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Abstract

This paper presents a new method of modeling the technological parameters of mill for the new con-
ditions of mechanochemical treatment of mineral resources based on the Buckingham hypothesis. The
specific volume of designed mill is changed if there is a change in the charge density of the mill, and
dependence of the change is determined using a criterion equation. After examining the most well-
known dimensional criteria, it was observed that Damkohler's criterion would quantitatively model the

specific volume and density of the mill batch.
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INTRODUCTION

It is known that by changing the type of
the milling bodies is different efficiency of
grinding of mineral raw material and thus
different grinding fineness. In this paper, a
hypothesis on the density of the charge of
the mill as an influential factor in the
specific capacity of grinding certain mineral
deposits. The aim of this modeling is the
ability to predict the capacity of the mill in
terms of changes in the charge density of the
mill. Density of the batch mill is the sum of
densities of balls in bulk density, material
density and the density of water, which is
located in the gaps between the spheres. The
density of the charge depends on the type of
milling body, and grinding efficiency is
increased with the use of the higher density
spheres. This paper studies the effect of
changes in the specific capacity [1] of the

industrial mills in operation of the mill
charge density and the possibility of
adaptation of the mill plant to increase the
capacity of the mill. Variations in the
specific capacity of the mill was carried out
to determine the Damkohler criterion [2].
The good factor regarding the specific mill
that was built in the silica sand separation
plant in Lukic polje near Milici, on which
are carried out tests, is that the motor of the
mill can support higher density batch milling
body, so that the realized tests can be carried
out in practice.

MATERIALS AND METHODS
Plant for grinding the quartz raw mate-

rials in Milici operates with the following
operating characteristics [3]: the mill ca
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pacity is g = 10 t/h with the grain size is
90% - 600 um Power of mill motor is
N=280 kW, and mill volume is V/ = 13 m’.
Mass of silex milling bodies in the mill is
9000 kg. The mill rpm is 17.8 mills/min.
The mill is discharged through a branch, and
the pulp density in the outlet is 1.125 kg/l
which means that it has 18% solid in the
pulp, (C: T is then 1:4.94). Material mass in
the mill is 2.34 t Grinding time is 14
minutes. Value of the Bond work index for
quartz sand is 15.0 kWh/t. Variations in the
specific capacity of the mill was carried out
to determine the Damkohler criterion.

Density of mill batch

In order to carry out the grinding pro-
cess in a mill the amount of material that
is mechano-chemically treated have to be
present to such an extent that the filling of
empty space between balls is larger from 5
to 10% by volume relative to the volume
of empty space in the mill, when the balls
are present without material. Density of
mill batch is the sum of ball densities in
bulk state, material density and water den-
sity, which is located in the gaps between
the balls, Equation 1. Density of filled
gaps between the balls is actually the se-
cond summand in Equation 1 and it is
expressed through the pulp density p,,.

Density of charge in the mill [4] is p,:

Ps =py +115-(1- P ) pak_gs
Psk m
1)
Where:
P - Density of balls in bulk state in

kg/m?

Psk - Density of material from which
the ball is made, in kg/m®

pp - Pulp density in kg/m’

Density of material from which the ball
is made;
Fe cast - pgy, = 7800 kg/m?

Silicate - pgy, = 2600 kg/m?

Density of balls in bulk state;

Fe cast - p,, = 4100 to 4200 kg/m®
Silicate - p,, = 1800 to 1900 kg/m®

Calculating the Density Values of
Mill Batch in the Site of Quartz Sand
Separation ""Lukic polje™ near Milici

Density of mill batch in the industrial
process of mill operation in the site of sepa-
ration Milici, was calculated according to
Equation 1

p

o
Ps = Py +1.15-(1- %) p
P'sk

~1800+1.15- (1- 890 1125
2600

_ 210849
m3

The pulp density p, is measured by

mining pycnometer and scale for measuring
of density. The pulp density p, cannot be

high when the charge is of the same materi-
al, or when balls and raw materials to be
crushed are the same material. Experimen-
tally, it was found that the required optimum
thickness of the pulp is p, = 1125 kg/m” or

18% C, in order to ensure the movement of
material through the mill. This fact was ob-
tained visually recognizing higher viscosity
of batches if the pulp density increases,
which causes release of balls from mill when
the effects of mechano-chemical treatment
cease. Density of mill batch can be increased
if the type of grinding bodies is changed and
the steel balls with higher density are adopt-
ed instead of silex balls, and then the pulp
density can be increased what is a prerequi-
site for increasing the specific capacity [4,5].
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Specific Capacity of Tested Mill

In order to find the specific capacity of
mill for different product sizes, a change was
experimentally carried out for hour capacity
[6,7] of mill at optimal pulp density. The
experiment began with small hour capa-

city, which amounted to 4 t/h and pulp den-
sity p,=1125 g/dm®, when it was nece-
ssary to add 18.2 m*h of water. Then, about
98.5% of class -200 um was obtained in the
final product, Figure 1, curve 1.
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Figure 1 Grain size distribution of grinding products Q =4, 10, 15t/ h and
grain size distribution of the starting sample

After that, the hour capacity of mill was
increased to 10 t/h, and the pulp density
remained the same p,=1125 g/dm® when

45.6 m*h water had to be added, and when
about 98% of class -600 pm was obtained
in the final product, Figure 1, curve 2. In
the third attempt, the hour capacity of mill
was maintained at 15 t/h with the same pulp
density p,=1125 m’h when 684 m’h

water had to be added, so about 97% of class
-830 um was obtained in the final product,

Figure 1, curve 3. In the starting sample
according to the developed grain size distri-
bution, the contents of given size classes
were: 0% -200 class um 6% of class
600 m and 12.3% -830 class um , Figure 1,
curve 4.

Specific capacity was able to be calcu-
lated using the formula 2 on the basis of

data from Table 1. Specific capacity of the
mill according to Magdalinovi¢ [1] is

M (ﬁ_d—a_d){ 9 }

Vot m°.s

0_q =

)

Where:

q_q - Specific capacity of the mill by
the newly created accrual class

Grain size —d in kg/(m%) (d is a
square hole of sieve)

M - Mass of material in the mill, kg

V- Volume of the mill m*

t - Grinding time, S

a_q and B_4 Content of accrual size

class —d in the inlet and grinding product in
parts of the unit.
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Table 1 Kinetic experiments of grinding in the industrial mill conducted to determine
the specific capacity of mill by the newly accrual size class -d

d Content of accrual | q_4 =
i Grinding Mass of size class in grind-
Capacit - g M
pt Y time, t material in \_/olur_7|1|e ing productsand | =y (B_q —a_q)
Q- M the mill, | MM inlet
h t=6.3600[s] kgl [V/m?] kg
9 Bq aqg | |md.s
4 2106 2340 0.98 0 0200 = 0.084
10 842.4 2340 097 | 006 | 0goo=0194
15 561.6 2340 097 | 012 | Qg3 =0.272

Mass of Material in Mill M

Mass of material for grinding is calcu-
lated by the formula 3 [1]

M =012-V-A
=0.12-13-1.5-10° = 2,340 kg
3)
Where:
M - mass of material in mill, kg;

V - volume of mill m?,
A - density of material in bulk density

or material bulk density, kg/m?;

0.12 - volume filling of empty space
between the balls of the mill units.

Percentage of sample in a mill in the in-
dustrial grinding conditions in discharging
through the sleeve is such that the bulk den-
sity occupies a space of 12% of the mill
volume [6]. Such conditions are obtained
when the level of mill filling with charge is
40%, and the empty space between the balls
is of 30%, (0.4-0.3=0.12).

Volume of of mill V:

Measured bulk density of material A:
A=15-10%kg/ m? (5)

EQUATION OF MODELING SPECIFIC
CAPACITY OF THE MILL

According to the Buckingham m theo-
rem, each equations contains v of the associ-
ated physical quantities (v, where v = nd, p,
D, r .., etc.), between which unites m; values
have independent dimensions of the size (M,
L, t), which can be transformed into an equa-
tion that has m,, and the dimensionless crite-
ria and simplex, composed of those values
[2,4]. This theorem is of great importance in
the experimental and theoretical work. Di-
mensionless humbers encountered practical-
ly in solving any problems in chemical engi-
neering. The formation of dimensionless
numbers for a particular problem is the most
easily achieved using the dimensional ma-
trixes. Dimensional matrix consists of a
square and remaining matrix. Rows of the
matrix form the basis of size, and it will
form a rank r matrix. The columns of the
matrix represent the physical size or process
parameters. Size of squares elementary ma-
trices appear in all dimensionless numbers,
while each element of the remaining matrix
appears only in one dimensionless number.

2
V- D T
2;2 3.14 @
=;-3.4=13[m3]
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Due to this reason, the remaining matrix
should be comprised of the most important
variables. Rearrange matrix (linear trans-
formation) is done by the core matrix be-
coming a common matrix. After creation of
a common matrix, dimensionless numbers
arise in the following way. Each element of
the remaining matrix, which is the numera-
tor divided by the square of the matrix pa-
rameters that are graded below the number
of the remaining elements of matrix. In the
modeling process, where applicable chemis-
try reactions with transfer of impulse force
and heat the criterion Damkohler (D, ) [2,3]

as dimensionless units. Damkohler repre-
sents an equation modeling and specific
capacity of the mill:

D, = (6)

Where:

q_q - specific capacity of mill according
to the newly -d accrual size
class, M/(L3tY)

n - number of revolutions per unit time

of tmill, 1/t
p, - batch density, M/L®

Table 2 Dimensional matrix of the Damkohler criterion

Pup d 0-g
Mass M 1 0 0
length L 3. 1 0 3.
Time t 0 0 -1 -1
Basic matrix Remaining matrix

It only takes one dimensional linear
transformation matrix | to -3 in the L line
and Pup @ column to zero, in order to be

Table 3 Renovated dimensional matrix

come converted dimensional matrix. Later
should change character into t, so -1 to take
the 1.

Pup d n Q-d

M 1 0 0 1

3AM+L 0 1 0 0

-t 0 0 1 1
Basic matrix Remaining matrix

The remaining matrix comprises one
parameter, so

04 _ 94

The Damkohler Criterion Values for
Experimental Conditions

The Damkohler criterion value is calcu-
lated according to equation 6, and is given in
Table 4 (column 5) for the following fine-

- - =D, ness of mechano-chemical treatment of
pt-d®-nt p-n 200 um, 600 um and 830 pm.
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Table 4 Values of the criteria D, for various specific capacities q_g4

Specific Charge i
Measu_red grinding density in r.p.m. of Value of _Dar_nkohler S
capacity, capacity, mill, mill. criterion
t d_g
Q[—} kg k [ —1] D. =_=d
h 0-d 3 Ps _93 el oo Pup
m--s m
4 0.084 2198 0.3 D, = Y20+ 9000127
NPy
10 0.194 2198 03 D, = =80 ~ 0,000295
NPy
15 0.272 2198 0.3 D, == ~ 0,000413
NPy

Density of mill charge can be signifi-
cantly increased only if the higher density
balls are used, and then to increase the spe-
cific grinding capacity that criterion D,
remains the same with those values given in
Table 4 (column 5), and 6 according to the
equation.

New Density of Mill Batch in a Case of
Changing the Type Grinding Bodies

Pk

pup = Pk +115(1_ )'pvm =
Psk
_ 4200+1.15- 01— 229 4719
7800
511259
m3

A new batch of density can be increased
by changing the type of grinding bodies so
that the instead silekx balls p, = 1800
kg/m? the steel balls p,, = 4200 kg/m®
will be used. Pulp density can also be in

creased without the risk due to the increased
viscosity of the pulp that reaches discharge
batch of balls through the sleeve, and it is
adopted to be about 68%, which is typical
for this type of raw material and the type of

mill, and then p, =1719 kg /m’

New Specific Capacity of Mill a Case of
Changing the Type Grinding Bodies

A new specific capacity of mill for a new
value of charge density can be obtained by
calculation such as the value of criterion D,

for specific accounting of size class remain
the unchanged. The requirement that the
criterion D, remained the unchanged for

the new operating conditions of mill and the
increased value of charge density in mill is
that it must increase the specific capacity of
mill for a given size class. After the new
calculation of specific capacity, the grinding
time can be easily calculated as well as the
hour capacity of the mill as it is shown in
Table 5.
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Tabela 5 New specific capacity of mill in using larger charge density in mill

It is seen that it can be expected in the
future at least two times higher capacity of
grinding with a change of ball type, i.e.
10 t/h for the fineness of 85% 200 pm.

CONCLUSION

Specific grinding capacity according to
the Damkohler criterion and equation 6
depends on the mill charge density, r.p.m.
of mill and specific grinding capacity. In
realization the idea to change the specific
mill capacity, the charge density have to
be changed, so from the criterion Dam-
kohler equation it is easily to calculate the
new higher specific mill capacity. With a
change the type of grinding bodies (from
silex balls to steel balls), it is possible to
change the specific mill capacity or in-
crease the fineness of 200 pm and that the

capacity remains the same 10 t/h.

Specific
Calculated grlndl_ng Che_lrg(_e Value of Damkohler’s
capacity, capacity, dens!ty n r-p-m of criterion
mill, mill
Gl | phey | o] | | e
h |: kg :| ps|:_3} ngs é n-pyp
3 . m
m®.s
10 0.209 5112 03 D, =320 - 0000127
N Pup
23 0.447 5112 03 D, = 6% ~ 0,000295
N Pup
35 0.635 5112 03 D, =183 - 0000413
N Pyp
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lzvod

U radu je prikazana nova metoda modelovanja tehnoloskih parametara rada mlina za nove uslove
mehano-hemijskog tretmana mineralne sirovine na bazi hipoteze Buckinghama. Specificni kapacitet
projektovanog mlina menja se ukoliko dolazi do promene gustine 3arze mlina, a zavisnost te promene
odreduje se upotrebom kriterijumskih jednacina. Uvidom u vecéinu poznatih dimenzionih kriterijuma
uoceno je da bi Damkohler-ov Kriterijum mogao kvantitativno da modeluje specificni kapacitet i gustinu

Sarze mlina.

Kljuéne redi: specificni kapacitet, gustina Sarze, Damkohler-ov kriterijum

uvoD

Poznato je da se promenom vrste
meljucih tela ostvaruju razlicite efikasnosti
mlevenja mineralne sirovine i time razliCita
finoéa mlevenja. U radu je postavljena
hipoteza o gustini 3arze mlina kao uticajnom
faktoru na specifi¢ni kapacitet mlevenja
odredjene mineralne sirovine. Cilj ovakvog
modelovanja je moguénost predvidanja
kapaciteta mlina u uslovima promene
gustine SarZe mlina. Gustina Sarze mlina
jeste zbir gustine kugli u nasutom stanju,
gustine materijala i gustine vode koja se
nalazi u praznini izmedu kugli. Gustina
Sarze najvise zavisi od vrste meljucih tela, a
efikasnost mlevenja se povetava sa
upotrebom kugli veée gustine. U ovom radu
je ispitivan uticaj promene specifiénog
kapaciteta [1] industrijskog mlina u funkciji

gustine Sarze mlina i moguénosti adaptacije
mlinskog postrojenja da bi se povecao
kapacitet mlina. Variranje specifiénog
kapaciteta mlina vr3eno je da bi se utvrdio
kriterijum Damkohlera [2]. Dobra okolnost
u vezi sa konkretnim mlinom koji je ugraden
u pogonu separacije kvarcnog peska u
Luki¢a polju kod Mili¢a, i na kojem su
izvr8ena ispitivanja, je ta Sto motor mlina
moze da podrzi vecu gustinu Sarze meljucih
tela, tako da se realizovana ispitivanja mogu
sprovesti u praksi.

MATERIJAL | METODE
Postrojenje za mlevenje kvarcne sirovine

u Mili¢ima radi sa slede¢im radnim karakte-
ristikama [3]: kapacitet mlina je g = 10 th

“Institut za tehnologiju nuklearnih i drugih mineralnih sirovina, e-mail: m.petrov@itnms.ac.rs

“Prikazani rezultati predstavljaju deo istraZivanja u okviru projekta TR 34006 ““Mehanohemijski
tretman nedovoljno kvalitetnih mineralnih sirovina“ i TR 34013 ,,Osvajanje tehnoloskih postupaka
dobijanja ekoloskih materijala na bazi nemetalicnih mineralnih sirovina“ Ciju realizaciju finansira
Ministarstvo prosvete, nauke i tehnoloSkog razvoja republike Srhije.
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pri krupno¢i od 90% - 600 pm. Snaga
motora mlina je N=280 kW, a zapremina
mlina je V = 13 m®. Masa sileks meljuéih
tela u mlinu je 9.000 kg. Broj obrtaja mlina
je 17,8 o/min. Mlin se prazni kroz rukavac, a
gustina pulpe na izlazu je 1,125 kg/l Sto
znadi da ima 18% &vrstoga u pulpi, (C:T je
tada 1:4,94). Masa materijala u mlinu je
2,34 t. Vreme mlevenja je 14 minuta.
Vrednost Bondovog radnog indeksa za
kvarcni pesak je 15,0 kWh/t. Variranje
specificnog kapa-citeta mlina vrseno je da bi
se utvrdio kriterijum Damkohlera.

Gustina Sarze mlina

Da bi se vrsio proces mlevenja u mlinu
koli¢ina materijala koji se mehano hemijski
tretira mora biti zastupljena u takvoj meri da
je zapunjenost praznog prostora izmedu
kugli vea za 5 do 10% zapreminski u
odnosu na zapreminu praznog prostora u
mlinu kada su prisutne samo kugle bez
materijala. Gustina n Sarze mlina jeste zbir
gustine kugli u nasutom stanju, gustine
materijala i gustine vode koja se nalazi u
praznini izmedu kugli, jednacina 1. Gustina
popunjene praznine izmedu kugli je zapravo
drugi sabirak u jednaCini 1 i izrazena je
preko gustine pulpe p,. G gustina Sarze u

mlinu [4] je p5:

Ps = Pvk +1115'(1_ Puk ) pak_gs
Psk m
1)
gde je:
Py - gustina kugli u nasutom stanju,

u kg/m®
Ps - gustina materijala od kog je
sacinjena kugla, u kg/m?
P - gustina pulpe, u kg/m®
Gustina materijala od kog je sacinjena
kugla;

Fe livene - pg = 7800 kg/m’

Silikatne - pg = 2600 kg/m’

Gustina kugli u nasutom stanju;

Fe livene - p, = 4100 do 4200 kg/m®
Silikatne - p = 1800 do 1900 kg/m®

Izra¢unavanje vrednosti gustine Sarze
mlina u pogonu separacije kvarcnog
peska ,,Lukié¢a polje” kod Mili¢a

Gustinu Sarze mlina u industrijskom
procesu rada mlina u pogonu separacije
Mili¢i izracunali smo prema jednacini 1.

o
) pp =

Ps = Py +115-(1- p

Psk

~1800+115- (1- 2290 1125 =
2600

_ 210849
m3

Gustina pulpe p, meri se rudarskim

piknometrom i vagom za merenje gustine.
Gustina pulpe p,, ne moze biti velika kada

je SarZa od istog materijala, odnosno kada
su kugle i sirovina koja se usitnjava od
istog materijala. Eksperimentalno smo
utvrdili da je potrebna optimalna gustina
pulpe p,= 1125 kg/m® ili 18% C, da bi se

obezbedilo kretanje materijala kroz mlin.
Do ovakvog saznanja smo dosli vizuelno
uocavajuéi vecu viskoznost $arze ukoliko
se povecava gustina pulpe, a koja prouzro-
kuje izlazak kugli iz mlina kada prestaju
efekti mehano-hemijskog tretmana. Gus-
tina SarZe mlina moze da se poveca
ukoliko se promeni vrsta meljucih tela i
umesto sileks kugli usvoje Celi¢ne kugle
sa veCom gustinom, a tada moze da se
poveca i gustina pulpe §to je preduslov za
povecanje specificnog kapaciteta [4,5].

Specifi¢ni kapacitet testiranog mlina

U cilju iznalaZenja specificnog kapa-
citeta mlina za razli¢ite finoée proizvoda
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eksperimentalno je vrSena promena casov-
nog kapaciteta [6,7] mlina pri optimalnoj
gustine pulpe. Eksperiment je otpoCeo sa
manjim ¢asovnim kapacitetom koji je izno-

100

sio 4 t/h i gustinom pulpe p,=1125 gd/m’,
kada je trebalo dodavati 18,2 m*h® vode.
Tada smo dobili oko 98,5% klase -200 pm u
finalnom proizvodu, slika 1, kriva 1.
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Sl. 1. Granulometrijski sastavi proizvoda mlevenja Q =4, 10 15 t/h,
kao i polaznog uzorka

Nakon toga povecan je ¢asovni kapaci-
tet mlina na 10 t/h, a gustina pulpe ostala je
ista p,=1125 gd/m’ kada je trebalo doda-

vati 45,6 m*h vode, i kada smo dobili oko
98% klase -600 pum u finalnom proizvodu,
slika 1, kriva 2. U tre¢em pokusaju smo
Casovni kapacitet mlina odrzavali na 15 t/h
sa istom gustinom pulpe p,=1125 gd/m®

kada je trebalo dodavati 68,4 m*/h vode, pa
smo dobili oko 97% klase -830 um u final-
nom proizvodu, slika 1, kriva 3. U polaz-
nom uzorku prema uradenom granulome-
trijskom sastavu sadrZaji pomenutih klasa
krupnoce iznosili su; 0% klase -200 um,
6% klase-600 pm, i 12,3% klase -830 um,
slika 1 kriva 4. Specifi¢ni kapacitet smo
tada mogli izracunati prema formuli 2 na

osnovu podataka iz tabele 1. Specificni
kapacitet mlina prema Magdalinovi¢u [1]

je:
kg } @)

m3-s

M
q_q =V—_t'(ﬂ-d _a—d{

gde je:
0.4 - specifi¢ni kapacitet mlina po novo
stvorenoj obracunskoj klasi krupnoce
-d, u kg/m%s (d predstavlja kva-
dratni otvor sita),
M - masa materijala u mlinu, kg
V - zapremina mlina, m?
t - vreme mlevenja, s
o_q i Py - sadrzaj obracunske klase
krupnoce -d u ulazu i proi-
zvodu mlevenja u delovima
jedinice
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Tabela 1. Opiti kinetike mlevenja u industrijskom mlinu sprovedeni da bi se odredio
specificni kapacitet mlina po novostvorenoj obracunskoj klasi krupnoce -d

Sadrzaj
Vreme obracunske klase | q_g =
Kapacitet h Masa ; krupnoée u M
P mlevenja, t | materijala Zaﬁ;iergma proizvodu =ﬁ'(ﬂ—d o)
Q[H t=M 3600fs] | “ miinu [vim?| mlevenja i u K
Q [M/kg] ulazu { 39 }
m°.s
Bg | ag
4 2106 2340 13 0,98 0 Q900 = 0,084
10 842,4 2340 13 0,97 | 0,06 0600 = 0,194
15 561,6 2340 13 0,97 0,12 0.g3p = 0,272

Masa materijala u mlinu M

Masa materijala za mlevenje racuna se
prema formuli 3 [1]

M =012V -A=
=012-13-1,5-10% = 2340 kg (3)

gde je:

M - masa materijala u mlinu, kg;

V - zapremina mlina, m?;

A - gustina materijala u nasutom stanju
ili nasipna masa materijala, kg/m*

0,12 - zapreminska zapunjenost praznog
prostora izmedu kugli u mlinu u
delovima jedinice.

Procentualna zastupljenost uzorka u
mlinu u industrijskim uslovimamlevenja
kada je praznjenje kroz rukavac je takva
da u nasutom stanju zauzima prostor od
12% zapremine mlina [6]. Ovi uslovi se
dobijaju kada je stepen zapunjenosti mlina
Sarom do 40 % i za prazan prostor
izmedu kugli od 30 %, (0,4-0,3=0,12).

Zapremina mlina V:

Izmerena nasipna masa materijala A:

A=15-10%kg/m?3 (5)

JEDNACINA MODELOVANJA
SPECIFICNOG KAPACITETA MLINA

Prema Buckinghamovom = teoremi
svaka jednacina koja sadrZi n; povezanih
fizickih veli¢ina (v, gdejev=nd, p, D, r .,
itd.), izmedu kojih m; wveli¢ine imaju
nezavisne dimenzije (M, L, t), moze biti
prevedena u jednacinu koja ima n; do m; bez
dimenzionih kriterijuma i simpleksa, sastav-
ljenih iz tih veli¢ina [2,4]. Ova teorema ima
veliki znacaj u eksperimentalnom i teorij-
skom radu. Bezdimenzioni brojevi susrecu
se prakti¢no kod resavanja svakog problema
iz hemijskog inZenjerstva. Formiranje bezdi-
menzionih brojeva za odredeni problem
najlakse se postize upotrebom dimenzionih
matrica. Dimenziona matrica sastoji se od
kvadratne i preostale matrice. Redovi
matrica formiraju bazu dimenzija, a ona ce
formirati rang r matrice. Kolone matrice

D%z 292.314 s predstavljaju fizicke veli¢ine ili parametre
Ve—p—b=—7—34=13m procesa. Velicina kvadrata osnovne matrice

) pojavljuju se u svim bezdimenzionim
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brojevima, dok ¢e se svaki elemenat preos-
tale matrice pojaviti samo u jednom bez-
dimenzionom broju. 1z ovog razloga
preostala matrica bi trebalo da bude sastav-
liena od najvaznijih promenljivih veli¢ina.
Preuredivanje matrice (linearna transforma-
cija) vrsi se tako $to jezgro matrice prelazi
u zajednicku matricu. Nakon stvaranja
zajedni¢ke matrice bezdimenzioni brojevi
nastaju na slede¢i nacin. Svaki elemenat
preostale matrice koji stoji u brojiocu deli
se sa parametrima kvadratne matrice koji
su stepenovani brojem ispod elementa
preostale matrice. U podru¢ju modelovanja
procesa gde se primenjuju hemijske reak-
cije uz prenos impulsa sile i toplote koristi

se kriterijum Damkohler (D,) [2,3] kao
bezdimenziona veli¢ina. Damkohler pred-
stavlja jedna¢inu modelovanja i specifi¢nog
kapaciteta mlina:

D. = 04 (6)

gde je:
0_g - specificni kapaciteta mlina prema
novostvorenoj
Klasi krupnoce, M /(L® -t)

n - broj obrtaja mlina u jedinici vre-
mena, 1/t

—d obracunskoj

P, - Qustina Sarze, M / L3

Tabela 2. Dimenziona matrica Damkohler ovog kriterijuma

n

d
Masa M 1 0 0
duzina L -3 1 0

Vreme t 0 0 -1

Osnovna matrica

Preostala matrica

Potrebna je samo jedna linearna
transformacija dimenzione matrice | to -3 u

L redu i Pup koloni na nulu, kako bi postala

Tabela 3. Preuredena dimenziona matrica

preuredena dimenziona matrica. Kasnije
treba promeniti znak u t redu, tako da -1
predeu 1.

Pup d n 04
M 1 0 0 1
3M+L 0 1 0 0
-t 0 0 1 1
Osnovna matrica Preostala matrica

Preostala matrica sadrZi jedan parame-
ter pa je,

Q_g L

= =D
otd®nt pen

a

Vrednosti kriterijuma Damkohler
za eksperimentalne uslove

Vrednosti kriterijuma Damkohler izra-
¢unavaju se prema jednacini 6, a date su u
tabeli 4 (kolona 5) za slede¢e fino¢e meha-
nohemijskog tretmana 200 um, 600 pum i
830 pm.
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Tabela 4. Vrednosti kriterijuma D, za razlicite specificne kapacitete 0_g

Izmereni Skggg(g::; Gustina $arze Broj Vrednost Damkohler-ovog
kapacitet mlevenja u mlinu obrtaja kriterijuma
mlina q
Q[i} { kg } ps {k_g} [ 1] D, =—4
— 3 - n-
h 9-d | 3 m nis Pup
4 0,084 2198 03 D, = =29~ 0000127
NPy
10 0,194 2198 03 D, = —=8%_~ 0000295
NPy
15 0,272 2198 0,3 D, = Y80+ 0000413
NPy

Gustina Sarze u mlinu moze znacajno
da se povecava jedino ako upotrebimo
kugle vece gustine, a tada treba poveéati i
specifiéni kapacitet mlevenja, da bi krite-
rijum D, ostao jednak sa onim vrednostima
koje su date u tabeli 4, (kolona 5) i prema
jednacdini 6.

Nova gustina SarZe mlina u sluc¢aju
promene vrste meljucih tela

Pk

Psk

=4200+115- (1—@) 1719 =
7800

pup = Pk +1115'(1_ )'pvm =

_5112 K9
m3

Nova gustina Sarze moze se povecati tako
Sto ¢e se promeniti vrsta meljuéih tela, pa ¢e
se umesto sileks kugli p,y =1.800 kg/m? ko-
ristiti Gelicne kugle o, = 4.200 kg/m®. Gusti-
na pulpe takode moze biti povecana bez

opasnosti da zbog povecanog viskoziteta
pulpe dode do praznjenja Sarze kugli kroz
rukavac, i mi smo usvojili da ona bude oko
68% $to je uobicajeno za ovu vrstu sirovine i
tip mlina, atada je p,=1.719 kg/m°

Novi specifi¢ni kapacitet mlina u
slu¢aju promene vrste meljucih tela

Novi specifi¢ni kapacitet mlina za novu
vrednost gustine Sarze moZze se dobiti
raunskim putem tako $to ¢e vrednost
kriterijuma D, za odredenu obracunsku
klasu krupnoce ostati nepromenjena. Uslov
da bi kriterijum D, ostao nepromenjen za
nove uslove rada mlina odnosno za pove-
¢anu vrednost gustine Sarze u mlinu jeste
taj da se mora povecati specifi¢ni kapacitet
mlina za datu obracunsku klasu krupnoce.
Nakon izraCunavanja novog specifinog
kapaciteta lako se moZe izraunati vreme
mlevenja i ¢asovni kapacitet mlina $to je i
prikazano u tabeli 5.
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Tabela 5. Novi specificni kapaciteta mlina pri upotrebivece gustini SarZze u mlinu

Specifi¢ni i
lzraunati kl;pacitet Qurs,itlna Broj Vrednost Damkohler-ovog
kapacitet mlevenja >a I'e u obrtaja kriterijuma
t K miinu mlina 5 0 g
Q[—} Y ki ~ = —
h q_q 3 . Ps _93 n[s 1] a n- pyp
m°-s m
10 0,209 5112 0,3 D, =20 = 0,000127
N-Pup
23 0,447 5112 03 D, = =600~ 0,000295
N-Pup
35 0,635 5112 0,3 D, =80 0000413
N Pup
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