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Objective «* Distinguish between switchgrasses with different amount of cellulose to lignin

: . : ratio. using indentation techniques.
«» Study the effect of genetic modification and enzymes on the mechanical

oroperties of the switchgrass < Determination of material properties of switchgrass using indentation techniques
. Switchgrass Results and discussion
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e ol Microscale test results

Biotechnology for biofuel The elastic modulus is obtained from micro-indentation at different depth and at specific location on the stem.
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By testing different parts of the stem, one The hardness can be also calculated from Depending on the location on the
............ can see that the modulus is dependent to the same test. In this case, the sample also stem, the modulus is changing
"""""" : the location of the indentation. The has the most significant behavior. The whereas the hardness is constant. The
Prletrea]Ement Q[r%ciess ULl modulus of the samples 1, 3 and 4 are value is increasing , especially after decrease of the modulus can be due to
- ][e easel ertrrl;e_)n able stgars quite constant with the depth whereas the 0.2mm. This increase can be due to the a loss of lignin on the highest part of
_ caeee TOM PlAN |or.nass I modulus of the sample 2 decreases after a change of behavior between the cellulose the stem. e
L _ (? / 5} 0.15mm-depth. (exterior layer) and the lignin.
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Deeper blue areas toward 10 meeme ré ' From these preliminary results, stiffness and hardness decrease with height on the plant corresponding to our expectations :
the stem’s center show i /B\ \/ ? more lignin near the bottom and more cellulose near to the top of the plant.
more highly lignified Y C
xylem tissue used for water
Theref n N id b Sugar is fermented to N S A
S ELE, TS STIoUL ) e ethanol and then —7m The relaxation modulus curve versus time was obtained from load versus time curve. Then relaxation modulus
2 OIEENEE I Eeeniesl g;::ngfi;zm”gh ~\ versus time was calculated. Samples did not show any significant differences in their viscoelastic behavior,
properties along the radius. - therefore, a different approach should be suggested for testing the samples (such as testing the cross section of

the samples) in nanometer scale.
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The experiments were performed on five sections of switchgrass stem in quasi static mode. The test can be Ez‘f‘ 60 - T 2
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Micro indentations were performed using a Bose Electroforce 3200® in quasi static mode. e 0 - Indentation depth (nm)
- - P - N J The results obtained from relaxation tests Indentation at different depth were performed, up to 3um depth and modulus
According to our hypot_he3|s the lignin content in .the / were almost the same for all the locations. 2nd hardness values were calculated.
sample should have a direct effect on the mechanical -+~
properties. Therefore, the indentations were performed foeanen C S d fut K References
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: . Location 2 ) _ . une , Breaking the
the stem of the switchgrass to study the mechanical [/} «»Micro indentation seems to be a good method to compare the biological barriers to cellulosic
roperties. o - ST : Ethanol.
p_ ¥ | | mechanical properties in different parts of a switchgrass plant. the .Chapple C, Ladisch M, Meilan
Five locations were selected for measurements, with ) modulus and hardness values will be related to the lignin content in R, (Loosemniing Wil gp of
Bose Electroforce : : biofuel production. Nature
Location five closer to the top. each sample. Biotechnology Vol.25, No 7
: : 2007
Nano indentation tests <% Nano indentation results follow the same trend and show higher K 0, TgenLc
Nano indentation tests were performed using a Hysitron Bio-Ubi® . A standard conical tip with a radius * _ _ g A el il :'ﬁai'é’:; K
of 3um was used as the indenter. Relaxation tests (at 1000 nm) were performed to obtain the meCh_amcal pro_pertles closer t(? the base of the plant, however, = wheat straw preheated for
viscoelastic properties and from load unload experiments (at 1000 nm) the modulus and hardness of the mentioned earlier up to a certain depth, around 200um, cellulose Is the bioethanol production.
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samples were quantified. dominant component and after that lignin Is the main component. 2008, 1:5.
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