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Abstract

Fiber fineness is an important factor in yarn strength and
uniformity properties that depend on the average number of fibers in the
yarn cross section. Fiber perimeter is the variable that is of great effect on
fiber tensile strength properties. New fineness equations depended on pl
and ph measured by Micromat Tester were used to calculate fiber
perimeter, diameter and wall thickness for some Egyptian cotton cultivars
(Giza 45, Giza 88, Giza 85, Giza 86 and Giza 83). Significant correlation
coefficients were found for all properties from Micromat Tester versus
Image Analysis. The relation between the data from the two instruments
was found to be quite strong (r = 0.9273, 0.9433 and 0.8856) for fiber
perimeter, diameter and wall thickness; respectively. So the values of
cotton fiber fineness {diameter and perimeter) as well as fiber maturity
(wall thickness) could be determined rapidly by Micromat Tester. Success
in this approach would provide an acceptable reference method, which is
not currently available. The breeder and the spinner will get direct,
accurate and fast determinations of biological fineness in terms of fiber
perimeter or diameter and maturity in term of wall thickness.

INTRODUCTION

Fiber fineness has long been recognized as an important factor in yarn
strength and uniformity properties that depend on the average number of fibers in the
yarn cross section. Improvements in fiber quality can take many different forms of
changes in length, strength, uniformity and fineness which are all needed to
accommodate new techniques in cotton spinning (Deussen, 1952). However, direct
determinations of biological fineness in terms of fiber diameter and wall thickness
precluded by the high costs in both time and laber, the noncircular cross sections of
dry cotton fibers and the high degree of variation in fiber fineness (Munrc, 1987).
Montalvo and Faught (1995) used new maturity and fineness equations as a function
of FMT Pt and Ph readings and the data gave high correlation with NIR spectra. The
typical range for wall thickness is 1.4 to 3.4 microns while the typical range for
perimeter is 35 to 60 microns as calculated from fineness values (Ramey, 1982) and
maturity ratio values {Lord and Hegs, 1988). The acknowledged reference method for
maturity and fineness measurements on cotton is Image Analysis method {Thibodeaux
et al,, 2000). Image Analysis has improved determinations of fiber biolegical fineness
and maturity but it remains too slow and limited with respect to sample size. Huang
and Xu (2002) reported that the Image analysis iongitudinal measurements were
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correlated well with the data obtained from other methods. Hequet and Wyatt (2004)
reported that the Image analysis of the cross section of cotton fibers constitutes an
excellent reference method for maturity and fineness measurements.

MATERIALS AND METHODS

Lint cotton samples of grade {Good) from five Egyptian cotton cultivars; Giza
45 and Giza 88 (extra long staple cultivars); Giza 85, Giza 86 and Giza 83 (long staple
cultivars) were obtained from commercial cotton crop of 2003 season and used
representing wide range of genetic finenesses. Micronaire reading, maturity ratio and
fineness (linear density) in millitex were measured by Micromat tester (new F/M T
instrument) according to (ASTM: D 3818-79, 1998). The biological fineness (perimeter
and diameter) and wall thickness were caiculated from equations as a function of low
pressure (Pl) and high pressure (Ph) by using computer software according to
Montalvo and Faught {1995). Perimeter, diameter and wall thickness were measured
also from the Image analysis with computer system according to Huang and Xu
{2002).

The samples were tested under controlled atmospheric conditions of 65 + 2%
relative humidity and 70 * 2°F temperature at the Cotton Technology Research
Institute, Giza, Egypt.

The obtained data were subjected to statistical analysis of variance according
to Snedecor and Cochran {1976), L.S.D. test was used for comparing the different
means. Simple correlation and regression analysis according to Draper and Smith
(1966) were performed with a computerized SAS program.

RESULTS AND DISCUSSION

Micromat fiber fineness and maturity data is given in table (1). It shows
substantial differences among cultivars for these properties. Micronaire reading ranges
from 3.0 for Giza 45 (the finest cultivar) to 4.2 for Giza 83 (the coarsest cultivar) and
maturity ratio ranges from 0.993 for Giza 86 to 1.043 for Giza 45. On the other hand,
fiber fineness ranges from 113 millitex for Giza 45 to 164 millitex for Giza 83.

Table 1. Average values of Micromat fineness and maturity for some Egyptian cotton

¢iitivars.

Cultiver Micronair value Maturity ratio Fineness (Millitex)
Giza 45 3.0 1.043 113
Giza 88 3.8 0.995 143
Giza 85 4.0 1.017 146
Giza 86 4.1 0.993 154
G.za 83 4.2 0.997 164

LSD 0.081 0.221 2.44
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Fiber fineness (perimeter and diameter) and maturity (wall thickness) data
from Micromat Tester and Image Analysis are shown in table (2). The Micromat
perimeter ranges from 42.72 microns for Giza 45 to 48.12 microns for Giza 83, whiie
the Image Analysis perimeter ranges from 43.42 microns to 48.11 microns for the
same cultivars. However, the Micromat diameter ranges from 13.60 microns for Giza
45 to 15.62 microns for Giza 83, but the Image Analysis perimeter ranges from 13.83
microns to 15.3Z microns for the same cultivars. On the other hand, the Micromat wall
thickness ranges from 2.07 microns for Giza 45 to 2.69 microns for Giza 83, while the
Image Analysis wall thickness ranges from 2.26 microns for Giza 45 to 2.48 microns
for Giza 8S.

Table 2. Average values of Micromat data and Image Analysis data for some Egyptian
cotton cultivars,

Micromat data Image Analysis data
Cuitivars | Perimeter | Diameter wall Perimeter | Diameter Wall
thickness thickness
{micron) {micron} [ (micron) (micron) | (micron) {micron)
Giza 45 42,72 13.60 2.07 43,42 13.83 2.26
Giza 88 44,28 14.33 2.51 45,72 14.56 2.27
Giza 85 45.20 14.40 2.62 45,79 14.58 2.48
Giza 86 47.48 15.33 2,63 47.27 15.05 2.44
Giza 83 48.12 15.62 2.69 48.11 15.32 2.44
LsD 1.48 0.74 0.08 1.060 0.338 0.163

Simple correlation coefficients between Micromat Tester and Image Analysis
perimeter, diameter and wall thickness average values are given in table (3). There
are high significant correlations for all properties from Micromat Tester versus Image
Analysis. The relation between the data from the two instruments is very good with r
= (0.9273 for fiber perimeter, 0.9433 for fiber diameter and 0.8856 for fiber wall
thickness.

Table 3. Simple correlation coefficients between Micromat and Image Analysis
perimeter, diameter and wall thickness.

Properties ' r
Fiber perimeter (P) 0.9273**
Fiber diameter (D) 0.9433**
Fiber wall thickness (T) 0.8856**

** High significance.

Figures (1,2 and 3) show the refationships between fiber perimeter, diameter
and wall thickness measurements from Micromat Tester versus Image Analysis. It is
clear that the Micromat data are well correlated with the data obtained from Image

Analysis.
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CONCLUSION

Traditionally, the cotton industry used gravimetric fiber fineness (linear
density) as an indicator of the fiber fineness and maturity combined. The Micromat
Tester is considered suitable for this objective, but is not used for acceptance testing
due to low precision and accuracy. Reliable measurements of cotton fiber fineness as
diameter or perimeter and fiber maturity as wall thickness could be determine rapidly
by Micromat Tester. Success in this approach would provide an acceptable reference
method, which is not currently available now. The breeder and the spinner will get
direct, accurate and fast determinations of biological fineness in term of fiber

perimeter, or diameter and maturity in term of wall thickness.
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