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use of hoods or of excess air is not necessary
to capture the emissions.

Air Pollution Control Equipment

As emphasized previously, when operated below
400°F and when fired with natural gas, most core
ovens do not require air pollution control equip-
ment. There have been, however, several cases
where excessive emissions have been discharged
and control equipment has been necessary.

Excessive emissions from core ovens have been
reduced to tolerable amounts by modifying the
composition of the core binders and lowering the
baking temperatures. For instance, smoke of
excessive opacity was discharging from an oven
baking cores containing 3 percent fuel oil and 1.5
percent core oil at 500°F. The core binder was
modified so that the cores contained 1.5 percent
kerosene and 1.5 percent core oil, and the bak-
ing temperature was reduced to 400°F. After
these modifications, no visible emissions were
discharged from the oven,

When it is not feasible or possible to reduce ex-
cessive emissions from an oven by modifying the
core mix or the baking temperature, afterburners
are the only control devices that have proved ef-
fective. Since the quantity and concentration of
the contaminants in the oven effluent are small,
no precleaners or flashback devices are needed.

Afterburners that have been used for controlling
the emissions from core ovens are predominantly
of the direct-flame type. The burners are nor-
mally designed to be capable of reaching a tem-
perature of atleast 1, 200°F under maximum load
conditions. For mostoperations, 1,200°F com-
pletely controls all visible emissions and prac-~
tically all odors.

The afterburner shouldbe designed tohave amax-
imum possible flame contact with the gases to be
controlled and it should be of sufficient size to
have a gas retention time of at least 0.3 second.
Most authorities agree that the length-to-diameter
ratio should be in the range of 1-1/2 to 4

In some instances, particularly on larger core
ovens, catalytic afterburners have been used to
control the emissions, With inlet temperatures
of from 600°to 650°F all visible emissions and
most of the odors were controlled. When cata-
lytic afterburners are used, however, care must
be taken to keep the catalyst in good condition;
otherwise, partial oxidation can resultin the dis-
charge of combustion contaminants more objec-
tionable than the oven effluent.

FOUNDRY SAND-HANDLING EQUIPMENT

Afoundry sand-handling system consists of a de-
vice for separating the casting from the mold,
and equipment for reconditioning the sand. The
separating device is usually a mechanically vi-
brated grate called a shakeout. For small cast-
ings a manual shakeout may be used.

TYPES OF EQUIPMENT

The minimum equipment required for recondi-
tioning the sand is a screen for removing over-
size particles, and a mixer-muller where clay
and water are combined with the sand to render
it ready for remolding. In addition, equipment
may be used to perform the following functions:
Sand cooling, oversize crushing, fines removal,
adherent coating removal, and conveying. A
typical sand-handling system is shown in Figure
214,

Bothflat-deck screens and revolving, cylindrical
screens are used for coarse-particle removal,
Revolving screens can be ventilated at such a
rate as to remove excess fines.

Sand cooling can be accomplished in a number of
ways, depending upon the cooling requirements.
The amount of cooling required depends mainly
upon the ratio of metal to sand in the molds and
onthe rate of re~use of the sand. With low metal-
to-sand and re-use ratios, no specific sand-cool-
ing equipment is required. When considerable
cooling is required, a rotary drum-type cooler
is usually used. A stream of air drawn through
the cascading sand both cools and removes fines,

Oversize particles are hard agglomerates not
broken up by the handling operations from the
shakeout grateto the screen. Most of these are
portions of baked cores. Many foundries discard
the oversize particles, while others crush the
agglomerates to recover the sand. A hammer-~
or screen-type mill is usually used for crushing.

Since molding sand is continuously reused, the
grains become coated withahard, adherent layer
of clay and carbonaceous matter from the bonding
materials used. Intime the sand becomes unus-

able unless the coating is removed or a certain
percentage of new sand is continuously adced.
Pneumatic reclamation is the method most widely
usedfor coating removal. The sand is conveyed
in a high-velocity airstream from a turbine-type
blower and impinged on the inner surface of a

conical target. Abrasion removes a portion of
the coating material in each pass. The fines thus
createdare carried away in the airstream while
the sand grains settle in an expansion chamber,
as shown in Figure 215.
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Figure 214. Typical foundry sand-handiing system.
Foundry sand is usually conveyed by belt convey- magnitude of the air pollution problem. For in-
ors and bucket elevators, though pneumatic con- stance, a steel foundry making large castings,
veyors are used tosome extent. Pneumatic con- with a high metal-to-sand ratio requires a very
veying aids in cooling and fines removal. efficient control system to prevent excessive
emissions. A nonferrous foundry making small
castings with a low metal-to-sand ratio, on the
The Air Pollution Problem otherhand, may not require any controls, since
the bulk of the sand remains damp and emissions
The air contaminants that may be emitted are are negligible.
dust from sand breakdown, and smoke and organ-
ic vapors from the decomposition of the core
binders by the hot metal. Hooding and Ventilation Requirements

The need for ventilation is determined by the

Among the factors that influence emission rates same factors that influence emission rates. Min-
are size of casting, ratio of metal to sand, met- smum volumes of ventilation air required to en-
al-pouring temperature, temperature of cast- sure the adequate collection of the air contami-
ing and sand at the shakeout, and handling meth- nants are indicated in the discussion that follows

ods. Thesefactorshave a great influence on the on the various emission sources.
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Shakeout grates

The amount of ventilation air required for a

shakeout grate is determined largely by the type
ofhood or enclosure. The more nearly complete
the enclosure, the less the required volume.

When large flasks are handled by an overhead
crane, an enclosing hood cannot be used, and a
side or lateral hood is used instead. Recom-
mended types of hood are shown in Figure 216
and Figure 217 (upper). Downdraft hoods are not
recommended except for floor-dump type of oper-
ations where sand and castings are dropped from
a roller conveyor to a gathering conveyor below
the floor level (Manual of Exhaust Hood Designs,
1950). Anexcessive exhaust volume is required
to achieve adequate control in a downdraft hood
because the indraft velocity is working against
the thermal bouyancy caused by the hot sand and
casting. The indraft velocity is lowest where it
isneeded most--at the center of the grate. The
exhaust volume regquirements for the different
types of hood are shown in Table 90. Shakeout
hoppers should be exhausted with quantities of

(National Engineering Co., Chicago, 1),

about 10 percent of the total exhaust volume listed
in this table.

Other sand-handling equipment

Recommended ventilation volumes and hooding
procedure for bucket elevators and belt convey-
ors are given in Figure 218; for sand screens, in
Figure 219; and for mixer-mullers, in Figure
220. The ventilation requirement for rotary

coolersis 400 cfm per square foot of open area.
For crushers the requirementvaries from 500 to
1,000 cfm per square foot.of enclosure opening.

Air Pollution Control Equipment

The most important contarninant to be collected
is dust, though smoke is sometimes intense enough
to constitute a problem, Organicvapors and gas-
es are usually not emitted in sufficient quantities
to be bothersome. The collectors usually used
are baghouses and scrubbers.
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Table 90. EXHAUST VOLUME REQUIREMENTS FOR
DIFFERENT TYPES OF HOOD
VENTILATING SHAKEOUT GRATES

. a
Exhaust requirement

T f hood
ype ot hioe Hot castings

Cool castings

200 cfm/ft% of open-
ing. At least 200
cfm/ft? of grate area

Enclosing

300 cfm/ft? of grate
area

400 to 500 cfm/ftZ of
grate area

Enclosed two sides and
1/3 of top area

Side hood (as shown or
equivalent)

Double side hood 400 cfm/ft? of grate

area

Downdraft 600 cfm/ft2 of grate
area

Not recommended

200 cfm/ft® of open-
ing. At least 150
cfm/ft? of grate area

275 cfm/ft? of grate
area

350 to 400 cfm/ft2 of
grate area

300 cfm/ft? of grate
area

200 to 250 cfm/ft? of
grate area

2Choose higher values when (1) castings are very hot, (2) sand-to-

metal ratio is low, (3) crossdrafts are high.

g*ﬁﬁkvﬁ
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Abaghouseingood condition collects all the dust
and most of the smoke. A scrubber of moderate-
1y good efficiency collects the bulk of the dust, but
the veryfine dust and the smoke are not collected
and inmanycases leavea distinctly visible plume,
sufficient to violate some control regulations. A
baghouse, therefore, is the preferred collector
when the maximum control measures are desired.

When only the shakeout is vented to a separate

collector, there maybe sufficient moisture in the

gases in some cases to cause condensation and
consequent blinding of the bags in a baghouse.

When, however, all the equipment in a sand-

handling system is served by a single exhaust
system, ample ambient air is drawn into the sys-
tem to preclude any moisture problem in the bag-
house. The filtering velocity for this type of

service should not exceed 3 fpm. Cotton sateen
cloth is adequate for this service. Anoncompart-
mented-type baghouse is adequate for most job
shop foundries. For continuous-pT oduction found-
ries, 2 compartmented baghouse with automatic
bag-shaking mechanisms gives the most trouble-
free performance.
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HEAT TREATING SYSTEMS

Heat treating involves the carefully controlled
heating and cooling of solid metals and alloys for
effecting certain desired changes intheir physical
properties. At elevated temperatures, various
phase chahges such as grain growth, recrystal-
lization, and diffusion or migration of atoms take
place in solid metals and alloys. 1f sufficient
time is allowed at the elevated temperature, the
process goes on until equilibrium is reached and
some stable form of the metal or alloy is obtained.
1f, however, because of sudden and abrupt cooling,
time is not sufficient to achieve equilibrium at the
elevated temperature, then some intermediate or
metastable form of the metal or alloys is obtained.
The tendency to assume a stable form is always
presentand metals and alloys in a metastable form
canbe made toapproachtheir stable formas close-
ly as desired simply by reheating. The widely
differing properties that can be imparted to solid
metals and alloys in their stable and metastable
forms give purpose to the whole process of heat
treating.

In general, the methods usedtoheat treat both fer-
rous and nonferrous metals are fundamentally sim-
ilar., These methods include hardering, quenching,
annealing, tempering, normalizing ferrous metals,
and refining grain of nonferrous metals. Also in-

cluded inthe category of heat treating are the var-

ious methods of case hardening steels by carburiz-

ing, cyaniding, nitriding, flame hardening, induc-

tion hardening, carbonitriding, siliconizing, and
so forth,

HEAT TREATING EQUIPMENT

Furnaces or ovens, atmosphere generators, and
quench tanks or spray tanks are representative
of the equipment used for heat treating.

Furnaces for heat treating are of all sizes and
shapes depending upon the temperature needed
and upon the dimensions and the number of pieces
tobetreated, Afurnacemaybedesignedto oper-
ate continuously or batchwise. The controls may
be either automatic or manual, These furnaces
are known by descriptive names such as box,
oven, pit, pot, rotary, tunnel, muffle, and others.
Regardless of the name, they all have the follow-
ing features in common: A steel outer shell, a
refractory lining, a combustion or heating sys-
tem, and a heavy door (either cast iron or re-
inforced steel with refractory lining) that may be
opened from the top, the front, or from both the
front and the back.

Atrnosphere generators are used to supply a con-
trolled environment inside the heat treating cham-
ber of the furnace. The atmosphere needed may

be either oxidizing, reducing, or neutral depend-
ing upon the particular metal or alloy undergoing
heattreatment and upon the final physical proper-
ties desired inthe metal or alloy after treatment.
An atmosphere can be provided that will protect
the surface of the metal during heat treatment so
that subsequent cleaning and buffing of the part is
minimized, or one canbe providedthat will cause
the surface of themetal to be alloyed by diffusion
with certain selected elements in order to alter
the physical properties of the metal.

Quenchtanks may be as simple as a tub of water
or as elaborate as a well-engineered vessel
equipped with properly designed means to circu-
late the quenching fluid and maintain the fluid at
the correcttemperature. The parttobe quenched
is either immersed into the fluid or is subjected
toa spray that is dashed against the part so that
no air or steam bubbles can remain attached to
the hot metal and thereby cause soft spots. The
fluidused for quenching may be water, oil, mol-
ten salt, liquid air, brine solution, and so forth,
The purpose of quenching is to retain some meta-
stable form of an alloy (pure metals are not af-
fected by quenching) by rapidly cooling the alloy
to some temperature below the transformation
temperature, )

The Air Pollution Problem

The heat treating process is currently regarded
as only aminor source of air pollution. Nonethe-
less, air pollutants that may be emitted from
heat treating operations, and their origin, are
as follows:

1. Smoke and products of incomplete combus-
tion arising from the improper operation of
a gas- or oil-fired combustion system;

2, vapors and fumes emanating from the vola-
tilization of organic material on the metal
parts being heat treated;

3. oilmists andfumes issuing from oil quench-
ing baths (if water-soluble oils are used, the
fumes willbe a combination of steam and oil
mist);

4. saltfumes emittedfrom molten salt pot fur-
naces;

5. gases, produced by atmosphere generators,
used in the heat treating chamber of muffle
furnaces. (Insignificantamounts occasional-
lyleak out from some furnace openings that
cannot be sealed, but somewhatlarger amounts
get into the surrounding air during purging
and also during loading and unloading oper
ations.) :
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Hooding and Ventilation Requirements

Hooding and ventilation systems designed for heat
treating processes should be based on the rate
at which the hot, contaminated air is delivered
to the receiving face of the exhaust hood. To
prevent the hot, contaminated air from spilling
out around the edges of the exhaust hood, the rate
atwhich the exhaust system draws in air must in
all cases exceed the rate at which the hot, con-
taminated air is delivered to the exhaust system.

Inthe general case, a canopy hood mounted about
3 or 4 feet above a hot body has an excellent
chance of capturing all the hot, contaminated air
rising by convection from the hot body. The face
area of a canopy hood such as this should be
slightlylarger than the maximum cross-sectional
area of the hot body. In order to avoid the need
for excessive exhaust capacity, it is advisable
not to oversize the canopy hood face area.

If a canopy hood is mounted too high above the
hotbody, the column of hot, contaminated air is
influenced by turbulence, andthe columnbecomes
more and more dilute by mixing with the surround-
ing air. Consequently the exhaust capacity must
be sufficient tohandle this entire volume of diluted,
contaminated air. This is an inefficient way to
collect hot, contaminated air.

Many variations of canopy hoods are used because
of the many types of heat treating furnaces em-
ployed. Lateral-type hoods arealso used. Gen-
eral features of design of hoods for these hot pro-
cesses are discussed in Chapter 3.

Air Pollution Control Equipment
The following methods effectively prevent and

control emissions resulting from heat treating
operations.

1.

Proper selection of furnace burners and fuels
along with observance of correct operating
procedures will eliminate smoke and prod-
ucts of incomplete combustion as a source of
air pollution. (See Chapter 9.)

Removal of organic material adhering tometal
parts tobe heat treated by either steam clean-
ing or solvent degreasing before heat treat-
ing will eliminate this source of air pollu-
tion,

Mists and fumes issuing from oil quenching
baths can be greatly reduced by selecting ap-
propriate oils and by adequate cooling of the
oil,

Baghouses are a satisfactory method of con-
trolling salt fumes from molten salt pots.
Particle sizes of fumes are usually between
0.2 and 2 microns but may vary from this
range depending upon local factors such as
temperature, humidity, turbulence, and ag-
glomerationtendencies of the effluent. The
fumes are slightly hygroscopic and corro-
sive; therefore, operation of the baghouse
must be continuous to prevent blinding and
deterioration of the bag cloth and corrosion
of the metal structure. Acrylic-treated or-
lonis a satisfactory bag cloth because of its
chemical and thermal resistance and its gen-
eral physical stability. Filtering velocities
should not be greater than 3 fpm. With these
design features, collection efficiencies ex-
ceeding 95 percent are normally achieved.

Flame curtains placed at the open ends of
continuous heat treating furnaces are effec-
tive inthe control of any escaping, combus-
tible gases used for controlling the atmo-
sphere inside the furnace.





