COMPOSITION AND HEAT-TREATMENT OF STEEL

LOCAL HARDENING

The carbonizing process is often used for hardening certain parts of
a piece, and leaving the rest soft, as illustrated by the pieces showx_l in
Fig. 143. The three pieces are turned from machinery steel to the lines
shown by the outside line of each piece. After this they are carbonized
to the proper depth, then annealed, and then the parts shown by the
sectional lines are turned off, after which they are hardened.

By turning off the parts shown by the sectional lines, the outside layer
that has been carbonized is turned off, and this leaves these parts with
the machinery steel exposed. When hardening, therefore, the machinery
steel does not harden, and consequently remains soft, while the balance
of the pieces, which have a carbonized outer shell, do harden, and this
makes the pieces hard in the parts desired and soft in the other places.
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Acetylene, 147, 231, 233.
Acid Bessemer process, 17.
hydrofluorie, 193, 195.
open-hearth process, 27, 29.
pierie, 193, 197.
sulphurie, 200.
Alkali, chlorides, 236.
Alkaline eyanides, 231.
Alkaline earths, 236.
Alpha iron, 68.
Aluminum, 75, 76, 83, 86, 88, 107, 109,
118, 123, 144, 230.
granular, 86.
Ammonia, 231, 232, 233, 234.
nitrate of, 195.
Animal black, 231, 232, 234,
Annealing, 185-191.
cast-iron box for, 188.
furnaces, 190.
Howe's laws, 188, 189.
laws of, 186.
materials, 190.
rules for, 187.
temperature effects, 189,
Anthracite, 231, 233.
Antimonides, 89.
Antimony, 78, 88, 89, 90, 175.
Apatite, 79.
Aresn, reduction of, 187, 214, 220,
Arsenie, 42, 78, 88, 89, 90.
Arsenides, 89,

Austenite, 66, 195, 199, 209, 214-

215.

Barium, 232.
carbonate, 231, 234,
chloride, 175.
Basic open-hearth process, 27, 30.
Baths, barium chloride, 175.
hardening, 199, 204.
lead, 221-223.
oil, 223-225.
salt, 225-226.
tempering, 221-226.

Bessemer process, 1, 6, 13.

Beta iron, 68.

Bichromate of potash, 232, 234, 235.
of potassium, 231.

Billets, 19.

Bismuth, 78, 88, 89, 90.

Blast furnace, 1-12,
combined electric and, 10-12.

Blooms, 19.

Blow-holes, 14, 30, 31, 72, 75, 76, 83, 106,

107, 108, 117, 120.

Bone, 228, 231, 232, 237.

Borate of lime, 91.

Borax, 93.

Boric acid, 91.

Boron, 91.

Braunite, 71.

Briquettes, ore, 12.

Brittleness, 237.

Calcium, 75.
Campbell process, 32.
Carbide of iron, 74, 193.
Carbon, 9, 10, 12, 13, 22, 29, 33, 34, 39,
45, 50, 64, 65, 66, 67, 69, 70, 71, 74,
76, 79, 80, 82, 86, 87, 88, 116, 118,
119, 123, 124, 126, 144, 152, 193, 195,
198, 199, 201, 216, 227, 229, 230, 231,
232, 236, 237, 238.
combined, 1, 4, 193.
content, 68.
dissolved, 193.
graphitic, 1, 4.
speed of penetration of, 228,
Carbonate, 71.
of barium, 231, 234.
of lime, 200.
of magnesia, 200.
Carbonic oxide, 75, 232.
Carbonizing, 227-246.,
depth of, penetration in, 230, 233,
234, 235, 243-245.
effects of elements in, 230,
electrical, 228,
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Carbonizing, factors governing, 228-231.
furnace, 239.
gas process of, 238-245.
Harveyizing process, 227,
heat treatment after, 236.
Krupp process, 228.
local, 246.
materials, 231-235.
rates of penefration in, 234, 235, 243
245.
temperature effect on, 236.
time of exposure, 237.
Carbon monoxide, 13, 83, 231, 233.
Case-hardening (see Carbonizing), 227-246.
Casting, 116.
Castings, 1.

direct-steel, 121.

gray iron, 6.

steel, 27,

steel, properties of, 118.

Tropenas process, 117.

Cast iron, 18.

Cementation process, 65.

Cementite, 66, 79, 193, 194, 195, 196, 197.

Cerium, 110.

Chareoal, 9, 12, 31, 65, 190, 227, 231, 232,
9234, 235, 237.

Charred bone, 190.

leather, 190.

sugar, 231, 232, 234.
Chloride of barium, 175,

of alkali, 236.
Chrome-nickel, 100.

~vanadium, 100.

Chromium, 36, 50, 60, 69, 74, 93, 99, 102,
122, 123, 124, 208, 228, 229, 230, 231.

oxide, 232.

Cobalt, 97, 98.

Cohesive force, 205.

Coke, 1, 4, 12, 17, 31, 233.

Compression, limit of, 186.

Jonduetivity, 200, 201.

Converter, Bessemer, 13, 14, 17,

Copper, 42, 75, 86, 87, 88.

Copper sulphide, 87.

Corrosion, 28, 85, 88,

Cracking, 205-208, 236.

Critical femperatures, 193, 199. See also
Recalescent, Decalescent, and Trans-
formafion points.

Crucible proeess, 1, 6, 34.

Crucibles, fire-clay, 34.

graphite, 34.
Crystalline structure, 114
Crystallization, 237.

of annealing, 187,
Cupola, spiegel, 15.
Cupro-titanium, 108,
Cyanate, 232.

of potassium, 232.
Cyanide, 178, 236.

alkaline, 231.

ferro-, 231, 232,

of ammonia, 232.

of potassium, 175, 231, 232, 236.
Cyanogen, 232.

Decalescent points, 68.
Decarbonization, 27.
Deflection, 218, 219.
Dolomite, 17.

burned, 30.
Dynamics, 197.
Dynamie properties, 229.

Elastic limit, 189, 192, 198, 199, 201, 214,
215, 218-219, 220,

Flectric blast furnace, 8-12.

Electric current for iron furnaces, 11.

Electrie furnaces, see Furnaces, electrie.

Electrice process, 1, 6.

welding, 145-147.

Eleetrical conductivity, 193.

Electrodes, 9, 11, 12.

Elongation, 189, 198, 199, 201, 214, 215,
220.

Erosion, 195.

Butectie steel, 67.

Ferrite, 66, 87, 92, 116, 193, 194, 195, 196,
197.

Ferro-aluminum silicon, 60.
-boron, 91.
~chromium, 99.
-cyanide, 36.
-cyanide of potash, 232, 234, 235.
-manganese, 29, 31, 36, 71, 84, 85, 107,

108.

-mangano-aluminum-silicon, 60.
-mangano-silicon, 61.
-gilicon, 29, 75, 76, 77, 78, 86, 108.
-silicon-manganesge, 71, 75.
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Ferro-titanium, 18, 19, 105, 107, 120.
vanadium, 120.

Ferrous-titanate, 105,

Fiber stress, 219.

Fire-clay, 190.

Fluorspar, 86.

Fluxes, 45.

Flux, magnetic, 50.

Forging, 122-124.
drop-hammer, 131-135.
hand, 126.
press, 136-143.
steam-hammer, 127,
temperatures, 124-125.

Fuels, furnace, 153-181.
crude oil, 155.
gaseous, 163,
hard, 153.
kerosene, 154.
liquid, 154.
producer gas, 163,

Furnace, electrie, Colby, 49,
Girod, 56.

Heéroult, 45.

Keller, 47.

Kjellin, 49,

refining, 40.

Stassano, 42.
Richling-Rodenhauser, 53.
Cembined gas and electric, 63.

Furnaces, blast, 1-12.
carbonizing, 239-245.
combined electric and blast, 10-12,
electrie, 42-57,
electric smelting, 8-12.

hdrdening, 210-213.

heat treatment, 151-184,
barium-chloride bath, 178.
cyanide of potassium bath, 175.
electric, 182-184.

gaseous fuel, 163-181.
temperature regulator for, 170.

hard fuel, 153.

lead bath, 175,

liquid fuel, 154-163.

liquid heating, 174-181.

Gamma iren, 68,
Gases, carbonizing, 228, 231, 232, 233,
234, 238-245.
illuminating, 231, 233,

Gases, occluded, 18, 19, 30, 77, 83, 104,
Gasoline, 231.
Graphite, 66, 194, 231,

Hammer, hardness, 187,
hard steel, 186.
steel, 38.
Hardening, 192-213,
baths, 199-204.
carbon effects in, 198,
cracking in, 205.
effects of, 199.
electrical, 204.
factors in, 193.
furnaces, 210-213.
high-speed steels, 208.
mechanical effects of, 198,
preheating in, 207,
temperatures, effects of, 200.
‘warping in, 206.
Hardenite, 195-197.
Hardness, 192, 215, 227,
Harveyizing, 65.
Hematite, 62.
Horn, 231.
Hot~-blast stoves, 1-4,
Hydrocarbon, 83, 232, 236,
Hydrofluoric acid, 193, 195.
Hydrogen, 66, 83, 84, 85, 149,

Hluminating gas, 231, 233,
Impact, 218.
Ingots, 16.
Internal strains, 185, 205, 214,
lodine, tineture of, 193, 197,
Iridium, 94.
Iron, blast-furnace, 16,
carbide, 193.
cast, 18.
ore, 1,4.
oxide of, 28, 29, 215, 232,
phosphide of, 73.
pig, 1, 9, 10, 12, 13,.30.
wrought, 30, 36, 37, 40.

Krupp process, 66,

Ladle cars, hot metal, 5,

Lanthanum, 110.

Lash mixture, 61,
process, 61,
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Lead bath, 221.
-fin baths, 221-223.

Leather, charred, 231, 234,

Lime, carbonate of, 200.
slacked, 190.

Limestone, 1, 4, 17, 25, 28, 30, 86.
burnt, 56.

Machinery steel, 68.
Magnesia, 17, 190.
carbonate of, 200.
Magnesite, 30, 47.
Magnesium, 150.
oxides, 79.
Magnetic, 193.
qualities, 192.
Magnetite, 61.
Manganese, 1, 13, 14, 15, 29, 31, 32, 36,
38, 39, 40, 50, 63, 65, 69, 71, 72, 73,
74, 75, 76, 77, 80, 83, 85, 86, 88, 101,
102, 116, 118, 119, 121, 122, 123,
124, 126, 198, 201, 228, 230, 231.
Manganese, ferro-, 29, 36, 71, 73.
oxide, 29, 30, 73, 231.
gilicate, 82.
sulphide, 14, 19, 73, 81, 85.
Manganite, 71.
Martensite, 110, 195, 196, 197, 198, 199,
206, 207, 229.
Martin process, 22.
Mercury, 200, 202.
Methane, 233.
Miea, 190.
Microscopical examination, 193-197.
Mill, slabbing, 19, 111.
tilting table, 111.
Molds, ingot, 16.
Molybdenum, 102, 103, 208, 230.
Monell process, 32.
Monel metal, 95.

Naphtha, 231.
Nickel, 34, 42, 50, 60, 74, 93, 95, 96, 97,
99, 120, 123, 144, 228, 229, 230.
chrome, 42, 236.
Nitrate of ammonia, 195.
of potassium, 200.
Nitrogen, 83, 84, 104, 105, 106, 107, 117,
118, 231, 233-34.
Non-magnetic, 185, 193.

Oecluded gases, 18, 19, 30, 77, 83, 104.

Oil baths, 223-225.
Open-hearth process, 1, 13, 22,
acid, 1, 6.
bagie, 1, 6.
Ore, 17.
briquettes, 12.

Overheating, 152.

Oxidation, 28.

Oxide, 210.

carbonie, 232.
chromium, 232.
magnesium, 79.
manganese, 198.

of iron, 28, 215, 232.
scale, 210.

Oxidizing, 188.

Oxy-acetylene, 147.

Oxygen, 1, 13, 19, 29, 30, 40, 45, 73, 76,
83, 84, 85, 86, 117, 118, 119, 147,
176, 190, 210.

Oxy-hydrogen, 149.

Pearlite, 66, 87, 92, 110, 194, 195, 215, 229.
of, 228.

Petroleum gas, 231.

Permanent set, 218-219.

Phosphate of lime, 79.

Phosphide of iron, 73.

Phosphides, 78, 89.

Phosphorus, 1, 13, 17, 18, 19, 28, 29, 30,

31, 32, 38, 40, 42, 46, 47, 56, 63, 65,
74, 77, 78, 79, 80, 81, 85, 88, 117,
118, 124, 126, 198, 201.

Picric acid, 193, 197.

Pig-casting machines, 7, 8, 9.
iron, 9, 10, 12,

Pigs, 1, 4, 6, 8.

Platinum, 94.

Potash, bichromate of, 232, 234, 235.
ferro-cyanide of, 232, 234, 235.
prussiate of, 231.

Potassium, 36, 75.
cyanate, 232.
cyanide, 231, 232, 236.
ferro-cyanide, 231, 232.
nitrate, 200.

Prussiate of potash, 231.

Pyrometers, 164.

Quenching baths, 199-204.

Rails, steel, 17.

INDEX

Rails, steel, sulphur in, 19.

Recalescent points, 67, 185, 192, 193, 199.
See also Critical and Transformation
points.

Reearburized, 22.

Recarburizing, 15, 31.

“Red-hardness,” 209,

Reduetion of area, 187, 214, 220.

Refractory earth, 190.

Rolling, 111-114.

rules for, 115.
temperatures, 116,
Rolls, slabbing, 111.

Sal ammoniac, 200.
Salt, 36, 200.
baths, 225-226.
Sand annealing, 190.
silica, 6.
tempering, 226,
Sawdust, 190.
Scaling, 188.
Serap, steel, 28.
Shock resistance, 192, 199, 215, 218, 227,
229.
Silica, 29, 30, 74.
Silicates of iron, 75.
Silicide, 75.
Silicious materials, 29.
Silicon, 1, 14, 16, 17, 29, 30, 31, 34, 37, 38,
39, 40, 63, 65, 71, 75, 76, 77, 78, 80,
83, 85, 86, 94, 116, 118, 119, 123,124,
126, 198, 201, 230.
dioxide, 75.
-ferro, 29, 75, 76, 77, 78.
ferro-manganese, 71.
in electric furnace, 77.
in iron, 12, 13.
oxidation of, 29.
results on quenching, 76.
spiegel, 76.
Slag, 10, 16, 19, 25, 27, 29, 30, 40, 56, 76, 119.
lime-iron-oxide, 60.
oxidizing, 79.
Slig, 12.
Sodium, 75.
Sorbite, 189, 195, 197, 206.
Sows, 4, 6, 8.
Specific heat, 200, 201, 202.
Spiegeleisen, 15.
Spontaneous annealing, 187.

Static strength, 197, 214,
Stove, hot-blast, 1-4.
Strains, internal, 185, 205, 214.
vibrational, 218.
Stress, fiber, 219.
Sugar, charred, 231, 232, 234.
Sulphide of iron, 81.
of manganese, 81.
Sulphur, 1, 13, 18, 19, 28, 29, 30, 31, 32;
38, 40, 42, 46, 47, 56, 63, 65, 73, 74,
80, 81, 82, 83, 84, 85, 86, 117, 118, 119,
124, 126, 190, 198.
Sulphur in coke, 12.
in electrie-furnace iron, 12,
Sulphurie acid, 200.

Talbot process,

Tantalum, 93.

Tempering, 186, 214-226,

colors, 216.

crank-shafts, 218.

effects of, 220.

furnaces, 220-226,

gears, 218,

sand process, 226.

springs, 217.

temperatures, 215-216.
Tempering furnaces, gas, 220,

electrically heated, 224.

lead bath, 221.

oil, 220, 223.

salt bath, 225.

Tensile strength, 29, 186, 187, 189, 192,
198, 199, 201, 214, 215, 220.

Tineture of iodine, 193, 197.

Titaniferous ores, 105.

Titanium, 18, 19, 84, 86, 105, 108, 120,
123, 228, 229, 230.

Titanium-, cupro-, -108.

Titanium, ferro-, 18, 19, 120,

Tool steel, 68.

Torsion, 218.

Transformation point, 185, 186, 187, 188,
189, 190, 192, 193, 197, 199, 208-209
214, 237. See also Recalescent, De-
calescent, and Critical Points.

Troostite, 197, 206.

Tropenas process of casting, 117.

Tungstates, 101.

Tungsten, 34, 42, 50, 60, 69, 100, 101, 102,
123, 124, 208, 230.
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Tuyeres, 4, 12,
Uranium, 103.

Vanadium, 84, 86, 99, 103, 104, 105, 119,
120, 123, 144, 228, 229, 230, 231.
chrome, 34, 105.
ferro-, 120.
Vibrational strains, 218,
Viseosity, 200, 201.

Volatility, 200, 201.

Warping, 205-208, 236.

Welding, 143-145.
electric, 145-147.
oxy-acetylene, 147,
Thermit, 149-150.
with gases, 147-149,

Wolframite, 101.
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