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and device for neasuring the inpact strength for individual granules over a
wi de distribution and for aspherical sizes. Background of the Invention In
any manufacturing invol vi (gETREDUSKD OEVICEFTR CHARAGTERIZINGt e materi al s,
sonme breakdown or attrition of the particles is inevitable and has been
reported in a wde 10 range of prdERANUEESBTRENGUEtri es. For exanple, it
has significance for those applications where it is desirable for particles
to.remain in a process alnost indefinitely. The effects of attrition can be
| oss of product by renoval of undersize particles, the need for recycling

| ost product, and the requirement for additional filtration. Another effect
can be to | o Nijife of catalyst or enzyne particles. 15 '
Many products in the pharmaceutical industry, for exaghgééare aggl oner at ed
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many of the products. Attrition has a nunber of different effects, the

relative i ngoLt Qﬁd(gftwirﬁ}%nhﬁnzo dependent upon the conmercial or
technical a I"Cz ) s of particulate materials change as a
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sizes to snaller ones whi'ch are unacceptable to the particular process and
whi ch are r ey Bebdktiowh bh atiiRCE I5e PErtiees isifBlitadle ARFh&bddh RBEHONFSa wide
filters, or precipitators. War of contam nant systens results fromthe

i npact af panbeof procesids dricindadtties. of ortdxampm) itdia8 @ignificar®e foil tiedse @plications
contam nation of the process particles by debris fromwear of the

cont ai nment wheretidmdesijatie feripgnticdestamemain is arprocgsp lairnest insedinitély e Thaeffects of
expl osion can _be caused if a build-up of fine material is allowed to occur.
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product: and the requirement for additional filtration. Another effect can be to limit the
useful life of catalyst or enzyme particles.

15 Many products in the pharmaceutica! industry, for example, are
agglomerated granules which can suffer attrition during processing and also, if bulk
packed, during shipment and use. Dust release into the atmosphere may be a hazard, but
its release is also undesirable because of the high value of many of the products.

Attrition has a number of different effects, the relative importance of which is

20  dependent upon the commercial or technical application. Properties of particulate materials
change as a result of attrition. Loss of material occurs due to the change of particle sizes '
to smaller ones which are unacceptable to the particular process and which are removed
from the process by accident or design in cyclones, filters, or precipitators. Wear of
contaminant systems results from the impact of particles with the walls of the container or

25 duct, and contamination of the process particles by debris from wear of the containment
system may be significant in some applications. Even an explosion can be caused if a

build-up of fine material is allowed to occur.



Several conventional nethods for testing the nmechanical strength of

I ndustri al ¥t s which are used in fluid beds are repor
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Benr ose an ridgwater, A Review of Attrition and Attrition
Met hods, Powder Technol ogy, 49 (1987) 9%-226. One of the vibration tests
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through sieves located in the drum,

These methods have proven unsuitable for characterizing the individual
particle since these methods vibrate an entire bed within a closed vessel. They measure
the particle to vessel-wall interaction when the attrition and fragmentation of the particles is

20  primarily caused by the particles rubbing each other. The impact veiocity of the coﬂision-s
encountered by the particle bed is also poorly defined by these methods and may be |
inaccurate due to some collisions encountering drag forces within the bed. Furthermore,
some of these methods only measure spherical particles and are poorly adapted to
accurafe!y characterize aspherical or non-uniform shaped particles.

25 Thus, a need exists for a method and device for assessing attrition and
fragmentation characteristics of particles during handling. A tool is needed to heip develop

particles which are individually strong since the mechanically stability of the particle is of

primary importance in many industrial fields such as enzyme formulation technology.



3 Characteri zi ng the i npact strength of individual particles, as opposed to
entire parti provi des information that can be used t&}%ﬁ'}?ﬁ%@ﬂ 828
particles wt en anced attrition strength. SUMVARY OF THE | %

The present invention provides a test devic@ $for characterizing the inpact
strength of a granule. The test device includes a first container having an
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first 10 container. The present invention also provides a test deV| ce for
characterizing the inpact strength of a granule which includes a vibrator

providi ng a emaRY oF TWE fivVEReiORnal novenent at a predeterm ned frequency
and a firs alrner having an irnterior cavity larger than the size of the

granul es The device fmémﬁéedzweum fovides El teStdvite 6PEHdraMERSNG helifpact
connect at one end to the vibrator. F1"he opposite end of the first spring is
conf i gur ed strengtbroi@cirabule! Mae ¢textidavioeinclubes af firstsdonsgitiergvingandnterior cavity
predeterm ned frequency of resonance adapted to anplify the frequency of
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met hod of characterizing the inpact strength of a granule is also provided
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of time and anplitude; renoving the danmaged granul es fromthe container;
and rrea?gurlcﬁﬂgfr}?é amount of undamaged granul es. Accordingly, it is an
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larger than the size of the granule. The device further includes a first spring configured to

15 connect at one end to the vibrator. The opposite end of the first spring is configured to
connect to the container. The first spring has a predetermined frequency of resonance
adapted to amplify the frequency of the vibrator movement and impart the amplification to
the container.

A method of characterizing the impact strength of a granule is also provided

20 by the present invention. The method includes the steps of. vibrating a sealed contaiﬁer
having an interior space for confining a plurality of granules at a predetermined resoﬁant )
frequency for a predetermined period of time and amplitude; removing the damaged
granules from the container, and measuring the amount of undamaged granules.

Accordingly, it is an object of the present invention to provide a method and

25  device for characterizing the impact strength of an individuai granule.

Another object of the present invention is to provide a method and device
which is adaptable to characterizing aspherical or non-uniformly shaped granules and

accurately relates single granule to multiple granule results.



-4- It is a further object of the present invention to provide a device

whi ch prov%e%m%@! gher number of well-controlled inpacts fgrrRRGHRESNUI €

conpared to the prior art. Still another object of the present invention is
to provide a test device which 5 I s iRexpensive to build and operate for

a large nunber of representative sanples to yield reproducible test results
easily obtained without extensive operator training. A further aobject of

the present invent i'df 2fyrthey ghies) phibepresant iYBONUBIAFPER® ArbYicadE gt anul es
ol S S o S AT U BB

variations and the like will be apparent to those skilled-in-the-art from

t he pres@ﬁt specification taken with the acconpanyi ng drawi ngs and appended
cl ains. BRI EF DES I : . I . [,Dest e dr.awings,
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granul e as provi e present I nveéntion; IS a Sslae view-o

pref er r edeBRGEIbIERE! réduid daSBf okl8YEE NitRb VS8R VRYodeRRoPkAAREL | Nvention
with a portion of the device 'box cut-away to illustrate the internal 20
spring nechani sm FA @irthdr bSjeét df @ie frésbACAvaHtioWiDh prbadél et @ievide bitich 2

i solating the symretrical blade spring, containers and vibrator; and Fig. 4
I s a gr aphovidest grangles evithtcatjeioo oriantdtiomyehichard equally likedy ang minimizeacirags a
range of different conpressive forces. 25 DESCRI PTI ON OF THE PREFERRED
EMBODI VEXATSeThe present invention provides a method and device for
measuring granule inpact strength by vibrating a small contai ner of. one or
nore '§ranul es at a &BPT anGiwinef F‘é\@”gﬁﬁﬂsi embedimgnts; waratiops aRd theslke will be

repr oduci bl e damage to t he, anul es. Damage to the granul es,
P apparent to those skihed-m%e—an from the present specification taken with the

accompanying drawings and appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS
15 in the drawings, which comprise a portion of this disclosure:
Fig. 1 is a side view of a schematic illustrating a test device for measuring
the impact strength of a granule as provided by the present invention;
Fig. 2 is a side view of a preferred embodiment of a test device provided by
the present invention with a portion of the device box cut-away to illustrate the internal
20  spring mechanism;
Fig. 3 is a top surface view of the device in Fig. 2 isolating the symmetrical
blade spring, containers and vibrator; and
Fig. 4 is a graph of the percentage of undamaged particles versus time
across é range of different compressive forces.

25

DESCRIPTION OF THE PREFERRED EMBODIMENTS
The present invention provides a method and device for measuring granule
impact strength by vibrating a small container of one or more granules at a well-controlled

amplitude in order to inflict reproducible damage to the granules. Damage to the granules
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PCTI USO7/ 1280 og/fs839 | S neasured as a function of time and anppifradeyiagize
measurenents obtained yield a highly reproduci ble neans for characterizing
granule attrition and fragmentation. The tePnrattrition as used herein

I ncl udes the unwanted breakdown of particles wthin a process. Attrition
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produced by age o arger parti Abrasion iIs renoval of

material froma part'ﬂeﬂeﬁ#@ﬁnﬁd?@és Gy ﬁ'@ésﬂrhéudésQHEWﬁ@ah@drB#Eéko%m drer
than the particle. The term granule as used herein includes one or nore

particles @artRfesMithig @rsuERE ahritidinatie ko bBthalRadicn and REGRERN86E pRIvided
particles which are either loosely or rigidly joined together. A particle

i ncl udes athEsecee ahwanted! iFrhgmbmtation & tAs paitiess whiereblytasRirficle bplitsiio BMapér ous
or contain faults or cracks, but in general has not been formed by joining
t oget her t wertaruswghelasgeainl reimber @od snaddimpe eangdl of sboasef patticlegrpaodilees byahe be
inflicted by creating a defined strain upon the 15 granules through a
nunber of 8rgakegesf lagarpeicles-aibrasianys e remevaliof materiah from a particlersaich thet a
conpressive force with respect to the geonetry of the granules can be
changed. TH¥ @étﬂﬁ'@iW‘QY\edt‘-ﬁ@UF%FE‘@”%"&HWWQ%C@Xert ei ther an inpact, slow
conpressive, or very fast co%esswe force.. The strain can be dependent on

t he shape and size of hFH%mQP |eeas uskd hfreip RdudpsAna X MYRPAHCIGIRN Y obl ens
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starti ng por nt the results are Spread over e ran ar e

to interprgfay b pdrbiiS oPESHIAIR NI P\PIckeNBUtlY aéﬁé}éﬁ%d@ueh %He%tmemmg
damage, the sSpread in the results are reduce significantly. The test

resul ts prespffiedwber fiofe Bmbig didtestf @sfeall nvention will 25 denonstrate a
nore reproduci ble nethod of inflicting damage and nore neani ngful results

conpared to the curr ®amaget thauisnulédnadrhies infiictdy IpyTrehtiny agkfted stege upet brds
previously discussed is that only granules with well-controlled fabrication
hi st orites granuigslthrosightagthinieer afgidtenerdmeethods\ear exagpém theedirectide fob theestrain of

I nhonogenei ties can concentrate | ocal stresses and can seriously
a compressive force with respect to the geometry of the granules can be changed. The

geometry of the force can vary to exert either an impact, slow compressive, or very fast
compressive force. The strain can be dependent on the shape and size of the granuies.
As discussed above, one of the problems with using the current methods is
20 receiving reproducible, and thus more useable, results. When inflicting damage towards a
granule, it is difficult to inflict the damage in a reproducible way. Without a reproduciﬁ(e
starting point, the results are spread over a wide range and are difficult to interpret. if this
problem is overcome by reproducibly inflicting damage, the spread in the results are
reduced significantly. The test results presented herein using the present invention will
25  demonstrate a more reproduciblie method of inflicting damage and more meaningful resuits
compared to the current methods.
Anocther problem with using these methods previously discussed is that only
granules with well-controlled fabrication histories are well-suited for measurement. When a

granule is deformed, inhomogeneities can concentrate local stresses and can seriously
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-6- reduce granule strength. In general, the granule wl|l neous,
asynmet ri ca‘g O2R@3842pherical . Wen a granul e has been built UBE%S??I%

| ayering techni ques, the inhonogeneities.which are accidental wll be
observed. The presence of cracks in the granules can be inportant for
determ ning granule strength. The fabrication history of the 5 granule
such as treduce gtanuleostrangtiacingenetal dhe gcanubnwi ibatitihamegeneans,disygnmptact! end s
can affect the determ nation of granule strength. The present invention is
not so |iaﬁpmsdc@!newmmaim@ha%memwtbpens'mgg ayeriameghnisfueshidest r engt h of
the individual granule even though it is affected by the geonetry of the
strain, t'ﬁB""\’?@Q@%‘F”ﬂ%ﬁ which gee ??F&éﬁf’l‘a'd‘f‘" g% P%ﬁeﬁ"eq h@%gﬁeéﬁ’ﬁ‘ieo‘?f Gacksir heor ce

and the si ze and sh esent

nvent ongrgﬂuk?mée H edrandtr SRS RR ey s repgenaufSanGN the
ot ef orabl B ush 35 e BHpbR FOHPERE, Aot rBe ot &r U AOARhPenE can® ' ©
dust - { | ghlgre @t A0 ;éor{é@gnmg@ﬁgn BB S P ATLAIASE nbesd Bindid O

The hei gh e contal ner 'S much 1arg |ane

granul e 1&0&%@?a%3@d¥1ubleﬁn@§§iﬁ§rﬂeﬁtf of 3RO rerrfth bf fﬁ%ﬁﬁd;wb@%'g’?&tﬁ@@vé@though <o

di nensi on o e container 12 in the direction of the container’'s trav

nuch | ar gigfs afficted Siethe! Grdnttgroflie difait the veloely OMME IRPAct o 5thaiR, thBQlirection
container for a longer period of tinme. Hi gh inpact velocities result when

t he cont apfrithe fdr2eland th®size tandBhhpe dethelgesmiles bef ore i npacting the granul e
18 and creates a larger velocity difference between the wall of the

cont akmer and t he gifhapresenfdvention provides a testkevicand damep ald®maiherat2es wit h
an anplitude which is larger than the height of the container 12 to assure
that the geanedeonBsping tewhies, iodnmalsnetpurmd ios af\@:rret@MfioTbg@no@irte@ 2he

wal I s on both sides of the container e of the VI bration is
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st rong y anplitying the novenent | npart e contalner 12. For exanple,

when the Wdi)ro%'ﬁs%e é%nule 18 with free movement wrthm the container for a longer period of time.
High impact velocities result when the container 12 has more time to decelerate before
impacting the granule 18 and creates a larger velocity difference between the wall of the
container and the granule.

20 The container 12 vibrates with an amplitude which is larger than the height of
the container 12 to assure that the granule 18 inside the container 12 is forced to bounce to -
the walls on both sides of the container 12. The amplitude of the vibration is proportional to
the velocity of the container 12. Preferably, the granules are shaken with accelerations up
to aboui 400 g at ampilitudes from about 0.25 cm to about 4.0 cm.

25 The spring 14 is selected accordingly to have a predetermined frequency of
resonance such as, for example and not limited to, about 50 Hz. The vibrator 16 shakes
with a small amplitude at the selected resonance frequency which results in strongly

amplifying the movement imbarted to the container 12. For example, when the vibrator 16

shakes with an amplitude of only about 1 mm at one end 20 of the spring 14, the container



shakes with an anplitude of only about 1 nmat one end 20 of the spring 14,
t he cont ai ner 8/ 03849 PCT/US97/12828
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ot her end 22 of the spring. Any conventiomnal7 vi brator, _preferably having a
vertical notion, is suitable for use with the present invention. One

exanple is vi bratj ng table. The st vice 10 ovi de a nmeans to make
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fine tuned ' . e f A erably, the resonance
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granules still present yields the percentage of granules not fragmented.
Wth this icd#norerfine tumedtth giettes edsopepce fréquemcy S Prefetablyt, treresondncagraguenty on
can be nonitored. A preferred enbodiment of the inventive test device for
dynani cal | Yo He{Fwgpear maindifgsedof a granule is illustrated in Fig. 2. The
test device 24 includes a housing 26 for supporting a spring 287therein.
The spring 28 connect § QREIBYRD. 3hl?0°°3@a'6¢f b?'Fégblgiteé;@fﬁiﬁrﬁ%eggegglabﬁyoeflmim
t he housing ,26. Connected to the_ opposite end. 0 e rod 3 is an
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stability. A small weight 54 slidably attacheéd al ong t
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frequency of the containers

15 attrition to fragmentation can be monitored.

of

A preferred embodiment of the inventive test device for dynamically testing
the strength of a granule is iflustrated in Fig. 2. The test device 24 includes a housing 26
for supporting a spring 28 therein. The spring 28 connects to one end 30 of a rod 32
extending externally from the housing 26. Connected to the opposite end 34 of the rod 32
20  is an elongated support which connects to a tempered blade spring 36. A pair of rigid -arms
38, 40 connect at one end 42, 44 to opposite sides of the biade spring 36. The other- ends,
46, 48 of the rigid arms 38, 40 connect to a pair of containers 50, 52, respectively.
Preferably, the arms 38, 40 are made of aluminum and are attached in a symmetrical
arrangement centered on the blade spring 36 in order to avoid problems with impulse-
25 momentum stability. A small weight 54 slidably attached along the longitudinal direction of
one, or both, arms 38, 40 can be used to adjust the resonance frequency of the containers
50, 52.
Fig. 3 illustrates in greater detail the blade spring 36 rigidly connected to the

end 34 of the rod along the elongated support. Since conventional wound springs are too



50, 52. Fig. 3 illustrates in greater detail the blade spring 36 rigidly

connected t 34 of the rod along the el ongated suppor |nce
convent i ona&v(\t/’\g@%%ggpri ngs are too WO 98/ 03849 perosdHias

PCT/ US97/ 12828 -8- heavy for reaching hi ghgresonance frequencies, the
present invention adds a second spring neans by utilizing the blade spring
36. The shape and material conprising the blade spring 36 allows flexing to
occur bet &MY faTdeating high respngnce flequengias. Hemesmt imentgniaddra seepnskspring
rod 34. The flexing of the blade s ring 36 allows the containers 50, 52 to
reach 5 &% r”t&EQQﬁ%%E@d?FBW®§@yT TRRAIRHAN MalRsiaheqmerizing the Hiade
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cycl e about &very secands (ms). In operation, both containers 50

and 52 can be used ff{e é'ﬁ?“tbwa&{iwﬁysthe%nféﬁﬁr?%“s?@?s%'a‘é&%zei'&g}‘}@défégﬁx

that when the anplitude of one container of the test devic I ned,

addi t i onalthe revoptiepgsighléde fisdivstaterby Belphan@iPiages™ Righgr asithe! di ng a
15 higher anplitude. This provides the opportunity for a robust mechani cal

f eedback fagitatiorpisirteadt the gedartanos frabieency of yheomas < oprirdy ddeibimdtionhirgeest
device 24 is used for granule testing. The anplitude of the container with
t he granulaaplitudsismanyber ashiaviedt dtie freqaensyr dfaiperatiariisidictatdchipyitiie regias gihidhSs
applied to the test device 24 so as to ensure a regulating effect of the
nechani®c alPréfeehaaRout K0 Hz xErasefosm dheypontainehisavelll a semplétebgydichabaus sveryeddi ce
24 20 to t,@e cont ai ner which is not being used to test the granule. The
anpl i t ude "WHREHDASAMS}-ol | ed easily by installing a mechanical limt 56 to

Vi'brati on test by adMSEEHGR En RENBIEFORS He Shean BasEl fon R inossan bt her
preferred aahadhopbned, MRV tm%mgl%ﬁ%e%@%g%oht%ir;eg%'?gme test device
24 is declined, additional energy appears to be directed to the other container, yielding a
15 higher amplitude. This provides the opportunity for a robust mechanical feedback for
amplitude regulation when only one container of the test device 24 is used for granule
testing. The amplitude of the container with the granule is simply restricted to a certain
maximum. Enough energy is applied to the test device 24 so as to ensure a regulating
effect of the mechanical feedback. All excess energy is then directed by the test device 24
20  to the container which is not being used to test the granule. -
The amplitude can be controlled easily by installing a mechanical limit 56 to
the allowed travel of the resonating system. An amplitude is set in the vibration test by
adjusting the height of the mechanical limit 56.
Another preferred embodiment is useful when hardly any damage is.found
25 using the test devices described above. In this alternate embodiment, one or more metal
balls are added to the container with the granules. For example, in measuring catalyst
particles of 70 um size, a single metal ball of 4 mg is added to the container. Any object

having an impact strength sfgnificantly larger than the granule and a diameter less than the



25 using the test devices described above. In this alternate enbodi nent,

one or nore RRHIkpskabl s are added to the container with the 9r§ﬁ‘i‘h)%§7/1f89§
exanpl e, in neasuring catalyst particles of 70 [err]msize, a single tal

ball of 4 ng is added to the container. AnySobject having an inpact
strength significantly larger than the granule and a dianeter |ess than the
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cannot be guaranteed. This node of operation for the present invention

di ffers frdaltand thebrdnsiass fioin caisonsohetivgen decgrahalds dhd e tonthinereains. tWeh
granules and the walls of the container. It is guaranteed that in every
cycl e of tIeyenowcie efdhe centeineqsevenalecodisions des possiiie talthoagmtallisiens gairot aad
in this way many randomorientated collisions are obtained, all with a very
defined i m8&@fani@®bcity. As a result, all possible collision orientations

will occur within a short tinme peri od 15 Havi ng generally
descri bed the present This,node ob APeration farias P[ﬁ?ﬁé‘r@‘!ﬂﬁ@ﬂrﬁ’@‘f&t\f&ﬁob@ gisoliisived by

f he,f i f h ded h f
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about 2.5 cm and were thorough y cleaned. The preferred | engt each
rigid arm »8riod0 and contai ner 50, 52

15 Having generally described the present invention, a further understanding
can be obtained by reference to the following specific examples, which are provided herein

for purposes of illustration only and are not intended to be limiting of the present invention.

EXAMPLE 1

20 Unless otherwise stated, the following procedure was used in obtaining the
test results presented in the tables and Fig. 4. Using the preferred embodiment test oevice
24, the amplitude was set in the vibration test by adjusting the height of the mechanical
limit. The containers were made of plastic having a height of about 2.5 cm and were
thoroug'hly cleaned. The preferred length of each rigid arm 38, 40 and container 50, 52

25 was about 15 cm. The amplitude of vibration was controlled in the preferred range of about
0.5 cm to about 2.0 cm.

About 30 mg of granules (which is about 150 pieces) having a size range of

about 0.4 mm to about 1.0 mm were put into one of the plastic containers. The container

was sealed dust tight with adhesive tape. The container was shaken during an interval of



25 was about 15 cm The anplitude of vibration was controlled in the
preferred range of about 0.5 cmto about 2.0 cm About 30 ng of granul es
(which i s aboas/oB8® pi eces) having a size range of about 0.4 PEHRUSS7/EASRRIt
1.0 mmwere put into one of the plastic cqgtainers. The container was
seal ed dust tight with adhesive tape. The contai ner was shaken during an
i nterval of WO 98/ 03849 _
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20s, 40s and 80s). After each period of tinme, the contents of the container
wer e si evefitims| thg cantghfs ffethe fontginev eeteosiewrtbwsng A& 18 arragede yrramove she By
taking pictures of the undamaged fraction, it was possible to determne 5
t he propodainegedpramutesi ti on versus fragnentation. The percentage of nass
t hat was unbroken was determ ned and this fraction was put back into the
contai ner. The cont &yiakingRictures ptiedndamagre fraction, #vastassiblet tordedermirfe
time. This was repeated for a nunber r(gn': 5)_of different anplitudes by
adj ust ¥ ngtherRIORRIRR QY @HMtIqN yarus fragmeriation. Mihesreseentags et mess thatwasr ned by

umber of CPeREen feg peterine ankbisdiRaen as At Pag Gohe PoaiRontts MuRay
t he resul P%s\%g%‘gd%gh ghgkéﬁw%gﬂ%h%yﬁé}ga'w%%r of granules tested at one

time. Tab ports the resu romusing enzymes containing |ayered
granules. 15 This was repeated for a number (n= 5) of diff -rﬁ)i ' r i
G anul es Tine MEmRSS R aser (n=5) of differe %&Tﬁ’g%“d g}é? ang-'StquTg]

of granul g% mechanical limf! AMtRSdifeA8onal picture was foRad By Blottfu&itREMattriti [ %4
[9%4 O - 136 100 20 0 PeE By y Blottfi3Agf atriion or 1 24
63 10 breakage as a function of velocity and the number of repetitions.
The test device was first used to demonstrate that the results were not
influenced by the number of granules tested at one time. Table 1 reports the results from

using enzymes containing layered granules.

15 Table 1
Layered Granules

“Time.;m=mass -.n=number. In=nimberof; .-
(s)  “]mg}- - of graniiles L -granules® . - -
n=10 n=309
m retained [%] [%]
0 1.36 100
20 1.07 79
60 0.86 63
80 0.68 50
160 0.23 17
320 0.21 15
0 41.99 100
10 41.44 99
20 38.87 95
40 34.14 81
30 2368 56
160 11.22 27
320 6.14 15

One of the advantages of running tests on a larger number of granuies is to
reduce the difference between samples and the inaccuracy of determining the granules’
20  weight. Furthermore, fragmentation is a discrete effect, so large numbers of granules are
required for obtaining smooth, more meaningful signals. A suitable method of damage

assessment for larger samples is to sieve over half the original granule size e.g. 310 um
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81 80 23. 68 = 11 ~56 160 11. 22
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of granules are required for obtainihg snooth, nore neaningful signals. A

suitabl e net hod of damage assessnent for |arger sanples is to sieve over
hal f the original granule size e.g. 310 [err]m WO 98/ 03849

PCT/ US97/ 12828 - 11 -- when granul es oEXAMRUE B00 [err]mare used. It
appears that smaller sieves can be used as well, as granule fragnents are
qui ckl y sreduced to a Ameliés ef teets viasAdniicd Qutivith three commercial aveilgblel granaies:
tests was carried out with three comrercial avail abl e granul es: Cenencor

CXT 600. oooG?nancpéCmﬁqq %C)O pr@ﬁ@ﬁ@bﬁmww B RediGranstes(( ESG)) flom@enencor
Genencor and Savi nase m_NOVO Nor di sk {Enz yne Layered
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sever al interva er eac unt damaged gran
was det er m ned by si exbad 30 mg of each commercially avaitable granule product was introduced

into the test and vibrated with different amplitudes of the container for several time
intervals. After each period the amount of undamaged granules was determined by sieving
the granules over 315 um.

15 Table 2 gives the results for granule product ELG. Observing the results
across the columns, the effect of increasing the amplitude [A] of the container can be
monitored. Average particie size in the tests was between 530 and 710 um, average

granule mass was determined from counting the number of granules introduced to the test:

0.29 mg.
20
Table 2
ELG Undamaged [m%]
ELG Afcm]
time[s] 2 1.7 1.3 1 0.7
10 93 95 97 98 100
20 86 91 25 97 100
40 77 84 91 96 99
80 61 73 84 92 99
160 41 58 74 86 89
320 21 39 58 77 98
640 7 17 40 65 96
1280 3 7 24 51 83




t he granul es over 315 pm 15 Table 2 gives the results for
granul e prag)u G (Observing the results across the col UMy, ggt;,%fz ect
of increasi ﬁ%gbamlitude [ A] of the container can be m)nito{l}e .1 vgerage
particle size in the tests was between-532 and 710 [err]m average granule
mass was determ ned fromcounting the nunber of granules introduced to the

test: 0.29 ng. 20 Table 2 ELG Undamaged [nf4 ELG Alcm
tinme[s] 2 1.7 1.3 1 0.7 10 93 95 97

98 100 20 86 91 95 EXAM L 100 40 77 84

91 96 99 80 61 73 c3 92 99 160 41 58
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Table 3
10 Prilt undamaged [m%]}

Prill Alcm]

times[s 2 1.7 1.3 1 0.7
]
10 97 g9 98 100 100
20 94 o8 98 88 100
40 86 96 97 86 97
80 78 g1 92 83 96
160 68 83 86 8g g2
320 54 71 76 83 89
640 a8 57 65 76 87
1280 15 40 51 65 84
EXAMPLE 4

Table 4 gives the results for the granule product FBG. About 30 mg of
15 product was introduced into the test and vibrated with different amplitudes for several time
intervals. After each period, the amount of undamaged granules was determined by
sieving over 310 um. Average particle size in the experiments was between 590 and 710
um, average particle mass was determined from counting the number of granules

introduced to the test: 0.16 mg.



10 Prill undamaged [nP4 Prill

Alcn tinmes[ 1.7 1.3 1 0.1] 10 97 9%

0o " 100 | Woskgsus 94 08 08 99 100 45TV REE
96 97 96 97 80 78 -913 -- 92 93 96 160
68 83 86 89 92 320 54 71 76 83

89 640 38 57 65 - 76 87 1280 15 40 51
65 84 EXAMPLE 4 Table 4 gives the results for the granul e product
FBG About 30 ng of 15 product was intrgﬁ'&%e“d intQ the test and vibrated

with different anplitudes for sevef&C UpAameRedIMls. After each period,
t he anobunt of undamaged_granules was determ ned by sieving over 310 um
Aver age particle size B Hhe experi ment

average particle t A

i ntroduced to the test:1%.16
PCT/ US97/ 12828 -- 13 --20rapl e

150
@0 100
. 1i00

Alcnl tine[s] 2 a1 1oh- 100
100 100 100 16 100 2040 7 99 2 1004 gg) 100
100 40 92 32§9 22100 2300 51 1008330 g9 68
o1 95 100 49 100} 44 16 26 58 95
1280 5 9 15 40 B8
5 The results measured by the present invention and reported in Tables 2, 3,

and 4 provide information not easily made available by the current methods. The results
across the rows of the Tables identify the cumulative strength distribution of the granules
as a function of their fatigue history. The results across the columns of the Tables identify
the development of the percentage undamaged as a function of fatigue.

10 One interpretation provided by each of the Tables is a comprehensive
description of the strength behavior of the granule during dynamic processes such as
pneumatic transport and dosing. During pneumatic transport, granules suffer from
collisions with the wall in a comparable way as the collisions generated in the tests of the
present invention. Thus, the tests provide an indication of the damage occurring to the

15 granules during transport.

Using constant velocities as the criterion, tests at constant amplitude should
be compared.

Another interpretation provided by each of the Tables is the fatigue caused '
by dynamic and static compressive forces. Since amplitude is easily varied and the

20 number of collisions is controlled by the duration of each test, a complete characterization
is availa.ble for granule fatigue as a function of velocity of impact. As for low velocity
impacts (about 10 m/s) most deformation of the granules is primarily elastic. One can

convert velocity of impact to compressive force of impact when the compressibility constant

is known.
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conpared. Another interpretation provided by each of the Tables is the

fati gue cerosectid\grahyia praduatsdestied hemircwhich etiowy ealtdatisof t8e mompeassivet ude i s
easily varied and the 20 nunber of collisions is controlled by the

dur at i onfas¢eseindhe trepact testsonpl et e characterization is available for granule
fatigue as a function of velocity of inmpact. As for |ow velocity inpacts
(about 10 nis) nost defornmation of the %Séinul es is primarily elastic. One
can ddnvert velocity of inpact to conkf Pve force of inpact when the
conpressi bility constant is known. _98/ 0?849 ]
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can be conpared by their fag_ ue resul
pr oxi mat
ere Sis

ent types of granul es
0gEffects of differing mass can be
11, el astic collisions are assuned:

i ncorporated if, as a first

0.5 nmv[err] = 0.5 Flerr]/S, anul e stiffness and

Using the formula for F.. , the maximum compression force during impact
can be calculated and the influence of mass of granules during impact can be incorporated.
15 The calculated forces using container velocities, average mass and granule stiffness, for

each commercial granule product tested herein is presented in Table 6.

TABLE 6

20
The tests performed by the present invention are extremely well-defined in
terms of impact velocity, impact orientation, impact force and history of the granules.
Therefore, it is an extremely well-defined test for granule fatigue. Plotting the resuits as a
function of fatigue presents a very clear picture of particle strength which can not be readily

25 obtained using the prior art methods.



t he maxi mum occurred conpressive force. Thus, Flerr] = v[err](n5). Ganule

stiffness as._use herein is the initial linear relation b ul e
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def ormati on I red conpressive force. Table 5 presents the mnea

result of measurenents of granule stiffnessisfor the three conmercia

granul e products tested herein which allows cal cul ation of the conpressive
forces in the inpact tests. 10 ] _ TABLE
5 Stiffness [N mmj ELGFig. 4, the resultsifgr theppree different types af/grgnyig@roducts are
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gr anul es. refore, IS an exirene est for granule
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clear picture of particle strength which can not be readily 25  obtained

using the Bifn'gw t{gé bof gRinRdSl fie on ¥WellBefivdPiree dimensional curved surface. The
PCT/ US97/ 12828 In Fig. 4, the results for the three different types of

granul e pr edwet susfaeegillvstrata that tielunse! dfaompredsivel fgree Zrairamtie? o8 rddetiticss 8fa
fatigue and duration). The fatigue force has been cal cul ated as descri bed
earlier. Crcempleye measutetfor franule feligug. eleypufaces groxitel alodpkintirmatigh gbewl at ed
and appear to create three dinensional curved surfaces: the spacing of the
5 fatp guéatigyefdevelgpmentindhe BEaneias. granul e types is a measure for granul e

strength. Results of experinents with different sizes and different
velocities for a The complex analysis provided by the present invention is needed to

accurately describe the damage to the three different types of granules in using
compressive strength behavior,
As demonstrated by the results presented herein, the present invention can

15 be used for characterizing, for example and not for limitation, granulated industrial
catalysts, industrial enzymes, and food enzymes. The present invention is also applicable
for identifying problems and providing solutions to the use of granules in the
pharmaceutical industry, the grinding of clinker in the cement industry, the creation of dust
in the milling of flour and other foodstuffs, or dust generated by mining and quarrying.

20  Another example of the present invention's applicability is with the large particle attritio.n
which occurs with railroad ballast where properties degrade due to the motion of the
sleepers causing lateral instability. A further application of the present invention is the
generation of fines within packed columns used in gas-liquid chromatography which lowers
efﬁcienéy and increases pressure drop.

25 Numerous modifications and variations of the present invention are possibie
in light of the above teachings. It is therefore to be understood that within the scope of the
ap'pended claims, the invention may be practiced otherwise than as specifically described

herein.
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PCT/ \ys97/ 12828 -- 16 -- CLAIMS 1. A test device for characterizing the
i npact strength of a granule, the test device conprising: 5 a

first | cont aijner hagi MpeafevicBloftiath 16avdrkin thavigeiting Rtdankshecisdesenednd fae
granul e; an
amplifying a lower frequency to achieve the predetermined frequency of resonance, the

amplifying means connected to the vibrating means.

15 3. The device of claim 1 wherein the device includes means for controlling
the amplitude of the container, the controlling means at least intermittently connected to the

device.

4. The device of claim 1 wherein the device further includes an object for’
20  placing inside the container, the object having an impact strength significantly greater than

the granule and a diameter smaller than the interior cavity of the first container.

. 5. The device of claim 1 wherein the device further includes means for
adjusting the predetermined frequency of resonance.
25
6. The device of claim 1 wherein the device includes a second container,
the second container connected to the vibrating means, and the vibrating means includes

means for amplifying a lower frequency to achieve the predetermined frequency of



means for vibrating thH!“ULH’ILBH”MUHi in a generally unidirectional
noverment at wobgRegher d »of resonance wth suffi ecamsestzsesgt h
to provide reproduci bl e danage to the granuyle, the vibrating neans
connected to the first container. 10 2. Thé’device of claim 1 wherein the

vi brating nmeans includes neans for anplifying a |l ower frequency to achieve

the predetgim ned Mee%gsmg;mg%earn%%@ﬁeg&d %@fegﬂm LibMHRE MEARSAARB SR &gt O

t he vi brating neans. evice of Claim1 wherein the
devi ce incididasg BRI Or controlling the anplitude of the container, the
controlling neans at least intermttently connected to the device. 4. The
device of claim1l wherein the device further includes an object for 20

pl aci ng inside the container, the object having an inpact strength
significantly greater. thap teftedeyicarfot eharactedzin thadmpactssm@ingt oftdhgrantfeethe
interior cavity of the first container. 5. The device of claim1 wherein

t he devd cetektidévicer comgrisires neans for adjusting the predeterm ned frequency
of resonance. 25 6. The device of claim1 wherein the device includes a
second cont ai ner, t he viksatongroyiinigaé generabnurdireational monemer aha ipredetermingd
and the vibrating nmeans includes neans for anplifying a | ower frequency to
achi eve t hieepres@®t er mi ned frequency of WO 98/ 03849

PCT/ US97/ 12828 - 17 - resonance, the angl i_fP/i ng [nsans osi ti.oned between
the vibrating neans &AFEteRBIENS HRVIRRANIREBRILAVBNIPF PN the size ofhe geanule;

devi f h LZl he i h of I he,.5 .
dovi co compri o ng: S JTBARIeY SBIBGI Fringe R ParIp SR th VRS e ARy rent
ar gor ok RUNG e BHGRENIg.Fed [ oSS EhneeREh Bt B3 MG gl oot

at one endyleRefelfinthifedfiuehey 5118 sORRRE dd@pted to amplify the frequency of the vibrator

movement and impart the ampiification to the container.

8. The device of claim 7 wherein the device further includes a spring
15 assembly having a higher predetermined frequency of resonance than the first spring, the

spring assembly configured to connect between the first spring and the container.

8. The device of claim 8 wherein the device further includes a second
container, the spring assembly including:
20 an elongated rod, one end of the rod connecting to the end of the first sbring
opposite the vibrator; ‘
a pair of arms;
a second spring, one end of the second spring connecting to the opposite
end of the rod, the opposite end of the second spring connecting to one end of each of the
25  arms, the opposite end of each of the arms connecting to one of the containers, the arms

extending outwardly from the second spring in a symmetrical pattern.



10 end of the first ' ' d to connect to the container, the
first spring having liﬂmuml"mmﬂmmﬂrequency of resonance adapted to
anplify thwofosmsgaency *of ¢t he Vi brsat or novenment and i npart t RETASPUIWBEati on
to the container. 8. The device of claim{ wherein the device further
includes a spring 15 assenbly having & Hﬁgﬁer predet erm ned frequency of
resonance than the first spring, the spring assenbly configured to connect

bet ween the first %pr 13 eldIRHAR e the de FEEINdRUEE S M crahRaM e

wherein the device further 1 ncludes a second container, the spring assenbly

i ncl udi ngonfifdired to control the ampifucR itB@tEktaineel thd@RRcRATcATimitBepsspsbrizansect i ng
to the end of the first spring opposite the vibrator; a pair of arns; a

second spitérnitterdifengade ahd réxtriceicotrdve pf bngotereeti ng to t he opposite end
of the rod, the opposite end of the second spring connecting to one end of
each of the 25 arns, the opposite end of ‘each of the arns connecting to
one of the containers, the arns extending outwardly fromthe second spring
in a symretrical padtlt dine devicewbcidh@38E@ein the device includes a weight adjustably
PCT/ US97/ 12828 -- 18 -- 10. The device of claim9 wherein the device

i ncl udes aa¢hasHamneAf the aims thewaBhytendigutes te@siusbihetfrRauaney plresenastcet he
container, the nechanical limter positioned to intermttently engage and
restrict the travel of one of the arnms. 5 11. The device of

claim9 wherein the_deyi ce incl.udes wei dj.ustaply. aftached to one of

| o ol eyl i vt e SPES hERe) ok RE 2B paRL TS o
The dovt g of gflf &703(}42&:% ’ﬂqetﬁbj @l%ﬁ% HEaer t?ﬂ Jhusg g Bt ot
pl aci ng PRSIT§ 'ﬁe CoRt A 'ner’, g eObj e'c? T ng F 1 §npa§'ﬁ I%rg gptan ]

Si gnibi Cad dundie diah%'i'er]s.@nanfehﬁlaﬂrtﬁé‘Wigrid’f‘_'%ﬁ\gﬁ; dgitﬁ@ﬁrts%oné%ﬁgla}.er than the
15

interior cavity of the tirst contalner. vice o I'm 7 wherein
the force applied to the container is about 400 g or |ess.

14. The device of claim7 wherein the range of anplitude for the container
is about 0.5 cmto #@BbOrHe daviteCsficiaim 7 wherein the force applied to the container is about

400 g or less.

15 14. The device of claim 7 wherein the range of amplitude for the container is

about 0.5 cm to about 2.0 cm.

15. The device of claim 7 wherein the predetermined frequency of

resonance of the spring is about 50 Hz.

16. A method of characterizing the impact strength of a granule, the
steps of the method comprising:
vibrating a sealed container having an interior space for confining a piurality
of granules at a predetermined resonant frequency for predetermined period of time and
25 amplitude;
removing the damaged granules from the container; and

measuring the amount of undamaged granules.



15. The device of clai . redeterm ned frequency of resonance
of the spri ng,d'@m?g@ut mmmmﬂllrwﬂlnA met hod of charact eri zcagydohg2828
i mpact strength of a grdnufe,“tHe Steps of the nmethod conprising: vibrating

a seal ed container having an interior spacd9 er confining a plurality of
granul es at a predeterm ned resonant frequency for predeterm ned period of

time and 25 anplitude; renovin e d ed . granules fr t he cont ai ner;
and neasuring the anggntﬁ@fmﬁ[hagﬁggé’ﬁ“ gaﬁﬂ‘ﬁfeé'g.me me%d ugc&,%g:@gtrolﬂng the
PCT/ US97/ 12828, - - -- 17 The nethod,of clai 6 rein the nethod
el udes. cBRPHSER s Fding X DRE LY s A herddl YR Bnaire | y
limting the travel of the container. 18. The nethod of claim 16 wherein
the nethod includes, after the nmeasuring step, the steps of: changing the

~anplitude at which tRe cgyatALRBH of Slaikl E’é%@ﬂa’in Ereeofﬁa%a%ams,ssﬁm[@f

vi-brating, renoving and neasuring at the new anplitude; and correlating the

damage of h@safi@stepsthastébsfaenction of tinme and anplitude. 19. The nethod
of claim 16 wherein the nethod includes adding an object to the seal ed

contai ner prior to tlkBasdiagtheodmplheds aowisith i@ cirtdinedibeibedip@ct having an

i npact strength significantly greater than the granule and a di aneter

smal | er than the int espaatingdhve stgpobf tibmtihg rrethovimgtamidmeeasudfg affthe mest hod of
claim 16 includes, during the vibrating step, the step of adjusting the

pr edet er ni A@gliudeg@rthcy of resonance.

correlating the damage of the granules as a function of time and ampilitude.
10
18. The method of claim 16 wherein the method includes adding an object to
the sealed container prior to the start of the vibrating step, the object having an impact
strength significantly greater than the granule and a diameter smaller than the interior
cavity of the first container.
15

20. The method of claim 16 includes, during the vibrating step, the step of

adjusting the predetermined frequency of resonance.



