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A large-scale plant using a Raschig ring-packed
‘tower followed by three gas coolers was built.
Overall phosphorus pentoxide recovery exceeded
99. 9 percent, but the process was eventually
abandoned because of the excessive rate of corro-
sion of the gas coolers.

This same process, with a second packed scrubber
or glass fiber-packed filter unit for acid mist re-
moval replacing the gas cooler, is used by a number
of phosphoric acid producers throughout the country.
These plants routinely operate with phosphorus
pentoxide recovery efficiencies in excess of 99.8
percent. A visible phosphoric acid plume still
remains, though the phosphorus content has been
reduced to less than 0.1 grain per scf. A plant
such as this is in operation in Los Angeles County
and is shown in Figure 568, The plume contains

a large percentage of water vapor and does not
violate local air pollution prohibitions., Stack
analyses of emissions from this plant are shown

in Table 200.

The packed scrubber must be thoroughly and uni-
formly wetted with either water or weak acid and
must have uniform gas distribution to achieve high
collection efficiency. Good gas distribution is also
mandatory for glass fiber filter units, and a super-
ficial gas velocity of less than 100 fpm is recom-
mended.
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Figure 568. Phosphoric acid plant with a Raschig
ring-packed scrubber.

The Brink (1959) fiber mist eliminator is a rela-
tively new type of collector that has been used
successfully on sulfuric acid mist, oleum, phos-
phoric acid, ammonium chloride fume, and various
organics. Collectors of this type have been dis-
cussed in the preceding section of this chapter.

At one plant owned by Monsanto Chemical Company,
the stack plume was very persistent and visible,
Thirty milligrams of fine sulfuric acid mists per
standard cubic foot and 80 to 200 milligrams of
phosphoric acid particles per standard cubic foot
were emitted from the stack. To correct the
situation, a gas absorption apparatus followed

by a fiber mist collector was installed. Collec-
tion efficiencies of 99 percent on particles less
than 3 microns in diameter and of 100 percent

on larger particles were achieved. The stack
plume, which consists of 15 percent water vapor,
disappears within 40 to 50 feet of the stack on

dry days and within 150 feet on wet days. No
maintenance problems or changes in pressure drop
through the apparatus have been encountered.

SOAP, FATTY ACID, AND GLYCERINE
MANUFACTURING EQUIPMENT
INTRODUCTION

Soap for washing and emulsifying purposes has
been manufactured and used for over two thou-
sand years. Traditionally, soap has been manu-
factured in batches by saponifying natural oils
and fats with a solution of caustic soda, salting
out the soluble soap formed, and drawing off the
dilute glycerol produced. Shortly before World
War II, major changes started to occur in the
industry. Pretreatment of the fats and oils was
introduced and changes were made in plant pro-
cedures and in finishing of the soap. Since World
Was II, with the advent of synthetic detergents,
soap use has declined precipitously until its pro-
duction today constitutes less than 20 percent of
the combined production of soaps and detergents
(Silvas, 1969). Figure 569 illustrates the vast
change in relative production of soap and deter-
gent since 1944, The manufacture of detergents
is discussed in another section of this manual,

When the direct neutralization of fatty acids by
soda ash and/or caustic soda was introduced as

a soap-making process, fat splitting, or hydroly-
sis, became a basic operation of the soap indus-
try. Prior to 1955, the soap industry generated
its own supply of fatty acids for use in soap mak-
ing by splitting of natural fats and oils and pro-
vided fatty acids to other chemical process in-
dustries. Since 1955, however, fatty acids have
also been synthesized from petroleum products,
so that today fatty acids are produced synthetical-
ly in greater quantities than by splitting natural
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Table 200. STACK ANALYSES OF EMISSIONS FROM A PHOSPHORIC ACID
PLANT WITH TWO RASCHIG RING-PACKED SCRUBBERS

Report series No.

C-167 A C-167 B
Phosphorus burning rate, lb/hr 1,875 895
Gas rate, stack outlet, scfm 12,200 3,420
Gas temperature, stack outlet, °F 175 162
Diameter of first packed scrubber,ft 8.5 8.5
Height of first scrubber's Raschig ring packing, ft 12 12
Diameter of final packed scrubber, ft 20 20
Height of final scrubber's Raschig ring packing, ft 3 3
Final scrubber's superficial velocity, fpm 47 13
P,0g emitted, gr/scf 0.095 0.108
P,0Og emitted, lb/hr 9.9 3.2
Emissions as % of phosphorus burned 0.23 0.16

5 I
I l l l RAW MATERIALS

The soap industry applies the term ''o0il" to those
natural fats which are liquid at ambient conditions,
excluding hydrocarbon oils obtained from petro-

= leum. ''Fats,' in the soap industry, refers to
213 all natural oils and fats, liquid or solid. Soap

Z is produced almost exclusively from these natu-
= ral fats and oils.

=2

82 . . .

& Ordinary soluble soaps are classifiable in a num-

ber of ways. They may be generally classed as
toilet soaps, household soaps or industrial soaps,
Traditionally, sodium soaps have been called hard
soaps, and potassium soaps called soft soaps.
Today such classification is no longer meaningful,
l | | | | as the hard or soft quality of soap is much more

1%44 1948 1952 195 1960 194 1968 dependent on the type and quality of fats and oils
used to make the soap.

YEAR
Figure 569. Production of soap and detergents in the The properties of soaps are directly related to the
United States, 1944 to 1968 (Chemical Week, 1869). type of fatty acids used. The most desirable fatty
acids are lauric, myristic, paluitic, stearic, and
fats and oils. The soap industry, however, still olsic, which are acids having 12 to 18 carbon
uses fatty acids produced almost exclusively by atoms. These acids constitute the bulk of the
splitting natural oils and fats, and still supplies fatty acids found in tallow and coconut oil. As a
a significant amount of fatty acids to other chemi- result, many soaps are combinations of these two
cal process industries. The soap industry had oils, usually in ratios of 3 or 4 parts of tallow to
been the principal supplier of glycerine to chemi- 1 part coconut oil. Because of its favorable acid
cal process industries. However, glycerine is content, availability, and low price, tallow is the
now produced synthetically, and presently the most predominant fat used for soap making., It
soap industry supplies only about one-half of the constitutes 80 percent or more of the total fats
total glycerine consumed in this country. used by the soap industry. Greases, the rendered
fats from hogs and other small domestic animals,
Metallic soaps have uses entirely different from are the next most often consumed fatty material
those for ordinary soaps, so that theyare not in (Shreve, 1967). Other natural oils, including
direct competition. These soaps are alkaline marine oils, may also be used in the soap making
| earth, metal, or heavy-metal salts of fatty acids. processes, Many of the marine oils are used in
‘ They are made either by heating fatty acids with special applications. They represent only an
metallic oxides, carbonates, etc., or by the re- insignificant portion of the total fats used.
action of soluble ordinary soap with solutions of
heavy-metal salts. Their manufacture will not Sodium hydroxide is the saponifying alkali used

1 be discussed in this section. for most soap manufacture. Potassium hydroxide
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still is used to some degree, and because potas-
sium soaps are more soluble than the sodium
soaps, they are used, or blended with sodium
soaps, for making liquid soap solutions, Miner-
als, including soda ash, caustic potash, sodium
silicate, sodium bicarbonate, and trisodium
phosphate, are used extensively as builders or
fillers. Used in smaller quantities, but of ex-
ceeding importance as synergetic soap builders,
are tetrasodium pyrophosphate and sodium tri-
polyphosphate. Carboxylmethylcellulose (CMC)
also is an additive for most heavy-duty soaps.

Finished soaps also may contain small quantities
of chemicals used as preservatives, pigments,
dyes, and perfumes, as well as antioxidants or
chelating compounds. Bar toilet soaps and pow-
der or granular laundry BOaps may be manufac-
tured as a combination of synthetic detergents
and the neutralized fatty acid soluble soaps,
Detergents used are either anionic or nonionic,
but not cationic,

FATTY ACID PRODUCTION

Fatty acid production from natural fats may be
performed by any one of several processes, The
Processes all result in ""splitting" or hydrolysis
of the fat, This may be represented as:

H H
I |
H — COOR H==C =—0H

| |
H == COOR + 3H0 —=3RCO0 + He==C =—0H
| I

H = COOR H==C ==0H
| !
H H
FAT FATTY  GLYCEROL
ACID

Three current pProcesses for splitting or hydro-
lyzing fats to pProduce fatty acids and glycerol
utilizing either batch or continuous processes

are detailed and compared in Table 201. Several
older process methods, such as Panning and
Pressing procedures, fractional distillation, and
solvent crystalization, no longer are used. Of
the three current Processes, the continuous high-
Pressure hydrolysis Process is the one most often
used by the soap industry. A flow diagram of the
Process is shown in Figure 570,

In the continuous high-pressure hydrolysis pro-
cess, fat and water, both in liquid phase, are
heated in contact with each other to temperatures
in exceas of about 400 *F, and some of the water
becomes dissolved in the fatty matter. The pro-

Portion of water that becomes dis solved in the

234-767 0 - 77 - 49

..

fatty layer increases rapidly with rise in tempera-
ture, causing a reduction in the aqueous layer.
At temperatures approaching 550 °F, depending
upon the type of oil used, the aqueous phase
merges into the fatty phase, leaving but a single
liquid phase (Ittner, 1942), In practice, the
equipment is operated at temperatures and pres-
sures where the two components show consider-
able mutual solubility but below the temperatures
where only one phase exists. The glycerine
formed is continuously removed in the water
stream, and at the same time the product fatty
acids are removed as a Separate stream.

The equipment used for this process is a vertical
column (Figure 570). The fats, in yliquid form,
are first vacuum deaerated, which prevents dar-
kening, and then pPumped into the bottom of the
column through a sparge ring. Deaerated, de-
mineralized water is pumped at high temperature
and high pressure into the top of the tower. High-
pressure steam, at pressures of 700 to 750 psi,
is introduced into the tower either along with the
oil or directly into the reaction zone at the center
of the tower, or, in some cases, at both the top
and bottorn of the tower. Tower operating pres-
sures are usually 650 to 800 psi, and temperature
of the fats is usually around 485 ¢ to 500 °F, The
oil droplets travel up the column, while the water-
glycerine solution flows down the column, The
fatty acids then pass overhead to a flash tank for
the removal of entrained water, or they may be
decanted from the water after cooling and then
Passed to a settling tank where further separation
occurs,

As shown in Figure 570, the glycerine and water
solution, called sweetwater, is drawn from the
bottom of the hydrolyzer tower and is passed
through a series of evaporators, or to a flash
tank to remove some of the water, and then to
storage as crude glycerine.

The fatty acids produced are characteristic of

the particular type oils being processed. Distil-
lation is employed frequently on-stream with con-
tinuous hydrolization to further refine fatty acids,
When chemical and industrial products are manu-
factured from these fatty acids, fractional distil-
lation is used. When soap stock is produced,
simple distillation in a continuous vacuum-type
still is used as shown in Figure 570,

In the vacuum still, the boiling fatty acids pass
overhead through a series of condensers. They
are then either drawn off and pumped to storage
as fatty acids or passed through a line mixer
where caustic soda or soda ash is added to pro-
duce the salt of the fatty acids, which is a soluble
soap. The soap stock thus produced is then held
in storage for use in the various soap manufac-
turing and finishing operations,
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Table 201. COMPARISON OF THREE CURRENT FAT-SPLITTING PROCESSES (Shreve. 1967)

Twitchell

Temperature, °F| 212 to220
Pressure, psig 0

Catalyst Alkyl-aryl sulfonic acids
or cycloaliphatic sulfonic
acids, both used with sul-
furic acid, 0.75 to 1.25%
of the charge

Time, hr 12 to 48
Op=ration Batch
Equipment Lead-lined, copper-lined,

monel-lined, or
wooden tanks

Hydrolyzed 85 to 98 % hydrolyzed;

5 to 15 % glycerol solution
obtained, depending on
number of stages and
type of fat

Advantages Low temperature and
pressure; adaptable to
small scales; low first
cost because of relatively
simple and inexpensive
equipment

Disadvantages Catalyst handling; long
reaction time; fat stocks
of poor quality must
often be acid-refined to
avoid catalyst poison-
ing; high steam consump-
tion; tendency to form
dark-colored acids;
need for more than one
stage for good yield and
high glycerin concentra-
tion; not adaptable to
automatic control;

high labor cost

Continuous
Batch autoclave countercurrent
300 to350 (450 without catalyst)| 485 approx.
75 to 150 (425 to 450 without 600 to700
catalyst)
Zinc Optional
calcium,
or magne-
sium
oxides.
1 to 2%
5to 10 2to3
Batch Continuous
Copper or stainless-steel Type 316 stainless
autoclave tower
85 to 98 % hydrolyzed; 97 to 99 %. hydolyzid;
10 to 15 % glycerol, 10 to 25 % glycerol,
depending on depending on type
number of stages and of fat
type of fat
Adaptable to small Small floor space;
scale; lower first cost uniform product
for small scale than quality; high
continuous process; glycerin concen-
faster than Twitchell tration; low
labor cost; more
accurate and
automatic control;
constant utility
load
High first cost; catalyst High first cost;
handling; longer high temperature
reaction time than and pressure;
continuous process; greater operating
not so adaptable to skill
automatic control as
continuous; high
labor cost; need for
more than one
stage for good yield
and high glycerin
concentration

The fatty acids, which may contain considerable
unsaturated organic acids, can be further pro-
cessed by hydrogenation, Hydrogenation, with
the use of a catalyst, saturates the double bonds
of the unsaturated fatty acids. The process helps
to eliminate objectionable odors and hardens the

soap stock. The hydrogenation operation is usu-
ally on-stream with the hydrolysis operation.

GLYCERINE PRODUCTION

The saponification of natural oils can be repre-
sented by the following reaction:
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Figure 570. Flow diagram of a continuoys process for hydrolysis of natural fats,
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Figure 571. Flow diagram for glycerine

small amounts of fatty acid impurities which are
present so that they will not boil off. The overhead
product glycerine from the vacuum still then is
condensed in a three-stage condensing system
with Progressively lower temperatures at each
stage. The staged condensation yields different
grades of glycerine. The highest temperature
first-stage condensate usually contains 99 percent
glycerol. Lower quality grades are collected
from the lower temperature condensers. The
glycerine is purified by bleeching and filtration

or ion exchange.

In the making of soap by alkaline saponification
of fats, glycerine always is formed and common-
ly is recovered in solution in the soap lye. The

removed directly, and may exceed 10 percent
when other washing processes are used. The
spent lye, in addition to the glycerine, contains
roughly 10 percent by weight of salt and some
small amount of 80aps that are still soluble in
the lye.

Figure 572 illustrates a typical spent soap lye
The first step is the purifica-

Processing plant,

BLEACH AGENTS
FILTER AIDS
BLEACH
AND FILTER
FEED TANKS
FILTER
——————-

REFINED PRODUCT

manufacture from hydrolysis sweetwaters.

tion of the lye solution removed from the saponifi-
cation operation. The lye is neutralized by treat-
ing with mineral acids to form a salt, The neu-
tralized solution is heated and agitated to precip-
itate any remaining soap. After filtration, the
solution then is evaporated. Vacuum evaporation,
either in a series of batch vessels or continuously
in cone bottomn vessels, causes the salt crystal-
lization point to be reached.

As the salt concentration increases, salt crystal-
lizes out and separates. In the continuous vessel,
a portion of the separated salt is intermittently
removed from the bottom. In the batch separation,
the salt is removed from the slurry by pPumping it
through filters or centrifuges. Recovered salt ig
reused in the soap making process. The concen-
trated glycerine is boiled down to remove even
more salt until a concentrated crude soap lye
glycerine is obtained. At this stage the crude
glycerine constitutes 80 to 82 percent by weight

of the solution with approximately 2 percent by
weight of nonvolatile organic matter, the remain-
der being a mild salt solution in water, Further
treatment of this crude glycerine follows the same
procedures used with the crude glycerine obtained

-from fat splitting operations.
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Figure 572. Spent soap lye plant for recovery of crude glycerine.

SOAP MANUFACTURING

The soap-making processes, either those utiliz-
ing the alkaline saponification of fats and oils or
those employing the saponification of fatty acids,
are variously batch or continuous. The kettle or
full-boiled process is a batch process which fol-
lows the historical and traditional soap-making
methods since the beginning of the industry. This
Process involves several steps or operations in a
single kettle or, in large operations, a series of
kettles, The kettles or pans used in these pro-
cesses vary considerably in size depending upon
production requirements. Small operations or
Producers of specialty soaps may employ a kettle
which will only produce a few hundred pounds of
80ap. Large commercial producers of soaps may
use kettles which will produce 150, 000 pounds of
80ap per batch,

;,

‘
{

The steps or operations performed include sapon-

. ification of the fats and oils by boiling in a caustic

~ solution using live steam, followed by "'graining"

or precipitating the soft curds of soap out of the
aqueous lye solution by adding sodium chloride
salt. The soap solution then is washed to remove
glycerine and color body impurities to leave the
settled or 'neat' soap to form on standing. Neat
soap is the almost pure soap produced in the full-
boiled process and remains as the upper layer of
soap from which '"nigre" soap and lye solutions
have settled. ) The steps described above in the
full-boiled process, including that of the final
settling, can require a period of several days.
The smaller kettles using this process may re-
quire up to 24 hours per batch, while the larger
kettles may require up to a full week to complete
a batch.
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Other batch processes of saponification of fats
and oils, still used for small production runs of
specialty soaps, include the semiboiled process,
the cold process, the autoclave process, the
methyl ester process and the jet saponification
process.

Two proprietary processes for continuous sapon-
ification of natural oils are used by some soap
manufacturers. These are the Sharples Process
and the Mon Savon Process. Both pProcesses,
while dissimilar, eliminate the largs Ketiles and
lengthy process time required by the old tradi-
tional batch operations. All processes, however,
accomplish the same steps of soap manufacture,

The manufacture of soap by direct saponification
of fatty acids is easily accomplished in continuous
processes. However, many plants employ con-
ver{fi;n\ﬂ"'é’dap kettle processes. Batch saponifi-
cation also is performed in mixing kettles, com-
monly called crutchers. Fatty acids obtained by
continuous hydrolysis are usually neutralized with
50 percent caustic soda continuously in a high-
speed mixer-neutralizer to form soap. The neat
soap produced is discharged at 200 °F into an
agitated blending tank to even out any inequalities
of neutralization. The neat soap contains approx-
imately 30 percent water at this stage. This soap
stock then is held at an elevated temperature for
use in the various soap finishing operations.

SOAP FINISHING

(Soap is finished for consumer use in various
forms such as liquid, powder, granule, chip,
flake, or bar) Part of the finishing operation
for soap is the addition of various ingredients to
accomplish the purposes for which the final pro-
duct is designed. Toilet bars of the purest type
of soap will have the minimum of additional in-
gredients. Heavy-duty laundry soaps will have a
maximum of other ingredients added. All soap,
after finishing, contains some water, usually be-
tween 10 and 30 percent, because anhydrous soap
would be too insoluble to use easily. The finished
soap product contains perfume which, while fre-
quently not apparent, has been mixed in with the
soap to disguise somewhat unappealing odors.

Bar soap is produced in three general processes.,
The oldest process, the framing process, seldom
is used today except for some special types of
soap. In this process, liquid soap, after mixing
or crutching with other necessary ingredients, is
poured as a semiliquid paste into large vertical
molds. The soap hardens upon cooling in these
molds. The sides of the molds or frames are
removed and the soap is cut by mechanical saw-
ing processes into rough shapes and sizes of the
bars. They are then stamped into the final shape,

with whatever markings are desired, and wrapped
for shipment,

Most bar soap today is manufactured by a second
process, the 'milling" process. Milled soaps,
as they are called by the industry, usually are
manufactured in one of two processes. In the
older and still more commonly used process
shown in Figure 573, the soap stock is batched

in a mixer, called a "erutcher', with other in-
gredients. The batch is then flowed onto chill
rolls, and then flaked off and passed through a
steam-heated hot-air dryer. The flakes can be
packaged as flake soap or ground and packaged as
powder. When soap bars are made, the flakes
from the dryer are "plodded' (mixed in a screw
or sugar tubular mixer) or mixed with final in-
gredients such as perfume. The plodded material
then is fed to a roll mill. The flaky soap produced
by the roll mill then is plodded again to throughly
mix ingredients and improve texture and is ex-
truded in a continuous bar shape for cutting,
stamping, and wrapping.

MIXER
cm‘LT.me) POWDER
I GRINDER |-
O—ROLLER PACKAGING
FLAKE
DRYER PACKAGING
STEAM
MIXER PLODDER
PLODDER W
ROLL MILL l
S? ™ t
7 e
|
BAR
CUTTER STAMPER PACKAGING |

Figure 573. Flow diagram of milling seap finishing
process.

In the second and more recent milled soap pro-
cess, the basic blended soap stock is pumped
through atomizing nozzles against the inside wall
of a vacuum chamber and dropped from the cham-
ber into a plodder. Figure 574 is a diagram of
this process. The plodded soap is immediately
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MINOR INGREDIENTS TO VACUUM

LIgQuID
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L}
STEAM
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CHAMBER PLODDER

1

MIXER

PERFUME, ETC. t

%ROLL gl&)

PLODDER || CUTTER == STAMPER

BAR
PACKAGING

Figure 574. Flow diagram of vacuum flash drying
process for bar soap production.

mixed with the necessary additional ingredients
and then passed through a series of roll mills
and plodders until it is extruded in a continuous
bar for cutting, stamping, and wrapping.

A third process, illustrated in Figure 575, pro-
duces aerated soap bars. Neat soap is heated
under pressure and then water is flashed off.

Air is mixed with the soap, perfume is added, and
the paste chilled and then extruded continuously.
After cutting to rough shape, the bars are ''aged"
or cooled, and then stamped and wrapped.

(Soap also is finished for marketing in flake or
chip formj In manufacturing this type of product,
the same procedures are followed as were de-
scribed for the framing process. The only ex-
ception is that after hot air-drying, the soap is
not milled or plodded.

Soap powder formerly was produced by grinding
the chips coming from the hot air-dryer discussed
above and shown in Figure 573. This method of
soap powder manufacture has been highly unsat-
isfactory since it produced a product containing
excessive fines. However, this process is still
used occasionaly in some soap plants. Soap
powders now are manufactured almost exclusive-
ly by first crutching the soap stock with the fillers
and other additives to produce the final composi-
tion and then spray drying the slurry mix. The
spray drying of soap and the spray drying of syn-

\
g

ATMOSPHERIC

LIQUID SOAP

! PERFUME I

FLASH TANK
ANTI-OXIDANT

STOCK

11
CONTINUOUS

CRUirEI)HER
C——g,
A
FREEZER.
EXTENDER CUTTER
| |
AGING ROOM
CUTTER STAMPER PACTARING

Figure 575. Flow diagram of aerated soap bar
production.

thetic detergent compounds are very similar pro-
cesses. Spray drying is discussed in much great-
er detail in the section of this manual dealing
with detergents.

Liquid soaps very rarely are manufactured today
except for some very specialized products such
as "pure soap hair shampoo.’ Top quality liquid
soap is blended in tanks with the other ingredients
desired and then packaged in standard bottle
filling equipment.

THE AIR POLLUTION PROBLEM

All chemical processes and some of the other
operations involved in the making of soap, pro-
duction of fatty acids, and the purification of
glycerine have odors-ssa-ecmmon air pollutien
problem. Blending, mixing, drying, packaging,
and other physical operations are subject to the
air pollution problems of dust emissions.

Odors may be emitted from equipment used for
the following operations:
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1. Receiving and storage of animal and vege-
table oils

2. saponification of fats and oils or of fatty
acids

3. hydrolization of natural fats and oils to
produce fatty acids

4. distillation of fatty acids

5. hydrogenation of fatty acids

6. concentration and distillation of glycerine.

During their receiving and storage, natural fats
and oils are heated to temperatures not over 150°F
to reduce viscosity for pumping. The fats and oils
used by most soap manufacturers are of high qual-
ity, and odors usually do not cause a local nuisance
unless the equipment is located adjacent to homes
or businesses.

Fats and oils are heated during the direct saponi-
fication, resulting in the emission of odors.
These odors may cause a local nuisance, depend-
ing upon the location of the equipment in the com-
munity, and may require control equipment,

Odors also are emitted during the deaeration and
hydrolization of fats and oils to produce fatty acids.
Distillation and hydrogenation of the fatty acids
emit odors. Fortunately, the flash deaeration of
fats and oils is performed under a vacuum, pro-
duced usually by water or steam jets. Steam jets
are followed by contact barometric condensers
which in effect serve as scrubbers. This arrange-
ment of equipment provides satisfactory odor con-
trol so that the installation of additional control
equipment usually is not necessary. All stages of
these operations are vented similarly. Figure 576
illustrates several vacuum ejector and condenser
systems,

The flash dehydration of glycerine has been found

to emit only mild odors. Equipment for glycerine
distillation under vacuum is vented through steam
jets and barometric condensers. Emissions again
are very light and odors do not cause any nuisance
problems.

In soap-finishing operations, dust can be emitted
¥rom equipment performing the following opera-
tions: Addition of powdered and fine crystalline
materials to crutchers, mechanical sawing and
cutting of cold frame soap, milling and plodding
soap, air drying of soap in steam-heated dryers,
milling, forming, and packaging:y Although dust
emissions from these equipment Dources rarely
violate existing air pollution regulations, the dust
emissions cause an internal plant hygiene problem.

Various pieces of process equipment must there-
fore be vented to control equipment for worker
comfort and safety.

There are, however, other equipment sources of
dust emissions which usually exceed air pollution
regulations. The sources are: Grinding of soap
chips, pneumatic conveying of powders, and spray
drying of soap. Installation of control equipment
is necessary for compliance with air pollution
regulations as well as worker comfort and safety.

The production of soap powder by spray drying

~creates the largest single source of dust in the

manufacture of soap,l Spray drying is designed to
produce relatively coarse granules followed by
highly efficient separation of soap granules from
the drying air before the air is vented to the at-
mosphere. Most towers for the spray drying of
soap are the concurrent type where both the heat-
ed air and soap slurry spray are introduced at
the top of the tower. Heated air and soap granu-
les are separated at the bottom of the tower in a
baffled area which causes the granule-laden air to
make sharp 180° turns. Most of the soap is de-
posited in the baffled section and drops into the
cone bottom of the spray dryer. However, a few
soap particles still remain in the heated air after
passage through the baffled area. The particles
range in size from 2 to 200 microns, with a medi-
ian particle size of over 20 microns. Air pollution
control equipment is required before venting the
contaminated air to the atmosphere.

The hot soap granules removed from the bottom
of the spray dryer must be cooled to prevent cak-
ing and then screened and stored or sent to pack-
aging equipment. The most common way to cool
soap granules is by pneumatic conveying of the
soap granules to elevated locations for gravity
flow through screens into storage or packaging
equipment. Cyclone separators or gravity settling
chambers are used to remove the soap granules
from the conveying air. Soap particles venting
from the separator or settling chamber are finer
in size than the soap particles in the exhaust air
from the spray drying tower and are in such coh-
centrations that they must be collected by control
equipment in order to comply with air pollution
regulations.

AIR POLLUTION CONTROL EQUIPMENT

The elimination of odors from the manufacture of
raw soap, fatty acids, and glycerine can be accom-
plished by scrubbers such as water ejectors or
barometric condensers. Figure 576a shows a
contact type scrubber which successfully vents
odorous emissions from a vessel used for dehy-
drating blends of tallow and foots oils by heating
them above 200°F. This water jet contact scrubber
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(condenser) reduces odor levels by over 90 per-
cent. The odor-containing gases vented from this
scrubber are in very low volumes, The residual
odors are diluted in the atmosphere well below
their threshold levels in traveling through the
atmosphere for only a short distance from the
Bcrubber exhaust,

Dust emissions from equipment used in the soap-
finishing operations other than spray dry,i\ng can
be controlled by dry filters and baghous e2 Mois-
ture content of the dust-laden air is well below
saturation and close to ambient so that condensa-
tion in the baghouse is not a problem. Dust col-
lected in filters or baghouses can be recycled
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to the process. Methods for hooding and ventila-
tion of equipment emitting dust and the design of
baghouses or filters are discussed in Chapter 4
of this manual.

Air pollution control equipment for soap spray
drying towers is designed specifically for the op-
erating parameters of the particular tower. These
parameters include: Materials sprayed, tower
operating temperature, tower dimensions, gas
velocities, and others. Because of the relatively
large size of the particulates in soap drying, high-
efficiency cyclones installed in series may be sat-
isfactory in controlling emissions. Cyclones per-
mit the recovery of materials for reuse in the
process. However, small particulates may escape
collection by the second cyclone and may be in
such concentrations and quantities as to cause
emissions which violate regulations,) Control

\
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LIQUID SOAP
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SCRAP

SLURRY
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BAG HOUSE

equipment of higher collection efficiency than the
cyclones must be used in place of the cyclones or
be installed in series on the exhaust from the last
cyclone when this occurs.) A baghouse presents
problems because the exhaust air is usually sat-
urated at tempsratures of 100° to 150 °F and, at
this saturated condition, caking and blinding of the
bag fabric can occur unless a special heated bag-
house design is employed. Figure 577 is a flow
diagram illustrating the control of a soap spray
drying operation. Multistage centrifugal scrubbers
or venturi scrubbers have proven to be satisface
tory when additional control is required. Recir-
culation of scrubbing liquid has not been employed
because soap slurry can cause severe foaming
problems. Details on the design of scrubbers are
given in Chapter 4 of this manual, Further dis-
cussion which is applicable to spray drying towers
for soap also can be found in the following section
on synthetic detergents.
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duct. Fatty acid vapor, water vapor, and inert
gas are vented from the reactor through a con-
denser to a separator tank. Fatty acids separa-
ted are recycled to the reactor, the water is sent
to the sewer, and the inert gas is returned to a
gas holder. The reaction is completed after sev-
eral hours, and the product is then pumped to a
jacketed vacuum stripper tank. The temperature
is maintained, tallow fatty acid and more catalyst
are added, and inert gas is sparged into the tank.
The vessel is held under slight vacuum for a short
period while the contents are agitated. The vacu-
um is then increased to strip any remaining unre-
acted fatty acid. Water vapor, inert gas, and
fatty acid vapors are vented through a condenser.
The condensate from the condenser consists pri-
marily of coconut fatty acid and is returned to
storage. The fresh surfactant is discharged
through a line mixer where a small amount of wa-
ter is added .. cooling purposes. It is then trans-
ferred to a holding vessel for use in formulation
of toilet bars. The water content flashes off in
the holding vessel.

The Air Pollution Problem

The first of the two reactions involved in the pro-
duction of alkyltaurates, the fatty acyl chloride
reaction, also creates HCI acid mist emissions
similar to those from the chlorosulfonation reac-
tion. The second reaction, with the N-methyl-
taurine, is accomplished in the vessel without
venting until the reaction is complete.

The vacuum system employed in the second pro-
cess to produce the sulfoester consists of com-
pound steam ejectors with barometric condensers.
The condensers discharge to a hot well. Visible
and odiferous emissions, principally fatty acid
vapors, occur from the hot well. Uncondensable
gases in the reactor recirculation system also are
vented and cause odors and visible emissions.

The flashed off water vapor from the product hold
tank can also contain contaminants of an odorous
nature. No other air pollutant emissions occur
from this process.

Air Pollution Control Equipment

The same control equipment shown in Figure 584
for HCI acid mist serves to control the emissions
from the first sulfoalkylation process producing
the alkyltaurate.

The hot well receiving condenser water and uncon-
densed gas and vapor from the vacuum jet systems
in the second process for sulfoesters must be
closed and vented to control equipment to eliminate
odors and visible acid mist emissions. Scrubbers
with gas pressure drops ranging from 7 to 12 in-

ches water column usually control these emissions.

SYNTHETIC DETERGENT PRODUCT
MANUFACTURING EQUIPMENT
INTRODUCTION

"Synthetic detergent products' applies broadly to
cleaning and laundering compounds containing sur-
factants along with other ingredients formulated
for use in aqueous solutions. These products are
marketed as heavy- or light-duty granules or liquids,
cleansers, andlaundry or toiletbars. Theheavy-
duty granules represent the major portion of all pro-
ducts manufactured, with the light- andheavy-duty
liquid or light-duty granules in far lesser production,
The manufacture of all detergent products incorpo-
rates equipment and processes similar tothose for
manufacturing soap products. The manufacture of
the granular products is of paramount interest, with
more severe air pollution problems than those en-
countered with soap granule production. The manu-
facture of liquid detergent and bar products is of less-
er importance, withlittle or no difference from simi-
lar soapproducts in either process equipment or air
pollution potential, and will not be discussed.

Raw Materials

The surfactants used in formulating synthetic de-
tergent products are either anionic or nonionic.
The products also contain other chemical com-
pounds which supplement the detergent of the sur-
factant. Each particular formulation depends upon
the ultimate design for consumer use. Table 203
illustrates the formulations commonly used in
large-volume granule and liquid detergent manu-
facture.

Sodium tripolyphosphate (STP) or tetrasodium
pyrophosphate (TSPP) are incorporated in most
granular formulations as "builders' or seques-
tering agents. They serve to eliminate inter-
ference with the detergent action by the calcium
and magnesium ions (hardness) in the water used
in the wash solution. STP and TSPP may be used
in powder, prill, or granule form, and are re-
ceived in carlots. These ingredients are most
often blended into the slurry before spray drying.

Nitrilotriacetic acid (NTA) and its sodium salts
have recently been incorporated in some heavy-
duty granule products to replace part of the STP,
It is more expensive than STP, but is a better
sequestrant, The growing public concern with the
role phosphates in detergents may play in deteri-
oration of water quality has generated manufac-
turers' interest in this substitute. Indications
are that it will be employed in the near future in
more formulations and in larger quantities. The
acid is a crystalline powder and the salts (disodi-
um or trisodium) are powders. They are receiv-
ed in carlots. NTA is added to the slurry mix be-
fore drying.
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Table 203, FORMULATIONS (IN PERCENT) FOR LARGE-VOLUME DETERGENT
MANUFACTURE IN THE UNITED STATES
Heavy duty ' Light duty

High guds Low suds

granules granules ’

Constituent Brand A [Brand B |Brand C [Brand D] Liquid Granules| Liquid Function
Surfactants
Alcohol sulfate 8 - - - 0-35 25-32 - .

Cleanir.
Alkyl sulfonate 8 18 6 17 0-35 25-32 20-25 agent
Ethoxulated or fzr Oi":’iw

fatty alcohol - - 6 - 0-35 - 20-25 an ol

S$01

Alkyl amine oxide - - - - 0-15 - -
Soap - - 2 - - - 10-12

. ’ Foam boos:er

Builders or stabiliz. -

Fatty alcohol

or amines 1.5-2 0-0.5 - - 0-12 - 5-12 Overcome :
STP/NTA 60 50-60 | 50-60 | 50-40 - - 2-15 | Water harduess

and clean
TSP - - - - 0-20 - 0-20 | inorganic stains

Additives .

s . . k. i
cMC 0.5-0.9 0.5-0.9 [0.5-0.9 0.5-0.910.5-0.9 0-5 - Antiredeposition #
Sodium silicate 5-7 5-7 7-9 7-9 5-7 0-4 0-4 Corrosion |

inhibitor
Sodium sulfate 10-20 | 10-20 10-30 | 10-30 - 60-70 - Filler '
Enzyme 0.2-0.75/0. 2-0. 75 (0. 2-0. 750. 2-0. 730 2 -0. 75| . - Clean protes -
Other 0-5 0-5 0-5 0-5 0-5 0-5 0-5 Perfume, dy.,

bleach, «:.. g+

G i

|

» !

Fillers, usually sodium sulfate or sodium car-- Trisodium phosphate (TSP) is used in deterge:: 3

bonate, are incorporated in granule products, granule formulations such ag dishwasher com- ;

They are either powders or crystalline powders pounds and wall cleaners which are designed ¢ 2

and are added in bulk form to the slurry before clean hard surfaces. TSP is considered func-

drying, tionally as an alkali rather than a sequestering i ’

agent. It is usually handled as a crystalline s

Amides of various types are used as supplemen- powder and is received in carlots, drums, or  §

tary surfactants in many formulations. They im- bags. Li

prove detergency of the sulfonic and sulfate sur-

factants and act as foam boosters or stabilizers. Carboxy methylcellulose (CMC; sodium cellulos=

Amides used include the higher fatty amides glycolate) usually is added to heavy-duty granule-
(e.g. ¢ocomonethanolamide), ethanolamides, and serves to prevent redeposition onto the fabric
dialkyl and alkylol (hydroxyalkyl) amides, mor- of the dirt removed by the detergent. This chemic-"
pholides, and nitriles, as well as the lower acyl
derivatives of higher fatty amines. These ma-
terials are handled as liquids and received in
tank cars or barrels. In granule manufacture,
they are either incorporated in the slurry before
drying or blended with the detergent granules
after drying,

is received in bags or drums as a powder or
granule. It is added to the slurry mixture befor-
drying.

Sodium silicate is added in most synthetic deter-
gent formulations to inhibit the surfactant’s ten-
dencv to corrode metal. It also is used to over-

o W -~
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come production and packaging problems encoun-
tered with detergent granules. It is functionally
used as a primary detergent alkali in compounds
designed for hard surface washing, e.g., machine
dishwashing compounds. It can serve to retain
uniform viscosity in the mixing and pumping of
the slurry before it is dried, and it reduces the
"tackiness'' of the dried granules, facilitating
their handling and reducing caking of the product
after packaging. The sodium silicates are re-
ceived in tank cars as water solutions.

Optical brightners are added to many formulations.
These are usually fluorescent dyes which absorb
ultraviolet rays and reflect them as visible light.
The dyes are received as powders in bags or as
liquids in drums, and they are usually blended in
the slurry before drying.

Perfumes are added to almost all detergent pro-
ducts to overcome unpleasant odors and impart a
pleasing scent to laundered fabrics. The per-
fumes are added by spraying onto the dried gran-
ules or mixing with the liquid detergents. They
are handled as liquids in small-size containers
or drums.

Bleaches of various kinds are frequently incor-
porated in heavy-duty detergents. Sodium per-
borate, along with magnesium silicate as a sta-
bilizer, is commonly employed. They are re-

ceived as powders or crystals in boxes or bags
and are added to the granules after drying.

Enzymes have recently been introduced as part

of the formulation of heavy-duty detergent pro-
ducts to assist in the removal of protein-based
stains from fabrics. The enzymes are received
as powders in bags or drums. The enzymes are
heat sensitive and are destroyed if heated to 212°F.
Most manufacturers blend the enzymes into the
detergent granules after drying.

Many other compounds may be incorporated in
various products. Preservatives, antioxidants,
foam-suppressors and other types of additives
are used. The scouring cleansers are composed
principally of finely pulverized silica, active
detergent, small amounts of phosphates, and fre-
quently a bleach.

Detergent surfactants include alkyl sulfonic,
alkyl sulfate, and alcohol sulfates, discussed
above, and almost the entire range of anionic
and nonionic detergents, including socap. Plants
manufacturing their own sulfonic and sulfate sur-
factants also use other surfactants in some or all
of their products. The detergents are received
and handled mostly as liquid solutions of varying
strength, but some surfactants are received as
flake or powder. Surfactants are principally mix-
ed with the slurry before drying.

Processes

The only manufacturing process to be discussed
here will be the production of detergent granule
formulations incorporating spray-drying pro-
cesgses. All other products are produced in pro-
cesses, such as drum drying, similar to soap
production, discussed in the previous section.

Manufacture of detergent granules incorporates
three separate steps: Slurry preparation, spray
drying, and granule handling (including cooling,
additive blending, and packaging). Figure 586
illustrates the various operations.

SLURRY PREPARATION

The formulation of slurry for detergent granules
requires the intimate mixing of various liquid,
powdered, and granulated materials. The soap
crutcher is almost universally used for this mix-
ing operation. Premixing of various minor ingre-
dients is performed in a variety of equipment prior
to charging to the crutcher or final mixer. The
slurry, mixed in batch operations, is then held

in surge vessels for continuous pumping to the
spray drier.

The Air Poliution Problem

The receiving, storage, and batching of the vari-
ous dry ingredients creates dust emissions.
Pneumatic conveying of fine materials causes

dust emissions when conveying air is separated
from the bulk solids. Many detergent products re-
quire raw materials with high percentages of
fines, viz., typical specifications for some raw
materials include the following percentage of

fine materials passing a 200 mesh screen: Sodium
sulfate - 12 percent; sodium tetrapyrophosphate -
74 percent; sodium tripolyphosphate - 53 percent,

The storage and handling of the liquid ingredients,
including the sulfonic acids, sulfonic salts, and
sulfates, do not cause emission problems other
than mild odors.

In the batching and mixing of fine dry ingredients
to form slurry, dust emissions are generated at
scale hoppers, mixers, and the crutcher. Liquid
ingredient addition to the slurry creates no vis-
ible emissions but may cause odors.

Air Pollution Control Equipment

Control of dusts generated from pneumatic or
mechanical conveying or from discharge of fine
materials into bins or vessels is described in
Chapters 3 and 4. There are no unique problems
in hooding or exhaust systems for controlling dust
emissions from conveying and slurry preparation.
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Baghouses are employed not only to reduce and
eliminate the dust emis sions but for salvage of
raw materials. None of the dusts causes any
serious corrosion problems. Filter fabrics should
be selected which have good resistance to alkalis,
Filter ratios for baghouses with intermittent
shaking cleaning mechanisms should be under 3
cfm per square foot.

SPRAY DRYING

All spray drying equipment designed for detergent
granule production incorporates the following com-
ponents: Spra.y-drying tower, air heating and
supply system, slurry atomizing equipment,
slurry bumping equipment, product cooling equip-
ment, and conveying equipment. The towers are
cylindrical with cone bottoms and range in size
from 12 to 24 feet in diameter and 40 to 125 feet

in height. Single towers may be of varying dia-
meter, being larger at the top and smaller at the

rect-heated furnaces fired with either natural gas
or fuel oil. The products of combustion are tem-
pered with outside air to lower temperatures and
then are blown to the dryer under forced draft.

water column, with exhaust blowers adjusted to pro-
Most towers designed for de-
tergent production are of the countercurrent type,
with the slurry introduced at the top and the heat-
ed air introduced at the bottom. A few towers of
the concurrent type are used for detergent spray
drying, with both hot air and slurry introduced at
the top. Some towers are €quipped for either
mode of operation as illustrated in Figure 586,

In most towers today, the slurry is~atomized by
Spraying through a number of nozzles, rather
than by centrifugal action. The slurry is sprayed

Steam or air ig used as the atomiz-
ing fluid in the two-fluid nozzles.

Tower operations vary widely between manufac-
turers and between products. Heated ajr supplied
to the tower varies from 350° to 750 °F, Temp-

500° to 650 °F, Concurrent tower temperatures
are somewhat higher. Solids content of slurrys
for detergent Spray drying varies from 50 to 65
percent by weight, with Some operations to ag
high as 70 bercent. Moisture content of the dried
product varies from 10 to 17 percent. Towers are
designed for specific air-flow rates, and these
rates are maintained throughout al1 phases of op-
eration. Slurry temperatures may vary, but in
most formulations they do not exceed 160°F,
Frequently, they are as low as 80°F, Exit gas

temperatures range from 150° to 250° F with wet-
bulb temperatures of 120° to 150°F. Air velocities
in concurrent towers are usually higher than ve-
locities in countercurrent towers, The concurrent
towers produce granules which are mostly hollow
beads of light specific gravity (0. 05 to 0.20).
Countercurrent towers produce granules which

are multicellular and irregularly shaped and which
have higher specific gravities ranging from 0.25

to 0.45,

In countercurrent towers, with lower air velocities
and droplets descending against a rising column
of air, most of the dried granules fall into the
cone at the bottom of the tower, They are dis-
charged through a star valve, or regulated open-
ing, while still hot. Cooling of the granules is
discussed below with other granule processing
procedures. Unlike other product spray drying
Operations, e.g., powdered milk, the desired de-
tergent granule product is comparatively large in
size. The specifications for some well known
granular products require 50 percent by weight

OT more to be retained on 3 28-mesh screen., A
certain amount of the product is dried to compar-
atively small size. This amount is dependent on
tower feed rates, the liquid droplet size in slurry
atomization, the pPaste viscosity, the particular
product, and other variables. Usually the exhaust

Concurrent towers, operate with higher air veloci-
ties than countercurrent towers, The air is vented

granules, which then fall to the cone bottom for
discharge. Concurrent towers producing very
low-gravity granules vent air still conveying the
pProduct to auxiliary equipment for separation.
The loss of detergent fines entrained in the ex-
haust air stream will be somewhat higher from
concurrent towers than from countercurrent
towers.

The Air Pollution Problem

The exhaust air from detergent Spray drying tow-
ers contains two types of air contaminants. One

The detergent particles entrained in the exhaust
air are relatively large in size. Over 50 percent
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Figure 586. Detergent spray-drying with tower equipped for either concurrent or countercurrent operation
(dampers in countercurrent mode of operation).

gent compounds, although some of the particles how certain organic compounds in a slurry mix-
are uncombined phosphates, sulfates, and other ture will affect stack emission. If amides are
mineral compounds. present in the slurry in amounts greater than 0.5
percent by weight, emission problems will occur.
The second type of the air contaminant in the ex- Source tests of exhaust air from an air pollution
haust air can create serious air pollution control control scrubber with amides present in the slurry
problems. Various organic components in the ' being dried in the spray tower revealed 0.08 grain
slurry vaporize in the tower. The amount vapor- of organic particulates per scf of exhaust gas. The
ized is dependent upon many variables, such as presence of this relatively low concentration of
tower zone temperatures and volatility of the submicron-size aerosols causes water vapor plumes
organics in the slurry mixture. The vaporized to persist for long distances. Following the break
organic materials condense upon cooling in the or end of the water vapor plume, a highly visible
tower exhaust air stream into micron- and sub- contaminant plume persists for even greater dis-
micron-size droplets or particles. Spray drying tances. The amide emission rate increases ex-
of one particular product resulted in the measured ponentially with increases in tower operating tem-
discharge of condensed organic particulates in the peratures. Many tower operating variables affect
tower exhaust air ranging in size from 0.2 to 0.5 air contaminant emissions, but the temperature
micron. of the exhaust air probably is the most important.
At one spray drier installation, opacities of organ-
The variety of possible detergent compounds is ic aerosol emissions were reduced by approximate-
almost infinite, and manufacturers are continually ly 30 percent when tower operation was altered to
introducing new formulations or reformulating effect a reduction of exhaust gas temperature from

older ones. Itis not always possible to predict 200° to 180°F.
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Slurry formulations containing ethoxylated alcohol
surfactants cause similar aerosol emissions,
When this nonionic detergent is used in the slurry,
source tests of the aerosol leaving the scrubber
indicate a particle size range of 0.2 to 1 micron,
Plumes persist for long distances following the
disappearance of the water vapor plume.

Air Pollution Control Equipment

The collection of ajr contaminants not only pro-
vides for the economic return of detergent fines
to the process, but also pProvides for control of
submicron particles to ensure compliance with

air pollution prohibitory rules,

Manufacturers producing detergent granules have
developed two S€parate approaches for capturing

fugal separators to capture most of the product
The exhaust Bases then are vented from
the separators to scrubbers for removal of mi-
cron-size particles, The cyclone separators re-

efficiencies and Operate at pressure drops from

8 to 10 inches of water column (Phelps, 1967),

A venturi type scrubber is used downstream of the
cyclone, using water at 8 to 10 psig distributed
through nozzles in the throat. Throat velocities
of the exhaust gases average 8,500 fpm.
water supplied to the throat at a ratio of 4,5 to
5.0gallons per 1,000 cubic feet of effluent, scrubber
exhaust gases have loadings of about 0.085 grain
per scf when slurries with amides are spraydried.
A highly vigible Plume persists after the condensed
water vapor plume has dis sipated.

In the second method of recovery of detergent
fines, the centrifugal collector is eliminated, ang
only a scrubber is used, However, the scrubber
uses detergent slurry as a scrubbing medium
rather than water, The scrubbing slurry is main-

pumping and spraying. No further control device
is used to cleanse the exhaust gases from the
scrubber. When slurries with volatile organic
Mmaterials are SPray dried, highly visible plumes
persist after the condensed water vapor plume
has dig sipated, A plume was even observed from
2 pilot venturi scrubber operating at a high pres-
sure drop of 50 inches of water column.

delivered at 828 scrubbing ratiog of 60 to 100 gal-
lons per 1000 cubic feet of gas.

An alternative method for controlling emissions

problems, some manufacturers developed other

exhaust gag temperatures, When tower tempera-
tures are reduced, lesser amounts of organic
compounds are vaporized in the spray drier, and
the scrubber is able to collect these emissions,

GRANULE HANDLING

the spray tower into mixers where dry or liquid
The granules are usually
mechanically conveyed away from the tower or
mixer discharge and then are air-conveyed to
storage and packaging., Ajr conveying serves to
cool the granules and to elevate them for gravity
flow through further Processing equipment to
storage and packaging. Ajr conveying of low-
density granules usually is designed for 50 to 75
scfm air per pound of granules conveyed.
end of the conveyor, centrifugal separators re-

the bottom of the bin.
through the scrubber,

the large granules and to remove undersize or
oversize particles. Further mixing or blending
may be performed to add heat-sensitive compounds
to the detergent products. Many manufacturers

do not store the finished granules, but convey
them directly to packaging equipment. Some de-

The Air Pollution Problem

Conveying, mixing, packaging, and other equip-
ment used for granules can cause dust emissions.
The granule particles, which are hollow beads, are
crushed during mixing and conveying, and generate
fine dusts. Dusts emitted from screens, mixers,
bins, mechanical-conveying equipment, and air-
conveying equipment are quite irritating to eyes
and nostrils with continuous exposure. Some of
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the additive materials, such as enzymes also
cause serious health problems. Equipment in-
volving enzymes requires very efficient ventila-
tion in addition to proper dust collection. Dust
emissions in most cases represent a significant
product loss, and their collection and return to
process (usually as an ingredient of the slurry to
be spray dried) is necessary for economic plant
operation as well as for air pollution control.

Air Pollution Control Equipment

Dust generated by granule processing, convey-
ing, and storage equipment does not create unique
air pollution control problems. Usually, bag-
houses provide the best control, Collection effi-
ciencies for baghouses are high; in many cases,
efficiencies exceed 99 percent. No extreme con-
ditions of “emperature or humidity have to be met,
but filter fabrics selected must show good resis-
tance to alkaline materials. Baghouses utilizing
intermittent shaking mechanisms should not have
filtering velocities exceeding 3 fpm. Baghouses
with continuous cleaning mechanisms may have
filtering velocities as high as 6 fpm.

GLASS MANUFACTURE

Glass has been made for over 3,500 years, but
only in the last 75 years have engineering and
science been able to exploit its basic properties
of hardness, smoothness, and transparency so
that it can now be made into thousands of diverse
products.

The economics and techniques connected with
mass production of glass articles have led to

the construction of glass-manufacturing plants
near or within highly populated areas. Un-
fortunately, airborne contaminants generated

by these glass plants can contribute substantial-
ly to the air pollution problem of the surround-
ing community. Control of dust and fumes has,
therefore, been, and must continue to be, in-
herent to the progress of this expanding industry.

Air pollution control is necessary, not only to
eliminate nuisances, but also to bring substan-
tial savings by extending the service life of

the equipment and by reducing operating ex-
penses and down time for repair. Reduction
in plant source emissions can be accomplished
by several methods, including control of raw
materials, batch formulation, efficient com-
bustion of fuel, proper design of glass-melt-
ing furnaces, and the installation of control
equipment.

.TYPES OF GLASS

Nearly all glass produced commercially is one
of five basic and broad types: Soda-lime, lead,
fused silica, borosilicate, and 96 percent silica.
Of these, modern soda-lime glass is well suited
for melting and shaping into window glass, plate
glass, containers, inexpensive tableware, elec-
tric light bulbs, and many other inexpensive,
mass-produced articles. It presently consti-
tutes 90 percent of the total production of com-
mercial glass (Kirk and Othmer, 1947).

Typical compositions of soda-lime glass and

the four other major types of commercial glass
are shown on Table 204. Major ingredients of
soda-lime glass are sand, limestone, soda ash,
and cullet, Minor ingredients include salt cake,
aluminum oxide, barium oxide, and boron oxide.
Minor ingredients may be included as impuri-
ties in one or more of the major raw ingredients.
Soda-lime glasses are colored by adding a
small percentage of oxides of nickel, iron,
manganese, copper, and cobalt, and elemen-
tal carbon as solutions or colloidal particles
(Tooley, 1953).

Although glass production results in tens of
thousands of different articles, it can be divid-
ed into the following general types (Kirk and
Othmer, 1947):

%

Flat glass 25

Containers 50

Tableware 8
Miscellaneous instruments, scientific

equipment, and others 17

GLASS-MANUFACTURING PROCESS

Soda-lime glass is produced on a massive scale
in large, direct-fired, continuous melting fur-
naces. Other types of glass are melted in small
batch furnaces having capacities ranging from
only a few pounds to several tons per day. Air
pollution from the batch furnaces is minor, but
the production of soda-lime glass creates major
problems of air pollution control.

A complete process flow diagram for the con-
tinuous production of soda-lime glass is shown
in Figure 587. Silica sand, dry powders,
granular oxides, carbonates, cullet (broken
glass), and other raw materials are transferred
from railroad hopper cars and trucks to storage
bins. These materials are withdrawn from the
storage bins, batch weighed, and blended in a
mixer. The mixed batch is then conveyed to
the feeders attached to the side of the furnace.
Although dust emissions are created during





