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tem offered excellent reproducibility as indicated by the
low standard errors of injection for each of the monomers
quantified.
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Scanning Electron Microscopy of Mixed Hardwoods Subjected to

Various Pretreatment Processes

Christopher J. Biermann,*! Gary D. McGinnis, and Tor P. Schultz

Mixed southern hardwood chips were subjected to rapid steaming, steam explosion, autohydrolysis, and
wet oxidation pretreatments. Chips from each of these pretreatments were examined by scanning electron
microscopy to help determine what had occurred in the components and morphology of these chips.
Steam explosion was the most effective pretreatment for altering the morphology of the wood by causing
separation of fibers at the middle lamella. Previous work has shown that all of the pretreatments altered
the chemical components of wood, though in different ways, which was reflected in the electron mi-
crographs of this work. Lignin tended to form beads on the surface of some of the fibers. Autohydrolysis
and wet oxidation caused splitting of the cell walls parallel to the orientation of the microfibrils of the
S-2 cell wall layer, while rapid steaming caused some splitting of the cell walls perpendicular to the long

axis of the fibers.

Scanning electron microscopy is a valuable tool when
studying changes in morphology of wood treated by pro-
cesses such as pressure and heat refining (Short and Lyon,
1978; Koran, 1970; Murmanis et al., 1986). Considerable
information may be obtained by scanning electron mi-
croscopy regarding the separation of fibers, the condition
of the surface of the fibers, and separation of cell wall
layers. It is now widely accepted that enzymatic hydrolysis
of lignocellulosic materials depends on reducing the
crystallinity of cellulose and removing the lignin sheath
surrounding the cellulose fibers (Gencer and Mutharasan,
1979; Ryu et al., 1982; Saddler et al., 1982). Marchessault
et al. (1980) showed that there was no detected loss of
crystallinity as a result of steam explosion of aspen chips,
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while Tanahashi et al. (1983) even observed an increase
in crystallinity after steam explosion of some species of
wood; consequently, in pretreatment processes separation
of the lignin from the cellulose is responsible for the in-
creased rate of cellulase hydrolysis.

This study was undertaken to investigate the changes
in morphology of wood induced by the pretreatments rapid
steam hydrolysis, steam explosion, autohydrolysis, and wet
oxidation. Although wood was the substrate for this study,
the results should be useful for other substrates for biomass
conversion such as sugar cane bagasse and corn stalks,
which have compositions roughly the same as wood
(Schultz et al., 1984).

EXPERIMENTAL SECTION

Mizxed southern hardwood chips, predominantly oak and
gum species, were pretreated according to previous
methods: rapid steam hydrolysis (Biermann et al., 1984),
steam explosion (Schultz et al., 1983), wet oxidation
(McGinnis et al., 1983), and autohydrolysis (Biermann,
1983). In the case of rapid steam hydrolysis, wood chips
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