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Summary. BEACEGROTUND. The paper preserts the methodaology and measurement data of electiical perme-
ability and particle size distibubon on the exanple of nolling zrist obtared fromwrheat graim The test stand
has been presemtad in the presert paper, too. The dise nll has beanused in cwder to chtain proper fachions and
dirmension classes of dust criginating fromm the prepared rawr materal Conmron featares of all such dust are
their explosive properties that prechade the application of offectve ad efficient electrostatic filters operating
at woltazes of domers of KV,

EESTULT: . Onthebasis of the exemited ez ements the parfoirnance charactens tios for the wal and mnazinary
component of electical permeability for the ecanured flactoms of dust chtaned fromm the milling of careopses
af wheat ATMART have been eldorated. Incase of flactions remlting from grain nalling proces s by mears of
laboratory null the wal component of elechie permeability o™ ncre ses accoring to fequency voltage meowase
and achieves maksinum 75 for the frequency £= 30 kHz and mradually demreses thewafter. The alectrical
permeability measurerrerts have been also cared oat for the flactiorns produced mn cowse ofwheat carecpses
nulling process mthe mull The results chtamed fiomm the meamremerds and caloulations have been sabjected
to stabistieal processing.

CONCLIOSION. The application of the methods based on the measnirerents of electie parameters for the de-
tenmination of the gramlation for the dus toriginating fromm nulling of plard cxzin dielectics and of' its potential
contanuratons m form of forezn comporents seems tobe an mereshng 1ssue. The data awe tobeused alson
the design of abifilar filter for applicatonin the food processing idustor for atr dearing of dusts of plart oxgzin,

Key womnds: electrical pameability giain nolling, 8o sramilation, meamrements methodalogy

INTRODUOCTION

The purpose of the present paper is to find the corelation betaeen the granulation of dust
iflour) and electrical permeability The creation of methodology and the measurement of electrical

permeability of the four produced in wheat careopses milling process ws. granulation is another
subject of the study
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The scope of the tests encorapassed the measurement of electrical permeability of the dust
produced in wheat careopses milling process we. granulation, determination of the correlation be-
tareen the permeability of the mixtore and guantitatie composition of grarlates as well as the
statistical and graphical analyess of the tests results.

CHARACTERISTICS OF THE MEDIUM UNDEE TEET

The coms are used mainlyin food industry and agriculture as well as in other sectors of the
econory [6,7, B].
The com products are produced in course of grain milling process. Al products are classified as
follows in accordatce with the kind and degree of proce ssing:

- corn grain — the product not subjected to milling process,

— coarse and fine grain — subjected to prelivinary ralling proce sses,

— coarse and fine groats — subjected to ralling or crushing process,

— grain dusts subjected to several milling phases,

—various types of four — the final product of grain walling,

— bran and grain germs obtained as the by — product in the course of gram ralling process.

WHEAT GRAIN MILLING PROCE 3

The grain willing process consists of grinding of refined and conditioned grain followed by
grinding of so called interrmediate products produced in rdlling process antl the final product ie.
the flouris obtained by zifting [6].

The simple or coraplex wheat grain willing process can be applied.

The sinyle process consists in single passage of grain through the grinding machine produe-
ing the flour rmade of whole graiv called alan the whole meal
The corplex railling process applied in order to peoduce white fours (and the iv warions types), con-
siste in ultiple passage of grain and intermediate products theough grinding rnac ines followedby
sifting mackines in form of wultiple milling passages.

The whole grain ralling process can be subdivided into the following grinding and sifing phases:

- grinding,

— sorting and refining of grits,

— grinding of grits,

— final grinding of zrits and dusts.

The special lahoratory mills are used for grain milling in lahoratory condiions. The rilling
results ave affected by techrical conditions of the milling process, the experience of its operator as
well asbiy technological properties of grain. The wolume of obtained ooy iz sigrific antlyinflue need
by the hareddity of grain. The grnding of dry grain is facilitated. The grain to be railled should be
carefullyprepared prior to milling owing fo sigraficant influenee of grain baraiditron milling re sults
[56,7,8]. The selection of the mdll type is frequently made on the basis of the grain saraple size.
Cmadrurna t-Tunior wills are used for milling of wery small sizes ie. upto gbout 200 g
The detailed roethodology of grain milling in laboratory conditions iz detertnived in the operating
manuals supplied by the manufaetorers of the laboratory walls or in the handbooks in the scope of
grain processing techrdcal avalysis.
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EQUIVALENTELECTRICAL PERME ARILITY OF THE MIEXTURE

The mixtare consisting of graing charac terized by diversified size and electrical perne ability
creates a uniform isotropic medinr encor passing a significant area in corgparison with the diraen-
sions of indrvidual grains. It is pasaible to determine the averaged walue of dielectric constant £
for grains mintie by testing of electical properties of such medion.

Lganming the spherical syrnemetry of the particles and insizrificant diffe rence s be bareen their
dielectric constants, the following relation be taeen the electrical penmeability of the mirture zm
and the walnes of the electrical permeshility of hoth the components of mixhire was obtained [1, 4]:

3( Ea T 5-'|:| &l

= Ay gL Ll LA §
BT e 2, (1)
where:
g, - electrical permeahility of the first substance,
g, - electrical permeability of the second substance,
g - electical perraeability of the mixtore of the both substances,
i - relative wolwmetric ratio of the both substances in the mixore.

c=2 oy 0=y (2
2 FRL o
where:
¥, - volume of the first substance,
¥, — volume of the second sibstance,
m, - mass of the first substance,
m, - mass of the second substance .
For the measured value of ¢ and for the known taro from among three parareters of the mixto-
1 C, g, s )it is possible to deterzaine the third one, e g. O=flg, g), g =fC &), £, =flC &)

L |

ore =flg, e, C)
The exatrples of the caleulations have been preserted below and dllustrated with the correspon-
ding diagrarns.
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Fig. 1. Diagramfor e = {2, £ ard £ = 4
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TEETING METHODOLOGY

The measmrements were carried out at the laboratory stand presented i Figure 3.

3 Impedance analvier .
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Fiz. 3. Testing stand: 1 — chmahe chandier, 2 —meamring capacitor flled wath wheat frachors wder test, 3 -
ivped atce analyser, 4 —copputer, 5 —cormectng cable BES 252 & —peter

The measurements wete performmed i accordance with the following methodology:
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FREFARATION OF MATERIAL UNDER TEST FOR THE MEASUREMENTE

The ralling fractions urder test were obtained from te chnologic al wheat grainmilling process
catried out in the wdall. Prior to the measre ment, the fractions were held for 72 hours inthe clitmatic
charober irorder o dete rnine appeopriate horaddity: &fter their rernoral frora the clirnatic charnber,
a saraple has been weighed for measurerent. The mass of the saraple (m=32 2) was determnined by
the woluwe of the capacitor used for the measuwrerments. Al wolane was deternined by means of
expe e nts in the course of prelivaimary tests.

THE DEECRIPTION OF LABORATORY STAWD

The testing stand consists of Fluke PIV 6306 impedance avalyser, coraputer with printer,
roeasuring capacitor the climatic charaber and connecting elernents (cables and terrninals).

ELECTRIC PERMEARILITY MEASUREMENT PROCEDTURE
FOR GEANULATES FRACTION

- Affer 72 hours, the saraple of fraction urder test was drawn and placed in the measring
capacitor. The satne conditions and the method of capacitor filling with the (dielectric) roate-
tial under test were maintained each tirne.

- PLIE306 impedance analyser (see Fig 1) was used for its capacity measure ent.

- The following measurernent procedure was indtiated for the irape dance analyser.

- The calibration of npedance analveer was performed.

- The program ensbling automatic measurements by means of impedance analyeer was
mstalled and cordfigured.

- SWEIW Component View prograrm used for measurement data aceuisition and wisual-
Izafion was nim.

- The kind of link be teeen the corapmter and meter was selected through B5-232.

- Bfter the selection of raeammernent option (Scanning Whde), the frequenc 7 range used
for continmons measurernent of capacitor capacitsy was de termined.

- The measurermnents were carried out in the forrm of five (3) measuing seque nces foreach
fraction. Such murvber of measwing sequenices was intoduced in order to use thera for
t-5tudent distribution statistical analysis.

—  The following procedure was followed:
- The voluree of the empty measuning capacitor C was deterrined.
- The dust sarnple was placed in the reasming capacitor
- The wolume of the measaring capacitor filled with dust Cr was deterrmined.
- The walue of electrical perrmeability of dust was caleulated by reans of the following
forrla:
Z

£ = C'; . {3)

where:
T —the volume of the measuring capacitor filled with dust, E
C — the volurne of the erapty measwring capacitor, F.
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- The imaginary corponent of electical perrneability was deterrined by means of
the following forrda (4):

F =righ, i

where:

& - dielectric loss angle,

tzd = 1/{) - dielectric loss tangent,

- factor of the capacitor containing the dielectic dust, obtaine d fror the measurements by means
of irpedance analyser.

MEAITREMENTS RESULTE ANALYELS

The measurerments remlts analysis has been carried out by means of t-Student test for the
pairs rnatched with two saraples for mean walue . Therefore it is possible to ascertain whether the
mean values for the tests are different. The equal walues of warances arve not assumed for both
the popmlations in that kind of t-5tudent test. The test can be used for the matched pairs in case of
natural matehing of data peirs in the samples.

Furtherrore, the corresponding values of standard deviation o, mean errors Ae_ error of mean
value and the correlation factors deterrnining the electic perreability — frecuenc wrelation for one
toilling fraction with the consideration of the influence on another fraction (e g. 118 pra — 360pm)
were caleulated.

The comelation factor {5 ) is a statistical fanction reflecting the relation betaeen two comparable
data sets in clear marmer,

The standard dewdation has been caleulated by means of the following forraula:

5 —_ n::':EI:IQ_I:E E.:I? I:jjl

" nin =1 :

where:
1 —rmraber of repetiions of the measurements for the deterrained frequency value,
T - Student distribution is used for the caleulation of randorm errors in accordance with the follo-
wing procedure

- calculation of nuraber of freedorm degrees n. =1 -1,

- reading of the walue of t - factor in t-5 tdent distibution table for the specified corfide nee

level and deterrained walue of nf, [ 2, 107,
- calenlation of random exvor for mean value by means of the forvola for Az

_ L i8

A e o ™ i;ﬁ' iy
- The result of measurement ¢ refers to the mean value Ae _, assuming the limit values
ecqual o
&
£=¢ ti—. {n
Mo ﬁ

The correlation furetion [5] was nsed in order to determine the relation hetween the frequency
and grarolation as well as electtic perrneability of the wdlling fractions under test. Therefore it is
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possible to ascertain the existence of any relation between the wariations of electris perine ability ve-
sulting fromm the changes of measwing frequenc yior indradual fractions with differe nt grarulation.

The correlation measares the relationshipbetween teo data sete scaled in the marmer e naing
the i inde pendenc e of units of measurerne nt. The caleulation of the population correlation results in
the covariance for two data sets, dovided by the product of the ir standard desviations. The corelation
tool canbe used in order to deterredne if both data sets are moving together 1e. if the Tazh walues
of one setare associated with the high values of another set (positive correlation), if the low walues
of one st are associated with the high walues of another set (negative correlation) or if the <alues
i both sets are not associated {correlation close to mero).

The following eguation de terraines the corelation factor pxew [5 ]

Ay =—Cb1{X’F:I: (=)
o,
where:
-1= pwil, ()]
and:
1 n
Cov(, ) =3 (= 7, ~ ) (10)
1=l
where:

Co, £ 1) — covariance e, mean value from the products of deviations for each pair of data points.
Therefore it is possible to deterrine the relation behresn tao data sets,

%, », ~jthelement of data sets £ and ¥, compared correspondingly,

f, o — mean data of data sets X and ¥, comespondingly:

£= 1if ).d = const. w = const.
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Fiz. 4. FPrequency curves of real conporent of electe permesbihity for dielectie dustwarith gramlabon
& = 1801en and feour IT, lovad ity w = 11 %9
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¥ =1 f 1,4 = coret.,w = conwt.
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Fig. 5. Frequency curves of real conporent of electic permesbility for dielecthic dustwrith gramlation
g = 118um and wheat srinvarith lmnndaty w = 11 %

The presented relationship £ = f{ ) reflects the relation bebween electic pernmeability and
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Fig. 8. Caole Cole diagram for wheat nulling fiactiows for £= 100 Hz + 1000 kHz
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CONCLUSIONE

The following conclusions were found in the coarse of the perforrned analvsis:

- The electric penmeability varies according to the voltage frequency

— The electric perrmeability of dielectic material fraction varies according to the huridity
and woltage frequency( Figure. 4 + 8.

— The real component of electic permedbility of the dust increases according to frequency
voltage increase.

— The results of measurements suggest the posstility of using the electric properties for the
evalnation of corn grain milling quality and for the detection of contamminations in the material
subjected to the milling process inmilling process products.

In case of fractions resulting fron grain milling process by means of laboratory il

- The real component of electric perrmedbility & increases according to frecuenc v voltage
increase and achieves maxirawrn for the frequency £= 300 kHz and gradually decreases the reafter.

- cormponent of electric permeability &' is an irregular fane tion of fre quetcy
In case of fractions resulting from the wheat grain milling in the cowse of fechnological walling
process it the mill:

— The real component of electric permeshility & increases according fo frequenc v voltage
mcrease. Its curve after exceeding of the frequency £= 100 kHz iz characterized by linear shape.

— cornponent of eleotic permeshility &' decrease s according to frequeneyvoltage nerease Its
crve after exceeding of the frequency £= 200 kHz iz characterized by livear shape.

The investization of possibility to use the electic properties of dusts for the evaluation of
corn grain mdlling cuality and for the detection of contardnations in the material sbjected fo the
milling process also seetns 10 be an interesting issue to be imvestigated.
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KORELACTAMIEDZY PRZENIKAL MO BCTA )
MIEZZANINY & SELADEM ILOSCIOWTY L GRANUL ATOW

Stresremnde. W oartynle preedstavrionn stanowisko badawem omz metodyke pontam meemkalncéel elek-
ez dla frakeji preemalosyeh obzpmarmch = maniakdsr Zhas W opaem o preeprow adzone portiay
opracorarn chamkierstda ceestotlvrcs mowre skladoare) reeczyeriste] 1 uojone zespolone preemkalned o
eleltyyomne) badargreh frakep prhn umskaneso = prennaty @anmakdsr pemermoy odnnary Almarl. Dla pomye
skanmia odpowiednich fakegl 1 Kas wynmarenrch priu = pempeotowarego sawosrca zastosovwraro nbynek tar-
czowry Preeproarad oo réermmes ponmary preemkalnedel elelhyezne) fiake)n powstaych = teclonlogiemezo
przenialn mammiakdsr pszericywe niwae. Ma podstasrie trch postnardar zhadano korelacie nued oy zalemnioiy
przemikalneg o elekbyeene] 1 erywstywrnoicl ol cmstotlarod o dla jedre] frakal preennatosre] w powlgzam =
wpbrerem na ima, fakor pyha obeymarego = laboratoryjrego craz teclrologicmeso preenmady marha s ey,
Whamnki posrmarder 1 oh hiezen mostaly poddare chobee statybreme. Interesygman zaz admermem wpdaje s1e
bwd warnes zx tosoar e wetod oparbeh o pontarywist cparcéel eleltreenyeh do oloeslera gramlam pda
powrstateso = preennai dielekryvkoonr pochodzenia oélinneso cras ewertn alne) checnodolvw nimEarlecEysoo R
choyn skladmkann.

Slowa khwrowe: przerikalinndd elekbvemna, prrennal marna, s lama mala, wetod wea ponnanioer
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