INL/EXP-22-68429-Revision-0

Mechanical Characterization
of Loblolly Pine

July 2022

Avery Elaine McCall

.

|daho National

|_(] oml‘ory INL is a U.S. Department of Energy National Laboratory operated by Battelle Energy Alliance, LLC



DISCLAIMER

This information was prepared as an account of work sponsored by an
agency of the U.S. Government. Neither the U.S. Government nor any
agency thereof, nor any of their employees, makes any warranty, expressed
or implied, or assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness, of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately
owned rights. References herein to any specific commercial product,
process, or service by trade name, trade mark, manufacturer, or otherwise,
does not necessarily constitute or imply its endorsement, recommendation,
or favoring by the U.S. Government or any agency thereof. The views and
opinions of authors expressed herein do not necessarily state or reflect
those of the U.S. Government or any agency thereof.




INL/EXP-22-68429-Revision-0

Mechanical Characterization of Loblolly Pine

Avery Elaine McCall

July 2022

Idaho National Laboratory
Idaho Falls, Idaho 83415

http://www.inl.gov

Prepared for the
U.S. Department of Energy
Under DOE Idaho Operations Office
Contract DE-AC07-05ID14517



Mechanical Characterization of Loblolly Pine

Avery McCall! (University of Texas at Austin), Tiasha Bhattacharjee?, Jordan Klinger?, Noah Berglund?, Susan Carillil

1INL - Biomass Characterization

Background and Motivation Results Statistical Analysis
Biorefineries are faced with various material flow challenges during Applied stress vs Elastic Modulus plots for various Loblolly Pine Multivariate Linear Regression Legend:
feeding and handling, due to inherent variability and inhomogeneity of ~ samples at different moisture contents, sizes, and tissue fractions: 308105 size/applied stress
biomass feedstocks. This impacts the efficiency of refinery processes 2 25005 'ﬁﬂmti:
and unit operations. Proper characterization of bulk properties allows S Elastic Modulus of 2mm Whole Loblolly Pine S 2ocs n /// e
for optimal process design and reduction of overall costs. This work is ) -élsms v T 'gmggi:
aimed at evaluating the physical and mechanical properties that impact 2.08405 2 1oei0s P & 2mm/skea
. 3 &g = 4mm, a
bulk flow of loblolly pine. 5 1.5E405 B soran  6mm/5kPa
[ 2mm/7.5kPa
. . = 209 i + .5kl
Material Preparation < 106405 20% Hoiture w0 socar  omes  ses  aomes  ascas  emmry ks
5.0E404 40% Moisture Predicted Elastic Modulus 2mm/10kPa
Unit Operation Method ‘ ~-Dry RWVISE = 20591, R? = 0.92, P-value <0.0001 Amm/10kPa
- - - - 0.0E+00
Size Reduction Hammer mill: %4” discharge screen ! 0 2 4 6 8 10 © Preliminary estimate:
i ize distributi i i . Applied Stress Condition (kP
Particle size distribution Analytical sieves: RoTap pplied Stress Condition (kPa) 8 = 20500 * A + 418 * py — 21900 % S — 224  w — 32700
Sample Wetting Water sprayed to moisture contents: * Elastic modulus is lowest for dry samples indicating they & = Elastic Modulus  P° = [nitiat Density
5%, 20% and 40% : S = Size Distribution Span
, are stiffer than wet samples A = Applied Stress )
Tissue Separation Air classified into concentrated samples w = Moisture Content
of bark, stem, needle and whole pine Elastic Modulus of Dry Needle Loblolly Pine Future Work
2.0E+05 . . .
Experimental Design * Bulk shear testing and hopper flow testing will be
) ) _ L6E+05 performed for complete flow characterization
Axial compression tests were performed using and Instron load frame 1ot « Tissue fractions will be isolated and variations in
= mechanical properties evaluated in greater detail
« 8.0E+04 —-2mm
4.0E+04 F=A4mm =
6mm
0.0E+00
0 2 4 6 8 10 12 "
Applied Stress Condition (kPa) Needles Stem Bark
* Elastic modulus is highest for the 2mm size sample in * The current statistical analysis has a R? = 0.92 which
the dry needle tests suggesting how size can impact explains 92% of the variance but only 72% of the
— . g mechanical properties standard deviation. A more robust analysis including
Loaded cell Incremental force applied Elastic Modulus of 4mm 20% Moisture Loblolly Pine tissue concentration data will be performed to describe
Elastic Modulus 3.0E+05 more of the observed behavior
" . : 2.5E+05 Conclusion
1 2mm Wholeand Dry Loblolly Pine
Experimental Data ulk Modulus .~ ¢ Dry particles are 26.9% stiffer than b wet particles a
I Bulk Modul m2OE+05 D ticl 26.9% stiffer than 20% wet particles at
Laeos < 156405 and 18.2% stiffer than 40% wet particles
dar 23 ——Bark . .
g kK=r® 1.0£405 / ikt * Dry needle 2mm is 32.9% more elastic than the 4mm
g B0Ee03 Needles and 30.0% more elastic than the 6mm
|2 5.0E+04
5 R Whole * Needles have the lowest elastic modulus compared to
5 0:0E+00 . .
gt < 0 ) 4 6 8 10 » other 4mm 20% wet tissue fractions
< 208403 Elasti¢ Modulus Applied Stress Condition (kPa) * While the estimate needs to be evaluated further, the
0.0E400 stress 3 . imi i i
57 59 61 & 6 o = - * Elastic modulus is lowest for the 4mm 20% moisture pine prellml.na.r.y result's suggest m9|sture content, .appll'ed
Displacement (mm) strag needle sample stress, initial density, and relative span of particle size
P N R distribution are the most significant predictors for E
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