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. : Yeat treatzent - a technological process which czuses thz
chznges of mechznical end physic-cheziczl properties of ma-
N tels ané slleys in a solid state. These effects are evoked
® 21l by making structursl chanzes which are m2inlz 2

Sieple heab treatment efly hezt tresstment, tco/
- & tecrnological process which causes the changes ¢f oezal
ard slloy properties. These changes sre nmeinly the function cf
t

‘ gaconds u urs, Sozetizes it exists evan
. monthss,
rhermo-chzzicel treatmeny /thermo-diffusion trastnmens,
diffusiocn traatment/ - a tachnologiczl process which czuses
the czanges of mefal and alloy preperties being mainly the
functicn of texperature, time end a chemicsl acticn of zediunm,
zostly:
- g3ses: oxyg2n, nitrogsen, 2rgon, hydrozen;
- matals /or their cocpounds /: chrozium, titznium, nisbium,
wanadium, silicon, boron, aluminium and carbon, sulthur and

.
thars;

-~ the cozpositions of various zetz2ls z2nd non-melals,

Tre main purpose of ths therzo-crhernicel “triatment is 2 sur-
fece hardening /cerbirizing, nitriding, cerbo-nitriding, bori-
3 ding/ or an incressing c¢f the corrosion resistcnce /zlumini-
zing, chromizing/, A change of the stzel stricture and con-
: nacted with it the change of the phuisicsal ard chanical proper-

is 3 result of an adsorbtion froz= th: crounding environ-

ot w
ot

re factor or factors having en inliuc
lzyer zroperties and next on a diffusion cf




heating quenching
sating prehealting opening
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Fig. 1,1, Heating and quenching: a - permanent, b - graduated.

Upkeatirng - termanent or graduateld increagsing of the cher-

~

ge temperature., The rate of urreating derends on powsr axnd 3
heeting cethod of the hestirg ecuipzent, a szspe znd size of
a charge, kind of the rmaterisl ard a heet medium /fig. 1.2/,

leod bath 800°C
120 i T T
g 0 cyanide bath 800°C Relative
© 900 umrace 800°C - | ¥ind. of furnace b::::.ng
<3 wel 1
g 500 g‘.‘o‘“ r {ead barh $00°C) \Muffle . . c;6
3 V, ;forc"-a convel‘:ﬂon 300C) | chamber resistance| 0,9
*:, 400 3" 550°C Chamber flaue 1,0
S & Gases convoction 1,5
§ 200 7 ° Salt bath L - 5
0 letal bath 6 - 8
0 10 20 30 40 50 60 b
Heating time [min]

a
Fig., 1.2. Influenco tho kind of the fuiilace, tomperature and
hoating modium on time /a/ and charge prcheating

rate /b/,
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Fig., 1.3. Relative preheating
on a loading method

Steels with nigh contents
snpculd pe zlow utheeted, becsu

conductivityy et

time of the chérge in dependence
of the furmnace,

of carbon ané slloy stesels
s¢ they are brittle and nzave g
fast upheating trne perticulzar

P

reots of the charge ers unequal upheaved, which caucss inter-
n2l streszes in the charge. These siresses can cause deforra-
tiz:ns and crzcxings, ) N

3ze2is wisth low centents of carbon end nen-ferrous gileojs
zaa be urheated faster without any worry cboul creczings,
The mest clcw is uphested an object loadad Into the cold fur-
nece and urrcsied along with the ace. It is the mothod Ter
upheszting of “he vory biz objects. The small objects arc slcw
urhaetad gueezreively in 2 or 3 furncces /2.5 vhe fizct up-

-—_—ran—




The fast ucheating can be cschieved by logding the charge
into the furnece, which was rtreviously upheated up tc the vreco-
tmernt temcersture; The fester urhesting, when the cherga is
rut into the furnesce upheaved up to temzercture 100-20c°¢ nig-
her then the trestment termperature, which lazter is recdiced tc
¢ proper level.

In practice the upheating tize neseded fo» the heat treat-
rent is calculated cn the base of secticn thichnesses, cepen-
dirng from a ¥ind of bhe mackhining /tevle 1.1/, kind of tre
metericl /teble 1.2/ and a hreat zedium of the furnzce /see
fiz, 1.2/

Soaxing /aclding at tenmapersture/ - holding vhe cliarge et
the termperature corresronding to the heszst trestment in the
time neecded for:

- leveling of the teusperature in the whole section oI tre
charze

-~ trznsition of the rarder soluble ccmponents into 2 sclution
n 2 purpossz to obtain the desiradle alloy structure

/&% events of the tharmo-ciemical tresstzents - &3 sbove sni:/

- completing éiffusion sffects.,

susteniticing - a soaxing on the purpose to obtain the
sussenise structure before cuenching,

Guenching - a perzanent or graduiavedreducing of The cher-
ge tempsrature up To the azbient tesupersture or anotner cne
troreough teking the kheat awey .12 charge with licuids, zsses cr
solid tecdies, The lizuids are used fthe zost often.

The oun of the gquenching in liguids is rot the uniforz
one /fir. 1.4/:

- 3% the Tirst phase g ccovar of a cuencihing lizuid sveez rizes
on the surface of the object, crezting the hnezt isuletien
of the object. In a result of it tie quenchaing of the odject
rmins with not too nigh -ate,

- at the second prase the cover i3 oroxen by accuzulateé ste-
ems of the cuenching liguid which causes viclent doiling ef
tae liquid around tie obj2ct ard quick outflow of sveans up;
the quencring iz gt that Tize - e fastest on2,

- at “ne $nhird phacse the Seciling of the liguid stops, the co-




Table 1.1.
Approximate heating time of the construotional carbon steel1/
/0,4% C/ at heat treatment prooesses - in minutes per 1 mn
of seotion thickness /g/ .
Hurdening, normalizing _ ¢ . 3/
full annoalin327 High temporature tempering
Shape of the
objeot Chamber furnace Salt bath Chember furnace Salt Lath
uphea- soaking upheu~ sorking uphea- soaking uphea- soRrlkinug
ting /holding/| ting /holding/ | ting /holding/ ting /holding/
Round and poly-
gonat steol 0,8 0,2 0,35 0,17 1,0 0,25 0,45 0,12
bars /
Sheoets and . -
flat objeots 1,2 0,3 6,50 0,25 1,5 0,37 0,70> 0,18
Tubes, plpes ‘
| and box shape 1,6 o,k 0,70 0,35 2,0 0,50 0,90 0,25
objeota .
1/ For alloy steels the time should be increased

el
%

about 25-40%
2/

hardening toemperature

3/
L 74

1-3 hours

Furnace temperature is about 10-30% higher than the
This process time for the g#'loy steol is usually

For square bars as a thickness should bo taken the

aquare diagonal,/i.e 1,4 of one side/

[}




Approximute heating

in minutes per

time In ohamber flame furnace

1 s of soction thickness

I S

AP v

Table 1,2,

Uphoating
temporature /oC/ 8oo 750 500
low-cur- | oonstru- | carbon alloy brasses bronzes copper alumi-
bon ctional tool tool nium
UplLiou t od steols carbon steels atvels alloys
phiou 0,24 C stools and high
natoeriul
and low- speed
alloy stoels
steels .
c.f.
bars 0,8 :.; ‘vg’ _§vg‘ 0,7 0,6 .0,5 _B'f
Shape T L d '/
of the|plates
object|und box 2,2- 3,2~ 5,0~ ! 1,2~
shape 1,6 2,4 -3,5 -6,0 1.4 : 1,2 1,0 -1,4h
objects
The averuxe
relautive 1,0 0,75 0,6 - 0,3 1,4 1,7 2,0 2,5
heutinis rate '




Temperature

cover
boiling

s0aking quenching
o Lo ﬁ‘
|
N :
3 z
Q i
<
3
g
\
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Wy SRS
Ng O S
Juenchingl Water il . Furriace
. wedium Ruench | quench Air cool cocol
Relative
quenching - over
time ! 3 -3 15 - 30 50
/average,
- ) ad
Time
Pig. 1.5. Relative quenching times in
various media.
. -
Juen Time
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Ject is slowly guencaed with the liquid freely flowing
arcund tha cbject. )

Oc ths fig. 1.5 is shewn the Quenchirg rates ig various li-

_ quics.

On the table 1.3 are given ths quenching rates for soze
applied in practice liquids, gases and solid bodies for two
ranges of charge temperatures: . )

- 650-550°C - the renge c¢f the least stabtility of The auste-
nite; the high quenching rate is desired in crder to avcid
the desintegraticn cf the anstenite in ferrits and camenti-
te /rearlite/;

- EOO-ZOOCC - the rapge of The martensite conversion tagin-
airg M_; the slow quenching rate is desired /about
10-20°C/s/ in osder to aveid the creating of tig irnternal =
stresses causing a warpage and craczing of the cihargs.

On the table 1.4 are given kinds, properties and applica-
ticns of various queaching zedia. In meny countries tlie syn-
tetical water quenching media and the hardening oils are sro-
duceé with different comzercial razes. Other quenching zedia
the user can zzaie uzzidsd.

The quencricg ratve of the wacle object or its parcicular
parts can be in considerable degree controlled by using of the
proper way of an immersion in the quenching liguid /ar irmer-
sicp rate and 2 lccation at the izmmersion/, the object =cve
in relation to the liquid /or inversely/ amd a staying tize
of the object ia the liguid. It zllows to recduce the delorza-
ticns and to oobtain higker aad more uniform hardaess.

Charge - the object or objects which are the subject -To

heat treatmeav /e.g. the ones loaded into z furnace or izio 2

encuing bath/.

1.2. Structure of retals anéd allovws

"£llotropy - the ability of soze elezents exlstiog in the
sace agglcmeraticn s~ate for creating crystallographicall;
aifferent foras av a definited tezperature cependirg on rressu-
the c¢hange from cne crystal system To anctuer

T
one. For exazple: an iroa exists in two allotropic ferzs - an

re by means o0




Table 1.3,

Quenching rate of stuel in different media

Quenching rate /9C/sec/
- . in folloving
Quenching medium temperature rangos
550-630 200-300
Vater at temperature 130C 600 270
Jater at temperature 28°C 500 270
Yater at temperature 350°0C 100 270
Water at temperature 74°C 30 200
10% solution of soda lye at tempera- ’
ture 18°C 12C0 300
10% solution of domestic salt at tem-
perature 18°C 1109 _ 300
Soap water at temperature 20°0C 30 200
10% emulsion of oil with water at :
temporature 20°C 60 200
Machine o0ii - 20°C 130 30
Transformer oil - 200C 120 25
Glycerine - 20°C 130 240
33% NaCH + 65% KOH - 300°C 180 -
Alloy of 7274 Cd, 30% San -at tompera- - -
ture 180°C 450 25
Copper plates 60 30
Steel plates 35 15
Liquid giass solution with
density 35°Be 200 100
Liquid glass solution with
density 13°3e 100 60
Compressed air 70 8
Quiet air 8 2




Kinds,

proporties and applications of Jdifforent

Table V.4

quenching modia

Nano Proportiocs Application
Wator quonching: I - vory slowly for carbon stoels, low-
II- very quickly /it caun | alloy stools /to 0,5% Cr
ocuuso dof'ormations und crackings. or to 3% Ni/, somo austo-
‘'o wuo tho boilod wator nitic stoolys, aluminiuwm
coppor aud alloys
. Watoer 5-10% of domos- quonchlug rato 1n I and I11 stop for hardoning of stocln
solutions | tic salt /NaCil/ | highor than in wator wilich aro tho low toundoncy
o1: or soda lyo to doformations - whon tho

/Naoll/ high hardnoss 1s roquirod
10-90% of soft quouching in I stop hardening of dovolopoed
Slycerine shapo tools

liquid glass

quonching run moro closod to oll

alcohol or
orgunlilc com-
pounds

thoy ure producod as the concon-
trutos with diffoeront trado namos
on tho buso of polivinyl alcolhiol or
poliothylone glicols, Dopond on tho
concontrato strongth the quonching
powe’ s closed ro wator or oil,
Thoey cdgro tho oils out of uso

for carbou, low-ulloy,
middleo-alloy and high-
alloy stools




Tablo 1.4 /continued/

Kinds, propertiocs and applications of difforent quenching modia

solid
substanco

povdorin

there aroe fluidized bods /corun-
dum, eloctrocorundum/ putting into
moveoenmont with aldr or anothor gas:
ash, sand, limo or mica. Tho char-
o 1u lmmersod or covoerod with
thoso substuncos, Vory slow cooling
/instead of a furnuce cooling/

gtool or coppeor
platos cooled
with wator

tho chargo 1is located botwoen tho
Plutos

thiigh-carbon or alloy stooely

furnuco guonching

soaltod charge romains insido tho
switch-off or mnoorly hoated furna-
co, Vory slow quonching

annealing of constructional
stools; carbon aulloy, chro-
miuvm-nickol steols;

tool ateools: carbon, alloy,
high spood stools; heavy
cast stoeol castings and
othorsy




Tablo 1.4 /continued/
Kinds, properties and applications of difforent quenching modia

Wator fog slow quonohiy for non-ferrous umetals
instoad of oil
Hardoning oils mninoral, vogoetable and aniwal oils quonching of alloy steels,

uas woll as quick quonching oils
/mixtures of the first tlueo + fatty
acida/., Much loss quenching rato
than in wator rosults tho loss stro-
8508 und def'ormutions of thoe chargo
and a low harduoss, .

0ll tomporuturo: 20-200C

soldom aluminium alloys

]

Motal bathos /load,
soldom laad with tin or
zine/ und salt bathes

profitable quonching run, minimal
doformations, lor stop and isolhor-
mal hardenlng

most often: quenching of
alloy tool stgels und high
spood stoels

air
/control-
lod at-
mosphoros

quiot air

alr prosscd
blasat

slow quenching, it causevs vory low
strossos iuslde "tho charge, mostly
don 't resulting of doformutions

norm~lizing, toumporing,

sof toning ot the most stools
and non-forrous metals;
hardoning of somoe alloy
stools

hardoning of lhigh-alloy and
high spooed stools
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2iron X existicg in two temperature r.anges below 910°C and
Jover 4400°C, and an iron ¥ existing ".n the teamperaturs raaze
910-44C0°C. The change from one crystal structure to anothner
/e.5. tha change of the ironX in the iromn ¥ wurnder 2a iaflu-
eace of the heating/ is named the allotropic traasformaticz
/sea fig. 1.5 /. .

Blue brittlensss - reducing of a sveel ductility aad in-
creasing of a teosile strength in the temperature raage 20C-
300°C.
tal or alloy into sand forms or metal moulds /crills/.

Casting - a object, which was sbhaped by pouring a liquid
metal or alloy into the previous prepared castiag forzs - and
next their solidification. There are distinguished s a 2 &
ard ¢ 2111 castings as well as cored and corelss
tings. The castings are zade of cast irasns, cast stee
Terrcus zetvals or alloys. The castings are =ostly nezT Trsz-
ted.

Cold work - a state of materizl caused by cold piastic
working, resulticg the nigher strength of metzl cor allyy. I
grain deformation /elongaticn/ is typical for it.

Crystal - a solid part of structurs cogposed of a3ozs

Y

arrangad in a definited pattern, pericdic in threes dizspnsicas

foras of a polyhedron; in =zetal alloys tihe crysctals doa T le-
velop free. Physical and chemical propervies of tke crystal
re pot uniform in all directions. ' -
Crystallizatisn - the precipitation of a solid paa
the crystals froz a liquid phase of the meftal allcy resulzizg
its cooling. )
Deforcation - a change of the object skape or its dimen-

sions without che changs of its mass owing to extsraal forces:

~
<

w
o
f
w

a plastic deformation - which regains afcer

reaoval of tae stresses, aa el as tic deforz=a-

t i on =~ which vanishes after the rezmoval of the st
Leadrite - a crystal fora or agslozmeration of a razifizsd

tree-lixe structure occuring in castings.

"t s o
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cazusew by zigraticn of atoms. The

'3 &LQ A ALl

diffusicn reve gdepends BAlnly OR LeIpCIeiur
¢iffunding substances. The usilizing of tne diffusicn is a

base of therzochouical treatnent
C e ratio of trhe increazse in the lengta uncéer

a lozgéing, cescribing the plastic properties of The material;

it is marked as a specific elongation
measuring length is usually egual Co S5-tizes oxr 10-tizes cf

the dizceter /zarked .~5 and A,‘,./.

s —

on the specircen, which

difles at a given temperature like a2 zmetzl; iv forzs a zixtu-
ally dissclve

re of two or more compcnents wnich doesn ‘t zut vally
/scluvilize/. Eutectic’s composition suits to the lowest zel-
ting texmperature /or to the solidifying one/ of a two-compo-

nent alloy: e.g. in the iron-carbon allcy contairing 4,37 cof

carbon - at temperature 1130°C scliciries an eutectic nazed

ledeburicte.
rutectoid - a mixture in fixed provorticns which results

ransformation of tne one ¢of compouncs and

the cecomposition of a s»lid sclution in two Dhases - curing
pearlize is

tre already soliairied zllcy /e.g.

rrite and cezentile cccuring in-the quencairng

e
rature 723 C/.

1l atv teape
Faticue of a netal - reducing cf the netal strength sub-

jected vo repeated stress cycles.

gggg abll’ti /zalleability/ ~ the technolegical property

or alloy to te not werking by forging.
g when a metal or

0(

Forging -~ a hot or cold plastic workin
alloy product is formed from an ingot, tillet or bar by stri-
cing or pressing. There are distiguisnec follcwing *fergings:
. a nd forging /2 pressure is dons vy striving of tae zand
aammer/ and = acnine forging /dle or blacksaith ones/.

7orging -~ a blzok /a seal-finished rrocuct/ or a procuct

cvtained by the forging. There are distinguisked the h an d

forgings and 41 e Iorgings. ih

treated and zacuined, The :

rous metals or alloys.
Tractura - the surface iock of

o~

L
o)

zetal oboject on the brea-

3




v - w2 - - - F.

¥ipg rlace of the cujactT; Tze Iracturs cuzracter zlligws U0
PP 33 = AR 3 - iaAt . ~a S o=
Gescribe a qualidy of Uno zoluriul cnd Veras wiichl czused its

destroyiag. z.5. & fiorsus Iraciure reflacts upon a presence
e

. < - .. 2, %"
- atiut cccuring 21 variztle

Grain /crystallite/ - iae crystal which has teen hirccered

in assuwrcing a regular geometlriczl extarnsal shape, as by inter-
fercnce of adjacent griowing crystals. It occurs cduring selicdi-
fying cf a celting zelel or ziley. IV is the basic elezeat cof
etal or allcy structures.

Eardening czpacity /hnarcening power/ - an ability ci the

- o g s . WD s o e T e > e

steel te become nardened, cxpressed asc the hignest possitle

hardr.ess which can be acguired as & result ¢f tne quench
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2 s e ~ . PECH AN PR S S .- ~
Sing °on Ttne sz&l area CI CiiC aUSrlicie. L4Udde
the npariness /3Z/ Cenernds on used zezsurezent =

-
/=/, Zecerwell /E5C/ aad Vickers /EZV/ ores. he haraness usu-

Zyuarogen 5 tleness 9of zmevels resulTing
{ron Tiie excessiv rovicn <L hRycrocgen gas, €.5. 3t 2 ev-
an electr

2
— -~ S
ciing /escaing trit

gnes
/rlating/ of tze zetallic preducts.
€

Intercal stresses - oatuzl councertalance stresses insids

a cervain region of a body and cccuring besids an externzl

loading: ccnstivutional stresses - occuring at
structure cranges /e-g. an irncresse of the specific voluze z<
the transforzation of zustenite lato tze Icrzaction of zarien-

b

site/, thermal streszes - ocwirg to heating oxr quen-
caing cf the z¢tal or alloy «nd caused bty the exzanding or
=Lrln"1ng /e.g. quencairg, casting, welding stresses/.

Liguid s»2luticn - zn hoacgenedsus liguid occured as z re-
sult cof she :zutual szluting of zelted zetals or zetels znd

non-zetals,
Liguicus - a sclidificatvizn start of alloy saown as lines
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Yeltinz - tha pessin
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of a solid body of matzlz or z2lloys
irto a licuid stat
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heating.

Cverh2atress - a susceptibility of steel o overheating -

shown by coarsening of the austerite sra2in /not squashed/

urder tre influenca of an elzvzied te
Phase - an horogereous pert of & system /with uniform phy-

sicel prcperties and the same chemical composition/ which c¢can

i
b2 separeted frcn the recainder with mechanical medtncds. Z.5.
J

2
w2ter and water soluticn cf juice give one phese; a ainture cf
water and sand - two phases; zllotropic forms of the iron «

S

ané ¥ give two sepsrate phrases.,
Tlasticity /m2liecbilitz/ - an ability of metels end alleys

for exsznsive permarent deformetions under external forcas
/e.c. a hzrmer, a press/ without a frecture.

Becrrstallizztion - 3 replecement of cold worxed metel o
2lloy stoucture by a naw set of strain-free grains, This nre-
cess occurs during n2eting, The hsating precess is narsd the
racr;5%211lizztion gnnezling, The lowsst tezperzturs z¢ wkich
the process starts is named the recrystellization tezterztura,
The prccess runs in three periods /fiz. 1.47.
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Fig. 1.4, Recrystallization, For example is shown the r.cry-
stallization annealing and its ipfluence on changes
of soue steel properties,




So0lid solution - an homogegeous rixturs of the nmutusl sc-
Inting o metals cr mstels ond roz-mevils) 2.5. S0lid s
of cerien and irern ¥ /zustenite/.
ticn - the pessing of 2 metsl cor siloy Irem 3
nto a solid state.

Solidus - 3 line ir the ccnstituticnal diesgren showing
wvhen the alloy sclidification is completed,

Ztrength - 2 rasistance against to destroying dealing of
mechanical factors, i.e. different kinds ¢f the loscding; tre
pe2ndence on tha

ability o a matverial to sustain loads. in de
lozding kind, the following strengthes can be
tensile /Rm/, torsionsl, bending, shesr, coapr
and feticué one.

Macros t ructure - thke structure wihich ma7 bte seen
with the naked eve, Microstructure - the struc-
ture which may be seen by a microsccn2 only after the surface

h2s been suitsble prevared.
e

s
Terper brittleness - recucing of an impact strength which
cccurs when certain coshtructional steels ars cooled sicwly
aftzr termpering or soaking for long tvize in the tenmpersturs
renge 450-600°C, , :
Texzrarability ~ the susceptibility of a hardenad steel to
be tempered shown by reducing of the hardness atv incrsasing of

tne texpering “experiture.

Therzzl arrest - a temperature stop at the solidifying or
melting of metals and during heating or guenching of the solid
s - 3t the moment of the allotropic transform at:on or a

precivisztion of the new phase; thes :naratures are naced

s

arnine - a distortion of a metal object during neszt tre-
etment, occuring as a racsult of internal stresses, the hzat
treatment process terms and others.

1,%, Yetals and their allovs

-~ the chenical elements /e.g. iron, c .pner, nickel,
hing themselves with a spscific Llustre /<o

[ B4
u
-
o

T
ll-
zinc/




called - the metallic lustra/, vlasticity /sn sbiliiy to form
the objects by forging, pressing,
methods/, the good therwmal and electrica
¢¥ them can be shaped by cassting.

2lloys - sometimes, in femiliar speech, they ora nared

Fon-ferrous metsls -~ every metal exXcept iron.

Non-metzls - chemical elements cistinguishinr trhemselves
T

well as the bad thermo and electrical concductivities /e.s.
carbon, sulphur, phosphorus/.

t1loy - a substance with metallic prcperties, obtained by
nelting or mixing up of two or more cremical elements. AL
least a one among them is the metal ard is used in the mostly
pert. £lloys are usually made for property changss ci the main
retal in the required direction, e.g. for irproving of th
mechanical, casving and other properties; in many events the
improvement of the mechanical properties is connected with
etting worse of the plasticity, therzo and electrical ccnduc-
tivity, corrosion resistance. The most known alldy cf the ceval

a1

and non-metal is the alloy of iron caroon.

Kon-ferrous alloys - alloys, where iron isn’t the zain
component and can ve, at the rmost, the cne of the alloy ceocope-
rents, The most known these alleys are trasses, bronzes and
verious aluminium alloys.

Steel - the plastic worked and heat treated iron-carbon
alloy coraining less than 25 carbon. Zvery steel contains ex-
cept of carbon the other admixtures /e.g.,manganesa, silicon/
end izpurities /silphur, phosphorus and others/.

Carbon _steel - a steel which, except cf carbon, cortaing
szall edmixtures of mangenese and silicon,

4lloy_steel - a steel which, exceprt of adzixbures met in
the carbon stz2el, contains intentionelly adcded nickel, manga-
nese, chromium, silicon, wsznadium, tungsten end others, in c¢r-
der to give for the steel requirsd propart
ry steel can be plastic worked /rollir -, ferging/.
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Cast s*eel ~ a steel casted into forme 2nd used as 2 seni-

product without the additional plestic working. Alixe the
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Influence of the alloy
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ble 1.5.

add¢itions on the stesel prope:-ties

Nanme Over Hardon-|Tewpe- | liard- {Plasti-|Stren- | Temper
and heating|ability|ratures|ness city gth at | britt-
syuibol|{sonsi- of an- | and high leness
of an |tivity nealing| tensi=- tempe-~ | sensi-
ale- norma- | le ratu- tivity
ment lizing res
- the and
alloy itarde-
addi- ning
tion
Alumi-] =-- -- ++ + + = +
nium at low i
Al con-
) tents
Chro-~
minium| -- ++ +++ + + ++ ++
Cr
Cobalt| _ _ _ . _ N 0
Co - - -
Sili- = ++ ++ + V)
con Si| T M - e
Manga-| + ++ - ++ 0 = ++
nese /to
¥n 1,5%
. in low
carbon
stoels/
Moly=-
bdenum| = +++ ++ ++ ++ ++ -
Mo
Nickel
. = ++ - ++ + ++ 9]
Ni
Nio-
bium 0 o ++ -- ++ 0 -
Nb
Tita-
nium - 0 ++4+ + + = 0
Ti
Vana-
"diu - 0 ++ ++ ++ = 0
V .
Tung-
sten - ++ ++ ++ + +4++ -
o
Note: Discussod alloy addition has tlhie definite property:
++ increases; +++ considerably increaces; + poorly increasas;
-~ decreasss; --- considerably decreases; - poorly decroases;
= it has poor influence; O no influencse |




steel it is divided into & carconp cast steel and an ailcy cast

steel and can te neat Created, ¢3recially the latter one.
Cast_ircn - the iron-carbon allcy ccntaining 2-4,3: car-

ton and used as tae C&Sulngs only. ire caruon cast irvn con-

r
tains more guantities cof adnixtures /especially silicorn/ zad
izpurivies thzn the carbecn steel. Tne alloy cast

tains moreover special additions, zainly c

silicon. The microscope cbservaticn cf the

ched specimen of steels anc cast ircns saows that their struc-

en in

P

ture is constituted with grains of the components gi
tavle 1.6,

-

14, Iron—c*rbon ecullibrium systermx

The iron-cz2rbon diagram shows a behaviosr o>f the ircn-car-~.
bon alloys during a slow heating and querncning /fig. 1.,
The system dces’nt take intc accouni the tize, which is ver
izportant factor in heat treafment 2rocesses, but this syslex
has nowever ths basic meanizg for the theor; =nd practice of

um svete

W

0]

this treatzent. Tie allcy structure at the ecuilitr

[s
n
N

fiduciel tase in relation to tne structures after the
hestv treatment, which aizs to recede freao the equilibricn
state /e.g. hardening/ or to approach to it /e.g. quenching/.
Moresver the equilibrium system allows to cescribe the heat
treatment preccess kinds which at all can te applied as well
as in what vezperature rznges these heat treatzent Drocesses
should be carried out.

During tre heating /or quencring/ of ircn-carbon alloys
occur iz them the many transfcrzaticons o the zelting imclu-
sively. 4 rua of these transfiorzaticms dejends ¢n tie carbea
centeats /see fig. 1.67 ané, in & szzll degree, on The Carouin
forzation - cezentite EeBC /full lines/ or graphite.

The diagrac top part /lines 2ZCD and AHJICY/ shows the run
of the zelting at a heating /or solicdifying at self-cooliag/,
the low part /lines HNJ, GSZ, GPSKE, Fi/ - the run of s 0o 1 1 d
state transfor2aticns. *roa the heat tre-
atzent poiat of view, the 1w part is the oost iwportiznt one,
but to coatents of 25 carvoa only.




Table 1.6,

Structural constitucnt of the steel and iron

0,8% C

Constituent Physical
namo.an§ cgizitiggs proper- Structure
description ties
justenite: at upbcating |[plastic,
solid solu- above the non-ma-
tion of car- [critical ienetic
bon- /and temperatures {170-220
othor ele- A A A EB
Hments/in iron c1’7e3’ cm
5 /gamma/;it
contains
to 2% C .
Ferrito: at slow coo- jplastic,
solid solu- ling below magnetic
tion of éar- |A_, of hypo-| 60-100
on /and eutoctoid - HB
other ele- ferrite from
inents/in iron|austenite
a/alfa/; it |separates
contains
to 0,03% C
Cementite: at slow coo- [pbrittle,
chemical ling it sepa-magnetic
compound of rates from to 210°C
iron and car-|liquid and 820 IIB
bon FaBC; solid solu~-
it contains tions
6,67% C
GCraphite: at slow coo- [orittle,
one of the ling - from pon-ma-
carbon allo~ |cementite cnetic,
tropic forms |unmixing, It very soft
/another occur mostly
form - dia- in cast iron
mond/ /seldom in
steels/
[Pearlite: at slow coo- less pla-
outectold ling -~ from (stic than|%"
composed of austenite ferrite, |
ferrito and unmixing Iiagnetic
cementite; 160-230
it contains HB




Table 1.6. /continued/

Structural constituent of the steel and iron

' QEZIIEhent Creating Physical

. paze and conditions proper- Structure

: .,3cription ties

fiﬁsz;ite: at solidi- very hard kL3

» ~ectic com-|fying of the jand bri-

:¢s°d of au- |liquid solu- |ttle

7 .enite and tion conta- 450 HB

! puentite; it ining above

ssatains 4,3%|2% C at tem-

¢, Below 723 |perature

oC composed [430°C

Lf pearlite

‘and cemontite

fiartensite: |at quick qu- [brittle, &=
supersatura- |enching from magnetic, oot
ted solid so-|temperaturas (hardness b4
lution of carrabove A_, - goponds <
bon and othorijA sepaga- ot carbon;’ 2%
slements in [tés from au- contents )
Hron a/alfa/, {stenite /con< 600-700 Sy
having an acitventional aB e
cular stru- |hardening/

cture

ainito:
pixture of ces
mentite and
ferrite ha-
ving an asci-
cular structu/
re and big
Erain refi-

ping

at isother-
trial tracsfor-
mation of au-
stenite in
temperaiure
range 250 -
400°C /iso-
theroal har-
dening/

low plas-
tiec, ma-
gnetic
400 HB
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T emper troo-

at upheating

low plas-

e

> sty
G3F

tite: mixtu-|of martensiteitic, ma- o

e of cemen- (at tomperatufknotic

ite and fer-|ro 250-400°C | 350-400 [i

ite having |[|/low and HB 2

ery big middle-teripe - (3

rain refi- rature tem- 3

ing /bigger |[pering/ ;sf

han in pear~ . F'i.

1it0/ r_

Coripar sorbi-|at upheating pplastic, [~/
fte: mixture [of martensitciszgnetic |;Y27 :
bf cementite [to tewperatu- 270-320 g?§g~,4“ NTEAG L
hnd- forrite |re 500-6500C 3B R T ey Xy i F A
having big /high-tempe- W 5 P ;
zrain refi- [rature tem- Pk %
hing /loss pering/ ey .,
than in ok
troostite/ Ik i
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1 ! g 2y 12 e liguld Irca-car-
Lon alluy Wegins U2 cecl, tThe stary of solicifying wiil te -
dersnds on tihe carboa ccnients - on the licuicus line ..zUD
end 2 soiidifyirg encd -~ on tze solidus 1line azdZCr. ~T tezze-~
ratures atcve ke licuicus lire trne a2llgy is in licuicd stuate,
cn the field tetvween liquidus and solicdus linzes - the alloy
is in a partly licguid state /e ligquid with precizitated crys-
tals/, telow the sclidus line - the al ¢cozple=

, c
difled. E.g. an allcy with contents
T 1

crystals with a co:pos;tlon shown by tne line JZ. & reca

d enriches itself sinoultanecusly in cartcn and a st
tezperature of its sclidifying decreases and ncves in a
rection of point C. The last drop cf the alloy will have
cocpecsiticn acc. te point C and will be solidified at te
ratura 1448°C /eutectic tecperature/. The sams sclicifyi
end tezrerature nave all of the iron-carbon alloys contal
nipg no oore trhaa 25 carbon.

Ine pure ircn melts azd solidifies at a cozstant tex

~1so atv the constant teoperzcture 1162°%C

in temgeravure range/ Delts and sclidifies an alic
4,3 caroon, rzzed ledsturicte.

Tig_irons_and_cast _irons - contala a cardton =sstly 2

- - — - —— - - - =

range 2-4,3/5. they degin To melt - where thers is 22 ind

¢a of alloy adliticns -~ at the tTemperature 1448° C/7154°C

ney Fipnish to do it at different Tecperatures, Cesends
oon -

caruvca ¢oscteénss, acc. to lins EC /the zcre the car
slting end texpsrature/,
el - cthe celting start tezp:rature at heating /or

e
¢ temperature at cocling/ dezencds on & csrden cin

lize inJZ/ 224 when the Tezperature is zighsr - the ste

lec to a ts:perature telow 14148
te heated tc¢ this texmp

e
tiie z2iloy will cccure t 2 solid state tranzforzztions. i

PR - - 5 7 5 - b ~ o~y .
are cuuczed by en appear =ce in the ircn the alloerepic fe
T

ions, differeat ia the crystallograrnical structure &s

e
tart
i~
a
TZpe-
n>
-~

vell
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P S e ] At An PR BT < N T, it
é3 tihysical - chemical and zschuoniicel properties.
AN _ = 3 H T e - - .
. - - . 217 — ot o R
Trheve are following sllovrenic forzavicps ol Tie Irco

ar forzations show the édifferernt caruvon sslu-
3 b

bility: a 1irecn solutes the carbon in scall cdegres cnly,

¥ iron discinguishes itseli with the large carbon sclutilivy.
ire liotroplc transiorzaticn =8 znd conzected wiztn 1€

a soluticn end a precipitvaticn of the carion does’nt occur in

2 constant tecperature tut in the tecoerzturs range - IToc

500 -

tnis transforzation begins at 7¢'°”
texzperatures - zcc. to GSZ line - deperds cn the carbecn con-
tents.

Tre transorzation scart teaperature =¥ is zarked with
letrer 51 - it is so called pcint 51 of steel. At the cooliing
sceurs certzin over-coolizg ara tre trassiorraticn taxes &

place telow 72 °C.. At the heatircg - a little &above.

I
tre poiat 4, is marked at heatirg as A, /c = chaufizge = Lez-
at co : ©

ting/ and 2t coolins az A /7 = refroidessement = cooliing/.
© S r"i (51

The transforzatioa end temperaturs a=x¥ is mzrxed witn

letter 33 - A§ point for steel /and amalcgically - $c§ znd

AIB/. Tze temgperature of this transforzation describes the

CSX diezgram lips in dependence to the carbon contents. For tre

steel wnich contains C > C,8% - points 31 azd 35 are tre szze.
For steel with contents C > 0,82 the sclutiocn finisn of

cezentite i1s zarked as 4, g /SZ line/.

or steel with yon*@nts 0,E5% of carbon /Z point on tie dia-
prea/ the transior-aticn tegins and finiszes

727°C. Tais steel is called e u

ratur tectoid steel,
Tnis steel in 2 fully annealed conditica is cocposed cf equal
rain

c
. Taca grzin is cozpcsed of the szzll, very nzrd cezen-
t
€

& s

tite lazellas ané rferrite lazellas. This svtructure alter T
e’ :hing dcexs lize a pearl surface and I 1 e
l : .

Grains of all low-allcy cartcn steels in the annealed con-




NS = P~ - — Pt - A <+ < -
édi%ion are composad of 2 ferrive aad z cenmeatite. 2 stesl wiv-
3 bl - v 4= ~ -~ b - - A .

nout the hzat treztzenv 1s Che noroer, Yno meore LU ocontalos

curboii percentage. It Gependence bedhneenl LAarQEReG ang anfies-—

le¢ steel hardensss and the carcon contents is sacwn in Iig.
1.8.

Hypoeutectoid steels /C <0,387/ are coxposed
¢f ferrite and zearliie grains; a coatenis of the feearlits
increases a2long with increasing of the carton contents.

Eypereutectocid steels /C> 0,87/ zre cocmoe-

sed of pearlite and cezmentife zraias. » contents of the cezen-
tite increases alcng with increasing of the carcin convents.
éllo& cozponents have an izportaant influence on the s
structure, decreasing the carvon contents waich is rcecesszry
to obtain the pearlitic struccture wnd wiich causes a le
vezment cf S poizt on the iron-czrodon diagraz.
esides, tne &lloy ccmponents cdislccate /sozme 0f thexz
cven consideravly/ the particular diagrza lines /51 anc Aa/.

m

uszecizlly izpcortant in practice is zn influeace of ThLe cenm
a% locaticn /fig. 1.3/, tecause 2 selec-

’(

rcnenss cn toe é1 jole
tica of 2
on the loc Tion 0 this poinvt.

3
-
.y M 4 - - oy e -~ Y - S ~
Ter nezating vezperziure &t tThe rardening decerncs

700
~ |\7¢ Mo Sil W
T 600 T 1200 |
B L N | A4
§ 500 N3 §Q:7000 ’ L yi
3 oo 3 A
£ 00 T 12— ‘ §§ 800 ],//-, ,
E, 200 r / 7 = R g N Mn
= S N
o 0 4 § 12 M
02 04 06 0810 12 14 . 6
Contents of carbon [%] Conftents ar; ?;foy
hypoeutectoid | hypereutectord component [%]
srteel - steel

Fig, 1.8. Hardnes. of the carbon Fig, 1.9, Influcnce of alloy
steel in dependence from carbon componiennts on a location of
col tents: 1 - annocaled with la- a stoe} point A,

moilaxr cementite, 2 ~ annealed

wiia spheroidal cementite,

3 = hardened in water,
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named tempering.

a

* 1Ia nom-cderiorz2d alloys with ore-phese structure doos nst

occur a property changes after heat traatment. The ksat trezl-

—ent resulcs the prozarty cnanges thess alloy

v,

J
exists at least 2 phases subzittipg to traasforzaliocns during
the heating and qusncaing tizmes. The transforzaticas of tne
ore into the second phase or.a crange their guantitative re-
laticn in hetorogeneity alloys incducs a changs of th2 allcy
oroperties. Cnly Chese alloys are reat treated waicn cozpo~
nents forms the solid solutions and which chiarnge their solu-
bility along with tezparature, or toe alloys in waicnk the

-
o
cl
rd
(@]

'(1
!
[¢]

phase transforzations occur duriang the queaching /al
traasforzacions or the soluticn unmixing into zore thzsss/.
cropertiss resulta:d of rezT treatzent dz-

% cpange of
rends aot only cn a2 quazntitative relation of pheses, given

T .

[P}

b
risus vrases datening an 21llov oicr Amyma amd Raada mes
TLSWUS DLASES Q3ISning al 2,190y TICTIsSLruliure 2nl Thgll Tu-
u

- reduciag of nardness and Sheredy maxking easler tne cacnining
and tie plastic cold workiaog, )

- ottainiag the propéer sctructurs Irom a point ol visw the
furtaar neat treatzent dpsrations or ot teconoilnzsical
ogerations,

- reducing of invternal stresses.

In coanectisa with turposes of the annealing, tne Zcilo-
wisng 1ts ¥inds cza de distinguished:

Diffusicn zanealizg /hozmogenizing/ degends on slcw ugheas
ting of the charge td the Ligh tezgerature /1000~ 125&“ /[y ing
soaxizg av this temperature /the bigger charge, the longer

holding tize

~

and slow quenching in order to reduce local he-

. o



gation/ of a chenical cozpound. IT
-
("]

ings #:& ingots /mevallurgy/, uwain-

ly for z1iioy ste=l ones.

Full annezaling deseads on austeniltiziag of the caarge =20
temperasure BO-SOOC above a G3% line and slow cooling, zostly
a furrage cooling, for a purposs:

- T0 full recrystallicze the steel for cotaining a fine-grai-
nad structure, d&istinguisnhing itself by low nzrdress and
£00d ducviiity,

- £0 renmove iarernzl stresses,

To

appliaed only for brittle steels,

ct
£y

@ soaking exists average 2-3% hours in relation to silze of

N
3
>

W

e charge, the slow guencning to 400-500°C.

v

“he quencnizg rates are:
- caron steels ahout 200°C/a
- lox-z1loy stesls about 100°C/a /Iig. 2. 5/
= hign-allcy steels about 50° °c/a.
Tha ste2l structure after annealing is ferrite z2zd gfezrli-
T22 Tull annealing is 2pplied for forgings, tars 2rd cas-
€iags z=ce < cast sveel, zainly of hypoeuteciaid s3Tz2l.
- Isotzerzal _znnealing depends on austenitizing ol the cnar-

- !

ge lixzs at full annealing, quicx quencainrg to texperature iz-
side a pearlice tTransforzacion rangs /110-1202C velow 4 1/.
soakicg at this texpsrature /2-3 2/ tvill an a2ustenite ¢
formation into pearlite will be finisned ard next on free
cooling, 2.3. 2z air cooling /fig. 2.3b/. Purposes and tze
structure - lixe after tke full annealing. The isotizerzal
annsaling is applied mainly vo tool steels for the purpsss ¢
do shorter an annealing tice.

ture l&“- in .ig. 2.2 and quzet air ccoling on purpess to
ootain the uniform and fine grains. For hypereutecscid stzel

-

-
=)

t

is applied a parcial no:zalizing, depanding on the soaking 2
temzeratuzs abovs X line. Uphsating for aormalizing - tha
quick; soaxiag ~izm2: ovjects of stoll and midalie size

v 5 5
0,25-1 h, castirgs -« to 5-12 h /fig. 2.3¢c/. The norcalized
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h N a Annealin -
12061 6201
{ m';: , Furnace cooling
‘ §Mﬁ”“ homeogenizing £
o ey o
e/ -
P overteatin o0 2 4 6 & 10 12 14 46
1000 | [J e Time [h]
= &I e
@ Giz gu_ﬂ_aﬁzef_mz,ﬂ L . 700 land II annealing
0 .'al,r‘:_:_b—ua/‘zmﬁ c—" artial ~ Air COO/l'ﬂg
:,a '143 | (e _"_:.. i ff amea7mg &
L {m ' l .
® 800 v'“”'[“ “ } -t y (?‘ ‘B ®
; kAf '“ ' 2';01’\1“' A13 X S
Ay a I”[” 146N b“ bl Ln—r-ﬁ f B
e 700 T ”, [7 I‘ [] nnl T 8, /78:’0-..4 a
3. i;}”“f,( [H bt l§/zmg Q
g O o 'F’";': l;i recrystallizing QE,
)1) 500 - "I‘ ".1‘: "\"1! | —4— } ~
I H ; stress- relieving of
i L castings, forgings and
500 NI welded objects
e stress - relieving
i i after plastic cold . . .
a0 iy working Upheating  Annealing Cooling
%
w0 . e L e, 2 4[ L ];’ L 1
0 04 08 12 16 20 o 2 4 67’(m§ [h]O 12 14 16

Caréon contents C [%]

Fig., 2.2, Approximate tempe- Fig. 2.3. Run diagrams of va-

rature ranges of various - rious anmealing kinds for a ob-
annealing kinds against a ject wmade of lowalloy tool steel:
background of the iron~carbon a - full annealing; b - isother-
diagraao, mic annealing; ¢ - normalizing;

4 - stebilizing.

stesl structure: carvon steels - ferrite and pearlite,
steels - sorvite and marteansite /at air hardeniag/. sfter rcor-
malizing cf ailoy stesls cthere is appliad a2 soft anne
Thne purpose oI norzmalizing is a grain refinizg, iagro
strergtn, removiang of interanal stresses /e.z. after forglug/,
renoviag ¢ hardezing state and preparing the steel for furc-
aer reat treatment /toughning, nardeaing, carburizing/.
rgings, bars and cast steel cas-

R

Wermalizing is cppiied to fc

Fartial znnazling 21
tical Tezperature ranxe /usiwsen 4
steals and cetween & c1,3 and A iz ayo

] c Te
next nn cooling at least to ovsrcerossing th2 teooerature A
5 S s 1




for the purnose o7 partial racrystallizing ond cbiainiag tre
progerties like at full zansaling. Haéting ancd gueacring -

lize at full annealing. & structurse after tha
te and pearlite in nynoeu

ct
[{4]
[¢]
al
(@]
lJ'
[¢]
r W
¢t
4]
(4]
'—J
wn
L
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4 3 3 - T 5 e b ] - - - M - % .3 - o
ling is zmainly applied o tcal stesis and The ctars zale of

bypoeutectoid steels telors the macaipizy - in order o re-

2]

cve the stresses ard improve tha workapbilivy.
Soft_zansaling /spherpidizing/ depands oo ugheating ©

-

o)
texpsrature snown in fig. 2.2, cyjclic /zultiple/ or single

ancealing 2nd rext slow cooling on purpese to 2btain & spine-
roidal cerentile structure against a
spheroidizing is mzialy applisd to D

tectoid tool stesls on gpurpose to re >

"a worxanility and to incress the slasticitvy aand ductilicy.
fgcristeliizetiop anzesling Cepsnds on uphsabing She pre-

viously subzmitted to cold wsriking /Iorging, stezping, rolling,

drzwing/ steel to tecgerature a little above the recrystalli-

zatioa start temgersturs /800-700°C/, soaking /atsut C,5 2/

acd quernching at a free speed - oz Cursose to redove the cold

!
work results and to replace the delorzed and hzrd structure
vy the soft, usually fine-grained ore. T
annealing is appiied to pres
interoperation or fipal woriing in order €9

ness, increase plasticity and To razove sStresses.

A S amt S

Scress_relief ascasaling /stress reiisvisz/. It is 2ot 00
fast upkeating of the chargs to Temperatuze lowsr thzn Ac1’

-

soaking duripcg 1-6 L and slow cooliing /a2 furnace coo
200-3C0°C/ for trhe purpose of prozineat intermal str
cing without zmarked structural changes. The stress relisvi
is applied to cast iron /450-550°C/, cast steel /500-53¢°¢/,
welded objects /300-600°C/, forzed and cold prasses products
/uOO—#EOOC/, after not forging /600-65003/, after neatf treat-
ment, €.5. °0 Durpose %o r22ove tie stressas wialcn arisen as
/433-500%¢/.

a r=2sult ol oo quisk guencnin

o4

Iy

T A\

1

@
W
ot
'J

no ot
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Grapaitizing. It is

q
at wzica occur the cedentite uamixing, soaking azd quezching
for the purpose of tae full or partial unaixing of cezentite

olol ne charge to texzperature
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into graphicte /tamper carben/ and ferrite. Graphitizing:is
mostly applied for special gradss of the white cast iron in
order to obtain tkhe black heart malleable cast iron.

Decarburizing annealinz. A long /some sceres of hcours/ soa-
king of the charge in Veaperasure, at whica occurs the remo-
val of carvon by diffusion ob purpose to remove partially or
caapletly the carcon out of the alloy. Decarburizirng anrzea-
ling is applied to production of white heart malleable cast
iron.

Stebilizing. It is a slow upheating and next soaking of

the charge at teaperature usually does nsot crossing 150°C
/see f£i§. 2.6/ during tne tize limit from 2 till scme scorss
of hours, slow guenciing /fig. 2.34/ in order to reduce tne
changes which occur at the ambient temperature as well as Yo
reduce the internal stresses. The process is applied to
steels and cast iron casiings. There is also knowa 2 natural
svabilizing cdepeads on holding fthe cast iron castings at the
anbient tezperature during a few 222nthes or sven jears iz or-
der to remove the internal stresses and for obtaipirng the si-
ze atapbility.

2.3. Bardening

2.3.1. 3ulk hardaning

Bulk tardseaing depends on austenitizing and zext on
rapid queaching of the charge in order to obtain a marftensite
or bainite structurss azd hereby to increase the nardness cf
substance in the whole charge capacity.

when carbea or low-zlloy steel, uphezted To Tecperature
in which they are in austenitized stzate /above G3x lize - se
fig. 1.7 and 2.5/, to submit to the rapid quencaing - the s0
luted cemeatite will cot be able to precipitate itself again |,
and the steel ootains the fine-grain structure rnazed cartens
te. wich tiis 2 steel zas the hignasT nardness
and tha 3z .
lne =arc i3 not a coopornent of the iron-carion egu-
e . 1s7/+. At 22 azbient teaperature it

rzmanent and its uooixing follows only

5
ilioriun systea /se
is howesver rather the
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3
tite/ and the steel achisves
2

~ 27~

after upheatirg; in this event one 3235 trat the steel dishar-:

dening itself /it loses its hardness/.
Tre upheating
zoderate rate wnicn does not cause

for hardening should ve carried out with a
the stresses in the charge
caterias. 3teels with hign carbdn contents and alloy steels
are usually slcw upheatad allte the charges with a large sec-
tion and = develsped shaps.

4 heating tezperature at hardening saould cause a passing
a structure of the steel into austenite state. In practice it
is the tempesrature about 30- 50°¢ nigher than a temperature
correspgonding to GSK line /see. fiz. 2.6/. A considsrable ex~
cess of this temperature eZfects the symptoms of
i.e. coarse grainecdness, high stresses and even hardening
cracks. Alloy components, reducing or increasing the lccaticn
of a point AZ’ affect desiderable upon the hezating temperatu-~
re at harcening.

A soaking tize at nsa-d=ning texzperature

overnec.ulnc ’

/ausfen-»_zing
depends on a material sort and on a2 size and a shape of ¥

The transformation of austerite iz martensite begins and

finiskes at fixed temperature darpeanded oz the chemical ceago-
sition of the steel., For carbor st2els 2 stars temperaturs of
the martensite trznsformation ms ﬁOO-BOOOC
a Ifinisn vecperature Hi - correszondingly from -200°%C ¢ill
+2c0%.,

A rapid quenciing nras at first in
rature Mg /

is iz the range

view an overcooling cf

toe auscvenite to The tezp start of the zartensits
trans®orzation/ cn purpise to enatle tiais craasicrzaticn. I
tie gquencaiog is ta20 slcow so velsr: tie zmarteasicte transicor

mation temperature will b2 obtaicsd, the zarte
co03e into othne:r s /zerdening tro
ne l.vier azardness

decoz

decoaposition grade
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In fig. 2.4 the following ranges can be disting

- above A{ Az line: austenite /4/ in th

- to left from the transformation staert lins: o
tenite /i/, i.c. the austenite which in cspite ¢f tamperat
re reducing did not yet the transformation and is in ths
retastable equilibriun state;

- batween the transformation start lire and tie Trznsisonc-
tion finish line: asustenite /4/ with pars
ferrite /¥/ and cementite /C/;

~ to right from the transformation finish line: the compliszta-
ly finished trensformation - the vsrious
ded on quenching temperature, shown on th2 rignt side of

T/ a or

the diagrem and containing ferrits /7/ and camantite /C
onlys
~ below the martensite transfo-mation stzrt tima Ms: There
can’t be alresdy the overcooled aus:tinite glona, bac2use st
the crossing nomant of the Hs lins the zrznsiormsticne be-
£ins at cnce 2z2nd, till its finishing ﬁf, in this rangoe con
a /./y Telow L. 1lin

be only augtenite /i/ end mortensis
will be only ¥Yhe marteansite /./ alone,
Prom the figure 2.4 result
cooled austanite is unecu
cerature, au o 3
of 500-GCO°C; in this range the Transfsorzation begins inm 1esS
than 1 sec. at nigrer )

so cailed zmaxizunm range

nite durability is considerable highar, a.3. ab tamperatire

700°C and BEOOC tre transfornation dDacsing in about 32 sec,.
There should be Tt hen sucn au -

enchinrng of <thes steel 50 les¢t

the charge will achi e tne st a-

rt teoperature of tn austenite

trensformstionn in Tt non-=-4d25 L=~

red oozment,
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tensite transformation tenperatuir:, Tha b
aprears seldom after hardening /s. called bainitic he
In dependerce from gquenching methods can be disti
hed the following hardenings: cozvantional, inter
and isothermic ones.
Conventional hardening ~.it is a hardenir; with 3 conti-

D s . > — . T " A — oo, S S

nuous cooling in the medium at a taoperzturs lcower than the
temperature of the martensite transforzation start U /
2.5a/, usually to the ambient temperature. Thznks to cccu-
ring the martensite transformation the charge achisves indeed
the maximum hardness, but insidg the charge arise nigh stres-
ses resulting deformations and cracks. Their reason is a
fact that a martensite capacity is 1-1,5% bizger than an aus-
tenite one. '

A quenching rate telow the temperature i has no influen-

s
ce on the obtained hardness., Then in order to avoid the de-

3

forzations and c¢racks, in this temperature rsnge anould be

used a possible slow gquenching, Carvon steels azd low-alloy

steels are quenched in wzater. Steels with higher cenfents of
2lloy additions are gquerched in o0ils and a.pressed air blast

The conventional hardening bas in practice the most a
cations. Usually it is a martensite hardsning, fcr scma a
steels is applied a bainitic hardening.

In the high tecperature range a2 water ouzgn
quenching of a steel with lower carton conten
cnirg of alloy steels an oil can be used.

Step_hardenins - a hardening with a nom-continous cueu
ching wnich is divided in 3 steps /fig. 2.30/: "

- quencking in a kot oil or in a zmelted salt from the ausien
tizing teaperature to a temperature about 20-40°C nigher
than the temperature ms /tee lower than i e excaptionally
only/,

- holding in a hot bath during a
leveling of the tezperature in 3 whole section, bu%t 20 lon-

1

- g
-4 1y
t..-!
.J
|

1t Yo agply for
ts; £¢

L))
2

(L]

13
\

time whicn is nscessary fer

3or that a durabilisy time of tha sustanite /as usual it i
from few seconds to few miautas

- slow cooling /usually in air, seldom in 0il/ to tke ambieznt
tezperature,
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A quinching tolan intermediate teaperature is carri.d out
mostly .a melted bathes of saltpetre, chloridz, sodiun -.yéro-
xide water solution /5-15%5 of water/. The bath teaperatures
depend on the carbon contents in the stael:
carbon contents /3/__ | 0,41 0,6 | 0,812,001 1,21 1,4
bath temperature /°C/ | 350 | 300 250 | 220] 190 150

—

and a holding
ness or diameter:

25 mm

T D s e > D — ——— Y ———

time /in mirutes/ depends on

2 _

e e ey ——— — — —— -, - - —p— —— b - e e o o -

-3
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During a nolding time of the charge in the t

overcoolig of austenite fo a bath tex

fransiorzavion arr

bata ‘

- during tkhe further air cooling.
denirg is obtainsd martensite aznd
tures, reaciing into thne depth of
surZace.

The advantages of the step hardenirg
szall deforza warpings and crac
ties at settling of a short hcldiag tize
at experience is necessary/.

The step hardsairg is acvlled to car

occurs an
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ure. Tre nartescsite

ives after gettipg tre ch the
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steels destinad to queaching ia w

snal a

and Tool steels, cazbon steels
toid steels
Teaperatuxe 200°C/ as well as casting

cast irons. Low alloy steel
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out < tas batk, tne objects can be easy straighvened und

even forzed oy vhe forging and pressing. 3
AfTer zarvensite hardcening the steel has To be cutifully

Isotnerual hardening /austemperiazg/ - is a hardsning

—_-4——.—..._~—_.__._———-__ . . . . o B

-

ugsaching in the batz af aigher temperature than a tex-
ura of zarvensite transforzation stars M_, rclding iz

(u

e
ths bash to a finish of the vainivic transformasion /Iig.

2.6¢/ and after cooling to the acbient tempsrature at a free
rate /usuelly ia air/. The austenite transforzatiosn runs at
constant temperature - it 1is a reason of the naze: isotkerzal

hardsning.
A5 tne gquencning mecia are used salt bathes at texgeraturs
250-4C07 °c /lize Zor tkhe step hardening/ or lead bathes wnich

texperztures are selected in dependence from rroperties which

cr
(&)
[
ct
(8}
,J
[ 7))
| and
(8]
I3
Oy

cugat vo be cbtained. The nolding tize for
and usually tetal To few nours /tie asstly 2-4 2o/,
Tre steel structure aiter isothermal hardsning is tle tal-
nite /lower and upper ore/ and retainsd aussenize structure.
The isotherzal kardening allows $0 acnievs a nardne
struciure and other properties - ali4e vo Zardsned in rsgalar

style and teapered stesl, but with ozmiting of the zmarztensicts
trznsforzaticn. 1% is why this process does not almost rasuic

on
ing, assures tie nigh nardnsss /40-30 ZEC/ and tie

of tThs warp in
aigh texzsile strength alczg To the good ductilicy.

Tris Srocess can be zowever applied mainly To carcon stse-
ls with nigher carbon contents and for small objects oaly
/sectizsan ¢

U)

12=-15 o/, to alls>j scteals /sac cu over 20 ==
as well as to grey and scheroidal cast iren

fter tne bainitic na&dening, the steels doa'c ceed of
the texzpering.

Steel kardenability~ It is a property thatl determizes cthe
depth and éistribution of hardness inducsd by quencking. It
is coznectad with a reduction of tie qusnaciing raiz cf Tie nar~
denzd scjact, whsn ths quenching is going frex the cdbject sur-
faca into its section centsr.

ihe steel pardening depends on the quenchlnb rate. The
process can ve done, if so called "critical quencihing rate"




is ackieved, i. . when in the steel, wh.ch is upneated TG ;the

ry
£y

austenite svace Texzperature, occurs the martensive traasicr-
cargon and alloy steels this quencning rats

.J.
o

or o}
is very nigh /252-6CC%C/sec. /. At pardeninzg of the O
1 layers, located iz more distance Irom
th the less rate then tns criti-
ces nos itéelf nara.
effective deptn of nard ening/ can ve
vaxen %ne layer with nign ccntents of martensite. Thers is
not necessivate tha siéructure 1000 of martensite. ¥ostly, 2as
tne hzrdsnsd case limic, is talzen the struccure 5C° =f zar-
tensiter

&

Tre nardening cdeptz of The carten steels is rather small
(=3

o

apd azsunat o 3-10 2z. The =ore derta caz b cnisved onliy
for alloy ste2ls. The influence of allsy eleczents on tie har-
dening desth is following /in decreasing train/: zenganszse,
2s5lutcdenun, cuarsziua, silicen, nickel. Soze of coaccnents

e

1, oangsnsse and silicon/, dissolve in ferrife, crzcve
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The nigaest hazdngss aZTer hardaning depends:

- for carton stea2ls - on Tie caroon conitsats; the oore carton
y7:3/y Sue nigher hardness;

: C: 2é and conceavs of tha 2llay

carenn <ont=nts In tihc 3Tie
pogsidle to o 3
coan it is recguired for curbon st.els /zossitilisTy o oil

d v
- . o
~ . T P R - v
ecoling Ilnstezd =f water one/.
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T on quencihing, in oxdsr €2 achieve tlie mariensite scructure

2Y

~

and nigh narcness crly in this lays:. Tne hardened layer deot:

is from several tenths 5o cne’'s teen of miliiceters, in desen-
dence froz coanditions, heating and guenciing =zeciicds a3 well

[N

as Zroxz & material of The coarge.
The tempering at temzerature 1¢0-2207C snculd ve appliied
at oncz alter nardening, on furscse to remsve the invternzl
stresses.
The surface rnardezing is azppliad fcor carvon and &llay
te

steels wita the carbon co ats sbove 0,3% C, orevizusly co-

3

ugaened or ncrzalized, In zany evezts tals process can repla-

ce the more expgensive tath carburizing or cartoeaitriding /cy-

aniding/. IT can te also used for the treatusnt of the grey
and spieroidal cast irons.
The surface of zardensd objecss anly siighkt warp iltself.
Tne plastic core zakss easy eventual straightening. With re-
gard Ton sacrt reaving tize, Che object surface acser this
/saz2ll oxidiced/.

g 3 - = P - = - 1, : - g
i2e upheating of tre charzge for nullk na:dealng is reali-
™
-
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Theres, as well zs in sal atzes. ror the surlace hardening

cnly excepciocnally salt and metal zeating batnes /1100-12CC%

peating tize 10-30 sec/ are applied. Tue ipducticn or flacze
heating is usually used.
Tnducc;on nardenizz - depends 2n ugkeating of <he object

surface layer with the aid of eddy curreats, excivted in Tiis

lajer by the quick variavle currect, flowing iz the induc:car.
1

Toe higzer current fregueacy - tine more shallcw the 2tje
upaeated. The frequeacy in a range J,5-1000 kiz is zcsT
neated. :
The incduction hardening has many advantages, 2.g. it i
excellent for quantity and zmass priducticns; there is a low
n2rzy coasumption. Tals process kas bub tne fzult that it

's
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23 Tl $H22LSLNE LoduCellin gTneraiorns, COuCLa2TALIRS LD0Si-

1 - ) - 3 2 . : A 2 P 31 -
17 witih the charge feecders /hardeniag 2acainaes/ and outliictoed
n




the gas {lame /usually o:g-z2cetyl:nz/ by nelp of the one or
several properly shaged blowpipes witn the prorer heating

pacity, ard nextv on quenchi.é
usually incto water or synine
In the industry o nign-in

are wellknown and wide applisd the lome heaters and eatire
conslicated har-dening aggregatzs.

Tre flame hordening 2zs
realized at poor conditions in workshopds

plants. There is only necsssary to nave the on2 or several
blowpipes. The sprayers or gueaching tutes can ve don2 sing.
nanded.-

The surface hardening, esgeciaily incucticn one, zas tzi
funcdazental advantage thal allows o quicxz ueatT of sslected

parts of the tiz cbjects /2.5. gear teecth, sharlt pins/.

! ™ -
2.4. Tomraerings

e

The
- . : =0
teaperature thaz i , /180-530

tempering degencés on usx

3 2
ture and suenching /fig. 2.5/. The process-i:
-

acé szzll procucction

e -

viously nardensd steels. Its purgcse is To rezsvs naclening
stresses aand vo chznpge the mechanical prozerties, i.2. to ce-
crease tze hardpess acd The Tensile str i to izcreass

267 apd
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25CT0 /2is. 243/, zcizming zainly a2t rezowing o narialng
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tance. Lhe strucvurs - it is a tempered mazntensivte., Lng 2ro-
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cess 1s “ppiied £or:cutting and measuring tools mads of car-
poz 2nd 1ow alloy steels and for carvurized objects) which

atar are hardened, step hardened or surface harderned.

élgg;g-ggg cerature_vempering - i1s realized in tize raonge

u-va C /fig. 2.6/ on purpose to achleve tze greaf strengh
and elasticity at cthe sufficlently impact strenzilh and nard-
ness. At Tre beginning of the temperaturs range for tils texm-
pering /200-300°C/ succeeds the transformation of recainad
austenite into bainite; at the end - the temper trocsti
appears. This treatment is applied to springs, dies, to
and impact working zachine parts /e.g. pnesuzavtic nazzers, bum-
pers and others/.

hlgn-gg_neva,5:__339393335 - is realized in the range 5C0-
650 C /fig. 2.6/ on purpose to achieve the high streagtih pro-
verties at slightly reduced plastic properties. Zardness of
the high-tempered steels is absut 250-350 H2. These steels
can be formed by cutting, tecause tzere is the sortite s
ture /as a resuls- of the cartide coagulation in ferrize/. The
process is arplied to machine sarvs destined for reavy dusy
and are exposed to impacts /crankszafts, connecting-rods, axes
tools made of high alloy steels/.

The upneating for Tze CTemperirg snould be ratisr slow in
order to avoid the stresses in tkhe otrittle /after tardening/
steel. The soaking time is loag, esgacially at aigh-texzperatu-
re tecpering /2-3 a/. Quenching aftsr tempering - usually iz
air. At nigh-tecperature tempering the caromium-nicikzel, caro=-
nium or z=anganese steels are water or oil quernched /chen
appears so called "temper brictleness'/.

The toughening is a combinaticu of tha hardening and tex-

izn~-temperature cue - fig. 2.9/ zrocesses on’
sbtain the best cechanical grongercties, tut zlse tu
)

il i1 g s . . Sty oA~y e ,
retain th2 possidilivy of cutting viorits /fig. 2.1C/. The zroe-

O

cess L3 usualily rexlizead by Tihe irco-wiiras,.Cut can e alsd
S

done in trhe szall forgirng and casting plants. It is applied
for forgings, tars of constructional carbon and alloy steels,

b)
(o}
.—‘l

casting the constructional cast stoel or gray and spas-




PRt

e

S-Sl ¢ i

VIS WPRF R S DI SRS A

' '-36—

roidak cast irons. Tae treatment is used as a final procsess
/befoxé eventual cutting operations/ as we!. as the prior pro-
cess Lo surface hardening, nitriding and stabilizing.

2.5. Carburizing

Bases_of carburizing. The carburizing is the dirffusisn
process dspending on eariching of tkhe carbon contents iIn thi
surfaca layer of the steel object /commcnly the soit stesl/,
through upheating of this object in carbirizing media at usu-
ally nigher temperature thnan A /880 9;00"/ - on purpose to
obvain the hard, wear resxsued surface layer with retaining
of tae malleable core. It is iapossible to cbtain these pro-

perties as a result of the carburizing only. For it, there

are necessary the additional heat treatzent operations.
The lajer, waich is obtained directly after carturizizg,
is rel gulvelj soft. Its hardness, at air cuezcaing of fhe olL-

s

—

ject inside the box, azount to carbon steel 243-230 = and to
low alloy steels 250-350 ZB. The nigher is tre conteats of
the alloys cocpcnents, the higher is the hardness aifter car-

D]

. -

burizing. ¥oreover, mechanical properties of the carturized
lager and the core are low, with rsgard to increase of the
grain size after upheating in carburizing temperature. Txe
heat ftreatment, applised after carturizing, aia at:
- hardening of the carburized lajyer /usually up to ovsar
6Q HRC/;
- obtaining of the malleable core with the suitable tensile
strength and the sufficient impact resistaxnce;
- grain refining of the core and the surizce lajer.

The guide doagram of tae carburizizg process run, witn
neat treatment succeeding after it, is shown in fig. 2.11a.
In fig. 2.11b are anown the typical hardening methods afTer
carburizing -~ in rotation of reducing their practical axpli-
cations.

During carburizing toe steel /e.g. carton stesl with ccn-
tents of C,25 C - fig. 2.11a/ 1is in gsneral put to a lozg
standing action of the high teamperaturs, so its grain coar-
$8s. For purpose to reduce of the grain sizes, the steel sio-
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A 4 a Designations:
/ e Carby. izi . Carburizing:
- arou. 41" Normalizing -
S T T\ Hardening p - in powders and -
§ Pastes
2 k - in bathes
g Stress g - %n gases
= relieving Application:
~ +++ wide
Time " ++ rather wide
+ seldom
I .
b p none
__________________ ¢3_  Finegrained stecels
N . Ac1_ only
Haorderning g +++
. - K ++ o - -
Ternpering P +
I
__________________ Ac3  Regular stsols for
Act carburizing
Hardening Pk ++r
g ++
Tempering
i
@ — A e Ac3 Regular srteels four
L A N Aet . carburizing
g ) g ++ /in aggrega-
é Isothermal /;/a/'den'mg © c:s /
§ Carburizing annealing smaering p,k -
~ -

Resular stmels for
carburizing, taicil

layers
& +++
p +
kK -
14
e ol ..~ I High-alloy stoels
e Y. S SR
D+
K -
Carburizing !
Time
Fig, 2.11, Caruvuriziaz and hardening after varburiziug:
a - suide diagrain; L - typical hardoning me:hods: 1 - dircct
nardonitly ;== and with subcooling /===, IIL - sinsle harde-

nicg, IIT - single hardening with previous 1isotliermal znnoa-
ling, IV - doublis hardening, V - double hardening with inter-
operational annealings,

-
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uld after carburizing te norzzlized, acc. to the cnzaical

compositicn of the objsct core /chemical coucposition of the

core remains always the saze/. Then the object is hardered
2

at hardsnizg ftezperature, suited to 2 chezical coanssition of

<

the carvurized layer. after carburizing tce carcurized leg
» eutectoid or hypereutecteld / >3,3;
re, so the nhardening temterature suould be zbout
heating - the cbject is guenched in water or oil.
temperacu_e Tewpering is always applied arter rardening, for
the purpose of stress rslieving of the steel,

AfTer hardening the structure of tre carburized layar
should be cozposed of tre fine acicular martensite. lMore
cipitations of cementite network at a grain boundary are in-
tolerable. In the cardurizeu layer cazn agpear e szall gquan-
tities of retained austenite. There 1s profitatle tre presen-
ce of carbides, inproving the wear resistance.

Carturizizag teagerature and tize deszend cn the sort of
steel and a cardurizing czedium. Usually steels are carpurizsd
up to the laysr thickmsss 0,5-2,5 mn.

Carburiziang is applied to carton and alloy steels with tx
carbon conten:s of 008-025% .Ixceptiorally caz be used tha steels
up to 0,357% of carbon.

Carourizing is trhe oldest and up today the wicest applied
method of thermo-chemical treatzment. ibout 60-707 /acc. to
weight/ of tne therzo-czsaical treaved objecis - they are car-
burized mactine parts and tools.

Tais process is wortay of rnoticing also for tais reason
that some i1ts zethods can be realized in regular chazter or
pit furneces as well as in cva.. furnacas.

In dependence on a kind of tee used carturizing mediua,
the following carturizing aethods are distinquisied:

Zowcder_carburiziaz is tae oldest, sizplest and the mest

o

easy to realizzvion carcurizing zetnod. The tasic cozponznd

of carourizing pswdéers /carturizers/ is a charcoal, crusiad
into grazins 2«6 =z, with zuu1:103al accelarating za2aia 22 car-
burizizg /oost ly 10=23,5 of carvonatas/ and bonding agents
/table 2.1/, re

~/
sult of tne reacticn, the active carvon
appears and qulck éiffuse o}
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Table 2.1,

.7 Composition of fresh powders for carburizing

Kind Conteunts, %
of mponent

compe 1 2 3 % 5
ettt o P — e, e e el F::::::::::::::::::::::::::2:::
Charcoal 72-75 60-70 87 85-90 90
Barium carbonate -
Ba003 10-15 8 - - 10
Calcium carbonate
Caco, 4-6 2 - - -
Sodium carbonate ' 1-2 -2 10 10-15 -
NaZCO3
Potassium carbonate
K,Co : B - 3 - -

2773 :

Coke - 20-25 - - -
Melasses or mazout 5-7 - - - -
Tar - 3 - - -

The objects, destined for cardurizing, after rezoving cShe
rust, oxides and impurities, ars stacked with layers iaside
boxes, covered with powdars and, after saallng, put intp tae
furnace. The furnace skould bte previously upceated to carbu-
rizing Ceaperature: for carton scteels = 920-94030, Tor alloy
steels - 890-910°C, for steels containing over 4;Ni - 870-
890°, <or very szall aod toiz objects - 850-8703”. The tex-
perature uniforzity inside cthe heating craxzbter of the furnacse
stould e + 10°C.

The carburizing vegins in 2-4 hours from loading aczeat oF
the boxes into ths furnacs
perature, closed to Ac}’

Carburizing tize depends on a material of tze ciaarge, a
carburizing medium and a cardurizing tezparature /table 2.2/.
A dependencs of the carburized layesr thickness froa tie Card

c

, Wnen the cizarge aciilevss the tea-

o~
rizicz cize and tecperature is exampled in. rig. 2.13. A car-
oon coztents in the carburized lajyer, closely tTo the

should e 2bout 1: and facreasas iacto a canfter dirsction,
that in tae nalf of tre layer taickness szould te adout 2,85
the coatents achieves deerser tie saze value like tne core.

Cn purpose to sattle the proper tize in oxdsr to carburi -

’
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ze tre required thiXness of the object - the testing
mens a2re pubt outsice ard inside the Dox. The stecizens are ma-
ce of tne saue maverial like carburized oojects. The first

cimer is taken cut at end of the process in créar To zeasur

seci-

2]

8-

19}]
U}

@

¢

Cze carturized layer thiczness and, in degerndezce

Q
6]
1

resuliss,
allows

to state the real thicxness of the carburized layer withou

to prolong adequately tre pracess. The second stecine

3

destroying oI toe carburized ovject.
Faste cardburizing. The entire object or its part can bte

carburized by help of special pastes for carturizing /tatle

2.3/. Tney are made of dry ccmponments - fire crusied into a
powder - mixed with a proper diluent. The odbject is several
tizes dipped into the thin paste or is covered with 5-5 ==
ply of the paste. Then the object is dryied, put into the
siauf closed carburizing box - with tkhe objsct Tottoz up -
and loaded in%o a furnace; the furnace szould te _ ~svicusly
upreated to Texmperaturs 910-95000.

Table 2,3.

Chemical composition of the carburizing pastes

Contents, %
Component name
1 L 2 =L 3 4 5 6

<+t ++ - 5t -+ 53 3 4 1 27 3441 4233 33 S F- P2

Soot /carbon black/ 30 55 28 -—- 60 70
; Charconal dust - - -- 75 - --
% Salcium carbonate 10 30 3,5 5 30 10
! 532003
i Potassium ferrocyanide - _— 10
| KuFQ/CN/G 1,5 10 5
! Sodium oxalate - 15 - o . _—
§ ) Dextrin 20 - - 10 5 10
; Motor oil /used/ ko - 67 -- -- --
{
: Pastes No 2, 4, 5 and 6 are mixed with water, and nastes No
: 1 and 3 with korosano for required density. Pastes No 3 - 6

gave results like at carbomitrioling,




2. - Table 2,:.
Approximate *pheating 3nd soaking tiwmes at steel carburizin;-
in powder at tomperaturs 925“C in dependence from layer thicl -

ness and box sizse

The least size Layer thickness, mm
of the box
section, mm o,5 0,710,911 1,11 1,2} 1,3 1,4L1,5
::::::::::::3:::::‘:::::‘:::::::::::::::::::::i::::::::::::;—:::::
100 4,0(5,0}6,0}7,0 7,5 8,0 8,5 9,5
150 4,5 15,516,5{7,5 8,5 9,5 10,5 | 11,5
200 5,51{6,517,518,51 9,5 10,5 |11,5]12,5
250 6,517,518,5}9,5 |10,5 | 11,5 |12,5 | 14,0
3
43
. 5 OO .‘~H .1
95 o cogy ; By |
!
e
1
4
|| 15:25 || 5215 a gr b

Figz. 2.12, The box for carburizing in powders: a - loading
style into the box; b - box loading style into the furnace,;

1 - inside testing spocimen; 2 - outside testing spucimen;

3 - seal with a clay; 4 - carburizing powder; 5 - box /casted
of the heat resisting cast steel or welded with low-carbdbon
steel sheets and nex aluminized/, - ) _ -

23 [ Jeooz] | 1000°C 7
v &g, I 7
' g v | /1.
3¢ | [ 277
~ g7 Gy l/ég
.Q:') .I' A',, : ,‘;‘__ﬁ’,?/‘., 3 '
$ oWy 7

0 4 8 12 0O 4 8
Carburizing time [h]

Fig, 2.13. Influence of carburizing timo and teamperature on
the thickness of the carburized layer: 1 - traansitiomn layer;
2 -« pgutectoid layer; 3 - hypereutectoid layar,
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e vux 1s nelding ia the proverly long tize ac the car-
ourlzing venperature /ta“~le 2.4/, getting out and slaw quen-
ching wlthout opening /like at the powder carburizing/ - or
tixg odbject can be taken oubt of the box arnd quenched in wasar
or cii /hardening/.

. Table 2,4,
Approximate tiwme of carburizing by help of pastes, given in

hours, in dependence from temporature and the layer thickness

Carbirizing Layer thickness, mum 1/
temperaturo 10,6 ]0,80,9/1,0[1,211,4]1,6}1,8]2,0
bttt =t 33 3 I A T P P S S L T P S S TS
i
950 1,5{2,0}2,5{3,0¢{ = -] - - -
1050 - 115 - - 210 215 310 3’5 1"'0

tizing occurs in the melted szlt tashes
/ta,le 2.;/ at tempsrature 370-33C°C for low-cant e
at 850-870° - for alloy stesls and at 320-340°C
carocn stesls. The carduriziag tics is’shorter
viously processes.

Table 2,5,
Chemical composition of carbuirizing salt bathes

Contants, % 1/
Component name r
1 2 L 3 &
=::::::::::::::::::::::::::ﬁ:::::::::::::::::: SEETs === sS====
Calciuns carborate Na2003 83-84 78-82 60 78-81
Sodium chloride NaCl 8-10 12-14 20 5-6
Silicon carbide SiC 7-8 5-6 15 §-6
Aumoniuw chloride NHuCl - - - 8-7
Bariug carbonate 83003 - - . 5 -
'tho bathos requiroe a periodical supplying with SiC in order
to fill up the used componont. The bath No 4 is carboni-
trioling one,
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!} Quenchiag after carburizing usual .y joins with hardsning
in water /carbon steels/ or oil /allcuy stesls/.

The process results the small warping of parts and is
usually applied for small parts with thin cardurized layars
/0,1=0,5 mx/.
to controll the carburizing rate and carburiziag laysr thic-
kness. The process enable to obtain the considerable taic-
kness layers /even to 50 mm/ without too high carboa coantez-
s and the repeatability of results. The process is easy Ior
an automatization and suits for a quantity production arnd
requires the special air-tight furnaces /chaaber, muifle,
pit and contimuous ones/ with forced atamosphers convection.
It allows on hardening of the finegraired steels directly
after carburizizg.

Carourizing media are active, containing carovon gas at-
mospheres, wailch are the mixture of pydrocartons. Thers can
be pon-diluted gases, mainly naturzl one, or diluted gases
- 50 called endothernic atmospnerss /s.g. endogas + 10-205
of matural gas + 1-3% of propane, scmetizmss with 2déitior of
nitrogen/, supplied in differsat methods into the furzace
chemier. Thne liquid orgz2aic comgounds /keraseze, retrolewx
spiri?®, bernzol, benze, xyleme, hmetayl alccrol, isopropylezns
alconol and the others/ ars dropped directly into the furaa-
ce cranmber.

ter stean/ and clarified /they can-'coatain ozly szall guanti-

ties of oxigen/. In general, the preparatiosn zad cle

The atmoszneres is ths basic and zard part o ths troce
It is wky the zas carburizing exceptispally only c2n b2

applied at workshops and small production plants.

2.7, Qther
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Aocve ars discussed at first thass heat treatzsnt techno-
1ozies, winica cap e applied in scell casti

placts, usizg the sicple, typical heatinzg esguirment azd zs
bods. Very oriefly was descrived the thermo-chszical treat-

2




ment, snicnh is now 205t dynamic dsveloped, as well as toe in-
+ Tnere was not discussed a conmstruc.izn of
rcaing equipaent as well as coatrol nezns
ccesses and meftal structures.
It i3 worta ©o epznasize that in the industrializad couan-
e the all kinds o2 pitriding /
112l atomosgheres, stort- and long-ceriong,
s well as secondary processe
carcurizing in sas and bathes, oxynitriding, sulficnitriling
c aitriding, powder ard gas czroaizing; tica-
, baroding; immarsicn szliuzi-
at treatrmenv iz vacuun znd tro-
5. They kave tais main advantage Taat th2y
economical profit, impossible

F r =~ 4 - 4 -1 4 3 hd - Vo =t — - -
for ottainiag at other methcds, snd Chis mein faultT Tzl Ty
recuire the sxzeansive z2nd complicased sguizzent zxnd zezzuring
. — - ol - [ - . b - . -~ - 3
pparztus, and for 1t they are z2pplied cnly at cha iz Zndus-
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oynuf cturd e ¢s of the gseni-finished mzcnine
ot —" N R —
~arxts by casting and forging
A S

..+, Comparavive characteristic of the mecthsds

- ....

.28 are usually no troubles at a sslectisn of marnud
.~; methoeds of blaanxs /semi-finisZed products/, tec
hzgggccice the methcd results, more or less, Irol a xind of
¢ selecued material. However, every tasic zethod ccnlains
-4 considerable nuzber of marnufacturing methods of blzaxs
2o table 3.1/.

A decision zbout the method ard ranze of ifs applicaTion
.2-3nds on a production scale, a manufacturing precision,
cozstruction shazes and dizensions of Che vlznzs. At Dany
¢v2nSs the different mathods can equally sacisiy the speci-
ations of blanxs. For trat reason, beside the streangth

Y4,

lculations, ome saould compare The suitabls zanufacturing
netoda of blenxs and To decide, whick zzacng thsn
test, acc. to the comstruciionzl, tec logi
cal rsguirexents. )

AT this kird of selaction, ons snsuld take into consiie-
ration not only ecorcmical parazeters, : nc
of the selected zethod on work-capacity of tze zext work
Precesses. For exacple, wien ons cozpares a sulitablezess o
the applicaticn of the various mapufa couring =zatzo
blanks by castings, ard does not take inso ¢»
work-cazzcity or Tie later wacaiairg, it is ezsy Lo chcose

the sand castings. Iz practice the zetal mould castings can
be proper w for the reason of reducad work-capacicy of za-

c¢nining operations. .

The comparison skould contain a work-capzcity enalysis
the blank foraing methods and the further working. Tie selsc-
tion should assure the leaat cost of finished zachins tarc
av “Zeaping all othsr Tecnnical recuirezents.

-
-~

v

AT designing and dizensioning of ti2 odject, zust 03 tazen

1 - - -t - - . - ' = .
iato consideratisn the gecxetrical likenass betweon tne bloz:
& -
(V] e

and finished tart, amade from this blaanx. I
utilization of the material throuza the elimina

.

nological wastes.

- -




Charactoriatio of basio manut aoturlng:

LOthioae o,

Ly custing and forpiiy: R -
fanufuc turing Dimounsions or muss Comple- Accuracy Surfacoe| Matorial Kind ot o
nothod of xlty of of munufac-{iquality production
lanks thoe most tho leastjtorm turing
in nun
Sand castinygg no limits] tho least | tho most | 1-10 vory iron-carbon | piece and
Wwith hand wall thlo- ) complex doponds on ([rough alloys, non-| small-lot
"o rming knoss diuwonsions foerrous me- | productions
3-5 mwm tals and
{ thelr alloys
Sand cogting to 250 X¢g| as above as abovo | 1-2 rough as abovu quantity
hwith machine aund mass
forming productions
Sand casting no liults) as above mainly h-15 very as above plece and
wilth strickle rotory doponds on |rough ssuall-lot
uouldiigs . { shapos dimousions productions
Cored casting as abovo | as above tho most | 1-10 rough as aboveo piecao,
complox deponds on middle~lot
dimonsionsy and mass
produc tions
Contrifuzal usually as above wainly 1-4 smooth | as above quantity
casting to 200 kg rotary doponds on and mass
shapouy dimensions productions

A - w— e —

b v — &




Tablo 3.1 /continued/

Charactoristic of basic manufacturing mothods of machinoe part bLlaunks
by custing forgiung

Pormanoent- usually teo 20-30 ¢ simplao 0,1-0,5 smooth as above ays abovo
mould casting 100 kg and avo-

roago, do-

ponds on

tuking the

casting

out tho

form
Procision no limity wall thic-| vory 0,u5-0,2 vory mainly tho jpioco and
casting knoss complox oo th hard for small-lot

. 0,8 umn cut wor- productlions
king g
Pressuro dio 10-20 kg wall limitod 0,05-0,2 las abovofalloys of |quuntity and
cus tiys thickness | only by in dircc-~ zinc, alu- fmass produc-
1,0 mm possibili-jtion of did minium, tions :
/for zinc | Lty of the |partition magnosium, .

- 0,9 um/

dio manu-

- a littlo

coppor,

facturing |lesy tin aund
lond
Blacksmith no limits - simplo 1,5-2,5 vory carbon and |pjecoe and
Terging rough alloy smull-lot
stools , nan4productions
ferrous mo-
tul alloyy
Die haumumor usually to jwall limited 0,4-2,5 rough as abovo middlo-lot
Loreing 100 k¢ thicknoss | only by in diroc~ and mass
2,5 num posygibili~] tion of dig productions
Lty of tho (partition
die manu- |- loss

racturinge

A o e

[ P

-_— e nh—



Charactoristic

Table 3,1 /continuod/

of basic mumufacturing mothods of machino part bLlawks I |
Ly castinge torgsing
Machino usually to [wall as wbovo ay ubovo us abovelas above quantitly
foyvoing: 100 k¢ thicknosas and mass
2,5 um productions
BExtrusion diamotlor tolwull simple 0,2-0,5 smooth ay above us above
about thickness
200 um for Al
alloys
from 1,5mu
Roll forging usuully to faus above as above 0,4-2,5 rough as abovo as abovo
50 kg
Dio pross for-|usually to |wall limitod 0,4-1,8 smooth as above as above
siug by sizingegt 100 kg thickness jonly by
pross machino 1,5 mm poussibili-
ool Ly of tho
die manu-
acturing
Striking and as abovo as uabove as abovo 0,05-0,1 | vory as ubovo as above
burnlshing of ' smooth
dio lorgings
Cold upsottinglavarago s | avarago simple 0, 1-0,25 ) smooth stools and | as above
do 30 aum 3 mm plastic
matorials
Shoot stamping]thicknoss thicknoss | complox 0,05-0,9 | smwooth difforont quuntity
to 15 uun U, mmn kinds of and mnssy
tho shoots } productious
Lfor stam-~
o ping
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ity mpie e o wme e Te -t

A

Z - lapour costs of the one blank machining
- preparation labour costs for machining of the ore

p/a
"batch of blanks
n, - quan Tity of piscses in the vatch at amechinirng
Op - cc3vs of a designing, zmanufacturing and testing of
worizsncp devices, used at tze blank zznufacturing
ND - durspilicy of the eguipment, used at tre blaank nanu-
i facturing /in qucntities of blanks made with its
nelp/
Om - costs of workshod devices used for machining of the
blank ' |
Nm - cGurability of the equipesnyv, used for machining of

)

the blank /in quantities of parts made with its
help/.

‘ne calculacticn ought to b2 cade fir szch, pissible atv
this svenv, zzaufacturing methods of blark as a funciiczz of

azslespitn for-

~—~ 3 - ~ S -~ - - - - e e .
Sing, die Zorzing and steel casting /in dzzendszce fria 2 Cu-
- 3 - - 3 ~ -~ 1e
3 ces/, then w2 will receive tie éiagrams, iile

cast steel casting

die forging

black smith forging

Brime cost

Quantity of blanks

Fig, 3.1, Diagram of the primo cost in relation to a quality
of manufactured parts and a kind of tho blank
/seml-finished product/.
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rse. tion points of linas irndicate the laast guan-
tity of pieces, when the selected production method of the
analysed blanx is eccnozic profitable.




'
*
b\
1
¥
§
-

soc2bion of heat trazatmant in techrnriogical drocsss

BRI

—

. into considaratiorn the changes, which occur in ths

treatment processes /warping, sweling/, tiis

ey pO3L

':: should be located at the beginning of the mecnsnicel
~oC8ss, .

. x:3t treatment of casted blanxs is mostly applied di-
" is &

, ir nanufacturing, and i5s main purscse

giter thelr ner
.- g stability of the casting dimensicns during rext ze-
‘o

“;jl working. In this even%, the heat treatoernt rave
_~ the casting stress equalization in ordsr %o avoid the
- Jeforzations in entirs mechanical working process.
=-2 heat treatment of casted blanks is applied, according

. .:mx3ral obliging rules, for increasing of Vheir sirengih

» waar resistance,

:vv ﬁev\

ire blanks, nade by forging, oobtain the requir
.15, .8, increase of strengtih, but also undesirabis cnes,
risirg of certain internal st:esses, walich cause she war-

~5 or even cracking of Tx
1.2 zecktarical worxking, .
Trese unprofitable results can se
treatment of tlanks, Ths settlazent of

-

- 2 Yo 4
rezoved applying the

72> reat
e3 for neat freztmant desires fhe owledge avous cnsnzss,

2 occur in deformed =material Jdurirg its heating. Tzese

V—.-o.

¢rAngss are shown scramatically in fig. #.1.

Tre importsnt factors, which dacise adout locatica of

s
keat treatrment in techrological prccess, are ths st: u;es,
coning into existence after h2a%t troatzant, The stricturss na-
ve real influernce on fu-ther mecisnical working of blanis,
e5pecially orn the cutting work,

Tbe structures have the following main properties:
For steel: . ;
- ferrite - decreases the resistance of citting
~ cezentifs - increases trhe resistance of cuvting
- laninated tearlite -~ good progerties for cutiting wor:
- sorbite and susterite - bzad prozeriies for custing wor:.
treir structures, proparvies

For cast irons: in depe=dence on tkre
can ba put in order, according to worse
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4
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}‘: 5‘”-%‘1—*3%;?1-* '
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g w
§
\ tLcy
4 primary | secondary
~ recrystalization
b g b Fig, 4.1,
8 ‘é’,\ Influence of the annealing
&5 \ _tewperature on the structu-
) \ B re and prope.ties of ma-
—-»- terlals,
\ t1°C] als
S -
<
haed t \ -
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cutting work, as follows:
- ferritic cast irors - centain lot cf zrasnive
- pearlitic-ferritic cast irons - corntain nigx percentazs
of grapbite, pearlite and ferrits
- peariite cast irons - graphite and pearlise
- mottled c¢cast irons - contain pearlite, grasitite and con-
cerxtrations of cercentite
-~ white cast irons -~ contain pearlits and cszsantite.
Taking into consideration aa economy of tke cutting wor-
king, the heat treatment 6perations, giving good structures
for cutting work, should be located before this workinz. T:e
heat treatmant operations, increasing a tensile st c
900 LPa or aardness over 40 HRC, should be locatad aiter
cutting worxing, After this kind of heat treatzent, can be do-
na in practice only abrasive /grirding, suverfinisaing/ cr

chem-nilling worxingz.

Tee sacs conclusions conrnect to parts or their fragrents,
which have to be put to diffusion hardenirg processes /2.3
cyaniding, nitriding and so on/.




5. Eecat trestrcat of cast steel and cast iren ceshinzs

5.1. Heat treaiment cf cast steel castinss
5.1.7. Sorts of cast steels and their

The cast steel is the steel with contents usually
0,5% C, poured into sand or metals forms. The highest qusli-
ty cast steel is mede in elactric or ogen-heartn firna
with a basic lining, the lower quality - in {hre oren-reart:
furpaces wita an acid lining, the lowest one - in ¢
tor /high contents of phosphorus and sulphur/.

Alike the steels ~ the cast steels can be distinquisaad
into carvbon cast steels and alloy cast stacls,

Carbon cast stsel represents averaze 80-9C5 /acc.to wai-

gkt/ of produced cast steels., It is appliad for different m2-

[
-
W
o\

chine parts: beds and bodizs of machine tsols, bodias o v

¥
ard bolts, water pumps, brackets, holdars, rolls, chain whazlg
né ot

anvils, jaws of big vices and otkers.
Alloy cast steel; iU is the cast stesl, in which tie con-
tents, at least the ore of tre alloy cczpornanis, 15 equal o

& 3
higher taan: Im - 0,%2, Si ~ 0,55, ¥i - 0,35, Cr - 0,3,
23, Co - 0,25, Cu - 0,23, Al - 0,15, Ja - 0,095, 7 -
They influsance or texperature of the trznsicrrgtilons, occu-
ring during tkhe heating, and on hardaenirng crifical
csn va dacressed svan to several grades p se
nium, silicon, titenium, nolyblenum azd tungsten increase Ti2
eutectoid transformation teaperature, mangan a
decreasa if., In depsndence froam the Xind, qu 3
ts of the alloy cozponents, there are distinguisted the cass
steels: cornstructional, anti-corrosion, stainless
proirf, for working at higher temperature and heat-oesis
/stove plates and doors, bréziers, rills and furnacs rmufrlss,.
giizz:ens/, teol /tools for cold and hot worxirnz,

» D)

t

R e
subnittasd to differsnt mechanical duties/, wear-resistance

3 - Ve § - : - T ) hi ~
2ws arnd t2rzers for crushing oills, zosd wr2ols 107

S -
irdar cranas, parss of bailers, caterpillars, cemznt nills,
s 2 ]

coultars/,

-,
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nd_heah trestenh exasplas

el castings, alixke the cast iron on2s, characia-

rize treoselves by the heterogene and coarsegreined svricture,
.ded on ceystallization o; the material, pourad inio 2

Sing form. For trhe turposa of improving and ncIozanliing
Ti2s, the cast stesl is submitted to re v
a rule To tre same treagtment like for stee
ded on tre caroon contents and presence of trhe all
n Eoreove it de
the castinz. Ther? is estimated that aovout 60% of

[{o]
[4]
'

0 o)
1ds on trhe kind, size and snhage of
¢

mada ¢f carbon cast stee ls, and about 85> castings o
cast steels, are neat treated. Soue cascings, g.3. trhe onss,
o

destirned for worxing at nigh temperatures or those ones, irca
wnich trne definicte prorertiss ere notv reguired, axe apsllied
witnout razt treatment

Ty M o Y S $ bl 3 - - 3 -
Tre na2t treatoens of trae cast steel is mostly condizsoaae

nening, suriece nsrdening, SOlhulonlmg.
' o 1 castings, 25 well as castings wizth
juire the long sogking wiza a2nd ToSsi-
and guanching, Tre heating rate ol cast
steel czs5tings usually eazcunt to 30—5003/1, ard fem czitings
with siznpls shane - even over 200%z/n.
To2 neadt treatmesnt of'the carbon cast steels irclidas:
1

©
3]
(o]
0
r
O
ry
(34
(6]
3
©
'O
3
)_J
e
W
[

1 2
czszings /usually af tamperature 20C0-700 00°%C in 2-+ &/ on

o)

A

racove the interrnal sitiresses
h]
e
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Fig. 5.1, Influence of carbon Fig. 5.2, Influence of carbon
contents on impact resistance contents on asiechanical proper-
of carbon cast steel: tles of annealed cast steel.

1 - in casting state;

2 - after annealing.
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Fig. 5.3. Influence of quenching on cast iron hardness after

noimalizing.
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Fig. 5.4. Influence of tewpering temperature for grey cast
iron on: a - hardness; b - intermnal stresses value
at different times of stress grolisving.




lleat treatmont of carbon cust stoels
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e Table 3-_%
Hoat treatment kiads of cast steels
Sort of Heat treatment /designation/ and Hardness
thlte cast average temperature after
steel treat-
nent

Construc-|Qb/T 850-900/530-660 170-300
tional N/T 860-890/570-650 !
Construc-{N/T 880-960,/6C0-730
tional -
for wor- Qb/T 1030-1050/670-710 130-250
king at |A/N/T  9%0-960/920-930/690-710
higher -
tempera- B/A/T 1030-1050/980-1000/710-730
tures
Corro- A/Qb/T 800-830/970-1020/€50-750
sion - Aso 700-800 130-280
resisted |S 1020-1070
Heact- Aso 700-850 150-2%0
resisted |3 1050-1100 IN=2D
Tool A/N/A/N/A 830/900/880/900/720-750

A/GH/T 810-836/1070-11C0/540-550

A/N/T 700-720/370-830/450-5G0

AN/ 7380-333,/870-970/500-700 17C-35C0

H/N/A 1100/380-900,/540-350 )

A/N/A/A 3%0-860,/880-900/7LC-760/5C0-6C0

Aso/Qb 760-730/950-970
Jear- M4 890-930
resisted |N/Qb/T 840-9:0,/830-8%0/450-600 130-4%C0

{b/T 800-90G/330-300

S 1050-1100
Designa- |[QL - bulk hardening
tions T - tempering

N - mnormalizing

A - annealing

H - homogeni:zing

Aso - annealing for softening

S - s$olution heat treatuent

e




Hout treatument of the wear-rosisted alloy cust stecls,

to comont mills

Tablo 5.7

appliod

Lp. |Namo of mill JKind of the]| Average chemicul Proportios after troatment
part used cast couposition of Hoat treatmont Rm U AS
" . Wy
stool tho cast stools /MPa/ | /IR A /47 /1/
1. siove manganese-~ | 0, 25-0,35% C; normnlizing
plates silicon, 1,1-1,4 Mu; 870-890°C 620 LOO 16 170
toughonod 0,06-0,8 s1 llllI‘dOXlilol;;;‘
u70-880°C
wvator quonching
tomparigg
' 570-6007C 700 600 16 192
2.1 W wall chromium- 0,35-0,45% C; normalizing .
t liaings | titanium, 0,4-0,7 Mn; 890-9107°C 800 250 10 229
) toughonod S), II—('), 0‘,‘.‘51, hardening
E 2,8-3,2 Cr; 870-890°C
— 0,1-0,3 Ti oil gquonching
— tomporing o L ="
p hso-h70bc 1200 200 ' 352
-_] &
3. g vory dy-fmangranese- | 1,0-1,h% C; solutioning 170~
. namic silicou, 12-10% Mu; 1050-1100 thoy are not tested 217
louded golutioned | 0,3-1,0% Si; wantor quonchings
wall do 1% Cr;
Liunings 0,1-0,24 T1
L, DBalls as abovo as abovo as above

as 1,
2 0r 3
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.. s:2els, resisted against to wearing., Fer compsri-

.- » no-zalizing parameters are given, too. -

.Y, Heat treatment of cast iron cashtinas

22,1, Zinds of tha cast iron and their anolications

c138_iron is a casting a’lo of the iron and corieon /usi-
___zrom about 2,0 to 3,85 C/, silicon, mangsnssz, sulphur,
-szoorus and others, with the chemical composition alixzz %o
. 2ig iron /with total contents of alloy cemponents nc 1233
. .52 6=7%:/., The cast iron is obtained by rmelting ¢f the iz
.oon inside the cupola, flame or electric furnac i
;ith the addition of the scrap iron or steel and ferrcallors,
The low production cost, good casting progpertias and gecd
2xploitation properties - especially after hass treaztmerns -
it 1s a reason of the broad application of cast ircn 3t inii-
5Ty, agriculture, transportation and at the consumer socis
production,
Tz2 cast iron structure and properties denend malinl, cn
harical coxposition arnd the quenching raze., Tne base oz
1 ~ cardon ~ can exist as a graphite /s5r2y cast icon/, a
cazentite formavion /white cast iron/ or into :
ons /zottled cast iron/.
Siliccn, nickel and aluzminium, 33 well as slow cuanching,

favor the precipitation of graphite, instaad wanzsnese znl
sulphur with quick quenchirg - constluutirg 0f camantifa, Th=2
presence of graphits in cast iron structurs results Lzt i
cast iron is brittls, dbut has gzood cas.zn; Drogartias, rusite
horus causes llquwd"y /¢ast iron well fills up twuz forzs/,

in higher percentage increases but the brittlencss of tTrhn2 cas-
ting, Sulphur makes worse the casting properties and incroa-
ses the brittleness. .

' “hite cazt iron is nard, brittle, heavy wormodlo and izs

S P

not vary good casting propertiss /viscosity ani ¢3z3in; shorine
kage to &5/, It is svoradic applied /like the mottlad onz/,
vhen the high hardness of tha casting is regquirzd /c.3. Tha
kardered siavs plates of cement mills/.

Grav cast iron distiguished itself with good casting pro-

—

)




-

nerties /liquidity and tres casting shrinkage adout 0,7-1,%:/,
111Gy

a good workab a hig: wear resistarce, 3 vibration dam-

» k'

ping ability and dimension stability /no sweling at repea-

ted keating/. It is broad applied in tke machire industry
t3s, machire bedies, g22r casing, »urps/,

1
P

/e.g. foundaticn

el

a
the transport industry /cyligder sleeves cronkchafits, brake

druns/, tha agriculture /eobout 6G: of the agriculturil ma
chira weignt ar2 the cast iron castings, e.z. frames, and
teeth of mowers, rolls/, the consumer goods producsicn /gri-
lls, brsziers, stovae plates, drainboard sinks, thickwall
pots, neaters for central heating, tubes etc/ znd tha extrac-
tive imdustry /elez2nts of excavators, crusners, cezent nills
- made cf hardened, lcw alloy, die castad cast iron, ccntains
Cr, Ni, Mo, ¥, T and others/,

ingculated grey c237 _iron - it is the grsy cast lron with
refired grapnite and, thanks to it, with the higa-vconsils
1

S 4 -— Y~ R— - - —
strengtz., It is app ied to gears and zechine zarts, working

at changagdble loadings.

s A s N e
Soheroidal g£rs7 cash iron - it is the grey cast Loen Jowx
el oY s T at lw IR Sl .

-

& Cf 2

, which is sc incculated that grapkic
a

idal forzation c¢n %he pearlite substr:

nachine parts with the 1iza tensile strengt;, nardness 3and
wear "aalsuagce/ or the ferrite substra it is spriled To

ome plasticity and izpact resistianca/.
s are alike %to cast s% 3
speeroidal ¢23t iron in entire gproduc-
3% iron is low, but continuously r e

'_)
®
o
l.l
[
ry
’ Ao
o,
vy
i
N
s
=
0

y
trialized countries ovarcrosses 1C5. It s

usually applisd to keavy duty mschine parts, including z3ni-
cultu-e ones, It can replace not only cast zsteel, but alsc
s.zel forgings for the car or tractor parts productlion,
ilalleabla cast _iron is obtained by longla.ting annealing
of ‘tza whita cast iron castings af Teoperature 300-1000°¢,
theralore 1 n2 malleable zmzteprisl, wiiich Lrerar=-

S
tias ara closa to stea
wnite_nears malle

e
strucsure/ occurs during annealing in oxidizing atmospaers,
Its fracture is light and the matarial has low plastic proper.-

.

-y
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ties. This ki 4 of heat treatment is called decarburization

Black heast'm allegpie_9g§§_3“on /with ferritic struc»urﬂ,
occurs during annealing in an inert atmosphere /e.g. insids
the boxes filled up with sand/. Its fracture is dark and the
material has good plastic properties. During snnealing follows
the unmixing of cementite into iron and graphite, and for it
this kind of hesat treatment is called graphitizing.

Pgarlite malleabls cast_iron occurs as a result of annea-
ling of ths white cast iron in inert medium, but without fi-
nishing of the graphitizing process.

The malleable cast iron is applied to castings, from which
ars rag ulred ths strength, plasticity, workability, impact re-~
sistance and resistancs against to the action of smoke an
acid mirne water, It find ¥he application ir automotive and ra-
chine tool industry, rail road systsm and building industrj.
With good results it replaces ths more expensive ron-ferrous
alloys. It has intermsdiate properties bstween grey cest iren
/zood casting properties/ and cast steel /good mechanical pro-

pertias/.

With regard to the chemical composition, there is distin-
guisned: '

Carbon cast _ircn /simple grey one/ - containing 2,2-3,5% C
/zostly 3-3,5% “/, to %5 Si, to 0,7% Mn, tc 15 P ard to 0,1Z%
The appllcaulon is very broad.

Allov c3st iron - containing also the additions, which in-
crease the heat resistance /nickel and moljbdena/, corrosion
resistance /silicon, chromium, aluminium/ and other prorerties,

(44}

Tre atplicstion is not vary broad, only for spacial reawy duxy
castings,

In table 5.4 are given the mecnanical proverties of tre
carbon cast irons,

Tre oost castings, r2de of the given cast iron zinds, ma-

v /sdreroidal and alloy ones/ and =alla-
be with good results used in the raw sta-
the heat treatment allows to exploit bet-




TaubLle

%W

Mechanioal properties of carbon cast irons

Inmeodiante Hardness
Sort of cast iron stronsth R Flongation /HB/
/MPa/
non-inoculated 100 - 4OO - 160 - 280
b inoculated 260 -~ 380 - 170 - 260
)
R ‘9 territic 400 - 500 A =5 - 10 155 - 210
.85 ?
3.2 pearlitio L50 ~ 620 A5 = 2 200 - 300
° white 350 - 450 AS =4 -5 220
n
§ black 300 - 350 Ag = 6 - 12 170 - 190
-
72 poarlitic %450 ~ 700 A3 =2 -7 220 -~ 280

e

[ N—

-~ amaas s
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ter the cast iron po~rsibilities. The heat treatment inmproves
the casting vroperti.s, for it is more frequent applied in tic .,
practice. At the real events, there can be the requirerments
contrasting with each other, e.g. to decreasa or irncrease tre
tensile strength, at last to increase the plasticity, which
usually decreases this strength;

Tre heat treatment of cast irons differs, in scme deta-
ils, from tke heat treatnment of steel with regard to diffe-
rences in the structure and, partially, in the chenical com-
position /mainly - high silicon contents/. In the structure
of cast iron castings, besides the structure components, typi-
cal for the steel /ferrite, pearlite and cexmentite/, additio-
nally occurs graphité, wnich precipitates already during the
casting solidifying, or in g result of the later heat treat-
ment /cementite unmixing into graphite and ferrite, otherwi-
se so called graphitizinz/. The influexce of silicon on gra-
phitizing of cast irons is so high that the low alloy gray
irorns can get erntire grarvhitizing below ths fterzperctire 501 -
durirzg upheating to austenitizing temperature,

Precipitations of graphite have the very low strength and
result tha material discontinuity, especially when thay occur
zora quantities, They are the main reason that soze reav
treatzent oreratiorns, e.g. kcardenirg arnd tezpering, applied

-

!5'

b

for soze kird of cast irons, containing grsphite as the lar-
ger flakes /e.g. simple grey cast irorn/ - don’t give expected
results,

Purposes of the cast iron hkeat treatment is given in tab-
le 5.5,

Tre heat treatment is broadest arplied for grey, sphero-

09

e
different kinds of annealing /at first the ferritizing

nd zraphitizing ornes/, seldon hardening and toughenin

Ol
In tabls 5.5 given the basic pararcefters of the rost fre-
quant 22t k23t treatments of cast iron and tkeir apoplications.

-~

In fiz. 5.3 ~ 5,5 showm sonme provertics of the sray c2s%
iron, as a function of tenperatura, for verious heat trea

ment ogerations. In fi#. 5.6 sbc&n the run diagrans for diffe-~

rent Xinds of annealirn




Purposes of cuasl iron heat troatmont

Purposo

Kind of hoat troatment operation

Romoving of internal stressos /castiiwgg,

wolding, hardening/ and stabilizing
ol castin dimonsions

stross r1oliof annouling tempering

Hardness roducing - softening /by comon-
tite vamixing/, improving of workability
and plusticity :

anuoaling: softening, graphitizing,
normulizing, forritizing

Hlardness incroasing, iwproving of
strongth propertios and weur resistanco

hardoning, tempoer-ing, toughening

Trunsformation of whito cast irou into
malloablo cust iron

graphitizing annoaling

Increasing of rosistunce agalnst to
woaring and corrosion /atuwosphoric,
poraturo ones/ .

tom-

hardening, tougchening

thormo-chemical troatmwents: nitriding and
socondary operations, immersioun aluminizing,
siliconizing
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Table 5 0

Applications and parametors of the most applied heat treatment of casl irons

Trecatmout|Cast Uphoating Tompora-{ Souking Quenching, jlardness | Purposo of tho
kind iron rate turo timo hftor trcatmont
sort /7°¢c/ /h/ Lroatmont
1 2 3 L ) 6 7 8
foerriti- 700-760 {to finlshing|slow, simple workability
zluz an- jgroy of graphiti~|caatings - improviung of
noaliys s to 100°¢/h non-alloy and
/to 300°C/ low-alloy cast
irons
full an- |groy 790-900 slow in instoad of
nealing raheo sof toning anno-
aling - for
\ hicsh - alloy
cast irons
oy aphi. sroy 9200-950 Jusuanlly 1/to ShOOC in full unmixing
tizing -1 air o of large procil-~
aunoa- 2/to 540°C pitation of
lingn with furnace carbides into
1/ and 2/ in graphito and
1'‘ango poarlito
510-300°C 1/high strongth
with tho ra- and wear resis-
to gbout tance
100 C/h 2/workability
improving

- ..



Tablo 5.6 /continucd/

Applications and parameoters of tho most applied hoat troeoatwont of cast irons

s

1 2 3 4 5 6 7 8
craphi- whito,hard |slow for stagce I: Jup to achio-|staco I: max. 163 |obtailning of
ticing spottod camplicatod | VO0-1050 |jving of fulll]slover biack heart
amnealing |/I'rooe ce- |[castinga stago IX:junmixing of /250-300°C/h/ mnlloablo cast

montito injand faster [800-700 ceriontito to 80000, iron /with
structuro/ |for simple into austo- |vory slow forritlic-grap-
0oNosS nite and /2-300/h/ to hito structuro/
tcumpor car- [700°C 2-staco auncva-
bon stago II: ling accolle-~
slew to 650°¢, rates tho pro-
furthor air coss
. cooling
craphil- white slow-about {1050 30-60 slow max. 201 obtaining of
tizlng 7 h in deponding /5-16 b/ whifo hoart
annealing ' oxidizing on thick- to 50000 malleablo cast
atmosphero ness of a iron with
/docarburt- section forritic-poar-
z2ing/ or in litic-graphite
iron oro structuro
stross all slow h50-570 2,5-4,5 min, |[slow /gsually without removing ot
roliofl kinds /70-100°C/hfnon-alloy por 1 um of [to 300°C and [konsido- |stressos /1 I
annealing 600-650 soction oxcoptionally k‘nblo of annecaling =
/stabild- low-alloy| thicknoss to 100°C - changos romoving of
zing/ with furnace/ 75-80% slressos
spheroidal 5hH0-680 1 h/2% um about 25-50°C stabilivzation
soction /l, furthor -~ of canting di-
inoculatod 600 Lhicknoss air cooling eSS Lois
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Tablo 5.6 /continuod/

Applications and paramotors of tho most applicd hoat troatmont of cast irons

1 2 3 4 5 6. 7 b5
stabili- sroy slow faor 830-930 0,5-3 or in air; for - strongth in-
zings ' complica- 1 h/25 um of] complicatod croasi, wo-
/pearliti tod cus- scectilion castings - aring roduci-
zing tings and Lthickncess to 650°C - in ng; it is
annealing ] faster for alr,; furthor appliod after

malloable g juplo onos 850-950 1-2 slow furnace 2l graphitizing
sphoroidal cooling annocaling,

soaking, bo-
fore and af-
. tor welding,
for restorat
ion proper-
tios of tho
raw casting;
af tor normali
zing succeods
tomporlga
650-680"C/1-~

1,50
arey, as abovo 650-750 .| 3-6 with slow 131-163 partial un-
sphoroidal recard to 60-1800C/h mixing of car-
sof tening | mallcable domandod with fgrnuco bides, hard-
anncaling hardness to LOO C ness reducing
3% improving of
hard 825-900 tor achilie- workabillity
spotlod : ving of ho- and plastici-
in halfl morenoous ty, romoving
austenlto of gslrossoes




Tablo 5.6 /continuod/
Applications and paramoters of the most applied hoeoat treatmont of cast irons

1

2

3

y

)

0

7

8

convon-
tional
hardoning

malleable
L roy

sphoroidal

as above,
in rangg
600-650 C
slow up-
hoating

830-900
/ 100°c
over

ch/

B45-925

3 min/1 mm of
thicknoss
/for middle
thioknoss
castlings/

in oll or
wateor /high-
alloy groy
casl irou -
in ailr/ at
about 150°C
to transfore
into theo
furnace for
tempering

in eoil or
waltor and
wator solu-
tions /gim-
plo castin-
cs/

Incroasing of
hardunoss,
strongth and
wear resiston
ce

isother-
nal
GQardoning

Loy,
malleable

spheroidal
/poarlitic/

830-900

900-950

as abovo

in salt bath
or oil

h29-311

230-425°C
during 0,5~
1,5 h later
in alr

363-311

as abovo with
keeping of
highor plastid
city

stop
hardoning

groy

as aboveo

in regurd
to cheui-~
cal com-
position

as abovo

in salt bath)
oll or &oad
205-260"C
durinye about

I h lator in
alr

obtaining of
tho martensi-
to stute wit-
houl occuring
ol siroussno:n

-




Applications and paramoters

Tablo 5.6 /continued/
of the most applicd hoat troatiment of cast irons

1 2 3 L 5 . 6 7 8
surfaco grey with an 900-1000 ] very short water, oil, HRC = achioving of
hardoning malleable Joxy-acot- 0il emulsion | 50-60 thio hard and

spheroidal {hylone woar rosis-
/poarliti¢/i{flame or tod surfaco
by induc- layor, incre
tion asing of fa-
tiguo stren-
cth; altor
hardening-~
temporing at
\ 160-200C in
furnaces,
oil bathos
* or at flamo
uphoating
/reducos. do-
formations
' and cracks/
tomporing groy nutting 350-550 0,5-3 in air 430-290 |romoving of
malleablo jinto the /1h/25 wmin hordoning
furnaco at of thiclknoss gilrosyos,in-
towporing croasling of
spheroidal jtoemperature h + th/25mn plastlciLy
of section
thicknoss
/alloy cast
lrons - lowcse:

Lime
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£. Zeaf tre=atnent ol forzings

£,1. Classification of steels avplied to forzines

rzings can be made of all sorts of the stezsl.
s can b2 divided as follows:

1/ with ragard to the chenical composition:

steals - wher .

w

Tae main componernt, which influsn-
cas on sta22l propertiss, is carbon /Lo about X C/. Incre-
ase of the carbon corntents improves the strergth rroper-
ties of tre steel /tensile strengbth, hardness/ ani makss
worse its plastic properties /elongatior, narrowing/. Tze
carbdn contents influences not only on the rawv steal pro-
perties, but also on heat treatmsnt course and s
perties affter the treatment. Irndependence from thz carbon
contents, there ars distinguisrnad the steels: lom-carben

0 0,255 ¢/, medium-carbon /0,25-0,555 C/ and nizr~carban
/cvar 0,555 C/ steels, The cortents of the r
nents should not overstep the fixed linmits /f£iz. 5.1/,
Tha worse Qaality cardbon steels /for building industry,
steel constructions/ are not heat treated. The remalinping
staels can b2 or ought-to be heat treated, Carbon steels
3z2 9C5 of tis world steel production gnd are ssveral $i-
mes cr2apar than alloy steels;

stesl

~ allcy stesls - whars the contents at least of ths2 one elz-
v
pernt, excedt of iron and carben, overstaps the lizics, Iix
4 = 14 & ]
ed for carben staels /fizg. 5.%/. In dependence foom ke
contants of slloy componants, they are divided inlc:- lovw-
iloy /if trne sum of 3alloy compcnants is not higrher fhan

2.53/, nediun-alloy steels /2,5-5,03/ azd nigh-2llcy sta2l3
' ’ 1 5=3, 5 N

/Jover S5/. The alloy compornents allow: to increasa a hirli-

r2s33, to achisve higrer strength progertiss 11 th2 heas
+peated state, to grant ¥hs special pihysical and c¢honica
"progertizs, In raw stats there is small diffe#ence of pro
7avTies batwean alloy steels and cardbon stesls with tie &
=2 ca2rbon conbants. Tha advantase reveal thezselwvas only
after neat tresatment. For it tie alloy steels ars z2lways

us3d in the hsat treatment state;
2/ with r25ard to tha dasstination:
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per- MQrdess and jlrengt™ pJracerciies
. ! Elongation and plcstic propertees

0 44 72 13 <~ 25

yprcal reat lrecrment Ooerarons .
CONSTRUCTIONAL STEE.s N
Sartct | Temperature [°C)
steel | a | o | ¢ | 2
i N 870~ 1320~ 1960 ~
o V| -660 ' -340 i +33G .
I8 4 (050 =154C~1680~- _
;ﬁa 0| =720 | =720 1 =720
3 s 1416201830 =1 §70 ~ 420 -
3 S| Mel-582 -350 [ ~§40 (- 370
f,’,«:,,.i_!&‘ic‘*'___._
k! spg '-320 | ’
9 rff: g ity - Kagg 280~ 470 -
» o3t | 200{/50 ’Jt Z§50 |
Y wisl _ 1550~
g < ;‘,:j | T iise0 —
o <f;|, C ~d70-9631 —_— -_—
g S N lem-gon! : -
£ Nil — (fCCes00-
g P L~ 5401 - 560
TOCOL STEELS
E Sorra’ 'emaer.. sre 07
3 steel el 7 T 3 a .
S “YFf’?Da 800 ol0- 350~ 0 -
N TLSLT 11001050 1-145G 4400, - 1450
3 H gf‘ 680~ 50710 550 - 8GR B0- -
< I5) 2l 2 170 m0v30-220 780757340
-~ Py 8GO~ 860 =
° Si&idevro0 o0 T T T
s - a3y 50+ 760800 - 774 - 200~
3 f & 001320 -q0 1420 U0 4320
3 ( | 28F 170 0+ o €o- a0
3 : LT 7 (<3001 +3001-700 430 372

i Cesignation:

. N =normalizing
T - tempering

' A anneaiing

i F - forqung

' Agn~ Q Fe 3

i Agg~ annealing for softemng
| Ag = stress relief annealing
i Qs ~ouik nardemng

i Ay~ surface nordemng
|

!

i

{
; i C = carburizing
' Ni ~mtriding

! i Ne=mtrecarburizing
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e 2 i
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Filg., 5.1, application rxauples, division and typicol heat treatment oparation of cotgtructionnl
und tool Linols wichh diflerount carbon contonts,
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astriuc lonal steels /carbon and zlloy ornss/

steels /carbon and alloy ones/

- special steels - with special properties /cllocj onas/.

p2cial stesls demand the comnlicated and precision

hegt treatzment. For it, further will %e discussed only

f th2 constructional, znd tooi steels, which can o2

relatively simple mathod,
structional and tool st23l3, In de-

ation, examples of aprplicaticons 3
spical heat trsatzment operztions, were shown in fig. 2.1,

The cxtention of the every object in tha figure indic

the carbon co“* nt3 in steel, of which this obja2ct carn b2 ma-

nu fac‘uroc, 2.3. hamcers and axes can b2 made of tool wellizdb-
12 steels with carven contents from about 0,335 %o adcut

~ 3 3 4t ~ M 4 2 2.
6.2, Constructional steels and trelir heat tregtmans

'y
il

1T - - $ 3 . o -y - —
2els 2r2 the material for zsnufactucing ¢
e

Y

v
12 D3rUs and devices, working in cozmon conditicns an
wnich have . not the special pernicious influence cn th2 zaza-

L)

rial, 2he proverties of these steels caxz be changed in vaoy
broad limi¥s by the applicavicn of the proper hezt treatzanz,

Carbon steels are creap and comzmonly accessibla, but dis-

_

tingulsh themselvss with the low hardsnability. They ususily

demarnd of watar nardening, what is connected with ratzer high
tendency towards deformations and crackings. It is a raason,
why only no% too larze vart of them is h2at troatad. Zizh (ue
1ity carton steels with contents below 0,2 £ ars carburizad
T hardenad and lov-temperature tazpered, The stesl wisth
contents 0,&5 cen be carburized as well 2s toughenad, St2213
th contents over 0,25 C are only toughsrsd /hardened ard
hig =tamperaturs taupered/. 2ig objects are made of noruuli-
add carbon stsals, Iligher gual

o - - . -
Cy carbon steels ars Thn Ziil-

2z i
rial for manufacturing of the blackszith /free forgz2d/ cor éi2

=
alloy stanls are ewpensive, and mot always accessibliz in
each country, distinguish thamselves with high hardanaoilivy

——a
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t

/inc: :asing alonz wisth heig
ts/, they usually dszand of

-58 -

: 1ing of alloy comporent counten-

0il for quenching, less warping

vy
ct
W
[»]
Ve

and cracking

60207 Steels for carburizine anéd carbonitridina

Carvbon aad allc 7 steels for carburizing and carbonitri-

g /0,1-0,33, sa2ldéoa 0,05-0,45 C/ mostly are heat treated
followlne ways

H

retreatzent tefore ca-burizing, depending on norazs 117 neg
and aizs to refine tre st ucture and remova internal sire-
ssas. of tre forsing material., Thers is desirable tihat for-
gings, with coczrtlex or devaloped shapes, were roughly ne-—
chanical workad before rormalicing, The norzalizing is
groliedé to most part of the forgings, submitted to carbu-~
rizing. Soze 2lloy staels are - after rormslizing - softe-
nirng ann23led for improving of the workadvility.

Carourizing.aixzs to prodnce the surface laper, enricrz

FPinal traatzent gfter cearburizing - annealing, hardazing
b ine trne stell structure /overieate
rofisavla to disposs the ce

L - -

4= 3 - .
0 grant the nigh o

b "

e carburized layer, tc r2zovs the

bo

n roi
mentite/ int0o czrburized lgyer, to achieve the bes

b L o

v L 3

azd wear resistzrca for
nardening stres

Bxazvla: for groduction of cluteh cextrs plztes, washsers,
wrencrhas, thars are aopliad the higher qual ki

% hi apes 4= - % P m - 4
nal ca2rbon ste2l with contants agboubt 0,Z5 C, The st2el Is
>
-

"
]
3

0
.;}
&
\O
(@]
(o}
1
N o)
+
(@]
O
Q
o
(W]
r
(4]
r
v
W

carburizad av f2o02 v
tly at ca*burz::ng temperature, tempered at €
8

nliad £he carbon s+22ls with contents

- .




7100 p 2000
e o_c%%o@ 2| R W . A -
'S 1000 e 208 S0 A— 50 200,
p Lo mmuga o X D — / > o
3 7R nioin = N AT PR
pm 9co Il\f J QQ.Q)QNJQQ[ 10 m ”W 1200 = _ % 50 o 1 \MQQN
15 =53 . 3
L 2 {ed g 2 \ N <
S goo=H c0ed 0 $% \ LS. s |15
%’. ﬂ.ao , S mm 800 /Q \ﬂ / 40 .W 1000 m
= hanel 4 H &2 / / g9 -
w 700 "R :Wo\q\hi /M.. 400 7 _ 20 m. 4500 m .
& 0T BT S 0 o o X
- 200 300 <400 500 600
500\ Tempering temperature [°U]

Q.mbndsb%mﬂ QWNWu:NAM\v\wmQ Fig, 6.3. Influenca of thy temporing
= ° «asvoh»ncno oz mechanical vuova.p»cw

Fiz. 6,2, Influonce of of the nwwo% stesl /0,26-0,34% C;
toughening on carbon 0,4-0,7% Mn; 0,17-0,37% m». 0,8-1,1%
stools /1/ and alloy on 0,15-0 uOﬁ ?o\ L hardened 1in oll
astoels /2/ with diffe-~ at mmooo.
rent ocarbon contents
- on their mecohanical
niyopecrties,
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©.2.3. Heat treatmont of more important peching parts

The most of machine parts are treated in 2 stages:
1. Pretreatzent, includiag the trecataent of forgings /and
castings, too/ before cutting. Its purposes are diff

m
grent:
to remove strasses, to refine the structure, to obtal

n the
requirsd wmecrtanical properties, to improve workadbility.

It can ibclude the operations of softening and full aanea-
ling, normalizing annealing, normalizing with pre-softe-
ning /tempering/, toughening.

ror following operations can be used the heat, obta-
ined from the forging upheating: direct normalizing or
hardenirng of the hot forgirng, isothermal anrealing and di=-
rect isothermal hardening.

Sonetimes the pretreatcent is as wall the final treat-~
ment. '

2. Final treatmen® is mostly conduced after working by cust-
ting. Its purpose is to remove the stresses and to grant
ths desirad cschanisal properties for material. The zost
it includes: conventional, isothermal and surface harde-
nirg, tempering, stabilizirg, stress relieving, carburi-
zing, nitvriding and secondary processes.

In table 6.1 are given the diagrams of -the typical ruas
/courses/ of heat treatment £ir machine parts of coastruc-
tional stesls. The general parazmeters of thne particular ops-
ratiors are givez in fig. 6.1. The accurate pafa:eters of the
treatment should be at any time assorted to tha sort of tke
fixed steel and to properties, demanded after heat treatceat.

6e3. Tool stasls and their heat treatmant

Tool steels can contain .from 0,01 to 2,15 C. They charac-
terize themselves: high hardness after hardening, friction
wear resistance, ductilicy of the core, inssnsitility to over-
goating /soxze stasls orly/, low deformability. Somz tool
steals can te used 2s 2 constructiornal steels - and by conlra=-
ries. Thie heat trz2atzmazt of tool steels reguires the parvticu-
lar cars and accuracy.

- e




Jiagraas of the hew’ treataent runs for sor

constructional stz2els

"M

f " . . Pre- H Fzgal |
forking object treatzent|™ |ireatment !
1 2 3 a | 5{.
rforzings, tars and casiting3 nade
of carbon 3teel ] Af + - -
- for light duty paris
as adova NI + - -
for neavy duty paris
as adovs, made of carbon and
alloy‘steela Qo~ Th |+ - -
- for heavy duty parts
s
Parts with complex snape, made
of 2lloy steels il ~0n=- Taj+ - -
- Sor a2zvy duty
y
as azZov2, biz sections 1 + | =T |+
- n23vy duty
-—-
Parts made of alloy s:tesls,
whica are hardened during d =sg0 |+ | o =Tn |+
noraalizing
a3z avove, paris made of carbon
giezl d + B -T1 +
~ pneavy duty
—
Par:s mad2 of carbon and alloy |
Stesls QB -Tn |+ | 28 =-TL (¥
~ heavy duty
-
as acove .
- vary heavy cuiy parts /gears, N-Co -Tuj+r | - T1 |+
erani3nalis
.
Jorzings witi conplk snapes or T A
wita tig 3ections, mads of car= R R +
toa and alloy steels or S
~ heavy duty
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/continued/

Tables 6.1,

H i 1 2 3 P 4 5
Forgings made of finegrained evente 1.1 c.Qb-TL |+
carbon steel /N/

Forgings of parts, made of alloy

steael, R +| C=Qb,~R0, "

- heavy duty . -T1

Parts made of alloy stzels,

disposed to constitute of retai- | + | CoAgso=lMa= |+

ned austenite -Qb-T1

Forgings made of carvon steel and|

alloy steels N + | Jo=Qb=T1 |-

-~ for heavy duty parts

Simpls forgings /H/<0=Th + Ni -
—4

Porgingd with complex shapes N-Qb=Th |+ | Ast-l-l1 |-

4 - mechanical working

Af =~ full annealing

A30 = annealing for softening
Ast -~ stress relief annealing

N  « normalizing

Qb - bulk hardening

8 =~ 3urface hardening

Qa = austempering

Th - high-~temperature teapering
TL =~ low-temperature teagering
C' = caroburizing

Ne¢ « nitrocarourizing

Ni -~ nitriding

S - stabilizing treatment




-GV-f

6e9+1., Ca-con tool steels :,

Carbon tool steels /0,35-1,%7 C/ vary from the construc-
tional ones mainly on the higher fineness, less nangansse ¢
tents, finegrainedness and low nardsnability. Thne
racteristic feature is small hardening depih, waich is as
follows: -0
3-S5 mm for shallow hardening stesls /cthe most expeznsive/

5-12 mn for deep harcening steels

5-10 mm for weldable steels /the most chaszagpest/.

This feature results that at bulk hardening only surrace
layer of the tool is hardened, and the core remains soft and
plastic. Thanks to it, the tool is hard and wear resistad and
simultaneocusly is impact resizted. These steels should not
work at temperature over ZOOOC, tecause it causes teogarin
and reducing of hardness.

In tavle 6.2 are given the werking parazeters ard apclica-
tions of carbon tool steels. Thar

44
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ct
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dening, with ctreheating. Upheating tize az
cin/1 mm of thickress at 3

nil/1 am at heating in chaaber furnaces. Th
rature is to 150—22500 for macnins cutti

i
- for hand cutting vools, 275-3C0°C - for izgpact workisng axnd
for saws, shears and single-pcint toels /turzning tcols/,

BeHe2s Allov tool steels

Steels for cold workirg are destinad fir working 2t tecoe-
rature not higher than 150-2C0°C.

Steels with tihe zigh carbon ¢ontents, with addition of
tungsten, can be water hardensd; cthey are used Zor zanulactiu-
ring of the cutting tools. '

Steels with the high carvcn contents, with addiciza of

caromius or canganese, are zardened in oil;

A . s s L . s .
to manufacturing of blanking dies and cutting Tools.
~ L e f .. . s . - a2 - . -4 D emea e
3tezls with the low cardsz contents, wicth 24divizn 32 Tunp
3 g . .- $- 4 Pl - 4.3 g
used fer zanulacturing of pngunavic teools., Iuws and

3

e o n3;
rolls are cads of low alloy stesls. Dies are zade of chroniuc-
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fable 6.2. Table 6.2,
Heat treatacnt paramesers of carbon tool eteela
= - — - - =t 0 o o 8t o P IS —— [ - -
c e Vi . 1 37 -
arvon  fferging (1] ___ Softening } | Hardening v | _Hordneas __
| contents Tempd!‘at".!‘t<A”s SA Y IS, /in water/ 4}& HB Mie Main applic. .ion
E range . :’;: ,_;'1: 2 J|after after
% Vo i T " - gofte-| harde-
[ l L C] loc] loC] i A [OC] loC] ning pring
™ et ity ninbetnhs Mttty et m e m - - o o o o e s sl e o e St tn R e SBElian e SR Ee s Sueiee EEe v as o )
files, tools fo metal working at 6null
1,25-1,35 | 1000-200 760-200 60-7 ',
* ' / 760-7a0 217 63 epeed of cuttirg, toole for working
of honeatone and for sharpening of
1,15<1,24 ]1C00-200 750-730 76C =720 207 63 knives, knives for paper, engraving
tools, markers, acrepers
drille, milling cutters, reaucrs, taps,
=] 1.05-1,14 |1€00-300 74C-760 760-780 207 63 thread diee, file cutters, blanking
<Q
a ' dies, circular tools, aetal suvs,
.: : moulds, jews and knives for rail-mukiig
E 0,95-1,04 11000-3200 130-160 160-680 197 62 machinee, steelpons, shocmaker’o knivcs
3 lathe centres
E
x uncheg, big reamers,and taps, cold
‘1 ¢,a5-0,94 {1cac-5co 130-760 160 : P ’
= * i o 130-18 160-660 197 62 vorking dies, haid wood cutting tools
o : - i
': E? -%) cold working diea, punches, chleels,
a | ©275-0.84 11050-250 5 - £ | 7T70-790 5 187 62 band-sawe for wood, knives for cold
z § § J working shears, riveting vnape, stemps,
a ° o 5 prewnatic hamacr chiscls
(2] > - ———————
= 3
@ E o R swilh heumers, blanking dies, hand ri-
0,65-0,74 }1050-350 - T66-800 ¢’ 182 61 veling snups, wood cutting toola, soll
$ sl B | f e otz pete
- [
- . b 2 N axcy, wmith toolsy, wood cutting tocl:,
G,5¢-0,70 |1€50-350 ¢ - N 50=61C - , ! '
2 ) ) ? S!)) 8' 70-610 17 o1 leather working tools
) 3 o —— - B P [P ———
3
5 £,50-0,60 }1100-850 - 190-810 1437 50 saith hawsera, anaps, wood culting touvh
o . [P ¥ —— L.
= - P
0,3:-0,45 J1180-5.0 = 0-3e20 137 54 haamers, axea, plcika and otheras
1/ Soolinz in ash or sand 2/ Cooling with furnace to 600°C with ratu 20°C/h, later free

3/ larlering tsuperature can be higher, but ahould not overitep
the atart temperature of the grain growth

cooling
4/ Tempering temporature is eoleoted in dependenco on regquire-
menta of tool hardneus
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Table 6.3 Table 6.3
Parazeters of typical heat treatnent of ulloy atceolo
Cheatcal - HRardness Temperature . Mﬂ{?
N -t wemical compogition, avirage ) e applica-
! ] (%) ’ Hb HAC softening Whardeplpa 4 gonpe- A tion
a ' after after forging ’ o=oll pmair 1 “nipo1 /ace
C | in Si Cr ‘ i ' V jsofteninmg | hardening <A > A W= wator 6210W/
0,551 0,3}0,9 1,1 iz.o - 255 57 1050~-800 | 710=740 | 760-760 | 850~ 900, o | 220-320 item A
o : - 56 _ . L U840--880, w . .
& 2251 0,3 10,9 1,1 ,}2.0 223 9 1050-450 | 710-740 | 760~780 | 4o~ 900: p 220-320 item B
g 2,0 [0,5]0,3 [12,0 1,2 0,25 255 58 1050-850 - 820-860 | 950-1000, p |220-450 | iteam C
2lo0,75{0,4{0,3 | 0,5 - |o,2 207 g; - 1000-800 | 690-710 | 750-770 .7,;8'32‘0" " 1240-320 | 1tem D
- | - ’
2194 |03 0.4 1,51 - - 207 50 1050830 | 710-740 - 840-870, o |200-240 | item E
50 u10-v40 o
1,0 10,3 0,2 - - ]o0,2 217 63 1000400 690-710 } 750-770 | 770-800, w |220-320 item G
Y e,) 0,3 10,3 2,7 %,010,3 291 45 1150-900 - T40=-780 1050=-1120,0 | 600=700 item H
o
21955 |0,7 |0,2 0,7 =~ [0,15 . 281 45 1100-850 | 650-680 - 820-860, o |520-600 item J
[o]
: 0,4 0,4 |1,0 5,0 - lo,3 229 45 1100-850 - 780-820 |1000~1050, o |500-640 item K
'§ 9,4 jo0,710,4 3,2 - |o,2 229 .50 110050 - 730~160 | 950-980; g 500-550 itea L
- - - 45 T T ara 7| 820-850, o
§ 0,55 |1.0 |0,5 197 55 1100-850 690-810 770-800" w |8bout 300 item M

1/ 'lempering conditions should be adapted to the shape, bize
and working kind of the tool.

2/ Given heat treatment don’t oubject the anvils and dles,
which aruv applied in the ruw or noruwalized state.

itea A: dies, shear knives, rolls for atraightening , wood
cutting tools, coining punches, anaps, pneumatic
punches and chisel:.

iten B: pneuaatic tools, chisels, snape, getts, markers
for nmetalz2, shear knives.

item U3 blanking dies, dritts, cutters, reamers, milling
cutters, nail-maxing knives,

item D: circular sav blades, band saw3, trame and hand
wood cutting saws.

itea €: pneunatic tools, hand chisel:, atamping dies,
shear knives, plercing puncies.

itema F: plunger dies,
aoulds,

ftew n: Uie1,5%; inserts for dice and punches, diea for ecraows,
nuta and rivete, punches, pressure caeting foiwms, forws
for bronze and branascy yorgings.

item Ji Mo=0,25%, Hi=1 6's; amith dies, diea ror hydraulic and
mechanical presy machincs, die inserts,

item Ki Mo=1,3; pressurae casting forua. '

item L: Mo=0,J%; amith dive, punches for alloys Al, Mg, 2n,

iten M: blg diea for heavy forgingns. Anvile for preseses and
heavy hamoer macihlnes,

drifts, long knives for cshears,

itea G: jaws ard knives for nail-maxing machines, sanall diewu
for screwa and rivets, fil: cutters, coining and medal '
punches.
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Z+1. Zriofly about ezt treatzent of aluaminius allovs

azong Lie graat nany

s M b -~ . .
sgvercaaiass we aust

standard ¢astings and forgings/,
~

urate heat

of non-£f2rrous zetals and

Treir

cavion have allcys of alunipium and

take into consideratiosn the fzct,

ated in tze wost already in a metallurgical pro-

ructure elezsrnts, furniture secticns,

treatment, with close observing

of tke technolc*y requirezents, and the equipzent apdlied

T8 Thie charge is
:3r cbive reuscas,

ey = . oy - £ = - b
aizeat of these allsys,

sely carry cut in practice only at zodern

Qust rave the very urifsrm layoubt ard sta-

Trzere ougnt® to bs still possible the
of this texzperature at ths place,

well equirped fac-

instezc. 3£ it, we advise users oi this study tzat wzen

trney Wwill 3

dard czstings or Zorging
uld give in the crier tn
racducss fi4i
2gTta in Em, ra

fora orcdsred.
ticn,, stre

’
2iniuz 2llusys, will be s

tnat standard cas

r2ady coastruction profiles, sheets, 3tan-
2, mads of aluminium ailoys, they soc-

e vasic parezeters, which they reguire
ac¢ of aluminium ailoy or ids coupesi-~
rdness in 7B/. The users shculd d

tings and forgings, -ade of alu-
upplied ia an aged state.

of ccoper and alloys

. - .
Eey 3 s e e ~ - . - -
:.‘3....3-0 L3l < !I'J'J:a’ v
~
RN
[P $31: 54

3te more attencicn for heat treatzent’
, Sacause they 2re the aaterial tfor
very practical parts, e.g. ship pro-

n23t of siide bearings /vath arc very

("3
~ at self-reliant repairs/, furaiture, decorative small
£

s, optical or zusical instruzents etc./

—
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electirotacnanical elements and so on.

It Should be underlined that almost all chese parts /cas- -
ted aad forged/ can bs made of simple methods: castings - the
mostly in saad forazs, forgiags - in the mest thaey can be Zree
forgesd with accessible hanmers and presses, or using tas
simpls, easy for executirg, dies. The -simple, single parts of
coppaer alloys can be forged with hend hammers - iv is known
for hundreds, and even tkousards years.

Ard, what is nere more impertant, the heat treatzsnt o
copper alloys can be realized im the same caaaber furnaces,
waich are used for heat treatmeat of castings and forgings na-
de of ifon alloys.

7.2.1. Zeat treatment of brasses

Erasses are the allojs of coprer and zinc /so called sira-
igat brasses or two-compcoreat alloys/ and mostly with other
adciticas /so called cocslex brasses or multi-cozponsat a2lloys/
witn celting texperature 320-1050°C, nesiszed againss to corr>-
sion 3nd see water activicty, good machineable, castabls anid
ze alloys are weldabls, resisted agzinst to aign

Q
{0
[H]
jct
o
(3]
)
(D]
1]
L]
B
1
H
O
(o]
i3
U§)
u

zent allsys of cogrer and zime
/ and accltlanally: lead /co &5/, maaga zse /to 435/,
aluairiuz /50 33/, iron /%o 1,55/, silicon /5o ﬁ/. These
all3ys are agzslied for sazd and die castirgs; :nej are sultad-
le for iigat secvicn castings aind pressure castings. 3 casting
3

L

v

shrinzage 1,4%-2,25. They 273 healt treatsad very seldsm aznd
)

fo

oe
applied So =nanufacturing of fivtures, rasisted against to ses2
s activicy, szaller 3:ip propellers, slesves, sone z22rs,

r
furaiture parts /dcor hazéles, shanus, knobs ané others/.

Br2ss2s_tor pl éstlQ_ZE:::-S - there are two-cszponent
clloys /50, 53, &8, 70, £0, 85, 90 and 95 Cu, rezzins Zn/ or,
293%ly, zulticongonent slloys: with lead /to 33/, zangansse
/to 2,./, izoz 5% 3

0 1,53/, zluminiuz /to 2,53/, tin /co 1




——— - — . —— . =y ¢ G = - e
- e —nmm AEe . e - mEe A i 8 eeam e Eee e SETRGL GERe o e Sm PRS- -

-66—~
znd /or/ aot processes:

ig

oys containing up to 335 Zn - celd working

2lloys contaizing up to 35-407% Zn - cold 2nd nov wording
o]

;5 contairing up Vo 40-487 Zn - ST worxzing oal

iey are haut trezted usuzily after tlastic wirzing Oor Curiag
J J > b=y D
e operatizn /invteroseratisn annealing/ ney ere agpiied

y furniture parts, szall -etal rparts and st-

treztment of trasses depends cn a zind of iie

0y3 and relys stly upon different kinds ©f z2anealinsg:
diffusicn, recrystalliza:xan and stress re.ief cnes. 1ne nar-

'J
'
;L
{'
’l
(]
&
L]
fi
(]
o]
}-+
I3
2
¥
w
wn
[{}
'..
|

denlng andé teapering as well as pracipit

. Al -~ 2 4 ” - —, - - - ~ . -
snneasing dces act izprove the sTtrensin progertiss, Cuv:
T e - - = - < =9 . P T L T A sy T - e
LILIIUSL LR annza P.- / Cﬁe“ o= [ SC S PR .:.,‘:3 T nsl .ae°
D SIS A W D S = Y D — = — - —-———- — e o W -
- -~ - 3 - S -~ e N e ) so -
LeIu3 stoucture and chexzical compoaisizn: 1t is dsuzlily <o~

zrscted with sizullaneous nea*‘ng icr ho: Tiastic warlilng.

tarzerature % allov, heatirg tize - 5 n, air ccoiinge.
Zgerystaliizatizs apmeallng - the 2est pupular Zinc T Tae

brass keat creataent - it allows o iosreove tze piastic fro-

terciss /softening/ after plastic cold wtotring; it is used

23 a2 intarcperacsica or final procsss. The temperature 2ooul

7C0°C, soazing vime - about 2 n, air ccoling: one-pnzsa
brass - fast /quacching/, twe-3 2

3tress reller annea1lng all
dez/, and pravents tc season crackings. The tezzerature - 280-
BOQ°C, soaking tize - up to 2 h, slcw cooling /the best - Zur
nace cooling/. This ctreatzeat is especially recounended Ior i

5 3
frecigitaticn nardeaing of streignt Crasses is possic.s
. ™ - L .t - .- PR ’ - Voyee
cniy frona ocoonents atout 3270 In /with szoll erfect/, SuliiLwd

bragsss - caly trasses witn structurecf + and lead additicn,
and brasses Cu~Zln=-il /e.g. 18-203 Zn and 3-57 Al/., E.g. tho
trassas wiva structurscl f}3 aad b addiction are heated o
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tempsratura of pha saﬁ ¢existirg, soaked during about 0,5 h,

cooled to an environmant. temperaturs and next soaked again at

temperaturs 200-400°C during about 3 h.

Tha brasses arg treared in chamber fdrnaces in air protec-

. tive atmospheres /e.g. dries atmosphere obtaired from disso-
tiated, partly burnt ammonia/. An oxide layer czn be removad
after anrcealing by etching, e. g. in water solution of stO
/cold or preheated one to 40-€0 C/ at initial density
1,035-1,045 g/cm .

7.2.2., Ecaat treatmens of brorzes

Bronzes are the coppe>r alloys with tin as a main alloy
componant /the oldest alloys kpown in history/, aluciniuwm, si-
licon, berylliuz, lead and otkers /except zinc and niclel/,
ro less than Z3; there are often otizer ccmponents, too. The
nelting texzperaturs 9:0-1084°¢,

£1] bronzes with smaller contents of the maip alloy comlo-
penv are mostly ore-phase ard plastic ones, at higher contents
or the addition of other componeats, trey are mosily two-

plastiec, buu, in general, they have tke good
sting properti

Cast_broczes - the mein alloy ccmporents are: tin /%o 1170/,
lead /%0 335/, aluminium /to 115/ and silicon /*o 4,57 /; addi-
tional comporents arms: zine /to 73/, manganese /Yo 2%/, iron
/to 5,55/, nicxel /to 5,53/ and phospnorus /to 1,23/, These
bﬂonzas are casted in sand or metal forms. Die castings /metal

rzs/ nave the high2r tansile strenzth, hardness and elonz-
tion than sznd ormes. 4 casting shrinkaze - 1,5-2,57.

3renzes _for plasti: working., The moin alloy comporents are:
tin /%o 7%/, silicon /to ”,5%/,’nwcgal /to 6,57/, mangarnese
te 5,5%/, aluniniux /to 117/ and be.7llium /to 2,65/; additio-
n2l coz=porents am2: phospnorus /to 0,33/, zinc /to 5%/, la2ad 5
/to 3,57/ and iron /%o 5,57/, Trhey 2re nzrdoned by cold work
/in ennnsction with an annaealing/ or by heat treatnent /oreci-
pi

’

rardaning/. The dlastic working is executed alaost
as cold working /except sluminium bronzes/. The bdbronzes
: ar2 2pnlied as pressed, aanealed, half-hard, hard, elastic ard

- — e e ——amme e A . - hapy W e aw (eme . ey g e~

I

-
N
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they are heet treated iIn precipitztion hardeninsg and toughe:
ning orocessss, : -

Ylechenical properties and heat treatment dezend on che-
mical composition.

Tin bronzes rkave zood casting proossrties /ssnd casting,
dis casting, centrifugel casgin/ good machinability, high re-
sistance against to acid activity snd they are e2z2sy for sol-
dering. Zvery remainded bronze has other advantazes: corrc-
sion resistznce /aluminium bronze/, kigh strengta /2l/, high-
teaperaturs resistance /Ni-Si-Mn nti-friction propec-ties
/sn~/, .

Tin, tin-zinc, lead and some tinless bronzzss are neat

treated by the sarme way like brasses., Silicon-rnicksl, nickel-
rargenese-s3ilicon and beryllium bronzes, besides various
kinds of annealing /like brasses/, can b2 cozsolidated ©

ugh orecipitation hardening /solutioning and aseing/. Aluni-
niua bronzes ere herdened arnd tempared., In tzdblz 7.1 22 zi-

L]

van conracilions betvween various re2{ treatrmants znd diffarent
bronze xirncés as well zs ftreir locztiorn in fezlinoloziczl Tre-
cess a2nd obtained properties. ’

Tor hezt treatzent of bronzes are used eguipzent alile %o

atoernt, Tith regzrd To better hzat conductivity o
bronzes, treir udhesting tiza to fixed teape
10-2C% shorter than upheating tize of brasses,
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of heat treatwent for

Table 7.4

Average applications N Morking: WSWCI"" sz(,0|d WA~|€|'
sowe, froquent met bronzos ? : !
p=air
Hoat treatment /ﬁc/‘ soaking time /h/ guonching modium
f;uf&ku ;.'tion Toughoning
D w g ] 2 > -
ronze giroup kind Annoasling I‘Olh: n“um[i Lérf,;?sa ?I'i'f oxi.mthorbg‘btciip
Applicution - Fopariles 1‘.4\. l';'::m l:ﬁgg;‘;: - Notices:
?znuosoni:t:;a r:cry:tal- stros; rolio-“l‘t“t:: “u“““s ﬁ-&-‘;—‘:’%—s-:: o prowgc
s upplie lization viug /is 6 - ’ Y
after casy- /1is applled|applied lLefo-[ttont hardnoss St::;:g :):;g-
ting/ aftor plas-jre plastlo and strendPPr FoCS har
vie working{working and gth pro- f(dening
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