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badania i analiza eksploatacyjnych chaRakteRystyk 
mikRonizatoRa eneRgetycznej biomasy*

The analysis covers interrelations between the following factors: the machine  movement, states and transformations of particles 
of the micronized biomass, particle shifts, mixing, grinding of energetic straw  and its particles. It has been found that  these 
relationships, among other things, depend on friction conditions, impacts, cutting, structural components of the micronizer as 
the dynamic movement of the machine structural components  and biomass (particles) takes place under the conditions of idle 
movement and workload in order to accomplish an external goal. This paper aims at systematization, calculation and comple-
mentary research on micro-grinding performance characteristics (idle and operating), for constant and different rotational speeds 
(angular and linear).
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Poddano analizie wzajemne relacje: ruchu użytkowego, stany i przemiany cząstek rozdrabnianej biomasy, ich przemieszczenia, 
mieszanie, rozdrabnianie słomy energetycznej i jej cząstek. Wykazano, że zależą one m.in. od warunków tarcia, zderzeń, cięcia, 
cech konstrukcyjnych mikronizatora, przy czym dynamiczne przemieszczanie elementów (części) konstrukcji maszyny i biomasy 
(cząstek), następuje w warunkach ruchu jałowego i obciążenia roboczego, dynamicznej realizacji celu zewnętrznego. Celem pracy 
jest systematyzacja, obliczenia i badania uzupełniające charakterystyk użytkowych (jałowych i roboczych) mikro-rozdrabniania, 
sporządzanych przy stałej i różnej prędkości obrotowej (kątowej lub liniowej).
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1. Introduction

Both European and home regulations impose on electricity pro-
ducers strict rules concerning energy production (according to fixed 
dates) requiring to generate more and more energy from renewable 
sources. By the year 2020 the percentage share of renewable sources 
in total energy consumption in Poland will have to be 15% (in the 
European Union 20%) and according to the Ministry of Economy of 
in 2010 this share was 9.5% (Polish Energy Policy – PER 2030. Polish 
agriculture is capable of providing sufficient amount of energetic 
plants (biomass) which properly processed will allow to decrease de-
pendence of the Polish economy on fossil fuels. This will also enable 
to reduce emission of harmful products of combustion.

One of methods to be used for reduction of fossil fuels consump-
tion is industrial co-combustion of biomass and coal.  However, it 
poses some problems such as for example unburnt particles that are 
left both in slag and fly ash. Evidently, it is a loss of energy as the fuel 
does not deliver its whole energy and its unused part is irreversibly 
lost [3, 8, 21, 31].

The investigations carried out in power plants which burn biomass 
have revealed significant influence of the biomass fraction dimensions  
on the final content of coal in ash [3, 5, 6]. In order to prevent from 
this to happen it is necessary to apply a repeatable process of biomass 
grinding to achieve possibly the tiniest solid fractions.

The experiences of the Polish power plants indicate clearly that the 
outlays and costs connected with the process are high, depending on:

decrease in energy efficiency of boilers  which are subjected to  –
the process of modernization and adjustment to perform bio-
mass combustion, due to change in the way of heat exchange, 
especially the  growing amount of unburnt matter,
Increase in electrical energy demand by installation of a device  –
for preparation and combustion of biomass (transport systems, 
precise milling etc.),  
significant increase in residue of furnace fireboxes impairing  –
availability of  boilers, 
fast  corrosion due to high temperature caused by chlorine con- –
tent in biomass (mainly straw),
instability of biomass price on the free market caused by big  –
competition and significant dispersion of  the material provid-
ers [14].

Advantages of co-combustion include: 
lower emission of harmful compounds :SO – 2, NOx, CO2,which 
has a positive influence on the environment and on the price of 
a generated heat unit (ETS) 
flexibility of the process – when there is not enough biomass  –
the boiler can be used only for burning coal,
co-combustion process is stabilized by burning coal  [13, 15,  –
19].
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This study presents a description and analysis of  technical  condi-
tions necessary for preparation of high quality product of  biomass 
grinding  (micronization) with the use of a micronizer as well as an 
analysis of  its operating characteristics which will enable to develop 
of a new grinding technology for appropriate preparation of energy 
efficient biomass  to be co-burnt with coal.

In order to achieve the goal, the following aspects have been stud-
ied: the nature of co-combustion, availability of biomass for energy 
production, development of a new technology of micro-grinding to 
optimize the process. 

2. The nature of co-combustion technology

Co-combustion involves simultaneous burning of coal and bio-
mass in a furnace firebox of a boiler  thus distributing the heat into the 
system. Boilers (eg.OP-230) were designed to burn only coal, hence 
after being adjusted to co-combustion of biomass they are bound to 
reveal some decrease in  heat output due to application of fuel with 
lower energy value [8, 11, 12, 15, 19, 22, 23].

Apart from the biomass heating value, its moisture is important 
for the combustion process as well [1]. Dry biomass burns very well 
with stable flame, whereas moist biomass moves the flame cone up 
the furnace firebox which is undesirable due to NOx emission and de-
terioration of heat exchange in boiler [8]. In order to obtain maximum 
economic efficiency it is necessary to produce ash with the content of 
combustible parts lower than 6% which can be sold to cement plants 
for production of e.g. cellular concrete [8].

3. Precision milling engineering 

To prevent from numerous adverse phenomena connected with 
co-combustion of biomass and coal it is necessary to provide repeat-
able operating characteristics and  precision milling of biomass to ob-
tain  most possible tiny solid fractions.  

Capacity of the most commonly used  hammer mills strictly de-
pends on: the purpose of grinding, the mill structure, especially the 
working set(tools), quality parameters of the process, biomass quality, 
amount of ash and friction material contained in the  material to be 
milled [11, 16, 20, 32]. In the lines available for preparation of furnace 
feed biomass is most frequently transported by worm conveyors and 
directed to hammer mills. Hammer mills can comminute the supplied 
biomass into dust with granulation degree up to 1mm [2,4,5,6]. In 
order to provide the comminuted biomass with appropriate quality/
quantity, during operation at full capacity and in case of the machine 
shutdown or its overhaul, the  systems are equipped with numerous 
mills (e.g. four sets of mills).

A micronizer (Fig. 1), along with the  technological line (Fig. 3) 
[28], was applied to the Patent Office on 24.03.2011 under the title 
Method and Device for Biomass Micronization – no. P.394325.

The heart of a micronizer is fast rotating disk (17) driven by shaft 
(18), whose integral part are straight or arc blades. The disk can be 
opened or closed. Revolutions  of the disk are matched so that it is 
possible to provide its external diameter with very high peripheral 
speed in the range (300–800) m∙s-1.

High usable rotational speed of the disk causes generation of  high 
sub-pressure  in the zone of drying and initial grinding (24) in re-
sult of which the speed of air flowing onto the disk ranges between 
(250….350) m/s. Biomaterial is sucked by the flowing air which rap-
idly accelerates and hits the disk (17) in zone (24) undergoing initial 
grinding. 

Under the influence of centrifugal forces the micronized material 
together with the air change the direction of flow from axial to per-
pendicular to working disk rotary axis (17).

After entering the channels between the blades it is then accelerat-
ed up to the value to match the disk diameter and its rotational speed.  

In effect of the physical factors impact the material is ejected to  high 
turbulence zone (19) where it is micronized in the process made up of 
coexisting  three processes: deagglomeration, densification and dis-
integration caused by cavitation and propagation of impact waves in 
result of radial-peripheral collisions of supersonic mass flows. 

After filling the feed port (Fig. 1 and 2) the overlap of the process 
channel cross-sections starts to diminish. The initial assumption was 
that in each particle undergoes division in the micronization space 
(through friction, impacts, equalization of tensions). The assumption 
was made that the position of micronized particles in relation to the 
micronization plane is of random character and with uniform distribu-
tion. Thus, in effect of micronization, the particles with initial length 
disintegrate with similar probabilities, each into two smaller parts, 
each with the sum of lengths being the length (dimension) prior to  
division.

The very process of disintegration is caused by the state of com-
plex loads /permanent strains and it always occurs in the material 
which, before being shifted, was in the preceding section of the work-
ing set (Fig. 2). Distribution of the particle length during grinding, 
in a material which has filled empty space of the (n+1) th segment, 
changes according to dependence [25, 26]: 
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whereas, in a material which has been left in the n-th segment:
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Fig. 1. Device for biomass micronization according to patent application  P. 
394325; 16 – casing, 17 – rotational disk, 18 – drive shaft, 19 – high 
turbulence zone, 24 – initial micronization zone

Fig. 2. Radial segments of straw particle micronization: Sr1/SP1 - initial intro-
ductory zone/level, Sr2/SP2 - zone/level of initial acceleration of par-
ticles, Sr3/SP3 - working zone/level, Sr4/SP4 - zone/level of biomass 
particles impact division.
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The obtained functions are non-negative, being a sum of non-
negative elements. By integrating, according to the product dimen-
sion, from 0 to l, it is easy to check that the functions are probability 
distributions:
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and similarly, for distribution ρn
m
+1 . Thus, operators ,n mA  and ,n mB  are correctly determined stochastic operators. 

For simplification, it was  assumed that after grinding the distribu-
tion of grain length in the (n+1)th segment will be homogenous (the 
comminuted fraction and the one present in the segment before divi-

sion will get mixed), thus being a weighted mean from z ρn
k
+1  i ρn

k :
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Removal process: After division, the layers (streams) of the mi-
cronized material move (are shifted) in relation to each other in the 
directions set by working channels of the revolving disk this generat-
ing   centrifugal force and acceleration with a gradient of interacting 
speeds caused by mass differences of the biomass particular particles 
. The particles are removed from the preceding segment (it is affected 
by the  component of centrifugal force  induced by the shape model 
of working channels, a force  whose direction is perpendicular to the 
working plane of a channel in which take place   difficult to describe 
aerodynamic phenomena boosting the micronization process), where-
as, they are not removed from the successive segment (as the compo-
nent of force is perpendicular in the direction from the disk).

Thus, after division, the length distribution will be [27]:
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The level of material after the m-th division  (before m+1) in the  
n-th segment, 1m

ny +
  is as follows:

  





y y y y
B x xdx

B x xd
n
m

n n n
k n m n

ml

n m n
m

+
+ += − +( ) −

( )
( )

∫1
1 1

01 ,

,

min ρ

ρ xxl
0
max∫















 (6)

In order to obtain distribution of the channel whole space before 
the (m+1)-th  division (after being covered again), it is necessary to 
use a weighted mean:
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Operator ,n mB is not linear like  ,n mA , as it depends on the level 
of material which was left in the n-th segment after the first division 
and is a function of probability distribution in the material (which has 
an influence on which  part of the material is to be removed from the 
disk and the division space). In order to be able to treat Bn,m as linear 
operators, quantities m

ny  need to be treated in each step of the pro-

cedure, as being pre assigned and iteratively adjusted to experimental 
tests [17, 24].

The flow of particles leaving the machine. During the m-th micro-
nization, the flow of particles leaving the machine through a gap  
between the n-th and the (n+1)th segments is given by the probabil-
ity distribution: 
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and its volume is equal to:
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Linear velocity of grinding in the disk adjacent segments:
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where:

( 1) /L i j i kv + − −∆ – gradient of linear velocity between adjacent ra 
 dial segments (Sr1-4) or peripherals of the grinding  
 set disk m·s-1,

v(i+1)-j  – linear velocity in the (i+1) th segment, on the j-th  
 level (Sp1-4), m·s-1,

vi-k   – linear velocity in the (i+1) th segment, on the k-th  
 level (Sp1-4), m·s-1,

D(i+1)-j, Di-k – respective guide diameters of the (i+l)-th  segment  
 (Sr1-4)and the  i-th level (Sp1-4), j-th or the  k-th row  
 of grinding (Sr1-4), m,

ni+1   – rotational speed of a  segment more distant from  the  
 feed entry (e.g. Sr3),  s-1,

ni   – rotational speed of a segment closer to the feed  
 entry (e.g. Sr2), s-1;

Thus, it is necessary to match the working disk rotational (angu-
lar) speed in such a way that the speed of particles micronized  in its 
particular segments would be of (sub)optimal range: 

 ( 1) /( )L i j i kf vω + − −= ∆
 

(11)

Transformations of particle length distributions. The distribution 

of particle lengths in the n-th division is expressed by denotation ρn
m

 . 

Operators which carry out distribution ρn
m  w ρn

m
+1  i w ρn

m+1  are 

denoted respectively as ,n mA
 
i ,n mB . 

State  ρ0
0  is given (distribution of particle lengths in the input 

material, e.g. the first grinding, second grinding ,…..). State  ρn
m

 is 
obtained from an  equation of the sum of A and B operator products 
in state ρ0

0 . The products represent all the paths which can be used to 
reach this state from state ρ0

0 . For example:
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State ρn
m  can be reached by using   operator A n times and opera-

tor B² m-times. The path is unambiguously defined by an n-element 
subset of steps making up the whole path { 1……m}, steps with op-
eration of operator A. The number of such subsets, that is, products in 

the sum is 
m
n

 
 
 

. In general, operators A and B do not commute. Cal-

culation of such expressions is crucial for further studies. States ρ  

are positive elements of Banach space 1L ([0, 1]), whereas operators 
A and B are endomorphisms of this space [9, 29, 30]. For practical rea-
sons it is necessary to approximate p states by positive elements dR , 
and operators A and B by matrixes d×d. Physically, it corresponds to 
division of a particle of  length l (e.g. the feed initial dimension) into 
d-number of further indivisible parts (e.g. product dimension close to 
0) – corresponding to a linear measure of disintegration (degree). It 
can also correspond to dimensional classes: (l>1.4) mm, (0.8<l<1.4) 
mm, (0.4<l<0.8) mm, (l<0.4) mm.

Literature offers inconsistent data on the amount of straw to be 
used for energy production purposes. However, it can also be accepted 
that the surplus between its total production and utilization in agricul-
ture in 2010 was 11.6 mln tons [Flizikowski 2011, Flizikowski 2013].

Fig. 3 shows a scheme of a technological system for biomass grind-
ing. The micronized material is supplied through a dumping hopper, 
to basket (1) from where it is delivered by conveyor (2) to feeder (3). 
The feeder fills a suction pipe which feeds an axial-disk micronizer 
powered by an electric motor (4). The micronized biomass flows in 
the form of air and vapor mixture to cyclone separator (5), from where 
it is fed to external containers by conveyor belt (6). Humid air free 
from  micronized material flows to a drier and next to fine filter (7), 
from where it is carried outside. Fractions separated from both filters 
are turned to a second micronization (thick fraction) or are supplied to 
external containers (fine fraction). Dust silos, bag filters and biomass 
silos are equipped with anti-explosion systems [7, 8, 23].

4. Presentation of micronization experiments results  
(Statistica 10)

The tests were carried out on a test stand, being a prototype in-
novative technological system for biomass micronization. 

A comparison of measuring elements: mass and percentage share 
of the investigated rye straw fractions has been presented in table1 for 
selected rotational speeds of the first micro-milling. 

A sample of rye straw was the statistical population. The tests 
involved a quantitative feature, that is, the share of mass of particular 

fractions in the sample total mass, measured in % in relation to the 
value of rotational speed in two time intervals (10 and 30) s. A por-
tion of rye straw with mass 40 g served as a statistical unit, 12 such 

portions were tested. Four kinds of fractions were separated: 
(> 1.4, 1.4–0.8, 0.8–0.4 and < 0.4)mm and eleven values of 
rotational speed – (from 0 to 18.000) min−1. 

Statistical measures are used for a description of the 
tested specimen structure (Tab. 1).

The mean percentage share of rye straw fraction  (>1.4) 
mm of the micronization product was 29.52%, for all the 
rotational speeds, in time of 10 seconds, fraction (1.4–0.8) 
mm – 20.563%, fraction (0.8–0.4) mm – 20.683%, and 
fraction (< 0.4) mm – 28.319%. It means that the highest 
mean percentage was found for the extreme intervals. Half 
of specimens of fraction (>1,4) mm contained 27.488%, 
fraction (1.4–0.8) mm and (0.8-0.4) mm – nearly 21.5 %, 
and fraction (< 0.4) mm – 28.087% (median).

In the studied population, there occurs relation Xśr>Me  
between the measures of central tendency in fractions 
(>1.4) mm and  (<0.4)mm which indicates right sided 
asymmetry (not dangerous) and in fractions (1.4–0.8) mm 
and (0.8–0.4) mm – relation Xśr< Me, (<0.4) mm – 6.203% 
(feed), which indicates left sided asymmetry (not danger-
ous, either). The lowest percentage share of rye straw frac-
tion for all rotational speeds, during 10 seconds, was found 
for fraction (<0.4) mm – 6.203% (feed), and the highest for 

fraction (>1.4) mm – 74.240% (feed). The highest absolute difference 
between value of the highest and the lowest percentage share was: in 
fraction (<0.4) mm – 6.203% (feed), and the highest in fraction (>1.4) 
mm – 62.946, and in fraction (<0.4) mm – 35.726. The lowest value 
of range was observed in fraction (0.8–0.4) mm – 13.995.  Portions 
of rye straw dust were characterized by diversified mass percentage 
share of particular fractions. 

On the average it was ±18.989 % for fraction (<0.4) mm. The low-
est value of standard deviation was found for fraction (0.8–0.4) mm – 

Fig. 3. Technological system for biomass micronization: 1-basket with dumping hopper, 
2-coveyor belt, 3-feeder, 4-micronizer with electric motor, 5-cyclon, 6-conveyor belt,7- 
filtration device

Fig. 4. Values of the mean and percentage mass content of the tested frac-
tions for range rotational speed range (0…18.000) min−1 in testing 
time of 10s



Eksploatacja i NiEzawodNosc – MaiNtENaNcE aNd REliability Vol.17, No. 1, 2015 23

sciENcE aNd tEchNology

3.853%. This dispersion is considered to be significant as the relative 
measure of variability (v) is maximally 64.327 % for fraction (>1.4) 
mm, and minimally 18.63% for fraction (0.8–0.4) mm (Tab. 2).

The highest diversity of the fraction mass percentage share for 
different values of rotational speed (from 0 do 18.000) min−1, in test-
ing time 10 seconds, was characteristic of fraction (>1.4) mm (range 
from 10.513 do 48.509) and  fraction (<0.4) mm (from 17.404 do 
39.234). The lowest diversity characterizes fractions (1.4–0.8) mm 
and (0.8–0.4) mm (from about 16.5 to app. 24.5) (Fig. 4).

The results of Shapiro-Wilk test for rye straw dust fraction (>1.4) 
mm, for rotational speeds in the range (0…18.000) min−1 and testing 
time 10 seconds, indicate  its distribution normality (W=0.083708, 
p=0.02892). For the analyzed fraction, the lower quartile is equal to 
14.179%, which means that 25% of all the obtained results was below 
this value.  The upper quartile is equal to 39,785%, hence 25% of all 
the results is found to be above this value. 

The results of Shapiro-Wilk test for rye straw dust fraction (1.4–
0.8) mm for rotational speed in the range (0...18.000)min−1 and test-
ing time 10 seconds, indicate its normal distribution (W=0.80469, 
p=0.01084). The lower quartile for this fraction is equal to 18,819%, 
and the upper one is 23.918%. 

The results of Shapiro-Wilk test for rye straw dust fraction (0.8-
0.4) mm for rotational speed in the range (0…18.000)min−1 and test-
ing time 10 seconds, indicate its normal distribution. (W=0.85496, 
p=0.04953). The lower quartile for this fraction is equal to 19.306%, 
and the upper one is 22.889%.

The results of Shapiro-Wilk test for rye straw dust fraction (<0.4) 
mm, for rotational speeds in the range ((0…18.000) min−1 and test-
ing time 10 seconds, indicate lack of its distribution normality  
(W=0.92245, p=0.33961). For the analyzed fraction the lower quartile 
is equal to 21.222%, and the upper one is 36.747%.

The value percentage share of rye straw dust fraction (>1.4) mm 
is strongly negatively correlated with the rotational speed increase in 
the range (0…18.000)min−1 (r = −0.96) which means that the percent-
age share of fraction (>1.4) mm in the whole sample mass decreases 
along with an increase in rotational speed (Fig. 5). This dependence is 
described by regression equation:

 fraction >1.4 = 74.682 − 0.0037 ·ω

The value percentage share of rye straw dust fraction (1.4–0.8)  
mm is strongly positively correlated with rotational speed increase in 

Table 1. Mass and percentage share of  the tested rye straw fractions for selected rotational speeds.

rotational 
speed
min-1, 
t=10s

Moisture 
of speci-
mens ,

%

 Mass of 
specimen, 

g

fraction > 1.4 fraction 1.4-0.8 fraction 0.8-0.4 fraction < 0.4

mass g share% mass g share % mass g share % mass g share  %

0 (wsad) 13.2 40.14 29.8 74.240 3.79 9.442 4.41 10.987 2.49 6.203

9000 13.0 40.1 16.32 40.698 7.71 19.227 7.17 17.880 8.51 21.222

10000 13.1 40.12 15.64 38.983 7.55 18.819 7.84 19.541 8.11 20.214

11000 13.2 40.04 15.93 39.785 7.41 18.506 7.73 19.306 8.5 21.229

12000 12.9 39.99 13.92 34.809 8.07 20.180 8.51 21.280 9.5 23.756

13000 13.0 40.09 11.02 27.488 8.65 21.576 8.7 21.701 11.26 28.087

14000 13.1 39.98 5.75 14.382 9.06 22.661 8.75 21.886 16.07 40.195

15000 12.9 40.02 4.52 11.294 9.28 23.188 9.16 22.889 16.78 41.929

16000 13.0 40.03 5.4 13.490 9.65 24.107 9.14 22.833 14.71 36.747

17000 13.2 40.15 6.17 15.367 9.84 24.508 9.73 24.234 14.18 35.318

18000 13.1 39.99 5.67 14.179 9,59 23.981 9.99 24.981 14.64 36.609

18000
t=30s 13.0 40.07 5.25 13.102 9.87 24.632 9.08 22.660 15.54 38.782

Table 2. Descriptive statistics of mass percentage share of the tested rye straw fractions for rotational speeds from 0 to 18.000 for testing time 10sec. 

Variable Mean Median Minimum Maximum
lower 

quartile 
Upper 

quartile range

fraction  > 1.4 29.520 27.488 11.294 74.240 14.179 39.785 62.946

fraction 1.4-0.8 20.563 21.576 9.442 24.508 18.819 23.981 15.066

fraction 0.8-0.4 20.683 21.701 10.987 24.981 19.306 22.889 13.995

fraction < 0.4 28.319 28.087 6.203 41.929 21.222 36.747 35.726

Variable Variance standard 
deviation 

Confidence limit 
standard deviation

– 95.00%

Confidence limit 
standard deviation .

+95.00%

Variabiity 
coefficient Data skew Curtosis 

fraction > 1.4 360.58 18.989 13,268 33.324 64.327 1,300 1.9806

fraction 1.4-0.8 18.50 4.301 3.005 7.548 20.917 -1.870 4.3669

Fraction 0.8-0.4 14.85 3.853 2.692 6.763 18,630 -1.688 3.6968

Fraction  < 0.4 119.13 10.915 7.626 19.155 38.542 -0.606 -0.0923
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 fraction 1.4-0.8 = 10.1539 + 0.0008 · ω

The value percentage share of rye straw dust fraction (0.8–0.4)  
mm is strongly positively correlated with rotational speed increase in 
the range (0…18.000)min-1 (r=−0.99) which means that the share of 
fraction (0.8–0.4) mm in the whole sample mass increases along with 
an increase in rotational speed (Fig. 7). This dependence is described 
by regression equation:

 fraction 0.8-0.4 = 11.2577 + 0.0008 · ω

The value percentage share of rye straw dust fraction (<0.4) ) mm 
is strongly positively correlated with rotational speed increase in the 
range (0…18.000)min-1 (r = −0.90) which means that the share of frac-
tion (<0.4) mm in the whole sample mass increases along with an 
increase in rotational speed (Fig. 7). This dependence is described by 
regression equation:

 fraction < 0.4 = 3,951 + 0.002 · ω
Also a comparative analysis of changes in mass percentage share 

of particular fractions has been performed through multiple grinding 
and  for constant rotational speed  18.000min−1, for different testing 
times (10 and 30) s (Tab. 5). The obtained data  shows that the per-
centage share of fraction (>0.8–0.4) mm decreases along with the 
process duration and the percentage share of fraction (0.25–0.4) mm 
increases, especially dusts (<0.25) mm (Tab. 5, Fig. 8).

the range (0…18.000)min−1(r = −0.98) which means that the share of 
fraction (1.4–0.8) mm in the whole sample mass increases along with 
an increase in rotational speed (Fig. 6). This dependence is described 
by regression equation:

Fig. 5. Diagram of scatter for rye straw dust fraction (>1.4) mm for rotational 
speed of the range (0…18.000)min−1 and testing time 10 s.

Fig. 6. Diagram of scatter for rye straw dust fraction (1.4–0.8) mm for rota-
tional speed of the range (0…18.000)min−1 and testing time 10 s.

Fig. 7. Diagram of scatter for rye straw dust fraction (0.8–0.4) mm for rota-
tional speed range (0…18.000)min−1 and testing time 10

Fig. 8. Diagram of scatter for rye straw dust fraction (< 0.4) mm  for rotation-
al speed in the range (0…18.000)min−1 and testing time 10 seconds.

Fig. 9. Grain distribution for Specimen 2
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6. Conclusions 

The carried out tests and analysis have proved that application 
of a micronizer in the process of preparation of biomass to be co-
combusted with coal provides numerous benefits. Besides, thanks to 
the tests the influence of operating characteristics of the micronizer on 
the process quality improvement has been defined. 

In the first micro-milling of straw particles the percentage share of 
rye straw dust highest fraction (>1.4) mm is strongly negatively corre-
lated with an increase in rotational speed in the range (9.000… 18.000)
min−1 (r= − 0.96). This means that the percentage share of fraction 
(>1.4) mm in the product entire mass increases along with an increase 
in angular velocity (experimentally by 28%).  

Whereas, the percentage share of rye straw dust fraction (1.4–0.8) 
mm is strongly positively correlated with angular velocity increase in 
the range (9.000…18.000)min-1 (r = 0,98) which means that the share 
of fraction (1.4–0.8) mm in the entire sample mass increases along 
with an increase in angular velocity 

The share of the smallest fraction value (<0.4) mm of rye  straw 
dust is strongly positively correlated with rotational  speed increase 
in the scope of (9.000…18.000)min−1(r=0.90). The share of fraction 
(<0.4) mm in the total mass of the sample increases along with  rota-
tional speed (in experimental range even by 21%). The second micro-
milling of the product provides satisfactory qualitative results: totally 

nearly 96% of the tiniest frac-
tion (<0.40) mm.

Along with an increase in 
rotational speed the percentage 
share of fraction (<0.4) mm in 
the whole mass of the speci-
men increases ( experimentally  
even by 21%). The second mi-
cro-milling of the product pro-
vides satisfactory qualitative 
results: totally app. 96% of the 
tiniest fraction (<0.40) mm.

The above mentioned ad-
vantages of biomass make it a desirable material for energy produc-
tion and it seems that the Polish power generation industry is bound to 
develop biomass micro-grinding for energy generation. Political con-
ditionings (both internal and European) impose strict rules on power 
producers involving respecting the requirements concerning the use 
of renewable sources for energy production according to strictly fixed 
dates. Agricultural character of Polish economy provides good condi-
tions for farming energy providing plants which can limit the depend-
ence on fossil fuels. 

On the basis of the micro-grinding tests results it can be said that 
along with an increase in the process duration time the percentage 
share of fraction (>0.8–0.4) mm decreases and the percentage share  
of energetically desired fractions increases: (0.25–0.4) mm, especially 
dusts (<0.25) mm.

The research was performed in the company Hydrapress Sp. z o.o. 
within the project POIG 01.04.00-04-003/11-00: "Improvement of 

competitiveness of the company through the development of biomass 
shredding technology"

Table 3. Mass and percentage shares of dimensional fractions from the analysis of Specimen no.2, (the second micro-milling)

size of sieve mesh 
 d (mm)

Mass of fraction 
m1 (g)

Mass of fraction 
m2 (g)

Mass of fraction 
m3 (g)

Mean mass 
mśr (g)

percent
%

0<d<0,25 32.95 32.48 32.97 32.80 82.00

0,25<d<0,4 5.98 5.95 5.96 5.96 14.91

0,4<d<0,8 0.62 0.82 0.52 0.65 1.63

0,8<d 0.45 0.75 0.55 0.58 1.46
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