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EFFECT OF CONDITIONING PARAMETERS
ON PELLET TEMPERATURE AND ENERGY CONSUMPTION
IN THE PROCESS OF PLANT MATERIAL PRESSING

Ryszard Kulig, Janusz Laskowski

Department of Food Processing Machines, University of Life Sciences in Lublin

Summary: This paper presents the results of an experiment investigating the effect of conditioning parameters
on the temperature of the resulting pellet and the energy consumption in the process of plant material pressing.
The obtained values were within the range of 64 to 90.5°C for steam conditioning and from 46.5 to 95°C for
conditioning with the addition of water. It was found that the friction coefficient during pressing is minimised to
a satisfactory level when the temperature of raw material before pressing is raised to 70°C. There exists a very
strong linear dependency between pellet temperature and pressing energy consumption (r = -0.995; p<0.01 for
steam conditioning, and r = 0.996; p<0.01 for conditioning with the addition of water).
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Nomenclature:
E - unit pressing energy expenditures [kJ*kg'],
p  — calculated level of significance,
P, — water vapour pressure [kPa],
r — Pearson’s linear correlation coefficient,
R®  — coefficient of determination,
, — temperature of pellet after passing through the die [°C],
. — temperature of raw material after steam conditioning [°C],

T
T
W, — moisture content of raw material after conditioning with the addition of water [%],
o. —adopted level of significance.

INTRODUCTION

The energy effectiveness of the pelleting process can be indirectly determined based on the
temperature of the pellet after passing through the die. The increment in temperature from its ini-
tial value is indicative of friction between the material and the walls of die channels. According to
Welin [20], the temperature increment should not exceed 15°C in the pelleting process involving
steam conditioning. If the temperature increase is higher, the excess energy demand for pressing is
converted into useless friction heat.
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The range of changes in the temperature of the resulting pellet is determined by the physical
and chemical properties of the processed material [4, 22] as well as by the technical and techno-
logical parameters of the process [1, 17, 18]. Raw materials with a high content of starch [2, 6],
protein [5] and, in particular, fat [9], have a lower friction coefficient than materials with a high
fibre content [7, 19]. The temperature and moisture content of loose material before pressing are
also significant in this context [3, 11, 15, 21]. In practice, the most desirable values are within the
range of 45+90°C and 13+18% as regards moisture content [12, 13, 14, 16]. According to a study
conducted by Laskowski and Skonecki [10], an increase in raw material temperature before press-
ing leads to a drop in compacting pressure due to changes in the coefficient of friction between the
material and the walls of matrix openings.

This paper is a continuation of research conducted by the Department of Food Processing
Machines at the University of Life Sciences in Lublin to investigate the effect of physical and
chemical properties of plant material on the pressure agglomeration process. It analyses the effect
of conditioning parameters on the temperature of the resulting pellet and energy consumption in
the process of plant material pressing.

MATERIALS AND METHODS

The experimental materials comprised seven feed raw materials (barley, maize, wheat, oats,
pea, lupine and dried lucerne) ground in a H-950 hammer mill equipped with a ® 3mm sieve. After
grinding, the material was brought to a constant moisture content of 14%. The initial temperature
of the material was 20°C.

The pelleting process involved steam conditioning and conditioning with an addition of water
(cold pelleting). As regards steam conditioning, the studied material was brought to five temperature
levels: 50, 60, 70, 80 and 90°C. The required temperature was obtained by treatment with water
vapour at five pressure levels: 200, 250, 300, 350 and 400 kPa. For the purpose of conditioning
with an addition of water, the material was treated with cold water and brought to moisture content
levels of 14, 16, 18, 20 and 22%.

The experiment was performed on a test stand equipped with an LW 69 steam vapour genera-
tor, a blade conditioner, an Amandus Kahl L-175 pellet mill (die with 4 mm mesh size, 20 mm in
thickness) and computer systems for the measurement of steam, heat and electric energy consump-
tion. A detailed description of the test stand and the methods applied to determine steam, heat and
electric energy consumption is presented in the referenced materials [8].

Pellet temperature was measured with the use of a laboratory thermometer with the precision
of +0.5°C. The resulting material was collected directly from the pressing unit into a thermally insu-
lated vessel with a thermometer. The result was the mean temperature from ten measurements.

The analysis of dependencies between the parameters of the pelleting process was carried
out using the statistical procedures in STATISTICA application at a significance level of o, = 0.05.
The form of equation was selected by means of backward step regression. The significance of
regression equation coefficients was analysed with Student’s t-test. Model adequacy was verified
with Fisher’s test.

RESULTS

The temperature of pelleted material after passing through the die, subject to material tem-
perature after conditioning and water vapour pressure, is shown in Fig. 1. The obtained values
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ranged from 64 to 90.5°C. The obtained results indicate that for most of the analysed raw materi-
als, the friction coefficient during pressing is reduced to a satisfactory level when the temperature
of material after conditioning is raised to 70°C. The authors also noted that the differences in the
temperature of various pelleted materials were significantly minimised as conditioning temperature
increased. The above is probably due to greater heat intensity and a higher moisture content of the
material under the applied conditioning parameters.
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Fig. 1. Dependency between pellet temperature after passing through the die (Tg),
conditioning temperature (T,) and water vapour pressure P)

As a result, when conditioning temperature is increased to 90°C, pellet temperature is lower
than hydrothermal processing temperature (except for lucerne). This is probably due to the fact that
the process in which heat is collected from the pellet by evaporating water is most intense under
those conditions.

The impact of water vapour pressure is also significant in the analysed case. The increase in
pressure, in particular at lower conditioning temperatures, is always accompanied by an increase in
pellet temperature. This is likely to be caused by the lower moisture content of raw material when
higher water vapour pressure is applied at identical processing temperature. Yet the observed dif-
ferences usually do not exceed 3°C and are practically non-existent at a conditioning temperature
of 90°C. A quantitative specification of the determined dependencies is presented in Tab. 1.

Table 1. Regression equations describing the effect of conditioning temperature (T,)
and water vapour pressure (P) on the temperature of pellet after passing through the die (T

Raw material | Equation A B C D R’
Wheat T, =-AT +BT,-CP +D [0.0054 1.1146 0.0091 26.8657 |0.955
Maize T,=-AT +BT,-CP. -D 00108 [1.993 00133 |11.7432 |0.991
Barley T,=-AT’+BT,_-CP +D |0.0063 1.2622 0.0156 16.8032 ] 0.988
Oats T,=BT +CP +D 0.4401 0.0155 39.2866 10.992
Pea T, =-AT’-BT,+CP +D [0.0027 0.1863 0.0112 76.7485 10.99
Lupine T =BT, +CP +D 03345 |0.1101  [50.1681 [0.974
Lucerne T,=-AT +BT,+CP +D [0.0009 0.3248 0.0084 62.5738 10.988
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The above observations are also validated by the results obtained in respect of the cold pel-
leting process (Fig. 2). In this case, a higher moisture content of all the investigated materials prior
to pressing decreases friction between the material and the walls of the pellet mill die. Lucerne
pellet was characterised by the highest temperature (in both pelleting methods). The above results
are intriguing because lucerne is marked by the highest moisture content after steam conditioning,
yet due to its high fibre content (23.5%), the friction coefficient is highest during lucerne press-
ing. Similar findings were reported in respect of materials with a low fat content (wheat and pea).
Materials rich in fat, i.e. maize and lupine, are least sensitive to temperature increase after pressing
in the die. The lubricating properties of fat are most visible at both lower processing temperatures

(steam pelleting) and a lower moisture content of the material during cold pelleting.
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Fig. 2. Dependency between pellet temperature after passing through the die (Tg) and the moisture content of
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temperature of the resulting pellet are presented in Table 2.

FNALAR S

wheat
maize
oats
barley
pea
lupine
lucerne

Table 2. Regression equations describing the effect of raw material’s moisture content (W)

on pellet temperature after passing through the die (Tg) (cold pelleting)

mizzal Equation A B C R’
Wheat T, =AW *_BW_ +C 0.1345 7.92 159.65 0.988
Maize T = AW?—BW +C 1.125 6.48 128.47 0.969
Barley TE:AWZ—BW&C 0.3869 16.11 216.2 0.992
Oats T =AW ’_BW +C 0.1274 6.79 135.92 0.987
Pea T, =AW *_BW_ +C 0.2988 13.11 196.76 0.983
Lupine T =AW ‘_BW +C 0.1458 6.75 126.4 0.987
Lucerne T = AW’-BW +C 0.2399 11.45 206.85 0.976
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The results of the study investigating the effect of pellet temperature on unit pressing energy
expenditures are presented in Fig. 3 and 4. The obtained results point to a very strong linear depen-
dency between the analysed parameters.
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Fig. 3. Dependency between unit pressing energy expenditures (Ep) and pellet temperature after passing thro-
ugh the die (Tg) (steam conditioning)

A very strong negative correlation (r= -0.995; p<0.01) was determined for steam condition-
ing, while the conditioning process with the addition of water is indicative of a positive correlation
(r=0.996; p<0.01)
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Fig. 4. Dependency between unit pressing energy expenditures (Ep) and pellet temperature after passing thro-
ugh the matrix (Tg) (conditioning with the addition of water)
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The above dependencies can be illustrated by multiple linear regression models:
for steam conditioning:

E =-6.34T +652.37;R"=0.992, 1)
for conditioning with the addition of water:

E = 5.183T, + 85.623; R’ = 0.993. )

CONCLUSIONS

The following conclusions can be drawn from the conducted experiment:

1. The applied conditioning parameters determine changes in pellet temperature and pressing
energy consumption. The increase in material temperature during steam conditioning minimises
friction resistance between the material and the walls of the matrix channel, thus reducing the in-
crement in pellet temperature and decreasing energy consumption of the process. The effect of the
properties of raw materials on the energy consumption of the process decreases as the temperature
of conditioning exceeds 70°C.

2. Conditioning with the addition of water, regardless of its contents, leads to a much higher
increase in the temperature of the pellet after pressing in the die (by 38,5°C on average) than in
steam conditioning (by 10°C on average). The properties of raw materials affect an increase in the
temperature and energy consumption of the process.

3. The temperature of the pellet obtained from raw materials with a high fat content is on
average 8.5% lower (steam conditioning) than the temperature of the pellet produced from raw ma-
terials with a high fibre content and 33% lower in comparison with conditioning with the addition
of water. The lubricating properties of fat are most visible at both lower conditioning temperatures
(steam pelleting) and a lower moisture content of the material during cold pelleting.

4. The increment in the temperature of the pellet after passing through the die in comparison
with the temperature of the raw material prior to pressing is a good predictor of energy consumption
of the pressing process due to a very strong linear dependency between those parameters.

REFERENCES

Audet L. 1995: Emerging feed mill technology: keeping competitive. Anim. Feed Sci. Tech., 53:
7-170.

Behnke K.C. 2001: Factors influencing pellet quality. Feed Tech, 5 (4) : 19-22.

Behnke K.C. 2001: Moistening the mash. Feed Tech, 5 (5) : 15-18.

Briggs J.L., Maier D.E., Watkins B.A., Behnke K.C. 1999 : Effect of Ingredients and Procesing
Parameters on Pellet Quality. Poultry Sci., 78 : 1464-1471.

Friedrich W., Robohm K.F. 1981: Pressfahigkeit von Komponenten und Mischungen. Teil I: Wirkung
von Getreide — Messtechnik und Auswertung. Teil II: Wirkun von Olmiihlennachprodukten.
Teil III: Wirkung von Komponeneten mit vorherrschenden Inhaltsstoffen. Kraftfutter, 64:
158-168; 434-444; 564-569.

Heffner L.E., Pfost H.B. 1973: Gelatinization during pelleting. Feedstuffs, 45 (23) : 32-33.



EFFECT OF CONDITIONING PARAMETERS ON PELLET TEMPERATURE 111

HejftR. 1991: Ci$nieniowa aglomeracja i podstawy konstrukcji urzadzen granulujaco-brykietujacych.
Rozprawy Naukowe Politechniki Biatostockiej, nr 11, Biatystok.

Kulig R., Laskowski J. 2002: Pomiary zuzycia pary wodnej w procesie kondycjonowania surowcow
i mieszanek paszowych. Inzynieria Rolnicza, 4 (24): 134-141.

Laskowski J. 1989: Studia nad procesem granulowania mieszanek paszowych. Seria Wydawnicza
— Rozprawy Naukowe, nr 113, Wydawnictwo Akademii Rolniczej w Lublinie.

Laskowski J., Skonecki S. 2001: Influence of material’s temperature on compression parameters of
ground barley grains. Int. Agrophysics, 15 (3): 173-179.

Leaver R. H. 1982: The pelleting process. Koppers, Muncy, PA, 1982./71

MacMahon M.J., Payne J.D. 1991: The Pelleting Handbook. Borregaard Lignotech, Sarpsborg
Norway.

McEllhiney R.R. 1994: Feed Manufacturing Technology. AFIA, Arlington (USA).

Reimer L. 1992: Conditioning. In: Proc. Northern Crops Institute Feed Mill Management and Feed
Manufacturing Technol. Short Course. p.7. California Pellet Mill Co. Crawfordsville, IN.

Skoch E.R., Behnke K.C., Deyoe C.W., Binder S.F. 1981: The effect of steam conditioning rate on
the pelleting process. Anim. Feed Sci. Tech., 6: 83-90.

Smallman C. 1996: Maximising Conditioning Ponential. Feed Milling International, 190 (11): 16-
19.

Stevens C.A. 1987: Starch gelatinization and the influence of particule size, steam pressure and die
speed on the pelleting process. PhD thesis, Kansas State Univ., USA.
Thomas M., van Zuilichem D.J., van der Poel A.F.B. 1997: Physical quality of pelleted animal feed.
2. Contribution of processes and its conditions. Anim. Feed Sci. Tech., 64: 173-192.
Thomas M., van Vliet T., van der Poel A.F.B. 1998: Physical quality of pelleted animal feed. 3.
Contribution of feedstuff components. Anim. Feed Sci. Tech., 70: 59-78.

Wellin F. 1976: Pelleting equipment operations. Feed Manufacturing Technology, AFMA, Inc.,
Arlington (USA).

Winowiski T. 1985: Optimizing pelleting temperature. Feed Management, 36: 28-33.

Wood J.F. 1987: The functional properties of feed raw materials and their effect on the production
and quality of feed pellets. Anim. Feed Sci. Tech., 18: 1-17.

WPLYW WARUNKOW KONDYCJONOWANIA
NA TEMPERATURE GRANULATU
[ ENERGOCHELONNOSC PRASOWANIA MATERIALOW ROSLINNYCH

Streszczenie. W pracy przedstawiono wyniki badan wptywu warunkow kondycjonowania na temperaturg otrzy-
mywanego granulatu w powigzaniu z energochtonnoscia procesu prasowania materiatéw roslinnych. Uzyskane
warto$ci zawieraty si¢ w przedziale od 64 do 90,5°C dla kondycjonowania parowego i od 46,5 do 95°C dla
kondycjonowania z dodatkiem wody. Stwierdzono, iz wzrost temperatury materiatu przed prasowaniem do
wartosci 70°C niweluje w sposob zadawalajacy warto$¢ wspotezynnika tarcia w czasie prasowania. Wykazano
istnienie bardzo silnej liniowej zalezno$ci pomiedzy temperatura granulatu a energochtonno$cia prasowania
(r=-0,995; p<0,01 dla kondycjonowania parowego i 1=0,996; p<0,01 dla kondycjonowania z dodatkiem
wody).

Stowa kluczowe: temperatura granulatu, energia prasowania, granulowanie, kondycjonowanie.



