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AIR POLLUTION PROBLEMS of the STEEL INDUSTRY

Informative Report

Section ll—Smoke in coke oven operation

Coke for smelting of iron ore in
the blst furnace must meet particular
speetfications as to its physieal qualities
and composition and s espeeially pro-
duced in the eoke oven plant from care-
fully =elected types of bituminous coul.

The wasteful and outmoded hechive
coke oven which is operated oceasionally
i some districts during periods of high
demand for metablurgieal coke. as in
time of war, produces excessive amounts
of smoke,  Beeause of the inherent
uature of this cquipment suel smoke
cannot be reduced. The only measure
of econtrol, therefore, 1s i restrictions
respeeting Joeation of such ovens in
relation to built-up connmunities,  The
remainder of this discus<ion ix confined
to the modern by-product coke oven.

The selected couls are sized by erush-
ing and pulverizing, blended aceording
to formula, and  transported to coal
storage bins above the coke ovens,
Mensured quantities of the conl blend
are removed  from these bins into o
frry ear which rans on o track ruuning
along the top of the coke oven hattery,

The Lury ear then moves to wn empty
ovenr and 1ts measured  contents dis-
chareed into the oven interior,

During the coking exele, volatile gases
refeased from the coal charged are con-
ducted through @ system of pipes to the
bv-product plant where, inou series of
proeesses, constituents of value are re-
covered from the raw gases and the
final, stripped coke-oven gas piped to
some other equiptnent and burned as
fuel.

At the end of the coking evele, the
coke formed in this carbonizing proe-
exs s dlschareed from the oven into o
quenching car whence it s transported

to the quenching station where fhe in-
candeseent, mass s quenched with g
very birge quantity of water,

Subscquently the quenched coke s
dischaorged onto the coke whart, allowed
to cool, and then trausported to sereen-
mg and erushing cquipment.

Description of Coke Ovens

The large masonry structure recog-
nized as eoke ovens by the passing
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Seetion T, Dust Problems in Blust
Furnuee Operation, was published
in this Jowrnal in Nay, 1057 It
wis edited by Wesley CL L Hemeon,
spectator is actually o battery of in-
dividual ovens varving in width from
15 to 20 in. A battery may include as
many as 100 ovens side by =ide ina con-
tinuous structural unit. The average
present-day oven s 30 to 40 1t long and
10 to 14 1t high.  The over-all dimen-
stons of the battery, however, exceed
that indicated by the above dimensions
due to the considerable volume oeeupied
by the heating ehambers in which gas-
cous fucl = burned for mamtenance of
the required temuperatures and the mnss
of musonry below the ovens penetruted
by an elaborate system of flues whose
function is to recover heat values from
the waste fucl gases.

Sources of Atmospheric Pollution

Visible smoke  or  other  emissions
around @ by-product coke oven plant
originate from the following operations:
{my charging of coul Into the ovens;
(0 leakage during earbonization;  {(¢)
pushing the coke out of the ovens;
and () quenching the hot coke.

The following  dizcussion does not
include =ueh purely n-plant problems
as coul dust incident to the grinding and
blending of coul. and steam and dust
at the ecoke wharf,  Also omitted from
the  discussion wre  the  fuel-burning
processes for the generation of steas,
e, the burning of the coke breeze
ithe fine particli= of coke too small for
use i the blast tourneee) and of the eoke
oven gis which, ws o by-pradiet, may
he utihzed as fuel i any of =evers] other
processes in the steel plant.

Smoke and Gases in
Charging Coal into Ovens

Soon after an oven has bheens ciptied
of coke at the end of the coking evele,
it is refilled with o new charge of pul-
verized eoal which may range in size
from three-ineh lups down to pulver-
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ized material, and since the oven interor
s at bright-red  temperature. volatil-
ization of gases from the coal mass
begins at onee and eseapes to the ex-
terior as visible clouds of vellow-hrown
smoke.

C'onsiderable progress has been mae
over the vears in reducing the quantity
of such =moke partly in wrrangements
amd practices for minimizing its eseape
from the iterior and partly in shorten-
ing the time required for charging,
since in the latter respeet the sooner
this 1s accomphi=hed and the openings
closed, the less is the total emission.

Some of the positive accomplishment
s aseribable to improvements in coke-
oven  design and part to improved
operating practiers,

Coke Oven Design

[t should be borne i mind that the
fundiimental features of a0 coke aven
battery cannot be changed during its
lifetime, which amounts to 20 to 30
vears, At the end of its life 1t ix com-
pletely razed and o wew strueture
crected to replace it At suel times new
features of design are inevitablyin-
corporated both for nuproved economy
of operation and air pollution econtrol.

Steam Jet Aspiration

A number of newer design features
have been under discussion in recent
years on some of which there is general
agreement  and on others  differences
of opinion prevail within the indus-
try.  Leeeh! discusses  a number  of
these and brings out the fact that one
mportant  unprovement  over  older
practice includes faeilities for aspirat-
ing grses from the interior of the oven
during elirging by means of steans jiet
aspirators in the ascension pipe ethow,
whereas in former tines it was the
practice to seal off the oven interior from
the gas-colleeting main during  charg-
ing.  This resulted in the emission of
enormons  quantities of smoke during
this period in comparison with that
under current practice.

Double Collecting Main
Fven though a steam jet aspirator is
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operated in the gus ascension pipe
during charging, <ome smoke tends to
esenpe from the openings al the opposite
end of the oven due to the distanee the
nust  travel and partial - ob-
struction caused by piling up of coul as
portions of the oven hecome nearly
filled.

One arvangement for minunizing this
elfeet, wvailuble for ineorporation in
new  plants, provides two gas colleet-
ing mains, wWith o gas ascension pipe
with a steam jet aspirator at each end
of the oven. Thus the Jength of gas
travel to the point of exit i« halved and
exeape of smoke is lessened,

Ir should be observed that effeetive-
ness of smoke control with this arrange-
ment is also greatly dependent on the
charging operators who must manually
open and close the stean valves supply-
ing the jet aspirators,

Fases

Equalizing Main

Another  design feature  somewhat
similar to the double main eonsists in a
gas  pressure equalizing main on the
side opposite to the eolleeting main.
The equalizing main serves simply to
conneet all ovens to each other through
this main; it ix not comnected to the
principal gas main flue. The equalizing
main provides un avenue of egress for
gas generated  during the  charging
(which eannot leave through the as-
censton pipe nto (he prineipal eolleet-
Ing main) to pass into one of the nearby
ovens that, due to s coking stage, is
under dower pressure and  can thuos
accommodate this gas, This arrange-
ment s comewhat Jess positive and,
therefore, less effective than the double
matn.

Special Duct By-Passes
Attached to Larry Car

Vearious ideas have been advanced to
provide additional gas passagewny from
the interior of ovens heing charged
supplementing  that  provided by o«
single ascension pipe leading to the gas
main, e, to accomplish less expensively
the effect of a double gas colleeting main
or an cqualizing mam. One of these
proposes to take advantage of the lower
pressure existing inadjaeent partially
voked ovens. To this end. o =nwoke
duet fixed to the Lary ear assumes o
position when the car i~ Jocated for
charging such that it provides g passage
for s from the end of the oven being
charged that is Luthest from (he ns-
cension pipe (d - henee more likely
to permit escape of smoke) to the top
mtertor of an adjacent oven which s
undler tower pressure. In this arrange-
ment aosteam aspirator in the gas up-
take of the wljueent oven would be
turned on to inerease the flow of guses.
Leceh,  diseussing  this arrngement,
draws attention to the disadvintages:
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the “smake pipe is diflieult to keep elean
and ils u=e requires opening one more
cond-charging nole””  In other words,
it requires an additional manipulation
on the purt of the worknumm with all
of the implicd disadvantages coneerned
with the human factor. hnprovenents
in this irrangewent may be hoped for in
the future sinee its siimplicity otherwise
is hasically wttraetive,

Another deviee which has been tried
mvolves attaehment of o bustle pipe
to the Lury car to provide an exterior
passage for gases from the end opposite
to the axcension pipe, around the canl
blocking the gus <puce in the top of the
oven, to the interior space of the same
oven nearest thie gasexit, This srange-
ment also is subject to the ditlicultios
mentioned  above, Ley, keeping  the
bustle pipe free of tarey deposits tend-
ing to plug it. Here again future de-
velopment may overcome these difli-
culties.

Charging Hole Spacing

One of the coke oven desien elements
that minimizes the eseape of smoke fram
the oven interior during charging is in
appropriate spacing of the charging
holes in relation to oven volume.  The
objective in this respeet = to avoid
piling up of eaul anywhere i the oven
W osieh manner as to ereate @ barrier
to the free passage of gases from any
purt of the oven toward the gas take-
off flue. Thix condition is attained hy
caleulated spacing of the charging holes
in relation to the volume of the oven,
a feature diseussed by Wilputte and
Wethly? and adso by Leeeht The
latter refers also in thix same con-
neetion to the advantage resulting from
the design arrangement i which the
bottom  cnds of the charging holes
where they enter the oven chamber are
flared outward, thus providing more gas
space between the coal charge and the
top of the oven for free passage of guses.

Sleeves and Shear Gates

Another feature that has recejved
attention in recent years aims to provide
wni enelosure hetween the hopper of the
larry ear and the top of the charging
opening to prevent the excape of smoke-
buden gases from the oven interior during
the charging.  This takes the form of
drop sleeves and shear gates, which
allow the operator to lower the sleeve
to the top of the oven preparatory to
charging the coul and to elose the gate
of each hopper as =o0on as it has been
emptied, the latter to prevent the puss-
age of  gases upward  through  the
hopper.®  Tmmediately following  this
operation the operator will trip the drop-
sleeve to raise it and quickly repliee
the lid.  Then the leaks around the
charging-hole Hd are sealed cither by
luting or by dryv seal.

Cocl Measuring Sleeves

Sinee apart of the problem of wllow-
ing free passage of gas from one end of
the oven to the other, during eharging,
is related to the volume of eoal charged
from u given hopper, attention has heen
wiven to means for better control and
that has rexulted in the development of
volumetrie sleeves on the top of the
larry enr hoppers which make it pos-
sthle to adjust the bulk of coal in each
hopper to mateh the requirements of
ovens  of different  cubieal  capaeity.
This deviee mukes it possible to ehurge
the correet volmne of eoul and thus
mintimize the gas passnge diffieultios
dixeussed above. .

Mechanical Feed from Car to Oven

Any arrangements which reduce the
tiue required for transfer of the coal
charge from larry ear hopper to oven
mterior will reduce the total eseape of
smaoke and several mechanieal deviees
have been advaneed toward this end,
melnding hopper vibrating mechanisms
in conjunction with smooth  stainless
steel dners,  eylindrical hoppers and
bottom turn-table feeders, and a serew
feedd mechani=im. The industry is at-
tentive to these new developments and
can be expeeted to adapt one or another
us experience points the way to the best
of these,

Control of Coal Bulk Density

Control of the bulk density of the coul
niass s one of the factors contributing
to coul feed rate as well as to eertain
production aspeets. In those operations
where the coal is pulverized and blended
it has become inercasingly common (o
control the moisture content and. by
addition of small quantities of oil to
the coal, to modily the bulk density
further.  Leeeh  observes  that  oil-
sprayved coal moves out of the larry
cir hoppers with muelr greater facility,
thus reducing time required for charging.

Leveling

During  the oven-charging  process,
the leveling  operation ensues which
nvolves operation of the Jeveling bar,
o mechanism that is an clement of the
coke  pusher  equipnient,  operating
through the leveling bar opening on the
pusher =ide, near the top of each oven,
Operation of the stemn jet aspivator
in the aseension pipe of the oven being
servieed tends to prevent the escape
of muech =moke from the oven interior
but it 1= not entirely suceessful. To
perfeet the control of smoke at this
point, each oven ean be equipped with
wsmoke seal box surrounding the leveler
har opening and which, in conjunction
with the effeet of the steam jet aspirator,
and  whieh, o econjunction with the
effect of the steam jet aspirator, will
greatly reduce the eseape of gas from
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this opening, and on batteries having
a pus-calleeting main on the pusher side,
privetically  eliminates  all

=moky guses.

eseape of

Carbonization Period

During the 18- to 20-hr carboniza-
tion period, leakage of <moke from the
interior of an oven may oecur around
the doors unless mcasures arve adopted
to minimize it.

Sealing of Oven Doors

In older designs the joint between
the coke oven door and the jamb i
seated by luting, inoa hand-troweling
process, @ wet misture of elay and coke
breeze into o channel hetween the doar
and the jamb, Toorecent years womim-
ber of self-scaling door design= have
appeared i which metal-to-metal con-
t:l(" Il"tr\\'(‘(‘ll a [l]:l('[]il]("l \l“‘ll.'l"“ :1“‘1 PEt
kuife cdge, together with meelunieal
arrangements  for exerting
provides the seal and avouls the dis-

PEesSUre,

advantages of the older Tuting metliod
which is so dependent for its effective-
ness on the attitnde of the workmen
having this responsibility. It s how-
ever, necessary that o superior main-
tenancee progrant be applicd to o this
eqriipment. sinee wear and  tear in-
evitably  allows  the  development of
leakage.

A optimune maintenanee progra
for self-senling doors, us proposed by
coke  oven  operators of - Allegheny
County, Pennsylvania® includes elimng-
ing the knotfe-cdge material to stain-
less steel; adoption of a0 numerieal
system wherehy o complete history of
caeh door is kept, nnd of a0 svstem of
tageing of doors Dy the operntors to
inform the maintenanee Toree of the
reason a particular doar was taken out
of service.

As to luted doors, it i advoeated
that tamping of the luting after com-

Section lll—The open

The open hearth furnaer s the it
i which some 9097 of the <teel made 1
the country s produced.
which is superficially <imple bt in-
trinsically rather complicated, the pig
iron produced in the blast furnames s
transformed into steel by ewns which
richiuces the carbon content of tour to

I o process

five pereent in the pig iron toa fraetion
of one pereent and, equadly essentinl
in modern stecl-making practice, con-
trols the content of ever-present phos-
phorous, sulfur, manganese, and «il-
icon.

Groups of furnaees up to a dozen or
g0 urranged in o row comprise an open
hearth shop. The open hearth shop s
completely housed oo mill Luilding
wlentifinble from the outside by its
row of steel stacks relatively  elosely
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pletion af cherging be o practiced fo
minimize  smobe

SOUree.

ciniss<ion Trom Ehat

Pushing

At the end of the eoking ceyele the
incandescent coke ix transferred from
the oven by pushing cquipment into
the cake-quenching ear. The quantity
of smoke arising from the mass during
the period required for transpart to the
gquenching =tation is dependent on the
degree of coking.  Incompletely ear-
bonized coke 1rgreen’ coke) gives rise
to considerable quantifies of smoke:
and converselv, if thoroughly car-
hoized, very litthe smoke is produced.

Coke Quenching

In the quenching process o car of
ineandeseent coke, holding as muel as
14 tons. fresh from the oven, is trans-
ported rapidly to the quenching station
where the mass is quenched with sone
000 6000 gal of water Inashort periad
of @ minute and a hall. Vast elouds of
pesulting steann zomr upward frons the
tower amd are vistble for great dis-
tances,

Some lquid water droplets wre en-
trained in the high veloeity  currents
of e and steam inside the tower and
are often pereeptible ax o light rain or
mist within a radins of a few hundred
fect.  There is also the possibility of
entrainment of fine particles of eoke
but the quantity ix =mall, and, like
the water droplets, tend to he deposited
on the ground within a short distance
of the tower.  Coutrary, therelore, to
conmmon opindon, the coke quenching
tower ix not o significant source of air
pollution insofar as the neighborhood
i= coneerned even though it may cause
wetal corrosion problems  within the
plant  where  contaminated water s
craployved for the quenehing liguid.

hearth furnace

spaced, looming some 50 to 100 it
above the roor line of the main building
cmitting  vari-colored  smoke  ranging
from white through varicus shades of
tan.

The furnnee proper consists ol u
shallow  rectangular basin or hearth
cuclosed by walls and ool all con-
strwcted of refraetory brick, and pro-
vided with aecess doors along one wall
adjaneent to the operating floor. A
tap-hole at the base of the opposite
wall above the pit is provided to drain
the finished molten steel into the ladles.

IMuel iy the form of oil, tar, coke oven,
or natural gas, or producer gas i burned
at one end. The flame from ecombis-
tion of the fuel travels the length of the
furnaee above the charge resting on the
hearth,  The Lot gases on leaving the

furnnee nterior are conducted inow
e downward to a regenerative cham-
her for heat reeovery consisting ino o
maes of vefraetary brick svstematically
Lid to provide w large number of small
passagewavs for the hot gas called
checkerwork or checkers,  In passing
through the cheekerwork the brick mass
absorhs heat, cooling the gases to around
1200717

All the elements of the eombustion
svstem - burners, cheekerwork, and flues
are duplicated at each end of the fur-
naee which permits frequent and <vs-
temantic reversal of flow of the flame,
flue gases, ad pre-heated air for com-
bustion. A svstem of valves in the fiue
effeets the gas reversal =o that the heat
stored up in cheekers is subsequently
siven up to o reverse direction stream
of air flowing to the burners,

[n somie plants, the gases leaving the
cheekerwork  pass to o waste hieat
hoiler for further extraetion of heat
which reduces the temperature from
around 1200°F to an average of 500°
or GO0,

Operation

Open hearth {furnace capaeitios span
a wide range. The median is between
100 to 200 tons per heat but there are
many of smadler capacity and an in-
creasing number of loger eapacty.
Time required to produce o heat s
commonly hotween eight and 12 hours,

Ruw materials eharged to the open
hearth pig iron in-
chute iron ore, limestone, serap iron,

furnace  besides

and serap steel; and cach of these is
cmploved in o different forms. The
pig iran inay be molten or in the torm
of eold pigs. The iron ore miay be fine
or in lumps and the serap metad inoa
considerable variety of forms. The
proportions of virlous ingredients vary
with ceonomie vircumstanees, with the
charneteristies of material supply and
numerous other factors that need not
he detailed here. The proportioning of
metals and  auxilinry materials,  the
order and the timing of their addition
i complex and dependent for example,
on the kinds of materinds available,
the kind of steel to be produced, char-
acteristies of the fuel and of the furnuaee,
and ealls Tor a high order of skill from
the open hearth furnaee operator.

Stack Emissions

The solids in the flue gases of open
hearth furnaees netlude both
and fine particles and ave continually
emitted at highly variable rates through-
out the cight to 12-hour cvele of an
open hearth heat, varjable in eolor
appearance as well as i quantity.
These  particles  originate  from  the
mechanieal and  chemieal reaction of
Lot gasex inside the {urnace on the
charged materials, from the chemieal
reactions and agitation in the molten

course
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Table I—Dust Collection Efficiency
on Open Hearth Fumes of Several
Inertial Type Dust Collectors
(According to Vajda)

Tvpe W Rotoelona: £,
Muliiclone (6 in. tibes, 4 ine proes-

sure drop). [N
Tope N Rotocione o i prosonre

drop NI
Pehible filter «Two Uin, heds ®

in. to Y in, pebbles 6 . pres-

sure drop . . RO

hath itself, and from the combustion of
the fucl.  In addition to the dust and
fume, result in
quantities  determined by the  com-
position and rate of fuel combustion,
Avatlable  data indieate that  the
highest rate of solids emission oceurs
in the first hall hour atter hot metal
addition, and the periad of one to two
hours in the latter part of the are boil
In the remaiming period comprising more
than 805 of the evele, the solids emis-
ston rate s materially lowers The over-
Al average coneentration of solids i
the flue gases is approximately 0.4
erain - per  cubie oot
standard  conditions
to approximately five
~ T?T:",)u ‘

ZUSCOUS  CRSsIons

measured  at
This __amounts

LR

; ton_of steel dependent upon
the tvpe of furnace aperation, Dver
half the dust is less than one micron in
size and a large part of this material
mensured at about 0.03

has  been
micron,

Flues and Checkers

During the course of furnace opera-
tion, coarser particles carried out of the
firnace settle out i the flues and in the
cheekers. Inorder to avoid choking
of these passages, it 1= necessary period-
weally to clear them and thix is done by
blowing with Lirge volunmes of steam
for short periods of time, three or four
times o month, The quantity of such
dust 15 a minor proportion of totai solids
although it escapes into the  open
atmosphere ina relatively short period
af time, and being composed of relatively
coarse material would have o greater
tendeney to settle rapidly out of the
atmasphere,

Fume Control

Fugineering  methods for the  re-
duction of solids emission from open
hearth furnaces have been the subject
of extensive inquiry and investigation
by the industry in recent yvears, This
problem has heen one of the most
troublesome for the steel industry ho-
cause of the design and operating dif-
ficulties encountered with precipitators,
their high cost, and many
plants do not have adeguate ground
space near the open hearth stacks to
permit installing such bulky equipment.

These difficulties huve mpelled the

beenuse
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idustry to support exploratory studijes
scekimg possible alternatives, One of
these was an extensive pilot investign-
tion by Vujda! in Pittsburgh which
inchuded studies of the performanes of
various types of commercial serubbers
and inertinl dist eolleetor<. The find-
s indiented thnt aonnnber of cornnnnn
tvpes of cquiptnent were capable of
rentoving S to 605 by weight of these
solids which. it =should be pointed out,
i< that fraction which contributes to the
dustfall nusanee of acommunity,

These  are the  officiencies  during
furnace hieats. The efficieney during
blowing of flues and of eheckers would
be much higher beeause that dust con-
sists mainly of ecoarse particles, No
mdustrial stallations of these types
lhave been mede,

Performance Criteria

What  eriteria of - performanee are
property applicable to hearth
flue gas eleaning?

One kind of eriterion would cite the
maximunm perinissible concentration of
solids In the stack gases. Municipal
regulations apply this basis widely to
solil fuel burning equipment.  When
one comes to the consuderation of an
actual coneentration figure to apply
to open hearth furnacee gases as a defi-
nition of good practice, there are var-
10Us opintons as to what eriteria <hould
COVer,

One view = =ununarized n the fol-
fowing.  Decisions should not e bused
simply on the appearance of the stack
phime,  Specifications =hould  rather
be based on the concept that fume re-
moval equiptient ought to be of such
efficiency that residents in the neighs-
borhood wre not subject to pereeptible
inerement= of dustfna] on their premises.
I <ueh o standard were to be applied to
the framing of a dust ecolleetion per-
formance code tor open hearth furnaces
a number of nertinl-type dust eollee-
tors and serubbers would render ae-

open

ceptable serviee in many cases even
though weight efliciencies would nat
exceed 509 during normal heats and
perhaps over 90%5 during blowing of
checkers and flues. The reason for this
is that such colleetors effectively re-
move the largest particles and  these
are the ones which may canse annoy-
ance if they are deposited at ground
fevelat a pereeptible rute,

Anather view expresses the convie-
tion that the appearanee of the stack
plume should serve as the ultimate
eriterion. The arguwment in support
of this is that unless fume is removed
from the stack gases in amounts suf-
ficient to dissolve the plume so that
improvement is  visually  obvious to
neighbors and  passershy,  the  effort
will have been wasted, sinee people are
prone to complain on the basis of what

they see at the staek even though there
he no relationship to effects at ground
level,

This attitude, representing as it does
the dine aof least resistanee, may be
vadidd from the psyehological viewpoint
but not <o dram o seientific ones It
i~ nevertheless widely hedd and wis the
basis on whieh Vajda rested hiz con-
elusions coneerning the performance of
various types of gas cleaner tested by
him,  He remarked, “Fxperiments., . .
wddicate that the outlet dust loading
must he down to 0.05 grain per cubie
foot to give a clear stack.  Above this
loading, o hyvstander cannot teil whether
there 1= 2 eleaning unit on the stack or
not.”

Electric Precipitators

Idectrie precipitators have heen in-
stalled (195497 for open hearth stack
zas cleaning in steel plants at Geneva,
Utah; Torranee and Fontana, Cahif.;
at  Morvisville,  Pa. o and plans for
mstallation Luve been announced by
two companies in the Pittsburgh weea.
The Geneva installation differs Trom
the other three in that provisions for
supplemental fluoride control were in-
corporated in the design. This was
accomplished by injection of lime into
the wases to react with the gas-borne
fluorides ut a point preceding the pre-
cipitators,  Thevefore in this case the
precipitators remove both  particalute
matter and the solid fluoride componnds
formed by the above reaction.

Two points of importance need to he
observed respecting eleetrie preeipita-
tors. A visible, ever conspicuous plume
i= still apparent even when preeipita-
tors are operating at 90% cflicieney
and greater, o point having a bearing
on the question of eriterin diseussed
abhove,

The other pointconeerns the con-
sidderable experimental  effort that s
required  after a precipitator 1sin-
stalled, to develop it to a stage of satis-
factory  performance.  Blectrie pre-
cipitation of open hearth dust s still
more of an art than a science, The

cngineering  problems  are well ilHus-
trated 1o the  article by Akerlows

which details the development work over
a period of several years that was in-
volved in diseovering causes  of -
perfeet operation and designing  car-
FeCE Ve TRELSUTES,

Filtration Research

Paralleling  the  developments  de-
seribed above, the Ameriean Iron and
Steel  Institute,  recognizing  the  im-
portance  of this problem, in 1953
initiated researeh at the Harvard School
of Public Health under Dr,
Silverman  seeking to  ascertain the
feasibility  of filtration  through  slag
wool 1 conjunction with a proeess for

Leshie
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rejuvenation of the filtering media.
A pilot unit has provided data Jewding

to hopes that o ges eleaning apparatus

Section IY—Bessemer

verters

Prcumatic converters serve hasieally
thee =i function as that of open hearth
frnaees, e, the transformation of
pi tron o steel by lowering of the car-
bon, silieon, and  manganese
aceording to the desived quality of the

confent.

firnshed steel,

The relractory-lined steel vessel re-
coives o charge of molten pig iron in
quantities ranging from 25 to 30 tons
in the case of the older Bessemer con-
verters on up to doable or more that
guantity inomore reeenthy construeted
anit<.  Elimimation ol the  dissolved
carhon s effected by oxidation which
result< from intimate contaet with o
<tream of air or oxygen.  Sinee ina
tvpieal charge of pig iron the dissolved
silicon,  amd  other  clements
wpen oxidation is equivalent in heating
value ta one ton or more of coall no
auxilinry fuel is required n this type
of smelting: all that s required s
supply of oxveen to the molten churge.

Phneumatic  converters of - 30 tons
capacity effeet the complete oxidation
Fenetion ina brief period of 10015 min
i contrast to the open hearth furnaee
where the melting and refining of 100
200 tons of steel reguires periods
ranging from eight to 12 hours. The
advantages apparent in the preceding
statement tend to he connteracted in
<ome degree by a number of considera-
These melude the cotnposition
of the resulting steel respeeting such
trace clements s phosphoras, sulfur,

carbon,

tions.

nitrogen, oxvgen, otes in relation to the
metallurgienl qualities of the resulting
steel which in twrne are deternined by
the physical qualitios cequired insub-
sequent fabrieation. These considera-
tions in twrn are related to the quality
of raw materials, cogl ronoores A
factor of importanee inoa comparizon
of the function of DBessenier converters
hearth furnonees s the
fmited extent to whiel these convert-
ers eun melt sernp anetal,
The relatively low capital

ment  required  for pnemantic con-
verters i cotabination with their other

Vs.oopen

Invest-

sedvantnacs has bed peeentl to o periond
chngineering and snetal-
lurgical rescarch to find wayvs ol nore

offectively exploiting these advantages.

af eatensive

Bessemer Converters

Jossemer converters are those spee-
tacular steel-mnking units whose bril-
linnt, vellow  flune dramntiendly il
laminates the <ky arcund some steel
plants at night and which discharge
volumes  of  high-soaring  clouds  of

nz

might be developed requiring minimim
growm! aren. This
{imung.

rescarch s con-

and Top-blown Con-

orunge-brownish iron oxide fumes proni-
mently visible in daytine.

They are exvlindrieal
with a =pout or nose =urmounting the
top at an angle with the main anis,
mounted on trunnions on which they
ean rotate. One of the trunnions s
hollow and serves as an air duet Tor
passage of air from a0 blower toa
chmber at the bottom of the vessel
known as the wind box,

Air passes upward (when the con-
verter s vertienld into the molten
metal through holes (Luyeres) in the

steel  vessels

refractory hurrier separating the wind
hox from the molten metal bath, Air
prossire. prevents metal from trickling
downward through the tuveres into the
wind hox.  When  the converter s
tilted 00° on its side the sarfies of the
molten metal 1= helow wll tuyveres and
the wir blast can be shut off when it is
in thix position.  In faet this i< the
position of the converter when it s
charged with molten pigiron.

The sequence of operutions in the
operation of o Bessemer converter ix
well outlined in the following estract:”

“After completion of the previous
blow, the vessel ix turned on its trun-
nions until it as<umes anoadmost hor-
jzontal position and serap, seale, or
ore is dumped into the vessel it desired.
The molten pig iron is then poured in
from the transfer Jadle. In this hori-
zontal position the metal is contuined in
the belly of the converter and does
not come in contaet with the tuyveres.
The blast s sturted and  the
furned to o vertienl position and re-
nitins in this position thronghout the
balanee of the blowing periad, unless
Cide-blowing” is resorted to for mercas-
Ing temperature.

“The u=suetly
thought of as being divided into three
parts, the first period. the
period, aml the alter hlow.

“The first period, or the sefieon bloe,
as iU s commonly exdled, beging as the
Blast is turned onmnd the vessel turned
up. During this period of the
o =hiort transparicnt e cregnds trom

the month of the Vsl

vesse]

PBessemer blow ix

~ceond

blow,

A~ tue blowing
continues the flune stots to lengthen
after about four minutes and the second
period or carbon blow hegins.

“Itois during the seeond period that
the flame attains its full brillinnee and
length, extending ax much as 300 feet
bevond  the mouth of the eonverter,
This flune results from the
carbon burning to
dioxide as it comes in contact with the

evalved

monoxide carbon

air al the mouth of the converter. It
it this (e that the hlower eure-
fally studies the flune todetermine if
D= Judgment  regarding temperature
contral, and in estimating the amonnt
of serap needed, initindlly was correet.

“The long, brilliant flame which s
chinrneteristic of the earbon blow con-
tinues until the eliuination of curbon
approaches completion, whereupon there
=« definite ehange in the appearanee
of the e, The length of the fhane
aradually drops and 1t seemz o fun
out, ...

“After the blower has made the
Jdecision that the blow should he ter-
minated, the vessel is turned down and
the blust turned off.”?

Dust and Fume Emissions from the
Bessemer Converter

In the operation of the ordinary
Bessetner converter two kinds of par-
ticulnte matter are dischurged to the
atmaosphere. Pellets of metal and slag
are mechanieally ejeeted due to the
violenee  of  the wir blast  bubbling
thirough the molten metal. These are
known as spittings composed, us they
ave, of relatively coarse particles which
fend to settle out en the premises elose
to the source.  The other type is the
visible orange-calored fume of ron oxide
resulting - from volatilization  in o the
converter of some of the iron and its
subsequent oxidation in the open air.
These particles are suspended in the
hot  gases whicl,  beeause of - their
buovaney rise to great heights trans-
porting the visible fume with them.

[f these tendeneies were absolute
there would he no air pollution problem
outside the plant area (exeept where
the converters were located amediaaely
adjacent to places of residence near
the plant boundary), beeanse ol the
Jimited distunee travel of conrse =pit-
ting= an the one hand, and on the other
ol the buovant  transport of  the
visible  fumes to o sueh
avoid contumination at grownd evel,

Departure from these absolute tend-
encies doubtless occurs in that some
smaller droplets of metal and sl
<small enough to be transported up-
wardly in the buoyant cloud of visible
fime but large enough to =cettle out of
the cloud later by gravity, may be
wenerated,  Ta what extent this s u
<ipnifieant contributor o dnstiullat
diferent from o converter

plant is not knove I s quite eertain,

hieights as to

distaneis

however, that the visible fume portion
of the emission cannot cause soiling of
property at ground level when soaring
away at high altitudes,

In spite of these uncertainties cover-
ing the magnitide of the air pollution
potentinl of the converter at a distance,
the problem of fume suppression has
received  consideruble attention. The
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diflicultios are weldl
Trinks":
oL The
['N“‘“‘II](']V converter h:l\"' b "'”][Jl'l"
ature of ahont 2000°F, and they are
<l brarning after they Tove Teft the
mouth of the converter vessel. Fhese

\'lllnllx:ll’iZl'l[ i)},'

which  leave  the

zases

flaming gises ave not eonfined and enn-
not be confined, for several reasons,
The mouth of the converter is not stu-
tionary during the blow,
tilted from horizontal to vertieal posi-
tion at the heginning of the blow ad s
aid down again before the end o
the blow,  And that i= not all. Dur-
ing the main purt or the blow, the
position of the converter i not al-
wavs the zume. The blowers fuove
urprisingly - keen abiline to ocate
thin =pots in the bottin, Phey tilt
the vessel in such o manner that the
depth of ron or stecl = greater over
the thin =pot than clrzewhere,
SAdditional  features  esist o which
make any dust-eateling deviee near
the converter mouth an impossibility,
A crane-way st be provided over
the converter for teansporting lLudles
which contain up to 30 tons of wwon or

'i“ln- \'i'.\l\l'] i.\

steel. Converter vessels wre remnoved
for relining, and repair jobs must he
done,

“Last, not least, the converter <pifs
pellets of iron and deel. The vield of o
converter is commonly considered to he
in the neighborhood  of S8 €00 For
every 100 pounds charged into the
vessel, about four pounds of carbon
burn to CO in the converter and 1o
O, oafter leaving the vessel. Fight
pounds are thrown out as pellers or as
metallie oxides, The pellets are tronble-
some, because they are shot out with
high velocity,  Some rise to o height of
50 or even 60 feet. When impinging
upon a solid objeet such wx oo wall or
airder, or roof, the pellets flatten and
stick.  The action is very =iilar to
that ol the metal-spray.  In tine,
heavy masses of dron and steel e
formed.  Unless removed  ut recular
intervals, they drop oft wad endanger
those who are working below.,

“The combination ol all of these
fuets makes the problem of dedusting
the Bessemer converter an extremely
ditfieutt one. The most obvious, but
very o expensive solution consists - in
tatal enclosure, with o roof at least
70 feet above ground devel At that
hetght very fow pellets ean ~tick to the
oot The funowhich draws the gises
from the eonverter ehamber nust suck
i cnough volie of cold air to reduce
the temperature of the gases to abont
SO0, o order to prevent scaling.
The diluting air may be drawn in {rom
ont=ide for instanee through louvres.
The cooled gases ean be sent into exelone
cleaners or other known dust-separators.

*The gases which have passed through
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dry sepurators are noto entirely free
from smoke.  The hot guses contain
fumes which sciidify upon heing eooled
in the open.  If that portion of the
total <moke i= fikewise to be eliminated,
the gises must he =ent throvgh o spray
tower and then through an eleetro-
stutie precipitator. The cooling water
removes some of the dust and must,
seearding to the Ltest lows, he filtered,
hefore it s allowed to re-enter the viver
or the nke.

CA complete
lntion for severad converters runs into
fabulous =wms.  So faroas the author
knows, complete  enelosure for the
purpose of dus=t elimination has never
been attempted inow steel plant ..

“Complete vielosire was observed

total-cnelosure  instal-

by the sathor in Germany. wheve it hiud
heen installed s oowar measare for the
prrpose of blacking ont the light which
converters emit,  Muel of the con-
verter dust was deposited i the flane
tower and was removed ot regular in-
tervals throueh a door in the funnel-
shaped bottom, Only o lizht hrown
haze was visible at the top of the
tower, ...

“The rate of diselirge o dust Trom
qconverter 1= not constant during the
period of the blow. The thinner the
buth. the grcater is the rate of dust
production,  presumably because  the
metal ix o more thoroughiv atomized
and. for that reason, offers o greater
surfaee to the arstream .. L.

“Thin baths are found at different
times, for instanee, while the vessel
i righted wnd while it ix being laid
down.  During both periods, the blast
s on, so as to keep the fron or steel
fram running down throngh the fuveres,
In o parthy tilted vessels the edge of the
bath is very thin.  In consequenee,
very thick and heavy brown smoke is
emitted while the vessel is heing tilted
up or down., The shorter the time of
tilting, the shorter is the period of
producing heavy =moke oL

“Phe greatest <moke prodacer i the

operation of aconverter ix the so-called
‘wreen bottom.”  After a eertain num-
bher of hlows {(never more than 20)
the bottom has been worn thin and un-
even. The Dlower deeides, when it is
time to change bottoms, The so-ealled
green bottom 1= aetually not green. It
has  been thoronghly baked. The
areen part comes in from the fuet that
the edge ar vin of the bottom ix =mcared
with ey and graphiter The new
bottom is pushed up agamst the lower
end of the vessel and s quickly Tastened
by swinging  bolts and wedges, A
charge is then run into the vessell
However, the new charge is only about
3504 of the weight of o reguliar charge,
which means that the bath ois thin.
[T the light charge is blown for three
or four minutes with full pressure, ex-

fremelv dense wond s Lenvy smoke s
disehrged. Fhe estreme heat of this
Llow dries the luting between hottom
and vessel quickly, 1 a leak should
oernr, the Jos< would be comparatively
sl 10 no leak s diseovered during
the <hort blow, the vessel s filled to
the regular weight of charge and the
blow s finished. .7

Fume Control Investigations by
U. S. Steel Industry

In 1952 (7) the steel compauies in
the Pittsburgh area sponsored studies
on fuine eontrol issuing from Bessemer
converters, The findings' coutirmed
the  engineering  complexity of - the
problem and  produced also some -
teresting duta. The experimental as-
semblyineluded a0 sted] framework
erected in the space above an operating
Bessemer  converter which  pernntted
mounting of steel plates for expen-
ments with air jet and water spray
systems too see if sueh armagements
would  prevent the aecnmulation o1
spittings on the steel surfuee. These
spittings, ax observed by Trinks, con-
st of smadl clobules of molten ron
and slag which are diseharged throuch
the converter nozzles ot high veloeity
and on impingement adhere strongly
{0 steel =urfzees until the aceumulation
of « thick mass heavy cnough to drop
off =pontaneously.  This condition has
always  complieated considerntion o
enclostres for confinement of the con-
verter eflluents prior to removal from
the gas stream.

Tlhese experiments  were condueted
at o height of 35 {6 abuve the converter
mouth and neluded attempts to pre-
vent aceumulation of spittings by the
sweep of air jets from high pressure
nozzles tangential to the steel surface,
All these attenmpts were unsuecesstal,

The applieation of water =pruys to the
steel surfaee was suceessful in prevent-
ing such aceumulations =o long as the
curface wasmaintained  wet atoall
times during the exposure.

Mensurement of air veloeitios and of
temperntures in the phone at oa ==
tanee of 53 ft from the converter mouth
indicated that the total flow of flue
gas (including the aiv which huad Dhe-
come turbulently entrained in the 55-
ft. distanee) amounted to 250,000 1o
300,000 cu It @ minute at temperatures
between 450 and 550°1. These values
are of the same order of magnitude as
those dndicated from German studies
eited later on.,

Another  experiment in which a
curving steel plate was mounted 80
feet above the converter mouth also
aceumulated spittings in spite of the
play of ligh pressure air jets against
the surface.

Some experimental studies on dust
collectors were also enrried out. A
1200-clnr portion of hot dust-laden
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Lases dron 1;“' Thadle ~treann swas gx-
perated through o snedldianeter eyve
Sones s The evelone efficieney rneed
The eftluent an the
differentin
apprarancee fron; fovine elonds Tt

ot Bt THO D

n‘_\‘l'fnln‘ was e

appeared asaovery et i ennission s
the brown fume apparently disagyenred,
Inone warst condition, the evelone
cfffient was o light tan color,
cleetrie: preeipitator studies on o 100-
eim portion of gases showed  the ex-
peeted high eflicieney.

Sonie

Current Investigations

The importanee of the  Bessemer
converter in the nielting of  speeial
types of steel and o recognition of the
desirability of finding means for fume
control has led to the sponsorship by the
American Tron and Steel Institute of o
program - at - Battelle  NMoemorial -
stitute. This project. just  gettinge
under way at the time of this writing,
will seck by studies on g Jhoratory
model of & Bessemer converter 1o
determine the enuse of fume forma-
tionand, hopefully,
prevention,

neans for its

German Research

The American steel industey i wledi-
tion to its own investigations has been
following  with keen interest cxperi-
mental developments in Gernioy where
the Bessemer converter plays an even
more vital role in the refining of pig
ron to steel than in o this country,
Secause of this fact and also bheesnse
the inercased use of oxyvgen to aceelernte
the refining process results in even
clouds  of brown ftune. the
Gernanindustry has in recent yeurs
conducted experimental  work
toward the suppression and removal of
particulate matter,

In some German plants the converter
fHue gases are discharged into o chimney
of very farge cross-seetional area and
of varving  height  (an wrrangement
instituted in World War 11 ror pro-
teetion for aireraft;.  This has faeil
itated  certain experimental
tions on dust collection,

Data on experiments reported by
DehneS supplement usefully informae-
tion availuble from Ainerican practice,
He reports on experiments on a0 30-
ton  converter. Dust measureiments
indicated an average emission of solids
of 132 1h ‘min or 1320 el is indi-
cated, These weight figires inelude
all very cowrse muterial, o messured
proportion of which would settle out
rapidly on the premises immediately
surrounding the installation.  This is
iHustrated by the particle size data re-
ported by Dehne whereby it ix shown
that about three-fourths of the pur-
tieulate matter by weight s larger
than 100 microns.

denser

SOne

observi-
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These fuets 1ooarding particle <ize
are related to e installation deseribed
by Dehne known : = the Bameag chimney
which consists of water cooled  steel
plate  chimney walls, rounded
section, with cvelone dust colleetors
disposed around the periphery at the
top. This dust colleetion wrrunge-
nent was reported to remove 500 1h of
dust per melt which in relation to the
total dust  quantity, 13200 b melt,
mdieates  a colleetion elficieney of
{p0r

Ay res

{ross

Vurther along these lines he reports
on the results of experiments in which
well atomized water was spraved into
the ehimney space and was found to
remove up to 1510 Ih of dust per melt
with @ water consunmiption rute of SO0
to 1000 gpm. Fhe physieal conditions,
however, accompunying such use  of
water, e.geseape of womud spray and
accumulations of water at the hase of
the chimney and at points close to the
converter wouth, were found to he
intolerable.

The results e interesting in the
ndication that on o weight basis col-
leetion efficicncies appronched 100 97
At the s time the visunl i pression
ol partieudate removal which pertains to
the very fine partienlate matter was
not significantly improved.  In this con-
neetion Dehne offers sonme ohservations
of tundamental importanee in relation to
this problem, as follows:

“Therefore ane’s visual impression
of the smoke cloud which is stil] strik-
ingly brown evenn at lowest dust con-
centrations by weight ix not an abso-
lutely perfect seade for measuring the
efficieney of dust remavad. But if the
acecptability of the smoke emission is
to be judged by its color, then it must
bhe eleaned to ot least 0.035 ar
Such w0 eriterion . eliminates  from
considerution all those dust-removing
processes feasible from o cost stand-
paint but whose limits of efiicieney
would result in outlet concentrations
far above the said figure,”

Certuinly it cun be observed as a
comment  on o these observations that
there can be serious question as to the
neeessity for removal of all of the alniost
weightless fine particulate mattoer,

Dehne cites othier experimental work
involving use of water serubbing, some
of which were “mors or less satis-
faetory but no complete suceess was
sehieved.”

He shows in o some detad] an Hrrange-
ment in whiel the greatest success wis
readized, in terms of conrse dust remoyval,
Involving the use of o short conieal
flue inside which water was atomized.
the assembly being anchored ta the
converter with an open space between
the converter mouth and entrance to
the cones of about 13 ft. In this
arrangement  the high veloeity  gases

suing iroin the mouth of the con-
verter entsed the gases aad their Jond
ol particulate matter to pass right
through  the cone and  water Spray.
This arrangement in combination with
supplementary witer  spravs down-
stream from the cone unit amd with imist
eliminators, resulted in a dust collection
efliciency superior to the  Damng-
chimney eyvelone combination and had
the advantage of lower cost,

Various other experimental studies
were conduacted on a pilot sceale (7000
elm) involving several other types of
scrubbers, eloth filters, packed towers,
and injection of steam into the issuing
stream of gases. Thelr experiments also
ineluded exploration of audible <ound
energy i an 1S00-cfm pilot plant,
They were able 1o congulate the fuines
but the floes disintegrated i PaEsige
throngh w evelone and were not effee
tively caught,

Fleetrical precipitation was also the
stbjeet of trial on a pilot seale (7000
eimy ad the resudts even on a visual
basix were appraised as sutisfaetory,
However, he observes that while this
apparatus performed well, it has not
reccived us serious attention “heenuse
one could not get aceustomed to the
idea of having to build un cleetrostatie
filter or precipitator of the size of the
steelmill bay.™ "This coneern is entirelv
understandable from an inspection of
the drawing illustrating the size of the
gax-cleaning unit that would be required
in comparison with the size of the
converfer itself,

Lall their experiments, the efficieney
of fine particulate removal was seriously
rediaced during the final blowing period
lollowing decurburizing, which is that
period when phosphorus is removedd
e dephosphorizing,  This  smelting
stage s n characteristic of  Furopean
practice due to the high phosphoras
content of their ores. It 1= not chare-
teristic of American practice. For this
stage of operations they devoted experi-
mental effart to noting the coffect of
adding steam to the blust (22 1b of
water perton of pigiron). This resulted
in « white waste-gas streamer, elin-
inating the dark-brown smoke clowds
atherwise present. In addition to this
advantage it was noted that clonds of
soke were no longer blown into the
plant shed when the converter was
tilted, o feature which is lueking in all
dust-removing  methods, The  dis-
achvintage was o the reduetion of
nelting eapacity - two tons per melt
Lew from 30 tons to 28 tons or g six
pereent reduetion,

In Lis finad diseussion pertaining to
problens incident to the application of
the cleetrie precipitator which from a
visad standpoint wlone was superior to
all  methods,
aspeets dealing with dilution of con-

Dehne  considers  those
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verter gases with aue mduced into e
hisc ol the ehmmey euelosure in relation
temperat e, [t wanld e
abolutely essentinl (o clinginate major

fer o

idiltration of difution air o~ oeeurs in
then present n=tallations and to ool
A~ to the

tter he lavs grent stress on a0 waste

the grsex by other nnenns,

st Biodler o coneludes that ity
then he po==ibie to reduce the volume
of wos flowing to the precipitator 1o a
viene of 202000 cinn This is o the
fire o whieh the dimension~ o1 the
cnormons instadlation <hown g
drawing aceampanyving i< pogper e
based. He notes adso in this conneetion
that tenns wouid Tave to be providid
for conrse dust vernoval ss for cannple,
by the Banag ronnd chinnmey, and
that the ehimney walis o=t he pro-
teeted by cooling weans discussed
hixarticle,

Role of the Bessemer Converter
in Steel-Making

Although use of the Dessener con-
verter has stewdily declined relitive o
the open hewrth furnaee turing  the
first hali of the present century, it
continues to serve an wnportant role,
partly for the =peeial qualitv of stecl it
can prodiee and partly for ceonomie
reasons peenlisr to particular plnts,
Sone of the ceononiie considerntions
are explained i the following

CPhe earlv use of canverter <teel in
thi= country involved o considerable
quantity of il steel, and Tor nany
vewrs this process was the principal
method ased for the produetion of
steel o The rated converter capaeity
ol the nation ix approximately 12,000 -
Q00 tons of steel (19501 with o con-
silerably greater potential eapacity,
Over half of this capueity represents
Blown metal for use iy the apen leartl,
or duplex proeess and the remainder
Althoneh most of
the steel i this country is manufaetired

Bessemer ingots,

by the open-hearth process, during the
past few vears many new convertors
have  beeninstalled  and extensive
experimental work on converter steel
i progress. The inherent advantages
of the process involve cconomie con-
siderations o Aimes of  penee ol
national sceurity in thnes of war . . .
“The cost of butlding o Desserer
plant s appreciably less comparal
with e open-hearth plant ol equiv-
aent cnpueity and the difference in
cost depends, to =ome extent, upon the
size of individual  units. However,
m the operation of a Bessemer plant,
srenter blast-furnaee capacity s pe-
gquired s only wosmaldl amount of serap
is used in the process. Therefore, the
investiment  in blast-furnaee facilitios
for o Bessemer plant wounld he preater
compared to an open-hearth plant wd
must be considered as part of the
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investiment osts. This probubly was
A factor which, to some exfent, was
responsible foi the shift from Bessenier
toopen-hearth production durine the
vears hetween about 1010 ad 19408,
SWith proper faeilities noan inte-
grated plant. consisting of
canverters and tilting or stationury
open=hearth furnnees, the cost of pro-

Dessemoer

ducing Bessemer ingots over o period of
vears shauld be dess e apen-henrth
When u

exists and the price is high, Besseroer

ngots, shortuse of serap

faeilitios: not only have wn cconomie
advantage, but aee ina hetter position
to meet macket demands for =teel prod-
uets. This latter featire is of con-
siderable Gmportanee in time of oy
nutional cineraeney L

“The ratio of Ressemer to apen-heartl
production = influeneed by the avail-
ability of stecl <erap. The Dessemer
process usex about 1090 serap. The
duplex utilizes
very little serap while the stationary

open-hearth process
open=hearth process ordinarily emplovs
350 ta 60700 Although the quantity
af serap used in the Besscmer process is
stall, this quantity may be inercnsed
appreciably in the futwre to approxi-
mately 2500 by oxveen-cnrichment of
the Dlaxt. Further, the use of serap in
the blast furiee may be considered in
the Bessemer situation.

“The Bessemier process i< mare than
seli=suthicient i =erap. The crop ends
in the blooming mifl alone produee about
1500 and additional serap s produced
in further processing of the muterial.
The  stationary open-henrth
produces o similr unount of serap,
but constantly uses more than it pro-
duces. The deficit s =upplied Dy
serup originating from  the
process and from sources outside  the
plant.

“The

ceononie  advantages  whey

proeess

Dessemer

sessemer process has certain
Serap s
searce and costly, but there are periods
i our cconomy when sevap is plentiful
and cheap, Therefore, the econmnie
pressure which exists over w period of
veurs will be wocontrolling factor whieh
mfluenecs the Besseer steelmaking
capucity of the nation . . .,

oo Present trends in the use of
oxveen and compressed air in the bath
of open=hearth furnaces indiente elearly
the Rature possibilities of o more wide-
spresd use of the busie prineiples of the
pretuniatic converter process."

Top-Blown Oxygen Converters

Asmielting proeess that ix ~uperficially
similar to the Bessemer converter is the
top-blown oxveen  converter or the
baste oxygen furnaee; it is also known
by the term Linz-Donawitz, the latter
deriving from the names of two Austrinn
towns where the carly development
work occurred,

The converter vessel in this process
DBessemer converter
although considerably Tnrger than st
of them: .\ prineipad ditferenee i in
the means tor the supply of oxyveen ta
the molten metad. Instend of bubbling
air under pressuce upwurd through the
bath, o strenm of oxyveen ix supplicd
through a witer-cooled pipe extending
from an overhewd position downwird
it the converter,  the  end
positioned af sole distanee above the
=urfnce of the hath. The high velocity
of the oxvgen results in upingement
on the liquid metal surtaee which results
in violet agitation and intimate mixing
of the oxvgen with the molten Pl iron.
Rapid oxidation of the dissolved earbion
aud sificon (and also of some of the

woosinilar o o

beiny

ron) ensues,

Results of O. Concentration

The high concentration of  oxveen
results in the evolution of iron oxide
Tumes in considerably greater quantities
than from the bottom-hlown
converter and  inoa o correspondingly
more objeetionable emission.

Jessemer

This problem wus recognized in the
initial consideration by American steel
manufacturers  who o first considered
adoption of the process and cquipment
for fume control was always a0 prime
consideration in the design of  the
plant. A~ o result, the three plants
now in operation on the North American
continent are all cquipped with efivetive
dust-suppression equipment.  One of
employs a Venturi  serubber,
another ane o disintegrator of  the
type that has long been applied to the
cleaning of blart furnace gases, and the
most - recent one,  with a o Cottrell
preeipitator,

these

Control Problem Big

The Lutter installation illustrates the
magnitude of the fume control problem
and of the equipment for the purpose,
A huge  water-jucketed  steel hood
mounted above the mouth of the con-
verter when inits normal vertieal
operating position, receives the fume-
lnden gases from the converter and
also o much greater volume of room air
drawn in to effeet dilution of the hot
wises, The stream totalling 250,000
el passes frome the hood into o large
setthing chamber where large volumes of
water e spraved into 1t to effect
cooling :nd alzo incidental remaoval of
some of the particulate matter. The
gases then pass throueh a flue to the
Cottrell eleetrie precipitator- which re-
moves the solids at a rate of more than
one ton per hour at efficiencies of over
0847,

The dust eolleetion system which in
its physical dimensions dwarfs that of
the coanverter proper- represent more
than 109, of the total plant invest-
nient. ’
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Section V—Sintering plants

Sintering machines are those deviees
designed to convert fine ron ore, dust,
and the like into luap form nore sait-
able for charging into blast furnaees,
by burning a mixture of this material
with finely divided  coke ws wir for
combustion is drawn threouel a o flat
porots hed of the mistare, The resuldt-
ing high temperatures induee a condi-
tion of meiptent imfusion of the iron ore
particles comprising the bed and results
i formation of a firm porous nuss.

The bed is formed on o <low-moving
urute composed ol receptucle elements
having perforated hottoms, known as
pallets, The assembly of sueli pallets
el to end inoa lineed or linking ar-
rangenient comprises an endless metal
belt  with vither
end.

Just atter the charge has been placed
to farm the bed, the coke in the mixture
15 ignited by the play of flunes on the
surface and a movement of ainr induced
downward through the porous bed under
the influenee of the sintering machine
exhaust fans connected to enclosures
(wind boses) underneath the top seetion
of the endless dinked pallet assembly,
Thus combustion = mantained inoa
luver which <lowly progresses downward
and is completed before any given por-
tion of the bhed arrives at the end of the
machine. At the cud of the travel,
the red hot sintered mass breaks off
us the pallet elements turn downward
around  the taill sprocket.  The hot
1mass of sinter s then passed to a cooler
i which its tempersture is redueed as
cool air 1= drawn through it, frequently
supplemented by water sprays.

There are two prineipal sourees of

large  sprockets at

dust i the operation of this proeess.
One = the combustion flue gases
which  contain some  dust that  has
been meehanieally eutimined from the
bed itselfl due to passage of aiv through
the bed of materinl; it may also con-
tain =ome fume due to volutilization of
some of the constituents of the iron ore
ordust in the mixture,

The quantity of solids i flue gases
viries with type of ore and sintering
machine  design charmeteristies;  the
miedinn i= probably of the same order of
magnititde as that issuing rom o =ingele
open hearth furnaee ol avernge eapaeity,
In the older plants no fue gus eleaning
cquipment was customarily ineladed but
all of the more recently constructed
units are equipped  with either e
chanteal dust collectors, serubbers, or
clectrieal precipitators.

The dust ineident to erushing and
sereening  operstions of the resulting
sinter i compurable to thut resalting
from any such operations eharneteristic
of numerous  other  industries, e,
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rock crushing, althongh the quantity of
dust ix oo small fraetion of that en-
conntered i =ome of these other indus-
triex, The crushing and  chssifyving
opertions in the  older plnts ave
<iniple and few, and often not equipped
with  elfective dust control =vstemns,
In the typieat ense where suech plants
were Jocated well within the boundaries
of o stee] mill, it is probable that the
resulting dust = more of 4 mnsanee to
adjoining  departiaents of  the  steel
plaint than to the surrounding coni-
munity.

In the newer plantz, however, well
designed  exhanst systems i whieh
hoods  and  exbausted  enclosures e
provided wround  erushing cquipment,

sercens,  and  transfer polnts in the

material handling  system,  are uni-
versally - emploved.  High  cfficiency

evelones are commonly emploved for
dust. removal and are effeetive in the
removal  of particles  which
night otherwize be responsible for a
lacal nuisanee.

The first sintering machine i this
country was installed in 1911 wnd =uch
machines beeame inercasingly o conimon
item of equipment o vears followiny
although on a small scale in terms of
later developments. They were pri-
mmarily  applied to the iron ore dust
that blew out of blast furnaces into the
Hues and other gas pussages, Stockpile
accumulations of this dust represented
an inereasing nuisanee until the sintering
which  trans-
formed the materiad to lamp form whiely
would be recharged to the blast furnace,
profitably.

The role of <intering machines in
stee]l plant operations assumed a new
stature following World War 11, Thix
was due to the ehanging character of
iron ore supplies when, with the
approaching  exhaustion of  the  high
grade Jumpy ores of the Messabt ore
deposits, new sources beemwne avatlable

coirse

process  was  developed

which had lngh properties of iron ore
fines.  This elreumstanee was aceom-
panied by inereasing evidenee that any
unportant reduction 1 the fines sup-
plied to blast furnaces not only in-
creased  produetion but also reduecd
muterial costs due to deereased require-
ments Tor coke and Hmestone, As o
result of these developments, sintering
machines are being installed on a large
seile in all scgments of the steel -
dustry, It s reported (Packard) that
the  sintering  capueity ol the  steel
industry in this country had attained a
level of 60,000 tons per day at the end of
1058, o striking inerease over the figure
of 10,000 tons in 14939,

These  cconomie  developments re-
specting  the  distribution  ehareteris-
ties of ore charged to blast furnaces
practically insure that the older, in-
efliciently designed sintering plants will
be replaced by maodern ones in coming
veurs,  Thix process s abrendy taking
place at the time of this writing.

Maodern sintering plants have eapae-
ities ranging from 2000 to more than
GOOO  tons of =inter per dayv. The
dimensions of one of the latter capacity
are interesting, Having o bed width of
12 ft, it extends to a length of about 150
ft. Laxhaust fans draw air through the
Led of suel aounit at o rate of more than
H00,000 efm measured at temperatures
of 350°T, This is the flue gas volune
which is subjeet to gas eleamng for
removal of dust or fume.

The exhaust system for control of
dust incident to erushing and sereening
of the finished sinter involves air flows
in the vieinity of 150,000 efi.

The faet that all new sintering plants
are being provided with equipment for
contral of air pollution in combination
with that respeeting the high rate of
obsolescenee of  the obder ones con-
stitutes firm assurance that this type of
caquipment Is quite unlikely to be a
source of future dissatisfuetion,

Section VI—Electric Furnaces

The eleetric wre furnaee  tor the
making of steel, first emploved in this
country in 1906, has undergone marked
development during the past 20 veuars.
In 1935 1t accounted for 1390 or
the  totad  steelamaking  capacity of
ingot-producing plants i the country
and by 1954 the proportion had -
ereased to 8% The  remaining
capacity s accounted  for i that
of open hearth furnaces and Bessemer
converters. The use of eleetrie furnaces
in steel foundries hins also developed ut
a raped rate during the sane period,
but the present discussion is largely

conlined to the integrated steel plants
having also open hearth furnaces or
pueutatic canverters or both,

Role of Eiectric Furnaces

The function of eleetrie furnaees is
1 general mueh more speeialized than
that  of open hearth furnaces  and
pneumatie converters, in that they are
especindly wrlapted to and  are pri-
marily used for the production of speeial
alloy steels,

. the cleetrie-furnace produets
represent practically all of the staanless,
constructional alloy, tool, and special
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o
maty other portant edustres,
While ot the present time the cleetrie-
are furnmee cannot compete with the
Lrwer open=hearth furniee as to cost
in the production of the commaner
arades of steel, yet the electrie Turnacee,
i operated inoa favorable serap-pro-
dueing  aren with  favornble power
pates,  in nuy o eases can produee
ardinary enrbon steels at costs con-
parable, e sometines Jess than, open
hearth eost=""19

The furnaces in aperation today for
the manuineture of steel consist essen-
tinthv of  refracetory-lined  evlindrieal
ves<cls thraugh the roof of which Jarge
crhon cleetrodes pass dowmward into
the  charge.  The  three eleetrodes
supplving current at rates as high as
10000 to 20,000 aperes generate
wreat quantitics of heat ax the current
ares from one eleetrade to the bath,
pusses through the bath and ares o
one of the other eleetrodes, Sinee
World Wiar 11 many clectrie furnaees
having o eapacity of 10 tons of steel
and  with shells 200 70 im0 dinmeter
have been plaeed in operation. Within
the past few yvears, furnnees of 2000 tons
eapacity with shelis approaching 30 ftin
dinmeter have been installed.

leetrie furnaees we completely
housed in mill buildings and therefore,
unlike  open bearth amd Bessemer
converter installations,  the passer-by
does not see the cquipment or evi-
denee of its operation other than in the
appearanee of brownish smoke issuing
into the open atmosphere through roof
ventilators  of the buildings housing
them.

Fume and Dust Emissions

The high  teperature inside the
furnaee ereated o naturad dradft which
induees a flow of wir inward through
spaces around charging doors and out-
ward through the annular spaees in the
rool surrovnding the three electrodes,
enrrving with it variable quantitios of
fume and dust which are discharged
into the atinosphere of the mill halding
housing the furnace, 1t escapes sub-
sequently  to the  open atmosphere
through openings provided by the roof
ventilators,

During the melt-down stage. oxidizing
conditions prevail and reactions ocenr
that are similar to those in the hath
of the hasie open hearth furnaee Al-
thongh the differing ehuraeteristies of
the two processes indicare differenees in
the mechanism of fune generation they
are not altogether dissimilar. Heat is
applied to the charge in the electrie
furnaee ut o much higher rate per
unit  arcn of surtuee wnd  therefore
conditions are favorable for oxidation
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specting hew trmster and coaet with
oxven aredtogether ditferent,
hoth procescs o <o-called boil avenrs
from eseape of carbon monoxide resalt-
ing from reactions hetween exnrbon and
iron oxide.  Oxvgen gas introduecd to
the bath through o pipe or lanee s
applicable to the cleetrie Turnaee process
ax well ax to the open hearth and the
resulting metad oxide fumes, of course,
have the satie orgin,

The guantity of eseaping dust aod
fume has been variously  estimated
to range from five to 30 pounds per
ton of steel melted, depending on size
of Turnnee, and the chareter of serap
as toits content of fne dirt.

The magnitude of the resulting dust
and fume  cmissions inside the mill
huailding, especially to cmmemen, =
therefore roughly proportional to the
<ize and number of the furnaces. As
Lrger and larger furnaces have been
developed and more of them installed
in one building, the emissions have
hecome intensified not only inside the
bailding but in the immediate neigh-
borhood,  and  extensive  engineering
efforts hnve heen applied to the contraol
of such fume during the past several
vears.,

The Fume Control Problem

The charneteristie distinguishing this
problem of dust aud fune contral from
other metallurgical furnaees has to do
mainly with the development of nieans
for channeling the stremm of dust-
and fume-laden gases through o fhue
feading  to gus  eleaning  equipment
without interference with proper fune-
tion of the firnace.  [n this respeet the
problem is roughly analogous to that
of the Beszemer furnace in that capture
and transport of the fame-luden gas and
air stremnn s the primmry problem:
after thnt point, treatment for remoyval
of particulate mtter inomore or less
conventional kinds of equipment can he
considered,

Furnace Hoods

The first deviees for fume control
that were quite successfully applicd to
the small acid-lined furnnees of  the
steel ensting industry consisted in steel
enclosures  mounted on the  furnaee
roof which were connected to exbaust
systems through =uitably designed fex-
ible Hnkages, e swivel elbows, tele-
scoping joints, and the likes Ao opening
i provided in the eentral portion of the
exhiust enelosure Tor free pussage of
the electrodes, wd sections overhang-
ing the rool above charging doors serve
to withdraw fume-laden  leakage  air
from thosc loeations into the exhausted
enclosures,  For mechunical  reasons,
the application of such a method for

Interior Exhaust

In o omove toward =implification of
the mechanios of fume exhaust) sare
mstallations have been nuude noreeent
vears  wherehy  fume s withidrawn
diveetly from the interior of the fur-
maee through o hole in the roof while
carefully controlling the rate of exhbaust
in relation to the internal negative
pressure o as not to chill the interior
of the furpaee and its charge and to
avoid exposing the steel to exeessively
oxidizing conditions.

Thix =vstem can effect control of the
furne cmission at rates of air and pgas
exhuust mneh lower than in the roof top
hood svetem previously mentioned al-
though the gus temperatures i=suing
from the furnaee are very mueh bigher
(2000- 2500°1%;  this necessitates re-
fractorv-lined flues to the point where
sueh gases enter the gas cooling unit.

Limitations of Direct Exhaust Method

The prineipal limitations of thix sy=-
tem are related to metullurgical con-
siderations.  One of the  particular
advintages of eleetrie furnaces in the
refining of ailoy steels ix i the fuality
with which the oxidizing or reducing
charaeter of the slag can be controlled,
and in the reducing farnace atmosphere
that results rom  the non-oxidizing
charaeter of the eleetrie heat =ource.
DBecause ol this  cireumstanee high
proportions  of - oxidizable metal cle-
ments in the making of high alloy steels
ean be nelted with aomininum of loss
from oxidation,

Tt hae been felt in the industry that o
svstemn which controls escape of farnaee
fumes by inducing a fdow of air into
the furnaee interior would make it
diflicult or impossible to maintain the
essentind reducing  character of  the
slag in the later =tages of two-slug
woxidizing  and relining} provess ein-
ploved in the making of high alloy steel.

Recognizing  that  this opinion  is
based  on inference  rather than on
aetual experience, an experimental study
was lwanehed in 1938 by the Sub-
committee  on Fleetrie Furnaees of
Allegheny County, P Their plan
fvolves  Tull-sceale installation on an
industrial eleetrie furnace of a “water-
cooled, hole-through-roof, emissions ofi-
take which will be econnected to a
cooling svstem, fun, and stack. The
purpuse of the experiment is to deter-
mine  what  effeet negative  furnaee
pressure witl have on the nelting
of certain alloy and stainless steels
which require double slag practice ...
to determine whether its installation
will interfere with furnace operation
and production In any way ... main-
tained 1u the production of alloy und
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where  the twoeslag’
processis cruploved, !

It is probable that a0 definitive
report onthese studies will he issied by
this group by June, 1459,

The present status and tiee pros-
peets for electrie furnace futie control
sowell<unmmarized in the some repent

~tiindess steels

conchusion i~ that
ctission from electric furnnees to the
atmiosphere can he vedueed.

A generad

“Fhe problems are not ones tor which
This
applies especinlly to installitions -
ready made where huildines and e

staple <olutions ean bhe tound.

naees were nstalled without planning
ciission control, vertical
and Lorizontal spaee may not allow a
practica]l installation of control equip-

and wihere

nient.

“Alsocit s apparentiy he necessan
to study ench
separately whon considering an instal-
ltion, thiere will be different
charges to and products from caelr one,

Hrnaee or Jurtaee graap
shee

different ethods of floxing, lancing,
andoperating ...

“Obvionsly the ceonomies ol each
instadlntion needs coreful study, from
the viewpolt of nvesticent, operation,
and repair of the eontrol sv=tens, as well
as to how its operntion affects output
and guality of product from the furmeee,
In some instatbdions, an o ceononie
study may necessarily consider whether
ta abandon the present finmmaces and
build new oues on which controls may
be more advantageously plaeed.”

Section VlIl—Miscellaneous Processes

Bestdes the dust, <moke, and Dune
contral problems treated i the carlier
sections of this there are a
nunher of operations
which logically <hould be ineluded in
such aoveport as thiss although their
welividual signiticanee as sourees of air
pollution is refatively minor in compar-
won with those

report,
nizeellaneons

some of thsenssed

})I‘('\'i()llﬁl)'.
Scarfing Machines

During the past 40 vears, as the
teelinology of steel fabrieation develaped
regquirements for <till higher qualities,
ever inereasing  attention has o heen
devorted in one partienlar to the condi-
tioning of semi-finished produets, A
megor element in this area invalves the
need for removing surface defeets of
hillets, andd prior to
shaping. s by rolling, into o prodoet
for the market. Sueh defeets as rolled
seams=, hght <cabs, cheeks, otel terms
deseribing  imperfeetions like  surfaee
fissures, =eabs that wre inhonmogencons
with respeet to the main hody of the
metal plece, will generallv retain their
idectity (althongh not <hape: during
subsequent forming processes snd result
in products of inferior quality,

In the ecarliest duys of the develop-
ment, poeunatie chisels were coiploved
ta remove such =welaee defeet=. \hout
25 ta 30 years ago the searfing provess
developed and  today renresents  an
important  operation in the making
of high  grade produets. Tt
consizts eszentindly in supplving strewns
of oxygen as jets to the surtaee of the
steel product under treatment while
maintaining high =urface tempernties
that result in rapid oxidation and loceal-
izedhmelting of o thin iver of the moetal,
Originally the proeess was a1 manual
one consisting in the continuous maotion
of an oxyacetyvlene toreh along the
length of the piece undergoing treat-
ment. o recent vears the so-enlled hot

bloon=, slihs

stec]
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searfing muehine Lus come into wide
use, s s a0 produetion machine
adapted o remove a thin over (1 -,
thick orless) of metal from ol four sidos
of red hot steel billets, blooms, or <luhs=
as they travel through the machine in
A nmanner coudagous too the
through rolling mills.

The process resuits in simultaneous
ceneration of quantities of both dust
and fume of =ueh magnitude as to he
quite intolerable instde the inil! hidkding,
Sueh installations therefore are cquipped
with  exhaust
remove this material at its =onree and
to deliver the contaminated air <freanm
to a dust colleetor before discharer to
the atmosphere,

The exhaust <yvstem design is conven-
tionadly bused upon the exbausting of
750 to 1300 cin of air per scarfing nozzle

maotion

systenrs designed 1o

and for machines now in conunon use,
this results in exhuust <vstems ranging
fron: 20,000 to 100,000 ¢fm,

The =carfing mvolves  the
u=e of water jets adjneent to the oxv-
acetviene torehes and the steain to he
cenerated 1= drawn off alone with the
fume and dust,

The scarfing process will typieally
remove two to three pereent of the
total metal but most of this muterial is
in the form of coarse particles not fine
cnough to be eategorized  as dust,
The fine muterial entrained in the air
streamn of  the exhanst svstem will
atount to approximately 36 grains per
pound of metal removed and i tepieadly
heavy duty =earfing  operations, this
may amount 1o 50 to 75 1 of solids per
hour.

The bulk of the particulate matter on
aoweight basis is represenied by the
non-fume fraction and various types of
wet serubbers as o owell as eleetriceal
precipitators have  been suecesstully
applied to the efficient removal of the
entruined  dust,  although  a visible
plume due to the exeape of very fine

Nrocess

particulate matter will be noticeable as
an emission from  the stack., This
material. however, representz anly 4
rew pounds per hour andd has litthe or
no tendeney to settle out of the at-
maosphere and thus to contribute to
dustiadbnuisance.

Heating and Reheating Furnaces

The emis<ion ol smoke due to in-
cllicient combustion  of  fuel  (blast
furnace gas, coke oven gns, natural gas,
fuel oil aud piteh, or tar from the coke
aven by-product plant) represents an-
other arean of potentiad air pollution,
slthoueh  of diminishing  significanee,
There are numerous operations through-
out the stecd plant involving the heating
and re-heating of ingots, blooms, and
billet= in conneetion with the operation
of the rolling mills and other finishing
])1'1)1'(',\\('.\'.

In the carlier days of the industry
when the technology of Turnace design
was ess well understood, there were
frequent instances of smoking chimneys
due to lack of automatie fuel-air ratio
controls and to insuflicient combustion
space with the result that the fucl guses
meompletely consuwmed  hefore
coming in contact with the relatively
cold steel, and black smoke resulted.
With the almost universal use of instru-
iments and antomatie combustion cou-
trols, modera furnaee designs avoid this
crror and one rarely sees the emizsion
of hiack smoke from them, Some of the
older Peating and re-heating tarnaees of
poor design are still i operation hut are
rapidly hecoming obsolete and heing
replaced with modern units, and it
can therefore he concluded that =uch
few smoking chimmeys as remain in the

were

steel industry will disappear hefore
long.
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