Emission Control Technology for Hazardous
Waste Incinerator
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APCD
APCE
ESP
D/F
DRE
HEPA
HM
PICs
PCC
PCDD
PCDF
PM
POHC
RN
SCC

Glossary

. Air pollution control device

. Air pollution control equipment

. Electrostatic precipitator

. Dioxins and furans

. Destruction and removal efficiency
. High efficiency particulate air

. Hazardous metal

. Products of incomplete combustion
. Primary combustion chamber

. Polychlorinated dibenzo—p—-dioxin

. Polychlorinated dibenzofuran

. Particulate matter

. Principal organic hazardous constituent
. Radionuclide

. Secondary combustion chamber
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Incineration Basics

Q Incineration
» The process of combustion or burning of something to ashes

O Purpose
» to destroy hazardous organics into harmless or less harmful forms
» to reduce the volume of waste to be dispose of

O Byproducts
» Ashes and Scrubber Residue
» Emission

« D/F (PCDDs and PCDFs) and non-D/F PICs(Products of Incomplete Combustion)
* PM (Particulate Matter), HM(Hazardous Metals) and RNs (Radionulcides)
* Others (HCI/Cl,, SO2, NOX, etc)
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Incineration Plants

aas L2438
» 2 H 2l Z & (Rotary Kiln)
> H & 22+ 2 (Liquid Injection Incinerator)

> M =D &2 2 (Controlled Air Incinerator)
» =SS 222 (Fluidized Bed Incinerator)
> 22 i (Boiler)

QEs=
> 112 (High-Temperature)
> KN 2 (Low-Temperature)

> 23 Z &g (Molten Salt Oxidation)
>5 4 ofst F0H &tst (Wet Chemical Catalyst Oxidation)
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U

Integrated Waste Thermal Treatment Plant
Recommended by EPA-DOE Interagency Technical Workgroup
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Operating Parameters 1

Operational Parameters of Interest

The Operational parameters that affect one or more of following:

O Emissions of hazardous (regulated) organic compounds

v Principal organic hazardous constituents (POHCs) via DRE (destruction and
removal efficiency)

v Products of incomplete combustion (PICs) via carbon monoxide or hydrocarbon
and air pollution control equipment temperature

O Emissions of hydrogen chloride (HCI) and chlorine (Cl5)

O Emissions of particulate matters (PMs), toxic metals (TMs),
and radionuclides (RNs)

4 The likelihood of fugitive emissions and system upsets
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Continuously monitored parameters
(interlocked with automatic waste feed cut off)

O Combustion chamber parameters
v" Temperature at each combustion chamber exit
v' CO and HCs concentrations at SCC exit

v Pressures in PCC and SCC
v’ Feed rate of (each) waste to (each) combustion chamber

O Off-gas system parameters

v' AP across particulate APCD

v" Liquid to gas ratio and pH to wet scrubber

v Caustic feed rate to dry scrubber

v" kVA settings to ESP (wet/dry) and kV to IWS
v Flue gas flow rate or velocity at the stack
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Control Parameters of Primary Importance

POHCs PMs HCI Fugitive

Parameter IPI1Cs /HMs /Cl, Emissions
/RNs

Min. T X
Max. T X
Max. CO X
Max. gas flow X X X X
Max. pressure X
Max. Waste feed !
Particulate APCD parameters X
Acid gas APCD parameters X

Max. APCE inlet T X
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Control Parameters of Secondary Importance

Parameter POHCs PMs HCI Fugitive

IPI1Cs /HMs ICl, Emissions
/RNs

I ncinerability X

Max. halide feed | X

Max. ash feed X

Max. metals feed X

Max. size of batches X X

Min. blowdown X

Min./Max. scrubber X X

Nozze pressure change

(if applicable)

-‘Min. waste heating value X
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D/F formation and control

Q D/F formation mechanisms in general
> DIFs = AAHSHAM CH&ot) =& st

> MABISS O PIAZ 01 S0IA =2 2L0jLHCH

O Predominating Mechanisms
» Homogeneous gas-phase formation

» de novo synthesis (heterogeneous, surface-catalyzed D/F formation) from flyash-based

organic material coupled with flyash-based catalyst (such as copper)

» Heterogeneous formation from gas-phase precursors and flyash-based metal catalyst
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D/F formation on the surface of fly ash particles

U D/F formation involves the Deacon reaction (Bruce(1993);Griffin (1986))

» 2HCI + 20, <==> Cl, + H,0,
with copper or other metals serving as catalysts (1)

» Free chlorine formed by the reaction (1) then chlorinates D/F precursors,
including halogenated aromatics

1 Sulfur interferes with the Deacon reaction
(Bruce (1993);Griffin (1986));Raghunthen and Gullet (1994))

» Cl, + SO, + H,0 <==>2HCI + SO, (2)

» CuO + SO, + ¥2 O, <==> CuSO, (3)
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D/F emission control in general

O Historically, D/F emissions were believed to be controlled by
- ensuring good combustion

- cooling temperature (quench)

- lowering oxygen and PM concentrations.

U Recent studies indicates that even in systems achieving good
combustion (with low CO conc.), DF formation may occur in cooler
zones downstream of combustion chamber (Santorei, 1995)

- Critical operating parameters related to D/F formation includes
(1) Presence of particulates, which allow for solid-phase metal-catalyzed reaction
(2) Appropriate temperature window (approximately 200-400 )
(3) Presence of Cl, and other precursor

(4) Particulate residence time
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Demonstration of combustion parameters to
minimize D/F precursors by testing

0 Minimum PCC and SCC combustion temperatures
O Maximum combustion gas velocity

L Maximum waste feed rate

O For batch feed
- minimum feeding frequency
- maximum batch size
- minimum oxygen concentration

J Maximum carbon monoxide

O Maximum total hydrocarbons
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Summary of operating condition and parameters
that are relevant to D/F formation and control

Q H3A=25DJ11,800°F(980C) OlotOIHLE 2,250°F (1,250C)01 & L [H, Cl,0t

L
M2 2 DIF = & -4 =L

a
0z
0z
lull
-
b
)

ClLE HCIZ &2| &stol)| 2ol BHIIXNE = AI5HO0F StLt.

2(S) & &4t =(S0,)= CLE HCIZ EStAIZI=0 E3E 02 = DIFS)
A

Q PMO| =& &= Z(H/X tubes, ESP plates, bag house & HEPA filter)2 D/F

MMSE =&IA|I| = reaction siteJ} & C}.
= G Hot)| ®otH MESAE2| ifE =et0] & R otL}.
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Metal/Radionuclide Behavior In an Incinerator

Remain with the bottom ash as a solid
Become entrained in the gas stream

Vaporize
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Behavior of Metals and Radionuclides

Burning Spray

Homogeneous
Condensation
Vapor Fume Nuclei
ﬁ Coagulation
Chlorides, :...2.. e
Oxides, etc. e

‘\/ 7))
Ash Residuals
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Metals/Radionuclides Partitioning
In an Incineration Process

1 The bottom of the combustion device with the ash
1 The bottom of the scrubber with the scrubber ash
U The bottom of the particulate control system with the fly ash

U The air when they are emitted from the stack
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Parameters that influence HM/RN behavior

U Physical and chemical forms of metals and radionuclides
U Feed rate and characteristics

U Propensity to fragment

U Chlorine or halogen concentration

U0 Combustion zone parameters

O Air pollution control equipment parameters

O Other parameters
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HM/RN Emission Control Practice

HMs | RNs | Likely Form at APCE Most Effective APCE
1 H I,H,C T
9 Vapor Adsorber, Scrubber ]
As Not
Ru : always
> ne Filter, effect?/ve
Cd | Cs particles Electrostatic
Increasing|| pp sr [ precipitator |
Volatility '
Po | py
Ag | Fe Coarse Any APCD for
Ba particles particulate matter — Always
U control effective

APCE: Air Pollution Control Equipment
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Trial Burn 2
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POHCs Selection and Incinerability Parameter

Heating Thermal Thermal Compound Analysis
POHCs Value Stability Stability Type Method
(kcal/gm) Ranking Class
Benzene 10.03 3 1 Vv GC, GC/MS
Naphthalene 9.62 5 1 SV GC, GC/MS
Chlorobenzene 6.60 19 1 \% GC, GC/MS
Toluene 10.14 35 2 V GC, GC/MS
Tetrachloroethylene 1.19 36 2 Vv GC, GC/MS
Trichloroethylene 1.74 41 2 Vv GC, GC/MS
I,I-Dichloroethylene 3.00 42-44 2 V GC, GC/MS
Diphenylamine 9.09 42-44 2 SV GC/MS
Formaldehyde 4.47 46-50 2 Vv GC, GC/MS, HPLC
Vinyl chloride 4.45 60-64 2 Vv GC, GC/MS
Methylene chloride 1.70 65-66 2 \Y GC, GC/MS
Dichlorodifluoromethane 0.22 85-88 3 \Y GC, GC/MS
Phenol 7.78 100-101 3 SV GC, GC/MS, HPLC
Methyl ethyl ketone 8.07 108-109 3 Vv GC, GC/MS
Carbon tetrachloride 0.24 136-140 4 \% GC, GC/MS
Chloroform 0.75 158-161 4 \% GC, GC/MS
1,1,2-Trichloroethane 1.99 158-161 4 Vv GC, GC/M
Hexachloroethane 0.46 202-203 5 \% GC, GC/MS
Aniline 8.73 235-239 5 SV GC/MS

V= Volatile SV= Semi-volatile GC= Gas chromatography GC/MS= Gas chromatography/mass spectrometry
HPLC = High performance liquid chromatography




Trial Burn 4

_J
=l
b0

R0

100
30

oy

o
0}

0
(I
M

=
1l

-

Al
4
@

i Conservative Indicator

=0l to

| BH

GH=0
=S

/

=
—/

(Surrogate metal): CItE =2

-

Al

<
L

o)

010

ol
4Ar

Kt

JI
]

» Metals/Radionuclides Feed Rate VS. Emission Rate

R0

00
30

TT

N
o

]l

—t

0J

KO

K0
o]

040

4
Mo
KH0

o)
Iy

00

4z 0| HEO0ll CHEt M

/8

> ==

<[

o]
IH

4

UR

o
kK

0

ol
F

oJ
Rl
M

> OE )

0[0

O]
AN

(Kinetic Limitations) = 0




Trial Burn 5

ZI S=5=HSE) T2 AEE (1)
downward extrapolation

5 3
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Trial Burn 7
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