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CLASSIFICATION OF STEEL

Classification of carbon and alloy steels by the Unified
Numbering System (UNS) 1s?aisystem?bﬂ“deﬁignaﬁibns’that are
established in accordance with ASTM E 527 and SAE J 1086,
Recommended Practice for Numbering Metals and Alloys. Its
purpose 1is to provide a means of correlating systems in use
by such organizations as american Iron and Steel Institute
(AIALI), American Society for Testing Materials (ASTM) and
Society of Automotive Engineers (SAE) as well as individual
users and producers. This system uses a 4 or 5 digit number.

Classification as follows:
! .
First digit denotes the characteristic allowing element
or elements.

1 pPlain Carbon (not alloy steel)
2 Nickel
) 3 Chromium and Nickel
4 Molybdenum
5 Chromium
& Chromium ané Vanadium
7 Tungsten ' .
8 Nickel, Chromium and Molybdenum =

g 8Silicon and Manganese
_The last two digits indicate the approximate carbon content
in hundredths of one per cent. The intermediate number
indicates the approximate content of alloying element. Thus
1084 indicates a plain carbon steel containing 0.84 per cent
carbon. 2340 designates a steel containing about 0.40 per
cent carbon and approximately 3 per cent nickel. Steels be-
ginning with 50 are low in chromium, such as 50100 and those
that begin with 52 are high in chromium, such as 52100 ball-
bearing steel. :

Tool steels have their own system and are classed into seven
(7) major groups for which one or more letter symbols have
been assigned. Please refer to the accompanying chart.

7. Major. Growps Of Tool Steels
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10-SERIES STEELS

The 10-series steels are perhaps the most usable of
the available alloys for bladesmithing. They are very
stable and quite easy to form under the hammer.

The following alloys contain the following percent-

ages of carbon and manganese:
1050

Carbon: 0.48 to -0.55
Manganese: 0.60 to 0.90
1060

Carbon 0.55 to 0.65
Manganese: 0.60 to 0.90
1070

Carbon: 0.65 to0 0.75
Manganese: 0.60 to 0.90
1080

Carbon: 0.75 to 0.88
Manganese: 0.60 to 0.90
1095

Carbon: 0.90 to 1.03
Manganese: 0.30 to 0.50

Wear resistance: medium
Toughness: high to medium, depending upon
carbon content
Red hatdness: very low
Distortion in heat-treating: very low
Forging: Start at 1,750 to 1,850 °F.
Austenite forging: yes
Hardening: 1,450 to 1,550°F
Quench: oil

: Tempering: 300 to 500 °F
Rc hardness: 62 to 55, depending upon carbon
content



5160
5160 is 2 medium carbon ”spfing steel”’ that has

excellent toughness and high durability. It is quite
flexible, resists heavy shocks very well, and is well

suited for swords, axes, really large bowies and other
blades where a lacger flexible blade s desired.
5160 has the following characteristics:
Carbon: 0.56 to 0.64%
Chromium: 0.70 to 0.90%
Manganese: 0.75 to 1.00%
Phosphorus: 0.035% maximum
Silicon: 0.15 to 0.35%
‘Sulphur: 0.04% maximum
Wear resistance: high medium
Toughness: high
Red hardness: low
Distortion in heat-treating: low
Forge: Start at 1,800 °F.
~ Austenite forging: yes
Hardening: 1,450 to 1,550°F
Quench: oil
Tempering: 300 to 450°F
Rc hardness: 62 to 55
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EHects of
Alloying Elements

Alloying clements nre added to steels
to efTect changes in the propertiesofthe
steels. A semantic distinction can he
made between alloying elements and
residual elements, which are not inten-
tionally added to the steel, but resule
from the raw materials and steelmak-

. ing practices used to produce the steel.

" Any particulnr eletnent may be cither
elloying or residual. For example, some
nickel or chromium could come inta
steel through alloy steel scrap and so be
considered residual; howenver, if either
of these elerments must be added to a
steel to meet the desired compasition
range, it might be considered an alloy-
ing element. .

Both alloying and residual elements
can profoundly aiTeet steel preduction,
manufncture into cnd preducts, and see-
vice performance of the end producl.
The effects nfone alloying elementon a
steel may be afTected by the presence of
other elements; such interactive effeces
are complex. [n addition, the effectsof a
particular element may be beneficial Lu
steel in one respect but detrimental in
others.

General effects of the various alloy-
ing” and residuel elements commonly
found in steels are summerized below.

-Carbon is the tnost impertant single
sltoying element in steel, It is essential
La the formation of cementite (and other
carbidas), pearlite, spheroidite, bainite
and iron-carbon martensite. Micro-
structures comprising onc or more of
these componants can provide a wide

range of mechanical properties and fab.

rication characteristics.” The relative
smuunts and distributions of theae cle-
ments can be manipulated by heat
treatment to alter the microstructure,

- and therefore the propertics, of a partic-
ular piece of steel. Much of {errous met-
allurgy is devated to Lthe various strue-
tures and transformations in iron-car-
bon alloys; many other alloying ele-
ments are considered largely on Lhe ba-
sig of their eflects en the iran-carben
system.

Assuming that the comparisons are
made among steels having comparable
microstructures, strength, hardness
and ductile-to-brittle transition tem-
perature are raised as the carbon con-
tent isincreased. Toughneas and ductil-
ity of pearlitic steels are reduced by

increases in carbon content. The hard-
nesa of iron-carben martensite is in-
creased by raising the carbon content of
steel, reaching & maximum at about
0.6%% carbon. Increasing tha carbon con-
tent also increasea hardenability.

Manganesas is narmally present in
all cornmercial steels. [t is important in
the manufacture of steel because it de-
oxidizes the melt and facilitates hat
working of the steel by reducing the
susceptibility to hot shoriness. Manga-
nese also combines with sulfur te form
mangenese sulfide stringers, which im-
prave the machinability of stesl, Man-
ganese siightly increases the strength
of ferrite; it also greatly increases the
hardenability of steel. One result of
these two effects iathat manganese con-
tributes to the effectiveness of normal-
izing as a heat treatment {or streng-
thening the steel and to the formation of
fine pearlite, It lowers the temperatures
at which martensite is formed during
quenching; thus, it incresses the likeli-
hood of retained austenite in quenched
steels.

Slltcon ig one of the principal deoxi-
dizers used in steelmaoking, The amount
of this element in a steel, which is not
always noted in the apecifications, de-
pends on the deoxidation practice spec-
ified for thea product. Rimmed and
capped stecls contain minimal silicon,
usually less than 0.06%. Fully killed
ateels usually contain 0.15 to 0.30% sili-

ccun for deoxidution; il other deoxidunts

are used, the amount of silicon in the
steel may be reduced.

Silicon  slightly increases  the
strength of (errite, without causing a
serious loss of ductility. in larger
nmounts, it increases the resiastance of
steel to scaling in air {up te about
280 *C, or 500 °F) and decreases the
magnetic hysteresis loss. Such high-sil-
icon steeis are generully difficult to pro-
Cosy.

Chromium is used in low-alloy steel

Lo increase (ts {(g) resistance to corrogion
and oxidation, (b1 high-temperature

: strength, () hardenability end (d) abra-

sion resistance in high-carbon composi-
tiona. Chromium carbides require high
austenitizing temperatures for dissolu-
tion, Straight chirumium steels enn be
quite brittle; they are ulso susceptibleto
tmper embrittlement,

Nickol is used in low-alloy steel to
improve low-temperature toughness
and to increase hardenability. It ap-
pueart W reduce the sensitivity of a steel
to variations in heat treotment and to

———— = Mbe e e

distortion and cracking during quenct
ing. It strengthens the ferrite, {hé
strengthening the steel. Nickel is PALL
cularly efTective when used in corabing
tion with chromium and molybdeny:
in forming an alloy steel that hns hig
strength, toughness and hardenabilit.

Malybdenum incrensesthe hardes
ability of steel andis particularly usef
in maintaining the hardenability be
tween specified limits. This elemen
especially in ameunts between 0,15 an
0.30%, minimizes the susceptibility of
stee! o tetaper embrittlement. Hupe
ened steels containing molvbdenyr
must be tempered at a higher tempore
ture ta achieve the same amount of sop
ening. Malybdenum is unique in th
extent to which it increases the higr
temperature  tensile and  erec
strengtha of steel. Tt retards the trun:
ferination of austenite te peariite fn
more than it does the transformation ¢
nustenite to bainile; thus, bainite en

- be produced by continuous cooling ¢

melybdenum-containing steels.
Copparisadded tosteel primarily t
imprave its resistance to etmospheri
corrosion, Amounts added to stecls o
this purpose typically range from 0.2 t
0.3%. Copper is detrimental to surfuc
quality and hot-working behnvior he
cause it migrates to the grain beound
arics of the steel during hot warking.
Vanadium is generally added t
ateel to inhibit grain growth durin
hent lreatiment. In controlling grai
growth, it improves both the strengy
and toughness of hardened and tem
percd steels. Additions of vanadium ¢
up to about 0.05% increase the harder
nbilily of steel; larger additions appen
to reduce the hardenability, probabl
beeause vanadium forms carbides tha
have difficulty dissolving in austenite’
Niobium towers the transition terr
purature and raises the strength of low
carben nlloy stecl It imparts a fin
grain size, retards tempering-and ir’
creases  the elevated temperatur
strength of steel. Becnuse it formas ver
stable carbides, it can decrense th
hacdenability of steel by reducing th
amount of carbon dissolved in the nu:
tenite during heat treatment.
Titanium may be added t¢ boro
steels because it combines rendily wit
any oxygen and nitrogen in the stex
thereby increasing the effectiveness
the beron in inereasing the hinrdenabi
ity of the stecl. ‘
Zirconlum and carfum, which os
most frequently used in HSLA stect

g e
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sions (primarily sulfides), thereby in-
creasing steel toughness.

Boron, usually added in amounta of
0.0005 to 0.003%, significantly in-
¢reases the hardenability of ateel. It ia
particularly effective at lower carbon
levels. Because boron does not aflect the
strength of ferrite, it can be used to
increase the hardenability of steel with-
out sncrificing ductility, formability or
machinability of that steel in the an-
nealed conditien.

Load is added to steel to improve its
machinability; it does not dissolve in
the steel, but is retained in the form of
microscopic globules. At temperatures
near the melting point of lead, it can
cause liquid metal embrittlement,

Aluminum is used to control the
grain size of ateel during hot ‘working
and heat treatracnt, Tt is also used to
deoxidize stecl; aluminum-killed steels
hava excellent Loughness because they
generally have 8 very fine grain gize. A
special use of eluminum is in steels in-
tended for nitriding.

Calcium i3 sometimes used to deoxi-
dize steely. In HSLA awcels, it helps to
control the shape af nonmetallic inclu-
sions, thereby improving toughness.
Sieols deoxidized with calcium gencer-
ally have bLetter mechinability than
steely deoxidized with silicon or alumi-
num.

. EHeocts of
Rotidual Elemeunts

Any of Lhe nlloying clements men-
tioned above may inadvertently appear
in steel ns a result of their presence in
raw materials used to muke the steel.
As such, they would be known as "resid-
wal” clements. Beenuse of possible un-
desired (though not necessarily unde-
sirable) effects of these elements on the
finished products, most steelmukers are
carefui to minimize the amount of these
¢lements  in  the steel, primarily
through separation of steel scrap by al-
loy content.

Several other eclements, generally
considered to be undesirable impuri-
tics, may be introduced into steel from
pig iron. For certain specific purposcs,
however, they may be deliberatety
added: in this case, they would be can-
sidered alloying elements. A briel du-
scription of each of these follows:

Phospharus increases strength and
hardenability of steet, but severely de-
creoses ductility and toughness. Tt in-

e

¢an be used to control the shape ofinclu-

crenses the susceptibility of medium-
carbon alloy steels, particularly
gtraight chromium steels, to temper
embrittiement. Phosphorus may be de-
liberataly added to steel ta improve its
machinahility or corrosion resistance.

Sulfur is very detrimental to the
transverse strength and impact re-
sistance of steel, but it afTects the longi-
tudinal properties only slightly. It also
impairs surface quality and weldabil-
ity. Sulfur normally appears as manga-
nesc sulfide stringers; one of tha fine-
tiens of manganese is Lo combine with
sulfur and prevent the {ormation of a
low-melting irenfiron sulfide eutectic.
These sulfide stringera enhance the ma-
chinability of steel; sulfur is deliber-
ataly added to some steels solely for the

improvement in machinability that re-.

sulta.

Nitrogen increases the strength,
hardness and machinabitity of steel],
but it decreases the ductility and tough-

ness. In alumjnu_r__n_ﬁilied steels, nitre-

gen formy aluminum nitride particles
that control the grain size of the steei,
thereby improving both toughness and
strength, Nitrogen can reduce the effect
of boron on the hardenability. of
steela.

Oxygen, which is most likely ta be
found in rimmed steels, can slightly in-
crease the strength of steel, but seri-
gusly reduces toughnesa,

Hydrogen dissolved in steel during
manufactura can seriously embrittle it.

is affect is not the same 23 the embrit-
tlement that results from electroplating
or pickling. Embrittlement resuiting
from hydrogen dissolved during manu-

facturecan cause Aaking during cooling
{rom hot rolling temperatures, Dis-
solved hydrogen rarcly atlecta finigshed
mill products, for reheating the steel
prior to hot forming bakesout rearlyall
- of the hydrogen.

Tin can render steel susceptible to
termper embrittiement and hot short-
Reas. -

Arsanic and antimony also in-

| crense susceptibility ofa gtael to temper

embrittlement. '

-
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PROPERTIES OF CARBON STEEL

Metals, like everything else in the
world, are made up of atoms. These es-
sential building blocks, in the case of
metals, are stacked together in orderly
patterns called crystals. By controlling the
way crystals form, grow, and organize
themselves, metallurgists {and knife- -
makers) affect the properties of their
material.

We all know that various metals have
different qualities. Aluminum, for in-
stance, is light and malleable. Lead is
‘malleable, but very heavy. Some metals
turn dark with age, others rust, and some
stay shiny. These properties and many
others are due in part to the chemistry
of the metal (what it is made of] and in
part to the shape of the crystals that make
it up. The first factor, the ingredients of
a metal, are controlled by alloying. This
refers to the mixing of ingredients in a
metal. ‘

By working with the second factor,
the shape of the crystals and/or their ar-
rangement within a pattern, we can alter
thé properties of a material. This is true -
of most metals, but we'll concern our-
selves here with steel.

Steel is an alloy of iron and carbon.
The relative amounts of these two in-
gredients will go a long way to determin-
ing the nature of the resulting metal. Pure
iron [commercially known as wrought
iron} is soft and brittle. The addition of
carbon makes the steel tougher, up to

. about 0.65%, when maximum toughness
is achieved. The addition of more carbon
increases wear resistance, up to about
1.5% carbon. Beyond this amount, in-
creased carbon causes brittleness and
loss 6f malleability. Alloys containing 2-
to 6.6% carbon are tough and easily
melted and flow into molds nicely. They
are called cast iron. The steels of interest
to knifemakers are generally those that
contain between ¥ and 1¥:% carbon.
These simple steels are known collec-
tively as plain carbon steel. They are fur-
ther described as low-carbon {under
0.4%), medium-carbon (0.4-0.6%), and.
high-carbon (0.7-1.5%).



Theory of Heat Treatment

The concept of solid metals as crystalline substances is essential for an
elementary understanding of the theory of heat treatment. In the solid
state the atoms of the metallic elements in the crystal are so packed into
the space lattice in such an orderly way that they form a very dense
structure. In the liquid state, however, the atoms move about in a ran-
dom fashion, so that the liquid is less dense than a solid.

The lattice transformations, or changes in internal structure, that are
listed below occur only in iron and make it possible to explain why the
alloys of iron respond to heat treatment.

Structure Temperature Range Name
Body-centered cubic (B.C.C.) 2352 to 2795°F Delta
Face-centered cubic (F.C.C.) 1670 ta 2532°F Gamma
Body-centered cubic (B.C.C.) Roomto 16%0°F Alpha

At 1330°F, the F.C.C. lattice is capable of holding about 0.8 per cent
carbon by weight. At 2066°F, the F.C.C. lattice is capable of holding
about 2.0 per cent carbon by weight. At 1330°F, the B.C.C. lattice (ferrite)
is capable of holding about 0.03 per cent carbon by weight. At room
temperature, the B.C.C. lattice (ferrite)is capable of holding about 0.007
per cent carbon by weight.

The physical properties of a plain carbon steel of a specified carbon
content are dependent upon the form in which the carbon is present;
the effect of heat treatment therefore depends upon the manner in which
it changes the distribution of carbon.

For a hypoeutectoid or eutectoid steel, the first step in any heat treat-
ing operation, whether for the purpose of softening or of hardening, is
comversion of the steel to a solid solution consisting of homogeneous
austenite. That is accomplished by heating uniformly to a temperature
above the eritical range, as represented by the line GS in Figure 20, and
maintaining that temperature until all carbon has dissolved and diffusion
has become complete. The length of time during which the stecel must be
held at that temperature in order that diffusion of carbon may be com-
plete depends upon the structure of the steel before heating, because
carbon atoms diffuse more slowly through some structures than through
some others. Ordinarily the steel is not held at this temperature for a
longer time than that which is required for complete diffusion, because
of the tendency of the grains to beceme coarser.



Crystals . rom
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MICROSTRUCTURES AND CHARACTERISTIC PROPERTIES FOR

APPROXTMATE TRANSFORMATION TEMPERATURE RANGES

Approximate Transfor-
mation Temperature Range

1300-1000°F

1000-500°F

Below 300°F

Reheating martensite in
Temp. Range 300—1300°F

Micro-
structure

Pearlite

Bainite

Martensite

Tempered
Martensite

)

Characteristic Properties

Softest of the transformation products
Lower ductility than bainite or tempered
martensite at same hardness

Good machinability

Substantiallv harder than pearlite and at
the lower temperature levels approaches
hardness of martensite

Excellent ductility at high hardness

Hardest of the transformation products
Brittle unless tempered

Superior strength and toughness
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Hardening Steel:
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ANNEALING - consists of heating steels to slightly
above A5 (usually around 1600 degrees F.), holding

for Austenite to form, then SLOWLY cooling in order

to produce small grain size, softness, good ductility
and other desirable properties such as ease of grinding.

Normalizing. The process of normalizing consists of heat-
ing to a temperature above A, and allowing the par: to
cool in still air. The actual temperature required for this
depends on the composition of the steel, but is usually
around 1600 °F (870 °C). Actually, the term normalize
does not describe the purpose. The process might be mare
accurately described as a homogenizing or grain-refining
treatment. Within any piece of steel, the composition is
usually not uniform throughout. That is, one area may
have more carbon than the area adjacent to it. These com-
positional differences affect the way in which the steel
will respond to heat treatment. If it is heated to a high
ternperature, the carbon can readily diffuse throughout.
and the result is a reasonably uniform compositicn from
one area to the next. The steel is then more homoegeneous
and will respond to the heat treatment in a more uniform
way.

Note: On cooling, Austenite trans-
forms giving somewhat higher
strength and hardness and slightly

1ess ductility than in annealing.

Spheroidizing

To soften high-carbon steel sufficiently to make it readily machinable,
it is spheroidized. The comentite is caused to assume a rounded or glabular
shape, leaving larger areas of ferrite free from cementite ; this produces
the-softest steel possible for the same chemical composition.

Spheroidizing is accomplished by prolonged heating at 2 temperature
slightly helow the critical point. It is general practice to heat first to 2
temperature less than 100°F abave the critical range ; the closer this tem-
perature is to the transformation temperature, the greateris the tendency
to spheroidize. After this heating the temperature is allowed to fall to
just below the critical range, and is maintained there for an extended
period. Slow cooling is the final step. '



Austempering

Austempering is an interrupted quenching process which consists in
quenching in a bath of molten salt at a temperature between 450°F and
900°F, depending upon the microstructure desired, and maintaining that
temperature until transformation of austenite into bainite is complete.
Because the steel is held at the same temperature for the entire period
during which transformation is taking place, little internal stress or dis-
tortion are developed. The result is a steel which has greater toughness
and greater ductility than one that is hardened and tempered in the
usual way. Austempering is used for treatment of licht articles such as
wire, springs, knife blades, needle bearings, and the like. Use of austemper-
ing on large sections is limited by the fact that the part must cool with
sufficient rapidity to prevent transformation to pearlite in 2 bath which
is at such high temperature that its heat-abstracting power is relatively
low. _ ' !

The advantages of austempering are:

1. Better ductility at high hardness.
2. Greater impact strengh.

3, Freedom from distortion.
4. Uniformly heat-treated product.

Martempering
The purpese of martempering is to. produce a fully martensitic structure.
Work is quenched in molten salt at a temperature only slightly above the
point at which formation of martensite begins, and is held at that tem-
perature long enough to permit temperature equalization throughout the
work. Because transformation in this temperature range does not start
for an appreciable length of time, there is no risk of partial transformation
into bainite. After temperature is equalized, the work is removed from
the bath and allowed to cool slowly in air. Because the austenitic metal
is kept at the same temperature throughout its mass, martensite forms
at a uniform rate. Because the metal has comtracted to a considerable
extent while still austenitic, the additional contraction during transfor-
mation is relatively smell, and the net result of the small degree of con-
traction and the uniform rate of formation of martensite is that virtually
no strain is set up. Work may be straightened if necessary immediately
after removing from the bath, with assurance that no residual strain will
be introduced during transformation. A conventional tempering operation
“may follow cooling if required. Heavier sections can be hardened by mar-
tempering than by austempering, and the process is more rapid than
austempering. It is used for parts which have been machined and which
‘must be treated to have high hardness without distortion. Springs and
knife blades which have been martempered have high resilience.

NOTES: = The martempering process stops the temperature drop
at 400-600 degrees F. by guenching into either oil or molten
salt held at that temperature. The blade should be held at
this temperature for a sufficient time for 100 per cent (7?)
transformation to martensite. A martempered blade may be
more flexible but at the expense of edge holding ability.



TERMS AND DEFINITIONS:

AUSTENITE A solid sciution of one or more elements in face-
centered cubic iron. Unless otherwise designated (such as
nickel austenite), the solute is generally assumed to be
carbomn. )

BODY-CENTERED CUBIC SPACE LATTICE (B.C.C.) In crystals, an
arrangement of atoms-in which the atomic centers are disposed
in space in such a way that they may be presumed to be situated
at the corners and centers of a set of cublc cells.

BAINITE A structural intermediate between pearlite and martensite,
vhich is formed when steel is cooled rapidiy to about B00 degrees
F. and is held a2t any temperature between 800 degrees F. and about
400 degrees F. for a sufficient length of time. the structure
depends upon the temperature at which transformation occurs.

CARBIDE A compound of carbon with a more positive element such
as iron.

CEMENTITE (Iron Carbide) A chemical compound of iron and carbon
also known as iron carbide (Fe,C), which contains about 6.8 per
cent carbon. It occurs as grain envelopes or needles within a
grain of hypereutectoid steel. It occurs as lameliae in pearlite.
Tt mat also occur as speroids in anneated steel. It is extremely
hard and brittle.

CRITICALMRANGE The range between’ the recalescence point and the
decalescence point.

CRITICAL TEMPERATURE The temperature at which some 'change occurs
in a metal or alloy during heating or cooling.

DECALESCENCE POINT The first critical point, 1333 degrees F.,
at which a change occurs in steel. The steel absorbs a
considerable amount of heat as the structure changes in part to
the face-centered cubic form.

DEOXIDIZER. xtmatérial used to remove oxygen or oxides from metals
and alloys.

EUTECTOID STEEL Steel that contains approximately 0.83 per
cent carbon.

FACE-CENTERED CUBIC SPACE LATTICE (F.C.C.) an arrangement of
atoms in crystals in which the atomic centers are disposed in
space in such a way that they may be supposed to be situated at
tha corners and the middle of the faces of a set of cubic cells.

FERRITE Nearly pure iron which contains less than 0.05 per cent
of carbon. A solid solution of one or more elements in body-
centered cubic iron. The solute is generzally assumed to be
carbon.

Continued next page
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FLASH POINT The lowest temperature at which vapors above a
volitile combustibe substance wiil ignite in air when ex-
posed to flame.

HARDNESS This refers to the ability to resist penetration.

HYPEREUTECTOID STEEL A steel containing more carbon than the
eutectoid steel which is 0.83 per cent.

EYPOEUTECTOID STEEL & steel contazining less carbon than the
eutectoid compositicn which is 0.83 per cent.

MARTENSITE & supersaturated solid solution of carbon in ferrite.
In alloys where the solute atoms occcupy interstitial positions
in the martensitic lattice, such as carbon in iron, the structure
is hard and highly strained. (Structure is needle-like.)

OXIDATION The combination of an element with oxyvgen to form
an oxide.

PEARLITE A metastable lamellar aggregate of ferrite and cementite
resulting from the transformation of austentite at temperatures
above the bainite range.

RECALESCENCE A phencmenon, assocliated with the transiormation of
gamma iron (the face—centered cubic aof pure iron, stahle from
1670 to 2530 degrees F.} to 2Ipha iron (the hody-centered cubic
form of pure iron, stable below 1670 decgrees F.) on the cooling
6f irop or stesel, revealed by the brightening cof the matal surzacs
owing to the sudden increass in temperature caused by the fast
liberation of the latent heat of transformaticn.

STEEL An iron based alloy, malleable in some temperature range
as initially cast, containing manganese, carbon and often
other zalloying elements.

TOUGHNESS The ability of a stesl to resist brezking. It is a near
opposite of brittleness.

TRANSFORMATION A constitutional change in a solid metai; fLor
example, the change from g=mma to alpha iron or the fermation
of pearlite from austentite.

TRANSFORMATION RANGE The range of temperaturas at which changes
in phase of iron-carbon alloys occur.

TROOSTITE (Obsclete) Term used for tempered martensite.

WEAR RESISTANCE This property is what gives a blade edge-holding
power. It is the ability to stand up to akbrasion

I'7
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MISCELLANEOQUS GQOOD TO KNQOW STUFF:

1. Quenching oil temperature should be between 90 to 140
degrees F. Stop if temperature reaches 160 degrees F.

2. When gquenching the edge only, after 15 seconds submerge
the whole hlade.

3. Carbon steels start to go non-magnetic at 1333 degrees F.
This is a dull red color and is the LOWER transformation
temperature.

4. (Care must be taken so that the blade does not remain at
the critical temperature any longer that required to get the
temperature even about the cutting edges as the following
problems mat result:
a. Decarburization (loss of carbon)
b. Grain Growth (the larger the crystal structure, the
weaker the stael) :

Quench as soon as possible after the heat is even!!

5. #0 Victor tip {or equivalent) good for heat treating
oxy/acetylene torch.

6. Viscosity of heat treat oil determines a slow or fast gquench.
Examples of heat treat oil:
‘a. Transmission Fluid - favored by Bert Gaston

b. Chevron Super- Quench 70 - favored by Jerry Fisk
. Quench Tex A - favored by Bill Moran

d. Burnt motot oil with 5 or 6 per cent diesel fuel
7. ©0-1 steel will air harden.
8. 1060 steel makes a very tough knife and will also produce

a good "temper line“.

9. Chrome steels will air harden 1f you bring the spine
of the blade to a red color. This will create hard spots
and should be avoided.

10. 1In order for a carbon steel knife blade to achieve full
hardness in an oll quench, the temperature must be lowered from
the hardening temperature.to 400 degrees F. or less in six to
eight seconds. :

11. There is a rearrangement of atoms within the grain when
steel or iron is heated through B.C.C. temperatures where
changes to F.C.C. occur. This shifting of atoms is referred to
as an ALLOTROPIC change. The science of heat treating is de-
pendent on this allotrophy of iron and the variations of carbon
solubility in each crystal form of iron.

Continued next page.



12. Manganese (Mn) is usually present in all steel. It is
usually present in guanyities of 0.5 to 2.0 per cent.

13. Normally, carbon is not present in steel as carbon but
rather as cementite (iron carbide) a compound of iron and

carbon having a formula of FesC.

14. The carbon content of an alloy is expressed as a point of
carbon, with each point signifying 0.01 per cent of the alloy.
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BIBLIOGRAPHY AND RECOMMENDED BOOKS:

BASIC FORGING by Jerry Fisk

KNIFE MAKING (Illustrated) by Bill Moran

ELEMENTARY METALLURGY AND METALLOGRAPHY by Arthur M. Shrager

HEAT TREATERS GUIDE produced by the American Society for Metals

THE COMPLETE METALSMITH By Tim McCreight
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