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Hydrothermal Processing (HTP)

* Processing in hot, compressed
liquid water or supercritical water

— Carbohydrate from HTP: 200°C and
20 bar yields carbohydrate that can £
be hydrolyzed to fermentable sugars ? 00|

— Biocrude from HTP: 330°C and 150
bar yields hydrocarbons suitable for
production of diesel fuel

— Syngas from HTP: 600°C and 230 bar
yields hydrogen, carbon monoxide,
and methane

Credit: Robert Brown, CenUSA BioEnergy & lowa State University
https://www.youtube.com/watch?v=Ua8She55qTc 2/14/2013
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https://www.youtube.com/watch?v=Ua8She55qTc

Major Problems

» Energy input / Efficiency
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* Do wereally want to burn a valuable

product?
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 Energy efficiency = $$$$$
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Energy efficient
More even heating

More controlled
heating

Can still use solvents
— Acids

— NaOH, H,0,

— Glycerin
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Microwave

* Energy efficient
» Easier to develop a valuable product

— Carbon nanofibers
— Polyurethane Foam

 End of Service treated wood

— Extract metals from CCA treated
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3-step Converting CCA Treated
Wood into High-value Added
Products

Xingyan Huang

School of Renewable Natural Resources
Louisiana State University
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Chromate Copper Arsenate (CCA)
C: Chromium (Cr) : a fixing agent
C: Copper (Cu) : an effective fungicide
A: Arsenic (As) : insecticide and fungicide
(Kazi and Cooper, 2002)

A Mixture of HEAVY METALS
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BACKGROUND
* Why should we recycle CCA treated wood?

&

M/ N
Estimated spent CCA-treated
wood in the U.S. would increase to
16x106 m2 by 2020 (Copper 1993)

Diffusing heavy metals into
environment and threatening
human health (Kakitani et al., 2006)

* What the traditional ways to recycle?

« STEP1DETOXIFICATION

Traditional Means of Detoxification
Biological, chemical, steam explosion, electro-dialytic

* Previous recycling methods are too costly
and/or too slow to be commercially viable

* Not really “green”
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Our Approach: Microwave-enhanced

Detoxification

Microwaves can generate high temperatures and relatively high
pressure rapidly, resulting in a higher liquefaction efficiency with a
faster reaction rate and a shorter reaction time, compared to
conventional heating.

Economical:and Eco-friendly: Improve lives

1 just about anything, visit ol Web Site: i U e Ceul el

« STEP2 DELIGNIFICATION

Traditional Means of Delignification
Biological, chemical, steam explosion, electro-dialytic

 Acidic/alkaline pretreatment (Saha et al. 2007)
« Wet oxidative (Lissens et al. 2004)

« Liquid hot water (Perez et al. 2007)

« Team explosion (Sun et al. 2008)

« Ultrasound delignification

» Disadvantages:

. Cannot be in industrial scale
. Low efficiency

. Expensive

. ''environmentally-friendly "~ ="
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Our Approach: Microwave-assisted Delignification

+ STEP3 CONVERTING

m;ulose Film Adhesive
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« REVIEW
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DETOXIFICATION DELIGNIFICATION CONVERSION

Thank you, Xingyan Huang
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Liguefied Bamboo

» Jiulong Xie, Xingyan Huang
— Research Assistant
— LSU AgCenter
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Residue Content (cellulose)
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Note: Error bars represent the standard deviations
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Chemical composition of
biopolyols

* Presence of C5 & C6
sugars from
hemicellulose & cellulose
indicate degradation of , I
carbohydrates. . i

- Aromatics indicate \
decomposition of lignin.

10
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Chemical composition of
biopolyols

» Since the sugar derivatives
processed 2-5 hydroxyl " e
groups, the biopolyols have | = J
potential in polyurethane | e \'
foams because of their e e Ll
large amount of hydrogen e
bonds.
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Characteristics of liquefied residues

The hquefied residues mainly exhibited a fiber structure with remaining cellulose and

recondensed hignin fragments indicated by damaged cell wall and small granules.
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Figure 3. SEM image: of traced celluloze strucrure of iguefied rezidues obtained from 140°C, 60-
S0mezh, 10miz. (a) 150%; (b) S00x.
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Production of nanofibers from residues

Table 1. Yield of chemically purified celluloze fiber: a=nd nanofibrillated cellulosic fiber from
microwave Lquefied bamboo residue:.
Mdmw Yield of nanefibirillated

Somphe ecllubesic fRer (%)
120C20% s.a 1075
120C125% - 396
1S % @5 s
140 CL2 00 ™ nn
HOCAS% ) =0
LACHS% .61 an

Figure 5. Tran:miszion electron microscope (TEM) image: of the mamofibrillated cellulozic
Bber extracted from microwave Bquefied bamboo rezsdues; (2) 1204C/2%, ultrazomic ttme, 25
miz; (b) 140 *C /25%, ultrazenic tme, Smin H {

Polyurethane Foam from Lignin
from Switchgrass

* Thank you Jlulong Xie and Xlngyan Huang
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Morphological Structures —
Polyurethane Foam

o po—
e AL $With the introduction of
L I e i liznin inte the PU matrix, the
PT foam color became brown
and the cell diameter tended
to be larger.
% The addition of 15% Liznin
inte the PTU matrix had a
significant effect on the foam
cellular structures.
< High Lzmin content affected
the cell nucleation process in

SFMl immages of (s} pure polyol, (b) 5% Bgain, ) 10 the preparation of PU foams.
lirnmiz, azd (d) 1T lirnin context polvuretkane foams: \ }
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Temperature and residue yield of the PU foams with different

Thermal stability

lignin content
n o — .:-‘::I‘ Tiieni
“ Y TonselC)  Tpo(®C)  Char yield (%)
£ content (%) o
£ 0 13260 32317 537
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Eu] ) N “Lignin could improve the thermal
-t it stability of the foams, and the foam with
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(a) pure polyol. - (b) 5% lignin, stability.
(010% linin  (4)15% ignin
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10% lignin had the best thermal
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Conclusions

* Using microwave
energy simplifies
liguefaction.

* Promising uses:
— Recover CCA

— Polyurethane
foam (insulation)

Thanks to FOlR]AWSE
- Jiulong Xie, LSU AgCenter ¢ WMot

« Xingyan Huang, LSU AgCenter
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