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Eco-fibers are now a growing sector in the fabric and textile industry. They
claim to be the next step in moving towards a healthier, sustainable global
environment. Eco-fibers are currently being used in the manufacturing of
clothing, footwear, handbags, toys, pillows, beddings, carpets, furnishings, and
many other every day products. As a result of this world wide green
movement, it is inevitable that eco-fibers will come across the lab bench of
trace evidence examiners. In addition, eco-fibers are becoming the fabric
choice of conscientious consumers, and as a result a method must be
developed for the identification of counterfeits such as those selling cotton
under the guise of organic cotton.

Eco-fibers are the raw materials used to manufacture textiles without using
pesticides, harmful chemicals, or synthetic fertilizers. They are resistant to
mold and mildew, are free from disease and many are considered hypo-
allergenic. There are several types of eco-fibers that are commercially
available. Many of these are what are referred to as natural fibers replacing
the man made synthetic ones; eco-fibers are those not treated with pesticides
or other chemicals in growing and cultivating. Recycled synthetic fibers and
synthetic fibers produced or processed using green chemistry and clean state-
of-the-art technology are also classified as eco-fibers. Examples of eco-fibers
are bamboo, hemp, flax (linen), seaweed, corn, soy, and even recycled
polyethylene terephthalic acid, along with the more commonly used organic

The morphology and optical properties of the eco-fibers were studied using
an Olympus BH-2 polarized light microscope using plane polarized light,
crossed polars, and crossed polars with quarter and full wave plate
compensators. Optical cross sectioning was performed to determine the shape
of the fibers. The eco-fibers were mounted in melt mount (n = 1.539) and in
Cargille immersion oils of various refractive indices (1.440 to 1.720).

The corn fibers have the largest microscopic variation, with the Ingeo
having some fibers with a spiral element and the corn fiber (SWTC) showing a
surface banding only visible when mounted in @ medium with a large refractive
index difference from that of the fiber.

Black Diamond/Bamboo Carbon
Fiber, in plane polarized light,

Corn Fiber (from SWTC), in plane
polarized light, mounted in n=1.720

Ingeo, in plane polarized light,
mounted in melt mount (n=1.539),

ol showing surface “banding. showing spial element mounted in melt mount (n=1.539).

Morphology, Refractive Index, and Melting Point Table

Refractive Index

The 2 refractive indices (n), parallel (ns) and perpendicular (n-) to the fiber
axis, were determined by the Becke line immersion method, using an Olympus
BH-2 polarized light microscope, a 589nm filter, a temperature controlled Abbe
Refractometer (Milton Roy Company), and a set of Cargille immersion oils. The
isotropic n (ni) and birefringence were calculated from the nsand n+. The error of
the method was calculated to be +/- 0.0005 by propagation of error, and all ns and
n+were rounded to the 3 decimal, except when the 4t decimal was a 5
(represented by a subscript of 5).

Melting Point

Fibers were mounted in silicon oil with a cover
glass and observed under crossed polars of a Nikon
E600. Melting point ranges were determined using a
calibrated METTLE TOLEDO FP82 hot stage and a
FP900 Thermosystem programmed to operate from
25.0-325.0°C, at 2.0°C/min. The temp was recorded
first when the interference colors started to change
and finally when the fiber became isotropic.

Ingeo, with slihtly uncrossed
polarized light (5 - 10%), at 167.6 °
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The ATR spectra were collected using an llluminatR™ Il FTIR with a diamond
ATR objective (Smiths Detection), 128 co-added scans, at 4 cm-1 spectral
resolution, and a 25 um spot size. Three of each fiber and 10 locations on each
fiber were analyzed. Spectral processing consisted of averaging the 30 spectra
and deleting the CO: and diamond lattice vibration (2400-1900 cm-1).

The IR spectra of the black diamond was consistent with PET. The spectra of
the silk latte was matched to that of dry milk. The corn fiber (SWTC) was
predominantly PLA, but had some locations of PET. The two seaweed lyocell
fibers can be differentiated by their IR spectra.

The Raman spectra were collected with a Polester S
Thermo Scientific NXR FT-Raman module el G e
coupled to a Nicolet 6700 FTIR, 1064 nm
laser, 64 co-added scans, and 8 cm-1
resolution. The fibers were air mounted on
aluminum foil wrapped microscope slides.

The majority of the eco-fibers were very
weak Raman scatterers, with the exception of
the Beaulieu “Green Carpet” (which was
consistent with the polyester standard) and the|
Ingeo corn fiber. The other corn fibers were
weak Raman scatterers however the major ngeo
peaks of the Ingeo were present in all of the
corn fibers.

Pyrolysis GC/MS

The pyrolysis GC/MS instrument consisted of a 5150 Pyroprobe (CDS
Analytical) (750 °C for 15 seconds in the pyroprobe), a 6850 GC (Agilent) w/
5% Phenylmethyl Siloxane (HP-5MS) column (50 °C for 3 minutes, ramped to
300 °C at 8 °C/min, then 8 minute hold at 300 °C), and a 5975 MS (Agilent).
The fiber sample size was 0.5 - 1.0 mg.

The chromatogram of the Lyocell SeaCell sample contained many of the
same peaks present in the Lyocell standard. The Black Diamond/ Bamboo
Carbon Fiber sample differed from the other bamboo fiber samples, but was
consistent with the chromatogram of the 100% recycled PET sample.
Comparisons of chromatograms for the bamboo fibers revealed many shared
peaks with the regular and organic cotton samples.
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This research shows the preliminary results of an ongoing study of eco-
fibers. Of the 25 fibers analyzed, the black diamond/bamboo carbon fiber was
shown by its refractive index, FTIR spectrum, and pyrogram to be PET, and
thus counterfeit bamboo. A preliminary comparison of bamboo, recycled PET,
organic cotton, organic linen, and organic wool to their non-eco counterparts
(viscose rayon, polyester, cotton, linen, and wool, respectively) showed them to
be indistinguishable. The melting point and morphology of the corn fibers are
able to differentiate them from each other. FTIR microprobe analysis showed 1
of the corn fibers to not be homogeneous (the PLA had sections of PET mixed
in). The 2 soybean azlons had different refractive indices and melting points
than the previously published values, and the melting points were able to
differentiate them from each other.

Further Research

« Collect more eco-fibers, of the same type and different types, and continue
their characterization.

« Analyze the eco-fibers with a dispersive Raman microprobe using other lasers.
Try alternative mounting methods for analysis with the FT Raman.

« Further the characterization with staining and solubility tests.

« Use chemometric analysis to further differentiate the fibers from their non-eco
counterparts and to compare the different techniques ability to discriminate.

References

Bloss, D., 1961, An Introduction to the Methods of Optical Crystallography, New York: Holt, Rinehart and Winston.

Brinsko, K. M. 2009, Optical Characterization of New ‘Eco-Friendly” Fibers, Proceedings of the American Acadermy
of Forensic Sciences Annual Scientiic Meeting, Denver.

Chalinor, J. M., 1999, Instrumental Methods Used in Fibre Examination, in Robertson, J. (ed.) and Grieve, M. (ed),
Forensic Examination of Fibres, 2' ed, New York: CRC Press.

Grabar, D. G. and Haessly, 195, Identifcation of Synthetic Fibers by Micro Fusion Methods, Anal. Chem., 28,
1586-1589.

Greaves, P. H. and Saville, B. P., 1995, Microscopy Handbooks 32: Microscopy of Textile Fibres, Royal
Microscopical Society, New York: Taylor and Francs.

Eyring, M. B. and Gaudette, B. D., 2005, An Introduction to the Forensic Aspects of Textie Fiber Examination, in
Saferstein, R. (ed.), Forensic Science Handbook, Vol. 2, 2% ed, Upper Saddle River, NJ: Pearson Prentice Hall.

Keen, 1. P., White, G. W. and Fredericks, P. M., 1998, Characterization of Fibers by Raman Microprobe
Spectroscopy, J Forensic Sci, 43, 82-89.

Kirkbride, K. P. and Tungol, M. W., 1999, Infrared Microspectroscopy of Fibres, in Robertson, J. (ed.) and Grieve, M.
(ed), Forensic Examination of Fibres, 2% ed, New York: CRC Press.

Miller, J.V. and Bartck, E. G., 2001, Forensic Analysis of Single Fibers by Raman Spectroscopy, Appl. Spectrosc..
55, 17291732

Palenk, S. J., 1999, Microscopical Examination of Fibres, in Robertson, J. (ed.) and Grieve, M. (ed), Forensic
Examination of Fibres, 21 ed, New York: CRC Press.

Stoves, J. L. 1957, Fibre Microscopy: Its Technique and Application, London: National Trade Press.

The Textile Institute, 1975, Identification of Textile Materials, 7% ed, Manchester: The Textie Instiute.

Wanpler T. P. 2007, Applied Pyrolysis Handbook, 2% ed, Boca Raton: CRC Press.

cknowledgements

We are indebted to Kelly Brinsko, Knitty City, and Smartfiber AG for their
donation of eco-fibers. We would also like to thank Ming Zhou for making
permanent mounts of the eco-fibers.




