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practice in a small foundry, where it is not possible to secure the
economies easily attained in large shops equipped with a number of
furnaces, and not subject to delays, wide variations in output, etc.
The figures here given are intended to represent conservative esti-
mates of cost, that will not often be exceeded, rather than the much
lower figures that can be attained when the process is being run under
more nearly ideal conditions.

Costs of steel per gross ton in a 15-ton basic open-hearth furnace,
burning producer gas and making 15 heats per week, or 225 gross
tons.

RAW MATERIAL, assuming a conversion loss of 3 per cent., and using 40 per
cent. pig, 30 per cent. purchased scrap, and 3o per cent. shop scrap.
Fifteen tons=+.95=15.79 tons, of which .135 will be ferros, leaving 15.655
tons, of which
6.262 -tons will be pig,
4.6925 tons will be purchased scrap,
4.6925 tons will be shop scrap.
6.262 tons basic pig at $15.00, = $04.00
4.69235 tons purchased scrap at $10.00 46.93
4.6925 tons shop scrap at $14.00, = 65.70
.075 tonsferromanganeseat$s000 = 3.73
.06 tons ferrosilicon at $75.00, =t

$214.88 or for 15 tons
$14.33 per ton

Lasor pErR WEEK
2 melters at $150 per month, = $69.23
2 second helpers at $2. 50 per day, 35.00
2 ladle men at $3.00 per day, 36.00
2 gas makers at $2. 50 per day, 35.00
4 common laborers at $2.00 per day, 48.00

$223.23
; 223.23
Production per week 15X 15=225 tons. =$.00 per ton

o

Per ton
SuMMARY steel tapped

Rawmatetal oot ot S R L e S
| e R Lo B Fs
Caal. jooilbrat $3i00 0 o o
Nard aBoraL sl o s
Repairs and maintenance.................0...
Supplies and miscellaneous....................
Management 50 per cent. of labor..............
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Interest and depreciation, 15 per cent. on $65,000=89g750 per year.
At 223 tons per week, 48 weeks per year, we produce 10,800 tons of
steel. This item then amounts to about $.go per ton, bringing our
total cost to $19.28 per gross ton.

Estimating 60 per cent. good castings, 40 per cent. scrap, we have

19628:&532.1 3 per ton of good castings, less credit for .40 ton scrap
0

at $14 per ton = $5.60, or $26.53 per gross ton of good castings.

W. M. Carr gives in his book, “The manufacture of open-hearth
steel castings,” the following figures on the cost of installation of
open-tiearth plants, on which the above estimate is based.

ItEM : Cost of installation
per ton of steel
IBABIC HOTIEER o v e e S e $1200
Bas aroducers, eEcls Ul U ci o e e 6oo
Power, machinery, cranes, etc................ 2300

$4100

On this basic, a 15-ton furnace will cost $61,500, not including
buildings.

Costs of steel per gross ton in a 15-ton acid open-hearth furnace,
burning producer gas and making 16 heats per week or 240 tons.

RAw MATERIAL, assuming a conversion loss of 4 per cent., and using 20 per
cent. pig, 30 per cent. shop scrap and 5o per cent. purchased scrap.

Fifteen tons+.96=15.63, of which .22 tons will be ferros, leaving 15.41
tons, of which

3.08 tons will be pig,

4.63 tons will be shop scrap,

7. 70 tons will be purchased scrap.
.08 tons low phosphorus pig at $22.00 ...... $67.76
.63 tons shop scrap at $13.00............... 60o.19
.70 tons low phosphorus scrap at $14.00 ..... 107.80
.09 tons ferrosilicon at $75.00............... 6.73
.13 tons ferromanganese at $50.00....0v...... 6.50

$249.00 or $16.60 per
ton

$223.23 +240=.93 per ton
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Per ton
SUMMARY steel tapped

Row matenial 5o U adom o s e e TS5
abore Srranr i st el S S e .03
Nardlabors ol o noh s s R e JI5
Repaitsand mamtERance = o0 ot o .6o
Supplies and miscellaneous...............ov... .60
Management 5o per cent. of labor.............. 47

$20.29

Interest and depreciation, 15 per cent. on $60,000==38gooo per
year. At 240 tons per week, 48 weeks per year, we produce 11,520
tons of steel, This item then amounts to $.78 per ton, bringing our
total cost to $21.07 per ton of steel in ladle.

Estimating 6o per cent. good castings, 40 per cent. scrap, we have
21.07

.60

at $13.00 per ton=§5.20, or $29.92 per gross ton of good castings.

W. M. Carr (Joc. cit.) gives cost of installation of acid open-hearth
plants, not including buildings, as follows:

=8$35.12 per ton of good castings, less credit for .40 tons scrap

Cost of installation per
ItEM ton of steel
Aeideiimiace s n s s $1000
Gagproducers, etce. . o vaaifi 6oo
Power, machinery, cranes, etc....... 2300

$3000 or for a 15 ton
furnace, $58,500

Costs of steel per gross ton in a 3-ton bottom-blown Bessemer
vessel, making 15 heats per day or 45 tons.

Raw MATERIAL, assuming a melting and conversion loss of 12 per cent., and
using 6o per cent. pig, 30 per cent. shop scrap, 1o per cent. purchased scrap.
Three tons+.88=3.41 tons, of which .05 tons will be ferros, leaving 3.36
tons, of which
2.016 tons will be pig,
1.008 tons will be shop scrap,
0.336 tons will be purchased scrap.
2.016 tons low phosphorus pig at $22.00.... $44.35
1.008 tons shop scrap at $13.00............. 13.I0
0.336 tons low phosphorus scrap at $14.c0... 4.70
0.024 tons ferrosilicon at $75.00............ 1.80
0.026 tons ferromanganese at $50.00........ .30

865.25 or $21.75 per
ton
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Per day
Charging cupola and yard, 4 men at $2.c0
PEEdaya s e e e L Y
1 cupola tender at $3.0operday............. 3.
1 cupola tender helper at $2.00 per day....... 2.
4 vessel men at $2.50perday............... Io.
1 blower at $5. 00 perday....eoveeveien.cn.  5.00

§28.00 or $.62 per ton

Per ton of steel in
SuMMARY ladle
IR R | S g A Y OBt $21.73
e e e .62
Fuel, 3 ton coke at $5.00. .. vnere i cunsiniiis
Repairs and maintenance..........oovveve.en
Supplies and miscellaneous.........oovvvoeen.
Pawer Sels G nl ol e,
Management 50 per cent. of labor............
$24.53

Interest and depreciation, 15 per cent. on $35,000=85250 per
year. At 300 days per year, 45 tons per day, we produce 13, 500 tons
of steel. This item then amounts to $.39 per ton, bringing our total
cost to $24 .92 per gross ton of steel in ladle.

T g 24.02
Estimating 6o per cent. good castings, we have —6-0—:&41. 53 per

ton of castings, less credit for scrap, .40 tons at $13.00=$5.20,
giving us $36.33 per gross ton of good castings.

Costsof steel per gross ton in two 2 -ton side-blown Bessemer vessels,
making 10 heats per day, or 20 tons.

Raw MATERIAL, assuming a melting and conversion loss of 16 per cent., and
using 5o per cent. pig, 30 per cent. shop scrap and 2o per cent. purchased scrap.

Two tons—+.84=2.38 tons, of which .034 tons will be ferros, leaving 2.346
tons, of which

1.173 tons will be pig,
.7038 tons will be shop scrap,
.4692 tons will be purchased scrap.
1.173 tons low phosphorus pig at $22.00. . ...$25.81

.7038 tons shop scrap at $13.00............ 0.I5
.4602 tons low phosphorus scrap at $14.00. . 6.
.o16 tons ferrosilicon at $75.00............. 1.
.018 tons ferro manganese at $30.00........ .90

20

$43.63 or $21.82 per
ton
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Per day
Charging cupola and yard, three men at $2.00
per day.. SR 660
1 cupola tender at .?53 00 per day i 00
1 cupola tender helper at $2.00 per day R 0B
2 vessel men at $2.50perday................ 5.00
1 blower at $5.00 peL day .. viiviiineiss viess 5000
§21.00 or- $1.05 per
ton

Per ton of steel in
SuMMARY ladle
Raw material. it it o i v s $21.82
Labor.. 1.05
Fuelltoncokeat$5 00. 1.00
Repalrsandmamtenance.............‘...‘.. .50
Supplies and miscellaneous................... .25
Powerizvii. 25
Management 50 per cent of labor 553

$25.40

Interest and depreciation, 15 per cent. on 25,000=$3750 per
year. At 300 days per year, 20 tons per day, we shall produce 6000
tons of steel. This item then amounts to $.63 per ton of steel, bring-
ing our total cost to $26.03 per gross ton of steel in the ladI

—$45 38 per

ton of castings, less credit for scrap, .40 tons at $13 —$5.20, or $38.18
per gross ton of good castings.

Estimating 60 per cent. good castings, we have >

Costs of steel per gross ton in a 5-ton electric furnace, melting cold
scrap, working double turn and making 15 heats per week.

RAaw MATERIAL
.6o ton high phosphorus scrap at $10.00. . . §6.00
.40 ton shop scrap at $14.00................ 5.60

$11.060 per ton

Lasor Per week
2 melters at $150 per month.... $69.23
2 helpers at $4 .oo perday...... 48.00
2 helpers at $2.50 perday...... 35.00

$152.23 or for 75 tons $2.03 per ton
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SUMMARY Per ton of steel in ladle
Rawsmatesalic sl ossn e aisba i ol et s S s
Labor.. D e e e
Power, gookw hr e S T L T R e e L
Electrodes.. =
Repalrsandmdmtuname
Supplies and miscellaneous.........

Yard handling.. e A0k
Management 5o per cent of 1abor

831.65

Interest and depreciation, 15 per cent. on $30,000==$4500 per
year. At 75 tons per week, 48 weeks per year, we produce 3600 tons
of steel. This item then amounts to $1.25 per ton, bringing our
total cost to $32.90 per gross ton of steel in the ladle.

Estimating 6o per cent. good castings, we have 3 _$54 83 per

ton of good castings, less credit for scrap, .40 ton at $r4.oo per ton
or $5.60, giving us $49.23 per gross ton of good castings.
Costs of steel per gross ton in a s-ton electric furnace, refining

molten Bessemer or open-hearth metal, and making 55 heats per
week or 275 tons.

Lagor Per week
2 melters at $150 per month.... $69.23
2 helpers at $4.00 per day...... 36.00

$125.23 or for 275 tons, $.46 per ton

SuMMARY Per ton of steel in ladle
Labor . ‘846
Power, 3ookwrhr at .o13 . I A AR AR e e
Electrodes.. ST e Bt e e SRR
Repausandmamtenance R s B
Supphesandmlscellaneous..............A.......... .50
Management 50 per cent. of labor.................. .23

6.29

Interest and depreciation, $4500 per year. At 275 tons per week,
48 weeks per year, we produce 13,200 tons of steel. This item then
amounts to $.34 per ton, bringing our cost to $6.63 per ton. This is
to be added to the cost of open-hearth or Bessemer metal in the ladle.

In the case of Bessemer metal, the credit for shop scrap, and also
the value of scrap charged to the vessel, should be taken on a basis
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of about $14.00 per ton of scrap, because low phosphorus steel will be
made in the electric furnace.

Costs of steel per gross ton in a 20-pot crucible steel plant, using
coal holes and making 2 heats per day. Pots containing roo Ib. of
steel each, bringing our output to 4000 Ib. of steel per day. Pots will
average 3 heats each.

Raw MATERIAL
50 1b. low phosphorus boiler platc punch-
ings at $13.00. . . $.3424
1 lb. washed metal at 4’573 0. i S aeOErY
40 lb. shop scrap at $I3.oo.........‘ e gaeT
 1b. ferromanganse at $50.00 .OI12
% Ib. ferrosilicon at $75.00............. .0167

§.6136 or $.006136 perlb.

Per day
1 melterat $scoperday .........o..... ... $5.00
1 pot puller at $3.75 per day.
1 helper at $2.75 per day. .
1helpcratﬂSz.ooperday..“....,.‘

$13.50 or
$.003375 per Ib.

Pors
1 pot worth $§2.00 makes 300 lb. of steel. Pots, therefore,
amount to .006666 per pound of steel.

SuMMARY Per pound of steel
Rawsmatefial <00 L et e e e eatreh
Babatnls o o e R e e g
Fotas o S e S OO
Repairs and maintenance ................... .00I000
Management 50 per cent. of labor............ ..01678

$.018855 or
$42.24 per ton

Per ton of steel
Items above. . e R S
Fuel, 4 tons hard coal at $4 OO e e o o S THYO0
Supplies and miscellaneous..........
| Bty e o e S s T B R e b .60

$50.84 per ton of
steel in pot
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Interest and depreciation, 15 per cent. or $5000, amounts to $750
per year. At 4000 Ib. of steel per day, 300 days per year, we shall
produce 536 tons per year. This item therefore amounts to about
$1.40 per ton, bringing our total cost to $61.24 per gross ton of steel

in the pots.

; 61.24
Estimating 6o per cent. of good castings, we have ~§=$102.o7

per ton of good castings, less credit for scrap, .40 ton at $13.00 per
ton, $3.20, bringing our total cost to $96.87 per gross ton of good

castings.

Costsof steel per gross ton in a 30 pot regenerative crucible furnace,
burning producer gas, and making 6 heats per 24 hours. Production
18,000 Ib. per day. Pots will average 33 heats each.

LaBor

2 meltersat $s.ooperday. ... i v
4 pot pullers at §3.75 perday. .. .............
2 helpers at $2.75 perday......ocoooooinin..s
gpagmenat $atoperday. b iial
2 gasmenat $2.0operday.. ..ol

Per week
$60.00
00.00
33.00

35.00
28 .00

$246.00 or for

108,000 1b. of steel, $.002277 per b,

1 pot worth $2.00 makes 350 lb. of steel.

amount to $.005714 per pound.

SUMMARY

Raw material (asbefore) .. ...l vovwoiiiia

Labor..
Pots.. o
Manaﬂement 50 per cent of labor

Items above . :
Repeirs and mamtenance

Fuel, 1500 lb. gas coal at $3 oo per ton .

Supphes and miscellaneous .

Power

Pots, therefore,

Per pound of steel
$.006136
.002277
.005714
.00II3Q
$.015266 per pound
or $34.20 per ton

Per ton of steel
. $34.20
1.00
2,00
.75
.20

$38.15

Interest and depreciation, 15 per cent. on $30,000, amounts to
$43500 per year. At 18,000 Ib. per day, 300 days per year, we shall
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produce 2410 tons of steel. This item therefore amounts to about
$1.87 per ton, bringing our total cost to $40.02 per gross ton of steel
in pots.
Estimati : 40.02
stimating 6o per cent. of good castings, we have ~60—=$66.7o
per gross ton of good castings, less credit for scrap, .40 ton at $13.00
per ton, $5.20, bringing our total cost to $61.50 per gross ton of good

castings.
SUMMARY

Per ton molten Per ton good
stgzel [ castings

Basic openhearth......................] $19.28 | $26.53
Aeidrepenhearth &l enn DL T 21.07 20.02
Bottom-blown Bessemer................ 24.92 36.33
Basic open Learth and electric.......... 25.01 G
Side-blown Bessemer................... 26.03 38.18
Electric—cold scrap.................... 32.090 49.23
Crucible—3o-pot gas furnace............ 40.02, 61.50
Crucible—coalholes.... .o iaia i 61,24 06.87

Thus we see that the cost of the steel will run from about 1.2 cents
to about 4.3 cents per pound of good castings. As casting prices
range from about 33 cents on large tonnages of simple work to 12 or

15 cents for what is generally considered average light work, it will
be seen that the costly crucible process can be used only for thelatter
class of material, and that on the cheaper grades of castings generally
produced in bulk, it is impossible to figure a profit with Bessemer or
electric furnaces. The open-hearth foundries producing in bulk
can shade the price the small amounts necessary to attract purchasers
of heavy tonnages, and live. :

A 6. Tonnage.—The yearly tonnage to be produced affects rather
the size and number of the furnaces to be installed than the choice of a
process, as a little consideration of the foregoing discussion will show.

Production per week for the different processes is about as follows:

3-ton bottom-blown Besse-

MEr.eve s osonenn......00-T20heats, 270360 tons (single turn)
15-ton open-hearth furnace. .. 15— 18 heats, 225-270 tons (double turn)
Two 2-tonside-blown Besse-

U e e o e 72 heats, 144 tons (single turn)

One 5-ton electric furnace,

melting and refining 15 heats, 75 tons (double turn)
One s-ton electric furnace,

refining only............. 55 heats, 275 tons (double turn)
3o-pot gas crucible furnace 36 heats, 48.2 tons (double turn)
20-pot coal hole crucible

furnace i, o 12 heats, 10.7 tons (single turn)
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The crucible process, of course, can be used only for high-priced
castings, and no possible increase of production can bring the costs
down so that with this process we can compete with the others on
tonnage work. In the case of the open-hearth furnace, tonnage
determines only size and number of furnaces. Though an increase of
tonnage would somewhat reduce the cost of Bessemer metal, the
small vessels can never be brought in direct competition with open-
hearth foundries, as the cost of steel does not decrease with the ton-
nage produced in the same proportion as in open-hearth shops. The
Bessemer foundries therefore compete with crucible shops and with
the best of the acid open-hearth steel makers.

The position of the electric furnace is as yet indeterminate. Asa
melter and refiner in small units, it is at a disadvantage compared to
Bessemer shops, yet can compete with them. To run large units,
melting and refining cold stock, considerably decreases the cost of the
metal, but leads to a state of affairs in which, owing to the bulk of
steel to be handled per heat, the production of small castings is far
from easy; and the production of tonnage work is not economical
since the cost of the metal is much higher than that of open-hearth
steel, and the margin of profit on this cheap work too small to permit
of successful competition. By refining basic open-hearth metal, the
electric furnace can be brought into competition with Bessemer shops,
and therefore, as an adjunct of a steel foundry handling heavy work,
can do effective service in allowing the shop to get into the small cast-
ing or specialty field. Habit is compelling, however, and the tonnage
shop trying to handle the small casting business frequently fails be- .
cause the management will not pay the minute attention to detail
necessary to success in this field.

To refine open-hearth metal in a large electric furnace and produce
heavy castings is not economical, since the steel still costs some 4 or
5 dollars per ton more than open-hearth metal, and the position of
a large electric furnace refining open-hearth metal and producing
heavy castings of a grade of steel too good for the market is thus a
poor one strategically.

In electric-furnace installations, therefore, the indications seem to
point to the advantage of using the largest units that can be em-
ployed and still pour small castings; taking advantage of the com-
paratively large size to'reduce costs of metal as much as possible,
and selling in a specialty or jobbing market to obtain good prices for
the output.

B. Raw Material and Fuel most Available.—In the older iron-
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making centers raw material for any of the processes is readily avail-
able, and hence is a secondary consideration in the choice of a proe-
ess. Fuels may not be readily obtainable at a price to allow of the
use of a process in a particular locality, especially where competing
shops are already intrenched. This is especially the case with the
electric furnace, whose fuel is electric power which it uses most
uneconomically as compared with many of the other processes, in
places where power must be generated from coal. The raw mate-
rials and fuels used in the processes are as follows:

Process \ Fuel | Raw material

-Anthracite coal or coke. . ‘ Puddled iron.
Crucible............ Producer gas (soft coal)...| Charcoal iron.

. Natural gas.......... ... Open-hearth scrap.
QIR e e | Washed metal (or charcoal).

( Coke (in the cupola) Low phosphorus pig.

Bessemer...........| Power to drive blowing en- | Low phosphorus scrap.
gines and compressors !
obtained from coal, gas, |
oil, water, etc.

| Electric power, obtained | (Basic pig), and
from coal, natural gas, | High phosphorus scrap, or
Electric.............| blast-furnace gas, coke-| Bessemer or open-hearth
oven gas, oil, water. metal, or
| (Low phosphorus pig), and
| Low phosphorus scrap.

Producer gas...........| Basic pig.

Natural gas.............| High phosphorus scrap.
Basic open hearth.... Qil.............

(Coke-oven gas), etc

Acid open hearth....| Asabove................| Low phosphorus pig.
! Low phosphorus scrap.

It is apparent that only in exceptional cases will the fuel and raw
material available be the chief determining factor in the choice of a
steel-making process. So many fuels can be used for each process
that only in comparatively rare cases will only one be available, and
even then this fuel will almost always be capable of use for several
processes.

Electric power is frequently available at comparatively low figures
in districts where mineral fuels are costly, as for instance on the
Pacific coast of the United States and Canada. In such cases the
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disadvantage under which the electric furnace labors in more favored
districts may be entirely eliminated, and conditions pOiI}t conclu-
sively to the necessity of adopting this process to the exclusion of any
other, on considerations of fuel alone. When it is remembered that
for Bessemer practice the only fuel needed is the comparatively small
amount of coke or coal used to melt pig iron in the cupola, or oil to
melt it in a separate furnace or in the vessel, it will be seen that the
mineral fuel must be very expensive and power very cheap, for this
tobe the case. The open-hearth furnace is so easily handled with oil,
a very concentrated fuel, that it is rare for electric-furnace steel to be
cheaper than open-hearth.

Again, where pig iron is extremely costly and scrap abundant anfi
cheap, pig-iron consuming processes are at a disadvantage. This
generally affects only the Bessemer process, leaving the choice among
the other three open.

Even here, however, the problem can frequently be rendered so-
luble with the Bessemer process by melting almost all scrap in the
cupola, and obtaining the silicon necessary for the process from small
amounts of ferrosilicon melted with the charge in the cupola, or
melted separately and added before charging the mixture into the
vessel. In this way, by paying freight on the silicon necessary for
producing heat in the vessel, in very condensed form, the Bessem(?r
process may be made applicable in the face of great scarcity of pig
iron.

At least one process exists for adding carbon to steel scrap in the
open-hearth furnace in the form of coke or some such substance, and
thereby greatly reducing the amount of pig iron needed in the pig and
scrap process. Thus, on our Pacific coast, advantage is taken of
abundant oil fuel and cheap scrap to conduct the manufacture of
open-hearth steel quite cheaply. With cheap oil and electric power
and abundant scrap, the coast should in a very few years make itself
independent of the East in steel castings.

C. Capital Available.—This is a question, of course, of first cost of
plant, and is too often the cause of disaster with companies started
with insufficient knowledge of the conditions to be faced. The proc-
esses, in order of their first cost of installation, the cheapest first,
are as follows:

1. Crucible—coal holes.

2. Side-blown Bessemer.

3. Electric—(not counting power-house).

4. Crucible—gas furnace.
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5. Bottom-blown Bessemer—(including engines, boilers, etc.).

6. Open hearth.

From the point of view of the installation costs per ton of steel,
however, as the figures already given show, this order is quite dif-
ferent. For convenience, the processes are again tabulated below, in
order of installation cost per ton, as estimated above.

Process Interest and deprecia-

tion per ton
Electric furnace, refining hot metal.................. § .34
Bottom-blownBessemer.............._.,.......‘... .39
Bide-blown Bessemer.. .. ..o i .63
Radopencheart i I o i e o .78
Basicropbrshearths ot oro i nmn e e e .00
Electric furnace, melting cold serap................. 128
Crnetbleevalhtles o . vie on o ol I1.40
Croicible pasdurmate e i e 1.87

While there is much to be said in favor of starting a specialty or
jobbing business on a small scale, especially when the men in charge
are not thoroughly familiar with the work to be handled, it is easy
to overdo this and start with so little capital that before the difficul-
ties are all understood and overcome the management finds itself
embarassed from lack of funds. Thus if we mean toruna gas crucible
steel furnace of 30 pots, and start our business with four or five coal
holes, it is necessary to figure on a largely increased cost of metal at
the start, and we may find it takes very much longer than we had
expected to accumulate the earnings counted on to build the larger
plant. As a general rule, however, the safest plan is to start with
the same process we intend to use ultimately, since each process has
its peculiarities that must be mastered, and the experience gained
with the small plant is useful with the larger one.

D. Competition.—A very few words must dispose of this head-
ing, s?nce it is too much a matter of plain business sense to need
exposition.

Frequently, in a field already covered by tonnage foundries a good
deal of business in small jobbing work can be picked up. Tostarta
small plant to take care of such business is frequently profitable,
since the work is generally high priced. It must be remembered,
however, that it is “turned down” by the tonnage foundries because
it is hard to make, hence it will not be plain sailing to turn out the
castings, Moreover, the field will seldom be a large one and

therefore the business can be handled only with a small tonnage
equipment,
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It is almost unnecessary to point out, after what has preceded,
that to enter into competition with a firm well intrenched in a par-
ticular line, with a more expensive process than the competitor is
using, is almost always suicidal, since extra prices are not commonly
paid for superior steel, if the established firm makes good sound cast-
ings. The new concern will get chiefly the “cats and dogs” turned
down by the older shop, on which it is difficult to make a profit; and
to try to get business by price concession is fatal, since the other
fellow with his cheaper process can stand more than the newcomer
in that line. Should one find that his shop has inadvertently got
into such a situation, there are generally but three things to do—
take the scrapings of the business, which if the controlling shop in the
field carries on a tonnage business will often support a small concern;
get some good specialties; or shut up shop.

E. Labor Available.—In districts where steel making is new, it is
as easy to train men to one steel-making method as to another.
Experienced men must be imported to start operations, but generally
will not stay. The management must count, therefore, on training
the local labor as rapidly as possible.-

In the older steel-making districts, labor will frequently be avail-
able that understands one or two processes, but not the others.
This is especially true of the electric furnace and of special designs
of old types, as for instance the Krupp type of crucible furnace;
trained labor for either is hard to get. Should the case for two proc-
esses be otherwise about even, a lack of men that understand one of
them should at once put that process or special design of furnace out
of the running. At times the difficulty of obtaining men to handle a
process unfamiliar to the labor of the locality will even be found to
convert a supposed superiority of a special design of furnace into a
decided inferiority from the point of view of economical production
of steel.

F. Intermittent or Steady Operation.—If the furnace can be kept
going steadily, with no shut downs, any process may be used. Regen-
erative gas-fired furnaces (open hearth and crucible) cannot be
shut down and started up again without great expense, and must be
kept constantly hot. They are, therefore, best suited to double-turn
operation at their maximum capacity. Operated single turn, the
cost of steel will be greatly increased—and short shut downs will
be costly, both because the furnace must be kept hot, and because
to keep an expensive furnace idle runs rapidly into money.

The Bessemer converter is well suited to intermittent operation,
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and lends itself readily to very considerable fluctuations in the dajl
tonnage produced. The side-blown equipment being cheaper thai
the .bottom-blown is less affected by shut downs. ;

0il or coal burning crucible furnaces can be operated intermittently
as easily as continuously, and their installation cost is so low that shut
downs are relatively inexpensive.

Electric furnaces can be operated intermittently, but had far
better be.kept constantly hot, since the power consm;led in heating
then'l up is considerable, and the wear and tear on the furnace due to
heating and cooling is severe. That shut downs of large (and hence
costly) electric furnaces greatly increase the cost of metal
without saying. e
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CHAPTER III
THE CRUCIBLE PROCESS

The crucible process is the oldest of the steel-making methods now
extensively used, and like practically all our modern processes is
“indirect”; that is, steel is produced from some other product derived
from the iron ore.

In very early times, both steel and iron were produced directly
from the ore in open forges. These consisted essentially of an open
basin or hearth in which very pure iron ore was heated in contact
with a large excess of charcoal, the fires being blown with bellows or
other primitive means of producing blast. Part of the ore was re-
duced by solid carbon, according to the usual formula,

FeO+C=Fe+CO,

while a considerable amount of the FeO combined with the silica,
lime, etc., of the gangue of the ore to form a fluid or pasty slag.. The
metal obtained from these forges was in the form of a coagulated
mass of small particles, much like a puddled “ball,” and was ham-
mered to squeeze out the slag contained in the interstices, cut into
pieces, heated to welding and rehammered, until a fairly pure and
uniform bar was obtained. If the metal absorbed much carbon
from the charcoal a steel of varying degree of hardness was obtained.
As a rule, however, soft, carbonless iron was the product desired, and
in order to convert this into steel it was heated in a bed of charcoal
out of contact with the air until it was cemented or case hardened
to the center.

Later, the soft iron used for cementation was produced from the
new product, pig or cast iron, by melting a bar of pig iron with a
charcoal fire in an open hearth, and allowing the slowly melting iron
to trickle down through the air blast used. By the oxidizing action
of the blast, the carbon, silicon, manganese, sulphur and phosphorus
of the pig were eliminated and nearly pure iron was obtained ina
sponge of coagulated particles and slag, which was worked up as
before. By this method also either iron or steel could be obtained,

but iron was the usual product. This is the principle of the Walloon
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