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MOJAEJIMPAIBE KHHETHUKE INTPOLECA ITMPOJIM3E MEINABUHA JIMTHUTA CA
BUOMACOM U OTITAIOM

CAXETAK

AKXTyenHa €HepreTcka CHTyalldja y 36MJbH M CBETY, OJHOCHO MOPACT MOTPOLIHE MPUMapHE
enepruje u emucrja GHG U3 HHIYCTPHjCKUX TTOCTPOjeHha, Kao M pacTyhe J0CTyITHE KOJIMYUHE OTHaaa
MPOM3BEJICHEe M0 TJaBM CTAaHOBHHKA, NPEICTaBJhajy MpoOJeMe KOjU 3axXTeBajy CIPOBONHCHE
UCTPAXMBamba y OBOj O0JIACTH M HaJla)KEHe ONTUMAIIHUX peliema. Kao jeqHo on moTeHnujanHux
pemerma, Hamehe ce ymoTpeba oTnaga pa3IMYUTOr MOPEKIa 3a 3aMeHy Jenia (JOCHIIHUX TOopHhBa 3a
caropeBame y 1MocTojehuM JIOKHUIITHMA €HEPreTCKUX MOCTPOjeha, YUME Ce OCTBapyje €HepreTcKa
TpaH3uIja ca GOCHITHUX TOPHBA Ha OOHOBJHHBE HU3BOPE CHEPTHje. YBOhCHEM OTIaia y mporece Ko-
caropeBama yrude ce Ha cMmameme emucuje GHG koja moTude o7 caMOCTaIHOT caropeBama
(OCHITHHUX TOPHUBA M CMaEHhe JOCTYHUX KOJMYMHA OTIA/Aa YHje TPajHO JCMOHOBAmhE MMa 3HATAH
nerpaaupajyhu yTuiaj Ha )KUBOTHY CpeIUHY. Y OKBHUPY OBE JIOKTOPCKE AMCEpTAIfje aHATH3upaHa
je MoryhHOCT mpuMeHe pa3InauTuX BpcTa otnana — tanora kade (SCG) kao Bpere oTnaane buomace
U rpanyiata otnaaHux nieymatuka (WRGQG) y paznuuutuM MaceHUM yzelliMa 3a KO-CaropeBame ca
murautuMa  Kocromaukor wu  KomyOapckor yribOHOCHOT —0OaceHa, MTPUMEHOM — Pa3iIUYUTHX
SKCIICPUMEHTAIHAX METO/a 3a CUMYJAlMjy Mpoleca Crope u TpeHyTHe (,,Quienr™) nuponuse —
tepMmorpaBuMeTpujcku anainu3atop (TGA) u peaktop ca ycujanom mpexkuniom (WMR). Ha ocHoBy
N00MjeHnX pe3ynaTara AeGUHUCAH je YTUIAj BPCTE JIMTHHUTA, BPCTE M MACCHOT yjena OTmaja, W
NPUMEHCHE METOJIE Ha CHHEPIeTCKO JIENOBamke MpOAyKaTa M KHHETHYKE MapaMeTpe mpolieca
MUPOJIN3E MEIIaBHHA Ofpel)eHe TPUMEHOM pa3IMYMTUX MPUCTYIAa — U30KOHBEP3UOHUX MeToa 0e3
MOJIeJIa, OJTHOCHO €KCIICPUMEHTATHO BaTMIUPAaHUX (OPMUPAHUX KHHETHYKUX Mojena. Jlebunucanu
KUHETHYKHU TTApaMeTPH IPUMEHIBHBH Cy Y HHIKSHEPCKO] IPAKCH 32 MPOjEKTOBAE PEATTHUX MTPOoIleca
MUPOJIN3E MEIIaBUHA JIMTHUTA, OMoMace M OTIajia Kao movetHe (ase caropeBama.

Krpyune peun: Jluraut, Ouomaca, oTmaj, MemaBune, nupoiusza, TGA, WMR, xemujcka
KUHETHKA, MOJCIIUPAE
Hayuna oGnacr: MammHCKO HHKEHEPCTBO
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MODELLING OF LIGNITE, BIOMASS AND WASTE BLENDS PYROLYSIS PROCESS
KINETICS

ABSTRACT

Actual situation in the country and the world power generation sector, i.e. increase in primary
energy consumption, increase in GHG emission from industrial plants, as well as an increase in
available waste amount produced per capita, represent problems which require additional research in
that field and proposing of an optimal solutions. Use of different waste types intended for partial
substitution of fossil fuels for co-combustion in existing fossil fuel-fired power plants can be
considered as one of potential solutions, which enables energetic transition from fossil fuels to the
waste, influences lowering of GHG emission originating from fossil fuel combustion, as well as
lowering of available waste amount which permanent disposal has significant impact on the
environment. In the scope of this doctoral dissertation, two different waste types were analysed —
spent coffee groud (SCG) as a waste biomass and waste rubber granulate (WRG), in different
concentrations for co-combustion with lignites from Kostolac and Kolubara coal basins, using
different experimental methods for slow and flash pyrolysis process simulatons — Thermogravimetric
analysis (TGA) and Wire mesh reactor (WMR). Based on the given results, the following has been
defined: influence of the lignite type, waste type and concentration, and applied method on sinergetic
effect and pyrolysis process kinetic parameters determined on the basis of two different approaches
—isoconversional ,,model-free®, i.e. experimentally validated ,,model-based* kinetic models. Defined
kinetic parameters could be used in engineering practise for real pyrolysis process design of the lignite
and biomass or blends as a begining of the combustion phase.

Key words: Lignite, biomass, waste, blends, pyrolysis, TGA, WMR, chemical
kinetics, modelling

Scientific field: Mechanical engineering
Scientific subfield: Technology of materials
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1.  YBOJ

[ToBehame Opoja cTaHOBHUKA Y CBETY M PacT >KMUBOTHOT CTAaHAAp/a ca pa3BojeM TEXHOJIOTHje
JI0BOJIE JI0 KOHCTAHTHOT pacTa nmoTpeda 3a ooe30ehuBameM T0BOJbHE KoTHMUuHE eHepruje. [lovenu y
00JIaCTH MHIYCTPUjE U JajbH MPUBPEIHH M €KOHOMCKH pa3BOj BE3aHH Cy 3a MPUMEHY (HOCHITHHX
rOpHBa Kao MO3HATUX KOHBEHIIMOHAIHUX MPUMAPHHUX W3BOpa eHepruje. TakaB TPEH OJprKaH je JI0
JTaHAlIBUX JJaHa, KaJla ce YIOopeIo ca MPUMEHOM IOCTojehnx mocTpojema Ha (hoCHIHA TOpUBa, BpIIIE
oOMMHa WCTpaKMBama y OOJaCTH alTepHATHUBHUX H3BOpA CHEpPruje Kako Ou ce o0e30emuie
AyropouHne pacryhe mortpebe 3a €HEeprujoM M CMamHO YTHLj ynorpede (HOCHIHMX ropuBa Ha
KUBOTHY cpeaiHy. EBaHC M KOayTOpH HABEIH Cy JIa YCIOBE 33 pa3MaTpame ropuBa alTepHATUBHUX
(OCHIITHUM TOpPHBHMA, y TIOTJIENY HCIYHCHha OpPOJHHX 3aXTeBa MOMYT BUCOKE TOIUIOTHE MOhH,
onromapajyher xemmjckor cacraBa, oAroBapajyhux (Qu3MYKMX W MEXaHHMYKHUX OCOOHMHA, IICHE,
edukacHoCTH, eMucHje racoBa crakiieHe Oamte (Greenhouse Gases — GHG), pacmonoxuBOCTH,
MOTYhHOCTH UCIYIITakha Y 3¢MJBHILTE U BOJLY, COLIMjATHUX yTULAja, UTa. [1].

[Ipema JoBanumhy u koayropuma, enepreruka Pemyonuke CpOuje pa3BujaHa je y OJHOCY Ha
JOCTYITHE TpoIelkheHe pe3epBe urHuta y Oacenuma Kosun, Kocronan, KonyGapa, Cjenuna u
KocoBo, npu gemy oko 75 % pacnosioxkuBux pe3epBu mpumana 6aceny KocoBo, MOk je ocraTak
nonesbeH u3mely 6acena Komybapa — 14 %, Kocronarn — 3.3 %, Cjenuna u Kosun 3ajeano — 2.7 %.
bacen KoBuH npencraBipa HactaBak OaceHa Kocroman, rne pexka /[yHaB mpezacraBiba NPUPOAHY
rpanuny [2]. [lnanupame y enepreruii PC y oBoM TpeHYTKY 0a3upa ce Ha POICHhEHUM pe3epBaMa
6e3 6acena Kocogo.

Exosomke acnekTe ekcIuioaTalyje JUrHATa pa3Marpaiu ¢y 3eKkoBuh U KoayTopH, IIpU Yyemy je
neuHrCcaHO HajBehM yTHIA] HA )KUBOTHY CPEIMHY J1ajy OTBOPEHH KOMOBH U TEXHOJIOIIKU MPOIECH
TEPMOECJIEKTPaHa, EMUTOBAabEM y aTMoc(epy, JerpaaalijoM 3eMJbHINTa 1 3arahemem Boaa. Emucuje
CO2 u SO, noehane cy 8 mo 12 myra ycien HeqocTaTaka IoCTPOjeHha 3a OJICYMITOPABAKE, JIOK CY
emucuje yectuna nosehane 11 no 70 myTa, y 3aBUCHOCTH OJ1 CTAPOCTH MOCTPOjeha  e(hUKACHOCTH
eNeKTpOCTaTHUKNX Quarepa. OcuM eMmucHje y BaszayX, pyAapcKe aKTUBHOCTH, TOCTpOjema H
JIeTIOHMj€ JeTpajupajy MOJbONPUBpEeTHO o0paauBo 3emibHiuTe (mpubmmkHo 3000 ha y Oaceny
Kocromnan u 6200 ha y 6aceny Komybapa) [3].

EBporncka komucuja o0jaBuiia je PeepeHTHH JOKYMEHT 3a Haj0O0Jbe pacioiokUBe TEXHUKE 3a
eHeprercky edukacHocT [4], KojuM ce TeUHICAHO J]a CE Ha CMAbEHhe II00aTHOT 3arpeBama ycie
emucuje GHG 1 noGoJsbiiame 0JpKUBOCTH, MOXKE € YTHLIaTH oBehameM eHeprercke epukacHocTr
KOja Takol)e MmpejcTaB/ba BakaH (HakTop y yIpaBsbakby U3BOPUMA €HEPTH]E U OJIPKUBUM Pa3BOjeM, U
¥Ma 3HauajHy yJIoTy Y CMambelhy 3aBUCHOCTH MOTpoIIaya oJf IpUMapHUX W3BOpa eHepruje. Yireaa
eHepruje ce cMarpa HajOpKUM, Haje(PUKACHUJUM W HAJEeKOHOMMYHHUJUM HAUYMHOM 32 CMambEHE
emucuje GHG, xao u no6osbiIame KBAINTETA Ba3IyXa.

[Ipema wu3BemTajuma Kannenapuje EBporicke yHHje, AOCTYMHMM Ha OCHOBY pe3yJTaTa
uctpaxupamwa Kpuna u xoayropa, nperien emucuja GHG y nepuony 1990.-2022. ronuHa, y CBETY U
PenyOnumu CpOuju u LlpuHoj I'opu mocmarpaHo ykymnHo, npukazaH je Ha Crnukama 1.1 a) u 0).
JlOCTYIIHM pe3yNTaTH jaCHO MOKa3yjy HajBehu yTHIaj eHEepreTCKOT CEKTOpa Yy PErMOHY Ha eMUCH]Y
GHG (CO2, N2O, CH4, F — racoBu Ha 6a3u ¢ayopa) y onHocy Ha ocrane moryhe u3Bope GHG —
NpolleCHa WHAYCTpHja, TOMahMHCTBA, TPAHCIOPT, PYAAapCTBO, MOJbONpHBpeaa U otmnajn. Taxobe,
JacHO je youJbMB W yTHIIa] EKOHOMCKHUX IMpHJIMKa Ha yneo npukazaHux uzsopa GHG y peruony y
[IOCMAaTPaHOM BPEMEHCKOM Iepuony [5].
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Cnuxa 1.1. a) Emucuja GHG y céemy y nepuody 1990. — 2022; 6) Emucuja GHG y Cpouju u L{proj I'opu y nepuody 1990. — 2022. [5]
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npou3eoora elekmpuune enepeuje — naaw 3a 2022. 2oouny [6]
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[Ipema undopmarmjama nocrynuuMm y Eneprerckom Ommancy PemyOmmke CpoOuje 3a 2022.
roauny [6], eneprercku notenuujan Pemyonuke CpOuje unHe 0OHOBJbUBU U HEOOHOBJEUBU U3BOPHU
NpUMapHe EHEpruje ca MPOICHEHUM KondrnHama Tpuka3anuM Ha Comnum 1.2 a). TlpousBoama
enekTpudHe eHepruje y Pemyonunu CpOuju ce y HajBeheM aemy Bpiu y TepMoOelIeKTpaHama Koje
caropeBajy JUrHUT (65.23 %) — Cnuka 1.2 0), a koju y CTpyKTypu AoMahux yribeBa ydectByje ca 99
%. On ykynHe nomahe mpou3BOIiH-E JIUTHUTA, 96 % yTpOIIH ce 3a MPOU3BOAY CIIEKTPHYHE CHEPTHje
y TepMOEIIeKTpaHama.

360F BCJIIMKUX TPOUCHCHUX OOCTYIMHHUX KOJIMYMWHA, YHOPCAO Ca IMOBOJbHUM TCPMHUYKHM
KapaKTepUCTUKaMa y MOTJIely BPEJHOCTH TOIUIOTHE MOhH Koje 0roBapajy BpeIHOCTUMA TOTLIOTHUX
mohu mMpkux yribeBa u Hynre emucuje CO2, Ka0 MOTEHIUjATHO peIIeHkhe pa3MaTpa ce ymorpeda
Ouomace 3a Ko-caropeBame y ecHepretuim. DopmupameM oarorapajyhmx MemaBuHa TOpUBa
Pa3IMUUTOr XEMH]CKOT CacTaBa M MOPEKJa, OYEKyje Ce OCTBapUBame BUILECTPYKUX OeHeduTa y
noryie/ly JA00Mjama TopuBa OOJPUX KApaKTEPUCTHKA Y OJHOCY HA KapaKTePUCTUKE MPUMApHOT
rOpHBa, YIITEIy Yy MOTPOIIHBHM MPUMAPHOI TOPHBA, CMAWECHE EMHCHjE racoBa CTaKJIeHE Oarire,
pemaBame nmpodiieMa yrpasibama oTnanoM, utia. Ca npyre crtpane, Camu 1 K0ayTopu JeQUHHUCAIN
Cy J1a je, OCHM IpPETIOCTABJbEHUX MPEIAHOCTH, MOTPEOHO aHAIM3UPATH M JOJATHE 3aXTEBE IMOIYT
pa3Boja uHGppacTpyKType, mnoBehama TpoIIKOBa €KCILIOATAIMje W CKIAJHUINTCHA, yTUIAja Ha
TEXHOJIOIIKE MapaMeTpe Mpoleca caropeBama, KOHCTPYKIIMOHE KapaKTEPHUCTUKE JIOKHUINTA YCIIE
HUCKHUX TEMIIEpaTypa TOIJbeHha Tereiia U pa3InYuTOr MHHEPOJIOIIKOT cacTaBa, Kao U MOryhHoCTH
1ojaBe HUCKOTEMITepaTypcke koposuje [7].

Jenny on BpcTa oTmajgHe OuoMace JOCTYNHE y cBe BehMM KoIMYMHAMa ca pacToMm Opoja
CTAaHOBHHUINTBA W MoBehambeM moTpommke Kade, mpeacTaBiba ornagHu tajnor kade (Spent Coffee
Ground — SCG). SCG npencraBjba HYCHPOU3BOJ HAKOH MHIYCTPHjCKE WM JoMahe eKCTpakiuje
YBPCTHX YECTHIIA PUCYTHUX Yy MPKEHUM M MIIEBEHUM 3pHUMa Kade, Koju unHe PuHEe uecTHie 3a
BHUCOKUM caJip;kajeM Biare. MapTu U KOayTOpH HaBeJM Cy Ja Ha CBaKy TOHY IMPOHU3BEICHE CUPOBE
kade mpeocrane 650 kg SCG [8], omHocHO Ocopuo-Apiiac U KOayTOpH Ja Ha CBAKH KHIJIOTPaM
uHcTaHT Kade npeoctane 2 kg SCG [9]. HeratuBHa cBOjcTBa OBOI jJeAM-EHA Y MOIJIENY TEIIKO
pasrpasMBOr OPraHCKOI' CacTaBa, CKJIOHOCTH Ka (pOpMHpamy CaMO3anabuBUX jeIUbEHa y CIydajy
HeoaroBapajyher nemoHoBamwa aeduuucanu cy Tomaka m koayropu [10], kao M He103BOJbEHUX
emucuja 3arahyjyhux jeaumema MPUIMKOM CaMOCTaJIHOI CaropeBama pa3MaTpaHUX O]l CTpaHe
Jlumocuja u xoayropa [11], unne SCG BpcToM 0TMaja Koja 3axTeBa MPOHaJIaKeme oJrosapajyher
peliema y norieny ynpasibawkba. Ocopro-Apiac 1 KoayTopy HaBeld Cy /1a IPUMEHA OBaKBOT OTIIaja
y €HepreTuiM 3axTeBa JOJaTHa pa3MaTpamba y TOINIey pPAacHoJ0KUBOCTH, TPAHCIOPTA,
CKJIaJMIITEHa U Cyllekha, Ka0 U HadhHa yBolhemwa y mpoliec caropeBama. Off yKymHe KOJIHMYHHE
HyCTIpou3BOAa HacTanux y mpousBoamu kade, SCG uuau 45-50 %, AOK ocTaTak YHWHE Iy,
crioJpalima Jbycka W omHa 3pHa kade [9]. Hebunununjy SCG kao murHOIENYIO3HE OMOMace ca
CBOJUM (PM3UYKHUM M XEMHUJCKUM OCOOMHAMa M KapaKTepHCcTUKaMa Koje MoKa3yje IpUIMKOM Ipolieca
nupoiause aanu cy Jlu u koayropu y oksupy [12], npu uemy cy Kanr u xoayropu npeacrasuiu SCG
Kao0 MOTEHLMJAIHO MOT0/IHO PELIeHE 32 MPUMEHY y €HepreTULU CYINCTUTYLHJOM Jella IpUuMapHOr
ropuBa, ¢ 003UpPOM Jia MpPU CaMOCTAJIHOM caropeBamy y JIOKMIITUMA Maiaux nehu 3a rpejame
nomahuHCTaBa mokasyje Jjome ocoOuHe y morieay nosehaHux emucuja yectuna u racosa [13].
Tunuuan cactaB SCG nedunucanmu cy ['muporo u koayropu, a ynHe ra xemurienynosa (30 go 40 %),
murauH (25 10 33 %), yma (10 mo 20 %), uenynosa (8.6 mo 13.3 %), nmporeunu (6.7 no 13.6 %) u
nosmdenomnn (2.5 %) [14].

OcuM mojenuHaYHUX KapakTepucTuka Omomace, KyaH u koayTopu aHanu3upaiud cy H
MehyzaejcTBo UrHuTa U kopuitheHe Onomace y MellaBiHaMa IMPUIMKOM Mpolieca KO-MUPOIu3e, ¢
003UpOM J1a pa3uuMTa HCTpaKUBama IO0Ka3yjy JAa Moke Johu 10 TojaBe CHHEPreTCKOr WU
aautuBHOr MehynejctBa u3melly mpoxaykata nuponuse 3a pasauuure BpcTe Ouomace [15].
Kapaktepuctuke npotieca Takohe 3aBuce U 0/ KOJMUMHE OHoMace y MEIIaBUHH KOPUIINEHOT yriba
u Onomace, IITO je IMpeMa pe3yiraruMa MyHa U KoayTopa KOJ JMTHUTA HapO4YUTO u3paxkeHo [16],
npu yemy Bapous u koayTopu HaBoie J1a ce ca MopacToOM KOHLEHTpallHje OTraaa o4ekyje nosehame
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PEaKTHBHOCTH MelaBuHE U cMameme emucuje CO» [17]. Ilopen ynotpeGe 6Gmomace 3a nodujame
€HEepruje KO-CaropeBameM Yy EHEpreTCKUM IOCTpOjelrMMa, pa3Mmarpa ce W ymoTpeda OTMagHuX
nHeymatuka (Waste Tyre — WT) unje cy KOTUYMHE y CTATHOM IOpacTy 300T pa3Boja caoOpahaja u
WHAYCTpHje, Ka0 M HENOCTOjara OAroBapajyhux mpomuca U HEeperyJucaHor TPXKHILITa OTmajga y
Penry6smmm Cp6uju. [lapma u koayropu ynotpedy WT 3a mobujame eHepruje HaBojie Kao Moryhu
HAuMH 32 yIpaBJbalkbeé OBAaKBOM BPCTOM OTMajga, YuMe OW ce OCTBapwia ymTena y NPUMEHU
HeOoOHOBJPUMBUX M3BOpa €HEpruje u J0OMIO rOpuBO OOJBUX OCOOMHA Y OJHOCY Ha MPUMEHY YUCTOT
muranta [18]. CacraB aHamM3upaHOT TYMEHOT T'paHylara oTmagHux nHeymaruka (Waste Rubber
Granulate — WRG) 3aBucH 0j] cacraBa INMHEyMaThka oj kKora ce wu3pahyje. Tummuan cactaB
pazmumuutux THnoBa WT moctynas je y TuTepaTypH, TOK OCHOBHE KOMIIOHEHTE Y OIIITEM CIy4ajy
yuHe npupoaHa ryma (Natural Rubber — NR), 6yranuen ryma (Butadiene Rubber — BR) u ctupen-
Oyraguen ryma (Styren-Butadiene Rubber — SBR). Ilpemnoctu mpumene WT mokaszane cy
Pa3IMYUTUM UCTpakuBambuMa, pu uemy Lllanr-I"yo u koayTopu HaBozie H00O0JbIlIAHE PEAaKTUBHOCTH
MEINIaBUHA Y OJJHOCY Ha caropeBame ynucTor JurHuTa [19], CHHTX ¥ KoayTOpHU MO3UTHBAH YTHIIA] HA
CMameHhe eMUCH]e a30THIX OKCHUA U3 Mpolieca KO-caropeBama ca YrjbeBUMa ca HUCKUM CaJpKajeM
Bonaruna [20], nok cy ['mepe u koayTopu pazMaTpaiu IpoIeHAT CYIICTUTYIH]e OJ0OPEH 3aKOHCKHM
MPOIKCUMA Y MOTJIEAY OrpaHHuYerha J03BOJLEHUX HUBOA emucuje MeTana [21], a KBon u koayropu
MpOIICHAT YIJbOBOJOHKKA, apoMaTa W TMOJMIMKIMYHUX apOMATHYHUX YriboBoJoHUKA (Polycyclic
Aromatic Hydrocarbons — PAH) [22] u3 nporeca ko-caropeBama y armocdepy. [lopen nasenenor,
Mactpan W KoayTopH, pa3MaTpalidi Cy M CHHEPreTCKO JIeJIOBamke IMpOAyKaTa KO-TUPOJIH3E
MojeIMHaYHIX KOMIIOHEHTH MelIaBuHa [23].

[use oBe HOKTOpCKe mucepraiyje je neduHucame yrumaja aomaBamba SCG m WRG y
MmemaBuHe ca qoMahnm murautuma Kocrosan u Koydapa Ha peakTHBHOCT, CHHEPTETCKO JIC/IOBAE
M KHHETHYKE T[apaMeTpe TMpoleca KO-Mupoimu3e oAapeheHuX NPUMEHOM  Pa3InIUTHX
SKCIIEPUMEHTAIHUX METO/a (TepMOrpaBUMETPHjCKa aHAIM3a UIIH PEaKTOP Ca YCHjaHOM MPEKHUIIOM),
Kao 1 pasIM4YUTUX KUHCTUYKHUX METOda oe3 MoOzAcIa 1 METOJa 3aCHOBAHUX HA MOJICITY, KOjI/I MNOTH4YYy
O

- Bpcre nuranta (Kocromar nim Komybapa),
- Bpcre nonatHor Matepujana (SCG nim WRG),
- konuuuHe aopatHor marepujana (10, 20 u 30 %),

- Op3uHEe 3arpeBarba, OJHOCHO MPHUMEHECHE CKCIIEPUMEHTAHE METO/e (Cropa MUpOoJn3a WK
TPEHyTHa - ,,()IIeI* mUpoNn3a).

JledrHucame KMHETHUKUX MO/IeNIa KOJU ONUCYjy aHanu3upane npouece ko-nupoiuze SCG, WRG u
nomahux yuranta Koctonar un Komy6apa Bpmu ce 3a motpede gasber MoJenupama nporeca Ko-
MUPOJIM3E MEIIaBUHA y peaJHUM YCIOBMMAa, OJHOCHO Je(pHUHHCame KUHETHYKHUX IapaMeTrapa
mporeca KO-MUPOJIM3e Kao IMouYeTHe (ase mporeca Ko-caropeBama y HocTojehum joxumruma
SHEepPreTCKUX IMOCTPOjemha, y YeMy Ce orjiefa M 3Hayaj pe3yiTara UCTPakKUBama CIPOBEICHHUX Y
OKBHPY OBE JJOKTOPCKE AHcCepTanyje.
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2. Y30PI

CBako pa3marpame MOTyhHOCTH ITpuMeHe oJipel)eHor MaTepujana Kao roprBa 3a CaMOCTaITHO
caropeBame WIM 3aMEHY Jielia IPUMAapHOT TOPHBa, OJTHOCHO KO-CaropeBame ca MPUMapHUM TOPHBOM
y JIOKHIITHMAa EHEPreTCKUX KOTJIOBA, OasWpa ce€ Ha aHAIM3W OCHOBHHX KapaKTEPHUCTUKA
rOpHBa/OTIIaJIa, Ka0 MITO Cy: XEMHUJCKU CacTaB TOpUBa/OTIaAa (eIeMEHTapHA aHaIH3a), MapaMeTpu
TeXHUYKEe aHanmm3e (caapikaj Blare, BOJATHIIA, Tenena U (UKCHOT YIJhbeHUKA) U TePMUYKE
KapaKTepHUCTHKE (TOIUIOTHA Moh).

EBponicka yHHMja mnpoMoBHIIEe Tpu Moryha cucTema ympaBibamba OTHAJA0M: YBoheme
OJrOBOPHOCTH Mpoussohaua', cructem onopesuBama u cucteM cnoboaHor Tpxkumta [1]. M3emraj
EBporcke acorujanumje 3a MHEyMaTHKE U TyMy HaBOJH Ja yBOhere 0OATOBOPHOCTHU MPOU3BOhaya aje
3a/i0BoJbaBajyhe pesynrare, rae ce moctmwke He camo 100 % penmkinaxka HACTAIOT OTmana, Beh u
IPOTPECHBHO CMambEHhe KOJMYMHA YKYITHOT OTIAJa HAcTalIor Mocienmux nernenuja [2]. Hpkase
ynanune EY cy crnoboxne na m3abepy jemaH ol HaBEACHUX CHUCTEMa YIpaBibama, JOK CE Y
Peny6muiu CpOuju npuMemyje CUCTeM CII000JHOT TPXKULITA.

Yupaemame ortnagoMm y Pemyomumu CpOwju perynucano je moctojehum 3akoHOM 0
yIpaBjbay OTIaaoM [3], mpu 4eMy je mojena oTmajga y oarorapajyhe kaTeropuje M3BpIICHA Y
okBupy Karanora ornama — YyTcTBo 3a onpeljuBame nHACKCHOT Opoja [4].

3a 3aMeHy Jiena MpUMapHOT FOpUBa Y MpoIlecuMa KO-caropeBama MOT'y ce KOPUCTHTH Oromaca
u otnaja oxrosapajyhux kapakrepuctuka. Kao moTeHIMjaHO MOTO/IaH MaTepHjaji 3a 3aMeHy Jela
npumapHor ropuBa — jurHuTH Kocronan (KSL) u Komybapa (KLB) y okBupy ucTpakuBama
CIIPOBECHOT Y OBOj JUCEPTAIMjU pa3MaTpaHH Cy PacIOiIOKUBU mojauMepHu marepujam — SCG u
WRG. Ilpema [lpaBunHuky O Kareropujama, UCHUTHBamy M kiacudpukauuju ormaga [5], SCG
onrosapa uauekc 02 01 03, nedunucan 3a rpymy oTmaga W3 MOJBONPUBPENE, XOPTHKYITYPE,
aKBaKyJType, IIIyMapcTBa, JIOBa U puOOJIOBa U MPeACTaBIba OTIAJ 0 OMJBHOT TKHBa. [IpeMa ncroj
nonen, WRG oxarosapa muaekcy 16 01 03, rpynu ormaga koja HUje MoceOHO neduHUCAHA Y
KaTaJjory U MOTUYE Of] OJp>KaBamba BO3UJIA.

! OxrosopHocT mpoMsBohaya 3a NPOM3BOJ INPOJYKEHA j€ Ha IIEpHOJ HAKOH Kopuiifiema I'yMe, IIPU 4YEMY Ce
npousBohauem cmarpa BIaCHHK OpeHIa WK YBO3HHK. [[pyru HAYWH peryimcama, CUCTEM ONOpe3nBama, JeGUHUIIE 1a
je cBaka 3emMJba OATOBOpHA 3a moBpahaj u permkiaxy uckopuirhernx WT 3a Bo3wia mTo ce puHaHCHpa Tope3nMa Ha
MPOM3BOJIBY TyMa 3a BO3WJIA KOjU Ce IPEHOCH Ha npowusBohaua mwim kopucHuka. Koja cucreMa ciio0OAHOT TPIKHIITA,
3aKOHOJABCTBO JeHHUIIIE INJbEBE KOjU Tpeba Aa Oyay ocTBapeHH (CBH YTOBOPH C€ CKJIAIAjy 1O MPHUHIIAITY CII000 HOT
TPIXKHIITA, U CBH OIEpaTepu y JaHIly yIpaBjbaiba OTMAJI0M IOCTYIAjy Y CKiIaay ca 3akoHoM). Oanarame Wi mpepajaa
OTMaJIHE TYME OJTOBOPHOCT j€ MocIemer Kopucauka (1. Revised technical guidelines for the environmentally
sound management of used and waste pneumatic tyres. 2011, Basel convention: Basel, Switzerland.).
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2.1. ¥Yram

Jepununmjy yriba u nerporpadckor cacrapa nocrasuo je [lantuh y okBupy [6]: ,,cedumenmna
CcmeHa Koja mModice 0a 20pU, a Hacmaje npemedtcHo 00 OCMamaxa KONHeHux, a pehe u 600eHux ouwvarka
00 npomenssuge Koauuune Heopearcke mamepuje (< 50 %). Ilempoepaghcku cacmas, xemujcke u
Quzuuxe ocobune yema 3asuce 00 npupode npeooummue OubHe mamepuje, KOJIUYUHE HEOP2AHCKe
mamepuje u 00 pcme, UHMEH3UMeEMa U mpajarea OUOXeMUJCKUX U 2e0XeMUJCKUX Npoyeca Koju epuie
npeobpadicaj ose mamepuje. *“.

3a motnyHo naeduHHCame oapeheHe Bpcre yriba, MOTpeOHO je MO3HABAaTH HEroBe cienche
kapaktepuctuke (Crnuka 2.1):

™\ e N e ™ g N\

I'enesa u Duznuke U TexHomnomke Oco0une
NMPHUPOAA YI/ba XeMHjCKe ocoduHe 4YBpCTOr
*Mariepasinu cacTaB ocobune * CKJIOHOCT Ka ocTraTKa

- cajipxaj: *Pednexcuja CIULAkY *M,, (0TIIOpHOCT

* XyMUHUTA BUTPUHUTA «Cazpxaj Ha xabambe), M,

*UnepTunnTa *Enementapuu BOJIATHJIA (oTmopHOCT Ha

«JIunrTHUTA cacTas *MoryhHocT Apo0IbERE) U

D KOKCOBama JIpyre MCXaHU4Ke

,BHTpHHHTa «IInactomepHa KapaKTEePUCTUKE
«Crenen CTBOjCTBa

kapOoHupuKaImje: *TomnoTHa Moh

*Tpecer n

carporpesHe
Hacnare

*Mpku yrasms

*Kamenu yrasm

* AHTpauuT

*['padur
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Cnuka 2.1. Kapakmepusayuja yemwesa (npunazoheno) [6-8]

CtpykTypa yriba oapeleHa je meroBuM netporpad)CKuM cacTaBoM, MpU Y€MY OCHOBHE KOMIIOHEHTE
yrjba YHMHE JHMTOTHIIOBH, MUKpoiuroTunoBu u Mmanepamu (Crmuka 2.2). Caapikaj HaBeIEeHHX OCHOBHHX
KOMITOHEHTH yTJba Pa3JIuKyje ce 3a yribeBe pasnuuuror panra (Ciuka 2.3).
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Cnuxa 2.2. I[lempoepaghcku cacmas mprux yemesa [6]

EMCOE CATPEE] -
EONATHI2
HHZ3E
CARNPeEA] BOTATHIA .
Cryb-DHTYMHHEOSHE YTk
‘ or a) BeTvMEEOSHE (EaMeHE) VTAE AnrpaneT (EaMeHE YTamE)

Cruxa 2.3. Tunuunu cmpykmypru mMooenu ye/asa paziuuumoe panea [9]
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2.1.1. JIuraur

[TanTrh HaBOM ONTUC JIMTHUTA KA0 BPCTY MPKUX YTJbEBa KOjU C€ y OJTHOCY Ha OCTaJIe Pa3IUKY]y
JPBEHACTOM CTPYKTYpOM, MabUM CaJ[p’KajeM YIJbeHHKa, MalbUM KOJIMUYMHAMA XyMUHCKHUX KUCEJINHA
u OuTymHja, 0K ce y TUTHUTUMA Takole Hana3u Behu canpikaj nemysnose, XeMUIIeNyJio3¢ U JIUTHHHA
[6]. [TpunukoMm cyliema, TMTHUTH Ce pa3jiaxky Ha CJI0jeBe KOjU OJIroBapajy roJloBUMa JIpBeTa, 0K Cy
KOMajJu ApBeHacTe Mace Mel)ycoOOHO MOBE3aHW XyMYCHOM MaTtepujoM. JlehUHUIM]y JTUTHUTA Kao
npena3Hor ooyrka u3Mel)y TMrHuHa u cy0-OMTYMUHO3HUX YIJbeBa KOJU YMHU MEIIaBUHA PA3IMYUTHX
crpykrypa (Cnuka 2.4 u 2.5) nHaBoau Xapuep y okBupy [10].

OEXHIPDECHTA T2 -
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Cnuxa 2.4. Tpancghopmayuja nuenuna y mpxe yemwege u auenume [11]
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Cnuka 2.5. Cmpykmypnu mooen auenuma [10]

3a neguHHMCame OCOOMHA JIMTHUTA, TMOTPEOHO je y3eTH Yy 003up pasnuuure nerporpagceke
KOMITOHEHTE KOj€ yJia3e y cacTaB CTpyKType. )KuoTuh y okBUpY CBOjUX HCTpaxkuBama [ 12], HaBoau
na auraut Kocronaukor u Komybapckor 6acena nmajy HajBehu cajipykaj XyMHUHHTA M HEIITO HUXKU
calpkaj WHEPTUHHWTA W JUNTHHUTA. [IpHUIMKOM [eBONIATHIIM3AllMje JIMTHUTA Ha Pa3InYUTUM
TeMmIepaTypaMa yodaBajy ce TpaHchopMalnje XyMUHUTA y BUTPUHHUTE, OJHOCHO Mallepas KaMeHHX
yIJbeBa.

KapakTepuctuke Marepaia JIMTHHTA, Y TOTJeAy KiacupUKalje XyMHHUTa CIIPOBEJIE Cy
CyxopoBa u koaytopH [13], onnocHo knacudukanyje nuntuauTa [Tuken u koayropu [14].
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2.1.1.1. Kapakrepucruke Juriura exkcrioatrucanux y Penmyoauuu Cpouju

JlurauTu excrutoatucanu y Pemmyonumm Cpouju Mory ce moAenuTH Ha Tpu kateropuje (Cimka
2.6): panr L (6acenu Kocromnan u Konmybapa o6yxBaheHn ucTpaxuBambeM y OKBUPY OBE JOKTOPCKE
nucepranyje), padr b u panr A. Y pesynratuma ucTpaxuBama Eplieropai u koayropa npuKa3aHuM
y [15] HaBenene cy neTporpadcke KapaKTepUCTUKE PA3IMYUTHX JIMTHUTA TOCTYIMHHUX Y PemyOmuium

CpOuju.

JETEHTA:

=== 'pammie MeTamoreHcKe obnacTi

B PaurI]

1. Mazrom; 2. Kossm: 3. Metomga;
4. Kocoeo; 5. Kocronan; 4. Komybapa

4 Panr b

7. Mnasa (Memrmmra);
8. JecrnoTogal;

9. Jparaueeo { [ijame);
10. Epenomrer;

11. JIvormmra;

12. Cjerpmra (Itasarm);
13. Tlosera (PacHa);

14 3amagra Mopaga;
15. Coxo Bama.

108t

i1dVvD

® PaurA

16. 3eroeg (depesaa);

17. Anercrsarr;

18. Boroerma (HMeToMHO Dome);
19 Ceme - Pecarmmia.

&

B8 =

Cnuka 2.6. I'eoepaghcku nonoscaj 6acena nuenuma y Penyonuyu Cpouju [15]

IIpema Cryauju AOyropoyHor mporpama pa3Boja ekcruioaTanuje yriba y Komybapckom
yriboHOCHOM Oaceny [16], muraut Komybapckor 6acena (Cnuka 2.7) je GUTOreHOT MOopeKIia, mocTao
0]1 CTIeLIMjaJTHE TpyIe OMJbaka KOje YMHE BereTalnjy Mo4Bapa, I7ie C€ MOTY U3IBOJUTH 30HE 3€JhacTe
BereTalyje, NyMcke MOYBapHE 30HE M 30HE >KOyHOBa KOja YMHHU IIpeNa3 Of IIymMa ca BUCOKUM
HUBOOM BOJIC Ka CYBJBHM IITyMaMa W TMPEJICTaBJbCHA j€ IBETHUIIAMA W IMarpatuMa. KBaMTaTHBHU
nokasaresbu yriba y Komybapckom OaceHy mo moJbuMa mpukasanu cy y Tabemu 2.1. YV oxBupy
Komybapckor Oacena yrBpheHa cy Tpu yribeHa ciioja: MOANHCKHU, TJIABHH U TIOBJIATHH, KOJU y OaceHy
MMajy pa3InuuTO PacIpOCTPabEhe, IPOCTOPHO 3aJierame, TeoONMIKY rpal)y, Kao 1 ocTase reosomKe
KapaKTePUCTHUKE U YCIIOBE 32 MOBPIIMHCKY €KCIIOATAIH]Y YTJba.
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PREGLEDNA KARTA KOLUBARSKOG UGLJONOSNOG BASENA - 31.12.2014.
1:100 000

1.Polie Krufevisa: 2Poj-Rudoror 3.Pole A" 4. 5. Polis -G-8, Pole ‘BaroSvac’ 7. Polje 8, Pole D" 9. Pofo "Tur
1020l “srepojevsd' 11, Polie Veiki Cmeni 12 Pole VoujakcVreocr 13, Polje G 14, Poje “F" 15, Pofje *Sopié-Lazarevac® 16. Pol l;e  fanevaetie
Polje * pad” 18. P Polie “Trii&" 20. Polje “Zvizdar” 21. Polie "Ruldade” 2. Polie "Radijevo - jug” (Jabugje)

iy i wEeve D Glavni ugljeni sloj, olkopane rezerve uglja

‘ovlatni sloj, istrazene rezerve P 2l

Polozaj geoloskin profila

[MIMI AHC“UHmsmxmx A\B ' 2

Cnuxa 2.7. Ilpeeneona xapma Konybapckoe yemwonocrnoe bacena [16]

Tabena 2.1. Keanumamuenu noxazamesnu yemwa y Konybapckom baceny no nomuma [16]

¢ |53
~ | g wm|gs x| =gl o |EE 2| 2&
0 Q o | 5| a e |l 2 |58 2 s 2
Kapakrepuctuka| =5 = 5| B 2 B 2 | &8 = 3| o o E
S & S 128 2 S |25 S |98 e [SHS
= A E R = E | = s = 2= A O &
= ] , ) 2]

» = =
Bnara [Yom/m] 47,0 | 49,0 | 48,0 | 51,0 | 53,0 | 53,0 | 57,0 | 44,0 | 41,0 | 44,0 48,0
ITeneo [Y%om/m] | 15,0 | 16,0 | 15,0 | 13,0 | 14,0 | 12,0 | 18,0 | 20,0 | 27,0 | 19,0 17,0
Cymmnop [%] 0,5 0510710505 ]07]04] 04 1]05]07 0,5

Car.mar. 38,0 | 34,0 | 37,0 | 36,0 | 42,0 | 33,0 | 33,0 | 39,0 | 34,0 |37,0| 36,0
[Yom/m]
Lop.nettatar. | 536 15101 22,0 | 21,0 | 250 | 21,0 | 20,0 | 23,0 | 21,0 |23,0| 22,0
[Yom/m]
®OukcHU
YTUbCHHK 150 | 13,0 | 15,0 15,0 | 18,0 | 13,0 | 13,0 | 16,0 | 13,0 | 14,0| 14,0
[Yom/m]
Kokc [%m/m] | 29,0 | 30,0 | 29,0 [ 28,0 | 32,0 | 26,0 | 33,0 | 31,0 | 40,0 [33,0] 31,0
H, [kJ/kg] 9700 | 8700 | 9600 | 9500 [ 10900 8700 | 8700 | 10224 8600 [9400| 9369
Hq [kJ/kg] 8100 | 7200 | 8400 | 7900 | 9400 | 7800 | 7200 | 8824 | 7200 [8000| 7992

BokoBuh u koayropu HaBenu cy ga Kocronauku yriboHocHH OaceH 4nHE KOMoBH hupkosail,
Hpmao u CmenepeBcko momopaBibe (Cnmka 2.8). TpeHYTHO je y TOKY eKcCIuloaranuja Ha KOIy
JIlpMHO, HAa OTBOpPEHOM KOIy RHpKoOBaIl je eKcIuioaTallydja 3aBplleHa, JI0K je mojbe CMmenepeBcKo
nomMopaniee y (asu uctpaxusama [17]. KBanuratuBHu nokazatespu yriba Kocrtonmaukor OaceHa
npukaszanu cy y TaGemama 2.2 u 2.3.

11



Yzopyu

LEGEND:

SMEDEREVSKO
POMORAVLIE
field

Cauxa 2.8. Honooicaj u nokayuja nowa Kocmonauxoe yewonocnoe bacena [18]

[Ipema waTepHom m3Bemrajy EINC-a [19], yram nexumra J[pMHO ca CBOJUM XEMHjCKUM U
nerporpadckuM KapakTepuCTHKaMa MPHIaa JIMTHUTAMA Ca HUCKMM CTEIICHOM KapOoHH(UKaIuje 1
jacHO YOWBHMBOM JPBEHACTOM CTPYKTYPOM, IOCEAyje 3HauajaH Caap)kKaj KCHIUTA, TOK je Y
oipeheHoM neny pa3BHjeH 3eMJbaCTH THUIl JIMTHUTA, TAKO Ja MOXE Npehu y yrjbeBHTE IIIMHE.
JleGsprHa Cl10ja YUCTOT KCHIIMTCKOT yIiba Kpehe ce 01 HeKOIMKO cm J10 mpeko 1 m.

Tabena 2.2. Keanumamusnu noxazamenu y2nwa Kocmonauxoe 6acena (xon Jpmno) [19]

Bmara | Bomatumu | Ileneo DuxcHn
Cnoj [Tapamerap (%m/m] | [%m/m] | [%m/m] yribenuk | Hg [kl/kg] Hq [kJ/kg]
[%om/m]
Maxkcumym | 48,70 27.77 5141 | 2055 12405 10918
I Murnvym | 24,30 14,89 8,64 747 4017 3160
Cpenra 39,07 20,59 2713 | 13.43 8515 7207
BPEIHOCT
Makcumym | 52,60 32,04 4630 | 2543 15185 13611
I Munumym 27,67 13,64 5,70 7,65 5021 4114
Cpenma 40,88 23,77 18,41 16,95 10859 9434
BpPETHOCT

Tabena 2.3. Ilapamemapu enemenmapte ananuze yemwa Kocmonauxoe 6acena (kon [pmno) [19]

Crnoj | TMapamerap C [%] H [%] N+O [%] N [%] O [%]
Makcumym 29,36 3,09 14,24 0,53 11,46

II MHHAMYM 10,43 1,30 4,39 0,06 8,15
Cpenma BpeTHOCT 21,01 1,99 10,47 0,37 10,42
MakcuMym 36,42 3,36 17,23 0,93 13,41

1 MHHAMYM 13,38 0,78 5,73 0,02 5,72
Cpenma BpeIHOCT 26,67 2,34 11,11 0,34 9,52

12
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2.2. buomaca u oTnaja Kao 3aMeHa JieJia IPUMAPHOT TOPUBA y MPOIeCMMA KO-CaropeBama

2.2.1. buomaca

[Ipoun3Boama Gnomace Kpo3 HCTOPH]Yy BPILICHA je TPUMapHO 3a moTpede o0e30ehuBama XpaHe
3a Jpyle W JKMBOTHIbE. Pa3zBojeM eHepreTuke M LIMPOM YIOTpeOOM Ouomace 3a MPOU3BOAY
CIICKTPUYHE CHEpPruje MoCieambuX JeleHr]ja, nmosehaBajy ce KoJIMYnHE HAMEHCKHU TajeHe Ormomace.
Hacynpor Tome, ocranu Ouomace M oOTmagHa Ouomaca KOju cajapike onpeheHun eHepreTcku
MOTEHIIMjall, HACTa]y Kao HYCHPOAYKTH rajera, Impepaje M MOTPOIIkhe OnoMace HaMCHEHE 3a
ucxpany. [Togeny ornagne 6uomace u3BpiwIn ¢y JIu 1 Koayropu, Ipu 4emy OTIaaHa Guomaca Moxe
OWTH MOJeJbeHa y TPU KaTeropuje: MpUMapHa, CEKyHAapHa W TepuujapHa Ouomaca. [Ipema oBoj
MOJIENIM, TIPUMapHE OCTATKE MPEICTaBJbajy OCTAllM MPOHM3BOJIE OMOMace, CeAyHAapHE OCTalu
npepajzie, 0K TeplHjapHE OCTAaTKe MpeACTaBJbajy OocTanu KopuinheHe OmoMace KOju ce MOTy
MPEICTaBUTH M Kao komyHanmHu otnan [20]. Ilpuka3 momene Omomace mpeMa Kareropujama u
MoryhHoctuma npumene nart je Ha Crnunu 2.9.

> Tacndpuramja Cumirac

Hpea resepanuja
(Konpeanuonanaa Gmoropusa) " Jhmeedarinija Buo-vise

4

dpyra remepanuja Inpomiza

Ocraim duomace 1

i > Caropepamse
OTNajHa ouoMaca

CupoerHa
TepuMoxeMijCEa KOHEEpIHja
l Orman
Ky E Crabmmce, mmbe n
Gttt i L G |-—#» AmaepobHa nurectnja Bro-rac
l Otman AnxoxonHa
—p 2 Buoetaron
bepmenTaitja
Ilpepana IlpeHa ceuka, JEYCKa
rae, mymma mekfiepus Drroonoiia &
i perte W Buoeomonyx
heom NPOHEEONESA EOJOHMER
[Motpom rea : 5
P Buoxemmjcka KoHEEp3Hja
l Otman
UepcTy KOMYHATHN » Tpaucecrepubixaimija
OTram, OpraHCKH OTIan Tpeha reaepansja

(anre)
DoTOCHHTETHHEE
> MHEpODHOIOmES
ropuene hemije

Cauxa 2.9. Pazeoj buocopusa uz ouomace [20]
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2.2.1.1. XeMHjcKH cacTaB Ouomace

OcHOBHE KOMITOHEHTE OMOMace YHHE 1eTy103a, XEMUIIENTYJI03a U JIMTHUH KOju unHe oko 80%
cyBe Mace. [lojenuHauny 3acTyIJbEHOCT OBHX jeMbeba aHanu3upainu cy LlleGunr u koayropu npu
4eMmy je YTBphEHO la ce KOJIWYMHA PaMKYje 3a Pa3IMuuTe BpCTe OMomace, Kao M Y OKBUPY
pa3IMuUTUX JeoBa nojeauHadHe ousbke [21]. [lopen pa3nuuuTHX KOJMYUHCKUX OJHOCA LIeNyJ03e,
XEMHUIIeNyI03€ U JJUTHUHA, [laynu 1 koayTopy HaBOJE Aa Y OKBUPY jeIHE BPCTEe OMoMace MOTy OUTH
3aCTYIUBCHH M PA3JIMYUTH TUIIOBH XEMHIIENYJI03¢ U OJHOCH MOHOMEpa JIMTHHHA, Kao U Mehy

henmujama ucror Tuma [22].

g’

Cnuxa 2.10. OcHosHne komnonenme henujcxux
3u0o6a oumaka [23]

[lleOuHT M KOayTOpH ACPUHHCATN Cy JIEMEHTApHU CacTaB JIMTHOLETYIO3HE OHMoMace Kojy
gure C, H, O, N, P u S. Hajzacrymmenuju enementu C, H u O yrnaBHOM moTudy M3 IENyNO3€,
XEMUIIETYJI03€ U IMTHUHA, IOK TIPEOCTaIN eIEMEHTH MTOTHIY U3 Markhe 3aCTyIUbEHUX jeumbema [21].

14
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Cnuxa 2.11. Cmpykmypa maxpogpubpuna [24]
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s Ileayao3a

JepuHuimjy 1emnyno3e Kao OCHOBHOT CTPYKTYpPHOT BllakHa y henrjckoM 3uay OMJbKe HaBeO je
['ubcon [24]. Y okBupy henujckor 3uaa, HaMeHa LETYyJI03€ j€ OjayaBamke MaTPHUIIC XEMHULICTYJI03€ U
JUTHUHA WY TeKTHHA. MOJIeKyIH 11eTylio3e ¢y pacnopehenu tako na pupmMupajy MUKpOBIaKHA KOja
rpynucana ynHe mMakpoduopmie (Cimka 2.10) y Marpuny ca XeMUIETYJI030M M JIMTHHHOM WA
nektuHoM (Cruka 2.11). CtpykTypa mojequHaYHOT MOJIEKyIa menyiio3e npukazana je Ha Ciunu
2.12, rae cy npuka3zaHu MOJICKYJIA KpucTaiiHe (a) u amopdHe 30He (0).

(a) (b)

Hexpucranue

=

g8 54
s F‘J ?\
.03 nm T
“, KPHCTAITHATH
. ~20nm
f {:;”:‘&
o 7 LENYI03HA
," -<—MHKPOBJIAKHA
: i 0.79nm 3 dnm
O : 44
- 0.84nm - 14_0 P
b“ CHrpyna @~ OHrpyna MAKPORIAKHO

O xuceornnx @~ CH,OH

Cnuxa 2.12. Cmpykmypa monexyna yeayiose a) kpucmaina, 6) amopgua [24]

[Ipema ctpykTypu, 1enyao3a npeacraBiba jaHal noiaucaxapuja cacrasibeH on 7000-15000
MoHoMepa rirykose (Ciuka 2.13).

= HD&LD D\Z{ xﬂ“f\ﬂ

Cauxa 2.13. Cmpykmypa monomepa yenynoze [25]

Banr u koaytopu aedunucanu cy xemMujcky hopmysy menymnose y 0oauky (C¢H100s5),, Tae n
MpeACTaBJba CTENEH moymMepusaiyje [25].

< XemuienyJiosa

I'mOGcon HaBOAM Ja XEMUIIENyJI03a MPECTaBiba jeIHy OJl OCHOBHUX I'PaJMBHUX KOMIOHEHTH
henujckor 3una 6momace. IIpema CBOjOj CTPYKTYpH, XEMHIIETYI03a je MOJHUMEp CacTaBJbeH O]l
KpaTkux jaHara amophHux nonucaxapuaa ca 500-3000 moHomepa ca kucenuMm rpymnama [24], 1ok
Banr u koayropu aedunumnry mojeny Ha yetupu ocHoBHe kiace (Cnmka 2.14) ca pa3nuyutum
TUIIOBUMa TTOJIMCaXapu/ia — KCHUJI03a, MaHO3a, TajlakTo3a U apabuHo3a [25].
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o OH
= HO -
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oH HE OH "OH
B-D- KCHITAH B-D- mamoza o-D-TalaKTo3a
HO i HOOC OH
-0 st-g—-1-0 HO—_ (.
Ho X O o X0 L
OH OH OH
o-L- apabumoza Y pOHCKA KHCEeIlHA

Cauka 2.14. Ocnoena cmpykmypa pasiuuumux mMoaexyia xemuyenynoze [25]

PacTBOp/bMBOCT XeMHUIIETYI03€ Yy BOAU Takole je jeJiHa 0/l aHATM3UPAHUX OCOOMHA, IPU YeMy
XeuHI] HaBOJIM HEPACTBOPIJEUBOCT XEMUIIENYI03€ Ka0 jeAHY O/ HeHUX OCHOBHUX KapaKTEPUCTUKA
[26], mok pe3ynaTaTH HCTpaKHMBama Koja Cy CHpoBelM BaHr W KoayTopu HaBOJE J1a CTENeH
pPacTBOPJEUBOCTH 3aBUCH O] CTETICHA MOJMMEpU3anrje u Opoja JlaHama, MpUu YeMy MambHU CTETeH
nonuMepusanyje u sehu 6poj nanaa MoHomepa nosehaBajy pacTBOpJEUBOCT XEMHULIETYJI03€ Y BOJIU
[25].

s Jluraun

[lopen muenynoze u xemuuenyno3e, ['MOCOH je omucao W JIMTHAH Kao jelaH Of
HajpacnpoCTpambEeHUjUX MOJUMepa, KOjU ca LEITyI030M U XEMHULENYJI030M Ipajld CEKYHAAPHU 3H]L
henuja Omsbaka M MOMaXke MHTETPUTET MATPHIIE IeNyI03a-XeMHuLenyno3a-nekTun [24]. Ctpykrypa
JIMTHUHA j€ BeoMa KOMIUIEKCHA U 3aBUCH OJ1 BeroBOr Mopekia. HajKoMIUIETHHjU CTPYKTYPHU MOJEN
nurHuHa nedunucao je Amgnep 1977. rogune (Cnuka 2.15), 10k cy Bpcte Beza u3mel)y pa3nnautux
KOMIIOHEHTHU JIMTHUHA Npuka3zane Ha Ciunu 2.16.

H,GOH
HCOR
HCOH
H,COH
HyCO Zl
o oH
HCOH
H,:l:on
CH H{CO HEOH
i O——CH
HCOH
H,(I:ou HC—CI?H
HiCO HaGOH HO oH ”C\O/CHz
L HyCOH
O % °°”3Hco HCOH
HC o i
HCOH : ocHs
HCOH 18
Hz?OH HyCO
HyCO HCOH He———0
O—CH HCO OCH, HCOH
HC o}
H,COH H??OHH)CO
HC OcH; ¢ o
i
HC—O HCOH

é SCOQ HZ(!ZOH Hzl.“.OH Q\ocn,

D—?H H(E—D
HCOH c=0
OH

ot:m3
OH

H,CO

Cnuxa 2.15. Aonepos cmpykmypHu mooden auenuna [27]
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Cauka 2.16. Bpcme 6e3a y cmpykmypu aueHuna [25]

Opn mpukaszaHor CTPYKTYpPHOI MOJEJia JIMTHUHA 3aBHCE HErOBE TEPMOIAMHAMHYKE OCOOHMHE.
CacTaB ¥ KOJIMYMHY JIMTHUHA y OuJbKaMa y 3aBUCHOCTH 0] 00TaHHWYKe BpcTe AepuHucanu cy ['apcuja
Kanso-®nopec u koayropu. Koy yetnHapa, TurauH nipenctasiba oko 30 % ykymHe mMace, 10K je KOJI
mucronagHor napeeha 3actymibeH ca 20-25 %. Koa 3espacTux Ouspaka NPUCYTaH je Yy MambUM
koimunHama [27]. [Topen naBenenor, [lleOuHT 1 KoayTOpH ACPUHUCATN CY U KApaKTEPUCTHIHO Behy
TOILIOTHY MON JIMTHUHA Yy OJHOCY Ha LENTYJIO3y U XEMUIIeNTy103y, IITO oThye oj Beher caapkaja
YIJbEHUKA Yy BbeMy [21].

2.2.1.2. Xemujcku cacras u ocoOnHe 3eqaeHe kape u SCG

dnament y Xemuju ykyca kade [28] HaBoau mpename mpema Kome je ,,kaga omkpusena
cayuajuo y Jemeny kaoa cy nacmupu, mpaxcehu nauun 0a ocmauy OyOHU KAKo He Ou nponycmuiu
epeme 3a MOIUMBY, RpUMemuiu 0d BUXo80 CMmaodo Ko3a ocmaje 0yOHO U AKMUBHO MOKOM yele Hohu
xXpanehu ce ypgenum 6obuyama. bobuye cy u camu npodbaru u cxeamuiu oa euuie Hehe umamu
npobiem usocmajarea ca MOIUmMeu. .

VY wucroj nureparypu [28], ®nameHT Takohe HABOOM Ja Cy IO MUTamby BpPCTa HAjBUIIE
3actynsbeHe Coffea arabica xoja 3a y3rajame 3axTeBa Behe HaAMOpPCKe BUCHHE, J00pO HABOHABAKkE
u npenaxy, u Coffea canephora (robusta) xoja ce Hajpuiie pousBoau y Adpuiu. 3a ynorpedy ce
KOPUCTH YHYTpAIlllbhe 3pHO Kade, oK ocTaTak npejacrasba oTnaj (Cnuka 2.17). Tunuyan xeMujcku
cacTaB 3eneHe kade aart je y Tabenu 2.4.
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_ 3pHo kade
_Omna apHa

_Cromamesa onea
~ (endocarp)
_- Iynma (mesocarp)

_~ Jbycra (exocarp)

Cauxa 2.17. Cmpyxmypa 3pra kaghe [29]

Tabena 2.4. Xemujcxu cacmas senene kage (Yom/m, db)[30]

KomnonenTa Arabica Robusta | Cacras
PactBopsruBH 9-12.5 6-11.5
YTJbCHU XHUJIPATH
Mounocaxapuau 0,2-0,5 @dpyKTO03a, ranakTo3a, apabuHosa (y TparoBuma)
Cykposa (> 90 %), padbunosza
Omurocaxapuin 6-9 7| 000 %)f cmxno)sf (gio,w %)
TMomcaxapmu 3.4 [Momumepu ranakrose (55-65 %), apabunoze
(20-35 %), mano3ze (10-20 %), rnykose (0-2 %)
HepacTtBopssusu 46-53 34-44
MOJICaXapUan
ITomumepu ramakrose (65-75 %),
Xemuuenynosa >-10 3-4 apa6I/IHOI;e (25-30 %),(MaHOSG (2)—10 %)
Henyno3sa,
B (1-4) manan 41-43 32-40
Kucenune u penonu
Hcnapseuse 0.1
KHCEJIMHE ’
Heucnapsbuse JlumyHCKa KHCennHa, ja0ydHa KUCeTHHA
anudarcke 2-2,9 1,3-2,2 ’ ’
CHCOITHHE KHHMHCKA KHCEeInHA
Xioporena
CHCeIIHA 6,7-9,2 7,1-12,1 | MoHo-, aukacdeon-, pepynacka KucearnHa
Jluraua 1-3
Jlunuau 15-18 | 8-12
Bocak 0,2-0,3
Ve 7,7-17,7 MacHhe kucenune: 16:0 u 18:2 (9,12)
N jenumemna 11-15
Croboxue amiHO 0,2-0,8 Awmuno kucenune: Glu, Asp, Asp-NH>
KHCEITNHE
[Iporennun 8,5-12
Kadeun 0,8-1,4 1,7-4,0 | TparoBu TeobpomMuHa U TeopuinHa
Tpuronenun 0,6-1,2 0,3-0,9
Munepanu 3-5,4

db — dry basis (y anicoyTHO CyBO] MacH)
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CTaOuITHOCT HaBENICHUX jeIUbCHha aHaTu3upaau cy Mycato u koayropu y okBupy [30], mpu
4eMmy je HaBeACHO J1a je caMo KOGeuH TepMOoCcTabmiiaH, JOK Ce OCTala jeUbEHha JajbUM MPKESHEM
MOTY Pa3JIOKUTH WM TPAHC(HOPMHICATH Y PEAKTUBHE MPOYKTE.

Kapakrepuctuke oTaga HacTaJlor y MpoLecHMa MPOU3BOIE U MOTPOLIKE Kade 3aBUCE 0]
KapaKTepUCTHKa OCHOBHE I'PaIMBHE MaTepHje, Kao U MPUMEHEHUX MOCTyMaKa y ha3u mpou3BOAKE
(Cnuka 2.18) ¢puHAIHOT TPOU3BOIA.

Cnpoea xada
ObjemmaEame
| - ) mamifie,
pame | pumrprpame memmetolie, HTm,
Cvyea mpepaja Buasxna npepana

) )

| Cymreme | Tbyurreme IT¥./IIA

. .

JBYCKA 4—| Jbynrreme | | $epneHTAITYA |

JBYCEA
PACTEOP/BHBA
KAPA Y
SCG '—{ ExcTpasina ‘ 'T]mﬁet-barp@ﬂymcuw
: . . . HEOITOBAPATY hA
‘ MMaepeme ‘ | Copmpa.fl:., oo Soju s KADE
OJAEPAHA 3PHA
KADE

IMPAEHA KASA

Cnuka 2.18. lllemamcku npuxas nocmynka npepaoe kaghe [31]

VY okBupy uctor ucrpaxuBama [30], Mycato u xoayropu HaBenu cy nepunuinujy SCG kao
JIMTHOLIETYJIO3HOT OocTaTKa (MHe TpaHyialje KOjU HacTaje MpeuBambeM Kade BperIoM BOJIOM, IIPH
yemy a00uja Bucoku npoueHart Biare (80-85 %). Tunuuan cacraB SCG npukasa je y Tabenu 2.5.

Ha ocHoBy nonataka npukazanux y TaOGemama 2.4 u 2.5, 3akipyuyje ce Jia Cy MOJHCaXapuIn
ocHoBHe KommoHeHTe kKade u SCG. OCHOBHM TpaauBHH ejeMeHTH xemunenynoze SCG cy
MOJIMCaXapUIH TalakTo3e, apabuHO3e U MaHO3e, JIOK j& KCHII03a PETKO 3aCTYIJbeHA Y TparoBUMa Hilu
Huje npucyTtHa. Cumoec, Mopeunpa u KoayTopH HaBeJH Cy aa cTpykrypa nosmmepa SCG 3aBucH o1
CTeTeHa Mpikema 3e1ene kade [32, 33].
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Tabena 2.5. Xemujcxku cacmas SCG npema paznuuumum uzeopuma [34-36]

Canp:xkaj (g/kg) a»

Kommnonenre (34] 35] 36]
[enyno3a (ri1yko3a) 8,6 12,4+ 0,79 243
Xemulenyiosa 36,7 39,1 +£1,94 24,8
Kcunosa Huje onpehena Huje onpehena -
ApabuHo3a 1,7 3,6 £0,52 -
I'amakTo3a 13,8 16,43 £ 1,66 -
MaHo3a 21,2 19,07 + 0,85 -
Jluranna - 2390+ 1,70 13,5
HepactBopsbrBu - 17,59 £1,56 -
PacTBOopsbuBH - 6,31 +£0,37 -
[Tporennu 13,6 17,44 £ 0,10 -
Ileneo 1,6 1,3+0,10 -
Mactu - 2,29+ 0,30 -
A3sort - 2,79+0,10 3,4
Opxnoc C/N - 16,91+0,10 17,29
VYKyIHa qujeranHa i 60.46+2.19 )
BJIAKHA
HepactBopsbrBa - 50,78+1,58 -
PactBopsbuBa - 9,68+2,70 -

Tabena 2.6. Munepanowxu cacmas SCG npema pasnuyumum uzgopuma [34, 35]

XeMujcKku Konuenrpanuja (mg/kg) av
eJleMeHT [34] [35]

K 3549,0 11700 + 0,01
Ca 7774 1200 + 0,00
Mg 1293,3 1900 + 0,00
S - 1600 + 0,00
P 1475,1 1800 + 0,00
Fe 118,7 52,00 + 0,50
Al 279,3 22,30 + 3,50
Sr - 5,90 + 0,00
Ba - 3,46 + 0,05
Cu 32,3 18,66 + 0,94
Na - 33,70 £ 8,75
Mn 40,1 28,80 + 0,70
B - 840+ 1,10
Zn 15,1 8,40+ 0,20
Co - 15,18 £ 0,05
| - <0,10

Ni - 1,23 +£0,59
Cr - <0,54
Mo - <0,08
Va - <0,29

Pb - <1,60

Se - <1,60
Ga - <1,47

Sn - <1,30
Cd - <0,15
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[Tpukazan muHepasnomku cactaB y Tabenu 2.6 mokasyje na merneo SCG uma Hajehu canpikaj
KaJlMjyMa, Kao W 3ejieHa kada, a moroM Qocdopa, MarHesujyma u Kaiaujyma. Moryhe HaumHe
yIpaBJbalkba OBOM BPCTOM OTHajAa onucaiu cy ['mporo u koayropu [34] u Ctuiinanoy u KoayTopu
[37].

Knacugpukanujy xemunenynoze SCG y Tun Manana (raJakTOMaHaHU U TIykoMaHaHU — Criuka
2.19) u apabunoramnaktana HaBeo je Mewncu [31], mTo je y ckinaay ca momanuma y TaGemm 2.5.
Pearsen m xoayropu aeduHucanu cy CTpyKTypy apabunoramakrana (Cmuka 2.20) Kao cloXeHe
MoJIucaxapuie XeTeporeHe U MPOMEHJBHBE CTPYKTYpE 4YHje IPOMEHE 3HaYajHO YTHUY Ha (U3NYKO-
XeMHjcKe ocobune momumepa [38].

B-1.4-xamoza

a)

O i

.-}[.ﬁ:__:u-l:ﬁ-rmmn?a - H

.

B-1.4-uanoza Anstun rpyna

0)

a-1,6-ranarroza
AnerHr rpvma '

B-1.4- Magoza B ITYEDS2

6)
Cnuka 2.19. Cmpyxmypa monekynia a) MOHOMAaHAaua, 6) eaiaKkmomMarHauda,
8) eanaxmoenyxomanana [39]
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Cnuxa 2.20. Cmpykmypa monexyna apabunozarakmana a) 1 6) 11 [39]

CumMoec ¥ K0ayTopu HaBOJIE Jia cajpxaj rpaauBHuUX nonucaxapuna y SCG 3aBHUCH 0]] CTEIICHA
TepMHUYKE 00paje 3eieHe Kade, mpu 4emy ce KOJ jade MpikeHe Kade Mema CTPYKTypa M CallpiKaj
rajakToMaHana nosehasa, He3aBUCHO oJ1 BpctTe kade [32]. Paznnuuru MexaHu3mu Tpanchopmariuja
rpaJBHUX IOJIMCaxapua MPUINKOM TepMHUUKe 00pase kade npukaszane cy Ha Ciounu 2.21.

| Cf oecumandja B perapborcHIaHa

&-p-Lyx 0,
f'l?h o \‘, C2-srzouepersarga ]

N

¢ 5-1-Ara 5-4-Rib

Jr‘f ™ ﬁ,. m-i{mmepnmf \{D ?l:-unﬂ‘

Cnuxa 2.21. Tpancpopmayuja cmpykmype nonucaxapuoa xaghe moxkom npxcerva [32]
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[Ipema nomanmma y TabGenu 2.6, Haj3acTynsbeHuju eneMeHT y SCG cy KalujyM U KaldjyM.
Banr u koayropu HaBoje Jja KaluujyMm y Onomacu, Koju Jiaje YBpCTohy OCHOBHOj MaTepHju, IoKa3yje
BEJINKY CTaOWJIHOCT TMPHJIMKOM IHUPOJIHM3E I/Ie CE 3aJpXKaBa y UBPCTOM OCTaTKy HHPOJIH3E, JOK
KaJIMjyM MPHUCYTaH y OMoMacu MpUWIMKOM Muposn3e Texu popmupamy racue daze. [25] Ca apyre
cTpane, ['ynra u KoayTopu HaBoJIe 1a KaILKjyM Ka0 MHHEpaIHA IpUMeca y TOpUBY UMa HEraTHBaH
YTHIIA] Ha TOILIOTHY MOh rOpHBa TakKo MITO C€ €HEpruja TPOIX Ha pasiarame KapOoHaTa:

A
CaC03(5) = Co0(5) + CO(g) 1 (2.1)

Ipy 4eMy ce CHIKaBa ToruioTHa Moh ropusa [40]. Ha temmeparypama mo 500 °C ocnobabha ce
OpPraHCcKH KaliujyMm U3 Ouomace yciea TepMUYKe HECTaOMIHOCTH, JOK CE Ha TeMIleparypama M3Ha
500 °C ocnobaha Heoprancku kanujym ycies noehama nputucka BogeHne nape. C o03upom aa y
y3opurma SCG Huje 3a0eiexeHo MPUCYCTBO XJI0pa, BaHT 1 KoayTopu HaBoJIe /1a c€ OUeKyje eMHCH]ja
kamjyma y ¢opmu KOH, ognocHo KCl y memaBunama ca nurautuma koju cazapxke Cl [25].
HonatHo, Tuiaman U KoayTopu HaBoJie MOTpedy 3a oAroBapajyhuM peryiaucameM Impoleca Kako ou
ce yMmamHia T0jaBa 3allJbaKMBamka HCIAPUBAYKHUX TOBPIIMHA KOTJIAa KOj€ MOTHUYE O] jEeIHbCHa
ankanuux metana [41]. [Topen naBeaenor, Togaka u koayTopu nokasaiu cy ja je npu ynorpeobu SCG
MOTPEOHO BOJNUTH PauyyHa U O HErOBOj CKCIUIO3UBHOCTH [42].

2.2.2. I'yma

Hajseha xonmuumHa oTmajHe Tyme MOTHYE OJ IMHEyMaTHKa Bo3wia. Ilpema mocTymHHM
noganuma, npuoOInKHO neT MuinoHa ToHa WT, omHocHO 2 % yKymHOT OTHaja HacTaHE CBaKe
rOJUHE, IITO MpEeACTaBba 3HA4ajaH MpoOJeM 3a CUCTeMe ympaBibama ormnagoM. Ommarame WT
MpEeJCTaBba KOMIUICKCAaH MpoOsiieM 300T HUXOBE BHCOKE XEMHjCKe, OHMOJIOImKE W (HU3UUKE
ornopHoctH. [lopen Tora, Cunr u koayropu HaBoae na WT mpencraBiba BEUKY OMACHOCT 3a
HACTaHAK IM0’Kapa U BUCOK CTEITeH 3araljema 3emibHinTa, Boaa u armochepe [43]. Yrpasmame WT
onpeheno je upextuom EY 2000/53/EC [44].

[Mpubmmxao 80 % wmace ayromoOmickux W 75 % Mace KaMHOHCKHX ITHEYMaTHKAa YWUHE
MellaBuHe noinuMepa. basen KOHBEHIIMja 0 KOHTPOJIM MPEKOIPAaHUYHOT KpeTama OMacHOT OTHazxa u
ETOBOT OJIarama y OKBUPY ,, T €XHHUYKOT yITyTCTBa 32 HASHTU(DHUKALIN]Y U YIIPaBIJbamke KOPUITNeHUM
MHeyMaTULUMa“ HaBOJM Ja je cacTaB IHEyMaTHKa 3a BO3WIA PasIMYMTUX Mpou3Bohaya Beoma
cinyad [45]. Takohe, EBoncka aconujanuja 3a mHEyMaTUKe U TYMy Yy OKBUPY JOKyYMeHTa ,,OTnaanu
nHeymaTtuuu — Bpenan usBop ca pactyhum noreHnujagoM’ HaBOAM J1a IpeMa XeMHjCKOM CacTaBy,
WT unHe MenaBuHe CUHTETHYKE U IPUPOJIHE TyMeE, KOJUMa ce J10/1a]y oApeleHe KoNUUnuHe aIuTUBa
3a nobosblame nephopMaHcH, TpajHOCTH U 6e30e1HoCTH. Kao aquTuBM KOopHcTe ce MUHEpallHa yJba,
ojauaBajyhe ucnyne (Carbon black — y namem TekcTy racHa 4yal), W CWIMKA) M areHCHU 3a
BYJIKaHU3Hpambe (CyMIIOp) KOjH JIeNTyjy Kao KaTaau3aTopu 3a yop3aBame Ipoleca ByJakaHuszamnuje [2].
Ocum Tora, TopeTa 1 KoayTOpH MMoKa3aju cy ja ce nmpu ynorpedbu WT 3a nobujame eHepruje, yTuiaj
HEXOMOI'€HOCTH cacTaBa yMamyje MIIeBEHhEeM I'yma J10 oapeheHe BennuuHe rpanyianuje [46].

2.2.2.1. Xemujcku cactaB WT

s IIpupoana ryma

[Tpumapuu u3zBop npupoane ryme (NR) je 6usbka Opa3suiicku KaydyKoBall, JIJATUHCKOT Ha3uBa
Hevea Brasiliensis (Cnuka 2.22). Y cBery ce Hanasu Buie oa 50 Bpcta oBe OuJbKe, IITO 00jalImbaBa
MIOCTOjarbe Pa3iivKa y CTPYKTypaMa MPUPOIHNX I'yMa y yIOTPEOH.
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Cnuka 2.22. Exempaxyuja namexca (noxkaino cmanoguuuimeo) [47]

BauTtepc oncucyje NR kao npousBo mupoke IpUMeHe KOju KapaKTepHUILy BEeIUKa CIIOCOOHOCT
enmactuune aedopmanmje (MCTe3ame U CaBHjambe), BEIMKA BOJOOTIIOPHOCT U crienuduuHe Gu3nike
ocobune. Hacraje u3 nporeca nonumepusanuje MmoHoMmepa uzomnpena (Cnuka 2.23), npu yemy ce
(dbopMupajy JIaHIU MOJTUHU30IPEHA KOJU TYMH 2]y OCOOMHY BHCOKE 3aTe3HE UBPCTONE, €IIACTUIHOCTH
U OTHOPHOCTH Ha cMUIamke. Y nopehemy ca CHHTETHYKOM I'yMOM J0OMj€HOM IOJIMMEPH3alijoM
M30MpPeHa KOjy KapakTtepuine Mana 4yBpcroha, NR je mojiokHa KpUCTanu3aldju Ha HUCKHM
Temneparypama u nnoj onrepehemem [48].

CH, H
% &
c==cC
N
wwww— CH., CH. CH —— CH —"W\

nomu-imc- 1 4-nsonpen

Cauka 2.23. Xemujcka cmpykmypa monomepa usonpena [49]

Takohe, y wucroj mureparypu [48], Baurepc maBomu ma mpumena NR mokasyje moOpe
MeXaHH4YKe 0COOHMHE, (PIIEKCHOMITHOCT M €aCTHYHOCT, Kao M 33/10BOJbaBajyhy OTIIOPHOCT Ha yrnape
U yBHUjame. Y mnopelemy ca ocTaiuM TepMOIUIAaCTUYHUM Matepujanuma, NR ce Moxke npepahuBatu
Ha HIDKUM TemriepaTypama. HeratusHe acriekte NR npescTaBibajy Maiga OTIOPHOCT Ha OKCHAAIH]Y,
panujanyjy u BeJIHKe rpyre XeMUKallija i COJIBEHaTa yclie/l CBoje He3acuheHe CTPYyKType.

s CuHTeTHYKA rymMa

3a paznuky o NR, CHHTETHYKHM eacToMepH 3a OMIITe HaMeHe ce u3pal)yjy ca moOoJbIIIaHuM
KapakTepUCTHKaMa Kao IITO Cy OTIOPHOCT Ha TeMIepaType, 3aMOp M KOHTAaKT ca MPUPOIHUM
eneMeHTHMA. Y MHIYCTPHjH MHEYMAaTHKa, HAjIIUPy MPUMEHY Hala3: KOMOJIMMEp CTUpeH-OyTaineHa
(SBR) 360r Behe ornopHOCTH Ha abpa3njy U CHMXKEHUX TPOIIKOBa Mpou3Bomke. SBR je memnaBuna
npubmnkHo 75 % Oyraauena (BR) u 25 % crupena (SR) xoxa xojux cy nojeMHaYHH MOJIEKYIJIN
BE€3aHU Tako J1a popmupajy kononumepe (Cnuka 2.24 u 2.25). Ilopen ocobuna cinunux NR, SBR je
ocabJbeH yribOBOJOHHYHUM YJbHMa M BPEMEHOM JETPaanpa ycie JeloBamba KHCEOHNKA U 030HA
u3 armocdepe. Benuku nenocratak SBR je mana uBpctoha 6e3 ojauama ucmyHama (HIIp. racHa yal)),
Majla eJJaCTUYHOCT W Maja OTIIOPHOCT Ha CMHIalke KOja je HApOYMTO M3pakeHa Ha MOBUIICHHM
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temrneparypama. OBe ocoOrMHE OATOBOPHE Cy 3a THI M KOJIUYUHY ClleNU(UYHUX MELIaBUHA TyMe
KopurheHux 3a Ipou3BOIbYy MHEyMaTHKa. Koj criennjanHux mHeyMaTHKa HAMEH-EHUX 32 KAMUOHE
u aBuoHe nporeHatr SBR ce moxe 3HauajHO cMamuTH ycien notpede 3a BehoM OTIOPHOCTH Ha
tomioty (y mojenuHuM ciaydajeBuMa kopuctu ce 100 % NR 3a Hajrexe ycinoBe pana). HaBenene
KapaKTEpPUCTHKE CHHTETUYKE TyMe omnucao je Baurepc y okBupy [48].

H H H CH, — CH—CH —
I L NG 2
c=cC Cc=C CH
Nl N NSO .
CH, CH, CH, H cH,
mc - 1.4 Tpanc - 1.4 1.2
a)
H H H CH, = ] —
i | ARG {HJ EH CH— CH=
CEic = K CH ' .
N W N/ i @

CH, CH, CH, H CH, S
byTamued byTanmen byramuen 1,2 cTHpen
mpc - 1.4 Tpanc - 1.4 (BMHMI)

0)

Cnuka 2.24. Xemujcka cmpykmypa monomepa a) BR, 6) SBR [49]
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Cauka 2.25. Monexynapna cmpykmypa 0CHOBHUX KOMNOHEHMU NHeYMamuKka — a) monomepu (“yuc-
1,4-uzonpen, ® yuc-6ymaouen, ‘mpanc-6ymaduen, ‘sunun-6ymaouen, ‘cmupen), 6) ranyu
noaumepa, 8) cmpykmypa NR, BR u SBR [50]

2.2.2.2. TepMnuke ocoduHe ¥ TexXHUYKA aHaau3a WT

bazen koHBeHIMja O KOHTPOJM MPEKOIPAaHMYHOI KpeTama OIACHOI OTHaja U HEroBOT
o/ularama y OKBHPY ,,]€XHHUYKOT YIyTCTBA 3a WACHTU(QUKAIM]Y W YIPaBJbamkbe KOPUIINCHUM
nHeymatuuuma““ [45] HaBoM J1a MpoceyHa TOIUIOTHAa Moh MHeyMaTHKa 3a Bo3uia u3Hocu 32 no 34
MlJ/kg. Jenna Tona WT exBuBajeHTHA j€ TOHU KBAIUTETHOT yriba uin (.7 TOHA yiba 3a JIOXKEHE. 3a
MIPOU3BO/IY MTHEYMATHKA U FIbUXOBUX IPAJMBHUX eJleMEeHaTa TPOIle Ce 3HauajHe KOJUUHUHE EHepruje:

- Tacna ual)— 93 MJ/ kg,
- IIpouecno yme — 42 MJ/ kg,
- Emacromepu — 56 MJ/ kg.

[THeymaTHnny 3a BO3MIiIa TMOKa3yjy HEMOBOJbHE OCOOMHE KOJ Majberha. Temreparypa mabema
moxke 6utu u3melhy 33 °C u 350 °C, nok 10 mojaBe camonaberma He Moxke ohu. Ha temneparypu
650 °C mHEyMaTHIIM MOTITYHO CaropeBajy, Mpu 4eMy OCTajy Iereo U Ijbaka.
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WT Hanaszu npumeHy y OpOjHHM T'paHaMma WHIYCTPH]j€ TNIe C€ KOPUCTH KAO0 CHPOBHHA Y CBOM
¢uHaTHOM OONMKY, WM cHajbyje 3a MoTpede 100ujama eHepruje:

- Enektponyune nehu y uyennyanama — ymoTpeba mcedeHe TymMe Kao 3aMEHE 3a aHTPalUT
(1,7 kg uceuene ornaane ryme = 1 kg antpanura). [IpeqnocT oBe mpumMeHe je uckopuiiheme
Y YIJbEHUYHOT U YSIIMIHOT capiKaja ryma;

- Jlobujame eHepruje — mpeIHOCTH T'yMe Cy IPUOIMKHA TOTUIOTHA MOh Kao KOJT KBAJIMTETHUX
yIJbeBa, Mamkba eMHUCHja METalla, OCTAaTaK CHaJ/bHBamkba CE MOXKE KOPUCTHTU Kao CHPOBHHA 32
Ipyre HameHe (HIp. HHIYCTpHja IEMEHTA);

- TepMmoenekTpaHe — OTHaHA I'yMa Kao TOPHBO 3a CarOpEeBambe.

Py u koayropu HaBojge nma ce ynorpebom WT 3a noOujame eHepruje cMamyje 3ampeMHuHa
OTIa/ia KOj! je MOTpeOHO o/u1okuTH. CyIpOTHO KOKCY yriba, KOKC HacTtao caropeBambeM WT Hema
torotHy Moh. ITpu ynotpedbu WT 3a ko-caropeBame y JOXKHIITHMA KOTJIOBA HA YTralb, IIOTPEOHO je
MPETXOHO MJIEBEHE JI0 CIIpaIlICHOT cTama [S51].

OpnroBapajyhum perynucameM mporieca TOKOM KOMOMHOBaHOT caropeBamba WT u (ocumHnx
ropuBa Mmoryhe je oapkaBatu emwucuje 3aral)yjyhux jeaumema y atMocdepy y MNpPOMHCAHUM
rpanunaMa. OCHM y HHIyCTPHjCKUM ITOCTpOjeuMa, ciasjbuBambe WT y nomahuHCTBEMA 103BOJHEHO
jé YKOJHMKO j€ TeXHHYKH H3BOJJBMBO, I/I€ IPETXOJHO HaBEAEHO ,,TeXHHYKO YIYTCTBO 3a
UACHTUUKAIM]Y U YIpaBJbabe KOpUITheHUM mHeymMatuuuMma™ [45] He mpernopydyje HaMelIaBame
Bure o 10 % ryme y oCHOBHO ropuBO KopHuIINeHo 3a rpejame JoMahnHCTBa Kako ce He OU yrpo3uo
pax niehw.

Kao u xon ¢ocunaux ropuBa u Ouomace, 3a mpoueHy mnorogHoctu npumene WT 3a ko-
caropeBame ca POCHITHIM TOPUBUMA ITOTPEOHO j€ MPETXOIHO Je(PHHUCAKE IeHIX KapaKTePUCTUKA.
Y TOM 1uIby CIIPOBOJIE CE€ elieMeHTapHa U TexHudka ananuza WT. Pe3ynratu cnpoBefieHIX aHaAIM3a
WT 3a paznuunre THIIOBE BO3WJIa HaBeIeHU cy y Tabenu 2.7.

Tabena 2.7. Ilopehere pezyimama mexnuuxe ananuze WT 3a paznuyume munoge eozuna [52-59]

Jlureparypa
TexHnuka Tun
ananmmsza (%)  mHEYM. [52] [53] [54] [53] [56] [57] [58] [59]

LvT 0,55 1,5 1,80

%me ) MVT - - 1,53 131 13 1,6 - -
HVT - - 1,60 - - 1,4 1,89 0,64
Bonamunu LVT 62,00 5520 64,50 - - - - -
(em/m) MVT - - 56,72 62,32 62,2 58,2 - -
HVT - - 68,43 - - 66,1 59,86 63,26
Heneo LVT 18,73 21,00 7,40 - - - - -
(em/m) MVT - - 15,32 10,21 7,1 18,9 - -
HVT - - 5.67 - - 5 13,33 5,39
DukcHu LVT 18,72 22,30 26,30 - - - - -
Ve/beHUK MVT - - 26,43 26,26 29,4 21,3 - -
(Y%om/m) HVT - - 24,30 - - 27,5 2492 30,72
I'ne cy:

LVT — naka Bo3uia (MOTOIIMKIIN ¥ OUITMKIIN ),
MVT- cpenmwe Temika Bo3uiia (MyTHUYKH ayTOMOOMIIN);
HVT — temka Bo3una (KaMHOHU U ayTOOYyCH).
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2.2.3. MemaBuHe JUTHUTA ¢a IPYTMM MaTepujajimmMa

3a moTpebe cMamema 3aBUCHOCTH O] MPUMApHUX (DOCWIIHUX TOPUBA, CMAbEHa EMHUCH|EC Y
atMocepy M peliaBama IpoOjeMa yrpaBibamba pacTyhMM KOJIMYMHAMAa OTIaja KOjH 3axTeBa
onpeheHn TpeTMaH M CpEACTBa, pa3Marpa ce Kopuiheme OTmajga 3a 3aMeHy Jiela MpUuMapHOT
dbocuIHOT TOpHBa Yy TpOIECHMa KO-CaropeBama y JIOKHUIITAMA TOCTOjehnX eHepreTcKux
MOCTpPOjeHha.

Tuman 1 K0ayTOpH HABOJIE Ja MEIIake YUBPCTUX TOPHBA MOIpazyMeBa GopMHparme J0BOJBHO
XOMOI'CHUX MCIIaBHWHA JABC WJIM BHIIC YBPCTHUX MaTCpI/Ija HaMCH:CHUX 3a CaropcBambe y KOTJIOBHUMA
[41], mpu yeMy MaTepHje 3a HaMelIaBamke MOTY OMTH YIJbE€BH MCTOT WJIM CIUYHOI PaHTa, YIJbEBU
pa3IMYUTOT paHra, yrajb u Ouomaca, otTraaHa Ouomaca, 3eJbaCTé YCEBH, OTIAJ KUTApUILIA, PeKaHje
U3 )KUBOTHEGCKOT Y3roja Kao U MHAYCTPUjCKH 0TI npepajie Ouomace. Memasune, Takohe, Mory aa
YUHE yrajb M HIMPOK OINCEr MHAYCTPHUjCKUX MaTepujaja W OTMaja, MOIYT METPO-KOKCa, YIJbeHEe
npamuHe, KOMyHanHor otnana (Refuse-derived fuel - RDF, otmaguu manup, minactuka), WT,
oapeleHe BpcTe omacHoOT 0TNaAa, UT/. 3Ha4ajHO 3a H300p rOpHBa 3a HAMEIIABAHE j€ MO3HABALE /eI
nporeca y KoM he ce o/BHjaTH HaMellaBame, PaclojOKHUBUX TUIIOBA MEXaHHMYKUX CHUCTEMa 3a
HaMelllaBame, OCTojehux peryJalnoHuX CUCTEMa 3a HaMelllaBambe, Kao U JeHUHUCAmbE OTPEOHUX
M3MEHA OTpeMe Ha IMOCTPOjCHY.

dopmupame MelaBuHa MOKE C€ BPLIMTH Ha CKJIAAMIITY WM BaH IIOCTPOjeHha Y3 TPAHCIIOPT
70 TIOCTpojera. Takolhe, Moxke ce CIpoBeCTH Ha TPAHCIIOPTEPUMA FOPUBA JI0 TOPHOHUKA WK JIPYTe
orpeme.

Hajuemhu HaunH HamemaBama TopuBa je JUpeKTHO Ha ckiaanumty (Cirka 2.26) 1 morojaH je
3a MeIIamke yrjba W OTMAJHE TyMe, alld HUje MOrOAaH 3a MEIIaBHHE YIjba M OTIHagHe Ouomace.
Taxole, mpo6sieM OBOT HAYMHA HaMEIIaBamba MPEACTaBIbajy BUCOKH MHBECTUIIMOHU TPOIIKOBU WIIN
noBehame 00MMa 1ocia ¥ CMamkemhe TAYHOCTH YCIIe] CMambEemha CTeNICHa ayToMaTH3alltje rmpoleca 3a
notpe0de CHUKEHha HHBECTUIIMOHUX TPOIIKOBA. J[pyru mpobieM Ko Meliamka ropiuBa Ha CKIIAAHINTY
j€ HaKHAJIHO 3ajeTHIYKO MJIEBEHHE, TIE CE PA3IMYUTH MaTEPHjalId MEJbY /10 PAa3IHYUTUX FPaHyJIaIH]ja
qUMe Ce yCJIeA Jajber (QMITPUpamka MEHka 0JHOC MAaCEHHUX yjella KOMIIOHEHTH U3JIa3HE MEIIaBUHE.
Hauunu mMemama 1 Ko-caropeBama 01omace U yriba pukasanu cy Ha Ciounu 2.27.

=g

.1»0.;.}

Cauxa 2.26. Mewarve copusa na cknaouwmy [41]
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Cnuxa 2.27. Texnonozuje ko-cazopesarsa yema u buomace [60]

Jlpyru HaumH Mellama MpeACTaBba MEIIAkhe TOpPHBA y CaMOM JIOXKHINTY, MPU YEMY Ce
pa3MYnTa TOPUBA OJIBOjEHO MPHUIIPEMAjy M HE3aBUCHO yBoje y joxurnre. OBaj HAYMH Mellama je
MpernopydeH y clydajy MellaBuHa yrijba U OMoMace KOju ce He MOTY MeIIaTH Ha CKIAAUINTY 300T
MPHUCYCTBA BJIAre.
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2.2.3.1.

Memasune guraura u SCG

Enementapau cactaB Omomace moka3yje HUXKH CapiKaj CyMIopa U a30Ta y OJIHOCY Ha CaipxKaj
HaBEJICHUX eJIEMEeHAaTa KOJI JIMTHUTA. 3aMEHOM JIeNia JIMTHUTa OnomMacoM oMoryhasa ce CHH)KaBame
emutoBaHux koimanHa SO2 u NOx. Ha Cniutu 2.28. mpukaszaHa cy ocTBapeHa cMamerma emuchje SO
u NOx moBehamem maceHor ynena OMoMace y MeIIaBHHama, 3a pas3liMuuTa TOCTPOjerma 3a KO-
caropeBame yriba u buomace. Camu M KoayTopH y OKBHpPY [61] HaBOIe OUEKHBAHO CMACHE EMUCH]E
tepmudkor NOy yciieq CHIKaBamba TEMIIEpaTypa 3a OJ[BUjarhe MPoIeca caropeBama MEIIaBHHa, Kao
¥ MOTYRHOCT peryiucama eMUCHje ONTHMHU3ALNjOM JOBEACHE KOJMYMHE Ba3ayXa 3a KO-CaropeBame
y OIHOCY Ha CaropeBame YHCTOT yrijba. Peryinucame eMHUCHje NMPHIUKOM OJIBOjeHOT YBolhema
OroMace 1 JIMTHUTA Y JIOXKHILTE MOXKE ce MOCTHhY MojienaBamkeM BUCHHE Ha KOjOj ce BPIIU yBOheme
Ouomace y 30HY IiaMeHa oqpeleHne remmeparype.
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Cauka 2.28. Cmarwerve emucuje SO2 u NOx uz npoyeca ko-cazopesarba buomace u yemwa [41]

ITopen cmamema eMucHja, yBOhemeM OuoMace y IMpolec KO-caropeBama OdYeKyje ce
OCTBapUBamke EKOHOMCKHUX e(ekara yciel yiTeae y IpuMeHHn (POCHITHUX FOpHBa, Kao U pelliaBame
npobnema yrpasibama oTnaaoM. [locrojehn pe3ynaratu TeXHO-eKOHOMCKE aHaJN3e KO-CaropeBama
Onomace M yrijpa y TepMOeJIeKTpaHaMa Kojy Cy CIIpoBenH Jle M KoayTopH TOCTYITHH y OKBHpY [62],
HaBOJIe Jla MHBECTUIIMOHU TPOIIKOBU KOJ yBoh)era Onomace y mpoliec caropeBama HajBHIIIE 3aBUCE
0J1 HayMHa yBol)ema ropuBa y JIOKHINTE U HAjBUIIN Cy y CIIy4ajy OJIBOjeHOT yBohemwa, pHu 4eMy ce
yBOhemeM Ornomace y rmporiec Ko-caropeBama He3HaTHO CMambyje eUKACHOCT KOTJIa, JOK HUj€ yOUeH
3Ha4ajaH yTHUIla] HA YKyMaH KalaluTeT MOCTPOjema.

dopmupame MemaBuHa Ouomace M yriba Moryhe je TUpEeKTHO Ha TPaKacTOM TPaHCIOPTEPY
Ipe MJIMHA WIK Y JOXKUIUTY IPH 4YeMy ce OMomaca U yrajb y JOXKHIITe yBoje ofBojeHo (Ciuka 2.28).
dopmupame MellaBuHa Ha CKIAAUIITY Moryhe 3a masne konuuuHe 6uomace (< 5 %) aHanusupao je
Tunman y okBupy [63]. Pesyntatu ananuse Kojy cy cripoBeiu Ay-MaHCyp U KOayTopH 3a pa3inyuTa
MOCTPOj€Hha 33 KO-caropeBame yriba u onomace [64], HaBojie Kao Haje(hUKaCHU]U HAUMH UHIUPEKTHO
KO-caropeBame (0/1B0j€HO yBOheHe ropuBa) a 3aTUM ciiejle IUPEKTHO KO-CaropeBame y ClpaiieHoM
cTamy U (GIyUIM30BaHOM CIIOjy, MPU YEMY je caropeBameM y (IyHIM30BaHOM CIIOjy MOKa3aHa
MOTYhHOCT IpUMEHe IUPOKOT OICera pa3INuUuTHX BpPCcTa rOpUBa ca MajluM eMUCHjaMa.

Camu u xoaytopu HaBoje na ce npenHoct npumene SCG ornena u 'y \meroBoj rpaHylnanuju,
r7ie HUje moTpeOHa MOTPOIIka J0/IaTHE SHEPrHje 3a HErOBO MPEBONEHE Y CIPAIICHO CTakhe U HE
yTude Ha noBehaHo xabame MIIMHOBA, IITO mMpema [61] mpexacraBsba oTexaBajyhy OKOJHOCT Hpu
ynotpebu Ipyrux Bpcra kopunihene 6nomace unja puOpo3Ha CTpyKTypa OTekaBa MiIeBEe€ Onomace
70 TpeaBUleHNX rpaHynanyja yriba. TWiIMaH mpernopydyje Ja ce npu GopMupamy MellaBuHa Ha
TpaHCIOpTepUMa, OTpaHUYH KoinuunHa 6rnomace o 5 % 1o 10 % [63, 65] ycnen weHor yTHiiaja Ha
npolec MJIeBeHma yriba, MITO ce Moke enumuHucaTH npumeHoM SCG koja je Beh y crpamieHoM
cTamy. 3a popMupame MemaBruHa ca Behum nmpouentuma 6romace Camu M KoayTopu MPENopyvyjy
0JIBOjeHO yBoleme Onomace 1 yriba y JOXKHUIITe KoTia [61].
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2.2.3.2. Memasune guraurta ¥ WRG

WT HamemeHH 3a KO-CaropeBame ca JIMTHUTUMA JIEJIE CE Y TPU IPYIIE - Ca YEIUKOM, Oe3 uennuka
u rymenu rpanynat. WRG koju ce KOpUCTH 3a KO-caropeBame MpoJia3d Kpo3 MarHeTHH Ceraparop
ca IIUJbeM OJiCTpamuBama 3aoctaior yenuka u3 WRG Cruka 2.29).

EnserpomaresT  [lepMansHTHHE MarHST

L .
v
l ] doTor sMaTepujana

"“Aj- (e e & r-;’]n\

TpaEacTH TOEHCIOPTED

Hveamea

Cnuka 2.29. Maenemna cenapayuja mamepujana [66]

VY oxBupy pe3ynTaTa nmocrojehux ucrpaxusama [41] Tuaman u koayTopu Cy MOKa3ajiu Aa Ko-
caropeBameM yriba 1 WT y KoHIIeHTpanmju 10 5 % He 10J1a3u 10 CHU)KaBamka KalmauTeTa KOTia HU
MOCTpOjeha, HE peMEeTH ce paj KoTia, He moBehaBa ce koeUIIMjeHT BUILKA Ba3lyXa U MOCTHXKE Ce
camkeme emucuje NOx 10 8 %, mpu yeMmy KapaKTepUCTHUKE Terelia HUCY TOoKa3aie 3HadajHe
npomeHne. Ynorpedbom WT nosehasa ce edukacHOCT koTia ycies Behe BpelHOCTH TOIJIOTHE MONH U
HIOKET cajapkaja Biare. JlogaTHO, MCTa HCTPaKMBamka Cy TOKa3ana Jia je moTpeOHo mieBeme WT
UCMOJ TpaHynauuje 25 mm, Kako OM ce wn30erjo 3adensbuBambe MIMHOBA M kJeboBa Ha
TpaHCIOpTepUMa yriba He3aBUCHO oA konununHe WT, ogHocHO He3aBucHO MieBeme WT u yBohewme
y MpOLIEC N3a MIMHOBA.

Ko-caropeBamem yripa m WT ouekyje ce mnobehame emucuje SO», mTO TpeACTaBIba
orpannyaBajyhu ¢akrop 3a ynorpeby Behux konmnunaa WT y mporecuMa Ko-caropeBama. Y OKBUPY
CBOjUX HcTpakuBama [67], ['mepe u xoayropu neduHUCAIN CY BPCTE€ U KAapaKTEPUCTHKE YECTHUIIA
(Particulate Matter — PM) y popmu cyndara xoje ce eMHUTyjy U3 Mpolieca Ko-caropeBama yriba U
WT y TepmoenekTpanama.
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3. ITUPOJIN3A

[Iponiec muponm3e mpencTaB/ba KpPUTHUHY (a3y y Mpolecuma TepMmalHe KOHBEp3Hje,
yKJbYuyjyhu KOKCOBame, caropeBame W TacuduKaiujy. Y Tpolecy caropeBama, TOKOM ¢aze
MUPOJIN3E BPIIHU CE€ TEPMHUUKO pazjiarame ropHuBa Mpe MojaBe Najbemba.

KapakTepuctuke mpoiieca Mupoin3e 3aBUCE 0J] XEMHUJCKOT cacTaBa M CTPYKTYpe TOpuBa, pU
4eMy paslU4MTe BPCTE TOKa3yjy pasIu4MTO MOHamame. [loHamame MenraBuHa HHUje MoOryhe
MPEBUICTH HA OCHOBY IO3HABaWka KAPAKTEPUCTHKA KOMIIOHEHTH KOj€ CE KOPHUCTE 3a MPHUIIPEMY
MEIaBUHA, jep HE MOCTOju MOTYRHOCT NMpUMeHe MPUHIMIA aIuTUBHOCTH. V3 HaBexeHor pasiora,
npe hopMupama MelaBuHA Pa3IMIYUTHX BPCTa TOPUBA, IIOTPEOHO je aHATM3UPATH Y3ajaMHH YTHUIIA]
KOMITIOHEHTH Ha MOHAIIake MeIIaBuHa y ponecy nuposuse. [lopen negunucama XxeMHjcKor cactaBa
KOMIIOHEHTH, 3a MpPOIEC MUPOIU3E MOXe ce NePUHHCATH M KUHETHYKH MOJENl KOjU OIHUCYje
MOHAIIake MEIIAaBUHA Y MPEIBUl)EHUM YCIIOBMMA M 4YHja ce MOTBPJAA BPIIM HAa OCHOBY pe3yJTara
CIIPOBEJICHUX CKCIIEPUMEHTAIHUX UCTIUTUBAbA.

3.1. IIpouec nmupom3ze

HcTpaxxuBamuMa je MOKa3aHO Jia KapaKTEPUCTHKE ITpoleca IMHUPOIU3E 3aBUCE OJ BPCTE T'OPHBA,
OJTHOCHO H-ETOBOT XeMH]jCKOT cacTtaBa. VI3 HaBeieHOT pasiiora, AeTajbHa aHaIKU3a Mpolieca MUpoIn3e
y OKBUpY OBe nucepranmje Oumhe cmpoBeieHa 3a IMOjeIUHAYHE KOMIIOHEHTE aHaJHU3UpPaHUX
MEIIaBHHA:

- NHPOJIN3A YIIba;

- muponu3a 6uomace;

- [HpOJIU3a I'yMeE.

3.1.1. IIuposmsa yriba

da3ze caropeBama YecTHIIE yriba nprkazane cy Ha Ciunu 3.1, mpu yemy npoiiecy JeBOJIaTUIH3AIM]e
yrjba oaroapa temreparypcku omncer 200 go 900 °C.

UecTnma Docmesa ¥ Bpeues HecTanka JaepmeTar opomsca
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TARERS e m— () ——&— (1) =
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Teepmremcro |

MBS ! IR (]
@ .@ >¢ bO b@' X oMO-RETEpOTEHH

"@ '@T ’é "C-‘ P@ HeTepo-XOMOTEHN
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-— VEYIHD BpeMe caropesasa (t) —}:

Cauxa 3.1. Daze cacopesarva uecmuye yema [1]
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[Tuponnza TUrHUTA O/IBUja C€ KPO3 HU3 MapaJIeIHUX U y3aCTOMHUX XEMHUJCKUX peakKifja pa3iarama
(Ciuka 3.2) mpu onpeheHoM TemmepaTypckoM pexumy (Ha onpeheHoj temmepaTypu U Tpu
onpehenoj Op3uHM 3arpeBama). TepMUUKHM pasjlarambeM JIUTHUTa HAcTaj)y TacOBUTH MPOIYKTH,
TE€YHU MPOJLYKTH pasyiarama (Tap) y oOJUKY JaKOT M TEHIKOT yJba, Ka0 U YBPCTH MPOIYKTH (KOKC).
Jlako yJbe peakuujoM aauLdje Mpesa3u y TEUIKO yJbe, JO0K Ce KPEKOBAHEM TELIKOr yJba (GopMupa
7aKo yibe. J[asbuM KpeKoBameM JIAKOT YJba HACTA]y TACOBUTH MPOAYKTH, IOK PETIOIMMEPU3ALIN]jOM
TEIIKOT yJba HACTaje KOKC.

—[ac
KpekoBawe -~ |
Jaxo ybe “Yisnapasas /= 13K0 YIbe
Tepmuuko ! ‘ /
pasnarame Lo ;
e b /Kpekosatbe
Yram Ammmja | 1 Kpekoame |
T o :
o, -
-
Tepmuuko L
pasnarame e ' ! ’
Temko ympe <7 T2P2RARE Temko yibe
PenommMepn3anmj é\\
\ Koke

Cnuka 3.2. Mooen peaxyuja nuponuze yemna [2]
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Cauxa 3.3. Iluponuza yemwa [3]

Mexanusme nuponuse yriba fepunucao je Pahenosuh [4], Ha cnenehu Haums:

- [Ilpexumame Be3a nu3melyy mpcreHoBa, y3 popmupame rpyrma paaukaia;

- TlapuujanHo 3acuheme pajukaia BOAOHUKOM Y3 (OpMHpame METaHa, JPYrux alupaTHUYHUX
Jenumbema U BoJIe Koja TudyHIyje U3 YECTHIIA YTJIha;

- HcroBpemena carypanyja pagukana Behux Mosekyiia 3a HacTajame Tapa (Cpelmbe MoJapHe Mace),
nudysuja U3 4eCTULA YIJba;

- Konpnenszanmja cyncranuu Behe MoilapHe Mace 0 HacTaHKa KOKCa, y3 €JITMMHHALM]y BOJOHUKA
KOjH ce ociobala U3 yecTuila yriba y BUy raca.

Yopomthenn MexaHu3aM MUPONU3e yriba pukazad je Crnumm 3.4, rae cy npukasaHe onucane dase
dbopmupama paaukana, IeBoJaTUIN3AIN]je, TIOJTMMEpPHU3aIlije U KOHIeH3aIje, GopMupame KOKca,
Kao M CEeKyHJapJHE peakiihje Koje C€ OJBHjajy Ha TMOBHIIEHUM TeMIiepaTypama U Kao pe3yiaTar
HacTaje ociobahame racoBUTUX MPOyKaTa.
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OCTATER
Crnuxa 3.4. Mexanuzam nupoause yenva [5]

3a a”Hanm3y npoleca MUPOIU3€ YIiba MOXKE C€ KOPUCTUTH JABOCTETICHU MoJien [6]:

keq
Yrasms — MeTamiact
ko
MeTtamiact — Ilony — Kokc + [I[pyuMapHU BoJ1aTUIA

ks
[Tony — kokc — Kokc + CeKyHJapHU BOJIaTHUIU

ITpoayKTH nMpoau3e yriba U HBeroBa TepMHUUKa CTAOMIIHOCT 3aBHCE OJ1 MallepajlHOT cacTaBa, MpHU
gemy cy JIuH U KoayTopH MmoKasaiu jJa Hajeehy cTaOMIIHOCT IMOce1yje MHEPTUHUT, IIOTOM JTUTITHHHAT
1 HajMawy BUTpUHUT (Cnuka 3.5) [7]. BuTpuHuT Kao Marepan oAroBapa cTaaujyMy KaMeHor yIiba,
JoK je JKuBoTtuh y pe3ynraTima UCTpaxkuBama [8] 10ka3ao HEroBO MPHUCYCTBO MPUIIHKOM IPOIIeca
neBonatuianzanuje muraura Kocronaukor u KosyGapcekor yrijboHOCHOT 6aceHa.

JlzEH apomaTH

Huepnimorm { {
MarpocTpyETypa yIba Peasanyje MIpomse ¥ SAEHNCHOCTH OF TeMIIepaType

Cnuka 3.5. @aze nupoause yema npema mayeiapuoj muxpocmpykmypu [7]
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3.1.2. IIupoumu3a Omomace
[Muponuzom Ouomace M3BOIM CE KOHBEp3HWja OMOMAce y Mame MOJMMEpPHE MPOAYKTE WIH Mama

MOJICKYyJIapHa jeuibeba MmoMohy onpeheHnx xemujckux peaknuja. [llemaTcku mpuka3 muposnse
6uomace npukasas je Ha Counu 3.6.

Cnuxa 3.6. Iluponuza buomace [9]

[Muponuzy 6uomace onucao je bacy y oksupy [10]:

TOIJIOTA

CnH,, 0, (6uomaca) —— CxH,0, + Z C,H,0, + H,0 + C(xokc)
TeuyHa dasa racHa pasa

Komruteran mpouec nuponuze Ouomace, MOXKE €€ OIMUCATH MOjeAMHAYHUM IIPOLECHMA MHPOJIH3E
ICHUX KOHCTHTYTUBHHMX MOJHMMEpa: LETyJI03€, XEMHLENYJI03¢ W JIMTHUHA, y3uMmajyhu y o03up
BUX0BE Mel)ycoOHe peakiije TOKOM rporieca. TepMudka cTadmiIHOCT KoMIoHeHTH Ornomace (Cinka
3.7) 3aBHCH O] FbUXOBE XEMHjCKE CTPYKTYpE NPH YeMy HajMamy TEPMHUUYKY CTAOMIIHOCT IOKa3yje
XEMUIIETy103a, 3aTUM 11eJTyJI03a U HajBehy JIMTHUH.

MHCTOMACHD opEehe < OHEES ArpHEVITVDE < YSTHHZDHE

- Xennmremmosa
¥rmmem = rEyEoeamaey rrmacToesmawy < anafmeranayTres < poanormyams, Sara-1 5] 4rmpa
S e
200 230 300 350 400 4350°C
; emynoza ———JIurHis

Cauxa 3.7. Temnepamype paznazarea buomace u noaucaxapuoa xemuyenynose [11]

[Mupommzy SCG umHe HE3aBHUCHE peaklHje pasjiaramkba HEHUX I0jeTUHAYHUX KOMIIOHEHTH —
LeJTyJI03€, XeMHILIETYJI03€ U JIMTHUHA. 3a OMUCUBAakhE OBUX PEAKIIMja Pa3INUUTU ayTOPH Pa3BUIIH CY
BHIIIE PA3IMIMTHX MOJIENA JeJHOCTENICHUX U BUIecTeneHux peaknuja (Cnuka 3.8).
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Cnuxa 3.8. Paznuyumu kunemuyku mooenu nupoauze ouomace [12]

[Muponu3za memysno3e Moxke ce onucaTtd KuHeTmukuM mojenoMm (Cnuka 3.9) koju ce cmarpa
MPUMEHJBUBHUM 32 cBe BpcTe Ouomace. daze paszmarama 1emynose npukazane cy Ha Coumu 3.10.
KonmanHa mpojaykata mMUposH3e U 3aCTYIUBCHOCT XEMHjCKUX PeaKIlija pasjarama MpUKa3aHuX Ha

Cnumm 3.9 3aBuce on Op3uHe 3arpeBama M Ty>KUMHE 3aJpKaBarmba Ha MaKCUMalHO] TEMIEpaTypu
(Cnuka 3.11).

Pexnuja 2
Hexuapanuja JlexapOoKcHIM3aIyja
Peakuuja kapOoHH3aLuja
1 ( )
Henymnoza AKTHBHG Peakuuja 4
Henysosa Peakuuja 3 CexyHmapHO
Jenonumepusanuja Pasnarame KpeKOBaThe
KOHIEH3UOMIHUX Kok, Tap,
racona HEKOHJIEH3a0MUIHU
racoBU

&

Cauxa 3.9. Mooen pasnazara yenynosze [10]
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Cnuka 3.10. Iluponuza yenynosze [13]
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Cauxa 3.11. Ymuyaj a) memnepamype u 6) npomoxa N> na npunoc npooykama nupoau3e yenynose

[13]

Banr n koayTopu HaBo/ie 1a Cy Haj3aCTYIUbEHH]H MOJICKYIaPHU MIPOAYKTH IUPOJIN3E LETyI03e
(Cnuka 3.12) CO u CO2, npu uemy j0 ocnodahama CO mosa3u Ha BACOKUM TeMIepaTypaMa Uil Ipu
Iy’KeM BpeMeHY 3a/ip)KaBama, A0K je mpuHoc CO; yriiaBHO MPHCYTaH Ha HUCKUM TeMIIEpaTypama.
ITpu Bucokum temnepatypama npuHoc COz je Beoma manu. Ilopen CO u CO», cTBapajy ce maie
konuuuHe Hz, CH4u Co+ yriboBor0HUMKA [13].
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Cnuka 3.12. Monexynapnu npooykmu nupoause yenynosze [10]

[Muponmzom xemurenyinose, y nopehemy ca mupoan3oM menynose, GopMupa ce BUIIE raca, a
Mame Tapa U Kokca. [ MOCOH je y OKBHPY CBOjUX UCTPaKHMBaba MOKA3a0 Jla XEMHUIIETYJI03a IOIIeKE
Op30M TEPMHUKOM pasliaramy Koje 3al0YHbe Ha HIDKUM TeMIIepaTypaMa y OJHOCY Ha LENyJIo3y U
TUrHUH [14], Tpu YeMy pasjMuuTH TMOJMMEPU XEMHIENYJIO3€ TOKa3yjy pa3jiMuuTy TEPMHUUKY
crabunHoct (Cnuka 3.7). KomuurHaa mpoaykara muposn3e XeMHUIETYJI03€ 3aBHCH OJ1 TeMIIepaType
(Cnuka 3.13) u BpeMeHa 3aipKaBarba KOje yTHUe Ha OJ[BUjaibe CeKyHIAPHUX PeaKilfja BoJaTHIa.
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Cnuka 3.13. Ymuyaj memnepamype na npunoc npooykama nuponuse xemuyenynose [13]

[Tuponmu3omM pa3MUUUTUX THIOBA XEMHUIIETYJ03€¢ ocioOahajy ce pa3nuuuTe KOJUIHHE
npoaykara (Cnuka 3.14), mpu ueMy Cy youJbMBE 3HayajHE pasiuKe y MPUHOCHMA 3a Pa3InyUTe
TunoBe xemwuienyno3e. Hajsehe wkommumbe kucenuna, CO (y obwnHuM kommumHama) u CO»
ocnobalajy ce MUPOTU30M KCUIIO3€, JOK C€ TUPOIM30M apabruHO3e, MaHO3€ U TajlakTo3e ociaodahajy
HajBehe konuunHe (ypaHa, XUJIPOKCHALIETOHA U XUIPOKCHpypaHOHa, 10K cy npuHocu CO u CO:

3Ha4YajHO HIDKU Y OJTHOCY Ha KCHJIO3Y, IITO je OMTHO 3a npeBul)ame eMUCHja HACTAINX CaropeBambeM
SCG.
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Cauxa 3.14. [Ipunoc munuunux npooykama nupoause 3a pasiuvume gpcme xemuyenynose [13]
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Banr u xoayropu [13], nedunrcanu cy TUTHHH Ka0 BUCOKOPA3TPaHATH HEIIMHEAPHU TTOTUMED
ca pa3IMYUTHM KOMOHMHAalMjamMa TpH THUIIMYHE jeJUHMLE MOHOMepa ¢eHmiponana. CroxeHy
CTPYKTYpY JMI'HMHA YMHE Pa3IM4YUTe Be3e M3Mely jenmHHuIa W pa3nuuuTe (QyHKIHMOHAIHE Ipyre

noBe3aHe Ha Oen3eHoB npcreH (Cnuka 2.15).

3a pa3nMKy O] UENYJIO3€ U XEMHUIENyJlo3e, NUpoJM3a JUTHUHA OJ[BUja Ce Y IIUPEM
temeneparypckom orcery 200-500 °C ca cnopujoM pa3rpamOM Koja yKJbydyje Tpu ¢aze —
ucrapaBame Bjare, (GopmMupame TJIaBHUX MpoJyKara NHponu3e U ociobahame racoBa u3
CeKYHIApHHX peaKlMja U Jajber pasznarama Ha Temreparypama > 500 °C. Ilpoaykre muposnuse
JUTHUHA YMHE TMUPOIUTHYKO yibe, Jaku racoBu (CO, CO», Hy, CH4) u xokc. CactaB U KOJWYMHA
MpoJyKaTa MHPOJIM3E JIMTHUHA 3aBUce on Temieparype peaknmja (Cmmka 3.15) u Bpemena

3a/pKaBama. TUMUYHU MPOAYKTH MUPOJIN3E JIUTHUHA TTpUKa3anu cy Ha Cnunu 3.16.
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Cnuxa 3.15. Ymuyaj memnepamype na npurnoc npooykama nuponuze aucHuna [13]
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Cnuxa 3.16. Tunuunu ¢henonnu npodykmu nuponuze aucHuna [13]
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3.1.3. Iuposmza WT

[Muponuza WT moapazymeBa pasiarame BEHUX KOMIIOHEHTH KOje yia3e y cacraB: yiba, NR,

SBR u BR y uneptHoj atmocdepu. Paznarame kommonentu WT o1BHja ce mpema ImemMu IpuKa3aHoj
Ha Cnunu 3.17.
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Cauxa 3.17. [Tuponuza WT [15]

Paznarame WT mpukazano va Ciunm 3.17. oOyxBara paznuuute ¢ase pasiiarama IIIaBHUX

naHana KoHCTUTyTHBHUX monuMepa (NR, BR u SBR), nenmonmumepuzanujy, UMKIM3alujy H
pasznarame IpoayKara IUKIn3aImje.

HCIapaBahe

painarame

Cnuxa 3.18. Mexanusam desonamunuzayuje WRG (A — aoumueu, CB — cacua uah, ICP —
mehygasnu konoenzosanu npodykmu)[16]

CeHeka 1 KOayTOpH HaBOJIE Ja pasjlarame IrlIaBHUX JlaHalla MoJuMepa U JAenoIuMepu3alnja y
LEJIMHU NIPe/ICTaBbajy npuMapHy nuponnzy WT, 1ok koHauHO pasnarame npoayKaTa UKIn3alnje
IpeJCTaBJba CEKyHAapHY MUPOJIU3Y U OJ[BHja c€ Ha BUCOKUM Temmeparypama [17].
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k4
A - Vl + R1 Pa?)ﬂaraHJe TJIaBHUX JIaHAIla

k2a

Sl _ TTPUMAPHA ITMPOJIN3A
R, 23R, Jlenonumepu3anuja

Kae
R, — V3

k .
R, S R, [uknu3anmja
Paznarame mpomykara
[UKITU3aI1]e
Paznarame mehydazaux
npojayKaTa

kq
R; - V,+ R,
CEKYHIAPHA TTMPOJIN3A

ks

rae je:

A — nanan; monomepa cacrojaka WT (NR, BR, SBR);
R; — ipBa mehydaza (pagukannm);

V, — BonaTumy;

V, — Bonarunu;

R, — npyra mehydasa (pagukanm);

V3 — Bonatuiu;

R; — tpeha mehydasa;

R, — dbuHaTHMU IPOTYKTH;

V, — BonaTumu;

Vs — Bonatuiy;
Rs, — TacoBu 3aapxkanu y Tapy (y 3aBUCHOCTHU O] TEMIIEpaType).

[Ipukazane ¢aze nupoauze WT mory ce npeacraButu cieaehum mexanusmom [18]:

(Ry): TA Svic

(R2): R 214
1A%y 4c

(R3): 14 2 1B
1B %5y +c

T A — oprancku auTHBH;
V — BomaTunm;
C — KOKc;

1A, IB — mehyda3ze (kpahu opraHcKu JIaHIH).

OnmpehuBame KHHETHYKMX — MapaMmerapa nuponuze WT — cuMmynupaHe  HpUMEHOM
TepMorpaBuMeTpujcke ananuze (Thermogravimetric analysis — TGA), Bpum ce HTpPUMEHOM
M30KOHBEP3MOHUX METO/Ia Y3 yCBajame MPETIOCTaBKe Jla ce pasiarate WT o7BHja HE3aBUCHUM
paznarameM meHux nojenuHaunnx kommnoHeHTH (NR, BR u SBR). 3a oapehusame E, nporeca 6p3e
MMAPOJIN3E CUMYITUPAHOT PUMEHOM PEaKTOpa ca ycujanoM mpexxutioM (Wire Mesh Reactor — WMR)
KopuutheHa je ApeHujycoBa jeZJHaYMHA, 0K je MOCTYNAaK MUPOJIU3€e MOCMATpaH Kao jeJHOCTEIICHH.

Jlabaky y OKBHpY CBOT HCTpaxkuBama [19] maje nmerajbHy aHanmu3y yTHIIaja mapaMerapa
npolieca NUpojan3e Ha mpoaykTe nupoinse WT, ca KapakTepHu3alnjoM YBpCTHX, TEUHUX U TACOBUTHX
pojayKaTa. 3aBUCHOCT TIPUHOCA Mporykarta muponu3e WT o Temreparype v BpeMeHa 3a1p)KaBamba
npukasana je Ha Caunu 3.19.
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Cruxa 3.19. Ymuyaj a) memnepamype, 6) 8pemena 3a0paicasarba — Ha NPUHOC NPOOYKAma
nuponuze WT [20]

Mamnepac u KoayTopH IMOKasalu Cy Ja ce IIaBHa pasrpaama WT olBHja Ha Temmeparypama
ucnon 500 °C, 1ok ce Ha BUIIMM TeMIlepaTypaMma O/BHjajy CEKyHAapAHE peakiyje Mpu Kojuma ce
dbopMupajy NMKINYHA W apoMaTthyHa jenumema (Cnmka 3.20), yuje KOHIIGHTpAIHje 3aBHCE O]

temreparype peakuuje (Crnuka 3.21). Mudopmanuje o temneparypama ociobdahama oapehenunx
jeIUmbEemha KOPUCTE Ce 32 ONTHMU3AIH]y mporeca [15].
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Cnuka 3.20. Ymuyaj memnepamype na npuroc npooykama nupoause NR [15]
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Cruxa 3.21. Ymuyaj memnepamype Ha npuHoc a) apomamudHux u 6) eacosumux npooykama
nuponusze WT [15]

44



Huponuza

[[Tanr-I'yo u koayTopu HaBoOJe Ja ce Ko-caropeBameM yriba 1 WT CHIKaBajy Temmeparype
caropeBama BOJATUJIA Y OJIHOCY Ha yrajb, BpeMe OJIBHjama Mpolleca caropeBama ce MpoayxkKaBa y
onHocy Ha yrasb 1 WT, kao u 11a je npucytHa uatepakuuja usmehy yrisbam WT [21]. Ca npyre cTpane,
pe3ysitaTi uctpaxkubamwa Kana u koayTopa, ClipoBEe/IEHUX 3a MEILIaBUHE YIJba U OMoMace, HaBoJe Ja
MehynejcTBO yriba M OMOMace MOXKe€ OWUTH CHHEPreTCKO M aJWTHBHO, JIOK OOMM HWHTEpaKIIHje
MpOoayKaTa MUPOJIM3E 3aBUCH O] THIIA, OJJHOCA KOHIIEHTpaIuja u Op3uHe 3arpeBama. Ca nmosehamem
PEaKTUBHOCTH OHOMace M CIUYHOCTU CTPYKTYpe yrjba M Ouomace IojayaBa Ce€ CHHEPreTCKO
JICIIOBAhE, HAPOUUTO KOJ| BEIMKUX Op3MHA 3arpeBama [22].
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3.2. Mertoae 3a HCIUTHBAK-€ MPOLEca MUPOJIN3e

I[Mocrynak crpoBohera TEPMUUYKE aHAIN3E TOPUBA/OTIAIa KOHTUHYAIHUM MEpemeM (DU3HIKuX
WIM XEMH]JCKHX MPOMEHA FOPUBA/OTIAIa U3JI0KEHOT KOHTPOJIUCAHOM TEMIIEPATypCKOM MPOrpamy
omnucao je Kapnienrep y okBupy [23]. Mepena npoMeHIbHBa MOKe OUTH IPOMEHA Mace, TeMIIepaType
WM TUMEH31]je TOPUBa/0TIaja, TOIUIOTHH (PIIyKC WK HeKa apyra BenuuuHa — Cnuka 3.22.

MEPEHA
AHAJIM3A METOJA
KAPAKTEPUCTHUKA
TepmorpaBumeTpujcka anaausa (TGA)
JepuBanuona TepMorpaBuMeTpujcKa
anauza (DTG)
Maca
JHerekuuja passujenux racosa (EGD)
Amnanu3za paszsujennx racosa (EGA)
MarueTngHOCT Tepmomaraeromerpuja (TM)
Enexrpunurer TepmoenexTpomeTpuja
OnTuka Tepmonromerpuja
TepMocoHuMeTpHja
TEPMUYKA AKycTHKa <
TepmoakycTumeTpuja
TepMoMexaHnuKe aHATU3E
Mexanuuke
KapaKTePHCTHKE )
JluHaMHuKa TepMOMEXaHOMETpH]ja
Hdmmvensuje TepmonumatomeTpuja
. Hudepenunjanna ckennpajyha
Enepruja kanopumetpuja (DSC)
OnpehuBame KpuBe 3arpeBama
Temneparypa <

Hudepennujanna Tepmuuka ananmza (DTA)

Cnuka 3.22. Knacugpuxayuja mexnuka 3a mepmuyxy anaiusy [23]

TepmorpaBumerpujcke Merone 0a3upajy ce Ha NPOMEHH Mace y30paka M IpelCTaBibajy
TEXHHUKY KOja HaJla3W IIMPOKY MIPUMEHY 332 XEMHjCKE aHAIN3€ U CHUMYJAlUjy Mpoleca MUPOIN3e ’

caropeBama.
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3.2.1. TepmorpaBumerpujcka ananusza (TGA)

TepmorpaBumMeTpHjcKa aHaIN3a MPEACTaB/ba METOAY KO KOje c€ MaJjia KOJIMYMHA CHpPAIIeHOT
y30pKa 3arpeBa Ha BHCOKO IMPEIM3HO] Baru y oAroapajyhoj atMochepu y HEM30TEpPMCKOM PEIKUMY
ca 3amaToM Op3MHOM 3arpeBama. [Ipomena mace y3opka mepu ce y GpyHKuuju temneparype nehwu,
pu Yemy je Mmoryhe ope T 3aBUCHOCT IPOMEHE Mace y jeJMHULI BpeMeHa. OBa MeTo/1a KOPUCTH
ce 3a aHaIM3y cacTaBa y3opaka W onpehuBame TemIepaTypckux orcera mpomeHe mace. [lpu
ciupoBohemy TGA kopucte ce mane Op3une 3arpeBama (10, 15 n 20 K/min y okBupy oBe JOKTOpPCKE
aUcepTainyje) 3a morpede Mojenupama KHUHETHKE Mpoleca MHUPONU3e, MPU deMmy je Moryhe
MPUMEHUTH JIOCTYITHE KMHETHYKE MOJICJE 3a ONMCHBAKE aHAIM3MPAHHX Ipoleca u AepuHucaru
KUHETHYKE MapaMeTpe mpolieca MPUMEHIJbUBE 32 YCIOBE PEATHUX IMpolieca ca BEIUKUM Op3HHaMa
3arpeBama.

JlepuBarimona TepMorpaBuMeTpujcka ananusa (Derivative Thermogravimetric Analysis - DTG)
Mpe/ICTaB/ba METOY KOJ KOje je Op3uHa MpoMeHe Mace y BpeMeHy (yHKIMja Temreparype nehu.
DTG xpuBe y okBUpYy OBOT pajnia oapehene cy Ha ocHOBY pe3ynrara crpoBeaeHnx TGA u Kopucte
ce 3a MpeCTaBJbamke MpoQuiIa IeBOJATHIN3AIM]E U aHATH3y PEaKTUBHOCTH MpoLieca MUPOIH3E.

3.2.2. Peakrtop ca ycujanom mpexunom (WMR)

I'aBanac u ['anarep cy y OKBHpY CBOjHX HCTpaKMBama Je(UHUCAIHN TOCTYNKE 32 H3BOheme
TpEeHyTHE Op3e MUPOJIU3€e MIPUMEHOM J1a00PATOPH]jCKE MHCTAIAIIN]E PEAKTOP ca YCHjaHOM MPEKHUIIOM
(WMR) [23, 24]. OcHOBHE KapaKTepUCTHKE KOje MPEICTaBIbajy MPEIHOCT OBE METOJIC Y OJIHOCY Ha
TGA, npesicrasibajy Benuke Op3une 3arpesama (1 10 10* K/s) u kpaTko Bpeme 3a1pKaBamba y OIcery
0.1 1o 1000 s 1 myxe, MITO OATOBapa PEaJIHUM YCJIOBHMA CaropeBama y JOXKUIITAMA €HEPreTCKUX
nocrpojema. HegocraTak oBe MeTozie je HEMOTYNHOCT IpUMEHE JOCTYIMTHUX KHHETHYKHX MOJIea Ha
MpolLiece ca BENMUKUM Op3MHaMa 3arpeBamba.

3a morpebe u3BOheHma OBE EKCIIEPUMEHTATHE METOJIe, Maja KOJIWYMHA (PUHO CaMIIEBEHOT
y30pKa (BenuunHe yectuna ucnona 150 um), mocrasiba ce udmelyy ciojeBa mpexuiie o Hephajyher
YeJIMKa U 3arpeBa Yy KOHTPOJIMCAHO] aTMOC(EpH MyIITamhEeM eIEKTpUYHE CTpyje Kpo3 Mpexuity. [1pu
yrnoTpedbu mMpexuua o Hephajyher uenuka, octBapuse cy remmeparype 10 oko 1100 °C, nok je 3a
ocTBapuBamwe BUIIKX Temneparypa (oko 2000 °C), noTpeOHO KOPUCTUTH MPEKULE 01 MOJUOIEHA.
Mpexuna, ¢ukcupana usmel)y aBe enekTpone, MO3ULMOHUpAHA jeé Yy 3alTUBEHOM Kyhuiry y
onrosapajyhoj armocdepu (a30T, XeJInjyM, BaKyyM), IIPU Y€MY C€ Y30paK MO3UITHOHUPA HA CPEIUHH
MpeXHIIe TJ€e je Mpodui TemrepaType pelaTUBHO paBHOMEpaH. Y OJU3MHM eJIeKTpojia TeMIieparypa
je HWXa ycien TyOuTaka Ha KOHAYKIH]Yy 300T dYera je MOTpeOHO MO3WIMOHUPAE Y30pKa Yy
LIEHTPAJIHO] 30HU MpPEXHIIE. 3a MEPEHE TEMIIEpaType KOPUCTH ce TepMoIap ca Op3uM 0J3UBOM YHjU
ce BpX IOCTaBJba Ha MecTy y3opka. [Ipu m3Bohemy excrepuMenTa, mojia3u ce o]l MPETIIOCTaBKe J1a
TeMmIepaTypa 4ecTHIIa OJiroBapa TeMIepaTypH TepMoIiapa NOBE3aHOT Ha MPEXHUILY Y 30HHU y30pKa. Y
peaTHNM yCI0BUMA, IPEHOC TOIUIOTE Ca MPEXKHIIE Ha TEPMOIIAp j& CIIOp Y YCIOBHMa BaKyyMa, JIOK je
BeoMa Op3 npu aTMOCHEPCKUM YCIIOBIMA yciie KOHAYKIMje Kpo3 rac. BennunHa y3opka 3a aHauzy
Oupa ce Tako Ja ce MUHMMHU3Hpa epeKaT HEXOMOTCHOCTH Y30pKa M TeHEpHIIe JOBOJbHA KOJIMYHNHA
IpojayKaTa 3a aHanu3y. YTHorpeba BEIMKOr Y30pKa MOXE Ja MpOy3pOKyje HEMOHOBJBMBOCT 300T
Moryher pa3memrTama YecTHIa 10 MPEXHINM TOKOM 3arpeBama. Kama ce KOpUCTH HHEpTHA
aTMocdepa, MHEPTHU rac MOK€ MPETa3suTH MPEKO WIM MPOJa3sHUTH KPO3 MPEXHUIly. Y CcMepaBambeM
CTpYj€ KpO3 MpPEXHIly Y3 MOCTOjare oAroBapajyher peryiammoHOr chcTeMa, Op3vWHa 3arpeBama,
MaKCHUMallHa TeMIIepaTypa U BpeMe 3aJip>KaBamba ce MOT'Y OJIBOJEHO PETyJIHCaTH.

Ha xpajy exkcrnepumenTa, memneo W BOJATUIM MOTY OMTH NPHUKYIJBEHH 32 MEpema U Jajby
aHanu3y. YKyImHa KOJu4duHa ociioboheHux Bomartmia ofpehyje ce mepemeM y3opka (0OMYHO ca
MPEXHIIOM) TIpe U TI0CIIe Mepema. Y 3aBHCHOCTH O] KOHCTPYKIMje PeakTopa, MUPOJIN3a Ce MOXKe
CHPOBECTH MPHU aTMOC(HEPCKOM MPUTHUCKY, BAKYyMY HIIH BUCOKOM IPUTHUCKY.
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3.3. Xemmujcka KHHeTHKA MpoLeca MUPOJIM3e

3.3.1. Teopujcke ocHOBe

["anarep HaBOM J1a ceé KMHETHYKA aHAJIM3a XEMHUjCKUX peaKlnja KOPUCTH 3a AeuHucame Op3uHe
XEMHJCKE peakIiyje Koja 3a/10BoJbaBajyhe onucyje ooum tpanchopmaiyja peaktanata u popmupama
npoaykara y BpeMeny (Cnuka 3.23), npu U30TEPMCKOM MIJIM HEU30TEPMCKOM PEXUMY [25].
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Cnuka 3.23. Konyenmpayuja peakmanama u npooykama y pemeny 3a xemujcky peakyujy A — B

3a moTpeOe KMHETHYKE aHAJIM3€ M3BOJE CE CKCIIEPUMEHTAIHA MCIMTHBAaKka — CIIOpa U TPEHYTHA
MUPOJIM3a, U TaKO JOOHMjCHH EKCIICPUMEHTAIHU IOJAlld Ce IMOpeae ca BPEIHOCTHMA JOOWjeHUM
TEOPUJCKUM KHUHETHMUKUM jeHaunHama 3a ojpehuBame jeaHaumHe Op3uHE KOja HajOpelu3HUje
OIHCYje eKIepUMeHTaTHA Mepema. Takole, [amarep nasbe y okBupy [25] HaBOIM 1@ c€ KHHETUYKE
aHaIM3e MOTY KOPUCTHTH 3a IpeaBulame XeMHUjCKe KMHETHKE PEakifja OMUCAHUX KUHETUYKUM
MOJIEJIOM JIe(UHUCAHUM MTPEeMa pe3yJITaTUMa CIIPOBEICHUX EKCIIEPIMEHTATHUX UCTIUTHBAMkA, a KOje
ce OIBHjajy IOJA YCIOBUMAa KOjH C€ pa3IMKyjy OJf YCIIOBa EKCIIEPHMEHTAJIHUX HCIHTHBAbA
(paznmuuuta Op3WHA 3arpeBama, pa3IMYUTH MACeHHW YIeIH KOMIOHEHTH Y MelIaBUHaMa).
[Toy3nanoct npeaBubama 3aBUCH 0] BpeTHOCTH KHHETUYKUX NapaMeTapa: E — eHepruja aktuBanuje
[kJ/mol], A — npenexcnonentmjanau paxrop [-] u f(a) (wm g(a)) — kuHETHYKA QYHKIUjA, TIPH
4yeMy je noTpeOHO aa Oyay HCIymeHu cieaehn ycnoBH:

v' HenoBpaTHa XeMHjcKa peakiiuja ce jaBjba y MPBOM CTEIEHY XEMHU]CKE peakLuje;

v BpenHocT eHTaimuje peakiuje (MPBOT pela) je Maia Kako O ce MHHUMH3HPATH e(peKTH
caMmo3arpeBama Wi camoxiiaherma;

v’ TeMmepaTypcKu OICeT 3a HACTaBaK OJIBHjarba XEMHjCKE PEakKildje CIIOPOM ald MEpJHbUBOM

Op3uHOM He Tpeba nma Oyne MpeBHINEe HH3aK Kako OW ce M30erjie Tpenike MPUITUKOM

KanuOpurcama HHCTaNaIH]e;

He 6u Tpebano na nohe 1o peaxiyje y3opka ca OKOJIHOM aTMOCHEepoM;

Peakiuja He Ou Tpebasio Aa 3aBUCH O]l METOJIE NMpHUIpPEMe y30pKa, BEIMYMHE M pacropena

YeCTHIIA;

v MepeHe nipoMeHe Koje mpare TOK XeMHjCKe peakiuje (HIp. Maca, KOJHYHHE HACTaIuX TacoBa,
poMeHa eHTanmnuje) Tpeda na Oyny Benuke ga 6w ce omoryhuina ynorpeba Mamux y3opaka
(MepeHa IpOMEHJbUBA 3a MOTpede OBOT UCTPAXKHUBAKA j€ MACA).

AN

C oO3mpoM na Huje Moryhe HWCIYHMTH CBE OJf HABEJIEHUX 3axXTeBa HCTOBPEMEHO, Oupa ce
KOMITPOMHUCHO pEIIeHe KOJUM CE MOCTHKY HajOIITUMATHH]H PE3YJITATH.
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XeMHjCKy KHHETHKY TIpoIieca JIeBoIaTIIN3allije onucaiy ¢y Bja3oBKUH 1 KoayTopu y OKBUDY [26],
IZle je HaBeIeHO Ja Mpollec o0yxBaTa Mepema U MapamMeTpHu3alujy Op3MHa XEMHjCKUX peaklidja
onpehenunx momohy Tpu riiaBHa napamerpa: remmneparype T, crernena KOHBEp3uje @ U nmpuTucka P.

da

— = k(Df(@h(P) 3.1)
3aHemMapuBambeM 3aBUCHOCTH OJ1 mpuThcka, pu A(P) = 1 (mopmanuu ycnosu, 0 °C u 1 atm) no6uja
ce jenHaunHa y cneaeheM o0nuKy:

da
- = k(Df @ (3.2)

Hagenena jennaunna (3.2) KOPUCTH ce 32 OMMCHUBAKE JETHOCTEIICHE XEMHU]CKE PeaKIlyje.

3aBUCHOCT Op3UHE PeaKIMje O TEMIIEPATYPE IPUKa3aHa je KOHCTaHTOM XeMmujcke peakuuje — k(T),
U 3aBHCHOCTU CTEleHa KOHBEp3Hje @ O] MpuMemeHor mozena peakimje - f(a). Temmeparypcka
3aBHCHOCT Op3MHE XeMH]jCKE peakiirje MpuKasyje ce ApeHHjyCOBOM jeTHAUMHOM:

-E

k(T) = A - err (3.3)

r7ie Cy BpEAHOCTH APEHHU]yCOBUX MapaMerapa:

E — eHepruja akTHBaI¥je — MUHIMAaJIHA KOJMYUHA EHEPTHje KOjy je MOTPEOHO JTOBECTH CUCTEMY 3a
OJIBHjaFbe XEMH]CKE PEaKIIHje;

A — npenexcnoHeHUrjadHu (pakTop — Opoj ePeKTUBHUX CyAapa XEMHUJCKUX BpCTa KOjU JOBOAH 10
0JIBHjamba 0JIroBapajyhe XxeMujcke peakiimje y raCoOBUTOj, TCUHO] HITU YBPCTOj (hasm.

HaBenenn napamerpu o00e30elyjy mnoy3gaHy M LIMPOKO NPUMEHJBUBY METOAY 3a IPELU3HO
IIpe/ICTaB/balbeé KHHETUUKKX MapaMeTapa, 3a nopeheme peakTUBHOCTH Pa3INuUTUX CUCTEMA, Ko U
3a MIPOLIEHY PEAKTUBHOCTH WM CTA0OMIIHOCTH Ha TeMIepaTypaMa BaH HHTepBaJla eKCIIepUMEHTATHUX
HCIIUTUBAKA.

KomoOuHoBameM jennaunHa 3.2 u 3.3 nobuja ce jeqHaunHa y cieaehem oomuky:

da =E
s = A-erTf(a) (3.4)

Kunernuka ananusa 6a3upa ce Ha pe3ysiTaTuMa cepuje eKClIiepuMEeHTaTHUX UCIUTHBaba U npahema
peaknuja y (yHKIMjU BpeMeHa U TeMIieparype.

OcuM KONMMYMHE TMPOJIYyKaTa y BPEMEHY, MOXe Ce€ MOCMaTpaTd W Op3uHa NPOMEHE & Y BPEMEHY
(da/dt) 3ajenHo ca temneparypom peakuuje T. Jledpunucame a 'y pyHKIMJU MEPEHUX BPEIHOCTU
3axTeBa MO3HABAKE CTEXHOMETPHUJCKUX peaklivja YKJbydyjyhu pasmaTpame JompuHOca OMIIO KOT
mpolieca Koju ce Of[B1ja HCTOBPEMEHO UJIH Y3aCTOIHO.

VYV cnyuajy npumeHe TGA mnpu HEHU30TEPMCKOM pPEXHMY, TOPEa 3aBUCHOCTH OJ BpEMEHa |
TepMIIepaType, MEpH Ce U IMPOMEHa Mace Koja ce MoBe3yje ca CTEIIEHOM KOHBEp3Hje ¢, Y ceprjama
pa3IMYNATHX, KOHCTAHTHUX Op3WHA 3arpeBama :

_dr

=— (3.5)

B
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e cy:

p — Op3uHa 3arpeBama [K/min],
T — remniepatypa [°C],

t — Bpeme [min].

XeMHjCKe peakiMje MOTy ce MOACTUTH Ha TPU OCHOBHA THUIIA — ca yOp3ameM, ca YCIOPEHEM H

ayTOKaTaJMTHYKE, [IPU YeMy ce N00ujajy KapakrepucTiHuHd npoduan «(t) npukasanu Ha CIdi
3.24.

1.0 b S

00 b———

Cnuka 3.24. a(t) — peaxyuja: a) ca yopzarwem, 6) ca ycnopersem, 8) aymokamanumuuxa [26]

Tabena 3.1. Kunemuuku moodenu kopuwihenu 3a degpunucarbe xemujcke Kunemuxe peaxyuja uzmehy
mamepuja y uepcmom cmarvy [26, 27]

Bp. |Mojaea peaknuje Kox f(a) g(a)
Mopen ABpamu- N[ _ N12/3 _ — )11/2

1 Epoheesa A2 21— a)[-In(1 — a)] [—In(1 — a)]
Mopen ABpamu- N[ _ N12/3 _ — 11/3

2 Epoeesa A3 3(1 —a)[-In(1 — a)] [—In(1—a)]
Mopen ABpamu- _ _ . \13/4 _ — \]1/4

3 Epochecsa A4 4(1 — a)[-In(1 — )] [—In(1 — a)]

4  |Hpoyr-Tommiusc Bl a(l—a) In[a(1—a)] +c*
MO

5 JG,I[HOI[I/.IMGHSI/IOHaJIHa DI 1 /Za‘l a2
nudysuja
JIBoIMMEH3HOHATHA _ N1 _ _

6 dysuia D2 [—In(1 — a)] l1-a)n(l-—a)+a
TpoaumeH3noHamHa 3 ) X

7 | nudysuja (Jauaepos D3 |=(1-a)?3[1—(1—a)/3] [1- (1 - a)/3]
MOJICIT) 2
TpoauMeH3noHaIHA 3 1 2

8 mudysuja (FI/ICTJ'II/IHF— D4 > A—a) 17 _1 1- §a —(1—-a)?/?
bpoyHiTajHOB Moj1e)
Peaxruja HynTor pena

9 (ITonanu-Bunrepos FO 1 a
MOJIEN)

10 |Peaximja mpBor pena F1 1-—«a —In(1 —a)

1
11 |Peakuuja apyror pena F2 (1 — a)? N 1
12 |Peakuuja tpeher pena F3 (1-a)d 1/2[(1—a)? —1]
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Bp. |Monexa peakuuje Kon f(a) g9(a)

13 |Crenenu 3akoH P2 20'/? at/?

14 |Crenenu 3akon P2/3 2/3a”1/2 a’/?

15 |Crenenu 3aKoH P3 3q2/3 ol/3

16 |Crenenu 3akon P4 4o3/* al/*
Peakmuja koHTpOIHCaHA

17 |momepameM IpaHuIE R2 2(1—a)t/? 1-(1—a)t/?
(mpomeHa OBPILIUHE)
Peaxmuja koHTpOIMCaHa

18 |momepameM rpaHuULE R3 3(1 — a)?/3 1-(1—-a)/?
(mpoMeHa 3anpeMHuHe)

Peakmuje ca yop3ameM mpencTaBibajy Mpolece KoJl Kojux ce Op3uHa XeMHjCKe peakiuje nmoehasa
ca nmoBehameM cTeneHa KOHBEp3Hje U JOCTHKE MAaKCUMYM Ha Kpajy rpoueca. Mojenu oBor TUma
OTMHCY]y ce ciieehoM peakIujom:

f(@) = na®-0/m (3.6)
TJIe je N pell peakuje u n = const.

Mopnenu peakiyja ca yCIOPEHEM IMPEICTaBIbajy MpoIece KOJ KOjuX Op3MHA XEMHjCKE peakilvje
MaKCHMaJIHy BPEIHOCT y3WMa Ha IMOYETKY peakiMje W CMambyje Ce Ca JajbuM PacTOM CTEIeHa
KOHBep3Huje. MoJiesi OBOT THITA OTHCY]Y ce ciieichoM peaKIfijoM:

fl@) =1 -a)" (3.7)

Hudysnonu monenu (Tabena 3.1) mpencraBibajy KJIacy peakiidja ca yCropemeM.

AyTOKaTaJIMTHYKE PeakIyje MpeacTaBibajy mpolece Ko KOjuxX Mmo4yeTHa U 3aBpuiHa (aza mokasyjy
yOp3ame U yCropeme, Tako Ja Op3uHa TOCTHKE MAaKCUMYM Ha HEKOj CPEIb0j BPEIHOCTH CTEIeHA
KOHBep3Hje uemy oaroapa ABpamu-EpodeeB mozen. JenmHaunmHa Koja ONMHUCYyje ayTOKAaTaIUTHYKE
npotrece je cneaeha:

f@) = n(1 - a)-In(1—a)] = (3.8)

Peakuuje ca yOp3ameM U yCHIOPEHEM KapaKTEPUCTHYHE CYy 32 M30TEPMCKE PEXHUME, TOK PeaKIlvje
KOje Cce O/BHjajy y HEH30TEPMCKHM ycioBuMa naeduuuimy kpuBy a(t) Koja oarosapa
ayTOKATAIUTUYKUM peaKilfjama.

3a moy3gaH METOJ MOKE C€ YCBOJUTH OHA] KOJU MOKE J1a O0yXBaTH CBa TPU THIA XEMH]JCKHUX
peaknuja. EMnupujcku MoJiesn 3a oBakaB ci1y4aj AeguHucat je cienehom jeiHauMHOM:

fl@) =a™(1—a)"[=In(1 - a)]? 3.9)

IJIe Cy pa3IMuuTH MOJIeNH peakurja oo0yxBaheHu koepuijeHTuMa m, n u p.

Cxkpahenu o0MK OBOT MojieNa y3uma npeanoctaBky gaje p = 0,m = 1 un = 1 npu yemy ce nobuja
jenHauwHa y cineaehem oOnuKy:

fa) =a(l—a) (3.10)

51



Huponuza

3.3.1.1. XeMHjcKka KHHETHKA XOMOT€HHUX peakiuja

Kunerrnka xoMoreHux peakuuja oapehyje ce MepemeM MpoMeHa KOHIICHTpalija jeTHOT (WJIM BUIIIE)
peakTaHaTta WIM HpOJayKara y BpeMEHy, IpH KOHCTAHTHO] TeMmreparypu. bp3une peakunmja ce
u3paxanajy y ciueaehem o0nuKy:

BpsuHa = k(t)f (koHLeHTpalMja peaKkTaHaTa ¥/ WM IPOJyKaTa), (T = const.)
3.3.1.2. XeMHjcka KHHETHKA XeTepOreHuX peakumja

3a pa3uKy O XOMOTE€HUX PEaKIrja, KOJ XeTePOreHUX peakiija XeMH]CKH HICHTUYHE KOMIIOHEHTE
peaKkTaHTa MOTY TIOCEIOBATH Pa3IMUUTy PEAKTHBHOCT y 3aBUCHOCTH O] FBUXOBOT IOJIOXKaja Y Y30PKY
Y HA4MHA IPUIIPEME CBAKOT 110jeIMHAYHOT Y30PKa, IIITO je KAPaKTEPUCTUIHO 33 YBPCTE MATEPH]je KO
KOjUX C€ XEMHU]jCKEe MPOMEHE JICIIaBajy YIIIaBHOM Ha MMOBPUIMHU KPUCTAJIa WX PETHOHUMA IMPEKTHOT
KOHTaKTa u3Mel)y peaktaHTa v IpoayKTa (TIOBPIIMHA PEakIije). XeMHUjCKe IPOMEHE KOje CE jaBibhajy
y OBOj 30HHU JIOKAIHO MoBehaHe pEakTHBHOCTH, TNle CE PEAaKTaHT Haja3u y OJU3WHH YBPCTOT
npoaykTa, nmosehaBajy KoIMUMHY Hpoxaykara. Memame peakTHBHOT MaTepHjajia ca MPOJIyKTUMa
pe3yiaryje noBehameM MOBPIIMHE PEaKTAHT-MIPOAYKT KOJI MaTepHjajia KOju HUje OJpearoBao, rie ce
HaBEJCHEC MMOBPIIMHE HAa KOjUMa C€ OJBHjajy peakIyje pasBHjajy y Mpolecy HYyKJIealuje Ha
MOBpIIMHAMA KpPHUCTaja y marepujainy peaktanta. C 003MpOM Jia pEaKTHBHOCT MOBPIIMHA OCTaje
KOHCTaHTHa, Op3uHa JIMHEApHOT pacTa MOBPIIMHE jeé KOHCTAaHTHA y BpeMeHy. M3 HaBeieHoT pa3iora,
Op3uHa (dopMmupama IMpojaykaTa y OKBHpPY peakiuja u3zMel)y UBpCTHX MaTepujaja je AUPEKTHO
MPONOPIMOHANTHA YKYITHOj TOBPUIMHMA PEAKTAHT-TIPOMYKT M jeIHAYMHE C€ MOTY H3BECTH U3
KBaHTUTATUBHUX MPETIOCTABKU O IPOMEHHU HUXOBE TPOAMMEH3UOHAIHE FEOMETPHjE TOKOM Pa3Boja
MOBPIIUHE.

3.3.1.3. Kunernuku Moje/u 32 peakuuje MaTepujaja y YBpCTOM CTabYy
%  Hykueanuja

Hyxneanuja ce nepuHumie kKao ycloOCTaB/bakb€ HOBE AMCKPETHE YECTULE Y OKBUpPY UBPCTOT
peakTaHTa, MNpU YeMy MOry OWTH 3acTylJb€Ha JBa THUIA XEMH]CKE IPOMEHE: XeMHjCKa
Tpanchopmalja jeIHe WM BHIIE KOMIIOHEHTH pEaKTaHTa Yy KOMIIOHEHTE TMPOAYKTa H
peKpucTanu3alyja MaTeprjaia Koju je oApearoBao y peueTkacTy CTpyKTypy Mmpoaykra. Pesymarar
HYyKJIealll]j€ je TeHepucame aKTUBHE MOBPUIMHE PEAKTAHT-NPOIYKT Ha KOJO] CE€ MPETEKHO OJIBUJA]Y
peakiMje y TOKY BeHOT JJaJbeT pacTa y OKBUPY HEIPOMEHEHOT peakTaHTa ca pacToM Hykieyca. Kako
ce peakifje 0OMYHO MHUIIMPA]y Ha MajoM Opojy JIOKalHja HyKJIealrja, MOXKe ce 3aKJbyUUTH J1a je
MpHCYTHA 3Ha4YajHa JIOKAIHO MoBehaHa peakTUBHOCT. KMHETHWKAa KOMIUIETHE peakiivje 3Ha4ajHO
3aBUCH 0J1 MOTYNHOCTH pa3Boja HyKJIeyca.

AKO ce IpeTHoCTaBH /1a ce HyKJIealja jaBjba IPOU3BOJbHO Ha Ny MIEHTHUHUX JOKallKja HyKJealuje
pacnopeheHux Mo moBplIMHAMa KpUCTajla peakTaHara, Op3uHa HyKJealje MOXe ce 3alucaTi Kao
peakiMja npBor peaa:

dN

rae je N Opoj Hykieyca IpUCyTaH y TPEHYTKY BpeMeHa t W Ky KOHCTaHTa Op3WHE HYyKJIeaIuje.
Nurerpanujom 3a (N = 0,t = 0) nobuja ce jennaunna y cieaehem o0nuKy:

N = Ny[1 — e Fnt] (3.12)
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HudepennupameM HaBelIEeHE jeIHauynHE J00Mja Cc€ jeIHAauyWHa EeKCIOHCHIIMjaTHOT 3aKOHa
HYKJIealuje:

dN
- = kNNOe_th

— (3.13)

Kana je Bpennoct ky Benuka, Hykjealyja je Teopujcku TpeHytHa, N = N, 1 HeMa J1aJber pa3Boja
HYKJIEyca TOKOM OfIBHjamba HapeaHux peakiuja. Kama je Bpennoct ky mana, Op3uHa HyKJealuje je
npuOIMKHO KOHCTaHTHA 300r Opoja jokarmja, (Ny — N), Koju mominexke majnoj npomenu. OBo je
M03HATO KA0 JIMHEApHH 3aKOH HyKJIealuje:

dN
—_ = kNNOt

- (3.14)

[lpema npyruM UCTpaKUBamUMa, MOTPEOHO je BUILE PA3IMYMTHX KOpakKa 3a I'CHEpUCAmEe pacTa
HyKJIeyca, IITO pe3yiTyje yOp3aHHM IpOLIECOM HyKIIealije [O03HAaTHM Kao CTEHCHH 3aKOH
HYKJIealuje:

aN _ Cpen=1 (3.15)

dt

rie je C KOHCTaHTa peakiiyje, a 1] eMIUPUjCKa BPEIHOCT. Pa3inunTu 3aKOHU HyKJIealnje HaBeICH!
cy y Tabenu 3.2.

Tabena 3.2. 3akonu bp3uHe HyKIeayuje npu pasiazary mamepuja y uepcmom cmarvy [25]

bp3una nykneanuje Bbpoj mykneyca N
3axon Opsmne P dN}}IZit - TpI;HJyTI}g preMeHayt 1
ExcrioneHujaiHmn llc{;\,llsl];]g (jRIIYt)) N, [1 - e(—th)] 1
JIluneapHu ky Ny kyNot 1
TpenyTHH =) Ny 0
Crenenu Cnt"—1 Ct" >1 (2 unn 3)
I'paname ky Noe (2t) (kyNo/k,)[e2t — 1] _

Ny — mouetHu 6poj MOTEHIMjATHUX MecTa HykJealuje; N — Opoj Hykiieyca y TPEHYTKY BpeMeHa
t; dN /dt — 6p3uHa HyKIIealyje; ky — KOHCTaHTa peakiuje Hykieanuje; k, = kg — ky (kg —
KOHCTaHTa peakIiyje rpaHama; K+ — KOHCTaHTa 3aBpIliHe peakiuje); C — KOHCTaHTa; 1) —
eMIMpH]jCcKa BPEIHOCT.

Ny
N N
t t
() Exponential (b) Linear
Ny
N N

(c) Instantaneous

Cnuxa 3.25. 3asucnocm 6poja nykneyca o0 gpemena [25]

(d) Power
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K/

<  Pacr HykJeyca

Paznarame peakranata nmpaheHo je CMambemheM HBEroBe KOJIMYHMHE, 3ajeTHO Ca TI0jaBOM pa3/iBajamba
yciaeq Tora INTO MPEoCTald MPOAYKTH HE 3ay3HMajy MOTIIYHO 3alpeMHHY MaTepHjana peakTaHTa.
Pacryha rpaHnyHa MoBpIIMHA CBAaKOT HYKJIEyca MPEICTaBJba MOBPIIMHY 3 OJBHjabE PEAKIIHU]je, TIIe
nocToje oapehena orpannyema:

1. Koanecnennmja Hykjieyca — ryOMTaK aKTHBHE IOBPIIMHE KOja C€ jaBjba MPH KOHTAKTY
pPEaKTHBHHX 30HA JIBa WJIM BUILIE pacTyha HyKIeyca;

2. T'ybibeme MecTa MOTEHIIMjaTHO MOTOJHUX 3a Pa3Boj HYKJIEyca — eIMMHIHAIIM]jA JIOKAlja Ha
KOjHMa C€ HaKHAJTHO MOTY JaBUTH HYKJIEYCH PacTOM IOCTOjehnx HyKJeyca,

3. I'panume kpucTamHe peUIeTKe — pacT HyKJeyca HE MOXE Ce OCTBApPUTH W3BAaH T'PAHULA
KpPHUCTaJIHE CTPYKTYpe, YUME CE OTpaHH4aBa pa3Boj HyKJeyca y OJM3MHH TPAHUIA YECTULIA
peakranata. OOMUK M BETMYMHA KPUCTAa YTUYY HA KHHETUYKO TIOHAIIAHE.

3anpemuna npoaykTa V' 'y N xemuchepruyHux npocrtopa paaujyca k;t HakoH BpeMeHa t he OuTu:

2N
V= (T) (kt)? (3.16)
IIpU 4YeMy je eKCIOHEeHT ojapeheH OpojeM AMMeH3uja y KOjuMa ce OJIBUja pacT. YKOJHMKO ce
HYyKJIeallhja HaCTaBJba y TOKY pPeaKije, yop3ame ce mpruKa3yje mpeko BpeaHocty 1y Tadbemnu 3.2.

CreneHu 3aK0H ce Hajqemhe HU3paxaBa Ha cnez[ehn Ha4uH:

an = kt (3.17)

rre je n =n+ A 6poj AMMEH3Hja y KOjuMa pacTe Hykieyc. JeqHauumHa ca yOp3ameM MOXe ce
KOPHUCTHTH CaMmo y paHuM (pa3ama peakiyje Kaja MOCTOjU MPETIOCTaBKa O HEOTPAaHUYCHOM pacTy
Hykieyca. [locinenuuno, npexinaname CyceIHUX HyKJIeyca CMambyje TOPUHOC YOp3ama 1 J0BOIH J10
ycropema y HapeJHuM (azama peakiuje.

VYkymnHa 3anpeMuHa MpoykTa y TpeHyTKy Bpemena t, V (t), oapehyje ce kao cyma 3anpeMuHa CBUX
MojelMHaYHuX HykIieyca. Pa3nuka Moxke Ja ce jaBH ycleq pa3lIWYUTHX TpeHyTaka HacTajama U
Jajber pa3sBoja pa3IMYUTHX HyKJIeyca (luHeapHe nuMensuje 7(t, t;)). Hapeneno ce moxe 3anmcaru
Ha crnefehy HauMH:

t t 1
V() = aJ [j r(t, tj)] [Z_]Z]tzt.dt (3.18)
0o o J

rae je o ¢akrop obOiMKa 3a pact Hykieyca. V(t) mMoxxe OUTH y Be3u ca CTEIICHOM KOHBEp3Huje y
TpeHyTKy BpemeHa t, @ = V(t)/Vf, npu yemy je Vy KoHauHa 3alpeMUHa KOja OJroBapa 3aBpIIETKY
XEMHJCKE peaKIyje.

HaBejiena jesiHaurHa MOKE Ce€ MHTETPAUTH IIpeMa OMII0 KOM 3aKOHY pacTa HyKJeyca 3a J00ujarmbe
opsune y oomuky g(a) = kt (Tabena 3.1).

KapakreprucTrika KMHETHKE pa3jiaramka YBPCTHX Marepuja je Aa je Op3uHa pa3Boja MOBPIIMHE 3a
OJIBU]jam€ PEaKIlije KOHCTAaHTHA!

dr

rJie je r JMHeapHa JUMEH3Wja HyKJieyca y TPEeHYTKy BpeMeHa t W k, KOHCTaHTa Op3WHE pacrta
HyKJIeyca (OPMUPAHOT Y TPEHYTKY t, HAKOH M0jaBe peaKiiyje.
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HaxoHn noveTHHX OfCcTynama, pacT HyKJIeyca y OKBHPY PeaKTaHTa CMaTpa ce KOHCTAaHTHHUM. Pa3Boj
HYKJIEyca MOXKe OUTH jeHOAMMEH3MOHAIaH, TBOJUMEH3MOHANIAH U TPOJUMEH3UOHAJIaH, TIPU YeMy
Ce MOJIa3M OJ] MPETHOCTaBKE Ja Ce MOBPIIMHE Pa3BHjajy jeIHAKOM OP3MHOM y CBUM MpaBIHMa,
crBapajyhu xemucdepe npoaykata 1 nosehasajyhu 30Hy akTHBHOT KOHTAaKTa pEakTaHTa U MPOYKTa.

s T'eoMeTpujcku MoaeIH

basupajy ce Ha mouyeTHoj Op30j HyKJIEAIWjH MPEKO LieNe WIM Jejla TMOBPIIMHE Kpucrtana. Maio
pactojame u3Mehy Hykiieyca pe3yiryje Op3uM TeHepHCameM KOXEPEHTHUX 30HA peakilje Koje ce
pa3BHjajy mpeMa YHYTPaIIkhOCTH KOHCTAaHTHOM Op3uHOM (k) y oacyctBy nudysuje. PasBoj 6p30
MHHIUPAHE peaKilrje Ha CBUM MTOBPIIMHAMA KOIIKE Ca UBUIIOM JYKUHE @, IPeMa YHYTPAIIBHOCTH IIPH
KOHCTaHTHOj Op3HMHU MO3HAT je Kao Mojien — Peakiija KOHTpOIMCaHa MOMepamheM IrpaHuIie (IpoMeHa
sanpemune) (R3) y TaGenu 3.1.

*  Moaean 6a3MpaHu HA AYyTOKATAJIH3HT

bp3una peakiyje 3acHHMBa ce Ha KOHIENTY I'paHama HYKJIEyca, aHAJOTHO peakilhjaMa XOMOTCHHUX
nanara. [IpencraBpeHn Mozen mo3Hart je kao monen Bl y Tabenu 3.1. I'enepucame npoaykara Ha
rpaHama HyKJieyca IOMaXke pasjiaramy 4yecTHlla crBapajyhu Behe moBpimHae Ha KOjuMa ce HacTaBJba
paszmarame.

% JIndy3uoHH npouecH Ko/ peakiuja YBpcTux asza

Kon mudysnonux mporneca, peakiyje YBpcTux ¢asza oJBHjajy ce Ha TaKaB HAYMH Ja CE€ TPAHCIOPT
peakTaHaTa JI0 MecTa O/IBHjama PeaKiyje, Ik MPoayKaTa JJOKATHE XeMHU]jCKE PeaKIlHje, KOHTPOIIUIIIE
npouecom audysuje. Audy3nonu npoiecu, 3a koje cy oarorapajyhu moaenu nedunucanu y Tabenu
3.1, mory Outu cienehu:

v’ Bp3uHa pasjiarama je peryjimcaHa y OrpaHHYEHOM OICETy YBPCTHX Marepuja KoJ KOjUX ce
peaKTHBHA CTPYKTYpa OJprKaBa y OKBHPY pajujaHTHe 30He — Mozen D1;

v Bp3uHa peaknuje ca auy3djoM NPOMOPIHHOHAIHA je KOJMYMHU MPUCYTHOI peaKTaHTa
6a3upanoj Ha mojeny D2;

v’ Peakiyje ca orpaHiyeHoM I y3rjoM ce OBHjajy y chepruuHUM YecTrIama — Moael D3;

v' YKOJIHKO TOCTOj€ pa3ivKe y MOJIAPHUM 3allpeMUHaMa PEakTaHTa U MPOIYKTa MPETIIOCTaBIba Ce
moxen D4.

Y 0BOM KOpaKy 3acTyIlJbeHE Cy JiBe (a3ze — pazjarame YBPCTHX jeIUHbEeHa KOHTPOIMCAHOM Op3UHOM
ocnoOahama Bomatuna W peakuuje usMmely yuBpcTux Mmarepuja mpu yemy ce (GopMupa UBpPCTH
MPOAYKT, I'JI€ Ce pacT KOJIMYMHE MpoIyKaTa oJpKaBa TPAaHCIIOPTOM KPO3 IPaHUYHH CJIO].

o,

*  Mopeau 6a3upanu Ha peay peakuuje

Jennauune Op3uHe Oa3zupaHe Ha peAy XEMHJCKE peaklMje Haja3e IIMPOKY NMPUMEHY y objacTu
TepPMUYKUX aHaiu3a. JemnaumHa npeor pena (moxaen Fl) je mpubnmkno civuHa moxaeny Peakimuja
KOHTPOJIMCAHUX TMOMEpamEeM IpaHMIle (IPOMEHa 3alpeMHHE), OCUM Y 3aBpIIHUM (a3ama kaja je
CTeNeH KoHBep3uje a nmpubmmkHo jeaHak 1. [Ipu mepemy peakTUBHOCTH Win nopelewmy ocoOnHa
CIIMYHUX CYTICTAHIM, jelHaYlHa MPBOT pela MoXe OUTH KopuliheHa Kao IMOy3/JaHa eMIupHjcKa
MeToAa Mepema Op3uHe. Peakiiuje 4BpCTOr cTama 4eCcTO OJAroBapajy KMHETHIM IMPBOT pefa, IITO
npeAcTaBiba jegad o obnuka ABpamu-Epodeen jemnaumne (3a n = 1), kaga momen Al mocrtaje
uaeHtudad Mozeny F1. TakBo KWHETHYKO MOHAIIAKkE OUEKYje ce KO/ pasjiarama (PMHUX YECTHLIA I1e
ce HyKJiealyja jaBjba MPOU3BOJFHO U PACT CE HE HACTaBJba M3BaH MHANBUAYAHOT HYKJIEyca.
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«  M3oremMmeparypcke peakiuje

W3oTeMriepaTypcka KMHETHKA 3aXT€Ba MO3HABAIE CETa BPEIHOCTH CTENEHAa KOHBEpP3HWje & Yy
¢GbyHKIMjU BpeMeHa t, Ipu KOHCTaHTHO] Temriepatypu 1. OBako H00MjeHU pe3yiTaTH mopene ce ca
MoOJIeTIMMa 3a peakiyje u3mel)y yBpcTux crama HaBeneHUM y Tabenw 3.1, ynmMe ce BpIIM MOTBpAA
KHHETUYIKOT MOJIejIa KOju oroBapajyhe omnucyje XeMujCcKy peakiiujy.

A B C D B F
i
m L
= |
=
< |
=
ol T T T T T T
A B C D E
N F
=
S~
=
]
@
‘C-U' L
il i

Time

T

oo

Alpha

Alpha

1.0

0.5

0.5

Bl

Ad

Alpha

1.0

(b)

F1

Time/min

(e)

Time/min

100

(d)

Time/min

100

Time/min

100

Cnuxa 3.26. Jlego - 3asucnocm 6p3une xemujcke peakyuje 00 pemena; 0ecHo - 3a8UCHOCm
cmeneHna KoHeep3uje 00 8pemena 3a paziuyume Kunemuuke mooene (a) Aspamu-Epoghees u Ilpoym-
Tomnkunc mooen; 6) Peaxyuje koumponucane nomeparbem epanuye; 8) Peaxyuje n-peoa;

2) Hugpysuone peaxyuje) [25]

Tabena 3.3. Kapakxmepucmuxe kpuse a(t) — Cauxa 3.26. [25]

A

Wuutujanao, penaTuBHO Mo ociodahame raca, 4ecTo HACHTH(PUKOBAHO KA0 pa3iiarame
Mame CTabUITHOT MaTepujaia Ha MOBpIIMHM uiu HeurncToha. [TocMmarpa ce kao oJBojeHH
MpoIiec U UMa Maju jaornpuHoc (ooudno 1 1o 3% ykymHOT mpoaykrta) u Tpeba ga Oyae

oAy3€T IMPC KMHCTUYKE aHAJIN3C HAPCAHC TJIABHC peaKque.

WNuunmjanau poriec je n30CTaBJbeH, alli je MoTpedaH nepruo/ 3a 1MojaBy v pacT HyKJeyca

npe noverka a(t) Kpuse.

bp3u noyerak peakuuje ca yop3ameM 0e3 nepruoia HHIYKIH]e.

DuE

Temke 3a onpehuBame. Moxke OuTH pHUcyTHa KpaTka (a3a ca yOp3ameM Ipe ImoyeTKa

JOMUHAHTHE peakKiifje WiIM BaHPEIHO YCIOPEHE Mpoleca.

[MpescTaBiba 3aBpIICTAK peaKiiyje.

< TloBpmmuHua 32 ogBHjame peaknuje (FPAHUYHH CJI0j)

VYora noBpuivHa 3a 0JIBUjamkbe peakiinje usmel)y uBpcTux ¢asa u BbUXO0BO MOHAIIAkE KiacupuKyje
ce Ha OCHOBY (PM3MUKO-XEMM]CKHX MPOMEHa KOje C€ jaBJba]y Yy OKBHPY aKTHBHE 30HE U KOj€ MOTY
outu cinexehe:

v UBpCTH MPOAYKTH KATAJIHIITY XEMH]jCKE POMEHE Ha TIOBPIINHNA PEaKTaHT-TIPOIYKT;

v’ Peakiyja ucnpe] pactyhe MoBpIIMHE PEKPUCTAIU3AIIN]€E TOBOIH JI0 CTBapama KpucTaiHe dase
MpOayKaTa;

v' CTpykTypa y KOjOj Cy BOJATHIM IPUBPEMEHO 3aJIp’KaHi Kao KOHIEH30BaHH WIIH aJICOPOOBAHU
M KO0ja CTBapa CIOXeHy ¢a3y, Meba ce 0J1 KpUCTajla peakTaHTa 10 KpUcTaia MpoayKaTa,

v Peakimje ce yOp3aBajy Kaja ce MHTEPKPUCTAIIHE CHIIE oJlabaBe NMPU TOIUBEHY 0 HAaCTaHKa
TeuHe (a3e y K0joj ce MOTY JaBUTH JApyre xemujcke mpoMene. OTOIbeHA 30Ha MOXKE OUTH

JIOKAJIHA U MTPUBPCMCHA,
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v' Ilpu onpehenumM Op3uHaMa XEMHjCKE PEakiHje HE NEHEPHIIE CE OCTAaTaK, HIP. HPUIHKOM
cybnumanuje uBpcte (ase.

K/

<  YTHuAj BeJUYUHA YeCTHLA

W3Boau jenHaumHa Op3mHa Oaswpajy ce Ha MOJENMMa peakiidja KOju pa3MaTrpajy MpOMEHEe Y
reOMETPHjH MOBPIIUHA 3a OJIBUjabe XEMHjCKUX PEaKI[fja TOKOM BHUXOBOT PacTa y OKBHPY KpUCTasa
JETHOCTABHOT O0JIMKA — KOIIKE WK cdepe, y3 MPUMEHY YBEJCHE MPETIOCTABKE Ja CBE KOMIIOHEHTE
peaKkTaHTa MMajy CIMYHO KHHETHYKO MMOHAIIIAbE.

% Ocraau GpakTopH KOjU YTHUYY HA KHHETHYKO NOHAIIAH€e

[Topen 00MKa 1 BeNMYMHE YSCTHIA, XEMUjCKHUX Be3a U npoleca audy3uje, Ha pealHe CHCTeMe MOTY
yTULIATH ¥ J0AaTHU (pakTopu momyT ¢a3zHOr mpena3a (HapoyuTo TOIUBEH-E), abpasuja W apyra
omrehema MOBPUIMHA KPUCTala, HEYHCTONE MOBpHIMHA U 3paucke. JIOKaTHO OKpykeme Takole
MOXK€ YTHIIATH Ha XEMHjCKY pEakildjy, TaKO INTO METAIHU JpKadl MOTY pearoBaTh ca HEKUM
pEaKTaHTHMA Ka0 KaTalU3aTOpH MOCMATpPaHEe XEMH]CKE PEaKilije, I YTUIAkEeM Ha HHTEPAKLH]y
ociobohennx Bonarmiaa. 'acoBrn npucyTHH y aTMochepd MM MPEOCTAIN M3 MPETXOAHOT KOpaKa,
MOr'y ce KOMOMHOBATH Ca PEaKTaHTOM HIIH MPOoAyKToM. [IpeTxoaHu kopaiy Mory Takohe yTuiaru
Ha BCJIMYMHY 4Y€CTUIA U HA Taj HAa4Y1MH KOHTPOJMCATH KHUHCTHYKO ITOHAIIakE Y HAPCIHUM (1)a3aMa.

MomnapHa 3ampeMuHa YBPCTOT MPOAYKTA je OOMYHO Mama Off KpUCTala peakTaHTa M3 KOr je
¢dbopmupaHa 1 300T TOra HE MOXKE Y MOTITYHOCTH UCIYHUTH MPOCTOP KOjH j€ MPETXOTHO 3ay3MMao
peakTtaHT. [loBpIIMHa aKTUBHOT KOHTaKTa MOKe OUTH Mama y nmopelemy ca IOBPLUIMHOM HyKJIeyca.

Hamonu Mory pe3yiToBaTH AE3MHTErpaIMjOM KpUCTajla pPeaKTaHTa TaKo Ja MpoMeHe OOJHK U
BEJIMYMHY aKTHBHE IOBPILMHE Y TOKY OJIBUjaha XEMH]CKE peaKInje.

3.3.14. Kunernuka anaiamsa HeM30TePMCKHX eKcIlepuMeHaTa

Kunernuka aHanmm3a HEM30TEPMCKUX EKCIEpUMEHaTa BpIIM ce y Luiby onpehuBama Op3uHe
XEeMH]CKe peakiifje 1 ApeHH]yCOBUX TapamMeTapa Koju Haj0oJbe ONHCY]jy TOCMaTpaHe eKCIIEpUMEHTE.
Kox oBux ekcrepuMeHara TemmepaTypa ce Mema Ipema npeaBuhjeHOM mporpamy, yriaBHOM
JMHEApHO Y TOKY BpeMeHa. BpelHOCTH CBUX KMHETHUKUX IapaMeTapa 3aBUCE O TAYHOCTH MEpemba
CTeneHa KOHBEp3Hje a, BpeMmeHa t u temmneparype T. CreneHn koHBep3uje a Tpeba na Oyxae onpehen
3a MOCMAaTpaHy CTEXHOMETPH]CKY peakiujy. TOKOM HEM30TEpMCKHX peakildja, OCHM IPOMEHE
KMHETHUYKHX [apameTapa ca BPEMEHOM U TeMIepaTypoM, Moke Johu M /0 MpoMeHa MNpuHOca
pojayKaTa W CeKyHIApHUX peaknuja m3mel)y mpoxaykara. PenmaTMBHM NPUHOCH W3 TOBPATHHX,
HCTOBPEMEHHUX U Y3aCTOITHUX peaklnja he Takohe Bapupatu ca TeMrepaTypom.

[ToyeTHa jenHauMHA 32 KWHETUYKY aHAIM3Y HEM30TEPMCKHUX PEaKIrja je:

da_da dt_da 1 3.20
dT  dt dT dt B (3-20)

[TpoGnem ko1 OBOT HAUMHA pa3MaTpama je IITO He pa3Marpa MoJ0Xkaj YeCTULA Y Y30pKY IIpU YyeMy
e(eKTH IPEeHoCca Mace U TOIUIOTE HUCY Y3€TH Y 003up.
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Crenen koHBep3uje a oapehyje ce mpexko mpoMeHe Mace U3MEPEeHE MPIIIMKOM €KCIIEPUMEHTATHUX
UCIIUTHBAbA:
(mg —my)
=——— (3.21)
(mO - mc)

rae je:

mg — MoYeTHa mMaca y30pka [mg];

my, — Maca y30pka [mg] y TpeHyTKY BpemeHa t;

m, — Maca YBpCTOI OCTaTKa HAKOH UCITUTUBamkA [mg].

YBohemeM jennauune (3.4) y IpeTXoHy jeqHaUYHnHY, 1o0uja ce cneache:
da 1 da A -E (@) 399
—_ = —*—— = — @RT .
ar " p @ gt (3.22)
rae je f (a) kunernuka pynkuuja (Tabena 3.1).

Pa3nBajameM MpOMEHJBMBHX JI00H]ja ce jeHaunHa y cienehem o0muKy:
—— = —errdT (3.23)

WHTerpasbemeM MpeTXoaHe jeAHaYnHE 100H]a ce:

a

@=[——d _j_ mrdT 3.04
ga_of(a)a— e (3.24)

T

()—éJ R AT (3.25)
ga—ﬁoe .

rje je g(a) uarerpantu o0JIMK jeJHAUYMHE 3aCHOBaHe Ha Mozeny (Tabemna 3.1)

Yau u K0ayToOpH HaBOJE Ja MPHUKa3aHe jeJHauynHe mojiase oj mpeanoctaBke 1a je E(a) = const. 'y
[[eJIOM HHTEpBAIYy WHTerpajbema 1mo dI' (y jemHauunu (3.24)), umMe ce mOTBphyje ma MmocToju
oncryname kazaa je E(a) # const. [28].

OyHKIIMOHAIHA 3aBUCHOCT CTEINeHa KOHBEP3HU]je U Op3MHE XEMH]CKE peaKIlfje 0J1 TeMIepaType /ara
je na Coumm 3.27.

58



Huponuza

1.0 0.18
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Cnuka 3.27. 3aeucnocm cmenena Kongep3uje (1e60) u bp3une xemujcke peakyuje 00 memnepamype
3a paziudume KuHemuuke mooene [25]

3.3.1.5. HN3okoHBep3HOHE MeTO/I€

I'anarep, Bja3oBKMH M KOayTOpW Yy OKBHPY CBOjUX HCTpakuBama [25, 26] HaBome na kama je
PACIIOJIOKHBO BHIILIE O] jeJHOT SKCIEPHMEHTAIHOr pe3ynTara, Herno3Hate dpynkuuje f(a) u g(a)
Mory OUTH eTMMHHHCaHe nopehemeM Mepema CIIPOBEICHHUX 3a UCTE BPEIHOCTH ¢ 3a JIBa MEpEHa
IpU pa3auuuTUM ycioBuma. OBa MeToa 3a oApehuBame ApeHHjycoBUX MapaMmerapa 0a3upa ce Ha
OIIIITO]j jeTHAYNHU:

E

da
In (ﬁﬁ) = In(4- f(@) - =

(3.26)
Bpennoctu E u A - f(a) cy HenBocMHCIIEHO ofpehene, 1ok BpeTHOCT A 3aBUCH 01 M3a0paHOT Mojiena
f () mwto mpezcTaBiba M HeOCTaTak OBOT MoJiena. Ilopea HaBeIeHOT, IpeTnocTarsba ce aa je f (a)
KOHCTaHTHO y LEJIOKYITHOM OIICETY MPOMEHE (.

W30Kx0HBEpP3MOHE METO/E MOTHYY OJ1 H30KOHBEP3UOHOT MPHUHIIMIA peMa KOMe je Op3ruHa XeMHjCcKe
peaxiyje nNpyu KOHCTAaHTHOM CTENEeHY KOHBep3Hje QyHKIHja jenuHo Temneparype. C 003upom 11a je u
f(a) = const. jenHaunHa Koja OMKCYje M30KOHBEP3UOHH MPHHIMI MOXKE Ce 3amucaT Ha cienehu
HaAyYuH:

la ln(da/dt)l _ E, 3.27)

AT -1 "R

Mertone koje ce Oaszupajy Ha AudepeHIMjaaHoj jeqHauyuHu (3.22) Mory ce 3amucaTd Ha BHILIE

pa3IMYNTUX HAYMHA:
w| (85w =n(3)-E-2=

@®punmanosa (FR) nudepeniyjanna H30KOHBEp3MOHA METO/1a 3aCHUBA ce Ha cieqeho] jeTHaunHu:

(3.28)

da
In (

dt

) =mlf(@d

a

RT,;

(3.29)
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C 003upoM Ja UHTETpATHA OOJIMK jeTHaYMHE KOja ONUCY]e N30KOHBEP3UOHH MPUHIIMII 32 MPOIIece ca
KOHCTAaHTHMM Op3WHama 3arpeBamba HEMa aHAJIUTHYKO pelieme, yBohemeM oaronapajyhux
arnpoKCHMaIlija, jeITHaYMHA KOja OMUCYje MHTETPATHH U30KOHBEP3UOHH ITPHHIIUI MOKE CE 3aIHCaTH
y cneachum obnummma:

E
Osasa - Pnun - Bon (OFW): In(B;) = Const.—1.052 (ﬁ) (3.30)
a
ﬁi _ Ea
Kucunyep - Axaxupa - Cynoc (KAS): In(—-) = Const.— — (3.31)
Ta,i RTa
3.3.1.6. XeMHjcKka KHHETHKA MapajieJIHUX peaKkuuja

[Ipu kuHETHYKO] aHaIM3K MelaBuHa, Yau u koayTopH [28] mosase o1 mpeanocTaBKe 1a ce MUpoJii3a
KOMITOHCHTH MEIIaBMHA OJIBMja HE3aBUCHO M HMCTOBpeMeHO. Takohe, mapaleiHuM peakiihjama
pasziarama jeJHOT peakTaHTa MOXE HACTaTH BUIIIE MTPOyKaTa:

dal A1 —Ea1

=7 = Fe R - f(aq) (3.32)
da A, -Eaz

T @ (3.33)

L+, =1 (3.34)

a = llal + lzaz (335)

LJIe je:
E,- IpuBUIHA EHEPTHja aKTUBAIM]E CIIEMECHTAPHHUX CTYITHEBA;
1,2 — MHIEKC KOJU C€ OJIHOCE Ha PeaKIije KOMIIOHEHTH | u 2,

[, u |, — yneo mpoaykata npBe U Apyre peakiyje y yKylnHOj peaKiuju.
3.3.1.7. XeMHjCKa KHHETHKA Y3aCTOMMHUX pPeaKkuuja

BjazoBkuH, Yaun 1 KoayTopH Cy Y OKBUPY CBOjJUX UCTpaKuBama [26, 28], nednHucany aa ce XeMujCKu
IpoIleC KOjU ce OJIBHja KpO3 JIBE Y3aCTOITHE XEMHjCKe peKalrje (BUILIECTEeNeHe XEMUJCKEe PeaKItje)
MOJKE OIIMCaTu Ha ciefehn HauuH:

A(s) B B(s) +v,6,(9) (3.36)
B(s) 3 C(s) + v,6,(g) (3.37)
d
= = (M fi@) + k(M (@) (338)

rae cy A, B u C uBpcTe KoMIioHeHTe, a G; ¥ G, TACOBUTHU MPOIYKTH, kK, 1 k, KOHCTaHTE XeMH]CKe
pekanuje 3a peakuuje (3.36) u (3.37). Ilopen HaBeneHOr, yBeleHa je MPETIIOCTaBKa Ja ce 00e
peakrmje oaBujajy o moxeny f(a) =1 — a, u ma je viM; = v,M, , tie je M; MonekynapHa maca
racoBUTE KOMIIOHEHTE G;.
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3a HEeM30TEePMCKE MpoIiece ca OP3UHOM 3arpeBama 3, oJropapajyha KHHETUYKA jeTHAYMHA OTTHCAHOT

mporieca y3 MpeTnocTaBky aa cy k; u k, oapehenn ApeHH]yCOBOM jeTHAYMHOM, 3aMHCyje Ce Y
cienehem o0muKy:

da A -Ea
d_lefle Rt (1 —ay) (3.39)

- = FeW (o — ay) (3.40)

da_1(dey | dayy By
dT 2\dT dT

rjae ce uaaekcu 1 u 2 ogHoce Ha peaknwuje (3.36) u (3.37).
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4. EKCHEPUMEHTAJIHA UCIIUTUBAIbBA
4.1. Y3opum
3a moTpebe 3aMeHe Jena JIMTHUTA KOPUIINEHOT Kao MPHUMAapHO TOPUBO 32 MPOH3BOJILY

eHepruje, n3abpaHe Cy JIBe pa3nuuTe BpcTe noauMmepHux matepujasia — SCG u WRG.

AHanu3a yTullaja KOHIICHTPAIMje HaBeICHUX MaTepHujaia y MeliaBuHama ca aurautuma KSL
u KLB, y nopehemy ca uucTuMm y30piuMa JIMTHHTA, MU3BPIICHA j€ 3a JIBAHACCT MPUIIPEMIJbEHUX
pa3nuMuuTUX y30paka memaBuHa mace 10 g, rpanynanuje X < 0.25 mm, dopmupanux Ha cienehu
HAYUH:

Tabena 4.1. Y30pyu mewasuna

VY3opak Cacras V3opak Cacras

KSL9-SCG1 90% KSL - 10% SCG KLB9-SCG1 90% KLB — 10% SCG
KSL8-SCG2 80% KSL —20% SCG KLB8-SCG2 80% KLB —20% SCG
KSL7-SCG3 70% KSL - 30% SCG KLB7-SCG3 70% KLB —30% SCG
KSL9-WRGI1 90% KSL - 10% WRG KLB9-WRGI 90% KLB - 10% WRG
KSL8-WRG2 80% KSL —20% WRG KLB8-WRG2 80% KLB —20% WRG
KSL7-WRG3 70% KSL - 30% WRG KLB7-WRG3 70% KLB - 30% WRG

W3 npumnpeMbeHOr y30pKa, 3/1BajaHu Cy MOjeIMHAYHU Y30pLHU OJroBapajyhux maca 3a TEXHUUKY
(1g) m TGA anamuzy (20 mg), Koju cy KopumrheHu 3a J1ajba eKCIIepUMEHTATHA HCITUTHBAbA.

VYTHLa] KOHIEHTpalyje IocMaTpaH je Kpo3 MPUCYCTBO MIIM OJICYCTBO CHHEPIreTCKOr edekra
TOKOM TIporieca ko-nupoinuse. Takolhe, ananmmsom je oOyxBaheH u yTuIaj yciioBa Ha MUKPO HHBOY
(Op3uHa 3arpeBama, Maca y30pKa M BEJIMYMHA YECTHIIA) HA MPOLEC KO-IHPOJU3e, Ka0 U YTHULQ]
IpeHoca TOIUIOTE M Mace Ha IoJla3He MaTepujaie (pPeakTaHTe) M PEaKTHBHOCT (HOPMHUpPAHUX
MemaBuHa. EjeMeHTapHa M TeXHMUYKa aHalu3a JMTHUTA, Pa3MaTpPaHUX OTMAJHUX MaTepujajia U
IbUXOBUX MeEIlIaBUHA, Ka0 M KapakTepHu3aluja Mpoleca MUPOIN3e/KO-MUPOIN3E KPO3 aHaIU3y
KMHETHUYKUX MapaMeTapa crnposefeHa je npumeHoM TGA, DTG m WMR wmeroma. IlpumeHom
Pa3IMUUTUX KUHETHYKUX MeToja (MpUMapHO pa3IudyUTHX M30KOHBEP3MOHUX METO0/a), onpehena je
BpEeHOCT e(eKTHUBHE €HEepruje axkThBaluje Koja omoryhaBa oOmMC HHBOA KOMIUIEKCHOCTH
aHanu3upaHe peakuuje. Pesynraru nobujeHn y OKBUPY OBE IucepTairje oMoryhasajy aeduHucame
pearHuX yciaoBa KO-MHPOJIM3€ MEIIaBHHA JIMTHUTA M OTHaJa y NpeABUleHUM KOHIEHTpauujama y
OKBHUpY NocTojehnx eHepreTckux NocTpojema (KOTI0Ba).

4.2. Meroae

HctpaxuBama y OKBHPY OBE JOKTOPCKE JucepTalMje oOyXBaTHJIa Cy METOJEe TEXHHUKE
aHaJlM3e ropuBa 3a oTpede opehuBama cactaBa aHaIM3UPaHUX MaTepHjaiia, oipeuBame TOIIOTHE
MohHM aHanM3MpaHMX MaTepujajia, Kao W CUMYJallyja MOCTyHaka CIope U TPEHYTHE MUPOJIN3e
MPUMEHOM JIB€ Pa3IMYUTE JTA00OpaTOPHUjCKE HWHCTANAINM]E: TEPMOTPABHMETPU]CKOT aHaIMu3aTopa
(TGA merona) 3a cuMyalujy MOCTYIKa CIOpE MUPOJIM3E, U PEAKTOpa ca yCHjaHOM MPEXULIOM
(WMR) 3a cumynanujy noctymnka TpeHyTHE MUPOJIU3E.

4.2.1. TexHuuyka aHaJusa

3a moTtpebe neduHHMCama KapaKTepUCTHKAa TOpHBa CIPOBEJCHA je TEXHUYKAa aHalIu3a
MPUMNPEMIbEHUX AaHATUTHUKUX y3opaka jurHuta, SCG, WRG u BHX0BUX MellaBHHA NMPUMEHOM
Baxkehux crangapaa [1-7] 3a onpehuBame canpikaja Biare, rnernena, BojaTuia, Kao ¥ TOIIIOTHE Mohu
ropuBa. C o03upoM a y ofHOCy Ha JeduHUCaHEe KOHIEHTpalyje JUTHUTA, OTNajga u Ouomace y
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dbopMUpaHUM MelllaBUHAMa JIMTHUT TNpPEJCTaB/ba JOMHUHAHTHO TOPHBO, 33 TEXHHUYKY aHAIIN3Y
MelIaBrHa KOPUIINEHN Cy CTaHapIu y YIOTpeOH 3a OBY BPCTY YIJba.

4.2.2. TG u DTG anaausza

TG u DTG ananu3a cripoBeieHe Cy TpUMEHOM Jaboparopujcke nHcTanamuje — TG ananu3atop
tumta NETZSCH STA 449 Jupiter F5 — Cnuka 4.1. Kao Hocehu rac mpuimkoM HCIUTHBama
kopuiheH je a3zor mportoka 50 ml/min, xojum je omoryheHa mHepTHA aTMocdepa U CUMYJalnja
mpoleca MUpoJIn3e.

VYnyrctBo 3a uzBohemwe TG excriepumenta aepunucao je Kaprnenrep y okBupy [8], npu yemy
je y3opak ropuBa mace 20 mg nmpuUNpeMJbeH M camJIeBeH 0 oaroBapajyhe rpanynamuje (x < 0.25
mm) y CKIaay ca CTaHJapJHUM IOCTYIKOM U MepeH aupektHo y TG npxkauy ysopka. M360p
BennunHe yectnua koj TG aHanmu3e je o BENMKOr 3Hadaja, IpU YeMy y30pak maje mace (Maca
n3pakeHa y mg) omoryhasa Behe Op3uHe 3arpeBama u kpahe Bpeme ananuze. Ca 1pyre cTpaHe, Majiu
y30paK MOXe TpeJCTaB/baTH mpobiem y morieay oOe30ehema XoMOreHocTH y3opka. M3Mepenu
y30paK y Apkauy je moToM 3arpeBaH y arMmocdepu azora 10 110 °C BenrkoM Op3UHOM 3arpeBamba u
OJlp’)KaBaH Ha OBOj Temmeparypu y nepuoay ox 10 min. [Ipomena mace 3abenexeHa y oBoj ¢as3u
npejcTaBiba ryoutak Biare. Hakon oBe (pase, Temneparypa ce 3amatom Op3uHoM 3arpeBama (10, 15
u 20 K/min) moamxe no makcumanae BpeaHoctd (900 °C 3a muraure u 800 °C 3a memaBuHE) Ha
KO0j0j ce 3azpkaBa y nepuoay o 10 min kako Ou ce oapeauo caapikaj BoJaTuia.

EZHTHI 23 HEIAE Tafa

ypehaj 2
- MOOHIZES

rpejag— M

HOCIY WiODH2

EAIITHTHA IEE =

FETH]ATHOHE IITHT

CHCTSM SEIEYAIH]E

il
MEHH CHCTEM I."
{eara) I
JETHHKIE 32
IOEOI T2C0ER

Cnuxa 4.1. TG a) oenosu ypehaja [9]
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0)

Cnuxa 4.1. TG 6) nabopamopujcka uncmanayuja

Ycenen pa3nuka y Op3uHaMma 3arpeBama, cajapikaj BojaTwia nqooujed TG aHaM30M MOXe ce
Pa3IMKOBATH y OJJHOCY Ha caJpiKaj BojaTuia oApeheH cTanaapIHuM MOCTynkoM. Mama Maca y30pka
ko1 TG ananuze (20 mg) y onHocy Ha ctanaapaHe aHanuse (1 g) omoryhasa npumeny Behux Op3uHa
3arpeBama U ckpahyje Bpeme moTpeOHO 3a aHalu3y, 0K C€ MOXE jaBUTH MPOOIEeM HEXOMOTE€HOCTH
MemaBuHa. Ca MambOM MacoM y30pKa cMamyje ce npenusHoct TG aHanmuse.

DTG ananuza y H”HEpTHOj a30THO] aTMOC(hepr KOPUCTH ce 3a JepUHHUCARBE MTPoLeca MTUPOIIN3e
ropuBa MpH YeMy ce JAcPUHHINE KpHUBa KOja Jiaje ONMUC JCBOJATIIN3aNMje. AHAIN30M JOOW]jeHUX
KpUBHX, HA OCHOBY IO3UIIMja MMHUKOBA ojipel)yje ce Temmeparypa pas3iaramba MaTepujaia, Ha OCHOBY
BHCHHE NMWKOBa Op3WHA pazjarama Marepujaia, JOK IMOBPIIMHA UCIOJ KPHUBE MOKa3yje KOIUYHHY
Mmatepujana. OneHa mnpoduia MHUPOIU3E YKIbY4Yyje pa3IUuUTe KapaKTepUCTHYHE TeMIeparype
(onset—teMrieparypa TIOYETKa peakivje, peak—teMrieparypa OJBUjalba peakiuje, endset—
TeMmIepaTypa 3aBpIlleTKa peakiyje). 3a Marepujaie Koju cajpie Biary, youJbUuB je MHULMJATHU UK
Ha temmneparypama ucnona 100 °C, koju mpeacraBspa ryoutak Biaare. CTEeH peaKTUBHOCTH TOPHUBaA
OlLlelbYje Ce YIJIaBHOM IpeMa TeMIepaTypH IHKa, Tj. TEMIepaTrypu Hpu Ko0joj ce jaBiba HajBeha
Op3vHa TpOMEHe Mace, P YeMy BHUIIIOj TEMIIEpaTypH OAroBapa HUXKa peakKTHBHOCT ropuBa. ['opuBa
ca BehuMm Op3uHama IpoOMEHE Mace Ha HIDKMM TeMIepaTypaMa ce JIakIle Iaje U caropeBajy.
[Tpodunm koju ce mpoayx)aBajy 10 BEOMa BUCOKHUX OTICETa TEMIIEpaType Cy KapaKTepUCTUYHHU 3a
TePMHUUKH CTAOWIIHE U C1a00 TOPUBE MaTepHjalie KO KOjuX je MOTpeOHO AykKe BpeMe caropeBama
Wi BuIe TeMmmepartype. [loBpmmHAa WCHOJ TIAaBHOT THKAa je MPHUOIMKHO IPOMOPIIMOHAIHA
KOJMYMHU YKYITHO OCJIo0oeHe TOIIoTe, OJHOCHO TOIUIOTHO] Mohu ropuBa. Temmeparypa
3aBpIIIeTKa MpoIieca MAPOJIN3E je TeMITepaTypa Ha K0joj ce 3aBplliaBa pas3rpajiiba MaTepujaa.
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Ocum Hapenenor, TG/DTG mnpencraBibajy €MIUPHjCKE TEXHUKE KOJ KOJUX PEAKTHBHOCT
nponcmECHAa Ha OCHOBY pEe3yliTaTa CHPOBCACHUX aHAJIM3a 3aBUCH O YCJIOBAa HCIIMTUBAKA U
KopunitheHe anmapaTtype, Kao U KapaKTepHCTUKA MCIUTHBAHOT MaTepHjalia, Mace y30pKa, BEITUYNHE
4yecTulla, Op3uHe 3arpeBama, Op3uHe U MPOTOKA raca 3a UCIHPAmbE U THUIIA OIIPEeME.

PaBHOMeEpaH cJ10j cripameHor y3opka Tpeda 1a Oyjie npuipemMibeH 300T JIole KOHIYKTUBHOCTH
Marepujajia, mpu 4YeMy ce MoceOHa TaKkha 3aXTeBa NPWIMKOM NpPUIPEME Y30pKa Kako Ou ce
0o0e30enmiio a dectuie Oyny oarosapajyhux BenwmuwHa. BenmnuwHa dectuira, oOJUK W pacriopen
Mory ytunaru Ha pesynrare TG aHanuse orpannyaBambeM Op3uHE peakliyje U MpeHoca TOIIOTE KOjU
Ce jaBJba y Y30pPKY, JOK IPHCYCTBO BEJIIMKHUX YECTHIIA MOKE y3pOKOBAaTH IOPACT TeMIIepaTrype Ha
KOjOj J0Ja3u 10 NEeBOJIATUIIM3AIMje U 3aBplieTKa mporeca nuponmnze. Ca cMamemheM BeIMYrHA
4ecTHlla, 1eo MpoduiI MUPOJIM3e MOMepa ce Ka HIDKUM TeMIleparypama IpH 4demy ce moBehaBa
peakTUBHOCT MarepHjaia. Takohe, o1 BEIMKOT 3Ha4aja 3a MPOIEC ACBOJATIIIM3AIN]C j& U yTHUIIA]
n3abpaHe Op3uHE 3arpeBama.

Benuko orpanmueme crope TG/DTG aHammse je TO MTO EKCIEPUMEHTAIHU YCIOBH HE
CUMYJIUPA]y peajHe YCJIOBE KOjH C€ jaBJba]y Y MHIAYCTPUJCKUM MOCTPOjSHMMA 33 CaropeBame U HE
MOTY TPENH3HO ONMCATH MOHAIIAke TOpUBA y MHIYCTPUJCKOM TOCTpojemy. bp3mHe 3arpeBama
kopuirhene 3a HenzotepMmcky TG/DTG ananu3zy cy Beoma Hucke (10 mo 20 K/min) y nopehemy ca
Op3mHaMa 3arpeBama y TepMoeHepreTckuM mnoctpojemuma (1o 1000 K/s). Mare 6p3uHe 3arpeBama
KOPHUCTE ce Y IIMJbY MUHUMU3Upama TepMuuke uHepuuje TG cuctema u o6e30eheme paBHOMEpHE
Op3uHE 3arpeBama YeCTHIa, AT MOTY OMOTYhHTH OJBHjame CEKYHAApHHX peakiyja U IojaBe
CHHEPTETCKOT JICIIOBaba.

Y OoKBHpY OBOT TIOTJIaBJba ACPUHUCAHE CY TEOPHJCKE OCHOBE U IMOCTAaBKE CKCTICPUMEHTATHUX
UCIUTHBAKa aHAIM3UPAHUX YUCTUX y3opaka aurauta, SCG u WRG, u muxoBux MemiaBuHa. Takobe,
nedUHUCAHE Cy U MOJIOTEe 3a aHAIU3y (POpMHpAHUX MEIIABHHA HA OCHOBY pE3y/ITara pasInIuTHX
HCTpaXMBamwa JOCTYIHUX Yy JIMTEPATyYpHUM H3BOpHMA 3a CIPOBEICHA TEPMHMYKA HMCIUTHBAHA
MOjeIMHAYHNX [CIUbEha aHATM3UPAHUX KOMIIOHGHTH MeIIaBUHA (IIeNyJio3a, Pa3ImduTe BPCTE
xemuienynose, turaud, NR, BR, SBR) 3a notpebe nzBohema 3akpyuaka.
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4.2.2.1. TGA yriba

% Birare
Maca yzopra
(100%)

IIpomena atmochepe

Nz ©z
=>

% Bomamina

Temmepartypa yzopka (0-1000°C)

% PukcHOr YriBeHMKA

% Ilenena

Bpeme (min)

Cnuxa 4.2. TG npoghun nuponuse yemwa [8]

[Mpwmkom TG ananm3e y3opaka yriba Ha KpuBoj neBonatmwimsanuje (Ciuka 4.2) yodaBajy ce
30HE M3JIBajarka BIIare U BOJATHIIA, JOK IIPEOCcTa]a Maca y30pKa OJIroBapa Macu (PMKCHOT YTJbEHUKA
W 1erena. 3aMEHOM WHEPTHOT Taca (a30Ta) KHCEOHHMKOM HAakKOH (ase JeBOJaTHIM3alHMje, Najba
MPOMEHa Mace y30pKa ojroBapajia OM Macu (pUKCHOT yribeHHKa. [lapamerpu TEXHHUYKE aHAIN3e
onpeheHn Ha 0Baj HAYWH MMOKAa3yjy Behy MPEU3HOCT U MOT'Y C€ Pa3JIMKOBATH Y OAHOCY Ha IapameTpe
onpeheHe cTaHIapIHUM TOCTYIIMMA jep ce MEPEHhE M3BOIU Ha JEHOM Y30PKY M CMamYyje yKyITHa
rpelika MojeIMHAaYHIX Mepema. 3a moTpede OBOT MCTpaKMBamba HHjEe BPIICHO oapehuBame mace

¢buKcHOT yribeHuka. JlofaTHa HCTpaXKHUBarba MPENopydyjy ce y by IeUHNCaka 30HA pa3jiarama
onropapajyhux marepalia JUTHUTA.

4.2.2.2. TGA koMIoHeHTH OMoMace

Banr u koayropu cy y OKBHpY CBOjUX HcTpaxuBama [10] mokasain 1a ce TpU OCHOBHE
KOMITOHEeHTe Onomace npuinkom nuponuse (Cnuka 4.3) paznuunTto nonamajy. [Tuponusa nemynose
(Cnuka 4.3.a)) pe3ynryje ocinobahambeM KOH/IeH3a0UITHUX racoBa U He MoKa3yje 3HauajHy 3aBUCHOCT
0J1 Op3uHe 3arpeBama, 10K ce mupoiu3oM xemuiienyiose (Cnuka 4.3.8,r)) u murauna (Cnuka 4.3.0))
yIJIaBHOM (OopMHpa KOKC IPU YeMY je youeHa 3HauajHa 3aBUCHOCT 0J1 Op3HMHE 3arpeBama, OJHOCHO
CMameme MPUHOCAa KOoKca ca moehameM Op3uHe 3arpeBama. JJOK ce muponm3a XeMHUIENya03e U
JUTHUHA OJIBUja Y IIMPOKOM OIICETy TemIleparypa M Moka3yje KapakTepUCTHKE MUPOIU3E UBPCTHX
Marepuja, MUPOoJIH3a 1eysI03€ ce 0/IBHja OpP30, Y YCKOM OIICEry TeMIIpeaTypa, ca MoHaIIamkeM Koje
oJroBapa JHMHEApHUM IMoiuMepuMa. Pesynaratu gocTynmHux wuctpaxuBama (Tabene 2.4 u 2.5)
nokasyjy na y oksupy SCG kcuio3a HUje cajipKaHa WM je IPUCYTHA Y 3aHeMapJbUBUM KOJIMYMHAMA,
JIOK Cy 3acTyIUb€HE apaOMHO3a, rajakTo3a U MaHo3a. [IpMIMKOM MHUpOJHM3e YOUEHO je MOCTOjame
WHTEepakja m3Mel)y memyrmo3e W TpeocTasie JBE KOMIIOHEHTE OWomMace Ha TOBHIICHUM
TeMmIepaTrypamMa, JOK MHTepaklidja u3Mel)y XeMullenyao3e U JUTHUHA HUje Owilo, mpu demy Behu
00MM MHTEpaKIivja 3Haul CMamkekhe MMPUHOCA Tapa, OTHOCHO MoBehame MpruHOoca KOKca.
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Cnuxa 4.3. TG u DTG npoghunu nuponuse a) yenynoze [10]; 6) muenunafll];
8) Xemuyenynose; 2) noaucaxapuoa xemuyeayiose u yeayiose [12]
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[13]

Ha npouec muponmze SCG kao TUTHOIETYI03HE OMOMace MPUMEY]Y € OIIITE MPETIIOCTABKE
U Kopauy JepUHUCAHU 3a MUPOoIU3y Onomace y omnmteM cinydajy (Ciuka 3.6), ipu yemy ce o4dekyje
nooujambe TG/DTG mnpoduna TUnuuHUX 3a OHOMacy, ca HU3paKEHHUM 30HaMa pasjarama
XEMHULENyJI03€, LeNyJI03€ U JIMTHUHA Y 3aBUCHOCTH OJ] caJprkaja HaBeJleHUX KommnoHeHTH (Cimka
4.4).

4.2.2.3. TGA WT u xomnonentu WT

Ha tunmanom TG/DTG npoduity n3BeneHOM 3a y30pKe npunpemsbene miuesemeM WT (Crrka
4.5), youaBajy ce 30He paznarama yiba, NR u BR+SBR. YBohemem kuceoHuka Ha kpajy nporeca
MUPOJIM3E MOXKE C€ OAPEIUTH KorurHa dalu, mto Huje o0yxBaheHo MepemuMa Ha y3opuuma WRG
y OKBHPY OBOT' HCTPA)KUBabA.

JlyTa u KoayTopH HaBOJE Ja TeMIepaTypa Koja oaroBapa Hajeehem ryOuTKy Mace y HHEPTHO]
atMocepu TpelcTaB/ba TEMIIEpaTypy pasjarama, MpH 4YeMy BHIIA TeMIepaTypa pasarama
npeacTaBba Behy TepMuuKy cTabmiIHOCT Matepujana [14].
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Cauxa 4.5. TG/DTG npogunu nuponruze nneymamuxa [15]
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Ha cnuim 4.6. nmpukazanu cy npoduiu nupoiuse NR 3a paznuunre Op3uHe 3arpeBama. Caxa u
KoayTopHu AeduHucanu cy nonamame BR u SBR npunukom nporieca nupouse 3a pa3nuyure Op3uHe
3arpeBama (Cnuka 4.7) [16]. YoueHo je ma ce ca moBehamwem Op3uHe 3arpeBama BpeaHoctu Onset
TeMmIepaTrypa IMomepajy MpeMa BHIINM BpEAHOCTHMA, kKao M na ce SBR pasnaxe Ha BuIIMM

TemrepaTypama y onHocy Ha BR, mTo ce pasnukyje y oqHOCY Ha pe3yaTare NCTpaKHBama Koja cy
cipoBenu Maptunes u koayropu [17].

Mmca (34

dx/dT

6)
Cauxa 4.6. a) TG, 6) DTG npoghunu nuponuse NR [18]
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4.2.2.4. TG/DTG anannza MelIaBuHAa

3a nuponmusy y3opaka nurauta, SCG m WRG, ka0 ¥ BUXOBHUX MEIIaBHHA, IPUMEHCH je€
crangapaau noctynak TG/DTG ananuze neduHUCaH 3a YKCTE Y30pKE JIMTHUTA KA0 JIOMHHAHTHHX
KoMIoHeHTH ¢opmupannx wmemasuHa. TG u DTG mnpoduwnm nedunmcanu 3a moOujeHe
EKCIICpUMEHTAIHE ~ pe3yjITaTe MpeJCTaBJbajy KOMOWHAIM]Y KapaKTCpPUCTUYHHX Hpoduiia
nepuHUCAaHUX 3a TMOjeJUHAYHE KOMIIOHEHTE MeEIIaBHHA JIMTHUTA M OTHajga. ExcrepuMeHTamHO
UCTPAXHUBAKE CIPOBENCHO je y IHMJbY JAceuHUCama IMOHAllaka MEIaBuHAa Yy MpenBul)eHuM
YCIIOBHMA.

[Ipunukom nuponusze memaBuHa aurHuta, SCG u WT, cBaka rpajiviBHa KOMIIOHEHTa —
Maliepaiy JUTHUTA, MOJUMEPH LIeTyJ103€e, XeMuIlenyno3e u aurauia koa SCG, kao u nonumepu NR,
BR u SBR xox WT, mpona3zu kpo3 yHampen mnpeaBulieHe Kopake TpaHcopMmalldje OMHCcaHe Y
taukama 3.1.1, 3.1.2 u 3.1.3, npu yemy HacTajy NPOIYKTH IMUPOJIH3E KAPAKTEPUCTUIHH 32 TOJIa3HE
Matepuje. Tpajame mporeca MUpou3e, Tj. MPUMEHEHA METOAa MUPOM3e (Cropa WU TPEHYTHA
MUPOJIM3a) yTUYe Ha MOTYhHOCT O/IBHjama CeKyHAapHUX PeaKiiyja U 10jaBy CHHEPreTCKOT JIeI0Bamba
nu3Mely Boslatuia pa3aMuuTUX peaKkTaHaTa.

3amaTak OBOT HCTpakKUBama je AeuHucame yTunaja Bpcre u konneHrpauuje SCG u WRG y
MEIIaBUHAMA Ca JIMTHUTHMA Ha PEAKTHBHOCT (OPMHpAHUX MEIIAaBHHA M KWHETHUYKE IapaMeTrpe
mpoleca MUpPOoJIn3e.

70



EKCI’lepUMeHma]ZHCl ucnumuearoa

4.2.3. PeakTtop ca ycujanom mpexunom — WMR

Jlaboparopujcky WMR uncrananujy (Cnuka 4.8) unHE peakTop, MHCTANANWja 3a JOBOA U
0JIBOJI Taca ca npunaaajyhom apmatrypom, Kao U perynanuoHu ypehaj 3a ynpasibambe apMaTypoM U
onropapajyhe Hamajame. llpemMa KOHCTPYKIUjH, PEAKTOp NPEACTaB/ba MHIUHAPUYHY IOCYIY
npeunuka 115 mm u qyxune 120 mm, 3aTBOpeHy paBHUM IpHpyOHHUIIaMa Ha THY U BpXY. Marepujain
OMOTa4a peakTopa W MNpUPYOHWIIA je Hephajyhm duenwk, JOK ce 3anTHUBamkEe Ha NPUPYyOHUM
MOBpIIKHAMA OCTBapyje 3anTHUBaYUMa O] KIMHrepuTa. Ha ropmoj npupyOHUIM peakTopa 3aBapeH je
MPUKJbYYaK 3a TOBE3UBAKE HA TaCHU Xpomarorpad, J0K ce Ha OO0 MPUPYOHUITN Halla3e yiia3u 3a
TEpPMOTIAp W Halajamke, Ka0 W yjIa3 MHEPTHOT raca 3a HCIHpame. YHYTPAIIkOCT peakTopa YHHE
enekTpoie m3palhene o mecunra, u3Mely Kojux ce Mmo3uIroHupa MpexuIia ca y3opkom. Kopunrhena
Mpexwuia uzpahena je on Hephajyher yenuka ca orsopuma BennuuHe 0.08 mm. /lumensuje caBujene
MpEXHUIE ca Y30pKoM MoOHTHpaHe u3Mely enextpoma mznoce 10 x 50 mm. Tepmomap tuma K
(CrNi+AINi) 3a Mepeme TeMIiepatype y30pka, MOHTHPAH j€ TaKO Jia C€ BPX HaJIa3H MO3UIIMOHHUPAH Y
Y30pKY, JIOK CY KpajeBH H3BYUYCHHU Ca TOPH-E CTPAHE MPEKUIIE TJIe CE BPIIHU IMOBE3UBAE Ca MEPAUYCM.
OcuMm TepMornapa, y yHyTPalllbOCTH PeakTopa (PUKCUPAH je U TEPMOMETAp 32 MEPEHE TEMEIpaType
CpenuHe y peakTopy y TOKy Mepema. [loBon u onBoj asora (MHEpTHM rac kopumheH y
eKCTIIEPUMEHTY) y PEaKTOp BPIIHU ce TYMEHUM I[peBUMa MPeyHUKa § mm (3a IPeBO ylla3He CTpyje), U
10 mm (3a LpeBo OABOJHE CTPYje raca), Ipu YeMy je moTpeOHa KOJIMYUHA a30Ta jeIHaKa IBOCTPYKO]
3allpeMUHU pPeaKTopa Ha OCHOBY Je(UHHUCAHOT 3aXTEBA 32 /[BA HCIIUPAbA.

0) 2)

Cnuka 4.8. Jlabopamopujcka uncmanayuja — WMR — a) uncmanayuja, 6) nanajarve, 8) peaxmop u
VAPABbAUKY CUCTNEM, &) PeaKmop

Panau mapamerpu mporeca muponuse (TabGenma 4.2) perynucaHu Cy NPUMEHOM TMOCEOHO
pasBujeHOr TporpaMa 3a moTpebe wu3Bohema exkcrnepuMmeHata Ha Jaboparopujckoj WMR
nHcTananuju. Kopucandku uaTepdejc nporpama nprkaszas je Ha Ciouru 4.9.
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Tab6ena 4.2. Hanon P2 [%] y 3a6ucnocmu 00 memnepamype 0egoiamunuzayuje

Y3o0pak Temneparypa [°C] 500 700 900
KSL u KLB 20 26 31
SCG Harom 21 25 28
WRG P2 [%] 20 24 27
JIurautu + SCG ° 24 28 32
Jlurautu + WRG 24 28 32

Form1 = O X
MESH REACTOR Crveni br\;j‘le\[rig/gs]u informacije iz reaktora, a cmi su novi un:zs.[z] EEAET l:l
Temp.1 fuezica) | | C 10 5 OTVORI COM PORT

MEM lokacija: 0
{od 0 do 53)

Temp. 2 {komora): l:l T

UPIS Nove Mem Lok

100 2000 1000 Rele1/Rele2 vreme u mSec.
Rele1=0UT, Rele2 =N
Potenciometar P: l:l % T1 [mSec] T2([mSec] T3 [mSec) 2000 3000
Progres:
Status: RADA UPIS Rele Viremena
TX paket ostika): Stielr
| UPIS NOVIH PARAMETARA GREJANJA |

Citanje Mem. Lokacij
X paket (diagnostia): Sl =

| UPISI Napomenu IZLAZ

MNapomena za upis u zaglavije memorije {max. 200 karaktera):

Crauxa 4.9. Kopucnuuku unmepgejc cogpmeepa 3a ynpasmarse npoyecom nupoause ha WMR

[TorpeOHa KOHCTaHTHA Op3KHA 3arpeBama, OTHOCHO JIMHEAPHU MTOPACT TeMIepaType MpruKa3aH
Ha Cmunm 4.9 o6e30ehyje ce oarorapajyhoM KOHCTaHTHOM YJa3HOM JayMHOM CTpyje Koja ce
peryJiuiie ce MpOMEHOM HamoHa npeko mnoreHuuomerapa Pl [%]. 3amaBamem HamoHa P1=65 u
BpeMeHa 3arpeBama T1(mSec)=100, nepunncana je Op3uHa 3arpeBama y3opaka. HakoH n1octuzama
onrosapajyhe remneparype, yla3Hu HarmoH ce Mewa Ha P2 [%] (Tabena 4.2) 3a notpede 3aapKaBama
y30pKa U MOTIYHE JIeBOJIATHIM3alMje Y30pKa Ha OCTBape€HO] MAaKCHMAaJIHO] TeMIepaTypu TOKOM
BpeMeHa T2(mSec)=5000. Temneparypa mpexuiie (y30pka) mprukaszaHna je y nmojby Temp.1(mrezica)
m3pakeHa y [°C], nmok je TtemmepaTypa OKOJHE aTrMocepe y peakTopy MepeHa Yy TMOoJby
Temp.2(komora). Xnaheme peakTopa HakOH BpemeHa T2 CHpOBEIEHO je MNPUPOAHUM ITyTEM,
onHocHO Bpeme T3(mSec) Huje nedunucano. IIputucak y peakropy kopumrheH 3a crpoBoheme
EKCIIEpUMEHTa je aTMOC(hEpCKH, pyYHO TOJIEHIEH MpeKo ojaroapajyher manometpa. ['panynanuja
npurnpemJbeHux ysopaka juraura, SCG, WRG u muxosux memasuHaje X < 0.25 mm, 10k Mmaca
y30paka 3a HWCIUTUBAmkE HM3HOCH NpuOImxkHO 75 mg. PagHu mapameTrpu H3BEIECHOT IMpolieca
nesonatunnzanrje Ha WMR uncTananuju nepunucanu cy y Tabemu 4.2. HaBenene BpeaHocTu
HaroHa P2 3a oapkaBame Ha JeUHUCAHNM KapaKTePUCTUIHUM TeMIIepaTypama JAeBOIaTHIIH3AIIN]e
oapeheHe cy eKCepruMeHTaIHO.

Hajsehe orpannyeme npuMeHe 0BE METO/IE TPEICTaBIba]y MPOOJIEMH y IIPEHOCY TOTUIOTE U Ka0
nocjenuIa Tora HerpenusHa TemnepaTypa y3opka. Hecurypha remnepatypa y3opka je mpooiaem Kot
BehHe pa3mMaTpaHuX TEXHUKa, YKIbY4yjyhu 1 TepMorpaBuMeTpujcke aHanuszatope. [lpenoc Tomnore
u3Mely aprkada y30pKa M caMor y30pKa KOJ peakTopa ca MpeXUILIOM MOKe OUTH HETOBOJFHO J00ap
na 6 ce m30erie 3HavYajHe TeMIEepaTypCcKe pa3juKe Mol CBUM yciaoBuMa. M3 HaBeneHOr pasiora,
TeMmIepaTypa TepMoIiapa, 4ak Hako Jiaje Mpelnu3Hy TeMIepaTypy MpexuIle, Moxke OUTH HEIOBOJEHO
nobap HMHIMKATOp CTBApHE TemIepaType uecTulie y3opka. OBO MoOke OO0jaCHHTH paziIuduTa
MOHaIIamka 3a0ejekeHa TOKOM NHPOJU3e NPUMEHOM HCTHUX EKCHEpUMEHTAJIHMX YcloBa. 3a
poyJyaBame KHHETHKE W MOJEIHpame IMpoleca MUPOJIM3e W TMOTPEOHO je TPEIU3HO MEepeme
TeMIepaType y30pKa MpUIMKOM 3arpeBama. [Iporec neBonaTuinu3zanmje U cactaB BojaTuia Takohe
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CY YCJIOBJBEHH IPEHOCOM Mace U TOIUIOTE M OP3MHOM CEKYHIApHUX PEaKIlHja, Kao ¥ BPCTOM Y30pKa,
BEJIMYMHOM YECTHIla, Op3MHOM 3arpeBama M (YHKIHMJOM BpeMe-TeMIiepaTypa (MakcHMaiHa
OCTBapeHa TeMmIepaTypa y30pKa W BpeMe 3allpikaBaba Ha MaKCHMAIHO)] TemmepaTypu). Bpeme
3aJip’kaBalba Ha MAKCUMAJIHOj TEMENpaTypu je Takohe BakHO 3a Temmepatype ucmon 1000 °C.
3aapkaBame je HEOMXOAHO Kako OM ce 00e30earyio JTOBOJHHO BpEME 3a OJBHjalbe peakiinja
dopmupama Tapa U omoryhaBame Ja y30pak caBiafa OTIOp IMPEHOCY TOIUIOTE IPENacKoOM Yy
TEPMUYKY PAaBHOTEKY ca AprKadeM y30pKa. 3aBUCHOCT IIPOMEHE TEMITepaType 01 BpeMeHa MPUITNKOM
nporieca Ko-MUpoJIn3e MEIIaBUHA 32 TPU pazIMuuTe TeMIepaType mpolieca, pukaszana je Ha Caunu
4.10. Kpuse nponeca ko-nmuposnze Memasune KSLI-SCGI.

KSL9-SCG1
1200
1000
800
600 m——
400
200

[*C]

+

0 1000 2000 3000 4000 5000
t [ms]

—500°C ——700°C ——900°C

Cnuka 4.10. Kpuse npoyeca ko-nuponuze mewagune KSL9-SCGI
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5. PE3VJIITATU U JUCKYCHJA

VY OKBHUpY OBe qUcCepTaluje CIPOBEACHE Cy €JIeMEHTapHE W TEXHUYKE aHaJIM3e MaTepujaja.
Pesynratu cnpoBeneHUX aHanu3a 3aaHalUTHUKe y3opke (1 g) nmuruHuta, oTnaza um AeQUHHCAHUX
menrapuHa (Tabena 4.1) mpunpeMibeHHX y CKIIaAy ca oAroBapajyhuM cranmapiuma 3a pa3nduTe
BpcTe ropuBa [ 1-7] npukaszanu cy y Tabenama 5.1, 5.2 u 5.3.

Pesynratn ucrpaxuBama Koja cy crpoBenu JKuBotuh M KoayTopu, HOKa3aau Cy Ja ce
kapaktepuctuke Jurauta KSL w KLB (knmacudukoBaHux y paHT MEKHMX MPKHX YIJbeBa)
aHAJM3UPAHUX Y CKJIOITY MEIIaBHHA ca OMOMACOM U OTHAJIOM y OKBHPY OBE JOKTOPCKE TUCEepTalHje,
pa3iuKyjy y TOIJIeqy XEMHUJCKOI cacTaBa, MU YeMy IMoKa3yjy noBehame mpuHOCa BoJIaTUIa ca
nopactoM temiieparype [8].

5.1. TexHuYKa U eJIeMEHTAPHA aHAJIM3a

Tabena 5.1. Pesyimamu mexnuuke u eieMeHmapHe ananuze Yucmux y30paka JueHuma u omnaoda

Vzopaxk KSL KLB SCG WRG
Bnara, (M) 8,32 7,19 10,33 0,64
Bonarunu, (VM)? 59,55 62,33 70,30 56,98
TexHuuka aHanuza a
(%m/m) [Meneo, (A) 30,65 28,73 3,02 16,28
OukcHu yribeHuk, (FC)? 1,48 1,75 16,35 26,10
FC/VM 0,025 0,028 0,233 0,458
Homwa TormnorHa b
wioh (MJ/kg) Hd 15,498 14,388 17,297 32,053
C 67,69 67,18 52,75 76,26
6,05 6,29 6,95 2,01
o¢ 21,99 24,51 35,03 2,61
Enementapia N 1,14 0,88 225 0,66
ananmza’® (%)
S 3,13 1,13 - 1,54
H/C 1,065 1,116 1,570 0,314
o/C 0,244 0,274 0,498 0,026
? aHAJTUTUYKA Maca
b neuuncano na ocnosy ISO 1928:2015 [7]
° Ha CYyBOj OCHOBH
dHa OCHOBY pa3zIHKe

Jluraut KLB y ognocy Ha nmuraut KSL nma Mamu cajpikaj Biare u mernesia, HUXKY BPEIHOCT
TomyIoTHE Mohu, ofgHocHO Behu canpikaj Bojaruia. Ilopenehm HaBeneHe mapamerpe TEXHUUKe
aHaJIM3e JIMTHUTA, MOXe ce 3aKJbyunTu J1a TurHuT KLB nokasyje 60sbe 0coOMHE y 0JJHOCY Ha TUTHUT
KSL. V¥ ogHocy Ha KapakTepUCTHKE y30paka JUTrHUTa, pazMaTpanu y3opuu SCG u WRG nokazyjy
3HayajHO 00Jb€ KapaKTepUCTUKE Yy MorjeAy Behe BpeIHOCTH TOIJIOTHE MOhM, BHUIIET caapikaja
BOJIATHJIa, KA0 M HIDKEr cajpikaja Memesa, MITO MX YUHHM TMOTEHLHUjalTHO TOTOAHHMM 3a Jajbe
pa3MaTpame 3aMeHe Jiela JUTHUTA Y IPOLeCy KO-caropeBama (Ko-nupoiuse). Y 0AHOCY Ha JUTHUTE,
caJip>kaj Bjare y oTnajaHoj 6uomacu je Behu, mTo nmotuye u3 nocrynka Hacrajamba SCG. [Jobujenu
pe3ynaTaTH eneMeHTapHe u Texaudke anainuze SCG y ckiaay cy ca pe3ysiTaTuMa HCTPpaKHBama Koja
cy cupoBenu Bapnon u koayropu [9].
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[Tocmatpajyhu pesynrate nobujene anamm3zom SCG, youaBa ce Ja Cy caapikaj Biare
BOJIATHJIA, KAa0 U JIOHa TOIUIOTHA MON BUINM, JIOK j€ CaapiKaj Mereia HUXH Yy OJHOCY Ha HCTe
napametrpe nedunucaHe 3a aHanusupane ymraute KSL m KLB (tabGena 5.1), mTo motude of
nocrynaka npepane kape (I[Tormasse 2 — V3opuu, Tauka 2.2.1.2) u ommTHX KapaKTepUCTUKA
Oouomace (Behm canpkaj KHCEOHHMKA, OJHOCHO MamHU CaJp)kaj MUHEpATHHX mpumeca). Ocum
cajprkaja Biare, 4uja je BUCOKa BPEIHOCT KapakTepucTuyHa 3a ouomacy, SCG nmokasyje 60Jbe ocTaie
0cOoOWHE y OJIHOCY Ha JIMTHHUTE, IITO Ta YAHH ITOTOTHUM 3a aHAITu3y Moryhe ynotpede y eHepreTuiiu
3a 3aMeHYy JieJa MPUMapHOT TOPHUBA y MPOIECHMa KO-CaropeBamba.

[Tocmarpajyhu pesynrare cnpoBefeHux aHanusa 3a WRG, youaBajy ce HUXKU caJip:kaju Bare,
BOJIATHJIA ¥ TIeTienia v Beha BpeqHOCT ToruioTHEe MOhM y OIHOCY Ha HCTe TapameTpe oapehene 3a yrncre
y3opke nurauta KSL u KLB, mto notuue o kapakrepuctuka komrnoneHtd WRG, ogHocHo Beher
cajapkaja MUHEpaJIHUX TpuMeca (aJuThBa) W yribeHuka. JloOujeHn pe3ynTaTH, OCHUM cajpikaja
cyMmIiopa ofpeheHor eireMeHTapHOM aHalIM30M, Mokasyjy Aa ce WRG Moxke mocmaTpaTud Kao
MOTEHIIHjaJTHO TIOTO/IaH OTIIAJ 33 3aMEHY JieJia IPUMAapHOT TOPHBA y MPOIECHMa KO-CaropeBama.

Krnacudpukanmja cBuX aHaIM3WpaHMX Yy30paka TOpHBa HW3BpIICHA je MpUMEHOM Ban
KpesenenoBor qujarpama (ciuka 5.1) Ha ocHOBY oapehernx aromckux oxaoca H/C u O/C, pu uemy
je norBpheHa kiacudukanuja ananu3upanux yopaka yriba KSL u KLB y rpyny nuraura, SCG y
rpymy 6uomace, 1ok aromcku ogHocu O/C u H/C 3a WRG oaroBapajy UCTUM aTOMCKUM OAHOCHMA
3a aHTpAIHT.

18 = I
® SCG T )
1.6 | ¥ KSL -~ a
m KLB P
1.4~ ® WRG i E —
< e e
= 1.2 e -
S BRoocssy
g ' —
g 1.0
o
£ 0.8 —
g
=1
S 0.6 buomaca ]
< Tpecer
0.4 ' Jluraur |
/ Vram KRS
0.2 AwnTpanur ]
0.0 & | | | | \ | | \
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Aromcku onnoc O/C

Cnuka 5.1. Ban Kpesenenos oujacpam

Amnanusupajyhu pe3ynrare eneMeHTapHe aHAJIM3e U H3padyHaTe aTOMCKe OJTHOCE, youaBa ce Ja
SCG uma Hajsehu ognoc H/C (= 1,570, TaGena 5.1 u Cnuka 5.1) y nopehemwy ca 1pyrum ropuBuma,
mrto nokazyje Aa SCG nmMa Behy eHepreTcky epuKkacHOCT U TEHJEHIN]y CHIbKaBama emucuje CO:
TOKOM H-€rOBEe TEPMOXEMHjCKE KOHBEp3Hje (HIp. mpolieca caropeBama). Ca apyre cTpaHe, y30pak
WRG nokasyje Hamame BpegHocT aromckux ogHoca O/C u H/C, mrTo je 6:11cKo moBe3aHo ca MajauM
canpxkajem BojoHuka (H) u kuceonuka (O) (TaGena 5.1), no3unnonupajyhu ra Ha Kpajiy JEBY
ctpany Ban Kpesenenosor aujarpama (Cnuka 5.1), omHOCHO y 30HY aHTpanuTa. Kao mro ce Mmoxe
Buzetu, SCG nocenyje Behe caapxkaje yribenuka (C), Bononuka (H) u kuceonuka (O) y nopehemy
ca JUTHUTUMA, INTO Takohe pe3ynryje BehoM BpeaHOCTH TOIIIOTHE Mohu. VcToBpeMeHO, TUTHUT
KSL kapakrepume Behu canpikaj cymmnopa (=3,13) u azora (=1,14), mto HaBogu Ha HOTpeOy
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ananmusupama emucuje SO, u NO,u3 mporieca caropeBama. [lopes Tora, Hajpehu caaprxaj KuceoHUKa
y SCG Mo3ke /12 y3poKyje Behy TepMUUKY PEaKTUBHOCT y OJTHOCY Ha JIpyre y30pKe TOpuBa.

Tabena 5.2. Pezynmamu mexuuuke ananiuze meuwasura auenuma u SCG

Vaopaxk KSL9- KSLS- KSL7- KLB9- KLBS8- KLB7-
P SCG1 SCG2 SCG3 SCG1 SCG2 SCG3
Bnara
’ 8,10 8,16 8,05 7,58 7,80 8,14
(Moa)*
Boxarumm, | 50 53 42,72 47,20 45,75 47,13 50,22
Texanuka (VM)
aHaIm3a Dduxkcan
(%om/m) YIJbEHUK, 21,99 21,46 18,76 22,03 23,46 21,73
(FO)*
(rf)feo’ 31,38 27,66 25,99 24,64 21,61 19,91
FC/VM 0,571 0,502 0,397 0,481 0,498 0,433
Homa
tortoraa Mmoh | Hg® 14,226 14,662 15,412 16,350 16,138 15,993
(MJ/kg)
2 aHAJIMTUYKa Maca
° nedunmcano Ha ocnoBy ISO 1928:2015 [7]

[Topehewmem pesynrara TexHuuke aHanu3e MemaBuHa jgurHuta u SCG (Tabema 5.2) ca
pe3yiTaTuMa TeXHUYKe aHaiu3e 4ucTux ypo3aka jurauta u SCG (Tabena 5.1), kao u aHanuzom
aujarpama npukasasor Ha Counu 5.2, Moxke ce youutu ja ce yBoheweM SCG y MeriaBuHe ca 00a
JUTHUTA CMamyje YKyIlaH MpUHOC BojaTwia. CMameme YKYIHOT MPHHOCA BoJjaTwia buahunu wu
KoayTopu 00jacCHUJIM Cy MPUCYCTBOM CEKYHJAPHHUX Peakiifja, OJHOCHO CHHEPTeTCKUM JIeJIOBAkbEM
u3melyy ocnobohenux racora Hactanux nuponn3om juraura u SCG [10]. [Ipunoc Bonatuia 3aBucu
on koHneHrpanuje SCG y nedpmHucaHUM MelllaBUHAMa, IPU YeMy ce ca moBehameM KOHILIEHTpPAIIHje
noBehaBa u mpuHoc BojaTmia. Takohe, ca moBehameM konreHTpanuje SCG y MenaBuHaMa, CHIKaBa
ce caJip>kaj mernena, HITo OAroBapa NpuOIMKaBamby KapakTepucTuKkama OuomMace.

VYBohewem SCG y MemniaBuHe ca JUTHUTHMA, CajipiKaj BJare ce CHU)KaBa KOJ| MEIIaBHHA ca
murautoMm KSL, ogHocHo moBehaBa kon memaBuHa ca jurHutom KLB. Takohe, ca mopactom
koHnentpanuje SCG, youaBa ce najbe moBehame canpikaja Biare 3a o06e memasune. Ca mopactom
koHneHTpanuje SCG y memaunu ca nurautom KSL, Tomnorna moh ce mosehaBa, Aok je xon
MemiaBuHa ca turautoM KLB yodeHo cmameme TomnoTHe Mohu ca mopactoM koHmeHTpamuje SCG
mro JlemupOac y OKBUPY CBOjUX HCTpaKMBama IMOBE3Yyje ca MopacToM caapkaja Bruare [11] u
cazapkaja qMrHuHa y MmemasuHama [12]. [open tora, I'ynita 1 koayTopu HaBO/I€ IPETIIOCTABKY Ja Ha
TOIUIOTHY MOh MeliaBMHa yTude U caapxkaj kamuujyma y SCG, cHIKaBameM TOIUIOTHE Mohu
MeIIaBUHA yCIie] TOTPOIIhEe EHeprije Ha pas3iarame kapoonara [13], 3a mita cy motpebHa masba
UCTPaKUBAA.
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Cnuxa 5.2. Texnuuxa ananusza yzopaka nuenuma u SCG

Ocum mnoTtpebe 3a pazymeBameM HHIUWBUAyaTHHX Kapaktepuctuka SCG, moTpeGHO je
aHanmM3upatu u uHTepakyjy usmelhy muranra u SCG TOKOM Ipolieca Ko-caropeBama, ¢ 003upoM J1a
pe3yaTaTH HCTpaXHBamka Koja cy crpoBenu KyaH u koayTopu Mmokasyjy 1a je Moryhe ocTBapuTu u
aJIMTUBHO M CHHEPTETCKO JIeI0Bamke n3Mel)y KOMIIOHEHTH MEIIaBHHA 3a Pa3IMuuTe BpcTe Onomace
[14]. ITopen Tora, MyH 1 KoayTopu HaBOJE /a KapaKTepUCTUKE Mpolieca 3aBHCE O] KOHIICHTpaIje
Oromace y MeIlllaBHHaMa ca YTJbeBUMa, IITO je MOCEOHO M3pakeHo Ko TuTHUTA [ 15], TIIe ce odekyje
1opacT peakTUBHOCTH ca IOPAacTOM KOHIIEHTpaluje Ouomace, OAHOCHO cHIbKeme emucuje CO2
pemMa IpeTocTaBkama kKojy cy nedunncanu Bapon u koayropu [16]. [loOujeHu pe3ynraTu okasyjy
Jla cy moTpeOHa Jlajba UCTPAKHUBakha Yy IUJbY MPOBEPE CHHEPTETCKOT JIeTI0Bakha PEaTHUM MpoIlecuMa
MUPOJIU3e, C 003UPOM Ha YOUEHO CHHEPTeTCKO JENOBamkEe KOje Ce jaBJba MPH MaJluM Op3MHaMa
3arpeBama qeduHucaHuM 3a cpoBoleme TGA.

Tabena 5.3. Pezynmamu mexuuuke ananuze mewasuna auenuma u WRG

v KSL9- | KSL8 | KSL7- | KLB9- | KLBS- | KLB7-
Jopax WRGlI | WRG2 | WRG3 | WRGI | WRG2 | WRG3
Bmara
’ 04 6,31 5,65 06 6,45 5,58
(Mod)a 79 2 b 77 b M
](3\5’1)\1/?)2“”’ 38,28 | 40,41 42,67 | 43,11 4539 | 45,71
Texamuka DUKCHU
?;)a;ma YIJbCHHK, 18,61 22,02 26,85 24,30 23,54 24,68
FO)*
gf)feo’ 36,07 | 31,26 30,48 | 2553 | 24,62 | 24,03
FC/VM 0,486 0,545 0,629 0,564 0,519 0,540
Homa
Tortorna Moh | He 16,839 | 17,050 | 19330 | 17,997 | 20,075 | 21,052
(MJ/kg)
? aHATMTUYKA Maca
® neunncano Ha ocuosy ISO 1928:2015 [7]
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[Topehemem pesynrata TexHuuke aHanuse memasuHa (Tabena 5.3) ca pesyaTaTumMa TEXHUYKE
aHaJlM3e YUCTUX y3opaka nmurauta u ornana (Tabena 5.1), kao u rpaduukor npukaza Ha Coumm 5.3,
youaBa ce rnoBehame BpPEIHOCTH JOHKE TOINIOTHE MONHM KOJ MEIIaBHHE ca 00¢ BpPCTE JIMTHUTA,
OJTHOCHO CMameH-¢ MPUHOCA BOJATHIIA, CaprKaja Merena 1 Bjare ca OJCTYIamkeM Y Caapxkajy mermena
kox y3opka KSL9-WRGI, mTo oaroeapa mnpuOmmkaBamy Kapaktepuctnkama WRG. [loma
TOTUIOTHA MOh MeIIaBMHA BHWIIIA j& OJ BPEJHOCTH TOIJIOTHE MOhM JIMTHHTA, MITO MOTUYE o1 Beher
caapkaja yribeHuka (C) u Mamer caapikaja Baare y WRG u aHanmm3upanuM MeliaBuHama.

VYKyIaH NpruHOC BOJIATHJIA MEIIaBUHA 32 00€ BPCTE JUTHUTA j€ CHIXKEH Y OJIHOCY Ha MPUHOC
BOJIATWJIA KOJl YMCTUX y3opaka Jurauta 1 WRG, Ha pauyH nmoBehaHor mpuHOca YBPCTOr OCTATKa,
IITO Ce MOXe O0jaCHUTH IPUCYCTBOM CEKYHAApHHUX peakiuja u3Mmely BonaTmia mnojenuHauyHUX
KOMIIOHEHTH MEIIaBHHA Ha BUCOKUM TemrepaTypama. [loOujeHu pesynratu y ckiagy cy ca
pe3yiTaTuMa CIIMYHUX UCTPakKMBama Koja cy crpoBenu OHau u koayropu [ 17]. Takohe, ca mopactom
koHueHTpauuje WRG (20 u 30 %) y memaBuHama, yoyaBa ce Jajbu MOpacT MPUHOCA BOJIATHIIA U
cMameme canpxaja nernena. Caapxaj BosaTiiia y MemiapuHama ca turautoM KLB je Behu y ognocy
Ha caJp)kaj BoJaTwia y MemaBuHama ca JurHuToM KSL, campkaj Biare je MpuOJMIKHO HCTUX
BPEIIHOCTH, JIOK je cajpikaj Terneia y MemasiuHaMa ca Jurautom KLB Hmku y oHOCY Ha calipikaj
nemnena y MemraBiuHama ca turautom KSL. Jlo6ujenu pe3ynTaTu okasyjy 1a MelIaBuHeE 3a1pKaBajy
0coOWHE TUTHUTA Ka0 TOMUHAHTHUX KOMIIOHEHTH y MEIIaBUHAMA.
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Cnuxa 5.3. Texnuuxa ananusa yzopaka nuenuma u WRG
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5.2. Anaau3a mnapaMerapa mnpomeca nupoJsause y3opaka KSL, KLB, SCG u WRG
MOjeUHAYHO, U KO-NIUPOJIH3e lhbUXOBUX MeIIaBMHA PHMEHOM J1a00opaTopHjcKe HHCTATAlUje —
Tepmorpasumerpujcku anaausarop (TGA / DTG)

TGA u DTG ananusa mpoueca nupoiaun3e ananuTuukux ysopaka guraura KSL u KLB, SCG,
WRG, xao 1 mUXoBUX MellaBuHa y aeduHrucanuM ongnocuMa (Tabena 4.1) cnpoBenena je y by
nepunucama yrunaja Bpere muranta (KSL u KLB), BpcTe 1 KOHIIEHTpaIHje HaMenaHe KOMIIOHCHTE
(SCG, WRG) Ha ykyIaH MpUHOC BOJIATHIIA U KAPAKTEPUCTHIHE TEMIIEpAType Mpolieca MUPOIU3e Mpu
paznuuuTuM Op3uHama 3arpeBama (10, 15 1 20 K/min) y uHepTHOj a30THOj aTMOCcdepu a30Ta (BUCOKa
gucroha 99,995 % N»), nmpumenom NETZSCH STA 449 Jupiter F5 ypebhaja 3a cmpoBoheme
CUMYJTaHHX TePMUYKUX aHamu3a (MeToja U MHCTaNanyja onucane y Tauku 4.2.2).

5.2.1. TGA u DTG ananu3a nojequnauynux y3opaka KSL, KLB, SCG u WRG

TGA u DTG ananm3za mpoueca nuposuze 3a aHanuTuuke y3opke jurauta KSL m KLB
CIIPOBE/ICHA je Y by NedUHUCAma YyTUIaja BPCTE JTUTHUTA HA YKYIAaH MPUHOC BOJIATHIIA, Ka0 U
KapakTepUCTUYHE TeMIlepatype mpoiieca 3a nedunucane op3une 3arpeama (10, 15 u 20 K/min).
TGA u DTG npodunm 3a murante KSL n KLB npukazanu cy va Crutu 5.4 a) 10 1).

100 N 100

95 \ 95 \
— 90

m %]
s

m [%]
)

0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 §50 900
t[°C] t[°C]

15 K/min 20 K/min

15 K/min 20 K/min —— 10 K/min

—— 10 K/min

(-dmydt) [%/min]
(-dmielt) [%/min]

———10 Kimin ] ———10 Kimin
— 15 Kimin — 15 Kimin
— 20 Kimin — 20 Kimin
S NS N I N D VI 'S S N ) S I R 7 S S
50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900
el t[*C]
0) 2)

Cnuxa 5.4. KSL — a) TG, 6) DTG, KLB — ) TG, 2) DTG
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[IpeBojue Tauke Ha Cnumum 5.4 ©) o3HaAuaBajy TpaHUIE H3[Bajama Biare (Tpyde u
XUTPOCKOIICKE) U T) 30HE U3/IBajama Boatuia. Ca moBehameM Op3uHE 3arpeBama youaBa ce mopact
MPUHOCA BOJAaTUia KOJ 00e BPCTE JIMTHUTA, IPU YEMY j€ 3a HCTE yCJIOBE MPHUHOC BOJATHUIIA KOJ
muranta KLB Behu, ok ykyman mpuHOC BOJaTHIIA HE TOKa3yje 3HAa4YajHy 3aBUCHOCT O] Op3uHE
3arpeBama, ajld yTH4e Ha cacTaB BosiaTuia M KOKcHOT octatka. DTG kpuBa mokasyje aa ce pasiarame
murauta KLB onBuja Ha BUImIMM Temiieparypama y ofgHocy Ha JurautT KSL, moceGHO y 30Hama
temmneparypa 7> 600 °C, rae ce To Moxe rmoBe3aTu ca Behum caaprkajem ¢pukcHor yribeHuka (Tabena
5.1). Anamusom mpukazanux DTG kpuBux, ysumajyhm y o03up 4a je BUCHHA MHKa JAUPEKTHO
MPOIOPLIMOHAIIHA PEAaKTUBHOCTU Y30pKa, a Ja je TemrepaTypa MUKa OOpHYTO MPONOpPLHOHAIHA
peakTuBHOCTH, youyaBa ce Beha peaktuBHocT nurauta KLB y omnocy Ha muraut KSL. JloOujene
DTG kpuBe oaroBapajy JUTEepaTypHUM H3BOpHUMA IJ/I€ C€ HABOJM Ja C€ MpHU paszjaramby JUTHHUTA,
HAKOH M3J/IBajaba BJIare KOME OAroBapa MpBH MUK Ha o0a aujarpama (Ha Temmepatypu ~100 °C,
Cnuka 5.4 0) u r)) mojaBJbyjy JBa NMHKa KOja OJroBapajy MCIapaBamy JIAKUX BOJATHIIA Y OICETy
temmeparypa 250 no 500 °C (Behu nuk), u u3Bajame Tapa U YrJbOBOJAOHUKA HA TEMIIEpaTypaMa OJ1
500 mo 775 °C (mamu niuk). OBe MpOMEHE MOBE3aHE ca pa3jlarameM yYIrJbOBOJOHUKA U Ociio0ahameM
CEKyHJIapHHUX TracoBa Ha TemrepaTypama BumuM o1 640 °C koju MOTUYY O] KOHICH3AIH]Ee TEKUX
apoMaTHYHUX jeIuib-eba U Takohe Boje popmupamy KOKCHOT octatka onucanu cy Cepuo, Yensnan u
KOayTOpH Y OKBUPY CBOjUX HCTpaxuBama [18, 19].

MaxkcuMaiHe Temneparype mnpoieca nuponuse auraura KSL Hucy 3naduajHo Mame y 0JIHOCY
ucte temnparype 3a auraut KLB (Tabena 5.4). JloOujern pe3ynTatu mokasyjy Ja ce ca mopactoM
Op3uHe 3arpeBama MaKCHUMallHE TeMIlepaType oMepajy mpeMa BUIIUM BpeIHOCTHMA TeMIiepaTypa
(363,5°C no 377,7 °C xon nuruuta KSL, 1 366,7 °C no 378,7 °C xox nuraura KLB), unme ce oiaxe
peakija M MpoIykaBa BpeMe Tpajama peakiuje koa oba nurHuta. Ca moBehamem Op3uHe
3arpeBama, XeMHjCKe PEeaKIlje mpoleca MUpou3e OBHjajy ce y KpaheMm BpeMeHCKOM IIEPUOY, IITO
3a mocienuily uma nosehame Temmneparype 3a 0JIBUjame MpoIieca, Tj. MOYeTaK peakilhje ce OJUIaxe
U Tpajame Mpoleca MUpoJIn3e MpoIyXkaBa. Temreparype mo4eTka U 3aBpIieTKa JeBOJIaTUIN3AIIH]je
MOKa3yjy Ja ce mpoiec aeBonatminzanuje nurauta KSL onBuja y mupem omncery temmeparypa y
omHocy Ha jurHuT KLB. [lpodwmmm muponmse m kapakrepuctuune temmepatrype DTG kpuse
OJIrOBapajy pe3ysiTaTuMa HCTpakhBamba JUTHUTA KOja Cy HaBenu Xejaapu u koayropu [20].

Ha Caumu 5.5. a) no r) npukazanu cy TG u DTG npodunu nporneca nupoimze SCG u WRG
IpU pa3NIUUIUTUM Op3uHaMa 3arpeBama (10, 15 u 20 K/min).
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Cnuka 5.5. SCG — a) TG, 6) DTG, WRG — ) TG, 2) DTG

HcTpaxuBama Koja cy CHpoBesd JaHT M KOAyTOpH Cy IOKas3ala Jja ce MUPOJIN3a LeTysI03e
0JIBUja Kao EHJOTEpMHa peakliyja, JO0K ce€ MHUPOJIM3a XEMHIIeNyJ03€ M JMTHHHA OJIBUja Kao
er3oTepMHa peakuuja Ha Temreparypama HwkuM of 500 °C [21]. Peakuuja nuponuse ojBuja ce y
orce3nMa TeMmIepaTypa KapakTepUCTHYHHUM 3a KOMIOHeHTe 6uomace, ogHocHo 220 no 315 °C 3a
xemuienynosy, 315 mo 400 °C 3a uenyno3zy u 160 mo 900 °C 3a nurnun (Cnuka 5.5 a) u 6)). Takohe,
NOOUjeHU pe3yiTaT eKCIIEPUMEHTATHUX WCIUTUBama KOJU MOKa3yjy Ja ce pasjlarambe JUIHUHA
OJIBHja Y IIUPOKOM TEMIIEPATypCKOM OIICETY IITO MOTUYE O] lEroBe CI0KEHE XEMHU]JCKE CTPYKTYpE,
y CKJIaJly Cy ca pe3yJiTaTuMa NPUKa3aHUM JIOCTYITHUM JINTEPATypPHUM U3BOpUMA.

Xemujcku cactaB SCG Bapupa 071 y30pKa /10 y30pKa, ajld Cy BpeAHOCTH YIJIaBHOM MPHOIMIKHE.
[TogaTke TexHUYKE U eleMEHTapHe aHanu3e 3a paznuuute y3opke SCG npukazanu cy Jlu u koayropu
y OKBHpY [22], 10K Cy HeroBe OCHOBHE KOMIIOHEHTe U MUHepaneaepunucanu CusiaBa U KoayTopu y
[23], oqHOCHO MacTu, MpoTeuHe, KadenH, uta. 'uporo u koayropu y [24]. Takohe, Janr u koayropu
HaBOJIE Jla ce cajpiKaj XeMHUIIEeNyJI03€e 3Ha4ajHO pa3iuKyje y paznuuutuM yzopuuma SCG [25]. Ha
npukazanom TG mpoduny, Couka 5.5 a), yowsnBe Cy 30HE H3/[Bajarba Biare, XeMHIIETYJI03€,
nenyno3e u IMurauHa. [Iprukasane 30He ucnapaBama BJIare M JI€BOJIATHIIM3AIM]E Yy TeMIIepaTypcKoM
orcery on1 200 no 800 °C oarosapajy pe3yiaTaTiMa TEXHHUYKE aHaiM3e npukazanuM y Tabemu 5.2.
Takobhe, youaBa ce n1a Op3uHa 3arpeBama HeMa 3HA4ajHOT YTHIIaja HA YKYIaH MPUHOC BOJATHJIA Ha
Kpajy mpolieca TMHpOJIM3e ITO OATOBapa pe3yiTaTuMa MCTpakWBama Koja cy crmposenu KaH u
KoayTopH [26], ofHOCHO J1a Op3uHa 3arpeBamba BHUILE yTHYE HAa KAPAKTEPUCTUKE BOJIATHIIA K HACTAJIOT
KOKCHOT OCTaTKa y CarjJacHOCTH ca pe3yiTaTuma Koje HaBoje Banr u koaytopu [27].
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Anamuzom DTG kpuBe Ha Cnumu 5.5 6), youaBa ce Ja ce ca mopacToM Op3WHE 3arpeBamba
mporec Imomepa NIpeMa BpEeIHOCTUMA BHIIUX TeMIepaTypa, MpH YeMy pacTe MaKCHMallHa
temreparypa nporeca nupoause (301,8 °C mo 309,3 °C, Tabena 5.4). OBy nojaBy Banr u koayropu
HaBO/JIE Ka0 yoOu4ajeHy Ko/ nupou3e Onomace Ko Koje Maja TOIJIOTHA MPOBOJBUBOCT IOBOJH JI0
ycnopaBama nudysuje npu Behum Op3uHama 3arpeBama [27]. Ha kapakTepUCTHYHMM KpHBama
pasznarame XeMUIIENTYJI03¢ je HajuspaxeHuje, mro npema Hepyedaty u koayropuma moTude 011 lieHe
PEaKTUBHOCTH, OJHOCHO PA3IMKe BEeHE XEMH]CKEe CTPYKTYpE Yy OJJHOCY Ha IeNIyJI03y U JIUTHUH [28].
Hajuspaxennju nuk Ha temreparypama 300°C mo 310°C mpexacraBiba MpeKiIaname MUKOBA KOjH
OJIrOBapajy riaaBHO] a3y pasrpaame KOMIOHEHTH XEMUIleNysio3e (IIPEeTIocTaBKa TIyKOMaHaHa U
rajlakToMaHaHa, IITo je y CKJIaay ca pe3yaTaruMa Koje HaBoje BepHep u koayropu [29], a koja je
npema MycaTy 1 KoayTopuMa y YKYIIHO] MacH 3acTymubeHa 10 45 % [30]) u uenynoze. dpyru nuk
Ha JIUjarpamy MpeacTaBiba MpeKIaname M0jeIMHAYHNAX TMKOBA OCTAINX jeIUEHa XEMULIETYI03€ U
JUTHHHA Ka0 OCHOBHUX KOMIIOHEHTH Ouomace. Banr u koayropu HaBojae Ja Beha peakTUBHOCT
XEMHULENYSI03€ Y OJHOCY Ha IEeNyJo3y MOTHYE O] HeHe aMop(HE CTPYKType M HIKET CTeleHa
MoJIMMEepH3aIyje y OAHOCYy Ha 1enyno3y [31] wtu yemy ce npema Panu u koayropuma pasnaramem
XEMULENYI03€ U LeTyno3e ociobahajy ce BolaTHIIH, 10K C€ MUPOIU30M JIMTHUHA (GOpMHpa YUBPCTU
ocratak [32]. Ha ocnoBy npuka3zanux DTG npoduna moxe ce 3akpyuntu ga SCG nokasyje Behy
TEPMOXEMHjCKY PEaKTHBHOCT Y OJHOCY Ha JIMTHHUTE, IITO jé U OYEKWBAaHO ¢ 0O3MPOM Ha TO3HATO
MOHaIIake OroMace y CIIMYHUM YCIOBUMA.

Ha TG u DTG mnpoduny, Ciuka 5.5 B) u T), youwhbHBa je jeHa TJIaBHA 30HA pas3jarama
komroneHTd WRG (NR, BR, SBR), nok uzaBajame Biare 300r maior cajpkaja HUje moceGHO
m3paxerno (Tabena 5.1). V 30nu Temneparypa 250 go 500 °C yo4wbHBO je HArjo CMameHE Mace
y30pKa, TIPY YeMy yKyIlaH IPUHOC BOJIATHIIA HE ITOKa3yje 3Ha4ajHy 3aBUCHOCT O] IPUMEHhCHE Op31HE
3arpeBama U 0JIroBapa MmojaruMa JOCTYITHUM y JTUTepaTypH.

Tunuyan cacTaB pa3IMUUTUX TUIOBA MHEYMaTHKa AOCTYNAH je Yy JUTepaTypu, Ipu 4yemy
IIpUKa3aHe pa3jMKe MOry yTHLATH Ha MOryhHOCT MNpUMEHE OTHAAHUX IHEyMaThKa YCJes
pasnUYMTOr MOHamawka Marepujaita. Munoruh HaBonu na noHamamwe WRG 3aBucu o1 XemMHjcKor
cacraBa, Ipy YeMy je MMO3HATO Jia TIOCTOje OMTHE Pa3IMKe Y XeMUjCKOM CacTaBy Pa3IMUUTUX BPCTa
orrmaguux mHeymatuka [33]. Pesynratu Texnuuke ananuze WRG nHaBemenun y Tabenmu 5.1,
oJrosapajy pesynratuma CuHra u koayropa 3a oTnagHe ayromoousncke naieymaruke (MVT), rae ce
HaBO/JIE pa3IMYUTH CacTaBU U MOHALIAKE y IPOLIECY MUPOIN3€E OTIAAHUX MTHEYMAaTHKA 3a pa3InyuTe
kareropuje Bo3uiaa (LVT — ryme 3a Ounukie u MOTOLIMKIIE YHjU Cy pE3YyJITaTH yrilaBHOM 00yxBaheHu
UCTpaXHUBambUMa y J0cTynHoj uteparypu; MVT — ayromobuncke ryme; HVT — ryme 3a ayroOyce
Y KaMHOHE), ca U3paXEHUM OJICTyIameM y caapxkajy nenena (7,4 % xox LVT, 15,32 % kon MVT u
5,67% xox HVT) [34], xoja moTH4y 0J] yJena pa3IuuyuTHX KOMIIOHEHTH Kao IITO CY aAUTHUBU KOJU
Hucy omopasrpaausu. Takole, youaBa ce ga mopact Op3uHe 3arpeBama He yTHUE 3HaYajHO Ha IPUHOC
BOJIATHJIA, aJTA BEOMA yTHYE Ha KapaKTepUCTUKE KOKCHOT OCTaTKa IITO j€ y CKJIAAy ca pe3yJiTaTuMa
Koje cy mpukazanu Jan u xoayropu [35]. Ilpema Jlonesy, Kyeky, Cunry u xoayropuma, mpoIec
nuposinze WRG onBuja ce y oncery Temmneparypa o npubnnxto 250 °C o 550 °C, npu yemy ce Ha
temmneparypama oz 250 °C no 380 °C paznaxy yJba, maacTU(GUKATOPU U aJUTHBH, JIOK CE pasJiarame
NR, SBR u BR onBuja 6e3 unu y3 mane mehycoOne unrepakuuje y ckiany [36, 37] y omncery
temneparypa 380 °C nmo 550 °C [38]. Ilpunoc Bosatuina u3zHocu oko 55 %, mTo oaromapa
pe3yiTaTuMa UCTpaXkMBamba Koja cy crpoBenu Jyma u koayropu [39].

Ananmuzom DTG kpuBe Ha Cnuiu 5.5 B), youaBajy ce TpH 30HE pasiarama, IJe ce ca mopacToM
Op3WHE 3arpeBama MPOIEC MUPOIU3E TOMepa IMpeMa BPEAHOCTHMA BHINUX TeMIeparypa
(makcumanua temmeparypa ox 377,4 °C mo 385,7 °C, Tabena 5.5), mpu dYemy ce CHHXKaBa
PEaKTUBHOCT M MPOJIy’KaBa BpeMe Tpajama peakiiyje, To je y CKIaay ca pe3yiaTaTuMa Koje HaBOIu
Yanr y [40], oqHOCHO 1ITO TIpemMa Xajaapujy ¥ KoayTopuMa 3aBUCH U O] TpaHyanuje yectuna [41].
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PeaktuBHoct WRG Beha je om peakTHBHOCTH JIMTHHTA, aii Mama o peaktuBHoctu SCG.
Haume, y temneparypckom oncery 350 — 485 °C (Cauka 5.5 1)), npukKazaHu IUK OAroBapa
MpeKJIanamy peakiuja pasiarama komrnoHneHTH WRG (NR, BR, SBR), npu ueMy Haju3pakeHUjU MUK
(aa remnperypu ~390 °C) oarosapa paznaramy npupoane ryme. Takole, yodaBa ce ga Temmneparype
MIPUKa3aHUX MHKOBA OJrOBapajy pe3ysiTaTuMa UCTpaKuBama Koja cy crposenu Koneca u koayropu
3a MakcHMaJHe TeMiieparype pasnarama NR, SBR u BR, 1 koje 3aBuce o1 BMXOBUX KOHIIEHTpAIH]ja
yuytap WRG [42]

Honartno, nopenehu DTG kpuse nurauta (Cnuka 5.4 6) u 1)) u y3opaka SCG u WRG (Cnnka
5.5 6) u 1)), MOXe ce 3aKJbYUUTH Jla Op3uHa 3arpeBama yTH4e Ha BUX0OB 00JIMK. Haume, mpu Maimm
Op3vHama 3arpeBama, y30pLIH MMajy JyXe BpeMme 3aJpiKaBama IITO oMoryhaBa mpeHOC TOIIIOTE
yaytap yectuna. [Ipu Behum Op3uHama 3arpeBama, BpeMe 3aJipikaBama je KpaTKo U He oMoryhasa
PaBHOMEPHO TMPEHOIICHE TOIUIOTe YHYTap YecTHlla, IITO pe3yiTyje moBehaHuMm Temieparypama
MUKOBA U Mame u3pakeHMM nrkoBuMa Ha DTG nmujarpamy. HaBepeHo mMoxe OWTH pasiior yxer
oricera TemIeparypa Ipu BEIMKHUM Op3MHaMa 3arpeBamba, OJHOCHO IIUpPEr OIcera TemIleparypa
0JIBHjama pPeakKiiyja Mpu MaJuM Op3rHaMa 3arpeBaba.

<> Onumre nopeheme pesyiarara TGA u DTG 3a nojenuHayHe KOMIIOHEHTe MellIaBUHA:

Anamzom kpuBux TG u DTG npukazanux Ha Cinukama 5.4 u 5.5, Mmoxe ce 3akpyuuTH ciezaehe:

- Huunwmjanna npomena Mace Ha temnepatypu oko 100 °C oxrosapa jaexujpanuju y3opaka.
[TukoBM KOju OATOBapajy MCHapaBamy Blare n3paxxeHuju cy 3a y3opke juranrta KSL u KLB
(Cnuka 5.4 6) u r) y onnocy Ha y3opke SCG (Cnuxka 5.5 0)), nok ce kon WRG TakaB nuk He
youaBa 300T MaJIOT cajiprKaja BJIare;

- IIpouec nuponuze SCG (Cnuka 5.5 6)) paznukyje ce y onnocy Ha iuraute KSL u KLB (Cnuka
5.4 0) u r)) ca aBa KapakTtepucTu4Ha nmuka. [IpBu nmuk kox pasmarama SCG Koju oAarosapa
temneparypu o npubimxsao 310 °C npunucyje ce pazinaramy Leay103e U XeMULENyJI03€, 10K
JpYyTH TUK Ha Temriepatypu npubimxao 425 °C oaroapa pasznaramy JuranHa. Kako nemynosy
rpajie JMHEAapHHU JaHLM MOJIMMEpa ca jakuM Be3ama, XeMHULeNNyJ103a je aMop(He CTpYKType ca
clabuM MOJIEKYJIapHUX B€3aMa U HEHO pasjlarame MOYMIbE€ Ha HUKUM TeMmieparypama (y
orncery 200 — 275 °C). [lobujeHu pe3ynrTaTH Cy y CKIaay ca pe3yiaTaTuMa UCTpakHBama Koja
cy cnposenu Haksu, Kypemn u koayropu [43, 44]. HacynpoT Tome, KOl TUTHUTA j€ YOUJbUB
jenaH Benuku mMK y omcery temmneparypa 250 °C u 600 °C. Ilocnenma ¢asza oxrosapa
KapOOHU3AILIMjH JIMTHUTA U OTIIaJla y UHEPTHO] aTMOC(EPH.

- C o03upom 1a cy 3a HUCTpaxuBame KopulllheHe uecTulle BenuunHa < 250 um, mory ce
KOPHUCTUTHU pe3yJTaTH UCTpaxkuBama Koja cy crposesnu Munep u benan [45] u koju nokasyjy
na ce koxa yectuna BenuuunHe 100 — 1000 um mory 3aHeMapuTH AU(y3HOHU €PEKTH TOKOM
mporieca MUpoIH3e, TAKOo Ja je IMpoIec KHHETHYKHA KOHTposcad. KpuTudHa BelTnyiHa 4ecTuia
ce CMamYyje ca opacToM TeMIlepaType MUPOIN3€e IPU OJpKaBamy peKuMa ca MaJIuM OTIIOPOM
MIPEHOCy TOIIOoTE. Y OMILUTEM Ciy4yajy, Tejla ca MajluM oTnopuma umajy buoros Opoj (Bi1)
MHoro Mawu 011 1 (<0,10), 1ok Tena ca BenukuM otnopuma uMajy Bi Behu of 1. [Tocmarpajyhu
pEeXUME KOJI YECTHIIA Ca MAJIUM OTIIOpHUMA MIPEHOCY TOIUIOTE, 10jaBa U OTPaHUYCHE MPEHOCa
TOIJIOTE y C€aMmoOj YeCTHIM Ouomace MOTy ce cMaTpaTH 3aHeMapJbuBUM. llpu Bemukum
Op3uHaMa 3arpeBama, MaHU W KOayTOpH M3HOCE Ja HaBEJIEHO He Mopa Aa Baxu [46]. Hanwme,
IIpU BEIMKUM Op3MHaMa 3arpeBama nosehaBa ce Mpou3BO/Ha KOKCHOT OCTaTKa, ITO CE MOXeE
npuMeHuTy Ha nuponusy SCG, a mocmaTpajyhu 3aBplliHe TeMIieparype mporeca TupoiIn3e —
Cnuka 5.5. a) u B) moceOHO je u3pakeHo y ciyuajy pasnararba WRG. HaBeneno je notepheno
CIIMYHUM HCTpaKMBamHMa Koja cy crupoBenu WUnpuc, Ckomapac u xoayropu [47, 48]. Tlpu
MaJuM Op3uWHaMa 3arpeBama, pas3jarambe YBPCTUX YECTHIAa FOpHBA jaBJba CE IMOCTENEHO U
edUKacHU]je HETO y Clydajy BEIMKUX Op3WHa 3arpeBama, IMTO Boau Behoj mpomeHu mace y
Buy neBonatunuzanyje. Takohe, Unpuc u xoayropu HaBoje Ja ce NMpU BETUKUM Op3HMHaMa
3arpeBama, pasiaramke YBPCTUX YECTHIIA TOPUBA Y IPOAYKTE jaBJba Ha BUIIUM TEMIIepaTypama
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300r Mamer MpeHoca TOIUIOTE yCJell pacTa TeMIIEPaTypCKOT TpaadjeHTa y OKBUpPY caMme
yecruile [47]. Y cknany ca pesynratuma koje HaBoxe lllen u xoayropu [49], orpannyema y
MIPEHOCY TOIIOTE MOTY C€ MHHUMHU3UpaTd npu Behum Op3uHama 3arpeBama, y3pokyjyhu
nosehame PeakTUBHOCTH, IITO je 00pa3sIoKeHO y OKBHPY OBOT MCTpaKUBama (MaKCHMAaHe
Op3uHe neBonaTmim3aiyje nopehapajy ce ca mopehamem Op3uHe 3arpeBama). XajKupu-Auma
u koayropu [50] HaBoJe 1a ce OBaj TPEH MOXKE MPUTTHUCATH OTIOPHOCTH Ha MPEHOC MACe WIIH
TOILIOTE YHYTap YecTHIle Onomace ImTO ce Moke nu3behu nmpu BeTMKUM Op3MHama 3arpeBama,
a IIITO j€ CYPOTHO JIOCTYITHUM PE3yJITaTUMa UCTpaxuBama M apuca 1 koayTopa Koja CyrepuIry
1a ce Behu TeMIiepaTypCKu rpainjeHTH 1o01jajy mpu Behum Op3rHaMa 3arpeBama ImTo JTOBOIH
1o Behe oTmopHocTH Ha npeHoc Toriore [47]. Takohe je BaKHO HArIACKUTH J1a Cy MaKCHUMaTHE
Op3uHe Tporeca MUpoiu3e npukazane Ha Cioukama 5.5. 6) u r) MHoro Behe mpu Op3uHH
3arpeBama 20 K/min y mopehemy ca Op3uHama peakiiyje oCTBapeHUM IpH OP3UHH 3arpeBama
10 K/min. M3 HaBeaeHor pasiora, a Ha OCHOBY pe3yiTaTa npuka3zaHux Ha Cmoumm 5.5 u y
TaGenama 5.4. u 5.5, moxe ce moTBpAUTH Aa Behe Op3uHE Mpoleca nuponuse omoryhasajy
Op>Ke 0JIBHjark-¢ KOHBEP3Hje, Al ITPH BUCOKUM TeMIieparypama u Op3uHu 3arpeama 20 K/min
y nopehemy ca Op3uHoM 3arpeBama 10 K/min ¢ 003upoM fa je mpeHOC TOIIOTE Mambe
eduKacaH U Jia ce pasiiaramke UBPCTUX YECTHUIIA jaBJba HA BUIITUM TEMIIepaTypama.

- JlomatHo, orpaHHYema y MPEHOCYy Mace Takole MOcTajy 3HayajHa ca mopacToMm Op3uHe
3arpeBama W BEIWYMHE y30paka. Manu u koaytopu [46] HaBoje &a pasiarame y3opaka
nieHnyHe ciame mace 5, 15, u 20 mg Benuunne yectuna 325 pm, npu pa3aunduTiM Op3uHama
3arpeBama 5, 10, 15 u 20 K/min, ca noBehamem Mace y3opaka u Op3uHe 3arpeBamma, pe3yiryje
MopacToM IpHHOCA KOKCHOT octatka. Ca moBehameM Mace W BETMYMHE Y30pKa, IMPOIEC
JeBOJIATHIIM3AIM]e TI0CTaje CJOXKEHUjU, y3 OrPaHHYCHO OfBHjame Mpoueca audysuje.
Hageneno 1oBou 10 ycropaBama mpoiieca AeBojaTuin3annje. TepMUIKo pasjarame je y TOM
ClIy4yajy OrpaHH4YeHO ITPEHOCOM Mace, yMECTO KUHETHUKH KOHTPOJIUCAHOT Ipoleca. Y OKBUPY
HCTPAKUBaka Yy OBOj TUCEPTAIlMjU, Maca y30paka je oJpkaBaHa Ha BpeIHOCTH Oko 20 mg
(xopunthena je Beha maca y30pka), anu cy KopuirheHe 4ecTuile Mambe BETUYHHE Y OJTHOCY Ha
MIPETXO/IHO HABEJICHE CIIyYajeBe M3 JIOCTYITHUX HMCTpaKuBama. Ha OCHOBY pesynraTta Koja je
nao becuHr y okBHpy cBOTr UCTpaxuBama [51] Moxe ce ouekuBatu Aa he mama Benmu4nHA
YECTUIIA PE3YJITOBATH pazMKoM y e(eKTUBHO] eHepruju aktuBanuje AE, < 15 kJ/mol,
HApOUYUTO Yy cy4ajy MpUMeHe MeToJla KHHeTHUKe aHanu3e 6e3 moaena. JlogatHo, Beha maca
y30pKa MOX€ MMaTH BEIUKH YTHIIA] HA TPOIEC MUPOJU3e, MPH YeMy Ce€ TMHK KOjU OJroBapa
IIPOMEHHU Mace IoMepa pemMa BpeJHOCTHMA BUILIUX TeMIepaTypa 3a Behe mace y3opaka. Ctora
Maca y30pKa UMa BEJIMKH YTHIIa] Ha TIPOIIEC ITUPOJIM3E MTPH BUCOKHM TeMIIepaTypama peakiiyje
U Yy CKJIaJly je ca OBUM pe3yJITaTMMa TJe je MOKa3aHo Jla ce MUK Mpolieca MUpoIu3e nomepa
npeMa BHIINM BPEJHOCTHMa TeMiepaTypa 3a Behe Mace y3opka. OBa Ynm-eHHIIA C€ OTJieNia y
BehuM paznukama y e(eKTHBHUM eHeprujaMa akTHBaluje J0O0MjeHUM MPUMEHOM MeToja 0e3
MoJIeNia 332 aHaJM3y YMCTHX y30paka JMTHUTA, OMoMmace W OoTnajaa, y nopehemy ca mctum
pe3yaTatuma J0OHjeHUM 32 y30pKe BUXOBUX MEIIaBHHA.

- Ananmusupajyhu npouec nuponuse qurauta KSL u KLB, muxoBa cTpykTypa je u3MemeHa u
HOBO(OpMHUpaHE XeMHjCcKe Be3e popMUpajy Tap, KOKCHU OCTaTak U HEKOHJe3yjyhe BonaTuie.
ApeHmiac W KOayTopu Cy TIOKa3ajdl Ja XETepOreHH cacTaB JIMTHUTA H3a3uBa I0jaBY
pa3nuuuTUX (aza pasjarama y TEMIEpPaTypCKUM Olce3nMa Koju ce Mel)ycoOHO mpekianajy
[52]. Y npumapnoj dhazu nuponuze, ox 250 °C go mojase mpeBoja Ha mpudmmkHo 475 °C (Cnuka
5.4 6) u 1)), HacTajy Tap, anudaTHU TacoBU W anudaTHU BOJOHUK. Y Jpyroj ¢asu mpoieca
nupoyinze, y temmeparypckom omcery 475 — 575 °C (Cnuka 5.4. 6) u 1)), HacTtajy Tap,
IpUMapHU TracoBU M Meramiact ¢opma maurHuta, Jok ce meraH (CH4) ocnmobaha Ha
temreparypu oko 550 °C ycnen KOHIEHTPUCAHMX METHJI Ipyna Yy KOKCHOM OCTaTKy
(dbopMHpaHOM TOKOM NpHUMapHe ¢aze muposinize. Y OKBUPY Apyre ¢asze Muposiu3e JIMTHUTA,
YTJBOBOJIOHUIIHU ce ocsiobahajy y remmeparypckom orcery S00 °C go 700 °C. YTibeH MOHOKCH]T
(CO) ocnobaha ce TokOM packuama WIM CTBapama HOBHX Be3a, Ha TeMIlEpaTypama HU3HaJ
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500 °C. Ocnobahame Bomonuka (H2) Mmoxe ce jaButu Ha Temneparypama usHajn 700 °C Tokom
W3lIBajarba BOJOHHMKA M3 apOMATCKUX jeumbema. UeH M KoayTopu HaBOJE Ja MUPOIU30M
yribeBa HUCKOT paHra HacTajy Behe konmunHe racHe ¢asze, Hapounto CO u CO2 y ogHOCY Ha
Cy0-OMTYMHHO3HE YIJbEBE, JIOK HCTOBPEMEHO J0ja3u 1o moBehama mpuHOca racHe ¢ase ca
nopactoM temmneparype [53]. Ocnobahame cekyHaapHuX racoBa Ha Temneparypama 7> 575°C,
MOTHYE O] MPUMAPHUX racoBa HACTAJINX pa3jiarameM Tapa y nmperxoHoj ¢hazu. Takohe, mpema
pesyararuma koje cy mpexacraBuiu Jle na Ilyenre u koayropu, GopMupame CEKyHIapHHX
racoBa Ha IMOBUIIICHUM TeMIIepaTypamMa MOKe Jia MOTHYe U3 pPeakifja MeTamiacTta (mpu yemy
HacTaje Bule racopa, yriaBHoM CO u Hy), miro pesyntyje 3aBpiieTkoM (ha3e HacTaHKa KOKca
(KOHJIEH3AIIMjOM TEXKHUX apOMATHYHUX jenumema) [54], Ha kpajy mocneame, Tpehe daze
nporeca.

- Iopehemwem TG u DTG kpuux npoueca nupoauze SCG u WRG, Moxe ce 3akJbyduTH J1a ce
MMUPOJINTUYKO TMOoHamame y3opka WRG 3HaTHO paznukyje y oaHocy Ha monamame SCG.
Pasmarpajyhu y3opak WRG, Moke ce yOounuTH Ja je CriopHju Mpolec Nupoin3e (Mame Op3uHe
3arpeBama) y Be3u ca BehoMm mpomenom mace (Cimka 5.5. B)). HaBeneno motude o1 HUKHUX
TeMIieparypa Koje omoryhasajy noTIyHH]je pasiiarame nmoimMepa. Takole, MOXKe ce YOUuTH U
na Hajpehe Op3uHe 3arpeBama omoryhaBajy Opike W paBHOMEpHHjE OJBHjame Mpoleca
nuposm3e (Cimka 5.5 1)). Y ommreMm ciydajy, TpeH ] IPOMEHE Mace Y TOKY MPoIieca MUPOITH3e
WRG 3aBucu on cacraa y3opka. Ocum Tora, Op3uHa 3arpeBama yTHue Ha MpoIeC MUPOIIN3e
TaKo IITO Ca pacTOM Op3MHE 3arpeBama pacTe U TeMmIeparypa pasiarama (Tabena 5.5, konona
WRG). [lopen tora, moxke ce 3ak/byuuTu Aa ce npouec nuponuse WRG onsuja y nBa
peakioHa CTyImba onucana ca asa nuka Ha DTG kpuBoj paznarama WRG (Cruka 5.5 1)). [IBa
MaJia MHUKa U jeJlaH BEJIMKH MUK IPU pa3IuuuTuM Op3uHama 3arpeBama (Cnuka 5.5 1)) 3aBuce
o cacraBa komrnoHeHTH WRG — NR, BR, SBR, kao u ysba, yahu u ocranux aguTiBa Kao LITO
cy muactudukaropu. OBa jeAumema HUMAjy pa3IMuuTe TeMIepaType pasjarama, u
MpeJICTaBIbajy mocieamy a3y pasnarama Ha DTG kpuoj. /[Ba mana nuka Ha WRG — DTG
KpUBO] y TemIeparypckom omcery 225 — 325 °C ce Mory MNpuIIMCaTH HCHapaBamby
TUTACTU(HUKATOPA U JIAKAX TAaCHUX (pakiuja (JaKu YrJbOBOJOHHUIM) KOjU MMajy HUXKE TauKe
Kbydama. [Ipema pesynratuma Cajena u koaytopa, Apyra (aza Moke ce MoBe3aTH ca
ocrnobahameM TpeocTanux YribOBOJOHMKA ca BUIIMM TeMmIeparypama kibydama [S55]. YV
OKBHpY (a3e y Kojoj HacTaje Hajehu nuk, Ha TemnepaTypu oko 400 °C, mMoxe ce jaBUTH
pasnarame yJba. OBa nH(popmalirja Moxke OMTH KOpHCHA KaJia ce HaMepaBa MOHOBHA yroTpeda
MUPOJUTHYKOT yJba U IeroBa Tpanchopmaiirja y rac. Ca apyre crpaHe, Maca KOKCHOT OCTaTKa
ce cmamyje 3a oko 40 % Ha TemriepaTypama Butum oj1 800 °C, anu mpu HajHUKUM Op3uHaAMa
3arpeBama. McrpaxkuBama ['onzaneca, Omnazapa u xoayropa [56, 57], moTBphyjy mpHCYCTBO
yripboBosionuka tuna ankana. FTIR (Fourier-transform infrared spectroscopy - ®ypujeoBa
TpaHcopmucaHa UH(palpBeHa CIEKTPOCKONHja) U XpoMaTorpadcka aHaiau3a Mmokasaie cy
MIPHUCYCTBO YIJHOBOJOHHMKA KAa0 IITO Cy METaH, €TaH u OyTaH. Mcinam u KoayTopu HaBoJe [a
pesyaratu FTIR ananmuze nmoTBphyjy MexaHW3aM peakiyje Ipolieca HUpPOJIU3e MPHU KOM
noBehame Temmeparype TMOocCIelnryje pasjiaramkbe MojJuMepa W JoBoaud 10 (opmupama
JETHOCTAaBHUX jeinbeba TUMa ankaHa [58]. basupajyhu ce Ha oBUM pe3ynTatuma, pa3iuduTH
tunoBu Matepujasa kao mro cy SCG u WRG ocnobahajy paznuunre npoaykTe mTupoau3e (HIp.
pasznarameM WRG Hactajy Behe KOMMYMHE Pa3NIUYUTHX YTJHOBOJOHUYHHUX jeAHHCHA, IITO
HUJ€ TOJMKO M3paxkeHOo y ciyyajy nuponusze SCQG), mITO NpUMapHO MOTHYE O pasziiuka y
cacTaBy IoJiMMepa (cacTaB CBAaKor' y30pKa je mpoMmeHJbuB). [locmaTpane pasiiuke y mpuHOCY
npoxaykata nupoiuze SCG u WRG n HaunHy pasznarama MOTy C€ MPHUKa3aTH KPO3 aHAIU3Y
CHHEPreTCKOr JIejCTBA TOKOM IIpolieca KO-Uposim3e crpoBeaeHor npuMmeHoM TGA-DTG
TEXHHUKA.
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5.2.2. TGA u DTG ananu3a memrasuna KSL, KLLB, SCG u WRG

Ocuwm 3a gncre y3opke KSL u KLB, SCG u WRG, cumynaija mporeca TUpoM3e JTUTHATA
CIIPOBE/ICHA je U 3a y30pKe muxoBux MermaBuna (Tabena 4.1) 3a Tpu paznuuuTe Op3WHE 3arpeBama
(10, 15 1 20 K/min). TG u DTG kpuBe cumynupaHuX mpoleca nupoau3e Memasuaa Juraura u SCG
npuka3zaHe cy Ha Cnukama 5.6. a) 10 1), 1ok je npukas TG u DTG kpuBHX mporieca THPOIJIN3E
Memapua aurauta ¥ WRG nat Ha cnukama 5.7. a) 1o r). Kapakrepuctuune Temneparype mnpoieca
nupoim3e aare cy y Tabemnama 5.5 u 5.6.

70
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Cnuxa 5.6. KSL — SCG: a) TG, 6) DTG; KLB — SCG: 6) TG, 2) DTG
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Tabena 5.4. Kapakxmepucmuune memnepamype npoyeca xko-nupoause auenuma u SCG

Bpsuna KSL9- KSL8- KSL7- KLB9- KLBS- KLB7-
sarpesama 0P KSL KLB — SCG 9061 scG2  SCG3 SCGI SCG2 SCG3

Onset [°C] 310,1 306,2 262,2 2839 267,8  266,6 286 2713  267,0

10 K/min  Endset [°C] 516,1 501,1 357,7  499,5 4654 4244 481,33  469,8 4413
Peak [°C] 363,5 366,7 301,8  368,7 309,2 306,7 3663 332,8 3075

Onset [°C] 316,5 3129 268,0 288 273,1 273,44 2924 2769 2714
15 K/min  Endset [°C] 520,7 501,3 369,0  485,1  469,2 420,1 4882 471,0 4433
Peak [°C] 373,5 373,5 3080 3753 3133 3114 379 339,2 3127

Onset [°C] 318.5 316,3 268,6 2915 2784 2759 299,1 2815 2709
20 K/min  Endset [°C] 515.8 502,9 3694 498 475,9  436,2  479,7 4752 4639
Peak [°C] 377,7 378,7 3093 376,33 320,2 3169 379,5 343,8 3174

Ha ocaoBy TGA/DTG npoduna npukazanux Ha Cirkama 5.6. a) 10 T), MOXe Ce 3aKJbYYHUTH J1a
ce ca mopacTtoMm Op3uHE 3arpeBama rnoBehaBa npuHoOc BosaTwiia. Mcra 3aBUCHOCT MOKa3aHa je | 3a
nopact konnenTpanuje SCG u nopehame npuHOca BoslaTiIa. YKYIaH MPUHOC BOJATHIIA Y CKIIAY je
ca pe3yJTatuMma CIpoBe/ICHE TeXHUUKE aHalin3e, U Behu je 3a MenraBune ca auraurom KLB.

Ha ocnoBy npukasza Ha TGA/DTG kpuBama u pesynraTta HaBeneHux y Tabenu 5.4, Moxe ce
3aKJPYYUTH Ja MpUKa3aHe KPUBE MPEICTaBbajy mpekianama nojeauHadnux TGA u DTG npoduna
muranta U SCG, ma cy youJbMBe 30HE JICBOJATHIIM3ANMjE JTUTHUTA, XEMHUIIETYJI03€e, IENYyI03e H
JUTHUHA.

Ca mopacrom Op3uHE 3arpeBama, peaktuBHOCcTH MemaBuHa ca 10 % SCG ce He Memajy
3Ha4yajHO (MaKCHMAallHE TeMIlepaType MoMmepajy ce mpema 0Jaro HOBHUIIEHHM BpEeIHOCTUMA KOJ
murauta KSL, ogHOCHO ocTajy Henpomemene ko aurauta KLB), 1ok nasbsu mopact KOHIIEHTpaIHje
SCG (20 u 30 %) Boau moBehamwy peakTHMBHOCTH MeIIaBHHA y mopehemy ca peakTHBHOCTHMA
aHanu3upanux gurauta. Kao mocnemuna tora, pasnarame SCG je JOMUHAHTHH]E Yy JIpyroj ¢asu
nporieca Ko-MpoJu3e y ojiHocy Ha pasnarame quraura KSL u KLB, nok tpeha ¢a3za npencrasiba
paznarame JurauTa ca npeocranuM SCG. KapakrepuctuyHe TeMneparype mpoleca Ko-mupoju3e ca
yBoheweM u mnoBehamem koHueHTpauuje SCG mnomepajy ce mHpeMa HUXKHM BPEJHOCTHMA
TeMIeparypa y OJHOCY Ha KapaKTEPUCTHYHE TEMIIpaType NHPOJU3e aHAIM3HPAHHUX JIUTHUTA.
[ToHamame MelIaBuHa yCIIOBJbEHO je U Mel)yCOOHMM pasziuKama JIMTHUTA, IPU YeMy MeEIIaBUHE ca
murautoM KLB mnokasyjy Mamy OCeTJbMBOCT NMpUHOCA BOJATHIJIa HAa MOpacT Op3MHE 3arpeBama U
PEaKTUBHOCT y OJIHOCY Ha MelaBuHe ca TurHuToM KSL, mTo oroBapa noHamamy Y4MCTUX y30paka
JUTHUTA. BpeHOCTH KapaKTepUCTUYHUX TEMIIepaTypa U peakTUBHOCTH Cy PUOIIMKHE 32 00€ BpCcTe
ourHuTa. JlonaTHo, y cBuUM aHanu3upaHuMm ciydajeBuma (Cnuka 5.6. a) u B)), nosehame
koHueHTpauuje SCG y MemaBuHaMa u nosehamwe Op3uHe 3arpeBama JOBOJIE 0 CMambEemha MPUHOCca
KOKCHOT OcTaTkKa, y nopehemy ca nojenunaunum qurantuma KSL u KLB (Crnuka 5.4. a) u B)). [Ipema
HaBoguMa Tyamjge W KOoayTopa, CMamemke MPUHOCA KOKCHOT OCTaTka MOXKe OWTH jedaH of
MH/IMKAaTOpa CUHEPreTCKOT JIeNI0Bama JIMTHUTA U 6rnomace [59].

bazupajyhu ce na pesynraruma texunuke aHanuse u TGA ananuze nmurauta, SCG U BUXOBHX
MEIIaBUHA, MOXKE C€ 3aKJbYUMTH Ja (opMHpaHe MELIaBHHE MT0Ka3yjy JolIMje ocoOrHe y nopehemy
ca urautuma. [Ipeanoct memasuna nurauta u SCG ornena ce caMmo y nosehamwy peakTUBHOCTU U
ckpahemy BpeMeHa Tpajama peakiyja pasiaramba. HeraTuBHU aclekTu y Morjeny HUKe BPeJHOCTH
JIO’€ TOIJIOTHE MONM, HWXKEr cajJpkaja BOJIaTWIIA, CHIDKEHE TeMIlepaType TOIUbema Ierena,
MIPOMEHJBUBOI CacTaBa M KapaKTepUCTHKA MNpPOAyKaTa MUPOJIM3E, PACIOI0XKHUBOCTH, JOJATHUX
3axTeBa 3a TPAHCIOPT U CKIAJUIITeHe, NoTpedoM 3a yBohewmeM wu3MeHa Yy mnocrojehum
TEXHOJIOTHjaMa yBol)ermha ropHBa y JIOKHUIITA y3poKoBaHa BehoM peakTUBHOCTH Onomace, 3aXTeBajy
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JI0JlaTHA UCTPaKMBamba YTUIAja CHHEPTEeTCKOT JiefioBamba n3Mel)y KOMIOHEHTH MelIaBuHa y PoLecy
KO-TIMpOoJM3e (MpUMEHa HIMPOKOT U PA3ITUYUTOT CIIEKTPa EKCIEPUMEHTATHUX METO/IA).
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Tabena 5.5. Kapakxmepucmuune memnepamype npoyeca ko-nupoause auevuma u WRG

Bpsura KSL9- KSL8 KSL7- KLB9- KLBS- KLB7-
sarpesama S0P KSLo KLB WRG  wpGI WRG2 WRG3 WRGI WRG2 WRG3

Onset [°C] 310,1 306,2 3394 321,3 3283 331,7 317,6 323,2 327,0

10 K/min  Endset [°C]  516,1 501,1 446,5 478,2 467,3  463,5 469,7 464,9 4599
Peak [°C] 363.,5 366,7 3774 368,9 374 373,8 370,3 3725  373,7

Onset [°C] 316,5 3129 345,0 326,2 336,5 336,2  325,1 328.,8 332,5
15 K/min  Endset [°C]  520,7 501,3 448,6 480,8 466,7 469,99 471,0  469,1 464.,0
Peak [°C] 373,5 373,5 383,1 3759  380,1  381,1 378,1 378,1 3779

Onset [°C] 318,5 316,3 3474 333,2  337,6 339.8 327,5 3343 337,4
20 K/min  Endset [°C]  515,8 502,9 446,3 477,1 4722 473,88 4756  465,1 464,3
Peak [°C] 371,7 378,7 385,7 383,3 3834 3864 3814  382,6 3832

TGA u DTG npounu xo-nuponusze memasuHa KSL — WRG u KLB — WRG npukasanu cy Ha
Cnukama 5.7. a) 0 1), 32 pa3iauuuTe Op3uHe 3arpeBama. Ha 0CHOBY nmpuka3aHux npoduia, Moxe ce
3akJpyunTH na noBehame koHmeHTpanuje WRG mapanemHo ca moBehameMm Op3uHE 3arpeBama
JI0BOJIM /10 ToBehamwa NpuHOca BOJIATHIIA.

TGA u DTG npodunu npukazanu Ha Crnukama 5.7 a) 10 T) MOKa3yjy MpeKiIaname KPUBUX U
PEaKTUBHOCTH MOjeJUHAYHUX KOMIIOHEHTH MelaBuHa Turauta 1 WRG, npu ueMmy npuHoc Boatuia
OJIrOBapa pe3yTaTuMa CIIPOBEICHE TEXHUYKE aHAJIM3E U BHIIM je 3a MemaBuHe ca qurantom KLB.
basupajyhu ce nHa mpuka3zaHuM KpuBama M pe3yiTaTuMa HaBedeHUM y Tabemu 5.5, Moxe ce
3aKJbYYMTH J1a CE Ca IIOPAcTOM Op3HHE 3arpeBama 1 KoHueHTpauje WRG, peakTHBHOCT MelIaBiHA
noBehaBa y oJIHOCY Ha PEakTUBHOCT NUTrHHUTA. Beu u xoaytopu [63] mpenopyuyjy orpaHuYaBame
komrmunHe WRG Ha 20% y MemnraBuHaMa, Kako OM Ce OCHTypasia MOy3JaHOCT IMpolieca MUPOIIH3e
ycnen noBehane peakTHBHOCTH MEIIaBUHE KOjy Cy aHanu3upanu CTpaka u KoayTOpH y OKBUPY CBOT
ucrpaxuBama [60].

Kapakrepuctuune TeMieparype aHaIM3UpaHOT Tpolieca nupoause yohereM WRG nmomepajy
ce TmpemMa BpeAHOCTUMA BUIIINX TEMIIEpaTypa Yy OAHOCY Ha KapaKTEPUCTHUYHE TEMITPATYPE MUPOITH3E
YHCTOT JTUTHUTA, 0K ce AabuM noBehameM koHneHTpanuje WRG (20 u 30%), kapakTepucTudHe
TeMIIepaType A0AaTHO IOMEPa]jy MpemMa BUILIUM BpegHocTuMa TeMieparypa (368,9 °C no 386.,4 °C 3a
memaBuHe ca murauToM KSL u 370,3 °C mo 383,2 °C 3a memasune ca iurautoM KLB, Ta6ema 5.5).

[Tonamame MelIaBuHa yCJIOBJbEHO j€ U Mel)yCOOHUM CTPYKTYpHUM pasiuKaMa JIMTHUTA, IPU
yeMy MemraBuHe ca aurHutoM KLB moka3yjy mMamy OCeTJbHBOCT MpPHUHOCA BOJIAaTHJIAa Ha MOpacT
Op3MHE 3arpeBama OJHOCY Ha MemaBuHe ca JurHuToM KSL, mTo oaromapa moHamamy YHUCTHX
y3opaka jurHuta. Ca fpyre cTpaHe, yOowbHMBO je Ja ca mopacToM KoHueHTpauuje WRG y
MenraBruHama, TUrHUT KL B noka3syje Behy peakTUBHOCT y 0JJHOCY Ha MelaBuHe ca JTUrHuTom KSL.
VY pa3zmerpaHuM ciyyajeBuMa, KoHLeHTpanuja WRG y memaBuHama u nosehame Op3uHe 3arpeBama
Takohe yTHdy W Ha cMameme NMpuHoca KokcHor octatka (Cnmka 5.7. a) u B)), y nopehemy ca
nojenuHagyHuM yzopuuma nurauta KSL u KLB (Cnuka 5.4. a) u B)). Y pe3yATatuMa UCTpaKMBamba
MTOKAa3aHo je Jja ce Mopo3HU KokcHU ocTaTak 13 WRG dopmupa Ha Temneparypu on oko 425 °C, npu
yeMy pasjiarame JIMTHUTA TeK Nourbe. OBaKo MOPO3aH KOKCHU OCTAaTaK y OKBUPY CUCTEMa afcoplyje
iacTudukaTope U3 mnpoiieca pasjarama JUTHUTA, Ipu yemy DepHaHe3 U KoayTOpu HaBOJE /1a TO
Kao pe3yJTaT MOXe UMaTH IITeTaH yTulaj Ha ocooune aurauta [61]. Ctora, Ha Temneparypama oKo
400 °C, re ce Mory ouekuBaTu Hajpehe nHTepakimje, U ca AajbuM roBehameM TeMIiepaType, MOory
Ce jaBUTU CEKyHJapHE peakiifje Koje JIOBOJE /0 OTpaHHYeHE IMPOAYKILHje KOKCHOI OCTaTKa U3
Pa3IMYUTUX MELIaBUHA JIMTHUTA U OTIaja.
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Baxxna pasnuka y TemnpaTtypama peakuuje uzmely nepunucanux MeniaBuHa v JIMTHUTA, Kao U
MIPUCYTHO CMamkhCHhEe TEMIIEPAType 3aBpIIETKA PeaKilvje, Mope ] IPYruX MoKa3aHuX MPEeIHOCTH, YHHU
WRG norteHnMjagHO MOTOJAHUM 3a IMPOIECEe KO-caropeBama ca JUTHUTUMA. Y IHJbY UCHYHEHha
3aKOHCKMX O0aBe3a y MOIJIeAy OTpaHHYeha eMHCHja U 3aIUTUTE )XKUBOTHE CpeluHE, MOTpeOHa je
onTtuMu3anuja MaceHor yneina WRG y memaBuHama.

5.2.3. AHau3a PeaKTHBHOCTHM H CHHEPreTCKOr /1eJ0Bakba KOMIIOHEHTH MelIABHHA
aurauta, SCG u WRG TokoM npoueca Ko-nupoJsimze

VY mwby aHanM3e MNPHCYCTBA CHHEPreTCKOr JeNioBama peakTaHaTa TOKOM Iporeca Ko-
nupoiuse, AepuHucane cy cepuje reopujckux TGA KpuBUX 3a NPETXOAHO JedUHUCAHE MEIIaBUHE
(TaGena 4.1), 6azupaHe Ha EKCIIEPUMEHTAITHUX pe3yJITaTUMa 3a MOojeuHadYHe y30pKke urauta, SCG
u WRG. I[Ipopauyn TGA kpuBux 3a nzabpane TemriepaType U3BpIIEH je mpemMa oopacity:

Tanop. = TGMemaBnHa = xTGOTna,aa + (1 - x)TGJIHrHHTa (51)

rae ¢y x u (1 - x) MaceHu yAenu OTHAJHUX MaTepujaja U JUrHuTa y memaBuHaMa. T Ghewasunas
TGomnaoat TGuyenuma cy mpomene Mace memabuna, SCG, WRG u nurauta (KSL, KLB).

Paznmka m3mel)y reopujcke u ekcriepumentainie TGA kpuse nedunucana je odpacuem:
ATG = TGexen, — T Grpop. (5.2)

rne je ATG pasznuka u3Mel)y NmpopauyyHCKHX M EKCIIEPHUMEHTAIHUX BPEIHOCTH, M MOXE Ce
nocMarpatd kKao MHAMKATOp HHTepakuuje. IGexen. U TGupop. IPENCTABIbAJY E€KCHEPUMEHTAIHE U
npopadyHate mpoMeHe Mace. XaH M KOayTOpH HaBOJE J1a Yy OIIITEM CIy4ajy, CHHEpreTCKH edekar
NpeJCcTaB/ba MpoIeHAaT noBehama MM CMambemha CKCIEPUMEHTAIHUX BPEJIHOCTH y OIHOCY Ha
Teopujcke BpegHoctu [62]. Y Tom emuciy, ATG npencrasiba ,,00UM* CHHEPTETCKOT JISIIOBakha TOKOM
nporieca KO-muposn3e u3Mel)y KOMIOHEHTH JIepUHUCAaHUX MEIIaBUHA.

VY by orieHe MUPOTUTUIKUX/KO-THpouTHIKuX Kapaktepuctuka KSL, KLB, SCG, WRG u
IbUXOBHX MelllaBuHa, Beu u koayropu nedunucanu cy cnenuduunu gaxrop nuponuse (PF) onpehen
Ha cnenehu HauuH [63]:

dm dam
_ (E)max (E) cpefbe M,

PF = (5.3)
TiTmaxATl/Z

rae cy: (dm/dt)max - HajBeha Op3una npomene mace, (dm/df)cpeone - CpeHa BpeJHOCT Op3UHE IPOMEHE
Mace; My - TpoMeHa Mace TOKOM Ipolieca mupoiu3e/ko-nmuponuse (Mo = 1 - My), T; - unuujanna
(onset) Temneparypa, Imnax - MAKCUMaTHA TeMIiepaTypa (1K) Koja oarosapa op3unau (dm/dt)max, AT
- omicer Temneparypa koju oarosapa (dm/dt)/(dm/dt)ma = 0,50 (mMprHa TOTOBUHE MHKA).

[lIto je Beha Bpennoct dakrtopa PF, Behu je oOum pasnarama y3zopaka. Ctora, kopuctehu
Bpennoct PF onpehene jennaumnom (5.3), Moke OMTH OlEHEHAa M aHAJIM3UPaHAa PEAKTUBHOCT
MOJIA3HUX MaTepHjajia U FbUXOBHX MENIaBUHA TOKOM IpOIleca IMMHPOJU3e/KO-IUPoiu3e. Y TOM
cmucny, ATG (olleHa CHHEPreTCKOT JelioBama) kopuinheHa je 3a neduHUcCame cTerneHa 0 KOr
eKCIIEpUMEHTAJTHE BPEAHOCTH onapeheHnx ¢akTopa TOKOM TIpoleca MHUPOIIN3e/KO-TTUPOIIN3e
OJICTYTIa]y OJ] TEOPHjCKUX BPEAHOCTH.
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5.2.3.1. AHaJIM3a peaKTUBHOCTH

PeaxtuBHocTH ananmu3upanux matepujana KSL u KLB, SCG, WRG u muxoBuUX MelIaBUHa,
TOKOM ITpoIIeca pa3jarama MOTYy C€ aHAIM3UpaTH mpuMeHoM orieHe ogHoca FC/VM (Tab6ene 5.1, 5.2
u 5.3), mpu yemy ce yodaa cienehu TpeHI peaKTUBHOCTH:

KSL7-WRG3 > KSL9-SCG1 > KLB9-WRG1 > KSL8-WRG2 > KLB7-WRG3 > KLB8-WRG2 >
KSL8-SCG2 > KLB8-SCG2 > KLB9-SCG1 > WRG > KSL9-WRG1 > KLB7-SCG3 > KSL7-SCG3
>SCG > KLB > KSL.

W3 pe3ynTara oBe aHAM3€ MOXKE C€ BUJCTHU Jla OJlp)KaBame HajBuile KoHueHTpauuje WRG y
KSL-WRG memaBruHama Moske moOoJsbInati nepdopMaHce mpolieca Ko-IUposIn3e, 0K Y Ciydajy
KSL-SCG memaBuHa, 60Jby ONIM]jY MpencTaBiba HUKA KoHIeHTpanuja 6uomace (SCG). Cimvno ce
youyaBa u 3a memaBuHe ca KLB. HaBexgenu pesynararu mory OuTH NpelMMUHApHA WHIUKAIMja
PEaKTUBHOCTH KOKCHOT OCTaTKa JOOHUjeHOor y mnpoiiecy ko-nupoause. Haume, JIu u koaytopu HaBoze
na, ¢ 0o03upoM Ja KOkcHH ocratak nobujeH m3 WRG Ha BucokuMm Temmeparypama (~550 °C)
KapakTepuiie nopehame nmpedynnka mopa (100po pa3BujeHH ME30IIOPHH YTJbEHUYHHU MaTepHjai) [64],
IIPU YeMY C€ HeTOBHM MEUIAkhEeM Ca JIUTHUTHMA MOKE JOMPUHETH MoBehamy MOBPIIMHE KOHTAKTA,
a mpema TBpABH Buac um koayTopa HapouuMTO Ha BHCOKHM TeMIepaTypaMa IpeMa TBpIAmHU [65],
nofatHoO ToBehame MOBpPUIMHE Takohe Moke TOBeCTH A0 Behe pacroiIoKHBOCTH PEAKTHBHUX
1eHTapa nosehasajyhu peakTUBHOCT jeIHOT O MPOJIyKaTa KO-MUPOJIKM3e (HIP. KOKCHOT OcTaTKa). Y
CBaKOM CIIy4ajy, OBaj ()EHOMEH je MHOTO Mame M3pakeH koj MemaBuHa jgurauta u SCG. OBaj
pe3ynTaT Moke OMTH BakaH, jep MOKas3yje 3HauajHe Pa3IMKe Yy PEaKTHBHOCTU JOOWJEHOT YBPCTOT
YIIbEHUYHOT OCTaTKa y MpOIEeCHMa KO-TIMPOJIHM3E Pa3IMuUTHX MEIIaBUHA JUTHUTA. V3 HaBeJqeHOT
pasziora, moryhe pasnuke y ocoOMHama KOKCHOT OCTaTKa (Kao IITO Cy Pa3IUYUTe MOPO3HOCTU U
cTereH HeypeheHOCTH CTPyKTypa) HacTalle TOKOM MpOoIeca KO-IHPOJIU3e Pa3IMIUTHX MEIIaBHHA
murauTa, SCG 1 WRG Mory yTHLaTH Ha €BEHTYaJIHO CHUHEPreTCKO JAejoBame u3Mel)y nurauta u
HaBeneHUX Marepujana. Ca apyre ctpane, Bo3kypT u KoayTopu mokasaiu cy Aa nmosehame caapxaja
ryMe y MeliaBuHama JI0BoJu A0 nosehama y mpuHocy Ttapa Ha Temnparypama 400 °C u 450 °C [66].
Pesynraru HaBenenu y [66] moka3yjy na temmneparypa og S00 °C Moxke OUTH KOPUCHHU]A OJT HIKUX
TeMIeparypa, HaBojehu Ja BHILE TemrepaType pe3yiryjy Behu oOMM KpekoBama ca pelaTHUBHO
MaJIMM paJuKajguMa KOju ce cTa0MIn3yjy yYHyTap TeUHUX jequmema. ' upaj u ConMes cy nokazainu
na nosehame koH1eHTpaurje WRG y MemaBrHama J0OBOIM 10 CTaOMIU3alH]je cI000JHUX pajuKaia.
3HauajaH MopacT y npuHocy Tapa youeH je Ha temrnepatypu og 500 °C u 50 %m/m WRG. Pasnor 3a
nosehame nmpruHoca Tapa fojnaBambeM WRG y MenaBuHe ca JUTHUTOM MOXKe OUTH Mperia3 BOJIOHUKA
Ha JIMTHUT Kao Pe3ysTaT cTa0miIu3alje paaukaia. 3aCHOBaHO HAa OBUM IPETIOCTaBKaMa, MOKEJHHO
Jj€ OCTBapuTH BHUCOKE TEMIIepaType, jep ce Ha HIDKUM TeMIlepaTypaMa Ipolieca, pa3BUjeHH racoBU
MOTY KOHJEH30BaTH, (OpMHUpaTH Tap U OCTaTU 3apoOJbEHM YHyTap KOKCHOI oOcTaTka. Buiie
Temneparype oMoryhasajy ocinob6alame racoBa U3 YBpcTUX MaTpuia. J{ok je creneH KoHaAeH3aluje y
Tap MONPWINYHO TPOMEHJBUB, 3aBHCAaH O]l mephopMaHCH IpoIleca, BpeMeHa 3a/p)KaBama, W 10
oapeheHor obuMa oj KOHIIEHTpallMje HaMellaHUX MaTepujana, FeHepalHo, MOCTOjU PaBHOTEXA
u3Mely pactyhe Temrneparype nporeca KO-MMpou3e Y IUJbY ClipeuaBarmba pe-KOHeH3alnje Tapa, 1
yKllamama BehuHe McnapibUBUX jelMmbemha Koja JonpuHoce nosehamy nmoppiivHe KoHTakTa. CBU
HaBe/IeHW (PaKTOPH UMajy TIOKAa3aHO PA3IMYMT YTUIAj] HA TIPOIIEC KO-TTMPOJIM3E JINTHUTA 33 Pa3ININTe
KOHIICHTpAllKje HaMelllaHuX MaTepujana. Takole, Mopa ce y3eTH y 003up /1a MOJIMMEPHU MaTepujau
MOTY CTBOPHUTH PEaKTHBHE HYCIIPOU3BO/IE TOKOM ITPOIIeca M J]a MOT'Y pearoBaT ca MpoyKTHMa KOjU
ce cacToje OJ] CTpYKTypa JIMTHUTa Ha TemIeparypama mpoieca. HaBeaeHo Moke yTuIaTH Ha
TUCTPHUOYITM]Y TTPOAYyKaTa, U Ha T4 HAYMH Ha jadyarme WM CIa0Jhemhe Be3a JIUTHUTA U TMOJTUMEPHUX
Mmatepujana. [IpoMeHe y mpuHOCY UBPCTUX, TEYHUX M TACOBUTUX MpoOJyKaTa JepHHHCAHE Cy Kao
CHUHEpreTcKH edexar.
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basupajyhu ce na Bpegnoctuma PF uzpauynarum Ha ocHOBY (5.3) 3a aBe 0o0acTH:

- I — npBa oGnact: Temneparype o ¢a3e ykiamama Biare A0 nojosune rnaBHor DTG nuka
(MakcuMallHe BPEIHOCTH TEMIIEpAType),

- II — mpyra o6mact: Temneparype on nuka DTG kpuse (apyra monoBuna oarosapajyhe DTG
KpHUBE) 10 To4YeTka (hopmupama KokcHor ocraTka (500-525 °C, Cnuka 5.8, Tabena 5.6),

MOTY C€ OIICHUTH PEaKTUBHOCTH CBHX aHAIM3HPAHUX y30paka (YHCTUX y30paka U (OpMUPAHHX
MEIIIaBUHA).
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Cnuka 5.8 Jlegpunucarve obnacmu npoyeca Ko-nuponuze
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Tabena 5.6. @axmop nupoauze (PF) oepunucan 3a nocmampane memnepamypcke ooracmu I u I1,
npu pasauvumum op3unama zaepesaroa (10, 15 u 20 K/min)

IIpouecna obaact

I

1T

Ysopak (10 K/min) (15 K/min) A0 K/min) (10 K/min)  A(15K/min)  $(20 K/min)
SCG 0,013014254  0,027771665  0,052648648  0,011018474  0,023295636  0,044135477
WRG 0,003615881  0,008662769  0,016132521  0,003951310  0,009023865  0,016193469
KLB 0,000466316  0,001096006  0,002061718  0,000512611  0,001167051  0,002101866
KSL 0,000303035  0,000601742  0,00114574  0,000296564  0,000557065  0,001110703
KSL9-SCG1  0,000521122  0,001673277  0,002356574  0,000426422  0,001260974  0,002251976
KSL8-SCG2  0,000577639  0,001957631  0,00268669  0,000841627  0,001812974  0,002583551
KSL7-SCG3  0,001742470  0,004329053  0,006060484  0,001320687  0,003822467  0,00504762

KSL9-WRG1  0,000547968  0,001108160  0,002759762  0,000551801  0,001125319  0,002644658
KSL8-WRG2  0,000741312  0,002282750  0,003254561  0,000810773  0,002451934  0,003450271
KSL7-WRG3  0,001153859  0,001727116  0,003403904  0,001291356  0,001804934  0,003398576
KLB9-SCG1  0,000776611  0,001266978  0,00348773  0,000607373  0,001132543  0,002819972
KLBS-SCG2  0,000889763  0,002133712  0,003696347  0,000833629  0,001854809  0,003262867
KLB7-SCG3  0,001584007  0,003335901  0,006531791  0,001411666  0,003056772  0,004646817
KLB9-WRG1  0,000740702  0,002022044  0,00329911  0,000765357  0,001991324  0,003251404
KLBS-WRG2  0,000941871  0,002025046  0,004898884  0,000938873  0,002083564  0,005072621
KLB7-WRG3  0,001199128  0,00270915  0,004933446  0,001302952  0,002889218  0,005357611

Bpennoctu PF naBenene y TabGenu 5.6. KBAHTUTATUBHO OIKCY]y TOHAIIAKE aHATHU3UPAHUX
y3opaka. Ha ocHOBY pe3yiTara Moke ce 3aKJby4MTH Jla, HE3aBUCHO OJ1 MpolecHe obiactu, Behe
BpeaHoct PF mokasyjy Behy peakTMBHOCT ropuBa, ofHOCHO na ce BpeaHoct PF cmamyjy ca
CMamemeM Op3uHe 3arpeBama U peakTUBHOCTH (Behe Op3uHe 3arpeBama oaronapajy sehum PF). Ca
npyre cTpane, pazmarpajyhu BpenHoctu PF y onHocy Ha nporiecHy o6sact, MaKkCUMalIHE BPEIHOCTH
ce ocTBapyjy npu Op3uHama 3arpeBama 20 K/min. Ananuszom pesynrara HaBeneHux y Tabemu 5.6,
Moke ce aedunucaru cienaehu TpeH ] peaKTHBHOCTH

SCG > WRG > KSL7-SCG3 > KLB7-SCG3 > KLB7-WRG3 > KLB8-WRG2 > KSL8-WRG2 >
KSL7-WRG3 > KLB8-SCG2 > KLB9-WRG1 > KSL8-SCG2 > KLB9-SCG1 > KSL9-WRGI >
KSL9-SCG1 > KLB > KSL

ITopehemem oBux pesynTara ca TpeHa0M aepuHucanuM Ha ocHoBy FC/VM onHoca, HE MOxke
ce AepuHMCATH jacHa (YHKIIMOHAJIHA 3aBUCHOCT M3Mel)y oBUX BpeqHocTH. OBAaKBO MOHAIIalkEe je
OUYEKHBaHO, ¢ 003UpoM na ce nBa paznnuuta napamerpa (FC/VM u PF) ne mory mopenutu jep je
IPBU TOBE3aH Ca aHaJIM30M IPHUHOCA KOKCHOT OCTaTKa, JIOK Ce JPYrM OJHOCH Ha peakliuje
JIeBOJIATHIIM3AIIM]e KojuMa ce ocinobahajy racoBm.

OcuM HaBeNIEHOT, jeJlaH O] pasJiora 3a HeaocTaTak AupekTHe Be3e u3mehy ognoca FC/VM u
PF jecy u rnaBHe pasnuke y kapaktepuctukama SCG y ogHocy Ha nuraute, npu yemy SCG nocenyje
Behy Bpeanoct omnoca H/C (Ta6ena 5.1). [Ipu uctum ycmouma muponuse, Kumena u xoayropu
HaBojie N1a je npuHoc Hr renepucan u3 6momace 5 1o 16 myra Behu ox npunoca Ho renepucanor us3
yriba [67]. Iluponusza aUTHUTA MOXE OUTH YCIOBJbE€HA MPUCYCTBOM JIAKUX MOJIEKyja OoraTmx
BogonukoM (CO, COa, Ha, CH4, H2O, utn.) xoju ce 6p30 ocrnobahajy n3 6rmoMmace Ha MOBUIIICHUM
TEMIICpaTypama. OBHU racosu MOr'y y4€CTBOBATH Y I/IHTepaKHI/IjH BOJATUIIN-JIUTHUT U U3MCHUTU
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TEPMUYKO MMOHAIIAKE JIMTHUTA, TOCEOHO y Temneparypckom orcery uzmehy 400 °C u 500 °C, yaytap
KOT' Ce JIMTHHUT Hajla3u y TUIACTUYHOM CTamy. [IpeHoc BOJOHHMKA CAApKaHOT y CaMOM JIUTHUTY je
BeOMa 3HavajaH 3a acTuyHocT Turauta. [loctojehu akTHBHU METHIIEHCKH YTJbOBOJOHHUIIM K0 IITO
Cy HA(pTEHCKM U ETWJICHCKU YIJbOBOJOHHMIM MOTY NpEACTaBJbAaTH JOHOPE BOJOHHKA H3Mehy
cTabuiHuX apoMatnyHux Mehynpoussoza. [lopen naBenenor, Kuaena u koayropu HaBenu Cy Ja ce
KOJIMYMHA IPEHOCUBOT BOJIOHUKA Yy CAMOM JIMTHUTY JPACTHYHO CMambYyje y TEMIIEPATYPCKOM OITICETY
m3mehy 350 °C u 500 °C [68]. Ocum Tora, npema HaBoauma CoHoOea W KoayTopa, KO-IIUPOTHU30M
TUTHHATA ca oTnamgHoM omomacom (Hmp. SCG), y temmeparypckom orcery 300 — 600 °C, 6p3unHa
HacTajama BojoHuka Ho u3 mporeca nuponuse 6uoMace ce oipkaBa KOHCTaHTHOM [69], Ha Taj HAYNH
nosehaBajyhu pacnonoXUBOCT BOJJOHMKA OKO YECTHUIIA JIMTHUTA. Takole, MPUCYTHH Cy U €KCTEPHHU
JIOHOPU BOJIOHMKA KOjH pearyjy ca JJaHIIMMa pajuKana usmel)y pagukana Turauta u ouomace (BUACTU
MIPETXO/IHY AUCKYCUU]Y); 300T Uera ce jaBjbajy XeMHjCKe HHTepakirje. HaBeneHo Takohe Moxe OuTH
3HauyajaH (PaKTop KOjU y3pOKYje MPETXOAHO HaBEICHE pas3iiuKe ¢ 003UPOM Jla pa3MaTpaHe aHaIu3e
o0OyxBarajy Moryhe nmpoMeHe moBe3aHe ca MmpoayKIIMjOM BOJIATHIIA U/WIIA KOKCHOT OCTAaTKa, TIPH YeMY
y OBOM clly4ajy HECY oOyxBaheHa pa3zMaTrpama IpUHOCca yba.

Kao 3HauajHu yTunajHu mapaMeTpu Ha PeaKTUBHOCT M MOCIEIUYHO MapaMeTpe mpoleca Ko-
MIUPOJIN3E TIOKA3aIIH Cy ce ciefehu eleMeHTH:

- 8pcma 2opuéa — TIPETXOJHE CTyAMje Koje cy cmpoBenu Jyan, Muao, CyenBec U KoayTopu
[70-72] pa3marpane cy aa je Beha CIMYHOCT CTpyKTypa OMOMace U yrjbeBa HMCKOI paHra y
OJTHOCY Ha CTPYKType Onomace W yrjbeBe BHCOKOT PaHTa jeJaH O] BaKHHUX pa3jiora 3a JIako
HacTajamkbe M3PAXEHOI CHUHEPIeTCKOr JejCTBa M MHTepakuuja u3Mmely Ouomace M yripema
HUCKOT PaHTa;

- KOHYeHmpayuja HamewaHux KoOMNnoHeHmu — peMa pe3yJiTaTiMa Koje cy mpejacraBwim ['yo,
Kyan u koayropu, ca moBehameM KOHIICHTpaimuje Onomace, cMamyje ce MPUHOC KOKCHOT
ocraTka, ok ce noehaBa mpuHOC TeuHe u racHe (asze [73, 74]. Bucoka tepmoxemujcka
PEaKTHBHOCT M BHCOK CaJ(pkaj BoJIaTHJa y OMOMAacH OJIaKIaBajy KOHBEP3HWjy yriba (HIP.
pesyararu PF mokasyjy 1a mpBuX mer Mecta nmpema CTENeHY PEaKTUBHOCTH, TOPE] YHCTHX
y30paka otmnaja, npumnana yzopuuma memasuHa KSL7-SCG3, KLB7-SCG3 u KLB7-WRG3,
KOJI KOjHX je TpUCyTaH HajBehun MaceHu yJeo OTmaia y MellaBuHama);

- Op3uHa 3acpeearva — ca TOBehameM Op3WHE 3arpeBama, MPOIEeC ACBOJIATUIIM3AIM]E Ce
ycriopaBa. bual)uau HaBoM 1a ce MOXke OUEKHBAaTH UCTOBPEMEHO O/IBUjambe Ipolieca MUPOoIIn3e
O6uomMace M yriba NpH BETUKUM Op3MHaMa 3arpeBama, U CTOra Ja ce mpolecu ociobahama
BOJIATHJIAa U3 OMOMace U yIJjba MpeKyanajy — MUpoJu3a yrjba ce HacTaBJba U MPOAYKTH C€ MOTY
pa3IMKOBAaTH y CIIy4yajy BUCOKUX Op3MHA 3arpeBama, ¢ 003UpoM jJa atMocdepa 3a ofBUjame
peakimje ykibyuyje U HeMHepTHA jeaumema [10];

- memnepamypa u oumeH3zuja yecmuya — BaHT U KOayTOpH y NPETXOAHHUM HUCTPaXHUBABUMA
HaBOJIE Ja YECTHIIe MaJMX IMpeyHuka (< 6 mm) MOry y3pOKOBaTH IOjaBy JBa MHKa TOKOM
IIPOMEHE Mace Y BpEMEHY, IITO ITOTHYE O] pa3IMUUTUX PeaKiifja Koje ce 0JIBHjajy IPH HUCKUM
¥ BUCOKHMM TeMIepaTtypama [75], 1ok je kox dyectuna Beher npeunuka (= 10 mm) nojasa gBsa
MUKa Mamke U3pa’keHa.
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5.2.3.2. AHaJIM3a CHHEPreTCKOr /1eJI0OBakha Ha 0CHOBY pe3yarara TG ananuse

< MemaBune KSL-SCG u KLB-SCG

3a oneHy oOMMa CHHEPIreTCKOr JenoBama y memabunama nuranta KSL u KLB ca 6uomacom
SCG, cnposeneno je nopeheme eKCEpUMEHTATHUX M MPOPAuyHCKUX pe3yirara Oa3upaHuX Ha
IIpoMeHU Mace y3opaka memasuHa (Ciuke 5.9. u 5.10.).

TpennoBu TGexen. M1 TGrpop. IpUKa3aHu y ocHOCY Ha KoHLeHTpauujy SCG y memaunu ca KSL
py pa3auauTuM Op3uHama 3arpeBama (10, 15 u 20 K/min) npukaszanu cy Ha Cnukama 5.9. a) 110 B).
Hepunucanu mo uctoM npuHUUNy, TPEeHAOBU 1 Gexen. U TGupop. TIPUKA3aHU y OCHOCY Ha
koHnentpaunjy SCG y memasunu ca KLB, npu paznuuntum Op3unama 3arpeBama (10, 15 u 20
K/min) npukazanu cy Ha Cnukama 5.10. a) 10 B).
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6)
Cnuka 5.9. Ilopeherwe TG npoguna oegpunucanux Ha 0OCHO8Y eKCnepuUMeHmManHux u nPpopadyHamux

SPQOHOCWZM npomena mace y3opaka mewasuna 3a pasjiudume 6p3uHe 3acpeesdarbd
(10, 15 u 20 K/min): a) KSL9 — SCG1, 6) KSL8 — SCG2 u 6) KSL7 — SCG3
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6)
Cnuka 5.10. I[lopehere TG npoghuna degpunucanux Ha 0CHOB8Y eKCREPUMEHMATHUX U NPOPAYYHAMUX

SPQOHOCWZM npomena mace y3opaka meuasunad 3a pasiudumne 6p3uHe 3acpeesdarbd
(10, 15 u 20 K/min): a) KLB9 — SCG1, 6) KLB8 — SCG2 u 6¢) KLB7 — SCG3
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[Topehemwem excriepumentanaux TG kpuBuX (ITyHE JIMHH]E) U POpAaYyHATUX (MCIIPEKUIAHE
nuHUje) 3a pazanunte y3opke memasuHa KSL-SCG (Cnuka 5.9) u KLB-SCG (Cnuka 5.10), youaBa
Ce CHa)KHA HWHTEpakiuja u3Mel)y KOMIIOHEHTH aHalu3UpaHUX MeIIaBWHA, M CTOra, MOXE ce
3aKJbYYUTH JIa j€ CHHEPTEeTCKHU e(peKar je eBUJCHTHO MPUCYTaH Y CBUM aHAJIM3UPAHUM CITy4ajeBHMA.
Kao nocneauiia oBor ¢peHomeHa, excriepumentainie TG kpuBe He 1T0Ka3yjy oJropapajyhe nokmnaname
ca MpopayyHaTHUM KpWBHMA, IITO 3HAYM Ja aJUTHBHO IOHAIIAKE HHUjEe MPUCYTHO KOJ MocTojehnx
MenrapuHa jurHuta U SCG. Bumie nerajba MoOBe3aHUX ca MPHUCYCTBOM CHHEPreTcKor edekrta
HaBezleHo je y Tabenu 5.7, mpu ueMy ce MOXe 3aKJbYYUTH J1a He3aBUCHO o1 KoHneHTpanuje SCG y
MemaBuHama ca jurHuTEMa (KSL w KLB), y Behunm cnyudajeea SCG moka3yje HEraTHMBHO
CHHEPTeTCKO JeTIOBAHE TOKOM IPOILeca KO-TIUPOIIH3E.

[Topen Tora, y onpehenum ciydajeBuma, MOCTOj€ OJACTyMama KOja Cy CHaXHO YCIOBJbEHA
Op3uHOM 3arpeBama M ytumajeM SCG Ha cnenu@uyHe Mpolece KOju ce jaBibajy y oapeheHum
TeMrepaTypckuM uHTepBaiuma. 3a memaBue KSL-SCG, nBa ¢akropa koja yruuy Ha MO3UTHBAH
cuHeprercku edekat koa KSL nmurauta cy konnentpamuja SCG u 6p3uHa 3arpeBama.

Haume, npu nHuckum xonnentparujama SCG y wmemasunu KSL9-SCGI1, Beha Op3unHa
3arpeBama (20 K/min) mpumapHO noBOaM 110 (OopMUpaEma KOKCHOT OCTaTKa, TOK HIKa Op3WHA
3arpeBamba (15 K/min) mpoayxkaBa BpeMEHCKM HWHTEpPBal 3a OJBHjame peakifje, MTO MOpeN
nocrenmuBama hopMupama KOKCHOT OCTaTKa Takohe moBehaBa mpuHoc BoyaTwia u tapa (Tabema
5.7).

Tabena 5.7. Cunepeemcka ananruza KSL-SCG u KLB-SCG mewasuna npuxazana npexo ONUCHUX
napamemapa mokom npoyeca Ko-nuponu3e

CuHeprercka aHajausa

V3opak Bpsnnzf 3arpeBama, Temneparypexn . -

f (K/min) unrepsan, AT (°C) HuTepakuuja Yrunaj
KSL9-SCG1 10 25-200 ekcr. Beha on mpop. | HeratuBaH
KSL9-SCG1 15 25-200 ekcIr. Beha o mpop. | HeraTWBaH
KSL9-SCG1 20 25-200 ekcr. Beha on mpop. | HeratuBaH
KSL9-SCG1 10, 15, 20 200 - 250 Eﬁizgzgzzee’ HEME 1 pema yrumaja
KSL9-SCG1 10 250 - 800 ekcr. Beha ox pop. | HeratuBaH
KSL9-SCG1 * 15 250 - 800 f[';f)‘;'_m“’a o nosuTHBaH
KSL9-SCG1 20 250 - 625 ekcr. Beha ox pop. | HeratuBaH
KSL9-SCG1 20 625 - 800 f[';f)‘;'_“a“’a o nosuTHBaH
KSL8-SCG2 10 25 -800 ekcr. Beha ox pop. | HeratuBaH
KSL8-SCG2 15 25-800 ekcr. Beha ox pop. | HeratuBaH
KSL8-SCG2 20 25 -800 ekci. Beha ox pop. | HeratuBaH
KSL7-SCG3 10 25-250 ekci. Beha ox pop. | HeratuBaH
KSL7-SCG3 15 25-250 ekcr. Beha ox pop. | HeratuBaH
KSL7-SCG3 20 25-250 ekcr. Beha ox pop. | HeratuBaH
KSL7-SCG3 10 250 - 375 ekci. Beha ox ipop. | HeratuBaH
KSL7-SCG3 10 375 - 800 fl';f)‘;-m“’a o no3uTHBAK
KSL7-SCG3 15 250 -325 ekci. Beha ox ipop. | HeratuBaH
KSL7-SCG3 15 325- 800 fl';f)‘;-m“’a o no3uTHBAK
KSL7-SCG3 20 25-800 ekcr. Beha o mpop. | HeraruBaH
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CuHeprercka aHajausa

V3opak bpaiia sarpesara, Temneparypeku . .

$ (K/min) urepsan, AT (°C) HnTepakuuja VTunaj
KLB9-SCG1 10 25-375 ekcrr. Beha o mpop. | HeraTWBaH
KLB9-SCG1 15 25-375 ekci. Beha o pop. | HeratuBaH
KLB9-SCG1 20 25-375 ekcrr. Beha o mpop. | HeraTHBaH
KLB9-SCG1 10 375 - 800 ekcrr. Beha o mpop. | HeraTHBaH
KLB9-SCG1 15 375 -800 ekcil. Beha o mpop. | HeraTuBaH
KLB9-SCG1 20 375800 f[';f)‘]')'.m“’a on NO3MTHBAH
KLB8-SCG2 10 25-550 ekci. Beha o pop. | HeratuBaH
KLB8-SCG2 15 25-550 ekci. Beha o ipop. | HeratuBaH
KLB8-SCG2 20 25-550 ekcrr. Beha o mpop. | HeraTWBaH
KLB8-SCG2 10 550 - 800 ekcr. Beha o ipop. | HeratuBaH
KLB8-SCG2 15 550 — 800 Eﬁ‘;‘;ﬁl‘jﬁzz_ HEMA 1 pema yrumaja
KLB8-SCG2 20 550 —-800 ekcIl. Beha o mpop. | HeraTHBaH
KLB7-SCG3 10 25 -500 ekci. Beha o ipop. | HeratuBaH
KLB7-SCG3 15 25 -500 ekci. Beha o ipop. | HeratuBaH
KLB7-SCG3 20 25-500 ekcIr. Beha o mpop. | HeraTHBaH
KLB7-SCG3 10 500 — 800 f:;f)‘;_“a“’a e nosuTHBAH
KLB7-SCG3 15 500 — 800 ekcIr. Beha o mpop. | HeraTHBaH
KLB7-SCG3 20 500 — 800 ekcIl. Beha o mpop. | HeraTHBaH
KLB9-SCGl1 10 25-375 ekci. Beha o ipop. | HeratuBaH

Ca npyre ctpane, Bucoka konmenrpanuja SCG y memasuau KSL7-SCG3, u Himke Op3uHe
3arpeBama (10 u 15 K/min), omoryhasajy noBehan npunoc Tapa u kokcHor ocrarka (Tabena 5.7). ¥
ciyuyajy MemasuHa KLB-SCG, moctoje nBa jacHa ciydaja Koja Cy CTPUKTHO IIOBE3aHa ca
€KCTPEMHHUM BpEIHOCTHMA, HajMamkUM U HajBehuM caziprkajeM HaMellaHe KOMIIOHEHTE Y MelIaBUHU
ca JIMTHUTOM, U yTUIajeM HajMame U HajBehe Op3uHe 3arpeBama. Y ciydajy KLB9-SCG1, najseha
Op3uHa 3arpeBama (20 K/min) omoryhasa nmpuHoce u Tapa U KOKCHOT OcTaTKa, 10K MeraBuHa KLB7-
SCG3 npu Hajmamoj Op3unu 3arpeBama (10 K/min) omoryhaBa mpumapHo ¢popMupame KOKCHOT
ocTaTkKa. Y CBUM pa3MaTpaHUM Clly4ajeBUMa, IO3UTUBHU UHIUKATOP HABOM Jja CHHEPIeTCKU eeKar
Koju nocroju uzMel)y nmuraura u SCG omoryhasa Behu nmprHOC Tapa 1 KOKCHOT OCTaTKa y OHOCY Ha
MIPOPAYyHCKH OIMKCAH Tpoliec Ko-nupoiuse. [locebHo Tpeda uctahm, y Apyrum ciyuajeBuMa, BEJIUKa
Konn4yrHa ocnobolhenux Bonatuia u3 SCG Moxxe ometaT ociobahame BolmaTuia U3 JIMTHUTA, LTO
o0janimaBa HETaTUBHU CHHEpreTcku edekar. M3 HaBeeHUX pe3yaTaTa MOKe ce BUAETU J1a Op3uHa
3arpeBama MemaBuHa JurauTa 1 SCG nma 3HavajaH yTHIaj Ha CHHEpreTCKH edekar (HeraTuBaH Win
MO3UTUBAH) TOKOM ITpolieca ko-nupoiause. Crora, Op3uHa 3arpeBama MpeAcTaBiba BayKaH napameTap
3a JTUCTpUOYLHM]y NpoayKaTa KO-NUPOJIM3E IPH TNPOMEHJBUBUM BPEIHOCTHMA TeMIlepaType.
I'enepanHO mocMaTpaHo, MPU HUXKHUM TeMIlepaTypamMa MOXE CE€ OCJIOOOIUTH BUIIE TaCOBUTHUX H
TeyHux npojaykara (< 500 °C), nok BuIille TeMiepaType noroayjy Gopmupamy 4BpCTUX MPOAYyKaTa.
Paznor 3a mojaBy oBor (peHOMEHa je€ OJBUjambe PA3TUIUTHX XeMHjcKux peakija m3mehy SCG
JUTHUTA Y pa3IMuTUM TEMIepaTypCKHUM HHTepBaIMMa. XEMHUJCKO pasjarame M peakiuje
JernojJuMepu3alyje HWMajy JOMHUHAHTHY YJOTy Yy TMpollecMMa KO-NIUPOJU3€ TMpPU HUCKUM
TeMmreparypama, rie BHCOK paapxaj BogoHuka y SCG (Tabena 5.1) 3aycraBiba pearoBame
CII000HUX pajiKalla ca KOKCHUM OCTaTKOM, MPU YeMY HAcTa]y BEJIMKE KOJIMYUHE MUPOIUTUUKOT
raca 1 Tapa. KoJi BUCOKUX TeMIepaTypcKuX WHTepBaa, IPUMapHy peKalnjy MpecTaBiba TEPMHUUKa
MOJINKOHIEH3aI[1ja KOKCHOT OCTaTKa IIPH YeMy HacTaje KOKC. Y CBaKOM CiIy4ajy, KO/l aHaJIM3UPaHUX
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MeniaBuHa, nonaBawe SCG y memasune ca qurautuma (Hapouuto 20 % SCG npu cBuUM Op3uHaMa
3arpeBama) MMa HeraTuBaH eekar Ha ociobalhame BojaThIa TOKOM Iporeca kKo-nuposuse. Crora,
y pa3MaTpaHUM CJIy4yajeBUMa, HeraTuBaH eQeKkaT Ha paszjarambeé MelIaBUHA Pe3yJTyje HIDKUM
MIPUHOCOM BoJiaTHIIa 011 ouekuBaHor. C 063upom na nonaBame SCG y MelIaBUHE ca JIUTHUTOM HMa
JIOMUHAHTHO HeraTuBaH edekar Ha Mpoliec KO-MUPOoJIn3e, 0Ba] EHOMEH ce Takohe MOoXkKe YOUUTH U
Ha DTG npo¢uiy, rae je mprucyTHO HEraTUBHO XOPU30HTAIHO OMEPAhE MHUKa IPeMa BpEAHOCTUMA
HIOKUX TeMmIiieparypa ca noehameMm konueHnTpauuje SCG y MmemiaBuHaMa Mpu CBUM Op3uHaMa
3arpeBama (Tabena 5.4, xomone 6-11). Ca apyre crpaHe, KOJ IOjeJMHAYHUX KOMIIOHEHTH, Ca
noBehamweM Op3uHE 3arpeBama, youaBa ce I[OMEpame IMKa I[peMa BpPEAHOCTUMA BHUIIMX
TeMIeparypa, IITO je Takohe MPUCYTHO M KOJ MemaBuHa ca noBehamem yaena SCG (Cnuka 5.6).
OBaj mopact MOXke ce 00jaCHUTH IMpOMEHama y MPEHOCY TOIUIOTE TOKOM IMpolieca KO-IHpPOJIH3eE.
basupajyhu ce Ha 1o0ujeHUM pe3ynTaTuMa, oHamame MemasuHa Jurauta 1 SCG TokoM mporieca
KO-TIUPOJIM3E MOXKE Ce CyMUpaTH Ha cienehu HauuH:

- Tocroju cnenduuna Be3a u3mel)y cuneprerckor edexra u 6p3uHe 3arpeBama. Pasmarpajyhu
NPETXOHO HaBeleHe pe3yirare, y BehwHu ciydajeBa, Mame Op3uHE 3arpeBarba IOCIEIY)y
cuHepreTcku edekar. [Ipu MamuM Op3rHaMa 3arpeBarma, BpeMe pearoBarma JUTHOLETYT03HHX
jenumema y SCG (HapOYHMTO IENyNno3€e) U YECTHLE JIUTHUTA JOCTHKY jeJHAKE TeMIlepaType,
IITO MOXE J1a CE MPOJIOHTHPA U MOXKE Ce MPEHETH Ha MOTIYHY PEaKilnjy ABa PeaKTaHTa.

- Mama Op3uHa 3arpeBamba MOXKE CMAmBUTH TEMIIEPATYpCKy pa3iuky ui3mely mHoBpiIMHE U
yayTpammocty yectuia SCG u muranTa, nopehatu mpeHoc TOIUIOTe, ¥ Ha Taj HAYMH YTULATH
Ha mnpouec nuponuse. [Ipema ucTpakuBamuMa Koja Cy crpoBenu By u koayTopu, akTHBHE
MaTepuje HacTtaie ycien nedopMaiidja M OMeKIaBama (UOpO3HHMX Marepujaia (HIp.
1enynose) aacopOyjy ce Ha MOBpIIMHAMA YECTUIA JUTHUTA, OJOKHPa]y TMOPO3HY CTPYKTYPY
MOJIEKYJIa IUTHUTA U CIpevaBajy ociobahame BoIaTHiIa TOK TEMIIEpaTypa Mpoleca Mupon3e
He JocTUTHE oapelheHn HUBO [76].

- Ycaen ocnobahama Torutote, pe ocnobahama BoJIaTHIIA J0Ta3U 10 FlbUXOBE CKCIaH3U]je MpH
YeMy ce FeHEpHIIe JOBOJbHA BPEIHOCT YHYTpAIIhET NMPHUTHUCKA 32 CaBlajaBame oTmnopa. 13
HaBEJICHOT pa3Jjiora, MOCTOju oApeheHo 3a0cTajame y MPOIeCy ASBOJIATHIIH3AIIH]E, IIITO YUHU
Ja ekcriepuMeHTanHa BpeAHOCT 1 Gexen. Y pa3MaTpaHoj (ha3u mporieca nuposiuse Oyze BUIlIa oJ1
teopujcke TGppop. BpenHocTH. CHHEpPreTcku eQexaT MOoBe3aH ca MHTEepaklidjama Koje ce
jaBJbajy TOKOM Ipolieca KO-IUPOJIM3€ JOBOJAM /0 PA3IUYMUTHX IOHAIIaka y OJHOCY Ha
JEIHOCTAaBHO aIMTUBHO MOHallame Turauta u ouomace. Kog TGA mepewa, HaBeneHo je Ouio
YCIOBJBEHO MAY)KMM BpPEMEHOM 3a OJIBUjalbe peakiuja u3Mel)y dYecTulla M BOJATHIIA
0cJI000h)eHUX TOKOM MTPUMapHOT TPolieca MUPOJIU3E.

< Memasune KSL-WRG u KLB-WRG

3a ouieny obuma cuHepreTckor nenoBama udmely nurauta (KSL u KLB) u WRG, nopeheme
EKCIIEPUMEHTAIHUX U MPOPAYyHATUX BPEIHOCTH MPOMEHE MACE y30paKa MeEIIaBUHA MPHUKA3aHE CY
Ha Cnukama 5.11 u 5.12).

TpennoBu TGexen. i TGrpop. priKa3aHU y OCHOCY Ha KoHIIeHTpauujy WRG y memasunu ca KSL
IpU pa3auuuTUM Op3uHama 3arpeBama (10, 15 1 20 K/min) npukasanu cy Ha Cnukama 5.11. a) no
B). [edbunucann no ucrom npuHUuMy, TPeHAOBU TGewen. U TGppop. TIPUKA3aHU Yy OCHOCY Ha
koHueHTpaunjy WRG y memasunu ca KLB, npu pasnuuutum 6p3uHama 3arpeBama (10, 15 u 20
K/min) npuxazanu cy Ha Cnukama 5.12. a) 10 B).
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6)
Cnuka 5.11. I[lopeherwe TG npoghuna degpunucanux Ha 0CHO8Y eKCREPUMEHMATHUX U NPOPAYYHAMUX
8PEOHOCMU NPOMEHA Mace Y30paKa Meulasutd 3a paziuyume oOp3sune 3azpesarbd
(10, 15 u 20 K/min): a) KSL9 — WRGI, 6) KSL8 — WRG2 u ) KSL7 — WRG3
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6)
Cnuxa 5.12. I[lopeherwwe TG npoguna depurucanux na 0OCHOBY eKCNepUMEeHMATHUX U NPOPAYYHAMUX

8PEOHOCMU NPOMEHA Mace Y30paKa Meulasutd 3a paziuyume oOp3sune 3azpesarbd
(10, 15 u 20 K/min): a) KLB9 — WRGI, 6) KLBS — WRG2 u ¢) KLB7 — WRG3
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[MopeheweMm TGewen. 1 TGnpop. kpuBuX 3a MemaBuHe KSL-WRG u KLB-WRG ca TGexen. 1
TGpop. kpBaMa 3a MemaBuHe urHuTa 1 SCG, Mory ce youuTH ojipel)eHe pasiinke y CHHEpreTCKOM
nenoBamwy. Buile nerasbsa o0 cuHepreTckoM e(ekTy NpUCYTHOM TOKOM IIpolieca KO-IHUpPOJIN3e
menrapuHa KSL-WRG u KLB-WRG naro je y Tabenu 5.8.

Tabena 5.8. Cunepeemcxa ananuza KSL-WRG u KLB-WRG mewasuna npukazana npeko ONUCHUX

napawemapa moKom npoyeca Ko-nupoiuse

CuHeprercka aHajau3a
V3opaxk bp3una 3arpeBama, T
K/min eMIepaTypcKu . .
B( ) unrepsa, AT (°C) HWurepakuuja Yrunaj

KSL9-WRG1 10 25-200 ekcrr. Beha o mpop. | HeraTWBaH

KSL9-WRGL1 15 25-200 ekcr. Beha ot mpop. HEraTuBaH

KSL9-WRG1 20 25-200 ekcrr. Beha o mpop. | HeraTWBaH

KSL9-WRG1 10, 15, 20 200 - 400 npeiianathe ~HEME | Hema yrunaja
HHTEPaAKLHje

KSL9-WRG1 10 400 — 800 CRCIL Matba 01 nosuTuBan
npop.

KSL9-WRG1 15 400 - 800 CCIL Matha on n03UTHBAH
npop.

KSL9-WRG1 20 400 — 800 CRCIL Matba 01 nosuTuBan
npop.

KSL8-WRG2 10 25-400 ekci. Beha o mpop. HEraTuBaH

KSL8-WRG2 15 25-400 ekcr. Beha on mpop. HEraTUBaH

KSL8-WRG2 20 25-400 ekcrr. Beha ox mmpop. HeraTuBaH

KSL8-WRG2 10 400 - 800 CHCIL Matba ol n03UTHBAH
npop.

KSL8-WRG2 15 400 — 800 CRCIL Matba 01 nosuTuBan
npop.

KSL8-WRG2 20 400 - 800 CHCIL Matba oi n03UTHBAH
npop.

KSL7-WRG3 10 25-350 ekcrl. Beha o mpop. HEeTaTUBaH

KSL7-WRG3 15 25-350 ekcr. Beha ot mpop. HeraTUBaH

KSL7-WRG3 20 25-350 ekcrl. Beha o1 mpop. HEeTaTUBaH

KSL7-WRG3 10 350 — 800 CHCIL. Matba ol nosuTHBaN
npop.

KSL7-WRG3 15 350800 ekcr. Beha ot mpop. HeraTUBaH

KSL7-WRG3 20 350 — 800 ekcrl. Beha o mpop. HEraTUBaH
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CuHeprercka aHajausa
V3opaxk Bp3nna 3arpeBama, T
K/min eMIepaTypcKu . .
B( ) urepsan, AT (°C) HnTepakuuja VTunaj

KLB9-WRGI1 10 25-200 ekcrr. Beha o mpop. | HeraTWBaH

KLB9-WRGI1 15 25-200 ekcr. Beha ox mpop. HEraTUBaH

KLB9-WRGI1 20 25-200 ekcrr. Beha o mpop. | HeraTWBaH

KLB9-WRG1 10, 15, 20 200 - 375 HIPCKIANAbe = HoMa HeMa yTHIaja
HWHTEPaAKLH]e

KLB9-WRG1 10 375-800 CKetl. Matba o1 TMO3UTUBAH
npop.

KLB9-WRG1 15 375-800 CICIL Matba o1 TMO3UTUBAH
npop.

KLB9-WRGI1 20 375800 CRCIL Matba 01 nosuTHBAH
npop.

KLB8-WRG2 10 25-375 ekcr. Beha o mpop. HEraTHBaH

KLB8-WRG2 15 25-375 ekcrr. Beha o mpop. | HeraTHBaH

KLB8-WRG2 20 25-375 ekcIr. Beha o mmpop. HeraTuBaH

KLB8-WRG2 10 375425 ekci. Beha ot mpop. HeTaTUBaH

KLB8-WRG2 15 375 -425 ekcrr. Beha ox mmpop. HeraTuBaH

KLB8-WRG2 20 375425 [IPCIAMALLE = HOMA HeMa yTulaja
HHTEPaKLH]e

KLB8-WRG2 10 425 - 800 ekcrr. Beha o mmpop. HeraTuBaH

KLB8-WRG2 15 425 -800 ekci. Beha o mpop. HEraTuBaH

KLBS-WRG2 20 425800 CRCIL Matba 01 nosuTuBan
npop.

KLB7-WRG3 10, 15,20 25550 [IPCIAMALLE = HOMA HeMa yTHIIaja
HHTEPaKLH]e

KLB7-WRG3 10 550 — 800 CICIL. Matba o1 TMO3UTUBAH
npop.

KLB7-WRG3 15 550 — 800 fl';f)'; Matba o1 no3uTHBAK

Ha ocHoBy pesynrara mpukazanux y TabGenu 5.8 Moxe ce 3ak/bydyduTH Ja CHHEPTeTCKO
nenoBame u3mel)y nuranta (KSL u KLB) 1 WRG uma 601 yTH11aj, y o1HOCY Ha gogaBame SCG y
MEIIaBUHE ca JIMTHUTUMA, Ha MPHHOC MpOJAyKaTa HACTaMX y Mporecy Ko-mupoinuse. [lonaBame
10 % WRG y memaBuny ca KSL npu cBum Op3unama 3arpeBama (10, 15 u 20 K/min), unnu na
pa3nuka wu3Mely eKCIepHMEHTAHO JOOHMjeHHX BpPEAHOCTH W TPOPAUYYHCKHX, XUIOTETHYKHX
BPEIHOCTH MpOMEHEe Mace Oyzae MO3UTHBHA, IITO 3HAa4YM Ja aoaaBare WRG y memasune ca KSL
JOTIPUHOCH TPOU3BOIKU Tapa U KokcHor ocTtaTtka (400 — 800 °C). Cyensec, Monunep U KoayTopu
HaBO/IE J1a, KaJla je pa3JiiKa HeraTUBHA, MOXKe Ce MPETHOCTaBUTH Ja je MpUHoc racHe ¢aze Behu npu
MUPOJIN3U NOjeAuHauYHuX y3opaka nuraura u WRG [77, 78].

Takobhe, nogaBame 20 % WRG y memasuny ca KSL, uma uctu edekar, Tj. MO3UTUBHO yTHYE
Ha Qopmupame Tapa U KokcHor octarka. Ilopen Tora, koxg MmemasuHe KSL7-WRG3, camo maina
Op3uHa 3arpeBama (10 K/min) uma no3utuBaH yTuiaj Ha GopMHUpame Tapa U KOKCHOI OCTaTKa, U
MPUHOC raca J0 ojapeheHor oduma (anm ganexo mamer). ['enepanno, Akap U KoayTopu HaBOJE Ja
nonasarkbe WRG y MemaBuHe ca JUTHUTOM CMambyje IpHUHOC raca [79], nok cy CuHar u KoayTopu y
OKBUPY MPETXOJIHUX UCTpakuBama JeuHHcaIn Aa pasJior 3a nosehame mpuHOCa Tapa J0/1aBalkbeM
WRG y memaBuHe ca JUTHUTOM MOXe OUTH Ipeiia3 BOJOHMKA ca TyMe Ha JIMTHUT Kao pe3yaTar
crabmwm3anuje paaukana [80]. Cinuna cutyanuja youaBa ce koa memasuHa KLB-WRG. ['maBra
pasnuka Jexu y noHamamy wmemaBuHe KLBS-WRG2 npu Bucokum Op3uHama 3arpeBarba
(20 K/min), u kox memasuHa ca Hajsehom koHuentpauujom WRG ca KLB npu cBum Op3nHama
3arpeBama. Y HaBEJCHUM ciydajeBuMa, noBehame caapkaja WRG y memaBuHama 1 BUCOKE Op3HHE
3arpeBama J0BOJIE /10 MO3UTUBHOT CUHEPIeTCKOr eeKTa Ha MPOU3BOAY Tapa U KOKCHOT OCTaTKa.
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OBaj cuHepreTcku edekar Moke ce 00jaCHUTH Ha OCHOBY pajJMKaja BOJIOHWKA KOju ce ociobahajy
U3 TyMe MpU CBUM TeMIlepaTrypama, JOK paJuKalld He 3ayCTaBe IMPOIEC pa3iarama ryme, U JIOK
WCIIapJbUBU TEYHHM MPOJYKTH HAMYIITAajy CPEAMHY Y KOjO] C€ OJBHja peakiuja IMpe HHUXOBOT
pasnarama y racose y npucyctBy WRG. Ca npyre crpane, pazmatpajyhu cuHeprercku edekar Koju
ce jaBJba Ha BUIIUM Temrieparypama (> 500 °C) 3a 06e Bpcte memapuHa (JIUrHUT U SCG ¥ IUTHUT H
WRG), MOXke ce IpeTIoCTaBUTH J1a ce MOP(OIOITKe 0COOMHE YBPCTUX MPOAYKaTa (KOKCHOT OCTAaTKa)
pas3NuKyjy, /i€ Ce MOXKE OYCKUBATH JIa KOKCHH OCTaTak U3 MerraBuHe nurauta 1 WRG kapakrepuine
MOPO3HHUja MOBPIIMHCKA CTPYKTypa. C 003upoM Ha MO3UTHBAH eekaT uaeHTU(UKOBAH HA BHCOKUM
TeMIeparypaMa Ha KojuMa ce ojBHja (opMupame KOKCHOT OCTAaTKa M TJe Cy EKCIECpPUMEHTATHE
BPEIHOCTH HIKE OJ MpOpayyHCKuX, nofaBame WRG nehe noBectu 1o uHXHOUIMjE Mporeca
TEPMUYKOT pasjarama (IMO3UTHBHO TOMepame nuka ca mnoBehamem konueHtpammje WRG y
MelIaBMHaMa TIpU CBUM Op3uHama 3arpeBama (Tabema 5.5, komone 6-11). V HaBeneHum
ciyyajeBuMa, KoHIleHTpanrja WRG y memaBnHama ca TurHUTHMa uMa Behu yTuiiaj Ha mporec Ko-
MUPOJIN3E Y OTHOCY HA OP3MHY 3arpeBamba, IITO j€ CYMPOTHO y OJHOCY Ha CJIy4aj MEIIaBHHA JIUTHUTA
u SCG. Pesynratu cipoBeIeHOT UCTPaKUBakha CHHEPTETCKOT J€jCTBA aHATH3UPAHUX MEIIaBHHA Y
OKBHUPY OBE JOKTOPCKE AMCepTaIyje o0jaBibeHu cy y pany [81].

AKO ce ynopene HaBEICHM pe3yNTaTu ca pesylratuMma JoOujeHuM Ha ocHoBY PF, moxe ce
3aKJPYYUTH JIa j€ TIPUHOC BOJATHIIA M3 MOjeIMHAYHHUX y30paKa U MEIIaBUHA, OOJbU TIPH OJIBHjambY
mpoleca Ha BUIIMM TeMIieparypama. HaBeeHo roBopH O ylio3u YHaKpPCHHX peKalyja (IOMHUHAHTaH
MeXaHu3aM Ha TemnepaTtypama peakurja uzHaja 600 °C) Ha IpUHOC KOKCHOT OCTaTKa M CIIpevyaBame
mpoleca JeBojiaTu3anyje. Y CBakoM ciyd4ajy, KOJIW4YMHa oclioOoheHuX BoylaTuiIa U3 MellaBHHA
OYUTJICHO BapUpa y 3aBHCHOCTH O] KOHIICHTpAIMje KOMIIOHCHTH y MelIaBUHAMa, Kao W yTHIaja
Op3uHe 3arpeBama, IITO 3aBHCH O KO-MHPOJIUTUYKOT O/3MBa CHUCTeMa (3HAYajHO YCIOBJBEHO KO-
MUAPOJIMTUYKHUM TIOHAIIAKEeM U MeXaHu3MuMa MmemapuHa jurauta u SCG u murauta u WRG, xao u
UXOBUX KOMITOHEHTH ).

C o03upom na GC-MS (Gas chromatography —mass spectrometry — racHa Xxpomarorpaduja u
MaceHa criektpomerpuja) u EGA (Evolved gas analysis - ananuza pa3BujeHHX T'acoBa) Mepermha HUCY
pAacIioyioKMBa 3a JieTaJbHUje OMMCHBAKE 0CI000)eHUX TacoBa U Tapa, y OBOj AUCEPTAIMjH MIPEIMET
aHallM3e BHUIIE je yCMEpEeH Ha MPUHOC KOKCHOr ocTatka. Popmyna koja omoryhaBa oapehuBame
MIPUHOCA KOKCHOT OCTaTKa 3a CBAKH MpOIeHAT HaMemaBamwa (Yioxe.ocm.) AaTa J€ y clienehem o0IuKy:

_ ¢ (100~ ¢) 5.4

Y = — -
KOKC.OCT. OTII.LKOKC JIMTH.KOKC
100 100

/i j€ ¢ mpolleHaT HamelnIaBamba KOMIOHEHTH (%), Yomn.xoxe TpUHOC KOKCHOT ocTaTka SCG u WRG
(nojenunauno), oapehenu ca TG kpuBux npu oapeheHoj Op3uHU 3arpeBama y NpoIecy MUPOIH3e
(Cnuka 5.5 a) u B)), Yuuenroxe — IpuHOC KOKCHOT ocTaTKa Jurauta KSL u KLB (Cnuka 5.4 a) u B)).

Ha Cnunum 5.13 a) u 0) mpukazaHd cy MPUHOCH YBPCTHX MPOJyKaTa — KOKCHOT OCTaTKa
(Yxorc.oem) Kao (GyHKIMja TPOIEHTAa HaMENIaBama OTMaaa MpU MaJIuM Op3UHaMa 3arpeBama
(10 K/min) 3a memrapune KSL-SCG u KSL-WRG, kao u memasune KLB-SCG u KLB-WRG.

W3 pesynrara npukazanux Ha Ciounu 5.13 Moke ce 3akJby4MTH /1a ce y o0a ciaydaja, IpUHOC
KOKCHOI OCTaTka cMmamyje ca mnoBehamem konueHtpamvje SCG m WRG y MemaBuHe ca
aHaJIM3MpaHuM JUrHuTUMa. Takohe, youaBa ce na je HaruO® KOjU MpeACTaBsba NMPUHOC KOKCHOT
ocTaTka BUIIM y ciay4ajy MemaBuHe SCG ca o0a nuraura (BUAETH BPEIHOCTH HAaruba u3 JUHeapHe
3aBUCHOCTH), y oJHOCY Ha MemaBuHe ca WRG. HaBeneHo je mocnennia YumeHUIE Ja j€ Caapikaj
yribearka y SCG naneko MamH 0] cajipkaja yribeHuka y iurauruMa (Tabena 5.1). HacympoT oBome,
WRG nma Behu caapxaj yribeHHKa 01 pa3Marpanux aurauta (Tabemna 5.1) mto noauke npaBy U3Haja
npase koja oarosapa SCG, u pe3ynTyje Behum npuHOCOM KOKCHOT OCTaTKa.
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Cnuka 5.13. [Ipunoc koxcrnoe ocmamra (Yroxe.oem) KAo (QyHKYuja npoyenma Hameuasarba omnaod
npu manoj op3unu 3aepesarva 10 K/min: a) KSL-SCG u KSL-WRG, 6) KLB-SCG u KLB-WRG

Hagenene BpemHOCTH Cy ounriieiHO Behe o1 ekcriepuMeHTaTHO opel)eHor mpruHOoca KOKCHOT
ocTaTka M3 Tpolleca MUPOJIU3e IMOjeJUHAYHUX HCIMTUBAHUX MaTepujaia (IITO Cc€ MOXKe
UIeHTU(UKOBATH HA OCHOBY BPEIHOCTH Tavaka rnpeceka Ha Ciumm 5.13), mTo je y cariiacHOCTH ca
pesyaTatuma npukazanuM y Tabenama 5.7 u 5.8, u npejcraBsba MO3UTUBHU CUHEPTETCKH eekar Ha
dbopmupame KokcHOT octatka. [Ipy KoHCTaHTHHM Op3WMHAaMa 3arpeBama, pa3ninka u3mely nmpuHoca
KOKCHOT' ocTaTka 3a pasnuuurte KoHueHntpauuje SCG u WRG y MemaBunama Takohe Moxxe OUTH
YCIIOBJhCHA KATAIUTHYKHM YTHIAjeM QJIKaTHUX / 3eMHOAJIKAIHUX MeETala W HUXOBUX OKCHA
npucytHux y SCG u WRG. V¥ pesynratuma ucTtpakuBama Koja cy crnposenu Kya u koayropw,
HaBesieHo je n1a SCG uma 3HadajHo Behm camapixkaj FexOs (3,61 %), CaO (33,99 %) u K20 (43,10 %)
[82], u ako ce koMOuHYyje ca QYHKIIMOHATHUM Tpynama 1 604HuUM JaHuuMa ociabseeHux C-C Besa
YHYTap MOJIEKYyJia YIJbOBOJAOHUKA y OCHOBHO] CTPYKTYpPHO] jEIMHWIM JIMTHHUTA, TaKO Jia Ce
JIMTHUT/KOKCHU OCTaTaK MHOTO JIaKIlIe pasjiake y racoBe u jakuu tap. JlogarHo, LloHr u koayTopu
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HaBOJie Jla TPHUCYCTBO AJTKAIHUX/3EMHOAIKAIHUX METajla W/WIM OKCHUIA CMamyje EHEpTrHjy
aKTHBAllMje peakKifja TOKOM Mpolieca MUPOJIn3e, CIpedaBa pa3Boj rpaduTH3anrje KOKCHOT OCTaTKa
u noBehaBa peakTHBHOCT KOKCHOT ocTaTka [83]. Ctora, mpuHOC Tapa ¥ racoBa ce moBehara. Y cBakom
CIIy4ajy, HaBeJIeHO ce Tpeba mocMaTpaT Kao mpernocraBka jep 6e3 nogatae GC-MS (3a tap) u EGA
aHanmu3e (3a rac), ka0 u SEM (Scanning electron microscopy - ckeHupajyha eneKkTpoHCKa
MHUKPOCKOIH]ja) aHAIU3€ y30paKa KO-MHPOJUTUYKOT KOKCHOT OCTaTKa, HHUje Moryhe moysnaHo
OJIpEUTH KOJU MEXaHW3aM je KpylnujalaH 3a moBehame WM CMameHke IMPUHOCA IOjeAMHHUX
MPOAYKaTa KO-IIUPOJIH3E.

Unak, Benuka xonuunHa SCG u nmupoiauThyka 4al) mpousBefeHa yHampesa MOTY MPEeKpUTH
MOBPIIMHY JIUTHUTA WIX 3allyIIUTH TOPe JUTHUTA, 300T Mayie TYCTHHE OMoMace, U Ha Taj HA4WH
YTUIIATA HA MPEHOC TOIUIOTE W M3/Bajame BOJIATWIIA M3 y30pKa JIMrHUTA. M3 HaBeneHor pasinora,
noTpeOHO je AehuHICATH ONITUMAIHUA MAaCeHH OJJHOC KOMIIOHEHTH Y MEILIAaBUHH Y INJbY MOOO0JBIIAkA
MpUHOCA BOJIaTHIa C OO3MPOM Ha IMOCTOjalbeé MOTYNHOCTH 3a WHTEPAKIIM]CKO JEIOBamE KOje
MHXHOWpa OJ[BUjake XEMH]CKUX peakiiija uin noBehaBa peakTHBHOCT. Y OKBHUPY CBOjUX pe3yiTara
uctpaxkuBaba OHaum W KOAayTOpH HaBOJE Ja CHUHEpreTcku edekar y MellaBUHAMa JIMTHUTA U
OTIA/JHUX ITHEYMAaTHKa 3aBUCH O] IPOLIEHTa HAMEIIaBaka, IPH Y€MY JOCTHKE CBOj MAKCHMYM TIpH
10 % nurnuTa, rae je nmpoiec Ko-Mupojanu3e UCTPaXKMUBaH MOMONy /1Ba paznuuuTta peaktopa — Heinze
peakTop ca ¢pukcHuM cinojeM (HR) u 1oOpo 3anTuBeHH HHIYKIIMOHO 3arpeBaH peakTop ca (GUKCHUM
ciojoeM (Well-Swept Fixed Bed reactor — WSFB) [17]. Crora, npuHoc mpoJykaTta KO-IHUPOJIHU3E U
YTHIIA] CHHEPTeTCKOr epeKTa MOTy IpacTUYHO BapHpaTH, ako j¢ aHAIM3HpaHU Ipoiec npaheH y
1ab0opaToOpHjCKUM YCIOBUMA U BEIMKUM peakTopuma. JlabopaTopujcka UCTpaKuBamba 3aCHOBaHa Ha
TEPMO-aHATUTHYKIM MepemuMa oMoryhaBajy npelrMMHUHAapHA UCTPaXHBamka U MpenBulama y Be3u
yTHIIaja CHHEPreTCKOr edekTa Koja MOory OMTH HCKopullheHa 3a NedUHUCAE M ONTUMHU3ALN]Y
panHuX mapamerapa KO-IIMPOJIUTUIKUX PEaKTopa.

Cymupajyhu cBe IpeTXoAHO HaBeAeHE pe3ynrare, Moryhe je ofpequTu aiuTHBHU KapakTep
n3Mel)y NCIUTHBAHUX JIMTHUTA U HbUXOBHUX MEIIABHHA, MPEKO CHHEPIeTCKOT OJJHOCA HaMeEIIaBamba
(Synergistic Blending Ratio — SBR) xoju ce 6a3upa Ha pe3yiTaTuMa TEXHHUKE aHAJIM3€ Kao LITO je
canpxkaj reriena (Tabene 5.1, 5.2 u 5.3) y ckiagy ca jeTHAYNHOM:

(MemaBHHA JIMTHUT/OTHA/) [feneo

SBR =
O'SO(KSL)Heneo + O'SO(KLB)HeHeo

(5.5)

rne (Mewasuna 1ueHum/omnao)ieneo NPEACTABIbA CA/APIKa] TETIENIAa aHATU3MPaHe MEIIaBUHE JINTHUTA,
SCG u WRG, 10k (KSL)izenco 1 (KLB)teneo IPEACTaBIbAJy Calpikaj IeTesia MOjeIMHAYHUX Yy30paKa
murauta KSL u KLB; nymepuuka BpenHoct 0,50 y jeqHauYMHM MpeJICTaB/ba KOPEKTUBHU (DAKTOP.
Yxkonuko je SBR > 1, To 3Ha4H J1a je calipikaj (Mewasuna iueHum/omnao)eneo BEhN 0J1 0OUEKHBAHOT.
VY cnyuajy SBR = 1, canpxaj (mMewasuna auenum/omnao)ieneo j€ JEAHAK OYEKMBAHOM, IITO 3HAUU J1a
je mehy dectuiiama JIUTHUTA TIPUCYTHO aTUTUBHO JeiioBame, MoK SBR < 1 3Haum na je BpeaHocT
(mewasuna nuenum/omnao)genco Matbha OJf OYCKUBAHE.

Bpennoctun SBR onpehene Ha ocHOBy (5.5) 3a cBe aHanM3upaHe MEIIaBUHE MPUKA3aHE Cy Y
Tabenu 5.9.

Tabena 5.9. Bpeonocmu SBR 3a mewasune KSL-SCG, KLB-SCG, KSL-WRG u KLB-WRG

Y3opak SBR Y3opak SBR
KSL9-SCG1 1,057 KSL9-WRG1 1,215
KSL8-SCG2 0,932 KSL8-WRG2 1,053
KSL7-SCG3 0,875 KSL7-WRG3 1,027
KLB9-SCG1 0,830 KLB9-WRG1 0,860
KLB8-SCG2 0,728 KLB8-WRG2 0,829
KLB7-SCG3 0,671 KLB7-WRG3 0,809

107



Pezynmamu u ouckycuja

Ha ocroBy nonaraka u3 Tabene 5.9, uu jeqna og SBR BpenHoCTH HEje jeTHAaKa JeTMHULIH, IIITO
3HAYW J]a HU KOJI jeJJHEe MeIllaBUHE HHj€ MPUCYTHO aJNTHBHO MOoHaIame. OBa orceppainja moTsphyje
MIPETHOJIHO JI00MjeHe pe3yITaTe B€3aHe 3a CHHEPIreTCKO nenoBame. 3a memaBuae KSL-SCG u KLB-
SCG, camo y3opak KSLI-SCG1 uma Bpeanoct SBR Behy ox jenan (1,057), nok kox memaBuna KSL-
WRG u KLB-WRG, tpu y3zopka KSLI9-WRGI1, KSL8-WRG2 n KSL7-WRG3 noka3syjy oBakBy
ocobmny. Crora, y cnydajeuma rae je WRG xkopumiheH 3a HamemaBame, IPH  CBUM
koHueHTpaurjama (10, 20 u 30 % WRG) y memaBunama ca nurauroM KSL, Moxke ce mpeTrnocTaBuTH
na he oBe memaBuHe UMaTu Behu canpikaj memena w3 Mpoleca KO-MUPOJIU3e Y OJHOCY Ha CIIy4aj
nuposnze yuctor KSL. CynpoTHo je moka3ano 3a memaBuae KLB-WRG, mTo HaBou 1a MeliaBuHe
WRG ca nurautom KLB, najy Mamu npuHOC niemnena y oJHocy Ha MemraBune ca turautom KSL. Ca
acrekTa npuHoca menena, ca noehamem koHueHTpauuje SCG y MemiaBuHama ca JIMTHUTHMA,
nocmarpajyhu memasune KSL-SCG u KLB-SCG, Bpeanoct SBR je ganeko of jenuHuIe, mpu 4emy
kon memaBuHe KLB7-SCG3, SBR moctmke Hajmamwy BpemHocT (0,670). OBu pesyiaratu ce y
MOTITYHOCTH CIIaXy ca pe3yITaTuMa TEXHUUYKE aHalM3e. Y CBUM aHAIM3HpaHUM ciydajeBuma, SCG
1 WRG mory y3pokoBaTu 1ocTojame CHHEpreTcKor aenoBama (SBR # 1), anu xopuct oBor edexra
(6e3 my6sbe aHanmu3e, OMIIO TO3UTUBHOT MJIM HETAaTUBHOT) j€ HA CTpaHu MemaBuHa Turauta 1 WRG,
Ko/ Kojux cy BpenHocTd SBR Behe pazmarpajyhu cBaku nojeAMHAYHU C1y4aj Y OJJHOCY Ha MEIIaBUHE
murauTa 1 SCG — xonona 4 y Tabenu 5.9. HaBeneHo je y ckiamy ca pe3yiraTuMa MpHUKa3aHuM Y
TaGenama 5.7 u 5.8. Crora, nocToju UHXMOUTOPCKO JenoBame y MemaBuHamMa SCG U IMrHUTa TOKOM
nporeca KO-Muposn3e (HETaTHBHO CHHEPreTCKO JeNIoBamkbe y BEehMHHU ciiydajeBa NMPHUKAa3aHHUX Y
Tabenu 5.7). HaBenena mojaBa Moske MOTULIATH O] aKyMYyJIallyje rernena, Ipyu 4eMy ce CMambyjy rmope
M yTUY€ Ha MPEHOC TOIUIOTE, Kao INTO je MPEeTXoJHO HaBeaeHo. OTkpuhe cHaKHOT (TIO3UTHBHOT)
CUHepreTckor paenoBama u3Melhy murauta 1 WRG TokOoM mporeca ko-muponnze omoryhasa
neduHucame pedepeHnn 3a MporeHTe HaMellaBamba U TOTOAHOCT 33 MPAKTUYHE IPUMEHE THPOITU3E
MewmaBuHa aurauta 1 WRG.

HonatHo, Tpeba y3eTu y 003up /a Ccy MPEeHOC Mace M TOIUIOTE M3PaKEHUjU KOJ MEUIaBHHA
murauta u SCG, y ogHocy Ha memiaBune turauta 1 WRG. Beha maca y3opka Buiiie yTrue Ha Ipo1iec
Ko-nuposin3e MemaBuHa urauta u SCG, "Hero smrauta 1 WRG, mipu uemy npeHoc TOIUIOTe YHYTap
YyecTHlla MOKe MPEOBIaJaTH y 3aBUCHOCTU Ol Op3WHE 3arpeBamba M ocoOuMHEe MmaTepujana. Behe
Op3uHe 3arpeBama (> 15 K/min) ce mpenopydyjy 3a onTUMaIHO CIIPOBOhEHE MpoIeca KO-IUpoIn3e
MenrasuHa aurauta u SCG npu noctojehum ycioBruMa Ha MUKPO HUBOY, aJIM HABEJEHO MOXKe OUTHO
VTHIIATA Ha TPHHOC IMPOJyKaTa pa3MaTpaHOr TpoIeca, OrpaHnvaBajyhul HEroBy MPaKTUIHY
MIPUMEHY Y UHAYCTPU]H.

OBu pesynrtatu omoryhasajy uzbop oxaroapajyhux maca y3opaka v Op3uHa 3arpeBama KOJ
TGA-DTG mepema, mito omoryhasa 60Jbe pazyMeBame Mmpolieca KO-MUPOoIn3e JUTHUTA U JOJATHUX
Marepujana.
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5.2.3.3. AHaJIM3a CHHEPreTCKOr /1eJI0Bakha HA OCHOBY Pe3yJITaTa KHHEeTHYKe aHAJIHu3e

KapakTepucTruke BUIIECTENIEHUX IMPOLEca MUPOJIN3E U KO-TUPOJIN3E MOTY ce€ 00jaCHUTHU ca
KMHETHUYKOT CTAaHOBHUIITA IMOMONyY edeKkThBHE eHepruje aktuBamuje (E£,). Y oKBUpPY OBE JOKTOPCKE
mucepranyje, kopumrhene cy FR u KAS n3okonBep3none meroze 3a oapehuBame E, y GyHKUMUjU
CTeneHa KOHBEp3Hje o, 3a mporiec nupoiuse aurauta, SCG u WRG nojennnauno, Kao v MpoIiec Ko-
nuposu3e memasuHa muranta, SCG u WRG. E, 3aBucu of oricera cTeneHa KOHBEp3uje o, ¢ 003upoM
Jla je MexaHHu3aM peaklidje MHUPOJIM3e BeoMa cloKeH. M3 HaBeJeHOr pas3iora MHOTH PajioBU
neununty £, y 0OJHOCY Ha CpEAIbU OICET 0, jep Aaje MOroAHY BPEIHOCT KOe(UIMjeHTa JHHEeapHe
xopenanuje (R umu R?).

N3okxoHBep3noHa 3aBUCHOCT Ey(a) 3a E, IOjeJMHAYHUX KOMIIOHEHTH MEIIaBuHA U (hopMUpaHe
MenraBuHe, gooujeHa npumenoM FR u KAS n3okoHBep3noHMX MeTo/a, puka3aHa je Ha Crirkama
5.14. a) no x).
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Cnuxa 5.14. 3asucnocm Ea(a) — (FR): a) SCG, KSL, KSL9-SCG1, KSL8-SCG2, KSL7-SCG3, 6)
SCG, KLB, KLB9-SCG1, KLB8-SCG2, KLB7-SCG3, 6) WRG, KSL, KSL9-WRG1, KSL8-WRG2,
KSL7-WRG3, 2) WRG, KLB, KLB9-WRG1, KLBS-WRG2, KLB7-WRG3; 3asucnocm Ea(a) — (KAS):
0) SCG, KSL, KSL9-SCG1, KSL8-SCG2, KSL7-SCG3, ) SCG, KLB, KLB9-SCG1, KLB8-SCG2,
KLB7-SCG3, ¢) WRG, KSL, KSL9-WRGI, KSL8-WRG2, KSL7-WRG3 u xc) WRG, KLB, KLBY-
WRGI, KLBS-WRG2, KLB7-WRG3
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N3pauynate BpemHocTd FE, Tpu pa3nuuuTUM BpeaHocTuma o, kKopuctehm FR wmertomy
npukasane cy y Tabemama 5.10 no 5.13. OaroBapajyhe Temmnepatype peakiuje npu AepUHUCAHIM
BPEIHOCTHMA 0L, TOKOM IOCMAaTpaHOT TEPMOXEMH]CKOT Ipolieca KOHBEp3Hje, 3a CBAKU aHAIH3UPAHU
CHCTEM Y OKBHPY OBOT' HCTpaXkHBama Mpukazane cy y Tabemu 5.14.

Tabena 5.10. E¢pexmuena enepeuja axmusayuje oepunucana npumerom FR memooe 3a yzopxe SCG,
KSL u KSL — SCG
E.

E, E, E, E.

o (kJ/mol) R’ (kJ/mol) R’ (kJ/mol) R’ (kJ/mol) R’ (kJ/mol) R’
SCG KSL KSL9-SCG1 KSL8-SCG2 KSL7-SCG3
0,10 46,5 0,9394 64,0 0,9627 51,9 0,9997 56,5 0,9194 65,8 0,9355
0,15 142,0 0,9747 67,8 0,9998 41,5 0,9241 65,8 0,9779 48,1 0,9519
0,20 189,2 0,9605 93,1 0,9853 42,6 0,9045 128,2 0,9933 81,3 0,9008
0,25 212,4 0,9452 84,9 0,9036 109,2 0,9029 189,6 0,9948 197,8 0,9990
0,30 242,7 0,9722 245,8 0,9344 189,1 0,9086 181,2 0,9991 196,9 0,9665
0,35 271,0 0,9620 284,9 0,9982 251,1 0,9889 180,9 0,9988 195,7 09111
0,40 277,0 0,9996 297,9 0,9723 299,5 0,9871 189,1 0,9986 194,6 0,9841
0,45 288,4 0,9713 319,1 0,9406 308,2 0,9285 200,9 0,9986 178,0 0,9717
0,50 3333 0,9978 386,4 0,9785 306,7 0,9381 222,2 0,9987 163,2 0,9641
0,55 335,7 09112 411,6 0,9311 174,0 0,9724 261,7 0,9991 136,5 0,9431
0,60 392,9 0,9658 415,9 0,9249 85,2 0,9743 307,8 0,9977 1353 0,9491
0,65 436,9 0,9019 429,6 0,9256 78,7 0,9780 312,5 0,9967 129,3 0,9619
0,70 457,0 0,9914 420,9 0,9241 86,1 0,9956 337,8 0,9963 124,5 0,9234
0,75 415,9 0,9905 469,3 0,9091 102,0 0,9136 340,9 0,9977 126,9 0,9939
0,80 371,6 0,9838 548,2 0,9389 96,7 0,9108 372,3 0,9987 129,5 0,9674
0,85 261,9 0,9515 461,3 0,9544 47,6 0,9032 5349 0,9925 94,6 0,9935
0,90 125,1 0,9724 185,9 0,9558 42,9 0,9518 299,9 0,9400 48,7 0,9332
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Tabena 5.11. Epexmusna enepeuja akmusayuje oegpunucana npumerom FR memooe 3a yzopxe WRG,
KSL u KSL — WRG

" (kar:lol) R (le/EI:ml) R? (le/EI:ml) R? (kal:lol) R’ (kar:wl) R
WRG KSL KSL9-WRG1 KSL8-WRG2 KSL7-WRG3
0,10 1670  0,9066 64,0 0,9627 55,6 0,9348 54,7 0,9955 82,9 0,9281
0,15 2689  0,9882 67.8 0,9998 42,6 0,9884 493 0,9675 49,7 0,9315
0,20 3164  0,9306 93,1 0,9853 422 0,9832 52,3 0,9617 27,5 0,9110
0,25 3539 0,9133 84,9 0,9036 91,2 0,9212 119,3 0,9848 62,9 0,9449
0,30 382,6 09782 2458  0,9344 158,6 0,9621 177,1 0,9179 75,7 0,9350
0,35 4222 09120 2849  0,9982 192,7 0,9652 223,7 0,9138 3924 0,9560
040 4360 09788 2979 09723 231,7 0,9890 259,1 0,9535 359,2 0,9370
0,45 4976 09383 319, 0,9406  291,0 0,9941 298.8 0,9805 301,2 0,9932
0,50 5957 09512 3864 09785 388,9 0,9980 346,5 0,9999 259,7 0,9998
0,55 596,0 09335  411,6  0,9311 508,1 0,9984 370,9 0,9832 230,9 0,9939
0,60 679,1 09233 4159  0,9249 618,1 0,9814 351,6 0,9364 206,0 0,9832
0,65 6199 09897 4296  0,9256 784.8 0,9037 313,0 0,9479 183,2 0,9704
0,70 590,9 09111 4209  0,9241 877.8 0,9328 275.6 0,9119 1585 0,9548
0,75 6122 09118 4693  0,9091 572,6 0,9014 227.8 0,9040 129,2 0,9222
0,80 5478 0,9672 5482 09389 2748 0,9768 130,9 0,9784 96,7 0,9577
0,85 5022 09716 4613 09544 4809 0,9628 734 0,9775 66,7 0,9377
0,90 4439 009959 1859 09558 4476 0,9717 418 0,9288 60,9 0,9048

112



Pezynmamu u ouckycuja

Tabena 5.12. E¢pexmuena enepeuja axmusayuje oepunucana npumenom FR memooe 3a yzopxe SCG,
KLBu KLB - SCG

" (kar:lol) R’ (le/EI:ml) R? (kJiZnol) R? (kJ/Er:ml) R’ (kar:wl) R’
SCG KLB KLB9-SCG1 KLB8-SCG2 KLB7-SCG3
0,10 46,5 0,9394 49,1 0,9848 42,2 0,9393 39,7 0,9324 69,1 0,9644
0,15 142,0 0,9747 58,0 0,9689 33,2 0,9433 38,6 0,9169 96,8 0,9277
0,20 189,2 0,9605 1170 0,9523 63,2 0,9758 1188 0,9953 234,1 0,9493
0,25 212,4 09452 2224 0,9982 1268 0,9525 1538 0,9982 2428 0,9564
0,30 2427 09722 2549 09639 1677 0,9806 182,2 0,9999 244,1 0,9746
0,35 271,0 0,9620 2722 09557 2028 0,9985 209,9 0,9984 237,9 0,9747
0,40 277,0 0,9996  291,7 09574 2375 0,9961 2368 0,9978 239,9 0,9825
0,45 288.4 0,9713 3235 09450  269,5 0,9787 2654  0,9935 240,9 0,9864
0,50 3333 0,9978 3863 09272 3009 0,9434 2957 0,9887 241,0 0,9884
0,55 335,7 09112  441,6  0,9011 3270 0,9815 3314 0,9829 2392 0,9912
0,60 392,9 0,9658 4556 09677 3437 0,9878 370,9 0,9795 238,7 0,9908
0,65 436,9 0,9019 4266 09056 3543 0,9738 420,9 0,9722 2445 0,9855
0,70 457,0 0,9914 4297  0,9086 3491 09530 4823 0,9716 253,5 0,9771
0,75 4159 0,9000 3992 09263 3344 0,9413 551,7 0,9716 270,9 0,9711
0,80 371,6 0,9838 4055 09789 3309 0,9602 650,9 0,9657 2952 0,9707
0,85 261,9 0,9515 3241 09277 3425 0,9058 776,7 0,9411 334,1 0,9619
0,90 125,1 0,9724 49,0 0,9053 45,0 0,9036 504,7 0,9459 213,9 0,9283
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Tabena 5.13. Epexmusna enepeuja akmusayuje oegpunucana npumerom FR memooe 3a yzopxe WRG,
KLB u KLB — WRG

" (kar:lol) R’ (le/EI:ml) R? (kJiZnol) R’ (kJ/Er:ml) R’ (kar:wl) R?
WRG KLB KLB9-WRG1 KLB8-WRG2 KLB7-WRG3
0,10 167,0 0,9066 49,1 0,9848 60,9 0,9312 42,0 0,9829 66,0 0,9664
0,15 268,9 0,9882 58,0 0,9689 70,9 0,9502 456 0,9511 63,9 0,9284
0,20 316,4 09306 1170  0,9523 87,3 0,9331 101,4 09114 1733 0,9769
0,25 353,9 09133 2224 0,9982 194,9 0,9037  180,9  0,9337 2085 0,9802
0,30 382,6 09782 2549  0,9639 243,7 09194 2562 09393 2334 0,9753
0,35 4222 09120 2722 0,9557 2693 09643 3157 09059 2542 0,9735
0,40 436,0 09788  291,7  0,9574 2928 0,9950 3777 09625 2747 0,9732
0,45 497,6 0,9383 3235  0,9450 305,7 1,0000 4320 09899 2942 0,9724
0,50 595,7 09512 3863 09272 315,0 0,9950  484,7  0,9998 3139 0,9712
0,55 596,0 0,9335 4416  0,9011 320,9 09811 5372 09933 3347 0,9695
0,60 679,1 09233 4556  0,9677 3225 09579 5883 09639 3579 0,9670
0,65 619,9 09897 4266  0,9056 319,4 09152 6358  0,9966 3853 0,9623
0,70 590,9 09111 4297  0,9086 3114 09310 7086 09608 4188 0,9519
0,75 612,2 09118 3992  0,9263 290,9 09289 6409 09387 4634 0,9293
0,80 5478 0,9672 4055  0,9789 250,9 09876 1062 09109 5713 0,9118
0,85 502,2 09716 3241  0,9277 216,1 09225 3209 09376 6809 0,9818
0,90 4439 0,9959 49,0 0,9053 139,5 09215 2570  0,9974 3025 0,9623
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Tabena 5.14. 3asucnocm memnepamype u cmenena KOHgep3uje

SCG WRG KSL KLB
o Temneparypa (°C)

0,10 101,5 312,9 100,1 103,8
0,15 237.,8 340,7 121,4 130,9
0,20 264,2 3553 151,9 211,3
0,25 2717,1 365,2 244.0 291,1
0,30 286,7 371,7 308,1 3249
0,35 294,2 378,1 338.,8 345,8
0,40 301,1 3834 358,6 361,9
0,45 307,1 388,7 374,5 375,6
0,50 313,2 3944 389,7 389,0
0,55 319,6 400,4 407,6 404,4
0,60 326,3 407,0 426,3 421,3
0,65 3342 414,5 445,8 438,9
0,70 343,0 4224 466,9 458,0
0,75 354,1 430,6 491,3 480,8
0,80 378.,4 4394 523.5 511,1
0,85 409,6 449,3 570,9 558.,8
0,90 447,0 461,8 638,3 627,2
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KSL9-SCG1 KSL8-SCG2 KSL7-SCG3 | KBL9-SCG1 | KBLS8-SCG2 KBL7-SCG3
a Temnepatypa (°C)
0,10 116,6 116,7 116,0 128,5 124,8 126,0
0,15 138,7 139,5 142,9 167,3 165.9 169,1
0,20 179,9 187,4 230,1 244.8 246,4 2444
0,25 266,5 270,9 277,6 288,7 281,9 275,5
0,30 300,5 298,0 295,9 312,7 304,2 295,8
0,35 322,2 3154 309,4 331,5 3222 312,7
0,40 340,6 330,8 320,9 3479 338,1 328,0
0,45 358,2 346,1 332,9 363,2 353,2 3424
0,50 374,7 362,4 345,8 3779 367,8 356,6
0,55 390,5 379,4 360,6 392,7 382,6 371,1
0,60 409,0 396,8 378,7 408,0 398,1 386,5
0,65 429,0 416,7 397,7 4243 414,9 403,1
0,70 450,1 4379 419,1 4425 433,5 421,8
0,75 473,7 461,1 442,1 463,5 454.9 443,7
0,80 501,5 487,5 468,2 489,7 480,6 469,4
0,85 538,5 520,5 500,0 525,0 514,6 501,9
0,90 593,5 573,5 549,6 578,3 565,8 550,6
W% | KSL&-WRG2 | KSLZ-WRG3 | o' | KBL&-WRG2 | KBLT-WRG3
a Temmneparypa (°C)
0,10 118,5 125,6 134,7 126,6 132,9 140,1
0,15 148,8 176,2 183,8 169,5 191,3 229,9
0,20 230,5 277,1 285,6 259,1 293,4 305,7
0,25 304,9 324,9 3223 307,0 3223 329,6
0,30 3374 348,8 3433 331,1 341,1 346,5
0,35 356,8 364,2 359,5 3493 356,4 360,5
0,40 370,2 3754 373,6 365,3 369,8 372,9
0,45 381,4 385,3 386,4 379,7 382,2 384,4
0,50 392,3 3954 398,6 393,5 394,1 395,5
0,55 404,8 4006,3 410,5 407,1 405.,9 406,4
0,60 418,5 418,2 4224 421,0 417,9 417,5
0,65 4329 430,7 4349 4358 430,4 429,0
0,70 4487 444.1 448,5 452,1 4439 4413
0,75 467,8 459,8 4639 471,5 459,6 455,2
0,80 492,5 4799 483,4 497,0 479.,4 472,4
0,85 527,8 512,9 511,8 5333 509,8 497.4
0,90 583,0 570,5 565,5 592,3 567,1 546,2
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Pa3marpane TemriepaType koje oarosapajy ananuupanom oncery koasepsuje (0,10 <a<0,90)
IITO YKJbYYYje MPUOIHKHO TJIaBHE 00JIacTH mporieca (MUpoiu3e/Ko-mupoinse), nepuauncane xkao “I”
u “II” mpukazane Ha Ciuiu 5.8.

Youene paznuke y BpeaHoctuma E, nooujernm npumeHoMm FR u KAS m30koHBEep3nOHUX
METO/Ia Cy MOCIIEINIIA MOPEKiIa U3BEACHUX jeIHAYMHA O] KOjUX IMOTHYY OBe MeToze. [Ipenopyuyje
ce npumena FR merone, ¢ 063upom na, 3a pasnuky o KAS merone, He ykibydyje MareMaTHUKe
anpokcumaryje. Pazmarpajyhu pesynrare npukazane Ha cimkama 5.12 a) 10 k), yodaBa ce BEJIHUKO
OJICTyHame BPeTHOCTH £, ca IPOMEHOM CTEeTeHa KOHBEP3Hj€ 0. TOKOM ITOCMATPaHOT IpOIieca, 3a CBE
aHanmm3upaHe y3opke. 3a Behe npomeHne Ej; ca CTENICHOM 0, IITO je KApaKTEPUCTHKA KOMIUICKCHUX,
BUIIECTETNICHUX peaKiyja, n3Boheme cpeame BpeAHOCTH E, y JaTUM CllydajeBUMa HeMa (PU3HUKOT
cmucia. HaBeaeHo nmotude o YMmbEHUIIE 1a METoie 6€3 Mojienia He MOory J1a 00e30e1e Opoj cTerneHu
peaxiyje, ’BUXOB JOMPUHOC IEOKYITHOM MPOIIECY WM Pell peakirje y KOM ce jaBJbajy. Y CBaKOM
CiIydajy, pe3yJTaTu NpuKa3aHu Ha ciimkama 5.12. B) — T) B €) — K) [MOKa3yjy Jia ce KoJ 00a JUTHUTA
(KSL u KLB), yruniaj WRG Ha peakTHBHOCT IIpoIieca orjie/ia Kpo3 BeoMa CIMYHE 3aBUCHOCTH Eu (o).
[Tornyno cympoTtHO jaBiba ce y ciydajy SCG, rme nmomaBame SCG y MelmiaBuHE ca JUTHUTHMA
y3pOKyje 3HauajHa ojCcTylama y 00muky Eq(a) kpuBux (Cnuke 5.12. a) — 06) u 1) — b).

IloBe3aHo ca CIMYHMM TPEHIOBHMAa PEAaKTUBHOCTH 00a aHalW3uMpaHa JIMTHUTA (aKo ce
MoCcMaTpajy JIMTHUTHU OJjBOjeHO - E, mponeca nuponuse KSL u KLB Beha je o ucre BenmunHe 3a
SCG npu Behum crenenuma kousepsuje (o = 0,30 — 0,65 u o = 0,80 3a KSL; o = 0,30 — 0,60 3a KLB),
uaentupukoBano nomohy FR merone, nomaBame SCG m WRG y MemaBuHe ca aHaJM3UPAHUM
JUTHUTHMA JIOBOAU 1O Pa3IUUUTHX edeKaTa TOKOM HUXOBE TpaHCpopmaluje y mpolecy Ko-
nupoau3e. Y ommreM cirydajy, cBe memaBuHe KSL-SCG y mupokom omcery Temmeparypa u 3a
Behuny crenena konsepsuje (TabGena 5.14) umajy E, BpemIHOCTH KOje Cy €BHUIEHTHO Mambe O]l
HaBeZieHUX BpenHocTH 3a JTUrHuT KSL u yuct SCG TokoMm nponeca nuponuse (Civka 5.12. a) u n)),
TaGena 5.10. OBo jacHo ykasyje Ha cuneprujy usmehy KSL u SCG. ITopen Tora, obauk E.(a) 3a
memaBuHy KSL8-SCG2 je Beoma cimuan 06auky E.(o) kpuse 3a y3opak KSL (Crnuka 5.12. a) u x)),
ITO YKa3yje Ha HeaJUTUBHO MOHAIakEe 32 IocMaTpaHe BpeHocTH £, u KoHueHTpauujy SCG 20 %.
Taxohe, ¢ 003upoM Ha YnBEHUITY J1a ce E, cMamyje ca moBehameM canpxkaja SCG y MemaBruHama ca
murautuMa (KSL7-SCG3) (Cauxka 5.12. a) u 1) 32 0,40 < 0. < 0,90 (~320,9-549,6 °C) (Tabena 5.14)),
oBo oumrnenHo HaBoau ga KSL8-SCG2 mokasyje HeratuBaH CHHEPTeTCKH e€peKaT y OJHOCY Ha
KSL7-SCG3.

Hageneno je y cxiany ca pesynraruMa gatum y TabGemu 5.10, anu je 3HayajHO YCJIOBJHEHO
IPUMEHEHOM OpP3MHOM 3arpeBama, IITO TaKohe MOKe 3aKJbyYUTH Ha OCHOBY IOHAIIaka MELIaBUHE
KSL9-SCG1 mnopeauBmm cuHEpreTcke TeMemnpaTypcke orcere memaBuHe y Tabemu 5.10 ca
IIPOMEHOM BpeAHOCTH E, y onHocy Ha T u o (MHOoro Beha pasnuka y BpeagHoctuma E, pu o = 0,25,
0,40 u 0,90 3a kouTpOsMCcane BpeaHoctu Temriepatype) (Cnuka 5.12. a) u x); Tabene 5.10. u 5.12. V
ciyyajy nuriuta KLB u mweroBux memasuHa ca SCG, youaBajy ce pasnuuurte cutyanuje. Camo
MemaBuHa KLB9-SCG1 uma E.(a) Tpena koju npubmmkHOo npurana usmehy Eq.(o) TpeHmosa 3a
npouec nuponuze KLB u SCG (Cnuka 5.12. 6) — KAS merona mokasyje Behe paszmuke), A0k
MemaBuHa KLB8-SCG2 noka3yje KOHTHHYalHU pacT E,, KOjU 4ak mnperna3u BpenHoct 3a KLB u
SCG, uznaa a > 0,70. Ouurnenno, ogHoc 80 % KLB — 20 % SCG Huje morojan 3a KO-UPOIH3Y,
nmocebHo y 30HH (popmupama KOKCHOT octaTka (momaBame 20 % SCG nenyje kao uaxudbutop). Ca
apyre crpane, npodun Eq(a) 3a ko-nmuponuzy memasuHa KLB7-SCG3 ce nanasu ucnop npoguia
E«(a) 3a KLB9-SCG1, yka3zyjyhu ga cuHeprercku edekaT 3a OBe MEIIaBUHE HHj€ paBHOMEpaH, MpH
4yeMy je O3UTUBaH eekar BUIlle U3pakeH KOoJ NpuMemheHnX Behux Op3uHa 3arpeBama, noMepajyhu
IpoIiec peMa BHIITUM BPETHOCTHMA TeMIIepaTypa U HCTOBPEMEHO YTHUyhy Ha IPOMEHY BPETHOCTH
E. (Ciuka 5.12 6) u b)); Tabene 5.10 u 5.12). HaBeneHu 3akibydlld ce claxy ca 3akJbydluMa
npukazanuM y Tabenu 5.7.

Ha ocHOBy noOHMjeHHX pe3yiTaTa MOXeE C€ 3aKJbyYUTH Jla MaKpOMOJIEKyJIapHa CTPYKTypa
JIUTHUTA TOAJIekKe OOMMHUM peakiijama JenojJuMepr3altje U pa3iarama, Ipu 4eMy ce FeHEepUILy
BEJIMKE KOJMYMHE BOJIATHJIa U3 Tapa M KOKCHU ocTraTak. McroBpemeHo, abcopOyje ce Beluka

117



Pezynmamu u ouckycuja

konuuynHa Toruiore. Crora, E, nurHurta ce mocreneHo mosehasa (o = 0,25 — 0,80). Ca maspum
noBehameM crerneHa KoHBep3uje, mouehe (aza kapOOHU3ANM]jE yIiba, T/Ie CE BPEAHOCT E, cCMamyje
TaKo Ja HaBeJeHa BPEIHOCT Y 0BOj ¢a3u Huje modospmana. Kox muponmse SCG, ca moBehamem
TeMIIepaType U CTeleHa KOHBEep3Uje, XeMHUIIeNysI03a U LeTyl03a ce MOCTENeHo pa3iaxy (nmosehame
E, moka3syje na pa3narame CHAKHUX MOJIEKYJApHUX Be3a MOYHbE ca MopacToM Temiieparype). Kana
je a > 0,70/0,80, E, ce 3Ha4ajHO cMamyje. MoXe ce PETIIOCTaBUTH J]a c€ KOHBEp3Hja MOIyKOKca
Op30 cMamyje Mpu 4eMy CTPYKType YIJbeHHKa TOCTajy cBe Bulle Heypehene. Pact mosprimue 3a
OJIBHjabe¢ peakiivja JOBOAM JO Op3or moBehama peakTHMBHOCTH, IITO ce MaHU(decTyje 3HaYajHUM
cmamemeM BpenHoctd E,. Kom mupommze SCG, moehame Op3uHEe 3arpeBama WM noBehame
TEMIIEPAType MUPOIH3E BOJE CMamEHy MPUHOCA KOKCHOT OCTaTKa M TOIJIOTHE MONM KOKCHOT
ocTaTKa IITO je y CKJIaJy ca pe3yJTaTiMa MPETXOIHUX UCTPaKUBama Koja ¢y crpoBenu Enmoycnu u
KoayTopu [84].

[Topen naBenenor, 3a memaBune aurauta KSL u KLB u SCG, cHmkaBame BpeaHoCcTH Ey
(ocum 3a KLB8-SCG2 (o > 0,70)) mokasyje 1a HUje MPUCYTHO (OpPMUPaAHE KOMITJIEKCHUX MOJICKYJIa,
ca noBehamem 7. Ha OCHOBY He BeIMKUX pa3iuka u3mely caapxkaja Bogonuka y turautuma u SCG
(Tabena 5.1), BOOJOHUK ce HE HATOMWJIABA Ca KOMIIOHEHTaMa JINTHUTA, HAa Ta] HAYUH cIpevaBajyhu
dbopMupame KomIuieKCHUX MoJekyna. Ca npyre crpanHe, CoHOjaMa W KOQyTOpU CyrepHIly Jaa
npomMeHe E, TOKOM NHpOJHN3e YIJbeHWYHHX MaTepHjajia YHOCE O3HAueHE IMPOMEHE y CTPYKType
yBpcTux MaTepuja [85]. Iluponusa nenyno3e TOKOM Mpolieca pasiarama Oruomace ca cMambemheM Ey
nMa TeHJICHIIN]y 1a hopMupa aMopHE UBPCTE CTPYKTYPE MIIK J]a OMEKIIIaBa IUKINYHE Al (aTe Koju
ce TpaHC(hOPMHUIITY Y apOMaTUYHE CTPYKTYpe. TOKOM KO-MUPOIH3e LENyI03€ U IMTHUTA, (popMupame
amMop¢He CTPYKType U apoMaTH3aIija IeTyJio3e MOXKe JIa BPIIY CHAXAH yTUIA] HA (POPMHUPAE KO-
MUPOJUTUYKOT KOKCHOT octatka. Crora, mMama BpedHOCT E, MellaBHHA, MOKe OUTH OOjallmeHa
MIPEKO 03HAUEHHUX YBPCTUX CTPYKTYpHHX IpoMeHa menynose y memaBunu SCG u oxnrosapajyher
JUTHUTA.

Pasmatpajyhu ko-muponusy memasuna nurauta 1 SCG y okBHpY OBOT pana, Behe Op3uHe
3arpeBama (> 10 K/min) umajy Behu yTHiiaj Ha mpuHOC IpOAYyKaTa KO-IUPOJIM3E 32 Y30pKe MelllaBUHA
KLB-SCG y nopehemy ca unctum SCG, HapounTo Ha nmoBehame npuHOCa Tapa U KOKCHOT OCTATKa.
VY cBakoM ciydajy, ako MellaBMHa HHje oxarosapajyhe ¢dopmupaHa, Mellambe MOXe HMaTu
WHXUOUTOPCKH edeKaT MITO JOBOJIU JI0 CMamemka MPUHOCA OMO-yJba M HETMOXKEJHPHOT XEMHjCKOT
cacraBa, kao u Behe BpegHocTH E, y nopehemy ca unctum SCG. YV Tabenama 3a nperies pesyirara
UCTpaKMBamka Yy OKBUPY OBE JAMcepTaluje, MpHuKazaHo je Aa cy 3a Behe BpegHoctu SCG y
MenraBuHama ca qurautuma (30 % SCG), moxespHuje Behe Op3uHe 3arpeBama 3a KLB nuraur, gok
Mame Op3uHe 3arpeBama ko aurauta KSL najy Hajoosb1 0THOC MPUHOCA OATOBapajyhux nmpoaykara
KpO3 MOCTYNaK crope Ko-nupoiuse. HacynpoT npouecy criope ko-nuponuse, COHIIMHU U KOayTOpH
cyrepuiry na ocnobahame Bononuka (H2) u3 nmporeca Op3ze mupoause 6rmoMace crpeyaBa HaCTaHAK
YHaKpCHMX Be3a Hu3Mel)y NOJe/beHHX apoOMaTUYHHMX CTPYKTypa TOKOM MHpPOJM3€ yIjba 3a
MIPOU3BOIIHY Tapa, IIPEe HETO CEKYHIAPHOT KOKCHOT OCTaTKa M Jakux racosa [86]. Takohe, y okBupy
UCTOI pajia, NMPUKA3aHO je Jia je CHHEepruja TOKOM Ipolleca MUPOJIM3e IOoCTaje 3HauyajHHja ca
CMambEeHEM paHra yrijba, ¢ 003UpoM Jja MHUIIMjaJIHEe CTPYKTYpPE YIJbeBa HMKEr paHra caapxe Behe
1IOope U Mame KJIacTepe apOMaTHYHUX CTPYKTYpa KOje ce JIaKIIe 3aJpxKaBajy Kao Tap y npoiecy op3e
ko-riuponinze [86]. Crtora, moTpeOHO je CIpPOBECTH JOJATHE aHalu3e 3a oMmoryhaBame yrnorpede
aHamu3upanux juraura ¥ SCG 3a copoBoleme mpoleca y PpeakTOPCKUM CHCTEMHMa TpU
ONTHMAJIHUM PaJHUM TeMIeparypama. [ 'enepanHo, HajO0JbU YCIOBH 3a I00Mjamhe BUCOKOT MIPUHOCA
Ouo0-yiba Cy BeMKa Op3rHa 3arpeBama 1 yMepeHe temneparype. Pazmatpajyhu npetxoaHo HaBeieHe
pesyniTate, Mame Op3WHE 3arpeBama Kao mTo je HaBeneHo 3a KSL nurHuT, cy 00sbe 07 BETUKHX
Op3uHa 3arpeBama y CMHCIY MOCTH3ama 00Jbe KOHBep3uje. Pe3yntatu u3BeleHH y OKBUPY OBOT
UCTpa)KMBama 3a ciydaj Ko-muposmie jurHuta u SCG Mory momohu y mporeHu MoryhHoctu
IIPUMEHE OBUX TOPUBA y KOMEpIUjallHE CBpPXE.
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[Topen cBUX HaBeNEeHHMX pe3yiTaTa, BAKHO j€ HArJIACUTHU MPOCTOjare€ CUHEPreTCKOT edeKTa
TOKOM TIporieca Ko-nuposu3e aurauta 1 SCG (MHTepakiyje MUHEPaTHUX MaTepHja U 10jeAMHAYHUX
KOMITOHEHTH OHOMace y MEIIABUHU Ca JUTHUTOM). YHYTapuyeCTHUHO KpETame alKaJHUX MeTana
(mapouuto kammjyma, K), mocebHo, omoryhaBa Tpancdep karanmzaTopa ca OmoMace Ha JIMTHUT
TOKOM Ipo1ieca Ko-nupoinuse. C 003upom J1a TUTHUT MOKE UMaTH MoBehaH caipxaj amyMUHHUjyMa U
CHJIMIIMjyMa, OBa J[Ba €JeMEHTa MOry pearoBatu ca kanujymoMm u3 SCG u (opMupaté Kaaujym
ATYMUHOCHJIMKATE KOJU MHXHOUPA]y Mpollec Ha BUCOKUM TeMemnapTypama. Moke ce MpeTnocTaBuTH
na je oBaj edekar u3pakeHuju npu Ko-nuponusu memapuae KLB8-SCG2 3a 7> 430 °C (a > 0,70),
Tabena 5.14 u Cnuka 5.14 6), rae ankajaHu U 36MHOAJIKAJIHU METAJIW MPUCYTHH y OMOMAacu MOTY
no/uiehy CeKyHIapHUM peakiyjamMa ca MUHEpaluMa NPUCYTHHUM Yy JUTHUTY U (opmupaTu
ATyMUHOCUJIMKATHA jeIubemha Koja oMmeTajy dopMupame KOKCHOr ocraTka. Kao mocneauia
HAaBEJICHOT, PEaKTUBHOCT C€ CMamYyje IITO JOBOAM JO mopacrta eHepruje aktupanuje (Tabema 5.12).
VYi0a u KoayTopu HaBOJIE /1a MUHEpAJIHE MaTepHje y OMoMacu Jenyjy Kao KaTajau3aTopu peakiiyje
pas3narama MEIIaBHHE JHTHUTa M Ouomace, 4uMe ce CMarmbyje MPOM3BOJHha KOKCHOT OCTaTKa H
nocnenryje ociobahame Behe konumunHe Boarmia [87]. Y cBakom ciydajy, Tpeba HarjJacuTH Ja ce
HaBeJleHo Hajuenthe jaBspa y cinydajy memasuae KLBS-SCG2. Konnenrpanuja SCG y MemaBuHU ca
KLB uma BaxaH yTullaj Ha TAaCUBaH CUHEPreTCKU edexaT TOKOM mpoleca Ko-nuponuse. Crora, ca
nosehamem koHnenTpauuje SCG y MeUmIaBHHHM, MOXE CE€ OYEKHMBAaTH Ja he ce MPUHOC KOKCHOT
ocTaTKa CMambHMBaTH, HA padyH noBeharma npuHoca TeYHOCTH U racoBa. [loctoju Buie dpakropa Koju
yTA4Yy Ha OOMM CMamema MPUHOCAa KOKCHOT OCTaTKa. Y pe3yiaTaThMa MPETXOJHUX HUCTPaKHBamba,
Bonkep u xoayTopu mokaszanu cy Aa ociobahame TOMIOTe U3 CEKYHIApAHUX peakliyja MocIelryje
IpoIiec JeBOIATUIIN3AIIN]E TIPUMAPHOT Tapa YUME CEe CMambYje MPUHOC KOKCHOT ocTaTka [88].

Pasmarpajyhu pesynrtare npukazane Ha Ciukama 5.14 B) — T) U €) — ) KOjU C€ OJJHOCE Ha
MUPOJIN3Y TOjeIMHAYHUX MaTepHjaja M KO-MHpOoiIu3y MemaBuHa jurHuta 1 WRG, youaBa ce
Pa3IMYMTO NOHALIAKkE MEIIaBUHA y 3aBUCHOCTH 071 KoHueHTpauuje WRG. Ako ce mocmarpa mporec
nupoiauze WRG u uncrux y3zopaka nurauta KSL u KLB, Cnuka 5.14 B) u 1), MOKe ce yOouuTH Aa
nuposinza WRG He nipezicTaBsba jeIHOCTAaBHO MOHOMOJIEKYJIAPHO pa3Jlarambe y peakluju IpBor peja.
VY nopehemy ca MUPOIU30M YHCTUX y30paKa JUTHHUTA, BpeaHOCT £, 33 WRG je Beha on BpenHOCTH
E,3a KSL u KLB (Cnuka 5.14 B) ur), TaGene 5.11 u 5.13). C 063upom aa cy Bpennoctu £, 3a WRG
Behe ox E, murauta (HapouuTo 3a remrneparype 400 — 425 °C, Tabena 5.14), Moxke ce MpeAnoCTaBUTH
na je Op3uHa peakuuje KpekoBama WRG Mmama Ha mocmarpaHuM Temieparypama. Y JIpyrum
TEMIIEpPaTypCKUM UHTEpBaIuMa, Op3MHa peaklirje MoXkKe BapupaTH ca mpoMeHoM E,. HaBeneno moxe
NOTUIIATH OJ XEMHjCKe Mpupojae Bojiatwia Tapa. Kywind um koayropu mokasaiu cy na ce Tap
MHEeyMaTHKa MPEeTeKHO CacTOju O AYTUX JaHaua noauanudara u nonuapomara (PAH) [89]. Crora,
notpeOHa je Beha KoJIMYMHa eHepruje 3a KUlame TyruX JJaHana crabuiiHux Mehynpoussosa.

HonaBame WRG y paznuuutum koHineHtpanujama y memasune ca KSL u KLB ce 3nauajno
oJlpaXkaBa Ha CHHEPIeTCKHU edeKaT, IITO y BEJIMKOM 3aBUCH OJ] TEMIIEpaType U CTeleHa KOHBep3Huje,
yiMe ce perynuiie u npomena £, (Cnuka 5.14 B) —r)). [lo3utuBan cuneprercku edexar youasa ce
camo koxa MmemaBuHa KSL8-WRG2 u KLB9-WRGI1 y nopehewy ca NUpOTUTUYKUM MOHAIIAKEM
murauta KSL (Cnuka 5.14 B) u e), u KLB (Cnuka 5.14 r) u x)). Ce npyre konuentpauuje WRG y
MeIllaBUHaMa ca JIMTHUTHUMAa MMajy HeraTMBaH YTHIA] Y CMHCIY CHHEpreTcKor jaenoBama. llopen
TOra, IpUMETHO je aa npodui Ey(a) mpoueca ko-nuposusze memasuHe KSL9-WRGI npubnuxxo
npatu TpeHn npopuna Eu(o) 3a nupomnsy WRG npu oncery a = 0,20 — 0,50, rae Hakon o > 0,50
(T > 390 °C), E, naryo pacte u JTOCTHXe MakCUMaiIHy BpeaHocT mpHu a~0,70 1 moToM ce cMamyje
(Cnuka 5.14 B)). [Ipema HaBeneHuM pesynratuma, y MemaBuHu KSL9-WRGI mpucytas je MenoBut
cuHeprercku edekar Ha nporiec ko-muposmse KSL-WRG. Ca npyre crpane, HajBeha KOHIICHTpalmja
WRG ce nmokazana kao Jomia 3a J0CTH3alke ONTHUMAIHUX Nep(opMaHCH Ipoleca KO-MUPOJIN3e
(Cnuka 5.14 B), 1), €) u X)). Pesynratu noOujeHr M3 KMHETHYKE aHaau3e OJaro OACTYIajy O]
pe3yiTara CHHEpreTcKke aHanuse npukasanux y Tabemnu 5.8.
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[IpernocraBiba ce Ja pas3yior OBaKBOI IOHANIaka MOXE OOjaCHUTH UHWEHCHUIIOM J1a
CHHEPreTcKu edekar, Koju moruye oja HamemaBama WRG, 3aBucH o1 Temmeparype, Tj. CTENeH
CHHEPTeTCKOT JIeioBama ce MoBehaBa Ha BHCOKMM TeMIlepaTypaMa HE3aBHCHO O NMPHUMEH-CHE
Op3une 3arpeBama. JJonpunoc WRG 3a packuiame Be3a v CTaOMIN3aIHjy paJivKaia je 3HaTHO BEJIUK
IpU BUCOKUM TemIiepatypama. Hanme, MekMuiieH U KoayTOpH HaBOJE Ja CHHEPreTCKU edekar
WRG Moxe MOTHIATH O]l MPHUCYCTBA IMOJUAPOMATUYHUX YIJHOBOJOHHMKA KOJU HACTa]y TOKOM
nmukBedakuje WRG u rne WRG nenyje kao n3Bop BojoHuKa 3a TukBedakiujy muraura [90]. Crora,
noBehamwe konnenrpanuje WRG no 20 % y memaBuHaMa ca JUTHUTHMA, OYUTIICAHO PE3YITYje
noBehameM npuHOca TeuHe (aze y nmopehemy ca ciydajeBuMa 6e3 nogaBama WRG. BepoBartHo je
na nmoBehame koHleHTpanuje WRG y MenmaBuHama JIOBOJIU JI0 peaKilyja cTadmIn3anmje cio00IHuX
panukana.

Honatao, memaBuHa KSL7-WRG3 mokasyje Behe Bpennoctu E, 3a a~0,35 ox murauta KSL
(Cnuka 5.14 B) 1 €)) mpu ueMy ce HaBEJIEHO Orjiea Kpo3 HHXHUOUTOPCKO JenoBame BojaTtuiaa WRG
Koje Moxe omeratn neBonatwim3anujy KSL. Ca mgpyre crtpane, BpenHocT E, 3a KO-TTUPOJH3Y
MemaBuae KLB7-WRG3 (Cnuka 5.14 1) u x)) ce mporpecuBHO nosehasa npenasehu BpegHoct £, 3a
nuposinzy aurauta KLB uznan o~0,70 u name, noctuxyhn MakcumanHy BpenHocT mpu o = 0,85
(~500 °C, Tabena 5.14). OBakBO MoHaNIaKkE JIeTyje Ka0 HHXUOUTOP MPOU3BOAKHE KOKCHOT OCTaTKa
ca moBehameM TemrepaTtype mporeca nuponmse. Y oba ciaydaja, Hajseha konnenTpanuja WRG he
MMaTH HeTaTHBaH YTUIAj HA IPUHOC TacHE U YBPCTE (paze y mporecy Ko-mupoimse.
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5.3. Awnaau3a mnapaMerapa mnpomeca nupoJsause y3opaka KSL, KLB, SCG u WRG
NOjeIMHAYHO, W KO-NMPOJIM3e HBHUXOBHUX MemaBuHa mnpumeHoMm Peaktopa ca ycujanom
mpe:xkunom (WMR)

[Ipumenom peaktopa ca ycujanom wMpexunom (WMR) onucanor y Ilormasmy 4.2.3,
CIIPOBEJICHA je aHanm3a yTHiaja KoHreHTpamuje komrnoHeHTH SCG m WRG y memaBuHama ca
murautuMa KSL m KLB (TaGenma 4.1), xao u Op3uHe 3arpeBama Ha MPHHOC BOJIATHIIA,
KapaKTepUCTUYHE TeMIlepaType U KuHeTu4Ke napamerpe (E,) mpoiieca TpeHyTHE MUPOITU3E.

5.3.1. baxnapemwe uHCcTaJAlUjeE

baxnapemwe nHCTanaluje CpoBeIeHO je 3a M0 TPH Y30pKa MOjeIMHAYHUX KOMIIOHEHTH Mace
75 mg, mpu ueMy je yOo4eHO Ja ce ca mopacToM Op3uHe 3arpeBama nopehaBajy pazinuke y 3aBpUTHUM
TeMIiepaTypama Tpolieca 3a CBakd aHanu3upanu yszopak (Crmuke 5.15 a) u 0)). 3a geduHucame
Op3uHE 3arpeBama MpUIpeMIbeHUX y30paka memaBuHa (Tabena 4.1) 3a y3opke murauta KSL u KLB
Kao JIOMHHAHTHHUX KOMIIOHEHTH MEIIaBHHA, KOPUIINEHU Cy MapaMeTpu ACPUHHCAHU Y OKBUDPY
HCTpaknBama Koja je crposeo Kuotuh [91]. [Ipunukom ncnutuBama yzopaka WRG, mokasaHo je
1a HUje 1o0ujeHa noTpeOHa MOHOBJHLUBOCT pe3yINTaTa 3a Ne(hUuHUCa-Ee TMHEapHe 3aBUCHOCTH YIa3HOT
HaIoHa M ocTBapeHe Temrmeparype npoieca (Cnuka 5.15 6)). HaBenene paziuke MOTy HOTHIIATH OJ1
npobiieMa y MpeHocy TOIIOTE ca MPEXKUIIE Ha Y30pak U YHyTap y30pka ycien Behe mMace y3opka u
KpaTKOT' BpeMeHa 3aJpKaBarba Ha MaKCUMAIIHO] TeMIIepaTypu IpoIlieca.

(
Baxnapeme nacraiangje - SCG
1200
1000
t (P2
800 *2)
—_ —— Linear (t (P2))
¢ 600
- y=49.157x - 511.02
400
200
0
18 23 28 33
P2 [%]
. /
a)
f
Baxaapeme HECTAIanHje - WRG
1400
1200
t(P2
1000 ( )
? 800 —— Linear (t (P2))
600 —
400 —
200
18 23 28 33
P2 [%]
. /

0)

Cnuka 5.15. Basxcoaperse uncmanayuje 3a cnpogohere npoyeca mpenymue nupoause y30para:

a) SCG, 6) WRG
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5.3.2. Yruunaj uzabpaHe eKcnepMMeHTajJHe MeTojJe, BpPCTe JHUIHHTA, OTHaAa W Op3HuHe
3arpeBama Ha MPUHOC BOJIATHIIA

5.3.2.1. Memasune guraurta KSL u KLLB ca SCG

Ha ocHOBY M3MepeHe mpoMeHe Mace y30pKa TOKOM Ipolieca TPEeHYTHE MUPOJIN3E U MO3HATEe
KOJIMYMHE XUTpocKorcke Biare (Tabema 5.2), Moke ce oapenuTu ocinodoheHa KoauarHa BoJIaThIa:

msz —my
Vv

9(a) = 100 — my, —m,  Mod (5.6)

JloGujenu pe3ynratu npukazaHu cy rpapuuku, Ha Crnunu 5.16.

e N
Capp:xaj BoaTHIa
KSL/KLB - SCG

mKSL9-SCG1
EKSL8-SCG2
mKSL7-SCG3
mKLB9-SCG1
mKLB8-SCG2
mKLB7-SCG3

500° 700° 900° 900°/7min

t[°C]
e Y

Cnuka 5.16. Caoporcaj eonamuna y paznuyumum mewiagunama auenuma KSL u KLB ca SCG npu
PaznuuumumM napamempuma npoyeca nupoIu3e

Ha ocHoBy npuka3za Ha Caunu 5.16, MOXKe ce 3aKJbYUHTH J1a ce ca noBehameM KOHIEHTpaluje
SCG y memaBuHama ¥ MOpacTOM MaKCHMalHE TeMIlepaType IMpolieca KO-MUPOoJn3e MEIIaBuHa ca
o0e BpCTe JIMTHUTA KOJMYMHA ocio0oheHux Bonatuia nosehasa. Takobe, konuunHa ocioOoheHnx
Bomatuiaa Beha je kox memaBuHa jurauta KLB wm SCG. JloOujeHW pe3ynaTaTd OIroBapajy
pe3yaTaTtuma ClipoBeIcHe TEXHUUKE aHaJU3e.
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r

o

Canp:xaj Boaaruaa - memasuae KSL/ KLB - SCG

70.00

65.00

70.00

65.00

60.00

60.00

- 55.00

+ 50.00

- 45.00

- 40.00

55.00 } |

50.00

15.00

10.00

KSL9-SCG1  KSL8-SCG2 | KSL7-8CG3 | KLB9-SCG1 | KLB8-SCG2 | KLB7-SCG3

HVg(a) 900/7min|  46.63 5088 5525 5333 5493 5836
Ve(a)_max 14.63 5331 6222 56.82 5642 61.96
Ve(a)_min 12.70 5237 5182 19.68 5340 54.18
Va(a) ave 13.90 5291 55.66 53.68 54.63 58.54

Cnuxa 5.17. Ilopeherwe pezynmama npoyeca oesonamunuzayuje cnpo8eoeHux npuUmMeHom
excnepumenmanre memooe WMR u cmanoaponoe nocmynka — mewiagune nuenuma u SCG

Ha Cnuum 5.17. pat je rpaguuku mpukas pesyiarara mpolieca JeBoJaTHIIN3alije MellaBuHa
murauta KSL n KLB ca SCG cnpoBeneHux NpUMEHOM pa3IMYUTUX METOJa — €KCIEPUMEHTAIHE
(WMR) u cranpapasor nocrtymnka [5], npu yeMy je mokas3aHo oAaronapajyhe noxianame 1001jeHIX

pesynrara.

5.3.2.2.

Memasune gurauta KSL n KLB ca WRG

s

h

Canp:kaj BoarHIa
KSL/KLB- WRG

5007

700° 900°

t[°C]

900°/7min

mKSL9-WMR1
mKSL8-WMR2
mKSL7-WMR3
mKLB9-WRGI
= KILB8-WRG2
mKLB7-WRG3

Cnuka 5.18. Caopoicaj sonamuna y pasnuvumum mewiasunama auenuma KSL u KLB ca WRG npu

Ha ocnoBy npuka3za na Cnunu 5.18, Moe ce 3aKk/byddTH Jia ce ca moBehameM KOHIICHTpAIIH]e
WRG y memaBuHamMa ¥ opacToM MakCHUMallHe TeMIIepaType mpolieca KO-MUpOoJIu3e MEIIaBUHa ca
o0e BpcTe JIMTHUTA KOJIMYUHA ocioOohennx Bosaruia noehasa. Takohe, komnunHa ocmoboheHnx
Bosnatuia Beha je xox memaBuHa jgurHuta KLB m WRG. [JloOujeHu pesyiraTtd oAronapajy

pasaudumum napaviempuma npoyeca nupouse

pe3yiaTatuMa CIIpOBCACHEC TEXHUYKE aHAJIN3C.
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AHanu3oM pe3yaTaTa nmpukazanux Ha Ciaukama 5.16 u 5.18, Moke ce 3aKJby4HTH Ja je TpOMeHa
MPUHOCA BOJIATHIIA Y 3aBUCHOCTH O] Op3uHE 3arpeBama Mambe U3pakeHa KOJi MEIIaBUHA JINTHUTA U
WRG (= 33 + 52 %) y onHocy Ha MmemaBuHe jgurauta u SCG (= 26 + 59 %), mTo notuye on
pa3IMuMTUX TeMIepaTypa MU NOTpeOHOr BpeMeHa paznarama kommnoHeHTH SCG u WRG, a
YCIIOBJHEHO j€ U BEIMYMHOM y30paKa U MIPEHOCOM TOILIOTE.

Capp:xaj Bosaruia - Memasune KSL/KLB u WRG
70.00 70.00

65.00 65.00

60.00 60.00

55.00 55.00

50.00 ‘ i

50.00
i

45.00 o< - 45.00

x|

40.00 KSL9-WRGI | KSL8-WRG2 | KSL7-WRG3 | KLB9-WRG1 | KLB8-WRG2 |[KLB7-WRG3 | 10.00

EVg(a) 900/7min| 4532 16.72 1832 5017 51.84 5129
Vg(a)_min 1276 1376 43.08 47.07 4822 50.69
Vg(a),max 47.02 16.89 5262 5254 53.02 54.10
Vg(a) avg 4436 4524 4773 4954 5035 5184

Cnuxa 5.19. I[lopeherwe pezynmama npoyeca degoiamunuzayuje cnpo8edeHux nPpUMeHoMm
excnepumenmanue memooe WMR u cmanoaponoe nocmynka — meutasune nuenuma u WRG

Ha Cmumu 5.19. nar je rpadmuky mpuka3 pe3yirara mpoieca JASBOJaTHIIH3AIN]e MEIIaBUHE
aurauta KSL n KLB ca WRG crpoBeeHUX NPUMEHOM PA3IUUYUTHX METO/AA — €KCIIEPUMEHTAIHE
(WMR) u cTanmapaHOT TIOCTyNKa [5], Ipu YeMy je Toka3aHo ojroBapajyhe ciarame JOOWjeHHX
pesynraTa.
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5.3.3. AHaju3a CHHEPreTCKOr /1eJI0Bamha

C 003upoM Ja TOKOM TOCTYIIKa TpeHyTHE mHpoiu3e npumenoM WMR meroze HEje BpiieHO
npaheme MpoMeHe Mace y TOKY BpeMeHa, aHaJlu3y CHHEPIeTCKOr JIeJ0Balkha MOryhe je U3BpIINTH Ha
OCHOBY JIOCTYITHHUX pe3yJiTara MpUHOCAa KOKCHOT ocTaTKa. 3a onpehuBame TeopHjcke BPEIHOCTH
npuHOca KOKCHOT ocTatka (Yyokcocrnpop.) KOpHUIINEHA ce jeaHauuHa 5.4, MpH 4eMy Cy T0OMjeHH
pe3yaratu ymnopeheHu ca eKCriepuMEHTaIHO ojpel)eHuM BpeaHOCTHMA MPHUHOCA KOKCHOT OCTaTKa
(Yeokc.ocr.exen.) 3@ MemaBuHe murauta KSL u KLB ca SCG (Cnuka 5.20. a) u 0)).

KSL-SCG

90
30 S

70 =S ] - & - 500 °C - mpop.
- - - 700 °C - mpop.
60
900 °C - mpop.

—®— 500 °C - ekcIIL

YKOKC.OCT.

50

40 —— 700 °C - ekcIIL

—&— 900 °C - ekcI.
30

% SCG

a)

KLB-SCG

90

80

70 500 °C - mpop.

- - - 700 °C - npop.
60
- —& - 900 °C - npop.

50 —8— 500 °C - eKcIL

Yxokc.ocT.(@)

0 —— 700 °C - eKcIL

—&— 900 °C - eKcIL
30

% SCG

0)

Cnuxa 5.20. 3asucnocm npunoca KOkCHoz ocmamka 00 epcme auenuma, koauvune SCG u
memnepamype npoyeca ko-nupoause: a) KSL-SCG; 6) KLB-SCG

Ha ocHoBy pesynraTta npukazanux Ha Cnukama 5.20 a) u 0) Moxe ce 3aKJby4yuTH Ja ce ca
nopactoMm koianuuHe SCG M Temmeparype mpolieca KO-UPOJIM3e 3a MellaBUHaMa ca o0e BpcTe
JUTHUTA CMamyje MIPUHOC KOKCHOT OCTaTKa, MpH 4emy je Behu koJ MemaBuHa ca quraurom KSL.
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OppehuBameM oAHOCAa MPUHOCA KOKCHOT OCTaTKa HM3BEICHOI MPOPAavyyHCKH (HA OCHOBY
jenHauynHe 5.4) M eKCIEpUMEHTAIHO HOOMjeHUX BPEAHOCTH, onpelyje ce BpeIHOCT CHHEPreTCKOT
dakTopa SF, mpukaszaH y OKBUPY CIMYHUX HCTPaKMBamba Koja Cy CripoBein Banr u koaytopu [92], a
KOjUM ce Je(UHHIIE AAUTUBHU KapaKTep, HEraTUBHO WJIM TIO3UTUBHO CHHEPTETCKO JIETIOBAHE TOKOM
mporeca Ko-mupoiu3ze:

YKOKC.OCT.I‘IpOp.

A (5.5)

KOKC.OCT.€KCII.

SF =

Tabena 5.15. Bpeonocmu SF 3a mewaeune KSL-SCG u KLB-SCG u paznuyume memnepamype
npoyeca Ko-nupoause

Y3opak 500 °C 700 °C 900 °C Y3opak 500 °C 700 °C 900 °C
KSL9-SCG1 0,787 0,853 0,874 KLB9-SCG1 0,729 0,892 0,746
KSL8-SCG2 0,757 0,850 0,777 KLB8-SCG2 0,758 0,838 0,792
KSL7-SCG3 0,850 0,795 0,802 KLB7-SCG3 0,746 0,789 0,775

Pesynratu npukazanun y Tabenu 5.15 mokasyjy na je BpeanocT SF y cBUM aHaIM3UpaHUM
cllydajeBUMa Mama OoJ] 1, IITO 3HA4M Ja HUA Yy jeJHOM aHAIM3MPAHOM CIIy4ajy HHUje MPUCYTHO
aZuTUBHO JenoBawme. Bpennoctu SF < 1 mpesncraBibajy MO3UTUBHO CHHEPreTCKO JIENIOBalkE Ha
(dbopmupame KOKCHOT OCTaTKa y CBUM aHAJIM3UPAaHUM cliy4dajeBuMa. HaBeseHu pe3ynararu ciaxy ce
ca pesyaTtaruma 1o0ujeHuM npumeHoMm merone TGA, Ha OCHOBY uera ce MOXe 3aKJbYUUTH Ja ce
yBohewem SCG y memaBuHe ca 00€ BpCTe TUTHUTA, 32 cBe aHanm3upaHe yaene SCG y MenaBuHama,
OCTBapyje IMO3UTHBHO CHHEPreTCKO JeJ0Bamke Ha (OpMHpame KOKCHOI OCTaTKa HE3aBUCHO O]
Op3WHE 3arpeBama.

Ananuza cuHeprerckor nenoBama 3a MamabuHe gurauta KSL u KLB ca WRG Huje
crpoBe/ieHa 300T HEMOTYhHOCTH eKcliepuMEeHTaTHOTr onapehuBama BPEAHOCTH MPUHOCA KOKCHOT
ocraTka 3a 4yucT y3opak WRG, 0JHOCHO NpopadyHCKe BPEIHOCTH IPUHOCA KOKCHOI OCTaTKa 3a
MelIaBUHE aHanu3upanux Jurauta 1 WRG.
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5.3.4. Yrunaj usaOpaHe eKcCIepUMEHTAJIHE MeTOJe, BpPCTe JIMTHUTA, OTHaaAa W Op3uHe
3arpeBama Ha KHHeTHYKe MapaMeTpe npoiueca Ko-nupoJamn3e MelaBuHa

XeMHjcKka KUHETHKA TIpolieca TpeHyTHe Ko-rtupoiu3e memasruHa qurauta KSL u KLB ca SCG
u WRG cnposenenor kopunthetbem WMR uHCTananuje u3BpiieHa je NPUMEHOM ApPEHH]YyCOBe
jennauune (3.3). [lobujenu pesynratu npukazanu cy Ha Crnukama 5.21 a) u 6) u 'y Tabenu 5.16.

KSL/KLB-SCG
0.0008 0.0009 0.001 0.0011 0.0012 0.0013 0.0014
-14
-1.5 n
16 E
-1.7 !L R =
-1.8 R .
9_19 “‘-‘_ o -—‘".:_-'f’--_ (]
~-2.0 . . Sessll . .
= ~-- el
=21 B | . 7_“*~..‘_5 8
22 o - S |
-2.3 Tl -
24 R
25 e
-2.6
1T
® KSL9-8CGl ® KSL8-SCG2 » KSL7-SCG3
= KLB9-SCGl = KIB8-SCG2 = KLB7-SCG3
---- Linearna (KSL9-SCG1) - - - - Linearna (KSL8-SCG2) Linearna (KSL7-SCG3)
Linearna (KLB9-SCG1) Linearna (KLB8-SCG2) Linearna (KLB7-SCG3)
a)
KSL/KLB-WRG
0.0008 0.0009 0.001 0.0011 0.0012 0.0013 0.0014
-1.7
-1.8 L
-1.9 s
- LIS -
= Tl Tl []
FR Tl
21 el _ .
22
-2.3
/T
e KSL9-WRGI ® KSL8-WRG2 ¢ KSL7-WRG3
= KIB9-WRGI =  KILB8-WRG2 KLB7-WRG3
- - -- Linearna (KSL9-WRG]) - - - - Linearna (KSL8-WRG2) Linearna (KSL7-WRG3)

Linearna (KLB9-WRG1) Linearna (KLB8-WRG2) Linearna (KLB7-WRG3)

0)

Cnuka 5.21. Odpehusarve Kunemuukux napamemapa npoyeca Ko-nupoause Mewasuna JueHuma ca
ouomacom u omnaoom a) meuwasure KSL, KLB ca SCG, 6) mewasune KSL, KLB ca WRG
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Tabena 5.16. Kunemuuxku napamempu npoyeca mpenymue nupoause mewasura auenuma KSL, KLB
ca SCG u WRG

Y3opak E (kJ/mol) A (s V3opak E (kJ/mol) A (s
KSL9-SCG1 10,662 0,4346 KSL9-WRG1 6,090 0,2650
KSL8-SCG2 8,808 0,4387 KSL8-WRG2 5,795 0,2663
KSL7-SCG3 13,307 0,8242 KSL7-WRG3 5,126 0,2634
KLB9-SCG1 9,631 0,4636 KLB9-WRGI 7,487 0,3552
KLB8-SCG2 9,296 0,4951 KLB8-WRG2 5,485 0,2901
KLB7-SCG3 8,814 0,5453 KLB7-WRG3 4,692 0,2734

Hedunucane Bpennoctu E memasuna nurauta, SCG 1 WRG, 3Ha4ajHO Cy Mambe 01 BpEHOCTH
E nedunucane 3a y30pKe JUTHHTA Koje je aHanmsupao JKusotuh [91], mpu dyemy ce Ha OCHOBY
MOKa3aHoT MOXe MpeTnocTaBuTu Aa ce nojgaBameM SCG u WRG y memaBune ca nurautuma KSL u
KLB cmamyje E mporeca KO-HpOJIU3e MEIIaBHHA JUTHUTA, Onomace U otnana. Bpegnoctu E 3a
nporec kKo-nupoause memasuHa jaurauta KSL-SCG cmamyje ce 10 2 1o 3 myTa y OoJHOCY Ha
BpeaHocT E nurnuta KSL, nok HaBeneHu onHOC mpu Ko-nuposin3u MemasuHa gurauta KLB-SCG
nu3Hocu oko 2,5 y ocHocy Ha E yuraura KLB. Ilpu ko-nuponusu memasuHa iaurauta 1 WRG
PUMETHO je jour Behe cMameme BpeHocTH E Ko-muponmse MemaBuHa y ogHocy Ha E muponmse
JIUTHUTA, [IPU YeMY 3a MeriaBuHe ca iurHuToM KSL HaBeieHO cMambemhe U3HOCH S - 6 TyTa, OHOCHO
ca qurautoM KLB 3 - 5 myra. Iloka3ana cmamema BpeAHOCTH KMHETHUYKUX IapaMeTapa J0Ka3yjy
MPUCYCTBO CHAXXHOT KATAJTUTHUYKOT [eJI0Barkba Ha IPOIEC KO-MUPOJU3e MEIIaBUHA KOje MOXKe
notunatu o Kanujyma y Guomacu, Takohe y ckiany ca pesysiraTuMa Koje HaBoje bpayH u koayropu
[93] 3a ko-MpoNH3y yriba U OHoMace.

3a nedunucane Bpennoctu E mpoueca nuponuse nurauta (QKusotuh [91]) u xo-nupomnuse
MEIIaBUHA CIPOBEJACHUX Yy OKBUPY HCTPAKWBAKA y OBOj JOKTOPCKO] JHCEPTAIHjH, MOXE Ce
nepuHUCATH OJHOC:

KSL > KLB > KSL7-SCG3 > KSL9-SCG1 > KLB9-SCG1 > KLB8-SCG2 > KLB7-SCG3 >
KSL8-SCG2 > KLB9-WRGI1 > KSL9-WRG1 > KSL8-WRG2 > KLB8-WRG2 > KSL7-WRG3 >
KLB7-WRG3.

Kunernuku nmapamerpu aedunucanu 3a mnporec ko-nupoiuse auraura KSL, KLB ca SCG u
WRG ce OuUTHO pa3niuKyjy y OJTHOCY Ha KHHETHYKE IMapameTpe ojpeheHe Ha OCHOBY pe3yaTaTa
eKCTIepUMEHTaTHUX HCIUTUBama crpoBeneHnx Ha TG wuncramamuju (Tabeme 5.10 go 5.13).
HaBenena pasnuke y napaMeTrpuma NoTUYy O] pa3jivka y Op3MHaMa 3arpeBama, 0JHOCHO BpeMEHUMa
OJIBUjama peakiuje (CeKyHJapHe peakuuje wusMmel)y mnpoaykaTa KO-NUPOJIM3E€ HA BUCOKUM
TeMIlepaTypaMa) U BEJIMYMHE Y30paKa, IITO YyTHY€ Ha MPEHOC TOIUIOTE KOJU YCIIOBJbaBa OJIBUjaHE
nporeca U no0ujame onarosapajyhux mapamerapa. Takohe, neguHucaHe BpeIHOCTH KMHETHUUYKUX
rapaMerapa pasjuKyjy ce y OHOCY Ha pe3yiTare CIMYHUX UCTPaKHBabA.

Henocratke mpuMeHe oBe MeTo/e IMPEACTaBJbajy BeJlMKe Op3MHE 3arpeBama 3a Koje HHUje
Moryhe nmpuMeHHUTH oJroBapajyhe mMareMaTHYKe arpoKCHUMalMje U JAOCTYIIHE KHHETHYKEe MOjelie
Kojuma Ou ce mporec Morao omucaTH. M3 HaBeieHUX pasjora, a y HuJby MOTBpAE J00HjEeHUX
pesynTata U u3bopa oaroBapajyher mozena 3a neuHUCame MapaMerapa pealHMX Mpoleca Ko-
MUPOJIN3E MEIIABUHA Ca BEJTMKUM Op3MHaMa 3arpeBamba, OTPEeOHO je CIIPOBECTH J1ajba UCTPAXKHUBAHA
Ha PEaKTOPCKUM HMHCTalandjama y3 oapehuBame KHHETHUYKUX IMapaMeTapa MPUMEHOM JOCTYITHUX
KUHETHYKUX MOJIENA.
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6. MOJAEJHUPAIBE KHHETHUKE IMTPOIECA IITNPOJIN3E

JlepuHncame KHHETUYKUX MOJIEIIa KOjiMa Ce OIUCY]y POIECH MUPOJIM3e MEIIaBUHA IUTHUTA
KLS u KLB, ca 10 % otnaga SCG u WRG (Tabena 5.1, [Tornasibe 5) cripoBenernx merogom TGA
3a Tpu paznuuute Op3uHe 3arpeBama — B = 10, 15 u 20 K/min, u3BpiieHo je npumeHoM codTeepa
NETZSCH Kinetics Neo, npu yemy cy oapehenu cienehu eaemMeHTH aHaIM3UupaHUX Mpolieca:

v’ 0poj cTymnmeBa;

v\ BpCTa KHHETHYKOT MOJIENIA;

v' kunernuku napamerpu (Ea, An (logA));

v' dynkuuja kousepsuje f(a, T);

v' Temmeparypa kouBep3uje T U CTENEH pasrpaIibe ;

Kao 1 mapaMeTpu CTaTUCTUYKEC aHAJINU3E!

cpeme KBagpaTHO ojcTyname (R?);
F-test;

Cpelba BPeIHOCT Pe3uIyaa;
pesujyaHa cymMa KBajapata.

AN NI NN

N360p MemaBuHa 3a nepunucame Mojena ca 10 % yzaena otnana, H3BpIIECH je Ha OCHOBY MPUKA3aHUX
pe3yiTara aHalu3a CHHEPreTCKOr JelIoBama, Kao M Ioja3He NMPETHOCTaBKe O YTHULA]y KOJIWYHMHE
OTHaJa y MelllaBUHaMa Ha eMHUCH]€e U3 ITpoIieca KO-MHpoJn3e / Ko-caropeBama. IlocTurayra BpeqHoCT
Cpember KBaJpaTHOT OACTyNama u3Hocu R?> 0,99950 y cBMM aHAIM3UPaHUM CIIydYajeBHMa, LITO y3
ocrasie napamerpe craructuuke ananuse (F-test, cpenma BpeqHOCT pe3ujyana, pe3uayallHa cyMa
KBajJpara), MpeICTaBba 3aJ0BOJbaBajyhe Mpekianame eKCIepUMEHTAIHUX pe3yiaTrara H
(dbopMHpaHNX KHMHETHYKHX MOJIENIa U Ha OCHOBY Ye€ra ce MOXKE 3aKJbYyYHTH J1a Cy JehUHHCAHU
KMHETHUKM MOJIENM TIIpoleca MUPOJIM3€ MElIaBHMHA JIMTHUTa ca OMOMacoM U OTIaJ0oM
€KCIIEPUMEHTAIHO BaJIUAUPaHHU.

JlobujeHu pe3ynTaTu MpuKa3aHu cy y cienehum rabenama:

- Tabena 6.1. Kunernuku Mmozaenu nporeca nuponuse surauta KSL u KLB,

- Tabena 6.2. Kunernuku Mmojenu npoteca ko-nuponuse memasune KSL9-SCGI,

- Tabena 6.3. Kunetnuku Mmozaenu nporeca ko-nupoiuse memasnae KLB9-SCGI,

- Tabena 6.4. Kunetnuku moaenu npoueca ko-nuponuse memasuHa KSL9-WRG1 u KLB9-
WRGI.
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Tabena 6.1. Kunemuuku moodenu npoyeca nupoause auevuma KSL u KLB

3 Temneparypa KoHBep3Hje / Hapawerpu
Pe3yaTaTu npopavyHa KHHETHYKHX MapaMerapa £ CMUCpATYpa KOUBEPIMIE /| fypa CTATHCTHYKE

A ’E‘ CTEIICH pa3l‘pazIH)e

8= anajgmnse

¥ =£ -

s = e = > 3 = = — ™ — s 5 g: = s
<8 2Es| S| JF| = . . so| 2|2 8| E HMEEEEEE
S EEz33 g SRS P ®yukumja konsepsuje f(a, T) s e 2 S 2 T_peak| < |~ ig = 2e =
A EEEE S = o2 g 2 I = I S =l &2 5°8
Slola &8 gl > = | = =2 = s “ag E

10 |275[2241] 0 |0236] 94
1| F, |241]| 66493 | 7,556 3,597 - 107 - exp(—66,493/R - T) - (&))" 15 | 277 [2326] 0 |0236] 102
20 12202365 0 |0235] 108
§ N 01501 10 (224146430236 (0710 407 | of2| -
. . a .| _— = %)
Zin| A, |47 387.936|27,627 4,236-1077- (0,150) ( In(a) °'15°> 15 |232.6]467.9] 0236 [0.707] 400 |E|3) = | &
D I
-exp(—387,936/R - T) 20 1236,5472,9] 0235 0,710 410 | 5| «
. 01741 10 |464.3(892.4] 0,710 | 0,996 | 490
. . a.(_ 0174
m| 4, |213]349,723]17,383 2415-107- (0.174) ( In(e) 0174) 15 |467.9/890.8] 0.707 [ 0,996 | 495
~exp(—349,723/R - T) 20 |472,9(888,8] 0,710 0,999 | 499
10 [2532092] o [0187] 90
1| F, |189] 57,006 | 6278 1,897 - 106 - exp(—57,006/R - T) - (a)?316 15 | 266 [2142] 0 |0186] 99
20 |250]2213] 0 |o0,186| 103
- - " 0,148—1 10 {209,2(454,4| 0,187 | 0,699 | 393 @ © "
S| 4, | 583 393,600 | 28,613 4102 -10°" - (0,148) '(_1“(“) 0’148) 15 |2142[458.6] 0186|069 | 396 |23 2 |
S
+exp(—393,600/R - T) 20 |221,3]461,3] 0,186 ] 0,698 | 400 S o
B ) 0.103-1 10 4544|8922 0,699 | 0,997 | 467
m A4, | 228 540,045 | 28,493 3,112-10%-(0,103) '(_1“(“) 0’103) 15 |458.6]890.6] 0.699 [0.999 | 472
-exp(—540,045/R - T) 20 |461,3]888,8] 0,698 [ 0,996 | 476
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Tabena 6.2. Kunemuuku modenu npoyeca ko-nuponuse mewaeuna KSL9-SCGI

g TeMmneparypa koHBep3uje / Tapaverpn
PesyaraTu npopayyHa KHHeTHYKHUX [IapaMeTapa = DTG CTAaTHCTHYKE
A ’E‘ CTCIICH pa3rpaime
o &E aHaJIn3e
g é —_~ _ ; E M I3 s g <
L & = g =7 o— < o—
L2l 2E24 S| _T| 2 == &5 §| % ANEEE ERE
g g s=53 ¢ = E < ®dyukuuja kousepsuje f(a, T) = | e ] = 2 |T_peak|3|x| 3 == = EE
S|lZ{gEss) 2| 2| 2 2 e DS = 15255 °%
mlojmEE 2 > = = < e 3 =gy
10 | 27,2 (2134 0 |0216] 103
I F, 16,4 | 57,320 | 5,974 9,419 - 10° - exp(—57,320/R - T) - (a) 551 15 27,0 227,7) 0 |0215] 111
20 |27,5(2389| 0 |0214| 118
10 | 65,2 |494,6| 0,216 | 0,819 | 146
S| Fa 58 | 36,507 | 2,324 210,863 - exp(—36,507/R - T) * (a)*756 15 | 72,4 |538,1|0,215|0,849 | 160
o0
% 20 803 |522,1|0214|0814] 170 |o |5 | Q g
A " j 1 0142-1 10 [232,41555,5] 0219] 0,894| 354 |~|R]| < N
. . N - 0,142 . [
Slml A, 42,8 | 402,525 |31,249 1,774-10% - (0,142) ( n(a) ) 15 246,6(538,1] 0,219 | 0,849 | 355
exp(—402,525/R - T) 20 |254,0/522,0| 0,218 | 0,814 | 359
. 0.405-1 10 |327,4779,7]0,385 | 0,999 | 430
| A, 34,9 | 84,125 | 2,956 903,650 (0,405)% - | ~In(a) 15 [333,7(772,9] 0,389 | 0,970 | 438
-exp(—84,125/R - T) 20 340,9|777,3| 0,402 | 0,953 | 444
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Tabena 6.3. Kunemuuku modenu npoyeca ko-nuponuze mewasuna KLB9-SCG1

e Temneparypa KoHBep3Hje / Hapawerpu
PesyaraTu npopayyHa KHHeTHYKHUX [IapaMeTapa £ eMuepatypa KOHBep3uye DTG CTAaTUCTHYKE
A ’E CTCIICH pa3rpaime
2= aHaJIu3e
S5 E~§ =
= < ,? —_ ,a [+ . . = «® = «
Jg FE. S| .3 2 | E| T E|Z S EEEERY
SIEles5 35 o S E < ®yuxuuja kousepsuje f(a,T) :ml. S z e g |T peak|S|x|T E & ZZ S
SIFREE5| x| 2| g 2 | 2| <] 23] ¢ ST ER
SOl EEE > = | = 2 = 2 2ge 4
10 |513|174] 0 |0,173| 103
I F, 18,6 | 63,528 | 6,812 6,486 - 10° - exp(—63,528/R - T) - (a)3033 15 |570] 182 | 0 |0,174| 112
20 | 61,7187 | 0 |0,169| 117
10 | 174 | 314 {0,173 | 0,317 | 293
Sl F, 3,78 | 193,766 | 15,908 8,091-10'° - exp(—193,766/R - T) - (a)* %181 15 | 178 | 327 | 0,176 | 0,344 | 299
— o
3 20 | 181 | 333 /0,166 0,344 | 305 |o|] 2 N
a —l 0 ~
& 5 52110 - (0,057 | 00571 10 | 263 | 469 | 0,199 | 0,729 | 281 Q| S 2
g A, 21,1 | 406,458 | 34,742 ’ (0,057)% - { = In(a) © 15 | 265 | 477 0,199 | 0,726 | 287
exp(—406,458/R - T) 20 | 270 | 484 | 0,197 | 0,725 | 291
. 0,032-1 10 [394,7(776,7]0,548 | 0,985| 413
. o = 0,032
v A, 22,5 | 362,433 | 2,767 584,790 (0,032) ( In(a) ) 15 [396,3(770,5] 0,545 | 0,979 | 424
- exp(—362,433/R-T) 20 |400,2(772,0| 0,546 | 0,968 | 427
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Tabena 6.4. Kunemuuku moodenu npoyeca xo-nupoauze meuwasurna KSL9-WRGI u KLBY9-WRGI

g TeMmneparypa koHBep3uje / Tapaverpn
PesyaraTu npopayyHa KHHeTHYKHUX [IapaMeTapa DTG CTAaTUCTHYKE
2= CTENEeH pa3rpaame
c 5 .5 aHaJIM3e
¥ £ S S8 -
a2 —_ - . . . =
w| & 3 E ol & S = a E g ‘E 'g % g 3 ‘E S s =
SIEles5 35 o S E < ®yuxuuja kousepsuje f(a,T) :ml. S z e g |T peak|S|x|T E & ZZ S
S|Z{2EE S| 2| 2| B I IS B R = 15855 °3
SO|@EEE » = | = 2 = 3 Cag3 =
10 | 274 (2128 0 |0,197| 109
I F, 19,8 | 51,116 | 4,928 8,472+ 10* - exp(—51,116/R - T) * (a)76* 15 |26,7(223,6| 0 |0,198| 118
- 20 | 28,7 (228,1| 0 |0,197| 125
E 4 . 0126-1 10 |212,8[538,1] 0,197 | 0,860 | 399 ol —
. . | — 0,126 . [*))
EII A, 59,2 | 515,584 | 37,937 8,650 10°" - (0,126) ( In(ar) ) 15 1223,6/541,7) 0,198 | 0,858 | 401 |Z Q| & S
N o o
= exp(—515,584/R - T) 20 [228,1]544,2(0,197 [ 0,856 | 402 S ©
~ i " 0185-1 10 | 443,5/776,4] 0,6910,971 | 468
. . | — 0,185 .
m| A, 21,0 | 325,774 | 16,973 9,397-107-(0,185) ( In(ar) ) 15 [447,1(776,5] 0,692 | 0,963 | 473
exp(—325,774/R - T) 20 [450,1|773,8| 0,694 | 0,957 | 476
10 | 28,1(194,7] 0 |0,159| 110
I F, 15,8 | 51,353 | 4,964 9,204 - 10* - exp(—51,353/R - T) * (a)*8? 15 | 28,4(201,9/ 0 |0,158| 119
5 20 | 25712104 0 [0,158| 126
& 23 " | 0148-1 10 | 194,7/516,4] 0,159 | 0,835 387 >y I -
. . o — 0,148 . v
EII A, 57,8 | 447,641 33,367 2,328-10- (0,148) ( n(a) ) 15 [201,9]518,7/ 0,158 [ 0,833 | 390 [2|&] & %
- (e
= exp(—447,641/R"T) 20 [210,4]523,1]0,158 [ 0,833 | 392 S "
< - " | 0122-1 10 |425,6(777,6] 0,633 0,963| 441
. . o = 0,122 .
m| A, 26,3 | 405,964 | 22,345 2,213-10%- (0,122) ( n(a) ) 15 [428,2(775,2] 0,631 | 0,955 | 444
exp(—405,964/R - T) 20 [432,7(771,8] 0,635 | 0,947 | 448
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Ha ocHoBy pesynTara npukazanux y TaGenama 6.1. 10 6.5. Mmoxke ce 3aksbyuutu cienehe:

- Tupommuza nurauta KSL u KLB npencraBibeHa je ka0 TPOCTENEHU MPOIEC KOjU CE MOXKE
ONKCATH MOJICIMMa peakildja n-Tor pena - F, ¥ ayToKaTaTUTHYKUM Mojenuma - A,. Ha
OCHOBY NOOMjEHUX TapameTapa, MOXe C€ 3aKJbyduTu jaa moxaen F, pema onropapajyhe
OMHCyje 30HY WU3/Bajalba BJIAre W3 JIMTHUTA, JOK A, MOAENU ONHUCYyjy Ipolece
NeBOJATWIM3AlAje W CEKYHJIapHE IUPOJIHM3E JIMTHUTA, OJHOCHO CEKYHJapHE peakiuje
npojaykara feBonaruiau3sanuje. [I[puMeTHo je oxcTyname BpeAHOCTH KHHETHYKHX TapameTapa
KOJH OATOBapajy Tpehem CTyIbYy pa3iarama JUTHUTA, IITO CE MOXKE 00JaCHUTH U TTOKa3aHUM
pa3irKamMa y MpUHOCY KOKCHOT OcTaTKa aHanm3upanux jurauTa (Tabena 5.2, [Tornassse 5).
Taxohe, oOMjeHH pe3ynTaTH pasjHKyjy ce OJ AOCTYIHHX pe3yiTaTa UCTPAXKHUBaKka Koja Cy
cuposenu JKusotuh u koaytopu [1]. DopMupanu KHHETUYKH MOJIEIHN 32 TPOIIECce THPOITU3E
murauTa KSL u KLB kopunrhenu cy kao mojia3Ha 0OCHOBA 3a MOJICIIMPake KHHETHKE IpoIieca
KO-TIMPOJIM3€E JJUTHUTA ca OMOMAcCOM H OTIIaJJOM.

- ITIuponmza memasune KSL9-SCG1 npencraBibeHa je Kao CIOKEH, YeTBOPOCTEIICHH MPOIIEC
KOjH Ce MOXe€ OIMCATH MOJAEIIOM N-TOT pena - Fy, ¥ ayTOKaTaIuTUIKUM MOJEIIOM - A, mTO
OJroBapa MOy NUPOJIN3€ JUTHUTA KA0 OCHOBHE KOMIIOHEHTE MEIIABHUHE, IIpU 4Yemy Fj,
MOJIENI O/TOBapajy CTyMbeBUMa u3aBajama Biare m3 KSL wu Bmare Besane y SCG, y3
youwbuBO npekianame crynmesa I u 1. Crynmwesu I u IV onucyjy ce ayTokataauTHUKUM
MOJIeJIMa U TIPECTaBJbajy pasnarame kommoneHTH KSL u SCG, koje o0yxBara U BbHXOBO
CHUHepreTcko JenoBame. CIMYHO MoHamame yrepheHo je u 3a memasuny KLB9-SCGI, y3
3HA4YajHO OJICTYName KWHETHYKUX IMapaMmerapa koj crtynmea Il m IV, mTo ce Moxke
00jaCHUTU CUHEPreTCKUM JIeJIOBakbeM KOMIIOHEHTH MEIIAaBUHE IPU HUXKHUM TeMIlepaTypama
(crynmam II), ka0 u rpemkoM mepema npu Behum crenenmma xonsep3uje (a > 0.7) xoju
onrosapa crymmy IV, KoI Kora cy NMpHCYTHE BEIMKE pa3iuke u3Mmely JOmHX M TOPEHUX
BpeIHOCTH E; 1 KOjU ce MOXKe UCKJbYUUTH U3 aHanu3e. JloOujeHu pe3ynTaT pasiiuKyjy ce of
pe3yirarta CIMYHUX MWCTpPaKMBalkba KUHETUYKUX IIapaMeTrapa Ipolieca KO-IUPOJIHU3e
MeIllaBUHA yIJba U OMoMace Koja cy cripoBeiu JajapamaH U KoayTopH [2].

- IIupommza memaBune KSL9-WRG1 onBHja ce kKao TPOCTEIICHH MPOIIEC ITPH YeMY Cy YOUJbHBE
30HE M3/IBajarba BIare Koje ce MOTy OMHCAaTH MOJIENOM Nn-TOT peaa - F, , U 30He pa3iarama
KOMITOHCHTH MCUIaBHHE KOje CC MOT'Y OIMIKUCATH ayTOKATAJITUTUIKHUM MOJCJIIOM - An.

- Tlupomuza memaBuna KLB9-WRGI1 onBuja ce kao TpOCTENEHH MpOIEC MPU UYEMy CY
yOuJbMBE 30HE M3JIBajarba BJare Koje ce MOr'y ONHcaTh MOJEJIOM n-Tor pena - F, , u 30He
paznarama KOMIIOHEHTH MEIIaBUHE KOje C€ MOTY OMHCATH ayTOKATATUTUYKUM MOJETIOM - A,,.

- BpemHocTu KMHETHYKUX MapamMeTapa MpuOIMKHE cy 3a 00e MemaBuHe turauTa 1 WRG, Ha
OCHOBY 4era ce MOK€ IPETIIOCTABUTH Jja HEMa BEJIMKOT YTHIIaja NI0jeIMHAYHE BPCTE JIUTHUTA
Ha KUWHETHYKE Mapamerpe MemaBuHe. J[oOMjeHH pe3ynTaTH pas3luKyjy ce y OJHOCY Ha
pe3yiTaTe CIMYHMUX HMCTpakuBama Koja cy cmposenu Jlan-my Ilan m koayropu [3], mTo
yKa3yje Ha MOCTOjame pa3inKa Koje MOTUYY O/l HaMelllaBama pa3TuIUTUX BpCcTa MaTepujaa
(pa3nuuuTOT MOPEKIIa) y MpoliecuMa KO-IIUPOJIN3€e MEIIaBrHa.

- Tlokazana oacTymama pe3yiTaTa HCTpaXMBama Yy OKBHUPY OBE JOKTOPCKE AHCEpTalje y
OJTHOCY Ha pe3yJITaTe CIMYHUX UCTPAKHUBAA, MOTY Ce 00jaCHUTH pa3JInKaMa y MPUMEHEHUM
eKCIIePUMEHTATHIM MeTo/laMa, Ne(UHHUCAHUM YCIOBMMA HCIHUTHBAaWmA (BEIUYMHA Y30pKa,
rpaHy’aiyja, Op3uHa 3arpeBarma, KOJIMYMHA U BpCTa OMoMace U OThaja).
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7. 3AK/bYYAK

VY oKBUpY OBE JOKTOPCKE JAucepTauuje neduHucaHe Cy IOJIa3He OCHOBE 3a MPOjeKTOBAHE
nporeca MUPOJIH3e/KO-MMUPOJIN3e JUTHUTA M OTIHaJa Kao IMOodYeTHe ¢a3e Mmpoleca caropeBama.
AHaNM3UpaHu Cy YTHLAJH BPCTE M KOJIMYMHE KOMIIOHEHTH MEIIAaBHHA, Ka0 U Op3WHE 3arpeBama Ha
CHHEPTeTCKO JICJIOBae, MPUHOCE BOJIATHIIA, TIETeNia, KOKCHOT OCTaTKa W KUHETHYKE Mapamerpe
nocMaTpaHUX Iporeca, y3 AeduHUcCame OAroBapajyhux KHHETHMYKHX MOJENa KOjH OIHCY]Y
aHaJIM3UpaHe mpoliece, MPu YeMy Cy TOOUjeHH 3Ha4ajHU PEe3yNITaTH KOjU C€ MOTY KOPHCTUTH 3a J1aJbe
MOJICTIUPAE Mpolieca Y JIOKHUIITAMA PEATHUX CHEPreTCKUX MOCTPOjermha Koja caropeBajy nomahe
JIUTHUTE.

3a moTpebe nepuHUCcama yTULdja J0aBamba OTIaIHUX IMOJIMMEPHUX MaTepHjajia pa3IudauTor
nopekna (buomaca — SCG u rpanynar ornaanux naeymatuka — WRG) y memaBune ca qomahum
murautuMa Kocromanm 1 KomybOapa um yTumaja pasnuuutux Op3uHa 3arpeBamba Ha IapameTpe
TEXHUYKE aHAJIN3€, PEAKTUBHOCT, CHHEPIeTCKO JEJOBakbe W KMHETHYKE Mapamerpe mporeca Ko-
NUPOJIM3e, CIpOBeieHe Cy cienehe akTuBHOCTH:

- CJIICMCHTApHAa aHAJIM3a YUCTUX Yy30pakKa,

- TEXHHYKa aHalu3a 4MCTUX Yy3opaka m memasuHa ca 10, 20 u 30 % ynena ormaga y
MeEIIaBUHAMA,

- THPOJIM3a YUCTHX Y30paKa JIMTHUTA U OTIAaJia, Ka0 M KO-MUpoJin3a GOpMHUPAHUX MEIIaBUHA,
npuMeHoM paznnuantux mMerona — TGA (cnopa nuponuza) 1 WMR (TpeHyTHa nupoiinza),

- KUHETHYKA aHaliW3a MOCMaTpaHWX TIpoleca MPUMEHOM HW30KOHBEP3MOHUX Meroaa (0e3
MoOjIelna),

- (opMupame EKCIepUMEHTAIHO BaJMIUPAHUX KUHETHYKUX MOJENIa U KHHETHYKA aHajau3a
MOCMaTpaHUX IMpoleca NMPUMEHOM KHHETHYKHUX METOJa 3aCHOBAHUX Ha MOJEIY 3a YUCTE
y30pKe JIMTHUTA U MelaBuHe Jurauta ca 10% ornaza.

Ha ocHOBY pe3ynrara cipoBeIeHHX aHaIM3a MOXKe 3aKJbyduTH cieznehe:

X Ymuuaj Kapakmepucmuka jiuZhuma u eépcme u Kojindune omnaoa Ha napamempe mexnuike
ananusze

v Jluraut KLB y oxrocy Ha nuraut KSL mocenyje 60/be KapaKTEpUCTHKE Y MOTJIEAY Mamber
cajap:kaja Bjare W mnemnena, Beher cajapikaja BoJaTuia, OAHOCHO JIOLIMj€ KapaKTEPUCTHKE y
MOTJIely HUXKE BPEIHOCTU TOIUIOTHE MOhM. Y OJTHOCY Ha KapaKTepUCTHUKE y30paka JUTHUTA,
pa3marpaHe BpCTe OTIaja noceayjy Behe Bpe1HoCTH TOIIoTHE Mohu, Behu caiprkaj BosiaTuia,
Ka0 U MamU caJipikaj Mernena, MTo UX YMHU MOTEHLIMjaIHO TOTOTHIM 32 3aMEHY J1eJa JIUTHUTA
y TIpoliecuMa KO-TUpoJin3e. Y OJHOCY Ha TUTHUTE, CaApIKaj BiIare y oTnaaHoj ouomacu je sehu,
HITO NMOTHYE U3 MocTynka HacTajawa SCG, ok je caapikaj Biare y WRG 3aHemMapsbus;

v' Veohewem SCG u WRG y memaBuHe ca 00e BPCTE JIMTHUTA CMambyje Ce YKYIaH MPUHOC
BOJIATHJIA, IITO TMOTHYE OJf M3PaKEHOI CHUHEPIeTCKOr JeloBamba H3Mel)y mnponaykaTta Ko-
IMUPOJIN3€ KOMIIOHCHTU MCIIaBUHA,

v' Tlosehame yaena SCG y MenmaBuHama ca JUTHUTHMA MTOKA3yje PA3INYKT YTUIA] HA TOIUIOTHY
Moh memaBuHa (moBehame TOmIOTHE Mohu Koja MemaBuHa ca JurHuToM KSL, onHocHO
CMamemke TomoTHE Mohu MemaBuHa ca aurHutoM KLB). 3a pasnuky on SCG, nosehame
yaena WRG y MemaBuHama 10BoM 70 moBehama TomioTHe Mohu MenraBuHa ca 00e BpcTe
JIUTHUTA;
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v

Memasuae SCG u JurHUTA TMOKa3yjy JIOMIMje OCOOMHE Y TOTJIeTy MapameTapa TEXHHYKE
aHanmM3e (CMambeH MPUHOC BoJIaTHIIa, Behu cagpikaj Biare, CMameHa TOIIOTHA MOh MeIIaBUHA
ca KLB) y ogHOCY Ha 4HCTE Y30pKE JUTHUTA.

% Ymuuyaj npumermwene memode (0p3une 3azpesara u eeluduUHe Y30PKa) HA napamempe
MmexHUuuKe aHau3e, peaKmueHOCH U CUHEP2encKo oenosare usmely npooykama Ko-nupoause
Meuiaguna

v

v

Bpcra npumemeHe MeTole HeMa 3HAYajHOI yTHIQja HAa YKyHaH IPHUHOC BoJIaTWiIa KOjU
0JIrOBapa BPEIHOCTUMA OJipe)eHUM TEXHUIKOM aHATH30M;

[ToBehame Op3uHE 3arpeBama CMamyje PEAKTHBHOCT aHAIM3UPAHUX y30paKa IMOMEpameM
TEMIIEpaTypa 3a OJIBUjalbe pPeakilfja mpemMa BpeIHOCTUMA BHINUX TeMIeparypa y3 ckpaheme
BpEMeEHa 3a oJIBHjame peakiyja. [Ipu 3HauajHO BeTMKUM Op3rHaMa 3arpeBama, OBaj YTUIIA] Ce
ryou (oTpeOHO KpaTKO BpeMe 3a OJIBUjabe PEaKInja);

VYBohewe SCG y MemaBuHe ca JIUTHUTHMA JI0BOJU 10 ToBehama peakTHBHOCTU MEIIaBUHA Y
OJIHOCY Ha PEaKTUBHOCT aHAIM3WPAHMX JIMTHUTA, JIOK je kKoa MemaBuHa WRG u nuraura
YOYEeHO CYMPOTHO MOHAIIAkhE — PEAaKTUBHOCT aHAM3UPAHUX MEIIABHHA CE CMambY]je;

Huje moryhe mnopeheme pe3ynrara peakTHBHOCTH OLEHEHHMX HA OCHOBY Pa3IHUYUTHX
kapakrepuctuuHux pakropa (FC/VM — npunoc kokcHor ocratka, PF — npunoc Bonatuna, SBR
— IPUHOC TIeTIeNa);

VYBohewe SCG y MemaBuHe ca JUTHUTHMA JTOBOJM O MPETEKHO HEraTUBHOI CHUHEPreTCKOr
JIeTI0Bama, He3aBUCHO oA koimuuHe SCG y MemaBuHaMa, 0K IpUMEmheHa Op31Ha 3arpeBama
3HAYajHO YTHYE Ha MPUHOCE BOJIATHIIA U KOKCHOT OCTaTKa;

VYBohewe WRG y MerraBuHe ca TUTHUTIMA MMa O0JbH yTHUIIA] HA TPUHOC MPOTyKaTa HACTAINX
y IpoLecy Ko-nupoiu3e (Tapa 1 KOKCHOI OCTaTKa) y oJHOCYy Ha JojaBambe SCG y MelaBuHe
ca JIMTHUTUMA, IIPU Y€MYy j€ MISHTH(HUKOBAH MO3UTHBAH CHHEPTeTCKH e(peKaT Ha BUCOKHM
Temneparypama rne gojaBake WRG He noBoau A0 MHXMOMIMjEe Hpoleca TEPMUYKOT
pasnarama. Y HaBeJCHUM CllydajeBnMa, KoHIeHTpanuja WRG y memaBuHama ca JUTHUTUMA
uMma BehM yTuIaj Ha mpoliec Ko-MUPoJn3e y OHOCY Ha Op3UHY 3arpeBama, LITO je CYIPOTHO Y
OJIHOCY Ha ciy4aj MemaBuHa aurauta u SCG;

ITpuHOC KOKCHOT OcTaTka cMamyje ca noehamwem konmnunHe SCG 1 WRG y memaBuHama 3a
o0e BpcTe JIMTHUTA, NIPU YEMY j€ BUIIM Y cliydajy MemaBuHa qurauta 1 WRG y onHocy Ha
MemaBuHe JurHuTta U SCG. AHaiaM3UpaHU CHHEPreTcKH edexaTr Ha (popMHpame KOKCHOT
OCTaTKa je TO3UTUBAH,;

Ha ocHoBy pe3ynraTa ananuze SBR ¢akTopa, Moxke ce 3akJby4UTH J]a HU KO/ jeJIHE MELIaBHHE
HUJ€ IPUCYTHO aIUTUBHO MOHAIIAKE.

» Ymuyaj npumerene memooe (0p3une 3azpesara u 6eiuuuHe Y30pKa) HA KuHemuuke
napamempe npoueca Ko-nupo.auze meuiasuna oopelene npumenom uzokoneepsuonux FR u
KAS memooa(6e3 mooena) — TGA u Apenujycose jeonauune (WMR)

v

[TpucyTHO je 3HATHO OJCTYyName BPEIHOCTH E, ca MPOMEHOM CTeleHa KOHBEP3HUje oL TOKOM
MoCMaTpaHor MpoIleca, 3a CBE aHAIM3UPAHE Y30pKe, IITO je KapaKTePUCTHKA KOMIUICKCHUX,
BHIIIECTETICHUX PEaKIInja;

VYTunaj WRG Ha peakTHBHOCT Ipolieca orJiefia ce Kpo3 BeoMa CIIMYHE 3aBUCHOCTH Eq(a) 3a 00e
Bpcre nuranta (KSL u KLB). TlotnyHo cynpoTHo jaBiba ce y ciydajy SCG, rae momgaBame
SCG y memaBuHe ca JUTHUTHMA y3pOKYje 3HauajHa OJCTyNama y 00Ky Eu(0) KPUBHX;

E. memaBura KSL-SCG 3a Behuny cTeneHa KOHBEp3Hje UMa Mamke BPEIHOCTH OJ BPEIHOCTH
Eq 3a muraut KSL n yner SCG TokoM mpolieca MUPOJU3€E, IITO MOTHYE OFf CUHEPIreTCKOT
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nenoBama. Y ciydajy nurauta KLB u meroBux memasuna ca SCG, youaBajy ce pa3IMuuTH
pe3yaTary (MO3UTHBAH U HETaTUBAaH CHHEPTeTCKH eekar);

v’ Tlosehamwe ynena WRG mokasyje pasjiMudT yTHIA] Ha KMHETHYKE MapaMerpe Ipoleca Ko-
nuponu3e MemasuHa JurauTa ©# WRG. Bpennocr E, 3a WRG Beha je ox Bpennoctu E, 3a
gucte y3opke nurauta KSL u KLB. [lomaBame WRG y pa3nuuuTuM KOHIIGHTpalujama y
memaBuHe ca KSL u KLB ce 3HauajHO oapakaBa Ha CHHEPreTCKH e(dekar, MTO y BEITUKOM
3aBHCH OJ] TeMIIepaType U CTeleHa KOHBEp3Hje, UNME ce perynuiie u npomena £, Pesynrartu
N00MjeHN U3 KHHETUYKE aHAJIn3e OJ1aro 0CTyIajy 0/ pe3yiTara CHHEPreTCKe aHalIn3e;

v Ilpumena WMR MeToze mokaszana ce HEPUMEEUBOM 3a MUPOJIM3Y YMCTHX y3opaka WRG.
[IpermocTaBka je na monaszu 10 mojaBe (a3HOT Mpenas3a yciea BelMKe Op3uHe 3arpeBama U
MpoMeHe CHEeNU(UYHOr TOIUIOTHOT KamanmuTeTa, MpU YeMy JOBeleHa KOJIMYMHA TOIJIOTE
JOBOJIM /IO MOpacTa TeMIEepaType W3HAI IPaHUYHE BPEIHOCTU 3a KOPHUIINEHU TepMorap, 3a
UCTE yJIa3He MmapamMeTpe;

v' KHHETHYKH TapaMeTpu Mpoleca KO-MUPOJIU3e MEIIaBUHA CIpOBeAeHOr npuMeHoM WMR
METO/ie MOKa3yjy noBehame peakTHBHOCTHM MeIIaBMHA ca nosehameM KOHLEHTpaluje obe
BpCTE OTIMaja, Ipy yemy je Beha peaktuBHOCT MemraBuHa nurauta KLB u otnana, y oqHocy Ha
memaBuHe KSL u otnana. /JloOujeHr KMHETHUKY TapaMeTpH 3HaUajHO C€ Pa3iMKyjy Y OJHOCY
Ha napametpe oapehene npumernom TG merose, Kao MoceIuIa BEIUKIX pa3sinka y Op3uHaMa
3arpeBama U BEIMYMHHU y30pKa ILITO YCIOB/baBa OJ[BUjae MIpolieca IpeHoca Mace U TOIIOTE.

% Ymuuaj npumermwene memooe (0p3une 3azpesarba u 6eIUYUHE Y30PKA) HA KUHEMUUKE
napamempe npoueca Ko-nupoiuse meuiasuna oopeljene npuMeHOM KUHEMUUKUX Memooa
3ACHO6AHUX HA MOOETLY

v' MojenipameM aHATM3UPaHUX MPOIEca MUPOJIN3e/KO-ITUPOJIN3e YUCTUX y30paKa JIMTHUTA W
OTIIa/1a TOKA3aHO j€ J1a C€ MOCMAaTPaH! MPOIIECH 0/IBH]jajy KA0 BUILIECTEIICHH, IIPH YEMY CE MOTY
OIMCATH jeHAYNHAMa peaklidja N-TOT pelia U ayTOKATAIMTUYKUM jeIHaYMHaMa;

v' Huje youeH 3HAuajaH yTHIQ] y3ajaMHUX pasjiMka wu3Mel)y aHalW3MpaHuX JHMTHUTA Ha
KMHETUYKE ITapamMeTpe Nporeca MUpoInse;

v' BpenHOCTH KHHETHYKHX Mapamerapa jaeduuucane 3a memasune jguraura SCG m WRG
npubIMKHE Cy 3a 00e BpCTe MellIaBUHA, HA OCHOBY Ue€ra ce MOXe 3aKJbYUHTH J1a HeMa BEJIMKOT
yTHlaja TIOjeJJMHAYHE BPCTE JIMTHATA HAa KWHETHYKE MapaMeTpe Mporeca KO-TTHPOJIN3e
MemaBuHa. @opMUpaHU MOJETH MOTY C€ KOPUCTHUTH 3a Npe/iBul)ame KHHETHYKHX ITapaMerapa
rpoiieca MUPOTN3e/KO-MMUPOIIN3E 32 Op3UHE 3arpeBama Koje HUCY o0yxBaheHe HCTTUTHBAEM.

VY OokBHpY OBE JJOKTOPCKE AMCEpTallfje, a Ha OCHOBY pe3yjTara TEeXHUUYKE aHaJIM3e, aHalIu3e
CHUHEPTeTCKOT JIeloBamka M KMHETHYKE aHajdu3e, TMoKa3zaHo je na yBohewmem SCG y MeliaBUHE ca
aHAJTM3UPaHUM JIoMahMM JIMTHUTHMA JI0JIa3U JI0 MPETEeXHO HEraTMBHOI CHHEPIeTCKOT JIeJ0Bamba
n3Mel)y KOMINOHEHTH MeNIaBHHA, MPH YeMy j€ 3a KOHAuHy OIleHy NoroaHoctu npumeHe SCG
NoTpeOHO CIIPOBECTH J10/1aTHE TEXHO-EKOHOMCKE aHaJIM3€ yUITea IPUMapHOTr FOpHBa y OJHOCY Ha
MPOM3BE/ICHE KOJWYMHE EHEprHje HaKoH yBohema pa3maTrpaHe BpcTe OHomace y Mpolece Ko-
MUPOJIN3E y3 MPETXOJHO HaMmellaBame Ha ckiaaaumry. Ilopen HaBeneHor, mokaszaHo je Ja ce
HamemaBakbeM WRG no6uja ropuBo oaroBapajyher kBajquTeTa M KapaKTEpHCTHKA 3a OJIBHjambe
npoleca KO-MHUPOJIN3e/Ko-caropeBama y MmocrojehuM JOKHUIITUMA E€HEPreTCKUX MOCTpojema Y3
OCTBapHBamk-€ MPEABUCHUX TOOUTH.
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3Havaj] CHpPOBENECHUX HCTPpaXHMBama M JTOOHMjEHUX pe3yiTara oOrjieia ce y OCTBapUBaBY
NoTpeOHUX YIITEeNa U CMamelhy 3aBUCHOCTH OJ MPUMAapHUX HM3BOPA €HEpPrHje, CMambelhy eMHCH)a
GHG, kao u omoryhaBamy eHeprercke TpaH3HIHUje ca (OCHIHHX rOopuBa Ha OOHOBJBHBE HM3BOpE
CHEepIuje CMameHhEeM JOCTYNHUX KOJIMYMHA OTNaAa KOjU Iocenyje OoJroBapajyhu eHepreTcku
MTOTEHITH]aJl.

VY uuspy npony0spuBama CpoBeieHe aHaTu3e MOTYhHOCTH ITpUMEHe pa3MaTpaHuX MEIIaBUHA
JUTHUTA U OTHaJa U pa3pajie 1o0HjeHruX pe3yaTara, HOTPeOHO je CIPOBECTH /1ajba UCTPAKUBAbA Y
Horjaeny:

v Auanuze MOryhHOCTH TPUMEHE M YTUIIaja MPOMEHJBUBOI XEMH]CKOI CacTaBa M CTPYKTYpE
pazmuuntux Bpcra Mmarepujaia SCG m WRG (pasnuuuror mopekiia) Ha KapaKTEpUCTHKE
nporeca MHPOJIN3e KOMIIOHEHTH, OJHOCHO KapaKTePUCTHKE (OPMUPAHMX MEIIaBHHA U
nporieca KO-Mposin3e MeIaBuHa JUTHUTA U OTHA/Ia;

v JletajbHe paspaje IMOjeJMHAYHUX CTYIIbEBA JC(QUHUCAHMX KHHETHYKUX MOJEIa Ipoleca
nuponu3e/ko-nuposnse urauta, SCG u WRG pasnuuuror nopekia, y nuiby ojapehuBama
yTHllaja TPOMEHJBUBOT XeMHujcKor cactaBa u cTpykrype SCG m WRG Ha uzbop monena u
KHHCTHYKE IMapaMCTpEC mmpoueca HI/IpOJII/I3C/KO-HI/IpOJII/I3€ OCHOBHHX KOMIIOHEHTHU W MCIIIaBHHA,
Kao U JeQUHUCAC ONTUMAIHOT pelieka (Mojelia) MPUMEHBUBOT Ha MEIIaBUHE JIMTHUTA U
aHAJM3UPAHUX OTIA/IA y OMIITEM CIIy4ajy;

v Pa3Boja HOBHX TEXHUYKHUX PEIICHHa 3a 0JJBOjeHO yBOHEHE TOPHUBA Pa3IMIUTHX KAPAKTEPUCTHKA
(SCG) y mocrojeha NOXHINTa €HEPTETCKUX MOCTPOjeha Ha PA3IMYUTUM TeMIIepaTypama,
aHaJIM3€ CHHEPreTCKOT JIeIOBamba 3a Cly4aj 0JIBOjeHOT yBoh)ema ropiBa W yHOpeJHE aHaIH3e
JIOOMjeHNX pe3ysTaTa ca pe3yiTaTUMa UCTPaKHMBama JOCTYIIHUM Y OKBHUPY OBE JOKTOPCKE
JcepTanyje;

v OuieHe eKOHOMCKE ONPaBIaHOCTH MHBECTHIIM]a y TOCTOjeha eHepreTcka mocTpojera, OHOCHO
neduHUCcame MOTPEOHUX TOAJIOra 3a Pa3BOj HOBUX, MOTOJAHUX TEXHHUYKUX PEUICHa y LUIbY
yHanpel)ema eHepreTcke e(pUKacCHOCTH M CHIKCHhA CHEPreTCKOr HMHTEeH3uTeTa aomahe
UHIYCTpHUjE.

% Hayunu oonpunoc

v' 'V OKBHpY OBE JOKTOPCKE IHCepTaldje, MPUMEHOM EKCIIEPUMEHTATHUX METO/Ia Ca MalliM
Op3MHaMa 3arpeBama M MOJEIUPAEM KHHETHKE Mpolieca MUPOIM3e MellaBuHa Jomahnx
murauTa Kocronaukor u Komy6apckor yriboHocHor 6aceHa ca SCG u WRG nepunucanu cy
KMHETUYKHU napameTpu - E, u A, aHanu3upaHux Impoleca 3a mocMaTpaHe MeIIaBUHE JIUTHUTA
ca 10% SCG u WRG y onmrem citydajy, IpUMEHJBUBH 33 PEATHE YCIOBE KO-ITUPOJIN3E KAo
MoyeTHe (a3ze Ko-caropeBama y NocTojehnmM J0KUITUMA TEPMOEHEPTETCKUX MTOCTPOjeHha.
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BUOI'PADUIA

3aropka bpar pohena je 27.09.1986. rogune y beorpagy. OcHOBHE akaJeMCKe CTyIuje
3aBpimia je Ha MamuHckoM (dakynrety YHuBep3utera y beorpany 2008. ronuHe ca mpoceyHOM
orieHoM 9,83, 10K je mMacTep akaJaeMcKe CTyAuje Ha Moayny 3a TepmoeHnepreruky 3aBpmmia 2010.
TOAMHE Y HMCTO] BHUCOKOIIKOJICKOj YCTaHOBH, Ca MPOCEYHOM OIleHOM 9,75. JIOKTOpcKe akajeMcKe
cryauje Ha MammHckoM (akyntery HactaBiba 2017. rogmne Ha Karenpu 3a TEXHOJOTH]Y
marepujana, y oOkBupy Jlabopatopmje 3a TOpuMBa M caropeBame, 0]l MEHTOPCTBOM
npod. ap Hparocnase CrojusbkoBuh u ipod. np Hebojme Manwuha.

On 2010. mo 2018. roguHe pagHO MCKYCTBO ctunana je y npenysehuma IMG Engineering &
Construction doo kao IPOjEeKTaHT capaJHUK HA BEIIMKOM Opojy 3Ha4ajHUX IpOjeKaTa 3a MPOIECHY
UHIYCTPHU]Y, @ IOTOM M Kao BoJiehu MHCIIEKTOP U OLEHMBaY 3a OMPEMY O] IPUTUCKOM y Ha(pTHO],
NETPOXEMH]CKOj MHIYCTpuju U eHepretuun Penmybnuke Cpbouje y npenysehy PED Inspect doo. On
jyna 2018. rogune 3anocnena je y komnanuju HUC a.n. HoBu Caz rae je HanpenoBana 10 MO3HIIH]e
PykoBonmuona Cmyxx0e omnepatuBHE MOY3IaHOCTH Ha Ko0joj W naHac paau. Ilpodecnonanne
kBanukanuje motBphyje momaramem CTpydyHOr HCIUTA 32 OOJACT MAIIMHCTBO M CTULIAEM
muneHi 330 u 430 3a OnaroBopHOr TMpojeKTaHTa H K3Bohaua pagoBa TEPMOTEXHHKE,
TepMOEHEpreTHKe, MpolecHe U racHe TexHuke, crunameM IRCA ceprudukara 3a ekcrepHoOr
ollekMBaya cUcTemMa KBajurtera y ckiany ca cranaapaom ISO 9001:2015 u nonaramem CtpydHor
ucnuTta 3a Koopaunaropa 3a B3P y ¢a3u uzpaze npojexra. [lopen penoBHUX aKTHBHOCTH, OUIIA je U
MEHTOp y JIBa LiuKIyca nporpama ,,NIS Calling* cryneHTcke mnpakce, Ka0 ¥ OpraHu3aTop U yUeCHUK
JPYIITBEHO OJTrOBOPHHUX BOJOHTEPCKUX akmuja y okBupy Kiryba Bomontepa HUC a.n. Hosu Can.
TeuHo roBOpH €HIJIECKH je3HUK, a CITY)KU CE PYCKUM j€3UKOM.



H3sjasa o ayropcTBy

Nwme u ipezume aytopa  3aropka M. bpar

bpoj unnekca J145/2017

UsjaBibyjem

Jla je TOKTOPCKa JArcepTallyja 1moj HacJIOBOM

MOIEJINPABE KUHETHUKE ITPOLECA ITMPOJIM3E MEIHABUHA JIMTTHUTA CA
BMMOMACOM 1 OTIIAZIOM

® pe3ysTaT COICTBEHOT UCTPAXKUBAUKOT Paja;

® Ja IucepTanujay UeIMHU HU y ISIIOBIMA HHje OnIia MpeIoskeHa 3a CTUIAkE IPYTe TUILIOME
IpeMa CTYIMJCKUM MPOrpaMuMa APYTUX BUCOKOIIKOJICKUX YCTaHOBA;

® J1a Cy pE3YJITaTU KOPEKTHO HABCICHHU,

e J1a HHCAM KpUIWJIa ayTOpcKa MpaBa U KOPUCTHIIA UHTEJIEKTYaJIHy CBOJUHY JIPYTUX JIMLA.

VY beorpany,

IHornuc ayropa




I/I3jaBa 0 UCTOBECTHOCTH LITAMITIAHE U €JIECKTPOHCKE Bep3nje AOKTOPCKOI' pajaa

Nwme u ipezume aytopa  3aropka M. bpar

bpoj unnekca J145/2017

Cryaujcku nporpam JlokTOpCcKe cTynuje

Mopenvpame KUHETHKE ITpolieca MUPOJIN3Ee MEIIaBUHA JIUTHUTA Ca
Hacnos pana OMoOMacoM U OTIIaA0M

np dparocnasa CtojusbkoBuh, penoBHU npodecop — MamnHcku
MenTtop dakynrer YHuBepsurera y beorpagy

np He6ojma Manuh, pegosau npodecop — MamumHcku dakynrer

YHusepsurera y beorpany

W3jaBsbyjeM J1a je mraMiana Bep3rja MOT JOKTOPCKOT pajia UCTOBETHA €JIEKTPOHCKO] BEP3UjU KOjy
caM Iipesiajia pajiy oxpamuBama y JJururaanom penosuropujymy YHusep3urtera y Beorpany.

Jlo3BoJbaBaM J1a ce o0jaBe MOjH JIMYHH ITOJANM BE3aHH 3a JIOOMjame aKkaJeMCKOT Ha3HWBa JIOKTOpa
HayKa, Kao IITO Cy UMe M IPE3UMe, TOIMHA U MECTO poljera 1 1aTyM o0paHe paja.

OBU JMYHM MOJAllM MOTy ce OOjaBUTH HAa MPEXHUM CTpaHULlaMa JUTUTaiaHe Oulinoreke, y
eJIEKTPOHCKOM KaTaJIory U y myOsnkanujama Y HuBep3urteta y beorpany.

VY beorpany,

IHornuc ayropa




H3sjaBa o kopumhemwy

Ognamthyjem YHuBep3urercky oubimoreky ,,Ceero3ap MapkoBuh® na y JIurutainnu peno3uTopujym
VYuuBep3urera y beorpany ynece Mojy JOKTOPCKY JUCEPTAIH]y 10 HACIOBOM:

MOIEJINUPABE KUHETHUKE ITPOLECA ITMPOJIM3E MEIHABUHA JIMT'THUTA CA
BMOMACOM U OTITAJOM

KOja je MOje ayTOPCKO JeJIO.

JlucepTanyjy ca CBUM IMPHJIO3MMa MpeJaia caM y eJIeKTPOHCKOM (opMaTry MOTroJHOM 3a TpajHO
apXUBUpAHE.

Mojy MOKTOpCKY AMCEpTalujy MOXpameHy y JIUruTaqHoOM peno3uTopHjyMy YHHBEp3HTETa Y
Beorpasy ¥ DOCTYIHY y OTBOPEHOM MPUCTYIy MOTY Ja KOPHUCTE CBU KOjU TOINTYjy OApende
caapkane y omabpanom tumy smneHne Kpearusue 3ajeqauie (Creative Commons) 3a K0jy cam ce
OJUTyYHJIA.

1. AytopctBo (CC BY)
2. Ayropcto — HekomepimjaiaHo (CC BY — NC)
@ AytopcTBo — HeKomepirjarHo — 6e3 pepana (CC BY — NC — ND)
4. AyTtopcTBO — HEKOMeEpLIHjaTHO — neiauTu noja uctum ycinosuma (CC BY — NC — SA)
5. AyropctBo — 6e3 npepaga (CC BY — ND)

6. AyropcTBo — nenutH noa uctuM yciaosuma (CC BY — SA)

VY beorpany,

IHornuc ayropa




