TEEA Eom Mot Energ. Roln — OL PAN 2010 10 346334

EFFECT OF PARTICLE SIZE OF FEAGMENTED WHEAT OV
ENEEGY REQUIEEMEITS I THE PROCESS OF EXTRITSION
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Summary. The paper presents the results of 2 stady onthe effect of wean particle size onenelry Eqiewets
i the process of extmsion ard on the index of material susceptbility to conpacton, for giaim of tero wheat
oultivars - farna and Maltanka. The results shovred that energy requiternerts at the partion lar stazes of exctmsion
depend both on the mean particle sime and on the wheat cultivar ad medstae. Itwras foond ant that wath an
iirrease 1n the degee of zrin frazmentation and motsture there 15 & decease n the work of extrusion and in
the valne of the index charactensing the susceptbility of the matenal to compacton. Aninmese m the mean
particle size caises a decrese in the msceptb ity of the material to agglomerabon
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Nomenchture:

k- coeffcient defining the walue of unit total work of corapaction related to density incrernent,
[(Tg" ) (gom ],

L, —work of compaction determined tll point B on the curve of cormpaction (7],

L —total work of compacton deterrnined till goint C on the eurve of extrusion [J],

L —unit total wark of compaction [T-g7],

L —work of compression (work be tween points Boand C on the curve of e xtrasion) (7],

L_ —work of extrusion (work be tereen points © and D on the ourve of extrasion) [T],

L, — total work of extrusion [J],

m —weight of a sample of the material [g],

& — percentage of work of extrusion relative to the total work of extusion [3],

p. — material densityin the compaction charaber (point C on the curve of compartion) [z-cm,

P, — initial density of material in the charber (bulk density) [z-cm”),

INTRODUOCTION

In the process of gramulation, biological raw materials are subjected to the effect of forces
acting between the roller and the die, cansing their corpeac ion and the n outflow (extrision) throngh
the forming duct of the die. The effect of warions raw materials on that process depends on their
pheeizal and chernical properties, and on the adopted process parawme ters [Hejft 2002, Kuliz et al.
2001, Laskowski et al 2005]. The properties of rawr materials deterraine the energy require rments
of the process, and thus thelr susceptibility to pelleting. Owe of the rmaterial factors that affect the
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e rEy require rments of pelleting is the degree of fragine ntation (particle size of the material). Stod-
ies hawve shown that the best suited for pelleting are materials with particle sizes within the range
frorm 0.4 to 2 rure, ie. at fine and mediurm levels of fragmentation [Angulo et al. 1996, Behnke 2001,
Le Deschault de Morredon 1991, Wondra et al. 1994]. Fuliz and Laskowski [2006, 2008], on the
basis of research on batley; wheat and lupine, deronstrated that the effect of material particle size
on the energy requirements of pelleting depends also on the temperatore of the rmaterial after its
corditioning . The v found out that the unit require rnents of thenmal energy eneizy of pressing and
total energy of pelleting decrease with an increase in the degree of fragmentation of the material
The presented research is concermed with pelleting and penmit a gereral estimation of the encizy
requirernents of the process. Detailed analvels of enerey requirernents, coreerivg both corpae ion
and extrasion of materials, can'be perforrned in laboratory conditions, in studies on the process
of extrusion [Laskowski and Skorecki 2001]. In earlier studies the anthors determined the effect
of moistare of corm meal, oats and wheat on the process of extrusion [Laskowsk and Skorecki
2003], and gawe the extrusion process pararme ters fora nueber of raw materials and fodder blends
[Laskowski et al. 2003].

The ohjective of the stody presented here was deterination of the effect of mean particle
size (degree of fragmentation) of fragmented wheat grain on energy requiremments in the process of
extrusion and on the susce ptbility of the material to compaction (agglomeration).

MATERIALZ AND LIETHODE

The material used in the study was grain of two wheat cultbrars - Jurma and Whltanka, The
grain was fragmented by means of a H [IIE beater rdll in five different ways - wsing screens with
warions mesh sizes and a vwariant without a screen. For each wheat culttvar five sawples of test
material were ohtained and the mean particle size was determined for every sarmple. Measure rments
wete tade in accordance with the standard PH-2VE-6479% using a lahoratory screening set type
551 (the acreen st nsed had mesh sizes of 0093, 015, 0313, 05, 08, 10,12, 14, 20and 32
rorn, satrple welzht was 100 g, and screenivg titne was 5 min). The mean parficle sizes for grain
sartples of wheat ov. Jurna were 062, 1.11, 1.40, 1,69 and 1.99 ron, and for those of ev. Mlaltanka
- 063,105 137, 165and 1 96 mm.

The extrusion process tests were conducted at the teraperature of 60°C on saraples of wheat
grain with moisture levels of 14, 16 and 18% {+-02%). Moisture was determined with the drier
e thod in accordance with the standard PH-Ta/RE-64752.

The extrusion test station included a strength tester type ZDA0 [Laskowski et al. 1995, Las-
kowski and Skoneckd 2003] and a pressing asserrbly with a concentic extusion aperture with
diameter of & rrn (elastic deformation charber diameter was 25 rom, piston travel veloc ity was 0.3
rore-5 ). A1 extrusion tests wers made in fheee replications for raw material saraples with weight
of =20 g.

In the course of the tests the extrusion characteristics were recorded (Fig. 1) — the melation
betueen force (F) and pistorn displacerent (s). The indiddual stages of the process of extrusion
hirve been characterised in the work by Laskoowskd and Skonecki [2001].
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Fig. 1. Charackristics of extmsion process: & - phase of compaction, a - phase of elastic defommation, a -
pressing, a - phase of extmsion, a, - phase of ultimate extusion [Laslowrski and Skorecld 2001, 2003]

The material undergoes cornpaction untl the threshold of outlow (point C). Mext, outlow
of the material takes place, at decreasing force (F), mntil the threshold of extrmsion (point 0. The
final stage of the process (the so-called phase of ultimate extrosion a ) covers the outflow of the
“dead zone™ of the material and from the threshold of extrusion there is an increase in the walue of
force (F) with piston movemment (5). Becording of that phase 1s necessary for the deterrnination of
pararneters for poimt D

The curve of extrusion (Fig. 1) was used to deterraine the eneigy requirements, ie.

- total work of corapaction L (L =L +L),

- work of extrusion (L),

- total work of extrusion L, (L=1+ L ).

Caleulation was made of the percentage share of the work of corpacion relative fo the fotal
work of extrasion 505 =100-L - Li"]l.

The maxirourn density of material in the charber was caloulated (p ), and the urdt total work
of compaction L * {1 =L -m"). Those patameters were used to determine the coefficient k_charac-
terising the susce pbility of the matenial to compaction {k=L “(p -2 7'}

For each wheat culttear determination was made of the relations of the stodied featmes ¥
(L.L.L,5oraz k) with the mean particle size o and moistare w, using an equation with the
general form of:

I"=a+h-a’,+c-df+d-w +e-w*+f’-d,-w. (13

The caleulations were made using the SAS Enterprise Guide 3.0 software, deterrnirdng the
significance of coefficients of re gression (t-student test) and the sigraficarce of the regression equa-
tion {adopting a sigraficance level of 0.05). Non-significant wariables were elirinated from the
ecjua tion.
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RESULTE

The caloulated regression relations are given in Table 1. The data in Table 1 present the
sighificant coefficients of the regression equations and the coefficients of deterrination B The
relations of the stdied features to the mean particle size d, for the particular modstare levels are
ghven in Figures 2- 8.

Lug follows from the obtained results (Table 1; Fiz. 2 - 4), itcan be concloded that the char
acter of changes in the work of corapaction L, extrusion L and i the total work of extrusion L, in
relation t the mean particle size is similar for the raw materials studied. The workvalues L, L and
L, increase with an increas: in particle size and decrease with an increase in the roisture level of
the rnaterial Foreach degree of fragmentation, the work values were the highest for materials with
raoisture level of 14 %%, Higher walues of the works were noted for grain of wheat o, Dlaltanka.

Tile 1. Coeflicients of regmssion equations for the relation of the stadied features to mean particle sim o
and motstare comtert of the material w

Equation coefficierts
E E Feabare B
g a b o d 2 f

I 247 458 -0.53 -4.95 0,973
L, -E224 12556 9723 -H1 0,941
E E, -7515 gl 2 a1 1055 -55 -al.2 0,558
& BEE 541 -208 1.0 0,552
k -19.2 347 452 0172 -0.339 0,572
L -8 1124 274 514 -205 -B.518 0,927
L, 1519 1701 2855 0577
E I 1207 5114 144 5 2175 -51.5 0,534
= & 1332 -l £3589 0z 0149 0,955
k, -24.5 2042 4.5 4173 -0.286 0,935

The highest work of corapaction L= 1947 (Fig. 2}, work of extrusion L = 1202 J (Fig. 3)
and total work of extrusion L, = 1426 J (Fig. 4) were cbtained for wheat ov. Maltanka with raoisture
W= 14 and rean particle size d = 1.96 rara. The lowest value s of those works were obtained for
wheat ov. Juma with moisture w=15% and particle size d =062 mm (L =307 (Fig. 2), L_ =381
TiFig. 3)and L =392 T (Fig. 4).

Lnalysing the particular works of extrusion for the given moisture values one can note that
with anincrease in the mean particle size of the studied wheat cultivars their walues increase baré0-
90%. As an exaraple, the walues of L, L, L, were the highest for wheat ov, IMaltanka with raoisture
of 14%, and for the mean particle size increass within the range frora 0.63 to 1.96 rara theywere L
=102-194], L =755-1292], L = 857-1436 ], respectively. Generallyy it can be stated that values
of the works of compaction and extrusion decrease with an increase in the degree of fragrentation
of woisture level of wheat grain. The walues of the energy recuive rments of the process of extuision
alao depend on the wheat culttrars.
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Fig. 3. Relation of the work of extmsion [ to mean parhele sime d, for parboilar level of w of wheat ov.
Juma and Mlaltanla

In estivnation of energy reguirements v extusion it iz oportant not ondy to deternive the
values of worl: for the particular stages of the process, but also the share of those works relattee to
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the total work of extusion. Fig. 5 presents the relations between the shave of energy of the phase
of extrusion 5 and the particle size d, for the wheat culttvars studied. Lz canbe seen in Fig. 5, an
increase in the parficle size is accorapanied by a slight decrease in the work of extusion 5 There-
fore, greater work is required for the corapaction of material before its outlow begins.
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Fiz. 5. Relaion of the share of the wodk of extrmsionin the total work of ertmsion 5 to mean particle sise &
for partionlar levels of w of wheat ov. Fama and Maltarka
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& notable effect of moistore on the shave of the work of extrosion is observed. High walnes
of ., within the range of 90-02%. were cbtained for raw materials with moistare level of 1234, De-
crease in the moistare content to 143 cansed a decrease in the walwe of 5o appeoz. 87% . Therefore,
raw miate rials with lower moisture require raore ene gy for corapac fion, which maybe attributed to
increased friction and drag till the outlow of the material

Energy requirernents for compaction indicate the susceptibility of materials fo corapaction
{agglomeration). This inforraation is provided by the value of coefficient & defined as the unit
work of comypaction related to density incrernent. The lower the walue of that coe ficient the higher
the capacity of a material for agglomeration. Changes in the value of coefficient £ relative o the
tre an particle size and wolstare (Table 1; Fiz. ) are similar fo changes in the work of cormpac tion.
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Fig. 6. Relation of the vahe of cosfficient & to mean particle size d for partioular levels of w of wheat cv.
Jurna and blaltanka

Coefficient & increases with an increase in the mean particle diameter and decreases with an
ncreage in moisture level of the wheat cultivars under studs: The walues of the coefficient were the
hizhest for wheat ov. Ivhltanka with moistare of 143 (from 7.17 to 1272 {J-g"}-{g-c ") For the
sarne material, but with moisture of w=15%, the value of coefficient & increased with an increase
in the mean article size, from 325 t0 698 {J-g"}-l{g-cm‘s}". The lowest values of k_ were obtained
for wheat ov. Jarna with racisture of 12% (frore 219 t0 332 (T 0(zor™"). bs shown by the
tests, materials with greater degree of fragmentation hasee better agglomeration capacity, The results
of thiz study support the relations obtaired i the stody on the process of agslomeration of cereal
meal [Fuliz et al. 20017,

CONCLUSIONS

1. Energy requirernents i the process of extrusion depend on the mean particle diameter,
moisture, and wheat cultivars.
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2. Values of energy in the phases of cormpaction and extrsion were the highest for materials
with the lamest particle size and the lowest modstoire content of the raterals.

3. The share of the work of compaction was found to inciease with an increass in the degree
of fragrertation and molstare of the material. Greater arourts of energy are required in the case
of materials with lower moistore and larger mean particles diameters.

4. &n increase in the mean particle diaraeter canses a decrease in the agzlomeration capac ity
of the material
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WELY W WIELKOACI CZASTEK ROZDROBNIONE] PSZENICY
N& NAEEADY ENERGIL W PROCESIE WV TELACZANTA

Stresremende: Preeds teriono wrnla balan nad clkeslerem wibpan Sredmezo wyntam czastek ma naldady
ererzil w procesie wyllacmnia oras na wskasnk pod amedel materialn na zazeszezanie wed woh monyeh maren
dem odnuan pezernoy Juma 1 Maltarka, Wanki wrkazaby, =2 naklad v ererzn posezegolnych fazwytlaczana
zaboy mardarno ol Sedniegoaryinan cogstel wilzotodel jak 1 odnmary pemerioy: S tarlerdmonn, o8 e arsos B
stofpria wedwbiiera 1 wilsobodel malsje praca Zagesmrzata, pracawytlaczata oz wspddezrmnk charalkte-
vy acy podahncdd materian na zageszmezame . Zuncksmie sredmego wynmam mzgstla powodiye mmne)szanie
podatnosa materiahy na agloenerosr ame.

Siowra ke rowe: sredr wyrniar czgstel, s mrca, nakdady enerail, worthezae



