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steel, which would indicate that it was injurious when steel was heated 
to comparatively high temperatures. It frequently occurs with man­
ganese silicate (slag) and it segregates together with phosphide of iron 
in the form of ghosts. In this case it may be very injurious to steel, 
and especially so wlíere the sulphide is spread out into threads or ribbons 
by rolling the metal. 

Sulphur, when added to soft cast iron that is low in sulpbur, increases 
the strength of the metal, partly by closing the grain and partly by in­
creasing the combined carbon. Owing to this tendency to increase the 
combined carbon and forro an iron carbide, it has a hardening effect on the 
metal. Its eff ect on the tensile strength of steel has not been definitely 
settled, but up to 0.10% it <loes not alter tbe elastic ratio, elongation, or 
reduction of area to any extent. The actual percentage of sulphur at which 
steel ceases to be malleable or weldable varíes with other ingredients. 
Each increment of manganese raises it, and it is lowered if the steel ingots 
are cast too hot. 

Attention is being turned to the effect of sulpbur, noted in tbe pre­
ceding paragraph; and the old theory that sulphur sbould be reduced to 
a mere trace in steel is beginning to be doubted, as sorne of thcse eff ects 
could be made beneficia} if the injurious effects could be overcome. Sorne 
recent investigations have led to the belief that the oxides are the real 
source of weakness and failures in steel, and if these can be removed, 
the injurious eff ects of sulphur can at least be nullified, witb the probability 
of its being made beneficia!. 

According to the old theory, 0.08% of sulphur made crucible steel 
absolutely worthless for welding, forging, rolling, etc., but I have recently 
seen samples of crucible steel that had the oxides reduced to a mínimum, 
and the sulphur at 0.08%, that were forged under tbe steam hammer 
without any signs of checks. A piece of this same steel which con­
taü1ed 0.60% of carbon was welded onto machinery steel to form the 
cutting edge of an axe, and apparently the weld was perfect, as there was 
no signs of a crack when it was ground to sbape. This axe was stood 
on an anvil with the cutting edge up, and given 20 blows with a heavy 
sledge before the edge broke, and even then the weld was not harmed. 

Another test was to drift a hole 4 inches in diameter in stock 1 ½ incbes 
thick and 4 incbes wide without clestroying the drif t. In still another 
test a j-inch set stood 200 blows from a 12-pound sledge without breaking. 
This same set was then used in tbe daily work at the mill until it was 
worn out, and it outlasted two sets made from stock ~tcel. The tensile 
strength was a little better than the ordinary in this high sulphur steel. 

The sulphur content was carried still higher in later tests and it was 
found that with sulphur up to 0.13 per cent. no injurious effects were 
appa,;ent in the steel and the metal did not develop tbe "hot-shortness" 
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that every one heretofore has attributed to sulpbur. Above a sulphur 
content of 0.13% the metal began to show signs of brittleness and was 
clearly injured. 

With steels as ordinarily made at present the sulphur should not exceed 
0.10% for any use, but for tool making or other uses where the metal has 
to be repeatedly beated and cooled this should not be over 0.03%, and 
preferably as much lower as possible. Steel as now made would be much 
better for nearly all kinds of work if the sulphur could be reduced to a 
trace. 

OXYGEN, HYDROGEN, AND NITROGEN 

Of all the elements that enter into the composition of the earth's 
crust, oxygen forrns nearly one-half, or, to be more explicit, 47.29%. 
It comprises eigbt-ninths of water and about one-fifth of the air. It 
occurs also in combination with carbon and hydrogen, and with carbon, 
bydrogen, and nitrogen. Besides tbis it forros a part of most manufac­
tured chemical products. The iron ores that are chiefly used for making 
iron are combinations of ferrite and oxygen. At the higher tempera­
tures it has a greater or lesser affinity for and unites with every other 
elemental substance known, except fluorine, helium, neon, argon, krypton, 
and xenon, and it acts readily upon a large number of compounds. At 
the ordinary temperatures oxygen <loes not act i-eadily upon most things. 
Its simple compounds are called oxides, and these usually form with the 
production of heat. One of the elements that combine with it at low 
t.emperatures is iron, and this is coated with an oxide when heated to 
about 400° F., or at nearly any temperature in the presence of moisture. 

Hydrogen is the lightest substance known, and like oxygen is a gas 
that is colorless, tasteless, and odorless. It has a high chemical affi.nity 
for oxygen, and is a good reducing agent. It forms with carbon somethin(I' 

":> 

like 200 combinations, known as hydrocarbons. At a red heat it pene-
trates iron readily, probably forming a compound witb it. 

Nitrogen, owing to its inactivity, acts principally as a dilutent of 
oxygen. 

These three gases readily dissolve in iron or steel when it is molten 
but as it solidifies comes out of the state of solution, and then much th; 
larger part passes away. A portion, however, is usually entrapped, and 
this portion if segregated in large bodies causes blow-holes, gas bubbles, 
etc. Carbon monoxide gas (CO), which may be generated during the 
solidification period by a reaction of tbe oxide of iron with the carbon • 
when carburizing, is also a cause of blow-holes. These blow-holes are 
usually removed by the use of the deoxidizers, such as manganese, silicon, 
aluminum,. etc. Another portion of these gases, bowever, is liable to 
remain in the steel in the form of occluded gases and oxides that are just 
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beginning to be recognized as among the most harmful things in steel; 
oxygen probably being the most weakening element that can be left in 
steel, with hydrogen and nitrogen closely following. 

As evidence of this, Bessemer steel, which is purified by blowing air 
through it, is the poorest and weakest of steels; while open-hearth steel, 
which is purified without this blast of air, but is not protected from the 
air striking the surf ace of the bath, comes next; and crucible steel being 
protected from air by the melting process taking place in a closed pot, 
is the strongest and finest grained of all the steels, except those made 
in the electric f urnace, and this is also protected from the air. Another 
proof is the added static and dynamic strength, wearing qualities, etc., 
given to steels, by such elements as vanadium, titanium, etc., when they 
are used to cleanse the metal of these gases. 

Oxide occurs in very small black specks throughout the metal and 
can only be seen when the surface has been perfectly polished and mag­
nified at least one thousand times. These are invariably found in steels 
that produce blisters when pickling, and this leads to the conclusion that 
the blisters were formed by the reduction of oxide by the nascent hydro­
gen evolved during the pickling process. High-carbon steel rods that con­
tain the same impurity occasionally fracture in the pickling bath and 
doubtless the same pressure that blows a blister in mild steel will cause 
a rupture in hard steel. 

Owing to the gaseous nature of oxygen, and the fact that the drillings 
must be very fine, it is diffi.cult to analyze steel for the oxygen content. 
A series of tests, however, was carried out by E. F. Law, of London, by 
cutting a piece from each of eleven bars of acid and basic Bessemer steel 
that contained from 0.10 to 0.18% of carbon, and only a trace of silicon. 
Each piece was then rolled into 24 sheets which were pickled and annealed 
by the usual process. An adjacent piece of the bar was analyzed, exam­
ined with a microscope, and the oxygen determined. The result of these 
tests was as follows: (See table on page 85.) 

An examination of the table will show that as the oxygen content 
increased the number of blistered sheets increased, while the percentage 
of sulphur seemed to have no effect on the blistering; the set containing 
19 blistered sheets only showing 0.071 % of sulphur, while the set of sheets 
that did not blister at all contained 0.076, 0.069, and 0.061 % of sulphur, 
respectively. By way of comparison a piece of basic Bessemer steel 
was analyzed just before the ferro-manganese was added, and this showed 
0.062% of oxygen. The results shown here seem to forcibly confirm the 
oxide theory. 

It might appear at first sight that the quantities present are extremely 
small, but in making comparisons we should not consider alone the amount 
of the· elements present, but also tbe combinations of these elements that 
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TABLE 8HOWING EFFECT OF ÜXYOEN ON BLISTERINO 

Kind of Analyais 
Microscopical Sheets in 24 Percentagea Beaaemer that Steel Appearance of 

s p Mn Blistered Oxygen 
--

Acid .... . ...... .061 .049 .340 Very good o .021 
Baaic ..... . .... .069 .034 .385 Good o .021 
Acid ........... .076 .070 .350 Good o .022 
Basic . ......... .101 .126 .475 Fair 4 .025 
Baaic .... . ..... .080 .066 .430 Moderate 6 .026 
Acid .... .. ..... .106 .188 .320 Bad 7 .026 
Baaic .......... .079 .098 .440 Bad 7 .027 
Baaic .......... .045 .075 .473 Bad 8 .034 
Acid ........... .061 .081 .350 Bad 9 .032 
Basic .......... .080 .068 .450 Bad 12 .030 
Baaic .... . ..... .071 .090 .480 Very bad 19 .046 

influe~ce th~ qu_al~ty of the steel. Thus, we speak of 0.05% of sulphur, 
when m reality 1t 1s 0.13% of manganese sulphide that affects the quality 
?f the steel. O"!gen has only half the atomic weight of sulphur, and 
IS capable of formmg larger quantities of compounds therefore it exerts a 
greater influence. Thus, where 0.05% of sulphur co:responds to 0.13% of 
m~ganese sulphide, 0.05% of oxygen corresponds to 0.22% of ferrous 
oxide. 

Another fact brought out in these tests is that the amount of oxide 
visible under the microscope was much less than would be expected from 
the amount actually found by chemical analysis, and this might be ac­
coun!ed !ºr on the theory that a considerable quantity of oxide was in 
~olut10n m the steel surrounding the black oxide spots. The oxide show­
mg on the surface of a polished piece was also reduced by the aid of hydro­
gen and an electric current, and the pits thus formed occupied a much 
larger area than the spots of oxide seen by the microscope. 

Steels containing oxides also apparently rust much quicker than those 
free from them, and with two pieces placed side by side the oxide steel 
will show rusting long before the other, while in dilute acid solutions 
steels containing oxides corrode more easily and much faster than those 
free from o:ndes. The same is true regarding the other impurities in 
~teel ~nd this has led to the production of a metal called "Ingot iron " 
m which the total impurities, except carbon, have been reduced to fro~ 
0.05 to 0.08% and the carbon content to 0.02%. A typical analysis showed 
carbon 0.02%; m_~ganese, 0.01%; sulphur, 0.02%; oxygen, 0.03%, and 
phosphorus and sI!1con a trace. 

In the making of this metal the theory that ferro-mangan ese was needed 
to produce a workable metal in the hot condition was doubted, and the 

• I 
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When the carbon content is low it has a greater effect than when it is 
high; in some cases almost doubling the Brinnell hardness, and it reached 
its maximum increase in one series of tests at from 10 to 15% copper. 
It does not give any color to steel until 8% has been passed. 

With the carbon content bigh, copper steel is difficult to work mechan­
ically, but it can be easily cast into the sbapes desired. If, bowever, the 
carbon is kept below 0.50%, steels containing as high as 4% of copper 
can be easily and successfully rolled and forged, and the beat treatment 
made a less delicate operation. Sucb steels seem to bave a future as they 
have a greater tensile strengtb and elastic limit than tbe same steel 
without copper; a better elongation and contraction; more resiliency¡ 
a greater resistance to shock and torsional strains; a greater hardness 
without loss of ductility and a finer grain. The copper steels closely 
resemble nickel or cbromium steel, and follow the same laws as to their 
increases of strengtb for each increase of percentage, but they are said to 
possess a bigher elastic limit and maximum strength than nickel steel, as 
well as greater dynamic strengths. Copper has a more active influence 
on steel than nickel or manganese, and nearly approximating cbromium, 
molybdenum, and vanadium, and it is a cbeaper alloying material than 
these. 

Copper steels as rolled show greater ten~ile strengtb with eacb 
increase oí copper, and this is more manifest with the lower carbon per­
centages, but it is not dependable in this state. Annealing corrects 
this to a large ext~t, but does not leave the metal much if any stronger 
than the ordinary steel. Hardening and tempering after this, how­
ever, more than doubles the tensile strength and elastic limit, and 
brings tbe latter up close to the former with a good percentage of con­
traction. This would seem to indicate that if copper steels were well 
made they would be able to withstand shock, torsional, alternating, or 
vibrational strains, as well as the high-grade steels of the present day, 
and, owing to the comparative cbeapness of copper, they could be pro­
duced cheaper. 

Sorne corrosion tests were carried on that showed that corrosion was 
lower by something like 100% in copper steel than in steels that contained 
no copper. The electrical resistance is also increased in steels containing 
copper, and reaches its maximum in a 0.15% carbon steel at 2% of copper; 
in a 0.7% carbon steel at 0.5% copper, and in a 1.7% carbon steel at 
0.35% copper. 

ARSENIC AND THE ANALOGOUS ELEMENTS ANTIMONY AND BISMUTH 

Pbosphorus, arsenic, antimony, and bismuth all belong to the same 
chemical group, and in general forro compounds of the same character 
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and of. similar composition. Like nitrogen they unite with metals to 
forro bmary compoun~s, called phospbides, arsenides, and antimonides. 
Tbey ali fonn two oxides, wbich contain 2 atoros of the above-named 
elements to 3 atoros and 5 atoros of oxygen. Of tbese elements phos­
phor~ occurs most abundantly in nature; arsenic and antimony next, 
and b1smutb last. The last tbree occur sometimes in the uncombined 
state, but phosphorus. always occurs in corobination with other eleroents. 
. Ma~y s~eels ?ontam an appreciable percentage of arsenic, as it coro­

bmes With 1ron m_ forros that are similar to the sulphide wbich it fre­
quently accompames. The arsenides, which are its coropounds with 
metal~, occur very ~?ely distributed, and often accompany the sulphides 
to wbich they are s1IDilar. The roost common coropound of thi ki d h 
th 't' F . s n as 

e co~pos1 I?n eAsS, and may, therefore, be regarded as iron pyrites 
(FeSz), m whi?h one atoro of arsenic has been substituted for one atoro 
of sulphur. SIIDple_ coropounds of pyrite and arsenic occur that are anal-
ogous to the sulph1de FeS2, and corobinations of sulphur and · 
forro into sulphides. arseruc 

When steel contains an appreciable percentage of arsenic it will · 
off a d imil" · give no or s . ar to garhc whe_n heated to a red heat, and this odor roay 
becom~ very mtense at a welding or forging heat. As an eleroent it is 
~ot ~01son~u_s, but when oxidized it may become extreroely so and it 
1s easily oxidized. 

If the arse~c in coromercial steel <loes not exceed 0.20% it <loes not 
have any ~atenal effect upon the mechanical properties, as the elongation 
~nd reduction ?f area are not ch~ged and the tenacity is but slightly 
mcreased. This leaves the bending properties unchanged at ordinar 
temperature. Above ?,20% t~e strength of steel is increased and t:e 
toug~ness decreased with each mcrease in the percentage of arsenic until 
4% IS reached, when the elongation and reduction of area becom nil 
and the steel becomes very brittle. Even with 401 how ·t d e ff t h h . 10, ever, 1 oes not 
a ec t_ e ot w?rking of the metal, and it can be alloyed with iron in 
prop?~tions as h1gh as 56% under certain conditions of mixin Th 
condit1ons, however, are difficult to fulfil. g. ese 

. B~ ordinary 1:11ethods attempts have been made to produce allo s 
: var;us proport10ns_ up to 10% of arsenic, but when analyzed the samJe 

owe that the maxunum of arsenic taken up and retained by th . 
was abo t 401 this • e 1ron u _;o, appearmg to be about the largest amount that could 
be commerc1ally added to steel. While steels with the b' h f · • ig er percentage 
o . arsemc are brittle, no special difficulty is met with in machinin them 
with any percentage of arsenic. g 

Owing to the fact that arsenic, when present in acid p1"ckl' 1 t· c k d . . mg so u 1ons 
ause~ a mar e ~educt1on m the rate of attack by the acid, it was thou ht 

that if the arseruc was added to thc iron it might resist the attacksg of 
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corrosion and become more durable. Numerous tests that. were m~~e, 
however, show no appreciable difference in the non-corros1ve qu~lities 
of iron and steel that contained arsenic and those of the ordinary 

brand. . t 1 ·u 
Any benefits derived from alloys of arse_nic-with ~ron or s ee WI 

probably be in connection with their magnetic p~op~rties, as sorne v~ry 
interesting results have been obtained al?ng ~his hne. It alloys wi~h 
iron practically in proportions of the soli~ ~xtures, \IP to an arseruc 
content of 4%, With each increase of arseruc m steel up to 5%, the mag­
netic quali ties of iron are made better an~ the arse~c alloys are on an 
equality with the best electrolytic matenal known m respect to mag­
netic permeability. When the metal is heated to 1250º F. ~nd slowly 
cooled so as to allow the grain to become normal and the forgmg or roll­
ing st;ains to be removed, the metal shows a decided improvemen_t. !'-­
second heating to 1800º F., with slow cooling, im~roves t~e qual_1ty m 
the lower ranges of the rnagnetic forces, but there 1s a falling off m the 
upper ranges of the curve. Quenching from 1650° F. shows no_ harden­
ing and but slight changes in the magnetization curves. Arseruc added 
to iron imparts to the alloy magnetic qualities excellin_g those of t~e purest 
iron, and at least equaling those of the best material from wh1ch data 
is obtainable. · 

ANTIMONY may be added to iron in quite large percentag~s, b~t above 
a content of 1 % the metal is not forgeable, and muy then with diffic~lt~. 
It renders the metal brittle so that it is practically worthless, and 1t 1s 
of a lower grade magnetically than the ordinary electro~yti~ iron. ~hus 
while antimony is in the same chemical group as arsemc, 1t rnakes rron 
products that are difficult to work and have no apparent value as a mag­
netic material. Antimony is useful in the non-ferrous alloys for the 
hardening effect it gives, and that it expands when solidifying _makes it 
valuable for such uses as type casting. These same properties make 
it detrimental to iron and steel products, and luckily it does not appear 
in the crude materials used for making theise. 

BISl\fUTH like antimony, does not occur in comb4'iation with iron or 
in the proddcts used for producing the iron ore w~en re~ng it into steel, 
consequently it does not have to be removed as an ~punty. To ~ greater 
deo-ree than antimony it has the property of expans1on when passmg from 
th; liquid to the solid state, and therefore it is useful in non-ferrous 

alloys. 
When 2% of bismuth, the most diamagnetic _eleme~t known, was 

added to iron it improvcd the already high magnetic quahty of the pure 
iron. Thc d~nsity values reached exceed those obtained from any of 
several hundred other different alloys that have heen tested. How much 
bismuth remained in the metal after adding the 2%, however, was not 
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known. With bismuth alloys there is but little increase in electrical 
resistance. Arsenic and antimony, however, give a decided increase in 
resistance to iron, and in sorne cases this was from 62 to 67%. 

BORON 

In nature boron chiefly occurs in the form of boric acid, or as salts 
of this acid, such as borax, a sodium salt, or two calcium salts. It belongs 
to the same chemical family as aluminum, and is very similar to it in 
the composition of its compounds, but its oxide is acidic, while the oxide 
of aluminum is usually basic. In sorne respects it resembles the members of 
the family to which nitrogen and phosphorus belong. It has a strong 
affinity for nitrogen, especially at the higher temperatures, and also com­
bines readily with sulphur and chlorine. Sorne boron crystals con­
tain carbon and aluminum, which seem to be in combination with the 
boron. 

Ferro-boron can be prepared from borate of lime, in the electric f ur­
nace, without any special difficulty, and· the above data would suggest 
that boron might have &orne qualities that would be beneficia! to steel, 
but very little in the way of investigation has so far been done. What 
little has been done would indicate that boron acts like carbon in many 
respects, especially in adding hardness to the metal. 

In sorne recent tests which were made on steel containing 0.20% of 
carbon and 0.20, 0.50, 0.80, 1, and 2% of boron, the Brinell hardness of 
the samples tested and quenched at 1460° F. was three times that of the 
annealed pieces, and equal to that of high-carbon steel similarly treated. 
Notwithstanding this the hardened samples could be easily filed, sawed, or 
machined, while 0.87% carbon steel, similarly treated, could not be 
scratched except with an emery wheel. 

This is adding evidence to the statement that has been made severa! 
t imes, but disput:ed by sorne, namefy: that hardness is not the same thing as 
the ease or difficulty with which st.eel can be rnachined with cutting tools. 
The tests also show that boron confers upon steel the property of temper­
ing; but a tempering that is very diff erent from that conf erred upon the 
metal by carbon, in that it increases the tensile strength and elastic limit, 
without materially increasing the toughness or hardness to machine. 
On the other hand, the ability to withstand shock tests was doubled , by 
quenching, and the elastic limit was brought up close to the tens.ile strength. 

In heating boron steels they show a definite emission of heat at 2100º 
F., which resembles the recalescent point in high-carbon steel. Slightly 
marked critica! points appear at 1900º, 1525º, 1350º, and 1225º F. The 
three latter are about the temperature of the points Ar3, Ar2, and Arl 
oí mild steel. The point at 1240º F. is definitely shown in carbon stcel, 
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but when boron is added and the steel heated, this point almost entirely 
disappears, and is replaced by the point at 2100º F: . , 

Boron may be said to give steel a hardness that mcreases 1ts strength, 
up to a content of 2% of boron, providing the carbon is kept below 0.2%, 
but beyond a content of 2% boron or 0.2% carbon, the metal becomes 
so brittle that it is weakened and easily powdered under a hammer. Other 
elements might be found, with further investigations, that would over­
come this brittleness and make boron more useful for special alloys of 

steel. 
Microscopical examinations show intense black spots in b~ron ~teels 

that are polished and etched, first with picric acid a~d then ~th p1crate 
of sodium. These increase in quantity with each mcrease m the per­
centage of boron. These spots may be a combination of boron-iron; a 
solid solution of boron-iron containing a very low percentage of boron; a 
borocarbide of iron or a boride of carbon. In specimens thus treated the 
ferrite appears white, the pearlite grayish, and the special constituent 

very black. . 
On annealing, the volume of pearlite increases and the spec1al _con-

stituent disappears by forming a eutectic with the ferrite that at trmes 
is strongly marked. By annealing in the presence of oxid~ of iron, so 
as to decarburize the metal, the pearlite is first caused to disappear and 
then the special constituent. 

In carbonizing the special constituent is not increased by case-harden­
ing, although at the edges a layer of peai:lite is fo~n~ and this is thinner 
if the metal does not contain boron. Th1s would md1cate that the pene­
tration of carbon is delayed by boron, and that the amount of the special 
constituent depends upon the percentage of boron, and is independent of 
the carbon content. 

In the quenched steels, the special constituent was hardly discernible 
when the percentage of boron was below 0.50, but large quantities appeared 
in the steels with the higher percentages of boron. This was not altered 
even when the quenching was carried to 2200° F. The percentage of 
carbon increases the solubility of the special constituent, and the higher 
the percentage of boron the less easily does it dissolve. 

The above data probably indicates that the black spots were a boro­
carbide of iron, and its percentage of csrbon very low; otherwise a phenom­
ena would occur similar to that brought out in the investigations of the 
vanadium steels, i.e., as the boron increased the pearlite would diminish; 
but in these steels the special constituent continues to increase. 

Boron steels are very weak and brittle in the normal state, and, if 
heated to a very high temperature, crumble when forged or rolled. But 
if heated to a dull red they can easily be forged, rolled, or otherwise mechan­
icálly worked, as they act much like soft steel This will make them use-
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]ess in the raw state, but af ter quenching they possess a high tensile 
strength, a very high elastic limit, and are not any more brittle than the 
special steels that are in actual use at present. 

Borax is a sodium salt from which amorphous boron, in almost pure 
forro, can be obtained by heating with magnesium powder. It has been 
used by many misinf ormed people as part of a mixture for carbonizing 
stecl, or in a special compound for hardening it, but they have never 
given any good reason for its use or shown any results that were obtained 
thcreby. It, like boron, retards the penetration of carbon, but when used 
in a quenching bath may aid in producing a greater hardness, or prevent­
ing the metal from cracking or checking. Common table salt (NaCl), 
however, gives much better results, and is easier obtained and cheaper. 
Therefore borax is not useful here; its chief value is as a flux in welding. 

TANTAI.iUM 

• Tantalum is one of the rare elements. It is never found free in nature, 
but occurs in combination in the minerals columbite and tantalite, accom­
panicd by niobium. In chemistry it is grouped with vanadium, niobium, 
and didymium, all of which are rare. Its rareness, and consequent cost, 
has prohibited it from bcing expcrimented with to any extent, but one 
series of tests that wa.c, conductcd appeared to prove that it had a harden­
ing eff ect upon steel, similar to that exerted by tungsten and molybdenum, 
and to a certain extent gave promise of being beneficia! for high-speed 
steel tools. 

In ali of the eight tests made, the tantalum which varied from 0.42 to 
1.69% increased the tensile strength, elastic limit, elongation, and reduc­
tion of area over that of the same steel without tantalum, but when nickel 
or chromium was added in place of the tantalum, the same strengths were 
obtained and in one case 1.10% of chromium gave about 10% greater 
strength than 0.43% of tantalum. The greatest increases in strength 
were obtained with the smallest percentages of tantalum. 

Under the microscope a dark constituent appeared that was greater 
in quantity as the percentage of tantalum increased, and this occurred 
in a finely granular matrix that in the hardencd specimens seemed to 
be martensitic and more or less homogencous. 

From the results obtained and its similarity to vanadium the sugges­
tion occurs that it acts on steel as a scavenger similar to this, and the 
best results would be obtained in the quaternary steels, but no evidence 
has been submitte<l to prove that it is any better, or even as good as the 
alloying materials already in use, and which are much cheaper. It is 
also very diffi.cult to separate it from niobium, with which it is always 
combined, and this element is liable to cause erratic results in steel. 
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but when boron is added and the steel heated, this point almost entirely 
disappears, and is replaced by the point at 2100º F: . , 

Boron may be said to give steel a hardness that mcreases 1ts strength, 
up to a content of 2% of boron, providing the carbon is kept below 0.2%, 
but beyond a content of 2% boron or 0.2% carbon, the metal becomes 
so brittle that it is weakened and easily powdered under a hammer. Other 
elements might be found, with íurther investigations, that :would over­
come this brittleness and make boron more useful for spec1al alloys oí 

steel. 
Microscopical examinations show intense black spots in b~ron ~teels 

that are polished and etched, first with picric acid ~d then ~th picrate 
of sodium. These increase in quantity with each mcrease m the per­
centage of boron. These spots may be a combination of boron-iron; a 
solid solution oí boron-iron containing a very low percentage oí boron; a 
borocarbide of iron or a boride oí carbon. In specimens thus treated the 
ferrite appears white, the pearlite grayish, and the special constituent 

very black. . 
On annealing, the volume oí pearlite increases and the special _con-

stituent disappears by forming a eutectic with the ferrite that at times 
is strongly marked. By annealing in the presence of oxid~ oí iron, so 
as to decarburize the metal, the pearlite is first caused to disappear and 
then the special constituent. 

In carbonizing the special constituent is not increased by case-harden-
ing, although at the edges a layer of peai:lite is fo':111~ and this is thinner 
if the metal does not contain boron. Th1s would md1cate that the pene­
tration oí carbon is delayed by boron, and that the amount of the special 
constituent depends upon the percentage oí boron, and is independent oí 

the carbon content. 
In the quenehed steels, the special constituent was hardly discernible 

when the percentage of boron was below 0.50, but large quantities appeared 
in the steels with the higher percentages oí boron. This was not altered 
even when the quenching was carried to 2200° F. The percentage oí 
carbon increases the solubility oí the special constituent, and the higher 
the percentagc oí boron the less easily does it dissolve. 

The above data probably indicates that the black spots were a boro­
carbide of iron, and its percentage of carbon very low; otherwise a phenom­
ena would occur similar to that brought out in the investigations of the 
vanadium steels, i.e., as the boron increased the pearlite would diminish; 
but in these steels the special constituent continues to increase. 

Boron steels are very weftk and brittle in the normal state, and, ií 
heated to a very high temperature, crumble when forged or rolled. But 
ií heated to a dull red they can easily be forged, rolled, or otherwise mechan­
icálly worked, as they act much like soft steel. This will make them use-
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less in the raw state, but after quenching they possess a high tensile 
strength, a very high elastic limit, and are not any more brittle than the 
special steels that are in actual use at present. 

Borax is a sodium salt from which amorphous boron, in almost pure 
form, can be obtained by heating with magnesium powder. It has been 
used by many misinf ormed people as part oí a mixture for carbonizing 
stecl, or in a special compound for hardening it, but they have never 
givcn any good reason for its use or shown any results that were obtained 
thcrcby. It, like boron, retards the penetration of carbon, but when used 
in a quenching bath may aid in producing a greater hardness, or prevent­
ing the metal from cracking or checking. Common table salt (NaCl), 
however, gives much bctter results, and is easier obtained and cheaper. 
Therefore borax is not useful here; its chieí value is as a flux in welding. 

TANTALUM 

• Tantalum is one oí the rare elements. It is never found free in nature, 
but occurs in combination in the minerals columbite and tantalite, accom­
panicd by niobium. In chemistry it is grouped with vanadium, niobium, 
and didymium, all oí which are rare. lts rareness, and consequent cost, 
has prohibited it from bcing expcrimcnted with to any extent., but one 
series of tests that was conducted appeared to prove that it had a harden­
ing eff ect upon steel, similar to that exerted by tungsten and molybdenum, 
and to a certain extent gave promise oí being beneficia! for high-speed 
steel tools. 

In all of the eight tests made, the tantalum which varied from 0.42 to 
1.69% increased the tensile strength, elastic limit, elongation, and reduc­
tion of area over that oí the same steel without tantalum, but when nickel 
or chromium was added in place of the tantalum, the same strengths were 
obtained and in one case 1.10% of chromium gave about 10% greater 
strength than 0.43% oí tantalum. The greatest increases in strength 
were obtained with the smallest percentages oí tantalum. 

Under the microscope a dark constituent appeared that was greater 
in quantity as the percentage of tantalum increased, and this occurred 
in a finely granular matrix that in the hardened specimens seemed to 
be martensitic and more or less homogeneous. 

From the results obtained and its similarity to vanadium the sugges­
tion occurs that it acts on steel as a scavenger similar to this, and the 
best results would be obtained in the quaternary steels, but no evidence 
has been submitted to prove that it is any better, or cven as good as the 
alloying materials already in use, and which are much cheaper. It is 
also very <lifficult to separate it from niobium, with which it is always 
combined, and this element is liable to cause erratic results in steel. 
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PLATINUM 

Platinum occurs in nature associated with five other elements, more rare 
than itself. They are dividcd into two chemical sub-groups commonly called 
the platinum m6'-tals. These nearly always occur in an alloy in wbich 
the platinum is from 50 to 80%, while the otber fi~e compose t~e balan?e. 

It forms two oxides and two sulphides. lt 1s very duct1le and 1s a 
grayisb-white metal that looks like steel. lt can be welded at a .w1:ite 
heat. An alloy of platinum and silicon can be formed by bnngmg 
it in contact with red-hot cbarcoal and silicon dioxide. Nitric, hydro­
chloric or sulphuric acid will not dissolve it. Platinum, when finely 
divided, has an extraordinary power of rondensing gases upon its smface; 
for instance, it absorbs 200 times its own volume of oxygen, also other 
gases similarly. The oxygen is then in the active ?ondition, and ~xid~z­
able materials are easily oxidized when brought mto contact w1th it. 
Thus wben sulpbur dioxide and oxygen flow together over spongy plati­
num or even tbe compact metal, they form sulphur trioxide by a unity 
of the two gases, or when hydrogen flows against the spongy platinum 
it takes fire. 

Iridium belongs to the same chemical group and, when this is alloyed 
with platinum in the proportions of 1 to 9 respectively, it reduces the 
malleability of platinum, which can be easily drawn into very fine wire; 
makes the alloy harder; more difficult to fuse; as elastic as steel; uncbange­
able in the air, and capable of taking a high polish. 

While platinum is but little cheaper than gold, the above properties 
have led to its being investigated as an alloying material for iron, but 
as yet the experiments have been very few, and limited in their scope. 
Platinum has no transformation points, and it consequently reduces 
those of iron when mixed witb it. Up to 10% of platinum, two transforma­
tion or recalescent points occur, while with the platinum from 10 to 40% 
but one point is produced. The melting-point diagram shows consider­
able analogy to that of the nickel-iron alloys, but this is stronger when 
the alloys are rich in iron than when they are rich in nickel or platinum. 

The hardness of tbe platinum alloys decreases from O to 5% of platinum, 
and then gradually increases from there to a platinum content of 40%, 
after which it remains fairly constant until 90% of platinum is reached, after 
which it declines again. At 50% of platinum the greatest brittleness occurs. 

From O to 90% of platinum all the alloys are magnetic, and this dimin­
ishes in the same ratio as the iron in percentages of from 80 to 20 of that 
metal. Alloys with the platinum from 10 to 50% lose their magnetic 
power when heated to from 1475° to 1200° F., and it returns ata much 
lower teínperature when cooling. Alloys with the platinum from 60 to 
90% regain their magnetic power at a temperature even lower than this. 
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NICKEL 

The chemical sub-group in: which nickel belongs is composed of iron, 
cobalt, and nickel, and in many respects they are very similar. It occurs 
native in meteorites, and the iron meteorites always contain nickel. The 
principal minerals that contain it are nickeliferous pyrites and garnier­
ite. Large deposits of minerals containing both nickel and copper have 
been found. The metals are reduced together and put on the market 
under the name of monel metal. 

Nickel, however, is separated in the pure form for many uses, and 
one of the most important of these is as an alloying material in tbe man­
ufacture of special steels. lt is a white metal with a slight yellow cast, 
and is very hard and capable of being highly polished. It is very brittle 
in its ordinary condition, but when deoxidized by magnesium becomes 
very malleable. 

Nickel reduces the size of the crystalline structur~ and increases the 
toughness of steel. It brings the elastic limit closer to the tensile strength, 
and microscopic cracks, that are liable to develop into larger cracks and 
produce rupture, do not appear as quickly in steels containing nickel 
as those without it. In certain proportions it al~o makes steel more 
resilient or springy, increases the hardness, raises_ the tensile strength, and 
segregates only slightly. 

Nickel was first added to steel for the purpose of overcoining the 
property of "sudden rupture," which is inherent in all carbon steels. 
This it does to a large extent, making steel better able to withstand severe 
shock and torsional stresses, as well as compressive stresses. This is not 
due to hardening, as soft steel cannot be made hard by the addition of 
nickel, except in large quantities, and it is considered that 17.55% of 
nickel is the equivalent of only 1 % of carbon. 

The properties of nickel steel depend as murh upon the carbon content 
as on the nickel. The fact that a 2 or 3.5% nickel steel is used means 
nothing unless the carbon content is right for the use to which the steel 
is to be put. To illustrate, a steel containing 2% nickel and 0.12% car­
bon has a good tensile strength with a great elongation, and is useful for 
some purposes, while a steel that is equally useful for another purpose 
may contain 2% nickel and 0.9% carbon, and this would give ita high 
tensile strength with very little elongation. With a higµ carbon content 
nickel steel is difficult to barden, especially locally, as fissures and cracks 
tend to develop in quenching. lt also has more tendency to warp in 
quenching than other steels and may be decarbonized by heating. These 
tendencies may be overcome to a great extent if the metal is thoroughly 
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anneuled before it is machined to size, in order to relieve all of the internal 
strains. Then, when quenched, the piece should be immersed in the bath 
so that the liquid can cover the greatest possible surface at the instant 
it strikes the bath, and it should be agitated while cooling. 

Fm. 47. - Cutting test bars. 

Nickel also gives steel a tendency to show laminations, and makes it 
weaker at right angles to, than in line with, the direction in which it is 
rolled. The higher the nickel content the greater will be the contrast 
between the strength in these two directions. This is best shown by 
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Fia. 48. - Effect of nickel in different percentages. 

tests wbich were made on test bars 1 and 2, cut from a piece of 3.5% 
nickel steel as indicated in Fig. 47. Test bar 1 showed an elongation 
of 1~% and a reduction of area of 17%. Test bar 2 gave an elongation 
of 25% and a reduction of area of 65%. The good qualities which nickel 
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gives to steel offset tbese bad qualities to such an extent that it makes a 
much better steel for gears, crank-shafts and pieces which have similar 
work to perf orm than the ordinary carbon steel. 

Nickel greatly reduces the tendency of steel to be damaged by over­
heating, and also- increases the effect of hardening in raising the strength 
of the metal. One series of tests which were made showed a tensile 
strength of 88,000 pounds per square inch, an elastic limit of 60,000 
pounds per square inch, an elongation of 28% and a reduction of area 
of 58% when in the annealed state. These figures were changed by 
hardening to a tensile strength of 225,000 pounds, an elastic limit of 
224,500 pounds, an elongation of 8%, and a reduction of area of 19%. 
A good quality of carbon steel might give the same results in the 
annealed state, but they could not be increased to nearly the same 
extent by means of the ordinary hardening. 

Nickel has one peculiarity in its influence on steel which is best shown 
by Fig. 48. It increases tensile strength and elastic limit, but steels 
containing 8 to 15% of nickel are so brittle that they can be powdered 
under a hand-hammer; at 15% of nickel the toughness begins to be 
restored; from 20 to 25% the elongation rapidly increases, and from there 
on to 50% a gradual increase is shown. 

Steel with percentages of nickel from 30 to 35 gives good results for 
valves on internal-combustion engines, as the nickel makes the steel wear 
better and it is not as good a conductor of heat as other metals. Nickel 
s~eel can be purchased in the open market in nearly ali percentages of 
mckel from 1 up to 35%, and with varying percentages of carbon . 

In Fig. 49 is shown the actual results that were obtained from a series 
of twenty tests, in which tbe nickel varied from O to 20%, and the other 
ingredients remained fairly constant. Ten of the tests were with forged 
steel and ten with cast steel. They give a good idea of the strengths that 
c~n be exp~cted in nickel steels, although, as has been said many times, 
mckel steel m the annealed or natural state is but little better than carbon 
steel, but if properly heat-treated it will greatly exceed carbon steel for 
static and dynamic strengths, wearing qualities, etc . 

COBALT 

The principal minerals containing cobalt are smaltite and cobaltite 
and in eacb of these iron and nickel take the place of a part of the cobalt'. 
It, like nickel, forros compounds that are analogous to ferrous compounds 
and also a few that are analogous to ferric compounds. In the Iatte; 
case, its power is greater than that of nickel. Cobalt is harder than iron 
melts at a slightly lower temperature, and has a silver-white color witb ~ 
tinge of red. 


