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(03)

Vyroba silikatti * Metalurgie * Vyroba buniCiny a
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Vyroba silikata

VYROBA MALTOVIN

CEMENT:

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

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

%  Rotacnipec- 30—-150m, 6-2-5m

Y 4 pasma:
- horni — susici, pfedehfivaci—400 °C
- kalcina¢ni — rozklad CaCOj;, inik CO, — 400 — 950 °C

- slinkovaci pasmo — 1 450 °C - casteCné taveni, vznik slinku
- chla(hm — 600 °C - chladi¢ slinku
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Schéma vyroby cementu

Fuel Handling PMineral Additions
Preparafion
Ha Fuels Mineral
Materials Additions .
Mealurel A : it
|plmang) onvenbiona
Faw mEtEria s {iossil) Hydraiic
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materals Casiig :
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e ok frying Cinkss Carment
Drying of and [ Cebcivton || Cinkerisation [ - Stowage Giinding
Sumry Frahaadng H
Making I | RRREREE
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l [

Raw Materials Cement

. : Packing and
Preparation Kin Probessing Milling
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Schéma vyroby cementu
S—

i I
Surovy material Surova ESP H

moucka
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Schéma vyroby cementu

Slurry feed l

Fuel
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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

- 2000 °C flame
- 7 SecC. detained time crude

- alkalic surroungings

Research Centre for Toxic Compounds in the Environment
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Dlouha mokta pec

WAGSTE FUELS ADDED HERE

O (@

Tres  Containers Bags  Bales

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

Research Centre for Toxic Compounds in the Environment
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Suchy pfedehfivac a pfedkalcinacni pec
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Suchy pfedehfivac a pfedkalcinacni pec
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Suchy pfedehfivac a pfedkalcinacni pec
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Provozni podminky cementarenské pece

Calcining zane

Carbon dnr:idET

Transition Coaling

Kay
C=Cald A=Ak
F= FE‘:':': 8= -Ellﬂ:g

Composition by weight ——je-

Material temperature [“C)

Research Centre for Toxic Compounds in the Environment
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Teploty doby zdrZeni v cementarenské peci a
predehfivacim systému

«De-Novo-Synthesis»

25 [sec]

Range 400800 [°Cl| .o/

2000 [°C]

800 [oc] l 1200 |OC|
o~ N\
@ 900[°C]  ®
|$--A"— """"""" Rotary Kiln Preheater ‘\'b'
BABE e
Clinker Cooler 1450 [ C] 6@6

0 [sec] 8 [sec]

N ERS/
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Vyroba 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 materialt

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

Y% 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

Vo0 84

Dco\eﬂ e’%,c . . .
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Vyroba skla

SKLO:

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

Sklo — rtiizné oxidy

Rada pfisad - 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, le§téni, leptani

Research Centre for Toxic Compounds in the Environment 18
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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 :

http:/ /recetox.muni.cz

- koks

- koksarensky plyn

- chemické produkty
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Metalurgické vyroby — vyroba koksu

Podle typu pece, druhu vsazky, zptsobu provozu se vyrabéji 4 druhy koksu:

G

vysokopecni koks: hlavni produkt ( 65 —75 % ). Z uhelnych smési pfi 1 300
—1 350 °C, zrnitost 40 — 80 mm.

slévarensky koks: ve slévarnach pfi taveni litiny, vyrabi se pfi 1200 — 1 250
°C

- slévarensky koks I > 90 mm

- slévarensky koks II - 60 — 90 mm

kusovy koks: kvalita jako slévarensky , > 80 mm

drobny koks: pouZiva se pro vyrobu plynu v generatorech, v chemickém

primyslu na vyrobu CaC,, topeni v domacnostech, palivo ve spékarnach
rud

Koksarensky plyn (svitiplyn): topeni, palivo v hutnictvi, vyroba H,
Vedlejsi produkt vyroby koksu — objem. %: CO, - 2-4; C H, - 2-3;

0,- 0,4-0,8; CO - 6-8; H, - 53-58; CH, - 23-28; N, - 3-8

Research Centre for Toxic Compounds in the Environment 20
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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

ont Res,
00“\ sG’c . . .
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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 ( oddéleni hluSiny )

Y% 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 kovi

[ kovovA rupa |-

UPRAVA RUDY ’
MECHANICKY, - [ | STRATY
FYZIKALNE e

A

I<ONCENTR'AT'Y RUDY
NA REDUKCNE PROCESY

CHEMICKA UPRAVA
(PRIPRAVA MEDZIPRODUKTOV)

- 1 B

VYROBA CISTYCH
KOVOVYCH ZLUCENIN

l REDUKCIA l

KOV

REDUKCIA

SUROVY KOV

0

RAFINACIA

Obr. 5§—17. Vyroba kovov [29] -
Cisté kovy Al, Mg, Ti, Cu, U, W, Mo, Zn, Ni
. Surové kovy Fe, Cu, Pb, Ni, Sn, Zn

quSl?’ . . .
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Obecné schéma primarni

(o] (o) vyroby a rafinace kovt

\__Scrap

A A .
Mining
Pre-treatment
Minerals
Concentrating

Y v
v v v v v v

Roasting/
Sintering/ | |Smelting| | Smelting/ Smelting/ Roasting and| | Leaching
Smelting Converting Converting Leaching
A
v Y v
Solvent
Distillation Electro-refining Drossing/ Purification/ Extraction/
Refining Electrolysis| | Electrowinning
! A
e

Refined Metal

v

AN
Air Pollution e
and : Melting/ Casting/ New Scrap
Abatement : \_Manufacturing

Systems : +

e
Manufacturing/ Consumed
\_Applications and Use Scrap

Research Centre for Toxic Compounds in the Environment
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Vyroba Zeleza a oceli

Zelezo - redukce Fe rudy koksem ve vysoké peci

Fe rudy:

& EFEEE

Fe,O; - Hematit

Fe;O, - Magnetit

FeO(OH) - Limonit

FeCO; - Siderit

FeS, - Pyrit - S - negativni ovlivnéni kvality Zeleza

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.

Vyroba Zeleza

Vysoké pec pracuje nepretrZite.

- — — o 3+
Podla teploty prebieha v peci niekolko chemickych reakeii: Redukce — Fe;0,, Fe,0; - 300 — 500 °C — Fe

—> Fe2* — Fe - > 800 °C

C+4+0; — CO; (prihorenikoksu)
C4+CO; - 2CO

CaCO, —> CaO + CO, ( > 900 °C)

Redukeia Zeleza prebieha Géinkom C a CO

. . CaO:

3 FesO3 + CO — 2Fe3O4 + 2 . v e . ve
Rt €O -5 B - tavidlo - sniZuje BT SiO,, Al,O; (necistoty)
FeO + CO - Fe+CO: sniZuje spotfebu koksu
FeO+C  — Fe+CO

- neutralizace — neutralizace kysel¢ strusky SiO,,
Al,0; (koroze vyzdivky)

CaO + SiO, — CaSiO;,
- odstranuje S z Fe:

FeS + CaO + C — Fe + CaS + CO

a

0
&

0,
o,

Q
6%
SR

03de
2003
oS0
E XS
NS

Surové Fe - 3 -10% necistot - 2- 5% C, dale Si,
Mn, P, S
neni kujné, kiehké - dalsi zpracovani — odlévani

S 0Q,
©°0a
0
o
o8
%o o oG

&)
o> 0%0o
o0,
S
90 00

S 0
o

>

<
o

—> dalsi zpracovani (oxidace vzduchem
Obr. 5§ —18. Schéma vysokej pece

1 — kychtové plyny, 2 — vzduch, 3 — surové Zelezo, 4 — troska

nebo O,) —> ocel, slitiny

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

, F:t\ Gas and
' Particulate
. Emissions

k. Gas and

XS, Particulate

. ~ Emissions
)

Shipping

Ductile Iron @
- Finishing

3 Dust
SR -
) *
‘. Gases
A Casting

\\
o Shakeout
0/\/ Cooling and
\ Pouring Cleaning

Cor.e Sand w
and Binder ii
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Vyroba surového Zeleze s vyuzZitim systému mokrého
prani spalin

< Water
‘ Sinter Machine
AdAdAdAAAAAAAAAAALA
T P rr o n

Main Fan

Mashing Stage
Emission B \?\I/utdge
Monitoring Mashing ater

Fine Scrubbers Water Process Air

<
Fan

Water —

Recycling
Fe-Components
Nat.
Gas SrecT Slag
Reheating Ischarge Water o
Water Treatment Immobilisation
Thickener

Sludge Tank

Floating Sludge
to BF

Sludge

D t
Cleaned Water A‘epo

Source: Hofstadler et al. 2003.
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Vyroba oceli

Rafinace — snizovani obsahu C < 20% a odstranéni necistot

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

http:/ /recetox.muni.cz




Systém kontroly emisi u elektrické pece

Canopy
hood

Post Evapor-

—p Com- f---- =P ative

bustion Cooler
\ 4

Optional Optional Spark
p P

Arrestor

Oxygen injection/ '
carbon injection/ A 4
oxyfuel burner A

ir-to-gas
cooler

Optional

— Baghouse —p

Stack

Research Centre for Toxic Compounds in the Environment
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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
povrchu 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 mofeni v lazni s HF + HNO,

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

Research Centre for Toxic Compounds in the Environment
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Hutnické odpady

Mining and extraction Tailings and other mining waste >
i i Slags and other waste
Primary smelting g >
—_— Processing Slags, dust and other waste )
l » | Deposits
Use Dust from corrosion and wear
Uncontrolled Landfills
burning and <
dumping Waste water
—> —>
treatment
v
Rec.yg[lng <+ Waste collection Discarded products
activities - >
" '
SO'Id Waste HaZ. WaSte Flue gas Cleaning
Incineration treatment products, clinkers
and other residues
Clinkers l | | >
—_—> Construction works
>

Research Centre for Toxic Compounds in the Environment
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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 — zahtati (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 ALO, se rozpusti v NaAlF, - elektrolyza (Fe vana
vyloZena uhlikem (katoda) se zavésnymi C anodami 950 °C)

— na (-) tekuty Al - na dné pod elektrolytem — vakuové
odsavani — slévarna

F-, HF, 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

http:/ /recetox.muni.cz

35



Sekundarni vyroba hliniku

Pretreatment Smelting/refining Products

Chlorine Flux Fuel

A 4 VL A 4

Reverberatory

v

smelting/refining
(chlorine)

Fluorine Flux Fudl

A 4 A A 4

Alloy ingots
Reverberatory Billets
smelting/refining " | Notched bars

(fluorine) Shot
Hot metal

v

Treated aluminium

A 4

Flux Fuel

scrap

v A 4

Crucible
smelting/refining

\ 4

Induction

> smelting/refining Hardeners

A A

Electricity Flux

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, 50,, NO,
Energy 1 Land emission -
i Filter dust
| Tt »> Treated Scrap

¢ Process air emission - SOa,

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

Fuel

Fluxes P

> Water emission - metals,

i solids)

Land emission -

]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
:
Alumini .
E tnm Filter dust, furnace
: linings
:
:
:.,‘ _________________________________________________________ Skimmings 25-80% Al
]
]
! Salt slag ~8%0 Al,
E
1
\ . Furnace gasses —
. Degassing
i ;f tgf'“ +——® Dust, HCl
1 1rogen —’ .
i e Holding Scrubber — Solids,
E Chlorine ' | HC1
i : ¢
E A 4
" Skimmings Caster
Ingots

Research Centre for Toxic Compounds in the Environment
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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% obj.)

\
kusovy aglomerat (emise Pb)

redukce (Sachtové pece)

\
Pb — struska (kovy)

Research Centre for Toxic Compounds in the Environment
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Sekundarni taveni olova

Refining

Fume

1

Storage

A

Pretreatment Smelting
Dust &

fume
SO,

Reverberatory

> smelting ma
Pretreated Recycled Dust &
scrap F»  dust,rare fume

scrap, fuel

—> Blast furnace >’
smelting

T

Limestone,
recycled dust,
coke, slag
residue, lead
oxide, scrap iron,
pure scrap,
return slag

A 4

Crude
lead
bullion

Kettle (softening) Soft
> refining —> lead
ingots
Fume
Kettle (alloying)
> refining —» Alloys
Flux  Fuel Sawdust
Alloying Fume
agent T
Kettle Battery
> oxidation —— lead oxide
T T Fume
Fuel Air T
Red lead oxide
Reverberatory Pb,0,
> oxidation —» Yellow lead
oxide
T T PbO
Fuel Air

Source: EPA 1986.

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

Slitiny

Antimon (Sb,S;) —» prazeni (350 — 450 °C)
2SbS;+90,->2Sb,0; + 6 S()2
d
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, J
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
Lower grade > Smelting —» Air emissions — CO
. . <«- .
residues, < reduction 1| Dust, metal oxide fume — recycled
fluxes, coke, | Dioxins, volatile organic
I
oxygen Black Slag ! compounds
: Land emissions
opper ¥ , lini
urnace linin
Flux, scrap, Converter --P and re easesig%lter dust
. > — ..
air, oxygen ., (recycled), furnace linings
I
I
Converter ! _ o
cobber ¥ Slag — Air emissions: SO,,
T T I
m
Clean scrap, Anode furnace [ -» etals, dust
A Pl . >
| reductant, air N
|
I
I
I
! Anodes ¢
I
:4 Electrolytic
"""""""""""" : —> Nj, etc.
Anode scrap refining
v l l
Final slag Slime Cathodes

Lo

Construction  Particulate matter

Source: European Commission 2001, p. 217

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

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

Research Centre for Toxic Compounds in the Environment
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Chemicka vyroba

Produkce (g) , (1), (s) odpadi
Vyroba, pouZiti, likvidace

Ovzdusi — kvantitativné 3. misto
kvalitativné 1. misto (toxicita, genotoxicita)
Voda — dle charakteru vyroby — 20-50 % znecisténi
toxické OV, D ph, sniZeni CO, persistentni
Puada — pfimo — vyroba, skladovani, havarie
nepfimo — atmosféricka depozice

NejproblematiCtéjsi vyroby (anorganické):

Na,CO;, NaOH, H,SO,, H,PO,, Cl,, NH,, hnojiva

3
WERS (e Tesey,

()‘ Research Centre for Toxic Compounds in the Environment

NSYAL.
) 04,
Eysis

hra B gl http:/ /recetox.muni.cz
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Chemicka vyroba

Zdroje zneciSténi:

1) praci vody — meziprodukty, produkty ( H,SO, — prani plynu
ziskaného praZenim pyritu nebo elementarni S)

2) vody chladici — AU - HNO,, H,SO,, HCI1 (+ zneciSténi plynu)
3) zasolené vody — soli jako odpad chemickych reakci ,
neutralizace

4) kaly z vjrob (NaOH, CL, H,)
5) plyny ( HNO, — NO, H,SO, — SO,)

Research Centre for Toxic Compounds in the Environment
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Chemicka vyroba

Vychodiska:
odpad — surovina

OV —vyroba NH; (H,S) — provzdusnéni v uzavieném systému —>
ziskané plyny — spalovat
Odpadni plyny — pfidruZena vyroba

Recyklace odpadu
Zpcétny tok latek:
YL rozpoustédla
Y% voda

©  plyny

L

zpracovatelsky odpad

Research Centre for Toxic Compounds in the Environment
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Obecni schéma procesu chemickych vyrob

What the processes have in common:

HCI as coproduct; Need for purification

Organic,
Inorganiec < ;

L Organics: Allyl Chioride;
Matarials \. Chloranil; Chloroprene;
Chierine — . | Chemical | _Products  eoparinated benzenes;

Processes Epichlorohydrin; Isocyanurates;
Phosgene; Chlorophenols;
Vinylidene Chloride; Vinyl

By- Co-Product Chiloride, etc.
Products HCI Solvents: Chloromethanes;
Chlorinated Ethanes,

v v Perchlorethylene;
Trichlorethylene

Research Centre for Toxic Compounds in the Environment
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Blokovy diagram obecného chemického procesu

) Low
Organie, boilers
Inorganic & — | end prods.
Recycled . Medium boilers: may contain POPs ——
Materials .

R Purification Unlikely
Chlerine .| Chemical |, {"I;_Pt"_‘l’ld;{c“ L5
Processes istitiation,
Recycled /Hcl ' other)
Chlorine {anhyad)
Equivalent Sﬂ'ﬁé‘;‘t’:ter
Oxychlorination Column
; separation,
By-Product Waste prod. purity
HCI for sale: | «— Treatment calculable
Small conc.
POPs Solid, Water, Gas
HGI Vaste if generated Qrganic
{anhyd) : e
Thermal high-hoilers;
Destruction May Contain
POPs

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz



C, a C, vyroby (Wiley Interscience 2000)

HC], O,, Cat
CH,=CH, (Oxychlorination) CH,=CHCI HCI, FeCl, CH,CHCI,
. . —> .
Ethylene Vinyl chloride 50°C 1,1-Dichloroethane
v
HCI, AICI CH,CICH,CI e “
’ 3 Cl,, FeCl 2 2 Cl
2 3 1,2-Dichloroethane CH,CICHC, 2
50° C (ethylene dichloride) 1,1,2-Trichloroethane
CH,CH,CI l
. v
Ethyl chloride 1,1,1,2- and 1,1,2,2
Excess Cl,, Tetrachloroethane CH,CCl,
heat & pentachloroethane 1,1,1-Trichloroethane
1
v
v Heat
CClL=CCl, Cql, . NaOH o Li
Tetrachloroethylene Carbon tetrachloride 425°C 2 or Lime
CH,=CCl,
T Cl, Vinylidene chloride
CHCI, HCl,
Chloroform FeCl,
Cl CHCI=CCI2 CCl,=Cql,
2 Trichloroethylene Tetrachloroethylene
CH,CI,
Methylene chloride
T a,
-  HCLALO
weMethanol —r 23 5 CH,CI
B o e | &~ o Methyl chloride pr Toxic Compounds in the Environment
e
3 & =1 Heat or light
¢£€?ANA % Jbb”odwoa') i

http:/ /recetox.muni.cz
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Priutokovy diagram oxychlorace

Oxychlorination

In oxychlorination, an organic such as ethylene reacts with dry HCl and either air or pure

in a heterogeneous catalytic reaction. An example is the reaction involving HCI,
oxygen and ethylene to form ethylene dichloride and water.

C,H, + 2HCl + 1,0, = C,H,CL, + H,0

Catalyst Waste Gas Treaxment
Filtration
Hydrogenation
Reactor Boiler
H,0
le—
Quench
column Decanter
Hydrogen — H,0
Recycle HCI ondenser|
OXVC':QI::;:I:WH Raw EDC
Srye Distillation
e
Ethylene
Waste water
treatment

Research Centre for Toxic Compounds in the Environment
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http://www.oxyvinyls.com/tech_licensing/OxyAirBased.html
http://www.oxyvinyls.com/tech_licensing/OxyOxygenBased.html

Rozklad by-produkti

HCIl to Oxychlorination
Off-gas
Boiler

PN Absorption/ Serubber

L 4 * Desorption
Waste Gas
Low Baoilers

. . Furnace
High Boilers t .
’ Waste Water

Research Centre for Toxic Compounds in the Environment
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Syntézy béznych chemikalii

Chemical Process Process use | Co-products
Chlorine, caustic | NaCl + H,O — Cl, + More
soda NaOH + H, common

See European Commission
2003a, 2003b; Expert

Group presentation

Organics
Allyl chloride Direct chlorination of More HCI
propylene > 300° C common
Pyrolysis of 1,2- Less Chlorinated
dichloropropane common olefins,

HCI

Research Centre for Toxic Compounds in the Environment
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Syntézy béznych chemikalii

Chemical Process Process Co-products
use
Organics
Chloranil dye See UNEP 2003
Chloroprene (2- | C,H, + CuCl/NH,Cl — vinyl | Less
chloro-1,3- acetylene + HCl — common
butadiene) chloroprene

Vapour phase: butadiene + Cl, | More
— 1,4 & 3,4 dichloro; common

isomerized (Cu catalyst) to
3.4 dichloro; HCl via
NaOH; distilled to separate
low boiling mono-Cls; 3,4-
di; 1,4-di; heavies

NaCl;

overchlorinated
products

Research Centre for Toxic Compounds in the Environment
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Syntézy béznych chemikalii

Chemical

Process Process use

Co-products

Organics

Chlorinated
benzenes

Vapour phase: benzene + chlorine | Less common
+ HCI

Mixed product

Liquid phase: Cl,/FeCl, to yield | More
mix; controlled by amount of | common
chlorinating agent (monos);
some other specialized
processes for certain isomers;
high-Cl materials can
precipitate. Purified by
distillation and crystallization;
separations difficult

HCI

N ERS/
S 2

~gq‘:‘,VI/\I v

%Elvms -©

“ana B

Research Centre for Toxic Compounds in the Environment
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Syntézy béznych chemikalii

Chemical Process Process use Co-products
Organics
Epichlorohydrin | Allyl chloride + HOCI More Hydrolyzed
(chlorine water) — common product;
glycerol chlorohydrins + polymers

NaOH/(CaOH), —
epichlorohydrin

Steam stripped then distilled

Also: propylene + O, (Pd
catalyst) — allyl acetate

— allyl alcohol + Cl, —
allyl chloride

Research Centre for Toxic Compounds in the Environment
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Syntézy béznych chemikalii

Chemical Process Process use | Co-products
Organics
Isocyanurate Isocyanuric acid + NaOH +
disinfectants Cl,
Phosgene CO + Cl, used virtually
immediately to produce
polycarbonate and

polyurethane

@‘1 ERS/,

iq‘SVW. v

4
%Elvms -©

Research Centre for Toxic Compounds in the Environment
Wana w°
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Syntézy béznych chemikalii

Chemical Process Process use | Co-products
Organics
Chlorinated Lesser chlorinated phenols; | More common
phenols phenol + CL; various
Lewis acid catalysts; FeCl,
ZnCl,
Pentachlorophenol | Phenol + Cl; AICI; as main | More common | HCI
(PCP) industrial catalyst; 100—
180 °C
hexachlorobenzene (HCB) + | Less common | NaCl
NaOH

Research Centre for Toxic Compounds in the Environment
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Syntézy béznych chemikalii

Chemical Process Process Co-products
use
Organics
Sodium PCP + NaOH More NaCl
pentachlorophenate common
HCB + NaOH Less NaCl
common
Vinylidene chloride | 1,1,2-trichloroethane + More NaCl or CaCl,
(ViCl,) NaOH or Ca(OH),; common
can also be a co-
product of high-
temperature
chlorination of C,
materials

Research Centre for Toxic Compounds in the Environment
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Syntézy béznych chemikalii

Chemical Process Frocess Co-products
use
Organics
Chlorinated phenols Lesser chlorinated More
Pentachlorophenol phenols; phenol + Cl; common | HCI
(PCP) various Lewis acid Na(Cl
catalysts; FeCl; ZnCl,
Phenol + Cl,; AICI, as More
main industrial catalyst; common
100-180° C
hexachlorobenzene Less
(HCB) + NaOH common
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Syntézy béznych chemikalii

Chemical Process Frocess Co-products
use
C, products
Methyl chloride CH, + Cl, via heat or light | More
common
CH,OH + HCl - CH,Cl | More
common
Other chlorinated | CH,Cl + Cl, heat or light — | More
methanes CH,CL,, CHCL,, CCl, common
CS,+ CL, — S,CL, + CCl, | Less
common
CS, + S,Cl, — S + CCl,

Research Centre for Toxic Compounds in the Environment
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Syntézy béznych chemikalii

Chemical Process Process Co-products
use
C, products
Chlorinated ethanes

1,1-di VC + HCI/FeCl, More
common

1,2-di (EDC) Ethylene + Cl, — EDC (Fe cat) | More
(direct chlorination) common

Ethylene + HCI + O, (Cu cat)
— EDC (oxychlorination)

t R
4 e Esee,.
O C.
§ s
N 7 o
3 ®
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Syntézy béznych chemikalii

Chemical Process Process use Co-products
C, products
Chlorinated ethanes
1,1,1-tri 1,1-d1 + Cl, (photochemical) | More common HCI
1,1,2-tr1 — 1,1,1-tr1 More common
Ethane + Cl, Less common
1,1,2-tri VC + Cl, More common
EDC + Cl, More common HCI

N ERS/
S 2

o SVI. v
%Elvms -©

“ana B
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Syntézy béznych chemikalii

Chemical Process Process use Co-products
C, products
Chlorinated ethanes

1,1,1,2-tetra, EDC + Cl, (can include | More HCIl
1,1,2,2-tetra oxychlor) common

C,H, + Cl,

C,H, + Cl, More HCI

common

1,1,1,2,2-penta TCE + Cl, — penta

Research Centre for Toxic Compounds in the Environment
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Syntézy béznych chemikalii

Chemical Process Process use | Co-products
Chlorinated ethylenes
Trichloroethylene | EDC + Cl, —» TCE + PCE | More common | HCI
(TCE) and EDC + Cl, — PCE +CCl, | More common | HCI
petrchloroethylene
(PCE) 2 CCl, — PCE More common
EDC +Cl, +O, — More common
PCE/TCE
Tetrachloroethanes + heat More common | HCI
— TCE
Pentachloroethane + heat — | Less common | HCI
PCE

Research Centre for Toxic Compounds in the Environment
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Syntézy béznych chemikalii

Chemical Process Process use Co-products
Inorganics
HCI By-product; salt + sulphuric acid; Morte
hydrogen + chlorine; recovery from common
combustion of chlorinated organics
TiO, C, Cl, TiO, ore — TiCl, + O, — TiO, | More Cl,, recycle
common
TiO, ore + H,SO, — Ti(SO,), — TiO, | Less common | sulphates
FeCl, Iron or iron oxide + HCI — FeCl,
Hypochlorites | Na: 2NaOH + Cl, — NaOCl NaCl
Ca: Ca(OH), + 2Cl, — Ca(OCl), also CaCl,
via NaOCI used as aid in chloride
removal; recovered, then dried
ZnCl, Zn + HCl — Zn(l,
ClO, Generated from HCIO, or NaClO,

N ERS/
S 2
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Petrochemicky pramysl

VazZny zdroj
1) Misto tézby
Odsolovani ropy — OV obsahujici anorg. kaly, soli, HCs

Mozno Cistit — pfiprava emulzi odpadnich olejii a OV a spalovani

2) Doprava
Lodni — 700 000 000 t.r*
Havarie, ¢i$téni, pfeCerpavani - 5— 8 000 000 t.r!

3) Zpracovani ropy v rafineriich
Kalové necistoty (sedimentace mechanickych necistot)
Vodné roztoky soli (odsolovani)

Research Centre for Toxic Compounds in the Environment
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Petrochemicky pramysl

VODIK
METAN
ETAN :
ervien QKDACIA  crvi énoxi
FROPAN . OXIDACIA )
PROPYLEN ————= PROPYLENOXID
> BENZINY OXOALKOHOLY, EPICHLORHYDRIN,
KYSELINA AKRYLOVA, ACETON ATD.
' BUTAN DEHYDROGENACIA
-~ PETROLEJE A = ’ S
FRAKCIA BUTEN .
IZOBUTYLEN
BUTADIEN i i
; o DEHYDROGENACIA .
ROPA — PENTANY gL i = [ZOPREN
; PENTENY
g5 IZOPREN
. PIPERYLEN < A ,
= PLYNOVE OLEJE ERAKIA CYKLOPENTADIEN ~ MERIZACIA o DICYKLOPENTADIEN
PLYNOVE OLEJE
Cg=LCq .
— , VISKOZNE OLEJE FRAKCIE pENzZEN ALKYLACIA _ oo oo . DEHYDROGENACIA oo
FERICKY TOLUEN _OXIDACIA MALEINANHYDRID
L MAZUT VYKUROVACIE OLEJE Woom _—“’KYSEUNA o
: ASFALTY ABGIAETY , ~E:: STYREN
ATMOSFERICKA HDEH
DESTILACIA , _ : NAFTALEN ——s= FTALANHYDRID
VAKUOVA DEST!LAC[A‘ ,
PYROLYZNY OLEJ :
[ PETROCHEMICKE SPRACOVANIE |
Schéma spracovania ropy
é\\IERSI7:7 . . .
B 5 Research Centre for Toxic Compounds in the Environment 67
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Dievozpracujici prumysl

NejduleZzitéjsi pramyslova surovina obnovitelna
Hlavni slozky:

Biopolymery - polysacharidy
- benzenoidni polymery

@

celuloza (40-50 % hmotnosti dfeva)

hemiceluloza - smés pentosani, hexozant a jejich derivati

(20-25 %)

% lignin - polymerni aromatické aromatické fenolové
slouceniny (20-25 %)

%  mono-, di-, oligosacharidy, bilkoviny, alkaloidy, Zivice, tuky,

@

kyseliny ... (3-20%)

Research Centre for Toxic Compounds in the Environment
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Dievozpracujici prumysl

dfevo
hlavni sloZky doprovodné slozky
polysacharidy lignin Zivice
polyhydroxyalkoholy
organické N sloucCeniny
tfisloviny

anorganické slouCeniny

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz




Primyslové zpracovani dfeva

I. Mechanicka technologie:

Zpracovani bez poruseni ptvodni struktury ( desky, dyhy,
nabytek... )

II. Vyroba vlaknin, pfi které se pouZivaji:

Mechanické postupy:

% brouSeni dfeva bez chemickych zasaht — bila dfevovina ( 98%
vytézek dfevni latky )

Research Centre for Toxic Compounds in the Environment
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Primyslové zpracovani dfeva

Fyzikdlné — mechanické postupy:

Y%  pafeni dfeva nasycenou vodni parou pod tlakem, poté
brouseni (90%)

Mechanicko-chemické postupy:

€

dfevo se intenzivné opracuje vodni parou

nebo se impregnuje NaOH, Na,SO,, Na,CO;.....v kombinaci
s vodni parou

L  poté brouseni a defibrace — ziska se chemicka dfevovina

€

Research Centre for Toxic Compounds in the Environment
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Primyslové zpracovani dfeva

Termomechanické postupy:
% tlakova rafinace dfevnych Stépkt vyhfatou vodni parou (165 —
185 °C)
\
ziskani vysoce ligninové termomechanické vlakniny
Chemické postupy:

% CasteCné nebo celkové odstranéni necelulozovych sloZek
dfeva chemickym zptsobem

Research Centre for Toxic Compounds in the Environment
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Primyslové zpracovani dfeva

Podle stupné Cistoty a zptisobu vyroby se rozlisuji:

Y%  Polobuniciny: chemicko-tepelné opracovani stépku, pfitom
lignin a hemiceluldzy pfechazeji Castecné do roztoku (65-80
%)

Y VysokovytéZkové buniciny: podobné jako u polobunicin
s dukladnéjsim odstranénim ligninu a hemiceluldzy (55-65
%b0)

Y Nebélené buniciny: s vysokym stupném delignifikace:
- sulfitova bunicina
- sulfatova bunicCina

Y Bélené buniciny: tzv. slechténé buniciny — bélenim —
odstranéni zbytku ligninu — ziska se vysoky obsah « —

celulézy (94-96%%)

7 A\ Research Centre for Toxic Compounds in the Environment
(©)
%% 3\*0\
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Primyslové zpracovani dfeva

ITI. Chemické zpracovani:

VyuZziti rostlinnych surovin (dfevo, jednorocni rostliny) —
chemicka surovina (lighochemie, dfevochemie)

Zakladni postupy:
hydrolyza, dehydratace,hydrogenace, pyrolyza, redox postupy

Vyroba sacharidua, aldehyda, R-OH, R-COOH, fenoli,
rozpoustédel, terpent, monomert, bilkovinna krmiva,
synteticka paliva, bioplyn

Research Centre for Toxic Compounds in the Environment 74
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Vyroba buniCiny

Delignifikace rostlinnych surovin

Uvolnéni vlaken buniciny ze zakladniho pletiva ptiisobenim
chemikalii pfi vyssich teplotach a tlacich

Necelulozové slozky dfeva (lignin, hemicelul6za) pfechazeji do
roztoku

Nejdualezitéj$i moment: rozruSeni chemické vazby ligninu a
y
polysacharidu na vodorozpustné slouCeniny, napf. sulfonaci.

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz



Vyroba buniCiny

Pouzivaji se kyselé, alkalické a neutralni roztoky — Stépeni
ligninu na razné fragmenty puvodni makromolekuly.

Sulfitova buni¢ina — uéinkem HSO;" soli ( Ca**, Mg?*, Na*,
NH,") a SO, ve vodnim roztoku.

Sulfatova bunic¢ina — u¢inkem vodnich roztokta NaHS a NaOH.

U obou postupu pfechazi lignin do roztoku ve formé
ligninsulfonovych kyselin.

Research Centre for Toxic Compounds in the Environment
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Sulfitova bunicéina

SO, (spalovani pyritu, S)
Fe O,, Se, As (pyrit),
SO, @ H,S0, = Ca(HSO,),
odpad CaSO,; (V) (vyssiT)

nahrada Na*, NH,*, Mg?*| - rozpustnéjsi

diskontinualni zpisob

Research Centre for Toxic Compounds in the Environment
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Sulfitova bunicéina

Vyhoda — magnezium bisulfitové vodni vyluhy je mozZné
regenerovat spalovanim
Varna kyselina: Mg(HSO,),
{ regenerace

MgO (V) +80, (g)

+ MgO > + Mg(OH),

+ SO, > Mg(HSO,),
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Sulfatova bunic¢ina

10-11,5 NaOH
3,5-5%  Na,S
2—-2,5%  Na,CO; (+ Na,SO,)

Delignifikace probiha pfi 165 — 180 °C a pfetlaku 700 — 1 000 kPa
a hydromodulu 1: 4 (pomér suchych Stépka v objektu
varného roztoku)

Kontinualni zpusob regenerace odpadnich louht - zahusténi na
60% susiny, spaleni v kotli — teplo na vyrobu pary —
energeticka sobéstaCnost.
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Eliminace 2,3,7,8-TCDF pfi narustu substituce chléru
ClO,

TCDF, ppt

0
60 80 100
Chiorine dioxide substitution, %
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Typical flow diagram for modern Kraft pulping process
with ECF-bleaching. Courtesy of Metso Automation Inc.
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Béleni buniCiny

Odstranéni zbytku ligninu po pfedchazejicich postupech
Béleni:

%  chlotrace — C
¢  alkalicka extrakce — E

%  béleni chlornanem — H
% béleni C10,-D

Sulfatova - CEHDED nebo CEDED
Sulfitova - CEH

Chlorderivaty ligninu:

% rozpouSténi pfi prani ve vodé
%  E — extrakce zfedénych roztoku alkalii
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Béziné pouzivané metody béleni celulozy
Treatment Abbreviation Description

Chlorination C Reaction with elemental chlorine in acidic medium

Alkaline extraction E Dissolution of reaction products with NaOH

Hypochlorite H Reaction with hypochlorite in alkaline medium

Chlorine dioxide D Reaction with chlorine dioxide (ClO,)

Chlorine and chlorine CD Chlorine dioxide is added in chlorine stage

dioxide

Oxygen O Reaction with molecular oxygen at high pressure in alkaline
medium

Extraction with oxygen EO Alkaline extraction with oxygen

Peroxide P Reaction with hydrogen peroxide (H,0,) in alkaline
medium

Chelating Q Reaction with chelating agent EDTA or DTPA 1n acidic
medium for removal of metals

Ozone Z Ozone using gaseous ozone (O,)
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Celosvétové trendy v chemicky bélené celuloze (bez
Ciny a Indie)

Millions of Tonnes

80

20 ] ECF
O TCF

60 1— — Other

~
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Odpady celul6zo-papirenského pramyslu

(g) vyroba buniciny - SO,, H,S
regenerace a spalovani vyluha - SO,, RS,

() ptedhydrolyza dfeva (HCIl, H,SO,, H,SO,)
vafeni buniciny (odpadni vyluhy)
béleni buniciny
kondenzaty pfi odpafovani vyluhu pfed jejich spalovanim OV

(s) zbytky
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Potravinafsky pramysl

Hlavné kapalné odpady s organickymi latkami biologicky
rozloZitelnymi a netoxickymi

Po chemickém primyslu nejvétsi zneciSt’ovatel vodnich tokti.

Exhalace — pomocné provozy (kotelny, elektrarny)
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Vyroba cukru

Repa — fizky — vyluhovani horkou vodou v difuzérech - ziskana difuzni §’ava
se Cefi vapnem (odstranéni necukernych slozek)
Nadbytek vapna se odstrani saturaci CO,

saturacni kal - kalolisy
lehkélét’éva

zahusténi, odpafeni
vykrystalizuje cukr

odstfedéni od krystalického louhu
rafinace » cukr

!

odpadni sirup (melasa) — 50% cukru

krmivo, zkvaseni na lih
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Vyroba cukru

Narazové, sezonni zatiZeni vod

Pozadavek: ~ 450 % zdravotné nezavadné vody na hmotnost
fepy

OV:

1) praci voda a voda na prepravu fepy
2) fizkova vody

3) kondenzacni voda

4) praci a oplachovaci voda

5) splaskova voda
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Vyroba cukru

Praci — pisek, hlina, mala COC (dlomky fepy ) — obsah cukru 0,01
- 0,05 %

Rizkova — (diftizni, ¥izkolisova) - nejzavadnéj$i — BSK, > 1200
mg.1"!
sacharéza > 1000 mg.1!
slabé kysela, snadno kvasi

Kondenzacni, praci — relativné Cisté (malo O,, stopy NH,)
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Vyroba skrobu

z brambot, obili, kukufice, ryZe

A 4

Cisténi (OV z prani a plaveni)

\ 4

postrouhani na kasi

\ 4

vyplaveni Skrobu studenou vodou

\ 4

sedimentace

v

centrifugace (“plodové” OV) — sacharidy, bilkoviny, saponiny

\ 4

rafinace vypiranim (rafinacni OV)
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Vyroba drozdi

melasa

\

zfedéni H,O okyseleni H,SO,

y

\
zép ara

A 4

T

\ 4
usazeni, ifeni (PO, NH,*")
sterilizace varem
+ kvasinky

kvasinkové mléko + mladina (odstfedéna a vykvasena zapara) (30 % OV)

ddtedini Nejzavadnéjsi vody vibec — lihovarské vypalky,
O S e e W 4 4 . ry we e
vykvasena zavara ) — melasa, anorganické Ziviny,

metabolity kvaSeni — BSK5 — 30000 mg.l -

\ 4
filtrace (praci a lisovaci OV)

ent Res, N
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Vyroba sladu a piva

Slad, chmel, vody
sladovani — v urcité fazi pferuseni kliCeni jeCmene (jeCmen se
smaci ve vodé, necha se kli¢it — enzym amylaza casteCné méni
Skrob na maltozu; susi se a zbavi klicku)

vafeni

|

kvaseni

1

staceni piva

-
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Vyroba sladu a piva

OV:

% oplach stageciho zafizeni — BSK; — 2 000 — 4 000 mg.1™*

% OV z prvniho prani je¢mene - BSK; ~ 1500 mg.l!

%  dal$i namaceci a praci OV - BSK; ~ 200 mg.I"!

% OV z umyvani kvasnych kadi a leZicich suda — BSK; — 2 000 —

13 000 mgI-!
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Zpracovani mléka

Uprava mléka na pfimou spotfebu

Zpracovani na smetanu, maslo, syry, mlééné pfipravky a
specialni vyrobky (kasein, mlécny cukt, kyselina mlécna)

Y% Mléko - odstfedéni — filtrace — uprava tukovosti, pasterizace

% Jogurt — zahu$téni mléka na 1/2 + mikroorganismy (mlécny
cukt —— kys. mlécna) tim dojde k okyseleni a srazeni (42 —
45°C,1/2 -3 h)

% Kefir — kefirovy zakvas (18 - 20° C, 24 h)

% Smetana — mléko s vyssim obsahem tuku — odstfedéni

% Maslo

% Syry
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Zpracovani mléka

OV:

% chladirenské
% technologické (zbytky mléka ....... , pracich prostfedkii..)

Zakaz vypousténi — syrovatka, zkazZené
Do OV se nesmi dostat syrovatka — nelze vycistit

BSK; ~ 900 — 3 000 mg.I"! (kyselé kvaseni — mlé¢ny kasein)
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Priimysl masa a mouky

Ziskavani a zpracovani masa

Jatka — porcovani, zpracovani
Velmi zavadné OV — zbytky Zivocisnych bilkovin
Infekce
300 — 2000 1 vody na jednu porazku
BSK; 100 —5 000 mg.11
T.L - 200 - 8 000 mg.1"!
Krev
Velky obsah tuktl a dusikatych latek

Vyroba mouky

Prach

nt Re
2 Do‘(\e s,
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VENsIS

N ERS
* I . ! SNERS
evropsky X ey i :

socialni . MINISTERSTVO $KOLSTVI, OP Vzdalavani 7 S
fondvCR EVROPSKA UNIE MLADEZE A TELOVYCHOVY pro konkurenceschopnost ANA D

INVESTICE DO ROZVOIJE VZDELAVANI

Inovace tohoto pfedmétu je spolufinancovana
Evropskym socialnim fondem a statnim rozpoctem
Ceské republiky
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