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™h2 object of this thesés was to deteriine ths micro-

structure of the various srades of steel uddd-ip:ireck drilling

and to obtain if yossible scne zeneral rolaticn bekieen the

de o
.

structure, couposition, anl hardenims terisrature. Speuti G5

of the host known jrades of tool stééifﬁ;ﬁiﬁg éf&afﬂbnlcontent
cf ducut one per cent or containing an equivalent hardening
agent.

Tron sach bar two nieces one-fourth of an inch long
and one and onse-half inches long wsre sxwed., The onoe and one-half
inch pisce was then hardensad and tempered as described. lost
of the pieces were hardened Ty plungin- into water at a bright
cherry heat unl wvere then tempered by allowing the color to run
to a light straw. The air hardened stesls were cooled in air
from a white hligtering heat or from a lemon ¥ellow as described.
The pieces were 1:0lighed first on emery paper then on broad cloth
with infusoricl earth and finially with rouze. After polishing
they were etched with strong nitric acid.

The microscopic examination was done under a magni-
fication of from 500 to 900 diameters, using an oil immersion., A
Tausch & Lomb microscope with arc light illumination was used. The

fiore characteristic specimens were photographed.



To.1,
Atha Steel Company, Champion Cast ste 1.

ANNEALED: l{asses of cementite surrou 1ded by pearlyte
Cementite is very distinct and in small 1s*ands, lhu pearlvte
hags a characteristic structure.

FARDEWED: TFright cherry and draun to a light wrown
temper. Cracks sllvhtly. Field is mostly:iawtensiia:and pearlyte.
The structure is vecome very irresular, Tha peariyte hds segres—
ated in dense massas and the martensite. in Lg8ses.; s*rlnbs etc.
around the yearlyte. Structure varys withinithe!mess to a great
extent. Soms sorbite is present and show the martensitic structume

o

‘lTOo e

Atha Cteecl Co., Champion extira stecl.

ATUEALED: GShows irresular areas of cementite surrounded
vy poearlyte. The cementite areas are awvout twice the pearlyte.

HARDEVED: Dright cherry and drawn to a light purple.
Mine hundred diamsters. The structure hLas become coarse and
blocky. The martensite occurs in fairly large areas and grades
in the sorbite. lartensite about hulf of the field.

To. 4.

Sanuel Osburn. R.!fushetes extra best titanic cast steel

AVNFALED: Five hundred and thirty diameters. Shows an
extreniely fine grain, !lost of the ground mass is pearlyte with
small areas of ferrite., The psurlyte is very even and has a
well developed structure.

HARDENED: Bright cherry and drawn to a very light
straw, Martensitic structure ground nmass of rearlyte with webb
like areas of white martensite .

Mo.5.

Atha Steel Co. Atha air hardening.

ANNFALED: Five hundred and thirty diameters. Large
regular magses of ferrite surrounded by areas of ps.rlyte.

HARDEVED: ©Nine hundred diameters. Bright cherry
and drawn to a very light straw, This steel has the appearance
of a low carbon steel, About two-thirds of the area is white.
The white material does not have a nartensitic structure, The
entire area is granular,
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No.S.

Samuel Osburn, Ifushet high speed stesl,

ANTEALED: Nine hundred diameters. TFeild nearly
all pearlyte with a few areas of ferrite. Territe is in
very small grains. L

HARDTITED: White hop and cooled in: anair -blast.
Llistered. A poculiar nat work apppararce -as though Lurned.
The webb like lines are black. The remainder of the field
appears about half and half granular pearlyts .ani farrite.
Mo martensitic structure. o B S

IIO. 9.

McIhnes Crucible Tool Steel,

ANNFALFD: Five hurdred and thirty diameters.
The ground mass is pearlyte with occasional small areas of
ferrite. Raegular structurs,.

HARDENED: Bricht cherry and drawn to a dark stwaw.
Badly cracked. Feild is mostly white martensite with some
dense areas of sérbite. Has a characteristic angular appear-
ance of over heated stesl.

No.1l0.

McInnes Steel Company. <Crucivle steel,

ANNEALED: Five hundred and thirty diameters.
The field is nearly all pearlyte with some very small areas
of ferrite.

HARDENED: Bright cherry and drawn to a medium straw.
Nine hundred diameters. hout one-fifth of the field consists
of large areas of martensite, The remainder is pearlyte which
shows the martensitic structure.

No.1l1l.

Wil'iam Jessop & Son, Warranted cast stesl.

ANNEALED: ©Nine hundred diameters. ©Shows a very fine
structure. About two-thirds pearlyte. With small areas of
cementite in relief.

HARDENED: Bright cher'y and drawn to a light stiraw.
Nine hundred diameters., The field is nearly all very fine
martensgite with about one-tenth white cementite. Chows a very
crystallinestructure.

Wo.l2.

William Jessop & Son, Warranted cast stesl.

AWNEALED: Tive hundred and thirty diameters.
Ground mass of pearlyte with a small amount of ferrite.

HARDENED: Bright cherry and drawn to a medium straw.
Shows a very uneven crystalline appearance, About half and h. If
martensite and sorbite. The sorbite has a martensitic struccture
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No. 12

Patriarch & Bell Cast Steel. )

ANNEALED: Nine hundred diameters. The field 13 mostly
pearlyte with some irregular white masses of ferrite. The
structure is crystalline but not homogenous.

HARDENED: Bright cherry and drawn to & light straw.
Nine hundred diameter. The field is abou% half and half lasxge
white areas of ferrite and darker areas oX ma.tensite. Tha
structure is coarsely crystalline.

NO. 1’:.

Hawkridge Bros., Hawk brand.

ANNEALED: Five hundred and thirty diameters. Small
irregular areas of ferrite on a ground mass of pearlyte.

HARDENED: Bright cherry and drawn to a very light straw.
Nine hundred diameter. Groung mass of martensite with about one-
third elongated white areas of cementite.

No. 1¢

Firths Best tool steel

ANNEALED: Small areas of ferrite on a ground of
pearlyte.

HARDENED: Bright cherry drawn to a very light straw.
Nine hundred diameters. The field is very irregular.. It seems
to be all martensite of varying degrees of hardness as some of
the areas are much in relief. The darker areas grade into
sorbite.

No. 17

Hawkridge Bros., Sabin high speed tool steel.

ANNEALED: The field is nearly all pearlyte with a
few small areas of ferrite unevenly distributed.

HARDENED: White blistering heat and cooled in air
blast. Etoched with great difficulty. Nine hundred diameter.
Very peculiar webbed and plitted appearance. Plate like white
areas with dark lines.

No. 19

Midvale Steelé Company, tool steel.

ANNEALED: Nine hundred diameters. Ground mass
vearlyte with a few very small areas of ferrite.

HARDENED: Bright cherry and drawn to a light straw.
Nine hundred diameters. The specimen is very badly cracked.
Shows a martensitic structure. White areas in relief and
%rading into dark sorbite. Light areas have dark round rits
ntﬁmo



Mo.20.

Tawkridge Tros.. Zruclble steel,

WURAL™D: YWine hundred diameters. ©Imall) rocular

areag of ferrite on a field of pearlyte.

HARDEVTDR:  Zright cherry and drawn to a meddum straw.
Ttched with difficulty. “Yine hundred Jdiameters. The fidld is
entirely martensite. There are a few round small pitts of peall -
¥te and some small elevations of cementite.

No.21.

Tirth & Sons, Oteel Company. Otirling tool steel,
Varranted,

ANNEALTD: Irresular arsas of ferrite surrounded by
pearlyte,

HARTTIITE:  Dricht cherry and drawn to a dark straw.
ITine hundred diameter., This shows a dark and a light variety
of martensite.

Firth Cterling Steel Co., Tluc chip high spesd steocl.

AT™EALTD:  Small sven ureas of ferrite on a grouhdof
rearlyte,

HARDTNTD: Tull cherry and drawn tc a nedium straw.
Nadly cracked. The field is apparently dark granular pearlyte
sona dead white areas in relief and intermediats gray areas.
wnite arens are of about one-fourth of the field,

YMo.R23.

"eller Dros. Co., Clay crucible tocl steel.
American sruci-l,

ATTVEALTD: Samll irregular areas of cenentite on a
field of pearlyte.

HARDTEMTD: T"right cherry and drawn to a light straw.
ine hundred dlameters. Vhite rdised areas with dark lines
giving a martensitic structure and about one-half dark sorbite.
The structure is very even.

1 ~ o4
-JOI‘J'*.

Heller Zros, Coc., Clay 'rucitle tocl steel.

ANNFALED: CGround mags of pearlyte with a few small
irregular lines of cementite.

HARDEWED: Dright cherry and drawn to a light straw.
Slightly cracked. iine hundred Jdiamcters. Ths field is all
a very dark ;jranular pearlyte. A few smal” white areus in re-
lief very even grain,

TIO. 85‘

Colonial Steel Co., Colonidd #7 tool stesl.

AMIFALFD: VYearly al® pearlyte with a little cementite.
The pearlyte is very coarse.
s HARDEIIED; Trisht cherry and drawn to a light straw.
Nine hundred diametors. ~The field is sorbite laviny a rurtensiti
structure. Some white areas vithout a martensitic sfructure.



Mo.R0.

Colonial Steel Co., TNed star drilt stecl,

AUNTALED: “round mass ne.rly all rearlyte. A few
siwall unoevenly distributed masses of cementite.

HARDEITD:  Tright cherry and drawn to a light straw.
ine Lundr & ulameter Tory close grained. TFeild about half
and half narternsite and soriite with a rartensitic structure.

HoeoTe

Swaedish (teel.
ATTUTIALED: Very even ghtructure. ’learly all psarlyte
with small 1rlevular areas of ce sntite.
\b“W"D “risht cherry an! druwn to a dark straw.
Nine hundred diameters, “early all very fine martensite with
a few Jdark arcac of rvearlyte.

~

Oouk./o
Draeburm Stt Cc., “rucible cnst steel., “edium.
AMMEALED:  ¥31ild noarly all rearlyte having a vary
irregular structues. A few amall irresular masses of cementite.
CARDWTD:  Tright cherry and dravn tu a light straw.

wrightly cracked. Fiald is all a vory even nartensite. very
crvstalline.

o430,

Colonial Steel Cc¢., Colcnial special tool steel. "D"

AUVEALTD: Very irregular lines and masses of cementita
on a field of pearlyte.

HARDENFD: Zright cherry and drawn to a lizht brown.
Tine hundred diameters. The field is quite dark tresembling
granular pearlyte but it has a fine martensitic structure, also
a few areas of cementite.

No.31,

Merman Dokar & Co., Teo steel.

ATNFALFD:  Small irregsular areas of ferrite on a [ield
of 1earlyte. Very uneven structtre.

HARDFIIED: “rizht cherry and drawn to a dark brown.
Badly cracked. The field is all a dark very crystalline
martensite. Very even homogenous structure.

Yo.32,

Iferman Doker & Co., Ico stesl.

ATUTALED: BSmalll and evenly distributed areas of
cementite on a field of pearlyte.

HARDEWED: Tright cherry and drawn to a light straw.
Cracked.The field consists of mirtensite and sdrbite having
a martensitic structure. Structure is very even.



. mry
b‘O.L,l).

Jenes % Culver, ovo stesl,

ATUEALRD: Tintirnly wery fine pearlyts.

HARDETD: T“richt cherry and drawn to a light straw,
Tine hundred diametosrs. The Tield is all granular psorlyte
with hard white granulas of cercntite. 1o martensitic structura

o.34.

“ethlshen Stesl To., Tethlshew drill stesl.

ATTFALTD;  Oround mass of irregular pearlyte with a
few areuas of cementite.

HARDRITTD: Dright cherry and drawn to a dark brown.
line hundred diameters. TFiell entirely martensite. The
structure is a very crystalline resembling frosted zink.

s N
RO R RVICIN

2ethlshen Ste=l Co., Jrucihle steel.

AMTRALED:  Indistinct masses of fervite on a ground
¢f pearlyte.

Hardenad: T“risht cherry and drawn tc a light purple.
Cracked. ’'"ine hundred diameters. The structure is very uneven
showing consideraltle segrezation. The field consists ¢l dark
rearlyts, a lighter pcarlyte having a martensitic structure
and white cementite.

Yo. 37,

Sechbohm . Tieckstahl. Tiest warranted cast steel,
not weldable. ,

ANNEALED: The field is about two-thirds psarlyte
and one~third cementite, very even structure.

TTATPTITRD: Tright cherry and drawn to a light straw.
Nine hundred diameter. YVery peculiar granular appearance.
White areas of martensite, gray areas showinc a nartensitic
structure and dark areas of pearlyte.

0. 28,

Seehchm & Dleckstahl Ideal special self hardening

AVNEALED: About two-thirds pearlyte and one-third
irregular large areas pf ferrite. Has an even but coarse struct-
ure. -
HARDFNED: Lemon yellow and cool slowely in air.
Nine hundred diameters. Feild entirely pearlyte with a few
areas of ferrite. 1To martensitic structure.

Seebohm & Dieckstahl. Punch tenyer.

AIMTEALED: Teild about two-thirds pearlyte and one-
third small granules of cementite. Tven strucfurs.

HARDENED: @right cherry and drawn to a light straw.
Vine hundred diameters. Teild nearly all pearlyte having a
martensitic structure. The ligzht csnentite is in lagge irregular
masses and are pitted. Tiven structure.



HO. U,

Seevolus O Ddeckstahl., Chisel temper. One per cent
caron,

ANNTALED: Tiéld is nearly all pearlyte with soms
small 11rawular area3 of cementite Fine seven structure.

HARDIIED:  Tright bherry and drawn to a light purple.

Tine hundrad diameter. Tield appears all pearlyte with only
a sugsoesticn of martensitic structure. There are a few dark
pitted arcas. Very oven structire.

To.4l.

Goobohm 0 Tieckstahl., “est warrunted cast steel.
seven-eijhths per cent carvon,

ANUTALTD: ie1d necarly all y=ar1yte witlh some very
irrecular white areas of whits uementlta. Tery fine rather
crystalline structurs.

TARDVIIRD:  “right cherry and dra
Tine hundred Jdiameter, Tenrly all pearly
white ameas. Only a suggesticn of martens

8 '1th some ralafd
itic structure.

2

T
Coidiie

capital Liigh specd steel,
WIMALED:  Tield nearly all pearlyte with a faw
granular dots of coementite., Fine even structurs.
ITARDENFD: Tcod cherry and drawn to light straw.
Tine hundred diameter. Tield nearly all peurlyte. with a. few
cranular Jdots of cementite. Tine even structurs.

Yo,43.,

IMlworth Gilbert ° Towne, best cast steel.

ATUTRALED: Tield about three-fourths pecr’yte with
one-fourth ferrite in large irregular musses. Coarss structure

HARDENED: ZPEright cherry and drawn to medium straw.
"ine liundred diameter. ' lartensitic structure ¢f white and
gray aroas with some darker pearlyte. Very even structure.

No.44.

Dilworth, Zilbert ~ Towne, Sguare deul tocl steel.

ANTALED: Tield nearly all pearlyte with some
cementite. Structure very uneven showing segregation.

HARDENED: [Ericht cherry and drawn to very light siraw.
Tine hundred diameter. Tield nearly all dark psarlyte with
white crystalline arsas showing a martensitic structure. A
few very vhite areas of ce: entite. Even structure.

Yo.45,

Dilworth, (ilbert ™ Towne. Square deal tool stesl.
special gquality. ’

ATMEALED: Field nearly all pearlyte having a peculiar
branch like structure. Very even grain.

HARDFNTD:  RBrisght cherry and drawn to very light strau.
Mine hundred diameter. Ticld is all dark martensite. “»ry fine
and even structure.



.48,

Charles “urgess, TOrecial *4 hish speed tool steel,

ANNEALED: Field all of very fine rearlyte. A few
gscattered areas of ferrite. Fxtremely fine grained,

HARDTNED: White hot and cooled in air bhHlast. Nine
hundred diameters. Tield all very fine pearlyte. A few
hard granlar areas. Yo martensitic structure. Very fine
grade,

Charles Burgess. “recial "5 high speed tool stesl.

ANNFALED: Small tlocky masges of ferrite in pearlyte.
wen structure.

HARDEIFD: "hite hot and cooled in air blast. Nine
hundred diamcter. Field mostly renrlyte with some granular
white areas. Structures very even.

Y A
170 "8 .

Charles Burgess. Cyclors extra refined crucible tocl
strel,

ANVEALED: TUntirely pe.rlyte. Very even and homozenous

GARDETED: Tricht cherry and drawn to nmedium straw,
Nine hundred Jdiamster. Tark ground with white crystalline
naedles giving the coarse martensitic structure.

No.49.

Charles Dursess. Cyclops Jdo ule x refinsd crucible
tool stecl,

RIUTRALED: Field nearly all p-:arlyte with about one-
fourth large white areus of cementite.

JIARTENED:  Zright cherry and drawn to a light brown.
Cracked. Wine hundred diameter. Dark ground with vhite
crystalline nnedles giving a martensitic structure. Structure
is fairly even. The dark ground resembles sorbdits.

No.50.

Charles Durgess. Cyclops triple x refined crucible
tool stesl.

ANNEALED: Ground nearly all very fine pearlyte with
a little cementite.

HARDENED: Bright cherry and drawn to a light brown.
Cracked. Wine hundred diameter. DNark ground with white
crystalline needles giving a faint martensitic appearancs.
Ground is almost all dark paarlyte.

Mo.b1.

Park Ste:l Co., Doutle special tool stesl,

ATVEALED: Field of course paurlyte with about one-
fifth cementite. Coarse structure.
N HARDFRIED: Low cherry and drawn to a lo-ht straw.
Ground alriost all pearlyte with some irreular areas of cementite
ThBre is no martensitic structure.
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Wo.52,

Park Stesel Co., Extra quarry steel.

ANNFALFD: Peculiar appearance of granular ferrite
arrangaed in rows.on a field ofi pearlyte.

HARDFENED: Low charry and drawn to a light straw.
Wine hundred diameters. Tight martensite and light pearlyte
arrgnged unevenly. lartenslte is very crystalline.

NO L] 53 .

Park Steel Co., DBlack diamond tool stsecl.

ANNEALED: Tield ahout three-fourths pearlyte and
one-fourth granules of cementite. Structure is fine and even.

HARDENED: Low cherry and drawn to medium straw,
Tine hundred diameter. Ground 1s nsarly all pcarlyte with
some white areas giving a martensitic structure. S8Structure
is quite dense but uniform.

No.54.

Crucible Steel Co. of America. Rex high spsed steel.

ANNFALED: TField nesarly all fine pearlyte with some
granules of cementite. Pearlyte seems to be of two different
degrees of hardness. Fairly fine grain.

HARDFEUED: Good cherry and drawn to a dark straw.
Nihe hundred diameter. Pearlyte with smll white granules
of cementite. Very even structure. Wo martensite.

Mo.55.

Sanderson Bros. - Co., Special cast stesl.

AYNEALED: Small well defined areas of ferrite
surroundsed by pearlyte. Structure is very even.

HARDENED: Bright cherry and drawn to a light siraw.
Nine hundred diametors. Very fine pearlyte and white hard
areas., Slight martensitic structure in places. Tharacteristic
salt and pepper appearance.

No.56.

Sanderson Bros. & Co. Self hardening stesl.

ANNEALED: Field about one-third pearlyte and about
two-thirds ferrite. Verv coarss structurs.

HARDENED: .. .lsated to lemon yellow and cooled in
air. - Nine hundred diameters. Field of pearlyte with semall
granular areas of cementite and some dark pitts. No marten-
gitic structure. Very fine grain,

No.57.

Sanderson Bros. & Co. Double speclal cast steel.

ANNEALED: Mostly pearlyte apparently of two kinds.
One s8lightly darker than‘ the other. Tach occupies about one-
half of the field.

HARDENED: Good cherry and d-awn to a light straw.
Hine hundrel diameters. Ground almost all pearlyte with a few
specks of cementite. No martensitic structure. Fine grain.
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Mo.58.,

Cresent Steel Co. Self hardening.

ANNTAIFD: ‘Yearly all pearlyte with about one-fourth
large granular masses of ferrite.

HARDEVED: TLemon yellow and cocled slow in air.
Tine hundred Jdiameters. Very fine pearlyte. !To martensitic
structure.

Cresent Stesl Co. Double snecial stesel,

AVNEALFD: Field nearly all of very fine pearlyte
with a fow small arsas of cementite. Structures very fine andcewen
aven, HARDENED: (Good cherry and drawn to a dark straw.
Nine hundred diameters. Very fine structure. Ilostly pearlyte
with fine white gpecks. o nmartensitic strucutre.

~

JIO . 6‘) .

Cresent Stesl Co. “resgent extra "IN
ANNEALFD: Small masses of ferrite on a field of

pearlyte. Very even structure.

HARDENFD: Low cher y and drawn tc a light straw.
Wine hundred diamsters. Dnrk rearlyte with white crystalline
nesadles jiving a martensitic structure. 7ery crystalline but

fairly even grain.
Mo.01.

Iialcomb Stesl Co. Standard tool steel,

ANNEALED: Field all peurlyte having a peculiar
crystalline appearance. Thare are a faw small arcas of csmentite.

HARDENED: Jood cherry and drawn to a light straw.
Nine hundred diameters. “ery good martensitic structure formed
by black needles on a white field. Structure is very even.and
very crystalline,

No.G2.

Talcomb Stesel Co. Txtra warranted tool stesl.

AMTTALTD: Fine blocky masses of ferrite upon a field
of pearlyte. Talrly even structure.

HARDRNED: “ood cherry and dravm to a light straw.
Mine hundred diameters. 'lostlr rearlyte with some white
material giving a faint martensitic stmucture. The structure is
very even,

Mo.63.

Halcomb Steel Co. Special tool steel.

AMNTALRD: Small arcas of forrite on a field of pearl-
yte. Very even and homogsnous structure.

HARDFNED: Good cherry and drawn to light straw. Tine
hundred diameters. Field is all extremsly fine martensite. Very
aven.
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o6,

Talcomb Steel Co. Double special tool stesl,

ANNEALFED: Fine pearlyte with about one-thi#d of the
field sementite. Structure is fine and eveéh.

HARDENED Tood cherry and drawn to very light straw.
Field is entirely Iearlyte. o martensitic structure. Structure
is very fins.

o,6b,

Halcomb Steel Co. Double extra tool stesl.

ANNFALED: ©Small irregular grains of ferritz on a field
of prarlyte. Fairly even structure.

HARDFNED: Good cherry and drawn to a light straw.
Nine hundred diameters. White and dark needle ziving a fine
martensitic structure.

v me
i10e U0

Halcomb Stesl To, Tabon high speed tool stesl.

ANYFALED: TField all extremely fine pearlyte with a few
vary small areas of ferrite.

TTARDENYD: White Hlistering heat and coocled in air
blast, Nine hundred diameter. Tine poamlyte which is in blocky
areas surrounded by fine black lines., characteristic burned
appearance.,

IIO. 67.

Tulcam Steel Co. Superior,

ANNFALFD: Field neatly all a fine grain of pearlyte
with a few large irregular masses of comentite,

HARDENED: Good cherry and drawh to a light straw.
Nine hundred diameters. Very even martensitic structure with
some gorvite.

No.68.
Tulcam Steel Co. Vulcam extra drill steel warranted.
AVNEALED: Fisld nearly all penrlyte with small areas
of cementite. Structure homogenous.
HARDENTD: Good cherry and drawn to a dark straw. Nire
hundred diameters., All pearlyte with a few white specks. Yo
martensitic structures. Structurs is very even.

IIO. 69.

Vulcam Steel Co. Vulcam high dpeed stesl.

AMNEALED: About one-half very fine pearlyte with
irregular and granular masses of ferrite.

HARDENFED: White blistering heat and cooled in air
blast. Tine hundred dinmetors. Peculiar granular appearance.
The field is very fine pearlyte with small white granules of
ferrite. No martensitic structure.
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Conclusicns.

- The conclusions from this theses are only of the most
general character. However, from a large numbser of observations
it 1is possible to draw certain general inferences with consider-
able accuracy.

Steels, containing only carbon ks a hardening element
appear to be best prepared for rock drilling when the micro-
structure shows about half and half martensite and sorbite and
when the structure is fairly even. The steel having this comp-
osition is both tough and hard. When a stesl of about one per
cent carﬁon is hardened at a bright cherry and the temper 1is.
drawn to a light straw about the prpper proportion of martensite
is present, The tempering seems to breadk up part of the marten-
site formed by hardening and to give tha.remainder a finer
structure. Steels of over one per cent carbon are very apt to
crack when hardened above a dull cherry and certain alloy steels
cannot be hardened in water at all,

The formation of martensite 1s greatly hindered by the
presence of other elements. Nickel forms dn alloy which does
not change its structure upon hardening. Other alloy and air
hardening steels only change in the fineness of their structure
upon hardening. Whatever change of composition or the condition
of the iroh may take place it is obscured by the presence of
manganese, vamadium etc. Some air hardening steels show &
burned structure when hald at a white heat in the presence of
alr for several minutes.

Sorbite is formed under the conditions of hardening
in many of these steels. It shows as a transiticn between marten-

site and pearlyte. It usually shows a martensitic structure.
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Small amounts of manganese, nicke’ crombimm and
vanadium do not supress the formation of martensite but they
make the structure more finsly crystalline.

“mall amounts of silicon have no aypreciable offect.

Ordinary- stesls containing over one and two-tsnths
per cent of carbon usually contain other hardening elements
which suppress the formation of martensits,

High manganese ste.ls are unchanged upon hardening.

o nartensite is formed.
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