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Bio-based composite materials derived from renewable resources constitute recyclable and 
sustainable materials.  The fabrication of natural fiber based composites typically requires a fiber-
surface treatment to optimize composite properties [1].  Natural fibers have varying content of 
cellulose, hemicellulose and lignin with the hydrophilic nature of cellulosic fibers preventing 
adhesion and dispersion in hydrophobic matrices [2].  Improved fiber-matrix adhesion and 
dispersion results from surface chemistry altering treatments.  Although not an intentional fiber 
treatment, the use of electron-beam composite curing technology necessarily exposes the fiber to 
high doses of ebeam irradiation [3].  In analogy to chemical methods of fiber treatments, ebeam 
curing potentially alters the fiber surface morphology, crystallinity and chemistry.   
 
In this work the morphological, chemical and crystalline properties of the henequen  (Agave 
Fourcroydes) leaf fiber treated using electron beam irradiation and alkali solution treatments were 
examined using SEM, TEM, EDS, and NMR.  The electron beam irradiation doses ranged from 50 
to 1000 kGy, while the alkali treatments consisted of 1-hour soak in 2%, 5%, and 10% solutions.  
The SEM micrographs in Figure 1 compares the surface morphology of raw, ebeam and alkali 
treated fibers.  The ebeam irradiations darken and embrittle the fibers without noticeable 
morphological surface changes. EDS surface analysis indicated both treated fibers were highly 
oxidized.  In addition, the SEM investigation of the alkali treated fibers shows remnants of the 
surface treatments.  Figure 2 shows the fiber cross sections of the fibers.  The raw and ebeam 
irradiated fibers are similarly consistent with strong cell walls (no cellular content), while the alkali 
treatment significantly degrades the inner cell wall components and only the outer cell wall remains.  
In contrast, the alkali treatments caused increased fibrillar separation and cell wall collapse with 
increasing concentrations. 
 
An NMR study of the alkali treated fibers indicates a loss of amorphous cellulose (fibril surface), 
while the crystalline cellulose peak shifts and increases in intensity.  In contrast, the ebeam treated 
fibers, show no change in the amorphous peak intensity and the crystalline cellulose shows a peak 
shift indicating the occurrence of free radicals and/or bond cleavage.  Additional information 
concerning the cellulose and lignin content will be determined using immunogold labeling and TEM 
analysis.   
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FIG. 1;  SEM micrographs of the fiber surfaces for raw (a), 10% alkali treated (b), and 500 kGy 
treated henequen fibers (c) (HFW = 42.7 microns).   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
FIG. 2;  SEM micrographs of the fiber cross sections for raw (a), 10% alkali treated (b), and 500 kGy 
treated henequen fibers (c) (HFW = 280 microns).   
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