


628 MINERALS YEARBOOK, 1960

TECHNOLOGY

The Bureau of Mines, U.S. Department of the Interior, published
several reports on its blast furnace research program. In one study,
natural gas was used to replace 30 percent of the coke charge, and
output was increased 25 percent in the Bureau’s experimental blast
furnace.*® In another experiment with this furnace, raw (unfired)
iron ore pellets were successfully smelted with no significant change
in coke consumption and only moderate increase in dust losses
A third test showed that part of the coke charge can be replaced by
injecting anthractite directly into the smelting zone. Hot blast tem-
perature should be increased to compensate for chilling effect of
cold anthracite; use of finer anthracite will permit reduction in
carbon-to-iron ratio and, therefore result in a higher production
rate.®®

Another experiment included enrichment of the blast with steam,
natural gas, and oxygen. Results showed that natural gas with
oxygen increased output and reduced coke requirement and that
varying the moisture content of the blast was an effective tool for
controlling the operation of the furnace.®

Fuel oil was atomized into the natural gas stream as it passed
through the tuyeres of a blast furnace in one experiment. Fuel oil
supplements the natural gas, which can only be added in limited
amounts.*’

Results of tests on the use of natural gas in the blast furnace of
Lone Star Steel, Lone Star, Texas, in 1960 were promising. With
a 3-percent injection of natural gas, production increased 30 percent
and coke consumption decreased 20 percent. Hot blast temperature
was increased 25 percent. During the tests, savings of 17 percent
in fuel cost and 15 percent in operating cost were realized.s

Tests at Pittsburgh Coke and Chemical Company at Pittsburgh,
Pa., showed that merchant pig iron could be made with undesulfu-
rized coke oven gas, containing hydrogen sulphide by injection in the
tuyeres of a blast furnace. The injection resulted in increased metal
output and decreased coke consumption.*?

In Germany the efficiency of the blast furnace was increased by add-
ing oxygen and carbon dioxide to the blast; in trial smelting in a 0.6-
meter-diameter furnace, the blast was enriched to 16.6 percent carbon
dioxide and 45.0 percent oxygen, resulting in a 40-percent increase in
efficiency.*

In the Low Shaft Blast Furnace at Liege, Belgium, the thermal
aspects and shaft efficiency of indirect reduction were established with
or without fuel oil and gas injection with or without top pressure.
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The effect of varying the quantity of carbon monoxide and hydrogen
on indirect reduction also was established.**

A method for continuous refining of molten pig iron in a blast
furnace runner by injecting pure oxygen through a porous bottom
{)late was described. In the experiment, silicon was reduced; iron
osses due to oxidation were low; and brown smoke did not occur.*

The use of electronic computers for predicting effects of oxygen,
moisture, and fuel additions in blast furnace operations evoked con-
siderable interest. Essential elements of methods developed were
described, and results of computed predictions for several iron blast
furnaces were compared with actual results.4

Radioactive tracers were used to determine the movement of the
blast furnace charge under normal working condtions. The results of
193 experiments carried out in 1956-57 at the Azovstal works in
U.S.S.R. were described.* -

At the Colorado Fuel and Iron Corporation, Pueblo, Colo., radio-
active cobalt (Co) was used to show brick wear in areas of extreme
erosion. ~Radioactive cobalt needles were mixed with castable
refractories, placed in the furnace wall, and monitored outside with
Geiger counters. A sudden drop in radiation indicates wear. Cobalt
60 1s a satisfactory isotope since its half life of 5.3 years corresponds
to a normal furnace-lining life.*

In Rumania and Bulgaria lead-bearing iron ores were successfully
smelted in a blast furnace. It was demonstrated that lead can be
recovered without disturbing the working and operating conditions
of the furnace and without producing dangerous concentrations of
lead oxide in air when tapping metal.®®

All the recent advances in blast furnace technology will be con-
sidered in an ultramodern blast furnace with a 98-foot hearth
diameter to be built by U.S. Steel at its Duquesne Works, Pittsburgh,
Pa. The furnace was scheduled for completion in 2 years and was
expected to produce about 850,000 tons of molten iron annually.
Technological advances to be incorporated in the plant include blast
furnace stoves that will deliver increased hot-blast temperature up
to 2,000° F., refractories-lined bustle pipe, high hot-pressure up to
30 pounds per square inch, automatic probing of the stock column,
and advanced instrumentation. A modern turboblower and a new
raw materials trestle will be constructed. U.S. Steel also was con-
structing a small experimental blast furnace, similar to the Bureau
of Mines Experimental furnace, at Universal, Pa.®

The Armco Steel No. 8 blast furance at Middletown, Ohio
produced a record tonnage of 2,804 tons of pig iron a day for a peri
of 1 month during 1960. Its output for the entire year totaled 884,407
tons, an average of 2,500 tons per day. This high output was realized
through the use of sized material in the furnace and through the use
of large quantities of pellets.®
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In steelmaking, developments continued to revolye around some
hase of exygen use. One dramatic example was by Ford Motor
ompany, Dearborn, Mich., where steelmaking time was reduced
more than 50 percent by using oxygen. Production rates of 70 tons

r hour on a 200-ton furnace and 105 tons per hour on a 400-ton
Krnace were reported. These production rates compare favorably
with rates achieved in oxygen converters. In the operation, rapid
charging of the furnace is stressed, and lime is sandwiched in with
scrap during charging. Maximum end-firing goes on during charg-
ing at the rate of 14 gallons of oil enriched with 5,000 cubic feet of
oxygen per minute in the 200-ton furnace. Additional heat is also
supplied from lances, lowered about a foot through the roof, furnish-
ing 80,000 cubic feet of natural gas mixed with 48,000 cubic feet of
oxygen per hour, a heat input from both sources of about 190 million
B.t.u. per hour.

After charging, which takes 23 minutes, the roof lances are lowered
to about 2 feet above the scrap, and as the scrap melts down, the
lances are lowered still farther.” About one-half hour after charging,
11 minutes are required to add molten pig iron. The natural gas
is then shut off, and oxygen at the rate of 48,000 cubic feet per hour
is surface-blown onto the melt through lances lowered to 4 inches
above the bath. Thirty minutes after the hot metal addition, end-
firing virtually ceases. About two tons of iron ore are added during
the refining period. Total charge-to-tap time runs about 2 hours and
50 minutes. Fuel and oxygen requirements per ton run 1,368,000
B.t.u. and 1,575 cubic feet, respectively. Ford is continuing its
research in this field, employing many new techniques.5?

An interesting variation in open-hearth design was a 250-ton fur-
nace without a front wall built in U.S.S.R. The steel framework is
all-welded construction, and instead of a front wall with a number of
water-cooled door frames and doors, seven water-cooled free-hanging
doors cover the 5-foot-9-inch-by-40-foot-long opening. A furnace so
designed can be charged faster and more uniformly, and the worry
of hitting the door frames with charging boxes is eliminated. One
reported drawback is higher heat losses from cooling water.

Open-hearth furnaces of 660-ton capacity were under construction
in the U.S.S.R. in 1960, and plans for 880-ton units, which could be
increased to 1,000 tons, were being designed.5?

Wheeling Steel at Steubenville, Ohio, used steam-oxygen blowing
in the Bessemer converter process. In the process a mixture of 50
percent steam and 50 percent oxygen preheated to 300° F. was blown
through the bottom tuyeres of the converter in place of air. The
nitrogen content of the steel made by this method was 0.0018 percent,
compared with the normal range of 0.002 to 0.005 percent for low-
carbon open-hearth steel. Hydrogen content averaged 0.3 to 0.4 parts
per million—about the same as air-blown Bessemer or open-hearth
steel. The heat cycle time, from charge to finish tap, was reduced
from 12 to 9 minutes, and the blowing time was decreased from 9 to 7
minutes. Metallic yield was increased by 0.5 to 1 percent.®
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The feasibility of using Krupp-Renn processed iron and sponge
iron instead of iron and steel scrap as cooling agents was demonstrated
in an experimental L-D 3-ton oxygen-blown converter in Germany.*

The British Oxygen Research and Development firm in England
introduced argon experimentally through hollow electrodes in an
electric furnace. Qualitative and quantitative results showed that
the argon had a stabilizing effect on the arc, decreased melting time
22 percent and decreased electrical consumption 13 percent in a
1-cwt. manually operated electric-arc furnace.>

Considerable work was done at the Indian Institute of Metals
on the use of rare-earth compounds in steels. The possibility of
using rare-earth comfpounds for desulfurization was demonstrated.
Limited quantities of oxides and fluorides of rare-earth metals and
LanCerAmp alloy tended to reduce the size of inclusions and dis-
tribute them more uniformly; excessive rare earth caused inclusions
to appear again; rare-earth oxides and LanCerAmp appear to refine
grain size of low-alloy steel, while rare-earth fluorides result in grain
coarsening.®

In evaluating high-strength steels for rocket motor casings, small
size pressure bottles were used. Steels evaluated included: AISI,
H-11, AMS 6434, and PH 15-7 Molybdenum alloy steel. When there
was proper control of optimum tempering range, effects of weld mis-
match, porosity, improper weld repairs, ground flush welds, and
ovality, consistent burst strengths could be expected for vessels heat-
treated in range of 240,000 to 260,000 p.s.i. tensile strength.*®

The use of vinyl-clad steel increased during the year. Ford Motor
Company was the first automobile company to use the laminating
technique, called the Marvibond process and developed in 1953 by
Naugatuck Chemical Co. Ford used vinyl-clad steel extensively in
the interior of the 1959 Thunderbird and was considering its use in
other models.*®

Armco Steel Corporation, Sheffield Division, Kansas City, Mo.,
was using molten cupola metal to increase open-hearth output. The
metal was made in cupolas with 108-inch shell diameters of the con-
tinuous casting type from which hot metal runs into a 150-ton holding
ladle. Metal from the cupola contains about 3 percent carbon, 0.20

ercent phosphorus, and 0.13 percent sulfur. The metal is desul-
ized by introducing sodium carbonate into the hot metal as it is
poured from the holding ladle. The normal charge for the cupola is
40 percent cast iron and pig iron and 60 percent steel scrap. In addi-
tion, coke and limestone are charged. About 300 pounds of coke and
50 pounds of limestone per ton of iron is required.®

The Bureau of Mines continued its research program on the use of
uranium in steel. Studies were directed toward establishing the har-
denability factor of uranium and in developing safety measures in its
use. In%)ots weighing 300 pounds were successfully air-melted by the
Bureau, but a 1,000-pound ingot failed during forging at a commer-
cial laboratory.
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The Canadian Department of Mines and Technical Surveys had
been conducting research on using depleted uranium as an alloying
agent in steel at an annual cost of about $250,000. In tests conducted
in Canada, uranium was successfully added to a 500-pound heat by
wrapping the material in aluminum foil to avoid high oxidation losses.
Recoveries in the range of 75 to 85 percent for 0.4 percent carbon
steels and 55 to 60 percent for 0.10 percent carbon steel were realized.
Uranium is an excellent deoxidizer, and steel can be fully killed with
this element.

The experiment showed that 0.7 percent uranium in steel increases
hardenability. It was also determined that uranium improved the
corrosion resistance of steel in tests, utilizing a 5 percent hydrochloric
acid solution. In fatigue studies, the endurance limit of a 0.4 percent
carbon steel was found to increase from 29,000 p.s.i. to 36,000 p.s.i. by
adding 0.02 percent uranium and to 40,000 p.s.i. with 0.20 percent.
Creep studies at elevated temperatures of AISI 1010 and AISI 1040
steels showed that uranium increased the time to rupture at a given
temperature and stress. This feature might be of interest to steel
consumers for high temperature application such as steampiping and
for nuts and bolts used in high temperature surroundings.®

Since World War II, large tonnages of depleted uranium have be-
come available as the result of Atomic Energy Commission activities.

The British Iron and Steel Research Association (BISRA) had
a number of interesting programs on iron and steel, and expenditures
for the year 1959 were nearly $2.3 million. In blast furnace chem-
istry, BISRA used a special apparatus with a stationary charge in
controlled environment to simulate actual blast furnace conditions.
In this apparatus, full-sized blast furnace materials are subject to
the conditions experienced by a normal charge during its passage
down the blast furnace stack. The materials remain stationary, and
gas of controlled composition and temperature is circulated through
them in a closed system.

Using this apparatus in experiments on sintering, the strongest
sinter is produced when the quantity of air slightly exceeds that
needed for gaseous combustion and the waste gas flow is just sufficient
to draw gasses from the bed. The practicability of injecting pul-
verized coal and oxygen, with or without iron ore fines, in the blast
furnace hearth was examined.

In new ironmaking techniques, BISRA continued its steady prog-
ress in developing the flame smelting process. Problems connected
with constant rates of feed of powdered coal and ore to the high tem-
perature reactor were solved, and the reliability of the unit was
improved so that molten metal and slag could be made at will.

In steelmaking, a survey of the use of gaseous oxygen in open
hearth furnaces showed that the greatest use of oxygen was in com-
bustion of the fuel for melting or refining the charge. The use of
oxygen shortens steelmaking time and reduces cost. In oxXygen-con-
verter steelmaking research, extensive trials were made at the Vale
and the Daubessy laboratories using the flame-brightness method for
determining the end point of the refining period. In ingot practice,

% Department of Mines and Technieal Surveys, Uranium in Steel: Ottawa, Canada,
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experiments were carried out, compa,rineg the yield obtained by chem-
ical capping to that obtained with rimmed steel ingots.

At the Sheffield laboratories, valuable operating data were de-
veloped on the design of continuous casting equipment. Of particular
interest was a pneumatic spring-mounted mold system that was de-
signed to give good surface quality and high casting speeds. In this
system the mold is mounted on springs to take care of friction as the
metal passes through the vertically mounted mold. As the friction
increases, the mold is pulled downward against the springs, and then
at a predetermined moment the pneumatic cylinders are automatically
actuated to give the mold a downward impulse. At the bottom of the
stroke, an upward impulse aids the springs in returning the mold to
its topmost position.

In research conducted at the Centre National de Recherchesmetal-
lurgiques, Charleroi, Belgium, in cooperation with BISRA, 4-inch-
square ingots of killed steel were cast at speeds of 9 feet per minute.
Also considerable progress was made in continuous casting of rimmed
steel in 8-inch squares in the BISRA spring-mounted metal. Research
was conducted on improving forging equipment, automatic forging,
cold-rolling, tinning, plastic-coated steel, and lacquered strip.

An optical instrument was developed for continuously gaging bar
in four planes on an experimental rolling mill.

Considerable progress was made in manufacturing high-speed steel
rounds and shapes by extrusion of cast material.

At the Sheffield laboratories, a pilot plant fluidized bed was used
for rapidly and uniformly cooling 10-cwt. ingot molds in 46 minutes,
compared with 880 minutes by normal, natural cooling methods.
Provisional patents were filed for a double fluidized-bed recuperator
in which strip is fed through the fluidized-bed system without loss
of the granular material.

In experiments on the vacuum-degassing of steel with pressures
about 0.01 mm. of mercury, the Roots-type blower was successfully
used in an experimental plant. However steam ejectors, which are
used in the United States, were believed to be the best solution for
larger plants.

In electrical sheets the effect of impurities on the magnetic prop-
erties were studied. It was determined that sulfur had a marked
effect on magnetic properties: both hﬁteresis loss and coercive force
vary linearly with sulfur content. Manganese in quantities up to
0.2 percent was found to modify the effect of sulfur by altering the
form and dispersion of the precipitated sulphide phase. Automatic
magnetic testing equipment, which enables rapid measurements of
the fundamental groperties and thus facilitates studies on electrical
sheet, was installed.

Alloy steel studies included internal friction techniques to study
grain boundary properties. A report on these studies states: “The
spectrum of relaxation peaks forming the damping/temperature
curve contains a peak which isassociated with the movement of grain
boundaries and 1t has been shown that there are differences in the
damping curves of temper-embrittled and non-embrittlement of high
purity iron-nitrogen alloys.”
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The research association has been granted some 37 patents in the
United Kingdom with 111 applications pending. Income from royal-
ties on patents in 1959 was $44,960.°

Research, financed by the High Authority of the European Coal and
Steel Community, in progress mn 1960 was as follows: Prospecting for
iron and manganese ores in certain African countries, utilization of
liquid and gaseous hydrocarbons in blast furnaces, direct reduction of
iron ore, study of flames, improvement and utilization of blast-furnce
gas, and dedusting of reddish-brown fumes produced by converting
molten pig iron by means of oxygen.

Research on using liquid fuel in the blast furnace resulted in a
20-percent decline in coke consumption and a 15-percent increase in
productivity. Each 80 to 90 kilograms of fuel used per ton of pig
iron required a 100° C. increase in hot-blast temperature. The use of
oxygen (24 percent of the blast) resulted in a 30-percent decrease in
coke consumption and up to a 55-percent increase in output. Im-
provements were also realized by using residual gas, containing 60
percent methane and coke oven gas. Studies on the combustion of
unpurified blast-furnace gas were begun, and work on flames con-
tinued satisfactorily. Considerable progress was made in producing
a high-quality direct iron product in a rotary kiln for steel-furnace
use. Ring formations in the kiln and desulfurization of the iron
product were overcome. Dedusting of reddish-brown fumes was
technically feasible, but the cost of recovering the vapor and heat to
make the process economical was not realized in the apparatus used.®
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