0N 2/ B2 s Vs¢
sz oteal /ﬂeﬁ@% Z v/

( ALLOY STEELS)

PANYA . BUAHOMBURA

ScHooL 6F METALLURGUCAL ENGINESRIMG

A mudussuesuardontsfinn
B i Dnere T oy o



ALLOY » FTEELS

S

N U.T.



%E_Sw
4 [k sl a
PY @

_A v ‘A LN h %.
@ AN
LNVé ze-._.aaézoo N%% Y 3 Kis i

lyyed aalLowornV aov & q o by o/

ﬂdaﬁ% ‘/\5 g&w\%jﬁtg
@«W @ ik 1 B

7
§ : / \r\&\ %oz\wl Mvoo mdwou@

_ d I

¢
§ % fﬂx .\,mv@@e

,

PA EFT =3 §Jwv§w 23 52 YT 4
«wﬁlﬁﬁtw , c a0 E:
7 (] ) Provve)
| ,
7) S a4

ﬂ%@@ ,Bqég\m $770vireA 7y do\m ol RITY \Nwaﬁ@\U



ALLOY STEELS.
B CUUMTATIONS OF PLAIN-C JTEELN

C— (oW HARDENABILLTY (2422 histuibution oF
J - cow conrodvon REPIPTANCE. Haxdmans

— POETEMNG WITH INCREANNG, TEMPERATLA
— NEED TO TEMPERED TO REDVUCE [NTERNVAL
(\_ FTRE®S OF HARDENED STEEL

k) NEED TO ALLO¥INGL FOR TMPROVING
PROPER TIESN.

L

N v
ALLOY PTEEL,.




® HARPENABILLTY.

“F&oﬂszy WHICH DETERMINED THE DEPTH
AND DIP TRIBUTION OF HARDNER) |NDUCED BY

//
QUENCHING 7 (RAPID COOLED)
HARD CAJE

O

COMPLETELY

HARDENE D
JOET UN-HARDEND CORE “ENTIRELY

LoW CosLING. RATE) MARTENPITE
RTRUCTURE
* INCREASE AARDENA BiLlTy BY AbdIvg
ALLBY (Ve ECEMENT TO FTERL
g
REDUCE CRITICAL RATES OF A_UJ‘TSNI’TE
TRANDFORMATION

U
TO0 GET MATEMP| TIC FTRULTURE THROUGHO
THHIC Kk LECT(OA) EVEN (EN DRANMTIC OlL_ og
AlR.— QUENCHING
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PURPOSE OF ALLOYING .

l> (INCREANE HARDENABILITY
2> IMPROVE S TRENGTH AT R.T.

(3> IMPROVE MECHANICAL PROPERTISL
AT HIGQH OR (OW TEMPERATURES

&> TMPROVE TOVGRHNES) AT ANY MINIMUY
HARDNVESSN O PTRENGTH
48> INCREASE WEAR RERIPTANCE

b> INCREASE COLRONON RESMNTANCE.
(> IMPROVE MAQWNETIC PROPERTIEN

Twoe GROUPS OF ALLOYINGE ELEMENTS IN
CONSTITUBNTS @F ANNEALED PTEEL : —

GROVP 1: DILMOLVE IV oL—~FERRITE

GroUP 2. COMBINE WITH C TO FORM

SIMPLE OR. COMPLEX CARBDES



ALLOYNVG, Grove @ GROUP B
ELEMENT DISPOLVED IN oL COMBINED (N CARBIDI
NICKEL NA

FILICON LI

ALUMINUM Al

COPPER Cu

MANGANESE | Mm & > Mo
CHROMIUM | Cr & > Cr
TUNGLTEN v e 9 vV

MELYBDE NUM Mo €& > Mo
YANADIUM VvV & > Vv

TITANIUM T <€ R 7

TS

EFFECT OF ALLOYING ELEMENTL UPON oL .
ANY ELEMENT BWSOLVED IV <L

T
TN CREAPE JINCREASE

HARDN ERS
\ FTRENGTH NERS,

Y
By JoL/D SOLU TION J‘TRE/VGLTHEN/N&

BA: EXPLAIN HOwW ALLOYING. E(EMEN TP TRAT
DPLOLVED N ok INCREANNG. (TS FTRENVGTH.
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EFFECT OF AUGBYIME ELEMENTS OPON CAR3(L

CARBIDE = HARD & BRIT TLE COMPOUND
€.g. Cr - CARBIDES, \/— CARBIDES |

/

HIGH HARDNEM & WEAR REIPTANCE
DEPEND ON : —
NP
AMOUNT, NRE & BETRIBUTION,

INFLUENCES OF CARBIDE FORMING ELEMEM

T~

JBAKING TIME.

HARDENING. TEMP.

s CoMPLEX OARBIDES.
_ JIFEICULT To -DEOLVE /N &

— TEND TO OUT oF r—JOLTION

[DWER CAeBONV & ALLG) CONTRNT
\u/ |
REDUCE HARDENABILITY.

— UNDISWOLVED CARB(DE ACT 10

REDVCE GRAIN GROWTH,



INFLUENCE OF AUOYING. ELEMENTS ON_
Fo— Fa,;c. DIAGRAM .
® CHANGUANG : —

- CRITICAL RAVGE.

— PO TION OF EUTECTGLD POINT,
~ ol AMD ¥ FIELDN/AREBAS

EFFECT ON EVUTECTOLD TEMFPERATURE
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L
;
9.
L
B
2 N bf»- STABILIZER
Na.

Y. AUOYING ELEMEN‘T

M &N (OWER EUTECTOWD TEME & (F
ARGE AMOUNT ¥ WILL BE RETAINED AT R.T. .




EEFECT ON EUTECTO(D COMPSITIONNA,

N AL OF ALLONVD TEND TO REDUCE
Y. C OF EUTECTOD.

o OF EUTECTO(D

V. ALLOYING. ELEMENT

Mo, Cr, i, T =D REDUICE ¥ - FIELM!

BUT ENLARGE oL AMD D - ElELDN,
\\ v
FERRITE PTABILIZER
TEMT.

Y. 0 OF Eo~F.C diaGean —>



Mn, Vi =D ENARRE ¥ = RESUON .
S AUSTENITE FTABILITER 7
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EFFECT OF AUGYING ELEMENT IV TEMPERING

S TEMPERING T = J‘;-w N THAT HARDENED
STEEL, ARE JOFTENED BY REHEATING.

TEMPER|NVG. "\ \(’ HARDNVES)
TEMP. -
ALLOYS . =D RETARD JSOFTENIVEL RATE
B -5 HIGHER TEMPERING TEMP.
- GIVEN MARDANENN

2i> ELEMENTS DUPOGLVE (N FERRITE
v ARTEEL
LITTLE EFFECT OV HARDNVEMN OF TEMPERED”

S CARBINE FORMING. ELEMENTY

@WMa

CARGLE EFFEQ‘T ON REM&DATI&N OF JOETENIM

1 %
IF LARGE AMBUNT =D PHOW A RANVGE

NHICH HARBNENN /INCREANME WITH INCREANNG

T.EMPER/NQ TEMNPERATURE , RNOWN AN
> PECONDARY HARDNEN) /!




NECONDARY HARDEN/ING OCCUR HME TD
SELAYED PRECIPITATION OF FINE ALOY

CARB DEN
HARDVERN [VCREANE WHEWN
I\ INCREANNG. TEMPERINGL. TEMEERATU!
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'm’ 2 Y Cr
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.Sx
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CLASNIFICAT BN OF AUOY STEEEN.

APl 13xx (M0 -PTEEL) Mm = (6=(-9 Y
AP 2%xx (B¥M—4TEBY, Ni =3.25-3.75 ¥
APl 25xX (SN -PTEEL), M = ¢.35-5.25 ¥,
gy Blxx (M=CroTEEL), Ni= (=1 V-
Cr =0.55~0.75
APl goxx (Mo -PrEEL), Mo = 6.2-60.3 .
81p) Glxx (C—Mo ATEEL), O = 0-P—1-1 7.
Mo =6.(5-60.25)
A §3xx (Ni-Cr-Mo STEEL), Mi' = (.65 ~2.00 X,
Cr=0.4-0.97
Mg = 8.2-60.2 .
Al goxx (Wi=Mo PTECL) NS = 9.72~2.0 ),
Mo = 6.(5-~0.30 )
A 5ixx (Cr- PTEEL), Cr= 0.2 =/.6 )
M blxx (C—VPTEEL), Cr=6.5-0.2 X

V= 0(2-60./5)
AN &GKX}L&W Ni=Ce-Mo Ni=p.—~0.-R Y

;FIXx 1 DMTeeL Cr=0.0-0.6 )
DA% Mo =0./15 ~0.20 V



AE = E.AF. FURNACE , B = B.0.4. FURNACE |
Al q2xX CJ\I‘-J“TEEL)) & =/to~2.20 Y

A(J\[EQ?xX}HIQH'E& , Ni= 3.6=-3.5 7

(99 grge " COFPmLBH
Cyr= 8- ),
(6.2=6.9 %)

Mg = 6.04~ 0. {5 X
(6-2-60.3 %)

AlP) 94830 (B-PTEEY), PANE AP 9P-XX
BUT ADDED BORON .



® M- Fresl (2xxx)

~ Ni & UNUMITED JOLVBILITY IN ¥=/RON
AND HIRH SOLUBLE N FEER)TE.
(FTREAMGTH & TOUGHNERN THEN PHAME )
= NI (OWER CRITICAL TEMP. & WIDEN
THE TEMPERATURE RANVGE For HEAT
TREATMENT ( WIDEN ¥ - AREA)
= RETARDS THE DECOMPLNTION OF X
— DOES NOT FORM CARRIDEN
— REDUCE /. C OF EVUTECTAID POINT
A UNHARDENED Ni = ATEELS CON TAMNS
HIGHER J PEARLITE (THAN PLAIN C-PTBEL

U
PEARLITE FORM AT (OBW TEmP.

7

FINER PEALITE PTRULTURE & TOUQHER
(7
(NCREANE TOUGHNERY, PLAITICITY AND
FATIQUE REATANCE



N; ~PTEEL =D JUITED FOR HEH - PTRENGT
PTRUCTURAL PTEE(S

ST
AP ROUED  (ARGE FORUNG,
(BY 50 NOT ADAPTED TO QUENCHINGE.)
® 2%3xx (BrM) USED Foe . —
— CARBURIZING. OF DRIVE GEARS

~ COVMNECTING. ~ROD BOLTP
— PTUDS

— KING PINS
® 25xx (B YMN) =D [NCREAPE TOURKHNENA

— HEAVY-DUTY APPL(CATIONS SXACH
AP BUS & TRUCK GEALS, CAMS, CRANKPHAFT

¥ 2XxX (ARGELY REPUACED (N MANY

APPLICATIONS BY (SUWER - COPT OF
fbx X FERIES,



®© Cr— FTEELY (5XXX)

— Oy Form SIMPLE CARB/DES AL
- Cr._;Ca
- Crf, C
Oe. COMPLEX CARBIDES AP
= CF%C\')‘;d
— HIGH HARDNENN & GO0D WEAR RERITANC
— Cy SOLUBLE UPTD (3 Y N ¥ AND

UNLIMITED SoL0BILITY N oL— FERRITE

—C 2B 7/ D RGH TEMP. PROPERTIEY
AVD CORRONON RESPKMTANCE
® B5(XX:c= 0.15-0-6¢) Cr=03~0-15
&> Bixx LOW CARBONV
~ USUALLY CARBURIZED
> Blxx MEDIUM CARBOY (OIL~HARDENING.
— SPRINGSS, ENQUNE. BOLTRS PTUDS, AXLE.
<> 52(00 (HIGUt C&C¥), 1 #d & /5y O
= HIRH HARDNERN & WEAR RENUTANCR

= BALLL ROUER BEAR|NGL
= CRWHING MACH )| NERY



a SPECIAL TYPE : 17C & 2=¢ V. Cr
— EXCEWLENT MAGRWNETIC PROPERTIES®
AS PERMANENT MAGNETS

v HIGH - Cr SMMEeL (&> /0F)

— HIGH CORROSION RESIMTANCE
CHTANCER PTEEL )

Q2. WHAT EFFECT WOULD THE ADDITION O.
17 Cy HAVE ON THE PROPERTIRS OF A Low
C~PTEE. ) AVD A HIgH C—LTEEL 7



TEMPERING . _
HARDENED STEEL CQUEMHKED PTEEL)

\%

" MARTENNTE STRUCTURE "
HARD & BRITTLE , HAVE REMIDUAL TR,
LOW BUCTILITY, CAN CAVSE DIMTORT/ON  CRAC

TEMPERING. ;

- HEAT To T< A (VOFTER PHANE)

B.C.T.

- MARTENNTE —> oL + Fe.,ﬁ
—~ RELIEVE)D STRESN

— INCREAPE TOURHNERN & DUCTILUT Y 1

— ITRENGTH & HARDVEIS |,

~ REDUCE THE (ATTICE DNTORT/oN
0F BCT— MARTENNTE €

~ C/aA. RATIO




STRUCTURE CHANGLEN DURING. TEM PERING. OF
MARTENNMTE (> 0.2 /C) HAVE 3 J‘TAC{&}

0D *‘*td‘TAciE T~ /(o0 °C

C0.257/)
MARTENNITE —> (OW-C MARTENSITE

-+ .
FINE -BDISPERSED €-CARB(DE
(FegC, ; More C THAN Fz?c')

— TRANSFORMATION PROCEED owL Y

— PUOHTLY (NCREAME HARDN EPN

—~ JLIGHTLY REDUCE BRITTLENER

2> zq‘dleAsgs : T~ 250 ¢

,, TRooSTITE 7
— MARTENNTE ~NEEDLES Y EORMED

= RETA/NED-¥§ —> BAINITE

= SUGHTLY (NCREASE IN HARDNV BN
(DVE 0 ¥ — ~ARDER BAIVITE)




3> 3M0“TAG.E.‘ ~ %50 ¢ 1\
AT 350 C @ S~ CARBIDE —> CEMENTITE

CfegC,) CFea ©)
,Js/
MARTENSITE —F—> ’/“ 'y Fe,C + <¢-FsRTe
(B.C.T) (B.c.c)
AT 7>500C : 1 d
SORBITE
PLATE - fé"c > ROUNDED - FC-;C—

IN SL—MATRIX
— MORE DUCTILE BUT HARDNEN DECLEANE

am—

.y PTABLE
A ,,z/d MAPB\TER’r*lTE_anQ-F X
(WHEN TTTCOAKS‘EM
671 o.0-7c W
% MECHANI CAL CHAN
5
A Y 77
X | “gorTEMMEL EEFECT

TEMPERING. TT\[’ RARDNER
TemesIvg, T. T T dueTieity

>
TEMFERING. TEMPERATURE Cd)




AUS TENITE — O~ MARTEMITE TRANNEORMAT 0,

9.3/C
OF EVTECTOW FTEEL .

ARTENTIRING, (¥-PHATE)
\\, OQUENCHINGL

/MARTENNMTE
& b4 HRC
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goo © \

we €
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&
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EFFECT OF ALLOYS ON TEMPERING,

J‘TAGLE
AbD  CF, Mo, W, V (CARBIDE $74B/L/25R )

~ RESU'T 10 dvF‘rENuva, EFFECT
— |F (ARGE AMOUNT—a»ﬁE-HA&bs/th

EFEECT CINCREANNG, IN HAR.D/VB:!H\) on

JEMPERINGL KNOWN Aw d\sc&NM RY

500 - 650" f‘
HARDEMNGL " AT T~ 400~ 600 'dl

PM)N -C ~
%E Lv 0§
PRECIPITATE OF FINE-b (PPERPE D /\lu,

CARBIDE IN MARTENPITE )
{ . ) ‘

~o6 d Yy
TEMPERATLRE 00'C =




FOR ALLOY, WHICH Hlat 7ZMn , /Cy & 7F
SUNCEPTIBILITY To TEMPER BR\TTL.EN&QE"
SON TEMPERINGL IN RANGLE OF 2°% HARD SN e
DUE TO PRECIPITATE & SEGREGATE OF
ZARBIDE ALONG GRAIN BOUNDA;Q\_/ DURI VG,
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. | &

50 E
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HARDENABILITY (MOT HARDNERN)

N2
" PROPERTY WHICH DETERMINED THE DEPT
3D
2ASTRIBUTION OF HARDNERN INDUC ED RY
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DIPTANCE FROM END- QUENCH
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PETERM|NATION OF HARDENABILI T
- 4
N BY JOMINY END-QUENCH METHOD

¢ (ongt

©- WATER




¢ E.-&. (&P0-PIE

2 y,
3
3

®

- >
DIBTAMCE FRSM END-QUENCY.
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HARPENABILLTY DEPEND ON i —

- CHEMICAL COMPONMTION

- AVSTENITE &RAIN

JIRE

> JTRUCTURE O JTEEL BEFORE QUENCHING

> AVNTENITE  GRAIN

N2E,

EX PLAIN BY EFEFECT OF HETER OGENEOO\
NUCLEATION OF PEARLITE AT GRAN BOWDAR)

PE AWNTENITE

IMALL  RRAIN.

|

LARGE BOUNDARY

L LES BOUMPARY A RATE OF TRANPFORM

-

— TIME

. RANSEORM.
; RATE OF T R (NUCLEATION & GROWTH)
=

S

\ ~TIM,|

AN Q
HIGHER HARDENAB(UTY”  LOWER HARDENABIL/TY




2> CHEMICAL COMPONTION .

s e T 1 warvenvABILITY

Gis ALWYINGL ADDED 1 HARDENABILITY
CEXCEPT Co —> INCREANE RATE OF NUCLEATIS

AVD QROWTH OF PEARLITE = | HARDENABIUTY

A N
| A A
‘:T L ,Y- \ - ’— > = - o we & 5 oag
| | ' F@% Q
My J My
My "¢ | VWATER QUEMCH
D =D
TIME
A TA Ay AUOYITEEL
‘:T % . W - " e e o . - o e W e W W ¢ e
oo
, _ orESt
My > M; v Y 5
Wh — - \wilm( O(LN

TIME Timg
DELAY /RETARD ¥~ TRAWEORMAT /0N

REDUCE CRITI~AAL CoOt INR RATE



iM Cu yz -
. £) = 1700,'0 ~ (620 % )’-er"
—(Rox M)

— (»sx V. Ni)
= (706 x . Cx )
~ (Box 2 M)
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ALLOY PTEEL, CARTINGL

B PTRONEL E) WEAK
CSTABLE) §N@N ~JTABLE)
s

AP-CAPT : CARBIDEP + MATRIX

L TINE , TEMP,
HARDEN (NG, CAULTENITIRIVG)

PN

ABN=DYY0; XED CARBI D

BISYOLVED CARBIPE v
:57- INTO dbL()T,ON> — RETARD QRA[N dKOWﬁ
~ M WEAR REPFKTANCE

L

=

e

;?-HG_H—P RETAINED-Y OCCPR)
a

QUENCHING. To FORM MARTEND

(WATER , OlL , AlR)
vP 10 HARDENABlinTY

(PEPEND ON ¢ COMPENT|ON ¥— GRAIN FIRE D
A IZEJ‘IO"T TO LOETEMINVE

/V\P ER‘N d..\> 24 yagoeniaa EERECT-
OCccUR. 2= HARDEN VG

No 2"="HARDENINGL
(Mo) e HERSMm, O Pé@

No TEMPER BRITTLE, TEMPER BRITTLEN




N e e eAkBIng DITOLVING)
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pso+ o Vasiuty
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8 I3 76 (-0 to-tz 57 0F >

TIME
RESULTING, HARIWESS, HR ¢

EFEECT 0F HARDENMINQ TEMPERATURE
S HOLBING. TIME |




EFFECT OF AULOYING ELEMENT (N AUOYJITEE
® NickEL (Ni) '

L]
SETEED

- AWTEMTE JTABILIZER
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;yMﬁcw CRo TRANG 1T/ TEMPERITUS

= M‘é\’ ?”‘7‘9 2 %mo%méx.



@ MANGANERE CMm)

- ¥ =-TABILIRER
— CARBIDE FORMING. ELEMENT

-ne JC in: T nugeﬁ/omwowf%‘iﬁ
C /W/-IAE annd PEARLITE 5 v%%‘fmm:,oa&,;

/
= N3y HARDENABILITY

~ 1R PTRENGLTH 8« HARDNEN

Lﬂ_p_{ SQULTILITY. AR /a'-?‘gce?n Mon,
al‘///mszt?gzﬂé://bmg 054/ /649 SWTELY/ AT

~ IP® TEMPER BRITTLENENN @xﬁé O
T 400~ 600 ‘¢ ¥ne: TEMPERING)|
CTOUGHNENS Bomns | 14:/oomsis JShe
p?gmn INTER SRANULAR CRACKING)

~ CARBIDE MAMrsonssh 1 miilh

53»9:@%76/)@’9/@%5% d‘owm/v? e
BIBe QRAIN Grow TAL

— FHalstrog M /20, ¥—-FTABLE 994,
RETAWED - 1~ MRS BRsa00 188 Quancs
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3 crromiom CCr).

— FERRITE APTABILIRER
—CARBIDE FORMING ELEMENT
-0 /C 5‘6@9/@9@07066;

o 1 Teyreeton ¢°%‘

— i HARDENAR Iy
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B - emarLe o T~ 6 '@
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~ TIME p
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%%“‘B/ T 5@ 7
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@ moLYBDENUM (Me)

= EERRITE FTARILIRER.
— CARBIDE FORMINGL ELEMENT
—a® Y C ﬁfmfmmvoecf

A
W2 N Teureeron Q’}%%‘

- Ir“vje/ Hﬂ&bsfvaqelury)%%rx/mm/; ¢

/
16 IT-CURVE oniix 2 sy
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T=6w0'c (Hasr M//&%WT 50)



@& vavasiom (V)

— FERRITE JTABILIRER
— CARBIDE FORMINOL ELEMEMT (> Mo)
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Mmm ClrAN BROVTH, Q7o
ﬁﬁ{'m/{ow /%GD
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® TUNGFTEN (W)

- FERRITE STABILIRER
= CARBIDE FORMING, ELEMENT (& Mo)
-6 YO 3}6@9/%@066:;;_{@_//‘3{/

— zv"v'-/u HA&AENABILITY C< Mo)

\\
- 9; ::M RED— HARDN Eepp :/ PSIR27)
(79/ w» T 3&’, 5‘9\;%?»)401!7&) SORTENING,
T go mnﬂw@‘g./ ATRABLE CARB/DE .

= [R5 JEReADARY HARDENIVOL 1 5fs
TEMPER/NVG. I/EZJB@ TEMPER B TTrsNG

~ B a0, PTEEL | HIGH ~PEED To0)
STEEL Coormrfu S res
//a/%s://mmé M,

Tevrsern,

~HARDN



@ TITANIUM CTy)

= FERRITE cP‘DQBlLlZ‘E&
— CARBIDE FORM NG, ELEMENT
29 ,, S I S
= Sonn2 N 10ON>¢ TN e TICN,
%on&m/a» GRAINV Gtkowv-b}) @4‘7/»3}0:&
mefosw)b‘i/T 8\9 IN: Rexvasy Py AQinvg
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-90:%73176(9& 7, M-rg/ SRBLE CARB/DE
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LOW -ALLOY PTEEL

TABLE 4-1
Principal types of standard low 'ﬁloy steels

13xx Manganese 1.75

40xx Molybdenum 0.20 or 0.25: or molybdenum 0.25 and
sulfur 0,042

41xx Chromium 0.30, 0.80, or 0.95, molybdenum 0.12, 0.20, or 0.30

43xx Nicke! 1.83, chromium 0.50 or 0.80, molybdenum
0.23

4dxx Molybdenum 0.53

46xx Nickel 0,85 or 1.83, molybdenum 0.20 or 0.25

47xx Nickel 1.05, chromium 0.45, molybdenum 0.20 or
0,35

48xx Nicke! 3.30, molybdenum 0.25

50xx Chromium 0.40

Sixx Chromium 0.80, 0.88, 0.93, 0.95, or 1L.0OO

Sixxx  Chromium LO3

52xxx Chromium1.45

6Ixx Chromium 0.60 or 0.95, vanadium 0,13 or min .15

86xx Nickel 0.55, chromium 0.30, molybdenum 0.20

B7xx Nickel 0.35, chromium 0.50, molybdeaum 0.25

88xx Nickel 0.55, chromivm 0.50, molybdenum 0.35

92xx Silicon 2.00; or silicon 1.40 and chromium 0.70

50Bxx Chromium 0.28 or 0.50

31Bxx ‘Chromium 0.80

3iBxx Nickel 0.30, chromium 045, molybdenum 0.12

94Bxx Nickel 0.45, chromium 040, molybdenum 0.12

Noter B denotes boron steel,



TABLE 4.2

Nominal compositions and typical applications of selected standard alloy steels

AISISAE No. %

C %Mn %Cr %Mo %Ni %Sit Typical applications

Manganese steels

1330 030 173

1340 040 1.75
Chromium steels

3120 0.20 680 080

5130 0.30 080 095

5140 040 080 080

5160 0.60 0.88 0380

ES2100 1.4 035 145
Molybdenum steels

4023 .23 0.80 0.25

4037 .37 0.80 0.25

4047 047 030 023
Chromium-molybdenum steels

4118 0.18 080 030 013

4130 0.30 0.50 095 020

4130 040 0.88 095 020
Chramivm-vanadium steels

8150 0.50 0.80 095
Nickel-molybdenum steels

4620 0.20 0.55 025 1.83

4820 .20 0.60 25 350
Nickel (1.83%)-chromium-melybdenum steels

4320 020 055 050 025 183

4340 (E) 040 0.70 080 025 133

Nickel (0.55%)-chromium-molybdenum steels

8620 020 080 030 020 055

3540 040 0,88 050 020 055

R660 060 0.88 050 020 Q55
Silicon sieels

9260 0.60 0.88

20

High-strength bolts

Carburizing stes]
Siweering parts

Spring steels
Ball and rofler bearings

Carburizing steel

Pressure vessels, zircraft structural parts, auto
axies, steering knuckles

0.15V; valves and spnings

Transmission gears, chain pins, shafts, roller
bearings

Carburizing steel
Heayy sections, landing gears, truck parts

Carburizing stee}
Auto springs, small machine axles, shafts

Leaf springs

F Al steels contain 0.28%% min 81 except 9260; all steels contain 2.035% max P and G.0409 max$ except
glectric furnace steels {E), which have 3.025% max P and 0.025% maxS.



Table 9.3 Typical mechanical properties and applications of plain-carbon steels

v : b 1 Flongatio

L _Condition * _ ki MPa. . kst MPa - (%) .

1010 Hot-rolled 40-60 276414 2645  179-310 28-47
Cold-rolled  42-58  290-400  23-3 159-262 30-45 rod, and nails and screws;

concrete reinforcement bar

1020 0.20 C, 0.45 Mn  As rolled 65 448 48 331 36 Steel plate and structural sections; shafts,
Annealed 57 393 43 297 36 gears

1040 040 C, 045 Mn  As rolled 90 621 60 414 25 Shafts, studs, high-tensile tubing, gears
Anncaled 75 517 51 352 30
Tempered* 116 800 86 593 20

1060 0.60 C, 0.65 Mn  As rolled 118 «814 70 483 17 Spring wire, forging dies, railroad wheels
Annecaled 91 628 54 483 22
Tempered* 160 o 110 113 780 13

1080 0.80 C, 0.80 Mn  As rolled 140 967 85 586 12 Music wire, helical springs, cold chisels,
Annealed 89 614 54 373 25 forging die blocks
Tempered* 189 1304 142 980 12

1095 0.95 C, 0.40 Mn  As rolled 140 966 83 373 9 Dies, punches, taps, milling cutters,
Annealed 95 635 55 379 13 shear blades, high-tensile wire
Tempered* 183 1263 118 814 10

Table 9.6 Typical mechanical properties and applications of low-alloy steels

B oot Tensile 0 Yield o : G
Alloy ~ : Chemical e i L
'AISISAE  composition 4 t:vsf,fmgth‘ strength L Typieak
‘number. - (wt %) - Condition ksi:  MPa - ksi. MPa = Elongation (%) applications o
e o : Manganese steels B i
1340 040 C, 1.75 Mn  Annealed 102 704 63 435 20 High-strength bolts
Tempered®* 230 1587 206 1421 12
sl o . Chromium steels
5140 0.40 C, 0.80 Cr, Annealed 83 573 43 297 29 Automobile
0.80 Mn Tempered* 229 1580 210 1449 10 transmission gears
5160 0.60 C, 0.80 Cr,  Annealed 105 725 40 276 17 Automobile coil and
0.90 Mn Tempered* 290 2000 257 1773 9 leaf springs
. . am k ‘ Chr{)nxium-mbiy'bdgnixm‘ steels i e A
4140 0.40 C, 1.0 Cr, Annealed 95 655 61 421 26 Gears for aireraft gas
0.9 Mn, Tempered™ 225 1550 208 1433 92 turbine engines,
0.20 Mo transmissions
e . Nickel-molybdenum steels =~ . e o
4620 0.20 C, 1.83 Ni, Annealed 75 517 54 373 31 Transmission gears,
0,55 Mn, Normalized 83 573 53 366 29 chain pins, shafts,
0.25 Mo roller bearings
4820 0.20 C, 3.50 Ni,  Anncaled 99 683 67 462 22 Gears for steel mill
0.60 Mmn, Normalized 100 690 70 483 60 equipment, paper
0.25 Mo machinery, mining
machinery, earth-
moving equipment
.. Nickel (1.83%)-chromium-molybdenum steels ShAea
4340 (E) 040 C, 1.83 Ni,  Annecaled 108 745 68 469 22 Heavy sections,
0.90 Mn, Tempered* 250 1725 230 1587 10 landing gears,
0.80 Cr, truck parts
0.20 Mo
. Nickel (0.55%)-chromium-molybdemum stecls
8620 0.20 C, 0.55 Ni,  Annealed 77 531 59 407 31 Transmission gears
0.50 Cr, Normalized 92 635 52 359 26
0.80 Mn,
0.20 Mo
8650 0.50 C, 0.55 Ni,  Annecaled 103 710 56 386 22 Small machine
0.50 Cr, Tempered* 250 1725 225 1552 10 axles, shafts
0.80 Mn,
0.20 Mo

*Tempered at 600°F (315°C).
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FIGURE 4:10

Isothermal-transformation diagram of AISI 1340 steel. (After “Isothermal Transformation
Diagrams,” United States Corporation, 1963, p. 26.)



FIGURE 4-11 .
Microstructure - of AISI 1340
steel, containing 1.74% Mn and
040% C. Aircooled from
828°C. Structure shows fine
pearlite with some ferrite out-
lining prior austenite bound-
aries. (Etch: picral 500 %)
(Courtesy of R. M. Fisher, U. S.
Steel Research Laboratories.)
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FIGURE 4:12

Factors contributing to the effect of manganese on the tensile strength of annealed 0.15% C steels.
LAfter K. J. Irving and F. B. Pickering, JISI, 201(1963):944, as presented in E. C. Bain and H. W.
Paxton, “ Alloying Elements in Steel” 2d ed., American Society of Metals, 1966, p. 270.}
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Continuous-cooling diagram for AISI 5140 alloy steel. (After- Met. Prog., Dec. 1965, p. 84.)
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FIGURE 4-15

Alloy 5160 hot-rolled 0.635-ini diame=
ter, air-cooled from finish-rolling tem-
perature at 982°C; structure consists of
unresolved pearlite (dark) and ferrite
(light). ( After Metals Handbook, 8th ed.,
vol. 7, American Society for Metals,
1972, p. 49:)
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&
OlL —QVENCHED,
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FIGURE 4-16

Alloy 5160 hot-rolled coil-spring steel,
austenitized at 871°C for 30 min and
oil-quenched; structure consists of un-
tempered martensite (dark - constit-
uent) and retained austenite (light con-
stituent). (After Metals Handbook, 8th
4B e Ve Sed i ed., vol. 7, American Society for Metals,
1% picral with 0.05% HCI s00x 1972, p. 49.)

5160 HEAT-TREATMENT & OIL-QUENCHED
CUNTEMPERERED MARTENMP|TE &« RETAINED —Y)
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FIGURE 4-17
Alloy 5160 hot-rolled coil-spring steel,
austemtxzed at 871°C for 30.min, orI—
i hed, and: tempered 1.h'at 04
'structure "consrsts of tempered rﬁart
site. (Affer Metals. Handbook 8th :

: vol. 7, American Society for Metalv
4% nital, 4% picral, mixed 1 to 1 1000 1972, p. 49.)
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FIGURE 4-18
Alloy 52100 steel bar first spheroidized
and then austenitized at 843°C for
0.5'h, oil-quenched and tempered 1 h
at 399°C structure consists of tem-
pered martensite and a dispersion of
carbide particles not dissolved during
austenitizing. (After- Metals Hand-
- PRSI PR book, 8th ed., vol. 7, American Society
4% nital, 4% picrali mixed 1 to 1 500 % for Metals, 1972, p. 51.)
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Continuous-cooling diagram for AISI 4047 alloy steel. (Affer Met. Prog., Dec. 1963, p. 114
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FIGURE 4-20

Alloy 4047 steel forgmg (z-m( sectmn
thxckness) air-cooled from forgmg tem-
‘pcrature of’ 1204°C Iongltudmal sec-
txon, structure cons:sts of plates of
ferrite (white) and fine pearlite: (dark).
(After Metals Handbook, 8th ed.; vol.
: i 7, American Society for Metals, 1972,
2%. nital 550 X p. 370.)
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FIGURE 4-21 C7)

Alloy 4047 steel forging (3-in thick, longi-
tudinal section) austenitized at 829°C,
cooled to 663°C and held 6 h, firnace-
cooled to 538°C, air-cooled. Ferrite
(white) and lamellar pearlite (dark). ( After
. Metals Handbook, 8th ed., vol. 7, Ameri-
2% nital ' ' 50\6‘,« can Society for Metals, 1972, p. 37.)
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Comparison of the softening with
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4140 0.40 C, 1.0 Cr, Annealed 95 655 61 421 26 Gears for aircraft gas
0.9 Mn, Tempered* 225 1550 208 1433 9 turbine engines,
0.20 Mo transmissions
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FIGURE 4-24

Continuous-cooling-transformation diagram for AISI 4140 alloy steel. (After Met. Prog., January
1964, p. 100.)



Y140 : FULLY ANNEACED AT A1 ¢ , Z¥ HR.

COARPE PEARLIT

FERRITE

FIGURE 4-25
Alloy 4140 steel fully annealed 24 h at 691°C; struc-
tute consists of pearlite with ferrite. (Etch: 2% nital;

800 X .) (Courtesy of Republic Steel Co.)

(P43 ¢)
HMY0 : EULLY HARDENED , AURTENITIRED
O (L= QUENCHED

MALTENPITE
TR/ CTURE .

FIGURE 4-26

Alloy 4140 steel fully hardened; sample was austeni-
tized at 843°C and oil-quenched; structure is
martensite. (Etch: 2% nital; 800X .) (Courtesy of
Republic Steel Co.)




3 ¢)
QUENCH & TEMPER | AWTENITIRED

O\ —QVENCHED

TEMPERED
215 °C)

FIGURE 4-27 - _ -
Alloy 4140 teel fully h dened and empere am-
ple was austenitized at 843°C and“'ox quenc
tempered at 315°C; structure is temperedf ma en-'
site. (Etch: 2% nital; 800X .) (Courtesy of R public
Steel Co.)

TEMPERED ~MARTEMITE
PTRUCTURE



Ni= Cr - Mo LTEEW, (ARl 4oxx & dHXX)
4axx = /- &N, 0. 5—~o.¢P~%__C_(,®.aox__M\o
BoxK = REDUCED V' TO .55 YN

AL 2C sMm ANT ACr Mo
4320 0.¢ 0.55 (l.83) 6.5 06.25
@340 0% 0.0 \ 1Y/ (0. 0.25

4o 0.4 0.8 (955 Jo.5 o0.20
fbéo 0.6 0.0 \p.55/ 9.5 0-20

NI+ QCx = HIGHER ELAPTIC LIMET

INCREAPE HARDENABILITY

HIQH IMPACT & FATIGWE REMPTANCE
WDED 0.2 VMo =D (NCREAI HARDINARILITY

RONNTYAS TEMPER BRITTLEIVES
APPucA‘rw N |

$2xX = HEAVV‘-DUTV & H PTREVOLTH PIRT
AP LAVDING, GEAR, AIRCRAFT TUBE.

FbxX = WED FOR [SWER STRENGTH REQVIRE
Low NO) THAN $3xx AP SHAET, Forsng, pARTY
THAT REQUIRE RN~ TRENGTY




Elongation (%)

" Nickel (1.83%)-chromium-molybdenum stecls

040 C, 1.83 Ni,  Anncaled 108 745 68 469 22 Heavy sections,
0.90 Mn, Tempered®* 250 1725 230 1587 10 landing gears,
0.80 Cr, truck parts
0.20 Mo
. & Nickel (0.55%)-chromium-molybdenunm steels e
8620 0.20 C, 0.55 Ni,  Annealed 77 531 59 407 31 Transmission gears
0.50 Cr, Normalized 92 635 52 359 26
0.80 Mn,
0.20 Mo
8650 0.50 C, 0.55 Ni,  Annealed 103 710 56 386 22 Small machine
0.50 Cr, Tempered®* 250 1725 225 1552 10 axles, shafts

0.80 Mn,
0.20 Mo

*Tempered at 600°F (315°C).
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Temperature (°F)
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4340

0.41 C, 0.87 Mn, 0.28 Si, 1.83 Nj,
0.72 Cr, 0.20 Mo

Austenitized at 1550°F (843°C)
Grain size: ASTM No.7

Acy: 1390°F (754°C)

Ac: 1330°F (721°C)

12.7 mm
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Y43Y0 NORMALI TINGL.

FIGURE 4-30 FIGURE 4-31

Alloy 4340 normalized at 871°C for 1 h and Alloy 4340 normalized at 871°C for 1 h, air-
air-cooled; structure consists of upper bainite,  cooled, and annealed at 691°C for 24 h, tem-
(Etch: 2% nital; 400 X .) (Courtesy of Republic gered structure, tending toward spheroidiza-
Stel T} tion. (Etch: 2% nital; 400 X .) (Courtesy of

Republic Steel Co.)

2
NORMALIZING NORMALIRED & ANNEALED

AV TENITIRED AUPTENITIRED
(¥ °C, 1 HR) C&H ¢, 1 HR )

AlR — COOLED AlR — COOLED

\Z

OPPER BAINITE. ANNEALED
PTRUCTURE (a1 °¢ , 2¢ HR)

TEMPERED~PTRVCTURE |
WITH
SPHEROID CARB|PES




FIGURE 4-32
Alloy 4340 austenitized at 843°C for 1 h and
oil-quenched; structure consists of martensite
with some possible retained austenite. (Etch:
2% nital; 400X.) (Courtesy of Republic Steel
Co.)

HARDEN (NG .

AMRTENITIRED
(843 C, 1 HR)

OlC— QVENCHED

MARTENPITE )
WIATH

JOME RETAINED~¥

Ny

FIGURE 4-33

Alloy 4340 austenitized at 843°C for 1 h, oil-
quenched. and tempered 4 h at 538°C; struc-
turer.con»si'sts\ of tempered martensite. (Etch:
2% nital; 400%.) (Courtesy of Republic Steel
Co.)

HARDENING & TEMPEEIIVQ

AVLTENITIRED
(843 °C, 1 He)

OlL— QUENCHED

TEMPERED
(5%¢C, & HR)

TEMPERED MARTENNTE
P TRUCTURE




Ni = —Cr —Mgp P7TEELS.
T CAIRI @340 + 2 /PT)
ADDED 2 Y P T® @240 FOR (NCREAPING

PTRENGATH & TOUGMHNENN,

- T H I I ‘ [}
L 40+ %J‘
> | 0o 5 @ 4‘34‘0 +Z '
>" _‘—___—vVVQ\:B‘KH-Z%Si- g
% 20 20 8
-, 4340 B By x
e . 3 20 Y0
L ' ||
~ 80k -85
s | 4340+2% Si | E
2 60 465 ©
xg B Kk =
a0l 4340 i A
' 1 1 { 1
y T T T T
360} UTS ¥S
4340 o o 12400
4340+2%Si @ L B
~ 320 12200
173
< Jpooo — FIGURE 435
v 2801 A £  Plots showing the effects of temper-
= y . .
- N -1800 = ingon the mechamcal properties of
2 saol R/ AISI 4340 steel and AISI type 4340
S -11600 steel to which 2% silicon has been
o 8. laoo added. Steels quenched from 870
200~ { | | and 950°C, respectively [ After E. R.
féT. . 200 : 200 600 Parker, Metall. Trans. 8A4(1977):
TEMPERING TEMPERATURE () 1025.)

TovdVESS T = DUETY i RETARD THE
PREC)PITATION OF Fe,,g_l-‘kom ¥ IN TEMPERED
MARTENDITE.

( Low-2i , RETAINED~Y DECOMPOSES UPON
TEMPERING IV 200-370°C & Fe,d FULMU FORM

AROVND TS => CAULE TO MARTENPLTIC EMBR|TTLE
* WITH 27.d = PTROVGER & TOVAHER IN TEMPERING.




Ex. 200/M AULSY STEEL (LLTRA— HIGH S TRENGLTH
o4Y.C, 0357/ Mn, L6V, 0.0/ Cr, - 87N

O‘CYMo 0.08+\V, P2d 0.0/5 /. MAX.
C4PUO + 1-6 £ DI+ ©.08 7.V WiTh (SW PEP)

V = GRAIN REFINER

LOWN P& = REDVCE TEMPER BRITTLENEIN
(INCREASE TOUGHNERN & DUCTILITY)
% APPLY VAWUM -~ARC—REMELTED To LBW H&Z 0O

FOR MINIMIZE OXIDE INCLVF 10NN AND INCREASE
WU&HNE;Q_J\

[

2000

air melted vacuum remelted
02%p.s.=1660 N/mm®, N0.2% ps-lGQON’mm
ts. . =1970 N/mm?X| ts.  =1960 Nimm
el. =T7% el. =T11.5%
r.of a. —28.3/ >< r.ofa. =45%

Izod =7109ft lbf N[zod = 16 13,14 £t Ibf]
(9.5,14,12 J) (22,18,19 J)

1500

10001

stress/(N/mm?)

7

500

area under curve represents energy to failure
>§ X )4& )ﬁ/g\/I\ é\ N ;0\
1

clongation 9%,

0

FIGURE 4-36

Energy absorbed in fracturing air and vacuum remelted 300M alloy steel (transverse properties)
[ After W. M. Imrie, Royal Soc. London Phil. Trans. A282(1976):91.]



T66L <PTEELL

ULED FOR. YWBRKING. & SHAPING. BASIC MAT.

e g METAWY, PLAPTICN & WOOD INTO SHAPES,

HIc
TOOL LTEEL — - PTEEL & ALLOY PTEELS

ll
~ CAPABLE To Hﬁe.m;/v//vd & TEMPER)NG

REQUIRE PROPERT|ES

— HIGH HARDVERS & YWEAR REPIRTANCE
= HEAT RESRTANVCE & SUEF/ICIENT d‘?ﬁcs/ve:a

T WORK CRESKT 70 JOETEN/ING)
= DIMENSION LTABILITY
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CLANNFICATION OF T9O( STEEW.

® WATER-HARDENVING, (W - TYPE)

@ JHOCK — REPTANT ( 5 - TYPE)

@ CGLD-—WDRK' TOOL LTEELS
3.1 OIL-HARDENING. CQ- TYPE)
%2 AlR—HARDEN NG, CA- TYrE)
3% Hidd~C, Hidl~¢n ¢ p - TYPE)

© HOT-Work. TweL oreeLo CH - TyeE)

1 COnr-TYpE CH't-Hp.)
G VTR (e Wy,

7\ TUNGITEN Type CT - TypE)
2.2 MOLYBDENUM TYPE (M -Typg)

® FPEQIAL PURPOSE TpoL FTELLS
—LW ALY (L-Tyee)

& Mo> L frEELY (P Type)



WATER- HARDENIMG, TCOL S TEELS.
LEdU‘ﬁxFENCPNE
(_ W ~ TYE ?/«3&@9&’&1)&6 )

> (OWEST WEAR-RENIT,

TABLE 9-2
Chemical compositions and typical applieaﬁm(svtggxe =1 ,dm -E/VAB) L ITY
(W-type) tool steelst )

AlSI

wpe %C W %Mo %Cr %V  Typical applications
W1 -~ Low carbon: blacksmith tools, blankin
w32 0.25 19015, caulking tools, cold chisels, forging

dies,_rammers, fivet sets, shear blades,
punches, sledges. Medium carbon:
arbors, beading tools, blanking dies,
reamers, bushings, cold heading dies,
chisels, coining dies, countersinks, drills,
forming dies, jeweler dies, mandrels,
punches, shear blades, woodworking
1ols. High carbon: glass cutters, jeweler
dies, lathe 1ools, reamers, taps and dies,
twist drills, woodworking tools.
Vanadium content of W2 imparts finer
grain, greater toughness, and shallow
hardenability.

W3 1.10 . i : sf 0.50 . Heavy stamping 3“% tube-draw-
ing mandrels, large punches, reamers,
razor blades, cold-forming rolls and dies,
wear plates.

IT-DH@RAMOF W1.(/-05 /. ¢)

1300
A+ C T —
i ,,?a-""/// - [Rclg
Sy i =2 o
1200 g ,'( Wips
§ X s o h )
gk { Grade %} Sl !
&2 . ; Yistemitinrg temranpivre . 180F :
- ' ; v : ‘ {nbel (hey ) lempanpiure 13357
1000 5 ~ F+C Lk P conglan: m:z;iie&
" . ; 2 C 1Bl
> N ~ Mn 875
3 | 1 Si Fo
§ : 4 ! \’\i'&‘ | i 0
5 \f‘ +F+C \\, !
. R Sl
£ N1 T 52
2 600+ A+ C >
NG P
N ™~
M ™
GO0 i s _190%/ N'z_,,\x \\ 60
4 - ann
: 807
200 % 1l
i

2 4 8 153060 2 4 815 30 60 2 4 8 15
Szeonds Minutes Ho-ursl 080
Time

VERY SMALL AMOUNT 6F AUOY|NgL ADDED

VERY (Ow HARDENABILITY,



ONLY WATER—QUENCHED TO HARDEN NG
C FORM MARTENSITE)

ONLY CASE

PUT

HEC .

QUTI(DO R

D E

CORE

CHARDER)

¥ —> MARTENAITE

¥ ——> PEARLITE

(POFTER)

CASE (OVUTRIDE)

g ,

x h\\ .

N ¢ 8

Froe 1O {W1)
64 ‘ _ \\ 348~ in dicm bor W 1
62 N S5 |
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i P-00i5 7 y ( !
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¥ \ 1
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Distonce from Cenler,

FIGURE 9-1

Yes in.

(Top) Isothermal transformation (IT) diagram from a type W1 water-hardening tool steel. Open
part of curve around 1000°F indicates lack of good data for precise position of lines. (Afrer
P. Payson, “ Metallurgy of Tool Steels,” 1962, p. 63. Reproduced by permission of John Wiley & Sons,

Inc.) (Bottom) Hardness penetration on
Visual measurement of case depth is # in

3.in bar of WI tool steel brine quenched from 815°C.
from surface. At this point the hardness of R_55, (After

G. A. Roberts, J. C. Hamaker, and A. R. Johnson, “Tool Steels,” 3d ed., American Society for

Metals, Metals Park, Ohio, 1962.)
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W2 = 0.25 /.V ADDED
—

7
INHIBIT GRAIN GROWTH DURING, AVSTENITIRING

(V DYOLVED IN RepC ) LOWER [T SOLUBILITY )

v
MORE STABLE CARB/DE

BUT. CARBIDES ARE NUCLEATING AQLENT, For
PEARLITE — DECREANE HARDENAB (LITY

W2 = 0.50 /Cr ARED

\
INCREASE HARDENABILITY

O CARBIDE  DUNOLVIED DURINGL AVLTENIT 2/VQ )

ENRICHED OF Cy IN ¥ AND INKIBITS THE
PEARLITE REACTION.



SHOCK = RENMITANT TEOL J'T EEL:’*_x

(S -TYPE)

( !xcmu.ll compositions and typical applications of shock- resistant (S-type) tool steelst
—OWER:

ype % C) % W \ﬁ_M/O % Cr %V % Other Typical applications

-

———— ] . oy §
81 0.50 2.50 P 150 Snc - o Bolt header dies, chipping and caulking

chisels, pipe culters, conerete drills, ex-
pander rolls, forging dies, forming ies,
grippers, mandrels, punches, pneumatic
tools, scarfing tools, swaging dies, shear
L=y
s blades, track tools, master hobs,
T

. 4 e e . . — . . ‘ y
52 0.50 0,50 1.0(@ Hand and pneomatic chisels, drift pins,
forming tools, knockout pins, mandrels,
nail sets, pipe cutters, rivel sels, serew
driver  bits, she: spindles,
stamps, tool shanks, track tools.

S5 0.55 0.40 0.80 Mns Hand and pneumatic chisels, drift pins,
202® forming tools, knockout pins, mandrels,
nail sets, pipe cotlers, rivel scls and
busters, screw driver bits, shear blades,
spindles, stamps, tool shanks, track tools,
lathe and screw-machine collets, bending
dies, punches, rotiury shears.

S6 0.45 s o 0.40 1.3 L 8 140 Mas Shear blades. aluminum impact extrusion
‘@\ dies and punches, rivet sets, cold-coining
= Qs anr e )
dics, cold header punches, knockout
punches,

s7 0.50 o 1.40 325 - ST Shear blades, punches, slmcr:;éhi&ﬁ, form-
_\J ing dies, "sm header dics, blanking dies,
rivet sets, gripper dies, engraving dies,
plastic molds, die-casting dies, master
hobs, beading tools, caulking tools,
chuck jaws, clutches, pipe cutlers, swag-
ing dies,

=> REQUIRE TOUGHNESRY (USED FOR IMPACT
STREW), WATH HARDNER) INCREASE BY
SECONDARY HARDENING

P LOWER C— CONTENT (950 /3D THAV OTHER
CUJED AT (DWER HACDANEN, S6—éo t-gec)

= APPL (CATIONG: : SHEAR BLADEL, CHH\EL\I‘
RIVET JETD



S8 :0.957.C,0.95/Ms, 2.0 %\, 6.8 Mm
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FIGURE 9.3
IT dizgram of type S3 shock-resistant tool steel. (After P. Payson, “Metallurgy of Tool Steels,” Wiley,
1962, p. 60. Reproduced by permission of John Wiley & Sons, Inc.)

=> (OW-PRICE & MEDIUM HARDENABILITY

AVSTENITIZING. COMPLETE AT HIGLH
(=29

TEMPERATURE «~ 927 ‘¢
(0-57.C, 14 Y Mo & 3:25 7 0r)

— [NCREAVLED DEPTH OFE HARDEN \NG. -
(Hiot Mo & Cr FOR INCREANE HARDENABILITY

— W= C FOR HIGH TOUR HVER
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COLD - WORK, TOOL STEELS.

USED FOR: CsLD-WORK ToolL & DT
APPL|CAT IONS
(RESKTANCE To WEAR & REQUIRE TOUQHVERS

GROVRS OF CW TO9L PTEE (S,

@ QiL- tarbeming. ( O -Type)
® AlR —HARDENING, (A - TYPE)

G Hidr-C, HIgH~Cr ( D~ Typg)



CW  OLL—HARDENING TO9. PTEEL,

TABLE 94 ) \ .
Chemical compositions and typical applications of cold-work oil-hardening

(O-type) tool steelst

(O - TYPE)

AlSI

{ype

@ GW %Mo %Cr

Typical applications

01 [ 0.50 I 0.50

02

07

0.59

1201 1.75

Blanking dies, plastic mold dies, drawing
dies, trim dies, paper knives, shear
. blades, taps, reamers, tools, gauges,
bending and forming dies, bushings,
punches. °

Blanking, stamping, trimming, cold-form-
ing dies and punches, cold-forming rolls,
threading dies and taps, reamers, gauges,
plugs and master tools, breaches, circu-
lar cutters and saws, thread roller dies,
bushings, plastic-molding dies.

Blanking dies, forming dies, mandrels,
punches, cams, brake dies, deep-drawing
dies, cold-forming rollers, bushings,
gauges, blanking and forming punches,
prercing and perforating dies, taps,
paper-cutting dies, wear plates, tool
shanks, jigs, machine spindles, arbors,
guides in grinders and straighteners.

Mandrels, slitters, skiving knives, taps,
reamers,drills, blanking and forming dies,
gauges, chasers, brass finishing tools,
dental burrs, paper knives, roll turning
tools, burnishing dies, pipe-threading
dies, rubber-cutting knives, woodwork-
ing tools, hand reamers, scrapers, spin-
ning Yools, broaches, blanking and cold-
forming punches.

> HIGH AP~ QUENCHED HARDVENN

-> HIdH HARDENABILITY

=> FREEDOM FROM CRACKING. ON QUENCHINVG

=> MAINTAIN FHARP EDGLE FOR CUTTING

(BUT. CAV AMOT USED FoR COTTING AT Hldt

JPEED & FOR HOT-WoRING.)
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FIGURE 8.3

IT diagram of type O1 oil-hardening 100l steel. (After P. Payson, * Metallurgy of Tool Sweels,” Wiley,
1962, p. 64. Reproduced by permission of John Wiy & Sous, Inc)

- HIdH—C &« M WITH W & Cr
— \w a4 —
INCREAPE HARDENABILITY

—> NOWER OIL—QUENCHING RATE (AN BE.
FRODUCE MART ENSITIC FTRUCTURE

2
LER DIMENIYON CHANGE > DERTOR T100V
WD CRACKINGL THAN WATER— QRVENCHED
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CW_AIR~ HARDENING, TOOL PTEEIH

TABLE 9-3

(A- TYPE)

Chemical compaositions and typical applications of cold-work (medium-alloy)
air-hardening (A-fype) tool steelst

Prainssussesmt eSS s s )

%W @ % Other Typical applications

AlSI _
type (% C
A2 100
A3 L25
A4 100
A6 070
AT 2325
A8 055
A% 0.50
AlD 135

-~

100 500 -+ o a--
100 560 100 -

h L

Thread-rolling dies. extrusion dies, trim-

ming dies, blanking dies, eoining dies,
mandrels, shear blades, slitters,sspinning
rolls, forming rolls, gauges, beading dies,
burmishing toads, ceramic tools, embos-
sing dies, plastic molds, stamping dies,
bushings. punches, Hners for bpock
molds.

.00 10 L. @ Blanking dies, forming dies, timming dies,

punches, shear blades, mandrels, bend-
ing dies, forming rolls, broaches, knurl-
ing tools, gauges, arbors, bushings, shit-
ting cutters, cold-treading rollers, dnll
bushing, master hobs, cloth-cutting
knives, pilot pins, punches, engraver
rolls.

.. 1.25 100 ... (2.00Mn Blanking dies, forming dies, coiﬂiﬁg dies,

et
g
3
v
Dt
LA
e
ol
41

Foud
Ly
sae
bd
1N
L2
s

trimming dies, punches, shear blades,
spindles, master hobs, retaining rings,
mandrel, plastic dies.

Brick mold liners, drawing dies, briquelting

dies, liners for shot-blasting equipment
and sand slingers, burnishing tools,
gauges, forming dies.

Cold slitters, shear bilades, hot-pressing

dies, blanking dies, beading tools, cold-
forming dies, punches, colning dies,
trimming dies, master hobs, rolls, forging
dig inserls, compression molds, notching
dies, slitter knives.

- 140 500 100 1.50Ni Selid cold-heading dies, die inserts, head-

ing hammers, coining dies, forming dies
and rolls, die casings, gripper dies. Hot-
work applications: punches, piercing
tools, mandrels, extrusion tooling, forg-
ing dies, gripper dies, die casings, head-
ing dies, hammers, coining and forming
dies.

150 ... ... 1.80Mn, Blanking dies, forming dies, gauges, trim-

1.25 §j,
1.80 Ni

ming shears, punches, forming rolls,
wear plates, spindle arbors, masler cams
and shafts, stripper plates, retaining
Tings.



A-TYPE JUITABLE FOR APPLICATIONS i—
— Had TOVGHNERN
— GO0D ABRAPION REPIPTANCE

UJED FOR:
BLANKINGL, FORMIVG. 4 DRAWING DIED

WHCH LERN DIMENGION CHANGE AFTER.
HARDENING & TEMPERING (~ %p OF ®’TYPE) |

COMPON TION P,

1.6-2.0 /C WITH ADDED Cr, Mm Mo V 2N

—‘-'—-‘

TWO  IMFORTANT ALLOV, v A-TYPE
~A2 (570, 7 2 M)
—~ A% (17Cr, {7 Mo, 2-3 3/ M)



A2 (17C, 57 Cr 1 £ Mg) VvV 0.3%

1400 e Ty : IEmE— T !
A e rx;’.z“ Ry i ; g i i I P IR
: é&%}(ﬂl vg:;ti L:if . ‘ \i+F+C 3 : -»‘;F*‘L
1200 LR coeditia sioah e : - —
2111 Nima =S “
AN sgoc; AT
1000} S 2 Widih IS :
S\l D INL] The#¢e] (AR
. gm‘*ff-’ SN AVER (D LEMW{ NLAZ 3 AR E
E Ac \ Ll ws | PECTON.
= ) - - \| N A\ %05
~ 1] X '5, i
400 : Fh \ SN
1%} : _ :
. \é 70%» Q p\\ r CK »
| N8 \
: = 50 \
. B T ; i”é v \

2 4 8 15 30 24815&584 8}33337
Szeoands Hirules Hx
Time \
N\ M B A
FIGURE 9.7 ; +

IT diagram of A2 type cold-work medium-alloy air- hardening tool steel. (Afrer P. Payson, *Metal-
lurgy of Tool Steels,” Wiley, 1962, p. 267. Reproduced by pennission of John Wiley & Sons, Inc.)
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CW _CHIgGH-C, H@H~Cx) Tool FTEELN.
TABLE 9-6 C ‘D' N TYPE)

Chemical compositions and typical applications of cold-work, high-carbon,
high-chromium (D-type) tool sffs'elsi‘

|
AISI

npe (BFC, W %Mo 6@7 Cr; %V 9% Other Typical applications

D2 § 130 r . 1.00 1200 1.00 A, Blanking dies, cold-forming dies, drawing
dies, lamination dies, thread-rolling dies,
shear blades, slitter knives, forming rolls,
burnishing tools, punches, gauges, knurl-
ing tools, lathe centers, broaches, cold-
extrusion dies, mandrels, swaging dies,
cutlery.

D3gf225 §... e 1‘2.00+ . - Blanking dies, cold-forming dies, drawing
dies, lamination dies, thread-rolling dies,
shear blades, slitter knives, forming rolls,
seaming rolls, burnishing tools, punches,
gauges, crimping dies, swaging dies.

Didga2s ... 1.00 § 12.00¢ ... A% Blanking dies, brick molds, bumishing
tools, thread-rolling dies, *hot-swagng
dies, wiredrawing dies, forming tools and
rolls, gauges, punches, rimmer dies, dies
for deep drawing.

Dig1s50§... 1.0 1200 ... 3.00Co Coldforming dies, thread-rolling dies,
blanking dies, coining dies, uimming
dies, draw dies, shear blades, punches,
quality cutlery, rolls.

D7 \2—.:;3 J — 1.00 §12.00 §4.00 v Brick mold liners and die plates, briquet-
S ting dies, grinding wheel molds, dies for
deep drawing, flattening rolls, shot and
sandblasting liners, slitter knives, wear
plates, wiredrawing dies, Sendzimir mill
rolls, ceramic¢ tools and dies, Iamination
dies.

D-TYPE. CC,Cr, Mp, Jome v, Cs)

- MG WEAR— REMNTANCE =S BY me.g 127-(
=S HH DIMENPION STABILITY — HigH—-C

C LERN DIMENNON CHANGLE) U-5~2357

A\
VERY USEFRUL ForR COLD -WORK DbIE

]




EXCEUENT WEAR-REPHTANCE OF D—TypPE

/ \\»
Hi6lt - Cr HidH—C
Clz? O (/-6-2.35 /. C)

£ 62 (157, 1270
CARBIEN = 3o —po y. (SR THAN .b

&3 C2.25 7¢, /2 7.CF)

AMOUNT OF CARBIDEP DEPEND OV “ed

[EFEECT OF AUOYING, ADDED

® MIGH—Cr =» RENSTANCE TO OXIDATION AT
HIQ 4 — TEMP.

0 ADDED SMALL AMOUNT OF MoV, Co,W b-TH

0 My = INCREASE HARDENABILITY & TOVRHNVER)

oV = GrAINV REF/NEMENT
BUT DECREAJE IN- HARDENABIUTY,
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FIGURE 9-10

IT diagram of D2 (ﬁigh'-»i:arbon, high-chromium) tool steel. (After P. Payson, *Metallurgy of Tool
Steels,” Wiley, 1962, p. 151. Reproduced by permission of John Wiley & Sons, Inc.)
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EEFECT OF AWTENITRING. TEMP ON HARDNENM

&6
&2
2 58 ‘
= Nz A TN
5 2050 F 7 \\ b\
o 54 PN . \ ,
1
= (7ToC) ‘\
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A
g% i\ Z—'
Air-cooted steel D2 \\\
45 AL
\
\
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200 400 500 &0 1000 1200
Tempering temperature, °F
FIGURE 9-11

Effect of austenitizing temperature on the hardness of type D2 tool steel after tempering. A large
amount of retained austenite in the 1120°C (2050°F) sample causes low hardness in the tempered
condition. Above about 450°C (842°F) in the 1120°C (2050°F) sample, transformation of the
austenite 10 martensite along with precipitation of chromium carbides causes an increase in
hardness. (After P. Payson, “Metallurgy of Tool Sieels,” Wiley, 1962, p. 263. Reproduced by
permission of John Wiley & Sons, Inc.)
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HOT-WORK ToOl HSTEELS

( H = TYPE)
WVED FOR . HOT-WORK APPLICATIONS SUCH AP
HOT EXTRUSION PIE, HOT FORGING DIE
DIE - CAPTING. DIE.
_[MPOETANT CHARACTERKI T/, 7“’_“’\_
— HHIGH TOVAMNEIS (PHOCK RESNTANCE IV BT
THERMAL & MECHANICAL)
— RED — HARDNVERN (RENIMT To SOFTENING, WVHE
WE AT T = 550 ¢)
— REPIPTANCE To ERONON & WEAR AT MIOLT—T.
— RENATANGE. To MHEAT-CHECK (LEVELPE OF
BINE SHAULW CRACL oV FURFACE WHEN
APPLY WATER COOLING D

3~ TYPE OF H-W. TOOLATEELS

a> Cr- BAPE : Hy=— Hyq
2> W- BAME ' Hoo— H39

3> Mo —BAME | Hyg— HSQ,



TABLE 9-7 ‘
Nominal chemical compositions and fypical applications of hot-work
tool steels (H-type)t

AlSl =g
typef %C %W % Mo@r ) %V S Other Typical applications

N—— wE SN——
Hot work {chromium) &.— w E

HI0 040 ... 230 325 040 — Mandrels, extrusion and forging dies, die
holders, bolsters and dummy blocks,
punches, die inserts, gripper and headser
dies, hot shears, aluminum die-casting
dies, inserts for forging dies and up-
setters, shell-piercing tools.

HIl 035 ... 150 |5.00] 040 .l die-casting dies, punches, piercing tools,
mandrels, extrusion tooling, forging dies,
high-strength structural components.

Hi2z 035 150 150 §5.00f 040 .o Extrusion dies, dummy blocks, holders,
gripper and header dies, forging-die in-
serls, punches, mandrels, sleeves for
cold-hieading dies.

m;@ ven (150" Lsoof Bod NN Ticgasting dies end inserts, dummy
blocks, cores, ejector pins, plungers,

sleaves, slides, extrusion dies, forging
dies and inseris.

Hi4 04D 3500 o 5060 ... — Backer blocks, die holders, aluminum and
brass extrusion dies, press liners, dummy
blocks, forging dies and inserts, gripper
dies, shell-forging points and mandrels,
bot punches, pushout rings, dies and
inserts for brass forging.

HI% 040 425 ... 425 200 425Co Extrusion dies and dic inserts, dummy
blocks, punches, forging dies and die
inserts, mandrels, hot-punch tools:

® S¥Cr = Mo HAREVABIUTY (N LARJE
- SECT/eN

\J

HARDEIVED BY AIR~CROLED
CMIN. DIMENIION CHANGE )

o oL~ 6F H13 (/07 )

'\
\7 — Crome)
IMPROVE GXIBATION REMMTANCE AT AVPTENITIRED

2 5X0r) (-5 VMg => IN SOLUTION = ¢ TTT—WRYE

£ 7M. AmE TRDANDEDA MA/a AN\




TABLE 9-7 (Continued)

AlSH
type

%C

%V % Other

Typical applications

Mg o

Hot work (tungsten)

W= BAE

H21

H22

H23

H24

H25

0.35

0.35

0.30

0.45

0.25

15.00

18.00

3.50

2.00

4.00

4.00

1.60

Mandrels, hot-blanking dies, hiot. punches,
blades for flying shear, hot trimming
dies, extrusion and die-casting dies for
brass, dummy blocks, piercer points,
gripper dies, hot-nut tools: {erowners,
cutoffs, side dies, piercers), hot headers.

Mandrels, hot-blanking dies, hot punches,
blades for flying shear, hot-trim dies,
extrusion dies, dummy blocks, piercer
points, gripper dies.

Extrusion and die-casting dies for brass,
brass and bronze permanent molds.

Punches and shear blades for brass, hots
blanking and drawing djes, trimming
dies, dummy blocks, hot-press dies, hot-
punches, gripper dies, hot-forming rolls,
hot-shear blades, swaging dies, hot-head-
ing dies, extrusion dies.

Hot-forming dies, die-casting and forging
dies, die inserts, extrusion dies and lin-
ers, shear blades, blanking dies, gripper
dies, punches, hot-swaging dies, nut
piercers, piercer points, mandrels, high-
temperature springs.

Mandrels, hot-blanking dies, hot punches,
blades for flying shear, hot-trimming
dies, extrusion dies, dummy blocks,
piercer points, gripper dies, pipe-thread-
ings dies, nut chisels, forging-press in-
serts, extrusion dies for brass and
copper.

Hot work (molybdenum) MG- L BAJ\ E

H42 060 600 5.00\ 4.00

2.00

Cold-trimming  dies, hot-upsetting  dies,
dummy blocks, header dies, hot-extru-
sion dies, cold-header and extrusion dies
and die inserts, hot-forming and swaging
digs, nut piercers, hot punches, mandrels,
chipping chisels.
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FIGURE 9-13

IT diagram for type H13 hot work tool steel. Since the steel contains residual carbides as
austenitized at 1010°C, the constituents, austenite and carbide, are present to the left and below the
carbide precipitation line as well as to the right and above. ( After P. Payson, “Metallurgy of Tool
Steels,” Wiley, 1962, p. 227. Reproduced by permission of John Wiley & Sons, Inc.)
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FEECT OF TEMPERINGL TEMP. V. HARPMEES

‘ Tempered for 2 + 2 hows at
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£ ! FIGURE 9-14
g N Tempering curves for H13 and Hi2
h ! hot-work tool steels. Note that H13
H \\‘ has better resistance to softening in
20 Y the temperature range of most im-
& \ portance for hot-work steels. (After
\ P. Payson, “Metallurgy of Tool
% \\ Steels,” Wiley, 1962, p. 229. Repro-
3“529 - 3i o T L Ty o duced by permission of John Wiley &

Tempering parameler 7 {20 4 log1) X 10-3 Sons, Inc.)
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quenched 0,15 C steels. [ After K. J. Brine
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L HARDEMING IN W- STEEL
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TABLE 9-8

Nominal chemical compesitions and typical applications for selected

high-speed tool steelst

AlS]
type %C W %Mo %HCr %

Y % Other Typical applications

High speed (tungsten)

. /‘?7?

T2 0.80 1I8.C0 ... 400 200
T4 0.75 1800 ... 400 1.00
T3 0.80 1800 ... 400 200
T6 0.80 2000 ... 430 130

T& 0.75 400 ... 400 2.00

Ti3 1.50 1200 ... 400 500

Drills, taps, reamers, hobs, lathe and planer
tools, broaches, crowners, burnishing
dies, cold-extrusion dies, cold-heading
die inserts. lamination dies, chasers,
cutters, taps, end mills, milling cutters.

Lathe and planer twools, milling cutters,
form itools; broaches, reamers, chasers.

Lathe and planer twols, dnlls, boring tools,
broaches, roll-tumning  tools, milling
cutters, shaper tools, form tools, hobs,
single-point cutting tools.

Lathe and planer tools, form tools, cutoff
tools, heavy-duty tools requiring high
red hardness.

Heavy-duty lathe and planer tools, dalls,
checking tools. cutoff tools, milling
cullers, hobs.

Boring tools, iathe tools, heavy-duty planer
tools, 100! bits. single-point cutting tools
for stainless steel

Form tools, lathe and planer toolg,
broaches, milling cutters, blanking dies,
punches, heavy-duty tools requiring
good wear resistance,

High speed (molybdenum)

M1 0.85 130 830 400 1.00

C W N &

@ @D @) -

M3-1 1.05 600 5.00 4.00 240

Drills, taps, end mills, reamers, milling
cuiters;, hobs, punches, lathe and planer
tools, form tools, saws, chasers,
broaches, routers, woodworking tools.

Drills, taps, end mills, reamers, milling cut-
ters, hobs, form tools, saws, lathe and
planer tools, chasers, broaches and bor-
ing tools.

rilis, taps, end mills, reamers and count-
erbores, broaches, hobs, form tools,
lathe and planer tools, cheeking tools,
milling cutters, slitting saws, punches,
drawing dies, routers, woodworking
tools.



TABLE 9-8 {Continued}

AIS
type %C BW BMo%Cr %V % Other Typical applications
High speed (molybdenum)

M3-2 1.20 600 500 400 300 o Dnlls, taps, end mills, reamers and count-
erbores, broaches, hobs, form toals, lathe
and planer tools, cheeking 100ls, slitting
saws, punches, drawing dies, woodwork-
ing tools, ’

M4 1.30 3.50 450 4.00 400 § o Broaches, reamers, milling cutters, chasers.
form tools, lathe and planer twols, cheek-
ing 1ools, blanking dies and punches for
abrasive materials, swaging dies.

A& 0.80 400 500 4.00 1.30 1200 Co Lathe tools, boring tools, planer 100ls, form
teols, milling cutters.

M7 1.00 175 875 400 200 0 Drills, taps, end mills, Teamers, routers,

saws, milling cutters, lathe and planer
wols, chasers, borers, woodworking
tools, hobs, form tools, punches.

MI0 085;1.00 --- BOO 400 200 . _. Drills, taps, reamers, chasers, end rnills,
; lathe and planer tools, woodworking

tools, routers, saws, milling cutters, hobs,
form tools, punches, broaches.

M30 0.80 200 8.00 400 125 5.00Co Lathe tools, form tools, milling cutters,
chasers.

M33 0.50 130 950 400 115 8.00Co Drills, taps, end mills, lathe tools, milling
cutters, form tools, chasers,

M34 0.90 200 8300 400 200 8.00Co Drills, taps, end mills, lathe tools, milling
cutters, form tools, chasers.

M36 0.80 600 500 400 200 200Co Heavy-duty lathe and planer tools, boring

tools, milling cutters, drills, cutoff twols,
teol-holder bits.

M4l 110G 675 375 425 200 s500Co

Ma2 1.10 1.50 950 378 115 800 Cﬂ{Dr&%i&. end mills, reamers, form cutters,
M43 1.20 2.75 800 375 160 825Col lathe tools, hobs, broaches, milling
M4 113 325 625 425 200 12.00 culters, twist drills, end mills. Harden-
546 1.25 200 823 400 320 825Coi able 10 Rockwell C67 1o C70.

M47 110 1.5 930 375 125 35.00Co :

T Alter “ASM Databook,” published in Mer. Prog., vol. 112, no. |, mid-June 1977



DEVEOPMENT OF HIQH-JSPFED TOOL F'TEELS
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HIGH —PPEED  TOOL LTEE (L
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HIGH-'PEED TOOL FTEELN
(TUNALTEN TYPE , = TYPE)
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CAIBON CONTE N,
L:liguid; Asaustenite; Frferrite; C:FeQWQC

FIGURE 9.20

Phase dizgram of the Fe-W-Cr-C systems. Section s at 18% W and 49% Cr. {After Murakemi and
Hatta, with alterations indicated by dotted lines.) LAfrer K. Ko, 1. Iron Steel Inst. i81(793553:128]




Ty AP~ CAPT ATRUCTURE |

oo S

FIGURE 9.21
Microstructure of as-cast T1 high-speed steel showing heavily cored regions. (Etch: 362 nital: %100
(After G. Hobson and D. S. Tvas, * High Speed Steels.” Mer. Marer., May 1968, p. 147)

UNEVEN Co0LNG S TRUCTURE (N Al=CAPT

V
HEAVY CORING. FTRVCTURE .

NEED TV HST-WORK TO [MPROVE
DE@PERNON OF CARBIDES, N MATRI X




FIGURE 9-22

Microstructure of T1 high-speed tool steel showing lightly banded carbide regions. Longitudinal
direction. Structure after hot working. (Etch: 362 nital; x100.) (After G. Hobson and D. S, Tyas,
“High Speed Steels.” Met. Mater., May 1968, p. 147.)
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HEAT —~TREATMENT OF HIGH ~PPEED I'TEEL |

% MOLT IMPORTANT AFFECTIMG. (T

PER FORMANC E
{ (F HEAT—TREATMENT & NoT CORRECTLY , Wi
REDUCE (T »PEKFG)RMA)VCE.)

_EXAMPLES: STRUCTURES OF T
D Ty : AMVEALING. CONDITIONV

D T, QUENCHED & TEMPERED CONDITION



ANNEALED - CONDITION dF T1
(»r - ?5%0 ¢ Yw <€>’C\— |
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UTRUCTURE
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->PRODULE RED'H&@NBN
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QUENCHED & TEMPERED CONDLITION OF T1.
® AVLTEMITIRING. .

- PRENEAT 1-2 PTERD. TV AVWTEVMITIR/NG
TEMP. FOR MINIMIRED THERMAL JTREMN

= AWTENIT(BRED TUMT BEWOW YOULIBW TEMP,
~ ) 250-/,290 ¢
CFOR CARBIGEN DINOLVED TO Y )

¥
GUVE MAX. HARDNERN AFTER Q& T

= AT AVPTENITIRING TEMP. NOT HOLD
700 LOMG. TIME FOR PREVENTING. GLAIN
GeowrTe & De— (. occle .

0.9kazzzt — i
,){ # e R AR 5 5
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< :
So0.8 oM™ =
8 O.7t—="—F 18-4-I'5 W,qcéﬁ“f‘/v
Y oels” (r-4) 7
>
; as /// "
~ 04 ,, /
% 0.3 ten
W g, zbe fngstel ="
A ,,...——-—'"
Bal " W FIGURE 9-24
-§: T T Partition of elements between carbides and
S pl=” e in Td hinkh i . ,
S matrix in T4 high tungsten teool steel. ( Afrer
g A 1500 2100 2200 23%,75@@ F. Kayser and M. Cohen, Met. Prog., hune

Austenitizing Temp (°F) 757 1952, p.79)

AUSTENITIZING TEMP. & AMOUNT GF CARZB/DE,
DIrOLVED, O0F T



austenite

T I p— B pee—

b 3

'L’ 0 U

Sy ~52 [ o5 AL3
LUBW: 4Cr.1 Vs bt Fe) CARBON Fhl—

C=05." W

Ty

Fig. 14.1 A ‘pseudo-binary’ diagram representing the structure of 18-4-1 Digh-speed steel.
Here the tungsten=chromium-vanadium content is kept constant Dw==P0n remains vari-
able. The: skelches of microstiuctures show ihe effects of solution temperature uporn the -
‘extent of solubility-of the:.complex carbides {light) in the malrix (dark) following quenching.
The higher the quenching temperature the grealer the solubility of carbides (indicated by the
slope of ES)..
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transformation of austen

ing will produce a mix rtensite and retained gustenite.

turated austenite together with some undissolved carbides.
encerient of pregipitation of primary carbides {since the steel
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on o bainile. Note that-at room temperature the
sincomplete (709 at 50°C so that air- oroifquanech-
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Fig. 14.3 The relationship between hardness and tempering temperature for high-speed

(A) Represents the 12% cobalt type, and (B) the ordinary 18% tungsien type.
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200 #6 Furrber Tk phrme a1 j IT diagram for T1 type high-
Al | speed tool steel (austenitizing
- ”“” i 1”” }i : temperature, 1290°C). [After
oo o1 w 10 oz P. Gordon, M. Cohen, and R. 5.
Fime, Rose, Trans. ASM 31(1943):161 ]
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Effect of tempering temperature

- | N FIGURE 926
\\
\

% { \ on the hardness of a2 0.70% C
§ ' \ type T1 high-speed tool steel af-
- & ter quenching from 1204°C
L ’ \\ {2200°F), 1260°C (2300°F) and
3 | Type 610 (T} -0.70 %C \\Y 1I315°C (2400°F). For this steel
3 Ao Ouerehs B0, F Y the normal austenitizing temper-
8 r T (1| the normal austenitizing tem
' 2 2300 1 ature is 1290°C. Tempering time,
& 2400 )

o]

| S holdfrer G. A, Roberis, J.C.
P2 \ Hamaker, and A. R. Johuson,
“Tool Steels,” 3d ed., American

420 00 «0 80 a00 o o0 Seociery for Mewls, Memls Park,
Tampening Bmperatee, F Ohio, 1962, p. 647)
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FIGURE 9-27
Electron micrograps of Ti high-
speed 1ool steel (18-4-1) quenched
°C and tempered 24 h at
Structure shows smooth
Tround of untempered marten-
site contrasted 1o heavy carbide pre-
cipitation within tempered marten-
site. LAfter R. J. Beltz and R. W.
Lindsay, Trans. ASM 61(] 968):7901]
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FIGURE 9-28
IT diagram of type M2 high-speed tool stegl. (Afrer P. Payson, “Merallurgy of Tool Steels.” Wiley,
1962, p. 66. Reproduced by permission of John Wiley & Sons, Inc.)
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§ FIGURE 9-29

Type €23 (TI5) 2275 F e e ,
2 i Soesr b Effect of tempering i.empemt.ure
-t~ Trps G35 (MIIHGNC] 2200F on the hardness of M2 high-

40

speed tool steel. (Afrer G. A.
Roberts, J. C. Hamaker., and
A. R. Johnson, “Tool Steels,” 3d
AsQ 200 400 600 800 o0 0 moe  ed., American Society for Metalks,

Tempering Temperature, Merals Park, Ohio, 1962, p. 648.}
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CEMENTED CARBIDES,

LEMENTED CARR IDEJ :
QNPT OF FINELY DIVIDED NHARD PARTICUES
IF CARBIDES OF REFRACTORY METALN (W, T, Ta

FINTERED TOBGETHER By A FiLm OF Cor METH

- Y

WED AP BINDER GF CARB(DEN'

UED FoR -
— EXTREMELY HARD & WEAR-REMATANCE
CUTTING. TBOL).
— QUTTING. SPEED 5 TIMBEP, THAN EHEH: ~
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PRODUTTION

CEMENTED V- CARBMED PROJUCED BY .

BLENDINGL FINE WC —PowDER) (- 2 pram)
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(WC deant ArE coaren werw Co)
SINTERED IN HYPROREN ABOVE MR OF Co
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b d

CEMENTED CARBIDES DIVIDED INTO 2 TYPES

) W-CARBIDE TYPE (MAINLY W-—CARBIBE )

ED FOR : MALHINING.  OF CAIT ROV,
NONEERRONS & MON=-META LLIC MATE/Q/AL‘/\

&) MIXED —CARBIDE TYPE CTaCt+ TI'C+WLC)
ED FOR @ MACAHINING OF C— PTEELS AND
AUSY PTEELS,

TABLE 9-9
Classification of sintered carbides}

Carbide Comiposition, % (remainder WC) Rockwell A Density,
Eroup Co TaC + TiC Hardutss afem”

Straight tungsten carbide

i 2.5-65 0-3 ) 93-91 15.2-14.7

2 6.5-15 0-2 ' 92-88 14.8-13.9

3 15-30 0-5 B8-B3 13.9-125
Added carbide, predominantly TiC

4 3-7 20-42 93.5-92.0 1L0-5.0

5 7-10 10-22 92.5-90.0 12.0-11.0

& i0-12 8-15 92.0-89.0 i3.0-120
Added carbide, predominantly TaC

7 4.5-8 16-25 93.0-91.0 12.5-12.0

8 3-10 12-20 92.0-90.0 13.0-11.5

Added carbide, exclusively TaC
9 5.5-16 18-30 91.5-84.0 14.8-13.5
Group Typical uses

1. Finishing to medium roughing cuis on cast irom, nonferrous metals, superalloys, and austenitic
alloys: low-impact dies.

- Rough cuts on cast iron, especially on planers; moderate-impact dies.

. High-impact die applications.

. Light high-speed finishing cuts on steel. High crater resistance. Low shock resistance.

. Medium cuts and speeds on steel. Good crater resistance and moderate shock resistance. Dies

with moderate impact involving pickup

6. Roughing cuts on steel. Good shock resistance together with wear and crater resistance. Mod-
erate-impact die applications involving pickup.

7. Light cuts on steel where 2 combination of edge wear and crater resistance is required.

8. General purpose and heavy cutting of steel requiring resistance to wear and cratering. Also resists
abrasive wear caused by scale.

9. Wear-resistant applications particularly involving heat; gauge elements, special machining ap-

plications. Special applications involving mechanical shock and heat such as hot trimming of
flash.

hEAE -V R S



STRUCTURE OF W- CARBOOE TYPE

wC
N
(o — MATRIX
1\
¢ BIMPER
(a¢ v we, 6¥Ce

FIGURE 2-31

Cemented carbide containing 9452 WC,
6% Co; mixed grain size. Structure con-
sists of tungsten carbide in a matrix of
cobalt. {a) (Murakami’s reagent; xX1300.)
(b) Electron replica; blocky shapes are
carbide grains. (Murakami's reagent;
X15,000.) { After Metals Handbook, 8ih
ed., vol. 7, American Sociery for Metals,
Metals Park, Ohiv, 1972, p. 128.)




IN

FIGURE 9-32

Cemented carbide containing 729 W(C,
11% TaC, 8% TiC, 9% Co; density, 12.6
g cmv’. Light angular particles are WC;
dark gray roupnded particles are TaC-
TiC-WC solid solution phases. The ma-
trix is cobalt. {(Murzkami's reagent;
X1500.) (After Metals Handbook, Sth
ed.. vol. 7, American Sociery for Metals,
Metals Park, Ohio, 1972, p. 130.)

WC ,T'C & TaC CENTERED CARBIDES
(N
Co —MATRIX.
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ELEVATED TEVP. HARDNERN OF TooL MATER 1AL
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b
i FIGURE 9.33
= Effect of elevated temperatures on the hardness
of tool materials. {After E. W. Gobiler, *Ad-

463 ) 1203 1880 vances in Cemented Carbide Tooling,” Met. Prog.,
lemperature, F August 1968, p. 95.)
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1 2 34 681 20 3040 808000 200
STOCK REMCWVAL PER CUTTING EDGE, in®x10
FIGURE 9-34
Cutting speed versus stock removal for various tool materials. {Afrer H. C. Child, “Materials for
Metal Curring,” The Muetals Socizty, 1970, p. 173) '
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HEAT TREATMENT. OF FH(GH ~PPEED PTEEL
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TABLE 7-1a

Chemical compositions and typical a

wroughtl ferritic stainless steels)

fications of

Chemical composition w1%

Typical applications

AlS] c

type Cr (max) Mo Al Other}
405 130 0.8 0.20
409 110 008 Ti6 X C
430 17.0 0.12

434 170 o2

Procrrrerasrder INTERBRANUVAR Coppypicrte”

RS x C Similar to types 430 and 434. Used where

436 170 012 10 (

S

( st 0, 020 _
)@a;dmw/m

o.\/nm{lm
roovma AR = i tno By

Nonhardenable grade for assemblies where

air-hardening types such as 410 or 403
are objectionable, Annealing boxes;
quenching racks; oxidation-resistant par-
titions.

General-purpose (€onstruction) stainless,
Automotive exhaust  systems]  trans-
former and capacitor cases; dry fertilizer
spreaders; tanks for agricultural sprays.

General-purpose onha:debie chromivm
type. Decorative tni '
azmeahng baskets;

com un Cham-

bcrs, heaters; mufilers;
range rccupcrators, restaurant

equipment.

Modification of fype 430 designed,_to resist
atmosghggc corrosion in the presence of
winter road-conditioning and dust-laying
compounds. Automotive trim and

low “roping” or “ridging” required. Gen-
eral corrosion and heat-resistant applica-
tions such as automobile trim.

High chromium ste¢l, principally for parts

which must resist high service tempera-

_without scaling. Furnate parts;
nozzles; combustion chambers,

resistance to ¢orrosion and scaling.
hi ’ especially for inter-
mittent service; often. used in sulfur-
bearing atmosphere. Annealing boxes;
combuyst chambers:  glass  molds;
heaters; pyromeler tubes; recuperators;
stirring rods; valves.

N oxidATforv  REPHTANCE "

1 After “ASM Databook,” Mer. Prog., mid-June 1979, vol. 116, no. 1.
£8: 0.030% max; P: 0.045% max; Si: 1.00% max.
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{Cxy m , 2 C )905’9(
TABLE 7:4 )’96 R0 b"‘w? g FL‘CY A/AWM

Chemical cem{ésitmzzs and typical applications of wrangh{ martens:isc)
stainless st&e)s §

,

AlIST
ype %Cr %C % Ni Mo &V %W % Otherg Typical applications
403 122 éJS : “Turbine quality” grade. Steam turbine

blading and other highly stressed paris

including jet engine rings.

rpose heat-trealable  iype.

P p shafi; bo‘lts:_ bﬁh-
gy coat chutes; culery: finishing

tackle hardware; jet engine parts;

mining machinery; rifle barrels; screws;

<4m: 125 @
nax

G f:r:c:ra}» o

valves.
414 125 015 1.8 Higher carbon meodification of type 410.
max Cutlery; surgical instruments; valves;
wear-resisting parts; glass molds; hand
tools; vegetable choppers.
420 13 Qver High-hardenability sieel. Springs; tem-
015 pered rules; machine parts; bolis;

mining machinery; scissors; ships belts;
spindles; valve seals.

422 1 on 1.0 025 1.0 High strength and toughmess at service
femperatures up lo  1200°F. Steam
turbine blades; fasteners.

Special-purpose denable steel used
where particularly high mechamtal prop-
erties are requin

¢ = él y- beater bars; paper macﬁ;gcry, bolts,

' ﬁmn type

E”\ Cut!ery, bmﬁngs’, surgical tools.

Cu dcry grad:

siamniess sfeels. Balls, beanngs; races;

P | nozzles; balls and seats for oil well
3[\/0 mLVE‘Dmk%PEﬁ” - pumps; valve parts.

tAfter “ASM Databook,”™ Mer. Prog., mid-June 1979, vol. 116, no. 1.
% 5:0.030% max; P: 0.040% max Sit 1.00% max.

HIGH PTRENETH & HARDNEA
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ABLE 7-6 ies y — - 143
Chemical compositions and typical applications of wroughiaustenitic
stainless steelst ‘

Chemical conpositions, wt%

AISI C - -

type Cr Ni (max) Mn Mo  Otherd Typical applications

0t 17 7 015 High work-hardening rate; used for_gtruc-
tural applications where high strength
plus high ductility is required. Railrond
¢ars; traifer bodies; aireraft structurals;
fasteners; automobile wheel covers, trim;
pole-line hardware,

302 18 9 015 General-purpose austenitic stainless stecl,

Trim; food-handling equipment; aircralt
cawli’nMookwnrc:
building exteriors;  tanks;  hospital,
houschold appliances; jewelry: oil refin-
ing equipment; signs.
<3f}4 19- 9 008 Low-carbon modification of type 302 for
restriction  of carbide precipitation
during  welding. Ch
processing _equipmen): brewing equip-
ment; cryogenic vessels; putters; down-

LO’“d spouts; flashings,
:mé 19 10 é 03 Extra-low-carbon modilication of typé 304
for further restriction of carbide precipi-

tution during welding. Coal hopper lin-
mgs: Ezmk.g}f for liqud fertilizer and

tomato paste.

High-temperature strength gp

309 @231Q3.5 0.20 perature strength and sca
) )‘ t:mctc, Aireraft hx?atcm:
equipment; anncaling covers; furnace

w%{vapwmg/m 8 _sivs welding.

parts;  heal exchangers; heat-treating
trays: oven linings; pump parts,

310 0.5 025 Higher elevated-temperature. strength and
scale resistance than type 309, Heat
[?V'N CORROPION REPMTANCE exchangers; furnace parts; combustion

chambers; welding filler metals; gas
\\( /au turbine parts; incinerators; recuperators.

( mf 7 12008 (25 ' Mo
ez

graphic equipment; brandy vats; fertil-

izer parts; ketchup cooking kettles; yeust
LOW C tubs,
(4
3l6L 17 12 !0,,()3 2.5 Extra-fow carbon modification of type 316,
= Welded construction where intergranular
carbi recipitation must be avoided.

T'ype 316 applications requiring exten-

— CO-WORKING. A DM
— VB —ERD QUENCHINVG . ATM



TABLE 7-6  {Continupd)

Chemical compositiong, wi'g %ﬁ" *

AISL C©
type Cr Ni (max) (Mn Mo Othert Typical applications
(32!: I8 105 0.08 @5 % C émb:lwed mewTdme:mQZubject to severe
COrTOsive  con g dand for bﬁ‘l’VIW
uLA& from 800 to. 1600°F, Aircraft exhaust

W manifolds; boiler shells; process equip-
NN \ym ment; expansion joints; cabin heaters;
fire walls; [flexible couplings: pressure

vessels,

Ch.t-“'c‘

AT 18 11 008 @‘IGXCZ Similar to type 321 with higher creep
strength.  Airplane  exhaust  stacks;
welded tank cars for chemicals; jet en-
gine parts.

17 <4;5 0.05 (6 High work-hardening  rate;  low-nickel
equivalent of type 301, Flatware; auto-
mobile wheel covers, trim.

202 18 ( 5 015 <3-.75:, ' General purpose low-nickel equivalent of

type 302, Kitchen equipment; hub caps;
milk handling,

T Afer CASM Dutnhook," Met, Prog,,vol, 116, no. 1, mid-June 1979,
Edvine 20055 maxy S 0.080%56 max; P O0045% max; Sii 1.00% max,
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Britishy French : (G?rmw? ltalian anesd Swedish Usg’
301521 Z12CN17.08 X12CeNi 17 07 SUS30] 142331 30l
304531 SUS302 14 23 32 302
ggﬁ{g Z6CN18:09 14301 X5CrNi 18 10 SUS304 1423 3 30
304511 Z2CN18.10 1.4306 X2CrNi 18 11 SUS304L 1423 52 Goar,
305519 Z8CN18.12 X8CrNi 18 12 SUS305 305
309524 Z15CN24.13 X16CrNi 23. 14 SUS309 309
310504 ZI2CN25.20 14835 X22CrNi 25 20 SUS310S 14723 61 310
315816 | 14 23 40
316531 1.4401 . 14 23 47 Q
et Z6CND17.11 149§ XSCrNiMo 17 13 SUS316 iyl 6},
316811 . 1.4404 . v 14 23 48
e ZICNDI7.12 O XaCiNiMo 1712 SUS3IBL 4 53 53 G;;:
317812 Z2CND19.15 14435 X2CiNiMo 18 16 SUS3ITL 14 23 67 3171
317516 1.4436 SUS317 14 23 66 317
120531 14571 :
e Z8CND17.12 el 14 23 50
321831 Z6CNTI8.12 14541 X6CrNiTi 18 11 SUS321 14 23 37 321
X6CrNIND 18 11
347831 Z6CNNb 1801 14550  Lecrioly 1o 1 SUS347 14 23 38 347
403817 Z6C13 1.4000 X6Cr 13 SUS403 14 23 01 403
405817 Z6CA13 1.4002 Z6CrAl 13 SUS405 405
409519 oo Asipl B S G e 409
430817 78C17 1.4016 X8Cr 17 SUS430 - 14 23 20 430
434517 Z8CD17.01 14113 X8CrMo 17 SUS434 14 23 25 434
410821 Z12C13 }'2322 X12Cr 13 SUS410 14 23 02 410
420845 Z30C13 X30Cr 13 SUS42002 14 23 04 420

After British Stéel Stainless.*

Tal?le 5.7 Compositions of commercial grades of controlled-transformation
stainless steels ’ |

Grade C% Mn% Si% Cr% Ni% Mo% Cu% Co% Ai% Ti%
Armco 17-4PH 0.04 0.5 03 165 35 3.5

AM350 ) 0:1 0.5 0.3 17 42 275

Stainless W 0.07 0.5 0.3 17 7 0.2 0.7
Armco 17-7PH 0.07 . 0.5 0.3 17 i 1-1 .
Armco 17-5PH 0.07 0.5 0.3 15 i 2.5. 1.2

FV 520(8) 007 1.5 0.5 16 5.3 2 1.5 ' 0.1
SF 80T 0.08 0.2 2.0 17 4 i 1.2 2 .



Table 5.8 Compositions of high-alloy austenitic and duplex stainless steels

Chemical composition. (wt % )

Alloy N
designation C Cr Mo Ni Cu N Others
316L 003 17 225 12 - - -
316LM 003 17 275 12 - - -
317L 003 18 .5 15 - - -
317LN 003 18 45 13 - 015

317LM 003 18 45 15 - - © -
317LMN 0.04 18 6 14 - 015 2.INb+Ta,
94L 002 20 3 25 - . 2.5Co, IW
254SMo.- 002 20 65 18 2 0.12 5Co, 1.5W
Incoloy 825 003 22 42 - 3.65Nb+Ta
Hastelloy G 0.05 22 7 4 19 - 3w

. - 1.25Co, 4W

Hastelloy G-3 - 0015 22 13 41 - - -
Inconel 625 005 22 16 61 - - 0.75W
Hastelloy C-22 0015 22 .3 | — -
Hastelloy C-276 002 25 3.5 0715 -

.22/5 0.03 N - 0.15

~ Zeron 100 0.03 0.25

After Lane and Needham."?
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