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Flow Properties of Fibrous Biomass Materials In This Issue
Background. Many biomass energy conversion projects areaieiti, but Feature Article: Flow Properties of 1

. . . Fibrous Biomass Material
few actually make it to the final phase. The reafw this phenomenon  pr. johanson to present in Atlanta - 2012 1
is the lack of consideration give to the materiahdiling end of the  Fiber Focus Answers / Future Topics 2
. . . . At a Glance: Milling of Biomass 4
process. Significant effort goes into making the-deactor produce the  |ecaming the Trade: Material Spring-back 5

right chemical or energy products. In fact, muc¢tihe research in this

area today is associated with yields, kinetics, tiedmal effects. While
these are formidable yet essential tasks, the manglystem is equally -~ IN THE NEWS --
formidable, equally essential, yet often ignoredne considerable issue Dr. Kerry Johanson

with using biomass as a replacement will present at:

for either energy or the production of _ .
key organic raw materials is the Powder & Bulk Engineering,
reactor's collection and distribution Conference & Exhibition
system. Biomass is inherently light- Atlanta - 2012
weight, making the handling aspect of

energy creation complicated by the course 203:

sheer magnitude of the volumetric
flow rate required to obtain the
necessary tonnage. Biomass materials are inheréifficult to handle.
Although these materials do not usually have artyingic cohesion  Tuesday, March 13
caused by significant adhesion of individual pées¢c they do possess 1:00 —4:00 pm
large strength values due to fiber interlockingsét wind-up effects, and

the pulling of fibers from the mass during a sheaent. In some cases Course 501:

the elastic properties of biomass materials reisultery large arching
dimensions (in excess of 25-feet). However, tlaae material — when
placed in the proper bin configuration — can flowhwut hang-up from an
outlet only a couple of feet in diameter. Extreraeecmust be taken when Thursday, March 15

handling these very elastic materials to assure ttie pseudo-cohesive  8:00 — 11:00 am

problems do not cause problems in the feed systéxhthe heart of

understanding biomass flow problems is the abitityneasure and interpret flow properties relatovéhe handling
and reaction processes. Normally we would be corceabout minimizing the critical flow propertiegch as
unconfined yield strength to mitigate hang-up bébdraw the flow system. However,
reducing hang-up behavior with biomass is quite mlarvated. For example, both[".'
arching and rathole behavior are directly propodioto unconfined yield strength.?--
However, these hang-up tendencies are inverselyopional to the bulk density on
the material. Most granular materials are only nmatiy compressible and relativel
heavy, so only the yield strength governs the Bbof a process to handle a bulkg®*
material. However, biomass densities can chang@df¢s to 400% as pressure ¥4
applied to the bulk. The lose packed densities aiten very light, resulting in
excessively large arching and rathole dimensioven & the unconfined yield strength
values are not large. Biomass materials are giiter anisotropic. They exhibit

A Mechanistic Approach to
Reducing Patrticle Size

Strategies to Prevent Material
Degradation in Process Equipment
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different properties in different directions. Caexi unconfined yield strength as the resistancghear as bulk
material attempts to initially yield or flow. Withiomass, the resistance to shear depends on wiieéhmaterial
is shearing in the direction of the grain or agathe grain of the biomass. Shearing straw agahestcut fibers
can result in large pseudo-strength caused byttae $ibers acting like small springs and elasticdeforming the
mass during shear. However, inducing shear albegstraw grains requires each grain to overcomg td

frictional behavior of straw particles sliding pattaw particles. Very little elastic deformationcurs. Using
funnel flow bins to handle biomass requires sheapss grains to induce flow resulting in hang-upfowever,

placing the same material in a mass flow bin witfiicient velocity aligns the fibers causes shdang the length
of the grain, resulting in low peusdo-strength hapg.

Random orientation of Biomass Particlesin processing equipment. Examining a systematic review of straw flow
properties, we deduce the effect of particle sim moisture content on bulk strength. Since tresvbletter does
not contain sufficient space to explore all theeetff on biomass strength, we will focus on strenggnerated
primarily due to random orientation of particleBleasuring
strengths along the grain of the biomass would ditferent
results. In the course of this study we measurel sivength 100% 7
values, but only the cross-grain strengths areeptes here. o fw b
Please contact us if you wish more details on thsing 0% H .-'
&
3

PSD of straw samples

capability. In the interest of brevity, we widbmpare the 60% 1
flow properties of just two straw materials. Onatermial is

cut wheat straw with a particle size about 2-indoeg. The o] /| !
other straw was created by milling this larger wtraith a 20% #

cutting mill to achieve a smaller particle sizelthdugh other 10% J/
straw sample sizes were measured in this studyhave e o0 0000 100000
chosen to present only these two sizes here. atiElp size Particle size (micron)

difference between these materials is an orderagfmtude.

==Mini
® large

50%

Percent Passing (%)

Particle Size Digtribution of Two Straw Samples

Density. The density of the two straw samples was measured
at various moisture contents that would be expeedrduring typical handling processes. Note thiy Vight
densities for the larger straw particles. Thera sgnificant void strcture within the straw particles themselv
Simply cutting the straw still maintains the intiéggof the particle and results in very light ddres. The density
also tends to increase as the moisture conterfteostraw is increased. Intuitively, this makesssedue to the
additional mass of the water causing heaver mégerielowever, when we consider the density of fyneund
straw particles, we discover very different behavidhe density of the fine particles is considéraérger than the
density of the large cut straw. This also makessesince the grinding action breaks the partickdsasing the

Continued on page 3

Fiber Focus Answers Future Topics
Coming Next Quarter — Viscosity of Slurries To put you at the cutting-edge

Biomass slurries are difficult to handle, particlyawhen the solids Next year inFiber Focus we will
content size are so large. This is specifically ttu¢he fibrous nature of discuss:

the particles. Biomass particle fibers typically nifest significant yield « Viscosity of Slurries
stresses during shear. If biomass fibers are stallslurry behaves as @ . Handling System Design
homogenous material and traditional methods caenfq@oyed to measure . Milling Biomass — in depth

the viscous behavior of the biomass slurries. Harneat some particle
size the material behaves more like a bulk solithfluid surrounding the
mass. In our next issue efber Focus we will explore conditions when We encourage and welcome your
biomass slurry can be treated as a typical non-bigam fluid and when ~ Suggestions and special requests
the material must be treated as a two-phase systihn bulk solid ~ for biomass handling topics which

surrounded by fluid. At Material Flow Solutions, weeasure the viscosity YOU would like to see included in
of biomass slurries. future editions oftber Focus.

Contact: Susan at 352-379-8879

e Feeding Biomass
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void structure within the particles. The fine jpaés are shells of the tubular cut straw particldhey can pack
more tightly together resulting in a denser straline density decreases with increasing moisturéeoon This is
somewhat counter-intuitive until we realize thahesive forces between wet particles allow a mose lpacked
bed and result in a lower bulk density. This catresllows

Large Size Straw creation of more stable, loose packed, conditianshe bulk

400 material. Howgver, even.at .the highest moistupe{em., the

50 density of the finer material is between three_ arght_ times

300 greater than the more coarsely cut straw. Thisdewsity can

§§§§ ______| have a significant effect on the tendency of bicenasarch in

i Lmagny hoppers

& %] TR Strength. Consider the strength measurements for these twc

£ M materials. The large particle size strength islgéadependent

2 J6* of moisture content, and is almost flat as a funrctiof

’ o0 20 a0 a0 w00 consolidation pressure. A standard analysis usedome

Major Principle Stress (KPa) solids flow practitioners computes a flowability mber by

dividing the major principles stress — say at 1GakPby the

Density versus Strength of Large Size Straw strength at that consolidation pressure to yielloability

number of about 8 for this material, suggesting thss mat-

erial is free flowing. This simple analysis proegdfaulty data when applied to biomass materi@lse strength of

the fine ground straw was measured and found ta degong function of the amount of moisture in flystem.

There is very minimal strength at low moisture emthear 8%. However, increasing the moistureestrto 20%

results in a maximum strength value. Further iasireg the moisture content to 34% actually deceedise

strength. It is important to note that the critiaeching dimension for a given material is dirggtkoportional to

the strength and inversely proportional to the lidksity. The equation expresses the criticaliagctlimension
(Al) calculation mathematically, wher&) is the bulk unconfined yield strength evaluated a

Al = fC[H(H) or near the outlet of the hoppep) (s the bulk density of the materialH(6) is an arching
Yy constant based on the shape of the outt§td) is about 2 in conical hoppers and about 1 in

plane flow hoppers.
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Arching and Hang-up. We computed the arching and rathole dimensionghese two materials at various
moisture contents. This method of analysis reldtesflow properties back to behavior in the precasd is the
preferred method to determine real flowability. eTprimary interest is determining whether the bubkterial will
arch or form a rathole in my process. Computing thitical rathole and arching dimensions givesoady
indication of potential trouble in a biomass praieg system. The arching and rathole dimensionarge size
straw are presented here. Because of the veryd®wities of the large cut straw, the small stiemgeasured
causes big arching and ratholes problems in bimnk paocess equipment that do not allow or inducdigiar
orientation in the direction of flow (i.e. funnébW bins). The large size straw could arch ovenéter outlets if
Continued on page 4
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placed in funnel flow bins. However, the largemnsi¢y for the finer material provides more gravihduced
stresses to knock down arches. The dry materill flwiv easily from very small outlets (aboutidehes).
Increasing the moisture content increases theragdiendency, but the maximum arching potential waqubduce
a critical arching dimension of only 0.3 metershislresults in very reasonably sized outlets fowfl Rathole
dimensions for this finer material are likewiseseaable.
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Conclusion. The moral of this story is that proper desigrbimmass plants starts with a good characterizaifon
biomass flow properties. Estimating flowability mbmass using traditional methods does not apphe strongly
recommend using the arching and rathole dimensernkgy parameters to determine poor or good behiavyour
biomass process. One straw requires simple toaditidesigns to assure flow, while the other stalivrequire
significant mechanical methods and special bingiessio assure reliable flow. We stand ready toaitterize any
biomass material you have and provide guidancednessful process design.

At a Glance: Milling of Biomass

There is a movement in the biomass industry tonupé particle HE
size of the feed stock to maximize the yield ofduas that may Sy
be used as key energyefk stocks or chemical building block )A N\
Much of the work is focused on getting the yielghti However, FEGREESY o
material handling is also very dependant on theicehaf = e
feedstock particle size. Because of the dominaietaf the hand-  http://www. http://us.123rf.com
ling segment of biomass energy systems, the rotauicle scale properties can not be ignored. elg@ment to
maintain property yields must be done in tandenh wibrk to obtain the best flowing material. Thiggests that
the choice of milling and sizing operations will d&ey factor in any modern biomass project.

(R ) e

i

2ec.org

Materials decrease in particle size for a varidtyeasons. Some materials are brittle and fragforeak in half)
when subjected to impact events. Some materialsnaensitive to direct fracture, but chip off sué defects as
the particles undergo an oblique impact and slici®ss the surface. Some materials are sensitiyEaitiicle
breakage due to stress/strain events which cruditipa at a given stress level and strain in psscequipment.
Some patrticles require significant strain to cayieéd and are sensitive to cutting or tearing asse&ltolerance
moving parts pinch the material and disrupt thetiglar fiber structure, creating smaller particle®\ typical
biomass material is subject to several of thesehar@sms.

It is critical to match the particle size reductiorechanism experienced by a given biomass to thicylar
milling method or set of events present in the uaiglant production facility. For example, if ingbaduring
processing dominates the milling process flow barathen particle size reduction due to impactawedr is the
critical property to measure. Using a tester traatses size reduction due to stress and strairvioelmay give
erroneous results when applied to processes whicimgact dominated. Ideally, you would use precdsps that
are effective in optimizing the particle breakagdfthe biomass is sensitive to cutting, but natture, then mills
Continued on page5
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that induce sufficient particle strain to cut cartparticles apart should be considered. In thsg can impact mill
would be of little use. However, once the pagschre cut or chipped, impact may be useful irn&rrteducing the
particle size of the milled product. This changd®ehavior is due to the fact that many biomas®rizds are
anisotropic and exhibit different breakage behavimith the grain and against the grain.

It stands to reason that knowledge of the typere@kage occurring with a given material, as welh@smagnitude
of breakage, is critical when considering the tgpsystem to use to prepare the biomass maternaventual use
in fermenters and reactors. At Material Flow Solus, we have developed several tests that eskbgid@ate the
different types of particle breakage mechanism$ies€ tests can be used to determine how sensitgreea

material may be to a prescribed breakage mechanigmcan couple this data with population balanoeels and
determine the magnitude and type of breakage aoguwith each material. This information is needednake

an educated decision about using a particular onilbiece of process equment in biomass handling facilitie
These tests will help optimize mill selection oegict mill effectiveness if the mill is alreadypface.

Population balance models allow identification afical particle breakage mechanisms through themdation
of breakage selection coefficients. When this ispbted with a structural examination of the biompasticle, a
powerful tool evolves which allows enhanced pagticieakage modeling based on patrticle structurebesmkage
mechanism. More will be forthcoming about milliofjbiomass material in subsequent issues of thisledter.

Learning the Trade - Flow Properties Principles

Knowing and understanding key material propersgsawer to characterize bulk material flow behavidfe will
empower you quarterly as we discuss one of thestafmental flow properties and its industrial apian.

Material Spring-back as a flow property. The spring-back flow property of fibrou
biomass material is directly related to the denaitgl elastic properties of the materi
First, we will review material density. It is arfction of the stress level and strain histog?
of the material, the temperature of the bulk matem@as well as moisture content a
particle size. It is used in conjunction with atiw property data to determine th
limiting rates of particulate materials. Springskas a property of elastic materials a
related to the change in density as the materiallaised under pressure and then relie
of the pressure forces. At Material Flow Solutiobsth density and spring-back a
measured using uniaxial compression of the loopalgked bulk biomass material. Spring-back is nreaby
placing material in a cylindrical test cell and Bjpg a load. The density at this load is
recorded and then the load is slowly removed aedd#nsity during the unloading process is
measured. The operation is repeated using a s#rinsreasing loads. Plotting the data yields
a series of density spring-back curves. We can abmpute the percent spring-back of a
biomass material as the percent change in dersiyive to the maximum density obtained
just prior to unloading in this procedure. A sprimack of 0% indicates that the material
density after unloading is identical to the maximdensity obtained at the maximum stress
applied. A spring-back of 100% suggests that #wesdy after spring-back would equal zero
(please note that 100% spring-back is totally umralle and could not happen with real
materials). Most materials have a spring-back lmdua 3% and any sprlng back value over
12% denotes a very elastic material. Biomass raédemeasured at MFS possesg ; :

spring-back values between 22% and 52%, indicdhiaggreat care must be taken whe
handling and designing for these materials. Biamasay become elastically bound i
equipment due to lack of volume change at or nedlets. The arching potential for
elastic biomass material in bins and hoppers iB.higor this reason, flow along proces
vessel walls must be allowed for these very elas@terials. Failure to design procesg
equipment for elastic relieve will result in costiang-up issues. Measuring biomas
spring-back gives design engineers and plant masagitical data to make the proces
work “right the first time.”

Pictures compliments offittp: //media.treehugger.com, http://dnahtigal .files.wordpress.com andhttp://w.ukagriculture.com




