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Abstract—Transient emissions of organics can occur from rotary kiln incinerators when drums containing
liquid wastes bound on sorbents are introduced in a batch-wise fashion. Physical processes controlling the
release of waste from theé sorbent material arc greatly affected by the rotation speed of the kiln and the kiln
temperature, Local parlial pressure of oxygen influcnces the rate of oxidation of the pulf formed inside the
kiln. These physical and chemical phenomena can be exploited 1o effect control of transient emissicns by
oxygen enrichment, where this is accomplished in either a steady or 4 dynamic mode.

Experimental results from a pilot-scale rotary kiln incinerator simulator were combined with a theoreti-
cal model in order to explore the potential of minimizing transient emissions through changes in kila
rotation speed, kiln temperature, steady oxygen enrichment, and oxygen enrichment in a dynamic mode.
Results indicated thal transient orgatic emissions could indeed be minimized by changes in these kiln
operating parameters, bul becanse of the complex interactions of physical and chemicul processes controll-
ing emissions, lhe appropriate abatement procedures must be carefully implemented.

NOMENCLATURE

< Concentration in interstitiul gas phase (gmolefem’}

[ Initial concentration in interstitial pas phase (gmolefem’)
Cirit Critical congentration defining talling drying rate (gmolefem® sorbent)
C, Concentralion in sorbent {gmolefem’ sorbent)

Ca Initial concentralion in sorbent (gmolefcm® sorbent)

C, Specific heat of sorbent (calfg K)

d, Sorbent grain diameter {cm)

D Agpregate diameter (cm}

Dy Effective diffusivity (cm*/s)

D, Molecular ditfusivity {em®/s)

F, Muotar or volumetric flow of flue pas {gmolefs or scih)

F, Muss flow of waste out of surface (gfs}

AH, Waste latent heat ol vaporization {cal{gmole)

k Thermal conductivity of sorbent (calfs cm K}

L Chaructenstic length (cm}

MASS  Charpge mass {g)

MW Muolecular weight (gfgmole)

PP Relative puff magnitede {pufl’ magnitede normalized by base case pull magnitude)}
Po:"‘ Quantity defined by Eq. (7

Po: Oxygen mede fraction in flame flue gas

prn Vapor pressure of waste {atm)

Qonal”)  Conductive heat flux through serbent aggregate (caljem?s)

Qralt) Radiative heat flux into sorbent aggregate (calfem’s)

R, Vapaorization rate (gmolefcm’ s)
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RPM Kiln rotation speed (rpm)

7 Temperature (K)

T, Initial temperature {K)

T, MNormal boiling point (K)

T Kiln temperature (K}

T, Meusured lemperature at kiln exit (K)

1 Time {s)

At TFime interval between surface renewal events (s)
win Mass flux out of sorbent aggregate (gfom? s)

¥ Distance into sorbent aggregate {em)

Greek Symbols

& Bulk porosity

< Emissivily

i Staichiometric oxygen requirement of waste {gmole O, required/g waste)
I Sorbent density (gfem*)

o Stefun-Boltzmann constant (1.355 x 10 Zcalfs e K¥)
INTRODUCTION

The destruction of liquid hazardous wastes to form innocuous products of combus-
tion is a problem of national importance. Rotary kiln incinerators constitute a sizable
[raction of hazardous waste incinerators currently in use in the U.S. (Oppelt, 1987).
Rotary kiln incinerators are also unique in that they are designed to allow a portion
of their waste load to be charged in batch rather than continuous mode. In this batch
mode of operation, solid wastes and *‘containerized™ liquid wastes bound on sorbents
are introduced through entrance chutes, typically cocurrent with the gas flow. Bed
motion due to kiln angle and rotation speed continuously exposes fresh surface for
oxidation, determines the residence times of non-combustible materials, and provides
for continuous ash removal. Upon entry into the incinerator, a liguid waste container
{typicaily a cardboard, plastic, or steel drum) ruptures or burns, exposing the contents
to the hot kiln environment. The liquid then rapidly vaporizes and reacts with the
¢xcess oxygen present in the combustion gases from the continuous primary flame. A
posstble kiln failure condition arises when the evolution of waste gases from the
ruptured container is more rapid than the rate at which the stoichiometric amount of
oxygen can be supplied by the combustion gases from the primary flame. This
transient overcharging condition, unique to batch mode systems, can Iead to a “puff™
of incompletely destroyed organic material which must subsequently be destroyed by
the system afterburner (Bastian and Wood, 1987; Wood, 1987). Under circumstances
when the afterburner cannot destroy the quantity of organic material released, this
puff leads to a system failure.

Previous work has focussed on characterizing the conditions under which transient
puffs are produced (Linak ¢f af., 19874, 1987b) and on determination of the hazardous
constituents present in the ¢exhaust gases during such a transient upset condition.
Formulation of a model (Wendt and Linak, 1988) allowed some of the fundamental
physical phenomena tmportant in the generation of puffs to be delineated. Although
this model was successful in explaining the effect of kiln rotation speed (RPM), it was
less successful in quantifying the effect of kiln temperature (7).

The research reported here is concerned not with a description of how transient
overcharging conditions are produced, but rather with the determination of practical
methods that allow transient puffs from a given waste to be minimized. First, the
theoretical model described previously (Wendt and Linak, 1988) was modified. The
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FIGURE 1 EPA rotary kil incinerator simulator.

purpose of these changes was both to better account for the observed effects of
temperature and to more realistically describe how kiln rotation exposed new surface
for liquid waste release. Second, the mode]l was used to predict the kiln operating
conditions under which puffs could be minimized. The predicted optimum conditions
suggested the use of oxygen enrichment as a practical means to reduce transient puffs.
Experimental data from a laboratory rotary kiln simulator (Figure 1) then confirmed
the general predictions of the model, but because oxygen enrichment affects several
kiln variables simultaneously, a true opiimum in operating conditions is difficult to
achieve in practice. Additional experiments in which oxygen enrichment occurred in
4 dynamic mode did confirm the predicted optimum conditions at which transient
emissions were minimized, and suggested a praetical technique through which these
optimum conditions can be implemented.

Oxygen enrichment has long been applied to many industrial combustion processes
in order to increase product yields and thermal efficiency. The use of oxygen in
hazardous waste incineration to augment or enrich oxidant levels in the combustion
zomes has the potential to improve the destruction and removal efficiencies (DREs) of
the principal organic hazardous constituents {POHCs), minimize the formation of
products of incomplete combustion (PICs), and allow for better control of the
combustion process. Results from research reported here indicate how oxygen enrich-
ment could be applied to rotary kiln incinerators in order to minimize transient failure
conditions caused by the batch intreduction of waste material and why implementa-
tion of this technique requires some care.

THEQRETICAL PREDICTIONS

Model Development

It is assumed that transient overcharging conditions are controlled by the rate at
which waste is evolved from the sorbent aggregate, rather than by the rate at which
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FIGURE 2 Prototype (a) vaporization and (b) surface exposure models.

mixing occurs in the gas phase. This assumption is based on the observation that
transient puffs occur over periods of time (0.5-2.0 min.) which are much longer than
any reasonable mixing time. We therefore focus our attention on heat transfer and
waste evolution rates from a sorbent aggregate after the cardboard container has
disintegrated. One side of this aggrepate is in contact with the hot kiln refractory,
while the other side is exposed to the kiln environment. Due to kiln rotation, the
aggregate exposes new surface to the kiln environment at defined intervals.

Following Wendt and Linak (1988), waste evolution is modeled in two parts, as
shown on Figure 2. The first part represents the prototype problem of transient
sitnultaneous heat and mass transfer into and out of a sorbent aggregate layer, The
layer, the initial thickness of which depends on the container diameter, is heated from
above by radiation from a source at T, {neglecting convection) and from below, where
it is in direct contact with the kiln refractory, by conduction. These thermal boundary
conditions differ from those used in previous work.

The second part of the model describes how the rate of surface exposure is
influenced by RPM and differs from that presented previously. In the new model, it
is assumed that surface renewal occurs every quarter of a revolution, and this was
supported by visual observation. At each surface renewal event, the entire aggregate,
and not each fragment, breaks up into four new pieces. At this point the number of
fragments formed at each event is arbitrary, but can be modified with additional
model refinements. This parameter controls the dependence of waste evolution rate
on kiln rotation speed. The surface available for mass transfer therefore, increases at
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the first event, but, although it is renewed ai every subsequent event, it no longer
increases in value. In the previous model the surface area increased geometrically with
fragmentation and the time between events depended on the current aggregate size.
The current approach, however, does not attempt to describe the motion of the bed
in detail (Zablotny, 1965).

For the vaporization model, the conservation equations to be solved are identical
to those presented previously (Wendt and Linak, 1988), but are presented below for
the sake of clarity:

Energy:

aT k PT AH,
@ -k 7L S%pec, T). 1
ar 0-0GCpaF GCp (GG T) (N

Species in the interstitial gas phase:

= 5+ 0 - aRECCT). @)
iy dy

Species withinjon sorbent particles:

aC,
at

= = R\(C!(‘\“T) (3,]

Where R,, the local rate of volatile release, has been defined previously (Wendt and
Linak, 1988):

12D, PP C,
R(C.C.T) = 12 : Fc]. 4
€an - = e @
The initial conditions are, as before;

r = 0 T = T, C = G, C, = Cq. (5

The boundary conditions, which now are different from prior work, are:

oc :

y=1L T =T, 3 =0 (6)

The characieristic length, L, of the sorbent aggregate is here taken to be the diameter
of a sphere with the same volume as the aggregate fragment. Solution of these
equations yields the total mass flux of waste leaving the surface as a function of time.
This quantity, multiplied by the total surface area, yields the *‘Unsatisfied Oxygen
Demand,” which defines the puff intensity, thus:

Pt = Py — vt Y
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TABLE 1
Wuste, sorbent, and kiln parameters used 1o predict the base case pull magnitude.

Waste Parameters { teduenc)

MASS 100.0g

MW 920 gfmmole

7, 3836K

AH, 7688.44 cal{gmole

PU0oal 298 K 0.05516 atm

P oar 1250K 1087.0atm

Collision diameter 5.27A

D, 0.07330 cm?fs

i 0.098 gmole O. requiredfg waste

c, 2.257E-06 gmolefem?

Cy 4.026E-03 gmolefem” sorhent
Sarbent Parameters

Sorbent mass 1350g

) 0.5 g,l’cmi

k 1.96E-04 calfs cm K

c, 0.172calfg k

3 0.737

d, 0.3cm

Dy 0.03981 cm/s

C. {defines falling drying rute) 0.00{ gmolefem’ sorbent

Contginer diameter £9cm

Container length 16.5¢cm

Assume: Sorbent properties are those of sawdust when corncob properties are unavailable. Each apgregate
forms lour pieces at cach surface renewal event every 0.25 revolulion.

Kiln Parameters

T, 1250 K

7 208K

RPM 0.5 rpm

F 1.321 gmole/fs
£y, 0.12

Waste and sorbent purameters taken from Foley (1978), and Weast and Asile (1982},
Unsatisficd Oxygen Demand = 0 for Pt > 0,
Unsatisfied Oxygen Demand = — P E for Pt < 0. (8)

The integral of the puff intensity over 0 < r < = defines the puff magnitude, which
is the output from the model. The time interval between surface exposure events
depends only on rotation speed and is now given by:

60

Equations (1) through (3) were solved numerically using a fully implicit algorithm and
finite differencing with a variable mesh which collapsed at each boundary where
gradients were high (Wendt er al., 1979).

The model described above contains only two arbitrary parameters, namely the
number of fragments formed at each surface exposure event, and €., which defines
the onset of the falling drying rate of waste from individual sorbent grains in Eq. (4).
The values used, Table 1, yield physicalty reasonable results.
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] redwied Pull Magniuda vs Tk and HEM

FIGURE 3 Model Predictions: (a): Predicted effect of T, and RPM on pufl magnitude, nennalized to
base case conditions of 7, = 1250 K, RPM = 0.5rpm, MASS = 100g, B,, = 0.12. (b): Predicted effect
of T, and R,z on pufl magnitude, normalized 1o base ease conditions of 7,7= 1250 K, RPM — 0.5 rpm,

MASS = ldGg, Fy, = D.12. Surrogate waste: toluene.

Model Predivtions

As before (Wendt and Linak, 1988), the model presented above vielded puff intensity
traces which compared well qualitatively with experimental total hydrocarbon traces.
The predictions of pufl magnitude for toluene surrogate waste, normalized to a
selected base case condition (P/P,,..). are shown on Figure 3a as a function of 7} and
RPM. Clearly, the model predicts an optimum set of operating conditions for mini-
mizing pufl magnitude, This optimum point occurs at the lowest T, and the lowest
RPM possible. In practice, the lowesi practicable rotation speed was 0.5 rpm since
some rotation is desirable in order to let the waste evolve over a reasonable period of
time. Waste, sorbent, and kiln parameters used to calculate results at the base case
conditions for toluene are presented in Table L.

Equation (7) suggests that an increase in post primary flame oxygen partial pressure
(Po,), achievable through oxygen enrichment, should also help to further minimize



318 P. M. LEMIEUX er al.

puff intensity. However, oxygen enrichment in general is accompanied by changes in
7T} due to higher adiabatic flame temperatures. Figure 3b shows predictions of puff
magnitude as a function of T; and P, holding total flue gas flow rate (%) and RPM
constant (RPM has been set to its lowest limiting practical value of 0.5 rpm). Again,
in contrast to Wendt and Linak (1988), who predicted only a very slight dependence
on temperature, we now predict a targe effect of 7,. The optimum condition for
minimum_puff magnitude, however, occurs at the lowest 7; and the highest P,
possible. The next step is to determine the extent to which these predictions are
substantiated by experimental data.

EXPERIMENTAL APPROACH

Apparatus

The EPA rotary kiln incinerator simulator has been described in detail previously
(Linak et af., 1987a, 1987b). It has been established that the 73kW (250,000 Biu/hr)
pilot-scale simulator exhibits the salient features of full-scale units with thermat
ratings 20 to 40 times larger. The simulator matches the volumetric heat release,
gas-phase residence time, and temperature profile of many full-scale units, and yet is
flexible enough to allow parametric testing. A schematic drawing of the simulator is
presented in Figure 1.

The water-cooled prototype burner is designed to produce. stable flames utilizing
oxidant streams ranging from 22 to 100 percent oxygen. The burner provides for
separate introduction of natural gas, air, and oxygen with turndown ratios of at least
1 to 10. The burner is easily ignited and capable of rapid response to changes in the
fuel, air, or oxygen flows.

Containerized batch charges are introduced through a sliding gaiefram assembly
located downstream of the continuous natural-gas-fired oxygen-enriched burner as
shown in Figure 1. Quantification of the transient puff produced requircs the real-time
measurement of system response variables. These dependent variables include peak
responses of O,, CO, CO,, NO,, and total volatile- hydrocarbon (THC) concentra-
tions measured by continuous flame ionization detection (FID) and reported in
equivalent parts per million methane. Other dependent variables include the time-
integrated responses of the CO and THC analyzers and particulate filter weight. At
constant sampling conditions, these variables are proportional to the total mass
emitted in the transient puff. Tared quartz filters and the heated particulate filter
system upstreamn of the THC analyzer were used to collect particulate samples.
Volatile hydrocarbons are defined as those in the gas-phase at 420K (300°F), the
temperature of the heated sample line.

Charges to the kiln consisted of varying amounts (50 to 200¢g, 0.11 10 (.44 1b) of
toluene or No. 5 fuel oil on 135 g (0.301b) of ground corncob sorbent sealed ina 45g
(0.101bj cylindrical uncoated 1 qt (0.95L) cardboard container. The majority of these
tests, however, examined nominal “waste™ loadings of 100 g (0.221h). Toluene and
No. 5 fuel oil were chosen because together they span a wide range of *‘waste™
viscositics, yield large chlorine-free puffs to which the FID is very sensitive, and
produce large particulate loadings. Nominal charge masses of 100g (0.221b) were
chosen so as to produce large transients which did not exceed the FID linear response
region of zero to 10,000 ppm (reported as methane) and to approximate the range of
volumetric waste heat release rates that would be typical when introducing liquid
charges into a full-scale kiln.

There are difficulties associated with the measurement of puff intensity and puff
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magnitude (Linak ef al., 1987b) since no single on-line measurement (such as, THC),
represented those quantities for all surrogate wastes under all conditions examined.
For toluene on sorbent, it was found that, while THC traces might represent puff
intensities if these were low, the total filter sample representing total soot loading in
the puff was a better indicator of puff magnitude over the entire range of conditions
examined. For carbon tetrachloride on sorbent, CO was the best indicator, while both
THC and the total filter weight seemed adequate for the less volatile No. 5 fuel oil.
In this paper the focus is on toluene and No. 5 fuel oil and therefore it is assumed that
THC traces properly represent instantaneous puff intensities provided these are
relatively low, and that total filter loadings represeni puff magnitudes (integrated puff
intensities over the puff duration) over the entire range of parameters examined.

Parametric Testing

Three sets of experiments were conducted. Test Set 1 focussed on determination of
puff magnitude without any oxygen enrichment; Test Set 2 focussed on the effects of
oxygen carichment introduced in a steady-state mode; and Test Set 3 focussed on
oxygen enrichment iniroduced in a pulsed, dynamic mode. The purpose of Test Sets
1 and 2 was to validate the model predictions, while that of Test Set 3 was to
demonstrate how the predicted methods for minimizing puffs can be reduced to
practice.

Test Set 1 (Linak ef af.. 1987b) allowed variation of charge mass (MASS), RPM,
and 7, as independent primary variables. Oxygen enrichment was not used for these
tests. Operating conditions were:

(a) Surrogate wastes: toluene, carbon tetrachloride, methylene chloride, and No. 5
fucl oil.

(b} Auxiliary gas flow rate, 5.66 sm*h (200 scfh).

(¢) Air flow rate, 109.0sm*/h (3850 scfh).

(d) Oxygen flow rate, 0sm'/h (0scfh).

(e} Stoichiometric ratio, 2.0, {(inverse equivalence ratio).

Data from Test Set 1 were taken from 24 trials (each involving between 5 and 15
replicate charges).

Test Set 2 (Linak et al., 1988) consisted of determination of puff magnitude for a
given surrogate waste amount (MASS = 100g) and at a fixed RPM (0.5rpm) as a
function of 7, F,,, and F,. These last three parameters can be considered as derived
quantities, and were varied according to an experimental design in which oxygen flow
rate, air flow rate, and kiln firing rate (natural gas load) constituted the experimentally
adjustable independent variables. Clearly the derived variables are not independent,
since T, and P,, are directly correlated. For this test series, the ranges of operating
variables investigated were:

(1) Surrogate wasie: tolucne

(b) Auxiliary gas flow rate, 4.25 1o 7.08 sm*/h {150 to 250 scth).
{c) Air flow rate, 35.4 to 160.2sm’/h (1249 to 5656 scfh).

{d) Oxygen flow rate, 1.13 te 9.91 sm*/h (40 to 350 scfh).

(e} Stoichiometric ratio, 1.3 to 2.7,

Twenty one trials, each involving 10-12 replicate charges, constituted this test set.

For both Test Sets 1 and 2, portions of the experimental design followed previous
procedures and were based on response surface experimentation (Hicks, 1973). This
methodology allows, on the basis of one ¢xperiment involving a minimal number of
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trials, determination of an empirical relationship between the response and the
controlled variables within the experimental region. Since P, and T, are nol indepen-
dent, individual effects of these two parameters on puff magnitude could be deter-
mined only through statistical analysis. In fact, the optimum operating point for
minimization of puffs, corresponding to high B, and low 7, at fixed Fp, could not be
accessed experimentally using oxygen enrichment under steady-state conditions, but
was only inferred through extrapolation of the statistical model. However, these
results were instrumental in suggesting operating conditions for a third sct of trials to
obtain physical confirmation.

Test Set 3 was designed to allow the optimum operating point for minimization of
pufls to be accessed experimentally. This third set attempted to physically separate the.
individual effects of F£; and 7. To accomplish this, the oxygen delivery system was
modified to allow for a timed pulse of additional pure oxygen. By incorporating
dynamic oxygen control, additional oxygen could be added 10 the kiln only when
needed during “waste™ addition. Dynamic oxygen control utilizes the thermal inertia
of the kiln refractory to minimize the accompanying increases in the kiln refractory
temperature which occurred during steady-state oxygen addition. This allowed semi-
independent control of both T, and P,,. The conditions for Test Set 3 were:

(a) Surrogate waste: No. 5 fuel oil

(b) Auxiliary gas flow rate, 5.66 sm’/h (200 scfh).

{c} Air flow rate, 85.0 to 135.9sm*h (3000 to 4800 scfh).

(d) Oxygen flow rate. 1.13sm'/h (40scfh) base, pulsed to 5.66 sm'fh (200 scfh).
(e) Storchiometric ratio, 2.0 base, pulsed to 2.5.

The following kiln parameters were held constant for all tests:

(1) Burner position, —0.34m (— 13.5in.) inside front kiin wall.
(b} Kiln pressure, —37.4Pa (—0.15in. H,O).
{c} Sample port at position 4 (See Figure I).

RESULTS AND DISCUSSION

Experimental results are reported in terms of puff magnitude, represented by filter
weight, and normalized for the base case condition depicted on Table 1. In this way,
experimental results can be compared to theoretical predictions. Since the focus of this
research is determination of methods of minimizing puffs from a given amount of
waste, an obvious result (from Test Set 1) which showed that lower waste masses
resulted in smaller puffs (Linak ef af.. 1987b) is not discussed here.

Test Set | data could be correlated (for toluene waste, r* = 0.999) by an empirical
expression of the form:

Puff Magnitude = expla + A(RPM) + «(MASSKT,)
+ d(T;) + «(MASS)]. (10)

where a through e are constants. This expression can be plotied as a response surface,
normalized to base case conditions. Figure 4 shows such a surface plotted as a
function of RPM and T, for constant MASS (100g). Comparison with Figure 3a
shows good qualitative and fair quantitative agreement between predictions and
experimental data. indicating that the model is valid. Figures 3a and 4 show that
transient puffs can be minimized by operating at low RPM and low 7,. Therefore,
subsequent 1ests focussed on low values of RPM (0.5 rpm),
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Measured Pulf Magnilude vs. Tk and RPM

FIGURE 4 Moeusured effect of T, and RPM on puff magnitude, Jrom Test Set 1 (no oxgen enrichment),
normalized to base case conditions of 7, = 1250 K. RPM = 0.5rpm, MASS = 100g. P, = 0.12 Sur-
rogule wasle: loluene. )

The use of oxygen enrichment in Test Set 2, and the resulting variations in F;
between dilferent trials necessitated proper correction of the raw data to account for
the obvious dilution effects. This was accomplished by correcting all measured puff
magnitudes to an £ of 113.3sm’/h (4000scth). However, F; is still an important
secondary variable because, together with P, . it determines the supply of oxygen
to the waste. Corrected data were correlated (# = 0.757) by an empirical expression
of the form:

Puff Magnitude = o« + b (Ty) + ¢ (Po,) + d(T,)
+ i’f(Pn,)(T;.-] +f’”)(}1}2 + g’(F_}-}, (11)

where «' through g are constants. This expression can be used to predict puff
magnitude within the range of the variables investigated even though specific com-
binations of these three variables (T, Py, and F;) may not be achievable in practice
under steady-state conditions. Figure 5 presents a normalized response surface for
puff magnitude as a function of 7, and F,,, with F, held constant (113.3 sm’/h,
4000 scfh). Figure 5 can be compared directly with theoretical predictions (Figure 3b),
and again shows good semi-quantitative agreement between theory and experiment.
Both theory and experiment predict an optimum operating point for minimum puff
magnitude at high P, and low T,. However, it must re-emphasized that use of
steady-state oxygen enrichment prohibits practical attainment of this optimum,

As described above, use of timed pulsed pure oxygen addition for Test Set 3
partially decouples T, and P, and allows the predicted optimurm to be more readily
attained, Four trials involving 10 replicate charges each were conducted examining
the following conditions:

(a) SR = 2.0, T, = 1250K, F,, = 0.115
(b) SR = 2.0, T, = 1300K, Py, = 0.115
() SR = 2.0, T, = 1250K, P, = 0.164
(d) SR = 2.0, T, = 1200K, P,, = 0.164

I
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Measured Full Magniude vs. Tk and PO2

FIGURE 5 Mcasured effect of 7, and £, on puff magnitude, from Test Set 2 (steady-state oxygen
enrichment), normalized to base cuse conditions of 7, = 250K, RPM = 0.5rpm. MASS = (00 £
Fy, = 0.12. Surrogale waste: toluene.

These data were corrected for dilution and correlated to a simple linear empirical
model (r* = 0.999) in terms of P, and T,. Figure 6 presents these data as a response
surface after normalization to the base case condition. The data indicate that mini-
mum T, and maximum P, did in fact result in the smallest measured puff magnitude.

In order to validate the use of filter weight (taken upstream of the THC analyzer)
as a surrogate indicator of emissions of combustion by-products, it is instructive to
compare this easily measured quantity to an EPA standard method for measuring
particle loading in stack gases. Figure 7 shows particle loading as measured by a
modified Source Assessment Sampling System (SASS) (U.S. EPA, 1986) fitted to a

Mpasured Pull Magniude vs. Tk and PO2

o

-\*“ppp

FIGURE 6 Meusured effect of T, und £, on puff magaitude, from Test Sct 3 {dynumic oxygen carich-
ment), normalized to base case conditions of T, = 1250K, RPM = 0.5rpm. MASS = 100 g By, —= 012,
Pull magnitude based on THC filter weights. Surrogate waste: No. § fuel oil. -
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SAGS Particulate vs. Tk and PO2

FIGURE 7 Measured effect of T, and £, on pufl mugnitude, from Test Set 3 {dynamic oxygen enrich-
ment). normalized 10 base-case conditions of T, = 1250 K, RPM = 0.5rpm, MASS = 100g, R,, = .12,
Puff magnitude based on SASS filter weights. Surrogate waste: No. 5 fuel oil. .

linear empirical model and corresponding to the four trials examined by Test Set 3.
There is good qualitative and quantitative agreement between the normalized samples
{Figures 6 and 7).

Table Il presents the effects of oxygen concentration and temperature on the
organic products of incomplete combustion, as measured by the modified SASS
method for Test Set 3. The organics collected in the SASS sampling train are
characterized by their boiling points into two fractions, total chromatographable
organics (TCO) and gravimetric organics (GRAV). The TCO range typically contains
semi-volatile organics with boiling points between 100 and 300°C (212 and 572°F).
The GRAV range consists primarily of non-volatile organics with boiling points
> 300°C (572°F). Compounds in the TCO range can often be identified using GC/MS
techniques. Polycyclic aromatic hydrocarbons (PAHs) and many organics that are
believed to be of a carcinogenic, toxic, or mutagenic natuse fall into both the TCO
and GRAYV ranges. Table I depicts total particle, TCO only, GRAYV only, and total
organic extract (TCO + GRAV) concentrations, respectively. The total organic
extract (TCO + GRAV, typically 0.1-10% of SASS filter mass) tracks the SASS
filter and THC filter loading results (see Figures 6 and 7). While Table 11 shows the
TCO fraction to have a strong dependence on both 7, at constant F,, and 7,, at
constant T,. the GRAV fraction is less dependent on T, but moderately dependent

TABLE 11
Summary ol SASS data for Test Sel 3.
Trial e, T, SASS TCO GRAV TCO + GRAV
- (K) Particulate {mg/m’) {mg/m*) {mg/m’*)
{mgfm*)
{ 0116 {250 161.9 2,70 27.07 29.77
2 0.138 1150 19.63 1.27 17.83 19.11
3 0164 1250 18.79 0.394 15.42 15.79
4 0,164 1300 22159 3409 [9.91 2292
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on Fy,. This suggests that the more volatile fraction of the PICs is that fraction feast
likely to be minimized by the steady-state addition of oxygen where the higher
temperatures would tend to release more volatile organics. The GRAV data suggest
that higher oxygen levels are effective at minimizing emissions in the GRAY range,
since a change in P, from 0.116 to 0.164 resulted in a reduction in GRAV range
compounds by a factor of 1.8, which is a significant reduction.

CONCLUSIONS

Transient puffs can be minimized through operating a rotary kiln at low rotation
speed and low temperature. Further improvement can be accomplished by the use of
oxygen enrichment. However, oxygen augmentation must be applied so as not to
allow significant temperature increases. One method of accomplishing this is to apply
this technique in a timed pulsed, dynamically controlled mode.

A simple direct measurement of pufl magnitude using flter weight from a slip-
stream of the flue gas is representative of the mass emissions during the transient
upsets for the high Btu surrogate wastes examined.

Methods of minimizing toxic transient emissions can be explored through the use
of a model which requires only two unknown parameters. The model yielded results
that agreed well with experimental data. Future work will attempt to refine the model
and expand its use as a tool to rank liquid wastes with respect to their propensity to
form transient overcharging conditions.
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