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Waste management techniques

I
Waste reduction at source Recycling

I

1, I 1
Good Technological

Input

housekeeping changes
material Product On-site Off-site

changes changes recycling recycling

r
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9.1.2 3Gl%~~VlV@~~l%?t~%l~~  (Life-Cycle Analysis, LCA)
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CH2=CHCH3 + CH3COOH  +I/202  -+CH2=CHCH20COCH3 (9.3)

CiI2=CHCH20COCH2  +H20 -%CH2=CHCH20H  +CH3COOH  (9.4)

9.2.2 dfj~%llbu"7dW%JO~

hd19

A + B  -+C (9.5)

A-I-B  -+D (9.6)

AI-B --+C --+D

300

(9.7)
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CH2=CH2 + l/2 02 -+ CH2 - H 2 -+  CO2 + H20 (9.8)

CH 762



mpurities in auxiliary
:hemicals

.mpurities  in main
‘eactants

Main reactants

Auxiliary chemicals
:.g. catalysts,
solvents

- Process  -cl

Byproducts arising from
reaction of impurities
in main reactants or
auxiliary chemicals

Unchanged impurities
in main reactants or
auxiliary chemicals

Desired products

Unchanged main reactants

Byproducts from main
reactants

Unchanged auxiliary
chemicals

Byproducts from
auxiliary chemicals

Byproducts from main
reactants and
auxiliary chemicals

302 CH 762



(a)

Reaction and processing

I Chemical effluent

acid can be
recycled

0.6t

%dz  9.4 Flow of raw materials and waste in the chemical synthesis

(a) before modification

(h) after development of a new reaction pathway and installation of

appropriate plant
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9.3.1.2 f7?.7W&
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Environment

Resources conserved
Costs reduced
Cheaper products
More comoetitive ’
Increased sales 1r 1 ~~~~~~~  of

Public relations

J-

waste
minimisation

Cheaper transport

Increased profits
Higher share price
More irivestmenl  in productive capacity

I

t

1

Gain
I

t

Future

I
-

More secure

Quality enhancement

I

I
business

I
‘

J’dG 9.6 &&lb9fll%~(;\(\18~~8fJ  (Benefits of waste minimization)

,
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9.4.3 ‘Ml~6a”0fdlM%J  CFCs
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Hydrofluorocarbons (HFCs) Hydrochlorofluorocarbons (HCFCs)

C 1 compounds
CH2F2  (HFC-32) CHClF2  (HCFC-22)

CHF3 (HFC-23)

CF3CH2F  (HFC-134a)

CF3CHF2 (HFC-125)

CF3CHCl2  (HCFC-123a)

CF3CHClF  (HCFC-124a)

CH3CCl2F  (HCFC-14lb)

CH3CClF2  (HCFC-142b)

C3 compounds CF3CHFCF3  (HFC-227ea)

(HFC-134a)

tyJmJGi CCl2F2 CF3CH3F

Molecular weight 120.93 102.03

Boiling point / ‘C -29.8 -22.22

Freezing poini  / OC -158 -108

Critical temperature / OC 112 101

Critical / barpressure 41.2 40.55

Critical density /kg m
-3

559 491.5

Specific heat (liquid) / kJ k g
-1 -1

K 0.998 1.502
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qumJGi CCl2F2 CF3CH3F

Specific heat (vapour) / kJ kg-’ Km1 0.62 0.849

Ozone depletion potential (ODP) I .o 0.0

Greenhouse warming potential (GWP, CFC-11 =l) 3.0 0.25

Tropospheric lifetime / year 116 15.70

9.5.1 fITi% Solid supports

3 1 2 CH 762
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2. Fluorination of Uracil

5Fluorouracil  KWl~tI~~~%l~Nl%~  selective fluorination ~Wl%&IdElUklWlfl

.

0 0

XeF, I graphite F

24 h. 20°C, CH,CI,

H H

CT.91

5 Fluorouracil

(90%)
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fKK%O,eil9

Dichlorocyclopropanation of alkenes

L&J cyclohexene

0I No Catalyst: >l % yield Cl
+ NaOH  + CH’C13 PTC: 65 % yield c* (9.11)

H-Ccl,

-----AM
Q’U + NaOH N$CCl,-  + Hz0 + Q'U

t +

Q’Cl-  + :CCl, Q+CCl,-

NaCl + H&I NaCl + Hz0

Cl Cl

-X + :CCl, %
J& 9.9 Dichlorocarbene generation and reaction with alkenes

CH 762 319



9.5.4 Hydrogen peroxide in clean processes

9.5.4.1 f7  ?u& %#  hydrogen peroxide?
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9.5.4.3 Activation Methods

Year 1987 1990 1992

Total production (Kt) 680 880 1260

% Breakdown by end use:

Pulp & Paper

Chemicals

Textiles

Environment

Other / miscellaneous

42 49 50

27 24 17

16 12 10

8 8 14

7 7 8

CH 762 3 2 3





Fll%ld 9.5 Activated oxidising species produced from hydrogen peroxide

Oxidising species Produced by Properties Used to oxidise

H202 weak oxidant

(neutral hydrogen electrophilic

peroxide) nucleophilic

HO2-

(perhydroxyl anion)

action of alkali strong nucleophile

H302+
action of strong acid strong electrophile

(perhydroxonium cation)

HO-

(hydroxyl radical)

thermolysis,

photolysis,  or

metal redox

very strong

oxidant

H2SO5

(permonosulfuric acid,

Carols  acid)

mixture with sulfuric

acid

RCOSH

(percarboxylic acids)

acid-catalysed reaction

with carboxylic acids

X 2

(free halogen)

reaction with halogen

acid, HX

activated metal species action of catalytic metals

electron-rich N or S

carbonyl groups

electron-deficient alkenes

and aldehydes

phenols

water disinfection,

effluent treatment

general use for organic

oxidations

see text

see text



2 H X  +H202  -+ X2 + 2H20 (9.12)

2X2 +Fw  + Rx + HX (9.13)

CH 762



0

>----<----e >/ \/(9.14)
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2. Alcohol Oxidation

0 1
/,>M=O

0 I’
L

‘\
d R’

- H+, 40
oj,,o

-
d-;/“‘b

I

aI#  9.11 Alcohol oxidation with metal-peroxo complexes

328 CH 762



3. Aromatic hydroxylation

6J *aoH+ 6-J (9.15)

OH

4. O~~~l%‘+%&blkd&J~~Vl~  (Product Purification)
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9.5.5 Sonochemistry

9.5.5.1 Whfl77  (Principle)
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9.5.6 Fd~~~l  (Eleotrochemistry)

9.5.6.1 VWtil
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Waste Substance Reaction with Oxidant or Reductant

Oxidation of Organics .

Organic matter, {CH,O}  + 2(O)’  + CO*  + Hz0
{CH,Ol

Aldehyde CH,CHO  + {0} -,  CH,COOH(acid)

Oxidation of Inorganics
Cyanide 2CN-  + 5OCl-  + H,O  -t N, + 2HCO,-  + 5 Cl-

Iron(I1) 4Fe2+  + O2  + lOH,O + 4Fe(OH),  + 8H+ _

Sulfur dioxide 2S0,  + 0, + 2H,O -+ 2H,SO,

Reduction of Inorganics
Chromate 2CrO,*-  + 3S02  + 4H’ + Cr,(SO,),  + 2H,O

Permanganate MnOc  + 3Fti’  + 7H,O  +
MnO,(s) + 3Fe(OH),(s)  + 5H’

“The symbol { 0) is used to denote a source of oxygen in an oxidizing speck.

CH 762



.
Gll~l4~  9.7 Electrochemical effluent treatment processes

Direct Indirect Phase separations and

membrane separations

Reduct ion

Oxidation

Liquids

Oxidation

Reduct ion

Oxidation

‘Redwon

Electra-deposition of Cementation

heavy metals and precious Co;  with Fe

metals Electra-cementation

Dissolution of scrap Electra-precipitation

Phenols ,  CN Organics wfth  Ag(II),

Co(H)

Electrodialysis,

Electra-hydrolysis

Chlorinated organ& Electrochemical ion-

exchange,

Electrosorption

SO2,  H2S

NO,, ‘32,  9

SO2  with Br2

Organics,  SOz,,  etc.  by

& (11)

SO2  with Ti(II)

Sohd andparticulates _~  Sulphide oxidation - FeS2 Sulphide oxidation

by air

SO2  and H2S  with

eutectic  membrane.

NO2  with eutectic

membrane

Electroflotation,

Electrotiltration,

Electra-osmosis,

Electrophoresis

C H  7 6 2 3 3 5



9..5.6.2  Fll%¶h%l~W4~ (Treatment of metals)

Mn+ + ne + M (9.16)

.

9.5.6.3 n7O~77~R79OfdgUw~~(Treatment  of inorganics)

2CN-

(CN)2  + 20H-

+ (CN)2  + 2 e-

+ Cti- + CNO-

(9.17)

(9.18)
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2. Indirect oxidation

organic compounds)
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G

FASTER

1

S L O W E R

t

S L O W E R

I
A C

FASTER

I

REAcl-iON CO-ORDINATE

%#I  9.12 Solvation of reactants and transition states
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@ll+ald~  9.7 Relative rate constants (25’C) for the reaction of 4-

fluoronitrobenzene with tetra n-butylammonium azide in selected solvents

Solvent Relative rate

Water

Methanol

Nitromethane

Dimethylsulphoxide

Acetone

Dimethylformamide

Hexamethylphosphotriamide

1

1.6

4.5 x IO3

13 x IO3

13.8 X IO3

42.5 X IO3

1900 x IO3

recovery)

CH 762
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9.6.2 Control of sulfur dioxide emission from coal-burning power plants

344 CH 762



9.6.2. I Fuel desulfurisation

9.6.2.2 Fluidised-bed combustion

CaC03 -+  CaO  + CO2 (9.22)

CaO  + SO2 + CaS03 -+ CaS04 (9.23)

CH 762 345









9.6.3 Control of nitrogen oxide emission from power plants

9.6.3.1  Low-excess air$ring

CH 762



9.6.3.2 Removal of NO.J?om  stack gas

1. Selective non-catalytic reduction @NCR)

2. Selective Catalytic Reduction (SCR)

4NO+4NH3  +02 + 4N2 +6H2O (9.30)

CH 762 i



4NO+CH4 + 2N2  +2H20  +CO2 (9.3 1)

Flue gas flowFlue gas flow

uu

NitrogenNitrogen tt WaterWater
WW 6-W)6-W)

/ ////////// /////////

Catalyst bedCatalyst bed

4dl,+  4N0 + O2  + 4N2 + 6H24f’h,+  4N0 + O2  + 4N2 + 6H2 ..II

/,/,

Nitric oxideNitric oxide

tt
AmmonlaAmmonla VWVW
gas NH3gas NH3

7171
Ff$sFf$s

flowflow

IdG 9.14 Dry flue gas denitrification

3. Combined SO,/NO,  removal by Absorption
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Al203  + 4 Na2C03 + 2NaA102  + CO2

2NaA102  + SO2 -+ 2Na2S03. Al203

(9.32)

(9.33)

9.6.4 Control of antomobjle emissions

9.64. I “Lean-burn” engines

352 ‘3-I  762



IPOOA  I \\ / r,lCI I\\ I I I LEAN

. 5

IO:1 ,2:9 1.3 14.7 1 16.1 18:l 2d:l zi:, z;:,

AIR : FUEL RATIO. by wclght

Ed; 9.15 Effect of air/fuel ratio on engine operations

9.6.4.2 “Catalytic converters”
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1. IJ~?l%Jl~~fll~~G

2 c o  +02 + 2co2

R +02 -+  C O 2  + H20

2 CO + 2N02 + 2CO2 +N2

R + N O + CO2 +N2 +6H2O

(9.34)

(9.35)

(9.36)

(9.37)
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9.7 Decontamination of polluted soil

9.7.1 Bioremediation
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9.7.2 Chemical decontamination
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