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1. UVOD 
 
Poštujući proceduru IP 19 koja je usvojena u ITNMS, po kojoj je pored ostalog propisan i 
sadržaj teksta tehničkog rešenja, ovde su data poglavlja: Problem koji se rešava, stanje u Srbiji i 
u okruženju, Naučna podloga i oblast nauke kojoj pripada tehničko rešenje, Detaljan opis 
tehničkog rešenja, Materijal I metode, Zaključak, Primena tehničkog rešenja, i Literatura. 

 
1.1. Problem koji se rešava, stanje u Srbiji i u okruženju 

 
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, čiju 
realizaciju finansira Ministarstvo prosvete i nauke Republike Srbije, kao rezultat teme 
„Mehanohemijski tretman i valorizacija mineralnih sirovina u oblasti hemijske industrije“, razvio 
je novu tehnologiju mokrog mlevenja sa sileks kuglama, do koncepcije nove tehnologije 
uvedene u proizvodnju: „Nova tehnologija mokrog mlevenja kvarcnog peska u AD-Boksit 
Milići i određivanje specifičnog kapaciteta mlina sa sileks kuglama ”. Osnov za izradu 
ovog Tehničkog rešenja je problem kompanije AD Boksit Milići sa valorizacijom kvarcne sirovine 
iz ležišta „Skočić“. Naime, kompanija “Boksit” Milići ima pravo eksploatacije kvarcnog peska iz 
ležišta “Bijela Stijena- Skočić”, kao nosilac koncesije. Takođe, kompanija “Boksit” Milići ima u 
svom sastavu i postrojenje separacije na lokaciji Lukić Polje koje je izgrađeno devedesetih 
godina i koje nije bilo u funkciji do 2010. Kompaniji “Boksit” Milići su poznati kupci proizvoda koji 
se mogu dobiti valorizacijom sirovine iz navedenog ležišta, a to su Fabrika glinice “Birač” iz 
Zvornika, za potrebe proizvodnje vodenog stakla, livnica “Jelšingrad” iz Banja Luke i ostali: 
livnice, i privredne organizacije koje se bave peskarenjem, prečišćavanjem vode, vatrostalnim 
materijalima kao i građevinarstvo. 
Rešavajući navedeni problem kao reztuzltat navedenog projekta proisteklo je ovo tehničko 
rešenje. 
Slična kvarcna sirovina se valorizuje iz ležišta „Donja Bela Reka kod Bora i u Rgotini kod 
Zaječara, na čijoj valorizaciji su autori ovog tehničkog rešenja takođe radili. Ali kako se ovde 
tražilo da se dobije najviše klase -0,6mm došlo se pored ovog rešenja i do drugih teuhničkih 
rešenja koja se ne koriste u okruženju te su stoga novost u ovoj oblasti. 
 

1.2. Naučna podloga i oblast nauke kojoj pripada tehničko rešenje 
 
Do podloga za izradu tehničkog rešenja autori su došli na osnovu saznanja iz literatere i na 
osnovu dugogodišnjeg praktičnog bavljenja mehanohemijskim tretmanom nemetaličnih 
mineralnih sirovina. 
Na osnovu navedenog, tehničko rešenje pripada oblasti rudarstva, ali kako se rešava problem 
mehanohemijskog tretmana kvarcne sirovine, za primenu pre svega za vodeno staklo smatramo 
da ovo tehničko rešenje suštinski pripada oblasti nauke o materijalima, prema podelama oblasti 
nauke sačinjenim u Republici Srbiji. 
Postrojenje za mlevenje kvarcnog peska u Lukića Polju kod Milića pušteno je u rad 2010 godine 
sa sledećim radnim karakteristikama: maseni kapacitet mlina je Q = 10 t/h pri ulaznoj krupnoći 
manjoj od 15 mm i izlaznoj krupnoći sirovine - 600 μm. Precizniji zahtevi tržišta su: da izlazna 
finoća bude - 600 μm + 200μm; da masa ovog proizvoda na izlazu iznosi najmanje 90% od 
mase ulaza; da nakon mlevenja taj proizvod ima njviše 0,05% feruma i da radi u otvorenom 
režimu bez klasifikatora. Za vreme postupka projektovanja i izrade postrojenja bili su aktuelni 
navedeni zahtevi o sadržaju feruma i potrebnom granulometrijskom sastavu finalnog proizvoda, 
ali nakon puštanja u rad postrojenja za mlevenje i uhodavanja istog pojavili su se novi zahtevi 
zbog uviđanja da sadržaj feruma ne može biti manji ili jednak 0,05%. Novi zahtevi su bili da 
krupnoća proizvoda bude – 200μm + 50μm, a sadržaj feruma tada može biti i viši od 0,05% do 
0,1% u proizvodu mlevenja. Prvi zahtevi su uslovili da prilikom projektovanja budu usvojena 
sileks meljuća tela, a drugi naknadno obelodanjeni zahtevi dozvoljavali bi usvajanje i upotrebu 
čeličnih kugli u procesu mlevenja. Poznato je da bilo kakvo menjanje vrste meljućih tela počev 
od sileks kugli preko alumosilikatnih do čeličnih kugli implicira promenu specifičnog kapaciteta 
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mlina. Specifični kapacitet mlina izražava se u
hm

t

3
, i znatno je manji za rad mlina sa sileks 

kuglama nego za rad sa metalnim kuglama. U tehnološko tehničkom rešenju sačinjen je model 
prema kojem bi se lako moglo izvršiti predviđanje kapaciteta i finoće mlevenja za nove 
tehnološke uslove. Naime, tehničko tehnološko rešenje prezentuje model prema kojem je 
moguće vršiti transformaciju rada postrojenja sa režima sileks kugle na režim metalne 
kugle.Takođe su prikazani svi rezultati merenja specifićnog kapaciteta u industrijskim uslovima. 
Dimenzije instaliranog mlina su D x L = 2,4 m x 3,6 m; V=13m3, a broj obrtaja mlina je 17,8 
o/min. Snaga motora mlina je 280 KW. Korišćene su sileks kugle mase 9000 kg. 
Granulometrijski sastav meljućih tela dat je utabeli 1 u Prilogu. 
 

2. DETALJAN OPIS TEHNIČKOG REŠENJA 

 
Postrojenje za mlevenje kvarcnog peska u Lukića Polju kod Milića prema zahtevima 

investitora ima meljuća tela od sileks kugli i predstavlja postrojenje koje radi u otvorenom režimu 
mokrim postupkom. Mlevenje se obavlja iz razloga promena karakteristika krupnoće i time 
promene akumulacije energije. Akumulacija energije mehanohemijskim tretmanom potrebna je 
za postizanje povećanja brzine hemijske reakcije u procesu proizvodnje vodenog stakla. Dilema 
koja je postojala oko štetnosti sadržaja feruma i visine akumulirane energije nije rešena pre 
puštanja postrojenja u rad 2010 godine. Naime, kada se videlo da kvalitet sirovine u pogledu 
feruma ne zadovoljava uslove iz projektnog zadatka i da se kvalitet neće promeniti, onda je 
kupac predložio da proizvod može biti slabijeg kvaliteta u pogledu feruma ali mora biti veća 
finoća mlevenja. Takva nova ideja o većoj finoći izazvala bi promene na specifičnom kapacitetu 
mlina. Institut se u ovom periodu zalagao da ispuni ugovorene obaveze prema prvobitnim 
zahtevima investitora, a kasnije u tehničkom rešenju daje odgovor na mogućnost promene 
specifičnog kapaciteta mlina zbog slabijeg kvaliteta sirovine. 
 

2.1. Eksperimentalni postupak iznalaženja kapaciteta i 
specifičnog kapaciteta mlina 

 
Kapacitet mlina može biti dat opštim empirijskim izrazom na osnovu geometrijskih veličina 
mlina.  

6,0DVkQ 
h

t
     (1) 

Vrednost kapaciteta mlina izračunata na osnovu jednačine 1 je podatak za mlin koji radi u 

otvorenom režimu rada sa čeličnim kuglama. Koeficijen k  dat je u tabeli 2 u Prilogu. Kapacitet 

mlina izračunat prema jednačini 1, a za naše dimenzije mlina je 25Q
h

t
. Na osnovu 

Bondovog izraza za proračun specifične energije usitnjavanja,  
 

kWQEN sp ,      (2) 

Gde je: 

spE  - specifična energija usitnjavanja po Bondu, 
t

hkW 
, 

Q  - kapacitet, 
h

t
. 

Obzirom da je: 

 
t

kWh
ddWiE ulizsp ,10

5,05,0 
     (3) 

Gde je: 

iW  - Bondov radni indeks, 
t

hkW 
, 
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izd  - Otvor sita kroz koje prolazi 80% materijala na izlazu iz mlina, m . 

uld  - Otvor sita kroz koje prolazi 80% materijala na ulazu u mlin, m . 

 
može se izračunati kapacitet mlina kada bi on radio sa metalnim kuglama i u zatvorenom 
sistemu sa klasifikatorom. Tada bi kapacitet za zatvoreni ciklus mlin klasifikator i za snagu 

motora kWN 280 , kao i finoću mlevenja 90% klase -600 m  iznosio 
h

t
Q 57 . Ovakav 

proračun bi odgovarao kada bi mlin bio napunjen sa čeličnim kuglama i da radi u zatvorenom 
režimu rada sa klasifikatorom pri kružnoj šarži C=250%. S obzirom da ovakvi uslovi mlevenja 
nisu zastupljeni u našem konkretnom primeru mi smo morali da iz literaturinog pregleda 
pronađemo sličan primer koji bi pomogao u iznalaženju specifičnog kapaciteta mlevenja ili da 
razvijemo naš sopstveni model iznalaženja specifičnog kapaciteta mlevenja. 
Eksplicitni literaturni podaci o specifičnom kapacitetu mlina koji se odnose na kvarcni peščar i 
otvoreni režim rada mlina sa različitim vrstama meljućih tela nisu pronađeni. 
U literaturi [7] i tabela 3 u Prilogu postoje podaci za specifični kapacitet mlina ali za veću finoću 

mlevenja i zatvoreni ciklus mlevenja bakronosne rude iz Rusije, i on iznosi 
hm

t
q




3
1,2 . Svi 

podaci o specifičnom kapacitetu se odnose na mlevenje mineralnih sirovina u mlinovima 
različitih veličina sa čeličnim kuglama i kružnom šaržom od 250%. Mlevenje u industrijskim 
uslovima odvija se uglavnom u zatvorenom ciklusu upravo zbog veće efikasnosti jer se protok 
materijala kroz mlin povećava i do 2,5 puta zbog izdvajanja finog proizvoda. 
Otvoreni režim mlevenja primenjuje se u nekim specifičnim situacijama, a najčešće u 
slučajevima kada se želi jednostavniji tehnički postupak rada u pogonu. 
 

2.1.1. Specifični kapacitet testiranog mlina 
 

U cilju iznalaženja specifičnog kapaciteta mlina za različite finoće proizvoda 
eksperimentalno je vršena promena časovnog kapaciteta mlina pri optimalnoj gustine meljiva. 

Eksperiment je otpočeo sa manjim časovnim kapacitetom koji je iznosio 4 
sat

tone
 i gustinom 

meljiva 1125 
3dm

kg
kada je trebalo dodavati 

sat

m3

2,18 vode. Tada smo dobili oko 98,5% klase -

200m u finalnom proizvodu. 

Nakon toga povećan je časovni kapacitet mlina na 10 
sat

tona
, a gustina meljiva ostala je ista 

1125 
3dm

kg
 kada je trebalo dodavati 

sat

m3

6,45 vode, i kada smo dobili oko 98% klase-600m u 

finalnom proizvodu. 

U trećem pokušaju smo časovni kapacitet mlina održavali na 15 
sat

tona
 sa istom gustinom 

meljiva 1125 
3dm

kg
 kada je trebalo dodavati 

sat

m3

4,68 vode, i kada smo dobili oko 97% klase -

830 m u finalnom proizvodu. 

U polaznom uzorku prema urađenom granulometrijskom sastavu sadržaji pomenutih klasa 
krupnoće iznosili su; 0% klase -200 m , 6% klase-600 m , i 12,3% klase -830 m . 

Specifični kapacitet smo tada mogli izračunati prema formuli 4 [1] na osnovu podataka iz tabele 
1. U preliminarnim opitima kada su uslovi mlevenja bili takvi da je gustina meljiva velika, finoća 
proizvoda je bila nezadovoljavajuća jer sileks kugle nemaju dovoljno veliku zapreminsku masu i 
silu udara koja bi vršila mlevenje sirovine. 
Specifični kapacitet mlina prema Magdalinoviću je. 
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sm

kg

tV

M
q ddd 3

     (4) 

Gde je: 

dq  -  specifični kapacitet mlina po novostvorenoj obračunskoj klasi  

   krupnoće d   gde d  predstavlja kvadratni otvor sita, u 
sm

kg

3
 

M  -  Masa materijala u mlinu, kg  

V  -  Zapremina mlina, 
3m  

t  -  vreme mlevenja, s  

d i d  - sadržaj obračunske klase krupnoće d u 

ulazu i proizvodu mlevenja,(u delovima jedinice) 
 
 2.1.2. Masa materijala za mlevenje 
 
Masa materijala za mlevenje računa se prema formuli 5 [1] 
 

 VM 12,0      (5) 

Gde je: 

M  - masa materijala u mlinu 

V  - zapremina mlina 

  - nasipna masa uzorka 

12,0  - zapreminska zapunjenost praznog prostora između kugli u mlinu u 

delovima jedinice odnosno u procentima (12%). 
Masa uzorka za mlevenje u laboratorijskim uslovima bira se tako da uzorak u nasutom 

stanju zauzima 12% od zapremine mlina, a ovi uslovi važe za stepen zapunjenosti mlina od 

kugli 40 % i za prazan prostor između kugli 30%, jer je 12,03,04,0  . [1]. 

 Zapremina mlina V: 

 3
22

134,3
4

14,32,2

4
mL

D
V 








   (6) 

 Izmerena nasipna masa uzorka: 











3

3105,1
m

kg
     (7) 

 
Pa je masa materijala u mlinu 2,34 t ili 2340 kg. 

tonaM  34,25,11312,0  

 
 2.1.3. Vreme mlevenja 
 
Vreme mlevenja se računa prema formuli 8: 

 s
Q

M
t 3106,3       (8) 

Gde je: 

M  - masa materijala u mlinu data u tonama 

Q  - kapacitet mlina u tonama na čas 

t  - vreme mlevenja, s  

 

2.1.4. Sadržaj obračunske klase krupnoće u ulazu d i 

proizvodu mlevenja d  prema podacima granulometrijskog  

sastava iz izvršenih eksperimentalnih istraživanja 
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Sa dijagrama gramulometrijskog sastava koji se nalaze u prilogu vidimo da je sadržaj 
obračunske klase polaznog uzorka: 

0%0200 ili  u delovima jedinice, 

06,0%6600 ili  u delovima jedinice i 

12,0%3,12830 ili  u delovima jedinice; 

za kapacitet mlina od 4 
h

t
 

985,0%5,98200 ili  u delovima jedinice, 

za kapacitet mlina od 10 
h

t
 

97,0%97600 ili  u delovima jedinice, i 

za kapacitet mlina od 15 
h

t
 

97,0%97830 ili u delovima jedinice, 

pa je specifični kapacitet po novoobračunatoj klasi krupnoće dat u tabeli 1. 
 

 Tabela 1. Opiti kinetike mlevenja u industrijskom mlinu 

Kapacitet 










h

t
Q , 

Vreme mlevenja 
t  

 s
Q

M
t 3600  

Masa 
materijala 
u mlinu 

 tM  

Zapremina 
mlina 

V  

Sadržaj 
obračunske 

klase 
krupnoće u 
proizvodu 

mlevenja i u 
ulazu 

  












 

sm

kg

tV

M
q ddd 3

 

d  d  

4 2106 2340 13 0,98 0 200q  = 0,084 

10 842,4 2340 13 0,97 0,06 600q  = 0,194 

15 561,6 2340 13 0,97 0,12 830q  = 0,272 

 
2.2. Fundamentalne osnove tehnološkog rešenja 

 
U inženjerskoj praksi usitnjavanja mineralnih sirovina postoji dosta teorijskih hipoteza i 

empirijskih formula za izračunavanje kapaciteta mlina, snage mlina i finoće proizvoda. U ovom 
tehničko tehnološkom rešenju je ispitivan uticaj promene specifičnog kapaciteta industrijskog 
mlina u funkciji gustine punjenja mlina [2]. 
 

2.2.1. Dimenziona analiza i kriterijumske jednačine 
 

Prema Buckinghamovom   teoremi svaka jednačina koja sadrži in  povezanih fizičkih veličina 

( , gde je dn  , up *D , r , gde je itd.), između kojih im  veličine imaju nezavisne dimenzije 

( tLM ,, ), može biti prevedena u jednačinu koja ima in  do im  bezdimenzionih kriterijuma i 

simpleksa, sastavljenih iz tih veličina. Ova teorema ima veliki značaj u ekperimentalnom i 
teorijskom radu. Bezdimenzioni brojevi susreću se praktično kod rešavanja svakog problema iz 
hemijskog inženjerstva, a posebno kod problema uvećanja (scale-up). Formiranje 
bezdimenzionih brojeva za određeni problem najlakše se postiže upotrebom dimenzionih 
matrica. Dimenziona matrica sastoji se od kvadratne i preostale matrice. Redovi matrica 
formiraju bazu dimenzija, i ona će formirati rang r matrice. Kolone matrice predstavljaju fizičke 
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veličine ili parametre. Veličina kvadrata osnovne matrice pojavljuju se u svim bezdimenzionim 
brojevima, dok će se svaki elemenat preostale matrice pojavit samo u jednom bezdimenzionom 
broju. Iz ovog razloga preostala matrica bi trebalo da bude sastavljena od najvažnijih 
promenljivih veličina. Preuređivanje matrice (linearna transformacija)vrši se tako što jezgro 
matrice prelazi u zajedničku matricu. Nakon stvaranja zajedničke matrice bezdimenzioni brojevi 
nastaju na sledeći način. Svaki elemenat preostale matrice koji stoji u brojiocu deli se sa 
parametrima kvadratne matrice koji su stepenovani brojem ispod elementa preostale matrice.  

 
2.2.2. Jednačina modelovanja specifičnog kapaciteta 

mlina usled promene gustine ukupnog punjenja 
 
Uvidom u dimenzione kriterijume uočeno je da bi Damkohler kriterijum mogao da reši problem 
oko promene specifičnog kapaciteta mlina i gustine ukupnog punjenja mlina. Jednačina 

Damkohler-ovog kriterijuma aID  (jednačina 12), glasi: 




n

r
ID

Ia       (13) 

Gde je: 

r  - brzina hemijske reakcije, 
13  tML  

n  - broj okretanja, 
1t  

  - koncentracija, 
3ML  

Uopšteno posmatrano, u području primene hemijskih reakcija uz prenos impulsa sile i toplote 

koristi se Damkohler I ( aID ) [2,3], a za mehanohemijske reakcije modifikovani Damkohler I aIMD  

koji je prikazan u ovom tehničko tehnološkom rešenju. 
 
Dimenziona matrica za prikaz nastanka Damkohler ovog kriterijuma. 

 
   Tabela 2. Dimenziona matrica 

 
 d n r 

Masa     M 1 0 0 1 

dužina    L -3 1 0 -3 

Vreme    t 0 0 -1 -1 

 osnovna matrica Preostala matrica 

Potrebna je samo jedna linearna transformacija dimenzione matrice I to -3 u L redu i   koloni 

na nulu, kako bi postala preuređena dimenziona matrica. Kasnije treba promeniti znak u t redu, 
tako da -1 pređe u 1. 

   Tabela 3. Preuređena dimenziona matrica 

 
 d n r 

M 1 0 0 1 

3M+L 0 1 0 0 

-t 0 0 1 1 

 osnovna matrica Preostala matrica 
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Preostala matrica sadrži jedan parametar pa je broj jedan rezultat matrice što znači da je 
zapravo jednačina 11 rešenje preuređene dimenzione matrice. 

IaD
n

r

nd

r
toploteiimpulsaprenosuzreakcijaHemijska 







 101
 (12) 

3. MATERIJAL I METODE 
 

Nakon utvrđivanja specifičnog kapaciteta može se pristupiti proveri modifikovanog 

Damkohler kriterijuma. Predpostavka da se korišćenjem modifikovanog Damkohler kriterijuma 
može izvršiti modelovanje specifičnog kapaciteta mlina prema gustini ukupnog punjenja u mlinu 

zasniva se na podudarnosti dimenzija fizičkih veličina. Korišćenjem aID  kriterijuma istražujemo 

promenu mehanohemijske reakcije u funkciji gustine ukupnog punjenja mlina tako da finoća 

proizvoda ostane nepromenjena -200 m ili -600 m -830 m. 
n  

up  

d  

 
   Slika 1. Animacija mlina sa uticajnim parametrima 
 

3.1. Modifikovani Damkohler I aIMD  

 

U modifikovanoj aIMD  jednačini treba da utvrdimo kako promena gustine ukupnog punjenja, 

utiče na specifični kapacitet mlina. Transformacijom veličina iz jednačine 13 dobija se jednačina 
14 koja predstavlja jednačinu modelovanja specifičnog kapaciteta mlina. U području primene 
mehanohemijskih reakcija uz prenos impulsa i toplote u procesu mlevenja kreiran je 

modifikovani Damkohler I ( daIMD  ) koji ima sledeću formulu: 

 

up

d

dMIa
n

q
D


 


     (14) 

Gde je: 

dq  - specifični kapaciteta mlina prema novostvorenoj d  

obračunskoj klasi krupnoće, 
13  tML  

n  - broj obrtaja mlina u jedinici vremena, 
1t   

up  - gustina ukupnog punjenja (kugle + meljivo), 
3ML  

 
3.2. Gustina meljiva 

 
Gustina pulpe ne može biti velika kada je šarža od istog materijala kao i sirovina koja se 

usitnjava. Eksperimentalno smo utvrdili da   ima vrednost 1125 
3m

kg
 ili Č%18 da bi se 

obezbedilo kretanje meljućeg materijala kroz mlin. Ovo iskustvo smo imali priliku da upoznamo, 

q  
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kada smo probali da povećamo gustinu pulpe u mlinu i kada je zbog velike viskoznosti ukupnog 
punjenja kroz rukavac mlina počela da se prazni šarža kugli. 
Gustina ukupnog punjenja može da se poveća ukoliko se promeni vrsta meljućih tela i umesto 
sileks kugli usvoje čelične kugle sa većom zapreminskom masom, a tada može da se poveća i 
gustina pulpe što je preduslov za povećanje specifičnog kapaciteta [4]. U tabeli 4 u Prilogu 
prikazane su gustine pulpe u funkciji zapreminske mase materijala [6]. 
 

3.3. Gustina ukupnog punjenja u mlinu 

 
Količina materijala u mlinu mora biti toliko zastupljena da je zapunjenost praznog prostora 
između kugli veća za 5 do 10% zapreminski što je potrebno da bi se vršio proces mlevenja.  
Nasipna masa ili gustina ukupnog punjenja jeste zbir nasipne mase kugli i nasipne mase 
praznine između kugli popunjene materijalom i vodom, jednačina 15. Nasipna masa popunjene 
praznine između kugli je zapravo drugi sabirak u jednačini 15 i izražena je preko nasipne mase 

meljiva vm . Nasipna masa ili gustina ukupnog punjenja u mlinu je:[4] 

3
,)1(15,1
m

kg
vm

sk

vk
vkup 




      (15) 

Gde je: 

  vk  - nasipna masa kugli izraženo u kg/m3 

  sk  - zapreminska masa kugli u kg/m3 

  vm  - gustina meljiva ili pulpe u kg/m3 

 
3.3.1. Zapreminska masa kugli; 

 Fe livene  - sk = 7800 
3m

kg
 

 Silikatne  - sk = 2600 
3m

kg
 

3.3.2. Nasipna masa kugli 

Fe livene  - vk  = 4100 do 4200
3m

kg
. 

 Silikatne  - vk  = 1800 do 1900 
3m

kg
 

 
Gustina pulpe meri se rudarskim piknometrom (koji se upotrebljava u flotacijama) i vagom za 
merenje gustine. Zapreminska masa mnogih mineralnih sirovina poznata je i data u raznim 
knjigama iz oblasti pripreme mineralnih sirovina [4,5,6,7]. Zapreminska masa kvarcnog peska je 
oko 2600 kg m-3. 
 

3.3.3. Izmerena gustina ukupnog punjenja 
 
Gustina ukupnog punjenja u industrijskom procesu rada mlina u pogonu Milići prema jednačini 
12 iznosi; 

3
21981125)

2600

1800
1(15,11800)1(15,1

m

kg
vm

sk

vk
vkup  




  

 
3.4. Eksperimentalni postupak iznalaženja novog specifičnog kapaciteta 

 
U inženjerskoj praksi usitnjavanja mineralnih sirovina postoji dosta teorijskih hipoteza i 
empirijskih formula za izračunavanje kapaciteta mlina, snage mlina i finoće proizvoda, ali ne 
postoji hipoteza za modelovanje specifičnog kapaciteta mlina u funkciji nasipne mase ukupnog 
punjenja koja je data jednačinom 14. 
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Ova jednačina pokazuje zavisnost nasipna masa ukupnog punjenja (ρup) i specifičnog 
kapaciteta, dok su ostali parametri konstanta za određeni mlin (separacija Milići) i određenu 
mineralnu sirovinu. Modifikovani Damkohler I ima vrednosti date u tabeli 4, što pokazuje 
jednačina 14. Provera modifikovanog Damkohlera izvršena je za primer dat u radu za finoće od 
200 600 i 830 μm. 
 

Tabela 4. Vrednosti kriterijuma Damkohler I aIMD  za različite specifične kapacitete dq , 

  dobijeni na bazi testiranja rada industrijskog mlina u Milićima  

Izmereni 
kapacitet 










h

t
Q , 

dq
sm

kg

3
 

prema 
Magdalinoviću 

sa sileks 
kuglama 

Gustina 

ukupnog 
punjenja 









3m

kg
up  

Broj 
obrtaja 
mlina 

 1sn , 
up

d

dMIa
n

q
D


 


 

4 0,084 2198 0,3 000127,0200 


 



up

dMIa
n

q
D


 

10 0,194 2198 0,3 000295,0600 


 



up

dMIa
n

q
D


 

15 0,272 2198 0,3 000413,0830 


 



up

dMIa
n

q
D


 

 
Nasipna masa ukupnog punjenja mlina može značajno da se povećava jedino ako 

upotrebimo kugle veće zapreminske mase, a tada treba povećati i specifični kapacitet mlevenja, 
da bi DaIM ostao jednak sa onim vrednostima koje su date u tabeli 4 u koloni 5.  
Primer za izračunavanje novog specifičnog kapacitet mlevenja u pogonu Milići na istom 
industrijskom mlinu, nastao usled promene nasipne mase ukupnog punjenja prema jednačini 
modelovanja specifičnog kapaciteta mlina data je jednačinom 14 i prikazan u tekstu koji sledi. 
 

3.4.1. Nova nasipna masa ukupnog punjenja; 
 

3
51121719)

7800

4200
1(15,14200)1(15,1

m

kg
vm

sk

vk
vkup  




  

Nova nasipna masa ukupnog punjenja može se povećati tako što će se promeniti vrsta meljućih 

tela pa će se umesto sileks kugli vk =1800
3m

kg
 koristiti čelične kugle vk =4200

3m

kg
. Gustina 

meljiva takođe može biti povećana bez opasnosti da zbog povećanog viskoziteta pulpe dođe do 
pražnjenja šarže kugli kroz rukavac, i mi smo usvojili da ona bude oko 68% što je uobičajeno za 

ovu vrstu sirovine i tip mlina, a tada je vm =1719
3m

kg
. 

 
3.4.2. Novi specifični kapacitet mlina; 

 
Novi specifični kapacitet mlina za novu vrednost ukupnog punjenja može se dobiti računskim 

putem tako što će vrednost modifikovanog aIMD  za određenu obračunsku klasu krupnoće ostati 

nepromenjeni tabela 4, poslednja kolona. Uslov da bi aIMD  ostao nepromenjen za nove uslove 

rada mlina odnosno za povećanu vrednost ukupnog punjenja mora se povećati specifični 
kapacitet mlina za datu obračunsku klasu krupnoće jednačina 14. Nakon izračunavanja novog 
specifičnog kapaciteta lako se može izračunati vreme mehanohemijskog tretmana i časovni 
kapacitet mlina (tabela 5). 
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Tabela5. Izračunata vrednost novog specifičnog kapaciteta mlina za nepromenjene 

vrednosti aIMD  kriterijuma dobijene prethodnim testiranjem rada 

industrijskog mlina 

Izračunati 
kapacitet 










h

t
Q , 

dq
sm

kg

3
 

prema 
Magdalinoviću 
sa metalnim 

kuglama 

Gustina 

ukupnog 
punjenja 









3m

kg
up  

Broj 
obrtaja 
mlina 

 1sn , 
up

d

dMIa
n

q
D


 


 

10 0,209 5112 0,3 000127,0200 


 



up

dMIa
n

q
D


 

23 0,447 5112 0,3 000295,0600 


 



up

dMIa
n

q
D


 

35 0,635 5112 0,3 000413,0830 


 



up

dMIa
n

q
D


 

 
Vidimo da se u perspektivi može očekivati najmanje dva puta veći kapacitet mlevenja sa 
promenom vrste kugli, negde oko 10 t/h za finoću 85% -200μm. 
 
 

4. ZAKLJUČAK 
 

Obzirom na izloženu problematiku, o variranju specifičnog kapaciteta u funkciji gustine 
ukupnog punjenja mlina koja do sada nije data u literaturi, autori tehničko tehnološkog rešenja 
iz ITNMS i AD Boksita su uložili napor da teorijski razrade tehničko rešenje rada postrojenja u 
izmenjenim uslovima gustine ukupnog punjenja mlina. Iz prikazanog tehničko tehnološkog 
rešenja vidi se da tehnološki parametri rada mlina zavise od primenjenih tehnoloških uslova, 
odnosno promene gustine ukupnog punjenja. Specifični kapacitet mlevenja prema 
modifikovanoj Damkohler I jednačini 14 zavisi od gustine ukupnog punjenja. Kod realizacije 
ideje da se menja specifični kapacitet mlina postoji objektivna okolnost da se veličina mlina i 
dimenzije najveće kugle ne menjaju već se samo menja nasipna masa ukupnog punjenja pa je 
iz modifikovane Damkohler I jednačine lako izračunati novi veći specifični kapacitet mlina. 
Postrojenje za mlevenje kvarcne sirovine u Milićima radi sa sledećim radnim karakteristikama: 

kapacitet mlina je q = 10 
h

t
 pri krupnoći od 90% - 600 m . Zahtevi tržišta su: da finoća 

proizvoda bude 90% - 600 m  + 200 m  i da sadržaj feruma bude ispod 0,05% u proizvodu 

mlevenja. Snaga motora mlina je N=280 kW . Zapremina mlina je V = 13
3m . Masa sileks 

meljućih tela u mlinu je 9000kg. Broj obrtaja mlina je 17,8 o/min. Mlin se prazni kroz rukavac, a 
gustina pulpe ili nasipna masa meljiva na izlazu je 1,125 kg/l što znači da ima 18% čvrstoga u 
pulpi, (Č: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. U skladu sa dogovorom 
nastalo je ovo tehničko tehnološko rešenje, koje podrazumeva variranje mehanohemijskog 
tretmana u funkciji nasipne mase ukupnog punjenja. Uz promenu vrste meljućih tela (sa sileks 
kugli na čelične kugle) moguće je izvršiti promenu specifičnog kapaciteta mlina i time povećati 

finoću mlevenja na 200 m  a da kapacitet ostane isti 10 
sat

tona
. Posebno treba istaći da nije 

vršeno istraživanje uticaja režima mlevenja (otvoreni ili zatvoreni režim mlevenja sa 
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klasifikatorom) koji bi pokazao u kojoj meri bi zatvoreni režim mlevenja sa klasifikatorom bio 
efikasniji u odnosu na postojeći. 

 
 
5. PRIMENA TEHNIČKOG REŠENJA 
 
Na osnovu datog tehničkog rešenja predviđeno je menjanje kvaliteta proizvoda mlevenja u AD 
Boksit Milići, o čemu svedoči Potvrda iz AD Boksit Milići da je ovo rešenje primenjljivo u 
navedenom mlinskom postrojenju separacije. Ova Potvrda se daje u prilogu. 
 
 

ZAHVALNICA 

 
Prikazani rezultati predstavljaju deo eksperimentalnog rada, koji je u toku na izradi projekta TR 
34006 I TR34013 Eksperimentalni deo obavljen je u okviru ITNMS-a, i AD Boksit Milići.. 
 
 

PRILOG 
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  Slika 1. Granulometrijski sastav polaznog uzorka za mlevenje 

0

10

20

30

40

50

60

70

80

90

100

0,2950,2080,1470,1040,074

Veličina zrna, mm

U
č
e
šć

e
 k

la
sa

, 
M

 %

direktna kriva raspodele klasa, %

prosev, %

odsev, %

 



 

 19 

  Slika 2. Granulometrijski sastav proizvoda mlevenja pri Q=4 t/h 
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  Slika 3. Granulometrijski sastav proizvoda mlevenja pri Q=10 t/h 
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  Slika 4. Granulometrijski sastav proizvoda mlevenja pri Q=15t/h 
 

Tabela 1. Granulometrijski sastav sileks meljućih tela u mlinu za mlevenje 
  kvarcnog peščara, separacija kvarcnog peščara Lukića polje kod Milića 

Šarža kugli u mlinu Dimenzija kugli ф mm  Masa kugli kg  
Procentualni 

udeo %  

Dimenzije kugli su 
date u vidu klasa 
krupnoće, a prečnik je 

obeležen sa ф . 

od 150 do 120 2790 31 

od 120 do 90 2700 30 

od 90 do 60 1440 16 

od 60 do 40 810 9 

od 40 do 25 810 9 

od 25 do 15 450 5 

Ukupno  9000 100 

 

  Tabela.2 Vrednosti koeficijenta k  za neki osrednje meljiv materijal 

Ulazna granulacija uld mm  
Izlazna granulacija izd mm  

0,2 0,15 0,075 

25 1,31 0,95 0,41 

19 1,57 1,09 0,51 

12 1,91 1,25 0,58 

6 2,4 1,50 0,66 
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 Tabela 3. Uporedna meljivost različitih mineralnih sirovina u 

različitim mlinovima sa metalnim kuglama i 
zatvorenim ciklusom sa klasifikatorom [7]. 

 
 
    Tabela 4. Parametri gustine pulpe  
 

 
 



 

 21 

 
 
 
 
 
 



 

 22 

LITERATURA 

 
1. Nedeljko Magdalinović, Usitnjavanje I klasiranje mineralnih sirovina, Tehnički fakultet 

u Boru, 1985 Bor. 
2. Eduard Beer, Priručnik za dimenzioniranje uređaja kemijske procesne industrije 

SKTH/kemija u industriji, Yagreb 1985. 
3. Tehničko tehnološkog rešenje iz 2011 u proceduri usvajanja. Milan Petrov i ostali 

autori: “Razvoj programskog sistema mlevenja kvarcnog peska ležišta skočić za 
potrebe hemijske industrije fabrike glinice Birač -Zvornik dobijen korišćenjem 
kriterijumskih jednačina modeliranja“. 

4. Stanko Rozgaj, Procesni aparati i uređaji, IGKRO “Svjetlost”, Sarajevo,1980.Stevan  

5. Dragica Minić I Ankica Antić-Jovanović, Fizička hemija, Fakultet za fizičku hemiju, 

Beograd 2005. 
6. Milutin Grbović, Nedeljko Magdalinović, Procesna oprema drobljenja i mlevenja 

mineralnih sirovina, “Bakar”, Bor, 1980 
7. Puštrić, Izbor i proračun mašina i uređaja za drobljenje prosejavanje i mlevenje 

mineralnih sirovina, RGF, Beograd 1974. 
 
 
Rukovodilac projekta: 
 
Dr Milan Petrov, viši naučni saradnik ITNMS_____________________________________ 
 
Dr, Živko Sekulić naučni savetnik ITNMS _______________________________________ 

 
Autori tehničkog rešenja,     potpis 
 
Dr Milan Petrov, viši naučni saradnik ITNMS __________________________________ 
 
Dr, Živko Sekulić naučni savetnik ITNMS ________________________________________ 
 
Mr Vladimir Jovanović, istraživač saradnik ITNMS ____________________________ 
 
Dipl.ing.Branislav Ivošević, stručni savetnik ITNMS ____________________________ 
 
Dipl.ing. Miodrag Gajic, stručni savetnik ITNMS __________________________________ 
 
Mr Zoran Bartulovic, istraživač saradnik ITNMS __________________________________ 
 
Dipl.ing. Miloš Đokanović, AD Boksit Milići  __________________________________ 
 
Dipl. ing Željko Dragić, AD Boksit Milići  __________________________________ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 23 

 

 
Project TR 34006 - Mechanochemical treatment of insufficient quality 

mineral resources 

Project Manager Ph.D. Milan Petrov 

  
Project TR 34 013 - Conquest of technological processes of obtaining organic 

materials based on non-metallic minerals,  
Project Manager Ph.D. Zivko Sekulic. 

  
  
  
  
  
  

The technical and technological solutions: 
NEW TECHNOLOGY WET MILLING OF QUARTZ SAND 

THE AD-BOKSIT MILIĆI AND ANALYSIS OF SPECIFIC 

CAPACITY OF BALL MILL WITH SILEX 

  
  
  
  
  
  
  

Authors: 
Ph.D. Milan Petrov *, * Ph.D. Zivko Sekulic, MSc. Vladimir Jovanovic *, BSc.Branislav 
Ivošević *, BSc. MioPh.D.ag Gajic *, * MSc. Zoran Bartulović BSc.Milos and Đokanović 

** 

Ph.D. Željko Ph.Dragic ** 

* Institute for Technology of Nuclear and Other Mineral Raw Materials, 11 000 Belgrade, 
86 Franchet d'Eperea 

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

  
 
 
 
 
 

  
  
   
   
  

 
 

Belgrade, 2012. Years 



 

 24 

 
NAME OF TECHNICAL SOLUTIONS: 
New technology of wet grinding of quartz sand in the AD-BOKSIT Milici and 
determination of specific capacity of the mill balls with Silex. 
  
AUTHORS OF TECHNICAL SOLUTIONS: 
Ph.D. Milan Petrov *, * Ph.D. Zivko Sekulic, MSc. Vladimir Jovanovic *, BSc.Branislav 
Ivošević *, BSc. MioPh.D.ag Gajic *, * MSc. Zoran Bartulović, BSc.Milos Đokanović **, 
BSc. Željko Ph.D.agic ** 
* Institute for Technology of Nuclear and Other Mineral Raw Materials, 11 000 Belgrade, 
86 Franchet d'Eperea 
AD ** BOKSIT Milici, Lukic Polje bb, 75 446 Milici, Serbian Republic, Bosnia and 
Herzegovina 
  
PROJECT CONTRACT NUMBER OR ARISING FROM WHOM THE TECHNICAL SOLUTION: 
Project No. TR 34 006 (Mechanochemical treatment of insufficient quality of mineral 
resources, the project leader Ph.D.. Milan Petrov) funded by the Ministry of Education 
and Science Republic of Serbia 2011-2014. 
  
Project No. TR 34 013 (Conquest of technological processes of obtaining eco-friendly 
materials based on non-metallic minerals, Ph.D. Zivko Sekulic manager) funded by the 
Ministry of Education and Science Republic of Serbia 2011-2014. 
  
  
  
CLASSIFICATION OF TECHNICAL SOLUTIONS: 
Nov technological process has been introduced into practice abroad - M81 
  
NAME OF PARENT BOARD OF EDUCATION Ministry and ignorant competent SERBIAN 
REPUBLIC OF RESOLUTION OF ACCEPTANCE OF TECHNICAL SOLUTIONS :: 
Parent Committee for Materials and Chemical Technologies 
  
REVIEWER'S TECHNICAL SOLUTIONS: 
1. Ph.D. Slaven Deušić, professor FMG Belgrade, Serbia 

2. Ph.D.. Ned Alic, Associate Professor of Geology and Mining Building 
              University of Tuzla, Bosnia and Herzegovina 

  
  
USER TECHNICAL SOLUTIONS: 
AD Boksit Milici, Serbian Republic, Bosnia and Herzegovina 

  
Year made: 
2012th 

  
VERIFICATION OF TECHNICAL SOLUTIONS: 
Confirmation of AD Boksit Milici on the implementation of technical solutions 

  
  
  
  

DECISION 

FOR TECHNICAL SOLUTIONS 

  

NAME AND CATEGORY OF TECHNICAL SOLUTIONS: 



 

 25 

New technology of wet grinding of quartz sand in the AD-BOKSIT Milici and 
determination of specific capacity of the mill balls with Silex. - M81 

  

Name of the project: 

Mechanochemical treatment of insufficient quality of mineral resources 
  
Conquering the technological processes of obtaining eco-friendly materials based on 
non-metallic minerals and 

  

Project Manager: 

Ph.D. Milan Petrov, you w and a Fellow 
                (Name and title) 
Ph.D. Zivko Sekulic, scientific advisor 
                (Name and title) 
  
Number of contract: 

TR 34 006 

TR 34 013 

  

Client: 

Ministry of Education and Science Republic of Serbia 2011-2014. 

  

  
Appoint a team to implement: 
  
1.              Ph.D. Milan Petrov, leader of the team 

2.              Ph.D.. Zivko Sekulic member 
3              MSc. Vladimir Jovanovic, a member of 
4      BSc. Branislav Ivošević, Member 
5              Ph.D. Miodrag Gajic, a member of 
6.              MSc. Zoran Bartulović, Member 
  
T they have to prepare a complete technical documentation and development of 
technical solution in accordance with the timetable of the project. 
  
PROJECT MANAGER                                                                       Director of the Institute 
  
Ph.D. Milan Petrov, research Fellow    Prof. Ph.D.. Zvonko Gulišija 
                 (Name, title) 
 

  
CONTENTS: page 

    
1. INTRODUCTION   5 

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

region 
5 

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

5 

2. DETAILED DESCRIPTION OF TECHNICAL SOLUTIONS 6 
2.1.The experimental procedure of finding the capacity and 6 



 

 26 

specific capacity of the mill 
2.1.1. The specific capacity of the mill 7 
2.1.2. The mass of material for grinding 8 
2.1.3. During the milling 8 

2.1.4. Contents of account size class in the input d and 

product of milling d according to 

particle size distribution of the completed experimental 
Research 

8 

2.2. The fundamental basis of technological solutions 9. 
2.2.1. Dimensional analysis and the criterion equation 9. 
2.2.2. The equation modeling the specific capacity 

mill due to changes in the total charge density 
10 

3 MATERIALS AND METHODS 11 

3.1. I modified Damkohler  
11 

3.2. Density of milling material 11 
3.3. The density of the total charge in the mill 12. 

3.3.1. Density ball 12. 
3.3.2. Bulk weight of the balls 12. 
3.3.3. The measured total charge density 12. 

3.4. The experimental procedure of finding new 
specific capacity 

12. 

3.4.1. New bulk density of the total charge 13 
3.4.2. New specific capacity of the mill 13 

4. CONCLUSION 14 

5 APPLICATION OF TECHNICAL SOLUTIONS 15 

Acknowledgement  15 

APPENDIX 15 

CERTIFICATE 18. 
REFERENCES 19 

    
 

 
 
 
 
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 solutions, materials and methods, the 
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 Education and Science 
Republic of Serbia, as a result of issues "Mechanochemical treatment and evaluation of mineral 
raw materials in chemical industry ", has developed a new technology of wet ball milling with 
Silex, the concept of the new technologies introduced into the production:" The new 
technology wet grinding of quartz sand in the AD-Boksit Milici and determination of 
specific capacity of the mill with Silex balls. "The basis for the preparation of this technical 
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solution is the problem Bauxite Company AD Milići the valorization of raw quartz deposits 
"Skočić".The company "Bauxite" Milici has a right of exploitation of deposits of quartz sand, 
"White Rock-Skočić", 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 "Jelšingrad" from Banja Luka and the rest: 
the founPh.D.y, and economic organizations engaged in sand blasting, water purification, 
refractory materials and construction. 
Solving this problem as result of this project has come this technical solution. 
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 occurred in addition to this solution 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 literature and based on many years of dealing with practical Mechanochemical 
treatment of non-metallic minerals. 
Based on the above, the technical solution belongs to the mining industry, but how to solve the 
problem of mechanochemical treatment of quartz raw materials for use primarily for the water 
glass, we believe that this technical solution essentially belongs to the field of materials science, 
the division made up of science in the Republic of Serbia. 
Plant for grinding quartz sand in the Field near Milici Lukic was put into operation in 2010 with 
the following operating characteristics: weight capacity of the mill is Q = 10 t / h with input 
coarseness of less than 15 mm and the coarseness of raw output - 600 μ m .More precise 
requirements of the market are to be output fineness - 600 μm + 200μm, the weight of the 
product at the exit of at least 90% of the mass entrance; milling after the product has the most 
0.05% ferum and to work in an open mode without classifiers. During the process of designing 
and manufacturing plants were given the current demands on the content and ferum required 
granulometric composition of the final product, but after commissioning the plant for grinding 
and the same running-there were new demands for ferum recognize that content can not be 
less than or equal to 0 , 05%.The new requirements were that the coarseness of the product de 
bu - 200μm + 50μm, and then ferum content can be higher than 0.05% to 0.1% in the product of 
milling. The first requirements are conditioned to be adopted when designing the Vardar milling 
body, and subsequently disclosed to the other requirements to allow the adoption and use of 
steel balls during milling. It is known that any kind of change milling bodies from across the 
Vardar aluminosilicate balls of steel balls to imply a change in specific capacity of the mill. 

Specific capacity is expressed in mills 
hm

t

3
And significantly less to operate the mill with Silex 

balls than to work with metal balls. The technological and technical solution is made according 
to which model would be easy to make predictions of capacity and fineness of grind of the new 
technological conditions. The technical and technological solution of the present model 
according to which it is possible to carry out the transformation of plants with balls Silex regime 
to the regime of metal balls. It shows all the results of the specific capacity measurements in 
industrial conditions. Dimensions of the mill installations are D x L = 2.4 mx 3.6 m, V = 13m 3, 
and the mill speed is 17.8 r / min.Engine power the mill is 280 KW.Silex used the ball of mass 
9000 kg. 
Grading of milling body is given in Appendix 1. 
  
2.              DETAILED DESCRIPTION OF TECHNICAL SOLUTIONS  

 
Plant for the grinding of quartz sand Lukic Polje near Milici the demands of investors has milling 
body of Silex balls and a plant operation in the open mode the wet process. The grinding is 
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done the reason for a change in the characteristics of size and time changes in the 
accumulation of energy. Energy storage mechanochemical treatment is needed to achieve the 
increase in reaction rates in the process of production of water glass. The dilemma that existed 
about the harmfulness of the content and level ferum even milled energy is not resolved before 
putting the plant into operation in 2010.Namely, when it was obvious that the quality of raw 
materials in terms of ferum does not satisfy the terms of reference and that the quality will not 
change, then the buyer is suggested that the product may be of lower quality in terms ferum but 
must be greater fineness. This new idea of greater subtlety would cause changes in the specific 
capacity of the mill. Institute in this period advocated to fulfill contractual obligations to the 
original demands of investors, and later the technical solution provides the answer to the 
possibility of changes in specific capacity of the mill due to poor quality raw materials. 
  

2.1.               The experimental procedure of finding the capacity and 
specific capacity of the mill 

  
The capacity of the mill can be given a general empirical expression based on the geometric 
size of the mill. 

6,0DVkQ   h

t

     1 
The value of the mill capacity was calculated based on equation 1 is the fact that the mill is in 

open mode with steel balls. Coefficient given in Table 2 in Appendix.The capacity of the mill is 

calculated according to equation 1, and the dimensions of our mill is 6,0DVkQ  .On the 

basis of Bond's expression for the calculation of the specific grinding energy,  
  

kWQEN sp ,      2. 

Where: 

 - Specific energy of grinding at Bond 

 - Capacity, . 
Given that: 

 
t

kWh
ddWiE ulizsp ,10

5,05,0 


    3 
Where: 

 - Bond work index, 
t

hkW 
, 

 - The opening screen through which passes 80% of the material at the exit of the mill, m . 

 - The opening screen through which passes 80% of the material at the entrance to the mill, 
m . 

can be calculated capacity of the mill where he worked with metal balls in a closed system with 
a classifier. Then the capacity of a closed-cycle mill and classifier for a nude with a motor 

kWN 280 And the fineness of grinding 90% -600 class was 
h

t
Q 57 .Such a budget 

would be equivalent to the mill was filled with steel balls and working in the closed mode, the 
classifier in a circular batches C = 250%. Since these conditions are not present in the grinding 
of our particular example we had to find out literaturinog views similar example to assist in 
finding specific milling capacity or to develop our own model of finding a specific capacity of 
milling. 
Explicit reference data on the specific capacity of the mill, which is related to quartz sandstone 
and an open mode with various types of mill milling body was found. 
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In the literature [7] and in Appendix Table 3 are data for the specific capacity of the mill, but for 
the greater fineness of grinding and milling closed cycle bakronosne ore from Russia, and it is 

hm

t
q




3
1,2 .All data on the specific capacity is related to the grinding of mineral raw materials 

in mills of various sizes with steel balls and circular batch of 250%. Grinding in industrial 
conditions is carried out mainly in a closed cycle because of higher efficiency because the flow 
of material through the mill increases to 2.5 times the separation of fine products. 
Open mode of grinding is applied in some specific situations, and usually when we want a 
simpler technical procedure of the facility. 
  

2.1.1.          The specific capacity of the test mill 
  

In order to find specific capacity of the mill product fineness for different experiment was 
carried out change-hour capacity of the mill at the optimum density milling material. 

The experiment began with a small hour capacity was 4 and density milling material 1125 

you should add water.Then we get about 98.5% of his class -200  final product. 

Then increase the hourly capacity of the mill at 10 And milling material density remained 

the same in 1125 you should add water, and when we got about 98% class-600  
his final product. 

In the third hour, we try to maintain the capacity of the mill at 15 with the same density 

milling material 1125 you should add water, and when we got about 97% -830 

class m in the final product. 
The initial sample has been done, the granulometric composition of size classes of these 

facilities amounted to, 0% -200 class, 6 m % class-600, A m nd 12.3% -830 class m . 
Specific capacity, we could then calculate the formula 4 [1] based on data from Table 1In 
preliminary experiments, when the milling conditions were such that the density of large milling 
material, fineness of the product was unsatisfactory because Silex balls are not of sufficient 
volume of the mass and the force of impact that would perform grinding of raw materials. 
The specific capacity of the mill is Magdalinoviću. 

  












 

sm

kg

tV

M
q ddd 3


   4  

Where: 

dq  - The specific capacity of the mill of the newly accounting class 

of size d where a square hole sieve in 
sm

kg

3
 

 - The mass of material in the mill,  

 - Capacity of the mill,  

 - During the milling,  

d  and d - Content of the accounting of size class d in 

inlet and the product of milling, (in units of parts) 
  
              2.1.2.The mass of material for grinding 
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The mass of material for grinding is calculated by the formula 5 [1] 
  

 VM 12,0      5 
Where: 

 - Mass of material in the mill 

 - Volume of the mill 
 - Bulk density of the sample 

 - Zapunjenost volume of empty space between the balls in the mill in 
parts of the unit or in percent (12%). 

The mass of sample grinding in the laboratory is chosen so that the sample in a 
reclaimed state covers 12% of the volume of the mill, and these conditions apply to the degree 
of zapunjenosti ball mill and 40% for the empty space between the ball 30%, because the 

12,03,04,0  .1. 

        Volume V of the mill: 

 3
22

134,3
4

14,32,2

4
mL

D
V 








   6 

 

        The measured bulk density of the sample: 











3

3105,1
m

kg
     7  

So the mass of material in the mill t 2.34 kg or 2340. 

 

tonaM  34,25,11312,0  

               
2.1.3.During the milling 
  
Milling time is calculated by the formula 8: 

 s
Q

M
t 3106,3        8 

Where: 

 - Mass of material in the mill data in tons 

 - Mill capacity in tons per hour 

 - During the milling,  
  

2.1.4.          Contents of account size class in the input d and 

product of milling d according to particle size 

composition of the experimental studies performed 
  
With diagrams granulometric composition contained in the attachment to see the content 
accounting class starting sample: 

0%0200 ili  parts of the unit, 

06,0%6600 ili  parts of the unit and 

12,0%3,12830 ili  parts of the unit; 

the capacity of the mill of 4  

985,0%5,98200 ili  parts of the unit, 

the capacity of 10 mill  
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97,0%97600 ili  parts of the unit, and 

the capacity of 15 mill  

97,0%97830 ili  parts of the unit, 

and the specific capacity per ne calculated size class is given in Table 1 
              Table 1              Kinetics experiments in an industrial grinding mill 

Capacity 










h

t
Q  , 

During the 

milling  

 s
Q

M
t 3600  

The 
mass of 
material 
in the 
mill 

 tM  

Volume 
mill 

 

Contents of 
account size 
class in the 

product of milling 
in the entrance 

  












 

sm

kg

tV

M
q ddd 3

  

d  d   

4 2106 2340 13 0.98 0 200q  = 0.084 

10 842.4 2340 13 0.97 0.06 600q  = 0.194 

15 561.6 2340 13 0.97 0.12 830q  = 0.272 

  
2.2.              The fundamental basis of technological solutions 

  
In the engineering practice of grinding of mineral raw materials there is a lot of 

theoretical hypotheses and empirical formulas for calculating the capacity of the mill, mill power 
and fineness of the product. In this technical and technological solution, the influence of the 
specific capacity of the industrial mills in operation of the mill charge density [2]. 
  

2.2.1.              Dimensional analysis and the criterion equation 

According Buckinghamovom  Theory of equations, each containing related physical 

quantities ( , Where dn  , up , , Where, etc..), Between which sizes are 

independent dimensions ( ), Can be translated into an equation that has to 

dimensionless criteria and simplex, consisting of those values.This theorem is of great 
importance in experimental and theoretical work. Be zdimenzioni numbers encountered in the 
practical solution of every problem from chemical engineering, particularly in problems 
magnification (scale-up). 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. 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. 
  

2.2.2.          The equation modeling the specific capacity 
mill due to changes in the total charge density 
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After examining the dimensional criteria has been observed that the Damkohler criterion could 
solve the problem about a specific change in the capacity of the mill and the total charge density 

of the mill. J ednačina Damkohler's criterion (Equation 12), as follows: 




n

r
ID

Ia      13 

Where: 

 - The speed of chemical reactions, 13  tML  

 - No rotation, 1t  

 - Concentration, 3ML  

Generally speaking, in the application of chemical reactions with the transfer of momentum and 

heat is used Damkohler I ( ) [2,3], and mechanochemical reaction modified Damkohler I 

presented in this technical and technological solutions. 
  
Dimensional matrix for presenting the history of the Damkohler criteria. 
                                          Table 2              Dimensional matrix 

  
 d n r 

The mass 

M 
1 0 0 1 

length L 3 1 0 3 

Time t 0 0 1. 1. 

  basic matrix The remaining 

matrix 

It only takes a one dimensional linear transformation matrix and to -3 in the L line and  column 

to zero, in order to become converted dimensional matrix.Later you will change the sign Tues 
OK, so -1 exceeds the firs 

                                          Table 3              Silexted dimensional matrix 

  
 d n r 

M 1 0 0 1 

3M + L 0 1 0 0 

-T 0 0 1 1 

  basic matrix The remaining matrix 

 
The residual matrix contains one parameter and the number one result matrix which means that 
it is actually the solution of equations 11 rearranged dimensional matrix. 
 

IaD
n

r

nd

r
atmpulsandhehconveyofieactionwitChemistryr 







 101
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12. 

3MATERIALS AND METHODS 
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After determining the specific capacity can be accessed check the modified Damkohler 

criteria.The assumption that the use of modified Damkohler criteria can perform modeling of 
specific capacity of the mill to the total charge density at the mill is based on matching the 

dimensions of physical quantities.Using criteria examine the change in the 
mechanochemical reaction function of the total charge density of the mill so that the fineness of 

the product remain unchanged -200 or -600 m -830 m. 
 

  

 
  

Figure 1.Animation of the mill with the influential parameters 
  

3.1.              I modified Damkohler  
  

In the modified equation to determine how a change in the total charge density, affect the 
specific capacity of the mill.Transforming the size of the equation 13 Equation 14 is obtained 
which is the equation modeling the specific capacity of the mill.In the area of application of the 
mechanochemical reaction with transfer of momentum and heat in the process of grinding 

created a modified Damkohler I ( ) Having the following formula: 

up

d

dMIa
n

q
D
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Where: 

dq  - The specific capacity of the mill to the newly d accounting class of size, 
13  tML  

 -  Speed of the mill per unit time, 
1t  

up        - The total charge density (balls + meljivo) 
3ML  

  
 
 
 

 
3.2.              Density milling material 

  
The density of the pulp can be large when the batch of the same material as the raw material 

that is crushed. Experimentally, we found that  has the value 1125 or to ensure the 

movement of material through the mill meljućeg.This experience had a chance to know, when 
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we tried to increase the density of the pulp mill and when the high viscosity of the total charge 
through the sleeve of the mill began to empty batch of balls. 
Total charge density can be increased if the kind of change milling body and instead adopt Silex 
balls of steel balls with a higher volume weight, and can then increase the density of the pulp 
which is a prerequisite for increasing the specific capacity [4]. The table in Appendix 4 shows 
the density of the pulp as a function of density of [6]. 
  

3.3.              The density of the total charge in the mill 
  
The amount of material in the mill should be so represented that zapunjenost empty space 
between the ball higher by 5 to 10% by volume that is required to perform a grinding process.  
Bulk density or total charge density is the sum of the bulk material spheres and bulk material 
gaps between the balls filled material and water, equation 15thBulk weight of the filled gaps 
between the balls is actually the second summands in Equation 15 and is expressed through 

the bulk material milling material vm
.N asipna mass or density of the total charge in the mill [4] 

 

3
,)1(15,1
m

kg
vm

sk

vk
vkup 
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Where: 

                           vk - Bulk density sphere expressed in kg / m 3 

                           sk - Density balls in kg / m 3 

                           vm - Milling material density or pulp in kg / m 3 

  
3.3.1.              Density of balls; 

Cast Fe - sk = 7800  

Silicate - sk = 2600  

 
3.3.2.              Bulk weight of the balls 

Cast Fe - vk = 4100 to 4200 . 

Silicate - vk = 1800 to 1900  

  
G of Justin pulp measured Pyknometer mining (which is used in flotation) and scales for 
measuring density.Density of many mineral resources known and given in various books of the 
preparation of mineral resources [4,5,6,7].Density of quartz sand is about 2600 kg m -3. 
  

3.3.3.              The measured total charge density 
  
The density of the total charge in the process of the mill in operation according to equation 12 
Milici is; 

3
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m

kg
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3.4.              The experimental procedure for finding the specific capacity of the 

new 
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In the engineering practice of grinding of mineral raw materials there is a lot of theoretical 
hypotheses and empirical formulas for calculating the capacity of the mill, mill power and 
fineness of the product, but there is no hypothesis for the modeling of specific capacity of the 
mill as a function of bulk mass of the total charge given by Eq 14th 
This equation shows the dependence of apparent density of the total charge (up ρ) and specific 
capacity, while the other parameters constant for the mill (Milici separation) and certain 
minerals. Damkohler I have modified the value given in Table 4, which shows the 14th equation 
Checking modified Damkohlera performed for example given in the work of the fineness of 200 
600 and 830 µm. 
 

Table 4              Value criteria and Damkohler for various specific capacities , 
                            obtained based on testing of industrial mills in Milici  

The 
measured 
capacity 










h
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Q  , 

dq
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kg
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by 
Magdalinoviću 
Silex with balls 

Density 
the total 
charge 









3m

kg
up  

The 
number of 
revolutions 
of the mill 

 1sn  , 
up

d

dMIa
n

q
D


 


 

4 0.084 2198 0.3 000127,0200 


 



up

dMIa
n

q
D


 

10 0.194 2198 0.3 000295,0600 


 



up

dMIa
n

q
D


 

15 0.272 2198 0.3 000413,0830 


 



up

dMIa
n

q
D


 

  
Bulk weight of the total charge of the mill can be significantly increased if we use only 

the ball higher density, and then to increase the milling capacity and specific, that D AIM 
remained the same with those values given in Table 4 in the fifth column 
Example for calculating the specific capacity of a new milling facility in Milici in the same 
industrial mill, arising from changes in apparent density of the total charge to the equation 
modeling the specific capacity of the mill is given by Equation 14 and shown in the following 
text. 
  

3.4.1.          New bulk density of the total charge; 
  

3
51121719)
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New bulk density of the total charge can be increased by making the kind of change milling 

body so the ball instead of the Vardar vk = 1800 use of steel balls vk = 4200 .Milling 

material density can also be increased without danger to the increased viscosity of the pulp 
batch discharge occurs through the ball sleeve, and we have adopted it to be about 68% which 

is typical for this type of raw material and the type of mill, and then vk = 1719 . 

  
3.4.2.              New specific capacity of the mill; 

  
New specific capacity of the mill for the new value of the total charge can be obtained by 

computation by the value of the modified accounting for certain size class remain 

unchanged Table 4, last column.The requirement to remained unchanged for the new 
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conditions of the mill and the increased value of the total charge must increase the specific 
capacity of the mill for a given size class of equations accounting 14thAfter calculating the 
specific capacity of the new one can easily calculate the time of mechanochemical treatment 
and hour capacity of the mill (Table 5). 
  
  
  

Tabela5.              The value of the specific capacity of the new mill for unchanged 

values criteria obtained by the previous test run 
industrial mill 

Calculate 
capacity 
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Density 
the total 
charge 
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10 0.209 5112 0.3 000127,0200 


 



up
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n

q
D


 

23 0.447 5112 0.3 000295,0600 
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35 0.635 5112 0.3 000413,0830 
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We see that in the future can expect at least two times the capacity of milling with a change in 
types of balls, some 10 t / h of 85% fineness-200μm. 
  
 

 

 4. CONCLUSION 
  

Given the problems exposed, on the variation of specific capacity as a function of the 
total charge density of the mill that has not been given in the literature, the authors of technical 
and technological solutions in ITNMS Bauxite and AD have made an effort to develop a 
theoretical solution to the technical operation of the plant in the changed conditions of the total 
charge density of the mill. From the technical and technological solutions presented show that 
the technological parameters of the mill depends on the applied technological conditions, or 
changes the total charge density. The specific capacity of the milling and modified Damkohler 
equation 14 depends on the total charge density.For realization of the idea to change the 
specific capacity of the mill there is an objective fact that the size of the mill and the largest 
dimension of the balls do not change, but only changes the bulk density and total charge of the 
modified Damkohler equation I easily calculate a new higher specific capacity of the mill. Quartz 
grinding plant raw materials in Milici works with the following performance characteristics: the 

capacity of the mill is q = 10 the coarseness of 90% - 600 .Market requirements are: the 

fineness of the product is 90% - 600 200 + and ferum content is below 0.05% in the 

product of milling.Engine power mill is N = 280 .Capacity of the mill is V = 13 .Mass Silex 
milling body in the mill is 9000kg. B swarm speed of the mill is 17.8 r / min.The mill is 
Ph.D.ained through a branch, a pulp density and bulk density milling material output was 1.125 
kg / l, which means that the firm has 18% in the pulp, (U: T then 1:4,94).The mass of material in 
the mill is 2.34 t.Milling time is 14 minutes.Value of Bond work index of the quartz sand is 15.0 
kWh / t. In accordance with the agreement created this technical and technological solution that 
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involves mechanochemical treatment variation as a function of total bulk material filling. With the 
kind of change milling body (Vardar with the balls of steel balls) it is possible to change the 

specific capacity of the mill and thus increase the fineness of milling at 200 a capacity to 

remain the same 10 . It should be noted that not studied the impact of milling mode (open 
or closed mode grinding with a classifier) that would show the extent to which the regime closed 
the milling classifier was more effective than the existing one. 
  
  
5              APPLICATION OF TECHNICAL SOLUTIONS 

  
On the basis of the technical solution is provided for altering the product of milling in AD Boksit 
Milici, as evidenced by Certificate of AD Boksit Milici that this solution is enforceable in that mill 
separation plant.This certificate is given in the appendix. 
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                            Figure 1              Granulometric composition of the starting sample for grinding 
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                            Figure 2              Grading of the milling product Q = 4 t / h 
  

 
                            Figure 3              Grading of the milling product Q = 10 t / h 
  

 
                            Figure 4              Grading of the milling product Q = 15t / h 
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Table 1              Grading of Silex milling body in the mill for grinding 
                            quartz sandstone, quartz sandstone Lukic separation field near Milici 

Batch of balls in the 
mill 

The dimension of the 

balls ф  

The mass of 

the balls  

The 
percentage 

share  

Dimensions of the 
balls are given as a 
class of size, diameter 

and is marked ф  

from 150 to 120 2790 31 
from 120 to 90 2700 30 
from 90 to 60 1440 16 
from 60 to 40 810 9. 
from 40 to 25 810 9. 

25 to 15 450 5 
Total   9000 100 

  
 

Tabela.2 coefficient values for some mediocre material meljiv 

Input granulation  
Output granulation  

0.2 0.15 0.075 

25. 1.31 0.95 0.41 
19 1.57 1.09 0.51 
12. 1.91 1.25 0.58 
6 2.4 1.50 0.66 

  

              Table 3Comparison of various milling of minerals in 
various mills with metal balls and 
closed cycle with a classifier [7]. 
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                                                        Table 4              The parameters of pulp density  
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