N N

ST

{oAINUBIA ‘g osewm  Poster 1D
- 38" Danubia-Adria Symposium on Advances in Experimental Mechanics 2033
| s o
A

Characterization of mechanical properties from technical lignins by
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_______ Motivaton N Material

KLignin, a main component of plants, is extracted as a by-product of the pulp and\ ! \
papermaking industry in large quantities [1], making it a major renewable Lignin Process Feedstock The lignin
chemical [2]. Knowing the mechanical properties of hot-pressed lignins is essential to | | Alkali Kraft pulping  Softwood powders  were
develop renewable materials, like lignin-based composites. However, only : : hot-pressed into

, , , , o . ChemicalPoint Organosolv Grass :
Cousins [3,4,5] studied the elastic properties of hot-pressed lignins. In addition, disc-shaped
lignin's macromolecule composition varies depending on the feedstock and | | L€una Organosolv Hardwood samples under
extraction process [1], which raises the question of whether this affects the | | Spruce Organosolv Softwood 108 MPa for
mechanical properties. Therefore, we study five lignins, which differ in their feedstock | | UpMm Enz. Hydrolysis Hardwood 2 Minat30°C.
kand extraction process with light microscopy-aided nanoindentation. JAN )
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Results and Discussion

Porosity, mapping and distance plots

Emerging plateaus

~ From porous to solid lignin

the described method.

1. Reliable mechanical properties of porous lignin can be retrieved with

2. Solid lignin's indentation modulus and hardness can be back-
identified, resulting in 8.28 GPa and 0.382 GPa, respectively.

3. The herein studied lignins, although differing in their production
process and feedstock, are mechanically rather similar.

J

\
_ I\illcroscopy |mag_|c_ehof probed area The indentation modulus and hardness JPMIBO0-1000 M g ateau corresponds to
© p;ress:g Process decrease with increasing indentation depth. o -]l moving mean > plateau
m’Fro uceda por(?uhs Similar indentation size effects are also g e characterizes the
;r;lc]cc:rostructure.wfc d " observed in other polymers [7]. However, in | W | (macroscopic) properties of
; ITrerent porosity for eac our case, Efand H only decrease until 300 nm W wwwm porous lignin
I dentati |gr;nl for UPM and Spruce and 600 nm for Alkali, ,
ndentation modulus ma : : : : -
P ChemicalPoint, and Leuna, respectively. This sl G
12 . . . AN
i Stiffness grédlents emerging plateau at indentation depths from sos|
 , correlate with surface 600 nm to 1000 nm allows us to retrieve | |5 )
" - pores. Similar gradientsin | | \ojiaple  size independent  mechanical | |& 1}
~ the lignin reveal pores oroperties |
| » below the surface. . y e > ooss| o
Boundary distance plot 3wzl | N \ 22?555*‘524) - 2 — e .02 =00
: . | __ 10} p plateau \ L[ 4 B B i) o 0.0 6.513.7220 355 56.2 o 0.0 6.5 137220 355 56.2
moving mean The su rface pores g .................................................... g 0.6 plateau ¢ [%] . . [%]
_ movingstd nfluence only indents g ¢ * Z ok ;/ ....... Plateau values decrease with increasing
g .2 ,: 'I' é ; X ’ . . .
q gl PR close to the surface pore I 02| o V por(?5|ty ) along virtually gnlqug curves:
'f";:.'.';.'.":'.":"'-‘. _ boundary. T 900 1000 1200 150 300 600 900 1000 1200 * micromechanics model fit % indentation
0 x.- "r. : h [nm] h [nm] d | f l.d |. . Er
50 0 50 100 MOoaulus or soilig lignin s]
diin [pm] . . . . . .
L Images are from UPM lignin at an indentation depth of 300nm. ) L Images are from UPM lignin at an indentation depth of 300nm. ) \. empmcal fit=> hardness of solid Ilgnm Hsl p
( ]
Conclusion References
s a g )

[1] Haghdan et al. (2016) Sources of Lignin [5] Cousins et al. (1975) J Mater Sci 10(10):1655-1658

[2] Pye (2008) Biorefineries-Industrial Processes and [6] Oliver & Pharr (1992) J Mater Res 7(6):1564—-1583
Products [7] Charitidis (2011) Ind Eng Chem Res 50(2):565-570
[3] Cousins (1976) Wood Sci Technol 10(1):9-17

[4] Cousins (1977) New Zeal J For Sci 7(1):107-112

Acknowledgements
The authors would like to thank the Austrian Science Fund (FWF) through the Y1093 START-project.

20-23 September 2022, Poros Island, Greece




