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Coming Events

2018
Microscopy & Microanalysis 2018
August 5–9, 2018
Baltimore, MD
www.microscopy.org

Denver X-Ray Conference
August 6–10, 2018
Westminster, CO
www.dxcicdd.com

XRM2018: 14th International Conference on 
X-ray Microscopy
August 19–24, 2018
Saskatoon, Canada
www.xrm2018.com

EMAS 2018 - Microbeam Analysis in the 
Earth Sciences
September 4–7, 2018
Bristol, UK
www.microbeamanalysis.eu/events/event/51-emas-
2018-microbeam-analysis-inthe-earth-sciences

Imaging Interactions with Fluorescence: 
From Nano-To-Micro Scale
September 5–7, 2018
Diepenbeek, Belgium
www.uhasselt.be/NanoMacroImaging-2018

ESP 2018 ECP 2018: 30th European 
Congress of Pathology
September 8–12, 2018
Bilbao, Spain
www.esp-congress.org

International Microscopy Congress IMC19
September 9–14, 2018
Sydney, Australia
www.imc19.com

4th International Conference on 
BioTribology
September 26–29, 2018
Montreal, Canada
www.elsevier.com/events/conferences/ 
international-conference-on-biotribology

2019
Microscopy & Microanalysis 2019
August 4–8, 2019
Portland, OR
www.microscopy.org

2020
Microscopy & Microanalysis 2020
August 2–6, 2020
Milwaukee, WI
www.microscopy.org

2021
Microscopy & Microanalysis 2021
August 1–5, 2021
Pittsburgh, PA
www.microscopy.org

2022
Microscopy & Microanalysis 2022
July 31–August 4, 2022
Portland, OR
www.microscopy.org

2023
Microscopy & Microanalysis 2023
July 24–28, 2023
Minneapolis, MN
www.microscopy.org

More Meetings and Courses 
Check the complete calendar near the 
back of this magazine.

Carmichael’s Concise Review

Imaging Wood Stronger Than Steel
Stephen W. Carmichael
Mayo Clinic, Rochester, MN 55905

carmichael.stephen@mayo.edu

Synthetic structural materials with exceptional mechanical performance suffer 
from either large weight and adverse environmental impact (for example, steel and 
alloys) or complex manufacturing processes and therefore high cost (for example, 
polymer-based biomimetic composites). Recently a large multi-disciplinary 
team led by Teng Li and Liangbing Hu at the University of Maryland, College 
Park, demonstrated a relatively simple method for processing natural wood into 
densified wood that has remarkable structural characteristics [1]. This is a two-step 
process that first involves a chemical treatment with sodium hydroxide and sodium 
sulfite. This treatment partially removed two components of the cell walls, lignin 
and hemicellulose, but did not appreciably remove cellulose. The second step was 
mechanical pressing at 100° C, which leads to a reduction in thickness of the wood 
by about 80%.

Scanning electron microscopy (SEM) of natural wood reveals many lumina 
(tubular channels 20–80 μ m in diameter) oriented along the direction of wood 
growth (Figure 1a). SEM of densified wood showed fully collapsed lumina (Figure 
1b). The open spaces between the cell walls in natural wood are completely 
eliminated resulting in a unique laminated structure with cell walls tightly 
intertwined with each other. The densely packed and intertwined wood cell walls 
in the densified wood at the microscale level led to a high degree of alignment of 
cellulose nanofibers and therefore drastically increased the interfacial area among 
nanofibers. At the molecular level, owing to the many hydroxyl groups in cellulose 
molecular chains, relative sliding among densely packed wood cell walls involves 
an enormous number of repeating events of hydrogen-bond formation, breaking 
and reformation, which is probably responsible for the enhanced properties of the 
densified wood.

Figure 1:  (a) SEM image of the cross section of natural basswood perpendicular to tree growth direction.  
(b) SEM image of the cross section of densified basswood (super wood) perpendicular to tree growth direction.
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EMS Microscopy Academy

The mesopores 
(2-50 nm) and 
the crystalline
micro-pores 
(0.7 nm) are 
clearly visualized.

Tom Willhammar, Sara Bals,
EMAT Antwerpen

Zeolite USY30 Crystal morphology
STEM analysis
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Gravitational stroke!

Mert Kurttepeli, Sara Bals, 
EMAT Antwerpen

Epoxy loaded with amino-functionalized CNTs
TEM analysis

Good preservation of the interphase

Sample Preparation of Nanocomposites and Nanomaterials by Ultramicrotomy

Leica EM UC7

Leica EM UC7

RMC PowerTome
Ultramicrotomes 

DiATOME trimtool
Trimming of epoxy and acrylic
embeddings, polymers and
non-ferrous metals

DiATOME cryo
sectioning of cryo-protected
specimens, frozen hydrated
specimens and industrial
samples such as polymers
and rubber.

DiATOME ultra AFM
Surface sectioning for 
AFM investigation

DiATOME ultra sonic
Rigid polymers such as 
PS, PMMA, ABS, HIPS, 
modified PP, etc.

Join us at the EMS Microscopy Academy
and learn the latest techniques to reveal
internal structures of composites and
polymers being investigated with
transmission electron microscopy (TEM)
and scanning transmission electron
microscopy (STEM).

Sample preparation workflow will be
illustrated using the Leica EM UC7
Ultramicrotome, its EM FC7 Cryochamber,
and the RMC PowerTome Ultramicrotome.
Differences between FIB (Focussed Ion
Beam) and ultramicrotomy samples will
also be covered.

Who can benefit from 
this alternative?
� Composite and polymer research

companies - especially from the
automotive and aviation industries

� Materials scientists already working with
ultramicrotomy

� FIB users preparing TEM lamellas

P.O. Box 550 • 1560 Industry Rd.
Hatfield, Pa 19440
Tel: (215) 412-8390
Fax: (215) 412-8450
email: sgkcck@aol.com

P.O. Box 550 • 1560 Industry Rd. • Hatfield, Pa 19440
Tel: (215) 412-8400 • Fax: (215) 412-8450
Toll Free: 800-523-5874 • email: sgkcck@aol.com
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Specific tensile strength of the densified wood was about 
twice that of high-specific-strength steel, lightweight titanium 
alloy, and other structural materials. Song et al. performed many 
different mechanical tests that demonstrated densified wood 
had many-fold superior strength and toughness compared to 
natural wood. They tested several species of hardwoods and 
softwoods and found similar enhancements in the mechanical 
properties of all of them.

To specifically examine the potential for using densified 
wood in body armor, Song et al. performed ballistic tests on 
natural wood, a single layer of densified wood and a five-layered 
laminate of densified wood with alternating the grain direction 
by 90° between each layer. The ballistic resistance of the densified 
wood was much higher than natural wood and even higher in 
the laminate. These strong and tough yet lightweight densified 
woods are promising materials for low-cost body armor and 
ballistic energy absorption. Indeed, densified wood has great 
promise as a high-performance structural material. It will be 
interesting to see how this processing method will be applied 
in the future to low-cost and renewable wood! Inventwood, a 
spin-off company at the University of Maryland, is working on 
commercialization of this technology.
References
[1] 	JC Song et al., Nature 554 (2018) 224–29.
[2] The author gratefully acknowledges Dr. Teng Li for 

reviewing this article.
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Meet the many fine microscopes that 
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Remanufactured electron microscopes are a great way 
to maximize your budget without compromising your 
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TSS Microscopy’s extensive knowledge, and even more 
important, their sincere commitment to ensuring that 
customers get the solutions and support they need, has 
enabled labs worldwide to fearlessly add new tools.
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TO REQUEST A COPY OF OUR CATALOG:

www.emsdiasum.com/requests/catalog

TO VIEW OUR DIGITAL CATALOG:

catalog.emsdiasum.com
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Electron Microscopy Sciences is happy to

announce our new Microscopy Academy!

New classes are forming regularly.

Please visit our website for details.
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for all fields of microscopy and general laboratory research.
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