CaropeBarbe b
N360pHU; Mo3nunja 5.4.5; 6 ECIB

N3Bohaum HacTase:

Mpod. ap AparocnaBa CtojusbkoBuh
ap Hebojwa Manuh, goueHT

ap Bnagnmup JoBaHosuh, aoueHT
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* bogosu (MpeagnucnutHe obasese 60 + YcmeHun 40)
* 2 TecCTa 2x15 30
* 2 KONOKBUjyma 2x10 20
* 3aaaTak/nab 1x5 5
* noxaharbe HacTase 5

* TepMUHU
* T1-K1 OKo 25. HoBembap
* T2-K2 OoKo 15. janyap

* nonpasHu T1/2-K1/2 npema Aorosopy

* Nudopmaumje: http://nastava.mas.bg.ac.rs/nastava/

* KoHcyntaumje
* yeTBpTaK 12-13 h




NEO 1
[opuBe maTepumje
[OPUBA



Q((/’/ g Nojam ropmBea

 MaTepuje Koje caropeBatbem (BypHMUM cjeaumbaBatbemM  Ca
KMCEOHMKOM), Mopea, maTepujanHuUx NpoayKaTa npoueca (npoaykaTa
caropeBatba), ocnobahajy oapeheHy KonnymHy Tonaore.
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W/L/ 3axTeBn — MaTepuja Kao ropuso

M&.

e [la Nnpouecom caropeBatba NPOU3BOAMN 3HATHY KONMYUHY TOMNOTE Y
KPaTKOM BPEMEHCKOM Mnepuoay.

e [la ce y npnpoan Hanasn y AOBO/bHUM KONMYMHAMA.

* [la je ekcnanoaTtaumja penaTMBHO S1aka U EKOHOMMYHA.

e [la je NpoM3BOAHM NPOLLEC TEXHUYKMN OCTBAP/bUB U peHTabunaH.
e la y cebu He cafp>Ku BENUNKY KOIMYNHY HEFOPUBUX MaTepHUja.

* la He Mmerba OUTHO CBOj cacTaB MPU CKAAAMULUTEHY, TPAHCNOPTY WU
PYKOBaHbY.
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[Mpema cTeneHy npepaae
[lpeMa arperaTtHOM
CTam
Y MNpupogHa MNpepaheHa
YBDCTO [lpBO, TpeceT, yrasb, ropmeu [ApBeHun yrarm, bpukeTn, nenety,
P LKpubUK, bMomaca MOJTYKOKC, KOKC
bBeH3nH, neTponej, racHa yrba (ansen
TeyHo HadTa FOPUBO W €KCTPa NaKo Y/be 3a JIoXKere),
y/ba 3a Noxene (cpeare 1 TELWKO)
[acoBUTO [MpnpoaHM 3eMHU rac PauHepujcki, AeCTUNaLIMOHY,
reHepaTopcku, buorac




[opuBa
®ocunHa ropuea O6HoBILMBa ropuBa
MpupoaHa MponsseaeHa MpupoaHa MpounsseaeHa
TpeceT BHa bMomaca BEHU yrarb
5 P 6pukeTH of | ap Apeeriy
o yram 8| | 8|| nomsonpuspeaHa OpukeTn E
o Koke Fl |F 6uomaca 2
FOPUBM LKPUILLM neneTu -
MOTOPHM GeH3NH anre TOPUUKOBAHM
neneTu/opukeTu
AU3en ropmeo
(3] (3°]
T HadjTa =
2 yrba 3a Noxete 3 BroMeTaHoN
neTponej ‘g;‘j OunoeTaHon s
(<} I
KepOo3uH - 6noanzen 2
AECTUNALMOHM rac GuoteuHocTH
Oapcku rac : -
S pacuHepujcku rac E
§ jaMcku rac " § ‘E" ©
TeYHU HadpTHM rac =
S| | npupoasn semun = § buorac §
rac reHepaTopCKM rac = BOAOHUK S







[opnBO — NpoLec caropesakba

Fuel

=0
 Heat

A -
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e Cacras ropmsa

EneMeHTapHa aHanu3a

* [opnBU enemeHT!:
*CH,S

* banact
* YHyTpawmwu: O, N
* Cnosbawru: A, W

C+H+S+0O0+N+A+W =100,%m/ m

Se+t8y+8s+8y+t8ytg,tgy=1

gi — MaceHo y4yewhe
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* HajBa*KHWja KOMMOHEHTA rOpMBa — UMa ra HajBULIE U HEFOBUM
caropeBatbeM HacTaje Hajsehn Aeo KoIMYMHE TONA0Te Kojy ropmBo
ocnobaha.

* Hanasu ce y chegehum obanymma:

e chobopaH
* BE3aH Y C/IOKEHUM OPraHUCKUM jeauterbMMa (Be3aH ca
BOJOHUKOM, KUCEOHUKOM, a30TOM U CYMMNOPOM).
e CaropeBarbem 1 kg HacTaje KonmnumHa Tonnote oA 33,829 MJ

* MaKcumasiHa TemnepaTtypa caropeBarba Yr/beHnKa nsHocu 2240 °C.
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* Jlpyra KOMMNOHEHTA MO Ba*HOCTU

* Hanasu ce y cnegehmum obamumma:
e Be3aH - KO, YBPCTUX, TEYHUX N FACOBUTUX FOPUBA
* YUCT - MELIaBUHA Ca APYrMM FrOPUBUM KOMMOHeHTama (Kop,
racCoBUTUX ropmBa).

* CaropeBarbem 1 kg HacTaje KonnymHa Tonnote og, 142,014 MJ (4,2
nyTa BuLle y OAHOCY Ha YI/bEHUK)

* MaKcuMmanHa TemnepaTypa caropeBarba BOAOHMKA n3Hocm 2235 °C.
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* JaB/ba ce y BUAy ropmBor u HEropmBeor
* Heropusu - cyndatHu (y 06nmKy cyndata reoxkha, Kanumjyma m ap.)
TOKOM caropeBsara Npenasun y nerneo
* [opuBMU ce jaB/ba Kao:
* OPraHcKku (y 061Ky CNOXKEHUX OPraHCKUX jeAnHbera) U
* NMpUTHU (cjeantbeH ca reoxkhem — FeS2).
e CaropeBarbem 1 kg HacTaje KonnymHa tonnote og 9,295 MJ, anm je

HEeNo)e/baH jep Aenyje KOPoAUBHO M YyTUYE Ha 3arahere XXMUBOTHe
cpeguHe.

15



7h %

& g KMCEeOoHWK

.¢ ;
\\/'?’/w ’?\
NI

* Huje ropmnsu enemeHT, anin nomaxe n omoryhasa caropeBatbe.

* Hanasu ce y cnegehum obamumma:
* Be3aH ca ApYyrmm eieMeHTUMa

e cnoboaaH - y raCcCoOBUTUM FOPUBMMA Y MatbMM KOJIMYMHaAMA.

* CMatbyje NoTpebHY KONMYMHY KUCEOHUKA 33 caropeBatbe.
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* JaB/ba ce y BUAY CNOMKEHUX OPraHCKUX jeanHbetba

* Y YBPCMM U TEYHUM FropuBUMa MMa ra mano (0-2 %), a Ko racoBUTUX
ropusa (HAPOUYNTO NPOU3BEAEHUX) MOXKe ra OUTK JaneKko BuLle

* Y npouecy caropeBatba Hajsehnm gesnom ce NoHala Kao MHepTaH, a
jefaH peo ce Besyje ca KMCeoHMKOM 0bpa3yjyhun a3oTHe okcunae
(NOXx).

17



Iy \é\‘
& MuHepanHe npumece

* CMahbyjy yaeo ropuBux KOMNOHEHTK, NA HA Taj HAYUH U KONNYNHY
TOn/0Te Koja ce aobuja caropeBatbm ropmBa

* OTerkaBajy caropeBame

* [loBehaBajy TpOLWKOBE OAprKaBatba NOCTPOjeHba U CMakbyjy HEroB BEK
Tpajara

* [MloBehaBajy TPOLLIKOBE TPaHCMNOPTa

* CagprKaj ce mera y WMPOKUM rpaHmnuama (bnomaca 1-2 (9) %,
yrbesn — a0 30 %).
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? MuHepanHe npumece

* CacToje ce us:

* [lpMmapHUX — NOTUYY joW U3 NPamaTepmnje, CON asIKaHUX U
3eMHOAJIKAJIHUX MeTana — KaJZimjyma, Kasunjyma, marHesmjyma

* CeKyHaapHUX — gocnene cy y ropuBo TOKOM HEroBor HacTajakba

* TepunjapHux — gocnene y ropuBo TOKOM Hberosor Bahera u
TpaHcnopTa.
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* [IpeacTaB/ba CMeLly OKCMAaa MUHepPasIHUX maTepuja, Koju oCTajy
noc/ie NOTNYHOr nNpoLeca caropeBaka CBUX TOPUBUX MmaTepuja 13
ropmBa M NOcae 3aBpLUETKA CBUX TpaHCHOpMaLMja MUHEPANHUX
MaTepuja, Koje ce gellaBajy Ha NOBULWIEHNUM TemnepaTypama.
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* ATZYMUHOCUANKATK rybe KpuctanHy soay

ALO, -28i0, -2H,0 = AL,0, - 28i0, + 2H,0

* [lnput caropesa

4FeS, +110, =2Fe,0, + 850,

» KapboHaTtu ce pasnaxky

CaCO, =CaO + CO,

é\/ TpaHchopMaLmje MUHEepPaNHUX NpUmeca
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Bnara

* CMakbyje KONMYMHY ToNAoTe Koja ce ocnobaha npu caropeBamy
ropuBa, jep ce Aeo TonaoTe TPOLM Ha HEeHO UCNapaBatbe

= CHUXXaBa TemnepaTypy npoaykata caropesBama
= JaB/ba cey Tpu BUAA

* pyba WG — cnosbalita, NOBPLUMHCKA,
cnoboaHa

* Xurpockoncka WH — yHyTpallHba,

KanuaapHa V X%

* KoHcTutyumoHa (xmapatHa nam '
KPpUCTanM3aLUMOoHa) — XeMUjCKM Be3aHa.

Cauka 2.2: lllemaidcru dpuxas zpybe, xuzpockoicke u KOKCIAUIAy UOKe 8aaze

22



&g exXHWYKa aHaM3a ropumBa

* 3aCHMBA Ce HAa TEPMUYKOM pa3narakby mace
ropmnea No ABa KpUTepujyma:
* KPUTEPUJYMY UCNAP/BUBOCTU
* KpUTEPUJYMY FrOPUBOCTM.
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& /g exXHMWYKa aHan3a ropmea

* [logaun TexHU4YKe aHanunse cy:

* CaaprKkaj HEropmMBMX NCNAP/BUBUX MaTeEPUja — caaprkaj rpybe um
XUIFPOCKOMNCKe Bnare

* Cagp¥aj ropuBuUX UCNap/bUBMX MaTepUja — cagpKaj BonaTmaa
* CaapKaj HeropmBmUx HEMCNAP/bUBUX MaTEPUjA — CaZpPKaj nenena

* Cagp»aj ropuBUX N HEFTOPUBUX HEUCMAP/BUBUX MATEPUjA —
caZlp*Kaj KOKCHOr OCTaTKa.
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* Y 3aBMCHOCTU O] eleMEeHTAPHOT cacTaBa, rOPMBO Ce YCOBHO
neduHULEe Pa3IMYNTUM Macama:

* PagHoOMm

* AHA/IMTUYKOM

* ANCONYTHO CYyBOM
* Yuctom ropmesom
* OpraHCcKom.
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YcnoBHe mace ropusa

* Pagnamaca C. +H +O +N +S§5 +A4 +W, +W.=100%

* AHanutmukamaca C +H, +O +N_+S +A4 +W, =100%

* AnconytHocysamaca C +H +0O +N_+8§, +4 =100%

* Yycra ropmea maca
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/«w\ YcnoBHe mace ropmsa
) PAOHA MACA
(ar — as recevied)

* [OpMBO KOje ce KOpUCTU 3a caropeBatbe Y KOTN10BUMa UK
nehmnma Hanasu ce y cTakby pajiHe Mace ropusa U HEeros cactas
ce npeacTaB/ba Kao

S
\&@‘* )

C.+H +O.+N, +S5 . +A +W, +W.=100%
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%v”,\/ YcnoBHe mace ropmBa
&/ /‘Q\ J AHAZITUYKA MACA
e (ad — air dried, as analysed)

* MicnuTtnBama y nabopaTopujckim YCrnoBMMa BPLUE Ce Ha Y30PKY KOju je CyB Ha
Ba3ayxy (oacTparbeHa rpyba Bnara) 1 To je aHanuTUYKa Maca ropuea Ymju ce
enemMeHTapHW cacTaB U3paxasa Kao

C +H +O +N_+S5 +A4 +W, =100%
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SN YcnosHe mace ropmsa

Uy ANCONYTHO CYBA MACA
ek 8/
= (d-dry)

* fopnBo b6e3 Bnare (ogcTparbeHa XUrPOCKOMNCKa Baara cywerwem Ha 105
— 110 °Cy Tpajarby oA, 2 caTa) npeacTaB/ba ancoayTHO CyBY Macy
ropusa.

C+H +0O +N _+S5 +A4 =100%
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N YCcn0BHe Mace ropusa
/3
1) 2) YUCTA FTOPUBA MACA
= (daf — dry ash free)

* [opnBo be3 Bnare u nenena npeacras/ba YNCTY rOpMBY macy, bes
063Mpa WTO Yy HbeH CaCcTaB y/1a3e KUCEOHUK U a30T KOju HUCY TOPUBMN.
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&) OPTAHCKA MACA

* YI/beHUK, BOAOHUK, KNCEOHUK, a30T M OPraHCKM CYMMOpP CYy e1IeEMEHTU
KOjU NOTUYY U3 NpamaTepuje oA Koje je ropmBo HACTaNo U YMHe
OPraHCKYy macy ropmaa

C +H +0 +N_+S§,=100%
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%
c HlO|NIS,| A |w,| w,

 OPFAHCKAMACA

e« JdACTATOPUBAMACA

i AHAJIMTUYKA MACA -

s PAIIHA MACA | .

Cauxa 2.3: lllematdcku iipukxas ycaoeHux maca zopuea




C+H +O +N +S +A +W, +W,.=100%
C+H +O +N +S5 +4 +W, =100—W,

C +H +O +N_+S§5 +A4 +W, =100%

X

@ W/‘ NpepayyHaBatbe Ca jeaHe Ha Apyry macy
\_

100-W,

100
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o 100-7, vy 100
e 100 = Y100-w, — A,

Y - x 100 Y - x 100
00— w,, T T100-Wy,, —4,-S,,
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KonnumnHa tonnote Koja ce ocnobaha npwu
NOTMNYHOM caropeBaky jeaAnHnLE mace Nnu
3anpemMmumnHe ropmea.

36



i i 5 -
ﬂ o

[
Naturol
(UNOT

d

=50

o Wydrogen
Gos Pollets e

Beech o9
L Wood

\ Spruce Lo
Wood

37



SR
&/l g onaoTHa moh
lan e/

——

* [Ipema ychoBmma caropeBama
* p=const
* \/=const
* [lpema TONNOTHOM HMBOY NpOoAYKaTa caropeBamka

* [oprba TONNIOTHA moh Hg
e lorba TonnoTHa moh Hd

* JeagnHuua: J/kg, ki/kg, Ml/kg, J/m3, ...
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e KonnymHa Tonnote Koja ce gobuja NOTNYHUM CaropeBarbem jeAIMHULE
Mmace ropusa noa cnegehmum ycnosmma:

* YI/bEHUK N CYMNOP U3 ropmBe maTepuje Hanase ce y 06/1nky
CBOjUX AMOKCMAA Y rAaCOBUTOM CTaky, AOK A0 OKCMAauMje a30Ta
HWje AOoLW/10

* [lpoaAyKTU caropeBaka A0BEAEHM CY Ha TEMMNEepaTypy Kojy je
ropuBO MMAJIO Npe noyeTka caropeBarba (20 °C)

* Boga, Koja y NnpoAyKTMMa caropeBatba NoTuye of, Biare n3 ropmsa
1 caropesior BOAOHMKa, NpeBeaeHa je y TeYHO cTambe.
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e KonnymHa Tonnote Koja ce gobuja NOTNYHUM CaropeBarbem jeAIMHULE
Mmace ropusa noa cnegehmum ycnosmma:

* YI/bEHUK N CYMNOP U3 ropmBe maTepuje Hanase ce y 06/1nky
CBOjUX AMOKCMAA Y rAaCOBUTOM CTaky, AOK A0 OKCMAauMje a30Ta
HWje AOoLW/10

* [lpoaAyKTU caropeBaka A0BEAEHM CY Ha TEMMNEepaTypy Kojy je
ropuBO MMAJIO Npe noyeTka caropeBarba (20 °C)

* Boga, Koja y NnpoAyKTMMa caropeBatba NoTuye of, Biare n3 ropmsa
1 caropesior BOAOHMKa, OCTaje Yy MapHOM CTahby.
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H,=H,+25(9H +W)

* KonnumnHa TonsoTe Koja ce aobuja ako ce BoAa, HacTasla caropeBakbeM BOJOHMKA
M UCnapaBHEeM Bfare, NpesBee U3 NapHoOr y TeYHO CTakbe

e TonnoTa ucnapasrba BoAe Ha aTMOCcPEpCcKOM MPUTUCKY je oko 2500 kl/kg
* Mpwun caropeBamy 1 kg BoaoHMKa, aobuja ce 9 kg Boae.
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e EKcnepumeHTanHo oapehunBame
e KanopumeTtap ca bombom
* JyHKepcoB KanopumeTtap

* PauyHcKo ogpehusarse.
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\\q_y/// ropmBa

* Ha 6a3n enemeHTapHOr cacTaBa
* VDI obpacuu

H, =340C + 1420[[{ - %) + 9385, (kJ/kg)

H,=340C +1 190(1{ - %) +93S,. —25W (kJ/kg)
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m Ha 6a3u no3HaTe ryctmHe TeyHor ropuea Ha 15 °C v cagpxaja cymnopa

H,=52,92-1193- p,.
(MJ/kg)

H,=52,92-11,93-p,. —0,29-S
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= Ha ocHOBY no3HaTor cactaBa Mo ropuBMM KOMMOHEHTaMa

H,=127,5-H,+126,2-CO+398,1-CH, +634,2-C,H, +....  (MJ/m?)

H,=107,8-H, +126,2-CO+358,7-CH,+594,8-C,H, +.... (MJ/m3)
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(,g]/ //‘,” | MNpepayyHasatbe TONNOTHUX MONK Ca

Y jenHe ycnoBHe mace Ha apyry

100-W, 00—
H,=H G ) . e
gf' & 100 Hdi‘ H da 100 WG
Hgs = Hga 109 H — (H + 25 W ) 100
1OO_WHCI IOO_WHa
Hy=H, " H, =(H,+25-W,,)— 0
g8 & 100 — WHa — Aa 100 W Aa
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