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Tatroductiun

As a part of our ongoing project on developments of corn stalk,
and com stalk with com leaves (vom stovers) for high value -added
gpplications in emerging bio-composites and green RANOCOmMposites
arcna. this paper detatls the characterizations of exploded com stalk
fibers. [nterest in the use of green technology in lignocelinlosic biomass
conversion to fuels and chemicals has increased in recent years'”. One
purticularty atiractive material that fits easily and natrafly within
biorefinery (based on lignoceliulose) is microcrystailine  cellulose
“nanowhissers”. These are microscopic, highly “¢tystailite fibers with
very larfgé aspect matios. Nanowhuskers bave potential for many
applications.including pharmacentizaly; Gds6rbent products ind emerging
nanocompnsite materials. Cellulose microcrystalline nanowhiskers can
range i size from 220 nm in diameter for lengths that can reach
several tens of microns. These have tremendous potential as 1 new class
of polymer reinforcements that can take the place of glass, carbon and
reontmoriflonite nanoclay. The modulus, strength and aspect ratio of
cellufuse napowhiskers™ are estimated as 150 GPa. ~1U GPa and ~ 10D
respectively and have potential to be very powerful reinforcements for

emerging napocomposites. Natural celfulose fibers are gaining
- «ntion as 2 reinforcing phase in thermoplastic matrices. Its low
density together with their abundance and low price are atractive.
Moreover, the recycling by combustion of cellulose-filied composites is
easier in comparison with inorganic filler systems, Stearn-exploded
wheat strew fibers as reinforcing materials for polypropylene-based
composites showed superior strengih® over raw simw fber based
composites. Thermoplastic nanocomposites fitled with wheal straw
cellulose whiskers™ are also reported recently.

Explusion lreatment {ammonia fiber explosion, carbon dioxide
explosion) of biomass is utilized with a long range objective in designing
microcrystalline nanowhigkers. Various pretreatments like alkalization
treatment at various pH conditions followed by explosion. with
subsequen:. appropriale treatments are planned for future bio-based
nanowhisker research. As the first stage of our research, this manuscript
deals with fundamental studies of the effect of explosion on the
morphological and thermal characleristics of the resulting exploded
products. Since one of our targeted pretreatments is alkalization, the
alkali treared com stalk fibers are 2lso subjected to moerphological and
thermal charactenstics studies. Rt

Experimental . B

Materials: The Michigan Com Growers Association donated Com
stalk. Cmbon Dioxide cylinder gas (99.5% pure from BOC gas) and
anhydrovs ammonia cyfinder-gas {99.99% pure from AGA gas) are used
for explosion treatment experiments, Sodium hydroxide (J.T. Baker)
and placial acetic acid (EM Seience) are used as received.

Instrunientation: Environmental Scanning Electron Microscopy
""SEM) Phillips Electroscan 2020 and Scanning Electron Microscopy

M) JeckT-330 were used to study the morphological characteristics
of fibers. Thermal stability of fibers -was determined with Thermo
Gravimetr.c Analysis (TGA). This was carried oul on a Thermal
Advantage Hi-Res 2950 analyzer. A rate of 10°C per minute Tamp was
chosen for the runs, starting at 30°C and ending at 600°C. Fourier
transform infrared spectroscopy (FTIR) was accomplished on a Perkin
Elme'r 2000 FTIR in ransmission mode. Spectral resolution was se: at
qem’.

Fiber Separation: As recetved com slalk fbers were separated
into three constituents Figure 1) (i) Outer com fiber (OCF) is
comprised of the stilf outer shell of the stlk, {ii) inner corn fiber (ICF)
encompasses the spongy inmer core of the stalk and (iii) individual
coatinuous comn fibers (CCF) were also separated from the stalk. These
fibers are contained within the inner core and are commonly located at
the inner/juter interface. Aller separation, fibers were chopped and
finally scraened to lengths between 850 and 500 im. For this study only
inner comn fibers (1CF) are investigated for the explosion experiments.

Ammonia and Carbon Dioxide Explosion:  Explosion
experiments were carted oul in a 300 ml pressure vessel manufactured
by PARR. One gram of fiber was placed in the pressure vessel for each
explosion run. The vessel was seaied and then cooled in an acelone/dry

Figure I: {a) Corn stalk; (b) Outer éorn fiher (OCF); (¢} Inner
Comn fiber (ICF}; (d) Individual Continucus Corn fiber {CCF)

ice bath to assist condensation of ammonia or carbon dioxide. The
pressure vessel was then filled with gas for | minute while gas cylinder
pressure was maintained at 0.7 MPa (100 psi). Next, the vessel was
rernoved from the cold bath and heated until the target pressure was
obtained. The maxitum temperature ever experienced by the fibers
during treatment was 100°C. Pressure was maintained for 10 minutes at
9 MPa (1300psi}, aod then the vesse] was removed from the heater.
Pressure was then suddenly released. The [ther was removed and washed
twice with warm distilled water and once with cool distilled water.

Alkali Treatment (AT): Fibers were treated with a Swt% NaQH
solution in water at room temperature. The solution to fiber weight
ratio was at least 75 (o 1. Afler the appropriate soak time, lhe fiber was
rinsed with distilled water. The pH was then stabilized a1 7 with dilute
acetic acid and the fiber was again washed.

Results and Discussion

Morphology of Fibers, The surface characteristics of the
untreated, alkali treated and fiber explosion of inper com fibers were
examined using ESEM & SEM. The inner corn fiber has a diameter of
approximately 200 m with a somewhat circular cross section. As the
micrograph in Figure 2 shows, the surface of the untreatzd fiber is
stmilar in construction to other leaf fibers wilk the unit cells ning
longitudinally with more or less parallel orientation. The intercellular
gaps, in the form of shallow longitudinal cavities can be observed in the
unit cells in beiween the thick celi walls. No surface cracks are apparent,
but globular panticles decorate the surface of the fiber. Also present, but
uot shown, is foamy cellular structure surrounding Ihe fiber.

Figure 2: SEM of unireated Com fiber (500X)

Twa Lypes of freatments were used in an effort 10 separate the
foamy cells {frum the fiber and to break down the fiber bundles into
smallec fibrils (defibrillate). The first (reatment is a standard alkali soak.
This freatment removes lignin, wax end ovils covering the external
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sarface of the fiber cell wall and depolymerizes the native cellulose
siruclure causing the interfibrillar region to be less dense and less rigid.
Figure 3 shows an ESEM micrograph of a com fiber that has been
saaked in a 5% NaOH solution for 96 hours. Removal of the lignin and
wax causes some defibrillation, but mostly the fibrils remained loosely

Figure 3: ESEM micrograph of 96h alkali ireated
com [iber (200X)

tundled in the original fiber structure.

The second treatment consists of pressurizing the inner corn fibers
in the presence of either anhydrous liquid ammonia or carbon dioxide
followed by a rapid depressurization that defibrillates the fibers into
small fibrils. The micrograph im Figure 4 illusirales how the Iiber
explosion process defibrillates corn fibers that were previously treated
veith alkali. This micrograph shows how the normally smaight fibrils
tave been separgied from the main fiber and are twisted around each
cther. In general, the [ther explosion process causes severe twisting and
aistortion of the fibrillated {iber bundles, but single fbrils are the
exceplion. The foam-celled material is
severely compressed onto the tibrillated material. The most radical
morphological changes are seen in the 96h alkali treated exnloded fihers
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Figure 4 ESEM micrograph of 96h alkali treated com
fiber after NH : explosion (250X) The fiber was
exploded while damp to facilitate fibil separation.

after explosion. Very lintle change is seen in the fibers after explosion
when no prior alkali treatmeqt has been applied.

Thermal Analysis of Fibers: Thermo gravimetric analysis
(TGAY} decomposition eurves for umreated and treated corn fibers are
seen in Figure 5. Three main peeks in the denvative weight curve are
present: the firsl, near 43°C, comesponds to the release of waler, the

rmaximum. decomposition peak corresponds lo the degradation of

lemicellulese and cellulose, and the third,

starting near 400°C, corresponds to the degradation of non-cellulos
materjals”. Raw ICF has a maximum decomposition temperature o
310°C.
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Figure 5 TGA of Raw and Treated Corn Fibers

The result of alkali treatment of corn tibers is similar 1o that of othe
bio-based cellulose fibers: thermal stability tends 10 be increased wit
increasing treatment time. This is aitributed to the partial removal ¢
lignin and hemiceflulose. ‘There is noticeable improvemem in therm:
stability for NH; cxploded ICF fibers over the raw ICF. NH, explode
ICF at ¢ MPa bas a maximum decomposition temperature of 359°C
Best thermal stability is obtained after explosion of Y6h alka
treated{AT) fiber (367°C).

Conclusions

An increase in thermal stability is seen for al) liber ireatments a
compared to untreated ICF. Explosion of the fibers after alkal
treatment  dramatically increases the maximum decompositic
temperature. A 357°C increase is seen after exploding the 96h alka!
treated fiber with NH,. Significant fbrilization is also seen in thi:
specimen.
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