

















temperature, and composition of the stack gas and to collect
particulate isokinetically are described in Part I. The
collected particulate samples were sized, segregated into five
size ranges, and subjected to X-ray diffraction and fluorescence
analyses and loss-on-ignition determinations. The results were
then correlated with cupola operating practices which had been
observed simultaneously with emission sampling.

Cupola Operation Characteristics

All cupolas tested were of the cold-blast type and the
melting and charging characteristics of each are summarized in
Table 12. Not only did the type of iron and production rate
differ at each foundry, but the size and type of casting ranged
from small automotive castings at the malleable shop to large
municipal castihgs at several of the grey-iron shops. Charging.
practice varied as much with the degree of control exercised as
with the equipment. At certain foundries, this lack of control
resulted in irregular charging rates, missed coke splits, and
use of the cupola as a garbage incinerator as well as a melting
device.

Charge make-up at the malleable and meehanite shops
and at one of the other grey-iron shops was controlled to
produce iron of a required composition. As a result, steel.
scrap, rail, and pig iron, along with foundry returns comprised
the major proportion of each charge. Most of the particulates
charged were loose and adhering moulding sand and rust. The
inclusion of loose rust in the charge was especially obvious at
foundry B, where an electromagnet was used to collect and make
up charges. Significant amounts of ‘sand were charged at
foundry A because of the high proportion of sprues and gates
and because of handling foundry returns by conveyor.

The less-stringent metal quality required at the
remaining three foundries permitted more flexible charge make-up

practices. At these foundries, the choice of scrap was primarily




TABLE 12

Melting and Charging Characteristics

Nominal
Production
Foundry Type Rates Charge Rate
of Tons/hr (Measured) | O2/Carbon(5) Remarks
Iron (Tons/day) 1b/min. (Metal/Coke)
8 N 2.17 Side dump charge bucket loaded by wheelbarrow.
A malleable (60-80) 256 - 13 (9:1) Charge - 60% returns (loose and adhering sand)
40% steel scrap -3 types:
"ball" rusty, dense
plate (1-2'") less rust
stampings-clean,low density
8 1.95 "Orange Peel' charge bucket loaded by electro-
B grey (1) (30-40) 203716 | (5.5:1-6:1) magnet |
Charge - plate(clean), rail and pig (rusty), returnsw
(sand-blasted) and auto scrap (dirt, grease & rust) * |
4.5 Side dump charge bucket loaded by hand.
C grey (10-15) 150 (2) (9.1) (2) Charge - primarily domestic and auto scrap con-
taining significant amounts of dirt, paint, rust
and grease.
4.5 3.24 Cupola charged by wheelbarrows.
D grey (20-25) 147 (3) (9.1) Charge - 10% pig (very little rust), 25% returns
(some adhering sand), 65% auto scrap (clean)
3
-1 (4) - t
E-1 grey ( 8-10) 93 _ 8 2. (9:1) As Foundry C, exc. no auto scrap
) 116 £ 5 2.
3 As Foundry C, but scrap clean except for rust.
F grey { 3-5) 100 (2) (9:1) (2) Loose rust knocked off during hand loading of

charge bucket.

Meehanite Licencee
Charge weights estimated by foundry personnel.

refer to adjacent, identical cupolas.

(1)
(2)
(3) Charge weights variable, rate shown is average for test.
(4) -
(5)

Oz from air blast measurements.



dictated by economics and local availability, so the charge
make-up depended primarily on the proximity of scrap to the
charge bucket. Included with this scrap were significant
amounts of paint, grease, dirt, and non-ferrous'metals. Charge
cleanliness at all foundries was observed to be influenced

by irregular events. such as a heavy rainfall or the clean-up
of a dirty scrap bin.

Coke'samples were selected at random at each foundry
for proximate analysis and determination of calorific value.
The results, shown in Table 13, are identical for each foundry
within experimental error. Close control of the coke split was
maintained at four of the foundries. At foundry B, for example,

the metal/coke ratio was systematically decreased as melting
progressed.

TABLE 13

Analysis of Coke

Moisture | Ash |Volatile|Fixed Carbon |Sulphur |Calorific Value
% % % % % BTU/1b

0.53 7.76 1.22 90.49 0.62 13000

Dust Emission Characteristics

The dust emission characteristics of greatest concern
to the cupola operator are the overall emission rate relative
to the process rate, and the size distribution. The former
characteristic indicates the degree of abatement required and
the two together indicate the type of control equipment required.
Though of less importance, the composition and morphology of the
dust particles offer information not only on the origin but on

the potential‘value and toxicity of the dust.




Dust Emission Rates

The total dust emission rate for each foundry is shown
in the first column of Table 14. Significant variations (by a
factor of 10) occur not only between foundries but also within
a given foundry. In addition to the "typical" continuous
emission rates shown, experiments were conducted to relate the
variation of emission rates to both charging practice and charge
cycle. The details of these experiments are reported in Part I.
At foundry A, the changes in charging practice were in steel
scrap type and the removal of loose sand from foundry returns
by a screen. The effects of changes in scrap type could not be
separated from those of other variables; however, the use of the
screen nearly halved the emissions. Further efforts to exclude
loose sand, rust, and coke fines from the cupola further reduced
the dust emissions. At foundry F, experiments confirmed that
the hand-charging procedures excluded most loose dust from the
cupola.

The importance of loose dust in the charge as a contri-
butor to dust emissions was emphasized in the results of the
peak loading tests. It was observed that loose charge-dust was
carried up the stack as soon as the charge bucket was dumped.
The dust emission rate, measured in the 30 seconds immediately
following the introduction of a charge into the cupola, was as
high as 7 times the average emission rate and 15 times the off-

peak rate (see Part I).

Dust Size Distribution

The size distribution of the dust emitted by the
different cupolas was determined by means of standard screens
as fine as 400 mesh and by optical and electron microscopic
analysis of the minus 400-mesh fraction. The results are
expressed incrementally and cumulatively in Figures 8 and 9
respectively. Of interest are the triple peaks at 0.5u, 35u,

and 250y and the absence of dust in the lu to 1l0u range. Variations

between foundries occur, primarily, in the size of the 0.5y and
250u peaks.



TABLE 14

Dust Emission Rate (1b/Ton of Metal Melted)

* SiO2 emission rate was obtained by subtracting weight of O tied up

in other metal oxides from fraction which consisted of elements

too light for accurate fluorescence analyses.
that it is primarily SiO2 (quartz) is supported by X-ray diffraction.

The assumption

Non-
Foundry Total Combustible Comb_us tible Bi Pb Zn Fe Mn Ca Si0p%
A 44.9 *13.5 |5.7 *1.8 |38.3 *10.9 [.27 =.15( .14 £.11] .11 %£.11}3.3 £1.6 .65 £.28].25 £.16 | 31.5
B 15.5 * 3,88|3.2 *2.0{1.25 * 2,5 |.14 £.14]| .26 £.19| .14 *.05 | 2.55 *1,73].27 £.10!.61 *.12 6.53
C 17.9 * 7.33(6.2 *2.4 12,1 * 4.8 N.D. .78 £.211 .55 .15 | 1,20 £ ,60[.15 £,04(.33 *.14 7.7
D 8.2 * 2.63{1.58 £ .58 6.4 * 1.5 N.D. .31 £,13] .38 %,11 .68 £ ,19].10 £,04(.14 *,07 4.0
E 34.1 * 9.40]8.5 *2.6 | 2.9 * 8.6 N.D. |1.22 £,15]1.67 £.12 | 3.0 *.14 |.34 £,09|.81 £.44 | 18.7
F 4.8 * 1.16[1.23 * .17]3.55+ .82| N.D. | .31%.08| .20%*.02| .4 *.07| N.D. N.D 2.3
1
" (%)
(o)
1
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Dust Composition

Dust composition for each cupola was determined by
loss-on~ignition measurements and by X-ray fluorescence and
diffraction analyses performed on samples segregated into five
size ranges: +50-mesh (+297u), -50 + 1l40-mesh (-297p + 105yu),
-140 + 270-mesh (-105p + 53u), -53p + 1y, and -lp. X-ray
analyses were performed on ignited sampies by meahs of a
Phillips Universal X-Ray Spectrometer. Initially, qualitative
scans were conducted to determine the elements of interest.
Quantitative determinations were then made using’synthetic
mixtures of Bi, Pb, Zn, Fe and Mn oxides énd'CaCO3,
Al,0,-Si0, matrix, as standards. X-ray diffraction studies were

273 2
performed using a Guinier de Wolff monochromatic focussing

in a

camera. The resultant complex patterns were analyzed using a
computer search program for the ASTM powdér diffraction file.
The use of the program was greatly facilitated by the determina-
tion of the elements present. ’ ’ ' '

The average dust composition for each foundry, expressed
as an emission rate for each element or component, is summarized
in Table 14. Wide variations in emission rates occur between
foundries for all elements and for the combustible and SiO

2
fractions of the dust. The emission rates of Pb, Zn, Fe, SiO

’
and combustible dust are of particular interest when compared2
with charging practices. The highest levels of Pb and Zn occur
at foundries C and E in which the primary charge constituent is
low-quality domestic or auto scrap. High iron-emission rates
occur in foundries A, C, and E (rusty scrap) and foundry B
(rusty scrap, electromagnetic charging). The.éredominance of
Sio2 in the emissions of foundry A confirms the importance,
suggested previously, of charged moulding sand as a source of

emission.

The combustible fraction of the dust probably consists
of unburned coke and hydrocarbons. ("Afterburners”" or "igniters"

were turned off during Sampling). Comparison of combustible
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fractions for all foundries except B indicates the importance

of dirt and grease in the scrap, since the metal:coke ratio is
constant for these foundries. The high fractions of cumbustible
at foundries C and E suggest that the amount of grease and dirt
on the scrap is an important factor. The equally high combustible
fraction of foundry A is explained by the observation that coke
breeze was regularly swept up and shovelled into the charge
bucket. Although foundry B has both a low metal:coke ratio and
greasy auto scrap in the charge, the combustible emission rate
is lower than the average (4.6 lb/ton) for the other 5 foundries.
One possible explanation for this anomalous relationship between
combustible emissions and coke input rate is the use of a drum
cleaner for the charge-coke at foundry B. It was observed that
this unit very effectively prevented coke fines from reaching
the cupola.

Variations in emission rates with dust size are shown
in Figure 10 for total and combustible dust, Siozg Fe, and Pb.
Comparison of the total emission rates in each size range
indicates that the greatest variations between foundries occur
in the four coarser fractions of the dust, which consist mainly
of dust transmitted by the cupola. The emission rate for the
sub-micron dust, generated by the cupola as metallurgical fume,
is relatively constant for all foundries except E which has a

fume emission rate four times higher than the others.

Comparison of SiO2 and total emission rates shows that
for all size ranges at all foundries, SiO2 is the primary
constituent of the dust. Comparison of the combustible and
total dust emission rates indicates that a significant and
relatively constant fraction is combustible in the coarse
fractions of the dust but this fraction become insignificant in
the sub-micron dust. Similar distribution is exhibited by Fe,
except at foundry A where Fe comprises a significant fraction of
the sub-micron dust. Pb and Zn (riot shown) display trends
opposite to that of iron and combustible material; with the

exception of foundries A and B, the lead content of the dust




0.

DUST EMISSION RATE (ibs/Ton) OF METAL MELTED

Figure 10. Dust Emission Rates for Various Sizes, Elements and

o2

T EETTHIN T T T LI RRLL

!

>
Pé: L ]
Laprnnt g op gyl

..\\
.y h
o 3
RS
_ . . o |
3 — F ey
- ‘ —— K 7'y -
- SR T —
____________ b
= == ‘\\ e ¢
E EE 0/ & ,/ __-_;
- oI S "_._0 .......... /'A -
- 4. T T v -
N -+ ot oo -
. . AN
= = . /7 o =
= 3 - 3
l l Hm“ - ! il
. r
- 3
- -
= FDY. C FDY. F N
et o oyernml el oop el Loredoenl oy avngel o reawl o gog el
10 10 100 1000 1.0 10 100 1000
) PARTICLE SiZE D, (MICRONS)
(- 1 L1 | . L 1 L1 1

SIZE RANGES SIZE RANGES "

Components




- 41 -

increases with decreasing dust size, attaining significant levels
of emission and concentration in the sub-micron fraction.

The results of the diffraction analyses, summarized in
Table 15, show that the compounds in which the principal elements
are found do not vary significantly, either between foundries
or between sizes coarser than one micron. In confirmation of
the X-ray fluorescence results, SiO2 (quartz) was the major
constituent of the coarse dust at all foundries, Fe203 and
Fe304 usually being minor constituents. Traces of refractory
silicates and limestone were also detected at most foundries.
A significant fraction of the sub-micron dust was found to be
non-crystalline; fluorescence results suggest amorphous quartz
or silicates. Fe203 and Fe3O4 were present in the sub-micron
dust at most foundries, and PbS, Pb304, and Zn0 were detected

at foundries emitting high sub-micron concentrations of Pb and Zn.

Dust Morphology

A scanning electron microscope was used to determine
dust morphology as a function of size for dust samples collected
at each foundry. Results of the morphology analyses were
identical for all the foundries; the only variation in particle
shape occurred between the sub-micron dust and the coarser dust.
Figure 11 illustrates that all sub-micron dust consisted of
smooth spheres 0.1y to 0.5y in diameter. All dust coarser than
one micron consisted of angular, irregularly shaped, particles
(Figure 12). The demarcation between the two dust shapes was
quite distinct. No angular sub-micron particles were observed;
the only spherical particles observed in the coarse dust were
sub-micron particles adhering to the surfaces of larger particles.

Gaseous Emission Characteristics

Reliable measurements of the cupola stack gas character-
istics define not only the emissions but also the efficiency of
the cupola operation. The gaseous emissions of greatest concern
are the concentrations of CO, S04 and NOX. Cupola efficiency



TABLE 15

Composition of Dust by Compounds

Size Fraction + 50 -50 + 140 -140 + 270 270 + 14 - 14
Foundry - — MR-SiO; » MR - SiO2*
A - T-Fe304 <« MN-Fe203, Fe304ﬁ MN-Fe203, Fe3z04

- - T-(Ca, Mg,Al)Slhcates, CaMd\CO3)2 >

B = 2 MR-SiO, »| MR - SiOp*
- MN-A1,03 » MN - Fe203,Fe3z04
- MN-Fep03, Fe3O4 —»"MR-Fe203;Fe304
- T-(Ca, Mg, Al) Silicates, CaCO0s3 >
- MR- SlOZ ‘ - MR _ Sioz*
c - MN-Fep03, Fe304, CaSOy4 - iFeZO3,Fe3O4
- T- Ca Mg, Al) Silicates, ZnO »
, ( g, A1) > PbS, Pb3Oy4
- T-CaMg (CO3),, CaCO3, PbS —= MN >
'D - - MR-SiO2 »| MR - SiO2 *
- ——.. MN-Fe203, Fe304,CaS04 > Fep03; Fe3Oy
- T-(Ca, Mg, Al) Silicates, ZnO, PbO > PbS
- MR- SiOp > MR SiOp %
E - . MN-A1,03 - ZnO, PbS
- T-(Ca, Mg, Al) Silicates, Fe203, CaCO3 » FeSiOyg4, K2504
- A MR-SiO2 —»| MR - 5iO2%
F N — MN-Fep03, FezOy ' ——»MN JFe304,Pb304
T-(Ca, Al, Mg) Silicates, ZnO, PbS/PbSOy4 - » CaCO03,K2504
MR = Major Compounds ' ~ ¢ The majority of the -1 micron S1OZ
MN = Minor = " ‘ was non-crystalline.
T = Trace "

'y ! B 3 - N

P
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depends on the optimum combustion of coke, deflned by the CO/CO
ratio, and on the amount of sensible heat lost 1n the stack gases.
The flow rate and temperature of the stack gas are also of
considerable concern to the abatement equipment supplier because

these parameters define both the size and materials selection
for the abatement equipment.

The flow rate, temperature and concentrations of CO and
CO2 in the stack gas were measured continuously. Concentrations
of CO and CO2 were also measured intermittently, as were the
concentrations of 02, SOX, and NOX. Details of the measurement
procedures are reported in Part I. The gaseous emission.
characteristics for the six foundries are summarized in Table 16.
The data presented are averages; the variability in the data is
indicated by standard dev1at10ns, where sufflclent measurements
justlfled statistical analyses.

Before considering in detail the results presented in
Table 16, it should be emphasized that they describe stack gas
characteristics above the charge door; because of this, the
'. effect of the air drawn into the stack through the charge door
must be considered. ' Firstly, as indicated by the dilution
factors shown in Table 16, the degree of dilution by the charge-
door air is hlghly variable. At foundry D, a- relatively small
charge-door restricted the dilution factor to less than 2; at
foundry E, however, a larger charge-door plus a.negative pressure
in the stack created by a large exhaust blower in the abatement
system combined to produce a dilution factor of 8.

The importance of the air drawn in the charge-door,
lies not only in the simple dilution effect, which increases the
flow rate by an ‘amount equal to the dilution factor and produces
similar reductions ih the concentration of (CO + COZ)’ NOy, and
SOX, but in the resultant combustion of CO which affects both

the CO/CO2 ratio and the temperature of the stack gas.




TABLE 16

Gaseous Emission Data

Stack Gas Flow Rate | Temperature Cco COy O2 NOx SO x Dilution
Foundry SCFM °F Vol. % Vol. % Vol. % ppm ppm Factor (5)

A-1 (y | 11,500%F 710! 325% 80 1.54t0.14 | 5.1t 0.6 13.5%1.8 - - 3.8

-2 9,800 - 280 - - - - - -

-3 14,200 - 400 - - - - - -
B-1  (2) }18,500’5870 985t 70 }0.03‘50.01 }7.6%0.5

-2 1125t 65 }12.3’52.0 }12’:1 710 T 200 4.1

_ACD (3) | 13,900 650 | 1250t 130 | 0.04% 0.01 J10.0% 0.4
C 11,600t 990 | 1195 T 350 0.38T0.28 | 8.2%1.3]| 13.0t0.5| 33t 10 | 4807% 120 N.A. (6)
D-1  (2) } 5350 F 520 | 1075 T 220 }0 73+ o 24 3+ 106t 1 + +

, L .73 Lo, .3 To. et1.7f 2216 290t 16 1.
- 1350 + 180 0 9 0.6 10.6 90 0 9
+
E-1 (4) | 13,600 = 490 } ¥ } + + + { 7.8
340t 165 |Y0.50T 0.35 | 2.6 T 0.1| 18.7 - - 280 T 1

-2 17,600 T 970 0-140 14 4.3

F 5,900 T 400| 725t 175 - - - 14to9 290t 60 N.A. (6)

(1)
(2)
(3)
(4)
(5)
(6)

-1, -2, and -3 refer to operation with plate, ''ball" and stampings (Table 1)

-1, -2, refer to chronological sequence of daily runs.
-ACD refers to operation of automatic charge door.
-1, 2, refer to adjacent cupolas,

Dilution Factor = Exhaust Rate/Blast Rate.

Blast Rate not measured.

>
o
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The significant variability, not only between foundries,
but within a given foundry, of the data in Table 16 is also
worthy of comment. Variations between foundries in the stack
flow rate can be accounted for by the variations in the melt
rate, metal/coke and Oz/C ratios, and the dilution factor.
Variations in the dilution factor are responsible for the
variations in the concentration of O2 and, in conjunction with
variations in the 02/C ratio, account for the variation in
% (Co + COz) in the stack gas. However, the concentrations
of NOx and SOX’ which should also be affected directly by the
dilution factor do not vary with the dilution factor in a syste-
matic manner. The possibility of significant sampling errors
in both the SOX and NOx measurements makes further comment on
their variability unjustified.

~ Variations in both the CO concentration and the stack
gas temperature depend not only on the variability of the
dilution factor but also on the propéhsity for ignition of the
CO flame. The combustibility of the CO at the charge door
increases with the concentrations of 02 (dilution factor) and
. CO (Oz/C ratio) and the temperature of the undiluted stack gas,
(metal:coke ratio and the efficiency of the cupola pre-heating
zone). The low CO concentration and high stack temperature at
foundry B result from a continuous CO flame caused by low
metal:coke and OZ/C ratios and a relatively low burden height.
Conversely, a deep burden, coupled with high metal:coke and
Oz/C ratios at foundry A resulted in an intermittent CO flame,
low stack temperatures and high CO concentrations. The CO
combustion behaviours of the other four foundries were betweén
those exhibited by foundries A and B.

Carbon and Heat Balances

Carbon balance calculations were made for foundries for
which sufficient data were available in order to assess the
reliability of the data. Heat balance calculations were alsq

performed for these foundries to provide a comparison of stack
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heat-loss rates with heat input rates. The results of these two
sets of calculations are shown in Table 17. The application of
a carbon balance to gaseous cupola data provides a means of
assessing how accurately the data describe the cupola operation.
The excellent agreement obtained in these calculations indicates
that a high degree of sampling accuracy had been obtained, at
least for those parameters used in the carbon balance.

Cupola efficiency should be of primary concern to the
foundryman. Not only does an inefficient cupola consume more
energy in the form of increasingly expensive coke but it also
produces more combustion-related pollutants. With the instal-
lation of pollution abatement equipment, the foundryman must pay
a double penalty for his cupola inefficiency. This inefficiency
is often manifested by high stack gas sensible heat contents, so
either the size or the complexity of the abatement equipment must
be increased; this will increase capital and operating expenses.
The stack loss data in Table 6 indicates that foundry A has a
significantly lower stack loss and, therefore, should benefit
not only from lower coke consumption but also from lower pollution
control costs. The stack losses at the other foundries comprise
more than one half of the total input and indicate that both
emissions and melting costs can be reduced by changing cupola
operating procedures.



. TABLE 17

Heat Balance and Carbon Balance Results

Yariable Carbon | Blast Rate Heat_Ini)ut Heat Input| Heat Output |Stack Carbon
Input(1) SCFM 0, /C BCD (2) Total (3) [(Stack Gag(4)]| Loss Output (Total) (1)
Foundry 1b/min BTU/min | BTU/min | BTU/min % (5) 1b/min
A 25 3080 2.17 270, 000 364, 000 113, 000 31.0 25
B 41 4550 1.95 | 373,000 59'7; 000 354, 000 59.0 44
D 16 2875 3.24%] 152,000%* 233,000 130, 000 55.7 17
E-1 12 1750 2.50 160, 000 175,000 92, 000 57.5 15 .
-2 .15 2110 2.47 196, 000 218, 000 119, 000 54.5 : 16 !
]

* This exceptionally high ratio was obtained by dividing measured oxygen (blast) rate by measured coke rate;
however, the cupola was operating satisfactorily. Orsat analyses below the charge door-indicated a ratio
of 2.00:1. It was observed that considerable quantities of air were by-passing the melting zone and re-entering
the stack through cracks between the bricks at the charge door.

%% using 02/C = 2.00:1

(1) Excluding C in limestone and metalllc charge.

(2) Calculated from O2/C ratio. BCD = below charge-door

(3)From Coke, assuming all C~-+CO,.

(4) Includes latent + sensible heat.

(5) Stack Loss = (Heat Output)/(Total Heat Input) X100.
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Summary to Part II

(1) Foundry-to-foundry variations in dust emission rates of
almost one order of magnitude (45 lb/ton - 4.8 1lb/ton)
were observed. Significant variations were also observed
within individual foundries.

(2) The largest variations in emission rate occur in the coarse
fractions of the dust. Observations of charging
procedures indicate this dust is transmitted, rather than
generated, by the cupola and can be virtually eliminated

by changes in charging practices.

(3) Emission rates for the sub-micron dust vary significantly
only between foundries melting different types of scrap.
Foundries melting primarily low-quality domestic and auto
scrap emit up to four times as much sub-micron dust per
ton of metal melted as foundries melting cleaner, higher-
quality, ferrous scrap. A

(4) Variations in emission rate with dust size results in
different size distributions for the dust emitted by each
foundry. These differences become significant below
100 microns. As a result, abatement of dust emissions
will be more difficult at those foundries with a high
proportion of fine dust, particularly if cumulative
efficiency criteria are used.

(5) Silica is the predominant component of the dust in all
size ranges. In the coarse dust, iron oxides and
combustible species are also important. In the sub-micron
dust, oxides of volatile metals such as lead and zinc
become important.

(6) Two distinct dust particle morphologies were observed:
sub-micron particles were spherical, indicating that they
are metallurgical fume, and all coarser particles were
angular.
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(7) Gaseous emission characteristics varied between foundries.
The factor primarily responsible for these variations was
dilution by charge-door air.

(8) In‘addition to dilutihg“the non-combustible gaseous
‘ lcompdnents, the charge-door air significantly affects
stack gas characteristics through the combustion of CO.
At certain foundries, a continuous CO flame at the charge
door resulted not only in extremely low CO concentrations
but in high stack-~gas temperatures.

(9) Carbon balance calculations indicated the measurements,
pertaining to the carbon output of the stack gas, to be
reliable.

(10) Heat balance calculations showed one foundry to have an
acceptable stack loss, whereas the stack losses of the
others were uniformly high. Excessive stack heat-losses
exact a double penalty in not only increasing coke
consumption but increasing emission abatement costs.
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