%). Yarn elongation%
decreased significantly after mercerization and the percentage of de-
crease ranged from -3.19 to -19.52%. It is concluded that the response
of extra long staple Egyptian cottons to mercerization under tension is
affected by carding and combing process as well as the cotton grade,
thus these factors should be taken into consideration in the processing
to produce high quality cotton products.

INTRODUCTION

Mercerization is well recognized as a commercial process for modifying cellu-
lose of fibers, yarns and fabrics to induce many changes in cotton fiber properties.
Of special interest is the effect of tension during mencerization treatments. Merceri-
zation is usually carried out with sufficient tension on the textile product to provide
yarns or fabrics with dimensions equivalent to those of the untreated. The reason of-
ten given for the tension is to prevent a loss in yardage. However, the high luster
produced by mercerization with tension is still one of the main purposes of the treat-
ment (Fourt et al., 1954).
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Investigations have shown that variety and growth conditions affect the ex-
tent of change in physical properties of the fibers as a result of mercerization, Orr
et al. (1952), and Warwicker et al. (1966) stated that mercerization under tension
gives a larger gain in strength than slack mercerization, the increase in yarn stre-
ngth, due to mercerization, is probably a combination of an increase in fiber stre-
ngth and an increase in the co-operative action of the fibers in the yarn. Al-Ashwat
(1974) showed that mercerization under tension nearly double the increase resulting
from mercerization at a constant length, also mercerization under tension decreased
yarn elongation by 26.7%.

The response of different cotton cultivars to mercerization has been widely
discussed in the literature. Warwicker et al. (1966) stated that the differences in
response among the cultivars would be expected because of the range in the orienta-
tion of cellulose molecules and in the intensity and distribution of weak points. Merc-
erization affects both these parameters. Moreover, the effect of any treatment
modifying the properties of cotton fibers is greatly influenced by the original char-
acteristics of the fibers. Therefore, the exlent of modification brought about by
mercerization will be directly related to the physical properties of cotton fibers.
Thus, it is expected that the different cotton varieties respond differently to merc-
erization (Hollen and Saddler, 1964 and Lawson and Ramey, 1977).

Fibers with low strength uniformity have a greater potential for improvement
with mercerization because more weakvplaces can be improved. Lawason et al.
(1979), fond that both strength uniformity and fiber maturity are likely related to
the change in tenacity with mercerization.

MATERIALS AND METHODS

This investigation was carried out at the laboratories of Cotton Res. Inst., Ag-
ric. Res. Center, Giza, Egypt. Three samples representing three lint grades namely;
fully good, good/fully good and good were chosen from each of six extra long staple
commercial Egyptian cotton varieties namely; Giza 45, Giza 76, Giza 87, Giza il
Giza 70 and Giza 88. The samples were obtained from the commercial cotton sam-
ples of 1996 harvest which were delivered to Cotton Research Institute from cotton
export companies.

The samples were processed through the experimental spinning mill of Cotton
Res. Ints., at Giza, spun into carded and combed yarns at 60's count with 3.6 twist
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factor. Second card and combed slivers were tesled to determine fiber properties.
Three replicates from yarns were mercerized under tension at 250C in 20% NaOH
solution (w/w) containing 1% mercerol as a wetting agent, for 10 minutes. The
treated yarns were washed in running water for 10 minutes, then neutralized in 2%
acetic acid solution for 10 minutes, after which washed thoroughly in running wa-
ter, then dried in the over at 50°C for 4 hours and left overnight at room tempera-
ture. On the other hand, one untreated sample frpm each was left as a control. The
untreated and mercerized yarns were tested for the following characteristics.

Fiber properties: Tenacity (g/tex) and elongation % (E1) measured by stelom-
eter at 1/8 inch (T1) according to ASTM (D, 1445-64), fineness and maturity
(micronaire reading) according to ASTM (D, 1448), toughness (g/tex) [(T1xE1)/2]
x 100, and stiffness (g/tex) T1/E1% according to Grover and Hamby (1960).

Yarn properties: Single yarn strength and elongation % at break were meas-
ured on the Uster automatic yarn strength tester according to the ASTM specifica-
tion D-2256-66. The length of tested specimen was 50 centimeters and the time-to-
break was that specified by ASTM i.e. 20+3 seconds.

All fiber and yarn tests were carried out at constant relative humidity of
65+2% and temperature of 20+1°C. .

A completely randomized design with three replications were used to analyze
the effect of lint grade, carding, combing, mercerization and varieties on single
yarn strength and single yarn elongation. The data obtained were subjected to sta-
tistical analysis according to the procedure outlined by Snedecor (1956), LSD test
was used for comparing the different means.

RESULTS AND DISCUSSION

I. Cotton fiber properties :

Values of fiber properties of different varieties and grades under investiga-
tion are shown in Table (1).

Cornbed fibers gave higher values of fiber tenacity than carded fibers. Elonga-
tion of both carded and combed fibers were more or less similar, and there was no
consistent trend for the percentage of elongation among the varieties and grades.
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The range of micronaire reading of carded fibers was between 2.8 and 3.7,
while for the combed fibers it was form 3.1 to 3.8, the values of combed fibers
were higher than carded fibers. This could be explained by the fact that the combing
process generally decreases the percentage of short fibers and immature fibers.
Accordingly, the percentage of mature fibers could be slightly increased within the
grade or variety this will increased the micronaire reading value.

Fiber toughness results indicated that carded and combed fibers showed dif-
ferent values for same grade and variety.

Fiber stiffness for both carded and combed fibers showed different values for
some grade and variety, the values of combed fibers were generally higher than the
carded ones.

2. Yarn properties:

From table (2), it could be seen that single yarn strength was affected by
mereerization under tension, carding and combing for all varieties and grades. The
results indicated that mercerization under tension increased yarn strength signifi-
cantly for both carded and combed yarns. For combed yarns, the highest percentage
increase was obtained by Giza 76 variety grade FG (17.95%), whereas for carded
yarns the highest percentage of increase was obtained for Giza 45 variety grade FG
(13.11%). Generally, combed yarns gave higer increases than carded yarns. The
varieties differed in the percentage of increase as well as the grades which showed
different response with a general for grade fully good to give higher increase than
the other two grades.

It is worthy to mention that the combed yarns of Giza 70 variety gave higher
percentage increase (14.13%) single yarn strength than the carded ones (4.87%).
On the other hand, for the grades, grade FG was at the top followed by grade G/FG
then grade G. This trend was constant for all varieties under investigation. These
results are in agreement with those obtained by Lawson et al. (1974), and Al
Ashwat et al. (1983) who found that mercerization under tension increased yarn te-
nacity and yarn stiffness, while it decreased yarn elongation and yarn toughness.
Nomeir et al. (1985) concluded that the increase in strength due to mercerization
could be attributed to straightening and realignment of the internal structure of
yarns mercerized under tension. On the other hand, the increase in yarn tenacity by
mercerized under tension was reported by several workers; Grant (1956), McDo-
nald et al. (1957) and Murphy and Goldthwait (1958). This increase might be attrib-
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Table 2. Averages and percentage increase in single yarn strength of carded and combed six
Egyptian extra long staple cotton varieties as affected by mercerization under ten-
sion treatment.

Carded Combed
—_— Brads Increase Increase
AR Untreated Treated (%) Untreated Treated (%)
Giza 45 FG 19.14 21.65 13.11 19.40 22.87 17.88
G/FG 18.90 20.46 8.25 19.07 21.62 13.37
. G 18.08 19.19 6.13 18.96 21.14 11.49
Giza76  Average 18.70  20.43 9.16 19.14  21.87 14.24
. FG 19.45 21.10 8.48 18.95 24.90 1Z.95
G/FG 18.38 19.48 5.98 2111 22.13 13.959
) G 18.23 19.05 4.49 18.71 20.54 .78
Giza87  Average 18.68 19.87 6.31 19.79 22.52 13.89
FG 18.87 20.19 6.99 20.35 23.19 13.95
G/FG 18.65 19.58 4.98 19.94 22.31 11.88
G 18.15 18.59 2.42 19.75 21.46 8.65
Average  18.55 19.45 4.79 20.01 22.32 11.49
Giza 77 FG 19.49 20.86 7.02 19.90 23.08 15.97
G/FG 18.56 19.16 3.23 19.70 22.26 12.99
G 18.39 18.83 2.39 19.00 20.69 8.89
Average 18.81 19.61 4.21 19.54 22.01 12.61
Giza 70 FG 17.79 18.89 6.18 19.99 23.28 16.45
G/FG 17.65 18.49 4,75 19.60 22.34 13.97
G 17:31 17.95 3.69 19.51 21.85 11.99
Average 17.58 18.44 4.87 19.70 22.49 14.13
Giza 88 FG 19.04 20.42 724 19.41 21.89 12.77
G/FG 18.10 19.14 5.74 18.34 20.35 10.95
G 17.66 18.36 3.96 18.50 19.98 8.00
Average 18.26 19.30 5.64 18.75 20.74 10.57
Average of varieties 18.26 19.51 5.83 19.48 21.99 12.82
Grades 18.96 20.51 8.17 19.66 23.20 15.82
G/FG 18.37 19.38 5.48 19.62 21.83 12.85
G 17.97 18.66 3.84 19.07 20.94 9.80
L.S.D. at 5% for
Carding and combing 0.27 Lint grade 0.33

Mercerization 0.27 Varieties 0.47
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uted to the factors concerning fiber structure and yarn construction: (a) Gradual in-
crease in fibrillar orientation and fiber strength during mercerization (Rebenfeld.
1958 a and b; Radhakrshnan et al.,, 1959 and Orr et al., 1959; (b) Decrease in spiral
angle of fiber, so its strength increased (DeBoer, 1973), (c) Higher moisture regain
compared with the unmercerized yarn thus increased strength, Meredith (1956),
and (d) Decrease in twist of the yarn which increases the strength.

B. Single yarn elongation %:

Single yarn elongation % of untreated and mercerized under tension yarns as
well as the magnitude of change in the studied cottons spun into combed or carded
yarns are shown in Table (3).

It is obvious from Table (3) that mercerization under tension decreased yarn
elongation % in all varieties, either combed or carded. However, percentage of de-
crease varied from variety to another and from grade to another. The decrease of
the elongation % due to mercerization treatment differed from grade to grade within
each variety, and did not follow any constant trend. Generally the percentage of de-
crease in elongation % for varieties of carded and combed yarns were more or less
similar (-9.56% and -9.15%, respectively). For grades, of both carded and combed
yarns, the highest percentage of decrease was-12.81% for grade FG of carded
yarns. Moreover, FG exhibited the highest value of decrease followed by grade G/FG
and grade G, while for combed yarns, the.loss did not follow any specific trend. For
carded yarn, the highest percentage of decrease was for Giza 88 variety grade fully
good -18.27, while the lowest percentage of decrease was found for Giza 77 variety
grade grade G -3.5%. The percentage of decrease in elongation % of combed yarns
ranged from 3.19 to 19.92%, obtained for both Giza 45 variety grade G/FG and Giza
87 variety grade G, respectively. The reduction in the elongation of tensioned mer-
cerized with tension caused a low breaking extension and a high orientation. Also,
warwicker et al. (1966) stated that the relation between orientation and extension
at break is to be expected from structural considerations, whether the stretching
during mercerization increased the orientation by adding the deconvolution, it could
be stated that any restriction in the swelling force and alignment of fibers through
strains on yarns during mercerization would cause a reduction in yarn elongation at
break.

In conclusion, mercerization under tension decreased yarn elongation. These
results agrees to a great extent with those found by Grant (1956), McDonld et al.
(1957), Murphy and Goldthwait (1958), Orr et al. (1959). Ziifle et al. (1959 and
1965) and Al Ashwat (1974).
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Table 3. Averages and percentage increase in single yarn elongation % of carded and combed
six Egyptian éxtra long staple cotton varieties as affected by mercerization under
tension treatment.

Carded Combed
- —_— Increase Increase
st Untreated Treated (%) Untreated Treated (%)
Giza 45 FG 7.52 6.70 -10.90 7.07 6.23 -11.88
G/FG 6.96 5.98 -11.87 6.78 6.57 -3.19
’ G 6.39 5.97 -7.03 7.27 6.50 -11.84
Giza76  Average  6.95 6.21 -9.93 7.04 6.43 -8.97
FG r.2r7 6.32 -13.06 6.45 5.57 -13.64
G/FG 6.27 5.70 -0.95 7.01 6.38 -8.98
’ G 5.70 5.30 -7.01 6.85 6.50 -5.38
Giza 87  Average  6.41 5.94 -7.00 6.77 6.15 933
FG 6.68 6.14 -8.61 6.42 5.95 -7.89
G/FG 6.32 5.77 -9.53 6.47 5.95 -8.73
G 6.49 6.27 -3.50 6.68 557 -19.92
Average 6.49 6.06 -7.21 6.52 5.82 -12.18
Giza 77 FG 6.80 5.82 -16.83 6.70 6.20 -8.06
G/FG 6.70 5.95 -12.60 7.12 5.56 -8.53
G 6.32 5.95 -6.21 6.24 5.60 -11.42
Average 6.60 5.90 -11.88 6.68 6.12 -9.33
Giza 70 FG 6.32 5.85 -9.23 6.82 6.27 -8.77
G/FG 5.93 5.45 -8.80 6.80 6.22 -9.32
G 5.78 5.17 -11.79 6.52 6.03 -8.12
Average 6.03 5.49 -9.94 6.71 6.17 -8.73
Giza 88 FG 5.89 5.50 -18.27 5.95 5.38 -10.59
G/FG 6.20 5.61 -10.51 5.88 5.63 -4,44
G 6.24 5.91 -5.58 5.62 5.40 -4.07
Average 6.11 5.67 -11.45 5.81 5.47 -6.36
. Average of varieties 6.43 5.87 -9.56 559 5.90 -9.15
. FG 6.75 6.05 -12.81 6.56 5.93 -10.13
G/FG 6.39 5.74 -9.04 6.67 6.21 -7.19
G 6.15 5.76 -6.85 6.53 5.78 -10.12
L.S.D. at 5% for
Carding and combing 0.147 Lint grade 0.180

Mercerization 0.147 Varieties 0.250
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