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Chemical Conversions

Lecture 14 — Biomass to Parts

¢ 2 R Iful Bidenergy fact is aboytlankton-poweredsolar cells, specifically a type of
plankton known as diatoms. The same plankton that live in the ocean and are eaten
by whales have become an interesting new bioengagyform. Itturns out that solar

cells can be constructed out of diatoms that have been designed to build shells out of
semiconductor materials. By controlled feeding of alternasubstratessuch as

soluble germanium or titanium to living diatom cells, semiconductor materials can be
inserted into the diatonbiosilica This process imparts optoelectronic properties to
diatoms shell that allow it to be used in solar cells. This is a very neat idea for
sustainable electronics, so if you havet@nce please visit the attached link and

learn more about it.

http://oregonstate.edu/engr/rorrer/



Week 6 — Chemical Conversions
-Learning Objectives-

» Explain the chemical conversion of biomass.

» Identify things in your day to day life that use chemical
conversions of biomass.
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Biomass Conversion Pathways

» Mechanical Conversions — normal everyday conditions
Crushing oil seeds and algae
Densification
Chipping and grinding

» Thermal Conversions — over 400 "'C
Combustion (excess oxygen produces excess heat)
Gasification (heat with some oxygen)
Pyrolysis (heat with no oxygen)

» Chemical Conversions — under 400 "C
Biomass breakdown to components (acid, base, solvent, enzyme)
Biomass components to fuels & chemicals (endless possibilities)
Oil Conversions

» Biological Conversions — mild, wet conditions
Fermentations (microbes without oxygen)
Photosynthetic organisms and animals
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This week we are covering chemical conversionsttowd biomass
conversion pathway type.



Chemical Conversion Products

» Cellulose, Lignin, Hemicellulose, and Extractives

» Sugars — monosaccharides and disaccharides

» Furfurals and other C5 aromatics

» Benzene, Xylene, Toluene, and other Cé aromatics
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There area lot of chemical conversion products. They range from cell wall polymers
like cellulose and lignin, to much smaller things like sugars and chemicals like furfural.
We will not be able to cover all of these, but it is important to appreciate the wide
range of commaodityspecialtyand finechemicalghat can be produced from biomass
using chemical conversion processes



Breakdown biomass into
Cellulose, Hemicellulose, and Lignin

Acids — hydrochloric, sulfuric, acetic, sulfurous
Bases — ammonia, alkali hydroxides, sodium sulfide
Solvents — methanol, ethanol, acetone, benzene
Enzymes — inside plants & produced by fungus

All of these breakdown processes are
basically pulping processes

Rememberfrom achemicalperspectivechemical conversions are like the knife (as
opposed to the thermal hammer). Chemical conversions are more sensitive to the
type of biomass, but the are accurate and predike aknife, and as a result they can
producea very high qualitpredictableproduct.

This pathway is important because we can expose biomass to many different kinds of
chemicals and conditions and to get it to turn into a variety of things. It is important
that you have a general appreciation for what some of those chemimatslitions

and steps are so that you can better understand the developments in the bioenergy
industry.

In general biomass is broken into its parts using acids, baségntsor enzymes. It
is interesting to consider that we have been chemically breaking biomass into its
parts for well over 100 years, so a lot of these ideas are not new, but back then they
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It is very likely that from time to time | will mention a chemical or a process that you
have never heard before. If that happens and it is not explainedlite,please look
it up on thelnternetto familiarize yourself so that you are not left confused.



Remembering how cell walls are assembled
helps with understanding their disassembly
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FangZhigiang et al. "Novel Nanostructured Paper with Ultrahigh Transparency and
Ultrahigh Haze for Solar Celllanoletters 14.2 (2014): 76373.

Chemicaprocesses get compldecauseunlike thermalprocessesthey have a lot of
steps. To help with this complexity it is important to remember what biomass looks
like cellularlyand chemically. Most of the time we practice chemmahversionsye

are trying to isolate and collect the elementary fibrils shown in this image. These
fibers are used to make paper and they are composed of cellulose. So, all of the
processes discussed in tihimmassto-partslecture are related to removing all the
cellular stuff around the fibers so that we can have piles of just the pure fiber to work

with.



We have been disassembling cell walls by
pulping wood for paper since the 1850’s

http://w3.upm-
kymmene.com/upm/internet/cms/upmmma.nsf/lupGraphics/Botnia_Fray%20Bentos
%20mill_1.jpg/$file/Botnia_Fray%20Bentos%20mill_1.jpg

Like wepreviously discusseaye have been using chemical conversions to turn
biomass into useful products for a vdongtime. The conversion of wood chips into
cellulose pulp for paper is a chemical conversion known as pulping. You can pulp any
kind of plant biomass to produce cellulose, but not all the cellulose is good for
making paper.



Pulping wood for paper is the largest
biorefining industry on earth

Cooking Washing & Oxygen Pulp drying

screening  delignification «
: 0

Bleaching chemical
and oxygen supply

http://www.metsopaper.com/paper/MPwGeneral.nsf/WebWID/WAH5 12282256 F
E7612/$File/Total_scope_with_large_text.jpg

This is digure that shows more of the details associated with pulping process. Wood
comes in, it is mixed with reactivemicals, anthen the cell wall is broken down

into its pieces. The fiber is kept and the rest is sent to a recovery boiler where the
non fiber cell matter and the reactezthemicalsare burned together to recover the
reactive chemicals. Then the reactive chemicals are recydadtivatedand sent

back to be mixed with fresh wood.



Wood Chemical Pulping Processes
Acids — Sulfite Method
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http://www.knowpulp.com/

There are two main types of woqalilping:an acd process known as the sulfite
pulping,and a base process known as Kraft pulping. They are very similar in many
ways,but different in some important ways as well.

The sulfite process produces wood pulp that is almost pure cellulose fiber by using
various salts of sulfurous acid to extract the lignin from wood chips in large pressure
vessels called digesters. Thgrédping chemicals are known as liqudhe pulp is in
contact with the pulping chemicals for 4 to 14 hours and at temperatures ranging
from 130 to 160°C The spent cooking liquor from sulfite pulping is usuzdled red
liquor or sulfite liquor and it caoe burnedin a recovery boileto recover the

inorganic chemicals faeuse,or it can be neutralized to recover the useful
byproducts of pulping. The opportunity recover useful byproducts from the spent
cooking liquor through neutralizing is an interesting aspect of sulfite pulping. It also
generates a higher quality lignamd has a potentially higher pulp yiettepending on
how it is done.

However, the cellulose fiber it generatsoften weaker, so it is mostly a specialty
process today compared téraftpulping.



Acids - Acid Hydrolysis
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BlueFire Renewableshttp://bfreinc.com/

Outrightacid hydrolysis using hydrochloric acid or sulfuric acid is another option very
similar to sulfite pulping. You basically mix biomass with acid and then increase the
temperature. Thiseparateghe fiber part from the other parts and then you can

collect the fiber part and use it for producing sugars. After the fiber part is removed
from the acid bath, the acid can be recovered and reused. The image shown is a flow
diagram that explains how this works



Wood Chemical Pulping Processes
Bases — Kraft Method
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TheKraftprocess produces wood pulp that is almost pure cellulose fiber by using a
mixture of sodium hydroxide and sodium sulfide, known as white liqudiréak the

bonds that link lignin to the cellulose. Like sulfite pulping, this is dotege

pressure vessels called digesters. The pulp is in contact with the pulping chemicals for
2-3 hours and at temperatures ranging from 170 to 280 Under these conditions

lignin and hemicellulose degrade to give fragments that are soluble in the strongly
basic liquid. The solid pulp is collected and wastred thespent cooking liquor,

known as black liquois concentrated and burned in a recovery boiler to recover the
inorganic chemicals for reuse.

TheKraftprocess is bfar the most popular commercial pulping method. It works on
many different kinds of biomass, it generates a very strong pulp, amédnyways it

is a leszxomplicatedprocess than sulfite pulping because of materials and emissions
considerations.
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Bases - Ammonia Fiber Explosion
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AFEX http://www.mbi.org/mbi-technologies.html

Ammonia fiber explosigralso known as AFEX, is another based driven process to
reduce biomass to its parts. One ofstsengthsis that it is fairly simple. All you do is
soak thebiomassn ammonia while the temperature and pressure are increased.

Once you get to the desired pressure, fressures rapidly releasedesulting in an
explosive expansion. Thegplosionliterally tears the cellulose fiber from the lignin

and leaves you with a biomass that is muetre degradable andligestiblethan

what it was before the AFEX treatment. This process does not leave you with a pile of
pure cellulose fiber, but its speed and simplicity make it a good process for a variety
of small scale bioenergy ideas.
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Lignol- http://www.lignol.ca/
http://www.lignol.ca/investors.html
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it uses solvents. Remember, a solvent is a chemical that can be used to dissolve
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generally damage or modify the chemistry of the thing that dissolves, they just

rearrange the molecules so that they can become a liquid solution.

Just like normal pulping, biomass is mixed with the solvent in a reactor at
temperature of betweeril40-220°Cfor several hours. This causes the lignin and the
cellulose fiber to be separated and because no acid or base modifications occur, the
lignin,hemicelluloseand cellulose are extremely pure, much purer than can be
achievedwith normal pulpingSolvents used include acetone, methanol, ethanol,
butanol, ethylene glycol, formiacidand acetic acid. The majdisadvantage of
organosolyulping is the pressure. Solvents tend to have very low boiling points, so
when you get them hot it takes a lot of pressure to contain them and this makes the
LINE OS&ada OSNB SELSyardgSo {2t gSyida G(GKIG R2
dissolve in water are preferreglat the moment ethanol and butanol are twajf the

most popular.
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