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1. Introduction 

The application of Fourier Transform (FT) spectroscopy instruments has broadened the 
knowledge and capabilities of textile researchers to study a host of projects including 
surface modifications of cotton fibers to impart flame retardant capabilities, monitoring 
aging effects on ancient cellulosic artifacts (Kavkler et al., 2011; Lojewski et al., 2010), 
determining the amount of dye fixation to fabrics (Choi, H-M, et al., 1994), and 
characterization of cotton byproducts during the processing of cotton (Cheng and Biswas, 
2011), to name a few. As can be observed from the above examples, the power and 
versatility of analyzing textiles with FT spectroscopy is proven.  

In the textile community, it is very important to characterize cotton quality parameters since 
this directly affects its potential profitability. Specifically, cotton strength, length, micronaire, 
fineness, color, and trash amount are conventionally monitored using an Uster® High Volume 
Instrument (HVI). In regards to the characterization of trash comingled with the cotton fiber, 
the identity of trash components evaluated with the current HVI system is not possible. 

Recently, FT spectroscopy has been instrumental in identifying cotton trash components and 
foreign matter that are present with cotton fiber (Fortier et al., 2010). The ability to classify, 
quantify, and ultimately remove cotton trash and foreign matter present with cotton lint has 
the potential to increase the market value and durability of cotton from its conversion of 
fiber to yarn. When compared to dispersive instruments, some advantages of FT 
spectroscopy are higher signal-to-noise capabilities, higher throughput, negligible stray 
light, continuous spectra, and higher resolution. In addition, FT spectroscopy affords for 
frequencies in spectra to be measured all at once with more precise wavelength calibrations. 
FT spectroscopy clearly enhances the data garnered from near-infrared (NIR) and mid-
infrared (MIR) spectroscopy studies of cotton fiber and cotton trash components. Since 
Fourier Transform spectroscopy is a broad topic, a brief introduction of its application to 
mid-infrared and near infrared spectroscopy will be included. 

2. Theory of FT-MIR 

FT-MIR spectroscopy, commonly known as Fourier Transform infrared (FT-IR) spectroscopy, 
is a branch of vibrational spectroscopy and is a primary method that yields structural 
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information about the chemical makeup of a sample. Group absorption frequencies defined 
by wavelength regions over the range of 400-4000 cm-1 (25000-2500 nm) can be used to get 
qualitative information about the functional groups in a sample. Typically, organic 
functional groups are further defined by molecular vibrations, such as symmetric or 
antisymmetric stretching, which refer to an oscillation in bond length, or deformation, and 
bending, which describes an oscillation in bond angle (Pelletier et al., 2010). 

The atoms in molecules display three types of energy: translational, rotational, and 
vibrational. In terms of FT-IR spectroscopy, the degrees of freedom for linear and non-linear 
molecules are defined by 3n-5 and 3n-6, respectively. The 3n term is defined by the three 
dimensions of the Cartesian coordinates for both types of molecules. However, the linear 
molecule has 2 degrees associated with rotational energy and 3 degrees are associated with 
translational energy. For the non-linear molecules, 3 of the degrees are rotational and 3 are 
translational while the remaining corresponds to fundamental vibrations. Therefore, the net 
degrees of freedom for non-linear molecules are 3n-6, and for linear molecules it is 3n-5 
(Jiskoot, & Crommelin, 2005). Recently, an attenuated total reflection FT-IR accessory has 
been widely used. The ATR accessory greatly simplifies or removes sample preparation 
compared to traditional FT-IR samples employing KBr pellets. Briefly, the ATR accessory 
operates on the principle that a highly reflective crystal such as diamond or germanium is 
used as the internal reflective element (IRE). This IRE has a higher index of refraction 
compared to the sample. The sample and IRE must be in close contact, usually accomplished 
with a high pressure clamp, to achieve best data acquisition results. This accessory also 
yields the advantage of the ability to study both solids and liquids (Mirabella, Jr., 1993).  

3. Instrumentation for FT-IR 

Since a detailed description of an FT-IR instrument is beyond the focus of this chapter, the 
reader is referred to reference (Griffiths & de Haseth, 2007). Briefly, the FT-IR is based on the 
Michelson interferometer furnished with a stationary and moving mirror and beamsplitter 
angled by bisecting the planes of these two mirrors. There is also a source, sensitive detector, 
and computer (Colthup et al, 1975). The moving mirror is controlled by a transducer. In FT-
IR spectroscopy, the interferogram in the time domain is converted to the frequency domain 
through a Fourier transformation, from which the IR spectrum is derived (Perkampus, 
1995).  

4. Theory of FT-NIR 

The NIR spectral region encompasses 700-2500 nm (4000-12000 cm-1) where the regions are 
defined as first, second, and third overtones or combination bands. In terms of the 
electromagnetic spectrum, it is situated between the visible and mid-infrared spectral 
regions. The primary absorbencies observed in the NIR spectral region are for the chemical 
species CHi, NHi, and OH. However, absorbencies for the carbonyl, sulfydryl, and amide 
groups can also be detected. In addition, the first, second, and third overtones in the NIR 
region can be related to fundamental frequencies in the FT-MIR region (Perkampus, 1995). 

The wide and overlapping combination and overtone spectral bands typically found using 
FT-NIR, can complicate the interpretation of its data. In addition, the non-fundamental 
spectra of FT-NIR, compared to FT-IR, require that calibrations are made using chemometric  
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software preferably over a wide range of samples. Chemometrics involves the application of 
statistics and mathematics to define chemical processes (Moros et al., 2010). With the 
evolution of chemometrics and high performance computing over the last 40 years, the 
popularity and use of FT-NIR spectroscopy has increased. Moros and co-workers defined 
three of the most traditional types of chemometric approaches to vibrational spectroscopy: 
Pre-processing techniques, classification methods, and regression methods. Pre-processing 
techniques encompasses pre-processing of the spectral data including derivative math, 
normalization, and baseline correction. Classification methods involve the application of 
pattern recognition, be it supervised or unsupervised. Multivariate regression methods 
include applications of principal component analysis (PCA) and partial least squares (PLS). 

5. Instrumentation of FT-NIR 

A detailed description of a FT-NIR system has been previously reported (Griffiths & Haseth, 
2007; Bell, 1972). Briefly, a typical FT-NIR spectrometer is composed of a source, 
interferometer, beamsplitter, laser, detector, and optical components. A halogen source is 
conventionally used. The interferometer includes a moving and stationary mirror 
perpendicular to each other which modulates the NIR source. A beamsplitter, made up of 
quartz, calcium fluoride or potassium bromide, splits the NIR signal between the moving 
and stationary mirror, then recombines the signal and directs it to the detector. The laser, 
commonly made of helium and neon, controls the moving mirror and aligns the 
interferometer. NIR spectrometers can be selected based on their response, speed, and 
detection capabilities. Other optical components, such as mirrors or lenses, can focus or 
collimate the NIR signal (McCarthy & Kemeny, 2008).  

6. Comparison of the FT-IR and FT-NIR 

FT-IR affords the use of fundamental frequencies to identify molecular functional groups in 
both solid and liquid media. Also, when used in conjunction with the ATR accessory, little 
or no sample preparation is required. However, FT-NIR spectroscopy offers distinct 
advantages, such as flexibility of multiple sampling systems (e.g. fiber optic probe, rotating 
sphere) and the option of analyzing powder-size, pepper-size, raw samples (e.g. “sticks”), 
and large cotton trash samples, which is particularly useful for analyzing a heterogeneous 
sample such as cotton. Like the ATR/FT-IR sampling system, the FT-NIR sampling system 
is also non-destructive, easy to use, and has a short analysis time. In addition, FT-NIR 
instruments are capable of carrying out measurements on samples with longer path lengths 
than that of FT-IR spectrometers (Perkampus, 1995). These advantages make the study of 
textiles using FT-NIR, specifically for cotton, very attractive (Rodgers, 2002; Thomasson and 
Shearer, 1995; Camjani and Muller, 1996; Thibodeaux, 1992; Rodgers and Beck, 2005; 
Rodgers and Beck, 2009; Rodgers and Ghosh, 2008; Montalvo, et al., 1991). 

7. Cotton fibers 

Cotton fiber is composed mostly of cellulose with a small percentage being made up of 
waxes, proteins, pectic substances, organic acids, ash, and sugars (Lewin, 1998). The 
percentage of each non-cellulosic content can vary based on the maturity, cotton variety, 
and environmental conditions. This desirable chemical makeup along with its physical 
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properties makes cotton a very important agricultural crop in both domestic and 
international markets. The popularity of this natural fiber for many years stems in part from 
its versatility (used in apparel, bedding, home furnishings, and industrial products), 
appearance, and performance (Wakelyn et al., 2007).  

8. Cotton trash 

8.1 Impact of cotton trash on the industry 

Cotton trash present with cotton fiber affects the quality, appearance, price paid by textile 
mills to producers, yarn and fabric properties, as well as the performance of ginning and 
spinning equipment (Himmelsbach et al., 2006). In addition, cotton trash identification is 
important to the textile industry because certain types of trash have different effects on the 
textile processing of cotton and the marketability of the final fabric. Previous reports have 
shown the deleterious effects of cotton trash on yarn quality. Yarn breakage during spinning 
increased nearly 60% with a 1% increase in bark content when cotton fiber was processed 
with standard cleaners and carding equipment (Brashears et al, 1992). Veit and co-workers 
found a correlation between yarn imperfections and seed coat content present with cotton 
fiber (Veit et al., 1996). It was also determined that seed coat trash could be implicated in the 
onset of yarn breaks, deposits in rotor spinning equipment, and nep formation (Frey & 
Schneider, 1989). Thus, identifying cotton trash components present with the fiber may lead 
to more effective instrumental techniques that could be designed to remove the trash 
content co-mingled with cotton fiber. 

8.2 Cotton trash from field to fabric 

Initially, raw cotton has both fiber and trash material present. In the U.S., cotton is 
conventionally machine-stripped or machine-picked during harvesting. It is then sent to a 
gin where the cotton fiber is separated from the cottonseed. The cotton fiber separated from 
the cottonseed is referred to as the cotton lint. The cotton lint is then cleaned to remove the 
cotton trash. During the ginning and lint cleaning methods, cotton trash present with the 
lint tends to become smaller and smaller in size. Next, the cotton lint is classified by the 
Agricultural Marketing Service (AMS), and sold to textile mills where the yarn and fabric is 
developed. 

It is necessary to clean the raw cotton because the value of cotton lint is strongly influenced 
by the amount of cotton trash present. Samples from each bale of American cotton are 
visually examined. Human “classers” give each bale a leaf grade and extraneous matter 
description. The leaf grade goes from 1-8 with leaf grade 1 having the least amount of trash 
and leaf grade 8 having the most amount of trash. Obviously, this method’s accuracy and 
precision along with being time-consuming and labor intensive is limited by the subjective 
evaluation of a human “classer”. Thus, instrumental techniques which can reproducibly 
classify cotton and the trash found with it are desired.  

An instrumental method employing the Uster® High Volume Instrument (HVI) yields 
information on key quality parameters such as length, strength, color, micronaire, length 
uniformity, as well as trash content. The Shirley Analyzer is another conventional method to 
analyze cotton trash through and aero-mechanical technique which separate cotton trash 
from lint. However, these methods do not yield individual trash component identification  
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present with the cotton lint. Thus, being able to accurately identify individual cotton trash 
components would lead to more efficient trash removal and favorable yarn and fabric 
production. 

9. Non-fourier transform techniques to analyze cotton trash 

9.1 Geometric/imaging approaches 

Cotton trash has been previously analyzed by a variety of methods. A clustering analysis 
method was used to identify cotton trash components using sum of squares, fuzzy and 
neural networks (Xu et.al, 1999). The clustering approach was based on color, shape and size 
attributes. When comparing the different clustering approaches, the color features were 
more reliable than the shape and size parameters since trash particles can become smaller 
during the processing of cotton lint. The neural network clustering method yielded an 
accurate trash type classification greater than 95% of the time. However, a limitation of this 
method was the time required for computation. 

Siddaiah and co-workers also classified cotton trash components based on geometry. Their 
approach involved defining simple geometric shapes (disks, points, arcs, and straight lines) 
to identify bark leaf, and pepper trash. This technique, which incorporated imaging and 
intelligent pattern recognition, was highly accurate with 98% correct classification of the 
trash types (Siddaiah, 1999).  

A machine vision system comparing a camera- and scanner-based imaging technique was 
developed (Siddaiah et.al, 2006). The Cotton Trash Identification System (CTIS) was 
compared to conventional instrumentation such as the Uster® HVI, Advanced Fiber 
Information System (AFIS), and the Shirley Analyzer for measuring cotton trash. It was 
determined that surface based measurements (CTIS, HVI) had a higher correlation 
compared to volumetric measurement systems (AFIS and Shirley Analyzer). The CTIS 
system, calibrated using “classer” calls (human visual identification) was later found to 
accurately identify trash categories (bark/grass, stick, leaf, and pepper) 97% of the time.  

9.2 UV-Vis spectroscopy 

Fortier and co-workers investigated the capability of identifying botanical cotton trash types 
using UV-Vis spectroscopy (Fortier et al., 2011a). Figure 1 shows the result of applying first 
derivative math to classify cotton and some botanical trash types (hull, leaf, seed coat, and 
stem). The chemometric software package employed in their study did not allow the use of 
sub-libraries to distinctly identify the highly similar trash spectra. Thus, 67% of the 
individual trash samples were correctly identified as shown in Table 1. 

10. Applications of fourier transform spectroscopy to cotton and cotton trash 

10.1 Trash effect on spinning efficiency 

Cotton trash has been reported to reduce the efficacy of textile processing (Bargeron et al. 
1988, Verschraege, 1989). After cotton fiber is separated from the cottonseed, the fiber is 
dried, cleaned and converted into yarn through different spinning techniques. The three 
most commonly used spinning methods are ring, open-end rotor, and vortex spinning. Ring 
spinning is characterized by a twist inserted into a yarn by a circulating traveler with the  
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Fig. 1. Average first derivative UV-Vis spectra of cotton, hull, leaf, seed coat and stem 
botanical trash. Source: Fortier, C., et al., 2011a, Journal of Cotton Science, Vol. 15, pp.174. 

Trash Type No. of Samples No. Correct % Correct 

Hull 27 14 52% 
Leaf 30 16 53% 
Seed Coat 12 9 75% 
Stem 27 25 93% 
Total 96 64 67% 

Table 1. UV-Vis identification results of botanical trash types Source: Fortier, C., et al., 2011a, 
Journal of Cotton Science, Vol. 15, p.173 

winding action made possible by a rotating spindle. In open-end rotor spinning, cotton fiber 
bundles from the sliver (loose piece of cotton fiber) are separated into individual fibers by a 
roller which opens and an air stream. Vortex spinning has become available commercially in 
recent years. This spinning type is characterized by cotton fibers being introduced into a 
spindle orifice by way of air jet technology. One of the three spinning types, open-end rotor 
spinning efficiency has been found to be greatly influenced by the presence of cotton trash 
(Baker, et al., 1994). 

The presence of cotton contamination in the rotor groove has been associated with the onset 
of yarn breakage, thick places in the yarn, and yarn entanglement (Thibodeaux & Baril, 1981; 
McCreight et al., 1997). Compounding this issue is the tendency for trash types to become 
smaller and smaller in size making it virtually impossible to visibly identify individual 
cotton trash components. Foulk and co-workers carried out an FT-IR classification study 
where cotton trash components (e.g. hull vein, hull outside, hull stem, hull inside, shale 
vein, shale) were evaluated based on color differences (Foulk et al., 2004). Pima and upland 
cotton varieties having widely different trash amounts and moisture levels were analyzed 
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using a diverse set of ginning methods. The objective of this study was to identify the type 
of cotton and trash type or types built up in the rotor groove. The rotor dust was collected 
and analyzed by FT-IR and compared to the spectral database (calibration set). In the 
spectral database, the top five matches were provided for each sample. Classification results 
were determined by counting the number spectral matches for a particular type of trash as 
shown in Figure 2. The trash collected in the rotor grove was determined to be largely 
composed of shale and hull trash types (Foulk, 2004). 
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Fig. 2. FT-IR spectra matched hits for open end spinning rotor dust. Source: Foulk, J. et al, 
2004, Journal of Cotton Science, Vol. 8, p.249 

10.2 Size effects and heat treatment 

Allen and co-workers conducted an ATR/FT-IR spectroscopy study to analyze botanical 
cotton trash (leaf, seed coat, stem, and hull) subjected to different temperatures and particle 
sizes typically observed in a ginning or textile mill environment (Allen et al., 2007). During 
ginning the cotton fiber temperature is raised to aid in the separation of cotton trash from 
the lint. Also, raw trash components become smaller and smaller due to mechanical 
treatment of the cotton fiber. This effect makes it very challenging to determine the origin of 
the trash particles.  

The cotton trash components were evaluated at elevated (149 °C) and standard room 
temperature conditions (22 °C). The FT-IR spectral data was obtained at 21 °C using a 
benchtop FT-IR instrument fitted with an ATR accessory. To determine the effects of the two 
temperature settings, the ratio of the area under the total spectrum to the area under each of 
the IR bands of interest were calculated. The assigned ATR/FT-IR bands included in this 
study were based on the O-H stretch at 3300 cm-1, the C-H asymmetric stretch at 2900 cm-1, 
the C-H symmetric stretch at 2850 cm-1, the C=O stretch of a carboxylic acid and ester at 
1700 cm-1, and the C=O stretch of an acid salt at 1600 cm-1 (Chung et al., 2004; Silverstein and 
Webster, 1998). All heated samples were allowed to return to room temperature to observe 
any irreversible changes in the FT-IR spectra. No change in trash color was observed in 
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pepper-sized trash (0.841mm standard diameter). However, over the O-H and C-H 
stretching frequencies (2900 and 3300 cm-1), the stem and hull trash had an appreciable 
change (Figures 3 and 4) compared to the leaf and seed coat spectra (data not shown). For 
the IR bands representing the C=O stretching frequency (1600 and 1700 cm-1), the seed coat 
trash component has the most noticeable spectral difference (Figure 5) compared to the leaf, 
hull, and stem components. The relevance of this observation is that the seed coat may have 
volatile aliphatic esters which are generated with heat.  
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Fig. 3. The effects of heat treatment on the ATR/FT-IR spectra of the pepper-size stem 
samples. The blue curve represented the spectra at standard conditions and the red curve 
represebts samples heated to 149 ºC for 20 minutes then allowed to return to standard 
conditions prior to analyzing. Source: Allen et al., 2007, Journal of Cotton Science, Vol. 11, 
p.72 
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Fig. 4. The effects of heat treatment on the ATR/FT-IR spectra of the pepper-size hull 
samples. The blue curve represented the spectra at standard conditions and the red curve 
represents samples heated to 149 ºC for 20 minutes then allowed to return to standard 
conditions prior to analyzing. Source: Allen et al., 2007, Journal of Cotton Science, Vol. 11, 
p.72 
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Fig. 5. The effect of heat treatment on the ATR/FT-IR spectra of the pepper-size seed coat 
samples. The blue curve represented the spectra at standard conditions and the red curve 
represents samples heated to 149 ºC for 20 minutes then allowed to return to standard 
conditions prior to analyzing. Source: Allen et al., 2007, Journal of Cotton Science, Vol. 11, 
p.72 

In terms of the effect of particle size (powder, pepper, and raw), distinct spectral FT-IR 
differences over the spectral range of 3500 to 2800 cm-1 were observed for the stem, (Figure 
6) leaf and hull samples (data not shown), but for the seed coat trash type (Figure 7) no 
observable differences were found. Pepper and powder–sized trash samples were generated 
using 20 (0.841 mm std. diameter) and 80 (0.177 mm std. diameter) meshes, respectively.  
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Fig. 6. The effect of size reduction on the ATR/FT-IR spectra of the stem sample, including 
ground raw size (blue, A), pepper-size (black, B), and powder size (red, C) Source: Allen et 
al., 2007, Journal of Cotton Science, Vol. 11, p.71 

Overall, it was concluded that size and heat treatment can affect the FT-IR spectra of cotton 
trash types. Thus, spectral databases used for classifying these components should include 
spectra accounting for these physical applications. 

www.intechopen.com



 
Fourier Transform – Materials Analysis 

 

112 

3800   3600   3400   3200    3000   2800   2600   2400   2200   2000    1800   1600   1400   1200   1000     800

Wave numbers

A
b

so
rb

an
ce

0.12

0.10

0.08

0.06

0.04

0.02

-3
30

0

-1
73

0

-1
60

0

-2
90

0
-2

85
0

B

C

A

 
Fig. 7. The effect of size reduction on the ATR/FT-IR spectra of the seed coat sample, 
including ground raw size (blue, A), pepper-size (black, B), and powder size (red, C) Source: 
Allen et al., 2007, Journal of Cotton Science, Vol. 11, p.71 

10.3 Botanical and synthetic cotton trash 

To expand on the proven utility of applying ATR/FTIR as a technique to specifically 
identify cotton trash, Himmelsbach and co-workers did an extensive study on botanical 
cotton trash and other foreign matter both organic (other fibers, yarns, etc.) and synthetic 
(plastic bags, film, etc.) that can become co-mingled with cotton lint during its harvesting, 
ginning, and processing (Himmelsbach et al., 2006). The development of an FT-IR spectral 
database yielded highly accuracte identification of cotton trash and foreign matter serving 
as a “proof of concept” of the utility of this instrumental method. Fortier and co-workers 
later compared their FT-IR results to that of this preliminary FT-IR study by Himmelsbach 
and co-workers (Fortier et al., 2010). The two studies yielded comparable results. 
Representative FT-IR absorbance spectra results of cotton, hull, leaf, seed coat, and stem are 
shown in Figure 8. The spectra are based on three replicates averaged with a resolution of 8 
cm-1 and 128 scans.  

10.4 Fourier-transform near-infrared spectroscopy of botanical cotton trash 

More recently, the application of FT-NIR spectroscopy has also been employed to identify 
individual botanical trash components (hull, leaf, seed coat, and stem) in a spectral library. 
Pepper-sized and powder-sized pure trash components were included in the calibration set. 
While pepper-sized, powder-sized and raw samples of different varieties were included in 
the prediction set. Specifically, the calibration set was different from the prediction set in 
that the corresponding powder and pepper samples in the calibration set were represented 
as the opposite powder and pepper samples in the prediction set. There were 9 different 
varieties of trash samples taken from Mississippi, New Mexico, and South Carolina.  
The cotton trash varieties are denoted by the first two letters from the state the samples  
were acquired in and the last letter as the sample variety as shown in Table 2.  
Sample measurements were taken by directly placing a solid probe in contact with the trash 
samples. When creating the calibration set (spectral library), multiple wavelength regions  
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Fig. 8. Average FT-MIR absorbance spectra of cotton and cotton trash components at a 
resolution of 8 cm-1 with 128 scans Source: Fortier et al., 2010, Textile Research Journal, Vol. 
81, p. 233 

(full spectra range, and small spectral ranges) and pre-processing methods (vector 
normalization and derivative math) were investigated to optimize the correct identification 
of the pure botanical trash types in the prediction set. 

Figure 9 show the results of comparing the average FT-NIR absorbance spectra for a clean 
cotton reference to pure botanical trash components. The “clean” cotton has specific bands 
represented at 1490 nm, 1930 nm, and 2100 nm. Over the spectral region of 1490 nm to 1600 
nm which is referred to as the first overtone of the hydroxyl, the cotton band is more 
uniquely defined compared to the cotton trash. The band at 1450-1490 nm represents the OH 
stretch first overtone due to moisture and indicates the presence of OH groups in cotton. 
There was considerable overlap of cotton and cotton trash spectra at the very intense 
moisture band present at 1930 nm which is also the OH bend stretch and water deformation 
combination band. At 2100 nm, which is the OH bend/CO stretch combination, the band 
representing OH groups present in cotton, and to a lesser extent moisture, had considerable 
overlap with the cotton trash spectra even though the intensity of the cotton band is more 
pronounced. In terms of the cotton trash, there was considerable overlap throughout the 
entire spectral region with a defining peak over the spectral region of 1400 nm to 1500 nm 
which did not include a cotton peak. Even though cotton had distinctive spectral bands, the 
investigation was continued to gain non-overlapping spectral identity for all the trash 
components with a validation report showing no confused components (Fortier et al., 2010). 
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Thus, the investigation was expanded to include different wavelength ranges and other pre-
processing methods. First derivative math was then employed to uniquely identify the 
botanical trash types, and cotton as shown in Figure 10. This pre-processing was able to 
distinctly identify cotton, leaf, and stem. However, a sub-library consisting of hull and seed 
coat was necessary to distinguish these trash types due to their very similar spectra as 
depicted in Figure 11. Overall, result in Table 3 reveals the trash types were correctly 
identified 98% of the time. The 2 misidentifications for the seed coat was a direct effect due 
to the spectral similarity of the hull and seed coat trash types. Raw samples of each botanical 
trash type was also investigated to determine the sample-size effect on correct identification 
of hull, leaf, seed coat, and stem pure trash types. Table 4 reveals the results of this 
experiment. The result for the raw stem trash misidentifications could be explained by the 
irregular shape of the stems during sampling with the solid fiber optic probe.  

 
Fig. 9. Average FT-NIR absorbance spectra for “clean” cotton and cotton trash samples over 
entire spectral range 1100-2400 nm where cotton can be identified but cotton trash 
components are overlapping. Vector normalization and standard method pre-processing 
was applied Source: Fortier et al., 2010, Textile Research Journal, Vol. 81, p. 234 

 
Fig. 10. Average FT-NIR spectra for cotton and cotton trash over the narrow spectral range 
of (1427-1867 nm) where cotton and cotton trash components are uniquely identified except 
for hull and seed coat. A factorization and first derivative pre-processing method was 
applied Source: Fortier et al., 2010, Textile Research Journal, Vol. 81, p. 236 
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Fig. 11. Average first derivative spectra from sub-library for hull and seed coat. Source: 
Fortier et al., 2010, Textile Research Journal, Vol. 81, p. 236  

Cotton Trash Variety and Size Trash Types 

MSA (powder) Hull Leaf Seed Coat Stem 

NMA (pepper) Hull Leaf NS Stem 

NMB (powder) Hull Leaf Seed Coat Stem 

NMC (pepper) Hull Leaf Seed Coat Stem 

SCA (pepper) Hull Leaf Seed Coat Stem 

SCB (powder) Hull Leaf Seed Coat Stem 

SCC (pepper) Hull NS Seed Coat Stem 

SCD (pepper) Hull Leaf Seed Coat Stem 

SCE (powder) Hull Leaf Seed Coat Stem 

MSA, NMB,NMA,NMC,SCA  Raw seed meat 

NS = no sample. (The cotton trash varieties are denoted by the first two letters from the state the 
samples were acquired in and the last letter as the sample variety (MSA = Mississippi DP555, NMA = 
New Mexico DP555, NMB = New Mexico AC151799, NMC = New Mexico Unknown, SCA = South 
Carolina DP458, SCB = South Carolina DP555, SCC = South Carolina DP555a, SCD = South Carolina 
FM989, SCE = South Carolina PM1218). 

Table 2. Calibration set of cotton trash samples. Source: Fortier et al., 2010, Textile Research 
Journal, Vol. 81, p. 231 

Prediction Set Individual Powder and Pepper Samplesa 

  %Correct Number of samples Number Correct 

Hull 100% 27 27 
Leaf 100% 27 27 
Seed Coat 91.7% 24 22 
Stem 100% 27 27 
Total 98.1% 105 103 

Table 3. NIR Identification by Cotton Trash Type for Powder and Pepper samples. Source: 
Fortier et al., 2010, Textile Research Journal, Vol. 81, p. 236 
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Prediction Set Average Raw Samplesa 

  %Correct Number of samples Number Correct 

Hull 100% 9 9 
Leaf 100% 9 9 
Seed Coat 100% 8 8 
Stem 77.78% 9 7 
Total 94.3% 35 33 

Table 4. NIR Identification by Cotton Trash Type for Raw samples. Source: Fortier et al., 
2010, Textile Research Journal, Vol. 81, p. 236 

10.5 Seed meat addition to botanical trash library 

Fortier and co-workers added seed meat to the FT-NIR spectral library to make it more 
robust (Fortier et al., 2011b). The seed meat spectra (data not shown) was quite different 
from the original trash components in the FT-NIR spectral library (hull, leaf, seed coat, and 
stem) Thus, simply adding the seed meat spectra to the existing library caused some 
misidentifications by making the other botanical trash components’ thresholds overlap. As a 
result, a different approach was necessary to improve the number of correct identifications 
in the prediction set. A “top down” approach was employed where the seed meat was 
isolated first in the library. Next, the cotton and botanical trash types were included in the 
spectral library, and a second sub-library was made to separate the hull and seed coat, due 
to their highly similar spectra. The end result was that 100% of the trash types were 
identified correctly in the prediction set (data not shown). 
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Fig. 12. Average first derivative spectra of field trash and cotton. Source: Fortier et al., 2011b, 
Journal of Cotton Science, in press 
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10.6 Field trash addition to FT-NIR spectral library 

Field trash refers to any trash found in a cotton field which is not originating from the cotton 
plant. Recently, FT-NIR spectroscopy was used to identify field trash samples including a 
grocery bag, black plastic bag, blue module cover, clear plastic bag, module cover strap, 
twine, and white module cover (Fortier et al., 2011b). Three replicates were acquired for 
each trash type. Figure 12 shows the average first derivative spectra of cotton and field trash 
types. Applying a “top down” approach, Fortier and co-workers added field trash samples, 
to the FT-NIR spectral library (Fortier et al., 2011b). First, the seed meat and field trash were 
isolated from the rest of the botanical trash library. Next, a sub-library of the cotton and 
botanical trash types was designed. Finally a second sub-library to separate hull and seed 
coat was developed. The identification results can be found in Table 5. Overall, greater than 
98% correct identifications were achieved. 

Prediction Set Individual Powder, Pepper, and Field Trash Samples 

Trash Type %Correct Number of Samples Number Correct 
Hull 100% 27 27 
Leaf 100% 27 27 
Seed Coat 95.24% 21 20 
Seed Meat 91.67% 12 11 
Stem 100% 27 27 
Total Botanical Trash 98.25% 114 112 
Grocery Bag 100% 2 2 
Black Plastic Bag 100% 2 2 
Blue Module Cover 100% 2 2 
Clear Plastic Bag 100% 2 2 
Module Cover Strap 100% 2 2 
Twine 100% 2 2 
White Module Cover 100% 2 2 
Total Field Trash 100% 14 14 
Overall Total Trash 98.44% 128 126 

Table 5. NIR Identification by Cotton Trash Type for Individual Powder and Pepper 
samples adding seed meat and field trash. Source: Fortier et al., 2011b, Journal of Cotton 
Science, in press 

11. Summary 

This chapter has summarized the application of FT spectroscopy towards the 
identification and classification of cotton trash components which are found present with 
cotton lint. The successes reported herein were not possible with conventional techniques 
such as using the HVI and Shirley Analyzer. In the future, the feasibility of using FT 
techniques can benefit those in the textile industry such as farmers, ginners, spinners and 
merchants by providing a well-defined cotton product which has a minimal amount of 
trash and a high market value.  
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