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Table 3—XIIL Classification of Coals by Rank. ™'

Calorific Value
IFined Carbon Volatile Matter Limits, Blu per
Limits, per eent Limits, percent pound {Moist,”
Dy, Mineral- Drvo Mineral- | Mineral-Matter- Agglomerating
Class Group Matter-Free Basis) | Matter-Free Basis)|  Free Basis) Character
\ l‘]f{ua\ O | | Greater Equal or [‘:V({ll;ll O fess |
| ¢ ',I:cm” Than Than .lf“\ (’.Iﬂ(.““.r Than !
Than Than Than
. - +
1. Meta-anthracite ) 98 2 i
I. Anthracitic 2. Anthracite . 92 98 2 S ' .
3. Sennanthracite 56 92 S 14 [ Nonagglomerating
|
1. Low volatile !
bituminous coal | ) 86 11 22 .
2. Medinm volatile }
hituminous coal i 6Y S 22 31
. . 3. High volatile A :
fl. Bituminous I)i;nnin()u.\ coal J 64 31 \ 14 0007 Commuonly
1. Bigh volatile B ! 1 ‘ agelomerating’
hituminous coal . ! 13 000" {14 000
3. High volatile € i
hituminons coal j ! §oLIE 30013 000 Agelomerating
| | V| o sy s00 ‘
‘ |
1. Subbituminous A coal ( 10300 |11 500 |
HI. Subbituminous 2. Subbituminous B coal : . g 500 [10 300
3. Subbituminous (7 coal . S 300 | 9 300 1Y, Nonagglomerating
Sy 1. Lignite A 1 6300 | 8 300
IV Lignitic 5 Lignite B . 6 300 |,

“This classification does not include a few coals. principally nonbanded varieties. which have nnusual physical and chemical
properties and which come within the limits of fixed carbon or calorific value of the high-volatile bitinminous and subbituminous rauks,
All of these coals either contain less than 48 per cent dry, mineral-matter-free fised carbon or have more than 15,500 moist, mineral-
matter-free British thermal units per pound.

Maist refers to coal containing its natural ihierent moisture but not including visible water on the surface of the coul.

I agglomerating, classify in low-volatile gronp of the hituminous class.

4 Coals having 69 per cent or more fixed carbon on the dry, mineral-matter-free basis shall be classified according to fixed carbou,
regardless of calorific value.

"I is recognized that there may be nonagglomeriting varieties in these groups of the bituminous class, and there are notable
exceptions in high volatile ¢ bituminous group.

fFrom ASTM Designation 1-388-66 in "ASTM Standards 1968, Part 19, page 74, to which refereuce may be made for method of
caleulation to mineral-matter-free basis and other information. Repraduced by permission of the American Society for Testing el
Materials. The complete specification is obtainable rom the society.

The mining of coal is performed by either one of two
methods: (1) Open work or stripping, also called contour
mining, or (2) underground or deep mine. The first
method involves removing the formation (over-burden)
above the seam by stripping with scrapers, bull-dozers, or

strip mining has increased greatly since World War I due
to reduced lubor and material costs and a quicker return
on cupitul investinent tomparcd to undergr()und mining.
In the United States. strip mining accounted for slightly
over 25 per cent of the coul produced in 1957, In 1968,

mechanically operated shovels, followed by removing the  strip and auger mining combined produced 36.7 per cent

exposed coal. Stripping is applied to coal seams which are
relatively close to the surface, particularly to thick seams
anderlving overburden 80 to 150 feet deep, although the
development of larger equipment and improved tech-
niques in recent years has justified removal of thicker
Javers of overburden than this. Auger mining is being
used extensively to recover coal where the overburden is
too great for strip-mining practices to be emploved. A
large-diameter auger or drill with cutting bits onits end is
propelled into the exposed edge of w coal seam. As the
auger progresses into and along the seam, the broken coal
is conveved away from the face through the tobe to the
outside for transport away from the anger. Production by

of the total coal mined.
Underground mining is performed by either the room-
and-pillar or the longwall method. The room-and-pillar
method is in wore common use in the United States,
accounting for approximately 90 per cent of present
undergromnd mining. The fongwall method is particular-
Iv adaptable to mining seams up to about 41, feet thick
under conditions where the rool may he permitted to
settle. Tt is used more extensivelv in the mines of the
Middle West than iu the Fast. There are a munber of
modificitions applicable to cach method. The room-anc-
pillar system consists essentially of working out rooms,

chambers. or breasts in the coal scam from passages
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Table 3—-XV1 Composition and

SND TR VI N O

Propertios of Typical Togmd Fuels

PReate e o Baehn

e E U ndeter-
Fuel o \ . N ) . o, n(II(lu
) ; . L ined
e . . ; . i O .
Pitch-Tar Drv) 9078 50 s I ] |
Piteh-Tar (Natural Basis) as 557 3.08 LAY LA 060 !
Bunker “CT Fael Qilirg® 55,660 10,30 (130 1K) i 050 ;
: .
| Drv Air Re- |, .
L Specilic - Cubarihe y ilae " ) m (7 Iicoretical
. : ! . Weioht . cuired for .
Fuct s Gravity . Hta 1 T Flame
P Foibbs Galo | - Combustion Temp. (°T)
i C Ciross { Nt O FL Lo P
e e I : ; | AR . e
Piteh-Tar  Dry) . : ; . .
Pitch-Tar (Natural Basis 1. 1oy | 9.9855 16,153 E P66 15513 3495
Bunker "C7 Fuel O : i
iDrvye 0.4329 7935 18.890 17.820 150 3800

“Courtesy of Sun Ol Co-- Typical Analvsis).

Gravity - APLHGO T 1

Flash point (¢losed cupi

Btuper gallon.. U
Sulphur (™. .
Viscositvat 1227 F

13.010 16.0

1507 19 minimuam
150,000 minism
0.6 maximum

100 sees. Savholt

Furol
Waterand sediment (“s by voly 0 1% maximum

The yield of tar produced in by-product coke ovens by
high-temperature distillation between 1832 and 2012° F
(1000 to 11007 C) differs within very wide limits accord-
ing to the kind of bituminous coal coked, and to the
temperature. coking time. and destan of oven emploved
in the process. Virgin tar as produced in the by-product
ovens consists essentiallyv ol tar acids, nentral oils which
are principalhv aromatic hvdrocarbons, and a residue
pitch.

The residue pitch from the distillation of tar is highly
viscous or brittle. Pitch contains a substantial percentace
ol free carbon and same high-boiling and complex orgin-
ic chemicals, The composition and properties of a [vpical
pitch-tar mix and Banker “C™ fuel oil are shown in Table
3—XVIL

The viscosity of liquid fuels such as virgin tar, piteh-tar
mixtures and topped tar decreases with temperature
increase as shown in Table 3 —XVil.

Combustion of Liguid Fuels—The combustion of lig-
uid fuel nsuallv is oblained by atomizing the fael.
Atomization hreaks up the fuel into fine. mist-like ¢loh-
ules, thus permitting an inereased arca for intimate
contact hetween the air supplied for combustion and the
fuel. The chemistry of combustion of Hgoid fuels s
complex. The small particles of fuel cither vaporize (o
form gascons hvdrocarhons which bhurn to CO. and H.O
through a chain of reactions. or the fuel cracks to form
carbon (sootr and hvdrocen which also burn with com
plete combustion to CO. and TLO. Both of these conedi-
Lons normally ocenr in the combustion of Tiquid foels.
The first condition predoniinates with vood atomization
and proper mixing with sullicient air. A deficieney of air
or poor atomizalion will canse smoke. For Lurae furnaces.

such as open hearths ad heating furnaces, the atomizing
agent is usually steam at o pressure anvwhere hetween 60
and 125 pounds por square inch gage. The steam con-
sted in atomization varies [rom 0.3 to 0.7 pounds per
pound of tuel. When liquid fuels are used in smaller
furnaces, atomization usually is procured by compressed
airor by mechanical action. The character of a liquid-fuel
(Lune, that is, its shape. size and luminosity, may he
altered with a fixed hurner design by changing the degree
of atomization which is controlled by the steam pressure.
Liquid fuels normally are hurned in steel plants to
produce a highly Tuminous flame at an intensity of flame
propagation intermediate between that generally se-
curced with coke-oven gas and that with natural gas.

Liquid fuels usually are preferred above all other fuels
for use inopen-hearth furnaces because they permit
better control of Hame direction and. because of their
high calorific value, control of flame temperature and
fuminosity.

The amount of aiv required to burn tiquid fuels de-

Table 3—XVI1. Effeet of Temperature on
Viscosity of Various Tars and Tar Mixtures.

Test '\'ISV(‘()SIU’
el i Temp inSec.,
B ! ’ Savholt
T L
Universal
189.4 max.
Virgin Tar 175 733 min.
1094 avg.
1940 max.
Pitch-Tar Mix 175 181 min.
O46.1 avy,
657 max.
Pitch-Tar Mix 210 97 min.
i 361.7 avy.
700 max.
Topped Tar ‘ 200 350 min,
GO0 ave,

a5
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Pl e burning of Bieslmmaee cis 0 ot s een s
until 18570 H i probable that procress i et e ol

Dlast-furnace gis was dolved buits st contents the
nroblers of clesning and handhingand vhe fere cont of
solidd fiel Tnereasing cost of other foeh and conpetivion
forc b its nse. and by the tarn ot this contun, hlast

furnace vas had become one of the uigor tucks of the aron
and steel industrye, 1o 1965, the steel industn weed LU0
hillion cu. ft.of blast-Tnrnace gas (hased o0 95 B per e,
£t for Dlast-furnace stove heating and other uses inehnd

ing the firing of meling. heating and anncaling tirnaces
and coke-oven nnderfiriue: this quantity of hlast-furnace
gas represents 15.7 million tons of coal cauivalont,

The initial use of byv-product coke-oven gas in the iron
and steel industry was at the Cambria Steel Company,
Johrstown, Pa. i ISS-L This installation was Iollowed by
onlv a few byv-product coke-plant additions until short-
ave of transportation facilities and the vising price o
coul and natural s durineg the first World War acecler-
ated installations thronvliout the steel industey. The
utilization of coke-oven vas has been very profitable as it
reduced the purchase of outside Tuels. Ttis estimated that
plants operating steelhmaking furnaces used 881,074 mil-
lion cubic feel ol cohe-oven gas as Tuel in 1968 thased on
500 Btu per cu. fto,

NATURAL GAS

Natural gas and petroleun are related closely to cach
other in their chemical composition and in geographical
distribution. Both are made up predominantly of hydro-
carbons. Petroleun rarely is free of natoral gas, and the
same ficlds nsnally produce both fuels. When natural gas
exists indigenons to an oil stratum and its production i
incidental 1o Uat of oil. it is called casinghead gas. Gas
found ina ficldis nsually vuder pressure which diminishes
with extended use or. sonetimes, from the presence of too
many other wells, The lite of a well varies from a few
months to twenty vears, Bocks hearing gas are sandstones.
limestones, conglomerates, and shales— never igneouns
rocks. Natural gas is derived from the remains of marine
animal and plant Tite-in theors, the same as deseribed
pres ioustv for petralenn

ISR TRTYPIS SRR TIN PR N
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Soatviral e

of singelar purihy and s
B Hl|'_n)\t‘<{ i)l
ot the

Saratt sernes,
Bewsier Hauetiable v dmcarhons ow hich are recovered as

A e Tower saseons hivdrocarbons
pethne o ethane. sonre of the

casinghead gasoline - sold i hotthed form as butane,

propane. pentiane, ol and aosiadaomount of nilrogen or
carhon dienie Soee naturad sases contain siadl guianti-
ties of hetium, Occsionadiv, wells are found in which the

osulphide and

cas contains hvdio orzanic sulphut

vapots. Sour gas isslelinedas a nactural cas which contains
i eveess ol T arais of hvdrogen sulphide or 30 grains of
totual sudphinr per 100 0w ft I is fortunate, however, that
by Far the grewder part ol natural gas avaitable in this
conntry iy practically sulphur-free,

There are a vumber ol areat gas fields in the United
States and Canada. Maior tields. based on remaining
reserves, are: Panlundle-Huzoton in Kansas, Oklahoma
and Texas: San Juan i New Mexico aud Colorado;
Puckett wd Choodate Bavon in West Texas; Katy and
Old Ocewn ou the Teaas Coasts Jahinat-Eamont i New
Mevico: Big Piney in Wyoming: and Peace River in
British Colinmbia. Gas from the extensive Texas oil fields,
which previously had been altowed to escape on account
of Tack of pipe lines to cany the excess to more distant
constming cenlers, now is heing utilized.

The principal constituent of natural gas is methane,

CIH . Since natural gas contains from 60 to 100 per cent of
C1, by volume, the characteristios of methane gas, which
were shown in Section 1, Jargely dominate the parent gas.
Comparing methane with the other principal combus-
tible uases. it will Be noted that it has a low rate of flame
propagation, a high ignition temperature, and a narrow
explusive range. Methuane, as well as all other hydrocar-
bons {of which it is the towest member), burns with a
Tuminous flame. Tvpical compositions of natural gas are
presented in Table 3--XVIIT

The iron and steel industry consumed a total of 586,850
million cubic feet of natural gas in 1968 in Hlast furnaces
and other nses in the blast-furnace area, stecl-melting
furnaces. heating and annealing furnaces. heating ovens
for wire rods. and other uses: heating and annealing
furiaces constmed 31 per cent of the total gas used.

Table 3—XVIIL Typical Compaosition of Natural Gas in Various Districts
(Based on American Gas Association Survey, “all of 1962).°°

Constituents

Districts

|
: : T
ey Cont by Vohame? l Birmincham [ Pittsbhurgh Kansas City
Carhon Dioxide 1 1.06 : .50 .22
Oxvaen 1 (1.0} .
Nitroven | 2.0 0.40 17.10
Butanes and Higher i i
Hyvdrocarhons { 044 i 0.39 (1.50
Propune | G E a7 | 1.90
Methane 931t | 9403 , 56.50
Ithane | 230 358 £.00
- B i i 1‘ U RO SR
Specific Gravits | 0594 i 0.393 ; 0.638 0.695
Cross Heating Value ; !
Rtuper Cu 18 1 1024 1051 | 1054 945

AL 30 in, He 6O
TSouree:

Fodnv

“Coas Engineers Fandbook ™ see Seaeler Tisting al end ot chaptery vdditionad indormation is wvaitable in Analvses of Natural

Coas, JO667 by B0 ] Moore and R D, Shrewshuny in VoS Bareau ol \ines Information Cireular 8356 (1967,
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which were nsed in heating and el bvaees y
steel evlinder of propanc as sald for demestic parposes
contains (1|)p|‘n\im;1(t*?\ 26 Bt per poed ol Vi
uas.

Spv('izll Gas Processes Studies el vestizations in
the art of gasilication ot solid Tuels have heew uuder wan
for manv vears. In addition to the processes alvesdy
discussed. other methods have beern developed that o
the

B

to

not he deseribed here. Reference can be made
following sources for information on these latter process-
es: the contribution by €. Govon Fredersdortt and N
Filiott entitled “Coal Gasilication™ in “Chemistry of Coal
Utilization (Supplementary Voume) " edited by HH
Lowry and published by John Wilev and Sons, New York
{(1963): and the article by €. Govon Fredersdortland T
Vaundaveer on “Sabstitute Natural Gas from ¢ oal i the
“Gas Engineers Handbook ™ edited by . George Segeles
tsee bibliography at end of chapterh.

BY-PRODUCT GASEOUS FUELS

The bwo major hy-product gaseous fuels are blast-
frnace and coke-oven cases. A number of other nnavoid-
able gascous fuels are created by regular manulacturing
processes. Some of these arce of minor ceconomic conse-
quence, but the majority are useful and generally ntilized
al the plant where they are produced. An exception is oil-
refinery gas which is sometimes piped and marketed o
industries adjacent to refineries, The calorific value and
fawe characteristies of by-product dases have wide
ranves. Blast-fnrnace gas has 1)1'()1);11\1_\' the lowest heat
content of anv, and oil refinery gas the highest, respec-
tively 90 and 1850 Bra per cubic toot, although hoth vary
from these vadues.

Blast-furnace gas is a hy-product ol the iron hlast
furnace. The parmmount objective i Blast-furiee opera-
Lion is Lo produce irou of u specified quality, economical-
v the fact that nsable gas issues from the top of the
furnace is merely a fortunate attendant cireumstance.
When air enters the tuveres (see Chapter 15 on “The
Manofacture of Fie Tron 7 its oxveen reacts with the coke.
The resulting cas passes up throngh the shaft ol the
furnace which has been charged with cokeove, and
limestone. and atter a number of chemical reactions and a
travel af some 8O feet, issnes as a heated, dust-Taden, Tean.
combustible zus, The anneal voline production ol this
as is wreater than that of any other gaseous fuel, Two and
one-half 1o three and one-half tons of blast-furmace qas
are generaled per ton of pig iron produced, While the
purpose of the guses generated by the partial combustion
of curbon is to rednee iron ore, the vadue ol a blast furnace
as a gas producer is evident from the relation just noted.
The essential reactions by which Dlast-harnace gas s
produced are shown in Chapter 15.

The percentage of COand CO_in blast-furnace gas is
directly related to the wmount of carbon in the coke and
the amount of CO. in the limestone charged per ton of
iron produced. The rate of carbon consumption depends
principally apon the Kind of iron to be made. the physical
and chemical chiurncteristios of the charged material. the
distribution of the material in the furnace stack. the
furnace lines, and the temperatire of the hot blast. The
total CO w0 CO content ol the top gas is aboat 10 per
cent by volume, and when producing ordinuary urades of
iron Ure radio of COto COLwill vary from 1.7 to 2.5, 10 L

VDY T AV EENG O - o

Fhe B drosen et b b thie cns vanes trom o 4 per
[he renranin

Dper cont CHL The cllicieney of the

cent. Cacentage is mwde up ol nitrodgen,
cvecps foraboat 0
Dhast frnaee as g o prodacer ona cold hasin is a little
fess than 70 per cent ona ot basis. about 90 por cent,
Blast firnace vas besves the nrnace at a temperature
of 250 to T00
carryving with it 10 o 5 araine of water vapor and 8 to 15
areins of dust per cnine {oot. The p;n‘ticlcs ol dust vary
from 1, to 000001 eh i diameler, In carly davs of

Blast Parnace operation, the gas was used as il came from

Foomdatapressioe of 15 (o 60 inches w.a.,

he farnaee withon! eleaning, causing a great deal of
trouble with Hues, combastion chambers, and stoves due
o clogging, The gas now is cleanced almost universaltly,
the degree depending upon the use.

The outstunding characteristios of blast-Turnace gas as
a fued are: (1) very dow eddorific vilue =75 1o 90 Blu

depending on blast furnace coke rate. (2) low theoretical

fame temperature d])‘)l'()xilllil((‘l_\' 2650° F, (3 low rate
of thune propagation elativelv lower than any other
conmmon gascous fuell (8 high .\pvti[ic gl‘u\'it’\>4]1igl1ml
of all common gascous fucls. and (31 burns with a non-
Ininons fhame.

Coke-Oven Gas-— The steel industry, which nses nearly
90 per cent of the tolal coke-oven gas generated in the
United States, senerally classifies coke-oven gas as a by-

AR

product o coke manutacture. This undoubtediy is due to
the Tormer waste of coke-oven gas and other coal prod-
ucts Tor so many vears in the bechive-coke process.
Actuallv, the production ol coke-oven vas and other coal
chemicals is a pant of an important manulacturing proc-
ess in which lurge sions have been expended for their
recovery, as they have a value alimost equal to that of the
coke. Coke-oven gas is produced during the carboniza-
tion or destructive distillation of bituminous coal in the
absence of air, as deseribed in Chapter L Approxinmately
11.000 cu. fL. of 333-Btu coke-oven gas are produced per
ton of coal coked in conventional high-temperature
coking processes.

The composition of coke-oven gas varies in accordance
with grade and density ol coal and operating practices.
Typical ranges for the constituents ol dry coke-oven gas
by volume are as follows:

O 1.3 - 2.1
O . . 02 - 09
N, BT U 2.0 - 9.6
O 45 - 6.9
| R TR OP TR 465 5379
CHL 267 -32.1
Hluminants 3.0 - 4.0

0.36-0.44
537-580
180-523

Specific Gravity
Heating Value. Btu per e, Tt (gross)
Heating Value, Blu per e [ (net)
“Inctudes HLS

Coke-oven gas contains hvdrogen sulphide, H.S. Abont
40 per cent of the sulphur in coal. not removed in the
washing process, is evolved with the distillation products.
Muceh of this remains in the gas. Carbonization ol coals
containing 1.20 per cent sulphur evolves a gas containing
ahout 421 grains of sulphur per 100 cw. ft.. and those
containing 160 per eent sulphur about GOO grains per 100
i (1L Commercial coals in the castern part of the United
States usuatly run from 0.5 to 1.5 per cent sulphur, Gases
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high in sulphur contenl are very undesivable Tor metal-
lurgical purposcs.

Coke-oven gas normally is saturated witl water vapor.
In distribution systems, means must he provided for
draining off the condensation due to any temperature
change.

Coke-oven gas burns with a non-luminous to semi-
luminous flame, depending upon the degree of inixing air
and gas. Its rate of flame propagation is high- - consider-
ably higher than watural, producer. or blast-furnace gas.
It has @ low specilic gravity—Tlowest ofany o the sascous
fuels commonly ulilized by the steel industry, Tt has a
high theoretical fAame temperature—ubout 36007 F.
little higher than that of natural gas. The explosive range
is about twice that of natural gas.

Based upon a heating value of 300 Blu per cu. tt, the
steel industry used 881,074 millions ol cubic feet of coke-
oven gas in 1968, of this total, 408 per cent was used in
heating and anncaling Turnaces, 2653 per cent in coke-
oven underfiring, 10.4 per cent in steel-melting furnaces,
blast furnaces, other uses in the blast-furnaee arca and in
heating ovens tor wire rods. and the remainder (2
cent) inall other uses, according to 1965 Annual Statistics
of the American Iron and Steel Tostitute.

USES FOR VARIOUS GASEOUS
FUELS IN THE STEEL INDUSTRY

Gaseous fuels are ideal for many steel-plant applica-
tions. Below are the more important applications where
gaseous fuels cithier must be used on account of the nature
of the work or facility, or where they are prelerred over
liquid or solid fuel:

Coke-Oven Heating

Blast-Furnace Stoves

Gas Turbines for Power Generation

Gas Engines for Blowing or Power Generation

Soaking Pits

Reheating Furnuces

Forge and Blacksmnith Furnacees

Normalizing and Annealing Furnaces

Controlled-Cooling Pits

Foundry Core Ovens

Blast Furnace and Steel Ladle Drving

Drying ol Blast-Furnace Runners and
Open-Hearth Tapping Spouts

Hot-Top Dryviug

The choice of the most desirable fuel for each of the
many tacilities in a steel plant is not always possibic, but
hy judicious planning the most efficient fuel or combina-
tion can be selected from those available, The general
characteristics of cach gas govern, wherever possible, its
selection for a specific purpose in a steel plant. An outline
of the important applications of the major gascous fuels
follows.

Uses for Blast-Furnace Gas—For many vears, the use
of Dlast-furnace gas for purposes other than Tor the firing
of stoves and boilers was not cconomical. A number of
factors have contributed, however, to the vnlurg‘ctl use of
blast-turnace gas, the more importuant of which are; (1
rising cost of purchased fuel; (2) techuical progress in gas
cleaning, in the use of regeneration and recuperation, and

in the mixing of gaseous fuels: (3) the ceonomic advantage
of using pulverized coal in hoiler houses to substitute for

5 per

blast-furnace gas. thereby permitling its substitution
clsewhere for the more expensive liquid and gascous
Tuets: and 1) seasonal shortages in the d\dll.ll)llll\' of
purchased liquid and gaseous tuels,

In certain applications, in addition to preheating the
air. the gas itselt may be preheated to provide higher
temperature poteutial. For the facilities listed below.
blast-turnace gux may be utilized successfullyv without
prehieat:

Blast Furnace Stoves

Souking Pits

Normalizing and Annealing Furnaces
Foundry Core Ovens

Caas Engines for Blowing or Power Generation
Gas Turbines for Power Generation

Boilers

The thernmd advantage of using blast-firnace gas in gas
engines for blowing and for clectric-power generation
must overcome the heavy investment and maintenance
expense of this equipment. The modern boiler house
ulilizing high steam pressure and temperature with
efficient turhoblowers e generators has sufficiently
reduced the thermal advantage of gas engines so that
their use is difficult to ustifve A relatively recent succeess-
ful development has heen the use of direct-connected gas
turhines for driving generators, and jet engines for driving
CONPIEssOrs.

Preheated blast-furace gas burned with preheated air
has been used successtutly in the Tollowing:

Coke-Oven Healing
Soaking Pits
Reheating Furmaces

When blast-furnace gas is preheated, it should have a
minimum cleanliness of 001 grains per cu. Mz and in all
cases where this gas is nsed, extra precantions must be
taken to prevent the escape of fuel or unburmed gas into
attendable surronndings since it contains a targe pereen-
tage of toxic CO gas. Blast-furmace gas is ased for many
applications in the steel plant andl in addition, is used
frequentty for hieating coke ovens and somctimes is mixed
with other gases as anvopen-hearth fuel,

Use of Coke-Oven Gas-—-Coke-oven gas has had a more
extended use than blast-furnace gas because o (b
relatively Tow distribution costs due to its Tow specilic
SraAvVity, hlﬂh calorific value, and cleantivess: (21 its ability
to develop extrenmcly hich tenaperatures by combustion:
and (30 the high vate at which it can release heal, there by
climinating excessively lavge combustion chambers. fin-
portant applications for coke-oven gas include open-
hearth farnaces in addition to those previonsty listed for
aaseous tuels: The low specific gravity of coke-oven gas is
a disadvantage in the openhearth, and for this reason. it is
supplemented wherever possible with a driven liguid tael

in this service. In addition, the sulphur i the form of

TL.S) present in raw (not desulphuarized) coke-oven gas is o
distinet disadvantage, particalarly when used in making
low-sulphur Licats in the open hearth and in heating
cerlain grades of atlov steel for roling, 1ts presence also
requires the nse of materials resistant to sulphur attack in
pipe lines valves:and burners.

There ure anmmber of fuel applications in a steel plant
where neither blast-furnace vas nor coke-oven gas, when
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Table 3—XX. Properties of Typical Gaseous Fuels (607F, 30 in. g, dry)

[
Comtitnents of Fuel Gas R .
e . : . Cu. Ft Heating
Per Cont by Volmne { Dy Basis 5 of Air Valne
ffffff e | o ‘ e : : 4‘ Required Btu per
Fuel Gas 1 l ; Nhini- | for Com- Cu 17t
CO ) NGO L on o wants opecitic bustion of Gas
. Q. : I e R 1 vi0 1S T X Y S N R —
i ! ;
fGas .
l CulCH OHCAs o | Net
Naturitl Gus ! 1 ‘
{Pittsburgh) ... . 0.5 S3 LI5S : 0.61 10.538 1129 1021
| O
Reformed Natural Gas........ 14 02 29 0.7 L6637 1.3 0.8 0.1 5.22 399 336
i |
Coke-OvenGas ... | 221 08 S0 63465 ) 32 3.5 0.5 044 4.949 BYR! 514
: i i :
Water Gas (Coke).. 541 07 1 S5 370 4| 13 0.57 2,10 387 26
I ! |
Carburetted Water w
Gas ... e ] 3.0 05 2900 5400 1405 12 G 2.8 0.63 4.60 250 308
| i
Oil Gas (Pacific Coast) .. ... | 47 1 0.3 3607127 1486263 . ‘ 2.7 e 047 473 551 4496
| : | .
Producer Gas i 1 :
{Bituminous Coal} ... 451 006 309 : 270 | Lo 3.0 i .86 1.23 163 153
- f : P i ‘
Blast Furnace Gas ... | 115 GO | 275 0 10 . . | i o102 0.65 92 92
: ; i i | ; !
i ;
Butane (Commercial) .. i PO H - 93 G T ) 3047 3223 2077
Propullc(;(lunnnvrciul) L O L -0 . ; ; 152 23.82 2572 2371
Tuble 3—XX. (Continued)
.
: Products of Combustion in Theor
I Co Fper Cul Fr ol Fued 1 Net Btu . )
‘ i . Flame
i ; A e -1 Uli- pur .
| i e Cu. IFt.of Femp.
Fuel Gas ‘ i m.’n o No
i i | % Products Fixcoss
. . boco, Con- S
1o oo N l Towl 1 U ol Com
; ! ‘ bustion
P - - i e ? — R s e
: | '
Natural Gas (Pittsburgh) E 202 115 8.37 11.73 12.1 57.0 3562
Reformed Natural Gas a0 0.53 116 5.99 11.3 5Y.6 3615
1
|
Coke-OvenGas L 1.25 0.51 1Lo2 3.98 1.2 57.0 3610
Water Gas (Coked oo 033 0,44 174 271 M0 | 96 | 3670
Carburetted Water : : }
Crars . LO0ST 076 3466 5.29 17.2 v6.2 3700
Oil Gas (Pacilic Coast) [ O P L3 3.7 548 12.9 , Y.5 ‘ 3630
| . |
Producer Gas ! . ‘ |
{Bitwminous Coal) 0 L o023 0.35 148 2.06 18.9 T46 3175
|
Blast Furnacee Gas . . 02 .39 bl 154 25.5 34.5 1 2650
H . I
Bulane (Commercial) +93 3.93 Co2e07 32.93 140 90.3 i 3640
Propane (Commercial) S 10 3.0 15.82 o 2582 13.75 9l.2 L3573

i From: “Combustion.” Americin Gas Associadion <Third Editions: “Gaseous Fuels. American Gas Association (TS and 7Gas

Engineers Handbook™ (see biblingraphy wt cod ol chapter,
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the dost is more casily and ceomoracativ Tandled o e
drystate as it comes from the dhsteateher, The dustoat o b

eris from 35 o 40 teet i didrecters nsnally lined wotd
brick to prevent cooting and the aaendant procipitition
of water from the cas, i ovlnedicad strmcture Gitted
with a 60-decree inverted cone on the hottom and a cone
shaped top.

The single downcomer from the top of the furmace
carries the gas to the top of the dusteateher, where i
cuters a vertical pipe that is centrally focated inside tie
dusteateher and extends nearty to the hottons, This
vertical pipe Hares ontward about S degrees and is Unas
larger in diwmeter at the hottom than at the top. As the
gas passes downward throngh this pipeits velocity cand
therefore its abilitv to cary dust s Towered. cansing
some of the dust to drop out ol the gas streans and be
deposited at the botton of the dusteateher, When the gas
cmerges from this pipe. it must change direction ol flow
suddenly and rise to the top of the dusteateher, sinee the
gas isremoved from o convenient Tocation at the top, The
sudden change in flow divection causes more dust to be
dropped from the gas stream. Elficiency of the dusteatch-
eris approximately 60 to 75 per centedepending upon the
type ofores used and the blast volunie, The aceumnlating
dust nsually is remov ed from the dustcateher by a double-
shaft pug ol which is rigidhy fastened to the cone
hottom. Water is added to the pug mill until the dust is
stightlv mositened. which prevents the dust frow hlowing
around the viciily as it drops into a railroad car. \n
anxiliury hand-operated vate also ix provided which
permits dust 1o be removed in case the pug mill is down
for repairs. The exit cas passes from the dusteatcher into
the bottam of the primary washer,

Gas-Cleaning Plants - Nealecting the Targer Tungs
Llown out occasionadly when the furnaee “sHps the dust
particles in blast-turnace gas vary insize from ' ineh to a
few microns I micron = 0.00003937 ineh with practically
all of the dust passing the dusteatcher being minus No.
20-mesh sieve size. The difficntty of cleaning increases as
the particle size decreases, the removal of the very fine
particles heing comparable to the removal of smoke from
air. On thisaccount. plants generally are planned o clean
the cas in two stages. a primary stage to remove the
coarser particles, which form the larger proportion of the
dust_and a secondary or final stage to remove as muach of
the remaining dust as possible. The approximale removal
of incoming dust by the asnal cas-cleaning svstentis 60 to
75 per cent i the dusteateher, 90 to 93 per cent of the
remainder in the primary cleaning unit, and 90 to Y3 per
cent ol the dust still in the wis deaving the prinary unil is
eliminated in the secondary cleaner. The gas eotering the
dusteatcher contains fron 7 ta 30 grains per cubic foot. an
average dust content heingabout 16 arains percubic foot,
In some cases. w centrifugal cleaner is installed hetween
the dusteateher and the primary cleaning unit.

Either of two methods i used o clean the vas after it
has passed throngh the dusteatcher, wet cleaning or din
cleaning. T wet cleaning, the aim is to wet the dust
particles aud swash them out of the gas with water,
Incidentally the gas is cooled to about the temperature of
the wash water, and anv moisture in escess of saturation
at this temperature is precipitated. Tn dry cleaning, one
of the aims is to remove the dust withont cooline. this
conserving Lhe sensible heat, In many cases the tempera-

[ coas e cice oo rnder Soa 1150
Cor o e eredwtib e Foaino ) 250100515 (Cin

Poo proctices The eliminadion of the water, which
eadstecn e was as superbieated stesuns wnd which s
rednecd toats dew pond b concentration at the cleaning-
water temnperature, teose than halisecos the Toss inosensi-
Pleheat invwet eleaning, For thew reasons, dry cleaning
presenthviis ot used foiny great estent.
C o Primary weet eleaners inchile s entori washers, station
av spre bovversoreyolvis speas towers, Feld washers as
deseribed daters badtle towerss spray fans and waler
sepaidors The veation washer and the stationary-spray
tovver are most used althongh many Feld washers renain
i uses oud sometimes awasher consists of a combination
ol cneor hwo Feld washor revolving cones in the hotton,
above winclare several bunks of stationary spravs. In
almost all casess o water separator is an integral part of
the swasher.

The venturi washer is o vertical-tvpe unit that is
2).

installed adjacent to the dusteateher (see Ficure 13
Cas from the main cnters the top of the unit and passes
dowivard tsee Figore 15 215), As the aas passes through
the narrow “throat™ of the unit. it is spraved with water.
There are two sets of water sprays. one operating at Tow
pressure and cutering the anit at right angles to the gas
How. and the ather operating at high pressure and
directed upward al an angle of 1107 1o the gas How. The
washer is lined with a suitable abrasion-resistant material
to withstand the erosive effeet of dust-laden gas. The
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Fre 15+ 15, Schematic arrnngement of @ venturitvpe unit for
washing hlast-furnace gas, right side cat away to show lining,
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venturi-type washer can clean gas to an average dust
content ol 0.05 grain per cu. {L.

The gas passes from the ventur washer into a water
separator directly beneath it, and thence to a cooling
tower where its temperature is lowered by passing
through water spravs. The cooled gas then passes through
2 moisture climinator before going to the secoudary
cleaning system,

The stationary-spray tower consists of a supported steel
evlinder with conicat bottom and conical top with the gas
clﬂering at a point near the bottom of the evlinder and
Jeaving through a centrally located outlet on top of the
top cone. Inside the evlinder are three or four banks of
ceramic tile (with about 5-inch diameter round holes in
them) which split up the rising gas wnd tend to prevent
channeling. Above each bank are water spravs which
uniformly cover the cross section of the washer with a
falling “rain.”” A U-shaped scal pipe at the outlet of the
bottom cone carries the dirty water away to a Dorr
thickener or settling basin and prevents the gas from
blowing to the atmosphere. A centrifugal-type water
separator above the topmost bhank eliminates anv en-
trained water in the outgoing gas.

The Feld washer is a cvlindrical shiell with a fHat
bottom and a conical top in which there is a series of from
5t0 7 inverted frustums of cones which rotate on the same
centrally-located vertical shaft, driven by @ motor and
reduction gear on top of the washer. The lower edge of
cach cone is immersed in a separate water tray. The
centrifugal action of the rotating cones picks up water
from cach tray and throws it outward toward the shell as
a spray through which the rising vas must pass. Baflles
guide the water back into the travs for reuse. excess water
spilling into the next trav below. A waler separator
similar to that on the stationarv-spray tonver is located
above the topmost rotating cone.

Primary dry cleaners include varions modifications of
eyclone separators, centrifugal machines. inetallic-wool-
pad filters, and electrical or Cottrell precipilators. The
dry-type Cottrell precipitator may also he classed as a
secondary dry cleaner and will he discussed under that
heading. The cyclone and centrifugal types present the
problems of excessive wear and difficulty in handling the
fine dust removed. The filters have a tendeney to clog
shortly after being placed in operation.

Secondary wet cleaners have consisted of wet-lvpe
Cottrell precipitators, high-speed distintegrators, and
Theissen disintegrators. Formerly, Theissen disintegra-

tors were used almost exclusively, but ou later installa-
tions have been replaced by high-speed disintegrators or
by the wet-type Cottrell precipitators. with preference
being given to the latter type. The Theissen disintegrator
is a type of fan that dashes water, introduced through
small jets, into a spray which is forced to travel in once
direction while the gas is forced through the same
channels in an opposite direction.

The high-speed or rotary disintegrator is a smaller
diameter machine than the Theissen but rotates faster
(300 to 700 rpm) and consists of a casing in which is
monnted a rotating “squirrel cage.” This cage is made up
of two heads fastened to the shaft with a series of hars
parallel to the axis fastened to the heads. Vanes mounted
on the heads reduce the pressure-drop through the
machine and foree the incoming gas through the rotating

bars. upon which water s spraved, to the center of the
cave where it is taken off to the clean-gas main. These
machines are built up to 40,000 cu. ft. per min. rated
capacity. require from 400 to 300 horsepower to drive
them, and will ¢lean the cas to under 0.02 grains per
cuhic foot

In the Cottrell wet method of cleaning, the primary-
cleaned gas is forced Lo pass through narrow channels or
ducts across which an clectrostatic field is maintained.
The dust particles are “precipitated” or separated from
the gas throuvh the action of clectrostatic charges. The
molecules of gas are ionized and,in turn. induce electros-
tatic charges upon the surfaces of the small dust pa rticles.
Under these conditions, the dust purlivlcs arc attracted
toward the clectrode of opposite polarity. There s alsoan
“electrical wind™ or corona effect. Current is supplied
from an ;tlh‘rmlling»un'rcnl souree, slcppud upin voltage
by a transformer. and made wnidirectional by a mechani-
cal rectifier or by vacunm tubes. In most precipitators
cleaning cool gases. the unit collecting clectrode is a
vertical tube, 8 to 12 inches in diameter, or it may be of
parallel steet plates through which the gas is foreed
upward, or sideways. In the former tvpe the discharge
clectrode is a wire suspended coincident with the Tong
axis of the tube and, in the latter, multiple wires midway
between the plates. A thin film of water flows over the
inside edge of cach tube or plute which washes it free of
dust that has been deposited thereon. the dirty water
being conducted to a Dorr thickener or setlling basin,
The precipitutor asually is divided into two units with
valving so arranged Uiat one unit may be shut down for
inspection or repairs while the other unitis operating. In
some installations, the precipitator is mounted direetly
above the primary washer. The rotary disintegrator has
the advantage of Tower lirst cost but has higher power cost
than the wet-tvpe Cottrell precipitator. The cleanliness
of the gas mav be slightly in favor of the precipitator.

Secondary dryv cleaners bave included bag filters and
Cottrell precipitators. The bag-type filters. sometimes
called the Halberger-Beth type, consist of o nmumber of
fabric “socks” made of ¢loth, glass threads, asbestos
threads, or verv fine Monel metal screen (or a combita-
tiony. supported at the top and closed on the bottom, into
which the gas passes from the outside forming a film of
dust on the sock which acts as the filtering medium,
When e filin of dust becomes Loo thick, the exit end of
the sock is closed thereby shutting off the gas llow and the
sock is shaken or vibrated to drop the excess dust into a
collecting hiopper. The socks are stiffened both circinn-
fercntially and longitudinally to prevent their collupse. Tt
has been ditlienlt to find a fabric which does not break
down under the temperature encountered with hot blast-
furnace cas. Also. if the temperature of the gas should
reach its dew pointmoisture would deposit in the fabric
thereby Torming a deposit of dust on the sock which
cannot he dislodged.

The dry-tvpe Cottrell operates upou the same princi-
ple as the wet tvpe but is constructed somewhat differ-
ently. The waodification consists in using slabs of rein-
forced concerete as collecting eleetrodes to form channels

for the pussage of the gas, with the discharge wires
suspended adong the center lines of the channels. Periodi-
callv, cach unit is taken out of circuit to permit the dust
on the collecting electrode to fall into a hiopper below. In
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