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INTRODUCTION

Many changes have occurred over the last decade or two in
the manufacturing segments of the textile industry that have
resulted in lower production costs and improved quality, As
these new developments are implemented, measurements
must be made to determine how quality is affected and where
adjustments should be made. Properties of the cotton fibre,
yarn, fabric and garment are monitored to ensure mill profits
and consumer satisfaction; this all starts with proper cotton
selection. Many of the factors that influence the growth of
cotton in the fields will have a direct bearing on the quality
of the end product. The growers, ginners and textile mills
must react and inter-react to supply the consumer with a
high-quality product. Of course any new technology that is
introduced to achieve this goal must also have a positive
influence on profits.

FIBRE QUALITY

Cotton producers have not only been challenged by devel-
opments in technalogy, but also by changes in their market
share. By 1975 cotton’s share of the US market for apparel
and home fabrics {excluding carpets) had decreased to 34%
at the retail level. Influenced by promotional campaigns for
cotton and by disappointment with synthetic products,
consumer preferences have changed. By 1985 this figure
was up by 9% to 43% {Figure 1). Growth has continued, and
in 1988 was at a 13 year high of 49%; currently it is 50.2%,
i.e accounting for over half of the total retail market for
textile fibres. One of the most effective ways for farmers to
meet this challenge of supply is to increase the yield of their
crops (Figure 2). Significant gains have been made in the
US since 1975, with a record yield of 702 Ib/acre (787
kg/hectare) in 1987. The 1989 crop vield was still a healthy
609 Ib/acre (683 kg/hectare). This has assisted the US
cotton producers to keep their fibre cost-competitive on the
world market.

The quality of US cotton has also been improving in
recent years to meet the demand for longer, stronger fibres.
The average staple length of the entire US crop for each year
since 1975 is given in Figure 3. The US upland crop
(excluding Pima) now averages almost 1 3/32 in (28 mm) in
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Figure 1 — Cotton’s share of total US market for apparel and
home furnishings (excluding carpet)
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Figure 2 — Average lint vields of US upland cotton
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Figure 3 — Average staple length of US upland cotton
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Figure 4 — Average strength of US upland cotton

length. Less than 8% of the US crop is 1 in (25 mm) and
shorter in length. These data show that US producers are
not only choosing to grow a longer fibre, but are careful to
harvest and gin so as to preserve the quality. Figure 4 shows
the trend in average strength of the US crop since 1980,
Between 1980 and 1987 the average strength of the US
crop increased at the rate of almost 0.04 g/tex peryear. The
average strength of the 1989 crop was 26.8 g/tex. These
data show that US cotton growers are electing to grow
stronger varieties in response to their textile mill needs.
Figure 5 shows the average micronaire’ values since 1975.
The overall evidence for the 13 year period is just under 4.2,
There is little evidence that the average micronaire value of
the US crop is changing. Many textile manufacturers tell us

1. Micronaire value is defined by the Textile Institute’s Textile terms and
definitions publication as follows. A measurement of cotton fibre quality
which is a reflection of both fineness and maturity. Low values indicate fine
and/or immature fibres; high values indicate coarse and/or mature fibres.
Micronaire value is determined in practice by measuring the air perme-
ability of a specified plug of cotton fibres.
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Figure 5 ~ Average micronaire of US upland cotton

that they would like to see more lower micronaire value
cottons. This comes mostly from spinners who would like to
make finer count yarns on open-end spinning systems.

The textile mills in the 18 countries in which Cotton
Incorporated services US cotton indicate that the most
important fibre qualities are length, strength, cieanness,
fineness/maturity and absence of contaminants. From among
those, the primary ones that can be influenced by gins are
the presence of neps (which relate to maturity) and foreign
matter content. New ginning technologies are being devel-
oped that improve fibre length distribution significantly.
Some data generated thus far show a 30% reduction in short
fibre content. This leads to better carded and combed varns
with reduced comber waste.

Advances are also being made in the cleaning process. It
is obvious that cotton must be cleaned before it can be made
into high-quality cotton yarns. The high-efficiency cleaners
used in the stripper-harvested areas remove sticks and fine
trash with greater efficiency, leading to less aggressive lint
cleaning with fewer short fibres and neps. The message is
getting through from the mills to the growers and ginners
that cotton must be cleaned without fibre damage. This
change is a response to the more searching length and
length uniformity measurements now available through HVI
(high volume instrument) testing.

One of the best ways to deal with the subjectivity of the
classer’s grading is to use instruments to measure the
properties of the cotton fibre. Almost 30 years ago the
USDA realised the need for more precision and stability in
the measurement of cotton fibre properties. At that time
fibrograph instruments were used to obtain more precise
information on fibre length and length distribution. The
Pressley type strength instruments were used to give fibre
tenacity data and micronaire instruments used to indicate
fibre fineness. However, these instruments were too slow to
use to determine fibre quality in every bale of cotton. The
integrated HVI system was developed which measures
micronaire value, length, length uniformity index, strength,
colour, and non-lint content. In 1989 US mills consumed
8.2 million bales of which approximately 6.0 million were
HVI tested. The USDA will eventually have over 200
instruments located throughout the country, so that the total
crop of 1991 will be measured by the HVI.

There are now over 400 HVI lines in use world-wide, but
all of this information generated for every bale produced will
have little impact if the mills cannot use the data to increase
productivity and improve quality.

Cotton Incorporated has taken the lead in developing
methods to use the HVI data to control the mix or blend of
raw cotton used by the textile mill, with its system called

Engineered Fibre Selection (EFS). This computer-based
cotton fibre management system helps mills identify the
precise fibre profile necessary to produce cost-effective,
high-quality end products. In 1989 US mills used EFS to
manage in excess of 3.5 million bales of HVI-tested cotton.
Once the HVI data have been evaluated, the EFS system
may be used to subdivide each new lot of cotton into
appropriate groups and categories. Each bale's group and
category is printed on a tag attached to the bale. The
information contained on these tags is used to identify a bale
by its group (origin, growth area, end use, etc.) and specific
HVI-measured characteristics (strength, length, micronaire
value, etc.}). A graphics package is included that assists the
mill in determining into which group the cotton should be
placed. Histograms of each HVI-measured property ac-
cording to shipment, group, mix or supplier can be gener-
ated. By associating HVI data with the actual bale number,
EFS has the ability to select mixes based on the suitability of
each sample of cotton for particular end products. Regression
equations are used to forecast yarn and fabric strength. HVI/
EFS is thus the most revolutionary development in cotton
textiles in the last century,

YARN QUALITY

Once the appropriate fibre has been selected for a specific
end use, proper blending is essential. A ‘laydown’ of only six
bales would be considered poor, while a 40 bale laydown
should give greater consistency. In a single laydown, for
instance, the coefficient of variation of the micronaire value
should not be more than 10% between bales, and related to
this is blending efficiency and uniform feed throughout the
opening and cleaning equipment. We know of some cordu-
roy mills that select micronaire values in the range of 4.4 to
5.0 to give good dye coverage for the face yarns.

With micronaire values and blending under control. trash
removal then becomes critical. Card settings that remove
only 0.50-0.75% waste are generally going to leave waste
particles in the yarn that may be bleached, but will not be
dyed. Waste removal of 2.0% or greater in carding usually
preduces the best yarn.

Spinning systems in the 1990s must fulfil requirements
imposed in at least three categories: economics, automation
and yarn quality. Economics and automation have dictated
an increase in production rate. Higher production rates
result in more stress being placed on the fibres and yarn dur-
ing processing. This has increased the demand for stronger
fibres of more uniform length. The various spinning systems
dictate different requirements in the qualities of the cotton
needed to ensure efficient operation and to make the highest
quality yarns. Table 1 gives the cotton fibre properties that
are most frequently assessed as important for each spinning
system.

Ring spinning can handle cotton fibres and produce varns
with a wide count range with high strength. Rotor spinning
is useful for coarse to medium count yarns used in products
such as denim and knitted fabrics. Because of new devel-
opments in small rotors and higher rotor speeds, fine
combed yarns are feasible. Air jet spinning is suited to
process long cotton fibres into yarns of medium to fine
count. It is estimated that approximately 64% of cotton fibre
used in the US is spun on ring spinning systems, 33% on
rotor systems, and 3% by air jet. Friction spinning accounts
for less than 1%,
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TABLE 1

Technical factors (in decreasing importance) that
affect the choice of spinning system

Ring Rotor Air jet Friction
Length Strength Length Strength
Strength Micronaire  Strength Micronaire
Micronaire  Length Length Length

uniformity
Length Length Micronaire Length
uniformity  uniformity uniformity

FABRIC QUALITY

Analysis of technical service requests for problem-solving
that are brought to the attention of Cotton Incorporated
shows that the main factors that can diminish fabric quality
are barré and undyed specks or neps. There are many other
defects, of course, but these are two that require the most
frequent attention.

Barré can be related directly to yarn quality in both knitted
and woven goods. Usually we at Cotton Incorporated find
that barré is caused by mixed yarns and/or yarns made from
a fibre that has been incorrectly blended. Some knitters do
not realise that substitution of a yarn from a different source,
although it may be the equal yarn size, twist multiple, etc.,
can exhibit different dyeing characteristics. We find this
most often with commission knitters that have little or no
control over their yarn source. In some instances a more
-thorough preparation of the fabric or selecting different dyes
can reduce the barré appearance. However, if the problem
is caused by non-uniform blending of fibres having different
dyeing properties, then the barré effect may be impossible
to eliminate. For example, some barre effects can be caused
by non-uniform blending of cotton and polyester fibres. This
is quite evident when the cotton portion is removed by 70%
sulphuric acid extraction. Anything less than a perfect union
dyeing of the cotton and polyester will accentuate the barré.
A plastic replica impression is used to distinguish if barré is
caused by non-uniform yarn size. This shows as a physical
impression in the plastic replica.

White or light coloured specks located randomly
throughout a fabric are sometimes seen after dyeing cotton
or cotton blend fabrics. This is often attributed to immature
or dead cotton. Proper fibre selection, combined with
judicious setting and maintenance of carding equipment, is
the most effective way of improving yarn quality. Current
instruments measure average maturity only. Traditionally
dyers have either relied on mercerised cotton to ensure
coverage of these neps or have carefully selected the dyes
they use in order to control the problem. Although dye
selection can minimise the problem, certain restraints limit
the range of dyes that can be used. Mercerisation requires
specialised equipment and usually affects fabric aesthetics.
Research at Cotton Incorporated defined the minimum
concentration of caustic soda, temperature and time needed
to cover immature cotton (Figure 6). In 1983 it was reported
that 149% caustic soda treatment applied at bath temperature
from 16 to 50°C with a dwell time of 10 s is adequate to treat
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Figure 6 — Effect of temperature and caustic soda concentration
on the coverage of immature cotton at various wet pick-up
levels

immature cotton and allow it to be dyed to the same colour
as the surrounding fibre. Close control of caustic soda
concentration and temperature is critical.

Cotton fibres normally develop in two stages (Figure 7).
In the first stage the fibre grows in length, and only after the
length growth is almost complete does the secondary wall
begin to form from the outside inwards, causing the cotton
fibre to thicken. When the normal wall thickening process is
interrupted or slowed through the agency of insects, plant
disease, drought stress, bad weather (especially early frost)
or premature harvesting the maturing process is halted or
retarded. Although it is common practice to use the term
‘dead’ and ‘immature’ interchangeably, we find it useful to
use these terms to indicate two different levels of maturity.
Dead cotton has negligible cell wall thickness while imma-
ture fibres have intermediate thickness {(Figure 8).
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Figure 7 - Typical development of length and secondary wali
in cotton fibres
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Figure 8 — Cross-section of cotton fibre at different stages of
maturity



CONCLUSION

The technology, know-how and resources that should aid
manufacturers to eliminate or reduce almost any problem
associated with cotton fibre variations are available today.
Once they are understood, these variations should be rec-

ognised and dealt with systematically. Improvements in
cotton quality are being made at every stage from variety
breeding to improved fabric properties. These improvements
ultimately benefit the consumer, which should be a gratifying
achievement for any dyer or finisher.




