
UDK: 620.1:502
ISSN: 1800-9573

Podgorica, avgust 2015.

Godina IV • broj 1

ZAŠTITA MATERIJALA 
I ŽIVOTNE SREDINE

MATERIAL AND ENVIRONMENT PROTECTION

MONTENEGRIN SOCIETY FOR CORROSION, MATERIAL AND ENVIRONMENT PROTECTION
CRNOGORSKO DRUŠTVO ZA KOROZIJU, ZAŠTITU MATERIJALA I ZAŠTITU ŽIVOTNE SREDINE





ČASOPIS: ZAŠTITA MATERIJALA I ŽIVOTNE SREDINE

Glavni urednik: Dr Darko Vuksanović, 
Univerzitet Crne Gore, Metalurško-
tehnološki fakultet

Uređivački odbor:
Dr Petar Živković, Crna Gora
Dr Jagoda Radošević, Hrvatska
Dr Miomir Pavlović, Srbija
Dr Dani Vrhovšek, Slovenija
Dr Kiril Lisičkov, Makedonija
Dr Tarik Kupusović, Bosna i Hercegovina
Dr Refik Zejnilović, Crna Gora
Dr Časlav Lačnjevac, Srbija
Dr Ilija Nasov, Makedonija
Dr Goran Vujić, Srbija
Dr Niko Samec, Slovenija
Dr Ivan Gržetić, Srbija
Dr Željko Jaćimović, Crna Gora
Dr Nada Blagojević, Crna Gora
Dr Aleksandar Joksimović, Crna Gora

Izdavački savjet:
Dr Jelena Pješčić – predsjednik
Dr Ivana Bošković
Mr Dragan Radonjić
Dr Filip Kokalj
Mr Igor Jovanović

Za izdavača:
Prof. dr Darko Vuksanović

Izdavač:
Crnogorsko društvo za koroziju, zaštitu 
materijala i zaštitu životne sredine

Pokrovitelj:
Inženjerska komora Crne Gore

Štampa:
YUGRAFIC, Podgorica

Tiraž:
100

SADRŽAJ

Naučni radovi

BIOPLINSKI POTENCIJAL
KOMUNALNOG OTPADA
GRADA BANJA LUKA
Veljko Đukić
 

1

 
THERMAL AND ENVIRONMENTAL 
CHARACTERISTICS OF GLASS 
PRODUCED FROM METALURGICAL 
WASTES
Ejup Ljatifi1, Alexandra Kamusheva2, Goran 
Načevski1, Emilija Karamanova2, Aleksandar 
Petrovski1, Alexander Karamanov2, Perica 
Paunović1

11

DETERMINING GRAPHENE LAYERS 
NUMBER AND N-LAYER REGION 
COVERAGE BY XRD DATA 
DISTRIBUTION MODEL
Beti ANDONOVIĆ, Anita GROZDANOV,
Aleksandar PETROVSKI, Perica PAUNOVIĆ,
Aleksandar DIMITROV

19

DESIGN AND ANALYSIS OF THE 
PROCESS OF INCENERATION OF 
STABILIZED SLUDGE FROM COMBINED
WASTEWATER SOURCES
Kiril Lisichkov, Ljatifi Mahi, Gjorgji Zhezhov, 
Stefan Kuvendziev, Mirko Marinkovski,
Zoran Bozhinovski

26

Reklame  





U D K  628 .477.1

B I O P L I N S K I  P O T E N C I J A L
K O M U N A L N O G O T P A D A  GR A D A  B A N J A  L U K A

9elMNo ĈXNiü

Panev ropsk i univ erz itet A PE I R O N  B anj a L uk a,  Pere K rece 13 . B anj a L uk a,
B osna i H ercegov ina

Izvod:
Sv ij etsk a z aj ednica sv ak im danom uspostav lj a sv e nov ij e strategij e uprav lj anj a otpacima u 
VPiVlu VveoEuKvDWQe reFiklDåe VekuQGDrQiK ViroviQD i Ee]EMeGQoJ oGlDJDQMD oQiK PDWeriMDlD 
koMe Pi Go GDlMeJ QiVPo u PoJućQoVWi GD iVkoriVWiPo. 7eškoće oEe]EeđeQMD VreGVWDvD ]D 
oSrePDQMe VDvrePeQiK VDQiWDrQiK GeSoQiMD koPuQDlQoJ VPećD ili z a postroj enj a v isok e 
WeKQoloJiMe u VklDGu VD ,QWerQDFioQDlQiP VWDQGDrGiPD kvDliWeWD åivoWQe VreGiQe Qe VPiMu EiWi 
raz log da nastav imo da se prema otpadu odnosimo k ao prirodnoj  k ategorij i. Da b i se 
eliminisale š tetnosti b io- gasa iz  deponij a k omunalnog oWSDGD� QDPeće Ve SoWreED i]JrDGQMe i 
uJrDGQMe ViVWePD uređDMD ]D oWSliQMDvDQMe GeSoQiMD.

Ključne riječi : deponij a,  otplinj av anj e,  k omunalni otpad.

1. U v od

5asSoloåiYa teKnoloJiMa daMe SotSXno 
]a SraYo tYrdnMi da mi nismo sSremni da 
SoMam otSada i deSoniMa ]amMenimo 
SoMmoYima seNXndarna siroYina, enerJent  i 
Yeoma rentaEilnim SostroMenMima ]a 
reFiNlaåX isNoriãüeniK siroYina i doEara. 
.od manMeJ EroMa sSeFiIiþniK otSadniK 
materiMa ]a NoMe, ]a sada, ne SostoMe 
raFionalna ili moJXüa rMeãenMa SonoYnoJ 
NoriãüenMa, da oEe]EMedimo i]JradnMX 
SoseEniK deSoa ]a nMiKoYo odlaJanMe do 
eYentXalnoJ isNoriãüenMa.
5ealnost  danaãnMiFe nas XSXüXMe na 
SrimMenX þetri osnoYna SroJramsNa 
SodrXþMa dMeloYanMa X oElasti tretmana 
onoJa ãto mi danas XsloYno na]iYamo 
NrXtim NomXnalnim otSadom>�@�

1.6manMenMe XNXSne Noliþine otSada 
(SreYentiYa), ãto se realno laNo moåe Yeü 
danas Sostiüi SrimMenom þistiK teKnoloJiMa, 
Sroi]YodnMom þistiK Sroi]Yoda i þistim 
XslXJama.

2.PonoYno NoriãüenMe seNXndarniK 
siroYina, ãto se mora Sostiüi oStimi]aFiMom 

XnaSreÿenMa orJani]aFiMe SriYredniK 
sXEMeNata X oElasti otNXSa, saNXSlManMa, 
Srerade i Srometa otSadaNa neorJansNoJ 
SoriMeNla, Nao i aIirmaFiMom Srerade 
otSadaNa orJansNoJ SoriMeNla, a sYe Sod 
XsloYima Ee]EMednim i Norisnim So åiYotnX 
sredinX.

3.8naSreÿenMe NonaþnoJ tretmana 
otSadaNa, ãto se X naãim XsloYima Sostiåe 
SrimMenom Yeü SostoMeüe ]aNonsNe 
reJXlatiYe X oElasti XrEani]ma i ]aãtite 
åiYotne sredine.

4.)ormiranMe i osSosoElMaYanMe strXþniK 
NomXnalniK slXåEi ]a tretman sYiK Yrsta 
otSadaNa i istraåiYanMe SroFesa 
isNoriãüaYanMa otSada. ,sNonsNo SraYilo 
SrYoEitniK lMXdsNiK ]aMedniFa Me Eilo da sYi 
oEliFi otSada imaMX sYoMX XSotreEnX 
YriMednost, a da to isto SraYilo danas Noriste 
]emlMe sa ra]YiMenom teKniþNom, 
teKnoloãNom i eNonomsNom NXltXrom.

Naã i]la]aN, oSstanaN i SosloYni XsSMeK na 
sYiMetsNom tråiãtX limitiran Me Sored ostaloJ 
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i re]Xltatima sYaNoJ SriYrednoJ sXEMeNta 
SoMedinaþno, ali i ]aMedniFe X FMelini So 
SitanMX XsSMeãnosti X XSraYlManMX i 
]ErinMaYanMX sYiK Yrsta otSadaNa.
NaãX donedaYnX realnost naMþeãüe sX þinila 
ÄsmetlMiãta“ NoMa smo SoNXãali na]Yati 
ÄJradsNi deSoniMama“, Mer sX, a i danas, na 
nMima ]aYrãaYala sYoM SXt sYi i sYe 
seNXndarne siroYine, Ee] oE]ira da li SotiþX 
i] naselMa, IaEriNe, NlaniFe, EolniFe ili i] 
SarNoYa.

2. S truk tura otpada

8tYrÿiYanMe strXNtXre otSada Me 
naM]naþaMniMi Sola]ni element Sri 
XtYrÿiYanMX naþina XSraYlManMa otSadom>2@.
6trXNtXra deSonoYanoJ smeüa Srema 
SodaFima NomXnalniK SredX]eüa Bi+ moåe 
nam dati samo oNYirnX NYantiIiNaFiMX ali Moã 
XYiMeN sasYim doYolMnX ]a naãe 
oSredMelMenMe o SredX]imanMX nXåniK 
SreYentiYniK mMera sanaFiMe SostoMeüiK 
deSoniMa (taEela �.).

T ab ela 1. Struk tura otpada

9rste otSada

=emlMe 
ra]YiMeniK 
eNonomiMa(�)

2tSad U S A
(�)

Naãi JradoYi
BanMa /XNa(�)

metali 6.0 7.0 2.1

staNlo 8 6 4.5

SlastiNa 8 8 5.1

SaSir 36 41 21.4

2rJansNi otSad 24 25 53.4

2stali otSad 18 13 11.5

.omXnalni otSad 100 100 100

6eNXndarne siroYine neorJansNoJ 
SoriMeNla, X otSadX ]emalMa sa ra]YiMenom 
eNonomiMom XþestYXMX �0� XNXSne teåine, 
X ]emlMama S AD sa 3��, doN X strXNtXri 
otSada Jrada BanMa /XNa one XþestYXMX sa 
23.2�. BanMa /XNa ima relatiYno doEro 
ra]YiMeno SretKodno ra]dYaManMe i 
saNXSlManMe seNXndarniK siroYina.

PostaYlMa se ]aKtMeY ]a EolMim XYidom X 
Sroi]YodnMX otSada i ]a meKani]mima 
NoMima Ei se smanMilo, a ]atim SoYratilo i 
reFiNliralo ãto Me moJXüe Yiãe otSada na 
eNonomsNi isSlatiY naþin. Preostali otSad 
mora Eiti tretiran a ]atim odloåen na naþin 
NoMi minimi]ira SoslMediFe So åiYotnX 
sredinX. 9ladaMXüe strXNtXre moraMX 
SreX]eti MasniMX odJoYornost Nro] 

oEe]EeÿenMe SolitiNe, ]aNonodaYstYa, 
standarda, smMerniFa, odreÿiYanMe naNnada 
]a XslXJe Sotroãaþima, taNsi ili SodstiFaMniK 
mMera indXstriMi ]a XnaSreÿenMe XSraYlManMa 
otSadom.     

ýinMeniFa da naMYeüi dio otSadaNa na naãim 
deSoniMama þine otSaFi orJansNoJ SoriMeNla 
XNa]XMe na SotreEX Kitne oStimi]aFiMe 
NonaþnoJ tretmana NomXnalnoJ otSada, 
Nao i SrodXNata NoMi nastaMX ra]JradnMom 
Eiomasa odloåeniK X tiMelX deSoniMe. 
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] 3 . N astanak  deponij sk og  plina
2tSadne materiMe orJansNoJ SoriMeNla X

tiMelX deSoniMe SodliMeåX sloåenom SroFesX 
ra]JradnMe i SroFesX metansNoJ YrenMa.

NastaManMe EioJasa SoþinMe So doYoåenMX i 
NomSaNtoYanMX otSada Moã XYiMeN X 
aeroEnim XsloYima X SrisXstYX Ya]dXKa 
NoMi se X SoNriYenim i ]EiMenim sloMeYima 
relatiYno Er]o isNoristi. DalMe nastaManMe 
deSoniMsNoJ Slina SroFesima YrenMa X 

anaeroEnim XsloYima moåe se SodMeliti X tri 
Ia]e (sliNa �.)� 
-Niselo YrenMe sa emisiMom C O 2 i H2, ali Ee] 
metana,
-nestaEilno metansNo YrenMe X Nome se 
Xþeãüe emisiMa XJlMendioNsida, a]ota i 
YodoniNa staEili]XMe ili JXEi, doN se emisiMa 
metana NonsolidXMe X Noliþinama od 50-60
]aSreminsNiK SroFenata EioJasa,
-staEili]aFiMa metansNoJ YrenMa X 
anaeroEnim XsloYima.

Slik a 1. 1DVWDQDk  GeSoQiMVkiK SliQovD  DQDeroEQoP  rD]JrDGQMoP kućQoJ oWSDGD QD oGlDJDlišWu

Pored metana i XJlMendioNsida deSoniMsNi 
Jas sadråi þitaY ni] materiMa X traJoYima 
(dosad iK Me istraåeno stotinMaN), od NoMiK Me 
dosta otroYniK i NanFeroJeniK (dioNsini, 
IXrani, YinilKlorid, diKlormetan, tolXol, 

Ienol i dr.). 8] deSoniMsNiK Jas nastaMe  i
Sraãina, NoMa  moåe  sadråaYati  otroYne  
teãNe metale i SatoJene NliFe (taEela 2.).
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T ab ela 2 . 6DVWDv GeSoQiMVkiK JDVovD �SroVMeþQD koQFeQWrDFiMD�

S A S T A V

Metan ( C H4)
8JlMen dioNsid ( C O 2)
.iseoniN ( O 2)
$]ot (N2)
9odoniN (H2)
Ne-metansNi XJlMiNoYodiFi
,sSarlMiYi orJansNi sastoMFi

U  T R A GO V I M A
6XmSoroYodoniN (H26)
Mirisi
2rJansNa MedinMenMa Klora
$moniMaN
9inil Klorid
i mnoJi drXJi

K O N C E N T R A C I J A  (% )

38 -58
30-48
1-2
2-10
0-1
< 1
=1

(mJ�m3)
0-150
10-1000
0-8 00
0-100
0-15
2d SSm do SSE niYoa

=EoJ sYiK tiK ãtetniK XtiFaMa na ]draYlMe i 
oNolinX ]aSoþelo se SriMe neNoliNo desetina 
Jodina X ra]YiMenom sYiMetX sa 
Nontrolisanim otSlinMaYanMem i 
sSalMiYanMem saNXSlMenoJ deSoniMsNoJ Jasa
na EaNlMama. 6ledeüi loJiþNi NoraN  Eio Me da 
se isNoristi enerJiMa deSoniMsNoJ Jasa, SrYo 
X S AD sedamdesetiK Jodina, a ]atim i X 
ra]YiMenim ]emlMama EYroSe i ostatNa 
sYiMeta>�@.

.od Xredne XJradnMe i ]EiManMa otSada, Jas 
se moåe ne samo EolMe neJo i ]natno raniMe 
Noristiti. 8 NMemaþNoM se SoNa]alo, da se na 
mnoJim deSoniMama SoãtoYanMem 
sSeFiIiFiraniK SroSisa ]a XJradnMX, moJlo 
eNsSloatirati Yeü SosliMe Sola Jodine 
isNoristiYe Noliþine Slina.

8NXSno traManMe stYaranMa Jasa X 
deSoniMama i]nosi Srema teoretsNim 
SroraþXnima FFa �00 Jodina. MeÿXtim, 
eNonomsNo NoriãüenMe moJXüe Me samo FFa 
30 Jodina.

6liMedeüi Sarametri sX od Yaånosti ]a 
NYalitet i NYantitet deSoniMsNoJ Jasa>�@�
- sadråaM YlaJe mora Eiti Yeüi od 30�, Mer Me 
]a  EaNteriMsNX ra]JradnMX SotreEna Yoda, 

Nao i Nod sYiK EioloãNiK SroFesa. ,sSod 30� 
sadråaMa YlaJe otSad se ne ra]JraÿXMe neJo 
se mXmiIiFira. =aYisno od Yrste otSada i 
SoloåaMa deSoniMa moåe Eiti Norisno NrXåno 
YoÿenMe SroFMedniK Yoda. 6adråaM YlaJe 
Yeüi od ��� niMe SoYolMan, Mer se Nod te 
sadråine i]lXþXMe Yoda (SreNoraþenMe 
NaSaFiteta SolMa).
- steSen ]EiMenosti otSada Me Yaåan, NaNo Ei 
se eIeNtiYno sSriMeþio Xla]aN NisiNa X 
otSadno tiMelo. .od YisoNe ]EiMenosti 
SoEolMãaYa se dostXSnost orJansNiK otSada 
miNroorJani]mima, taNo da Me toN 
ra]JradnMe eIiNasniMi.
- orJansNi dio Me odlXþXMXüi ]a NYalitet  i 
NYantitet deSoniMsNoJ Jasa. ,] NJ 
rasSoloåiYoJ orJansNoJ XJlMiNa teoretsNi 
nastaMe �,� m3 EioSlina. Po toni NXünoJ 
otSada s XdMelom orJansNiK materiMa od FFa 
40-�0� nastaMe FFa ��0 m3 deSoniMsNoJ 
Slina. 

4 . O tplinj av anj e deponij a 
Da Ei se eliminisale ãtetnosti 

EioJasa i] deSoniMa NomXnalnoJ otSada i 
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omoJXüila oStimalna meliori]aFiMa i 
reNXltiYaFiMa deSoniMa, odnosno oEe]EMedila 
]aãtita od moJXüiK eNsSlo]iMa i ]aãtita 
åiYotne sredine (]draYlMe lMXdi, ]emlMiãte, 
Ya]dXK, Yoda), nameüe se SotreEa i]JradnMe 
i XJradnMe sistema i XreÿaMa ]a otSlinMaYanMe 
deSoniMa NomXnalnoJ otSada, i to So 
SrioritetX�
-sanaFiMa SostoMeüiK smetlMiãta i deSoniMa i
-i]JradnMa sanitarniK deSoniMa sa sistemom 
]a otSlinMaYanMe deSoniMsNoJ Jasa>3@.

DosadaãnMa isNXstYa i re]Xltati Yeü 
i]JraÿeniK sistema ]a otSlinMaYanMe 
deSoniMa SotYrÿXMX da se oYdMe radi o 
SroIitaEilnim inYestiFiMama NoMima se 
istoYremeno dosadaãnMa deSoniMa Nao i]Yor 
ãtetnosti SretYara X ÄresXrs“ ]a Sroi]YodnMX 
enerJiMe. EliminiãX se oSasnosti So 
Ee]EMednost i ]draYlMe lMXdi, a na 
SolMoSriYrednim i XrEanim SoYrãinama 
omoJXüXMe Sroi]YodnMa i EoraYaN X 
XsloYima normalne åiYotne sredine, sYe So 
naþelima odråiYoJ ra]YoMa i eNoloãNe 
XraYnoteåenosti.

Pri sanaFiMi SostoMeüiK deSoniMa, ]aYisno od 
NYantitatiYniK i NYalitatiYniK þinMeniFa, 
SristXSa se Srela]nom rMeãenMX 
XNoSaYanMem mreåe FMeYoYoda ]a 
otSlinMaYanMe na dXEini SoloYine do treüine 
dXEine tiMela deSoniMe NoMi se Ye]XMe na 
FentralnX SXmSnX staniFX ]a isisaYanMe  
deSoniMsNiK SlinoYa. 2daYde se deSoniMsNi 
Slin odYodi do JorioniNa ili do 
termoenerJetsNiK SostroMenMa.

PretSostaYNa da Me loNaFiMa JradsNe 
deSoniMe XtYrÿena Nao oStimalno Srostorno 
i XrEanistiþNo rMeãenMe XrEane FMeline, 
nameüe oEaYe]X da se XtYrdi MedinstYeno 
teKniþNo-teKnoloãNo i Srostorno rMeãenMe 
NoMe üe omoJXüiti direNtnX IXnNFionalnX 
SoYe]anost sistema X diMelX sanaFiMe i diMelX 
dalMe i]JradnMe i XreÿenMa saYremene 
deSoniMe NomonalnoJ otSada.

6Ye doN se X XsloYima oSãteJ eNonomsNoJ 
oJraniþenMa odlaJanMe otSada EXde 
rMeãaYalo na deSoniMama smeüa Nao 
naMMeItiniMoM oSFiMi, Eiüemo SrinXÿeni da 
naãa Srostorna i teKniþNo-teKnoloãNa 
rMeãenMa  Slaniramo i reali]XMemo taNo da se 

X SotSXnosti mora eliminisati Eilo NoMi 
SoMaYni oEliN ãtetnosti na relaFiMi deSoniMa-
åiYotna sredina.

2snoYni SrinFiSi saYremeno NonFiSirane 
deSoniMe NomXnalnoJ otSada, ]aYisno od 
NonNretniK XsloYa sredine, ostYarXMX se 
SotSXnom Kidroi]olaFiMom tiMela deSoniMe X 
FilMX sSreþaYanMa nMenoJ YlaåenMa 
Sod]emnim, SroFMednim i SoYrãinsNim 
Yodama ili atmosIersNim SadaYinama, 
oStimalnim otSlinMaYanMem deSoniMsNiK 
SlinoYa i  sSreþaYanMem emisiMa ãtetniK 
SolXtanata X Ya]dXK i ostale resXrse åiYotne 
sredine. 

PosliMe aNtiYnoJ YiMeNa od oNo 30 Jodina 
deSoniMe se oEiþno ]atYaraMX, ali se 
nastaYlMa JenerisanMe deSoniMsNiK SlinoYa i 
SroFMedniK Yoda. 2dråaYanMe SosliMe 
]atYaranMa Me oEaYe]no ]a sYe loNaFiMe JdMe 
se NomXnalni otSad odlaJao Ee] SretKodne 
oErade. BroMni sX SrimMeri JdMe se deSoniMe 
moraMX Yratiti X SrYoEitno stanMe SriMe ili 
SosliMe ]atYaranMa, ]EoJ neJatiYniK XtiFaMa 
NoMe imaMX na åiYotnX sredinX. 

9ertiNalni se EXnari oEiþno montiraMX ]a 
saNXSlManMe deSoniMsNiK SlinoYa na 
]atYorenim ili SoSXnMenim diMeloYima 
deSoniMa>�@. 2ni se moJX SostaYiti i na 
aNtiYnim deSoniMama, ali se X tom slXþaMX 
oSlata EXnara mora doJraÿiYati X sNladX sa 
dodatnim nasiSanMem. BXnari sX oEiþno 
rasSoreÿeni X troNXtastoM reãetNi tiSsNoJ 
meÿX-ra]maNa od oNo �0 m. PraYilo SraNse 
Me, minimalno Medan EXnar na �.000 m2

deSoniMe. DXEina EXnara Yarira ]aYisno od 
XsloYa terena, ali Me i]meÿX �0 i �� m
XoEiþaMeno. 8 6$D EP$ Me XtYrdio 
SroMeNtni NriteriM ]a EXãenMe EXnara, 
SreSorXþXMXüi EXãenMe ��� dXEine deSoniMe 
ili EXãenMe do dXEine niYoa Yode, EiraMXüi 
SliüX YariMantX od oYe dYiMe. PromMer 
EXãenMa Me i]meÿX � m i 0,� m XNlMXþXMXüi i 
oSlatX EXnara od 0.� do 0.�� m. 2Slata se 
sastoMi od FiMeYi PE-+D NoMa se smMeãta X 
sredinX EXãotine. 2d Medne treüine do dYiMe 
treüine od dna oSlata ima Xtore ili 
SerIoraFiMX, a EXnar se SXni NrXSnim 
ãlMXnNom i ErtYi na YrKX (nSr. Jlinom ili 
mXlMem) SrotiY SrodiranMa Ya]dXKa. Na 
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YrKX oSlate EXnara SriþYrãüen Me i]la] Jasa 
NoMi Me oSremlMen NXJlastim Yentilom radi 
Nontrole SrotoNa i otYorom ]a mMerenMe 
SritisNa X]imanoJ X]orNa Jasa. ,]la] Me 
]aãtiüen NratNim EetonsNim Srstenom i 
SreNo NXJlastoJ Yentila sSoMen na JlaYni 

Yod. Na sliFi 2. Me sKematsNi SriNa]an 
YertNalni EXnar ]a otSlinMaYanMe stariK 
deSoniMa.

Slik a 2 . V ertk alni b unar z a otplinj av anj e starih deponij a

=a eNonomiþno NoriãüenMe deSoniMsNoJ Slina treEaMX Eiti isSXnMeni sliMedeüi XsloYi�

- minimXm � milion metriþNiK tona NomXnalnoJ otSada,
- minimalna dXEina otSada �0 m,
- loNaFiMa nedaYno ]atYorena ili se Moã Noristi ]a doYo] otSada,
- SostoMi SoYrãinsNi SoNroY (Eilo mXlM ili ]emlMa)
- Yiãe od �00 mm Niãe JodiãnMe. 

���.RULãüHQjH�HQHUJLjH�GHSRQLjVkRJ�SlLQa
=aJreYna YriMednost deSoniMsNoJ Slina SriEliåno Me XSola manMa neJo Nod SrirodnoJ Jasa 

(taEela 3.).
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T ab ela 3 .O snov na sv oj stv a deponij sk og plina

S V O J S TV A DEP2N,J6., 
P LIN

P R IR O D NI 
P LIN

6adråaM metana (�Yol.) 40-60 8 2-8 5.4

=aJreYna YriMednost 
(NWK�m3)

4-6 9-11

5elatiYna JXstoüa 1.0 0.65

6teKiMometriMsNa SotreEa 
Ya]dXKa ]a i]JaranMe (m3�m3)

4.5-5.0 8 .6-9.9

MetansNi EroM 140 8 7-70

WoEEe-EroM (NWK�m3) 5.57 12.4-15

8 SoJledX neNiK sYoMstaYa i]JaranMa, 
deSoniMsNi  Slin Me SoYolMniMi od SrirodnoJ 
Slina, Mer ima manMe oStereüenMe JorioniNa 
(WoEEe-EroM manMi) i YeüX XdarnX 
otSornost (metansNi EroM Yeüi) od SrirodnoJ 
Slina. DeSoniMsNi Slin se, Nao i otSad, 
smatra oEnoYlMiYim enerJentom.
7iSiþna sKema enerJetsNoJ isNoriãüenMa 
deSoniMsNoJ Slina SriNa]ana Me na sliFi 3. 

DeSoniMsNi Slin nastaMe NaNo na aNtiYnim 
taNo i na naSXãtenim odlaJaliãtima otSada 
Moã dXJi ni] Jodina SosliMe nMiKoYoJ 
]atYaranMa. MeÿX i]Yedenim i Slaniranim 
SostroMenMima enerJetsNoJ NoriãüenMa 
deSoniMsNoJ Slina dominiraMX enerJane na 
odlaJaliãtima sa Sroi]YodnMom eleNtriþne i 
toSlotne enerJiMe X SlinsNim motorima (oNo 
ô i]YedeniK oEMeNata).

2Eiþno se oErada Slina sastoMi od odYaManMa 
Nonden]ata i isSorXþXMe se Slin NYaliteta od 
30-�0� C H4. /oNalna XSotreEa Slina moåe 
Eiti na þestiFi ili i]Yan þestiFe (X Eli]ini) X 
indXstriMsNom, stamEenom ili 
NomerFiMalnom oEMeNtX NoMem Me SotreEna 
enerJiMa (nSr. Sroi]YodnMa Sare ]a JriMaþe ili 
Fentralno JriManMe). DrXJa Me moJXünost 
JenerisanMa eleNtriþne enerJiMe, NoMa se 

moåe Noristiti loNalno ili isSorXþiti X 
eleNtroSriYrednX mreåX. =a SroMeNte 
NoriãüenMa deSoniMsNiK Slina ]a doEiYanMe 
enerJiMe, XoEiþaMeni sX motori s XnXtraãnMim 
saJorMeYanMem (Yeliþine 30 do 2000 NW)
i�ili SlinsNe tXrEine (�00 NW do �0 MW).

$No nema loNalnoJ NorisniNa 
deSoniMsNoJ Slina doEra Me oSFiMa 
inMeNtiranMe X FMeYoYod. 5MeãenMe ]aKtMeYa 
NomSrimiranMe SlinoYa na SritisaN X 
FMeYoYodX i oEradX So standardima ]a 
FMeYoYode. 7o Me NomSleNsniMi i sNXSlMi 
SostXSaN. DostXSne teKnoloJiMe sX� Sritisna 
adsorSFiMa s XJlMenim moleNXlarnim sitom, 
aminiMaþno þiãüenMe i teKniNa memErane. 

8 oYom slXþaMX þetri re]erYna JorioniNa sX 
montirana na distriEXtiYnoM staniFi, i X 
nMima deSoniMsNi Slin i]Jara XYiMeN Nada 
doÿe do ]astoMa X sistemX NoriãüenMa. PXtem 
JlaYne saEirne FiMeYi (d 0.2� m) Slin se 
Yodi X NomSresorsNX staniFX, Kladi i 
NomSrimira na 2.� Eara. .onaþno, SXtem 
transSortnoJ FMeYoYoda Slin se dostaYlMa 
toSlotnoM staniFi. 2No ��0 m3�K 
deSoniMsNoJ Slina isSorXþXMe se s 
minimalno 30� C H4. =aYisno od C H4
NonFentraFiMe (30-�0�) enerJetsNa 
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YriMednost deSoniMsNoJ Slina Yarira od ��-
20 MJ�m3. 6iJXrnosni sistem Yodi raþXna o 
sYim SreNidima X mreåi>�@.

Slik a 3 . (QerJeWVko iVkorišćeQMe GeSoQiMVkoJ SliQD

����3URUačuQ�HQHUJHWVkRJ�SRWHQFLjala
deponij sk og  plina

&ilM oYe anali]e Me odrediti i]nos 
SotenFiMalne Noliþine eleNtriþne enerJiMe 
dostXSne i] NomXnalnoJ þYrstoJ otSada.
Prema 86EP$ (8nited 6tates EnYironment 
ProteFtion $JenFy) eIiNasnost sistema ]a 
saNXSlManMe deSoniMsNoJ Slina i]nosi �0-
�0�, a naMþeãüe, X] SrimMenX doEre 
teKnoloJiMe ��-���. =a oYX anali]X 
XsYoMena Me eIiNasnost saNXSlManMa od �0�. 
7oSlotna moü deSoniMsNoJ Slina Yarira X 
]aYisnosti od i]Yora X JraniFama �,�-�,2 
NWK�m3. 8sYaMa se �,� NWK�m3. S a 
eIiNasnoãüX saNXSlManMa �0�, toSlotnom 
Yrednosti od �,� NWK�m3 i] � NJ 
NomXnalnoJ þYrstoJ otSada, treEalo Ei se 
Jenerisati 0,�� m3 deSoniMsNoJ Slina (0,23 
m3 î 0,�0   0,�� m3) ili 0,�� NWK (0,�� m3

î �,�NWK�m3) toNom EioloãNoJ rasSada 
NomXnalnoJ þYrstoJ otSada (20-2� Jodina).
9riMednost teoretsNoJ maNsimXma i]nosila 
Ei 0,3 m3 deSoniMsNoJ Slina�NJ otSada (0,3� 
m3 [ 0,�0 = 0,3m3), ili �,� NWK (0,3 m3 x
�,� NWK�m3   �,� NWK), toNom EioloãNoJ 
rasSada NomXnalnoJ þYrstoJ otSada.

5 .1.1 K onv erz ij a energ ij e
.oriãüenMe deSoniMsNoJ Slina Nao 

JoriYa ]a motore s XnXtraãnMim 
saJoreYanMem Me naMraãireniMi SostXSaN 
nMeJoYe enerJetsNe Yalori]aFiMe. .oristeüi 
SretKodne SodatNe, oYo se moåe SriNa]ati 
na sliMedeüi naþin�
$No XsYoMimo da Me Noliþina JenerisanMa 
deSoniMsNoJ Slina toNom nMeJoYoJ 
EioloãNoJ rasSada X SeriodX od 20 Jodina, 
0,23 m3�NJ otSada, i raþXnaMXüi sa �0 �  
eIiNasnoãüX sistema ]a saNXSlManMe, 
doEiMamo da � NJ otSada Jeneriãe�
0,23 m3�NJ  î 0,�0   0,��� m3�NJ toNom 20 
Jodina
,] oYoJa sliMedi da Medna tona otSada toNom 

20 Jodina Jeneriãe�
0,��� m3�NJ  î �000 NJ = 18 4 m3

deSoniMsNoJ Slina.
$No raþXnamo sa Noliþinom od ��.000 tona 
NoMa SredstaYlMa sadaãnMi trend odlaJanMa 
otSada na deSoniMi X 5amiüima, da od toJa 
�0� SredstaYlMa NoliþinX otSada NoMa neüe
Jenerisati deSoniMsNi Slin, doEiMamo da Ei 
toNom 20 Jodina odlaJanMa otSada imali 
SotenFiMal JenerisanMa deSoniMsNoJ Slina 
od�
��� m3 ×  8 1.000 t î 0,�0 î 20 Jod. = 
2��.2�2.000 m3 X SeriodX od 20 Jodina
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$No Ei se Nontrolom NYaliteta Slina, 
motorima sa XnXtraãnMim saJoreYanMem 
staYilo na rasSolaJanMe �0� oYe Noliþine 
doEiMamo NoliþinX od�
2��.2�2.000 m3 î 0,�0   2��.���.�00 m3

X SeriodX od 20 Jodina, þiMi enerJetsNi 
SotenFiMal, aNo raþXnamo sa toSlotnom 
YriMednosti deSoniMsNoJ Slina �,�� NWK�m3,
i]nosi�
214.617.600 m3 î �,�� NWK�m3 =
1.0 0 0 .118 .0 16  k W h

ãto SredstaYlMa XNXSni enerJetsNi SotenFiMal 
deSonoYanoJ otSada X SeriodX od 20 
Jodina.

.oliþina SotenFiMalnoJ JenerisanMa 
deSoniMsNoJ Slina So �K i]nosi�
2��.���.�00 m3�20 Jod�3�� dana�2�K   
1.224  m3 / h deSoniMsNoJ Slina
NoMi se moåe Noristiti Nao JoriYo X 
motorima sa XnXtraãnMim saJorMeYanMem. 
5aþXnaMXüi sa steSenom isNoriãüenMa 

motora od 0,�0, i toSlotnom YriMednosti 
deSoniMsNoJ Slina od �,�� NWK�m3

doEiMemo da SotenFiMalna snaJa Ei treEala 
i]nositi�
�.22� m3�K î 0,�0 î �,�� NWK�m3   2.2��,� 
NW   2,2 MW

Zaključak

8SraYlManMe NYalitetom åiYotne sredine i XsSostaYlManMe eNoloãNe raYnoteåe naãiK SotreEa i 
moJXünosti oNrXåenMa, doYode nas do neminoYnosti da se otSadne materiMe moraMX Noristiti ili 
Nao seNXndarne siroYine SostXSNom reFiNlaåe ili Nao enerJetsNi resXrs SostXSNom SotSXnoJ 
inten]iYnoJ otSlinMaYanMa tiMela deSoniMe.

$No X ]emlMama þlaniFama EYroSsNe XniMe moJX sa SotSXnom rentaEilnoãüX da otSlinMaYaMX 
sYoMe deSoniMe, tada mi imamo Moã Yiãe ra]loJa da isNoristimo naãe deSoniMe i da eYidentnX 
ãtetnost So åiYotnX sredinX isNoristimo ]a SriYredni i drXãtYeni ra]YoM.

Na SrimMerX reJionalne deSoniMe NomXnalnoJ otSada 5amiüi-BanMa /XNa, Me SoNa]an 
enerJetsNi SotenFiMal deSonoYanoJ otSada X SeriodX od 20 Jodina Nao i Noliþina SotenFiMalnoJ 
JenerisanMa deSoniMsNoJ Slina So �K.

8]eYãi X oE]ir da SroFenMena Noliþina otSada NoMa Me odloåena na deSoniMi X 5amiüima i]nosi 
oNo �.�00.000 tona, moåemo ]aNlMXþiti da sX i trenXtni XsloYi ]a saNXSlManMe i isNoriãüenMe
deSoniMsNoJ Slina realni, Nao i da X EXdXünosti moåemo oþeNiYati i SoYeüanMe Noliþina 
JenerisanMa deSoniMsNoJ Slina XslMed SoYeüanMa Noliþina otSada NoMe üe se odlaJati na deSoniMi 
X 5amiüima.
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L iteratura

>1@ ĈXNiü 9.�2snoYe ]aãtite åiYotne sredine,
PaneYroSsNi XniYer]itet $PE,52N BanMa
/XNa,200�., BanMa /XNa.
>2@  ĈXNiü 9.�MoJXünost SonoYnoJ NoriãüenMa 
staroJ odlaJaliãta �. MeÿXnarodni naXþno
strXþni sNXS-saYremena teoriMa i SraNsa X 
JraditelMstYX, BanMa /XNa,20��.
>3@ +Xsiü M.,*rilF 9.� BioSlinsNi SotenFiMal 
NomXnalnoJ otSada /MXElMane10. MeÿXnarodni
simSo]iM JosSodarenMe otSadom, =aJreE,2008 .

B I O GA S P O T E N T I A L  O F M U N I C I P A L  W A S T E O F C I T Y  O F  B A N J A L U K A

9elMNo ĈXNiü

Pan- E uropean U niv ersity A PE I R O N  B anj a L uk a,  Pere K rece 13 . B anj a L uk a,
B osnia and  H erz egov ina

A bstract

T he w orld community  ev ery  day  estab lishes new er w aste management strategy  in   terms of a 
comprehensiv e recy cling of secondary  raw  materials and safe disposal of those materials that 
w e do not further ab le to use. T he difficulties of prov iding funds for the eq uipment of modern 
sanitary  landfills for municipal w aste facilities or high technology  in accordance w ith 
I nternational env ironmental q uality  standards should not b e a reason to continue to relate to 
w aste as a natural category . I n order to eliminate the dangers of b io- gas from municipal w aste 
landfills,  there is need for the construction and installation of eq uipment for landfill
degasification.

K ey w ords� landfill,  degasification,  municipal w aste.
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T H E R M A L  A N D  E N V I R O N M E N T A L  C H A R A C T E R I S T I C S  O F  GL A S S  
P R O D U C E D  F R O M  M E T A L U R GI C A L  W A S T E S

EMXS /MatiIi1, $le[andra .amXsKeYa2, *oran NaþeYsNi1, EmiliMa .aramanoYa2, $leNsandar PetroYsNi1,
$le[ander .aramanoY2, PeriFa PaXnoYiü1

1 - Faculty  of T echnology  and M etallurgy ,  U niv ersity  “ Sts. C y ril and M ethodius”  
RuJer BoVković 6Wr.� 16� 1��� 6koSMe� R. 0DFeGoQiD

2 - I nstitute of Phy sical C hemistry ,  B ulgarian A cademy  of Sciences,
A cad.G .B onchev  Str.,  B l.11,  1113  Sofia,  B ulgaria

Abstract
7Ke sXEMeFt oI tKis stXdy is Jlass SrodXFed Ey mi[ed metallXrJiFal Zaste Irom IerroniFNel
SrodXFtion, aimed Ior IXrtKer SrodXFtion oI Jlass-FeramiF. &KaraFteri]ation oI Zaste materials 
inFlXdes determination oI FKemiFal and mineraloJiFal FomSosition and standard leaFKinJ test. 
7Ke Zaste materials Fontain seYeral KeaYy metals ()e, Ni, Mn, =n, &r) ZKiFK e[Feed tKe aSSlied 
limits and Fan Ee Sotential Ka]ard to tKe soils. 2n tKe otKer Kand, tKe Zaste mi[tXre Fontains 
sXIIiFient amoXnt oI Jlass-IorminJ FomSonent - 6i22. 7Ke FomSonents in tKe Zaste mi[tXre 
aimed Ior Jlass SrodXFtion Zere in tKe ratio as tKey are SrodXFed in tKe )e-Ni smelter (Ilay 
asK�eleFtro-IXrnaFe slaJ�FonYerter slaJ   ���0��). 7Kermal FKaraFteri]ation oI tKe Jlass Zas 
SerIormed Ey means oI Kot staJe miFrosFoSy (+6M) and D7$ analysis, ZKere tKe temSeratXres 
oI sinterinJ, soIteninJ, smeltinJ and Frystalli]ation Zere determined. 7Ke resXlts KiJKliJKt tKat 
Iine-Frystalline Jlass-FeramiF ZitK KiJK Frystallinity Fan Ee oEtained. 6tandard leaFKinJ test Kas 
sKoZn tKat tKe FonFentration oI all KeaYy metals is EelloZ aSSlied limits Ior � to �00 times. 
7KXs, tKe SrodXFed Jlass is enYironmental saIety SrodXFt. 

Keywords : Ily asK, eleFtriF IXrnaFe slaJ, FonYerter slaJ, Jlass, Jlass-FeramiF

1. I ntroduction

DisSosal or staEili]ation oI Zaste 
materials Irom metallXrJiFal indXstry sXFK 
as slaJs, dXst, KydrometallXrJiFal Ey-
SrodXFts etF., is not an easy tasN EeFaXse oI 
tKe FomSle[ FomSosition and KiJK Fontent 
oI reJXlated KeaYy metals as Zell as 
diIIerent loFal FirFXmstanFes. 2Iten, 
reFoYery oI some metal Fan not Ee 
eFonomiF eIIiFient or tKe reFoYery 
SroFedXre SrodXFe neZ Zaste. DisSosal oI 
Zaste FontaininJ KeaYy metals Fan Ee 
Ka]ardoXs to enYironment. 9itriIiFation oI 
Ka]ardoXs Zastes, i.e. transIormation oI 
Zaste materials to Jlass Fan Ee Fonsidered
as an enYironmentally FomSatiEle 
staEili]ation SroFess. ,t is Fonsidered as an 
Xltimate metKod Ior immoEili]ation 
Ka]ardoXs Zastes, EeFaXse dXrinJ Jlass 

meltinJ, tKe KarmIXl elements are 
FKemiFally Eonded in a dXraEle amorSKoXs 
netZorN >�-3@. 7Kis  siJniIiFantly redXFes 
tKeir solXEility and, in addition, drastiFally 
deFreases Zaste in YolXme. 2n tKe otKer 
Kand, deSendinJ on tKe FomSosition, ZitK 
or ZitKoXt any additiYes, tKe Zaste-Eased 
Jlass Fan Ee transIormed to Jlass-FeramiF 
ZitK SroSerties FomSaraEle or Eetter tKan 
FommerFial ones. 7Kis is illXstrated Ey 
nXmeroXs researFKes IoFXsed on XsinJ slaJs 
oriJinated Irom iron and steel SrodXFtion 
Ior SrodXFtion oI Jlass or Jlass-FeramiF >�-
10@. 7Ke researFK oI .aramanoY and Fo-
ZorNers Zas direFted on SrodXFtion oI Jlass 
and Jlass FeramiF Irom Ey-SrodXFts 
oriJinated Irom ]inF and FoSSer 
KydrometallXrJiFal SrodXFtion >�1-15@. All 
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tKese stXdies KiJKliJKt Jood FKemiFal, 
SKysiFal and meFKaniFal SroSerties oI tKe 
SrodXFed Jlass or Jlass-FeramiF, Flose or 
eYen Eetter tKan tKose SrodXFed Irom YirJin 
raZ materials. Besides teFKniFal and 
eFonomiF eIIeFts, tKis roXte oI SroFessinJ 
metallXrJiFal Zaste materials Zas sKoZn as 
enYironmental eIIiFient. $FFordinJ to 
YarioXs standard leaFKinJ tests >�6@, tKe 
Jlass and Jlass-FeramiF SrodXFts Eased on 

metallXrJiFal Zaste, are enYironmental
Iriendly materials. 
7Ke aim oI tKis stXdy is YitriIiFation oI solid 
Zaste Irom IerroniFNel smeltinJ Slant, sXFK 
as dXst, slaJ Irom eleFtro-IXrnaFe and 
FonYerter slaJ. &KaraFteri]ation oI Zaste 
materials and SrodXFed Jlass is direFted to 
estimate tKeir SossiEility Ior IXrtKer 
SrodXFtion oI Jlass-FeramiF as Zell as to 
determine tKeir enYironmental imSaFt.

2. E x perimental

DXst (D), eleFtro-IXrnaFe slaJ (E)6) 
and FonYerter slaJ (&6) Irom IerroniFNel 
smeltinJ Slant in 5. MaFedonia, Zere Xsed 
as a raZ material Ior Jlass SrodXFtion. 7Keir 
annXal SrodXFtion is in ratio D�E)6�&6   
���0��. 7Ke Fontent oI diIIerent tySe oI 
Zaste Zas in tKis ratio ZitKin tKe Zaste 
mi[tXre aimed Ior YitriIiFation. 

&KemiFal FomSosition oI tKe Zaste 
materials Zas determined Ey ;-ray 
IlXoresFenFe (;5)) sSeFtrometer (Model 
;5) $5/ ��00). MineraloJiFal analysis 
Zas Farried oXt Ey ;-ray diIIraFtion metKod 
XsinJ PKiliSs AP D 15 diIIraFtometer, 

oSeratinJ at &X.Į-radiation. D iIIraFtion 
data Zere FolleFted at a Fonstant rate oI 
0.02o�s�1 oYer an anJle ranJe oI 2ș   5– 90o.

7o determine enYironmental imSaFt oI tKe 
Zaste materials, standard leaFKinJ test –
7&/P (7o[iFity C KaraFteristiF LeaFKinJ 
P roFedXre) Zas SerIormed. 6KoZn in 7aEle 
� are tKe leaFKinJ test Fonditions. 
&onFentrations oI KeaYy metals aIter testinJ 
Zere measXred Ey atomiF aEsorStion 
sSeFtrosFoSy ($$6) XsinJ tKe 
instrXmentation PerNin Elmer AA400.  

T ab le 1. L eaching conditions according to T C L P test

6olYent C H3C O O H
pH 5

9olXme oI tKe solXtion 2 L
WeiJKt oI solid SKase �00 J

s�l ratio �� 20
,ntensity 30 rSm
DXration 2� K

7o ForreFt tKe Fontent oI MJ2 and &r2O 3 in 
tKe Zaste mi[tXre (WM), standard Jlass 
(6*) SoZder Zas added in ratio WM�6*   
��3. Waste materials and tKe standard Jlass 
Zere KomoJeni]ed and melted in FKamEer 
IXrnaFe at ���0oC Ior � K. 

7Kermal FKaraFteristiFs oI tKe SrodXFed 
Jlass Zere stXdied Ey means oI Kot staJe 
miFrosFoSy (+6M) and diIIerential tKermal 
analysis (D7$). $ Jlass samSle Zas 
oEserYed in KeatinJ miFrosFoSe M,685$ 
HS M L. 7Ke samSle Zas Keated Irom 
amEient to �300oC ZitK KeatinJ rate oI
1o&āmin– 1.

DXrinJ tKe KeatinJ redXFtion oI dimensions 
and FKaraFteristiF temSeratXres Zere 

reForded. D7$ measXrements Zere 
SerIormed XsinJ a PerNin Elmer P Y R IS
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Diamond 7KermoJraYimetriF�DiIIerential 
7Kermal $naly]er. TKe stXdied material 
Zas Keated in tKe temSeratXre interYal oI 
25oC ÷ 1100o& Ey KeatinJ rate oI 20oC �min�1

air atmosSKere.

7Ke Jlass samSle Zas XnderJoinJ on 
standard 7&/P leaFKinJ test. 7Ke test 
Fonditions are tKe same as in SreYioXs Fase 
sKoZn in 7aEle �.

3 . R esults and discussion

&KemiFal FomSosition oI tKe Zaste 
materials is sKoZn in 7aEle 2. $ll Zaste 
materials KaYe KiJK amoXnt oI )e, 
esSeFially FonYerter slaJ (&6). 6o, tKese
Zastes FoXld Ee Xsed Ior )e e[traFtion, EXt, 
tKere is not smelter Ior iron SrodXFtion in 5, 
MaFedonia. 2nly in tKe dXst Ni Fontent is 
aSSroSriate to Ee retXrned in tKe )e-Ni 
SrodXFtion SroFess. $nnXal SrodXFtion oI 
tKese Zaste materials is �02.000 t dXst, 
1.135.000 t slaJ Irom eleFtro-IXrnaFe and 
�0�.000 t FonYerter slaJ. 7Ke ratio oI tKeir 
SrodXFtion is aSSro[imately D�E)6�&6   
���0��. 2n tKe otKer Kand, tKe dXst and slaJ 
Irom eleFtro-IXrnaFe Fontain KiJK enoXJK 

6i22 - Jlass IorminJ FomSonent. $lso, tKe 
Zaste mi[tXre Kas aSSroSriate Fontent oI 
6i22 (��.��) Ior Jlass IorminJ. BXt, MJ2 
and &r2O 3 is KiJK in tKe Zaste mi[tXre (��.� 
and 2.2 � resSeFtiYely) and Fan FaXse 
sSontaneoXs XnFontrolled Frystalli]ation. 
C r2O 3 is not solXEle in tKe Jlass, ZKile in 
loZer amoXnt Fan imSroYe tKe nXFleation 
dXrinJ transIormation oI Jlass to Jlass-
FeramiF. 7KXs, tKe FomSosition oI tKe Zaste 
mi[tXre sKoXld Ee ForreFted in order to 
redXFe tKe Fontent oI MJ2 and &r2O 3. For 
tKis SXrSose standard Jlass (6*) Zas added 
in tKe Zaste mi[tXre in ratio WM�6*   ��3. 

T ab le 2 . C omposition ( w t% )  of dust ( D) ,  slag from electro- furnace ( E FS) ,  conv erter slag ( C S) ,  w aste 
mix ture ( W M )  in ratio D: E FS: C S =  1: 10 : 1,  standard glass and ov erall glass mix ture in ratio W M : SG  

=  7 : 3

,tem D E)6 C S WM 6* *M
6i22 37.5 53 1.9 47.8 71.4 55
MJ2 14.5 16.9 6.2 15.9 3.3 12.1
C aO 2.3 2.4 15.9 3.5 9.8 5.4
Al2O 3 1.8 2 0.3 1.9 0.6 1.5
C r2O 3 1 2.5 0.7 2.2 1.5
C oO 0.1 0.1 0.1 0.1 0.1
Ni2 2.7 0.1 0.45 0.3 0.2
)e2O 3 30 14 60 19 13.3
)e2 9 19 9 6.5
Na2O 13.3 4
K 2O 1.3 0.4
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7Ke Zaste mi[tXre as Zell as tKe oYerall 
Jlass mi[tXre is iron-riFK. ,t is similar to a
tySiFal natXral SetrXrJiFal raZ material -
Easalt roFN >��,��@, FontaininJ tySiFally 

10– �� Zt� iron o[ides and it is 
FKaraFteri]ed Ey KiJK FKemiFal dXraEility 
and Jood resistanFe to aErasion and 
Forrosion. 

)e riFK SKases in Jlass-FeramiF, also tySiFal 
Ior Zaste-deriYed Jlasses, KaYe Eeen sKoZn 
to imSart IXnFtional SroSerties to tKe Iinal 
SrodXFts >�@. $s maJnetiF, eleFtriFal and 
tKermal SroSerties oI Jlass – FeramiFs Fan Ee 
altered Ey FontrollinJ tKe Frystalline SKase 
FonFentrations, Frystallisation NinetiF 
stXdies oI iron riFK siliFate Zaste deriYed 
Jlass-FeramiF are imSortant Ior oStimisinJ 
IXnFtional SroSerties >�, �2@. 
$FFordinJ to ;5D analysis ()iJ. �), iron is 
Sresent as Kematite ()e2O 3, i.e. )e3+ Iorm) 
and as non-stoiFKiometriF mi[ed o[ide ZitK 
&X, =n and &r (&X0.5=n0.5C r1.1)e0.9O 4) in 
tKe dXst. 7Ke similar aSSearanFe oI iron is 
in slaJ oI eleFtro-IXrnaFe – non-
stoiFKiometriF mi[ed siliFate (Iorsterite) 
and non-stoiFKiometriF )e3+ o[ide –
maJKemite. &onYerter slaJ Fontains )e3+ as 
Kematite and FalFiXm iron o[ide (&a)e2O 4), 
)e2+ as ZXestite and mi[ed )e3+ and )e2+

o[ide – KaJnetite ()e3O 4). 7Ke Jlass 
IorminJ FomSonent – 6i22 is Sresent as 
SXre o[ide TXart] and siliFates ZitK otKer 
metals, mainly ZitK MJ and &a. $FFordinJ 
to tKe )e Fontent and aSSearanFe, it is 

e[SeFted to SrodXFe Jlass similar to Easalt 
Eased one >��@. 
7Ke resXlts oI tKe 7&/P test, Farried oXt on 
tKe Zaste materials and SrodXFed Jlass are 
sXmmari]ed in 7aEle 3. 7Kere are seYeral 
metals ZKiFK e[Feed tKe aSSlied limits and 
Fan Ee Sotential Ka]ard to enYironment iI 
tKe Zaste materials ZoXld Ee disSosed at 
landIill. Ni, Mn, =n, $s and &X are 
Ka]ardoXs FomSonents in tKe dXst, in tKe 
eleFtriF-IXrnaFe slaJ are )e, Ni and Mn, 
ZKile in FonYerter slaJ are )e, Ni and &r. 
&onFentration oI )e and Ni are to Iar Irom 
tKe aSSlied limits. 
2ne oI SossiEle and eIIeFtiYe oStions to 
immoEili]e KeaYy metals is to FaStXre tKem 
in Jlass matri[ aIter YitriIiFation oI Zaste 
materials. 6o, ne[t steS in tKis researFK Zas 
YitriIiFation oI mi[tXre oI Zaste materials 
and standard Jlass. 7o ensXre 
transIormation oI tKe mi[tXre in liTXid state, 
YitriIiFation Zas SerIormed at ���0o& Ior � 
KoXr. $Iter FoolinJ at amEient temSeratXre, 
tKe SrodXFed Jlass Zas XnderJone to 
tKermal inYestiJations. 

14
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Figure 1. X R D spectra of the w aste materials

Hot-stage microscopy is an analytical 
technique which combines the best 
properties of microscopy and thermal 
analysis to enable the characteriz ation of the 
physical properties of materials as a 
function of temperature. D uring the 
measurements, video and pictures of the 
sample were recorded with registered 
reduction of dimensions. Also, a diagram 
temperature – change of dimensions ( % ) 
was constructed and determined 
temperatures of sintering, softening and 

melting were determined ( Fig. 2). P roduced 
glass shows high stability of dimensions 
and shape during the heating. The sintering 
occurs at high temperature ( 1167oC ) at very 
short interval and practically this material 
does not sinter. At sintering temperature 
reduction of dimension is very low. 
Lowering of dimensions to 78 .25%  of 
starting ones reaches at softening 
temperature at 1222oC , but the shape is still 
stable. Forming of half-sphere occurs at 
1245oC  and melting point is 1251oC .
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7Kis is relatiYely loZ meltinJ Soint, ZKiFK 
FontriEXtes to more eFonomiFally eIIiFient 
SroFess oI YitriIiFation oI Zaste Eased Jlass.
7Ke +6M resXlts, oEtained Ey Sressed Jlass 
SoZders, KiJKliJKt tKat tKe sinterinJ metKod 

is not aSSroSriated Ior tKe inYestiJated 
Jlass, EeFaXse tKe traditional loZ-
temSeratXre densiIiFation is totally 
inKiEited Ey intensiYe Frystalli]ation. 

T ab le 3 . C oncentration of heav y  metals in the solution after T C L P test
D,

mJādm – 3
E)6,

mJādm – 3
C S ,

mJādm – 3
*lass,

mJādm – 3
$SSlied limits, 

mJādm – 3

)e 1 202 1155 0.416 2
Ni �,� 2.7 19.2 0.311 2
C o 0.4 0.14 1.1 <  0.005 2
&d <  0.005 <  0.005 <  0.005 <  0.005 0.02
&X 0.15 0.093 0.07 0.011 0.1
Mn 4.7 14.6 1.5 <  0.005 2
PE 0.026 0.031 0.08 6 0.017 0.2
=n 3.6 0.29 0.42 < 0.005 2
C r 0.22 1.1 2.9 <  0.005 2
6E 0.020 0.038 0.023 0.023
As 1.2 0.011 0.18 0.009 5

Figure 2 . C hange of dimensions as function of heating temperature registered b y  H SM

,n order to determine KoZ and at ZKiFK 
temSeratXre tKe stXdied Jlass Frystalli]e,
D7$ analysis Zas SerIormed at 
temSeratXre reJion Irom amEient to ��00oC
Ey KeatinJ rate oI 20oC �min�1.
&rystalli]ation oI tKe Zaste Eased Jlass 
oFFXrs at �00o&. 7Ke sKaSe and tKe intensity 
oI SeaN indiFate intensiYe EXlN 
Frystalli]ation. ,I Ze SreYioXsly SerIorm 

nXFleation oI Jlass ZitK retention oI KeatinJ 
at ��0o& Ior � KoXr, tKe temSeratXre oI 
Frystalli]ation sKiIts to loZer temSeratXre 
oI ���o&, ZKile tKe intensity oI tKe EXlN 
Frystalli]ation inFreases. 7Kis Soints oXt 
tKat tKe Zaste Eased Jlass is aSSroSriate Ior 
SrodXFtion oI Jlass-FeramiF and Fan Ee 
SerIormed Ey tZo-staJe SroFess� Iirstly 
KeatinJ at ��0oC to SerIorm nXFleation and 
Frystal JroZtK at ���oC . 

6interinJ� ����oC

��.���

6oIteninJ� �222oC

78 .25�

+alI-sSKere� �245oC
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$t tKe same time, tKe Sreliminary D7$ and 
density resXlts demonstrate tKat tKis 
FomSosition KaYe Jood trend Ior EXlN 

nXFleation, JiYinJ SossiEility to oEtain 
material ZitK Iine Frystalline strXFtXre at 
loZ temSeratXres and sKort times. 

Figure 3 . DT A  curv es of the studied w aste b ased glass:  non- nucleated ( line 1)  and nucleated at 6 5 0 oC
( line 2 )

7&/P test oI tKe SrodXFed Jlass Zas 
SerIormed, in order to eYalXate tKe 
enYironmental imSaFt. 7Ke resXlts oI 7&/P 
test are JiYen in 7aEle 3. 7Ke resXlts sKoZ 

tKe YitriIiFation SroFedXre is sXFFessIXl and 
tKat tKe oEtained Jlass demonstrates KiJK 
FKemiFal dXraEility, ForresSondinJ to an 
inert material.  

C onclusion

$FFordinJ to tKe oEtained resXlts Irom tKis stXdy, Ze Fan draZ seYeral FonFlXsions�
Waste materials Irom IerroniFNel SrodXFtion SroFess Fontain FomSonents ZKiFK are Sotential 
Ka]ard to enYironment.
Waste materials Fontain Jlass-IorminJ FomSonents enoXJK, so tKey are aSSroSriate Ior 
YitriIiFation and IXrtKer transIormation oI tKe SrodXFed Jlass to Jlass FeramiF.
7&/P test oI tKe SrodXFed Zaste Eased Jlass Kas sKoZn tKat it is enYironmental Iriendly, i.e. 
tKe amoXnt oI all KeaYy metals in tKe leaFKate is Iar EeloZ tKe aSSlied limits. 
7Ke SrodXFed Zaste Eased Jlass Kas sKoZn Yery sKort interYal oI sinterinJ at KiJK temSeratXre 
(����o&) and loZ meltinJ Soint, ZKiFK Soint oXt on its eFonomiFal eIIiFient SrodXFtion at loZer 
temSeratXres. 
7Ke SrodXFed Jlass sKoZed intensiYe EXlN Frystalli]ation at �00o& ZitKoXt SreYioXs nXFleation. 
NXFleation at ��0oC Ior � KoXr deFreased tKe Frystalli]ation temSeratXre to ���o&, as Zell as 
inFreased tKe intensity oI tKe EXlN Frystalli]ation. 7Kis oIIers SossiEility Ior eIIiFient tZo-staJe 
SrodXFtion oI Jlass-FeramiF Irom tKe stXdied Jlass� �st staJe oI nXFleation at ��0o& and 2nd steS 
Frystalli]ation at ���oC .  
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A ck now ledg ment:  7Kis researFK Zas SerIormed ZitKin tKe ProMeFt “EnYironment SroteFtion 
oI indXstrial Zaste tKroXJK Yalorisation oI metallXrJiFal dXst and slaJs in neZ enYironmental 
Iriendly Solymer mortars and FonFretes´ IoXnded Ey Ministry oI enYironment and SKysiFal 
SlanninJ oI 5. MaFedonia. 
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Abstract
A model FonsistinJ oI an eTXation ZKiFK inFlXdes JraSKene tKiFNness distriEXtion is Xsed to 
FalFXlate tKeoretiFal 002 ;5D SeaN intensities. $n analysis Zas SerIormed XSon JraSKene samSles 
SrodXFed Ey tZo diIIerent eleFtroFKemiFal SroFedXres� eleFtrolysis in aTXeoXs eleFtrolyte and 
eleFtrolysis in molten salts, EotK XsinJ reYerse FKanJe oI tKe aSSlied Sotential. TKe model aSSlied 
to tKe ForresSondinJ 2T interYal enaEles oEtaininJ tKeoretiFal FXrYes tKat e[KiEit IittinJ ZitK a 
sXIIiFient aFFXraFy to tKe ;5D intensities FXrYes oI tKe stXdied JraSKene samSles. 7Ke emSloyed 
eTXation Sarameters maNe it SossiEle to FalFXlate tKe n-layer JraSKene reJions FoYeraJe oI tKe 
JraSKene samSles, and tKe aYeraJe YalXe Ior nXmEer oI JraSKene layers. 5esXlts oI tKe analysis are 
in aJreement ZitK tKe FalFXlated nXmEer oI JraSKene layers Irom 5aman sSeFtra &-SeaN Sosition 
YalXes, and indiFate tKat JraSKene samSles are IeZ-layered.

Key words: *raSKene, eleFtroFKemiFal SrodXFtion, ;5D analysis, layers.

1. I ntroduction

*raSKene is 2D EXildinJ Xnit oI all Zide-
Yariety FarEon allotroSes, KaYinJ XniTXe and 
e[otiF SroSerties larJely dXe to its strXFtXre. 
*raSKene Fan Ee SrodXFed Ey many Zays 
sXFK as meFKaniFal e[Ioliation oI JraSKite, 
FKemiFal YaSor deSosition (&9D) oI FarEon 
EearinJ Jases on tKe sXrIaFe oI FoSSer Iilms 
>3@, FXttinJ oSen nanotXEes >4@.
EleFtroFKemiFal aSSroaFK is a SroYen loZ-
Fost metKod Ior a KiJK-yield SrodXFtion oI 
JraSKene.
DeSendinJ on tKe SrodXFtion SroFedXre, 
JraSKene Fan Ee SrodXFed as a mi[tXre oI 

monolayers, Ei-layers and mXltilayers (3– 10 
monolayers) in Iorm oI IlaNes or Ilat sKeets 
>5@.

+erein, an ;5D Sattern aroXnd a JraSKene 
002 SeaN Zas Xsed Ior layer nXmEer non-
XniIorm distriEXtion determination Ior 
JraSKene samSles oEtained Ey tZo diIIerent 
eleFtroFKemiFal SroFedXres� eleFtrolysis in 
aTXeoXs eleFtrolyte and eleFtrolysis in molten 
salts, EotK XsinJ reYerse Sotential.
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2. M odel that prov ides calculation of  g raphene thick ness distribution by X R D  data

The X R D  pattern was analyz ed by using the 
following Equation 1 that uses Laue functions 
which includes graphene thickness 

distribution and certain parameters, hence
X R D  intensities of the curves were calculated 
thereof:  [ 6]

2

0

22 )(~ ¦
=

N

j

ij k a
j

jefF βT

( 1)

where F is a structure factor, N is the number 
of graphene layer, )( Tf  is an atomic 
scattering factor which varies from 6.00 to 
6.15 e/ atom with incident radiation ranging 
from 2 to 433 K eV , OTS /)sin4( jj dk a = ,

where jd  is a lattice spacing between j th and 
( j -1)th layer, T is an angle between the 
incident ray and the scattering planes, O is a 

wavelength of X -ray, and jβ is an occupancy 
of j th graphene layer. The value of jβ is 
between 0 and 1. The employed equation 
parameters jβ make it possible to calculate 
the n-layer graphene regions coverage of the 
graphene samples produced by the two 
electrochemical procedures.

2.1. Graphene produced by electrolysis in molten salts and model (1)

Two graphene samples produced by 
electrolysis in molten salts are considered and 

discussed herein:  graphene sample 2G and 
graphene sample x.

 

                                                         

Figure 1. a)  T E M  images of 2 G  graphene sheets; b )  Diffraction pattern of 
image

U sing Eq. ( 1), X R D  intensities of the curves
in Fig. 2 are calculated as further discussed.
The three red lines are calculated curves from 

the Eq. 1 for 1zjβ , which suggests that the 
number of graphene layers has a distribution.
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Figure 2 . N on uniform multilay er distrib ution curv e for Sample 2 G  calculated from E q .( 1)

The broadest red dotted line in Fig. 2 is 
calculated curve for ideally distributed 
monolayer graphene, the light red line which 
is narrower than the monolayer graphene line, 
but broader than the green experimental 
curve, is calculated curve for a non uniform 
distribution of graphene layers number for a 
9-layered graphene. The dark red line is 
calculated curve for a non uniform 
distribution of graphene layers number for a
multi-layered graphene, which exhibits a 
good fitting to the experimental curve, as it is 
symmetrical and the correlation coefficient is

98 6.0=ρ . According to its jβ parameters, 
the coverages of n-layer graphene regions are 
calculated as in Table 1 a).

Apparently, the dominant structure is few-
layered, and the average value for number of 
graphene 2G layers is calculated as NGL=2.8 7 
for the dominant structure and NGL=5.16 for 
the overall structure.
In Fig.3 a), there are calculated theoretical 
curves from Eq. 1 presented in red, for 
graphene sample x, and the experimental 
curve x in green. In Fig 3 b), there is part of 
the R aman spectrum for sample x, showing 
off its C -peak. Its position NC )(P os  is 
directly connected to the graphene layers 
number N , and it varies with N as in the 
formula:  [ 7]

 
 
 

¸
¹
·

¨
©
§�=

N
C N

S
P
D cos12)(P os  

where 318 Nm108.12 �u=D is the interlayer coupling, and 
2

27 Akg106.7
�

�u=
o

P is the graphene 
mass per unit area.

0 5 1 0 1 5 2 0 2 5 3 0 3 5 4 0

Cal ( i deally  di st ri b u t ed
m onolay er grap h ene)
Cal ( non u ni f orm  9  lay er
di st ri b u t i on)
Cal ( non u ni f orm  m u lt i lay er
di st ri b u t i on)
2 G
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Figure 3 . a)  N on uniform multilay er distrib ution curv e for Sample x  calculated from E q .1;  
b )  C - peak  position in R aman spectrum for graphene sample x

According to the analysis of the X R D  002 peak, the n layer region coverages are as in Table 1 b).

T ab le 1. a)  C ov erages of n- lay er 2 G  graphene regions
b )  C ov erages of n- lay er x  graphene regions

a) M onolayer region coverage ~  35% b) M onolayer region coverage ~  18 .75%
2-3 layers region coverage ~  5-10% 2 layers region coverage ~  21.25%
5-6 layers region coverage ~  5% 3 layers region coverage ~   3.75%
7-8  layers region coverage ~  5% 4-6 layers region coverage ~   2.5%
9-10 layers region coverage ~  5% 7-8  layers region coverage ~   2.5%
>  10 layers region coverage < 20% 9-10 layers region coverage ~   1.25%

>  10 layers region coverage < 25%

The average value for number of graphene x
layers is calculated as NGL=2.4 for the 
dominant structure and NGL=7.43 for the 
overall structure.

According to the C -peak position, the number 
of graphene x layers for sample x is N=2.54.

2.2. Graphene produced by electrolysis in aqueous electrolyte and model (1)

Graphene samples 4 and 10 produced by electrolysis in aqueous solution, using reverse 
potential, are considered herein and analyz ed.

a) E)
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Figure 4 . a)  T E M  images of Sample 4  graphene sheets;            b )  Diffraction pattern of image

The three blue lines in Fig. 5 are calculated curves from the Eq. 1 for 1zjβ , which suggests that 
the number of graphene layers has a distribution.

Figure 5 . N on uniform multilay er distrib ution curv e for Sample 4  calculated from E q .1

The broadest blue dotted line in Fig. 5 is 
calculated curve for uniformly distributed 
monolayer graphene, the light blue line which 
is narrower than the monolayer graphene line, 
but broader than the green experimental curve 
4, is calculated curve for a non uniform 
distribution of graphene layers number for a 
3-layered graphene. The dark blue line is 
calculated curve for a non uniform 
distribution of graphene layers number for a 
multi-layered graphene. There is a noticeable
discrepancy with the experimental curve due to its 
asymmetry. However, as the correlation 
coefficient is 92.0=ρ , it provides an additional 
insight into n-layer graphene regions share, and 
the results are in agreement with the results

obtained by other methods. According to its jβ
parameters, the coverages of n-layer 
graphene regions are calculated as in Table 2 
a).
According to these calculations, the dominant 
structure is few-layered, and the average 
value for number of sample 4 graphene layers 
is calculated as NGL=2.57 for the dominant 
graphene structure and NGL=4.25 for the 
overall graphene structure.
In Fig. 6 the three blue lines are calculated 
curves from the Eq. 1 for 1zjβ , which again 
suggests that the number of graphene layers 
has a distribution.

0 5 1 0 1 5 2 0 2 5 3 0 3 5 4 0

Cal ( u ni f orm ly  di st ri b u t ed
m onolay er grap h ene)
Cal ( non u ni f orm  3 - lay er
di st ri b u t i on)
E x p eri m ent al c u rve 4

Cal ( non u ni f orm  m u lt i lay er
di st ri b u t i on)
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Figure 6 . N on uniform multilay er distrib ution curv e for Sample 4  calculated from E q .1

7Ke Eroadest ElXe dotted line is FalFXlated 
FXrYe Ior XniIormly distriEXted monolayer 
JraSKene, tKe liJKt ElXe line ZKiFK is 
narroZer tKan tKe monolayer JraSKene line, 
EXt Eroader tKan tKe Jreen e[Serimental FXrYe 
�0, is FalFXlated FXrYe Ior a non XniIorm 
distriEXtion oI JraSKene layers nXmEer Ior a 
3-layered JraSKene. 7Ke darN ElXe line is 

FalFXlated FXrYe Ior a non XniIorm 
distriEXtion oI JraSKene layers nXmEer Ior a 
mXlti-layered JraSKene ZitK a Forrelation 
FoeIIiFient 93.0=ρ , and aFFordinJ to its jβ
Sarameters, tKe FoYeraJes oI n-layer 
JraSKene reJions are FalFXlated as in 7aEle 2 
E).

T ab le 2 . a)  C ov erages of n- lay er graphene sample 4  regions
b )  C ov erages of n- lay er graphene sample 10  regions

a) Monolayer reJion FoYeraJe a �0� E) Monolayer reJion FoYeraJe ~ 30-3��
2 layers reJion FoYeraJe a �0� 3-� layers reJion FoYeraJe ~ 5-�0�
3-� layers reJion FoYeraJe a ��� 5-� layers reJion FoYeraJe ~ 5-�0�
7-�0 layers reJion FoYeraJe a �� 7-�0 layers reJion FoYeraJe ~ 5-�0�
! �0 layers reJion FoYeraJe < �0� ! �0 layers reJion FoYeraJe < �0�

7Ke dominant strXFtXre is IeZ-layered, and 
tKe aYeraJe YalXe Ior nXmEer oI samSle �0 
JraSKene layers is FalFXlated as N*/ 3.�3 Ior 

tKe dominant JraSKene strXFtXre and N*/=5.6 
Ior tKe oYerall JraSKene strXFtXre.

0 5 1 0 1 5 2 0 2 5 3 0 3 5 4 0

Cal ( U ni f orm ly  di st ri b u t ed
m onolay er grap h ene
Cal ( N on u ni f orm  3 - lay er
di st ri b u t i on)
E x p eri m ent al c u rve 1 0

Cal ( non u ni f orm
m u lt i lay er di st ri b u t i on)
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3 . C onclusions

7Kere are seYeral Flear FonFlXsions to Ee draZn Irom tKe SreFedinJ analysis. 7Ke model tKat is 
Xsed SroYides an additional insiJKt into JraSKene samSles n-layer oFFXSanFies and tKereIore 
FoYeraJes ZitK a sXIIiFient aFFXraFy. +oZeYer, a limitation to tKis model tKat sKoXld not Ee 
disreJarded is tKe IaFt tKat in Jeneral Fase JraSKene sKeets ZKiFK are sXEMeFt oI researFK may KaYe 
layer strXFtXre tKat Yaries aFross tKe stXdied samSle and KenFe an asymmetriFal 002 ;5D SeaN. 
E[Serimental 002 ;5D SeaNs ZKiFK are KiJKly asymmetriFal are inFonYenient to Ee analy]ed Ey 
tKis model, and tKereIore adeTXate alterations to tKe model sKoXld Ee Fonsidered and researFKed. 
7Ke resXlts releYant to JraSKene samSles SrodXFed Ey eleFtrolysis in aTXeoXs eleFtrolyte and Ey 
eleFtrolysis in molten salts, EotK XsinJ reYerse FKanJe oI tKe aSSlied Sotential, ZKiFK Zere stXdied 
and analy]ed Kerein XsinJ tKis model, are in aFFordanFe ZitK otKer metKods resXlts, and KaYe 
sKoZn tKat tKese JraSKene samSles are IeZ-layered. 

A ck now ledg ment:  7Kis stXdy Zas done ZitKin tKe )P� ProMeFt �&ost-eIIeFtiYe sensors, 
interoSeraEle ZitK international e[istinJ oFean oEserYinJ systems, to meet E8 SoliFies 
reTXirements� (ProMeFt reIerenFe ������) and tKe ProMeFt “5esearFK and deYeloSment oI neZ 
nanostrXFtXred sensors aimed Ior SroteFtion and deYeloSment oI enYironment and natXre´ IinanFed 
Ey Ministry oI enYironment SKysiFal SlanninJ oI 5. MaFedonia.
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Abstract
7Ke JloEal indXstrial deYeloSment reTXires an aSSroSriate deYeloSment oI Jreen SroFesses 
ZitK ]ero imSaFt on tKe enYironment and IXll enerJy eIIiFienFy in order to SroYide sXstainaEle 
deYeloSment oI oXr soFieties. +enFe, a sXstainaEle SroFess desiJn is a maMor FKallenJe on 
eaFK steS oI tKe SroFess. 7o EXild a desiJn oI a ZasteZater treatment Slant ZitK ]ero imSaFt 
on tKe enYironment, sXitaEle solXtion needs to Ee emSloyed Ior tKe staEili]ed slXdJe. 7Kis 
SaSer Zill maNe a reYieZ oI tKe SroFess simXlations done to Sresent tKe alternatiYe solXtions 
Ior staEili]ed slXdJe disSosals, as tKe inFineration and aJriFXltXre Xses are. ProFess simXlation 
Zill Sresent a tool Ior desiJninJ and analy]inJ oI tKe SroFess models. 6taEili]ed slXdJe 
FomSosition deSendinJ, inFineration Zill Ee FKosen as a model Ior enerJy oEtaininJ SroFess, 
or staEili]ed slXdJe Zill Ee Xsed Ior aJriFXltXre SXrSoses. 6taEili]ed slXdJe Zill Ee oEtained 
Irom tKe WW7P “$D 2+,6´ in 6NoSMe, ZKiFK FomEine indXstrial and mXniFiSal ZasteZater 
treatment.

Key words : enYironmental SroFess desiJn, ZasteZater slXdJe treatment, 6XSerPro DesiJner, 
inFineration

I ntroduction
DXrinJ SroFess deYeloSment, 

SroFess simXlation soItZare is Xsed to 
SerIorm material and enerJy EalanFes, 
estimate tKe si]e oI eTXiSment, FalFXlate 
demand Ior Xtilities as a IXnFtion oI time, 
asses tKe enYironmental imSaFt, etF. WitK 
tKe IXrtKer e[Sansion oI tKe SXEliF seZaJe 
system in Fity oI 6NoSMe and tKe e[Sansion 

oI adYanFed treatment, it is SrediFted tKat 
amoXnt oI slXdJe Jenerated, eleFtriF SoZer
and enerJy FonsXmStion and tKe 
JreenKoXse Jas emission leYels Zill 
inFrease. 7o meet tKese FKallenJes tKe neZ 
teFKnoloJies mXst Ee deYeloSed and 
introdXFed as a SroJram tKat is SromotinJ 
emission redXFtion measXres. 

7Ke SXrSose oI tKis stXdy Zas to deYeloS a 
simXlated SroFess sFKeme tKat Zill IolloZ 

*  NlisiFNoY#yaKoo.Fom� SKone�  �3�� �� 3�� �33� Ia[� �3�� 2 30�� 3��
 

XS tKe simXlated SroFess sFKeme Ior 
remodelinJ oI tKe ZasteZater treatment 
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Slant “$D 2+,6´ in 6NoSMe Ior treatment oI 
ZasteZater Irom FomEined soXrFes. 
$ttention Kas Eeen IoFXsed on tKe seZaJe 
slXdJe tKat Kas Eeen treated Ey inFineration 
Xntil tKe Sresent, and tKe SroFess sFKeme 

Zas desiJned to oStimi]e tKe enerJy 
FonYersion and minimi]e tKe remained 
XnXsed enerJy Irom tKe inFineration 
SroFess XS to noZ to a XsaEle enerJy. 

M aterials and methods
7Ke IloZ sKeet is deYeloSed Ey 

SXttinJ toJetKer tKe reTXired Xnit 
SroFedXres, and MoininJ tKem ZitK material 
IloZ streams. 7Kis SroFess starts ZitK 
FontinXoXs eIIlXent Ieed stream, ZKiFK 
reSresent tKe aFtiYated slXdJe Irom tKe Slant 
Ior seFondary ZasteZater treatment “$D 
2+,6´ in 6NoSMe. 7Kis stream is 
FKaraFteri]ed ZitK slXdJe IloZ oI 3.� m3�K,
Jenerated Ey ��0 m3�K oI treated 
ZasteZater. 6lXdJe Kas Fontent oI �� 
solids and ��� Zater. Detailed slXdJe non 
Yolatile Fontent is sKoZed EeloZ in 7aEle �, 
and 7aEle 2 (�).
7Ke Iirst steS in SroFess sFKeme is 
staEili]inJ tKe aFtiYated slXdJe SrodXFed as 
Ey SrodXFt Irom tKe “$D 2+,6´ 6NoSMe 
ZasteZater treatment Slant.  6taEili]inJ 
SroFess is startinJ ZitK slXdJe deZaterinJ in 
diJester P- ��� 6/D5- �0� sKoZed in 
FiJXre�, ZKere ��� oI tKe Zater is 
eYaSorated XsinJ air ZKiFK Fan Ee Sre 
Keated XsinJ Keat Irom tKe inFinerator. 
7Ken, slXdJe is SassinJ tKroXJK tKe Eelt 
Iilter Sress P -�3� B)- 101 ZKere solid 
FonFentration oI tKe slXdJe is inFreasinJ 
Irom 3�� to �0�. 7Kese tZo eTXiSments
are ZorNinJ FontinXoXsly. NoZ staEili]ed 
slXdJe in tKis Iorm is transIerred XsinJ 
eleYator P -�0� BE- 101 to tKe toS oI tKe 

inFineration oYen P -�� ,N&- 101. 2n start
XS tKis eTXiSment is XsinJ IXel to start tKe 
slXdJe inFineration, and in oXr desiJn Fase 
SroSane is Xsed. ,nFineration is Keld at 
950϶& ZitK 30� e[Fess oI o[yJen and 
XsinJ SroSane as a start XS IXel, )iJXre 2.
$Iter inFineration IlXe Jas is Jenerated at 
temSeratXre oI ��0϶& FontaininJ �� oI asK 
SartiFles. *as FyFlone P -�2� &<- 101 is tKe 
ne[t SroFedXre ZKere set Soint oI �0� oI 
tKe asK SartiFles Zill Ee settled doZn, and 
ZitK tKe asK Irom tKe oYen are disFKarJed. 
)XrtKer, IlXe Jas Keat is e[FKanJed ZitK 
sKell and tXEe Keat e[FKanJers P -2, 3� +;-
�0�,�02 (2, 3). 2StimXm Keat e[FKanJinJ 
Zill Ee IXrtKer e[amined XsinJ SroFess 
simXlations. $t tKe end oI tKe SroFess, IlXe 
Jas is Fleaned Irom tKe +&l and 622, and 
tKe remaininJ asK SartiFles as Zell XsinJ 
eleFtrostatiF SreFiSitation and Na(2+)2

aEsorStion SroFess (3-�).
7Ke e[it IlXe Jas temSeratXre is set XS at 
950϶&, and e[Fess o[yJen at 30�. 7Kese 
inFinerator Sarameters are imSortant Ior 
FalFXlation oI tKe e[Fess Keat SrodXFed Ey 
amoXnt oI slXdJe inFinerated. ,n tKe ne[t 
IiJXre is sKoZn IlXe Jas temSeratXre YersXs 
e[Fess Keat deSendenFe, oEtained Irom 
seYeral SroFess simXlations (2, 3)

R esults and discussion
)rom tKe simXlation reSort Ze KaYe 

Flear YieZ oI tKe resXlts Ior tKe material 
EalanFes Ior eaFK material FomSonent in tKe 
system, total material EalanFes, and 
material EalanFes Ior eaFK IloZ seSarately 

and in total. $lso Keat e[FKanJers Zere 
oStimi]ed, reJardinJ tKe e[FKanJe area, 
amoXnt oI Zater Ior FoolinJ and Kot Zater 
e[it Keat sKoZn in 7aEle 3.
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$Iter tKe simXlations Zere done, Ior tKe 
standard staEili]ed slXdJe Ieed oEtained 
Irom tKe ZasteZater treatment Slant at “$D 
2+,6´ 6NoSMe, SroFess simXlator Zas 
oSerated in FalFXlated mode, and oStimal 
si]e oI Keat e[FKanJers Zas FalFXlated, and 
tKe oStimal amoXnt oI Fold Zater as Zell , 
7aEle 3. )XrtKer, Ior Fonstant Keat 
e[FKanJinJ area and Fonstant si]e oI 
eTXiSment, oStimal amoXnt oI Fold Zater, 
oStimal Keat e[FKanJe area, and ma[imXm 
staEili]ed slXdJe Ieed Zas aFKieYed.
From tKe )iJXre �, and )iJXre � sKoZed
EeloZ, Ior oStimal Keat e[FKanJe area Ior 

serial FonneFtion oI Keat e[FKanJers Fan Ee 
Fonsidered �2� m2 and 3�00 NJ�K sXSSly oI 
Fold Zater and Ior Sarallel FonneFtion oI tKe 
Keat e[FKanJers oStimal Keat e[FKanJinJ 
area Fan Ee Fonsidered �3� m2 and Fold 
Zater sXSSly oI 3�00 NJ�K. ,n tKis Fase e[it 
temSeratXre oI tKe IlXe Jas aIter tKe Keat 
e[FKanJers is �20 ϶&, FomSarinJ ZitK tKe 
serial e[FKanJers ZKere e[it temSeratXre oI 
Jas is ��0 ϶C . ,n tKe IolloZinJ TaEle 4 is 
desFriEed tKe material EalanFes oI tKe Zaste 
streams. 

C onclusion
ProFess simXlation soItZare Fan 

Slay an imSortant role dXrinJ SroFess 
deYeloSment, and Fan siJniIiFantly maNe 
tKe SroJress Iaster. BeFaXse oI tKe natXre oI 
tKe FomEination oI tKe SroFess oI 
inFineration and not Sresent oI KeaYy metals 
or any otKer to[iF FomSonents, tKere is no 
need oI addinJ oI additional Iilters ZitK 
sSeFial FKaraFteristiFs Ior IlXe Jas FleaninJ.
)rom tKe simXlations done Ze KaYe 
oEtained an oStimal e[FKanJinJ area Ior tKe 
FoolinJ oI tKe IlXe Jas and oEtaininJ a Flean 

enerJy ZitK minimi]inJ enerJy loses. $t 
tKe end Ze KaYe simXlated one Jreen enerJy 
SroFess ZKiFK Fan Ee IXrtKer oStimi]ed Ior 
tKe IXtXre needs. )XrtKer tKe asK Irom tKe 
inFineration Fan Ee Xsed Ior reJeneration oI 
tKe metals Fontained. 2StimXm Keat 
e[FKanJe area is oEtained Ior tKe loZer 
YalXe at tKe loZer amoXnt oI Fold Zater tKat 
need to Ee Xsed Ior FoolinJ oI tKe streams, 
and oStimXm YalXe Ior tKe Fold Zater is 
oEtained at a YalXe Ior amoXnt tKat Zill 
e[FKanJe more Keat.

T ab le 1. Sludge non- v olatile content percent

6lXdJe non Yolatile Fontent (�)
Al C a )e K MJ Na
0,�� 2�,� 2,� 0,02 0,2� 0,0�

T ab le 2 . Sludge non- v olatile content mass concentration

6lXdJe non Yolatile Fontent (mJ�NJ)
As B a &d C r &X /i Mn Ni P PE V =n
< 10 120 < 1 32 103 1 90 22 775 57 7 232
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Figure 1. SuperPro Designer scheme of the sludge incineration process
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Figure 2 . I ncineration procedure simulation w indow  w ith set up points

Figure 3 . E x cess heat dependence of ex it flue gas 

T ab le 3 . H eat ex changers main parameters,  simulated v alues
6lXdJe IloZ ��� NJ�K

+eat  e[FKanJinJ area ��,�0� m2

4Xantity oI Fold Zater 
sXSSlied� temSeratXre

1 m3�K;  20º C

4Xantity oI Keated Zater;
temSeratXre

1m3�K ; 18 2 º C

8tili]ation oI IlXe Jas Keat 61�
)lXe Jas TXantity� temSeratXre 0,�2� m3�K; 1000 º C
+eat transIer FoeIiFient 
(sSeFiIied Ior inFineration IlXe 
Jas)

100 Watt�m2K

Ex
ce

ss
 h

ea
t (

kJ
/k

g 
sl

ud
ge

)

F lu e gas Tem peratu re ⁰C

Ex cess h eat
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Figure 4 . O ptimal amount of cold w ater and optimal heat ex change area

Figure 5 . O ptimal amount of cold w ater and optimal heat ex change area

T ab le 4 . Simulated v alues of composition of ash and aq ueous w aste produced

6tream $TXeoXs Waste
&omSonent )loZ rate (NJ�K) Mass &omS (�) &onF. J�/
$sK 0.00004 0.0006 0.000025
&a +ydro[ide 16.26015 10.0166 10.602511
&a &Kloride 2.51176 1.5473 1.6378 06
C aS O 4 12.97966 7.9957 8 .463450
2[yJen 9.04513 5.5720 5.8 97921
Water 121.53557 74.8 68 4 79.2478 75
HC l 0.00145 0.0001 0.000765

$sK stream (at �000 ϶&)
37.53

Fi
na

l f
lu

e 
ga

s 
te

m
pe

ra
tu

re
 (⁰
C)

A m ou nt of  cold w ater (kg/ h )

F lu e gas tem peratu re vs.  am ou nt of  
cooling w ater S eri al

c onnec t e
d H eat
area

P arallel
c onnec t e
d H eat
area

He
at

 e
xc

ha
ng

e 
ar

ea
(m

2)

A m ou nt of  cold w ater (kg/ h )

H eat ex ch anging area vs.  am ou nt 
of  cooling w ater

S eri al
c onnec t e
d.  F i nal
f lu e gas
t em p

P arallel
c onnec t e
d F i nal
f lu e gas
t em p
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Centar za ekotoksikološka ispitivanja Podgorica DOO (CETI) je osnovala Vlada Crne Gore za 
vršenje poslova ispitivanja svih segmenata životne sredine: vazduha, vode, mora, zemljišta, 
flore i faune, klimatskih promjena, jonizuju eg i nejonizuju eg zra enja, buke i vibracije, izrade 
posebnih toksikoloških studija, analiza i programa za potrebe državnih organa, 
nau noistraživa kih ustanova, privrede i gra ana, kao i poslova kontrole zdravstvene 
ispravnosti životnih namirnica i predmeta opšte upotrebe.  

CETI vrši: 
- ekotoksikološka i ispitivanja kvaliteta (fizi ko-hemijska ispitivanja i ispitivanje sadržaja 

radionuklida) svih segmenata životne sredine (vode, vazduha, zemljišta, sedimenta, 
mora...); 

- kategorizaciju otpada; 
- ispitivanje otpadnih gasova - emisija; 
- ispitivanje radona; 
- snimanje „nultog“ stanja potrebnog za izrade studija lokacija i elaborata o procjeni uticaja 

na životnu sredinu; 
- izradu toksikoloških studija, analiza i programa za potrebe državnih organa, 

nau noistraživa kih ustanova, privrednih društava i drugih subjekata; 
- dozimetrijska mjerenja, osiguranje i kontrola kvaliteta (QA/QC); 
- kontrolu i izdavanje sertifikata za promet roba (hrane i predmeta opšte upotrebe) u uvozu, 

izvozu i proizvodnji;  
- ispitivanje radne sredine (komfor-mikroklimatski uslovi, hemijske i fizi ke štetnosti); 
- ispitivanje buke i vibracije u radnoj i životnoj sredini; 
- pripremu i izradu akta o procjeni profesionalnih rizika zaposlenih sa predlogom mjera za 

njihovo otklanjanje. 

.
CETI je institucija koja pored visoke stru nosti posjeduje i višegodišnje iskustvo u djelatnosti 
ekotoksikoloških ispitivanja svih segmenata životne sredine. Od osnivanja je postigao da svoju 
djelatnost proširi po obimu, vrsti ispitivanja, broju analiza što je rezultiralo i širenjem liste 
klijenata tj. korisnika usluga. Danas može da ponudi široki spektar analiza koje se rade po 
savremenim, svjetski priznatim metodama i sa najkvalitetnijom i najpouzdanijom 
laboratorijskom opremom. 

Temelj uspjeha ujedno i prednost CETI jeste angažman svih zaposlenih, spremnost na nove 
izazove, a sve sa ciljem ostvarivanja zajedni ke vizije – da CETI bude institucija prepoznata, u 
regionu i šire po stru nosti, pouzdanosti analiza, uvijek raspoloživa na tržištu uz konkurentne 
cijene.

Tokom 17 godina uspješnog poslovanja najzna ajniji klijenti CETI su: Elektroprivreda Crne Gore, 
Kombinat aluminijuma, Termoelektrana Pljevlja, Luka Bar, Brodogradilište Bijela,  Agencija za 
zaštitu životne sredine, Bemax, Cerovo, Porto Montenegro, Tradeunique, Okov, Nivel i dr.  



 

 
                            d.o.o. 

Tel: 020/234-703 
Fax: 020/234–300 
Mob: 069/311-673 

E-mail: darkov@ac.me 

 
 
 

 
 O preduzeću 

Preduzeće „MEDIX“ d.o.o. Podgorica osnovano je u oktobru 1998. godine.  
Zapošljava 4 radnika koji su u stalnom radnom odnosu, a u honorarnom odnosu ima 
15-tak radnika.  

 Djelatnost 

Osnovna djelatnost preduzeća je izrada Elaborata procjene uticaja na životnu sredinu, 
Strateških procjena uticaja, Studija izvodljivosti i Projekata iz oblasti životne sredine. 
 
U svom dugogodišnjem radu ovo preduzeće je uradilo preko 500 Elaborata procjene 
uticaja, kao i značajan broj Strateških procjena uticaja i Studija izvodljivosti.  
 
Preduzeće okuplja veliki broj stručnjaka iz različitih oblasti koji za pojedine poslove 
čine multidisciplinarni tim. Svi angažovani stručnjaci imaju veliko iskustvo u 
izvršavanju poslova iz oblasti životne sredine, tako da je ovo preduzeće jedno od 
vodećih u pružanju usluga koje se odnose na sferu njegove djelatnosti. 
 
Osim saradnje sa domaćim institucijama i preduzećima, jedan dio aktivnosti 
preduzeća je vezan i za saradnju sa inostranim partnerima koji se bave problemima 
životne sredine.  


 Osposobljenost

Preduzeće „Medix“ je u svakom pogledu osposobljeno za obavljanje svoje 
djelatnosti.





Vlada Martinovića 55
81000 Podgorica
Kontakt tel.: +382 69 311 673
e-mail: cdzm@ac.me
Žiro račun: 550-2855-54
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