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such as ring gauges, may also require lapping or polishing 
with rouge, alumina, silicon carbide, or diamond dust. '•

. V. Conclusion
Ceramic materials of various kinds are a wartime sub­

stitute for critical tool steel in gauges. The use of ceramic

gauges has indicated that they have special advantages in 
some applications which should make their use profitable 
after the war. ■ . -, 1
T h * E lect« ic  Auto-L it e  C o u r* n v  
T oledo , O hio
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Abstract

The reasons for dust collecting in plants are (a) to protect the health of the workers, 
(6) to protect machinery and equipment, and (c) to conserve the dust for its economic 
value. Methods of dust removal and collection are also discussed.

1. Introduction .
From the beginning of the industrial revolution in 

England, during the latter part of the eighteenth century, 
the presence of fumes and dust in the atmosphere of mines ' 
and manufacturing plants has been a cause of as much 
unrest among employees as has any other single working 
condition. This is due to the fact that such foreign bodies 
as dust particles (and many so-called fumes are clouds 
of minute dust particles) when entering the respiratory 
organs are not only eventually dangerous to health, but 
have an immediate irritating effect. .

For more than a century, there has been a determined 
attempt by humanitarians to interest mining and industry 
in a movement to create clean atmospheres within working

* Presented at the Forty-Sixth Annual Meeting, The 
American Ceramic Society. Inc., Pittsburgh, Pa., April 5, 
1944 (Materials and Equipment Division). Received 
July 13, 1944. • '
(1944) -  . .

spaces. Within the last decade, that action has taken hold
of the minds of employers so that today the question is 
not whether the air should be cleaned, bet how shall it be 
done. In fact, many problems are not solved simply 
because the management of a specific mhastry is unac­
quainted with the best methods of procedure.

.I t  seems appropriate at this time to pve reasons for 
removing dust from working spaces, methods of eradicat­
ing dust and fumes, and the disposition of those foreign 
substances after they have been removed. Although the 
subject has been discussed in former cote tings of The 
American Ceramic Society, the discussions have ben  
closely confined to the toxic effects produced by dusts. 
In the present discussion, no attempt -»ill be made to 
prove a necessity for dust removal The dangers to 
human health are too well known by informed manage­

. ment to require explanation. ; '
: Dust may be defined as finely divided particles of oc-
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ganic and inorganic solids. Drinker and Hatch1 have 
stated: ' . •

If. 1 cc of quartz is crushed into particles 1 cubic micron 
in size, there mill be 10ls particles within a total surface 
area of 6 square meters as compared a ith 6 sq cm. for the 
original block. Assuming a dust concentration of 100 
million particles per cubic foot of air. the 1 cc. of material 
w ill be dispersed in an air volume of 10,000 cu. ft.

Thus it can be seen that the dispersion of dust particles 
from manufacturing processes may soon fill an atmos­
phere to such an extent that visibility may be reduced, 
and if the dust is dangerous to human life, toxic effects 
may result, or if the dust is of a carbonaceous nature, 
violent explosions may result. The following reasons 
could, therefore, be given for the removal of dust particles 
from working spaces: (1) the toxic effects of dust on the 
human body, (2) the effects on visibility in the atmos­
phere, (3) the explosive effects of carbonaceous dust, 
(4) the abrasive effects on machinery, (5) the adulteration 
of products in process of manufacture, and (6) the general 
cost of cleaning the premises.

The toxic effects of dust are discussed in a bulletin pub­
lished by the Commonwealth of Pennsylvania Bureau of 
Industrial Hygiene.1

In many factories, even today, visibility is often de­
stroyed, or i t  least seriously impaired, by dust particles 
floating in the air. This has been the cause of many 
accidents. I t is hardly necessary to make any further 
remarks on this phase of the subject.

In the ca_i of dusts of an explosive nature, it has been 
found advisable and, in fact, necessary to reduce the dust 
count to the lowest possible minimum. Buildings which 
house machinery from which carbonaceous dust or other 
explosive particles are exuded have been equipped with 
special dust walls and windows which, serve as escape 
valves in the event of explosions. Reference can be made 
to the numerous bulletins published by the Department 
of Agriculture of the United States Government covering 
this subject.

One of the bad effects of dusty atmospheres is that of 
abrasion of bearings. There are little data to show the 
amount of damage that is done, but there is no doubt that 
if the data could have been collected, it would be found 
that such damage costs industry many times the value of 
the equipment necessary to clean the air in working spaces 

Another serous danger from dust is that of adulterating 
products manufactured in the plant. ' All the manu­
facturers of whiteware in the ceramic industry are fully 
aware of the expense that is incurred due to foreign bodies 
becoming mixed with the clays used in their work. Within 
a few hours, the dust which permeates the atmosphere 
of a whole plant could discolor or in other ways affect the 
quality of the ware so as to increase the number of rejects 
to such an extent that the loss would be of considerable 
value.

The cost of cleaning plants due to the presence of dusts 
is another item of considerable expense. One plant, manu­
facturing a material from which a very abrasive dust was

1 Philip Drinker and Theodore Hatch, Industrial Dust 
McGraw-Hill Book Co., New York, 1938. 316 pp •
Ceram. Abe., 17 [4] 166 (1938)................... ......._ -, “J ■'

* "Study of Silicosis in the Silica Brick Industry." Penn 
Deyi. Hcalih, Bur. Ind. Hyt.-. - ^  . , ... u  ... ;r.

discharged, did employ, until the outbreak of World W 
II, a great number of men whose duty it was to clean t i  
automobiles parked on the plant grounds. It is eas'd' 
seen that in such a plant the cost of cleaning offices and 
Other buildings where cleanliness is necessary would be 
quite an item of expense.

II. Methods of Removing Dust 
. To keep the removal of fumes or dust particles at tie 

lowest possible cost, it is always best to arTest the ma' 
terials and remove them before they get into the genera] 
atmosphere of the plant. Whenever possible, hoods should 
be placed over the machines or at the source of dust. R 
would be practical and very profitable to align the machin­
ery so that duct systems could be extended in as straight 
lines as possible or so that separate rooms could be con­
structed to confine the dusts or fumes and to make possible 
the removal of these with the least amount of power and 
machinery. When it is impossible to hood machines 
jet velocities of air may be directed toward the source of 

• the dust with collecting hoods placed at a strategic posi­
tion from which the dust-laden air may be exhausted 
In many cases, water sprays may be used or water may be 
poured over the machines in such a way that the water 
may mix with the dust and the mixture drained off so that 
there is no dispersal of the dust particles into the atmos­
phere.

In almost every case, the removal of dust requires care­
ful engineering. Good engineering may mean the dif­
ference between success and failure.

III. Collection
The removal of the dust from a working space is only 

part of the problem. The management must decide 
whether this dust shall be discharged into the open air 
outside the plant, whether it shall be collected, and, if 
collected, what means shall be taken to dispose of the 
residue.

If the material is such that it has an economic value 
which will pay for expensive apparatus, then the dust 
may be used in process work. In many cases, it may be 
necessary to grade the dust for particle size. In other 
cases, the dust may be of little value, but of such a nature 
that it cannot be discharged into the air without some as­
surance that it will not be carried over the neighborhood 
by the winds.

There are many types of dust-collecting equipment 
which can be used and which are employed for various 
purposes, depending upon the ultimate disposition of the 
material. Generally speaking, these collectors may be 
classified as follows: (1) the mechanical type, which 
includes those making use of cyclonic air action, (2) those 
which make use of the principal of élutriation, and (3) 
those of the filter type.

The filter-type collectors are of many kinds known as ■ 
the bag collector, the soft material filter collector, and the 
screen cloth collector. Under nearly all of these machines 
there is placed a hopper into which material ultimately 
drops and from which it is taken for final disposal.

Within the last twenty to twenty-five years, there has 
great development in the electrical-precipitation 

type of collector. The action of these collectors depends ' 
upon the fact that dusts can receive and retain an electrical -.
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charge and can be attracted to plates or electrodes when 
given the proper land of electrical charge. I t  is generally 
conceded that the electricol-preoipitatioa type of collector 
is much more effective than any other type, but its use has 
been restricted largely by the'eost of investment.

' IV. Conclusion -
The question of cleaning the atmosphere is becoming 

one of the most widely discussed questions among manu­

facturers of the present day.' The human being breathes 
at the rate of approximately 56 pounds of air per day 
while at rest and many times that amount while a t work; 
it is important, therefore, that the atmosphere which we 
must use constantly be kept as clean as we can possibly 
make it. . • ' .

R obinson V axTiLA rm o Co u pa n t  '  
Z b u bn o y lb , P ennsylvania

DISCUSSIONS OF ROBINSON PAPER ON DUST REM OVAL AND COLLECTION
(A ) DUST COLLECTION* .

By T. J. Barky
I. Introduction

The elimination of dust generated in any industrial 
operation involves, as n general rule, (1) its removal from 
.the point of generation, (2) transportation to the point 
where it is to be separated from the gases in which it is 
suspended, (3) its actual separation from the gases, and 
(4) the disposition of the gases and the/dol!ected material.

This is usually taken care of by properly designed hoods 
located at the point of generation, a duct system, a dust 
collector, and a fan. '

The air and dust must be removed from their source 
at a velocity sufficiently high to insure control of the dust.

The type of dust separator or collector to use depends 
on many factors, such as the type of dust, moisture con­
tent of the gas, temperature, size of particle, location of the 
collector, and space available.

II. Classification of Dust Collectors
Dust collectors can be classified generally into settling 

chambers, cyclones and other inertial apparatus, viscous 
filters, gas washers, cloth collectors, and electrostatic 
precipitators.
(1) Settling Chamber

A settling chamber is simply a chamber in which the gas 
velocity is reduced to a point where the dust w21 fall out 
of the gas by gravity. Naturally this will only remove the 
very coarse particles and has a limited application.
(2) Cyclone Collector

The cyclone type of collector depends upon the centrif­
ugal forces acting on the dust particle to separate it from 
the gas. In general, the higher - gas velocity acd the 
smaller the radius, the higher the efficiency of the cyclone.

There are many variations in the design of commercial 
cyclones which materially increase their application in 
dust-collection work. They are limited, however, as is all 
equipment. There is a definite field for each type.

A simple cyclone is perfectly satisfactory for separating 
shavings, sawdust, etc., from a woodworking shop, but 
it is not worth much on a job where the dust particles are 
small and the dust is readily‘‘air-borne.’’ .

A "high-efficiency" cyclone is well adapted to those jobs 
whan the tern pasture is a factor, such as fly-ash col­
lection and collectors for driers and kilns.

There are many designs of these collectors which have a 
definite place in the scheme of things. '

The mechanical separator, of the type in which the fan 
serves the dual purpose as the source'of suction or pres­
sure and a cyclone collector, is subject to th * saw» limita­
tions as the cyclone itself and has a bad feature in that 
all of'the dust-laden air goes through the fan. If it is an 
abrasive material, the fan wheel takes a beating and 
causes high maintenance. ,
(3) Viicoui Collectors

The viscous type of collector, where the du.t-liden gas 
passes through a labyrinth filter and the dust particles 
are caught or trapped by the viscous su: face, is limited

* Received July 13, 1944. • ‘ '
(1944)

in application and cannot be considered for the collection of 
industrial dusts.

(4) Wet Collectors
The wet separator or washa has been built for many 

years and is made in many designs, such as the tower 
washer, the disintegrator, and scrubbers.

Blast-furnace gas and coke-oven gas are frequently 
cleaned by this type of equipment. During the past few 
years, the wet collector has been applied to other fields, 
such as foundry dust and dust from metal grinding.

Water is usually the fluid used, although it has been' 
found that many dusts cannot be removed by the water 
alone and other materials must be added to promote the 
wetting of the dust particles.

The wet systems are limited in application and require 
attendant equipment, such as pumps and sludge-removal 
equipment, which add to the opaating cost of the system.

(5) Cloth Collectors
Cloth collectors are made in several designs and are the 

simplest means of separating the dust from the gas. 
Their field of application is wide and their limitations are 
quite well known.

Cotton cloth can be used on the gases when the tem­
perature is below 1>90F. The life of the cotton decreases 
rapidly as the temperature goes high«. Wool cloth can 
be used up to 25Q’F.; above this temperature asbestos 
cloth is used.

The bags and screens made of glass have not been too 
successful.

If the gas temperature goes below the dew point, trouble 
is likely to develop with cloth arrestors. In many cases, 
this can be overcome by heating the gas or by insulating 
the casing of the collector.

The principle of operation of the cloth separator is well 
known and the factors affecting its design are primarily 
(1) type of dust, (2) temperature of gases, (3) moisture 
content of the gases, (4) dust loading, (5) intermittent or 
continuous use, and (6) method of removal of the dust 
from the hoppers.

The operation simply consists of having a material in 
the cloth that will stand the temperature and permit a 
filta cake of dust to build up on the cloth so that the dust 
will be filtered out of the air by this combination. A 
micron particle is Vu.«o of an inch in maximum dimension, 
so that when we speak of a particle l/i# of a micron in size, 
it is only inch in its longest dimension.

The filta cake of dust therefore really does the filtering 
of the small particles, and, as a result, the accumulation 
of dust must be periodically removed; otherwise the 
pressure drop through the collector will build up until the 
flow of air or gas ceases.

The three general type of cloth arrestors are (1) the 
screen type, where the cloth is held on wooden or metal 
frames by one of several methods, (2) the envelope type, 
whae the cloth is more or less in the form of an envelope 
and fits over a frame to hold it in position, and (3) the bag 
type, whae inverted bags are attached to a plate between 
the dust hoppers and the bag section and are supported 
from the top, usually by springs attached to the shaking 
device. In this type, the dust-laden gas entas unda the
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Dower n ifT  ÜILe d ' ctncal machinery in steelmills. power plants, and substaüons._ Failures of these machines
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¡t often caused by excessive temperature rise or leakage 
utr the insulation due to dirt on the windings. _
In telephone exchanges, electric air cleaning is used to 

,dp maintain delicate relays by removing the microscopic 
pit particles which cause faulty operation and noise in 
le circuits. * . .
In textile mills, electric air cleaning has been'applied 

t eliminate soot, smoke, dirt, and dust during winding, 
finning, weaving, and drying operations. These micro- 
Jopic particles damage the yarn and fabric to such an 
Stent that about 15% of the total production has to be 
dd as inferior products. Mills equipped with the electric 
¿cleaner have reduced this to about 6%. '
Other establishments, such as hospitals, restaurants 

igbt clubs, radio stations, libraries, and laboratories 
are feund that investments in electric air cleaning pay 
tig dividends. .
When the war came along, many of our materials were 

¡heed on the critical list and purchases were subject to 
priority control, which brought to an end the peacetime 
iisiness. On the other hand, the necessity for clean air 
a many wartime production problems opened the door to 
aw markets. . /  . .
As its contribution to wartime production; electric air 

deaning is being applied where precision engine parts, 
sstruments, lenses, and optical goods are manufactured, 
aspected, and assembled. Tiny unseen abrasive and 
rorrosive particles that damage superfinished surfaces 
onnot be removed by mechanical filters, yet the electric 
dr cleaner takes them out of the air and saves many costly 
ejects. _

Electric air cleaning is applied to catch the oil mist and 
moke generated from coolants on machine tools. This 
d mist has become serious enough in some plants to (1) 
ouse a fire hazard, (2) condense and drip from overhead 
learns, lighting fixtures, and pipes, and (3) lead to pre­
suture electrical insulation failures and make the working 
mvironment unpleasant. Precipitating the oil mist at its 
«xirce not only eliminates these objections, but also re­
avers the cooling oil for reuse. Also some operators are 
sow able to use a better grade of coolant oil, which results 
abetter work and increased production.

Another use is the control of welding fumes and smokes. 
Ill the applications mentioned have been very successful. 

The total installed electric air-cleaning capacity at the 
present time is about 50,000,000 cubic feet per minute, 
•3% of which is associated with air-conditioning systems.

Even so, the surface has barely been scratched. These in­
stallations require only 15 watts of electric power per 
1000 c.f.m. of cleaning capacity.

III. New Development!
In addition to the electric air cleaner as we have known 

it in the past, there are some new developments in the 
offing that should substantially increase the potentialities 
of this device. • •

Right now, work is being done on a combination cyclone 
dust collector and special-design electric air cleaner for 
boiler-stack smoke and fly-ash control. No official an­
nouncement has yet been made in this regard because it is 
only recently that WPB gave one of the power companies 
the necessary priority to continue the work. The results 
so far, however, look quite encouraging. .

Another new development involves the home market. 
We are now making definite plans to provide electric air 
cleaning for home use, particularly in homes with forced- 
air heat. We have already built about 100 so-called home 
central units, the majority of which are now installed as 
pilot installations in homes around Pittsburgh. The re­
sults obtained, from the standpoint of keeping the house 
clean and contributing to the health of the family, par­
ticularly those suffering with hay fever, have been ex­
cellent. . .

We hope to provide a complete cabinet unit for homes 
which can be installed at a cost to the user of about $250. 

‘Market research indicates that, if this can be realized, 
there will be a strong demand to be satisfied,for this type 
of unit for existing homes equipped with forced-air heal. 
The housewife will see to that. _

For new construction, in addition to the self-contained 
•unit just mentioned, we are working with the furnace 
builders to help them incorporate the cells as an integral 
part of the furnace. This will enable the home to have 
the advantages of electric air cleaning at much less cost.

Ceramic plants in which contamination of the ware is a 
serious factor may. in the near future, be using the elec­
trical method of cleaning air, not only to prevent foreign 
materials in dust particles from spoiling work in process, 
but also to clean the atmosphere of workrooms without 
being obliged to heat gTeat quantities of- new outside air.
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RAW MATERIALS FOR PORCELAIN ENAMELS 
SURVEY OF CURRENT MARKETS AND ALLOCATIONS*

Bv J ohn W. I u pp  

Abstract
Although many raw materials for porcelain enamel have been restricted, either by 

market shortages or by WPB regulations, all important raw materials except tin oxide are 
currently available in at least moderate quantity. A group of materials warranting in­
dividual attention is considered.

I. Introduction
Conversion, steel, and man power have all put limita­

lions on porcelain enameling to a far greater degree than 
'¡‘outages of enamel raw materials. Indeed, the relatively 
®tbt demand for chemicals and minerals has been met with 
Ettle trouble and with little need for the use of unsatis- 
betory substitutes. Nevertheless, it is prudent to keep a 

e watch over material requirements, especially on 
I *>»terials under allocation. '
. * Presented at the Forty-Sixth Annual Meeting. The 
American Ceramic Society, Inc., Pittsburgh, Pa., April 5 

(Enamel Divisiou). Received August 13, 19+4.

II. Availability of Raw Materials
(1) Mill Additions '•

Tin oxide may not be used (WPB Order M-43), but the
zirconium opacifiers and Uverite can be used. Uverite has 
been available continuously in quantity adequate for con­
sumption. So have the zirconium opacifiers, although in 
some cases it has been necessary to change types.

(2) Color Oxides -
Both cobalt and cobalt-free blacks contain substantial 

amounts of chrome, which is restricted and in very short 
supply. Cadmium colors, comprising the bnght reds,

fl&H) \
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