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Chemicka vyroba

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

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

NejproblematiCtéisi vyroby (anorganické):
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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,, HCI (+ zneciSténi plynu)
3) zasolené vody — soli jako odpad chemickych reakci ,
neutralizace

4) kaly z vyrob (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 odpadi
Zpétny tok latek:
% rozpoustédla
Y% voda

“  plyny

%

zpracovatelsky odpad
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Obecné schéma procesu chemickych vyrob

What the processes have in common:

HCI as coproduct; Need for purification

Organic,
Inorganie < ;

A Organics: Allyl Chioride;
Matstixls \. Chioranil; Chloroprene;
Chierine — . | Chemical | _Products  eoparinated benzenes;

Processes Epichlorohydrin; Isocyanurates;
Phosgene; Chlorophenaols;
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.
Recyeled . Medium boilers: may contain POPs —
Materials .

\ Purification Unlikely
Chlerine — .| Chemical | ?:;a':{i?n:f;t: i1 2
Processes :
Recycled /Hcl ' other}
Chlorine {anhyad)
Equivalent Sﬂ'ﬁé\:tfster
Oxychlorination Column
; separation,
By-Product Waste prod. purity
HCI for sale: | «— Treatment calculable
Small conc.
POPs Solid, Water, Gas
HCI Vaste if generated Organic
{anhyd) : Smas
Thermal high-hoilers;
Destruction May Contain
POPs
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C, a C, vyroby (Wiley Interscience 2000)

HCl, O,, Cat
CH,=CH, (Oxychlorination) CH,=CHCI HCI, FeCl, CH,CHCI,
Ethylene Vinyl chloride T’ 1,1-Dichloroethane
v
HCI, AIC CH,CICH,CI e o
s 3 Cl,, FeCl 2 2 Cl
2 3 > 1,2-Dichloroethane CH,CICHCI, 2
50°C (ethylene dichloride) 1,1,2-Trichloroethane
CH,CH,CI l
. \
Ethyl chloride L,1,1,2- and 1,1,2,2 '
Excess Cl,, Tetrachloroethane CH,CCl,
heat & pentachloroethane 1,1,1-Trichloroethane
l Cl,
v
CCL=CCl ccl v Heat
2~ 4 o .
Tetrachloroethylene Carbon tetrachloride 425°C NaOH or Lime
CH,=C(l,
T Cl, Vinylidene chloride
CHCI, HCl,
Chloroform FeCl,
L CHCI=CCI2 CCl,=CCl,
2 Trichloroethylene Tetrachloroethylene
CH,Cl,
Methylene chloride
T Cl,
S - HCLALO
<eMethanol e e CH,Cl
Seg ~Te | & JCl . ; ; :
g Mothane 7 \T2 > Methyl chloride or Toxic Compounds in the Environment
¢ z =1 Heat or light
% & ¢
“iann 65 ROy
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Priumyslova chemie aromatut
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Zakladni pfemény alkanu, alkent a halogenderivati

JERS/
S &

Alkanes, Alkenes &

Halogenoalkanes Dihalogenoalkane

Hal,

Elec. Addition Free Radicals Pol yalkcnc

) Polymerisation
H, Ni 1500C

Hydrogenation
e KMnO,4
Alkane % Alkene Oxidation >
Al,O3 500°C
4 N
H,S0,

Cracking
Electrophilic Addition

Clz or Bl'z
Photochemical
Substitution

HHal
Elec. Addition KOH / Ethanol
Reflux
N Elimination

Alcoholic NH; o
Heat, Pressure H alogcnoalkang
Nuc. Sub

Alkyl

A Hydrogensulphate
KOH HBr, Heat 129
. th rate H,O lost
LiAIH
Acyl Chloride e Rcducﬁén - n
Alcohol ; Carboxylic Acid
Na,Cr,04 Na,CO;
Reflux N: ﬂc()':
N-Substituted Oxidation J, "NLOH
Amide

This flow chart design was adapted from the Nuffield Students Book by
David Such. This version was created by Sam Davyson in 2006.
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Rozklad by-produkta

HCIl to Oxychlorination
Dff-gas
Boiler

PN ikbsorption/ Scrubber

./ * Desorption
Waste Gas
Low Boilers

. . Furnace
High Boilers t .
" Waste Water
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Petrochemicky primysl

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

Mozno Cistit — piiprava 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 prumysl

~= BENZINY

VODIK
METAN
ETAN :
ETYLEN OXDACIA ETYLENOXID
PROPAN

., OXIDACIA }
PROPYLEN ——— = PROPYLENOXID

= PETROLEJE

OXOALKOHOLY, EPICHLORHYDR!N .
KYSELINA AKRYLOVA, ACETON ATD.

BUTAN 1 DEHYDROGENACIA

ROPA — |

- PLYNOVE OLEJE

ATMOSFERICKY
L MAZUT

ATMOSFERICKA
DESTILACIA

PLYNOVE OLEJE
VISKOZNE OLEJE

VYKUROVACIE OLEJE

ASFALTY

VAKUOVA DESTILACIA l

e . | BUTADIEN
FRAKCla BUTEN

NAETALEN ——s= FTALANHYDRID

PYROLYZNY OLEJ

[ PETROCHEMICKE SPRACOVANEE |

Schéma spracovania ropy

IZOBUTYLEN
BUTADIEN )
PENTANY ] DEYDROGENAIA e 120PREN
PENTENY
es IZOPREN
PIPERYLEN DIMERIZACIA .
FRAKCIA CYKLOPENTADIEN —————— = DICYKLOPENTADIEN
Cg-Cq i
FRAKCIE BENZEN A_L.K_Y_L_A_CLA_, e B EHOCENACIA
TOLUEN _OXIDACIA____° MALEINANHYDRID
: XYLENYT::: KYSELINA FTALOVA
AROMATY ' sAvai
INDEN
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Petrochemicky prumysl

—  Refinery Gas g™

: Used as a fuel
; 40°C £
— Petrol

Used in cars

— Naphtha iR l |

Used In chemical AVA
production q
180°C

- Kerosene
Used as jet fuel

260°C
S Diesel Oil
Fuel for diesel
engines
Heated 340°C

p—p Residue

Fuel for ships,
lubricating oil, ﬂ
road surface

crude oil
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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 primysl

dfevo

hlavni slozky doprovodné slozky

l

polysacharidy

liénin Zivice
polyhydroxyalkoholy
organické N sloucCeniny
tfisloviny
anorganické slouCeniny
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Vyroba buniCiny

Delignifikace rostlinnych surovin

Uvolnéni vlaken buniCiny ze zakladniho pletiva puisobenim
chemikalii pfi vyssich teplotach a tlacich

Necelulozové slozky dfeva (lighin, hemiceluloza) pfechazeji do
roztoku

NejduleZzitéjsSi moment: rozrusSeni chemické vazby ligninu a
polysacharidu na vodorozpustné slouceniny, napf. sulfonaci.

Research Centre for Toxic Compounds in the Environment
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Vyroba buniCiny

Pouzivaji se kyselé, alkalické a neutralni roztoky — stépeni
ligninu na razné fragmenty pavodni makromolekuly.

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

Sulfatova bunicina — uc¢inkem vodnich roztokt 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 bunic¢ina

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 bunic¢ina

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

MgO (V) +80, (g)

+ MgO > + Mg(OH),

+ SO, > Mg(HSO,),

Research Centre for Toxic Compounds in the Environment
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Sulfatova bunic¢ina

10-11,5 NaOH
3,5—-5%  Na,S
2-25%  Na,CO, (+Na,S0,)

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

Kontinualni zpisob regenerace odpadnich louhi - zahusténi na
60% susiny, spaleni v kotli — teplo na vyrobu pary —
energeticka sobéstaCnost.

Research Centre for Toxic Compounds in the Environment
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Eliminace 2,3,7,8-TCDF pfi nartistu substituce
chléru CI10,

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.

Esmey Tyre™ CAUUGRE™ Fisc AR SuiperBaich™ DeltaScreen™  TwinRoll™  OxyTrac™
Debarking Chipping Reclaiming Cooking Deknotting  Scresning Washing Oxygen dalignification

! s S B o
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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:

Y% rozpousténi pfi prani ve vodé
Y% E — extrakce zfedénych roztoku alkalii

Research Centre for Toxic Compounds in the Environment
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Y 4 NV r 4 r | 4
BéZné pouZivané metody béleni celuldzy
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 in acidic
medium for removal of metals
Ozone Z Ozone using gaseous ozone (O;)
;@QERS"“’@_Q Research Centre for Toxic Compounds in the Environment 24
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Odpady celul6zo-papirenského primyslu

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

(1) ptedhydrolyza dieva (HCl, H,SO,, H,SO)
vafeni buniciny (odpadni vyluhy)
béleni buniciny
kondenzaty pfi odpafovani vyluhu pfed jejich spalovanim OV

(s) zbytky

Research Centre for Toxic Compounds in the Environment
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Potravinafsky prumysl

Hlavné kapalné odpady s organickymi latkami biologicky
rozloZitelnymi a netoxickymi

Po chemickém primyslu nejvétsi zneciSt’ovatel vodnich tokai.

Exhalace — pomocné provozy (kotelny, elektrarny)

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz



Vyroba cukru

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

saturacni kal - kalolisy
lehka §t’ava
zahusténi, odpafeni

vykrystalizuje cukr

odstfedéni od krystalického louhu

rafinace » cukr

!

odpadni sirup (melasa) — 50% cukru

krmivo, zkvaseni na lih

Research Centre for Toxic Compounds in the Environment
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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 pfepravu fepy
2) fizkova vody

3) kondenzacni voda

4) praci a oplachovaci voda

5) splaskova voda

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz



Vyroba cukru

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

Rizkova — (diftzni, Fizkolisova) - nejzavadngjsi — BSK, > 1200
mg.1™!
sachar6za > 1000 mg.I!
slabé kysela, snadno kvasi

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

Research Centre for Toxic Compounds in the Environment
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Vyroba skrobu

z brambot, obili, kukufice, ryzZe

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)

Research Centre for Toxic Compounds in the Environment
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Vyroba drozdi

melasa

\

zfedéni H,O okyseleni H,SO,

\ 4
4

Zapara

A 4

T

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

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

dditedeni Nejzavadnéjsi vody vabec — lihovarské vypalky,
0 S e e \v4 r r 0 r vX) .
vykvasena zavara ) — melasa, anorganické Ziviny,

metabolity kva§eni — BSK5 — 30000 mg.1 !

\ 4
filtrace (praci a lisovaci OV)

ent Res, N
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Vyroba sladu a piva

Slad, chmel, vody
sladovani — v urcCité fazi pferuseni kliCeni jeCmene (jeCmen se
smaci ve vodé, necha se klic¢it — enzym amylaza ¢astecné méni
Skrob na maltozu; susi se a zbavi klick)

vareni

|

kvaseni

1

staCeni piva

-

Research Centre for Toxic Compounds in the Environment
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Vyroba sladu a piva

OV:

%  oplach staCeciho zafizeni — BSK; — 2 000 — 4 000 mg.I"!

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

%  dal$i namaceci a praci OV - BSK; ~ 200 mg.1™!

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

13 000 mg.1"!

Research Centre for Toxic Compounds in the Environment
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Zpracovani mléka

Uprava mléka na pfimou spotiebu

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

@

Mléko - odstfedéni — filtrace — uprava tukovosti, pasterizace
Jogurt — zahusténi mléka na 1/2 + mikroorganismy (mlécny
cukr —— 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

&

Research Centre for Toxic Compounds in the Environment
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Zpracovani mléka

OV:

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

Zakaz vypousténi — syrovatka, zkaZené
Do OV se nesmi dostat syrovatka — nelze vycCistit

BSK; ~ 900 — 3 000 mg.I"! (kyselé kvaseni — mlé&ny kasein)

Research Centre for Toxic Compounds in the Environment
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Primysl 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.1™*
T.L - 200 — 8 000 mg.1"!
Krev
Velky obsah tukt a dusikatych latek

Vyroba mouky

Research Centre for Toxic Compounds in the Environment
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