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1. UvOoD

Postujuci proceduru IP 19 koja je usvojena u ITNMS, po kojoj je pored ostalog propisan i
sadrzaj teksta tehni¢kog reSenja, ovde su data poglavlja: Problem koji se reSava, stanje u Srbiji i
u okruzenju, Nau€na podloga i oblast nauke kojoj pripada tehni¢ko reSenje, Detaljan opis
tehniCkog reSenja, Zaklju€ak, Primena tehnickog reSenja, i Literatura.

1.1. Problem koji se reSava, stanje u Srbiji i u okruzenju

Institut za tehnologiju nuklearnih i drugih mineralnih sirovina (ITNMS), Beograd u okviru projekta
TR 34006 i projekta 34013, period 2011-2014 u oblasti materijali i hemijske tehnologije, Ciju
realizaciju finansira Ministarstvo za nauku i tehnolo$ki razvoj Republike Srbije, kao rezultat teme
~,Mehanohemijski tretman i valorizacija mineralnih sirovina u oblasti hemijske industrije®, razvio
je novi programski sistem mlevenja, do koncepcije nove tehnologije uvedene u proizvodnju, kao
priznat programski sistem: ,,Razvoj programskog sistema mlevenja kvarcnog peska lezista
Skoc€i¢ za potrebe hemijske industrije fabrike glinice Bira¢-Zvornik dobijen koriSéenjem
kriterijumskih jednacina modelovanja”. Osnov za izradu ovog Tehnic¢kog reSenja je problem
kompanije AD Boksit Mili¢i sa valorizacijom kvarcne sirovine iz lezista ,Skoci¢“. Naime,
kompanija “Boksit” Mili¢i ima pravo eksploatacije kvarcnog peska iz leziSta “Bijela Stijena-
Skoci¢”, kao nosilac koncesije. Takode, kompanija “Boksit” Mili¢ci ima u svom sastavu i
postrojenje separacije na lokaciji Luki¢ Polje koje je izgradeno devedesetih godina i koje nije
bilo u funkciji do 2010. Kompaniji “Boksit” Mili¢i su poznati kupci proizvoda koji se mogu dobiti
valorizacijom sirovine iz navedenog leziSta, a to su Fabrika glinice “BiraC” iz Zvornika, za
potrebe proizvodnje vodenog stakla, livnica “JelSingrad” iz Banja Luke i ostali: livnice, i
privredne organizacije koje se bave peskarenjem, precCiS¢avanjem vode, vatrostalnim
materijalima kao i gradevinarstvo. ReSavajuci problem valorizacije kvarcne mineralne sirovine
bilo je potrebno uvesti proces mlevenja i mehanohemijskog tretmana mineralne sirovine. Proces
mlevenja u hemijskoj industriji proizvodnje vodenog stakla je proces povecanja Gibsove
slobodne energije proizvoda mlevenja i time smanjenja troSkova proizvodnje vodenog stakla.
Dakle, u oblasti hemijske industrije imamo tehniCko reSenje koje je kao reztuzltat navedenog
projekta promenilo koncepciju potroSnje energije za proizvodnju vodenog stakla.

Sli€na kvarcna sirovina se valorizuje iz leziSta ,Donja Bela Reka kod Bora i u Rgotini kod
Zajecara, na €ijoj valorizaciji su autori ovog tehni¢kog redenja takode radili. Ali kako se ovde
traZilo da se dobije najviSe klase -0,6 mm, i alternativho — 0,2 mm, doslo se pored ovog reSenja
i do drugih teuhnickih reSenja koja se ne koriste u okruzenju te su stoga novost u ovoj oblasti.

1.2. Nauéna podloga i oblast nauke kojoj pripada tehni€ko resenje

Do podloga za izradu tehni¢kog reSenja autori su dosli na osnovu saznanja iz literatere i na
osnovu dugogodiSnjeg prakticnog bavljenja mehanohemijskim tretmanom nemetaliCnih
mineralnih sirovina.

Prilikom rada na projektovanju postrojenja za mlevenje ,Dopunski tehnoloski projekat adaptacije
postrojenja u Luki¢a polju za sirovine iz leZista ,Bijela Stijena Skoci¢" i dogradnja postrojenja za
mlevenje®, bilo je potrebno predvideti karakteristike jednog procesa kojeg nigde u praksi
mlevenja nismo imali prilike da prou€imo. Radi se o mokrom mlevenju kvarcnog peska u
cilindricnom mlinu koje je u izvesnoj meri imalo karakteristike autogenog mlevenja mineralne
sirovine u mlinu Kkoji nije autogen(mlin sa Sipkama). Meljuca tela u projektovanom postrojenju su
od sileks kugli koje su od istog materijala kao i sirovina koja se melje zbog &isto¢e proizvoda. U
Institutu su saradnici koji su dobili ovakav zadatak morali da se pozabave razvijanjem
programskog sistema mlevenja kvarcnog peska da bi utvrdili da li je neSto u tom smislu uopste
izvodljivo. Na osnovu teorijskin razmatranja i pomocu kriterijumskih jednadina modelovanja
reSen je postavljeni zadatak. IstrazivaCi i saradnici ITNMS su koristeci laboratorijski model i
dimenzionu analizu a na osnovi invarijante dinamicke sliCnosti uspeli da razviju programski
sistem mlevenja kvarcnog peska i projektuju industrijski mlin.




2. DETALJAN OPIS TEHNICKOG RESENJA

U projektovanju postrojenja za mlevenje u industrijskim uslovima uvek postoji jedna
teSkoca koja dok postrojenje ne bude uhodano stalno opterecuje Citav posao. Ta poteSkoca je
zapravo ¢injenica da ovakvi procesi troSe mnogo energije i potrebno je bez gredke izvrsiti izbor
snage motora mlina. Za tu svrhu postoji dosta empirijskih formula i ukoliko je proces
konvencionalan i uobi€ajen u industrijskoj praksi to ne predstavlja veci problem, ali ukoliko to
nije slu¢aj kao 3to je u nadem primeru tada je potrebno razviti programski sistem mlevenja
koriste¢i eksperimente na modelu, a da taj isti programski sistem mlevenja bude ujedno
primenljiv i na industrijskom postrojenju. U izradi tehni¢ko tehnoloskog reSenja smo se odludili
da prikazemo tok procesa fizickog modelovanja koji zapravo predstavlja programski sistem

mlevenja kvarcnog peska i odredivanja snage motora za manju gustinu ukupnog punjenja Pup S

obzirom da se mlevenje vrSi sa sileks kuglama a ne sa metalnim. Ovako razvijen programski
sistema mlevenja kvarcnog peska daje odgovore na pitanje snage motora za nekonvencionalne
uslove mlevenja.

2.1. Fundamentalne osnove tehnoloskog resenja
2.1.1. Model strujanja u mlinu

Strujanje nekog medija kroz cev ima odredene karakteristike.
e Hidrodinamicke veli¢ine:v, p, ¢

e svojstvafluida: p, u, o
* toplotne veli¢ine:c A, T

e masene veli¢ine:D", C

- brzina, L-t™;

- pritisak fluida, M - L™ -t 72;

- gravitaciono ubrzanje, L-t2;

- gustina, M - L®;

- dinamicki viskozitet, M - L™ -t ™;

- povrsinski napon, M -t~?;

- toplotni kapacitet kod konstantnog pritiska, L? -t -T *;
toplotna provodljivost, M - L-T *-t™?;
- molekulska difuznost, L* -t™;

- koncentracija, M - L®;

- temperatura, dimenzija

- duzina,dimenzija

- masa, dimenzija

- vreme, dimenzija

*

TZr40g> 29 T v @ o C

iz ovih veli€ina izvode se deluju¢e mehanicke sile,
F sila inercije, Fsila tezine, F sila pritiska, F, sila trenja, F, sila povrSinskog napona,

F, sila difuzije toplote, F sila difuzije mase.

Stavljajuc¢i u kolién¢ki odnos po dve od navedenih sila, dobijamo invarijante ili kriterijume
slicnosti. Ako je npr. u dva sistema koli¢nik sile inercije i sile trenja broj¢ano isti, sistemi su
hidrodinamicki sli¢ni, ili obrnuto: ako Zelimo posti¢i hidrodinami¢ku sli¢nost dva sistema u
pogledu odnosa sila inercije i sila trenja, uslov za tu sli¢nost (kriterijum) je da ta dva koli¢nika
budu broj¢ano ista.[3]




Na slici 1 je prikazan cilindriéni mlin koji se moze posmatrati kao cev za strujanje medija sa
karakteristi¢nim veli¢inama odnosno parametrima procesa.

Slika 1. Cev za strujanje medija, animacija mlina
2.1.2. Bakingem-ova teorema slicnosti

Prema Buckinghamovom 7z teoremi svaka jednacina koja sadrzi n povezanih fizickih
veli¢ina (v, p,u itd.), izmedu kojih m veli€ine imaju nezavisne dimenzije (M ,L ,t), moze biti
prevedena u jednacinu koja ima ndo m bezdimenzionih kriterijuma i simpleksa, sastavljenih iz
tih veliina. Posto je za simpleks ili kriterijum uzeta oznaka P, onda se gornja teorema moze
napisati:

f(P,P,,P,,..)=0 (1)
odnosno:

P =f(P,P,..) )
Ova teorema ima veliki znacaj u ekperimentalnom i teorijskom radu. Nalazimo vezu izmedu
bezdimenzionih izraza, koji su sastavljeni iz fiziCkih veliCina koje u ovom ucestvuju. Pri tome je
broj nepoznatih sveden na broj osnovnih jedinica mere najmanje 3, a to veoma
pojednostavnjuje uslove eksperimentisanja i nalaZzenje zakonitosti o medusobnom ucestvovanju
fiziCkih veliCina. [1,2]. Kriterijumi slicnosti se mogu izvesti iz diferencijalnih jednacina, kojima se
opisuje odnos i ravnoteza sila u tecnosti koja se kreCe. Bezdimenzioni brojevi susreCu se
prakticno kod reSavanja svakog problema iz hemijskog inZenjerstva, a posebno kod problema
uvecanja (scale-up).
Iz Navje-Stoks-ove jednacine kretanja viskozne te¢nosti dobijamo da je:

I:i =_Fg _Fp+Ftr (3)

Odnosno ravnotezu sila inercije, sila tezine, sila pritiska i sila trenja.
Ako se leva strana jednacCine deli sa pojedinim ¢lanovima desne strane jednacine dobijamo:

Pl T
D 2
1 U_}=|:r (4)
,-9 [1I-g
p v
A 2
| _| 22 }:Eu-l 5)
PpPoLop
|
pl)iz
ﬂ.rz H

S obzirom da se u mlinu sirovina kre¢e i meSa znacCajne su inercione sile gravitacione sile i sile
trenja. Gravitacioni kriterijum, kriterjum snage i kriterijum strujanja stoga ne smeju biti
zanemareni. Prema prethodnom imamo:

E, = f(Re ,Fr). (7)
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2.1.3.1. Dimenziona analiza i kriterijumske jednacine

Formiranje bezdimenzionih brojeva za odredeni problem najlakSe se postize upotrebom
dimenzionih matrica. Dimenziona matrica sastoji se od kvadratne i preostale matrice.
Redovi matrica formiraju bazu dimenzija, i ona ¢e formirati rang r matrice. Kolone
matrice predstavljaju fizicke veliCine ili parametre. VeliCina kvadrata osnovne matrice
pojavljuju se u svim bezdimenzionim brojevima, dok ¢e se svaki elemenat preostale
matrice pojavit samo u jednom bezdimenzionom broju. 1z ovog razloga preostala
matrica bi trebalo da bude sastavljena od najvaznijih promenljivih veli€ina.
Tabela 1. Osnovna dimenziona matrica

Masa M

duzina L

Vreme t

‘ osnovna matrica | preostala matrica \

Preuredivanje matrice (linearna transformacija)vrsi se tako Sto jezgro matrice prelazi u
zajednicku matricu. Nakon stvaranja zajedniCke matrice bezdimenzioni brojevi nastaju
na sledeci nacin. Svaki elemenat preostale matrice koji stoji u brojiocu deli se sa
parametrima kvadratne matrice koji su stepenovani brojem ispod elementa preostale
matrice kao $to je dato u primeru. Dimenziona matrica za na$ slu¢aj ima oblik

Tabela 2. Preuredena dimenziona matrica

1 0 5

0 1 3

osnovna matrica | preostala matrica

N N - .
= 7 =Np kriterijjum snage mlina
p-n°-D° p-n°-D

kriterijum snage se katkada naziva i modifikovani izraz Ojlera (Euler) (Euy) jer je:

2
|:p.U :|: Eu—l
p

Eu, =Eu™= = =Np™ (8)

gde je:
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Q=— - protok pulpe

H H _ Re—l

= = Rejnoldsov bezdimrnzioni broj za proces me$anja
S D pon D ] ] Za p I

5 gl - = g 5 =Fr* Froude-ov bezdimenzioni broj za mesanje
p -D-n° D-n

Uz odredene uslove eksperimenta u laboratorijskim uslovima pokuSalo se je da se dode do
reSenja jednacine 7 i do pronalazenja koeficijenta k i eksponenata aib .
Njen novi analitiCki oblik ima izgled prikazan jednacinom 9

Eu,, =k-Re®*-Fr® 9)
3 MATERIJAL | METODE

Eksperiment u kojem se vrSi mlevenje ima karakteristike strujanja fluida kroz cev. Strujanje
fluida kroz cev potpomognuto je meSanjem koje se ostvaruje pomoéu meljucih tela jer se plast
mlina obr¢e. U mnogim eksperimentalnim istrazivanjima primeceno je da na proces mlevenja i
mehanohemijskog tretmana najvise uti€¢u sledeci parametri:

e gustina pulpe,

e broj obrtaja plasta mlina,

o preémik plasta mlina,

e viskozitet i

e gravitaciono ubrzanje
Sve navedene parametre ukljucili smo u razvoj programskog sistema mlevenja i modelovanje
mlevenja pomocu odredenih kriterijuma (Rejnoldsov i Frudeov). Ispitivanja u laboratorijskim
uslovima sluze za dobijanje kriterijumskih jednacina modela koje definiSu proces i u uveéanim
uslovima. Od uslova ispitivanja zavisi da li ¢e neki kriterijum biti odreden ili neodreden.
Uslove ispitivanja podesili smo tako da smo u prvoj seriji opita, koja se sastoji od tri opita,
eksperimente vrsili u jednom istom uredaju kada je kriterijum Frude bijo nepromenljiv, a pri tome
se menjalo vreme mehanohemijskog tretmana, odnosno brzina proticanja sirovine kroz mlin, sto
je kao implikaciju imalo promenu Rejnoldsovog kriterijuma. Ovakav eksperiment ne bi bio
izvodljiv ukoliko ne bismo menjali vrstu meljuée Sarze pa smo Koristili sileks, alumo i Celi¢na
meljuca tela. Izmerene gustine i viskoziteti pulpe su bili konstantni za prvu seriju opita.
U drugoj seriji opita, koja se takode sastoji od tri opita, uslove ispitivanja podesili smo tako da
Frudeov kriterijum bude promenljiv a to je bilo moguce postiéi upotrebom mlinova razlicitih
veli¢ina. Rejnoldsov kriterijum u ovoj seriji opita odrzavan je konstantantnim tako Sto su
koriséene razlicite vrste meljucih tela i $to smo imali razli¢ito vremena boravka sirovine u mlinu,
a da pri tome gustine i viskoziteti pulpe imaju stalne vrednosti. Ovo je bilo moguée posti¢i kada
su u mlinu sa najve¢im gabaritnim dimenzijama koriS¢ene sileks kugle, zatim u mlinu sa
srednjim gabaritnim dimenzijama koriS¢ene alumo kugle, i na kraju u mlinu sa najmanjim
gabaritnim dimenzijama koriS¢ene ¢eli€ne kugle.
Gustine i viskoziteti pulpe unutar pojedinacne serije se odrzavaju konstantnim, a izmedu serija
se razlikuju, tako da su u dve izvedene serije bile zapravo dve vrednosti gustine i dve vrednosti
viskoziteta.

3.1. Kiriterijum sli€énosti kod mlevenja
i mehanohemijskog tretmana

Logaritmujuci kriterijumsku jednacinu 9 dobijamo:
log Eu,, =logk +a-logRe+b-log Fr (10)
Potrebno je eksperimentalno odrediti funkciju Eu,,i jedan od kriterijuma, s tim da se drugi

kriterijum odrZava konstantnim u tom nizu eksperimenata.
Ako je iz jednacine 9
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k-Fr® =konst =B (11)

Dobija se kriterijumska jednacina:

log Eu,, =a-logRe+log B (12)
Dakle oblik y=a-x+b.
Dinamicki viskozitet i gustine pulpe p,, se u laboratorijskom mlinu mogu podesiti tako da
njihov odnos bude konstanta. Merenje viskoziteta vrSeno je viskozimetrom po Brukfildu.
Koriséen je pribor sa rotiraju¢im cilindrima koji omoguc¢ava odredivanje viskoznosti u Sirokom
intervalu konzistencije. Gustina pulpe meri se rudarskim piknometrom (koji se upotrebljava u
flotacijama) i vagom za merenje gustine. Zahvaljujuéi koris€enju razli€itih vrsta Sarze meljucih
tela (Celi¢ne, alumo i silikatne kugle) vremena mlevenja su se razlikovala ali je fino¢a mlevenja u
svakom od pomenutih opita bila ista.
Promena Rejnoldsovog Rekriterijuma, koja je potrebna za formiranje modela, postize se
menjanjem vremena boravka sirovine u mlinu jednacina 13.

.u-D
Re=£m 2= (13)

)7

Gde je:

Y7, - dinamicki viskozitet

o gustina meljiva ili pulpe

v - brzina protoka sirovine u mlinu, racuna se da je v :T jerje L=D

t - vreme boravka sirovine u mlinu

Promena brojcane vrednosti Ojlerovog kriterijumaEu,, rauna se prema jednacini 8, a iz
analitickog izraza te jednakosti se vidi da su poznati svi parametri (N,pup,n3i D°). Snagu

N merimo pomocu elektriénog brojila, odnosno uredaja na koji je prikljuéen motor
laboratorijskog mlina, a ¢iji je izgled dat u prilogu 2. Nasipna masa ili gustina ukupnog punjenja
Py, e linearna funkcija gustine pulpe p,,, gde koeficijent pravca i odseCak na ordinati zavise od

vrste meljucih tela odnosno p,, i p, kao Sto se vidi iz jednacCine 14:[4]

y kg
pup = Pw +1’15'(1_&)'pvm_3 (14)
psk m
Gde je:
P - nasipna masa kugli izrazeno u kg/m®
Puk - zapreminska masa kugli u kg/m®
P - gustina meljiva ili pulpe u kg/m?®
Zapreminska masa kugli;
. K
Fe livene - Py = 7800 m—gs
kg
Al,O3 presovane - Py = 4800 —
m
. : kg
Silikatne - Py = 2600 o
Nasipna masa kugli
Fe livene - Py =4100 do 4200k—g3
m
kg
Al,O3 presovane - Pu = 2500 do 2700 —
m
. kg
Silikatne - Py = 1800 do 1900 —
m
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Konstantnost Frudeovog kriterijuma u ovoj seriji postize se upotrebom mlina istih dimenzija za

sve pojedinacne opite.
Tabela 3.

Eksperimentalni podaci iz laboratorijskih istraZivanja za izraCunavanje

Modifikovanog Ojlerovog kriterijuma ili kriterjjuma snage u procesu
mlevenja i/ili mehanohemijskog tretmana

mereni
viskozitet pulpe

y,Pa-siliﬁ

S-m

mereno
vreme
mlevenja

t s D

pre¢nik
plasta
,Mm

merena
gustina

pulpe
P K9

Rejnoldsov

broj Re

_ P U D
U

Re
m

logaritam
Rejnoldsovog
broja
logRe

0,416

600

0,305

0,000510

1226 0,458

-0,3387

0,416

400

0,305

0,000763

1226 0,686

-0,1637

0,416
Tabela 3.

broj
obrtaja

nst

broj obrtaj

r.12

stepenovani

180

nastavak

Frudeov

broj

_ D-n?
g

a
Fr

0,305

0,001694

logaritam

Frudeovog
broja
log Fr

merena
shaga
mlina

N, W

1226 1,523

nasipna
masa
kugli

pvk

Vrsta
meljucih
tela

0,1826

zapreminska
masa kugli

psk

1,04 1,082

0,0329

-1,482 760

sileks

1,04 1,082

0,0329

-1,482 760

alumo

1,04 1,082

Tabela 3.

punjenja
Pup = Pa +115- (1 - L)

sk

nastavak
gustina ukupnog

stepenovani

760

-1,482

stepenovani
broj obrtaja

Celicne

Ojlerov broj Eu,,
n®.D°

recnik
kg p ec5
m® D

Pum

n3 EUM =

Pup”

N

logaritam
Ojlerovog broja
log Eu

2234

0,002639

1,124864

0,008726

-2,05917

3246

0,002639

1,124864

0,012681

-1,89684

4851

Kada se podaci iz tabele predstave dijagramom vidljivo je da se tacke koje predstavljaju

0,002639

1,124864

koordinate pojedinih opita nalaze na priblizno pravoj liniji.

0,018949

-1,72241

-1
-1,2
y = 0,6259x - 1,8261
R%=0,9724
-1,4
=3
>
W16
(@)
o
/
-1,8 /—//
//
B 7'/
-2,2
-0,4 -0,3 -0,2 -0,1 0 0,1 0,2
log Re
Slika 2. Funkcija log Eu,,i logRe

0,3




Na slici je vidljivo da je tga =a=0,6259, odnosnoa je eksponent kriterijuma Re, a odse€ak na
osi log Eu,, predstavlja vrednost log B, pa je log B =-18261, a tada je B =0,014924507 .

Da bi utvrdili koeficijent K iz jednacine 9 potrebno je da izvr§imo jo$ jednu seriju eksperimenata
u kojoj ¢e se podesiti uslovi eksperimenta da Rejnoldsov broj bude konstanta. Dakle, nakon
prve serije eksperimenata na modelu se izvodi druga serija eksperimenata, u kojoj se odrZzava
konstantnim vrednost kriterjuma Re, odnosno iz jednacine 9:

k-Re* =konst=C (15)

Iz ovoga sledi kriterijumska jednacina:
log Eu,, =b-log Fr +logC
Dakle opet jednacina prave linije kao funkcionalna zavisnost Eu,, od promene Fr .

Rejnoldsov kriterijum moZe ostati konstantan ukoliko se kao i u prvoj seriji primeni postupak
mlevenja sa promenom vremena mlevenja. Da bi Rejnoldsov kriterijum ostao konstanta
potrebno je bilo menjati vreme mlevenja na nacin da u veem mlinu bude duze vreme
zadrzavanja sirovine a u manjem mlinu krace vreme zadrzavanja sirovine. Navedene
eksperimentalne uslove postigli smo sa smanjenjem broja obrtaja srednjeg i velikog mlina kada
je efikasnost mlevenja manja i pove¢anjem broja obrtanja malog mlina kada je postignuta veca
efikasnost mlevenja. Da bi postigli pomenute uslove vremena mlevenja osim promene broja
obrtanja mlina takode je bilo potrebno da se u najve¢em mlinu koristi $arza od sileks kugli, u
srednjem mlinu Sarza od alumo kugli a u najmanjem mlinu Sarza od €eli¢nih kugli. Na kraju, da
bi Rejnoldsov kriterijum ostao konstantan bilo je potrebno izvrsiti viSe preliminarnih opita da bi
se utvrdila i gustina pulpe. Eksperimentom je utvrdeno je da je optimalna gustina pulpe za sileks
kugle izmedu 10% i 30% ¢&vrstog u pulpi dok za alumo i Celi€ne kugle moze biti i ve¢a. Uslov da
bi mlevenje bilo uspesno je gustina pulpe koja uti€e na viskozitet pulpe ukupnog punjenja i time
na efikasnost mlevenja. Promenljivost Frudeovog kriterjuma obezbedili smo koristeéi razliCite
veli¢ine mlinova. U tabeli 4 su prikazani eksperimentalni podaci za drugu seriju opita.
Tabela 4. Eksperimentalni podaci iz laboratorijskih istraZivanja za izraCunavanje

Modifikovanog Ojlerovog kriterijuma ili kriterjjuma snage u procesu

mlevenja i/ili mehanohemijskog tretmana

(16)

mereni
viskozitet pulpe

Rejnoldsov broj logaritam

Rejnoldsovog
broja
logRe

gustina

pulpe
kg

Pim o

vreme
mlevenja
t,s

precnik
plasta

u,Pa-silik—g D,m

S-m
0,17
0,17
0,17

Tabela 4

417
898
1713

0,150
0,220
0,305

0,00036
0,000245
0,000178

1066
1066
1066

0,338612
0,337985
0,34043

-0,4703
-0,4711
-0,46797

nastavak

Frudeov | Logaritam
Frudeovog
broja

log Fr

nasipna
masa kugli

pvk

zapreminska
masa kugli

psk

broj stepenovani broj
obrtaja broj obrtaja . D-n?
2 r=

nst n g

Vrsta
meljucih
tela

Celicne
alumo
sileks

1,6
0,8
0,5

Tabela 4.

2,56
0,64

0,0384
0,01408
0,007625

-1,415668
-1,851397
-2,117760

nastavak

Ojlerov
broj Eu,,

logaritam
Ojlerovog

gustina ukupnog

stepenovani stepenovani broj

punjenja
k
Pup = P +l'15.(1_&)'pvm migg

sk

precnik
D5

obrtaja

Eu,, =

N

Pup - D

broja
log Eu

4766

7,59375E-05

4,096

0,021176492

-1,67415

3162

0,000515363

0,512

0,00333724

-2,47661

2177

0,002639363

0,125

0,000945135

-3,02451
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Kada se podaci iz tabele predstave u grafickom obliku dobijamo skoro pravu liniju, slika3.

0
0,5 y = 1,9153x + 1,0462
R? = 0,9991
-1
-1,5

/

log Euy

-2 /
-2,5

-3,5
-2,5 -2 -1,5 -1 -0,5 0

log Fr
Slika 3. Funkcija log Eu,, i log Fr

Analogno ranijim zaklju€ivanjima vidi se da je tgf =b=19153i odse¢ak na ordinati log Eu,, je
vrednostlog C =1,0462 , a tada je C =11,12243817 .

Posto je u dva niza eksperimenata odreden eksponent kriterijuma Re(a) i eksponent kriterijuma
Fr(b), konstanta k se moze izracunati iz:

B__0015 =10,27, odnosnok = L

© Frb Fri®? Re? Re%®

=2191
Pa se dobija srednja vrednost:
2
Dk
K T _ k, +k, :10,27+11,12

sr
2 2
Uzevsi da su za ovakav ispitivani sistem konstanta ki eksponenti a i b konstantne vrednosti

=161 (17)

moZe se za eksperimentalno dobijenu kombinaciju kriterijuma Re i Fr izracunati vrednost
Eu,, .
Eu,, =k-Re* Fr® =16,1-0,338612%.0,032989"%? = 0,011869 (18)

Py N*-D°

Obzirom da je: =Eu, i Eu,, =k-Re* Fr°vidimo da se primenom laboratorijskih

ispitivanja doSlo do kriterijumske jednacCine modela mlevenja koja moze biti upotrebljena za
izraunavanje snage mlina u uveé¢anim uslovima.

Py N°-D°

N = 19
16,1-Re®®%. Fr® (19)
Gde je:
kg-m?
N - snaga mlina, 983
. . N _ kg
Pup - nasipna masa ukupnog punjenja (kugle+voda+materijal) u mlinu, P

16



D - unutrasnji pre¢nik mlina, m
n - broj obrtaja mlina, s

3.2. Prorac¢un snage motora na osnovu
kriterijum sliénosti kod mlevenja
I mehanohemijskog tretmana

Kriterijumska jednacina modela mlevenja moze se primeniti i na industrijskim mlinovima zato sto
su u laboratorijskim uslovima menjani svi relevantni parametri koji utiCu na proces mlevenja i na
osnovu toga odredena dva nepoznata kriterijuma (Rei Fr). Reproduktivnost rezultata moguce
je izvrsiti u svakom trenutku jer su podaci prikazani u tabeli 3 i 4 dobijeni metodom merenja
pomocu sledecih uredaja:

e Brukfildovog viskozimetra za merenje dinamickog viskoziteta,

e rudarskog piknometra sa vagom za merenje gustine pulpe,

¢ hronometra za merenje vremena mlevenja odnosho brzine strujanja pulpe i

o digitalnog brojila za snagu, napon i strujni tok motora mlina.
U primeru koji sledi upotrebili smo poznate tehnicko tehnoloSke parametre procesa mlevenja u
mlinu projektovanom za domeljavanje kvarcnog peska u Luki¢a polju kod Mili¢a da bi proverili
opstu kriterijumsku jednacinu modela za mlin sa kuglama.

kg-m? . o
N = 280000 il W - shaga mlina za domeljavanje,
S
Pup = 2177 k_93 - nasipna masa ukupnog punjenja (kugle+voda+materijal)
m
kugle i materijal od silicijum dioksida. U pulpi je 10%C
Sto znaci da je p,,, =1066 k_93
m
D=22m - unutrasnji pre¢nik mlina,
n=03s" - broj obrtaja mlina,
. n3 . D5 . 3 5
Pup _2177-0,3°-2,2 _ 255956 W

N 16,1-Re®®%. Fr® 0,012
Kao $to se vidi kriterijumska jednaina modela daje dobre rezultate prilikom racdunanja snage
motora industrijskog mlina. Jednacina takode daje dobre rezultate za kataloSki izabrene
cilindri¢ne mlinove sa kuglama ¢itavog dijapazona veli¢ina.

4 ZAKLJUCAK

Za tehnicko tehnoloSko reSenje pod nazivom “Razvoj programskog sistema mlevenja
kvarcnog peska lezisSta SkocCi¢ za potrebe hemijske industrije fabrike glinice Bira¢ -Zvornik
dobijen koris¢enjem kriterijumskih jednacina modelovanja“ koriS¢ena je predstavijena metoda
fizickog modelovanja mlevenja razvijena u ITNMS-a. Laboratorijski model za predvidanje svih
parametara rada industrijskog mlina sastojao se od dva standardna Denverova mlina i
Bondovog mlin sa Celicnim, alumo i sileks kuglama. Nakon izvedenog eksperimenta u modelu
moguce je aproksimirati tehniCko tehnoloSke uslove odvijanja procesa u prototipu pri razlicitim
gustinama pulpe, razli¢itim vrstama meljuéih tela, razli¢itim veli¢inama i brzinama mlina. Znacaj
prikazanog postupka iznalazenja kriterijumskih jednacCina modela kao i samog modela je velik
jer se model moze koristiti uopSteno za sve mineralne sirovine.

5.  PRIMENA TEHNICKOG RESENJA
Na osnovu datog tehniCkog reSenja proveren je posupak proracuna mlina za domeljavanje u

revitalizovanoj stara separacija u AD Boksit Mili¢i, o Eemu svedodi Potvrda iz AD Boksit Mili¢i da
je ovo reSenje primenjeno u havedenoj separaciji. Ova Potvrda se daje u prilogu.
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ZAHVALNICA

Prikazani rezultati predstavljaju deo eksperimentalnog rada, koji je u toku na izradi projekta TR
34006. Eksperimentalni deo obavljen je u okviru ITNMS-a. a uhodavanje i provera projektovanih
parametara rada obavijena je u okviru preduzeca AD Boksit Milici.

PRILOG

Tabela 1. Najvaznije kriterijumske jednadine

Redni  broj | Matematicki izgled
kriterjjuma

Naziv kriterijuma

1

Reynolds (Rejnolds)

Froude (Frud)

Weber (Veber)

Galielei (Galilej)

Euler (Ojler)

Prandtl (Prantl)

Nusselt (Nuselt)

Schmidt (Smit)

k% = f(Re,Sc,Ga,...) =i =Sh

Sherwood (Servud)

3 2
Ga-aT.p=9 2 AUA 0 _; g
u

Grashoff (Grashof)

D,I = r-L
v-C,

Damkohler |

r-L?

*

A

Damkohler I

W  nametnuta snaga
L>-p-n®* sila inercije

Bezdimenzioni
shagu

broj

Za
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Slika 4.Spoljni izgled
Viskozimetra
po Brukfildu

Slika 5.Spoljasnji izgled
digitalnog uredaja za
merenje snage

Slika 6.Piknometar
Za merenje
gustine

Slika 4.

Tabela 2.

Tecénost

Industrijski mlin u Lukic¢a polju kod Mili¢a

Viskozitet nekih te¢nosti

Dinamicki
viskozitet Pa-s

Voda

8,94x10™

Aceton

3,06x10™

Kastrol ulje

0,985

Etanol

1,074x103

Sumporna kiselina

2,42x107

Glicerol

1,2

Maslinovo ulje

0,081

SAE40

0,319

SAE10

0,065

Benzen

6,04x10™

Tecéni azot

1,58x10™
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1. INTRODUCTION

IP 19 with the procedure adopted in ITNMS, according to which inter alia provided for the
content of the text of the technical solutions given here are the chapters: The problem is solved,
the situation in Serbia and the region, Scientific and surface area of science which belongs to
the technical solution, detailed description technical solution, conclusion, application of technical
solutions, and References.

1.1. The problem to be solved, the situation in Serbia and the region

Institute for Technology of Nuclear and Other Mineral Raw Materials (ITNMS), Belgrade, under
the project TR 34 006 and 34 013 project, the period 2011-2014 in the field of materials and
chemical technology, whose implementation financed by the Ministry of Science and
Technological Development of Serbia, as a result of issues "Mechanochemical treatment and
evaluation of mineral raw materials in chemical industry ", has developed a new software
system grinding to a new concept introduced in the manufacturing technology, recognized as a
programming system:" The development of software systems grinding quartz sand
deposits Sko€i¢ for the chemical industry factory Biraé Zvornik-derived using the
criterion equation modeling. "The basis for the preparation of this technical solution is the
problem Bauxite Company AD Mili¢i the valorization of raw quartz deposits "Skoci¢".The
company "Bauxite" Milici has a right of exploitation of deposits of quartz sand, "White Rock-
Skoci¢", as the holder of the concession. Also, the company "Bauxite" Milici has in its structure
and separation plant at the site Lukic field that is built nineties and that was not in operation by
2010.Company "Bauxite" Milici known buyers of products that can be obtained from the above
validation of raw materials deposits, such as alumina factory "Chooser" from Zvornik, for the
production of water glass, foundry "JelSingrad" from Banja Luka and the rest: the foundry, and
economic organizations engaged in sand blasting, water purification, refractory materials and
construction. Solving the problem of evaluation of quartz mineral resources were needed to
introduce the process of milling and mechanochemical treatment of mineral raw materials. The
process of grinding in the chemical industry, production of water glass is the process of
increasing the Gibbs free energy of milling products and thereby reduce the cost of production
of water glass. Thus, the chemical industry have a technical solution that is as result the project
has changed the concept of energy consumption for production of water glass.

Similar quartz material is valorized reservoir "Lower White River near Bor in Rgotina near
Zajecar, on whose valuation of the authors of this technical solution also worked. But that is
here sought to obtain the highest class -0.6 mm, and the alternative - 0.2 mm, in addition to this
there are solutions to other technical solutions that are not used in the environment and are
therefore new to the area.

1.2. Scientific background and field of science which belongs to the
technical solution

Do the groundwork for making the technical solution the authors reported on the basis of
findings from literatere and based on many years of dealing with practical Mechanochemical
treatment of non-metallic minerals.

While working on the design grinding plant "Additional technological project in the adaptation of
plants Lukic field material from the deposit" White Rock Skoci¢ "and upgrade facilities for
grinding,” it was necessary to predict the characteristics of a process that nowhere in the
practice of grinding we had the opportunity to summarization It is a wet grinding of quartz sand
in a cylindrical mill which is to some extent had the characteristics of autogenous grinding of
mineral raw materials other than autogenous mill (mill bars).Milling body in the projected
installation of the Vardar balls of the same material as the raw material is ground to the purity of
products.The Institute of associates who have received such a task had to tackle the
development of software systems grinding of quartz sand to determine if it is something to that
effect at all feasible. Based on theoretical considerations and using the criterion of equations
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solved by modeling a given task. Researchers and collaborators are using ITNMS laboratory
model and a dimensional analysis based on dynamic similarity invariants managed to develop a
software system grinding of quartz sand and projected industrial mill.

2. DETAILED DESCRIPTION OF TECHNICAL ANY OF REW

In designing the plant for grinding industrial conditions there is always an ordeal that
while the plant is not smoothly continuous strain on the entire job. This difficulty is actually the
fact that these processes consume much energy and need to make a choice without fault of
engine power the mill. For this purpose, there is plenty of empirical formula and if the process is
conventional and common in industrial practice it is not a major problem, but if not like in our
example it is necessary to develop a software system of grinding experiments using the model,
and that the same Program grinding system is also applicable to the industrial plant.The
development of technical and technological solutions, and we decided to show the flow of the
process of physical modeling, which is actually a software system grinding of quartz sand and

determining of engine power for a lower density of the total charge A« considering that the
grinding is done with Sileks balls instead of metal.Such a program developed system of grinding
gquartz sand answers the question of engine power for non-conventional grinding conditions.

2.1. The fundamental basis of technological solutions
2.1.1. Model of flow in the mill

The flow of media through a tube has certain characteristics.
e Hydrodynamic sizes: v, ¥, £
e properties of fluids: p, u, o

e calorificvalues: *#, A, T

e masssizes: I | C
where:

L . speed, L-t™;

F _Pressure, M-L*t-t72;

£ . Gravitational acceleration, L-t™:

p - Density, M -L®;

1 - The dynamic viscosity, M -L™"-t™;
o - Surface tension, M -t7;

‘% . Heat capacity at constant pressure, L2-t2-T;
L - Thermal conductivity, M -L-T *-t™?;
D . Molecular diffusivity, L*-t:

¢ - Concentration, M - L;

T - Temperature measuring

L -The length, size

M - Weight, dimension
[~ Time dimensions

of these quantities are derived by acting mechanical force
. . F . F .
£ forces of inertia, #forces of weight, #pressure force, fo friction force, F forces of surface

. F e e
tension, ¢ force of diffusion of heat, JF”*‘powers of mass diffusion.
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Putting koliéncki ratio of these two forces, we obtain the invariants and similarity criteria.lf, for
example. the two systems the ratio of inertia force and friction force numerically the same,
hydrodynamic systems are similar, or vice versa: if we want to achieve hydrodynamic similarity
between the two systems in terms of relations between inertia force and frictional force, the
condition for the similarity (criterion) is that these two ratios are numerically the same. [3

Figure 1 shows the cylindrical mill which can be viewed as a conduit for streaming media with
characteristic sizes and process parameters.

Figure 1.Pipe flow of media, entertainment mill
2.1.2. Buckingham's theorem of similarity

According Buckinghamovom 7 Theory of equations, each containing “related physical
quantities (v, p, 1 etc..), between which ' sizes are independent dimensions ( M, L [y, Can
be translated into an equation that has #to  dimensionless criteria and simplex, consisting of

those values.Since the criterion for simplex or rope marks ', Then the above theorem can be
written:

f(P,P,,P,,..)=0 1
or:

P, =f(P,P,,..) 2
This theorem is of great importance in experimental and theoretical work. Nala winters
relationship between the dimensionless expressions, which are composed of physical
quantities, which in this part.In doing so, the number of unknown reduced the number of basic
units of measure at least 3, and that very simplifies the conditions of experimentation and
finding each other on the legality of participating in physical quantities. [1,2]. The criteria of
similarity can be derived from differential equations, which describe the relationship and balance
of forces in the fluid that moves. Be zdimenzioni numbers encountered in the practical solution
of every problem from chemical engineering, particularly in problems magnification (scale-up).
From Navje-stoks's equations of motion of viscous fluids we get:

F=-F-F+F 3
Or the balance of the forces of inertia, the force of weight, pressure force and friction force.

If the left side of the equation is shared with some members of the right side of the equation we
get:

po T
M 2
_IZ U_:|:Fr 4
g |l-g
P L
h—— 2
L _|PY }_Eul 5

— o
po]
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pUi
I :P'U'p}zRe 6

v

ﬂ.rz H
Since the raw material in the mill and mixed moves are significant inertial forces of gravity and
friction. Gravity criterion, the criterion of strength and flow criteria must therefore not be ignored.

According to the above we have:

E, = f(Re ,Fr). 7
2.1.3.1. Dimensional analysis and the criterion equation

The formation of dimensionless numbers for a particular problem is most easily
achieved by using dimensional matrix.Dimensional matrix consisting of a square and the
remaining matrix. Rows of the matrix form the basis of size, and it will form a matrix of
rank r. Column matrix representing the physical size or parameters. Size main square
matrices appear in all the dimensionless numbers, while the remaining matrix element
of each appear in only one dimensionless number. For this reason, the remaining matrix
should be composed of the most important variables.
Table 1 Basic dimensional matrix

P | ol n N M g

IThemassM 11010 1 1 OI

length L 31110 2 1. 1

Time t 001 3 1. 2.

basic matrix | the remaining matrix

Rearrange matrix (linear transformation) is performed by the core matrix becomes a
common matrix. After the creation of a common matrix of dimensionless numbers
appear in the following way. Each element of the residual matrix, which is the numerator
divided by the square matrix of parameters that are graded below the number of
remaining elements of the matrix as given in the example. Dimensional matrix for our
case has the form

Table 2 dimensional matrix

0 5

0|1 3

basic matrix | the remaining matrix

- '\: - = ';I ==Np criterion forces the mill
p -n°-D° p-n°-D

strength criterion is sometimes referred to as the modified term Euler (Euler) (Eu vy because:
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a.
|3
p 1)2'* 3 D5
Eu, =Eu™= =22 Nt 8
0. N
t
where:
|3
Q= T The flow of pulp
5 gl 5= g ~=Fr No dimension Reynolds number for mixing process
p -D-n° D-n
Eu,, =k-Re* Fr® Froude's number of dimensionless mixing

Under certain experimental conditions in the laboratory an attempt was made to arrive at

solutions to equations 7 and finding the coefficient kand exponents < and b,
Her new analytic form has the appearance shown by Equation 9

Eu,, =k -Re*-Fr® 9

3 MATERIALS AND METHODS

The experiment is performed in which a grinding characteristics of fluid flow through the pipe.
Fluid flow through the pipe backed up by mixing that is achieved by using milling body because
the mantle of the mill rotates. In many experimental studies it was observed that the process of
milling and mechanochemical treatment most affected by the following parameters:

e pulp density,

e speed of the mill shell,

e  Precmik mantle mill

e viscosity and

e gravitational acceleration
All these parameters are involved in the development of software systems and modeling of
milling milling using specific criteria (Reynolds and Frudeov). Tests in laboratory conditions are
used for a criterion of model equations that define the process and accelerated conditions.
Since the test conditions depends on whether a criterion to be defined or undefined.
Test conditions are set so that we are the first series of experiments, consisting of three
experiments, performed experiments in a single device if the criterion frud bijo fixed, while it is
changed during mechanochemical treatment, or raw material flow rate through the mill, which is
implication as Reynolds had a change of criteria.Such an experiment would not be feasible
unless we change the type melju¢e batch so we have used Sileks, alum and iron Milling
body.The measured densities and viscosities of pulp were constant for the first series of
experiments.
In the second series of experiments, which also consists of three experiments, we investigated
conditions set by Frudeov criterion is a variable that has been possible by using different sizes
of mills.Reynolds criterion in this series of experiments was maintained constant are used by
different types of milling body and we had a different residence time of raw material in the mill,
while at the same density and viscosity of the pulp have a constant value. This could be
achieved when the mill with the largest overall dimensions used Sileks balls, then the mill with
high overall dimensions used alumino balls, and at the end of the mill with the smallest overall
dimensions used steel balls.
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Density and viscosity of the pulp within the individual series are held constant, and the series is
different, so they are performed in two series were actually two values of density and viscosity
of the two values.

3.1. The criterion of similarity with the milling
and mechanochemical treatment

Logaritm criterion equation 9 we get
log Eu,, =logk +a-logRe+b-log Fr 10

It is necessary to experimentally determine the function £y and one of the criteria, except that

the second criterion is held constant in this series of experiments.
If the equation 9
k-Fr® =konst =B 11

Criterion equation is obtained:

log Eu,, =a-log Re+log B 12
So the form.
Viscosity wpand pulp density p,,in the laboratory mill can be adjusted so that their ratio is
constant.Measuring the viscosity of hay was carried out by Brookfield viscometer.We used the
equipment with a rotating cylinder that allows the determination of viscosity in a wide range of
consistency. Pulp density is measured Pyknometer mining (which is used in flotation) and
scales for measuring density. Thanks to the use of different batches milling body (steel, alum
and lime ball) milling time were varied but the fineness of each of these experiments was the
same.

Change Reynolds k€ criteria required for the formation of the model is achieved by changing
the residence time of raw material in the mill equation 13"

_ Pmv-D
)7

Re 13

Where:
M - The dynamic viscosity

P.m - Or pulp density milling
. o D
v - Flow rate of raw material in the mill, it has been calculated v = T because L~D

! - During his stay in the raw mill

Change the value of Euler numerical criteria £y calculated by Equation 8, and the analytical
expression and equality can be seen that all parameters are known (N,,Oup,nsi D°).Force

N measure the electric meter, or device that is attached to the engine laboratory mill, and
whose appearance is given in Appendix 2Bulk density of the total mass or charge p,,is a linear

function of pulp density p,, where the coefficient and the direction of the axis intercept depend

on the type of body or milling p,, and p, as seen from equation 14: [4]

14
Where:
Py - Bulk density sphere expressed in kg / m 3

Py - Density balls in kg / m ®

P - Milling density or pulp in kg / m 3
Density of balls;
kg

Cast Fe - py = 7800 —
m
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Al ; O 3 pressed - p, = 4800

Silicate - p,, = 2600 k_g3
m

Bulk weight of the balls

Cast Fe - p, =4100 do 4200

Al , O 3 pressed - p, =2500 do 2700

Silicate - p,, = 1800 do 1900

kg

m3

kg
m3
kg
m3
kg
m3

Frudeovog consistency criteria in this series is achieved by use of the mill of the same size for
all individual experiments.

Table 3

Experimental data from laboratory studies to calculate
Modified Euler criterion or criteria in the process of power
rinding and / or mechanochemical treatment

measured q _

VISCOSIt)II ofthe | L easured | diameter speed of Z‘:ﬁ;g%f Reynolds Iog?:mm

pulp during the of the pulp D=L the pulp number E& Reynolds
u,Pa-s or grindin sheath L be P, 0D b
k t s o m YT —= | Re=—"—— numboer

_g ’ ’ Pom M H log Re
S-m
0.416 600 0.305 0.000510 1226 0.458 -0.3387
0.416 400 0.305 0.000763 1226 0.686 -0.1637
0.416 180 0.305 0.001694 1226 1.523 0.1826

Table 3 extension

Fr

Frudeov

number

_ D-n?
g

logarithm
of the
number
Frudeovog
log Fr

measured
power
mill
N, 155

Milling
body
type

apparent
density
of the
balls

pvk

density balls
psk

-1.482

760

Sileks

1800

-1.482

760

alumino

2600

Table 3 extension

density of the total
Charge

pup = Pw +1'l5'(17&)'pvm

kg
m

-1.482

graded
diameter

ot

graded
speed

760

i

Eu,, =

steel

Euler number
£u,,

Pup - D°

4200

N

logarithm of the
Euler number

log Eut

2234

0.002639

1.124864

0.008726

-2.05917

3246

0.002639

1.124864

0.012681

-1.89684

4851

0.002639

1.124864

0.018949

-1.72241

When data from the table shows the diagram shows that the points that represent the
coordinates of individual experiments are approximately straight line.
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y=0,6259%-1,8261
R%= 10,9724

log Ewy

\
\

k!

0,4 0,3 0,2 0,1 0 0,1 0,2 0,3

log Re

Figure 2. Function log £u1, 1 log Re

The figure shows that tga =a=0,6259 Or a the exponent of the criteria Re And intercept on
the axis 1°% £4u 3 value 1°% 8| And log B =—-1,8261And then B =0,014924507 .

To determine the coefficient X from Equation 9 it is necessary to carry out another series of
experiments in which the experiment conditions were set to be constant Reynolds number.So,
after the first series of experiments on the model is performed a second series of experiments,

in which it maintains a constant value of the criterion R& Or from equation 9:

k-Re® =konst=C 15
From this follows the criterion of equations:

log Eu,, =b-log Fr +logC 16

So again, the straight line equation as a functional dependency Ly of changes 7.

Reynolds criterion could remain constant if the first series and in the application process of
milling with a change in the milling time. To Reynolds criterion remained constant it was
necessary to change the time of grinding on the way to the mill is larger for longer retention time
for raw materials and to a lesser mill a short retention time of raw material. These experimental
conditions are achieved by reducing the speed of medium and large mills when grinding lower
efficiency and increasing the number of rotations of a small mill where greater efficiency is
achieved by milling. To achieve the above conditions except for changing the milling time of
rotation of the mill was also necessary to use the largest batch of mill balls Vardar, in the middle
of the mill batch alumino ball mill and in the smallest batch of steel balls.Finally, the Reynolds
criterion to remained constant was needed more preliminary experiments to determine the
density of the pulp. The experiment showed that the optimum pulp density for Sileks globe
between 10% and 30% solid in the pulp while the alumino and steel balls can be higher. The
requirement that the milling was successfully pulp density, which affects the viscosity of the pulp
of the total charge and thus the grinding efficiency. Variability Frudeovog criteria we provide
using different sized mills. Table 4 presents the experimental data for the second series of
experiments.
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Table 4

Experimental data from laboratory studies to calculate
Modified Euler criterion or criteria in the process of power
grinding and / or mechanochemical treatment

measured
viscosity of the | During | diameter speeld | puip Reynolds logarithm of
pulp the of the pulp density | number R€ the Reynolds
kg milling sheath D EI'_- o, kg P 0D number
u,Pa-sor—— t s ooom v=— e Re=—#—— logRe
s-m ’ ’ t a
0.17 417 0.150 0.00036 1066 0.338612 -0.4703
0.17 898 0.220 0.000245 1066 0.337985 -0.4711
0.17 1713 0.305 0.000178 1066 0.34043 -0.46797

Table 4 continued

Frudeov The apparent density
logarithm Milling density of balls
RPM oo | Mmoer | Tottne PO hody | the balls O
gl 5 Fr=2" number w | tpe Pu )
n 9 | Frudeovog | N, v
log Fr
1.6 2.56 0.0384 -1.415668 70 steel 4200 7800
0.8 0.64 0.01408 | -1.851397 | 250 | alumino 2600 4800
0.5 0.25 0.007625 | -2.117760 760 Sileks 1800 2600

Table 4 extension

Euler number
£u,,

3 5

pup -n*-D

logarithm of
the Euler
number

log Eus

density of the total graded

Charge @ diameter P
pup:p\/k +1;15'(1_&)'pvmﬁ _-.-‘5' !

graded speed

sk N

4766

7.59375 E-05

0.021176492

-1.67415

3162

0.000515363

0.00333724

-2.47661

2177

0.002639363

0.000945135

-3.02451

When data from the table shows in graphic form gives almost a straight line, Figure 3.

0

0,5 y=19153x+ 10462

R =0,0001

-1
E -1,5
¥ 4
25 //
. /
-3,5
=25 -2 -1,5 -1 4,5 o]
log Fr
. . log Eu,, i log Fr
Figure 3 Function & w1 198

Analogous to the previous reasoning shows that tgf8 =b=19153and intercept on the ordinate

log £44 The value logC =1,0462 And then C =11.12243817 .
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Re( a)

Since the two series of experiments determined the exponent of criteria criteria and the

exponent Fr{b) , A constant "‘rfcan be calculated from:
B 0,015 C 1112
K=——=— =10,27, apropos k=——=—"—=2191
Fr® Fr% prop Re* Re%%
Well you get the mean:
2
Zk k,+k, 10,27+1112
k, =L =t fe =2lT202 169 17
2 2 2

: : . aib
Given that the system is tested for this constant kand exponents ' “constants can be

. . L .. . Re iFr
experimentally obtained for a combination of criteria calculate the value £ .

Eu,, =k-Re® Fr® =16,1-0,338612"%%.0,032989"%* =0,011869 18
3 5

‘n
Pup =Eu,, and Eu,, =k-Re®-Fr°we see that the application of laboratory

Given that:

tests has been a criterion equation models of milling, which can be used to calculate the
increased power of the mill conditions.

PupN°- D

N =161 RO Fri®e 9

Where:
kg-m?

53

N~ The power of the mill,
kg
Py, - Bulk density of the total charge (ball + water + material) in the mill, ur

D Inner diameter of the mill, #
1 _ Speed of the mill, s

3.2. Calculation based on engine power
similarity criteria for milling
and mechanochemical treatment

Criterion equation models of milling can be applied to industrial mills because they were
changed in laboratory conditions, all relevant parameters influencing the process of grinding

and on the basis of criteria determined by two unknown ( Re and #r ).Reproducibility of results
can be made at any time since the data shown in Table 3 and 4 obtained by the method of
measurement using the following devices:

e Brukfildovog viscometer for measuring the dynamic viscosity,

e mining pycnometer with scales for measuring the density of the pulp,

e chronometer to measure the milling time and velocity of the pulp and

e Digital meters for power, voltage and current flow engine mill.
In the example below we used well-known technical and technological parameters of process of
grinding in a mill designed for domeljavanje quartz sand in a field near Milici Lukic to check the
general criterion equation model for ball milling.

kg-m? . -
N =280000 il W - Power for the mill again milling
S
Py =2177 k_gs - Bulk density of the total charge (ball + water + material)
m
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balls and the material of silicon dioxide.The pulp is 10% C

which means that p,,, =1066 k_93
m

D =2,2 m - Inner diameter of the mill,
n=0,3 s™*- Speed of the mill,

No_ P -D°  2177.03°.2,2°
16,1- Re®®%. Frt92 0,012
As can be seen criterion equation model gives good results when calculating the strength of the

industrial engine of the mill. The equation also gives good results for Stock izabrene cylindrical
ball mills the entire range of sizes.

= 255256 W

4 CONCLUSION

For technical and technological solution titled "Development of software systems
grinding quartz sand deposits Skocic¢ for the chemical industry factory Birad-Zvornik obtained
using the criterion equation modeling” method used is presented of the physical modeling of
grinding ITNMS developed in-a.Laboratory model for the prediction of all parameters of an
industrial mill consisted of two textile mills and Denver Bond mill with steel, alum and Sileks
balls.After the performed experiment in the model can be approximated by the technical
conditions of the technological process in the prototype at different densities pulp milling
different types of bodies, different sizes and speeds of the mill. The importance of this
procedure of finding a criterion of model equations and the model itself is great, because the
model can be used generally for all mineral resources.

5 APPLICATION OF TECHNICAL SOLUTIONS

On the basis of the technical solution has been checked Here are the calculations for the milling
again in the old separation of AD Boksit Milici, as evidenced by Certificate of AD Boksit Milici
that this solution was deployed in the above separation.This certificate is given in the appendix.
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APPENDIX
Table 1 The most important criterion equation

Serial Mathematical appearance Name of criteria

number  of

criteria

1 F d-vp i _Re Reynolds (Reynolds)
—_ = = E =
Fy H

2 = Ve Froude (frud)
—= =l =Fr
F, d-g

3 E d-u%- Weber (Weber)
F. (o
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4 2 3. 52 Galielei (Galileo)
Re _d '02 g—IF Ga
Fr 7,
5 F Euler (Euler
F p-v
6 C Prandtl (Prandtl
i = # P = IF = Pr ( )
o A
7 Nu (Nuselt
a% = f(Re,Pr,Gr,...)=i- =Nu ( )
8 F U . Schmidt (Schmidt)
L =—"-=i.=S5C
F, D-p
9. . Sherwood (Sherwood
k%: f (Re,Sc,Ga,...) =i =Sh ( )
10 3.52.At- 8- Grashoff (Grashof)
I Ga-aT.p=3"PAUL8 _; gy I
U
11 . Damkohler |
D,I = r-L
v-C,
12. .12 Damkohler I
S P
D -C,
13 W nametnuta snaga Dimensionless number for
N, =— 3 — the force
L-p-n sila inercije

Picture 4.outside look Viscometer by Brookfield
Picture 5.outside look of digital device for measuring power

Figure 6.Piknometar for measuring density
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Figure 4 Industrial mill in Lukic's field near Milici

Table 2 Viscosity of some liquids

Liquid Viscosity Pa-s
| Water 8.94x107 |
| Acetone 3.06x10% |
Kastrol oil 0.985
Ethanol 1.074x 107
Sulfuric Acid 2.42 x 10 2
| Glycerol 1.2 |
Olive oil 0.081
SAE40 0.319
SAE10 0.065
Benzene 6.04 x 10 *
| Liguid Nitrogen 1.58 x 10 * |
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Nauénom vecu ITNMS-a
Beograd

Predmet: Recenzija tehnicko-tehnoloskog resenja

Na osnovu Odluke Nauénog veéa ITNMS donete 25.11.2011. imenovan sam za jednog od
recenzenata tehnidko-tehnoloskog resenja: Razvoj programskog sistema mlevenja
kvarcnog peska lezista Sko¢i¢ za potrebe hemijske industrije fabrike glinice Birac
Zvornik dobijen kori§éenjem kriterijumskih jednacina modelovanja (kategorije M-81)
Autori: Dr Milan Petrov*, Dr Zivko Sekuli¢*, Mr Viadimir Jovanovic¢*, dipl.ing.Branislav Ivosevic”,
dipling. Miodrag Gajic*, Mr Dejan Todorovi¢*, dipl.ing. Milo§ Bokanovi¢**, dipling Zeljko
Dragi¢**

*Institut za tehnologiju nuklearnih i drugih mineralnih sirovina,

11 000 Beograd

= AD BOKSIT Mili¢i, Luki¢ Polje bb, 75446 Mili¢i, Republika Srpska, BiH

Na osnovu toga dajem,

Misljenje recenzenta:

Tehnicko-tehnoloko resenje pod naslovom Razvoj programskog sistema mlevenja
kvarcnog peska lezista Skoci¢ za potrebe hemijske industrije fabrike glinice Birac
Zvornik dobijen koriséenjem kriterijumskih jednacina modelovanja, dato je na 18
strana teksta (format A4), sadrzi Cetiri tabele i tri slike. Tehnicko tehnolosko resenje sastoji se 1z
5 osnovnih poglavija zahvalnicei i literature. U prilogu su date Getiri slike uredaja koji su korisceni
u eksperimentima i dve tabele na koje se poziva tekst iz literature. Takode je data potvrda o
primeni najsavremenijin naucnih i strucnih postupaka u izradi tehnikog resenja

U uvodu su dati: osnovni proceduralni podaci o problematici koja se sadrzi u ovom tehnicko-
tehnolodkom resenju.kao i podaci o postrojenju i problematici koja treba da se resava u tehnicko
tehnoloSkom resenju.

U poglaviju detaljan opis tehnoloskog resenja naglasena je uloga bezdimenzionihi brojeva u
reSavanju svakog problema iz hemijskog inzenjerstva, a posebno kod problema uvecanja (scale-
up) procesa. U ovom tehni¢ko tehnoloskom reSenju je ispitivan uticaj sila na mlevenje prema
Njutn Stoksovoj jednacini kretanja viskozne te¢nosti. Modelovan je proces mlevenja u funkciji
snage miina. Cilj tehni¢ko tehnoloskog resenja je dobijanja jednacine modela cilindricnog mlina
koja se moze primeniti na sve veli¢ine mlinova. Dat je doprinos teorijskim hipotezama ifili
empirijskim formulama za izraéunavanje snage mlina u procesu mlevenja.

U treéem poglavlju su dati podaci o izvrSenom eksperimentu u laboratorijskim i industrijskim
uslovima i daje se prvi put u inZenjerskoj praksi usitnjavanja mineralnih sirovina modelovanje
snage mlina modifikovanim Ojlerovim Frudeovim i Rejnoldsovim bezdimenzionim brojem U
Tehnicko tehnoloskom resenju se vidi da na snagu mlina za mlevenje ili mehanohemijski
tretman uticu veli€éina mlina D, broj obrtaja mlina n, gustina ukupnog punjenja p,. i nacin

strujanja fluida u mlinu Re kao i veli¢ina mlina preko Frudeovog kriterijjuma.

Na kraju je data Potvrda iz AD Boksit Mili¢i o primeni tehnickog resenja literaturni pregled |
prilozi.
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Autori ovog tehnoloskog resenja navode da je ono jedan od rezultata projekta TR 34006 R
34013 “Mehanohemijski tretman nedovoljno kvalitetnih mineralnih sirovina~ i “Osvajanje
tehnoloskih postupaka dobijanja ekolo$kih materijala na bazi nemetalicnih mineralnih
sirovina™. koje finansira Ministarstvo prosvete i nauke Srbije.

Na osnovu detaljnog pregleda ovog tehnitko-tehnoloskog resenja dajem sledeci zakljucak:
Tekst je pisan jasno i razumljivo a tehni¢ko-tehnoloéko resenje predstavija znacajan
doprinos u oblasti mlevenja i mehanohemijkog tretmana materijala na bazi kvarcne
sirovine tipa pescara.

Na osnovu iznetog, predlazem Nauénom Vecu ITNMS-a da prihvati tehnicko-tehnolosko resenje
pod nazivom ,Razvoj programskog sistema mlevenja kvarcnog peska lezista Skocic
za potrebe hemijske industrije fabrike glinice Biraé Zvornik dobijen koris¢enjem
kriterijumskih jednagina modelovanja.” autora: Dr Milan Petrov: Dr Zivko Sekuli¢, Mr
Viadimir Jovanovié, dipl.ing.Branislav Ivosevi¢, dipl.ing. Miodrag Gajic, Mr Dejana Todorovica
dipling. Milo§ Dokanovi¢ i dipl.ing Zeljko Dragi¢ i da ga svrsta u kategoriju M81-tehnicka resenja
koja su realizovana u inostranstvu.

U prilogu dajem i popunjen recenzentski list.

U Beogradu Recenzent;
rr%u 4 dyd—

Dr Slaven Deusic,
redovni profesor RGF Beograd

09.07.2012.
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Nz osnovu &lana 25. tagka 2) i 3) Zakona o nauénoistrazivackoj delatnosti i Prilogu 2 Pravilnika
o postupku i naéinu vrednovanja i kvantitativnom iskazivanju nauénoistrazivackih rezultata
istrazivaca daje se

MISLJENJE
o tehniékom resenju

Naziv tehnickog resenja: Razvoj programskog sistema mlevenja kvarcnog peska
lezista Skoéié za potrebe hemijske industrije fabrike glinice Bira¢ Zvornik dobijen
korigéenjem kriterijumskih jednacina modelovanja

Autori: Dr Milan Petrov, Dr Zivko Sekuli¢, Mr Vladimir Jovanovié, dipl.ing.Branislav Ivosevic,
dipl.ing. Miodrag Gaji¢, Mr Dragana Todorovica dipl.ing. Milos Bokanovi¢, dipl.ing Zeljko Dragi¢
Godina: 2012.

Prijavijena kategorija: M81

Pregledom svih prilozenih dokaza sam utvrdila da:

1. Resenje poseduje struénu komponentu celokupnog i samostalnog rezultata Aﬂda :
' 2. ReSenje ima originalni nauéno-istrazivacki doprinos | da e
3. Resenje poseduje uredan tehnicki elaborat (naslovna strana sa osnovnim 1 da
podacima, potom elaborat sa opisima, crtezima itd) SO L R
3.1 Naveden je korisnik redenja (narucilac) o T !
32 Navedeno je ko je resenje prihvatio, ko ga primenjuje da
33 Prilozen je dokaz o komercijalizaciji rezultata (kori$¢enju) ] L e ]
4. Opisan je problem koji se reSava bt da \
"41. Dato je stanje reSenosti tog problema u svetu R S S jda st
"4.2. Dato je stanje reSenosti tog problema kod nas da
" 5. Opisane su tehnicke karakteristike e | da
6. Za kriticke evaluacije podataka, baza podataka R
6.1. Deo je medunarodnog projekta R A T e
| 6.2 Publikovana je kao internet publikacija ili objavljena na internetu ; A l
6.3 Publikovano u &asopisu sa SCl liste SRRt e S
6.3. Ostalo AT e
7. Resenje je radeno u okviru projekta Ministarstva nauke i dat je broj projektaili | TR 340061
broj ugovora sa privredom iz kog proizilazi TR34013
* uneti da/ne u prazne kockice
Dato tehnicko reSenje:
1. Ispunjava uslove za priznavanje prijavljene kategorije M81
2. Ispunjava uslove za priznavanje kategorije __/ razli¢ite od prijavijene.
3. Ne ispunjava uslove za priznavanje tehnickih resenja.
ZAKLJUGAK | MISLJENJE RECENZENTA DATO U POSEBNOM DOKUMENTU
Mesto i datum 09.07.2012.
RE(/‘ENZ}NT:
Qowiic Kavee.

Dr Slaven Deusi¢, red.prof.
(Ime i prezime, potpis)
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Scientific Council ITNMS a
Belgrade

Subject: Review of technical and technological solutions

Based on the Decision of the Scientific Council adopted ITNMS 25.11.2011. | was appointed as
one of the reviewers of the technical and technological solutions: Development of software
systems grinding quartz sand deposits Skoci¢ for the chemical industry factory
Birac Zvornik obtained using the criterion equation modeling (category M-81)
Authors:Ph.D. Milan Petrov *, * Ph.D. Zivko Sekulic, MSc. Vladimir Jovanovic *, BSc.Branislav
Ivosevi¢ *, BSc.Miodrag Gajic *, Mr Dejan Todorovic *, BS¢.Milos Dokanovié¢ **, Ph.D. Zeljko
Dragic **

* Institute for Technology of Nuclear and Other Mineral Raw Materials,

11 000 Belgrade

** AD BOKSIT Milici, Lukic Polje bb, 75 446 Milici, Serbian Republic, Bosnia and Herzegovina

On that basis | give,
Opinion of the reviewer:

The technical and technological solution called System Development Program of
grinding quartz sand deposits Skoci¢ for the chemical industry factory Birac
Zvornik obtained using the criterion equation modeling, was given to 18 text pages
(format A4), contains four tables and three figures. Technical and technological solution consists
of five chapters of thanks letter and literature. Attached are four pictures date equipment used in
the experiments and the two tables on which the text refers to the literature. It was also given a
certificate of employment of the latest scientific and technical procedures in the development of
technical solutions.

In the introduction, are given: the basic procedural information on issues that are contained in
the technical and technological solutions, as well as data on the plant and the problems to be
solved in technical and technological solutions.

In the chapter a detailed description of the technological solution has emphasized the role of
dimensionless numbers to solve every problem from chemical engineering, particularly in
problems magnification (scale-up) process. In this technical and technological solution, the
influence of forces grinding by Stoks Newton equations of motion of viscous fluids process is
modeled as a function of grinding mill power. The aim of the technical and technological
solutions to obtain the equations of the model cylinder mill that can be applied to all sizes of
mills. It is given the contribution of theoretical hypotheses and / or empirical formulas for
calculating the strength of the mill during milling.

The third section presents data on the performed experiments in laboratory and industrial
conditions and provides for the first time in the engineering practice of grinding of mineral raw
materials modeling of mill power Frudeo modified Euler and Reynolds dimensionless number.
The technical and technological solutions can be seen that the force of grinding mill, or
mechanochemically treatment affect the size D of the mill, mill speed n, the total charge density

p_and method of fluid flow in the mill, Re and the size of the mill over Frude criteria.
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Finally, the confirmation of AD Boksit Milici on the implementation of technical solutions and
literature review articles.

I'he authors state that the technological solutions it is one of the results of TR and TR 34 006 34
013 "Mechanochemical treatment of insufficient quality of mineral resources” and "Winning
the technological processes of obtaining organic materials based on non-metallic
mineral resources", funded by the Ministry of Education and Science of Serbia.

Based on extensive review of the technological solutions give the following conclusion:
The text is written clearly and understandably a technical-technological solution
represents a significant contribution in the field of milling and mechanochemistry
treatment materials based on quartz sandstone-type materials.

Based on these findings, | propose the Scientific Council ITNMS to accept a technical-
technological solution titled "Development of software systems grinding quartz sand
deposits Skoci¢ for the chemical industry factory Biraé Zvornik obtained using
the criterion equation modeling." By: Ph.D. Milan Petrov: Ph.D. Zivko Sekulic, Mr. Vladimir
Jovanovic, B.Sc.Branislav IvoSevi¢, BSc. Miodrag Gajic, Mr Dejan Todorovic BSc.Milos
Bokanovi¢ and Ph.D. Zeljko Dragic, and arrayed him in a category M81-technical solutions that
are implemented abroad.

Attached to give the completed peer review list.

In Tuzla Reviewer:

09.09.2012. Ww‘h@ﬂ
®

Ph.D. Omer Music¢,
Associate Professor RGF Tuzla
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Pursuant to Article 25 item 2) and 3) of the Act on Scientific Research and Annex 2 of the
Regulations on procedure of evaluation and quantification of research results is given to
researchers

OPINION

the technical solution
Name of technical solutions: Development of software systems grinding quartz sand
deposits Skoci¢ for the chemical industry factory Bira¢ Zvornik obtained using
the criterion equation modeling
Ph.D. Milan Petrov *, * Ph.D. Zivko Sekulic, MSc. Vladimir Jovanovic *, BSc.Branislav lvosevic,

BSc. MioPh.D.ag Gajic, Mr. Ph.D.agan Todorovic BSc.Dokanovié Milos, Ph.D. Zeliko Ph.D.agi¢
Year: 2012

Reported categories: M81

Reviewing all the evidence | have found that:

1. The solution includes the professional component of the overall and individual | that
| results

2 _The solution has a genuine scientific contribution eI Vi

' 3 The solution has the proper technical study (with the main home page that
__data, then the elaborate descriptions, Ph.D.awings etc.) e
3 1. Is given by solution (client) that -5
| 32. The above is who is the solution adopted, who applies it that

| 3.3. Attached is evidence of the commercialization of the results (use) that

{Ob {10} {1} _{/1} Described the problem to be solved that i)
4 1. Given the state of resolve that problem in the world AR 50,
' 4.2. Given the state of resolve that problem for us that

5 The technical characteristics 1 that

| 6.For a critical evaluation of data, database
LS 1.Part of the international project

. 6 2 Published as an online publication or published on the Internet
1 6 .3.Published in journals with SCI

| 6.3 Other

7.The solution was carried out under the project of the Ministry of Science and TR 34 006

dat is project number or contract number with the economy, from which derives '?'rl;d3401 4

* Enter a yes / no blocks in the blank
A technical solution:

| .Qualifies for recognition categories reported M81
2.Qualifies for recognition categories / different than that applied.

3Does not meet the requirements for recognition of technical solutions.
REVIEWER'S CONCLUSIONS AND OPINIONS GIVEN in a separate document

Place and date of 09.09.2012.
] i S5
REVlEWéW /(M
) h

Ph.D. Omer MuSsié, associate professor.
(Full name, signature)
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