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Vyroba silikatu

VYROBA MALTOVIN

CEMENT:

%  hydraulicka maltovina — jemné mleti slinku a specialnich pfisad
portlandsky - vapenec, hlinité zeminy

% mokry, polosuchy, suchy zptisob vyroby — dle surovin a zptsobu paleni
v Sachtové nebo rotacni peci

%  Rotacnipec- 30-150m, 6-2-5m

% 4 pasma:
- horni — susici, pfedehfivaci—400 °C
- kalcina¢ni — rozklad CaCO;, unik CO, — 400 — 950 °C

- slinkovaci pasmo — 1 450 °C - casteCné taveni, vznik slinku

N ERS/
S 2

- chladici — 600 °C - chladié¢ slinku

Research Centre for Toxic Compounds in the Environment
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Schéma vyroby cementu

Bappng
Mallefizing

Fuel Handling PMineral Additions
Preparafion
Raw = Mineral
i uels by
Materials Additions .
Mealurel A : .
|plmang) onvenbiona
raw mEtEriE s {lossil Hydrafic
; 1T
Correclive Pustolanie
materals Casiig :
Siermative Adterraite Grinding Cruzhing
[mecondary) [wels Byl Elllar Crying
ravw materiaks
i I — — — Sorage
i | |
i | l
1 | |
| | [
Mini Grinding -
e ok frying Cinkss Carment
Drying of and [ Cebcivton || Cinkerisation [ - Stowage Giinding
Sumry Frahaadng H
Making I ,
| [ 1 I
| | i
- Raw Materials p : Cement
Quarryin 5 Kiln Processin -
ying Preparation 9 Milling

Packing and
Dispatch
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Schéma vyroby cementuy

1 T I E
Surovy material Surova | ESP Q (o i
s moucka | o<
Misici nadrz | F Y :
1 1
i
; Pec
' S
' ]
Slinek Cement
Skladovaci zasobnik Ml}?n cementu Distribuce

Skladovaci zasobnik

|| _ T Lo
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] Vil ~ -
-_— - ee—L———— .. > Plyn
WERS/, RS ) . . Tuha faze
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Schéma vyroby cementu

Slurry feed l

Fuel
/ Filter
Precipitator I'i"t;:»‘,*r"r Kiln i ' /
B Cllnker cooler L
o Tf/ffﬂff/f/fh
) A
Precipitator dust screw é é ‘é
! Clinker
Dust return B
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Schéma vyroby cementu

= o REFRACTORY DEPOT
— CEMENT PLANT REFRACTORIES

Blending &
Slarmge.

A Precalciner Cement Kiln
1 == CYCLONES SPARCON-30, 30G, 30P, 31, 31G, 31F, 32, 32G
o | PRECALCINER SPARCON-30, 30G, 32, 323G
3 | FEED CHUTES SPARCOM-30, 30G, 30F, 31, 311G, 31P, 32, 32G
4 | NOSE RING SPARCON-60SC, SPARCON-LTF
5 |3 FIRING HOOD SPARCON-30, 30G, 30P, 31, 311G, 31P, 32, 32G
g [0 COOLER SPARCON-30, 30G, 30P, 31, 311G, 31P, 32, 32G
| | TERTIARY AIR DUCT SPARCON-30, 30G, 30P, 31, 311G, 31P, 32, 326G
R | RISER SPARLITE-35
g | . BURNER PIFE mm-m,mmn-uﬁmmu-ns
j0 | CHAIN SECTION SPARCAST-2BESG

——— Clirlker Siorage

B55R Inc.
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Schéma vyroby cementu

Cement rotary kiln

-2 000 °C flame

- 7 SecC. detained time

- alkalic surroungings

,—,\—}

fuel h i
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Dlouha mokra pec

WAGSTE FUELS ADDED HERE

O (@

Tres  Containers Bags  Bales

Calcining Zone
1800°F
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Dlouha mokra pec
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Cementarenska pec — hlavni hofak

\'\IERSIT . . .
f . Research Centre for Toxic Compounds in the Environment 10
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Suchy predehfivac a pfedkalcinacni pec

Research Centre for Toxic Compounds in the Environment
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Suchy predehfivac a pfedkalcinacni pec
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Teploty doby zdrZeni v cementarenské peci a

A4 \ 4

stému

«De-Novo-Synthesis»

25 [sec]

Range 400-800 [°C]

2000 [°C]

800 [*C] l 1200 [°C
AN $
- 900 [°C] ¢\
|$_____ ___________ Rotary Kiln F’(fehea‘er {\'Z}Q
4 4 4 0\3 Q‘
%?@DE’)%) 1450 [°C] M o
Clinker Cooler 0%

0 [sec] 8 [sec]

Research Centre for Toxic Compounds in the Environment
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Vytroba cementu — vlivy na ZP

Prasnost

Y primarni
%  sekundarni

Sekundarni - technologické zafizeni (pece, mlyny, chladice
slinku, mlyny cementu) - blizké okoli

+ skladky suchych materiali, manipulace, doprava,
zasobniky materiala

NO_, SO, — malo

Research Centre for Toxic Compounds in the Environment
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Vyroba vapna a magnezitu

VAPNO:

% tepelny rozklad CaCO; (900 -1 300 °C) = CaO

%, automatické Sachtové pece - svrchu CaCO; + koks
L ostatni podobné cementarnam

MAGNEZIT:

%  surovy magnezit (MgCO;) - 700 —1 000 °C kausticky
magnezit (3-8 % CO,) = xylolit, heraklit, sorelovy cement

% >1700 °C - mrtvé vypaleny magnezit (bez CO,) = vyroba
zaruvzdornych cihel

Sachtové a rotaCni pece

W ewr

ent Reg,
g‘:‘o\ ‘f's,c‘ . . .
()4 Research Centre for Toxic Compounds in the Environment
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Vyroba skla

SKLO:

Homogenni, isotropni, vétSinou prihledna hmota vznikajici
tavenim sklafského pisku (hlavné Si0O,), vapence a sody a
ochlazenim taveniny tak, aby pfi chlazeni nekrystalizovala

Sklo — rtizné oxidy

Rada p¥isad - kovy

Suroviny — sklafsky kmen — taveni — 1 450 °C — panvové pece
(diskont.) nebo vanové (kont.)

Vycefeni — ochlazeni (1 150 °C) — zpracovani — foukani, lisovani,
tazeni, liti, valcovani

Homogenizace surovin — emise SiO,

Fluorové pfisady — HF - taveni, zpracovani, lesténi, leptani

NO

X

~‘,;‘1‘5‘41/11 v

N ERS/
S 2

Eysis

ent Reg,
g(\ﬁ\ @a’p . . .
7 aNG Research Centre for Toxic Compounds in the Environment 16
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Metalurgické vyroby — vyroba koksu

Soucast metalurgického komplexu

Karbonizace Cerného uhli v koksarenskych pecich

Nizko (500 — 600 °C) - vysokoteplotni (900 — 1 400 °C)
karbonizace

Podle T , doby karbonizace a kvality uhli 1ze ziskat 3
zakladni produkty :

- koks
- koksarensky plyn
- chemické produkty

ent Reg,
g(\ﬁ\ %’p . . .
()4 Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz
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Metalurgické vyroby — vyroba koksu

CHEMICKE PRODUKTY:
Produkty karbonizace uhli:
% 500 — 600 °C — nizkoteplotni dehet ( parafiny, alkeny, fenoly )

% vyssi T —rozklad a pfeména na benzen, naftalen, antracen,
niZsi obsah dehtu, vyssi H,

& 400 — 800 °C — NH,

% > 850 °C - rozklad dehtu a vznik

%, < 700 °C — nenasycené uhlovodiky, fenoly

ent Reg,
g°c<\ %’:\ . . .
()4 Research Centre for Toxic Compounds in the Environment
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Primérna vytéZnost karbonizace cerného uhli

[%]
suchy koks 74-78 (g ):
koks.plyn 15-17
surovy dehet 3,2-3,8
pyrogeneticka voda 2-5
surovy benzen 0,9-1,2
NH, 0,2-0,32
naftalen 0,03-0,06
sirovodik 0,2-0,3
fenoly 0,11-0,18
pyridin 0,04-0,08
Problémy:

% OV z prani uhli ( oddé¢leni hluSiny )

% prachové ulety

% OV: fenoly, aromaty, oleje, NH,, H,SO,
% prach: vykladani, mleti, plnéni komor, karbonizace, haseni, tfidéni, drceni

H,S, HCN, SO,, CO,
AR, PAHs, K-PAHs
hluk, vysoké T,
vibrace, plyny, prach

Research Centre for Toxic Compounds in the Environment
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Vyroba kovu

[ kovovA ruba |-

UPRAVA RUDY !
MECHANICKY, - |———= | STRATY

FYZIKALNE

-

i
KONCENTRATY RUDY
NA REDUKCNE PROCESY

|

CHEMICKA UPRAVA
(PRIPRAVA MEDZIPRODUKTOV)

] -

VYROBA CISTYCH
KOVOVYCH ZLUCENIN

REDUKCIA

0

l REDUKCIA

KQv

Cisté kovy Al, Mg, Ti, Cu, U, W, Mo, Zn, Ni

SUROVY KOV

RAFINACIA

Obr. 5— 17. Vyroba kovov [29] -
Surové kovy Fe, Cu, Pb, Ni, Sn, Zn

Research Centre for Toxic Compounds in the Environment
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Obecné schéma primarni

vyroby a rafinace kovu

Dislein | Becvoreirig| | Qe || Bt Eﬁi{g

v v v v y
[ e
(-

i [ Mgl | {eee)
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Vyroba Zeleza a oceli

Zelezo - redukce Fe rudy koksem ve vysoké peci
Fe rudy:

Fe,0; - Hematit

Fe;0, - Magnetit

FeO(OH) - Limonit

FeCO; - Siderit

FeS, - Pyrit - S - negativni ovlivnéni kvality Zeleza

& EFEE

Research Centre for Toxic Compounds in the Environment
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2 az 3 t Zeleznej rudy (podia obsanu re),
1 t koksu,

0,4 t vapenca,

3 az 6 t vzduchu,

60 az 70 m3 vody.

Vysoké pec pracuje nepretrzite.
Podla teploty prebieha v peci niekolko chemickych reakeii:

,2C+0; - 2CO
C+0; — COz (prihorenikoksu)
C+CO; - 2CO

Redukeia Zeleza prebieha ddinkom C a CO

3 Fean —+ cOo

— 2 Fe304 + CO2
FesO; 4+ CO — 3FeO + CO:
FeO 4 CO — Fe 4+ COq
FeO 4 C — Fe 4+ CO

3 -———

Obr, §—18. Schéma vysokej pece
1 — kychtové plyny, 2 — vzduch, 8 — surové Zelezo, 4 — troska

Vyroba Zeleza

Redukce — Fe;0,, Fe,0; — 300 — 500 °C — Fe3*
—> Fe?* — Fe - > 800 °C

CaCO, — CaO + CO, ( > 900 °C)

CaO:
- tavidlo - sniZuje BT SiO,, Al,O; (necistoty)
sniZuje spotfebu koksu

- neutralizace — neutralizace kyselé strusky SiO,,
Al,0O; (koroze vyzdivky)

CaO + §iO, — CaSiO,
- odstranuje S z Fe:

FeS + CaO + C — Fe + CaS + CO

Surové Fe - 3 -10% necistot - 2- 5% C, dale Si,
Mn, P, S

neni kujné, kiehké - dalsi zpracovani — odlévani
— dalsi zpracovani (oxidace vzduchem
nebo O,) = ocel, slitiny

Research Centre for Toxic Compounds in the Environment
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Emise z vyroby surového Zeleza

£S5 Gas and
Particulate
U\ Emissions

1k, Gas and
AeXvEL, Particulate
1o/ Emissions

Shipping

Ductile Iron
A4 Inoculation

Finishing

| Casting ‘
0 Shakeout
o//;\/ Cooling and
Pouring Cleaning

> Iﬁf’!’f/&//‘i

Cafe Sand %F)
and Binder ai
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Vyroba surového Zeleze s vyuZitim systému

Research Centre for Toxic Compounds in the Environment
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Vyroba oceli

Rafinace — sniZzovani obsahu C < 20% a odstranéni necdistot

2 zpusoby:

% smiseni surového Fe se Zeleznym Srotem, roztaveni, selektivni
oxidace necistot (Si, Mn, P, C); T =1 600 °C
necistoty: plynné uniky, struska
Siemens — Martinovy pece, elektropece

% rafinace v kyslikovych konvertorech pfidanim vapna
Ferroslitiny:
%, Specialni oceli — slitiny Fe a kovu (Mn nebo Cr) nebo Fe a Si
Ferro — mangan, - chrom, - silicium
% Redukce Fe rudy s Mn, Cr rudou koksem v elektrickych
pecich
% Fe, ocel — dalsi zpracovani — kovani, lisovani, odlévani

Research Centre for Toxic Compounds in the Environment
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Systém kontroly emisi u elektrické pece
Y
m
ML
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Hutnické odpady

% Vysokopecni a ocelafska struska
Struska s vyroby slitin
Surové Fe : 450 kg strusky / t surového Fe — druhotna
surovina

Struska: SiO,, CaO, Al,O,;, MgO, MnO,FeO, S, CaF,, P,O,
%  Vysokopecni plyn — CO, CO,, H,S, SO,, T.C.

% OV kyselé — zpracovani oceli na hutnické vyrobky — na
povtchu FeO — mofeni v Mn, H,SO,
FeO + 2H_ > FeX, + H,O
Kyselé OV

Research Centre for Toxic Compounds in the Environment
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Hutnické odpady

OV - velka spotfeba O,
Fe?* - Fe’*
Regenerace, recyklace
% Tuhé kaly — odstranéni elektromagneticky
Specialni legované oceli 1 mofteni vlazni s HF + HNO,

OV: F-, HMs — Fe, As, Ct, Mn, Mo — kovy - extrakce kapalinou
nebo elektrolyticky

Research Centre for Toxic Compounds in the Environment
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Hutnické odpady
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NezZelezna metalurgie — vyroba hliniku

Surovina: bauxit (Al,O;) + Fe, O, SiO,

Vyroba :

1) vyroba cCistého Al,O; z rudy

2) vyroba Al elektrolyzou Al,O; rozpusténého v roztaveném
kryolitu (NaAlF,)

Bauxit — mleti, drceni, suseni, mleti (prach) — Zihani ( +
Na,CO,)
— vylouZeni vodou — hlinitan — zahftati (P + NaOH (konc.)
- Al(OH); + NaOH - NaAlO, . 2 H20
\
Al,O; - elektrolyza — Al

Research Centre for Toxic Compounds in the Environment
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NezZelezna metalurgie — vyroba hliniku

Cisty Al,O, se rozpusti v NaAlF, - elektroljza (Fe vana
vyloZena uhlikem (katoda) se zavésnymi C anodami 950 °C)
— na (-) tekuty Al - na dné pod elektrolytem — vakuové
odsavani — slévarna

F-, HE, CF, (elektrolyza)

Emisni faktor F sloucenin:
- bez opatfeni na sniZeni emisi: 15 — 20 kg / t Al
- s opatfenimi: 1-2kg / tAl

Research Centre for Toxic Compounds in the Environment
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Vstupy a vystupy ze sekundarni vyroby hliniku
(IPPC 2001)

INPUT POTENTIAL OUTPUT
Thermal Air emission — Organic
Feedstock Pre-Treatment L compounds
Smoke, dust, S0,, NO,
Energy 1 Land emission -
i Filter dust
| Tt »> Treated Scrap

¢ Process air emission - S04,

| > metals compounds dust, HF,
HC1 Organic compounds,
Feedstock Melting Furnace NO,

Fuel

Fluxes P

> Water emission - metals,

i solids)

Land emission -

]
]
]
]
]
]
]
]
]
]
]
]
]
I
I
I
I
]
i y
E Aluminium Filter dust, furnace
H linings
:
:
:.,‘ _________________________________________________________ Skimmings 25-80% Al
I
]
! Salt slag ~8% Al,
E
]
I : Furnace gasses —
. Degassing
E ;ftgc'“ +——» Dust, HCI
\ itrogen —— P )
[ S Holding Scrubber — Solids,
E Chlorine ' | HCL
i : ¢
! v
< Skimmings Caster
Ingots
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NezZelezna metalurgie — vyroba olova

Ochrana kabld, odpadnich potrubi
Akumulatory, ochrana pfed vysokym zafenim

Galenit ( PbS) - prazeni s pfisadami v etaZovych pecich
2 PbS + O, - PbO + SO, (4 — 8% obij.)

\
kusovy aglomerat (emise Pb)

redukce (Sachtové pece)

\
Pb - struska (kovy)

Research Centre for Toxic Compounds in the Environment
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NezZelezna metalurgie — vyroba antimonu

Slitiny

Antimon (Sb,S,) - praZeni (350 — 450 °C )
2 SbS, +9 0,2 Sb,0, + 680,

\

Sb « redukce <« redestilace
(Sachtova pec) (80% Sb + As, Pb, Fe, Cu)

Research Centre for Toxic Compounds in the Environment
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NezZelezna metalurgie — vyroba médi

Chalkopyrit (CuFeS,) » praZzeni —» aglomerat
\ \
SO,, Pb, Sn briketovani
As, O, 2
Sachtové pece

\

Cu kaminek

\

redukce - Cu (konvertory)
(As,03)

Research Centre for Toxic Compounds in the Environment
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Sekundarni taveni médi

Input

Potential output

Air emissions — CO

Dust, metal oxide fume — recycled
Dioxins, volatile organic
compounds

Land emissions

urnace linin
and re easesg,g’%ﬂter dust

(recycled), furnace linings

—> Air emissions: SO,,
metals, dust

Lower grade > Smelting >
. . - 2
residues, < reduction ,
fluxes, coke, |
n 1
oxyge Black Slag |
opper ¥ |
Flux, scrap, Converter --P
. > >
air, oxygen e
|
|
Converter| !
copper ¥ Slag 1
Clean scrap, Anode furnace - =
f_ > reductant, air "
:
I
! Anodes ¢
|
:4 Electrolytic
““““““““““““ ~ — N, etc.
Anode scrap refining
v l l
Final slag Slime Cathodes

Lo

Construction  Particulate matter

Source: European Commission 2001, p. 217
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NezZelezna metalurgie — vyroba niklu

Garnierit (O), Pentlandit (S) Ni
\ \ SO,, kovy 0
S, - (tavenim s koksem, CaSO,..) elyza
\ 0
Ni,S, + FeS (30 — 45% Ni) redukce (dfevéné uhli)
\ 0
koncentrat (80% Ni) —» taveni - NiO,

Research Centre for Toxic Compounds in the Environment 38
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